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Preface

The seventh volume of collected reprints of the Inter
national Indian Ocean Expedition consists of papers 
received by Unesco between December 1968 and Jan
uary 1970.

For convenience of presentation the papers have 
been grouped, in a very approximate classification, 
under the following main headings :

I. Marine biology;
II. Physical oceanography and marine meteorology;

III. Marine geology and geophysics ;
IV. Marine chemistry;
V. Papers presented by title or abstract only.

Author and subject indexes are nowin preparation. 
Their publication is expected after termination of the 
series.
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Part I Marine biology



R eprin ted  from  Cahiers O R STO M  — Océanographie, no. 6, 1963, p. 1-32

DEUXIÈME LISTE COMPLÉMENTAIRE DES POISSONS 
DU CANAL DE MOZAMBIQUE

DIAGNOSES PRÉLIM INAIRES DE 11 ESPÈCES NOUVELLES

par

P. FOURMANOIR et A. CROSNIER

En 1961, nous avons publié une première liste complémentaire de soixante et onze espèces. 
Nous la faisons suivre d'une seconde d'importance égale. Elle décrit de nouveaux poissons de provenances 
suivantes : flaques, chalut, contenus stomacaux de Thons, observés entre 1960 et 1962.

—-----------------  Famille des MYCTOPHIDES--------------------
Diaphus elucens Brauer

Une quinzaine de spécimens à larges photqphores dans,des contenus stomacaux de Thons jaunes 
L'exemplaire d e Diaphus (Mém. I. R. S. M. , 1957; Sér. F, p. 16) .trouvé en 1955 dans l'estomac d'un 
Coelacanthe,avait des photophores très petits.

------------------- Famille des ZEIDAE -------------------
Zenion hololepis (Good et Bean)
SMITH, 1953, p. 145 
D VI 25, A 26

Dix exemplaires de 3,6 à 4 cm dans des contenus stomacaux de Thons jaunes pris au large 
de Nosy-Bé et de Majunga en Juillet - Août.

------------------- Famille des CHIASMODONTIDAE -------------------
Chiasmodon niger Brauer 
DE BEAUFORT, 1951, p. 9 
D IX-X + 1 24-27, A 27

Peau dépourvue d'écailles, ligne latérale avec environ 70 pores. Longueur maximum 14 cm .

Coloration noire qui disparait rapidement par frottement.

Constitue une nourriture de base pour les gros Thons jaunes pris entre 4 et \ 10 milles de 
la rupture de pente continentale.
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--------------------  Famille des SYNODONTIDAE --------------------
Saurida undosquamis (Rich. )
Provenance : N osy-B é.

--------------------  Fam ille des POMACENTRIDAE --------------------

Abudefduf zonatus (Cuv. et Val. )
SMITH, 1960, Icht. Bul. n° 19

Espèce très commune à basse mer moyenne dans les flaques pourvues d'herbiers. Une 
petite tache rouge-orangé sur l'opercule près de l'origine de la ligne la téra le , base de la 2ème 
dorsale n o ire .

Abudefduf glaucus (Cuv. et Val. )

Petite espèce bleu-pâle présente dans la plupart des flaques.

Abudefduf dicki (Lienard)

Quelques exem plaires pris à Andila (N. W. de N osy-B é),flaq u es, basse-m er de vive eau.

Abudefduf xanthozonus (Bleeker)

Coloration brun-olive. Une tache jaune-orangé au bord operculaire supérieur rappelant la
tache rouge-orangé de A . zo n a tu s , ir is  traversé d'une bande noire vertica le . Deux larges bandes
transverses blanc-jaunâtre au m ilieu du corps et à l'origine du pédoncule caudal. Une tache noire 
entourée de bleu à la base de la dorsale molle débordant un peu sur la partie d o rsa le .
Provenance : quelques exem plaires dans les flaques de N o sy -B é.

Abudefduf cingulum Klunzinger

Une seule bande transversale blanche au milieu du corps n'atteignant pas la région ventrale. 
Large ocelle noir entouré de jaune entre les  quatre dernières épines d orsa les, dont près des 2 /3  
débordent sur la région d o rsa le . Une tache noire dorsale à l'origine du pédoncule caudal et à l'origine 
de la pectorale. Coloration générale g r is -o liv e .
Provenance : nombreux exem plaires dans les flaques de N osy-B é.
Note : A budefduf xanthozonus a été nommée par erreur A , leucozona  dans Fourmanoir, Mém.

I. R. S. M. , Sér. F , 1957, p. 197, e lle  était bien décrite sous le nom dë A . xanthozona dans
Sér. A , 1954 , p. 226 , C om ores.

Abudefduf bankieri (Rich)
D XIII 10-11 , A II 10-11, L .I. 15-18

Coloration v io la cée , quelques points bleus sur la  tê te . Un point noir à l'origine de la  
pectorale dont la  base e s t  gris-noir sur plus de la m oitié . Origine de la ligne latérale avec un 
point b leu-v io let. Caudale et partie distale du pédoncule jaune-orangé. Deuxième dorsale et anale 
jaunes dans l'intervalle des 4 à 6 derniers rayons. Reste des nageoires y compris les  pelviennes 
b leu tées. Pectorales incolores .

Provenance : Une trentaine d'exem plaires de 2 à 7 cm. dans une seule flaque à fond rocheux c l iv é , 
au pied du m assif de Lokoubé (N osy-B é). Aucun ne présentait une coloration jaune sur les  pelviennes.

4



-  4  -

Abudefduf annulatus (Peters) (Fig. 1)
Nombreux exem plaires de 1, 5 à 6 cm . pris au poison, flaques d'Ambatoloaka (N osy-Bé), 

basse-m er de forte vive eau.

FIG. 1 -  Abudefduf annulatus ; 2 ,5  cm.

Pomacentrus tripunctatus (Cuv. et Val. )
T rès abondant dans les flaques au niveau de basse-m er moyenne.

Pomacentrus pulcherrimus Smith
Seulement deux exem plaires de 2 et 3 cm. , même provenance.
Décrite pour la prem ière fois par Smith en 1960. Magnifique coloration bleu clair et jaune, 

la surface jaune étant ventrale et caudale.

---------------------- Fam ille des APOGONIDAE ---------------------
Fowleria aurita (Cuv. et Val. )
SMITH, 1961, Icht. Bul. n° 22

Ligne latérale incomplète 10-13, 22-23 sér ie s  d 'éca illes . Sur l'opercule une tache noire 
entourée d'une ligne jaune pâle postérieure. E cailles tachées de brun-violet, 2ème d o rsa le , an ale, 
caudale non ponctuées.
Provenance : exem plaires de 3 c m ., flaque de Nosy-Bé.
Apogon fraenatus (Val. )

Une ligne longitudinale noire de l'œ il au pédoncule caudal, un point noir au m ilieu de la 
base de la caudale. Deux exem plaires trouvés à N osy-B é.
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Apogon nubilus Garman
Coloration gris-v io lacé avec bandes transversales contrastant plus ou moins chez les individus 

vivants. Un trait noir en travers du préopercule partant de l 'œ il ,  une tache gris foncé sur le dessus 
du pédoncule caudal atteignant sur les côtés la ligne la téra le.

Provenance : Nombreux exem plaires de 3 ,2  à 4 ,8  cm. pris dans une flaque au pied du M assif de 
Lokoubé (Nosy-Bé).

Apogon variegatus nov. sp. (Fig. 2)
Coloration peu in ten se , brun-rouge ou brun-olive, avec 7 à 9 bandes verticales c la ir e s , 

peu d istin ctes, élargies ventralem ent. Ligne latérale partiellem ent éc la irc ie . Bord des éca illes de 
la rangée supérieure n o irci. Caudale très faiblement échancrée ou tronquée.
Provenance : Nombreux exem plaires pris au poison à N o sy -B é, basse-m er vive eau , fonds v a r ié s , 
longueur 2 ,5  à 4 cm.

Apogon striatus nov. sp.
Coloration pâle, g r is-ro sé . Un trait noir parten-dessous de l'œ il et se dirige en s'am incissant 

vers l'angle préoperculaire avec une faible obliquité. Dorsale épineuse et pelviennes n o ircies. 
Caudale arrondie faiblement échancrée.
Provenance : Nombreux exem plaires de 2 à 6 cm. pris à forte basse-m er à Ambatoloaka (N osy-B é). 

L'espèce est voisine de Apogonichtyoides fraxineus  Smith 1961.

Apogon ocellatus nov. sp. (Fig. 3)

G ris-ro sé . Un trait noir part en-dessous l'œ il et atteint l'angle préoperculaire. Un large 
cercle gris foncé au milieu du pédoncule caudal. Nageoires cla ires à l'exception de la prem ière  
dorsale grise antérieurement.
Provenance : Deux exem plaires de 2 ,2  cm. , Ambatoloaka (N osy-Bé).

FIG. 3 - Apogon ocellatus

Param ia quinquelineata (Cuv. et Val. )
Cinq lignes longitudinales no ir-v io let, une tache noire intense à l'origine de la caudale au 

centre d'une large zone jaune citron du pédoncule caudal.
Nombreux exem plaires de petite taille pris au poison . N osy-B é.
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Siphamia nigra nov. sp. (Fig. 4)
D VII 19, A 118 -  25 rangées d 'écailles

Coloration très fon cée, violet-noir uniform e. Base des rayons de la 4ème dorsale et de 
l'anale n oire, épines de la 1ère dorsale n o ires, autrement nageoires transparentes.

Provenance : flaques d'Ambatoloaka (N osy-B é), forte vive eau , poison, 0 ,7  à 2 ,5  cm. de longueur.

FIG. 4 - Siphamia nigra

 Famille des SPHYRAENIDAE----------------------

Sphyraena quenie Klunz.
L. 1 120-130

Dessus du corps b leu-noir. 18 à 22 bandes transverses bleu-noir d ivisées en deux parties
égales par la ligne la téra le , intervalles un peu plus étroits que les bandes.

Cette espèce de grande taille (maximum 1,40 m .) se rassem ble en bancs importants. En
saison chaude, c 'est le poisson le plus abondant du marché de N osy-B é.

---------------------- Ordre des HETEROSOMES ---------------------

Pardachirus pavoninus (Lacep. )
D 74, A 58

Fond de coloration brun c la ir . Environ huit sér ie s  de taches régulières cla ires de forme 
ovale, bordées de brun foncé,dont le grand axe est en général supérieur au diamètre de l 'œ il.

Provenance : Un exemplaire de 3 ,5  cm. pris au poison dans une flaque . N o sy -B é.
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Samaris cristatus Gray

Provenance : Chalutage près des îles M itsio , quelques exemplaires-.

Arnoglossus macrolophus (Alcock)
MUNRO, 1955 , Fishes of Ceylon 
D 90-92 , A 67-70 , L .I. 54-57

Les quatre prem iers rayons de la dorsale sont prolongés, il y a deux taches noires à la  
base de la dorsale et de l'anale près de la caudale. D'autres taches grises équidistantes sont 
également présentes tout le long de la base de ces nageoires mais moins d istin ctes.

Provenance : Nombreux exem plaires de 6 à 8 cm. , pris au chalut au large des îles M itsio , pro
fondeur 35 m.

Engyprosopon grandisquama (Schlegel)
D 80-82 , A 59-61 , L .I. 38-43

Une large tache noire ovale sur les  deux bords de la caudale.

Provenance : A ssez commun dans les  fonds de 40 m. au large des fles M itsio , longueur 7 à 8 cm .

--------------------- Famille des BRAMIDAE----------------------

Brama raii (Bloch)
SMITH, 1953, p. 308
D E  30, A II 2 6 , L/H 2 ,1 ,  branchiospines 10

Au total environ 85 sér ie s  d 'éca ille s . Bouche oblique armée de fines dents incurvées, 
deux canines plus fortes à la mâchoire inférieure. Longueur maximum 62 cm. Habitat 100 à 700 m ètres.

Provenance : Un exemplaire de 19,2 cm. , contenu stomacal d'un Thon jaune pris au large de Nosy-Bé 
et dix ex. de 3 ,5  à 4, 5 cm. dans des Thons jaunes au large de Majunga (L/H 1,6).

Famille des STERNOPTYCHIDAE

Sternoptyx diaphana Hermann (Fig. 5)

Provenance : Un seul exem plaire, contenu stomacal de Thon jaune pris au large de N o sy -B é.

Polyipnus spinosus Gunther

Provenance : quatre spécim ens de 3 à 5 cm. provenant d'un Thon jaune pris au large de Majunga.
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FIG. 5 -  Sternoptyx diaphana
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Fam ille des ANOTOPTERIDAE

A l'exception de la nageoire dorsale réduite à 10 rayons ou absente, les caractères sont 
ceux de la famille des A lepisauridae, cette dernière pourrait être seule retenue pour ces genres 
d'eau profonde à pectorales en position thoracique, pelviennes très r e cu lé e s , dorsale adipeuse, 
caudale très échancrée.

Anotopterus pharao Zugmayer (Fig. 6 , B)

Prem ière dorsale absente, dorsale adipeuse bien développée. Anale 24 . Corps très allongé 
et com prim é, L/H 2 0 . Mâchoire supérieure avec 8 dents médianes croissantes vers l'arrière qui 
se logent dans l'étroite gouttière de la mâchoire inférieure. Dernière dent presque égale au diamètre 
de l 'œ il.

Un exemplaire de 33 cm. dont les  autres m esures sont :
Hauteur 17 cm.
Tête 8 cm.
Oeil 0, 7 cm.
Museau 4, 7 cm.

Bord inférieur de l'opercule et pelviennes n oires.
Provenance : contenu stomacal de Thon jaune pris au large de Majunga en Août 1961.

_____________  Famille des SUDIDAE-----------------------
Lestidium lanceolatus nov. sp. (Fig. 6 , A)

D X , dorsale adipeuse bien développée. Anale , deux exem plaires avec 42 rayons, exemplaire 
le plus long avec 51 rayons. L/H 20-25 . Deux sér ie s  de dents palatines à la mâchoire supérieure 
mais pas de dents m édianes.

Trois exem plaires de 17, 18 et 23 cm. qui sont des form es jeun es.

--------------------  Famille des VELIFERIDAE ---------------------

Centropholordes falcatus Barnard

Dix exem plaires de 3 à 7 cm. , contenu stomacal de Thon jaune, au large de N o sy -B é .

  Famille des ALEPISAURIDAE --------------------

Alepisaurus ferox Lowe (PI. XIV, A)
D 42-43 ,A 16-17, dorsale adipeuse relativement large.

Les prem iers rayons de la dorsale sont prolongés en longs filaments n o ir s . Les lobes de 
la caudale sont de même im portance, les  rayons extérieurs du lobe supérieur sont prolongés. 
Longueur maximum 2 ,3 0  m.
Provenance : T rès abondant au large de la Côte Ouest de Madagascar et des C om ores, pris à la 
ligne dérivante entre 50 et 150 m ètres de la su rface. Constitue une part importante de la nourriture 
des Thons jaunes.

--------------------  Fam ille des GEMPYLIDAE --------------------

Gempylus serpens Cuvier

Provenance : Un exemplaire de 80 cm. pris à la traîne de surface de-nuit au large des îles  Radama 
(20 J u ille t'1960).

Dix exem plaires de 12 à 20 cm. .contenus stomacaux de Thons.
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FIG. 6 -  A , Lestidium lanceolatus x 15 
B , Anotopterus pharao x 3 ,8



Fam ille des SCOMBRIDAE

Scomber japonicus Kishinouye
Nombreux en Avril à Fort-Dauphin; souvent associés aux R a stre llig e r

--------------------  Famille des ISTIOPHORIDAE ---------------------

Istiompax indicus (Cuvier)

Marlin noir ou Marlin à pectorale rigide

Un "Marlin noir" pêché le 27 Octobre 1961 à la ligne dérivante au large de Nosy-Bé avait 
les  mensurations suivantes :

Long, totale 2 ,99  m. , demi-tour maximum 62 cm. , poids 134 Kg,
Tête rostre compris 94 cm. , pointe du rostre à l'œ il 63 cm. ,
Cteil 5 ,8  cm. , pectorale 56 cm. , hauteur dorsale 41 cm. , pelviennes 42 cm. ,
Base de la 2ème dorsale 17 cm. , base de la 2ème anale 15 cm. ,
Côté antérieur de la 1ère anale 37 cm. , écartement des pointes caudales 101 cm. , 
Longueur des lobes de la caudale 63 cm.
A la capture coloration très fon cée , apparition d'une couleur dorsale et antérieure violette 

et de zones irrégulières noires après embarquement.

Makaira nigricans Lacépède

Une cinquantaine de "Marlins bleus" dont le poids variait de 40 à 90 Kg. ont été pris en 
1961 à la ligne dérivante. Nigricans est le terme retenu pour les Marlins bleus atlantique et indo
pacifique, m a za ra , herscheli (v. Mém. IRSM, Sér. F , p. 220, 1957) etc . . .  sont d'autres désignations 
du Marlin bleu maintenant abandonnées.

----------------------Famille des BLENNIIDAE --------------------

Omobranchus striatus (Iatzow et Lenz)
SMITH 1959, Icht. Bul. n° 14 
D x n  19, A 23

Salarias fasciatus (B loch)

Dix exem plaires de 3, 3 à 12 cm. pris dans des flaques à fond d'herbier ou au voisinage 
d'herbiers à N osy-B é. L'espèce n'avait été observée jusqu'à présent qu'aux C om ores.

Istiblennius andamanensis (Day) 
D XHI-XIV 20-21 , A II 20-21

Omobranchus et Istiblennius  sont abondants à Nosy-Bé dans les  flaques rocheuses au niveau 
moyen des hautes m ers de morte eau.
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P etroscirtes mitratus Rup. (Fig. 7)
D 25 , A 17

Les trois prem iers rayons allongés de la dorsale sont caractéristiques avec les petites 
taches oranges d isposées sur les  côtés du co rp s. Quatre ou cinq ocelles teintés de blanc équidistants 
dans la région d o rsa le .
Provenance : Nombreux exem plaires pris au poison à N osy-B é, flaques, sable et herbiers.

FIG. 7 -  Petroscirtes mitratus

Tripterygion hudsoni Sord. et S. (Pi. A , 4)

Provenance : flaques, basse tner forte vive eau , exemplaires de 2 à 3 cm. , N osy-B é.

---------------------  Fam ille des HOLOCENTRIDAE --------------------

M yripristis botche Cuv. et Val.
D ay, Fishes of India, 1958 , p. 169 
D X 15, A IV 13, L I. 28

Une des rares espèces de M yrip ris tis  immédiatement reconnaissable à la région distale des 
nageoires verticales qui est noire intense. La région dorsale de la bouche à la 1ère dorsale est 
n oir-v io lacé .

Un exem plaire de 17 cm. pris à la ligne sur madrépore en région abritée (Nosy-Bé).

Holocentrus melanospilus Blkr.

Provenance : Anjouan (Comores).
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----------------------Famille des SCORPIDAE ---------------------

Neoscorpis lithophilus G. et T. (PL XVI, A)

Epines dorsales très réduites cachées dans une rainure, D 24 , A 26 , 103 sér ie s  d 'é ca ille s , 
L I. env. 92 , branchiospines 13 , L/H 2 ,1 .

Pédoncule caudal élevé et comprimé , nageoire caudale faiblement échan crée, 7 à 9 bandes 
transversales gris-n o ir plus larges que les intervalles qui sont argentés. L'intensité des bandes 
diminue après la m ort, c e lle s -c i ne restant distinctes que dorsalem ent; la forme et la coloration 
argentée dominante rappellent alors M onodactylus .

Provenance : Un exemplaire de 30 cm. pris dans un filet sur fond de roches et algues brunes, 
profondeur 3 m. , Fort-Dauphin, 2 5 /4 /6 3 .

Signalé pour la  prem ière fois en dehors de la  côte du Natal.

---------------------  Famille des MULLIDAE ---------------------

Upeneus m oluccensis Blkr.
Nombreux exem plaires de 14 à 17 cm. pris au chalut sur le banc P r a c e l, 35 m.

Upeneus vittatus Forsk .(Fig. 8)

Quatre bandes longitudinales jaunes , deux bandes transversales sur le lobe caudal inférieur , 
la distale au moins deux fois plus large que la p rem ière.

Provenance : Com ores.

Note : L'espèce que nous avons nommée par erreur U. vitta tus  p. 67 - Poissons du Canal de Mozambique 
1957, est en réalité Upeneus arge  J. et E v er .

Upeneus crosnieri n.sp. (Fig. 8 bis)

Mince bande jaune à jaune v er t, très intense au milieu du corps.
Même provenance que m oluccensis

FIG. 8 bis - U p e n e u s  c ro s n i e r i  Fourm.  e t  G u e z é  1967
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FIG. 8 -  Upeneus vittatus

Mulloides v a n i c o l e n s i s  ( Val .  ) (Fig. 9)

L Í .  3 9 , branchiospines 2 0 , L/H 3 ,7  -  4 ,1

Coloration générale r o s é e , une large bande jaune étendue de l'opercule à la caudale. Les
nageoires d o rsa les , caudale, pelviennes et anale sont jaune-ocre. Les pectorales sont ro se s . Les
barbillons sont rose-brun. Les bords postérieurs operculaires et préoperculaires sont jaune-doré. 
Une partie jaune s'étend également sous l'œ il et derrière l 'œ il.

Le bord des éca illes au-dessus de la bande est jaunâtre, les éca illes de la ligne latérale
sont jaune vif au m ilieu de leur contour.

Provenance : Nombreux exem plaires de 22 à 28 cm. pris au tramail à Anjouan (Comores). 
L'espèce a pû être confondue avec M ulloides flavolineatus  Lacépède.

---------------------- Fam ille des CAESIODIDAE --------------------

Caesio xanthurus Blkr.

Se présente en bancs importants en bordure du grand récif noyé du N. O. de M adagascar. 
P ris à la  ligne à Domoni (Anjouan).

Caesio gymnopterus Blkr.

Petite espèce utilisée à la Grande-Comore comtne appât vivant pour la pêche en dérive des 
Thons et Coryphènes. Les longs rayons extérieurs de la caudale sont n o ir s . Proche de Caesio pisang  B lkr.
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--------------------  Famille des CARANGIDAE ---------------------

Caranx dinema Bleeker (PL XIV, B)
WILLIAMS, 1958, An. Mag. Nat. Hist. Sér. 13, Vol. 1 , p. 400.
D VIII + I 18-19, A II + I 16-17

Le prem ier rayon de la 2ème dorsale et de l'anale est prolongé en long filam ent. 
Longueur maximum 23 cm.

Provenance : Trois exem plaires pris au filet et à la ligne sur fond de vase de 3 à 15 m ètre s . 
N o sy -B é.

Seriola nigrofasciata (Rup. )
SMITH, 1959, Icht. Bul. n° 15, p. 260

Longueur maximum 66 cm.
Trois exem plaires pris au filet sur les fonds de 9 à 15 m ètres devant la station marine de 

Nosy-Bé en saison chaude (Mars et Mai 1962).

Trachinotus ru sseli (Cuv. et Val. )
SMITH, 1953, p. 222 
D VI + 22-23, A H + I 20-21

Longueur maximum 50 cm.
Deux exem plaires de 30 et 32 cm. p r is  au filet en A vril 1962 , devant la station marine de 

N o sy -B é .

Chorinemus sancti petri (Cuv. et Val. )
WILLIAMS, 1958, An. Mag. Nat. Hist. Sér. 13, Vol. 1, p. 418-420 
D I + VH + I 19-20 ,A II + I 17-18

Le récent travail sur les Carangidae de Williams la isse  prévoir la synonymie Chorinemus 
tolooparah Rupp . Chorinemus sanctipetri C .V . Dans ce c a s , la priorité pourrait être donnée à 
tolooparah le nom le plus ancien.

--------------------  Famille des LETHRINIDAE ---------------------

Lethrinus borbonicus Val.

6 éca illes au-dessus de la ligne la téra le , museau cou rt, le m axillaire atteignant le niveau 
du bord antérieur de l 'œ il.  L/H 2 ,7 .  Tête comprise 2 ,9  à 3 fois dans la longueur du corps.

Nageoires rougeâtres . Tête noir-olive .
Petite espèce (1. max. 20 cm. ) prise en grande abondance dans les nasses posées sur les 

herbiers à proximité de m adrépores. Régions abritées, profondeur maximum 12 m.

Lethrinus conchyliatus Smith 1960

5 éca illes au-dessus de la ligne latérale . L/H 2 ,8 .

Reconnaissable à la coloration rouge du bord operculaire et de la base de la p ectorale, 
cette dernière montrant également au moment de la capture une région mauve intense. Corps argenté . 
P ris à la ligne en bordure du large du Récif Noyé de la côte N. O. de Madagascar entre 70 et 
120 m è tre s .
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Lethrinus variegatus (Val. )

5 éca illes au-dessus de la ligne latérale. L/H 3 ,1 .
Coloration très variab le, à l'exception des lèvres mauves ou violettes et d'un point rouge 

à l'origine de l'opercule.
Espèce commune sur tout le Récif Noyé , sur corail et herbiers de 10 à 80 m. de profondeur.

Lethrinus coeruleus Val.

5 éca illes au-dessus de la ligne latérale. Corps é lev é , L/H 2 ,4 .
Reconnu à la coloration du corps qui reste très p â le , gris et vert d'eau. On distingue 

également une zone rouge au-dessus de l'œ il et la lèvre supérieure est rouge.
L'espèce qui atteint 40 cm. est pêchée dans les parties les moins profondes du Récif N oyé, 

elle est commune à N osy-Iranja, 5 à 12 m .

Note : Notre description des Lethrinidae de 1957 doitêtre modifiée p arles deux corrections suivantes :

Lethrinus xanthocheilus Klunz.à la place de L . variegatus .
Lethrinus crocineus Smith à la place de L . m ahsena.

et dans la liste complémentaire de 1961.

Lethrinus aurolineatus nov. sp. = Lethrinus obsoletus (Forsk. ).

 ---------------------Famille des SERRANIDAE ---------------------

Epinephelus com pressus Postel Fourmanoir et Guézé
D XI 15, A III 8 , environ 95 rangées d 'éca ille s , branchibspines 11. , L/H 2 ,7  - 2 ,8  - Coloration 
vio lette . Corps comprimé et é lev é . Dix fortes canines à la mâchoire supérieure, à l'in férieure, 
une paire de canines antérieure supplém entaire.

Provenance : Un exemplaire de 117 cm. pêché le 12 Août 1960 à Nosy Iranja en bordure du large 
du Récif Noyé à 150 m. de profondeur. Holotype 63 cm. provenant de la Réunion déposé au Muséum 
d'Histoire Naturelle de P a ris .
M esures : Tête 46 , œ il 5 , hauteur 43 cm.

L'espèce e s t  désignée à la Réunion sous le nom de "Plate", terme utilisé pour trois Serranidés 
d'eau profonde relativement com prim és.

Epinephelus posteli nov. sp. (PI. XVI, C)

M atériel observé : trois exem plaires pris le 22 Avril 1961 à Fort-Dauphin.
Un exemplaire mesuré : Lt. 61 - L. s. 52 - Tête 20 - Oeil 3 -  Hauteur 14, 7 - D X I16 , A III 8 .
9 br. rudim entaires, environ 95 rangées d 'éca ille s .

Les épines dorsales 2 , 3 , 4  les plus grandes sont sensiblem ent é g a le s , la 2ème dorsale
est aussi haute que la p rem ière. Présence d'une forte épine operculaire m édiane.

Corps et tête couverts de taches hexagonales brunes d isposées en mosaïque , séparées par
des intervalles rouge-sang un peu éc la irc i. En avant de la tête les taches s'arrondissent.
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Sur la prem ière d o rsa le , il ÿ a 5 sér ies de lignes parallèles légèrement arquées, de couleur 
brun-noir, e lles  sont très caractéristiques. Les taches sur la deuxième dorsale , la caudale et la 
pectorale sont hexagonales. Les rayons intérieurs des pelviennes sont noirâtres. L'anale a u n e  
large bordure noirâtre, une zone médiane gris-blanc et les rayons sont soulignés par les intervalles 
brun-rouge.

Cette nouvelle espèce esta sso c iée  à Epinephelus gram m atophorus dans larégionde Fort-Dauphin.

Epinephelus fuscoguttatus (Forsk. ) (PI. XIII, A)

E st très voisin de Epinephelus d ispar  quand il est jeune ; sa taille peut atteindre 1 m.
C 'est le Serranidé le plus commun du grand Récif Noyé de la côte Ouest de Madagascar. 

Les jeunes se rencontrent à des profondeurs n'excédant pas 35 m è tre s , les adultes descendent 
jusqu'à 150 m ètres.

On en prend toujours un certain nombre quand un bateau s'arrête au m ouillage, ensuite, 
alarm és, ils ne sortent plus de leurs abris de corail.

On le distingue par l'aspect punctiforme des petites taches brunes; e lles  sont relativement 
plus larges et en réseau hexagonal chez d ispar . Chez ce dernier égalem ent, on peut observer chez 
le vivant une dépigmentation presque totale dela  région dorso-latérale , compensée par le noircissem ent 
de très larges taches régulièrement d isp o sées , cette disposition masque alors le réseau hexagonal.

Epinephelus guaza Linné

Nous l'avons rencontré seulement dans le Sud-Est de M adagascar, où il e st commun sur 
les fonds rocheux côtiers et sur les re lie fs de 30 à 45 m. associé souvent à C heim eiridus n u fa r .

D'après J. L. B. SMITH, cette espèce également répandue dans l'Atlantique tropical et la 
Méditerranée peut atteindre un poids de 50 K g, le plus gros exemplaire observé dans la région de 
Fort-Dauphin pesait 12 K g. Facilem ent reconnaissable à la coloration de la région ventrale jaune v i f , 
corps brun-violet.

Epinephelus lanceolatus (Bloch) (PI. XIII, B)

Alors que Epinephelus tukula  peut être considéré comme le plus grand Serranidé des régions 
coralliennes du large, Epinephelus lanceolatus est le géant des régions abritées, baies et surtout 
estuaires de petites r iv ières étroites et profondes bordées de palétuviers.

La coloration est brun foncé ou brun-violet avec de nombreuses taches blanches très irré
gulières , plus intenses et mieux délim itées sur là tê te . Aucune de ces taches ne persiste après 
la m ort.

Une douzaine d'exem plaires de 15 à 200 Kg ont été pris à Ambovatobe, Ampapamena et 
N o sy -B é.

Note : J. F. C. MORGANS vient de publier la description de trois Serranidae souvent confondus : 
Epinephelus d isp a r , E . fu sco g u tta tu s , E . tukula nov. sp. Cette m ise au point amène les 
rectifications suivantes :

Epinephelus dispar (Playfair) a été décrit et figuré par Fourmanoir (1957, pi. IX, A) sous le nom 
de E . tauvina . Epinephelus d ispar  est une petite espèce qui ne dépasse pas 65 cm et qui vit surtout 
dans les régions coralliennes abritées à une profondeur n'excédant pas 20 m è tre s .

Epinephelus tukula Morgans (pi. XIII, C) est l'espèce décrite par Fourmanoir, Fowler et Smith sous 
le nom d' E . fuscogutta tus  .
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---------------------  Famille des LEIOGNATHIDAE --------------------

Leiognathus elongatus (Günther)
Provenance : N o sy -B é .

----------------------Famille des CALLIONYMIDAE----------------------

Diplogrammus infulatus Smith (PI. A , 1)
Provenance : N osy-B é, abondant dans les flaques au niveau de b a s se -m e r  de vive eau.

--------------------  Famille des GOBIIDES--------------------
Amblygobius albimaculatus (Rupp. )
D VI + I 13-15, A 12-14 - E cailles 50 - 55.

Entre le bout du museau et le m ilieu de la 2ème d orsale, 5 rangées d orso-latérales de 
taches rouge brique, cet ensemble est complété par un trait lilas partant du m ilieu de l 'œ i l , de 
même direction oblique que les ran gées. Corps brun-gris avec quatre lignes verticales violet-noir 
équidistantes, de l'origine des pelviennes au tiers antérieur de l'anale. 6 bandes latéro-ventrales 
transverses bleues bordées d'un trait noir. Une douzaine de petites taches bleues sur les régions 
operculaires de la tê te . Ponctuations et lignes rouge brique sur les deux d orsa les. Oeil bleu.

Provenance : Un exemplaire de 6 cm. pris au poison dans une flaque à une faible distance des grands 
herbiers im m ergés . Andila (N osy-B é).

Monishia sordida Smith (Fig. 10)
D VI + 19, A 18

P rovenance : Nombreuses localités su r  la côte N. O. de M adagascar .

FIG. 10 - Monishia sordida
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Obtortiophagus koumansi Whitley 
D VI + I 10, A 19 - E cailles 60 -  65

Sous la prem ière dorsale un ocelle noir du diamètre de l 'œ il.  Longueur 1,8 cm. , rayons 
de la prem ière dorsale non a llongés.
Provenance : Flaque niveau 0 ,60 m. , entourée de g a le ts , fond de v a s e . N osy -B é.

Acentrogobius reichei (Bleeker)
D VI + 18, A 18 E cailles 26 à 28. L/H 5 ,4

Provenance : Quatre exem plaires de 2, 5 à 4 cm . N osy-B é.

Acentrogobius aestuarius Smith (Fig. 11)
D VI + I 10, A 19 - E cailles 27

Une large bande claire parcourt la rangée d 'écailles médiane . Sur la rangée placée au-dessous , 
trois paires de points brun-noir, un large point noir à l'origine de la caudale. Cinq lignes brun 
clair au contact des rangées longitudinales d 'éca illes .

Provenance : Nombreux exem plaires de 2 à 3, 7 cm. N osy-B é.

FIG. 11 - Acentrogobius aestuarius

Oxyurichtys ornatus nov. sp.
D VI + I 13 , A I 14 , environ 80 rangées d 'écail les  au total (19 p ré d o rs a le s ) . P. 22 , L/H 5, 6.

Deuxième dorsale b a sse , un peu inférieure à la moitié de la hauteur du co rp s , 1ère dorsale 
sensiblem ent au même niveau.

De la région dorsale violet pâle partent 8 bandes verticales atteignant la région ventrale. 
Derrière l'opercu le , quatre larges traits longitudinaux médians brun-noir croisent les bandes trans
verses atténuées, la bande qu'ils constituent se termine en arrière par une tache noire située à 
la base de là caudale . Traversant la région operculaire se prolongeant sur le dessus de la base pectorale, 
un large trait brun de même nature légèrem ent oblique. Museau et lèvre supérieure également fon cés.

Prem ière dorsale pigmentée de g r i s , avec trois ou quatre bandes longitudinales très peu 
d istin ctes, membrane de la 2ème dorsale traversée par une dizaine de bandes grises obliques. 
Anale à bordure gris fon cé.
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Caudale gris foncé uni dans sa partie inférieure,présentant quatre larges bandes à intervalles 
clairs à sa moitié supérieure.

Provenance : Un exemplaire de 5 cm. de L. s. , L. 6, 5 cm. avec la caudale lancéolée. Tête 1,2 cm. 
N osy -B é .

Gobius fasciatus Mac Leay (Fig. 12)
D VI 13 , A I  14, 58 rangées d 'écail les  environ

Q uatre'taches noires caractéristiques sur les  nageoires. Une au centre de la prem ière 
dorsale , trois sur la deuxième , la prem ière placée sur le 4ème rayon, une tache enfin sur l'origine 
des rayons médians de la caudale.

Quatre bandes transversales brunes s'élargissant un peu vers le b a s , entre le m ilieu de 
la 1ère dorsale et l'origine de la caudale. Quatre bandes moins distinctes partentde l'œ il parallèlement 
au contour d orsa l, les  deux plus basses atteignent la caudale en se segmentant entre les bandes 
tra n sv erses.

La pupille est b leu e , son diamètre est un peu supérieur à celui des ta ch es. La disposition  
des taches et des bandes transverses est voisine de celle  d'E le o tr is  w ardii P layfair.

Deux exem plaires en co llection , longueur 2 ,5  cm .

L'espèce parait commune dans les  flaques au voisinage d'herbiers , au niveau de b asse- 
mer de forte vive eau. E lle a été obtenue au poison .N o sy -B é .

FIG. 12 -Gobius fasciatus

--------------------  Famille des ELEOTRIDAE --------------------

Eleotriodes sexguttatus (Val. )
SMITH, 1958, Icht. Bul. n° 11 
D VI + I 12, A I  11-12, Environ 90 écailles

Identifiable aux taches b leu-ciel operculaires, aux deux bandes allant de la tête à la caudale , 
la supérieure un peu b r isée , rose doré, l'inférieure rectiligne , r o se , toutes deux réunies par 
six  à huit traits transversaux rosés , enfin par la pointe noire de la membrane de la 1ère dorsale 
entre les rayons III-IV.
Provenance : Nombreux exem plaires de 4, 5 à 7 cm. pris au poison  dans les flaques sableuses au 
voisinage d'herbiers . Nosy-Bé .
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P tereleotris tricolor Smith
Un adulte de 10 cm. environ, observé au N.O . de Nosy-Bé en pêche sous-m arine à 3 m. 

de profondeur.

 Fam ille des LABRIDAE----------------------

Peaolopesia gymnogenys Günther (Fig. 13)
D XII 8, A III 10, L 1.28, L/H 4

Epines dorsales croissant légèrem ent 
jùsqu'àla4èm e , les suivantes é g a le s . Prem ière  
épine nettement plus petite que les  deux autres. 
Deux fortes canines à la mâchoire supérieure , 
deux paires de canines inférieures dont la 
deuxième est tournée vers l'extérieur.
Provenance : Deux exem plaires de 6,7 et 9,2 cm. 
Chalutage sur sa b le , profondeur 30 m. devant 
les îles M itsio. D écolorés par le form ol.

Fig. 13 - Peaolopesia gymnogenys

---------------------- Famille des SCORPAENIDAE----------------------  .

Dendrochirus brachypterus (Cuvier)
SMITH, 1953, p. 374 
D XIII 9 -1 0 , A III 5

Quatre exem plaires de 4 à 7 cm. pris au chalut au large des îles  Mitsio par fond de 
30 m è tre s .

Acanthodes fragilis nov. sp. (Fig. 14)
Dorsale avec quatre fortes épines antérieures complètement séparées du reste de la nageoire

qui débute avec six épines acérées régulièrement d écro issan tes, anale avec trois épines courtes 
et é p a is se s .
Provenance : B asse-m er forte vive eau, N osy-B é, trois exem plaires de 2 ,4  cm.

FIG. 14 -Acanthodes fragilis
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--------------------- Famille des MURAENIDAE ---------------------

Lycodontis petelli (Blkr. ) (Fig. 15)
SMITH, 1962, Icht. Bul. n° 23 ^

15 à 21 bandes violet foncé prolongées sur la dorsale où la coloration devient noire et sur 
l'anale au moins postérieurem ent. Intervalles blancs inférieurs à. la largeur des bandes, le 1er 
intervalle derrière l'œ il est jaune citron chez un exemplaire de 25 cm. Présence d'une petite tache 
noire à la com m issure des lèvres du côté in férieur.
Provenance : Quatre exem plaires de 8 à 25 cm. pris au poison dans les  flaques d'Ambatoloaka (Nosy-Bé) 
à des niveaux d ifférents.

FIG. 15 -  Lycodontis petelli

Lycodontis laysanus Steidachner

Coloration brun-jaune à brun en arrière avec de nombreux points bleuâtres plus espacés  
dans la région caudale. Antérieurem ent, un grand nombre de taches circulaires noires sont ca
ractéristiques de l'esp èce .

Provenance : Banc de corail noyé, profondeur 50 m. , Nord de N o sy -B é , Longueur 45 cm.

Lycodontis javanicus
Cette espèce a été décrite par erreur sous le nom de Lycodontis undulatus (Lae. ) dans 

notre mémoire IRSM.Sêr. F ,1957 , p. 300.

Lycodontis undulatus e st très commune sur tout le grand banc de corail noyé du N. O. de 
Madagascar en eau claire parcourue par des courants importants et parmi les  lignes de madrépores 
c ô t ie r s , sa  coloration est très variab le.

Lycodontis javanicus demeure parmi les gros blocs de coraux iso lés  dans des baies a b r itées , 
sa coloration est constante.

vjH E-3 Cq
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--------------------  Famille des ANTENNARIIDAE ---------------------

Antennarius pinniceps Comm.

Quatre exem plaires pris au chalut devant les île s  M itsio.

--------------------- Famille des SYNGNATHIDAE-----------------------

M i c r o g n a t h u s  b r e v i r o s t r i s  (Rup.) (PI.A, 3)

Tronc avec 16 segm ents. Queue avec 30. Nageoire dorsale 19 rayons. Caudale arrondie 
avec de larges rayons dont les médians ont l'extrém ité c la ir e . Poche incubatrice étendue sur les
14 à 16 prem iers segm ents de la queue.

T rois exem plaires pris à N osy-Bé à basse-m er de vive eau , une fem elle de 4 ,5  cm. et
deux m âles de 5 cm. L'un de ces d ern iers , de coloration plus c la ir e , présentait une coloration
alternée lie de vin ventralem ent, pour les autres la pigmentation brun-noir dominait.
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--------------------  LISTE ALPHABETIQUE —

Les espèces nouvelles sont précédées d'un

Abudefduf annulatus 
bankieri 
cingulum 
dicki 
glaucus 
xanthozonus 
zonatus

* Acanthodes fragilis
Acentrogobius aestuarius 

reichei
Alepisaurus ferox
Amblygobius albimaculatus
Anotopterus pharao
Antennarius pinniceps
Apogon fraenatus 

maculatus 
nubilus

* ocellatus
* striatus
* variegatus

Arnoglossus macrolophus
Brama raii
Caesio gymnopterus 

xanthurus
Caranx dinema
Centropholoides falcatus
Chiasmodon niger
Chorinemus sanctipetri
Dendrochirus brachypterus
Diaphus elucens
Diplogrammus infulatus

* Eleotriodes sexguttatus
Engyprosopon grandisquama
Epinephelus com pressus 

dispar
fuscoguttatus 
guaza 
lanceolatus 

* posteli 
tukula

Fowleria aurita

Gempylus serpens
* Gobius fasciatus 

Holocentrus melanospilus 
Istiblennius andamanensis 
Istiompax indicus 
Leiognathus elongatus

* Lestidium lanceolatus
Lethrinus borbonicus 

coeruleus 
conchyliatus 
crocineus 
variegatus 
xanthocheilus

Lycodontis javanicus 
laysanus 
petelli

Makaira nigricans
Monishia sordida

* Mulloides auratus
vanicolensis

M yripristis botche 
Neoscorpis lithophilus 
Obtortiophagus koumansi 
Omobranchus striatus

* Oxyurichtys ornatus
Paramia quinquelineata

Pardachirus pavoninus

Peaolopesia gymnogenys

P etroscirtes mitratus
Polyipnus spinosus
Pomacentrus pulcherrimus 

tripunctatus

Ptereleotris tricolor
Salarias fasciatus
Samaris cristatus

Saurida undosquamis
Scomber japonicus

astérisque

Seriola nigrofasciata
* Siphamia nigra

Sphyraena quenie
Sternoptyx diaphana
Trachinotus russeli
Tripterygion hudsoni
Upeneus arge

moluccensis
vittatus

Zenion hololepis
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•  ”  ■   ^yj

i r - t i d .

1 Diplogram m us infulatus 2 Halimuraena hexagonata 3 M i c r o g n a t h u s  b r e v i r o s t r i s

4 Tripterygion hudsoni 5 Pseudochrom is sp.
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- 28 - PI. XIII

A , Epinephelus fuscoguttatus  (Forsk) 
B , Epinephelus lanceolatus (Bloch)
C , Epinephelus tukula Morgans 
D , Plectropom us m arm oratus  Talbot
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A , Alepisaurus ferox  

B , Caranx dinema
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30 - PI. XV

A , Rachycentron canadus

B , Cybium lineolatus

C , Gaterin plagiodesmus
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A , N eoscorpis  lithophilus 

B , Caranx (Ulua) mandibularis  1. 45 cm 
C , Epinephelus p o s te li  nov. sp .
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Nouvelles Corrections et Notes concernant les  POISSONS du CANAL de MOZAMBIQUE

M émoires IRSM 1957 et 1961

1957

1961

p. 97
au lieu de D iagram m a m aculatus n. sp. lire D iagram m a (Gaterin) flavom aculatus  Ehr .

p. 99
D iagram m a chaetodonoides

Notre description concerne en réalité celle d'une forme très jeune de Gaterin 
orien ta lis  (Bloch).

p. 100
Pseudopristipom a obscurus  nov. sp. est une forme jeune de Pseudopristipom a  

(Gaterin) plagiodesm us Smith.

p. 114 s
Caesio sp . (Fig. 84), lire Caesio pisang  Blkr .

p. 147
Cephalopholis gibbus nov. sp. est identique à Serranus sexm aculatus  Rüpp.

p. 89
Lutjanus argentim aculatus

Lire Lutjanus bohar d'habitat . . .  au lieu de . . .  b o h a r . Habitat . . .

Note : Il a été ajouté aux figures des espèces nouvellement c itées treize dessins et photos
d 'espèces décrites dans les  M émoires de 1957 et 1961 pour lesquelles il n'avait 
pas été donné d 'illustrations.

33



R eprin ted  from Cahiers O R STO M  — Océanographie, no. 6, 1963, p. 33-58

RAIES ET REQUINS-SCIE DE LA COTE OUEST DE MADAGASCAR

(Ordre des BATOIDEI) 

par

P. FOURMANOIR

Les Elasmobranches SELACHII ont été décrits dans les m ém oires de l'I. R. S. M. en 1961; 
l'étude sur le s  BATOIDEI, que nous aurions voulu aussi documentée que celle  des R equins, a été 
abrégée par notre départ anticipé de M adagascar. Il y manque de nombreux détails sur la  croissance  
et la reproduction, et cinq esp èces côtières seulem ent entrevues n'ont pu être c itées dans l'inventaire.

Nous avons suivi Tordre de description suivant :

PRISTOIDAE— une fam ille PRISTIDAE, un genre P ristis

- RHINOBATIDAE — deux fam illes RHYNCHOBATIDAE et RHINOBATIDAE avec trois genres 
Rhynchobatus, Rhina et Rhinobatos

- MYLIOBATOIDAE —quatre fam illes MOBULIDAE, MYLIOBATIDAE, RHINOPTERIDAE, DASYATIDAE 
avec huit genres

- TORPEDINIDAE — avec le seul genre Torpedo

----------------------  Fam ille des PRISTIDAE-----------------------

Une seule espèce à Madagascar et aux C om ores, noms vernaculaires : Vavano et Pampa 
Upanga; nom commun : R eq uin-scie.

P r istis  perotteti Müller et Henle (PI. VI A)

La nageoire caudale a un lobe inférieur bien d éfin i, l'origine de la prem ière dorsale es t  bien 
antérieure à ce lle  des p elv ienn es.

34 Collected reprints o f the International Indian Ocean Expedition, vol. V II, contribution no. 493
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Les Requin-scie sont pris régulièrement dans les barrages en région de Mangrove (niveau 1 m. ) 
et dans les filets fixes ; ils peuvent atteindre 7 m. de long.

Deux exemplaires examinés :

r
L. t. Scie Bouche D1 int. 

Dl D2 D2 Caud. Provenance

333

350

70 

82 X 15

19 42.29h.29 

44. 35h. 34

39

40

36. 20h. 29 

39.23h. 33

63 31 

65 35

3 m. baie Befotaka Filet 

8 m. baie Ambato Chalut

Nous avons noté, chez l'exemplaire de 333 cm. , les autres dimensions suivantes :

- largeur au niveau de la pointe des pectorales : 194 - côté antérieur des pelviennes : 21 - 
ouvertures branchiales : 6, 5 - poids : 145 kg dont 66 kg de chair consommable.

Famille des RHINOBATIDAE

Rhina ancylostoma Bloch et Schneider (PI. I B)

Ange de mer

Présence de crêtes calcifiées en forme de triangle, élevées au-dessus de la tête, donnant 
des séries de relief caractéristique. Chez les exemplaires de moins de 1,60m  il y a trois traits 
noirs contrastés entre les deux crêtes antérieures et des taches noires sur le disque, la coloration 
s'atténue avec l'âge.

Les rares captures ont eu lieu à la ligne ou au chalut dans des profondeurs supérieures 
à 5 mètres.

Matériel examiné, une large tête d'un Rhina de 2,10 m. provenant de Nosy-Lava (1955), 
une femelle de 1,97 m. pesant 60 Kg pris à la ligne par 15 m. de profondeur à Nosy-Bé, un 
exemplaire de 2,03 m. pris au chalut" par 8 m. à proximité de Nosy-Bé.

Disque Bouche Dl D2 Dl D2 Caud. Br.

197.112 20.19 35,5 15,5 (h. 28) 29 12 42 34 6

203.115 18.18 28,5 34 27 43 33 6

La distance entre les reliefs calcifiés supra-orbitaires était de 19 et 21 cm.
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Rhynchobatus djeddensis (Forskal) (PI. I A et PI. II)

Raie guitare, Requin à museau en pelle
Noms vernaculaires : Tendraly, Pampa Fuanda

Les tubercules osseux sont toujours présents autour des yeux et sur la ligne médio dorsale , 
mais ils  sont petits et coniques.
Chez les grands exem p la ires, on en compte une quarantaine dont une dizaine plus importants devant 
la prem ière nageoire d o rsa le , en arrière la sér ie  discontinue est formée de sept élém ents de quatre 
tubercules.
Chez les jeunes jusqu'à 130 cm. , les taches circulaires blanches en petit nombre ne dépassent guère 
en arrière la prem ière dorsale, une tache noire s ’inscrit dans le premier quadrilatère de taches 
blanches. La tache noire s'atténue et disparait en cours de croissance en même temps que se 
multiplient les  taches blanches d isposées après l'origine de la première dorsale en quatre sér ies  
longitudinales de chaque côté du co rp s.

Espèce abondante en des milieux v a r iés , herb iers, v a se , sab le, des palétuviers jusqu'à 
30 m. de profondeur; elle ne se rencontre toutefois qu'en eau claire à salinité é levée. Les gros 
exem plaires sont pris de temps en temps à l'hameçon sur des palangres à requin. Les captures 
les plus courantes ont lieu dans les  filets tramails et dans les barrages.

L'espèce atteint 2 ,7  m. A N osy-B é, nous n'avons pas observé d'exemplaires entre les 
ta illes de 1,40 m. et 2 m.

La raie guitare de 2 ,38 m. (tableau) avait 6 œufs mesurant près de 4 cm. et une vingtaine 
non développés.

Chair appréciée par les Comoriens , interdite chez les Sakalaves.

Rhinobatos annulatus Muller et Henié 

Petite raie guitare

Cette e sp èc e , également très commune , est de petite taille ; elle ne parait pas dépasser 1 m. 
Elle est surtout localisée aux herbiers de 2 à 5 m. de profondeur.

Coloration ocre avec des taches lilas sur les a iles pectorales et sur les pelviennes.
Les dents sont p e tite s , bien distinctes et pointues ; nous en avons compté 32 à la mâchoire 

supérieure, 27 à la mâchoire inférieure, chez un exemplaire de 72 cm. de long.

L. t. Disque D1 D2 Bouche i. ev. Pelv.

67 22 25,4 6,3 6. 3,2
70 20, 5 25,5 6,5 6 ,7 4 ,1 3,1 11,4

72 23,5  28 6,8 7 3,5 12,2

76 23 27

La maturité sexuelle est atteinte à 67 cm. Les fœtus ont été trouvés de janvier à avril, 
leur nombre moyen est de 3 . Le 6 /3 /5 8 , chez un Rhinobate de 72 cm. , leur longueur était de 
17,9 cm. avec un disque de 7 .8 ,1 .

T aille minimum observée : 40 cm.
Capturées en abondance sur les herbiers avec les filets tram ails. Plusieurs sont souvent 

trouvées en une même poche du file t.
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RHYNCHOBATUS DJEDDENSIS

L. t. Bouche Disque Or. D1 Côté Base Dl D2 D2 Pelv. Caud. i. O. 0. Ev. sup.inf. Br.

74,5 30, 5 11,5 15,5 9 4 13,5 4 ,7  4 ,5

77 27 10,8 4 ,3 8, 3 4 4

87 35 30 40 12,5 4 ,7 16, 5 9 4 7 12 9 5 4 ,5

97 34,5 45 5 13,5 6 .1 7 ,5 10, 3 4 14,5

97 17 5,7 37 46 13,2 10 12p. 15, 5 14,5 6

98,5 18 6,2 14,5 6 ,5 19,5 11 4 ,6 14,4p. 12, 5 15 6 5,5 5,2 1,9

99 34 44 14 19 14 5,5

117 21 ,7  7,8 45 18 8 24 p.25, 5 20,7 6 6 2,3

114 39 .52 16 6,8 p.22 17 6,8

123 6,5 42,5 53 17 8 23,5 13,3 5,3 19, 5 6 ,7

128 8 55 51 61 20 23,5 15 6 20 6,5

200 34 84 80 92 30 14 37 23 9 ,5 t. 26 30,5 11 9

220 38 13 93 91 39,5 15 29 10,5 t. 29 40 28 7 11

238 45 17 117 106 46 38 34 11 t. 33 49 32 12,4 12 5,5

Autres exem plaires m esurés :
„_________ lm , 40 Ambanoro 4 Mai 1957
„_________  2m, 40 Fort-Dauphin Mai 1959
_̂________  2 m ,45 Andavakotoko 5 Septembre 1956
_̂________  2m, 50 Ambatozavavy 21 Mai 1962

Les exem plaires m esurés en détail ont été pris au voisinage de la station marine de 
Nosy-Bé et à Nosy Kisimany à une douzaine de m illes plus au sud.
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--------------------- Famille des MOBULIDAE --------------------

Diables de Mer

Bouche placée en d esso u s, dents sur les deux mâchoires - Mobula 
Bouehe term inale, dents à la mâchoire inférieure - Manta

Genre Mobula Rafinesque

Mobula diabolus (Shaw) (PI. III)

Dos de coloration violette , ventre argenté, œ il vert pâle . En général les côtés des pelviennes 
et le sommet de la dorsale sont b lancs. Chez un exemplaire de 72 cm. nous avons compté 55 et 
40 rangées de dents aux mâchoires inférieure et supérieure.

Provenance
Les exem plaires de 60 et 80 cm. sont pris dans les eaux cla ires peu profondes au filet- 

tramail ; ils  semblent plus nombreux en saison fraîche.
Un exemplaire de 1,50 m. a été pris à l'hameçon d'une ligne dérivant à 50 m. , au-dessus 

de fonds de 1. 000 m. , à 6 m illes du plateau continental. Un autre Mobula qui paraissait de la même 
e sp èc e , bien que mesurant environ 2 m. a été pêché en juillet 60 par le même procédé mais il 
s 'est libéré à la surface après une remontée d ifficile.

Chez Mobula diabolus il n'avait pas été observé jusqu'à présent d'exemplaires dépassant 
1,30 m. de largeur.

Disque Bouche i. 0. 0. Dorsale Br. Pelv. Caud.

70 X  43 9 13 4 ,6 4 ,5 58

7 1 X  42,5 8 ,7 12,8 1,3 4,9 4 ,3 7 49,5

75 X  48 9 13,5 1,4 5 4 ,7 7,5 52

150 X  97 20 33 3 10 17

Note - La complexité du genre Mobula a été montrée par Cadenat en 1961. Les déterminations 
n'étant certaines qu'après examen du ffttre branchial et de la bouche.

Genre Manta Bancroft (PI. IV et V)

Les grands "Diables de mer" sont connus sur toutes la côte Ouest de Madagascar à l'exception  
des régions à forte dessalure et turbidité comme celle de Majunga.

Les rencontres les plus fréquentes ont lieu dans les baies et près de la côte (N osy-B é, 
St-Augustin) deux sont à signaler au-dessus de la rupture de pente du plateau continental (fonds de 
100 - 500 m .) à neuf m iles du rivage. Nos observations portent sur une vingtaine de Manta de 
3,50 m. à 5,50 m. dont trois ont été capturées.

L'emploi des grands filets fixes en nylon destinés à la pêche de Cybium lineolatus et de 
certains Carangidae est gêné par le passage de ces énormes ra ie s . Le moindre mal est l'usure 
du nylon sur le sable ou les madrépores voisins , plus souvent les filets entraînés ne sont pas retrouvés 
par leur propriétaire.
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Les Manta observées dans les baies évoluent souvent une journée entière dans un espace 1 
restreint (500 m ètres - 1 Km) en allers et retours incessants. Dans la baie Ambarahamay un boutre 
estparti en dérive à la suite du passage renouvelé d'une Manta sous l'haussière de mouillage (août 56).

Ce sont les  seuls incidents dont on peut rendre responsables les  paisib les Manta; il n'en 
reste pas moins que la vue en eau très claire d'une Manta à l'im mense bouche ouverte et blanche 
est im pressionnante.

Les bancs de petits crustacés nageurs qui fuient l'aspiration de la bouche peuvent être 
aperçus en eau ca lm e, on voit en même temps les sauts groupés de ces petites "crevettes" de 
0, 5 à 1, 5 cm. pourchassées ; au large il doit s'agir de jeunes Pénéides , dans les baies de Sergestidés 
(A cetes, L ucifer).

Signalons enfin que les  Manta sont plus souvent rencontrées iso lées ou par deux, dans les  
zones où le courant de marée est sen sib le .

En raison du petit nombre d'exem plaires examinés dans l'Océan Indien et Atlantique, la 
distinction des espèces n'est pas certaine. Jusqu'en 1941, on reconnaissait une seule espèce à 
nombreuses form es Manta b iro str is  (Walbaum) ; récem ment il a été décrit deux autres espèces du 
Pacifique, alfred i et ham iltoni. Manta b iro str is  serait finalement lim itée à l'Atlantique.

Nous préciserons comme J. CADENAT deux types de coloration :

a) -  coloration dorsale et bouche bleu-noir très fon cé, face ventrale blanche avec taches allongées
irrégulières gris-v io let :
un exemplaire de 3 ,40 m. avec taches principales entre les branchies en arrière de la 2ème
fente, quelques petites taches près du bord pectoral postérieur.

b) - coloration dorsale noirâtre ou gris-noir s'arrêtant à faible distance du bord de la bouche qui
est blanche. Face ventrale sans tach es.
Deux exem plaires m esurés de 3,45 m. et 4 ,6 0  m. d'envergure.

Disque Corne Bouche Br. Queue

3,40 X 1,65 (fem elle) 51 49 37.24 ,5 1,65

3,45 X 1, 74 (mâle) 37 54 35.37. 35.31 .23 . 1,11

L'exemplaire à bouche noire de 3 ,40  m. a été pris à Nosy-Bé le 21 /12/61  au filet simple 
à m ailles 6 cm. de côté fil 1610 sur fond de 4 m. Le côté antérieur des a iles pectorales mesurait 
1,56 m. ; le côté postérieur 1,64 m. , la largeur maximum descornes 22 cm. La peau du dos était l i s s e .

A la mâchoire inférieure nous avons compté 287 rangées de d en ts.
L'exemplaire à bouche blanche a été pris au filet tramail le 15/4/57 devant la station m arine, 

fond de 6 m .
Le dos ainsi que la nageoire dorsale étaient très rugueux avec les  denticules ou spicules 

espacés de 2 mm env. sur le d o s .
Autres m esures : évent. 15 cm. , organe copulateur 34 cm. avec ouverture de 22 cm. , 

base de la nageoire dorsale 18 cm.
Une grande Manta du même type capturée avec un grand tramail de 6 m. de ’haut en baie 

d'Ambavatobé en juin 1956, avait une envergure de 4, 60 m. E lle a figuré dans un film sur la station  
marine de N osy-B é, m ais aucune mesure de détail n'a été p r ise .

Bibliographie J. CADENAT Bull, de l'I. F. A. N. T. XXII sér ie  A , n° 3 , 1960.
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---------------------  Famille des MYLIOBATIDAE -------------------- -

Disque large en forme de losange dont le côté antérieur a son origine au niveau de l'évent. 
Tête projetée en avant du disque avec les yeux latéraux.

Aetobatus narinari (Euphrasen) (PI. VI B)

Aigle de mer tacheté

Cette raie répandue dans toutes les m ers tropicales est très commune le long des rivages 
m algaches.

Disque Bouche i. 0. i. ev. Caudale

51 32 3 110

52 23 8,5 5, 5 107
53 23 32 114.4 ,2  (d)
60 36 131

62, E 27 116

70 31 44 10, 5 150 et 124

73 31 5, 5 10 7 134

76 47,5 6,5 9 ,8 136

79 35 50 11,7 150

80 60 116

86 59 7 17
115 68 16,4 10,7 135

Plus de deux cents Aetobatus ont été pris dans nos filets au cours d'une année, les tailles  
extrêm es étaient 47 cm. et 130 cm. à travers le disque. Le fouet caudal est souvent coupé chez 
les  plus grands exem plaires. Chez les jeunes les  taches blanches sont nombreuses et régulièrement 
disposées et contrastent sur le fond noir tirant sur le vert, e lles  commencent souvent un peu en 
arrière du bord antérieur de l'a ile . La dernière rangée constituée d'une ligne de taches plus petites 
suit de très près le bord postérieur. Chez les exemplaires de plus de 80 cm. , les taches un peu 
ternies manquent souvent dans la région m édiane, e lles  peuvent présenter un centre foncé.

L'Aigle de mer remonte avec la marée vers les roches et les palétuviers couverts d'huitres 
qui sont sa principale nourriture. A basse mer il se retire de préférence dans les régions d 'herbiers. 
Les plus gros ont été pris à Nosy-Iranza au-dessus d'herbiers touffus dont la croissance a lieu en 
eau claire et v iv e .

L'espèce a été signalée comme pouvant atteindre 2 ,5  m. d'envergure. Il e st possible que 
les  grands exem plaires de cette raie m igratrice se trouvent dans le Sud de M adagascar.

La maturité sexuelle ne sem ble atteinte que chez les exem plaires de plus de 80 cm .
Des sangsues ont été trouvées dans la bouche à l'origine de la rape inférieure.
La chair , gris foncé , est médiocre .

Note : La troisièm e rangée verticale de disque indique les distances du bord postérieur du disque 
au bout du museau.
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--------------------  Famille des RHINOPTERIDAE --------------------

Tête bien dégagée des p ecto ra les, divisée en deux lobes par une forte et profonde échancrure 
m édiane. Corps ép a is . Queue longue en fouet armée d'une ép ine.

Rhinoptera javanica Müller et Henle (PI. VII)

Coloration brun-noir - Peau l i s s e .

Un seul exemplaire de 90 cm. de la rg e , pris dans un filet de surface en même temps
que des Chorinema  , profondeur 5 m. (juillet 1959).

Nom vulgaire : R aie-bœ uf.

----------------------  Famille des DASYATIDAE--------------------- -

Genre Taeniura Müller et Henle 

Taeniura lymma (Forsk) (PI. VIII)

Identifiable à la forme ovale du disque dont les bords latéraux sont é p a is s is .

La coloration est ocre avec taches bleu-clair ovales ou rondes régulièrement d isp o sée s . 
Sur chaque côté de la queue, il y a une large bande b leue.

Abondante dans les eaux cla ires à forte sa lin ité , sur sable corallien ou vase m o lle , tou
jours au voisinage de formations coralliennes. Profondeur maximum 5 m.

Largeur maximum observée à Nosy-Bé : 32 cm.

Disque Caudale Dard Pénis

15 16,5 18,5 12,9

19,3 20,5 30,5 14 17 2

22, 5 25,8 35 18

24,2 27,5 39 18 21 6,2

26 30,5 40,5 20,5 6 ,5

26, 5 30,9 41 20, 7

28,5 31 42 21

L'exemplaire de 15 cm. est un nouveau-né pris en juillet avec un cordon om bilical de 21 cm.
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Taeniura melanospila Bleaker (PI. IX A et Fig. 16)

Forme arrondie , taches noires irrégulières et de toute taille sur fond gris b leuté. Peau 
rugueuse.

Les deux exem plaires pris à N osy-B é, de largeur de disque 1,33 et 1,40 m. sont les plus 
grands qui aient été signalés de cette esp èce .

23.12. 59 disque 133 x 109 - caudale 106 avec deux dards superposés de 21,5 et 9 cm. à 49 cm.
de l'origine.
Intervalle des évents 20 , largeur 7.
Bouche II - Fente branchiale 5.
Pelvienne, longueur 25 , largeur à l'origine 20 , organe mâle 26.
Poids environ 25 Kg.
P rise par fond de 16 m ètres , sur palangre à requins appâtée avec des Chorinema tol 
en tières. Baie abritée, eau c la ire , fond de vase.

Au total trois exem plaires o b servés.

13 .3 .61  Disque : largeur 1,40 m. - poids 40 Kg.
P rise à la ligne à main sur le banc de corail noyé , profondeur 20 m.

Avril 1962 Disque : largeur 35 cm.

FIG. 16 - Taenuria m elanospila. Détail des tubercules cutanés, 
vue de côté x 15 et de dessus x 20.
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Genre Dasyatis Rafinesque

Dasyatis (Himantura) uarnak (Forskal) (PI. X A)

Cette raie décorative, par la disposition en mosaïque des taches brunes polygonales, est  
rencontrée sur le sable vasard dans des profondeurs inférieures à 3 m. , elle suit le mouvement 
de la m arée. Dans le Nord-Ouest de Madagascar , elle est surtout abondante de Nosy Faly à Ambilobé 
sur le sable vasard couvert d 'herb iers.

23 .12 .58  im m ature, disque 35 x 32, int. évent. 6 ,4 ,  écartem ent branchial ant. 7 , post. 4 ,
bouche 3 , caudale 92 , épine 5 ,2  cm. à 13,5 cm. de l'origine

1 .9 .62  39 x 33, bouche 3 ,4 ,  caudale 98, pelviennes 6 ,5 .

Un exemplaire de 60 cm. de largeur de disque observé à Ambato et plusieurs non m esurés 
à Dzaoudzi (C om ores).

Dasyatis (Himantura) bleekeri (Blyth)

Présence de tubercules osseux dorsaux et d'un bouton rostra l. Fouet caudal très long lis se  , 
fréquemment coupé. Coloration brune pouvant être nuaneée de gris v er t, fouet noir. Raie commune 
dans les baies profondes sur fond de vase inférieur à 10 m.

■
Disque Bouche Fouet Pelvienne i. 0.

66 ,5 56 5,5 134 8

70 59 5,5 11
73 63 145 10

74 66,5 6 95 13 11
77 66 8 170

Les dards de l'exem plaire de 74 cm. étaient placés à 24 et 30 cm. de l'origine caudale.

Dasyatis sephen (Forskal) (PI. IX B)

C aractérisée par la présence d'un large repli membraneux noir sur la caudale , la coloration  
brune à brun v io le t , la peau très rugueuse. Abondante dans le lagon de Mayotte sur les fonds de 
sable et d'herbiers de 2 à 8 m. , plutôt rare à M adagascar.

Disque Bouche Caudale Repli i. 0. i. ev.

51 3,4 105 8 ,7 5 ,3

54 4,4 99 8,7 5,4

66 85 52 10,5

71 6 92 50
114 9 117 66 15,5

Les dards mesuraient 15 et 8 cm. chez l ’exemplaire de 66 cm.
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Dasyatis kuhlii Müller et Henle (PI. X B)

Cette raie , de forme presque carrée , supporte des eaux à faible salinité ; elle est plus 
commune dans la région de Majunga qu'à N o sy -B é.

La coloration est brun-ocre , le bord du disque est vineux. Des taches rondes violettes à 
centre clair dont le contour est indécis sont distribuées sans ordre sur la partie charnue et médiane . 
L'aspectde la caudale avec ses  trois segm ents terminaux noirs séparés de blanc perm etde reconnaître 
facilement D asyatis kuhlii.

Quelquefois , les taches sont blanchâtres sans zone extérieure violette et des points noirs 
peuvent être p résen ts .

Deux exem plaires ont été m esurés provenant de Katsépé (Majunga) et Nosy-Bé .

Disque 24,5  x 20 i. o. 3 ,9  i. ev. 3 ,3  caudale 25

" 41 x 32 " 5 ,3  " 47 avec la 2ème épine à 15 cm , de l'origine,
longue de 7 ,5  - bouche 3 ,5  - pelvienne 8.

La queue porte un repli cutané dorsal court en arrière de l'épine et un repli ventral plus long.

Dasyatis sp.

Coloration gris beige à l'exception du bord postérieur du disque et du pourtour des pelviennes
qui est blanc. Caudale noire à partir des épines. T rès faible bouton à l'extrém ité du museau.
Caudale, ainsi que le disque dans la région médio dorsale, rugueux.

Un seul exemplaire mesuré à N o sy -B é .

Disque : largeur 93 - i. ev. 12,4 - bouche 6 - caudale 173.
avec deux dards placés à 29 cm. de l'orig in e.

----------------------- Famille des TORPEDINIDAE---------------------

Raie électrique , Raie Torpille 
Torpedo sp

Front rectiligne 
Coloration brun-noir
Trouvée occasionnellem ent dans les eaux dormantes de 1 à 10 m. survase. Prise aufilet tramail . 

Un des plus grands exem plaires mesurait 34,5 cm. avec une largeur de disque de 24 cm.

Torpedo fuscomaculata Peters

Coloration brun c la ir , marbrée ou tachetée. Moins commune que la précédente.

Un exem plaire en collection, longueur 26,5 cm. - largeur 18 cm.
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Note : Les m esures indiquées dans les tableaux sont en général pour le disque : la largeur et la 
longueur. D l D2 indique l'intervalle entre les bases des deux dorsales , c e lle s -c i sont définies 
par leur côté antérieur, hauteur (h) , base ou par un chiffre unique qui désigne alors le côté 
antérieur (Nyliobatoidae). Or , D , est la distance du bout du museau à l'origine de la prem ière 
dorsale. Dans le cas de Rhynchobatus l'indication t. dans la colonne Pelviennes précise la 
mesure transversale des deux nageoires réu n ies, autrement il s'agit de la longueur.
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' A  j£,

A , Rhynchobatus djeddensis , mâchoire
B , Rhyna ancylostom a,  mâchoire

photos M lle Faucheur
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Rhynchobatus djeddensis
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Mobula diabolus 0, 75 m
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#

Manta à face ventrale tachetée et à bouche noire , 
larg. 3,40 m
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B

Manta à bouche claire

A , 3,45 m
B , 4 ,60 m
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photos crosnier .. A , P r is t i s  p e r o t te t i ,  long, totale 3 , 50m
B , Stoasodon narinari
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Rhinoptera javan ica , larg. 0,90 m
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35
* * * ' j  »  •

Taeniura lymna
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A , Taeniura m elanospila

B , D asyatis  sephen
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A , D asyatis  uarnak

B , D asyatis  kuhlii
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H ík

A , Carcharinus obs eurus

B,  Alopias pelagicus  Long, totale 3,24 m vue 
côté et détail de dentition

C , Alopias superciliosus , fœtus
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'fU t t

Mâchoire supérieure de A , Negaprion m adagascariensis

B , Carcharinus floridanus
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COMPLEMENT e t CORRECTIONS concernant le s  REQUINS de la  COTE OUEST de MADAGASCAR
(M émoire I .R .S . M. - Série F - T. IV - 1961)

p. 15 Des notes concernant Nebricus ferrugineus  a ttribuées par e r re u r  "au Requin" n° 5
nous ont fait c ro ire  à la p résence d'un évent comme ca rac tè re  commun aux deux 
Requins des s a b le s . A ussi au lieu d 'in trodu ire  le genre Negaprion comme nous 
étions tentés de le f a i r e , nous avons désigné le n° 5 sous le nom d 'O dontasp is. 
La capture tard ive de nouveaux spécim ens ne nous a pas perm is de signaler cette 
e r re u r  de c a rac tè re  (évent) ni de changer Odontaspis M adagascarieasis en Négaprion 
M adagascarieasis avant la  publication.

p. 48 - fig. 39 P a r  suite d'une confusion la  figure des dents de Triaenodon n 'a  pas été reproduite 
e t la  fig. 39 rep résen te  en réa lité  les dents d'un jeune exem plaire de N égaprion.

p. 40 C archarinus iranzae nov. sp = C archarinus obscurus Lesueur (PI. XI, A)
Un re to u r récen t su r l 'î le  Iranza  (près de Nosy-Bé) pour la pêche aux Requins 
nous a perm is de consta te r l'iden tité des espèces iranzae nov. e t obscurus Lesueur  . 
Carcharinus o b sc u m s  n 'avait ju squ 'a lo rs  été identifié avec certitude que parm i les 
Requins p ris  à la  ligne dérivante de type japonais opérant au large (n° 29).
Les nouveaux exem pla ires ont été p ris  sur une ligne m ouillée dans les fonds de
14 - 18 m è tre s  avec les ham eçons m aintenus en tre deux eaux par des f lo tte u rs .
Deux C. leucas ont été p ris  en même tem ps.

FIG. 17 -  Carcharinus obscurus , 4e dent sup. e t inf.
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Pour obscurus  nous avons observé au mom ent de la  cap ture une coloration presque 
noire et pour leucas une coloration g ris -v io le t à g r is -b ru n  qui fonce et devient 
proche de celle  d 'obscurus  ap rès  un ce rta in  tem ps d ’exposition au so le il.

L es fentes branch iales d 'obscu rus p résen ten t un fo rt co n tra ste  des p a rtie s  ex tern es  fon
cées e t in te rnes blanches, opposition qui rappelle  celle observée chez C .a lb im arg ina tus. 
Le bord p o s té rieu r des pec to ra les e s t noir a in si que la  pointe du côté in fé r ie u r . 
La ride m éd io-dorsa le  bien m arquée dépasse un peu le niveau p o sté rieu r de la  base 
des p e lv ien n es.
Le rapport des longueurs des lobes caudal in férieu r e t su p érieu r e s t de 44 % env iron , 
il e s t avec celui de C .platyodon  le plus faible observé chez les  C archarinus m alg ach es. 
La courbure du lobe caudal su p érieu r e s t accen tu ée .

1 4 - 1 - 1 4La form ule den ta ire  e s t jg  j j-^, les dents in fé rieu res  de nos exem pla ires de
grande taille  ont une nette courbure subterm inale du côté ex te rn e . Cette courbure 
n 'a  pas été signalée par BIGELOW pour les obscurus de la côte Atlantique am érica in e .
Signalons enfin la  p résence de 10 foetus (L. t. 52,5 - L. S. 38 cm .) chez un exem 
p laire  de 3 ,40  m. p r is  en Juin  1962. Les foetus d isposaien t encore d 'une ré se rv e  
vitelline abondante, leur rép artitio n  é ta it de 6 m âles et de 4 fem e lle s . Un exem plaire  
de 3, 31 m. p r is  le m êm e jour ne p ré sen ta it que 4 œ ufs d isposés en 2 p a ire s  su r 
l’ovaire long de 70 cm . La reproduction doit donc s ’étendre su r une longue pério d e . 
Obscurus a été souvent confondu avec leucas su r la côte am éricaine  e t à M adagascar 
ca r à vue d 'œ il seule la rid e  m édio-dorsale  p erm e t de d istinguer les deux e s p è c e s .

1 2 - 1 - 1 2La dentition de leucas (var. m algache) ^ j b i e n  que différente , n 'e s t pas un
ca rac tè re  de séparation  im m édiat les rep lis  cutanés de la gencive gênant l'o b serv a tio n  
d ir e c te .

CARCHARINUS OBSCURUS

Long.
tot Sexe O r. B ou ch e  D im . Or D1 D im . D l  D2 D im . D2 D im . A O r. P e c t .  

Long C audale Int.
o r

Int.
nar. B r .

331 4
œ u fs

21 30 x  15 108 37(h 27)31 86 11 8 18 11 67 84 38 36 0 . 3 , 3 2 0 ,5  n. 3 ,7 14

340
10 

foetus  
5 2 ,5  cm

22 34 x 1 4 ,5 110 40(h  28)30 84 11 8 19 11 65 65 88 40 o. 3 ,3 20  n. 4 17

CARCHARINUS LEUCAS

218 m â le 14 26 x 12 67 3 4 (h  24 ,  5)24, 5 50 9 7 12 8 44 46 6 1 , 5  29 29 0 . 1 , 8 8

221
5

foetus  
44 cm

1 5 ,3  27 x 12 7 2 , 5  3 7 ,5 ( h  2 5 ) 2 8 47 9 ,8 8 , 2 11 9 47  53 57 31 0 . 1,7 15 n. 4 8
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R eprin ted  from  Cahiers O R STO M  -  Océanographie, vol. I I ,  no. 2, 1964, p. 27-45

SUR UNE COLLECTION DE CRUSTACES PAGURIDES DE 

MADAGASCAR ET DES COMORES

par

Mme Michèle PECHANCE

L e s  Pa gu re s  é tudi és  ici ont é té  pour la plupart  r écol tés  par A. Crosnier ,  océanographe 
biologiste  de i 'O.R.S.T.O.M. ,  au cours de son séjour  au Centre  d 'Océanographie  et  des  P ê c h e s  
de Nosy-Bé,  de 1958 à 1962, Quelques  spéc imens proviennent  de s  col l ect ions  de l ' I ns t i tu t  
Scient i f ique de Ma da gasc ar ;  d ' au t r e s  enfin ont é té  récol tés  au cours  de la Mission de 
R. Decary à Madagascar  en 19 32, et  se  t rouvaient  dans  les col l ect ions  du Muséum.

La plupart  des  é chan t i l lons  ont é té  recue i l l i s  à la main,  dans  la zone intercot idale,  
ou par des  cha l u t age s  à faible profondeur.

Nous avons  examiné au total  environ 300 spéc imens ,  appar tenant  aux 32 e s p è c e s  
suivantes  :

Fami l l e  des  COENOBITIDAE

Coenobi ta brevimanus Dana 
Coenobi ta per la tus  H. Milne Edwards 
Coenobi ta  rugosus H. Milne Edwards

Famil le  des DIOGENIDAE

Aniculus aniculus  (Fabr ic ius)
Calc inus  e le gan s  (H. Milne Edwards)
Ca lc i nus  gaimardi (H. Milne Edwards)
Calcinus  laevimanus (Randal l )
Ca lc i nus  latens (Randal l )
Calcinus  rosaceus  Hel ler  
Cl ibanar ius eurys ternus  Hilgendorf  
Cl ibanar ius  l aevimanus Bui tendi jk 
Cl ibanar ius  longi tarsus  (de Haan)
Cl ibanar ius  merguiens i s  de Man 
Cl ibanar ius s t r iola tus  Dana - 
Cl ibanar ius v i r es ce ns  (Krauss)
Dardanus a spe r  (de Haan)
Dardanus brachyops Fores t  

Dardanus deformis (H. Milne Edwards)
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Dardanus gemmatus (H„ Milne E d w a rd s )

Dardanus guttatus (Ol iv ier )

Dardanus megistos ( He rb st )

Dardanus sanguinolentus (Quoy e t  Gaimard)

Dardanus scutellatus (H. Mi lne  E d w a r d s )

Dardanus se tife r (H. Mi lne E d w a r d s )

Diogenes planimanus H e n d e r s o n  

Diogenes crosnieri nov.  sp .

Paguristes abbreviatus D e c h a n c é

F a m i l l e  d e s  P A G U R ID A E

Anapagurus sp.

Pagurus janitor ( Alcock)

Pagurus sp.

Catapagurus sp.

Spiropagurus spiriger de  H aan

L e s  s e u l s  t r a v a ux  an tér i eu rs  nota  b l e s  sur  la f aune  p a g u r i e n n e  d e  M a d a g a s c a r  s o n t
c e u x  de  L e n z  et  R i c h t e r s  (1881) ,  L e n z  (1910)  et  Gr av i e r  ( 1 9 2 0 ) ;  e n  ce  qüi c o n c e r n e  l es  formes
d e s  r é g i on s  v o i s i n e s ,  il faut  c i t e r  l es  t r a v a ux  de  H i l g en d or f  ( 1869  e t  1878)  s u r  Moz ambi que  e t  
l ' I l e  lbo,  ce l ui  d e  R i c h t e r s  (1880) sur  l ' I le  Ma ur ice  e t  l es  S e y c h e l l e s  e t  c e l u i  d e  Bo uv i er  (1915) 
sur  l es  D é c a p o d e s  m ar c h e u r s  de  l ' I l e  Maur i ce .

L e s  t r o i s  e s p è c e s  de  Coenobitidae c i t é e s  ici a v a i e n t  é t é  s i g n a l é e s  de  M a d a g a s c a r
par  l es  a u t e u r s  p r é c é d e n t s .  Sur l es  24  e s p è c e s  d e  D iogenidae, 16 s e u l e m e n t  a v a i e n t  é t é
s i g n a l é e s  du s u d - o u e s t  de  l ' O c é a n  Indien,  t a n d i s  q u ' a u c u n e  e s p è c e  d e  Paguridae ne  l ' a v a i t  
j am ai s  é t é  d e s  e a u x  m a l g a c h e s .

En ce  qui c o n c e r n e  l e s  C oenobitidae, t e r r e s t r e s ,  e t  l es  D iogenidae, l es  p l us  l i t to r aux  
d e s  P a g u r e s ,  nous  p e n s o n s  que  c e t t e  c o l l e c t i o n  r e p r é s e n t e  un bon é c h a n t i l l o n n a g e  de  la faune  
m a l g a c h e .  Qu a n t  a u x  Paguridae, qui  v i v e n t  g é n é r a l e m e n t  e n e a u  p lus  profonde,  et  s o n t  d ' u n e  
t a i l l e  s ouv en t  i nfér i eur e  à  c e l l e  d e s  D iogenidae, cinq e s p è c e s  s e u l e m e n t  f i gurent  ici ,  r e p r é 
s e n t é e  c h a c u n e  par  un ou d eux  s p é c i m e n s ;  t ro i s  d ' e n t r e  e l l e s  s on t  v r a i s e m b l a b l e m e n t  d e s  
e s p è c e s  n o u v e l l e s ,  dont  nou s  d i f fé r on s  la d e s c r i p t i o n  comme t e l l e s  à c a u s e  du nombre i n s u f 
f i s a n t  ou du  mauva is  é t a t  d e s  s p é c i m e n s .

Il s e r a i t  c e p e n d a n t  p r éma tu ré  de  c o n c l u r e  à  la r a r e t é  d e s  Paguridae d a n s  c e t t e  rég ion  : 
une  é t u de ,  e n  cour s ,  d e s  l a r ve s  d e  P a g u r i d e s  du p l an c to n  d e s  e n v i r o n s  de  N o s y - B é ,  r é c o l t é  
par S. F r o n t i e r  en 1962 et  1963,  nous  a  mont ré  l ' a b o n d a n c e  d e s  z o é s  d e  c e t t e  f a m i l l e ;  14 
e s p è c e s  ont  é t é  d é n o m b r é e s ,  dont  d e u x  s on t  a t t r i b u é e s  au ge nr e  Pagurus, une  à Anapagurus, 
e t  qua t r e  - a v e c  dout e  - à  C atapagurus, l e s  s e p t  e s p è c e s  r e s t a n t e s  é t a n t  r é p a r t i e s  en t r o i s  ou 
q u a t r e  a u t r e s  g e nr es .  Il e s t  donc  s o u h a i t a b l e  que  l ' on p r a t iqu e  d e s  r é c o l t e s  en pro fondeur  qui  
f eron t  c o nn a î t r e  l es  e s p è c e s  de Paguridae c e r t a i n e m e n t  p r é s e n t e s  d a n s  c e t t e  ré g i on ,  e t  
comp l é t e r on t  not re  c o n n a i s s a n c e  de la faune  p a g u r i en n e  m a l g a c h e .

L e s  r é f é r e n c e s  a u x  a u t e u r s  c i t é s  p lus  ha ut  n ' é t a n t  g é n é r a l e m e n t  p a s  u t i l e s  pour  la 
d é t e r mi n a t io n  nous  ne c i t o n s  c e t t e  r é f é r e n c e  q u ' à  p ropos  de  la d i s t r i b u t i o n  l o c a l e  de  c h a q u e  
e s p è c e .  L o r s q u ' u n e  e s p è c e  e s t  n o u v e l l e  pour M a d a g a s c a r ,  n o us  i n d i q u o n s  la région  la p l us  
p r oc he  où e l l e  a d é j à  é t é  s i g n a l é e .
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C O E N O B IT ID A E

Coenobita brevimanus Dana

Coenobita clypeata var.  brevimana Dana,  J .D. ,  1852, p. 473.

Coenobita hilgendorfi. F o re s t ,  J . ,  1954, p. 77.
Matér iel .  - Tany  Kely (côte nord-ouest )  1 d1 , 50 mm.

De la cô te  o r i en t a l e  d 'Af r i que  aux Hawai '  e t  aux Tuamotu.  S ignalé  à l ' I le  aux Pr une s  
(côte  e s t  de Ma dagascar )  (Lenz ,  so us  le nom de  C.clypeatus).

Coenobita perlatus H. Milne Edwards

Coenobita perlatus Milne Edwards ,  H.,  1837, p. 242.

Coenobita perlatus, Alcock,  A. ,  1905, p. 145, pi. XIV, fig. 3-3a.

Coenobita perlatus, F o re s t ,  J . ,  1954a,  p. 78.

Matér iel .  - Ile Jua n de  Nova,  Fourmanoi r  col l .  : 2 <?, 25 e t  43mm.

De la côte or ien t al e  d 'Af r ique  aux Hawai '  e t  aux Tuamotu.  S i gna lé  à l ' I le  aux P r un e s  
e t  à l ' I le Europa (Lenz) .

Coenobita rugosus H. Milne Edwards

Coenobita rugosus Milne Edwards ,  H.,  1837, p. 241.
Coenobita rugosus, Alcock,  A. ,  1905, p. 143, pi. XIV, fig.  2-2a.
Coenobita rugosus. Fo re s t ,  J . ,  1954a, p. 79.

Ma t ér i e l . I le Jua n de Nova,  Fourmanoir coi I. 1 S , 30 mm, 3 ?, 1 5 à 19 mm.

- Tany  Kely feote  nord-oues t )  3 Ç,  15 à 16 mm.

- Ivontaka  (cote es t ) ,  Cr osn ie r  col l . ,  févr.  1 958 3 d , 11 à 23 mm.

De la côte  o r i en t a l e  d ' Af r i que  aux Hawai  et  aux Tuamotu.  S i gna lé  à Ma da gasc ar
(Lenz  et  Richters) .

D IO G EN ID A E

An iculus aniculus ( Fa br i c i us )

Pagurus aniculus F a br i c i u s ,  J . C . ,  1787, p. 327.

Aniculus an icu lus , Al cock ,  A. ,  1905, p. 94,  p i . ‘VII, f ig.  6.

Matér iel .  - N os y - B é ,  zone  in te r co t ida l e ,  Crosn i er  coi I., avril  1962 7 <i , 32 à 45 mm, 1 ?  ,
33 mm.

De la côte  o r i en t a l e  d 'Af r ique  aux Tuamotu et  aux Hawai .  Si gna lé  de l ' I le  Maurice 
( Ri ch t ers ,  Bouvier)  e t  de Mozambique (Hilgendorf) .

Calcinus elegans (H. Milne Edwards)
Pagurus elegans Milne Edwards ,  H. ,  1836, p. 278,  pi. XIII, fig. 2.
Calcinus elegans, Alcock,  A. ,  1905, p. 55, pi. V, fig. 2.

Matér ie l .  - For t -Dauphi n,  Miss ion R: Decary à Madagasca r ,  avril  1932 : 1 ê ,  6mm.
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De la côte  o r i en ta l e  d ' Af r i que  aux Hawai '  e t  aux Tuamot u.  S i gn al é  de  l ' I le  Maur ice  
( Ri ch te rs ,  Bouvier) .

C a l c i n u s  gaimardi  (H. Milne Edwards )

Pagu rus ga imardi  Milne E dwa rds ,  H. ,  1848, p. 63.

Ca lc i nu s  ga imardi ,  Al cock ,  A. ,  1905,  p. 56, pi.  V, fig.  3.

Matér iel .  - Numa Choa  (Mayotte)  2'<f,  6 e t  7 mm, 1 ?  , 7 mm.

- For t -Dauphin ,  zone  in te rco t ida l e ,  Crosn i er  col l . ,  mai 1960 . 1 d1, 16 mm.

- Nos y- Bé ,  zone  inte rcot ida l e ,  Cr osn i e r  coi I., avr i l  1962 : 5 <?, 10 à 13 mm, 4 î  ovig. ,  5 à 7 mm, 
1 9 , 1 0  mm.

De la côte  o r i en t al e  d 'Af r i que  (Dar es  Sa laam) aux Hawai  et  a ux  T uamot u.  S i gna lé  
d ' Af r i que  du Sud par Barnard (1950).

C a l c i n u s  l aev i manus  ( Randal l )

Pa gurus  l aev i manus  Randal l ,  J.W.,  1839, p. 135.
C a l c i nu s  h e r b s t i i ,  de  Man,  J . G . ,  1888b,  p. 437.

Ca lc i nu s  he rbs t i i ,  Al cock ,  A. ,  1905, p.  53, pi .  V, f ig.  4.

Matér ie l .  - Ile Europa,  Fourmanoir  co l l .  12<í ,  8 à 14 mm, 1 9 , 9  mm.

- For t -Dauphin ,  m is s i on  R. Decary  à Ma da gasc ar ,  1932 3 d1 , 1 1 à 15 mm.

- I le E uropa,  In st .  Sei .  Ma da gasc ar ,  juin 1 952 1 $  , 1 1 mm.

- Nos y- Bé ,  zone  i n t e r co t ida l e ,  MacNae  col l . ,  dé c .  1958 : l í  , 14 mm, l î  , 7 mm.
- Tulear .  Crosn i er  col l . ,  oc t .  1958 1 d* , 13 mm.

- Nos y- Bé ,  zone i n te r co t ida l e ,  Cr os n i e r  col l . ,  avril  1962 2 d 1, 10 et  14 mm.

De la cô te  o r i en t a l e  d 'Af r i que  aux H a wa ï  et  aux T uamot u.  S i gn a l é  à No sy- Bé  ( Lenz  et
R i ch t e r s ,  so u s  le nom de  C.  t ib i cen)  e t  à  l ' I le  aux P r u n e s  (Lenz) .

Ca l c i n u s  l a t ens  (Randal l )

Pagur us  l a t ens  Randal l ,  J.W.,  1839,  p. 135.

Ca lc in us  l a t ens ,  Al cock ,  A. ,  1905,  p. 58,  pi.  V, fig.  5.
Ca lc inus  l a t ens ,  Fo re s t ,  J . ,  1951, p. 94,  fig.  14-18.

Matér iel .  - For t -Dauphin ,  mi ss i on  R. De ca ry  à Ma da gasc ar ,  1932 1 <? , 7 mm.

- Ile Europa,  Inst .  Sei .  Ma d ag as ca r ,  juin 1952 : 2<f , 6 e t  7 mm, 4 9  , 4 à 7 mm, dont  1 ovig .

- Nos y- Bé ,  Cr osn i e r  col l . ,  1958 1 6 mm.

- Nos y- Bé ,  zone in te r co t ida l e ,  Mac Nae  col l . ,  déc.  1958 : 6 d ,  4 à 8 mm.

- N o s y -B é , o c t .  1959 : 2 9  ovig. ,  5 et  6 mm, 1 juv. ,  3 mm.

- For t -Dauphin ,  zone  in te r co t ida l e ,  C r o sn i e r  coi I., mai 1960 : 6 d1, 4 à 8 mm, 6 9  , 6 à 8 mm.

- Nosy- Bé,  zone  in te r co t ida l e ,  Cr o sn i e r  col l . ,  j anvier  1962 : 2 <f, 6 e t  8 mm, 2 9  , 5 e t  7 mm,
dont  1 ovig.

- Nos y- Bé ,  Cr osn ie r  c o l l . ,  avr i l  1962 . 4d* , 7 à 9 mm, 6 9  ovig . ,  5 à  8 mm.

De la côte  o r ien t a l e  d ' Af r i que  aux Ha wa ï  et  a ux  Tuamot u.  S i g na lé  de l ' I le  Maur ice  
( Ri ch t e rs ,  Bouvier) ,  de  Mozambique  e t  lbo (Hi lgendorf ) .
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Calcinus rosaceus Hel ler
Calcinus rosaceus Hel ler ,  C. ,  1861,  p. 23, 1862, p. 253.

C alcinus rosaceus, Fo r e s t ,  J . ,  1956,  p. 222,  f ig.  5-8.

Matér iel .  - No sy- Bé ,  zone i n te rco t ida l e ,  Mac Nae  col l . ,  janv.  1958 : 1$ , 5 mm.

Golfe P e r s i q u e  et  Ile Maur ice  (Bouvier ,  sous  le nom de  C.nitidus var.  austral is ; le 
C .nitidus de Lenz  e t  R i c h t e r s ,  s i g na l é  à Ma da gas ca r ,  que  Bouvier  r a t t a c h a i t  à s a  va r ié té  
austra lis , s e r a i t  p lutôt  C .la ten s).

Clibanarius eurysternus, Hilgendor f

Clibanarius eurysternus Hilgendorf ,  F . ,  1878,  p. 822,  pi.  III, fig.  9-10.
Matér ie l .  - No sy- Bé ,  zone i n t e rco t i da l e ,  C r o sn i e r  col l . ,  avr i l  1962 1? , 7 mm.

De Mozambique (Hi lgendorf)  au Dét roi t  de  Tor res .

Clibanarius laevimanus Bui tendi jk  (fig. 1-3)

Clibanarius laevimanus Bui tend i jk ,  AM ' . ,  1937, p. 254,  fig. 3-6.
Matér iel .  - Maromandia,  Mi ss ion R. Decary  à  Ma da gasc ar ,  1932 : 3 d 1 , 4,  5 e t  7 mm.

- Nosy- Bé,  zone in te r co t ida l e ,  Cr o sn i e r  col l . ,  avr i l  1962 l ÿ  , 5 mm.

C e s  s p é c im en s  ont é té  a t t r ib ué s  a v e c  que lqu e  h é s i t a t io n  à l ' e s p è c e  de Bui tendi jk .  
Ils en d i f fèrent  par d e s  p é d on c u l e s  o c u l a i r e s  plus cour ts  (cf.  fig.  1), d e s  c h é l i p è d e s  p lus  
ép ineux  e t  d es  p a t t e s  a mbu la to i r es  p lus  t r a p u e s ;  Bui tendi jk  ment ionne  que l ' e s p è c e  app ar t ie n t  
au groupe d e s  Clibanarius dont  le d a c t y l e  de s  p a t t e s  a mb ul a to i r es  e s t  plus  long que  le propode,  
a lors  que,  chez nos s p é c im en s  m a l ga ch e s ,  le da c t y le  e s t  de même l ongueur  ou un peu p lus  
cour t  que le propöde.

Ce p en da n t  l ' exa men  de nombreux e x em pl a i r es  (1) de  c e t t e  e s p e c e ,  e t  de  pa r a t y pe s  d e  
Bui tendi jk ,  nous  a montré que  c e s  c a r a c t è r e s  p ré se n t a ie n t  une grande  v a r i a b i l i t é ;  par cont re ,  
la d i s po s i t io n  d e s  marques  c o l or é es  sur  les  a p p e n d i c e s  t h or ac iqu es  e s t  c a r a c t é r i s t i q u e ,  
notamment  c e l l e  des  ba nd es  l ong i t ud i na l es  d e s  p a t t e s  a mb ul a t o i r es .  C e s  ba nd es  lon gi t ud in al es ,  
r ouges  d a ns  l ' a l coo l ,  sont  au nombre de  deux  sur  la f ace  e x t e r n e ;  e l l e s  ne  s ' é t e n d e n t  pa s  sur
toute  la longueur  du propode e t  du d ac ty l e ,  c e s  a r t i c l e s  p ré s en t an t  une zone b l an ch e  dis tale :

A c e t  égard,  la f igure de  Bu i te nd i jk  (p.  257,  f ig.  5) ne  c or respond  pa s  à nos  o b s e r 
v a t i o n s ;  nous  figurons ici la face e x te r ne  de la t ro i s ième  pa t t e  ambul ato i re  g au ch e  d 'un
pa ra t ype  de  Clibanarius laevimanus (fig.  2), e t  c e l l e  d ' un s pé c i men  de Ma da gas ca r  (fig.  3), 
qu ' i l  ne paraf t  pas  p os s i b l e  de  r a t t ac he r  à une e s p è c e  di f férente .

C e t t e  e s p è c e  n ' a  pas  é té  s i g n a lé e  d ep u i s  la de sc r i p t i on  de  Bui tendi jk ,  d ' I n d o n é s i e .

Clibanarius longitarsus (de Haan)  (fig.  4)

Pagurus longitarsus Haan,  W. de,  1849,  p . 211,  pi.  1, fig.  3.
Matér ie l .  - Nosy- Bé,  zone i n te rco t i da l e ,  MacNae  col l . ,  janv.  1958 : l d1, 11 mm, 2 $  ovig. ,  11 
e t  14 mm.

- Majunga,  co l l .  Inst .  Sei .  Ma da g as c a r  l e ? ,  18 mm.

(1) Ces exemplaires appartiennent à la collection de Pagurides indo-pacifiques de I ' U .S . Nati ona I Museum, 
en cours d ’etude.

31

64



L e s  t ro i s  e x e m p la i r es  de  No sy- Bé  a v a i e n t  é t é  i den t i f ié s  à Clibanarius padavensisde  
Man par Ba rn ar d ;  or, i ls son t  e n co re  bien p igment és  e t  p r é s e n t e n t  la c olor at i on  t yp i que  de  
C.longitarsus l es  p a t t e s  a mb u la to i re s  (fig.  4 p3 ga uche )  p o s s è d e n t  sur  leur f a ce  e x te r n e  
une large bande b l anc he ,  l imi tée  par  d e u x  f ines  l igne s  r ouge s ,  s u r  une  c o lo r a t i on  de  fond 
o r a n g é e ;  l es  p é d o n c u l e s  o cu la i re s  sont  d ' u n e  c olor at i on  uniforme.

Chez  C . p a d a v e n s i s  (fig.  5), on o bs e r v e  sur  la foc e  e x t e r n e  d es  p a t t e s  a mb u la to i re s  
deux ba ndes  r ouges  dé l imi tant  une bande  p l us  c l a i r e ;  d ' a u t re  par t ,  l es  p é d on c u l e s  o c u l a i r e s  
p r é s en t e n t  d o r s a le me nt  une l igne long i t ud i na l e  r o u g e ;  la p a t t e  ambu la to i r e  que  n ou s  f igurons  
e s t  c e l l e  d ' un  e xempl a i r e  p r ove nant  d e s  I les  Mergui  e t  d é t e r mi né  par  de  Man.

Clibanarius longitarsus e s t  connu de  la c ô te  o r ien t a l e  d 'Af r iq ue  a ux  P h i l i p p i n e s  e t  au 
J a p o n ;  il á  é té  s i gn a l é  à  M a d ag as ca r  (Lenz  e t  Ri ch t er s) .

Clibanarius merguiensis de  Man

Clibanarius aequabilis v a r . merguiensis de Man, J . G . ,  1888a,  p. 247.

Clibanarius merguiensis. F o r e s t ,  J . ,  1953, p.  43 8;  p.  445,  fig.  7.

Matér iel .  - No s y- Bé ,  zone  i n te r co t ida l e ,  Ma cNae  c o l i .  dé c .  1958 : 2 ^ ,  7 e t  8  mm.

- Ile Europa,  Fourmanoi r  col l .  1 ^ , 6  mm.

De l ' I le  Maur ice  (Bouvier ,  s ou s  le nom de  C .aequabilis  v a r .merguiensis) à l ' I nd onés ie .

Clibanarius striolatus Dana (fig.  6)

Clibanarius striolatus Dana  J . D. ,  1852,  p.  463,  pi.  XXIX,  fig.  3a-e .

Matér ie l .  - Nos y- bé ,  zone  i n t e r co t i da l e ,  MacNae  c o l l . ,  d é c .  1958 i 4 i  , 7 à  9 mm, 2 ?  , 8mm,  
dont  1 ovig.

- Nos y- Bé ,  zone  i n te rco t ida l e ,  MacNae  col l . ,  janv.  1959 : 2 d 1 , 12 e t  14 mm.

- Majunga,  co l l .  Inst .  Sei .  Ma da g as c a r  : 2 d, 12 e t  16 mm, 1 S , 10 mm.

Ce r t a i n s  de  c e s  s p é c i m e n s  a v a i e n t  é t é  i den t i f ié s  à C.padavensis par  Barnard.  
C .strio latus se  d i s t in gu e  de  C.padavensis e t  de C .longitarsus par s e s  c h é l i p è d e s  for tement  
épineux,  e t  é g a l em en t  par s a  p i gmentat ion  c a r a c t é r i s t i q u e ;  on o bs e rv e  sur  l es  p a t t e s  a mb u 
la t oi res  (fig. 6 : p3 gauche)  deux f ines  l ignes  rouge foncé,  aux marges  un peu i r r égu l iè r es ,  sur
une colora t ion  de  fond un i forme;  c e s  l ignes  se  pro l ongent  sur toute  la longueur  du propode  et
du d ac t y l e ,  la ba nde  infér i eure  de  c e t  a r t i c l e  é t a n t  la plus  longue.

De la cô t e  o r i en t a l e  d 'Af r i que  au J a p on  e t  aux Tuamot u.  S i g na lé  à T u l é a r  (Lenz) .

Clibanarius virescens (Krauss )

Pagurus virescens Kr auss ,  F . ,  1843, p. 56, pi .  IV, fig.  3.

Matér iel .  - For t -Dauphin ,  Mi ss ion  R. De ca r y  à  Ma da gasc ar ,  1932 : ld* ,  14 mm.

- For t -Dauphin,  zone  i n te r co t ida l e ,  Cr o sn i e r  col l . ,  mai 1960 : 4 <f, 10 à 1 2 mm, 1 ?  , 7 mm.

- Nosy-Bé,  zone i n te r co t ida l e ,  C r o sn i e r  c o l l . ,  avr i l  1962 : 1 ^ , 7  mm.
- Amborosy,  col l .  Inst .  Sei .  Ma da gas ca r  ■ 4<4 , 8 à 9 mm.

De la cô t e  o r ie n t a l e  d 'Af r i que  à l ' I n do n és i e .  S i g na lé  de  Mozambique  et  lbo 
(Hilgendorf) .
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Dar danus  a s p e r  (de Hacn)

Pagurus  a s p e r  Haan,  W. de,  1849,  p. 208,  pi .  XLIV,  fig. 4.

Pa gu rus  a s p e r ,  Alcock,  A. ,  1905, p. 90,  pi .  IX, fig.  5.

Mater iel .  - Sa i n t e -Luce ,  chalut ,  60  m, sa bl e  coqui l l ie r ,  Crosn i e r  e t  Fourmanoi r  col l . ,  oct .  1958 
1 S' , 34 mm.

- For t -Dauphin,  dans  une n a s s e  à l an go u s t es ,  20 m, Cr osn ie r  col l . ,  mai 1960 1 ? ovig. ,  3 7 mm.

- Numa Choa  (Mayotte) 1 ¥ , 17 mm.

C e s  t rois  e xe mp l a i r es  di f fèrent  de la forme t ypique  de  l ' e s p è c e  par la p r és en c e  d u n e  
c ar ène ,  peu a c c u s é e ,  à l ' ang l e  sup ér o- ex t e r ne  du propode de la t ro i s iè me  pa t t e  ambula to i re  
ga uche ,  e t  par la face  e x t e r ne  du d a c t y l e  de c e t t e  même pat te ,  plus  for tement  c a r é n é e ;  c e s  
c a r a c t è r e s  r approchent  c es  s p é c i m e n s  de Dardanus  va r ip es ,  mais  par l ' e n s em b l e  de leurs 
a u t r e s  c a r a c t è re s ,  e t  notamment  par la forme de s  yeux et  du c h é l i p èd e  ga uche ,  i ls a ppar t i e nne nt  
bien à Dardanus  a spe r .

D'Afr ique du Sud et  du Golfe  P e r s i q u e  aux Hawai' .  S ignalé  aux Maldives .

Dar danu s  brachyops  F o r e s t

Dardanus  b rachyops  F o r es t ,  J . ,  1963,  p. 365,  fig. 1-3.

Matér ie l .  - For t -Dauphin,  chalut ,  s a bl e  coqui l l ie r ,  80 m, Crosn i er  e t  Fourmanoir  coi I., o et.  1 958: 
1 S , 62 mm.

Connu s e u l em en t  de s  Hawai '  e t  de  Madagascar .

Da rdan us  deformis (H Milne Edwards ) .
Pa gurus  deformis Milne Edwards ,  H. ,  1836, p. 272,  pi. XIV, fig. 2.

Pa gurus  deformis ,  Al co ck ,  A., 1905, p. 88, pi. IX, fig. 4 

Matér ie l .  - I le Sainte-Marie ,  zone  inte rcot ida l e ,  janv.  1954 1¥ ovig. ,  24  mm.

- La go n  de Mayot te,  réci f  bar r i è re  interne,  Crosni er  col l . ,  sept .  1954 : 1 1? , 20 mm.

- Nos y- Bé ,  zone inte rcot ida l e ,  Cr o sn i e r  col l . ,  s ep t .  1 953 1 á  , 13 mm.
- Nos y- Bé ,  zone in te r co t ida l e ,  Ma cNae  col l . ,  déc .  1958 : 2 ê  , 13 et  24 mm.

- Nos y  Iranja , Cr o sn i e r  col l . ,  avr i l  1959 l é 1 , 17 mm.

- Ile Mayot te,  zone  i n te rco t ida l e ,  1 m, Cr osn ie r  col l . ,  s e p t  1959 1 ¥ , 14 mm.

• N o s y -B é , o c t .  1959 1 ? ovig. ,  25  mm.

- For t -Dauphin ,  zone  in te rco t ida l e ,  Cr osn i e r  coi I., mai 1 960 : 1 , 16 mm.

- Nos y- Bé ,  zone  in te rcot ida l e ,  Cr o sn i e r  col l . ,  avril  1962 2 ¥  , 10 e t  19 mm.

De la côte  o r i en t a l e  d ’Afr ique aux Hawai '  et  aux Tuômotu.  S i gna lé  à Ma dagasca r  
(Lenz  et  Ri cht er s ,  Lenz ,  Gravier) .

Dar danus  gemmatus  (H. Milne Edwards )

Pagur us  gemmatus  Milne Edwards ,  H., 1848, p. 60.
Pa gurus  gemmatus ,  F o r e s t ,  J . ,  1953, p. 557,  fig.  10-11.

Matér iel .  - Ile Mayot te ,  réc  i f de M' zambourou,  zone inte rcot ida l e ,  Cr osn i e r  col l . ,  sept .  1959 
1 £ ,  15 mm .

- Nosy-Bé,  zone  in te r co t ida l e ,  Cr osn i e r  coi I., avril  1962 1 S  , 24 mm.

Pr éc éd emme nt  s i g na l é  de l ' I le  Maurice (Ri cht ers ,  Bouvier)  aux Tuamotu.
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Dardanus  gu t ta tus  (Olivier)

Pa gur us  gu t ta tus  Ol ivier ,  A . G. ,  1811, p, 640.

Pagurus  g u t t a tus ,  Al cock ,  A. ,  1905, p. 87, pi. IX, fig.  1.
Matér iel .  - Ile Europa,  mai 1952 1 $ ,  18 mm.

- Lagon  de Mayot te ,  r éci f  bar r i è re  interne,  Cr osn i er  col l . ,  s e p t .  1959 1 ê'  , 45 mm.

- Nos y-Bé ,  zone inte rcot ida l e ,  Cr o sn i e r  col l . ,  avril  1962 : 3 <í , 13, 18 e t  50 mm.

- Lagon de  Mayot te,  dragage ,  50m,  s a b l e  fin, Cr osn i er  coll .  1 <T , 7 mm.

- Ile Europa,  p la t eau  rocheux c or al l i en ,  n i veau  b a s s e  mer,  Inst .  Sei .  Ma da gasc ar  -, 1 ? , 20 mm.

De la côte  o r i en t a l e  d ' Af r i que  aux P h i l i p p i n e s .  S i g na lé  à Ma da gasc ar  (Lenz  e t
Ri ch t e r s ,  Gravier) .

Dar danus  megis tos  (Herbst)
Cancer  megi s t os  Herbs t ,  J . F . W. ,  1804, p.  23, pi. LXI,  fig. 1.

Pagurus  pun ctu la tus ,  Al cock ,  A. ,  1905, p. 81, pi.  VIII,  fig.  1.

Pagurus  m eg is tos .  Fo r es t ,  J . ,  1953, p. 559.

Matér iel .  - Grand réci f  de Tu l éa r ,  Cr osn ie r  col l . ,  oct .  1958 1 S , 40 mm.

- Nosy-Bé,  zone inte rcot ida l e ,  MacNae col i . ,  de c .  1958 1 i  , 1 2 mm, 1 ? ,  13 mm.

- Nosy- Bé,  zone i nte rcot idale ,  Cr o sn i e r  col l . ,  avril  1962 2 i  , 18 et  22 mm.
- Nosy-Bé,  Millot col l .  l á 1 , 50 mm.

De la côte o r ien t al e  d ' Af r i que  aux Hawai  e t  aux Tuamot u.  S i gna lé  à Ma da gasc ar
(Lenz  et  Ri ch t er s ,  Gravier ,  s o u s  le nom de  Pagurus  punc tu l a tus ) .

Dardanus  s ang ui no l en tu s  (Quoy et  Gaimard)

Pa gurus  s a n g ui n o le n t us  Quoy,  J . R . C .  et  Gaimard,  P . ,  1825,  p. 532,  pi. LXXIX,  fig. 2. 
Pa gu rus  e u o p s i s  Dana, '  J . D. ,  1852, p.  452,  pi.  XXVIII,  fig.  6 a-c.

Pa gurus  s a n gu i n o l e n t u s ,  Fo r es t ,  J . ,  1953, p. 559, fig.  12-14.

Matér iel .  - Nosy-Bé,  zone i n t e rco t i da l e ,  MacNae  coll . ,  déc .  1958 1 ? ovig. ,  12 mm.

- Nos y- Bé ,  zone in te rcot ida l e ,  Cr o sn i e r  co l l . , avr i l  1962 1 d1, 13 mm, 1 juv.,  5 mm.
- Lagon de Mayot te,  dragage ,  51 m, sa b le  g ross ie r ,  Crosn i er  col l .  . 1 ê  , 9 mm.

De la côte  o r i en ta l e  d ' Af r i que  aux Hawai  et  aux Tuamot u.  S i gn al é  à i ' I le  Maurice 
( Bouvi er ,  sous  le nom de Pa gu rus  e u o p s i s ) .

Dardanus  s c u t e l l a t u s  (H. Mil ne Edwa rd s)

Pagurus  s c u t e l l a t u s  Milne Edwards ,  H.,  1848,  p. 62.

Pa gurus  s c u t e l l a t u s ,  Fo r es t ,  J , ,  1953,  p. 560.
Matér ie l .  - Nosy- Sé ,  zone in te r co t ida l e ,  MacNae col l . ,  déc.  1958 •: 1 ?  , 13 mm.

De la côte  or ien t al e  d 'Af r i que  aux P h i l i p p i n e s  et  aux Tuamot u.  S i gna lé  de l ' I le
Maurice (Bouvier)  et  d ' Ibo (Hi lgendorf ,  sous  le nom de Pa gu rus  f abimanus ) .

Dar danus  s e t i f e r  (H. Milne Edwards )

Pagur us  se t i f er  Milne Edwards ,  H.,  1836, p. 274.

Pagur us  se t i fe r ,  Al cock ,  A. ,  1905, p. 83,  pi. VIII, fig. 3.
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Matér iel .  - Ba ie  d ' Ambaro (cote nord-oues t ) ,  c ha l ut ,  v a s e  molle,  5 m, C r o s n i e r  col l . ,  j u i 11. 
1958 i' 1 d* , 20 mm.
- Ile Mitsio,  c ha l ut ,  s a b le  fin,  40 m, Cr osn ie r  col l .  févr,  1959 1<?, 18 mm.
- Ba ie  de T s i mi p a i ka  (côte nord-oues t ) ,  c ha l ut ,  s a b l e  vase ux ,  Cr osn i e r  col l . ,  mars  1959 

1 ê  , 20 mm.
- Ile Mi t s io  (côte  nord-oues t ) ,  cha lu t ,  s a b l e  coqui  11 ier,  26 m, Crosni er  coi I., juin 1959 : 1 S  , 19 mm.
- Banc  de Pr ac el  (côte  ouest )  , cha lu t ,  s a b l e ,  55 m, Crosn i e r  col i . ,  juin 1959 1 à", 26 mm.

De la cô te  o r i en t a l e  d 'Af r ique  à l ' i n d on é s i e  et  au J apon .  S i gna lé  d ' Ibo  (Hilgendorf ,
sous  le nom de  Pagur us  p av i me nt a t us ,  t a nd i s  que son P.  se t i fe r  doi t  ê t r e  rappor té  à Dar danus
g ut ta tu s) .

D iog en es  p l an i manus  Hender s on

Di ogenes  c u s t o s  var.  p l an i manus  He nder son ,  J . R . ,  1893, p. 416,  pi. XXXIX,  fig.  5-6.
Di og enes  c u s t o s  var.  p l an iman us ,  Al cock ,  A. ,  1905,  p. 66,  pi.  VI, fig.  3.

Matér iel .  - T uléar ,  s a b l e  l i t toral ,  Cr o sn i e r  col i . ,  oct ,  1958 : l á 1, 13 mm.

- Nos y- Bé ,  MacNae  col l . ,  dé c .  1959 : 8-31, 8 à 16 mm, 3 ?  , 7 à 10 mm, dont  une  ovig.

- Nos y- Bé ,  Crosn ier co II., avril  1962, : 1 #  , 1 2 mm.

- Baie  d 'Ambaro,  cha lu t ,  7 m, Crosn i e r  col l . ,  fév.  1959 1 31 , 16 mm.

- Nosy- Bé,  oct .  1954 : envi ron 50 j uvén i les ,  2 à 4 mm.

- Nosy- Bé,  C r o sn i e r  col l . ,  oct .  1959 26 j uvén i l es ,  2 à 5 mm

N ' e s t  connu avec  cer t i t ude  que du Golfe du Be nga l e  et  de Ma la i s i e  mai s  a pu ê t re ,
s i g na lé  sous  le nom de  D. c u s t o s  qui a une large répar t i t ion  i ndopaci f ique .  L e  Di oge nes  c u s t o s
s i g na l é  à T u lé a r  ( Lenz)  e s t  peut  ê t r e  un p l an i manus .

D i o g e n es  crosnier i  sp .  nov.  (fig. 7-10)

Matér iel .  - Nos y- Bé ,  faubert ,  10 m, Cr o sn i e r  coi I., janv.  1 962 2 Ç ,  5 mm (holotype)  e t 3 mm
(paratype),  dans  d e s  c a v i t é s  de coraux.

D E S C R I P T I O N

Pa r t i e  a n t é r ie ure  de  la c a r a p a c e  (fig. 7) un peu plus longue que  l a r ge ;  région médiane
du bord frontal  fa ib l ement  con vex e  et  b eauc ou p moins s a i l l a n t e  que les  é p i n e s  l a t é r a l e s ;  de
part  et  d autre  de  c es  é p i ne s  l a t é r a l es  f ront al es ,  une sé r i e  de p e t i t e s  s p i n u l es ,  qui ,  du côté
e xte r ne ,  se  con t i nuen t  j u sq u ' à  l ' angl e  a n t ér o- ex t er ne  de la ca r ap ac e .

P é d o n c u l e s  oc ul a i re s  ne t t e me nt  plus cour ts  que la port ion a n t é r i e u re  de  la c ar ap ac e ,  
d i l a t é s  dans  la région proximale et  da n s  la région cornéenne .  E c a i l l e s  o c u l a i r es  t r iangul ai res ,
bor dées  sur  leur côté  an té ro -ex te rne  par qua t re  à cinq dents  a i g uë s  e t  de t a i l l e  c r o i s s a n t e ,
p i èc e  in te rocul a i re  pe t i t e ,  s imple ,  a t t e i gn a n t  le mil ieu d e s  é c a i l l e s .

P é d o n c u l e s  a n te n n u l a i r e s  g r ê les ,  la b a s e  de leur dernier  a r t i c l e  au n iv ea u  du bord 
pos t é r i e u r  d e s  c o rn é e s ,  cet  a r t i c l e  s e n s i b l e m e n t  égal  au précédent .

Deuxi ème  a r t i c l e  de s  p é d o n cu l es  a n t e n na i r e s  armé d 'u ne  é pine  interne e t  d ' u ne  épine 
e x t e r n e ;  la b a s e  du dernier  a r t i c l e  e s t  au n iveau de s  c or née s  et  sa longueur  é g a l e  à c e l l e  des  
t rois  p r é cé d en t s  réuni s ; é ca i  I le longue,  t r i angul ai re ,  à bords r e c t i l i gn es ,  a rmée  de deux é pine s  
a i g u ë s  sur  son bord i n t e r n e ;  e l l e  n ' a t t e i n t  pas  l ' ex t r émi té  du quatr ième a r t i c l e  ; longueur  du 
fouet  l égèrement  supér ieure  à c e l le  de la c ara pac e .

Maxi l lu les  a v ec  e ndopodi t e  non a p p en d i cu l é  (cf.  F o r e s t  1952,  p. 11). Ar t i c le  pr incipal
de l ' exo pod i t e  de s  d e ux iè mes  ma xi l l i pè de s  l égèrement  plus long que  l ' e n d o p o d i t e ;  a r t i c l e
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pr incipal  de  l ' exopodi te  d e s  t r o i s i è m e s  m ax i l l ip è de s  grêle ,  a t t e ig n an t  le t i e rs  proximal  du carpe 
de  l ' endopodi t e ,  dont  les  t ro is  d e r ni e r s  a r t i c l e s  sont  t rès  a l l o n g é s .

C h é l i p èd e  gauche  (fig.  8) b e a uc o up  plus  fort que le droi t .  F a c e  sup ér o- ex te rn e  du 
carpe  l imi tée  du c ôté  interne par une l igne de s i x à sep t  d e n t s  é p i n e u s e s  de  p l us  en plus  
a i g u ë s  ve rs  le bord anté r i eur  ; une s e c o n d e  l igne d ' é p i n e s  moins  for tes ,  parai  lèle  à la p r é cé de nt e ,  
s é p ar e  la port ion e xte rne  de la por t ion supé r i e ur e  de c e t t e  f ace  ; le bord an t é r ie ur  de  c e t  a r t i c l e  
e s t  a rmé d ' une  l igne de c our te s  é p i n e s .

Main deux  fois plus  longue que  l a r g e ;  bord p r é h e n s i l e  du doi gt  f ixe p r e s q u e  rect i l igne,  
face supé r i eur e  de ce  doigt  d é p r i m é e ;  bord supér ieur  du doigt  mobi le  r ég ul i èr emen t  a r qué .  La 
t o ta l i t é  de  la face  e xte rne  de la main e s t  r ecouv er te  de  t u b e r c u l e s  c o n iq u e s  p l us  forts au 
vo i s i n ag e  du bord supér i eur  e t  sur  la moi t i é  d i s t a l e  du bord infér ieur .

Sur le s péc imen  type qui v e n a i t  de  muer,  les d e n t s  qui marquent  le bord supér i eur  des  
trois  de rn ie rs  a r t i c l e s ,  et  notamment  c e l l e s  du bord pa lmai re  supér ieur ,  sont  b eauc oup  pl us  
l ongues  et  plus  a igu ës .

C h é l i pè d e  droi t  à do i gt s  g r ê le s ,  é g al em en t  recouver t  de  p e t i t s  t u b e r c u le s  c o ni qu es ,  qui ,  
Sur le carpe ,  sont  d i s p o s é s  en deux r a ng ée s  l ong i t ud i na l es  p a ra l l è l e s .

P a t t e s  a mbul a to i res  p2 et  p3 (fig. 9 : p3 gauche)  s e n s i b l e m e n t  de même longueur ,  plus 
c our te s  que  le c h é l ip èd e  g a u c h e ;  d a c t y l e  un peu plus  cour t  que  le p r op o d e ;  e l l e s  sont  inermes,  
à  l ' e xc ep t io n  d ' une  pe t i te  é p i ne  d i s t a l e  sur  le bord supér ieur  du c ar pe .

Pr op ode  d e s  p4 cour t  et  g lobuleux.

Abdomen long, cyl i ndr ique  e t  droi t ,  a ve c  les  t ro i s  premiers  p l é o po d es  longs et  b i ramés ,  
le qua t r i ème  uni ramé.  Uropodes  cour ts  e t  sy mé t r iqu es  (fig. 10).

T e l s o n  plus cour t  que  large,  son bord l ibre arrondi ,  a rmé d ' un e  r angée  co nt inu e  de 
c o u r t e s  é p i ne s .

P i l o s i t é .  - Bords  l a t éraux  de la c a r a p a c e  co uv er t s  de l o ng ue s  s o i e s  p l u me u s e s  dans  
la région a nté r i e ure  ; de s  s o i e s  longues  e t  f ines  i n s é r ée s  sur  les  p é d o n c u l e s  o c u la i r e s ,  anten-  
n a i r e s  e t  a n t e n nu l a i r e s  ; d e s  s o i e s  t rès  longues  e t  t rès n omb r eu s es  s o u s  le de r nie r  a r t i c l e  du 
pédoncul e,  e t  so us  les a r t i c l e s  d e s  f l ag e l l e s  a n t e nn a i r e s .  P é r é i o p o d e s  é g a l em en t  h é r i s s é s  
de  s o i e s  r a id e s ,  t rè s  longues ,  plus  n o m b re us e s  sur l es  r ég ions  s u p é r i eu r e s  e t  i nfér i eures  d es  
a r t i c l e s ,  s a uf  sous  le ca rpe  et  la main d es  c h é l i p è d e s ;  c e s  s o i e s  sont  f i nes  e t  ne c a c h e n t  pas  
l ' o r nement a t i on  du t égument .  Abdomen r ecouver t  d e  c our te s  s o i e s ,  peu  s e r r é e s .

REMARQUES. -

C e t t e  e s p è c e  nou ve l l e  a ppar t ie nt  au groupe d e s  Di og e ne s  pr imi t ivement  connus  sous  
le nom de  Trog lo pa gur us ,  dont  la p i èc e  i nte rocu l a i r e  e s t  t r è s  r é d u i t e ;  il a ppa r t i e n t  en out re  au 
groupe II du genre  Di ogenes  ( Fo r es t ,  1952, p. 11),dont  le pa lpe  d e s  m a x i l lu l e s  n ' e s t  pas  appen-  
d i cu l é ,  et  dont  l ' a r t i c l e  pr incipal  de l ' ex op od i t e  de mxp2 d é p a s s e  le d a c t y l e  de  l ' e ndopodi t e .

C ' e s t ,  de  p lus ,  la s e u l e  e s p è c e  du genre  D i o g en es ,  qui ,  à n ot re  c o n n a i s s a n c e ,  p o s s è d e  
un abdomen cyl i ndr i que  e t  d e s  u ropodes  s y m é t r i q u e s ;  c e s  c a r a c t è r e s  sont  t rè s  probablement  
l i é s  à son h ab i t a t  : l es  deux s p é c i m e n s  c on nu s  ont  é té  r é c o l t é s  d a ns  d e s  c a v i t é s  de  coraux.
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P a g u r i s t e s  a bb r ev i a t u s  De c h a n c é
P a g u r i s t e s  a bb re v i a t u s  D e ch a nc é ,  M., 1963, p. 297,  fig. 3,6 ,9 .

Matér ie l .  - Nos y- Bé ,  faubert ,  10 m, Cr o sn i e r  col l . ,  ¡anv 1962 1 ?  , 3 mm, de ns  un Bloc de
cora i I.

Gol fe Pers ique  e t  Ma da gas ca r .

PAGURIDAE

A na pagu rus  sp.
Matér ie l .  - Banc  de P ra ce  I (côte oues t ) ,  drague,  35m,  Cr osn i er  col l . ,  juin 1 959 l í ,  1,6 mm.

Ce  pet i t  exempl ai re ,  muti lé,  n ' a  pu ê t re  ident i f ié  à aucune  e s p è c e  décr i re .

Ca ta p ag u ru s  sp.

Mqtér iel .  - Lagon de Mayot te,  Cr osn i e r  col l . ,  d ragage ,  56 m, sa b l e  1 ? ovig. ,  3,3 mm,dragage,  
49 m, s a b l e  fin 1 ?  ovig. ,  2 ,9  mm.

Ceti** e s p è c e  de C a t a p a g u r u s ,  r e pr é s e n t é e  par deux f emel les  seu lemen t ,  e s t  proche  de 
C. e n s i f e r  He nderson,  dont  e l l e  di f fère  par de s  p é don cu le s  o cu la i re s  moins larges,  par des  
c h é l i p è d e s  beaucoup  plus g r ê les ,  aux do i gt s  non d é f l e c h i s ;  e l l e  e s t  é g a l em e nt  vo i s i ne  de 
C.  g ra nu l a t us  Edmonson,  dont  e l l e  di ffère par de s  pé doncul es  a n t e n n a i r e s  plus  cour ts ,  e t  par 
un t e l s o n  moins écha ncré ,  aux lobes  a rmé s  d ' é p i n e s  t e rmi nal es .

Pagur us  jani tor  (Alcock)

Eupagurus  jani tor  Al cock ,  A. ,  1905, p. 132, pi. XI, fig. 6.

Matér iel .  - Nosy-Bé,  zone i n t er co t ida l e ,  MacNae col l . ,  ¡anv.  1954 1 13 mm.
- Ile Bandél i  (Comores)  1 ? ovig^, 11 mm.
Et a i t  connu du Golfe P e r s i q u e  aux P hi l ipp in es .

Pagur us  sp.
Mater iel .  - For t -Dauphin,  drague,  s a b l e  coqui l l ie r ,  80 m, Cr osn i e r  col l . ,  oct .  1958 1 $ o v i g . ,
3,0  mm.

D E S C R I P T I O N . -

Rost re  acurrriné, aigu,  a t t e i g n a n t  presque  le mil ieu d es  é c a i l l e s  o cu la i r es  e t  d é p a s 
sant  l argement  l ' a l ignement  de s  d e n t s  l a t é ra les ,  qui sont  bien mar quées .  P é d o n c u l e s  oc ula i re s  
plus cour ts  que la région an té r i eu r e  de la c a r a pa ce ,  l égèrement  d i l a t é s  à leur b as e  e t  r enf les  au 
n iveau  de la cornée.  P é d o n c u l e s  a n te n n u l a i r e s  d é p a s s a n t  les yeux par la longueur  de la moi t ' é  
de leur dernier  a r t i c l e ,  p éd oncu l es  a n t e n na i r e s  d é p a s s a n t  à peine l ' ex t rémi té  des  yeux,  é ca i l l e  
a t t e ig na n t  le mil ieu du dernier  a r t i c l e .

C h é l i p èd e  droi t  b eauc ou p plus fort que la gauche;  merus muni d ' u n e  c rête  de  c inq  à six 
d en ts  a i g uë s  sur son bord i nféro-externe ; f ace  supér ieur e  du carpe ornée de troi s I ignés l ongi tu
d i n a l e s  de f ines  ép ine s  . deux I igrres .di v e r gen tes  vers  le bord supér o- in te r ne ,  la t rois ième,  
aux é p i ne s  plus f ines ,  dans  la zone e x t e r n e ;  main oblongue,  l i s se ,  à l ' ex cep t i on  de quelques 
p e t i t s  t u b e r c u le s  sur son bord a n t é r i e u r ;  une f ine c rê te  de p e t i t es  de nt s  marque le bord palmaire  
e xte rne  j u sq u 'à  l ' ex t rémi té  du doigt  f ixe,  une c rê t e  plus ob t use ,  le bord pa lmai r e  interne.
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Ch é l i p èd e  ga uche  l égè rement  plus cour t  que le d r o i t ;  mérus  muni de  c r ê t e s  de  d e n t s  
a i g u ë s  sur  s e s  bords infér i eurs  interne et  e xte rne  ; carpe  a v ec  une  c r êt e  i den t ique  sur  son bord 
infér ieur  e x te rne ,  e t  deux  l ignes  p a r a l l è l e s  d e  f or tes  é p i n e s  sur  s a  f a ce  s u p é r i e u r e ;  main a ve c  
une forte c r êt e  l ongi tudinale  médi ane  sur la fa ce  su pé r i e ur e  de  la paume,  s e  p r ol ongeant  j usq ue  
sur le doigt  f i xe ;  doigt  mobi le  un peu plus  long que  le bord pa lmai re  interne.

P a t t e s  ambu la to i res  c our te s ,  à pe ine  p lus  l ongues  que  le pe t i t  c hé l i pèd e ,  d a c t y l e  
s e n s i b le me n t  égal  au propode,  terminé  par une gr i ffe a i g u ë ;  une  r an gée  d ' é p i n e s  c o rn é e s  sur  le 
bord inférieur du da ct y l e ,  e t  q u e l q u e s - u n e s  sur celui  du propode.

P i l o s i t é  gé nér a l e  a s s e z  fa ible  : de s  s o i e s  l ongues  et  f i nes  sur  l es  p é d o n c u l e s  o c u la i r e s  
e t  a n te n na i r e s ,  e t  sur  l es  a p p e n d i c e s  t h or ac ique s .

Colorat ion  non c o n s e r vé e .

Il s ' a g i t  ici probab lement  d ' un e  e s p è c e  nouve l l e ,  mai s  n ou s  n ' a v o n s  p as  voulu d éc r i r e  
comme t e l l e  ce t  unique  pe t i t  s pé c i men  f e me l l e ;  il s ' a p p a r e n t e  par  nombre de c a r a c t è r e s  (forme 
du ros t re ,  d es  c h é l i p è d e s  e t  d es  p a t t e s  a mbu la to i r es ,  p i los i t é)  a ux  e s p è c e s  du s ou s - gen re  
Pagur ixus  c réé  par G. Melin (1939) pour les  e s p è c e s  dont  l es  c o x ae  d es  c inqui ème s  p é ré i op od es  
sont  a sy mé t r i qu es  chez  les m âl es ,  e t  auquel  a ppa r t i e n ne n t  P . b o n i n e n s i s  Melin,  P . maor us  Nobi l i ,  
P . a n c e p s  F o r e s t  et  P . t we ed i e i  F o r e s t ;  c e s  e s p è c e s  p r é s e n t e n t  g é n ér a le m en t  un important  
dimorphisme se xue l ,  e t  c ' e s t  s e ul emen t  lorsque nous  serons  en p o s s e s s i o n  d ' un  s pé c i men  
mâle  que nous  pourrons décr i r e  compl ètement  l ' e s p è c e  m al ga ch e .

Spi ropagurus  sp i r ige r  de  Hâan

Spi ropagurus  s p i r i g e r  Haan,  W. de,  1849, p. 206,  pi.  XLIX,  fig.  2.

Spi ropagurus  s pi ri g er ,  Al cock ,  A . , 1 905,  p. 118, pi .  XIII, fig,  1,
Matér iel .  - B a i e  d 'Ambaro  (côte nord-oues t ) ,  c ha l ut ,  s a b le  va se ux ,  15 m, Crosn  ier coi  I., avril  
1959 : 1 ^ , 1 5  mm.

Du Golfe P e r s i q u e  a ux  Ph i l ipp in es  e t  au Japon.

L a b o ra to i re  d e s  Ar thropodes  
du Muséum na t i ona l  d ' H i s t o i r e  n a t ur e l l e
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L EG EN DE  DES FIGURES

(1 à 6)

Fig.  1 - C l i ba na r i us  l aev i manus  Bui tendi jk  : bord frontal e t  a p p e nd i ce s  c é ph a l i q ue s ,  ?  5 mm, 
Ma da gasc ar ,  x 20;

Fig.  2 ■ Cl iba na r ius  l aevi manus  Bui tendi jk  : t ro i s i ème  pa t t e  ambulatoi re  gauche ,  face  externe, ,  
pa ra t ype ,  9 mm, Maratoea,  x 7 ;

Fig.  3 - C l i ba na r i us  l aev i manus  Bui tendi jk  : id., , 7 mm, Madagascar ,  x 16.

Fig.  4 • Cl ib a na r iu s  l ong i t ar sus  (de Haan)  : ’id.,  S , 14 mm, x 4,5.

Fig.  5 - C . p a d a v e n s i s  de Man : id. ,<^,  12 mm, x 3.

Fig.  6 - C.  s t r io la t us  Dano : id.,  , 14 mm, x 4.

L e s  s o i e s  n ' ont  é té  r e p r é s e n t é e s  que  sur  la fig. 1 .
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LEGENDE DES FIGURES 

(7 à 10)

Fig.  7 - Di ogenes  c r osn i er i  sp.  nov. : par t i e  a n t é r i e u r e  de la c a r ap ac e  e t  a p p e nd i ce s  cépha-
l iques ,  9  type,  5 mm, x 20,

Fig.  8 - D i oge nes  c r osn i er i  sp.  nov.  : région distal ' e du c hé l ipède  g auche ,  S paratype,  3 mm,
x 20,

Fig.  9 - Di ogenes  c rosni er i  sp.  nov.  : t ro i s ième  p a t t e  t hor ac ique  gauche ,  ?  pa ra t ype ,  3 mm,
x 18;

Fig 10 - Di ogenes  c rosn i er i  sp.  nov.  : ex t ré mi t é  de l ' abdomen,  uropodes  et  t e l so n ,  9  type
5 mm, x 22 .

L e s  salies n ' o n t  é té  r e p r é s e n t é e s  que sur la fig. 9.
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R eprin ted  from Cahiers O R ST O M  -  Océanographie, vol. I I ,  no. 4, 1964, p. 55-98

CHAETOGNATHES DE MADAGASCAR
(Secteur de Nosy-Bé)

par

M.-L.  FURNESTIN* et  J .  RADIGUET

Bien que le canal  de Mozambique a i t  é t é  compris da ns  l ' i t inéra i re  de p l us i eur s  croi 
s i è res  océanographiques  depuis  une soi xanta i ne  d ' années ,  le planc ton de la région,  et  surtout  
celui des  eaux malgaches ,  n ' a  fait encore  l ' obje t  que d'un pe t i t  nombre de t ravaux.  Mais il 
semble qu ' avec  l ' implantat ion de la stat ion 0 . R . S.T . 0 . M. (Centre d 'Océanogr aphie  et  des  P êc hes )  
de Nosy-Bé et de la stat ion de l 'Univers i t é  de Madagascar  (Centre de Recher che  de Biologie 
marine) à Tuléar ,  ce t te  faune p lanc tonique  doit  ê t re  plus  largement  é tudi ée  dans un aveni r  
proche.

En ce  qui concerne  les Chaet ognat hes ,  c e t te  é tude e s t  la première en date.  Il n ' ex i s t e  
que des  données  t rès  fragmentai res ,  presque  é lémentai res  à leur sujet ,  et e l l e s  concernent  de 
surcroî t  plutôt  le canal  de Mozambique ou la côte  af r icaine  que l ' I le  proprement  di te.  Des 
recherches  bibl iographiques approfondies  nous ont  fourni les s e u l es  i ndica t ions  sui van tes  pour 
le canal  de  Mozambique : ment ion ¿e Sagi t ta bipunctata  e t  de Sagi t ta en flata dans  sa par t i e  sud 
(CLEVE,  1905), mention de Sagi t ta  e nf la taà  lo lat i tude de Mozambique (FOWLER,  1906).

A|outons  qu ' ayan t  e u  l 'occas ion de déterminer un lot de Chae t og na t he s  r éco l tés  dans  
la région de Tuléar  (1), l ' une de nous (M.-L. Furnes t  in) avai t  ident i f  i é : Sagi t ta en f lata, S hexap
tera, S serratodentata p ac i f i ca  e t  Pterosagi t ta  draco; mais ce bref inventai re  n ' a  pas  é té  publ ié.

LE MATERIEL

L e s  Chaet ognat hes  que nous étudions ici proviennent  de la région de N o s y- B é.  
Ils nous ont é té  conf iés  par M.S Front ier  Océanographe-biologi s te  au Centre  0 .  R S T.O.M.d'Océa-  
nographie de Nosy-Bé,  qpe  nous remercions de l 'envoi  de cet t e  i n té res sa nte  col lect ion.

L es  échant i r ions  ont  é té  recue i l l i s  du 11 octobre  au 13 décembre 1960 à  bord du 
navire de I'O.R.S.T.O.M.  Le  réseau des  s t a t ions  a couvert  le sec teur  s i tué  ent re  12° 48'  et 

13° 36'  de lat i tude sud d’une part,  47°24'  et 48°24'  de longi tude e s t  d ' au t r e  part  (fig. 1).

Le  nombre des  s t a t i ons  es t  de 21, celui des  p ê ch e s  de 53, p lus i eur s  de cel l es-c i  ayant  
é té  fa i tes  aux mêmes points .  La  majeure par t ie  a é té  e f fec tuée  en rade d 'He l lv i l l e  (point  A) ; 
10 aut res  viennent  d ' une  zonp à fonds t rès  fa ib les  de  20 à 40m ; 3 ont é té  pra t i quées  à la 
l imite du p la teau  cont inental  e t  6 a u- des s us  de fonds de 800 à 2000m.

L e s  p ré lèvements  s ’échelonnant  entre  1 9 h et  4 h  30 peuvent  êt re c on si dé r és  comme 
nocturnes  pour la plupart .  Ils ont  é té  c on se rvé s  dans  un mélange  d ' eau  de mer et  de  formol à 1 0 ^ .

L e s  c ar ac t é r i s t iqu es  des  s t a t ions  sont  portées dans  le t ableau 1.

(* ) Professeur, Faculté des Sciences de Marseille - Laboratoire de Biclugie animale (plancton)
(1) a la demonde de G. SEGUIN.
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N°
Stations

Date
1960

Heure 
(début de pêche) L i eu

Pro fondeur 
de la 
pèche

Sonde

22 11/10 19 h 00 Rade d'Hel 1 vi 11 e 1 à 2 m 20 m
24 12/10 19h 00 surface
25 " 18h 30 3 à 4 m
26 18/10 18h 10 "

27 " 18h 35 "

28 " 19 h 00 "

29 " 19h 50 "

30 " 20h 15 2 à 3 m
31 19/10 20 h 05 3 à 4 m
32 " 20 h 30 11 11 "

33 " 20h 50 tl 11 ”

34 " 21 h 15 M 11 "

35 " 21 h 40 "

36 " 22 h 00 2 à 3 m
37 20/10 23 h 30 3 à 4 m
38 21/10 00 h 00 "

39 " 00 h 30 H II "

40 " 01 h 00 tl 11 2 à 3m
41 28/10 02 h 50 Il II 3 à 4 m
42 " 03 h 30 "

43 " 04 h 00 "

44 " 04 h 30 "

45 8/11 01 h 20 "

46 " 02 h 00 11 11 "

47 " 03 h 30 H 11 ”

48 " 04 h 15 Il II "

49 10/11 22h 15 0,5 à 1 mi I le de N .Sak Surface 36 m
50 " 23 h 30 2,5 à  3 mi 1 les " " 40 m
51 11/11 00 h 10 4,5 à 5 mi 1 les " " 23 m
52 " 00h 45 6,5 à 7 mil le s " 20 m
54 " 02 h 05 10,5 6  11 milles " " grands fonds
55 18/11 20 h 30 Rade d'Hel 1 vi 11 e 3 a 4 m 20 m
56 " 20 h 50 "  " " "

57 " 21 h 20 'i  " " "

58 " 21 h 55 n n " "

59 25/11 00 h 55 28,5 a 29 milles de 
PointeMitarakaN.Mitsic Surface grands fonds

60 " 01 h 40 25 à 25,5 milles " " "

61 " . 02 h 30 21,5 à 22 mi 1 le s " " 100 -  200m
62 " 03 h 30 18 à 18,5 mi 1 les"'" " 30 m
63 " 04 h 00 13° 28’ S. 47° 39’ E; 60 m
64 29/11 19 h 00 Entre N = AK . et N.-l M 24 m
65 " 20 h 00 " 29m
66 7/12 20 h 05 24 m
67 " 21 h 10 " 29 m
68 " 22h 15 " 19m

69 •• 23 h 30 1,5 a 2 milles de 
Ns Irania

" 100 -  200 m

70 8/12 00 h 15 6 à  6,5 m il les " " grands fonds
71 " 01 h 30 9,5 à  10 mi I les "

72 13/1 21 h 50 Rade d’ Hel 1 vi 1 le 4 à 5 m 20 m
73 " 22h 15 H 1. 3 à 4 m "

74 " 22 h 40 tt n 2 à 3 m "

75 23 h 00 1 à 2 m

Tableau n° 1 - Ca rac té r i s t iq ue s  de s  s t a t ions  de p êch es  p lanc toniques .
(N. Sak. = Nosy-Sakat ia  ; N. AK. =  Nosy-Ankazobéravina ; N. I. =  No s y-  Iranja).

81



QUELQUES CARAC TER ISTIQ UES DE LA  REGION

Nous ne rapporterons i c i que les  not ions n é c e s s a i r e s  à I n t e r p r e t a t i o n  des  r ésu l ta t s  
de l ' ana l yse  des  prélèvements .

Topographie  générale  e t  bathymétrie.

On sai t  que la côte nord-ouest  de Madagascar  e s t  t rès  découpée,  comportant ,  out re  des  
réci fs  coral l iens,  plusieurs î les  rocheuses ,  dont  la plus importante e s t  préci sément  Nosy-Bé.  
Des promontoires isolent  de nombreuses  ba ies ,  plus  ou moins v as e u s e s ,  parmi l es quel les  ce l le  
d ' H el IV i Ile, sur la côte  sud de Nosy-Bé,  où ont  é té  fa i t s  35 des  pré lèvements  (fig. 1).

Le plateau cont inental  (plateau coral l ien)  déborde à l 'oues t  de Nosy-Bé et  de  Nosy- 
Mitsio où se  prolonge la zone des  fonds fa ib l es  ou moyens (10 à 50 et  100m) que l'on retrouve,  
au nord-ouest  du secteur ,  sur les bancs  du Leven et du Castor  (fig. 1).

L e s  grands fonds ne  sont  pas  loin cependant ,  le plateau cont inental  tombant  t rès 
rapidement  vers les  profondeurs de 1000 à 2000 m qui d es s i ne nt  un chenal  médian dirigé sud-ouest  
nord-es t  (fig. 1).

On peut  donc s ' a t tendr e  à t rouver dans  la région prospectée ,  une as soc i at ion  plus ou
moins é t roi te  d ' e s p è c e s  nér i t iques  et pé lagiques .

Régime hydrologique.

A / T e m pé ra t u r e  et  sal ini t é .

Le  Centre de Nosy-Bé nous a fourni en même temps que la col lect ion à examiner,  une
sér ie de données  hydrologiques provenant  de 10 s ta t ions  fai tes en juin 1962 dans  la même
région.  Mais c es  données  sont  di ff ici lement  u t i l i sa b l es  car e l l es  ne se rapportent  pas  à la même 
sa i son que les pré lèvements  (1). Aussi  avons-nous  extra i t  des  t ravaux de MENACHE (1957) sur 
l ' eau  de surface dans la rade de Nosy-Bé les  moyennes mensuel les  de température et  de  sa l in i té  
pour octobre,  novembre et décembre de l ' année  1955.

Moi s

Moyennes diurnes

T° C Sal . o / oo

Octobre 27,40 35,18
Novembre 28,45 35,11
Décembre 29,10 34,89

Des r ésu l ta t s  de la première crois iè re  océanographique  du "Commandant  Robert  
Giraud" dans le canal  de Mozambique (o.ctobre-novembre 1957), nous t i rons également  des valeurs  
t rès vo i s i nes  des  précédent es  pour le sec teur  de Nosy-Bé ; température de 27 à 29°,  sa l in i t é  
d ' environ 35,20 p. 1000 (MENACHE, 1962).

Les  pluies  de mousson abondantes  é tant  s us cep t ib l es  de fa i re  diminuer la s a l in i té  de 
façon appréc iable  dans  cer ta ins  sec teurs  de l 'océan Indien (côte de Malabar  et région de Ma
dras),  au point  de gêner  les  populat ions de Chaet ognat hes  (DONCASTER,  1902 et  GEORGE,  
1952), nous donnons a us s i  que lques  p r éc i s i ons  sur  le régime des  pluies  à Madagascar .

(1) Les temperatures et l^t solimtes de surface relevees en saison froide sur les s ta fions hydro logiques les plus proches 
des stations plancton iques de I960 s ’échelonnent'respectivement entre 26° 83 et 27° 83, 34, 75 et 35,05 p. 1000.
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D'une manière générale,  les précip i t a t ions  les plus  fortes ont  l ieu pendant  la sa i son 
chaude.  Mais,  pour la zone de Nosy-Bé,  e l l es  sont  s ens i bl ement  plus abondant es  dans  l ' ens embl e  
et  surtout  r es tent  not abl es  en sa i son froide :

sa i so n chaude  (novembre-avri l)  : 1894mm
sa i son  froide (mai-octobre) 894mm

Il s ' e ns u i t  que les  var ia t ions de s a l in i té  a t t r i buab l es  au facteur  pluie  y sont  sans  
doute moins marquées .  L ' a n a l y s e  des  teneurs  o bt enues  pour les  deux sa i s on s  au cours  des  
années  1955-1956 ( les  se u l es  dont nous d i sp o s i o ns  au complet) ,  nous a  indiqué l es  ex t rêmes  
suivants  :

s a i son  chaude  : 33 , 64p .  1000
s ai son  froide : 35,18p.  1000

L ' é c a r t  e s t  appréc iab l e  mais les moyennes  pour les  deux s a i s on s  ne  différent  en fait  
que t rès  peu : 34, 39 pour la sa i son chaude,  34,95 pour la sa i son froide (l).ll semble  donc 
diff ici le de tenir  compte de c e s  var ia t ions comme facteurs  de dist r ibut ion des  Ch aet ognat hes .

B /  Courants .

L e s  parages  nord-ouest  de Madagascar  pa ra i ss en t  êt re  a 11 abri du courant  équator ial  
sud, qui,  doublant  l ' î l e  au nord, se d i vi se  en deux branches  dont l ’une remonte le  long du 
cont inent  afr icain et  l ' au t re  se  dir ige vers  le sud,  sous le nom de courant  du Mozambique,  mais 
en r es t an t  t r ès  é loignée de la côte malgache.

En revanche,  ils seraient  i n t é r es s és  par un tourbil lon tournant  autour des  Comores  et 
créant  un courant  portant  au nord-es t  au large de Nosy-Bé.  Ce dernier  se  rapproche plus ou moins 
de la côte  suivant  les sa i s on s  et, en par t icul ier  pendant  l es  mois d ' octobre ,  novembre et  décem
bre, semble n’être qu’à une t renta ine  de mil les .  Il e s t  par a i l l eur s  t rès  inf luencé par l es  coups  
de vent  locaux.

En dehors de cela,  la zone côt i è re  de Nosy-Bé e s t  surtout  a f fec tée  par les  courant s  
de marée portant  al t ernat ivement  à l ' e s t  pui s  à l ' ou es t  et qui peuvent  donc à c er ta i ns  moments 
t ravai l ler  dans  le même s ens  que le courant  comorien,  c ' e s t - à - d i re  amener  les eaux du large 
sur le plateau cont inental .

Nous verrons que c e s  déplacements  de m a s s e s  d ' eau  interviennent  dans  la répar t i t ion 
locale  des  Chaet ognat hes .

LES CHAETOGNATHES

Parmi les 3719 spéc imens  cons t i t uan t  la col l ect ion,  13 e s p è c e s  ont é t é  i dent i f iées  
dont  12 du genre Sagi t ta e t  1 du genre Pterosagi t ta.

Espèces Nombre Pourcentage
S. e n f l a t a 1893 50,74
S,  r o b u s t a 611 16,40
S .  b e d o t i 003 Q,08
S.  h i s p i d a 282 7,51
5. s e r r a t o d e n t a t a 155 4,09
S.  r e g u l a r i s 104 2,70
P ,  draco 103 2,68
5. p u l c h r a 95 2,47
S .  h e x a p t e r a 75 2,03
S.  b i p u n c t a t a 42 1,06
S.  f e r o x 36 0,87
5. p l a n c t o n i s 19 0,41
S. minima 1 0,01

(1) Notons que, d'après les donnces du Centre de Nosy-Bé, la moyenne pour la saison froide en 1962 est de 34,96, chif
fre tout à fort similaire.
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L e s  p o u r c e n t a g e s  p r é c é d e n t s  n ' i n d i q u e n t  q u e  l e s  p r o p o r t i o n s  r e l a t i v e s  d e s  e s p è c e s  
d a n s  c e s  p ê c h e s ;  n o u s  e s t i m o n s  q u ’ i l s  f o u r n i s s e n t  c e p e n d a n t  u n e  i d é e  a s s e z  e x a c t e  d u  p e u 

p l e m e n t  l o c a l  d e s  e a u x  d e  s u r f a c e .

R e n v o y a n t  e n  a n n e x e  l e s  d o n n é e s  m o r p h o l o g i q u e s ,  n o u s  a l l o n s  e n v i s a g e r  c i - a p r è s  

c o m m e n t  s e  c o m p o r t e  c h a c u n e  d e s  e s p è c e s  d a n s  l e  s e c t e u r  d e  N o s y - B é .

P o u r  c e t t e  é t u d e  é c o l o g i q u e ,  e l l e s  s e r o n t  d ' e m b l é e  s é p a r é e s  e n  d e u x  g r o u p e s  d ' a p r è s  

l e u r  a p p a r t e n a n c e  h a b i t u e l l e  a u  d o m a i n e  n é r i t i q u e  o u  p é l a g i q u e  (1) ,  a f i n  d e  f a c i l i t e r  l a  d i s c u s 

s i o n  d e s  r é  s u  I t a t  s .  D a n s  c h a q u e  g r o u p e , ,  s a u f  e x c e p t i o n s ,  e  I l e s  s e r o n t  p r i s e s  p a r  o r d r e  d ' a b o n d a n c e  

d é c r o i s s a n t e .

L e  t a b l e a u  II d o n n e  l e u r  r é p a r t i t i o n  n u m é r i q u e  p a r  s t a t i o n .

Stat ions
E s pèc e  s

A
(35 st . )

49 51 54 59 60 61 62 63 64 65 66 67 68 69 70 71
Total  des  
spec imen s

S  e n f l a t a 1670 10 5 5 6 12 5 15 83 10 4 4 3 2 13 46 1893
S robusto 532 4 2 1 3 4 4 61 611
5- b e d o t i 192 1 1 6 1 1 33 - 26 33 303
S h i s p i d a 162 2 1 8 5 3 7 7 51 1 9 7 7 5 7 282

S s e r r a t o d e n t a t a 105 20 4 4 1 6 8 2 4 155
S-  re g u i  a r i  s 78 3 6 6 7 2 2 104
F d r a c o 56 1 1 19 1 3 1 18 1 2 103
S p u  1 c h r a 57 1 4 5 1 7 3 3 1 6 7 95
S l ioxoptero 34 3 4 7 4 6 1 6 1 3 2 3 1 75
,r b i p u n c t a t a 16 5 4 7 2 2 2 4 42
S- ferox 36 36
S p 1 a n  c t o n  i s 9 2 3 5 19
5 minime 1 1

Total  general 3719

T a b l e a u  n°  2 - R é p a r t i t i o n  d e s  C h a e t o g n a t h e s  a u x  d i f f é r e n t e s  s t a t i o n s  e t  
t o t a l  d e s  s p é c i m e n s  p a r  e s p è c e .

1)  E s p è c e s  n é r i t i q u e s  e t  s e m i - n é r i t i q u e s

S a g i t t a  e n f l a t a  G r a s s i ,  1 8 8 3

T r è s  r é p a n d u e  d a n s  l e s  m e r s  c h a u d e s ,  e n  M é d i t e r r a n é e  e t  e n  A f r i q u e  t r o p i c a l e  p a r  

e x e m p l e ,  5  e n f l a t a  e s t  é g a l e m e n t  t r è s  a b o n d a n t e  i c i  o ù  e l l e  c o n s t i t u e  p r e s q u e  la m o i t i é  d e s  
r é c o l t e s .

E l l e  a  d '  a i l l e u r s  e t e  m e n t i o n n é e  d a n s  l e  c a n a l  d e  M o z a m b i q u e  o u  d a n s  d e s  z o n e s  p l u s  

o u  m o i n s  v o i s i n e s  ( e a u x  i n d i e n n e s )  p a r  p l u s i e u r s  a u t e u r s  ( C l e v e  e t  F o w l e r  d é j à  c i t é s ,  

G e o r g e  1 9 5 2  ) D a p r è s  l e u r s  o b s e r v a t i o n s ,  il s e m b l e  q u e  l e s  p é r i o d e s  d e  c o n c e n t r a t i o n  d e  

I e s p è c e  v a r i e n t  d ’u n  l i e u  à  u n  a u t r e  e n  f o n c t i o n  d e  l a  s a i s o n  d e s  p l u i e s .  L a  d e n s i t é  d u  p e u p l e 

m e n t  d i m i n u e r a i t  e n  s a i s o n  h u m i d e  e n  r a i s o n  d e  l ’ a b a i s s e m e n t  d e s  s a l i n i t é s  c o n s é c u t i f  a u x  
p r é c i p i t a t i o n s .

( I '1 S a n s  p r e | u g c r  d e  l e u r  c o m p o  r ‘e me nt  leu j l  
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A  N o s y - B é ,  l a  s a i s o n  d e s  p l u i e s  s e  p l a c e  d e  n o v e m b r e  à  a v r i l .  C ' e s t  d o n c  à  c e  m o m e n t  

q u ' o n  d e v r a i t  e n r e g i s t r e r  u n e  d i m i n u t i o n  d e  l a  p o p u l a t i o n .  L a  r i c h e s s e  d e s  p r é l è v e m e n t s  d e  

n o v e m b r e  à  d é c e m b r e ,  l é g è r e m e n t  s u p é r i e u r e  à  c e l l e  d e s  p r é l è v e m e n t s  d ' o c t o b r e ,  n e  m a r q u e  e n  

f a i t  a u c u n e  r a r é f a c t i o n .

O c t o b r e N o v e m b r e D é c e m b r e

N o m b r e  m o y e n  d e  

s p é c i m e n s  p a r  s t a t i o n 3 , 4 4 , 5 4 , 5

P o u r  c o n c l u r e  f e r m e m e n t ,  il f a u d r a i t  p o u v o i r  c o m p a r e r  d e s  p r é l è v e m e n t s  d u  p l e i n  d e s  
s a i s o n s  s è c h e  e t  h u m i d e  ; m a i s ,  c o m m e  n o u s  l ' a v o n s  n o t é ,  l e s  p r é c i p i t a t i o n s  é t a n t  a p p r é c i a b l e s  

t o u t e  l ' a n n é e  d a n s  l e  s e c t e u r  d e  N o s y - B é  e t  l e s  s a l i n i t é s  à  p e u  p r è s  c o n s t a n t e s ,  il e s t  p e u  

p r o b a b l e  q u e  l a  d e n s i t é  d u  p e u p l e m e n t  d e  S- e n f l a t a  s o i t  t r è s  d i f f é r e n t e  d ' u n e  p é r i o d e  à  l ' a u t r e .

, E n  c e  q u i  c o n c e r n e  l a  r é p a r t i t i o n  d e s  s t a d e s  d e  m a t u r i t é
S t a d e  I : 4 2 , 6 %  , ,  , - j  ■ j  n i i_ . . .  nn  r  s e x u e l l e ,  o n  c o n s t a t e  l a  p r e d o m i n a n c e  d e s  l e u n e s .  I t a u t
S t a d e  II . 2 2 , 5 %  ,.  , , . ,  . . . .
.  . . . .  „  s o u l i g n e r  c e p e n d a n t  q u e  l e s  p r i s e s  r e n f e r m e n t  t r e s  q e n e r a l e m e n t
S r a d e  III : 3 4 , 8 %  , a

u n  m e l a n g e  a e  s u | e t s  a e  t o u s  a g e s .

Il y  a  e n  f a i t  d e s  v a r i a t i o n s  m e n s u e l l e s  d a n s  l e s  p r o p o r t i o n s  n u m é r i q u e s  d e s  i n d i v i d u s  

a u x  d i f f é r e n t s  s t a d e s .  L e s  a d u l t e s  s o n t  l e s  p l u s  n o m b r e u x  e n  o c t o b r e  e t  l e s  j e u n e s  e n  n o v e m b r e .  
Il y  a u r a i t  d o n c  u n e  p o n t e  e n  o c t o b r e  d ' o ù  r é s u l t e r a i t  u n e  a u g m e n t a t i o n  d e s  j e u n e s  s t a d e s  l e  mo i  s 

s u i v a n t .  E n  d é c e m b r e ,  l a  p o p u l a t i o n  s e r a i t  à  p e u  p r è s  é q u i l i b r é e  ( f i g .  2 ) .

m

i

i

F i g . 2  V a r i a t i o n s  m e n s u e l l e s  d u  n o m b r e  d e  

s p é c i m e n s  d e  S a g i t t a  e n f l a t a  a u x  

d i f f é r e n t s  s t a d e s  d e  m a t u r i t é  s e x u e l 
l e  ( I ,  II. I I I ) .

L e s  t e m p é r a t u r e s  f a v o r a b l e s  à  S. e n f l a t a  s o n t  é l e v é e s  ; o n  p l a c e  s o n  o p t i m u m  a u t o u r  

d e  2 0 °  m a i s  o n  f a  o b s e r v é e  p a r  2 8 °  ( M . - L .  F u r n e s t i n ,  1 9 5 7 )  e t  m ê m e  3 2 °  ( V a n n u c c i  e t  H o s o e ,  
1 9 5 2 ) .  L e s  m o y e n n e s  d e  s u r f a c e  q u e  n o u s  p o s s é d o n s  p o u r  o c t o b r e ,  n o v e m b r e  e t  d é c e m b r e  d a n s  l a  

r é g i o n  d e  N o s y - B é  ( d e  2-7 à  2 9 °  e n v i r o n )  e n t r e n t  d o n c  d a n s  l a  m a r g e  d e s  t e m p é r a t u r e s  c o n v e n a n t  
à  l ' e s p è c e .

L a  s a l i n i t é  s e m b l e  a v o i r  m o i n s  d ' i m p o r t a n c e  p o u r  e l l e .  Si  e l l e p r o s p è r e  p a r t i c u l  ' è r e m e n t  
p a r  d e s  t e n e u r s  d e  3 5  à  3 7 , 6  p .  1 0 0 0 ,  o n  l ' a  é g a l e m e n t  m e n t i o n n é e  d a n s  d e s  e a u x  d e  s a l u r e  
s u p é r i e u r e  ( 3 9 , 7  e n  M é d i t e r r a n é e  o r i e n t a l e )  o u  i n f é r i e u r e  ( 3 3 , 3  d a n s  l e  g o l f e  d e  G u i n é e ) .  O n  p e u t  

d i r e  q u e  l e s  v a l e u r s  r e l e v é e s  d a n s  l e  s e c t e u r  m a l g a c h e  p o u r  l a  s a i s o n  c o r r e s p o n d a n t  a u x  r é c o l t e s  

( a u t o u r  d e  3 5  p .  1 0 0 0 )  s o n t  v o i s i n e s  d e  c e l l e s  d e  l a  z o n e  t r o p  i c a  l e  a f r  i c a  i n e  o ù  5  e n f l a t a  p u l l u l e .
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specimen

F i g  3 R e i x i r t ' * : o n  a e  S a g i t t a  e n f l a t a  d a n s  l e  s e c t e u r  d e  N o s y - B e .  L e  n o m b r e  d e  s p e c i m e n s  i n d i q u é  e n  

r o d e  d ' H e l i v i l i c  r e p r e s e n t e  l a  m o y e n n e  d e s  r é c o l t e s  e f f e c t u é e s  a u  p o i n t  A.
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S u r  l e  p l a n  d e  s a  d i s t r i b u t i o n  l o c a l e ,  o n  r e m a r q u e  q u e  l ' e s p è c e  e s t  p r é s e n t e  s u r  t o u t  

l e  s e c t e u r  p u i s q u ' e l l e  f i g u r e  d a n s  t o u s  l e s  p r é l è v e m e n t s ,  s a u f  t r o i s  e n  r a d e  d  ' H e  11 v  i 11 e  o ù  e l l e  

e s t  p a r  a i l l e u r s  a b o n d a n t e  ( f i g .  3 ) .  O r ,  n o u s  s a v o n s  q u e  p a r m i  l e s  p r é l è v e m e n t s ,  c e r t a i n s  

s e  s i t u e n t  a u - d e s s u s  d e  f o n d s  t r è s  f a i b l e s ,  d ' a u t r e s  a u - d e s s u s  d e  g r a n d s  f o n d s .  Il e s t  d o n c  
i n t é r e s s a n t  d e  c h e r c h e r  à  d é t e r m i n e r  d a n s  q u e l l e  z o n e  S.  e n f l a t a  s e  t i e n t  d e  p r é f é r e n c e . L e t a b l e a u  

s u i v a n t ,  o ù  e s t  p o r t é  l e  n o m b r e  m o y e n  d e  s p é c i m e n s  p a r  p ê c h e  p o u r  l e s  f o n d s d e 2 0 à  2 0 0 m  d ' u n e  

p a r t  e t  d e  1 0 0 0 m  o u  d a v a n t a g e  d ' a u t r e  p a r t ,  r é v è l e  s a  p r é d i l e c t i o n  p o u r  l a  z o n e  d e s  f o n d s  

f a i b l e s  o u  m o y e n s .

F o n d s

N o m b r e

d e  s p é c i m e n s d e  p ê c h e s
m o y e n  d e  s p é c i m e n s  

p a r  p ê c h e

2 0  - 2 0 0  m 1801 4 8 3 8 , 0

„  1 0 0 0  m 8 2 5 1 6 , 4

C e s  r é s u l t a t s  s o n t  e n  a c c o r d  a v e c  l e  c a r a c t è r e  s e m i - n é r i t i q u e  q u ' o n  l u i  r e c o n n a î t  d a n s  

d ' a u t r e s  s e c t e u r s  t r o p i c a u x ,  l ' A t l a n t i q u e  a f r i c a i n  p a r  e x e m p l e .

S a g i t t a  r o b u s t a  D O N C A S T E R ,  1 9 0 2

C ' e s t  u n e  f o r m e  t r o p i c a l e  e t  s u b t r o p i c a l e  t y p i q u e m e n t  i n d o - p a c i f i q u e ,  q u ' i l  e s t  b i e n  

n o r m a l  d e  t r o u v e r  d a n s  l e s  e a u x  m a l g a c h e s .

D a n s  l e  n o r d  d e  l ' O c é a n  I n d i e n ,  e l l e  e s t  s u j e t t e  à  d e  g r a n d e s  v a r i a t i o n s  s a i s o n n i è r e s  : 

e l l e  p r é s e n t e  u n  m a x i m u m  d ' a b o n d a n c e  p e n d a n t  ¡ ' a u t o m n e  e t  l e  d é b u t  d e  l ' h i v e r  a u t o u r  d e s  î l e s  

M a l d i v e s  e t  L a q u e d i v e s  ( D O N C A S T E R )  e t  s u r  l a  c ô t e  d e  M a l a b a r  ( G E O R G E ) ,  u n  m a x i m u m  e n  é t é  

d a n s  l e s  p a r a g e s  d e  M a d r a s  d ' o ù  e l l e  d i s p a r a î t  e n  o c t o b r e  ( D O N C A S T E R ) .

E n  c e  q u i  c o n c e r n e  l e  s e c t e u r  d e  N o s y - B é ,  n o u s  n e  p o u v o n s  d o n n e r  d ' i n d i c a t i o n s  q u e  

p o u r  l e  d é b u t  d e  I'  é t é  ( é t é  a u s t r a l ) ,  s a n s  p r é j u g e r  d e  v a r i a t i o n s  s a i s o n n i è r e s  p o s s i b l e s .  A u  d é b u t  

d e  l a  s a i s o n  c h a u d e ,  S- r o b u s t a  e s t  b i e n  r e p r é s e n t é e  ; e l l e  v i e n t  e n  d e u x i è m e  p o s i t i o n  d a n s  

n o t r e  i n v e n t a i r e .

P o u r  p r é c i s e r  l e s  t e m p é r a t u r e s  f a v o r a b l e s  à  l ' e s p è c e ,  d i s o n s  q u e  d ' a p r è s  T H O M S O N  

( 1 9 4 7 ) ,  d a n s  l e  s u d - e s t  a u s t r a l i e n ,  e l l e  s e r a i t  a b o n d a n t e  d e  2 4 °  à  2 5 ° ,  u n  p e u  m o i n s  e n t r e  2 4 °  

e t  1 8 e , r a r e  e n t r e  18°  e t  1 5 ° ,  e t  i n e x i s t a n t e  e n  d e ç à  d e  1 5 ° .  L e s  t e m p é r a t u r e s  d u  s e c t e u r  d e  

N o s y  B é  ( 2 7 °  à  2 9 e ) d o i v e n t  d o n c  c o n v e n i r  à  c e t t e  f o r m e  d ' e a u x  c h a u d e s .

L a  c a r t e  d e  s a  r é p a r t i t i o n  l o c a l e  ( f i g .  4 ) ,  c o m m e  l ' a n a l y s e  d e s  r é s u l t a t s  d e  c e t t e  

s é r i e  d e  p ê c h e s ,  r é v è l e  u n  c o m p o r t e m e n t  p e u  t r a n c h é .  O n  v o i t  q u e  S.  r o b u s t a  s e  r e n c o n t r e  à  p e u  

p r è s  i n d i f f é r e m m e n t  e t  d a n s  d e s  p r o p o r t i o n s  v o i s i n e s  d a n s  l e s  p r é l è v e m e n t s  c ô t i e r s  e t  c e u x  d e  

h a u t e  m e r  ,

P o s i t i o n  

d e s  s t a t i o n s

N o m b r e  m o y e n  d e  
s p é c i m e n s  p a r  p ê c h e

Z o n e  n é r i t i q u e  e n - d e ç a  
d e  2 0 0  m 1 1 , 3

Z o n e  p é l a g i q u e  a u - d e l à  

d e  2 0 0  m 1 3 , 6
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■ 1 specimen

F i g .  4  R é p a r t i t i o n  d e  S a g i t t a  r o b u s t a  d a n s  l e  s e c t e u r  d e  N o s y - B é .  L e  n o m b r e  d e  s p é c i m e n s  i n d i q u é  
r a d e  d H e l l v i l l e  r e p r é s e n t e  l a  m o y e n n e  d e s  r é c o l t é s  e f f e c t u é e s  a u  P o i n t  A
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I n v e r s e m e n t ,  il e s t  d e s  p ê c h e s  a u  l a r g e ,  a u s s i  b i e n  q u e  d e s  p ê c h e s  c ô t i è r e s ,  d o n t  e l l e  

e s t  a b s e n t e .  P a r  s u i t e ,  o n  d o i t  r e c o n n a î t r e  q u e  l e  c a r a c t è r e  n é r i t i q u e  q u i  m a r q u e  I ' e s p è c e  e n  

d ' a u t r e s  l i e u x  ( c ô t e s  d e  I'  I n d e ,  p a r  e x e m p l e )  n e  s e  r e t r o u v e  p a s  a b s o l u m e n t  i c i  m a i s  q u ' o n  n e  

s a u r a i t  e n  f a i r e  n o n  p l u s  u n e  f o r m e  p é l a g i q u e  c o m m e  y  i n c i t e r a i e n t  l e s  d o n n é e s  d e  Thomson e t  

Tokioka ( 1 9 5 9 ) .  S o n  c o m p o r t e m e n t  r e s t e  d o n c  à  p r é c i s e r  p a r  d e  n o u v e l l e s  o b s e r v a t i o n s

S t a d e
S t a d e

S t a d e

4 7 , 1  % 

3 6 , 0 %  

1 6 , 4 %

O n  c o n s t a t e  q u e  l e s  t r o i s  s t a d e s  d e  m a t u r i t é  s e x u e l l e  s o n t  d a n s  d e s  

p r o p o r t i o n s  d é c r o i s s a n t e s ,  l e s  i m m a t u r e s  f o r m a n t  l e  g r o u p e  l e  p l u s  

i m p o r t a n t ,  c e  q u i  t e n d r a i t  à  f a i r e  c o n s i d é r e r  l e s  m o i s  d ' o c t o b r e  à 

d é c e m b r e  c o m m e  u n e  d e s  p é r i o d e s  d e  r e p r o d u c t i o n  d e  l ' e s p è c e  d a n s  

l a  r é g i o n .  P a r  a i l l e u r s ,  l e s  p r é l è v e m e n t s ,  q u e l l e  q u e  s o i t  l e u r  s i t u a t i o n  ( r a d e  d ' H e  11 v i I l e  o u  

h a u t e  m e r ) ,  r e n f e r m e n t  u n  m é l a n g e  d ' i n d i v i d u s  à  t o u s  â g e s .  C e c i ,  | o i n t  à  l a  p r é s e n c e  d e  | e u n e s  

e n  n o m b r e  é l e v é ,  c o n d u i t  à  p e n s e r  q u e  5. r o b u s t a  c o n s t i t u e  u n  é l é m e n t  p e r m a n e n t  d e  l a  f a u n e  

d u  s e c t e u r .

S a g i t t a  b e d o t i  B E R A N E C K ,  1 8 9 5 .

E s p è c e  d e  I'  I n d o - P a c i f i q u e  e t  d e  l a  M e r  R o u g e ,  5.  b e d o t i  e s t  t r è s  a b o n d a n t e  d a n s  

l ' O c é a n  I n d i e n  ( Tokioka, 1 9 5 9  ); p o u r  n e  p a r l e r  q u e  d e  l a  p a r t i e  o u e s t  d e  c e  d e r n i e r ,  c i t o n s  la 

c ô t e  d e s  S o m a l í e s ,  l e s  T i e s  M a l a i v e s ,  l e s  v e r s a n t s  o c c i d e n t a l  e t  o r i e n t a i  d e  l ' I n d e .

B i e n  q u ' e l l e  o c c u p e  l e  t r o i s i è m e  r a n g  d a n s  n o t r e  l i s t e ,  l a  d e n s i t é  d u  p e u p l e m e n t  n ' e s t  

p a s  t r è s  f o r t e  d a n s  l e s  e a u x  m a l g a c h e s .

O n  l a  t r o u v e  à  l a  f o i s  e n  r a d e  d ' H e  11 v i 11 e ,  s u r  d i v e r s e s  a u t r e s  s t a t i o n s  n é r i t i q u e s  e t  

s u r  d e s  s t a t i o n s  a u - d e s s u s  d e  g r a n d s  f o n d s  ( f i g  5) Tokioka e t  Thomson f o u r n i s s e n t  d e s  i n d i c a 
t i o n s  s i m i l a i r e s  q u a n t  à  s a  r é p a r t i t i o n  d a n s  l ' e n s e m b l e  d e  l ' O c é a n  I n d i e n  e t  p l u s  p a r t i c u l i è r e m e n t  

a u  s u d - e s t  d e  ¡ ' A u s t r a l i e

C ' e s t  u n e  f o r m e  é p i p l a n c t o n i q u e  s e l o n  l e s  d o n n é e s  d e  Ritter-Zahony ( E x p é d i t i o n  d u  

G a u s s ,  1 9 1 1 )  e t  d e  Tokioka. D e  m ê m e ,  à  B o m b a y ,  Lele et Gae ( 1 9 3 6 )  l a  m e n t i o n n e n t  c o m m e  f r é 

q u e n t e  t o u t e  l ' a n n é e ,  d e  l a  s u r f a c e  à  5 0  m d e  p r o f o n d e u r  I c i ,  e l l e  a  é t é  r é c o l t é e  e n  s u r f a c e  

é g a l e m e n t .

D ' a p r è s  l e s  a u t e u r s ,  e l l e  p a r a î t  r e l a t i v e m e n t  e u r y h a l i n e  e t  e u r y t h e r m e .  L e s  t e m p é r a t u r e s  

e t  s a l i n i t é s  e n r e g i s t r é e s  s u r  l e s  s t a t i o n s  d e  p è c h e  v o n t  e n  e f f e t  d e  2 6 °  6  à  2 9 °  5  e t  d e  2 0 , 7 9  à 

34 ,  16 p .  1 0 0 0  p o u r  l e s  e a u x  e s t - i n d i e n n e s  (Satyanarayana Rao e t  Ganapati, 1 9 5 8 ) ,  d e  90 b 270 
e t  d e  2 7 , 9  à  3 4 , 8  p .  1 0 0 0  p o u r  l e  P a c i f i q u e  t r o p i c a l  e s t  (Sund e t  Renner, 1 9 5 9 ) ;  l a  t e m p é r a t u r e  e t  

l a  s a l i n i t é  l e s  p l u s  b a s s e s  d e s  s t a t i o n s  p o s i t i v e s  e n  M e r  J a u n e  r e l e v é e s  p a r  Tokioka s o n t  d e  
1 I o 5  e t  d e  3 0 , 9 5  p .  1 0 0 0 .  S ' i l  f a i  I a  it  c e p e n d a n t  l a  c a r a  e t  é r  ¡ s e r ,  il s e m  b l e  q u ' o n  p u i s s e  l a  q u  a l i -  

f i e r  d e  f o r m e  d e s  e a u x  c h a u d e s  a s s e z  p e u  s a l é e s  D è s  l o r s ,  l e s  t e m p é r a t u r e s  ( 2 7  à  2 9 e ) e t  s a l i 

n i t é s  ( v o i s i n e s  d e  3 5  p .  1 0 0 0 )  d u  s e c t e u r  d é  N o s y - B é  d o i v e n t  l ui  c o n v e n i r .

L e s  t r o i s  s t a d e s  d e  m a t u r i t é  s e x u e l l e  s o n t  t r è s  i n é g a l e m e n t  r e p r é s e n 
t é s ,  b i e n  q u e  s o u v e n t  a s s o c i é s  d a n s  u n e  m ê m e  p r i s e .  L e  n o m b r e  d e s  
j e u n e s  e s t  t r è s  s u p é r i e u r  à  c e l u i  d e s  a d u l t e s .  C e l a  p e u t  v e n i r  d e c e  
q u e  l ' é p o q u e  d e s  p r é l è v e m e n t s  c o r r e s p o n d  à  u n e  p é r i o d e  d e  r e p r o d u c 

t i o n ,  c o m m e  n o u s  l ' a v o n s  s u g g é r é  p o u r  l e s  d e u x  p r e m i è r e s  e s p è c e s .  
M a i s  l a  r a r e t é  d e s  a d u l t e s  e t  d e s  i n d i v i d u s  a u  s t a d e  II p e u t  t e n i r  a u s s i  à  c e  q u ' i l s  s o n t  m o i n s  

é p i p l a n c t o n i q u e s  q u e  l e s  i m m a t u r e s ,  c o m m e  c e l a  a r r i v e  t r è s  s o u v e n t  c h e z  l e s  C h a e t o g n a t h e s ,  

m ê m e  e n  d e h o r s  d e s  f o r m e s  p r o f o n d e s .

S t a d e  I .: 6 4 , 5 %  

S t a d e  II : 1 6 , 0 %  
S t a d e  III : 1 8 , 5 %
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1 specim en

F ig .5 Repartition de Sa g i t ta  b ed o t i  dans le secteur de Nosy-Bé. Le nombre de spécimens indiqué 
en rade d ’ He 11 e v i I le représente la moyenne des récoltes effectuées au point A.
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' r r r f t t '  ■  1 spécimen

F ig .6 Répartition de Sagitta hispida dans le secteur de Nosy-Bé. Le nombre de spécimens indi
qué en rade d 'H e llv ille  représente la moyenne des récoltes effectuées au  point A.
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Sagi t ta h isp ida  CONANT, 1895

-De répart i t ion pius va s t e  que les deux e sp è c e s  p récédentes ,  vu que,  outre les océans  
Indien et Pac i f ique,  e l l e  peuple auss i  l 'At lant ique chaud,  S. hispida serai t  donc moins c a r a c t é 
r i s t ique de T Indo-Paci f ique.  La ment ion la moins é loignée de Madagascar  qui la concerne  es t  
ce l le  de DONCASTER (1902) aux f ies Maldives e t  Laquedives .

C ' e s t  un hôte habituel  de l ' épiplancton du sec teur  de Nosy-Bé pu i squ 'e l l e  ex i s te ,  au 
moins en pet i t  nombre,  dans  presque  tous  les  pré lèvements  (fig. 6). On ne sai t  pas ,  du reste,  
pourquoi e l l e  manque dans  six d ' en t re  eux (st .  28, 33, 43, 45, 47, 48) dont les  condi t ions 
(heure et niveau de pèche)  n 'ont  pas différé de c e l l es  des  s t a t ions  pos i t ives  voi s ines .  On peut  
y voir s implement  un effet  du hasard qui joue un grand rôle dans les récol tes  p l anc tonjques .  
En revanche,  son a b s e nc e  des s t a t ions  61 et  69 pourrai t  s ' expl iquer  par le fait que cel l es-c i  se 
p lacent  à la l imite du plateau cont inental ,  alors  que S. hispida  vi t  habi tuel l ement  en-deça  de la 
ligne des  100m. Mais comme nous l ' observons  ici par des fonds supér ieurs  à 1000m (st.  54, 59, 
60, 70,  71), nous devons  conclure que,  comme 5. robusta et S- bedoti ,  e l l e  ne mani fes te  pas  un 
comportement  bien t ranché  dans cet te  région.  C ' e s t  ce  que t raduisent  auss i  les valeurs  moyennes 
très proches  des  r écol tes  e f fec tuées  en-deça et  au-delà  de la I igne de s 200 m, que l 'on peut  pren
dre comme l imite entre les zones nér i t ique et  océanique.

Fonds Nombre moyen de 
spéc imens  par pêche

de 20 à 200 m 5,8
> 200 m 5,6

Les  températures et s a l in i té s  précédemment  notées  pour le secteur  de Nosy-Bé cor
respondent  à peu près  à c el les  de la zone t ropicale  af r i caine  ou 5. hisp ida  pul lule.  Sa présence  
ici n ' a  donc rien que de t rès normal.

D' après  la répart i t ion numérique des  di fférents s t ades  de maturi té 
sexuel le ,  on c ons t a t e  que cet t e  populat ion comporte une major i té de 
jeunes.  Néammoins,  on observe  généralement  des  individus aux t rois 
s t ades  dans  chaque prise,  s igne que l ' e s pè ce  se reproduit  et  ef fectue  
son développement  complet  en tous points  de  ta zone prospectée .

Sagi t ta regular is  AIDA, 1897

Avec S. regular is  nous avons  une forme de l ' Indo-Paci f ique et  de la Mer Rouge,  dont 
la mention la plus proche de Madagascar  a é té  fai te aux Îles Maldives et Laquedives  par 
DONCASTER qui note sa faible abondance.

Elle n ' e s t  pas  t rès  nombreuse non plus dans  les eaux mal gaches  : une cent ai ne  
d ' individus  dans  c e s  col l ect ions .  Ils se r épar t i s sent  en sept  s t a t ions  de part  et  d ' aut re  de la 
l igne des  fonds de 100m. Le  point A dans la rade d ' Hel I v i 11 e en groupe le plus grand nombre 
(78). Douze spéc imens  viennent  de t rois s t a t ions  a u -dess us  de fonds inférieurs à 100m ; enfin,  
t rois pèches  e f fec tuées  dans le chenal  profond ont rapporté quatorze  individus (fig. 7). Ces  
chiffres inviteraient  à la c l a s s e r  plutôt  parmi les formes côt i è res .

De toute manière,  il n ' e s t  pas  douteux que ce  soi t  un hôte de l ' épiplancton,  comme 
l ' indiquent  a uss i  T h o m s o n  (1947) pour les eaux aus t ra l iennes  (abondante de 0 à 50m et en 
nombre un peu plus  faible j usqu ' à  100m) et Sund (1961) pour le P a c i f i q u e  or iental  (où e l l e  
n ' excéder ai t  p as 50m de profondeur).
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Stade I : 38,5%
Stade II 35.6%
Stade III . 25,5%
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■  1 specim en

Fi g . 7 Répart i t ion de Sagi t ta regular is  dans  le sec teur  de Nosy- Bé.  Le nombre de spéc imens  in
diqué en rade d 1 He 11 v i 11 e représente  la moyenne des  r écol tes  e f fec tuées  au point  A.
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■  1 spécimen

Fi g . 8 Répart i t ion de Sagi t ta pulchra dans le sec teur  de Nosy-Bé . Le nombre de spécimens indi
qué en rade d ' Hel I v i I le représente  la moyenne des  récol tes  e f fec tuées  au point  A.
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Stade I 
Stade 11 
Stade III

67,5%
21,5%
11 , 0 %

La populat ion e s t  c on st i t ué e  e ss e nt i e l l e me nt  de jeunes,  a ins i  que  le 
t radui sent  les  pourcent ages  des  spéc imens  aux t rois s t ad es  de 
matur i té sexue l l e .  On pourrai t  supposer  que les adul tes  sont  moins 
épiplanctoniques  ou moins nér i t iques  que  les immatures e t  donc 
moins faci lement  capturés .  Or nous avons  remarqué qu ' i l s  ne se 

rencont rent  pas  indifféremment sur toutes  les s t a t ions  mais sur tout  en rade  d 'Hel lv i l le ,  so i t  
sur les fonds les plus  fa ibles ,  ce  qui e s t  en contradict ion avec  l ' i dé e  précédente .  Nous  nous 
bornons donc à présenter  les fa i t s  (tabl ,  suivant) .

Stat ions en rade 
d ' He l lv i l l e  "°

26 27 32 37 38 39 40 41 55 56 58 72 73

Stade 1 1 4 5 8 2 1 15 2 4 1 1 3 2
Stade II 1 3 6 2 1 7 1
Stade III 2 1 3 1 2 1

Stat ions sur sur le plateau au-delà  du plateau
fonds supér ieurs continental cont inental

n° 49 63 65 54 60 71

Stade 1 2 7 7 4 4 2
Stade II 1 2 1
Stade III 1

Répart i t ion des  individus aux di f férents  s t a d es  de matur i té  sexue l l e  par s t a 
t ion,  da ns  la zone l i t torale,  sur le p la teau  cont inental  et  au l arge .

Sagi t ta pulchra  DONCASTER,  1903

Bien que ment ionnée en divers  points  de la région indo-pacif ique,  Me  ̂ Rouge comprise,  
S. pulchra  e s t  une des  e s p è c e s  dont  le comportement  parai t  le plus mal connu.  Nous relevons 
sa p r ésence  dans  l ' oues t  de l 'Océan Indien aux l ies  Maldives et Laquedives ,  où, d ' apr ès  
DONCASTER,  e l l e  ne serai t  pas  t rès  abondante.  Dans le sec teur  de  Nosy-Bé,  e l l e  e s t  a uss i  
en nombre re la t ivement  faible : une centaine.

Stade I 
Stade II 
Stade III

2 g 2 <y L e s  trois s t ades  de matur i té  se xu el l e  sont  à peu près  également
30 3 7  r eprésen t és  et  répar t is  de façon a s s e z  uniforme sur l ' ensembl e  de
40 3 ^  l ' ai re  é tudiée .  Nous avons  donc affai re  à une populat ion en p lac e

et équi l ibrée,  vra isemblablement  pérenne.

Les  spéc imens  ont  é té  recue i l l i s  pour plus de la moit ié en rade d 'He l lv i l l e  (1) : 57 
individus sur un total  de 95. Onze aut res  ont  é té  t rouvés également  sur des  s t a t ions  nér i t iques  
et 27 seulement  a u -dess us  de fonds supér ieurs  à 100 m (fig. 8).

On peut  donc supposer  que l ' e s pè ce  e s t  à t endance  nér i t ique.  Néanmoins on doi t  dire 
que,  d ' après  T h o m s o n  sa répar t i t ion entre les  s t a t i ons  océa ni qu es  et  nér i t iques  n ' e s t  guère 
plus net te  sur les e û t es  sud- es t  de I' Austra l ie .

(1) Rappelons que 35 pêches sur 53 y ont été effectuées.
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■  1 specimen

Fig.  9 Répart i t ion de S. serratodentata pac i f ica  dans le sec teur  de N o s y - B é . Le nombre de s p é 
cimens indiqué en rade d 'Hel lv i l le  représente la moyenne des récol tes  ef fec tuées  au 
point A.
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Sa répart i t ion ve r t i ca le  y e s t  en r evanche  bien t r anchée  ; l es  individus,  nombreux de
0 à  50m,  sont  a b s e n t s  des c ouches  sou s - ja c en te s .  De même, se lon R i t t e r  - Z a h o n y  (1910),
e l l e  se  cantonne  dans  l ' épiplancton dans  les eaux t ropica l es  de l ' Indo-Paci f ique .  Tout  ceci 
s ' a cc or de  avec nos r ésul ta t s ,  les r écol tes  ayant  é té  fa i tes  en surface dans  le s ec teur  de Nosy-Bé.

Sagit ta ferox DONCASTER,  1902

On trouve S. ferox dans  une grande par t ie de l ' O c é a n  Pac i f i que ,  dans l 'Océan Indien
et en Mer Rouge.  On pouvait  donc a priori penser  la rencontrer  dans  le sec teur  de Nosy-Bé.
El le  y e xi s te  effect ivement  mais en nombre res t reint  (36 spéc imens )  et,  comme le montrent  les 
chiffres suivants ,  ce  sont  sur tout  des  jeunes  qui f igurent  dans  ces  col l ec t ions .

Stade I : 38,3%
Stade II : 41,5%
Stade III . 19,7%

D' après  les obse rva t ions  fa i t es  dans  le sud-es t  aus t ra l i en ,  S. ferox e s t  un peu plus 
abondante  dans  les s t a t ions  océa ni qu es  que dans les s t a t ions  nér i t iques .  Rien de tel n 'apparaf t
ici pu i squ ' e l l e  n'a é té  pr i se  qu ' en rade d ' Hel lvi l le .  Cependant ,  on ne peut  t irer de conclus ion
quant  à son comportement  réel d ' une  seu l e  p êche  posi t ive.

C ' e s t  une e s p è c e  d ' eaux  chaudes .  Sund l ' indique sur des  s ta t i ons  de 24 à 28° ; pour 
T h o m s o n  , abondante  de 22 à 25°,  e l l e  devient  plus  rare de 22 à 12°, pour  di sparaf t re  a u- dessous  
de 12°. L es  t empératures  des  eaux malgaches  devraient  donc lui convenir  et  ce  n ' e s t  pas  le 
facteur  thermique qui e s t  r esponsab l e  de sa rareté.

Si l 'on a joute q u ' e l l e  fait par t ie  de I' épiplancton (abondante  de 0 à 100m d ' apr ès  les 
auteurs) ,  e l le  devrai t  pouvoir êt re plus nombreuse dans  ces  p ré lèvements  super f i c ie l s .

A l ' i s s u e  de cet t e  courte ana l yse ,  on ne  peut donc que  cons t at er ,  sans  l ' expl iquer ,  la 
faible abondance  dans  le sec teur  nord-ouest  de Madagascar  de  c e t te  e s p è ce  pourtant  typiquement  
indo-pacif ique.

2) E s p è c e s  pé lagiques  ou a t endance  pélagique

Sagi t ta ser ratodentata  pac i f i ca  TOKIOKA, 1940

M s ' a g i t  de  la forme à  c r o c h e t s  se r ru l  és  c a r a c t é r  ist  ique d e s  rég ions i ndo-pac  if i aues  (1).  
E l l e  e s t  la s e u l e  a ê t re  r e p r é s e n t é e  d a n s  le s e c t e u r  de N o s y - B é  e t  e l l e  e s t  en  bonne  p l a c e  d a n s  
no t r e  i nven ta i r e .

D' après  T h o m s o n  (1947),  e l l e  serai t ,  comme l ' e n s e m b l e  des  formes à c rochets  ser- 
rulés,  plus  f réquente dans les s t a t i ons  du large.  Cela  ne ressor t  nul lement  de la car te  de répar
t i t ion (fig. 9) ni des  résul ta t s  chiffrés su ivants  qui rendent  compte de capt ures  plus fortes en 
moyenne sur le p la teau  cont inental  qu ' à  l ' extérieur .

Fonds Nombre moyen de 
spéc imens  par pèche

20 - 200 m 3
^ 1000 m 2,4

(1) Forme reconnaissable aux dents chi î ineuses que portent 1 utéra I ement les vésicules séminales.
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■  1 specim en

F i g . 10 Répart i t ion de Pterosagi t ta draco dans  le secteur  de Nosy-Bé.  Le nombre de spécimens 
indiqué en rade d ' Hel lvi l le  représente  la moyenne des récol tes  e f fec tuées  au point  A.
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Nous verrons qu' i l  en e s t  ainsi  de  la plupart  des  e s p è c e s  pé lag i ques  r encont rées
dans le sec teur  et nous dirons plus loin ce  q u ’il faut en penser .

Selon les  auteurs ,  c ' e s t  un é lément  du mésoplancton (abondant  de 100 m à 500 m).On
peut  cependant  en rencontrer  un nombre important en surface la nuit à la faveur de migrat ions
nycthéméra les .  C ' e s t  la raison de son abondance  re la t ive  dans  c es  pêches ,  toutes  s uper f i ci el les  
mais nocturnes.

Stade I 68 6 °: ^ semble que les j eunes  se  t iennent  en général  à des  niveaux beau-
c j  n  i q ' ao. coup  moi ns  b a s  q u e  l e s  a d u l t e s  (M-.-L. F u r n e s t i n ,  1957) ,  d on n éeS tade  i I l o , 4 ,0 ., . . . .

j  m  12 8 e* ^ Ue c o n ' i rmen* c e l l e s - c i  c a r  n ou s  c o n s t a t o n s  q ue  le s t a d e  I e s t  de
' 0 loin le plus nombreux dans  notre échant i l lonnage  de surface.

Des individus aux trois s t ades  de matur i té se xu el l e  n 'ont  é té  ob se rvés  conjointement  
qu ' en rade d 'Hel lvi l le ,  avec  toutefois  une forte prédominance du s t ade  I (67 %, contre 15 et 17% 
pour les s t ades  I ! et III).

Quant  aux aut res  s t a t ions ,  quel l e  que soi t  leur posi t ion par rapport  à la côte ,  e l l e s  ne 
comportent  pas  d ' a du l t es .  Cet t e  répart i t ion e s t  a s s e z  surprenante  pour une forme pé lagi que  dont 
on verrai t  mieux les individus à leur complet  développement  au large,  c ' es t - à - d i re  dans  le 
mil ieu habituel  de l ' e s pèc e .

S. s. paci f ico es t  un organisme de s  eaux chaudes ,  prospérant ,  par exemple,  entre 
15 et  25° d ’après  Thomson,  22 et  25° d ' ap rès  M.-L. F urnest in.  Elle  rencont re des  t empératures 
de cet  ordre dans  le secteur  malgache.

Sténohal ine,  e l le  ne survivrai t  pas  au t ransport  dans  d es  eaux de  s a l in i té  inférieure à 
35 p. 1000 ( V a n n u c c i  e t  H o s o e , 1 9 5 2 )  Les  t eneurs  indiquées pour Nosy-Bé,  autour  de 
35 p. 1000, sera ient  donc juste à la l imite de sa  viobi l i té .Mais  on doit  rappeler  q u e  C l e v e  
(1901) et  Sund (1961) en ont récol té  dans  des  eaux à 32,4 et 32,6 p. 1000 dans  l ' archipel  
M a l a i s e t l e  Pac i f i que  tropical ,  ce qui l a i s s e  supposer  que l 'on connaî t  mal e nco re  les  c a ra c 
té r i s t iques  de son biotope et  qu’ il faut se garder de généra l i ser  d ’un se c t eu r  à l ’autre.

Pt er osag i t ta  draco KROHN, 1853.

Pterosagi t ta  draco poss èd e  une aire de répar t i t ion re la t ivement  v as t e  comprenant  les 
régions c haudes  des t rois grands océa ns ,  la Mer Rouge et  la Médi terranée.  El le  p e u t  ê t r e  
fréquente dans  les p r i ses  pour une zone donnée mais  on la t rouve rarement  en grand nombre au 
même point.  Aussi  considèrerons-nous  qu ' avec  103 spéc imens  le sec teur  de Nos y- Bé  e s t  r iche.

L e s  pourcentages  des  individus aux di f férents  s t ad es  de matur i té  se xue l l e  montrent
une t rès  forte major i té  d' immatures.  Ceci  peut  indiquer que l ' e s p è c e  vient  de s e  reproduire ou

Stade I : 84  % bien que,  comme en d ' au t r es  régions (At lant ique par exemple) ,  les
Stade II 6% adul tes  sont  beaucoup moins communs en sur face  que les jeunes,
Stade III . 10% P. draco é tant  une  forme du mésoplancton.

«

Son abondance  re la t ivement  grande dans  ces  prélèvements  super f i c ie l s  t ient  d ' a i l l eu r s  
à ce qu ' i l s  ont é té  fai ts  de nuit,  a lors  qu 'une  par t ie  de la populat ion s e  l ivre à sa  migrat ion 
nycthémérale.
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SI n ' en res te  pas  moins a s s e z  é tonnant  de rencontrer  une forme semi-pélagique comme 
P. draco sur des  fonds auss i  fa ibles  que ceux de la rade d 'Hel lvi l le  par exemple  ( 20  m). I! faut,  
pour l ' expl iquer ,  invoquer l ' ex is t ence  d'un courant  en provenance du l argequi  t ranspor te  jusqu 'à  
Nosy-Bé cer ta ins  é léments  plus  ou moins pé lagi ques .  Nous développerons  cet t e  idée à propos 
de S. bipunctata,  Chaetognathe  franchement  pé lagique  qui f réquente de la même façon la zone 
eul i t tora le  aux abords de Madagascar .

En somme, P, draco ne paraft  pas  "à sa place"  sur des  s t a t ions  auss i  cô t i è res .  Du 
r e s t e ,  si l 'on compare sa répar t i t ion (fig. 10) à c el les  d ' e s p è c e s  réputées  nér i t iques ,  comme 
S. hispida,  ou semi-nér i t tques ,  comme S. enf lata  (fig. 6 et  3), on voit  que la rade d ' Hel lv i l le  en 
es t  beaucoup moins r iche.  Il semble donc bien qu ' e l l e  n'y const i tue  pas  un peuplement  permanent  
mais que sa p résence  soi t  le résul ta t  d'un transport .

Pour  en terminer avec  sa dist r ibut ion locale,  s ignalons sa c oex i s t ence  avec  S. minima 
(st.  63). On admet  en effet  que c es  deux Chaetognathes ,  qui dépendent  des  eaux de pente,  ont 
un comportement  similai re et s e  t rouvent  souvent  dans  les mêmes pr i ses .  Le fait  se  vérif ie ici»

L es  températures dans  le sec teur  de Nosy-Bé sont  légèrement  supér ieures  à c el les  
que ment ionnent  généralement  les auteurs  pour les s t a t ions  à Pterosagi t ta,  la I imite supérieure 
indiquée par T h o ms o n  pour les  eaux a us t ra l iennes  étant  de 25°.  En fait ,  depuis ,  on a récol té  
l ’e s p è ce  en Côte  d ' ivoire  par 28 à 29°,  températures qui sont de l 'o r dr e  de c e l l es  de l ' ai re  
p rospectée .  On sai t  d ' a i l l eurs  que lorsque la température superf iciel le  devient  trop forte ( supé
rieure à 25°),  P. draco es t  s us ce pt ib le  de migrer en profondeur ( T h i e l ,  1938). Il es t  donc 
p oss ib l e  que le peuplement  en soi t  plus de nse  aux niveaux intermédiai res dans  le secteur  de 
Nosy*Bé.

Quant  aux s a l in i té s  de ce  dernier  (34,89 à 35,15 p. 1000), e l l es  correspondent  à ce l l es  
que les auteurs  notent  le plus souvent  pour l ' espèce ,  mises  à part cer t ai nes  t eneurs  de la Côte 
d ' ivoire  (33,58) et  de la Médi terranée (37) qui pa ra i ss en t  représenter  des  valeurs  extrêmes.

Sagi t ta minima GRASSI, 1881

L ' a i r e  de répart i t ion de S- minima,  qui s ' é t end c lass iquement  de 40° N (1) à 40° S, 
comprend les océans  At lant ique,  Pac i f ique  et  Indien,  la Mer Rouge et  la Médi terranée.

Nous la s ignalons  pour la première fois du canal  de Mozambique mais en un seul 
exemplai re (st .  63) qui, malgré son é tat  de développement  peu avancé  ( s t ade  I), revêt  la forme 
typique de l ' espèce .

5. minima  es t  un organisme à tendance  pélagique,  ce qui just i f ierai t  sa rareté dans
ces peches  dont  la plupart  on é té  fa i tes  dans la part ie nér i t ique du secteur  considéré ,  si
d 'au t r es  Chaet ognat hes  de même tendance n 'y  figuraient  en quant i té  notable.  Sa rareté t ient  
sans  doute davantage  au fait q u ' e l l e  vi t  plus ou moins en es sa ims  l oca l i s és  et  que des  coups 
de fi let  i so lés  peuvent  fort bien n'en capturer  aucun spécimen s ' i l s  ne touchent  pas l esdi t es  
concent ra t ions .

Par  ai l leurs ,  c ' e s t  a u -dess us  des  fonds de 2 0 0 - 300m qu'on aurai t  eu les plus qr^'  des 
chances  d' en rencontrer des  peuplements  a s s e z  de nse s .  Or les pré lèvements  dans c e n e  zone 
ont é té  t rès  l imités.  Il vaut  donc mieux conclure à une a bsence  motivée de l ' e s p è c e  dans ces
peches  qu ' à  sa rareté ef fect ive  dans le canal  de Mozambique.

(1) En foit, 45nN dons le Pacifique < BI E RI, 1959' et 48° N dans I'Atlantique ( J. REYSSAC, 1963'
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Il faut  remarquer a us s i  que les t empératures  enr eg i s t rées  sur l ' ai re  p rospec t ée  pendant  
une pér iode similai re  à cel l e  de s  récol tes  (moyennes de 27 à 29°) d é pa ss en t  c e l l es  qui sont  
reconnues favorables  à ce  Chaetognathe  des  eaux t empérées-chaudes  ( 15-20°  pour les côtes  
sud-es t  de l 'Aust ra l i e ,  10-20°  dans  l 'At lant ique,  par exemple).  Ceci  l a i ss er a i t  supposer  qu'on 
pourrai t  en prendre davantage  sur les  mêmes lieux en sa i son "f roide” .

En accord avec ce  que nous d i s i ons  plus  haut  de son habi tat ,  soul ignons  que l ' unique 
spécimen a é té  capturé  à proximité du bord du plateau continental  dont  la l imite s ' inf l échi t  
préci sément  à l ' es t  au niveau de la s tat ion 63 (fig. 1).

Notons en outre qu' i l  s ' a g i t  d ' une  pêche  nocturne ; en effet ,  on ne r ecuei l l e  guère
5. minima  en sur face que la nuit,  moment où e l l e  qui t te  le t a lus  continental  à l ' occ as ion  d ' une  
migration nycthémérale  re lat ivement  régulière.

Sagi t ta bipuncta ta  QUOY et  GAIMARD, 1827

Encore plus va s t e  que ce l le  de S- minima,  l ' a i re  de répart i t ion de S. bipunctata  s ' é t en d
normalement de 40° N (i) à 50° S et englobe les  t rois grands océans,  la Médi terranée et  la Mer
Rouge.

El le  es t  cons i dérée  comme une e s p è c e  des  eaux t empérées-chaudes  de  15 à 25° ; 
mais e l le  a é té  souvent  obse rvée  par des  t empératures  supér ieures ,  de l 'o rdre  de c e l l e s  du 
secteur  de Nosy-Bé.  En revanche,  la sa l in i té  de son habi tat  e s t  généralement  é le vée  ; une 
teneur de 35 p. 1000 semble en être la l imite inférieure dans  les c as  les plus  courants .  Ce 
pourrait  être une des  r ai sons  de sa rareté  re la t ive  ici où les sa lures  osc i l l ent  autour de cet t e
valeur.  On peut  à ce sujet  rappeler  qu ' el l e  e s t  également  rare dans le golfe d e G u i n é e o ù  les
taux de sei  sont  faibles .

En condi t ions normales,  son abondance  et  sa f réquence sont  toujours plus grandes 
dans les s t a t ions  du large q u ' à  proximité de la côte  ; e l l e  e s t  le type-même des  formes p é la g i 
ques de surface.  Or, sur les cinq s t a t ions  de pêche  pra t iquées  au -d ess us  des  grands  fonds dans
le secteur ,  deux seulement  comportent  5. bipunctata.  Tous  les aut res  spéc imens ont  é té  récol tés  
soit  en rade d 'Hel lvi l le ,  soi t  sur le plateau cont inenta l  (fig. 11). Comment expl iquer  ce t te  
dist r ibut ion ?

Il faut invoquer les phénomènes hydrologiques carac t ér i s t i ques  de la région.  Nous 
avons indiqué en effet  que  la zone côt ière de Nosy-Bé e s t  inf luencée par le courant  comorien 
qui amène les eaux du large en direct ion du sud oue s t  - nord e s t  et  par des  courants  de marée 
relat ivement  p u i s s an t s  dont  le flux porte à l ' e s t .  C ' e s t  dans  ce déplacement  d es  eaux du large 
vers la côte  qu' i l  faut voir l ' or igine de l ' ex is t ence  de S. bipunctata  aux s t a t i ons  préc i tées .

Son carac t ère  pé lagique  demeure néanmoins apparent  si l 'on fait  le calcul  du nombre 
moyen de spéc imens  pr i s  par stat ion sur le plateau cont inental  et  au-delà.

Pos i t ion 
des  s t a t ions

Nombre moyen de 
spéc imens  par s t a t ions

Sur le plateau 
cont inental 0,7

Au-delà du plateau 
continental 1,6

(i) La lotit jd e de 58° 50, donnee por FRASER, m or quer ait la limite extreme de son ex tens ion ver s le nord sous I ' i nii uen- 
ce de la dérive atlantique.
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Les  pourcentages  des  t rois s t ades  de matur i té sexue l l e  montrent  la prédominance 
Stade I : 52,9% net t e  du s t ade  I, l es  immatures r eprésentant  plus  de la moit ié de la
Stade II : 23,5% populat ion.  On peut  donc penser  que les mois d 'oc tobre  à décembre
Stade III : 23 ,5% correspondent  à une pér iode de reproduct ion de  l ' e s p èc e .

On remarque enfin (tabl,  c i -après)  que les adu l t es  sont  prat iquement  a b s e n t s  de la 
rade d ' Hel lv i l le  et  l o ca l i sés  au contraire dans  une zone moins nér i t ique,  ce  qui e s t  en accord 
avec  le car ac t ère  pé lagique  de S. bipunctata.

- - ^ N 0 Stat ions
Stades

en rade d ' Hel lv i l le non s i tuée s  dans  la rade
26 29 30 32 36 37 39 44 51 60 62 63 64 67 71

1 1 3 1 1 1 1 1 2 1 1 3 2 1 1 3
11 1 2 • 2 2 1 1 1
III 2 2 2 3 1 1

Sagi t ta hexaptera d 'ORBIGNY,  1843

L'appa r t ena nce  de 5- hexaptera au mésoplancton profond, voire au bathyplancton,  en 
fait  une forme cosmopol i t e  qui vit communément  dans l es  o céa ns  At lant ique,  Pac i f iq ue  et  Indien,  
a ins i  qu ' en Mer Rouge et  en Médi terranée.

El le  n ' e s t  pas  t rès  abondante  dans  ces  pê che s  (75 spécimens) ,  ce  qui n ' infirme pas  
cependant  sa p r ésence  en quant i t é  plus grande dans  le secteur ,  mais  en profondeur.  On peut  en 
effet  considérer  qu 'e l l e  n ' a  é té  capturée  ici qu ' à  la faveur de la migrat ion nocturne qui amène 
en surface un cer tain nombre d ' individus ,  parmi les  j eunes  sur tout .  Et l 'on note d ' a i l l eu r s  la 
prépondérance de c es  derniers  (s t ade II, notamment)  dans  l ' échant i l lonnage,  avec  des  pourcen
t a ge s  de :

21,4 pour le s tade I
59.7 pour le s t ade  II
18.8 pour le s t ade  111

Forme profonde,  el le apparaf t  d 'ordinai re  rarement  dans  les eaux côt i è res .  Or, e l l e  se  
rencontre ici à la fois dans  les s t a t ions  nér i t iques  et c e l l es  du large,  de  sor te  qu'un regard sur 
la car te  de répart i t ion (fig. 12) la révèle p r ésen t e  prat iquement  sur toutes  les  s t a t ions ,  bien 
qu'en faible quant i t é  sur chacune.  Toutefoi s ,  le nombre moyen de spéc imens  par prélèvement  au 
large (4) es t  un peu plus é levé qu'en zone côt ière (2,6). De plus,  il semble  que les adul tes  ou 
les individus proches de la matur i té soient  plus nombreux a u- d es s us  de fonds importants (1,33 
en moyenne par stat ion) que près de la côte (0,41),  fait  t rès  normal pui sque  c ' e s t  en profondeur 
que l ' e s pè ce  ef fec tue  son développement  complet .

Ce t t e  prédominance de S. hexaptera au-delà  du p lateau cont inental ,  bien que légère,  
l a i s s e  penser  que les spéc imens  r ecuei l l i s  en zone nér i t ique y ont  é té  t ranspor tés  à la faveur 
des  courants  déjà  invoqués à propos des  e s p è c e s  se t rouvant  dans  des  condi t ions  s imi la i res .

Bien que F o w l e r  (1906)  en f a s se  une forme eurytherme ent re  les l imi tes inférieure 
de 6° et supérieure de 29°,  il semble qu ' e l l e  soi t  plutôt ,  du fait  de son a ppar tena nc e  normale 
au mésoplancton,  adap t ée  à des  t empératures  moyennes,  comme le t radui sent  les  chiffres  
suivants  : 14°5 à 21° 7 ( T o k i o k a ,  1940), 14° à 22° ( T h o m s o n ,  1947), 14°8 à 2 1 ° 4 ( M . - L .  
F u r n e s t i n ,  19 57),  qui concernent  les c ouches  superf  i ciel  l es  où les auteurs  c i t é s  l 'ont  également  
récol tée.  Sa capture  d ' oc tobre  à décembre dans  les eaux mal gaches  de surface,  beaucoup plus 
chaudes ,  es t  vra isemblablement  due  à la s i tuat ion nocturne des  p êches ,  i ' e s p è c e  pouvant  se 
maintenir  aux niveaux superf iciel s en dehors  des  heures  d ' enso l ei l l ement .
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Sur le plan de la sa l ini té ,  e l l e  exigerai t  des  condi t ions a s s e z  s t r i c t e s .  F o w l e r  et  
T o k i o k a  la considèrent  comme s ténohal ine  ; ce  dernier  indique de s  t eneurs  infér ieures à 
35 p. 1000 pour quelques  s t a t ions  pos i t ives  ; e l l e  mani fes te  cependant  une cer ta ine  tolé rance ,  
au moins dans  ses  s t a d es  ¡eunes,  que l 'on observe  par des  sa l in i tés  excédant  36 p. 1000. Quoi 
qu' i l  en soit ,  les t eneurs  vo is i nes  de 35 p. lOOOdu secteur  de Nosy-Bé,  sont  proches  del 'opt imum 
qu'on lui prête.

Sagit ta planctonis  STEINHAUS, 1896

Ubiquiste,  5. plancton is  peuple les t rois océa ns ,  la Mer Rouge et  la Médi terranée.

C ' e s t  une des  e s p è c e s  les moins bien r epré se nt ée s  dans  c es  prélèvements  (19 s p é 
cimens).

Elle e s t  généralement  t enue  pour une forme du mésoplancton et  ne se rencont re pas 
normalement  dans  les s t a t ions  côt i ères .  Or 14 spéc imens  du sec teur  de Nosy-Bé ont é té  pris 
a u- des s us  de pet i t s  fonds,  dont  9 en rade d 'He l lv i l l e  (fig. 13). Comme pour S. bipunctofn/ 
S. serratodentata paci f i ca,  P. draco et  S. hexaptera,  il faut donc faire intervenir  les courants  
di r igés du large vers la côte  (sud ouest-nord est )  pour expliquer  ce t te  répart i t ion

Organisme des c ouches  intermédiai res,  e l l e  e s t  adap t ée  à des  t empératures moyennes.  
D' après  T h i e l ,  e l le  serai t  rare a u- dessous  de 10°, nombreuse de 10 à 15° et diminuerai t  
d ' abondance  de 15 à 20° pour se raréfier encore  de 20 à 25°.  D a n s . c e s  condi t ions,  il n ' e s t  pas  
étonnant  que les eaux mal gaches  de surface en abr i tent  peu pendant  la sa i son chaude.

Les  captures  ayant  eu lieu de nuit,  on peut  penser  que le ra f ra îchi ssement  superf iciel  
nocturne favorise  la montée en surface de quelques  é léments  à partir  des  niveaux so us - j ac en t s  
où il es t  permis de supposer  que la populat ion es t  plus dense ,  au moins dans la zone des  fonds 
importants.  C ' e s t  là que doivent  se t rouver en par t icul ier  les  adul tes ,  comme c ' e s t  la règle  pour 
les formes profondes de Chaet ognat hes .  Et t rès rares sont ,  ici comme ai I leurs,  ceuxqui  o b é i s s e n t  
au rythme nycthéméral  r esponsab l e  de la migrat ion a sc en da nt e  des  jeunes.  Ces  derniers  const i tuent  
en effet  l ' e s s e n t i e l  des  pr i ses ,  les pourcen t ages  des  s t ad es  de matur i té sexuel l e  le p r éc i se nt :

Stade I : 78,8 %
Stade II . 15,7%
Stade III . 5,3%

CARACTERES DE LA FAUNE DE CHAETOGNATHES DU SECTEUR DE NOSY-BE

Nous voudrions à présent  dégager  à partir de nos r ésu l ta t s  que lques  a s p e c t s  du peuple
ment de Chaet ognat hes  de cet te  région,  en relat ion avec ses  pr incipales  c a r ac t é r i s t i ques  
topographiques ,  hydrologiques et  c l imat iques.

Ce  peuplement  es t  varié,  sinon t rès  abondant .  En effet  l ' inventai re,  bien 
à la région nord-ouest  et  donc t rès l imité dans  l ' e s pac e ,  a permis de ment ionner 
dont  11 sont  c i t ées  pour la première fois du canal  de Mozambique ( seules  S. enf lata  
tata y é ta ient  connues).

Cet te  var ié té  t ient  à la proximité des  grands fonds,  de laquel le  r ésul t e  aux abords de 
l ' I le une as soc i at ion  complexe de formes nér i t iques  et  pé lagiques .
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L ' a n a l y s e  de la répart i t ion de  c e s  formes donne lieu par a i l l eurs  à des  observat ions  
a s s e z  surprenantes  à première vue :

- d' abord,  le fait  de rencontrer dans  la zone eu l i t tora le  ( rade d 'He l lv i l l e  notamment)  
des  Cha et ogn at he s  à t endance  pélagique,  comme P. draco,  S. s. paci f i ca,  ou foncièrement  
pélagiques ,  comme S . bipunctata,  S. hexaptera e t  S- planctonis.

Cer tes ,  la topographie  sous-mar ine r évélant  un chenal  profond entre la côte  mal gache  
et  les bancs  s i t ués  au nord-ouest  de l ' I l e ,  donc au voi s i nage  du sec teur  de Nosy-Bé,  inci t a i t  à 
penser  que l 'on t rouverai t  une assoc i at ion  plus ou moins é t roi te  d ' e s p è c e s  pé lag i ques  e t  nér i t i 
ques.  Mais,  pour expl iquer  une t el le  pénét rat ion d 'o r gan i smes  de haute  mer à l ' in tér ieur  de r ades  
v a s eu se s ,  il faut  recourir aux phénomènes hydrologiques locaux.  C ' e s t  a ins i  qu 'on pe ut a t t r ibu er  
leur p ré senc e  à un apport  d ' eau  du large en di rect ion sud-ouest -nord-es t ,  vra i sembl abl ement  sous  
I' influence du courant  comorien.

Il e s t  a s s e z  s igni f icat i f  dé noter  à ce  propos que les He'te'ropodes et  P t é r opo des  se 
comportent  de la même façon que les Ch aet ognat hes  et qu 'on rencontre,  notamment  en rade 
d ' Hel lvi l le ,  au moins à cer ta ins  moments,  un mélange tout  à fait  s imila i re  de formes,  l es  unes  
relat ivement  côt i è res ,  les aut res  f ranchement  pé lag i ques  (FRONTIER,  1964).

Sans rien vouloir enlever  à la r éa l i t é  du t ranspor t  préci té ,  il ne faut pas  oubl ier  la 
disproport ion a c c u s é e  entre le nombre de pêches  e f fe c tu ées  au large d 'une  part  et da ns  la zone 
nér i t ique d ' au t r e  part .  C e t t e  disproport ion f a u s s e  quelque  peu l es  r é su l t a t s .  Il e s t  bien évident ,  
en effet ,  qu'on finira par recuei l l i r  un cer tain nombre d ' é lé ment s  pé lag i ques  dans  un sec teur  
côtier  (si léger que soi t  le t ransport  à la côte)  si l ' o n  y mult ipl ie les pêch es .  Or, il y a eu 
35 r éco l te s  en rade d ' Hel lv i l le  contre 6 seulement  au-delà  du p la t eau  cont inental .

- Autre fait  surprenant ,  la répar t i t ion quasi -uniforme des  e s p è c e s  d i tes  n ér i t iques  (Sa
gi t ta  hispida,  en par t icul ier)  sur l ' en s em bl e  du sec teur  qui comporte cependant  des  fonds im
portants.

Il semble  que pour expliquer cet te  uniformité de dis t r ibut ion,  il fai l le  invoquer la 
bathymétrie propre à la région qui apparaf t  comme une zone de fonds fa ib les  ou t r è s  f a ib l es  
e n ta i l l ée  par une f oss e  profonde mais re la t ivement  é t roi te  p a s s a n t  par les s t a t i ons  71, 54 et  59. 
L e s  e s p è c e s  nér i t iques  s e  t rouvant  en permanence et en abondance  dans les s ec te ur s  favora
bles de part  et  d ' aut re  de c e t te  fosse,  il se  peut  que  des  é léments  i so lés  so i ent  en t r a înés  
a u -dess us  des  profondeurs plus  grandes,  donnant  l ' impress ion d'un peuplement  s ans  solut ion 
de cont inui té  de  l ' e s t  à l ' oues t .  Quelques  pê che s  sur l es  hauts  fonds à l 'oues t  aura i ent  montré 
sans  doute une d en s i t é  accrue  de ces  formes cô t i ères  par rapport  au chenal  médian.

En déf ini t ive,  que ce  soi t  pour des  r a i sons  topographiques  ou hydrologiques,  la faune 
de Chaet ognat hes  du sec teur  nord-ouest  de Madagascar  e s t  di f f ic i le  à c ar ac t é r i se r  : il y a 
coex i s t ence  sur bon nombre de s t a t ions  de formes nér i t iques  et  pé lagiques  de sur face  Ou de 
profondeur,  et,  si l 'on fai t  le "bi lan" des  unes  et  des  aut res ,  on voit  q u 'e l l e s  sont  a u s s i  bien 
r e pr ése nt ée s  :

E s p è c e s  nér i t iques et  Sagi t ta hisp ida
semi-nér i t iques Sagi t ta regular is

Sagi t ta robusta  
Sagi t ta ferox 
Sagi t ta enf lata  
Sagi t ta pulchra  
Sagi t ta bedot i
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E s p è c e s  à t endance  Pterosagi t ta  draco 
pé lagique  et  Sagi t ta minima
pélag i ques  S. serratodentata pac i f i ca

Sagi t ta bipunctata  
Sagi t ta p lanctonis  
Sagi t ta hexaptera

L e  fai t  que tou tes  les  r éco l te s  aient  é té  pra t iquées  de nuit  devai t  d ' a i l l eur s  accentuer  
ce  mélange en a ss u r a n t  la capture  d ' individus  du mésoplancton soumis au rythme nycthéméral .

Néanmoins ,  parmi c e t  ensemble  complexe,  un élément  se  di s t ingue  par sa t rè s  grande 
abondance et  sa p r és enc e  sur tou tes  les  s t a t ions  ; c ' e s t  S- enf lata  dont  on peut dire qu e l l e  est ,  
et  de loin, l ' e s p è c e  dominante du secteur .

On a remarqué d ' au t r e  part  qu'en dehors meme des  formes profondes,  t e l l es  que 
S. hexaptera  e t  S■ planc t on i s  dont  il e s t  normal de n ' obse rver  en surface qu'un nombre minime 
d ' adul t es ,  il y ava i t  ici,  pour la plupart  d es  e sp è c e s ,  une t rès forte prédominance d ' immatures 
( st ade  I) ou au moins de j eunes  (s t ade II). Si bien que l ' o n  peut  envisager  de placer  aux mois 
d 'octobre,  novembre et  décembre,  c ' es t -à -d i re  au début  de la sa i son chaude  et  pluvieuse ,  une 
période de reproduct ion pour de nombreux Chaetognathes ,  notamment  S. robusta, S bedoti ,  
S. enf lata,  S. bipunctata.

L e s  que lques  a s p e c t s  sous  l esquel s  nous venons de décr i re la faune de  Chaefbgnathes  
du secteur  de Nosy-Bé concernent  bien entendu uniquement  la sa i son correspondant  aux prélè
vements ,  soi t  les  premiers mois de l ' é t é  aust ral .  Il se  peut  qu ' en  hiver,  avec l ' invers ion du 
régime de s  moussons ,  dont  l ' inf luence sur le mil ieu marin n ' e s t  pas négl igeable,  sa  composi t ion 
se modifie sens i bl ement  et  il se ra i t  du r es t e  i nté ressant  de pouvoir le vérifier par l ' examen 
de pêches  h iverna les .

Labora to i re  de Biologie animale 
(Plancton)

F a cu l t é  des  Sc iences .  Marsei l le
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ANNEXE

Données morphologiques

Parmi les t reize  e s p è c e s  ident i f iées dans  ces  prélèvements ,  p lus ieurs ,  qui ont  é té  
souvent  e t  longuement  décr i tes  d ' a pr ès  des  spéc imens  d 'or igine t rès  différente,  sont  bien con
nues.  Il ne r es t e  guère à dire sur leurs carac t ères  morphologiques et  nous nous bornerons à 
renvoyer aux t ravaux dans l es quel s  e l l es  ont é té  par t icul ièrement  é tudi ées ,  ou qui concernent  
plus spéc ia lement  des  exemplai res  de l ' Indopacif ique (i).

Ce s  e s p è c e s  sont  les su i van tes  :

Sagi t ta enf lata Sagi t ta minima
Sagit ta h i sp ida Sagi t ta planctonis
Sagit ta bipunctata Sagi t ta hexaptera
S. s. pac i f i c a  Pterosagi t ta draco

I1) On pourra consulter à leur propos les auteurs ci-après qui figurent en bibliographie :
DAVID (1956) - FURNESTIN (1957, 1958, 1959)
GEORGE (1952) - GHIRARDELLI (1948)
JOHN (1933) - JOHNSTON et TAYLOR (1929)
MICHAEL (1911)- RITTER-ZAHONY (1909, 1913)
SUAREZ CAABRO (1955)- THOMSON (1947)- TOKIOKA (1955, 1959).
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S fp IfÄ

F ig .14 S a g i t ta  p u lchra .  Dç gauche à droite^ 
maturité sexuelle (x l2 ) .

spécimens aux stades I, II, et III de



F ig .15 S a g i t ta  pu lchra .  Tête montrant les crochets écartés 
les dents antérieures et postérieures (estompées) 
et le pharynx par transparence (x 35).

F ig .16 Sa g i t ta  pu lchra .  Collerette vue de la base de la tête à 
la partie antérieure du tronc (x 270). On remarque un 
bouton sensoriel marginal et les ponctuations caracté
ristiques.
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Les  cinq aut res  e s pè ce s ,  en raison de leur a b s e nc e  d es  eaux a t l an t i ques  e t  médi ter 
ranéennes ,  ont é té  l ' obje t  d 'un nombre de t ravaux plus res t re int  e t  nous sont  moins fami l ières .  
Nous leur avons donc consa cr é  une at tent ion par t i cul i ère  e t  donnons pour chacune  les  c ar ac t è r es  
propres aux échant i l lons  malgaches ,  accompagnés  de photographies  et  d e s s i n s  pour la plupart  
inédi ts.

Sagit ta pulchra

On fera une descr ipt ion a s se z  complète de 5.  pulchra  (fig. 14) dont  la morphologie 
n ’a é té  encore q u ' a s s e z  succ intement  a na l ysé e  (i).

Le corps, t ransparent ,  rappel le  un peu celui  de 5.  e n f l a t a  mais il e s t  plus r igide.  Il 
es t  recouvert  de pa pi l le s  s ensor ie l l es ,  t rès  nombreuses  d an s  sa moit ié an tér ieure .  La  t ai l le  de s  
spéc imens va de 11 à 18mm.

Le segment caudal r eprésente  moins de 20 % de la longueur tota le  chez l ' adul t e .  La 
const r ict ion au niveau du septum caudal  es t  légère.

La tête (fig 15) e s t  courte,  r e la t ivement  l arge ;  cependant  e j l e  ne déborde pas  
la par t ie  supér ieure  du tronc quand les crochets  sont  repl i és  . Dimens ions  moyennes ; hauteur  : 
4 , 5% LT ; largeur au sommet  ; 1,8% LT ; largeur à la base  : 5 , 9 % L T .

Les yeux occupent  une posi t ion basa le .  Ils ont une t ache  pigmentai re mas s i ve  bordée,  
sur la face externe,  de  cel lu les  a l longées  et,  sur sa face  interne,  de c e l l u l es  t r iangulai res  plus 
pe t i t es  (fig. 25A).

Les dents antérieures (4 à 6) sont  courtes ,  incolores,  souvent  di f f ic i les  à compter ; 
les dents postérieures (9 - 12) sont  jaune clai r  et beaucoup plus longues .  Les crochets (6 - 7), 
indifféremment repl iés  contre la t ê t e  o u  é c a r t é s  en éventai l  sur les exemplai res  fixés,  sont  
jaunes et légèrement  renf lés  à la base.

Il n 'y a pas de diverticules intestinaux.

Le cou e s t  peu marqué.  Il es t  doublé d 'une  collerette étroi te,  de s t ructure vo i s i ne  de 
cel le  de S- bipuncta ta  . e l l e  p r ésen t e  des ponctua t ions  régu l i èr es  qui a ppar a i s se nt  comme les 
noyaux granuleux de c e l l u l es  arrondies (fig. 16) , e l l e  e s t  pa rsemée  sur toute sa sur face  de 
boutons épidermiques garnis  de poi ls  s ensor ie l s  et  s ' é t en d du cou à l ' ext rémi té  antér ieure  du 
ganglion ventral ,  soi t  sur près  de 25% LT,  mais e l l e  ne d é pa s s e  en aucun c a s  le gangl ion.

Les nageoires antér ieures  prennent  n a i s sa n ce  au niveau de la b as e  du ganglion nerveux 
ou légèrement  en avant  et font près  du t iers de la longueur tota le .  El l es  se  prolongent  j usqu’au 
voisinage du sommet des  ova i res  l orsqu’ils sont  mûrs.  El l es  sont  dépourvues  de rayons  da ns  la 
zone  a t t enante  au corps ; leur longueur fait  p l us  du double de ce l le  de la paire pos tér ieure .

Les  nageoires postérieures sont  t r iangulai res  et  dépourvues  de rayons le long du corps,  
dans la part ie antér ieure.  El l es  a t t e ignent  au maximum 14,0% LT e t  se  t rouvent  pour moi t ié  ou 
moins s i tuée s  sur le segment  caudal .

La rame c auda le ,  outre les  r ayons  qui la sout i ennent ,  porte 8 boutons épidermiques : 
4 sur sa marge postér ieure  et deux pa i res  de part  et  d ’autre  de la pointe  de la queue.

(1) Voir cependant FOWLER (1906), R |T T E R-Z AHON V (1913), JOHNSTON et TAYLOR (1929), GHIRARDELLl (1948), 
GEORGE (1952).
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Fig .17 Sagi t ta  pu lchra .  Ovaire (x 40) : a) à 
gauche, stade II (ovocytes accompa
gnés de quelques œufs mûrs ; ré 
ceptacles séminaux) ; b) à droite, 
stade III (œufs mûrs nombreux, ovo
cytes rares).

F ig .18 Sagi t ta  pu lchra .  Vésicules séminales 
(x 100) : a) à gauche, stade II ; b) à 
droite, stade III .
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L es  ovaires  mûrs r es t en t  minces  et  de longueur moyenne (moins de  25% LT)  p ui s qu ' i l s  
se  terminent  à peu près au niveau de la b a s e  des  nageoi res  antér i eures .  Au s t ade  I, les ova i res  
étant  f i l i formes et  t rès  courts ,  les ovocytes  ont  tous  mêmes dimens ions  (0,02mm de diamètre)  
Au s t ade  II, on di s t ingue  un mélange d ' ovocytes  plus ou moins gros,  l es  plus  volumineux ayant  
0,21 mm de diamètre et  les pet i t s ,  plus nombreux,  0,03mm.  L es  r é ce pt ac le s  séminaux sont  alors  
bien v i s i b le s  (fig. 17a) .  Au s t ad e  III, l es  ova i res  sont  presque  complètement  rempl is  de gros 
oeufs ,  de diamètre a s s e z  var iable  cependant ,  puisque,  chez c er ta i ns  spéc imens ,  ils sont  moins 
volumineux qu'au s t ade  précédent ,  avec  0,12mm de diamètre seulement .  On peut  donc supposer  
que les premiers ovocytes  a r r ivés  à matur i té sont  immédiatement  e xpuls és .  L e s  oeufs  mûrs sont  
régul ièrement  d i spos é s  sur toute  la longueur de l 'ovaire,  généra lement  sur une seule  file
(fig. 17b).

Les  v és i cu l es  séminales  sont  r ep ré se nt ée s  au s t ade  I par un simple é p a i s s i s s e m e n t  
épidermique ; minces e t  a l l ongées  au- s t ade  II, e l l es  sont  presque  s phér iques  à matur i té  (fig. 18a  
et  b). El les  sont  en c on ta ct  avec  la rame cauda le  mais non avec  les nageoi res  pos t ér i eures .

Mensurations et numérations stade 1 stade II stade III

Longueur total e
(mm) _

11 15 - 17 17 - 18

Hauteur de la tête 4,9 4,4 4,2

Segment caudal H 23,8 19,2 17,9

Nageoires antérieures ^ 28,5 34,8 32,1

Nageoires postérieures 14,0 13,4 12,1
Ovaires _ 3,8 13,2 21,4

Nombre de crochets 6 - 6 6 - 7 6 - 6
Nombre de dents antérieures 4 - 4 5 - 6 5 - 5

Nombre de dents postérieures 9 - 10 1 1 - 1 2 9 - 10

Quelques  c ar ac t é r i s t iques  de S. pulchra  du sec teur  de Nosy-Bé,  aux di f férents  
s t a de s  de matur i té s exue l l e .

Sagi t ta bedot i

S. bedot i  e s t  a s s e z  bien r eprésen t ée  da ns  cet te  col l ect ion  pour que nous  p ui ss i on s  
indiquer que lques-uns  de ses  carac t ères .

L e s  individus mesurent  de 9 à 11mm. Le corps e s t  opaque.  La tête  (fig. 19), quoique 
peu volumineuse,  p os s èd e  une armature importante comprenant  7 à 8 crochets ,  10 à 13 dents  
antér ieures  et  20 à 30 dent s  pos t ér i eures .  Le  nombre é levé  des  dents  e s t  du r es t e  un de s e s  
mei l leurs  ca r ac t è re s  de d i agnose  parmi les e s p è c e s  indo-pacif iques.

L e s  yeux sont  p l ac és  à d i s t anc e  à peu près égale  entre  le sommet et  la b a s e  de  la 
tête.  La  t ac he  pigmentai re  vue de face s e  d i vi se  en t rois b ranches ,  2 b ranches  ve r t i ca les  
é p a i s s e s ,  d ig i t ées  aux ext rémi tés  et  une,  latérale,  plus mince.  El le  e s t  bordée de  ce l l u l es  a l l on
gé es  et  e s p a c é e s  (fig. 25 B).

L e s  a v is  des  auteurs  divergent  que lque  peu quant  à l ' e x i s t e nc e  d ' une  col l ere t te  chez 
S. bedoti .  C e s  spéc imens portent  au niveau du cou un é p a i s s i s s e m e n t  t égumentai re  plutôt  qu ' une  
vér i t able  col l ere t te .
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F ig . 19 Sagi ta  bedo t i .  Tête (x40). On distingue les yeux, les 
dents postérieures très nombreuses et la base de quel
ques crochets.

F ig .20 S a g i t ta  bed o t i .  Ovaires au stade Fig. 21 S a g i t ta  bed o t i .  Vésicule séminale
II, remplis d'ovocytes (x 35). droite, au stade III (x 140). Noter

les relations entre les nageoires 
postérieures, les vésicules et la 
rame caudale.
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F ig .22 Sa g i t ta  ferox .  T-ête et partie anté
rieure du tronc. Latéralement, on 
distingue la collerette.

F ig .23 Sa g i t ta  ferox .  Vésicule séminale 
gauche, au stade If. Noter les 
relations entre les nageoires pos
térieures et les vésicules.

- V c -

m ÿ
• " ,  “ • " - í Á

Fig-24 S ag i t ta  ro b u s ta .  Vésicules séminales (x 110) : a) à gauche, stade II ; b) à droite, stade 
I I I .  Noter les relations entre nageoires postérieures et vésicules ainsi que le bourrelet 
formé par la collerette au-dessus de ces dernières.
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On n ' o b s e r v e  p a s  d e  d i v e r t i c u l e s  i n t e s t i n a u x .

Les  nageoi res  antér ieures ,  longues,  commencent  à l ' ext rémi té postér ieure  du ganglion 
ventral .  Sur les nageoi res  postér ieures ,  qui s ' é t endent  pour une bonne part sur le segment  caudal ,  
on compte des boutons épidermiques en nombre var iable,  le plus souvent  4. L es  deux paires  de 
nageoi res  sont  dépourvues de rayons le long du corps dans  leur moit ié antér ieure .  La rame 
caudale ,  t r iangulai re,  p r ésente  en général  8 boutons épidermiques.

Chez les individus dont  les organes géni taux mâles sont  à leur maximum de dévelop
pement,  nous n ' avons  observé  que des  ova i res  courts remplis d 'oeufs ,  pe t i t s  et t rès  nombreux 
(fig. 20) ; la protérandrie paraî t  donc a cc en tu ée  chez S. b e d o t i  car,  bien que nous n ' en ayons  pas 
vu de pius développés ,  il semble que de t e l s  ovaires  ne représentent  pas  le s t ade  III.

L e s  papi l l es  gén i t a les  s 'ouvrent  au niveau de Ja zone dépourvue de rayons des  
nageoi res  postér ieures .  L es  vé s i cu l es  sont  t rès  proches de ces  dernières  mais on peut c on si 
dérer q u ' e l l e s  ne les touchent  pas  exactement ,  alors  q u ’e l l es  sont en contact  avec  la rame cauda le  
par une bandel et te  tégumentaire .  Au stade III, e l l es  sont  t rès sa i l l antes  et  g lobuleuses ,  sans  
" tête"  di f férenciée  (fig. 21).

Sag/ffa robusta DONCASTER et  Sagi t ta ferox DONCASTER

Cr éée s  en 1902 par le meme auteur,  c es  deux e s pè c e s  ont plus  tard é té  mises  en 
synonymie mais sont  ac tuel l ement  à nouveau d i s t inguées .  Un travail  récent  (A . Alvarino * 
1962) leur a é té  consacré ,  qui fait  é tat  des  données  antér ieures  ( Doncaster, Michael » 
Fowler , Tokioka ) et  auquel  nous renvoyons pour f  etude comparat ive a ' e ns e mb le  des  deux 
e s p è c e s .  Nous ne s ignalerons  ici que quelques  par t i cular i t és  apparentes  sur nos spécimens et 
qui peuvent  aider  à séparer  ces  deux Chaetognathes  très voi s ins .

Les  nageoi res  antér ieures sont  plus cour tes  que les nageoi res  pos t ér i eures  chez
S. r o b u s t a  ; e l l es  sont  plus longues chez S. ferox.

- La col lere t te ,  bien développée  jusqu'au ganglion ventral  (fig. 2 2 \  se prolonge plus 
"di scrètement"  jusqu ' aux vé s i cu l es  séminales ,  au d e s su s  desque l l es  e l le  s ' é p a i s s i t  chez 
S r o b u s t a  en une sor te  de bourrelet  (i) (fig. 2 4b l  dont  la p résence  es t  i rrégul ière (sinon c o n t e s 
table)  chez 5 f e r o x .

Le contact  des  v é s i cu l es  séminales  avec  les nageoi res  postér ieures  es t  étroi t  chez 
S r o b u s t a  et  se mani fes t e  dès  le s t ade  II dans  l’a zone d ' inser t ion des  nageoi res  (fig. 24 aL 
Par  la sui te ,  il y a même recouvrement  de la tete  des  vé s i cu les  par le bord externe plus ou 
moins effi lé des  nageoi res  (fig. 24b) .  On peut  admet tre au contraire qu' i l  n'y a pas vér i table
contact  des  v és i cu l es  sémina l es  et des  nageoi res  postér ieures  chez S ferox (fig .23) ; ce  serai t
une d i f férence notable entre les deux formes.

- Les  vé s i cu l es  séminales  mures ont, en outre,  une tête plus sa i l l an te  chez S r o b u s t a .

- La t ache pigmentaire de l 'œi l  de S. r o b u s t a  es t  a s se z  typique . d i v i s é e e n  cinq
branches é pa i s s e s ,  dont  quatre presque c oa l es c en t es ,  et  bordée de cel lu les  a l longées  très 
c ar ac t ér i s t i ques  sur sa face externe,  de ce l lu les  beaucoup moins hautes  et  plus  régulièrement  
d i sp o sé e s  sur sa face interne (fig. 25C).

Sagi t ta regular is  AIDA

Bien que 5 r e g u l a r i s  ait  é t é d éc r i t e  de façon dé ta i l l ée  (Fowler 1906, Johnston et  Taylor 
1929, G hirardell¡\]948, George 1952, M .-L . Furnestin 1958), nous relèverons quelques-uns  des 
ca r ac t è re s  des  échant i l lons  malgaches.

(1) Un bourrelet de ce type existe aussi  chez S bipunctata,  mais il n' est  pas recouvert par les nageoires postérieures,  
comme chez S. robusta

96

1 2 0



Ceux-ci  mesurent  de 7 à 10mm. L e  corps e s t  r igide,  opaque,  garni de nombreuses  
papi l l es  sensor i e l l es .

La t ê t e  e s t  munie de 7 c rochets ,  5 den t s  antér i eures ,  9 - 1 0  den t s  pos t ér ieur es .  Les
yeux ont  de s  t ac hes  p igmentai res  é to i l ées ,  volumineuses ,  en tour ées  de pe t i t es  c e l lu les  ar rondies
(fig. 25D).

La  col l e re t te  forme capuchon autour de la t êt e  et  s ' é t end  au moins jusqu 'au ganglion 
ven t ra l . El le porte des  so i es  sensor ie l  l es  ra ides  f ixées  sur d es  boutons  épi derm iques à b a s e  large.

L es  nageoi res  antér ieures  sont  cour tes  ; c e l l e s  de  la paire  pos t ér i eure  sont  une fois
et  demie plus  longues ; e l l e s  se t rouvent  pour les t rois quar ts  sur le segment  caudal  e t  sont
séparées  des  premières par  un interval le  égal au t ie r s  environ des  nageoi res  antér i eures .  La 
rame cauda le  p os s ède  6 boutons épidermiques.

Le  tube d iges t i f  présent e  de s  d iver t i cu les  intest inaux.

L e s  ovai res  peuvent  al ler  jusqu ' au gangl ion ventral  à matur i té .  Le  diamètre moyen des  
œ uf s  e s t  de 0 , 16mm au s t ade  III.

L e s  v és i cu les  sémina l es  sont  a l l ongées ,  même à leur complet  développement  ; e l l e s  
sont  en contact  avec  les  nageoi res  pos t ér i eures  et caudale.

F ig .25 Détail de l'œ il
A : S a g i t ta  p u lch r a  (x 1 300)- B : S a g i t ta  b e d o t i  (x 1 200).
C : Sagitta robus ta  (x  1 000). D : Sagitta regularis (x 1 200).
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INTRODUCTION
No systematic work on the oceanic ranges of sea-birds or their ecology has previously 

been undertaken in the tropical Indian Ocean. This is reflected in the scant knowledge 
of most species which occur there, and in the fact that two forms of Procellarii, new to 
science, have been described from the Indian Ocean in the past 11 years. One of 
these, Jouanin’s Petrel Bulweria fallax, is known to occur in the area considered in the 
present paper (Jouanin 1957).

The ornithology of the northern Arabian Sea is important for two reasons. Large* 
concentrations of sea-birds are known to occur there (Bourne 1963) and several forms 
of sea-birds are endemic to the area. Although no detailed accounts have been published, 
several observations have suggested that increased organic production resulting from 
upwelling of sub-surface water, first described by Bobzin (1922), ultimately supports 
the large populations of sea-birds (Brongersma 1947, Parquin 1951, Meinertzhagen 
1954, jouanin 1957, Bourne 1963).

The purpose of the present work has been to describe the marine avifauna of south
east Arabia and to examine the relationships between sea-bird distribution and an 
upwelling area off the Arabian coast. This has been made possible by my participation 
in an oceanographical survey of the area on board the R.R.S. ‘ Discovery ’ during the 
International Indian Ocean Expedition.

The area considered in the present paper extends along the Arabian coast from 
Ras Fartak to Ras al Hadd (52° E. to 60° E.) and to about 200 miles offshore (Fig. 1). 
As the seaward limit, thus defined, is not a natural one, frequent references have been 
made to adjacent sea areas. Peters’ (1931,1934) nomenclature has been used throughout 
except as mentioned in the section on species’ distribution. Although new English 
vernacular names have recently been proposed for several species I have decided to use 
those given by Alexander (1955). All references to seasons of the year apply to those 
of the northern hemisphere.

MATERIAL AND METHODS
The present paper is based on my own observations from ‘ Discovery ’, but also 

summarizes other published and unpublished data. From 23 June to 20 August 1963, 
a survey was carried out on the ‘ Discovery ’ along the southeast coast of Arabia. In the 
first month of the survey five sections were planned to run from close inshore to about 
200 miles from the Arabian coast at intervals of about 150 miles (Fig. 2). Having 
delimited the areas of upwelling, an area around the Kuria Muria Islands was investi
gated in greater detail during the second month to examine the mechanism of the up
welling (Fig. 3). This programme was terminated prematurely after seven days 
and another area off Ras Fartak was studied for five days. In addition, the ship 
repeated the section off the Kuria Muria Islands (section III in Fig. 2) 10-13 March 
1964 and again 25-29 May 1964 (Fig. 4).

Throughout the surveys I made watches of about an hour for birds on, an average of 
four times a day, 05.30-08.00, 09.30-11.00, 11.30-12.30 and 15.30-18.00 hours. They 
were made from the highest deck of the ship at 13 m. above sea level, where an almost
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clear all-round view was obtained. During the 1963 survey, 205 counts were made off 
Arabia (Figs. 2 and 3) and in 1964 an additional 14 and 15 were made in March and May
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FIGURE 2. Mean positions of 1 hr. observations, 25 June-20 July 1963.
Sections referred to in text are shown by roman numerals. Arabic numerals refer to obser
vations used in Appendix Table A2. Key: # ,  lfchr. observations; O , plankton samples.
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respectively (Fig. 4). The results of these watches have been used in the present paper 
as an index of the relative abundance of birds. Their analysis is described in the 
Appendix.

Although observing birds from the ship unavoidably formed most of the ornitho
logical work, 14 specimens of seven species of sea-birds were collected. All of them 
had been attracted by the ship’s lights during overcast conditions at night. A small 
number of breeding sea-birds was also collected during a visit of a few hours duration to 
Hasikiya in the Kuria Muria Islands on 10 March 1964. All the specimens have been 
presented to the British Museum (Natural History). Weights (accurate within 10%) 
and measurements of birds were made by me personally and are given in gm. and mm. 
respectively, but full details of all of them are not yet available. On capture most 
specimens were placed in the ship’s deep-freeze after the stomach contents had been 
removed and preserved in formalin. Dr Malcolm Clarke of the National Institute of 
Oceanography has very kindly identified the less fragmented remains of cephalopods in 
this material.

53°

lO O N a u t i c o l  m i le s

54® 58°

-16®

A robion
S e o

F ig u r e  4. M ean positions of 1 hr. observations in  1964, 
K ey: • ,  8-13 March; o, 25-28 May.

During the surveys on board ‘ Discovery ’ many variables of the physical environment 
were measured at frequent intervals and the sea temperature was recorded continuously 
(Royal Society 1963). Plankton samples were taken at almost every station in the first 
month of the 1963 survey and at all stations in the surveys in March and May 1964 
(Figs. 2 and 4). A quantitative assessment of the standing crop of Zooplankton at 
different depths was made using nets 70 cm. in diameter and 200 /x mesh-size, metered 
for depth and flow (Currie & Foxton 1957). The displacement volumes of the samples 
were measured on board.

Abundance of plankton at the surface was measured at the completion of most 
stations by towing a neuston net (David 1965) for 15 min. This net, which was originally 
designed to sample organisms available to surface-feeding sea-birds, consists of a net 
30 x 15 cm. wide at the mouth, supported between two ski-boards àrranged so as to 
keep the net at the surface when towed from a boom projecting from the ship’s bows. 
It was towed at 5 knots, at which speed it kept clear of the bow wave. The displacement 
volumes of these samples were also measured. In addition to sampling surface plankton 
the net caught varying numbers of larger organisms, including fish and squid, especially 
at night.
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During the systematic watches for birds I kept a watch for large schooling fish and 
cetaceans. The order of magnitude of flying-fish (Exocoetidae) abundance was also 
estimated.

During the wnting-up of the present work I have been fortunate in having been 
given access to the sea reports of the Royal Naval Bird-watching Society, as well as of 
other observers, many of which cover the aiék under discussion. These have provided 
a valuable background of information, but the identifications vary greatly in reliability, 
and only the better-documented records have been included in the present paper. 
Judgement of their validity is mine, although much assistance was gained from published 
notes on these records (Bourne 1961, 1964, 1965, Bourne & Radford 1962).

GEOGRAPHICAL DESCRIPTION
The following summarized account of the southeast Arabian coast is based on the 

reports of the ‘ Discovery ’ cruises (Royal Society 1963, 1965). Only those parts 
relevant to the present paper have been included.

Along most of its length the coastline is exceedingly dry and barren and no permanent 
streams drain into the sea. Much of the coast is low and sandy, although there are 
cliffs, especially around the most prominent headlands. Fig. 1 shows the islands off 
the coast, most of which are very small and all practically without vegetation. The only 
islands of note are Masira and the Kuria Muria Islands.

The climate of the Arabian Sea is dominated by the two monsoons, which are 
accompanied by marked changes in the physical environment and in the abundance of 
living organisms. Whereas from May to September the wind is predominatly from the 
southwest and the humidity is high, from November to March the wind is from the 
northeast and the air is dry. Between these two seasons light variable winds prevail.

The effect of the southwest monsoon is to set up a clockwise system of surface currents 
in the Arabian Sea. At certain points off the coast, surface water tends to drift away 
from the shore and cool subsurface water, rich in nutrients, upwells to the surface. 
At the opposite season of the year, upwelling ceases and warm oceanic water, which is 
lacking in nutrients, occurs at the surface close to the Arabian coast. During the period 
of upwelling, that is from June to September, the high surface nutrient concentrations 
near the coast facilitate increased growth of phytoplankton and, in turn, an increase in 
the abundance of Zooplankton and organisms higher in the food chain. A preliminary 
look at the ‘ Discovery ’ data suggests that a succession of communities develops as the 
surface water drifts away from the shore.

The survey in 1963 (end June to late August) was carried out during the period of 
greatest intensity of the southwest monsoon. Offshore the wind was remarkably 
constant in direction, blowing from 210-220° with an average strength of force 5-6, but 
reaching force 9 at times far offshore and around the Kuria Muria Islands. During the 
survey at the end of May 1964 the monsoon was not fully developed; winds offshore 
were predominantly southwest or west-southwest, force 4, but close inshore the wind 
dropped. The survey earlier in 1964, in March, apparently coincided roughly with the 
waning of the northeast monsoon. More than 100 miles from land the wind was 
between northeast and southeast, whereas inshore it was southwest, possibly the result 
of local convection currents.

From June to August 1963, the direction of the surface currents was somewhat 
variable, but the tendency was northeastward along the coast, turning towards southeast 
farther offshore. There were indications of eddies in Kuria Muria Bay and off Ras 
Madraka. At a depth of 100 m. there appeared to be movement towards the coast, 
especially at stations near the continental slope, at about 30-40 miles offshore, indicating 
vertical circulation, with upwelling occurring near the coast.
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The area of upwelling can best be delimited by the properties of the surface water, 
particularly the surface temperature (Fig. 5). From June to August the coldest surface 
water (18-19° C) was confined to the immediate proximity of the coast and especially 
to Kuria Muria Bay and to the east of Ras Madraka. Further offshore the temperature 
rose somewhat irregularly to about 25° C in the Arabian Sea and there were clear indica
tions of fairly large eddies at some points. In March 1964, the sea surface temperature 
was 25°-26° C over most of the area but, even in the absence of strong offshore winds, 
the inshore water was about 1° C cooler. By late May 1964, the sea surface temperature 
prevailing in the Arabian Sea had reached 29°-31° C. The temperature profiles nearing 
the coast showed little sign of upwelling but, in Kuria Muria Bay, the surface temperature 
was 25°-26° C, suggesting that upwelling had begun to take place.

In June and July 1963, phosphate and nitrate concentrations were high in deeper 
layers but extremely low above 100 m., except near the coast on sections III, IV and V. 
The richest phytoplankton at the time was found close to the coast near Ras Fartak and

F ig u r e  5. Sea-surface temperature °C.
(a) 25 June-20 July 1963. (b) 30 July-7 August 1963.
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(a)

• o -  10 ml.

• 1 0 - 2 0  ml.• 2 0 - 3 0  ml.• 3 0  — 4 0  ml.
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Madraka

Muría
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(a)

2 0 -

60°
J_

56

Kurio Murta Islonds

-16°

-15°

•  0  -  5 ml
•  5 -  IO ml
•  I O -  15ml
•  15 - 2 0 m l  
# 2 0 - 2 5 m l
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56° 57°

5 6 ‘ 58 ‘ 59*

W  V  -  J  M I I .  0
•  5 - I O ml. 17-
#  10-15 ml. 
# l 5 - 2 0 m l

16®--16*
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(b) (c)
F ig u r e  6 . V o lu m e  o f  Z oop lank ton  c o lle c ted  in  70 cm . n e t ,  v ertica l h a u ls  from  0-200  m .

(a) 25 June-20 July 1963. Roman numerals refer to sections mentioned in the text;
(b) 8-13 March 1964;
(c) 25-28 M ay 1964.
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in Kuria Muria Bay. In general, all stations near the coast were comparatively rich at 
the surface but, beyond 20-30. miles from land, phytoplankton became more sparse. 
The seas off Arabia were notable for the abundance also of Zooplankton, the highest 
surface concentrations of which occurred at stations on the continental shelf, especially 
along sections III, IV and V (Fig. 6), the richest area of all being at the shoreward end of 
section III. In the top- 200 m. of the water column, however, Zooplankton was richest 
just off the edge of the continental shelf, i.e. further offshore than the peak of phyto
plankton abundance.

Although Zooplankton was considerably less abundant in March 1964 than in July 
1963, there were signs that phytoplankton was fairly abundant inshore, for the water 
there was still quite green. By late May 1964, there had been little change in Zooplankton 
abundance, except at stations close inshore where it had increased (Fig. 6).

From June to August 1963, flying-fish were seen almost exclusively in warm oceanic 
water outside the upwelling area (Fig. 7). Shoals of large fish, which were probably 
species of tuna, were seen rather infrequently and were common only off the Kuria Muria 
Islands and up to 100 miles from land on section III (Fig. 7). Dolphins were seen 
occasionally in the upwelling area, almost always close to land, and whales of several 
species were seen on fewer than ten occasions. In March 1964 there was little evidence 
of the abundance of life observed in the previous July and August. In May, however, 
several shoals of large fish were seen there, together with a few schools of whales and 
dolphins.

o o

No.  of f lying f i s h  / h r .

1 - 3  
3 — IO

IO —30 2 0 '—  2 0 °

3 0 - loo

I 0 0 - 3 0 0

IV
Kuria
Muria
Bay

6 .

100 
Naut i ca l  mi les

55°

F ig u r e  7. Abundance of flying-fish (Exocoetidae) and shoals o f fish at the surface, 25 June-20 July 
1963. Roman numerals refer to the sections mentioned in th e  text.
Key : ■ , approximate position of shoals o f large fish.
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PREVIOUS WORK
Much of the available information about the ornithology of southeast Arabia has 

been summarized by Meinertzhagen (1954). In general, almost all the published 
information is in the form of isolated records made on short visits, and Aden colony is 
the only locality for which long-term observations exist.

The only islets off southeast Arabia that have aroused the interest of marine orni
thologists are the Kuria Muria Islands. They were visited on several occasions in the 
middle of the last century when reports of guano deposits led to a short-lived guano 
trade (Hutchinson 1950). Von Heuglin (1873), the only ornithologist to visit the 
islands, reported sea-birds of several species there in vast numbers. Although there 
have been several recent unpublished reports of concentrations of birds in the offshore 
seas during the southwest monsoon, the islands themselves have not been visited at that 
time of year, when landing would be very difficult. The only reported landing by an 
ornithologist in the present century was on 9 April 1954 by David (1956), who landed 
on Qibliya. No sea-birds were recorded by P. R. D. Kimm (pers. comm.) in a short 
visit to Hallaniya in March 1963.

There is even less information about the birds which occur on offshore islets other 
than the Kuria Muria Islands. Owen (1857) reported that Arabs collected dung on 
“ Ul Hummer ”, which is possibly Jazirat Hamar an Nufur, an islet in the Gulf of 
Masira which has apparently never been visited by an ornithologist. The only other 
known sea-bird breeding stations in the adjacent areas of the Arabian Sea are the group 
of islands including Sikha Island in the northern Gulf of Aden (Smith 1956); Mait 
Island in the southern Gulf of Aden (von Heuglin 1873, North 1946); Astola, off the 
Mekran coast (Butler 1877) and Kai Farun to the north of Abd-el-Kuri (Hutchinson 
1950). It is conceivable that several breeding stations remain undiscovered.

Although the southeast coast of Arabia has been investigated so scantily, there are 
published sight-records of sea-birds for every month of the year along the regular shipping 
routes across the central Arabian Sea. A few transects through the seas off southeast 
Arabia have also been published (Alexander 1929, 1931; Maclaren 1946, Phillips 1947).

In addition to the published work, a large body of data, summarized in ‘ Sea Swallow ’ 
(1947-1964), has been collected by members of the Royal Naval Bird-watching Society. 
In particular, the thorough reports of G. S. Willis, based on ten years’ observations in 
the Arabian Sea, are worthy of mention. Although it is intended to incorporate many 
of these unpublished records in a later paper, they have formed much of the background 
material for the summaries of oceanic distribution in the present paper.

Despite the large number of scattered observations of sea-birds in the Arabian Sea, 
the only attempt to describe its avifauna as a whole is that of Bourne (1963). Most 
prominent among the reviews of single groups in these areas are those of the Procellarii. 
Junge (1941) reported on a collection of petrels from the northwest Indian Ocean in the 
Leiden Museum. Alexander (1954) summarized the existing records of the Réunion 
Petrel Pterodroma aterrima but, almost immediately afterwards, Jouanin (1955) cast 
doubt over the identification of all dark petrels in the Arabian Sea when he described 
a new species, B. fallax. Later, the same author reviewed the problem of dark petrels 
in the Arabian Sea (Jouanin 1957) and, since then, Bourne (1960) has added considerably 
to our knowledge by reviewing a large number of unpublished records. Some other 
works are concerned with storm-petrels only, the most important being those of Roberts 
(1940) and Gibson-Hill (1948).

Outside the Procellariiformes few reviews have been attempted. Records of phalaropes 
(Phalaropodidae) seen on voyages across the Arabian Sea have been summarized and 
reviewed by the Mörzer-Bruijns (1957) and the status of tropic birds (Phaethontidae) in 
the Indian Ocean has been reviewed by Gibson-Hill (1952). The only reviews of other 
groups are those of Archer & Godman (1937) and Meinertzhagen (1954).
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SPECIES DISTRIBUTION
The following section describes the oceanic distribution of sea-birds off Arabia as 

seen from ‘ Discovery ’ and from previous published and unpublished ̂ records. In 
addition, the method of identification is given because I think it is important that subse
quent workers should be able to evaluate my records in the light of new observations.

P u f f in u s  c a r n e ip e s . Pale-footed Shearwater
A common visitor to the Arabian Sea during the southwest monsoon, presumably 

from southwest Australia where it breeds Sep.-Jan.
One was collected on board ‘ Discovery ’ at 02.00 hours on 22 July 1963 at 23° 57' N., 

66° 08' E. The only specimen previously collected in the Arabian Sea was captured 
at 10°N., 62° E. in June 1925 (Junge 1941). The measurements (gm. and mm.) of 
my specimen are as follows:—

S ex  W eig h t W in g  T a il  Bill T a rs u s  P lum age
cJ 540 308 110 42 50 B ody an d  tail

in  m o u lt

I agree with Warham (1958) that P. carneipes is fairly easy to separate from other 
dark petrels at sea. Its large size, large pale bill, and heavy flight close to the water, 
with slow stiff wing-beats, were usually obvious at some distance. It is possible that 
some solitary birds were sometimes misidentified but I do not think this source of error 
is great.

I obtained no records of P. carneipes in March, but in late May, flocks were seen 
south of the Laccadive Islands heading northwest possibly towards the upwelling area 
off Arabia.

Off southeast Arabia itself, I saw small numbers at the very end of May, but it was 
common only from late June to mid-August (Figs. 8 and 9). The largest numbers 
were seen close to land in the area of coldest surface water, but a few were seen 
almost 200 miles from land in warm oceanic water (see Table 2). Close to land in the 
upwelling area it was often seen in parties and occasionally in large flocks, but only 
rarely with other species. It may have been less common within 50 miles of the 
Kuria Muria Islands and, unlike some resident species, its distribution was not 
centred at any particular point along the coast. These facts suggest that P. carneipes 
was associated with, but not entirely restricted to, the upwelling area. As the presence 
of land, as such, is unlikely to be an important factor, it seems reasonable to suggest that 
it is primarily attracted to the areas of cold water.

In the Arabian Sea past sight records have shown that P. carneipes is a common and 
regular migrant from April to October inclusive, the earliest recorded date being 18 April 
1961 (Willis unpub.). In May, records off Arabia increase but include no large concen
trations. There are few records for June but in July records are numerous from Ras 
Fartak to Ras al Hadd and include a few observations of large concentrations. By 
August, most records come from closer to the coast and there are even more records of 
large flocks. In September occurrences are still widespread, but fewer, though large 
flocks have been reported then off Ras Fartak and Ras Madraka. There are three 
records for October—-Alexander (1931), Cheshire & Fisken, quoted in Bourne (1964).

P u f f in u s  p a c if ic u s . Wedge-tailed Shearwater
Nests, mainly in the northern winter, on islands south of the equator in the tropical. 

Indian Ocean. Its status in the Arabian Sea is still not clear, for most previous records 
are unsubstantiated and probably refer to B. fallax (q.v.). There are, at present, only 
three records of its capture in the northwestern Indian Ocean and none are in the area 
covered by the present paper. One was collected at 10° N., 62° E. in June 1925 (Junge 
1941), another was captured and photographed at 9 |°  N., 661° E. in May 1960 (Bailey 
& Bourne 1963) and, finally, Medhurst (in prep.) has reported collecting one at Aden.
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F ig u r e  8. Number of birds seen/hr. 25 June-20 July 1963.
(a) Total birds, all species ( f )  Phaethon aethereus
(b) Puffinus carneipes (g) Sula dactylatra
(c) Puffinus lherminieri (h) Larus hemprichi
(d) Bulweria fallax (i) Sterna anaethetus
(e) Oceanites oceanicus (j) Thalasseus bergii

(For key and scale o f (c) to (j) see (b) ).

The identification of P. pacificus at sea presents some difficulties, for it is roughly 
intermediate in size between P. carneipes and B. fallax. The most reliable character 
seems to be the longish slender grey bill, which appears quite dark in the field. This 
character is only visible at short range, however, and is of little use in rough seas. 
Although differences in flight between this and B. fallax have been described (Bourne
1960), they seem to be poorly-marked in winds stronger than force 3.

There is no unequivocal evidence for the occurrence of P. pacificus in the upwelling 
area off southeast Arabia. From its breeding distribution in the western Indian Ocean 
(Alexander 1955), it would seem more likely that it is restricted to warm water areas.

At the end of May and again during July and August, I saw several shearwaters 
which I thought were P. pacificus well offshore off Arabia, but none was seen sufficiently
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F ig u r e  9. Number of birds seen/hr. 30 July-7 August 1963.
(a) Puffinus carneipes
(b) Puffinus lherminieri
(c) Bulweria fallax
(d) Oceanites oceanicus
(e) Phaethon aethereus 
( f  ) Sula dactylatra

(g) Phalacrocorax nigrogularis
(h) Lobipes lobatus
(i) Larus hemprichi 
(j) Sterna anaethetus 
(k) Thalassus bergii
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closely for certain identification—certainly it can only be rare in this sea area during the 
southwest monsoon.

Until a satisfactory means of identification can be found, records from the northern 
Arabian Sea should be substantiated by specimens or photographs and descriptions of 
captured birds.

P u f f i n u s  l h e r m i n i e r i . Audubon’s Shearwater
I accept the view of Phillips & Sims (1958) that the Persian Shearwater Puffinus 

persicus should be regarded as conspecific with P. Iherminiei i, from which it differs only 
in having a slightly longer bill. P. lherminieri is a pantropical species, represented in 
the northwestern Indian Ocean by P. I. persicus. Although it is a common resident 
from the Somali coast to northwest India and in the Persian Gulf, its breeding stations 
are unknown.

Five specimens of P. I. persicus have been collected previously in the Arabian Sea, 
and one was collected on board ‘ Discovery ’ at 01.40 hours on 18 August 1963 at 15° 
47' N., 52° 25' E. measuring (gm. and mm.):—

W eight W ing Tail Bill Tarsus State of plumage
195 202 74 29 37-5 No moult;

brood spot present
So far as is known, P. I. persicus is the only black and white shearwater occurring 

regularly in the northern Arabian Sea. Its small size and fast wings beats make it easy 
to distinguish at long range.

In March I did not record P. lherminieri in the Arabian Sea, but small numbers were 
seen in the Gulf of Aden (Fig. 10). Large numbers have been recorded at this time of 
year in the straits of Hormuz at the mouth of the Persian Gulf and in the southern Gulf 
of Aden (Bourne 1961). By May I found evidence that it had begun to move to the 
upwelling area; it was recorded twice, once in Kuria Muria Bay and once about 80 
miles offshore.

From June to August I found P. lherminieri was common off Arabia especially close 
to land off the Kuria Muria Islands (Figs. 8, 9, Table 2). It was almost entirely confined 
to the area of cool water and was not seen in water warmer than 27°C (see Table 2). 
This suggests that P. I. persicus is typically confined to upwelling areas, at least at that 
time of year. The largest concentrations were seen in the seas around Suda Island in the 
Kuria Muria group. Flocks of several hundred were seen about three miles offshore, 
and smaller flocks were seen up to about 70 miles from land.

P. lherminieri has been reported frequently in the past, in the Gulf of Aden and the 
Arabian Sea, especially near the Arabian coast and Socotra, in which areas Phillips 
(1954) and Bourne (1960) respectively have suggested it may breed. Neale (see Bourne
1961) has reported seeing birds moving inshore at night in March around islands in the 
Straits of Hormuz. From December to April, inclusive, most records are from the 
entrance to the Persian Gulf and the Gulf of Aden. In May and June there is evidence 
of a progressive shift towards the upwelling area off southeast Arabia, where most 
records come from in July and August. Records in September and October are very 
few, but by November and December some birds appear to have moved west to the Gulf 
of Aden, others northeast to the Gulf of Oman and the Persian Gulf. By comparison 
there are few records off southeast Arabia from September to March, inclusive, suggesting 
that P. lherminieri migrates from the upwelling area when upwelling ceases to be active. 
It has been suggested (Bourne 1963) that it inhabits other upwelling areas in the winter 
but there is little definite evidence.

B u l w e r ia  f a l l a x . Jouanin’s Petrel
Endemic in the northwestern Indian Ocean (Jouanin 1957). Although there are 

still few formal records, B. fallax has been recorded from the Gulf of Aden, the coast of 
southeast Arabia, possibly the southern Red Sea, and throughout the Arabian Sea south
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Puffinus lherminieri Bulweria fa lla*

Sula dociy la lra

Lobipes lobotus

Key
Numbers oí birds seen per hour

0 0  M  10-50
•  1 X
. , - 5  # 5 0 - 1 0 0

0 5-10  A  100-50

F ig u r e  10. Number o f  birds seen/hr. 8-13 March 1964.
(a) Puffinus lherminieri (d) Sula dactylatra
(b) Bulweria fallax (e) Lobipes lobatus
(c) Phaethon aethereus If) Larus fuscus

to the coast of Kenya and possibly east to India (Jouanin 1957). Despite its abundance 
in some areas, its breeding stations are still unknown.

Jouanin (1957) has described the earlier specimens but did not note that there are 
two in the American Museum of Natural History (Bourne, pers. comm.). Eight were 
collected on board ‘ Discovery ’, all off the Arabian coast, measuring (gm. and mm.):—

W eight W ing Tail Culmen Tarsus Plumage 
180 249 115 30 32 Brood spot
170 243 118 30 30 Brood spot
175 239 119 28 31 Abraded,

body moult 
around 
brood spot 

5 Brood spot 
Abraded, 
Brood spot

Date 
25 June ’63 
20 June ’63 
14 Aug. ’63

14 Aug. ’63
15 Aug. ’63

15'
Position 

36' N .,5 2 0 2 4 'E.
Sex

22° 16' N ., 60° 12' E. 
1 5 °3 4 'N .,5 2 0 3 3 'E.

’34' N ., 52° 33' E. 
’34' N .,5 2 0 3 3 'E.

18 Aug. ’63 
18 Aug. ’63 
27 Aug. ’64

15° 47' N ., 52° 25' E. 
1 5 °4 7 'N ., 52° 2 5 'E. 
13° 08' N ., 50° 18'E .

d
gonads
quite
large

175-180
175

246
238

119
113

28-5
31

33
31

185
150-155

168

246
235
241

118
1Í0
108

28
28
28-5

32-5 Brood spot 
32 Brood spot 
32 Brood spot, 

abraded, 
tail moult
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B. fallax was often difficult to identify for certain for its flight characteristics varied 
considerably in different wind speeds. With fairly close sightings, however, it was 
usually possible to see the black bill, thicker and shorter than that of P. pacificus. 
Sightings on birds in which this character was not observed have been excluded below.

In March I saw B. fallax commonly off the coast of Arabia (Fig. 10), especially off 
Ras Fartak in warm oceanic water; off the Kuria Muria Islands it was scarcer and its 
numbers gradually diminished with distance from the shore. In late May, B. fallax 
was concentrated in Kuria Muria Bay, where upwelling had apparently begun, but a 
few extended far into the Arabian Sea (Fig. 11). From June to August the distribution 
appeared little different, and B. fallax appeared to be the commonest and most wide
spread sea-bird off southeast Arabia. Although it was most numerous close to the coast 
in the cool water area, I saw it commonly up to 200 miles from land (Figs. 8, 9, Table 2). 
It was commonest of all hear the Kuria Muria Islands (Table 2), and breeding there 
is suggested by the fact that concentrations were seen close offshore on several early 
mornings. Large flocks of B. fallax were seen only once, off Ras Fartak on 18 August 
1963; usually, when large numbers were seen, they occurred in dispersed parties.

Jouanin (1957) and, later, Bourne (1960) recognized that B. fallax must have often 
been reported erroneously as Pterodroma aterrima and Puffinus pacificus in the past. 
Recently, B. fallax has been captured in the central Arabian Sea (see Bailey & Bourne 
1963, Bourne & Radford 1962) and at Aden by Medhurst (in prep.). In addition, many 
others have been reported, especially from around Socotra and the Kuria Muria Islands 
(‘ Sea Swallow ’ 1959-62), but few of them have been substantiated by a critical 
description.

Although its movements are not yet clear, there seems little doubt that B. fallax is 
common off the southeast Arabian coast throughout the year, extending into the Gulf of 
Aden, the Gulf of Oman and far into the Arabian Sea. There is also some evidence 
of a southward dispersal, for one was collected in Kenya in December 1953 (Jouanin 
1957), but its extent and regularity is not known.

O c e a n it e s  o c e a n i c u s . Wilson’s Storm-petrel
An abundant visitor to seas off southeast Arabia during the southwest monsoon; rare 

in winter. The origin of birds seen in the northern Indian Ocean is not known, but 
collected specimens exhibit the full range of variation of the species, suggesting that both 
antarctic and subantarctic populations are involved.

Two specimens captured on board ‘ Discovery ’ on 3 July 1963 off southeast Arabia 
at 16° 44' N., 54° 05' E. are the first to be collected in the area discussed in this paper 
(although two in the British Museum were collected in the Gulf of Aden in November 
1907), and measure (gm. and mm.):—

W eight W ing Tail Bill Tarsus Plumage
ca. 24 142 63 12 36 Body moult,

brood spot
ca. 24 153 66 12-5 33 Body moult

It seems particularly interesting that one specimen still had a prominent brood spot, 
suggesting that the growth of feathers on the abdomen is postponed until after the 
northward migration. Although body moult was progressing in both specimens, wing and 
tail moult apparently takes place later (Bourne 1960). Several specimens have been 
collected previously elsewhere in the Arabian Sea and a large number has been collected 
off southern India during the southward migration in October and November.

As O. oceanicus is the only black storm-petrel with a white rump known to occur in 
the Arabian Sea it cannot be mistaken. I did not see O. oceanicus in March and only 
small numbers off Arabia in May. Most were seen far offshore and it seems likely, 
therefore, that migration was still in progress at the end of May.
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During July and August, I found O. oceanicus common along the whole coast of 
southeast Arabia, but especially on the edge of the continental shelf (Figs. 8 and 9). 
Very small numbers were seen more than 50 miles from land (Table 2). The largest 
concentrations were seen between Ras Fartak and Ras Marbat and off Ras al Hadd but, 
unlike some other sea-birds, rather small numbers were seen in the centre of upwelling 
around the Kuria Muria Islands (Table 2). O. oceanicus occurred in water of a wide 
range of temperatures but with perhaps a preference for 23-24° C (Table 2). Bourne 
(1963) considers that this species concentrates in the upwelling areas, but my findings 
show that it is commoner outside them, so it may avoid the coldest water.

The huge concentrations of O. oceanicus reported off Arabia in the summer (e.g. 
Brongersma 1947) show clearly that it is the commonest migrant sea-bird there. Its 
distribution has been reviewed by Roberts (1940), Gibson-Hill (1948), and Bourne 
(1960). Most arrive during May and from June to July it is common off Arabia and 
extends into the central Red Sea. In August the records become concentrated close to 
the Arabian coast prior to the departure which begins in September and continues into 
October and November, when large numbers have been seen migrating south off southern 
India (Phillips 1954). It is rare in the winter but has been recorded from the Arabian 
Sea in every month of the year except January (Ticehurst 1927, Maclaren 1946, Gibson- 
Hill 1948, Willis unpub.).

P e l a g o d r o m a  m a r i n a . White-faced Storm-petrel
A regular migrant to the Arabian Sea during the southwest monsoon, presumably 

from southwest Australia where it breeds during the northern winter.
Previously, eight specimens have been collected in the Arabian Sea during the 

southwest monsoon, and most of them were in moult (Junge 1941, Mörzer Bruyns & 
Voous 1964). One was collected on board ‘ Discovery ’ on 19 July 1963 at 21° 09' N., 
60° 26 'E., measuring (gm. and mm.):—■

W eig h t W in g  T a il C u lm en  T a rsu s  P lum age 
46 150 (69) 18-5 38 W in g , ta il an d

bod y  m o u lt

At sea P. marina is easily distinguished from all other storm-petrels by its grey 
upperparts and white underparts and by its characteristic flight, in which it appears to 
spring from the sea surface and to sail several feet on motionless outspread wings before 
touching the water again. It seems likely that this type of flight is dependent on fairly 
strong winds, but I never saw the species in calm weather.

I did not see this species in March but in mid-May a few were seen south of the 
Laccadive Islands heading northwest, and in late May it was again seen far offshore in 
small numbers. During July I occasionally saw P. marina off southeast Arabia, almost 
always between 50 and 100 miles from land (Fig. 8), that is some way off the continental 
shelf; five of the six observations were in water of about 24° C.

Previous records of P. marina in the Arabian Sea suggest that it migrates to the 
northern periphery of the Indian Ocean in late May and departs in September, being 
present there in much smaller numbers than O. oceanicus and further offshore (Bourne 
1960, 1963). From May to July it has been recorded fairly frequently off southeast 
Arabia, but not in August and September in the area reviewed in the present paper. 
There have been several recent records from the Arabian Sea (Bailey & Bourne 1963, 
Mörzer Bruyns & Voous 1964).

F r e g e t t a  t r o p i c a . Black-bellied Storm-petrel
There is only one formal record in the central Arabian Sea, bui it appears to 

be common there during the southwest monsoon, presumably migrating from the 
southern Indian Ocean where it breeds in the southern summer (Bourne 1960). It is 
rare in Arabian coastal seas.

142



243

There is a specimen from the Bay of Bengal in the British Museum, but the 
only definite record from the Arabian Sea is of a bird captured and photographed by 
N. Bailey at 8° N., 73° E. on 9 September 1960 (Bailey & Bourne 1963). To identify 
F. tropica at sea, a view of the black line down the abdomen is essential ; it is apparently 
never present in F. grallaria (Bourne 1960). The latter has been reported in the Arabian 
Sea by Jones (1964) and Norris (see Bourne 1965), but the variation in the plumage of 
F. tropica makes all identifications of F. grallaria doubtful, and there would seem to be 
no unequivocal proof of its occurrence in the northern Indian Ocean.

I did not see Fregetta spp. in March, but I saw them in numbers off Arabia in late 
May, most of which I identified as F. tropica. During July I saw a species of Fregetta 
on three occasions off Arabia, all more than 30 miles from land in warm (24-27° C.) 
oceanic water: 3 July 1963, 16° 2 0 'N., 54° 2 6 'E. (doubtful); 6 July 1963, 16°43'N ., 
57° 33' E.; 13 July 1963, 17° 36' N., 60° 11' E. On two of the birds I saw the black 
line down the abdomen clearly and concluded that they were F. tropica. These records 
strengthen Bourne’s (1960, 1963) view that Fregetta spp. occur further offshore than 
P. marina.

A species of Fregetta was first reported in the Arabian Sea by Phillips (1947) who 
saw what he thought were F. tropica about 200 miles off Arabia in July 1945. Several 
subsequent reports of birds on which the black line down the abdomen was distinguished 
suggest that it occurs in the central Arabian Sea from May to August inclusive, but that 
it rarely enters the upwelling area.

O c e a n o d r o m a  m o n o r h i s . Swinhoe’s Storm-petrel
Breeds on islands in the western Pacific Ocean; ranges west regularly to Singapore 

and has been recorded in Ceylon, in the Arabian Sea and in the northern Red Sea. 
Apparently a vagrant to seas off Arabia.

One was captured on board ‘ Discovery ’ at 15° 47' N., 52° 25' E. on 18 August 1963, 
measuring (gm. and mm.) :—

Weight W ing Tail Culmen Tarsus
40 152 75 14 23

Apart from the specimen collected, O. monorhis was not seen off Arabia except that, on 
28 May 1964, a bird which I thought was this species was seen at 13° 09' N., 56° 47' E. 
Previous records of O. monorhis in the western Indian Ocean are extremely few (Bourne 
1960, 1965), though a black storm-petrel seen by Norris (1952) off Aden in August 
1951 may have been this species. An exhausted bird was captured at the head of the 
Gulf of Aqaba in January 1958 (Merom 1960).

P h a e t h o n  a e t h e r e u s . Red-billed Tropic-bird
A pantropical species represented in the northern Arabian Sea, the Red Sea and the 

Persian Gulf by a resident endemic subspecies, P. a. indicus, which has been recorded 
breeding between March and November. It is the only tropic-bird known to occur in 
the northern part of the Arabian Sea, although it is conceivable that P. lepturus may wander 
north occasionally. Adults are easily separated by the length of the tail feathers, (shorter 
than in P. lepturus) and by the colour of the bill (red in P. aethereus and yellow in P. 
lepturus) ; but immature birds are difficult to distinguish at sea.

In March I saw P. aethereus in very small numbers, all far offshore (Fig. 10), but 
by late May it was present in generally larger numbers off Arabia, and more were seen 
inshore around the Kuria Muria Islands (Fig. 11).

From June to August I found adult P. aethereus widespread off Arabia to the east of 
Ras Fartak (Figs. 8 and 9), usually occurring singly or in pairs. There was some evidence 
(Table 2) that they were commonest within 20 miles of the Kuria Muria Islands in the 
coldest water, but further out there was no noticeable diminution in numbers with

143



244

increasing distance offshore (Table 2). Clearly it was not restricted to the upwelling 
area.

Although P. aethereus is resident in the northern Arabian Sea, there is a considerable 
amount of evidence to suggest that it regularly concentrates off southeast Arabia in 
April and May: among many other reports, David (1956) saw large numbers around the 
Kuria Muria Islands in April 1954. Large numbers have been seen in the upwelling 
area up to August but by September there is some evidence of a dispersal out to sea. 
During the winter, reports off southeast Arabia are few and there are proportionately 
more records from the Gulf of Oman. There is as yet no definite proof that it breeds 
on the Kuria Muria Islands, but it has been reported there by von Heuglin (1873).

S u l a  d a c t y l a t r a . Blue-faced Booby
A pantropical species represented in the Indian Ocean by S. d. melanops. In the 

Arabian Sea it is resident, breeding on Mait Island (Heuglin 1873), the Kuria Muria 
Islands, Kai Farun (Hutchinson 1950) and in the southern Red Sea (Morris 1962). The 
breeding season appears to be extensive, lasting from about March to November.

Six adult males with enlarged testes were collected on Hasikiya Island in the Kuria 
Muria group (17°28'N ., 55° 36 'E.) on 10 March 1964, measuring (gm. and mm.):

W eig h t W in g T a il C u lm en T a rsu s
1570 420 176 99 58
1550 421 180 100 56
1500 430 180 97 52
1660 425 169 103 51
1630 407 175 104 55
1480 420 177 101 58

In March and May its distribution appeared to be much as in July and August; in 
March it was common around the Kuria Muria Islands and extended in small numbers 
far offshore (Fig. 10), whereas in late May it seemed to have concentrated nearer the 
coast (Fig. 11). During July and August I saw adult S. dactylatra in large numbers 
only off the Kuria Muria Islands, especially around Hasikiya Island (Figs. 8 and 9, 
Table 2); elsewhere most seen were in immature plumage. There was a gradual 
decrease in numbers with increasing sea temperature; very few were seen in water 
warmer than 27° C. (Table 2).

Two to three thousand adults were seen on Hasikiya Is. in the Kuria Muria group on 
10 March 1964. There were many empty nests surrounded by white patches of excreta 
but only some 50 occupied nests contained eggs C/1 or C/2 in roughly equal proportions, 
but all clutches might not have been complete.

Unpublished records suggest that S. dactylatra is resident in the seas off southeast 
Arabia throughout the year. There is no evidence to suppose that any adults leave the 
upwelling area when upwelling ceases during the northeast monsoon, for large numbers 
have been seen during most months off the Kuria Muria Islands, usually flying towards 
or away from them. Breeding has been reported in the past by von Heuglin (1873), and 
David (1956) photographed breeding birds on Qibliya Is. in April 1954.

S u l a  l e u c o g a s t e r . Brown Booby
A pantropical species represented in the northwest Indian Ocean by S. I. plotus, 

which breeds on islands in the Red Sea and on Mait Island. When not breeding it 
occurs on the Arabian coast, but rarely to the east of Ras Fartak.

I saw one definite example of S. leucogaster in Kuria Muria Bay about two miles 
offshore, on 4 August 1963, (distinguished from immature S. dactylatra by its clearly 
demarcated underwing pattern and pale bill), and another, possibly of this species, off 
the north coast of Socotra in late June. Clearly S. leucogaster is rare in the upwelling 
area.
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P h a l a c r o c o r a x  n ig r o g u l a r is . Socotra Cormorant
Endemic in the northern Indian Ocean, breeding on islands in the Persian Gulf in 

March, and possibly off Socotra and southeast Arabia. In the non-breeding season it 
extends west at least to Aden.

On 10 March 1964 one adult and three immatures were seen on the shore on Hasikiya 
but the only evidence that they had nested there was a few bones found near the shore, 
including one poorly-ossified skull, almost certainly the remains of a pre-fledging 
juvenile. In May 1964 it was not seen off Arabia, but insufficient time was spent there 
to make sure that it was absent. During July and August, P. nigrogularis was seen only 
in Kuria Muria Bay (Fig. 9), in water of 19° C or below. The only large flocks were 
seen between Hasikiya Is. and Ras Hasik on the Arabian mainland.

P. nigrogularis has frequently been recorded in the northern Gulf of Aden. Smith 
(1956) was told locally that it nests on Sikha Island, and Hines (pers. comm.) has con
firmed that cormorants are abundant in the seas around this island. There is also one 
record just to the west of Ras Fartak (Bates 1938), but there have hitherto been no 
records of cormorants from the area covered in the present paper, except for a dubious 
record from Masira reported as Phalacrocorax carbo (de Schauensee & Ripley 1953). In 
the eastern Persian Gulf P. nigrogularis is an abundant breeding species.

L o b ip e s  l o b a t u s . Red-necked Phalarope.
An abundant winter visitor to the northern Arabian Sea from its breeding grounds 

in the northern Palaearctic.
An adult, moulting out of summer plumage, was collected on ‘ Discovery ’ on 

17 August 1963 at 15°49'N ., 53° 0 0 'E., measuring (gm. and mm.):—
Weight W ing Tail Culmen Tarsus Plumage
ca. 32 109 47 22-5 19 Abdomen feathers in

pin , summer plumage 
still prominent

Although Grey Phalaropes Phalaropus fulicarius have been reported in the Arabian 
Sea (Meinertzhagen 1925, 1937, 1954; Bourne 1961), I feei that there is no certain 
evidence of their occurrence, since it is almost impossible to see phalaropes at sea close 
enough for identification and the few collected specimens of phalaropes have all been 
L. lobatus.

In 1963 we first saw phalaropes off southeast Arabia on 2 August. By the middle of 
the month numbers had increased considerably and a few flocks of 200-300 were seen 
in the cold water areas off Ras Fartak and in Kuria Muria Bay (Fig. 9). In March I saw 
a few off Arabia, the only flock being close inshore near Kuria Muria Bay (Fig. 10).

Previous records have shown that phalaropes are abundant winter visitors to the 
Arabian Sea. The earliest autumn record is at 15° 18' N., 52° 12' E. on 27 July 1961 
(Harrison—see Bourne & Radford 1962), but most appear to arrive in August and 
September, when large numbers have been seen, especially near Ras Fartak. In the 
winter the largest numbers have been recorded from the Gulf of Aden and the Gulf of 
Oman (e.g. the Mörzer-Bruijns 1957), but only small numbers are usually present off 
southeast Arabia at this time. Most appear to leave the Arabian Sea in April but there 
are a few records in May, the latest being 20 May 1960 in the Gulf of Oman (Neale & 
Miles unpub.).

C a t h a r a c t a  s k u a . Great Skua
A rare visitor to the Arabian Sea, from the antarctic and subantarctic, mostly during 

the southwest monsoon (Mörzer Bruyns & Voous 1965). None has been collected, so 
it is not clear which subspecies have occurred.

In 1963, C. skua was seen on five occasions (in no case was the subspecies determined), 
all within the upwelling area and mostly near the Kuria Muria Islands: 3 July 1963 at
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16° 24' N., 54° 21' E. ; 1 August 1963 at 17° 56' N., 57° 32' E. ; 2 August 1963 at 17° 19' N. 
56° 4 0 'E.; 3 August 1963 at 17° 2 5 'N., 55° 33 'E.; 7 August 1963 at 17° 14 'N., 
55° 55' E.

Although Alexander (1931) reported C. skua in the Arabian Sea in September 1929, 
evidence that it occurs there regularly during the southwest monsoon has been published 
only recently (Mörzer Bruyns & Voous 1965). It has been reported in the area covered 
by the present paper between March and September inclusive.
S t e r c o r a r iu s  p o m a r in u s . Pomarine Skua

A migrant from the north, commonest in winter but regular in small numbers 
throughout the year. Although adults occur in winter, most summering birds are 
immatures and can only be identified by their heavy build.

A few immature skuas which I believe were S. pomarinus were seen off southeast 
Arabia as follows: 30 June 1963 at 16° 34 'N., 54° 0 5 'E.; 15 July 1963 at 23° 04'N., 
59° 04' E.; 30 July 1963 at 19° 06' N., 57° 56' E.; 31 July 1963 at 18° 26' N., 57° 24' E.; 
26 May 1964 at 17° 08' N., 55° 48' E.

There are few published records of Stercorarius spp. in the Arabian Sea (e.g. Elliot 
1952, Smith 1956) although Medhurst (in prep.) has recorded both S. pomarinus and 
the Arctic Skua S. parasiticus in quite large numbers at Aden. The unpublished records 
suggest that skuas are quite common off southeast Arabia especially in the winter, but 
that the largest numbers occur in the Gulf of Oman. In the upwelling area skuas 
thought to be S. pomarinus have been reported from January to July inclusive and in 
September. It seems likely, therefore, that S. pomarinus occurs off Arabia regularly 
during the winter in small numbers and that a few young birds remain through the 
summer. It appears to be rare in the upwelling area during the upwelling season.

L a r u s  h e m p r i c h i . Hemprich’s Guii
Endemic in the northwest Indian Ocean, breeding in the summer on islands off 

Kenya, on the eastern Somali coast, off the Mekran coast, on islands at the foot of the 
Gulf of Aden, in the southern Red Sea and possibly in the northern Gulf of Aden. 
Although some Hemprich’s Gulls are resident off the Arabian coast throughout the year 
many appear to migrate south in the winter.

In March I saw L. hemprichi off southeast Arabia only in the Gulf of Aden. In 
May, small flocks were seen in Kuria Muria Bay and a little further offshore (Fig. 11), 
but there were no large flocks (presumably birds gather there later in the year). From 
June to August I found it abundant close to the shore off the entire coast of southeast 
Arabia (Figs. 8 and 9), but especially in Kuria Muria Bay, where flocks of several 
thousand were seen (Table 2). Up to about 50 miles from land, and 90 miles on section 
III, flocks of up to 50 were frequently seen, usually, but by no means always, following 
the ship.

L. hemprichi is extremely common at Aden and there are several records from the 
Arabian coast within the limits of the upwelling area. Browne (1950) found it common 
at Masira in June and September, and near Ras Risut in June; and Smith (1956) has 
reported that it may breed in July and August on Halania Island in the northern Gulf of 
Aden. The unpublished records suggest it is common off southeast Arabia throughout 
the year, though there are few records of large concentrations outside the Gulf of Aden, 
all of them during the southwest monsoon.
L a r u s  f u s c u s . Lesser Black-backed. Guii

A winter visitor to the coasts of the Arabian Sea, small numbers remaining throughout 
the summer. At least three subspecies occur, of which L. f. fuscus and L. f. heuglini 
are common while L. f . taimyrensis is rare (Meinertzhagen 1954).

From June to August I saw L. fuscus only at Aden, but small numbers of immatures 
and adults, most of which appeared to be L. f . heuglini from their sooty grey mantle
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colour, were seen off the Kuria Muria Islands and in the Gulf of Aden in March (Fig. 10). 
Previous records show it is extremely common at Aden in the winter but much rarer in 
the summer (Meinertzhagen 1954). Along southeast Arabia there are numerous records 
of small numbers but it appears to be less common than in the Gulf of Aden and the 
Gulf of Oman. It appears to be rare in the upwelling area during the summer, but has 
been recorded on Masira and near Mukalla in September (Browne 1950).

L a r u s  ic h t h y a e t u s . Great Black-headed Guii
A rare winter visitor to the coasts of the Arabian Sea. Recorded on Masira in 

February (de Schauensee & Ripley 1953).

L a r u s  g e n e i . Slender-billed Guii
Breeds near the Mekran coast and in the Persian Gulf. Small numbers have been 

recorded at Aden in the winter. Recorded on Masira in September (Browne 1950).

H y d r o p r o g n e  t s c h e g r a v a . Caspian Tern
A passage migrant and winter visitor in small numbers to southern Arabia. Recorded 

on Masira in September (Browne 1950).

S t e r n a  r e p r e s s a . White-cheeked Tern
Endemic in the northwest Indian Ocean breeding in summer in the Red Sea, the 

Persian Gulf, off Kenya, possibly off western India and at the foot of the Gulf of Aden. 
Mostly migrates south in the winter. Recorded as extremely common on Masira in 
June and September (Browne 1950).

S t e r n a  a n a e t h e t u s . Brown-Vinged Tern
A pantropical species represented in the northern Arabian Sea by S. a. fuligula, 

which breeds in the summer on islands off Kenya, in the Persian Gulf, the Gulf of Aden 
and the Red Seà. Mostly migrates south in the winter.

Although it is possible to confuse S. anaethetus with S. fuscata at sea, I found the paler 
colouration of S. anaethetus, and its more direct flight close to the sea, useful field charac
ters.

In early March I recorded only one off Ras Fartak, and none at all off the Kuria 
Muria Islands in May. From June to August I saw small numbers off Arabia except 
near the Kuria Muria Islands where it was then common (Figs. 8 and 9, Table 2). The 
largest numbers were seen close to land but flocks were seen up to about 80 miles offshore 
(Table 2).

There are few published records in southeast Arabia (Barnes 1893, Browne 1950, 
Meinertzhagen 1954) but the unpublished records suggest that it is extremely common 
in the Gulf of Aden and the Gulf of Oman from March to October. There are very 
few records in the winter and it seems certain that most migrate south, as suggested by 
Meinertzhagen (1954). Off southeast Arabia it seems to be rather local, although it has 
been recorded off the Kuria Muria Islands, Masira and Ras al Hadd mainly during the 
southwest monsoon (e.g. Browne 1950).

S t e r n a  a l b if r o n s . Little Tern
Represented in the northern Indian Ocean by S. a. saundersi as a breeding bird, and 

by S. a. albifrons as a winter visitor. In the Arabian Sea, saundersi breeds in the summer 
off the Mekran coast, in the Persian Gulf, on Masira, in the Red Sea and on the coast of 
eastern Somalia.

A flock of seven S. albifrons was seen off Masira on 14 July 1963 at 20° 15' N., 
59° 07' E., and several other flocks thought to be this species were seen within a few 
miles. There was no evidence that it was common in the upwelling area although it 
could have been commoner closer inshore than we observed. Although there have been 
several reports of S. albifrons at Aden, further east on the Arabian coast few have been
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recorded (Ticehurst & Cheesman 1925, Guichard & Goodwin 1952). In June, Browne 
(1950) found several nests on Masira, and noted that the species seemed to be less common 
there in September of the same year. ,

T h a l a s s e u s  b e r g ii . Crested Tern
An Indo-Pacific species represented in the northwest Indian Ocean by T. b. velox 

which breeds in the summer off India and Pakistan, in the Gulf of Aden and in the 
southern Red Sea.

I saw none in March but at the end of May a flock was seen off the Kuria Muria 
Islands. From June to August I saw small numbers off southeast Arabia west of 58° E. 
(Figs. 8 and 9), especially off the Kuria Muria Islands (Table 2). It was apparently 
restricted to within about 50 miles of land and seemed slightly commoner in the cold 
water area (Table 2).

T. bergii is common at Aden throughout the year, and especially so in the summer 
(Browne 1950, Medhurst in prep.). It has also been recorded at Masira and at other 
points on the southeast coast of Arabia in June and September (Browne 1950), but there 
are few reports at sea, most of them in summer, none in winter.

T h a l a s s e u s  b e n g a l e n s is . Lesser Crested Tern
A mainly Indian Ocean species represented in the Arabian Sea by T. b. bengalensis, 

which breeds in the summer in the Persian Gulf, the Gulf of Aden and the Red Sea, and 
mostly migrates south in winter.

Four terns which I thought were T. bengalensis were seen at 21° 04' N., 59° 04' E. on 
15 July 1963, but no others outside the Gulf of Aden. At Aden it is abundant in summer 
but scarce in winter. There have also been a few reports further east, including some 
at Masira in June and September (Browne 1950), but none have definitely been recorded 
at sea and it seems fairly certain that it does not frequent the upwelling area. There is 
some evidence that large numbers migrate south to east Africa in winter (Meinertzhagen 
1954); certainly there is no other likely reason for their scarcity further north at this 
time.

T h a l a s s e u s  s a n d v ic e n s is . Sandwich Tern
A winter visitor and passage migrant in unknown numbers. Recorded on Masira in 

June and September (Browne 1950); regular at Aden on passage (Medhurst in prep.).

A n o u s  s t o l id u s . Common Noddy
A pantropical species which breeds in the summer on Mait Island and possibly in 

the southern Red Sea and on Socotra. It was also reported to nest on the Kuria Muria 
Islands by von Heuglin (1873), but this record remains unconfirmed. I never saw the 
species off the Arabian coast, but there have been a few recent reports off southeast 
Arabia. Smith (1956) recorded two birds which he thought were this species on the 
northern shore of the Gulf of Aden in December, and Meinertzhagen (1954) reported 
a sight record at Aden in November. There are also two sight records off the Kuria 
Muria Islands in January 1959 (Colquhoun, unpub.) and July 1960 (King, unpub.). All 
these birds could have been vagrants from Mait Island where they breed (Heuglin 1873, 
North 1946).

GENERAL ASPECTS OF SEA-BIRD DISTRIBUTION
S e a - b ir d  s p e c ie s

Throughout the world large numbers of birds frequent upwelling areas (Murphy 
1936, Hutchinson 1950). Although the sea-bird fauna of the Arabian coast upwelling 
area has never been described accurately, several authors have commented on the abun
dance of birds there, while my evidence for 1963 shows that the greatest numbers of 
birds are to be found in the area of cool water during the southwest monsoon.
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In 1963 only 12 species were common off Arabia, while another seven were seen 
in very small numbers. O. monorhis was added to the species known to have occurred 
off southeast Arabia. Bourne (1963) listed 16 for the summer and two more further 
offshore (Table 1), but in my view five are rare in the upwelling area: 5 . albifrons was' 
seen only in small numbers, P. pacificus and T. bengalensis were doubtfully recorded, and 
L. genei and S. repressa were not recorded at all. It is quite possible, however, that the 
four Laridae were restricted to the inshore zone (Wynne-Edwards 1935) not fully covered 
by the survey.

T a b l e  1 . The avifauna of the southeast

Status off 
S.E. Arabia

Arabian coast upwelling area.

Species and subspecies given by Bourne June-August March May
where known (1963) 1963 1964 1964

Puffinus carneipes S ##* - #
Puffinus pacificus (S? R?) ? - p
Puffinus lherminieri persicust R #** — *
Bulweria fallaxf t R ### ## ###
Oceanites oceanicus S *#* — #
Pelagodroma marina S *# - *
Fregetta tropica S * - *
Oceanodroma monorhis — * — —
Phaethon aethereus indicus^ R ** * **
Sula dactylatra melanops R ### ### *##
Sula leucogaster R # - —
Phalacrocorax nigrogularis^ R *#* * —
Phalaropus fulicarius (N ?) - - —
Lobipes lobatus N #* * —
Catharacta skua Vagrant * - -
Stercorarius pomarinus N * - #
Stercorarius parasiticus Passage migrant - - -
Larus hemprichit t R. N. ### - ##
Larus fuscus N - # -
Larus ridibundus N - - —
Larus genei R. N. - - -
Sterna dougalli (R?) — - —
Sterna repressat t R - - —
Sterna anaethetus fuligulaf R «#« - -
Sterna fuscata R - - -
Sterna albifrons R (N?) * - -
Thalasseus bergii velox'f R ## - ##
Thalasseus bengalensis * R ? - -

'tes. R  Resident. S Visitor in southwest m onsoon, N  Visitor in northeast monsoon, f  Endemic
subspecies, ft Endemic species, -  not recorded, * recorded, ** com mon¡t *## abundant,
? status doubtful.

The 12 common species during the 1963 survey consisted of three apparently 
resident off Arabia (the gad-fly petrel, the booby and the tropic-bird), five which 
apparently migrate a fairly small distance within the tropical Indian Ocean (the small 
shearwater, the cormorant, the guii and two terns), three which breed, in the southern 
hemisphere and moult in the Arabian Sea (the large shearwater and the two storm- 
petrels) and one migrant from the north (the phalarope).

I saw more birds during the southwest monsoon in 1963 than in March 1964. Of 
the twelve species common in 1963, only five were seen in March 1964 and most of those 
were in reduced numbers. Only L. fuscus was seen in March but not at any other time. 
The winter distribution of species characteristic of the upwelling area is poorly docu
mented, and little is known for certain about the winter quarters of P. lherminieri, 
P. nigrogularis, L. hemprichi, S. anaethetus, or T. bergii, though it has been suggested 
that L. hemprichi and S. anaethetus migrate south to the coasts of east Africa during the 
northern winter, for they are certainly rarer in the north at that time (Archer & Godman
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1937, Meinertzhagen 1954). The available information suggests that P. lherminieri and 
P. nigrogularis migrate to the Gulf of Oman and the Gulf of Aden, where large numbers 
have been reported in winter (Bourne 1964, 1965, Bourne & Radford 1962).

By the end of May 1964, i.e. before upwelling was fully established, most of the birds 
which were characteristic of the upwelling area in 1963 had begun to arrive off the Kuria 
Muria Islands (Table 1). The only exceptions were P. nigrogularis and S. anaethetus, 
but insufficient time was spent there to confirm their absence.

B r e e d in g  d is t r ib u t io n

At present there is evidence that seven species of sea-birds may breed or have bred 
along the south coast of Arabia from Aden to Ras al Hadd: P. aethereus, S', dactylatra, 
P. nigrogularis, L. hemprichi, S. albifrons, T. bergii and A. stolidus. The main breeding 
stations appear to be the Kuria Muria Islands and a group of islands in the northern 
Gulf of Aden.

On the Kuria Muria Islands
von Heuglin (1873) recorded S. dactylatra, A. stolidus and possibly P. aethereus 

breeding. The only observations since then are David’s (1956), of S. dactylatra breeding 
on Qibliya, and my own, also of S. dactylatra on Hasikiya, though breeding is likely 
there for P. nigrogularis also (see above). The only evidence for the breeding of other 
species on the Kuria Muria Islands is my own observation of a pair of T. bergii carrying 
food towards Hasikiya in August 1963.

While on Hasikiya in March 1964, I searched for potential nesting sites of other 
species. On the steep sides of gullies, crevices ( j - l  m. deep) were found which might 
afford sheltered sites for tropic-birds and petrels. No evidence was found that such 
places were used, though it seems reasonable to suggest that they might be.

In sum, evidence that S. dactylatra breeds on the Kuria Muria Islands is definite, 
and is suggestive for P. aethereus, P. nigrogularis and T. bergii. In the case of A. stolidus 
there is only one report, from the middle of the last century, and nesting may no longer 
occur.

Elsewhere along the Arabian coast
in the upwelling area, there is only one record of breeding sea-birds, S. albifrons 

nesting on Masira (Browne 1950). An observation suggestive of breeding, however, 
is that of Owen (1857) who reported “ myriads of sea-birds ” on Jazirat Hamar an Nufur, 
an island in the Gulf of Masira.

In the Gulf of Aden, but outside the area covered by the present paper, P. nigrogularis 
and L. hemprichi may nest on Sikha Is., Barraqa Is. and Halania Is. (Smith 1956).

On Mait Island (Heuglin 1873, North 1946) S. dactylatra, P. aethereus, S. fuscata,
A. stolidus and probably S. anaethetus breed.

On K ai Farun, S. dactylatra and probably P. aethereus breed (Hutchinson 1950; 
Forbes-Watson,. pers. comm.).

Elsewhere on the Arabian coast and in the northwestern Arabian Sea there is no 
evidence of breeding for any sea-birds; but it could take place on some of the inaccessible 
cliffs of the mainland, and possibly on the Brothers Is. off southern Socotra (Forbes- 
Watson, pers. comm.). There are besides many islands used by sea-birds for breeding 
in the Persian Gulf, the Red Sea, at the foot of the Gulf of Aden off the Somali coast, and 
off the Mekran coast.

B r e e d in g  se a so n s

(a) S. dactylatra had eggs on the Kuria Muria Islands in April 1954 and March 
1964. If the incubation and fledging periods were similar to those reported for this
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species on Ascension Is. (Dorward 1962), the young would have hatched from late 
April to mid-May and would have left the nest sometime after mid-August. From late 
June to August 1963, only one immature S. dactylatra was seen off the Kuria Muria 
Islands which indicates that the main departure from the colonies certainly does not 
occur before mid-August. On Mait Island most nestlings seem to be almost or com
pletely fledged by November (North 1946) and in the southern Red Sea young of all 
stages have been found on the Haycock Islands in November (Morris 1962).

(b) B. fallax breeding stations are unknown, but Jouanin (1957) inferred from the 
feather condition of specimens that breeding runs from August to November, while in 
addition the seven specimens collected between 25 June and 18 August 1963 on board 
‘ Discovery ’ had brood spots. The available evidence thus suggests a laying period 
starting around June, that is during the period of greatest intensity of the southwest 
monsoon. If the incubation and fledging periods are similar to those reported for 
Procellariidae of similar size, then the young might be expected to hatch by mid-August 
and leave the nest after the end of October. The period in the nest would thus roughly 
coincide with the latter part of the southwest monsoon and the young would leave the 
nest well after its cessation. Although it is possible that this stage of the cycle is timed 
to occur when food is most abundant, it is also possible that egg production is delayed 
by insufficient food until well into the upwelling season.

(c) P. lherminieri persicus may breed at the same time of year as B. fallax but the 
evidence is even more tenuous and rests on the capture of a single specimen with a 
broodspot on 18 August 1963. Of the specimens in the British Museum, those caught 
in summer have an abraded plumage, while those in the winter have fairly fresh plumage. 
This accords with the view that P. I. persicus breeds in the late summer and moults soon 
afterwards.

(d) Although there is no definite evidence that P. aethereus breeds on the Kuria 
Muria Islands it appears to collect inshore there some time between March and May. 
If it does breed on the islands it seems unlikely that the young leave the nest before late 
August because no juveniles were seen in the seas off the islands up to mid-August 1963. 
On Mait Island it must breed in the late summer, for North (1946) recorded young almost 
ready to fly in November. In the Persian Gulf the breeding season seems to be much 
earlier for young have been found in March. For the Red Sea the evidence is conflicting 
for birds have been recorded breeding both in March and in the summer (Clapham 1964).

There is very little evidence from which to infer the breeding seasons of other sea
birds in the northwestern Arabian Sea. Pairs of T. bergii were seen carrying food to
wards Hasikiya in early August which suggests that young may have been hatched by 
that month. Elsewhere in the Arabian Sea it breeds from May to August. In the 
Gulf of Aden at Sikha Is. P. nigrogularis has been reported to nest in the summer, 
whereas in the Persian Gulf it breeds in the winter (Ticehurst et al. 1925). On 
Halania Is., also in the Gulf of Aden, L. hemprichi is reported to breed in July and August 
(Smith 1956). Elsewhere this species nests from June to September. On Masira 
S. albifrons has been recorded breeding in June.

The sum of the information suggests, therefore, that the breeding seasons of sea-birds 
in the northern Arabian Sea are mostly in the summer, i.e. during the southwest monsoon.

F o o d  a n d  f e e d in g

Some information on food was gained from stomach contents of sea-birds collected 
on the ‘ Discovery ’.

(a) P. carneipes. The stomach contents included otoliths, fish vertebrae, and squid 
beaks which were larger than those found in B. fallax. Palmer’s (1962) records suggest
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that it is a versatile feeder, for crustaceans, fish and cephalopods have been reported in 
its diet.

(b) P. lherminieri. There were no remains of food in the one specimen obtained.
There seem to be no records of the food of P. I. persicus.

(c) B. fallax. Seven of the eight specimens contained fragments of squid beaks, 
one of which was identified as that of an Ommastrephid. In addition, fragments of a 
crustacean exoskeleton and a small gizzard stone were found in two other birds. How 
far these few specimens are representative it is impossible to say, but if B. fallax is 
predominantly a squid-eating species it may feed mostly at night. The only previous 
records of the food of B. fallax were from one captured at night which vomited a 2 cm. 
squid (Bailey & Bourne 1963), and from a specimen also collected at night by Berlioz 
(1955) which regurgitated two small fish.

(d) O. oceanicus. The two stomachs obtained held a gelatinuous egg-case and some 
very small crystalline lenses and gizzard stones. There appear to be no published 
accounts of its food in the northern Indian Ocean (Roberts 1940).

(e) P. marina. The one stomach obtained held small otoliths and a few small gizzard
stones. Mörzer Bruyns & Voous (1964) have also recorded otoliths in the stomachs of 
two specimens from the northern Indian Ocean. P. marina has been recorded feeding 
its young on euphausiids, although other organisms have been reported in the stomachs 
of adults (Palmer 1962).

(ƒ) O. monorhis. The stomach contents were not identifiable, but included a few 
small gizzard stones and what appeared to be chitinous material.

(g) S. dactylatra. Of the six specimens collected on Hasikiya, one contained a few 
unidentifiable squid beaks, while the distended pouch of another contained fairly complete 
remains of fish about 7-8 cm. in length, one of which has been identified tentatively as a 
garfish (Hemirhamphus sp.). In most parts of its range S. dactylatra is reported to feed 
principally on flying-fish (Palmer 1962).

(A) L. lobatus. The stomach contents consisted mostly of debris, with fragments of 
a minute gastropod similar to Ianthina.

From direct observations of sea-birds feeding it was rarely possible to identify the 
food taken. P. carneipes was recorded carrying a fish about 5 cm. in length and B. fallax 
was seen on two occasions with fish about 5 and 7 cm. in length respectively. One 
P. aethereus was seen to catch an 8 cm. fish, and S. anaethetus caught one of about 4 cm. 
T. bergii was also observed to catch a 5 cm. fish. This fragmentary information is quite 
insufficient to define the food range of any species. It may be misleading, moreover, 
for the food recorded in this way was, of necessity, during daylight and several species 
may feed at night on organisms which migrate to the surface then. It may be significant 
that some species, particularly B. fallax and P. carneipes, were rarely recorded feeding 
during the day.

It is clear that the main foods of sea-birds off Arabia are still almost completely 
unknown. The information collected on the ‘ Discovery ’ cruises gives, at best, some 
slight indication of the specific differences and the degree of overlap between the diets 
of different species. However, a difference in feeding methods, rather than a difference 
in food preference, may be more important to many sea-birds in avoiding competition 
with one another.

In the most productive areas, especially off the Kuria Muria Islands, large flocks of 
birds of a few species were frequently seen following shoals of large schooling fish, whose 
importance in driving food to the sea surface was realized by Murphy & Ikehara (1955) 
and Ashmole (1963). Close to land most flocks consisted of hundreds of P. lherminieri 
swimming and feeding on the surface among shoals of fish which were presumably driving
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their prey to the surface. On other occasions the birds were seen to take prey apparently 
from the surface by flying slowly into the wind low over the water and dropping feet 
first every few metres. On one occasion two birds immersed their heads and swam 
rapidly along the surface in the manner described for prions Pachyptila spp. (Murphy 
1936).

The flocks of P. lherminieri close to land were always accompanied by smaller numbers 
of T. bergii, S. anaethetus and L. hemprichi flying above the shearwaters. L. hemprichi 
seems to feed from the surface by flying into the wind and by dropping down to the 
water to pick up food with a sudden dip of the head. Occasionally it was also seen 
dropping feet first into the water and, on two occasions, it pursued B. fallax and P. 
aethereus forcing them to drop their food ; while once L. hemprichi was chased unsuccess
fully by S. pomarinus.

About 50 miles off the Kuria Muria Islands, shoals of fish were accompanied by 
flocks of S. anaethetus with only small numbers of P. lherminieri. The terns seemed to 
feed from the surface by swooping down among the fish. Only one was seen to plunge 
head-first into the water and then from about 1 m. above the surface, and apparently 
without submerging completely. Once one was chased without success by S. pomarinus.

Small flocks of T. bergii were also seen swooping over the sea catching their food by 
a sudden turn of the head. In May 1964, off the Kuria Muria Islands, flocks of T. bergii 
were seen feeding among flocks of S. dactylatra, sometimes by plunging feet first into 
the water and sometimes by swooping down close to the surface apparently to take 
flying fish.

Off Ras Fartak and' Ras Madraka, flocks of P. carneipes and smaller numbers of P. 
lherminieri, B. fallax, L. hemprichi and, once, O. oceanicus, were seen following schools of 
dolphins and occasionally whales. P. carneipes were rarely seen feeding, but on one 
occasion, a small flock appeared to take food from the surface while swimming among a 
shoal of fish. Flocks of 50 or more seen on another occasion descending on small areas 
of water also seemed to take their food at the surface.

Unlike the shearwaters, B. fallax was rarely in flocks and was rarely seen feeding for 
certain. On one occasion, however, about a thousand were seen off Ras Fartak with 
P. carneipes and P. lherminieri, feeding among shoals of small fish. B. fallax was 
occasionally seen to alight or to hover over the water like a feeding storm-petrel, and 
apparently investigate floating objects, and one was seen to swallow food taken in this 
way. It seems unlikely, however, that this behaviour would have enabled it to catch 
fish and squid in large numbers in daylight, so it may well be that B. fallax is a predomi
nantly nocturnal feeder.

Another source of food for sea-birds appeared to be oil slicks, seen mainly close to 
land and often visible over a mile away The source of these was not investigated, but 
they may have resulted from the decay of algal blooms as reported by Sieburth & Conover 
(1965), or possibly from fuel oil from ships. Off Arabia, they seemed to attract large 
numbers of O. oceanicus and small numbers of L. hemprichi, which could conceivably 
have been feeding on organisms trapped in the surface film. O. oceanicus was also 
frequently seen feeding in the wake of the ‘ Discovery ’, especially in the Gulf of Aden 
on the main shipping routes, but the largest concentrations were seen feeding 
independently of ships, suggesting that the ecological significance of the latter is small.

The observed feeding behaviour of P. marina differed from that of O. oceanicus 
in that P. marina appeared to feed much more slowly and deliberately. It is possible 
that this behaviour may be an adaptation to feeding in areas where food is less abundant 
than in those occupied by O. oceanicus.

Few sea-birds off Arabia were seen to dive for food. Inshore in the upwelling area, 
P. nigrogularis was seen in huge flocks, and although they were not certainly seen feeding, 
they were occasionally seen to dive.
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S. dactylatra was seen fishing on only three occasions in July and August 1963, and 
it may well be that it usually feeds in the blue oceanic water outside the upwelling area. 
In contrast to Murphy’s (1936) suggestion that the distribution of S. dactylatra in other 
oceans coincides roughly with that of flying-fish, few of them were seen within the 
observed range of flying-fish off Arabia (see Figs. 7 and 8). Nevertheless, on one occasion 
in May 1964, small flocks were watched circling over shoals of flying-fish, usually diving 
obliquely into the water from not more than about 3 m.

P. aethereus was observed feeding by diving head-first from heights of about 10-30 m. 
However the feeding areas did not seem to be restricted to the oceanic water of high 
transparency, as suggested for this species in the Atlantic Ocean by Murphy (1936), 
for they were seen on several occasions diving in the opaque water near the Kuria Muria 
Islands. The fact that they remained submerged for less than a second suggests that 
they were catching food very near the surface.

A N A L Y SIS  OF SEA -BIR D  D IST R IB U T IO N

From June to August 1963, I kept 205 watches of about an hour during which I 
recorded all birds seen. The results of these counts, expressed as the number of birds 
seen per hour, have been used as an index of bird density, and they have been analysed 
in relation to three environmental parameters which appeared to affect the distribution 
of some species (Table 2), namely the sea surface temperature, the distance from the 
Kuria Muria Islands and the distance from the nearest land. The reasons for choosing 
these parameters are summarized briefly below.

The sea surface temperature can be considered to be a rough index of the Zooplankton 
density, for the two are inversely correlated (P >  0-999—see Appendix), and therefore 
presumably of food availability. Secondly, evidence given earlier suggested that the 
Kuria Muria Islands may be a breeding station for more than one sea-bird species so, 
if breeding were occurring at the time of the survey, it seemed likely that their observed 
distribution would be affected by the islands’ proximity. In case the islands’ significance 
was merely an incidental result of the species’ dependence on land for purposes other 
than breeding, however, a separate analysis was undertaken in relation to distance from 
the nearest land, whether this was the Kuria Muria Islands or not.

The results of each analysis and a multiple analysis designed to separate the association 
with each factor, are presented in Table 2 and in Appendix Table AÍ. The methods of 
analysis are described in the Appendix, and the results are summarized briefly below.

There is no doubt that total bird numbers were highest where the sea surface tempera
ture was less than 24° C, i.e. in the area regarded as the upwelling area. In the present 
survey, the median number of birds in water less than 24° C. was 54, compared with 
only 14 in warmer water, a difference which is highly significant. However, not every 
species conformed to this pattern of distribution.

Most of the common species off southeast Arabia during the southwest monsoon in 
1963 were commonest close to land in the cool water area around the Kuria Muria Islands 
(Table 2), and some, namely P. lherminieri, P. nigrogularis, L. hemprichi and T. bergii, were 
almost entirely confined to within 50 miles of land. There were three exceptions: P. 
marina seemed to be restricted to between 50 and 100 miles of land, i.e. largely outside 
the range of O. oceanicus (Fig. 8); there was no evidence that O. oceanicus was commonest 
in-the cool water area; and although P. carneipes was commonest in the upwelling area 
there was some evidence that it was less common within 50 miles of the Kuria Muria 
Islands. These exceptions suggest that there was a general difference in distribution 
between non-breeding migrants from the southern hemisphere and species thought to 
breed in the Arabian Sea region.

Despite the strong association of the cool water area with the vicinity of the Kuria 
Muria Islands, the multiple analysis (Appendix Table AÍ) suggests that B. fallax,
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T a b l e  2. Analysis of bird numbers in the Arabian Sea {southwest monsoon 1963).

MILES FROM THE K URIA MURIA ISLANDS SEA-SURFACE TEMPERATURE

Cn
tn

No. o f 1 hr. counts
PUFFINUS CARNEIPES

Mean no./hr.
Median no. /hr.
% of 1 hr. counts on 

which sp. was seen

PUFFINUS LHERMINIERI 
Mean no./hr.
Median no./hr.
% o f 1 hr. counts on 

which sp. was seen

BULWERIA FALLAX
Mean no./hr.
Median no./hr.
% of 1 hr. counts on 

which sp. was seen

OCEANITES OCEANICUS 
Mean no. /hr.
Median no./hr.
% o f 1 hr. counts on 

which sp. was seen

PHAETHON AETHEREUS
Mean no./hr.
Median no./hr.
% o f 1 hr. counts on 

which sp. was seen

SULA DACTYLATRA 
Mean no. /hr.
Median no./hr.
% o f 1 hr. counts on 

which sp. was seen

LARUS HEMPRICHI 
Mean no./hr.
Median no./hr.
% o f 1 hr. counts on 

which sp. was seen

STERNA ANAETHETUS
% of 1 hr. counts on 

which sp. was seen

THALASSEUS BERGII 
% o f 1 hr. counts on 

which sp. was seen

0-10 10-20 20-30 30-50 50-90 Over 90 0-50 50-100 100-200 200-300 Over 300 18-20° C 21-23° C 24-26° C 26-30° C
36 38 25 33 37 36 43 31 43 46 42 36 50 73 48

31 8 3 0*7 0*6 0*8 3 10 4 20 0-6 8 22 2 0.3
1-5 0 0 0 0 0 0 3 0 0 1 1 0 0 0

56% 44% 33% 30% 24% 29% 41% 65% 32% 25% 26% 65% 43% 33% 11%

114 8 4 3 1 0*8 95 11 0*5 4 0*1 117 7 0*8 0-6
3 0 0 0 0 0 3 1 0 0 0 3 0 0 0

69% 42% 32% 39% 22% 8% 84% . 55% 12% 28% 5% 86% 48% 21% 10%

49 16 6 8 5 2 30 6 4 26 5 28 27 8 3
9-5 2 3*5 4 3 1 20 3 3 1 3 13 3*5 3 1

86% 76% 82% 91% 87% 64% 100% 87% 79% 64% 75% 89% 86% 81% 66%

6 42 89 8 3 2 2 87 3 5 33 12 22 35 9
1 2 6 2 0 0 0 4 0 0*5 4 2 1 0 0*5

57% 65% 70% 61% 39% 26% 42% 70% 44% 50% 60% 61% 54% 46% 51%

4 2 0*5 0-7 0-5 0 9 5 0*5 0*6 0*5 0*7 4 1 0*8 0*4
1 0*5 0 0 0 0 3 0 0 0 0 2*5 0 0 0

63% 50% 32% 21% 27% 36% 79% 35% 33% 17% 29% 78% 30% 32% 25%

4 2 0*5 3 2 0*8 8 3 0*4 0*04 0*2 5 3 1 OI
0*5 0 0 0 0 0 3 1 0 0 0 1*5 0 0 0

50% 32% 20% 30% 27% 31% 81% 55% 16% 2% 14% 61% 36% 29% 6%

160 8 10 17 3 0*5 130 10 6 11 8 149 20 5 6
16*5 5 1 6 0 0 9 4 0 2 0 10 8 0 0

100% 92% 52% 67% 46% 14% 93% 71% 40% 72% 36% 89%' 80% 45% 46%

33% 21% 19% 16% 20% 11% 43% 30% 12% 9% 13% 37% 21% 17% 14%

58% 22% 12% 9% 0% 0% 53% 20% 2% 7% 5% 53% 14% 7% 8% frO
Ln
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P. aethereus, S. dactylatra, S. anaethetus and possibly P. lherminieri were associated with 
the islands as such. L. hemprichi appeared to be concentrated close to land along the 
whole coast of southeast Arabia. In the case of the other species there was insufficient 
evidence to separate the degree of association with each factor.

In addition to the analyses summarized above, it was originally intended to relate 
sea-bird density to an index of available food, but the difficulty of sampling small fish 
and squid, which seem to be important in the diet of many sea-birds off Arabia, quantita
tively, made this impossible. Instead, the data were tested for correlations between 
sea-bird density and abundance of Zooplankton. Altogether 57 series of vertical 
plankton hauls using the 70 cm. net and a further 56 using the neuston net were carried 
out at biological stations. Observations for birds were made at, or very near, 33 and 35 
of them respectively (Appendix Table A2). In testing for correlation with Zooplankton 
density the volumes collected in the neuston net and the vertical nets have been used in 
separate analyses. Migration of Zooplankton to the surface at night, considered to occur 
from a maximum depth of roughly 200 m., caused marked diurnal fluctuations in its 
abundance at the surface (David, in prep.). It seems most advisable therefore, to use 
the volume of Zooplankton collected in the top 200 m. as an index of plankton abundance, 
for this is likely to remain more or less constant over 24 hr. The methods of analysis 
and the results are presented in the Appendix Tables A3 and A4. There were three 
main conclusions:—-

(a) A significant correlation was shown to exist between the total number of sea-birds 
(all species) and the volume of Zooplankton from 0-200 m.

(b) The weighted mean of correlation coefficients, using the same data but separately 
for each section (see Fig. 2), was also significant, and the same was true for the individual 
species B. fallax, O. oceanicus and L. hemprichi.

(c) There was no evidence of correlation between sea-bird density (all species) and 
abundance of surface Zooplankton measured during the day and night. (In the case of 
night hauls the bird observation made nearest to the neuston net haul was used so long 
as it was not more than 10 miles away.) Correlation coefficients calculated separately 
for each section (Fig. 2) showed no evidence of correlation either.

In sum, it is clear that sea-bird numbers were correlated with the general abundance 
of Zooplankton in the surface layers of the sea, but not with its abundance at the surface 
itself, either during the day or night. This will be discussed later.

D ISC U S SIO N

Although the southeast Arabian coast is part of the tropical zone of the Indian Ocean, 
its resident sea-bird fauna is highly distinctive; of the ten species I saw in large numbers 
off the Arabian coast, three are endemic and four are represented by endemic subspecies 
(Table 1). Of the subspecies, three have conspecific relatives elsewhere in the tropical 
Indian Ocean and it seems the simplest and more likely suggestion that the Arabian Sea 
forms have been derived directly from them, rather than vice versa.

Of the three endemic species, B. fallax may conceivably have evolved from a popula
tion of the smaller Bulwer’s Petrel B. bulwerii, occurring in the north Atlantic and north 
Pacific Oceans; it may have evolved by “ character displacement” (Brown & Wilson 
1956), that is by becoming morphologically adapted to fill an ecological niche which is 
divided between two species in other areas, in this case namely the Soft-plumaged Petrel 
Pterodroma mollis and B. bulwerii which are sympatric in the subtropical north Atlantic 
Ocean (Bourne 1963), and between which B. fallax is roughly intermediate in size.

In addition P. aethereus, which occurs only in the northwestern part of the Indian 
Ocean, may have reached there from the Atlantic Ocean.

The other two common endemic species in the Arabian Sea are land-based sea-birds 
which have probably evolved from Palaearctic forms. L. hemprichi, together with
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L. leucophthalmus, endemic in the Red Sea, is thought to have evolved from the Larus 
argentatus ¡fuscus group of gulls (Fogden 1964). The ancestry of P. nigrogularis has 
not been investigated, but it could conceivably have evolved from the Shag P. aristotelis 
which breeds in the Mediterranean Sea.

It seems likely that the distinctive resident sea-bird fauna of the Arabian Sea has 
been derived from three sources : four forms from tropical Indian Ocean ancestors, two 
from ancestors which entered the Indian Ocean from the tropical zone of other oceans, 
and two from Palaearctic species. Of these, the last four have evolved into separate 
species. In contrast with the same latitudes in other oceans, none of the Arabian Sea Sea
birds have evolved from ancestors inhabiting the southern subtropical zone. Although 
a species of shearwater and a storm-petrel migrate regularly to the Arabian Sea from south
west Australia, neither have evolved separate subspecies in the northern Indian Ocean ; yet 
in the northern Atlantic Ocean, P. marina is represented by an endemic subspecies (P. m. 
hypoleuca). Serventy (1956) has suggested that the absence of resident representatives 
of southern subtropical sea-birds in the northern Indian Ocean is due to the absence 
of cool water refuges during the winter. It seems likely that the seasonal changes in 
the environment, particularly the cessation of upwelling off Arabia, preclude the possi
bility of their remaining there throughout the year, and indeed none have been reported 
in the Arabian Sea during the northern winter.

Another peculiarity of the Arabian coast is the apparent absence of most of the 
pantropica! species which breed elsewhere in the tropical Indian Ocean, namely Puffinus 
pacificus, Phaethon lepturus and P. rubricauda, Sula sula and S. leucogaster, Fregata minor 
and F. ariel, Sterna dougalli and S. fuscata, Anous stolidus and A. tenuirostris and finally 
Gygis alba. The high degree of endemism of Arabian coast sea-birds and the absence 
of those species named above suggest that the seasonal changes in the environment off 
Arabia demand considerable adaptation. The resulting sea-bird fauna is typical of 
neither a tropical nor a subtropical fauna of other oceans.

Evidence presented earlier shows that all but three of the species found off Arabia 
during the southwest monsoon move elsewhere when upwelling ceases to be active. 
While some of them migrate south, P. lherminieri, P. nigrogularis and possibly L. hemprichi 
and T. bergii apparently migrate to the Gulf of Aden and the Gulf of Oman. Bourne 
(1963) has suggested that they inhabit areas where upwelling occurs during the northeast 
monsoon, but as yet there is little definite evidence.

At least it is clear that the seas off southeast Arabia can only support their distinctive 
sea-bird fauna during the southwest monsoon. Sea-birds of most species were com
monest in the upwelling area during this period in 1963 and the evidence shows that this 
happens regularly every year. The fact that planktonic and other organisms were more 
abundant during the upwelling season suggests very strongly that food for sea-birds was 
also abundant at that time. In sum, the sea-birds of the Arabian coast upwelling area 
may be regarded as constituting a seasonal (southwest monsoon) cool water avifauna 
within the tropical zone of the Indian Ocean, breeding apparently when upwelling 
occurs and when it may be inferred that food is most abundant.

In several areas within the tropical zones of other oceans, upwelling of cold water and 
an associated high rate of organic production are the main factors making possible the 
development of vast populations of sea-birds; the guano trade in these areas has been 
almost entirely dependent upon this phenomenon (Hutchinson 1950). However, although 
sea-birds were abundant off southeast Arabia during the southwest monsoon in 1963, their 
numbers nowhere nearly approached those found in the Peru coastal current described 
by Murphy (1936). I would suggest that the difference can be explained primarily 
by the seasonal nature of upwelling off Arabia, although the scarcity of offshore islands 
may also be important. Off Peru there is convincing evidence that the sea-birds depend 
on a continual process of upwelling because, together with other organisms, they die in
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vast numbers when the cool wáter areas are invaded by warm water at irregular intervals 
of many years.

Although there is no doubt that upwelling off Arabia is of the utmost importance to 
sea-birds, their precise pelagic distribution must depend on several factors, including 
the position of breeding stations, such as the Kuria Muria Islands. Fig. 8 and Table 2 
amply demonstrate the concentration of many sea-birds, particularly the putative breeding 
species, off these islands, the only known sea-bird breeding station for several hundred 
miles along the coast. As the main centre of upwelling in 1963 coincided with this area, 
it is difficult to assess the relative importance of the breeding islands and the highly 
productive seas in attracting birds there; but the multiple analysis (Appendix Table 1) 
suggests that the presence of the islands may have been the more important in the cases 
of B. fallax, P. aethereus, S. dactylatra, S. anaethetus and possibly P. lherminieri.

Pelagic distribution must also depend on the distribution of food. Although it was 
possible to detect a correlation between the density of sea-birds of all species and an 
index of Zooplankton abundance, it cannot be stressed sufficiently that this is a correlation 
between the abundance of organisms at least two trophic levels of the food chain apart, 
and is therefore more a correlation with the productivity of the sea that with the abun
dance of available food. In his classic work in the Atlantic Ocean, Jespersen (1929) 
likewise demonstrated the existence of a correlation between sea-bird density and Zoo
plankton abundance. The present study is little further advanced than his, except that it 
was undertaken in a much smaller area and therefore demonstrates on a much smaller 
scale that sea-birds congregate in areas of highest productivity (as measured by the 
standing crop of Zooplankton). This may suggest that some sea-birds at least have a 
behavioural mechanism enabling them to locate areas of high productivity, but whether 
this is by random searching or by making use of environmental parameters, such as the 
sea temperature, is at present purely speculative.

As a correlation was demonstrated between sea-bird density and the standing crop 
of Zooplankton from 0-200 m., it seems anomalous that no such correlation existed with 
the abundance of Zooplankton at the sea surface. A preliminary investigation of the 
neuston net samples suggests that Zooplankton is extremely patchy at the surface (David, 
in prep.). If food available to sea-birds also has a patchy distribution, then this might 
explain why sea-birds are so often found in localized concentrations. Direct observation 
of the behaviour of sea-birds at sea suggests that many species spend much time scanning 
the ocean surface alone or in small parties. Evidence given earlier, and many previous 
reports, show that large numbers are attracted to feed in a small area when a local con
centration of food is located; this has been termed feeding by local enhancement by 
Hinde (in Marshall 1961). Surface plankton appears to be unimportant in the diet of 
most species off Arabia, and I suggest that sea-birds will be found to be commonest in 
areas of high productivity rather than in areas where surface plankton as such is most 
abundant.
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SUMMARY
T h e present study o f  an upw elling area off the southeast coast o f Arabia, b etw een  52° and 60° E ., 

is based prim arily on  observations on board the R .R .S . ‘ D iscovery ’ during the International 
Indian  O cean E xpedition. D uring  oceanographic surveys off the Arabian coast from  June to 
A ugust 1963 and in  early M arch and late M ay 1964 I m ade 234 counts o f  birds o f  about an hour 
each, the results o f  w hich  have been  used  as an index o f bird density. In  this area, the on ly  offshore 
islands know n to be im portant to sea-birds are the Kuria M uria Islands, w h ich  were apparently at 
the centre o f an upw elling area. T h e  u p w elling o f cold water along the Arabian coast during the 
southw est m onsoon from  M ay to Septem ber greatly increases organic production in  the sea, and  
large populations o f organism s at every level o f  the food chain develop there.

Previous work in  Arabia and the Arabian Sea is review ed. L ittle is recorded about the ecology  
o f sea-birds there, but the com position o f  the fauna is quite w ell-know n.

T h e  distribution o f every sea-bird species recorded from  52° E. to 60° E ., and w ith in  200 m iles 
offshore, is described, w ith  particular reference to m y ow n observations. D etails are g iven  o f  the  
distribution o f  com m on species during the southw est m onsoon  o f  m id-June—m id-A ugust 1963 and  
in  M arch and M ay 1964. Specim ens collected on the ‘ D iscovery ’ are recorded together w ith  their 
m easurem ents. O f 12 sea-bird species seen  com m only off Arabia during the southw est m onsoon  
in  1963, 11 were seen  in  late M ay 1964, but on ly  five in  M arch.

T here is certain evidence that tw o species have bred on  the Kuria M uria Islands and suggestive  
evidence for a further three. Inform ation on breeding seasons in  the Arabian Sea is based on  short 
visits to breeding colonies, m ostly outside the breeding season, and on  the plum age con d ition  o f  
specim ens. N evertheless, the sum  o f the evidence suggests that breeding is regular at the sam e tim e  
every year, and in  m ost species seem s to b e  in  the northern sum m er.

T h e  food o f  sea-birds in  the Arabian Sea, determ ined from  stom ach contents and visual observa
tio n , on ly  serves to stress the lack o f know ledge on this subject. A  brief sum m ary o f  feed ing  
m ethods recorded by m e suggests that they m ay be im portant in  avoiding interspecific com petition , 
for there seem s to be little overlap.

T h e  density o f  sea-birds during the southw est m onsoon  1963, expressed as the num ber o f  each  
species seen per hour, w as analysed in  relation to: (i) the sea surface tem perature, w h ich  w as 
inversely correlated w ith  the Zooplankton density from  0 -2 0 0  m . (ii) the distance from  the Kuria  
M uria Islands, the on ly  likely breeding station; (iii) the distance from  the nearest land w hich  
m ay have been  im portant to land-tied  sea-birds.

A ll the abundant species w ere com m onest close to land in  the cool-w ater area and, w ith  the 
exception  o f  m igrants from  the southern hem isphere, m ost w ere concentrated around the Kuria 
M uria Islands in  the centre o f  u pw elling. A  m ultip le analysis suggested  that the islands w ere o f  
real im portance to som e species. A  separate analysis also dem onstrated the existence o f a correla
tion  betw een  sea-bird num bers and the abundance o f  Zooplankton from  0 -2 0 0  m . depth , bu t n ot the  
abundance of Zooplankton at the sea surface.

D u rin g  the southw est m on soon  the southeast Arabian coast is inhabited  by a d istinctive cool- 
water fauna w ithin  the tropical zone o f  the Indian O cean. T h e  h igh  degree o f  endem ism , the 
h igh  proportion o f m igrants, includ ing som e from  the southern hem isphere, and the absence o f  m ost 
pantropical species, suggest that the marked changes in  the environm ent off southeast Arabia 
dem and considerable adaptation. A  brief d iscussion  o f  the possib le origins o f  the Arabian coast 
sea-bird fauna show s that it is not typical o f  either a subtropical or a tropical com m unity  in  other  
regions.

T h e  likelihood that sea-birds breed in  the sum m er, the concentration o f  m ost species in  the  
u p w elling area at that tim e and their absence during the w inter, clearly dem onstrates the im portance  
o f  the upw elling. H ow ever, the results o f  the analysis suggest that som e species w ere concentrated  
around the K uria M uria Islands in  the centre o f  the upw elling because the islands had a real im 
portance to them , possibly as a breeding station.

T h e  c o r r e l a t i o n  b e t w e e n  s e a - b i r d  d e n s i t y  a n d  Z o o p la n k t o n  a b u n d a n c e  i n  t h e  t o p  2 0 0  m . ,  b u t  
n o t  a t  t h e  s u r f a c e ,  m a y  b e  e x p l a i n e d  i f  s e a - b i r d s  c o n c e n t r a t e  i n  a r e a s  o f  h i g h  p r o d u c t i v i t y  r a t h e r  
t h a n  i n  a r e a s  o f  a b u n d a n t  s u r f a c e  p l a n k t o n ,  w h i c h  i s  l a r g e l y  i r r e l e v a n t  a s  f o o d .
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APPENDIX
Statistical analysis o f bird-counts

M a n y  fac to rs co m b in e  to  decrease th e  n u m erica l accu racy  o f  den sities  es tim a ted  b y  c o u n tin g  
b ird s  a t sea. T h e se  in c lu d e  p rin c ip a lly  th e  ra n g e  a t w h ich  th e y  can  be  iden tified  in  d iffe ren t sea 
c o n d itio n s an d  th e  speed  o f th e  b ird s a n d  th e  sh ip . F ro m  firs t p rin c ip le s  it is possib le  to  d e riv e  
a fo rm u la  fo r assessing  th e  d en sities  o f  b ird s  fro m  th e  re su lts  o f  line tran sec ts  tak in g  in to  a c c o u n t these  
variab les. In  th is  w ay Y ap p  (1955) has sh o w n  th a t  th e  d e n s ity  o f  b ird s  is g iv en  b y :—

D —  - ---------
2 R ( * a+ w 2) |

w h ere  D  — d en sity , ir = n u m b e r  o f  sig h tin g s in  u n i t  tim e , 7 ? = m ax im u m  d istan ce  a t  w h ich  b ird s  can  
be  seen  an d  id en tified , 2  =  th e  average sp e ed  o f  th e  b ird s , an d  zs - th e  average speed  o f  th e  o b se rv er. 

. P re v io u s es tim ates hav e  sug g ested  th a t  m a n y  se a -b ird s  fly a t fro m  2 5-35  k n o ts  (M e in e rtz h a g e n  
1955), so it  seem s safe to  assum e th a t  m o s t se a -b ird s  in  th e  A ra b ia n  S ea fly a t over tw ice  th e  speed  
o f th e  ‘ D iscovery  ’ w h ich  w as 10—12 k n o ts . O n  th e  basis o f  Y a p p ’s fo rm u la , th e re fo re , e s tim a ted  
d en s itie s  w o u ld  d iffer b y  n o t m o re  th a n  ab o u t 10%  w h e th e r  th e  sh ip  w ere  m o v in g  o r  s ta tio n a ry . 
A ssu m in g  th a t  th e  e rro rs  d u e  to  th e  sp e ed  o f  th e  sh ip  an d  to  th e  speed  o f  th e  b ird s  a n d  to  d ifferences 
in  e n v iro n m en ta l c o n d itio n s  are  o f th is  o rd e r , th e  d en s ity  o f  se a -b ird s  is ro u g h ly  p ro p o rtio n a l to  th e  
n u m b en  seen  p e r  h o u r . A lth o u g h  i t  w as im possib le  to  check  th e  la s t o f these  a s su m p tio n s , th e  
w in d  speed  an d  w ave h e ig h t w ere  rem ark a b ly  c o n s ta n t over m u c h  o f  th e  su rvey  area  (see above).
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T a b l e  A l. Multiple analysis to separate the effects of three factors on the distribution of 
sea-birds off Arabia during the southwest monsoon, 1963.

P ro b a b ility  o f d ifference in  o b served

Species

R an g es fo r w h ich  
d ifference  in  
f req u e n cy  of 

o ccu rren ce  w as
tes ted *  All c o u n ts  §

freq u e n cy  o f  occu rren ce  in  th e  tw o  
ran g es  c o m p a re d f t

E lim in a tin g  th e  effect o f : 
d is tan c e  d istan ce  fro m  

fro m  K u ria  M u ria  sea-surfac 
la n d  Is la n d s  tem pera tu :

Puffinus a  < 1 0  c f .>  10 0-98 — 0-9 0-1
carneipes b < 1 0 0  c f .>  100 0-99 0-9 — 0-5

c < 2 3 °  cf. 24 -26° 0-95 0-5 0-9 —

24 -2 6 ° cf. > 2 7 ° 0-98 0-8 0-8 —

Puffinus a  < 1 0  cf. 1 0 -5 0 0-99 _ 0-3 0-3
lherminieri 1 0 -5 0  c f .> 5 0 0-99 - — 0-8 0-7

b < 5 0  cf. 5 0 -100 0-98 0-8 — 0-3
5 0 -1 0 0  cf. 1 -3 0 0 0-999 0-98 — 0-9
1 -3 0 0  c f .>  300 0-95 0-7 — 0-5

c < 2 0 °  cf. 21 -23° 0-999 0-99 0-5 —

2 1 -2 3 °  cf. > 2 4 ° 0-999 0-99 0-8 —

Bulw eria a  < 1 0  cf. 1 0 -90 0-998 _ 0-05 0-5
fa lla x 1 0 -9 0  cf. > 9 0 0-999 ------ 0-99 0-99

b < 5 0  cf. > 5 0 0-999 0-999 — 0-99
c < 2 3 °  cf. 24 -26° 0-99 0-3 0-05 —

2 4-26° cf. > 2 7 ° 0-999 0-5 0-5 —

Oceanites a  < 9 0  cf. >  90 0-99 _ 0-99 0-98
oceanicus b 5 0 -1 0 0  cf. < 5 0 0-95 0-9 — 0-9

5 0 -1 0 0  c f .>  100 0-95 0-3 — 0-5

Phaethon

c N o  sign ifican t 
d ifferences 

a  < 2 0  c f . > 20 0-999 0-98 0-3
aethereus b < 5 0 c f . > 5 0 0-999 0-999 — 0-99

c < 2 0 °  c f .> 2 1 ° 0-999 0-99 0-8 —

Sula a < 1 0 c f .> 1 0 0-98 _ 0-01 0-2
dactyla tra b < 5 0  cf. 5 0 -100 0-998 0-8 — 0-98

5 0 -1 0 0  cf. > 1 0 0 0-999 0-999 — 0-999
c < 2 0 °  cf. 21 -26° 0-99 0-95 0-01 —

2 1 -2 6 ° cf. > 2 7 ° 0-99 0-9 0-2 —

Larus a  < 1 0  cf. 1 0 -20 0-999 _ 0-02 0-1
hemprichi 1 0 -2 0  cf. 2 0 -9 0 0-99 — 0-98 0-99

2 0 -9 0  cf. > 9 0 0-999 — 0-98 0-999
b < 5 0  cf. 5 0 -1 0 0 0-98 0-1 — 0-8

5 0 -1 0 0  cf. 1 -200 0-98 0-5 — 0-98
2 -3 0 0  cf. 1 -200 0-99 0-7 — 0-95
2 -3 0 0  cf. >  300 0-99 0-5 — 0-99

c < 2 3 °  cf. > 2 4 ° 0-999 0-5 0-99 —

Sterna
anaethetus

a  N o  sign ifican t 
d ifferences 

b < 1 0 0  c f .>  100 0-999 0-999 0-98
c < 2 0 °  c f .>  21° 0-98 0-8 0-9 —

N otes  * a  D istan ce  f ro m  th e  n ea res t lan d in  nau tica l m iles.
b D ista n ce  fro m  th e  K u ria  M u ria  Is lan d s  in  n au tica l m iles. 
c S ea-su rface  te m p e ra tu re  in  °C.
§ P ro b a b ilitie s  b ased  o n  tw o -ta ile d  tests , 

t  M in im a l p ro b ab ilitie s  b ased  o n  o n e -ta iled  te s ts  o b ta in e d  fro m  F ish e r  te s ts  o f  th e  exact 
p ro b ab ilitie s .

t  C o lu m n s 4—6 show  th e  p ro b a b ility  th a t  th e  ob se rv ed  freq u en cy  o f  o ccu rren ce  w ith in  th e  
firs t ra n g e  o f va lues w as g rea te r th a n  th e  se co n d  in  co lu m n  2.
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T a b l e  A Z . Plankton density and abundance of birds at stations off Arabia.

O b se rv a tio n V olum e o f
n u m b e r P la n k to n N o . o f N o . o f N o . o f N o . o f

(cf. F ig . 2) fro m  0 -2 0 0  m . b ird s  se e n /h r . B  fa l la x  ¡hr. O. oceanicus/hi. L .  hem prichi ¡h i.
1 4-9 16 3 6 3
2 4-3 4 1 1 2
3 19-9 10 2 2 1
4 10-9 14 2 2 6
5 13-6 38 8 1 3
6 10-1 12 1 0 4
7 3-8 7 1 0 1
8 12-8 60 3 44 9
9 7-0 15 3 2 3

10 3-5 10 5 0 0
11 5-0 10 1 1 4
12 27-2 95 8 0 15
13 72-7 78 30 0 37
14 60-6 76 8 1 -45
15 19-9 40 7 1 15
16 23-0 16 4 0 3
17 23-3 61 27 11 5
18 8-5 5 2 0 0
19 13-9 22 2 1 8
20 40-0 43 2 1 35
21 21-5 31 0 1 30
22 15-0 18 10 1 0
23 16-5 6 3 0 2
24 11-2 0 0 0 0
25 11-2 0 0 0 0
26 6-4 0 0 0 0
27 28-5 81 0 8 44
28 15-7 19 1 0 16
29 16-3 3 0 0 3
30 18-6 4 1 1 0
31 25-8 5 3 0 1
32 10-9 5 4 0 0
33 24-7 7 5 0 0

N o te . V o lum e o f  Z ooplank ton  co llec ted  in  v e rtica l h au ls  o f  70  cm . f ro m  0 -2 0 0  m.

T a b l e  A3. Spearman ranking correlation coefficients between numbers of birds seen off 
Arabia per hour and Zooplankton volume from 0-200 m. depth.

Species

T o ta l  b ird s  (all spp .) 
B . fa l la x  
O. oceanicus 
L . hemprichi

R a n k in g
co rre la tio n P ro b a b ility  o f

W eig h ted  m e a n  o f 
rs over 5 lines S ta n d a rd P ro b a b ility  o f

coefficient co rre la tio n o f s ta tio n s d ev ia tio n co rre la tio n
y S

+ 0 -5 2 > 0 -9 9 + 0 -7 5 0-186 > 0 -9 9 9
+ 0 -3 2 < 0 -9 5 +  0-43 0-186 > 0 -9 5
+  0-07 < 0 -9 5 +  0-56 0-186 > 0 -9 9
+  0-50 > 0 -9 9 + 0 -6 1 0-186 > 0 -9 9 8

T a b l e  A4. Spearman ranking correlation coefficients between numbers of birds seen off 
Arabia per hour and volume of Zooplankton collected in neuston net at surface.

Species

T o ta l b ird s  (all sp p .)
B . fa l la x  
L . hem prichi

R a n k in g
co rre la tio n

coefficient
r*

+ 0 -0 9 1  
+  0-225 
+ 0 -1 5 5

W eig h ted  m e a n  o f 
r t  ov er 5 lines 

o f  s ta tio n s  S ta n d a rd  dev ia tion

+ 0-02 
+  0-24 
- 0 - 0 3

0-18
0-18
0-18
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A n y  v aria tio n  th a t  o c c u rre d , fu rth e rm o re , w o u ld  hav e  b e e n  likely to  d ep ress  th e  d ifferences in  
n u m b e rs  o f  b ird s  o b se rv ed  ra th e r  th a n  exaggerate  th e m , b ecau se  th e  w in d  speed  w as in  g enera l 
g rea te s t in  areas w h ere  m o st b ird s  w ere  se en , n am e ly  o ff th e  K u r ia  M u ria  Is lan d s .

T o  d e m o n s tra te  th e  re la tio n sh ip  b e tw een  se a -b ird  d en s ity  an d  d istan ce  fro m  la n d , d is tan c e  
fro m  th e  K u r ia  M u r ia  Is lan d s  an d  sea su rface  te m p e ra tu re , several analyses w ere  u n d e r ta k e n  
in v o lv in g  g ro u p in g  th e  c o u n ts  o f  seab ird s in to  severa l a rb itra ry  d iv isions o f  d ie  respec tive  variab le . 
T a b le  2 show s th e  m e a n  a n d  m ed ian  values o f  th e  co u n ts  in  each  d iv is io n , to g e th e r  w ith  th e  freq u e n cy  
w ith  w h ich  each species w as seen .

T h e  assy m etric  d is tr ib u tio n  o f co u n ts , show n  b y  th e  la rg e  d ifference b e tw een  m e a n  a n d  m ed ian  
v a lu es , n ecessita ted  u s in g  a ra n k in g  sta tis tica l m e th o d , th e  M a n n -W h itn e y  U - te s t  (S iegel 1956), 
to  te s t th e  d ifference  b e tw een  th e  d is tr ib u tio n  o f  c o u n ts  in  each  d iv ision . H o w ev er, th e  above 
te s t  re q u ire s  th a t  th e  d a ta  sh o u ld  hav e  an  u n d e r ly in g  co n tin u o u s  d is tr ib u tio n  a n d  w as th ere fo re  
app licab le  o n ly  w h e n  th e  m ed ian  valu e  in  each  d iv ision  w as g rea te r  th a n  zero . I n  all o th e r  cases 
th e  d ifference  in  p ro p o rtio n  o f  c o u n ts  o n  w h ich  th e  species w as seen  w as tes te d  b y  ca lcu la tin g  
2 x 2 * 2 v a lu es , b ased  o n  p resen c e  an d  absence  a t  each  c o u n t. R esu lts o f b o th  th e  above te s ts , in  
w h ich  th e  p ro b a b ility  o f  a d ifference  is g rea te r  th a n  0*95 are  show n  in  A p p en d ix  T a b le  A Í.

A s th e  p a ram e te rs  in  th e  above analyses w ere  n o t  fu lly  in d e p e n d e n t, a  m u ltip le  analysis w as 
u n d e r ta k e n  w hose a im  w as to  d e te rm in e  w ith  w hich  p a ra m e te r  th e  d en sity  o f  each  sea-b ird  species 
w as m o s t closely associated . I t  is n o t p ro p o sed  to  co n s id e r th e  m e th o d  o f th is  analysis in  d e ta il, b u t  
a  b r ie f  su m m ary  is g iven  below  a n d  th e  resu lts  a re  su m m arized  in  A p p en d ix  T a b le  A Í .

T h e  X2 va lues over 9 5%  sign ifican t in  th e  o rig in a l analyses w ere reca lcu la ted  th ro u g h o u t th e  
ra n g e  o f  varia tio n  o f  th e  o th e r  tw o p a ram e te rs  in  tu rn . A s th e  n u m b ers  o f co u n ts  w ere  very  sm all, 
th e  F ish e r  exact te s t w as used  to  ca lcu la te  th e  exact p ro b a b ility  o f a  d ifference  in  freq u e n cy  o f 
o b se rv a tio n  in  each  d iv ision . F ro m  th is  a o n e-ta iled  x 2 w ith  tw o  degrees o f freed o m  w as calcu la ted  
u s in g  th e  ex p ress io n :—

X 2 = - 2 1 o g  p
w h ere  log p  is th e  n a tu ra l lo g a rith m  o f th e  p ro b ab ility . T h e  su m  of th e  y2 values ca lcu la ted  in  th is  
w ay  th ro u g h o u t th e  ran g e  o f  v a ria tio n  o f  th e  second  variab le  gave th e  p ro b ab ility  o f  a d ifference  
b e tw een  th e  co u n ts  in  th e  tw o d iv isions h av in g  e lim in a ted  th e  effect o f th e  la tte r.

T o  te s t fo r co rre la tio n  b e tw een  se a-b ird  d e n s ity  a n d  Z ooplankton ab u n d a n c e  (see da ta  in  
A p p e n d ix  T a b le  A 2), th e  S p ea rm an  coefficient o f  ra n k in g  co rre la tio n  (rfi) w as used  (Siegel 1956). 
I n  th is  te s t  an  obse rv ed  value  o f r$ o f + 1 * 0  d en o tes  com plete  positive co rre la tio n  o n e  o f —1*0 
co m p le te  n egative  co rre la tio n  a tid  one  o f  zero  show s a  co m p le te  lack o f  co rre la tio n . T h e  re su lts  o f  
these  te s ts  are  g iven  in  A p p en d ix  T a b le s  A3 a n d  A4.

A lth o u g h  it  w as im possib le  to c a rry  o u t a com p le te  m u ltip le  co rre la tio n  analysis u s in g  ra n k in g  
m e th o d s , se p a ra te  co rre la tio n  coeffic ients w ere  ca lcu la ted  fo r each  o f th e  five sec tions in  th e  survey  
(see F ig . 2). T h e  w eig h ted  m ean  o f  these  coeffic ients show ed  th e  deg ree  o f  co rre la tio n , h av in g  
e lim in a ted  th e  possib le  effect o f d is tan c e  fro m  th e  K u r ia  M u ria  Islands.

F in a lly  a S p ea rm an  coefficient o f  ra n k in g  co rre la tio n  w as calcu lated  b e tw een  th e  ab u n d a n c e  o f  
Z ooplank ton  fro m  0 -2 0 0  m . a n d  th e  sea su rface  te m p e ra tu re  (rs = —0*83), (-P>*999). O n  th e  
basis o f  th is  te s t it  seem s safe to  assum e th a t  th e  sea su rface  te m p e ra tu re  ca n  be  used  as a ro u g h  
in d ex  o f  th e  ab u n d a n c e  o f  Z ooplank ton  o f  th e  size ran g e  sam p led  by  th e  vertica l ne ts .
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MIGRANT LAND-BIRDS IN THE MEDITERRANEAN AND RED SEAS AND  
THE INDIAN OCEAN

In the course of four voyages between Great Britain and the Indian Ocean on R.R.S. 
‘ Discovery during the International Indian Ocean Expedition, I passed through the 
Mediterranean and Red Seas and the Gulf of Aden in June and November 1963, and 
in February and September 1964. As only the last of these passages was during a recog
nized season of bird-migration it may be of some interest to record the land-birds seen 
on these passages and some others seen in the Indian Ocean. Collected specimens have 
been presented to the British Museum (Natural History). Records of waders in the 
Indian Ocean have been excluded and will form the subject of a later paper.

Very few land-birds were recorded in the Arabian Sea; but since we spent very little 
time there in thç northern spring and autumn, this is not surprising. Nearly all the 
records were close to land off Arabia, but a swallow (probably Hirundo rustica) was seen 
in the central Arabian Sea in September (see below). N o land-birds were seen off 
eastern Somalia during the migration period August-September 1964, in an area where 
Moreau (1938 ibid) recorded quite large numbers in November 1936.

The list which follows excludes harriers Circus sp., Quail Coturnix coturnix, Turtle 
Dove Streptopelia turtur, wheatear Oenanthe spp., Redstart Phoenicurus phoenicurus, 
Spotted Flycatcher Muscicapa striata, White Wagtail Motacilla alba and Yellow Wagtail 
Motacilla flava, which were seen at dates and in areas expected from previous authors’ 
observations.

G re y  H e ro n  A rd e a  cinerea. O n e  f ly in g  N .W . a t  0 7 .0 0  o n  10 S e p te m b e r  1964  in  th e  R e d  S ea  a t 
19° 0 8 ' N . ,  39° 0 6 ' E . ,  ro u g h ly  1 0 0  m ile s  e a s t o f  P o r t  S u d a n .

C a tt le  E g re t  A rd e o la  ibis. T h re e  sm a ll flocks o f  e g re ts  (2 -2 0  b ird s )  w h ic h  I th o u g h t  w e re  C a ttle  
E g re ts ,  b e c a u se  o f  th e  b u f f  c o lo u ra tio n  a ro u n d  th e ir  h e a d s , w ere  se e n  f ly in g  S .S .W . b e tw e e n  11 .00  
a n d  1 4 .00  o n  10 S e p te m b e r  1964 a t  a p p ro x im a te ly  1 9 }°  N . ,  3 8 f°  E . ,  a b o u t  100 m ile s  e a s t o f  P o r t  
S u d a n . T h is  sp e c ie s  h a s  p re v io u s ly  b e e n  re c o rd e d  in  th e  R e d  S ea  in  J a n u a ry  (E llio t & M o n k  1952) 
a n d  A p r il  (T u c k  1961).

G a rg a n e y  A n a s  quequedula. A  flock  o f  12 f ly in g  S .S .W . a t  11 .10  o n  13 S e p te m b e r  1964  a t 
26° 5 4 ' N .,  34° 2 8 ' E . ,  a b o u t 7 0  m ile s  s o u th  o f  th e  t ip  o f  S in a i. T h re e  b ird s  (2cJcJ, 1$) f ro m  a  flock , 
c o llid e d  w ith  th e  s h ip ’s m a s t  a t  0 4 .3 0  o n  14 S e p te m b e r  1964  i n  th e  G u l f  o f  S u e z  a t  29° 1 0 ' N . ,  
32° 4 6 ' E . T w o  flocks o f  a b o u t 20  e a c h  f ly in g  b e tw e e n  S .W . a n d  S .S .W . lo w  o v e r  th e  sea  b e tw e e n
0 7 .5 0  a n d  0 8 .1 0  o n  16 S e p te m b e r  1964 in  th e  M e d ite r r a n e a n  S e a  a t  a b o u t  32° N . ,  3 0 f  E . ,  i.e . 
a b o u t  7 0  m ile s  N .E . o f  A le x a n d ria . R . E . M o re a u  (p e rs . c o m m .)  te lls  m e  t h a t  th e s e  a re  a m o n g  th e  
f irs t re c o rd s  o f  d u c k s  m ig ra tin g  o v e r  th e  R e d  S ea  a n d  M e d ite r r a n e a n  S e a , re sp e c tiv e ly . T h e y  
p ro v id e  e v id e n c e , f u r th e rm o re , fo r  b o th  d iu rn a l  a n d  n o c tu rn a l  m ig ra tio n  in  th is  sp ec ies.

P e re g r in  e F a lco  peregrinus. O n e  w h ic h  la n d e d  o n  b o a rd  a t  1 1 .30  o n  17 J u n e  1963 a t  18° 2 4 ' N . ,  
39° 4 7 ' E . ,  a b o u t  150 m ile s  E .S .E . o f  P o r t  S u d a n ,  la te r  flew  o ff  to  th e  W .S .W . T h is  sp e c ie s  h a s  
b e e n  re c o rd e d  p re v io u s ly  in  th e  R e d  S ea  in  M a y , J u n e  a n d  A u g u s t  (M o re a u  1 9 3 8 ; T u c k  I9 6 0 , 
1961). A n o th e r  la rg e  fa lc o n  w as se e n  a t  1 2 .0 0  o n  17 A u g u s t  1963 a t  15° 4 5 ' N . ,  53° 0 5 ' E . ,  so m e  
6 0  m ile s  e as t o f  R a s  F a r ta k  o ff  s o u th e a s t  A ra b ia . O w in g  to  th e  p re se n c e  o f  b u f f  p a tc h e s  o n  th e  
b i r d ’s n a p e , I  th in k  i t  w as p ro b a b ly  th e  B a rb a ry  F a lc o n  F .p . peregrinoides. I t  w as a t te m p t in g ,  
q u i te  u n su c c e ss fu lly , to  c a tc h  R e d -n e c k e d  P h a la ro p e s  Lobipes lobatus  w h ic h  w e re  f ly in g  lo w  o v e r 
th e  se a  su rface .

B la c k -w in g e d  S t i l t  H im a n to p u s h im an topus. O n e  a t  12 .20  o n  12 S e p te m b e r  196 4  a t  19° 4 8 ' N . ,  
38° 4 3 ' E .,  so m e  100  m ile s  e a s t o f  P o r t  S u d a n .

P a lm  D o v e  S tre p to p e lia  senegalensis. O n e  w h ic h  w as c a p tu re d  o n  b o a rd  a t  0 3 .1 0  o n  18 A u g u s t  
1963 a b o u t  10 m ile s  o ff th e  so u th e a s t  A ra b ia n  c o a s t a t  15° 4 7 ' N . ,  52° 2 5 ' E . h a s  b e e n  id e n tif ie d  as 
S .s . senegalensis, w h ic h  o c c u rs  th r o u g h o u t  w e s te rn  A ra b ia . I ts  w e ig h t w a s  ro u g h ly  95 g m . T h e re  
h a s  b e e n  n o  p re v io u s  su g g e s tio n  th a t  th e  lo ca l b i rd s  a re  m ig ra to ry  b u t  M o re a u  (1938) r e p o r te d  a 
re c o rd  o f  th e  e a s te rn  su b sp e c ie s  S .s .  cam bayensis i n  th e  e a s te rn  A ra b ia n  S e a  b e tw e e n  B o m b a y  a n d  
K a ra c h i in  A p ril . I  a m  in d e b te d  to  M r  D . G o o d w in  fo r  d e te rm in in g  th e  su b sp e c ie s  o f  m y  sp e c im e n .

G re y -h e a d e d  K in g f ish e r  H a lc y o n  leucocephala. O n e  la n d e d  o n  b o a rd  a t  10.35 o n  13 N o v e m b e r  
1963 a t  12° 2 9 'N . ,  47° 0 7 ' E . so m e  1 0 0  m ile s  e a s t  o f  A d e n . T h is  sp e c ie s  h a s  b e e n  r e p o r te d  
p re v io u s ly  i n  th e  R e d  S ea  in  A p r il  a n d  M a y  (M o re a u  1938).

H o o p o e  TJpupa epops. O n e  in  th e  G u l f  o f  A d e n  a t  n o o n  o n  5 S e p te m b e r  1964  a t  12° 0 9 ' N . ,  
50° 0 4 ' E . a t te m p te d  to  fly p ra c tic a lly  a t  se a -lev e l u n d e r  th e  s h ip ’s s id e , p re su m a b ly  to  k e e p  in  th e  
sh a d e  o f  th e  sh ip .

S w allo w  H iru n d o  rustica . O n e  la n d e d  o n  b o a rd  a t  10 .40  o n  14 A u g u s t  1963 a t  15 ° 3 4 'N .,  
52° 4 0 ' E . , o ff R a s  F a r ta k  in  th e  A ra b ia n  S ea . A  sw allo w  w as r e p o r te d  to  m e  a t  0 7 .45  o n  1 S e p te m b e r  
1963 a t  05° 2 5 ' N . , 61° 5 0 ' E . A lth o u g h  I d id  n o t  see  i t  m y se lf , its  d e s c r ip t io n  a g re e d  e x a c tly  w ith  
t h a t  o f  H . rustica . T h e  p o s itio n  o f  th is  r e c o rd , w h ic h  is  a b o u t  7 0 0  m ile s  f ro m  la n d ,  is  a lm o s t  as 
fa r  f ro m  la n d  as i t  is  p o ss ib le  to  g e t  in  th e  A ra b ia n  S ea .
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O livaceous W a rb le r  H ippolais pa llida . A  $ (w eig h t ab o u t 9 gm .) co llected  o n  b o a rd  a t 12.50 
o n  6 J u n e  1963 a t 37° 1 8 ' N .,  05° 0 5 ' E ., a b o u t 40 m iles off A lgeria , seem s ex cep tio n a lly  la te  fo r  a 
sp r in g  m ig ra n t. A n o th e r , a lm o st c e rta in ly  th is  species, la n d e d  o n  b o ard  a t 12.15 o n  12 S ep tem b er 
1964 a t  23° 4 7 ' N .,  36° 3 2 ' E ., a b o u t 100 m iles w es t o f  Y en b o  in  th e  R e d  Sea.

G a rd e n  W a rb le r  S y lv ia  borin. O n e  la n d e d  o n  b o a rd  a t 17.45 o n  9 J u n e  1963 a t  35° 3 0 ' N ., 
16° 2 5 ' E .,  a b o u t 100 m iles E .S .E . o f  M a lta . I ts  w e ig h t w as a b o u t 18 gm . T h is  d a te  seem s very  
la te  fo r  sp r in g  m ig ra tio n .

S p ec tac led  W a rb le r  S y lv ia  conspicillata. T h re e  sm all w arb le rs  w h ich  I  believed  w ere  th is  
species la n d e d  o n  b o a rd  a t d a w n  o n  th e  early  d a te  o f  23 F e b ru a ry  1964, a f te r  d rizz le  h a d  developed  
d u r in g  th e  n ig h t. T h e  sh ip ’s p o s itio n  w as ro u g h ly  36£° N .,  12J° E ., i.e . a b o u t 70  m iles so u th  o f 
S icily  a n d  80 m iles  eas t o f  T u n is ia .

S ta r lin g  S tu rn u s  vulgaris. O n e  c irc led  a ro u n d  th e  sh ip  a t 11.30 o n  22 S e p te m b e r  1964 a t ab o u t 
37° N .,  1 ° E . ,  a b o u t 30 m iles n o r th  o f  A lgeria . A c c o rd in g  to  M o re a u  (1953), th is  species has 
ra re ly  b e e n  re c o rd e d  a t sea in  th e  w es te rn  M e d ite rra n e a n , a n d  th is  re c o rd  w o u ld  a p p e a r to  be  
ex cep tio n a lly  early  fo r a m ig ra n t so far so u th .

W a ttle d  S ta r lin g  C reatophora caruncidata. A  ju v e n ile  lan d ed  o n  b o ard  a t 0 8 .40  o n  8 A ugust 
1963 a t 16° 3 8 ' N . , 54° 4 0 'E . a b o u t 50 m iles  S .E . o f  Salala o ff so u th e ast A rab ia . A t th e  tim e  
I id en tified  i t  ten ta tiv e ly  as a R o se-co lo u red  S ta r lin g  P astor roseus, b u t  H . P . M e d h u rs t  (pers. 
co m m .) has k in d ly  in fo rm e d  m e th a t  th e  p a le  ru m p  is d iag n o stic  o f  th e  W a ttle d  S ta rlin g . A n o th e r  
ju v e n ile  (w eig h t ab o u t 65 gm .) w as co llec ted  o n  b o ard  a t  07 .0 0  o n  9 A u g u s t 1963 a t  14° 3 4 ' N ., 
50° 2 7 ' E . ab o u t 80 m iles eas t o f  M u k a lla  in  th e  n o r th e rn  G u lf  o f  A d en . T h e  sk in  w as iden tified  
fo r m e  b y  H . P . M e d h u rs t. A lth o u g h  M e in e rtz h a g e n  (1954) re fu sed  to  accep t th e  ea rlie r reco rds 
o f  th is  species in  A rab ia , b o th  E n n io n  (1964) a n d  M e d h u rs t  (pers . com m .) have  re c o rd e d  i t  recen tly  
a t A d e n . T h e  early  da tes  o f  m y  reco rd s  su g g est th a t  th ey  m ay  have b een  y o u n g  b ird s  w a n d e r in g  
in  se a rc h  o f  foo d , ra th e r  th a n  tru e  m ig ra n ts . C . carunculata  is am o n g  th e  species k n o w n  to  follow  
lo cu s t sw arm s, an d  these  reco rd s  w ere  o b ta in ed  a t a tim e  w h e n  large n u m b e rs  o f  in se c ts , in c lu d in g  a 
few  lo cu s ts , h ad  b een  seen  o u t to  sea o ff so u th e a s t A rab ia .

T ru m p e te r  B u llfinch  B ucanetes githagineus. A  b ird  w as c a p tu re d  o n  b o a rd  o n  2 D ece m b e r 
1963 off so u th e rn  P o rtu g a l. W h e re  it  lan d ed  o n  b o a rd  is n o t  c lear, b u t  i t  m u s t  hav e  b e e n  so m ew here  
o ff n o r th w e s t  A frica  an d  p o ss ib ly  in  th e  M e d ite rra n e a n  Sea. A lth o u g h  its  o rig in  is u n k n o w n  
th is  re c o rd  is p a rtic u la rly  in te re s t in g  because  th e  T ru m p e te r  B ullfinch  h as b e e n  re c o rd e d  so rare ly  
in  E u ro p e . I t  seem s in te re s tin g , if  in ex p licab le , th a t  i t  sh o u ld  be fo u n d  a t sea, n o r th  o f  its  k n o w n  
b re e d in g  ra n g e , in  D ece m b e r.

C re tz s c h m a r’s B u n tin g  E m beriza  caesia. A  S  la n d e d  o n  b o ard  a t 10.10 o n  1 M a rc h  1964 a t 
21° 2 1 ' N .,  38° 10 ' E . ab o u t 50 m iles w est o f  Je d d a  in  th e  R ed  Sea. T h is  is th e  seco n d  reco rd  o f 
th is  species in  th e  R ed  Sea in  th e  early  sp r in g , th e  firs t b e in g  th a t o f  P h illip s  (1953) a t 16J° N . in  
F e b ru a ry  1953.

In conclusion, the fact that so many records of interest were obtained during only 
eight weeks in the Mediterranean and Red Seas, mainly out of the migration season, is 
worth stressing. Clearly, there is still a great deal to be learned in these areas.

I a m  m o s t g ra te fu l to  M r  R . E . M o re a u  fo r  p o in tin g  o u t th e  in te re s t o f  som e o f th ese  reco rds 
a n d  fo r  re a d in g  an d  c ritic iz in g  th e  m a n u sc rip t. I w ish  to  th a n k  th e  N a tio n a l In s t i tu te  o f 
O c e a n o g ra p h y , fo r in c lu d in g  m y w o rk  in  th e  p ro g ra m m e  o f th e  ‘ D iscovery  ’. I  am  also in d e b te d  
to  sc ien tis ts  o n  b o ard  ‘ D isco v ery  ’ & especially  to  M r  R . I. C u rr ie , D r  J. C . Sw allow  a n d  th e  late 
D r  M . N . H ill , th e  P rin c ip a l S c ien tis ts  o n  b o a rd  th e  ‘ D isc o v e ry ’, fo r g iv ing  m e every  facility  
n ecessa ry  fo r m y  w ork. D u r in g  m y  tim e  o n  b o a rd  ‘ D isco v ery  ’ and  d u r in g  th e  w ritin g -u p  I w as 
g en e ro u sly  su p p o rte d  by  th e  N uffie ld  F o u n d a tio n  a n d  th e  B ritish  O rn ith o lo g is ts ’ U n io n  respectively .
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R eprin ted  from Ib is , no. 109, 1967, p. 437-439

MIGRANT WADERS IN THE INDIAN OCEAN

While working on the R.R.S. “ Discovery ” during the International Indian Ocean 
Expedition in 1963 and 1964, I observed small numbers of waders at sea in the Indian 
Ocean. Details of the ship’s itinerary can be found in reports published by the Royal 
Society (1963,1964,1965, ‘ International Indian Ocean Expedition, R.R.S. “ Discovery ” 
Cruise Reports ’ 1-3), but a brief summary of our cruises during the recognised seasons 
of migration is given here to indicate the extent of our coverage. In the autumn of 1963, 
the “ Discovery ” was working primarily in the central Arabian Sea and in the seas 
between the Seychelles Is. and East Africa; in spring 1964, the ship was working 
primarily in mid-ocean; while in autumn 1964, the ship undertook à survey of the 
eastern Somali coast. My observations of land-birds other than waders have been 
published elsewhere (Bailey 1966, ‘ Ibis ’ 108: 421^422).

Several species of waders are, clearly, regular and abundant non-breeding migrants 
to the islands of the western Indian Ocean. Earlier published records (mostly sum
marized by Watson, Zusi & Storer 1963, ‘ Preliminary Field Guide to the Birds of the 
Indian Ocean ’. Smithsonian Inst.) show that eight species are particularly widespread, 
namely the Turnstone Arenaria interpres, the Grey Plover S. squatarola, the Greater 
Sand-plover Charadrius leschenaultii, the Whimbrel Numenius phaeopus, the Curlew 
N. arquata, the Greenshank Tringa nebularia, the Common Sandpiper Actitis hypoleucos, 
the Sanderling Crocethia alba, and the Curlew Sandpiper Erolia testacea. Of these, the 
Turnstone is probably the most abundant. For all these species the islands of the 
Indian Ocean are clearly an important wintering area.
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Usually, waders were seen singly at sea. Often they circled around the ship several 
times before heading away; only once did a wader (a Whimbrel) alight on the ship and 
then it remained for a few minutes only. As there are very few records of waders at sea 
in the Indian Ocean, all my records are listed later.

In addition to my records at sea, I saw quite large numbers of waders during 
short visits to mid-oceanic islands. Visits on which I recorded waders were as follows: 
Mahé, Seychelles Is., 2-5 Oct. 1963, and 9-12 Jun. 1964; Desnoeufs Is., Amirante group, 
11 Oct. 1963; Bird Is., Seychelles group, 4 Nov. 1963; Hasikiya Is., Kuria Muria Is. off 
southeast Arabia, 10 Mar. 1964. My observations of waders on these islands are sum
marized in the following list.
A r e n a r i a  i n t e r p r e s  T u rn s to n e

S ev en  reco rd s  a t sea : o n e  a t  12 .10  o n  1 O c t. 1963 a t 0 2°19 'S . 57 °1 2 'E ., som e 150 m iles N .E . o f  th e  
S eychelles Is. ; o n e  a t 12 .00  o n  6 O c t. 1963 a t  0 6 °3 0 'S . 54 °1 2 'E ., ab o u t 60 m iles eas t o f  th e  A m iran te  
I s . ;  five a t  08.25 o n  7 O c t. 1963 a t 0 6 °1 6 'S . 5 4 °0 7 'E .; o n e  a t  12.10 o n  8 O ct. 1963 a t  06°21 'S . 
54°28 'E . ; fo u r  a t  11 .00  o n  15 O ct. 1963 a t  0 2 °3 2 'S . 4 4 °5 4 'E ., ab o u t 180 m iles  off E a s t A frica ; one 
a t  12.20 o n  15 O ct. 1963 a t  0 2 °3 2 'S . 4 4 °5 4 'E .;  o n e  a t  10.30 o n  22 O c t .  1963 a t  0 2 °0 9 'S . 4 1 °2 7 'E ., 
a b o u t 20 m iles  o ff th e  K iu n g a  a rch ip e lag o , K en y a . A ll th e  above reco rd s  w ere  in  O c to b e r  a n d  n o n e  
w ere  seen  in  th e  sam e areas in  S e p te m b e r  1963. T h is  m ay  in d ica te  th a t  th e  m a in  a rriva ls o n  th e  
In d ia n  O cean  is lan d s o ccu r f ro m  O c to b e r  on w ard s.

T u rn s to n e s  w ere  also  re c o rd e d  o n  is lan d s  as fo llow s: o n e  o n  M a h é , S eychelles o n  2 O ct. 1963; 
ca. 10 o n  M a h é  f ro m  9 -1 2  Ju n . 1964; 2 -3 0 0  o n  D e sn o eu fs  I s . ,  A m iran te s , o n  11 O c t. 1963 ; com m o n  
o n  B ird  I s . ,  S eychelles , o n  4  N o v . 1963. O n  B ird  Is . severa l b ird s  w e re  seen  feed in g  am ong  
c o c o n u t trees  in  th e  c e n tre  o f  th e  is lan d , w h ile  o th e rs  w ere  feed in g  in  th e  S o o ty  T e r n  S te rn a  fu sc a ta  
co lony.

S q u a t a r o l a  s q u a t a r o l a  G re y  P lo v er
N o n e  w ere  ce rta in ly  seen  a t  sea , b u t  sm a ll n u m b e rs  w ere  seen  o n  th e  is lan d s  as fo llow s: o n e  o n  

M a h é , S eychelles , o n  2 O c t. 1963 ; tw o  feed in g  o n  a  m u d -fla t n e a r  P o r t  V ic to ria , M a h é , f ro m  9 -1 2  
Ju n . 1964; tw o  o n  B ird  I s . ,  S eychelles , o n  4  N o v . 1963.

C h a r a d r i u s  l e s c h e n a u l t i i  G re a te r  S a n d -p lo v e r
S a n d -p lo v e rs , th o u g h t to  b e  th is  species, w ere  seen  a t  sea off E ast A frica  as fo llow s: 12 a t  17.05 

o n  15 S ep . 1963 a t  0 3 °4 7 'S . 4 0 ° 0 6 'E ., a b o u t 20  m iles o ff M o m b a sa ; o n e  fly ing  w e s t a t  11.35 o n  
18 S ep . 1963 a t  0 2 °2 1 'S . 4 3 °2 5 /E ., ab o u t 100 m iles  off E a s t A frica ; o n e  fly ing  w es t a t  07 .10  o n  19 
S ep . 1963 a t  0 2 °4 0 'S . 4 3 °2 7 'E ., a b o u t 140 m iles o ff E a s t A frica .

O n e  fa irly  la rge  sa n d -p lo v e r  w as seen  o n  M a h é , S eychelles , o n  2 O c t. 1963 ; a n o th e r , w h ich  w as 
p ro b a b ly  th e  p re se n t species, w as seen  th e re  f ro m  9 -1 2  J u n . 1964. A b o u t te n  sa n d -p lo v e rs  w ere  
also  seen  o n  D e sn o eu fs  I s . ,  A m ira n te s , o n  11 O ct. 1963, b u t  all o f  th e m  m ay  n o t  have  b e e n  C. 
leschenaultii b ecau se  b ird s  o f  tw o  sizes se em ed  to  b e  p re se n t. (T h e  o th e rs  m ay  h av e  b e e n  C . 
mongolus). F in a lly , fo u r  w ere  seen  o n  B ird  I s ., S eychelles, o n  4  N o v . 1963; th e y  w ere  a b o u t th e  
sa m e size  as T u rn s to n e s  a n d  so  w ere  p ro b a b ly  th e  p re se n t species.

N u m e n i u s  p h a e o p u s  W h im b re l
F iv e  reco rd s  a t  sea, as fo llo w s: o n e  b e tw een  06 .50  an d  07.55 o n  30 A u g . 1963 a t  0 5 °3 6 'N . 

6 1 °5 3 'E ., in  th e  so u th e rn  A ra b ia n  S ea , a b o u t 600  m iles f ro m  la n d ; one  fly ing  so u th w e st a t  17.10 o n  
24 S ep . 1963 a t 03°30 'S . 49°35 /E . , ab o u t 250 m iles n o r th w e s t o f  th e  A m ira n te  I s . ,  tw o  a t 12.25 on  
10 O ct. 1963 a t  0 6 °0 7 'S . 5 4 °2 6 'E ., a b o u t 50 m iles  east o f  th e  A m iran te  I s . ;  o n e  a t 11.55 o n  31 O ct. 
1963 a t  0 3°34 'S . 51 °3 0 'E ., a b o u t 150 m iles  n o r th w e s t o f  th e  A m ira n te  I s . ;  o n e  fly ing  so u th  a t
09 .50  o n  17 A ug . 1964 a t 0 7 °5 4 'N . 5 0 °4 3 'E ., a b o u t 50 m iles o ff S om alia.

N o  W h im b re ls  w ere  seen  o n  is lan d s ex cep t o n  B ird  I s . ,  S ey c h e lle s ,o n  4  N o v . 1963, w h e n  ab o u t 
20 w ere  seen  in  th e  c o co n u t p la n ta tio n .

L i m o s a  l a p p o n i c a  B a r-ta ile d  G o d w it
O n e  w as seen  in  th e  c o c o n u t p la n ta tio n  o n  B ird  I s ., Seychelles, o n  4  N o v . 1963. L o u s ta u -  

la la n n e  (1963, ‘ S ea  a n d  sh o re  b ird s  o f  th e  S ey ch e lles’. S eychelles S ocie ty , o ccasional p u b l. no . 2). 
reco rd s  i t  as a  re g u la r  m ig ra n t  in  th e  co lony .

T r i n g a  n e b u l a r i a  G re e n sh a n k
O n e  w as h e a rd  in  foggy  c o n d itio n s  a t n ig h t o n  17/18 A u g . 1963 a t  1 5 °4 7 'N . 5 2 °2 5 'E ., ab o u t 

20 m iles off R as F a r ta k , so u th e a s t A rab ia .
M y  on ly  re c o rd  on  an  is lan d  in  th e  In d ia n  O cean  w as o f  o n e  a t  P o r t  V ic to ria , M a h é , S eychelles, 

o n  2 O ct. 1963.

T r i n g a  o c h r o p u s  G re e n  S a n d p ip e r
T w o  w ere  h e a rd  in  foggy  c o n d itio n s  a t  n ig h t  o n  17/18 A ug. 1963 a t 1 5 °4 7 'N . 5 2 °2 5 'E ., som e 

20 m iles  o ff R as F a r ta k , so u th e a s t A ra b ia ; tw o  seen  a t 09 .30  o n  27 A ug . 1964 a t 1 2 °5 8 'N . 4 8 °0 6 'E ., 
in  th e  c e n tre  o f  th e  G u lf  o f  A d e n ; o n e  seen  a t 05 .5 0  on  7 S ep . 1964 close o ffsho re  n e a r  A d en . So 
fa r  as I  am  aw are  th e re  a re  n o  reco rd s  o f  th is  species o n  m id -o c ean ic  is lan d s in  th e  In d ia n  O cean .
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X e n u s  c i n e r e u s  T e re k  S a n d p ip e r
O n e  w as seen  feed in g  o n  a  sm a ll m u d -f la t a b o u t 100 m . f ro m  th e  se a , o n  M a h é , S eychelles , o n  

2 O ct. 1963. A lth o u g h  th is  species h as b een  re c o rd e d  o n  P ro v id e n c e  a n d  th e  C o m o ro  Is. (W atso n  
e t al. 1963; B en so n  1960, ‘ Ib is  ’ 1 03b : 5 -1 0 6 ), i t  is  c learly  a  ra re  m ig ra n t to  th e  m id -o c ean ic  is lan d s . 
T h is  re c o rd  is th e  o n ly  re c e n t o n e  fo r  th e  S eychelles I s . , w h e re  th e  species w as re c o rd e d  b y  O u s ta le t 
(1878, ‘ B ull. Soc. P h ilo m a th . P a ris  ’ (7) 2 : no . 4 ), a n d  th e  fu r th e s t  f ro m  th e  m a in la n d  coasts o f  th e  
In d ia n  O cean . T h e  b ird  w as id en tified  b y  its  q u ite  lo n g  u p tu rn e d  b ill, its  yellow  legs, th e  th in  
w h ite  tra ilin g  ed g e  o f  its  w in g s , a n d  its  th in  tr isy llab ic  call.

A c t i t i s  h y p o l e u c o s  C o m m o n  S a n d p ip e r
O n e  re c o rd  a t  se a : o n e  fly ing  w e s t a t  07 .05  o n  16 S ep . 1963 a t  0 1 °5 5 'S . 4 2 °1 0 'E ., a b o u t 30 m iles 

o ff E a s t A frica .
I n  a d d itio n , I  re c o rd e d  th re e  C o m m o n  S a n d p ip e rs  o n  H asik iy a  I s ., K u r ia  M u r ia  g ro u p , o n  

10 M a r. 1964. T h is  w o u ld  a p p e a r  to  b e  th e  f irs t  reco rd  fo r  th ese  islands.

C r o c e t h i a  a l b a  S a n d e r lin g
N o n e  w ere  seen  a t  sea , b u t  o n e  w as seen  o n  D esn o eu fs  I s . ,  A m ira n te s , o n  11 O c t. 1963, a n d  th re e  

w ere  seen  o n  B ird  I s . ,  S eychelles , o n  4  N o v . 1963.

E r o l i a  t e m m i n c k i i  T e m m in c k ’s S tin t
O n e  w as seen  in  th e  S o o ty  T e rn  co lony  o n  B ird  I s . ,  S eychelles , o n  4  N o v . 1963. T h e  b ird  w as 

id en tified  b y  its  w h ite  o u te r  ta il fe a th e rs , th e  lack o f  m ark in g s  o n  its  back , an d  b y  its  m ark ed ly  
d u ll-b ro w n  p lu m ag e . T h is  re c o rd  ap p ea rs  to  b e  th e  firs t fo r  th e  S eych e lles  I s . ,  and  th e  firs t fo r  
an y  o f  th e  is lan d s in  th e  e x tre m e  w e s te rn  In d ia n  O cean . P h illip s  (1963, ‘ J . B o m b ay  n a t. H is t  .S oc. ’ 
6 0 : 546 -5 8 4 ), h o w ev er, h as  re p o rte d  severa l reco rd s  fo r  th e  M a ld iv e  Is.

E r o l i a  t e s t a c e a  C u rle w  S a n d p ip e r
T w o  re c o rd s  a t  se a : o n e  a t  13 .00  on  11 S ep . 1963 a t  0 3 °1 0 'S . 4 2 °5 T E . a b o u t 100 m ile s  o ff E ast 

A frica ; o n e  a t 17 .10  o n  21 O c t. 1963 a t  0 2 o0 5 'S . 4 1 °3 0 'E ., a b o u t te n  m iles off n o r th e rn  K e n y a .
In  a d d itio n , I  re c o rd e d  th e  species o n  is lan d s as fo llow s: ca. 20 seen  a t  P o r t  V ic to ria , M a h é , 

S eychelles , f ro m  9 -1 2  Ju n . 1964; ca. 10 o n  D esn o eu fs I s . ,  A m ira n te s , o n  11 O c t. 1963 ; tw o  o n  B ird  
I s . ,  S eychelles , o n  4  N o v . 1963, o f  w h ic h  o n e  h ad  re m a in s  o f  su m m e r  p lu m ag e .

D r o m a s  a r d e o l a  C ra b  P lo v e r
T h e  s ta tu s  o f  th is  species in  th e  In d ia n  O cean  is n o t  c lea r , b u t  i t  h a s  b e e n  su g g ested  th a t  i t  m ay  

b re e d  o n  a  n u m b e r  o f  is lan d s . I  re c o rd e d  i t  o n ce : a flock o f  te n  w as seen  o n  B ird  I s ., S eychelles , on  
4  N o v . 1963 ; b u t  th e re  w as n o  ev id en ce  th a t  th e y  w ere  b re e d in g  o r  h a d  b red .

G l a r e o l a  p r a t i n c o l a  P ra tin c o le
A  p ra tin c o le , w h ic h  I  b e liev e  w as th is  species, w as seen  o n  B ird  I s . ,  S eychelles, o n  4 N o v . 1963. 

I t  w as b ro w n  ab o v e , a n d  p a le r  be low  w ith  re d d ish  ax illa ries. T h e  o n ly  p rev io u s re c o rd  fo r  th e  
S eychelles Is . is O u s ta le t’s (1878), a lth o u g h  i t  h a s  p rev io u sly  b e e n  re c o rd e d  o n  M a u ritiu s , a n d  on  
is lan d s m u c h  fu r th e r  eas t in  th e  In d ia n  O cean  (W atso n  e t  al. 1963).

To summarize, it is clear that the species seen most frequently at sea were those 
which are known to occur in large numbers on the Indian Ocean islands. The fact that I 
saw the largest numbers in September and October 1963 off East Africa, but very few 
off the Somali coast in August and September 1964, suggests that the main arrivals take 
place after mid-September. This seems surprising in view of the fact that Fogden 
(1963, ‘ Ibis ’ 105: 112-113) found quite large numbers of migrant waders in Kenya as 
early as late July 1961. Finally, it is of some interest that so many waders were seen on 
the Seychelles in early June 1964; this indicates that a small percentage of the wintering 
population remain as non-breeders, as has been shown to occur in Madagascar (Homes 
1947, ‘ Ib is’ 89: 517-518). Fqgden (ibid.) suspected this was true of waders on the 
coast of Kenya also.

I  am  m o st g ra te fu l to  th e  N a tio n a l In s t i tu te  o f  O cea n o g ra p h y  fo r  in c lu d in g  m y  w o rk  in  th e  
p ro g ra m m e  o f  th e  “  D isc o v e ry  ”  d u r in g  th e  In te rn a tio n a l In d ia n  O cea n  E x p ed itio n . In  
p a r tic u la r , I  w o u ld  like to  th a n k  M r. R . I. C u rr ie , D r . J . C . S w allow , an d  th e  la te  D r . M . N . H ill, 
w h o  gave m e  every  fac ility  fo r  m y  w o rk . I  w o u ld  also  like to  th a n k  M r. C . W . B e n so n , w h o  d rew  
m y  a tte n tio n  to  O u s ta le t’s w o rk  o n  th e  Seychelles Is . W h ile  o n  th e  “  D isc o v e ry  ” , I  w as financed  
b y  th e  N u ffie ld  F o u n d a tio n  to  w h o m  I  a m  m o st g ra te fu l.

British Trust for Ornithology, R. S. B a i l e y .
Beech Grove, Tring,

Hertfordshire.

4 October 1966.
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POISSONS NOUVEAUX OU PEU CONNUS 
PROVENANT DE LA RÉUNION ET DE MADAGASCAR

par P. FOURMANOIR* et P. GUÉZÉ**

I. DESCRIPTION DE DEUX NOUVEAUX M U L L I D A E  RÉUNIONNAIS 
ET D ’UN NOUVEAU M U L L I D A E  MALGACHE

1. P a r u p e n e u s  p a s I e I i nov. sp. (lig. l/a).

11 existe à La Réunion une petite espèce rarement capturée vu son site profond, entre 150 
et 250 m, et sa (aille exigue. .Nous n’en avons pris jusqu’à présent qu’une dizaine d’exemplaires, 
dont un seul exemplaire dépassant 150 mm de longueur standard.

Cette espèce est remarquable par un anneau vermillon de 3 écailles de large environ qui 
entoure l’extrémité poslérieure du pédoncule caudal, par la longueur de ses barbillons qui attei
gnent la base des ventrales. Sa caudale est généralement jaune vif, mais parfois rose, son corps 
allongé, robuste, esl rouge ainsi que toutes ses autres nageoires.

* M aître de R echerche i) l'O .H .S.T .O .M .
** Ingénieur agronome, Saint-D énis - Réunion.
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Elle partage la plupart de ces caractéristiques avec deux autres espèces, l’une décrite par 
Bleeker en provenance d’Indonésie sous le nom de janseni et l’autre par Jordan et Seale en 
provenance d’Hawaï sous le nom de chrysonemus.

Gomme ces deux autres espèces, elle a en outre la faculté de porter parfois une bande longi
tudinale qui, au lieu d’être orangée à la frange avec le centre rose est foncée, brun verdâtre ou 
noirâtre sur les bords.

Fig. I/a. —  en haul, Parupeneus posteli nov. sp. (holotype) Guézé coll. (en collection Mus. Nat. Hist. Nat. Paris)
Long, standard 164 mm (origine La Réunion) 

en bas, Parupeneus chrysonemus (Jordan et Seale) Ballieu coll. (en collection Mus. Nat. Hist. Nat. Paris) 
Long, standard 204 mm (origine Hawaî).

Nous avons eu la chance d’avoir entre les mains 8 exemplaires de l’espèce de Bleeker, 
une dizaine de la nôtre et deux seulement de celle de Jordan, ce qui nous a permis d’esquisser 
le tableau des différences morphologiques des trois espèces.

L’espèce d’Hawaï est signalée constamment comme une espèce de taille appréciable attei
gnant au moins 225 mm ; les autres ne semblent pas dépasser de beaucoup 165 mm. L’espèce 
hawaïenne a un pédoncule caudal nettement plus élevé que les deux autres et est la seule espèce 
de Mullidae où les branchiospines soient habituellement plus longues que les branchies qui sont 
particulièrement courtes ; elle paraît très comprimée par rapport aux deux autres qui sont au 
contraire très robustes.

A taille égale, les yeux de l’espèce de La Réunion sont plus gros que ceux des deux autres 
espèces et cette espèce, comme celle d’Hawaï, a environ 33 à 34 branchiospines au total, tandis 
que celle de Bleeker n’en a pas plus de 25 à 27 ; les fdaments branchiaux semblent s’allonger avec 
la taille dans l’espèce de La Réunion.

L’espèce de La Réunion semble intermédiaire entre celle de Bleeker et celle de Jordan, par 
ses mesures biométriques. On ajoutera enfin que l’espèce de Bleeker a des barbillons moyens, 
alors que les deux autres ont des barbillons très longs.
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Comparaison des mesures biométriques 
du Parupeneus posteli nov. sp. 

avec celle des Parupeneus janseni Bleeker et chrysonemus Jordan

L mm L /h Il /1] H/E L/T 100
do/T

100
P/V

100 100
C/V V/T

Bsp 100
bsp/T

100
bch/T

Nb
éch

Parupene us janseni B leeker

74 5,3 12,3 1,5 3,5 23,5 100 —  70 1 Collections Muséum de
75-100 4,75 11,9 1,6 3,35 23 90 110 70 5/1/19, 6,5 13 3 Leiden dont collections

100-125 4,45 12,5 1,65 3,1 21,5 105 111 64 6/1/19 à 21 8 16 4 Bleeker Indonésie
135 4,15 11,2 3,05 21,5 103 106 66 gravure holotype Bleeker

Parupeneus posieti nov. sp.

88 4,15 11,9 1,7 3,3 23 98 98 80 1 nos captures à la Réunion
100-125 4,4 12,6 1,6 3,15 28 101 101 74 7/1/26 11 13,5 3
125-150 4,25 11,7 1,55 3,15 24,5 103 99 73 7/1/24 à 26 9,5 14 5

164 4,45 11,0 1.6 3,2 22,5 105 106 65 5/1/26 12 19,5 1 holotype

Parupeneus chrysonemus Jordan

147 3,35 9,2 3,0 3,0 22 99 92 78 gravure holotype d ’après
Jordan Hawaï.

156 3,9 11,7 3,0 17,5 95 100 75 (34) bsp bch photo paratype d ’après
Schultz Hawaï.

179 3,8 2,0 2,9 21,5 98 102 80 6/1/26 11,5 9,5 1 (Collections Ballieu d ’Ha-
204 4,0 10,4 2,0 3,05 20,5 95 96 78 6/1/27 10,5 8,5 1 /waï). Muséum Paris

Il y a évidem m ent beaucoup d ’analogies entre les trois espèces, mais les différences mises ci-dessus en évidence 
nous conduisent à éliminer l ’hypothèse d ’une identité pour ne retenir à la rigueur que celle d ’une convergence.

L : Longueur standard en millimètres.
H : hauteur en avant de la première dorsale.
E : épaisseur au-dessus de l’aisselle des pectorales.
h : hauteur minima du pédoncule caudal.
T : longueur de la tête de la pointe de la lèvre supérieure à l’extrémité postérieure de la pointe

ou de la crête operculaire.
do : diamètre de l’œil.
P : longueur de la pectorale de l’insertion supérieure de l’aisselle à l’extrémité du plus long 

filament.
V : longueur de la ventrale de l’insertion à l’extrémité du plus long filament.
C : longueur du lobe caudal supérieur, de la base du premier filament supérieur à l’extrémité

du plus long filament.
Bsp : formule des branchiospines sur le premier arc branchial.
bsp : longueur des plus longues branchiospines.
bch : longueur des plus longs filaments branchiaux.

B i b l i o g r a p h i e

B l e e k e r  (P.), 1876. —  Atlas ichtyologique des Indes néerlandaises, t. VIII-IX, Amsterdam.
W e b e r  (M.), B e a u f o r t  (L. F.), 1931. — The fishes of the Indo-australian archipelago. VI, 

Leiden.
S c h u l t z  (L. P.), L a c h n e r  (E. A.), 1953. — Fishes of the Marshall and Marianas Islands. Bull. 

U. S. Nat. Museum, 202, I, Washington.
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2. U p e n e u s  m a s c a r e i n s i s  nov. sp. (fig. I/b).

Cette espèce, très abondante à l’Ile de La Réunion, paraît en collection assez voisine de 
l’espèce que nous appelons Upeneus bandi (Shaw), plus connue sous le nom de vittatus (Lacé- 
pède on Forsskal) également présente à La Réunion.

Ses couleurs en vie, son écologie, ses caractères biométriques différents suffisent à en faire 
une espèce nettement distincte.

Aspect en collection.

Voir photo holotype de 155 mm. Origine Réunion, en collection au Museum de Paris (Guézé 
coll.).

Fig. I /b. —  Upeneus mascareinsis n. sp. (holotype). —  Guézé coll. (en collection Mus. N at. Hist. Nat. Paris).
Long, standard 155 mm (Origine La Réunion).

Signes distinctifs.

— 4 à 6 paires de chevrons noirs et blancs sur le lobe caudal supérieur, les noirs plus larges 
que les blancs.

— 3 à 4 paires sur l’inférieur ; le nombre de chevrons de chaque lobe augmente avec l’âge. 
Le 3e noir inférieur est très élargi, mais moins que sur le bandi.

— Ligne latérale (L 1) prolongée par la limite entre le premier chevron noir inférieur et 
le chevron blanc suivant du lobe caudal supérieur, alors que c’est un chevron blanc qui prolonge 
L 1 sur le bandi. Elle divise le pédoncule caudal en 2 parties d’égale hauteur.

— très allongé, très robuste, tête moyenne, œil énorme, ventrales courtes, pédoncule 
caudal très peu élevé.

— des bandes foncées longitudinales apparaissent fréquemment en collection, elles peuvent 
amener à confondre les deux espèces.

Aspect à l ’état frais.

Robe moirée brun vineux sur le dos, blanc nacré sur le ventre.
Les dorsales sont grisâtres avec 3 chevrons horizontaux foncés sur chacune, le supérieur de 

la première dorsale étant très noir.
Les pectorales sont grisâtres, les ventrales, l’anale et les barbillons blanc verdâtre. Aucune 

bande longitudinale n’apparaît généralement sur la robe, sauf parfois au sortir de l’eau un mince 
trait jaunâtre.
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Les chevrons foncés de la caudale sont noirs à la partie intérieure du V de la caudale et brun 
rougeâtre sur les bords extérieurs de cette nageoire.

Écologie.

Vit depuis la côte jusqu’à 400 mètres de profondeur sans changer ni de robe ni de forme. 
Mord très bien aux lignes en toute saison. La taille moyenne est 120 mm, la longueur standard 
maximum est 177 mm ; c’est de beaucoup la plus abondante espèce de Mullidae de La Réunion, 
et malgré sa petite taille, nous en trouvons toujours des centaines dans nos trémails à n’importe 
quelle profondeur, alors que nous ne trouvons le bandi, beaucoup plus gros, que rarement et 
seulement à proximité du rivage, dans des fonds ne dépassant pas 12 mètres.

Nom vernaculaire à La Réunion : Capucin Maurice du large.

Répartition géographique.

Très abondant à La Réunion, non signalé ailleurs.

M e s u r e s  b i o m é t r i q u e s  m o y e n n e s

L mm L/H L/h H /E
L/T

100
do/T

100

P/V

100

c / v
100

V/T
Bsp

100 1 100 
bsp/T 1 bch/T

Nb. 
chev. 

sup/inf

éch.

nb.

Upeneu mascareinsis noi/. sp.

50-75 5,05 12,9 1,75 3,35 23,5 117 147 54 _ 4/3 1
75-100 5,05 12,7 1,7 3,3 28 127 143 57 4/3 11

100-125 4,4 12,1 1,65 3,3 30 128 145 56 7/1/17 à 18 9,5 12,5 5/3 6
125-150 4,25 12,4 1,55 3,35 30 124 140 58 5/4 11
150-175 4,25 12,5 1,6 3,3 28 124 147 54 5/4 7
175-178 4,55 12,3 1,65 3,25 27 118 132 57

Upeneus bandi Shaw ou vittatus non Forskal)

50-75 4,7 2,25 3,5 24 3
75-100 4,45 11,0 1,85 3,5 25 121 154 61 11

100-125 4,1 11,1 1,7 3,4 27 124 159 58 4/3 5
125-150 4,05 10,5 1,85 3,35 25 125 169 57 7/1/17 à 18 9,5 15,5 3
150-175 4,05 11,1 1,7 3,6 25,5 127 161 61 9
175-200 3,85 10,6 1,7 3,55 25,5 136 152 61 5/3 7
200-225 3,55 1,75 3,3 24,5 117 2

Upeneus mascareinsis est plus allongé et plus robuste que Upeneus bandi avec la tête et les yeux plus gros. 
Par contre, les nageoires et les. filaments branchiaux sont plus courts que chez bandi.

B i b l i o g r a p h i e

D a y  (F.), 1878-1888. — The fishes of India, London.

W e b e r  (M.), B e a u f o r t  (L. F.), 1931. — The fishes of the Indo-australian archipelago, vol. VI. 
Leiden.
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3. U p e n e u s  c r o s n i e r i  nov. sp. (fig. I/c).

Justification de l ’appellation.
Holotype et deux autres exemplaires provenant du banc Pracel à Madagascar. Crosnier coll. 
En collection au Museum National d’Histoire Naturelle de Paris.

Aspect en collection.
Voir photo de l’holotype.

Fig. I/c. —  Upeneus crosnieri n. sp. (holotype). —  Crosnier coll. (en collection Mus. Nat. Hist. Nat. Paris). 
Long, standard 139 mm (origine Banc Pracel, Madagascar).

Signes distinctifs en collection.
Cette espèce est allongée, très robuste. Sa tête et ses yeux sont plus petits que ceux d’Upeneus 

bensasi Temminck et Schlegel.
Les lignes de dents vomériennes et palatines sont très minces et peu visibles sans loupe 

binoculaire. Les dorsales ne portent aucune trace de chevrons.
En collection, les différences morphologiques entre cette espèce et Upeneus bensasi Temminck 

et Schlegel sont peu évidentes, mais elle se distingue facilement d’Upeneus moluccensis Bleeker 
qui lui est associée.

Upeneus crosnieri est aussi très proche par ses indices d’Upeneus guttatus Day, que nous avons 
reconnu en Mer Rouge parmi les espèces récoltées par le Professeur Dollfus, mais en diffère 
notablement par son pédoncule caudal plus élevé èt par un nombre de branchiospines moins 
important pour crosnieri que pour guttatus.

Aspect frais.
U. crosnieri se distingue facilement de U. guttatus et de U. bensasi à l’état frais, mais est 

plus proche du premier que du second à ce point de vue.
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U. crosnieri a le corps gris rosé avec une mince bande longitudinale jaune vif teinté de vert 
pâle. La bande part près de l’origine supérieure du préopercule et, après avoir marqué une nette 
convexité vers le bas et un élargissement sous les derniers rayons de la première dorsale, elle 
atteint l’origine de la caudale à la hauteur de la ligne latérale. La courbure, l’étroitesse et le 
trajet sous la ligne latérale de la bande sont caractéristiques. Nageoires claires, bord de l’échancrure 
de la caudale gris-noir.

U. guttatus porte pratiquement la même robe que U. bensasi avec lequel il est très habituel
lement confondu. Les seules différences sont que U. guttatus porte sur ses dorsales et sa caudale 
des chevrons souvent plus marqués que ceux de U. bensasi, mais surtout crosnieri et guttatus 
portent des barbillons blancs, tandis que ceux de U. bensasi sont jaune-orangé très vif et ce détail 
est extrêmement apparent.

Écologie.

U. crosnieri a été capturé au chalut par A. Crosnier en juin 1959 sur le banc Pracel à l’ouest 
de Madagascar par fond de 35 m.

Il était associé à Upeneus moluccensis Bleeker, cette dernière étant l’espèce dominante.

I n d i c e s  b i o m f .t r i q u e s  m o y e n s  p a h  t a i l t . e

L L/H  L/h H /E L/T lOOdo
T

100 100 100
P /V C /V V /T

Bsp 100
bsp

100
bch

Nbre
écha.

Marques 
en collection

Upeneus g uitatus (D ay)

50-7,5 4,7 11,1 1,8 3,6 23 .95 —  68 2 parfois des traces de
75-100 4,9 11,1 1,75 3,7 24 100 127 73 8 chevrons grisâtres

100-125 4,65 11,1 1,7 3,65 22 107 126 70 6/1/19 à 20 19 17 6 sur les lobes de la
125-133 4,55 11,1 1,7 3,6 22,5 105 126 67 3 caudale et sur les

deux dorsales

Upeneus crosnieri nov. sp

114 4,55 10,1 1,5 4,05 22 97 118 77 7/1/16 9 15,5 1 aucune marque ni
125 4,45 10,7 1,5 3,85 21 108 137 73 7/1/16 9 12 1 sur les dorsales ni
139 4,45 10,7 1,5 3,85 21 108 137 67 6/1/17 8,5 14,5 1 sur les lobes de la

caudale

Upeneus bensasi Temm inck <fc Schlegel

50- 75 4,4 10,2 2,05 3,55 27,5 95 120 78 12 généralem ent pas de
75-100 4,4 10,2 1,7 3,6 25,5 97 118 73 12 marque sur là cau

100-125 4,4 10,4 1,75 3,7 25 103 121 72 6 à 7/1/15 à 7,5 15,5 12 dale sauf sur les
125-150 4,4 10,2 1,8 3,55 24,5 110 115 70 18 2 exemplaires récem
150/172 4,4 10,2 1,6 3,95 23 100 129 71 2 m ent m is en collec

; - tion

32 écailles sur la ligne latérale 
4 —  entre D t D„ pour les 3 espèces

10 —  entre D 2C
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B i b l i o g r a p h i e  e t  R é f é r e n c e s

F o u r m a n o i r  (P.), C r o s n i e r  (A.), 1963. — Liste complémentaire des poissons du Canal de 
Mozambique. Cah. ORSTOM, sér. Océanogr., n° 6 (sér. Nosy-Bé).

L’espèce y a été décrite sous le nom de Mulloides vanicolensis (non Val.), les dents 
vomériennes et palatines étant passées inaperçues lors d’un premier examen.

T e m m i n c k  (C. J.), S c h l e g e l  (H.), 1842. — Fauna japonica (Part. 1 R, Pisces).
Description et gravure d’Upeneus bensasi. Les proportions et couleurs sont exactes.

D a y  (F.), 1867. — New Fishes of Madras. Proc. Zool. Soc. London.
Description d'Upeneus guttatus. Nos indices moyens d 'Upeneus bensasi et guttatus ont 

été établis d’après les échantillons des Museums de Paris, Londres et Leiden, y compris 
les holotypes des 2 espèces.

La majeure partie des échantillons provient de Mer Rouge pour les 2 espèces Dollfus 
Coll., soit :

— 8 guttatus sur 19
— 33 bensasi sur 40

II. DESCRIPTION COMPLÉMENTAIRE D ’UN LABRIDAE DE LA RÉUNION

L e p i d a p l o  i s  b o u r b o n i  Fourmanoir et Guézé (fig. Il/a).

L’espèce trouvée par Fourmanoir (un seul exemplare) a été décrite dans « Poissons de la 
Réunion. II. Famille des Labridés » (Publ. de l’Inst. Rech. Sei. de Madagascar, 1961), mais aucune 
mesure n’était mentionnée.

Un deuxième exemplaire pris au filet par P. Guézé à 80 m de profondeur en 1965 nous permet 
de donner le complément de diagnose nécessaire à la reconnaissance de l’espèce et de nouvelles 
mesures.

Fig. 11/a . —  Lepidaplois bourboni Four, ot Guézé. Long standard 117 mm.

D X II 10 . A III 12 . L. 1. 32
Forme relativement élevée (L/H 2,8), museau pointu moyennement allongé. Denticulations
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de préopercule très fines, non distinctes à l’œil nu. La canine inférieure latérale est la plus grande. 
La base de la pectorale porte une tache noire en demi-cercle du côté externe ; intérieurement, 
la tache plus étendue apparaît presque circulaire quand la nageoire est dirigée vers l’avant. 
Les écailles antérieures, placées au-dessus de la base de la pectorale, présentent un point noir 
près de leur origine. Six rangées paraissent ainsi marquées jusqu’à une position ne dépassant pas 
la dixième écaille antérieure.

Fraîchement capturée, on distingue trois taches blanchâtres disposées comme chez 
Lepidaplois diana au-dessus de la ligne latérale et trois bandes rouge-orangé partant de l’œil 
devenant presque parallèles et longitudinales en arrière de la tête. Cette disposition des bandes 
rappelle celle de Lepidaplois trilineatus.

Dimensions des deux exemplaires en collection :

L. t. L. s. tête Œil H. péd. 
caud. hauteur

ex. 1 (1)................. 21,5 17,7 6 1,15 2,7 6,3
ex. 2 (1)................. 19,2 17 5,7 1,15 2,6 5,8

III. SEPT ESPÈCES INTÉRESSANTES TROUVEES RÉCEMMENT 
DANS LES EAUX MALGACHES ET RÉUNIONNAISES

A. F A M IL L E  D E S G E M P Y L ID A E

L T h y r s i t o i d e s  m a r l e y i  Fowler. (1).

D XVIII 12+5. A 13+4 L/H 9
Première épine de la dorsale aussi haute que le corps. Ligne latérale médiane branchée à 

la ligne latérale supérieure dorsale sous la quatrième épine de la dorsale.
Au moment de la capture, la coloration est argentée, un brunissement un peu moindre que 

celui observé chez une espèce voisine, Promelichtys prometheus (Cuvier) apparaît peu après. 
La partie distale des rayons de l’anale et de ses nageoirettes demeure blanche, la deuxième 
dorsale ne présente pas de partie claire.

L’espèce n’était connue que de trois exemplaires d’origine sud-africaine.
L. S. d’un exemplaire pris à la ligne à La Réunion : 75 cm (non conservé).

2. R e x e a  s o l a n d r i  (Cuvier) (2).

L/H 5
Espèce voisine de Thyrsitoides marleyi par sa dentition et sa double ligne latérale (dont la 

dérivation se place sous la cinquième épine de la dorsale) et de Promelhichlys prometheus (Cuvier) 
par sa forme relativement élevée et la disparition presque totale des nageoires ventrales.. En plus 
de la double ligne latérale, la distinction avec cette dernière espèce est aisée en observant les 
trois nageoirettes détachées de la dorsale et de l’anale et la curieuse tache noire placée en avant 
de la dorsale épineuse entre le premier et le troisième rayon.

(1) L ’exemplaire n» 1 est au centre d ’Océanographie ORSTOM de N osy-B é (type).L ’exemplaire n° 2 est 
en collection à l ’Université de Grahamstown (Departm ent of Ichthyology).

(2) P. G u é z é  Coll.
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Un exemplaire de L. s. 20 cm pris au filet à La Réunion à 110 m de profondeur (en collection 
Mus. Hist. Nat. Paris).

Fig. 11 I /a . —  Rexea solandri (Cuvier).

3. R u v e t t u s  p r e t i o s u s  Cocco (1).

Ce Gempylidé de grande taille, à répartition atlantique, indienne et pacifique caractérisé 
par ses écailles rugueuses, sa coloration brune et sa chair, huileuse, vient d’être pris pour la 
première fois à La Réunion. Les captures de Ruvettus sont fréquentes aux Comores entre 150 
et 400 mètres de profondeur, pendant la nuit. Il n’a pas été signalé avec certitude à Madagascar. 

L’exemplaire est en collection au Musée de La Réunion (L. S. 100 cm).

B. Famille des A N T H IID A E

4. A n t h i a s  b i m a c u l a t u s  Smith 1961 (1).
Cet Anthias a été décrit d’après les exemplaires de Pinda (Mozambique), les seuls connus 

jusqu’à présent.
La prise d’un exemplaire femelle au tramail à La Réunion, par 75 m de fond, justifie l’hypo

thèse de Smith d’une large répartition géographique en eau moyennement profonde.
Ün exemplaire de L. s. 12 cm (en collection au Mus. Hist. Nat. Paris).

C. Famille des B E R Y C ID A E

5. O s t r a c o b e r y x  t r i c o r n i s  Matsubara (fig. Ill/b).
D IX 9. A III 7. P. 14.
Cette curieuse espèce n’avait été signalée qu’au Japon. Nous en avons trouvé une douzaine 

d’exemplaires de petite taille, 2,5 à 2,8 cm, dans les contenus stomacaux de Thon jaune (Neo
thunnus albacora)  pris au large de Nosy-Bé en 1961.

(En collection au centre ORSTOM de Nosy-Bé).

D. Famille des SC O R PA E N ID A E

6. P e l o r o p s i s  f r o n d o s u s  (Günther) (2) (fig. Ill/d).
C’est la troisième référence à Peloropsis au sud de l’Équateur (3).
Un exemplaire L. s. 13 cm, pris au filet à La Réunion par 90 m de fond.
(En collection Mus. Hist. Nat. Paris).

( 1 )  P. G u é z é  Coll.
(2 )  P. G u é z é  Coll.
(3) Nous venons de recevoir la description du premier exemplaire africain pris à Durban en 1966, dans 

J. L. B. Smith, Occasional paper N ° 7.
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Fig. I l l /b . —■ Ostracoberyx tricornis Matsubara Long, standard : 27 cm.

Fig. 111/c, —  Gonorhynchus gonorhynchus (Linné).

Fig. I l l /d . —  Peloropsis frondosus (Günther).
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E. Famille des G O N O R H Y N C H I D A E

7. G o n o r h y n c h u s  g o n o r h y n c h u s  (Linné) (1) (flg. IJI/c).

Ce poisson de fond sableux, connu dans les eaux relativement froides indo-pacifiques jusqu’à 
150 m de profondeur, a été pris en avril à La Réunion à une profondeur modérée (90 m). Cette 
capture est en relation avec la remontée du niveau de la thermocline pendant les mois de faible 
alizé.

Un exemplaire L. s. 23 cm (en collection Mus. Hist. Nat. Paris).

B i b l i o g r a p h i e

K a t a y a m a  (M.), 1960. — Fauna japonica. Serranidae (Pisces), Tokyo. 

S m i t h  (J. L. B.), 1953. — The sea fishes of Southern Africa, Cape Town. 

T o m i y a m a  (I.), A b e  (T.), 1958. — Encyclopedia Zoologica, Tokyo.

(1) P .  G u é z é  C o l l .
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R eprin ted  from  Cahiers O R STO M  -  Océanographie, vol. V, no. 4, 1967, p. 31-45

CARACTÈRES GÉNÉRAUX DES PEUPLEMENTS 
BENTHIQUES DES RÉCIFS ET LAGONS DE L’ILE MAURICE 

(Océan Indien)

par Michel M. P IC H O N '

R k s i ' m k

Au cours d ’une mission faile en janvier-février 1964 à l’Ile Maurice, dans le cadre de I’Expedi
tion Internationale dans /’Océan Indien (I. I. 0. E., U. S. program in biology) l’auteur a pu 
effectuer en plongée, guetgues observations de bionomie benthique dans les lagons et sur les pentes 
des récifs coralliens (le l’Ile Maurice. Après un bref rappel des conditions de milieu naturel, et des 
particularités locales des récifs et des layons, les ¡irincipales unités de peuplement observées sont 
brièvement décrites, en insistant notamment sur ta répartition îles Scléractiniaires : Hive littorale 
du lagon, zone détritique et herbiers littoraux, zone à Pavona, ¡tassées sableuses à Fhèophycées, 
zone à Acropora, Plalier récif al, ¡tente externe (Peuplement des contreforts et des sillons).

L ’interprétation de la succession des peuplements est faite en utilisant le schéma général proposé 
récemment par J. P i c a r d , pour le classement des grandes unités de peuplement benthique dans les 
iners tropicales.

A b s t r a c t

During an expedition to Mauritius, sponsored by the International Indian Ocean Expedition 
(U. S. program in biology) in January and February 1964, the author has had the opportunity 
to dive (skin diving scuba and diving in the layoons and along the coral reef slopes of Mauritius 
(which is an example of a «high reef rimmed volcanic island»). Some marine biological data 
have thus been recorded, specially in the field of benthonic bionomy.

The environment conditions are briefly summarized. After a short outlining of the typical 
features of the coral reefs and lagoons in Mauritius, the main benthonic communities are described, 
with special reference lo the order Scleractinia : Landward shore of the lagoons, delrital zone and 
sand flats covered with sea weeds, Pavona zone, sands tracks with Plieophyceae, Acropora zone, 
reef flat, outer slope (spurs and butresses animal communities).

A tentative explanation of the sequence of the communities encountered across the reefs and 
lagoons refers to the general scheme suggested by J. P i c a r d  in a recent paper, dealing with the universal 
features of the continental shelf benthonic bionomy, in tropical seas including coral reefs.

' Chargé de Recherches à l’O.R.S.T.O.M . Centre d’Océanographic de Nossi-Bé et Station marine d ’Endoume- 
Marseiile.

Collected reprints o f  the International Indian Ocean Expedition, vol, V II, contribution  no. 500 183
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Oômwe qepTH öeHTHHecKHX $ayH  pH<|>0B
h  jiaryH O cipoB a MaBpnKoro ( H h h ü c k h ö  OKeaH)

MKinejib M. nnm oH .

Bo BpeMH MHCCHH coBepmaeMofl b  HHBape h  i|>eBpajie 1964-oro ro^a, b  

M aBpHKOM  ocTpoBe, b  paMKax MeJKßyHapoflHott a K c n e g im iiH  b  M h a h h c k h ö  oneaH 
( I .I.O .E ., U.S. program  in b io logy), aBTop CMor coBepiiiHTb b  h h p h h h h  b  jiaryH ax  
Ha 6epery Mopa h Ha OTKOcax KOpajuioBHX pii(j)OB, HecKOJibKO 3aMeTaHHii 
o t h o CHiiiHxcfl K 6eHTHaecKOií ô h o h o m h h . Ilocjie Toro KaK o h  Serjio HanoMHHJi 
ycjioBHH ecTecTBeHHoft cpegH  h  MecTHbie o c o ô c h h o c t h  pH<j)OB h  jiaryH, aBTop 
onncbiBaeT caMHe BawHHe 6H0i;eH03bi, KOTopbie o h  HaöjiioAaji, BbigBnraH Ha nepBHft 
miaH, MejKgy npoHHM, pacnojiojKeHne M aapenopoBbix KopajuioB : npnMopcKan cTopoHa 
jiaryHM, geTpiiTHaH 30Ha a MopcKHe HBHobpaHHbie, 30Ha c Pavona, necnaHHe nyTH 
c 6ypHMH BOgHHLiMH, pacTeHHHMH, 30Ha c Acropora, njiocKan noBepxHocTb pn(|»a, 
BHemHHH OTKOC (i|»ayHa OTporoB h  6opo3g).

A bto p  TOJiKyeT qepegoBaHHe 6H0peH03OB, ynoTpeÔJiHH cxeM y KOTOpyio He^aBHO 
npegJiOHiHJi ÎK. ÜHKapA ajih pacnpeAejieHna BawHHX ßeHTHnecKHX ÔMOTOnoB b 
TpOnHHeCKHX M opnx.

I. IN TRODUCTION

L’objet de la présente note est de présenter sous une forme condensée, les principaux résultats 
qui ont été obtenus au cours d’une mission effectuée à l’Ile Maurice en janvier et février 1964, 
dans le cadre de l’Expédition Internationale dans l ’Océan Indien.*

La majorité des stations prospectées a été l’objet d’investigations pratiquées en plongée : 
plongée en scaphandre (système Cousteau-Gagnan), plongée libre (avec masque et tuba). Cette 
méthode de travail, faisant appel à l’observation directe se révèle, en effet, particulièrement 
efficace pour l’exécution des recherches taxinomiques ou écologiques dans les milieux rocheux 
ou récifaux.

Il a été effectué au total seize plongées, complétées par quelques marées littorales, l’ensemble 
se répartissant en dix-neuf stations : (voir carte). Les stations ont été échelonnées tout le long 
du littoral de l’Ile Maurice, avec un maximum de densité sur la côte ouest (partie de l’île située 
sous le vent). Il a été possible ainsi d’obtenir un panorama général des zones récifales de l’Ile 
Maurice, permettant certaines comparaisons avec les biotopes correspondants du littoral malgache 
occidental, et apportant divers compléments à l’étude des unités de peuplements des récifs et 
des lagons du sud-ouest de l’Océan Indien.

* Je tiens à  remercier le Professeur A. G .  H u m e s ,  chef de l ’expédition américaine à  Nossi-Bé (Madagascar) 
de m ’avoir offert de participer à  cette mission, ainsi que le Dr J. H .  S t o c k  (Zoölogisch Museum, Amsterdam), 
qui m’accompagna constam m ent pendant les sorties en mer ou sur le littoral, et pendant les plongées en scaphandre.

Que MM. J. V i n s o n  et C. M i c h e l ,  du Mauritius Institute, J. de B a i s s a c ,  M o m p l e ,  et L. G u e h o ,  du Fisheries 
Ofïice, dont l’aide constante nous fut des plus efficaces, soient assurés de notre sincère reconnaissance.
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L g C oin  d »  M ir»
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T3AIE BLÇUE

II. G ÉNÉRALITÉS CONCERNANT LE M ILIE U  N A T U R E L

L’Ile Maurice constitue avec la Réunion et Rodrigue le groupe des Mascareignes, qui sont 
toutes les trois des îles océaniques volcaniques situées dans la région sud-tropicale.

La position géographique de l’Ile Maurice (19° 58’ à 20° 32’ de latitude Sud et 57° 17’ à 
57° 46’ de longitude Est) la localise dans la zone des alizés du Sud-Esl, et dans un secteur océanique 
caractérisé par l’existence de récifs coralliens. Si l’on ajoute à ces deux caractéristiques la nature
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éruptive du relief, nous avons énuméré les éléments fondamentaux qui permettent d’expliquer 
la morphologie et les principaux traits des peuplements benthiques littoraux, notamment des 
récifs et des lagons.

a. Géologie.
L’Ile Maurice est formée par un système de caldeiras d’effondrement, dont les restes (série 

ancienne) constituent les chaînons montagneux qui, sauf au Nord, se dressent à peu de distance 
de la côte. Ce système qui constitue l’armature géologique de l’île (en dehors du socle primitif, 
dont la nature n’est pas encore connue), a été comblé par des laves basaltiques au cours de 
deux phases principales de volcanisme de type hawaïen (série moyenne, série moderne). Certaines 
des coulées de la série moyenne ou moderne ont pu franchir la ligne de relief constituée par les 
restes de la caldeira centrale, et sont parvenues jusqu’à la mer, surtout sur le littoral Est et Sud- 
Est. A la dernière phase de volcanisme (série moderne, vraisemblablement du quaternaire récent), 
est à rattacher la plaine du Nord, qui se trouve en dehors de la caldeira centrale, et se prolonge 
sous la mer par une plate-forme précontinentale d’où émergent un certain nombre d’îles également 
volcaniques.

b. Climat.
Les principaux caractères climatiques de l’île Maurice sont dus à sa situation dans la zone 

des alizés du S. E. et également sur le trajet des dépressions estivales à caractère cyclonique. 
Les alizés du S. E., qui soufflent avec constance pendant la plus grande partie de l’année, sont 
relativement violents et chargés d’humidité pendant l’hiver austral ; ils sont plus modérés et 
plus secs pendant l’été. Les cyclones tropicaux, qui peuvent se produire de novembre à avril, 
sont accompagnés de vents très violents et d’abondantes chutes de pluies.

Les pluies montrent une nette répartition en fonction de l’altitude, les régions côtières 
recevant, en moyenne moins de 2 m d’eau par an. Les pluies sont également assez bien localisées 
dans le temps (les précipitations estivales dues aux orages et aux cyclones étant quantitativement 
beaucoup plus importantes que celles qui accompagnent les alizés, en hiver).

c. Le régime marin.
Les marées. Les marées, à l’île Maurice, sont du type semi-diurne, avec toutefois une inégalité 

diurne notable. L’amplitude en morte eau est de 0,3 m environ, et de 0,6 m en vive eau. En raison 
de l’étroitesse du précontinent, ces marées entraînent cependant l’existence de courants réversibles 
intenses autour de l’île, à l’extérieur de la barrière corallienne (leur vitesse peut atteindre 4 à 5 
nœuds en vive eau). Par ailleurs, les passes qui mettent les lagons en communication avec la 
mer, sont le siège de courants centrifuges de vidange (évacuation de l’eau des lagons ou de l’eau 
ayant pénétré dans ceux-ci par déferlement au dessus de la barrière récifale).

La houle. Les côtes de l’île Maurice sont battues par une houle océanique, engendrée par les 
vents alizés. Cette houle dominante du Sud-Est permet de diviser le littoral en deux secteurs :

- -  Un secteur battu (correspondant à la partie «au vent» de l’île).
— Un secteur abrité (correspondant à la partie « sous le vent » de l’île), et comprehant tout 

le littoral occidental.
L’action de la houle et du déferlement est, sur une grande partie du littoral, atténuée par la 

présence d’une barrière récifale qui sert de brisant, quel que soit l’état de la marée.
Température el salinité. Les données concernant l’hydrologie des eaux de surface autour de 

l’île Maurice sont peu nombreuses. Les résultats dont nous avons pu prendre connaissance indi
quent des températures variant entre 22° C (août-septembre) et 27° C (janvier à avril). Ces valeurs 
sont donc inférieures de 2 à 3° C à celles que l’on observe à Nossi-Bé (côte Nord-Ouest de Mada
gascar). Les eaux des lagons ont une amplitude de variation légèrement supérieure à celle de la
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mer ouverte. J o n e s  (1954) indique, pour les salinités des eaux de surface au voisinage des récifs, 
des valeurs comprises entre 35 et 35,5 %. Les résultats obtenus pour les lagons restent très voisins 
ou légèrement inférieurs à ceux de la mer libre.

III. RÉCIFS E T  LAGONS

a. Généralités.

Les côtes de l’île Maurice sont, sur une grande partie de leur longueur, ceinturées par un récif 
corallien. Celui-ci n’est absent que :

— à l’embouchure des principaux fleuves.
lorsque la côte est formée par une ligne de falaises au-delà desquelles la profondeur des 

fonds marins augmente rapidement.
Ces côtes à falaises, remarquables par l’absence de récifs coralliens, même frangeants, sont 

dues à la grande épaisseur des coulées basaltiques (référables á la série moyenne), ayant atteint 
la mer à ces endroits :

La côte Sud-Est, est formée d’une longue ligne de falaises très abruples. Le littoral est ici 
directement exposé à l’action de la houle du Sud-Est, dont l’effet hydrodynamique est maximal 
contre ces parois verticales. Le peuplement est d’ailleurs très fortement raréfié par suite de la 
violen ce du mode.

La côte Ouest présente également entre Flic-en-Flac et Poinle-aux-Sables une ligne de falaises, 
moins régulières que celles de la côte Sud-Est. De plus ces falaises sont bordées vers le large, 
soit par une plate-forme littorale horizontale, située '2 à 3 m au-dessus du niveau de la mer, soit 
par un amas de boules basaltiques consolidées par un ciment calcaire. (Lorsque l’épaisseur des 
coulées a été plus faible, les falaises sont remplacées par un estran de pente plus douce montrant 
aussi des formes d’érosions en boule : les pointes rocheuses de Flic-en-Flac, Pointe-aux-Caves, 
Pointe-aux-Sables en sont des exemples.)

b .  Les récifs.

Les récifs de l’île Maurice sont généralement décollés du littoral, ce qui entraîne l’existence 
d’un « lagon » entre le récif et la côte. L’un des caractères les plus remarquables de ce récif est 
son étroitesse relative (plus précisément étroitesse du platier). Sa largeur, en effet, ne semble 
pas excéder 20 à 25 mètres, et nous avons même observé des dimensions inférieures en de nombreux 
endroits. Le platier se présente donc comme un mince ruban sur lequel il paraît difficile de dis
tinguer plusieurs zones de peuplement ; l’ensemble serait l’homologue de la partie la plus extérieure 
d’un platier externe (zone à Madréporaires-Mélobésiées). Le niveau de la partie horizontale du 
récif (platier) est situé aux environs du niveau des basses mers de vive eau, ou légèrement 
en-dessous. La pente externe peut présenter plusieurs types de configurations. Dans toutes 
les stations que nous avons effectuées au dehors de la barrière, la profondeur augmente de façon 
rapide, mais graduelle, en avant du récif, et nous n’avons jamais observé de tombant subvertical.

c. Les lagons.

Le terme de «lagon » est peut-être impropre pour désigner le plan d’eau séparant le ruban 
corallien du littoral ; l’expression « chenal d’embarcation » que l’on pourrait lui substituer n’étant 
pas non plus exempte de critiques, nous conservons provisoirement le mot « lagon », lequel, en 
outre, est d’un usage courant à l ’île Maurice. La largeur du lagon varie suivant les endroits de 
quelques mètres ou dizaines de mètres à plus de 4 milles. Les faibles profondeurs observées dans 
les lagons sont tout à fait remarquables : moins d’un mètre au-dessous du zéfo, sauf autour de
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la pointe nord de l’île (entre la Batterie des Grenadiers et Grand-Gau be), où les profondeurs moyen
nes sont de l’ordre de 2 à 4 mètres.

Gn certain nombre d’accidents l.opogrnphiques viennent rompre l’uniformité des profondeurs 
des lagons. Il s’agit :

de sillons ou chenaux dont l’existence est à mettre en rapport avec, la présence de sources 
ou résurgences (Trou-d’eau-douce) ou de l’estuaire d’un fleuve (Grande Rivière du Sud-Est, 
entrée Sud de Grand-Port). Dans ces deux derniers cas, au moins, les courants de sortie des eaux 
semblent, devoir être rendus responsables du creusement du plancher du lagon.

de vasques, de tracé plus ou moins régulier, dont les dimensions sont de l’ordre du mille 
marin, et. qui forment dans les lagons des dépressions profondes d’une dizaine de mètres. Les 
principales de ces vasques sont :

au nord-est : la vasque de l'île d’Ambre, et la vasque située entre Poudre d’or et la Pointe 
des Lascars. Cette dernière communique avec la mer par deux passes dont l’une au moins est 
barrée par un seuil sur lequel la profondeur n’est plus que de 1 à 2 m ;

au sud-ouest : la vasque s’étendant depuis l’île-aux-Rénitiers jusqu’à l’estuaire de la 
Rivière Noire. Cette dernière, longue de près de trois milles montre des profondeurs régulièrement 
croissantes depuis son extrémité, située près du littoral, jusqu’à son ouverture vers la mer, au 
sud de l’estuaire de la Rivière Noire. Il n’y a donc pas de seuil entre les fonds de cette vasque 
et les fonds voisins situés en dehors du ruban récifal.

Le bord de ces vasques est généralement (ainsi que J’indique d’ailleurs la carte marine) 
peuplé par de nombreux Madréporaires. Nous avons toutefois constaté que le versant ouest 
de la vasque lle-aux-Rénitiers - Rivière Noire était parfois une simple pente sableuse de forte 
déclivité jusque vers 10 à 12 m suivie par un talus sableux ou sablo-vaseux de faible pente entre 
12 et 25 m environ.

Pour en terminer avec les généralités concernant les lagons, il convient de signaler que 
ceux-ci perdent leur individualité au niveau des estuaires des principaux fleuves, là où le ruban 
récifal est lui-même interrompu (Grande Rivière du Nord-Est, Rivière Noire, Raie du Cap, par 
exemple).

IV. L ES P E U P L E M E N T S

a. Peuplement du lagon.

Nous allons étudier le peuplement du lagon dans le cas où la rive littorale de celui-ci est, 
constituée par un substrat meuble, ce qui est le cas le plus fréquent. En quelques endroits, 
toutefois, des coulées basaltiques de faible épaisseur ont pu atteindre la mer, et former ainsi 
des pointes rocheuses s’avançant dans le lagon. Ces roches volcaniques présentent alors, dans 
la zone intertidale, un type de peuplement caractéristique des substrats solides en mode calme. 
Dans le cas plus général d’un substrat meuble, la partie terrestre du littoral est constituée par 
une dune de sable, portant des formations de Casuarina equisetifolia. Nous avons observé, dans 
l’une de ces dunes, située entre la Pointe-Prairie et la Baie-du-Cap, une très belle formation de 
« grès dunaire » d’ailleurs très fortement lapiazée. Dans la zone intertidale, ce « grès dunaire » 
donne naissance à un visor bien développé, formant un surplomb et un rentrant de 80 cm environ. 
La plate-forme inférieure du visor est remplacée par la plage sableuse qui est l’aboutissement 
littoral des fonds du lagon.

En dehors de ce cas exceptionnel, la dune littorale se continue vers la mer par une plage 
de pente assez forte. Ce substrat sableux peut se prolonger jusqu’à la profondeur de 1 m au-dessous 
du niveau des basses mers. Il montre généralement un système de ripple-marks. En d’autres

189



38

cas (Baie-du-Tombeau, lagon de Flic-en-Flac) nous observons dans cette zone une ceinture étroite 
d’algues Chlorophycées (Entéromorphales, Caulerpa).

La zone détritique et les herbiers littoraux.
La première zone du fond du lagon peut être représentée soit par un substrat meuble plus 

ou moins grossier, montrant en abondance divers Échinodermes (Holothuries, notamment Synap- 
tes), soit par un herbier de Phanérogames marines, lorsque le substrat montre une granulométrie 
plus fine. L’influence des apports terrigènes ne paraît pas déterminante pour expliquer l’implanta
tion des herbiers. Ceux-ci peuvent s’étendre plus ou moins loin vers le centre du lagon, suivant 
la rapidité de la pente du substrat. Ces herbiers littoraux, dont la présence n’est pas absolument 
constante, sont constitués exclusivement par une espèce de Diplanthera.

Les herbiers de fond de lagon.
A l’inverse des peuplements monospécifiques précédents, occupant des surfaces comparative

ment restreintes, et localisées sur la remontée des fonds, côté terre, les herbiers de fond de lagon 
présentent les caractères suivants :

— les surfaces occupées peuvent être considérables (lagons de la côte Est, par exemple) 
et s’étendre sur presque toute la surface horizontale du fond du lagon.

— Deux espèces de Phanérogames sont représentées : Syringodium isoetifolium, qui occupe 
souvent les parties les moins profondes (notamment du côté du littoral, où il peut former une 
véritable ceinture) et Cymodocea ciliata qui existe fréquemment en peuplements purs, lorsque 
la profondeur est plus grande (Pointe Vacoas).

La faune de ces herbiers est déjà très riche. Nous avons notamment remarqué la présence 
d’Échinodermes (Synaptes), d’Éponges (Halichondrines), de Pélécypodes fouisseurs (Pinna) 
d’Hydrozoaires (Millepora sp). Les herbiers peuvent parfois montrer la présence de quelques 
colonies disséminées de Madréporaires (Porites, Pavona). Dans certaines stations, la couverture 
de Phanérogames est interrompue, pour faire place à des petites taches sableuses en forme de 
cuvette. Dans celles-ci s’observent des petites colonies de Madréporaires : Acropora, Pavona, 
Pocillopora, et beaucoup plus rarement Stylophora pistillata.

La zone à Pavona.
Faisant quelquefois suite immédiatement à l’herbier après une brève région de transition, 

s’étend une zone dont le peuplement est uniquement constitué par une espèce de Madréporaire 
du genre Pavona (du groupe divaricata). Cette espèce forme des colonies plus ou moins foliacées, 
les frondes très étroites ayant un sens préférentiel de croissance nettement vertical. Ces formations 
denses montrent fréquemment un taux de recouvrement de 100 % sur plusieurs centaines de 
mètres carrés. Seule la partie supérieure des branches de Pavona est vivante, sur une dizaine 
de centimètres environ), la base de la colonie étant toujours nécrosée. L’ensemble des frondes 
mortes forme un réseau extrêmement dense qui constitue un refuge parfait pour toute une faune 
de petite taille : Sipunculides, Annélides Polychètes, Crustacés.

Au fur et à mesure que la profondeur du lagon augmente, ce peuplement perd son homogé
néité. La surface couverte par les Pavona est de plus en plus bosselée et devient discontinue. 
Deux espèces de Madréporaires commencent à apparaître à ce niveau : une autre espèce de 
Pavona (P. decussata?), qui a des frondes plus larges et donne des colonies en forme de coussinets, 
et Galaxea fascicularis.

La zone des passées sableuses à Phéophycées.
Entre les colonies des diverses espèces de Madréporaires que nous venons d’indiquer, la 

surface couverte par le substrat sableux devient de plus en plus importante lorsque l’on se rappro
che de la barrière récifale. Progressivement les dernières taches d’herbiers disparaissent (lorsque
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ceux-ci sont présents), de même que les colonies de Galaxea et de Pavona. Il convient de remarquer 
que le sédiment présente une fraction granulométrique grossière relativement importante. De 
plus, le substrat est parsemé de restes de colonies mortes de Madréporaires, très attaquées, et 
qui servent de support aux Phéophycées Turbinaria ornata et Sargassum sp. Le degré d’extension 
de cette zone des passées sableuses est très variable. Dans certains cas, elle peut se prolonger 
jusqu’au voisinage immédiat du platier récifal. En d’autres endroits, les blocs à Turbinaria et 
Sargassum sont peu nombreux et sont partiellement remplacés par une faune de Madréporaires 
divers (notamment plusieurs espèces du genre Acropora). Assez souvent enfin, cette zone peut 
être totalement absente, et au peuplement à Pavona fait alors directement suite un type de peuple
ment très fréquemment représenté dans les lagons : la zone à Acropora.

La zone à Acropora.
La partie la plus externe du lagon qui montre encore un peuplement à dominance de 

Madréporaires, est la zone à Acropora. Dans celle-ci, en elï'et, le substrat est recouvert par une 
formation buissonnante très dense due à une grande espèce branchue d’.lcropora (A. pharaonis?) 
qui constitue l’élément caractéristique du peuplement. En dehors de cette espèce on trouve, 
parmi les Madréporaires : Galaxea fascicularis, Montipora foliosa, et plusieurs représentants du 
genre Fungia. De même que pour les Pavona, seule l’extrémité des branches d’Acropora est 
vivante (sur 30 cm en moyenne) ; la base des branches est morte, mais suffisamment épaisse 
pour résister un temps assez long à l’action des agents biologiques. L’épaisseur de cette formation 
peut aussi être importante (70-80 cm). La base des colonies sert de refuge à une faune nombreuse 
(faune sessile composée d’Éponges, Tuniciers, Bryozoaires, faune vagile représentée par des 
Crustacés et des Poissons, faune sédentaire comprenant des Mollusques Opisthobranches et des 
Ophiures).

Cette zone à dominance d’Acropora doit être considérée comme étant la dernière partie du 
lagon dont le peuplement montre une dominance de Madréporaires. En elïet, en se rapprochant 
de la barrière récifale, le substrat montre un taux de recouvrement en espèces sessiles beaucoup 
plus faible. Seule l’abondance des Echinides Echinometra mathaei s’accroît. En ce qui concerne la 
flore algale, les Phéophycées Turbinaria sp et Sargassum sp sont très fréquentes, fixées sur des 
blocs de Madréporaires morts, de plus en plus nombreux également.

Il convient de remarquer que nous assistons, dans ce dernier horizon à Echinometra, à une 
nette remontée du substrat, laquelle s’était déjà légèrement amorcée dans la zone précédente. 
On peut donc considérer que l’horizon à Echinometra est établi sur la face interne de la barrière 
(back reef slope).

b. La barrière récifale.

La barrière récifale, qui s’étale sur une largeur d’une vingtaine de mètres au plus, peut, 
dans son ensemble être assimilée au platier externe d’un récif tel que celui de Tuléar (Madagascar), 
et plus précisément à la zone à Madréporaires-Mélobéisées du platier externe.

Le récif lui-même est généralement bordé du côté du lagon par un secteur en pente, plus 
ou moins large, dans lequel les blocs coralliens arrachés au front du récif viennent s’accumuler. 
Le haut de la pente post-récifale, sur laquelle se sont déposés ces blocs pourrait donc être considéré 
comme l’équivalent de la levée détritique de certains récifs. Il convient de remarquer cependant 
que les positions altitudinales comparées sont très différentes : si parfois, à l’île Maurice, quelques 
rares blocs peuvent être à un niveau légèrement supérieur à celui du platier, jamais, en tout cas, 
ils n’atteignent la limite inférieure de l’Étage médiolittoral (alors que ceci est fréquent lorsque 
la levée détritique est strictement épirécifale). Les blocs sont l’objet d’une intense dégradation 
de la part d’agents biologiques. Ils présentent à leur face inférieure une faune très importante 
d’Échinodermes (Ophiures), Ascidies (Didemnidae), Éponges encroûtantes. Les Phéophycées

191



40

(g Turbinaria, Sargassum), et l’Echinide Rchinomela mathaei sont extrêmement abondants 
dans tout ce secteur, qui, vers le lagon se raccorde aux /.ones décrites précédemment.

Le platier récitai est une étroite plate-forme sensiblement horizontale, située légèrement 
au-dessus du niveau des grandes basses mers. Les Madréporaires vivants y sont peu nombreux 
et montrent très souvent des colonies « rabougries » ou aplaties. Nous pouvons citer les genres : 
Platygyra, Leptoria, Pocillopora, Acropora, Favites, Favia. Les Mélobésiées sont, par contre, 
extrêmement abondantes, et leurs formations calcaires constituent un véritable ciment dans 
lequel sont noyées les concrétions dues à des Madréporaires (actuellement morts) ainsi qu’à divers 
autres organismes constructeurs. Bien que les algues calcaires soient très importantes, sur les 
récifs, nous n’avons pas observé de formation typique de « crête algale », malgré la présence 
certaine de Porolithon onkodes.

La partie externe du récif (le «front»), montre la présence de structures en contreforts, 
éperons et sillons. Les contreforts et éperons ont généralement une largeur de plusieurs mètres 
à leur enracinement. Leur face supérieure n’est pas dans le prolongement horizontal du plan 
du platier, mais s’incline légèrement vers le large, en formant une surface convexe.

Les sillons, au contraire des contreforts, sont très étroits, vers le platier récifal. Ils forment 
généralement une entaille de 1,5 à 3 m de profondeur, qui va en s’élargissant doucement vers 
l’extérieur, et dont le fond, en pente modérée, est tapissé de sable grossier. En ce qui concerne 
le peuplement, il est indissoluble de celui de la zone suivante : la pente externe.

c. La pente externe.

Nous n’avons pu observer que la partie supérieure de la pente externe, jusqu’à une profondeur 
de 10 à 15 m environ. On doit constater, tout d’abord, que dans les stations que nous avons 
effectuées (Flic-en-Flac, Grande Rivière du Nord-Est, Batterie-des-Grenadiers), la pente externe 
ne se présente pas comme une muraille verticale ou subverticale, mais au contraire présente une 
inclinaison que l’on doit considérer comme modérée. Il faut sans doute voir dans ces particularités 
morphologiques, le rôle des coulées volcaniques qui se prolongent sous la couverture sédimentaire 
organogène des lagons, et que l’on voit d’ailleurs réapparaître sous forme de grandes dalles, ou 
de grands polyèdres, à des profondeurs supérieures à 5 m, à l’extérieur de la barrière (Flic-en-Flac).

Les résultats d’observations que nous allons donner, concernant le peuplement, ont trait, 
d’une part à la pente externe elle-même, d’autre part aux sillons du platier récifal, dont l’étude 
faunistique ne peut être séparée de celle de la pente externe.

Peuplement de la partie supérieure des contreforts et éperons.
Il existe un peuplement particulier commun à l’extrême bordure externe du platier récifal, 

et à la partie des éperons voisine de leur enracinement. Ce peuplement est défini par la présence 
d’une espèce du genre Pocillopora, donnant de petites colonies, dont l’extrémité des branches 
est arrondie et colorée en rose vif, avec laquelle on trouve diverses espèces digitées du genre 
Acropora, également très caractéristiques.

Il est à noter que dans certains cas, les arêtes des entailles réalisées par les sillons dans le
platier, montrent un peuplement monospécifique de Millepora platyphylla, présentant, l’aspect
caractéristique de « honeycomb ».

Peuplement des parois des sillons.
Le peuplement des parois des sillons peut être analysé en trois catégories distinctes qui 

comprennent :
— les formes encroûtantes ou foliacées sur les surfaces verticales ;
— les formes massives de la base des parois ;
— les formes sciaphiles des surplombs.
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Dans la première catégorie nous avons noté les Madréporaires suivants (1) :

Montipora Echinopora
Hydnophora Leptoria
Oxypora

Les formes massives de la base des parois sont principalement :

Favia Alveopora
Favites Porites

Les microsurplombs qui s’ouvrent à divers niveaux dans les parois verticales montrent curieuse
ment une faune à affinités sciaphiles plutôt pauvre : les Éponges et les Ascidies y sont rares. 
On observe seulement de façon courante :

— - des petites formes de Gorgonaires ;
— des Madréporaires Dendrophylliidae. ;
— des Hydrocoralliaires Stylasteridae (gen. Distichopora}.

Vers le large, les éperons perdent leur individualité, et se'résolvent en amas de plus en plus 
distincts de Madréporaires qui font le passage aux formations massives isolées, observées tout à 
fait vers l’extérieur. Nous avons pû reconnaître les genres suivants :

Montipora Acropora
Alveopora Hydnophora
Favia Platygyra
Favites Leptoria
l'ocilloporfi Pachyseris
Porites (formant souvent de gros «pâtés»)
Lobophyllia (L. hemprichi, L. costata, L. corymbosa)

Les sillons sont, surtout au voisinage de leur origine dans le platier, tapissés de sable corallien 
pur. Lorsque l’on se dirige vers le large, leur fond présente parfois des éléments grossiers et même 
une certaine quantité de blocs morts. En d’autres secteurs, le fond des sillons montre au contraire 
une certaine abondance de Madréporaires (les espèces sont généralement les mêmes que celles 
qui sont trouvées à la base des parois latérales des sillons : Acropora spp. Lobophyllia corymbosa, 
Lobophyllia costata, Favites virens, Favia spp}. Il convient de remarquer, en outre, la présence 
de belles colonies de Galaxea fascicularis (à une certaine profondeur, lorsque le mode n’est pas 
trop battu).

Outre les Madréporaires, la zone à éperons et sillons se caractérise aussi par la présence 
d’Alcyonaires (principalement Sarcophytum, mais aussi Lobophytum), d’Hydrocoralliaires Mille
poridae, d’Échinodermes ( Stomopneustes),  et de très nombreux Poissons.

Le peuplement de la véritable pente externe elle-même (au delà-de la zone à éperons et sillons) 
n’a pu être étudié, car nos observations ont été limitées à des profondeurs de 15 m environ.

(1) S auf exception, les M adréporaires n ’o n t encore é té  déterm inés que de  façon générique.
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EXEM PLE DE VARIA TIONS DANS L ' EX TEN SION D ES UNITES DE PEUPLEMENT DES LAG ONS DE L ' ILE MAURICE
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V. IN T E R P R É T A T IO N  D E S O R SE R V A T IO N S

Les particularités à retenir des récifs et lagons de l’île Maurice sont les suivantes :
— étroitesse du platier récifal, simple ruban d’une vingtaine de mètres de large, au maximum. 

(Outre sa faible largeur, le platier est encore remarquable par son peuplement, dans lequel 
dominent les Mélobésiées) ;

— faible profondeur des lagons, en règle générale, malgré une extension horizontale souvent 
importante.

L’application aux récifs de l’île Maurice, du schéma général proposé par J. P i c a r d , pour le 
classement des milieux benthiques tropicaux, présentant des formations d’Anthozoaires conduit 
à l’interprétation suivante :

— le platier récifal est, dans sa totalité, référable à l’Ensemble fronto-récifal (zone « 3 » 
ou zone du « platier frontal ») ;

— la partie externe (extrême bord du platier, contreforts et sillons) est, de même, référable 
à l’Ensemble fronto-récifal (zone « 2 », équivalente de la zone de la « terrasse à éperons et sillons », 
lorsqu’elle existe).

— la première zone de l’Ensemble fronto-récifal (pente corallienne externe) n’a pas été 
observée. Selon toute vraisemblance, elle existe néanmoins, à des profondeurs supérieures à 
20 mètres.

La succession des peuplements observés dans les lagons, depuis le ruban récifal jusqu’au 
littoral peut être résumée de la façon très schématique suivante :

. Épandage de blocs détritiques, sur la face interne inclinée du récif (avec Echinometra, 
et les algues Phéophycées Turbinaria et Sargassum sp).

. . Fonds à dominance de Madréporaires : Acropora, Pavona, avec passées sableuses plus 
ou moins importantes.

. . . Herbiers de Phanérogames.
Cette succession présente d’étroites analogies avec celle qui caractérise l’Ensemble épirécifal 

des formations coralliennes complètes (Grand récif de Tulear, par exemple). Malgré une similitude 
apparemment indiscutable, nous préférons cependant adopter l’hypothèse suivant laquelle 
les peuplements observés dans les lagons de l’île Maurice sont à rattacher à l’ensemble postrécifal. 
Les raisons en sont les suivantes :

Le substratum sur lequel sont déposés les sédiments des lagons ne paraît pas être de nature 
corallienne. En d’autres termes, les lagons ne résultent pas du creusement d’un appareil récifal 
dont le niveau primitif serait indiqué par la cote actuellement atteinte par le récif. Cette opinion 
est appuyée par le fait que nous avons observé, en plusieurs endroits, des blocs basaltiques émer
geant de la couverture organogène, soit dans le lagon, soi.t au niveau du ruban récifal. A l’extérieur 
du récif, également, nous avons pu observer (à Flic-en-Flac et à la Batterie-des-Grenadiers 
notamment) que des coulées de laves apparaissent à des profondeurs relativement faibles (vers 
5 m). Dans cette hypothèse, le récif lui-même peut-être considéré comme un épais bourrelet 
organogène algo-corallien, établi en bordure d’épanchements volcaniques actuellement submergés. 
Ceux-ci constitueraient le substratum sur lequel se sont déposés les sédiments qui portent les 
divers peuplements observés dans les lagons.

Si donc l’on considère les formations des lagons comme référables à l’Ensemble postrécifal, 
nous distinguerons dans celui-ci trois zones, chacune englobant les peuplements suivants :

. Zone 1 (Pente interne du récif) : Blocs à Phéophycées et Echinometra.
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ESSAI D’INTERPRETATION DE LA ZON ATION 

DANS LES SYSTEM ES RECIFAUX DE L’l £  MAURICE

Substrat s»b*ui/

Kig. -1

. . Zone 2 (Fonds subhorizontaux du lagon) : peuplements à base de Madréporaires 
(Acropora, Pavona), herbiers de Cymodocea ciliaia et Syringodium isoetifolium, et passées sableu
ses.

. . .Zone 3 (remontée des fonds sers le littoral) : Herbiers à base de Cymodocea ciliata et 
ceinture de Syringodium.

L’Ensemble frontolittoral est représenté de la façon suivante :
. Zone 1 : Herbiers de Diplanthera, Sables à Chlorophycées, Sables sans épitlore ;
. . La zone 2 (banquettes d’algues filamenteuses et Mangroves) n’est, rencontrée que de

façon lout à fait, exceptionnelle à l’île Maurice (dans le fond de certaines baies bien abritées de
la côte Est).

. . .  La zone 3 peut être soit une plage de sable organogène se terminant par une dune à
Casuarina, soil un estran de nature basaltique.

VI. CONCLUSIONS

Nous observons, à l’île Maurice, la succession des Ensembles et zones suivantes :

 ̂ z o n e  d e  l a  p e n t e  c o r a l l i e n n e  e x t e r n e  ( n o n  é t u d i é e ) ,  

e n s e m b l e  F R O N T O R É c i F A L  z o n e  d e s  é p e r o n s  e t  s i l l o n s ,

I zone du platier frontal,
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I Pente interne détritique à Phéophycées et Echinometra,
[ Biotopes à dominance corallienne du lagon, Herbiers et passées

E N S E M B L E  PO STR ÉC 1FA L . S a b l e U S e S ,

I Ceintures de Cymodocea et Syringodium, sables fins sans végé
tation.

 ̂ Zone à Chlorophycées, Herbiers de Diplanthera,
E n s e m b l e  f r o n t o l i t t o r a l  Mangroves (éventuellement),

 ̂ Plage sableuse ou estran rocheux Supra et Médioliltoral.

Les récifs et. lagons de l’île Maurice peuvent donc être caractérisés :
— Par l’absence de l’Ensemble épirécifal, ce qui se traduit par l’étroitesse, que nous 

avons indiquée, du « récif » lui-même.
— Par l’extension que prennent en certains secteurs, les peuplements à hase d’Anthozoaires 

développés dans l’ensemble postrécifal. La composition particulière de ces biotopes coralliens 
est une conséquence à la fois des modes calmes et des faibles profondeurs rencontrées dans les 
lagons (en raison notamment de leur influence sur les phénomènes de sédimentation).
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ISRAEL SOUTH RED SEA EXPEDITION, 1962, REPORTS
N o . 28

ELEOTRID GOBIES COLLECTED DURING THE ISRAEL SOUTH RED SEA 
EXPEDITION (1962), WITH A KEY TO RED SEA SPECIES*

by

E u g e n ie  C l a r k

Cape Haze Marine Laboratory, Sarasota, Florida

During the 1962 Israel South Red Sea Expedition, nine species of eleotrid type 
gobies, totaling nearly 500 specimens, were collected in the Dahlak Archipelago, 
Ethiopia, during March and April. Of these species, four are new records for the 
Red Sea: Eviota stigmapteron, Coryogalops anomolus, Mucogobius flavobrunneus, 
and Ptereleotris microlepis. This brings the number of species of eleotrids known 
from the Red Sea to 12. These species may be separated by the following key. The 
work on this key and species determinations was greatly facilitated by the compre
hensive study of S m i th  (1958) o n  Western Indian Ocean species of the family 
Eleotridae.

When gobies are separated into the families Eleotridae and Gobiidae, the species 
indicated in this paper as Mucogobius flavobrunneus could be placed in the family 
Gobiidae in the genus Callogobius ( K o u m a n s ,  1953) and is obviously closely allied 
there, as are many species often classified as eleotrids. The separation of these two 
families on the basis o f the divided or united ventral fins has long been recognized 
as not satisfactory ( G i n s b u r g ,  1933, p. 13) and has resulted in some unnatural 
groupings as has been pointed out by B ö h l k e  and R o b in s  (1960, p. 87) and 
R o b i n s  and B ö h l k e  (1961, p . 122). For the purposes of this report, however, 
the apparently artificial group of gobies usually referred to the family Eleotridae 
is treated as a separate group following, in general, the classification of Smith (1958) 
until a more extensive analysis of Red Sea gobiid fishes can be made. It should be 
cautioned that several species of Red Sea gobies with united or partly united ventral 
fins and therefore not included here (e.g. species in the genera Zonogobius and 
Quisquilius), occasionally have an individual with separate ventrals ( C l a r k ,  in m.s.), 
a confusing situation when only one such specimen is examined for identification.

In the list of species following the key I have included, in addition to the col
lections of the Israel South Red Sea Expedition, specimens not otherwise reported, 
from collections I made at Ghardaqa, Egypt, in 1951 (now in the Marine Biological 
Station at Ghardaqa) and at Eilat, Israel, in September 1960 and September 1964 
(now at the Hebrew University).

Received: June 1966.
* This study was supported by the following: U.S. National Science Foundation, Washington, D.C. 

through its contribution to IIOE participants and through grants G-6468 and GB 2736 ; Oceanic Biolo
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C 0043 (Contractor Department of Zoology, Tel-Aviv University.) The author gratefully acknowledges 
also the help and comments of Dr. Heinz S t e i n i t z  during the preparation of this manuscript.
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All the fishes in this report were collected using rotenone poison in shallow water 
(less than 3 meters) in areas with corals. There are undoubtedly many more species 
of gobies with divided ventral fins in the Red Sea which will be found when poison 
collections are made in more localities and in deeper water.

KEY TO SPECIES OF ELEOTRID1 GOBIES IN THE RED SEA

A. First gili slit at least partly open; scales present.
B. Less than 20 soft rays in dorsal and anal fins.

C. Pelvic fins with 1 ,4; individual rays separate and “feathery” ; 20-25 scales.
D. In life greenish with red markings on head ; 7 dark incomplete vertical

bands on sides of body, the last on the caudal peduncle has a black 
spot in the center; 2 prominent black spots behind the eye . . . . 
.................................................................................................Eviota prasinus.

DD. In life pale grey with orange brown spots; 2 prominent black spots 
at the base of the pectoral f i n ........................ Eviota stigmapteron.

CC. Pelvic fins with I, 5; rays in each fin joined by membrane, not feathery. 
E. Scales less than 50.

F. No spines at preopercle angle; no greatly elongated dorsal spines 
or rays.
G. Nape and interorbital naked; a series of about 7 dark spots 

on each side o f chin and throat stopping under hind end 
o f preopercle; head smooth, without papillate flaps . . . 
...............................................................Coryogalops anomolus.

GG. Nape and interorbital scaly; head with marked papillate 
flaps giving it a rough appearance; in life yellowish with 
brown and orange brown irregular markings . . . .  
  Mucogobius flavobrunneus.

FF. 1-9 small spines at preopercle angle; third dorsal spine greatly 
elongated; in life, a drab, blue grey with smokey markings 
and small inconspicuous ocellated spots in 4 or 5 rows along 
cheek and lower sides of body Asterropteryx semipunctatus. 

EE. Scales 50 or more.
H. Teeth in upper jaw in only one row; scales about 80; 

a prominent black spot at tip of first dorsal fin; in life 
the following inconspicuous colors are also discernible 
on large specimens: about 8 blue spots on pale yellow 
cheek; snout between upper lip and eye dusky pink; 
body white with a dusky pink horizontal line on lower 
side of body from pectoral base onto caudal peduncle; 
tiny pink spots on end of caudal peduncle and on

1 Gobies with separate or almost completely separate pelvic fins.
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proximal parts of dorsal, anal, pectoral and caudal fins 
forming 2 lines on lower half of second dorsal and anal 
fins ; pectoral fins with pale yellow base. A black edge 
develops on anal fin of large specimens (over 58 mm) 
.................................................... Eleotriodes sexguttatus.

HH. Teeth in upper jaw in several rows.
I. Head compressed; scales 70-80. (Doubtful re

cord*) . . . .  Amblyeleotris periophthalmus.
II. Head depressed; scales about 60; 13 vertical, 

dusky bands on upper part of body; a black spot 
at central base of caudal; both dorsals, anal and 
caudal fins striped. In life, belly orange yellow, 
a pink line from lips through eye, pink on body 
at upper edge of bands under 2nd dorsal, and a 
prominent pink crescent around anterior part of 
black caudal spot . . . Xenisthmus polyzonatus. 

BB. More than 20 soft rays in both dorsal and anal fins. In life body pink, base 
of dorsal yellow, rest pink; caudal pale yellow with orange on upper edge; 
anal, pectorals and ventrals pink, pectoral with a black base . . . .  
  Ptereleotris microlepis.

AA. First gili slit completely closed by membrane; throat, chest, and belly naked.
J. No scales on head or body.

K. Pelvic fins with outwardly directed di
gitate margin . . . Lioteres vulgare.

KK. Pelvic fins normal . . Lioteres simulans.

JJ. Body with small cycloid scales embedded and 
difficult to see. Head naked ; 7-9 poorly defined 
cross bars not reaching belly, that below first 
dorsal spine sharpest; a bar from eye to lower 
edge of operculum . . Hetereleotris diadematus.

1. Eviota prasinus (K lu n z in g e r ,  1871)
21 specimens, 11-16 mm, standard length,

1 specimen, 15 mm, E60/39,
2 specimens, 8-9 mm, ISRSE E62/275

1 specimen, 15 mm, ISRSE E62/417t
3 specimens, 5-13 mm, ISRSE E62/490

55 specimens, 9-15 mm, ISRSE E62/507
8 specimens, 12-20 mm, ISRSE E62/3678q 

32 specimens, 8-15 mm, ISRSE E62/4313

* See K oum ans (1953) and Smith (1958),
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Ghardaqa; 1951.
Eilat, 4 May, ’60 
Landing Bay, Entedebir;

14 March, ’62. 
Cundabilu ; 25 March, ’62. 
Entedebir ; 7 April, ’62. 
Entedebir; 7 April, ’62 
Um Aabak; 6 April, ’62. 
Entedebir; 7 April, ’62.
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2. E viota stigmapteron  S m i th ,  1958
3 specimens, 10-16 mm, ISRSE E62/514 
1 specimen, 14 mm, ISRSE E62/4323

Entedebir; 7 April, ’62. 
Entedebir; 7 April, ’62.

3 .  Coryogalops anomolus S m i t h  1 9 5 8  

1 specimen, 26 mm, ISRSE
1 specimen, 22 mm, ISRSE

E62/417,p3 Cundabilu; 25 March, ’62. 
E62/4314 Entedebir; 7 April, ’62.

4. M ucogobius flavobrunneus S m i th ,  1958 
Most of our specimens show evidence of slight fusion near the base of the two 

pelvic fins in the form of a delicate membrane easily split when trying to spread 
these fins. In no case, however, was the fusion more than 10% of the length of the 
inner margins of the fins. This species could be referred to Callogobius hasseltii 
( B l e e k e r )  of the Pacific and Eastern Indian Ocean,but as our specimens agree closely 
with S m i th ’s (1958) detailed descriptions and figures of Western Indian Ocean spec
imens I chose to follow his nomenclature.

1 specimen, 28 mm, ISRSE E62/417,p2
2 specimens, 32 & 42 mm, ISRSE E62/442a
1 specimen, 27 mm, ISRSE E62/36681

20 specimens, 19-38 mm, ISRSE E62/3678m
1 specimen, 32 mm, ISRSE E62/4321

Cundabilu; 25 March, ’62. 
Cundabilu ; 25 March, ’62. 
Um Aabak; 6 April, ’62 
Um Aabak; 6 April, ’62. 
Entedebir; 7  April, ’62.

5. A sterropteryx semipunctatus R ü p p e l l ,  1828 
Numerous specimens to 31 mm,

2 specimens, 
119 specimens, 
103 specimens,

2 specimens, 
1 specimen,

6. Eleotriodes se.

14 specimens,
3 specimens, 
1 specimen,

39 specimens, 
49 specimens, 
23 specimens,
15 specimens, 

1 specimen,
59 specimens, 
46 specimens, 

7 specimens, 
6 specimens,
1 specimen,

7-28 mm, 
10-29 mm, 
19-23 mm, 

24 mm,

ISRSE E62/626 
ISRSE E62/1283 
ISRSE E62/3678b 
ISRSE E62/3711 
ISRSE E62/4392

xguttatus ( V a l e n c i e n n e s ,  1837) 
22-52 mm,
57-62 mm, ISRSE E62/353 

20 mm, ISRSE E62/417u
17-63 mm, ISRSE E62/475
18-76 mm, ISRSE E62/582
17-55 mm, ISRSE E62/1255
19-57 mm, ISRSE E62/1288 

22 mm, ISRSE E62/3211,1a
18-57 mm, ISRSE E62/3235 
17-58 mm, ISRSE E62/3616b 
31-58 mm, ISRSE E62/3678d
20-37 mm, ISRSE E62/4142 

18 mm, ISRSE E62/4701

Ghardaqa; 1951. 
Cundabilu ; 20 March, ’62. 
Nocra; 18 March, ’62.
Um Aabak ; 6 April, ’62. 
Entedebir; 7 April, ’62. 
Um Aabak; 6 April, ’62.

Ghardaqa; 1951. 
Cundabilu; 14 March, ’62. 
Cundabilu ; 25 March, ’62. 
Entedebir; 7 April, ’62.
Um Aabak; 23 March, ’62. 
Nocra; 18 March, ’62. 
Cundabilu; 20 March, ’62. 
Enteraia; 24 March, ’62. 
Cundabilu; 25 March, ’62. 
Enteraia; 26 March, ’62. 
Um Aabak; 6 April, ’62. 
Entedebir; 7 April, ’62. 
Nocra; 18 March, ’62.
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7. Amblyeleotris periophthalmus ( B l e e k e R , 1853)
S m i t h  (1958) lists “one doubtful record” from Eritrea, Red Sea. 1 have seen none 

in our collections.

8. Xenisthmus polyzonatus ( K l u n z i n g e r , 1871)
1 specimen,

9. Ptereleotris microlepis ( B l e e k e r , 1856)
2 specimens, 41 & 74 mm, ISRSE E62/1287
3 specimens, 42-69 mm, ISRSE E62/3238

40 mm, Ghardaqa; 1951.

Nocra; 18 March, ’62. 
Cundabilu; 25 March, ’62.

10. Lioteres vulgare ( K l u n z i n g e r , 1871)
3 specimens, ca. 22 mm,
3 specimens, 18 to 22 mm, ISRSE E62/417,-p.l 
1 specimen, . 20 mm, ISRSE E62/563,b 
1 specimen, 14 mm, ISRSE E62/3211,-lb 

12 specimens, 13 to 21 mm, ISRSE E62/4316

Ghardaqa; 1951 
Cundabilu; 25 March, ’62. 
Nocra ; 22 March, ’62. 
Enteraría; 24 March, ’62. 
Entedebir; 7 April, ’62.

11. Lioteres simulans S m i t h , 1958
No specimens seen. The type is from the Gulf of Suez and S m i t h  points out that 

K l u n z i n g e r  (1871) and K o s s m a n  and R a u b e r  (1877) have confused this species 
in the Red Sea with Hetereleotris diadematus.

12. Hetereleotris diadematus ( R ü p p e l l , 1828)
6 specimens, 15 to 22 mm, ISRSE E62/4315, Entedebir; 7 April, ’62.

SUMMARY

Nine known species of eleotrid fishes were collected by the ISRSE. Four of these 
are new records from the Red Sea. Altogether 12 species of eleotrids are now 

recorded from the Red Sea.
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ISRAEL SOUTH RED SEA EXPEDITION, 1962, REPORTS 
No. 29

THE MILLEPORINA AND S TYLASTERINA OF THE ISRAEL SOUTH RED 
SEA EXPEDITION*

by
H. BOSCHMA 

Rijksmuseum van Natuurlijke Historie, Leiden

Together with the Hydroida of the Israel South Red Sea Expedition a few Mille- 
porina and Stylasterina of this expedition and some specimens from the Gulf of 
Aqaba were sent for identification to Dr. W. V e r v o o r t  of the Leiden Museum, 
who turned the specimens of the last-mentioned two groups over to me for further 
examination. The corals give occasion to the following remarks.

M il l e p o r in a

K l u n z i n g e r  (1879) and C r o s s l a n d  (1941) have shown that the genus Millepora 
is represented in the Red Sea by three well-defined species, viz., M. exaesa F o r s k â l ,  

M. dichotoma F o r s k â l ,  and M . platyphylla H e m p r ic h  &  E h r e n b e r g .  In a revision 
of the genus ( B o s c h m a ,  1948) and in a later paper ( B o s c h m a ,  1949) there are numerous 
data on the occurrence of the three species in the Red Sea, and on their distribution 
in other areas of the Indo-Pacific region. While it appears to be an established fact 
that M . platyphylla has been found in its typical form of growth in a great many 
localities in the Indo-Pacific, it remains doubtful whether or not the specimens of 
M . exaesa and o f  M . dichotoma from localities other than those in the Red Sea 
really belong to those species as most of the recorded specimens differ in certain res
pects from the typical Red Sea representatives. A  similar difficulty presents itself 
in regard to some of the corals of the present collection, which in their form of growth 
show a certain resemblance to M . dichotoma but differ from specimens of the typical 
form of growth. One of these has here been identified with M . tenera, of the other 
the identification must remain uncertain it has here been named “Millepora cf. 
tenera” to point out the resemblance to this species and to indicate that the name 
is to be regarded as provisional only.

Millepora platyphylla H e m p r i c h  &  E h r e n b e r g

M a t e r i a l .  NS 860 and NS 861. Eilat, Gulf of Aqaba, x. 1952, leg. C h .  L e w in s o h n  

and L . F i s h e l s o n ,  two large fragments.
One of the fragments is a plate-like growth with a height of 170 mm, a breadth 

of 123 mm, and (in its basal part) a thickness of 20 mm. The greater part of the

Received: June 1966. ,
* Study aided by Contract No. 62558-3335 between the U.S. Office of Naval Research, Depart

ment of the Navy, and Tel-Aviv University.
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surface is densely covered with small, low-conical warts of a diameter of about 2 mm, 
each wart showing in the centre of its top a gastropore which is surrounded by a ring 
of dactylopores ; on account of this arrangement of the pores the cyclosystems remain 
rather distinctly separate. In some places the small warts are united to form pro
tuberances of larger size, with several cyclosystems on their topmost parts. In other 
places the coral has lost its regular appearance through groups of closely joining 
barnacles (Pyrgoma spec.) rising over the surface. The general appearance of the 
smoother parts of the surface of this coral is very much alike to that of a specimen 
in the Leiden Museum ( B o s c h m a , 1 9 4 8 , PI. V, fig. 2 ) .

The other fragment is a plate-like growth with a height of 200 mm, a breadth 
of 108 mm, and (in its basal part) a thickness of 20 mm. From the almost straight 
upper margin to about I i  cm below the margin the surface of the coral is almost 
smooth. Below this upper part there is a region of a width of about 3 cm in which 
the surface is covered with densely packed small warts of a diameter of about 2 mm, 
each with a central gastropore. Below this region the surface is covered with much 
larger warts, corresponding in shape with those of a specimen in the Leiden Museum 
( B o s c h m a ,  1948, PI. XV, fig. 5) and those of the coral described and figured by M i l n e  

E d w a r d s  (1857, PI. F2,fig. 1 ; 1860, p. 227) as Millepora verrucosa, later shown to be 
a synonym of M . platyphylla (cf. B o s c h m a ,  1948, p. 35). In specimen NS 861 the 
surface does not show any deformation by barnacles.

Millepora dichotoma F o r s k â l

M a t e r i a l .  NS 862. Eilat, Gulf of Aqaba, x. 1952, leg. C h .  L e w in s o h n  and L. 
F i s h e l s o n ,  one colony.

The name Millepora dichotoma and its synonyms M. cancellata and M . reticulata 
all refer to the peculiar form of growth o f the coral, starting as cylindrical finger- 
shaped branches, dichotomically dividing at their tops, the end branches uniting 
again to form reticulate plate-like growths. The specimen from Eilat has the typical 
form of growth of the species (fig. 1), the colony has a height of 130 mm and a breadth 
o f 145 mm. Its basal part is attached to the dead branches o f another coral, partly 
encrusting them, forming here a rather solid mass without indications o f specific 
pecularities (fig. 2).

Another coral from Eilat ( B o s c h m a ,  1964) was somewhat hesitatingly identified 
with Millepora dichotoma, because its form of growth is not as distinctly reticulate 
as in typical specimens and the terminal branches are comparatively broad (I.e., 
fig. 2). The occurrence of M . dichotoma of the typical form o f growth in the same 
locality gives support to the identification of the slightly aberrant specimen.

Millepora tenera B o s c h m a

M a t e r i a l .  E62/3131. Cundabilu, Dahlak Archipelago, southern Red Sea, 16.iii.l962, 
one colony.

The colony (fig. 3) is spreading in one plane, height 58 mm, transverse diameter 
97 mm. It is composed o f comparatively thin branches radiating from one centre,
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Fig. 1. Millepora dichotoma F o r s k â l ,  top part o f a colony from Eilat. Natural size.

2. Millepora dichotoma F o r s k â l ,  basal part of the colony of fig. 1, forming an encrusting 
layer on a dead madreporarian coral. Natural size.



Fig. 3. Millepora tenera Boschma, colony from Cundabilu, Dahlak Archipelago. Natural size.

closely united in their basal parts and free only at their extremities. All the top parts 
of the branches have broken off; they appear, therefore, in the figure as much more 
truncated than they were before being collected. The colony is rather strikingly 
similar to certain specimens of M illepora tenera (cf. B o s c h m a , 1 9 4 8 ,  P I .  XIV, fig. 1 ) , 

the shape and the radial manner of growth of the branches being entirely alike. In 
its manner of branching the fragment differs from M . dichotoma (fig. 1) in not showing 
a pronounced tendency to dichotomous division and the subsequent formation of 
a reticulate frond.

The close similarity of the specimen to corals that undoubtedly belong to M illepora  
tenera seems to warrant the identification with this species. M . tenera is widely dis
tributed in the Indo-Pacific area but was not known to occur in the Red Sea. The 
locality, Cundabilu in the Dahlak Archipelago, is in the southernmost part of the 
Red Sea where perhaps penetration of species from the Indian Ocean might be 
expected.

M illepora  c f . tenera B o s c h m a

M a t e r i a l .  E62/3106. Entedebir, Dahlak Archipelago, southern Red Sea, 15.iii.1962, 
one colony.

The fragment (fig. 4) consists of a compact basal part with four robust branches 
all extending in one plane, and a fifth (not shown in the figure) forming an angle 
of about 45 degrees with the rest. The total height is 123 mm, the transverse diameter 
85 mm. The main branches are strongly flattened, their greater diameter being 10 
to 15 mm, their smaller diameter about 8 mm. At their tops they are divided into a



Fig. 4 . Millepora cf. tenera B o s c h m a , colony from Entedebir, Dahlak Archipelago. Natural s ize .

Fig. 5. Distichopora violacea ( P a l l a s ) ,  two young colonies from Um Aabak, Dahlak Archi
pelago, on a piece o f dead madreporarian coral. The upper arrow points to the basal part 
o f  a  colony o f  white colour, the lower arrow to the basal part o f a colony o f violet colour. 
X 2.
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number of smaller branchlets (nearly all with damaged, broken-off ends). The colony 
shows some resemblance to rather robust specimens of M illepora tenera but of this 
species not a single colony has been figured showing the same form of growth. The 
main branches extend upwards more or less parallel to each other ; they do not show 
a tendency to a radial manner of growth as it generally occurs in M . tenera. A definite 
specific identification of the coral is not to be given. Among the Indo-Pacific species 
it seems to correspond most closely with M . tenera but this resemblance remains 
superficial only.

M illepora  spec.
M a t e r i a l .  E62/1654. Padina Bay, Entedebir, Dahlak Archipelago, southern Red 
Sea, 12.iii.1962, one fragment.

E62/3789. Manta Cliff, Entedebir, Dahlak Archipelago, southern Red Sea, 
25. iii. 1962, one fragment.

The specimen from Padina Bay forms a thin encrusting layer on a piece of dead 
madreporarian coral, roughly showing the structure of the surface of this substratum. 
The dimensions are about 80 by 59 mm. The form of growth does not show any 
indications for a specific identification.

The specimen from Manta Cliff again is an encrustation on a fragment of dead 
madreporarian coral, of about 80 by 45 mm. On its upper surface there are some 
incipient branches of a height of up to 25 mm, of rather nodular appearance. It must 
remain undecided to which of the three Red Sea species of M illepora the coral belongs, 
for each of the three might start with the form of growth as represented by this young 
colony.

S t y l a s t e r in a

Stylasterine corals that were supposed to come from the Red Sea were vaguely 
described by N a r d o  (1844a, b, 1845) as D istichopora cinnabarina, the chief specific 
character being their pronouncedly red colour; to all appearances the name is a 
synonym of D. violacea ( P a l l a s ) .  There are several colonies of D. violacea in the col
lection of the Paris Museum showing a red colour (B o s c h m a , 1959). K l u n z i n g e r  

(1879) was the first to record the coral D . violacea from the Red Sea, B o s c h m a  (1959) 
published notes on several specimens from this locality.

Distichopora violacea ( P a l l a s )

M a t e r i a l .  E62/2286 and E62/2287. Um Aabak, Dahlak Archipelago, southern 
Red Sea, 24.iii.1962, some small colonies on two fragments of dead madreporarian 
coral.

The basal plates of the colonies have a spreading in width of up to 32 mm, the 
branches extend in height to about 12 mm. The veiy small colonies are of rather 
bushy appearance, not showing a tendency to flabellate arrangement of the branches 
(fig. 5). Some of the branches are densely covered with (male?) ampullae, often in
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continuous patches. The most striking peculiarity is that some of the colonies are 
creamy white, others of a very pale pinkish-violet colour, and again others of a pro
nouncedly dark violet colour with the tops of the branches white. In their form 
of growth the colonies are strongly similar to the figure of d e  B l a i n v i l l e  (1830, 
P I . 35, fig. 2, cf. also B o s c h m a ,  1959, fig. le). They belong to the form tenella, 'the 
most common form of growth of Distichopora violacea in the Red Sea.
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I n t r o d u c t io n

As a part of the program of the Israel South Red Sea Expedition, we attempted 
to gain an idea of the number of fish species, their abundance, and biomass in the 
shallow coastal waters of the Dahlak Archipelago. For this purpose we selected a 
convenient area with sand, rocks and corals near the Expedition camp site (Figs. 1 
and 2). During a series of underwater observations estimates were made of the fish 
population by visual counts. Finally a collection of fishes in this area was made 
using rotenone. This collection was studied and analyzed to supplement the data 
from the visual counts.

No previous attempts to estimate the numerical abundance of the fish fauna in 
any habitat of the Red Sea have been made although a survey of the fish fauna, 
combined with diving observations, lias been conducted at Ghardaqa ( A b e l ,  1960). 
RoGHiand B a s c i i i e r i  (1957) have given a popular account of the Italian National 
Underwater Expedition of 1952-53 in the Dahlak area which gives some descriptions of 
the fish life.This book and scientific reports on some of the fish fauna observed and col
lected ( B a s c h i e r i - S a l v a d o r i ,  1953, 1954a, 1954b, 1955; T o r t o n e s e ,  1936, 1947, 1954, 
1955 and 1957) give some indications of the abundance of certain fishes in this region.

By means of tagging, visual counts, and other observational methods population 
studies have been made in certain restricted communities in the littoral waters of 
the Atlantic and Pacific in areas similar to the one we have studied. An important 
contribution in Atlantic waters was made by B a r d a c h  (1959) who studied the summer
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Fig. 1. Map of Entedebir with census area indicated.

standing crop o f fish on a shallow Bermuda reef. Divers took repeated visual counts 
in a familiar area where other related studies (Bardach  and M enzel, 1957 ; Bardach , 
1958) were also conducted. The divers were thus familiar with the reef area and its 
inhabitants which Bardach  considers an important factor before visual counts 
can be made. A recent contribution has been made by R andall (1963) studying 
fish populations in the Virgin Islands who made visual observations, but counts 
were based on rotenone collections.

The American Littoral Society in cooperation with the U.S. Fish and Wildlife 
Service has, as one of its major aims, a program to train divers to recognize the 
fishes of their diving area and to take fish counts similar to the methods used by 
bird watching groups. Over 100 skin divers in areas along the coast from Maine 
to Florida made a census of some 23,000 identified fish (A nonymous, 1962 and 1963). 
Fish counts on a large scale are severely handicapped by many factors. The number 
of fish species is much greater than that of birds and the field identification of even 
common fishes has not been worked out satisfactorily as it has in birds and mammals.

Some idea of the population of coral reef fishes which enter traps has been ascertained 
from the tagging studies of R andall  (1962) in the Virgin Islands and Springer and 
M cErlean (1962) in South Florida. The analysis of a Connecticut coastal fish 
population by M erriman and Warfel (1944) based on regular biweekly haul-seine 
collections over a period o f one year shows seasonal variation correlated with 
temperature changes.

In the Pacific Brock (1954) estimated reef fish populations in nine localities in 
Hawaii by using, for the first time, the technique of divers wearing self-contained
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breathing apparatus (Scuba) to make counts. Odum  and Odum  (1955) studied the 
entire trophic structure and productivity of a reef in Eniwetock, and Sargent and 
A ustin (1954) studied productivity of a reef at Bikini. The studies of H iatt and 
Strasburg (1960) in several of the Marshall Islands revealed a great deal about 
the composition and feeding habits of coral reef fish communities. Okuno  (1964), 
also using Scuba, compared the taxonomic aspects of a reef fish population in Japan, 
over a period of nine years, with those reported by H iatt and Strasburg (1960) 
and found remarkable similarities at levels of the orders and families but vast diffe
rences at the species level. In neither of these studies, however, was an attempt made 
to calculate the biomass.

Fish census studies have also been undertaken in freshwater. Balon’s papers 
(1963, 1964) include extensive data of lake and river population with biomass 
studies.

D escription of A rea Studied

The area specifically covered, in which actual counts of fishes were made, was a 
region along the northern side of Manta Cliff, a distance of 350 meters from the 
shore of Landing Bay on Entedebir (Fig. 1). The census area covered a strip of 
ittoral zone approximately 150 meters along the shore and extending an average 
Midth of 22 meters from the low tide line to a depth of 3 meters.

This area (Fig. 2) of approximately 3,300 square meters at low tide and 4,400 
square meters at high tide included sandy bottom along the small, narrow beaches 
which lay under shoreline rock (smooth worn fossil reef) and was covered with water 
at high tide except for the small beach (“A ”) indicated on Figure 2. A number of 
large and small rocks protruded out of the water near the shore line. Away from

30

O '7 c . j  e_\%

Fig. 2. Map of census area with shoreline drawn at the high water level (edges shaded) and reefs 
shown in stippled areas. A =  sandy beach above high water; C — cleaning station; 
X  =  rocky bottom with gullies; lw =  low water; hw =  high water. Guide lines (1 — 1'; 
2 — 2'; 3 — 3') refer to the respective cross sections of the census area, presented in fig. 3.
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shore and projecting from the sand bottom, particularly on the eastern end of the 
area, was a flat rock in which cracks and small gullies, some over 10 meters long, 
were formed roughly parallel with the shore line. Just outside this area of cracks among 
which lived many gobies, were clusters of dead ançi live corals, indicated in 
stippling on Figure 2. Between the coral clusters, particularly near the deepest part of 
the census area, there were again sizeable patches of smooth sandy bottom. The

h w

h w

Fig. 3. Cross sections of census area; compare Fig. 2, guide lines.

recent coral formations were not of the active reef building type but mostly of 
scattered madrepore, Stylophora and a lobate Porites being conspicuous forms. 
Small patches of octocorals, including xeniids were present. At the bases of the stony 
and soft coral clumps were patchy layers of dead Galaxea. Details of this biotope 
have been discussed by W a in w r l g h t  (1964).

The flat, rocky bottom with cracks and gullies near shore covered less than 1/3 
of the area and was mostly on the eastern side. The sandy bottom covered over 1/3 
and the corals less than 1 /3 of the bottom. This census area was in a partly sheltered 
coastal area of the island where the water was usually calm and protected from 
afternoon winds.
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M e t h o d s

The visual counts were made by two of us (A.B. and E.C.) at the same time or by 
one of us working alone. If working together one of the divers would start at one end 
and the other at the opposite end. The east and west ends of the census area were 
marked off by paint on shore line rocks; distinctive coral heads and a clear sand 
bottom marked the outer margin. As the area was not wide each diver swam slowly 
along the length of the census area near the outer corals in a zig-zag line and then 
back across the sandy area along the shore. Records were made on a stiff IO" X 12" 
sheet of pale green plastic with an ordinary lead pencil attached to the sheet by 
string. Scuba was used for part of the counts, especially when concentrating on small 
fishes and those hiding in crevices. However, as the water was shallow it was found 
convenient to do most of the visual counts wearing only face mask, snorkle tube, 
foot flippers and weight belt as diving aids, in spite of the warm water a shirt or short 
wet suit was helpful as we became quite chilled by the end of each count.

When two of us counted at the same time we later compared notes to make the 
final estimates for the day. One or two visual counts were made for each of six days 
with a total of 15 man hours of observations during 7 counting periods, each varying 
from 1 to 2 j hours per person. Counts were done only during the day between 
10 am and 5 pm. Except for the record of the manta made on March 9 all fishes 
were counted during the last two weeks of the expedition from March 31 to April 7 
after we had been diving and collecting fishes rather extensively in coastal areas of 
the Dahlak Archipelago and had become familiar with the fishes.

After the last visual count on April 7 we poisoned the census area during the late 
morning using twelve gallons of S.B. Penick Company’s Pro-Noxfish containing 5 % 
emulsifiable rotenone.The water in the census area during the poisoning had practi
cally no currents. Scuba was used to facilitate and speed up collecting fishes fallen 
to the bottom. Seven swimmers aided in collecting the specimens.

The number of fishes reported for each species in Table 1 as “seen” represents 
the maximum number of individuals counted (or estimated, in the case of large 
numbers) for each species at any one time, even if the species was seen only once 
in the area. In the case of estimations we believe the figures given are minimal.

In biomass determinations the fresh weight of fishes collected was not taken in 
the field. It was found, however, that fish preserved in alcohol two weeks or more 
lose on the average nine to ten per cent of their fresh weight. Therefore we weighed 
the collected fish after formalin-to-alcohol preservation and added a correction factor 
for this difference (10%) which we feei is sufficiently accurate for our purposes.

For determining the approximate biomass of fishes observed but not collected the 
following considerations were used. Most of the groups or schools consisted of fish 
of about the same size. Whenever there was a range of sizes, the maximum and 
minimum sizes were estimated and the median size of the group was used. In order 
to obtain the estimated weight of these fishes the formula W  =  KL3 was used, where 
W  is the weight of the fish in grams, L  is the standard length in centimeters, and 
K  is the coefficient of the species. The species coefficient was established from data 
based on specimens from areas in the following preferential order of availability:
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census area; other areas of the Dahlak Archipelago; other Red Sea localities. In 
the rare cases when no specimens of the species in question were available, those 
of another species of the same genus were used whose habitus could safely be con- 
considered equal. They were measured and weighed (adding the correction factor 
mentioned above for specimens preserved in alcohol). A" was obtained by dividing 
IF by L3.

R e s u l t s  a n d  D is c u s s io n  

General Fish Fauna

Table I summarizes the census figures. The number of species observed and collectep 
in the census is totalled at 128. This probably represents almost all of the permanent 
residents and most of the daytime transients for that time of year. Among the collected 
specimens are at least 5 new species and 5 new records of Indian Ocean species. The 
new species of the genus Siokunichthys, S. bentuviai, has been described by C l a r k , 

in 1966; those of the genera Apogon, Tripterygion, Zonogobius and Quisquilius will 
be described in other reports of this ISRSE series* which will eventually cover check 
lists of all fishes collected. The new records for the Red Sea are one syngnathid, 
three gobiids, and one brotulid: Syngnathus sp. (see footnote 4 to Table I), Eviota 
stigmapteron, Coryogalops anomalus, Mucogobius flavobrunneus, Seychellea hectori, 
Dinematichthys iluocoeteoides.

An estimated minimal total number of fishes in the census area from visual counts 
combined with specimens taken with poison is about 2,200 not counting larvae.** 
The total weight (wet biomass) is estimated at 136.0 kg and a dry biomass weight 
would therefore be 34.0 kg assuming that water makes up approximately 75 per cent 
of the weight of fish (V in o g r a d o v , 1953). The manta’s weight is not included but 
was an estimated 100 kilograms.

As all the fishes could not be identified to species, and variations in age and sex, 
etc. may have resulted in some misidentifications, the total numbers of species listed 
in Table I is not exact. It is also probable that several species present in the census 
area escaped detection entirely. Some rarer eels, for example, might have been 
brought out with a repeated poisoning after several hours. Also a number of transient 
species, especially nocturnal forms such as the common stingray, Taenia lymma, 
were undoubtedly missed.

We feei, however, that the combined results of visual counts and poisoning give 
a fairly good picture of the fish species present in the area investigated during the 
short period of study. The numbers of individual fishes estimated in the census area 
is of course even less accurate, especially the estimates for small species which died 
inside crevices after the poisoning and were not collected by divers. These, however, 
because o f size, do not greatly affect the estimate of the total biomass.

♦Regarding the new gobiid fishes, see References: C l a r k ,  in preparation.
* *The Spratelloides indicated in N o. 3 o f Table I, were larval stage fishes. Their number (1000 +- ) 

s not considered here.
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TABLE I
F ish e s  o f  C e n su s  A r e a , E n t e d e b ir

N o. o f individuals Mm size3 range
N o. Family Species Habitat1 ISRSI

N o. Seen Coll. T.2 Seen Coll.

1 Mobulidae Manta ehrenbergi ( M ü l t .  &  H e n l .) P _ 1 0 1 2 00 0 + _

2 Chanidae Chanos chanos (F o r s k .) P — 1 0 1 800 —
3 Clupeidae Spratelloides delicatulus B e n n . P — 1000+ 0 1000 + 10 —
4 Muraenidae Echidna zebra (S h a w ) C 489 1 1 1 583
5 Gymnothorax hepaticus (R ü p p .) C 481a 1 18 18 1000+ 69-478
6 Siderea geometrica (R ü p p .) C 481b 0 1 1 — 140
7 Belonidae Strongylura crocodila (L e s u e u r) P 504 1 2 2 350 320-355
8 Hemiramphidae Hemiramphus sp. p — 1 0 1 200 —
9 Soleidae Aseraggodes sinus-arabici C h a b . o s 3377 0 1 1 — 27

10 Holocentridae Holocentrus ruber (F o rs k .) c 567 2 4 4 90 90-98
11 Syngnathidae Corythoichthys flavofasciatus (R ü p p .)  C 491 5 4 5 80 39-82
12 Siokunichthys bentuviai E. C l a r k C 4 492 0 4 4 — 50-55
13 Syngnathus sp.5 493 0 1 1 — 24
14 Mugilidae Crenimugil sp. p, s —■ 20 0 20 90 —
15 Mugil sp. P, s — 40 + 0 40 + 160 —
16 Carangidae Caranx auroguttatus (V a l.) p,s,os 503 5 + 2 5 190 185-190
17 Caranx sp. a P,S,OS — 1 0 1 200 — .
18 Caranx sp. b P,S,OS — 1 0 1 200 —
19 Trachinotus blochii (L a c .) s 3375 0 1 1 — 37
20 Mullidae Pseudupeneus barberinus (L a c .) s,os 30 h 1 31 150-180 70
21 Upeneus vittatus ( F o rs k .) 4067 0 3 3 — 70
22 Siganidae Siganus rivulatus (F o rs k .) c,os,s 3376 20 4 24 100-150 14-60
23 S. stellatus (F o rs k .) c — 1 0 1 150 —
24 Serranidae Cephalopholis argus (S c h n .) c 496 5 82 87 100-150 34-136
25 Epinephelus areolatus ( F o rs k .) c — 1 0 1 250 — .

26 E. summana (F o rs k .) c 566 2 2 3 200-300 173-230
27 Pseudo

chromidae
Pseudochromis olivaceus R ü p p . c 515 0 7 7 — 23-50

28 Plesiopsidae Plesiops caeruleolineatus (R ü p p .) c 502b 0 8 8 — 33-35
29 P. nigricans (R ü p p .) c 502a 0 2 2 — 49-94
30 Lutjanidae Lutianus russelli (B lk .) s,os 494 25 2 27 120-150 110-111
31 Scolopsidae Scolopsis ghanam ( F o rs k .) s — 5 0 5 140 —
32 Caesiodidae Caesio caerulaureus L a c . os — 300 + 0 300 + 160 —
33 Gerridae Gerres sp. s — 20 0 20 80-100 —
34 Lethrinidae Lethrinus harak ( F o rs k .) s,os — 5 0 5 200 —
35 L. mahsenoides V a l . os — 2 0 2 250 —
36 Sparidae Acanthopagrus bifasciatus (F o rs k .) c,os — 1 0 1 200 —
37 Apogonidae Apogon sp. a c 474 0 69 69 — 12-40
38 Apogon sp. b c 3370 0 1 1 — 20
39 Lepidamia multitaeniata (C . V.) c 480 0 1 1 — 103
40 Paramia quinquelineata (C. V.) c — 2 0 2 50 —
41 Pristiapogon frenatus (V a l.) c 3371 0 5 5 — 47-75
42 Ostorhynchus annularis (R ü p p .) c 3373 0 4 4 — 13-75
43 O. nubilus J.L.B. S m ith c 3374 0 10 10 ____ 13-40
44 Chaetodontidae Anisochaetodon semilarvatus ( E h rb g .)  C — 1 0 1 150 —
45 Chaetodon larvatus C . V. c — 19 0 19 130 —

46 C. mesoleucos F o r s k . c — 3 0 3 130 —
47 Heniochus acuminatus (L.) c — . 2 0 2 150 —
48 Pomacanthus asfur (F o r s k .) c 446 3 1 3 80-180 80
49 P. maculosus (F o rs k .) c — 2 0 2 250 —
50 Acanthuridae Acanthurus gaham ( F o rs k .) c,os — 30 + 0 3 0 + 150 —
51 A. sohal (F o rs k .) c,os — 50 + 0 5 0 + 160 —
52 Ctenochaetus strigosus ( K lz .) c,os — 20 + 0 20 + 150 —
53 Zebrasoma veliferum (B lo c h ) os — 1 0 1 180 —

54 Z. xanthurum ( B ly th ) c,os — 2 0 2 130 —
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TABLE I (Cont.)

F ish e s  o f  C e n su s  A r e a , E n t e d e b ir

N o .  o f  in d iv id u a ls  M m  s i z e 3 r a n g e
N o .  F a m i ly S p e c ie s  H a b i t a t 1 I S R S E

N o . S e e n C o ll . T  2 S e e n C o l l .

5 5  M o n a c a n t h id a e  P ervagor m elanocephalus ( B l k . ) C 5 1 0 5 1 6 1 0 0 32
5 6  B a l i s t id a e Balistapus assasi ( F o r s k . ) C — 4 0 4 1 8 0 —
5 7  T e t r a o d o n t id a e  A rothron d iadem atus  ( R ü p p .) C 461 3 1 3 2 0 0 1 8 0
5 8  O s t r a c io n t id a e O stracion cubiceps L. c 4 6 8 1 1 1 2 0 18
59 O. cyanurus R ü p p . c 592 6 1 7 8 0 54
6 0  P o m a c e n tr id a e A b u d e fd u f azysron  se n su  B a s c i i i e r i -

S a l v a d o r i c 4 3 3 4 0 ■4 4 __ 1 6 - 3 7
4 3 3 5

61 A . biocellatus (Q. & G.) c 4 5 9 5 0  + 3 2 8 2  + 2 5 - 6 0 1 6 - 6 2
4 3 3 6

6 2 A . lacrym atus  (Q. & G.) c — . 1 0 1 8 0 —
63 A . saxa tilis  (L .) c,s,os 5 9 1 a 1 0 0  + 5 1 0 5  + 2 5 - 1 0 0 1 5 - 4 3

4 3 3 3 a
6 4 A . sexfascia tus  (L a c .) c,s,os 5 9 1 b 1 0 0  + 7 1 0 7  + 2 5 - 1 0 0 1 4 - 4 4

4 3 3 3 b
6 5 A m phiprion  bicinctus  R Ü P P . c — 1 0 1 4 0 .— .
6 6 C hrom is caeruleus C. V. c — 2 0 2 5 0 —
6 7 P om acentrus tripuncta tus  C. V. c 4 6 0 8 0  + 83 1 63  + 2 0 - 7 0 1 1 -7 1

4 6 7
4 3 2 7

6 8  S c o r p a e n id a e Parascorpaena aurita  (R ü p p .) c 5 6 8 0 3 3 — 5 0 -7 1
6 9 Scorpaenodes guam ensis  (Q . &  G.) c 5 9 0 0 2 8 28 — 2 3 - 5 2
7 0  P la t y c e p h a l id a e  P latycephalus tentaculatus  R ü p p . s 4 9 8 0 1 1 — 53
7 1  G o b i i d a e A centrogobius  s p . s 4 3 1 7 0 15 15 — 1 8 - 3 0
7 2 A m blygobius a lb im aculatus  ( R ü p p .) G 3 3 7 2 4 1 5 6 0 31
73 B athygobius fu sc u s  R Ü P P . G 4 3 2 4 0 1 1 — 53
7 4 C ryptocentrus caeruleopunctatus  ( R ü p p .)  S ,G — 2 0 6 0 —
75 C tenogobiops m aculosus ( F o u r m a n o ir ) S ,G 5 0 9 2 4 4 5 0 1 5 - 4 1

4 3 2 2
7 6 C tenogobius s p . S 4 3 2 5 0 2 2 — 2 1 - 2 3
7 7 O plopom us oplopom us ( V a l . ) s 4 3 4 8 0 1 1 — 3 0
78 P aragobiodon echinocephalus  ( R ü p p .) c 4 8 5 0 5 5 — 1 0 - 1 2

4 3 1 1 a
7 9 Q uisquilius n . s p . c 5 0 8 0 3 3 — 1 4 - 1 5
8 0 Seychellea  hectori J .L .B . S m i t h c 5 0 6 0 2 2 —. 2 1 - 2 4
81 Zonogobius sem idolia tus  ( V a l . ) c 5 0 0 0 1 0 1 0 — 1 3 - 1 9

4 3 1 2
8 2 Z onogobius  n . s p . c 4 8 2 2 6 7 6 7 15 1 0 - 1 9
83 A sterro p teryx  sem ipuncta tus  R ü p p . 37 1 1 0 2 2 — 1 9 - 2 3
8 4 C oryogalops anom alus  J . L . B. S m i t h 4 3 1 4 0 1 1 —. 2 2
85  E le o t r id a e E leotriodes sexg u tta tu s  ( V a l . ) c 4 7 5 2 0 + 4 5 6 5  + 2 0 1 7 - 6 3

4 1 4 2
8 6 E vio ta  prasinus  ( K lz .) c 4 9 0 ;  5 0 7 3 0  + 9 0 1 2 0 + 15 5 - 1 5

4 3 1 3
87 E . stigm apteron  J .L .B . S m i t h c 5 1 4 0 4 4 — 1 0 - 1 6

4 3 2 3
8 8 H eteroeleotris d iadem atus (R ü p p .) 4 3 1 5 0 6 6 — 1 5 - 2 2

8 9 L io teres vulgaris ( K lz .) 4 3 1 6 0 1 2 1 2 _ 1 3 - 2 1
9 0 M ucogobius flavobrunneus  M c C u l lo c h 4 3 2 1 0 1 1 — 32

9 1  B le n n i id a e C irripectus variolosus ( V a l . ) c 3 7 1 0 0 7 7 _ 2 7 - 5 5
4 0 4 3

9 2 D asson koch i (M . W e b e r ) c 3 7 0 7 0 2 2 — 4 6 - 4 7
4 0 3 7
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TABLE I (Cont.)

F ish e s  o f  C e n su s  A r e a , E n t e d e b ir

No. o f individuals Mm size3 range
N o. Family Species H abitat1 ISRSE — ---------------------------—.--------------------

N o. Seen Coll. T .2 Seen Coli.

9 3 - 9 5 Ecsenius [fron talis  ( V a l . ) ;  nigrovittatus 
( R ü p p .) ;  s p e c .]

C 3 7 0 1 a
4 0 4 1 .
3 7 0 1 b
3 7 0 8
3 7 0 9 .
4 0 4 4

2 7  + 72 9 9  + 5 0 - 8 0 1 5 ^ 1 6

9 6 Lophalticus k irk ii m agnusi ( K l a u s e w i t z ) C 4 0 3 9 0 1 1 — 4 4

9 7 P etroscirtes tem m incki B l k . C 4 3 3 2 0 1 1 — 2 6

9 8 - 1 0 1 Rahabdoblennius [australis F r a s e r -  
B r u n n e r ;  c o r n ife r  ( R ü p p .) ;  hypenetes 
( K l z . ) ;  s p e c .]

c 4 0 3 8
4 3 3 1
4 3 5 9 c .

4 3 5 9 a .
4 0 3 1
4 0 4 7 .
3 7 0 2
4 3 5 9  b

5 65 7 0 4 0 1 2 - 4 8

1 0 2 - 1 0 4 Salarias [edentulus S c h n .  ; fascia tus  
( B l o c h ) ;  flavoum bris R ü p p .)

S R 4 0 3 3 a
4 0 4 0 a
4 3 4 9 .
3 7 0 4 .
4 0 3 3 b
4 0 4 0 b
4 0 4 2
4 0 4 5
4 0 4 6

5 0  + 5 6 1 0 6  + 8 0 1 4 - 8 4

1 0 5  C l in id a e Tripterygion abeli K l a u s e w i t z C 4 3 3 0 0 2 2 — 1 6 - 1 7

1 0 6 T. obtusirostre  ( K l z . ) C 4 9 9 ;
4 3 1 9

0 3 2 3 2 — 8 - 2 4

1 0 7 T. pusillum  ( R u p p .) C 4 3 1 8 0 1 1 — 18
1 0 8 Tripterygion  s p . C 4 3 2 9 0 7 7 - 1 0 - 1 8
1 0 9  C o n g r o g a d i 

d a e
Haliophis gu tta tus  ( F o r s k . ) c 4 7 6 0 1 1 — 2 9

1 1 0  B r o t u l id a e D inem atichthys iluocoeteoides B l k . c 4 7 8 0 16 16 — 2 2 - 6 8
111  L a b r id a e Cheilinus trilobatus L a c . c 4 3 3 9 1 1 2 1 2 0 9 2
1 1 2 D uym aeria  s p . ( x a n t h ic  fo r m ) c — 1 0 1 2 1 0 —

1 1 3 Halichoeres marginatus R ü p p . c 5 0 1 1 0 6 16 3 0 1 7 - 3 3
1 1 4 H . scapularis (B e n n .) s 4 6 9

4 3 2 8
5 0  + 4 6 5 6  + 2 0 - 7 0 2 0 - 7 3

1 1 5 Labrichthys cousteaui R o u x - E s t e v e  &  
F o u r m a n o i r

c 4 3 2 6 6  + 4 10 3 5 1 7 - 4 4

1 1 6 Labroides dim idiatus  (C . V .) c — 1 0 1 4 0 —

1 17 Stethojulis axillaris  (Q . & G .) c 4 3 4 0 2  + 1 3 + 90 91

1 1 8 S . strigiventer (B e n n .) s 4 3 2 0 2 1 3 4 0 4 2

1 1 9 Thalassoma lunare L . c 3 3 7 8 0 11 11 — 2 0 - 6 3
1 2 0 T. purpureum  F o r s k . s — 2 0 2 6 0 — .
1 21  S c a r id a e Bolbometopon m uricatus ( V a l . ) c ,o s — 1 0 1 8 0 0 —

1 2 2 Callyodon ghobban  ( F o r s k . ) c ,o s — 1 0 1 2 4 0 —
1 2 3 C. m arshalli (L .P . S c h u l t z ) c ,o s —  ■ 2 0  + 0 2 0  f- 2 0 0 - 2 3 0  —
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TABLE I (Cont.)

F ish e s  o f  C e n su s  A r e a , E n t e d e b ir

N o . Fam ily Species H ab ita t1 ISR SE
N o .

N o . o f  individuals M m  size3 r a n g e

Seen C oli. T .2 Seen C oli.

124 Callyodon niger ( F o r s k . ) c ,o s — 3 0 3 300 —

125 H ipposcarus harid  ( K l z . ) c ,o s — 20+ 0 20+ 200-250 —

126 Xanothon bipallidus 
J.L .B . S m it h

c ,o s — 50+ 0 50 + 150-200 —

127 Xanothon  sp. a c ,o s 4337 0 1 1 ■— 33
128 Xanothon  sp . b c ,o s 4338 0 1 1 45

iC  =  C orals; G  =  G ullies in  sand, sand conglom erate and rocks; O S =  O uter sand patches; 
P  =  Pelagic; S =  Sand b o tto m  near shore; S R  =  Shore rocks.

2T ota l num ber o f  ind ividuals o f  any one sp ecies, considered  as being present in  the area at the tim e  
o f  the census.

3Size is standard length o f  fish  except in  th e  case o f  the m anta w hich is given  as w idth  between  
tips o f  pectoral fins. S ize is  approxim ated for  fishes seen  only, n ot collected .

4S tony coral w ith X enia  grow ing w ith  it.
SThis is a new  record for  the R ed Sea and m ay be the young o f  an undescribed species or a 

species k now n from  ou tsid e th e  R ed Sea. T he fin ray counts (D 22, A 4 , PI 2 -1 3 ), b od y  ring counts  
(15 -35) and subdorsal rings (1 -5 )  d o  n o t fit that o f  any species know n from  the R ed  Sea although  
th is specim en is c lo sest to  S . m acrophthalm us D u n c k e r .

6P ossib ly  the young o f  X . bipallidus.

The most noticeable parts of the fish population, present in large numbers every 
time census observations were taken, were the scarids. Large schools of sizeable 
scarids were of mixed species and sexes and were also the main group of fishes 
observed as visitors at the “cleaning stations.” Three main cleaning stations and 
at least four smaller ones were noted in the census area. The wrasses Labrichthys 
cousteaui and Labroides dimidiatus were the cleaner fishes, the former being reported 
as such for the first time here.

During the repeated counts we became familiar with many fishes as individuals. 
Among these were some o f the “cleaning” wrasses and chaetodontids, some of the 
gobies, Cryptocentrus and Ctenogobiops living in burrows commensal with the shrimp 
Alpheus; all of the Arothron, Balistapus, Pervagor, Ostracion (which were present 
in few numbers); the large Gymnothorax and the single Acanthopagrus. Each of these 
individuals was always seen in the same general area; in the case of the three speci
mens of Arothron and the single Gymnothorax and Acanthopagrus they were located 
during each count in a specific protected spot, under a ledge or in a crevice.

It is interesting to compare the results of visual field counts with the rotenone 
collection. Forty-two species were seen during field counts but not collected. Of 
these the manta, Chanos, and Bolbometopon obviously were not in the area when 
the rotenone collection was made. The common forms that escaped the rotenone
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were the sizeable, free, fast-swimming Mugil, Crenimugil, Caranx, Lethrinus, Scolopsis, 
Caesio, Gerres, and even some of the common coral inhabitants of the families 
Chaetodontidae and Acanthuridae and the less territorial Scaridae.

Some common forms were seen in the area but only one or comparatively few 
individuals were collected by rotenone such as Upeneus, Abudefduf saxatilis and 
A. sexfasciatus. These examples show how disproportionately a rotenone collection 
can sample a fish population.

On the other hand, the rotenone collection which included 87 species altogether, 
revealed the presence of more than 50 species, some in abundance, which the divers 
had not detected during visual field counts. Especially among this group are relatively 
small demersal fishes that live in interstices of corals such as the scorpaenids, clinids, 
some species of gobies and blennies and the tiny Siokunichthys which lives in xeniids. 
Some nocturnal forms such as Holocentrus could easily be seen by divers when 
looking under ledges but other smaller forms, brotulids, some apogonids and Plesiops 
were missed entirely by divers as were some species which burrow in the sand such 
as flatfish and Platycephalus.

Noticeably absent in our records of this census area but commonly seen in other 
nearby similar areas studied in much less detail are Pempheris, which is probably 
genuinely absent as there were only a few deep ledges or caverns among the corals 
and rocks, the elasmobranchs Taenia lymma, and Carcharhinus melanopterus which 
undoubtedly occurred as transients.

A number of food fishes were encountered in the census area. 25 of the more 
important species are: Chanos chanos, Manta ehrenbergi, Strongylura crocodila, 
Hemiramphus sp., M ugil sp., Caranx auroguttatus, Caranx sp. a and b, Siganus 
rivulatus, Cephalopholis argus, Epinephelus areolatus, E. summana, Lutianus russelli, 
Caesio coerulaureus, Lethrinus harak, L. mahsenoides, Acanthopagrus bifasciatus, 
Chaetodon larvatus, Heniochus acuminatus, Pomacanthus asfur, Acanthurus gaham, A. 
sohal, Ctenochaetus strigosus, Callyodon marshalli, Xanothon bipallidus.

Chanids, belonids, carangids, lethrinids, lutianids and caesioids are taken in the area 
of Dahlak Archipelago, by gili net, beach seine and spearing. By using trammel nets at 
the entrance to Landing Bay, we succeeded in capturing a considerable number of scar
ids and sparids, such as Callyodon marshalli, Xanothon bipallidus, Hipposcarus sp. and 
Acanthopagrus bifasciatus also appearing in the census area. The local fishermen spear 
for food various fishes associated with corals such as Epinephelus summana, Cephaloph
olis argus, Pomacanthus asfur, Chaetodon larvatus, Heniochus acuminatus, Acanthurus 
sohal and Ctenochaetus strigosus. Manta ehrenbergi is common in the area of Dahlak 
Archipelago being hooked occasionally by the local fishermen. Its flesh is used for 
food by the local population mostly after being dried in the sun.

Analysis o f  Fish Biomass

Weight of fishes collected:

Most of the fishes collected by poison were of small size, although a few medium-
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sized fish were also obtained by this method. Since the census area was not closed 
off by nets or natural formations, the majority o f  the medium and large sized fishes 
escaped the area and were not collected during the poisoning operation. Although 
the total number of individuals collected was fairly high (1016), their total weight was 
only 3.6 kg.

Weight of fishes only visually counted :

The calculated total weight of the fishes that were seen but not, later on, collected 
in the census area, is 132.4 kg. The data used in the calculations for the individual 
species o f significant weight is presented in Table II.

Total weight of fishes in the census area:

The total w eight o f the fishes present in the area of investigation during the beginning 
of April, 1962 is established as 136.0 kg. This value represents the standing crop of 
fishes in this area. As mentioned earlier the marine area covered by our investigation 
was 3,300 square meters at low tide and 4,400 at high tide. The mean 3,850 square 
meters is taken as a basis for estimating the standing crop per unit of arca. Thus we 
may calculate the total weight of fishes per square meter as 0.035 kg.

Following B r c c k  (1954) we can divide the fishes of the census area in: 1. resident 
species, 2. wardering schooling species, 3. solitary wanderers. Division of this kind 
is not alwajs easy to make since some fishes change habits seasonally or with age. 
According to our data the residents species formed the greatest number of species 
(100) and individuals (1,551). However, their weight amounted only to 20.5 kg. 
Wandering schooling fishes were represented by 27 species of at least 648 individuals. 
They belonged to the following species: Chanos chanos, Strongylura crocodila 
Hemiramphus sp., Crenimugil sp., Mugil sp., Caranx auroguttatus, Caranx sp. a, 
Caranx sp. b, Siganus rivulatus, Lutianus russelli, Caesio coerulaureus, Lethrinus 
harak, L. mahsenoides, Acanthopagrus bifasciatus, Chaetodon larvatus, Heniochus 
acuminatus, Acanthurus g ah am, A. sohal, Ctenochaetus strigosus, Zebrasoma veliferum, 
Z. xanthurum, Bolbometopon muricatus, Callyodon ghobban, C. marshalli, C. niger, 
Hipposcarus harid, Xanothon bipallidus. Their weight formed the bulk of the total 
fish biomass (116 kg or 85%*). Almost all o f the wandering schooling fishes are 
commercially exploited by fishermen o f the Dahlak Archipelago (see p. 21). Manta 
ehrenbergi, seen on one occasion in the census area, is predominantly a solitary 
wanderer though small groups of 4-6 specimens were observed in the Dahlak 
Archipelago by the authors.

Because of inadequacy of our technique both the total number o f fishes and the 
total weight are minimum estimates. The weight of the standing crop of fishes,

*In case the large m anta with its estim ated 100kg weight (see p. 20) it is taken into consideration  
that the biom ass o f  w andering schoolin g  species is reduced to  49%  o f  the total fish biom ass.
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TABLE II
D a ta  U sed in  th e  C a lc u la t io n  o f th e  T o ta l  W e ig h t  of F ishes O bserved 

b u t  n o t  C o llected  in  th e  C ensus A r ea1

N o.2 Species
C oef

ficient3
N o . o f  
ind i

viduals

M edian4
length
(cm)

W eight5
in

gram s

T o ta l1
weight

2 Chanos chanos 0.02040 1 80.0 10,445 10,445
5 G ym nothorax hepaticus 0.00168 1 100.0 1,680 1,680
8 H em iram phus sp. 0 .01014 1 20.0 81 81

14 Crenim guil sp. 0.02598 20 9.0 19 380
15 M ugil sp. 0.02295 40 16.0 94 3,760
16 Caranx auroguttatus ------- 3 19.0 177 531
17 C aranx  sp. a 0.02691 1 20.0 215 215
18 Caranx  sp. b 0.02691 1 20.0 215 215
20 Pseudupeneus barberinus 0.02203 30 16.5 99 2,970
22 Siganus rivulatus 0.02513 20 12.5 49 980
23 S. ste llatus 0.02086 1 15.0 70 70
24 C ephalopholis argus 0.03423 5 12.5 67 335
25 Epinephelus areolatus 0.03245 1 25.0 507 507
26 E. sum m ana 0.03245 2 25.0 507 1,014
30 Lutianus russelli 0.01341 25 13.5 33 825
31 Scolopsis ghanam 0.02988 5 14.0 82 410
32 Caesio caerulaureus 0.02563 300 16.0 105 31,500
33 G erres sp. 0.03132 20 9.0 23 460
34 Lethrinus harak 0.03014 5 20.0 241 1,205
35 L . mahsenoides 0 .03014 2 20.0 241 482
36 A canthopagrus bifasciatus 0.04642 1 20.0 371 371
44 A / lisochaetodon sem ilarvatus 0.05443 1 15.0 184 184
45 Chaetodon larvatus 0.05443 19 13.0 120 2 ,280
46 C. mesoleucos 0.05443 3 13.0 120 360
47 Heniochus acum inatus 0 .06204 2 15.0 205 410
48 Pom acanthus asfur 0.06843 2 13.0 150 300
49 P. maculosus 0.05627 2 25.0 879 1,758
50 Acanthurus gaham 0.03249 30 15.0 n o 3,300
51 A . sohal 0 .03249 50 16.0 133 6,650
52 Ctenochaetus strigosus 0.04555 20 15.0 154 3,080
53 Z ebrasom a veliferum 0.04178 1 18.0 44 44
54 Z . xanthurum 0.03911 2 13.0 86 172
55 Pervagor melanocephalus 0.06104 5 10.0 61 305
56 Balistapus assasi 0 .04422 4 18.0 258 1,032
57 Arothron diadem atus 0.13011 2 20,0 1,040 2,080
59 O stracion cyanurus 0.07661 6 8.0 39 234
61 A budefduf biocellatus 0.02544 50 4.2 2 100
63 A . saxatilis 0.04708 100 6.2 11 1,100
64 A . sexfascia tus 0.04708 100 6.2 11 1,100
67 Pom acentrus tripunctatus 0.04557 80 4.5 4 320

9 3-95 Ecsenius sp. 0.00661 27 6.5 2 54
102-104  Salarias  sp .. 7- 50 8.0 4 200

I l l Cheilinus trilobatus 0.04471 1 12.0 77 77
112 D uym eria  sp. 0.04340 1 21.0 402 402
114 H alichoeres scapularis 0.01599 10 4.5 1 10
117 S tethojulis ax illaris 0 .02836 2 9.0 21 42
121 B olbom etopon muricatus 0.04345 I 80.0 22,230 22,230
122 Callyodon ghobban 0.02977 1 24.0 411 411
123 C . m arshalli 0.03388 20 21.5 314 6 ,280
124 C. niger 0.03388 3 30.0 915 2,745
125 H ipposcarus harid 0.02977 20 22.5 339 6,780
126 Xanothon bipallidus 0.03803 50 17.5 204 10,200

1 E xclusive o f  the single large m anta and the relatively insignificant w eights involved  in  N o s . 3, 
11, 40, 62, 65, 66, 72, 74, 75, 83, 86, 98 -1 0 1 , 113, 115, 116, 118, 120 o f  T able I.

2 C orresponds w ith  num ber in  Table I.
3 B ased o n  ca lcu lation ; see text p. 19.
4 Based on  size range given in Table I.
5 F or individual o f  m edian  length.
6 N um ber o f  ind ividuals x  w eight o f  individual o f  m edium  length.
7 Since specim ens o f  the size class in  question  were actually collected at the census site, the weight 

ind icated  here w as derived from  co llected  m aterial.
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F ig . 4. D iagram m atic section  through the census area w ith  som e o f  the typical fishes indicated (size proportion distorted for convenience). 
1 -  H alichoeres scapularis', 2 -  M ugil sp .; 3 -P seudupeneus barberinus-, 4 -  Ecsenius fro n ta lis ; 5 -  Cephalopholis argus; 6  -  Caesio caerulaureus; 
7 -  Ctenochaetus strigosus; 8 -  Spratelloides delicatulus; 9 -L u tia n u s russelli; 10 -  Siderea geom etrica;  11 -Pom acentrus tripunctatus; 
12 -C h a n o s  chanos; 13 - E v io ta  prasinus; 14 -  A budefduf sexfasciatus; 15 -  M anta  ehrenbergi; 16 -X a n o th o n  bipallidus.



obtained in similar but more extensive studies by B a r d a c h  (1959) for coral reefs 
in Bermuda waters amounted to 0.049 kg per square meter. Much higher values were 
obtained by R a n d a l l  (1963) for the natural reefs of the Virgin Islands (0.160 kg per 
square meter). R a n d a l l , however, selected an area particularly abundant with fishes 
and used surrounding nets in order to prevent fishes poisoned by rotenone from 
escaping the area. In the Dahlak Archipelago we saw many areas with considerably 
more abundant fish life but for practical reasons these areas were inconvenient for 
this study.
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S u m m a r y

The fish population in an area o f about 4,000 square meters along the northwest 
coast of Entedebir Island in the Dahlak Archipelago, was studied by divers. Visual 
counts were taken during a period of 6 days of diving observations totalling 15 man 
hours spent in the water. At the end of this period a fish collection was made with 
rotenone poison. It is estimated that 128 species totalling a minimum of 2,200 indi
viduals (not counting larvae) represented a biomass of 136.5 kg.
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ISRAEL SOUTH RED SEA EXPEDITION, 1962, REPORTS 
No. 31

COPEPODS OF SOME LAND-LOCKED BASINS ON THE ISLANDS OF 
ENTEDEBIR AND NOCRA (DAHLAK ARCHIPELAGO, RED SEA)*

b y

F. D. Por

D epartm en t o f  Z oology, The H ebrew U niversity o f  Jerusalem

Besides the rich Copepoda material collected during the Israel South Red Sea 
Expedition (M arch-April, 1962) in the littoral zone and in shallow depths of the 
Dahlak Archipelago, Copepoda have also been collected from five land-locked 
water bodies on the islands of Entedebir and Nocra.

There exist no water courses on the two islands. Like the majority of the islands of 
the archipelago, Entedebir and Nocra are formed of neogenic coral reef ( N i r ,  in 
prep.). On Entedebir in particular there exists no freshwater body at all: of the 
rainwater only very little accumulates in the sediments of the valleys. Either because 
of layers of salt or through contact with sea water which penetrates along rock fis
sures, that water becomes brackish. On Nocra, an island much larger than Entedebir, 
accumulated rain water obviously forms a sufficiently large phreatic layer, providing 
by means of a few wells, lightly brackish drinkwater.

The material of the present note originated from the following five water bodies 
(see map).

1. Devil's Crack on Entedebir.

ISRSE E62/1721 ; 12.3.62. ISRSE E62/1831; 3.4.62.
This is formed by a series of open, but shaded pools at the bottom of a deep fissure 

near the north-eastern corner of the island, about 200m from the shore. The system 
of interconnected pools which undoubtedly have a subterranean connection with 
the sea, is the subject of special study (S t e i n i t z , in preparation). According to this 
study, the water of the pools with a maximal water depth of about 90 cm has a slightly 
reduced salinity of about 36%o> a fairly constant, low temperature of 24.5-25.0°C, 
and exhibits tidal fluctuations 10-20 cm lower than those of the sea and delayed by 
nearly one hour as compared with the sea tides. The bottom of the basins is muddy. 
Since the contact with the sea is indirect, it may be suggested that during the rainy 
period (S t e i n i t z ’s measurements were taken in March, i.e. after the rainy period) 
the salinity in the pool decreases to brackish levels. In addition, the low and stable 
temperatui es, the protection against direct sunshine and the contact with subter-

R eceived: A pril 1965. R evision  o f  m .s., M arch 1967 (not involving species descriptions. E d.).
* A ided  by contract N o . 62258-3335 betw een  the U .S . Office o f  N aval R esearch, D epartm ent o f  

th e  N avy , and T el-A viv  U niversity.
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W ELL of NOCRA

E N T E R  AI A

M ap o f  collection localities

ranean water complete the set of peculiar milieu-conditions which make Devil’s 
Crack a highly interesting biotope.

The most striking animal living in the pools is the blind red prawn Antecaridina 
lauensis (E d m o n d s o n ) ,  a species found in similar conditions on islands in different 
parts of the Indopacific realm ( H o l t h u i s , 1963). The other fauna, as far as a super
ficial analysis indicates, is of marine character: the marine hemipter Halobates sp., 
syllid polychetes, one specimen of a sipunculoid, two species of Ostracoda, one of 
which belongs to the marine genus Bairdia M’Coy (preliminary identification by 
Mrs. R. L e r n e r -S e g g e v ) ,  and probably two species of Nematoda. The water of the 
pools is densely covered by filamentous bluegreen algae and Diatomea.

The copepod fauna is very rich and highly specific: it contains four species of 
harpacticoids, all new to science, and a new calanoid species. The description of 
these species and the discussion of their taxonomic relationship form the subject of 
the special section of this note. The dominant species are the calanoid Pseudocyclops 
steinitzi n.sp. and the harpacticoid Typhlamphiascus latifurca n.sp. Nitocra affinis 
stygia n.ssp. follows in frequency. Cletocamptus xenuus n.sp. is represented by two 
specimens only and Schizoperoides expeditionis n.g.n.sp. by a single specimen. As to 
their ecological grouping, P. steinitzi and T. latifurca belong to genera dwelling on 
the muddy bottoms of offshore waters (to this group belongs also the ostracod 
Bairdia); Nitocra affinis stygia belongs to a species known from an Italian marine 
cave and from interstitial and brackish waters; C. xenuus and S. expeditionis belong 
or are related to genera well known from brackish waters all over the world.
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2. The “Bitter Well” on Entedebir.

ISRSE E62/1736; 12.3.62.
The well is a small accumulation of water, subterraneanously connected with a 

phreatic layer. It is at the end o f a valley which leads to the western shore at a distance 
of about 600m (see map, and S t o c k  and N ijs s e n , 1965). We have no precise data of 
the saline content of the water of this well; it tasted slightly salty and bitter, but 
the goats wandering freely on the uninhabited island used to drink it. S t o c k  and 
N ijs s e n  (1965) described from here the new subterranean amphipod Eriopisa 
longiramus. Other faunal elements we found, have an obvious fresh-water character: 
oribatids, larvae of Chironomidae, Limnobiidae, water Coleoptera, Oligochaeta and 
Nematoda. The copepods are represented by a harpacticoid, Nitocra spinipes 
orientalis S e w e l l , known from Lake Chilka in India and the Suez Canal.

3. A small brackish pool in Abiad Bay, Entedebir.

ISRSE E62/1757; 18.3. 62. ISRSE E62/1765; 20.3.66.
Situated a few tens of metres from the shore, at the opening of the valley in which 

the Bitter Well is located. Several species of copepods were found: one specimen of 
the cosmopolitan cyclopoid Eucyclops serrulatus F is c h e r , numerous specimens of 
the harpacticoid Horsiella elishevae n.sp., a single male of Nitocra spinipes orientalis, 
a male of Amphiascus sp., and one specimen of an indeterminable tetragonicepsid 
harpacticoid.

4. The well o f Sard on the island o f Nocra.
ISRSE E62/1751 ; 16.3.62.
This well nourishes a freshwater pool about 1.5 km south of the northern end of 

the island. The well supplies drinking water to the police station of Sard. The pool, 
which has a diameter of about 15 m, is well built and deep and according to the 
police chief, Ali Sheikh Osman Hadj Ali, was built by the “Turks” (i.e. during the 
Egyptian rule, at least 80-90 years ago). The pool of Sard has a rich freshwater 
fauna consisting of Ostracoda, Cyclopoida, Oligochaeta, Chironomidae, Corixidae. 
Numerous ephippia indicate the seasonal presence of Cladocera.

The Ostracoda form one of the most important faunal elements in the pool and 
are represented by Cypridopsis newtoni B r a d y  et R o b e r t s o n  (identified by Mrs. 
R. L e r n e r -S e g g e v ). This species is considered by B r o n s t e in  (1947) to be an indicator 
of oligohaline conditions, and is spread over all of Europe, Central Asia and North 
Africa, but found also on the island of Aldabra (western Indian Ocean). The finding 
of C. newtoni in the southern Red Sea could well mean that this ostracod is carried by 
southwards migrating birds. The cyclopoid found in large numbers in the pool of 
Sard is Thermocyclops aif. decipiens K ie f e r , a form morphologically close to a species 
belonging to the “Artenkreis” of T. hyalinus R e h b e r g .
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5. The well o f  the village o f  Nocra.

ISRSE E62/1750; 16.3.62.
Slightly north-east of the village and a few hundred metres from the southern 

shore of the island. The well is highly polluted with dung and rubbish, but supplies 
drinking water to the small village. The fauna of the well poses a problem which we 
are unfortunately unable to solve: against a background of freshwater fauna con
sisting of Nematoda, Oligochaeta, larvae of Chironomida (with very large anal 
tubuli indicating brackish conditions), Oribatei, a macrothricid cladoceran, and 
again Cypridopsis newtoni and Thcrmocylops cf. decipiens — we found surprisingly, 
several marine harpacticoids: Parastenhelia spinosa F is c h e r , Amphiascopsis cinctus 
( C l a u s ), Orthopsyllus linearis C l a u s , and Dactylopodia sp. as well as several 
Tanaidacea.

We have a strong suspicion that the marine elements are impurities which ac
cidentally reached either the well or our sample. The presence of a dried Lucifer in 
our sample strongly supports this view. Whether the impurities result from pearl- 
oyster rinsing, the cleaning o f fishing gear by the inhabitants, or whether they are 
remnants of a previous sample in our net—is impossible to establish post factum. 
At any rate, all these marine harpacticoids are characteristic of the littoral algal growth 
of the open sea.

S p e c ia l  S e c t io n

The following species are described and discussed in this section:
Calanoida

Pseudocyclops steinitzi n.sp.
Harpacticoida

Horsiella elishevae n. sp.
Typhlamphiascus latifurca n. sp.
Schizoperoides expeditionis n.g.,n. sp.
Nitocra spinipes orientalis S e w e l l  

Nitocra affinis stygia n.ssp.
Cletocamptus xenuus n.sp.

Cyclopoida
Thermocyclops cf. decipiens K iefer

Pseudocyclops steinitzi n. sp. (figs. 1-5).

Numerous females and males in Devil’s Crack, Entedebir, (Dahlak Archipelago).
Syntypes: HUJ. COP 43 (E62/1721 ; 1831), in the collection of the Department of 

Zoology, The Hebrew University of Jerusalem.
F emale. Dimensions 0.66-0.70 mm. The habitus is typical of the genus. First
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3 0.1mm

0.05m m

P la te i .  Pseudocyclops s te in itz i n. sp. 1. Furca and last abdom inal segm ents. 2. Last segm ents o f  
fem ale antennula. 3. A ntenna. 4. Fem ale PV. 5. M ale PV.

thoracic segment fused to cephalon. Rostrum an equilateral triangle. Furcal branches 
slighly more than twice as long as large. The two median apical setae proximally with 
stout spinulae; distal part with usual pennation.

Antennula 17-jointed. Antenna with three-jointed endopodite and three-jointed 
exopodite. Exopodite of mandibula bi-articulated, endopodite indistinctly divided. 
Pars molaris of maxillula with 7 denticles; exopodite uni-articulated, endopodite 
bi-articulated. Maxilla with 4 endites. Maxilliped typical of the genus.
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Armature of swimming legs 
Exopodite Endopodite

PI 1.1.322
PII 1.1.422
PHI 1.1.522
PIV 1.1.522

1.2.321
1.2.422
1.2.422
1.2.322

PV has both branches bi-articulated. Connecting plate between the two legs with 
slightly concave edge. Exopodite characterized by the lack of setae on basal joint; 
last joint bears a total of 8 setae and spines. Endopodite with inner edge of basal 
joint produced in a long spur; last joint with six setae.

M a l e . Dimensions 0.59-0.62 mm. Clasping antennae of the right side 17-jointed. 
Ante-penultimate joint has a long spur-like processus similar to that of P. rubro
cinctus B o w m a n  et G o n z a l e s . 14th joint with spine-like basal outgrowth. No dimo
rphism neither in armature of abdominal segments nor in form of armature of 
furcal setae.

The highly complicated structure of the PV shows several characteristics. Exopodite 
of right leg bears three long and strong spines, the innermost with 2 setae on its base. 
Right endopodite an unarmed plate with twice emarginated distal edge. Left exopodite 
fused to the incompletely delimited second basipodite. Endopodite is a broad rec
tangular plate with a rounded bulge on outer distal corner; distal edge with 5 setae. 
To the endopodite are attached 3 membranous plates: one ellipsoidal, with a bifide 
tip, one resembling a hammer of a clockwork and a third one somewhat similar to 
the second but with coarsely serrated distal margin.

D is c u s s io n . Pseudocyclops steinitzi is the most frequent copepod of Devil’s Crack. 
It moves slowly among the filamentous algae of the pools. At the time of collecting 
(March 1962) we did not find ovigerous females.

Pseudocyclops is a genus of peculiar, bottom-dwelling calanoids, apparently of 
world wide distribution. They live close to the bottom or among algal vegetation, 
slowly sliding and swimming above the substrate (see N o o d t , 1958, and B o w m a n  et 
G o n z a l e s , 1961). Owing to this peculiar way of life and habitat, this genus has been 
neglected not only by calanoid specialists, but also by other workers who studied 
the bottom-dwelling harpacticoids and cyclopoids.

Of the 14 species currently known, 6 are reported from the indopacific region: 
Pseudocyclops simplex Se w e l l  and P. latisetosus S e w e l l  (Indian plankton), P. 
umbraticus G ie s b r e c h t  (Ismailia, Suez Canal), P. latus G u r n e y  (Ismailia, Suez 
Canal), P. reductus N ic h o l l s  (Ghardaqa, Red Sea), P. gohari N o o d t  (Ghardaqa, 
Red Sea), P. australis N ic h o l l s  (South Australia) and P. pacificus V e r v o o r t  (Ifaluk 
Atoll, Carolines).

The main differences between the species of this genus are found in the structure 
of the male and female PV. The armature of the swimming legs seems to be very
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constant throughout the genus, the number of antennal joints is variable, but the 
existence of incomplete articulations, such as in our species, seems to indicate that 
these differences are not constant.

Of two of the indopacific species (P. reductus and P. australis) the males are un
known. P. gohari has a peculiar primitive PV in the male and a very pronounced 
dimorphism of the abdomen and of the furcal branches. P. umbraticus has a reduced 
female PV endopodite. The differences as compared with P. latens are considerable, 
chiefly in the structure of the male PV and the furcal branches.

The nearest relative of P. steinitzi is P. rubrocincta B o w m a n  et G o n z a l e z  from 
Puerto Rico, where this species lives among algal filaments growing on Thalassia, 
together with three other species of the genus. The most striking resemblance between 
the two species is the structure of the male PV, this highly complicated and specific 
limb: the basic structural pattern is identical in both species, the differences being 
found only in the shape and size of the various appendices. Additional differences 
exist in the fusion of the first thoracic segment to the cephalon, the length of the 
furcal branches, the number of antennular segments (but see above !), and the presence 
of a spine on the 14th joint of the male antennula in P. steinitzi.

Horsiella elishevae n. sp. (fig. 6-12).
Several females in brackish pool, Abiad Bay on Entedebir, Dahlak Archipelago.
Syntypes: HUJ. COP 46 (E62/1757; 1765; 18.3. and 20.3.1962, respectively) in the 

collection of the Department of Zoology, The Hebrew University of Jerusalem.
F e m a l e . Dimensions 0.70 mm. The body has the typical shape of the genus. Rostrum 

quite prominent, with rounded tip. First thoracic segment fused to the cephalon. 
Genital segment dorsally divided and with two chitinous trabeculae on the ventral 
side. Genital field as in fig. 6. Operculum smooth, furcal branches about twice longer 
than broad. Only one apical seta well developed.

Antennula six-jointed; first joint very broad, with peculiar chitinous trabeculae 
near the distal end, and a false suture. Antennal exopodite uni-articulated, with two 
equally developed setae.

Armature
Exopodite

of legs 
Endopodite

PI 0.0.022 1.011
PII 0.0.022 1.121
p h i 0.0.022 0.121
PIV 0.0.022 0.121

PI and PII endopodites have dorsally directed setae on their first joints. PV forms a 
unique arcuated plate with 3 setae on each side.

D is c u s s io n . The outstanding feature of Horsiella elishevae is the unreduced antennal 
exopodite, a character found only in the related genus Leptocaris T. S c o t t . The
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Plate II. Horsiella elishevae n. sp. 6. Female PV and genital area. 7. Furca. 8. Rostrum, antennula 
and antenna. 9. PI. 10. PII. 11. PHI. 12. PIV.

armature formula of the swimming legs is a peculiar combination of those known 
in other species, and perhaps chiefly in those of H. gurneyi N ic h o l l s  and H. ignava 
N o o d t . An aberrant inner seta on the first endopodite joint of PII is known only in 
H. trisetosa K u n z  and H. ignava. The only indopacific species reported till now is 
H. gurneyi from Ghardaqa, a species from which H. elishevae differs considerably 
in the structure of AI, A ll, mandible and PV.

H. elishevae is the eighth species of this genus, which includes two wide-spread
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species o f  o lig o h a lin e  a n d  even  b ra c k ish  w a te rs : H. breicornis (D o u w e )  a n d  H. 
trisetosa K u n z .

Typhlamphiascus latifurca n.sp. (figs. 13-17).

Many specimens in Devil’s Crack on Entedebir, Dahlak Archipelago. 
Syntypes: HUJ. COP 47 (E62/1721; 1831; 12.3 and 3.4.1962, respectively) in the 
collection of the Department of Zoology, The Hebrew University of Jerusalem.

Since this species belongs to the Artenkreis of Typhlamphiascus confusus T. S c o t t ,  
we refrain from giving a detailed description of the new species, emphasizing only 
the characters which are peculiar of it.

Dimensions: Ç 0.74-0.76 mm; cj 0.59-0.68 mm.

.ttUUmWJUWHJM»*'-

0.1mm

Plate III. Typhlamphiascus latifurca n. sp. 13. Abdomen and furca o f female, ventral view. 14. D i
morphic basipodite o f  male PI. 15. Dimorphic PII endopodite o f  the male. 16. PV of 
female. 17. PV o f  male.
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TABLE I

V a r i a b i l i t y  i n  T y p h l a m p h i a s c u s  l a t i f u r c a  n .  s p .

A bdom inal arm ature Furca PV E xop od ite

Ventral D orsal
Segm ent

II III IV I II III
L ength/W idth L ength/W idth

F em ale 1 ? 28 6 4 + 4 5 +  5 5 +  5 1.26 2.6
Fem ale 2 5 +  5 26 6 4 + 4 7 +  7 6 + 6 1.35 2.7
Fem ale 3 4 + 4 28 4 4 + 4 5 + 5 5 +  5 1.26 2.7
Fem ale 4 5 +  5 22 4 4 + 4 4 + 4 4 + 4 1.38 2.8
Fem ale 5 5 +  5 22 5 4 + 4 4 + 4 4  +  5 ? 2.7
M ale 1 26 24 6 5 + 5 5 +  5 4 + 4 1.36 —
M ale 2 30 22 6 4 + 4 5 +  5 5 +  5 1.34 —
M ale 3 24 20 6 4 + 4 5 +  5 6 + 6 1.50 —

In an earlier publication (Por, 1963) we defined the species-group “confusus” 
within the genus Typhlamphiascus. The new species shows the two principal characters 
of this group: a genital segment divided both on the dorsal and the ventral sides, and 
a single inner seta on the last endopodite joint of the fourth leg.

Two features characterize the new species:

1) The excessively short and straight-rectangular furcal branches in which the length- 
width ratio is 1.26-1.50. This value is much below the minimum of 2.3 found in our 
comparative study of Typhlamphiascus confusus sensu latu (Por, op.cit.). Values as 
low as these are found only in T. gracilis Por (1963), which however, does not belong 
to the “confusus” group (see table of measurements).

2) The armature of the abdominal segments (see table). If compared with the cor
responding formulae of T. confusus, the differences are clear, and it appears that 
the species is related to Levantine and Pontic specimens of T. confusus gullmaricus: 
only in the females of these specimens can we find a ventral armature also on the 
second abdominal segment. The ventral armature of segment 3 of our new species is 
exceptionally rich : 22-28 spinulae ; in the Levant and Red-Sea specimens of confusus 
gullmaricus the maximum is 18; only in the Black-Sea specimen studied, did we find 
23 spinulae. All three abdominal segments show dorsal triangular spinulae. Such a 
situation was so far found only in one specimen of confusus gullmaricus from the 
Israel Mediterranean coast. It is also worthwhile to underline that in latifurca there 
are 5-6 such dorsal triangular spines on each side, while in confusus the rule is 3, 
and 4 spines are an exception. The abdominal armature of the males shows nothing 
additional. It may be added however, that the presence of dorsal spines on three 
abdominal segments is known also in a male of confusus gullmaricus from the Red Sea.

Nothing specific is found in the structure of mouthparts and antennae. The female 
PV is identical with that of T. confusus and the same is true of the male PV and PII 
endopodite. The basipodite of the male PI bears three chitinous lamellae.
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D is c u s s io n .  Typhlamphiascus latifurca has to be considered a good species on 
grounds of the two characters quoted above, which exceed the range of variability 
found in T. confusus, and on grounds of the remarkable uniformity of these characters 
and the peculiar habitat in which the species is found. It must be underlined once 
more, that T. confusus gullmaricus and T. confusus erythraeicus live in the deep waters 
around Entedebir (ISRSE No. E62/1795 and E62/1836). T. gracilicaudatus T h o m p s o n  

et A. S c o t t ,  which has been reported too from deep muds around Entedebir ( P o r ,  

op.cit.) belongs to another species-group within the genus.
Thus far, representatives of the genus Typhlamphiascus L a n g  have been chiefly 

found on deep, sublittoral and bathyal bottoms. The finding of a new species in a 
subterranean biotope is therefore of interest.

Schizoperoides expeditionis n.g.n.sp. (figs. 18-27).
A single female in Devil’s Crack, Entedebir, Dahlak Archipelago.
Holotype: HUJ. COP 48 (E62/1831 ; 3.4.1962) in the Collections of the Deparment 

of Zoology, The Hebrew University of Jerusalem.
F e m a le .  Length 0.65 mm. Body broadened and clumsy, with prominent and 

rounded articulated rostrum. The whole surface of the body covered with hair. 
Ventral edge of all the segments, except the last, deeply serrulated. Serrulation of 
fourth abdominal segment, which covers, shield-like, the middle of the last segment, 
particularly deep. Dorsal edges of segments with thick row of spiny hairs. Operculum 
smooth. Above furcal branches a short lateral row of spinulae. Furcal branches 
slightly triangular, equilateral, with inflated inner edges.

Antennulae 8-jointed with aesthetask on the fourth joint. The two-jointed antenna 
with peculiar uni-articulated exopodite bearing one seta on the broadened prominent 
half, and two long and one short seta on the tapering distal end. Mandible with 
uni-ramous palpus. Maxillula with uni-articulated exo- and endopodites. Maxilla 
with 4 endites. Maxilliped of the usual type of the Diosaccidae.

PI with bi-articulate endopodite, first joint exceeding by far the exopodite. This 
branch has equal joints. Second exopodite joint bears no inner seta, the last with 
four ( ?). PII-P1II with tri-articulated, PIV with bi-articulated endopodites.

Armature
Exopodite Endopodite

PII 0 .1.022 0 .1.220
PHI 0 .1.022 1.1.120
PIV 0 .1.022 - . 1.120

PV has fused branches. Exopodite part with five setae, the basiendopodite part 
with four. Genital field of the Amphiascella and Schizopera type.

D is c u s s io n .  The new genus is thus described on grounds of a single female since the 
male is not known. This specimen differs from all the other genera of the Diosaccidae 
— a family to which it undoubtedly belongs—to such an extent, that in our opinion 
no doubts exist against this decision. Its independent status is based on the following
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Plate IV . Schizoperoides expedition is  n . g. n. sp. 18. A bdom en, ventral view . 19. R ostrum , antennula  
and antenna. 20. M andibula. 21. M axillu la and m axilla . 22. M axilliped. 23. PI. 24. PII. 
25. PH I. 26. P IV . 27. PV.

mean features : the shape of the segment edges, the antennal exopodite, the ieduction 
of the PIV endopodite, and the fused PV. The relation to Schizopera is obvious from 
the reduced armature of the exopodite. Other details of the leg armature are also of 
the Schizopera type. The same is true of the genital field.

As known, Schizopera is the only genus of the Diosaccidae which is well represented 
in brackish and fresh waters. Occasionally, species of this genus are found in sub
terranean waters. Schizoperoides seems to be also related to Schizopera by its ecolo
gical preferences.
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Nitocra affinis G u r n e y  ssp. stygia n.ssp. (figs. 28-32).

2 females and 3 males in Devil’s Crack on Entedebir (Dahlak Archipelago). 
Syntypes: HUJ. COP 49 (E62/1721; 1831, 12.3. and 3.4.1962, respectively) in the

'l   nnq^ ’l
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28 29

35

32
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Plate V. N itocra  affinis styg ia  n. ssp. 2 8 .  Last abdom inal segm ents and furca, dorsal view. 29. PI 
o f  fem ale and m odified  spine o f  m ale. 3 0 .  Last jo in t o f  PIV  exopod ite . 3 1 .  Fem ale PV . 3 2 .  
M ale PV. N itocra  spinipes orientalis S e w e l l . 3 3 .  Last abdom inal segm ents and furca, 
dorsal view . 3 4 .  PI o f  fem ale. 3 5 .  PV  o f  m ale.
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collection of the Department of Zoology, The Hebrew University of Jerusalem.
Since our specimens clearly belong to Nitocra affinis, we join only a brief discussion 

of the distinctive characters present in the new subspecies.
The abdominal armature of the females shows a continuous dorso-ventral row of 

spinulae on segments III and IV. In the middle of every abdominal segment there 
are two short lateral groups of spinulae. It should be emphasized that in the males 
these medial spinulae form an almost complete dorsoventral row.

The internal spine of the basipodite of the male PI is modified—as normal in the 
genus—and unlike the specimens of V e r v o o r t  (1964) in which there is no modified 
spine. The internal seta of the first endopodite joint is not longer and not more 
pennated than in the female.

The exopodite of PV in the female is rounded, nearly as long as broad, while in 
the typical affinis specimens it is about twice as long. There is a very obvious and 
large hyaline field on the basiendopodite which has not been reported in other 
affinis populations.

Finally ssp. stygia  seems to be characterized by its large dimensions: 0.74-0.76 mm 
in the females, and 0.57-0.65 mm in the males. The maximal lengths reported in 
affinis arc 0.63 mm in females, and 0.50 in males.

D is c u s s io n .  Nitocra affinis is a very widespread species, reported from Bermuda, 
Mangrove Lake ( W i l l e y ,  1930), Port Taufiq, Suez Canal ( G u r n e y ,  1927b), the 
cave of Castro Marina in Southern Italy ( C h a p p u i s ,  1938), Dalkey, Ireland ( R o e ,  

1958), New Caledony ( V e r v o o r t ,  1964), and Ifaluk Atoll, Caroline Islands ( V e r v o o r t ,  

1964). P e t k o w s k y  (1954) described a forma rijekana from Dubrovnik, Yugoslavia. 
V e r v o o r t  (1964) admits the possibility that Nitocra affinis G u r n e y  includes several 
closely related species. If we compare the PV and the dimensions of our specimens 
with such geographically widely separated specimens as G u r n e y ’s from the Suez 
Canal and V e r v o o r t ’s from the Pacific, the separate status of stygia  becomes evident.

Another fact may be stressed: V e r v o o r t  (1964) states that affinis is chiefly found 
in the interstitial water of sandy beaches. Our subspecies lives in open water within a 
cavernicolous biotope, like C h a p p u i s ’ specimens from Southern Italy.

Nitocra spinipes orientalis S e w e l l  (figs. 33-35).
The specimens found in the Bitter Well (E62/1736, 6 females) and the brackish 

pool in Abiad Bay (1 male), both on Entedebir, correspond to the descriptions of 
orientalis given by S e w e l l  (1924) and G u r n e y  (1927b). The spinulation of the 
abdomen and the armature of the male PV basiendopodites are characteristic of this 
subspecies.

Cletocamptus xenuus n.sp. (figs. 36-48).
One female and one male in Devil’s Crack, Entedebir, Dahlak Archipelago.
Holotype and allotype: HUJ. COP 50, (E62/1831; 3.4.62), in the collection of 

the Department of Zoology, The Hebrew University of Jerusalem.
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F e m a le .  Length 0.48 mm. Rostrum squarish, articulated. The céphalothorax with 
chitinous trabeculum at base of antennulae. Edges of body segments smooth. Above 
the edges of abdominal segments II-IV scattered groups of spinulae, on ventral side. 
Genital segments divided dorso-laterally. Last abdominal segment with two round 
areas covered with chitinous dimples and spinulae in ventral anal outcut. Operculum 
smooth. Furcal branches quadratic, broader than long, with two rounded, chitinous 
areas near the base and with stout, blunt external apical spine. The external apical 
seta slightly inflated proximally.

Antennula six-jointed with aetshetask on third joint. First joint is very large, with 
peculiar denticulated upper margin. Two-jointed antenna with uni-articulated 
exopodite, bearing one apical seta. Mandibula and maxillula without exo- and 
endopodite. Maxilla with 3 endites.

PI-PIV with tri-articulated exo- and bi-articulated endopodites.

PV has a peculiar structure : the basi-endopodites are separated on the median line 
and exopodites are articulated. The basi-endopodites protrude only slightly and 
their armature is formed of 4 external, long setae, and 2 internal, stout and penicil- 
lated setae. The rounded exopodite bears 6 setae.

The genital field is shown in fig. 36.
M a l e .  Length 0.45 mm. Strongly modified antennula. Endopodite PIII tri- 

articulated, second joint produced in a slender, sinuous spine. PV forms a unique 
plate from which the exopoditic part, bearing 5 setae, does not protrude. Basi- 
endopoditic part bears only 3 setae, the two internal ones being penicillated like 
those of the female. There are hyaline fields above the external seta of the basipodite 
and between the exo- and basiendopoditic parts.

D is c u s s io n .  It has been very difficult to reach a decision on the inclusion of 
Cletocamptus xenuus in this genus. There are a considerable number of characters 
which would seem to necessitate the creation of a new genus. Experience has taught 
us however, that the limits of generic variability within the Cletodiidae and the 
notion of genus itself, have to be taken in a much wider sense than in any other 
harpacticoid family.

We have no doubts that our specimens belong to the Cletocamptus-Rhizothrix- 
Nannopus group within this heterogenous family and that they are closest to the 
first of these three genera. The armature of the exopodites and the structure of the 
male PHI endopodite of our animals are the principal charaters which they have in 
common with the other species of Cletocamptus. But the structure of the first an-

Armature of legs 
Exopodite Endopodite

PI 0.0.211 
PII 0.1.122 
PHI 0.1.122 
PIV 0.1.222

1.020
0.211
1.320
1.221
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Plate V I. C letocam ptus xenuus n .sp . 36. A bdom en o f  fem ale, ventral view. 37. R ostru m  and  
antennulae o f  fem ale. 38. A ntenna. 39. M andibula. 40 . M axillu la and paragnathe. 
41. M axilla . 42. P I. 43 . P II. 44. PH I en d op od ite  o f  fem ale. 45. PIII en dopod ite  o f  m ale. 
46. PIV . 47. PV  o f  fem ale. 48. P V  o f  m ale.
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tennular joint, the short furcal branches, the armature of the endopodites of the 
swimming legs and the structure of PV are highly peculiar.

It must also be underlined that our specimens live in an at least temporarily brackish 
biotope. Cletocamptus is known from all over the world from sueli saline, landlocked 
habitats.

Thermocyclops cf. decipiens K i e f e r  (figs. 49-52).

Numerous females (including ovigerous ones) and males in the wells of Sard and 
Nocra (Nocra, Dahlak Archipelago) (£62/1750; 16.3.1962)

We refrain from a complete description of this only cyclopoid of our collection, 
since the genus Thermocyclops K i e f e r  is widely known. As for the problem of the 
specific status of our specimens we refer to the morphological characters indicated as

50/Â

50/B

49

005m m

50/C

0 0 5 '

50/E

52/C52/A

P a t e  V1Í. Therm ocyclops  cf. decipiens  K i e f e r .  49. PV and genital segm ent. 50. A -E . Shape o f  
receptaculum  sem inis in  different specim ens. 51. L ast abdom inal segm ent and furca. 
52. A -C . C onnecting p late o f  PIV  o f  several specim ens.
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essential by K i e f e r  (1937). Though G u r n e y  (1932) proposes to attach no importance 
to minute differences, it seems that K i e f e r  is right in emphasizing the high degree of 
stability and specificity of these differences and their reliability as specific criteria. 
The population from the island of Nocra is remarkably uniform in all these characters.

Following the 5 morphological criteria proposed by K i e f e r ,  we found that ( 1) the 
shape of the receptaculum seminis is constant and identical with that of decipiens 
K i e f e r ;  (2) the furcal branches are much longer than in decipiens (length-width 
ratio 3.25-3.50 as against ±  2.70) and much longer than in hyalinus R e h b e r g  (2.18- 
2.62) and resembling the long furcal branches of the African species emini ( M r a z e k ) ;  

(3) the relative length of the external, internal and superficial furcal setae is shown 
in the table below. The length ratio between the inner and the outer apical seta is 
below 3/1 as in many African species of the genus—while in the two wide-spread 
species, decipiens and hyalinus, it is above 3/1 ; (4) the inner apical spine of the last 
PIV endopodite joint is shorter than the joint itself (shorter or equal in hyalinus, 
shorter in decipiens, longer in species like macracanthus K i e f e r  and retroversus 
K i e f e r ) ,  the inner spine is 1.82-2.08 times longer than the external apical spine 
(+  1.60 times longer in decipiens, 1.75-2.15 times in hyalinus); ( 5) the chitinous bulges 
of the free edge of the connecting plate of the two PIV, are similar to those oÍ decipiens 
and different from those of hyalinus and other African species.

C o m p a r is o n  b e tw e e n  le n g th  o f  f u r c a l s e t a e  in  1 0  s p e c im e n s  o f  T h e r m o c y c l o p s  c f .  d e c ip i e n s  K i e f e r .

Specim en External seta Surface seta Internal seta

1 25 28 64
2 22 26 59
3 22.5 25 (.2
4 24 25 61
4 24 25 61
5 22 26 61
6 20 26 60
7 21 26 62
8 21 26 59
9 23 26 62

10 23 26 61

On ground of the data presented above, and in according much more importance 
to characters (1) and (5) which are not strictly meristic, we consider our specimens 
to be closely related to Thermocyclops decipiens which is known from Eurasia and 
various stations in Africa. Our material, including figures and measurements, may 
serve for a future competent study of the variability within the genus Thermocyclops 
K i e f e r ,  which should, however, be based on much more comparative material. 
Prof. F. K i e f e r ,  to whom I am greatly indebted for his help, after having studied the 
specimens agreed with me that our individuals are indeed closely related to T. decipiens.
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R eprin ted  from  Trans. Roy. Soc. S. A fr .. vol. 38, p a r t  I , 1968, p. 79-94

A REPORT ON SOME PELECYPODA DREDGED OFF 
THE NATAL AND MOÇAMBIQUE COASTS

B y  P. H. B o s h o f f  

(P.O. Box 4 3 9 7 , Johannesburg)

a n d  J. G. F i e l d  

(C.S.I.R. Institute of Oceanography, University of Cape Town)

(With i text-fig. and Plates VI and VII)
SINOPSIS

B aggernet- en  g rypm onsters v a n  die b o d em fau n a  v an  d ie  N a ta lse  en  M osam biekse vaste lan d sb an k  
is g ed u ren d e  d ie  In te rn as io n a le  Ind iese  O seaan-ekspedisie v ir d ie  U n iversite it v an  K a a p s ta d  se 
ekologiese ondersoek  gekry. 5 2  Soorte  P elecypoda w ord berig  as gevolg v an  dié en  vorige ondersoek 
langs d ie  N ata lse  kus. D rie  nu w e spesies w ord  d e u r  Boshoff ( 1 9 6 8 ) beskryf. U it ’n  ko rt o n tled in g  v an  die 
versp re id ingsaan teken inge  o m tre n t Suidelike-A frika v a n  b erig te  P elecypoda alleen , blyk d it  asof d ie  
N ata lse  Pelecypod  b o d em fau n a  taam lik  afsonderlik  van  dié v an  Suid-A frika se suidkus is. D ie N ata lse  
fau n a  bev a t ’n  g ro te r deel v an  endem iese soorte  en  ’n  k le iner deel v a n  tropiese soorte  as d ie  
M osam biekse fauna. G een  v an  d ie  M osam biekse en  n e t 7 %  v an  d ie  N atalse  P elecypoda verskyn 
langs d ie  weskus v an  Suid-A frika.

SUMMARY

D red g e  a n d  g ra b  sam ples o f  th e  b en th ic  fa u n a  o ff N a ta l an d  M oçam b iq u e  w ere o b ta in e d  for 
th e  U n iversity  o f  C ap e  T o w n  ecological su rvey  d u rin g  the  In te rn a tio n a l In d ia n  O cean  E x p ed ition . 
5 2  Species of P elecypoda a re  rep o rted  as a  resu lt o f  th is a n d  som e previous sam pling  o ff the  N a ta l 
coast. T h ree  new  species o f P elecypoda a re  described  in  Boshoff ( 1 9 6 8 ). F ro m  a  b rie f  analysis o f  th e  
d is trib u tio n  records o f only  th e  rep o rted  species a ro u n d  so u th e rn  A frica, it  ap p ears  th a t  th e  N a ta l 
b en th ic  Pelecypod fau n a  is fa irly  d istinc t from  th a t  o f th e  S ou th  A frican  sou th  coast. T h e  N a ta l fau n a  
con ta in s a  h ig h e r p ro p o rtio n  o f endem ic  species a n d  a  low er p ro p o rtio n  of trop ica l species th a n  th e  
M o çam b iq u e  fauna. N o n e  o f  th e  M oçam b iq u e  P elecypoda a n d  on ly  7 %  o f the  N a ta l P elecypoda 
ex ten d  to  th e  W est C oast o f S ou th  A frica.

I n t r o d u c t i o n

This report forms part of the Ecological Survey of the marine fauna of southern 
Africa. The survey started with work on the sea-shore by Professor T. A. Stephenson 
and his co-workers and has been extended under Professor J. H. Day to include 
first the estuaries and more recently the benthos of the continental shelf. Since 1958 
much sampling by dredges and grabs has been done, chiefly by the University of 
Cape Town’s Research Vessel John D. Gilchrist. This survey has extended from 
Lüderitz in South West Africa to Natal on the east coast where only six dredgings 
had been obtained before 1964 . Various systematic publications have so far resulted 
from this benthonic work but a synthesis of distribution patterns remains to be made.

The samples obtained for this Survey on Cruise 7 of R/V Anton Bruun have 
extended our knowledge of the fauna eastwards by giving a series of samples off 
Durban comparable to the transects sampled around the south and west coasts of 
southern Africa and they also represent our first benthonic samples off Moçambique. 
We thank the U.S. Program in Biology, International Indian Ocean Expedition 
for this material, housed at the University of Cape Town and for inviting one of 
us (J.G.F.) as Professor Day’s representative on this cruise. We are indebted to the 
South African Council for Scientific and Industrial Research which has provided
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funds for this work and its publication. We wish to express our gratitude to Professor 
Day for all his advice and criticism.

Barnard (1964) gives full references to descriptions and records of most of the 
species mentioned in this report; for this reason his references for each species are 
not repeated except where they were found particularly useful or where they included 
figures.

Conchological distribution records are frequently misleading because dead 
shells may be carried well beyond the habitat of the live molluscs, therefore this 
survey has been confined to animals taken alive. Measurements of thickness given 
in the text are of both valves together.

S t a t i o n  L is t s

Space does not permit that full collection data be given for each species. The 
Woods Hole Oceanographic Institution has issued a Cruise Report (vol. i) con
taining the station data for Cruise 7 of Anton Bruun. The full data have been sum
marized in the station lists below. Under each species is the station number followed, 
in the case of grab samples, by the number of specimens in brackets. The grab 
sampled an area of o-6m2. The number of specimens from dredge samples, which are 
not quantitative, was not counted but each species is recorded as abundant (A), 
very common (V.C.), common (C), fairly common (F.C.) or merely present (P). 
The depth range of the stations at which the species is recorded is given.

The station numbers prefixed by the letters NAD were sampled prior to the 
International Indian Ocean Expedition by R/V John D. Gilchrist and R/V Vema. 
The station numbers not prefixed are those of Cruise 7 of Anton Bruun. When large 
Campbell Grab samples were obtained these samples were split into two halves and 
sorted separately. kept’ in the remarks column of the table refers to the fraction 
of the sample dealt with in this paper and kept by the University of Cape Town. 
The remaining fraction of the grab sample was sent to the Smithsonian Oceano
graphic Sorting Center, Washington, U.S.A.

In the case of dredge samples obtained by Anton Bruun, a sub-sample estimated 
as sufficient to be representative of the whole sample was kept and is reported in this 
paper and the remainder, if any, was sent to S.O.S.C., Washington.

Unless otherwise indicated in the remarks column, all stations are off the coast 
of Natal, South Africa.

Abbreviations
S am pling  g e a r: D  — d redge

G  — C a m p b e ll G rab , sam pling  a re a  0 - 6  m 2.
S u b stra tu m : T h e  follow ing abb rev ia tio n s a re  those used for British A d m ira lty  N au tica l C h a rts :

Cl. — clay St. — stones
C ri. — coral c. — coarse
G. — gravel d. — d a rk
M . — m u d f. — fine
R . — rock gn. — green
S. — sand gy- — grey
Sh. — shell
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S t a t io n  D a t a

Depth Sampling
Station No. Date Position (metres) Substratum gear Remarks

St a t io n s  sa m p l e d  b y  R /V  Vema a n d  R /V  John D . Gilchrist
N A D . i '7 5 - 5 8 3 °°4 7 'S /3 0 o2 9 'E 44 St D
N A D . 8 1 6 5 - 5 8 2 9 ° 5 3 'S /3 i0° 4 'E 38 C i D
N A D . 9 23 4 . 5 8 2 9 ° 4 6 'S /3 i° i7 'E 1 1 0 - 1 3 0 ? D
N A D . 1 7 1 2 8 . 5 8 2 9 °5 8 'S /3 i° 0 2 'E 49 ? D
N A D . 2 4 *3 7 -59 2905 0 'S /3 i° 0 4 'E 2 0 S, M D
N A D . 2 6 13 7 -59 2 9 °5 3 'S /3 i°o 6 'E 71 M D

S ta t io n s  sa m p le d  o n  C ru ise  V I I  o f  R /V  Anton Bruun

3 5 6 -B 2 9 7 . 6 4 2 9 ° i i ,S /3 I 03 7 'E 1 8 R D
3 5 6 -C 2 9 7 . 6 4 2 9 ° io 'S / 3 i 04 o 'E 33 d  g n  M G All kep t
3 5 6 - E 2 9 7 . 6 4 2 9 ° i 2 'S / 3 i° 4 2 'E 4 0 d  g n  S, M G i  k ep t
356-J 2 9 7 . 6 4 2 9 ° io 'S / 3 i ° 5 i 'E 43 S D
3 5 8 -C 3 0 7 . 6 4 2 9 °2 i 'S / 3 i ° 5 8 'E 3 7 0 gn  S , M D
3 7 1 - E 1 8 8 . 6 4 2 4 °4 6 'S / 3 5 °2 o 'E 1 3 2 R , sh S D M oçam b iq u e
3 7 1 - F 1 8 8 . 6 4 2 4 °4 6 'S /3 5 ° i 8 'E l  IO c S, R D >>
3 7 2 - C '9 8 . 6 4 24°46 'S /3 4 °5 0 'E 2 2 sh S, R D 33
3 7 2 - G 19 8 . 6 4 24°63 'S /34°56 ,E 55 f gy s, R D 33
3 7 2 - L 19 8 . 6 4 25°07/S /34°34 'E 1 1 2 d  s M D 33
3 7 2 - Q 2 2 8 . 6 4 25°57 ,S /33 0° 2 ,E 42 Sh, R D 33
373-B 2 2 8 . 6 4 2 6 °o o ,S /3 3 °0 5 'E >35 R , Sh D 33
3 8 1 - A - C 3 0 8 . 6 4 33 °I 3 /S /4 3 ° 5 i 'E 3 8 - 4 6 C alcareous D W alters’ Shoai

a lgae
3 9 0 - H 8 9 . 6 4 . 2 9 °3 7 'S /3 i °3 3 'E 1 7 5 - 2 0 0 s M D
3 9 0 -K 9 9 . 6 4 2 9 °3 5 'S /3 i °3 8 'E 1 5 0 s M G i  kep t
3 9 0 - N 33 2 9 °3 4 'S /3 i °3 9 'E >>5 s M G i  k ep t
3 9 0 - P 33 2 9 °3 4 'S /3 i°3 9 'E 1 1 8 s M D
3 9 ° -R 33 290 3 5 'S /3 i° 4 2 'E 1 3 8 G r, C ri G P oor sam ple , a ll k e p t
3 9 °-S 33 29°35,S /3 i °4 2 'E 1 3 8 c S, C ri D
3 9 1 -B 33 2 9 °2 9 'S /3 i °4 5 'E 8 6 M G J  kep t
3 9 1- C 33 2 9 °2 9 'S /3 i°4 5 'E 8 6 M D
3 9 1- E 33 2 9 °2 6 'S /3 i° 4 6 'E 77 gn  M G J  k ep t
391-F 33 2 9 ° 2 6 'S / 3 i° 4 6 'E 77 g n  M D
3 9 1- H 33 2 9 ° 2 i 'S /3 i 035/ E 57 c M  S, Sh G S m all sam ple , i  kep t
3 9 1-J 33 2 9 ° 3 ''S /3 i 0 3 5 'E 57 M , S, Sh D
3 9 2 -B 33 290 i 8 'S / 3 i 03 3 'E 47 d  M , debris G i  kep t
3 9 2 - C 33 29 ° i 8 'S /3 i °3 3 'E 4 5-47 d  M , debris D
3 9 2 - E 33 2 9 ° i 6 'S /3 i ° 3 2 'E 35 d  M , debris G J  kep t
3 9 2 - F IO 9 . 6 4 2 9 ° i 6 'S / 3 i ° 3 2 'E 35 d  M , debris G i  kep t
392-J IO 9-64 2 9 ° i 9 'S /3 i ° 2 6 'E 38 c S, Sh G S m all sam ple , |  k ep t
3 9 2 - K IO 9 . 6 4 2 9 ° i 9 'S /3 T 2 6 'E 3 8 c S D

NUCULIDAE

Nucula fragilis Boshoff, 1968 .
Nucula fragilis  Boshoff, 1 9 6 8 : 9 5 , p i. V I I I ,  fig. a , text-fig. 1 .

Records: 390-N  ( 1), 390-P  (P) ; depths: 1 1 5 -1 1 8  m. Type specimens. Reported 
in Boshoff, 1968 .

LEDIDAE

Leda lanceta Boshoff, 1968 .
Leda lanceta Boshoff, 1 9 6 8 : 9 6 , p i. V I I I ,  figs. c, d.

Records: 358-C  ( 1); depth: 370  m. Holotype. Reported in Boshoff, 1968 .
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Leda parceplicata Barnard, 1 9 6 4 .

Leda parceplicata Barnard, 1964a : 21, fig. 4b.

Records-. 3 9 0 -K  ( 1), 3 9 0 -R  ( 1), 3 5 8 -C  (P) ; depths: 1 5 0 - 3 7 0  m.
L.: 1 0 -2 5  mm, Alt. at umbo: 6 -7 5  mm, Th: 4 -0  mm.
Specimens in stat. jun., L.: 2 -5  mm, Alt.: 1 -7 5  mm.

Leda gemmulata (Sow., 1 9 0 4 )

Plate V I a, c.

Nuculana gemmulata Sowerby, 1904: 6, pi. 6, fig. 9.
Leda gemmulata : B arnard, 1964: 366.

Records: ‘Typical’: 3 9 1 -J  (P), 3 9 2 -J  (3 ); depths: 3 8 - 5 7  m.
‘Variant’ : NAD 9  (P), 3 9 0 -H  (P) ; depths: 1 1 0 - 2 0 0  m.

Measurement of specimens from 3 9 1 -J , 3 9 2 -J  in mm:
Long: 2 0 -0 , 1 6 -7 5 , I4'75> 8'°
Alt.: 9 -5 , 7 -5 , To, 4 -0
Thick: 6 -5 , 5 -5 , 4 -0 , 2-5

O f ‘variant specimens’ from 3 go-H , NAD 9  in mm :
L.: i 6 -o, 1 5 -0 , 1 2 -0

A.: 7 '5 > 7'5> 5'5 
T.: 4 -0 , 4 -5 , 3 -0

Remarks'. Leda gemmulata (Sow.) seems to form a variant wherein a fifth posterior 
radial rib appears. Such variant valves have posterior shortening, e.g. when a random 
selection of ‘typical’ and ‘variant’ valves are compared, the proportion of the two 
tooth-bearing areas: =  -82  in ‘typical’ and -52  in ‘variant’. Also, valve
length from resilium to either end: postent =  '7 5  in ‘typical’ and -6 8  in ‘variant’. 
Therefore, the variant seems to be posteriorly shortened. The concentric lirae of 
both show narrow intercostal lines over the anterior part of the valve widening as 
the posterior region is approached into spaces, with oblique lines crossing both rib 
and inter-rib spaces. The very occasional intercalation of a lira appears more 
frequently in the variant. The approach of the variant’s lirae to the fifth rib shows 
an increased sinuosity with sublamellate tendency, so also do the lines in the inter- 
radial valleys. The usually almost spiky nodules on the radial ribs tend to be squamose 
in the variants. The sinuosity of the concentric lirae near the first radial is slight or 
absent in -the ‘typical’ but becomes squamous in the variant with a preceding low  
part increasing the prominence of the fifth rib. All the variants show a denser 
concentric inter-rib lamellation and also more lamellation over the ribs themselves 
which appears to be a sign of scirrhosing pathology during nacreous deposition at 
early growth stages. Some specimens in the South African Museum show an accen
tuated juvenile edge lira indistinctly resembling a nepionic cap where pathology 
first caused a growth pause. We agree with Barnard who relegated the variants to 
L. gemmulata (Sow.).
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ARCIDAE  

Arca (Scapharca) natalensis Krss., 1 8 4 8

Arca natalensis: B raga, 1 9 5 2 : 1 0 3 , p i. g, fig. 2 .
Arca (Scapharca) natalensis: B a rn a rd , 1 9 6 4 : 3 7 1 .

Records: 3 9 2 -C  (F.C.), 3 9 2 -B  ( 1); depths: 4 5 - 4 7  m.
L. : 6 5  mm, Alt. : 5 0  mm, Th. : 4 5  mm. Smallest specimen, L. : 2 2  mm.

Arca (Scapharca) africana Sow., 1 9 0 4

Arca africana Sow erby, 1 9 0 4 : 4 , p i. 6 , fig. 4 .
Arca (Scapharca) africana: B a rn a rd , 1 9 6 4 : 3 7 1 .

Records: NAD 2 6  (P), 3 9 1 -B  ( 4  +  1 juv.), 3 9 1 -F  (P), 3 9 1 -J  (P), 3 9 1 -C  (A) 
depths: 6 1 - 8 6  m.

L.: 2 5  mm, Alt.: 1 6  mm, Th.: 1 5  mm. Smallest specimen, L.: io  mm.

Arca (Barbatia) obliquata Gray, 1 8 3 7

Arca (Barbatia) obliquata: D au tzen b e rg  a n d  F ischer, 1 9 0 5 : 1 9 1 , B a rn a rd , 1 9 6 4 : 3 7 3 , fig. 2 c.
Arca alfredensis B artsch , 1 9 1 5 : 1 8 2 , p i. 4 6 , figs. 9 , i o ;  T u r to n , 1 9 3 2 : 2 1 6 .

Record: 3 7 2 -C  (P) ; depth: 2 2  m.
In stat. jun., L.: 1 -7 5  mm., Alt.: 1 -2 5  mm.
Remarks: Evidently not a purely ‘littoral species’, as Barnard, 1 9 6 4 , concluded.

Arca (Barbatia) helblingii Brug., 1 7 8 9 .

Plate V ie

Arca (Barbatia) helblingii: B a rn ard , 1 9 6 4 : 3 7 4 .
Arca nivea (Chemn.) var. velata: B raga, 1 9 5 2 : 1 0 4 , p i. 8 , fig. 7 .

Record: 3 7 2 - G (P) ; depth: 5 5  m.
Remarks: Both specimens agree with specimens at South African Museum  

(Barnard, 1 9 6 4 : 3 7 4 ). The specimens do not agree with Braga’s figure but appear 
very similar to his photograph of A. decussata (fig. 8 ) although his A. nivea var. velata 
is given as a synonym o f  A. helblingii by Barnard, 1 9 6 4 .

L. : 3 3  mm, Alt. : 2 0  mm, Th. : 15  mm.

Arca (Barbatia) cafria Bartsch, 1 9 1 5

Arca cafria B artsch , 1 9 1 5 : 1 8 3 , p i. 3 8 , figs. 1 , 5 .
Arca (Barbatia) cafria: B a rn a rd , 1 9 6 4 : 3 7 5 .
Cardita rufanensis T u rto n , 1 9 3 2 : 1 3 1 , p i. 6 0 , no . 1 6 1 5  ( =  ju v .) .

Records: 3 5 6 -B  (P), 3 7 2 -G  (P ); depths: 1 8 - 5 5  m- 
L.: 7 -0  mm, Alt.: 4 -7 5  mm, Th.: 3 -7 5  mm.
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Arca (Arcopsis) gibba Krss., 1 8 4 8  

Plate V I ƒ

Arca (Arcopsis) gibba: B a rn a rd , 1 9 6 4 : 3 7 5 .

Records-. 3 7 1 -E  (P, juvs.), 3 7 1 -F  (P, juvs.) and 3 7 2 -G  (P) ; depths: 5 5 - 1 3 2  m. 
L. : 7 -0  mm, Alt. : 5 -0  mm, Th. : 4 -3  mm.

LIMOPSIDAE  

Limopsis anceps Thiele, 1931  

Limopsis anceps T hie le , 1 9 3 1 : 1 8 4 , p i. 6  ( 1 ), figs. 2 0 , 2 0 a, B a rn a rd , 1 9 6 4 : 3 8 4 , fig. 4 b.

Record: 3 7 1 -F  (P) ; depth: n o  m.
Young specimen: L.: 7 -0  mm, Alt.: 8 -o mm, Th.: 4 -0  mm.

Limopsis natalis Barnard, 1 9 6 4  

Limopsis natalis B a rn a rd , 1 9 6 4 : 3 8 2 ; 1 9 6 4 a : 2 3 , fig. 4 e, f.

Record: 3 7 1 -F  (P) ; depth: n o  m.
In stat. jun.: L.: 3 -7 4  mm, Alt.: 4 -0  mm, Th.: 2 -0  mm.
Remarks: Slightly less sharp-angled hinge line than in Barnard’s figure.

M YTILID A E  

Modiolus sirahensis Jouss., 1891  

Modiolus sirahensis: B a rn a rd , 1 9 6 4 : 3 9 3 , fig. 6 b.

Record: 3 9 2 -C  (F.C.) ; depth: 4 6  m.
L.: 4 8  mm, Alt.: (at highest part): 1 8  mm, Th.: 14  mm. Smallest specimen, 

L. : 3 0  mm.
Remarks: The specimens were attached to lumps of mud in which the byssus 

threads were embedded.

Modiolus philippinarum Hanley, 1 8 4 4  

Modiolus philippinarum: B a rn a rd , 1 9 6 4 : 3 9 3 , fig. 6 a ;  Paes d a  F ra n c a , i 9 6 0 : 8 8 , p i. 2 4 , fig. 1 .

Record: 3 7 2 -Q  (P ); depth: 4 2  m.
L. : 4 -0  mm.

Lithophaga (Diberus) mucronata (Phil., 1 8 4 6 )

Lithophaga (Diberus) mucronata: S oot-R yen , 1 9 6 4 , in litt.; Boshoff, 1 9 6 5 , spec. no. 2 8 .
Modiola mucronata: K rauss, 1 8 4 8 : 2 1 , Sow erby, 1 8 9 2 : 6 4 .
Lithodomus mucronata: S m ith , 1 9 0 3 : 3 9 5 .

Records: 3 7 2 -Q  (P), 3 7 1 -F  (P); depths: 4 2 - n o  m.
L. : 12 mm approximately.
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Lithophaga (Leiosolenus) nasuta (Phil., 1 8 4 6 )

Lithophaga (Leiosolenus) nasuta: S oo t-R yen , 1 9 6 4 , in litt.; B a rn a rd , 1 9 6 4 : 4 0 5 ; Boshoff, 1 9 6 5 , spec. no. 2 7 . 
Lithodomus lithophaga (non L in n .) , M a e n a e  a n d  K alk , 1 9 5 8 : 3 7 , p i. 2 , figs. 4 0 , 4 1 .
Lithophaga lithophaga (non L in n .) , Paes d a  F ra n ca , i 9 6 0 : 8 8 .

Record: 3 7 1 -F  (P) ; depth: i io  m.
L.: circa 12 -o mm. Specimens slightly crushed.

Lamya capensis (Krss., 1 8 4 8 )

Modiola capensis K rauss, 1 8 4 8 : 2 0 , p i. 2 , fig. 3 .
Lamya capensis-. S oo t-R yen , 1 9 5 8 : 3 4 1 , fig. 1 ; B a rn ard , 1 9 6 2 : 1 8 3 ; 1 9 6 4 : 3 9 7 , figs. 8 e-g .

Records: 3 9 0 -P  (P) and 3 7 2 -L  (P) ; depths: 1 1 2 - 1 1 8  m.
L.: 16 -5  mm, Alt.: at broadest 9 -6  mm, Th.: 6 -o mm.
Remarks : In stat. jun. with the post ligamental crenulations typical o f Lamya not 

yet showing. All features correspond to a specimen in the South African Muséum, 
Cape Town, labelled in Dr. K. H. Barnard’s handwriting as Modiola capensis Krss. 
while the other specimens were labelled Lamya capensis (Krss.), probably after 
publication of Soot-Ryen’s work ( 1 9 5 8 ), but this acrenulate adult he did not re-label. 
On page 3 9 8 , Barnard states that crenulations in ‘some large specimens’ are feeble 
and obscure. W e suspect that two species are represented and that Modiolus capensis 
may in future become the name of such acrenulate specimens. In the absence of 
more material and owing to the youth of the specimens in hand, we must retain 
them as L. capensis (Krss.), pro tern. Note that these specimens are not estuarine.

Lanistina cuneata (Gould, 1 8 6 1 )

Lanistina cuneata-. B a rn a rd , 1 9 6 4 : 4 0 1 , fig. gd.

Records-. 3 5 6 -B  (P), 3 7 2 -C  (P), 3 9 1 -J  (P) ; depths: 1 8 - 5 7  m - 
Lengths: 4 - 6  mm.

ISOGNOMONO TIDAE  

Malleus anatinus (Gmelin, 1 7 9 0 )

Malleus anatinus : B a rn a rd , 1 9 6 4 : 4 0 7 .

Record-. NAD 17  (P) ; depth: 4 9  m.

PECTINIDAE  

Amussium texturatum Dautz. and Bavay, 1 9 1 2  

Plate V Ib

Ammussium texturatum-. B a rn a rd , 1 9 6 4 : 4 3 2 .

Record-. 3 7 1 -F  (P) ; depth: 1 io  m.
L.: 6 -0  mm, Alt.: 6 '2 5  mm.
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LIM IDAE  

Lima lima (Linn., 1 7 5 8 )

Lima lima : B a rn a rd , 1 9 6 4 : 4 3 9 , fig. 16 b, d.

Record : NAD i (P) ; depth : 4 4  m.
L.: 9  mm, Alt.: io  mm.

OSTREIDAE  

Crassostrea cucullata (Born, 1 7 7 8 )

Crassostrea cucullata: B a rn a rd , 1 9 6 4 : 4 4 6 ; K o rrin g a , 1 9 5 7 : 3 1 8 .
Ostrea cucullata: K rauss, 1 8 4 8 : 3 0 ; Boshoff, 1 9 6 5 , spec. no. 5 9 , pi. 1 2 , fig. 2 .

Record: 3 8 1 -A -C  (P) ; depth: 3 8 - 4 6  m. (This site is at Walters’ Shoal in the 
Indian Ocean, 8 0 0  miles from the Natal Coast.)

Circa : 3 5  mm and 5 0  mm.

Pycnodonta hyotis (Linn., 1 7 5 8 )

Pycnodonta hyotis: R an so n , 1 9 4 1 : 8 6 , figs. 1- 6 ; B a rn a rd , 1 9 6 4 : 4 4 8 , fig. 1 7 c.

Ostrea hyotis: Nicklés, 1 9 5 0 : 1 8 3 , fig. 3 4 0 .
Record: 3 7 2 -G  (P) ; depth: 5 5  m.
Circa : 4 5  mm.

CRASSATELLIDAE 

Crassatella abrupta Sow., 1 9 0 4  

Plate VIrf

Crassatella abrupta Sow erby, 1 9 0 4 : io , pi. 6 , fig. 1 5 ; B a rn ard , 1 9 6 4 : 4 5 6 .

Records: NAD 9  (P), 3 9 0 -S  (C) and 3 9 0 -R  (5 ); depths: 1 1 0 - 1 3 8  m.
Size range: largest: L.: 2 4  mm, Alt.: 19  mm, Th.: 13 mm; smallest specimens: 

L. : 8  mm, Alt. : 7  mm, Th. : 4  mm.
Remarks: The larger specimens have a dark encrusting band about 4  mm wide 

obliquely crossing the line at which the concentric lirae disappear posteriorly. The 
concentric lirae disappear posteriorly on even the smallest shells in this collection 
(cf. Barnard, 1 9 6 4 ).

UNGULINIDAE  

Diplodonta (Felania) agulhasensis Jaeckel & Thiele, 1931 

Diplodonta (Felania) agulhasensis: B a rn ard , 1 9 6 4 : 4 6 8 , fig. 2 1 b.

Record: 3 9 1 -H  ( 1); depth: 5 7  m.
L. : 8  mm, Alt. : 7 -2 5  mm, Th. : 4 -0  mm.
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Thyasira unilateralis Brnrd., 1 9 6 4  

Thyasira unilateralis B a rn a rd , 1 9 6 4 a :  2 4 , fig. 5 a.

Records-. 3 9 1 -C  (P), 3 9 1 -F  (P), 3 9 0 -K  ( i) , 3 9 0 -R  ( i) ;  depths: 7 7 - 1 5 0  m.
L.: io-o mm, Alt.: 7 -2 5  mm, Th.: 5 -7 5  mm. Smallest specimen, L.: 5 -5  mm.

LUCINIDAE  

Phacoides capensis J. & T ., 19 3 1

Phacoides capensis Jaeck e l & T h ie le , 1 9 3 1 : 2 2 1 , p i. 9  (4 ), fig. 9 2 ; B a rn a rd , 1 9 6 4 : 4 7 3 .
Fide B a rn a rd , 1 9 6 4 : 4 7 2  in  ad o p tio n  o f  ‘Phacoides’.

Records-. 3 9 2 -B  ( 1 3 ), 3 9 2 -E  (5 ), 3 9 2 -F  (4 ), 3 5 6 -C  (7 ); depths: 3 3 - 4 7  m.
L.: 4 -7 5  mm, Alt.: 4 -0  mm, Th.: 2 -0  mm.

Phacoides aequalis J. & T ., 1931  

Phacoides aequalis Ja eck e l & T h ie le , 1 9 3 1 : 2 2 1 , p i  9  (4 ) , fig. 9 3 ; B a rn a rd , 1 9 6 4 : 4 7 4 .

Record: 3 9 1 -H  ( 1); depth: 5 7  m.
L.: 6 -7 5  mm, Alt.: 6 -5  mm.

Loripes clausus (Phil., 1 8 4 7 )

Loripes clausus-.Braga., 1 9 5 2 : 1 1 8 , p i. 1 1 , fig. 5 ; M a en ae  a n d  K alk , 1 9 5 8 : 4 1 , fig. 2 3 b ; B a rn a rd , 1 9 6 4 : 4 7 7 . 

Record: 3 9 0 -H  (P) ; depth: 1 7 5 - 2 0 0  m.
L.: 9 -0  mm, Alt.: 8 -5  mm, Th.: 4 - 7 5  mm.

ERYCINIDAE  

Erycina subradiata (Gould, 1 8 6 1 )

Erycina subradiata : B a rn a rd , 1 9 6 4 : 4 8 1 .
Erycina alfredensis B artsch , 1 9 1 5 : 1 9 7 , p i. 4 3 , figs. 7 , 8 .
Erycina rifaca B artsch , 1 9 1 5 : 1 9 8 , p i. 3 9 , fig. 3 , p i. 5 0 , figs. 7 , 8 .

Record : 3 9 2 -J  ( 1 ) ; depth : 3 8  m.
L.: 3 -7 5  mm, Alt.: 3 -0  mm, Th.: 1 -2 5  mm. Two gills bilaterally.

CHAMIDAE  

Chama gryphoides Linn., 1 7 5 8

Chama gryphoides : B a rn a rd , 1 9 6 4 : 4 9 0 .
Chama sp .: Paes d a  F ra n c a , i 9 6 0 : 9 3 , p i. 2 5 , fig. 3 .

Records: 3 5 6 -B  (P), 3 7 2 -G  (P) ; depths: 1 8 - 5 5  m.
L., Alt. and T h.: circa 9 -0  mm, idem : 1 3 -5  mm.
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CARDIIDAE  

Cardium turtoni Sow., 1 8 9 4  

Cardium turtoni Sow erby, 1 8 9 7 : 2 5 , p i. 7 ; B a rn a rd , 1 9 6 4 : 4 9 2 .

Record: NAD 17  (P) ; depth: 4 9  m.
L. : 13  mm, Th. : 9  mm.

Cardium gilchristi Sow., 1 9 0 4  

Cardium gilchristi Sow erby, 1 9 0 4 : 1 1 , p i. 7 , fig. 1 ; B a rn a rd , 1 9 6 4 : 4 9 2 .

Record: 3 7 1 -F  (P) ; depth: n o m .
L. : 8 -0  mm, Alt. : 9 -0  mm, Th. : 6 -o mm. Slightly damaged.

Cardium asiaticum Brug., 1 7 8 9  

Cardium asiaticum: B raga , 1 9 5 2 : 1 0 9 , p i. 9 , fig. 8 ; B a rn a rd , 1 9 6 4 : 4 9 3 .

Records: 3 9 1 -J  (P), 3 9 1 -H  ( 1); depth: 5 7  m.
L.: 3 0  mm, Alt.: 2 9  mm, Th.: 21 mm. Smallest specimen L.: 19  mm.

PSAM M OBIIDAE  

Solecurtus divaricatus (Lischke, 1 8 6 9 )

Solecurtus divaricatus: H irase  & T a k i, 1 9 5 4 : p i. 4 8 , fig. 2 ; Boshoff, 1 9 6 5 , spec. no. 1 3 1 .

Record: 3 9 1 -C  (P) ; depth: 8 6  m.
L.: 1 7 -7 5  mm, Alt. at umbo: 8 -o mm, Th.: 5 -2 5  mm.

VENERIDAE 

Venus (Antigona) rugosa Gmelin, 1 7 9 0  

Plate V II b

Venus rugosa: Sow erby, 1 8 4 9 - 5 5 : 7 2 8 , pi. 1 6 0 , figs. 1 8 5 , 1 8 6 ; Boshoff, 1 9 6 5 , spec. no. 8 8 .

Record: 3 7 2 -Q  (P ju v .); depth: 4 2  m.
L. : 2 4  mm, Alt. : 21  mm, Th. : 15  mm.
Remarks: Subsmooth left valvular area just beginning to form posteriorly in 

this juvenile.

Venus arakana (Nevill, 1 8 7 1 )

Plate V ila

Venus arakana: B a rn a rd , 1 9 6 4 : 4 9 7 .

Records: NAD 17  (P), 3 5 6 -E  (1 juv.), 3 5 6 -J  (P), 3 9 1 -J  (P) ; depths: 4 0 - 5 7  m. 
L.: 2 0  mm, Alt.: 14  mm, Th.: 9  mm. Smallest specimen, L.: 5  mm.
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Venus (Chione) marica Linn., 1 7 5 8

Venus (Chione) marica: S m ith , 1 8 8 5 : 1 2 5 , 1 2 6 ; H ira se  & T ak i, 1 9 5 4 : p i. 3 7 , fig. 2 ; Boshoff, in  press, 
spec. no. 9 3 , p i. t i ,  fig. 4 .

Chione marica: L ynge, 1 9 0 9 : 2 4 2  ( 1 4 6 ), p i. 5 , figs. 1- 4 .

Records: 3 9 2 -J  ( i) , 3 7 3 -B  (P) ; depths: 3 8 - 1 3 5  m.
L.: 3 -0  mm, Alt. 2  mm; L.: i 8 -o mm, Alt.: 1 4 -0  mm, Th.: 9 -0  mm.
Remarks: Recently found and recorded from Inhaca. A specimen has been in 

the Natal Museum, Pietermaritzburg, for many years but has not been recorded 
in the literature of South African shells.

Pitaria manillae (Sow., 1 8 5 1 )

Pitaria manillae: B a rn a rd , 1 9 6 4 : 5 0 3 .

Records: NAD 8  (P), NAD 2 6  (P), 3 5 6 -C  (3 ), 3 5 6 -J  (1 juv.), 3 7 2 -G  (P), 3 9 0 -N  
(1  juv.), 3 9 ^  (3 +  5 juvs.), 3 9 1 -C  (P juv.), 3 9 1 -E  (3  +  3 juvs.), 3 9 1 -H  ( 1), 
3 9 2 -C  (P), 3 9 2 -E  ( 1), 3 9 2 -F  ( 1); depths: 3 3 - 1 1 5  m.

L.: 17  mm, Alt.: 15  mm, Th.: io  mm. Smallest specimen, L.: 2 -5  mm. 
Remarks : A common species.

Dosinia lupinus (Linn., 1 7 5 8 )

Dosinia lupinus: F isch e r-P ie tte  an d  D elm as, 1 9 6 7 : 1 6 .
Dosinia africana : (G ray ) : B a rn a rd , 1 9 6 4 : 5 1 o.

Record: 3 9 1 -E  (1 juv.); depth: 7 7  m.
L.: 5 -0  mm, Alt.: 4 -5  mm, Th.: 2 -0  mm.

Dosinia tumida (Gray, 1 8 3 8 )

Dosinia tumida: F ische r-P ie tte  a n d  D elm as, 1 9 6 7 : 3 7 , p i. 8 , figs. 1 2 —1 7  

Dosinia japonica (non  R v e .), Paes d a  F ra n c a , i 9 6 0 : 9 6 , p i. 2 7 , fig. 2 .
Dosinia pubescens: (P h il.) :  B a rn a rd , 1 9 6 4 : 5 1 1 .

Records: NAD 2 6  (P), 3 9 2 -K  (P) ; depths: 3 8 - 7 1  m.
L.: 21  mm, Alt.: 21  mm, Th.: 13  mm.

M ACTRIDAE  

Mactra glabrata Linn., 1 7 6 7

Mactra glabrata: B a rn a rd , 1 9 6 4 : 5 1 7 .
Mactra adansoni v a r . elongata T u rto n , 1 9 3 2 : 2 5 5 , p i. 6 9 , no . 1 8 0 4 .

Records: NAD 2 4  (P) and 3 5 6 -J  (P) ; depths: 2 0 - 4 3  m.
L.: 1 6  mm, Alt.: 12  mm, T h.: 7 mm. Smallest specimen, L.: 5  mm.
Remarks: These specimens confirm the observation by Barnard ( 1 9 6 4 ) that the 

Natal specimens o f M . glabrata are smaller than those found further west in South 
African waters.
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DONACIDAE  

Donax (Capsella) longissimus J . & T., 1931 

Donax (Capsella) longissimus Ja eck e l & T h ie le , 1 9 3 1 : 2 4 0 , p i. 9  (4 ), fig. 1 1 6 ; B a rn ard , 1 9 6 4 : 5 3 1 . 

Record-. 3 7 2 -C  (F.C.) ; depth: 2 2  m.
L.: 2 9  mm, Alt.: 13 mm, Th.: 7  mm.

SEMELIDAE  

Theora alfredensis Bartsch, x g 15 

Plate VIIc
Theora alfredensis B artsch , 1 9 1 5 : 2 0 6 , p i. 4 5 , fig. 8 , pi. 4 g, fig. 3 ; B a rn ard , 1 9 6 4 : 5 3 6 .

Records: NAD 2 6  (P), 3 9 0 -H  (P), 3 9 0 -N  (io  +  2 juvs.), 3 9 0 -P  (F.C.), 3 9 0 -R  
( 0 > 3 9 1 -E  (4 9 ). 3 9 1 -C  (p )> 3 9 I_P (2 2 ), 3 9 ! - h  (O i depths: 5 7 - 2 0 0  m.

L. : 11 mm, Alt. : 7 mm, Th. : 3 mm, smallest specimen, L. : 4  mm.
Remarks'. A common species.

TELLINIDAE

Specimens suspected o f belonging to the genus Tellina are omitted as they are 
under review by Dr. Kenneth J. Boss of the Museum of Comparative Zoology, 
Harvard.

Macoma levior Sow., 1 9 0 4

Tellina (Macoma) levior Sow erby, 1 9 0 4 : 1 3 , p i. 7 , fig. 6 .
Macoma levior : B a rn a rd , 1 9 6 4 : 5 8 4 .

Records-. 3 9 1 -C  (P), 3 9 ^  (2), 3 9 ^  (2 7  small), 3 9 1 -H  (2  small), 3 9 2 -C  (C), 
3 9 2 -B  (io ) , 3 9 2 -K  (P), 3 5 6 -C  ( 1 5), 3 5 6 -E  (2  small); depths: 3 3 - 8 6  m.

L.: 18  mm, Alt.: 14  mm, Th.: 7 mm; smallest specimens, L.: 7 mm.
Remarks: A  common species.

SOLENIDAE  

Phaxas cultellus (Linn., 1 7 5 8 )
Phaxas cultellus-. G ravely , 1 9 4 1 : 6 4 , fig. 2 3 a ;  B a rn a rd , 1 9 6 4 : 5 5 4 .

Record: 3 9 1 -J  (P) ; depth: 5 7  m.
L.: 4 3  mm, Alt.: 11 mm. (Also one valve: 6 3  X 16  mm.)

Siliqua polita (Wood, 1 8 2 8 )
Siliqua polita-, B a rn a rd , 1 9 6 4 : 5 5 4 , fig. 3 2 c.

Record : 3 5 6 -J  (P) ; depth : 4 3  m.
L. : 2 0  mm, Alt. : 7 mm.
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POROMYIDAE

Poromya granosissima Sow., 1 9 0 4  

Plate V ile

Poromya granosissima Sow erby, 1 9 0 4 : 1 6 , p i. 7 , fig. 1 2 ; B a rn a rd , 1 9 6 4 : 5 7 9 .

Record: NAD 9  (P) ; depth: 1 1 0 - 1 3 0  m.
L. : 9  mm, Alt. : 7 mm, Th. : 5  mm. A single specimen recorded in Barnard, 

1 9 6 4 .

LATERNULIDAE  

Periploma fractura Boshoff, 1 9 6 8  

Periploma fractura  Boshoff, 1 9 6 8 : 9 7 , p i. V I I I ,  fig. d , text-fig . 2 .

Records: 3 9 0 -P  (P), 3 9 1 -B  (3 ), 3 9 1 -C  (P), 3 9 1 -F  (P) ; depths: 7 7 - 1 1 8  m.
Type specimens. Reported in Boshoff, 1 9 6 8 .

CUSPIDARIIDAE  

Cuspidaria optima Sow., 1 9 0 4  

Cuspidaria optima Sow erby, 1 9 0 4 : 1 7 , fig. 1 6 ; B a rn ard , 1 9 6 4 : 5 8 0 .

Record'. 3 9 1 -C  (P) ; depth: 8 6  m.
L. : 2 9  mm, Alt. : 16 mm, Th. : 11 mm.

Cuspidaria macrorhynchus Smith, 1 8 9 5 .
Plate V II ƒ

Cuspidaria macrorhynchus S m ith , 1 8 9 5 : 1 2 , p i. 2 , figs. 5 , 5 a  (from  B a rn a rd , 1 9 6 4 : 5 8 1 ).

Record : 3 9 0 -H  (P) ; depth : 1 7 5 - 2 0 0  m.
L.: 2 2  mm, Alt.: io  mm, Th.: 6  mm.

D is t r ib u t io n

Figure i shows the distribution around the coast o f southern Africa of the species 
of this report from depths of less than 2 0 0  m. Each line represents one species. The 
M oçambique area is here defined as being between 2 4 0 0 0 ' and 2 6 o 5 9 ' S and Natal 
between 2 7 0 0 0 ' and 3 1 0 5 9 ' S. When any species dealt with in this report has been 
recorded by the University o f  Cape Town Survey west o f the Natal area and east 
of Cape Point ( 1 8 0 3 0 ' E) it is shown as extending to the south coast; similarly records 
to the west o f Cape Point are indicated by extending the lines representing species 
through the west coast column.

Species have been assigned to three rough zoogeographical categories: 
endemic: when the species has only been recorded from Africa, south of latitude 

20° S .;
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W est C oast S ou th  C oast N a ta l M o ç am b iq u e

T ro p ica l C o m p o n en t

E n d em ic  C o m p o n en t

A tlan tic  C o m p o n en t

F ig . i . D istrib u tio n  to  the  south  a n d  west coasts o f S ou th  A frica o f P elecypoda reco rd ed  in  th e  te x t
from  M o çam b iq u e  a n d  N a ta l.

tropical: when the species has been recorded outside southern African waters in 
the tropical Indo-West Pacific region or other tropical waters; 

atlantic : when the species has been recorded mainly from the Atlantic Ocean 
outside southern Africa.
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The tropical component forms 5 5 % of the Moçambique fauna. This component 
falls off to 4 0 % of the fauna in the Natal area. The endemic component comprises 
4 5 % of the 2 2  M oçambique species and 5 7 % of the 4 2  species in the Natal area. 
There is only one atlantic species which extends as far east as Natal, forming 3 % of 
the Pelecypod fauna there. The diagram shows that none of the Moçambique species 
and only three of the Natal Pelecypoda (7 % of the Natal fauna) extend to the west 
coast; o f the three, one is an atlantic species and two are endemic. No tropical species 
extend to the cool west coast.

This indicates a change in the Pelecypod fauna from the warm waters of 
Moçambique to the more temperate south coast of South Africa. From these data 
Natal appears to have a rather distinct benthonic Pelecypod fauna; 4 8 % of the 
species are not recorded elsewhere and only 3 1 % o f its species are shared with 
Moçambique. One should bear in mind that only 7 samples are from Moçambique 
and 2 9  from Natal so that further sampling off M oçambique may well show a 
greater similarity between the two areas. The Natal fauna is fairly distinct from that 
of the well-sampled south coast; this is shown by only 3 8 % o f the Natal species 
extending westwards to the south coast but it is beyond the scope of this report to 
deal properly with the zoogeography o f southern African waters.
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Plate VI

Leda gemmulata, ‘ty p ica l’ 4 -rib b ed  fo rm ; b. Amussium texturatum’, c. Leda gemmulata, ‘v a ria n t 5 -rib b ed  
fo rm ; d. Crassatella abrupta; e. Arca (Barbatia) helblingii; f. Arca (Arcopsis) gibba.

263



Plate V II

a. Venus arakana; b. Venus rugosa; c. Theora alfredensis; d . Macoma levior; e. Poromya granosissima
f. Cuspidaria macrorhynchus.
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R eprin ted  from  Rev. Zool. Bot. A fr ., vol. 77, no. 3-4, 1968, p. 329-334.

Un Barychelide nouveau de Madagascar : 

Atrophonysia intertidalis gen. sp. nov.

( Aranea - Orthognatha )

P A R

P. L. G. BENOIT e t  R o l a n i) LEGENDRE
(M u sée  R o \a l de l’A frique C entrale, T ervu ren  et U n iv ersité  de M on tpellier).

Le m atériel qui est étudié ici a été récolté par la m ission am éri
caine dirigée par le Professeur A. G. H u m e s  de Boston, Mass., durant 
l'exécution de 1' « U. S. Program in Biology of the International In
dian Ocean Expedition » (A.LO.I.). Nous tenons à exprimer nos très 
vifs rem erciem ents à nos collègues am éricains, M onsieur le Profes
seur H u m e s  d’une part et le récolteur M onsieur J a c k ’ R u d l o e  d’au
tre part, pour nous avoir fait parvenir ces très intéressantes Mygales.

Les deux exem plaires de Barychélides ont été récoltés en m êm e  
temps que des Araignées m arines appartenant à l'espèce D esis cross
landi P o c o C K ,  1903; le récolteur M onsieur J a c k  R u d l o e  les a trouvés 
le 19 janvier 1964 dans la zone découverte à marée basse de la 
Pointe de la Fièvre, située à droite de l ’embarcadère de la Station  
Océanographique O.R.S.T.O.M. de l ’île de Nossi-bé (M adagascar). 
La localisation exacte indiquée par le récolteur est 13°24’23” Lat. 
Sud et 48° 1812” Long. Est. Le b iotope est form é par des boues 
sablonneuses avec quelques nodules argileux. Aussi bien les D esis 
crosslandi que les deux Barychélides étaient à l’intérieur d ’une 
retraite, form ée par un terrier tapissé de soie. La présence d ’Agele- 
nidae du genre D esis indique clairem ent un habitat régulièrem ent 
subm ergé par les marées ; c ’est d ’ailleurs pour rappeler ce singulier  
biotope que nous proposons le nom spécifique d 'in tertidalis  n.sp.
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M alheureusem ent aucun renseignem ent sur l ’éthologie et le type 
des proies (fort vraisem blablem ent des Invertébrés m arins) n ’a pu 
être recueilli.

La fam ille des Barychelidae sem ble avoir des représentants qui 
ne craignent pas l’hum ectation, en effet le type du genre Atropho- 
thele (A. socotrana  PococK, 1903) a été découvert à l ’île de Socotra  
dans le lit d’un torrent tem porairem ent asséché. La présence d ’un 
Barychélide dans la zone de balancem ent des marées ne doit pas 
surprendre car actuellem ent deux autres représentants de la famille 
sont connus pour avoir des habitats m arins. Le prem ier est Id ioctis  
litto ra lis  A b r a h a m ,  1924, découvert dans la région de Singapour; 
cette Araignée vit dans un terrier creusé dans les crevasses de l'é- 
corce des palétuviers de la mangrove, juste au-dessous du niveau 
de pleine m er; conservée en captivité, cette Mygale a refusé toute  
nourriture autre que des Annélides Polychètes (H. C. A b r a h a m ,  1924). 
Le second est N eodip lo thele  p icta  V e l l a r d ,  1924 indiqué par C. F .  DE 

M e l l o - L e i t a o  (1928) com m e vivant au Brésil dans des cavités de 
rochers découverts très peu de tem ps à marée basse; ses abris sont 
encom brés de débris de Talitres et d’Isopodes marins dont il fait 
certainem ent sa nourriture. A ces deux Barychélides marins, il con
vient dorénavant d ’adjoindre A trophonysia in tertida lis  n. g., n. sp. 
de l ’île de Nossi-bé, Madagascar.

Gen. ATROPHONYSIA nov.

Barychelinae. Chélicères sans protubérance, arm ées d ’un rastellum  
puissant et d’une seule rangée de dents. Groupe oculaire situé sur 
une protubérance peu exprimée. Les yeux concentrés en groupe no
tablem ent plus large que long et plus large au niveau des PL qu'aux 
AL. La partie céphalique du céphalothorax surélevée et bien séparée. 
Fovea transversale, rectiligne. Les bords latéraux du céphalothorax  
dém unis de soies spiniform es. Labium transversal, inerme. Lames 
m axillaires abondam m ent couvertes de p ilosité longue et souple, 
à spiculation très réduite. Sternum  fortem ent étiré en long mais la 
pointe distale ne s ’engage pas entre les coxas IV qui restent stricte
m ent contigus; couvert de p ilosité abondante et souple (pas spinu- 
leuse com m e chez tous les autres genres connus). Aucun coxa n ’est 
pourvu de spicules. Pattes I et II épaissies, leurs tibias plus longs 
que les m étatarses. M étatarses et tibias des pattes I et II portant 
ventralem ent des scopula très longs et denses sur toute leur lon
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gueur; ces scopula form ent latéralem ent des franges épaisses et lon
gues. Les scopula encore rudim entairem ent présents aux pattes III 
m ais absents aux pattes IV. Fascicules ungueaux longs et épais m ais 
les ongles restent dorsalem ent dégagés. Filières antérieures atro
phiées, présentes sous form e de m oignons. Filières postérieures à trois 
articles.

Espèce type :

Atrophonysia intertidalis n. sp.

M adagascar: ile de Nossi-bé, dans la boue intertidale près du 
Pier de la Station Océanographique O.R.S.T.O.M., janvier 1964 (J. 
R u d l o e ) .  — $ holotyipe (MT 133.045) et ç juvénile paratype au Musée 
Royal de l ’Afrique Centrale, Tervuren.

o o 
,0 o

J-v

'¿ r
■’ %  A

£ ' ■ ■ ■ "  ' ' - ' 'M i l  

u ».

Fig. 1-4. — A tr o p h o n y s ia  in te r t id a l is  gen . sp . n. - 1. G roupe o cu la ire . - 2. L ’en 
se m b le  stern u m , lab iu m  et la m es m a x illa ires . - 3. C h élicère , fa ce  in tér ieu re . -
4. P atte  I I I :  p a te lla , tib ia , m é ta ta r se  et tarse.

*
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Entièrem ent ferrugineux sauf l'abdomen noirâtre. Face antérieure 
des chélicères à p ilosité longue et dressée. Le rastellum  com posé de 
9-10 épines (six  chez le juvénile) strictem ent le long du bord infé
rieur et couvrant l ’articulation des crochets. Dents chélicérales au 
nom bre de huit (six  chez le juvénile) dont la première est rudim en
taire; au niveau des dents 7-8 se situent quatre denticules secondai
res chez le type m ais ce nom bre devrait être individuellem ent varia
ble. Yeux AL écartés par un peu plus que leur diamètre. Yeux AM

5

Fig. 5. — A tro p h o n y s ia  in te r t id a lis  gen. sp . n., H ab itus.

situés au niveau du bord supérieur des PL et écartés par plus que 
leur diamètre. Yeux PL subégaux aux AL, leur écart est inférieur à 
leur diam ètre. Céphalothorax étiré en long (Long. 3,9 mm, larg. 
2 ,8  m m ) avec le bord postérieur très peu incurvé et notablem ent 
rétréci; la p ilosité est duveteuse et clairsem ée sauf une dizaine de 
soies dressées entre les yeux et la fovea. Lames maxillaires avec deux  
spicules près du bord inférieur; elles sont uniform ém ent couvertes 
de pilosité longue et très abondante. Labium plus de deux fois aussi 
large que long. Sternum  étiré en longueur (long. 2,07 mm, larg. 
1,30 m m ). Pattes dém unies de toute spinulation sauf les patellas III 
m unies à la face antérieure d’une série de petites spinules. Les m é
tatarses III et IV term inés par des soies spiniform es. Les ongles de 
tous les tarses portent 3-4 dents de peigne concentrées vers le m ilieu  
de l ’ongle. Abdomen contracté par suite d’un dessèchem ent partiel 
du spécim en adulte, de ce fait la longueur du type devrait être infé
rieure à sa taille réelle. Longueur: 8 ,6  mm, hors chélicères.

*
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Position taxonomiqiie et affinités.

Dans le tableau générique des Barychelinae africains, publié par 
l ’un de nous {Rev. Zool. Bot. Afr., 74, 1966: 210), le genre A tropho
nysia se situe près de Cyphonisia  S i m o n ; la clé des genres doit être 
m odifiée com m e suit :
5 - Fovéa thoracique droite ou très légèrem ent récurvée. M étatarses

et tibias I et II avec des scopula très serrés, form ant des fran
ges le long du bord intérieur ...........................................................  6

- Fovéa thoracique récurvée ou procurvée .....................................  7
6 - M étatarses et tibias I subégaux. Labium muni de quelques spi-'

nules. Sternum  à p ilosité très éparse et de nature spinuleuse. 
Ongles des tarses avec une petite dent au milieu. Filières supé
rieures norm ales ....................................................... Cyphonisia  S i m o n

- Tibias I plus longs que les m étatarses I. Labium inerm e. Sternum  
avec abondante pilosité longue et souple. Ongles des tarses m unis
de dents de peigne. Filières supérieures atrophiées ....................
............................................................................................. Atrophonysia  nov.

7 - Les genres Pisenor  S i m o n  et Sipalolasnui  S i m o n  suivant les cri
tères fournis précédem m ent.

A l’intérieur de la sous-fam ille, ce nouveau genre constitue un 
nouvel échelon transitoire dans la régression du bulbe oculaire qui 
trouve son aboutissem ent com plet dans le genre Sason  S i m o n . Cette 
régression progressive à travers les genres, allant depuis Pisenor  S i m o n  

et Sipalolasma  S i m o n , à bulbe oculaire saillant, jusque Sason  S i m o n , à 
bulbe oculaire nul, s ’accom pagne d’un étalem ent progressif en lar
geur du groupe oculaire. Le présent genre se situe à cet égarcf entre 
Cyphonisia  S i m o n , qui présente l ’am orce de ces deux phénom ènes 
concom itants, et Sason. Malgré l’existence de filières antérieures 
atrophiées qui pourraient à prem ière vue rapprocher ce genre de 
Atrophothele  P o c o c k  de Socotra, il sem ble se vérifier que des carac
tères de nature m oins fonctionnelle classent A trophonysia  proche  
de Cyphonisia. A trophothele  possède en com m un : outre l ’atrophie 
des filières antérieures, la fovea droite et le groupe oculaire plus 
large que long m ais il s ’écarte par d’autres caractères très im por
tants, à savoir: le groupe oculaire plus large à l’avant qu’aux yeux 
postérieurs, l ’absence de rastellum , les lam es m axillaires abondam 
m ent spinulées et les scopulas tarsaux des plus clairsem és. Tous ces 
caractères sont au contraire com m uns à Cyphonisia  et A tro p h o n ys ia ;
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on peut y ajouter un caractère unique dans la fam ille; l ’allongem ent 
du céphalothorax et du sternum. Dans toute la fam ille le sternum  
se présente sous une form e largem ent ovoïde, environ aussi long  
que large. A l’intérieur du genre Cyphonisia  se m anifeste chez quel
ques espèces une tendance à l’allongem ent et le phénom ène est pro
gressif (soleata  T h o r e l l , obesa  S i m o n , annulata  B e n o i t , nesiotes  
S i m o n ). Nous retrouvons le même caractère, plus nettem ent exprim é, 
chez Atrophonysia.

A m oins que des découvertes ultérieures nous fassent connaître 
d’autres espèces dans les genres endém iques connus, il sem ble se 
confirm er que la faune des Barychelinae, tout au contraire des Di- 
plothelinae, constitue à Madagascar un groupe aux allures de reli
ques. Les deux genres endém iques m algaches actuellem ent connus 
(Zophoryctes  S i m o n  et Atrophonysia  nov.) ainsi que le genre Tigidia  
S i m o n , endém ique de l'Ile Maurice, sont tous trois m onotypiques 
et très différents des autres mem bres du groupe; le genre Sason  est 
principalem ent lié à la péninsule indienne mais com pte une espèce  
dans la « région malgache » au sens large : les îles Seychelles. Les 
considérations de l’un de nous (Rev. Zool. Bot. Afr., 72, 1965: 27) sur 
cet état des choses restent parfaitem ent valables.
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ISRAEL SOUTH RED SEA EXPEDITION, 1962, REPORTS 
No. 32

CHAETOGNATHES DE LA MER ROUGE*

(Archipel Dahlac)

PAR

M. L. F urnestin et J. Balança

Laboratoire de Biologie animale {Plancton), Faculté des Sciences, Marseille

Le matériel étudié a été récolté au cours de l’expédition israélienne de 1962 dans 
le sud de la Mer Rouge, (O ren , 1962, 1964; Steinitz, 1965). Les prélèvements 
de plancton effectués autour de l’archipel Dahlac nous ont aimablement été adressés 
par M. le Professeur B. K imor, de la Station de Recherches des Pêches maritimes 
d’Haifa.

Ces prélèvements ont été faits aux mois de mars et avril, soit en surface, soit en 
subsurface lors de pêches horizontales ou verticales (100-0m). La plupart ont eu 
lieu le matin entre 8 et 9h, quelques-uns la nuit (22h).

Sur une première série de prélèvements, disséminés dans les eaux avoisinant 
l’archipel, six (sur les stations n° 2-9-16-17) comportaient des Chaetognathes. 
Un certain nombre d’autres prélèvements positifs s’y sont ajoutés, les uns au nord 
ouest de l’île Nocra (n° 109-110-111-112-114), les autres au nord (n° 2202-2203) 
et au sud d’Entedebir (fig. 1). Les caractéristiques de l ’ensemble de ces prélèvements 
au nombre de 15, sont réunies dans le tableau I.

On notera les valeurs fortes atteintes par la température (27 à 29 °,5) et la salinité 
(37, 39 à 38,60 °/°°), ce qui laisse supposer la présence de Chaetognathes d’eau 
chaudes et tolérants au facteus halin.

Avant de faire l’inventaire des Chaetognathes récoltés lors de cette campagne, nous 
indiquerons quelles espèces étaient déjà connues en Mer Rouge. Elles sont au nombre 
de 9, citées par divers auteurs de récoltes échelonnées entre 1891 et 1957. Ce sont: 
Sagitta inflata, S . hispida, S. regularis, S. serratodentata, S. pacifica, S. hexaptera, 
S. bipunctata, Krohnitta subtilis, Pterosagitta draco (tabl. II).

Au cours de l’expédition de 1962, 2477 individus ont été recueillis. Ils comprennent 
6 espèces: Sagitta inflata, S. regularis, S. hispida, S. bedoti, S. robusta et Krohnitta 
pacifica. Parmi elles, seules les 3 premières avaient déjà été signalées.

Leur abondance relative est très inégale, comme le montre leur pourcentage dans 
ces récoltes (tabl. II).

En raison de la faible bathymétrie de la zone prospectée (fonds entre 10 et 150 m) 
et du niveau superficiel de la plupart des pêches, ce sont toutes des formes néritiques 
ou semi-néritiques et de surface ou de subsurface. Il faut noter la fréquence des

Received: June 1967.
* Aided by Contracts No. 62558-3335 between the U.S. Office of Naval Research, Department 

of the Navy, and Tel-Aviv University.
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D A H LA C  KEBIR
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108

15*361

F ig . 1. S tations de pêches planctoniques, autour d e  l ’archipel D ah lac, ayant rapporté des C hae- 
tognathes. L a bathym étrie a été  som m airem ent indiquée.

spécimens de très petite taille et immatures, dont l’identification est particulièrement 
délicate.

Le tableau III donne, par station, la répartition des espèces, que nous allons succes
sivement considérer. Sur le plan morphologique, nous dirons peu de choses, nous 
attachant seulement à faire ressortir les caractères locaux, s’il s’en trouve; nous avons 
cependant figuré pour chaque espèce l’aspect des yeux et, notamment, de la tache 
pigmentée, encore imparfaitement décrit pour plusieurs d’entre elles.
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T A B L E A U  I

CARACTERISTIQUES DES PECHES PLANCTONIQUES COMPORTANT DES C h AETOGNATHES

Prélève
m ents

n°

L atitude L on gitu de D a te  
(1962)

H eure M od alités N iveau  des 
des pêches m esures

T ° S°/°° D cnsití

S tation  2 15°43T 5" 39°55'05" 8 -IV 0m 28,78 38,33 24.634
1839 10 28,56 — 24.701

15 28,57 38,08 24.552

S tation  9 15°43'27" 39°53'10" 4 -IV surface 0m 28 ,83 38,26 24.634
1830-1829 13 27,70 38,21 24.920

S ta tion  16 15o42'10" 39°59T 5" 6 -IV verticale 0m 29,50 38,60 24.621
1834 (50m )
1835 horizontale 50 27,00 38,60 25.450

Station  17 15°37'45*’ 39°52'30" 0m 27,41 37,39 24.418
1838 10 27,25 37,56 24.663

25 27,12 38,21 25.115

1 09-110  N orthern  N  ocra 12—III 8 h -9h
1 11 -1 1 2  Channel

114

2202 L anding B ay 19-111 22h
1837 A rchipel D ah lac

P lancton  C henal entre Entedebir  
E — E et Enteraia
C hannel

T A B L E A U  II

CHAETOGNATHES SIGNALES EN MER ROUGE DE RECOLTES ANTERIEURES

D a te  des récoltes 
R ég io n  prospectée  

N avire

AUTEUR

1891-93  
M er R ouge

STEINHAUS

1909 
M er R ouge  

“ P ola”

RITTER-ZAHONY

1929-30
2 2 °2 8 'N -

37°29'E
“ Snellius”

SCHILP

1947  
M er R ouge  
“ C herso”

GHIRARDELLI

1956-57  
G . Eylath  

navire d e  la  
Station  d ’H aifa
M.L. FURNEST1N

Sagitta inflata 2 + 5 126 244
S. hispida + 30
S. regularis + 33
S. serratodentata 12 + 2
S. pacifica 43
S. hexaptera + 23 16 14
S. bipunctata 105 5
Krohnitta 2

subtilis
Pterosagitta draco 1

T ota l 119 aucun chiffre 30 178 336
précisé

5
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TABLEAU m
R e p a r t it io n  des C h a eto g n a th es  p a r  St a t io n  et  P o u rc en ta g e  pa r  espece  p o u r  l a  c a m pa n g e

DANS LES EAUX DE E’ARCHIPEL DAHLAC.

Prélève- 
Stations m ents n° S . inflata

N b . tota l d ’in-
S . regularis S . h ispida K . pacifica  S . b edo ti S . robusta  d ividus par

station

2 1839 2 1 3
9 1829 36 2 3 731

il 830 642 33 11 1 3
« 1834

.1835
91

7
5
9

3 1 116

17 1838
'1 0 9

2
24

2

N orthern 110 11
N o cra l i i 105 2 1 1065
C hannel 112 373 6 1

114 514 7 4 14 1 2
Landing 2202 2 543

B ay ,2203 20 360 124 37
A .

D ah lac
1837 5 5

C henal
Entedebir-Enteraia

10 1 1 12

T ota l 
par espèce

1844 417 151 55 8 2  N b . total 
2477

P ourcentage  
par espèce

74,46 16,83 6,09 2,22 0,32 0,08

Sagitta inflata G r a s s i ,  1881
Morphologie

Sa taille varie entre 7 et 16 mm, ce qui est relativement faible pour une forme qui 
peut atteindre quelques centimètres.

Une série de mensurations et d’observations portant sur la longueur totale, celle 
des ovaires, le diamètre des oeufs et leur état de maturité permet d’indiquer que dans 
le secteur de Dahlac, S. inflata présente vraisemblablement 4 cycles de maturation : 
le premier chez des individus de 6 à 8 mm, le second entre 9 et 12 mm, le troisième 
entre 12 et 13 mm, le quatrième et dernier se prolongeant jusqu’à 15 et 16 mm.

Les ovaires dans le premier cycle sont courts, même à maturité; ils sont globuleux 
et remplis de petits oeufs dans les premiers stades, de gros oeufs dans les derniers; 
ils atteignent au plus le sommet des nageoires postérieures; tandis que chez les indi
vidus des cycles suivants, les ovaires m ûrs son t plus longs et plus grêles; ils contiennent 
de même de petits oeufs dans les premiers stades et de gros oeufs, bien individualisés, 
dans les derniers; ils dépassent alors le sommet des nageoires postérieures et parfois 
même la base des nageoires antérieures (fig. 2).

Il semble que l’on puisse ramener aux premiers cycles de maturation la variété 
minor de S. inflata décrite en 1909 par R itter -Z a h o n y , avec une taille maximale 
de 12 mm, des ovaires, mûrs dès 8 mm de longeur totale, et ne dépassant pas le sommet

6
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F ig. 2 . S a g itta  in flata. Specim ens m ûrs des prem ier, deuxièm e et dernier cycles d e  m aturation  
sexuelle . D ’u n  cycle  à  l ’autre, on  n o te  l’augm entation  de taille (8 ,12  et 16 m m  environ), la 
longeur cro issan te des ovaires, le nom bre p lus grand des oeufs.

des nageoires postérieures. De la même façon, on pourrait ramener aux cycles suivants 
s a  variété gardineri décrite en 1902 par D o n c a s t e r ,  avec une taille élevée pouvant 
aller jusqu’à 30 mm, des ovaires, mûrs seulement à partir de 16 mm de longueur 
totale, et arrivant à la base des nageorires antérieures.

On voit en effet que les principaux caractères qui étaient à l’origine de la distinction 
de ces formes, et qui reposent sur la taille des individus et celle des ovaires, sont les 
mêmes qui différencient les cycles sexuels successifs de l’espèce.

L’aspect extérieur de l’oeil de S. inflata a été reproduit sur la figure 6.

Répartition

Comme lors des pêches antérieures en Mer Rouge et dans le golfe d’Eylath, S. inflata 
est ici l’espèce la plus nombreuse. Thermophile, elle rencontre dans les régions 
situées entre 12° et 30° de latitude nord, un milieu favorable à son développement. 
Le prélèvement le plus riche correspond à une température de 28°83 en surface et 
27°70 à 13 m de profondeur.

Quant aux salinités des eaux qui baignent les bancs Dahlac, elles sont assez fortes 
(37,39-38,60°/°°) pour les couches de surface, mais dans d’autres secteurs de la Mer 
Rouge, elles peuvent atteindre 40,5 à 41 ° / oa. S.  inflata supporte donc de très fortes 
salures, bien qu’on la mentionne en très grande abondance dans le golfe de Guinée 
où les teneurs sont relativement basses (35 °/°° environ).

Elle est présente ici sur toutes les stations, en proportions inégales cependant (fig. 3). 
La richesse de ces pêches côtières et superficielles s’accorde bien avec le caractère 
épiplanctonique reconnu à l’espèce.

7
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Fig. 3. Répartition de Sagitta inflata autour de l’archipel Dahlac (la carte est établie d’après le 
nombre moyen de spécimens par station).

Plus de la moitié des individus sont immatures, 30% environ ont des ébauches 
d’organes sexuels, le cinquième seulement est adulte. Jeunes et adultes fréquentent 
les mêmes zones car on les trouve ensemble aux mêmes stations.

Sagitta regularis A ida, 1897.

Nous avons précisé, sur une cinquantaine d’individus empruntés au prélèvement 
le plus riche (Landing Bay), les caractéristiques de l’espèce dans le secteur de Dahlac :

8
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Longeur 
totale (mm)

Segment
caudal
% l t

Crochets Dents
antér.

Dents
postér.

Stades de maturité 
sexuelle

3,7-6,0 29,6-26,8 6 4-6 8 - 1 2 1-11 et III

La plupart des spécimens sont de très petite taille et immatures ou sexuellement 
peu développés. On a noté l’existence, au niveau du cou, d’une colleiette que l’on 
distingue encore le long du tronc. La nageoire caudale est garnie de boutons épider- 
miques en houppes. Les vésicules séminales (fig. 4) s’observent dès 5 mm; légèrement 
élargies à la partie antérieure, elles vont en s’amincissant vers la nageoire caudale 
dont elles sont parfois séparées par un groupe de cellules sensorielles ciliées. Elles 
s’ouvrent latéralement. Les ovaires mûrs dépassent la base des nageoires antérieures. 
Les yeux sont gros et toujours bien visibles (fig. 5 et 6).

Fig. 4. Sagitta regularis. Segment caudal et vésicules séminales. La nageoire caudale porte deux 
boutons épidermiques antérieurs bien visibles et deux, postérieurs, m oins nets.

Fig. S. Sagitta regularis. T ête, face dorsale. On note la grande dimension des taches oculaires.

9
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Fig. 6. Oeil gauche de Sagitta inflata (S.i.), S. regularis (S. rg.), K. pacifica (K.p.) et S. bedoti (S.b.); 
oeil droit de S. hispida (S.h.) et S. robusta (S. rb.).

On indiquera cependant que, contrairement aux descriptions classiques de l’espèce, 
la tête (fig. 5) n’est pas piriforme et que les dents postérieures sont en nombre relative
ment élevé.

Répartition

Déjà connue de la Mer Rouge et du golfe d’Eylath, S. regularis est bien représentée 
dans ces échantillons (près de 20%) mais très inégalement répartie (fig. 7), les pré
lèvements pouvant renfermer de un ou deux individus à plusieurs centaines. Le plus 
riche a été fait de nuit. La température des stations positives varie entre 27 et 29°5,



25 spécimens

Fig. 7. Répartition de Sagitta regularis autour de l’archipel Dahlac (d’après le nombre moyen de 
spécimens par station).

la salinité entre 38,2 et 38,6 °/°°.  S.  regularis, forme thermophile, paraît être également 
halophile ou au moins euryhaline.

L’écologie de cette espèce est encore assez imprécise. Les trois stades de maturité 
sexuelle étant représentés dans ces prélèvements, on peut en déduire qu’elle effectue 
son cycle complet en eaux superficielles. Ce serait donc une espèce épiplanctonique. 
Il faut noter cependant que les immatures prédominent nettement (80 %) ; il n’y a que 
13% de jeunes et 7% d’adultes.

En conclusion, S. regularis, bien que moins commune que S. inflata dans le secteur
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de Dahlac, semble trouver en eaux peu profondes, chaudes et à fortes salures, un 
milieu favorable à son maintien et à sa reproduction.

S ag itta  hispida C o n a n t , 1895 

Cette espèce est assez peu nombreuse dans le secteur de Dahlac (6% des récoltes).

M orphologie

Elle est sous sa forme la plus caractéristique, en “clou”, la tête volumineuse débor
dant le tronc de part et d’autre du cou (fig. 8). La collerette est bien développée 
jusqu’au ganglion ventral et parsemée de nombreux boutons épidermiques. Comme 
pour les espèces précédentes, les yeux ont été figurés (fig. 6).

Fig. 8. Sagitta hispida. Tête, face ventrae, et partie antérieure du tronc. On remarque la collerette 
hérissée de soies sensorielles.

Les caractéristiques locales de S. hispida sont les suivantes :

Longueur 
totale (mm)

Segment
caudal
% L T

Crochets Dents
antér.

Dents
postér.

Stades de maturité 
sexuelle

4,1-9,1 29,6-24,1 6-7 4-6 6-9 Ie t  11

La petite taille des individus tient à leur état sexuel peu avancé; on peut supposer 
qu’ils dépasseraient largement 10 mm au stade III. La population comprend en 
effet 88% d’immatures et 12% d’individus approchant plus ou moins de la maturité 
sexuelle sans l’atteindre. L’absence d’adultes est probablement due au hasard des 
récoltes, car il est vraisemblable qu’ils vivent sur les mêmes lieux et aux mêmes 
niveaux approximatifs que le reste de la population.
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R épartition

Sept prélèvements sur quinze renferment S . hispida qui a donc une répartition 
irrégulière dans l’archipel (fig. 9). Du reste, d’après les mentions antérieures, sa 
distribution semble inégale sur l’ensemble de la Mer Rouge (tabl. 2). Ceci tient 
peut-être aux salinités très fortes, car on sait qu’elle peuple surtout les zones relative
ment diluées (golfe de Guinée, par exemple). En revanche, espèce tropicale, ce ne peut 
être la température qui constitue pour elle le facteur limitant. C’est une forme 
épiplanctonique et néritique qu’il est normal de rencontrer dans des pêches telles 
que celles de cette campagne.

25 spécimens

Fig. 9. Répartition de Sagitta hispida autour de l’archipel Dahlac (d’après le nombre m oyen de 
spécimens par station).
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Krohnitta pacifica A i d a , 1887. 

K . pacifica  est relativement rare (2 % environ).

M orphologie 

Ses caractéristiques peuvent être résumées ainsi:

Longeur 
totale (mm)

Segment 
caudal 
% LT

Crochets Dents Ovaires
%LT

Stades de maturité 
sexuelle

4,0-6,5 34,7-29,1 7-9 11-13 16,2-22,5 11 et III

Malgré ces dimensions restreintes, de nombreux spécimens sont mûrs. Les adultes 
représentent en effet 43,4% des récoltes et c’est la seule espèce dont la proportion 
d’individus mûrs soit plus forte que celle des immatures (20%).

L’allométrie négative affectant la croissance du segment caudal est caractérisée. 
Les ovaires mûrs dépassent nettement le bord antérieur des nageoires latérales. Les 
yeux ont été représentés (fig. 6). Ils sont relativement petits, très proches l’un de 
l’autre et en position très postérieure sur la tête; ils renferment une tache pigmentée 
circulaire.

Répartition

K . pacifica  a été identifiée dans six récoltes dont deux seulement relativement 
riches, les autres ne comportant que des individus isolés (fig. 10). Peut-être les fonds 
sont-ils trop faibles autour de l’archipel pour convenir à une espèce, épiplanctonique 
certes, mais qui n’est pas absolument néritique. Quoi qu’il en soit, elle n’avait pas été 
signalée en Mer Rouge. Sa présence dans toute la partie nord-ouest de l’Océan 
Indien, et notamment dans le golfe d’Aden (C o d a c c io n i, 1965), suggère un transport 
par le détroit de Bab-El-Mandeb dans le sud de la Mer Rouge, bien que le nombre 
des captures (55 spécimens) puisse laisser supposer l’existence d’un petit peuplement 
local permanent.

S ag itta  bedoti B e r a n e k , 1895.

Elle est rare dans le secteur de Dahlac: les prises ne totalisent que 8 spécimens 
(fig. 11). Malgré ce petit nombre, les trois stades de maturité sexuelle sont représentés.

M orphologie

Ses caractéristiques correspondent bien aux descriptions antérieures, notamment 
celle d’échantillons de l’Océan Indien et du golfe d’Aden (G h ir a r d e l l i, 1947).

Rappelons les principales, pour compléter le tableau des mensurations donné 
ci-après :
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25 spécimens

Fig. 10. Répartition de Krohnitta pacifica autour de l’archipel Dahlac (d’après le nombre moyen 
de spécimens par station).

Longueur 
totale (mm)

Segment
caudal
% LT

Crochets Dents
antér.

Dents
postér.

Ovaires 
% LT

Stades de maturité 
sexuelle

4,5-7,6 II
6,4-8,5 24,4-22,5 6-7 8-12 12-26

21,0 III

Le caractère le plus net est le nombre très élevé de dents, sutout celles de la rangée 
postérieure, pour une espèce de petite taille (fig. 12). Les diverticules intestinaux sont
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25 spécimens

Fig. 11. Répartition de Sagitta bedoti (carrés noirs) et de Sagitta robusta (carrés blancs) autour de 
l ’archipel D ahlac (d’après le nombre moyen de spécimens par station).

bien individualisés. L’oeil, avec une tache pigmentaire centrale incurvée en croissant, 
rappelle celui de S. hispida (fig. 6). Les ovaires, infléchis vers les parois du corps au 
niveau de la constriction caudale et contenant des oeufs de taille différente sut deux 
files, sont accompagnés par des réceptacles séminaux en cordons opaques. Les 
vésicules séminales, globuleuses mais sans tête différenciée, s’ouvrent latéralement. 
Très proches des nageoires postérieures, elles sont réunies à la caudale par un pont 
tégumentaire (fig. 13).
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Fig. 12. Sagitta bedoti. Tête, face dorsale. Les dents postérieures, très nombreuses et très longues, 
rejoignent celles de la série antérieure, plus courtes et disposées en demi-cercle. L’oeil 
gauche est visible sous forme de la tache pigmentée incurvée en croissant.

Fig. 13. Sagitta bedoti. Partie postérieure du segment caudal et vésicules séminales mûres. 

Répartition

Rare dans l’archipel Dahlac, nous l’avons dit, S. bedoti doit l’être aussi sur l’en
semble de la Mer Rouge car elle n’y avait encore jamais été signalée. Or elle a été 
mentionnée à plusieurs reprises au voisinage (golfe d’Aden et côte des Somalies: 
G h jr a r d e l l i, 1947) et c’est un hôte habituel de l’Océan Indien. D o n c a st e r , par 
exempté, note sa. grande abondance autour des îles Maldives et la tient pour une 
espèce caractéristique de l’Indo-Pacifique.

On peut donc la considérer comme un élément transporté assez sporadiquement de 
l’Océan Indien dans la partie méridionale de la Mer Rouge à travers le détroit 
de Bab-El-Mandeb. Après ec transport, elle se maintiendrait dans les secteurs 
néritiques, tel celui de Dahlac, conservant le caractère côtier qui lui est attribué dans 
les océans Pacifique et Indien où elle peuple généralement les zones de faible pro
fondeur (T o k io k a  1959, 1962).

17

285



Sagitta  robusta D o n c a s t e r , 1902.
La présence de l’espèce dans ces prélèvements est réduite à deux individus (fig. 10) 

qui ont permis l’observation assez précise des particularités suivantes: la taille 
respective de ces sujets mûrs est de 11 et 13 mm. La collerette, relativement développée, 
est discernable du cou aux vésicules séminales ; les nageoires postérieures comportent, 
au niveau des papilles génitales, une zone semi-elliptique dépourvue de rayons. Les 
ovaires, particulièrement longs, font 58 à 60 % de la LT et atteignent la région du cou ; 
les papilles génitales sont très saillantes; les vésicules séminales, renflées dans la 
partie antérieure, se prolongent en avant, le long des nageoires postérieures, par une 
bande tégumentaire étroite (fig. 14). Les yeux, volumineux, renferment une tache 
oculaire pigmentée subrectangulaire importante (fig. 6).

0 5  m m

Fig. 14. Sagitta robusta. Segment caudal et vésicules séminales mûres.

Longueur 
totale (mm)

Segment
caudal
% l t

Crochets Dents
antér.

Dents
postér.

Ovaires
%LT

Stades de maturité 
sexuelle

1 1 -1 3 29 6 6 8-10 58-60 III

Citée pour la première fois de la Mer Rouge, S. robusta paraît y être très rare, 
alors qu’elle est répandue dans le Pacifique et l’Océan Indien d’où elle a été décrite 
(îles Maldives). Elle se rencontre notamment dans tout le nord-ouest de cet océan, 
avec une abondance plus grande en Mer d’Arabie et dans le golfe d’Aden (C o d a c c io n i , 
1965). Comme pour S. bedoti, il semble vraisemblable d’admettre son transport en 
Mer Rouge à partir du peuplement de l’océan voisin.

o
o o

Les pêches planctoniques effectuées en 1962 dans les eaux de l’archipel Dahlac 
ont rapporté un échantillonnage de Chaetognathes relativement abondant (piès de 
2500 spécimens) mais peu varié (6 espèces) dont l’étude a présenté un triple intérêt : 
celui d’établir l’inventaire et les proportions numériques des diverses espèces peuplant 
le secteur, celui de compléter les connaissances relatives au peuplement de Chaetog
nathes de la Mer Rouge, enfin celui de préciser les relations faunistiques entre cette 
dernière et l’Océan Indien.
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Les résultats antérieurs ont été confirmés par la capture d’espèces comme S. inflata, 
S. regularis et S. hispida, déjà connues de la Mer Rouge et très largement repré
sentées dans l’Océan Indien. S. inflata serait le plus commun des Chaetognathes 
épiplanctoniques de la Mer Rouge; S. regularis en serait également un élément 
caractéristique. Quant à S. hispida, sa pullulation serait empêchée en certains points 
par les teneurs en sei trop élevées.

Cependant, plusieurs espèces précédemment récoltées en Mer Rouge ne figurent 
pas dans les prélèvements étudiés: S. bipunctata, S. serratodentata, S .pacifica , S . hexa
p tera , P . draco et K . subtilis. Leur absence s’explique du reste par le caractère néritique 
des eaux entourant l’aichipel. En effet, S. bipunctata appartient normalement à 
l’épiplancton d j  large, S. serratodentata, S . pacifica, P . draco et K . subtilis font partie 
du mésoplancton (couches de 200 à 500 m) et S. hexaptera, du bathyplancton (couches 
inférieures à 500 m). Il était donc peu probable qu’on les rencontre sur l’aire pros
pectée.

En revanche, nous avons montré la présence de trois Chaetognathes encore non 
mentionnés (K . pacifica, S . bedoti et S. robusta), portant à 12 le nombre d’espèces 
actuellement connues en Mer Rouge.

Pour les deux dernières au moins de ces formes nouvelles, typiquement indo
pacifiques et plusieurs fois signalées du golfe d’Aden, il semble que l’on puisse in
voquer, à partir de l’Océan Indien, un transport plus ou moins sporadique et limité 
au sud de la Mer Rouge, dont l’irrégularité et la localisation expliqueraient à la fois 
la rareté de ces espèces et le fait qu’elles aient échappé jusqu’ici aux investigation . 
Le cas de P. draco, observée à raison d’un seul spécimen dans le détroit de Bab-el- 
Mandeb ( G h ir a r d e l l i , 1947) mais en abondance dans le golfe d’Aden (C o d a c c io n i , 

1965), serait analogue.
On peut donc considérer le peuplement de l’archipel Dahlac comme constitué par 

un petit nombre de formes néritiques et épiplanctoniques pérennes (S agitta  inflata,
S. regularis, S . hispida et peut-être K. pacifica), sporadiquement enrichi par l’arrivée 
de transfuges issus du golfe d’Aden (S . bedoti et S. robusta notamment, sans doute 
aussi P. draco).

RÉSUMÉ

Le matériel étudié a été récolté au cours de l’expédition israélienne de 1962 dans le sud de la Mer 
Rouge, en mars et avril, en surface ou subsurface par pêches horizontales ou verticales (100-0m) 
entre 8 et 9 h le matin, ou la nuit pour quelques-unes.

Cette étude a  permis d ’établir l’inventaire et les proportions numériques des diverses espèces 
peuplant le secteur, de compléter la connaissance du peuplement de Chaetognathes de la Mer Rouge  
et de préciser les relations faunistiques de cette dernière avec l’océan Indien.

2477 Chaetognathes ont été déterminés. Ils comprennent 6 espèces: Sahitta inflata, S. regularis 
S. hispida, S. bedoti, S. robusta, K. pacifica.

Ce sont toutes des formes néritiques ou semi-néritiques et de surface ou de subsurface mais leur 
abondance relative est très inégale. S. inflata est largement dominante. Ce serait le plus commun 
des Chaetognathes de la Mer Rouge. S. regularis en serait aussi un élément caractéristique.

Trois des espèces sont pour la première fois signalées de la Mer Rouge: K. pacifica, S. bedoti 
et S. robusta. Les deux dernières, typiquement indo-pacifiques et déjà mentionnées du golfe d ’Aden, 
sont vraisem blablem ent transportées plus ou  m oins sporadiquement dans le sud de la Mer Rouge. 
Il semble en être de même de Pterosagitta draco qu’on n’a encore citée que du détroit de Bab-El- 
Mandeb.
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Au total, 12 espèces sont actuellement connues en Mer Rouge mais cinq, récoltées par d’autres 
auteurs, ne figurent pas dans ces collections: S. bipunctata, S. serratodentata, S.pacifica, S. hexaptera 
K. subtilis. Leur absence s’explique par le caractère néritique des eaux entourant l’archipel Dahlac.

SUMMARY

The material reported on in this paper was collected during the Israel South Red Sea Expedition, 
M arch-April 1962. The samples were taken in horizontal and vertical (100-0m ) hauls, either in the 
morning at 8-9  h, or at night.

The present study establishes the species inventory o f the investigated area as well as their part in 
the species com position. The material in hand supplements our knowledge o f  the Red Sea chaetog- 
naths and helps formulating the faunistic interrelations between the latter and those o f  the Indian 
Ocean.

2477 chaetognaths specimens were identified, belonging to 6 species: Sagitta inflata, S. regularis, 
S. hispida, S. bedoti, S. robusta, and Krohnitta pacifica. All o f  them are neritic or semi-neritic forms 
and members o f  the surface and subsurface plankton; however, their relative abundance is strikingly 
different. S. inflata is, by and large dominant. It probably is the m ost com mon o f  the Red Sea species.
S. regularis is as well a substantial Red Sea element.

The three species new to the Red Sea are K. pacifica, S. bedoti and S. robusta. The two latter 
species which are typically indo-pacific elements and have already been indicated for the G ulf o f  
Aden, are probably more or less sporadically transported into the southern section o f  the Red Sea. 
This seems to be the case also regarding Pterosagitta draco which has so far been reported only 
from the Straits o f  Mandeb.

Altogether, 12 species o f  chaetognaths are known to occur in the Red Sea, but five o f  them, col
lected by other authors, are not included in the present collection: Sagitta bipunctata, S. serrato
dentata, S. pacifica, S. hexaptera and Krohnitta subtilis. Their absence is explained by the neritic 
nature o f  the seas which surround the Dahlak Archipelago.

BIBLIOGRAPHIE

C o d a c c io n i, J. C., 1965. Chaetognathes du nord-ouest de l’Océan Indien (golfe d’Aden, mer d’Arabie, 
golfe d ’Oman, golfe Persique). D.E.S., Faculté des Sciences, Marseille.

D o n c a ster , L ., 1902. Chaetognatha, with a note on the variation and distribution o f  the group.
Gardiner's fauna and geography o f  the Maldire and Laccadive archipelagoes, 1: 209-218. 

F u r n e st in , M. L., 1958. Quelque échantillons de zooplancton du golfe d’Eylath (Akaba). Sea Fish.
Res. Stn. Haifa, Bull., (16): 1-9.

G h ir a r d e l l i, E., 1947. Chetognati raccolti nel Mar Rosso enell ‘Océano Indiano dalla nave “Cherso” .
Boli. Pesca Piscic. Idrobiol., 2(2): 253-270.

O r e n , O. H ., 1962. The Israel South Red Sea Expedition. Nature, 194 (4834): 1134-37.
 , 1964. Hydrography o f  Dahlak Archipelago (Red Sea). Sea Fish. Res. Stn. Haifa, Bull.,

(35) :3-22.
R it t e r -Z a h o n y , R . von, 1909. Chätognathen. In ’. Zool. Ergebn, Expedition S.M .S. Pola in das 

R ote Meer, 1895-1898. Denkschr. Akad. Wiss. Wien, 84 : 43-54.
Sc h il p , H ., 1941. Biological results o f  the Snellius Expedition, XI. The Chaetognatha o f  the Snellius 

Expedition. Temminckia, 6 : 1-99.
Ste in h a u s , O., 1896. D ie  Verbreitung der Chaetognathen im Sudatlantischen und Indischen Ozean. 

Inaug. Diss. Kiel, 49pp.
St e in it z , H ., 1965. Comments- on geographical names on the Expedition’s map. Sea Fish. Res.

Stn. Haifa, Bull., (38):60-63.
Tokioka, T., 1959. Observations on the taxonomy and distribution o f  chaetognaths o f  the North 

Pacific. Publ. Seto Mar. Biol. Lab., 7  (3) : 349-456.
1962. The outline o f  the investigations made on  chaetognaths o f  the Indian Ocean. Inform. 
Bull. Planktol. Jap., (8): 5-11.

20

288



R eprin ted  from  Bilii. Sea Fish. Res. Sia., H aifa , no. 52, 1968, p. 21-55

ISRAEL SO U TH  RED SEA EXPEDITIO N, 1962, REPORTS  
No. 33

REPORT ON THE FISHERIES INVESTIGATIONS 
OF THE ISRAEL SOUTH RED SEA EXPEDITION, 1962*

by

A . B e n -T u v i a **
Sea Fishesies Research S ta tion , H aifa

CONTENTS

Introduction
General information on the Red Sea
Sources of data
Pelagic fisheries
Trawl fisheries
Hook and line fishing

Inshore fisheries 
Commercial fishes 
Commercial invertebrates 
Ackn o wledgment s 
Summary 
References

In t r o d u c t io n

One of the purposes of the Israel South Red Sea Expedition (ISRSE) which took 
place during March and April of 1962 was to collect data on the fisheries resources 
of the Ethiopian coast.

The information gathered is incorporated with other data collected by the author, 
to form a preliminary account of the biology and distribution of commercial fishes 
and invertebrates in the Red Sea and the possibilities of their commercial exploitation. 
The present paper is based on an earlier report on the fisheries resources of the 
Red Sea published in Hebrew (B e n -T u v ia , 1963) which gave a brief survey. The 
material, in addition to that of the ISRSE, includes observations made in Eilat since 
1949, some data from experimental fishing along the coast of Eritrea in 1957-1958 
and those collected during a brief survey along the Sinai Peninsula in 1956. The 
collections of the Sea Fisheries Research Station, Haifa, the Hebrew University of 
Jerusalem, and Tel-Aviv University were available for study. These together form 
one of the largest collections of Red Sea Fishes and total approximately 600 species.

Some fisheries investigations have been made along the coasts of the countries 
bordering the Red Sea (S a n t u c c i , 1934; B e r t r a m , 1953; A n o n y m o u s , 1954b; 
K r ist jo n sso n , 1956; A n o n y m o u s , 1958; B e n -T u v i a , 1958; A n o n y m o u s , 1959; A n o n y 

m o u s , 1962; B e n - Y a m i , 1964,1966). In general, however, the statistical and biological 
data are grossly inadequate for the assessment of the resources and additional studies 
are strongly recommended.
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„  * Supported by contract N o . 62258-3335 between the U .S . Office o f  Naval Research, Depart
ment o f  the Navy, and Tel-Aviv University.

** Present address: Marine Biology and Environment Branch, Fishery Resources and Exploi
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G e n e r a l  In fo r m a t io n  o n  t h e  R e d  S ea

The coasts of the Red Sea stretch from Eilat and Suez in the north to the Strait 
of Bab-el-Mandeb in the south, a distance of about 2,200 km (1,200 miles). It attains 
a maximum breadth of 352 km (190 miles) in the southern part near Massawa.

The fishing grounds can be divided into four areas, according to the type of fishing 
and the present state of exploitation.

1. Gulf of Eilat (Aqaba) —■ deep and completely unsuitable for trawling;
2. Gulf of Suez — rather shallow and with many banks suitable for trawling;
3. The northern section of the Red Sea proper — mostly deep and not good for 

trawling;
4. The central and southern Red Sea — fairly rich in fishes and with extensive 

banks for trawling.
It is unlikely that the primitive fishing methods at present used along the Red Sea 

coast can fully exploit local resources. The available material provides an estimate 
of the average total annual catch as approximately 39,380 metric tons of fishes 
(Table I).

TABLE I

T h e  E s t im a t e d  A v e r a g e  A n n u a l  C a t c h  o f  M a r in e  F is h e s  o f  t h e  C o u n t r ie s  B o r d e r in g  t h e

R e d  S e a

Country C atch  
in tons

Sources o f  inform ation

Ethiopia 1 4 ,0 0 0 B e n - Y a m i  (1 9 6 4 )

Israel (Eilat) 2 0 0 A u thor’s estim ate
Jordan (A qaba) 1 8 0 A n o n y m o u s  ( 1 9 6 6 a )

K am aran I. 5 0 0 A uthor’s estim ate
Saudi A rabia 5 ,0 0 0 A n o n y m o u s  ( 1 9 6 6 b )

Sudan 3 0 0 K r is t  j o n s s o n  (1 9 5 6 )

U A R 1 6 ,7 0 0 M ie t l e  (1 9 6 6 )

(R ed Sea and Suez C anal)
Y em en 2 ,5 0 0 K e r r  (1 9 6 6 )

T otal 3 9 ,3 8 0

S o u r c e s  o f  D a t a

Israeli fisheries research and some experimental fishing was started in Eilat in 1949 
and this provided the preliminary information on the marine resources and possibilities 
of commercial exploitation in this area. Additional information was obtained during 
a survey along the coast of the Sinai Peninsula in the year of 1956 (O r e n  et al., 1956). 
In 1957 and 1958, experimental trawl fishing and biological investigations were 
carried out along the coast of Ethiopia. This was followed by the establishment of a 
successful trawl fishery. Much valuable material was collected on the biology and 
hydrography of the area during the ISRSE in the spring of 1962 (O r e n , 1963).
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Data on fish and fisheries resources were also collected at that time in the area of 
the Dahlak Archipelago and that of Massawa. The material was collected in the 
following ways :

1. Trolling gear, from a fibreglass boat, 4 meters long, propelled by an outboard 
motor of 15 h.p. — the trolling speed was usually about five knots. With this method, 
mostly large pelagic fishes were caught. Bottom fishes were occasionally caught in 
shallow waters 3-6 meters deep.

2. Small-meshed beach seine operated by two people used in shallow waters for 
collecting small fishes.

3. Trammel net set on two occasions only ; it proved to be unsuitable for the rough 
ground of the area covered almost everywhere by small corals and stones which got 
entangled with the delicate webbing and prevented effective use of the net.

4. Underwater spearing.
5. Fishing by commercial boats: the Fishing Vessel Stella was engaged for a three- 

day trip in experimental purse seining for scombroids (the crew also did some com
mercial beach seining on this trip). Observation and material was also obtained 
during a one-day trip on a small trawler engaged in commercial fishing near Massawa.

6. “Pro-noxfish” poison used extensively in shallow coastal water.
7. Special survey of coastal fish community on Entedebir Island (C l a r k  et al., 1967)
Length measurements of specimens are standard lengths unless otherwise stated.

P e l a g ic  F isheries

No specialized fishing methods are at present in use for the capture of pelagic 
fishes in the Red Sea. They are mostly of a primitive character and confined to use 
of beach seines, gill-nets and hooks. The catch is composed almost totally of sardine 
and anchovy and amounts to about 10,000 tons per annum. Exploratory pelagic 
fishing was carried out by the Fisheries Department of Israel in the southern part 
of the Red Sea, during February and March 1962 (P o r a t , 1962). The F/V Stella  was 
engaged for this period to carry out the investigations. The author joined the group 
on one of their trips and frequently observed schools of jumping scombroids, partic
ularly in the Zula Bay. On one occasion, 26 specimens of Auxis thazard  and 2 speci
mens of Euthynnus affinis were captured.

From the various observations and studies made in this area, and particularly from 
the exploratory fishing carried out under the FAO/TA Project in 1964, (A n o n y m o u s , 
1967) there is a strong indication that a more extensive pelagic fishery could be 
developed. If the local stocks of Thunnus, Auxis, Euthynnus, Scomber and Rastrelliger 
were exploited, there should be a sufficient supply for a canning industry.

Various fishing gear and methods were tried by Israeli fishermen in the Red Sea 
but with limited results:

1. purse seine for scombroids,
2. trolling gear,
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3. Japanese lunglines,
4. beach seines,
5. gili nets,
6. fishing with artificial lights and purse seine.
The latter fishing method, commonly used in the Mediterranean for sardines and 

other small inshore-pelagic fish, seems to be ineffective in the Red Sea, as indicated 
by several attempts in Eilat and Massawa. Only small quantities of fish, mostly 
silversides (Atherinidae) were attracted by the lights. The important clupeoid fishes, 
such as Sardinella sirm , H erklotsichthys (Harengula) punctata and Stolephorus hetero
lobum, which are abundant in the southern Red Sea, do not appear near the lights in 
commercial quantities.

It is interesting to note that encouraging results with purse seining in association 
with light attraction have been obtained in the Zanzibar Channel (L osse , 1964).

T r a w l  F ish er ies

Extensive data were collected during exploratory trawling trips along the coast of 
Ethiopia during the period of August 1957-May 1958 ( A n o n y m o u s , 1959), promoted 
by the Department of Fisheries, Ministry of Agriculture of the Government of Israel. 
The author participated in a number of these trips and collected a large quantity of 
material, mostly on the deck of the trawler, N eghisii Saba. As a result of this explora
tory fishing, four modem trawlers began to work along the Ethiopian coast and their 
catch was sent to the Israel market through the port of Eilat. Their total annual catch 
for the period 1958-1965 is given in Table II, which is based on data taken from the 
statistical report “Israel Fisheries in Figures” of the Israeli Ministry of Agriculture, 
Department of Fisheries.

A considerable decrease in yearly catches can be noted for the period 1963-1965 
as compared with 1961-1962. The explanation for it lies in the fact that up to the end 
of 1962 a special transport vessel subsidized by the Government of Israel was operating 
between Massawa and Eilat. This service was discontinued after 1962 and the trawlers 
transported their catches themselves, which resulted in a decrease of the number of 
fishing days. However, no pronounced decrease in catch per unit of effort was noticed 
during this period.

Some trawling has been carried on for the past fifteen years off the coast of Massawa 
by 3 to 4 small local trawlers. These supply small quantities of fish, crustaceans and 
molluscs to the local market, where the demand is mostly for flat fish, groupers, 
snappers and particularly for squids and shrimps.

These trawlers are old and use gear and nets of poor quality. It is not surprising 
that their catches are low, particularly since they have been fishing continuously on 
the same grounds in Harkiko Bay for many years. As not all the edible fishes are 
accepted on the local market, the profits are low.

The author joined one of these small trawlers in April 1962 and recorded the daily 
catch. The fishing started at 4.00 a.m. and continued until 4.00 p.m., one haul being 
made every four hours. The total commercial catch for the day, consisted of two
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TABLE II

C a tch es  (in  to n s) o f  I sraeli T r a w ler s  in  E t h io p ia n  W aters

Year Catch Number o f  trawlers

1958 65.1 1
1959 55.4 1
1960* 180.0 3
1961* 930.0 3
1962 1,030.0 4
1963 562.5 4
1964 645.0 4
1965 686.7 4

* About 20% o f  the catch was obtained by hooks.

boxes of large shrimps, two boxes of squids, two boxes of flatfish (Psettodes) and four 
boxes of medium and large fishes. Other fishes, such as medium and small lizard fish 
and golden-threadfin, do not sell on the local market and are normally thrown out 
overboard. Including the non-commercial fishes, the total daily catch amounted to 30 
boxes or 3.3 boxes (about 50 kg) per hour of trawling.

The catches of the newer trawlers operated by mixed Israeli and Ethiopian crews 
are much higher. According to the data collected by the author on the deck of the 
F/V N eghisti Saba during its exploratory fishing trip September-December 1957, 
the catch per unit of effort (hour of trawling) was 17.2 boxes (258 kg) of marketable 
fishes in the area south of Massawa and 17.3 boxes (260 kg) in the area north of 
Massawa. This catch per unit of effort was calculated after eliminating the unsuccessful 
hauls resulting from working on unfamiliar fishing grounds, where occasional rocks 
damaged the nets. On including the unsuccessful hauls, the catch per unit of effort 
amounted to 13.9 boxes (208 kg). The catch of this same vessel fishing on entirely 
commercial trips during the period June 1958-February 1959 averaged 19.1 boxes 
(287 kg) per unit of effort.

An Italian trawler, of a size and gear similar to that of the N eghisti Saba was 
engaged in exploratory fishing along the coast of Saudi Arabia during December 
1952-March 1953 ( A n o n y m o u s ,  1954b) and obtained much lower catches: 11.5 boxes 
(172.6 kg) of commercial fishes per hour of trawling. Its largest landings were obtained 
near Kunfida, about 200 miles north of Massawa along the Saudi Arabia coast. 
Twelve hundred kg of fish were caught during two hours and 50 min. at 17-19 fathoms 
depth. North of Kunfida the catches were much lower, which may indicate that the 
northern part of the Red Sea is less productive than the southern part.

The comparatively large catches taken along the Ethiopian coast indicate the high 
productivity. They are mostly composed of small and middle size fishes of rather low 
commercial value. As shown in Table III, about half of the catch, 51.6%, consists of 
lizard fish (Saurida tum bil), and 31.3% of golden-threadfin {Nemipterus japonicus). 
Together they constitute almost 83% of the commercial trawl fishes. Other fishes 
of commercial importance were: goat fish {Upeneus moluccensis) and barracuda 
{Sphyraena sp.sp.). These catches resemble those taken in the eastern Mediterranean
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along the coast of Israel and Southern Anatolia which consist also largely of lizard 
fish (Saurida undosquamis) and pandora (Pagellus erythrinus), a fish resembling 
closely in form and size the golden-threadfin.

TABLE HI
C o m p o s itio n  o f  t h e  C a t c h  o f  t h e  F/V Neghisti saba D u r i n g  S e p te m b e r-D e c e m b e r  1957

Lizard fish Golden-threadfin 
small large small large

G oat fish bar
racuda

Other fishes 
small large

Total

Number o f 59 265 63 134 12 33 31 32 629
boxes

Percentage 9.3 42.3 10.0 21.3 1.9 5.3 4.9 5.0 100%

Table III shows that the total catch of commercial fishes duiing exploratory fishing 
in 1957 amounted to 629 boxes (15 kg/box) which is approximately equal to 9 metric 
tons. In addition to it, 70 boxes of elasmobranchs and small quantities of squids and 
crustaceans were caught.

During the years of 1960-1965, three to four trawlers with a mixed Israeli-Ethiopian 
crew operated in the southern Red Sea. The skippers of these boats complained that in 
1962 the catch dropped considerably on the fishing grounds near Massawa, from 
Sheikh-El-Abu in the north to Umm-Es-Sarig in the south. During the spring and 
summer of 1962, most of the fishing vessels were working close to Shab Shakhs or 
even further south. It was assumed that intensive fishing in the vicinity of Massawa 
reduced the yield. In the autumn of the same year, the fishermen found the Massawa 
fishing grounds profitable again and resumed their work in those areas. This quick 
recovery suggests that natural factors, rather than over-fishing, played the major role 
in the temporary decrease of catches. Trawling grounds along the Ethiopian coast 
extend hundreds of miles to as far south as Assab or even further south, but fishing 
there presents additional difficulties such as a sea that is often rough, and the lack of 
harbour facilities. The fishing grounds in the vicinity of Massawa are, for the time 
being, very important and their resources should be investigated thoroughly, in order to 
prevent over-fishing. There is no doubt that the fishing grounds along the coast of 
Ethiopia are rich enough to support the present, or an increased, number of trawlers 
without danger of depletion of the resources. It is feasible to enlarge the trawler fleet. 
However, it would be preferable to employ large modern trawlers that could work on 
more distant grounds.

H o o k  a n d  L in e  F ish in g  

Experimental line fishing along the coast of Ethiopia was tried in 1960 with a small 
commercial F/V Stella  ( A r ia v , 1961). Encouraged by its success, the trawlers also 
spent some time during 1960-1961 fishing by hook-and-line. Red snapper (Lutjanus 
gibbus) formed the greater portion (57 % ) of the catch (Table IV), along with other 
lutjanids, serranids, lethrinids, carangids and pomadasyids. The mixed Ethiopian and
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Israeli crews worked in the area of the Dahlak Archipelago at depths varying from 
10 to 60 fathoms. Each fisherman used a single line with one or two hooks attached. 
The best fishing areas for hook-and-line were over rocks and corals. The catch varied 
greatly according to fishing grounds and season. Occasionally, each fisherman could 
land as much as 15 large fishes an hour (total weight 50-100 kg) but the average 
weight per catch was much lower. From the data for 1960 (Table V) the average 
catch per angler per hour was 14.52 kg. This calculation is based on the assumption 
that one box of large fish equals 20 kg.

The fishes caught by hook-and-line were sold in Israel but at low prices, as the red 
snapper is not considered a high quality fish. Thus one-and-a-half years after the 
initial enthusiasm, this fishery was discontinued in 1962 because of poor profits.

T A B L E  IV

C a tc h  C o m po sit io n  o f  H o o k -a n d -L in e  F is h in g , Septem ber- D ecember 1960

G roup o f  fishes N um ber o f  boxes V/ o

R ed  snapper {Lutjanus gibbus) 311 57.2

G roupers (Serranidae) 92 16.9

Scavengers (Lethrinidae) 85 15.6

Varia 56 10.3

total 544 100.0

T A B L E  V

H o o k  a n d  L in e  C a tc h es , Septem ber- D ecember 1960

D a te N um ber o f  
fisherm en

H ours C atch in  
boxes

15. 9 .60 7 4.5 35
18. 9 .60 7 3.0 20
19. 9 .60 7 2 .0 17
22 . 9 .60 6 3.0 71
27 . 9 .60 6 2.5 71
12.10.60 8 6.5 24
13.10 .60 8 14.5 57
14 .10 .60 8 2 .0 3
17.10.60 8 6.5 37
18.10.60 8 14.5 46
16.12 .60 7 9.0 25
18.12 .60 6 6.0 40
19.12 .60 6 12.0 20
21 .12 .60 8 14.0 68
22.12 .60 8 4.0 10

T otal
A verage

108
7.2

104
6.93

544
36.27
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I n s h o r e  F is h e r ie s

Under this heading are included various fishing methods used in shallow inshore 
waters. Fishing with the beach seine used successfully in Eilat and in the southern 
Red Sea, is one of the common methods, as is fishing with gill-nets, trammel nets, 
cast nets and traps.

On March 22, 1962, the author was able to observe the use of a beach seine by the 
crew of the Stella on the eastern shoie of the Zula Bay opposite the village Aliberate. 
The majority of the fishes were caught early in the night during the first haul; only 
a few were taken in the second haul. The total catch amounted to about 300 kg. Six 
fishermen were engaged in fishing and one haul lasted approximately one hour. 
The catch consisted of carangids, belonids, hemiramphids, mugilids, lutjanids, 
sphyraenids, pomadasyids, milk-fish (Chanos chanos) and Monodactylus.

According to the author’s data and the information obtained from local fishermen, 
amount and composition of catch varies considerably. Hemiramphids and belonids 
occasionally form the major portion of the catch, and sometimes mackerels (Scomber 
japonicus and Rastrelliger kanagurta) are abundant.

C o m m e r c i a l  F is h e s  

S c o m b r i d a e

This family includes several species of great importance as food fishes. Most of them 
are widely distributed throughout the Indo-Pacific and adjacent seas, and many of 
them are cosmopolitan.

T h e  t a x o n o m i c  n o m e n c la t u r e  u s e d  i n  t h i s  p a p e r  i s  t h a t  o f  C o l l e t t e  a n d  G ib b s  

(1963).

Auxis thazard ( L a c é p è d e )  ; frigate mackerel (Fig. 2 a).
This fish is common in the Indo-Pacific including the Red Sea. In Eilat it forms 

the bulk of the catch, the main fishing season being April and May. No data are 
available on the catches of this species in other parts of the Red Sea but according to 
the author’s estimate it contributes only small quantities to local fisheries. On the 
other hand, it is exploited as a commercial fish in India, the Philippines, Japan, 
Hawaii and other parts of the Indo-Pacific.

According to the experience of the ISRSE in spring 1962 and from earlier data from 
the same area of the Ethiopian coast it <s evident that this fish is common in the 
southern Red Sea and could be exploited commercially.

No data are available on the spawning of this fish in the Red Sea. Fish caught in 
March 1962 near Massawa (Table VI) showed undeveloped gonads, very similar to 
those of specimens caught in Eilat during the spring months (March-May). Two 
ripening females observed off Massawa in September 1957 indicate that spawning 
takes place in summer as reported also from the Mediterranean ( C o l l i g n o n , 1961) 
and the Hawaiian Islands ( M a t s u m o t o , 1958; S t r a s b u r g ,  1959). In the area of the 
Philippine Islands young fish were found in March-May ( W a d e ,  1949) and larvae in 
January-March ( W a d e ,  1951). It was pointed out by the same author that young fish
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V

Fig. 2. Red Sea Scombroids. a. Auxis thazard; b. Euthynnus affinis; c. Katsuwonus pelamis; 
d. Thunnus albacares.
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were found on the fish market from the end of November until May. On the Pacific 
coast of Central America young fish were found in March and May (M ead , 1951 ; 
Schaefer and M arr , 1948). In the Gulf of Mexico many larvae were collected from 
March to August.

The length of fish caught in Zula Bay on 22 March 1962 are given in Table VI. 
Their sizes ranged between 33 and 39 cm with the modal value in the 35 cm size class.

TABLE VI
L e n g t h ,  F r e q u e n c y ,  D i s t r i b u t i o n  o f  

Auxis thazard f r o m  Z u l a  B a y , M a r c h  1962

Standard length (in cm) Number

33 1
34 4
35 7
36 5
37 2
38 3
39 1

Total 23

Specimens from Eilat caught on May 21,1962 were slightly smaller with the mode 
at 31 cm (Table VII). This fish usually appears in Eilat in large schools during March, 
April, May, and less frequently during June and the first part of July. It seems that 
only a small fraction of them are caught in Eilat by simple nets such as beach seine 
and gillnets used mostly to encircle a school of fish trapped in inshore waters.

TABLE Vn
Length, F requency, D istribution of 
Auxis thazard from E ilat, May 1 962

Standard length (in cm) Number

27 5
28 13
29 39
30 89
31 107
32 56
33 14
34 9
35 8
36 9
37 1
38 1
41 1

Total 352
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Very little is known about the migration of frigate mackerel in the Red Sea. The 
fish apparently come to Eilat from the south, but because of lack of data it can only 
be assumed in a speculative way that the fish are born on the spawning grounds 
situated in the middle or southern parts of the Red Sea and in spring, with warming 
of the sea, they migrate northward, probably in search of food. As recent studies have 
shown (R. L a n d a u ,  personal communication), those fish are predominantly less 
than one year old. It was also shown recently (R. L a n d a u , personal communication) 
in a preliminary comparison of populations from Eilat and Massawa that no statis
tically significant differences exist in morphometric and meristic characteristics of fish 
from those two areas 1,500 km apart.

Euthynnus affinis ( C a n t o r )  ;  l i t t l e  t u n a  (Fig. 2 b ) .

This species, found in the West Pacific, Indian Ocean and the Red Sea, is caught in 
Eilat in small numbers during most of the year. It is commercially exploited in India, 
Japan the Philippines, Indonesia and along the coast of Arabia.

There are no proper records on little tuna catches in the Red Sea. According to the 
author’s observations obtained in 1957 and 1962, the fish is abundant in the area of 
Massawa and it seems possible to exploit them commercially.

T A B L E  Vin
R ecords of Euthynnus affinis Caught in  the N eighbourhood of Massawa

Date Hour Locality Total length 
(in cm)

Gear

6.10.57 14.30 N15°23'; E40°12' 48.5 Trolling
3.12.57 11.30 N16°5';E39°25' — Trolling
9.12.57 14.30 10 miles south of Massawa 40.0 Trolling

10.12.57 8.15 Shaab-Shakhs 60.0 Trolling
11.12.57 13.30 Curdumiat 60.0 Trolling
12.12.57 — Urom Es Sharig Trolling
21. 3.62 18.00 Zula Bay 44.0 Trolling
22. 3.62 — Zula Bay 41.5 Purse seining
22. 3.62 — Zula Bay 44.0 Purse seining

The material examined consisted of several specimens caught in the southern 
Red Sea by trolling during October-December 1957 and by trawling and purse 
seining in March 1962. Occasional records were also taken of fish caught in Eilat 
during the period 1954-1962. Their sizes in commercial catches vary usually between 
30 and 40 cm.

Very little data is available on the spawning of little tuna in the Red Sea. A running 
male, 48.5 cm long, was caught 50 km south of Massawa on October 6, 1962. Speci
mens from Eilat caught in various seasons did not show ripe gonads. There is a 
possibility that little tuna does not spawn in the vicinity of Eilat, but this requires 
confirmation.

It was found b y  W a d e  (1950) that in the waters of the Philippines juvenile forms are
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present a i l  the year round. Some biological observations ou this species fi oni tile coast 
o f  E a s t  Africa a r e  given b y  M o r r o w  (1954), W i l l i a m s  (1963; 1964) and M e r r e t t  

a n d  T h o r p  (1965).

Katsuwonus pelam is ( L i n n a e u s )  ; skipjack (Fig. 2c).
This circumtropical fish is known to be exploited commercially in Japan, the United 

States, Philippines, India, Australia and many other countries. Very little is known 
on the occurrence of skipjack in the Red Sea. One specimen 70 cm long was caught 
off Massawa by trolling on 11 September 1957. Small quantities of this fish are taken 
occasionally in Eilat ; the author has the following records : 360 kg caught on 5 March 
1954. Those fish were 58-71 cm long with the mode of 65 cm and weight of about 4 kg 
per fish. Seven tons of fish, 65-73 cm long and weighing about 5 kg per fish, caught 
on 5 November 1958 ; 22 tons of fish, 62-70 cm long caught on 4 January 1959 ; three 
tons of fish 60-70 cm long, caught on 14 April 1959. These records of occasional 
catches indicate that this fish is common in the Red Sea and can be exploited com
mercially.

No data are available on the biology of this fish in the Red Sea. A number of 
specimens of skipjack were reported by W i l l i a m s  (1956, and in press) from the 
coast of East Africa, who examined their gonads and stomach content. M a t s v m o t o  

(1958) found juvenile forms in the Central Pacific Ocean during various months.

Thunnus albacares ( L o w e ) ;  y e l l o w f i n  t u n a  ( F i g .  2 d ) .

This commercially important fish is widely distributed through the Indo-Pacific. 
In several countries, particularly Japan and USA, there are big canning industries 
based on this fish. In the Gulf of Aden along the coast of Somali it forms the bulk 
of the local fishing industry ( A n o n y m o u s , 1954a).

Little is known of its occurrence in the Red Sea. Two specimens were caught off 
Massawa on 11 September 1957 by trolling. They were about 90 cm total length each. 
One of them, a male, was ripe with running milt. The other one, a female, did not 
have ripe gonads. The stomachs of these two fish contained scombroids, carangids, 
synodontids and holocentrids.

There are several records of occurrence of yellowfin at Eilat. On March 9, 1954, 
11 fishes of 225 kg total weight (average weight per fish 20.45 kg) were caught in nets 
by commercial fishermen. Six fish were caught with Japanese longlines on 8-10 
December 1958. They were 100-115 cm long and of a total weight of 100 kg (average 
weight per fish 16.67 kg). On May 21, 1962, a specimen of 105 cm length was caught 
together with a few others.

Thunnus tonggol ( B l e e k e r )  ; l o n g t a i l e d  t u n a  ( F i g .  3 e ) .

The distribution of this species covers most of the tropical and subtropical Indo- 
Pacific from California to the Red Sea. It is not as common as most of the other 
commercial species of scombroids and its part in world tuna fisheries is small. A n o n y 

m o u s  (1954a) reported its commercial exploitation from the coast of Somali. S e r v e n t y  

(1942) noted its commercial importance in Australian waters. The only specimen in
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Fig. 3. Red Sea Scombroids. e. Thunnus tongo!; f. Sarda orientalis; g. Grammatorcynus 
bicarinatus; h. Scomberomorus commerson.

our collection was caught by trolling near Curdumiat, coast of Ethiopia, on Sep
tember 11, 1957. There are other records of this fish being hooked in commercial 
quantities along the Ethiopian coast. No data are available on its occurrence in Eilat.

Sarda orientalis (B loch) ; bonito (Fig. 3f ).
This species is widely distributed in the Indo-Pacific. No specimens are available 

from the area of Massawa, but since it is known from the Gulf of Aden (A nonymous 
1954a) and from Eilat, there is reason to expect that schools of bonito are also present 
occasionally in the southern Red Sea. The only record from Eilat is five tons of 
bonito, 37-43 cm long, caught in May 1962.

No data are available on the spawning of this fish in the Red Sea. Klawe(1961) 
found that bonito in the eastern Pacific spawns in the summer months.
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Grammatorcynus bicarinatus (R ü p p e l l )  (Fig. 3g).
This species is widely distributed throughout the Indo-Pacific but apparently 

nowhere in commercial quantities.
Two specimens were caught by trolling near Entedebir Island in March 1962. 

Two additional specimens were caught half a year earlier by Mr. M. Be n -Y a m i, 
Fisheries Expert to the Government of Ethiopia, and preserved in the local collection 
of the Ethiopian Fisheries Department in Massawa. According to Mr. Be n -Y a m i, 
those specimens were part of a small school spotted on the surface in the neigh
bourhood of Massawa.

Scomberomorus commerson ( L a c é p è d e ) ;  S p a n is h  m a c k e r e l ;  k i n g - f i s h  ( F i g .  3 h ) .

This is a common and important food fish in the Red Sea. Several specimens were 
caught by trolling in the Dahlak Archipelago during the ISRSE in March 1962. 
Also many specimens were caught during exploratory fishing in 1957-1958 along the 
Ethiopian coast. This fish is also common in Eilat, being hooked or captured in the 
stationary trap net. The size of Spanish mackerels caught in the Red Sea does not 
usually exceed 100 cm.

Scomber japonicus ( H o u t t u y n )  ; m ack e re l.

There is apparently one circumtropical species which ranges through the Indo- 
Pacific and Atlantic Oceans, forming subspecies and locál races in certain areas. 
This fish seems to be common in the Red Sea and several specimens have been col
lected in Ethiopia and in Eilat. Their lengths ranged between 25 and 40 cm. It has yet 
to be ascertained whether this fish appears in quantities which would justify com
mercial fishing operations.

Rastrelliger kanagurta ( R ussell) ; rake-gilled mackerel ; Indian mackerel.
Schools of these fishes were observed at Eilat and at Massawa. Several specimens, 

20-30 cm long, from these two areas are preserved in the collection of the Sea Fisheries 
Research Station.

This fish is an important commercial fish in the Indo-Pacific.

C a r a n g i d a e  

(Horse mackerels; jackfish; queenfish)
This family is represented by a large number of species of which the most important 

ones are listed below. They are caught along the coast of Ethiopia and in Eilat by gill- 
nets, trolling gear, hook-and-lines, befach seines and occasionally by trawl. Several 
specimens of carangid fishes were collected by “Pro-noxfish” poisoning in the southern 
Red Sea. Single specimens as well as schools of jackfish have been observed by the 
author while diving in the Red Sea.

Carangoides auroguttatus ( V a l e n c i e n n e s ) .

This fish is very common in the area of the Dahlak Archipelago. It is easily recog
nised by the golden spots over its silverish body. Large fish, 30-60 cm long, were
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caught by ISRSE with trolling gear or through underwater spearing. Young specimens 
were collected by “Pro-noxfish” poisoning.

Caranx ignobilis ( F o r sk â l ).

Several specimens were caught with trolling gear by ISRSE in the area of the 
Dahlak Archipelago. Data on the following three specimens were recorded: (1) length 
67 cm — weight 7.50 kg; (2) length 75 cm — weight 11.00 kg; (3) length 80 cm — 
weight 12.40 kg. Fish, 115 cm long, weighing 25 kg, were reported by W illia m s  (1956) 
from East Africa. Additional data on its distribution and life-history from the same 
area is given by W il l ia m s  (1956). According to the same author (personal com
munication) this fish attains a weight of 55 kg.

Caranx speciosus ( F o r s k â l ).

Several fish of 20-30 cm length were caught by beach seine in Zula Bay on March 
22, 1962.

Megalaspis cordyla (L in n a e u s ).

This fish is known as commercial fish in the Indo-Pacific. Several half-digested 
specimens were found in the stomach of a predatory bird, Milvus migrans, shot by 
ISRSE over Entedebir Island. Young specimens of Megalaspis cordyla, 10-20 cm long, 
were collected from trawl catches and beach seine catches in the area of Massawa, 
but no larger specimens were encountered. This fish attains a length of at least 
50 cm.

Trachinotus blochii (L a c é p è d e ).

A common fish in the southern Red Sea. Many adults were caught in a commercial 
beach seine in Zula Bay. Juveniles, 4-9 cm long, were collected by ISRSE with ex
perimental beach seine and “Pro-noxfish” poison in the Dahlak Archipelago.

Atule djeddaba ( F o r s k â l ).

Specimens of 15-25 cm were collected from trawl and beach seine catches in the 
southern Red Sea. This species has migrated through the Suez Canal into the eastern 
Mediterranean (B e n -T u v ia , 1966).

Se r r a n id a e

(Groupers ; sea perches ; sea basses)
Large fishes which occasionally attain a size of two meters and weigh over 300 kg. 

They live mostly over a bottom covered with rocks and corals. Several species were 
collected by ISRSE with hook-and-line, “Pro-noxfish” poison and underwater 
spearing. Other specimens were collected on previous occasions from commercial 
catches taken in the Gulf of Aqaba and along the coast of Ethiopia.
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Variola louti (F o r s k â l ).

Several specimens, 20-30 cm long, were collected by ISRSE in the area of the 
Dahlak Archipelago. This fish is also common in Eilat and along the coast of Sinai. 
It attains a length of 60 cm.

Cephalopholis argus (S c h n e id e r ) .

Young fish belonging to this species are very common among corals in the southern 
Red Sea and hundreds of specimens, 10-30 cm long, were collected by ISRSE with 
fish poison. The large specimens caught occasionally by commercial fishing or under
water spearing were in the 30-50 cm size-range.

Epinephelus tauvina (F o r sk â l ).

Fish of 40-70 cm are commonly taken with hook-and-line by commercial fishermen 
along the Ethiopian coast. One specimen, 250 cm long, of approximately 300 kg 
which apparently belongs to this species, was hooked in spring 1958 off the Ethiopian 
coast. According to W illia m s  (1956) and M o r g a n s  (1965) this fish is common along 
the coast of East Africa.

Epinephelus latifasciatus (T e m m in c k  a n d  Sc h l e g e l ) .

This fish was recorded in 1959 from commercial hook-and-line fishing in Ethiopia-

Epinephelus summana (F o r s k â l ).

A great number of fish of 20-40 cm were collected by ISRSE from rocks and corals 
of the Dahlak Archipelago.

Epinephelus areolatus ( F o r sk â l).

These are caught occasionally by commercial fishermen in the southern Red Sea. 
Length 20-30 cm.

Epinephelus fasciatus (F o r s k â l ).

One of the most common fishes in Eilat; specimens 20-30 cm long, are caught 
mostly by handlines. Seldom found in Ethiopia.

Plectropomus maculatus (B l o c h ).

An important commercial fish taken by handlines along the coast of Ethiopia. 
It attains a length of 80 cm.

L u t ja n id a e

(Red snappers)

Lutjanus gibbus ( F o r s k â l ).

Important food fish in the area of the Dahlak Archipelago, caught mostly by 
handlines and occasionally by gillnets. Considerable quantities of this fish, 20-60 cm 
long, were caught by handlines by Israeli fishing boats with mixed Israeli and
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Ethiopian crews in 1960-1961 and sold on Israeli markets (Table IV). Several specimens 
were handlined by ISRSE in waters less than 10 meters deep near Entedebir Island. 
On one occasion two young specimens were caught in a trammel net. Length (in cm) 
and weight (in kg) of two large specimens are given below:

Standard length Total length Weight
4 3 . 0  5 4 , 0  2 .4 0 0

4 9 . 0  6 1 .5  3 .8 0 0

This fish belongs to one of the more important food fishes of the Indian Ocean 
(W h e e l e r  and O m m a n ey , 1953). Its taxonomy and occurrence along the East African 
coast has been recorded by T a l b o t  (1957).

Lutjanus janthinuropterus (B leek er ).

Several specimens were collected from commercial catches taken by hook-and-line 
in Ethiopia and marketed in Israel. Their lengths were 2 0 - 4 5  cm. According to 
S m i t h  ( 1 9 6 1 )  this species attains a length of 7 0  cm.

Lutjanus argentimaculatus (F o r sk â l ).

Specimens of 25-75 cm were recorded and some of them collected from hook-and- 
line catches taken along the Ethiopian coast. According to Sm it h  (1961) it attains 
a length of 90 cm.

Lutjanus johni (B l o c h ).

A very common fish in shallow coastal waters of Ethiopia. Many specimens, not 
exceeding 20 cm, were collected by ISRSE mostly with fish poison.

Lutjanus russellii (B leek er).

Schools of this fish were observed during a fish population survey in the neigh
bourhood of Entedebir Island (C l a r k , et al., 1967). Several specimens o f  12-16 cm 
were secured for the ISRSE collection.

L e t h r in id a e

(Pigface bream ; scavengers)
Common fishes in the Indo-Pacific, including the Red Sea. Mostly small and 

medium-sized fishes which occasionally reach one meter in length.

Lethrinus malxsenoides (V a l e n c ie n n e s).

Common fish in the area of the Dahlak Archipelago. Two specimens, 22.0 and 
23.5 cm long, were caught in a trammel net. Additional specimens were taken by 
commercial beach seine in Zula Bay, by underwater spearing and by poisoning with 
“Pro-noxfish”. Their sizes varied between 12-25 cm. The same species is often caught 
by hooks in Eilat.
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Lethrinus miniatus ( S c h n e id e r ) .

Caught commercially by handline along the coast of Ethiopia, and marketed in 
Israel in the years 1960-1961. Observed lengths 35-60 cm. It may attain a length 
of a meter.

P l e c t o r h y n c h id a e

(Sweetlips)

Gaterin gaterinus (F o r sk â l ).

A very common fish in the area of the Dahlak Archipelago. Ten specimens were 
caught with trammel nets by ISRSE near Entedebir. Bottom living crustaceans were 
found in their stomachs.

TABLE IX
L ength and W eight of 10 Specimens of Gaterin gaterinus

Standard length 
(in cm)

Total length 
(in cm)

Weight
(ing)

19.0 23.5 160
20.0 25.5 22 0
21.0 26.5 250
21.5 27.3 280
21.5 27.2 300
22.0 28.2 320
22.0 28.3 350
23.0 28.8 400
24.0 29.5 420
24.5 30.5 450

A c a n t h u r id a e

(Surgeon fish)
Fishes of this family are found chiefly over rocky and coral grounds. Most of them 

are not large enough or common enough to be of great commercial value. They are 
often caught by traps and underwater spearing in Eilat, along the coast of Ethiopia 
and in other parts of the Red Sea.

Acanthurus sohal (F o r sk â l ).

This colourful fish is very common in the Dahlak Archipelago. Several specimens 
were collected by ISRSE, mostly after using fish poison near Cundabilu Island on 
March 25, 1962 (Table X). Additional specimens were collected near Um Aabak 
and Entedebir mainly by fish poisoning and occasionally by underwater spearing. 
Two specimens were caught in trammel nets near Entedebir. Ethiopian fishermen 
spear them for food or bait.
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TABLE X
Length and W eight of Acanthurus sohal Collected near Cundabilu Island,

D ahlak A rchipelago

Standard length 
(in cm)

Weight
(ing)

15.8 100
18.5 237
18.5 229
22.0 408
22.8 427
23.0 340
24.0 549
24.0 565
24.8 635
25.0 562
25.0 600
25.5 606
26.5 680
26.5 683

NEMIPTERIDAE

Bottom fishes of small or moderate size widely distributed throughout the Indo- 
Pacific. Nemipterus japonicus is very common on the trawling grounds of the southern 
Red Sea. Another species, Nemipterus celebicus, appears occasionally in small numbers 
in the catch.

Nemipterus japonicus ( B l e e k e r )  ; golden-threadfin (Fig. 4).
This fish is very common on the fishing grounds of the Ethiopian coast. Data 

obtained during ISRSE from a fishing trip to Harkiko Bay on April 16, 1962 show 
that this species constitutes 20% of the commercial trawl fishes. Specimens of 4-18 cm 
were collected during this trip. The share of this fish in the trawl catch along the 
Ethiopian coast was estimated as 20-70%, depending on the fishing grounds and 
fishing seasons. The average for the period of September-December 1957 was 35%. 
Length measurements of N em ipterus japonicus were taken by the author on deck of

Fig. 5. Nemipterus japonicus.
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F/V Neghisti Saba on November 21 d nel 23, and on December 4, 1957, m the area 
south of Massawa. Their lengths varied between 10-23 cm (Table XI). Two modes 
are visible: one in the 13 cm length group which probably corresponds to fish of 
0-age group, and a second mode in the 17 cm length group which indicates perhaps 
one year old fish. An attempt to determine the growth rate of this species in the Gulf 
o f  Tonkin was made by C h u n g  and D r u z h in in  (1965).

T able XI
L e n g t h , F r eq u en c y , D is tr ib u tio n  o f  N em ipterus japonicus  fro m  t h e  E t h io p ia n  coast, T a k en  in

N ovem ber- D ecember  1957

T ota l length (in cm) N um ber

10 3

11 20

12 66

13 71

14 23

15 35

16 71

17 85

18 65

19 32

20 19

21 12

22 5

23 1

Total 508

M u l l i d a e

(Red mullet ; goat fish)
Small and medium sized bottom fishes. Their size does not usually exceed 30 cm. 

Several species of various degrees of commercial importance are known in the Red 
Sea.

Upeneus moluccensis (B l eek er ).

Appears in small quantities in trawl catches along the coast of Ethiopia. According 
to the author’s records from the year 1957, it constituted 3.3% of the trawl catches. 
Length measurements from this period are given in Table XII- The fish were 10-16 cm 
long with a mode of 12.5 cm. Fish examined in the period September-December 1957 
which were larger than 12 cm in total length had ripe gonads. Additional ripe speci
mens were found in the same area on April 16, 1962.
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This species has apparently penetrated via the Suez Canal into the eastern Medi
terranean and now forms one of the important commercial species on the trawling 
grounds of the United Arab Republic, Israel and southern Anatolia.

T A B L E  X II

L e n g t h , F r eq u en c y , D is tr ib u tio n  o f  Upeneus moluccensis fro m  th e  
E t h io p ia n  C oa st  T a k en  in  N ovember- D ecember 1957

T ota l length (in  cm ) N um ber

10.0 2
10.5 14
11.0 13
11.5 42
12.0 87
12.5 91
13.0 71
13.5 4 0
14.0 14
14.5 2
15.0 1
15.5 —
16.0 3

T otal 380

Upeneus vittatus (F o r s k â l ).

This species is caught occasionally in small quantities by trawl. Length 20-30 cm.

Upenus macronema ((L a c é pè d e ),

This fish is often caught in small numbers by gill-nets and traps in Eilat. A few 
specimens were also collected in the area of the Dahlak Archipelago. Length 20-30 cm.

Upeneus barberinus (L a c e p e d e ).

A common fish in the shallow inshore waters of the Dahlak Archipelago and Eilat 
where it is caught by gill-nets, beach seine and traps. Attains a length of 50 cm.

M ulloidichthys auriflamma ( F o r sk â l ).

Common on sandy patches of the coast of Eliat but rarely caught along the coast 
of Ethiopia. Length 20-35 cm.

S c a r id a e

(Parrot fishes)
Fishes of this family are found mostly near corals and rocks. Single specimens or 

small numbers were occasionally caught by gill-nets, traps and spearing. Several 
specimens were obtained during ISRSE by nets and “Pro-noxfish” poison.

It was noted that the local fishermen of Ethiopia spear them in considerable numbers 
as food or bait. Schools of these fishes were observed and counted in the area of 
special ecological study near the Entedebir Landing Bay. They were seen to feed on
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calcified algae which grow on the rough bottom and dead corals. Sexual dimorphism 
is strongly marked among scarids, chiefly by colours ; often males and females were 
described as separate species. The species were identified by Dr. E. C l a r k .

Scarus harid ( F o r s k â l ) .

Eight specimens were caught in a trammel net by ISRSE. Lengths: 12.5-25.0 cm.

Scarus sordidus ( F o r s k â l ) .

Fifteen specimens, 12.5-22.5 cm long, were caught by ISRSE in a trammel net.

Scarus bipallidus ( S m i t h ) .

Four specimens, 15.2-19.0 cm long, were caught in a trammel net.

A t h e r i n i d a e

(Silversides)

Pranesus pinguis ( L a c é p è d e ) .

This fish is very common in the Red Sea. It has also migrated through the Suez 
Canai to the eastern Mediterranean. Schools composed of fishes, 7-10 cm long, were 
often encountered at Eilat, along the coast of Sinai and in the Dahlak Archipelago. 
It attains a length of 12 cm. Because of its small size this fish is not usually utilized 
for human consumption. Evidently it plays a considerable role in the food chain since 
it is heavily preyed upon by predatory fish.

Many specimens were collected in various parts of the Red Sea at*night as the 
silverside is strongly attracted by artificial light. Mixed schools of Pranesus and 
H erklotsichthys were observed in the daytime near Harmil Island. A sample was 
obtained by a small beach seine on April 15, 1962 in Entedebir Island (Table XIII).

T A B L E  X III

L e n g t h  F r eq u en c y  D istr ib u tio n  a n d  A v er a g e  W e ig h t  o f  P ranesus p ingu is fro m
E n te d eb ir  Isl a n d

T ota l length  
(in  cm )

N um ber T ota l w eight 
(in  g)

A verage w eight 
( in g )

7 .0 2 5.6 2 .8
7.5 2 9.2 4 .6
8.0 2 12.0 6 .0
8.5 6 37.3 6.2
9 .0 24 167.9 7.0
9.5 65 536.7 8.3

10.0 55 479.9 8.7
10.5 34 345.1 11.5
11.0 2 25.4 12.7

T otal 192 1619.1 8.4
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(Grey mullets)
M u g i l i d a e

M ugil waigiensis ( Q u o y  a n d  G a im a r d ) .

Common in the area of the Dahlak Archipelago and Massawa, being caught mostly 
by beach seine. Attains a length of 40 cm. This fish was seen on the fish markets of 
Massawa and Asmara. Grey mullets are cured and dried by the Ethiopian and 
Yemeni fishermen and sold on the local markets or exported to the neighbouring 
countries.

Crenimugil labiosus (V a l e n c i e n n e s ) .

Common in the southern and northern parts of the Red Sea. Many small specimens, 
7-10 cm long, were collected in great numbers along the coast of Sinai, at Eilat and 
in the Dahlak Archipelago.

S p h y r a e n i d a e

(Barracudas)
Large and medium-sized predators. Four species were encountered in the Red Sea, 

two of them in the upper layers of the sea while two others were taken mostly by 
trawl.

Sphyraena chrysotaenia ( K l u n z i n g e r ) .

Common on the trawling grounds of Ethiopia, especially seems to be more abundant 
in the North Massawa Channel. According to the data recorded for the exploratory 
trawling of September-December 1957, this fish constituted 5% of the trawl catches. 
The same species has immigrated through the Suez Canal into the eastern Medi
terranean where it is taken in commercial quantities by Israeli fishermen (B e n -T u v ia , 
1966).

T A B L E  X IV

L e n g t h , F r eq u en c y , D istr ib u tio n  o f  Sphyraena chrysotaenia T ak en  off  th e  E t h io p ia n  C o ast in
N o v e m b e r-D e c e m b e r  1957

T otal length (in cm) N um ber

19.0 1
19.5 4
20 .0 4
20.5 15
21 .0 25
21.5 18
22 .0 9
22.5 5
23.0 6
23.5 1

T otal 88
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Sphyraena jello ( C u v ie r ) .

This fish is caught in small quantities on the trawling grounds of Ethiopia. Accord
ing to data obtained in 1957, it constituted 3 % of the commercial trawl fishes. As 
shown in Table XV, this fish appeared in the catches in larger sizes than Sphyraena 
chrysotaenia.

T A B L E  X V

L e n g t h , F r eq u en c y , D istr ib u tio n  o f  Sphyraena jello T a k en  o ff  th e  E t h io p ia n  C oast  in
N ovember- D ecember  1957

T ota l length (in cm ) N um ber

22 2

23 2

24 6

25 23

26 11

27 6

28 3

T ota l 53

Sphyraena qenie ( K l u n z i n g e r ) .

Sphyraena tessera  from South Africa, described as new by S m it h  (1956) is ap
parently identical with S . qenie K l u n z i n g e r ,  1871, described from the Red Sea. 
Two specimens were taken by hook-and-line by ISRSE near Entedebir Island; the 
larger specimen was 86 cm long (100 cm total length) and weighed 3.70 kg, the smaller 
one was 78 cm (95 cm total length).

Sphyraena barracuda ( W a lb a u m ) .

This fish is of circumtropical range, being found in warm waters of the Atlantic, 
Pacific and Indian Oceans. According to d e  S i l v a  (1963) it attains a length of two 
meters and a weight of 40 kg. Several specimens were hooked by ISRSE in the area 
of Entedebir Island. Their length varied between 70 to 85 cm and their weight between 
4 to 6 kg.

S y n o d o n t i d a e

(Lizard fishes)
Four species of lizard fishes are found in the Red Sea: Trachinocephalus m yops 

and Synodus variegatus are common in shallow, inshore waters of Eilat, Sinai and 
Ethiopia. Saurida undosquamis appears in small quantities on the trawling grounds 
of Ethiopia. All three of them are of little commercial importance. Saurida tumbil 
is the only one which is caught in large quantities by trawl.
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Saurida tum bil ( B l o c h )  (Fig. 5 ) .

This fish constituted about 5 0  % of the commercial fishes obtained on the trawling 
grounds of Ethiopia and marketed in Israel. Data collected during the exploratory 
fishing in 1 9 5 7  and from commercial trawlers in later years shows that the proportion 
of this fish in the catch varies from one fishing ground to another between 20 % and 
7 0 % .

F ig. 5. Saurida tum bil.

Table XVI shows length measurements taken on the deck of F/V Neghisti Saba  
during the exploratory fishing along the coast of Ethiopia in 1957. The sizes ranged

T A B L E  X V I

L e n g t h  F r eq u en c y  D istr ib u tio n  o f  Saurida tum bil F rom  th e  C oast o f  E t h io p ia , 
N ovember- D ecember  1957

T o ta l length  
(in  cm )

N um ber T ota l length  
(in  cm)

N um ber

15.0 1 24.5 15
15.5 - 25.0 13
16.0 1 25.5 12
16.5 - 26.0 8
17.0 2 26.5 3
17.5 8 27.0 2
18 .0 16 27.5 1
18.5 22 28 .0 -

19.0 48 28.5 1
19.5 62 29 .0 3
20.0 73 29.5 2
20.5 68 30.0 2
21 .0 50 30.5 2
21.5 39 31.0 2
22 .0 42 31.5 1
22.5 35 32.0 1
23 .0 30 32.5 -

23.5 12 33.0 1
24 .0 19 33.5 1

34.0 1

T ota l 599
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from 14.5 cm to 34.0 cm with two modes: one in the 20 cm size class and the other 
in that of 24 cm. The two modes indicate the presence of two distinct groups, probably 
the one- and the two-year age groups.

A considerable number of small fish was collected during a fishing trip on a trawler 
to Harkiko Bay near Massawa on April 16, 1962 (Table XVII).

T A B L E  X V II

L e n g t h , F req u en c y  o f  Y o u n g  Saurida tum bil C a u g h t  n ea r  M assaw a  in  A p r il  1962

T ota l length  
(in  cm )

N um ber T ota l length  
(in  cm )

N um ber

3.0 1 9.0 6
3.5 - 9.5 4
4 .0 3 10.0 4
4.5 7 10.5 6
5.0 12 11.0 8
5.5 11 11.5 -

6.0 11 12.0 -

6.5 10 12.5 -

7 .0 14 13.0 2
7.5 13 13.5 1
8.0 8 14.0 -

8.5 6 14.5 1

T otal 128

C h a n i d a e

Chanos chanos ( F o r s k â l )  ; (milkfish).
This fish is common in the tropical waters of the Indo-Pacific and in several countries 

of South East Asia as for example Indonesia, Malaysia, India and the Philippines. 
It is not only fished in the sea but also grown in ponds of salt or brackish water. 
The milkfish is evidently common in the Red Sea. Several specimens were observed 
swimming in the sea near Entedebir Island, close to the surface, with their dorsal fins 
projecting from the water, and feeding on planktonic organisms. According to 
S m it h  (1961) they attain a length of two meters.

Two large specimens were collected from commercial beach seine catches in Zula 
Bay. They were part of a small school which was encircled by the beach seine but 
escaped by jumping over the cork line. Schools of milkfish were also observed in 
Eilat.

C l u p e id a e

(Sardines)

Herklotsichthys punctata  ( R ü p p e l l ) .

This is the most common clupeoid in Ethiopian waters. Its size seldom exceeds 
13 cm. Schools of this fish are caught in the southern Red Sea mostly by beach seine,
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often mixed with the engraulid Stolephorus heterolobus. Both of them are used for 
fish meal production which is centered in Massawa. The catch taken in various 
localities along the coast of Ethiopia is spread on the ground near the place of capture, 
dried in the sun and then sent to the factories in Massawa for final processing. Heaps 
of half dried sardines and anchovies called locally “uassif ”, were observed on several 
islands in the Dahlak Archipelago. Additional quantities were seen in the fish meal 
factories in Massawa.

A very large and dense school of H erklotsich thys punctata  was observed near 
Harmil Island on March 29, 1962. Together with a small school of Pranesus pinguis 
they filled up a shallow bay of about 500 square meters. They were not driven out by 
the disturbance caused by persons swimming amidst the school. Some quantities of 
these fish were caught by a small experimental beach seine. Measurements and 
weights of a sub-sample drawn from this catch are given in Table XVIII.

T A B L E  X V III

L e n g t h  M e a s u r e m e n ts  a n d  W e ig h t s  o f  H erklo tsich thys punctata  t a k e n  n e a r  
H a r m i l  I s l a n d  o n  M a r c h  29, 1962

T ota l length  
(in  cm )

N um ber T o ta l weight 
(ing)

A verage weight 
(ing)

7 .0 8 32 4 .0

7 .5 65 287 4 .4

8 .0 67 358 5.3

8.5 35 227 6.5

9 .0 18 138 7.7

9.5 5 45 9.0

10.0 1 10 10.0

T otal 199 1097 5.5

Another sample of this fish was taken in Goliath Bay (Entedebir Island) on March 
23, 1962. They were of similar size.

H erklotsichthys punctata  appears in the southern Red Sea in great quantities. Its 
commercial importance would increase greatly if this little fish could be used for 
canning or for human consumption in general.

The taxonomic status of this species was clarified b y  W h it e h e a d  (1964).

E n g r a u l id a e

( A n c h o v ie s )

Two species of engraulids called locally “uassif”, are common in the area of the 
Dahlak Archipelago, namely Stolephorus heterolobus ( R ü p p e l l )  and Thrissocles 
baelama ( F o r s k â l ) .  These small fish that seldom exceed the size of 8 cm are used for 
production of fish meal. They are caught in large numbers by beach seines, and
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together with sardines are dried and sent to the fish meal factories in Massawa. 
Nothing is known on the biology of these fishes, which aie of considerable importance 
to the local fish meal industry. Before the industry can be developed any further 
some basic information on the available stocks and their migrations should be 
acquired.

Sela c h ii

(Sharks)
Sharks are common in the southern Red Sea and in Eilat, and are to some extent 

commercially exploited. In the area of the Dahlak Archipelago the local fishermen 
dry shark meat and use it as food during fishing trips or sea voyages. Some years ago 
there was also an export of dried shark fins to China, which apparently ceased in 
recent years.

C a r c h a r h i n i d a e

Carcharhinus melanopterus ( Q u o y  a n d  G a i m a r d ) .

Several specimens were observed in the shallow waters of Entedebir and Cundabilu 
during the ISRSE in the spring of 1962. Their sizes varied between 50 and 160 cm 
(total lengths). One female, 76 cm long (100 cm in total length), weighing 8.20 kg, was 
captured by trammel net near Entedebir.

Carcharhinus dussumieri ( M ü l l e r  a n d  H e n l e ) .

One male, 100 cm long (130 cm total length), weighing 16 kg, was caught by trammel 
net near Entedebir.

Carcharhinus lim batus ( M ü l l e r  a n d  H e n l e ) .

Several specimens were obtained from trawlers working in Ethiopian waters. 
This species is widely distributed in the Indo-Pacific.

S p h y r n i d a e

(Hammerhead sharks)

Sphyrna mokarran ( R ü p p e l l ) .

One dried specimen about 150 cm long was found on Dahlak Island during the 
ISRSE in spring 1962. An additional specimen, 40 cm long, was captured by trawl 
in Harkiko Bay. Several specimens were also collected from Eilat and along the 
Sinai Peninsula in the years 1949-1957, which indicates that this species is common 
in the Red Sea.

B a t o i d e a

(Rays and skates)
A considerable number of species of batoid fishes are known from the Red Sea. 

They are of little commercial importance.
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D a s y a t i d a e

Taeniura lymma ( F o r s k â l ) .

Common fish, easily recognized by the characteristic blue spots over the back of 
the disc. Three specimens were caught by trammel net at the entrance to Landing Bay 
on Entedebir. Lengths of discs were measured and respective weights recorded.

Length of disc in mm Weight in g
210 620
230 700
230 720

Six additional specimens were caught at the entrance to Padina Bay; the length of 
their discs varied between 260-300 mm and their weight between 1.00-1.50 kg. Their 
stomach contents were composed of bottom living invertebrates.

M o b u l i d a e

(Manta rays)

M anta ehrenbergi ( M ü l l e r  and H e n l e ) .

This giant fish was often seen in the Dahlak area during the ISRSE, in spring 1962. 
Most of them were approximately two meters or more across the disc. The same species 
also occurs occasionally in Eilat.

C o m m e r c i a l  I n v e r t e b r a t e s  

C r u s t a c e a

Several edible crustaceans were collected from the coast of Ethiopia during the 
ISRSE and on earlier occasions. They were identified by Dr. L. H o l t h u i s  of the 
Natural History Museum of Leiden, who participated in the ISRSE.

P e n a e i d a e

(Shrimps ; prawns)
Many specimens of penaeids were collected by the ISRSE from trawlers working 

in Harkiko Bay. Their presence has also been recorded on many occasions in the 
catches of trawlers operating in Ethiopian waters, usually in larger quantities at night 
than during the day. So far no extensive shrimp resources have been found in these 
waters, and it is assumed that they do not appear in sufficient concentrations to 
justify large scale fishing operations.

Six species, listed below, were collected in the southern Red Sea by the ISRSE. 
The first four of them are know to be of commercial value —

Penaeus semisulcatus D e  H a a n  

Penaeus japonicus B a t e  

Penaeus latisulcatus K i s h i n o u y e
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M etapenaeus monoceros ( F a b r i c i u s )

M etapenaeus stebbingi N o b i l i  

Trachypenaeus curvirostris ( S t i m p s o n ) .

Three of these species, namely P. japonicus, P . semisulcatus and M . monoceros, are 
known also from the Mediterranean coast of Israel ( H o l t h u i s  and G o t t l i e b , 1 9 5 8 ) .

S c y l l a r i d a e

Thenus orientalis ( L u n d )  ( F i g .  6 ) .

This species is often caught together with demersal fishes by trawlers working 
along the Ethiopian coast. Small quantities are also collected in shallow waters by 
local divers. The total catch from all sources seems to be small and does not exceed a 
few tons per year. Thenus orientalis is marketed in Massawa and Asmara and occa
sionally is also brought in small quantities to Israel. Its size seldom exceeds 20 cm 
total length. No data are available on its distribution and life history.

F ig . 6. Thenus orientalis.

P a l i n u r i d a e

(Spiny lobsters)

Panulirus penicillatus ( O l i v i e r ) .

Several specimens were speared in crevices and shallow caves of Harmil Island in 
a depth of 2-4 m. Their carapace length was 120-140 mm. This lobster is known from 
vast areas of the Indo-Pacific.

anulirus ornatus ( F a b r i c i u s ) .

A few specimens were collected by the ISRSE near Massawa and Entedebir Island.
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Panulirus versicolor ( L a t r e i l l e ) .

A few specimens were collected by the ISRSE in the area of the Dahlak Archipelago.

P o r t u n i d a e

(Crabs)
Portunus pelagicus ( L i n n a e u s ) .

This crab is common on the Ethiopian trawling grounds and many specimens 
were collected from cod-end of trawlers. It is also common in the eastern Medi
terranean where it appeared in great numbers shortly after the opening of the Suez 
Canal.

Portunus sanguinolentus ( H e r b s t ) .

Many specimens were collected from the cod-end of trawlers working in Ethiopian 
waters.

Scylla serrata ( F o r s k â l ) .

This species is known to occur in the Red Sea but was not collected by the ISRSE. 
It is of commercial importance in many countries bordering the Indian Ocean and 
the Western Pacific.

Charybdis fer ia ta  ( L i n n a e u s ) .

This species occurs in the Red Sea but was not collected by the ISRSE. It is also 
known from the Indian Ocean and western Pacific.

S t o m a t o p o d a

S q u i l l i d a e

Squilla m assawensis ( K o s s m a n ) .

This species, caught by trawlers, often appears on the fish markets of Massawa 
and Asmara.

M o l l u s c a

They are of considerable importance for the local fishing industries of the Red Sea. 
From ancient times, this area was known for its pearl divers ( T r e s s l e r  and L e m o n , 

1951). Pearl oysters are taken in large quantities and their shells are exported for the 
button industry and ornaments. The meat is mostly eaten locally. About 200 tons of 
pearl oysters are taken yearly in Ethiopian waters. According to B e n - Y a m i  (1964) 
about 134 tons were landed in Massawa in 1961-1962. Their value was estimated at 
$30,000.

B i v a l v i a

M argaritifera margaritifera erythraeensis ( L i n n a e u s ) ;  Red Sea pearl oyster; locally 
“ bilbil” .

The islands of the Dahlak Archipelago are known as one of the centers of the pearl 
oyster fishery, taken mainly for mother of pearl and meat. The size of commercial
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shells is 10-15 cm, rarely reaching 20 cm. The low prices obtained in recent years for 
shells caused a decrease in their export from Ethiopian waters. A small number of 
pearls from Ethiopia found their market in Aden. According to B e n - Y a m i  (personal 
information) their total catch for 1962 was sold for $1,600. Considerable quantities 
of pearl oysters are being recently cultivated in Sudan ( R e e d , 1964). According to 
Anonymous (1962), 200-300 tons of commercial shells (Trochus and Margaritifera) 
are being taken yearly in Sudanese waters from natural beds.

G a s t r o p o d a

Trochus dentatus ( F o r s k â l ) .

Shells of this common mollusc are collected in large quantities and exported for 
the button industry. A considerable decrease was noted in the export of this product 
in recent years.

C e p h a l o p o d a

Small quantities of squids and octopusses taken by trawlers and by divers, are sold 
on the markets of Massawa and Asmara. The material collected by the ISRSE has not, 
as yet, been identified and analysed. A systematic review of cephalopods collected 
from Eilat and Sinai has been given by A d a m  (1960).
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SUMMARY

T he data collected during the Israel South  R ed  Sea E xpedition, M arch-A pril 1962, are considered  
together with data obtained from  fishery research activities at E ilat and o n  the coast o f  Ethiopia. 
T h e available in form ation  on  the fishery resources o f  the R ed  Sea is being reviewed and incorporated  
in the present evaluation. It has been estim ated that the total catch from  the R ed  Sea including the 
G u lf  o f  E ilat and the G u lf  o f  Suez, am ounts to  about 40 ,000 m etric tons per year.

T h e pelagic fishes apparently constitute the m ain  potential resource. A t  present H erklo tsich thys  
pu n cta ta  and Stolephorus heterolobum  are caught in  considerable quantities for fish  m eal production  
in  M assaw a. Scom berom orus com m erson  is on e o f  the m ore im portant com m ercia l fishes. Sm all 
quantities o f  Thunnus tonggol, Thunnus albacares, Katsuwonus pelam is, Euthynnus affin is, A u x is  
th a za rd  and Scom ber japonicus  are caught occasionally  in  various reg ions o f  th e  sea , b u t according  
to  the author’s  estim ate the stocks are greatly underexploited .

D em ersa l fishes are abundant in  th e  m erid ional and southern parts o f  the  R ed  Sea and to  a  lesser 
ex ten t, in  the G u lf  o f  Suez. T he average catch  per unit o f  effort o f  a  60 to n  trawler w orking a long  
the E th iop ian  coast am ounted  to  ab ou t 280  k g  per hour. T h e  lizard fish (Saurida tum bil) constituted  
51.6%  and the  golden  threadfin {N em ipterus japon icu s) 31.3%  o f  the catch. In  general, the trawl 
fishes are o f  sm all size and o f  low  econ om ic value.

R ed  snapper {Lutjanus g ibbus) is abundant o n  rocky grounds. I t  is caught by  h o o k  and line together  
w ith sm all quantities o f  other lutjanids, serranids, lethrinids, carangids and pom adasyids. A  great 
variety o f  fam ilies such as carangids, belon ids, hem iram phids, m ugilids, lutjanids, sphyraenids, 
p om adasyids, m ilk-fish {Chanos chanos) and M onodacty lus, are represent»! in  the catch  o f  beach  
seines.
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Of considerable importance are some molluscs (Margaritifera margaritifera erythraeensis and 
Trochus dentatus) exploited mostly for their shells. Spiny lobsters and prawns are present in small 
quantities. Thenus orientalis is frequently taken by trawl.
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Reprin ted  from Bull. Sea F ish . Res. S t a H a i f a , no. 51, 1968, p. 3-5

CONTRIBUTION TO THE KNOWLEDGE OF THE RED SEA
No. 39

SUR LA PRÉSENCE D’HOLOTHURIES DIVERSES ET, EN PARTICULIER, 
DE L’HOLOTHURIE APODE PROTANKYRA AUTOPISTA MARENZELLER,

EN MER ROUGE*.

Le Dr. F is h e l s o n  a récolté à Eilat une espèce souvent discutée: Protankyra 
utopista ( M a r e n z e l l e r ) ,  n’ayant jamais été trouvée, jusqu’ici, que sur les côtes 

japonaises.

Protankyra autopista ( M a r e n z e l l e r )

(Fig. a-w)

Synonymie. Synapta autopista M a r e n z e l l e r ,  1881, p . 223, p i. IV, fig, 3;
L a m p e r t , 1885, p. 222; T h e e l , 1885, p. 32; B r it t e n , 1907, p. 149.
Protankyra autopista O e s t e r g r e n ,  1898, p . 117; H . L. C l a r k ,  1907, p . 103, p i. V , 

fig. 31 ; O h sh im a , 1913, p. 505, fig. 6; O h sh im a , 1914, p. 472; H e d in g ,  1928, p. 264, 
fig. 49, 1-6.

O r ig in e . Eilat, golfe d’Aqaba, no. N.S. 1124, N.S. 1126, N.S. 1128, dans des blocs 
de corail reposant sur la vase, profondeur 15 mètres, Dr. L. F ish el so n , récolteur, 
le 31.1.1965.

Tous les animaux se sont fragmentés en plusieurs morceaux gris rosés, très plissés 
transversalement, ayant respectivement 10, 24, 30, 32, 43,45, 50, 58 et 80 mm de long. 
Seul, ce dernier exemplaire possède une extrémité céphalique, et encore n’est-elle 
sans doute pas intacte ; en effet, je n’ai dénombré que six tentacules au lieu des douze 
que cette espèce possède normalement ; ils ont environ 3 mm de long, portent une 
paire de digitations de chaque côté et, sur leur face ventrale, deux séries longitudinales 
de quatre cryptes sensorielles (x). La couronne calcaire, assez peu calcifiée, est très 
petite et composée de 12 pièces; les radiales, à sommet arrondi, sont largement per
forées, les interradiales, pointues au sommet, portent une sculpture triangulaire! 
(y). Il y a une très longue vésicule de Poli et un seul et court canal hydrophore terminé 
par un madréporite digitiforme peu calcifié. Les muscles longitudinaux sont larges 
et très épais. Tous les morceaux examinés avaient un gros intestin droit, ne form ant

R eceived: O ctober 1966.
* Supported by C ontract N o . 62558-3335 betw een the U .S . Office o f  N ava l R esearch, D epart

m ent o f  the N avy , and  T el-A viv  U niversity.

par
G u sta v e  C h e r b o n n ie r

Muséum national (¡'Histoire naturelle, Paris
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Fig. a-w

pas bouclé. Je n ai constaté la présence d’aucune urne ciliée, aussi bien sur la paroi 
du corps que sur les mésentères, pas plus que je n’ai pu découvrir de gonades.

S p ic u l e s . Les ancres sont larges et courtes, à  bras presque droits, lisses (m), armés 
seulement de dents irrégulières à  chaque extrémité (s) ou portant, en plus, une ou 
deux fortes dents près du milieu du sommet (k, o, u); la base de. la manivelle est 
fractionnée en 4 à 8 pièces situées dans le même plan et armées d’aspérités fines à 
assez fortes (k, 1, m, n, o, r), ou porte de fortes trabécules buissonneuses (t, u). Les 
plaques anchorales sont courtes, de forme irrégulière, percées de trous de diverses 
grandeurs; certaines, sans doute en voie de formation, sont presque lisses (w);
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la plupart ont le sommet recourbé en bourrelet (p), cette courbure pouvant se limiter 
à une ou plusieurs trabécules (q) ou se trouver sur un des côtés de la plaque ; la surface 
des plaques porte souvent quelques apophyses plus ou moins développées, mais il 
n’existe jamais de pont véritable.

Il y a également, dans le tégument, de petits corpuscules allant de la plaque lisse 
à 4-5 trous (a) à la vraie corbeille à périphérie lisse ou irrégulièrement armée de dents 
simples, bifides ou trifides (b) ; certaines atteignent une taille deux à trois fois plus forte 
que les corbeilles précédentes et prennent parfois une forme très irrégulière (c, d).

R a p p o r t s  e t  d i f f é r e n c e s .  Comme le souligne H e d i n g ,  c’est avec P. m olesta  
( S e m p e r )  dont le type provient de Bohol. (Archipel des Philippines), que Protankyra  
autopista présente le plus d’affinités; mais elle en diffère nettement par la forme de 
la couronne calcaire, des ancres et des plaques anchorales, ainsi que par celle des 
corbeilles. Il ne aurait s’agir non plus, comme le suggère H. L. C l a r k ,  de Protankyra  
bidentata  W o o d w a r d  et B a r r e t ,  également des mers japonaises, espèce bien dif
férente à tous les points de vue. Protankyra autopista  est une bonne espèce dont la 
présence, en mer Rouge, élargit considérablement l’aire de répartition.

Au cours d’une expédition en mer Rouge effectuée en octobre 1965, sur les côtes 
de l’Erythrée, dans un secteur compris entre 15 à 16°N et 40 à 41 °E, les Dr. F i s h e l s o n ,  

L e w i n s o h n  et N e u m a n n  ont récolté, par des profondeurs de 2  à 35 mètres, un petit 
lot d’Holothuries dont ils ont bien voulu me confier l’étude. Les huit espèces qu’il 
contenait étaient déjà connues de la mer Rouge et n’appellent aucun commentaire 
spécial. Ce sont : Actinopyga bannwarthi P a n n i n g ,  H alodeim a atra  ( J a e g e r ) ,  H alodeim a  
flavom aculata  ( S e m p e r ) ,  H alodeim a edulis ( L e s s o n ) ,  H olothuria pardalis S e l e n k a ,  

H olothuria impatiens F o r s k a l ,  H olothuria arenicola S e m p e r ,  Holuthuria vagabunda 
S e l e n k a  et Euapta godeffroyi (S e m p e r ) .
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C O N T R IB U T IO N S T O  T H E  K N O W L E D G E  O F TH E  R ED SEA
N o , 40

FISHES FROM EILAT (RED SEA)

by

E n r ic o  T o r t o n e s e  

M useum  o f  N atu ra l H isto ry , Genoa

I n t r o d u c t io n

The knowledge of the fauna of the Red Sea becomes more and more important in 
connection with the study of the living world in the Eastern Mediterranean basin. 
In order to reach a better understanding of the present relations between the lndo- 
Pacific and the Mediterranean faunas, it is urgent to promote new investigations on 
the Erythraean animals of different groups, considering them from all points of view. 
Systematic, zoogeographical and biological studies are needed, because in many cases 
we easily realize how unsatisfactory is the information which we possess at present.

Marine biologists from the Mediterranean countries are well aware of all this; 
therefore, a course on tropical marine biology, sponsored by M.A.M.B.O. (Medi
terranean Association for Marine Biology and Oceanology) and the Hebrew Uni
versity of Jerusalem was held in Jerusalem and in Eilat from December 24th, 1965 
to January 4th, 1966. The fauna and flora of the Red Sea were essentially considered.

Having been invited to lecture on fishes, I had a very welcome opportunity of obser
ving and collecting a number of species. As something is to be added to our present 
knowledge of the ichthyofauna of the gulf of Eilat, a list is given in the present paper 
with a series of notes, partly assembled in the field. I was afforded the possibility of 
staying in Eilat a few more days after the end of the teaching activities, so that a 
fairly good idea of the general features of the local fauna has been obtained, im
proving and greatly enlarging the first impressions that 1 had during a short visit 
there, in September 1965.

This paper deals with a series of fishes from Eilat: 66 species, belonging to 33 
families. Many of them were observed on the reefs by diving by day and by night; 
some were captured, some— of large size— were simply noticed without possibility of 
proper identification: this was the case with several green parrotfishes (Scarus), 
with two Lutjanids or Sparoids, with a Lethrinus and a big Epinephelus. A series of 
species was obtained with a seine on the beach at the northern end of the gulf. All of 
them have been preserved. Other fishes were seen in the Aquarium of the Museum, 
at Eilat; a last group consists of preserved specimens (dried or in formol) obtained 
from this institution, as already said. All the material that I brought from Eilat is 
now in the Museum of Natural History, Genova (MSNG). The large collection 
belonging to the latter contains many other fishes from the Red Sea (chiefly from

R eceived: M arch 1966. 
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Massawa and the Dahlak Islands) ; they have often been very useful in the present 
study, affording the possibility of interesting comparisons.

For each species, one or a few essential bibliographical references are given here, 
mostly of recent papers. Length measurements are always standard.

The Gulf o f Eilat (Gulf of Aqaba) is situated at the northern end of the Red Sea, 
between the Sinai Peninsula and the Arabian coast. Its position is about 29°N, 35°E. 
The hydrographical features have been described by O r e n  (1962). Let us simply 
point out that this gulf is smaller than the Gulf of Suez, but deeper (1830 m in the 
middle), the salinity is 40-41 %, the mean surface temperatures are 20°C (February) 
and 27°C (August—September). Near the town, just at the innermost point of the 
gulf, there is a beach; in front of it, the bottom is partly sandy, partly covered with 
Halophila. This grass forms rather extensive beds. Along the western coast, about 6 
km south o f Eilat, reefs are developed in shallow water; beyond them, the bottom 
rapidly sinks towards the depths. On these reefs, a rich fauna is found, with a typically 
Indo-Pacific composition. The corals are Acropora, Pocillopora, Stylophora, Porites, 
Coeloria, Favia, Millepora, etc.; among them, sandy areas are scattered here and 
there. In order to preserve at least a part of this wonderful marine life, a “coral 
reserve”—where collecting is forbidden—has been established by the State of Israel.

A s a  result o f  recent w ork  that Israel stu d en ts are carrying o n  at E ilat, several papers on  fishes  
have already been  published. B e n -T u v ia  and S t e i n i t z  (1952) and S t e i n i t z  and B e n -T u v ia  
(1955) listed  a  series o f  species, and F i s h e l s o n  (1964; 1965) reported  o n  th e  co llection  m ade  
during the “ M anih ine”E xp ed ition  to  the G u lf  o f  A qaba. A m on g  the  recent w orks on  the ich thyofauna  
o f  the R ed  Sea as a  w hole, th o se  by K l a u s e w i t z  (1958-1965) are outstand ing; th is author a lso  
w rote  (1964a) a  h istory  o f  th e  researches accom plished  in  th is region , w ith  a  com plete review  o f  the  
literature. F o w l e r ’s b oo k  on  the fishes o f  the  R ed  Sea and Southern  A rabia (1956) w ill rem ain  
restricted to  vo l. I ;  it  is  to  be regretted that the  lo ss o f  so  em inent an  ich thyologist has put a  stop  to  
th is pub lication  that w as expected  to  be useful n otw ithstand ing som e evident failures o f  the  available  
part. A s far a s the  near Indian O cean is concerned , a  valuable series o f  taxonom ic papers dealing  
w ith  a  num ber o f  fam ilies has been  published  by J.L .B . S m ith  in  recent years; m any species from  
the  R ed  Sea are included w ith  descriptions and figures. A t present, tropical m arine fishes seem  to  
draw  the  a tten tion  o f  m any ich thyolog ists so  that m ore and  m ore faun istic and system atic stud ies  
are being m ade w ith  im portant resu lts; several papers, w hich have been  em ployed  during m y study  
o f  the fishes from  E ilat, are quoted  w ith  the  other b ib liographic references in  the fo llow in g  pages.

G e n e r a l  P a r t

The species considered in this paper are treated in systematic order in the main 
part. However, it may also be interesting to have them etho-ecologically arranged; 
those seen in the Eilat Museum or in the Aquarium there, but not observed in nature, 
are omitted.

1. C o r a l  R eefs

a) Free swimming: Fistularia petimba, Cephalopholis miniatus, Variola louti, 
Caesio lunaris, Diplodus noct, Chaetodon austriacus, Ch. chrysurus, Ch. fasciatus, 
Gonochaetodon larvatus, Pomacanthus imperator, Pomacentrus sulphureus, Dascyllus 
trimaculatus, D. marginatus, Abudefduf saxatilis, Gomphosus caeruleus, Coris aygula, 
Thalassoma purpureum, Acanthurus nigrofuscus, Zebrasoma xanthurum, Pterois 
volitans (at sunset and night), P. radiata (id.), Sufflamen albicaudatus, Ostracion 
cyanurus, Canthigaster margaritatus.
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b) Keeping in the shadow, under masses of corals : Myripristis murdjan, Cheilodip
terus lineatus, Anthias squamipinnis, Pempheris mangula.

c) Hidden in branched corals: Echidna grisea, Dascyllus aruanus.
d) Associated with large actinians: Amphiprion bicinctus.
e) Associated with large fishes: Labroides dimidiatus.
f) On the bottom in sandy areas : Parupeneus macronema, Parapercis hexophthalma.

2. R o c k  P o o l s  o n  t h e  S h o r e :  Istiblennius rivulatus.
3. S a n d y  B o t to m  a n d  H a l o p h i l a  B ed s  i n  f r o n t  o f  t h e  N o r t h e r n  B e a c h  : Synodus 
variegatus, Trachinocephalus myops, Pranesus pinguis, Allanetta afra, Mugil oligolepis 
(?), Diplodus noct, Mulloidichthys flavolineatus, Upeneus tragula, Gerres oyena, 
Scomberoides sancti-petri, Hemipteronotus pentadactylus, Siganus rivulatus, Den
drochirus brachypterus, Amblyrhynchotes hypselogeneion.

As expected, I noticed quite different faunas on the reefs on the one, and near 
the northern beach on the other hand. Diplodus noct was the only species found in 
both habitats. However, it should be emphasized that these are nothing more than 
my own observations, accomplished during a rather short period. More extensive 
field work may have had different results : numerous species might have been added 
to every one of the groups mentioned above. Thus, further subdivision of the etho- 
ecological grouping would probably have been necessary.

At present, the study of the fishes living in the Red Sea goes on along three main 
directions. Firstly, it is necessary to collect more extensive material in order to dis
cover new or hitherto unreported species; it seems that our species list of this fauna 
is far from being complete. Small forms as gobioids, blennioids, clingfishes, etc. 
deserve to be particularly looked for. Several species require a better understanding 
of their systematic position. Secondly, the life histories of these fishes are so poorly 
known that biological investigations must be planned regarding the various habitats ; 
very interesting results have recently been obtained by several students as K l a u s e w i t z  
and F is h e l s o n .  Thirdly, there are the problems connected with spéciation and 
evolution : the study of populations of different parts of the Red Sea and comparison 
with related forms living in other Indo-Pacific areas, will surely be rewarding. In the 
following pages, some notes concerning these trends of research will be briefly 
reported in the hope that they will suggest stimulating lines of research to future 
students.

In conclusion I should like to emphasize how attractive and exciting it is to deal 
with the fishes from the Red Sea, not by way of dead old museum specimens, but 
through direct experience with living creatures observed in their natural surrounding.

Systematic Part 

C a r c h a r h i n i d a e  

Galeocerdo cuvieri (L e  S u e u r )

F o w l e r ,  1956, p. 17, f. 4.

Skin and teeth of medium sized specimen (Museum of Eilat).
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M o b u l id a e

Manta birostris ehrenbergi ( M ü l l .  H e n le )

T o r to n ese , 1954a, p . 18, f. 5.

A skin in the Museum of Eilat. As I stated earlier (1954a), this species is probably 
to be considered as polytypic, and the form living in the Red Sea deserves the 
name here employed.

S y n o d id a e  

Synodus variegatus (L a c .)

N o r m a n ,  1935, p. 106.

A single specimen (length 125 mm) was captured near the north beach, on sandy 
bottom. In life, the colour on the upper parts was yellowish brown, with six dark 
brown bands across the back, the first one between the eyes. It would be interesting 
to know if also in the Red Sea there are two different colour phases (red and green, 
the latter living in shallower water) as observed in Japan and Hawaii. As the real 
identity of “Cobitis japonica H o u t t u y n ”  remains doubtful, the name variegatus 
is the correct one for this lizard fish.

Trachinocephalus myops (S c h n .)

N o r m a n ,  1935, p. 122, f. 13.

Several specimens (140-180 mm) were found in the same habitat as the preceding 
species. T. myops appears to be much more abundant. In life, the colour is very 
bright, with horizontal blue and yellow stripes.

M u r a e n id a e  

Echidna grisea ( L a c .)

T o r to n e s e ,  1936, p. 166, fig. 2. (E. geometrica); 1955, p. 52 (id.). M a r s h a l l ,  
1952, p. 223, fig. 1 (Gymnothorax geometricus). S m ith , 1962, p. 441, pl.61 C (Siderea 
grisea). K l a u s e w i t z ,  1964, p. 125, fig. 2 .

I saw one of these morays half hidden among the corals, very near to the shore, 
and two others in the Aquarium of Eilat. As pointed out by myself and by 
K l a u s e w i t z ,  this species is rightly referred to the genus Echidna. F o w l e r  (1956) 
wrongly considers Gymnothorax geometricus (R ü p p .)  ( - E .  grisea) as a synonym of 
G. flavimarginatus (R ü p p .) .

Echidna nebulosa ( A h l )

S m ith , 1962, p. 423, pi. 60 F.

A fine specimen seen in the Aquarium of Eilat.
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H e m ir h a m ph id a e

Hyporhamphus dussumieri (V a l .)

W e b e r - B e a u f o r t ,  1922, p. 155 (Hemirhamphus dussumieri). W o o d s - S c h u l t z  
1953, p. 172, fig. 34 b. F o w l e r ,  1956, p. 145, fig. 75 (Hyporhamphus gambarur).

One specimen, found dead on the beach.
Length 225 mm, depth 21, width 19, head 76, eye 10.5, beak 38. Body about as 

wide as deep, flattened on back. Upper jaw keeled, a little broader than long. 
Praeorbital shorter than eye. 27 lower gili rakers. 48 scales in axial lateral series. 
Dorsal (rays 2/12) and anal (2/11 ?) with a few scales on their anterior part. Origin of 
dorsal a little in front of that of anal. Caudal well forked, its middle rays subequal to 
eye. Base of ventrals equidistant from base of caudal and base of pectorals, the latter 
being twice the diameter of eye. Scales on back with a broad dusky edge which is 
wider on those of the caudal region. Two black parallel lines on the back, one on each 
side of the median series of scales; they end at the dorsal fin. A silvery lateral stripe, 
wider behind. Tip of beak red. Fins grey, ventrals and anal paler; tip of front lobe of 
dorsal blackish.

It is doubtful if the name gambarur, created by L a c e p e d e ,  has a definite meaning 
and is to be applied to this species ; it seems rather that different Hemirhamphidae 
from the Indo-Pacific and the Atlantic regions were originally confused under the 
name “Esoce Gambarur” . Therefore, I prefer—as on former occasions— to keep the 
name dussumieri.

This is one of the more widespread hemirhamphidae, being known as far as the 
central Pacific. It was also recorded from the Eastern Mediterranean, but its im
migration there is still uncertain.

F i s t u l a r i i d a e  

Fistularia petimba L a c .

F o w l e r ,  1956, p. 194.
Common on the reefs, where rather large pipefish were observed. They used to stay 

often immobile, in horizontal position.

C e n t r i s c i d a e  

Centriscus scutatus L.

B le g v a d ,  1944, p. 81. F o w l e r ,  1956, p. 196.
Several small specimens (50-55 mm) in the Aquarium of Eilat. As far as I know, 

only R ü p p e l l  and K l u n z i n g e r  reported the existence of this strange fish in the 
Red Sea.

Sy n g n a t h id a e

Yozia bicoarctata ( B l k r )  (Fig. 1 A)
W e b e r - B e a u f o r t ,  1922, p . 101, fig. 42. S m ith , 1963, p . 532, fig. 10, p i. 80 A.
A dried specimen (male) obtained from the Museum of Eilat. Length 316 mm;
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preanal length 104; head 29; preocular length 17.5; eye 3.5. Rings 24 +  59. Trunk 
heptagonal, tail tetragonal. Snout long and slender, scarcely compressed, about 
twice the postocular part of head; its dorsal keel almost obsolete, lateral keel more 
evident, ending below the eye. Operculum swollen, with many radiating lines and 
with a faint, oblique keel on its upper part. Occiput rough and somewhat prominent. 
Interorbital equal to vertical diameter of eye. Rings with fine transverse lines and 
smooth borders. Superior and inferior ridges of trunk and tail discontinuous ; median 
ridges of trunk and inferior ridges of tail continuous. Dorsal (27 rays) a little longer 
than snout; it occupies 3 +  2 1/2 rings; base not elevated. 4 anal rays, 16 pectorals. 
Pectoral as long as eye diameter. Caudal very small. Brood-pouch on 16 rings, on the 
anterior part of tail.

Colour (dried condition): brown, with a dark vertical band on each ring; two 
parallel series of black spots on the lower side of snout.

This specimen is in good agreement with the quoted descriptions and is interesting 
because Y. bicoarctata was not previously reported from Eilat. The species is very 
widespread in the Indo-Pacific region, as it reaches Durban and Japan. F o w l e r  (1956) 
did not mention it among the syngnathids of the Red Sea. However, it was recorded 
by D o l l f u s  and P e t i t  (1938), who described Y. bicoarctata erythraeensis, after a 
single specimen (339 mm) with 32 dorsal rays (27-29 is the usual number), collected 
in the bay of Suez. According to S m it h ,  this subspecific separation is not acceptable 
until more data are obtained; it is also not supported by the specimen from Eilat.

F ig . 1 A . H ead  o f  Y ozia  b icoarcta ta  ( B lk r ) .  Eilat.
B. H ead o f  Phanerotokeus macrorhynchus (B a m b er), E ilat.

Phanerotokeus macrorhynchus (B a m b e r )  ( F ig .  1 B )

B a m b e r ,  1915, p. 480, pi. 46 fig. 4 {Halicampus m.). F o w l e r ,  1956, p. 204, fig. 109 
(Halicampoides m.).—S m it h ,  1963, p. 530, pi. 76 H.

A dried specimen (female) obtained from the Museum of Eilat. Length 153 mm; 
preanal length 80; head 32; preocular length 20; eye 3; dorsal base 7. Rings 14 +  27.

11

333



Snout long and narrow, about 2.5 the postocular part of head, little compressed, 
without dorsal keel. Head rather narrower than trunk. Interorbital strongly concave, 
the supraorbital ridges being very prominent, spiny. Upper profile of head concave 
behind the eye, then raised and sinuous, strongly keeled from above the operculum to 
above the pectorals. Operculum with some radiating lines on its lower part and an 
oblique keel on its upper part. Trunk and tail a little wider than high. Two low, more 
or less distinct spines on the posterior border of each ring of trunk, one on each ring 
of tail. Prominent ridges; upper and lower ridges of trunk and tail discontinuous; 
median ridges of trunk and tail continuous. Cutaneous appendages totally absent 
Dorsal (18 rays) on 1 +  2 1/2 rings, its base elevated; pectorals (18 rays) with very 
swollen base. Caudal as long as the operculum.

Colour (dried condition) : snout brown with white spots. Well evident bright red 
colour left on the upper postocular part of head. Four wide brown bands across 
trunk, seven on the tail; interspaces narrower and yellowish. Ventral side yellowish 
white, without spots.

This fish also deserves a peculiar mention, as it represents an endemic species of 
the Red Sea, of which—according to S m it h — only four specimens are known; they 
are from Suez, where the type was collected, and from Ghardaqa. The original 
description is extremely short.

Hippocampus hystrix K auf

F o w l e r - S t e i n i t z ,  1956, p. 274. S m it h ,  1963, p. 518, pi. 76 C. K l a u s e w i t z ,  

1964b, p. 127, f. 4.
A dried specimen was received from the Museum of Eilat. The species is also 

widely distributed in the Indian and Pacific oceans.

H o l o c e n t r i d a e  

Holocentrus diadema L a c .

F o w l e r ,  1956, p. 216.
One specimen obtained from the Museum of Eilat.

Myripristis murdjan ( F o r s s k . )

F o w l e r ,  1956, p. 212, f. 112.
Groups of these fishes are common on the reefs, always in shadowy situations 

under great masses of corals.

A t h e r i n i d a e  

Pranesus pinguis (Lac.) (Fig. 2 A)

F o w l e r - S t e i n i t z ,  1956, p. 273. S m it h ,  1965, p. 608, pi. 99, 100 A-C.
Atherinid fishes were found very abundant at Eilat, near the beach at the north end 

of the gulf; they used to leap out of the water in good numbers, not far from the
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shore. The collected specimens belong to two well distinct species, one of them—that 
appeared to be less numerous— being P. pinguis, already recorded from this locality 
( F o w l e r - S t e i n i t z ,  loc. cit.).

Length 73-100 mm, depth 5-5.5, head 3.8; diameter of eye equal to postorbital or 
a little greater; width of head 7.3 in standard length (larger specimens), 6.5-6.75 
(smaller specimens); width of silvery stripe about equal to snout; anal soft rays 
13-14; black blotch on distal part of pectoral fins present (more evident in larger 
specimens).

As features of “Atherina pinguis L a c .”  and “A. forskalii R ü p p .” — mentioned b y  
K l u n z i n g e r  (1884)— clearly coexist, the identity of these species is confirmed. 
According to the recent investigations by S m it h ,  the nominate subspecies is found 
in the Indian ocean and has 13-17 soft anal rays (average 14 or more); two subspecies 
replace it in the Red sea :

P. pinguis forsskali (R ü p p .) :  b o d y  d e p th  4 .5 -4 .9  in  s ta n d a rd  len g th .
P. pinguis rueppelli S m ith : b o d y  d e p th  5 -5 .5 .

Both have 12-15 soft anal rays (average less than 13). Using the available material, 
partly collected in Eilat (and described above) and partly preserved in the Museum 
of Genoa, I have tried to refer it to these different forms.

a) Massawa, Red Sea (MSNG 13925): five specimens: length 72-85 mm, depth 
4.5-5, 13 anal soft rays.

b) Is. Du Rahakan, Red Sea (MSNG 7895), one specimen: length 85 mm, depth 
5.2, 14 anal soft rays.

c) Sarawak, Borneo (MSNG 23302), nine specimens: length 75-85 mm, depth 
4.5, 11-13 anal soft rays.

Checking also the other characters, it does not seem possible to recognize 
two or three subspecies in this series, as expected. This should, however not be 
taken as outright rejection of the assumption of a polytypic condition: my material is 
too scanty for drawing definite conclusions. I would simply suggest that in its wide 
area, P. pinguis is represented by populations more or less different in body pro
portions and meristic characters, as is very frequently the case among fishes, and 
that perhaps we are not yet in a position for grouping such populations into larger 
geographic entities (subspecies). For these reasons, I prefer at present to call simply 
pinguis the Pranesus from Eilat, without giving them a subspecific name. Finally, 
it is doubtful —on theoretical grounds— that two different subspecies {P.p. forsskali 
and P.p. rueppelli) actually coexist in one and the same region (Red Sea) ; it would be 
necessary to show that they are in some way geographically or at least ecologically 
separated.

Allanetta afra ( P e t e r s )  (Fig. 2B)

S m it h ,  1965, p. 621, pi. 98 C.
Many specimens were collected together with those of the preceding species. 

All of them have the same size (80-85 mm); the shoals seem therefore to be of one 
age group. Depth 6-6.4; head 4-4.4. This species was found more abundant than 
A. pinguis; also during the “Calypso” Expedition many more A. afra than A .fors-
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skali (=P. pinguis) were captured ( R o u x - E s t è v e  and F o u r m a n o i r ,  1954). This 
silverside is easily recognized for its slenderer body and for two characters separating 
the genus Allanetta from Pranesus : maxillary bone not extended under the eye (the 
mouth is smaller) and mandible with a posterior elevation on each side within the 
mouth. According to S m it h ,  Hypoatherina gobio K l u n z .  —quoted by M a r s h a l l  

(1952) from the Gulf of Aqaba— is the same species.

10 mm

F ig . 2  A . H ead  o f  Pranesus pinguis ( L a c .) .  E ilat. 
B . H ead  o f  A llanetta  afra  ( P e t e r s ) .  E ilat.

Some records of “Atherina” afra in the literature are probably wrong. I briefly 
described under this name ( T o r t o n e s e ,  1941) two specimens from Mogadiscio 
(Somaliland; MSNG 37731) of small size (20-29 mm). They have now been re
examined and the correction of the previous identification is interesting. Both fishes 
are Atherion africanus S m i t h  (1965), an atherinid with minute spinules on its head; 
vomerine and palatine teeth cannot be detected and owing to the imperfect preser
vation the count of the scales is approximate (about 40 on a lateral series). This 
species was recently described after material from Zululand, Delagoa Bay and the 
Island of Mozambique ; it is evidently widespread all along the East African coast. 
The spinules on the head may be easily overlooked in the young individuals.

M u g i l i d a e  

Mugil oligolepis B l k r .

W e b e r - B e a u f o r t ,  1922, p. 245.
On sandy bottom in front of the north beach a young grey mullet was caught.
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Length 87 mm, head equal to depth, both 4 in length. Eye 3.75 in head, almost 2 in 
interorbital ; the latter is nearly flat, equal to postorbital part of head. Very narrow 
ocular lid. Snout equal to eye. Lips not enlarged. Preorbital not bent downwards, 
its inferior border denticulated, not emarginate. Maxillary visible when the mouth is 
closed. Mandible with a single symphysial knob. Scales about 30 in longitudinal 
series, 10 in transverse series, about 17 predorsal. Origin of first dorsal nearer to the 
caudal base than to the snout. Origin of anal (rays 3/9) in front of origin of second 
dorsal (rays 1/9): both fins are scaled. Height of caudal peduncle equal to postorbital 
part of head. Caudal well emarginate. Pectorals much shorter than head, without 
axillary scale. Ventrals with axillary scale, about as long as half of the fin. Fins grey; 
ventrals white.

Two species of M ugil have been hitherto reported from Eilat : M . labiosus V a l .  

and M . crenilabis F o r s s k .  The present specimen can not be referred to either species ; 
on the other hand, its features do not correspond to those of other common species 
found in the Red Sea (M. tade F o r s s k . ,  M. seheli F o r s s k . ,  M . vaigiensis Q u o y -  

G a im .) .  With some doubt, I identify it as M . oligolepis, not yet known from that 
sea ; this grey mullet is found in the Indian Ocean (Seychelles, South Africa, India) 
and eastward until the Philippines.

A p o g o n i d a e

Cheilodipterus lineatus L a c .

L a c h n e r ,  1953, p. 482, pi. 43 C. K l a u s e w i t z ,  1959a, p. 258, f. 10.
Several specimens of large size were seen on the reef, always in the shadow and 

often staying motionless near the corals. The white and brown vertical bands on the 
caudal peduncle were very conspicuous.

S e r r a n i d a e  

Cephalopholis miniatus ( F o r s s k . )

S c h u l t z ,  1953, p. 369, pi. 31 C.
A single specimen, with the common bright colours (red with blue dots), was 

noticed half-hidden among the corals. Another individual was seen in the Eilat 
Aquarium.

Variola louti ( F o r s s k . )

Sc h u l t z , 1953, p . 361, p i. 28.
A fairly big specimen was repeatedly seen near the base of the corals on the outer 

side of the reef, always in about the same place, which suggests rather sedentary 
habits.

Anthias squamipinnis ( P e t e r s )

S m it h ,  1961, p. 362, pi. 34 B,C,E.
Very common on the reef, in groups ; always found in the shadow. Males, recogniz

able by their darker, purplish colour, appeared to be less numerous.
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Grammistes sexlineatus ( T h u n b .)

S c h u l t z ,  1953, p. 385, pi, 32 A.
A fine specimen was seen in the Aquarium of Eilat.

Therapon jarbua ( F o r s s k . )

B l e g v a d , 1944, p . 87. M a r s h a l l , 1952, p . 228.
One specimen was received from the Museum of Eilat.

P e m p h e r id a e  

Pempheris mangula Cuv. (Fig. 3)
F o w l e r , 1931, p . 55.
Large shoals of these fishes are common at Eilat, concentrating during the day in 

the dark places on the reefs, where thay may be seen actively moving, sometimes 
mixed with Anthias. The percoids of the genus Pempheris have often been confused 
and there are many disagreements among the ichthyologists who dealt with them. 
Therefore, some difficulties arose in giving to the population of Eilat the appropriate 
name.

F ig . 3. P em pheris m angula  C u v . M assawa.

The first record of Pempheris from the Red Sea was R ü p p e l l ’s  (1835 :P. mangula, 
Mohila), the second K l u n z i n g e r i  (1871, 1884:P. mangula, Koseir). K o s s m a n  

and R a ü b e r  (1877) described P. rhomboidea from an untold locality and proposed a 
new name (P. erythraea) for “P.mangula” of K l u n z i n g e r .  Much later and simul
taneously (1952) M a r s h a l l  dubiously considered as P. moluca 25 juvenile specimens 
from Faraun Island (Gulf of Aqaba) and B e n  T u  V i a - S t e i n i t z  identified as P. mangula 
some specimens from Eilat. As far as I know, there are no other records in the lite
rature.
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Comparatively recent descriptions of the species of Pempheris are those of F o w l e r  

(1931) and W e b e r - B e a u f o r t  (1936); the latter authors did not include the Red Sea 
in the habitat of any species, but F o w l e r  quoted as living in that sea only P. mangula. 
This species is not considered by W e b e r  and B e a u f o r t  ; according to them the name 
mangula was wrongly applied to different species. F o w l e r ,  on the contrary, gave a 
description of P. mangula that fits perfectly with the following specimens available 
to me.

a) Massawa, Red Sea (MSNG 13640), one specimen. Length 103 mm, depth 47, 
head 31, eye 14. Interorbital about 2/3 of eye, snout 2.5. Head as high as long. Rostro- 
frontal line slightly concave behind the eye. Maxillary ending below the center of 
the eye. Mandible projecting. Teeth small, villiform, in bands on jaws, on vomer 
and palatines. 17 lower gili rakers. Scales mainly cycloid, often with irregular border, 
about 50 in lateral line, which extends on the caudal fin. Distance of dorsal fin from 
point of snout less than height of body. Dorsal rays V.9, anal 111.36. Dorsal tip 
blackish. Anal with evident dark base and with dark anterior tip. Caudal with some
what dusky border. No black blotch on the base of pectorals.

b) Ras Dumeirah, Assab, Red Sea (MSNG 16228), one specimen. Length 100 mm, 
depth 50, head 31, eye 13. Anal rays 3/38. Similar to the preceeding fish in all other 
features.

c) Eilat, Red Sea (HUJF 3534), two specimens. Length 92-98 mm, depth 40, head 
30-32, eye 12-13. 19 lower gili rakers. Anal rays 3/38. A well marked dark band all 
along the base of the anal fin. Owing to the much more recent capture, the original 
colour—rather dark brown— is better preserved.

The fishes from these three localities are very similar; no remarkable differences 
can be detected in two others from Amboina, Moluccas (MSNG 13639; length 63-83 
mm). All of them are here referred to P. mangula, interpreting this species according 
to F o w l e r  (loc.cit.). This being the species found in Eilat, the determination made by 
B e n  T u v i a - S t e i n i t z  is confirmed. The figure given by B l e e k e r  (1877, pi. 383 f.2) 
does not show the black tip of the dorsal, but is otherwise good. The synonymy 
rhomboidea-mangula, suggested by F o w l e r ,  appears to be exact.

Is P. mangula the only species living in the Red Sea? Probably not, as shown by the 
following material.

a) Is. Dahlak, Red Sea (MSNG 40311), one specimen. Length 94 mm, depth 40, 
head 25, eye 12. 16 lower gili rakers. Dorsal rays V.9, anal 111.42. Dorsal black 
tipped, anal with a narrow dusky border.

b) Red Sea, locality unknown (HUJF 3535), 3 specimens. Length 117-130 mm, 
depth 49-55, head 33-36, eye 13-17. Head as high as long. Rostro-frontal line 
convex. Teeth small. 22 lower gili rakers. Scales cycloid, about 55 on lateral line. 
Distance of origin of the dorsal fin from point of snout less than depth of body. 
Dorsal rays 6/9, anal 3/40 (approximately). Dorsal tip blackish. Anal with well 
marked black border; caudal border also darker. No black blotch at the base of 
pectorals.

The former specimen of this group is rather similar to those mentioned before; 
the others are more different, chiefly for their more elongated body and for this
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reason are more fully described here. All agree in having a higher number of anal 
rays and a dark border on this same fin. Such characters are found in P. vanicolensis 
Cuv. Therefore, I think that this is the second species present in the Red Sea. 
It seems that the ratio length/depth of the body and the number of gili rakers are 
rather variable; my material is however too scarce for a satisfactory definition and 
comparison of these two pempherids, which perhaps were confused by K l u n z i n g e r .  

On this occasion, I simply assemble a few notes that may be useful to future workers 
in a detailed study which requires abundant and desirably fresh material. At present, 
nothing can be said about the distribution and frequency of P. mangula and P. 
vanicolensis in the Red Sea.

The following concluding remarks on P. moluca Cuv. are in order. According to 
F o w l e r ,  this is a synonym of P. macrolepidotus ( S c h n . ) ;  according to W e b e r  and 
B e a u f o r t ,  it is applied to a valid species, recognizable for its stronger dentition, with 
anterior lower teeth partly directed outwards and visible from below. Such a character 
can not be found in any of my specimens.

L u t j a n i d a e  

Caesio lunaris Cuv.
W e b e r - B e a u f o r t ,  1936, p .  299.
Large shoals were observed near the reef. These fishes show a bright blue colour 

and black tips on their caudal fin.

S p a r i d a e  

Diplodus noct ( V a l . )

M a r s h a l l ,  1952, p. 233.
This sparoid which according to M a r s h a l l ,  is endemic in the Red Sea, is very 

common at Eilat. Big specimens were found on the reefs, smaller ones on the 
Halophila beds.

M u l l i d a e  

Mulloidichthys flavolineatus ( L a c . )

B l e g v a d ,  1944, p. 133, pi. VII fig. 1 (M . auriflamma).
Abundant at the north end of the gulf, on sandy bottom and Halophila beds. 

N i e l s e n  and K l a u s e w i t z  (1965) recently pointed out that the name auriflamma 
F o r s s k â l  cannot be used for this species, because the type specimen (Univ. Zool. 
Mus. Copenhagen) is a Parupeneus.

Upeneus tragula R ic h .

B l e g v a d ,  1944, p. 135, pi. VII fig. 3. L a c h n e r ,  1954, p. 522, pi. 14 C.
Good numbers were captured together with the preceeding species.

Parupeneus macronema ( L a c . )

S m it h ,  1950, p. 229, fig. 565.
Fishes belonging to this conspicuous member of the mullid family are very common
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on the sandy areas between the corals ; they stay near the bottom, vividly moving their 
barbels. Only large specimens were seen, usually in groups of 3-4. They have a well 
marked black lateral band; the caudal region is bright yellow with a black spot. 
The closely related P. barberinus ( L a c . )  is probably also present.

L e i o g n a t h i d a e  

Gerres oyena ( F o r s s k . )

B l e g v a d , 1944, p .  115.
This is a common species on sandy bottoms and on Halophila beds.

C a r a n g i d a e  

Scomberoides sancti-petri Cuv.

B l e g v a d ,  1944, p .  102 (Chorinemus sancti-petri).
Three young specimens were collected near the beach at the north end of the gulf. 

Maximum depth 3,75 in standard length (5 5 -6 2  mm), equal to head length. Snout 
pointed, maxillary ending below middle of eye. Anterior tip of second dorsal fin and 
tip of each caudal lobe darker grey. Two specimens show undefined dark blotches 
on the upper part of the body sides, not extending beyond the lateral line.

C h a e t o d o n t i d a e  

Chaetodon austriacus (Rüpp.)

F r a s e r - B r u n n e r ,  1951, p . 45, p i. 11 fig. 2. B a s c h ie r i  S a l v a d o r i ,  1954, p . 88, 
p i. I, fig. 1, II, fig. 1.

Very common on the reef, usually in pairs. This species has often been confused 
with C. trifasciatus M. Park, a closely related Chaetodon living in the Indian and 
Pacific oceans.

Chaetodon chrysurus paucifasciatus A h l

F r a s e r - B r u n n e r ,  1951, p . 45 , p i. II, f ig . 4. B a s c h i e r i  S a l v a d o r i ,  1954, p . 91 , 

p l .I I ,  f ig . 4.
This pretty fish appears to be frequent, but less abundant than the preceding 

species; it was also commonly seen in pairs.

Chaetodon fasciatus F o r s s k .

B a s c h ie r i  S a l v a d o r i ,  1954, p . 93, p i. III f. 2, IV f. 2.
Rarely observed as isolated specimens near the outer border of the reef. Like

C. austriacus and C. chrysurus paucifasciatus, this is an endemic form of the Red Sea.

Gonochaetodon larvatus (Cuv.)

T o r t o n e s e ,  1936, p. 185 (Chaetodon triangulum larvatus). F r a s é r - B r u n n e r ,  

1951, p. 44, pi. I, fig. 2. B a s c h i e r i  S a l v a d o r i ,  1954, p. 95, pi. V fig. 1, VI, fig. 4.
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Although common in the Red Sea, this fish was but rarely seen near Eilat. As I 
wrote many years ago (loc.cit.), it was usually assigned to other forms, considering 
the complex as a single species. F r a s e r - B r u n n e r  pointed out the differences, adding 
that G. larvatus is probably peculiar of the Aden-Zanzibar area. The existence in the 
Red Sea of fishes like the one from Aden painted by that author is, however, sure, 
as clearly demonstrated by my own observations on the reefs of Eilat, by the speci
mens from Massawa which I studied in 1936, by those photographed by B a s c h i e r i  S a l 

v a d o r i  and by one (length 63 mm) from Dissei I. (Dahlak) preserved in the Museum 
of Genoa (MSNG 7901). Comparing the latter with a G. baronessa (Cuv.) from the 
Bay of Geelwink, New Guinea (MSNG 38277; length 80 mm), I find that F r a s e r -  

B r u n n e r  is right in separating the eastern from the western Gonochaetodon according 
to the colour pattern, the number of scales and the length of the shout. This does 
not mean, of course, that further investigations are not needed for a better under
standing of the forms assembled in this genus.

Heniochus acuminatus (L.)

B a s c h ie r i  S a l v a d o r i ,  1954, p . 97, p i. Y , fig. 2 ; VI fig. 2.
This easily recognizable chaetodontid was seen in the Eilat Aquarium and I was 

told by divers that it is often noticed near the northern beach ; I never saw it on the 
reefs.

Pomacanthus imperator ( B l o c h )

F r a s e r - B r u n n e r ,  1933, p. 556, pi. I.—B a s c h e r i  S a l v a d o r i ,  1954, p. 98, pi. VI, 
f. 3; VII, fig. 1.

Isolated specimens of this magnificent fish were seldom observed on the reef. 
All of them showed the pattern of the adult condition.

P o m a c e n t r i d a e  

Pomacentrus sulfureus K l u n z .

B a s c h i e r i  S a l v a d o r i ,  1955, p. 63, pi. IV, fig. 3. S m it h ,  1960, p. 345, pi. 28 C.
This bright yellow pomacentrid, with a black spot on the base of its pectoral fins, 

is one of the commonest fishes at Eilat; it swims abundantly among the corals. 
B a s c h i e r i  S a l v a d o r i  found it scarce in the northern Red Sea. That author described 
(1955) P. albicaudatus', many specimens that I saw at Eilat possibly belonged to that 
species, but none was collected, so I cannot be sure of their identity. Another species 
which, unfortunately, I failed to collect is probably P. tripunctatus Cuv., already 
reported from Eilat ( B e n - T u v i a  and S t e i n i t z ,  1952).

Amphiprion bicinctus Rüpp.

B a s c h i e r i  S a l v a d o r i ,  1955, p. 59, pi. I, fig. 2-3. F i s h e l s o n ,  1965, p. 3, fig. 1-7.
Very common. Each pair of specimens is invariably associated with one of the 

large actinians (Stoichactis) living among the corals.
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Dascyllus aruanus (L.)

B a s c h i e r i  S a l v a d o r i ,  1959, p. 60, pi. II, fig. 1. S m it h ,  1960, p. 327, pi. 32 E.
Frequent, in small groups, always in the branched corals.

Dascyllus trimaculatus ( R ü p p .)

F o w l e r - S t e i n i t z ,  1956, p. 277. S m it h ,  1960, p. 328, pi. 32 C,F.
Isolated, adult specimens were often seen on the reefs.

Dascyllus marginatus ( R ü p p .)

B e a u f o r t ,  1940, p. 465, f. 54. M a r s h a l l ,  1952, p. 237, f. 2. B a s c h i e r i  S a l 

v a d o r i ,  1955, p. 59, pi. I f. 4. S m it h ,  1960, p. 328, pi. 32 H.
According to personal observations, this species is the most abundant Dascyllus 

at Eilat. Groups of individuals, often of dilferent size, live on the reefs and swim near 
the corals, not hiding as D. aruanus usually does.

It is interesting to examine the relationship of this pomacentrid and D. reticulatus 
( R i c h . ) ,  a closely related form living in the Indo-Pacific region outside the Red Sea. 
They have been considered as synonyms ( B e a u f o r t ,  1940), subspecies ( M a r s h a l l ,  

1952) or species ( S m i t h ,  1960; W o o d s  and S c h u l t z ,  1960). According to M a r s h a l l  

there are the following differences:
D. marginatus. Vertical brown bands absent. Spinous dorsal fin with black border ; 

soft dorsal with black anterior border. Anal fin black anteriorly. Pectoral rays usually 
18-19. Longest soft dorsal ray usually 23.8% of standard length.

D. reticulatus. Two vertical brown bands. Spinous dorsal fin almost wholly 
black; soft dorsal without black anterior border. Anal fin largely black. Pectoral 
rays usually 20-21. Longest soft dorsal ray usually 21 % of standard length.

M a r s h a l l  concluded that a single polytypic species exists, with a western rep
resentative {D. marginatus marginatus) found in the Red Sea, and an eastern one 
(D. marginatus reticulatus); he observed and figured intermediate specimens from 
Aden. I have tried to check this situation studying the available material. Owing to 
the generally worn condition of the soft dorsal rays, their length has not been con
sidered.

a) Massawa, Red Sea (MSNG 12892), 10 specimens. Length 30-54 mm. Spinous 
dorsal largely black; this conspicuous band narrows behind, continuing with the 
black border of the soft dorsal fin. Anal black on its anterior half. Pectoral rays 
17-19.

b) Massawa, Red Sea (MSNG 36899), 14 specimens. Length 26-50 mm. Colour 
faded, but probably as above. Pectoral rays 18-19.

c) Dilemmi I., Dahlak, Red Sea (MSNG 40249), 24 specimens. Length 20-47 mm. 
Colour as in N. 12892, but anal less black. Pectoral rays 17-19.

d) Sarawak, Borneo (MSNG 23306), 175 specimens. Length 17-42 mm. Colour as 
above, but no black border can be detected on the soft dorsal fin. Pectoral rays 17-20, 
usually 18-19.
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The fishes from the Red Sea differ from the one figured by M a r s h a l l  because the 
black colour is rather more extended on the anal and, chiefly, on the spinous dorsal 
fin. 18 seems to be the more frequent number of pectoral rays. The series from Borneo 
was identified as Tetradachmum reticulatum by V i n c i g u e r r a  (1926), who however, 
wrote that “there are no traces of dark bands on the body” . For the reason indicated 
above, the length of the soft dorsal rays has not been measured; it seems that they 
are not shorter than in the specimens from the Red Sea.

I refer all the material at hand to D. marginatus, which appears to be widespread in 
the Indo-Pacific region at least until Borneo. S m it h ’s statement (“marginatus R ü p p e l l ,  

1828, does not appear to occur beyond, or barely beyond the Red Sea”) cannot be 
accepted. No specimens of D. reticulatus are available to me. The coexistence in large 
areas of D. marginatus and reticulatus would support the view that they are specifically 
different, not merely subspecific entities. I have to add that in B l e e k e r ’s  figure (1877, 
pi. 409, fig. 3) of T. reticulatum there are no dark bands and no black on the anal fin. 
Also, B e a u f o r t ’s  figure has no bands on the body (according to this author they 
disappear with age) ; the anal fin shows a black border all along. It seems that both 
these authors pictured D. marginatus rather than D. reticulatus.

Abudefduf saxatilis (L.)

B a s c h i e r i  S a l v a d o r i ,  1955, p. 64, pi. V, fig. 1. S m it h ,  1960, p. 332, pi. 29 B.
Like other recent ichthyologists I have avoided a trinominal. According to 

B e a u f o r t  (1940), the population of the Red Sea would be A. saxatilis vaigiensis 
( Q u o y - G a im .) ,  being included in the subspecies which in the Indo-Pacific replaces 
the nominate form living in the Atlantic. Material from both areas is available in the 
Museum of Genoa: Indo-Pacific (Red Sea, Somaliland, New Guinea, Aru I.) and 
Atlantic (Cabo Verde I., Florida, Colombia).

Leaving apart the body proportions as the specimens have too different sizes, I 
tried to check the difference in the fifth brown vertical band ; it is said to be confined 
to the caudal peduncle in the Indo-Pacific specimens, but extending to the soft dorsal 
fin in the Atlantic ones. I notice variations in this feature, so that I cannot confirm a 
difference which may, however, become statistically significant if more specimens 
would be examined. I have a fish from Massawa (MSNG 40310), 113 mm long, in 
which the mentioned band is well extended to the dorsal fin. The characters of the 
two populations must be thoroughly analyzed before subspecific units can be clearly 
defined.

According to F i s h e l s o n  (1964), this pomacentrid is more solitary and more erratic 
when adult; however, 1 frequently observed groups of 5-10 fully grown individuals 
swimming on the reefs.

L a b r i d a e

Gomphosus caeruleus klunzingeri K l a u s .

K l a u s e w i t z ,  1962, p. 12, pi. I, fig. 3-4.
Two single representatives of this labrid were seen on the reef. Both showed the
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dark blue colour (“blauschwarz”) peculiar of males. The author quoted above described 
the differences between the Red Sea population and the nominate form found in the 
Indian ocean.

Labroides dimidiatus ( V a l . )

R a n d a l l ,  1958, p. 329, fig. 1.
A  specimen was captured at night (but not preserved) while freely swimming 

near the shore in front of the reef. Two others were seen associated with Coris and 
acting as cleaners.

Coris aygula L a c .

S m i t h ,  1950, p. 292, pi. 101, fig. 806 (C . angulata).
This species is quite common at Eilat on the reef. However, only large specimens 

were seen, always solitary. Their forehead was well prominent, the colour showed 
remarkable variations, being sometimes very dark, almost black —but with a pale, 
more or less distinct vertical band across the anterior half of the body— and sometimes 
clear greenish. This is one of the largest labrids, as it may become more than a 
meter long.

Thalassoma purpureum ( F o r s s k . )

S m it h ,  1950, p. 287, pi. 53, fig. 779.
Wrasses of small or medium size, frequently seen on the reefs, were so similar to 

the colored figure just mentioned that I suppose they belong to this well known 
Red Sea species.

Hemipteronotus pentadactylus (L.)

S m it h ,  1950, p. 293, p. 160 f. 812.
One specimen (length 145 mm) was caught near the north beach, on the Halophila 

bed. It would be very difficult to give a satisfactory description of the delicate colours 
O f this fish (clear blue, pink, yellow) ; they rapidly disappear after death.

M u g i l o i d i d a e  

Parapercis hexophthalma (Cuv.)

C a n t w e l l ,  1964, p. 268, f. 1 J, 3 J, 9 B.
This species is rather common in sandy areas between the corals. The fishes were 

always seen resting on the bottom. The general colour was quite clear, so that the 
large black spot on the caudal fin was particularly evident.

B l e n n i id a e

Istiblennius rivulatus ( R ü p p .)

K l a u s e w i t z ,  1964b, p. 135, f. 11.
One specimen (length 72 mm) was collected at night along the shore, in a small

23

345



rock pool. This blennioid —often confused with its close relative I.edentulus ( S c h n . ) —  

is probably endemic in the Red Sea.

S i g a n i d a e  

Siganus rivulatus ( F o r s s k . )

B e n - T u v i a ,  1964? p. 5, f. 1.
This is a very common fish along the northern shore, on sand and Halophila 

ground. It is well known as an immigrant in the Eastern Mediterranean, where it is 
now found in great numbers. Both in Eilat and in Beirut I observed how quickly 
S. rivulatus changes its colour, becoming dark or pale, heavily spotted or almost 
plain.

A c a n t h u r i d a e  

Acanthurus nigrofuscus ( F o r s s k . )

R a n d a l l , 1956, p . 190, f. 2  h ;  p i. 1.
Shoals of this surgeon fish are common on the reefs.

Zebrasoma xanthurum ( B l y t h )

R a n d a l l , 1955, p . 402, f. 1 c, 5.
This brightly coloured species is very common, isolated or in small groups which 

usually stay close to the corals.

S c o r p a e n i d a e  

Scorpaena erythraea Cuv.

F o w l e r - S t e i n i t z ,  1956, p. 281.
A single specimen was captured near the reef. Length 87 mm, depth 30, head 32, 

eye 6 . Maxillary reaching opposite front of eye. Lower jaw protruding. Eye 1.5 in 
snout, about equal to interorbital width. Both jaws with bands of villiform teeth. 
No palatine teeth. Tnterorbital deeply concave. Nasal spine sharp. Many cutaneous 
appendages scattered on head, trunk and fins; the larger are lobate. Supraocular 
tentacle long and flattened, with lobes. Scales finely ctenoid, 50 on lateral line; breast, 
axillary region and belly scaleless. Dorsal rays XI.I.9, anal III.5, pectoral 1.4.12 
(4 branched). Life colour; brownish grey, with darker and blackish spots and blotches, 
a vertical band between soft dorsal and anal, breast and belly white, a dark blotch on 
the upper anterior part of soft dorsal, two dark grey bands on caudal, one at the 
base of the fin and the other, wider, behind the middle.

This species was described after a specimen from the Red Sea. The above mentioned 
authors had one from Eilat (70 mm long) which seems to be conspecific with mine. 
S m it i i  (1957) considers S. erythraea as a fish of uncertain identity; in any case, it 
does not belong to the genus Scorpaena as understood by this ichthyologist, because 
it lacks palatine teeth and has four divided rays in the pectoral fins. As a whole, 
S. erythraea appears to be a little known scorpaenoid.
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Dendrochirus brachypterus (Cuv.)

K l a u s e w it z , 1957, p . 320.
Two specimens were caught near the north beach.

Pterois volitans (L.)

K l a u s e w it z , 1957, p . 322.
This well known fish is frequent on the reef, where during the day it is hidden 

among the corals, coming out at sunset. It is always solitary.

Pterois radiata Cuv.

K l a u s e w i t z , 1957, p .  3 2 0 -3 2 1 , 1958, p .  48.
A single specimen, not preserved, was captured at night near the shore in front of 

the reef.

Inimicus filamentosus (Cuv.)

S m i th ,  1958, p. 176, pi. 8 C.
According to the quoted author, this scorpaenid is rare and known from Zanzibar, 

Mauritius and Réunion. Two fine specimens were seen in the Eilat Aquarium.

P e g a s i d a e  

Pegasus draconis (L.)

F o w l e r ,  1956, p. 191.
A dried specimen, 49 mm long, was obtained from the Museum of Eilat.

B a l i s t i d a e  

Sufflamen albicaudatus ( R ü p p .)

C l a r k -G o h a r , 1953, p . 25, f. 3, p i. I  f. 2.
This balistoid is common on the reefs, always solitary. In the Indian Ocean it is 

replaced by S. chrysopterus (Bl. S c h n . ) ,  which lacks the white caudal band that 
is more or less evident in S. albicaudatus.

OSTRACIONIDAE 

Ostracion cubicus L.

C l a r k - G o h a r ,  1953, p. 50, pi. II f. 3, IV f. 2. T o r t o n e s e ,  1954b, p.82 {O. tuber
culatus). L e  D a n o i s ,  1961, p. 280, f. 36.

Trunk fishes have been known for a very long time, but the systematics of those 
living in the Red Sea is still in part obscure. According to Le D a n o i s ,  O. cyanurus 
R ü p p .  and O. argus R ü p p .  “tombent en synonymie avec O. cubicus” : however, no 
explanations are given for supporting this statement. The often used name tuberculatus 
L. has page priority, but —as pointed out by Le D a n o i s — it was applied to the young
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stage o f a species that might be either O. cubicus or O. nasus. Two dried specimens 
were received from the Eilat Museum. Both are young (length 33 and 93 mm) and 
show rather few clear spots with continuous encircling rings; on the belly o f the 
smaller specimen the spots are solid black.

Ostracion cyanurus Rüpp.

C l a r k - G o h a r , 1953, p .  51, p i .  III f . 1 a - d .

I consider as belonging to this form a small, dried fish (female, 77 mm long ; Museum  
of Eilat) and a larger one, bright blue, seen among the corals.

Tetrosomus gibbosus (L.)

C l a r k - G o h a r , 1953, p. 52, pi. I f. 3. Rhinesomus gibbosus L e  D a n o is , 1961, p. 
288, f. 41-42 (Ostracion gibbosus). T o r t o n e s e , 1966, p. 82.*

This is an easily recognizable fish, o f which two dried specimens (length 90-150 mm) 
were obtained from the Museum.

C a n t h i g a s t e r i d a e  

Canthigaster margaritatus ( R ü p p .)

C l a r k - G o h a r , 1953, p. 63, pi. III f. 2. L e  D a n o i s , 1961, p. 319, f. 57 (C. strio
latus).

This pretty fish, not rare on the reefs, was collected among the corals rather near 
to the shore. As many names were given to it, the synonymy is quite extensive. L e  

D a n o is  revived striolatus Q u o y - G a i m . (1824), ignoring the earlier compressus 
P r o c é  (1822) which however is included in her list o f synonyms. As the descriptions 
of striolatus and compressus are not available to me and a reliable conclusion on 
the nomenclatorial problem can therefore not be reached, I prefer to keep R ü p p e l l ’s 

well known name. For a century, that is after B l e e k e r , striolatus has never been 
used. It is interesting to point out that according to L e  D a n o is , the family Canthigas
teridae has closer affinities with the Ostracionidae than with the Tetraodontidae. 
The latter were frequently understood as a very comprehensive group, including also 
Canthigaster.

L a g o c e p h a l i d a e  

Amblyrhynchotes hypselogeneion (B l k r )

C l a r k - G o h a r , 1953, p. 57, f .  18.
Many specimens, 60-80 mm long, were captured on sandy and Halophila bottom  ; 

some very young were seen swimming close to the shore. When handled, these fishes 
moved their jaws emitting a peculiar sound.

* Addition to m. s., June 1967 (Edit.)
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T e t r a o d o n t id a e

Arothron hispidus perspicillaris (Rüpp.)

C l a r k - G o h a r , 1953, p. 61, pi. III f. 3 (4 . hispidus). K l a u s e w i t z , 1964b, p. 140, f. 18.
Two fine adult specimens were seen in the Eilat Aquarium. As well shown by 

K l a u s e w i t z , this subspecies replaces in the Red Sea the nominate form living in 
the Indian and Pacific oceans. In A. hispidus perspicillaris the white spots are smaller, 
more numerous and extended also on the caudal fin, as confirmed by specimens at 
hand from Massawa (M SNG 12400).

A c k n o w l e d g e m e n t s

It is a pleasure to express my best thanks to Drs. F .  D. P o r  and H. S t e i n i t z , of 
the Zoological Department (The Hebrew University), who helped me all along 
with great enthusiasm and kindness, and to their assistants ; I feei particularly obliged 
to Mrs. R u t h  S e g g e v , Mr. Y a ir  A c h i t u v  and Mr. A v r a m  W e r e c h s o h n . I wish 
also to thank Mr. D a v i d  F r i d m a n , director of the Maritime Museum (Eilat), who 
gladly cooperated, gave o f his unique experience, and kindly presented several 
interesting specimens.

S u m m a r y

66 fish species were observed at Eilat and identified; they belong to 33 families.
Many o f them were seen on the reefs, others were obtained from the sandy bottom  
and H alophila  flats at the north end of the gulf; still others were examined in the 
public Aquarium of Eilat. O f particular interest is the reef fauna. There are 
numerous Pomacentrids, P em pheris. A n th ia s , C haetodon , Plectognaths, etc.
Morays were scarce. P tero is volitans appeared only at sunset and during the 
night. Near the sandy shore Trachinocephalus, S iganus and A m blyrhyncho tes  
were numerous.

Sys tem a tic  and  biogeographical rem arks: Two Syngnathids ( Y ozia  b icoarcta ta  
and P hanero tokeus m acrorhynchus) were not previously reported from this area.
It is confirmed that Pranesus p ingu is  (Atherinidae) is a synonym o f A therina  
fo rsk a li:  the specimens in hand are provisionally referred to  the nominal form.
Another Atherinid (A llanetta  a fra) was found more abundant. Two Poma
centrids were particularly considered : D ascyllus m arg ina tus  which appears to be 
widespread in the Indopacific region at least until Borneo, and A b u d e fd u f sa x tilis;  
two forms o f the latter, living in the Indopacific and the Atlantic respectively, 
are known, but their separation is doubtful. The systematic position o f some 
fishes living near Eilat, like P em pheris  and Scorpoena, is not completely clear 
and further studies are needed.

R la ssu n to

66 specie, appartenenti a 33 famiglie sono state osservate e identifícate nella 
regione di Eilat. M olte di esse furono vedute tra le formazioni madreporiche, 
altre furono ottenute sui fondi di sabbia e H alophila  all’ estremità settentrionale 
del golfo ed altre ancora furono esaminate nell Acquario pubblico di Eilat. La 
fauna dei fondi a madrepore ha un interesse particolare; vi sono m olti Poma- 
centridi, Pem pheris, A n th ias, Chaetodon, Plettognati, ecc. Le Murene sono scarse.
P tereis volitans appare solo al tramonto e  durante la notte. Presso la riva sabbiosa 
sono numerosi Traeinocephalus, S iganus e A m blyrhynchotes.

R iliev i sis tem a tic i e  biogeografici: D ue Singnatidi ( Y ozia  b icoarcta ta  e Phanero
to keu s m acrorhynchus) non erano stati precedentemente segnalati in questa zona.
Viene confermato che Pranesus p ingu is  (Aterinidi) è sinónimo di A therina  
fo rs k a li;  tutti gli individui sono per ora attribuiti alla forma nominale. U n altro 
Aterinide (A lla n e tta  a fra) fu rinvenuto in maggiore abbondanza. Due Pomacen-
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tridi vennero  particolarm ente considerati: D ascyllus m arginatus —  che nella  
regione Indopacifica sem bra essere diffuso alm eno fino a Borneo —  e A budefduf 
saxitilis; d i quest’u ltim o so n o  n o te  due form e —  viventi nell’Indopacifico e  
n ell’A tlantico  —  m a la loro separazione è  dubbia. La posizion e sistem ática di 
alcuni pesci viventi presso E ilat, com e Pem pheris e  Scorpaena, non  è  del tutto  
chi ara e  occurrono ulteriori studi.
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R eprin ted  from  Bull. Sea Fish. Res. Sta., H aifa , no. 51, 1968, p. 31-46

CONTRIBUTIONS TO THE KNOWLEDGE OF THE REDjSEA
No. 41

OBSERVATIONS ON THE DISTRIBUTION AND BEHAVIOUR OF 

PELAGIC SCHOOLING FISH  IN  THE SOUTHERN RED SEA

by

M. B e n -Y a m i 

S e a  F isheries R esearch  S ta tio n , H aifa

I n t r o d u c t io n

Reports on the presence o f schools o f  pelagic fish in the South Red Sea increased in 
frequency and reliability with the establishment o f regular commercial off shore 
trawling based at Massawa. Surveys carried out in 1961-1963 on board the R.F.V. 
Berbira, a research boat o f the Ethiopian Fisheries Section, confirmed these reports 
(B e n -Y a m i , 1964). As early as 1957-1958, during the first trawling survey carried out 
on board the M .F.V. Negisti Saba (A n o n y m o u s , 1959; P o r a t h , 1962), pelagic fish 
were observed and taken on trolling lines, the catch including such schooling fish as 
little tuna Euthynnus affinis (C a n t o r ) ,  Iongtail tuna Thunnus tonggol (B l e e k e r ) ,  and 
Spanish mackerel Scomberomorus commersoni ( L a c e p e d e ) .  The Massawa trawlers 
and the Berbern operating in both Massawa channels, between Massawa and Dahlak 
and off the Dankalian shores, often hooked on their trolling lines various pelagic 
fishes, o f which the most common were the above mentioned species, as well as 
barracudas {Sphyraena spp.), jackfish (Caranx spp.), and queenfish, Chorinemus lysan 
( F o r s k .). Schools o f the latter two species are often caught by local fishermen fishing 
with beach seines in shallow waters. Another schooling fish occurring in the catches 
o f beach seines, is the milkfish, Chanos chanos ( F o r s k .).

The consistent reports on the abundance o f  pelagic fish in the  South Red Sea 
brought the Israeli and the Ethiopian fisheries administrations to the decision to  
undertake pelagic fishing surveys in Ethiopian waters. The preliminary survey was 
carried out in February-March 1962, by a team headed by Mr. Z. P o r a t h  ( P o r a t h , 

1962). In 1964, the Israeli Department o f  Fisheries reconditioned a 22 m trawler, 
Negus Solomon, for purse-seining, and equipped her with the gear necessary for 
explorations on a more extended scale. During this stage, observations were made by 
Mr. Z. P o r a t h  in April and May, and by the author in June and in July.

Both surveys were carried out by the Israel Department o f Fisheries in coordination 
with the Imperial Ethiopian Government (Department of Marine). Mr. J. K a s e r o f f , 

a FAO EPTA expert, was assigned by the FAO Fishing Gear Section to assist in the 
1964 survey.

The objects o f  the surveys were :
1. to  assess, the prospects for extended purse-seining in Ethiopian waters ;
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2. to train a crew of Ethiopian fishermen in the technique of purse-seining opera
tion;

3. to determine the sort o f gear and vessel suitable for commeicial purse-seining in 
this area;

4. to observe and record the behaviour and movements o f  schools of pelagic fish, 
and to work out a suitable fishing tactic; to determine the most suitable fishing 
season, and to study the distribution o f schooling fish in the surveyed area;

5. to  estimate the qualitative and quantitative composition of the prospective 
catches.

The present paper reports on surveys carried out in 1962 and 1964, and deals 
mostly with items 4 and 5; it includes the observations and conclusions of Mr. Z. 
P o r a t h . Observations made by the author in 1965 are summarized.

F is h in g  C r a f t  U sed  in  t h e  S u r v e y s

The 1962 survey was carried out on board M.F.V. Stella, a typical Israel-made 
sardine purse-seiner (B e j e r a n o , 1960). She had the following features: length, o.a. — 
I l m;  engine — Diesel 40 HP; speed — 6.5-7 knots; deck equipment — seine winch 
and a purse-davit amidships, fore-mast with an outrigger for heaving the purse-rings 
and brailing the catch. An auxiliary row-boat was used in the purse-seining opera
tions. The Stella was hired for the purpose o f the exploratory fishing from her 
Massawa owners, Messrs. Yotvath Red Sea Development (Ethiopia) Ltd.

The Negus Solomon, a Medditerranean type steel trawler of Israeli construction, 
was hired from the same owners for the 1964 stage. She is a stern-trawler of 22 m 
l.o.a. powered by a 150 HP Caterpillar Diesel engine and developing 7.5-8 knots. To 
rig the Negus Solomon for purse-seining, the gallows and stern-roller were dismantled 
and a purse-davit was installed at the port side, amidships, slightly forwards of the 
trawl-winch, from which a purse-line was guided to the davit by means of specially 
installed snatch-blocks. The main derrick was re-rigged, to adapt it for heaving the 
purse rings, hauling the net and brailing the catch.

A  rowing work-boat was used as an auxiliary when making a set. Manned by two 
men, this boat was connected by a short tow to the bunt end line of the purse-seine. 
When setting, the boat remained at the bunt end, and at the completion of the en
circling operation, her crew would pass the bunt line and the purse-line ends on 
board the Negus Solomon. The Berbira and her crew, of the Ethiopian Marine D e
partment, also participated.

T h e  P u r s e -S e in e  N e t

A  rather short (300 m) purse-seine, made of a 50 mm stretch mesh, 210/18 to 
210/24 twine, green nylon netting, was used during the 1962 stage. The stretch depth 
of the net was 50 m (27.4 fathoms). It was satisfactorily used in the Mediterranean in 
purse-seining for small schools of little tuna. For the 1964 survey this same net was 
lengthened by a section o f 50mm stretch mesh netting, 165 m long, consisting partly of
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210/21 nylon and the rest o f  polyethylene o f equivalent strength, and at the wing end 
o f the net a 150 m section o f 84m m  stretch mesh white 210/9 nylon netting. A  strip of 
120 mm stretch mesh 210/27 green nylon netting, 6.4 m (3 i  fathom) deep, was added 
to  the depth o f the net, between the leadline and the main body.

The net was assembled in the Californian manner, under the supervision o f Mr. 
K a s e r o f f .  The netting was not tapered and presented a rectangle with its outer 
meshes gathered and connected to  large-meshed end pieces, the outer edges o f which 
were gathered to an iron ring at each end o f the seine. The netting was stapled to the 
kuralon corkline with a hanging coefficient of 0.90 and to the iron chain, which served 
for a leadline with 0.81 coefficient. The purse-line was a 12 mm dia., 6 x  19 steel 
wire-rope and the floats on the cork-line were o f plastic and o f natural cork.

In the course of our work, the white 210/9 twine netting proved to be too  weak and 
was removed from the net. Thus, during most o f  the 1964 survey, the purse-seine had 
465 m (254 fathom) net length and 419 m (229 fathom) corkline length. The reason for 
using several types of netting, some of them unsuitable (too thin nylon and poly
ethylene), was that a proper mackerel-bonito netting was not available in Israel 
during the preparation o f the net.

O t h e r  F is h in g  G e a r

For the 1964 survey a tuna gillnet made of Japanese oval-sectioned monofilament 
N o. 12, was assembled as follows : 100 m stretch length of 90 mm stretch mesh; 150 m 
stretch length of 110 mm stretch mesh and 150 m stretch length of 140 mm stretch 
mesh. Depth o f all sections is 20 m stretch, and the netting is hung on both, cork-and 
leadline, with a coefficient o f  0.70, which brings the whole net to an overall length 
(rope length) o f 280 m, (153 fathom).

In 1964, also a floating longline o f 180 hooks was constructed o f kuralon main 
line with nylon monofilament snoods. The hooks were o f  various sizes to catch small 
tuna, sharks,-etc.

Trolling lines and handlines were employed at various times during both the 1962 
and 1964 surveys, and a beach-seine during the first survey only.

H a n d l in g  t h e  G e a r

Purse-seining from the Stella  was carried out in the manner employed in Medi
terranean sardine fishing. While the purse-line was hauled by means o f a seine winch 
and the rings weighed and taken on board from an outrigger overhanging the port 
working side o f  the boat, the net itself was hauled manually without any mechanical 
assistance.

The procedure on board the Negus Solomon was similar to that employed by 
American West Coast purse-seiners, except for the absence o f  a turn-table and power- 
block. The net was, nevertheless, hauled mechanically, bight by bight, from a stern 
derrick by means o f  two gypsy-head operated whips.

The longline and the gillnet were set from Negus Solomon stern. The longline was 
hauled from the stem  over a gypsy head o f the trawl-winch and the gillnet was hauled
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manually. Tin and glass buoys o f  different shapes and designs were used to hold 
the floating gear (lines, gillnet), their fishing depth being controlled by the length 
of the buoy-lines

R e s u l t s  o f  t h e  1962 S u r v e y

During the period from February 4 to March 6, 1962, a total o f eight purse-seine 
sets were made, the details o f which are given in Table I. The number o f sets was 
limited by weather conditions and by the relative scarcity of schools suitable for 
surrounding by the small purse-seine. M ost o f  the schools observed were in inshore 
waters between Ras Gedem and Ras Harb, 8 miles SE and 11 miles NNW , respec
tively, o f  Massawa. In addition to that area, the Stella team also surveyed the Bay o f  
Zula, the area in the northern and western parts o f  the Dahlak Archipelago, the 
North Massawa Channel up to  Harat Isl., the South Massawa Channel and the 
Howakil Bay. Two sets were empty including one made in the Bay o f Howakil where 
the net suffered damage due to unfavourable bottom  conditions.

T A B L E  I

P u r s e - S e in e  S e t s  a n d  R e s u l t s — 1962 S u r v e y

D a te S ec to r Results

4 .2 O ff M assaw a H arbour (C) 7 0  little  tuna or fr iga te  m ackerel (ab ou t 100 kg) and 4  sharks.
5.2 O ff R a s H arb (C) 5 sharks. T he tunnids escaped the net.
14.2 O ff R a s H arb  (C) 6 little  tunas and on e yellow fin  or longtail tuna.
19.2 H ow ak il Bay (F ) N e t  torn. A ll fish  escaped .
23.2 O ff R as H arb (C) 4 00  little  tunas (over 1 /2 ton).
23 .2 O ff R a s H arb (C) A ll fish  escaped .
24 .2 O ff R as H arb  (C) 5 yellow fin  or lon gta il tuna , and 1 shark.
25.2 H ark iko B ay  (C ) 4  unidentified  tunnids.

According to observations made during this period, schools were relatively small 
and difficult to surround. They were less sensitive to the presence o f the boat and the 
setting of the net during the early hours o f the morning, when schools appear as slow  
moving dark spots, just below the surface. Only seldom does a fish from such a school 
break the surface. Apparently, the fish start feeding soon after sunrise, for then many 
jumping fish can be seen and the schools, accompanied by flocks o f marine birds, 
move rapidly in various directions. Such schools could not be successfully fished by 
the Stella with her small purse-seine. In all sets except one, that o f February 23, 
a fairly high number o f fish managed to escape the net during the operation. Some 
schools were seen in inshore waters where the coral bottom does not allow the setting 
o f purse-seines.

The species caught by the Stella were not, in most cases, authoritativelly identified. 
It seems, however, that the smaller fish, 38-45 cm in length, were mostly little tuna 
(.Euthynnus affinis), while the larger, about 70 cm long fish were longtail tuna (Thunnus
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tonggol). Some o f the younger specimens o f  the latter species might have been erro
neously identified as yellowfin Thunnus albacares (B o n n a t e r r e )  (B e n -Y a m i , 1964).

Throughout this period many fish were caught by the Stella with trolling lines. 
They were similar in size to those caught by the purse-seine and were probably the 
same species.

R e s u l t s  o f  t h e  1964 S u r v e y

Fig. 1 is a chart o f the main part o f the area explored during this survey by the 
Negus Solomon as well as the places where schools o f pelagic fish were spotted. 
The area is divided into sectors, as follows:

A  —  Difnein Island area;
B —  Harat Island area (North Massawa Channel);
C — Massawa area :
D  — West Dahlak area;
E — Zula Bay ;
F  —  South Massawa Channel and Howakil Bay;
G — Dahlak Reef area;
H —  South East Islands area;
J — Shab Shakhs area. This sector appears in part only, on Fig. 1 ;
S — South area. This sector does not appear at all on Fig. 1. It covers the whole 

region between Sector J and the Assab area. It was not really surveyed, 
but the Negus Solomon crossed it four times — twice on the way to Assab 
and back, and twice on the way to the Bay o f Edd and back. This area, 
when surveyed, might be further subdivided for better discrimination of 
fishing conditions ;

W — Assab area. Under this heading are discussed direct approaches to Assab 
Assab Bay and the region o f Ras Luma. This sector requires as well 
further investigation; it does not appear on Fig. 1.

The distribution of the schools sighted in sectors A -J can best be seen from the 
chart. Each numeral on the chart refers to the period o f spotting a school which 
appeared to contain scombrids, carangids or milkfish (Chanos chanos) o f commercial 
size, but which was not necessarily in a condition suitable for purse-seine setting. 
Attempts were made to  surround only some o f these schools. For example, wherever 
the numeral 3 appears on the chart, it indicates that at that spot a school or schools 
o f pelagic fish were observed between May 16 and 31.

Fig. 2 offers a comparison o f the number of sightings o f such schools in the different 
sectors.

In m ost areas, (C, D , E, G, H  and W), schools o f tuna and other pelagic fish 
abounded during the survey. Two sectors seemed to be especially rich in schooling 
life, namely the sectors G (Dahlak Reef area) and H (South East Islands area). During 
the period between May 16 and July 5, most o f the schools observed comprised
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F ig . 2 . N u m ber o f  fish sch oo ls sightings per day by sectors.

mainly feeding and jumping fish. They were most frequent between and around 
the islands (sector H), between Shumma Islands and the Great Dahlak Iland, and 
between the latter and the Dahlak Reef (Sector G). In addition to the larger scom- 
brids, schools of Indian mackerel, Rastrelliger kanagurta ( R u s s e l l ) ,  were observed 
throughout June and July, and schools of queen fish (Chorinemus lysan) in April and 
May, both in the area of the Dahlak Islands and in the inshore area of the continental 
coast. Whales were observed off Seil Amber (sector G) and in the adjoining waters of 
sectors F and H, in July, 1964.

P u r s e - S e i n i n g . Altogether, 35 sets of the purse-seine were made. In three sets the 
net was seriously damaged and in two of them, probably many of the surrounded fish 
escaped through the ripped netting. Fish were hauled from 13 sets, but only from 
eight of them in close to commercial quantities (150-800 kg). Apparently schools 
much larger than that were located and surrounded; however, in each instance the 
majority of fish manáged to escape, either between the seiner and the auxiliary boat, 
iust before the surrounding could be completed, or under the leadline, before the net 
could be pursed, especially when the fishing was done over depths greater than that of 
the seine.

On June 13, 1964, a school o f little tuna chased by the Negus Solomon was inter
cepted by a school of longtail tuna swimming on opposite course. This meeting 
arrested the forward motion of both schools. They intermingled and started swimming 
in a whirlpool formation. At that moment the net was set and the whole concentration 
successfully surrounded over a depth of 70 fath. The catch, however, consisted of 
300 kg of little tuna only, for all the longtail escaped under the leadline.

Table II contains details of the thirteen sets which were not totally empty.
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T A B L E  I I

P u r s e -S e in e  S ets  a n d  R e s u l t s— 1964 S u r v e y

D a te Sector R esu lts

24.4 B ay o f  E dd  (S) 150 k g  queenfish  (Chorinem us lysan).

25.4 O ff Shab Shakhs (J) 500 kg lon gta il (Thunnus tonggol), 80 sharks (unidentified). 
Set on  fish concentrated  around trash-fish throw n overboard  
by a  traw ler. C onsiderable catch  lost due to  severely torn net.

15.5 O ff Shab Shakhs (J) 5 Indian m ackerel (R astrelliger kanagurta) and 2  unidentified  
sharks. A  sm all fast sw im m ing fish escaped the n et.

20.5 O ff R as A m as (C), 
c lo se  to  shore

F ew  Spanish m ackerel (S com berom orus com m ersoni). A  large  
schoo l o f  unidentified  fish  escaped.

21.5 H argigo B ay ( Q 400  kg m ilkfish (Chanos chanos), 64 individuals.

22.5 H argigo  B ay (C) 800 k g  m ilkfish.

27.5 B u -/-h issa r  Isl. (H ) 400 kg little tuna (Euthynnus affin is).

2 8 .5 A ucan  Isl. (H ) 500 k g  little tuna, 2  k g  apiece. Probably only a fraction  o f  the  
surrounded school w as caught.

1 .6 H argigo B ay (C) F ew  tuna and Spanish m ackerel, and one ham m erhead shark. 
A  schoo l o f  m ilkfish  escaped.

6 .6 O ff M assaw a (C) 150 kg o f  little  tuna.

13.6 O ff R as K um b it (G ), 
60  fath .

A  school con ta in in g  300 kg o f  little tuna rem ained in  the net 
w hile a sch o o l o f  lon gta il escaped  dow nw ards.

22.6 O ff D u r  G aam  Isl. (D ), 
70 fath .

50 kg (60 ind ividuals) little tuna and frigate m ackerel A u xis  
th azard  (L a c e p e d e ). It w as a  sm all breezing school ; probably  
all caught.

24 .6 O ff M ashilaga Isl. (H ), 
14 fath .

15 kg little tuna, Spanish m ackerel, frigate m ackerel and queen- 
fish. N e t  torn . Á  considerable am ount o f  fish escaped through  
the ripped n et.

T r o l l i n g . Most of the schools observed, especially during June-July, were feeding 
on fast-moving schools of tiny, unidentified fish. From the second half of June, tunas 
ceased to bite trolling jigs and no tuna whatsoever was hooked. Also, no schools of 
tuna were successfully surrounded at this time by the purse-seine. In respect to 
Scomberomorus commersoni and Carangidae, trolling was excellent in April and May, 
but gave poor results later on.

H a n d l i n i n g  f o r  T u n a . At the end of April and in the first half of May, good 
catches of little tuna and longtail tuna were taken by trawlers off Shab Shakhs, (sector 
J), with handlines using dead trash-fish as bait to bring the tuna into feeding 
frenzy. Older fish predominated in this catch: E. affinis were mostly age IV and about 
three kg (50-60 cm standard length) while T. tonggol were all between 70-80 cm 
standard length, about 6 kg, and probably age III or over ( B e n - T u v i a  and L a n d a u , 

1964; L a n d a u , 1965). This type of fishing in the same area and season was described 
elsewhere ( B e n - Y a m i , 1964). It seems that conditions favourable for tuna handlining 
are an annual occurrence, but do not last long. The tuna concentrations around 
trawlers are accompanied by great numbers of sharks, which constitute a considerable 
part of the hooked fish.
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M o n o f i l a m e n t  G i l l n e t . In total, 9  daytime sets were carried out, following one 
of several tactics : setting the net in an area in which a number of schools of tuna are 
swimming, setting around schools, and setting through a school. No commercial 
catches were made, the tuna apparently being able to avoid the net, probably due to 
the high transparency of the sea water during the whole survey period. Also, the net 
was too short to assure a complete surrounding of a tuna school. Altogether, 23 
sharks, 2 longtail tuna, 4 little tuna, 3 barracudas, (Spyraena sp.), one wolf-herring 
(<Chirocentrus sp.) and a few Indian mackerel (Rastreliger kanagurta) were caught in 
the monofilament gillnet.

The high phosphorescence in the water, especially obvious in dark nights, enabled 
us to spot and surround pelagic fish schools at night. Two sets were made and in 
both, schools of Indian mackerel were successfully surrounded. The fish, however, 
were too small to be gilled in the netting and simply passed through the wide open 
mesh, leaving entangled individuals here and there. The passage of the mackerels 
through the netting could be easily observed, for both the net and the fish were 
shining in the water. Altogether one box of Indian mackerel and six barracuda were 
caught. It seems that there are always some barracuda preying on schools of Indian 
mackerel, for in each set on a school of the latter fish, one or more barracudas were 
caught. No tuna schools were located in the dark.

Since Indian mackerel behave calmly at night, they may be successfully fished with 
a purse-seine of suitable mesh-size.

L o n g l i n e . A longline was set twice in the surface layer in sector H, although due to 
the curvature of the main line between buoys, some of the hooks reached the bottom. 
The first set was made in daytime, in the midst of a concentration of schools of tuna, 
but no fish were caught. The second set made at night in the same area, resulted in a 
catch of five sharks and a very big grouper. The longline was severely damaged and 
some of the hooks were lost.

F u r t h e r  O b s e r v a t i o n s

In October 1965, during the South Red Sea Expedition of Tel-Aviv University, the 
author again searched for pelagic fish in secfors C, D, F, G and H, but observed 
only a few schools of tuna. One young longtail tuna was fished by troll line out of a 
school feeding on sardines; no more tuna were hooked. The remaining troll catches 
during this Expedition consisted of a few Spanish mackerel only.

Many schools of sardines were seen near the surface, or detected in midwater by 
means of an echosounder, in areas F, G and H. Whales were again spotted in sector 
G at thL time. Further details on the fishery investigations of this expedition will be 
published elsewhere ( B e n - Y a m i , i n  preparation).

D is c u s s io n

- Except for the observations presented here and thosereportedpreviously(BEN-YAMi, 
1964), there are no data available on distribution, behaviour and composition of 
schools of scombroid and other large pelagic fish in the South Red Sea. There is some
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information on composition of catch in respect to species, size and age (B e n -T u v ia  
1963; B e n - T u v i a  and L a n d a u ,  1964; L a n d a u ,  1965). Hydrographic data are more 
extensive but still inadequate for a general picture of the conditions affecting dis
tribution of pelagic fish in time and space. Therefore, no conclusions or definite 
recommendations in respect to commercial fishing can be offered, but in the following 
discussion an attempt is made to correlate existing knowledge.

S e a s o n . In offshore waters, where purse-seining is possible, schools of scombroid 
fish are more abundant from April to July than at other times of the year. Inshore, 
tunas are more common during the cooler months, as observed by the local fishermen 
beach-seining for inshore migrating schools of sardine and anchovy. Tuna species 
have a stronger tendency to form dense surface schools in summer, which may be 
attributed to a difference in the character of their prey: small, fast-moving schools 
of various bait in summer, and large, slow and very dense inshore concentrations of 
sardine and anchovy in winter.

From a comparison o f troll and hand-line samples taken in April and May to troll 
and purse-seine samples from June and July, it appears that the size o f E. affinis in 
surface waters declines in the course of the season ( L a n d a u , personal communi
cation).

D i s t r i b u t i o n . Geographical differences in abundance may to some extent be 
judged from the frequency at which schools were seen during the 1964 survey. Out of 
54|- survey days (100%), there were 32) days (59%) when more than 3 schools were 
sighted, and 14) days (27%) when over 5 sightings per day were recorded. The 1964 
survey seems to indicate that sectors G and H were the most abounding in schools, 
for while they took only 23 % of the survey time, over 50 % of sightings were recorded 
there. Such notes on geographical distribution must, however, be read with due 
reserve, for a single vessel could be only at one place at a time. Thus, nothing is 
known, for instance, on the presence o f schools in sector A, except for the first half 
o f June 1964, or in sector B after June 15, (see Fig. 2), etc.

Species

The catches obtained, as well as observations made during this and other surveys, 
suggest that species can be listed in the following order, in respect to the abundance 
of schools in the surveyed area: 1. little tuna (most frequent); 2 . longtail tuna; 
3. Indian mackerel; 4. queenfish; 5. frigate mackerel. The frequently met schools of 
milkfish belong to a diffeient category as they seem to form rather local, inshore 
populations along certain sections of the shores. The probability of occurrence of 
schools of double-lined mackerel, Gramatorcynnus bicarinatus (Quoi and G a i m a r d ) ,  

and of torpedo-jack, Megalaspis cordyla (L.) was indicated by the author elsewhere 
(Ben Y a m i , 1964); it should be noted here that individuals o f these species are 
known to accompany schools of various tuna, but have not by themselves been 
reported to form concentrations of commercial size (S i l a s , 1963; W i l l i a m s , 1963). 
No schools of Spanish mackerel or of barracuda were seen, although these species 
were frequently caught by trolling lines.
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S ize  o f  schools

From size of catches and direct observations it appears that schools are compara
tively small, mostly below 1-2 tons. The high degree of water transparency may 
mislead even an experienced observer if he is accustomed to estimate the total amount 
of fish in a school by multiplying the number of fish actually seen on or near the 
surface by a large figure. In the South Red Sea this figure should be kept low, for 
sometimes the visible fish comprise the bulk of the school.

Feeding habits

During the whole purse-seine season, most of the schools spotted were feeding 
intensively on schools of small, easily frightened fish. Some little tuna were caught 
with stomachs full of 3-4 cm long scombrids. The tuna observed offshore in October 
1965, were evidently preying upon small dispersed schools of sardines. In winter the 
tuna follow shoreward dense concentrations of migrating sardines and anchovy. 
Thus, apparently, tuna feed in the South Red Sea the whole or almost the whole 
year round.

It seems that during the time that tuna were biting trolling jigs they were also 
easier to approach and surround. Good trolling was from April until June, when it 
deteriorated and remained poor through July. Poor trolling was also recorded for 
October, 1965. This reluctance to bite coincided with abundance of schools of small 
fish in the area. The genera] impression was that the more natural food was available 
for the tunas the worse was the trolling. Similar views are expressed by S u y e h ir o  

(1938) in regard to skipjack.

Behaviour as related to hydrography

Tuna displayed an extraordinary ability to escape the purse-seine net. Most schools 
acted wildly when approached, moving in all directions, both downward and 
horizontally. Some schools started these rapid movements at the time the net was 
being set. It would seem from this behaviour that there was a lack of thermal barriers 
to restrain their movements. During the set of June 13th, described earlier, when a 
mixed concentration of longtail and little tuna was surrounded, each species behaved 
differently. All little tuna were caught, while the longtail evidently escaped under 
the leadline. Unfortunately, no hydrographic data were collected along with the 
exploratory fishing, to corroborate the suggestion that the behaviour of these two 
species is differently affected by thermocline conditions.

The hydrographic data available to the author ( A n o n y m o u s , 1949; A n o n y m o u s , 

1966; F r i e d m a n , 1960; L u k s c h , 1901; N e u m a n n  and D e n s m o r e , 1959; N e u m a n n  

and M c G i l l , 1961; O r e n ,  1964; Picorn, 1930; S e y m o u r  S e w e l l , 1935-36; V e r c e l l i , 

1930) indicate that there is no significant thermocline from November to April. 
During April the surface water layer starts heating up and in May a thermocline 
begins to develop at depth between 20 and 50 m. In June the thermocline is still mild, 
— a drop o f about 4°C within 25 m o f depths (Fig. 3), but by September it is more 
pronounced, — a drop of about 5-8° C within 20 m o f depth, and it is situated in the
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F ig . 3. R ange o f  tem peratures. South  R ed  Sea (1 3 °-1 7 °N ). June, 1934. D a ta  com piled from  
S e y m o u r  S e w e l l , 1935-36.

depth range of 30-50 m (Fig. 4). Apparently, the thermocline descends in October to 
below 60 m (Fig 5) and disappears in November. During July and August the thermo
cline conditions in the surveyed area are intermediate to those of June and September, 
( A n o n y m o u s ,  1 9 6 6 ) .

There is an obvious similarity between thermocline conditions in the upper water 
layers of the South Red Sea and the Gulf of Aden, although during the summer 
months an inverse thermocline with an increase of up to 5°C at depths of 80 metres 
and more occurs in the South Red Sea and, particularly, in the waters adjacent to the 
straits of Bab el Mandeb (loc.cit.). Lately, the success of USSR purse-seining opera
tions in the Gulf of Aden during the summer months o f 1963 has been reported in the 
fisheries press ( A n o n y m o u s ,  1964; H i n d s ,  1964), while the scarcity of tuna in surface 
water during winter was noted during the 1965 survey in the same area, carried out by 
the French tuna clipper Tutina using live bait and pole-and-line technique ( P e r c i e r ,  

personal communication). Also in winter, excellent longline catches of yellowfin were 
reported. All these results suggest the influence of the thermocline on the availability 
of tuna in the upper water layers of the Gulf of Aden.

The question of whether or not an analogous situation exists in the South Red Sea 
with its still warmer waters remains to be answered by further investigations. In 
summer the upper water layers in the surveyed area are 31.0-32.3 °C offshore and 
still warmer in inshore sheltered zones where the temperature approaches that of the 
human body ( A n o n y m o u s ,  1949; B e n - Y a m i,  1964; Ar, personal communication).
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Fig. 4. Range of temperatures. South Red Sea (13°-17°N). September. Data compiled from A n o n y 

m o u s , 1949; F r i e d m a n , 1960; L u k s c h , 1901; P i c o t t i , 1930; S e y m o u r  S e w e l l  1935-36; 
V e r c e l l i , 1930.

24  2 6  2 8  3 0

Fig. 5. Range of temperatures. South Red Sea (13°-17°N). October. Data compiled from A n o n y 

m o u s , 1949; AR, personal communication;F r i e d m a n , 1960; L u k s c h , 1901; P i c o t t i , 1930; 
S e y m o u r  S e w e l l , 1935-36; V e r c e l l i , 1930.
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TABLE III

S u r f a c e  T e m p e r a t u r e s  i n  t h e  S o u t h  R e d  S e a  (13°-17°N)

Month
Temperature in °C. 

Minimum Modal range Maximum

January 24.2 24.7-25.5 27.4
February 24.7 24.8-25.6 26.3*
March 24.5 25.4-26.2 27.4**
April 25.8 26.2-27.4 27.4
May 27.8 28.4-29.4 29.4
June 30.1 30.5-31.0 31.6
July 30.0 30.3-31.4 32.0
August 30.4 31.1-31.6 32.3
September 30.5 31.6-32.2 32.2
October 28.1 29.8-31.0 31.0
November 26.5*** 27.1-28.0 30.0
December 24.9 24.9-26.2 28.3

* 29'C approx. was recorded once, in 1924, west of the Dahlak Archipelago ( P i c o t t i , 1930; 
V e r c e l l i , 1930).

** 28.6°C to 29.6°C were measured at the end of April in the western inshore waters of the 
Dahlak Archipelago ( O r e n , 1964).

*** 23.4°C, 24.1 °C and 25.5°C are recorded for the end of November 1897, in the southern part 
of the area ( L u k s c h , 1901).

Table III summarizes according to the month, the surface temperature data for the 
Red Sea between the latitudes of 13 and 17°N. Since the data are relatively scarce 
and conditions are not uniform throughout the area to which they refer, means could 
not be calculated. The sources are: A n o n y m o u s ,  1949: F r i e d m a n ,  1960; L u k s c h ,  

1901; N e u m a n n  and D e n s m o r e ,  1959; N e u m a n n  and M c G i l l ,  1961; O r e n ,  1964; 
P i c o t t i ,  1930; S e y m o u r  S e w e l l ,  1935-36; V e r c e l l i ,  1930; these include results of 
seven expeditions and a summary of thousands of observations taken by commercial 
vessels ( A n o n y m o u s ,  1949).

It can be surmised that the tuna observed and fished in the Red Sea during the 
summer of 1964, were living in water of higher temperature range than that recorded 
for any other area where little tuna and frigate mackerel abound ( H e l a  and L a e v a s t u ,  
1961; K i k a w a ,  1963; L a e v a s t u  and R o s a ,  1963; U c h i d a ,  1963; W il l i a m s ,  1963) 
and also, probably, beyond the temperature range for areas where longtail tuna is 
well-known (see J o n e s ,  1963). On the other hand, summer temperatures below the 
thermocline in the South Red Sea, — 25 to 28 °C, are within the known range for the 
distribution of all three tuna species (ibid). As yellowfin very often occurs in this 
temperature range (28 to 25°C) at depths between 50 and 100 m, and because yellowfin 
is abundant in the Gulf of Aden, there is some chance that this valuable fish may be 
found in the South Red Sea by longlines reaching below the thermocline.
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Conclusions a n d  R ecommendations

The greater part of the tuna stock available to purse-seine in the South Red Sea is 
made up of smaller species of lesser value because of their dark meat, little tuna and 
frigate mackeral. However, longtail is also plentiful; it resembles yellowfin in ap
pearance and canning quality, but does not reach such a great size and is not the 
object of a specific fishery in other areas. Yellowfin has been reported from the South 
Red Sea, but is apparently not present in commercial concentrations in surface waters.

The purse-seine season will probably be limited to the months of May to August. 
More experimental fishing must be carried out, especially during this period, as the 
area has not been extensively explored.

Because schools are generally small, a seiner, in order to pay her way, should 
carry out many sets, rather than scout for large concentrations. Thus, a power-block 
will be necessary.

The fish being so sensitive to the gear, it is necessary to use very long and deep nets 
to encircle the school before it detects the danger. It seems that a purse-seine for the 
Southern Red Sea should be at least 650-700 m long (corkline length) and 78-85 m 
deep (stretched). The speed of the seiner—employed in tuna fishing should be at least 
9-10 knots.

Some inshore methods of tuna fishing as well as night purse-seining for Indian 
mackerel ought to be considered.

In purse-seining off the West African coast, the French use live bait to keep the 
fish concentrated at the surface in the centre of the encircled area. This method may be 
experimentally applied during spring and summer in the South Red Sea.

Ethiopian fishermen quickly learned the deck work involved with purse-seining, 
so that there is no problem as far as the manning of a seiner is concerned, provided 
that experienced skipper, engineer and tuna scout (mastman) are available.
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S u m m a r y

Schools of pelagic fish of commercial significance (Scombridae, Carangidae, 
Chanidae) were located and fished during two fishing surveys carried out in 
1962 and 1964 in the Ethiopian waters of the southern Red Sea. The schools 
were relatively small, fast-swimming and sensitive to the presence of fishing boats 
and gear. The behaviour of the schools was observed and its relation to the 
hydrographic and feeding conditions is discussed in the report.
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R eprin ted  from  Proc. Biol. Soc. W a s h vol. 81, 1968, p. 179*190

LECANURIUS KOSSMANNIANUS, A NEW CYCLOPOID 
COPEPOD PARASITIC IN HOLOTHURIANS 

IN MADAGASCAR

B y  A r t h u r  G . H u m e s

Department of Biology, Boston University, Boston, Mass.

The lichomolgid copepod Lecanurius intestinalis Kossmann, 
1877, was found by Semper at Bohol in the Philippine Archi
pelago in the intestine of the holothurian Actinopyga lecanora 
(Jaeger). The name of this host was given by Kossmann as 
Mulleria lecanura Jäger. His generic name Lecanurius was 
evidently based upon an incorrect spelling of the specific 
name. Another species of Lecanurius, found in Actinopyga 
lecanora and A. miliaris ( Quoy and Gaimard ) in northwestern 
Madagascar, is described below.

The specimens were obtained by slitting the ventral body 
wall of freshly collected holothurians while holding each over 
a pail of weakly alcoholized sea water and thus saving the 
fluid escaping from the body cavity. The entire holothurian 
was then rinsed in this water. The contents of the pail were 
subsequently strained through a fine net (after first removing 
coarse fragments of viscera) and the copepods picked from 
the sediment. Unfortunately, since the intestines of the holo
thurians often broke, the exact location of the copepods, 
whether in the body cavity or in the intestine, is not known.

All collections were made by the author, that in 1960 during 
an expedition sponsored by the Academy of Natural Sciences 
of Philadelphia and those in 1967 during field work aided by 
a grant (GB-5838) from the National Science Foundation. 
This grant has also supported the study of the specimens.

All figures have been drawn with the aid of a camera lucida. 
The letter after the explanation of each figure refers to the 
scale at which it was drawn. The abbreviations used are:

(179)
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F i g u r e s  1-7. Lecanurius kossmannianus new species, female. 1, body, 
dorsal (A); 2, urosome, ventral (A); 3, area of attachment of egg sac, 
dorsal (B); 4, caudal ramus, dorsal (C); 5, right egg sac, incomplete, 
ventral (A);  6, left egg sac, incomplete, ventral (A); 7, rostral area, 
ventral (C).
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Ax =  first antenna, A2 =  second antenna, MXPD =  maxilliped, 
and P1-P 4 =  leg 1-leg 4. The measurements of the length of 
the body have been made from specimens in lactic acid and 
do not include the setae on the caudal rami.

I thank Dr. Elisabeth Deichmann of the Museum of Com
parative Zoology, Harvard University, for the identifications 
of the holothurians.

FAMILY LICHOMOLGIDAE KOSSMANN, 1877 
G e n u s  L e c a n u r i u s  K o s s m a n n ,  1877 

Lecanurius kossmannianus new species 
(Figs. 1-32)

T y p e  m ateria l:  4 $ 9 and 3 3 $ from 2 A c tin o p y g a  lecanora  (Jaeger) 
in 1 m under coral, east of Ambariotelo, a small island almost between 
Nosy Komba and Nosy Bé, Madagascar. Collected July 20, 1967. Holo- 
type 9 , allotype, and 5 paratypes (3 9 9 , 2  S S ) deposited in the 
United States National Museum.

O th er  specim en s:  From A c tin o p y g a  lecanora: 1 9 and 1 â from 2 
hosts, in 1 m, Pte. Ambarionaomby, Nosy Komba, near Nosy Bé, June 8, 
1967; 2  ¿ $ from 3 hosts, in 1 m, same locality, July 6, 1967; 2 9 9 
from 1 host, in 3 m, Andjiabe, on the southern shore of Nosy Komba, 
July 8, 1967; 1 9 and 1 á from 3 hosts, in 1 m, Nosy N’Tangam, near 
Nosy Bé, July 21, 1967; and 1 9 from 3 hosts, in 1 m, Ankify, on the 
mainland of Madagascar opposite Nosy Komba, July 22, 1967. From 
A c tin o p y g a  m iliaris  ( Quoy & Gaimard ) : 1 9  from 25 hosts, in 1 m, 
among the “sea grass’’ C y m o d o c ea , Ambatoloaka, Nosy Bé, May 28, 
1967; 1 9 and 2 $ S from 70 hosts, same locality, June 1, 1967; 1 9 
and 2 á Î  from 60 hosts, same locality, June 15, 1967; and 1 S  from 
50 hosts, in 1 m, Antsamantsara, north of Madirokely, Nosy Bé, Oct. 31, 
1960.

Female: Body (Fig. 1) elongated and flattened dorsoventrally, with 
a broad and somewhat triangular cephalosome. Length 2.64 mm (2.40- 
2.77 mm ) and greatest width ( at the level of the segment of leg 1 ) 
0.97 mm (0.88-1.01 mm),  based on 8 specimens. Margin of the head 
indented on both sides. Segment of leg 1 very weakly separated from 
the head, the separation indicated only by an indistinct and incomplete 
transverse dorsal Une. Tergal areas of segments of legs 1-4 becoming 
progressively narrower posteriorly, their epimera rounded as indicated 
in the figure. Ratio of length to width of the prosome 1.30 : 1.

Segment of leg 5 (Fig. 2) 165 n X 352 m- Between this segment and 
the genital segment no ventral intersegmental sclerite. Genital segment 
(Figs. 1 and 2) elongated, in dorsal view indented laterally near the 
junction of its anterior two-thirds, expanded posteriorly to form two 
lateral lobes, and then abruptly constricted in its posterior third (where 
there is ventrally a transverse line). Greatest length of the genital
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F i g u r e s  8-15. Lecanurius kossmannianus new species, female. 8, first 
antenna, ventral (D);  9, second antenna, anterior (B); 10, labrum, 
ventral (E);  11, mandible, posterior (E);  12, paragnath, ventral (F);  
13, first maxilla, posterior (E); 14, second maxilla, posterior (E); 15, 
maxilliped, antero-inner (E).
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segment 540 p, greatest width 396 p, width in its anterior third 300 p, 
and width at the level of the lateral indentations 280 p. Areas of attach
ment of the egg sacs situated dorsally and posteriorly on the lateral lobes, 
each area ( Fig. 3 ) bearing two naked setae 18 and 21 p in length. Three 
postgenital segments 220 p x  198 p, 198 p X 176 p, and 188 p X 180 p 
from anterior to posterior. First and second of these segments with a 
transverse line ventrally. Anal segment with a row of minute spinules 
along its posteroventral margin on each side, and bearing a pair of 
relatively large dorsolateral setules.

Caudal ramus (Fig. 4) elongated, about 4 times longer than wide, 
tapering slightly distally, its greatest length 265 p, its greatest width 
near its base 83 p, and its width near middle 65 p. Mid-dorsal seta 
{corresponding to the outer lateral seta in other lichomolgids ) 63 p long, 
distal dorsal setae 58 p ,  outermost terminal seta 68 p ,  innermost terminal 
seta 64 p ,  and the two long median terminal setae 211 p (outer) and 
330 p (inner). All setae naked. A minute lateral spinule 6 p long on 
the outer proximal area of the ramus, and the distal outer comer of the 
ramus with a dorsal group of small spiniform processes and a marginal 
row of minute spinules.

Dorsal surface of prosome and urosome with a few small hairs as in 
Fig. 1. Urosome longer than the prosome, the ratio being 1 : 1.20.

Egg sacs in the single ovigerous female collected very long and slender, 
but incomplete. Eggs in the right egg sac (Fig. 5) in a linear series, the 
distalmost egg 78 p in diameter. This incomplete egg sac 1.5 mm long. 
Eggs in the left sac (Fig. 6) partly linear and partly in two rows.

Rostral area (Fig. 7) not well defined posteroventrally.
First antenna (Fig. 8) 7-segmented, 470 p in length, with a sclerite 

on the ventral side of the third segment suggesting an intercalary seg
ment. A slight flexure in the first antenna at the level of the third 
segment. Lengths of the segments (measured along their posterior non- 
setiferous margins): 4 2 p (99p along the anterior edge), 138p, 3 6 p, 78 
p, 52 p, 38 p, and 29 p respectively. Formula for the armature: 4, 13, 6, 
3, 4 +  1 aesthete, 2 +  1 aesthete, and 7 +  1 aesthete, as in many 
other lichomolgids. All setae naked.

Second antenna (Fig. 9) 4-segmented, 237 p long, including the claw. 
Armature: 1, 1, 3 +  claw, and 7. Second segment 109 p along its outer 
edge. Claw 109 p along its axis. Last segment with five of the seven 
setae arising from a small distal lobe.

Labrum (Fig. 10) with two posteroventral lobes.
Mandible (Fig. 11) having at the base of the pectinate blade a blunt 

process on the convex side and a pointed process on the concave side. 
Paragnath (Fig. 12) a small lobe with a few small spinules, located 
close to the inner side of the base of the first maxilla. First maxilla ( Fig. 
13) with three terminal setae and a subterminal hyaline seta. Second 
maxilla (Fig. 14) 2-segmented: First segment unarmed. Second segment 
having on its outer (ventral) margin a small proximal hyaline seta, on 
its posterior surface a naked seta jointed basally, on its inner (dorsal)
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MX PD

F ig u r e s  1 6 -1 9 . L ecan u riu s kossm annianus n ew  sp ecies, fem ale. 16, 
area b e tw een  m axillipeds and  first pair o f  legs , ventral ( D ) ;  17, m id- 
sternal areas o f  legs 1—4, w ith  intercoxal p lates p u sh ed  som ew hat p oste
riorly, ventral ( C ) ;  18, le g  1, anterior ( D ) ;  19 , le g  2 , anterior ( D ) .

m argin  a seta  w ith  h yalin e  serrations a long its d ista l ed g e , and term inat
in g  in  a short lash bearing  tw o  lon g  tee th  arising from  a hyaline expan
sion  fo llo w ed  b y  a sm all h y a lin e  tooth . M axilliped  (F ig . 1 5 ) 3 -seg-  
m en ted . First segm en t unarm ed. S econ d  segm en t rather tum id  in  outline
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and bearing  tw o  naked setae. T h ird  segm en t w ith  tw o  naked  setae and  
term inating in  a sp iniform  process w ith  a s ligh tly  recurved  tip.

A rea b e tw een  th e  m axillipeds and  th e  first pair o f  leg s  (F ig . 1 6 ) not  
protuberant; a sc lerotized  lin e  b e tw een  th e  bases o f  the  m axillipeds. 
V entral sclerite o f  th e  segm en ts o f  leg s 1 an d  2  projected  posteriorly in  
a m edian  p o in ted  process, w h ich  is surrounded b y  a sm all sem ilunar  
sc lerite  (F ig . 1 7 ) .  V entral sc lerite o f le g  3  w ith ou t this p o in ted  process 
and on ly  a trace o f th e  sem ilunar sclerite present. V entral sc lerite  of 
leg  4  n ot ev id en t and th e  sem ilunar sc lerite absent.

L eg s 1—4 (F ig s . 18, 19, 2 0 , and  2 2 )  w ith  3 -segm en ted  rami. Arm ature 
as fo llow s (R om an  num erals in d icatin g  sp ines, A rabic num erals s e ta e ):

Pi protopod 0 -1 1 -0 exp 1 -0 1-1 111,1,4
en d 0 -1 0 -1 1,5

pa protopod 0 -1 1 -0 exp 1 -0 1-1 111,1,5
end 0 -1 0 - 2 1,11,3

p , protopod 0 -1 1 -0 exp 1 -0 1-1 111,1,5
en d 0 - 1 0 - 2 1,111,2

p 4 protopod 0 -1 1 - 0 exp 1 -0 1-1 11,1,5
en d 0 -1 0 -1 1,1,1,1,1

Inner seta on the  coxa o f  legs 1 - 3  lo n g  and  p lu m ose b u t in  leg  4  short 
( 2 4  p  ) and  naked. Inner m argin  o f  th e  basis in  le g  4  naked, b u t in  
legs 1 - 3  bearing a row  o f hairs. T w o  proxim al outer spines on  the  
exopods o f  leg s 1 -3  w ith  p rom inent sp inules; rem ain ing sp ines fringed  
w ith  fine  sp inules. D ista lm ost sp in e  o f  the exopod  o f le g  3  (F ig . 2 1 )  
and le g  4  w ith  th e  inner m argin  bearing short sp inules and  w ith  a short 
distal fringe. E n d op od  o f le g  4  nearly  eq u al in len g th  to  th e  exopod . 
F irst segm en t 6 8  p  X  4 4  p , w ith  a  s ligh tly  haired  inner d ista l seta  8 8  p 
long. S econ d  segm en t 6 8  /i X  3 9  p ,  w ith  a shorter inner d istal very  
m inu tely  barbed  seta  3 9  p. T hird  segm en t 101 p  X  4 2  p , bearing f iv e  
elem en ts from  outer to  inner: a fr in ged  sp in e  2 6  p , a term inal fringed  
sp ine 5 6  p ,  a term inal barbed  se ta  112 p ,  a subterm inal barbed  se ta  91  p,  
and a m inu tely  barbed  seta  13 p. Inner m argin  o f  th e  secon d  segm en t  
naked, b u t th is m argin  o f  the  third segm en t w ith  a fe w  hairs.

L e g  5  (F ig . 2 3 )  w ith  a rela tively  sm all subrectangular free segm en t  
7 8  p  X  4 2  p  in  greatest d im ensions (a b o u t 1 .8 6  tim es lon ger  than  w id e ) ,  
b earing tw o  term inal setae, the  outer 5 5  p  and  naked, th e  inner 106  p  
and fin e ly  barbed . S egm en t w ith ou t ornam entation  excep t for a term inal 
row  o f m inute sp inu les. Seta  on  th e  b od y  near th e  free  segm en t 4 4  p  
and naked, w ith  a row  o f sm all sp inu les b e tw e e n  it and th e  free  segm en t.

L e g  6  probably  represented  b y  th e  tw o  se ta e  near th e  attachm ent of 
ea ch  e g g  sac ( s e e  F ig . 3 ) .

C olor in  life  in transm itted  ligh t op aq u e and  sligh tly  brow nish , ey e  
red, in testine brow n, eg g s  lig h t tan.

M ale: B od y  (F ig . 2 4 )  resem blin g  in  genera l form  that o f  th e  fem ale . 
L en gth  1 .97  m m  ( 1 .9 2 -2 .0 8  m m ) and  greatest w id th  0 .7 9  m m  ( 0 .7 5 -
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20

24

22
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F igures 2 0 -2 3 . L ecan u riu s kossm annianus  new species, female. 20, 
leg 3, anterior ( D ) ;  2 1 , distalmost spine on exopod of leg 3, anterior 
( G ) ;  2 2 , leg 4 , anterior ( D ) ;  2 3 , leg 5, dorsal ( B ) .

F igure 24. L ecan u riu s kossm annianus  n ew  sp ec ies, m ale. 24, b ody, 
dorsal ( A ) .
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0 .81  m m ) , b a sed  on 7  specim ens. R atio o f  len g th  to w id th  o f  the  pro- 
som e 1 .13  : 1.

S egm en t o f le g  5  ( F ig . 2 5  ) 8 6  ^ X 2 0 8  p. N o  ventral in tersegm ental 
sclerite. G en ita l segm en t (F ig . 2 5 )  on ly  a little  lon ger  than  w id e , 341  p 
X  3 3 5  p.  ( In  m ales w h ere  th e  gen ita l segm en t d oes n ot contain  form ed  
sperm atophores th e  segm en t is som ew h at longer, as in  F ig . 24 , w here  
th e  d im ensions are 3 6 3  p  X  3 0 8  p. ) F our p ostgen ita l segm en ts 133  p  X 
156  p , 151 p  X  1 53  p , 127 p  x  1 40  p, and  135  p  X  151 p  from  anterior 
to  posterior.

C audal ram us (F ig . 2 5 )  sim ilar in form  to tha t o f the  fem ale  but 
rela tively  a litt le  shorter, 198  p X  5 8  p, or 3 .4  tim es lon ger  than w id e.

D orsal surface o f th e  b od y  ornam ented  w ith  hairs as in  the  fem ale. 
U rosom e lon ger  than  th e  prosom e, th e  ratio b e in g  1 : 1 .52 .

R ostral area, first an tenna, secon d  antenna, labrum , m and ib le, parag- 
nath , first m axilla , and  secon d  m axilla  lik e  those  o f  th e  fem ale . M axil- 
lip ed  (F ig s . 2 6  and 2 7 )  4 -segm en ted , assum ing that th e  proxim al part 
o f the  c la w  represents a fourth  segm en t. F irst segm en t unarm ed. Second  
segm en t w ith  tw o short naked setae and  tw o groups o f  tw o  or three  
short stout sp ines. T h ird  seg m en t sm all and  unarm ed. C law  2 4 2  p  a long  
its axis ( in c lu d in g  the  term inal la m ella ) , w ith  a sp in iform  p rom inence  
(k e e led  on  its posterior su rface) on  its con cave m argin , and bearing  
tw o very u n eq u al naked se tae  proxim ally.

E xop od s of leg s 1 - 3  and  b oth  ram i o f  le g  4  segm en ted  and arm ed as 
in  th e  fem ale. E n d op od s o f  legs 1 - 3  w ith  th e  sam e arrangem ent o f  
sp ines and se tae  as in  the  fem ale , b u t sh ow in g  sexual d im orphism . ( Sp ine  
and setal form ula o f  th e  m ale is thus sim ilar to that o f  the  fem ale, 
taking in to  account th e  fusion  o f the  second  and third segm en ts o f  the  
end op od s in  legs 1 and 2 .)  E n d op od  o f  le g  1 (F ig . 2 9 )  2 -segm en ted , 
w ith  th e  last tw o  segm en ts fu sed , b u t th e  original articu lation  still in 
d icated  b y  an outer m arginal sp iniform  process and  a transverse row  of 
sp inules. E n d op od  o f  le g  2  (F ig . 3 0 )  2 -seg m en ted , w ith  th e  original 
articulation b e tw een  th e  last tw o  segm ents in d ica ted  as in  le g  1. E ndopod  
o f le g  3  w ith  th e  four sp ines on  the  last segm en t som ew h at d ifferen t in  
len gth  from  those  in  th e  fem ale; these  sp ines from  proxim al to  d istal in  
th e  m ale 10 p , 11 p, 17 p , and 2 3  p, in  th e  fem ale  2 7  p, 3 3  p , 4 4  p , and  
55  p .

L e g  5 (F ig . 3 1 )  resem bling tha t o f  th e  fem ale , b u t th e  free  segm ent  
sm aller, 4 2  m X  21 m (a b o u t  tw ic e  as lon g  as w id e ) ,  its tw o  term inal 
se tae  3 9  p  (o u te r )  and 8 3  p  ( in n e r ).

L e g  6  (F ig . 3 2 )  a posteroventral flap  o n  th e  gen ita l segm en t bearing  
tw o  slender naked  se tae  3 6  p  and  4 4  p  in  length .

Sperm atophore n ot observed .
C olor in  life  sim ilar to  that o f  th e  fem ale.
(T h is  sp ec ies is nam ed  for D r. R obby K ossm ann, w h o  first described  

the  genus L ecanurius. )
C om parison  w ith  L ecanurius in testinalis K ossm ann: T here are several 

features w h ereb y  L. kossm annianus  appears to  b e  d istin ct from  L . in tes-
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29

30

27

26

2832

F i g u r e s  25-32. Lecanurius kossmannianus n e w  s p e c ie s , m a le . 25, 
u ro so m e , d o rsa l (H ); 26, m a x il lip e d , a n ter o -in n e r  (B); 27, m a x illip e d ,  
p o s te r o -o u te r  (B); 28, c la w  o f  m a x il lip e d , a n ter io r  (E ); 29, e n d o p o d  o f  
l e g  1, a n ter io r  (B); 30, e n d o p o d  o f  le g  2, a n ter io r  (B); 31, le g  5, d orsa l 
( E ) ; 32, le g  6, v e n tr a l ( D ).
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finalis. H ow ever, sin ce  K o ssm a n n i sp ec im en  w as ev id en tly  a  m ale ( judg  
in g  from  his figure o f th e  m a x illip ed ), on ly  m ales can  b e  com pared. In  
L . kossm annianus  th e  len g th  o f  the b od y  of the  m ale is greater ( 1.97  
m m ) than in  L . in testin a lis  ( 1 .4 6  m m ), the  cep h a losom e is laterally  
in d en ted  (b u t  approxim ately sem icircular in  L . in te s tin a lis ) , th e  gen ita l 
segm en t is a little  longer than  w id e  or its len gth  is nearly eq u a l to  its 
w id th  (b u t  tw ic e  as w id e  as lo n g  in  K ossm ann’s figu re  o f L . in te s tin a lis ) ,  
the  c law  o f th e  m axillip ed  has on e p o in ted  prom inence (b u t  tw o  b lu nt  
protuberances in  L . in te s tin a lis ) ,  and  the free seg m en t o f  le g  5  is 4 2  ^ 
lon g  (b u t  130  ¡i in  L . in te s tin a lis ) .

T h e arm ature o f  legs 1 and  4  o f  L . kossm annianus  d iffers in  certain  
respects from  that o f  L . in testin a lis. K ossm ann m en tion ed  tw o  se tae  on  
the  inner sid e  o f  th e  secon d  segm en t o f  the en d op od  o f leg  1, b u t in  
the  M adagascan  sp ec ies there is o n ly  on e such  seta. (P erh ap s th is is a 
lapsu s  b y  K ossm ann, sin ce  th e  p resence o f tw o  se tae  on  th e  inner sid e  
o f this segm en t w ou ld  b e  in d eed  rem arkable in a lich om olg id  cop ep od . ) 
In  th e  exopod  o f  le g  4  o f  K ossm ann’s sp ec ies th e  outer sp in es on the  
first tw o  segm en ts are absent; on  th e  en d op od  the  inner e lem en t on the  
first segm en t is absent, that on  th e  second  segm en t is a sp in e  rather than  
a seta , and  th e  elem en ts on  th e  la st segm en t are 3  sp ines and  2  se tae  
( in  h is tex t)  or 3  sp ines and 3  setae ( in  his f ig u r e ).

T h e  m ales o f b o th  L . in testin a lis  and  L. kossm annianus sh ow  striking  
sim ilarities in  their genera l b o d y  form , and in  th e  nature o f  th e  secon d  
antenna, m an d ib le , and  secon d  m axilla.

R ela tion sh ip  o f  L ecanurius to  Scam bicornus: T h e  g en u s L ecan u riu s  
show s certain  characters w h ic h  are sim ilar to  those  o f  S cam bicorn u s  
H eegaard , 19 4 4  ( =  P reh errm an n ella  S ew ell, 1 9 4 9 ) , a gen u s o f  w h ich  
m any sp ec ies liv e  externally  on  holothurians. Stock ( 1 9 6 4 )  has already  
su ggested  that th e  tw o  genera  are related, noting  th e  sim ilarity in  the  
secon d  an tenn ae ( th e  third seg m en t w ith  a large  c la w ) and in  the  
arm ature ( 5  e lem en ts)  o f th e  third segm en t o f the  en d o p o d  of le g  4 . In  
addition , b oth  genera  h a v e  a b lad elike  m andib le, w ith o u t a lo n g  lash, 
and b oth  h a v e  2 -seg m en te d  en d op od s in  legs 1 and  2  o f  the  m ale.

T here are, h ow ever, im portant d ifferen ces b e tw e e n  L eca n u riu s  and  
Scam bicorn u s. In  L eca n u riu s  th e  b o d y  is e lon gated , w ith  a m uch  
broadened  cep h a losom e, w h ile  in  S cam bicorn u s  th e  form  o f th e  b od y  is 
m ore typ ica lly  lich om olg id . In  L ecan u riu s  th e  e g g  sacs ( as far as k now n ) 
are very lon g  and th e  eg g s are in  a m ore or less linear series, rather than  
sacciform  w ith  m assed  eg g s  as in  Scam bicorn u s. In  L ecanurius the  
m and ib le bears processes a t b oth  sides o f  the  b ase  o f  the b lad e, rather  
than  a  s in g le  process (o n  th e  co n ca v e  s id e )  or n on e as in  S cam bicorn u s. 
In  L ecan u riu s  th e  lash  o f  the  secon d  m axilla is short and  bears on ly  a 
fe w  large teeth , w h ereas in  S cam bicorn u s  it  is lon ger and  has a row  of  
several teeth . In  L ecan u riu s  th e  f iv e  elem en ts on  th e  last seg m en t o f  
th e  en d op od  o f  le g  4  consist o f  b oth  sp ines and se tae , but in  S ca m 
bicornu s  th ese  e lem en ts are sp ines. L ecan u riu s  liv es in sid e  th e  h o lo
thurians, w h ile  S cam bicorn u s  liv es  on th e  ou tsid e o f  th e se  hosts.
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In  v ie w  o f these  d ifferen ces it seem s b est to  retain K ossm ann’s genus 
L ecan u riu s  for L . in testin a lis  and L . kossm annianus. I f  in  the  future  
sp ec ies in term ediate b e tw een  the  tw o  gen era  ( in  respect to  the  several 
d ifferen ces listed  a b o v e) are d iscovered , L ecan u riu s  m igh t b e  considered  
as a senior synonym  o f S cam bicorn u s. T h is position  is un ten ab le now , 
h ow ever, in  th e  present state o f  k n o w led ge o f  th ese  genera.

H o sts  o f  L ecanurius: B oth  L. in testin a lis  and  L. kossm annianus live  
in  m em bers o f the  genus A c tin o p yg a . In  fact, b oth  o f  these cop ep od s are 
k n ow n  from  th e  sam e sp ec ies o f  h ost, A. lecanora, thou gh  in  w id e ly  
separated  regions,— L. in testin a lis  in  th e  P hilip p in es, and  L . kossm an
nianus  in  M adagascar. T h e  n ew  sp ec ies occurs also in  A c tin o p y g a  m iliaris  
in  M adagascar, a lthough  apparently  less com m on ly  than in  A . lecanora. 
Sixteen  sp ec im en s w ere  recovered  from  14 A . lecanora, bu t on ly  8  from  
2 0 5  A . m iliaris.

A  sin g le  cop ep od id  o f  w h at is possib ly  a L ecan u riu s  w as foun d  in  
another holothurian, S yn a p ta  m acu la ta  (C h am isso  and E y sen h a rd ti, at 
A m bariobe, near N osy  B é, O ctober 6 , 196 3  (d u r in g  f ie ld  work o f  the  
U . S. Program  in  B io logy , a  part o f th e  International Indian  O cean  
E x p ed itio n ). T h e im m aturity o f this sp ecim en  m ade it im possib le  to 
d eterm in e the  genus w ith  certainty, b u t som e o f its features suggest 
K ossm ann’s L ecanurius.

A ssociated  w ith  b oth  h osts o f  L . kossm annianus  there is a species o f  
S cam bicorn u s, S. ca m p a n u lip es  (H u m es and C ressey, 1 9 6 1 ) , w h ich  lives  
on  th e  exterior o f A. lecanora  and A. m iliaris  in  M adagascar (H u m es, 
1 9 6 7 ) .
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SITUATION HYDROLOGIQUE ET DISTRIBUTION 
DU ZOOPLANCTON DANS LE NAY. DE LA MER D’ARABIE

Par

M i c h e l  L e v e a u  e t  K a r l  H e in z  S z e k i e l d a

Station M arine d ’Endouine et Centre d ’Oceanographie, Marseille 7ème

A B S T R A C T

TH E  HYDROLOGICAL SITU A TIO N  AND T H E  D ISTR IB U TIO N  O F ZOOPLANKTON 
IN  T H E  M V  OF T H E  ARABIAN SEA

A n  a tte m p t is m a d e  in  th is p a p er  to  e x p la in  th e  d is tr ib u tio n  of Z oop lan k ton  in  th e  A ra b ia n  
S ea . T h e  m o st im p o r ta n t  in flu e n c e  o n  th e  h y d ro g ra p h ica l c o n d itio n s  o f th e  area  is th e  e x c h a n g e  
of w a te r  b e tw e e n  the  P ersia n  G u lf a n d  th e  A ra b ia n  S e a . Z o o p la n k to n  w as ob served  to  b e  tra n s
p o r ted  in  th is ex c h a n g e . A t  the  sa m e  tim e h ig h  p r o d u c tiv ity  d u e  :o th e  in flu en ce  o f P ersian  G u ii  
w a te r  a n d  u p w e llin g  in  th e  A r a b ia n  S ea  w o u ld  e x p la in  th e  d e v e lo p m e n t of Z oop lan k ton  in  th is  
reg ion .

I N T R O D U C T I O N

Pendant très longtemps l’ocean Indien et en particulier la mer d’Arabie n’ont 
pas été prospectés et on ne disposait jusqu’ici que de données peu nombreuses 
concernant l’hydrologie et la distribution du plancton de cette région. L’Expédi
tion Internationale de l ’Océan Indien permit d’entreprendre des recherches et de 
combler quelques lacunes dans de nombreux domaines. Dans ce travail, nous 
avons essayé d’expliquer la distribution du zooplancton de la mer d’Arabie du 
N.W., par la situation hydrologique, qui est influencée par les échanges de masses 
d’eau entre le golfe Persique et les régions voisines.

E T U D E  D E  L A  S I T U A T I O N  H Y D R O L O G I Q U E

On peut observer au niveau du détroit d’Hormuz, à la sortie du golfe Persique, 
un phénomène analogue à celui qui se produit en Méditerranée par exemple, 
au niveau du détroit de Gibraltar: soit une sortie d’eau en profondeur de la mer 
la plus salée vers la moins salée et une entrée en surface de sens inverse.

Nous avons dans le golfe Persique, situé sous un climat aride, une forte 
évaporation qui entraîne une augmentation de la salinité. En outre nous pouvons 
noter que les débouchés des grands fleuves ont peu d’influence sur la salinité 
(pendant la période étudiée). Il résulte de cette salinité élevée une augmentation 
de la densiié qui produit une convection verticale et permet un écoulement par 
gravité vers la sortie de ce golfe. Cette eau sortant du golfe Persique va s’enfoncer, 
étant donné qu'à immersion égale, l’eau du golfe d’Oman est moins dense. Cette 
eau va s’étendre en profondeur jusqu’à ce quelle rencontre une eau de densité 
équivalente. Pour compenser cette perte d’eau du golfe Persique il se produit 
un courant d’entrée en surface.

Collected reprints o f  the International Ind ian  Ocean Expedition , vol. V II, contribution  no. 513 3 8 1
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.  R o b e r t  G Iraud

•  Anton Bruun
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F ig . 1. C a rte  d e  la  m er  d ’A r a b ie , d u  go lfe  d ’O m a n  e t  d ’u n e p a r tie  d u  go lfe  P ersiq u e a v e c  
rep résen ta tio n  d es s ta t io n s  d e  la  c a m p a g n e  d u  n a v ir e  C l Robert G iraud  1961 e t  d ’u n e  ra d ia le  d e  
Y Anton Bruun ( 1 9 6 3 ) .— L es flèch es  in d iq u e n t  les  3 d irec tio n s  des prises d e  v u es  d e  la  m a q u e tte  
rep rod u ites sur la  fig . 7. — L ’iso h a lin e  d e  36%0 en  su rface  a é té  tracée  d ’ap rés les d o n n é e s  d u  

M eteor, d e  Y Anton Bruun e t  d u  C t Robert Giraud.

Pour expliquer ce phénomène nous avons utilisé les données des stations 
figurées sur la carte suivante (Fig. 1). Sur cette carte nous avons présenté 
l’ensemble des coupes qui nous ont permis de connaître la situation hydrologique 
des golfes Persique et d’Oman.

La coupe A (Fig. 2) est longitudinale. Elle est située en grande partie dans le 
golfe Persique et n’intéresse qu’une station médiane du golfe d’Oman, peu 
éloignée du détroit d’Hormuz. Les autres radiales B, C, D, E (Fig. 2 et 3) sont 
transversales; la coupe B se trouve située au niveau du détroit d’Fformuz, les 
autres coupes C, D, E sont localisées dans le golfe d’Oman. La coupe C étant la 
plus proche du golfe Persique, la coupe E, la plus éloignée se trouve située à 
l’entrée du golfe d’Oman. La coupe A comporte 6 stations au total, 5 dans le 
golfe Persique, dont une au niveau du détroit d’Hormuz, et, enfin, une dernière 
station dans le golfe d’Oman.

Dans le golfe Persique, nous pouvons observer sur cette coupe longitudinale,
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deux gradients horizontaux différents de salinité: l’un en surface, l’autre en 
profondeur. L’eau du golfe d’Oman qui pénètre dans le golfe Persique va voir 
sa salinité augmenter, en partie par les eaux sous-iacentes plus salées qui 
s’écoulent en sens inverse, mais surtout par une forte évaporation. De ce fait nous 
pouvons observer une augmentation de la salinité de 36.6%0 au niveau du 
détroit d’Hormuz jusqu’à 41.35%0 dans le nord du golfe Persique. En profondeur 
le gradient est beaucoup moins élevé puisque nous avons une salinité maximale 
de 41.62%0 dans la partie N.W. du golfe et 38.4%0 au niveau du détroit.

A l’entrée du golfe Persique, nous pouvons également noter que la salinité 
présente un fort gradient vertical puisqu’elle passe de 36.6%0 en surface à 38.4%0 
au fond et pour une profondeur de 70 m environ. Ce gradient reste élevé tant 
que l’influence des eaux du golfe d’Oman qui s’écoulent en surface dans le golfe 
Persique se fait sentir. A l’extrémité nord du golfe par contre, nous avons des 
eaux dont la salinité présente un très faible gradient puisqu’elle varie de 41.35%0 
en surface à 41,62%0 près du fond.

La coupe A montre donc très nettement la superposition de deux masses d’eaux, 
l’une relativement peu salée (36.6%0) qui pénètre dans le golfe Persique pour 
compenser la perte d ’eau due à l ’écoulement sur le fond en sens inverse.

Sur la même figure, la station 220 située dans le golfe d’Oman à environ 120 
milles du détroit d’Hormuz, permet de constater la présence de l’eau du golfe 
Persique qui s’est enfoncée et se trouve alors localisée entre 180 et 250 m. La 
salinité qui est proche de 37%0 a fortement diminué du fait du mélange entre les 
eaux qui sortent et celles du golfe d’Oman. Nous signalerons toutefois que nous 
sommes ici en bordure de la zone d’écoulement intense, comme nous pourrons 
le constater sur la coupe transversale C.

Les coupes transversales B, C, D (Fig. 2) et E (Fig. 3) nous permettent d’avoir 
un certain nombre de renseignements sur la profondeur et la zone d’écoulement 
la plus intense, ainsi que sur le degré de mélange entre les eaux du golfe Persique 
et celles du golfe d’Oman. Ainsi sur la coupe B nous pouvons voir que cette eau 
s’écoule dans la partie sud du détroit d’Hormuz. Une station située plus au sud, 
au niveau des plus grands fonds (150 m) nous aurait trés certainement permis de 
constater une zone d’écoulement plus épaisse. Sur les coupes C, D, E, nous 
pouvons observer l’enfoncement de la nappe d’eau qui se localise entre 130 et 
400 m, avec un noyau plus salé entre 200 et 300 m.

L’ecoulement des eaux du golfe Persique s’effectue en grande partie le long 
de la côte sud ouest du golfe d’Oman avec toutefois un étalement de cette nappe 
vers le nord. Nous avons en effet des eaux beaucoup plus salées sur la côte sud 
que sur la côte nord: les salinités atteignent des valeurs supérieures à 37.8%0 à 
station 217 (la plus méridionale de la coupe C) alors qu’à la station 221 (plus au 
nord) les salinitées sont proches de 37%0. Il y a donc une diminution de la 
salinité en bordure de la zone d’écoulement intense. On doit très certainement 
rechercher la cause de cette dernière dans la force de Coriolis puisque les eaux
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qui s’écoulent en profondeur dans le golfe d’Oman demeurent collées au littoral 
d’Arabie, soit à droite d’un observateur regardant dans le sens d’écoulement 
des eaux.

Le déplacement vers le sud-est de cette masse d’eau va entraîner une diminu
tion progressive de la salinité. Nous pouvons constater qu’au fur et à mesure que 
l’eau séloigne du détroit d’Hormuz, la salinité maximale de cette couche passe 
de 38%0 sur la coupe B, à 37.8%0 sur la coupe C, à 37.4%0 sur la coupe D et 
enfin à 37.2%„ sur la coupe E située à la sortie du golfe d’Oman. Cette eau va 
continuer à s’étendre dans la mer d’Arabie vers le sud-est; nous avons pu encore 
la repérer à une station située à environ 300 milles du golfe d’Oman.

Pour compenser cette sortie d’eau du golfe Persique en profondeur, il existe 
une courant de surface qui suit ün trajet inverse. La salinité de l ’eau du golfe 
d’Oman qui pénètre dans le golfe Persique va augmenter progressivement: 
elle passera assez rapidement de 36.6%0 à l’entrée du golfe à 37%0 puis à 38%0 
peu après la station 230. Parallèlement à cette augmentation de la salinité nous 
pouvons noter une diminution de la température qui passe de 27°C à l’entrée 
puis à 25°C au fur et à mesure que les eaux se dirigent vers le fond du golfe.

En conclusion, nous pouvons dire que les eaux issues de la mer d’Arabie et 
du golfe d’Oman qui pénètrent en surface dans le golfe Persique, effectuent un 
circuit. Elles vont voir leurs caractéristiques hydrologiques se modifier au cours 
de leur passage dans ce golfe Persique (augmentation de la salinité, diminution 
de la température) ; elles sortent ensuite, puis s’étaleront en profondeur entre 
120 et 400 m dans le golfe d’Oman et, encore bien individualisées, déboucheront 
dans la partie septentrionale de la mer d’Arabie où leur influence se fera sentir 
très nettement. En effet dans cette région nous avons pu constater la présence 
d’une masse d’eau, dont la salinité était supérieure à 36%0; elle se trouvait 
localiséee entre 300 m et la surface dans la partie la plus occidentale de la mer 
d’Arabie du N.YV. et allait en s’amenuisant vers l’Est.

ETUDE BIOLOGIQUE

Remarques

Dans cette étude biologique nous avons essayé de montrer l’influence des 
courants sur la distribution et l’abondance du plancton. Nous envisagerons, tout 
d’abord les effets, sur le zooplancton, du courant de surface qui pénètre dans le 
golfe Persique, puis nous essaierons de voir l’influence du courant de sortie au 
niveau de la mer d’Arabie du N.W.

Ces deux masses d’eaux s’écoulant en sens inverse vont transporter des 
organismes planctoniques, qui devront pour survivre s’adapter à leur nouveau 
milieu. Les organismes qui pénètrent dans le golfe Persique auront à faire face à 
une sursalure et à une diminution de la température, alors que ceux qui en 
sortent, doivent supporter une dessalure ainsi qu’une diminution de l’intensité
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lumineuse, due à l’enfoncement des eaux du golfe Persique dans le golfe d ’Oman. 
II se peut que les organismes remontent dans les eaux plus superficielles, dans ce 
cas ils devront s’adapter aux variations particulièrement importantes de la salinité 
et température, ce qui exige d’eux d’être, à la fois très eurythermes et très euryhalins

L’étude de quelques groupes zooplanctoniques de cette région ne fut entreprise 
qu’à partir des prélèvèments effectués par l ’aviso C t Robert Giraud. Ces récoltes 
n’ont que très rarement dépassé la profondeur de 100 m; de ce fait nous avons 
que peu de renseignements sur les organismes qui peuvent passer du golfe 
Persique dans le golfe d ’Oman. Par contre cette couche d’eau des 100 premiers 
métrés correspond tout particulièrement aux eaux qui pénètrent dans le golfe 
Persique. Il faut noter toutefois que seules les espèces épiplanctoniques pourront 
être transportées vers le golfe Persique du fait de la faible profondeur au niveau 
du détroit d’Hormuz, mais aussi du courant de sortie qui s’écoule en sens inverse, 
sur le fond.

L ’influence des eaux du golfe d ’Oman sur la repartition du zooplancton

Trois groupes zooplanctoniques ont été étudiés: les Mollusques pélagiques 
( F r o n t i e r  1963b), les Appendiculaires ( F e n a u x  1964), les Ostracodes pélagiques 
( L e v e a u  1968).

Ces trois auteurs ont constaté, pour chacun des groupes étudiés, une diminution 
progressive du nombre d’espèces, de la mer d’Arabie vers le golfe Persique.

Pour les Ostracodes, nous avons trouvé 17 espèces dans la mer d’Arabie, 
6 dans le golfe d’Oman et seulement 2 dans le golfe Persique. Il faut noter que 
les deux espèces qui persistent dans le golfe Persique sont celles qui sont les plus 
superficielles et qui de ce fait peuvent être entraînées par le courant de surface. 
Ces deux espèces: Cypridina chierchiae et Euconchoecia aculeata sont très répandues 
dans tout le nord de l’Océan Indien (Fig. 4).

Pour les Mollusques pélagiques, F r o n t i e r  (1963b) a noté la présence de huit 
espèces, qui sont par ordre de fréquence Creseis virgula, Cavolinia sp., Desmopterus 
papilio , Limacina in fla ta , Creseis acicula, H yalocylix striata, Corolla sp. et Clionina 
longicauda.

Comme pour les Ostracodes, nous trouvons quelques espèces très euryhalines 
qui ont pu s’adapter aux eaux sursalées du golfe Persique; ce sont Creseis virgula, 
Cavolinia sp., Desmopterus papilio , qui ont été recueillies en de nombreuses stations. 
Il faut noter que ce sont les espèces les plus fréquemment capturées au cours de 
l’expédition du C t Robert Giraud, puisque Creseis virgula a été récoltée à 75 stations 
sur 80 prospectées, Cavolinia sp. à 54, Desmopterus papilio  à 65 stations. Nous 
signalerons toutefois que Creseis acicula, bien que deuxième dans l’ordre de 
fréquence des espèces (66 stations) ne fut capturée qu’a l’entrée du golfe Persique, 
au niveau du détroit d’Hormuz, là où les eaux de surface présentent encore des 
salinités voisines de 36%0. Les salinités supérieures seraient donc un obstacle à
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son entree. En outre cette espèce est localisée plus profondément que Creseis 
virgula', de ce fait deux “barrières” semblent s’opposer à son entrée dans le golfe 
Persique: tout d ’abord le courant de sortie qui s’écoule au fond mais aussi la 
faible profondeur du golfe.

Trois autres espèces ne dépasseront pas le niveau du détroit d ’Hormuz; il 
s’agit d 'H yalocylix, de Corolla sp. et de Clionina longicaudata. Bien qu’entrainées 
par le courant de surface vers le golfe Persique, ces espèces n’ont pas été retrouvées 
aux stations situées proches de l’entrée du golfe. Il se peut donc qu’il y ait une 
forte mortalité due à une sursalure, à moins que les espèces s’enfonçant plus 
profondément soient repoussées par le courant de sortie vers le golfe d’Oman. 
Parmi les Mollusques recueillis dans le Golfe Persique, Limacina in fla ta  semble 
pouvoir survivre jusqu’à un certain seuil de salinité. En effet nous la retrouvons 
pour la dernière fois en une station dont les eaux ont une salinité proche de 
39%0. Elle disparait ensuite totalement au fond du golfe Persique où la salinité 
atteint des valeurs voisines de 41 %0.

Pour les Appendiculaires, F e n a u x  (1964) a constaté également une diminution 
progressive du nombre d’espèces depuis la mer d’Arabie jusque dans le golfe 
Persique; en effet il en a recueilli 19 dans la mer d’Arabie, 12 dans le golfe 
d’Oman et seulement 6 dans le golfe Persique. Sur ces 6 espèces, deux (Oikopleura 
longicauda ct 0 .  rufescens) ont été capturées dans presque toutes les stations du 
golfe Persique, ce sont par ailleurs les espèces les plus fréquentes récoltées au 
cours de la campagne du Ct Robert G iraud puisque, sur les 80 stations prospectées, 
la première espèce a été trouvée dans 76, la deuxième dans 60 stations. Enfin 
quatre autres espèces ont été trouvées, deux dans la partie septentrionale du golfe, 
il s’agit de O. form ica  et O . fu siform is, et deux autres au niveau de détroit d’Hormuz : 
Megalocercus huxleyi et Stegosoma magnum.

En conclusion, nous pouvons dire que, pour les trois groupes zooplanctoniques 
étudiés, quelques espèces arrivent à se maintenir dans tout le golfe Persique. 
Ce sont dans tous les cas les espèces les plus abondantes et les plus fréquentes, 
recueillies au cours de la campagne du C t Robert G iraud dans tout le N.W. de 
l ’Océan Indien. En outre ces espèces sont florissantes du fait très certainement 
d’une concurrence moins grande.

Pour ces trois groupes zooplanctoniques, nous n’avons trouvé aucune espèce 
endémique du golfe Persique; au contraire, toutes les espèces que nous avons 
pu recueillir sont celles dont la répartition géographique est la plus large. Il 
doit donc s’agir d’espèces très résistantes aux variations de températures et de 
salinité. Nous pensons donc que les eaux du golfe d’Oman et de la mer d’Arabie 
enrichissent en plancton de par leur entrée de façon continue, les eaux du golfe 
Persique, la survie des espèces ne se maintenant que jusqu’à un certain seuil 
limite de résistance propre à chacune d’elles. Ceci permettrait d’expliquer la 
diminution progressive du nombre d’espèces, dans le golfe Persique, du sud vers 
le nord.
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Influence des eaux du golfe Persique dans la mer d'Arabie

En général on a constaté une forte concentration planctonique dans la mer 
d’Arabie du N.W ., ainsi qu’une productivité primaire importante ( R y t h e r  et 
al. 1966). La figure 5 nous montre deux régions où la productivité est particulière
ment intense; ce sont: l’extrémité sud du golfe d’Oman en bordure de la mer 
d’Arabie où nous avons une productivité primaire atteignant par endroit 6 gC/ 
m-2 jour-1, et la zone située au nord de la mer d’Arabie, le long du littoral du 
Pakistan où elle atteint 3 gC/m -2 qour-1.

Parmi les groupes zooplánctoniques que nous avons signalé précédemment, 
nous nous sommes intéressés plus particulièrement aux espèces les plus super
ficielles qui présentent un développement intense dans la mer d’Arabie du N.W. 
Nous pouvons noter (Fig. 4) que leur distribution horizontale semble calquée 
sur les zones à forte productivité primaire et sur celíes à volumes planctoniques 
importants (Fig. 5).

Les conditions physico-chimiques conduisant à une forte productivité dans la 
mer d’Arabie du N.W. ont été données par R y t h e r  & M e n z e l  (1965). L’origine
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principale de cette zone riche est sans nul doute due à l’abondance des nitrates 
et des phosphates, dans la couche euphotique ou proche de celle-ci. Il se pose 
alors le problème de l’origine de cette masse d’eau ainsi que celui des phénomènes 
qui permettent la remontée de ces éléments nutritifs dans la couche superficielle.

Nous aborderons ici le problème de l ’origine de cette masse d’eau. Les 
différentes coupes hydrologiques que nous avons pu faire dans le golfe d’Oman 
et dans la mer d ’Arabie jusqu’à la profondeur de 400 m nous amènent à penser 
que cette eau provient du golfe Persique. Une carte de la salinité à 15 m, ainsi 
qu’une maquette donnant une représentation spatiale de la situation hydrologique
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de cette région du golfe d’Oman et de la mer d’Arabie, nous permettent de 
confirmer en partie notre hypothèse sur l’origine de cette masse d’eau.

La carte des salinités (Fig. 6) pour une profondeur de 15 m montre que toute 
la région du N.W. de la mer d’Arabie présente une salinité supérieure à 36%0. 
En outre, l’isohaline 36%0 présente une expansion vers le sud analogue à celles 
observées sur les fig. 4 et 5 concernant la productivité primaire et les volumes 
planctoniques. La maquette (Fig. 7) représente les eaux dont les salinités sont 
égales ou supérieures à 36%0 dans la mer d’Arabie du N.W. et le golfe d’Oman. 
Dans le golfe d ’Oman nous pouvons observer que l’isohaline de 36°/0o s’enfonce 
progressivement depuis le détroit d’Hormuz jusqu’à la sortie du golfe. Dans 
la mer d’Arabie, nous retrouvons l’expansion vers le sud de l ’isohaline 36%0 
déjà observée sur la carte.

Nous remarquerons également la présence d ’une zone à salinité moins 
élevée, localisée entre 50 m et 75 m (partie A de la maquette fig. 7) correspondant 
a u  courant Sud-Nord, signalé dans cette région par R y t h e r  et al. (1966).

Sur la côte du Pakistan, nous avons trouvé une masse d’eau bien indi
vidualisée, en forme de “pilier” (partie B de la maquette fig. 7) qui doit corres
pondre à un upwelling. Ceci permettrait d’expliquer la forte productivité 
primaire observée par R y t h e r  et al. ( 1 9 6 6 )  dans cette région.

L’isohaline de 36%0, bien que choisie arbitrairement, nous a permis 
d’individualiser une masse d’eau qui s’étend du golfe Persique au golfe d’Oman et 
à toute la région du N.W. d e la  mer d’Arabie, de la surface jusqu’à la profondeur 
maximale de 400 m. Cette masse d’eau dont la salinité est élevée est sans nul 
doute influencée par les eaux de sortie du golfe Persique, très salées, qui occupent 
des niveaux identiques et en outre se dirigent vers l’est.

En conclusion, nous pensons que les échanges de masses d’eaux entre le golfe 
Persique et la mer d’Arabie ont une influence sur la distribution horizontale des 
organismes zooplanctoniques. En outre, ils permettent l’enrichissement en 
éléments nutritifs du N.W . de la mer d’Arabie où se produit un développement 
intense de là flore et de la faune.

R É S U M É

Dans ce travail nous avons essayé d’expliquer la répartition de quelques 
groupes zooplanctoniques dans la mer d’Arabie et le golfe Persique. L’influence 
la plus importante en ce qui concerne la distribution du zooplancton de cette 
région reste très certainement celle des échanges d’eaux en surface et en pro
fondeur entre le golfe Persique d’une part et la mer d’Arabie d’autre part. Nous 
avons observé un appauvrissement progressif en espèces d’est en ouest, dû à 
l’augmentation de la salinité mais aussi aux faibles profondeurs du golfe Persique. 
En outre nous avons noté une forte productivité primaire et secondaire dans la
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mer d’Arabie, dues à la présence d’un upwelling le long de la côte du Pakistan 
mais surtout à l ’influence de l’eau du golfe Persique dans tout le N.W. de l ’océan 
Indien.
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TH E CHARACTERISTICS A N D  DISTRIBUTIO N O F MARINrL 
BACTERIA ISO LATED FROM THE IN D IA N  O CEA N1

R o y  M . Johnson , R ose M a ry  S c h w e n t,2 a n d  W e s le y  Press2
B otany D epartm ent, Arizona State University, T em pe 85281  

ABSTRACT
D uring the eighth  cruise of the RV A n ton  Bruun  in the Indian O cean, bacteria were 

co llected  from water, m ud, fish, shark, and one island. T he marine sam ples w ere collected  
from depths ranging from 100 to 3 ,050  m. A total of 127 isolates w as classified  to genus 
and the physiological response of the cultures to 17 diagnostic tests w as related to their 
source. T he physio logical test response o f the isolates, regardless o f genus, w as m ore highly  
correlated w ith the source o f the cultures than w ere the genera as such.

IN TRO D U C TIO N

Reports of systematic collections of bac
teria from marine environments have been 
comparatively few. ZoBell and Upham 
( 1944 ) characterized 60 such species. 
Wood (1952) reported comprehensively 
on bacterial genera of the marine environ
ment of eastern Australia. Kriss (1963) 
listed the genera isolated from several 
expeditions. Recently Leifson et al. ( 1964 ) 
investigated motility in marine bacteria 
and Pfister and Burkholder ( 1965 ) col
lected data from antarctic and Puerto 
Rican waters. Marine bacteria are predom
inantly Gram negative and motile, and 
occur in low concentrations in water and 
higher ones in bottom sediments. MacLeod 
(1965) reviewed evidence that marine bac
teria are unique in their ability to survive 
and grow in the sea.

Liston (1960), Colwell (1962), and Col
well and Liston ( 1962 ) have reported on 
the bacterial flora associated with marine 
fish. Liston (1957) has suggested that the 
normal intestinal flora of marine fish is 
predominately of the genus Vibrio. We 
are aware of only one paper (Wood 1952) 
reporting the bacterial intestinal flora 
of elasmobranchs. Davies and Campbell 
( 1962 ) found hemolytic Paracolons on the 
teeth of sharks examined.

1 This work w as supported b y  the Arizona State 
U niversity Research C om m ittee and Ciba Phar
m aceutical Co. T he collection  cruise o f the RV  
A n ton  Bruun  w as supported b y  the N ational Sci
ence Foundation.

2 Trainee on U .S. P ublic H ealth  Grant N o. T I- 
A -1259,

During the eighth cruise of the RV 
Anton Bruun in the Indian Ocean a col
lection of bacteria was made, limited in 
that all samples were from 100 m or 
deeper, only one basic type of peptone- 
seawater medium was used, and specimens 
were incubated in the broth medium at 
IOC prior to plating, thus consisting only 
of types favored by these conditions. How
ever, it is possible to compare the bacte
rial flora from the five environments from 
which cultures were obtained. The intes
tinal contents of 17 fish and five shark 
were cultured. The fish were selected for 
their relatively deep natural habitat. A 
total of 127 isolates was examined. Their 
source was distributed as follows: water 
31, bottom muds 20, fish intestine 51 (27 
aboard ship, 24 after storage), shark intes
tine 15, land 10.

M ATER IA LS AND M ETH O D S

Collection of specimens
Thirty-ml water samples were collected 

from Nansen bottles after initial flushing 
and 10 ml of concentrated medium added. 
Aged seawater was used for all media 
aboard ship. The cultures were incubated 
at 10C and subsequent isolations made 
within 48 hr at both 10 and 20C. Isolates 
were lettered or numbered serially; those 
with designations above 8C were isolated 
from material brought home. Bottom muds 
were collected with sterile vials from the 
inner portion of a snapper immediately 
after its return to shipboard; some of the 
mud was then inoculated into sterile me-
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T a b l e  1. Differential generic characteristics

Genus
Gram
stain Spores Pigment Flagella

Hugh-Leifson
glucose

Pteridine
0 /1 2 9

sensitivity
Lumines

cence

Bacillus + + H- Peritrichous N o growth _ _
Brevibacterium - f - "4~ Peritrichous N o growth _

C orynebacterium + - - Variable N o growth - —

Pseudomonas - - - Polar O xidative — -

Xanthomonas — - Polar O xidative _ _

Achromobacter - - Variable Ferm entative _ _

Flavobacterium - - + Variable Ferm entative _ —

Alcaligenes - - Variable N egative - -

Vibrio - - - Polar Ferm entative +
Spirillum - - - Bipolar N o growth -

Photobacterium - - - Variable Ferm entative - +
Hyphomicrobium « - - Polar Ferm entative -

* Characterized by pleomorphic cells and budding.

dium and incubated at IOC. Isolations 
were subsequently made from the mud 
suspensions at both 10 and 20C. The 
maximum water temperature at the sur
face during this cruise was 24C and iso
lates were never exposed to a temperature 
over this for more than 1 hr. All isolates 
were transported as pure cultures from the 
ship’s refrigerator to a refrigerator in 
Tempe, Arizona, in 44 hr. During this 
period no temperature control was possible.

Determination of genera
All cultures were Gram stained, exam

ined microscopically, and a series of bio
chemical tests was made by standard 
bacteriological methods (Pelcazar 1957) 
using artificial seawater (Aquarium Sys
tems Inc.). Glucose metabolism was deter

mined by the method of Hugh and Leifson 
( 1953 ). Cultures were tested for chitin 
utilization, H2S production, and cellulose 
digestion by the method of Skerman 
(1959). Growth on the chitin plate was 
considered positive for chitin utilization as 
a carbon source although these positive 
strains failed to digest chitin in a liquid 
medium. Table 1 shows key characteris
tics used for distinguishing genera. All 
cultures were tested for their ability to 
grow in nutrient broth without seawater; 
only those belonging to the Gram positive 
genera Brevibacterium, Corynebacterium, 
and Bacillus would grow in this medium. 
Flagella were stained by the method of 
Rhodes (1958). Pteridine 0/129 was kindly 
supplied by Allen and Hanburys’ Ltd. and 
used as a saturated solution on filter

T able 2. Composition of media used

Components*

Medium designation

M2 M2G M 2F M3 M5 M6

Peptone ( g ) 5 5 5 _ 5 5
Yeast extract ( g ) 0 .5 0 .5 0 .5 — 1 0.5
G lucose ( g ) — 1 0 .0 — — 5 —
FePO . ( g ) — — 0 .1 — — 0.1
Fish extract! (m l) — — — 1 0 0 1 0 —
Shark b lood (m l) — — — — — 5 0 Î
Seaw ater (m l) 1 ,0 0 0 1 ,0 0 0 1 ,0 0 0 900 1 ,0 0 0 1 ,0 0 0

* Nobel agar (D ifco) was added to the above m edia in a 1.5% concentration for solid media, 
f  Prepared by autoclaving cut fish in  seawater, 
i  Autoclaved and  added to  medium.
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T a b l e  3 .  Distribution of various genera of bacteria in  water and bottom samples by depth range

D epth (m) and 
hydrographic 

ranges*

Genera

W ater Bottom

2 0 0 -5 0 0  
4  stations 

T em p 8 .7 -1 2 .1 C  
Oa 3 .8 -4 .4  m l/liter  
PO .-P  1 .0 -1 .6  Mg atom s/liter  
N O a - N  1 4 .3 -2 2 .5  fig  a tom s/liter  
N O a - N  0 .0 2 -0 .0 9  fig  a tom s/liter  
SiOa-Si 9 .4 -1 8 .5  fig  a tom s/liter

A chrom obacter  
V ibrio  ( 4 ) t  

P hotobacterium  
F lavobacterium  
A lcaligenes  ( 2 )  
C oryn ebacterium  ( 3 )

1 station Pseudom onas  
A chrom obacter  
V ibrio  ( 2 )
H  yph om icrob iu m

6 0 0 -9 7 5  
5  stations 

T em p 5 .5 -8 .6 C  
O a  2 .5 -3 .9  m l/liter  
P O t - P  1 .6 -2 .4  fig a tom s/liter  
N O a - N  2 1 .6 -2 6 .6  fig atom s/liter  
N O a - N  0 .0 1 -0 .0 4  fig  a tom s/liter  
S i O a - S i  2 3 -6 9 .1  fig  a tom s/liter

F lavobacteriu m  ( 3 )  
A chrom obacter  
P hotobacterium  
P seudom onas  ( 2 )  
B revibacterium  
V ibrio  ( 2 )

1 station Pseudom onas
V ibrio
F lavobacteriu m

1 ,0 0 0 -1 ,4 7 0  
5  stations 

T em p 2 .6 -6 .2 C  
O a  2 .1 -3 .4  m l/liter  
P O . - P  2 .3 -2 .7  Mg atom s/liter  
N O 3- N  3 2 .3 -3 3 .0  Mg atom s/liter  
N O a - N  0 .0 2 -0 .1 6  Mg atom s/liter  
S i O a - S i  6 5 .5 -8 7 .0  Mg atom s/liter

A lcaligenes  ( 3 )  
P seudom onas  ( 2 )  
Spirillum  ( 2 )

2  stations P seudom onas ( 2 )  
V ibrio
F lavobacterium

1 ,6 0 0 -3 ,0 5 0  
4  stations 

T em p 1 .7 -3 .6 C  
O a  2 .9 -4 .9  m l/liter  
P O i - P  1 .9 -2 .5  Mg atom s/liter  
N O a - N  2 6 .8 -3 4 .8  Mg atom s/liter  
N O a - N  0 .0 2 -0 .1 1  Mg atom s/liter  
S i O a - S i  7 5 -1 2 3  Mg atom s/liter

A chrom obacter ( 2 )  
F lavobacterium  
P seudom onas 
A lcaligenes  ( 2 )  

V ibrio  ( 2 )  
Spirillum  ( 2 )

C orynebacterium  
Bacillus  ( 3 )

9  stations 
2  stations 
negative

P seudom onas
Bacillus
B renibacterium  ( 4  )
A chrom obacter
F lavobacterium

* From Final Cruise Report Anton Bruun cruises 7, 8, 9, v. 2. October 1965» Woods Hole Oceanographic Institution, 
t  Number of individual strains each genus.

paper disks to test for bacteriostatic action 
according to the method of Collier, Camp
bell, and Fitzgerald (1950). Commercial 
antibiotics disks (BBL) were used for the 
other antibiotic sensitivity tests.

Media
The media used are shown in Table 2. 

The M2 medium was used routinely, with 
or without glucose or ferric phosphate. 
Later subculture of all strains on M2 me
dium showed no specific requirement for 
either glucose or iron. The change from

aged seawater to artificial seawater did not 
appear to affect growth of the strains.

Isolation technique for fish and shark
Sections of fish intestine were removed 

aseptically within 15 min after the fish 
were collected and placed in liquid M2 
medium at 10C; streak plates were made 
on M2 and M3 media incubated at both 
10 and 20C. The 10 intestines collected 
near the end of the cruise were overlaid 
with M2 agar and streak cultures made 
from them later at Tempe. The shark were
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F ig .  1. Stations at which specimens were ob
tained during the eighth cruise of the RV A nton  
Bruun.

opened on the ship’s deck after surface 
treatment of the skin with alcohol. A sec
tion of the intestine was removed asep- 
tically and put into a sterile vial. M5 or 
M6  liquid medium was added to the vial 
and streak plates subsequently made from 
this on M2 and M6  media.

Shark were identified aboard ship by 
Dr. S. Springer. The fish from which iso
lations were made were tagged and sub
sequently identified by Dr. L. Knapp.

The cruise track of the RV Anton Bruun 
and location of stations are shown in Fig. 
1. Chesterfield Island is located approxi
mately 56 km off the coast of Madagascar 
at 16° 21' S lat, 43° 59' E long.

R ESULTS A ND DISCUSSION

W ater and bottom m ud bacteria
A comparison of genera obtained from 

water and mud at four different depth 
ranges is shown in Table 3. While Pseudo
monas, Flavobacterium  and Vibrio were 
found in almost all samples, Spirillum  and
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T a b l e  5. B acterial in testina l flora iso la ted  from  fish  aboard Ship

M edia and  isolation tem p (°C)

Fish M2 20 M3 20 M2 10

Chaunax fim bria tu s V ibrio  R* V ibrio  10 V ibrio  Y 
V ibrio  L

C hloropthalm us  sp. A chrom obacter Q A chrom obacter  1R V ibrio  W

M acrouridae sp. N o. 1 V ibrio  IE A lcaligenes  2W N o t done

S elach oph id ium  guentheri V ibrio  IB  
B acillus  1C  
P hotobacteriu m  ID

A chrom obacter  IT  
V ibrio  1U

N ot done

C oloconger ran iceps A chrom obacter  2 D  
A chrom obacter  2E

A lcaligenes  1Y Culture lost

M acrouridae sp. N o. 2 V ibrio  2C  
P hotobacterium  2B

A lcaligenes  1Z V ibrio  2S  
Photobacterium  2T  
V ibrio  3L

A rgyrops filam entosus A chrom obacter 31 N ot done P seudom onas  3M

O pisth oproctu s soleatus Pseudom onas  4J N ot done V ibrio  5R

* Strain designation.

Photobacterium  were found only in water 
samples. Gram positive genera were pri
marily found in deep samples and four of 
the five Brevibacterium  isolates were from 
the deepest muds. None of the cultures 
attacked cellulose or chitin.

The problem of contamination when 
Nansen bottles are used for collecting

specimens has been debated (Kriss 1962; 
Kriss, Lebedeva, and Tsiban 1966). To 
check this, the genera collected from dif
ferent depths at the same station were 
compared relative to their position on the 
collecting line along with the bottom sam
ples obtained at the same station from 
the snapper (Table 4). Where two or

T a b l e  6. B acterial in testinal flora iso la ted  from  fish  a fter storage

Isolation tem p (Aerobic) Anaerobic isolation

Fish 20C 10C 25C

S tern optyx  diaphana F laoobacter  8J* V ibrio  8C M icrococcus  9E

M elam phaidae F lavobacter  8S A chrom obacter  8X N ot done

C yclo th on e  sp. V ibrio  8T N on e found N ot done

P seudom onacanthus  sp. A chrom obacter  8P A chrom obacter  8F A chrom obacter  9C  
V ibrio  9F

A n tigon ia  rubescens A chrom obacter  8L A chrom obacter  8E N ot done

Scorpaena  sp. A chrom obacter 8 0 A chrom obacter  8H N ot done

P olyipn u s  sp. A chrom obacter  8N A chrom obacter  81 X anthom onas  9A  
M icrococcus  9B

M althopsis sp. A chrom obacter 8Q A chrom obacter  8D A lca ligenes  9D

C ynoglossus  (T ru lla ) sp. V ibrio  8M A chrom obacter  8G N o growth

M acrouridae sp. N o. 3 Culture lost A chrom obacter  8U N o growth

♦ Strain designation.
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T a b l e  7 . Bacterial flora of shark intestine

Bacterial strain

Shark species 20C 10C

H alaelurus h ispidus N one found N one found

Carcharinus albom arginatus B acillus 4R *
B acillus 5V  
C oryn ebacterium  4G

N ot done

Carcharinus longim anus B acillus 6P  
B acillus  6G  
B acillus 6H  
B acillus 61

V ibrio  7 0

Carcharinus spa llan zin i A lca ligen es  7M N one found

R h izoprionodon  acu tus B acillus  5A X anthom onas 6S
B acillus 5B  
B acillus 5C  
B acillus  5 D

S pirillum  6T

* Strain designation.

more isolates of the same genus were ob
tained at the same station their biochem
ical characteristics were compared; if they 
were similar this might indicate cross con
tamination. Only in two cases of nine 
tested (Pseudomonas at Stas. 400, 404) 
were similar strains found. Most isolates 
from one station were of different genera. 
Every bottle on the line was not examined 
and the minimum distance between bottles 
was 200  m, often more at the deeper 
stations.

Fish and shark isolates
Tables 5, 6 , and 7 show the bacterial 

flora isolated from fish and shark. The 
lack of pigmented and Gram positive 
strains in the fish population is evident. 
None of the Gram negative cultures iso
lated grew in nutrient broth without sea
water. All genera except the single Bacillus 
had monotrichous polar or subpolar flagel
lation. Three of the Vibrios isolated on 
the ship (R, 2D, 5R) showed beta hemol
ysis on a blood agar medium containing 
3% NaCl. Eight Achromobacter strains 
( 8F, 8G, 8H, 81, 8 N, 80 , 8 P, 8Q) isolated 
after storage showed similar hemolysis, as 
did the Vibrio 8 M. The lack of sensitivity 
to pteridine 0/129 accounted for the high 
incidence of Achromobacter in the isola

tions made from the stored fish intestine. 
However, the morphology of this group 
was also considerably more uniform than 
the Vibrio isolates. Chitinoclastic activity 
■was found in all of the stored cultures but 
in none of those freshly isolated.

Anaerobic streak cultures were made on 
M2 agar from six of the fish intestines 
brought home (Table 6 ). No strict anaer
obes were found. Two identical Gram 
negative micrococci were isolated from 
the two Sternoptychidae ( Sternoptyx and 
Polyipnus).

Attempts were continually made for over 
a month to isolate bacteria from a sus
pension of Halaelurus intestinal contents 
maintained at 10C in M2 medium. All 
attempts failed. The three Gram negative 
bacteria isolated from other shark were 
obtained at an incubation temperature of 
10C. At 20C, and only at 20C, Bacillus 
was isolated. The characteristics of all of 
these Bacillus isolates were similar and 
diagnostic for Bacillus jirmis. Since at least 
two days intervened between any two indi
vidual shark isolations and no Gram nega
tive bacilli were regularly isolated as they 
were with fish, the possibility of general 
cross contamination is low. Assuming the 
Bacillus to be a contaminant, three of the 
shark intestines were sterile. Alternatively,
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T a b l e  8 . Iso la tes from  C h esterfie ld  Island

Source Genera

M ud F lavobac teriu m  5E *  
C oryn ebacterium  5F  
C oryn ebacterium  5G  
M icrococcus  5H  
Bacillus 51 
B revibacteriu m  5J 
B revibacter iu m  6V

B each sand A lca ligenes  5M  
F lavobacteriu m  5F  
M icrococcus  6A

* Strain designation.

the similarity of the Bacillus strains iso
lated from three of the five shark exam
ined may indicate a common bacterial 
flora for shark.

T a b l e  9 .  T em pera tu re  ch aracteristics o f IOC 
iso la tes

Growth temp (°C)
Source Genus -6 10 18 30 37

W a te r Vibrio + + + + _
Vibrio ( 3 ) * + + + + +
Vibrio + + + - -
Spirillum ( 3 ) + + + - -
Pseudomonas + + — -
Alcaligenes + + + + -
Alcaligenes - + + 4- -
Brevibacterium + + + + +
Photobacterium + + + + -

Achromobacter + + + -

Achromobacter + + + + +
Flavobacter ( 2 ) + + + -

F ish Vibrio + + + + +
Vibrio + + + - -

Vibrio - + + + +
Vibrio + + + + -

Pseudomonas + +■ + + +

S hark Vibrio + + + + +
Spirillum + + + + -

Pseudomonas + + + + +

Bottom Vibrio _ + + _
Vibrio ( 2 ) + + + + -
Hyphomicrobium + + + - -

Pseudomonas - + + + -

Pseudomonas + + + + +
Flavobacterium + + + + +
Brevibacterium + + + + +

*  N u m b er o f stra in s.

T a b l e  1 0 . Penicillin  sensitiv ity*  o f  Gram  
n eg a tive  genera

Genus

Total No. 
of strains 

tested

No. of 
sensitive 
strains

%.
sensitive

Pseudom onas 16 4 25
V ibrio 40 12 30
A chrom obacter 29 11 37
A lcaligenes 23 9 39
F lavobacterium 11 4 36
P hotobacterium 7 3 43
T otal 126 43 34

* Two units of penicillin.

Chesterfield Island isolates 
Table 8  shows the source of isolates 

made from this island. The preponderance 
of Gram positive and pigmented bacteria 
is obvious. This island is, submerged during 
storms and only three crevices in the single 
rock formation on the island contained 
mud; thus the island may be considered a 
transition zone from sea to land.

Psychrophiles 
At the laboratory, all of the isolates 

made at 10C were immediately subcul
tured at 10C and characterized. All would 
grow without yeast extract in a 0.5% pep
tone, artificial seawater medium. The 
large majority grew well at 30C and also 
at - 6 C (Table 9). It is apparent that in 
spite of the attempt to select strict psychro-

T a b l e  1 1 . D istribu tion  of p ig m en ted  bacteria

Source No. Genus

Bottom 6 B revibacterium
3 F lavobacterium
1 Xanthom onas

W ater 5 F lavobacterium
1 B revibacterium

Fish
(im m ediate isolation)

0

Fish 2 F lavobacterium
(a fter  storage) 1 X anthom onas

Shark 1 F lavobacterium

C hesterfield  Island 2 B revibacterium
2 F lavobacterium
1 Bacillus
1 M icrococcus

4 0 2
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F ig .  2 . D ev ia tio n  of p hysio log ica l ch a rac te ris tic s  of iso lates from  th o se  o f co llection  as a  w h o le , as 
a  fu n c tio n  o f  iso lation  source. L e g e n d : 1, p ig m en t; 2 , ox idative  g lucose  m etabo lism ; 3, fe rm en ta tiv e  
g lucose m etabo lism ; 4, a lka line  g lucose; 5, ce llu lose  d iges tio n ; 6 , ch itin  u tiliza tio n ; 7 , lac to se  fe rm e n 
ta tion ; 8, s ta rch  hydro lysis; 9, g e la tin  liq u ifac tio n ; 10, H»S p ro d u c tio n ; 11, case in  hydro lysis; 12, n itra te  
red u c tio n ; 13, in d o l p ro d u c tio n ; 14, u rease  p ro d u c tio n ; 15, ca ta la se  p ro d u c tio n ; 16, ox idase p ro d u c 
tion ; 17, m otility .

philes, all were capable of growth at 18C 
and many at higher temperatures. Of the 
Gram positive genera present, only Brevi
bacterium  was isolated at IOC and it was 
also capable of growth at 37C.

Antibiotic sensitivity
Over 90% of the cultures were resistant 

to streptomycin and sensitive to chloro- 
mycetin. Shewan, Hodgkiss, and Liston 
( 1954 ) reported Achromobacter to be 
uniquely sensitive to penicillin. Our re
sults (Table 10) do not confirm this.

Pigment
Table 11 shows the distribution of pig

mented bacteria. Sixteen of the 26 cultures

came from mud or land and the lack of 
pigmented strains from fish intestine when 
isolated prior to storage is noteworthy.

Physiological diagnostic tests and 
source of bacteria

The percentage of cultures from each of 
the five sources giving positive results on 
each of 17 physiological diagnostic tests 
was calculated. The percentage of posi
tive results for each area was then com
pared to the percentage of positives for 
the entire collection (Fig. 2). The fish 
samples were divided into two groups— 
those freshly isolated aboard ship and 
those isolated from the intestines brought 
home.
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It is apparent that except for the two 
fish groups there is no correlation between 
areas that would suggest a physiological 
response from each group of bacteria 
unique to its source of isolation. As might 
be expected, the water isolates, although 
only 25% of the collection, show the closest 
correlation to the entire collection, while 
those isolated from land show the greatest 
deviation. Wood (1952) has reported the 
flora of shark to be more closely related to 
that of muds than to that of seawater; 
this is confirmed only weakly here. The 
two collections from fish are interesting in 
that their deviation from the entire collec
tion is in general the same, differing only 
in intensity of response. The minor dif
ference is explainable as a function of two 
months’ storage of the intestines, and this 
similarity tends to confirm the differences 
found between the ecological areas as a 
real phenomenon.
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CYCLOPOID COPEPODS OF THE GENUS 
LIC H O M O LG U S  ASSOCIATED WITH OCTOCORALS OF 

THE FAMILY ALCYONIIDAE IN MADAGASCAR

B y  A r t h u r  G. H u m e s  a n d  J u - S h e y  H o  
Dept, of Biology, Boston University, Boston, Mass.

Three species of Lichomolgus are already known to be as
sociated with octocorals of the family Alcyoniidae in Mada
gascar. These are L. decorus Humes and Frost, 1964, from 
Cladiella laciniosa (Tixier-Durivault), L. squamiger Humes 
and Frost, 1964, from Sinularia polydactyla  (Ehrenberg), and 
L. protentus Humes and Frost, 1964, from Sarcophyton 
globosum  Tixier-Durivault. The last named host was listed by 
Humes and Frost (1964) as Sarcophyton sp., but has since 
been described as new by Tixier-Durivault ( 1966 ). This paper 
concerns seven new species of Lichomolgus, two species which 
are redescribed, and a new host record for L. squamiger, all 
washed from various species of Alcyoniidae in the region of 
Nosy Bé in northwestern Madagascar.

All collections were made by A. G. Humes, those in 1960 
during an expedition sponsored by the Academy of Natural 
Sciences of Philadelphia, and those in 1963-64 as part of the 
U.S. Program in Biology of the International Indian Ocean 
Expedition.

The study of the specimens has been aided by a grant 
(GB-5838) from the National Science Foundation of the 
United States.

All figures have been drawn with the aid of a camera lucida. 
The letter after the explanation of each figure refers to the 
scale at which it was drawn. The abbreviations used are: 
Aí =  first antenna, A2 =  second antenna, MXPD =  maxilliped, 
and Pi =  leg 1 .

Collected reprints o f the International Ind ian  Ocean Expedition , vol. V II, contribution  no. 515 405
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All descriptions are based on type material. The measure
ments of the length of the body have been made in all cases 
from specimens in lactic acid and do not include the setae 
on the caudal rami. The lengths of the segments of the first 
antenna have been measured along their posterior non- 
setiferous margins.

We are indebted to Mme. A. Tixier-Durivault of the Museum 
National d’Histoire Naturelle, Paris, for the identifications of 
the octocorals collected in 1960, and to Dr. J. Verseveldt, 
Zwolle, The Netherlands, for the determinations of those col
lected in 1963-64. We thank Dr. John O. Corliss of the Uni
versity of Illinois for the identification of the suctorian 
attached to L. singularipes.

The new copepods described in this paper comprise the 
following:

1 ) Lichomolgus cristatus new species
from Sinularia leptoclados (Ehrenberg).

2) Lichomolgus adelphus new species
from Sinularia whiteleggei Lüttschwager, S. pedun

culata Tixier-Durivault, and S. polydactyla 
(Ehrenberg).

3) Lichomolgus hetaericus new species
from Cladiella pachyclados (Klunzinger) and C. 

krem pfi Hickson.
4) Lichomolgus insolens new species

from Lobophytum  crassum  Marenzeller.
5 ) Lichomolgus spathophorus new species

from Sarcophyton glaucum  (Quoy and Gaimard).
6 ) Lichomolgus incisus new species

from Sarcophyton ehrenbergi Marenzeller.
7) Lichomolgus singularipes new species

from Parerythropodium rubiginosum  Verseveldt.
Of the following two species, females are redescribed and 

males described for the first time:
1) Lichomolgus dentipes Thompson and A. Scott, 1903

from Sinularia humesi Verseveldt.
2) Lichomolgus foxi Gurney, 1927

from Cladiella krempfi Hickson, C. laciniosa
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(Tixier-Durivault), and C. pachyclados ( Klun
z in geri

The following is a new host record:

1 ) Lichomolgus squamiger Humes and Frost, 1964 
from Sinularia whiteleggei Lüttschwager.

FA M IL Y  L IC H O M O L G ID A E  K O S S M A N N , 1877  

G e n u s L ic h o m o l g u s  T h o k e l l ,  185 9 1

L ic h o m o lg u s d e n tip e s  T hom pson  and A . Scott, 1903  
F igures 1 -2 8

This sp ec ies w as estab lish ed  on  th e  basis o f on e fem ale  fou n d  in 
w ash in gs o f  d red g ed  invertebrates in  C eylon . I t  h as n ot b e e n  reported  
again , and  the  original sp ec im en  is presum ably  lost a lon g  w ith  th e  rest 
o f th e  A n d rew  S cott co llection  (s e e  H um es and H o, 196 7 , p . 2 0 9 ) .  
T h e  m a le  has b een  unknow n u n til now .

B oth  sexes o f  L . d e n tip e s  ( 8 7  9 $  and  1 4 5  $  $  ) w ere w a sh ed  from  
on e co lon y  o f  Sinularia h u m esi V erseveld t, co llec ted  in  2  m , o ff 
A m pom bilava, N osy  B é , M adagascar, 2 6  Septem ber 1964. O n e  hundred  
and fifty -s ix  sp ec im en s (5 4  9 9 ,  1 02  $  S ) h a v e  b een  d ep osited  in  the  
U n ited  States N ational M useum ; 35  sp ecim en s ( 15 9 9 , 2 0  $ S ) in  the  
Z oölog isch  M useum , A m sterdam ; and the  rem ain ing sp ecim en s in  the  
co llection  o f  A. G. H um es.

F em ale: B o d y  ( f ig . 1 )  w ith  rather broad prosom e. L en g th  0 .9 4  
m m  (0 .9 1 -0 .9 5  m m ) and  greatest w id th  0 .5 7  m m  (0 .5 6 -0 .5 8  m m ), 
b ased  on  10  sp ecim en s. R atio  o f len gth  to  w id th  o f p rosom e 1 .1 4  : 1. 
S egm en ts o f  leg s 1 - 3  w ith  irregularly serrate h ya lin e  lateral m argins. 
S egm en t o f  le g  4  narrow  an d  m ostly  co n cea led  b en eath  dorsum  of 
p reced in g  segm ent; term inating posteriorly on  each  sid e  in  a h ya lin e  
sp in iform  process.

S egm en t o f  le g  5  ( f ig . 2 )  7 8  ß  X  187  ß . G en ita l seg m en t w id er  than  
lon g , 1 0 0  ß  X 1 4 8  ß , in  dorsal v ie w  rounded  laterally  and  abruptly  
constricted  in  its posterior fifth . A reas o f  attach m en t o f  e g g  sacs situated  
dorsolaterally  on  posterior part o f  exp an d ed  region . E açh  area ( f ig . 3 )  
bearin g  tw o  naked  sp in iform  se ta e  7  ß  and  11 ß  lon g , w ith  a recurved  
sc lerotized  p o in ted  process b e tw een  them . T h ree  p ostgen ita l segm ents  
3 9  ß  X  7 8  ß, 31 ß  X  7 3  ß , an d  6 5  ß  X  7 0  ß , from  anterior to  posterior.

C audal ram us ( f ig . 4 )  slig h tly  lon ger than  w id e , its greatest d im en-

i  The. year of publication  of T h o re l li  genus has been  cited by some authors 
as 1859, by others as 1860. The source of this confusion lies in  the  fact th a t 
Thorell published Lichomolgus as a  new  generic nam e in  tw o d ifferen t papers 
(1 8 5 9 , p. 340 , and 1860, p. 6 4 ) .  A lthough the  title  page of Arg. 16 of the 
Öfversigt af Kongi. V etenskaps-Akadem iens Förhand lingar for 1859 bears the  
year 1860, the  actual year of publication  for Lichomolgus appears to be 1859, 
since the  last page of no. 8 ( in  w hich T horell’s paper appears) bears th a t year.
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F ig s .  1 -5 . L ic h o m o lg u s d e n tip e s  T h om p son  and A. Scott, 1903 , fe 
m ale: 1, b od y , dorsal ( A ) ;  2 , urosom e, dorsal ( B ) ;  3, area of attachm ent 
o f e g g  sac, dorsal ( C ) ;  4 , caudal ram us, dorsal ( C ) ;  5 , rostral area, 
ventral ( B ) .

sions b e in g  3 3  p  X  2 6  p. O uter lateral seta  5 0  p, p ed ice lla te  dorsal seta  
4 0  p , outerm ost d istal se ta  5 5  p , innerm ost d ista l seta  109  p, and the  
tw o  lon g  m ed ian  term inal se tae  2 2 0  p  (o u te r )  and  3 6 0  p  ( in n er ) and  
b oth  in serted  b etw een  dorsal ( unornam ented  ) and ventral ( w ith  m arginal 
row  o f sp in u les) flaps. A ll th ese  se tae  w ith  lateral hairs excep t outer  
lateral seta  w h ich  is naked.
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F ig s .  6 -1 2 . L ic h o m o lg u s d e n tip e s  T hom pson  and A . Scott, 1903 , 
fem ale: 6, first an tenna, ventra l ( D ) ;  7 , secon d  antenna, anterior
( in n e r )  ( D ) ;  8, labrum , ventral ( E ) ;  9 , m and ib le, posterior ( C ) ;  10, 
paragnath, ventral ( C ) ;  11, first m axilla , posterior ( C ) ;  12, secon d  
m axilla , posterior ( E  ).

Ratio o f  len g th  o f  prosom e to  tha t o f  urosom e 2 .2 4  : 1.
E g g  sacs in com p lete  on fem ales exam ined . E ach  e g g  ab ou t 5 5  n  in  

diam eter.
Rostral area ( f ig . 5 )  w ith ou t w e ll d efin e d  posterior m argin.
F irst an tenna (f ig.  6 )  7 -seg m en ted , 3 2 6  ¡i long. L en gth s o f  segm en ts:
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Figs. 1 3 -1 7 . L ic h o m o lg u s d e n tip e s  T hom pson  and A. Scott, 1903, 
fem ale: 13, m axillip ed , posterior ( E ) ;  14, area b e tw een  m axillipeds and  
first pair o f legs , ventra l (D );  15, leg  1 and intercoxal p late , anterior
( F ) ;  16, le g  2 and  intercoxal p la te , anterior ( F ); 17, leg  3  and inter- 
coxal p late , anterior ( F  ).

30/1  ( 5 8 / i  along anterior m a rg in ), 138 g , 21 g, 50 g, 23 g , 19 g, and  
17 g  resp ective ly . F orm ula for arm ature: 4 , 13, 6, 3, 4  +  1 aesthete, 
2  -J- 1 aesth ete, and 7  +  1 aesth ete.

S econ d  antenna ( fig . 7  ) 4 -seg m en ted , last segm en t m oderately  
e lon gated , 71 g  a long its outer ed g e , 4 0  g  a long its inner ed ge, bearing
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kír-

22

20

F i g s .  1 8 -2 2 . L ich o m o lg u s d e n tip e s  T hom pson  and A . Scott, 1903, 
fem ale: 18, le g  4  and intercoxal p la te , anterior ( F ) ;  19, en d op od  o f  
le g  4 , anterior ( C ) ;  2 0 , le g  5, dorsal ( E ) .  M ale: 2 1 , b od y , dorsal
( G ) ;  2 2 , urosom e, dorsal ( D ) .

d ista lly  fiv e  sm all h ya lin e  elem en ts and  a s in g le  c la w  4 4  ¡i a lon g  its 
greatest axis.

Labrum  ( f ig . 8 )  w ith  tw o broad posteroventral lobes. M andib le  
( f ig . 9 )  w ith  flagellu m  very red u ced , and  represented  on ly  b y  a  sm all 
p o in ted  process. P aragnath  ( f ig . 1 0 )  a sm all hairy lob e. F irst m axilla

4 1 1
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24

27

23

26

25

28

F ig s .  2 3 -2 8 . L ich o m o lg u s d e n tip e s  T hom pson  and A. Scott, 1903, 
m ale: 23 , caudal ram us, dorsal ( H ) ;  2 4 , first antenna, dorsal ( F ) ;  25 , 
secon d  antenna, posterior (o u te r )  ( E ) ;  26 , m axilliped , outer ( F ) ;  27 , 
en d op od  o f le g  1, anterior ( C ) ;  28 , leg  5 , dorsal ( H ) .

( f ig . 1 1 )  w ith  tw o  lon g  u n eq u al naked term inal elem en ts and  a sm all 
subterm inal one. S econ d  m axilla  ( f ig . 1 2 )  2 -segm en ted . M axilliped  
( f ig . 1 3 )  3 -seg m en ted , th e  secon d  segm en t w ith  tw o very unequal 
setae, and  th e  third w ith  tw o term inal sp iniform  elem en ts (o n e  lack ing  
a  d istin ct articu lation ) an d  a sm all seta. Area b etw een  m axillipeds and  
first pair o f  leg s ( f ig.  1 4 )  not protuberant.
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L egs 1—4 (fig s . 1 5 -1 8 )  w ith  trim erous ram i excep t for 2 -seg m en ted  
en d op od  o f  le g  4 . A rm ature o f  legs as fo llow s ( R om an num erals =  
spines, A rabic num erals =  se ta e  ) :

p  1 p rotopod 0 -1 1 - 0 exp 1 -0 1-1 111,1,4
end 0 -1 0 -1 1,5

Pa protopod 0 -1 1 - 0 exp 1 -0 1-1 111,1,5
end 0 -1 0 - 2 1,11,3

Pa protopod 0 -1 1 - 0 exp 1 -0 1-1 111,1,5
end 0 - 1 0 - 2 1,11,2

P* protopod 0 - 1 1 -0 exp 1 -0 1-1 111,1,5
end 0 -1 II

Inner seta  on  coxa o f  le g  4  very short ( 6  ¡i) , b lunt, and  naked. 
O uter seta on  basis o f  leg s 3  and  4  u n u su ally  lon g  (u p  to  9 0  ß ) .  
T erm inal sp ine on  last seg m en t o f  en d op od  o f le g  1 a little  lon ger  than  
the  segm en t, naked, and  recurved. E n d op od  o f  leg  4  ( f ig . 1 9 )  slender, 
first segm en t 2 2  ß  X  9  ß, w ith  inner d ista l se ta  3 3  ß, secon d  seg m en t  
47  ¡i lon g  (in c lu d in g  p rocesses) and  7 ß  w id e  at m id d le , w ith  the  tw o  
term inal sp ines 18  ß  (o u te r )  and 36  ß  ( in n e r ) . H airs a lon g  outer m argin  
o f secon d  segm en t arranged in  tw o rows.

L e g  5  ( f ig . 2 0 )  w ith  free segm en t 7 4  ß lo n g , its proxim al area ex
ten d ed  ob liq u e ly  and  in w ard ly  to  form  a very large tooth lik e  process. 
O blique len gth  from  outer b ase  o f segm en t to tip o f  process 67  ¡i. T w o  
term inal naked se tae  3 4  ß  an d  3 7  ¡i. R ow  o f sp in u les a long outer ed g e  
of segm ent.

L e g  6  probab ly  represented  b y  the  tw o sp iniform  setae near areas o f  
attachm ent o f ea ch  eg g  sac  ( s e e  fig . 3 ) .

Color in  life  in  transm itted  lig h t translucid , e y e  red, e g g  sacs ligh t  
gray.

M ale:  R ody ( f ig . 2 1 )  w ith  prosom e less broad en ed  than  in  the
fem ale. L en g th  0 .5 8  m m  (0 .5 6 -0 .6 0  m m ) and  greatest w id th  0 .2 8  
m m  (0 .2 6 -0 .3 0  m m ) ,  b a sed  on  10 specim ens. R atio o f  len g th  to w id th  
of prosom e 1 .27  : 1.

S egm en t o f  leg  5 ( f ig . 22) 21 p  X  81 ß. G en ita l seg m en t rou n d ed  in  
dorsal v iew , 122 ß  X  133 ß , w ith  a sm all constricted  area posteriorly. 
First p ostgen ita l seg m en t 15 ß  X  46 ß, secon d  14 ß  X  41 ß. T hird  and  
fourth p ostgen ita l segm en ts fu sed , third  probab ly  rep resen ted  b y  th e  
anterior constricted  part, 11 ß  x  35 ß , and fourth b ein g  the  m uch  
broadened  posterior region , 39 ß  X  55 ß.

C audal ram us ( f ig .  2 3 )  ab ou t as lon g  as w id e , 17 X  19 ß.
R atio o f  len gth  o f  prosom e to that o f  u rosom e 1 .6  : 1.
R ostral area lik e  that o f fem ale . F irst an tenn a ( f i g .  2 4 )  sim ilar to  that 

o f  fem ale, bu t tw o aesth etes a d d ed  on seco n d  segm en t, and  o n e  on  
th ird, so tha t th e  form ula is 4 , 13  +  2  aesth etes, 6 , 3  +  1 aesth ete , 
4 + 1  aesth ete , 2  +  1 a esth ete , and 7  +  1 aesth ete. S econ d  antenna  
( f ig . 2 5 )  resem blin g  that o f  fem ale , b u t inner surface o f  secon d  
segm en t w ith  a row  o f  sp in u les and a raised m em branous lam ella .
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Labrum , m and ib le, paragnath , first m axilla , and  secon d  m axilla like  
th o se  o f fem ale. M axilliped  ( fig . 2 6  ) slender and 4-segm en ted  ( assum ing  
tha t th e  proxim al part o f  c la w  represents a fourth se g m en t). C law  
124  /i lon g  (m easu red  a lon g  its a x is) . A rea b etw een  m axillipeds and  
first pair o f leg s like tha t in  fem ale.

L eg s 1 -4  segm en ted  as in  fem a le  and  w ith  sam e sp ine and setal 
form ula excep t for en d op od  o f  le g  1 ( f ig . 2 7 ) ,  w h ich  has arrangem ent 
o f 0 -1 ;  0 -1 ;  1,1,4. L ast seg m en t o f  en d op od  o f  leg  1 bearing tw o  
term inal barbed  sp ines, w ith  a  slender process b e tw een  them . E ndopod  
o f  le g  4  as in  fem ale.

L e g  5  ( f ig .  2 8 )  w ith  a slender free  segm en t 2 7  ß  X 6  ß , lack ing the  
large tooth lik e process seen  in  th e  fem ale. T w o  term inal setae 2 4  ß  and
22 /i.

L e g  6  ( se e  fig . 2 2 )  a posterolateral flap  on  ventral surface o f  genital 
segm en t bearin g  tw o  naked se ta e  17 ß  and  2 2  ß  long.

Sperm atophore not observed .
C olor in  life  lik e  that o f  fem ale .
R em arks:  T h e  brief orig inal descrip tion  o f the fem ale  o f  L . d e n tip e s  

b y  T h om p son  an d  A. S cott (1 9 0 3 , p. 2 8 1 , p i. X V I, figs. 2 7 - 3 0 ) ,  based  
on  o n e  fem ale , fits alm ost ex a ctly  th e  specim ens from Sinularia. A lthough  
it  is im possib le  to  com pare th em  w ith  the  sin g le  C eylon ese fem ale ( w h ich  
no lon ger e x is ts ) , the  sp ec im en s from  M adagascar appear to  b e  id entical 
w ith  L . d en tip es . Probably  T h om p son  an d  A. Scott’s specim en , ob 
ta in ed  in  w ashin gs o f  d red ged  invertebrates, actu a lly  cam e from  an  
octocoral, perhaps ev en  Sinularia.

L ic h o m o lg u s  c r is ta tu s  n e w  species  
F ig u re s 2 9 - 5 0

T y p e  m ateria l:  5 7  5  9  an d  1 0  cop ep od id s from  on e co lony  of
Sinularia  lep to c la d o s  (E h r e n b e r g ) , in  1 m , w est  o f Pte. M ahatsinjo, 
N o sy  B é , M adagascar, co llec ted  2  N ovem b er 1 960 . H olotyp e and  45  
paratypes d ep osited  in  th e  U n ite d  States N ationa l M useum  and the  
rem ain ing paratypes in  th e  co llection  o f  A. G. H um es.

F em ale:  B od y  ( f ig . 2 9 )  w ith  m oderate ly  broadened  prosom e, the  
sid es o f  the cephalosom e m ore or less parallel in stead  o f  rounded. 
L en g th  1 .0 0  m m  (0 .9 5 -1 .1 0  m m ) and  greatest w id th  0 .4 8  m m  ( 0 .4 5 -  
0 .5 0  m m ) ,  b ased  on  10 sp ecim en s. R atio o f len gth  to w id th  o f  prosom e  
1 .37  : 1. Segm ent o f le g  1 separated  dorsally  from  h ead  b y  a transverse  
furrow . E p im eral areas o f  segm en ts o f legs 1 - 4  rounded posteriorly  
as in  figure.

S egm en t o f  le g  5  ( f ig . 3 0 )  9 6  ß  X  1 6 6  ß. V entrally  b etw een  this 
segm en t and gen ita l segm en t a w eak  in tersegm ental sclerite. G enital 
segm en t shorter than  w id e, 9 4  ß  X  146 ß , in  dorsal v iew  rounded on  
either sid e  and constricted  posteriorly. A reas o f  attachm ent o f  egg  
sacs situated  dorsally  in  m idreg ion  o f segm en t. E ach  area ( f ig . 3 1 )  
b earing tw o  sm all naked se tae  6  ß  long. T hree postgen ita l segm ents
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33

29

32

30

F ig s . 2 9 - 3 3 .  L ic h o m o lg u s crista tu s, n e w  s p e c ie s ,  fe m a le :  2 9 ,  b o d y ,  
d o r sa l ( A ) ;  3 0 , u ro so m e , d o rsa l ( B ) ;  3 1 ,  a r ea  o f  a tta c h m e n t  o f  e g g  sa c , 
d o r sa l ( C ) ;  3 2 , c a u d a l ra m u s, d o r sa l ( E ) ;  3 3 , ro stra l area , v e n tr a l ( B ) .

5 7  p  X  7 0  p , 3 6  p  X  6 0  p , an d  6 0  p  X  5 0  p , from  anterior to  posterior.
C audal ram us ( f ig . 3 2 )  ab ou t 4 .5  tim es longer than  w id e , its greatest 

dim ensions b e in g  8 9  p  X  2 0  p . O uter lateral se ta  8 0  p  lo n g  and  naked, 
p ed ice lla te  dorsal se ta  3 8  p  and  naked , outerm ost d ista l se ta  1 1 2  p  w ith  
lateral hairs proxim ally, innerm ost d ista l se ta  1 5 6  p  w ith  hairs a long  
inner m argin , and  the  tw o  lo n g  m ed ia n  term inal setae 3 2 5  p  (o u te r )

4 1 5
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3534

40

37

39

36

38

F ig s . 3 4 —40. L ich o m o lg u s crista tu s, n ew  sp ec ies, fem ale: 34 , first 
antenna, anteroventral ( D ) ;  35 , secon d  antenna, posterior (o u ter )  
( F ) ;  3 6 , labrum , ventral ( E ) ;  37, m and ib le, posterior ( C ) ;  38, 
paragnath, ventral ( C ) ;  3 9 , first m axilla , posterior ( C ) ;  40 , second  
m axilla , posterior ( E ) .

w ith  a fe w  sp inu les on  outer m argin  and  4 0 0  fi ( in n er ) w ithou t spinules. 
A  few  surficial sp inu les on  ram us.

D orsal surface o f  p rosom e an d  urosom e w ith  very few  hairs. R atio  
o f len gth  o f  prosom e to tha t o f  urosom e 1.7 : 1.
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44

MXPD

F ig s . 4 1 —45. L ich o m o lg u s crista tu s, n e w  s p e c ie s ,  f e m a le :  4 1 , m a x i l 
l ip e d ,  p o s te r io r  ( E  ) ; 4 2 , a r e a  b e tw e e n  m a x i l l ip e d s  a n d  f i r s t  p a i r  o f  le g s ,  
v e n t r a l  ( F ) ;  43 ,  le g  1 a n d  in te r c o x a l  p la t e ,  a n te r io r  ( F ) ;  4 4 ,  s p in e  o n  
l a s t  s e g m e n t  o f  e n d o p o d  o f  l e g  1, a n te r io r  ( H ) ;  45,  l e g  2  a n d  in te rc o x a l  
p la t e ,  a n te r io r  ( F ) .

E g g  sac ( fig . 2 9  ) e lon gated , 3 8 0  p  X  100 p , reach in g  b eyon d  caudal 
ram i, w ith  each  eg g  about 5 0  p  in  d iam eter.

Rostral area ( f ig . 3 3 )  w ith  an extrem ely  d e lica te  broad ly  rounded  
posteroventral m argin.

First antenna ( f ig . 3 4 )  7 -seg m en ted , 3 4 2  p  in  len gth . L en gth s o f  
segm en ts: 55  p  ( 6 8  p  a lon g  anterior m a rg in ), 1 3 0  p , 3 3  p , 4 7  p , 2 5  p ,
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F ig s . 4 6 -5 0 . L ic h o m o lg u s crista tu s, n e w  s p e c ie s ,  f e m a le :  4 6 ,  le g  3  
a n d  in ter c o x a l p la te ,  a n ter io r  ( F  ) ; 4 7 , le g  4  a n d  in ter c o x a l p la te ,  an ter ior  
( F ) ;  48 ,  e n d o p o d  o f  l e g  4,  a n ter io r  ( C ) ;  49 ,  l e g  5,  d o r sa l ( E ) ;  50 , 
fr e e  s e g m e n t  o f  le g  5 , d o r sa l ( E  ).

21  ¡i, and  18 ¡i resp ective ly . Form ula  for arm ature as in  L . d en tip es . 
M any setae  haired  as in  figure.

S econ d  antenna ( f ig . 3 5 )  4 -segm en ted , w ith  la st segm en t m oderately  
elon gated , 7 0  a  a long its ou ter ed g e , 4 2  ¡i a long its inner ed g e , and  
19  ¡j. w id e  at m idd le . F irst segm en t w ith  a sm all inner seta , second  
w ith  a  sim ilar se ta  an d  outer surficial sp inu les, third w ith  three setae,
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and  fourth  w ith  six  elem en ts: f iv e  sm all h ya lin e  e lem en ts an d  a
term inal recurved  c la w  4 6  ß  a lon g  its greatest axis. A ll se ta e  naked.

Labrum  ( f ig . 3 6 )  w ith  tw o  broad and rather truncated  posteroventral 
lobes.

M an d ib le ( f ig . 3 7 )  w ith  very red u ced  fla g e llu m  an d  resem bling  
close ly  that o f  L. d e n tip e s .  P aragnath  ( f ig . 3 8 )  a  sm all h a iry  lo b e . First 
m axilla  ( f ig . 3 9 )  1 -segm en ted , w ith  tw o  u n eq u a l term inal e lem ents. 
S econ d  m axilla  ( f ig . 4 0 )  2 -seg m en ted , large  first seg m en t unarm ed, 
secon d  segm en t w ith  a very sm all se tu le  near its proxim al outer m argin, 
a naked  se ta  on  its posterior surface, an outer d ista l sp in e  as lo n g  as 
the  lash  and prom inently  barbed  a long on e ed g e , an d  the  segm en t  
prod u ced  d ista lly  to  form  a  lash  bearin g  a long its inner ed g e  a 
proxim al sp in e , fo llo w ed  b y  a row  o f u nusually  lo n g  rather hya line  
setae, and then  a graduated  row  o f  sm aller sp inu les. M axillip ed  ( f ig . 
41 ) 3 -segm en ted , first segm en t w ith  a fe w  sm all sp in u les, secon d  w ith  
a fe w  sp inu les and  tw o very u n eq u a l se tae  ( th e  short seta  naked , the  
lo n g  on e w ith  barbu les d is ta lly ), and  third w ith  tw o  term inal sp iniform  
barbed  e lem en ts ( th e  inner on e w ith ou t a d istin ct a rticu la tion ) and a 
m inu te setiform  process.

Area b etw een  m axillipeds and  first pair o f  leg s ( f ig . 4 2 )  n ot pro
tuberant; a sc lerotized  lin e  b e tw een  bases o f  m axillipeds.

L egs 1—4 (f ig s . 4 3 , 4 5 —4 7 )  segm en ted  as in  L . d e n tip e s ,  and  h avin g  
sam e sp ine and se ta l form ula. Inner seta  on  coxa of leg s 1 - 3  lo n g  and  
p lu m ose, b u t in  le g  4  very  short ( 8  ¡j.) and  fin e ly  barbed. Inner m argin  
o f basis in  leg s 1 - 3  w ith  row  o f hairs, b u t th is m argin  naked  in  le g  4. 
O uter seta  on  basis u nusually  lon g  in  legs 3  and  4 . S p ine on  last seg 
m ent o f  en d op od  o f le g  1 ( f ig .  4 4 )  som ew h at recurved  w ith  prom inent  
sp inu les on  outer m argin  and  a proxim al fringe o f  m u ch  sm aller sp inu les  
on inner m argin . E n d o p o d  o f le g  4  ( f ig . 4 8 )  slender, first segm en t  
2 5  /X X  9  ß  w ith  its inner d ista l feath ered  seta  4 5  ß, seco n d  segm en t  
4 8  fi lo n g  ( in clu d in g  processes ) and  8 .5  ß  w id e  at m id d le , its tw o  term inal 
u nequal barbed  sp ines b e in g  15  ß  (o u te r )  and  34  ß  ( in n e r ) , th e  latter  
m ore strongly  barbed  a long inner sid e  than  outer side. R ow  o f long  
hairs a lon g  outer m argins o f  both  segm ents.

L e g  5  ( f ig . 4 9 )  w ith  e lon gated  free segm en t, 6 8  ß  lon g , 17 ß  w id e  
at th e  sligh t proxim al inner expansion  ( f ig . 5 0 ) ,  12 ß  w id e  a t  m idregion . 
T w o  term inal naked se ta e  4 0  ß  an d  4 2  ß. N ak ed  se ta  on  b o d y  near 
insertion o f  free  seg m en t 6 0  ß.

L e g  6  prob ab ly  represented  b y  th e  tw o  se tae  near areas o f  attachm ent  
o f  each  e g g  sac  ( se e  fig . 31 ).

C olor in  life  in  transm itted  lig h t translucid , e y e  red , e g g  sacs gray.
M ale:  U nknow n.
E ty m o lo g y :  T h e  sp ec ific  nam e crista tu s, from  L atin  =  crested , refers 

to  th e  crest o f  u n u su ally  lo n g  setae on th e  proxim al part o f  th e  term inal 
lash  o f  th e  secon d  m axilla.

C om p a riso n  w ith  re la te d  sp ec ies:  T h e  crest o f  lo n g  se ta e  on  th e
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term inal lash  o f  the  secon d  m axilla sets this sp ec ies apart from  all 
other k n ow n  sp ec ies in  th e  genus. In  som e respects L . crista tus  
resem bles L . d e n tip e s , for exam ple, the  second  antenna, labrum , 
m and ib le, m axilliped , and en d op od  o f  le g  4.

S in ce  th e  m ale o f  L . cris ta tu s  is unknow n, com parisons w ith  L . 
a e g y p tiu s  G urney, 1927, and L . va gan s  G urney, 1927 , o f  w h ich  on ly  
m ales are k now n, cannot b e  m ade directly . In  L. a eg yp tiu s , h ow ever, 
th e  m ale  has three claw s and tw o  setae on th e  en d  o f the second  
antenna, th e  caudal ram us is very short (n ea r ly  as broad as lo n g ) , and  
th e  slender m an d ib le  has a lon g  flagellu m . In  L . vagan s  th e  m ale  has 
tw o  claw s on  the  second antenna, th e  caudal ram us is on ly  a little  longer  
than  w id e , and the  form ula for th e  third segm en t o f  the  exopod o f  leg  
4  is 11,1,5. It w ou ld  appear very  un likely , therefore, that the  n ew  species  
cou ld  b e  the sam e as either o f  G urney’s species.

L ic h o m o lg u s  a d e lp h u s  n ew  species  
F igures 5 1 - 6 6

T y p e  m ateria l:  5 1 9  9 ,  3 4 $  8 ,  and 11 cop ep od id s from  on e colony  
o f  Sinularia w h ite le g g e i  L ü ttsch w ager, in  2  m , Antsam antsara, northw est 
o f M adirokely, N o sy  B é, M adagascar, co llec ted  31 O ctober 1960. H olo- 
ty p e  9 ,  a llo typ e, and 62  paratypes ( 37  9 9 ,  2 5  $ $ ) dep osited  in  the  
U n ited  States N ational M useum , and th e  rem ain ing paratypes in the  
co llection  o f A . G. H um es.

O th e r  m a te r ia l: 5  9 9 ,  l i i  8 ,  and  4  cop ep od id s from  one colony of  
Sinularia p ed u n cu la ta  T ix ier-D urivau lt, in  3  m , P te. A m barionaom by, 
N o sy  K om ba, near N osy  B é, 3  O ctober 1960; and 1 0 9  9 ,  9 8  8 ,  and 4  
cop ep od id s from  on e co lon y  o f  Sinularia p o ly d a c ty la  (E h ren b erg ), in  
15 m , T an y K ely, a  sm all island  south  o f  N osy  B é, 3 0  A ugust 1964.

F em ale:  B od y  ( f ig . 5 1 )  resem bling that o f  L . sq u a m ig er  H um es and  
F rost, 1964 . L en gth  1 .29  m m  (1 .2 6 -1 .3 7  m m ) and greatest w id th  0 .55  
m m  (0 .5 1 -0 .5 9  m m ), b ased  on  10 specim ens. R atio o f  len gth  to  w id th  
o f prosom e 1 .58  : 1. E p im eral areas o f  segm ents o f legs 1 -4  som e
w h at m ore an gu la te  posteriorly than  in L . squ am iger.

S egm en t o f  leg  5  ( f ig . 5 2 )  101 a  X 2 2 9  /i. V entrally  b etw een  this 
seg m en t and gen ita l segm en t n o  in tersegm ental sclerite. G enital segm ent 
153 p  lon g , in  dorsal v ie w  exp an d ed  in  anterior part (w id th  187  /¿) 
and  constricted  w ith  p arallel sides posteriorly (w id th  1 0 9  p.). Areas 
o f attach m en t o f  eg g  sacs situ ated  dorsolaterally  near m idd le  o f segm ent. 
E a c h  area w ith  tw o  very  u n eq u al naked elem en ts, as in  L . squ am iger. 
T hree p o stgen ita l segm en ts 7 3  p  X  9 9  p ,  5 7  y. X 91 P , and 78  a  X  8 8  p., 

from  anterior to posterior.
C audal ram us ( f ig . 5 3 )  ab ou t as lon g  as w id e, 3 5  p  X 2 3  ¡x in  greatest 

dim ensions. O uter lateral seta  7 7  p., p ed ice lla te  dorsal seta  5 0  a, 
outer m ost d istal seta  121 a , innerm ost d ista l seta  3 0 0  ¡i, and the tw o  
lon g  m ed ian  term inal se ta e  4 7 0  p  (o u te r )  and 6 8 5  p. ( in n e r ), both  
in serted  b etw een  sligh t unornam ented  dorsal and ventral flaps. A ll
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54

53

55

52

F ig s . 5 1 -5 5 . L ic h o m o lg u s a d e lp h u s, n ew  sp ec ies, fem ale: 5 1 , b od y , 
dorsal ( I ) ;  5 2 , urosom e, dorsal ( G ) ;  5 3 , caudal ram us, dorsal ( C ) ;  54 , 
tip  o f  second  antenna, anterior ( in n e r )  ( C ) ;  5 5 , m axilliped , postero-  
inner ( E ) .

se ta e  naked. A  few  surficial sm all se tu les and  retractile po in ts on  ram us.
D orsal surface o f  prosom e and urosom e w ith  a fe w  short hairs. R atio  

o f len gth  o f  prosom e to that o f  urosom e 1 .85  : 1.
Form  o f e g g  sac unknow n, sin ce  a ll ovigerous fem ales co llec ted  had  

broken sacs. E ach  eg g  about 5 2  p. in  diam eter.
Rostral area as in L . squ am iger.
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57

60

58

59

56

F ig s . 5 6 -6 0 . L ich o m o lg u s a d e lp h u s, n ew  species, fem ale: 56 , area  
b etw een  m axillipeds and first pair o f  legs, ventral ( D ) ;  5 7 , endopod  
o f le g  3 , anterior ( F ) ;  5 8 , en d op od  o f le g  4 , anterior ( F ) ;  59 , leg  5, 
dorsal ( F ) .  M ale: 6 0 , b od y , dorsal ( A ) .

F irst antenna sim ilar to that o f  L . sq u a m ig er . L ength s o f  segm ents: 
5 5  ¿i ( 8 8  ¿i a long anterior e d g e ) ,  1 4 3  /t, 4 4  ¡i, 104  it, 4 7  fi, 3 6  it, and  31 ¡i 
resp ectively . Form ula for arm ature as in  L . sq u a m ig er  (a n d  also like  
L . d e n tip e s , g iven  ab ove ) .

S econ d  antenna resem blin g  tha t o f L . sq u a m ig er , b u t inner d istal 
e d g e  o f first segm en t a  litt le  m ore sw ollen . Fourth segm en t 104 ¡i a long
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65

63

62

F ig s . 6 1 -6 6 . L ich o m o lg u s a d e lp h u s, n ew  sp ec ies, m ale: 61 , urosom e, 
dorsal ( B ) ;  62, secon d  segm en t o f  secon d  antenna, anterior ( in n er )  
( E ) ;  63 , m axillip ed , outer ( B ) ;  64 , en d op od  o f  leg  1, anterior ( E ) ;  65, 
last se g m en t o f en d op od  of le g  2 , anterior ( E ) ;  66 , sperm atophore, 
em p ty  and attach ed  to  fem ale , dorsal ( B ) .

outer sid e , 6 6  ß  a lon g  inner sid e , and  21 p  w id e; bearin g  d ista lly  six 
sm all h ya lin e  e lem en ts (a s  in  L . sq u a m ig er , th ou gh  on ly  three such  
elem en ts in d ica ted  in  H um es and Frost’s figure  1 7 4 )  and a  term inal 
cla w  5 2  p  lon g  ( fig . 5 4  ).

Labrum , m and ib le, paragnath, first m axilla , an d  secon d  m axilla  as

4 2 3
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in  L. squamiger. M axilliped  ( f lg . 5 5 )  c lo se ly  resem blin g  that o f  L. 
squamiger w ith  on ly  m inor d ifferen ces in  ornam entation  and  w ith  third  
seg m en t bearing in  ad d ition  to  the  tw o  large term inal elem ents a sm all 
seta  (p r esen t also in  L . squamiger, b u t n o t sh ow n  in  H um es and Frost’s 
figure 1 8 0 ) .

A rea b e tw een  m axillipeds and  first pair o f  leg s ( f ig . 5 6 )  sligh tly  
protuberant; a sc lerotized  lin e  b etw een  bases o f m axillipeds.

L e g s 1 - 4  se gm en ted  as in  L. squamiger and  w ith  th e  sam e sp ine and  
seta l form ula (a lso  sam e as in  L. dentipes, g iven  a b o v e ) . L egs 1 and  
2  like those  o f  L . squamiger. L e g  3  w ith  exopod  lik e  that o f  L. 
squamiger, b u t last segm en t o f  en d op od  ( f ig . 5 7 )  relatively  shorter 
and  o f  a s ligh tly  d ifferen t form  than in  that sp ecies. L eg  4  also w ith  
exop od  sim ilar to  tha t o f  L . squamiger; en d op od  ( f ig . 5 8 )  w ith  first 
se g m en t 4 7  ß  lo n g  (n o t  in clu d in g  processes) and  3 0  g wide, w ith  
inner d ista l seta  107  ß, secon d  segm en t 125  ß  lo n g  ( in c lu d in g  p rocesses), 
19 ß  w id e  at m idregion , w ith  on ly  tw o  term inal sp iniform  processes 
in stead  o f  three as in  L. squamiger. T w o  term inal sp ines o f endopod  
4 0  ß  (o u te r )  and  6 9  ß  ( in n e r ).

L e g  5  ( f ig . 5 9 )  w ith  free segm en t e lon gated , slender, and b ow ed , 
195 ß  X  2 6  ß, d istin ctly  longer and  m ore slender than  in L . squamiger. 
C onvex  surface w ith  tw o  row s o f  sca lelik e spines a long proxim al half 
m erg in g  to  a s in g le  row  in  d ista l half. T w o  term inal naked setae 3 6  ß  
(o u te r )  and  7 3  ß  ( in n e r ) .  Seta on b od y  near insertion o f  free segm ent 
3 9  ß  an d  naked.

L e g  6  as in  L. squamiger.
C olor in  life  in  transm itted  ligh t translucid , w ith  orange g lobu les in 

p rosom e, e y e  red.
Male: B o d y  ( f ig . 6 0 )  resem bling that o f  L. squamiger. L ength  0 .98  

m m  (0 .9 5 -0 .9 9  m m ) and  greatest w id th  0 .3 4  m m  (0 .3 3 -0 .3 5  m m ), 
b a sed  on  10  sp ecim en s. R atio o f  len g th  to  w id th  o f prosom e 1 .77  : 1.

S egm en t o f  le g  5  ( f ig . 6 1 )  5 2  ß  X 112  ß . N o  ventral intersegm ental 
sc lerite. G en ita l segm en t a  little  lon ger  than  w id e , 2 0 0  ß  X 185 ß, 
sim ilar in  form  to  that o f  L. squamiger. F our postgen ita l segm ents  
3 6  ß  X  71 ß , 3 9  ß  X  7 0  ß , 2 7  ß  X  62  ß , an d  3 6  ß  X  6 0  ß, from  anterior 
to  posterior.

C audal ram us sim ilar to  that o f  fem ale , b u t a little  w id er  than long, 
2 2  ß  X  2 6  ß.

D orsal surface o f  prosom e and urosom e w ith  a few  sm all hairs. Ratio  
o f len g th  o f prosom e to  that o f  urosom e 1 .58  : 1.

R ostral area as in  L . squamiger, w ith  tw o  lateral anterior processes 
m ore prom inent than in  fem ale, as in  that species.

F irst an tenna lik e that o f  L. squamiger, w ith  sam e form ula for arma
ture (a lso  sam e as for L. dentipes, g iv en  a b o v e ) . Second  antenna as 
in  L. squamiger, b u t lack ing  th e  obtuse sp in es seen  in  that species and 
h av in g  tw o  row s of slend er sp ines along inner surface o f second  segm ent 
( f ig . 6 2 ) .
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L abrum , m and ib le, paragnath , first m axilla , and  secon d  m axilla  as in  
fem ale . M axillip ed  ( f ig . 6 3 )  very  lo n g  and slender (a b o u t 6 0 0  ß  in 
c lu d in g  c la w  w h en  e x te n d e d ). S econ d  segm en t w ith  a  s in g le  inner  
row  o f  spines; tw o  inner se ta e  as in L. squamiger, th e  proxim al one  
w ith  a  frin ge o f  sp inu les a lon g  its proxim al e d g e  as in  that sp ecies. 
C la w  2 9 7  ß  a long its axis, longer than  in  L. squamiger. Area b etw een  
m axillip ed s and  first pair o f  le g s  as in  L. squamiger.

L eg s 1 - 4  segm en ted  as in  fem ale , and th e  sp in e  and se ta l form ula  
as in  th a t sex  excep t for la st segm en t o f en d o p o d  o f  le g  1 ( f ig . 6 4 )
w h ich  is 1,1,4 (a s  in  L. squamiger). Sexual d im orphism  also  in  last
seg m en t o f  en d o p o d  o f  le g  2  ( f ig . 6 5 ) ,  w h ere  sp in es and  spiniform  
p rocesses are very  d ifferen t from  those  o f  L . squamiger. L e g s 3  and  
4  resem blin g  those  o f  L. squamiger.

L e g  5  ( s e e  fig . 6 1 )  sim ilar to  that o f  L. squamiger, free segm en t
b e in g  5 0  ß  X  9  ß- L e g  6  as in  L. squamiger.

Sperm atophore ( f ig . 6 6 ) ,  a ttach ed  to  fem ale  and  em p ty , 151 ß  X  
8 6  ß , n o t in clu d in g  neck .

C olor in  life  as in  fem ale.
Etymology: T h e  sp ec ific  nam e adelphus, from  G reek áSe\<t>6s =  sisterly  

or brotherly, a lludes to  th e  c lose relationsh ip  o f  th is sp ec ies to  L . 
squamiger.

Comparison with related species-. L ik e L. squamiger, th e  n e w  sp ec ies  
is c lo se  to  L. spinipes ( S ew e ll, 1 9 4 9 ) , k n ow n  on ly  from  a  s in g le  fem ale  
(n o w  lo s t)  foun d  in  w eed -w a sh in g s in  the  N icob ar Islands. H ow ever, 
like L. squamiger, L. adelphus is  d istin ct from  L. spinipes. T h e d istin c
tions are largely  th e  sam e as those  m en tion ed  b y  H u m es an d  Frost 
(1 9 6 4 , p p . 1 4 7 -1 4 8 )  in  com p arin g  L. squamiger w ith  L. spinipes.

Severa l characters m ay  b e  u sed  to  d istin guish  L. adelphus from  L . 
squamiger-, th e  form  o f  th e  la st se g m en t o f  th e  en d op od  o f  le g  3  in  
th e  fem ale , th e  p resen ce  o f  on ly  tw o  term inal sp in iform  p rocesses on  
th e  en d o p o d  o f  le g  4  in  b o th  sexes, th e  m ore e lon g a ted  slend er b o w ed  
free  segm en t o f le g  5  in  th e  fem ale , th e  a b sen ce o f  o b tu se  sp in es on  
th e  secon d  an tenn a  o f  the  m ale , and  th e  sexual d im orphism  in  th e  
last segm en t o f th e  en d op od  o f le g  2  in  th e  m ale.

Lichomolgus foxi G urney, 19 2 7  
F igu res 6 7 - 8 8

G urney describ ed  th is sp ec ies on  the  basis o f  on e fem a le  taken  at Port 
T a u fiq  in  th e  S u ez C anal. T h is sp ec im en  w a s su p p osed  to  h a v e  b e e n  
d ep o sited  in  th e  B ritish  M useum  (N a tu ra l H isto ry ), b u t u p on  exam ina
tio n  o f th e  v ia l in  th e  m useu m ’s co llec tio n  la b e led  “Lichomolgus foxi 
n. sp .” w e  h ave foun d  o n ly  a fragm ent o f  an  unk now n  lich o m o lg id  and  
a sp ec im en  o f  Corycaeus. T h u s th e  ty p e  sp ec im en  appears to  h a v e  
b e e n  m isp laced  or lost. T h e  m a le  has b e e n  unk now n  u n til now .

In  M adagascar th e  first author co llec ted  sp ecim en s referab le to  L . foxi 
as fo llow s: 196  9  9 ,  2 1 2  $  $ ,  and  7 4  co p ep od id s from  severa l co lon ies
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F ig s . 6 7 -7 1 . L ich o m o lg u s fo x i G urney, 1927 , fem ale: 67 , body, 
dorsal ( I ) ;  68 , urosom e, dorsal ( B ) ;  6 9 , area o f  a ttachm ent o f  eg g  sac, 
dorsal ( E ) ;  70 , caudal ram us, dorsal ( E ) ;  7 1 , first antenna, dorsal ( B ) .

o f  C la d ie lla  k re m p fi  H ickson , in  1 m , w e s t  o f  P te. d e  T afondro, N osy  
B é, 5  D ecem b er  19 6 3  (sp ec im en s d ep osited  in  th e  U n ited  States 
N ational M useum , th e  Z oölogisch  M useum , A m sterdam , and  th e  British  
M useum  (N a tu ra l H is to r y ));  2 5 5  9 ,  19  d S ,  and  7  cop ep od id s from  
o n e  co lon y  o f  C la d ie lla  lacin iosa  (T ix ier -D u r iv a u lt) , in  1 m , N osy  
K isim any, a sm all island 2 7  km  sou th w est o f  N osy  B é  near th e  m ainland  
o f M adagascar, 4  O ctober 196 0  (sp ec im en s in  th e  U .S .N .M .);  and 2 0  9  9
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F ig s . 7 2 -7 7 . L ic h o m o lg u s foxi, G urney, 1927 , fem ale: 72 , second  
antenna, anterior ( in n e r )  ( D ) ;  7 3 , labrum , w ith  paragnaths in  dashed  
lin es, ventral ( F ) ;  74 , m and ib le, posterior ( E ) ;  75 , first m axilla , anterior  
( E ) ;  7 6 , second  m axilla , posterior ( E ) ;  77 , m axillip ed , posterior ( E ) .

an d  9 3  5 from  o n e  co lon y  o f C la d ie lla  p a c h y c la d o s  (K lu n z in g e r i, in  1 
m , A m bariotelo, a sm all island  alm ost b e tw e e n  N o sy  B é  and  N o sy  
K om ba, 15 M ay 1 9 6 4  (sp ec im en s in  th e  U .S .N .M .) .

F em ale:  B od y  ( f ig . 6 7 )  w ith  slend er prosom e. L en g th  1 .1 6  m m  
(1 .0 4 -1 .2 7  m m ) and  greatest w id th  0 .5 1  m m  (0 .4 9 -0 .5 4  m m ) , b ased  
on  10 specim ens. R atio o f  len g th  to  w id th  o f  p rosom e 1 .57  : 1. S egm en t
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F ig s . 7 8 -8 2 . L ic h o m o lg u s fo x i G u m ey , 1927 , fem ale: 7 8 , leg  1 and  
in tercoxal p la te , anterior ( D ) ;  7 9 , le g  2  and  intercoxal p late , anterior
( D ) ;  80 , last segm en t o f  en d op od  o f  le g  3 , anterior ( D ) ;  81 , le g  4 , 
anterior ( D ) ;  8 2 , le g  5 , dorsal ( F ) .

o f  le g  1 separated  dorsally  an d  la terally  from  h ea d  b y  a  transverse 
furrow . E p im eral areas o f  segm en ts o f  leg s 1—4 as in  figure.

S eg m en t o f  le g  5  ( f ig .  6 8  ) 8 0  f t  X  1 4 3  ¡i. B e tw ee n  th is segm en t and  
gen ita l seg m en t a short ventral in tersegm en ta l sclerite. G en ita l segm ent  
1 5 6  ft X  135 n, on ly  a little  lon ger than  w id e , and  n ot greatly  expanded  
latera lly  in  dorsal v iew . A reas o f  a ttachm ent o f  e g g  sacs located
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F ig s . 8 3 -8 8 . L ic h o m o lg u s fo x i  G urney, 1 927 , m ale: 8 3 , b ody,
dorsal ( A ) ;  8 4 , urosom e, dorsal ( B ) ;  8 5 , m axillip ed , outer ( D ) ;  8 6 , last 
seg m en t o f  en d op od  o f  leg  1, anterior ( E ) ;  87 , en d op od  o f le g  4 , 
anterior ( E ) ;  88 , sperm atophore, em p ty  and attach ed  to fem ale , dorsal 
( G ) .

dorsolaterally  in  m id d le  o f segm en t. E a c h  area ( f ig .  6 9 )  bearing  tw o  
sm all n aked  se ta e  1 0  y  and  12  y  lon g , partia lly  covered  in  dorsal v iew  
b y  sc lerotized  processes. R eg ion  b e tw een  tw o  areas o f  attachm ent 
w ith  sc lerotized  lin es and se tu les as in d ica ted  in  figure. T hree postgen ita l 
segm en ts 5 2  y  X  8 6  y ,  3 6  y  X  7 8  y ,  and  5 2  y  X  7 8  y ,  from  anterior to  
posterior.
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C audal ram us ( f ig . 7 0 )  about as lo n g  as w id e , 4 3  ^  X  37  ß  in
greatest d im ensions. O uter lateral seta  180  ß  and  naked , p ed icella te
dorsal seta  4 6  ß  and  lig h tly  feath ered , outerm ost d ista l seta  195 ß  w ith  
hairs on proxim al inner sid e , innerm ost d ista l seta  3 5 0  ß  w ith  hairs 
on both  sides proxim ally, and th e  tw o  lo n g  m ed ian  term inal setae 6 0 0  ß  
(o u te r )  and 7 9 0  ß  ( in n e r ) ,  b oth  w ith  coarse sp inu les on  both  sides
excep t near bases and  b oth  inserted  b e tw een  u n om a m en ted  dorsal and
ventral flaps.

D orsal surface o f p rosom e and urosom e w ith  a fe w  sm all hairs. Ratio  
of len g th  o f  p rosom e to  that o f  urosom e 2 .1 : 1.

E g g  sac ( f ig . 6 7 )  e lon gated , 4 2 0  ß  X  140  ß, reach ing w e ll b eyon d  
caudal ram i. E a c h  eg g  about 4 6  ß  in  diam eter.

Rostral area resem bling that o f  L . crista tus.
F irst antenna ( f ig . 7 1 )  7 -segm en ted , 5 6 3  ß  lon g . L ength s o f seg 

m ents: 5 5  ß  (9 1  ß  along anterior e d g e ) ,  179  ß, 36  ß,  91  ß,  7 3  ß,  55  ß,  
and 38  ß  resp ective ly . F orm ula for arm ature as in  three previous sp ec ies. 
A ll se tae  naked.

S econ d  antenna ( f ig . 7 2 )  4 -segm en ted . L on gest se ta  on  third segm en t  
characteristically  b en t. L ast segm en t m oderate ly  e lon gated , 88  ß  along  
its outer ed g e , 5 9  ß  a long its inner ed g e , and 2 3  ß  w id e , bearing d ista lly  
tw o  short and three rather lon g  setae and  tw o u n eq u al term inal claw s, 
th e  stouter c law  4 6  ß  a long its axis, the  m ore slender c la w  3 3  ß.

L abrum  ( f ig . 7 3 )  w ith  tw o som ew h at o b tu sely  p o in ted  posteroventral 
lobes. M andib le ( f ig . 7 4 )  w ith  basal region  d istal to constriction  bearing  
on its con vex  m argin  a d ista lly  d irected  p o in ted  sca lelik e process 
ornam ented  w ith  a row  o f sp inu les, fo llo w ed  b y  a  serrated fringe, and  
on  its con cave m argin  a row  o f slender sp inu les jo ining a group of  
som ew h at stouter sp in u les near b ase  o f  flagellum ; flagellu m  elongated  
w ith  lateral sp inu les. Paragnath ( f ig . 7 3 )  a sm all h airy  Jobe. F irst 
m axilla  ( f ig . 7 5 )  w ith  three lon g  term inal naked se tae  an d  a m inute  
subterm inal seta. S econ d  m axilla  ( f ig . 7 6 )  2 -segm en ted , first segm en t  
unarm ed, secon d  w ith  a sm all se tu le  on  proxim al inner m argin, a 
surficial posterior se ta  fin e ly  barbed  a long one ed g e , an outer d istal 
sp in e  w ith  prom inent sp inu les m ostly  a long on e ed g e , and  th e  segm en t  
prod u ced  d ista lly  to form  a lash  w ith  dentiform  sp in es proxim ally and  
fin e  bilateral sp inu lation  d istally . M axilliped  ( f ig . 7 7 )  3 -segm en ted , 
arm ed as in  L . d e n tip e s , thou gh  deta ils o f  form  and ornam entation  
som ew h at d ifferent.

Area b etw een  m axillipeds and first pair o f  legs sim ilar to  that in  L. 
crista tu s, bu t sligh tly  protuberant; a sc lerotized  lin e  b e tw een  bases o f  
m axillipeds.

L eg s 1 - 4  ( figs. 7 8 -8 1  ) segm en ted  as in  three p revious sp ec ies and  
w ith  sam e sp ine and setal form ula. Inner seta  on coxa o f legs 1 - 3  long  
and p lu m ose, b u t in  le g  4  very short ( 8  ß )  and naked. Inner m argin  
o f basis w ith  row  o f hairs in  legs 1 -3 , b u t naked  in  le g  4 . O uter spines  
o f exopod  o f  le g  1 w ith  strong sp inules a long proxim al ed ges. E nd op od
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o f le g  4  shorter than  exopod . F irst segm en t 3 7  ß  X  3 2  ß  ( n ot inclu d in g  
p ro c e sse s)  w ith  inner d ista l naked  seta  very  short (1 1  ß )  and turned  
anteriorly ( so  that in  casual exam ination  it m ig h t appear to  b e  a b sen t) . 
S econ d  segm en t 65  ß  X  2 6  ß  ( greatest w id th  ) bearing tw o  term inal 
very  u n eq u a l sp ines, outer 2 3  ß  and  naked, inner 61 ß  w ith  an  outer  
f in e ly  barbed  fringe and  a narrow  inner lam ella . B oth  segm en ts w ith  
outer m argins haired, and secon d  segm en t w ith  a row  o f  fine  sp inules  
near insertions o f  term inal spines.

L e g  5  ( f ig . 8 2 )  w ith  e lon g a ted  free segm en t, 101 ß  in  len g th , its 
proxim al area expanded  inw ard ly  (w id th  here  3 3  ß )  b u t d ista l tw o-  
thirds o f  se g m en t slender (1 5  ß  a t w id est  p o in t) .  S eg m en t bearing  
tw o  naked term inal se tae  9 4  ß  and  9 9  ß  and  short sp inu les a long its 
outer m argin. Seta  on  b od y  near insertion  o f  free segm en t 4 5  ß  and  
feathered . E xp an sion  o f free segm en t p artia lly  covered  in  dorsal v iew  
b y  a  posterolateral extension  o f  dorsum  o f b od y  segm ent.

L e g  6  probab ly  represented  b y  th e  tw o  se ta e  near areas o f  attachm ent  
o f each  e g g  sac  ( s e e  fig . 6 9 ) .

C olor in  life  in  transm itted  lig h t translucid  to  slig h tly  op aq u e, ey e  
red, e g g  sacs gray.

M ale:  B o d y  ( f ig . 8 3 )  sim ilar in  genera l sh ap e to fem ale . L ength  
0 .9 3  m m  ( 0 .8 8 -0 .9 6  m m ) and  greatest w id th  0 .3 2  m m  (0 .3 1 -0 .3 3  m m ),  
b ased  on  10  sp ec im en s. R atio o f  len g th  to  w id th  of p rosom e 1 .6 6  : 1.

S egm en t o f le g  5  ( f ig . 8 4  ) 42  ß  X  91 ß.  N o  ventral in tersegm enta l 
sclerite. G en ita l segm en t lon ger  than  w id e , 2 1 1  ß  X  172  ß,  its lateral 
borders in  dorsal v ie w  sligh tly  irregular. F our p o stgen ita l segm ents  
32  ß  X  5 7  ß,  2 8  ß  X  5 6  ß,  2 0  ß  X 5 6  ß,  an d  2 9  ß  X  5 6  ß,  from  anterior 
to  posterior.

C audal ram us sim ilar to  th a t o f  fem ale , b u t sm aller, 26 ß  x 24 ß.
D orsal surface o f prosom e and urosom e w ith  a fe w  sm all hairs. R atio  

o f len g th  o f  prosom e to  that o f  urosom e 1 .4 6  : 1.
R ostral area as in  fem ale.
F irst an tenna  sim ilar to  that o f  fem ale , b u t w ith  tw o  aesthetes  

ad d ed  on  seco n d  seg m en t and one on  fourth  segm en t, so tha t form ula  
is sam e as for L . d e n tip e s  and  L. a d e lp h u s. S econ d  antenna  resem bling  
tha t o f fem a le , b u t w ith  sm all sp in u les a d d ed  on  inner su rface o f  first, 
secon d , and fourth segm ents.

Labrum , m and ib le, paragnath , first m axilla , an d  secon d  m axilla  
like those o f  fem ale. M axilliped  ( f ig . 8 5 )  resem blin g  in  genera l form  
and arm ature that o f L . d en tip es . C law  185 ß  a lon g  its axis ( in c lu d in g  
term inal la m e lla ) .

A rea b e tw e e n  m axillipeds and  first p air o f  leg s as in  fem ale.
L e g s 1 - 4  segm en ted  as in  fem ale , and  sp in e  an d  se ta l form ula as in  

that sex excep t for last segm en t o f  en d o p o d  o f  le g  1 ( f ig . 8 6 )  w h ich  
is 1,1,4. N o  sexual dim orphism  in  leg s 2  or 3. E n d o p o d  o f  le g  4  
( f ig . 8 7 )  c lo se ly  resem blin g  that o f  fem ale.

L e g  5  ( s e e  fig . 8 4 )  w ith  slend er free seg m en t 41  ß  X  8  ß,  w ith ou t
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a proxim al expansion . O uter m argin  w ith  few er  sp inu les than  in  fem ale. 
T w o  term inal naked setae 31 n ( in n e r )  and  6 3  ¡i (o u te r ) .

L e g  6  ( s e e  fig . 8 4 )  a posterolateral flap  on  ventral surface o f  genita l 
segm en t bearing  tw o  naked se tae  3 0  /i and 3 9  fi long.

Sperm atophore ( f ig . 8 8 ) ,  a ttach ed  to  fem a le  and  em pty , e longated , 
2 2 0  ¡i X 9 0  p  (n o t  in clu d in g  n e c k ) .

C olor in  life  as in  fem ale.
R em arks:  A s nearly  as can  b e  determ in ed , th e  specim ens from

C la d ie lla  in  M adagascar represent the sp ec ies d escribed  b y  G urney  
( 1 9 2 7 )  as L . foxi. In  G urney’s description , b ased  u p on  a sin g le  fem ale, 
several s ign ifican t po in ts o f sim ilarity w ith  th e  M adagascan  specim ens  
m ay b e  n oted: th e  b o d y  sh ap e and size, th e  proportional len gths of 
the  segm en ts o f  th e  first antenna, the  b en t se ta  on th e  third segm ent 
and th e  tw o  u n eq u a l claw s on  th e  last se g m en t o f  th e  secon d  antenna, 
th e  strong sp inu les on  th e  proxim al ed g es o f  th e  outer spines o f  the  
exopod  o f  le g  1, and th e  form  o f th e  caudal ram us.

T h ere  are tw o  rather perp lexing apparent d ifferen ces. G urney  
stated  that th e  first segm en t o f th e  en d op od  o f  le g  4  h ad  no seta, b u t  
a d d ed  tha t “it m ay h a v e  b een  broken o ff.” In  h is figure 113E  h e  show ed  
tw o  sm all sp in iform  processes a t th e  region  w h ere th e  se ta  w ou ld  
norm ally b e . In  th e  M adagascan  fem ales th e  very  sm all seta  at this 
p o in t is o ften  d irected  anteriorly and  cou ld  easily  b e  overlooked w h en  
th e  le g  is exam in ed  on a slid e  in  fla t v iew . W e  think  it  p robab le that 
o n e o f  G u m e y ’s sp in iform  processes m ay represent th is seta , since it 
w o u ld  b e  very  unusual in  L ic h o m o lg u s  for tw o  sp in iform  processes to 
b e  p resen t here. T h e  len g th  o f  th e  second  seg m en t o f  the  endopod  in  
le g  4  is re la tively  shorter an d  th e  tw o  term inal sp in es are less unequal 
in  G u m e y ’s figure than  in  th e  M adagascan  fem ales. H ow ever, such  
sm all d ifferen ces m ay b e  a ttributable to  the  tech n iq u e  o f  draw ing.

L e g  5  as sh ow n  in  G u m ey ’s figure  113G  in  genera l resem bles that in  
the  M ad agascan  sp ecim en s, b u t show s an  inner proxim al expansion  of 
som ew h at d ifferen t form , th e  term inal se tae  are rela tively  shorter, and  
th e  outer m argin  is sa id  to  b e  hairy. T h e  form  o f th e  expansion  in  his 
figure  d oes n ot appear to  b e  s ign ifican tly  d ifferen t from  that in  the  
M adagascan  fem ales, sin ce  th e  variation cou ld  b e  in trodu ced  b y  th e  
a n gle  at w h ich  th e  le g  w as draw n. T h e  term inal se ta e  in  the  
M adagascan  fem ales are very d elica te  d ista lly  and  those  show n in  
G u m e y ’s figure  m ay n ot represent their  entire len gth . T h e “hairy” 
nature o f  th e  outer m argin  m ay sim ply  b e  an in terpretation  o f  th e  rather 
sm all sp inu les seen  here in  the M adagascan  m aterial.

A d m itted ly  w e  are interpreting th ese  features in  relation  to w hat 
w e  k n ow  o f  th e  fem ales from  M adagascar, b u t in  the  ab sen ce o f  types  
or other sp ecim en s w e  h a v e  co m e to  the  con clu sion  that the  apparent 
d ifferen ces in  th e  en d op od  o f  le g  4  and in  le g  5  are probably  not 
sign ifican t, and  that our sp ecim en s from  C la d ie lla  actu a lly  represent 
L . foxi.
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L ic h o m o lg u s  h e ta e r ic u s  n ew  sp ec ies  
F igu res 8 9 -1 0 6

T y p e  m a te r ia l: 7 4 5  9 ,  1 8 S $ ,  and  1 cop ep od id  from  one colony of 
C la d ie lla  p a ch yc la d o s  (K lu n z in g e r i, in  1 m , A m bariotelo, a sm all island  
alm ost b etw een  N o sy  K om ba and N o sy  B é, M adagascar, co llec ted  15  
M ay 1964 . H olotyp e 9 ,  a llo typ e, an d  62  paratypes ( 5 0  9  9 ,  12 S $  ) 
d ep osited  in  th e  U n ited  States N ationa l M useum , and th e  rem ain ing
paratypes in  th e  co llection  o f A . G. H um es.

O th er  m ateria l:  9 9  9 from  several co lon ies o f  C la d ie lla  k re m p fi
H ickson , in  1 m , w est o f  P te. d e  T afondro, N osy  B é, 5 D ecem b er  1963.

F e m a le : B od y ( f ig .  8 9 )  w ith  m oderate ly  broad en ed  prosom e. L en gth  
0 .8 4  m m  (0 .7 8 -0 .8 9  m m ) and  greatest w id th  0 .4 2  m m  (0 .4 0 -0 .4 5  m m ),  
b ased  on  10  specim ens. R atio o f  len g th  to w id th  o f  prosom e 1 .2 7  : 1.
S egm en t o f le g  1 separated  dorsally  and  laterally  from  h e a d  b y  a
transverse furrow . E p im eral areas o f  segm en ts o f  legs 1 - 4  as in  figure.

S egm en t o f le g  5  ( f ig . 9 0 )  6 2  ft X  109 ft. N o  ventral in tersegm en ta l 
sclerite. G en ita l seg m en t ( f ig . 9 0 )  ab ou t as lo n g  as w id e , 107  ft X  1 1 2  ft, 
in  dorsal v ie w  m od erate ly  exp an d ed  laterally . A reas o f  attach m en t o f 
e g g  sacs situated  la terally  near m id d le  o f  segm en t. E a c h  area ( f ig . 9 1 )  
b earing tw o sm all naked  sp in iform  seta e  6  p. and 4 .5  p. lon g , and  partly  
covered  dorsally  b y  a flap  o f dorsum  o f gen ita l segm en t. T h ree  
p ostgen ita l segm en ts 3 4  ft X  6 2  p., 2 6  ft X  6 0  ft, and 2 9  ft X  5 7  ft, from  
anterior to posterior.

C audal ram us ( fig . 9 2  ) nearly  quadrate, 2 2  ft x  2 3  ft in  greatest 
dim ensions. O uter lateral se ta  1 3 3  ft and naked, dorsal p ed ice lla te  seta  
8 0  ft and apparently  naked, outerm ost d istal se ta  7 9  ft and naked, 
innerm ost d ista l seta  143  ft and haired  proxim ally, and  th e  tw o  lon g  
m ed ian  term inal se tae  3 9 5  ft (o u te r )  an d  4 9 5  ft ( in n e r ) , b o th  w ith  
lateral sp inu les excep t near b ases and  inserted  b e tw een  dorsal and  
ventral u n ornam ented  flaps.

D orsa l su rface o f  prosom e and  urosom e w ith  a fe w  sm all hairs. R atio  
o f  len gth  o f  p rosom e to  tha t o f  urosom e 2 .1 5  : 1.

E g g  sac  ( f ig . 8 9 )  e lon gated , 6 6 0  ft X  187  ft, nearly  three tim es len gth  
o f urosom e. E ach  e g g  ab ou t 4 9  ft in  d iam eter.

Rostral area as in  L . crista tu s.
F irst an tenna sim ilar to  th a t o f  L . foxi. L ength s o f  segm en ts: 3 4  ft 

(6 8  ft along anterior m a rg in ), 151 ft, 2 6  ft, 65  ft, 4 7  ft, 3 2  ft, an d  2 9  ft 
resp ective ly . A ll se tae  naked . S econ d  antenna also  resem blin g  th a t o f  
L. foxi, w ith  se ta  on  third  seg m en t b en t as in  that sp ec ies. L ast segm en t  
75  ft a long outer sid e , 4 7  ft alon g  inner sid e , an d  17 ft w id e  at m id d le . 
Stouter c la w  3 6  ft, m ore slend er c la w  2 9  ft.

Labrum  ( f ig . 9 3 )  w ith  tw o  rather p o in ted  posteroventral lob es. 
M andib le ( f ig . 9 4 )  resem blin g  th a t o f  L. fox i, b u t d istal en d  o f  
sca le lik e  process o n  co n vex  m argin  o f  b asa l reg ion  ornam ented  w ith  
sp inu les. Paragnath and  first m axilla  ( f ig . 9 4 )  sim ilar to  th o se  in  
L . fox i. S econd  m axilla  ( f ig . 9 5 )  resem blin g  that o f  L . fox i, b u t proxim al
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Ikw!

F ig s . 8 9 -9 5 . L ic h o m o lg u s h etaericu s, n e w  s p e c ie s ,  fe m a le :  89, b o d y ,  
d o r sa l ( A ) ;  90 , u ro so m e , d o r sa l ( B ) ;  9 1 , a rea  o f  a tta ch m e n t o f  e g g  
s a c , d o rsa l ( C ) ;  9 2 , c a u d a l ra m u s, d o r sa l ( C ) ;  93 , la b r u m , v e n tra l ( E ); 
9 4 , m a n d ib le  a n d  fir s t m a x illa , p o ster io r  ( C  ) ; 9 5 , s e c o n d  m a x illa , 
p o ste r io r  ( E ) .

sp ines on  lash  m ore slender. M axilliped  ( f ig . 9 6 )  sim ilar to that o f  
L . foxi, b u t first segm en t w ith o u t ornam entation, lon g  seta  on second  
segm en t re la tively  shorter, and  a sp iniform  process b etw een  tw o large  
term inal e lem ents.

A rea b etw een  m axillipeds and  first pair o f  legs not protuberant and  
sim ilar to  tha t in  L . crista tu s.
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F ig s . 9 6 -1 0 1 . L ic h o m o lg u s h etaericu s, n ew  sp ec ies, fem ale: 96 ,
m axillip ed , anterior ( C ) ;  9 7 , le g  1 and  intercoxal p la te , anterior ( F ) ;  
9 8 , le g  2 , anterior ( F ) ;  9 9 , last segm en t o f  en d op od  o f  le g  3 , anterior
( E ) ;  100, le g  4 , anterior ( F ); 101 , le g  5 , dorsal ( C ) .

L egs 1 - 4  ( f ig s . 9 7 - 1 0 0 )  se g m e n te d  as in  four p revious sp ec ies, w ith  
sam e sp in e  and  setal form ula excep t for last segm en t o f exopod  o f  leg  
4  w h ich  is 11,1,5. Inner se ta  on  coxa lo n g  and p lu m ose in  leg s 1 -3 ,  
b u t extrem ely  m inu te ( 3  m ) and  naked in  le g  4 . O uter se ta  on  basis 
lon g  ( 7 0  ß )  in  leg s 1, 3, and  4 . Inner m argin  o f  basis in  le g  4  naked. 
Proxim al outer sp in e  on third segm en t o f exopod  in  leg s  1 - 3  d istinctly
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F ig s . 1 0 2 -1 0 8 . L ich o m o lg u s h etaericu s, n e w  s p e c ie s ,  m a le :  102,
b o d y ,  d o r s a l  ( A ) ;  103, u ro s o m e ,  d o r s a l  ( D ) ;  104 , s e c o n d  m a x illa ,  
p o s te r io r  ( C ) ;  105, m a x i l l ip e d ,  o u te r  ( F ) ;  106, l a s t  s e g m e n t  o f  e n d o p o d  
o f  le g  1, a n te r io r  ( C ) .  L ic h o m o lg u s insolens, n e w  s p e c ie s ,  f e m a le :  107, 
b o d y ,  d o r s a l  ( A ) ;  108, u ro s o m e ,  d o r s a l  ( B ) .

shorter than  d istal sp ines. E n d op od  o f  le g  4  ( f ig . 1 0 0 )  rather slender, 
shorter than  exopod . F irst segm en t 22  ¡i X 12 g, w ith  its inner d istal 
seta  2 0  ß  and very lig h tly  feathered . Second  segm en t 4 4  ß  X 11 a  ( in 
clu d in g  processes and w id th  taken at w id est p o in t) , tw o  term inal fringed  
spines 11 |U (o u ter ) and  2 3  ß  ( in n e r ) . H airs along outer m argins o f  
b oth  segm en ts and m in u te  sp inu les near insertions o f term inal spines.
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L e g  5  ( f ig . 1 0 1 )  w ith  sm all unornam ented  free segm en t 2 7  p  X 12  p , 
its tw o  term inal naked  se tae  4 6  p  (o u te r )  and  5 5  p  ( in n e r ) . Seta  
on b od y  near free  seg m en t 5 0  p  and lig h tly  feathered .

L e g  6  probab ly  represented  b y  th e  tw o  sm all se tae  near areas o f  
attachm ent o f  each  e g g  sac ( s e e  fig . 9 1 ) .

C olor in  life  as in  L . foxi.
M a le : B ody ( f ig . 1 0 2 )  w ith  p rosom e m ore slender than  in  fem ale . 

L en gth  0 .6 2  m m  ( 0 .5 9 -0 .6 6  m m ) and greatest w id th  0 .2 5  m m  (0 .2 4 — 
0 .2 7  m m ) ,  b ased  on  10  sp ecim en s. R atio o f  len gth  to  w id th  o f  prosom e  
1 .53  : 1.

S egm en t o f leg  5  ( f ig . 1 0 3 )  2 6  p  X 65  p. N o  ventra l in tersegm enta l 
sc lerite. G en ita l seg m en t about as lo n g  as w id e , 1 3 9  p  X  1 3 0  p, its 
lateral borders in  dorsal v ie w  on ly  slig h tly  rounded. F our p ostgen ita l 
segm en ts 18  p  X  41  p, 17 p  X  4 0  p , 13 p  X  4 0  p, and  19 p  X  4 3  p , from  
anterior to  posterior.

C audal ram us resem bling that o f  fem ale , bu t sm aller, 19 p  X  18 p.
D orsal surface o f  p rosom e and u rosom e w ith  a fe w  sm all hairs. R atio  

o f len gth  o f  p rosom e to that o f  urosom e 1 .62  : 1.
Rostral area as in  fem ale . F irst an tenna lik e  that o f  fem ale , b u t tw o  

aesth etes ad d ed  on secon d  segm en t an d  on e on  fourth  segm en t, so  that 
form ula is sam e as in  L . d e n tip e s , L . a d e lp h u s, and  L . foxi. S econd  
antenna sim ilar to  that o f  fem ale , b u t, as in  L . fox i, a fe w  sm all 
sp in u les ad d ed  on inner surface o f  segm en ts 1, 2 , and  4.

Labrum , m and ib le, paragnath , an d  first m axilla  lik e  those  o f  fem ale . 
S econ d  m axilla  sim ilar to that o f  fem ale  b u t proxim al sp in es on  lash  
coarser and longer ( f ig . 1 0 4 ) . M axillip ed  ( f ig . 1 0 5 )  resem blin g  that 
o f L. foxi, but c la w  ( 1 2 2  p )  shorter.

A rea b e tw een  m axillip ed s and first pair o f  leg s lik e  th a t o f  fem ale .
L eg s 1—4 se gm en ted  as in  fem ale , w ith  sam e sp in e  and  se ta l form ula, 

ex cep t for last segm en t o f en d o p o d  o f  le g  1 ( f ig .  1 0 6 )  w h ich  has arrange
m en t o f 1,1,4. Proxim al outer sp in e  on  third segm en t o f  exop od  in  leg s  
1 - 3  short as in  fem ale . L eg s 2  an d  3  as in  fem ale , w ith o u t sexual 
dim orphism .

L e g  5  ( s e e  fig . 1 0 3 )  w ith  sm all u n ornam ented  free  seg m en t 17 M X  
7  p , its tw o  term inal se ta e  2 8  p  (o u te r )  and  2 0  p  ( in n e r ) . Seta  on  
b o d y  near free segm en t 3 3  p. A ll se tae  naked.

L e g  6  ( s e e  fig . 1 0 3 )  a posterolateral flap  on  ventral surface o f  
gen ita l segm en t bearin g  tw o  naked  se tae  2 4  p  and  2 6  p  long.

Sperm atophore not observed .
C olor in  life  lik e  tha t o f  fem ale.
E ty m o lo g y :  T h e  sp ec ific  nam e h etaericus, from  G reek ¿ r c u p u c i s  —  

com radely  or soc iab le , a lludes to  th e  occurrence o f  th is sp ec ies a long  
w ith  L . fox i on  the  sam e co lon ies o f  octocorals.

C om parison  w ith  re la te d  species: L . h etaericu s  m ay b e  d istin gu ish ed  
from  a ll other k now n sp ec ies o f  L ic h o m o lg u s  b y  the  com b ination  o f  th e  
fo llo w in g  characters: th e  nearly  q uadrate caudal ram us, th e  secon d
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antenna w ith  tw o short term inal c law s, th e  m and ib le w ith  a relatively  
lon g  flagellu m  and w ith o u t a strong tooth  on its basa l part, le g  1 
sh ow in g  sexual d im orphism  (1 ,1 ,4 ) in  th e  m ale, legs 1 - 3  w ith  the  
proxim al outer sp in e  on  th e  third segm en t o f th e  exopod reduced , the  
form ula for th e  third seg m en t o f  th e  exopod  o f le g  4 as 11,1,5, and the  
free segm en t o f  leg  5  in  the fem a le  w ith  a len gth  to  w id th  ratio o f  
2 .3  : 1 and lack ing  a proxim al expansion  or surficial ornam entation.

T w o  sp ec ies o f  L ic h o m o lg u s  describ ed  from  southeastern  India b y  
U m m erkutty  ( 1962 ) m ig h t a t first g la n ce  b e  con fu sed  w ith  L . 
h etaericus, b u t d iffer  from  th e n ew  sp ec ies in  s ign ifican t details. 
In  L . b rev ifu rca tu s  U m m erkutty , 1962, th e  fem a le  is 1 .6  m m  in  length  
and  the  m ale 1 .5  m m ; th e  gen ita l segm en t o f  th e  fem ale  is “barrel-like 
and  does not b eco m e narrow ed in  the posterior h a lf” ; and  th e  proxim al 
outer sp in e  on  the  third segm en t o f the  exopod  in  th e  sw im m ing legs  
is n o t red u ced . In  L . in d icu s  U m m erkutty, 1962, th e  fem a le  is 1 .05  m m  
and  th e  m ale 1 .00  m m ; there are on ly  tw o  postgen ita l segm en ts in  the  
fem a le  and three in  the  m ale; there is no sexual d im orphism  in  le g  1; 
and th e  en d op od  of le g  4  d iffers from  that o f  L . h etaericu s  in  details  
o f sh ap e and arm ature. L . in d icu s  show s a reduction  (a s  in  th e  new  
sp ec ie s)  o f  th e  proxim al outer sp ine on  th e  third segm en t o f the  
exopod  o f  leg  1 ( U m m erkutty’s PI. X II, fig . 9 )  and le g  2  (h is  
PI. X III, f ig . 2 ) .

L ic h o m o lg u s  in so le n s  n ew  species 
F igures 1 0 7 -1 2 7

T y p e  m ateria l:  1 8 $  2 ,  1 6 á  S ,  and 17 cop ep od id s from  one colony  
o f L o b o p h y tu m  crassum  M arenzeller, in  1 m , op p osite  A m bariotsim ara- 
m ara, a sm all island  on  th e  southern coast o f  N osy  B é, M adagascar, 
co llec ted  12 June 1964. H o lo ty p e  2 ,  a llo typ e, and  2 3  paratypes (1 2  2  2 ,  
11 í  $  ) d ep osited  in  the  U n ited  States N ational M useum , and the  
rem ain ing paratypes in  th e  co llection  o f  A. G. H um es.

O th er  m a teria l  ( from  L o b o p h y tu m  cra ssu m ):  1 6 2  2 ,  1 5 á  ¿5, and 4  
cop ep od id s, from on e co lon y , in  10  cm , A m bafaho, N osy  B é , 25  S eptem 
b er 1964; and 1 2 2  2 ,  1 6 £  $ ,  and  6  cop ep od id s, from  one colony, in  
1 m , N osy  N ’T angam , near N o sy  B é , 5  Septem ber 1963.

F em ale:  B o d y  ( f ig . 1 0 7 )  rather w eak ly  sc lerotized  and w ith
broad en ed  prosom e. A nterior border o f  h ea d  w ith  a m inu te  m ed ian  
notch. L en gth  1.11 m m  (1 .0 6 -1 .1 9  m m ) and greatest w id th  0 .5 2  m m  
(0 .4 8 -0 .5 8  m m ) ,  b a sed  on  10 specim ens. R atio o f  len gth  to  w id th  o f  
p rosom e 1 .40  : 1. S eg m en t o f le g  1 separated  from  h ea d  b y  a w eak  
dorsal furrow . E p im eral areas o f  segm en ts o f  sw im m ing leg s form ed  
as in  figure.

S egm en t o f  le g  5  ( f ig .  108  ) 7 8  f  X  1 3 8  p . B etw een  this segm en t  
and  gen ita l se g m en t a  w eak  in tersegm enta l sclerite ventrally . G en ita l 
segm en t ( f ig . 1 0 8 )  lon ger than  w id e , 1 5 3  p  X 121 p , broadest in  its 
anterior h a lf and taperin g  gradually  posteriorly. Areas o f  attachm ent
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F ig s . 1 0 9 -1 1 5 . L ic h o m o lg u s insolens, n ew  sp ec ies, fem ale: 109,
area o f  attach m en t o f  e g g  sac, dorsal ( F ) ;  110 , cau d al ram us, dorsal ( C ) ;  
111 , e g g  sac, ventral ( A ) ;  112 , first antenna, dorsal ( B ) ;  113 , m andib le, 
posterior ( C ) ;  114 , second  m axilla , posterior ( E ); 115, m axilliped , 
anterior ( E ) .

o f  e g g  sacs situated  dorsolaterally  a t lev e l o f  junction  o f anterior tw o  
thirds o f  segm en t. E ach  area ( f ig . 1 0 9 )  w ith  tw o  sm all sp iniform  naked  
se tae  5  ß  and  8  ^ in  len gth . T hree p o stgen ita l segm en ts 6 8  ß  X 7 0  ¡i, 
4 7  ¡i X 62  ß,  and 7 4  ß  X 5 5  ß,  from  anterior to  posterior.

C audal ram us ( f ig . 1 1 0 )  nearly  tw ice  as lo n g  as w id e , 4 3  ß  X  2 3  ß
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F ig s . 1 1 6 -1 2 0 . L ic h o m o lg u s insolens, n ew  sp ec ies, fem ale: 116,
le g  1 and  intercoxal p late , anterior ( F ) ;  117, last segm en t o f endopod  
o f le g  2 , anterior ( E ) ;  118 , leg  3, anterior ( F ) ;  119, le g  4  and intercoxal 
p late , anterior ( F ) ;  120, le g  5 , dorsal ( E ) .

in  greatest d im ensions. O uter lateral seta  7 0  ¡i and  naked, dorsal 
p ed ice lla te  seta  3 8  ¡i and  lig h tly  feathered , outerm ost d ista l seta 104 fi 
and naked , innerm ost d ista l seta  2 0 3  n and  haired  proxim ally, and  the  
tw o  lo n g  m ed ian  term inal se tae  2 9 0  ¡i ( outer ) w ith  a fe w  outer sp inules  
and  4 3 0  n ( in n e r )  w ith  a few  inner sp inu les, b oth  inserted  b etw een  
th e  u su al dorsal ( u n o m a m en ted ) and ventral (w ith  a short row  o f  
sp in u les) flaps.
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F ig s . 1 2 1 -1 2 7 . L ic h o m o lg u s insolens, n ew  sp ec ies, m ale: 121 , b od y , 
dorsal ( A ) ;  1 2 2 , urosom e, dorsal ( B ) ;  123 , secon d  antenna, posterior  
(o u te r )  ( F ) ;  124, m axillip ed , outer ( F ) ;  125 , last seg m en t o f  en d op od  of  
le g  1, anterior ( E ) ;  126 , last segm en t o f  en d op od  o f  le g  2 , anterior ( E ) ;  
127 , last segm en t o f  en d o p o d  o f  le g  3 , anterior ( E  ).

D orsa l surface o f  prosom e and urosom e w ith  a  fe w  hairs. R atio of 
len gth  o f  prosom e to tha t o f urosom e 1 .64  : 1.

E g g  sac ( f ig . I l l )  e lon gated , 4 6 2  /i X  176  u, reach in g  w e ll b eyon d  
ends o f caudal ram i. E ach  eg g  about 4 7  [i in  diam eter.
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Rostral area as in  L . p ro ten tu s .
F irst antenna ( f ig . 1 1 2 )  3 5 0  p. lon g  and resem blin g  that o f  previous 

sp ec ies, w ith  th e  sam e form ula for arm ature. L ength s o f  segm ents: 
5 0  ß  ( 5 7  ß  a long anterior e d g e ) , 135 1i, 3 2  ß , 5 0  ß , 3 0  ß , 2 8  ß , and 19 ß  
resp ective ly . A ll se ta e  naked.

S econ d  antenna sim ilar to  that o f  L . p ro te n tu s . L ast segm ent 4 8  ß  
a lon g  its inner sid e , 6 6  ß  a long its outer sid e , and  2 0  ß  w id e . C law  
3 9  ß  a long its axis.

L abrum  as in  L . p ro ten tu s . M an d ib le ( f ig . 1 1 3 )  w ith  basal region  
d ista l to  constriction  bearing on its con vex  e d g e  a sm all sclerotized  
p rocess fo llo w ed  b y  a scalelike process w ith  sp in u les and then  b y  a 
serrated fringe, and on  its concave m argin  a row  o f lon g  slender setu les  
and  at base o f  lash  a tooth like prom inence (o n  anterior su rfa ce); lash  
elon g a ted  w ith  sp iny concave m argin  proxim ally and barbed  distally. 
Paragnath and first m axilla as in  L . p ro te n tu s . S econ d  m axilla (f ig .  
1 1 4 )  resem bling in  m ajor respects tha t o f  L . p ro ten tu s , b u t first tooth 
lik e sp in e  a t  b a se  o f lash larger and  n o t in  lin e  w ith  others. M axilliped  
( f ig . 1 1 5 )  m uch  like tha t o f L. p ro ten tu s , b u t lesser o f  tw o  term inal 
elem en ts sm aller than in  that species, so that w ith  casual observation  
there m ay appear to  b e  on ly  one large term inal elem en t.

A rea b etw een  m axillipeds and  first pair o f  leg s gen erally  like that o f  
L . p ro te n tu s , b u t n ot protuberant; a  lin e  b e tw een  bases o f  m axillipeds.

L eg s 1 - 4  (fig s . 1 1 6 -1 1 9 )  seg m en ted  as in  previous species, but 
sp in e  and  setal form ula d ifferin g  as fo llow s:

P i protopod 0 -1 1 - 0 exp 1 -0 1 -1 111,1,4
end 0 -1 0 -1 1,5

Pa protopod 0 -1 1 -0 exp 1 -0 1 -1 111,1,5
end 0 -1 0 - 2 1,11,3

p 3 protopod 0 -1 1 -0 exp 1 -0 1 -1 11,1,5
en d 0 -1 0 - 2 1,11,2

P i protopod 0 -1 1 -0 exp 1 -0 1 -1 11,1,5
en d 0 -1 1,1

O uter m argin  o f  coxa o f le g  1 w ith  a  p rom inent protrusion. Inner 
se ta  on  coxa in  leg s 1 - 3  lon g  and p lu m ose, b u t in  leg  4  on ly  6  ß  long  
and naked. Inner m argin  o f  basis o f  le g  4  naked  excep t for a m inute  
sensillum . O uter sp ines on  exop od  o f  leg  I  w ith  coarse sp inulation  
as in  L . p ro te n tu s . T hird  segm en t o f  exopod  o f  leg  3  w ith  on ly  tw o  
outer sp ines ( f ig . 1 1 8 )  as in  le g  4 . E n d op od  o f le g  4  ( f ig . 1 1 9 ) slender  
and a little  longer than  exopod. F irst segm en t 3 2  ß  X  13 ß , w ith  inner 
d ista l p lu m ose se ta  4 4  ß. S econ d  segm en t 6 8  ß  X  13 ß  ( in c lu d in g  
term inal p ro cesses ), bearing d ista lly  an outer naked  se ta  2 5  ß  and an  
inner frin ged  sp in e  3 5  ß ,  and resem blin g  th e  en d o p o d  o f  L . p ro ten tu s.

L e g  5  ( f ig . 1 2 0 )  w ith  u n om a m en ted  free segm en t about 3 .6  tim es  
lon ger than  w id e , 4 3  ß  X  12 ß, w ith  w id th  at very  sligh t inner proxim al 
expansion  14  ß; bearing tw o  term inal naked setae 4 0  ß  (o u ter )  and  53  ß  
( in n e r ) .  S eta  on  b od y  near free segm en t 5 0  ß  and  naked.
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L e g  6  p rob ab ly  rep resen ted  b y  th e  tw o  se tae  near areas o f attach m en t  
o f each  e g g  sac  ( s e e  fig . 1 0 9 ) .

C olor in  life  in  transm itted  lig h t translucid , prosom e som etim es fine ly  
sp eck led  w ith  redd ish  orange, in testine  brow n, e y e  red , ovary op aq u e  
gray, e g g  sacs gray or sp eck led  w ith  redd ish  orange.

M ale:  B od y  ( f ig . 1 2 1 )  w ith  prosom e less broad en ed  than  in  fem ale . 
A nterior border o f h ea d  sm ooth , w ith o u t m ed ian  notch. L en g th  0 .8 9  
m m  ( 0 .8 L -0 .9 1  m m ) an d  greatest w id th  0 .3 3  m m  (0 .2 9 -0 .3 4  m m ) ,  
b ased  on  10  sp ecim en s. R atio o f  len g th  to w id th  o f  prosom e 1 .49  : 1. 
S egm en t o f  le g  1 in co m p lete ly  separated  from  h ead . L ateral borders 
o f cep h alosom e sh ow in g  a fe w  sligh t indentations.

S egm en t o f le g  5  ( fig . 122  ) 3 8  ß  X  7 4  p. N o  ventral in tersegm ental 
sclerite. G en ita l seg m en t lon ger  th a n  w id e , 192 ß  X  1 6 4  ß . F our  
p ostgen ita l segm en ts 31 ß  X  4 8  ß , 31 ß  X  4 7  ß , 21 ß  X  4 4  ß ,  and  3 6  ß  X  
4 5  ß , from  anterior to  posterior.

C audal ram us sim ilar to that o f fem ale , b u t sm aller, 3 0  ß  X  19 ß.
Surfaces o f p rosom e an d  urosom e w ith  a few  sm all hairs as in  fem ale . 

R atio o f  len g th  o f  p rosom e to  tha t o f  urosom e 1 .4 6  : 1.
R ostral area as in  fem ale.
F irst an tenna as in  fem a le , b u t tw o  aesth etes a d d ed  on  secon d  seg m en t  

and on e on third  segm en t, so that form ula is sam e as for m ales o f  
previou s sp e c ie s  and  o f  L . p ro ten tu s . S econ d  antenna  ( f ig . 1 2 3 )  like  
tha t o f  fem ale , b u t  secon d  seg m en t w ith  a  lon g  striated  inner m em bra
nous lam ella.

Labrum , m and ib le, paragnath , first m axilla , and  secon d  m axilla  re
sem b lin g  th o se  o f  fem ale . M axilliped  ( f ig . 1 2 4 )  slender, as in  L. 
p ro ten tu s . C law  1 2 6  ß  a lon g  its axis, w ith  a series o f  ob tu se  h ya lin e  
knobs on  its con cave surface.

Area b e tw een  m axillipeds and  first pair o f  legs as in  fem ale .
L eg s 1 - 4  seg m en ted  as in  fem ale , w ith  sam e sp in e  and se ta l form ula  

as in  that sex ex cep t for last seg m en t o f  en d op od  o f  le g  1 w h ich  has 
arrangem ent o f  1,1,4 ( f ig . 1 2 5 ) .  Sexual d im orphism  seen  also  in  
end op od s o f leg s  2  and  3. L ast segm en t o f  en d op od  o f le g  2  ( f ig . 1 2 6 )  
w ith  three sp ines shorter and broader than  in  fem ale , w ith  first tw o  
h av in g  coarser sp inu lation . ( In  fem ale  len gths o f th e se  sp in es from  
proxim al to  d ista l are 18  ß , 17 ß , an d  17 ß; in  m a le  13 ß , 14  ß , and  
12  ß ) .  L ast seg m en t o f  en d op od  o f le g  3  ( f ig . 1 2 7 )  w ith  m id d le  sp ine  
m o d ified  (co m p a re  w ith  fig . 1 1 8 ) .  E n d o p o d  o f  le g  4  as in  fem ale .

L e g  5  ( s e e  fig . 1 2 2 )  w ith  sm all unornam ented  free  segm en t, 2 0  ß  X  
7  ß , w ith o u t a proxim al expansion . T w o  term inal naked  se tae  2 8  ß  an d  
31 ß , and  naked se ta  on  b o d y  near free segm en t 35  ß.

L e g  6  ( s e e  fig . 1 2 2 )  a  posterolateral flap  on  ventral surface o f  
gen ita l seg m en t bearin g  tw o  naked se tae  ab ou t 2 3  ß  lon g .

Sperm atophore ( s e e  f ig . 1 0 7 ) ,  a ttach ed  to  fem a le , e lon g a ted  and  
som ew h at irregular, 1 7 7  ß  X  8 6  ß  (n o t  in clu d in g  n e c k ) .
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C olor in  life  in  transm itted  lig h t m ore translucid  than in  fem ale, eye  
red.

E ty m o lo g y :  T h e  sp ec ific  nam e insolens, from  L atin  =  contrary to 
custom , refers to  th e  unusual form ula o f  11,1,5 for th e  last segm en t o f 
th e  exopod  o f le g  3  in  th is species.

C om parison  w ith  re la te d  sp e c ies:  L . in so len s  appears to  b e  closely  
rela ted  to L . p ro te n tu s , a sp ec ies associated  w ith  Sarcoph yton  in  
M adagascar. In  b oth  there are striking sim ilarities in  th e  m andib le, 
th e  m axilliped  o f  th e  fem ale , th e  nature o f  th e  outer sp ines on the  
exopod  o f  leg  1, and  th e  arm ature o f  th e  en d op od  o f  le g  4 . T he n ew  
sp ec ies d iffers from  L . p ro te n tu s , h ow ever, in  several im portant features: 
its sm aller size , th e  proportions o f  th e  gen ita l segm en t in  the  fem ale, 
d eta ils o f  th e  m outhparts, th e  presen ce  o f  on ly  tw o outer spines on  
th e  la st segm en t o f  th e  exopod o f  leg  3 , th e  u n om am en ted  leg  5  in  
th e  fem ale , th e  m em branous lam ella  on the  secon d  segm en t o f  th e  second  
antenna in  th e  m ale, and th e  series o f  h ya lin e  knobs on  th e  claw  o f  the  
m axillip ed  o f  th e  m ale.

L ik e L . p ro ten tu s , L . in so len s  seem s to  approach L . rob u stu s  T hom pson  
and  A. Scott, 1903 , d escrib ed  from  on e fem a le  fou n d  in  w ashin gs o f  
d red g ed  invertebrates in  C eylon . H ow ever, in  L. rob u stu s  th e  form ula  
for th e  last segm en t o f  th e  exopod  o f  leg  4  is 111,1,5, and th e  tw o term inal 
elem en ts on  th e  en d op od  o f th is le g  appear to  b e  d ifferen t (T . and S., 
PI. X V I, fig . 2 0 ) .

A lthou gh  in tersp ecific  variation in  the  num ber o f  outer sp ines on  th e  
la st segm en t o f th e  exopod  o f le g  4  occurs in  L ich o m o lg u s  ( th e  form ula  
for th e  segm en t b e in g  eith er  III ,I ,S  or 11 ,1 ,5), it  is unusual that the  
corresponding segm en t o f  le g  3  sh ou ld  sh o w  a reduction  from 111,1,5 
to 11,1,5, as is the  case in  th e  n e w  sp ec ies. A nother sp ec ies, L . curtiram us  
B ocq u et and  Stock, 1962 , show s a  sim ilar arm ature on th e  third segm en t  
o f  le g  3.

L ic h o m o lg u s  sp a th o p h o r u s  n e w  sp ec ies  
F igu res 1 2 8 -1 4 7

T y p e  m ateria l:  1 3 9  9 and 17  S $  from  tw o  co lon ies o f  S arcoph yton  
g la u cu m  (Q u o y  and G aim ard), in  0 .5  m , T an y K ely, a sm all island  
south  o f  N o sy  B é, M adagascar, co llec ted  2 3  June 1963. H olotyp e 9 ,  
a llo typ e, and  18 paratypes ( 7 9  9 ,  l l á á )  d ep osited  in  the U n ited  
States N ationa l M useum , an d  th e  rem ain ing paratypes in  th e  collection  
o f  A . G . H um es.

F em ale:  B o d y  ( f ig . 1 2 8 )  w ith  exp an d ed  prosom e. L en gth  0 .9 8  m m  
(0 .9 5 -1 .0 4  m m ) and  greatest w id th  0 .5 9  m m  (0 .5 7 -0 .6 1  m m ), based  
on 10  sp ecim en s. R atio o f  len g th  to  w id th  o f  prosom e 1 .1 7  : 1. S eg 
m en t o f  le g  1 d istin ctly  separated  from  h ead . E p im eral areas o f  se g 
m ents o f  legs 1 - 4  as in  figure.

S egm en t o f  le g  5  ( f ig .  129 ) 6 0  u  X  1 4 6  n. B e tw ee n  th is segm en t  
and gen ita l segm en t a short ventral in tersegm enta l sclerite. G enital
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F ig s . 1 2 8 -1 3 4 . L ic h o m o lg u s sp a th o p h o ru s, n e w  s p e c ie s ,  f e m a le :  128, 
b o d y ,  d o r s a l  ( A ) ;  129 , u ro s o m e , d o r s a l  ( B ) ;  130 , a r e a  o f  a t t a c h m e n t  
o f  e g g  s a c ,  d o r s a l  ( C ) ;  131, c a u d a l  r a m u s ,  d o r s a l  ( C ) ;  132, r o s t r a l  a r e a ,  
v e n t r a l  ( B ) ;  133, s e c o n d  a n t e n n a ,  p o s te r io r  ( o u t e r )  ( D ) ;  134, m a n d ib le ,  

p o s te r io r  ( E ) .

seg m en t ( f ig . 1 2 9 )  1 1 7  ¿i X  1 4 0  fi, w id er  than  lon g , a  litt le  broadened  
in  its anterior four-fifths in  dorsal v ie w , b u t abruptly narrow ed in  its 
posterior fifth . Areas o f attach m en t o f  e g g  sacs lo ca ted  alm ost laterally  
in  posterior h a lf o f  segm en t. E ach  area ( f ig . 1 3 0 )  w ith  tw o  naked  
sp in iform  setae  10  ¡i an d  8  ¡i lon g  and  a large p o in ted  b lad elike process.
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F ig s . 1 3 5 -1 4 1 . L ic h o m o lg u s spa th oph orus, n ew  sp ec ies, fem ale: 135, 
secon d  m axilla , posterior ( E ); 136 , m axilliped , posterior ( E ) ;  137, area 
b etw een  m axillip ed s and first pair o f  legs, ventral ( D ) ;  138, leg  1 and  
intercoxal p late , anterior ( D ) ;  139, leg  2 , anterior ( D ) ;  140, last 
segm en t o f  en d op od  o f le g  3 , anterior ( D ) ;  141, le g  4 , anterior ( D ) .

T hree p ostgen ita l segm en ts 2 6  X  89  /i, 21 x 8 3  p ,  and  31  /i X  7 8  p, 
from  anterior to posterior.

C audal ram us ( f ig . 1 3 1 )  quadrate, 3 0  p  X  3 0  p. in  greatest dim ensions. 
O uter lateral seta  4 4  p  and naked, p ed ice lla te  dorsal seta  45  p  and  
feathered , outerm ost d ista l seta 104  p  w ith  proxim al inner sp inules,
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F ig s . 1 4 2 -1 4 8 . L ic h o m o lg u s sp a th o p h o ru s, n ew  sp ec ies, fem ale: 142, 
le g  5 , dorsal ( F ) ;  143 , le g  5, dorsal ( F ) .  M ale: 144, b od y , dorsal ( A ) ;  
145 , urosom e, dorsal ( B ) ;  146, m axilliped , inner ( E ) ;  147 , last segm en t o f  
en d op od  o f  le g  1, anterior ( E ) .  L ic h o m o lg u s incisus, n ew  sp ec ies, f e 
m ale: 148, b o d y , dorsal ( A ) .

innerm ost d ista l se ta  180  p  w ith  sp inu les a lon g  b oth  sid es proxim ally, 
and th e  tw o  lon g  m ed ian  term inal se tae  3 7 5  p  (o u te r )  w ith  sp inules  
on inner m idreg ion  on ly  or a long b oth  sid es  an d  5 0 0  p  ( in n e r )  w ith  
sp inu les a lon g  b oth  sides proxim ally. B oth  term inal se tae  inserted  
b etw een  dorsal (u n orn am en ted ) an d  ven tra l (w ith  a m arginal row  of  
sp in u les) flaps.
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D orsa l surface o f  prosom e and  urosom e w ith  a fe w  sm all hairs. 
R atio o f  len gth  o f  prosom e to that o f  u rosom e 2 .5 8  : 1.

E g g  sacs broken in  a ll ovigerous fem ales seen , bu t apparently  elongated  
and con ta in in g  m any sm all eggs.

R ostral area ( f ig .  1 3 2 )  w ith  broad ly  rounded  posteroventral m argin.
F irst antenna sim ilar to that o f  L . foxi. L ength s o f  segm ents: 35  p  

(7 1  p  a long anterior m a rg in ), 143 p, 2 3  p , 6 4  p , 5 5  p , 3 9  p, and 27  p  
resp ective ly . A ll se tae  naked. Arm ature as in  L . foxi.

S econ d  antenna ( f ig . 1 3 3 )  4 -segm en ted  and  slender. L ast segm ent 
elon gated , 122  p  a long its outer ed g e , 9 4  p  a long its inner ed g e , and  
18  p  w id e , bearin g  d ista lly  fiv e  sm all h y a lin e  elem en ts and  a claw  5 8  p  
alon g  its axis. A ll se ta e  naked.

L abrum  resem bling that o f  L. foxi. M an d ib le  ( f ig.  1 3 4 )  m uch like  
that o f  L . foxi, b u t w ith  scalelike process on  convex b asa l region m ore 
a cu tely  p o in ted . Paragnath and  first m axilla  as in  L . foxi. Second  
m axilla  ( f ig . 1 3 5 )  2 -segm en ted , and arm ed as in  figure. M axilliped  
( f ig . 1 3 6 )  3 -segm en ted , w ith  arm ature resem blin g  in  general that o f 
L . foxi.

A rea b etw een  m axillipeds and first pair o f  leg s ( f ig . 1 3 7 ) not 
protuberant; a sc lerotized  lin e  b etw een  bases o f m axillipeds.

L eg s 1 - 4  ( f ig s . 1 3 8 -1 4 1 )  segm en ted  as in  p revious species, w ith  
sp in e  and  se ta l form ula as in  L . h etaericus. Inner seta  on  coxa o f  legs  
1 - 3  lo n g  and p lu m ose, b u t in le g  4  short ( 1 8  p  ) , som ew h at spiniform , 
and fin e ly  barbed . Inner d istal corner o f  coxa o f  le g  1 slightly  
protuberant. Inner m argin  o f  basis o f  leg s  1—4 w ith  hairs. O uter 
sp ines on  exopod  of le g  1 w ith  coarse sp inu lation  a long proxim al m argins. 
E n d op od  o f le g  4  ( f ig.  1 4 1 ) a little  shorter than  exopod . First segm ent 
3 3  p  X 2 5  p  (w ith o u t  p ro cesses), its inner d ista l seta' relatively  short 
( 3 7  p )  and  som ew h at spiniform , w ith  hairs proxim ally b u t naked  
d ista lly . S econ d  segm en t 85  p  lon g  ( in c lu d in g  p ro cesses ), 2 3  p  in  
greatest w id th , and  17 p  in  least w id th . T w o  u n eq u al term inal spines 
2 6  p  (o u ter ) w ith  a d elicate  fringe and 5 4  p  ( in n er ) w ith  a coarsely  
serrated hyaline fringe. H airs a long outer m argins o f  both  segm ents 
and short hairs on  inner m argin  o f  secon d  segm en t. A  row  o f m inute  
sp in u les near insertions o f  term inal spines.

L e g  5  ( fig . 142 ) w ith  e lon gated  free segm en t, 122 p  X 2 0  p, having  
a s lig h t proxim al inner expansion , w h ere  w id th  is 2 2  p.  O uter convex  
surface w ith  num erous sm all spines. T w o  naked term inal setae 5 7  p  
(o u te r )  and 81 p  ( in n e r ). P lum ose seta  on  b od y  near free segm ent 
38  p . A pparent variation in  size  o f proxim al expansion, som e fem ales  
sh o w in g  free segm en t o f leg  5  as in fig . 143, w h ere  dim ensions of 
seg m en t are 112  p  X 16  p, and w id th  at expansion  2 7  p . O ther fem ales  
sh o w in g  expansion  in term ediate in  s ize  b etw een  those in  figs. 142  
and  143.

L e g  6  p robab ly  represented  b y  the tw o se tae  near areas o f attachm ent 
o f ea ch  e g g  sac  ( s e e  fig . 1 3 0 ) .

448



6 7 9

C olor in  life  in  transm itted  ligh t s ligh tly  am ber, e y e  red, e g g  sacs 
o p aq u e gray.

Male-. B o d y  ( f ig . 1 4 4 )  w ith  p rosom e expanded  nearly  as in  fem ale. 
L ength  0 .7 9  m m  (0 .7 2 -0 .8 6  m m ) and greatest w id th  0 .3 9  m m  ( 0 .3 3 -  
0 .4 4  m m ), b ased  on  10  sp ecim en s. R atio o f len g th  to  w id th  o f prosom e  
1 .2 6  : 1.

S egm en t o f  le g  5  ( f ig . 1 4 5 )  3 3  m X  105 p .  A  very  short ventral 
in tersegm enta l sclerite. G en ita l seg m en t 174  p  x  1 8 7  p. F our p ost
gen ita l segm en ts 2 2  p  X 60  p , 2 2  p  X 64  p, 18 m X  64  p , and 29  p  X 
66  p ,  from  anterior to posterior.

C audal ram us as in  fem ale , 2 5  p  X  24  p.
Surface o f p rosom e and urosom e w ith  a few  sm all hairs. R atio o f  

len gth  o f  p rosom e to that o f  urosom e 2 .0  : 1.
R ostral area as in  fem ale . F irst an tenna sim ilar to tha t o f L . foxi, 

w ith  three aesth etes a d d ed  as in  that sp ec ies. S econ d  antenna as in 
fem ale , b u t w ith  sm all sp in u les on  inner surfaces o f  first, secon d, and  
fourth  segm ents.

Labrum , m and ib le , paragnath , first m axilla, and  secon d  m axilla  as in 
fem ale . M axilliped  ( f ig . 1 4 6 )  m oderate ly  stout and arm ed as in 
previous sp ec ies, w ith  a lon g  c la w  151 p  a lon g  its axis.

Area b e tw een  m axillipeds and first pair o f leg s as in  fem ale.
L eg s 1—4 se g m en ted  as in  fem ale  and  w ith  sam e sp ine and setal 

form ula, ex cep t for last seg m en t o f  en d op od  o f le g  1 ( f ig . 1 4 7 )  w h ich  
has th e  arrangem ent o f  1,1,4. L eg s 2 - 4  as in  fem ale.

L e g  5  ( see  fig . 145 ) w ith  free seg m en t 62  p  X  8  p , w ith o u t a 
proxim al expansion , and w ith  extrem ely  sm all sp inu les on  outer surface. 
T w o  term inal naked  se tae  5 8  p  and  3 3  p . - Seta  on  b od y  near free seg 
m en t 3 3  p.

L eg  6  ( s e e  fig . 1 4 5 )  a posterolateral flap  o n  ventral surface o f  
g en ita l seg m en t bearin g  tw o  naked  setae 5 0  p  lon g .

Sperm atophore n ot observed .
C olor in life  sim ilar to that o f  fem ale.
E ty m o lo g y :  T h e  sp ec ific  n am e spa th o p h o ru s, from  G reek <tttá$i¡ =  a 

broad b lad e and <j>opéa — to carry, refers to th e  b lad elik e  process on  the  
area o f  attach m en t o f  ea ch  e g g  sac.

C om p a riso n  w ith  re la te d  species: L . sp a th o p h o ru s  m ay b e d istin 
gu ish ed  from  a ll b u t tw o  sp ec ies o f  L ich o m o lg u s  o n  th e  basis o f  a 
com bination  o f  three features: th e  s in g le  short c law  on  the  second  
antenna, the form ula o f  11,1,5 fo r  th e  third se g m en t o f  th e  exopod  o f  
le g  4 , and  th e  short quadrate cau d al ram us. T h e  rem ain ing tw o  sp ec ies  
h av e  other characters that sh o w  them  to  b e  d istin ct from  L . spa th oph orus. 
L . anom alu s  A . Scott, 1909 , d iffers in  h avin g  th e  en d o p o d  o f  le g  1 
in  the  m ale gen icu la te  b e tw een  th e  secon d  and  third segm en ts, the  
third segm en t b e in g  e lon g a ted  ( ab ou t 3 : 1  in  A . Scott’s PI. L X V II, 
fig . 1 4 ) .  L . e leg a n s  T hom pson  and  A . Scott, 1 903 , o f  w h ich  th e  m ale  
is  unknow n, is  larger (fe m a le  1 .5 m m ) , has a less exp an d ed  p rosom e,
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and  th e  gen ita l segm en t has d ifferen t proportions and shape than in 
th e  n ew  species.

L ic h o m o lg u s  in c isu s  n ew  sp ec ies  
F igures 1 4 8 -1 6 7

Type material-. 249 9 , 10 $ $ , and 3  cop ep od id s from  on e colony  
o f Sarcophyton ehrenbergi M arenzeller, in  0 .5  m , A ndilana, N osy  Bé, 
co llec ted  9  A ugust 1963. H o lo typ e 2 ,  a llo typ e, and 24  paratypes 
( 1 9  2  9 ,  5  3  ê  ) d ep osited  in  th e  U n ited  States N ational M useum , and 
th e  rem ain ing paratypes in  th e  co llection  o f  A . G. H um es.

Female: B od y ( f ig . 1 4 8 )  w ith  exp an d ed  and relatively  short
cephalosom e, its anterior border broad ly  rounded in  dorsal view . 
L en gth  1 .03  m m  (0 .9 0 -1 .0 8  m m ) and greatest w id th  0 .4 2  m m  ( 0 .4 0 -  
0 .4 3  m m ) , based  on  10 specim ens. R atio o f  len gth  to w id th  of prosom e  
1.41 : 1. S egm en t o f leg  1 separated  from  h ead  b y  an in com plete dorsal 
transverse furrow. E p im eral areas o f  leg s 1—4 rounded.

S egm en t o f  leg  5  ( f ig . 1 4 9 )  5 2  p  X 117 p. B e tw een  th is segm ent 
and  gen ita l segm en t a short ventral in tersegm enta l sclerite. G enital 
segm en t ( f ig . 1 4 9 )  on ly  a litt le  w id er  than  lon g , 114 p  X 121 p. Areas 
o f attach m en t o f  eg g  sacs situated  dorsolaterally  in  anterior h a lf of 
segm en t. E ach  area ( f ig . 1 5 0 ) bearing tw o  m inu te naked setae about 
4  p  lon g . T h ree  p o stgen ita l segm en ts 5 2  p  X  68  p, 4 4  p  x  63 p, and  
5 6  p  X  61 p , from  anterior to posterior.

C audal ram us ( fig . 151 ) e lon gated , 7 7  p  lon g , 2 4  p  w id e  near base, 
and 19  p  w id e  distaUy. S etae rela tively  short. O uter lateral seta 35 p, 
dorsal p ed ice lla te  seta  2 8  p , outerm ost d ista l seta  3 3  p , innerm ost d istal 
seta  8 2  p , and  th e  tw o lon g  m ed ian  term inal se ta e  105 p  (o u ter ) and 
1 5 0  p  ( in n e r ) , b oth  inserted  b e tw een  unornam ented  dorsal and ventral 
flaps. A ll se tae  naked.

D orsal surface o f  p rosom e and  u rosom e w ith  a  few  sm all hairs. Ratio  
o f len g th  o f  prosom e to  that o f urosom e 1 .4 2  : 1.

E g g  sac in  on e ovigerous fem ale  e lon gated , 4 5 0  p  X 175 p, reaching  
just b eyon d  ends o f caudal ram i and con ta in in g  m any eg g s about 52  p  
in  diam eter.

Rostral area as in  L. cristatus.
First antenna ( f ig . 1 5 2 )  7 -segm en ted , b u t rela tively  short ( 2 3 2  p ) .  

A rm ature as in  a ll previous sp ec ies. L ength s o f  segm ents: 25  p  (4 1  p  
along anterior m a rg in ), 61 p , 21 p , 31 p , 3 0  p , 21 p , and 17 p  respec
tive ly . A ll setae naked.

S econ d  antenna ( f ig . 1 5 3 )  4 -segm en ted . L ast segm en t relatively  
short, 4 6  p  a long its outer ed g e , 31 p  a long its inner ed g e , and 19 p  
w id e , bearing d ista lly  four sm all h ya lin e  elem en ts and a term inal claw  
3 3  p  a lon g  its axis. A ll se ta e  naked.

L abrum  as in  L. foxi. M andib le ( f ig . 1 5 4 )  resem bling that o f  L. 
spathophorus, bu t sca lelik e process on con vex  sid e  o f  basal region  not 
p o in ted  d ista lly . Paragnath and first m axilla  as in  L. protentus. Second
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F ig s . 1 4 9 -1 5 7 . L ic h o m o lg u s incisus, n ew  sp ec ies, fem ale: 149,
urosom e, dorsal ( B ) ;  150, area o f  a ttach m en t o f  e g g  sac, dorsal ( C ) ;  
151, cau d al ram us, dorsal ( E ) ;  152 , first antenna, ventra l ( F ) ;  153 , 
seco n d  antenna, posterior (o u te r )  ( F ) ;  154 , m and ib le, posterior ( E ) ;  
155 , secon d  m axilla , posterior ( E ); 156 , m axillip ed , posterior ( E ) ;  157, 
area b e tw een  m axillip ed s and  first pair o f  legs , ventra l ( D ) .

m axilla  ( f ig . 1 5 5 )  resem blin g  tha t o f  L . spa th o p h o ru s. M axilliped  ( f ig .  
1 5 6 )  3 -segm en ted . S econ d  segm en t w ith  tw o  u n eq u a l naked se tae , the  
lo n ger  se ta  on ly  ab ou t four tim es th e  len g th  o f  th e  other. T hird  
seg m en t w ith  th e  usual tw o  term inal sp in iform  elem en ts (o n e  w ith o u t  
an articu lation ) and  a sm all subterm inal seta; outer sid e  o f  segm en t  
sw o llen  and m em branous.
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Figs. 1 5 8 -1 6 4 . L ic h o m o lg u s incisus, n ew  sp ec ies, fem ale: 158, le g  1 
and intercoxal p la te , anterior ( F ) ;  159, le g  2, anterior ( F ) ;  160, last 
segm en t o f en d op od  of le g  3 , anterior ( E ) ;  161, le g  4  and  intercoxal 
p la te , anterior ( F ) ;  162 , le g  5 , dorsal ( C ) .  M ale: 163 , b od y , dorsal 
(A ) ;  164, urosom e, dorsal ( B ) .

A rea b e tw een  m axillip ed s an d  first pair o f  legs ( f ig . 1 5 7 )  not pro
tuberant; a sc lerotized  lin e  b e tw e e n  bases o f m axillipeds.

L eg s 1—4 (fig s . 1 5 8 -1 6 1 )  se gm en ted  as in  p revious sp ecies, w ith
sp in e  and setal form ula as fo llow s:

P i p rotopod  0 - 1  1 - 0  exp  1 -0  1 -1  111,1,4
en d  0 -1  0 -1  1,5
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p3 protopod 0-1 1-0 exp 1-0 1-1 111,1,5
end 0-1 0-2 1,11,3

p3 protopod 0-1 1-0 exp 1-0 1-1 11,1,5
end 0-1 0-2 1,11,2

p4 protopod 0-1 1-0 exp 1-0 1-1 11,1,5
end 0-1 1,1

Inner seta  on  coxa o f legs 1 - 3  lon g  and  p lu m ose, b u t in  le g  4  short 
( 5  n )  and  naked. Inner m argin  o f  basis o f  leg s 1 - 4  w ith ou t row  o f  
hairs, th ou gh  a m in u te  se tu le  (sen sillu m  ?) m ay b e  present. T hird  
seg m en t o f  exop od  o f  le g  3 w ith  11,1,5 or 111,1,5 (o n  eith er  or b oth  
leg s o f  sam e in d iv id u a l) , thou gh  m ost freq u en tly  11,1,5 ( in  7  o f  8  legs  
in  4  fe m a le s ) . E n d o p o d  of le g  4  ( f ig . 1 6 1 )  shorter than  exopod . First 
segm en t 2 5  ß  X  17  ß ,  w ith  inner d ista l se ta  short ( 19 ß )  and naked. 
S econ d  seg m en t 3 9  ß  X  17 ß, its tw o  term inal elem en ts b e in g  an  outer  
naked  seta  29  ß  and  an  inner barbed  sp in e  18 ß. B oth  segm en ts w ith  
hairs a lon g  outer m argins and  secon d  seg m en t w ith  a  row  o f  sp inu les  
near insertions o f  term inal e lem ents.

L e g  5  ( f ig . 1 6 2 )  w ith  sm all free seg m en t 3 4  ß  X  15  ß,  tapering  
-slightly d ista lly , w ith o u t proxim al expansion  and unornam ented . T w o  
term inal se ta e  3 8  ß  (o u te r )  and  4 2  ß  ( in n e r ) .  S eta  o n  b od y  near 
insertion  o f  free segm en t 3 6  ß. A ll se tae  naked.

L e g  6  probab ly  represented  b y  th e  tw o se ta e  near areas o f  attachm ent 
o f each  e g g  sac ( s e e  fig . 1 5 0 ) .

C olor in  life  in  transm itted lig h t translucid  excep t for s lig h tly  op aq u e  
cephalosom e, e y e  red, eg g  sacs op aq u e gray.

M ale: B o d y  ( f ig . 1 6 3 )  resem bling in  general form  that o f  fem ale. 
L en g th  0 .9 0  m m  (0 .8 6 -0 .9 2  m m ) and  greatest w id th  0 .2 9  m m  ( 0 .2 6 -  
0 .3 0  m m ) , b ased  on 10  sp ecim en s. R atio o f len g th  to w id th  o f  prosom e  
1 .6 9  : 1.

S egm en t of le g  5  ( f ig . 164  ) 4 4  ß  X  8 8  ß.  N o  ventra l in tersegm ental 
sclerite. G en ita l segm en t 1 5 6  ß  X 146  ß, subquadrate in  dorsal v iew . 
F our p o stgen ita l segm en ts 44  ß  X  5 5  ß ,  4 4  ß  X  4 9  ß,  3 4  ¿i X  4 7  ß,  and  
4 9  ß  X  4 9  ß, from  anterior to  posterior.

C audal ram us as in  fem ale , b u t sligh tly  shorter, 68  ß  X 19 ß.
Surface o f  prosom e and urosom e w ith  a few  sm all hairs. R atio of 

len g th  o f  prosom e to  that o f urosom e 1 .12  : 1.
Rostral area as in  fem ale . F irst an tenna sim ilar to  tha t o f  fem ale  b u t  

three  aesth etes ad d ed , so that form ula is sam e as for m ales o f  previous 
sp ec ies. Second  antenna resem bling that o f  fem ale  b u t secon d  segm en t 
( f ig . 1 6 5 )  bearing a notched  lam ella  a lon g  inner surface.

L abrum , m and ib le , paragnath, first m axilla , and  secon d  m axilla  like  
th o se  o f fem ale . M axillip ed  (f ig . 1 6 6 )  w ith  on ly  o n e  row  o f sp ines 
a lon g  inner surface o f  secon d  segm ent; c la w  re la tively  short, 115  ß  
along its axis ( in c lu d in g  term inal la m e lla ) , and  n o t stron gly  recurved.

Area b e tw een  m axillipeds and  first p air o f  leg s as in  fem ale.
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Figs. 1 6 5 -1 7 1 . L ich o m o lg u s incisus, new species, male: 165, second 
segment of second antenna, posterior (ou ter) ( C ) ;  166, maxilliped, 
inner ( F ) ;  167, last segment of endopod of leg 1, anterior ( E ) .  
L ich o m o lg u s sin gu laripes, new species, female: 168, body, dorsal (A ) ;  
169, urosome, dorsal ( D ) ;  170 , area of attachm ent of egg sac, dorsal 
( C ) ;  171, caudal ramus, dorsal ( C ) .

L eg s 1—4 seg m en ted  as in  fem a le  and  w ith  sam e sp in e  and setal 
form ula. Sexual .dim orphism  sh ow in g  in  last segm en t o f  endopod  of leg  
1 ( f ig . 1 6 7 ) , w h ere  term inal spiniform  process is m uch  longer than in  
fem ale. L ast seg m en t o f end op od s o f  legs 2  and 3  also w ith  longer  
term inal processes than  in  fem ale.
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L e g  5  ( s e e  fig . 1 6 4 )  w ith  free  segm en t 2 4  p  X 8 p, unornam ented , 
its tw o  term inal se tae  2 5  p  and  35  p. Seta  on  b od y  near free  segm en t  
2 5  p. A ll se ta e  naked.

L e g  6  ( s e e  fig . 1 6 4 )  a posterolateral flap  on  ventral su rface o f  gen ita l 
segm en t bearing tw o  naked  se tae  2 2  p  and  2 4  p.

Sperm atophore n ot observed .
Color in  life  sim ilar to  that o f  fem ale , b u t cep h a losom e m ore  

translucid .
E ty m o lo g y :  T h e  sp ec ific  n am e incisus, from  L atin  =  cu t in to  or

n otched , a lludes to  th e  n o tc h e d  lam ella  on  the  secon d  segm en t o f  the  
secon d  antenna o f th e  m ale.

C om parison  w ith  re la te d  sp e c ie s:  T w o  features o f  L. in cisu s  m a y  b e  
u sed  as recogn ition  characters,— th e  sw o llen  and m em branous outer  
sid e  o f the  last segm en t o f th e  m axillip ed  in  the  fem ale  and  th e  notched  
lam ella  a lon g  th e  inner surface o f  the secon d  segm en t o f  the  secon d  
antenna o f  th e  m ale. T h ese  occur in  n o  other k now n sp ec ies o f  
L ich om olgu s.

T h e n ew  sp ec ies has several features w h ich  su ggest a relationsh ip  to 
L . insolens. B oth sp ec ies h a v e  a red u ction  in  the num ber o f  outer  
sp ines on  th e  third segm en t o f th e  exopod  of le g  3 , the term inal arm ature  
o f th e  en d op od  o f  le g  4  con sistin g  o f a sp in e  and a seta , and a  lam ella  
or m em brane a long the  inner surface o f the  secon d  segm en t o f  the  
second  antenna o f  th e  m ale.

L ic h o m o lg u s  s in g u la r ip e s  n ew  species  
F igu res 1 6 8 -1 8 7

T y p e  m ateria l: 4 0 9  9  from  several en cru stin g  co lon ies o f  P a rery
th ro p o d iu m  ru b ig in osu m  V erseveld t, in  2  m , A m bariohe, a sm all island  
alm ost b e tw een  N osy  K om ba an d  N o sy  B é, M adagascar, co llec ted  4 
O ctober 1964 . H o lo ty p e  and  3 0  paratypes d ep osited  in  the  U n ited  States 
N ational M useum , and  th e  rem ain ing paratypes in  th e  co llec tio n  of  
A. G. H um es.

F em ale: B o d y  ( f ig . 1 6 8 )  w ith  rather slender prosom e. L en g th  0 .95  
m m  (0 .8 8 -1 .0 1  m m ) and  greatest w id th  0 .4 0  m m  ( 0 .3 9 -0 .4 2  m m ) ,  
b ased  on  10  specim ens. R atio o f  len gth  to w id th  o f  prosom e 1 .8 6  : 1. 
S egm en t o f le g  1 separated  from  h ea d  b y  a dorsal transverse furrow . 
E pim eral areas o f  segm en ts o f leg s 1—4 rounded.

S egm en t o f  leg  5  ( f ig .  1 6 9 )  5 7  p  X  120  p. B e tw ee n  th is segm en t
and  gen ita l segm en t a very short ventral in tersegm en ta l sc lerite. G en ita l 
segm en t a little  longer than  w id e , 120  p  X 107 p , in  dorsal v ie w  not  
greatly  exp an d ed , w ith  its posterior e igh th  se t o ff  b y  transverse dorsal 
rid ges and  at first g la n ce  su g gestin g  a p o stgen ita l segm en t. A reas o f
attach m en t o f  eg g  sacs situ ated  dorsolaterally  just posterior to  m id d le
o f segm en t. E a c h  area ( f ig . 1 7 0 )  w ith  tw o  sp in iform  naked  se tae  11 p  
and  17 p  long. T hree p o stgen ita l segm en ts 2 6  p  X 68  p , 21  p  X 6 3  p, 
and 2 9  p  x  61 M, from  anterior to  poste rio r.
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Figs. 1 7 2 -1 7 9 . L ic h o m o lg u s sin gu laripes , n ew  sp ec ies, fem ale: 172, 
first antenna, ventral ( D ) ;  173, second  antenna, posterior (o u ter ) ( D ) ;  
174, labrum , ventral ( F ) ;  175, m and ib le, posterior ( E ) ;  176, paragnath, 
posterior ( C ) ;  177 , first m axilla , posterior ( E ); 178, secon d  m axilla, 
posterior ( E ) ;  179, m axilliped , anterior ( E ) .

C audal ram us ( fig . 171 ) quadrate, 2 4  p  X  2 5  p  in  greatest d im ensions. 
O uter lateral se ta  8 3  ß  and naked, dorsal p ed ice lla te  seta  4 0  ß  and  
feathered , outerm ost d ista l se ta  9 5  p  and naked, innerm ost d ista l seta  
161 p  w ith  proxim al sp inu les, and  the tw o  lon g  m ed ian  term inal setae  
2 7 5  ß  (o u te r )  and 3 6 0  p  ( in n er ) w ith  strong sp inu les excep t near tips,
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F ig s . 1 8 0 -1 8 7 . L ich o m o lg u s sin gu laripes, n ew  sp ec ies, fem ale: 180 , 
area b e tw een  m axillipeds and  first pair o f legs , ventral ( D ) ;  181 , le g  1 
and  intercoxal p late , anterior ( D ) ;  182, leg  2 , anterior ( D ) ;  183, last 
seg m en t o f  en d op od  o f  leg  3, anterior ( D ) ;  184, le g  4  and  intercoxal 
p la te , anterior ( D ) ;  185 , le g  5 , dorsal ( E ) ;  186 , sperm atophore, em p ty  
and  attach ed  to fem ale, dorsal ( D ) ;  187 , O p h ry o d en d ro n  sp ., attach ed  
to caudal ram us, dorsal ( B ) .

b oth  inserted  b e tw een  dorsal (u n o rn a m en ted ) and  ventral (w ith  a m ar
g in a l row  of very  sm all sp in u les)  flaps.

D orsal surface o f  p rosom e and  urosom e w ith  a fe w  sm all hairs. R atio  
o f  len g th  o f  p rosom e to  that o f  urosom e 2 .6 2  : 1.
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E g g  sac ( f ig . 1 6 8 )  e lon gated , 5 0 0  p  X 2 0 0  p , reach in g  alm ost to  
tips o f  ram ai setae, con ta in in g  num erous ( few er  than in prev iou s sp ec ies ) 
m oderate ly  large e g g s  ab ou t 6 0  /x in  d iam eter.

Rostral area as in  L . spa th o p h o ru s.
First an tenn a  ( f ig . 1 7 2 )  7 -seg m en ted  and arm ed as in  a ll previous  

sp ec ies. Setae naked  an d  rather long. L en gth s o f  segm ents: 3 3  p
(6 1  p  a lon g  anterior m a r g in ), 115 ¡i, 2 2  p ,  61  fi , 51 p ,  4 0  ¡i, and  2 3  ¡i 
resp ectively .

S econ d  antenna ( f ig . 1 7 3 )  4 -seg m en ted . L ast segm en t 8 0  p  a long its 
outer ed g e , 5 3  ¡i a long its inner ed g e , and 2 0  p  w id e , bearing d ista lly  
f iv e  h yalin e  se tae  ( th r e e  o f  them  lo n g )  and  tw o  u n eq u a l term inal claw s, 
th e  stouter c law  3 6  p  a lon g  its axis, th e  m ore slender c la w  4 3  p. All 
se ta e  naked.

Labrum  ( f ig . 1 7 4 )  w ith  tw o  m oderate ly  e lon gated  lob es. M andib le  
( f ig . 1 7 5 )  sim ilar to that o f  L . foxi. Paragnath ( f ig . 1 7 6 )  a sm all hairy  
lob e. F irst m axilla  ( f ig . 1 7 7 )  w ith  three term inal elem en ts and one  
subterm inal. S econ d  m axilla  ( f ig . 1 7 8 )  w ith  lash  bearing  several large  
proxim al teeth , fo llo w ed  b y  a row  o f sm all spines; tip  o f  la sh  naked. 
M axilliped  ( f ig . 1 7 9 )  resem blin g  in  genera l form  that o f  L . com m o d u s  
H um es, 1964 , w ith  tw o  se ta e  on  secon d  segm en t extrem ely  unequal, 
th e  shorter seta  naked, th e  longer o n e  w ith  a row  o f 6 - 9  lon g  erect 
sp inu les. L ast seg m en t w ith  tw o  rather slender sp iniform  term inal 
e lem en ts and  a sm all seta . O rnam entation on first tw o  segm ents o f  
m axillip ed  as in  figure.

A rea b e tw een  m axillip ed s an d  first pair o f  legs ( f ig . 1 8 0 )  not 
protuberant; a  sc lerotized  lin e  b e tw e e n  bases o f  m axillipeds.

L egs 1—4 ( f ig s . 1 8 1 -1 8 4 )  seg m en ted  as in  previous species, w ith  
sp in e  and  setal form ula as in  L . h eta ericu s  and  L . spa th o p h o ru s  ( th e  
form ula for last segm en t o f  exopod  o f  le g  4  b ein g  11,1,5). Inner seta  
o n  coxa o f  legs 1 - 3  lo n g  and p lu m ose, bu t in  leg  4  shorter (2 3  p )  and  
naked. Inner m argin  o f  basis o f  leg s 1 - 3  w ith  row  of hairs, but in  leg  
4  naked. O uter seta  on  basis o f  le g  2  shorter than  in  other legs and  
naked. E n d op od  o f  le g  4  ( f ig . 1 8 4 ) shorter than exopod . F irst segm en t  
3 3  p  X 2 6  p  (n o t  in clu d in g  p ro cesses ), its inner d istal feathered  seta  
5 0  p . S econ d  segm en t 7 0  p  X  21 p  ( le n g th  in clu d in g  processes and  
w id th  taken  at m id d le ) , its tw o  u n eq u a l term inal barbed  sp ines 32  p  
(o u te r )  and 67  p  ( in n e r ) . B oth  segm en ts w ith  hairs a long outer m argins 
and  secon d  segm en t w ith  a row  o f sp inu les near insertions o f  term inal 
sp ines.

L e g  5  ( f ig . 1 8 5 )  w ith  rather broad free segm en t, 81 p  X 3 4  p  in  
greatest d im ensions, its outer surface w ith  sca lelik e spines and  its inner 
m argin  abruptly  expanded  a short d istan ce from  distal en d  o f  segm ent, 
th e  contour o f m argin  from  this p o in t to base o f  segm en t b ein g  irregular 
as in figure. T w o  term inal n aked  setae 68  p  (o u ter ) and 82  p  ( in n e r ).  
Seta  on  b od y  near insertion  o f  free segm en t 4 4  p  and naked. A row  of  
sm all sp ines near th is seta.
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L e g  6  probab ly  represented  b y  th e  tw o  se tae  near areas o f  attachm ent  
o f each  eg g  sac  ( se e  fig . 170 ).

Sperm atophore ( f ig . 1 8 6 ) , a ttach ed  to  fem a le  and  em p ty , e lon gated , 
1 2 5  f i  X  6 0  ß  (n o t  in clu d in g  n e c k ) .

C olor in  life  in  transm itted  lig h t s ligh tly  op aq u e, e y e  red, ovary gray, 
e g g  sacs gray.

M ale:  U nknow n.
E ty m o lo g y :  T h e  sp ec ific  nam e sin gu laripes, from  L atin  sin gu laris  =  

rem arkable, extraordinary, and p e s  =  foot, refers to the  unusual form  o f  
le g  5.

C om parison  w ith  re la te d  species: L . s in gu laripes  m a y  b e  d istin guish ed  
b y  the  form  o f le g  5  from  all other sp ec ies in  the  genus h av in g  sim ilarly  
a quadrate caudal ram us, tw o  short c law s on the  secon d  antenna, and  
th e  form ula 11,1,5 o n  th e  last se g m en t o f  th e  exop od  o f  le g  4 . T he  
m axillip ed  o f  th e  n ew  sp ec ies resem bles tha t o f  L . co m m o d u s  H um es, 
1 964 , b u t le g  5  in  th e  latter is very  d ifferen t (ra tio  about 4  : 1 w ith  a 
sligh t proxim al inner ex p a n sio n ).

L . s in gu laripes  cannot b e  d irectly  com pared  w ith  L . va gan s  G u m ey , 
1927 , an d  L . a e g y p tiu s  G u m ey , 192 7 , o f  w h ich  on ly  m ales are know n. 
In  L . va g a n s  th e  len g th  o f  th e  m a le  is 1 .07  m m , th e  secon d  antenna is 
u nusually  lon g  and  slender, and th e  cau d a l ram us is a litt le  longer than  
w id e . In  the  m ale  o f L . a e g y p tiu s  th e  secon d  antenna has term inally  
three claw s and  tw o setae and the form  of th e  m and ib le  (G urney’s 
f ig . 1 1 2 D )  is d istin ctly  d ifferen t from  that in  L . sin gu laripes. I t  is 
very un likely , therefore, that th e  n ew  sp ec ies cou ld  b e  the  sam e as 
either o f G urney’s species.

E p ib io tic  p ro to zo a n  on  'L. sin gu laripes:  T h irteen  o f  the  4 0  fem ales  
co llec ted  ( 3 3  per c en t)  h ad  large suctorians, id en tified  b y  D r. John  
O . Corliss as O p h ry o d en d ro n  sp ., a ttach ed  to  th e  caudal ram us. T h ese  
ep ib ion ts w ere  n ot sp ec ia lly  sta ined , b u t observed  on ly  in cid en ta lly  in  
dissections in  la ctic  acid . T h e  greatest d im ensions o f th e  sp ec im en  
draw n ( f ig . 1 8 7 ) , w h ich  show s three b u d s, w ere  2 7 5  fi X  7 8  u, the  
len g th  b e in g  a lm ost one-th ird  that o f th e  copepod .

T h e  suctorians w ere  a ttach ed  alw ays to  the  dorsal surface o f  the  caudal 
ram i, an d  there  w as never  m ore than  o n e  on  each  ram us. T h ey  w ere  
distributed  on  th e  1 3  fem ales as fo llow s: 8  cop ep od s h ad  o n e  on the  
right ca u d a l ram us, 4  cop ep od s h a d  o n e  o n  th e  le f t  ram us, and one  
cop ep od  h a d  tw o  suctorians, on e on ea ch  ram us.

S in ce  on ly  fem ale  cop ep od s w ere  co llec ted , it is n o t k now n w h eth er  
m a le  cop ep od s a lso  b ear th ese  suctorians.

L ic h o m o lg u s sq u a m ig er  H u m es and  Frost, 1964

T h is sp ec ies  h as b e e n  prev iou sly  recorded  from  Sinularia p o ly d a c ty la  
(E h ren b erg ) a t N osy  B é , M adagascar (H u m es and  Frost, 1 9 6 4 ) .

N e w  h o st record :  From  Sinularia w h ite le g g e i  L üttschw ager: 3 6  $  $ ,  
2 4  á $ ,  an d  19  cop ep od id s from  o n e  colony , in  2  m , P te. L okobe, N o sy  
B é, 16  A u gu st 1960.
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T w o  m inor add itions shou ld  b e  m ade to  th e  original description  by  
H um es and  Frost. In  their figure 174 o f  th e  second  antenna o f the  
fem ale , there are six sm all h ya lin e elem en ts near th e  term inal claw , and  
in  their figure 180 o f  th e  m axillip ed  o f  th e  fem a le  there is a sm all seta  
on the  last segm en t in  add ition  to  th e  tw o  term inal elem ents. T hese  
features have b een  verified  b y  stu d yin g  a paratype o f  L . squ am iger.
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Reprinted from Proc. Biol. Soc. Wash., vol. 81, 1968, p. 693-750

CYCLOPOID COPEPODS OF THE GENUS
LIC H O M O LG U S  ASSOCIATED W ITH OCTOCORALS
OF THE FAMILIES XENIIDAE, NIDALIIDAE, AND 

TELESTIDAE IN MADAGASCAR

B y  A r t h u r  G. H u m e s  a n d  J u - S h e y  H o  
D ept, of Biology, Boston U niversity, Boston, Mass.

In two previous papers (Humes and Ho, 1968b and 1968c) 
several new species of Lichom olgus were described, all 
associated with octocornis of the families Nephtheidae and 
Alcyoniidae in the region of Nosy Bé, in northwestern Mada
gascar. This paper deals with seven new species associated 
with the alcyonacean families Xeniidae ( Anthelia, Heteroxenia, 
and Xenia) and Nidaliidae ( Siphonogorgia) and with the 
telestacean family Telestidae ( Telesto  and C oelogorgia) from 
the same geographical area.

All collections were made by A. G. Humes, those in 1960 
during an expedition sponsored by the Academy of Natural 
Sciences of Philadelphia, and those in 1963-64 as part of the 
U. S. Program in Biology of the International Indian Ocean 
Expedition.

The study of the specimens has been aided by a grant 
(GB-5838) from the National Science Foundation of the 
United States.

All figures have been drawn with the aid of a camera lucida. 
The letter after the explanation of each figure refers to the 
scale at which it was drawn. The abbreviations used are: 
Aí =  first antenna, A2 =  second antenna, MXPD =  maxilliped, 
and Pi =  leg 1.

All descriptions are based on type material. The measure
ments of the length of the body have been made in all cases 
from specimens in lactic acid and do not include the setae on
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the caudal rami. The lengths of the segments of the first 
antennae have been measured along their posterior non- 
setiferous margins.

We are indebted to Mme. A. Tixier-Durivault of the 
Muséum National d’Histoire Naturelle, Paris, for the identifica
tions of the octocornis collected in 1960, and to Dr. J. Verse- 
veldt, Zwolle, The Netherlands, for the determinations of those 
collected in 1963-64.

The new copepods described below are as follows:
1. Lichom olgus verseveld ti new species

from H eteroxenia elisabethae Kölliker.
2. Lichom olgus triquetrus new species

from Anthelia gracilis ( May ).
3. Lichom olgus glabripes new species

from Xenia um bellata  Lamarck.
4. Lichomolgus longispinifer new species

from Siphonogorgia pendula  Studer.
5. Lichom olgus hians new species

from Siphonogorgia pendula  Studer.
6. Lichom olgus telestophilus new species

from Telesto arborea  Wright and Studer.
7. Lichom olgus clavatus new species

from Coelogorgia palmosa Milne Edwards and 
Haime.

F A M IL Y  L IC H O M O L G ID A E  K O SSM A N N , 1877  

G enus Lichomolgus T horell, 1859

L ic h o m o lg u s  v e r se v e ld ti n e w  species  
F igu res 1 -2 6

T y p e  m ateria l:  9 2  9 9 ,  2 5  $  $ ,  and 7 cop ep od id s from  colon ies of 
H eteroxen ia  e lisa b e th a e  K ölliker, in  1 m , P te. L okobe, N osy  Bé, M ada
gascar, co llec ted  13 A u gu st 1 960 . H o lo typ e 9 ,  a llo typ e, and  81 paratypes 
( 6 5  9 9 , 16 $  $  ) d ep osited  in  th e  U n ited  States N ational M useum , and  
the rem ainm " paratypes in  th e  co llection  o f A. G. H um es.

O th e r  s p n e n s  (a ll  from  H eteroxen ia  e lisa b e th a e ):  16  9 9 ,  4 $  $ ,  
and 3  cop ep od id s, in  1 m , P te . L okobe, 12 A ugust 1960; 14 9  9 ,  1 
cop ep od id , in  1 m , P te. L okobe, 1 N ovem b er 1960; and 4 0  9 9 , 25  S S , 
and 3  cop ep od id s, in  1 m , P te. A m barionaom by, N o sy  K om ba, near N osy  
B é, 2 7  Septem ber 1964.
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Figs. 1 -7 . L ich o m o lg u s v e r se v e ld ti ,  new species, female: 1, body
dorsal (A ) ;  2 , urosome, dorsal ( B ) ;  3, area of attachm ent of egg sac, 
dorsal ( C ) ;  4, caudal ramus, dorsal ( C ) ;  5 , rostral area, ventral ( D ) ;  
6, first antenna, ventral ( D ) ;  7 , second antenna, posterior (outer) ( E ) .

F e m a le : B od y  (f ig . 1 )  w ith  p rosom e not unusually  broadened .
L ength  1 .2 0  m m  (1 .1 2 -1 .2 5  m m ) and  greatest w id th  0 .5 4  m m  ( 0 .5 1 -  
0 .5 8  m m ), b ased  on  10  sp ecim en s. R atio  o f  len g th  to  w id th  of prosom e  
1 .47  : 1. S egm en t o f  le g  1 d istin ctly  separated  from  h ea d  dorsally  b y  a
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MXPD

F ig s . 8 -1 6 . L ic h o m o lg u s  v e r se v e ld ti ,  n ew  species, fe m a le : 8, la b ru m , 
v e n tra l  ( F ) ;  9 , m a n d ib le , p o s te rio r  ( C ) ;  10, p a ra g n a th , v e n tra l ( C ) ;  
11, f irs t  m ax illa , p o s te rio r  ( C ) ;  12, se co n d  m ax illa , p o s te rio r  ( F ) ;  13, 
m ax illip ed , p o s te rio r  ( F ) ;  14, a re a  b e tw e e n  m ax illip ed s  a n d  firs t p a ir  o f 
leg s , v e n tra l  ( D ) ;  15, le g  1 a n d  in te rco x a l p la te , a n te r io r  ( D ) ;  16, leg  
2, a n te r io r  ( D ) .
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20
22

Figs. 1 7 -2 2 . L ich o m o lg u s v e r se v e ld ti ,  n ew  sp ec ies, fem ale: 17, third  
segm en t o f  en d op od  o f  leg  3 , anterior ( E ) ;  18 , le g  4  an d  intercoxal 
plate , anterior ( D ) ;  19, le g  5 , dorsal ( E ) .  M ale: 2 0 , b od y , dorsal ( G ) ;  
2 1 , urosom e, dorsal ( D ) ;  2 2 , first antenna, ventral ( E ) .

transverse furrow . E p im eral areas o f  segm en ts o f  leg s 1—4 as show n  
in  figure.

S egm en t o f leg  5  ( f ig . 2 )  68  p  X  187  p. B e tw een  this seg m en t and  
gen ita l segm en t a sligh t ventra l in tersegm ental sc lerite. G en ita l segm en t
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25

2 7

24 ' r \

28

23

j  30

F ig s . 23—30. L ic h o m o lg u s  v e rse v e ld ti , n ew  sp ec ies , m a le : 23, m ax il
lip e d , in n e r  ( F ) ;  24 , o u te r  e le m e n t on  seco n d  se g m e n t o f m ax illip ed , 
p o s te rio r  ( H ) ;  25 , e n d o p o d  o f  le g  1, a n te r io r  ( C ) ;  26 , sp e rm a to p h o re s , 
a t ta c h e d  to  g e n ita l se g m e n t o f fem a le , la te ro v e n tra l  ( B ) .  L ic h o m o lg u s  
tr iq u e tru s , n e w  species, fem a le : 27 , b o d y , d o rsa l ( A ) ;  28 , urosom e, 
d o rsa l ( D ) ;  2 9 , a re a  o f a t ta c h m e n t o f  eg g  sac, d o rsa l ( I ) ;  30, c a u d a l 
ram u s, d o rsa l ( I  ).
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on ly  sligh tly  lon ger  than w id e , 2 0 0  ß  X  1 9 0  ß, w id est in  its anterior h a lf  
and  narrow ed posteriorly, w h ere  th e  dorsal surface has tw o  transverse  
lin es sim ulating a segm en t b u t th e  ventral surface is sm ooth. A reas o f  
attachm ent o f eg g  sacs lateral in  position  just b eh in d  w id est p ortion  of  
segm en t. E ach  area ( f ig . 3 )  bearing tw o n aked  se tae  about 12 ß  long. 
T hree p ostgen ita l segm en ts 5 5  ß  x  101 ß, 34  ß  x  91 m, and 4 0  ß  X 9 0  ß,  
from  anterior to  posterior.

C audal ram us ( f ig . 4 )  s lig h tly  w id er  than long, 31 X  34  in  greatest 
dim ensions. O uter lateral se ta  8 6  ß  lo n g  and naked, p ed ice lla te  dorsal 
se ta  33  ß  and  naked , outerm ost d ista l seta  1 3 0  ß  and  naked, innerm ost 
dista l seta  2 6 0  ß  w ith  lateral sp in u les (m o stly  a long inner e d g e ) , and  
th e  tw o  lon g  m ed ian  term inal se tae  4 9 5  ß  (o u ter ) and 6 2 0  ß  ( in n e r ) ,  
b oth  w ith  strong lateral sp inu les and b oth  inserted  b etw een  unornam ented  
dorsal and ventral flaps. A  m in u te  se tu le  on  proxim al outer m argin  of  
ram us.

D orsal surface o f  prosom e w ith o u t hairs; surface o f  urosom e w ith  on ly  
a fe w  hairs and refractile points. R atio o f len gth  of prosom e to that o f  
urosom e 2 .2 5  : 1.

E g g  sac ( f ig . 1 )  e lon gated , 5 7 0  ß  x 2 3 0  ß,  w ith  m any egg s , each  
about 5 0  ß  in  diam eter.

Rostral area ( f ig . 5 )  w ith  a w e ll d efin ed  broad ly  rounded postero-  
ventral m argin.

F irst antenna ( f ig . 6 )  7 -seg m en ted , 4 9 5  ß  lon g . L en gth s o f segm ents: 
5 0  ß  ( 7 7  ß  a long anterior m a rg in ), 138  ß,  3 5  ß, 7 8  ß,  7 4  ß,  56  ß,  and 3 7  ß  
resp ectively . Form ula for arm ature: 4 , 13, 6, 3, 4  +  1 aesth ete , 2 + 1  
aesth ete , and  7 + 1  aesth ete . A ll se ta e  naked.

S econd  antenna ( f ig . 7 )  4 -seg m en ted , last segm en t m oderate ly  
elon gated , 9 0  ß  alon g  its outer ed g e , 5 7  ß  a long its inner ed g e , 2 3  ß  w id e , 
bearing  d ista lly  f iv e  sm all h y a lin e  elem en ts and tw o  sligh tly  u n eq u al 
claw s 55  ß  and 4 6  ß  in  len gth . D ista lm ost o f three setae on third segm en t  
w ith  a b lu nt tip . A ll se tae  naked.

L abrum  ( f ig . 8 )  w ith  tw o  posteroventral lob es. M an d ib le ( f ig . 9 )  
w ith  basal region  d istal to  constriction  sh ow in g  on its convex  m argin  a 
sca le lik e  protrusion ornam ented  w ith  a row  o f  sp in u les, fo llo w ed  b y  a 
serrated fringe, and on  its co n cave m argin  a row  of slender sp inu les. 
F lage llu m  rather short and coarsely  barbed . P aragnath  ( f ig . 1 0 )  a 
sm all hairy lob e. F irst m axilla  ( f ig . 1 1 ) w ith  three lon g  term inal and  
on e short subterm inal setae, all naked . S econ d  m axilla  ( f ig . 1 2 )  2 -seg -  
m en ted . F irst seg m en t unarm ed, secon d  w ith  a m in u te  se tu le  on its 
proxim al outer (v en tra l)  surface, a su rficia l posterior seta  fin e ly  barbed  
a long one ed g e , an inner (d o r sa l) d ista l sp ine w ith  several large sp inu les  
a long its d ista l ed g e , and the  segm en t p rod u ced  d ista lly  to  form  a lash  
w ith  strong teeth  a lon g  o n e  e d g e  proxim ally, grading in to  fine  b ilateral 
sp inu lation  d ista lly . M axilliped  ( f ig . 1 3 )  3 -segm en ted . F irst segm en t 
w ith  a sm all posterior p atch  o f  sp in u les, secon d  w ith  an inner p atch  o f  
sp inu les and tw o  barbed  setae, and  third w ith  a sm all n aked  seta  and
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tw o  term inal barbed  sp in iform  elem ents, o n e  w ith ou t a d istinct articula
tion.

A rea b etw een  m axillip ed s and first pair o f  legs ( f ig . 1 4 )  not pro
tuberant; a sc lerotized  lin e  b etw een  bases o f  m axillipeds.

L eg s 1 - 4  ( f ig s . 1 5 -1 8 )  w ith  trim erous ram i ex cep t for en d op od  of  
leg  4  w h ich  is 2 -segm en ted . A rm ature as fo llow s ( R om an num erals =  
sp ines, A rabic num erals =  setae ) :

Pi p rotopod 0 -1 1 - 0 exp 1 -0 1-1 111,1,4
end 0 -1 0 -1 1,5

Pa protopod 0 -1 1 -0 exp 1 -0 1-1 111,1,5
end 0 -1 0 - 2 1,11,3

Pa protopod 0 -1 1 - 0 exp 1 -0 1-1 111,1,5
end 0 -1 0 -2 1,11,2

Pa protopod 0 -1 1 -0 exp 1 -0 1-1 11,1,5
end 0 -1 II

In n er seta  on coxa of leg s 1 - 3  lon g  and p lu m ose, b u t in  le g  4  short 
( 1 7  ß )  and naked. O uter m argin  o f coxa o f leg  1 show in g  a slight 
protrusion. O uter se ta  on  basis short and naked  in  le g  2, longer and  
w ith  lateral hairs in  other legs. Inner m argin  o f basis w ith  row  o f hairs 
in  leg s  1 -3 ,  b u t naked  in  le g  4. T h ree m id d le  spines on  exopod of leg  
1 w ith  sp inu les a long their  proxim al ed g es m u ch  stronger than  in  legs  
2 -4 .  E n d o p o d  of le g  4  ( f ig . 1 8 )  a little  shorter than  exopod . First 
segm en t 5 0  ß  X  4 0  ß  ( in c lu d in g  sp iniform  p ro cesses ), w ith  its inner 
dista l e lem en t a slender naked sp ine 3 6  ß  lon g . Second segm en t 97  ß  
( in clu d in g  processes ) X  3 8  ß  ( greatest w id th  ), its tw o u n eq u al term inal 
sp ines 3 4  ß  (o u te r ) , w ith  a sligh t d ista l fringe, and 72  ß  ( in n e r ), 
w ith  a p rom inent fringe. B oth  segm en ts w ith  outer m argins haired, 
and  secon d  segm en t w ith  a row  o f m inu te  sp inu les on proxim al inner 
m argin  and  another row  near insertions o f term inal spines.

L e g  5  ( f ig . 1 9 )  w ith  rather broad free segm en t, 1 2 2  ß  lon g , w ith  its 
proxim al area exp an d ed  inw ardly , w id th  here  b ein g  55  ß. Segm ent 
bearing  tw o term inal naked setae 91 ß  (o u te r )  and 114 ß  ( in n er ) and  
ornam ented  w ith  sm all sp inu les on  its outer surface. Seta on  b od y  near 
b ase  o f free  segm en t 6 6  ß  and  naked; a fe w  sm all sp inu les near its 
insertion.

L e g  6 probab ly  represented  b y  th e  tw o se tae  near areas o f  attachm ent 
of each  e g g  sac ( s e e  fig . 3 ) .

C olor in  life  in  transm itted  ligh t o p aq u e to translucid , eye  red, ovary  
gray, eg g  sacs gray.

Male-. B ody  ( f ig . 2 0 )  w ith  prosom e a little  m ore slend er than in 
fem ale. L en gth  0 .9 0  m m  (0 .8 6 -0 .9 4  m m ) and greatest w id th  0 .35  mm  
(0 .3 3 -0 .3 6  m m ), b ased  on  10  specim ens. R atio o f  len gth  to w id th  o f  
p rosom e 1 .79  ; 1.

S egm en t o f  leg  5  ( f ig . 2 1 )  33  ß  X 106  ß.  N o ventral intersegm ental 
sc lerite. G en ita l se g m en t about as lon g  as w id e , 2 0 3  ß  X  195 ß.  Four
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p ostgen ita l segm en ts 2 5  g  x 6 4  g, 2 2  g  X 64  g , 17 g  X 62 g , and 2 4  ^ X  
6 3  it, from  anterior to  posterior.

C audal ram us m uch  like that o f fem ale , 21 g  X  25  g , w ith  a few
inner proxim al hairs on  outerm ost d ista l seta.

D orsa l surface o f  prosom e sm ooth; surface o f  urosom e w ith  a few
sm all hairs as in  figure. R atio o f  len gth  o f  p rosom e to tha t o f  urosom e  
1 .6 2  : 1.

Rostral area as in fem ale.
F irst an tenna ( f ig . 2 2 )  resem blin g  that o f  fem ale, b u t w ith  tw o  

aesth etes a d d ed  on  secon d  segm en t an d  o n e  on  fourth segm en t, so  
that form ula is 4 , 13 +  2  aesth etes, 6, 3  +  1 aesth ete , 4 + 1  aesth ete , 
2  +  1 aesth ete , and 7  +  1 aesth ete . S econ d  antenna lik e  that o f  fem ale, 
bu t w ith  sm all sp inu les ad d ed  on  inner surface o f  first, second, and  
fourth  segm ents.

Labrum , m and ib le, paragnath, first m axilla , an d  secon d  m axilla  like  
th o se  o f  fem ale . M axilliped  ( f ig . 2 3 )  4 -seg m en ted , assum ing that  
proxim al part o f  c la w  represents a fourth  segm en t. F irst segm en t  
unarm ed. S econ d  segm en t w ith  tw o  se tae , o n e  slend er and naked, 
th e  other ( f ig . 2 4 )  stout, sp in iform , ob tu se ly  tip p ed , and sp inulose; and  
w ith  tw o  row s o f  m oderate ly  lon g  sp ines. T hird  segm en t short and  
unarm ed. C law  slender, 168  g  a lon g  its axis in clu d in g  term inal lam ella , 
w ith  a su ggestio n  o f  d iv ision  m id w a y  a lon g  its len gth , and  bearing tw o  
proxim al setae, that on inner su rface lon g  w ith  a f in e ly  barbed  tip , the  
other on  con cave m argin  short and  naked.

A rea b e tw een  m axillipeds and  first pair o f  leg s  as in  fem ale.
L eg s 1 - 4  se gm en ted  as in  fem ale , w ith  sp in e  and setal form ula as in  

that sex excep t for last segm en t o f en d op od  o f le g  1 ( f ig .  2 5 )  w h ic h  is 
1,1,4. T h is en d op od  sligh tly  gen icu late . N o  sexual dim orphism  in  leg s  
2  or 3. E n d op od  o f  le g  4  as in  fem ale.

L e g  5  ( fig . 21  ) w ith  slender free segm en t 4 2  m X  11 g , w ith o u t a 
proxim al expansion . O u ter-su rfa ce  w ith  a fe w  m inu te sp inu les. T w o  
term inal naked  se ta e  3 0  g  ( in n e r )  and  7 7  g  (o u te r ) . Seta  on  b od y  
near free  segm en t 3 0  g  and naked.

L eg  6  ( fig . 21 ) a posterolateral flap  on  ventral surface o f  gen ita l 
seg m en t bearing tw o  naked  se tae  6 6  it and  5 0  ft long.

Sperm atophore ( f ig . 2 6 ) ,  a ttach ed  to  fem a le  in  pairs, e lon gated , 
2 1 0  g  X  117  it, n ot in clu d in g  neck .

C olor in  life  as in  fem ale.
E ty m o lo g y .  T h is sp ec ies is n am ed  for D r. J. V erseveld t, w h o  has 

id en tified  m any  octocornis w h ich  w ere  th e  h osts for copepods.
C om parison  w ith  re la te d  s p e c ie s : T h ere  are 4 0  sp ec ies o f  L ich om olgu s  

w h ich , lik e  L . v e r se v e ld ti ,  h a v e  tw o  claw s on the  secon d  antenna and th e  
form ula 11,1,5 for the  third seg m en t o f  th e  exopod  o f  le g  4 . T h irty-five  
o f  these  h a v e  a seta  (u su a lly  fea th er ed ) on the  first segm en t o f  th e  
en d o p o d  o f  le g  4 , thus d ifferin g  from  the n ew  sp ec ies. In  none o f  these  
is th e  proxim al inner expansion  (w h e n  p resen t) o f  le g  5  like tha t in
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L. verseveldti. L. securiger H um es, 1964, an associate o f  the  nudibranch  
Doris mabilla A braham  in  M adagascar, has a fifth  leg  som ew hat 
resem blin g  tha t o f th e  n ew  species, b u t d iffers in  h av in g  a long  
flagellu m  on th e  m and ib le, sp inu les rather than strong teeth  on  the  
lash  o f  the  secon d  m axilla , tw o  extrem ely  u n eq u a l se tae  on  the second  
segm en t o f th e  m axillip ed  o f the  fem ale, a feath ered  seta  on  th e  first 
segm en t o f  th e  en d op od  o f le g  4 , re la tively  short aesthetes on the first 
antenna o f  the  m ale, and  th e  free segm en t o f  le g  5  in  the  m ale being  
about 2  : 1 instead  o f about 4  : 1 as in  th e  n ew  species.

T h e  rem ain ing f iv e  sp ec ies in  the  genus (w h ic h  sim ilarly have tw o  
claw s on th e  secon d  antenna and th e  form ula 11,1,5 on  the last segm ent 
o f th e  exopod  o f  le g  4 )  h av e  a sp ine (rather than  a seta') on  the first 
segm en t o f  th e  en d op od  o f le g  4 , as in  the  n ew  species. T h ese  species, 
the  first f iv e  describ ed  b y  H um es and  H o ( 1 9 6 8 b ) ,  associated  w ith  
n ep h th e id  octocornis in  M adagascar, m ay b e  d istin gu ish ed  from  L. 
verseveldti b y  the  com bination  of tw o  characters,— th e  longer claw s 
on th e  second  antenna in  b oth  sexes and  th e  form  o f le g  5  in the  fem ale.

L ic h o m o lg u s  tr iq u e tr u s  n ew  species
F igures 27—48

Type material: 7 4 9  9 ,  2 7 S $ ,  and 10 cop ep od id s from  Anthelia 
gracilis (M a y ) ,  on  stem s o f  Cymodocea in  0 .5  m , A ntsakoabe, N osy Bé, 
M adagascar, co llec ted  12  July 1964. H o lo ty p e  9 , a llotype, and 75  
paratypes (5 5  9 9 ,  20< $c$) d ep osited  in  th e  U n ited  States N ational 
M useum , and th e  rem ain ing paratypes in  th e  co llection  o f  A. G. H um es.

Female: B od y  ( f ig . 2 7 )  resem bling that o f  L. verseveldti. L ength  
1 .1 2  m m  (1 .0 1 -1 .2 3  m m ) and  greatest w id th  0 .4 5  m m  (0 .4 2 -0 .4 7  m m ), 
b ased  on  10  specim ens. R atio o f len gth  to w id th  o f  prosom e 1 .58  : 1. 
S egm en t o f  le g  1 separated  from  h ead  b y  a dorsal furrow. E pim eral 
areas o f  segm en ts o f legs 1 -4  as in  figure.

S egm en t o f  le g  5  (f ig . 28  ) 64  p  X 148 p. B etw een  this segm en t and  
gen ita l segm en t a very  sligh t ventral in tersegm enta l sclerite. G enital 
segm en t a little  longer than w id e , 166 p  X  143 p., in  dorsal v ie w  broadest 
in  its anterior third and tapering gradually posteriorly. Areas o f attach
m en t o f eg g  sacs situated  laterally  near m id d le  o f  segm en t. E ach  area 
(f ig . 2 9 )  w ith  tw o  naked  u n eq u al setae, th e  lon ger one 21 p  and  
attenuated , th e  shorter on e 10 p  w ith  a rather b lunt tip. T hree post
gen ita l segm en ts 5 0  p  X 8 0  p, 3 3  p  X 6 9  p, and  39  p  x  66  p, from an
terior to posterior.

C audal ram us ( f ig . 3 0 )  quadrate, 3 0  p  X 2 8  p  in  greatest dim ensions. 
O uter lateral seta  5 2  p  and  naked, p ed ice lla te  dorsal seta 25  p  and naked, 
outerm ost d ista l se ta  6 8  p  w ith  on ly  a few  proxim al outer spinules, 
innerm ost d ista l se ta  115 w ith  inner sp inules, and the tw o long m edian  
term inal se tae  2 4 0  p  (o u te r )  and 385  p  ( in n e r ) , b oth  naked and both  
in serted  b etw een  unornam ented  dorsal and ventral flaps.
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Figs. 31 -3 9 . Lichomolgus triquetrus, new  species, female: 31,
second antenna, posterior (outer) (F ) ;  32, m andible, posterior (C );  
33, paragnath, ventral (C );  34, first maxilla, anterior (C );  35, second  
maxilla, posterior (C );  36, maxilliped, posterior ( F ) ;  37, leg  1 and  
intercoxal plate, anterior ( E ) ;  38, leg  2, anterior ( E ); 39, third segm ent 
of endopod of leg  3, anterior ( E ) .
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Figs. 4 0 -4 8 . Lichomolgus triquetrus, new  species, female: 40, leg  4  
and intercoxal plate, anterior ( E ) ;  41, leg  5, dorso-inner (C ) .  Male: 
42, body, dorsal (G );  43, urosome, dorsal ( D ) ;  44, maxilliped, outer 
( F ) ;  45, third segm ent of endopod of leg  1, anterior (C );  46, third 
segm ent of endopod of leg  2, anterior (C );  47, leg  5, dorsal ( I ) ;  48, 
spermatophore, as seen inside genital segm ent of m ale, dorsal ( D ) .
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Dorsal surface of prosome and urosome with a few  hairs. Ratio of 
length o f prosome to that o f urosome 1.94 : 1.

E gg sac (fig . 27 ) elongated, 473 p X 204 p, reaching w ell beyond
caudal rami and containing about 2 2 -2 6  moderately large eggs, each  
approximately 68 p in diameter.

Rostral area as in L. verseveldti.
First antenna also like that o f L. verseveldti, with sam e formula for 

armature. Lengths o f segments: 23 p. (5 7  p. along anterior m argin), 
112 p , 22 p ,  49 p ,  46 p ,  35 p ,  and 22 p  respectively. AH setae naked. 
Second antenna (fig . 31 ) 4-segm ented, last segm ent not greatly elon
gated, 58  p along its outer edge, 40 p along its inner edge, 23 p w ide, 
bearing distally six small hyaline elem ents and a single relatively short 
claw  31 p along its axis. All setae naked.

Labrum as in L. verseveldti. M andible (fig . 3 2 ) w ith fewer spinules 
on protrusion of convex margin of basal part distal to constriction and 
w ith flagellum  longer than in L. verseveldti. Paragnath (fig . 3 3 ) a 
small hairy lobe. First maxilla (fig . 3 4 ) w ith four elem ents as in L. 
verseveldti. Second maxilla (fig . 3 5 ) in general like that o f L. 
verseveldti, but w ith inner distal spine of second segm ent w ith  three 
rows of slender spinules. M axilliped (fig . 36 ) lacking patches of spinules 
on first and second segm ents and the tw o setae on second segm ent 
naked and smaller than in L. verseveldti.

Area betw een maxillipeds and first pair of legs as in  L. verseveldti,
but slightly protuberant; a sclerotized line betw een bases of maxillipeds.

Legs 1 -4  (figs. 3 7 -4 0 )  segm ented as in L. verseveldti, and w ith same 
spine and setal formula except for leg  4  where exopod is I—0; I—1; 111,1,5 
and endopod is 0 -1 ; II. Inner seta on coxa of leg  4  short (1 5  p) and 
naked, instead of long and plum ose as in legs 1 -3 . Outer seta on basis 
short in leg  2, as in L. verseveldti, and inner margin o f basis naked in 
leg  4  as in that species. Endopod of leg  4 (fig . 4 0 ) shorter than exopod. 
First segm ent 40  p X 39 p (including spiniform processes), w ith inner 
distal elem ent a seta 38  p long w hich is lightly feathered in some speci
mens and apparently naked in others. Second segm ent 7 0  p X 33 p in 
greatest dimensions including processes, its two unequal terminal fringed  
spines 35 p (outer) and 54 p (in n er). Both segments w ith outer margins 
haired and second segm ent w ith a row of m inute spinules near insertions 
of terminal spines.

L eg 5  ( fig. 41 ) w ith rather triangular free segm ent, 63  p X 3 9  p in 
greatest dimensions, bearing two relatively short terminal naked setae 
29 p (outer) and 31 p (in n er). Small spinules on outer surface of 
segment. Seta on body near base of segm ent 44  p and naked, a few  
small spinules near its insertion.

Leg 6 probably represented by the two setae near areas o f attachment 
of each egg sac (see  fig. 2 9 ) .

Color in life  in transmitted light translueid except for fine reddish  
brown speckling, eye red, ovary gray, egg sacs greenish gray.
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M a le : B od y  ( f ig . 4 2 )  sim ilar in  genera l form  to  that o f fem ale, but 
prosom e a little  m ore slender. L ength  0 .8 9  m m  (0 .8 5 -0 .9 6  m m ) and  
greatest w id th  0 .2 9  m m  ( 0 .2 8 -0 .3 0  m m ) , b ased  on  10 specim ens. 
R atio o f  len gth  to w id th  o f prosom e 1 .85  : 1.

S egm en t o f  le g  5  ( fig . 4 3  ) 41  p  x  9 8  11. N o  ventral in tersegm ental 
sc lerite. G en ita l segm en t ab ou t as lon g  as w id e , 205  p  X  195 p. Four  
p ostgen ita l segm en ts 31 p  X 5 8  p, 25  p  X  55  p , 2 3  p  X  5 2  p , and 2 5  p. X  
5 0  p , from  anterior to posterior.

C audal ram us sim ilar to that o f fem ale , b u t sm aller, 2 3  a» X  22  p.
D orsal surface o f p rosom e an d  urosom e w ith  a few  hairs. R atio o f  

len gth  o f  prosom e to that o f  urosom e 1 .5 8  : 1.
R ostral area as in  fem ale.
F irst antenna as in  L . v e r se v e ld ti ,  w ith  three aesthetes ad d ed  as in  that 

sp ec ies. S econ d  antenna as in  fem ale , w ith o u t sexual d im orphism .
L abrum , m and ib le , paragnath , first m axilla , and  second  m axilla as in  

fem ale. M axilliped  ( f ig . 4 4 )  w ith  tw o se tae  on  secon d  segm en t at
ten uated , o n e  o f  them  w ith  sm all sp inu les a long one ed g e , th e  other  
naked. C law  168  p  a long its axis in clu d in g  term inal lam ella, w ith  its 
outer proxim al surface fa in tly  striated. O therw ise m axillip ed  sim ilar to  
that o f  L . ve rse v e ld ti.

Area b e tw een  m axillipeds an d  first pair o f  legs as in  fem ale.
L eg s 1 - 4  se gm en ted  as in  fem ale , w ith  sp ine and setal form ula as in  

that sex excep t for last seg m en t o f  en d op od  o f le g  1 ( f ig . 4 5 )  w h ich  
is 1,1,4. (O n e  m ale sh o w ed  th e  form ula 1,5 on  b oth  first legs, b u t th e  
usual con d ition  is 1 ,1 ,4 .) L ast segm en t o f  en d op od  o f  le g  2 ( f ig . 4 6 )  
w ith  sam e form ula as in  fem ale , b u t tw o  term inal sp ines m odified . 
L eg s 3  and  4  as in  fem ale.

L e g  5  ( f ig . 4 7 )  w ith  an  e lon gated  and  som ew h at rectangular free 
segm en t, 3 3  p  X 10  p  w ith  nearly  parallel sides. T w o term inal elem ents  
very  u n eq u a l, the outer on e a naked  se ta  31 p  long, the  inner o n e  a 
d elica te ly  barbed  sp in e  12 p.  ( In  the  sam e m ale m en tion ed  above w h ich  
sh o w e d  th e  abnorm al arm ature o f th e  last segm en t o f  th e  en d op od  of  
le g  1, th e  fifth  le g  had  th e  unusual con d ition  o f  tw o  nearly eq u al naked  
se tae , as in  th e  fe m a le .)  O uter surface o f  seg m en t w ith  sm all spinules. 
Seta  on  b o d y  near free  seg m en t 3 0  p  and  naked.

L e g  6  ( se e  fig . 4 3  ) a posterolateral flap  on  ventral surface o f  genita l 
se g m en t bearing  tw o naked  se ta e  about 3 3  p  long.

Sperm atophore ( f ig . 4 8 ) ,  seen  on ly  in sid e  gen ita l segm en t o f  m ale, 
elon g a ted  w ith  an u nusually  th ick  w all.

C olor in  life  as in  fem ale.
E ty m o lo g y :  T h e  sp ec ific  n am e tr iq u e tru s , from  L atin  =  three-cornered, 

triangular, refers to  th e  rather triangular form  o f  th e  free segm en t o f  
le g  5  in  th e  fem ale.

C om p a riso n  w ith  re la te d  sp e c ie s:  In  six  sp ec ies o f L ich om olgu s  th e  
secon d  antenna bears term in ally  a s in g le  c la w  and a  fe w  sm all h ya lin e  
e lem en ts an d  th e  form ula for th e  last seg m en t o f  th e  exopod o f  leg  4
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is  111,1,5, as in  th e  n e w  sp ec ies. A ll o f  th e se  d iffer  from  L . tr iq u e tru s, 
h ow ever, in  sign ifican t respects. In  L . d e n tip e s  T h om p son  and A . Scott, 
1903 , there is a  large tooth like process on  le g  5  o f  the  fem ale. (T h is  
sp ec ies has b een  redescribed  b y  H u m es and  H o , 1 9 6 8 c .)  In  L. 
p ro te n tu s  H u m es and F rost, 196 4 , th e  cau d al ram us o f th e  fem ale  is  
tw ice  as lo n g  as w id e , an d  th e  form ula for th e  en d o p o d  o f  le g  4  is
0 -1 ;  1,1. In  L . sp in ip e s  (S e w e ll, 1 9 4 9 )  le g  5  o f  th e  fem a le  is lon g  and  
curved , and  th e  form ula for th e  en d op od  o f le g  4  is 0 -1 ;  1,1. In  
L . sq u a m ig er  H u m es and Frost, 1964 , the  areas o f  attach m en t o f  the  
e g g  sacs are dorsolateral, th e  en d op od  o f  le g  4  is a litt le  lon ger than  th e  
exopod , and  le g  5  in  th e  fem a le  is e lo n g a ted  w ith  broad scalelike  
sp ines. In  th e  tw o  rem ain ing sp ec ies, L . cris ta tu s  an d  L . a d e lp h u s, 
b oth  d escrib ed  b y  H um es an d  H o ( 1 9 6 8 c ) ,  le g  5  in  th e  fem a le  is 
elon gated , at least fiv e  tim es longer than  w id e.

In  L. e legan s  T h om p son  an d  A . Scott, 1903 , th e  seco n d  antenna o f  the  
fem ale  has a sin g le  c la w  as in  th e  n ew  species. T h e  arm ature o f  the  
exop od  o f  le g  4  is undescribed . ( T h e  m ale is unknow n. ) T his C eylon ese  
sp ec ies d iffers from  L . tr iq u e tru s  in  the  gen ita l segm en t h a v in g  “a  w ed g e-  
shaped  n otch  near th e  centre o n  ea ch  sid e ,” in  th e  secon d  segm en t o f  
the first an tenna b e in g  re la tively  longer, and in  th e  inner d ista l seta  
on th e  first segm en t o f  th e  en d o p o d  o f le g  4  b e in g  lon ger and  m ore  
con sp icu ou sly  feath ered .

L ic h o m o lg u s  g la b r ip e s  n ew  sp ec ies  
F igu res 4 9 - 6 8

T y p e  material-. 5 3 ? ? ,  3 7 $ $ ,  an d  3 3  cop ep od id s from  X en ia  
u m b e lla ta  Lam arck, in  1 m , A ndilana, N o sy  B é, M adagascar, co llec ted  
9  A u gu st 1963 . H o lo ty p e  9 ,  a llo typ e and 69  paratypes ( 4 0 $  9 ,  2 9  â  $  ) 
d e p o s ite d  in  th e  U n ite d  States N ationa l M useum , an d  th e  rem ain ing  
paratypes in  th e  co llec tio n  o f  A . G . H um es.

Female-. B o d y  ( f ig . 4 9 )  w ith  a m oderate ly  slend er prosom e. L ength  
1 .3 3  m m  ( 1 .2 6 -1 .4 2  m m ) and greatest w id th  0 .5 3  m m  (0 .5 1 -0 .5 5  m m ),  
b a sed  on  10  sp ecim en s. R atio o f  len g th  to  w id th  o f  prosom e 1 .4 6  : 1. 
S egm en t o f  le g  1 separated  from  h ea d  b y  a dorsal furrow . E pim eral 
areas o f  segm en ts o f  leg s 1—4 as in  figure.

S egm en t o f  le g  5  ( fig . 5 0  ) 9 9  ß  X  2 0 0  ¡i. B e tw ee n  th is segm en t and  
gen ita l seg m en t a short ventral in tersegm enta l sc ler ite . G en ita l segm en t  
longer than  w id e , 2 0 0  ß  X  151 ß  in  greatest d im ensions, its posterior  
part in  dorsal v ie w  som ew h at constricted  (9 9  ß  w id e ) .  A reas o f  a ttach
m en t o f  eg g  sacs loca ted  dorsolaterally  just anterior to  m id d le  o f  se g 
m ent. E a ch  area ( f ig . 5 1 )  w ith  tw o  short naked sp in iform  se ta e  7  ß  
and  4 .5  ß  lon g . T hree p ostgen ita l segm en ts 75  ß  X  8 7  ß,  6 2  ß  X  7 8  ß,  
and  7 0  ß  X  7 8  ß,  from  anterior to posterior.

C audal ram us ( f ig . 5 2 )  e lon gated , 1 1 0  ß  X  3 2  ß,  or 3 .4  tim es longer  
than  w id e . O uter lateral seta  112  ß  and naked, p ed ice lla te  dorsal seta  
3 3  ß  and  lig h tly  feath ered , outerm ost d ista l seta  120  ß  and  naked, inner-
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F ig s .  4 9 - 5 7 .  Lichomolgus glabripes, n e w  s p e c ie s ,  fe m a le :  4 9 , b o d y ,  
d o r sa l (A ) ;  5 0 , u r o so m e , d o r sa l ( B );  5 1 ,  a rea  o f  a tta c h m e n t o f  e g g  sa c , 
d o r sa l ( I ) ;  5 2 , c a u d a l ra m u s, d o rsa l ( F ) ;  5 3 , rostra l area , v e n tr a l ( E ) ;  
5 4 ,  s e c o n d  a n ten n a , p o s te r io r  ( o u te r )  ( E ) ;  5 5 ,  la b ru m , v e n tr a l ( F );  
5 6 ,  m a n d ib le ,  p o s te r io r  ( F ) ;  5 7 , s e c o n d  m a x illa , p o ster io r  ( F ) .
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Figs. 5 8 -6 4 . L ic h o m o lg u s g la b rip es , n ew  sp ec ies, fem ale: 5 8 ,
m axilliped , posterior. ( F ) ;  5 9 , le g  1 and intercoxal p la te , anterior ( E ) ;  
60 , le g  2 , anterior ( D ) ;  6 1 , third  segm en t o f en d op od  o f  le g  3 , anterior  
( E ) ;  62 , le g  4  an d  intercoxal p la te , anterior ( D ) ;  6 3 , le g  5 , dorsal 
( E ) .  M ale: 64 , b od y , dorsal ( G ) .

479



710

6567

69

70

66

) / T h )

68

F ig s . 65-70. Lichomolgus glabripes, n e w  s p e c ie s ,  m a le :  65, u ro s o m e , 
d o r s a l  (D ); 66, s e c o n d  a n te n n a ,  p o s te r io r  ( o u t e r )  (F); 67, m a x il l ip e d ,  
in n e r  (E); 68, t h i r d  s e g m e n t  o f  e n d o p o d  o f  le g  1, a n te r io r  (C ). 
Lichomolgus longispinifer, n e w  s p e c ie s ,  f e m a le :  69, b o d y ,  d o rs a l  (G); 
70, u ro s o m e , d o r s a l  ( E ).
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most distal seta 130 p with prominent inner proximal hairs, and the 
two long median terminal setae 200 p (outer) and 263 p (inner), both 
naked and inserted between an unornamented dorsal flap and a ventral 
flap with a marginal row of minute spinules.

Dorsal surface of prosome and urosome with very few hairs. Ratio 
of length of prosome to that of urosome 1.42 : 1.

Egg sac (fig. 49) elongated oval, 396 p X 220 p, reaching just beyond 
anal segment and containing about 15-17 eggs, each approximately 105 p 
in diameter.

Rostral area (fig. 53) with broadly rounded posteroventral margin.
First antenna 340 p long, with segmentation and armature as in 

L. verseveldti and L. triquetrus. Lengths of segments: 25 p (55 p along 
anterior edge), 105 p, 28 p, 46 p, 47 p, 35 p, and 24 p respectively. All 
setae naked. Second antenna (fig. 54) 4-segmented and slender, last 
segment 61 p along its outer edge, 44 p along its inner edge, 18 p wide, 
bearing distally six small hyaline elements and a single short claw 40 p 
along its axis. All setae naked.

Labrum (fig. 55) with two broad and outwardly angular lobes. 
Mandible (fig. 56), paragnath, first maxilla, second maxilla (fig. 57), 
and maxilliped (fig. 58) resembling in major respects those of L. 
triquetrus.

Area between maxillipeds and first pair of legs as in L. verseveldti-, 
a sclerotized line between bases of maxillipeds.

Legs 1-4 (figs. 59-62) segmented as in the two previous species, 
with spine and setal formula as in L. triquetrus (exopod of leg 4 being
1-0; I—1; 111,1,5). Coxa of leg 1 with a sclerotized boss on outer 
posterior surface. Inner seta on coxa of leg 4 short (20 p) and naked, 
instead of long and plumose as in legs 1-3. Inner margin of basis of leg 
4 naked, but haired in legs 1-3. Endopod of leg 4 shorter than exopod. 
First segment 51 p X 43 p (including spiniform processes), with inner 
distal feathered seta 66 p long. Second segment 98 p X 38 p in greatest 
dimensions (including processes), its two unequal terminal fringed 
spines 37 p (outer) and 64 p (inner). Both segments with outer margins 
haired and second segment with a terminal row of minute spinules.

Leg 5 ( fig. 63 ) with a long bowed free segment 135 p X 31 p in 
greatest dimensions, without fine ornamentation. Two terminal naked 
setae 44 p (outer) and 60 p (inner). Seta on body near free segment 
58 p and naked. (In ovigerous females leg 5 is held erect so that its 
curvature fits around the ends of the egg sacs.)

Leg 6 probably represented by the two setae near areas of attachment 
of each egg sac ( see fig. 51 ).

Color in life in transmitted light opaque to transparent, eye red, egg 
sacs gray.

Male: Body (fig. 64) resembling that of female. Length 1.04 mm 
(1.00-1.07 mm) and greatest width 0.35 mm (0.34-0.35 mm), based on 
10 specimens. Ratio of length to width of prosome 1.67 : 1.
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Segment of leg 5 (fig. 65 ) 47 p  X 107 p . No ventral intersegmental 
sclerite. Genital segment longer than wide, 205 p X 169 ¡i. Four post
genital segments 36 ¡i X 60 p, 39 ¡i X 55 ¡i, 31 p. X 52 p, and 43 p X 53 p, 
from anterior to posterior.

Caudal ramus similar to that of female, but relatively shorter, 73 p X 
23 p ,  or 3.17 : 1.

Dorsal surface of prosome and urosome with only a few hairs. Ratio 
of length of prosome to that of urosome 1.33 : 1.

Rostral area as in female.
First antenna as in female, but with three aesthetes added as in the 

two previous species. Second antenna (fig. 66) like that of female, but 
with scalelike spines added on first two segments, those on first segment 
arranged in an arc.

Labrum, mandible, paragnath, first maxilla, and second maxilla as in 
female. Maxilliped (fig. 67) slender. Second segment bearing a row 
of spines and two moderately long naked setae. Claw not greatly re
curved, 189 p along its axis including terminal lamella.

Area between maxillipeds and first pair of legs as in female.
Legs 1—4 segmented as in female, with spine and setal formula as in 

that sex except for last segment of endopod of leg 1 (fig. 68) which 
is 1,1,4. Legs 2-4 as in female, without sexual dimorphism.

Leg 5 (fig. 65) with an elongated straight unornamented free seg
ment, 44 p X 11 p, its two naked terminal setae 30 p and 33 p. Naked 
seta on body near free segment 40 p.

Leg 6 (fig. 65) a posterolateral flap on ventral surface of genital seg
ment bearing two naked setae 40 p and 36 p long.

Spermatophore not observed.
Color in life as in female.
Etymology. The specific name glabripes, from Latin glaber — without 

hairs, bald, and pes =  foot, alludes to the absence of fine ornamentation 
on leg 5.

Comparison with related species: In seven species of Lichomolgus 
the second antenna bears terminally a single claw and a few small 
hyaline elements and the formula for the last segment of the exopod of 
leg 4 is 111,1,5, as in L. glabripes. Each of these species may, however, 
be readily differentiated from L. glabripes. In L. dentipes Thompson 
and A. Scott, 1903, the free segment of leg 5 in the female has a large 
toothlike process. In L. protentus Humes and Frost, 1964, the armature 
of the endopod of leg 4 is 0-1; 1,1. In L. spinipes (Sewell, 1949) the 
caudal ramus is wider than long, and the fourth endopod is 0-1; 1,1- In 
L. squamiger Humes and Frost, 1964, the caudal ramus is 1 : 1, and leg 
5 of the female bears scales. In L. cristatus Humes and Ho, 1968c, the 
genital segment of the female is wider than long, the mandible has a 
very short flagellum, and the lash of the second maxilla has a crest of 
long spinules. In L. adelphus Humes and Ho, 1968c, the caudal 
ramus is about 1 : 1 ,  the genital segment of the female is wider than
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long, and leg 5 of the female has scalelike spines. In L . triquetrus, 
described above, the caudal ramus is about 1 : 1, and the free segment 
of leg 5 is triangular and ornamented with small spines.

L . elegans Thompson and A. Scott, 1903, of which only the female 
is known, has a single claw on the second antenna. The armature of 
the exopod of leg 4 is undescribed. However, this Ceylonese species 
differs from L . glabripes in having the caudal ramus about as broad as 
long, and in the presence of “a wedge-shaped notch near the centre on 
each side” of the genital segment.

Lichomolgus longispinifer new species 
Figures 69-89

Type material-. 839 9 , 23$ S , and several copepodids from one 
colony of Siphonogorgia pendula Studer, in 10-12 m, south of Andjiabe, 
Nosy Komba, near Nosy Bé, Madagascar, collected 30 July 1964. 
Holotype 9 , allotype, and 80 paratypes ( 60 9 9 , 20 $ $ ) deposited in 
the United States National Museum, and the remaining paratypes in the 
collection of A. G. Humes.

Other specimens: 39 9 9 , 47 $ $ , and several copepodids from one 
colony of Siphonogorgia pendula, in 20 m, Banc de Dzamandzar, near 
Nosy Bé, 16 September 1964.

Female: Body (fig. 69) with prosome not much broadened; urosome 
relatively short. Length 0.88 mm (0.84-0.90 mm) and greatest width 
0.43 mm (0.40-0.44 mm), based on 10 specimens. Ratio of length to 
width of prosome 1.60 : 1. Segment of leg 1 well separated from head 
dorsally. Epimeral areas of segments of legs 1 and 2 rather angular 
posteriorly, those of segments of legs 3 and 4 rounded.

Segment of leg 5 (fig. 70) 47 ß  X 101 ß -  Between this segment and 
genital segment no ventral intersegmental sclerite. Genital segment 
about as long as wide, 104 ß  X 101 ß ,  in dorsal view gradually broadened 
from anterior to posterior, then rather abruptly constricted in its posterior 
fourth. Areas of attachment of egg sacs dorsal in position near midregion 
of segment. Each area (fig. 71) bearing two naked setae 11 ß  and 9 ß  

long and two pointed processes. Three postgenital segments 26 ß  X 56 ß ,  

21 m X 52 ß ,  and 28 ß  X 51 ß ,  from anterior to posterior.
Caudal ramus (fig. 72) a little wider than long, 20 ß  X 2 2  ß  in 

greatest dimensions. Outer lateral seta 77 ß  and naked, pedicellate 
dorsal seta 66 ß  and lightly feathered, outermost distal seta 105 m with 
lateral hairs proximally, innermost distal seta 143 ß  and similarly haired, 
and the two long median terminal setae 440 ß  (outer) and 495 ß  (inner), 
both strongly haired along their midregions and both inserted between 
an unomamented dorsal flap and a ventral flap with a marginal row of 
minute spinules.

Dorsal surface of prosome and urosome with very few hairs. Ratio 
of length of presóme to that of urosome 3.33 : 1.

Egg sac (fig. 69) slender and elongated, 363 ß  X 101 ß ,  reaching far
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79

74

78

72

76

F ig s . 71-79. Lichomolgus longispinifer, new species, female: 71, 
area of attachment of egg sac, dorsal (I); 72, caudal ramus, dorsal (I); 
73, first antenna, dorsal (D ); 74, second antenna, anterior (inner) 
(F ); 75, mandible, posterior (C); 76, first maxilla, posterior (C); 77, 
second maxilla, posterior (C); 78, maxilliped, posterior (C); 79, area 
between maxillipeds and first pair of legs, ventral (E).
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80

83

82

84

F ig s . 80-84. Lichomolgus longispinifer, new species, female: 80, leg 
1 and intercoxal plate, anterior (F); 81, leg 2, anterior (F ); 82, leg 3, 
anterior (F); 83, leg 4, anterior (F); 84, leg 5, dorsal (F ).

beyond caudal rami and containing many eggs, each about 47 /* in 
diameter.

Rostral area similar to that in L. verseveldti and L. triquetrus.
First antenna (fig. 73) long and slender, 437 /j, in length, with seg

mentation and armature as in the three previous species. Lengths of
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F ig s . 8 5 - 9 0 .  Lichomolgus longispinifer, n e w  s p e c ie s , m a le : 8 5 ,
b o d y , d o r sa l (G); 86, u r o so m e , d o rsa l (E ); 87, m a x illip e d , p o s te r o -  
in n er  (C); 88, e n d o p o d  o f  le g  1, a n ter io r  (C); 89, th ir d  s e g m e n t  o f  
e n d o p o d  o f  l e g  2 ,  a n ter io r  (C ). Lichomolgus hians, n e w  s p e c ie s , fe m a le :  
9 0 , b o d y , d o r sa l ( G ).
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segments: 42 p (65 p along anterior edge), 164 p, 27 p, 68 p, 55 p, 37 p, 
and 21 p respectively. All setae naked. Second antenna (fig. 74) 4- 
segmented, last segment 55 p along its outer edge, 28 p along its inner 
edge, 23 p wide, bearing distally five short hyaline elements and two 
short terminal claws, one stout and 39 p along its axis, the other more 
slender and 44 p .  All setae naked.

Labrum resembling that of L . verseveldti. Mandible (fig. 75) with 
basal region strongly constricted, the scalelike protrusion on convex side 
distal to constriction pointed and ornamented with a row of minute 
spinules. Paragnath as in L. verseveldti. First maxilla (fig. 76) with 
four setae. Second maxilla (fig. 77) similar to that in L . triquetrus 
and L . glabripes, but with slender spines instead of strong teeth along 
terminal lash. Maxilliped (fig. 78) resembling that of L. verseveldti 
but differing in details of ornamentation.

Area between maxillipeds and first pair of legs (fig. 79) slightly 
protuberant; a sclerotized line between bases of maxillipeds.

Legs 1—4 (figs. 80-83) segmented as in all previous species and with 
spine and setal formula as in L. verseveldti. Inner seta on coxa of leg 
4 short (7 p) and naked. Inner margin of basis of leg 4 naked. First 
segment of exopod of leg 1 with outer spine unusually long, 44 p, a 
little more than twice length of spine on second segment (21 p). 
Spinulose fringe on this long spine narrower and more delicate than on 
more distal spines. Spine on first segment of exopod of leg 2 only 
slightly longer than others; proximal spine on third segment of this 
exopod slightly shorter than adjacent spines; lengths of the five outer 
spines on exopod being 25 p, 20 p, 18 p, 20 p, and 18 p, from proximal 
to distal. Endopod of leg 4 shorter than exopod. First segment 37 p X 
17 p (including spiniform processes), with a short naked inner distal 
spinelike element 18 p long. Second segment 66 p x  17 p in greatest 
dimensions (including processes), its two unequal terminal spines 22 p 
(outer) and weakly barbed distally, and 50 p (inner) with an outer 
spinulose fringe and an inner narrow smooth lamella. Both segments with 
outer margins haired and second segment with a terminal row of minute 
spinules.

Leg 5 (fig. 84) resembling in general form that of L . cuneipes Humes 
and Ho, 1968b. Free segment elongated, 106 p in greatest length and 
21 p wide near middle. Proximal inner expansion (smaller than in 
L . cuneipes) in the form of a bent thumb. Two terminal naked setae 
39 p (outer) and 56 p (inner). Outer surface of segment with short 
spines. Seta on body near free segment 44 p and lightly feathered.

Leg 6 probably represented by the two setae near areas of attachment 
of each egg sac ( see fig. 71 ).

Color in life in transmitted light faintly rose or lavender, sometimes 
translucid, eye red, egg sacs light gray.

Male: Body (fig. 85) with prosome more slender than in female. 
Length 0.67 mm (0.64-0.70 mm) and greatest width 0.24 mm (0.23-
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0.28 mm), based on 10 specimens. Ratio of length to width of prosome 
1.76 : 1.

Segment of leg 5 (fig. 86) 34 /i X 59 ß -  No ventral intersegmental 
sclerite. Genital segment 148 ß  X 130 ß ,  only a little longer than wide. 
Four postgenital segments 15 ß  X 44 ß ,  15 ß  X 44 ß ,  11 ß  X 42 ß ,  and 
17 ß  X 44 ß ,  from anterior to posterior.

Caudal ramus similar to that of female, 15.5 ß  X 19 ß -

Dorsal surface of prosome and urosome with very few ,hairs. Ratio 
of length of prosome to that of urosome 1.89 : 1.

Rostral area as in female. First antenna like that of female, but with 
three aesthetes added as in the three previous species. Second antenna 
similar to that of female, but bearing a few short spinules along inner 
surface of second and fourth segments.

Labrum, mandible, paragnath, first maxilla, and second maxilla as in 
female. Maxilliped (fig. 87) resembling in general form that of L. 
cuneipes and L. gentilis Humes and Ho, 1968b. Claw 142 ß along its 
axis including terminal lamella.

Area between maxillipeds and first pair of legs as in female.
Legs 1—4 segmented as in female, with same spine and setal formula 

except for last segment of endopod of leg 1 (fig. 88) which is 1,1,4. 
Leg 2 showing slight sexual dimorphism, with outer terminal spiniform 
process on third segment of endopod larger than in female and turned 
outwardly (fig. 89). Legs 3 and 4 as in female, without sexual dimor
phism.

Leg 5 ( fig. 86 ) with free segment straight and elongated, 32 ß  X 6 ß ,  

without ornamentation. Two terminal naked setae 29 ß and 14 ß ,  and 
seta on body near free segment 20 ß .

Leg 6 (fig. 86) a posterolateral flap on ventral surface of genital 
segment bearing two naked setae 39 ß  and 30 ß .

Spermatophore not observed.
Color in life in transmitted light translucid, eye red.
Etymology: The specific name longispinifer, from Latin =  bearing a 

long spine, refers to the unusually long spine on the first segment of the 
exopod of leg 1.

Comparison with related species: The new species appears to be 
unique in the genus in having an unusually long outer spine on the first 
segment of the exopod of leg 1. It may be further separated from all 
but two species of Lichomolgus on the basis of a combination of the 
following four characters: the second antenna with two short claws, the 
formula for the last segment of the exopod of leg 4 being 11,1,5, the 
endopod of leg 4 being 0-1; II, and the caudal ramus being nearly 
quadrate, a little wider than long. The two species which share these 
features with L. longispinifer are L. cuneipes Humes and Ho, 1968b, and 
L. verseveldti, described above. In L. verseveldti, however, the form 
of the fifth leg and genital segment in the female is very different and 
the lash of the second maxilla bears stout teeth rather than slender
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spines. The new species seems closely related to L. cuneipes (associated 
with the octocoral Stereonephthya acaulis Verseveldt in Madagascar). 
In L. cuneipes, however, all ramai setae are naked, the teeth on the lash 
of the second maxilla are partly slender and partly stout, the genital 
segment of the female has a different form, and the fifth leg of the 
male bears fine ornamentation.

Lichomolgus hians new species 
Figures 90-108

Type material: 238$ $ , 3 7 $ $ ,  and several copepodids from one 
colony of Siphonogorgia pendula Studer, in 10-12 m, south of Andjiabe, 
on the southern shore of Nosy Komba, near Nosy Bé, Madagascar, 
collected 30 July 1964. Holotype $ , allotype, and 225 paratypes 
( 200 2 $ , 25 $ $ ) deposited in the United States National Museum, 
and the remaining paratypes in the collection of A. G. Humes.

Other specimens (also from Siphonogorgia pendula): 78$ $ , 112 5  $,  
and several copepodids from one colony, in 20 m, Banc de Dzamandzar, 
near Nosy Bé, 16 September 1964.

Female: Body (fig. 90) with moderately broadened prosome. Length 
0.93 mm (0.86—1.03 mm) and greatest width 0.49 mm (0.46—0.51 
mm), based on 10 specimens. Ratio of length to width of prosome 
1.37 : 1. Segment of leg 1 separated incompletely from head. Epimeral 
areas of segments of legs 1-4 as in figure.

Segment of leg 5 (fig. 91) 65  ̂ X 131 g. Between this segment and
genital segment a slight ventral intersegmental sclerite. Genital segment 
112 g X 109 g, about as long as wide, and resembling that of L. 
varirostratus Humes and Ho, 1968b. Areas of attachment of egg sacs 
situated dorsally near middle of segment. Each area bearing two naked 
setae 10 g and 11 m long and a prominent unguiform process. Three 
postgenital segments 29 g X 67 g, 24 g x  60 g, and 26 g X 57 g, from 
anterior to posterior.

Caudal ramus (fig. 91) quadrate, 23 g X 24 g in greatest dimensions. 
Outer lateral seta 66 g long and naked, pedicellate dorsal seta 50 g and 
lightly feathered, outermost distal seta 110 g  and naked, innermost
distal seta 200 g with hairs along both sides of its proximal half, and
the two long median terminal setae 308 g (outer) and 440 g (inner), 
both with strong lateral spinules (stronger than in L. longispinifer) 
except in distal third, and both inserted between an unornamented dorsal 
flap and a ventral flap with a marginal row of minute spinules. A 
minute spinule on proximal outer margin of ramus.

Dorsal surface of prosome and urosome with very few hairs. A small 
crescentic sclerotization in tergum of segment of leg 4. Ratio of length 
of prosome to that of urosome 3.23 : 1.

Egg sac seen complete in only one female, where it measured 495 g X 
165 g,  reaching almost to ends of ramai setae, and containing many

489



720

93

92

97

95
98 96

F ig s . 91-98. Lichomolgus hians, new species, female: 91, urosome, 
dorsal (E); 92, rostral area, ventral (D);  93, first antenna, dorsal (D);  
94, second antenna, anterior (inner) (E);  95, mandible, posterior (C); 
96, first maxilla, posterior (C); 97, maxilliped, postero-inner (C); 98, 
third segment of endopod of leg 2, anterior (F).
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F ig s . 99-105. Lichomolgus hians, new species, female: 99, third
segment of endopod of leg 3, anterior (F);  100, leg 4, anterior (E);  
Male: 101, body, dorsal (G); 102, urosome, dorsal (E); 103, second 
antenna, anterior (inner) (F); 104, maxilliped, outer (F); 105, endopod 
of leg 1, anterior (C).
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F ig s .  106-113. Lichomolgus hians, n e w  s p e c ie s ,  m a le :  106, t h i r d  
s e g m e n t  o f  e n d o p o d  o f  le g  2, a n te r io r  (C); 107, e n d o p o d  o f  l e g  4, 
a n te r io r  (C); 108, l e g  5, d o r s a l  (I).  Lichomolgus telestophilus, n e w  
s p e c ie s ,  f e m a le :  109, b o d y ,  d o r s a l  (G); 110, u ro s o m e , d o r s a l  (D);  111, 
a r e a  o f  a t t a c h m e n t  o f  e g g  s a c , d o r s a l  (I); 112, r o s t r a l  a r e a ,  v e n t r a l
(D);  113, s e c o n d  a n t e n n a ,  a n te r io r  ( i n n e r )  (E).
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eggs about 52 p in diameter. Egg sacs in other ovigerous females in
complete, as in figure 90.

Rostral area (fig. 92) raised ventrally, with a well defined postero- 
ventral border.

First antenna ( fig. 93 ) 7-segmented, 441 p . long, and slender. Lengths 
of segments: 40 ß  (69 ß  along anterior margin), 133 ß ,  31 ß ,  68 ß ,  62 ß ,  

48 p ,  and 30 p  respectively. Formula for armature as in the four 
previous species. All setae naked.

Second antenna (fig. 94) 4-segmented, last segment 86 p. along its 
outer edge, 50 p along its inner edge, 24 p wide, bearing distally five 
small hyaline elements and two moderately long unequal claws, the 
stouter one 65 p along its axis, the more slender one 78 p. Third seg
ment with a spiniform seta and two longer slender setae. Groups of 
small spinules on first and second segments. All setae naked.

Labrum and paragnath as in L. verseveldti. Mandible (fig. 95) re
sembling that of L. longispinifer. First maxilla (fig. 96) slender with 
four elements as in the four previous species. Second maxilla as in L. 
varirostratus. Maxilliped (fig. 97) resembling in general form that of L. 
longispinifer, but the two terminal elements equal and widely divergent, 
suggesting open blades of scissors.

Area between maxillipeds and first pair of legs as in L. verseveldti.
Legs 1—4 segmented as in the four previous species, and spine and 

setal formula as in L. verseveldti and L. longispinifer. Inner seta on
coxa of leg 4 short (7 p) and naked. Inner margin of basis of leg 4
naked. Rami of leg I as in L. varirostratus. Rami of legs 2 and 3 also 
similar to those in L. varirostratus, but last segment of endopod slightly 
different (figs. 98, 99). Endopod of leg 4 (fig. 100) shorter than 
exopod. First segment 43 p X 32 p (including processes), with its 
distal inner finely barbed spine 44 p long. Second segment 78 p long 
(including spiniform processes), its greatest width 32 p and least width 
17.5 p; its two unequal terminal spines 31 p (outer) and 57 p (inner),
the fringe on the inner spine more coarsely spinulose on its outer than
on its inner margin. Both segments with outer margins haired, second 
segment with a few weak hairs on proximal half of inner margin and 
with a terminal row of minute spinules.

Leg 5 ( fig. 91 ) suggesting that of L. varirostratus, but differing in 
details of form and ornamentation. Free segment elongated, 117 p X 26 p 
in greatest dimensions. Outer surface of segment with many scalelike 
spines. Two terminal naked setae 41 p (outer) and 69 p (inner). Seta 
on body near free segment about 50 p and naked.

Leg 6 probably represented by the two setae near areas of attachment 
of each egg sac (see fig. 91).

Color in life in transmitted light translucid or slightly opaque, eye 
red, egg sacs light gray.

Male-. Body (fig. 101) with prosome more slender than in female. 
Length 0.73 mm (0.70-0.78 mm) and greatest width 0.28 mm (0.27-
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0 .2 9  m m ) ,  b a s e d  o n  10 sp e c im en s. R a tio  o f  le n g th  to  w id th  of p ro so m e  
1 .7 0  : 1.

S e g m e n t o f  le g  1 ( f ig . 1 0 2 )  39  ß  X  7 5  ß .  N o v e n tra l  in te rse g m e n ta l 
sc le rite . G e n ita l se g m e n t 151 ß  X  133 ß ,  o n ly  a  l i t t le  lo n g e r th a n  w id e , 
w ith  its  la te ra l  m a rg in s  so m e tim es s lig h tly  ir re g u la r . F o u r  p o s tg e n ita l 
se g m e n ts  2 5  ß  X 4 8  ß ,  18 ß  X 4 6  ß ,  11 ß  X 4 5  ß ,  a n d  19 ß  X 4 6  ß ,  from  
a n te r io r  to  p o ste rio r .

C a u d a l ra m u s  sim ila r  to  th a t  o f fem a le , 2 0  ß  X  2 0  ß  in  g re a te s t d im e n 
sions.

D o rsa l su rfa c e  o f  p ro so m e  a n d  u ro so m e w ith  v e ry  few  hairs . R a tio  
o f  le n g th  o f  p ro so m e  to  th a t  o f  u ro so m e  1 .9 0  : 1.

R o s tra l a re a  as in  fem a le . F irs t  a n te n n a  s im ila r  to  th a t  o f fem a le , b u t  
w ith  th re e  a e s th e te s  a d d e d  as in  th e  fo u r  p re v io u s  species. S econd  
a n te n n a  ( f ig . 1 0 3 )  re se m b lin g  th a t  o f  fem a le , b u t  la s t se g m e n t re la tiv e ly  
m o re  e lo n g a te d , its  o u te r  m a rg in  82  ß ,  its  in n e r  m a rg in  5 6  ß ,  a n d  its 
w id th  17 ß ,  a n d  b o th  m a rg in s  w ith  m in u te  sp in u les . S eco n d  se g m e n t 
w ith  sm a ll sp in e s a lo n g  in n e r  su rface .

L a b ru m , m a n d ib le , p a ra g n a th , f irs t  m ax illa , a n d  se co n d  m ax illa  as in 
fem a le . M a x illip ed  ( f ig . 1 0 4 )  s le n d e r. S eco n d  se g m e n t w ith  tw o  n a k e d  
se ta e  a n d  tw o  row s of sp in u le s . C la w  159  ß  a lo n g  its  axis ( in c lu d in g  
te rm in a l la m e lla ) ,  o n ly  s lig h tly  re c u rv e d , its  p ro x im a l in n e r  su rface  
fa in tly  s tr ia te d .

A rea  b e tw e e n  m ax illip ed s  a n d  f irs t  p a ir  o f leg s as in  fem ale .
L eg s 1 - 4  se g m e n te d  as in  fem a le , w ith  sa m e  sp in e  a n d  se ta l fo rm u la  

e x c e p t fo r  la s t  se g m e n t o f  e n d o p o d  o f leg  1 ( f ig . 1 0 5 ) w h ic h  is 1,1,4. 
L a s t  s e g m e n t o f  e n d o p o d  o f leg  2  ( f ig . 1 0 6 )  sh o w in g  s lig h t sexual 
d im o rp h ism , w ith  o u te r  te rm in a l p ro cess  la rg e r  th a n  in  fem a le , an d  
b e a r in g  m in u te  sp in u les . L e g  3  e n tire ly  as in  fem a le . E n d o p o d  of leg  
4  (f ig . 1 0 7 )  w ith  se co n d  s e g m e n t re la tiv e ly  m o re  s le n d e r  th a n  in  fem ale . 
F ir s t  se g m e n t 31 ß  X 21 ß  in c lu d in g  p ro cesses, its  sp in e  32  ß; seco n d  
se g m e n t 6 0  ß  lon g , 15 .5  ß  in  g re a te s t  w id th , a n d  10  ß  in  le a s t w id th , its 
tw o  te rm in a l sp in es 17 ß  ( o u te r )  a n d  4 7  ß  ( in n e r ) .

L e g  5 ( f ig . 1 0 8 ) w ith  f ree  se g m e n t 35  ß  X 8  ß ,  b e a r in g  tw o  te rm in a l 
se ta e , o u te r  3 4  ß  a n d  n a k e d , in n e r  16 ß  a n d  f in e ly  b a rb e d . S u rface  of 
s e g m e n t w ith  a  few  sm a ll sp ines. S e ta  on  b o d y  n e a r  f ree  se g m e n t 2 9  ß  

a n d  lig h tly  f e a th e re d .
L e g  6  ( f ig . 1 0 2 ) a  p o s te ro la te ra l f la p  on  v e n tra l  su rface  o f g en ita l 

s e g m e n t b e a r in g  tw o  s le n d e r  se ta e  31 ß  a n d  4 0  ß  long.
S p e rm a to p h o re  n o t o b se rv ed .
C o lo r in  life  as in  fem ale .
E ty m o lo g y :  T h e  sp e c ific  n a m e  h ians, fro m  th e  L a t in  w o rd  h io  =  to 

s ta n d  o p e n  o r g a p e , a llu d e s  to  th e  tw o  d iv e rg e n t te rm in a l e le m e n ts  on 
th e  m a x illip e d  o f  th e  fem a le .

C o m p a riso n  w i th  re la te d  species: L . h ia n s  m a y  b e  s e p a ra te d  from  all 
b u t  se v en  species o f  L ic h o m o lg u s  o n  th e  b as is  o f a  c o m b in a tio n  o f fo u r 
c h a ra c te rs : th e  c a u d a l ra m u s  b e in g  a b o u t as lo n g  as w id e , th e  seco n d
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a n te n n a  h a v in g  tw o  te rm in a l  c law s, th e  fo rm u la  fo r  th e  la s t se g m en t 
o f th e  ex o p o d  of le g  4  b e in g  11,1,5, a n d  th e  fo rm u la  fo r th e  e n d o p o d  of 
le g  4  b e in g  0—I; I I .  O f  th e  re m a in in g  sp ec ies  L . va r iro stra tu s  H u m e s 
a n d  H o , 1 9 6 8 b , L . ex ilip es  H u m e s  a n d  H o , 1 9 6 8 b , a n d  L . g e n tilis  H u m es 
a n d  H o , 1 9 6 8 b , h a v e  th e  tw o  c law s o n  th e  se c o n d  a n te n n a  a b o u t  as 
lo n g  as o r  lo n g e r  th a n  th e  g re a te s t  le n g th  o f th e  fo u r th  se g m e n t ( in s te a d  
o f d is tin c tly  sh o r te r  th a n  th is  s e g m e n t as in  th e  n e w  sp e c ie s ) ,  a n d  th e  
o u te r  sp in e  o n  th e  la s t s e g m e n t o f th e  e n d o p o d  of le g  1  in  th e  m a le s 
o f  th e s e  sp ec ies is d if fe re n tly  fo rm e d . I n  L . fis s ise tig e r  H u m e s  a n d  H o, 
1 9 6 8 b , L . c u n e ip e s  H u m e s  a n d  H o , 1 9 6 8 b , L . v e r se v e ld ti ,  a n d  L . 
lo n g isp in ife r  ( b o th  d e s c r ib e d  a b o v e )  th e  f i f th  le g  o f  th e  fe m a le  h a s  a 
d is t in c t  p ro x im a l in n e r  ex p an sio n .

A lth o u g h  in  se v e ra l re sp e c ts  L . h ia n s  re se m b le s  r a th e r  c lo se ly  L . 
varirostra tus, p a r t ic u la r ly  in  th e  fo rm  o f th e  g e n ita l  s e g m e n t in  th e  fe 
m a le , th e  m a n d ib le , th e  se c o n d  m ax illa , th e  m ax illip ed  in  th e  fem a le , 
a n d  leg s  1 -4 , th e r e  a re  m a n y  d if fe re n c e s  b e tw e e n  th e  tw o  sp ec ies. T h e  
d is tin c tio n s  in c lu d e  n o t o n ly  th e  tw o  fe a tu re s  m e n tio n e d  ab o v e , b u t  also 
( i n  L . va r iro s tra tu s)  th e  se x u a l d im o rp h ism  in  th e  ro s tra l a re a , th e  ex ac t 
n a tu re  o f  leg  5  in  b o th  sexes, a n d  th e  tw o  u n o m a m e n te d  lo n g  te rm in a l 
se ta e  o n  th e  c a u d a l  ram u s.

L ichom olgus telestophilus n e w  species 
F ig u re s  1 0 9 -1 2 7

T y p e  m a ter ia l:  1 3 $  $ ,  22  5 S,  a n d  4  c o p e p o d id s  f ro m  o n e  co lo n y  of 
T e le s to  a rborea  W r ig h t  a n d  S tu d e r , in  4  m , n o r th e a s te rn  co a s t o f A n ta n y  
M ora , Isles R a d a m a , M a d a g a sc a r , 1 4 ,’0 6 T 0 " S , 4 7 ° 4 5 T 0 " E , c o lle c te d  30  
S e p te m b e r  1964 . H o lo ty p e  2 ,  a llo ty p e  a n d  2 6  p a ra ty p e s  ( 9 5  2 , 1 7 5  5  ) 
d e p o s ite d  in  th e  U n ite d  S ta te s  N a tio n a l M u seu m , a n d  th e  re m a in in g  
p a ra ty p e s  in  th e  c o lle c tio n  o f  A . G. H u m es .

F e m a le : B o d y  ( f ig . 1 0 9 )  w ith  m o d e ra te ly  s le n d e r  p ro so m e . L e n g th  
0 .91  m m  (0 .8 5 -0 .9 5  m m )  a n d  g re a te s t w id th  0 .4 6  m m  (0 .4 2 -0 .5 0  
m m ) ,  b a s e d  o n  10  sp e c im en s. R a tio  o f le n g th  to  w id th  o f  p ro so m e  
1 .49  : 1. S e g m e n t o f  le g  1 d is tin c tly  s e p a ra te d  f ro m  h e a d  b y  a 
tra n sv e rse  fu rro w . E p im e ra l  a re a s  o f se g m e n ts  o f  leg s 1—4 m o re  o r 
less r o u n d e d  p o ste rio rly .

S e g m e n t o f  le g  5  ( f ig . 1 1 0 )  6 8  p  X  133  p.  B e tw e e n  th is  se g m e n t 
a n d  g e n ita l  s e g m e n t a  w e a k  v e n tra l  in te rse g m e n ta l  sc le rite . G e n ita l 
s e g m e n t 1 3 8  p  X  1 3 3  p., a b o u t  as lo n g  as w id e  a n d  so m e w h a t e x p a n d e d  
la te ra lly  in  its  m id re g io n . A reas o f a t ta c h m e n t  o f  e g g  sacs lo c a te d  
d o rso la te ra lly  n e a r  m id d le  o f  se g m en t. E a c h  a re a  ( f ig . I l l )  b e a r in g  
tw o  u n e q u a l  n a k e d  se ta e  4  p. a n d  12  p. in  le n g th  a n d  a  sm a ll sp in ifo rm  
p ro cess . T h re e  p o s tg e n ita l  se g m en ts  3 0  p  X 8 0  p ,  2 3  p  X  7 5  p , a n d  
3 3  p  X  72  p, fro m  a n te r io r  to  p o ste rio r .

C a u d a l ra m u s  ( f ig . 1 1 0 )  q u a d ra te , 3 2  p  x  31 p  in  g re a te s t  d im en sio n s . 
O u te r  la te ra l  s e ta  104  p , p e d ic e lla te  d o rsa l s e ta  3 6  p , o u te rm o s t d is ta l 
se ta  151 p , in n e rm o s t d is ta l  s e ta  221  p, a n d  th e  tw o  lo n g  m e d ia n  te rm in a l
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117

114
118

119

116

120

F i g s . 1 1 4 -1 2 0 . L ic h o m o lg u s  te le s to p h ilu s , n e w  sp e c ie s , fem a le : 114, 
m a n d ib le , p o s te r io r  ( C ) ;  115, f irs t  m ax illa , p o s te rio r  ( C ) ;  116, se co n d  
m ax illa , p o s te rio r  ( C ) ;  117, m a x illip e d , p o s te rio r  ( C ) ;  118, leg  1, 
a n te r io r  ( E ) ;  119 , le g  2, a n te r io r  ( E ) ;  120 , th ird  s e g m e n t o f  en d o p o d  
o f le g  3, a n te r io r  ( E  ).
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126

127

123

122

121

124

125

F i g s . 1 2 1 -1 2 7 . L ic h o m o lg u s  te le s to p h ilu s ,  n e w  sp e c ie s , fe m a le : 121, 
le g  4 , a n te r io r  ( E ) ;  12 2 , le g  5 , d o rsa l ( F ) .  M a le : 123 , b o d y , d o rsa l 
( G  ) ; 124, u ro so m e , d o rsa l ( D  ) ; 125, m ax illip e d , in n e r  ( F  ) ; 126 , e n d o p o d  
o f  le g  1, a n te r io r  ( C ) ;  127 , le g  5 , d o rsa l ( I ) .

se ta e  4 2 9  n  ( o u te r )  a n d  5 2 9  p  ( i n n e r ) ,  b o th  in se r te d  b e tw e e n  a n  u n -  
o m a m e n te d  d o rsa l f la p  a n d  a  v e n tra l  f la p  w ith  a  m a rg in a l  ro w  o f 
m in u te  sp in u le s . O rn a m e n ta tio n  o f  th e se  se ta e  s im ila r  to  th a t  in  L . 
lo n g isp in ife r .
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D o rsa l su rfa c e  o f p ro so m e  a n d  u ro so m e  w ith  v e ry  fe w  hairs . R a tio  
o f  le n g th  o f p ro so m e  to  th a t  o f  u ro so m e  2 .62  : 1 .

E g g  sacs in c o m p le te  o n  a ll fem a les  co llec ted . E a c h  e g g  a b o u t 43  ¡i in  
d ia m e te r .

R o s tra l a re a  (f ig . 1 1 2 ) s lig h tly  ra ise d  v e n tra lly  a n d  b ro a d ly  to n g u e 
sh a p e d .

F irs t  a n te n n a  3 7 7  ß  lo n g , a n d  re se m b lin g  th a t  o f  L . versev e ld ti. 
L e n g th s  o f se g m en ts : 2 3  ß  (3 5  ß  a lo n g  a n te r io r  m a rg in ) ,  8 8  ß ,  2 6  ß ,  

6 5  ß ,  62~ ß ,  45  ß ,  a n d  3 6  ß  re sp e c tiv e ly . AU se ta e  n a k e d . S econd  
a n te n n a  ( f ig . 1 1 3 )  4 -se g m e n te d , la s t  se g m e n t e lo n g a te d , 9 4  ß  a lo n g  its 
o u te r  e d g e , 64  ß  a lo n g  its  in n e r  e d g e , a n d  21 ß  w id e , b e a r in g  d is ta lly  
f iv e  h y a lin e  e le m e n ts  a n d  tw o  s lig h tly  u n e q u a l c law s 57  ß  a n d  5 3  ß  in 
le n g th . O n e  of th re e  se ta e  o n  th ird  s e g m e n t a n g u la r ly  b e n t . A ll se tae  
n a k e d . I n n e r  su rfaces  o f  a ll fo u r  se g m en ts  w ith  m in u te  sp in u les .

L a b ru m  as in  L . v e r se v e ld ti  a n d  L .  h ians. M a n d ib le  ( f ig . 1 1 4 ) ra th e r  
lik e  th a t  o f L . h ia n s , b u t  w ith  sh o r te r  b a rb s  o n  f lag e llu m  th a n  in  th a t  
species. P a ra g n a th  a  sm a ll h a iry  lo b e  as in  L . v e rse v e ld ti. F irs t  m axilla  
( f ig . 1 1 5 )  w ith  fo u r  n a k e d  e lem en ts . S eco n d  m ax illa  ( f ig . 1 1 6 ) so m e
w h a t  re se m b lin g  th a t  o f  L . v e r se v e ld ti , b u t  in n e r  d is ta l sp in e  n e a r  b ase  
o f  la sh  ra th e r  b lu n t  a n d  f in e ly  b a rb e d , in s te a d  of b e in g  a t te n u a te d  a n d  
o rn a m e n te d  w ith  la rg e  sp in u le s  as in  th a t  species. M a x illip ed  (f ig . 11 7 ) 
w ith  tw o  se ta e  o n  seco n d  se g m e n t v e ry  u n e q u a l, th e  la rg e r  se ta  w ith  
tw o  row s o f  e re c t sp in u le s  in  its  m id re g io n  a n d  m o re  f in e ly  b a rb e d  
d is ta lly , th e  sm a lle r  se ta  n a k e d . T h ird  se g m e n t w ith  tw o  u n e q u a l  te r 
m in a l b a rb e d  e lem en ts , o n e  w ith o u t an  a r tic u la tio n .

A rea  b e tw e e n  m ax illip ed s  a n d  f irs t  p a ir  o f leg s as in  L . versev e ld ti.
L e g s  1—4 (f ig s . 1 1 8 -1 2 1 )  s e g m e n te d  a n d  a rm e d  w ith  sp ines a n d  

se ta e  as in  L . v e r se v e ld ti , L . lo n g isp in ife r ,  a n d  L . h ians. I n n e r  se ta  on 
coxa o f leg  4  sh o r t (9  ß )  a n d  n a k e d . I n n e r  m a rg in  o f bas is  o f  leg  4  
n a k e d . R a m i o f  a ll fo u r  leg s re se m b lin g  in  g e n e ra l a sp ec ts  tho se  o f 
L . fiss ise tig er  H u m e s a n d  H o , 1 968b . E n d o p o d  of le g  4  ( fig . 121 ) m u c h  
sh o r te r  th a n  ex o p o d . F irs t  se g m e n t 4 2  ß  X 34  ß  ( in c lu d in g  p ro c e sse s ) , 
w ith  its  d is ta l in n e r  f in e ly  b a rb e d  sp in e  3 3  ß  lo n g  a n d  se tifo rm . S econd  
s e g m e n t 7 7  ß  lo n g  ( in c lu d in g  sp in ifo rm  p ro c e ss e s ) , its  g re a te s t w id th  
3 3  ß  a n d  le a s t w id th  19 ß; its  tw o  u n e q u a l te rm in a l f r in g e d  sp ines 45  ß  
( o u te r )  a n d  83  ß ( in n e r ) .  B o th  se g m en ts  w ith  o u te r  m arg in s  h a ire d  
a n d  se co n d  se g m e n t w ith  a  te rm in a l ro w  o f m in u te  sp in u les .

L e g  5  ( f ig . 1 2 2 )  su g g e s tin g  th a t  o f  L . fiss ise tig er . F re e  se g m en t 
e lo n g a te d , 133  ß  in  le n g th , w id th  a t  e x p an s io n  4 2  ß ,  w id th  d is ta lly  21 ß .  

T w o  te rm in a l se ta e  5 0  ß  ( o u te r )  a n d  n a k e d  a n d  81 ß  ( in n e r )  w ith  a 
s lig h t lam e lla  a lo n g  its  m id re g io n . O u te r  su rfa c e  o f  f re e  se g m e n t w ith  
m a n y  sm a ll sp ines. S e ta  on  b o d y  n e a r  f ree  se g m e n t 4 6  ß  a n d  lig h tly  
f e a th e re d .

L e g  6  p ro b a b ly  re p re s e n te d  b y  th e  tw o  se ta e  n e a r  a re a s  o f  a t ta c h m e n t 
o f  e a c h  eg g  sa c  ( se e  fig . 1 1 1 ).

C o lo r in  life  in  tra n sm itte d  lig h t  s lig h tly  o p a q u e , ey e  red .
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M a le:  B o d y  ( f ig . 1 2 3 )  re se m b lin g  in  g e n e ra l fo rm  th a t  o f  fem a le . 
L e n g th  0 .7 5  m m  (0 .7 2 -0 .7 9  m m )  a n d  g re a te s t  w id th  0 .31  m m  ( 0 .2 9 -  
0 .31  m m ) ,  b a s e d  o n  10 sp e c im en s. R a tio  o f  le n g th  to  w id th  o f  p ro so m e 
1 .60  : 1 .

S e g m e n t o f  leg  5  ( f ig . 1 2 4 )  3 6  ß  X 8 6  ß .  N o  v e n tra l  in te rse g m e n ta l 
sc le rite . G e n ita l se g m e n t 174 ß  X 161 ß ,  o n ly  a  l i t t le  lo n g e r  th a n  w id e . 
F o u r  p o s tg e n ita l  se g m en ts  15 .5  ß  X  5 0  ß ,  14 ß  X 5 2  ß ,  12 ß  X  5 0  ß ,  a n d  
2 0  ß  X  5 3  ß ,  fro m  a n te r io r  to  p o s te rio r .

C a u d a l ra m u s  s im ila r  to  th a t  o f  fe m a le , 2 4  ß  X  2 3  ß  in  g re a te s t d im e n 
sions.

D o rsa l su rfa c e  o f  p ro so m e  a n d  u ro so m e  w ith  v e ry  few  h a irs . R a tio  
o f  le n g th  o f  p ro so m e  to  th a t  o f  u ro so m e  1.91 : 1.

R o s tra l a re a  as in  fem a le . F ir s t  a n te n n a  re se m b lin g  th a t  o f fe m a le , 
b u t  w ith  th r e e  a e s th e te s  a d d e d  as in  th e  f iv e  p re v io u s  species. S eco n d  
a n te n n a  s im ila r  to  th a t  o f  fe m a le  b u t  in n e r  su rf ic ia l sp in u le s  co a rse r  
th a t  in  th a t  sex.

L a b ru m , m a n d ib le , p a ra g n a th , f irs t  m ax illa , a n d  se co n d  m ax illa  as in 
fem a le . M a x illip ed  ( f ig . 1 2 5 )  s le n d e r  a n d  re se m b lin g  in  m o st re sp e c ts  
th a t  o f L . h ians. C la w  130  ß  a lo n g  its axis in c lu d in g  te rm in a l lam e lla .

A rea  b e tw e e n  m ax illip ed s  a n d  f irs t  p a ir  o f  leg s  as in  fem ale .
L e g s  1—4 se g m e n te d  as in  fe m a le , w ith  sa m e  sp in e  a n d  se ta l fo rm u la  

e x c e p t fo r  la s t s e g m e n t o f e n d o p o d  o f  le g  1 ( f ig . 1 2 6 )  w h ic h  is 1,1,4. 
L e g s  2—4 as in  fem a le , w ith o u t sexual d im o rp h ism .

L e g  5  ( f ig . 1 2 7 )  w ith  f re e  se g m e n t 3 8  ß  X  8 .5  ß ,  b e a r in g  tw o  te rm in a l 
e le m e n ts , th e  o u te r  se tifo rm  a n d  n a k e d , 4 8  ß  lo n g , th e  in n e r  sp in ifo rm  
w ith  a n  o u te r  b a rb e d  f r in g e  a n d  a  fe w  in n e r  b a rb u le s , 2 5  ß .  S u rface  
o f  s e g m e n t w ith  a  fe w  sm a ll sp in es. S e ta  o n  b o d y  n e a r  f re e  se g m e n t 
2 0  ß  a n d  l ig h tly  fe a th e re d .

L e g  6  ( f ig . 1 2 4 )  a  p o s te ro la te ra l f la p  o n  v e n tra l  su rface  o f  g e n ita l 
s e g m e n t b e a r in g  tw o  s le n d e r  n a k e d  se tae  2 4  ß  a n d  5 5  ß  long .

S p e rm a to p h o re  n o t  o b se rv ed .
C o lo r in  life  as in  fem ale .
E ty m o lo g y :  T h e  sp e c ific  n a m e  te le s to p h ilu s  is a  co m b in a tio n  o f  th e  

g e n e r ic  n a m e  o f  th e  h o s t a n d  th e  G reek  w o rd  <pi\os =  lov ing .
C o m p a r iso n  w i th  r e la te d  sp e c ies:  O n ly  fo u r  sp ec ies  o f L ic h o m o lg u s  

h a v e , as in  th e  n e w  sp ec ies , th e  fo llo w in g  co m b in a tio n  o f  c h a ra c te rs : 
th e  se c o n d  a n te n n a  w ith  tw o  sh o rt c law s ( sh o r te r  th a n  th e  fo u r th  
s e g m e n t) ,  th e  th ird  se g m e n t o f  th e  ex o p o d  o f  le g  4  w ith  th e  fo rm u la  
11,1,5, th e  in n e r  d is ta l e le m e n t o n  th e  f irs t  s e g m e n t o f  th e  e n d o p o d  of 
le g  4  a  sp in e  a n d  n o t  f e a th e re d , a n d  th e  d im en sio n s  of th e  c a u d a l  ra m u s  
in  th e  ra t io  o f  a b o u t 1 : 1 .  T h e se  a re  L . c u n e ip e s  H u m e s  a n d  H o , 1 9 6 8 b , 
L . v e r se v e ld ti ,  L . lo n g isp in ife r , a n d  L . h ians. A ll fo u r  m a y  b e  re a d ily  
d is tin g u ish e d  fro m  L .  te le s to p h ilu s , h o w e v e r . T h e  f re e  s e g m e n t o f  th e  
f i f th  le g  o f  L . c u n e ip e s  h a s  a  la rg e  w e d g e -sh a p e d  ex p an s io n . I n  L .  
v e r se v e ld ti  th is  se g m e n t is re la tiv e ly  sh o r t  a n d  b ro a d . I n  L . lo n g isp in ife r  
th e  o u te r  sp in e  o n  th e  f irs t  se g m e n t o f th e  ex o p o d  of le g  1  is u n u su a lly
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lo n g . I n  L . h ia n s  th e  tw o  te rm in a l  e le m e n ts  o n  th e  m a x illip e d  o f  th e  
fe m a le  a re  w id e ly  d iv e rg e n t  a n d  th e  tw o  se ta e  o n  th e  se c o n d  se g m en t 
o f  th is  a p p e n d a g e  h a v e  a  d if fe re n t  size  a n d  o rn a m e n ta tio n .

L . te le s to p h ilu s  m ig h t  a t  f irs t  g la n c e  b e  c o n fu se d  w ith  L . b o tu lo su s  
S to ck  a n d  K lee to n , 1963 , fro m  o c to co ra ls  in  th e  M e d ite rra n e a n , b u t  th e  
tw o  sp ec ies a re  e a s ily  s e p a ra te d  b y  th e  n a tu r e  o f  th e  la sh  o n  th e  seco n d  
m ax illa  a n d  th e  o rn a m e n ta tio n  o f  th e  in n e r  d is ta l  e le m e n t o n  th e  firs t 
s e g m e n t o f th e  e n d o p o d  o f  le g  4.

Lichomolgus clavatus n e w  sp ec ies 
F ig u re s  1 2 8 -1 4 8

T y p e  m a ter ia l:  2 2 ?  9 ,  1 9 á  3 ,  a n d  1 c o p e p o d id  fro m  o n e  co lony  o f 
C oe lo g o rg ia  p a lm o sa  M iln e  E d w a rd s  a n d  H a im e , in  2  m , n e a r  v illag e  o f 
A m p a s in d a v a , n o r th e rn  e n d  o f N o sy  S ak a tia , n e a r  N o sy  B é , M a d a g a sc a r, 
c o lle c te d  8  O c to b e r  1960 . H o lo ty p e  9  a llo ty p e , a n d  35  p a ra ty p e s  
( 1 9 ?  9 ,  1 6 ^  á  ) d e p o s ite d  in  th e  U n ite d  S ta te s  N a tio n a l M u seu m , an d  
th e  re m a in in g  p a ra ty p e s  (d is s e c te d )  in  th e  co llec tio n  o f  A. G. H u m es.

O th e r  sp e c im e n s  ( a l l  f ro m  C oe lo g o rg ia  p a lm o sa ):  3 9  9 ,  2 $  $ , a n d  
2  co p e p o d id s  fro m  o n e  co lony , in  1 m , A m b a rio b e , n e a r  N osy  B é , 3 
N o v e m b e r  1 960 ; a n d  1 $  fro m  o n e  co lo n y , in  1 m , A m b ario b e , 17 
D e c e m b e r  1963.

F em a le:  B o d y  ( f ig . 1 2 8 )  w ith  b ro a d  p ro so m e  a n d  s le n d e r  u rosom e. 
L e n g th  2 .2 7  m m  (2 .1 9 -2 .3 7  m m )  a n d  g re a te s t  w id th  1 .09  m m  ( 1 .0 1 -  
1 .16  m m ) ,  b a s e d  o n  10 sp e c im en s. R a tio  o f  le n g th  to  w id th  o f  p ro so m e 
1 .08  : 1. S e g m e n t o f  le g  1 a lm o st co m p le te ly  fu se d  w ith  h e a d . E p im era l 
a reas  o f  leg s  1 - 4  as in  f ig u re ; te rg u m  o f se g m e n t o f le g  3 o v e rlap p in g  
s e g m e n t o f  le g  4.

S e g m e n t o f  leg  5  ( f ig . 1 2 9 )  110 p  X  2 6 4  p. B e tw e e n  th is  se g m en t 
a n d  g e n ita l  s e g m e n t n o  v e n tra l  in te rse g m e n ta l sc le rite . G e n ita l se g m en t 
2 4 2  p  lo n g , in  d o rsa l v iew  n o t e x p a n d e d  la te ra lly , its  g re a te s t w id th  
2 3 8  p  a n d  its  le a s t w id th  in  its  p o s te rio r  th i rd  2 0 4  p. A reas o f a t ta c h 
m e n t o f  e g g  sacs s i tu a te d  la te ra lly  in  f ro n t  o f  m id d le  o f  se g m en t. E a c h  
a re a  (f ig . 1 3 0 )  b e a r in g  tw o  n a k e d  se ta e  a b o u t 13  p  lon g . T h re e  p o s t
g e n ita l se g m en ts  112  p  x  177 p , 78  p  X 164  p, a n d  221  p  X 174  p, fro m  
a n te r io r  to  p o ste rio r .

C a u d a l ra m u s  ( f ig . 1 3 1 )  e lo n g a te d , 2 8 6  p  X 7 7  p  in  g re a te s t d im e n 
sions, o r  3 .7  tim es lo n g e r  th a n  w id e . A ll s e ta e  re la tiv e ly  sh o rt. O u te r  
la te ra l  se ta  4 2  p  a n d  n a k e d , p e d ic e lla te  d o rsa l se ta  3 9  p  a n d  lig h tly  
f e a th e re d , o u te rm o s t d is ta l s e ta  4 7  p  w ith  la te ra l  h a irs  p ro x im a lly , in n e r 
m o s t d is ta l  se ta  61 p  a n d  h a ire d , a n d  th e  tw o  m e d ia n  te rm in a l se tae  
8 5  p  ( o u te r )  a n d  127  p  ( i n n e r ) ,  b o th  n a k e d  a n d  in se rte d  b e tw e e n  an  
u n o rn a m e n te d  d o rsa l f la p  a n d  a  v e n tra l  f la p  w ith  a  m a rg in a l  ro w  of 
m in u te  sp in u le s .

D o rsa l su rfa c e  o f  p ro so m e  a n d  u ro so m e  w ith  sm a ll re fra c tile  p o in ts . 
R a tio  o f  le n g th  o f  p ro so m e  to  th a t  o f  u ro so m e  1 .1 8  : 1.
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128

129

Al 30

132

133

F ig s . 1 2 8 -1 3 3 . L ic h o m o lg u s  c la va tu s , n e w  s p e c ie s ,  f e m a le :  128 ,
b o d y ,  d o r s a l  ( J ) ;  12 9 , u r o s o m e ,  d o r s a l  ( G ) ;  130 , a r e a  o f  a t t a c h m e n t  
o f  e g g  s a c , d o r s a l  ( C ) ;  131 , c a u d a l  r a m u s ,  d o r s a l  ( D ) ;  132 , r o s t r a l  
a r e a ,  v e n t r a l  ( G ) ;  133 , f i r s t  a n t e n n a ,  d o r s a l  ( D ) .

E g g  sa c  ( se e n  o n  o n ly  o n e  fe m a le  ) e lo n g a te d , 109 0  ¡i X  3 4 0  y ,  r e a c h 
in g  to  en d s  o f  ra m a i se ta e , a n d  c o n ta in in g  m a n y  eg g s , e a c h  a b o u t  5 7  y. 
in  d ia m e te r .

R o s tra l a re a  ( f ig .  1 3 2 )  w e a k ly  d e v e lo p e d .
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139

134
138

136 140
M X P D

137 141

135

F ig s . 1 3 4 -1 4 1 . L ic h o m o lg u s  c la va tu s , n e w  sp ec ies, fem a le : 134,
se c o n d  a n te n n a , a n te r io r  ( in n e r )  ( D ) ;  135, la b ru m , w ith  p a ra g n a th s  
in d ic a te d  b y  d a s h e d  lines, v e n tra l  ( E ) ;  136, m a n d ib le , p o s te rio r  ( E ) ;

• 137 , f irs t  m ax illa , a n te r io r  ( C ) ;  138, se c o n d  m ax illa , p o s te rio r  ( E ) ;  
139 , m ax illip ed , p o s te rio r  ( E ) ;  140 , a re a  b e tw e e n  m ax illip ed s  a n d  firs t 
p a ir  o f leg s , v e n tra l  ( B ); 141, le g  1 a n d  in te rco x a l p la te , a n te r io r  ( D ) .
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142
146

145143

147

144

148

F ig s . 1 4 2 -1 4 8 . L ic h o m o lg u s  c la va tu s , n e w  sp ec ies , fe m a le : 142,
leg  2 , a n te r io r  ( D ) ;  143, th ird  s e g m e n t o f  e n d o p o d  o f le g  3, a n te r io r  
( E ) ;  144, le g  4  a n d  in te rc o x a l p la te ,  a n te r io r  ( D ) ;  145, leg  5 , d o rsa l
( E ) .  M a le : 146 , b o d y , d o rsa l ( A ) ;  147 , u ro so m e , d o rsa l ( G ) ;  148, 
m ax illip ed , in n e r  ( E  ).
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F ir s t  a n te n n a  ( f ig . 1 3 3 )  7 -se g m e n te d , 5 5 4  ß  lo n g . L e n g th s  o f  se g 
m e n ts : 5 5  ß  ( 9 7  fi a lo n g  a n te r io r  m a rg in ) ,  1 8 0  ß,  3 9  ß,  8 5  ß,  64  ß,  5 7  ß, 
a n d  3 2  ß  re sp e c tiv e ly . A ll se ta e  n a k e d . S eco n d  a n te n n a  ( f ig . 1 3 4 ) 
4 -se g m e n te d , la s t  s e g m e n t m o d e ra te ly  e lo n g a te d , 114  ft a lo n g  its  o u te r  
e d g e , 7 5  ß  a lo n g  its  in n e r  e d g e , a n d  3 3  ß  w id e , b e a r in g  d is ta lly  six 
sm a ll h y a lin e  e le m e n ts  a n d  a c law  72  ß  a lo n g  its  axis. A ll se tae  n ak ed .

L a b ru m  ( f ig . 1 3 5 )  r a th e r  d e e p ly  in d e n te d . M a n d ib le  ( f ig . 1 3 6 ) w ith  
b a s a l re g io n  d is ta l to  c o n s tric tio n  sh o w in g  o n  its  co nvex  m a rg in  a  sca le 
lik e  sc le ro tiz a tio n  w ith  a  ro w  of lo n g  b lu n t  sp in u le s , a n d  o n  its co n cav e  » 
m a rg in  a  ro w  o f  sp in u le s  in te r ru p te d  b y  a  sc le ro tiza tio n . N e a r  b a se  o f 
f la g e llu m  a  d e n ta te  f r in g e  (n o t  r a th e r  d e lic a te ly  se rra te d  as in  m an y  
o th e r  sp e c ie s ) . F la g e llu m  e lo n g a te d  a n d  f in e ly  b a rb e d . P a ra g n a th  
( f ig . 1 3 5 )  a  sm a ll h a iry  lo b e . F ir s t  m ax illa  ( f ig . 1 3 7 )  w ith  th r e e  lo n g  
te rm in a l se ta e  a n d  a  sm a ll su b te rm in a l e le m e n t, th e  in n e rm o s t te rm in a l 
s e ta  f in e ly  b a rb e d  a lo n g  o n e  e d g e . S eco n d  m ax illa  ( f ig . 1 3 8 )  w ith  firs t 
s e g m e n t u n a rm e d . S eco n d  s e g m e n t w ith  a  m in u te  se tu le  o n  its  p ro x im a l 
o u te r  ( v e n t r a l )  su rfa c e , a  su rf ic ia l n a k e d  se ta , a n  u n u su a lly  lo n g  in n e r  
(d o rs a l)  se ta  b e a r in g  a  ro w  o f e re c t  sp in u le s , a n d  th e  se g m e n t te r 
m in a tin g  in  a  re la tiv e ly  sh o r t la sh  b e a r in g  tw o  la rg e  sp in es n e a r  its 
b a se  a n d  tw o  sp ik e lik e  sp in u le s  a lo n g  its  m id re g io n . M a x illip ed  ( f ig . 
1 3 9 )  w ith  tw o  u n e q u a l  n a k e d  se ta e  on  se c o n d  se g m en t; o n e  o f  th e  
te rm in a l  e le m e n ts  lo n g  a n d  claw like .

A re a  b e tw e e n  m ax illip ed s  a n d  f irs t  p a ir  o f  legs as in  f ig u re  140.
L e g s  1--4 (f ig s . 1 4 1 -1 4 4 )  se g m e n te d  a n d  a rm e d  as in  L . versev e ld ti, 

L . lo n g isp in ife r , L . h ians, a n d  L . te le s to p h ilu s , e x c e p t th a t  fo rm u la  fo r 
e n d o p o d  o f  le g  4  is 0 - 1 ;  I I .  C oxa of leg  1 w ith  an  o u te r  p ro tu b e ra n c e . 
In n e r  s e ta  o n  coxa o f  le g  4  lo n g  ( 1 1 2  ß )  a n d  fe a th e re d , in s te a d  of 
m u c h  r e d u c e d  as in  m a n y  o th e r  species. I n n e r  m a rg in  o f  basis o f  all 
fo u r  leg s  w ith  a  ro w  o f h a irs . O u te r  sp in es o n  ex o p o d  o f leg  1 w ith  
u n u su a lly  s tro n g  la te ra l  sp in u les . E n d o p o d  o f  le g  4  ( f ig . 1 4 4 ) a  little  
sh o r te r  th a n  exopod . F ir s t  se g m e n t 5 2  ß  X  5 5  ß  ( in c lu d in g  sp inous 
p ro c e s s e s ) , w i th  its  d is ta l in n e r  se ta  lo n g  (1 5 5  ß )  a n d  fe a th e re d . 
S eco n d  s e g m e n t 122 ß  X 45  ß  ( in c lu d in g  p ro cesses ) , its  t ip  o b liq u e ly  
t ru n c a te d ;  its  tw o  te rm in a l  f r in g e d  sp in e s 6 0  ß  ( o u te r )  a n d  7 0  ß  ( in n e r )  
in  o n e  fem a le , 6 6  ß  a n d  6 8  ß  in  a n o th e r . B o th  se g m en ts  w ith  o u te r  
m a rg in s  h a ire d  a n d  se c o n d  se g m e n t w ith  a  te rm in a l ro w  o f sp inu les.

L e g  5  ( f ig . 1 4 5 )  w ith  a n  e lo n g a te d  u n o m a m e n te d  f re e  se g m e n t w ith 
o u t a  p ro x im a l in n e r  ex p an s io n , 170  ß  X  3 2  ß  in  g re a te s t  d im ensions 
( ra t io  5 .3  : 1 ) , its  tw o  te rm in a l  se ta e  4 0  ß  ( o u te r  ) a n d  55  ß  ( in n e r  ). 
S e ta  o n  b o d y  n e a r  f re e  s e g m e n t 4 0  ß. AU th r e e  se ta e  n ak ed .

L e g  6  p ro b a b ly  re p re s e n te d  b y  th e  tw o  se ta e  n e a r  a re a s  o f  a t ta c h m e n t 
o f e a c h  e g g  sac  ( s e e  fig . 1 3 0 ) .

C o lo r in  life  in  t r a n sm itte d  lig h t s lig h tly  o p a q u e  to  t ra n sp a re n t , ey e  
re d , e g g  sacs o p a q u e .

M a le : B o d y  ( f ig . 1 4 6 )  w ith  p ro so m e  less e x p a n d e d  th a n  in  fem ale . 
L e n g th  1 .7 4  m m  (1 .6 0 -1 .8 0  m m ) a n d  g re a te s t w id th  0 .6 4  m m  ( 0 .5 8 -
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0 .7 0  m m ) ,  b a s e d  o n  10  sp e c im en s. R a tio  o f  le n g th  to  w id th  o f  p ro so m e  
1 .2 8  : 1 .

S e g m e n t o f  le g  5  ( f ig . 1 4 7 )  6 0  ^  X  2 1 1  p. N o  v e n tra l  in te rse g m e n ta l 
sc le rite . G e n ita l s e g m e n t s u b q u a d ra te , 2 4 4  p. X 2 5 2  p .  F o u r  p o s t
g e n ita l  se g m en ts  8 6  p. X 133  p, 83  p  X  125 p , 5 5  p  X 114  p, a n d  169  p  X 
138  p , fro m  a n te r io r  to  p o ste rio r .

C a u d a l  ra m u s  sim ila r  to  t h a t  o f  fe m a le , 2 3 9  p  X  6 0  p.
D o rsa l su rfa c e  o f  p ro so m e  a n d  u ro so m e  w ith  sm a ll r e fra c tile  p o in ts  

as in  fe m a le . R a tio  o f  le n g th  o f  p ro so m e  to  th a t  o f  u ro so m e  1 : 1.
R o s tra l a re a  as in  fem a le . F ir s t  a n te n n a  lik e  th a t  o f  fem a le , b u t  th re e  

lo n g  a s e th e te s  a d d e d  ( f ig . 1 4 6 )  as in  six p re v io u s  sp ec ies , p ro x im a lm o s t 
a e s th e te  as lo n g  as e n tir e  f irs t  a n te n n a . S eco n d  a n te n n a , la b ru m , 
m a n d ib le , p a ra g n a th , f irs t  m ax illa , a n d  se c o n d  m ax illa  as in  fem a le . 
M a x illip e d  ( f ig . 1 4 8 )  s le n d e r. C la w  140  p  a lo n g  its  axis.

A re a  b e tw e e n  m a x illip e d s  a n d  f irs t  p a ir  o f leg s as in  fem a le .
L e g s  1—4 se g m e n te d  a n d  a rm e d  as in  fe m a le . L e g  1 n o t sh o w in g

sex u a l d im o rp h ism .
L e g  5  ( f ig . 1 4 7 )  w ith  f re e  se g m e n t 62  p  X 14 p, w i th o u t o rn a m e n ta 

tio n , its  tw o  te rm in a l se ta e  3 8  p  a n d  4 3  p. S e ta  o n  b o d y  n e a r  f re e  
s e g m e n t 3 6  p. A ll th r e e  se ta e  n a k e d .

L e g  6  ( f ig . 1 4 7 )  a  p o s te ro la te ra l  f la p  o n  v e n tra l  su rfa c e  o f  g e n ita l
se g m e n t b e a r in g  tw o  n a k e d  se ta e  39  p  a n d  4 7  p.

S p e rm a to p h o re  n o t o b se rv ed .
C o lo r in  life  as in  fem ale .
E ty m o lo g y .  T h e  sp e c ific  n a m e  c la va tu s , a  L a tin  w o rd  m e a n in g  

fu rn is h e d  w ith  n a ils  o r  sp ikes, a llu d e s  to  th e  sp ik e lik e  e le m e n ts  o n  th e  
sh o r t la sh  o f  th e  se co n d  m ax illa .

C o m p a r iso n  w i th  re la te d  sp ec ies: L . c la v a tu s  m a y  b e  d is tin g u ish e d  
fro m  a ll o th e r  sp ec ies in  th e  g en u s  b y  th e  c o m b in a tio n  o f  th e  fo llo w in g  
fe a tu re s : th e  b ro a d  p ro so m e  a n d  s le n d e r  u ro so m e , th e  m o d e ra te ly
e lo n g a te d  c a u d a l ra m u s  (3 .7  : 1 in  th e  fe m a le )  w ith  re la tiv e ly  sh o r t 
se tae , th e  se c o n d  a n te n n a  w ith  a  s in g le  c la w , th e  fo rm u la  o f 11,1,5 on  
th e  la s t s e g m e n t o f  th e  ex o p o d  o f  le g  4 , a  lo n g  fe a th e re d  in n e r  se ta  o n  
th e  coxa a n d  o n  th e  f irs t  s e g m e n t o f  th e  e n d o p o d  o f  le g  4 , th e  e lo n g a te d  
f re e  se g m e n t o f  le g  5  (5 .3  : 1 in  th e  f e m a le ) ,  a n d  th e  a b se n c e  o f  sexual 
d im o rp h ism  in  legs 1 -4 .

T h e  n e w  sp ec ies  is la rg e r  th a n  m o st L ic h o m o lg u s .  T h e  fem a les  o f 
o n ly  th r e e  o th e r  sp e c ie s  re a c h  o r ex c e e d  a  b o d y  le n g th  o f  2  m m : L . 
g ig a s  T h o m p so n  a n d  A. S co tt, 1 9 0 3  ( 2  m m ) ,  L . m a g n ific u s  H u m e s , 
1 9 6 4  (3 .0 6  m m ) , a n d  L . p te r o p h ilu s  S tock , 1 9 6 2  ( 2 .0 6  m m ) .

T h re e  fe a tu re s  o f  L . c la v a tu s  a p p e a r  to  b e  u n iq u e  a m o n g  th e  sp ec ies  
in  th e  g e n u s , as f a r  as th e y  a re  k n o w n . T h e se  a re : th e  lo n g  b lu n t  
sp in u le s  o n  th e  co nvex  s id e  o f  th e  m a n d ib le , th e  sh o r t la sh  w ith  s tro n g  
sp ik e lik e  sp in e s  o n  th e  se c o n d  m ax illa , a n d  th e  lo n g  f e a th e re d  in n e r  
se ta  o n  th e  coxa o f  le g  4.
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R e m a r k s  o n  L i c h o m o l g u s  A s s o c i a t e d  W i t h  O c t o c o r a l s

A lm ost one-th ird  o f  th e  k n ow n  species o f Lichom olgus (3 4  out of 
1 0 5 )  are associated  w ith  octocorals,— 25 w ith  A lcyonacea, 4  w ith  
P ennatu lacea, 2  w ith  S tolonifera, 2  w ith  T elestacea , and 1 w ith  
G orgonacea. I t  seem s very p robab le that the sm all num ber of species  
reported from  G orgonacea reflects n ot th e  lack of preference o f th e  
cop ep od s for these  hosts b u t rather the very few  observations as yet m ade  
on lich om olg id s associated  w ith  them .

A m ong th e  sp ec ies o f  Lichom olgus from  octocorals there are several 
external anatom ical features w h ich  are w orthy o f note . O nly in  this 
series o f sp ec ies d oes th e  en d op od  of leg  4  have the  form ula 0 -1 ;  1,1 
(a s  in  L. protentus  H u m es and Frost, 1964, L. incisus H um es and H o, 
1968c, and L. insolens H um es and H o, 1 9 6 8 c ) . N in e  o f th e  species  
(L.  cuneipes H um es and H o, 1968b , L. exilipes H um es and H o, 1968b, 
L. fissisetiger H um es and H o, 1968b , L. gentilis H um es and Ho, 1968b, 
L. hians, L. longispinifer, L . telestophilus, L. varirostratus H um es and  
H o, 1968b , and L. verseve ld ti)  have this form ula as 0—I; II , a condition  
n ot foun d  in  other Lichom olgus, excep t perhaps in L. anomalus A. Scott, 
1909. ( I f  Scott’s fig . 15, p i. L X V II, is correct, th e  inner e lem en t on  
the first segm en t o f the en d op od  of leg  4  is a sp ine. Such  an armature 
su ggests to us tha t L. anomalus, obtained  from  w ashin gs o f  d redged  
invertebrates from  a d ep th  of 15 9 5  m , w as actu ally  associated  w ith  an  
octocoral. ) In  all 34  sp ec ies the  second antenna is 4 -segm en ted . In five  
species ( L. aculeatus, L. exilipes, L. fissisetiger, L. gentilis, and L. 
varirostratus, all describ ed  b y  H um es and H o, 1 9 6 8 b ) , the tw o claw s  
on th e  secon d  antenna are very long ( as long as or longer than the 
last segm en t ). In tw o sp ec ies ( L. cristatus H um es and H o, 1968c, and  
L. dentipes  T h om p son  and A. Scott, 1903 ) the flagellu m  of the m andib le  
is extrem ely short and red u ced  to a sm all p o in ted  process. In  three  
sp ec ies (L . conjunctus H um es and H o, 1967c, L. decorus H um es and  
Frost, 1964, and L . organicus H um es and H o, 1967c, th e  convex m argin  
of th e  m and ib le  has a prom inent tooth like process, rep lacing the sca le
like sp inulose area seen  in other sp ecies.

T w o  features o f  these  sp ec ies, the num ber o f  claw s on the second  
antenna and  the form ula for the last segm en t o f  the exopod o f  le g  4, 
vary w ith ou t correlation. H en ce th ey  are usefu l in  an  artificial key, but 
probably  do not in d icate  natural groups. E lev en  species have one  
c la w  w ith  th e  form ula 11,1,5 in  four o f  them  and 111,1,5 in  seven . 
T w enty-th ree sp ec ies have tw o  claw s w ith  11,1,5 in  n in eteen  and 111,1,5 
in  four.

In  three sp ec ies am ong those from  octocorals, L. trispinosus Stock, 
1959, L. cristatus H um es and  H o, 1968c, and L. singularipes H um es 
and H o, 1 9 68c, m ales are unknow n. In the rem ain ing 31 species sexual 
dim orphism  in  the  form ula for the endopod  o f  leg  1 (1 ,5  in  the  fem ale, 
1,1,4 in  the  m a le )  occurs in all but four (L . p teroidis  D ella  V alle, 1880,
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L. pterophilus Stock, 1962, L. serratipes U m m erkutty, 1962 , and L. 
clavatus).

C haracters esp ec ia lly  u sefu l in  d istin gu ish ing  th e  sp ec ies o f  Lichom ol
gus associated  w ith  octocorals are: the  num ber o f claw s on  th e  second  
an tenn a and their len gth  in  relation  to the last segm en t, th e  len g th  of 
th e  flagellu m  and the nature o f th e  con vex  m argin  o f  the  m and ib le  
(w h eth er  a tooth like process or a sp in u lose sca lelik e c r e s t), sexual 
dim orphism  in  the  form ula for the  last segm en t o f the  en d op od  o f le g  1, 
the  form ula for the last segm en t o f  the  exop od  and for th e  en d op od  of  
le g  4 , th e  len g th  to w id th  ratio and  th e  shape o f the  free seg m en t o f leg  
5  in  th e  fem a le  ( presen ce  or ab sen ce o f a proxim al inner expansion  ) , and  
th e  len g th  to  w id th  ratio and th e  nature o f  the arm ature of the  caudal 
ram us.

K e y s  t o  t h e  5 2  S p e c i e s  o f  L i c h o m o l g u s  K n o w n  F r o m  t h e  R e g i o n  o f  

N o s y  B é, M a d a g a s c a r

T h e fo llo w in g  keys in clu d e those sp ec ies n ot on ly  from  octocorals but  
from  all other invertebrate hosts as w ell. T h e  num ber o f  sp ec ies now  
k n ow n  from  M adagascar com prises about h a lf o f  th e  k now n species  
in  th e  genus.

T h ese  artificial k eys are in ten d ed  on ly  as aids in  id en tifica tion . In  
m a n y  instances it has b een  n ecessary  to re ly  upon q u a lita tive  rather 
than q u an tita tive characters for d istinctions. F in a l determ in ation  o f  a 
sp ec ies shou ld  b e  m ade b y  referen ce to  th e  original descrip tion  and  
figures, or to actual sp ecim en s, if  availab le.

T h e  cop ep od  referred to b y  H u m es and C ressey ( 1961  ) as L ichom ol
gus oreastriphilus (K ossm ann , 1 8 7 7 ) , from  asteroids a t N osy  B é, is in  
reality  a Stellicola  and therefore not in clu d ed  in  th e  keys.

T h e  h ost for L . protentus  w as c ited  in  the  original descrip tion  by  
H u m es and  Frost ( 1 9 6 4 )  as Sarcophyton  sp., bu t has sin ce  b een  
described  as S. globosum  n. sp. b y  T ixier-D urivau lt ( 1 9 6 6 ) .

D escrip tion s o f  severa l n ew  sp ec ies o f  octocorals listed  as hosts m ay  
b e foun d  in  th e  w ork o f  V erseveld t ( 1 9 6 8 ) .

F e m a l e s

1. L ast segm en t o f  exopod  o f  leg  4  w ith  form ula 11,1,5 __________  2
L ast segm en t o f  exop od  o f  le g  4  w ith  form ula 111,1,5 __________ 41

2. S econ d  an tenn a w ith  1 c la w  ______________________________________  3
S econ d  an tenn a  w ith  2  c la w s ___________________________________  20

3. A  large som etim es tooth like process on con vex  m argin  of
m an d ib le  _____  4
C onvex m argin  of m and ib le  w ith o u t such  a process or at m ost 
w ith  2 - 4  sm all d ig itiform  processes ______________________________  6

4 .______________________________ A  setiferous sphere on  secon d  seg m en t o f  secon d  m axilla  (from  
corals, Pavona angulata, P. danai, P. cactus, and P. Avenusta) .... 
____________________________  L. actinophorus H um es and  F rost, 1964
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W ithout such a sphere
5. Free segment of leg 5  small, 34 /x X  13 m  without proximal inner

expansion (from coral, Alveopora sp.) __.......................................
___________________________  L. campulus Humes and Ho, 1968a
Free segment of leg 5 larger, 90 ß  X  2 2  ß,  with a rounded
proximal inner expansion (from coral, Psammocora contigua) _
____________________ __ ____ L. rhadinus Humes and Ho, 1967a

6. Convex margin of mandible with 2 - A  small digitiform processes _ 7 
Convex margin of mandible without such processes __________  10

7. A  prominent posteroventral lobe on first postgenital segment 
(from corals, Acropora scherzeriana, A. cytherea, and Acropora
sp.) ____________ L. lobophorus Humes and Ho, 1968a
Without such a lobe _________________________    8

8. Segments 3 and 4 of second antenna fused; free segment of leg
5 strongly arched (from coral, Acropora palifera) ____________
  L. arcuatipes Humes and Ho, 1968a
Segm ents 3  and  4  o f  secon d  antenna n ot fused; free  segm en t o f
le g  5  n ot arched  ____     9

9. F ree  segm en t o f  le g  5  sm all, 3 6  ß  X  17 ß ,  ratio ab ou t 2  : 1 ( from
corals, Goniopora sp. and Porites sp .)  ______________ _____ _____
_________________________  L. digitatus H um es and  H o, 1968a
F ree segm en t o f  le g  5  e lon gated , 2 0 3  ß  X  3 0  ß ,  ratio about 6 .8  : 1 
(from  corals, Porites sp. cf. P. andrewsi, P. sp. cf. P. nigrescens,
and Porites (s .g . Synaraea) sp .)  ........ ....................................................
  L . prolixipes H um es and H o, 1968a

10. Form ula for en d o p o d  o f  leg  4  =  0 -1 ;  1,1  _______  11
Form ula for en d op od  o f le g  4 =  0 -1 ;  II _________________________  12

11. Seta  on  first segm en t o f en d op od  o f  le g  4  naked; third segm en t  
o f m axilliped  w ith  sw o llen  m em branous outer ed g e  (from
octocoral, Sarcophyton ehrenbergi) __________________ ____
_____________________________  L . incisus H um es and H o, 1968c
Seta on  first segm en t o f  en d op od  o f  le g  4  feathered; third  seg 
m en t o f m axillip ed  w ith ou t sw o llen  m em branous outer ed ge
(from  octocoral, Lobophytum crassum) ___________________
________ __________________  L . insolens H um es and  H o, 1968c

12. L ength  ex cee d in g  2  m m  (2 .1 9 -2 .3 7  m m );  inner coxal seta lon g
and feath ered  (from  octocoral, Coelogorgia palmosa) ________
 _______________________  L. clavatus H um es and  H o, above
L ength  d istin ctly  less than  2  m m ; inner coxal seta  m uch  reduced  
and either naked  or at m ost w ith  m inute barbules ____________  13

13. F ree  segm en t o f  le g  5  m inute, less than 2 5  ß  lon g , and not
reach in g  anterior border o f  gen ita l segm en t _________________  14
F ree  segm en t o f  le g  5  large, at least 8 0  ß  in  len gth , reaching  
b eyon d  anterior border o f  gen ita l segm en t ____________________  15

14. Rostral area broad ly  rounded and  sligh tly  triangular; term inal

508



739

se ta e  o n  c a u d a l ra m u s  h a ir e d  ( f ro m  p e le c y p o d s , A sa p h is  rugosa
a n d  S ta n d e lla  so la n d e r i)  ____________  L .  a sa p h id is  H u m e s , 1959
R o stra l a re a  fo rm in g  a  lo n g  tr ia n g u la r  b e a k ; te rm in a l  se ta e  on
c a u d a l ra m u s  n a k e d  ( f ro m  p e le c y p o d , C h a m a  io s to m a ) _____
  L . c h a m a r u m  H u m e s , 196 8

15. S eco n d  a n te n n a  3 -se g m e n te d  ( th ir d  a n d  fo u r th  se g m en ts
fu s e d )  _____________________________________________________________  16
S eco n d  a n te n n a  4 - s e g m e n te d ______________________________________  18

16. P ro so m e  b ro a d , a b o u t  as lo n g  as w id e , w i th  u ro so m e  f lex ed  
b e n e a th  it; o u te r  sp in e s  o n  ex opods o f  leg s 2—4 w ith  sm o o th  
la m e lla e  ( f ro m  co ra ls, S ty lo p h o ra  p istilla ta , S . m o rd a x , a n d
A cro p o ra  s p .)  _________________  L . crassus  H u m e s  a n d  H o , 196 8 a
P ro so m e  n o t u n u su a lly  b ro a d , ra tio  a b o u t 1 .3  : 1; u ro so m e  h e ld  
p o ste rio rly ; o u te r  sp in e s  o n  ex o p o d s o f leg s 2—4 w ith  f in e ly  
sp in u lo se  la m e lla e  _________________________________________________ 17

17. C a u d a l ra m u s  w ith  r a t io  9 .1  : 1 ( fro m  co ra ls, S ty lo p h o ra
p istilla ta , S. m o rd a x , a n d  A cro p o ra  s p .)  _______________________
____________________________________L . g e m in u s  H u m e s  a n d  H o , 1 9 68a
C a u d a l  ra m u s  w ith  ra tio  5  : 1 (from  co ra ls, Seria to p o ra  su b ser ia ta ,
S. o c to p te ra ,  a n d  Seria to p o ra  s p .)  ________________________ ____
____________________________  L . co m p o s itu s  H u m e s  a n d  F ro s t, 1964

18. C a u d a l  ra m u s  as lo n g  as w id e  ( f ro m  o c to co ra l, S a rc o p h y to n
g la u c u m )  _______________  L . sp a th o p h o ru s  H u m e s  a n d  H o , 1968c
C a u d a l ra m u s  lo n g e r  th a n  w id e  _________________________________  19

19. F re e  s e g m e n t o f  le g  5  w ith  a  p ro x im a l in n e r  ex p a n s io n  ( f ro m
sea  an em o n e , R h o d a c tis  rh o d o s to m a )  _________________________
______________________________  L . s im u la n s  H u m e s  a n d  H o , 1 9 6 7 b
F re e  se g m e n t o f  le g  5  w ith o u t  a  p ro x im a l in n e r  ex p a n s io n  ( f ro m
se a  a n e m o n e , R h o d a c tis  rh o d o s to m a )  ____________________________
_________________________________  L . p o litu s  H u m e s  a n d  H o , 1 9 6 7 b

2 0 . C o n v ex  m a rg in  o f  m a n d ib le  w ith  a  s tro n g  to o th lik e  p ro c e ss  —. 21 
C o n v ex  m a rg in  o f  m a n d ib le  w ith o u t su c h  a  p ro cess  __________  22

2 1 . C a u d a l ra m u s  3 6  ix X 2 4  u  (1 .5  ; 1 ) ;  g e n ita l s e g m e n t b ro a d e s t
n e a r  m id d le  ( f ro m  o c to co ra l, T u b ip o ra  m u s ic a )  ____________
------------------------------------------   L . o rgan icu s  H u m e s  a n d  H o , 1967c
C a u d a l ra m u s  2 8  ¡i X 2 3  n  (1 .2 2  : 1 ) ;  g e n ita l s e g m e n t b ro a d e s t
m o re  p o s te rio r ly  ( f ro m  o c to co ra l, T u b ip o ra  m u s ic a )  __________
  L . c o n ju n c tu s  H u m e s  a n d  H o , 1 9 67c

22 . R a tio  o f  c a u d a l  ra m u s  d is tin c tly  m o re  th a n  1 .5 ; 1 __________ 23
R a tio  o f  c a u d a l  ra m u s  d is tin c tly  less th a n  1.5 : 1, o f te n  1 : 1 o r 
e v e n  w id e r  th a n  lo n g  ___________________________________________  2 6

23. L o n g e r  c la w  o n  se c o n d  a n te n n a  lo n g e r  th a n  g re a te s t  le n g th  o f 
fo u r th  se g m e n t ( fro m  o c to co ra ls , N e p h th y a  aberrans, N . sp h a e ro 
p h o ra , N . tix iera e , N . crassa, a n d  L ito p h y to n  a rb o re u m )  _____
 ----   - ........ — L. a c u le a tu s  H u m e s  a n d  H o , 1 968b .
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L on ger c law  on  secon d  antenna shorter than  greatest len gth  of  
fourth segm en t ___________________________________________________  24

24 . C audal ram us 3 .3  : 1 (fro m  octocorals, L em n alia  sp ., L . flava ,
L . e legan s, L . am ab ilis, L . africana, and  P aralem nalia  th yrso id es)
__________________________________ L. sp in u lifer  H um es and  Frost, 1964
C audal ram us about 1 .7 -1 .8  : 1 _________________________________  25

25 . F ree  segm en t o f le g  5  8 3  p  X  35  p., w ith o u t a proxim al inner  
expansion  (fro m  sea  anem ones, S to ich actis g ig a n teu m  and
R adian th u s r i t te r i)  _______________________ L . cu sp is  H um es, 1964
F ree  segm en t o f  le g  5  7 5  p  X 19 p, w ith  a proxim al inner expan
sion w h ere w id th  is 31 p  ( from  zoantharians, P a ly th o a  tu b er
cu losa  and P. lisc ia )    L . in aequ alis  H um es and H o, 1966

26. L onger c law  on  secon d  antenna about as lon g  as or longer than
greatest len g th  o f  secon d  segm en t ______________________________  27
L onger c law  on  secon d  antenna shorter than  greatest len gth  of  
second  segm en t _____    30

27. T w o  lon g  term inal setae on  caudal ram us naked; a prom inent 
unguiform  process ( tw ic e  th e  len g th  o f  the  se ta e )  on  area 
o f a ttachm ent o f  e g g  sac ( from  octocorals, D e n d ro n e p h th ya
m u cron ata , D . regia , D . s to c k i, and D . ko llik eri)  ____________
____________________________ L. varirostra tu s  H um es and  H o, 1968b
T w o  lon g  term inal se tae  on  caudal ram us haired; w ith o u t such  a 
prom inent unguiform  process on area o f  attachm ent o f  eg g  sac „ 28

28. F ree  segm en t o f  leg  5  w ith  a w eak  proxim al inner expansion; 
longer c law  on secon d  antenna d istin ctly  longer than  greatest 
len gth  of fourth seg m en t ( 1 4 3  p  to  130 p )  (from  octocorals, 
D en d ro n e p h y th y a  m ucronata , D . ko llikeri, D . s tock i, S tereon e
p h th y a  acaulis, and S. p a p y ra c e a )  ____________________________
---------------------------------------------------  L . g en tilis  H um es and H o, 1968b
F ree segm en t o f  le g  5  w ith  a w e ll d evelop ed  proxim al inner  
expansion; longer c la w  on  secon d  antenna about as lon g  as 
greatest length  o f fourth segm en t ______________________________  29

29 . F ree  segm en t o f le g  5  148 p  long; lateral contour o f  gen ita l 
segm en t in dorsal v ie w  rounded  (from  octocorals, S tereo n ep h th ya
acaulis, S. p a p yra cea , and L em n a lia  e leg a n s)  _________________
------------------------------------------- L . fiss ise tig er  H um es and  H o, 1968b
F ree segm en t o f le g  5  172 p. long; lateral contour o f  genital 
segm en t in  dorsal v ie w  angular rather than rounded (from  
octocorals, D e n d ro n e p h th y a  m u cron ata , D . regia , D . s tock i, and
D . k o llik eri)  _____________________ L . ex ilip es  H um es and H o, 1968b

30. F orm ula for en d op od  o f  le g  4  =  0—I; II __________________________  31
Form ula for en d op od  o f le g  4  =  0 -1 ;  II __________________________  35

31. F ree  segm en t o f  le g  4  117  p  X 2 6  p , w ithou t a proxim al inner
expansion (from  octocoral, S iph onogorg ia  p e n d u la )  __________
____________________________________ L . h ians  H um es and H o, above
F ree  segm en t o f  le g  5  w ith  a d istin ct proxim al inner expansion  .. 32
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32. F ree  segm en t o f  le g  5  w ith  a broad rounded expansion _______  33
F ree  segm en t o f  le g  5  w ith  a p o in ted  expansion , d irected  d ista lly  .. 34

33. G en ita l segm en t broad est near m idd le; free segm en t o f  le g  5
rather slend er (from  octocoral, T e le s to  a rb o rea )  ______________
  L . te le s to p h ilu s  H um es and  H o, above
G en ita l segm en t b roadest anterior to m idd le; free segm en t o f  
le g  5  m oderate ly  broad  ( from  octocoral, H etero x en ia  e lisa b e th a e ) 
_________________________________ L . v e r se v e ld ti  H u m es and H o, above

34 . Setae on caudal ram us naked; gen ita l segm en t broad est near  
m iddle; sp ine on  first segm en t o f  exopod  o f  le g  1 o f usual len gth
(from  octocoral, S te re o n e p h th y a  aca u lis)  ____________________
  L . cu n eip es  H um es and  H o, 1968b
Setae  on  caudal ram us m ostly  haired; gen ita l segm en t broad est  
posterior to m idd le; sp ine on  first segm en t o f exopod o f le g  1
u nusually  lon g  (from  octocoral, S iph onogorg ia  p e n d u la )_______
  L . lon g isp in ife r  H um es and  H o, above

35 . F ree  segm en t o f  leg  5  sm all, less than  5 0  m lon g  _______________  36
F ree  segm en t o f  le g  5  large , m ore than  80  p  lo n g  ____________  37

3 6 . Proxim alm ost outer sp in e  on  third  segm en t o f exopod  o f  leg s  
1 - 3  shorter than  others; se ta  on  first segm en t o f  en d o p o d  o f  leg  
4  very lig h tly  feathered; free seg m en t o f le g  5  2 7  y  X 12 a
(from  octocorals, C la d ie lla  p a c h y c la d o s  and  C. k re m p fi)  _____
_________________________________  L . h e ta ericu s  H um es and  H o, 1 9 68c
Proxim alm ost outer sp in e  on  third segm en t o f  exopod  o f legs  
1 - 3  n ot shorter than others; seta  on  first seg m en t o f en d op od
o f  le g  4  con sp icu ou sly  feath ered ; free  seg m en t o f  le g  5  4 9  p. X
2 0  p  (fro m  nudibranch , P h y llid ia  tr ilin e a ta )  __________ _________
  L . ven u stu s  H u m es, 1959

37. C audal ram us a litt le  lon ger than  w id e , ratio 1 .3 :  1 (from
nudibranch , T reve lya n a  ru b ro m a cu la ta )  _______________________
  L . sensilis  H u m es, 1964
C audal ram us about as lon g  as w id e  or a little  w id er  than  lo n g  38

38 . F ree  segm en t o f le g  5  w ith o u t a basal expansion  ________________  39
F ree  segm en t o f  leg  5  w ith  a proxim al inner expansion  ________  40

39 . F ree  segm en t o f le g  5  broad, 81 p  X 34  p, w ith  re la tively  large
sca le lik e  sp ines on outer su rface (from  octocoral, P a rery th ro p o d iu m
ru b ig in o su m )    L . s in gu laripes  H u m es an d  H o , 1968c
F ree  segm en t o f  leg  5  slender, 9 8  p  X  2 2  p , w ith  sm all sp ines on
outer surface (from  nudibranch , P h y llid ia  tr ilin e a ta )  __________
----------------------------------------------------------------------  L . p a tu lu s  H u m es, 1959

4 0 . E xpansion  slight; outer surface o f  free segm en t o f  le g  5  w ith  
sm all sp inu les (from  nudibranchs, H exabranchu s o rb icu laris  and
D o rid o p s is  ru b e r )  ________________________L . co m m o d u s  H u m es, 196 4
E xpansion  large and rounded; outer su rface o f  free  seg m en t
of le g  5  sm ooth  (from  nudibranch , D o ris  m a b illa )  ____________
 ------ --------------------------- ------ -------------  L . secu rig er  H u m es, 1964
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41. S econ d  antenna w ith  1 c la w ____________________________________  4 2
Second  antenna w ith  2  claw s____________________________________  48

4 2 . Form ula o f  en d op od  o f le g  4  =  0 -1 ;  1,1 (from  octocoral,
S a rcoph yton  g lo b o su m )   L. p ro te n tu s  H um es and  Frost, 1964
F orm ula o f  en d op od  of leg  4  =  0 -1 ;  II -----------------------------------  43

43. C audal ram us d istin ctly  longer than  w id e  ( at least 3 .5  : 1 ) _ 44
C audal ram us about as lo n g  as w id e  ____________________________  45

4 4 . S etae on  first an tenna haired; m and ib le  w ith  an extrem ely short
flagellum ; lash  o f  secon d  m axilla  w ith  a crest o f  lo n g  spinules
(from  octocoral, Sinularia  le p to c la d o s)  _________________________
--------------------------------------------------  L . cris ta tu s  H um es an d  H o, 1968c
S etae on first antenna sm ooth; m and ib le w ith  m oderate ly  lon g  
flagellum ; w ith o u t crest o f lon g  sp inu les on lash o f  second
m axilla  (from  octocoral, X en ia  u m b e lla ta )  ________ ________
_________________________________  L . g la b rip es  H um es and H o, above

45. F ree  segm en t o f  le g  5  w ith  an inner expansion _____  4 6
F ree  segm en t o f  le g  5  lack ing  an inner expansion  ............   47

4 6 . Inner expansion  in  the form  of a large tooth  (from  octocoral,
Sinularia h u m esi)   L. d e n tip e s  T h om p son  and A. Scott, 1903
Inner expansion  large, not w e ll d elim ited , and g iv in g  a triangular  
appearance to th e  segm en t (from  octocoral, A n th e lia  grac ilis)  
_________________________________  L . tr iq u e tru s  H um es and H o, above

47. F ree  segm en t o f  le g  5  195 /i X  2 6  p , w ith  spines on outer surface  
arranged in  tw o  row s proxim ally and  in  one row  d ista lly  (from  
octocorals, Sinularia p o ly d a c ty la ,  S. p ed u n cu la ta , and S. w h ite 
le g g e i)    L . ade lp h u s  H um es an d  H o, 1968c
F ree  segm en t o f le g  5  82  p  X  34  p , w ith  sp ines on  outer surface 
not arranged in  row s ( from  octocorals, Sinularia p o ly d a c ty la  and
S. w h ite le g g e i)   I,, sq u a m ig er  H um es and Frost, 1964

48. B od y len gth  3 m m ; caudal ram us 7 .8  : 1 (from  sea  anem one,
S to ich actis g ig a n te u m )  _______________  L . m a g n ificu s  H um es, 1964
B od y len gth  less than  1 .5  mm; caudal ram us 2  : 1 or less, in  som e  
ev en  w id er  than lon g  ___________________________________________  49

49 . Seta on  first segm en t o f  en d op od  o f leg  4  naked; m an d ib le  w ith
a sp iniform  or tooth lik e  process on  convex m argin  __________ 50
Seta  on first segm en t o f en d op od  o f  le g  4  feathered; m andib le  
w ith ou t a sp iniform  or tooth like process _________________________  51

50. F ree  segm en t o f  le g  5  short, 33  /i x  15 f t  w ith  an inner expan
sion bu t u n om a m en ted  (from  octocoral, C la d ie lla  lac in iosa)
______________________ __________  L . deco ru s  H um es and Frost, 1964
F ree segm en t o f  le g  5  e lon gated , 101 ^ X  15  m, w ith  an inner  
expansion  and  outer surface w ith  sp inu les ( from  octocorals,
C la d ie lla  k re m p fi, C . lacin iosa , and C . p a c h y c la d o s )  __________
____________________________________   — L . fo x i G urney, 1927

5 1 . Inner surface o f  seg m en t 2  o f  second  antenna w ith  sm all spines;
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caudal ram us w id er  than long, 2 4  ß  X  3 0  m ( from  nudibranch,
P la tyd o r is  sc a b e r )   L . a u d en s  H um es, 1959
Inner surface o f  segm en t 2  o f  seco n d  an tenn a sm ooth; caudal 
ram us longer than  w id e , 5 5  p  X  31 p  ( from  sea  anem one, 
S to ich a c tis  g ig a n te u m )  __________________  L . g e m m a tu s  H um es, 1964

M a i .e s

(T h e  m ales o f  L . crista tu s  H um es and  H o, 1 968c, and  L . sin gu laripes  
H u m es and H o, 1968c, are unknow n, and h en ce  are not in clu d ed
in  th e  k ey . )

1. L ast segm en t o f exopod w ith  form ula 11,1,5 ________________  2
L ast segm en t o f exopod  w ith  form ula 111,1,5 _______________  4 0

2. S econ d  an tenn a w ith  1 c law  ___________________________________  3
S econ d  antenna w ith  2  claw s --------------------------------------------------  2 0

3. A  large  som etim es tooth like process on  convex  m argin  of
m and ib le  ___________________________________________________________  4
C onvex  m argin  of m an d ib le  w ith o u t such  a process or at m ost 
w ith  2—4 sm all d ig itiform  processes ______________________________  6

4. A  setiferous sp h ere on  segm en t 2  o f  secon d  m axilla  ____________
_________________________  L . a c tin oph oru s  H um es and Frost, 1964
W ith ou t such  a sphere ___________________________________________  5

5 . L ast segm en t o f en d op od  o f leg  1 =  1,1,4; free segm en t o f  leg
5  1 8  m X  6  /í ; cau d al ram us 1 .55  : 1 ______________________________
_______________________________  L. rh ad in u s  H u m es and  H o, 1967a
L ast segm en t o f  en d op od  o f  leg  1 =  1,5, as in  fem ale; free
segm en t o f  le g  5  15 p  X  9 p; caudal ram us 3 .2  ; 1 __________
_______________  L . ca m p u lu s  H u m es and H o, 1968a

6. C onvex m argin  o f  m and ib le  w ith  2 - 4  sm all d ig itiform  processes __ 7 
C onvex m argin  o f  m and ib le  w ith ou t su ch  processes ____________  10

7. A  prom inent posteroventral lo b e  on  secon d  p o stgen ita l segm en t __
—__________________________  L . lo b o p h o ru s  H u m es and H o, 1968a
W ith o u t such  a lo b e  ___________________________________________  8

8. S egm en ts 3  and 4  o f  secon d  antenna fused; segm en t 2  o f  m axil
lip ed  w ith  tw o  row s of prom inent sp in u les _________________
____________________    L . a rc u a tip es  H um es and  H o, 1968a
S egm en ts 3  and 4  o f  second  antenna not fused; segm en t 2  o f  
m axillip ed  w ith  on ly  on e row  o f  prom inent sp in u les _______ ___— 9

9 . C audal ram us 2  ; 1 _______  L . p ro lix ip es  H u m es and  H o , 1968a
C audal ram us 4 .3  : 1 ________  L . d ig ita tu s  H u m es and H o, 1968a

10. Form ula for en d op od  o f  le g  4  =  0 -1 ;  1,1    11
F orm ula for en d op od  o f le g  4  =  0 -1 ;  II _______    12

11. Seta  on  first segm en t o f  en d op od  o f le g  4  naked; inner m argin  
o f segm en t 2  o f  secon d  antenna w ith  a n otch ed  lam ella; con cave
e d g e  o f  c law  o f m axilliped  sm ooth  ____________________ __________
_________________    L . in cisu s  H u m es and H o, 1968c
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S eta  o f  first segm en t o f  en d op od  of le g  4  feathered; inner 
m argin  o f  segm en t 2 o f  secon d  antenna w ith  a striated m em brane;
co n ca v e  ed g e  o f  c la w  o f m axillip ed  w ith  h ya lin e  knobs _______
   L . in so len s  H um es and H o, 1968c

12. L en g th  1 .7 4  m m  (1 .6 0 -1 .8 0  m m );  inner coxal seta lo n g  and
fe a th e r e d __________________________ L . c la va tu s  H um es and H o, above
L en g th  not exceed in g  1 .55  m m ; inner coxal seta  m uch  reduced
and  either naked or at m ost w ith  m in u te  barbules ____________ 13

13. L ast seg m en t o f  en d o p o d  o f leg  1 w ith  form ula 1,5, as in
fem ale  _____________________________________________________________  14
L ast seg m en t o f en d op od  o f  le g  1 w ith  form ula 1,1,4 _________  16

14. C audal ram us 4 .4  ; 1, its se tae  rela tively  lo n g  and  naked _______
------------------------------------------------  L . ch am aru m  H um es, 1968
C audal ram us at least 5 .1 3  ; 1, its se tae  otherw ise _____________  15

15. T w o  term inal se tae  on  caudal ram us not broadened , ornam ented  
w ith  hairs; con cave m argin of c la w  o f  m axillip ed  sm ooth; free  
segm en t o f le g  5  m inu te , 18 fi X  12 /i ___ L . a sa p h id is  H um es, 1959  
T w o  term inal setae on  cau d al ram us naked  and sligh tly  broad
ened; con cave m argin  o f c law  o f  m axillip ed  w ith  hyaline
dentation; free segm en t o f leg  5  larger, 35  p. X 10 ¡i _________
_________________________________  L . crassus  H um es and H o, 1968a

16. S econ d  antenna w ith  third and  fourth segm en ts fu sed  -----------  17
S econ d  antenna 4 -segm en ted  ___________________________________  18

17. O uter o f tw o term inal sp ines on last segm en t o f  endopod  of  
secon d  le g  not m o d ified  L . co m p o situ s  H um es and Frost, 1964  
O uter o f tw o term inal sp ines on  last seg m en t o f  en d op od  of
secon d  le g  m o d ified  (tru n cated  and broad en ed  at t ip )  _______
--------------------------------------------------  L . gem in u s  H um es and H o, 1968a

18. C audal ram us about as lon g  as w id e  _________________________
---------------------------------------------- L . spa th o p h o ru s  H um es and H o, 1968c
C audal ram us d istin ctly  longer than  w id e  ______________________  19

19. L en gth  1 .33  m m  ( 1 .2 6 -1 .4 0  m m );  cau d al ram us 138  n  X  36 p,
ratio 3 .8  : 1 _________________  L . p o litu s  H um es and H o, 1967b
L en gth  0 .9 6  m m  ( 0 .8 5 -1 .0 8  m m );  caudal ram us 5 2  p  X 34 p, 
ratio 1 .5 ; 1 ____________________  L . sim u lan s  H u m es and  H o, 1967b

20 . C onvex m argin  o f m and ib le w ith  a strong tooth like process 21
C onvex m argin  o f m and ib le w ith ou t su ch  a process ______________  22

2 1 . C audal ram us 31  p  X  21 p , ratio 1 .4 8  ; 1; free segm en t o f leg
5  36  p  X  9  p, ratio 4  ; 1 _____ L . organ icu s  H u m es and H o, 1967c
C audal ram us 2 5  p  X  21 p., ratio 1 .19  : 1; free segm en t o f leg  
5  2 8  p  X 8 p, ratio 3 .5  : 1  L . con ju n ctu s  H um es and  H o, 1967c

22 . L on ger c la w  on  secon d  antenna about as lon g  as or longer than
greatest len g th  o f fourth segm en t ______________________________  23
L on ger c la w  on  secon d  antenna shorter than greatest len gth  o f  
fourth  seg m en t ____________________________________________________  27

23 . C audal ram us 2 : 1 ;  term inal sp in e  on  third segm en t o f  endopod
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o f le g  1 con cave w ith  tw o  row s o f strong sp inu les ...
  L . acu lea tu s  H u m es and  H o, 1968b
C audal ram us about 1 : 1 ;  term inal sp ine on  third  seg m en t of 
en d op od  o f  le g  1 o therw ise ______________________________________  24

24. Rostral area p o in ted , n ot broad ly  rounded  as in  fem ale; tw o  
term inal se ta e  on  caudal ram us naked; free seg m en t o f  le g  5
33  ii X  9  M, ratio 3 .6 6  : 1  L . varirostra tu s  H u m es an d  H o, 1968b
Rostral area rounded; tw o term inal setae on cau d al ram us haired; 
free seg m en t o f le g  5  w ith  ratio o f  5 -5 .7 7  : 1 __________________ 25

2 5 . O ne o f tw o  se tae  on  secon d  segm en t o f m axillip ed  term inating  
in  several p o in ted  sp iniform  elem ents; free segm en t o f le g  5
w ith  ratio o f  5 .7 7  : 1 -------  L . f iss ise tig er  H u m es and  H o, 1 968b
B oth  se ta e  on  secon d  segm en t o f  m axillip ed  norm ally attenuated; 
free  se g m en t o f  le g  5  w ith  ratio c lose to 5  : 1 (n o t  m ore than  
5 .2  : 1 )  ____________________________________________________________  2 6

26 . O uter sp in e  on last segm en t o f en d op od  o f le g  1 angularly  bent;
gen ita l segm en t w ith  lateral m argins rou n d ed  posteriorly _____
--------------------------------------------------- L . ex ilip es  H u m es an d  H o, 1968b
O uter sp ine on last segm en t o f  endopod  o f le g  1 n ot strongly  
bent; gen ita l segm en t w ith  lateral m argins angular posteriorly  
_________________________________  L . g en tilis  H u m es and H o, 1968b

27 . Sp ine on  first segm en t o f  exop od  o f  le g  1 u nusually  lon g  ( about
tw ic e  len gth  o f  su cceed in g  sp in es)  ______________________________
______________________________  L . lon g isp in ife r  H um es and  H o, a b ove
Sp ine on first segm en t o f exopod  o f  le g  1 o f  usual l e n g t h _______  28

28 . Setae on  caudal ram us naked ____________________________________ 2 9
Setae on  caudal ram us haired  ____________________________________ 30

29 . F irst seg m en t o f  en d op od  o f leg  4  w ith  sligh tly  b arb ed  sp in e  —
_________________ :_______________  L . cu n e ip es  H um es and  H o, 1968b
First se g m en t o f  en d op od  o f  le g  4  w ith  feath ered  seta _______
_________________________________________ L . v e n u stu s  H u m es, 1959

30 . E n d op od  o f  le g  4  w ith  form ula 0 -1 ;  II, first segm en t w ith  a
feath ered  seta  _____________________________________________________ 31
E n d op od  o f  le g  4  w ith  form ula 0 -1 ; II, first segm en t w ith  a very  
f in e ly  barbed  or n aked  sp in e  ------------------------------------------------------  3 8

31. O ne o f tw o  setae on  secon d  segm en t o f  m axillip ed  strongly  
m od ified , w ith  base sw ollen  and sp inose and  d istal part slender
and naked  ______________________________  L . cu sp is  H u m es, 1964
N eith er  o f  tw o  se tae  on  second  segm en t o f  m axillip ed  so
m o d ified  _______   32

32 . S econ d  antenna like tha t o f  fem ale , w ith o u t ornam entation
ad d ed  _________________________  L . in aeq u a lis  H um es and H o, 1966
S econd  antenna  w ith  ornam entation  on inner surface o f  secon d  
segm en t ___________________________________________________________  33

33. T h is ornam entation  con sistin g  o f  hairs .... L . co m m o d u s  H um es, 1964
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T h is ornam entation  con sistin g  o f  sp inu les ( in  som e cases knob
lik e  ) _______________________________________________________________ 34

34 . C audal ram us longer than  w id e  _________________________________  35
C audal ram us w ith  ratio c lose to 1 : 1, or w id er  than lo n g   ...... 36

35. C audal ram us 1 .3  : 1; inner surface o f  seg m en t 2  o f  second
antenna w ith  sm all knobs (sp in u les ?) _________________ ____ _
____________________________________________  L . sensilis  H um es, 1964
C audal ram us 2 .4 4  : 1; inner surface o f  segm en t 2  o f  second  
antenna w ith  strong sp inu les __  L. sp in u life r  H um es and Frost, 1964

36 . Inner d ista l sp in e  on  segm en t 2  o f  secon d  m axilla  w ith  spinules 
o n  on e side; seta  on  first segm en t o f  en d op od  o f  le g  4  very
lig h tly  feath ered  ____________  L . h etaericu s  H um es and H o, 1968c
Inner d ista l sp in e  on  segm en t 2 o f secon d  m axilla  w ith  spinules
on b oth  sides; seta on  first segm en t o f  en d op od  o f  le g  4  w ell 
feath ered  ___________________________________________________________ 37

37 . F ree  segm en t o f  leg  5  sm all, 2 0  p  X 9  p , w ith o u t fine  ornam enta
tio n  _______________________________________  L . secu riger  H u m es, 1964
F ree  segm en t o f  le g  5  larger, 8 7  p  X  14 p , w ith  sm all spinules
on  outer surface __________________________  L . p a tu lu s  H um es, 1959

38 . L on ger c la w  on secon d  antenna about 8 0  p er  cen t o f  greatest 
len g th  o f  fourth segm ent; sligh t sexual dim orphism  in  third
se g m en t o f  en d op od  o f  le g  2    L . h ians  H um es and H o, above
L o n ger c law  on  secon d  antenna about 61  per cen t o f greatest 
len g th  of fourth segm ent; w ith ou t sexual d im orphism  in  third seg 
m en t o f  en d op od  o f le g  2  ______________________________________  39

3 9 . O n e of tw o  setae on  secon d  segm en t o f  m axilliped  w ith  a b lunt
fin e ly  sp inu lose tip  _______  L. v e r se v e ld ti  H um es and H o, above
B oth  setae on secon d  segm en t o f  m axillip ed  atten u ated  and 
naked _______________________ L. te le s to p h ilu s  H um es and H o, above

4 0 . S econ d  antenna w ith  1 c la w  ___________________________________  41
S econ d  antenna w ith  2  claw s _________________________________  4 6

4 1 . F orm ula for en d op od  o f  le g  4  =  0 -1 ;  1,1 ____________________
______________________________  L . p ro te n tu s  H um es and Frost, 1964
F orm ula for en d op od  o f  le g  4  =  0 -1 ;  II  ----------------------------------  42

4 2 . M an d ib le w ith  extrem ely  short flagellum ; last p ostgen ita l seg
m en t m u ch  w id er  than  p reced in g  three --------------------------------------
__________________________  L . d e n tip e s  T hom pson  and A . Scott, 1903
M an d ib le  w ith  lon g  flagellum ; last p ostgen ita l segm en t n ot notice
ab ly  w id er  than  p reced in g  segm en ts ------------------------------------------  43

4 3 . S eg m en t 2  o f  secon d  antenna w ith  inner surface unornam ented ,
as in  fem ale; seta  on  first segm en t o f  en d o p o d  of le g  4  naked __
______________________________  L . tr iq u e tru s  H um es and  H o, above
S eg m en t 2  o f  secon d  antenna w ith  inner surface ornam ented  
w ith  sp inu les or spines; seta  on first segm en t o f  en d op od  of  
le g  4  feath ered  ___________________________________________________  44

4 4 . S eg m en t 2  o f secon d  antenna w ith  fe w  scalelike sp ines on inner
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surface ----------------------------------- L . g la b rip es  H um es and H o, above
S egm en t 2  o f secon d  antenna w ith  m any sp inules on  inner  
surface ____________________________________________________________  45

45 . L ast segm en t o f en d op od  of le g  2  w ith  sp iniform  process b e 
tw een  tw o  term inal sp ines broad ly  triangular ____________________
  L . a d e lp h u s  H um es and H o, 1968c
L ast segm en t o f  en d op od  of le g  2  w ith  spiniform  process b etw een
tw o  term inal spines in  the  form  o f a b en t thum b _______________
_________________________________ L . sq u a m ig er  H um es and Frost, 1964

46 . B od y len g th  2 .7 4  m m ; caudal ram us 6 .7  : 1 ____________________
  L. m a g n ificu s  H um es, 1964
B od y len g th  n ot exceed in g  1 m m ; caudal ram us less than 2  : 1 .... 47

47 . L ast segm en t o f en d op od  o f  le g  1 w ith  form ula 1,11,3; segm en t  
2 o f  second  antenna w ith  retractile knobs on inner surface . ..
___________________________________________  L. g em m a tu s  H um es, 1964
L ast segm en t o f 'e n d o p o d  o f le g  1 w ith  form ula 1,1,4; segm en t
2  o f  secon d  antenna w ith ou t retractile knobs on inner surface .... 48

48 . S eta  on first segm en t o f  en d op od  of leg  4  naked; gen ita l segm en t
lon ger than  w id e  ____________________________ L. foxi C urney, 1927
Seta on  first segm en t o f  en d op od  o f  le g  4  feathered; gen ita l 
segm en t n ot longer than w id e  _________________________________  4 9

49 . Segm ent 2  o f  secon d  antenna w ith  sm ooth  inner surface, as 
in  fem ale; seta on first segm en t o f  en d op od  o f  le g  4  w eak ly
feath ered  _______________________ L. deco ru s  H um es and Frost, 1964
Segm ent 2  o f  secon d  antenna w ith  sp inu les on inner surface;
seta  on  first segm en t o f en d op od  o f leg  4  w e ll feath ered  _____
______________________________________________ L . au den s  H um es, 1959

L iter a tu r e  C ited

D e l l a  V a l l e ,  A. 1880. Su i C oriceid i parassiti, e  sull’anatom ia d e l  
gen . L ich om olgu s. A tti R. A ccad . L in cei, ser. 3, M em . Cl. 
Sei. F is ., M ath. N at., 5; 1 0 7 -1 2 4 .

C u r n ey , R. 1927 . Z oological results o f th e  C am bridge exp ed ition  to  
th e  Suez C anal, 1924. X X X III. R eport on  the  C rustacea: 
C op ep od a (L ittora l and sem i-p arasitic). Trans. Zool. Soc. 
L ondon , 22: 4 5 1 -5 7 7 .

H u m e s , A. G. 1959. C op ép od es parasites des m ollusques à M ad agas
car. M ém . Inst. Sei. M adagascar, 1958, ser. F , 2: 2 8 5 -3 4 2 .

--------------- . 1964. N e w  species o f L ic h o m o lg u s  (C opepoda, C yclopoida)
from  sea  anem ones and nudibranchs in  M adagascar. Cahiers
0 .R .S .T .O .M . O céanogr., 1963  (sér ie  N osy  B é I I ) ,  no. 6, 
pp. 5 9 -1 3 0 .

--------------- . 1968. T w o n ew  cop ep od s (C yclo p o id a , L ich o m o lg id a e)
from  m arine p e lecy p o d s in  M adagascar. C rustaceana, suppl.
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RÉSUMÉ

Élude laxinomique portant sur 196 Diatomées, plancloniques ou tychoplanctoniques. Les récoltes, 
échelonnées sur vingt mois, proviennent de N ossi-Bé et de Tuléar (M adagascar),  de la croisière 
n° 8 du R f V  « Anton Bruun  » (Expédition internationale dans l’océan Indien) ,  et de l’île Maurice.  
Pour chaque iaxon, la répartition dans l ’océan Indien et dans l’océan mondial est esquissée. La  
composition biogéographique globale de l’inventaire est examinée en conclusion. Diverses inno
vations taxinomiques sont proposées: 1 espèce et 1 variété nouvelles, 3 nouvelles combinaisons et 
3 nouveaux noms spécifiques.
Illustration : 1 carte, 45 figures et 44 microphotographies.
Bibliographie : 340 références.

ABSTRACT

.1 taxonomic study dealing with 196 planktonic or tychoplanktonic Diatoms. Samples spread  
over twenty months ¡rom Nossi-Bé and Tuléar (M adagascar), R / V  « Anton Bruun  » cruise n° 8 ( Inter
national Indian Ocean E xped it ion) , and M auritius  I. Distribution in the Indian ocean and in the 
world ocean is outlined for each taxon. Biogc.ographic composition of the whole lisl is considered in 
conclusion. Several taxonomic innovations arc proposed: 1 new species, 1 new variety, 3 new combi
nations and 3 new specific names.
Illustration : 1 map, 45 figures and 44 microphotographs.
Bibliography : 340 references.



IN TR O D U C TIO N

TRAVAUX ANTÉRIEURS DANS L’OCÉAN INDIEN

L’océan Indien était considéré jusqu'à une dale récenle comme le plus mal connu des océans. 
Ce retard se trouvera probablement comblé lorsque tout le matériel et toutes les observations 
recueillis au cours de l’Expédition internationale auront été dépouillés et publiés. Cependant, 
la connaissance du phytoplancton, et plus particulièrement celle des Diatomées planctoniques, 
n’est actuellement dans cet océan ni plus ni moins avancée que dans les autres — si l’on excepte 
toutefois l’Atlantique nord et les mers adjacentes, qui constituent sous cet aspect comme dans 
bien d’autres domaines de l'Océanographie une région tout à fait privilégiée.

Les différents travaux de taxinomie traitant, exclusivement ou non, des Diatomées planc
toniques dans l’océan Indien peuvent être classés, du point de vue méthodologique, sous trois 
rubriques : Io les grandes expéditions océanographiques, 2° ce que l’on pourrait appeler les 
« collections particulières », 3° les monographies régionales. Un quatrième groupe doit être ajouté, 
qui englobe les trois précédents : celui des index récapitulatifs, groupe actuellement représenté 
par l’unique « check-list » de W o o d  (1963 a).

Les localisations de ces divers travaux sont reportées sur la carte I.

1° Les grandes expéditions : La légende de la carte en reproduit la liste, accompagnée 
des références bibliographiques correspondantes. N’ont pu être reportées ici les expéditions 
très récentes organisées au cours de 1’ « I. L O .E. » (notamment diverses croisières soviétiques) 
dont le matériel est en cours d’exploitation. Reste par ailleurs à mentionner l’expédition de la 
« G a z e l l e  » (1874-1876) qui a donné lieu au travail manuscrit de J a n i s c h  (1890), repris en 
grande partie dans l’atlas de S c h m id t .

2° Collections particulières ; On peut ainsi désigner les échantillons récoltés par des 
Diatomistes ou par des voyageurs bénévoles, et de provenance souvent imprécise. Ce groupe est 
historiquement le plus ancien : il remonte au début du siècle dernier, qui fut le siècle des « collec
tionneurs de Diatomées ». Les travaux de cette nature tiennent d’ordinaire le milieu pour secon
daire, aussi les indications géographiques qui les accompagnent sont-elles parfois vagues, et 
les données hydrologiques exceptionnelles. Par ailleurs, les résultats acquis dans cette voie n’ont 
pas tous été publiés ín texto: certains ont été divulgués sous forme d'exsiccata, d’autres ont 
donné lieu à  des illustrations dans l’atlas de S c h m id t ,  enfin de nombreuses observations étaient 
simplement échangées par les Diatomistes à titre de correspondance personnelle.

La transition avec le troisième groupe est progressive.

3° Monographies régionales : Ce sont les inventaires floristiques limités à une région 
donnée; ces travaux concernent le plus souvent les domaines littoral et néritique, car effectués 
dans le voisinage d’un laboratoire côtier. Certains d’entre eux, de date récente ou relativement 
récente, accompagnés de descriptions et figures, constituent des documents indispensables : 
A l l e n  & C u rp , 1935 (mer de .Java), S u b r a h m a n y a n ,  1946 (côte orientale des Indes), S i l v a ,  1956 a 
et 1960 (côtes du Mozambique), T a y l o h ,  1967 (côtes d’Afrique du Sud).

Pour le canal de Mozambique lui-même, les trois groupes définis ci-dessus sont représentés 
comme suit :

Io Expédition du « D is c o v e r y  II » ( H e n d e y , 1937).
2° Récoltes provenant de Durban (S h a d b o l t , 1854), de Fort-Dauphin et de Nossi-Bé 

( P e t i t , 1902), de Zanzibar et de Dar-es-Salam (A m o s s é , 1924).
3 °  Monographies du phytoplancton de la côte du Mozambique ( S i l v a ,  1956 a,  1960) et 

de la région de Tulear ( T r a v e r s  Sí T r a v e r s ,  1965).



A. S o u r n i a . —  D i a t o m é e s  p l a n c t o n i q u e s

CARTE I

État actuel des recherches sur les Diatomées planctoniques dans l'océan Indien

P r i n c i p a l e s  e x p é d i t i o n s  o c é a n o g r a p h i q u e s  :

1 — « Novara » 1 8 5 7 -1 8 5 9  : c f .  G r u n o w  (1 8 6 7 c ) .
2  —  « Challenger » 1 8 7 3 - 1 8 7 4  : c f . C a s t r a c a n e  (1 8 8 6 ) .
3  —  « Valdivia » 1 8 9 8 - 1 8 9 9  : c f .  K a r s t e n  (1 9 0 7 ) .
4  —  « üauss » 1 9 0 2 - 1 9 0 3  : c f .  H e i d e n  et K o l b e  (1 9 2 8 ) .
5 —  « Albatross » 1 9 4 7 - 1 9 4 8  : c f . K o l b e  (1 9 5 7 ) .
6 —  « Diamantina  » 1 9 5 9 /1  )
7 —  « Diamantina  » 1 9 6 0 /1  ; c f . W o o d  ( 1 9 6 2 ,  1 9 6 3 a ) .
8 —  « Diamantina  » 1 9 6 0 / I I I  )
triangles : « Discovery I I » 1 9 3 0 - 1 9 3 5  : c f . H e n d e y  (1 9 3 7 ) .

P r i n c i p a l e s  « c o l l e c t i o n s  p a r t i c u l i è r e s

a  - A l l e n  e t  C u p p  (1 9 3 5 ) .  
b  - A m o ss é  (1 9 2 4 ) .  
c  - Cl e v e  (1 8 7 3 a ) .  
d  - Cl e v e  (1 9 0 0 c ) .  
e  - Cz a p e k  (1 9 0 9 ) .  
f  - G r e v il l e  (1 8 6 5 ) .  

g  - K it t o n  (1 8 8 4 ) .  
h  - L a u d e r  (1 8 6 4 ) .  
i - L e u d u g e r - F o r t m o r e l  (1 8 7 8 ) .  
j - L e u d u g e r - F o r t m o r e l  (1 8 9 2 ) .  

k  - M is r a  (1 9 5 6 ) .
1 -  O s t e n f e l d  ( 1 9 0 3 ) .

e t  m o n o g r a p h i e s  r é g i o n a l e s  :

m  -  O s t e n f e l d  (1 9 1 5 ) .  
n  -  O s t e n f e l d  e t  S c h m i d t  (1 9 0 1 ) .  
p  -  P e t i t  (1 9 0 2 ) .  
q  - S h a d b o l t  (1 8 5 4 ) .  
r - S i l v a  (1 9 5 6 a ) .  
s - S i l v a  (1 9 6 0 ) .  
t  - S k v o r t z o w  (1 9 3 2 e ) .  
u  -  S u b r a h m a n y a n  (1 9 4 6 ) .
V  -  S u b r a h m a n y a n  (1 9 5 8 ) .  
w  - T r a v e r s  (1 9 6 5 ) .
X -  V e n k a t a r a m a n  (1 9 4 0 ,  1 9 5 7 , 1 9 5 8 ) . 
y  - T a y l o r  (1 9 6 7 ) .

R é c o l t e s  p e r s o n n e l l e s  :

E n  Ir a it  f o r t  : c r o is iè r e  n °  8 d u  R / V  « A n t o n  B r u u n  » d a n s  le  c a n a l  d e  M o z a m b iq u e , 1 9 6 4 :  
c f . A n o n y m e  ( 1 9 6 5 ) .

É t o i le s  : N o s s i - B é  e t  T u lé a r  (n o r d  e t  s u d  d e  M a d a g a sc a r ) ,  i le  M a u r ic e .
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fl A. S o l t r n i a . —  D i a t o m é e s  p l a n c t o n i q u e s

RÉCOLTES PERSONNELLES*

Le matériel ici étudié provient soit de pêches horizontales ou verticales au fdet fin (vide 
de maille : 50 a env.), soit de prélèvements à différents niveaux réalisés au moyen d'échantillon- 
neurs du type V a n  D o u n .  Les récoltes étaient fixées au formol ou au lugoi, ou, dans quelques 
cas, étudiées in v ivo .  Les stations se répartissent en quatre groupes :

— Nossi-Bé (Madagascar) : Prélèvements hebdomadaires dans la baie du Centre d’Océanc- 
graphie, de février 1963 à juillet 1961. Les données écologiques et quantitatives relatives à cette 
série ont été récemment publiées ( S o u r n i a ,  1968 a).

— Tuléar (Madagascar) : Prélèvements en surface, plus ou moins côtiers, en août et sep
tembre 1961 (cf. Soi r n i a ,  1968 b).

— Croisière n° 8 du R >'V « Anton Bruun » dans le canal de Mozambique, de septembre à 
novembre 1961 : le trajet en est reporté sur la carte I (voir aussi la liste des stations i n  A n o 
n y m e ,  1965).

— J’inclus.ici par commodité quelques pèches au filet de surface réalisées, en dehors du 
canal de Mozambique, à l’île Maurice en septembre 1964, et dont j’ai antérieurement publié (1966) 
un inventaire préliminaire.

MÉTHODES D’ÉTUDE

M icroscopie : J’ai utilisé, selon les lieux de travail, un microscope inversé Z e is s  (« micros
cope à  plancton »), un microscope standard Z e is s ,  un photomicroscope L e i t z  et, principalement, 
un photomicroscope Z e i s s  à contraste de phase. Ce dernier dispositif s’est révélé extrêmement 
utile dans l’examen de la structure et de l’ornementation de nombreuses espèces : on sait que 
les techniques classiques de la diatomologie font appel à  des procédés plus ou moins drastiques 
(incinération ou lavage aux acides, montage dans un milieu réfringent) auxquels les formes 
planctoniques trop fragiles résistent rarement; l’avantage de l’observation en contraste de 
phase est de révéler assez fréquemment les détails nécessaires à l’identification, sur matériel 
brut — ou même vivant —, possédant encore, notamment, ses chromatophores.

Accessoirement, j’ai pratiqué l’observation à sec, l’incinération modérée, et le montage 
en milieu réfringent (monobromonaphtalène, ou Clearax).

Bibliographie** : Soulignons ici l’intérêt que présentent les divers «index» de Diatomées : 
principalement, ceux de D e - T o n i  (1891-1894), B o y e r  (1926-1927) et de M i l l s * * *  (1933-1935); 
ces catalogues, malheureusement rares dans les bibliothèques, permettent de retrouver quand 
il est nécessaire la bibliographie et l’iconographie complètes (sauf erreurs et omissions) d’une 
espèce donnée. Un grand travail également peu divulgué est l’atlas de S c h m id t  (1874-1958).

* J ’e x p rim e  ici louLe u m  re c o n n a issa n c e  a u x  d iv e rs  O rg an ism es q u i în ’o n l p erm is de réa lise r  ce t r a v a il  : 
l’Office de  la  re c h e rc h e  sc ie n tif iq u e  e t  te c h n iq u e  o u tre -m e r  (O .R .S .T .O .M .) p o u r  son accue il p ro lo n g é  au  
C e n tre  de  N o ssi-B é ; la  F a c u lté  des S ciences de T a n a n a r iv e  e t  la  S ta t io n  m a rin e  d ’E n d o u m e -M arse ille  
p o u r  les fa c ili té s  de t r a v a i l  q u i m ’o n t é té  acco rd ées à  la  S ta tio n  de  T u lé a r ; la  W oods H o le  o cean o g rap h ic  
In s t i tu t io n  p o u r  m a  p a r t ic ip a t io n  au  p ro g ra m m e  a m é ric a in  à  b o rd  de  1’ « A n to n  B ru u n  »; en fin , le C en tre  
n a t io n a l  de la  re c h e rc h e  sc ien tif iq u e  (C .N .R .S .) e t  le C om ité  « E x p lo i ta t io n  des o céan s » (C O M K X O ) qu i 
o n t  b ie n  v o u lu  p re n d re  en  ch a rg e  l ’e n sem b le  de m o n  sé jo u r à  M a d ag asc ar.

** L a b ib lio th è q u e  e t  les co llec tio n s d u  L a b o ra to ire  de  C ry p to g am ie  d u  M uséum  m ’onL é té  lib re m e n t o u v e r te s  : 
j ’en  re m e rc ie  v iv e m e n t M. le  P ro fe sse u r  R .  H e i m ,  D ire c te u r  de ce L a b o ra to ire , a in s i q u e  M. le D r  P .  B o u r -  
r e l l y ,  S o u s-D ire c te u r , d o n t  les conseils m ’o n t é té  si p réc ieu x .

*** D o n t V ax L a n d t n g h a m  (1907) v ie n t  to u t  ré c e m m e n t d ’e n tre p re n d re  la rem ise  à jo u r ;  v o ir  n o te ]  p . 103.
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E n f in ,  l e s  c o l l e c t i o n s  d ’e x s i c c a t a ,  t e l l e s  q u e  c e l l e s  d e  Cl e v e  e t  M ö l l e r  (1 8 7 7 -1 8 8 2 )  e t  d e  T e m p è r e  
e t  P e r a g a l l o  (1 9 0 7 ) , s o n t  d ’u n  i n t é r ê t  i n e s t i m a b l e ;  e l l e s  s o n t  m a lh e u r e u s e m e n t  p lu s  r a r e s  
e n c o r e ,  e t  r e l è v e n t  d ’a i l l e u r s  d ’u n  u s a g e  à  p e u  p r è s  d is p a r u .

D I S P O S I T I O N S  P R A T I Q U E S

La classification suivie ici est celle de H e n d e y  (1937, 1901), préférée à la classification 
binaire (Centriques et Pennées) de S c h ü t t  (1896) développée par H e i d e n  & K o l r e  (1928), 
H u s t e d t  (1930-1966), C u pp (1913), etc. Pour pallier les désagréments de cette rupture avec 
la tradition, j’ai reproduit en tête de ce travail la liste des familles et des genres traités (table 
des matières); les espèces elles-mêmes seront aisément retrouvées au moyen de l’index alpha
bétique.

Au sujet des règles de nomenclature, voir L a n j o u w  et al .  (1966) : Code international de 
la nomenclature botanique. Par ailleurs, les rangs de variété et de forme sont ici entendus au 
sens de H e n d e y  (1964, p. 55).

Références : On s’est efforcé dans cette étude de mettre à jour ou compléter les ouvrages 
de base : G r a n  (1905), H u s t e d t  (1930-66), H e n d e y  (1937, 1961), C l e v e - E u l e r  (1951-55). 
Aussi, sauf intérêt particulier, les références et synonymies indiquées par ces auteurs ne seront 
pas reproduites ici. D’autre part, à  moins d’indication contraire (« f ide. . .  »), je ne cite aucun 
travail sans en avoir pris personnellement connaissance.

Descriptions et illustrations : Ne sont ici décrits et illustrés que seuls les taxons qui ne 
le sont pas dans les travaux de base mentionnés ci-dessus, sauf dans les cas où j’ai cru pouvoir 
apporter une précision nouvelle.

« Océan Indien » : Comme indiqué plus haut, on doit à W o o d  (1963 a) un index biblio
graphique des Diatomées de cet océan. Comme toute entreprise de cette nature, celle-ci est 
entachée de diverses erreurs ou omissions que je me suis efforcé de rectifier ou de combler : les 
références a d d i t i v e s  seront données entre parenthèses à  la fin de cette rubrique. Par ailleurs, 
la désignation « océan Indien » inclut ici, à la suite de W o o d  ( i b i d . )  et pour raison de commo
dité, la mer Rouge, les mers de l'Indonésie, et les parages de l’Antarctique.

Il convient peut-être enfin de rappeler quelques définitions de termes courants : L’ a x e  p e r -  
v a l v a i r e  passe par les centres des deux valves du frustule; l’ a x e  a p i c a l  joint les deux sommets d’une 
valve lorsque celle-ci est bipolaire ; l ’ a x e  t r a n s a p i c a l  est perpendiculaire au précédent dans le plan 
valvaire; la v u e  v a l v a i r e  montre une valve «de face »; la v u e  c o n n e c t i v e  montre la c e i n t u r e  (formée par 
les b a n d e s  c o n n e c t i v e s  des deux valves) et accessoirement, 1) les m a n t e a u x  v a l v a i r e s ,  prolongations 
marginales des valves dans un plan perpendiculaire à celles-ci, et 2) les b a n d e s  i n t e r c a l a i r e s ,  qui se 
développent entre la ceinture et les valves.

5 2 9



SYSTÉMATIQUE

Fam. CO SCIN O D ISC AC EAE  

Paralia sulcata  (Ehrenberg) Cleve, 1873

E h r e n b e r g ,  1 8 3 8 ,  p .  1 7 0 ,  p i .  2 1 ,  f i g .  5  : « Gallionella sulcata ». C l e v e ,  1 8 7 3 b ,  p .  7 .  G r a n ,  1 9 0 5 ,  
p .  1 4 ,  f i g .  5 .  P a v i l l a r d ,  1 9 2 5 ,  p .  4 ,  f i g .  1 .  H e n d e y ,  1 9 5 8 ,  p .  3 5 ,  e t  1 9 6 4 ,  p .  7 3 ,  pi. 2 3 ,  f i g .  5 .

=  Melosira sulcata ( E h r e n b e r g )  K ü t z i n g

H u s t e d t ,  1 9 3 0 ,  p .  2 7 6 ,  fig . 1 1 8 - 1 1 9 .  S u b r a h m a n y a n ,  1 9 4 6 ,  p .  8 6 ,  fig . 1 - 2 .
S a u n d e r s ,  1 9 6 5  (m o n o g r a p h ie ).

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé.
O c é a n  I n d i e n  : espèce fréquente dans la zone tropicale; Kerguelen. ( S i l v a , 1956a, 1960; 

K o l b e , 1957).
D i s t r i b u t i o n  m o n d i a l e  : espèce littorale, tychoplanctonique, cosmopolite.

Selon H e n d e y  (1958, 1964, non 1937), la structure particulière du manteau, ainsi que la 
striation des valves, justifient la position de cette espèce dans un genre distinct de Melosira.

(?) M elosira sphaerica  Karsten, 1905

K a r s t e n ,  1 9 0 5 a ,  p .  7 0 ,  p i .  1 ,  f i g .  2 .  M a n g in ,  1 9 1 5 ,  p .  6 8 ,  f i g .  4 7 .  H e n d e y ,  1 9 3 7 ,  p .  2 3 4 .  B o d e n ,  
1 9 5 0 ,  p .  3 2 8 ,  f i g .  1 .

?= Hyalophysa delicatula Cleve 
C l e v e ,  1 9 0 0 a ,  p .  1 8 ,  p i .  8 ,  f i g .  1 - 2 .

Cellules isodiamétriques : axes pervalvaire et apical de longueurs voisines (50-65 v). Cellules 
isolées ou formant de courtes chaînes (dans ce dernier cas, « par une petite quantité de mucilage » 
selon M a n g in ) .  Parois extrêmement délicates, sans structure ni ornementation visibles. Plusieurs 
petits chloroplastes discoïdes.

Espèce néritique antarctique?
Je rapporte sans certitude à cette espèce quelques spécimens récoltés à Nossi-Bé. La struc

ture et l’ornementation du frustule étant inconnues, cette Diatomée demeure purement énig
matique : un rapprochement n’est pas même exclu avec la forme décrite par C l e v e  (Açores) 
et classée par cet auteur parmi les « Cysteae ».
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Coscinodiscus excentricus  Ehrenberg, 1840

E h r e n b e r g ,  1 8 4 0 - 1 8 4 1 , p . 1 4 6  (« C. e c c e n t r i c u s  »), e t  1 8 5 4 , p i .  1 8 , fig . 3 2 , p i . 2 1 , f ig . 6 . H u s t e d t ,  
1 9 3 0 ,  p . 3 8 8 ,  fig . 2 0 1 . H a s l e ,  1 9 6 0 , p . 1 0 . H e n d e y ,  1 9 6 4 , p . 8 0 ,  p i .  2 4 ,  f ig . 7 .

=  B r e n n e c k e l l a  L o r e n z e n i i ,  B .  K o h l i i  L o h m a n n  =  C o s c i n o d i s c u s  s p .  L e c a l -S c h la u d e r

L o h m a n n , 1 9 1 2 . L e c a l - S c h l a u d e r ,  1 9 4 9 . (A u  s u j e t  d e  c e s  d e u x  s y n o n y m e s ,  v o ir  G a a r d e r  e t  
H a s l e ,  1 9 6 2 .)

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; île Maurice; espèce courante dans les récoltes 
de 1’ « Anton Bruun ».

O c é a n  I n d i e n  : l’une des espèces les plus courantes du genre, rencontrée sous toutes les 
latitudes jusqu’aux eaux antarctiques. ( K o l b e ,  1957; S i l v a ,  1960; T r a v e r s ,  1965). •

D i s t r i b u t i o n  m o n d i a l e  : espèce cosmopolite très courante; euryhaline (estuaires).

Coscinodiscus lineatus  Ehrenberg, 1839

E h r e n b e r g ,  1 8 3 9 a , p . 1 2 9  e t  1 8 5 4 ,  p i .  1 8 , f ig . 3 3 , p i .  2 2 , fig . 6 , p i . 3 5 B , f ig . 1 6 / 3 - 1 7 / 7 .  H u s t e d t ,  
1 9 3 0 , p .  3 9 2 ,  f ig . 2 0 4 . H a s l e ,  1 9 6 0 , p. 1 0 . H e n d e y ,  1 9 6 4 , p. 7 6 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (rare); Tuléar; île Maurice; espèce courante dans le 
canal de Mozambique, mais plus abondante dans les eaux océaniques.

O c é a n  I n d i e n  : espèce très courante, comme la précédente. (A m o s s é ,  1924; H e n d e y ,  1937; 
S i l v a ,  1956a, 1960; K o l b e ,  1957; T r a v e r s ,  1965).

D i s t r i b u t i o n  m o n d i a l e  : cosmopolite.

Coscinodiscus N o rm a n ii Gregory in Greville, 1859

G r e v i l l e , 1 8 5 9 a ,  p .  8 0 ,  p i .  6 ,  f ig . 3 .  R a t t r a y , 1 8 9 0 ,  p .  5 0 0 .  P e r a g a l l o , 1 9 2 1 ,  p .  8 1 .  C l e v e - E u l e r , 
1 9 5 1 ,  p . 5 8 ,  f ig . 7 8 .  H e n d e y , 1 9 6 4 ,  p . 8 0 .

=  C. R o t h i i  v a r .  N o r m a n i i  (G r e g o r y )  Y a n  H e u r c k  

H u s t e d t ,  1 9 3 0 ,  p . 4 0 2 ,  fig. 2 1 3 .

R é c o l t e s  p e r s o n n e l l e s  : Tuléar, et sud du canal de Mozambique.
O c é a n  I n d i e n  : très rare. Fort-Dauphin (Madagascar); golfe d’Aden; Zanzibar; sédiments 

dans la zone tropicale. ( P e t i t ,  1902; A m o s s é ,  1924; K o i.b e ,  1957).
D i s t r i b u t i o n  m o n d ia i .e  : Sporadique. Mers polaires; mer du Nord; côtes anglaises; mer 

d’Arafura; Californie. Espèce euryhaline. (Éventuellement signalée sous d’autres noms : C. Rothii, 
C. fasciculatus.)
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Coscinodiscus m a rg in a tu s  Ehrenberg, 1843

E h r e n b e r g ,  1 8 4 3 , p . 4 1 2  e t  1 8 5 4 , p i .  1 8 , f ig . 4 4 ,  p i .  3 3 B ,  f ig . 1 2  /1 3 ,  p i .  3 8 B , f ig . 2 2  /8 . H u s t e d t ,  
1 9 3 0 , p . 4 1 6 ,  fig . 2 2 3 . S u b r a h m a n y a n ,  1 9 4 6 , p . 9 6 , fig . 4 1 . H e n d e y ,  1 9 6 4 , p . 7 8 , p i .  2 2 ,  fig. 2 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (rare).
O c é a n  I n d i e n  : espèce assez courante sous toutes les latitudes. ( A m o s s é ,  1924; H e n d e y ,  

1937; S i l v a ,  1956a, 1960).
D i s t r i b u t i o n  m o n d i a l e  : cosmopolite.

Coscinodiscus radia tus  Ehrenberg, 1840 
P I . V I I ,  f ig . 5 0

E h r e n b e r g ,  1 8 4 0 - 1 8 4 1 ,  p . 1 4 8 , p i .  3 ,  f ig . l a - c ,  v ix  d . G r u n o w , 1 8 8 4 , p . 7 1 , p i .  3 , f ig . 1 -4 ,  7 . G r a n ,  
1 9 0 5 , p . 3 1 , f ig . 3 1 . H u s t e d t ,  1 9 3 0 , p . 4 2 0 ,  f ig . 2 2 5 . C l e v e - E u l e r ,  1 9 5 1 , p . 6 5 , f ig . 9 7 . H e n d e y ,  
1 9 6 4 , p . 7 6 , p i .  2 2 ,  f ig . 7.

=  C o s c in o d is c u s  n e o r a d ia tu s  C le v e -E u le r  

C l e v e - E u l e r ,  1 9 5 1 , p . 6 5 , f ig . 9 6 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé, et au large de Nossi-Bé; Tuléar.
O c é a n  I n d i e n  : espèce rencontrée sous toutes les latitudes, Antarctique inclus. (A m o s s é ,  

1924; H e n d e y ,  1937; S i l v a ,  1956a, 1960; K o l b e ,  1957; T r a v e r s ,  1965).
D i s t r i b u t i o n  m o n d i a l e  : cosmopolite, probablement océanique.

C oscinodiscus nodulifer  A. Schmidt, 1878 
P I. V I I ,  f ig . 4 7

S c h m id t ,  1 8 7 8 , p i .  5 9 ,  f ig . 2 0 -2 3 .  H u s t e d t ,  1 9 3 0 , p . 4 2 6 ,  f ig . 2 2 9 . K o l b e ,  1 9 5 4 , p . 9 , 3 3 ,  p i .  3 ,  f ig . 3 5 -  
3 7 . H e n d e y ,  1 9 6 4 , p . 7 7 , p i .  2 2 ,  f ig . 1 0 .

R é c o l t e s  p e r s o n n e l l e s  : centre du canal de Mozambique.
O c é a n  I n d i e n  : espèce largement répandue. Indonésie; côtes est et sud de l’Afrique; 

Tuléar; golfe d’Aden. (A m o s s é ,  1924; K o l b e ,  1957; T r a v e r s ,  1965).

D i s t r i b u t i o n  m o n d i a l e  : espèce cosmopolite, cependant plus abondante entre les tropiques.
Sur les spécimens de grande taille, les alignements radiaires, ainsi que les alignements 

spiralés secondaires, apparaissent clairement (fig. 47).
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C oscinodiscus a fricanus Janisch ex A. Schmidt, 1878

S c h m i d t ,  1 8 7 8 , p i .  5 9 ,  f ig . 2 4 -2 5 .  J a n i s c h ,  1 8 9 0 , p i .  3 ,  fig . 2  (nomen nudum). H u s t e d t ,  1 9 3 0 , p . 4 2 8 ,  
f ig . 2 3 1 .  M a n n ,  1 9 3 7 , p . 3 7 . K o l b e ,  1 9 5 4 , p . 2 7 ;  1 9 5 5 , p . 1 6 8 ;  1 9 5 7 , p . 2 8 . T a y l o r ,  1 9 6 7 ,  
p i . 8 8 ,  f ig . 3 .

R é c o l t e s  p e r s o n n e l l e s  : côte du Mozambique.
O c é a n  I n d i e n  ; ce Coscinodiscus, nouveau pour le canal de Mozambique, était antérieurement 

connu en diverses stations : golfe d’Aden; côtes d’Afrique du Sud; région sud-est de l’océan, et 
divers sondages inter-tropicaux. ( K o l b e ,  T a y l o r ,  ibid.).

D i s t r i b u t i o n  m o n d i a l e  : espèce probablement cosmopolite, mais peu commune. Proba
blement néritique. Antilles; Méditerranée; Nagasaki; Antarctique; île de l’Ascension; divers 
sondages dans le Pacifique équatorial et l’Atlantique équatorial et tempéré nord.

Coscinodiscus Thorii Pavillard, 1925 
P I. V I I ,  f ig . 4 9

P a v i l l a r d ,  1 9 2 5 , p . 1 3 , f ig . 1 5 . H u s t e d t , 1 9 3 0 , p . 4 3 3 ,  fig . 2 3 6 .

R é c o l t e s  p e r s o n n e l l e s  : rare (Nossi-Bé; Tuléar).
O c é a n  I n d i e n  : l’espèce est nouvelle pour cet océan.
D i s t r i b u t i o n  m o n d i a l e  : de découverte relativement récente, cette espèce était jusqu’ici 

inconnue en dehors de la Méditerranée.

C oscinodiscus jonesianus  (Greville) Ostenfeld, 1915

G r e v i l l e ,  1 8 6 2 ,  p . 2 2 ,  p i. 2 ,  f ig . 3  : « E u p o d is c u s  jo n e s ia n u s  ». O s t e n f e l d , 1 9 1 5 ,  p . 1 3 ,  fig . 7.  
H u s t e d t , 1 9 3 0 ,  p . 4 3 8 ,  f ig . 2 3 9 .  A l l e n  e t  G u p p ,  1 9 3 5 ,  p . 1 1 6 ,  fig . 1 0 .  H e n d e y , 1 9 5 8 ,  p . 3 7 ,  
e t  1 9 6 4 ,  p . 7 9 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; parages de Beira.
O c é a n  I n d i e n  : mer de Java et des Célèbes; îles Cocos; côtes des Indes; canal de 

Mozambique. ( K o l b e ,  1957; S i l v a ,  1960 : var. aculeatus Meister).

D i s t r i b u t i o n  m o n d i a l e  : encore mal connue, probablement inter-tropicale. La variété 
commutatus (Grunow) Hustedt — absente de mes récoltes — a été rétablie au rang d’espèce 
par C l e v e - E u l e r  (1951).
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C o s c in o d isc u s  n o b i l i s  Grunow, 1879 
P I .  V I I ,  f i g .  4 6

G r u n o w , 1 8 7 9 ,  p. 6 8 7 ,  p i. 2 1 ,  fig . 1.  R a t t r a y ,  1 8 9 0 ,  p. 5 4 5 .  M a n n , 1 9 0 7 ,  p . 2 5 5 .  A l l e n  e t  C upp,
1 9 3 5 ,  p .  1 1 8 ,  fig . 1 3 .  C h in , 1 9 3 9 b ,  p .  4 5 9 .

=  C. c o n c in n u s  f .  n o b i l i s  (G r u n o w )  C le v e -E u le r  

C l e v e - E u l e r ,  1 9 5 1 ,  p .  6 9 ,  f ig .  1 0 8  f .

=  C o s c in o d is c u s  c y l in d r ic u s  M a n g in  

M a n g i n , 1 9 2 8 ,  p .  3 7 9 ,  fig . 7.

Valves convexes, aplaties au centre, de grande taille (diamètre : 250-540 n). Bandes inter
calaires bien développées, donnant au frustule l’aspect d’un tambour. Champ central des valves
hyalin (rosette absente). Ornementation très fine : 6-10 aréoles en 10 ¡i, disposées au centre
de la valve en lignes radiaires irrégulières, et vers la périphérie en un système hexagonal régulier; 
spinules marginaux peu développés, donnant chacun naissance à un rayon hyalin centripète; 
deux apicules marginaux peu saillants.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (période estivale).
O c é a n  I n d i e n  : espèce seulement signalée dans les mers indonésiennes, et nouvelle pour 

la région étudiée. (Réf. i n  W o o d ,  1963a : cf. « C .  c o n c i n n u s  »).

D i s t r i b u t i o n  m o n d i a l e  : océanique, essentiellement inter-tropicale. Hong-Kong; mer 
d’Arafura; golfe de Guinée; mer du Japon. Cette espèce est reportée par ailleurs en mer du Nord 
et dans la mer d’Okhotsk.

Cette espèce doit-elle être intégrée au C .  c o n c i n n u s  W. Smith? C’est l’avis de S u b r a h 
m a n y a n  (1946) et de W o o d  (1963a), qui toutefois ne justifient pas leur opinion. C l e v e - E u l e r  
f i b i d . J ,  considérant l’absence de rosette centrale comme seul caractère distinctif du C .  n o b i l i s ,  

fait de cette espèce une forme du C. c o n c i n n u s .

Les deux espèces ayant été souvent confondues, leurs distributions géographiques respec
tives sont incertaines; C .  c o n c i n n u s  semble psychrophile, C .  n o b i l i s  thermophile.

Rappelons que H o lm e s  & R e im a n n  (1966) ont étudié expérimentalement C. c o n c i n n u s ,  

et montré l’existence chez cette Diatomée de trois phases morphologiques, dont l’une est assi
milable au C. G r a n i i  — ce dernier nom devenant prioritaire.

C o s c in o d isc u s  c e n t r a l i s  var. p a c i f ic u s  Gran et Angst, 1931 
P I .  VII, fig. 51

G r a n  e t  A n g s t ,  1 9 3 1 ,  p. 4 4 6 ,  fig. 2 3 .  C upp, 1 9 4 3 ,  p. 6 0 ,  fig. 2 4 ,  e t  pi. 2 .
N o n  : C o s c in o d is c u s  p a c i f ic u s  R a t t r a y .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé.
O c é a n  I n d i e n  : cette variété n’y a été jusqu’ici reportée que par M a n g u in  (1954) : île 

Heard (sud-est des îles Kerguelen).
D i s t r i b u t i o n  m o n d ia l e  : côte nord-ouest des U.S.A., jusqu’à l’Alaska. Ce C o s c i n o d i s c u s  

est donc signalé ici pour la première fois sous une latitude tropicale.
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Coscinodiscus asterom phalus  E h r e n b e r g ,  1811 
P I. V I I ,  f ig . 48

F .h r e n b e h o ,  1 8 4 4 a , p .  7 7 , e t  1 8 5 4 , p i .  1 8 , f ig .  4 5 , v ix  p i .  3 3 , f ig .  15  /7 . H u s t e d t , 1 9 3 0 , p .  4 5 2 , f ig .  2 5 0 -  
2 5 1 . C l e v e - E u l e r , 1 9 5 1 , p .  6 7 , f ig .  1 0 3 . H e n d e y , 1 9 6 4 , p .  7 8 , p i .  2 4 , f ig .  2 .

R é c o l t e s  p e r s o n n e l l e s  : très rare; seulement deux exemplaires, au large de Nossi-Bé.
O c é a n  I n d i e n  : cette espèce, nouvelle pour le canal de Mozambique, est assez rare dans 

l’océan Indien; côtes des Indes; Indonésie; Antarctique. ( K o l b e ,  1957; V e n k a t a r a m a n ,  1958).
D i s t r i b u t i o n  m o n d i a l e  : probablement cosmopolite. Rappelons que, comme divers Cosci

nodiscus, celui-ci a été morcelé par G r u n o w  (1884) en un grand nombre de variétés, dont cer
taines constituent en fait des espèces autonomes; de cette taxinomie assez complexe, il résulte 
une incertitude sur la répartition géographique.

Coscinodiscus ocu lus-irid is  Ehrenberg, 1840 var. oculus-irid is
P I. V I I I ,  fig . 5 5

E h r e n b e r g , 1 8 4 0 -4 1 ,  p . 1 4 7 , e t  1 8 5 4 ,  p i. 1 8 , fig . 4 2 ,  p i . 1 9 , fig . 2 . H u s t e d t , 1 9 3 0 , p . 4 5 4 ,  fig . 2 5 2 .  
C u p p , 1 9 4 3 , p . 6 2 ,  fig . 2 6 ,  e t  p i .  3 ,  fig . 2 . S u b r a h m a n y a n , 1 9 4 6 , p . 1 0 1 , fig . 6 6 - 6 8 ,  7 2 . H e n d e y , 
1 9 6 4 ,  p . 7 8 , p i .  2 4 ,  fig . 1.

=  C . o c u lu s - i r id i s  v a r . g e n u in u s  G r u n o w

G r u n o w , 1 8 8 4 , p . 7 7 . C l e v i î - E u l e r , 1 9 5 1 , p . 6 7 , f ig . 1 0 2  a -b .

R é c o l t e s  p e r s o n n e l l e s  : Tuléar; au large du cap Saint-André.
O c é a n  I n d i e n  : cette variété-type est assez courante. Indonésie; côtes des Indes; Ceylan; 

îles Cocos; golfe d'Aden; canal de Mozambique; Antarctique. (A m o s s é ,  1921; S i l v a ,  1956a, 
1960; K o l b e ,  1957; T r a v e r s ,  1965).

D i s t r i b u t i o n  m o n d i a l e  : cosmopolite, océanique.

var. borealis (Bailey) Cleve, 1883 
P I. V I I I ,  f i g .  5 4

B a i l e y , 1 8 5 6 ,  p . 3  : « C o s c in o d is c u s  b o re a lis  ». C l e v e , 1 8 8 3 ,  p . 4 8 8 .  H u s t e d t , 1 9 3 0 ,  p . 4 5 6 ,  f ig .  2 5 3 .  
S u b r a h m a n y a n , 1 9 4 6 ,  p . 1 0 3 ,  fig . 7 5 .  C l e v e - E u l e r , 1 9 5 1 ,  p . 6 7 ,  fig . 1 0 2  c.

R é c o l t e s  p e r s o n n e l l e s  : centre du canal de Mozambique.
O c é a n  I n d i e n  : cette variété n’a été signalée, en tant que telle, que sur la côte des Indes 

( S u b r a h m a n y a n ) ;  d’autres auteurs ont pu la mentionner sous le nom spécifique.
D i s t r i b u t i o n  m o n d i a l e  : difficile à distinguer de celle du type, d’où l’intérêt de désigner 

ce dernier sous le nom de variété-type.
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C o s c in o d isc u s  g i g a s  var. p r a e t e x t u s  Janisch ex Hustedt, 1930
P I. V I I I ,  f ig . 5 3

J a n i s c h , 1 8 9 0 ,  p i. 3 ,  f ig .  4  : « C o s c i n o d i s c u s  p r a e t e x t u s  » ( n o m e a  n u d u m ) .  H u s t e d t , 1 9 3 0 ,  p . 4 5 7 ,  
f i g .  2 5 5 ,  2 5 6  b .  A l l e n  e t  C u p p ,  1 9 3 5 ,  p .  1 2 0 ,  f i g .  1 6 .  S u b r a h m a n y a n , 1 9 4 6 ,  p . 1 0 3 ,  f i g .  6 9 ,  
7 3 ,  7 6 - 7 8 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (espèce estivale) ; au large de Beira et du cap Saint-André.
O c é a n  I n d i e n  : cette variété, nouvelle pour la région étudiée, est peu signalée par ailleurs : 

côtes des Indes; mer de Java; côtes d’Afrique du Sud. ( T a y l o r ,  1967).
D i s t r i b u t i o n  m o n d i a l e  : une seule station, semble-t-il, à ajouter aux précédentes (mer 

de Chine : S p r o s t o n ,  1949). L’espèce, par ailleurs (C. gigas var. gigas), est assez commune dans 
les mers chaudes et tempérées.

C o s c in o d isc u s  J a n is c h i i  var. a r a f u r e n s i s  Grunow, 1884 
P i .  V I I I ,  f ig . 5 6

G r u n o w , 1 8 8 4 , p . 7 6 . R a t t r a y , 1 8 9 0 , p . 9 6 . A l l e n  e t  C u p p , 1 9 3 5 , p . 1 2 0 , fig . 1 7 .

— C o s c i n o d i s c u s  a r a f u r e n s i s  O ’M e a r a

N o m e n  n u d u m ,  i n  : J a n i s c h , 1 8 9 0 , p i .  4 ,  fig . 3 -5 .  V i x  O ’M e a r a , 1 8 7 7 , p . 4 6 3 .

? =  C .  a r a f u r e n s i s  O ’M e a r a  v a r .  a p u d  C a s tr a c a n e  

C a s t r a c a n e , 1 8 8 6 , p . 1 5 3 ,  p i .  2 , f ig . 4  ( f ig u r e  d o u te u s e ) .

? =  C o s c i n o d i s c u s  W o o d w a r d i i  E u le n s t e in  p r o  p a r t e

S i l v a , 1 9 5 6 a , p . 3 0 ,  p i . 1 , f ig . 4 . V i x  S c h m i d t , 1 8 7 8 , p i .  6 1 , f ig . 2 - 3 ,  n o n  p i .  6 0 ,  f ig . 8 , n e c  1 8 8 1 ,  
p i. 6 5 ,  f ig . 2 . V o ir  a u s s i  : M a n n , 1 9 0 7 , p . 2 6 0 .

Valves presque planes, seulement légèrement déprimées au centre. Zone centrale hyaline 
(rosette absente). Aréoles arrondies, disposées en lignes radiaires et en lignes spiralées; aréoles 
centrales plutôt ovales et plus petites; une rangée marginale d’aréoles très petites. Parois déli
cates, aspect général membraneux. Diamètre : 170-425 h.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; sporadique dans les récoltes de 1’ « Anton 
Bruun ».

O c é a n  I n d i e n  : Inhaca; Indonésie; golfe du Bengale. ( S i l v a ,  1956a, 1960).
D i s t r i b u t i o n  m o n d i a l e  : variété très peu connue en dehors de l’océan Indien (références 

incertaines). Atlantique (?).

Il n’existe pas de description originale du C. Woodwardii Eul., mais seulement un exsicca- 
tum (1868) — que je n’ai pu examiner — assimilable selon H u s t e d t  au C. perforatus Ehr. Dans 
son atlas, S c h m id t  donne plusieurs figures assez dissemblables qu’il identifie sans certitude au 
C. Woodwardii.
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Coscinodiscus K a rsten ii , nom. nov.
P I. V I I I ,  f ig . 52

=  C o s c i n o d i s c u s  i n c e r t u s  K a r s t e n ,  1 9 0 7

K a r s t e n ,  1 9 0 7 , p . 3 6 6 ,  p i .  3 5 ,  f ig . 2 . S i l v a ,  1 9 5 2 a , p . 5 8 6 , p i . 1 , f ig . 3 , e t  1 9 6 0 , p . 1 3 , p i. 1 , f ig . 7 -8 .  

N o n  : C o s c i n o d i s c u s  i n c e r t u s  L e u d u g e r - F o r tm o r e l ,  1 8 9 8  

L e u d u g e r - F o r t m o r e l ,  1 8 9 8 , p . 1 3 , p i .  1 , f ig . 1 3 .

Valves circulaires, convexes. Pas de rosette centrale différenciée, ni de zone centrale hyaline. 
Aréoles sub-hexagonales, de taille variable, plus petites au centre et sur les bords de la valve, 
disposées selon un réseau complexe et comme imparfait : rangées radiaires, rangées spiralées 
et rangées sub-radiaires fasciculées. Bord des valves strié radialement (15 stries en 10 n). Chloro
plastes peu nombreux, petits, discoïdes. Diamètre des valves : 32-95 n.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; côtes du Mozambique.
O c é a n  I n d i e n  : espèce très rarement signalée; au nord des îles Saint-Paul et Amsterdam 

(localité-type); Inhaca ( S i l v a ,  1960).
D i s t r i b u t i o n  m o n d i a l e  : une seule référence à ajouter (Guinée portugaise).

Le nom de C. incertus Karsten doit en effet être rejeté, comme homonyme postérieur de 
C. incertus Leud.-Fort. (cf. : L a n j o u w  et al., 1966). Ajoutons qu’il n’existe aucune similitude 
entre les deux espèces, et qu’il n’est par ailleurs pas assuré que l’homonyme antérieur soit bien 
un Coscinodiscus.

Coscinodiscus ren ifo rm is  Castracane, 1886

C a s t r a c a n e ,  1 8 8 6 , p . 1 6 0 , p i. 1 2 , fig . 1 2 . R a t t r a y ,  1 8 9 0 , p. 5 4 8 . M a n n , 1 9 2 5 , p. 6 9 , e t  1 9 3 7 , p . 4 6 . 
K o l b e ,  1 9 5 5 , p. 1 7 0 , pi. 1 , fig. 4 , e t  1 9 5 7 , p. 3 1 . W o o d , 1 9 6 3 b , p. 1 9 0 , p i. 1 , fig . 1 0 . T a y l o r ,  
1 9 6 7 , p . 4 4 6 ,  p i. 9 2 , fig . 4 4 .

--- S t o s c h i a  a d m i r a b i l i s  J a n i s c h  ( n o m e n  n u d u m )

J a n i s c h ,  1 8 9 0 , p i .  1 , fig . 1 -5 .

=  S t o s c h i a  m i r a b i l i s  ( n o m e n  n u d u m )

V a n  H e u r c k ,  1 8 8 5 , lé g e n d e  p i. 1 2 8 , fig . 6.

=  S t o s c h i a  ( s p . )  J a n is c h  i n  V a n  H e u r c k  

V a n  H e u r c k ,  1 8 9 6 , p . 5 3 7 , fig . 2 8 3 .

=  S t o s c h i a  r e n i f o r m i s  ( R a t t r a y )  H e id e n  e t  K o lb e  

H e i d e n  e t  K o l b e ,  1 9 2 8 , p . 4 7 6 .

=  C o s c i n o d i s c u s  S t o s c h i i  W i t t  i n  A . S c h m id t  

S c h m id t ,  1 8 8 9 , l é g e n d e  p i .  1 4 0 , f lg . 1 7 .
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R é c o l t e s  p e r s o n n e l l e s  : au large de Beira (très rare).

O c é a n  I n d i e n  : espèce nouvelle pour la région étudiée; connue par ailleurs aux Seychelles 
(sondage) et au sud de l’Afrique. ( K o l b e ,  1957; T a y l o r ,  1967).

D i s t r i b u t i o n  m o n d i a l e  : ce C o s c in o d is c u s  « aberrant » est essentiellement connu dans 
l’Atlantique tropical, au large des côtes occidentales d’Afrique. Par ailleurs : Philippines; 
Antarctique.

Planktoniella  so l (Wallich) Schütt, 1892 
P I. V I I I ,  f lg . 5 7

W a l l i c h , 1 8 6 0 , p . 3 8 , p i .  2 ,  fig . 1 -2  : « C o s c in o d is c u s  so l  ». S c h ü t t , 1 8 9 2 , p . 2 5 8 ,  f ig . 6 4 . H u s t e d t  
1 9 3 0 , p . 4 6 5 ,  f ig . 2 5 9 . C u p p , 1 9 4 3 , p . 6 3 ,  f ig . 2 7 . H a s l e , 1 9 6 0 , p . 1 1 , p i .  2 , f ig . 1 9 -2 0 . P o u r  le  
p o ly m o r p h is m e  d e  c e t t e  e s p è c e ,  v o ir  a u s s i  : K a r s t e n , 1 9 0 7 , p . 3 6 9 ,  p i .  3 9 ,  f ig . 1 -1 1 .  S i l v a , 
1 9 5 6 b , p . 1 6 , p i .  6 , f ig . 1 -3 , p i .  7 , f ig . 1 -2 , e t  p i . 8 , f ig . 1.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (espèce plutôt estivale); Tuléar; île Maurice; fréquente 
et abondante dans tout le canal de Mozambique, mais seulement dans les prélèvements verticaux 
(« plancton d’ombre »).

O c é a n  I n d i e n  : espèce très courante jusqu’aux latitudes sub-antarctiques. ( H e n d e y ,  1937; 
S i l v a ,  1956a, 1960; K o l b e ,  1957; T r a v e r s ,  1965).

D i s t r i b u t i o n  m o n d i a l e  : exemple-type d’espèce tropicale ( S m a y d a ,  1958), rencontrée 
occasionnellement dans les eaux tempérées. Océanique, oligophotique.

Gossleriella tropica  Schütt, 1892 
P I. X ,  f ig . 6 9

S c h ü t t , 1 8 9 2 , p . 2 5 8 ,  fig . 6 3 . H u s t e d t , 1 9 3 0 , p . 5 0 0 ,  f ig . 2 8 0 . H e n d e y , 1 9 3 7 , p . 2 5 8 ,  p i .  1 2 , fig . 1. 
S u b r a h m a n y a n , 1 9 4 6 , p . 1 0 7 , f ig . 8 6 . T a y l o r , 1 9 6 7 , p . 4 4 9 ,  p i .  8 8 , f ig . 4 .

? In c l . « G . t r o p ic a  S c h ü t t  1 8 9 3  (? )  v a r . » a p u d  S p r o s to n  

S p r o s t o n , 1 9 4 9 , p . 8 2 ,  f ig . 2 5 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (très rare); Tuléar; île Maurice; centre et nord du 
canal de Mozambique, dans les prélèvements verticaux seulement (« plancton d’ombre »).

O c é a n  I n d i e n  : côtes d’Afrique du Sud; parages de Magadascar; Indonésie; côtes des 
Indes. ( H e n d e y ,  1937; T r a v e r s ,  1965; T a y l o r ,  1967).

D i s t r i b u t i o n  m o n d i a l e  ; espèce océanique, inter-tropicale. Mers de Chine et du Japon; 
Méditerranée; Atlantique tropical.
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Actinocyclus octonarius Ehrenberg, 1838 var. octonarius

E h r e n b e r g ,  1 8 3 8 ,  p .  1 7 2 ,  p i .  2 1 ,  f i g .  7 .  H e n d e y ,  1 9 3 7 ,  p .  2 6 2 ,  e t  1 9 6 4 ,  p .  8 3 ,  p i .  2 4 ,  f i g .  3 .  B o d e n ,  
1 9 5 0 ,  p .  3 4 9 ,  f i g .  2 4 .

=  A c tin o c y c lu s  E h r e n b e r g i i  R a l f s  in  P r i t c h a r d  

H u s t e d t ,  1 9 3 0 ,  p .  5 2 5 ,  f i g .  2 9 8 ,  e t p lu r .  a u c t.

— A c t in o c y c lu s  E h r e n b e r g i i  su b sp . g e n u in u s  C le v e -E u le r  

C l e v e - E u l e r ,  1 9 5 1 ,  p . 8 1 ,  fig . 1 4 4  a.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé ( r a r e ) .

O c é a n  I n d i e n  : Ceylan; Indonésie; côtes des Indes; Zanzibar. ( A m o s s é ,  1924; K o l b e ,  1957). 
D i s t r i b u t i o n  m o n d i a l e  : cosmopolite, néritique.

Roperia tessellata  (Roper) Grunow in Van Heurck, 1885 
PI. IX, fig. 62

R o p e r ,  1 8 5 8 ,  p .  1 9 ,  p i .  3 ,  f i g .  1 : « E u p o d is c u s  te s s e la tu s  ». V a n  H e u r c k ,  1 8 8 5 ,  p i .  1 1 8 ,  f i g .  6 - 7 .
H u s t e d t ,  1 9 3 0 ,  p .  5 2 3 ,  f i g .  2 9 7 .

=  C o s c in o d is c u s  s p . ,  a p u d  S i lv a

S i l v a , 1 9 5 6 a ,  p .  3 1 ,  p i .  2 ,  f i g .  1 ,  e t  1 9 5 6 c ,  p i .  6 ,  f ig .  1.

R é c o l t e s  p e r s o n n e l l e s  : Tulear; centre du canal de Mozambique; au large de Nossi-Bé.
O c é a n  I n d i e n  : espèce peu courante. Iles Célèbes; côtes du Mozambique; Zanzibar; côtes 

d’Afrique du Sud; Antarctique? ( A m o s s é ,  1924; S i l v a ,  1956, 1960; K o l b e ,  1957; T a y l o r ,  1967).
D i s t r i b u t i o n  m o n d i a l e  : assez sporadique. Côtes du Brésil et du Chili; Atlantique nord- 

ouest et mers adjacentes; Nagasaki; divers sondages dans le Pacifique tropical.

Au sujet de la variabilité de cette espèce, se reporter à M a n n  (1925, 1937), V o i g t  (1949) 
et K o l b e  (1954, 1955, 1957). Dans mes récoltes, R. tessellata présente un type morphologique 
constant (pi. IX, fig. 62).

Thalassiosira subtilis  (Ostenfeld) Gran, 1900

O s t e n f e l d ,  1 8 9 9  : « P o d o s i r a  (? )  s u b t i l i s  » ( f id e  G r a n ) .  G r a n , 1 9 0 0 ,  p .  1 1 7 ,  e t  1 9 0 5 ,  p .  1 9 ,  f i g .  1 4 .  
H u s t e d t ,  1 9 3 0 ,  p .  3 3 0 ,  f i g .  1 6 6 .  H e n d e y ,  1 9 3 7 ,  p .  2 3 9 ,  e t  1 9 6 4 ,  p .  86 . C upp , 1 9 4 3 ,  p .  4 9 ,  f ig .  1 3 .  
B o d e n ,  1 9 5 0 ,  p .  3 3 7 ,  f i g .  9 .

=  C o s c in o d is c u s  ( T h a la s s io s i r a )  O s te n fe ld i i  C le v e -E u le r  

C i .e v f . - E u le r ,  1 9 5 1 ,  p . 7 3 ,  fig. 1 2 0  a.
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R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (rare).

O c é a n  I n d i e n  : espèce peu répandue. Mer d’Arabie; mer d’Arafura; côtes d’Afrique du 
Sud et du Mozambique; sud et sud-ouest de l’océan. ( H e n d e y ,  1937; S i l v a ,  1956a, 1960; 
T a y l o r ,  1967).

D i s t r i b u t i o n  m o n d i a l e  : large répartition latitudinale, probablement cosmopolite. Atlan
tique nord et mers adjacentes; côtes occidentales des U.S.A. et de l’Amérique du Sud.

Skele tonem a  costa tum  (Greville) Cleve, 1878

G r e v i l l e ,  1 8 6 6 , p . 7 7 , p i. 8 , f ig . 3 -6  : « M e lo s ir a  c o s ta ta  ». C l e v e ,  1 8 7 8 , p . 1 8 . H u s t e d t ,  1 9 3 0 , p . 3 1 1 ,  
f ig . 1 4 9 . H e n d e y ,  1 9 6 4 , p . 9 1 , pi. 7 , fig . 3 . S t e i d i n g e r ,  1 9 6 4  ( m o n o g r a p h ie ) .
L a  g r a p h ie  « S c e le to n e m a  » e s t  e r r o n é e .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (au début des deux grandes poussées annuelles); côtes 
d’Afrique du Sud.

O c é a n  I n d i e n  : espèce courante. Côtes des Indes et d’Australie; Indonésie; canal de Mozam
bique; Antarctique? ( S i l v a ,  1956a, 1960; K o l b e ,  1957; T r a v e r s ,  1965).

D i s t r i b u t i o n  m o n d i a l e  : espèce cosmopolite néritique, eurytherme et euryhaline. Souvent 
très prolifique.

Diatomée planctonique très commune, S. costatum constitue un matériel de choix pour les 
études expérimentales. Au sujet de sa biologie et de sa physiologie, voir C u r l  et Me L e o d  (1961), 
B r a a r u d  (1962), H u l b u r t ,  (1963). etc.

Stephanopyxis palm eriana  (Greville) Grunow, 1884

G r e v i l l e ,  1 8 6 5 b , p. 2 , p i. 1 , fig . 9  : « C r e s s w e l l ia  P a lm e r ia n a  ». G r u n o w , 1 8 8 4 , p . 9 0 . G r a n  e t  
Y e n d o ,  1 9 1 4 , p . 2 6 . P a v i l l a r d ,  1 9 2 5 , p . 5 , fig. 3 . H u s t e d t ,  1 9 3 0 , p . 3 0 8 , fig . 1 4 7 . H e n d e y ,  1 9 3 7 ,  
p . 2 0 8 , 2 3 6 . C upp, 1 9 4 3 , p . 4 0 , fig. 4 . B o d e n ,  1 9 5 0 , p . 3 3 2 , fig . 4 . K o l b e ,  1 9 5 7 , p . 4 2 , p i. 1 , fig . 6 .

R é c o l t e s  p e r s o n n e l i . e s  : Nossi-Bé; au large de la côte d’Afrique, de Durban à Beira.
O c é a n  I n d i e n  : Indonésie; côtes des Indes; îles Cocos; canal de Mozambique; Antarctique ? 

côtes d’Afrique du Sud. ( S i l v a ,  1956a, 1960; K o l b e ,  1957; T a y l o r ,  1967).
D i s t r i b u t i o n  m o n d i a l e  : Méditerranée; Atlantique et Pacifique inter-tropicaux.

La confusion avec Stephanopyxis turris est probablement très fréquente. Des stades inter
médiaires entre les deux espèces sont reportés par H e n d e y  et par B o d e n  (loc. cit.), et l’un au 
moins des caractères morphologiques donnés comme distinctifs est sujet à controverse (constric
tion des manteaux valvaires). La question reste donc ouverte.

S. palmeriana différerait de S. turris (« S. t. ») par les caractères suivants :
Diamètre moyen des valves : 80 ;j. (S. t. : 40), les tailles extrêmes étant 20 et 150 n  (S. t. : 10- 

115). Manteaux valvaires relativement peu développés, l’axe pervalvaire étant de longueur 
inférieure ou égale au diamètre valvaire (S. t. : supérieure). Aréoles hexagonales, progressivement 
plus grandes et plus délicates à partir du bord des valves vers le centre (S. t. : aréoles de forme
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irrégulière, et de taille à peu près constante). Manteaux valvaires non comprimés au voisinage 
de la suture des valves (?). Répartition inter-tropicale (S . t. : tempérée).

La production de gamètes, d’auxospores et de spores de résistance a été étudiée expérimen
talement par D r e b e s  (1966) chez les deux espèces.

Fam. H E M I D I S C A C E A E

H em id iscus cuneiform is  W a ll ic h ,  1860 
P I. X I I I ,  f ig . 85

W a l l i c h ,  1 8 6 0 , p . 4 2 ,  p i .  2 , tig . 3 -4 . H u s t e d t ,  1 9 3 0 , p . 9 0 4 , f ig . 5 4 2 . H e n d e y ,  1 9 3 7 , p . 2 6 4 , e t  
1 9 6 4 , p . 9 4 , p i .  2 2 , f ig . 9 . S c h m id t ,  1 9 4 0 , p i .  4 3 5 ,  fig . 1 -6 , p i . 4 3 6 , f ig . 1 -9 , p i . 4 3 7 ,  f ig . 1 -2 , e t  
p i. 4 3 8 ,  fig . 4 -1 0 .  H a r t  e t  C u r r ie ,  1 9 6 0 , p . 2 1 5 .

I n c l .  : v a r . g i b b a  ( B a i le y )  H u s t e d t ,  v a r . r e c t a  (C a s tr a c a n e )  H u s t e d t ,  v a r . v e n t r i c o s a  (C a s tr a c a n e )  
H u s t e d t ,  e t  v a r . o r b i c u l a r i s  ( C a s tr a c a n e )  H u s t e d t  : cf. H u s t e d t  ( l o c .  c i t . ) ,  e t  c e t .  a u c t .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; île Maurice; sporadiquement dans le centre et le nord 
du canal de Mozambique.

O c é a n  I n d i e n  : mer Rouge; Sumatra; mer d’Arabie; Tuléar; divers sondages dans la zone 
tropicale; côtes d’Afrique du Sud. ( K o l b e ,  1957; T r a v e r s ,  1965; T a y l o r ,  1967).

D i s t r i b u t i o n  m o n d i a l e  : espèce océanique, cosmopolite mais plus répandue dans les 
mers chaudes.

Le développement inégal de la ceinture donne à cette Diatomée la forme d’un coin, d’où le 
nom d’II. cuneiformis; toutefois ce caractère n’est pas spécifique, mais générique.

Comme le note H e n d e y  (1937), le polymorphisme de cette espèce est considérable, et toutes 
les transitions sont observables entre les prétendues variétés.

H em idiscus hardm anianus  (Greville) Mann, 1907 
PI. IV, fig. 31

G r e v i l l e , 1 8 6 5 a , p . 2 , p i. 5 , fig . 1 - f  : « P a l m e r i a  H a r d m a n i a n a  ». M a n n , 1 9 0 7 , p . 3 1 6 . A l l e n  e t  
C u p p , 1 9 3 5 , p . 1 5 2 , fig . 9 1 . S u b r a h m a n y a n , 1 9 4 6 , p . 1 6 0 , fig . 3 1 0 -3 1 2 ,  3 1 4 ,  3 1 5 . S c h m t d t , 
1 9 4 0 , p i. 1 3 9 , fig . I -5 . C i t r i . ,  1 9 5 9 , p. 2 8 7 , fig . 17.

P l a n c h e  1 : 1  —  C hrysan them odiscus flo ria tus  M ann  em end. T ak an o . 2  —  D actyliosolen  antarc ticus î. laevis 
(K a rs t .)  H e id . e t  K o lb e . 3  —  R h izoso len ia  alata i. gracillim a  (Cl.) G ra n  : au x o sp o re . 4  ■—  Schroederella deli
catu la  f. Schroederi (B erg o n ) n . eom b . 5  —  D etonula  m oseleyana  (C as tr.)  G ran . 6  —  G uinard ia  flaccida  
(C a s tr .)  H . P e r . : s p o ru la tio n . 7  ■—  R h izoso len ia  cy lin d ru s  C leve. 8 a , b —  R . obtusa  H en sen .
É ch e lle  « s im p le »  : 50 u ; échelle  « d o u b le »  : 100 u-

542



P l a n c h e  i

m

WÊMSH« *• ■fvrr**;*7rf. -*

© % © 5 i

o ^ .tà vo •QJ'ÔT
°0  ó9o V 
0-£°oo?  
* § .o o ?

,<i - 0 ' 
0 0 '

fr’.ïJ o

W eJeisí

c \

X6

0 . O

I.:

8
3* #

543



2 2 A. SouRNiA. —  D i a t o m é e s  p l a n c t o n i q u e s

=  P a l m e r i a  h a r d m a n i a n a  G r e v il le

G r e v i l l e , i b i d .  V a n  H e u r c k , 1 8 9 6 ,  p .  5 3 8 ,  f ig . 2 8 7 .  C l e v e , 1 9 0 1 ,  p .  2 2  e t  5 6 .  O s t e n f e l d , 1 9 0 3 a ,  
p .  4 ,  f ig .  1 - 2 ,  e t  1 9 1 5 ,  p .  1 6 .  S i l v a , 1 9 6 0 ,  p .  1 9 ,  p i .  8 ,  f i g .  4 - 6 .

=  E u o d i a  h a r d m a n i a n a  (G r e v i l le )  S c h r ö d e r  

S c h r ö d e r ,  1 9 0 6 ,  p .  3 4 1 .

=  E u o d i a  ( H e m i d i s c u s )  c a p i l l a r i s  B r u n  

B i i U ' i ,  1 8 9 1 ,  p .  2 6 ,  p i .  1 7 ,  f i g .  4 .

Valves hémicycliques, de grande taille (diamètre de l’hémicycle : 370-530 ¡̂ ), à ornemen
tation très fine rappelant celle du Coscinodiscus nobilis. Ceinture très inégalement développée, 
donnant au frustule l’aspect d’un secteur sphérique (... ou d’un quartier d’orange). Parois très 
délicates.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; au large du cap Saint-André.
O c é a n  I n d i e n  : mer Rouge; nord-ouest de l’océan; Indonésie; Madras; Inhaca. (K o l b e , 1957; 

S i l v a , 1960).
D i s t r i b u t io n  m o n d ia l e  : espèce très rarement signalée en dehors de l’océan Indien et de 

l’Indonésie. Mers de Chine et du Japon; golfe du Mexique.

Earn. ACTINO D1SCA CE A E  
A ctinop tychus senarius  (Ehrenberg) Ehrenberg, 1843

K h r k n b k r u ,  1 8 3 8 ,  p .  1 7 2 ,  p i .  2 1 ,  f i g .  6  : « A c t i n o c y c l u s  s e n a r i u s  »; 1 8 4 3 ,  p i .  1 / l ,  f ig .  2 7 .  H e n d e y ,  
1 9 3 7 ,  p .  2 7 1 ,  e t  1 9 6 4 ,  p .  9 5 ,  p i .  2 3 ,  f ig .  1 - 2 .  B o d e n ,  1 9 5 0 ,  p .  3 5 1 ,  f ig .  2 6 .  H a r t  e t  C u r r ie ,  1 9 6 0 ,  
p .  2 1 5 .

— A c t i n o p t y c h u s  u n d u l a t u s  ( B a i le y )  R a lf s  

H u s t e d t , 1 9 3 0 ,  p .  4 7 5 ,  f i g .  2 6 4 ,  e t  p l u r .  a u c t .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (rare); île Maurice.
O c é a n  In d i e n  : mer Rouge; Indonésie; golfe d’Aden; côtes des Indes; nord du canal de 

Mozambique; Afrique du Sud; Kerguelen; Antarctique. (A m o s s é , 1924; H e n d e y , 1937; K o l b e , 
1957; T a y l o r , 1967).

D i s t r i b u t io n  m o n d ia l e  : néritique, cosmopolite.

A ctinop tychus sp lendens  (Shadbolt) Ralfs in Pritchard, 1861
PI. IX, flg. 63

S h a d b o l t ,  1854, p .  16 : « A c t i n o s p h a e n i a  s p l e n d e n s  ». P r i t c h a r d ,  1861, p .  840. H u s t e d t ,  1930, 
p .  478, fig. 265. H e n d e y ,  1937, p .  272, et 1964, p .  95, p i .  22, fig. 1. B o d e n ,  1950, p. 351, fig. 27.
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R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; côte du Mozambique.
O c é a n  In d i e n  : Tasmanie; Indonésie; Ceylan; Madagascar; Zanzibar; Inhaca; côtes d’Afrique 

du Sud. (S h a d b o l t , 1854; A m o s s é , 1924; K o l b e , 1957; S il v a , 1960; T a y l o r , 1967).
D i s t r i b u t io n  m o n d ia l e  : c o s m o p o li te ,  n é r it iq u e .

A c tin o p ty c h u s  tr i l in g u la tu s  (Brightwell) Ralfs in Pritchard, 1861
P I. V I ,  flg . 4 5

B r i g h t w e l l ,  1 8 6 0 , p. 9 3 , pi. 5 , f ig . 2  : « A c tin o c y c lu s  t r i l in g u la tu s  ». P r i t c h a r d ,  1 8 6 1 , p. 8 4 0 .  
S c h m i d t ,  1 8 7 4 , pi. 1 , fig . 2 0 , B o y e r ,  1 9 2 6 , p. 66. S i l v a ,  1 9 6 0 , p. 1 6 , pi. 5 , f ig . 3 ,  e t  pi.  6, f ig . 1.

Valves circulaires, très convexes, de grande taille (diamètre : 90-260 p i ) ,  divisées en six sec
teurs; espace central trilingulé. Chaque secteur porte une rangée marginale d’épines tronquées, 
en nombre variable. Ornementation très fine, constituée d’un réseau hexagonal comptant environ 
15 ponctuations en 10 il

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (rare); côte du Mozambique.
O c é a n  I n d i e n  : Ceylan; Sumatra; Java; Aden; Zanzibar; Inhaca. (A m o s s é , 1924; S i l v a , 

1960).
D i s t r i b u t i o n  m o n d i a l e  : une seule référence à ajouter aux précédentes, « Indes occidentales» 

(localité-type).

A s te r o la m p r a  m a r y la n d ic a  Ehrenberg, 1844 

E h r e n b e r g , 1 8 4 4 a , p . 7 6 , 1 8 4 4 b , pi. 1 , fig. 1 0 . H u s t e d t , 1 9 3 0 , p . 4 8 5 ,  fig. 2 7 0 - 2 7 1 .  H e n d e y , 1 9 3 7 ,
p . 2 6 8 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; île Maurice; nombreuses récoltes en domaine 
océanique (« Anton Bruun »).

O c é a n  In d i e n  : espèce la plus répandue du genre; essentiellement tropicale. ( H e n d e y , 1937; 
S il v a , 1956a; K o l b e , 1957; T r a v e r s , 1965; T a y l o r , 1967).

D i s t r i b u t io n  m o n d ia l e  : mers tempérées et, surtout, tropicales. Océanique.

A s te r o la m p r a  V a n -H e u rc k ii Brun, 1891 

B r u n , 1 8 9 1 , p. 1 0 , pi. 1 4 , fig. 1. H u s t e d t , 1 9 3 0 , p. 4 8 7 , fig. 2 7 2 . H e n d e y , 1 9 3 7 , p. 2 6 8 .

R é c o l t e s  p e r s o n n e l l e s  : extrêmement rare à Nossi-Bé, mais abondante au large dans 
les prélèvements de 1’ « Anton Bruun »; île Maurice.
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O c é a n  I n d i e n  : seulement trois références. Au nord de l’archipel des Chagos ( K a r s t e n , 
1907); au large du Kénya ( H e n d e y , 1937); Sumatra ( K o l b e , 1957).

D i s t r i b u t i o n  m o n d i a l e  : l’espèce semble inconnue en dehors de la Méditerranée (où elle 
fut découverte) et de l’océan Indien.

A stero lam pra  G revillei (Wallich) Greville, 1860

W a l l i c h ,  1 8 6 0 , p . 4 7 , p i. 2 , fig . 15  : « A s t e r o m p h a l u s  G r e v i l l i i  ». G r e v i l l e ,  1 8 6 0 , p . 1 1 3 , p i. 4 , f ig . 2 1 .  
H u s t e d t ,  1 9 3 0 , p . 4 8 9 ,  fig . 2 7 4 . H e n d e y ,  1 9 3 7 , p . 2 6 7 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; île Maurice.
O c é a n  I n d i e n  : diverses stations tropicales et sub-tropicales. ( T r a v e r s , 1965). 
D i s t r i b u t i o n  m o n d i a l e  : espèce peu connue. Méditerranée; Atlantique tempéré.

A sterom pha lus elegans Greville, 18:)9 
P I. I X ,  f ig . 5 9

G r e v i l l e ,  18591), p . 1 6 1 , p i. 7 , fig . 6 . P r i t c h a r d ,  1 8 6 1 , p . 8 3 7 , p i. 5 , fig . 8 7 . S c h m i d t ,  1 8 7 6 , p i. 3 8 ,  
fig . 1 -2 . K a r s t e n ,  1 9 0 7 , p . 3 7 0 , p i. 3 8 , fig . 3  (? ) .  H e n d e y ,  1 9 3 7 , p . 2 6 9 . V ix- S i l v a ,  1 9 5 6 b , p . 2 2 ,  
p i. 1, fig . 7. W o o d  e l  u l . ,  1 9 5 9 , p . 2 1 5 ,  p i. 1 6 , fig . 2 3 .

=  A s t e r o m p h a l u s  W y v i l l e i  C a s tr a c a n e

C a s t r a c a n e , 1 8 8 6 , p . 1 3 4 , p i .  5 , fig . 6 . K a r s t e n ,  1 9 0 7 , p . 3 7 0 , p i . 3 8 , fig . 4 . S u b r a h m a n y a n ,  1 9 4 6 ,  
p . 1 0 6 , fig . 8 7 , e t  p i. 2 , fig . 4 .

— A s t e r o m p h a l u s  s c h r o e t e r i a n u s  S ch rö d e r

S c h r ö d e r , 1 9 0 6 , p . 3 4 2 , fig . 1.

Valves planes, circulaires ou sub-circiilaires; diamètre : 70-230 il Champ hyalin médian en 
position centrale ou légèrement excentrique, occupant environ 1 /3 du diamètre valvaire. Rayons 
en nombre très variable, de 12 à 29. Nervures centrales plus ou moins infléchies, ou ramifiées 
une ou plusieurs fois. Aréoles, dans chaque secteur extérieur, diminuant légèrement en taille vers 
la périphérie.

(Dans sa description originale, G r e v i l l e  reconnaît n’avoir observé qu’un seul spécimen 
de cette espèce, qu’il suppose cependant très variable : ceci a été largement vérifié par la suite.)

R é c o l t e s  p e r s o n n e l l e s  : centre et nord du canal de Mozambique (rare).
O c é a n  I n d i e n  : espèce assez fréquente sous toutes les latitudes, Antarctique compris, mais 

nouvelle pour le canal de Mozambique. ( K o l b e , 1957).
D i s t r i b u t i o n  m o n d i a l e  : mers tropicales et sub-tropicales. Méditerranée; Californie; mers 

de Chine et du Japon; côtes du Chili; Pacifique tropical oriental.
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A s te r o m p h a lu s  a ra c h n e  (Brébisson) Ralfs i n  Pritchard, 1861
P I. I X ,  f ig . 6 0

B r é b i s s o n ,  1 8 5 7 , p . 2 9 6 ,  p i .  3 ,  f ig . 1 : « S p a t a n g i d i u m  a r a c h n e  ». P r i t c h a r d ,  1 8 6 1 , p . 8 3 7 ,  p i. 5 , 
f ig . 6 6 . H u s t e d t ,  1 9 3 0 , p . 4 9 3 ,  fig . 2 7 6 .

R é c o l t e s  p e r s o n n e l l e s  : côte d’Afrique du Sud (rare).
O c é a n  In d i e n  : espèce peu signalée, de distribution incertaine. Ceylan; « Océan Indien »; 

Tuléar; Antarctique?; au large de l’Afrique du Sud. ( K o l b e , 1957; T r a v e r s , 1965; T a y l o r , 1967).
D i s t r i b u t i o n  m o n d i a l e  : également assez rare. Méditerranée; mer de Marmara; côtes 

d’Angola; côtes du Pérou; île de l’Ascension. Espèce probablement océanique.

A s te r o m p h a lu s  h e p ta c tis  (Brébisson) Ralfs i n  Pritchard, 1861
P I. I X ,  f lg . 5 8

B r é b i s s o n , 1 8 5 7 , p .  2 9 6 ,  pi. 3 , f ig . 2  : « S p a t a n g i d i u m  h e p t a c t i s  ». P r i t c h a r d , 1 8 6 1 , p . 8 3 8 ,  p i .  8 ,  
fig . 2 1 . H u s t e d t , 1 9 3 0 , p . 4 9 4 ,  fig . 2 7 5 , 2 7 7 . H e n d e y , 1 9 3 7 , p. 2 6 9 , e t  1 9 6 4 ,  p . 9 6 ,  p i .  2 4 ,  
fig . 5 . Cu p p , 1 9 4 3 , p . 6 9 , f ig . 3 2 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; côtes du Mozambique.
O c é a n  I n d i e n  : espèce rencontrée sous toutes les latitudes, plutôt littorale. ( H e n d e y , 1937; 

S i l v a , 1956a, 1960; K o l b e , 1957; T r a v e r s , 1965; T a y l o r , 1967).
D i s t r i b u t i o n  m o n d i a l e  ; cosmopolite. Océanique?

A s te r o m p h a lu s  f la b e lla tu s  (Brébisson) Greville, 1859

B r é b i s s o n , 1 8 5 7 , p . 2 9 7 ,  p i . 3 ,  f ig . 3  : « S p a t a n g i d i u m  f l a b e l l a t u m  ». G r e v i l l e , 1 8 5 9 b , p . 1 6 0 , p i .  7 , 
fig . 4 -5 . S c h m id t , 1 8 7 6 , p i .  3 8 ,  f ig . 1 0 -1 2 . H u s t e d t , 1 9 3 0 , p . 4 9 8 ,  fig . 2 7 9 .

? =  A s t e r o m p h a l u s  c l e v e a n u s  Grunow
Cl e v e , 1 8 7 3 a , p . 5 . S c h m id t , i b i d . ,  f ig . 1 3 -1 4 . R a t t r a y , 1 8 9 0 , p . 6 6 2 . O k a m u r a , 1 9 1 1 , p . 3 ,  p i .  8 ,  

fig . 2 . S k v o r t z o w , 1 9 3 2 d , p . 2 6 7 ,  p i .  4 ,  fig . 1 . A l l e n  e t  Cu p p , 1 9 3 5 , p . 1 2 3 , f ig . 2 3 . S u b r a h 
m a n y a n , 1 9 4 6 , p . 1 0 6 , f ig . 8 4 ,  8 8 . K o l b e , 1 9 5 7 , p . 2 4 ,  p i .  1 , f ig . 3 . W o o d , 1 9 6 3 b , p . 1 9 3 , p i .  2 , 
f ig . 2 8 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar. Très rare.
O c é a n  I n d i e n  : Indonésie; côtes des Indes; canal de Mozambique; Afrique du Sud. ( K o l b e , 

1957; S i l v a , 1960; T r a v e r s , 1965; T a y l o r , 1967).
D i s t r i b u t i o n  m o n d i a l e  : espèce néritique, tempérée et surtout tropicale.
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L'autonomie spéciíique de A . cleveanus me semble douteuse. D ’après la bibliographie et 
l'iconographie consultées, aucun caractère décisif ne permet de séparer les deux espèces — dont 
les aires de répartition semblent d’ailleurs identiques.

A stero m p h a lu s roperianus  (Greville) Ralfs in  Pritchard, 1861
P I. I X ,  fig . f i l

G r e v i l l e , 1 8 6 0 , p . 1 2 0 ,  p i. 4 ,  f ig . 1 4  : « A s t e r o l a m p r a  R o p e r i a n a  ». P r i t c h a r d , 1 8 6 1 , p . 8 3 8 . S c h m id t , 
1 8 7 6 , p i. 3 8 ,  f ig . 1 5 . K a r s t e n , 1 9 0 5 a , p .  9 0 ,  p i .  8 ,  f ig . 8 , e t  1 9 2 8 ,  p . 2 2 2 , f ig . 2 4 2 .  H e i d e n  e t  
K o l b e , 1 9 2 8 , p . 5 0 6 . H e n d e y , 1 9 3 7 , p . 2 7 0 . W o o d , 1 9 6 0 , p . 2 2 0 ? ,  n o n  p i. 4 ,  f ig . 2 6 .

=  A .  r o p e r i a n u s  v a r . a l t a n t i c u s  C a s tr a c a n e  

Ca s t r a c a n e , 1 8 8 6 , p . 1 3 3 , p i .  5 , f lg . 3.

Valve discoïde, légèrement convexe. Zone hyaline médiane en position centrale, son dia
mètre égal au 1 ¡3 environ du diamètre valvaire. Rayons très généralement au nombre de sept, 
élargis et légèrement arrondis à leur extrémité, le septième (impair) beaucoup plus fin que les 
autres; suture médiane très nettement étranglée en face du septième rayon. Sept secteurs sub
égaux; aréolation bien marquée, selon un réseau hexagona); aréoles plus grosses sur la ligne 
bordant chaque rayon. Diamètre des valves : 85-120 i».

R é c o l t e s  p e r s o n n e l l e s  : région de Nossi-Ré et des îles Comores.
O c é a n  I n d i e n  : rare. Zanzibar; Antarctique. (A m o s s é , 1924; K o l b e , 1957).
D i s t r i b u t io n  m o n d ia l e  : très sporadique. Diverses stations dans l’Atlaintique; îles Gala

pagos; Antarctique.

« L’une des espèces les plus reconnaissables dans ce genre si variable » (M a n n , 1937). Elle 
est cependant confondue par W o o d  (ib id ., et 1963a), et peut-être par d’autres auteurs, avec
A. robustus Castr. Mentionnons également ici l’énigmatique Diatomée décrite par W o o d  (1959) : 
frustule composé d’une valve de Coscinodiscus lineatus et d’une valve d’ « A . roperianus ».

Fani. B 1 D D U L P H IA C E A E  

Biddulphia  pulchella  Gray, 1821

G r a y , 1 8 2 1  ( I ) ,  p . 2 9 4 . H u s t e d t , 1 9 3 0 , p . 8 3 2 ,  fig . 4 9 0 . H e n d e y , 1 9 6 4 , p . 1 0 1 , p i . 2 5 ,  flg . 1.

=  B i d d u l p h i a  b i d d u l p h i a n a  (W . S m it h )  B o y e r

B o y e r , 1 9 0 0 , p . 6 9 4 ,  e t  1 9 2 6 ,  p . 1 2 1 . G r a n , 1 9 0 5 , p . 1 0 4 , flg . 1 3 5 . O k a m u r a , 1 9 1 1 , p . 9 , p i .  1 2 , 
f lg . 4 2 . L e b o u r , 1 9 3 0 , p . 1 7 2 , p i .  3 , f ig . 3 . Cl e v e - E u l e r , 1 9 5 1 , p . 1 2 0 , p i. 6 , f lg . 2 5 9  B .
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R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; île Maurice; côte du Mozambique.
O c é a n  I n d i e n  : espèce courante sous les latitudes tropicales et tempérées. (A m o s s é , 1924; 

S il v a , 1956a; K o l b e , 1957; T r a v e r s , 1965).

D i s t r i b u t io n  m o n d i a l e  : mers tempérées et tropicales. Espèce littorale, tychoplanctonique.

B id d u lp h ia  tr id e n s  (Ehrenberg) Ehrenberg, 1840 
PI. V , flg . 3 3 , e t  p i. X I I ,  flg. 83

E h r e n b e r g ,  1 8 3 9 a ,  p . 1 2 9  : « Denticella tridens  »; 1 8 4 0 b ,  p . 2 0 5 ;  1 8 5 4 ,  p i. 1 8 ,  f l g .  5 2 ,  p i. 1 9 ,  f l g .  2 1 ,  
e t  p i. 2 0 ,  f l g .  5 3  (« B . tridentata  »). P r i t c h a r d ,  1 8 6 1 ,  p . 8 4 8 .  B o y e r ,  1 9 0 0 ,  p . 6 9 5 ,  e t  1 9 2 6 ,
p . 121 .

=  B iddu lph ia  Tuom eyi (B a ile y )  R o p er

R o p e r ,  1 8 5 9 ,  p . 8 ,  p i. 1 ,  f l g .  1 - 2 .  H u s t e d t ,  1 9 3 0 ,  p . 8 3 4 ,  f l g .  4 9 1 ,  et plur. auct.

=  B. Tuom eyi v a r . pacifica  C a stra ca n e  

C a s t r a c a n e ,  1 8 8 6 ,  p .  1 0 6 ,  p i .  3 0 ,  f i g .  6 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; parages de Durban et de Beira.
O c é a n  I n d i e n  : cette espèce est principalement connue dans la région du canal de Mozam

bique. Par ailleurs : côte nord-est des Indes; divers sondages entre les Seychelles et Socotra; 
Indonésie; Antarctique. (S h a d b o l t , 1854; A m o s s é , 1924; S r i n i v a s a n , 1954; S i l v a , 1956a, 1960; 
K o l b e , 1957; T r a v e r s , 1965; T a y l o r , 1967).

D i s t r i b u t io n  m o n d i a l e  : mers tropicales et Méditerranée; beaucoup plus rare dans les 
mers tempérées.

L’épithète originelle d’EHRENBERG s’est révélée par la suite mal choisie, car le nombre de 
protubérances portées par les valves, s’il est généralement voisin de trois, est cependant très 
variable : de 1 à  11 (voir aussi D e f l a n d r e , 1935). Ceci ne constitue nullement une raison pour 
adopter le binôme créé postérieurement par R o p e r ; cette seconde désignation a cependant été 
largement suivie, quoique non unanimement : B o y e r , dans sa monographie (1900) puis dans 
son index (1926), et plus récemment W o o d  (1963a), sont revenus au terme originel. Dans ces 
conditions, il semble justifié d’appliquer la loi de priorité, au bénéfice d ’EHRENBERG.

J ’ai principalement observé cette espèce sous la forme décrite par C a s t r a c a n e  ( loc. cit.) 
sous le nom de B. Tuomeyi var. pacifica: une paire seulement de protubérances à  peine marquées 
de part et d’autre de la protubérance centrale (flg. 83); plus rarement, sous la forme baptisée 
par S h a d b o l t  (1854) Denticella sim plex: protubérance centrale unique; enfin, sous ce second 
aspect, B. tridens m’a montré à  trois reprises, dans les récoltes de Tuléar, la formation de spores (?) 
par groupe de quatre dans chaque cellule (flg. 33).

B id d u lp h ia  m o b il ie n s is  (Bailey) Grunow in  Van Heurck, 1885

B a i l e y ,  1 8 5 1 b , p . 4 0 , p i. 2 ,  lig . 3 4 -3 5  ; « Zygoceros (Denticella^ )  m obiliensis  ». V a n  H e u r c k ,  1 8 8 5 , 
p i. 1 01 , flg . 4 , non  5 -6 , nec p i. 1 0 3 , flg . A . H u s t e d t ,  1 9 3 0 , p .  8 4 0 , flg . 4 9 5 . S u b r a h m a n y a n ,  
19 4 6 , p . 1 5 5 , flg. 2 8 6 -2 8 7 , 2 9 1 -2 9 6 , 2 9 9 , e t  p i. 2 , flg . 1 - 2 .  H e n d e y ,  1 9 6 4 , p .  1 0 4 , p i .  2 0 ,  flg . 3 .
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R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; côte d’Afrique du Sud.
O c é a n  In d i e n  : mer d’Arabie; côtes des Indes et d’Australie; golfe d’Aden; canal de Mozam

bique; Afrique du Sud; «océan Indien». ( A m o s s é , 1924; S il v a , 1956a, 1960; T r a v e r s , 1965; 
T a y l o r , 1967).

D i s t r i b u t io n  m o n d i a l e  : espèce largement répandue dans les mers tempérées et tropicales.

B iddulphia  sinensis  Greville, 1866

G r e v i l l e ,  1 8 6 6 , p . 8 1 , p i. 9 , fig. 16. H u s t e d t ,  1 9 3 0 , p . 8 3 7 , flg. 4 9 3 . M ü l l e r - M e l c h e r s ,  19 5 2 ,  
p . 1 -1 4 , p i. 1 -5 . H e n d e y ,  1 9 6 4 , p . 105 , p i. 2 0 , flg. 1.

F a u t- i l  écr ire  chinensis  ou  sinensis?  L e  C ode de la  N o m e n c la tu r e  b o ta n iq u e  ( L a n j o u w  et al., 
19 6 6 ) la is se r a it  h é s ite r  en tr e  le  r e sp e c t  d e  la  g ra p h ie  o r ig in a le  ( G r e v i l l e ,  loc. cit. : « chinensis  »), 
e t  c e lu i d es u sa g es  d e  la  la t in is a t io n ;  c e p e n d a n t  l ’écr itu re  sinensis  a  é té  p resq u e  u n iv e r se lle m e n t  
a d o p té e . A u ss i, la  r a iso n  d e  c o m m o d ité  —  a u tr e  p r in c ip e  d u  C ode —  im p o se  ic i d e  co n sid érer  la  
g ra p h ie  chinensis  c o m m e  erronée.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (période estivale); Tuléar; côte du Mozambique; cap 
Saint-André.

O c é a n  I n d i e n  : mer Rouge; mer d’Arabie; côtes des Indes; Indonésie; îles Cocos; canal 
de Mozambique; côtes d’Afrique du Sud. (S il v a , 1956a, 1960; K o l b e , 1957; T r a v e r s , 1965; 
T a y l o r , 1967).

D i s t r i b u t io n  m o n d ia l e  : mers tropicales et tempérées; espèce particulièrement euryhaline. 
(Au sujet de la biologie de cette espèce dans la mer du Nord, voir W i m p e n n y , 1956.) Rappe
lons que, selon O s t e n f e l d  (réf. in H u s t e d t , etc.), il s’agirait ici d’une espèce tropicale 
artificiellement introduite dans l’Atlantique Nord au début du siècle... Cette hypothèse est 
excessivement hasardeuse.

B iddulphia  longicruris  var. hyalina  (Schröder) Cupp, 1943

S c h r ö d e r ,  19 0 6 , p . 3 5 3 , flg. 21 : « B iddu lph ia  hyalina  ». Cupp, 1943 , p . 1 5 7 , flg. I I I  B  (1 -3 ). B o d e n ,  
1 9 5 0 , p . 3 9 6 , flg . 80 . A v a r ia ,  1 9 6 5 , p . 9 8 , p i. 7 , flg. 2.

=  B iddu lph ia  hyalina  S ch röd er

S c h r ö d e r ,  ibid. K r a s s k e ,  1 9 4 1 , p . 2 6 9 , p i. 6 , flg. 3-5 .

=  B iddu lph ia  extensa  Mann
M a n n , 1 9 0 7 , p . 3 0 2 , p i. 4 7 , flg. 1-2 . B o y e r ,  1 9 2 6 , p . 127.

R é c o l t e s  p e r s o n n e l l e s  : très rare. Quelques exemplaires seulement, récoltés au sud-est 
de Beira.

O c é a n  I n d i e n  : variété nouvelle pour cet océan; le type de l’espèce (à désigner sous le nom 
de B. longicruris Grev. var. longicruris) y est d’ailleurs rare.

D i s t r i b u t io n  m o n d i a l e  : jusqu’ici très rarement signalée. Côte occidentale des U.S.A., 
de la Californie à l’Alaska; côte occidentale d’Afrique du Sud; côte du Chili.
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B id d u lp h ia  r h o m b u s  (Ehrenberg) W. Smith, 1856

E h r e n b e r g ,  1 8 3 9 b , p . 156  : « Zygoceros rhombus »; 1 8 4 0 -4 1 , p . 1 6 0 , p i. 4 , flg . 11. S m ith , 1 8 5 6 , p . 49 , 
p i. 45 , flg. 3 2 0 , e t  p i. 61 , flg. 320 . H u s t e d t ,  1 9 3 0 , p . 8 4 2 , flg . 4 9 6 -4 9 7 .

R é c o l t e s  p e r s o n n e l l e s  : Tuléar.
O c é a n  I n d i e n  : rare. Ceylan; mer de Java; côtes des Indes; canal de Mozambique. (S il v a , 

1956a, 1960).
D i s t r i b u t io n  m o n d ia l e  : espèce littorale, principalement tempérée.

B id d u lp h ia  a u r ita  (Lyngbye) Rrébisson, 1838

L v n g b y e ,  1 8 1 9 , p . 1 8 2 , p i. 62 , flg. D  : « D iatom a auritum  ». B r é b i s s o n ,  1 8 3 8 , p . 12 . H u s t e d t ,  
1 9 3 0 , p . 8 4 6 , flg. 5 01 . Cupp, 1 9 4 3 , p . 1 6 1 , flg. 112  A  (1 -3 ). H e n d e y ,  1 9 6 4 , p . 1 0 3 , p i. 2 4 , flg. 6.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (très rare); parages de Durban.
O c é a n  I n d i e n  : Madagascar; côte du Mozambique; Afrique du Sud; côtes des Indes et 

d’Australie; îles Cocos; Indonésie; Antarctique. ( K o l b e , 1957; S il v a , 1960; T a y l o r , 1967).
D i s t r i b u t io n  m o n d i a l e  : espèce littorale, cosmopolite. Au sujet du polymorphisme, voir 

Cu p p  et H e n d e y  (loc. cit.).

B id d u lp h ia  m e m b r a n a c e a  Cleve, 1878

C l e v e ,  1 8 7 8 , p . 2 0 , p i. 5 , flg. 33 . W o l l e ,  1 8 9 0 , p i. 1 1 0 , flg . 9 -1 0 . N on  P e r a g a l l o ,  1 9 0 8 , p i. 105 , 
flg . 4 -5 .

=  T rigonium  membranaceum  (C lev e) M ann  

M a n n , 1 9 2 5 , p . 170 (v a r ié té  tr ip o la ire? ).

=  B iddulphia  titiana  (G ru n o w ) G ru n ow  in  V a n  H e u r c k , pro parle
H u s t e d t ,  1 9 3 0 , p . 8 5 5 , flg . 5 08 . O k u n o , 1 9 5 4 , p . 1 7 2 , flg . 1 , 2  A , e t  p i. 1, flg . 1. M a r g a l e f ,  1 9 6 1 a , 

p . 8 2 , flg. 27  h . N o n  : G r u n o w  in  V a n  H e u r c k ,  1 8 8 1 , p i. 95  b is , flg . 7 -9  : « B. ? (Ja n isc h ia ? ) 
titiana  G ru now  ».

N on : Cerataulus titianus  Grunow 
G r u n o w ,  1 8 6 3 ,  p .  1 5 9 ,  p i .  4 ,  f lg .  2 5 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (rare); Tuléar; île Maurice.
O c é a n  I n d i e n  : espèce nouvelle pour le canal de Mozambique; seulement connue par 

ailleurs dans la région indonésienne (C l e v e , 1901).
D i s t r i b u t io n  m o n d ia l e  : espèce néritique des mers chaudes et tempérées, rare.
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Le binôme B . membranacea de C l e v e  doit prévaloir par simple priorité : non parce que le 
nom de B . titian a  n’a pas été publié validement par V a n  H e u r c k  (on pourrait alors décider 
qu’il a été ultérieurement validé par H u s t e d t ) ,  mais bien parce que ce nom et, plus encore, 
celui de Cerataulus titianus désignent une Diatomée d’identité douteuse, vraisemblablement 
distincte de B . membranacea.

Cette B iddulph ia , ainsi que les deux suivantes, témoigne d’une évolution particulière au 
sein du genre ou de la famille : « simplification » du frustule, par suppression des appendices et 
réduction extrême des protubérances valvaires,'et par allègement du squelette à l’état de mem
brane siliceuse. Il s’agit probablement là d’une adaptation à la vie pélagique, également observée, 
dans un genre voisin, chez Triceratium  pelagicum  (cf. p. 36).

B id d u lp h ia  a zo r ic a  Pavillard, 1930 
PI. XI, flg. 74

P a v i l l a r d , 1 9 3 0 ,  p .  4 ,  f l g .  1 3  a - c ,  e t  1 9 3 1 ,  p . 3 0 ,  p i. 1 ,  f ig .  1 3  a - c .

Cellules solitaires ou appariées. Valves elliptiques (ellipse « arrondie », à foyers rapprochés), 
presque planes, sans apophyses, mais seulement légèrement renflées aux deux extrémités de 
i’axe apical. Manteaux valvaires bien développés, ceinture réduite. Parois fines et transparentes. 
Ornementation du manteau et du bord des valves : alvéoles sub-rectangulaires alignées suivant 
trois directions. Ornementation du centre des valves : à préciser. Chloroplastes arrondis, peu 
nombreux. Axe apical : 80-120 axe transapical : 75-100 n; axe pervalvaire : 55-80 ¡c

R é c o l t e s  p e r s o n n e l l e s  : très rare. Seulement quelques spécimens récoltés à l’île Maurice. 
O c é a n  I n d i e n  : espèce nouvelle pour cet océan.
D i s t r i b u t i o n  m o n d i a l e  : B. azorica semble ne pas avoir été signalée depuis sa découverte 

originelle par P a v i l l a r d  dans les parages des Açores; elle a cependant pu être confondue avec
B . membranacea.

Cette espèce est très proche de B . m em branacea: elle ne diffère de cette dernière que par 
le contour de la valve et les proportions relatives des manteaux valvaires et de la ceinture — et 
peut-être aussi par son ornementation, celle-ci n’étant qu’imparfaitement connue.

B id d u lp h ia  sc h ro e d e r ia n a  Schussnig, 1915 
PI. IV, flg. 32

S c h u s s n i g , 1 9 1 5 ,  p .  3 9 6 ,  f l g .  1 2 - 1 3 .  P a v i l l a r d , 1 9 3 1 ,  p .  2 9 ,  p i .  1 ,  f lg .  1 2 .

- -  B i d d u l p h i a  p e l l u c i d a  Castracane « f o r m a  », a p u d  Schröder 
S c h r ö d e r , 1 9 0 8 ,  p .  6 1 9 ,  flg. 3 ,  5 .

Cellules solitaires (?). En vue connective, frustules sub-rectangulaires ou sub-trapézoïdaux, 
environ 2-3 fois plus « hauts » que « larges »; manteaux valvaires bien développés; surface des 
valves plane ou légèrement déprimée. En vue valvaire : valves elliptiques (ellipse très allongée),
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sans apophyses ni excroissances. Parois très délicates. Ornementation très fine, difficilement 
visible, constituée d’un réseau hexagonal de ponctuations. Chromatophores minuscules, très 
nombreux. Auxospores? (à ce sujet, cf. S c h u s s n i g ) .  Axe apical : 70-130 a; axe transapical : 30- 
40 n; axe pervalvaire : 145-220

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (rare); île Maurice.
O c é a n  I n d i e n  : espèce jusqu’ici seulement signalée à Tuléar ( T r a v e r s ,  1965). 
D i s t r i b u t i o n  m o n d i a l e  : encore très incertaine. Adriatique; Açores et Gibraltar.

H e m i a u l u s  H a u c k i i  Grunow in Van Heurck, 1885

V a n  H e u r c k , 1 8 8 5 , p i. 1 0 3 , fig. 10 . H u s t e d t , 1 9 3 0 , p. 8 7 4 , fig. 5 1 8 . H e n d e y , 1 9 3 7 , p . 2 8 5 , p i. 12, 
fig. 14 , e t  1 9 6 4 , p . 106.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; île Maurice; sporadique et rare dans les pré
lèvements de 1’ « Anton Bruun ».

O c é a n  I n d i e n  : côtes des Indes et mer d’Arabie; « océan Indien »; canal de Mozambique; 
Afrique du Sud. ( H e n d e y ,  1937; S i l v a ,  1956a, 1960; T r a v e r s ,  1965; T a y l o r ,  1967).

D i s t r i b u t i o n  m o n d i a l e  : espèce néritique, tempérée et tropicale.

H e m i a u l u s  s i n e n s i s  Greville, 1865 
PI. X I ,  fig . 75

G r e v i l l e , 1 8 6 5 a , p . 5 , p i. 5 , fig. 9 (« H . chinensis  »). P a v i l l a r d , 1 9 2 5 , p. 57 , fig. 1 01 . H u s t e d t , 
1 9 3 0 , p . 8 7 5 , fig . 519 . A l l e n  e t  Cu p p , 1 9 3 5 , p . ,150 , fig. 88 . S u b r a h m a n y a n , 1 9 4 6 , p . 1 5 9 , 
fig. 3 0 7 -3 0 9 , 3 1 3 . Cr o s b y  e t  W o o d , 1 9 5 8 , p . 5 0 9 , p i. 3 6 , fig. 2 4  (?).

= Hemiaulus H eibergii C leve

Cl e v e , 1 8 7 3 a , p . 6 , p i. 1, fig. 4. P e r a o a l l o , 1 9 0 8 , p . 3 9 2 , p i. 94 , fig . 3 -5 . O k a m u r a , 1 9 1 1 , p . 10, 
p i. 13 , fig. 50.

A u  s u je t  de la  g ra p h ie  « H. chinensis », v o ir  r em a r q u e  c o n c e r n a n t  B iddulph ia  sinensis, p . 28 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; île Maurice; parages de Beira; cap Saint-André; 
Mombasa.

O c é a n  I n d i e n  : espèce courante dans la zone tropicale. ( K o l b e ,  1957; S i l v a ,  1960; T r a 
v e r s ,  1965; T a y l o r ,  1967).

D i s t r i b u t i o n  m o n d i a l e  : mers tropicales et Méditerranée; principalement néritique.
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H e m i a u l u s  i n d i c u s  K a r s t e n ,  1 9 0 7  

P I. IV , f ig . 2 9  a -b

K a r s t e n ,  1 9 0 7 , p . 3 9 4 ,  p i. 4 6 , f ig . 4 . A l l e n  e t  C upp, 1 9 3 5 , p. 1 5 1 , f ig . 8 9 . S i l v a ,  1 9 5 6 a , p. 4 2 ,  
p i. 5 , f ig . 7 . C r o s b y  e t  W o o d ,  1 9 5 8 ,  p . 5 1 0 ,  p i. 3 6 ,  fig . 2 6 ?  (n o n  2 5 ) .

Cellules isolées ou formant de courtes chaînes droites (de 2 à 6 individus). Valves circulaires 
ou elliptiques, régulièrement convexes, prolongées par deux apophyses bien développées; ces 
apophyses sont constituées de deux parties, l’une (basale) tubuliforme, l’autre (distale) aciculaire; 
la jonction entre cellules voisines s’effectue par le contact de ces terminaisons aciculaires. Foramen 
comprimé au centre (du fait de la convexité des valves), de hauteur inférieure à la hauteur per- 
valvaire des cellules. A la différence de H . sinensis, l’ornementation des parois n’est pas visible 
dans les conditions usuelles d’observation et reste à préciser.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; côte d’Afrique du Sud.
O c é a n  I n d i e n  : espèce rarement signalée depuis sa découverte par K a r s t e n .  Côte occi

dentale de Sumatra; mer de Java; côte du Mozambique; «océan Indien». ( S i l v a ,  1956a, 1960).
D i s t r i b u t i o n  m o n d i a l e  : une seule référence (douteuse) à ajouter aux précédentes (côte 

orientale de l’Australie : C r o s b y  et W o o d ) .

H e m i a u l u s  m e m b r a n a c e u s  Cleve, 1873 
PI. IV , fig. 28  a -b  e t  3 0  a -c

C l e v e ,  1 8 7 3 a , p . 6 , p i. 1, fig . 5. S c h m id t ,  en v . 1 8 8 9 , p i. 142 , fig. 13 -1 5 . A l l e n  e t  C upp, 19 3 5 , 
p . 1 5 1 , fig . 90 . C upp, 1 9 4 3 , p . 1 7 0 , fig. 120 . S i l v a ,  1 9 52a , p . 5 9 2 , p i. 4 , fig. 9. C r o s b y  e t  W o o d ,  
1 9 5 8 , p . 5 1 0 , p i. 36 , fig . 25  (non  24). C u r l ,  1 9 5 9 , p . 2 9 1 , fig . 40.

E sp è c e  c ité e , sa n s  descripti<® i n i i l lu s tr a t io n , in :  G r u n o w , 1 8 8 4 ; L e u d u g e r - F o r t m o r e l ,  1 8 9 2 ;  
C l e v e ,  1 9 0 1 ; S i l v a ,  1 9 5 6 a , 1 9 5 6 c ; S u b r a h m a n y a n ,  1 9 5 8 ; T a k a n o ,  1 9 6 0 ; T r a v e r s ,  1965 .

=  H em iaulus  sp .,  apud  S ilv a
S i l v a ,  1 9 5 6 a , p . 4 3 , p i. 5, fig . 8.

=  Climacodium  japonicum  S ch rö d er
S c h r ö d e r ,  1 9 0 6 , p . 3 5 2 , fig. 19.

=  E ucam pia  hemiauloides O ste n fe ld  in  O ste n fe ld  e t  J . S c h m id t
O s t e n f e l d  e t  S c h m id t ,  19 0 1 , p . 157 , fig . 9.

=  E ucam pia  biconcava (C lev e) O ste n fe ld
O s t e n f e l d ,  19 0 3 , p. 23 . S k v o r t z o w ,  1 9 3 1 b , p . 97 , pi. 2, fig. 9.

=  Climacodium  biconcavum  C lev e , pro parle
O k a m u r a ,  1 9 1 1 ,  p . 8 ,  p i. 1 1 ,  f i g .  3 5 .

? K a r s t e n ,  1 9 0 5 b , p . 1 72 , p i. 2 8 , fig. 10.
??? C l e v e ,  1 8 9 7 a , p . 2 2 , p i. 2 , fig . 1 6 -1 7 . G r a n , 1 9 0 5 , p. 1 00 , fig . 130  (« d ’ap rès C l e v e  »). L e b o u r ,  

1 9 3 0 , p . 1 8 9 , fig . 149 b (« d ’a p rès C l e v e  »). C l e v e ,  1 9 0 0 c e t  19 0 1 . S u b r a h m a n y a n ,  195 8  : ch ez  
ces d e u x  d ern iers a u te u r s , sa n s  d e sc r ip tio n  n i figure.

N on : H u s t e d t ,  1 9 3 0 , p . 7 7 7 , fig . 4 5 4 . H e n d e y ,  1 9 3 7 , p . 2 8 7 , p i. 12 , fig. 13. C u r l ,  1 9 5 9 , p . 2 9 1 ,  
fig. 4 4 . A v a r i a ,  1 9 6 5 , p . 9 7 , pi. 6, fig. 3.
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Cellules formant des chaînes plutôt courtes (de 2 à 10 individus) ou, plus rarement, cellules 
isolées. Chaînes droites ou parfois tordues autour de l’axe pervalvaire. Cellules très polymorphes 
car de proportions très variables. Valves elliptiques, donnant aux chaînes un aspect général 
aplati mais non rubané (en section transapicale : cellules circulaires ou elliptiques). Valves 
plus ou moins concaves ou, plus rarement, planes. Sur chaque valve, deux apophyses courtes, 
plus ou moins pointues mais apparemment sans épine ni crochet (selon S c h m id t  : une minuscule 
épine). La jonction entre les cellules voisines est réalisée par l’adhésion des surfaces des apophyses, 
de façon telle que, en vue connective, les deux apophyses d’une même valve sont l’une « recouverte », 
l’autre « recouvrante ». Parois membraneuses; ornementation inconnue.

Les chaînes se présentent d’ordinaire, après montage entre lame et lamelle, dans le plan 
connectif-apical, et sous un aspect très variable : foramen plus ou moins développé, sub-elliptique 
ou sub-rectangulaire; cellules soit isodiamétriques, soit plus « hautes » que « larges » (axe per-' 
valvaire allongé), soit plus larges que hautes (axe apical allongé).

R é c o l t e s  p e r s o n n e l l e s  : espèce très courante dans toute la région étudiée.
O c é a n  I n d i e n  : inter-tropicale, très courante sous ses divers synonymes. ( H e i d e n  et K o l b e , 

1928; S i l v a , 1956a, 1960; T r a v e r s , 1965).
D i s t r i b u t io n  m o n d ia l e  : sporadique en dehors de l’océan Indien et des mers indonésiennes. 

Pacifique équatorial; mers de Chine et du Japon; golfe de Guinée; parages de Dakar; golfe du 
Mexique. Hypothétiquement (sous le nom de Climacodium biconcavum) : Atlantique tropical 
et Méditerranée.

Le C. biconcavum figuré par O k a m u r a  —  une chaîne tordue montrant les cellules sous 
divers plans — doit vraisemblablement être rattaché à la présente espèce; il en serait de même 
du spécimen de K a r s t e n . Par contre, la diagnose originale du C. biconcavum (C l e v e , 1897a), 
reprise par G r a n  et par L e b o u r , s’applique à une chaîne rubanée qui se rapproche effectivement 
davantage du genre Climacodium. Enfin, au sujet de ce C. biconcavum, les descriptions plus 
récentes de H u s t e d t , de H e n d e y  et de C u r l  sont celles d’un véritable Climacodium, absent 
de mes récoltes.

E ucam pia cornuta  (Cleve) Grunow in Van Heurck, 1885

C l e v e ,  1 8 7 3 a , p . 7 , p i .  1 , f ig . 6  : « M o e l l e r i a  c o r n u t a  ». V a n  H e u r c k ,  1 8 8 5 , p i .  9 5  b is ,  f ig . 5 . H u s t e d t ,  
1 9 3 0 , p . 7 7 4 ,  f ig . 4 5 2 . A l l e n  e t  C u p p , 1 9 3 5 ,  p . 1 4 3 , fig . 7 5 . H e n d e y ,  1 9 3 7 , p . 2 8 6 ,  p i . 1 2 , f ig . 1 0 . 
S u b r a h m a n y a n ,  1 9 4 6 , p. 1 4 6 , f ig . 2 5 4 - 2 5 5 ,  2 5 7 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; parages de Beira et de Mombasa.
O c é a n  I n d i e n  : mer Rouge, côtes des Indes; Indonésie; côtes d’Australie; canal de Mozam

bique; Afrique du Sud; « océan Indien»; Antarctique. ( H e n d e y , 1937; T a y l o r , 1967).
D is t r i b u t io n  m o n d ia l e  : espèce tropicale et sub-tropicale, toutefois signalée également 

(sauf confusion?) dans l’Antarctique.

E ucam pia zodiacus  Ehrenberg, 1839

E h r e n b e r g ,  1 8 3 9 b , p . 1 5 6 . H u s t e d t ,  1 9 3 0 , p . 7 7 2 , f ig . 4 5 1 .  A l l e n  e t  C upp, 1 9 3 5 , p . 1 4 3 , f ig . 7 4 . 
H e n d e y ,  1 9 3 7 , p . 2 8 6 ,  p i . 1 2 , f ig . 7 , e t  1 9 6 4 ,  p . 1 0 7 , p i . 7 , f ig . 1 . S u b r a h m a n y a n ,  1 9 4 6 , p . 1 4 5 ,  
f ig . 2 4 8 ,  2 5 0 ,  2 5 3 .

L a  g r a p h ie  a s s e z  f r é q u e n te  « E .  z o o d i a c u s  » e s t  e r r o n é e .
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R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (rare).
O c é a n  In d i e n  : répartition semblable à celle de l’espèce précédente. ( H e n d e y , 1937; S il v a , 

1956a, 1960; K o l b e , 1957; T a y l o r , 1967).
D i s t r i b u t io n  m o n d ia l e  : cosmopolite.

C lim acodium  frauenfeld ianum  Grunow, 1867

G r u n o w , 1 8 6 7 b , p . 1 0 2 , p i . 1 a , f ig . 2 4 . H u s t e d t , 1 9 3 0 , p . 7 7 6 , f ig . 4 5 3 . H e n d e y , 1 9 3 7 , p . 2 8 7 ,  
p i. 1 2 , f ig . 8 . Cu p p , 1 9 4 3 , p . 1 4 7 , f ig . 1 0 5 . S u b r a h m a n y a n , 1 9 4 6 , p . 1 4 6 , fig . 2 4 9 ,  2 5 2 ,  2 5 8 . 

L a  g r a p h ie  « C .  F r a u e n f e l d i i  » ( i n  Cl e v e , e t  p l u r .  a u c t . )  e s t  e r r o n é e .

=  C l i m a c o d i u m  a t l a n t i c u m  M a n g in

M a n g in , 1 9 1 0 , p. 3 8 2 , fig. 6 , e t  1 9 1 1 , p . 3 6 2 , fig. in  te x t .

R é c o l t e s  p e r s o n n e l l e s  : espèce commune dans les récoltes littorales.
O c é a n  I n d i e n  : espèce abondante dans la zone inter-tropicale, rencontrée accessoirement 

jusque sous les latitudes sub-antarctiques. ( H e n d e y , 1937; S il v a , 1956a, 1960; T r a v e r s , 1965; 
T a y l o r , 1967).

D i s t r i b u t io n  m o n d ia l e  : essentiellement tropicale et Méditerranéenne; Atlantique tempéré.

T ricera tium  favus  Ehrenberg, 1840

E h r e n b e r g , 1 8 4 0 -4 1 ,  p. 1 5 9 , pi. 4 , fig. 1 0 . H u s t e d t , 1 9 3 0 , p. 7 9 8 , fig. 4 6 2 -4 6 3 .  H e n d e y , 1 9 3 7 ,  
p. 2 8 3 , pi. 1 0 , fig . 2 -3 ,  e t  1 9 6 4 , p. 1 0 8 , pi. 2 5 , fig . 4.

=  B i d d u l p h i a  f a v u s  ( E h r e n b e r g )  Y a n  H e u r c k

Y an  H e u r c k , 1 8 8 5 , p. 2 0 8 , pi. 1 0 7 , fig . 1 -4 ;  1 8 9 6 , fig . 2 0 4 , e t  p. 4 7 5 , pi. 2 1 , 6 g . 6 4 3 . L e b o u r , 
1 9 3 0 , p. 1 8 0 , fig . 1 4 0 . Sp r o s t o n , 1 9 4 9 , p. 1 0 1 , fig . 35 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar.
O c é a n  I n d i e n  : espèce courante sous toutes les latitudes, Antarctique inclus. (A m o s s é , 1924; 

H e n d e y , 1937; S i l v a , 1956a, 1960; K o l b e , 1957; T r a v e r s , 1965; T a y l o r , 1967).
D i s t r i b u t io n  m o n d ia l e  : mers tempérées et tropicales.

Tricera tium  B roeckii Leuduger-Fortmorel, 1878

L e u d u g e r - F o r t m o r e l , 1 8 7 8 ,  p. 2 2 1 ,  pi. 6 ,  fig . 6 3 .  H e i d e n  e t  K o l b e , 1 9 2 8 ,  p. 5 4 2 .  H u s t e d t , 
1 9 3 0 ,  p .  8 0 2 ,  fig . 4 6 5 .  Ch i n , 1 9 3 9 c ,  p .  4 0 6 .

L a  g r a p li ie  « T .  B r o o k e i  » e s t  e r r o n é e .
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R é c o l t e s  p e r s o n n e l l e s  : un seul exemplaire, récolté à  Tuléar.
O c é a n  I n d i e n  : espèce très rare. Ceylan (localité-type); Aden; Zanzibar; Dar-es-Salaam. 

( A m o s s é , 1924).
D i s t r i b u t io n  m o n d i a l e  : encore incertaine, probablement tempérée-tropicale.

Le T. robertsianum de G r e v i l l e  est-il bien une espèce distincte de celle-ci? Les caractères 
donnés comme distinctifs par D e -T o n i et par H u s t e d t  me semblent peu sûrs, et d’ailleurs en 
contradiction sur plusieurs points avec les deux descriptions originales. Les deux espèces ont 
vraisemblablement été souvent confondues. S c h m id t  figure en outre dans son atlas plusieurs 
formes voisines, tombées dans l’oubli, et qui mériteraient d’être reconsidérées à cette occasion.

T ricera tium  shadbo ltianum  G r e v i l l e ,  1862 
P I. IV , fig . 2 5 , e t  p i . X I I I ,  fig. 8 4

G r e v i l l e , 1 8 6 2 , p .  2 8 . S c h m id t , 1 8 8 2 , p i .  8 0 , flg . 1 8 -2 0 . V a n  H e u r c k , 1 8 8 5 , p i .  1 0 8 , f ig . 5 -7 .  
P e r a g a l l o , 1 9 0 8 , p .  3 8 9 , p i .  1 0 6 , f ig . 1. H u s t e d t , 1 9 3 0 , p .  8 0 7 , fig . 4 7 0 .

=  T r i c e r a t i u m  o r b i c u l a t u m  S h a d b o l t ,  p r o  p a r t e

B r i g h t w e l l , 1 8 5 6 a , p .  2 7 6 , p i .  1 7 , f ig . 2 0 . P e r a g a l l o , i b i d . ,  p .  3 8 8 , p i .  1 0 6 , f ig . 2 -5 . P l u r .  a u c t . ,  
n o n  ( ? )  S h a d b o l t , 1 8 5 4 , p .  1 5 , p i .  1 , f ig . 6 , n e c  S i l v a , 1 9 5 6 b , p .  4 9 , p i .  4 , f ig . 1 .

=  T r i c e r a t i u m  ( o r b i c u l a t u m  v a r .  ?) e l o n g a t u m  G r u n o w

G r u n o w , 1 8 6 7 a , p .  3 1 , e t  1 8 7 7 , p .  1 8 3 , p i .  1 9 6 , f ig . 2 .  H u s t e d t , 1 9 3 0 , p .  8 0 9 ,  f i g .  4 7 1  (« T .  s h a d b o l 
t i a n u m  v a r .  e l o n g a t u m  G r u n o w  »).

=  T r i c e r a t i u m  e l o n g a t u m  G r u n o w  i n  A . S c h m id t

S c h m id t , 1 8 7 6 , p i .  8 0 ,  f lg . 1 2 . P a v i l l a r d , 1 9 2 5 , p . 5 5 , f ig . 9 5 .

=  B i d d u l p h i a  o r b i c u l a t a  ( S h a d b o l t )  B o y e r  

B o y e r , 1 9 0 0 , p . 7 0 9 ,  e t  1 9 2 6 , p . 1 3 0 .

=  B i d d u l p h i a  s h a d b o l t i a n a  (G r e v i l le )  V a n  H e u r c k  v e l ?  M a n n

V a n  H e u r c k , 1 8 9 6 , p . 4 6 6 , f ig . 1 9 9  : « B .  ( T r i c e r a t i u m )  s h a b d o l t i a n a  G r e v . » ( n o m e n  n u d u m ? ) .  
M a n n , 1 9 0 7 , p . 3 1 0  : « B i d d u l p h i a  s h a d b o l t i a n a  (G r e v .)  M a n n  ».

N o n  : T r i c e r a t i u m  S h a d b o l t i i  B a i le y  
B a i l e y ,  1 8 6 1 , p . 3 4 2 ,  p i . 8 , f ig . 6 0 -6 1 .

N e c  : B i d d u l p h i a  p e l a g i c a  S c h r ö d e r  (c f .  p . s u iv a n t e ) .

Cellules solitaires ou, plus rarement, formant de courtes chaînes. Frustules cylindriques, 
de hauteur pervalvaire très variable; bandes connectives circulaires ou légèrement ondulées, 
plus ou moins développées; limites de la ceinture et des manteaux valvaires marquées par des 
sutures bien visibles. Valves sub-circulaires (ou : à trois côtés convexes), portant trois apophyses 
tronquées, chacune flanquée ou non d’une épine oblique ou (exceptionnellement) de deux épines. 
Quand elles forment des chaînes, les cellules adhèrent les unes aux autres par leurs apophyses, 
et un large foramen se forme alors entre deux valves adjacentes. Parois robustes. Ornementation 
composée d’alvéoles relativement grosses et disposées selon un réseau hexagonal, environ 6  alvéoles 
en 10 ;j.
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R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; île Maurice. (Espèce assez fréquente dans les 
stations littorales, mais jamais abondante).

O c é a n  I n d i e n  : rarement signalée. Indonésie; îles Cocos; Tuléar. ( K o l b e , 1957; T r a 
v e r s , 1965).

D i s t r i b u t io n  m o n d ia l e  : espèce néritique des eaux chaudes et tempérées, peu fréquente. 
Également signalée par Cl e v e - E u l e r  (1951) dans les mers nordiques.

L’abondante synonymie dont cette espèce est entourée résulte de l'insuffisance de la des
cription originale, ainsi que d’une mauvaise compréhension de la variabilité spécifique... : ce 
cas n’est que trop fréquent, comme on sait, dans l’histoire de la Diatomologie.

L’origine nous fait ici remonter à S h a d b o l t  qui, sous le nom de T. orbiculatum, n’a que 
sommairement décrit et figuré une valve isolée, récoltée à « Port Natal » (Durban). B r ig h t w e l l  
a, peu après, rattaché à cette espèce plusieurs spécimens d’origines diverses et dont il donne une 
description plus détaillée. Vint alors G r e v i l l e  qui, comparant les deux diagnoses, a cru devoir 
distinguer deux espèces, laissant à la première son nom originel, et nommant T. shadboltianum 
le taxon décrit par B r ig h t w e l l . Cette discrimination n’est peut-être pas justifiée, car elle se 
base sur des caractères reconnus postérieurement comme variables (contour de la valve, présence 
ou absence d’épines). Les différences dans le système d’ornementation pourraient seules trancher 
la question, mais la description de S h a d b o l t  est par trop imprécise sur ce point. Dans le doute, 
il a été résolu (M a n n , H u s t e d t ) d’écarter de l’espèce la version originale de S h a d b o l t , pour 
s’en tenir à la diagnose de G r e v i l l e .

H u s t e d t  a repris la distinction, introduite par G r u n o w , d’une variété elongatum, qu’il 
caractérise par ses valves circulaires : il est sur ce point en contradiction avec G r u n o w  lui-même, 
qui reconnaissait ce caractère comme accessoire : « valais exacte orbicularis, vel in tribus locis 
ieviter pluries undulatis, rarius late ovalibus... », et en contradiction également avec B o y e r , 
selon qui les cellules de section triangulaire ont les bandes connectives les plus développées. Cette 
distinction paraît donc finalement illusoire.

T ricera tium  pelag icum  (Schröder) nov. comb.
PI. IV, fig. 26-27, et pi. XI, fig. 70-71

=  Biddulphia pelagica Schröder, 1908
S c h r ö d e r , 1908, p. 619, fig. 4-5, et 1909, p. 211, fig. 1. P a v i l l a r d , 1931, p. 28, pi. 1, fig. 11.

— Biddulphia catenata Schussnig 
S c h u s s n i g , 1915, p. 398, fig. 14.

=  Triceratium orbiculatum Shadbolt, apud Silva 
S i l v a , 1956b, p. 49, pi. 4, fig. 1. Non al.

Cellules solitaires ou formant de courtes chaînes. En vue connective, aspect d’un cyclindre 
légèrement rétréci et émoussé à ses extrémités, plus ou moins allongé : longueur pervalvaire 
2-5 fois supérieure au diamètre valvaire (développement très variable des bandes connectives). 
En vue valvaire, valves à trois côtés convexes, portant trois protubérances très peu saillantes, 
dont chacune est flanquée d’un minuscule tubercule (ou épine?); entre ces trois protubérances, 
la surface des valves est presque plane. Lorsque les cellules forment des chaînes, les valves adja
centes paraissent contiguës sur toute leur surface (foramen absent) : voir fig. 27. Ornementation 
de la ceinture : réseau hexagonal de très fines ponctuations, 10-15 en 10 u. Ornementation des
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valves : même disposition mais, au centre, ponctuations disposées irrégulièrement (fig. 71), et, 
sur les protubérances, ornementation beaucoup plus fine. Parois délicates. Chromatophores 
nombreux et très petits, répartis dans toute la cellule. Spores (?) volumineuses, formées par 
paire dans chaque cellule (fig. 26).

Diamètre valvaire : 55-130 p .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (espèce assez abondante, nettement hivernale); Tuléar; 
île Maurice. Absente en milieu océanique (récoltes de 1’ « Anton Bruun »).

O c é a n  In d i e n  : espèce nouvelle pour cet océan.
D i s t r i b u t io n  m o n d i a l e  : assez rare (sous réserve de confusion avec T. shadboltianum ?). 

Adriatique; Açores; Madère; au large de Barcelone; côtes d’Angola; Antilles. Cette espèce serait 
donc néritique et thermophile.

Dans sa description originale, S c h r ö d e r  rapproche cette espèce de Biddulphia orbiculata 
(Shadb.) Boyer, c’est-à-dire de Triceratium shadboltianum Grev. (voir p. 35). Les deux espèces 
me semblent bien distinctes (contra H u s t e d t , p. 809); d’ailleurs, P a v i l l a r d , qui a apporté 
plusieurs précisions à la diagnose de S c h r ö d e r , cite dans le même travail (1931, p. 26) le « Tri
ceratium orbiculatum » (c’est-à-dire T. shadboltianum) sans nulle allusion à un rapprochement 
possible entre les deux espèces.

Comme le préconise P a v i l l a r d , le Biddulphia catenata Schussnig doit vraisemblablement 
tomber en synonymie avec la présente espèce. En effet, S c h u s s n ig  semble n’avoir décrit, sous 
ce dernier nom, qu’un frustule déformé de T. pelagicum-, cependant, selon cet auteur, la formation 
des chaînes est réalisée au moyen de coussinets gélatineux, ce qui n’a jamais été observé par 
la suite.

Quant à l’exemplaire décrit et figuré par S il v a  (loc. cit.) sous le nom de T. orbiculatum, 
il semble bien se rapporter à notre T. pelagicum; toutefois S il v a  mentionne « um pequeño 

.espinho » là où je ne vois qu’un minuscule tubercule... ; il ne s’agit peut-être ici que d’une question 
de vocabulaire.

Enfin, il me semble nécessaire de transférer cette espèce dans le genre Triceratium où sa 
place — dans l ’état actuel de la systématique de la famille — est assurément mieux justifiée.

T ricera tium  co n to rtu m  Shadbolt, 1854 
PI. V, fig. 34

S h a d b o l t , 1854, p. 15, p i. 1, fig. 7 a -b . P r it c h a r d , 1861, p . 853, p i. 6 , fig. 18. S c h m id t , 1886, 
p i. 87, fig. 9-11. S il v a , 1956a, p . 41, p i. 5, fig. 6 , et 1960, p . 25, p i. 11, fig. 3. H e n d e y , 1958, 
p . 49. E s k in a z i  et S a t o , 1966, p . 88 , pi. 13, fig. 4 (légendes 4-5 interverties).

=  Triceratium Shadboltii Bailey
B a il e y , 1861, p . 342, p i. 8 , fig. 60-61. W o l l e , 1890, p i. 64, fig. 10.

Cellules solitaires ou formant de courtes chaînes. Valves sub-triangulaires, à côtés légèrement 
concaves et bordés d’une double rangée de courtes épines; longueur d’un côté : 115-170 p.. A chaque 
sommet des valves, en position sub-marginale, une longue épine souvent infléchie; à chaque 
sommet également, et en position marginale, une apophyse bien développée et dirigée oblique
ment (d’où le nom spécifique). Ornementation de la valve : réseau hexagonal, auquel s’ajoutent 
trois paires de lignes partant du centre vers chaque sommet. Bandes connectives généralement 
bien développées, à ornementation également hexagonale (environ 8  ponctuations en 10 p).
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R é c o l t e s  p e r s o n n e l l e s  : Tuléar.
O c é a n  I n d i e n  : espèce très rare, apparemment confinée à la région du canal de Mozam

bique. Durban; côte du Mozambique; Zanzibar; côte occidentale de Madagascar. (S h a d b o l t , 
S c h m id t , S i l v a , loc. cit.; A m o s s é , 1924).

D i s t r i b u t io n  m o n d i a l e  : quelques stations seulement sont à  ajouter aux précédentes. 
Côtes du Brésil; Freetown; « Amérique du Nord ».

Notons qu’il existe une forme tetragonum ( J a n is c h  in S c h m id t , ibid., pi. 87, fig. 8 ) récoltée 
par J a n is c h  au cours de l’expédition de la « Gazelle » (sans précision géographique), ainsi que 
par A m o s s é  (1924) à Zanzibar.

T r i c e r a t i u m  a l t e r n a n s  B a i l e y ,  1 8 o l

B a i l e y ,  1 8 5 1 a , p . 1 4 , p i .  1, f ig . 5 5 - 5 6 ,  e t  1 8 5 1 b , p . 4 0 . S m ith , 1 8 5 3 , p . 2 6 , p i . 5 ,  f ig . 4 5 , e t  p i . 3 0 ,  
f ig . 4 5 . H u s t e d t ,  1 9 3 0 , p . 8 2 5 , f ig . 4 8 8 . S u b r a h m a n y a n ,  1 9 4 6 , p . 1 5 3 , fig . 2 7 7 ,  2 8 2 . C l e v e -  
E u l e r ,  1 9 5 1 , p . 1 1 5 , fig . 2 4 4 .

=  B i d d u l p h i a  a l t e r n a n s  ( B a i le y )  Y a n  H e u r c k

V a n  H e u r c k ,  1 8 8 5 , p .  2 0 8 ,  p i .  1 1 3 , f ig . 4 -7 ,  e t  1 8 9 6 ,  p . 4 7 5 ,  p i .  2 1 , f ig . 6 4 4 . H e n d e y ,  1 9 5 1 , p . 3 4 , 
p i . 7 , f ig . 1 0 , e t  19 .64 , p . 1 0 2 , p i . 2 5 ,  f ig . 5.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (rare).
O c é a n  I n d i e n  : espèce peu fréquente. Côtes des Indes; mer d’Arabie; Ceylan; côte du 

Mozambique; Afrique du Sud. ( K o l b e , 1957; S il v a , 1960; T a y l o r , 1967).
D i s t r i b u t io n  m o n d i a l e  : espèce littorale, probablement cosmopolite mais plus fréquente 

dans les mers tempérées.

T r i c e r a t i u m  p e n t a c r i n u s  (E h r e n b e r g )  W a l l i c l i ,  1 8 5 8

E h r e n b e r g ,  1 8 4 0 b , p . 2 0 5 ,  e t  1 8 5 4 , pi. 1 9 , f ig . 5 9  : « A m p h i p e n t a s ?  p e n t a c r i n u s  ». W a l l i c i i ,  1 8 5 8 ,  
p . 2 4 9 ,  p i .  1 2 , f ig . 1 0 . S c h m id t ,  1 8 8 6 , p i .  9 8 , f ig . 7 -1 0 , 1 3 . P e r a g a l l o ,  1 9 0 8 , p . 3 8 4 , p i . 1 0 3 , 
f ig . 1 -3 . H u s t e d t ,  1 9 3 0 , p . 8 1 2 , f ig . 4 7 4 . S i l v a ,  1 9 5 6 c , p . 3 4 4 ,  p i .  7 , f ig . 1 -2 .

f .  q u a d r a t u m  H u s t e d t ,  1 9 3 0  
P I. X I ,  f ig . 7 2 -7 3

H u s t e d t ,  1 9 3 0 , p . 8 1 4 ,  v i x  f ig . 4 7 5 . M is r a ,  1 9 5 6 , p . 5 4 2 , 11g. 15  (? ) .

S o u s  l e  n o m  s p é c i f iq u e  :
W a l l i c h ,  l o c .  c i t . ,  f ig . 1 4 . S c h m id t ,  l o c .  c i t . ,  f ig . 1 1 -1 2 . P e r a g a l l o ,  l o c .  c i t . ,  f ig . 2 . S i l v a ,  1 9 5 6 a , 

p . 4 2 ,  p i .  6 , f ig . 1 -2 .

=  T r i c e r a t i u m  j u n c t u m  A . S c h m id t

S c h m id t ,  1 8 8 6 , p i .  9 8 ,  f ig . 1 -3 ,  1 9 , e t  p i . 1 5 2 , f ig . 2 0 . A m o s sé , 1 9 2 4 , p . 2 5 4 .

=  B i d d u l p h i a  j u n c t a  (A . S c h m id t )  M a n n

M a n n , 1 9 2 5 , p . 4 2 . S k v o r t z o w ,  1 9 3 2 e ,  p . 3 3 5 ,  p i . 4 9 ,  fig . 1 (n o n  5 ? ) .
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R é c o l t e s  p e r s o n n e l l e s  : parages d e  Beira.
O c é a n  I n d i e n  : forme très sporadique. Côte occidentale des Indes; canal de Mozambique; 

Seychelles; Ceylan; côte sud d’Australie. (S c h m id t , A m o s s é , S k v o r t z o v i , S il v a , M i s r a , loc. cit.).
D i s t r i b u t io n  m o n d i a l e  : très rare en dehors de l’océan Indien. Méditerranée. Toutefois, 

cette forme a pu être confondue avec T. balearicum f. biquadratum Hustedt.

T r i c e r a t i u m  f o r m o s u m  Brightwell, 1856 
f. f o r m o s u m  

P I. X I I ,  f ig . 8 0

B r i g h t w e l l , 1 8 5 6 , p .  2 7 3 . H u s t e d t , 1 9 3 0 , p .  8 1 9 ,  fig. 4 8 1 .

f. q u a d r a n g u l a r e  (Greville) Hustedt, 1930 
P I. X I I ,  f ig . 8 1

H u s t e d t , 1 9 3 0 ,  p .  8 2 0 ,  fig. 4 8 3 .

=  T r i c e r a t i u m  f o r m o s u m  v a r . ,  a p u d  B r i g h t w e l l  

B r i g h t w e l l , 1 8 5 6 ,  p .  2 1 4 ,  p i .  1 7 ,  fig. 8.

— T r i c e r a t i u m  q u a d r a n g u l a r e  G r e v i l l e  

G r e v i l l e , 1 8 6 5 b ,  p .  1 0 ,  p i .  2 ,  fig. 2 6 .

f. q u i n q u e l o b a t u m  (Greville) Hustedt, 1930 
P I. X I I ,  f ig . 8 2

H u s t e d t , 1 9 3 0 ,  p. 8 2 0 ,  fig. 4 8 2 .

=  T r i c e r a t i u m  q u i n q u e l o b a t u m  G r e v i l l e  

G r e v i l l e , 1 8 6 6 ,  p .  8 3 ,  p i .  9 ,  f ig .  2 1 .

Pour les trois formes :

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; île Maurice. Toujours rare.
O c é a n  In d i e n  : espèce peu signalée. Madagascar; Indonésie; Tasmanie. ( K o l b e , 1957; 

T r a v e r s , 1965).
D i s t r i b u t io n  m o n d ia l e  : espèce littorale, mers tropicales et tempérées. Les exigences 

écologiques respectives des trois formes restent à étudier.

T r i c e r a t i u m  r e t i c u l u m  Ehrenberg, 1844

E h r e n b e r g , 1 8 4 4 a ,  p .  8 8 ,  e t  1 8 5 4 ,  p i .  1 8 ,  f i g .  5 0 ,  p i .  3 3 ,  f i g .  1 6 / 1 3 .  H u s t e d t , 1 9 3 0 ,  p .  8 2 3 ,
f i g .  4 8 5 - 4 8 6 .

=  B i d d u l p h i a  r e t i c u l u m  (Ehrenberg) Boyer
B o y e r , 1 9 3 0 ,  p .  7 2 4 .  A l l e n  e t  C u p p , 1 9 3 5 ,  p .  1 4 7 ,  f ig .  8 3 .  S p r o s t o n , 1 9 4 9 ,  p .  1 0 1 .  H e n d e y , 1 9 6 4 ,

p .  1 0 2 ,  p i .  2 5 ,  f ig .  6 .
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Xoii : B iddu lph ia  reticulata R o p er

R o p e r , 1 8 5 9 , p . 14 , p i. 2 , fig . 13 -17 . V an  H e u r c k , 1885, p i. 102, fig. 1-3 . S c h m id t , 1 8 8 8 , p i. 121 , 
fig. 11-15 .

R é c o l t e s  p e r s o n n e l l e s  : 4’uléar (rare).

O c é a n  I n d i e n  : Madagascar; Indonésie; Ceylan; côtes du Mozambique et d’Afrique du Sud; 
Zanzibar. (A m o s s é , 1924; S il v a , 1956a; Ch o l n o k y , 1963).

D i s t r i b u t io n  m o n d ia l e  : espèce littorale, principalement tropicale, plus rare dans les mers 
tempérées (mer du Nord, côtes de Suède).

Is th m ia  japonica  (Castracane) nov. comb. 
PI. X I I ,  flg. 77-78

=  Isthm ia  enervis v ar . japonica  C a stra ca n e  

C a s t r a c a n e ,  1 8 8 6 ,  p . 9 6 ,  p l .  2 5 ,  f i g .  5 .

-  Isthm ia  s p .,  apud  S c h m id t  

S c h m id t , e n v . 1 8 8 9 ,  p i. 1 3 6 ,  f ig .  8 ,  vix  9.

Valves très dissemblables : l’une (a) plus ou moins étirée et formant un cône excentrique; 
l'autre (b) moins haute, et bosselée en plusieurs points. Ornementation des valves composée 
de larges alvéoles alignées d’une part parallèlement à l’axe pervalvaire, d’autre part, moins 
distinctement, selon deux axes obliques; côtes absentes; alvéoles de la valve (a) plutôt sub- 
quadratiques, diminuant progressivement de taille vers le sommet; alvéoles de la valve (b) 
plutôt sub-hexagonales et de taille presque constante. Ceinture relativement peu développée, 
de hauteur inférieure au diamètre valvaire; ornementation de la ceinture plus fine que celle des 
valves : petites alvéoles sub-rectangulaires, disposées grossièrement suivant trois directions; 
au contact des valves, la ceinture est limitée par une rangée de grosses alvéoles.

Cellules solitaires ou formant de courtes chaînes linéaires; dans ce dernier cas, plusieurs 
points de contact entre deux cellules voisines : autant que la valve (b) compte de bosses.

Diamètre des valves : 55-80 :c

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (très rare); île Maurice.
O c é a n  I n d i e n  : l’espèce semble nouvelle pour cet océan.
D i s t r i b u t io n  m o n d i a l e  : très rare. Mer du Japon; « Colon » (Panama, ou Galapagos?); 

« expédition de la Gazelle ». Cette Isthmia peut donc être provisoirement considérée comme 
néritique intertropicale.

Isthm ia  m in im a  Harvey et Bailey, 1854 
PI. X I ,  flg . 76 , e t  p i. X I I ,  fig. 79

H a r v e y  e t  B a i l e y , 18 5 4 , p . 4 3 0 . P r i t c h a r d , 18 6 1 , p . 851. B a i l e y  e t  H a r v e y , 18 6 2 , p . 1 77 , p i. 9, 
fig . 11. W a l k  e t  Ch a s e , 1 8 8 7 , p . 5 , p i. 5 , tig. 9 (? ). P e t i t , 1902 , p . 8 , lig . 3 (lég e n d e  d e  la  figu re  : 
« I. m in im a  v a r . capensis G ru n ow  »). M a n n , 19 2 5 , p. 85  (?). B o y e r , 1926 , p . 141.
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=  Isthmia capensis G ru n o w  in A . S c h m id t  

S c h m id t , e n v . 1889, p i .  136, flg . 4, e t  p i .  145, flg . 4-8.

=  Isthmia lindigiana Grunow et Eulenstein
G r u n o w , 1867, p .  29. S c h m id t , e n v .  1889, p i .  145, fig. 1-3.

=  Isthmiella minima (Harvey et Bailey) De-Toni =  Isthmiella capensis (Grunow) De-Toni 
=  Isthmiella lindigiana (Grunow et Eulenstein) De-Toni.

D e -T o n i , 1894, p .  835-836.

Valves de forme assez variable, généralement dissemblables : l’une allongée, l’autre courte 
et ondulée ou bilobée. Côtes absentes. Ceinture bien développée, de hauteur égale ou supérieure 
au diamètre valvaire; ceinture couverte d’un réseau hexagonal très fin (environ 8  alvéoles en 
10  ¡i), limitée — ou non — au contact des valves par une rangée d’alvéoles un peu plus grosses.

Cellules solitaires ou formant des chaînes ramifiées; dans ce dernier cas, un seul point de 
contact entre deux cellules voisines : ce point est situé d’une part au sommet d’une valve, d’autre 
part à la limite ceinture-manteau de la cellule voisine.

Diamètre des valves ; 30-50 p..

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (espèce hivernale); Tuléar; île Maurice.
O c é a n  I n d i e n  : Madagascar; Java; Ceylan; Le Gap; Indonésie. (S c h m id t , D e - T o n i , loc. cit.).

D i s t r i b u t i o n  m o n d ia l e  : espèce peu connue, probablement plus commune qu’il ne paraît, 
du fait de confusions possibles avec I. enervis. Honduras; La Barbade; Rio de Janeiro. Cette 
espèce serait donc, comme la précédente, néritique et tropicale.

I. minima  diffère essentiellement de I. enervis par la très fine ornementation de sa ceinture. 
Cependant, l’absence de côtes valvaires, caractère commun à I. enervis, a pu la faire fréquem
ment confondre avec cette dernière. On considère en effet trop souvent qu’il n’existe que deux 
espèces dans le genre, reconnaissables à la présence ou l’absence de côtes... Rappelons seulement 
à  ce sujet que M i l l s , dans son index, n’énumère pas moins de 30 espèces et variétés — parmi 
lesquelles, il est vrai, de nombreux synonymes.

L ith o d esm iu m  u n du la tum  Ehrenberg, 1840

E h r e n b e r g , 1840-41, p. Í55, pi. 4, flg. 13. G r a n , 1905, p. 112, flg. 149. L e b o u r , 1930, p. 185, 
flg. 145. H u s t e d t , 1930, p. 789, flg. 461. C u p p , 1943, p. 150, fig. 108. S u b r a h m a n y a n , 1946, 
p. 149, fig. 268-270. H e n d e y , 1964, p. III , pi. 6 , flg. 6 .

R é c o l t e s  p e r s o n n e l l e s  : Tuléar; île Maurice.
O c é a n  I n d i e n  : espèce rarement citée. Mer de Java; côtes des Indes; sud-est de l’océan; 

canal de Mozambique. ( S il v a , 1956a, 1960; T r a v e r s , 1965).
D i s t r i b u t i o n  m o n d i a l e  : néritique et plutôt tempérée. Principalement : Manche et mer 

du Nord; Californie; côtes d’Australie et de Tasmanie; Méditerranée.
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D itylum  B righ tw e llii (West) Grunow in Van Heurck, 1885

W e s t ,  1 8 6 0 , p . 1 4 9 , p i. 7, fig . 6 : « Triceratium  Brightw ellii ». V a n  H e u r c k ,  1 8 8 5 , p . 196 , e t  cf. 
p i. 1 1 4 , flg . 3 -9 . H u s t e d t ,  1 9 3 0 , p . 7 8 4 , flg . 4 5 7 -4 5 9 . H e n d e y ,  1 9 3 7 , p . 2 8 4 , p i. 12 , fig . 5 -6 , 
e t  1 9 6 4 , p . I l l ,  p i. 5 , flg . 1. B o d e n ,  1 9 5 0 , p . 3 9 4 , flg. 75 -76 .

L a  g r a p h ie  « D ity liu m  » e s t  erronée.

R é c o l t e s  p e r s o n n e l l e s  : côte d’Afrique du Sud, de Durban à Beira.

O c é a n  I n d i e n  : espèce courante sous les latitudes tropicales et tempérées. (S i l v a , 1956a, 
1960; K o l b e , 1957; T r a v e r s , 1965; T a y l o r , 1967).

D i s t r i b u t io n  m o n d i a l e  : espèce néritique, mers tropicales et tempérées.

D itylum  so l (Van Heurck) De-Toni, 1894 
PI. I I I ,  flg . 15

V a n  H e u r c k ,  18 8 5 , p i. 1 1 5 , flg . 1-2 : « Triceratium  (D ity lium ) sol (auctor?) ». D e - T o n i ,  1894 , 
p . 10 1 8 . H u s t e d t ,  1 9 3 0 , p . 7 8 7 , flg . 4 6 0 . H e n d e y ,  1937 , p . 2 8 5 , p i. 12, flg. 4 . N o m  d ’a u teu r  
s o u v e n t  erroné.

=  D ity lu m  Pernodii S ch rö d er , e t  D. trigonum  S ch röd er

S c h r ö d e r ,  19 0 6 , p . 3 5 5 -3 5 6 , f lg . 2 4 -2 5 . O s t e n f e l d ,  19 1 5 , p . 16, flg. 8.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; île Maurice; parages de Durban.

O c é a n  I n d i e n  : comme l’espèce précédente.

D i s t r i b u t io n  m o n d i a l e  : à la différence de D. Brightwellii, la présente espèce est essen
tiellement tropicale.

Le spécimen représenté sur la figure 15, observé en contraste de phase, montre de nombreuses 
bandes intercalaires, disposées perpendiculairement aux stries pervalvaires.

Planche II : 9 —  Rhizosolenia sty liformis  var. longispina  H u st. 10 — R. Temperei  var. acuminata  H . Per. 
11 a, b •— R. crass isp ina  Schröder; d iam ètre 25 ¡i (a) et 70 a (b). 12  —  R. imbricata  var Shrubsolei  (Cl.) 
Schröder : auxospore. 13 a, b —  R. Clevei O stf.; d iam ètre 80 a (a) et 120 a (b). 14 —  R. cochlea Brun.
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Bellerochea m alleus  (Brightwell) Van Heurck, 1885 
f. m alleus

B r i g h t w e l l ,  1 8 5 8 b , p . 1 5 4 , p i. 8 , flg . 6 -7  : « Triceratium  m alleus ». V a n  H e u r c k ,  18 8 5 , p . 2 0 3 ,  
e t  cf. p i. 1 1 4 , fig. 1. H u s t e d t ,  1 9 3 0 , p . 7 8 2 , fig . 456  a-c . H e n d e y ,  1 9 6 4 , p . 112 , p i. 6 , flg . 5, 
non  5 a.

« M alleus  » : L ’e sp è c e  a  é té  a in si d é s ig n é e  en  r a iso n  de sa  r e sse m b la n c e  a v e c  le  L a m e llib r a n c h e  
M alleus vulgaris  L a m a rck . L e  g en re , d é d ié  a u  P rof. B e l l e r o c h e ,  e s t  so u v e n t  o r th o g r a p h ié  
p a r  erreur « Bellarochia  ».

f. biangulata  (Peragallo) Hustedt, 1930

P e r a g a l l o ,  1 9 0 8 , p . 3 9 4  : « v a r . biangulata  ». H u s t e d t ,  1 9 3 0 , p . 7 8 2 , flg . 4 5 6  d. H e n d e y ,  1 9 6 4 , 
ibid., flg . 5 a  : « f. biangulata  P er a g a llo  ».

=  Schm idtiella pelagica  O ste n fe ld  

O s t e n f e l d ,  1 9 0 3 a , p . 2 3 , flg . 20 .

=  Schm idtiella elongata  S ch rö d er

S c h r ö d e r ,  1 9 0 6 , p . 3 5 1 , flg . 17 . O k a m u r a , 1 9 1 1 , p . 7, p i. 11 , flg . 32 .

Pour les deux formes (la troisième, f. tetragona, étant absente de mes récoltes) :
R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (très rare); les deux formes ont été rencontrées en 

abondance dans les parages de Beira.
O c é a n  I n d i e n  : l’espèce est assez courante dans la zone intertropicale. (S i l v a , 1956a, 1960).
D i s t r i b u t i o n  m o n d i a l e  : espèce néritique, euryhaline, principalement tropicale, mais 

connue dans la Manche, la mer du Nord et la Méditerranée. Les répartitions respectives des 
trois formes demeurent à rechercher.

Streptotheca T am esis  Shrubsole, 1891 
PI. III, flg. 23

Sh r u b s o l e , 1 8 9 1 , p . 2 6 0 , p i. 13 , flg. 4 -6 . G r a n , 1 9 0 5 , p . 1 0 1 , fig. 1 31 . H u s t e d t , 1 9 3 0 , p . 7 7 9 , 
flg. 4 5 5 . H e n d e y , 19 3 7 , p . 2 8 7 , p i. 12 , flg. 11 -1 2 , e t  19 6 4 , p . 1 1 3 , p i. 7 , flg. 2.

« Tamesis » : La Tamise (localité-type). Les graphies « thamensis » et « thamesis » sont erronées. 
La majuscule est facultative.

=  Streptotheca maxima Cleve
Cl e v e , 1 9 0 1 , p . 5 7 , p i. 8 , flg. 5 . S c h m id t ,  1 9 3 3 , p i. 3 8 3 , flg. 10.

=  Streptotheca indica Karsten
K a r s t e n ,  19 0 7 , p . 3 9 5 , p i. 4 6 , flg. 8 , e t  1 9 2 8 , p . 2 3 7 , flg. 2 8 2 -2 8 3 . O k a m u r a , 19 1 1 , p . 1 1 ,  p i. 1 3 ,  

fig. 57 . A l l e n  e t  C upp, 1 9 3 5 , p . 1 4 4 , flg. 77 . S u b r a h m a n y a n , 1 9 4 6 , p . 1 4 6 , flg. 2 5 9 -2 6 0 .
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R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (très rare); Tuléar; île Maurice; parages de Durban 
et de Beira. Une prolifération massive a été observée au large du cap Saint-André.

O c é a n  I n d i e n  : espèce courante sous les basses latitudes. (S i l v a , 1956a, 1960; T a y l o r , 1967).
D i s t r i b u t i o n  m o n d ia l e  : m e r s  t r o p ic a l e s  e t  t e m p é r é e s ;  e s p è c e  p l u t ô t  n é r i t i q u e .

La structure des bandes intercalaires apparaît, en contraste de phase, sous la forme de 
fines stries parallèles très serrées (cf. fig. 23 : cellule de grande taille, quelque peu déformée par 
le montage).

Je n’ai observé, dans le canal de Mozambique, aucune valve tripolaire.

Cerataulina pelagica  (Cleve) Hendey, 1937

Cl e v e , 1889, p. 54 : « Zygoceros? pelagicum ». H e n d e y , 1937, p. 279, et 1964, p. 113, pi. 6 , fig. 4. 
H a r t  et C u r r i e , 1960, p. 215.

=  Cerataulina Bergonii Peragallo 
H u s t e d t , 1930, p. 869, fig. 517, et plur. auct.

— C. Bergonii var. elongata Schröder
S c h r ö d e r , 1901, p. 30. Cl e v e - E u l e r , 1951, p. 122, fig. 265 a-b.

=  C. Bergonii var. lata Cleve-Euler 
Cl e v e - E u l e r , 1951, p. 122, fig. 265 c-d.

=  Cerataulina compacta Ostenfeld in Ostenfeld et J. Schmidt
O s t e n f e l d  et S c h m id t , 1901, p. 153, fig. 7. K a r s t e n , 1907, p. 395, pi. 46, fig. 7. O k a m u r a , 1911,

p. 10, pi. 12, fig. 49. A l l e n  et Cu p p , 1935, p. 150, fig. 87. S il v a , 1952a, p. 592, pi. 4, fig. 11.
W o o d , 1963b, p. 195, pi. 2, fig. 42.

=  Cerataulina sp., apud Wood
W o o d , 1963b, p. 195, pi. 2, fig. 41, et pi. 5, fig. 5.
Non : Cerataulina curvata Wood
W o o d , 1963b, p. 195, pi. 5, fig. 4, et pi. 2, fig. 40.
Nec : Cerataulina Chapmanii Crosby et Wood 
Cr o s b y  e t  W o o d , 1958, p. 502, p i. 32, fig . 28.

R é c o l t e s  p e r s o n n e l l e s  ; espèce courante dans la plupart des prélèvements littoraux.
O c é a n  I n d i e n  : latitudes tropicales et tempérées. (S i l v a , 1956a, 1960; T r a v e r s , 1965; 

T a y l o r , 1967).
D i s t r i b u t i o n  m o n d ia l e  : c o s m o p o l i t e ,  à  t e n d a n c e  th e r m o p h i le .

H e n d e y  (1937) a fait valoir la priorité quelque peu épineuse du taxon de C l e v e ,  quoiqu’il 
eût été préférable de s’en tenir à  l’usage établi — qui ne prêtait d’ailleurs à  aucune confusion. 
La nouvelle' désignation ayant été suivie par certains Diatomistes ou planctologistes ( T a k a n o ,  
1960; H a r t  et C u r r i e ,  loc. c i t . ;  W o o d ,  1963a), il est maintenant souhaitable d’abandonner 
la dénomination illégale — si peu qu’elle le soit.
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Au sujet du C. compacta, si certains caractères le distinguent de C. pelagica, ceux-ci sont 
mineurs, et si subtils que la confusion est de règle.,. (Voir descriptions comparées des « deux 
espèces » in A l l e n  et Cu p p , loc. cit.).

Les deux formes isolées par S c h r ö d e r  et par Cl e v e - E u l e r  ne différeraient que par leurs 
proportions, ce qui ne saurait constituer un critère morphologique suffisant.

Enfin le C. curvata de W o o d  doit probablement être tenu pour espèce distincte, bien que 
sa description soit assez sommaire. Quant au C. Chapmanii de Cr o s b y  et W o o d , il ne possède 
manifestement pas les caractères du genre.

F  am. C H AETO C ERAC EAE

Chaetoceros a tlan ticum  Cleve, 1873 
var. neapolitanum  (Schröder) Hustedt, 1930

S c h r ö d e r ,  1901, p. 29, pi. 1, fig. 4 : « Chaetoceros neapolitanum ». H u s t e d t ,  1930, p. 645, fig. 366. 
H e n d e y ,  1937, p. 290. H a r t  et C u r r ie ,  1960, p. 216.

=  Chaetoceros neapolitanum Schröder 
- S c h r ö d e r ,  loc. cit. G r a n  et Y e n d o ,  1914, p. 5 , fig. 2. H e n d e y ,  1964, p. 119, pi. 16, fig. 3.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; île Maurice; parages des Comores.
O c é a n  I n d i e n  : variété assez peu signalée. Mer Rouge et mer d’Arabie; canal de Mozam

bique; Antarctique. ( B o d e n , 1950; S il v a , 1956a; T r a v e r s , 1965; T a y l o r , 1967).
D i s t r i b u t i o n  m o n d ia l e  : Méditerranée; Atlantique; Californie; mer du Japon; plus rare

ment, dans la mer du Nord.

var. skele ton  (Schütt) Hustedt, 1930

S c h ü t t ,  1895, p. 45, pi. 2, fig. 19 : « Chaetoceros skeleton ». H u s t e d t ,  1930, p. 643, fig. 365. C upp, 
1943, p. 104, fig. 59 B, b-c.

R é c o l t e s  p e r s o n n e l l e s  : Tuléar; île Maurice.

O c é a n  I n d i e n  : rare. Célèbes; côte du Mozambique; Antarctique (?); Afrique du Sud. 
(S i l v a , 1956a; T a y l o r , 1967).

D i s t r i b u t i o n  m o n d i a l e  : mers chaudes, assez rare.

Outre leurs caractères morphologiques, ces deux variétés se distinguent du type par leur 
répartition nettement thermophile. La variété-type (var. atlanticum) est elle-même exceptionnelle 
sous les basses latitudes.
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Chaetoceros denticu la tum  Lauder, 1864 
PI. III, flg. 24

L a u d e r , 1864b, p . 79, p i. 8 , flg. 9. S c h r ö d e r , 1906, p . 349, flg. 14 a  (non b). O k a m u r a , 1907, p . 91, 
p i. 4, flg. 6 6 . S c h m id t , 1921, p i. 337, flg. 7. A l l e n  et Cu p p , 1935, p . 135, flg. 53. S u b r a h m a 
n y a n , 1946, p . 129, flg. 188-190. Cr o s b y  et W o o d , 1958, p . 516, p i. 37, flg. 45.

Sans description ni illustration, in : Cl e v e , 1873a, 1901; L e u d u g e r - F o r t m o r e l , 1892; O s t e n f e l d  
et S c h m id t , 1901; S u b r a h m a n y a n , 1958; T a k a n o , 1960; W o o d , 1962.

=  Chaetoceros denticulatum f. angustum Hustedt in A. Schmidt
S c h m i d t ,  1 9 2 0 ,  pi. 3 2 4 ,  f lg .  5 .

Cellules isodiamétriques ou plus hautes que larges, robustes (diamètre apical : 20-32 n) ,  
formant des chaînes courtes et droites. Foramen sub-losangique ou sub-hexagonal. Limites 
ceinture-manteau bien marquées. Valves portant une petite épine centrale, pas toujours 
visible. Cornes robustes, striées transversalement, et épineuses; à leur insertion, les cornes 
sont dirigées tout d’abord presque parallèlement à l’axe pervalvaire, puis deviennent bruta
lement presque perpendiculaires à cet axe, une forte dent marquant le niveau de l’inflexion; 
cette dent est absente des cornes terminales.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (rare).

O c é a n  In d i e n  : espèce courante dans la zone intertropicale, cependant nouvelle pour le 
canal de Mozambique; rare sous les latitudes tempérées. (T a y l o r , 1967).

D i s t r i b u t io n  m o n d i a l e  : cette espèce est presque inconnue en dehors de l’océan Indien 
et des mers indonésiennes. Hong-Kong (localité-type); côtes sud et est de l’Australie.

Une espèce très voisine de celle-ci est le C. nanodenticulatum Okamura, dont les caractères 
distinctifs sont les suivants : cellule environ deux fois plus large que haute; foramen elliptique; 
cornes dirigées, à leur insertion, obliquement par rapport à l’axe pervalvaire. C. nanodenticulatum 
est lui-même à rapprocher de C. indicum  Karsten ; les références de ces deux Chaetoceros, absents 
l’un et l’autre de mes récoltes, sont données ci-dessous à toutes fins utiles :

Chaetoceros nanodenticulatum Okamura, 1907

O k a m u r a , 1907, p. 91, flg. in text. A l l e n  et Cu p p , 1935, p. 136, flg. 54.

=  C. denticulatum Lauder, apud Schröder : S c h r ö d e r , 1906, flg. 14 b (non a).
=  C. denticulatum f. latum Hustedt in A. Schmidt : S c h m id t , 1920, pi. 324, flg. 6-7. T a y l o r , 1967, 

pi. 89, flg. 10.

Chaetoceros indicum Karsten, 1907
K a r s t e n , 1907, p. 387, pi. 43, flg. 2. I k a r i , 1928, p. 250, flg. 5.
Non : Chaetoceros indicum Subrahmanyan, 1946. (Le nom de C. capricornianum a été récemment 

proposé par T a y l o r , 1967, en remplacement de ce taxon illégal.)

5 6 9



4 8 A. Sou R N iA . —  D ia t o m é e s  p l a n c t o n iq u e s

Chaetoceros coarctatum  Lauder, 1864

L a u d e r , 1 8 6 4 b , p . 7 9 , p i. 8 , fig . 8. H u s t e d t , 1 9 3 0 , p . 6 5 5 , flg . 3 7 0 . H e n d e y , 1 9 3 7 , p . 2 9 3 , p i. 6 , 
flg . 7 -8 , e t  1 9 6 4 , p , 1 2 1 , p i. 12 , flg. 1. M ü l l e r -M e l c h e r s , 1 9 4 9 , p . 1 6 4 , flg . 6 -7 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (saison chaude); Tuléar; île Maurice; dans le canal 
de Mozambique (récoltes « Anton Bruun »), nettement océanique. Très généralement associé 
à l’épiphyte Vorticella.

O c é a n  I n d i e n  : espèce très courante dans la zone tropicale. ( H e n d e y , 1937; S i l v a , 1956a, 
1960; K o l b e , 1957; T r a v e r s , 1965; T a y l o r , 1967).

D i s t r i b u t i o n  m o n d i a l e  : espèce océanique, intertropicale, connue également dans l’Atlan- 
tique tempéré et la mer du Nord, et peut-être dans l’Antarctique ( K a r s t e n , 1905a).

Chaetoceros tetrastichon  Cleve, 1897

Cl e v e , 1 8 9 7 a , p . 2 2 , p i. 1 , flg. 7 . G r a n , 1 9 0 5 , p . 6 9 , flg. 81. P a v il l a r d , 1 9 2 5 , p . 4 1 , flg. 64  a. I k a r i , 
1 9 2 6 , p . 5 1 9 , flg . 2 a -b . L e b o u r , 1 9 3 0 , p . 1 2 5 , fig. 90. H u s t e d t , 1 9 3 0 , p . 6 5 7 , flg . 3 7 1 . S il v a , 
1 9 6 0 , p . 2 1 , p i. 2 0 , flg. 5 . W o o d , 1 9 6 3 b , p . 1 97 , p i. 5 , flg. 11. H e n d e y , 1 9 6 4 , p . 1 2 3 , p i. 11 , flg . 1.

S a n s  d e sc r ip tio n  n i i l lu s tr a t io n , in  : O s t e n f e l d  e t  S c h m id t , 1 9 0 1 ; Cl e v e , 1 9 0 1 ;  S c h r ö d e r , 1 9 0 6 ;  
K a r s t e n , 1 9 0 7 ; O s t e n f e l d , 1 9 1 5 ; S u b r a h m a n y a n , 1 9 5 8 ; T a k a n o , 1 9 6 0 ; W o o d , 1 9 6 2 , 1 963a .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (rare); île Maurice..Toujours observé à l’état « libre », 
c’est-à-dire non associé à Tintinnus.

O c é a n  I n d i e n  : espèce courante dans la zone intertropicale. ( S i l v a , 1960; T r a v e r s , 1965; 
T a y l o r , 1967).

D i s t r i b u t io n  m o n d i a l e  : mers tempérées et tropicales.

Chaetoceros D adayi Pavillard, 1913

P a v il l a r d , 1 9 1 3 , p . 1 3 1 , flg . 2  B, e t  1 9 2 5 , p . 4 1 , flg . 6 4  b . I k a r i , 1 9 2 6 , p . 5 1 9 , flg . 2  c-d. H u s t e d t , 
1 9 3 0 , p . 6 5 8 , flg . 3 7 2 . S k v o r t z o w , 1 9 3 1 b , p . 1 0 5 , p i. 6 , flg . 1.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (rare); île Maurice. Associé à Tintinnus inquilinus.

O c é a n  I n d i e n  ; très rare. Mer d’Arafura; « océan Indien »; côtes d’Afrique du Sud. Espèce 
nouvelle pour la région étudiée. (T a k a n o , 1980; T a y l o r , 1967).

D i s t r i b u t io n  m o n d i a l e  : encore incertaine. Méditerranée, mer du Japon. Probablement 
intertropicale.
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Chaetoceros danicum  Cleve, 1889

Cl e v e , 1889, p. 55, flg. in text. G r a n , 1905, p. 70, flg. 83. H u s t e d t , 1930, p. 659, flg. 373. H e n d e y , 
1937, p. 294, et 1964, p. 122, pi. 10, fig. 5.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (très rare, et seulement estivale). Tuléar?
O c é a n  I n d i e n  : espèce rare. Antarctique; côte occidentale des Indes; côtes d’Afrique du 

Sud. L’espèce est donc nouvelle pour le canal de Mozambique. ( H e n d e y , 1937; T a y l o r , 1967).
D i s t r i b u t i o n  m o n d i a l e  : e s p è c e  c o s m o p o l i t e ,  p a r t i c u l i è r e m e n t  e u r y h a l i n e  ( e a u x  s a u m â t r e s ) .

Chaetoceros ro s tra tu m  Lauder, 1864

L a u d e r , 1864b, p. 79, pi. 8 , flg. 10. P a v il l a r d , 1925, p. 42, flg. 6 6 . I k a r i , 1926, p. 520, flg. 3. 
H u s t e d t , 1930, p. 660, flg. 374. M ü l l e r -M e l c h e r s , 1949, p. 166, flg. 13. M u l f o r d , 1964, 
p. 388, flg. 3.

=  Chaetoceros Glandazii Mangin
M a n g in , 1910, p . 346, flg. 2, e t  1912, p . 50, flg. 38. L e b o u r , 1930, p . 118, flg. 84. H e n d e y , 1937, 

p . 292, et 1964, p . 121, p i. 9, flg. 4. S il v a , 1956a, p . 39, p i. 5, flg. 1. Cu r l , 1959, p . 294, flg. 51.

=  C. rostratum var. Glandazii (Mangin) Taylor 
T a y l o r ,  1 9 6 7 , .  p .  4 3 9 ,  p i .  2 ,  flg. 1 2 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; île Maurice.
O c é a n  I n d i e n  : mer Rouge; côtes du Natal et du Mozambique; Indonésie. ( S i l v a , 1956a).
D i s t r i b u t i o n  m o n d i a l e  : espèce tempérée ou tropicale. Mers de Chine et du Japon; Médi

terranée; Atlantique tempéré.

T a y l o r  (loc. cit) a  t o u t  r é c e m m e n t p ro p o s é  d e  d is t in g u e r  ic i u n e  v a r ié té  Glandazii e t  u n e  
v a r ié té - ty p e ,  m a is  le c a r a c tè r e  in v o q u é  (c o n to u r  p lu s  a r r o n d i ,  c h e z  la  se c o n d e , e n  v u e  c o n n e c t iv e )  
m e  se m b le  in c e r ta in .

Voir aussi une espèce très voisine : C. malayense Steemann Nielsen, 1931.

Chaetoceros peru v ia n u m  Brightwell, 1856

B r ig h t w e l l , 1856b, p. 107, pi. 7, fig. 16-18. P a v il l a r d , 1925, p. 42, flg. 67. H u s t e d t , 1930, p. 671, 
flg. 380. H e n d e y , 1937, p. 296, pi. 13, flg. 6 , e t  1964, p. 123, pi. 9, flg. 3. H a s l e , 1960, p. 15, 
flg. 2. Voir aussi M a n g in , 1919 (monographie du « groupe peruvianum »).

? =  f. gracile (Schröder) Hustedt, et f. robustum (Cleve) Hustedt 
H u s t e d t , 1930, p . 672-673, fig. 381 a -b .

Non : Chaetoceros saltans Cleve.
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R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé, et presque toutes les stations littorales. La « forme » 
gracile est dominante, sauf à l’île Maurice où la « forme » robustum est seule représentée.

O c é a n  In d i e n  : espèce très courante sous toutes les latitudes, Antarctique compris. (S il v a , 
1956a, 1960; T r a v e r s , 1965; T a y l o r , 1967).

D i s t r i b u t io n  m o n d i a l e  : espèce cosmopolite, mais nettement thermophile.

La distinction faite par H u s t e d t  des deux formes mentionnées ci-dessus est peut-être super
flue; les distributions géographiques respectives de ces deux présumés taxons demeurent toute
fois inconnues.

Chaetoceros decipiens Cleve, 1873

Cl e v e , 1 8 7 3 b , p . 11 , p i. 1 , fig . 5 . H u s t e d t , 1 9 3 0 , p . 6 7 5 , flg . 3 8 3 . H e n d e y , 1 9 3 7 , p . 2 9 8 , e t  1 9 6 4 ,  
p. 1 2 3 , p i. 12 , flg . 2.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; île Maurice; sud du canal de Mozambique.
O c é a n  In d i e n  : espèce signalée sporadiquement dans la zone tropicale; abondante au large 

des côtes d’Afrique du Sud. ( H e n d e y , 1937; S i l v a , 1956a, 1960; T r a v e r s , 1965; T a y l o r , 1967).
D i s t r i b u t io n  m o n d i a l e  : cosmopolite, mais plus rare sous les basses latitudes.

J ’ai occasionnellement (Nossi-Bé) rencontré cette espèce sous la forme très aplatie décrite 
par S c h ü t t  sous le nom de C. Grunowii (S c h ü t t , 1895, p. 43, pi. 4-5, fig. 14 a-b).

Chaetoceros lorenzianum  Grunow, 1863

G r u n o w , 1 8 6 3 , p . 1 5 7 , p i. 5 , flg . 13 . H u s t e d t , 1 9 3 0 , p . 6 7 9 , flg . 3 8 5 . A l l e n  e t  C u p p , 1 9 3 5 , p . 137 , 
flg . 58 . H e n d e y , 1 9 3 7 , p . 2 9 9 , e t  1 9 6 4 , p . 1 2 4 , p i. 16, flg. 1. F r e n g u e l l i , 1 9 3 9 , p . 2 2 2 , p i. 2 , 
flg . 14.

R é c o l t e s  p e r s o n n e l l e s  : toutes les stations littorales.
O c é a n  In d i e n  : espèce commune sous les latitudes tropicales. (K o l b e , 1957; T r a v e r s , 1965; 

T a y l o r , 1967).
D i s t r i b u t io n  m o n d i a l e  : mers tropicales et tempérées; surtout néritique.

Chaetoceros Lauderi Ralfs in Lauder, 1864

L a u d e r ,  1 8 6 4 b , p . 7 7 , p i. 8 , flg . 4 , v i x  3 . H u s t e d t ,  1 9 3 0 , p . 6 8 3 , flg . 3 8 7 . A l l e n  e t  C upp, 1 9 3 5 , 
p . 1 3 8 , flg . 59 . S u b r a h m a n y a n ,  1 9 4 6 , p . 1 3 3 , fig . 2 1 1 -2 1 3 , e t  p i. 2 , flg . 3. H e n d e y ,  1 9 6 4 , p . 125 , 
pi. 13 , flg . 3.
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R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (rare).
O c é a n  I n d i e n  : espèce peu fréquente. Côtes des Indes; mers indonésiennes; Inhaca; côte 

d’Afrique du Sud; divers sondages intertropicaux. ( K o l b e , 1957; S i l v a , 1960; T a y l o r , 1967).
D i s t r i b u t i o n  m o n d i a l e  : néritique tropicale; espèce également connue dans l’Atlantique 

nord et ses dépendances, où elle est plutôt estivale ( H e n d e y ) .

Chaetoceros co m p ressu m  Lauder, 1864 
PI. III, flg. 16

L a u d e r ,  1 8 6 4 b , p .  7 8 ,  p i .  8 ,  flg. 6 . H u s t e d t ,  1 9 3 0 ,  p .  6 8 4 ,  flg. 3 8 8 - 3 8 9 .  H e n d e y ,  1 9 3 7 ,  p .  3 0 0 ,  e t  
1 9 6 4 , p .  1 2 5 ,  p i .  1 6 , f lg . 5 .

=  Chaetoceros contortum Schütt 
G r a n , 1 9 0 5 , p . 7 8 ,  f lg . 9 3 ,  et plur. aucl.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (plutôt estivale); Tuléar; .île Maurice; parages de 
Durban et du cap Saint-André. Très polymorphe, souvent abondante. Association fréquente 
avec la Cyanophycée Richelia, ici épiphyte (fig. 16).

O c é a n  I n d i e n  : espèce fréquente, également signalée dans l’Antarctique. ( H e n d e y , 1937; 
S i l v a , 1956a, 1960; T r a v e r s , 1965; T a y l o r , 1967).

D i s t r i b u t i o n  m o n d i a l e  : néritique; cosmopolite (ou psychrophile?).

Chaetoceros d id ym u m  Ehrenberg, 1845 
var. d id ym u m

E h r e n b e r g , 1845, p. 75, et 1854, pi. 35 A, flg. 17/5 et 18/4. H u s t e d t ,  1930, p. 688, flg. 390-391. 
H e n d e y ,  1937, p. 301, et 1964, p. 125, pi. 17, flg. 2.

=  C. didymum var. genuinum Gran
G r a n ,  1905, p. 80, flg. 94. O k a m u r a ,  1907, p. 95, pi. 4, flg. 48. G r a n  et Y e n d o ,  1914, p. 12. S k v o r t -  

zow, 1931b, p. 103, pi. 5, flg. 3, 5. Non : C l e v e - E u l e r ,  1951, p. 100 (qui réunit les variétés 
genuinum et protuberans).

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (rare).
O c é a n  I n d i e n  : ce taxon n’est signalé, en tant que variété-type, que par T a y l o r , 1967 

(côte d’Afrique du Sud); les autres références sont portées sous le nom spécifique, ce qui laisse 
quelque incertitude sur la répartition géographique. Dans le canal de Mozambique : S i l v a  (1960). 
Voir par ailleurs W o o d  (1963a).

D i s t r i b u t i o n  m o n d i a l e  : néritique, mers tempérées (sous la même réserve).

Il semble très souhaitable de désigner comme ci-dessus la variété-type de l’espèce, afin 
d’éviter la confusion avec la variété suivante, ainsi qu’avec les var. anglicum (Grunow) Gran, 
aggregatum Mangin, et heterosetoides Subrahmanyan.
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var. pro tuberans  (Lauder) Gran et Yendo, 1914

L a u d e r , 1 8 6 4 b , p. 7 9 , pi. 8 , f lg . 11  : « Chaetoceros protuberans ». G r a n  e t  Y e n d o , 1 9 1 4 , p. 1 2 , f lg . 5 . 
H u s t e d t , 1 9 3 0 , p . 6 9 0 ,  f lg . 3 9 2 .

=  Chaetoceros protuberans Lauder
L a u d e r ,  ibid. K a r s t e n ,  1 9 2 8 , p . 2 3 5 ,  f lg . 2 7 7  b . S k v o r t z o w ,  1 9 3 1 b , p .  1 0 3 ,  p i .  5 , f lg . 4 .  

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; parages des Comores.
O c é a n  I n d i e n  : côtes des Indes; mers indonésiennes; côte d’Afrique du Sud. ( S u b r a h m a 

n y a n , 1946, 1958; T a y l o r , 1967). Cette variété est nouvelle pour la région étudiée.
D i s t r i b u t i o n  m o n d i a l e  : variété plus thermophile que la précédente. Mers de Chine et du 

Japon; Méditerranée.

Chaetoceros affine  Lauder, 1864

L a u d e r , 1 8 6 4 b , p . 7 8 ,  p i .  8 ,  f lg . 5 . H u s t e d t , 1 9 3 0 , p . 6 9 5 , f lg . 3 9 6 . F r e n g u e l l i , 1 9 3 9 , p .  2 2 3 ,  
p i .  2 , f lg . 1 6 -1 7 . H e n d e y , 1 9 6 4 , p . 1 2 7 , p i .  1 8 , f lg . 3 .

=  Chaetoceros Ralfsii Cleve
Cl e v e , 1 8 7 3 a , p . 1 0 , p i .  3 ,  f lg . 1 5 . H e n d e y , 1 9 3 7 , p . 3 0 2 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (fin de la saison estivale); Tuléar; île Maurice; au large 
de Durban.

O c é a n  I n d i e n  : espèce courante, essentiellement tropicale. ( H e n d e y , 1937; S i l v a , 1960; 
T r a v e r s , 1965; T a y l o r , 1967).

D i s t r i b u t i o n  m o n d i a l e  : cosmopolite, plus abondante dans les mers tempérées; plutôt 
néritique.

Chaetoceros laciniosum  Schütt, 1895

S c h ü t t , 1 8 9 5 , p . 3 8 , p i .  4 ,  f lg .  5  a -b ,  e t  p i .  5 , flg . 5  c . G r a n , 1 9 0 5 , p . 8 2 ,  f lg . 9 4 . H u s t e d t , 1 9 3 0 ,  
p . 7 0 1 ,  f lg . 4 0 1  a -b . H e n d e y , 1 9 3 7 , p . 3 0 1 ,  e t  1 9 6 4 ,  p . 1 2 7 , p i .  1 3 , f lg . 2 . C u p p , 1 9 4 3 , p . 1 2 8 ,  
f lg . 8 0 .

=  Chaetoceros distans Cleve, pro parte (voir page suivante).

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (hivernale); Tuléar; île Maurice; côte d’Afrique du Sud.
O c é a n  I n d i e n  : espèce probablement courante, mais souvent reportée sous le synonyme 

incertain de C. distans Cleve. ( S i l v a , 1956a, 1960; T a y l o r , 1967).
D i s t r i b u t i o n  m o n d i a l e  : espèce néritique, mers tropicales et tempérées.
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Cette espèce est très voisine du C. pelagicum Cleve, auquel elle a parfois été rattachée; 
elle s’en distingue comme suit : deux chromatophores (chez C. pelagicum : un seul) ; diamètre 
apical ordinairement supérieur à  10 n (C. p. : inférieur à  10 p ) ;  soies terminales épaissies. Cepen
dant, la distinction n’est pas toujours évidente.

Au C. laciniosum doit être rattaché le C. distans de C l e v e  tel que figuré par cet auteur en 
1894a (p. 14, pi. 2, fig. 2), mais non celui de la description originale (1873a, p. 9, pi. 2, fig. 11) 
chez lequel les soies terminales ne sont pas différenciées.

Chaetoceros pelagicum  Cleve, 1873

C l e v e , 1873 b, p. 11, pi. 1, fig. 4. G r a n , 1905, p. 83, fig. 101. H u s t e d t , 1930, p. 704, fig. 402. 
H e n d e y , 1937, p. 302. C u p p , 1943, p. 129, fig. 81. S u b r a h m a n y a n ,  1946, p. 141, fig. 234.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (espèce plutôt hivernale); Tuléar; sud du canal de 
Mozambique.

O c é a n  I n d i e n  : espèce signalée sporadiquement sous toutes les latitudes, Antarctique 
compris. ( T a y l o r , 1967). Nouvelle pour la région étudiée.

D i s t r i b u t i o n  m o n d i a l e  : espèce néritique, tempérée, peu courante.
Voir remarque concernant C. laciniosum, ci-dessus.

Chaetoceros breve  Schütt, 1895

S c h ü t t , 1895, p. 38, pi. 4, fig. 4 a, et pi. 5, fig. 4 b. H u s t e d t , 1930, p. 707, fig. 403. H e n d e y , 1937, 
p. 302, et 1964, p. 127, pi. 9, fig. 5.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; île Maurice; parages de Durban.
O c é a n  I n d i e n  : mer d’Arabie; Indonésie; Afrique du Sud; côtes du Kénya et du Mozam

bique. ( S i l v a ,  1956a; T a y l o r , 1967).
D i s t r i b u t i o n  m o n d i a l e  : tempérée et tropicale, plutôt néritique.

Chaetoceros d iversu m  Cleve, 1873

C l e v e , 1873a, p. 9, pi. 2, fig. 12. H u s t e d t , 1930, p. 716, fig. 409. C u p p , 1943, p. 132, fig. 87. H e n d e y , 
1964, p. 130, pi. 17, fig. 4.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; parages de Beira.
O c é a n  I n d i e n  : espèce courante sous les latitudes tropicales. ( S i l v a , 1956a, 1960; K o l b e , 

1957; T r a v e r s , 1965; T a y l o r , 1967).

575



54 A. S o u r n i a .  —  D i a t o m é e s  p l a n c t o n i q u e s

D i s t r i b u t i o n  m o n d i a l e  : espèce néritique, intertropicale et méditerranéenne, signalée 
également dans l’Atlantique tempéré et la mer du Nord.

Voir remarque concernant C. laeve, ci-dessous.

Chaetoceros laeve Leuduger-Fortmorel, 1892

L e u d u g e r - F o r t m o r e l , 1892, p. 38, pi. 6, flg. 2. S c h r ö d e r , 1906, p. 351. S c h m i d t , 1921, pi. 339, 
flg. 4-6. H u s t e d t , 1930, cf. p. 718. A l l e n  et C u p p , 1935, p. 142, flg. 72. C u p p , 1943, p. 133, 
fig. 88. W o o d  et al., 1959, p. 217, non pi. 17, flg. 35.

Non : Chaetoceros leve Schütt, 1895

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (très rare).

O c é a n  I n d i e n  : Indonésie; mer d’Arabie. Espèce nouvelle pour la région du canal de 
Mozambique.

D i s t r i b u t i o n  m o n d i a l e  : espèce néritique, probablement intertropicale, peu fréquente 
(Indo-Pacifique).

C. laeve ne semble différer de C. diversum que par l’orientation de ses soies : celles-ci sont 
tout d’abord dirigées perpendiculairement à l’axe pervalvaire de la chaîne, puis infléchies à angle 
droit. Aussi C. laeve pourrait ne constituer qu’une variété du C. diversum, comme le suggérait 
H u s t e d t ; cet auteur rappelle toutefois que les spores de résistance demeurent inconnues dans 
les deux cas.

Chaetoceros m essanense  Castracane, 1875

C a s t r a c a n e , 1875 (fide H u s t e d t , H e n d e y ) .  H u s t e d t , 1930, p. 718, flg. 410. H e n d e y ,  1937, 
p. 304, et 1964, p. 129, pi. 12, flg. 3.

=  Chaetoceros furca Cleve

C l e v e ,  1897a, p. 21, pi. 1, flg. 10. L e b o u r , 1930, p. 146, flg. 107.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (espèce hivernale, très abondante), et toutes les stations 
littorales.

O c é a n  I n d i e n  : espèce principalement répandue dans la zone tropicale; côtes d’Afrique du 
Sud. ( H e n d e y , 1937; S i l v a , 1956a, 1960; K o l b e , 1957; T r a v e r s , 1965; T a y l o r ,  1967).

D i s t r i b u t i o n  m o n d i a l e  : espèce intertropicale et méditerranéenne, accessoirement ren
contrée dans la Manche.
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Chaetoceros curvisetum  Cleve, 1889

C l e v e , 1889, p. 55, flg. i n  text. H u s t e d t , 1930, p. 737, flg. 426. C u p p , 1943, p. 137, flg. 93. H e n d e y , 
1964, p. 133, pi. 17, fig. 6.

=  Chaetoceros secundum Cleve, pro parte?
C r o s b y  e t  W o o d , 1958, p .  515, p i .  37, f ig .  41. W o o d ,  1963a. Non? C l e v e , 1873a.

Au s u j e t  d e  c e  t a x o n ,  v o i r  H u s t e d t  (loc. cit.) e t  P a v i l l a r d  (1925, p .  51).

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; île Maurice; côte d’Afrique du Sud.
O c é a n  I n d i e n  : golfe d’Aden; mers indonésiennes; côtes des Indes et d’Australie; canal 

de Mozambique; Afrique du Sud; Antarctique (?). ( S i l v a , 1956a, 1960; T r a v e r s , 1965; 
T a y l o r , 1967).

D i s t r i b u t i o n  m o n d i a l e  : espèce néritique, principalement tempérée mais cosmopolite.

Chaetoceros pseudocurvisetum  Mangin, 1910

M a n g in ,  1 9 1 0 ,  p . 3 4 9 ,  flg. 3  /2 ,  4  /2 . H u s t e d t ,  1 9 3 0 ,  p .  7 3 9 ,  flg. 4 2 7 . C u p p , 1 9 4 3 ,  p . 1 3 8 , f lg . 9 4 .  
H e n d e y ,  1 9 6 4 ,  p . 1 3 4 ,  p i .  1 8 ,  flg. 1.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar.
O c é a n  I n d i e n  : Indonésie; côte du Mozambique; îles Cocos; Afrique du Sud. ( S i l v a , 1956a, 

1960; K o l b e , 1957; T a k a n o ,  1960; T a y l o r , 1967).
D i s t r i b u t i o n  m o n d i a l e  : espèce de découverte relativement récente, encore mal connue; 

néritique, tempérée ou tropicale.

Chaetoceros tortissim u m  Gran, 1900

G r a n , 1900, p. 122, pi. 9, fig. 25, et 1905, p. 95, flg. 122. M a n g i n ,  1915, p. 49, flg. 33. P a v i l l a r d , 
1925, p. 52, flg. 87. I k a r i , 1926, p. 532, flg. 15 a-b. L e b o u r , 1930, p. 165, flg. 127. H u s t e d t , 
1930, p. 751, flg. 434. S k v o r t z o w , 1931b, p. 105, pi. 6, flg. 2. H a r t , 1934, p. 165, et 1942, 
p. 292. C u p p , 1943, p. 142, flg. 99. T e i x e i r a  et K u t n e r ,  1961, p. 54, pi. 3, flg. 3. H e n d e y ,  
1964, p. 135, pi. 11, flg. 2. A v a r i a ,  1965, p. 94, pi. 6, flg. 4.

Sans description ni illustration, in : S i l v a , 1956a, 1960; S u b r a h m a n y a n , 1958.
=  Chaetoceros calvum Cleve 
C l e v e ,  1901, p. 54, pi. 8, fig. 11.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; île Maurice.
O c é a n  I n d i e n  : mer d’Arabie; Indonésie; côte du Mozambique; Afrique du Sud. ( S i l v a , 

1956a; T a y l o r , 1967).
D i s t r i b u t i o n  m o n d i a l e  : assez sporadique. Mer de Norvège; mer du Nord; golfe du Lion; 

mer du Japon; côtes de Californie; côtes du Brésil et du Chili; Antarctique. Cette espèce doit 
donc être maintenant considérée comme cosmopolite.
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Faim. B A C T E R IA S T R A C E A E  

B acteriastrum  elegans Pavillard, 1916

P a v i l l a r d , 1 9 1 6 ,  p . 2 8 ,  p i .  1 , f ig . 2 ,  e t  1 9 2 5 ,  p . 3 9 ,  f ig . 6 0  /2 . H u s t e d t , 1 9 3 0 ,  p .  6 2 1 ,  f ig . 3 6 0 .  L e b o u r , 
1 9 3 0 , p .  8 5 . S u b r a h m a n y a n , 1 9 4 6 ,  p .  1 2 7 , f ig . 1 7 4 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (rare).

O c é a n  I n d i e n  : côtes des Indes; Tuléar; îles Cocos. ( K o l b e , 1957; T r a v e r s , 1965). 

D i s t r i b u t i o n  m o n d i a l e  : Atlantique tempéré; Méditerranée.

Cette espèce serait moins rare qu’il ne paraît : elle a pu en effet être souvent désignée sous 
le nom de B. varians (cf. P a v i l l a r d ,  1924, 1925).

B acteriastrum  com osum  Pavillard, 1916

P a v i l l a r d ,  1916, p. 29, pi. 1, flg. 3, et 1925, p. 39, fig. 60/3. H u s t e d t , 1930, p. 622, flg. 361. 
H e n d e y , 1937, p. 306. S p r o s t o n , 1949, p. 90.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; île Maurice; parages de Beira.

O c é a n  I n d i e n  : Indonésie et océan Indien tropical. ( S i l v a , 1956a, 1960; K o l b e , 1957; 
T r a v e r s , 1965; T a y l o r , 1967).

D i s t r i b u t i o n  m o n d i a l e  : Méditerranée; mer du Japon.

B acteriastrum  delicatulum  Cleve, 1897

C l e v e , 1897b, p. 298, pi. 1, fig. 16. P a v i l l a r d , 1925, p. 37, fig. 57. I k a r i , 1927, p. 424, fig. 4. 
H u s t e d t , 1930, p. 612, fig. 353. H e n d e y , 1937, p. 307, e t  1964, p. 139, pi. 6, fig. 2. S i l v a , 
1956c, p. 343, pi. 1, fig. 3. C u r l , 1959, p. 296, fig. 65.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (espèce hivernale); Tuléar; côte d’Afrique du Sud. 

O c é a n  I n d i e n  : comme l’espèce précédente.

D i s t r i b u t i o n  m o n d i a l e  : m e r s  t e m p é r é e s  e t  t r o p i c a l e s .
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B acteriastrum  elongatum  Cleve, 1897

C l e v e , 1897a, p .  19, p i .  1, f lg .  19. H u s t e d t , 1930, p .  617, f lg .  357. H e n d e y , 1937, p .  307, e t  1964, 
p .  139, p i .  6, f lg .  3. C u r l , 1959, p .  296, f ig .  66.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; sud du canal de Mozambique.
O c é a n - I n d i e n  : régions tropicales et tempérées. ( S i l v a , 1956a, 1960; K o l b e , 1957 ; T r a v e r s , 

1965; T a y l o r ,  1967).
D i s t r i b u t i o n  m o n d i a l e  : espèce tropicale et tempérée.

B acteriastrum  hya linum  Lauder, 1864

L a u d e r , 1864a, p .  8, p i .  3, flg. 7. P a v i l l a r d , 1916, p .  27, p i .  1, flg. 4, e t  1925, p .  37, flg. 58. I k a r i , 
1927, p .  422, flg. 2. H u s t e d t , 1930, p .  615, flg. 354. S p r o s t o n , 1949, p .  89, f lg .  38. H e n d e y , 
1964, p .  139, p i .  6, flg. 1.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar.
O c é a n  I n d i e n  : Indonésie et océan Indien tropical (mêmes références que précédemment).
D i s t r i b u t i o n  m o n d i a l e  : espèce tempérée (?), souvent confondue avec B. varians (voir 

plus bas).

B acteriastrum  varians Lauder, 1864

L a u d e r , 1864a, p. 8, pi. 3, flg. 1-6. K a r s t e n , 1905b, p. 170, pi. 34, flg. 1. P a v i l l a r d , 1924, p. 1084, 
flg. B. I k a r i , 1927, p. 421, flg. 1. H u s t e d t , 1930, p. 616, flg. 356. H a r t , 1934, p. 159. H e n d e y , 
1937, p. 308. S u b r a h m a n y a n , 1946, p. 127, flg. 170-172, 175. S p r o s t o n , 1949, p. 90, flg. 37.

Cellules isodiamétriques, ou de hauteur et de diamètre peu différents; diamètre (apical) : 
10-37, le plus souvent 20-30 il Soies internes bifurquées, contenues dans des plans perpendicu
laires à l’axe pervalvaire (chez B. hyalinum: plans parallèles). Couronnes terminales isomorphes; 
soies terminales beaucoup plus épaisses que les soies internes, portant des spirales d’épines, et 
brutalement infléchies vers le centre de la chaîne (chez B. hyalinum : soies moins robustes et 
graduellement recourbées).

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; parages de Mombasa.
O c é a n  I n d i e n  ; cette espèce est, en apparence du moins, la plus commune du genre — sous 

réserve de confusions possibles avec les espèces voisines. ( A m o s s é , 1924; T r a v e r s , 1965; 
T a y l o r , 1967).
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D i s t r i b u t i o n  m o n d i a l e  : incertaine, vraisemblablement tropicale. Selon P a v i l l a r d  (1925), 
l’espèce serait cantonnée à  l’océan Indien et aux mers sino-japonaises : il n’existerait du moins 
pas de référence sûre en dehors de ces régions. Ultérieurement, H a r t  (1934) signale B. varians 
dans l’Atlantique sub-tropical sud ainsi que dans les eaux des Aiguilles et du Benguela, ces deux 
courants pouvant être supposés à l’origine de l’immigration de l’espèce dans les eaux atlantiques.

Les caractères morphologiques indiqués ci-dessus apparaissent clairement dans l ’excellente 
description princeps de L a u d e r  et l’iconographie qui l’accompagne. Cependant, B. varians a 
été largement confondue avec les espèces voisines. P a v i l l a r d , qui a longuement étudié le genre 
Bacteriastrum (1916, 1924, 1925) résume ainsi son opinion sur la présente espèce : « La soi-disant 
grande variabilité du B. varians n’est qu’une légende aussi commode que peu scientifique. Le 
B. varians - type de L a u d e r  n’existe probablement ni dans l’Atlantique, ni dans la Méditer
ranée, et les formes diverses signalées sous ce nom appartiennent à d’autres espèces » ( P a v i l 
l a r d , 1925, p. 36).

B acteriastrum  m in u s  Karsten, 1905 
PI. III, flg. 17

K a r s t e n , 1 9 0 5 b , p . 1 7 1 , p l .  3 3 ,  flg . 2 1 , M a n g i n , 1 9 1 0 , p . 3 8 1 , fig . 5 , e t  1 9 1 1 , p . 2 7 , f lg . in  t e x t .  
I k a r i , 1 9 2 7 , p . 4 2 6 ,  fig . 6 . S k v o r t z o w , 1 9 3 1 b , p . 1 0 9 , p i .  8 , f lg . 4 . S i l v a , 1 9 5 6 a , p . 3 7 , p i .  4 ,  
flg . 5 . T a y l o r , 1 9 6 7 ,  p . 4 4 4 ,  p i .  8 9 ,  f lg . 1 4 .

Chaînes de longueur variable, du type isomorphe. Cellules aplaties ou, plus rarement, iso- 
diamétriques (diamètre valvaire supérieur ou, plus rarement, égal à la hauteur pervalvaire). 
Valves sensiblement convexes. Soies courtes et délicates, non bifurquées, sub-marginales, 
dirigées obliquement par rapport à l’axe pervalvaire, et contenues dans des plans parallèles à 
cet axe. Cellules adjacentes non contiguës, seulement reliées l’une à l’autre par l’intermédiaire 
de leurs soies; les soies des cellules adjacentes ne sont pas soudées et se croisent à une certaine 
distance de leur insertion. Soies des couronnes terminales non différenciées, mais dirigées vers 
le centre de la chaîne.

(Seul parmi les auteurs cités, K a r s t e n  mentionne que les chaînes baignent dans une gangue 
mucilagineuse; je n’ai personnellement pas retrouvé ce caractère sur le matériel formolé — et 
n’ai pas observé l’espèce in vivo.)

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (rare).

O c é a n  I n d i e n  : espèce rarement signalée. Karachi et côte occidentale des Indes; côte du 
Mozambique; Port Elisabeth. ( K a r s t e n , toc. cit.; C z a p e k , 1909; S i l v a , 1956a, 1960; S u b r a h 
m a n y a n , 1958).

D i s t r i b u t i o n  m o n d i a l e  : quelques localités seulement s’ajoutent aux précédentes. Côte 
occidentale d’Afrique; diverses stations dans la mer du Japon.

B. minus demeure une Diatomée rare, que ni H u s t e d t  ni P a v i l l a r d  n'ont pu décrire. 
Elle figure heureusement dans l’excellente monographie consacrée par I k a r i  au genre Bacte
riastrum. Certains auteurs font par ailleurs de cette espèce un synonyme de B. hyalinum  ( O k a -  
m u r a , 1911; M i l l s , 1933; W o o d , 1963a) : aux termes de la description qui précède, un tel rap
prochement est impossible.
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Fam. L E P T O C Y L IN D R A C E A E  

Leptocylindrus danicus  Cleve, 1889

C l e v e ,  1889, p. 54, vix  flg. i n  text. H u s t e d t ,  1930, p. 558, fig. 318. H e n d e y ,  1937, p. 322, pi. 11, 
flg. 6, et 1964, p. 140, pi. 5, flg. 2.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; île Maurice; parages de Durban; cap Saint- 
André.

O c é a n  I n d i e n  : assez courante sous les latitudes tempérées et tropicales. ( S i l v a ,  1956a, 
1960; T r a v e r s ,  1965).

D i s t r i b u t i o n  m o n d i a l e  : espèce néritique, cosmopolite mais plus commune dans les mers 
tempérées.

L eptocylindrus m in im u s  Gran, 1915

G r a n , 1915, p. 72, flg. 5. H u s t e d t , 1930, p. 560, flg. 321. H e n d e y , 1964, p. 140, pi. 5, flg. 3. 

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (rare).
O c é a n  I n d i e n  : rare. Côtes des Indes et du Mozambique. ( S i l v a , 1956a, I960).
D i s t r i b u t i o n  m o n d i a l e  : probablement comme l’espèce précédente; toutefois L. minimus 

est plus rarement signalé, du fait sans doute de ses plus petites dimensions.

Guinardia flaccida  (Castracane) H. Peragallo, 1892 
PI. I, flg. 6

C a s t r a c a n e ,  1886, p. 74, pi. 29, flg. 4 ( ? )  : « Rhizosolenia ? flaccida ». P e r a g a l l o ,  1892, p. 107, 
pi. 13, flg. 3-5. H u s t e d t ,  1930, p. 562, flg. 322. H e n d e y ,  1937, p. 321, pi. 11, fig. 5, et 1964, 
p. 141, pi. 5, flg. 5.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (poussées massives en saison chaude); Tuléar; côte 
d’Afrique du Sud entre Durban et Beira; cap Saint-André.

O c é a n  I n d i e n  : espèce courante, principalement dans la zone tropicale. ( S i l v a , 1956a, 1960; 
K o l b e , 1957; T r a v e r s , 1965; T a y l o r , 1967).

D i s t r i b u t i o n  m o n d i a l e  : cosmopolite, plus rare dans les mers froides; principalement 
néritique.
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Cette espèce a été récemment étudiée en culture et dans les conditions naturelles par 
B i r n h a k  et al. (1967); comme ces auteurs, j’ai observé que les développements massifs peuvent 
voisiner, dans le temps ou dans l’espace, avec des « eaux rouges » à Trichodesmium.

Schroederella delicatula  (H. Peragallo) Pavillard, 1913 

P e r a g a l l o ,  1 8 8 8 ,  p. 8 1 , p i .  6 , f ig . 4 6  : « Lauderia delicatula ». P a v i l l a r d ,  1 9 1 3 ,  p . 1 2 6 , f lg . 1 a .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; île Maurice; côte d’Afrique du Sud, de Durban 
à Beira.

O c é a n  I n d i e n  : mer Rouge; mer d’Arabie; côtes des Indes; mers indonésiennes; côtes 
d’Australie; canal de Mozambique; Afrique du Sud. ( S i l v a , 1956a, 1960; K o l b e , 1957; T r a 
v e r s , 1965; T a y l o r , 1967).

D i s t r i b u t i o n  m o n d i a l e  : espèce néritique des mers tempérées et tropicales, ou cosmopolite.

H u s t e d t  et la quasi-unanimité des auteurs modernes incluent sous ce nom le Schroederella 
Schroederi considéré comme espèce distincte par P a v i l l a r d  ( 1 9 2 5 ) .  L’historique inextricable 
de cette question peut en fait être ramené à l’opposition de deux conceptions — qui ont pu se 
trouver successivement défendues par un même auteur (cf. P a v i l l a r d , H e n d e y )  :

—  Une seule espèce, sensu lato: P a v i l l a r d , 1 9 0 5 , 1 9 1 3 , 1 9 1 6 ;  H u s t e d t , 1 9 3 0 ;  A l l e n  et 
C u p p , 1 9 3 5 ;  C u p p , 1 9 4 3 ;  S u b r a h m a n y a n , 1 9 4 6 ;  H e n d e y , 1 9 6 4 .

— Deux espèces : P a v i l l a r d , 1 9 2 5 ;  L e b o u r , 1 9 3 0 ;  H e n d e y , 1 9 3 7 ;  S i l v a , 1 9 6 0 .

Un compromis semble devoir être retenu : l’espèce est unique, mais se présente sous deux 
« phases » ( H e n d e y , 1 9 6 4 )  ou « formes (?) » ( T a y l o r , 1 9 6 7 ) ,  différant assez nettement l’une de 
l’autre par leur morphologie et leur distribution; cette bivalence n’est autre, pour T a y l o r , 
que l’expression du cycle de reproduction (sexuée ?) de la Diatomée, les deux formes survenant 
respectivement avant et après la production d’auxospores.

Du point de vue de la nomenclature, une désignation infraspéciüque devient nécessaire, 
tant pour pallier l’ambiguïté du nom de « S. delicatula » que pour mieux juger à l’avenir du bien- 
fondé et de la signification de cette dualité. Le rang de forme semble ici le mieux justifié (cf. 
H e n d e y ,  1 9 6 4 ,  p. 5 5 ) ;  d’où les propositions qui suivent. On ne saurait cependant dissimuler 
que la distinction morphologique est dans quelques cas incertaine ou impraticable (« stades de 
transition »), et que la discrimination écologique doit actuellement être considérée comme une 
hypothèse à vérifier.

f. delicatula
PI. X, flg. 64

=  Schroederella delicatula (H. Peragallo) Pavillard, pro parte
P a v i l l a r d ,  loc. cit. L e b o u r ,  1 9 3 0 , p . 6 8 , flg . 4 0 . H u s t e d t ,  1 9 3 0 , fig . 3 1 4 . H e n d e y ,  1 9 3 7 ,  p . 2 3 1 .

=  Schroederella delicatula (H. Perag.) Pav. emend. Pav., 19 2 5  

P a v i l l a r d ,  1 9 2 5 ,  p .  2 2 ,  flg. 3 3  d .

=  Lauderia delicatula H. Peragallo
P e r a g a l l o ,  loc. cit.; 1 8 9 2 , p . 1 0 5 , p i .  1 3 , flg. 1 3 , et 1 9 0 8 , p . 4 5 7 , p i .  1 2 1 , fig. 4 . C l e v e ,  1 8 9 7 a ,  

p . 2 4 ,  p i .  2 ,  flg. 2 1 .
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Frustules robustes, étroits (diamètre <  35 ;j-), formant des chaînes d’aspect relativement 
rigide. Longueur de l’axe pervalvaire supérieur (jusqu’à six fois) au diamètre valvaire. Valves 
planes, sauf à l’insertion de l’épine centrale où se trouve une brève dépression. Entre deux cellules 
voisines, l’espace est très réduit (valves presque contiguës), l’épine centrale et les filaments 
connectifs peu développés.

Forme thermophile : mers tropicales et tempérées.

f. Schroederi (Bergon) nov. comb.
PI. I, flg. 4

=  Lauderia Schroederi Bergon, 1 9 0 3  

B e r g o n , 1 9 0 3 , p .  3 5 , p i .  1 , f lg .  1 -1 5 .

=  Schroederella Schroederi (Bergon) Pavillard
P a v i l l a r d , 1 9 2 5 , p . 2 3 ,  flg. 3 3  a -c . L e b o u r , 1 9 3 0 , p . 6 8 , flg. 4 1 . H e n d e y , 1 9 3 7 , p . 2 4 1 .

=  Schroederella delicatula (H. Peragallo) Pavillard, pro parte
H e n d e y ,  1 9 6 4 , p i . 7 , f lg . 6 , non p i. 5 , f lg . 4 . Non H u s t e d t ,  1 9 3 0 ,  f lg . 3 1 4 .

Frustules plus délicats, plus larges (diamètre <  55 n), formant des chaînes relativement 
souples. Longueur de l’axe pervalvaire inférieure au diamètre valvaire. Valves convexes, mais 
largement déprimées au centre. Entre deux cellules voisines, l’espace est plus grand, l’épine 
centrale et les filaments très apparents.

Forme psychrophile : préférentiellement mers froides, zones d’ « upwelling ».

D actyliosolen antarcticus  Castracane, 1886 
f. laevis (Karsten) Heiden et Kolbe, 1928 

PI. I, flg. 2

K a r s t e n , 1 9 0 5 a , p. 9 3 , pi. 9 , flg. 11 : « Dactyliosolen laevis ». H e i d e n  et K o l b e , 1 9 2 8 , p. 5 1 0 . H a s l e , 
1 9 6 0 , p. 1 4 , pi. 3 , flg. 3 1 -3 2 .

=  Dactyliosolen laevis Karsten
K a r s t e n , loc. cit. V a n  H e u r c k , 1 9 0 9 , p. 2 9 ,  pi. 4 , flg. 7 6 . H a r t , 1 9 3 4 , p. 1 5 8 .

=  D. antarcticus « laevis phase », apud Hendey 
H e n d e y , 1 9 3 7 , p. 3 2 4 , pi. 6 , flg. 2 -3 .

=  Dactyliosolen flexuosus Mangin 
M a n g i n , 1 9 1 5 , p. 5 7 , flg. 4 0 . H a r t , ibid.

Frustules légèrement silicifiés; bandes intercalaires étroites, plus ou moins écailleuses chez 
les individus de grande taille, ornées partiellement de stries pervalvaires peu accentuées. Diamètre 
valvaire : 20-40
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R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (très rare); île Maurice.
O c é a n  I n d i e n  : sauf confusion (les références au nom spécifique sont imprécises), cette 

forme est nouvelle pour le canal de Mozambique, et n’est par ailleurs connue que dans les régions 
antarctiques. L’espèce elle-même n’aurait été qu’exceptionnellement rencontrée sous les basses 
latitudes :

— Par O s t e n f e l d  et S c h m i d t  (1901) dans le nord de la mer Rouge (rien ne permet de 
croire, comme le voudrait W o o d  (1963a) à une confusion avec D. mediterraneus, qui est d’ailleurs 
cité dans le même travail).

— Par O s t e n f e l d  (1903a) dans le golfe du Siam.
— Par S i l v a  (1960) à Inhaca (d’après la description donnée, il s’agit de la « phase » borealis 

de H e n d e y ) .

D i s t r i b u t i o n  m o n d i a l e  : la distribution de cette forme est actuellement difficile à distinguer, 
dans la bibliographie, de celle de l’espèce. Il semble que cette dernière est, sinon cosmopolite, du 
moins beaucoup moins psychrophile et sténotherme que son nom le laisse croire : mers froides 
des deux hémisphères, mers tempérées, et, accessoirement, mers tropicales...

La conception de l’espèce « polyphasique » de H e n d e y  (1937) peut être conciliée sans dom
mage aux exigences du Code de la Nomenclature botanique ( L a n j o u w  et al., 1966), à condition 
de donner aux « phases » intraspéciflques le rang de formes.

Dactyliosolen m ed iterraneus  H. Peragallo, 1892

P e r a g a l l o , 1892, p. 104, pi. 13, flg. 8-9. H u s t e d t , 1930, p. 556, flg. 317. H e n d e y , 1937, p. 324, 
pi. 6, flg. 4-6, et 1964, p. 142.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; île Maurice; au large de Durban.
O c é a n  I n d i e n  : espèce assez rarement signalée. Mer Rouge; Indonésie; canal de Mozambique; 

côtes d’Afrique du Sud. ( S i l v a , 1956a; K o l b e , 1957; T r a v e r s , 1965; T a y l o r , 1967).
D i s t r i b u t i o n  m o n d i a l e  : largement répandue dans les mers tempérées et tropicales; 

plutôt néritique.

Detonula m oseleyana  (Castracane) Gran, 1900 
PI. I, flg. 5

C a s t r a c a n e , 1886, p. 90, pi. 24, flg. 9 : « Lauderia (?) moseleyana ». G r a n , 1900, p. 113. O s t e n f e l d  
et S c h m i d t , 1901, p. 157. O s t e n f e l d , 1903a, p. 7. T a y l o r , 1967, p. 447, pi. 90, flg. 16-17.

=  Lauderia moseleyana Castracane
C a s t r a c a n e , loc. cit. P e r a g a l l o , 1892, p. 105, pi. 13, flg. 10.

Frustules cylindriques; valves aplaties, de diamètre 28-120 i» (récoltes personnelles : 60 n 
environ), bordées d’une couronne d’épines difficilement visibles, 10-12 en 10 il Bandes inter
calaires étroites et nombreuses, finement ornementées : 3-6 rangs de ponctuations hexagonales 
par bande. Axe pervalvaire : 90-200 il Chloroplastes nombreux, discoïdes.
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R é c o l t e s  p e r s o n n e l l e s  : au large d e  Durban.
O c é a n  I n d i e n  : quelques rares stations. Mers indonésiennes; mer Rouge; côte d’Afrique 

du Sud. ( T a y l o r , 1967).
D i s t r i b u t i o n  m o n d i a l e  : l’espèce demeure inconnue en dehors de l’océan Indien 

« sensu lato ».

Le renforcement particulier d’une des bandes intercalaires, indiqué par C a s t r a c a n e  et 
par T a y l o r , est manifestement lié au processus de la division cellulaire.

J ’ai pu en plusieurs occasions observer la présence de ce qui semblait être des frustules 
internes (fig. 5).

T a y l o r , qui a exhumé cette espèce d’un long oubli d’un demi-siècle, mentionne un dimor
phisme écologique : en milieu néritique, les cellules sont plus larges et plus robustes, et les bandes 
intercalaires plus étroites que dans les prélèvements du large.

Lauderia annulata  Cleve, 1873

C l e v e , 1873a, p. 8, p i .  1, f ig .  7, e t  1897a, p i .  2, f ig .  13-15. C a s t r a c a n e , 1886, p .  89, p i .  8, f ig .  7. 
P e r a g a l l o , 1892, p. 105, p i .  13, fig. 11, e t  1908, p .  456, p i .  21, f ig .  3. A l l e n  e t  C u p p , 1935, 
p .  124, fig. 25.

=  Lauderia borealis Gran
G r a n , 1900, p .  110, p i .  9, fig. 5-9, e t  1905, p .  23, fig. 22. H u s t e d t , 1930, p .  549, f ig .  313. H e n d e y , 

1937, p .  240, e t  1964, p .  143.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Ré; Tuléar; côte du Mozambique.
O c é a n  I n d i e n  : espèce courante dans les eaux chaudes et tempérées, plus rare sous les 

hautes latitudes. ( S i l v a , 1956a, 1960; K o l b e , 1957; T a y l o r , 1967).
D i s t r i b u t i o n  m o n d i a l e  : cosmopolite.

Les deux Lauderia de C l e v e  et de G r a n  sont manifestement synonymes, comme l’affirmait 
déjà C l e v e  (1903a, p. 49). On comprend d’ailleurs mal pourquoi certains auteurs ont considéré 
que L. annulata n’était pas une espèce homogène, ce que C l e v e  du moins ne laisse jamais 
penser (1873a, 1897a, 1901, 1903a); rappelons aussi que le « L. annulata Castracane» cité par 
D e - T o n i , M i l l s , etc., n’a pas d’existence légale.

Enfin pour raison d’antériorité, le nom de L. annulata doit prévaloir, et non celui de L. borealis 
comme il apparaît chez C l e v e - E u l e r  (1951, p. 86).

C hrysanthem odiscus floria tus  Mann emend. Takano, 1965
PI. I, fig. 1

M a n n , 1925, p. 58, pi. 13, fig. 1. T a k a n o , 1965, p. 7, pi. 1, fig. 12-14.
Étymologie : l’allusion phanérogamique tient au fait que les valves, très fragiles, peuvent se déman

teler au cours du montage, et ressembler alors aux pétales d'une fleur.

=  Hyalodictya floriata (Mann) Karsten 
K a r s t e n , 1928, p. 206, fig. 202.
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=  Ethmodiscus sp., apud Okuno 
O k u n o , 1954, p. 173, pi. 1, flg. 2 a-c. 

? =  Melchersiella hexagonalis Teixeira 
T e i x e i r a , 1958, p. 31, pi. 1-2.

Cellules sub-cylindriques, formant des chaînes ramifiées. Valves circulaires, convexes, portant 
un ombilic central qui occupe environ 1 /8 du diamètre valvaire ; ombilic orné de ponctuations 
disposées irrégulièrement mais formant un cercle périphérique régulier; le reste de la valve est 
orné de stries radiaires serrées, droites ou ondulées, parfois dédoublées mais non bifurquées. 
Bandes intercalaires au nombre de 3 à 7, bien développées, ornées d’un réseau hexagonal de 
fines ponctuations (5-6 en 10 n). Parois très fines et très fragiles. Nombreux petits chromato- 
phores discoïdes. Diamètre des valves : 40-200 u.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (très rare); Tuléar; île Maurice.
O c é a n  I n d i e n  : espèce seulement signalée par T r a v e r s  (1965) à Tuléar, sans certitude 

puisque sous le nom de Melchersiella hexagonalis.
D i s t r i b u t i o n  m o n d i a l e  : étant donné que K a r s t e n  n’a fait que rebaptiser la découverte 

de M a n n , et que d’autre part O k u n o  et T a k a n o  ont étudié le même matériel, le nombre des 
récoltes mondiales demeure extrêmement Téduit : Philippines (dragages); mer du Japon; côtes 
du Brésil (?); enfin A m o s s é  (comm. pers.) a rencontré cette espèce dans un échantillon de vase 
provenant (sans certitude) d’Abidjan. On peut donc provisoirement définir C. floriatus comme 
espèce intertropicale littorale.

On doit à  T a k a n o  la première description complète de cette Diatomée rare et fragile, dont 
M a n n  et K a r s t e n  n’avaient décrit que la valve, et O k u n o  la ceinture. Par ailleurs, T e i x e i r a  
laisse pratiquement ignorer la structure valvaire de son Melchersiella hexagonalis, si bien que 
la synonymie n’est pas assurée.

C’est dans l’ignorance de la structure connective que M a n n  a placé son nouveau genre 
Chrysanthemodiscus parmi les Diatomées discoïdes, au voisinage du genre Hyalodiscus. L’inclusion 
dans la famille des Leptocylindraceae, aux côtés de Lauderia, est assurément mieux justifiée.

Fam. CORETHRON AC E  A E  

Corethron criophilum  Castracane, 1886

C a s t r a c a n e , 1886, p. 85, pi. 21, flg. 14. H e n d e y , 1937, p. 215, 325, pi. 7-8, et 1964, p. 144, pi. 7, 
flg. 4. H a r t , 1942, p .  288.

R é c o l t e s  p e r s o n n e l l e s  : cellules solitaires, extrêmement rares. Nossi-Bé; Tuléar; île 
Maurice; côte d’Afrique du Sud-.

O c é a n  I n d i e n  : sous ses divers synonymes, l’espèce est largement représentée, particulière
ment dans les régions antarctiques. ( S i l v a , 1956a, 1960; T r a v e r s , 1965; T a y l o r , 1967).

D i s t r i b u t i o n  m o n d i a l e  : cosmopolite, essentiellement océanique.
Au terme de son étude de l’abondant matériel du « Discovery », H e n d e y  (1937) a montré 

que toute' les espèces décrites jusqu’ici ne sont que des formes écologiques d’une espèce unique, 
« polyphasique ».
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F  am. R H IZ O SO L E N IA C E A E  

Rhizosolenia frag ilissim a  Bergon, 1903

B e r g o n , 1903, p. 15, pi. 1, f lg .  9-10. P a v i l l a r d , 1913, p. 130, flg. 1 b-c. H u s t e d t , 1930, p. 571, 
f lg .  324. H e n d e y , 1937, p. 315, e t  1964, p. 147.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (rare); sud du canal de Mozambique.
O c é a n  I n d i e n  : espèce assez peu courante. Mer d’Arabie; côte du Mozambique; au sud 

de l’Afrique; plus abondante semble-t-il dans l’Antarctique. ( S i l v a , 1956a; T a y l o r , 1967).
D i s t r i b u t i o n  m o n d i a l e  : espèce cosmopolite, plus abondante dans les mers tempérées.

Rhizosolenia cylindrus  Cleve, 1897 
PI. I, flg. 7

C l e v e , 1897a, p. 24, pi. 2, flg. 12. H u s t e d t , 1930, p. 572, flg. 323. A l l e n  et C u p p , 1935, p. 127, 
flg. 30. C u p p , 1943, p. 80, flg. 42. S u b r a h m a n y a n , 1946, p. 114, flg. 111-112. H e n d e y , 1964, 
p. 148, pi. 3, flg. 3.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (rare); île Maurice; sporadique dans le canal de 
Mozambique.

O c é a n  I n d i e n  : Indonésie; mer Rouge; côtes des Indes; canai de Mozambique; Afrique 
du Sud; « convergence antarctique ». ( S i l v a , 1956a, 1960; T r a v e r s , 1965; T a y l o r , 1967).

D i s t r i b u t i o n  m o n d i a l e  : espèce probablement néritique intertropicale, assez rare. Cali
fornie; Atlantique tempéré; Adriatique; golfe du Siam; mer du Japon.

R hizosolenia firm a  Karsten, 1907 
PI. III, flg. 20

K a r s t e n , 1907, p. 377, pl. 41, flg. 2. P a v i l l a r d , 1925, p. 30, flg. 44. H e i d e n  et K o l b e , 1928, 
p. 523. H u s t e d t , 1930, p. 574, flg. 326. K o l b e ,  1957, p. 41, pi. 4, flg. 52.

R é c o l t e s  p e r s o n n e l l e s  : quelques spécimens seulement. Ile Maurice; parages de Durban 
et de Mombasa.

O c é a n  I n d i e n  : espèce rare. Originellement découverte par K a r s t e n  à l’ouest des îles 
Maldives, puis signalée par H e i d e n  et K o l b e  et par K o l b e  dans diverses stations tropicales, 
enfin par S u b r a h m a n y a n  sur la côte occidentale des Indes. Nouvelle pour le canal de Mozambique.

D i s t r i b u t i o n  m o n d i a l e  : encore très mal connue. En dehors de l’océan Indien, cette espèce 
n’a été signalée qu’en Méditerranée ( P a v i l l a r d ) .
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Rhizosolenia Bergonii H. Peragallo, 1892

P e r a g a l l o , 1 8 9 2 ,  p .  1 1 0 ,  p i .  1 5 ,  f ig .  5 .  H u s t e d t , 1 9 3 0 ,  p .  5 7 5 ,  f lg .  3 2 7 .  H e n d e y , 1 9 3 7 ,  p .  3 1 2 ,  e t  
1 9 6 4 ,  p .  1 5 1 ,  p i .  3 ,  f lg .  4 .

R é c o l t e s  p e r s o n n e l l e s  : espèce largement répandue dans toute la région étudiée; à 
Nossi-Bé, principalement estivale.

O c é a n  I n d i e n  : courante sous les basses latitudes, plus rare dans les régions tempérées. 
( K o l b e , 1 9 5 7 ;  S i l v a , 1 9 6 0 ;  T r a v e r s , 1 9 6 5 ;  T a y l o r , 1 9 6 7 ) .

D i s t r i b u t i o n  m o n d i a l e  : mers tropicales; Atlantique tempéré et Méditerranée. Plutôt 
océanique.

Rhizosolenia obtusa  Hensen, 1 8 8 7  

PI. I, flg. 8 a-b

H e n s e n , 1887, p. 86, pi. 5 ,  flg. 41. N on  O s t e n f e l d , 1903b, p. 569, flg. 125. Nec : G r a n , 1905, 
p. 56, flg. 69. Nec M e u n i e r , 1910, p. 255, pi. 38, flg. 15-17, 22. Nec L e b o u r , 1930, p. 91, flg. 62. 
Nec H a r d y , 1935, p. 53, f ig .  23. Nec H e n d e y , 1964, p. 147.

N on : « Syn. =  » R. alata var. truncata  Gran 
C l e v e , 1897a, p. 25.
Nec : « Syn. =  » R. alata f .  inerm is (Castracane) Hustedt 
H u s t e d t , 1930, p. 602, f lg .  348, et plur. auct.

Nec « Syn. =  » Rhizosolenia acum inata  (Peragallo) Gran 
G a a r d e r , 1954, p. 22, flg. 8.

Frustules cylindriques, de diamètre réduit ( 1 2 -2 7  p .) .  Processus apical creux à sa base, inséré 
au sommet de la valve, dirigé de façon légèrement excentrique, sans oreillettes ni ailes, rectiligne 
ou très légèrement courbé, tubuliforme, tronqué à son extrémité. Bandes intercalaires disposées 
assez irrégulièrement : écailles larges, chacune couvrant tout le tour du frustule. Ornementation : 
à préciser. Chromatophores nombreux, petits, discoïdes.

R é c o l t e s  p e r s o n n e l l e s  : deux spécimens seulement, récoltés à Nossi-Bé.
O c é a n  I n d i e n  : espèce nouvelle pour cet océan.
D i s t r i b u t i o n  m o n d i a l e  : la seule référence sûre est celle de H e n s e n  : encore est-elle impré

cise (Atlantique nord-ouest).

P l a n c h e  I I I  : 15 — D itylum  sol (V.H.) De-Toni. 16 — Chaetoceros compressum  Lauder. 17 —  Bacteriastrum m inus  
K arst. 18 — Rhizosolenia pungens Cl.-Euler. 19 a, b — R. hyalina  Ostf. 20 — R . firma  K arst. 21 — R . squa
m ifera  nom. nov. 22 — R . Castracanei H. Per. (voir texte). 23 — Streptotheca Tam esis Shrubs. 24 — Chaeto
ceros denticulatum  Lauder.



P l a n c h e  i i i

° O o

o o o

589



68 A. S ou R N iA . — D i a t o m é e s  p l a n c t o n i q u e s

La description originelle de H e n s e n  est incomplète puisqu’elle laisse ignorer la structure 
des bandes intercalaires, mais elle révèle assez clairement, ainsi que l’illustration, l’originalité 
du processus apical. Aussi, la synonymie adoptée par C l e v e , G r a n  et M e u n i e r , refusée cepen
dant par M a n g i n  (1915) et P a v i l l a r d  (1925), mais consacrée par H u s t e d t  et universellement 
admise à la suite de ce dernier, me paraît insoutenable.

Le problème a été reposé d’une façon toute différente par G a a r d e r . En effet, pour l’éminente 
spécialiste des Coccolithophorides, R. obtusa a bien été à tort assimilée à R. alata f. inermis, 
mais s’identifie à R. acuminata. Sous ce dernier nom, G a a r d e r  figure plusieurs spécimens se 
rapportant manifestement à plusieurs espèces, et dont aucun à vrai dire ne ressemble à R. obtusa. 
De ce rapprochement pour le moins expéditif, cet auteur conclut que le nom de R. obtusa devrait 
remplacer celui de R. acuminata pour raison de priorité... Ce point de vue, qui bouleverse la 
systématique des Rhizosolenia, est une spéculation des plus hasardeuses et, actuellement du 
moins, injustifiée.

Enfin, plus récemment encore, H e n d e y  considère R. obtusa comme une espèce distincte 
de R. alata, mais les références qu’il présente ( H e n s e n , G r a n , L e b o u r )  sont parfaitement 
contradictoires.

Rhizosolenia S to lterfo th ii H. Peragallo, 1888

P e r a g a l l o , 1 8 8 8 , p . 8 2 , p i .  6 , f lg . 4 4 ,  e t  1 9 0 8 , p . 4 6 0 ,  p i .  1 2 2 , f lg . 7. H u s t e d t , 1 9 3 0 , p . 5 7 8 , f lg . 3 2 9 .  
H e n d e y , 1 9 3 7 , p . 3 1 9 ,  p i .  1 1 , f lg . 7 -8 ,  e t  1 9 6 4 ,  p . 1 4 8 , p i . 4 ,  f lg . 5 . C u p p , 1 9 4 3 , p . 8 3 ,  f lg . 4 5 .  
S h e r e r ,  1 9 6 5  ( m o n o g r a p h ie ) .

R é c o l t e s  p e r s o n n e l l e s  : espèce courante à  Nossi-Bé et dans presque toutes les récoltes 
néritiques. Ciliés épiphytes fréquents à  Nossi-Bé.

O c é a n  I n d i e n  : fréquente sous les basses latitudes ( S i l v a , 1956a, 1960; T r a v e r s , 1965; 
T a y l o r , 1967). La présence de cette espèce dans les eaux antarctiques est incertaine.

D i s t r i b u t i o n  m o n d i a l e  : cosmopolite, préférentiellement néritique.

Le polymorphisme de cette Rhizosolenia est remarquable : la longueur, le diamètre et l’incur
vation des cellules sont en effet extrêmement variables; les exigences écologiques de cette espèce 
étant elles-mêmes très souples, on aurait là un matériel de choix pour l’étude des variations 
morphologiques en fonction des conditions du milieu.

R hizosolenia robusta  Norman in Pritchard, 1861

P r i t c h a r d , 1 8 6 1 , p . 8 6 6 , p i .  8 , f lg . 4 2 . H u s t e d t , 1 9 3 0 , p . 5 7 8 ,  f lg . 3 3 0 .  H e n d e y , 1 9 3 7 , p . 3 1 7 ,  
p i. 1 1 , f lg . 1 3 , e t  1 9 6 4 ,  p . 1 4 8 , p i .  2 , flg . 5 . C u p p , 1 9 4 3 , p . 8 3 ,  flg . 4 6 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (espèce plutôt estivale); Tuléar; Beira; centre et nord 
du canal de Mozambique.

O c é a n  I n d i e n  : espèce largement répandue, principalement dans les eaux tropicales. 
( S i l v a , 1956a, 1960; K o l b e , 1957; T r a v e r s , 1965; T a y l o r , 1967).

D i s t r i b u t i o n  m o n d i a l e  : cosmopolite, thermophile, océanique.
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Rhizosolenia im bricata  Brightwell, 1858 
var. im bricata  
PI. X, flg. 65

B r i g h t w e l l , 1858a, p. 94, pi. 5, flg. 6. H u s t e d t , 1930, p. 580, flg. 331. A l l e n  et Cupp, 1935, 
p. 129, flg. 35. H e n d e y , 1937, p. 316, et 1964, p. 149, pi. 3, flg. 1.

R é c o l t e s  p e r s o n n e l l e s  : cette variété-type est fréquente, mais toujours en petit nombre, 
dans la majorité des prélèvements littoraux.

O c é a n  I n d i e n  : largement répandue jusqu’au voisinage de l’Antarctique. ( K o l b e , 1957; 
T r a v e r s , 1965; T a y l o r , 1967).

D i s t r i b u t i o n  m o n d i a l e  : mers tropicales et tempérées.

var. Shrubsolei (Cleve) Schröder, 1906 
PI. II, flg. 12, et pi. X, flg. 66

C l e v e ,  1881, p. 26 : « Rhizosolenia Shrubsolei ». S c h r ö d e r ,  1906, p. 346, vix flg. 8. H u s t e d t ,  1930, 
p. 584, flg. 332. A l l e n  et C u p p ,  1935, p. 129, flg. 36. C u p p ,  1943, p. 84, flg. 47. H a r t  et C u r r i e ,  
1960, p. 217.

=  Rhizosolenia Shrubsolei Cleve
C l e v e , loc. cit. G r a n , 1905, p. 52, flg. 63. O k a m u r a , 1911, p. 5, pi. 9, flg. 21. M e u n i e r , 1915, p. 9, 

pi. 9, flg. 37. H e n d e y , 1937, p. 318, et 1964, p.. 149, pi. 3, flg. 2.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; île Maurice; sud et centre du canal de Mozam
bique. Souvent abondante.

O c é a n  I n d i e n  : beaucoup moins fréquente que la variété-type, avec laquelle elle a pu être 
confondue. Mer d’Arabie; mer de Java; îles Cocos; canal de Mozambique; côte d’Afrique du 
Sud. ( S i l v a , 1956a, 1960; K o l b e , 1957; T r a v e r s , 1965; T a y l o r , 1967).

D i s t r i b u t i o n  m o n d i a l e  : à  la différence du type, cette variété est psychrophile, et plus 
commune dans l’Atlantique nord et les ipers adjacentes.

Cette variété ne diffère morphologiquement du type que par son diamètre plus réduit et 
sa valve plus effilée — ces deux caractères variant de pair chez de nombreuses Rhizosolenia; 
aussi est-il mal fondé de distinguer ici deux espèces.

La variété Shrubsolei a vraisemblablement été souvent confondue avec le type et mentionnée 
sous le nom spécifique. La désignation du type sous l’expression var. imbricata devrait permettre 
à l’avenir d’éviter cette confusion et de préciser les caractères écologiques respectifs des deux 
variétés.

Rhizosolenia sty lifo rm is  Brightwell, 1858 
var. stylifo rm is

B r i g h t w e l l , 1858a, p. 94, pi. 5, flg. 5 a-d, non e. H u s t e d t , 1930, p. 584, flg. 333. H e n d e y ,  1937, 
p. 320, pi. 11, flg. 15-17, et 1964, p. 150, pi. 2, flg. 1. C u p p , 1943, p. 87, flg. 48 A. W i m p e n n y , 
1946. R o b i n s o n  e t  W a l l e r ,  1966.
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=  R . sty liform is  var. typica  Cleve-Euler 

C l e v e - E u l e r , 1951, p. 89, flg. 69.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; île Maurice; centre et nord du canal de 
Mozambique.

O c é a n  I n d i e n  : variété largement répandue sous toutes les latitudes, Antarctique compris. 
( S i l v a , 1956a, 1960; K o l b e , 1957; T r a v e r s , 1965; T a y l o r , 1967).

D i s t r i b u t i o n  m o n d i a l e  : cosmopolite; plutôt océanique.

var. longispina  H u sted t in  A. Schm idt, 1914 
PI. II, flg. 9

S c h m i d t , 1914, pi. 316, flg. 5-7, 12. H u s t e d t , 1930, p. 586, flg. 334. A l l e n  et C u p p , 1935, p. 130, 
flg. 39. C u p p  e t  A l l e n , 1938, pi. 6 ,  flg. 15. C u p p , 1943, p. 87, flg. 48 B. S u b r a h m a n y a n , 1946, 
p. 118, flg. 126, 128-129, non  127.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (variété hivernale); île Maurice; diverses stations 
néritiques dans le canal de Mozambique.

O c é a n  I n d i e n  : côtes des Indes; Tuléar; îles Cocos; mer de Java; côtes d’Afrique du Sud. 
( S u b r a h m a n y a n , 1916, 1958; K o l b e , 1957; T a y l o r , 1967).

D i s t r i b u t i o n  m o n d i a l e  : difficile à distinguer de celle du type. La caractérisation morpho
logique de cette variété est d'ailleurs délicate, et les conceptions des auteurs cités plus haut 
s’avèrent dans l’ensemble assez disparates. Cette question reste à étudier.

var. polydactyla  (Castracane) H. Peragallo, 1892

C a s t r a c a n e , 1886, p .  71, p i .  24, flg. 2 : « Rhizosolenia polydactyla  ». P e r a g a l l o , 1892, p . I I I ,  
p i .  16, flg. 7 : « Rhizosolenia  (styliform is var.) polydactyla Castracane ». V a n  H e u r c k , 1909, 
p. 28, p i .  4, flg. 70, vix  75, non  66-67, 71, 74.

=  R. styliform is  var. lata Lemmermann 

L e m m e r m a n n , 1899, p. 351.

=  Rhizosolenia styliform is  Brightwell, pro parte 

E xclusivem ent : B r i g h t w e l l , loc. cit., flg. 5 e, non al.

P l a n c h e  IV : 25 — Triceratium  shadboltianum  Greville. 26. 27 a, b — T. pelagicum  (Schröder) n.  comb. (26 : 
sporulation ?). 28 a, b — H em iaulus membranaceus Cl. : plan apical (a) et transapical (b). 29 a, b — H. indicus 
Karst, (a et b : id.). 30 a, b, c — H . membranaceus Cl. : polymorphisme. 31 — Hem idiscus hardm anianus 
(Grev.) Mann : en division. 32 — B iddulphia  schroederiana Schussnig.
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=  « R. styliformis var. latissima Brightwell » (nomen nudum)
O s t e n f e l d ,  1903a, p. 13. S c h r ö d e r ,  1906, p. 345, flg. 6. O k a m u r a ,  1911, p. 5, pi. 10, fig. 23 b-e. 

H u s t e d t ,  1930, p. 586, flg. 335. A l l e n  et C u p p , 1935, p. 130, flg. 40. S u b r a h m a n y a n ,  1946, 
p. 118, flg. 130-132, 143.

=  Rhizosolenia polydactyla Castracane
C a s t r a c a n e ,  loc. cit. M a n g in ,  1915, p. 73, flg. 52. H e i d e n  et K o l b e ,  1928, p. 517 (? ) .  H a r t ,  1934, 

p. 161. H e n d e y ,  1937, p. 316.

=  Rhizosolenia formosa H. Peragallo
P e r a g a l l o ,  1888, p. 83, pi. 6, flg. 43; 1892, p. 110, pi. 14, flg. 2; 1908, p. 461, pi. 123, flg. 3. P a v i l 

l a r d ,  1923, p. 33, flg. 51. D a n g e a r d ,  1927, p. 391, flg. 49. S i l v a ,  1949, p. 311, pi. 1, flg. 11.

R é c o l t e s  p e r s o n n e l l e s  : très rare. Nossi-Bé (à la fin de l’été); île Maurice.
O c é a n  I n d i e n  : distribution sporadique sous toutes les latitudes. Mer Rouge; mer d’Arabie; 

côtes des Indes; Indonésie; côtes du Mozambique et d’Afrique du Sud; Antarctique. ( S i l v a ,  1956a; 
T a y l o r ,  1967).

D i s t r i b u t i o n  m o n d i a l e  : Atlantique tropical; Méditerranée; Nouvelle-Zélande; golfe du 
Siam; mer du Japon; Antarctique. Cette variété semble donc cosmopolite, quoique plus fré
quente dans les mers chaudes.

Cette variété a  peut-être été observée pour la première fois par B r i g h t w e l l  (loc. cit.), 
mais la désignation « var. latissima Brightw. » est purement posthume... En effet, dans sa des
cription originelle de l’espèce, cet auteur présente, sous le nom unique de « R. styliformis n. sp. », 
diverses figures : l’une d’elles (fig. 5  e) est bien 1’ «ancêtre » d’une variété distincte, mais B r i g h t -  
w e l l  la nomme simplement (ibid., légende pi. 5 )  : « portion of the broadest frustule yet found ». 
Le nom de « var. latissima Brightw. » est dû en fait à P e r a g a l l o  (1892) mais n’a pas été publié 
validement par cet auteur, car seulement mentionné à titre de synonyme.

Rhizosolenia, hebetata  f. sem ispina  (Hensen) Gran, 1905

H e n s e n , 1 8 8 7 ,  p .  8 4 ,  p i .  5 ,  f lg .  3 9  : « Rhizosolenia semispina ». G r a n , 1 9 0 5 ,  p .  5 5 ,  f lg .  6 7 .  H u s t e d t , 
1 9 3 0 ,  p .  5 9 2 ,  f lg .  3 3 8 .  H e n d e y , 1 9 3 7 ,  p .  3 1 5  (« p h a s e  »), e t  1 9 6 4 ,  p .  1 5 0 ,  p i .  3 ,  f lg .  5 .  C u p p , 
1 9 4 3 ,  p .  8 8 ,  f ig .  5 0  B.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; ile Maurice; sporadique dans le canal de 
Mozambique.

O c é a n  I n d i e n  : courante sous toutes les latitudes, Antarctique inclus. ( S i l v a ,  1956a; 
K o l b e ,  1957; T r a v e r s ,  1965; T a y l o r ,  1967).

D i s t r i b u t i o n  m o n d i a l e  : cosmopolite, ou forme thermophile d’une espèce cosmopolite. 
Plus abondante dans les mers tempérées et tropicales, mais courante dans l’Atlantique nord 
et ses dépendances, et signalée dans les mers polaires.

La présence simultanée chez cette forme d’auxospores et de microspores a été observée 
par R a m s f j e l l  (1959).

A propos de la forme psychrophile de cette espèce (absente de mes récoltes) : le nom de 
« f. hiemalis Gran » est illégal, puisqu’il se rapporte au type de l’espèce ( B a i l e y ,  1856), et doit 
être remplacé par celui de « f. hebetata ».
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R hizosolenia setigera  Brightwell, 1858

B r i g h t w e l l ,  1858a, p. 95, pi. 5, f lg .  7. G r a n ,  1905, p. 53, f ig .  64 a-b, vix  c. H u s t e d t ,  1930, p. 588, 
f lg .  336. H e n d e y ,  1937, p. 318, e t  1964, p. 149, pi. 4, f lg .  1. C u p p ,  1943, p. 88, flg. 49. W a l h -  
q u i s t ,  1966 (monographie).

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (poussées importantes en saison fraîche); Tuléar; 
île Maurice; côte d’Afrique du Sud. Répartition très voisine de celle de R. pungens.

O c é a n  I n d i e n  : espèce courante. ( S i l v a , 1956a, 1960; K o l b e , 1957; T r a v e r s ,  1965; 
T a y l o r , 1967).

D i s t r i b u t i o n  m o n d i a l e  : néritique, cosmopolite.

B r i g h t w e l l  n’ayant pas poussé dans le détail sa description originelle de l’espèce, la struc
ture des bandes intercalaires et celle du style n’ont été définies que postérieurement ( G r a n , 
H u s t e d t , loc. cit.), de sorte que R. setigera a pu être confondue tout d’abord avec R. hebetata 
f. semispina, et même avec R. styliformis. Voir aussi ci-dessous, à propos de R. pungens.

Rhizosolenia  p ungens  Cleve-Euler, 1937 
PI. III, flg. 18

C l e v e - E u l e r , 1937, p. 43, flg. 10, et 1951, p. 92, flg. 174. B r u n e l , 1962, p. 66, pi. 4, flg. 5-6.

Cellules droites, bacilliformes, solitaires. Diamètre : 8-15 n; longueur (style compris) : 140- 
750 ü. Valves effilées; style très développé, en forme d’alène, renflé vers son milieu. Bandes inter
calaires (selon B r u n e l )  « rhombiques, en deux longues rangées, comme chez R. setigera ». Chroma- 
tophores petits et nombreux, discoïdes ou allongés.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; côte d’Afrique du Sud.
O c é a n  I n d i e n  : espèce seulement signalée par T r a v e r s  (1965) à  Tuléar.
D i s t r i b u t i o n  m o n d i a l e  : de découverte récente, cette espèce est encore très peu connue. 

Détroit d’Oresund (entre le Kattegat et la Baltique); baie des Chaleurs (Canada).

La rareté apparente de cette espèce tient en partie au fait qu’elle a vraisemblablement été 
souvent confondue avec R. setigera, comme le laissent croire par exemple certaines figures de 
G r a n  (1905, fig. 64c), d ’O x A M U R A  (1911, pi. 9, fig. 22) ou de M e u n i e r  (1913, pi. 8, fig. 13, 15). 
Les deux espèces sont-elles bien distinctes? Ce problème, posé par B r u n e l , reste à  résoudre.

Rhizosolenia crassispina  Schröder, 1906 
PI. II, flg. 11 a-b, et pi. X, flg. 67

S c h r ö d e r ,  1906, p. 345, flg. 5. O s t e n f e l d ,  1915, p. 17, flg. 10. S c h m i d t ,  1920, pi. 319, flg. 6-10. 
S u b r a h m a n y a n ,  1946, p. 119, vix  flg. 138-139.
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=  Rhizosolenia setigera var. daga Midler-Melcliers 
M ü l l e r - M e l c h e r s , 1 9 5 7 ,  p .  1 2 2 ,  p i .  6 ,  f ig .  2 0 .

Cellules isolées ou, exceptionnellement, appariées. Diamètre : 25-70 \>. Valves coniques, 
parfois légèrement dissymétriques (présentant dans ce cas, en vue connective, un côté concave 
et un côté convexe); valves d’autant plus allongées que le diamètre de la cellule est plus réduit. 
Style très développé, souvent incliné par rapport à l'axe pervalvaire, robuste, s’épaississant 
légèrement mais très visiblement à partir de son insertion, puis s’effilant rapidement, sétiforme 
dans sa partie distale; cette partie sétiforme est d’autant plus longue que le diamètre de la cellule 
est plus réduit et que la valve est plus allongée. Écailles arrondies, de forme rappelant celles 
de R. Bergonii ou de B. acuminata var. Temperei, mais relativement grandes (4 à 6 par circon
férence). Ornementation : à préciser. Chromatophores discoïdes, petits, très nombreux.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé.
O c é a n  I n d i e n  : espèce rarement signalée. Côtes des Indes; mer d’Arabie; îles Cocos. ( K o l b e , 

1957). Nouvelle pour le canal de Mozambique.
D i s t r i b u t i o n  m o n d i a l e  : également très rare. Singapour; sud de la mer de Chine; détroit 

de Formose; mer du Japon; îles Célèbes; côtes du Brésil. Cette espèce semble donc tropicale- 
tempérée, et néritique.

Sous le nom de R. setigera var. daga, M ü l l e r - M e l c .h e r s  a seulement décrit l'extrémité 
d’une valve de Rhizosolenia, portant un style tout à fait assimilable à celui de la présente espèce.

S c h r ö d e r , qui, pas plus que les auteurs postérieurs, n’a pu décrire la structure des bandes 
intercalaires, rapprochait cette espèce de R. hebetata, comme troisième forme possible à la suite 
de f. hiemalis et de f. semispina : ce point de vue ne semble plus guère soutenable. Par contre, 
je poserai, sans le résoudre, le problème des affinités possibles avec R. pungens. F.n effet, chez 
les plus petits spécimens de R. erassispina (diamètre : 25 i*) la valve est très étirée et la termi
naison sétiforme du style très développée : ces cellules sont alors de proportions comparables à 
celles de R. pungens (dont le diamètre maximum est de 15 ;j); toutefois, la structure des bandes 
intercalaires dans les deux cas reste à comparer, puisque les écailles de R. pungens sont assez 
mal définies, et que la présente description de ces formations chez R. crassispina s’applique à 
des individus de grande taille.

Les affinités entre R. crassispina, R. pungens et R. setigera restent donc à définir.

R hizosolenia calcar-avis M. Schultze, 18.)8

S c h u l t z e , 1 8 5 8 ,  p .  3 3 9 ,  p i .  1 3 ,  f ig .  5 - 1 0 .  H u s t e d t , 1 9 3 0 ,  p .  5 9 2 ,  f lg .  3 3 9 .  H e n d e y , 1 9 3 7 ,  p .  3 1 2 ,  
p i .  1 1 ,  f lg .  1 4 ,  e t  1 9 6 4 ,  p .  1 5 1 ,  p i .  4 ,  f lg .  3 .

R é c o l t e s  p e r s o n n e l l e s  : toutes les stations littorales.
O c é a n  I n d i e n  : espèce courante dans toute la zone intertropicale. ( S i l v a , 1956a, I960; 

K o l b e , 1957; T r a v e r s , 1965; T a y l o r , 1967).
D i s t r i b u t i o n  m o n d i a l e  : mers tropicales et tempérées.

Cette espèce, récoltée en abondance, est très polymorphe : certains spécimens ont un diamètre 
très réduit (10 ¡i) et des valves très allongées; l’incurvation du style est alors peu marquée : 
cette relation inverse entre le diamètre de la cellule et l’étirement des valves est courante dans 
le genre Rhizosolenia.
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Rhizosolenia cochlea Brun, 1891 
PI. II, fig. 14

B r u n ,  1 8 9 1 ,  p .  4 3 ,  p i .  1 9 ,  f ig .  9 .  P e r a g a l l o ,  1 8 9 2 ,  p .  1 1 3 ,  p i .  1 6 ,  f ig .  1 1 .  C l e v e ,  1 9 0 1 ,  p .  5 6 ,  p i .  8 ,  
f ig .  1 2 .  K a r s t e n ,  1 9 0 7 ,  p .  3 8 1 ,  p i .  4 1 ,  f ig .  6 . O k a m u r a ,  1 9 1 1 ,  p .  6 ,  p i .  1 0 ,  f ig .  2 5 .  S c h m i d t ,  
1 9 2 0 ,  p i .  3 1 9 ,  f ig .  1 .  S i l v a ,  1 9 6 0 ,  p .  2 1 ,  p i .  2 0 ,  f ig .  4 .  W o o d ,  1 9 6 3 b ,  p .  1 9 8 ,  vix  p i .  5 ,  f ig .  1 5 .

=  Rhizosolenia calcar-avis var. cochlea (Brun) Ostenfeld 
O s t e n f e l d ,  1 9 0 3 a ,  p .  1 0 ,  fig. 5 ,  et cet. auct.

Diamètre : 80-130 il Valves tordues, dissymétriques, étirées suivant une ébauche de spirale. 
Style bien développé, robuste, incurvé. Écailles larges (2 à 3 par circonférence). Chromatophores 
petits, arrondis, disposés en files distinctes.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (rare); au large de Durban, de Beira et du cap Saint- 
André.

O c é a n  I n d i e n  : espèce sporadique dans la zone intertropicale. ( K o l b e , 1957; S i l v a , 1960)
D i s t r i b u t i o n  m o n d i a l e  : très rare en dehors de l’océan Indien. Hong-Kong; golfe du Siam; 

mer du Japon.

Rhizosolenia alata  Brightwell, 1858

B r i g h t w e l l , 1 8 5 8 a ,  p .  9 5 ,  p i .  5 ,  fig. 8 .

Je conserve ici pour raison de commodité la conception classique de l’espèce telle que donnée 
par H u s t e d t  et suivie, dans son principe, par H e n d e y  et C u p p  : cinq formes, dont une forme- 
type. Cependant, si les f. inermis  et curvirostris  sont assez nettement individualisées, par contre 
l’autonomie et la validité des trois autres formes sont extrêmement douteuses : les limites de 
taille choisies comme distinctives sont en effet purement arbitraires (cf. R o b i n s o n ,  1957) et, 
du point de vue nomenclatural, le rang de forme, tel que défini récemment par H e n d e y  (1964, 
p. 55) n’est pas ici justifié. Il est souhaitable que des études biométriques, ainsi qu’une meilleure 
connaissance de la biologie de l ’espèce (auxospores...) conduisent à l’avenir à une conception 
plus réaliste ( R o b i n s o n ,  ibid.  ; W o o d m a n s e e ,  1963).

La forme inermis  (Castr.) Hust. est absente de mes récoltes.

f. alata

B r i g h t w e l l ,  loc. cit. H u s t e d t ,  1930, p. 600, fig. 344. H e n d e y ,  1937, p. 310, e t  1964, p. 146, pi. 2, 
fig. 2. Cupp, 1943, p. 90, fig. 52 A.

=  R. alata î. genuina  Gran

G r a n , 1905, p. 56, fig. 68 b-c. L e b o u r , 1930, p. 90, fig. 58. A l l e n  e t  C u p p , 1935, p. 131, fig. 43. 
C l e v e - E u l e r , 1951, p. 90, fig. 171 a-d, 171 B a-b.
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R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (forme plutôt estivale); Tuléar; île Maurice; sporadique 
dans le canal de Mozambique, mais absente des régions oligotrophiques.

O c é a n  I n d i e n  : largement répandue, quoique plus rare sous les hautes latitudes. ( S i l v a , 
1956a, 1960; K o l b e , 1957; T r a v e r s , 1965; T a y l o r , 1967).

D i s t r i b u t i o n  m o n d i a l e  : principalement tempérée et tropicale, mais assez imprécise car 
cette forme-type a souvent été désignée sous le nom spécifique, ce qui rend possible la confusion 
avec les autres formes.

f. gracillim a  (Cleve) Gran, 1 9 0 5  

PI. I, flg. 3

C l e v e , 1881, p. 26, pi. 6, fig. 78 : « Rhizosolenia (alata var.?) gracillima ». G r a n , 1905, p. 56, fig. 68 d. 
H e n d e y , 1937, p. 310 (« phase »), et 1964, p. 146, pi. 2, fig. 3.

=  « R. alata f. gracillima (Cleve) Grunow » (nom d’auteur erroné)
H u s t e d t , 1930, p. 601, fig. 345, et plur. auct.

R é c o l t e s  p e r s o n n e l l e s  : comme la forme précédente, mais beaucoup plus abondante; 
à Nossi-Bé, donne lieu à des poussées estivales massives.

O c é a n  I n d i e n  e t  o c é a n  m o n d i a l  : distribution difficile à distinguer de celle de la forme 
précédente; probablement plus franchement néritique, et plus thermophile.

f. indica  (H. Peragallo) Gran, 1905

P e r a g a l l o , 1 8 9 2 , p. 1 1 6 , pi. 1 8 , fig. 1 6  : « Rhizosolenia indica ». G r a n , 1 9 0 5 , p. 5 6 , fig. 6 8  a. H e n d e y , 
1 9 3 7 , p. 3 1 1  (« phase »), et 1 9 6 4 , p . 1 4 7 , pi. 2 , fig. 4 .

=  « R. alata f. indica (H. Perag.) Ostenf. » (nom d’auteur erroné)
H u s t e d t , 1 9 3 0 , p . 6 0 2 ,  fig . 3 4 6 ,  et plur. auct.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (forme estivale); Tuléar; parages de Beira et du cap 
Saint-André.

O c é a n  I n d i e n  : à la différence des deux formes précédentes, celle-ci est essentiellement inter
tropicale. (Réf. plus haut).

D i s t r i b u t i o n  m o n d i a l e  : mers tropicales et Méditerranée; également signalée dans l’Atlan- 
tique nord et ses dépendances.

f. curv irostris  Gran, 1900

G r a n , 1900, p. 120, pi. 9, fig. 21-22, et 1905, p. 56. H u s t e d t , 1930, p. 602, fig. 347. Cupp, 1943, 
p. 93, fig. 52 D. H e n d e y , 1964, p. 147.

? =  Rhizosolenia arafurensis W ood, non : R . arafurensis Castracane 
W o o d , 1963b, p. 198, pi. 5, fig. 12.
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R é c o l t e s  p e r s o n n e l l e s  : très rare. Tuléar; parages de Durban.
O c é a n  I n d i e n  : forme nouvelle pour cet océan.
D i s t r i b u t i o n  m o n d i a l e  : assez rare. Mer de Norvège; mer du Nord; côtes de Californie; 

Alaska.

Rhizosolenia T em pere i var. acum inata  H. Peragallo, 1892 
PI. II, flg. 10

P e r a g a l l o , 1892, p. 110, pi. 15, flg. 4. O s t e n f e l d , 1903a, p. 13, flg. 8.

=  Rhizosolenia acuminata (H. Peragallo) Gran
G r a n , 1905, p. 50, flg. 59. P e r a g a l l o , 1908, p. 463, pi. 123, flg. 7-8 (« Rh. acuminata H.P. »). P a v i l 

l a r d , 1925, p. 35, flg. 53. H u s t e d t , 1930, p. 605, flg. 350. L e b o u r , 1930, p. 101, flg. 74 a 
(« R. acuminata (H. Perag.) Pav. »)• G a a r d e r , 1954, p. 22 (?), flg. 8 a, non b-g. C u r l , 1959, 
p. 297, flg. 67.

R é c o l t e s  p e r s o n n e l l e s  : espèce très rare. Quelques spécimens, récoltés à Tuléar, au 
large de Nossi-Bé, à l’île Maurice, et au large de Mombasa.

O c é a n  I n d i e n  : sporadique, essentiellement intertropicale. Mer d’Arabie; golfe d’Aden; 
mer d’Arafura; canal de Mozambique; côte d’Afrique du Sud. ( S i l v a , 1956a, 1960; T r a v e r s , 
1965; T a y l o r , 1967).

D i s t r i b u t i o n  m o n d i a l e  : Méditerranée et mers tropicales; toutefois présente dans l’Atlan
tique Nord jusqu’à la latitude 63° N.

P e r a g a l l o  (1892) avait originellement créé pour sa R. Temperei cette variété acuminata, 
qui « diffère du type par sa taille un peu moindre et sa calyptre beaucoup plus allongée, différences 
en somme de peu d’importance ». Le même auteur est ensuite revenu sur son opinion (1908) 
pour créer une espèce distincte : « plus étroite que R. Temperei, mais avec la même imbrication, 
calyptre plus allongée toujours renflée vers son milieu, gaine d’emboîtement plus distincte ». 
Peu avant, G r a n  (1905) avait séparé les deux espèces, et créé de plus la forme R. acuminata 
f. debilis: cette dernière distinction, « entièrement superflue » comme le note P a v i l l a r d  (1925), 
n’a pas lieu d’être maintenue.

P a v i l l a r d  (1916) déclare avoir observé tous les intermédiaires entre R. Temperei et R. acumi
nata, et réunit pour cette raison les deux taxons sous le premier nom. Cependant, lui aussi revient 
ultérieurement sur son opinion pour se déclarer (1925) « convaincu de l’autonomie de l’espèce 
R. acuminata », qu’il caractérise par sa valve conique et son style deux fois plus long.

En fait, comme le suggère H u s t e d t , il ne faut voir, dans le' cas présent comme dans celui 
de R. alata et de diverses Rhizosolenia, que l’expression d’une relation interne entre la taille du 
frustule et la forme de la valve : les individus les plus larges ont les valves les plus aplaties (R . Tem
perei var. Temperei), et inversement (var. acuminata). L’existence de stades intermédiaires 
(fide P a v i l l a r d )  rendrait même douteuse l’autonomie d’une « variété » acuminata.

Au sujet de la var. acuminata f. inaequalis de S c h r ö d e r  (1901, p. 25, pi. 1, fig. 6) : il s’agit 
en fait de la variété type, var. Temperei; l’individu décrit par S c h r ö d e r  possède des bandes 
intercalaires plus serrées à un pôle qu’à l’autre : ce cas doit être interprété, non comme une 
forme distincte, mais comme un exemple d’hétéromorphisme et une nouvelle preuve de la varia
bilité du nombre des écailles chez une même espèce.

A propos du R. acuminata de G a a r d e r , voir R. obtusa, p. 66.
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Rhizosolenia Castracanei H. Peragallo, 1888 
PI. III, fig. 22

P e r a g a l l o ,  1888, p. 83, pi. 6, flg. 42. H u s t e d t ,  1930, p. 607, flg. 351. H e n d e y ,  1937, p. 313, et 
1964, p. 151, pi. 4, flg. 4. C u p p , 1943, p. 94, flg. 54. C u r l ,  1959, p. 298, flg. 71. Non : C l e v e ,  
1889, p. 54, flg. in text.

=  Rhizosolenia magna Stiiwe 
S tü w e , 1909, p. 276, pi. 1, fig. 3-4.

R é c o l t e s  p e r s o n n e l l e s  : très rare. Nossi-Bé, et côte nord-ouest de Madagascar.
O c é a n  I n d i e n  : côtes des Indes; mers indonésiennes; côtes d’Australie; canal de Mozam

bique; Afrique du Sud. ( S i l v a , 1956a; T r a v e r s , 1965; T a y l o r , 1967).
D i s t r i b u t i o n  m o n d i a l e  : espèce assez rare, essentiellement intertropicale, plutôt océanique.

Je rattache provisoirement à cette espèce un cas morphologique assez particulier (un seul 
spécimen, récolté à Nossi-Bé : fig. 22), que S t ü w e  a élevé au rang spécifique sous le nom de 
R. magna:

Valves circulaires, presque complètement aplaties mais formant une excroissance arrondie 
au niveau de l’insertion du style; écailles très aplaties, 6 à 8 fois plus larges que hautes, et au 
nombre de quatre par circonférence. Ornementation très apparente. Diamètre 190 p .

Rhizosolenia Clevei Ostenfeld, 1903 
PI. II, flg. 13 a-b, et pi. X, flg. 68

O s t e n f e l d , 1903a, p. 11, f lg .  6 .  O k a m u r a , 1911, p . 5, p i .  9, flg. 20. S c h m i d t , 1933, p i .  384, flg. 2-3. 
A l l e n  e t  C u p p , 1935, p . 128, f lg .  34. C r o s b y  et W o o d , 1958, p .  521, p i .  38, flg. 68.

=  R. Castracanei var. rhomboidea Subrahmanyan
S u b r a h m a n y a n , 1946, p. 123, fig. 153-154, 156-160. S p r o s t o n , 1949, p. 87.

? =  Rhizosolenia debyana H. Peragallo 
P e r a g a l l o , 1892, p. III, pi. 15, fig. 7.

Diamètre compris entre 40 et 200 pi, le plus souvent supérieur à 70 u. Valves sub-côniques; 
style large et creux à sa base, puis brutalement rétréci, son extrémité étant sétiforme et plus ou 
moins longue (lorsque cette partie sétiforme est réduite — ou brisée — le style paraît tronqué) ; 
style pourvu de deux fines oreillettes basilaires peu évidentes. Bandes intercalaires formées 
d’écailles régulièrement décussées, au nombre de 5 à 8 par circonférence, sub-losangiques ou plus 
ou moins arrondies. Ornementation très difficilement visible (ponctuations ou stries hexagonales). 
Chromatophores très petits, arrondis, dispersés dans toute la cellule. Présence très générale de 
la Cyanophycée (endophyte) Richelia.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; sud du canal de Mozambique; au large du cap Saint- 
André.
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O c é a n  I n d i e n  : espèce rare, nouvelle pour la région étudiée. Mer de Java; côtes des Indes.
D i s t r i b u t i o n  m o n d i a l e  : espèce peu connue, probablement intertropicale. Mers de Chine 

et du Japon; golfe du Siam; côte nord-est de l’Australie et mer de Corail; «océan Pacifique >'.

Cette espèce ne me semble guère affine de R. Castracanei, comme le voudrait S u b r a h m a n y a n . 
Par ailleurs, O s t e n f e l d  l’apparente à R. debyana ; cependant, cette dernière espèce n’a été 
décrite que de façon très fragmentaire par P e r a g a l l o  (calyptres et « tubes » isolés), si bien qu’il 
serait par trop aléatoire d’accorder à R. debyana la priorité sur R. Clevei.

R hizosolenia squam ifera  nom. nov.
PI. III, flg. 21

=  Rhizosolenia squamosa  Karsten, 1907
K a r s t e n , 1907, p. 382, pi. 42, flg. 3. (Homonyme postérieur, illégal.)

N on : Rhizosolenia squamosa  Pantocsek, 1893 
P a n t o c s e k , 1893, p i .  35, flg. 496.

Frustules cylindriques, de diamètre 180-280 il Valves aplaties, seulement saillantes dans 
la région d’insertion du style; style assez court, d’insertion excentrique, et dirigé obliquement 
par rapport à l’axe pervalvaire. Bandes intercalaires formées d’écailles décussées au nombre de 6 
à 8 par circonférence; chaque écaille est symétrique à elle-même par rapport à deux axes per
pendiculaires l’un à l’autre. Ornementation (selon K a r s t e n )  : système hexagonal d’environ 
9 ponctuations en 10

R é c o l t e s  p e r s o n n e l l e s  : un seul spécimen, récolté dans le centre du canal de Mozambique.
O c é a n  I n d i e n  e t  o c é a n  m o n d i a l  : l’espèce semble n’avoir jamais été signalée depuis sà 

découverte par K a r s t e n  dans le sud-est de l’océan Indien (lat. 26° S., long. 93° E.).

Rhizosolenia hyalina  Ostenfeld in Ostenfeld et J. Schmidt, 1901
PI. III, flg. 19 a-b

O s t e n f e l d  et S c h m i d t , 1 9 0 1 ,  p .  1 6 0 ,  flg. 1 1 .  O s t e n f e l d , 1 9 0 3 a ,  p .  1 1 .  S c h m i d t , 1 9 2 0 ,  p i .  3 1 9 ,  
f lg .  1 1 - 1 3 .  D a n g e a r d , 1 9 2 7 ,  p .  3 9 1 ,  flg. 5 0 .  S k v o r t z o w , 1 9 3 1 b ,  p .  1 1 5 ,  p i .  1 0 ,  f lg .  6 - 8  ( ? ) .  
G a a r d e r , 1 9 5 4 ,  p .  2 6 ,  f lg .  1 3 .  M ü l l e r - M e l c h f . r s , 1 9 5 7 ,  p .  1 2 2 .  S i l v a , 1 9 6 0 ,  p .  2 1 ,  p i .  2 0 ,  
f lg .  3 .  W o o d , 1 9 6 3 b ,  p .  1 9 8 ,  p i .  5 ,  f lg .  1 4  ( ? ) .

=  Rhizosolenia pellucida  Cleve, non  Schröder
C l e v e , 1901, p. 56, pi. 8, flg. 4. N on : S c h r ö d e r , 1 9 1 1 ,  p. 6 3 1 ,  flg. 6 . (La publication de R. hyalina  

est de quelques mois antérieure à  celle de C l e v e .)

Diamètre 28-60 n; longueur 130-340 il Parois très fragiles, donnant au frustule un aspect 
général hyalin. Valve sub-cônique, mais légèrement déprimée à mi-hauteur, formant ainsi une 
ondulation caractéristique. Au tiers de sa longueur (à partir de l’insertion), le style est légèrement 
infléchi et devient sétiforme; oreillettes basilaires apparemment absentes. Bandes intercalaires 
très difficilement visibles, formées de larges écailles arrondies au nombre de 4 à 5 par circonférence.
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R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (espèce estivale); côte sud-ouest du canai de Mozambique.
O c é a n  I n d i e n  : mer Rouge; golfe d’Aden; mer d’Arabie; Indonésie; côte du Mozambique; 

Afrique du Sud. ( S i l v a , 1960; T a y l o r , 1967).
D i s t r i b u t i o n  m o n d i a l e  : espèce intertropicale, peu connue. Mers de Chine et du Japon; 

détroit de Banks; golfe du Siam; nord-est de la mer des Sargasses; au large des côtes du Sénégal 
et de Guinée; côtes du Brésil.

F  am. F R A G IL A R IA C E A E  

Fragilaria crotonensis  Kitton, 1869

K i t t o n , 1869, p. 81, f lg .  10. H u s t e d t , 1931, p. 143, f lg .  658. C u p p , 1943, p. 181, flg. 131.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (saison des pluies).
O c é a n  I n d i e n  e t  o c é a n  m o n d i a l  : espèce dulcaquicole, rencontrée accessoirement dans les 

eaux marines littorales; probablement euryhaline (sa présence en saison des pluies dans la baie du 
Centre océanographique à Nossi-Bé peut être simplement causée par un afflux d’eaux douces).

Fragilaria A u riv illii Cleve, 1901 
PI. Y, flg. 39 a-b

C l e v e , 1901, p. 21, 56, pi. 8 ,  flg. 13.

Cellules formant de longues chaînes rubanées. En vue connective : cellules rectangulaires, 
à contour rectiligne ou légèrement ondulé; axe apical 2-7 fois plus long que l’axe pervalvaire; 
ceinture formée de stries parallèles très fines et très rapprochées. En vue valvaire : valves allon
gées, à contour sinueux (ornementation : inconnue). Chromatophores petits, arrondis, très nom
breux. Longueur de l’axe apical : 25-80 ij.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar.
O c é a n  I n d i e n  e t  o c é a n  m o n d i a l  : une seule référence (?), celle de C l e v e  (loc. cit., p. 21) : 

« Malay archipelago, June to September, not rare (t. 27,7, mean of 6 obs. max. 28,5, min. 25,7 ; 
s. 32, 85, max. 33, 88, min. 32, 43) ».

Fragilaria  sp.
PI. V I, flg. 41

Cellules adhérant les unes aux autres par les extrémités de leurs valves (et non par leurs 
surfaces valvaires, comme il est de règle dans le genre Fragilaria); chaînes ramifiées. Vue valvaire : 
non observée. Vue connective : contour rectangulaire, rectiligne ou très légèrement infléchi;

P l a n c h e  V : 33 —  B iddulphia  tridens (Ehr.) Ehr. : sporulation? 3 4 —  Triceratium  contortum Shadbolt. 3 5 — N avi
cula W awrikae H ust. 36 — Pleurosigma directum  Grunow (ornementation non visible). 37 — Stauroneis 
membranacea (Cl.) Hust. 38 — Asterionella Bleakeleyi W. Smith. 39 a, b — Fragilaria A u riv illii Cl.
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ceinture formée de fines stries parallèles. Chromatophore unique, volumineux, lacinié. Longueur 
de l’axe apical : 70-120 n.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; île Maurice. Espèce nettement littorale.

L’ignorance de la morphologie des valves m’empêche d’attribuer un nom — nouveau ou 
connu — à cette espèce.

A s te r io n e lla  B le a k e le y i W. Smith, 1856 
PI. V, flg. 38

S m i t h , 1856, p. 82. V a n  H e u r c k , 1885, pl. 52, flg. 1. P e r a g a l l o , 1908, p. 322, pi. 81, flg. 10-11. 
H u s t e d t , 1932, p. 253, flg. 732.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (très rare); île Maurice.
O c é a n  I n d i e n  : espèce très rarement signalée. Mers indonésiennes; «océan Indien »; Tuléar. 

( T r a v e r s ,  1 9 6 5 ) .

D i s t r i b u t i o n  m o n d i a l e  : littorale tempérée?

Cette espèce est très mal connue, et sa description originale très imprécise : « Frustules 
linear, enlarged at the base. Length of frustule 0.0022 inch. » (sans illustration). H u s t e d t ,  ne 
l’ayant pas personnellement observée, se reporte à  V a n  H e u r c k .  Enfin P e r a g a l l o  voyait ici 
une forme marine d’A. form osa;  la questioh ne semble pas avoir progressé depuis.

A s te r io n e lla  n o ta ta  Grunow in  Van Heurck, 188o 
PI. V I, flg. 44

V a n  H e u r c k ,  1885, pi. 52, flg. 3. C l e v e ,  1900a, p. 19, pl. 7, flg. 32. G r a n ,  1905, p. 119, flg. 162. 
P e r a g a l l o ,  1908, p. 322. pi. 81, flg. 12. P a v i l l a r d ,  1925, p. 60, vix  flg. 108 B. H u s t e d t ,  
1932, p. 254, flg. 733. H e n d e y ,  1937, p. 334, et 1964, p. 159. S p r o s t o n ,  1949, p. 107. S i l v a ,  
1956a, p. 45, pl. 7, flg. 9.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (souvent abondante, et principalement hivernale); 
Tuléar; île Maurice.

O c é a n  I n d i e n  : espèce assez rare. Côte d’Australie; Indonésie; canal de Mozambique. 
( S i l v a ,  1956a; T r a v e r s ,  1965).

D i s t r i b u t i o n  m o n d i a l e  : tempérée-tropicale ; néritique.

A s te r io n e lla  ja p o n ic a  Cleve in Cleve et Möller, 1882

. C l e v e  et M ö l l e r , 1882, n° 307. G r a n , 1905, p. 118, flg. 160. H u s t e d t , 1932, p. 254, flg. 734. 
H e n d e y , 1937, p. 333, pi. 11, flg. 3, et 1964, p .  158, pi. 21, flg. 1. S a u n d e r s , 1964 (mono
graphie).
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R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (rare); sporadique dans le canal de Mozambique.
O c é a n  I n d i e n  : Indonésie; côtes des Indes; îles Cocos; canal de Mozambique; côte d’Afrique 

du Sud. ( K o l b e ,  1957; S i l v a ,  1960; T r a v e r s ,  1965; T a y l o r ,  1967).
D i s t r i b u t i o n  m o n d i a l e  : espèce cosmopolite, plus abondante dans les eaux tempérées; 

euryhaline (estuaires).

La publication de ce taxon par C l e v e  et M ö l l e r  sous forme d’un e x s i c c a i u m  peut être 
considérée comme effective, puisqu’antérieure à  1953 (cf. L a n .j o u w  e t  a l . ,  1966).

S tr ia te lla  u n ip u n c ta ta  (Lyngbye) Agardh, 1832

L y n g b y e , 1 8 1 9 ,  p .  1 8 3 ,  p i .  6 2 ,  f l g .  G : « Fragilaria unipunctata  ». A g a r d h ,  1 8 3 2 ,  p .  6 1 .  H u s t e d t , 
1 9 3 1 ,  p .  3 2 ,  f l g .  5 6 0 .  C l e v e - E u l e r , 1 9 5 3 ,  p .  8 ,  f l g .  3 0 0 .  H e n d e y , 1 9 6 4 ,  p .  1 6 1 ,  p i .  2 6 ,  f l g .  1 7 - 1 8 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar.
O c é a n  I n d i e n  : espèce assez commune. Indonésie; Ceylan; canal de Mozambique. ( S i l v a ,  

1956a; T r a v e r s ,  1965).
D i s t r i b u t i o n  m o n d i a l e  ; mers tempérées (cosmopolite?).

Rappelons, sans pouvoir exprimer d’opinion personnelle à  ce sujet, que l’étude de l’appareil 
plastidial conduit S im o n  (1954) à distinguer ici deux espèces.

S tr ia te lla  in te r r u p ta  (Ehrenberg) Heiberg, 1863

E h r e n b e r g ,  1 8 3 8 ,  p .  2 0 2  : « Tessella interrupta ». H e i b e r g ,  1 8 6 3 ,  p .  7 3 ,  pi. 5 ,  f l g .  1 5 .  H u s t e d t ,  
1 9 3 1 ,  p .  3 4 ,  f l g .  5 6 2 .  C l e v e - E u l e r ,  1 9 5 3 ,  p .  8 ,  f l g .  2 9 7 .

=  Tessella interrupta  Ehrenberg
E h r e n b e r g ,  loc. cit. K ü t z i n g , 1 8 4 4 ,  p .  1 2 5 ,  p i .  1 8 ,  f l g .  4 ,  et cet. auct.

R é c o l t e s  p e r s o n n e l l e s  : seulement quelques spécimens, provenant de l’île Maurice.
O c é a n  I n d i e n  : espèce très rare (seulement connue dans les mers indonésiennes), nouvelle 

pour la région étudiée.
D i s t r i b u t i o n  m o n d i a l e  : très sporadique, mais peut-être cosmopolite. Mers tropicales, 

tempérées et sub-polaires.

S tr ia te lla  d e lic a tu la  (Kützing) Grunow i n  Van Heurck, 1885

K ü t z i n g ,  1 8 4 4 ,  p. 1 2 5 ,  v i x  pi. 1 8 ,  f l g .  3  / I  : « H y a l o s i r a  d e l i c a t u l a  ». V a n  H e u r c k ,  1 8 8 5 ,  p. 1 6 5 ,  
pi. 5 4 ,  f l g .  5 - 6 .  P e r a g a l l o ,  1 9 0 8 ,  p. 3 6 0 ,  pi. 8 9 ,  f l g .  2 .  H u s t e d t ,  1 9 3 1 ,  p. 3 3 ,  f l g .  5 6 1 .  S u b r a h m a 
n y a n ,  1 9 4 6 ,  p. 1 6 1 ,  f l g .  3 1 7 ,  3 2 1 .  H e n d e y ,  1 9 5 1 ,  p. 4 1 ,  pi. 1 0 ,  f l g .  7 ,  et 1 9 6 4 ,  p. 1 6 1 .  C h o l 
n o k y ,  1 9 6 3 ,  p .  7 9 .
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R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; île Maurice.
O c é a n  I n d i e n  : mer Rouge; mer d’Arabie; mer d’Oman; côtes des Indes; Ceylan; côtes 

d’Afrique du Sud. Espèce nouvelle pour la région étudiée.
D i s t r i b u t i o n  m o n d i a l e  : e s p è c e  l i t t o r a l e  ( t y c h o p la n c to n iq u e ) ,  p r o b a b le m e n t  c o s m o p o li te .

S yn edra  hennedyana  Gregory, 1857

Gr e g o r y , 1857, p. 532, pi. 14, flg. 108. S c h m id t , 1914, pi. 305, flg. 1-3. H u s t e d t , 1932, p. 222,
flg. 713. H e n d e y , 1964, p. 164, pi. 26, flg. 7.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; parages des Comores.
O c é a n  I n d i e n  : espèce rare. Ceylan; Indonésie; côte d’Afrique du Sud; nouvelle pour le 

canal de Mozambique.
D i s t r i b u t i o n  m o n d ia l e  : tempérée et sub-tropicale; néritique.

S yn edra  h an tzsch ia n a , nom. nov.
PI. V I, flg. 43

=  S y n e d r a  r o s t r a t a  (H antzsch) H ustedt i n  A. Schmidt
H a n t z s c h ,  1863, p. 19, pi. 5, fig. 4 : « T o x a r i u m  r o s t r a t u m  ». S c h m id t ,  1914, pl. 305, flg. 7-9. B o y e r ,

. 1926, p. 211. (H om onym e postérieur, illégal).

N o n  : S y n e d r a  r o s t r a t a  Ehrenberg
E h r e n b e r g , 1854, pi. 14, flg. 44. P r it c h a r d , 1861, p. 789.

N e c  : S y n e d r a  r o s t r a t a  Pantocsek  
P a n t o c s e k ,  1 9 0 2 ,  p .  7 6 ,  p i .  8 ,  flg. 2 0 4 .

N e c  : S y n e d r a  r o s t r a t a  Meister 
M e i s t e r , 1 9 1 3 ,  p .  3 0 7 ,  p i .  4 ,  flg. 7.

Valves très allongées, arquées, non ondulées, renflées au milieu et aux extrémités. Orne
mentation : ponctuations disposées irrégulièrement. Longueur de l’axe apical : 380 — 550ijl. Espèce 
morphologiquement très voisine de S. hennedyana.

R é c o l t e s  p e r s o n n e l l e s  ; Nossi-Bé (rare).

O c é a n  I n d i e n  e t  o c é a n  m o n d ia l  : l’espèce était jusqu’ici inconnue en dehors des « Indes 
orientales » ( H a n t z s c h ,  ib id .;  L e u d u g e r - F o r t m o r e l ,  1892).

P l a n c h e  VI : 40 — Licm osphenia  (?) M ereschkowskyi n. sp. 41 — Fragilaria  sp. 42 a, b — Licmophora A u riv illii  
Cl. : vue valvaire d’une cellule (a) et vue connective d’une colonie (b). 43 — Synedra hantzschiana nom. 
nov. 44 — Asterionella notata Grunow : une cellule en vue valvaire, deux cellules en vue connective. 
45 — A ctinoptychus trilingulatus (Brightw.) Ralfs.
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S yn edra  undu la ta  (Bailey) Gregory, 1857

B a i l e y , 1 8 5 4 ,  p .  1 5 ,  p i .  1 ,  fig . 2 4 - 2 5  : « Toxarium  undulatum  ». G r e g o r y ,  1 8 5 7 ,  p .  5 3 1 ,  p i .  1 4 ,  fig . 1 0 7 .  
S c h m i d t , 1 9 1 4 ,  p i .  3 0 5 ,  fig . 4 - 6 .  H u s t e d t , 1 9 3 2 ,  p .  2 2 4 ,  fig. 7 1 4 .  C l e v e - E u l e r , 1 9 5 3 ,  p .  7 4 ,  
fig . 3 9 6 .  H e n d e y ,  1 9 6 4 ,  p .  1 6 4 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar.
O c é a n  I n d i e n  : espèce rare. Ceylan; Sumatra; canal de Mozambique. ( S i l v a ,  1956a; 

T r a v e r s ,  1965).
D i s t r i b u t i o n  m o n d i a l e  : mers tempérées et tropicales.

T h a la ssio th rix  lo n g iss im a  Cleve et Grunow, 1880

C l e v e  e t  G r u n o w , 1 8 8 0 ,  p .  1 0 8 .  H u s t e d t ,  1 9 3 2 ,  p .  2 4 7 ,  flg. 7 2 6 .  H e n d e y ,  1 9 3 7 ,  p .  3 3 6 ;  1 9 5 8 ,  
p .  5 2 ;  1 9 6 4 ,  p .  1 6 5 .  H a s l e  e t  M e n d i o la ,  1 9 6 7 ,  p .  1 1 4 ,  flg . 2 0 ,  5 3 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (rare).
O c é a n  I n d i e n  : espèce courante sous toutes les latitudes, mais plus abondante dans les 

régions antarctiques. ( K o l b e ,  1957; S i l v a ,  1960; T a y l o r ,  1967).
D i s t r i b u t i o n  m o n d i a l e  : espèce océanique, réputée arctique et antarctique mais, en fait, 

cosmopolite (sauf confusions avec d’autres Thalassiothrix  « très longs »... ). Elle prolifère parfois 
dans les mers froides, mais a été signalée sous toutes les latitudes.

T h a la ssio th rix  F rauenfeldii (Grunow) Cleve et Möller, 1878

G r u n o w , 1 8 6 3 ,  p .  1 4 0 ,  p i .  1 4 ,  flg . 1 8  a, c ,  non  b  : « Asterionella ? Frauenfeldii  ». C l e v e  e t  M ö l l e r ,  
1 8 7 8 ,  n °  1 4 5 - 1 4 6 .  C l e v e  e t  G r u n o w , 1 8 8 0 ,  p .  1 0 9 .  H u s t e d t ,  1 9 3 2 ,  p .  2 4 7 ,  f l g .  7 2 6 .  H e n d e y ,  
1 9 6 4 ,  p .  1 6 5 .  H a s l e  e t  M e n d i o la ,  1 9 6 7 ,  p .  1 1 3 ,  flg . 9 - 1 0 ,  2 1 ,  3 8 ,  4 7 - 5 2 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (espèce commune) et toutes les stations littorales.
O c é a n  I n d i e n  : espèce courante dans la zone intertropicale, de présence incertaine dans 

l’Antarctique.
D i s t r i b u t i o n  m o n d i a l e  : cosmopolite mais nettement thermophile; néritique.

T h a la ssio th rix  m ed ite rra n ea  Pavillard, 1916

P a v i l l a r d ,  1 9 1 6 ,  p .  3 9 ,  p i .  2 ,  flg . 3 .  H u s t e d t ,  1 9 3 2 ,  p .  2 4 8 ,  flg . 7 2 8 .  C u r l  1 9 5 9 ,  p .  2 9 9 ,  f l g .  8 5 .
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R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (ra re).

O c é a n  I n d i e n  : espèce seulement signalée par W o o d  (1962) dans le sud-est de l’océan; 
nouvelle pour le canal de Mozambique.

D i s t r i b u t i o n  m o n d i a l e  : encore peu connue, probablement sub-tropicale. Méditerranée; 
golfe du Mexique.

T h a la ssio th rix  delica tu la  Cupp, 1943

C u p p ,  1 9 4 3 ,  p .  1 8 8 ,  flg. 1 3 7 .  H a s l e ,  1 9 6 0 ,  p .  2 0 ,  flg. 8 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; sporadique dans le canal de Mozambique. 
O c é a n  I n d i e n  : comme T. mediterranea.

D i s t r i b u t i o n  m o n d i a l e  : espèce « sud-tempérée, sub-tropicale », du moins pour la côte 
occidentale des U.S.A. (C u p p ). De découverte récente, elle demeure très peu connue (confusions 
probables avec les espèces voisines : T. m editerranea, T. heteromorpha, et même T. longissim a).

T h alassion em a n itzsch io id es  Grunow ex Hustedt, 1932

H u s t e d t , 1932, p. 244, flg. 725. H e n d e y , 1937, p. 336, et 1964, p. 165. Cupp, 1943, p. 182, flg. 133. 
H a s l e , 1960, p. 18, pi. 4, flg. 38-41, 43-45. Ch o l n o k y , 1963, p. 79. H a s l e  et M e n d i o l a , 1967, 
p. I I I ,  flg. 5, 11-17, 27-34, 39-44.

=  Thalassiothrix nitzschioides Grunow in  Van Heurck
V a n  H e u r c k , 1885, pi. 43, flg. 7-10. Cl e v e - E u l e r , 1953, p. 75, flg. 400.

R é c o l t e s  p e r s o n n e l l e s  : espèce présente dans la majorité des récoltes, à l’exception de 
quelques stations de haute mer (centre du canal de Mozambique), et plus abondante dans les 
eaux littorales.

O c é a n  I n d i e n  : espèce fréquente sous toutes les latitudes, Antarctique compris. ( S i l v a ,  1956a, 
1960; K o l b e ,  1957; T r a v e r s ,  1965; T a y l o r ,  1967).

D i s t r i b u t i o n  m o n d i a l e  : néritique, cosmopolite (cf. : S m a y d a ,  1957).

Cette espèce est attribuée tantôt à G r u n o w ,  tantôt à H u s t e d t  : en fait, le nom générique 
a été seulement suggéré par G r u n o w ,  dans le Synopsis de V a n  H e u r c k ,  au titre de synonyme 
possible, sans constituer une publication valide; H u s t e d t  a ensuite repris ce nom et l’a publié 
validement, tout en l’attribuant à G r u n o w .  D ’o ù  la désignation ci-dessus (cf. L a n j o u w  et al., 
1966, recomm. 46 C).

L icm oph ora  rem u lu s  Grunow, 1867

G r u n o w , 1867b, p. 34. V an  H e u r c k , 1885, pi. 46, flg. 4. P e r a g a l l o , 1908, p. 345, pi. 84, flg. 3. 
H u s t e d t , 1931, p. 57, flg. 580. S i l v a , 1956a, p. 44, pi. 7, flg. 2.
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R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; île Maurice; parages de Beira.
O c é a n  I n d i e n  : espèce inconnue en dehors du canal de Mozambique. ( S i l v a ,  1956a; T r a 

v e r s ,  1965).
D i s t r i b u t i o n  m o n d i a l e  : très rare. Adriatique et mer Ligure; Honduras.

L icm oph ora  flabella ta  (Greville) Agardh, 1831

G r e v i l l e , 1 8 2 7 ,  p i .  2 8 9 ,  f lg .  1 - 2  : « Exilaria flabellata ». A g a r d h , 1 8 3 1 ,  p .  4 1 .  H e n d e y , 1 9 6 4 ,  p .  1 6 8 ,  
p i .  2 6 ,  f l g .  5 .

=  « L. flabellata (Carmichael) Agardh » (nom d’auteur erroné)

H u s t e d t , 1 9 3 1 ,  p .  5 8 ,  f l g .  5 8 1 .  H e n d e y , 1 9 5 1 ,  p .  3 9 ,  p i .  1 6 ,  f lg .  1 - 2 ,  1 2 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar.
O c é a n  I n d i e n  : mers indonésiennes; côte du Mozambique; Antarctique. ( S i l v a ,  1956a, 1960). 
D i s t r i b u t i o n  m o n d i a l e  : espèce littorale, principalement tempérée.

L icm oph ora  L yn g b ye i (Kiitzing) Grunow i n  Van Heurck, 1885

K ü t z i n g ,  1 8 4 4 ,  p .  1 2 1 ,  p i .  9 ,  flg. 1 0 / 3 ,  et p i .  1 0 ,  flg. 1 / 2  : « Podosphenia Lyngbyei  ». V a n  H e u r c k ,  
1 8 8 5 ,  p .  1 5 8 ,  p i .  4 6 ,  f l g .  i .  G r a n ,  1 9 0 5 ,  p .  1 2 1 ,  flg. 1 6 4 .  L e b o u r ,  1 9 3 0 ,  p .  2 0 3 ,  f l g .  1 6 5 .  H e n d e y ,  
1 9 3 7 ,  p .  3 3 7 ;  1 9 5 1 ,  p .  4 0 ;  1 9 6 4 ,  p .  1 6 7 .

=  Licmophora abbreviata  Agardh

H u s t e d t , 1 9 3 1 ,  p. 66, flg. 5 9 0 .  Cl e v e - E u l e r , 1 9 5 3 ,  p. 1 7 ,  flg. 3 1 8 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; île Maurice; côte d’Afrique du Sud.
O c é a n  I n d i e n  : Indonésie; côtes des Indes; canal de Mozambique; Antarctique (?); côle 

d’Afrique du Sud. ( S i l v a ,  1956a, 1960; T r a v e r s ,  1965; T a y l o r ,  1967).
D i s t r i b u t io n  m o n d ia l e  : e sp è c e  l it to r a le ,  c o sm o p o lite .

L icm oph ora  g ra n d is  (Kützing) Grunow i n  Van Heurck, 1885

K ü t z i n g ,  1 8 4 4 ,  p .  1 2 2 ,  p i .  1 1 ,  f ig .  1 : « Rhipidophora grandis ». V a n  H e u r c k ,  1 8 8 5 ,  p i .  4 8 ,  flg. 2 - 3 .  
P e r a g a l l o ,  1 9 0 8 ,  p .  3 4 9 ,  p i .  8 5 ,  f lg .  1 4 .  H u s t e d t ,  1 9 3 1 ,  p .  7 9 ,  f l g .  6 0 8 .

— L. grandis  var. divisa  (Kützing) Grunow in  Van Heurck 

V a n  H e u r c k , 1 8 8 5 ,  p i .  4 8 ,  f lg .  4 - 5 .  H u s t e d t , ibid., f l g .  6 0 9 .
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R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (très rare); île Maurice.

O c é a n  I n d i e n  : très rare. Indonésie; « océan Indien »; Inhaca. ( S i l v a ,  1960). 
D i s t r i b u t i o n  m o n d i a l e  : espèce peu courante, probablement cosmopolite.

L icm oph ora  A u riv illii  Cleve, 1901 
PI. V I , f l g .  42  a-b

C l e v e , 1 9 0 1 ,  p .  2 9 ,  5 8 ,  f l g .  2 .

Cellules coloniales (type de colonies caractéristique du genre), de grande taille (axe apical : 
300-800 ’.i). Valves extrêmement allongées, rectilignes ou légèrement infléchies, dissymétriques : 
sub-capituliformes à une extrémité, renflées à l ’autre extrém ité ainsi qu ’au voisinage de celle-ci; 
largeur transapicale au niveau des renflements : 10-20 p.  Ornementation des valves (selon C l e v e )  : 
deux rangées de stries transapicales très serrées, « au moins 28 en 10 p » (?), laissant entre elles 
un pseudoraphé bien visible. Septa apparem m ent absents. Ceinture formée de stries parallèles 
très fines. Chromatophores nombreux, punctiformes, répartis dans toute la cellule mais par
tiellement concentrés au niveau du renflement sub-terminal. Parois très fines, colonies très fragiles.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; île Maurice.
O c é a n  I n d i e n  e t  o c é a n  m o n d i a l  : l’espèce semble ne pas avoir été signalée depuis sa 

découverte originelle par C l e v e  (diverses stations dans l’archipel indonésien).

L ’appartenance de cette espèce au genre L i c m o p h o r a  reste à confirmer, car, mis à part les 
septa — non décrits —, les affinités avec le genre voisin L i c m o s p h e n i a  sont manifestes (au sujet 
de ce dernier, voir M e r e s c h k o w s k i ,  1902, et H u s t e d t ,  1931, p. 85).

L icm osph en ia  (?) M e re sc h k o w sk y i, nov. sp.
PI. V I , flg . 40

C e l l u l a e  s o l i t a r i a e  (? ) .  V a l v a e  m a x i m e  p r o d u c l a e , r e c t a e  v e l  p l u s  m i n u s  c u r v a l a e ;  v a l v a e  d u a b u s  

e x l r e m i t a t i b u s  d i s s i m i l i b u s  : u n a  a p e r t e  c a p i t u l a t a ,  a l t e r a  d u o b u s  t u m o r i b u s  i n f l a t a ;  v a l v a e  i n t e r  

e x t r e m i t a l e s  u n d u l a t a e ,  s i c u t  « S y n e d r a  u n d u l a t a  ». S t r u c t u r a  c i n g u l i  s a e p t o r u m q u e  i n c o g n i t a .  

T e n u i s s i m i  p a ñ e t e s .  L o n g i t u d o  i n t e r  a p i c e s :  700-850 p; l a t i t u d o  t u m o r o r u m :  15 p.
Cellules solitaires (sauf information ultérieure). Valves extrêm em ent allongées, rectilignes 

ou plus ou moins incurvées, dissymétriques : nettem ent capituliformes à une extrém ité, et dou
blement renflées à l’autre extrém ité (les deux renflements é tan t presque contigus); à partir du 
renflement sub-terminal jusqu’à une distance variable du capitule, le contour des valves est 
ondulé, comme chez S y n e d r a  u n d u l a t a .  Ceinture et septa restent à décrire. Chromatophores 
très petits, répartis dans toute la cellule, mais partiellement concentrés au niveau du renflement 
sub-terminal. Parois très délicates. Longueur apicale : 700-850 p; largeur transapicale, au niveau 
des renflements : 15 p.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (très rare); Tuléar.
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La présente description est malheureusement incomplète, puisque je n’ai pu discerner la 
structure connective; dans cette ignorance, le nom générique demeure incertain; les affinités 
sont cependant évidentes avec L i c m o s p h e n i a  C l e v e i  et L. G r u n o w i i  (cf. M e r e s c h k o w s k i ,  1 9 0 2 ,  
et H u s t e d t ,  1 9 3 1 ,  p. 8 7 ) ,  ainsi qu’avec L i c m o p h o r a  A u r i v i l l i i  (voir plus haut).

Je dédie cette espèce à l’auteur du genre, M e r e s c h k o w s k y ,  dont le vœu de « faire de ce 
genre un Panthéon diatomiste » se trouvera ainsi doublement comblé..., si toutefois le nom 
générique de ce taxon s’avère justifié.

C lim acosphen ia  m o n ilig era  Ehrenberg, 1843

A la liste des synonymes de cette espèce donnés par H u s t e d t  (1931) il faut ajouter, selon 
mon opinion personnelle, le C. e l o n g a t a  Bailey (épithète trompeuse...) tel que décrit par la majorité 
des auteurs. Toutefois, sous ce dernier nom, H u s t e d t  et S u b r a h m a n y a n  ont figuré une Diatomée 
qui ne diffère de C. m o n i l i g e r a  que par sa taille et ses proportions, et que je propose de considérer 
comme une variété : la distinction est en effet évidente, mais basée sur des caractères accessoires, 
et l’existence de stades intermédiaires n ’est pas assurée; ce taxon sera dédié à H u s t e d t  qui 
semble le premier à l’avoir observé.

var. m o n iligera

E h r e n b e r g , 1843, p. 411, pi. 2 /6 , f i g .  1. H u s t e d t , 1931, p. 89, f lg .  625. C u p p , 1943, p. 178, flg. 128. ■ 
S u b r a h m a n y a n , 1946, p. 164, f l g .  322, 325, 333-334.

=  Climacosphenia elongata Bailey, pro parte :

B a i l e y , 1853, p. 8 ,  pi. 1, f lg .  10-11. G r u n o w , 1862, p. 353, pi. 3, f l g .  22. W o l l e , 1890, pi. 48, f lg .  32-
33. P e r a g a l l o ,  1908, p. 352, pi. 8 6 ,  f l g .  1-4. N on  H u s t e d t ,  nec S u b r a h m a n y a n .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; ile Maurice.

O c é a n  I n d i e n  : mers indonésiennes; côtes des Indes, d’Australie; Tuléar. ( T r a v e r s ,  1965). 

D i s t r i b u t i o n  m o n d i a l e  : mers tempérées et tropicales; littorale.

var. H u sted tii, nom. nov.

— Climacosphenia elongata  Bailey pro parte :

H u s t e d t  in  S c h m i d t ,  1914, pi. 308, flg. 5-10; H u s t e d t ,  1931, cf. p. 90, et flg. 626. S u b r a h m a n y a n ,  
1946, p. 164, f l g .  323, 327-329, 335. N on al.

? =  Climacosphenia truncata  H ustedt in  A. Schmidt 

S c h m i d t ,  1914, f l g .  1-4, 11.
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Se distingue de la variété-type par les caractères suivants : valves très allongées (longueur 
apicale : 500-1300 i), en deux parties assez distinctes : l’une plus épaisse et la plus courte (moins 
de 1 /5 de la longueur apicale), l’autre filiforme.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (très rare); île Maurice.

O c é a n  I n d i e n  e t  o c é a n  m o n d i a l  : distribution actuellement impossible à distinguer de 
celle de la variété-type : comme démontré ci-dessus, le nom de C. elongata est en effet à double 
sens; la présente variété semble néanmoins beaucoup plus rare.

P o d o cystis  spa th u la ta  (Shadbolt) Van Heurck, 1896

S h a d b o l t ,  1 8 5 4 ,  p. 1 4 ,  pi. 1 ,  flg. 3  : « E uphyllod ium  spathulatum  ». V a n  H e u r c k ,  1 8 9 6 ,  p. 3 6 5 .  
P e r a g a l l o ,  1 9 0 8 ,  p. 2 6 1 ,  pi. 6 8 ,  f lg .  1 2 .  H u s t e d t ,  1 9 3 1 ,  p. 1 3 3 ,  f l g .  6 5 3 .  H f . n d e y ,  1 9 6 4 ,  
c f .  p. 1 6 9 ,  et pi. 2 7 ,  f l g .  3 .

? =  Podocystis ovalis M isra  

M i s r a ,  1 9 5 6 ,  p. 5 5 4 ,  f l g .  3 8 .

R é c o l t e s  p e r s o n n e l l e s  : île Maurice.
O c é a n  I n d i e n  : espèce peu commune. Mers indonésiennes; Canal de Mozambique. ( S h a d 

b o l t ,  1854; A m o s s é ,  1924; T r a v e r s ,  1965).

D i s t r i b u t i o n  m o n d i a l e  : espèce littorale, principalement tempérée et tropicale (confusion 
fréquente avec P . adriatica : voir H e n d e y ,  loc. cit.).

G ra m m a to p h o ra  m a rin a  (Lyngbye) Kützing, 1844

L y n g b y e ,  1 8 1 9 , p . 1 8 0 , p i .  6 2  A  : « D i a t o m a  m a r i n u m  ». K ü t z i n g ,  1 8 4 4 , p . 1 2 8 , p i . 1 7 , f lg . 2 4 ,  e t  
p i . 1 8 , f lg . 1 . H u s t e d t ,  1 9 3 1 , p . 4 3 ,  f lg . 5 6 9 . C l e v e - E u l e r ,  1 9 5 3 , p .  1 2 , f lg . 3 0 5 . H e n d e y ,  

1 9 6 4 , p . 1 7 0 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar.

O c é a n  I n d i e n  : peu fréquente, mais rencontrée sous toutes les latitudes. Indonésie; Ceylan; 
Tasmanie; Kerguelen; Afrique du Sud; Antarctique. Espèce nouvelle pour la région étudiée. 
( T a y l o r ,  1967).

D i s t r i b u t i o n  m o n d i a l e  : cosmopolite (sous plusieurs variétés).

L ’auxosporulation par voie sexuée a été récemment décrite chez cette espèce par M a g n e -  
S im o n  (1960, 1962).
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G r a m m a to p h o r a  u n d u la ta  Ehrenberg, 1840

E h r e n b e r g ,  1 8 4 0 a , p . 1 6 1 ;  1 8 4 3 ,  p . 3 2 2 , p i .  3 /7 ,  fig . 3 3 ;  1 8 5 4 , p i .  1 8 , f lg . 8 7  b , e t  p i. 1 9 , f lg . 3 7 .  
K ü t z i n g ,  1 8 4 4 , p . 1 2 9 ,  p i . 2 9 , flg . 6 8 . H u s t e d t ,  1 9 3 1 , p . 4 8 ,  f lg . 5 7 6 . S u b r a h m a n y a n ,  1 9 4 6 ,  
p . 1 6 3 , f lg . 3 2 0 ,  3 2 4 ,  3 2 6 .

R é c o l t e s  p e r s o n n e l l e s  : N o s s i - B é .

O c é a n  I n d i e n  : M a d a g a s c a r ;  C e y la n ;  c ô t e s  d e s  I n d e s ;  m e r s  in d o n é s i e n n e s ;  A n t a r c t iq u e  ( ? ) .  

D i s t r i b u t i o n  m o n d i a l e  : z o n e  i n t e r t r o p ic a l e  e t  M é d it e r r a n é e .

R h a b d o n e m a  a d r ia t ic u m  K ü t z in g ,  1 8 4 4  

P I. X I I I ,  f lg . 86

K ü t z i n g ,  1 8 4 4 , p . 1 2 6 , p i. 1 8 , f lg . 7. H u s t e d t ,  1 9 3 1 , p . 2 3 , f lg . 5 5 2 . H e n d e y ,  1 9 3 7 , p . 3 3 9 , p i .  1 1 , 
f lg . 2 , e t  1 9 6 4 ,  p . 1 7 2 .

? =  R h a b d o n e m a  s u t u m  M a n n  

M a n n ,  1 9 2 5 , p . 1 4 1 , p i .  3 1 , f lg .  1 -2 .

R é c o l t e s  p e r s o n n e l l e s  : N o s s i - B é ;  T u lé a r ;  i l e  M a u r ic e .

O c é a n  I n d i e n  : M a d a g a s c a r ;  C e y la n ;  I n d o n é s ie ;  T a s m a n ie ;  î l e  S a in t - P a u l .  ( T r a v e r s ,  1 9 6 5 ) .  

D i s t r i b u t i o n  m o n d i a l e  : e s p è c e  l i t t o r a l e  c o s m o p o l i t e ,  p lu s  r a r e  d a n s  l e s  m e r s  f r o id e s .

R h a b d o n e m a  p u n c ta tu m  ( H a r v e y  e t  B a i l e y )  S t o d d e r  e x  B o y  er , 1 9 2 6

P I. X I I I ,  f lg . 87

H a r v e y  e t  B a i l e y ,  1 8 5 4 , p . 4 3 0  : « H y a l o s i r a  p u n c t a t a  ». B o y e r ,  1 9 2 6 , p . 1 5 0 . C f. S t o d d e r ,  1 8 8 0 ,  
p . 1 1 4 .

=  H y a l o s i r a  p u n c t a t a  H a r v e y  e t  B a i le y

H a r v e y  e t  B a i l e y ,  t o c .  c i t .  B a i l e y  e t  H a r v e y ,  1 8 6 0  e t  1 8 7 4 , p . 1 8 1 , p i . 9 , f lg .  2 9 -3 0 .  P r i t c h a r d ,  
1 8 6 1 , p . 8 0 4 .

=  R h a b d o n e m a  m i r i f i c u m  W . S m it h

S m i t h ,  1 8 5 6 , p . 3 5 . W a l k e r - A r n o t t ,  1 8 5 8 , p . 9 2 . B r i g h t w e l l ,  1 8 5 9 , p . 1 8 0 , p i. 9 , flg . 1 1 . 
P r i t c h a r d ,  1 8 6 1 , p . 8 0 5 , p i . 8 , f lg . 1 2 . J a n i s c h  e t  R a b e n h o r s t ,  1 8 6 3 , p . 1 2 , p i .  2 , f lg . 1 9 . 
S c h m i d t ,  e n v . 1 9 0 0 , p i . 2 1 7 ,  flg . 1 -3 . S u b r a h m a n y a n ,  1 9 4 6 , p . 1 6 1 , f lg . 3 1 6 , 3 1 8 -3 1 9 .

=  C l i m a c o s i r a  m i r i f i c a  (W . S m it h )  G r u n o w

G r u n o w ,  1 8 6 2 , p . 4 2 4 ,  p i .  9 , flg . 3  b -c . V a n  H e u r c k ,  1 8 3 6 , p . 3 6 1 ,  flg . 1 1 2 .

C e l lu le s  a p la t i e s ,  s o l i t a i r e s  o u  f o r m a n t  d e s  c h a în e s  r u b a n é e s .  E n  v u e  c o n n e c t i v e  ; c o n t o u r  
q u a d r a n g u la ir e ,  a n g le s  a r r o n d is ;  c e in t u r e  f o r m é e  d e  d i s s e p im e n t s  a l t e r n a n t  d e  p a r t  e t  d ’a u tr e  
d ’u n  a x e  m é d ia n  p e r v a lv a ir e ,  e t  p o r t a n t  d e s  p o n c t u a t io n s  à  i n t e r v a l le s  p lu s  o u  m o in s  r é g u lie r s .
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En vue valvaire : valves bacilliformes, striées transversalement (environ 10-12 stries en 10 p). 
Chromatophores aplatis et laciniés, formant des groupes étoilés répartis dans toute la cellule. 
Longueur de l’axe apical : 80-200 p (exceptionnellement dans mes récoltes : 320 p).

R é c o l t e s  p e r s o n n e l l e s  : Tuléar; île Maurice.
O c é a n  I n d i e n  : Madagascar; Ceylan; Indonésie; côtes des Indes; île Maurice; mer Rouge. 

( D e - T o n i , 1891).
D i s t r i b u t i o n  m o n d ia l e  : espèce littorale tropicale, rarement signalée en dehors de l’océan 

Indien et des mers indonésiennes : Tahiti; « Pacifique »; Honduras.

L’historique de cette espèce n’est pas sans un certain intérêt philosophique, et mérite d’être 
détaillé ici, « pour servir à l’Histoire de la Diatomologie >’ :

—  1854 et 1855 : Description par H a r v e y  et B a i l e y  de H y a l o s i r a  p u n c t a t a ,  dans une 
sorte de « note préliminaire »; description assez précise, mais non illustrée.

—  1856 : Description par S m ith  de R h a b d o n e m a  m i r i f i c u m ;  description extrêmement 
vague, non illustrée.

— 1858 : W a l k e r - A r n o t t  précise la diagnose de S m ith .
—  1859 : B r i g h t w e l l  en donne la première illustration.
—  1860 : Publication à  tirage restreint (probablement non « effective ») d’un mémoire 

de B a i l e y  et H a r v e y  (cf. 1874).
—  1861 : R a l f s ,  i n  P r i t c h a r d ,  reproduit les deux diagnoses, sous leurs noms respectifs, 

et sans suggérer aucun rapprochement (il n’avait en effet pas eu connaissance du travail précédent).
—  1874 : Publication « effective » du mémoire de B a i l e y  et H a r v e y ,  comprenant deux 

figures du H y a l o s i r a  p u n c t a t a .  Il devient alors évident que les deux espèces sont synonymes.
—  1880 : S t o d d e r  r é u n it  le s  d e u x  e sp è c e s , sa n s  p r o p o se r  t o u t e f o is  d e  n o u v e l le  d é s ig n a t io n ,  

c e  q u e  fe r a  u lté r ie u r e m e n t  B o y e r  (1926) e n  a t t r ib u a n t  le  n o u v e a u  t a x o n  à  S t o d d e r .

Ce dernier auteur concluait à l’importance de l’iconographie dans les descriptions de Dia
tomées nouvelles, et citait à  ce sujet l’opinion contraire d’un « éminent » contemporain (que je 
n’ai pu identifier) : « Figures are nothing, description is all... »

F am . A C H N A N T H A C E A E  

A c h n a n th e s  lo n g ip e s  Agardh, 1824

A g a r d h ,  1 8 2 4 ,  p. 1 ,  et 1 8 3 4 ,  p. 5 4 .  H u s t e d t ,  1 9 3 3 ,  p. 4 2 7 ,  flg. 8 7 8 .  C u p p ,  1 9 4 3 ,  p. 1 9 2 ,  flg. 1 4 1 .  
H e n d e y ,  1 9 5 1 ,  p. 4 2 ,  pi. 1 ,  flg. 1 - 9 ,  pi. 2 ,  flg. 1 - 1 2 ,  pi. 3 ,  flg. 1 - 1 2 ,  pi. 1 6 ,  flg. 6 - 7 ,  pi. 1 8 ,  flg. 2 - 5 ;  
1 9 6 4 ,  p. 1 7 4 ,  pi. 2 8 ,  flg. 1 - 6  et pi. 4 2 ,  flg. 2 .  C l e v e - E u l e r ,  1 9 5 3 ,  p. 5 1 ,  flg. 6 0 0 .  S c h m i d t ,  
1 9 5 8 ,  pi. 4 1 9 ,  f l g .  6 - 1 0 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé.
O c é a n  I n d i e n  : espèce peu courante, mais présente sous toutes les latitudes, Antarctique 

compris. (S i l v a , 1960; T a y l o r , 1967).
D i s t r i b u t i o n  m o n d ia l e  : espèce littorale, principalement tempérée.
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A c h n a n th e s  sp.
PI. XIII, flg. 88

Cellules coloniales, adhérant entre elles soit par leurs surfaces valvaires, soit par leurs extré
mités (dans ce dernier cas, par l’intermédiaire d’un coussinet gélatineux). Valves allongées, sub
elliptiques, légèrement comprimées au centre; deux rangées de stries transapicales (environ 
15 stries en 10 n), interrompues le long d’une ligne apicale (raphé ou pseudoraphé). En vue connec
tive : flexion caractéristique du genre. Deux chromatophores centraux, presque contigus. Parois 
cellulaires très minces. Longueur apicale : 40-50 n.

R é c o l t e s  p e r s o n n e l l e s  : je n’ai récolté qu’une seule fois cette espèce, à Tuléar : une 
colonie de 100 cellules environ, observée sur matériel « brut » (simplement fixé au formol).

Les caractères énumérés ci-dessus laissent croire à une espèce nouvelle. Cependant, n’ayant 
pu réaliser de montage et décrire précisément les deux valves, je préfère laisser l’anonymat à 
cette Diatomée.

C a m p y lo n e is  G r e v il le i  (W . S m it h )  G r u n o w , 1 8 6 7

S m i t h ,  1 8 5 3 , p. 2 2 , pi. 3 , fig. 3 5  : « C o c c o n e i s  G r e v i l l i i  ». G r u n o w ,  1 8 6 7 , p. 1 0 . P e t i t ,  1 8 7 8 , p. 2 4 5 ,  
pi. 1 4 , fig. 5 . H u s t e d t ,  1 9 3 3 , p. 3 2 1 , fig. 7 8 1 . A l l e n  e t  C u p p ,  1 9 3 5 , p. 1 5 5 , fig. 9 9 . C l e v e -  
E u l e r ,  1 9 5 3 , p. 3 , fig. 4 8 4 . H e n d e y ,  1 9 6 4 ,  p. 1 8 4 , pi. 2 7 , fig. 9 -1 1 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; île Maurice.
O c é a n  I n d i e n  : Madagascar; côte d’Afrique du Sud; mer de Java; Tasmanie; sub-Antarc- 

tique. ( C h o ln o k y ,  1963).
D i s t r i b u t i o n  m o n d i a l e  : espèce littorale, tempérée-tropicale ou cosmopolite.

Fam . N A V IC U L A C E A E

N a vic u la  W a w rik a e  Hustedt, 1961 
PI. V, fig. 3 5

H u s t e d t ,  1 9 6 1 , p .  5 2 , f i g .  1 2 0 4 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (espèce assez fréquente); Tuléar; île Maurice; au large 
de Durban; cap Saint-André; parages de Nossi-Bé et des Comores.

O c é a n  I n d i e n  e t  o c é a n  m o n d ia l  : cette Navicule très curieuse n’est connue que dans la 
baie de Naples (localité-type), ainsi qu’à Tuléar ( T r a v e r s ,  1965).

J’ai observé en deux occasions chez cette espèce la formation de colonies du type N itzsch ia  
seriata.
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S ta u ro n e is  m e m b r a n a c e a  (Cleve) Hustedt, 1959 
P I .  Y ,  f l g .  3 7

C l e v e ,  1 8 9 7 a ,  p .  2 4 ,  p i .  2 ,  f lg . 2 5 - 2 8  : « N a v i c u l a  ( S t a u r o n e i s )  m e m b r a n a c e a  ». H u s t e d t ,  1 9 5 9 ,  
p .  8 3 3 ,  f l g .  1 1 7 6 .  H e n d e y ,  1 9 6 4 ,  p .  2 2 1 ,  p i .  2 1 ,  f l g .  3 .

=  N a v i c u l a  m e m b r a n a c e a  C le v e

C l e v e ,  l o c .  c i t .  G r a n ,  1 9 0 5 ,  p .  1 2 3 ,  f l g .  1 6 6 .  K a r s t e n ,  1 9 0 5 b ,  p .  1 7 4 ,  p i .  3 4 ,  f l g .  4  (« v a r .  ? »). H e n d e y ,  
1 9 3 7 ,  p .  3 4 5 ,  p i .  1 1 ,  f l g .  4 .  C u p p ,  1 9 4 3 ,  p .  1 9 3 ,  f l g .  1 4 2 .  C l e v e - E u l e r ,  1 9 5 2 ,  p .  2 4 ,  f l g .  1 3 7 7 .  
W o o d ,  1 9 6 0 ,  p .  2 2 6 ,  p i .  4 ,  f l g .  4 9  ( ? ) .

=  S t a u r o p s i s  m e m b r a n a c e a  (C le v e )  M e u n ie r  

M e u n i e r ,  1 9 1 0 ,  p .  3 1 9 ,  p i .  3 3 ,  f l g .  3 7 - 4 0 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (espèce plutôt estivale).
O c é a n  I n d i e n  : mer Rouge; mer d’Arabie; Indonésie; sud du canal de Mozambique; Antarc

tique (? ) . ( T a y l o r ,  1967).
D i s t r i b u t io n  m o n d ia l e  : e sp è c e  la r g e m e n t  r é p a n d u e  d a n s  le s  m e r s  t e m p é r é e s  e t  tr o p ic a le s .

M a sto g lo ia  r o s t r a ta  (Wallich) Hustedt, 1933

W a l l i c h ,  1860, p . 43, p i. 2, flg. 5-6 : « S t ig m a p h o r a  ro s tra ta  ». H u s t e d t ,  1933, p . 572, flg. 1007. 
T a y l o r ,  1967, p i. 90, flg. 26-27.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé.
O c é a n  I n d i e n  : mers indonésiennes; golfe du Bengale et îles Nicobar (localité-type); « océan 

Indien »; côte d’Afrique du Sud. Espèce nouvelle pour le canal de Mozambique. ( W a l l i c h ,  
T a y l o r ,  loc. c i t .) .

D i s t r i b u t i o n  m o n d i a l e  : espèce probablement tropicale, peut-être océanique, très peu 
connue en dehors de l’océan Indien et de l’Indonésie. Honduras.

P le u r o s ig m a  e lo n g a tu m  W. Smith, 1852

S m ith , 1852, p. 6, pi. 1, flg. 4, et 1853, p. 64, pi. 20, flg. 199. P e r a g a l l o ,  1890, p. 7, pi. 3, flg. 5-8. 
A l l e n  et C upp, 1935, p. 157, flg. 105. S u b r a h m a n y a n ,  1946, p. 175, flg. 380-382. H e n d e y ,  
1964, p. 244.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé.
O c é a n  I n d i e n  : côtes des Indes; Indonésie; Kerguelen. Espèce nouvelle pour le canal 

de Mozambique.
D i s t r i b u t i o n  m o n d i a l e  : espèce littorale, cosmopolite, euryhaline.
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P le u r o s ig m a  N o r m a n ii Ralfs in Pritchard, 1861

P r i t c h a r d ,  1 8 6 1 ,  p .  9 1 9 .  A l l e n  e l  C u p p ,  1 9 3 5 ,  p .  1 5 7 ,  flg. 1 0 6 .  S u b r a h m a n y a n ,  1 9 4 6 ,  p .  1 7 5 ,  
f lg . 3 7 8 - 3 7 9 ,  3 8 5 ,  3 8 7 .  S i l v a ,  1 9 5 2 ,  p .  5 9 5 ,  p i .  5 ,  flg . 5 .  C h o l n o k y ,  1 9 6 3 ,  p .  7 7 .  H e n d e y ,  1 9 6 4 ,  
p .  2 4 4 .

=  P .  a f f i n e  v a r .  N o r m a n i i  ( R a l f s )  H . P e r a g a l lo

P e r a g a l l o ,  1 8 9 0 ,  p .  1 0 ,  p i .  4 ,  flg. 6 - 7 ,  et 1 9 0 8 ,  p. 1 6 2 ,  p i .  3 2 ,  flg. 4 - 6 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar.
O c é a n  I n d i e n  : Madagascar; Indonésie; côtes des Indes; Afrique du Sud. ( T a y l o r ,  1967; 

C h o l n o k y ,  loc. cit.).

D i s t r i b u t i o n  m o n d i a l e  : espèce très courante, cosmopolite.

P le u r o s ig m a  d ir e c tu m  Grunow i n  Cleve et Grunow, 1880 
PI. Y, flg. 36

C l e v e  et G r u n o w ,  1 8 8 0 , p . 5 3 . P e r a g a l l o ,  1 8 9 0 , p . 1 4 , p i . 5 ,  flg. 2 9 . K a r s t e n ,  1 9 0 5 a , p . 1 2 7 ,  
p i . 1 8 , flg. 5 . H a r d y ,  1 9 3 5 , p . 6 0 . H e n d e y ,  1 9 3 7 ,  p . 3 4 8 . S i l v a ,  1 9 5 6 a , p . 5 0 , p i . 8 , flg. 4 .

Contour des valves lancéolé, presque symétrique par rapport aux axes apical et transapical ; 
extrémités aiguës. Raphé presque droit. Ornementation très difficilement visible, environ 20 stries 
en 10 n. Parois très légères. Deux chromatophores filiformes, sinueux, déployés dans toute la 
cellule. Longueur apicale : 180-600 n; largeur transapicale : 35-45 n.

(Voir aussi ; var. membranaceum  Subrahmanyan, 1946.)

R é c o l t e s  p e r s o n n e l l e s  ; Nossi-Bé; Tuléar.
O c é a n  I n d i e n  : rare sous les basses latitudes (Sumatra, mer d’Arabie, côte du Mozambique), 

plus fréquente dans l’Antarctique. ( S i l v a ,  1956a; T a y l o r ,  1967).
D i s t r i b u t i o n  m o n d i a l e  : cette espèce est probablement cosmopolite. Plus commune dans 

les mers polaires, elle est également présente dans les eaux tempérées et chaudes (océan Indien, 
Méditerranée).

G y r o s ig m a  b a ltic u m  (Ehrenberg) Rabenhorst, 1853

E h r e n b e r g ,  1 8 3 4 - 3 5 ,  p . 2 5 8 ,  . e t  1 8 3 8 ,  p . 1 8 0 , p i . 1 3 , flg . 1 0  : « N a v i c u l a  b a l t i c a  ». R a b e n h o r s t ,  
1 8 5 3 , p .  4 7 , p i .  5 ,  f lg . 6 . C l e v e ,  1 8 9 4 b , p .  1 1 8 . S u b r a h m a n y a n ,  1 9 4 6 , p . 1 7 3 , flg . 3 7 3 - 3 7 5 .  
H e n d e y ,  1 9 5 1 , p . 6 1 , p i .  1 1 , f lg . 9  e t  1 9 6 4 ,  p . 2 4 8 ,  p i . 3 5 , f lg . 9 . ( E s p è c e  a t t r ib u é e  p a r  e r r e u r  
à  C l e v e ,  1 8 9 4 .)

=  P l e u r o s i g m a  b a l t i c u m  ( E h r e n b e r g )  W . S m it h

S m i t h ,  1 8 5 3 , p . 6 6 , p i . 2 2 , f lg . 2 0 7 . P e r a g a l l o ,  1 8 9 1 , p . 1 8 , p i .  7 , f lg . 1 9 -2 0 ,  e t  1 9 0 8 , p . 1 6 9 , p i .  3 4 ,  
f lg . 9 -1 0 .
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R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé.
O c é a n  I n d i e n  Tuléar; côtes d’Australie; Ceylan; Indonésie; côtes des Indes. ( T r a 

v e r s ,  1965).
D i s t r i b u t i o n  m o n d i a l e  : espèce largement répandue dans les eaux littorales tempérées et 

tropicales, et dans les estuaires; totalement euryhaline.

F  ara. C Y M B E L L A C E A E  

A m p h o r a  cf. o s tr e a r ia  Brébisson in Kützing, 1849

K ü t z in g ,  1 8 4 9 , p . 9 4 . P e r a g a l l o ,  1 9 0 8 , p . 2 1 9 ,  p i .  4 9 ,  flg . 1 3 . S u b r a h m a n y a n ,  1 9 4 6 , p . 1 8 5 ,  
flg . 4 1 8 - 4 1 9 .  H e n d e y ,  1 9 5 1 , p . 7 1 , e t  1 9 6 4 ,  p . 2 6 6 ,  p i .  3 8 ,  flg . 5 . S i l v a ,  1 9 5 6 a , p . 5 2 ,  p i .  8 ,  
flg . 10.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; île Maurice.
O c é a n  I n d i e n  : rare. Mer de Java; côtes des Indes.
D i s t r i b u t i o n  m o n d i a l e  : probablement cosmopolite, sous diverses formes et variétés 

(cf. : C l e v e - E u l e r ,  1953; H e n d e y ,  1964).

A m p h o ra  cf. d e c u s s a ta  Grunow, 1867

G r u n o w , 1 8 6 7 a , p . 2 3 ,  e t  1 8 7 7 , p . 1 7 8 ,  p i .  1 9 5 ,  flg . 9 . A l l e n  e t  C upp, 1 9 3 5 ,  p . 1 6 1 , flg. 1 1 6 . S u b r a h 
m a n y a n ,  1 9 4 6 , p . 1 8 5 ,  flg . 4 1 4 - 4 1 5 .  H e n d e y ,  1 9 6 4 ,  p . 2 6 6 ,  p i .  3 7 ,  flg . 9.

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (rare); île Maurice.
O c é a n  I n d i e n  : comme l’espèce précédente.
D i s t r i b u t i o n  m o n d i a l e  : espèce rarement signalée, de distribution incertaine.

Fam . B A C I L L A R I A C E A E  

B a c illa r ia  p a x il l if e r  ( 0 .  F .  M ü lle r )  H e n d e y ,  1 9 5 1

M ü l l e r ,  1 7 8 6 , p . 5 4 , p i. 7 , flg . 3 -7  : « V i b r i o  p a x i l l i f e r  ». H e n d e y ,  1 9 5 1 , p . 7 4 , e t  1 9 6 4 ,  p . 2 7 4 ,  
p i. 2 1 , flg . 5 .

=  B a c i l l a r i a  p a r a d o x a  Gmelin
G r a n , 1 9 0 5 , p . 1 3 1 , flg . 1 7 8 . L e b o u r ,  1 9 3 0 , p . 2 1 1 ,  flg . 1 7 5 . H u s t e d t ,  1 9 5 5 , p . 4 3 . C h o ln o k y ,  

1 9 6 3 , p . 4 1 .

=  ' N i t z s c h i a  p a r a d o x a  (Gmelin) Grunow
V a n  H e u r c k ,  1 8 8 5 , p . 1 7 6 , pi. 6 1 , flg. 6. P e r a g a l l o ,  1 9 0 8 , p . 2 8 0 ,  p i. 7 2 , flg . 1 6 .
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R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; île Maurice; Durban.

O c é a n  I n d i e n  : espèce courante, rencontrée jusque dans l ’Antarctique. (S il v a , 1960; T r a 
v e r s , 1965; T a y l o r , 1967).

D i s t r i b u t i o n  m o n d i a l e  : e s p è c e  l i t t o r a l e ,  p a r t i c u l i è r e m e n t  e u r y h a l in e ,  c o s m o p o li te .

N itz s c h ia  s p a th u la ta  Brébisson in W. Smith, 1853

S m i t h ,  1 8 5 3 , p . 4 0 ,  p i .  3 1 , f lg . 2 6 8 . V a n  H e u r c k ,  1 8 8 5 , p . 1 7 7 , p i . 6 2 ,  f lg . 7 -8 ,  e t  1 8 9 6 , p .  3 9 3 ,  
p i . 1 6 , f lg . 5 2 3 . P e r a g a l l o ,  1 9 0 8 , p . 2 8 4 ,  p i .  7 3 , f lg . 4 . M e u n i e r ,  1 9 1 0 , p .  3 3 2 ,  p i . 3 4 ,  f lg . 1 6 -2 6 .  
S i l v a ,  1 9 4 9 , p . 3 3 0 , p i .  3 ,  f lg . 2 1 . C l e v e - E u l e r ,  1 9 5 2 , p . 7 1 , f lg . 1 4 5 5 . H e n d e y ,  1 9 6 4 , p . 2 8 1 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (rare).

O c é a n  I n d i e n  : rare. Indonésie; côte du Mozambique. ( S i l v a ,  1956a).

D i s t r i b u t i o n  m o n d i a l e  : sporadique, mais cosmopolite; espèce toutefois plus abondante 
dans les mers tempérées.

N itz s c h ia  c lo s te r iu m  (Ehrenberg) W. Smith, 1853

E h r e n b e r g ,  1 8 4 1 , p . 1 4 4 , p i .  4 ,  f lg . 7 : « C e r a t o n e i s  c l o s t e r i u m  ». S m i t h ,  1 8 5 3 , p . 4 2 , p i . 1 5 , f lg . 1 2 0 .  
H e n d e y ,  1 9 3 7 , p . 3 5 2 ,  p i .  1 1 , f lg . 1 , e t  1 9 6 4 ,  p . 2 8 3 ,  p i. 2 1 ,  f lg . 8 . C u p p ,  1 9 4 3 , p . 2 0 0 ,  f lg . 1 5 3 .  
H a s l e ,  1 9 6 4 , p . 1 6 , f lg . 1 -1 0 ,  p i .  5 , f lg . 1 , p i .  7 , f lg . 1 -1 3 , p i . 8 , f lg . 1 -9 ,  p i .  9 ,  f lg . 1 -9 , e t  p i .  1 0 ,  
f lg . 1 -4 .

=  N .  l o n g i s s i m a  v a r .  c l o s t e r i u m  (W . S m it h )  V a n  H e u r c k

V a n  H e u r c k ,  1 8 8 5 , p . 1 8 5 ,  p i .  7 0 , flg. 5 , 7 -8 ;  1 8 9 6 ,  p . 4 0 5 , f lg . 1 2 6 , e t  p i . 1 7 , f lg . 5 7 0 . C l e v e -  
E u l e r ,  1 9 5 2 , p . 9 2 ,  f lg . 1 5 0 8  d .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé (espèce parfois abondante) et presque toutes les récoltes 
néritiques.

O c é a n  I n d i e n  : espèce commune sous toutes les latitudes, Antarctique compris. ( S i l v a ,  1956a, 
1960; T r a v e r s ,  1965).

D i s t r i b u t i o n  m o n d i a l e  : cosmopolite, essentiellement — mais non exclusivement — 
néritique.

N itz s c h ia  lo n g is s im a  (Bréb. in Kützing) Ralfs in Pritchard, 1861

K ü t z i n g ,  1 8 4 9 , p . 8 9 1  : « C e r a t o n e i s  l o n g i s s i m a  ». P r i t c h a r d ,  1 8 6 1 , p . 7 8 3 ,  p i .  4 , flg . 2 3 , n o n  2 2 . 
C u p p ,  1 9 4 3 , p . 2 0 0 ,  flg . 1 5 4 . H e n d e y ,  1 9 5 1 , p . 7 3 , e t  1 9 6 4 , p . 2 8 3 . H a s l e ,  1 9 6 4 , p . 2 0 , p i. 1 , 
f lg . 2 , p i . 5 , f lg . 6 , p i .  1 0 , f lg . 5 -7 ,  e t  p i .  1 1 , flg . 1 -4 .
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R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar; parages d e  Mombasa.
O c é a n  I n d i e n  : espèce fréquente dans toute la zone intertropicale, exceptionnelle dans 

l’Antarctique. ( S i l v a ,  1956a, 1960; K o l b e ,  1957; T r a v e r s ,  1965; T a y l o r ,  1967).
D i s t r i b u t i o n  m o n d ia l e  : difficile à distinguer de celle de N . closterium ; peut-être plus 

néritique? (cf. H a s l e ,  loc. cit.).

N itz s c h ia  cf. s e r ia ta  Cleve, 1883

C l e v e ,  1 8 8 3 , p .  4 7 8 ,  p i .  3 8 , f l g .  7 5 . C u p p ,  1 9 4 3 , p .  2 0 1 , f l g .  1 5 5 . C l e v e - E u l e r ,  1 9 5 2 , p .  9 4 , f l g .  1 5 1 4 .  
H e n d e y ,  1 9 6 4 , p .  2 8 4 ,  p i .  2 1 , f l g .  6 . H a s l e ,  1 9 6 5 , p .  8 , p i .  1 , f lg .  4 , p i .  3 , f l g .  1 -7 ,  1 0 ,  p i .  4 ,  
f l g .  1 - 2 ,  e t  p i .  6 ,  f l g .  2 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé et presque toutes les stations littorales.
O c é a n  I n d i e n  : espèce fréquente sous toutes les latitudes, Antarctique compris. ( S i l v a ,  1956a, 

1960; T r a v e r s ,  1965; T a y l o r ,  1967).
D i s t r i b u t i o n  m o n d i a l e  : espèce néritique, réputée tempérée ou arctique, mais vraisem

blablement cosmopolite (cf. H a s l e ,  loc. cit.).

Au sujet des espèces voisines, que je n’ai pas cherché à  distinguer, voir C upp, C l e v e - E u l e r  
(loc. c it.) , C u pp et A l l e n  (1938), H a s l e  (1960) et surtout la remarquable monographie de 
H a s l e  (1965) :

N . pungens Grunow, N . pungens var. atlantica  Cleve, N . pacifica  Cupp, N . delicatissim a  
Cleve, N . fraudulenta Cleve, et N . H eim ii Manguin.

F  am. S U R IR E L L A C E A E

C a m p y lo d isc u s  b ia n g u la tu s  Greville, 1862 
Pi. XIII, flg. 89

G r e v i l l e ,  1862, p. 20, pi. 3, flg. 2. S c h m id t ,  1875, pi. 14, flg. 18-22, e t  1900 (?), pi. 208, flg. 9-15. 
P e r a g a l l o ,  1908, p. 242, pi. 55, flg. 9 (?). C r o s b y  e t  W o o d , 1959, p. 43, pi. 9, flg. 130.

? =  Campylodiscus zebuanus Castracane 
C a s t r a c a n e ,  1886, p. 62, pi. 11, flg. 10.
Non : Cam pylodiscus decorus, Brébisson

Valves fortement ondulées ; espace central large et rectiligne, arrondi aux extrémités apicales ; 
côtes fortement marquées; chaque côte subit deux inflexions, plus évidentes vers les deux extré
mités de l’axe apical. Diamètre ; 80-110 p.
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R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé.
O c é a n  I n d i e n  : Ceylan; Indonésie; Madagascar; golfe d’Aden; Zanzibar; détroit de Bass. 

( A m o s s é , 1924).
D i s t r i b u t i o n  m o n d i a l e  : espèce presque inconnue en dehors de l’océan Indien et de l’archi

pel indonésien. P e r a g a l l o  (loc. c i t . )  et D e  T o n i  (1891) la signalent sur les côtes atlantiques 
françaises et en Méditerranée.

C a m p y lo d isc u s  c ly p e u s  (Ehrenberg) Ehrenberg, 1840

E h r e n b e r g ,  1 8 3 6  ( ? )  e t  1 8 3 8 ,  p .  1 9 5  : « Cocconeis clypeus »; 1 8 4 0 b ,  p .  2 0 5 ,  e t  1 8 5 4 ,  p i .  1 0  ( 1 ) ,  f l g .  1 ,  
p i .  1 0  ( 2 ) ,  f l g .  2 1 ,  p i .  1 3  ( 1 ) ,  f l g .  2 8 .  S c h m id t ,  1 8 7 7 ,  p i .  5 4 ,  f l g .  7 - 8 ,  e t  p i .  5 5 ,  f l g .  1 - 3 .  V a n  
H e u r c k ,  1 8 8 5 ,  p .  1 9 1 ,  p i .  7 5 ,  f l g .  1 ;  1 8 9 6 ,  p .  3 7 5 ,  f l g .  1 2 1 ,  e t  p i .  1 4 ,  f l g .  5 9 8 .  P e r a g a l l o ,  
1 9 0 8 ,  p .  2 3 7 ,  p i .  5 1 ,  f l g .  1 - 3 .  C l e v e - E u l e r ,  1 9 5 2 ,  p .  1 2 8 ,  f l g .  1 5 7 9 .

R é c o l t e s  p e r s o n n e l l e s  : Nossi-Bé; Tuléar.
O c é a n  I n d i e n  : rare. Indonésie; Antarctique. Espèce nouvelle pour le canal de Mozambique.
D i s t r i b u t i o n  m o n d ia l e  : espèce littorale, totalement euryhaline, probablement cosmo

polite. (Abondante à l’état fossile.)
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INNOVATIONS TAXINCMIQUES

La présente étude ne renferme qu’une seule espèce nouvelle pour la science : Licm osphe
nia  (?) M ereschkowskyi ; deux espèces insuffisamment observées sont ici laissées dans l’anonymat, 
quoique probablement nouvelles : Achnanthes sp. et F rag ilaria  sp.

Trois nouvelles combinaisons sont proposées : Schroederella delicatula f. Schroederi (Bergon), 
Isthm ia japonica  (Castracane), et Triceratium  pelagicum  (Schröder).

Une nouvelle variété H u sted tii est ici créée pour divers exemplaires de l’espèce Clim acosphenia  
m oniligera, différents du type et connus sous le nom (synonyme spécifique) de C. elongata.

A trois reprises, un nouveau nom spécifique a dû être proposé en remplacement d’une 
épithète illégale (homonyme postérieur : cf. L a n j o u w  et al., 1 9 6 6 ,  article 6 4 )  : Coscinodiscus 
K arsten ii ( =  C. incertus Karsten), Rhizosolenia squam ifera  ( =  R . squamosa Karsten), et Synedra  
hantzschiana ( =  Synedra rostrata [Hantzsch] Hustedt in A. Schmidt).

Enfin, en plusieurs occasions, on suggère dans ce travail de désigner le type d’une espèce 
sous un nom de variété-type ou de forme-type : Rhizosolenia im bricata Brightw. var. im bricata, 
Chaetoceros didym um  Ehr. var. didym um , Triceratium  form osum  Brightw. f. formosum, etc. 
Ces pratiques ne constituent nullement des nouvelles combinaisons — ni même réellement des 
innovations taxinomiques — (cf. L a n j o u w  et al., articles 2 4  et 2 6 ) ;  leur but est de pallier l’impré
cision du nom d’espèce et d’éviter la confusion avec les divers taxons infraspécifiques (dont 
les répartitions géographiques et les affinités écologiques respectives pourront ainsi, à l’avenir, 
être mieux connues). Un tel procédé est peut-être discutable du point de vue « philosophique » : 
voir à ce sujet V a n  L a n d in g h a m  ( 1 9 6 7 ,  introduction : the « typifying variety » concept), mais 
son utilité, et la clarté qu’il introduit, me semblent incontestables.

RÉCAPITULATION BIO GÉOGRAPHIQUE

Les espèces, variétés et formes étudiées dans le présent travail constituent un total de 
196 taxons, total dont il est intéressant d’examiner la signification biogéographique; rappelons 
à ce sujet, pour la même région, deux tentatives analogues de S o u r n i a  sur les Diatomées et 
Dinoflagellés planctoniques de Nossi-Bé (1968 a) et de Tuléar (1968 b).

Une catégorie préalable doit être établie pour les taxons « rares ou mal connus » qui, selon 
l’extension donnée à cette notion assez intuitive, s’élèvent au nombre de 30 à 50, soit un peu 
moins du quart de l’ensemble; parmi ceux-ci on notera particulièrement :

— B iddu lph ia  azorica, Rhizosolenia obtusa, R . squam ifera, F rag ilaria  A u r iv illi i, et L icm o
phora A u r iv ill i i:  signalés ici pour la première fois depuis leur découverte originelle.

— M elosira sphaerica (?), Coscinodiscus Thorii, B iddu lph ia  longicruris var. hyalina,
B. azorica, Triceratium  pelagicum , Isthm ia japonica, Rhizosolenia obtusa, et R . alata f. curvi
rostris : taxons nouveaux .pour l’océan Indien.
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Les distributions géographiques elles-mêmes, envisagées ici simplement sous l’aspect latitu
dinal, peuvent être groupées comme suit (divers taxons trop mal connus étant laissés de côté) :

— Cosmopolites : environ 66 taxons.
— Zones tropicales et tempérées de l’océan mondial (Diatomées thermophiles mais rela

tivement eurythermes) : environ 63.
— Zone tropicale seule (Diatomées thermophiles sténothermes) : environ 26.
— Océan Indien : 5 taxons peuvent être provisoirement considérés comme « endémiques » 

dans cet océan (tel que défini sensu lato, p. 7); cette catégorie est toutefois de nature douteuse, 
et les espèces qui la constituent sont d’ailleurs mal connues : Rhizosolenia squamifera, H em iaulus  
indicus, Detonula moseleyana, Licm ophora A u riv illii et F ragilaria  A u riv illii.

— Mers froides : 2 des espèces récoltées, Dactyliosolen antarcticus et Pleurosigm a directum, 
étaient jusqu’ici réputées psychrophiles, mais ceci semble en fait assez douteux (voir p. 61 et 96).

— Une espèce enfin, rencontrée à Nossi-Bé en saison des pluies, semble d’origine dulcaquicole 
( F ragilaria  crotonensis) ; par ailleurs, Gyrosigma balticum, récoltée uniquement elle aussi en zone 
littorale (Nossi-Bé), est à signaler pour son euryhalinité.

Il ressort de cette énumération que les taxons purement tropicaux sont peu nombreux (26 
sur 196) et que, d’autre part, l’hypothèse d’un peuplement particulier à l’océan Indien est très 
peu probable; on voit d’ailleurs, en combinant les trois premiers groupes, que 155 Diatomées 
sur 196, soit les 4/5 des taxons que j’ai récoltés dans le canal de Mozambique, sont, à des titres 
divers (cosmopolites, eurythermes ou thermophiles), répandues dans les eaux tropicales des 
trois grands océans, le dernier cinquième étant essentiellement composé d’espèces encore trop 
mal connues pour que leur biogéographie puisse actuellement être esquissée.

REMARQUES SUR LA BIBLIOGRAPHIE

Une vue d’ensemble sur le présent travail montre que de très nombreux synonymes y sont 
cités (encore ai-je évité, sauf intérêt particulier, de reproduire les synonymies exposées par 
H u s t e d t  ou  H e n d e y ). Il convient ici de distinguer entre :

— Les synonymies « discutables » : tantôt admises et tantôt rejetées, elles traduisent 
les fluctuations mêmes de la systématique; par exemple : Coscinodiscus nobilis Grunow =  ?
C. concinnus W. Smith. La résolution de tels problèmes suppose une étude de la variabilité spéci
fique et, souvent, la connaissance de la structure fine des frustules. Sous ces deux aspects, la 
diatomologie moderne dispose de deux auxiliaires, respectivement : la technique des cultures 
(à titre d’exemple, voir le Coscinodiscus étudié par H o l m e s  et R e i m a n n , 1966), et la microscopie 
électronique (diverses applications in  H a s l e , 1964, 1965, et H a s l e  et M e n d i o l a , 1967).

Notons que, dans le cas de descriptions originelles insuffisantes, certaines synonymies de 
ce type restent à jamais insolubles; ainsi : Triceratium  orbiculatum  Shadbolt =  ? T. shadbol
tianum  Greville.

Rappelons aussi cette particularité de la systématique des Diatomées, à savoir que la notion 
d’espèce, dans ce groupe, se base uniquement sur le critère « morphologie externe ». Au sujet de 
la signification taxinomique possible du contenu cellulaire, voir Ross (1963), H e n d e y  (1964), 
et, pour un exemple d’application, S im o n  (1954).

— Les synonymies « indiscutables » : leur origine tient le plus souvent à une insuffisance 
bibliographique, et leur sort relève uniquement (sinon « simplement »...) des règles fixées par 
le Code international de la nomenclature botanique ( L a n j o u w  et al., 1966). Ainsi : H yalosira  
punctata Harvey et Bailey =  Rhabdonema m irificum  W. Smith. Regrettons ici le peu d’usage 
que font de ce livre les planctologistes : certains auteurs modernes, ignorant manifestement 
l’existence même de ce Code, n’en ont pas moins créé des espèces ou combinaisons nouvelles...
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Le problème des synonymes n’est qu’un des aspects du malaise général qu’éprouve actuelle
ment la diatomologie. Outre que cette science a progressé, au cours du x ixe siècle et jusqu’à 
des temps assez récents, dans une liberté excessive, parfois selon les caprices de diatomophiles 
plus « collectionneurs » que scientifiques, il faut compter maintenant avec l’extrême dissémination 
des publications, les difficultés d’accès aux travaux très anciens, et le nombre trop restreint 
d’ouvrages récapitulatifs tels que monographies régionales, révisions génériques, index, etc. 
Sur ce dernier point, on doit louer la toute récente initiative de Y a n  L a n d in g h a m  (1967), qui a 
entrepris de remettre à  jour l’index de M i l l s  (1933-35)*.

Deux remèdes à ce malaise bibliographique peuvent être envisagés : d’une part, un usage 
plus répandu (sinon obligatoire...) du Code de nomenclature et de l’index mentionné ci-dessus; 
d’autre part, la constitution d’un fichier taxinomique mondial (du moins pour les genres planc- 
toniques), selon le type réalisé par D e f l a n d r e  pour les Flagellés fossiles**.

Dans l’état actuel de la diatomologie, il n’est finalement pas déraisonnable d’avancer qu’il 
existe dans la bibliographie davantage d’espèces (planctoniques) en sommeil qu’il ne reste dans 
les mers d’espèces nouvelles à découvrir...

* C’est seulem ent au m om ent de rédiger ces « Quelques conclusions » que je reçois le premier volum e de ce
nouveau catalogue : je n’ai donc pu en tenir aucun com pte dans la réalisation de ce travail, d’où les
omissions et divergences possibles.

** Cf. Fichier micropaléontologique général( C.N.R.S.). Je dois à  M. le Professeur G. D e f l a n d r e ,  Directeur
du Laboratoire de Micropaléontologie de l’École pratique des H autes Études, de nombreux encoura
gements et conseils.

' v̂ S C q
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C z a p e k  (F .) .  —  19 0 9 . —  Z ur K e n n tn is s  d es P h y to p la n k to n s  im  in d isc h e n  O zea n . Sber. A kad . 
W iss. W ien, M ath . N a tu r w . K l. ,  1 1 8  (1 ), p p . 2 3 1 -2 3 9 .

D a n g e a r d  (P .) .  —  1927 . — • P h y to p la n c to n  d e  la  cro isière  d u  S y l v a n a .  A n n ls  Inst, océanogr. 
M onaco, n o u v . S ér ., 4 ,  p p . 2 8 5 -4 0 7 .

D e f l a n d r e  (G .). —  1 9 3 5 . —  R é fle x io n s  su r  la  n o t io n  d e  l ’e sp è c e  e t  le s  v a r ia t io n s  c h e z  le s  D ia to 
m é e s , à p ro p o s  d ’u n e  B iddu lph ia  à v a lv e s  d isse m b la b le s . B ull. Soc. fr. M icrosc., 4  (1 ) , p p . 14 -1 6 .

D e l s m a n  (H .C .) . —  1 9 3 9 . —  P re lim in a r y  p la n k to n  in v e s t ig a t io n s  in  t h e  J a v a  sea . Treubia, 1 7 ,  
p p . 1 3 9 -1 8 1 , c f. e rr a tu m  p . 4 0 7 .

D e - T o n i  (J .B .) .  —  1 8 9 1 -9 4 . —  Sylloge Bacillariearum  om nium  hucusque cognitarum. In  : Sylloge 
algarum ..., Patavi, 2  : Bacillarieae, S ec . 1 -3 , 1 5 5 6  p .

D r e b e s  (G .). —  19 6 6 . — ■ O n t h e  l ife  h is to r y  o f  th e  m a r in e  p la n k to n  D ia to m  Stephanopyxis palm e
riana. Helgoländer W iss. M eeresunters., 1 3  (1 -2 ) , p p . 1 0 1 -1 1 4 .

E h r e n b e r g  (C .G .). —  1 8 3 4 -1 8 3 5 . —  D r it te r  B e itr a g  zu r  E r k e n n tn is  g ro sser  O rg a n isa tio n  in  der  
R ic h tu n g  d es k le in s te n  R a u m e s . Abh. dt. A kad . W iss. Beri. 1 8 3 3 , p p . 1 4 5 -3 3 6 , p i. 1 -1 1 . (1 8 3 4  : 
S e p a r a tu m ).
—  1 8 3 8 . —  D ie  In fu s io n s th ie r c h e n  a ls  v o llk o m m e n e  O rg a n ism en . E in  B lic k  in  d a s  T ie fere  
o r g a n isc h e  L eb en  d er  N a tu r . L eipzig ,  5 4 8  p .,  6 4  p i.
—  1 8 3 9 a . —  Ü b er  d ie  B ild u n g  d er  K r e id e fe lse n  u n d  d es  K re id e m e r g e ls  d u rch  u n s ic h tb a r e  
O rg a n ism en  A bh. dt. A kad . W iss. B e r i ,  1 8 3 8 , p p . 5 9 -1 4 7 , p i. 4 .
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—  1839ft. —  Ü b er  j e t z t  w ir k lic h  n o ch  za h lre ich  le b e n d e  T h ie ra r ten  der  K re id e fo r m a tio n  der  
E rd e . Ber. verh. K . A kad . W iss. Beri., 1 8 3 9 , p p . 15 2 -1 5 9 .
—  1 8 4 0 a . —  E r s t l ic h  ü b er  a u s g e z e ic h n e te  j e t z t  le b e n d e  p e r u a n isc h e  u n d  m e x ik a n isc h e  M eeres
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—  1 8 4 5 . —  N e u e  U n te r su c h u n g e n  ü b er  d a s  k le in s te  L e b e n  a ls  g e o lo g isc h e s  M o m en t. Ib id ., 
1 8 4 5 , p p . 5 3 -8 8 .
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F r e n g u e l l i  (J .) .  —  1 9 2 8 . —  D ia to m e a s  d e l o c éa n o  a t lá n t ic o . A n . M us. nac. argent. H ist. nat. 
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—  1 9 3 9 . —  X V o c o n tr ib u c ió n  a l c o n o c im ie n to  d e  la s  D ia to m e a s  a r g en tin a s  : D ia to m e a s  del 
g o lfo  d e  S a n  M a tia s (R io  N eg ro ). Revta M us. L a  P lata, N . S er ., B o t . ,  2  (1 0 ) , p p . 2 0 1 -2 2 6 , p i. 1 -2 .

F r i t s c h  ( F .E .) .  —  1 9 3 5 . —  Bacillariophyceae, in  : T h e  str u c tu r e  a n d  rep ro d u c tio n  o f  t h e  A lg a e , 
Cambridge Univ. Press., I, 5 6 4 -6 5 1  (R e p r in t  : 194 8 ).

G a a r d e r  (K .R .) .  —- 1 9 5 1 . — • Bacillariophyceae  fro m  t h e  « M ic h a e l  S a r s  » n o r th  A t la n t ic  d eep  
sea  e x p e d it io n  19 1 0 . R ep. scient. Results M ichael Sars N . A llant, deep Sea Exped., 2  (2 ) , p p . 1 -36 , 
ta b l. 1 -5 .
—  e t  H a s l e  (G .R .) . — ■ 1 9 6 2 . —  O n t h e  a ssu m e d  sy m b io s is  b e tw e e n  D ia to m s  a n d  C o cco lith o -  
p h o r id s  in  Brenneckella. N y tt M ag. Bot., 9 , p p . 1 4 5 -1 4 9 , p i. 1-2 .

G r a n  (H .H .) .  —  19 0 0 . —  B e m er k u n g e n  ü b er  e in ig e  P la n k to n d ia to m a c e e n . N yt. M ag. N a turvid ., 
C h ristia n ia , 3 8 ,  p p . 1 0 3 -1 2 8 , p i. 9.
—  1 9 0 5  e t  1 9 0 8 . —  D ia to m e e n , in  B r a n d t  e t  A p s t e in  : « N o r d isc h e s  P la n k to n  », B o t .  T e il, 
1 9 ,  p p . 1 -1 4 6 , 2 2 ,  p p . 1 -2 . (R é im p r e ss io n  : A sh er , Am sterdam , 196 4 ).
—  1 9 1 5 . —  T h e  p la n k to n  p r o d u ctio n  in  t h e  n o r th  eu ro p ea n  w a te r s  in  th e  sp rin g  o f 19 1 2 . Bull, 
plank ., (Cons. perm. int. Explor. M er), 1 9 1 2 , p p . 1 -1 4 2  +  ta b l.
—  e t  A n g s t  (E .C .) . —  19 3 1 . —  P la n k to n  D ia to m s  of P u g e t  S o u n d . P ubis Puget Sound  mar. 
biol. S tn ,  7 ,  p p . 4 1 7 -5 1 6 .
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7 5 7  p .

G r e g o r y  (W .). —  1 8 5 7 . — - O n n e w  fo rm s o f m a r in e  Diatomaceae, fo u n d  in  th e  F ir th  o f  C ly d e  a n d  
in  L o c h  F in e . Trans. R . Soc. E d inb .,  2 1 ,  p p . 4 7 3 -5 4 2  +  corrig . e t  e rra ta , p i. 9 -1 4 .

G r e v i l l e  (R .K .) .  —  1 8 2 3 -2 8 . —  S c o t t ish  c r y p to g a m ie  flora, or co lo u re d  figu res a n d  d e sc r ip tio n s  
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— 1860. — A monograph of the genus Asterolampra including Asteromphalus and Spatan
gidium. J . R. microsc. Soc. (Trans.), 8, pp. 102-124, pi. 3-4.
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G r u n o w  (A.). — 1862. — Die österreichischen Diatomaceen nebst Anschluss einiger neuen Arten 
von anderen Lokalitäten und einer kritischen Uebersicht der bisher bekannten Gattungen 
und Arten. Verh. zool.-bot. Ges. Wien, 12, pp. 315-472 et 545-588, pi. 3-8 et 18 (=  6-12).
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Ibid., 6 (3), pp. 33-37.
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— 1877. — New Diatoms from Honduras, with notes by F. K i t t o n . Mon. microsc. J ., 18, 
pp. 165-186, pi. 193-196.
— 1879. — New species and varieties of Diatomaceae from the Caspian sea (translated with 
additional notes by F. K i t t o n ) .  J. R. microsc. Soc., 2 (2), pp. 677:691, pi. 21.
— 1884. — Die Diatomeen von Franz-Josefs Land. Denkschr. Akad. Wiss. Wien, Math. 
Naturv. Kl., 48 (2), pp. 53-112, pi. 1-5 (=  A-E).

H a n t z s c h  (C.A.). •— 1863. — Über einige Diatomaceen aus dem ostindischen Archipel, in R a b e n 
h o r s t  : Beitrage zur näheren Kenntniss und Verbreitung der Algen, Leipzig, 1, pp. 17-22, 
pi. 5-6a.

H a r d y  (A.C.). — 1935. — The phytoplankton, in H a r d y  et G u n t h e r  : The plankton o f  t h e  
South Georgia whaling grounds and adjacent waters, 1926-1927. « Discovery » Rep., 11, pp. 39- 
87 et 371-375.

H a r t  (T.J.). — 1934. — On the phytoplankton of the south-west atlantic ocean and the Belling- 
hausen sea 1929-1931. Ibid., 8, pp. 1-268. (Cf. : « Notes on the species », pp. 153-174).
— 1942. — Phytoplankton periodicity in antarctic surface waters. Ibid., 21, pp. 261-356. 
(Cf. : « Notes on the species », pp. 286-295).
— et C u r r i e  (R.I.). — 1960. — The Benguela current. Ibid., 31, pp. 123-298. (Cf. : « Taxo
nomic notes », pp. 215-219).

H a r v e y  (W.H.) et B a i l e y  (J.W.). — 1854 et 1855. — New species of Diatomaceae, collected by 
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Vidensk.-Akad., Oslo, Math. Naturv. Kl., 2, pp. 1-50, pi. 1-8.
— 1964. — Nitzschia and Fragilariopsis species studied in the light and electron miscroscopes. 
I : Some marine species of the groups Nitzschiella and Lanceolatae. Ibid., 16, pp. 1-48, pi. 1-16.
— 1965. — Id., II : The group Pseudonitzschia. Ibid., 18, pp. 1-45, pi. 1-17.
— et M e n d i o l a  (B.R.E. de). — 1967. — The fine structure of some Thalassionema and Tha
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H e i b e r g  ( P .A .C .) .  — 1 8 6 3 . — Conspectus criticus Diatomacearum danicarum. Copenhague, 1 3 5  p . ,  
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(* ) R é im p re ss io n  : J .  C r a m e r ,  L ehre , 1968.
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H e n d e y  ( N .I .) .  —  1 9 3 7 . —  T h e  p la n k to n  D ia to m s  of th e  so u th e r n  se a s . « Discovery » Rep., 16, 
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o f b r it ish  c o a s ta l  w a te r s , p a r t  V . London, H.M.S.O., Fish. Invest., S er. 4 , 317  p .,  4 5  p i.
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5  (1 2 -1 6 ) , p p . 1 -1 0 8 , p i. 1 -6 , +  ta b l.
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H u l b u r t  (E .M .). —  1 9 6 3 . —  T h e  o c cu re n c e  o f Skeletonema costatum (Bacillariophyceae) in  th e  
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—  1 9 5 5 . —  M arine l it to r a l  D ia to m s  o f B e a u fo r t , N o r th  C arolin a . Bull. Duke Univ. mar. Stn, 
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I k a r i  (J .) .  —  1 9 2 6 . —  O n so m e  Chaetoceras o f  J a p a n , I. Bot. Mag., Tokyo, 40, p p . 5 1 7 -5 3 4 .
— 1 9 2 7 . — O n Bacteriastrum o f  J a p a n . Ibid., 41, p p . 4 2 1 -4 3 2 .
—  1 9 2 8 . —  O n so m e  Chaetoceras o f  J a p a n , II . Ibid., 42, p p . 2 4 7 -2 6 2 .

Io  a n n o  u  (M .M .). —  19 4 9 . —  N o t e  su r  Bellerochea malleus (B r ig h t .)  V a n  H eu rc k . Praktika ell. 
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—  e t  R a b e n h o r s t  (L .). —  1863 . —  Ü b er  M ee re s-D ia to m e en  v o n  H o n d u r a s , in : R a v e n h o r s t , 
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A D D E N D U M

Au sujet de Coscinodiscus Karstenii (p. 16) :

Ce nom vient d’être publié par V a n  L a n d i n g h a m  dans le second volume de son « Catalogue ». 
On écrira donc : C. Karstenii Van Landingham, et non : C. Karstenii Sournia.
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PLANCHE VII

F i g .  46. — C o s c in o d is c u s  n o b i l i s  Grunow. Bord de la valve, montrant les spinules marginaux, 
les rayons correspondants et l’un des deux apicules. Distance entre deux spinules 
voisins : env. 10 p..

Fig. 47. — C o s c in o d is c u s  n o d u l i f e r  A. Schmidt. Diamètre valvaire : 90 p.
Fig. 48. — C o s c in o d is c u s  a s te r o m p h a lu s  Ehrenberg. Portion de la valve. Diamètre valvaire :

2 0 0  p .

Fig. 49. — C o s c in o d is c u s  T h o r i i  Pavillard. Le bombement de la valve rend la mise au point 
très partielle. Chromatophores caractéristiques. Diamètre valvaire : 160 p.

F ig .  5 0 . —  C o s c in o d is c u s  r a d ia tu s  Ehrenberg. Diamètre valvaire : 5 5  p.

F ig .  5 1 . — C o s c in o d is c u s  c e n tr a li s  var. p a c i f ic u s  Gran et Angst. Diamètre valvaire : 1 9 0  p.
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PLANCHE YHI

F ig .  5 2 . — C o s c in o d is c u s  K a r s t e n i i  nom. nov. Diamètre valvaire : 9 0  g .

F i g .  5 3 . — C o s c in o d is c u s  g ig a s  var. p r a e te x tu s  Janisch e x  Hustedt. Fragment du bord de la
valve, montrant l’anneau marginal caractéristique de la variété. Dimensions rectan
gulaires du fragment : 4 0  x  7 5  [x.

F i g .  54. —  C o s c in o d is c u s  o c u lu s - i r id i s  var. b o r e a l is  (Bailey) Cleve. Diamètre valvaire : 115 g.
F i g .  5 5 . — C o s c in o d is c u s  o c u lu s - i r id i s  Ehrenberg var. o c u lu s - i r id i s .  Portion de la valve; diamètre : 

2 8 0  ¡x.

F i g .  5 6 . — C o s c in o d is c u s  J a n i s c h i i  var. a r a f u r e n s is  Grunow. Diamètre valvaire : 2 1 0  |x.
F i g .  5 7 . — P la n k to n ie l la  s o l  (Wallich) Schütt. Diamètre valvaire : 2 6 0  ¡x.
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PLANCHE IX

F i g .  58. — A s te r o m p h a lu s  h e p ta c t i s  (Brébisson) Ralfs in  Pritchard. Diamètre valvaire : 95 ¡a.

F i g .  59. — A s te r o m p h a lu s  e le g a n s  Greville. Diamètre valvaire : 100 g.

F i g .  60. — A s te r o m p h a lu s  a ra c h n e  (Brébisson) Ralfs in  Pritchard. Diamètre valvaire : 70 ¡a.

F i g .  61. — A s te r o m p h a lu s  r o p e r ia n u s  (Greville) Ralfs in  Pritchard. Diamètre valvaire : 85 [jl.

F i g .  62. — R o p e r ia  te s s e l la ta  (Roper) Grunow in  Van Heurck. Diamètre valvaire : 80 p. Le
nodule marginal est indiqué par la flèche.

F i g . 63. — A c tin o p ty c h u s  s p le n d e n s  (Shadbolt) Ralfs in  Pritchard. Portion de la valve; diamètre 
yalvaire : 120 p.
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PLANCHE X

F i g .  64. — Schroederella delicatula (H. Peragallo) Pavillard f. delicatula. Auxosporulation. Dia
mètre valvaire : 30 ¡i.

F i g .  65. — Rhizosolenia imbricata Brightwell var. imbricata. Diamètre valvaire : 95 ¡i.
F i g .  66. — Rhizosolenia imbricata var. Shrubsolei (Cleve) Schröder. DiamètTe valvaire : 30 ¡a.

F i g .  67. — Rhizosolenia crassispina Schröder. Fin d’une division. Diamètre valvaire : 60 ¡a.

F i g .  68. — Rhizosolenia Clevei Ostenfeld. Avec la Cyanophycée endophyte Richelia intracellu
laris. Diamètre valvaire : 75 g..

F i g .  69. — Gossleriella tropica Schütt. Diamètre total : 280 ¡a.
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PLANCHE XI

F i g .  70-71. — T r ic e r a t iu m  p e la g ic u m  (Schröder) nov. comb. Diamètre valvaire : env. 85 p.
(70 : Extrémité d’une cellule en vue connective. 71 : Vue valvaire.)

F i g .  72-73. — T r ic e r a t iu m  p e n ta c r in u s  f. q u a d r a tu m  Hustedt. Longueur d’un côté de la valve : 
env. 105 p.
(72 : Vue valvaire. 73 : Vue connective.)

F i g .  7 4 .  — B i d d u l p h i a  a zo r ic a  Pavillard. Deux cellules après division, en vue connective. Axe 
apical : 100 p.

F i g .  7 5 .  — H e m ia u lu s  s in e n s i s  Greville. Vue connective. Axe apical : 4 0  p .

F i g .  76. — I s th m ia  m i n i m a  Harvey et Bailey. Cellule en division. Axe apical : 50 p.
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PLANCHE XII

F ig . 77-78. — Isthmia japonica (Castracane) nov. comb. Axe apical : 75-80 p.
(77 : Cellule en division. 78 : Noter les nombreux points de contact entre les deux 
cellules voisines.)

F ig . 79. — Isthmia minima Harvey et Bailey. Axe apical : 30 p..

F i g .  80. — Triceratium formosum Brightwell f. formosum. Vue connective. Longueur d’un côté 
de la valve : 110 p.

F ig . 81. — Triceratium formosum f. quadrangulare (Greville) Hustedt. Vue valvaire. Longueur 
d’un côté de la valve : 90 p.

F ig . 82. — Triceratium formosum f. quinquelobatum (Greville) Hustedt. Vue valvaire. Longueur 
d’un côté de la valve : 95 p.

F ig . 83. — Biddulphia tridens (Ehrenberg) Ehrenberg. Axe apical : 55 p.
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PLANCHE XIII

F ig . 84. —  Triceratium shadboltianum Greville. Extrémité d’une cellule, montrant exception
nellement deux épines sur chacune des trois protubérances valvaires. Longueur d’un 
côté de la valve : 80 p.

F i g .  85. — Hemidiscus cuneiformis Wallich. Longueur du côté sub-rectiligne de la valve : 115 p .

F i g .  86. — Rhabdonema adriaticum Kützing. Axe apical : 170 p .

F i g .  87. — Rhabdonema punctatum (Harvey et Bailey) Stodder ex Boyer. Axe apical : 190 p .

F i g .  88. — Achnanthes sp. Axe apical : 40-50 p .

F i g .  89. — Campylodiscus biangulatus Greville Axe apical : 105 p .
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Reprin ted  from  Israel J .  Roí., vol. 17, 1968, p. 1-118

Contributions to the K now ledge  of the R ed  Sea N o . 42

A HISTORY, CATALOGUE, AND BIBLIOGRAPHY OF 
RED SEA BENTHIC ALGAE*

G. F. Papenfuss 

University o f California, Berkeley

During March and April of 1962, it was my privilege to be a participant in the Israel 
South Red Sea Expedition, which was based on Entedebir Islet in the Dahlak 
Archipelago, Ethiopia. The marine algae collected then are now being studied. By 
way of preparation for this study, I started shortly after my return to Berkeley to 
compile a list of the species of algae previously reported from the Red Sea. As the 
compilation progressed, it became evident that this was a larger undertaking than I 
had anticipated. With the encouragement of Professor H. Steinitz, the leader of the 
1962 Israel Expedition, it was later decided to make a complete survey of the litera
ture. The present paper, therefore, constitutes a historical review, a summary (in 
the form of an annotated catalogue of the species and taxa of lower rank), and a 
bibliography of what has been done up to the present on Red Sea benthic algae.

HISTORICAL REVIEW

The Red Sea has been a region of natural history exploration by European scien
tists for more than 200 years. Previous to the completion of the Suez Canal in 1869, 
travelers started their journies of exploration either from the east coast of Egypt 
(usually Suez), whence vessels to the Arabian coast could be obtained and thence 
to the Ethiopian coast, or they entered the Red Sea from the south through the 
Strait of Bab el Mandeb, having come by ship via the Cape of Good Hope.

The first record of marine algae from the Red Sea was by Strand  (1756', see 
also 1759) a pupil of L inna eus’s, who in his thesis on the flora of Palestine listed

* I am indebted to the National Science Foundation in two ways in connection with this paper. Firstly, 
my involvement in Red Sea algae is attributable to my participation in the Israel South Red Sea Expedi
tion of 1962. The travel and other expenses connected with my participation were borne by the United 
States Program in Biology for the International Indian Ocean Expedition, which Program received its 
funds from the National Science Foundation. Secondly, this paper was prepared with the aid o f a 
grant from the Foundation (GB-1656). To the University o f California I am indebted for granting me 
a leave-of-absence with salary to enable me to participate in the Israel Expedition.

I greatly appreciate having been invited to participate in the Israel South Red Sea Expedition. Special 
thanks are due Professor H. Steinitz o f the Hebrew University o f Jerusalem, the leader of the Expedition, 
for the encouragement that I received from him in connection with the preparation of this paper and 
for his help in numerous ways. Mr. G. Blumenfeld of the Geological Survey of Israel, Jerusalem, kindly 
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(w ith o u t g iv in g  th e  p re c ise  lo c a lity )  th r e e  sp ec ies  th a t  w ere  c o lle c te d , p re s u m a b ly  
in  1752, b y  a n o th e r  p u p il  o f  L in n a e u s ’s , F. H a s se l q u ist .

The next person to collect algae in the Red Sea was Petrus F o r ssk â l  (1775). 
He was the first to describe new species from the region. Cari C h r is t e n s e n  (1918) 
has given an account of F o r s s k â l  and of his journey to Egypt and Arabia* (see also 
the review o f C h r is t e n s e n ’s book by H a r m s , 1918, and the fascinating book on this 
expedition by H a n s e n , 1964). F o r ssk â l  was bom in Finland in 1732. He grew up in 
Sweden and studied natural history under L in n a e u s . He was appointed naturalist 
to a Danish expedition to Arabia which left Copenhagen by the naval vessel Grönland 
on 4 January 1761. Another member of the expedition was the German mathema
tician Carsten N ie b u h r , who functioned as geographer. The Grönland took them 
as far as Constantinople, whence they obtained passage on a Turkish ship to Alex
andria, where they arrived 27 September 1761. From Alexandria they went to Cairo, 
where they stayed until 28 August 1762. They left Suez on 8 October 1762 on board 
an Arabian ship bound for Jiddah, where they arrived on 29 October. On 14 Decem
ber they left Jiddah on board an Arabian ship bound for Luhaiya, where they arrived 
29 December, having briefly visited Qunfida en route. On 20 April 1763 they departed 
by caravan for Mocha and on 9 June they left Mocha for the interior o f Arabia. 
F o r ssk â l  died in Jerim on 11 July 1763. His manuscripts were published by Niebuhr, 
the only survivor of the original group of six people.

In the course of time a number of botanists examined F o r s s k â l ’s specimens, 
which are preserved in the botanical museum of the University of Copenhagen, 
and most of his new species were maintained; some of his names, however, were not 
adopted. As far as the algae are concerned, F o r s s k â l ’s names that had the right 
of priority were resurrected by B o r g e se n  in 1932 in his revision of F o r s s k â l ’s 
algae. F o r ssk â l  is commemorated by Siphonocladus forsskalii (K ü t z in g ) B o r n e t  
ex D eT o n i and Sargassum forsskalii (M er t e n s) P a p e n f u s s .

The next person to describe algae from the Red Sea was the distinguished British 
algologist Dawson T u r n e r  (1808, 1809, 1811, 1819). His material was collected by 
Viscount V a l e n t ia  (see A n n e s l e y , 1809) during his travels in the Red Sea (mostly 
in the southern part but also in the Suez area; no specific localities are mentioned, 
however, as sources o f his material) from April to August 1804 and December 1804 
to February 1806.** Some of T u r n e r ’s specimens were collected by Viscount V a l e n - 
t ia ’s secretary, Henry Sa l t , who accompanied him on his travels, and who later 
(see Sa l t , 1814) was sent by the British Government on a mission to Ethiopia. Sa l t

* 1  have not seen C a r i  C h r i s t e n s e n ’s  work and am indebted to  Dr. Tyge C h r is t e n s e n  for an English 
abstract o f  the m ost relevant parts.

** On page 345 o f  volume 3 o f  his “Voyages and travels . . . ” Viscount V a l e n t i a  remarks : “I also greatly 
increased my collection o f  sea weeds, w ith which the Red Sea abounds . . .  ” , and farther on on the same 
page, “ M y friend, Mr. D aw son T u r n e r , in his beautiful work on the Fuci, has given d r a w in g s  o f  many 
o f the specimens which I brought hom e . .  .” .
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went by the merchant ship Marian via the Cape of Good Hope and was in the south
ern Red Sea in the latter part of 1809 and the first half of 1810. Viscount V a l e n t ia . 
Sa l t , and T u r n e r , are commemorated by : Hypnea valentiae (T u r n e r )  M o n t a g n e , 
Sargassum saltii (T u r n e r )  C. A g a r d h , and Liagora turneri Z a n a r d in i .

Napoleon invaded Egypt in July 1798. A party o f 165 French scientists, artists, 
and men of letters accompanied Bonaparte’s expeditionary force. The results of the 
scientific investigations appeared in the “Description de l’Égypte . . .”, published in 
Paris from 1809 to 1828. The algae, including several species from the Red Sea 
(Suez), were reported upon by D e l i l e  (1813, 1824). L a m o u r o u x  in his Essai (1813, 
p. 36, f.n. 2) says that D e l i l e  gave him all his specimens of marine plants from the 
Red Sea and Alexandria. These specimens are, therefore, presumably in L a m o u r 
o u x ^  herbarium at Caen. D e l i l e  is commemorated by Bangia delilei ( M o n ta g n e )  
Z a n a r d i n i ,  Asparagopsis delilei M o n t a g n e  [ =  A. taxiformis ( D e l i l e )  T re v is a n ] ,  
and Acanthophora delilei L a m o u r o u x  [ =  A. najadiformis ( D e l i l e )  P a p e n fu s s ] .

E h r e n b e r g  and H e m p r ic h  in 1820 made a scientific journey of six years’ duration 
to Egypt, West Asia, and Ethiopia. A preliminary report of their travels was pub
lished by Alexander v o n  H u m b o l d t  in the memoirs of the Berlin academy for 
1826 (published in 1829). E h r e n b e r g  himself in 1828 published a short historical 
account o f the early part of their journey. A full account apparently was never pub
lished. During the latter part o f 1823 and the early part of 1824, E h r e n b e r g  spent five 
months in Tor, where he occupied himself principally with corals. In 1823 and 1824 
both men also visited the islands on the Arabian side of the Red Sea from Aqaba 
to Moile ( =  Mueleh =  AÍ Muwaylih, 27°41'N, 35°31'E). In November of 1824 
they sailed from Suez for Jiddah. From Jiddah they went to Mecca and thence to 
Qunfida. Next they visited the volcanic Island of Ketumbul ( =  Qadimbal, 17°53'N, 
41°42'E) and the Farasan Archipelago. From Qizan, which is on the Arabian main
land due east of the Farasan Archipelago, they went to Luhaiya, from there to Kama- 
ran Island and thence to Massawa, on the Ethiopian coast, which they reached on 
24 April 1825. En route to Massawa they visited Onachil Islet and the Dahlak 
Archipelago. H e m p r ic h  died in Massawa and was buried on the Islet of Toalut 
(see Ann. Mag. nat. Hist., ser. 4, 19 :113-116, 1877). E h r e n b e r g  returned to Europe 
via Koseir and Alexandria, from where he sailed in November 1825.

E h r e n b e r g  himself reported on only two of the marine algae collected by him. 
He (1830) described the free-floating, blue-green algal genus Trichodesmium, with 
the then only species, T. erythraeum, which has an accessory red pigment that at times 
obscures the other pigments. If, at such times, the alga forms a bloom, it causes the 
surface waters to appear red—hence the Red Sea. E h r e n b e r g  (1833) also reported 
the coralline alga Pocillopora polymorpha (= Lithophyllum incrustans) from Koseir.

E h r e n b e r g ’s Egyptian algae and a few of those from other parts of the Red Sea 
that were present in the Berlin herbarium were reported by M u s c h l e r  (1908) in 
his enumeration of the algae of Egypt. E h r e n b e r g  is commemorated by Sargassum 
vaysierianum var. ehrenbergii G r u n o w .
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In 1834 D ec a isn e  reported on the algae collected along the shores of the Sinai 
Peninsula by B ov e (who himself, 1834, reported on a few of those collected at Suez). 
BovÉ was sent in 1830 by Ibrahim Pasha of Cairo to Arabia to obtain plants and 
seeds o f coffee. Sargassum boveanum and S. decaisnei were erected by J. A g a r d h  
in honor of B o v e  and D e c a is n e .

In 1834 Wilhelm S c h im p e r  made a journey of several years’ duration to Egypt, 
Arabia and Ethiopia under the auspices of the Unio Itineraria* and the Government 
of Baden. He collected marine algae principally at Tor and Nuweiba on the Sinai 
Peninsula and also at Jiddah and Koseir. The specimens were determined by H e r in g  
and M a r t e n s  and were distributed to subscribers in 1835 and 1837. On the basis of 
specimens collected by S c h im p e r  at Tor, H e r in g  and M a r t e n s  (in M a r t e n s  and 
H e r in g , 1836) described the elegant Amansia jungermannioides, which later was 
made the type of the genus Leveillea D e c a isn e . R u p r e c h t  (1849) and Z a n a r d in i 
(1858) have given lists of the algae distributed to subscribers to Sc h im p e r ’s plants. 
R u p r e c h t , who never visited the Red Sea, based his paper of 1849, titled “Die 
Vegetation des Rothen Meeres . . .”, largely on the material collected by Sc h im p e r .

Duplicates of some o f Sc h im p e r ’s algae are present in many herbaria, including 
that of the University of California, and are especially well represented in the her
barium of the University of Hamburg. In addition to Leveillea jungermannioides, 
Codium arabicum K ü t z in g , Sphacelaria rigidula K ü t z in g , Zonaria schimperi KÜT- 
ziN G , Chnoospora implexa J. A g a r d h , Galaxaura schimperi D e c a isn e , and Spyridia 
aculeata (C. A g a r d h  ex D e c a isn e ) K ü t z in g  are based on material collected by 
Sc h im p e r .

J. A g a r d h  in 1837 reported on a collection of marine algae made at Tor and 
especially in Ethiopia (probably in 1832) by Dr. Eduard R ü p p e l l , a distinguished 
zoologist on the staff of the Senckenberg Museum in Frankfurt a.M. This material 
is at that institution. Sargassum rueppellii J. A g a r d h  [ =  S. subrepandum var. ruep
pellii (J. A g a r d h ) J. Agardh] and Rüppellia Islet in the Dahlak Archipelago com
memorate R ü p p e l l , and S. fresenianum  J. A g a r d h  commemorates Dr. Georg 
F r e s e n iu s , a botanist on the staff of the Senckenberg museum who published on 
R ü p p e l l ’s terrestrial plants from Ethiopia and who asked J. A g a r d h  to determine 
R ü p p e l l ’s marine algae.

Doctors G. H. S c h u b e r t , M. E r d l , and J. R. R o t h  in 1836 and 1839 traveled in 
Egypt, Arabia, and Syria. S c h u b e r t  (1839, pp. 290 and 291) in his “Reise in das 
Morgenland . . . ” mentioned five species of marine algae obtained at Tor. The collec
tion as a whole was reported on by K u m m er  (see S c h e n k , 1840). This material 
should be at Munich [see Linnaea 15, 1841, Litt. -Bericht, p. 18; and Ber. Deutsch. 
Bot. Ges. 9, 1891, pp. (15)-(26)].

* The U nio Itineraria was a society for the prom otion o f  natural history travel that was established by 
S t e u d a l  and H o c h s t e t t e r  in Esslingen (see H ooker’s J. Bot. 2 : 2 9 - 3 4 ,  1 8 4 0 ;  Ann. Sc. nat. Bot., sér. 2 ,  

1 : 3 1 8 - 3 1 9 ,  1 8 3 4 ;  L a s è g u e , 1 8 4 5 ,  p. 1 0 9 ) .

662



5

In 1841 D e c a isn e  published the marine algae collected by Paul-Émile B o t t a  
(1841), a naturalist traveler of the natural history museum of Paris (see L a s è g u e , 
1845, p. 427) in 1836 in Egypt (Koseir and Tor), Saudi Arabia (Yenbo and Jiddah) 
and Yemen (Hodeida). It is in this paper that D e c a isn e  described the elegant reticu
late green algal genus Microdictyon, naming the type and then only species M . 
agardhianum in honor of J. A g a r d h . For almost a century this species was known 
only from the type specimen. When C r o s s l a n d  became director of the Ghardaqa 
Marine Laboratory in Egypt, Professor Se t c h e l l  of the University o f California, 
the monographer o f Microdictyon, asked him to search especially for M . agardhianum. 
It was rediscovered (at Ghardaqa) in 1933 and in 1935 Se t c h e l l  published some 
notes on the species and also gave an excellent illustration of it.

In 1843 M o n t a g n e  described Batrachospermum requienii, the type of the genus 
Trichogloea K ü t z in g  (1847), on material collected in the Red Sea by R e q u ie n . In 
1849 he reported on four species from the Red Sea, some of the specimens having 
been collected by Dr. L a l l e m a n d , after whom Dasya lallemandi [ =  Lophocladia 
lallemandi (M o n t a g n e ) S c h m it z ] was named. Other specimens were furnished by 
H u s s o n , the director of the botanical garden in Cairo, who is commemorated by 
Dasya hussoniana M o n t a g n e .

A r n a u d  and V a y s iè r e  from 1847 to 1849 collected a number of species of algae 
at Hodeida. This material was also studied by M o n t a g n e  (1850). Two o f the new 
species, Sargassum arnaudianum M o n t a g n e  and S. vaysierianum M o n t a g n e ,  were 
named in honor of these men.

In 1853 A. F ig a r i  and G. De N o t a r is  reported on the brown algae collected by 
themselves in the Red Sea and also on a few collected by HussoN. F ig a r i  and De 
N o t a r is  are commemorated by Sargassum figarianum De N o t a r is  [ =  S. subrepan
dum var. figarianum  (De N o t a r is)  J. A g a r d h ], S. notarisii Z a n a r d in i  [ =  S. fo rs
skalii var. notarisii (Z a n a r d in i) P a p e n f u s s ], Polysiphonia figariana Z a n a r d in i , and 
Dictyota notarisii K ü t z in g  [ =  Dilophus fasciola (R o t h ) H o w e ],

Z a n a r d in i  in 1851 published a preliminary account of a large collection o f algae 
made b y  P o r t ie r  at the Dahlak Archipelago, Massawa, Berenice, Koseir, Suez, Tor, 
Aqaba, Jiddah, Hodeida, and Mocha. Twenty-three new taxa were described in this 
paper. In 1855 Z a n a r d in i  published the most comprehensive account to appear 
up to that time of the algae of the Red Sea. The basis of this monograph was the 
collection of P o r t ie r ’s and also material in the herbarium of F ig a r i . This work 
included a review of previous work on Red Sea algae. Many new species and two 
new genera, Sarconema and Chloroplegma ( =  Avrainvillea D e c a isn e ), were des
cribed in this paper. Sargassum portierianum Z a n a r d in i  commemorates P o r t ie r .

P ic c o n e  (1884, 1886, 1889, 1893, 1900a, 1900b, 1900c) published seven papers 
that dealt wholly or in part with Red Sea algae. The first of these papers treated 
of material that was collected at various places on the coast of Eritrea by Giovanni 
C a r a m a g n a , the captain of an Italian naval vessel, Giacomo D o r ia , the Director of 
the natural history museum of Genoa, Cesare M a r c a c c i , a naval officer, and Profes-
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sor A rturo I s s e l , a malacologist. The new species were co-authored with A. G r u n o w  

of Vienna, the monographer of Sargassum, who described many new taxa of this 
genus from the Red Sea. D o r i a , M a r c a c c i , and I s s e l  are commemorated by 
Sargassum doriae G r u n o w  [ =  S. cuneifolium var. doriae ( G r u n o w )  G r u n o w ] ,  

S. marcaccii G r u n o w , and Zonaria isselii P i c c o n e  e t  G r u n o w  [ =  Pocockiella 
variegata ( L a m o u r o u x )  P a p e n f u s s ] ,  respectively.

P i c c o n e ’ s paper of 1886 dealt with material collected during the round-the- 
world cruise of the corvette Vet tor Pisani from 1882 to 1885 and included a number 
of species obtained at Massawa. In 1889 he reported on additional material collected 
by members of the Italian Royal Navy (Francesco O r s i n i  and Cesare M a r c a c c i )  in 
the southern Red Sea (Assab, Edd, Bay of Anfila, Dissei Islet, Adjuz Islet, Assarca 
Islets, and Massawa). In this paper G r u n o w  described Sargassum picconii [ =  S. 
boveanum var. picconii ( G r u n o w )  G r u n o w ]  among other new taxa of Sargassum. 
The paper of 1893 was a preliminary account of the algae collected at M andola 
Islet, Arafali, Dissei Islet, Shumma Islet, and Berenice during the hydrographic 
voyage of the Italian naval vessel Scilla in 1892 under the command of Captain 
G. Cassanello. The three papers of 1900 dealt mostly with algae from the southern 
Red Sea, but a few from Berenice and Suez were also included.

In 1885 Professor G.B. L i c a t a  and F. B a l s a m o  both published on the algae col
lected by the former at Assab.

H a u c k  in 1887, 1888, and 1889 reported on the algae collected by J. M. H i l d e 

b r a n d i  in the Red Sea in 1872 during his journey to the Red Sea and the Indian 
Ocean. G r u n o w  worked up the material of Sargassum and among other new taxa 
described S. hildebrandtii, based in part on material obtained at Hodeida.

B o r n e t  in 1888 published on a collection of algae made by L. F a u r o t , a marine 
zoologist, at Obock (French Somaliland) and Kam aran Island. Ten taxa were 
reported from K am aran Island, where they were collected in November and Decem
ber 1885.

Also in 1888 D e T o n i  and P a o l e t t i  reported on 31 species of algae collected 
by R. B r e s s a n i n , a ship’s doctor, a t Massawa and Suakin. G r u n o w  determined the 
material of Sargassum. S. fresenianum  var. bressaninii ( G r u n o w )  G r u n o w  is named 
after B r e s s a n in  and S. cinctum var. detonianum G r u n o w  commemorates the dis
tinguished Italian phycologist J. B .  D e T o n i .

R e i n b o l d  in 1903 published on 33 taxa of marine algae collected at Tor during 
1901 and 1902 by Professor P l a t e , a zoologist, for the institute of oceanography of 
the University of Berlin. In 1907 the same author listed five species that were collected 
in the Red Sea during the Valdivia Tiefsee-Expedition of 1898 and 1899.

As was mentioned above in connection with E h r e n b e r g , M u s c h l e r  in 1908 gave 
an enumeration o f the algae o f Egypt. M u s c h l e r  included in this enumeration 
material of his own, E h r e n b e r g ’ s Egyptian material, specimens from F i g a r i ’ s 

collection, and several other collections, deposited in the Berlin herbarium. He also 
included specimens from S i c k e n b e r g e r ’ s herbarium in the Cairo School of Medicine.
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In 1908 H a r v e y - G i b s o n  reported on material collected chiefly in the vicinity 
of Suakin and Trinkitat in the Sudan by Cyril C r o s s l a n d  in 1904 and 1905. In 1913 
H a r v e y - G i b s o n  and Margery K n i g h t  reported on specimens collected by C r o s s 

l a n d  at Dungunab Bay in the Sudan.
L y l e  in 1926 reported on the algae obtained by the Cambridge Expedition of 1924 

to the Suez Canal. The expedition was organized by Professor J. Stanley G a r d i n e r , 

who, however, did not himself participate in it.
B 0 R G E S E N  in 1932 revised F o r s s k â l ’ s algae and cleared up the confusion that had 

existed about some o f F o r s s k A l ’ s species. In the same year L a m i  (1932) reported on 
the algae collected by Professor G r u v e l  in 1932 in G reat Bitter Lake, through which 
the Suez Canal passes.

C r o s s l a n d  in 1930 became director of the University of Egypt’s marine biological 
station a,t G hardaqa on the Red Sea coast (see Nature 134:743-744, 1934), the con
struction o f which started in 1932. In late 1932 scientific work got underway at 
Ghardaqa and in 1934 A. H. N a s r  started work there on marine algae. His floristic 
studies resulted in a number of publications on Red Sea algae (one on blue-green 
algae in collaboration with F r é m y , 1938) and culminated in 1947 with the appearance 
of his comprehensive “ Synopsis of the marine algae of the Egyptian Red Sea coast” . 
In 1955 he published his observations on the ecology of the algae at Ghardaqa. 
N a s r  was Assistant D irector of the G hardaqa laboratory from 1939 to 1943 and is 
now Professor of Cryptogamie Botany in the University of Alexandria. Schizothrix 
nasri F r é m y  commemorates N a s r  and Ceramium nayalii N a s r  is named after Dr. A. 
A. N a y a l , Lecturer in Botany in the Egyptian University and student of Egyptian 
freshwater algae, who from time to time studied marine plants at Ghardaqa.

Miss Linda M. N e w t o n  of the British Museum in 1953 published on many of the 
algae obtained by the John M urray Expedition of 1933 and 1934 to the western 
Indian Ocean. Ten species were reported from the Hanish Islands.

More recently contributions to knowledge of the Red Sea algae have come largely 
through the efforts of Israeli scientists. The late Professor Tscharna R a y s s  (1959, 
1965) of the Hebrew University o f Jerusalem and R a y s s  and D o r  (1963) have added 
much to knowledge o f the algae of the Sinai Peninsula and the G ulf o f Aqaba. 
Professor Wm. Randolph T a y l o r  (1964, 1965, 1966) of the University of Michigan 
has published on the material of the genus Turbinaria, some of which was collected 
by the Israel South Red Sea Expedition of 1962. Two new species, T. elatensis and 
T. papenfussii, were recognized by him in the collections from the Red Sea. L e m o i n e  

(1966) has reported on the coralline algae collected by S t e i n i t z , B e n - T u v i a , and 
O r e n  in the G ulf of Aqaba and the southern Red Sea. (Previously, 1965, she had 
published on the calcareous red algae collected by Professor D r a c h  during a cruise 
of the Calypso in the Red Sea.) Professor S t e i n i t z  is commemorated by Petroderma 
steinitzii R a y s s  et D o r  and Dermatolithon steinitzii L e m o i n e .
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CATALOGUE OF THE TAXA

The places whence species have been reported are given in Table I. They are listed 
in a clockwise sequence, beginning with Bay of Assab in Ethiopia and ending with 
M ocha in Yemen. A map of the Red Sea which shows these places is given at the 
end of the paper.

A complete set of H o h e n a c k e r ’s “Algae marinae siccatae” was not available to 
me and it must be assumed that he distributed a few species from the Red Sea in 
addition to those cited in this catalogue.

Accepted generic and specific names which are based on Red Sea types are marked 
with an asterisk (*). Following the bibliography there is an index of the species and 
synonyms.

TABLE I

PLACES WHENCE SPECIES OF MARINE ALGAE HAVE BEEN REPORTED

Locality L at. N Long. E Locality L at. N Long. E

E t h i o p ia S u d a n

Bay o f Assab Trinkitat 18°41' 37°46'
Assab i3 °o r 42=47' Telia Telia Kebir Islet 18°49' 38°09'
Hanish Islands 13°43' 42°45' Suakin 19°08' 3 7 0 1 7 ,

Edd 13°57' 41°38' Port Sudan 19°38' 37°07'
Bay o f Anfila (also as D ungunab Bay 21°03' 37 o0 9'

Bay of Amfile)
M andola Islet 14°44' 40°54' E g y p t

G ulf o f Zula M irear Islet 23°15' 35°41'
Arafali 15°03' 3 9 0 4 3 . Berenice 2 3 0 5 7 . 35°17'
Dissei Islet 15°27' 3 9 0 4 5 . Wâdi Giraâl Islet 24°40' 35°07'
Onachil Islet (Howakil Daedalus Reef 24°55' 35°51'

Islet) 15°10' 40°16' Koseir 26°04' 34°15'
Adjuz Islet (S. M assawa The Brothers

Channel) 15°14' 40° 15' Safaga 26°43' 33°55'
Dahlak Archipelago Gifatin Islet 27° 14' 33°56'
Shumma Islet 15°31' 40°00' G hardaqa (Hurghada) 27°17' 33°47'
Assarca Islets 15°32' 39°55' Shadwân Islet 27°30' 34°00'
Entedebir Islet 15°43' 3 9 0 5 4 ' Ashrâfî Islet 2 7 0 4 7 , 33°42'
Derom Islet 15°54' 40°23' Strait o f Jubal
Rom ia Islet 16°32'. 40°02' G ulf o f Suez
Bay of Archico Ras G hârib 28°21' 33°06'
Sheik Said Islet 15°36' 3 9 0 2 9 . Suez 2 9 0 5 9 . 32°33'
Massawa 15°37' 39°28' Ras Abu Zeniraa 29°03' 33°06'
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Locality L at. N

(TABLE I cont’d) 

Long. E  Locality Lat. N Long. E

Ras Abu Rudeis 28°54' 33°12' Saudi Arabia
Tor 28°14' 33°36' M aqsur Islet 27°56' 35°12'
Ras M uhammad 27-44' 34°15' Tiran Island 27°56' 34°33'
Sharm el Sheikh 27°51' 34°16' M ashabih Islet 25°38' 36°27'
Ras Nusrâni 27°58' 34°25' Yenbo 24°07' 38°04'
Abu Zabad 28°09' 34-27'

Jiddah 21°30' 39-10'
Shora el M anqata 28°12' 34°25' Qunfida 19-09' 41°07'
Nuweiba 28-59' 34°40' Farasan Archipelago
Farun Islet 29°28' 34°52' Abulad Islets 16°48' 42°10'

Sulein Islets 16°46' 42°11'

Israel Kamaran Island 15°20' 42°33'
Eilat* 29-33' 34°57' Yemen

Luhaiya 15°44' 42°42'
Jordan Hodeida 14°50' 42°58'
Aqaba 29-31' 35°01' Mocha 13°20' 43°16'

* Also spelled Elat (Ed.).
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CHLOROPHYCOPHYTA
VOLVOCALES

C H L A M Y D O M O N A D A C E A E  

Platymonas W e s t

’'‘Platymonas intermedia N a s r  

N a s r , 1944, p. 32, fig. 2; 1947, p. 18, fig. 3.
Type loc. : Ghardaqa.
Distr. : Ghardaqa.

P O L Y B L E P H A R ID A C E A E

Dunaliella T e o d o r e s c o  

Dunaliella salina ( D u n a l )  T e o d o r e s c o  

N a s r , 1947, p. 18.
Red Sea distr. : Ghardaqa.

ULOTRICHALES
C H A E T O P H O R A C E A E

Entocladia R e i n k e

Entocladia viridis R e i n k e

Record under syn.
Endoderm a viride (Reinke) Lagerheim. Rayss and D or, 1963, p. 18.

Red Sea distr. : Abu Zabad, Eilat.

Phaeophila H a u c k  

Phaeophila dendroides (P.L. et H.M . C r o u a n )  B a t t e r s

Record under syn.
Phaeophila floridearum  H auck. N asr, 1947, p. 24, fig. 5.

Red Sea distr. : G hardaqa in Dictyosphaeria.

Pringsheimiella v o n  H ö h n e l  

Pringsheimiella conchyliophila v a r .  * vitriseda R a y s s  et D o r  

R a y s s  a n d  D o r , 1963, p .  18, f i g .  3.
Type loc. : Eilat.f 
Distr. : Eilat.

fA lso  spelled Elat (Ed.).
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U L V A C E A E

Enteromorpha L i n k  (nom. cons.)

Enteromorpha clathrata v a r .  erecta ( L y n g b y e )  L e  J o l i s  

R a y s s , 1959, p. 6.
Red Sea distr. : Eilat.

Enteromorpha compressa ( L i n n a e u s )  G r e v i l l e

D e c a i s n e . 1 8 4 1 ,  p. 1 1 7 . M o n t a g n e , 1 8 5 0 ,  p. 2 4 8 .  Z a n a r d i n i , 1 8 5 8 ,  p. 2 9 4 .  

P i c c o n e , 1 9 0 0 a ,  p .  2 5 3 .  H a r v e y - G i b s o n , 1 9 0 8 ,  p .  7 8 .  M u s c h l e r , 1 9 0 8 ,  p .  1 5 8 . 

L y l e , 1 9 2 6 ,  p. 4 0 .  L a m i , 1 9 3 2 ,  p. 3 5 5 .  N a s r , 1 9 4 7 ,  p. 2 1 .

Records under other names 
Solenia compressa var. crinita  (Roth) C. A gardh. Decaisne, 1834, p. 10.
Ulva compressa  var. crinita (Roth) C. A gardh. Z anardini, 1858, p. 294. Piccone, 1886, p. 24.
Ulva compressa var. crispa Z anardini, 1858, p. 294.
Ulva compressa Linnaeus. S tran d , 1756, p. 32; 1759, p. 467. DeToni and P ao le tti, 1888, p. 75. 
Solenia compressa  (Linnaeus) C. A gardh. Schubert, 1839, p. 291.

Red Sea distr. : G ulf of Zula, Massawa, Suakin, Koseir, Ghardaqa, Suez Bay, 
Suez Canal, Tor, Aqaba, Jiddah, Hodeida.

Enteromorpha flexuosa ( W u l f e n )  J. A g a r d h  

L y l e , 1 9 2 6 ,  p .  3 9 .  N a s r , 1 9 4 7 ,  p .  2 1 .  R a y s s , 1 9 5 9 ,  p .  6 . R a y s s  a n d  D o r , 1 9 6 3 ,  

p. 2 3 .

Red Sea distr. : Massawa, G hardaqa, Suez Canal, Eilat.

Enteromorpha intestinalis ( L i n n a e u s )  G r e v i l l e  

L y l e , 1 9 2 6 ,  p. 3 9 .  N a s r . 1 9 4 7 ,  p. 2 2 .

Red Sea distr. : G hardaqa, Suez Canal. 

Ulva T h u r e t  (nom. cons. prop.)

♦Ulva cuneata F o r s s k â l  

F o r s s k â l , 1 7 7 5 ,  p. 1 8 8 .

Type loc. : Tor.
Distr. : Tor.
Note: The identity of this species is unknown. Voucher material apparently does 

not exist. Z a n a r d i n i  ( 1 8 5 8 ,  p. 2 8 7 )  listed the name as a synonym of Caulerpa chem
nitzia (= C . racemosa var. turbinata).

6 9 9
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Ulva granulata s e n s u  F o r s s k â l  

F o r s s k â l , 1 7 7 5 ,  p .  c x x v i .

D istr.: Mocha.
N ote: The identity of the material on which this record is based is unknown.

Ulva lactuca a u c t .  ( n o n  L i n n a e u s )

L i c a t a , 1 8 8 5 ,  p .  1 8 6 .  B a l s a m o , 1 8 8 5 ,  p .  1 1 . D e T o n i  a n d  P a o l e t t i , 1 8 8 8 ,  p .  7 5 .  

P i c c o n e , 1 9 0 0 c , p .  1 1 9 .  N a s r , 1 9 3 9 a ,  p .  5 0 ;  1 9 4 7 ,  p .  2 3 .  R a y s s , 1 9 5 9 ,  p .  7 .

Red Sea distr. : Assab, Massawa, Suakin, Koseir, Suez, Eilat.

Ulva lactuca var. latissima auct.
L y l e , 1926, p. 39.

Records under other names
Ulva latissima auct. (non Linnaeus). Forsskâl, 1775, p. cxxvi. Schimper, 1835-37, no. 265. Decaisne, 
1841, p. 117. Z anardini, 1858, p. 294.
Ulva lactuca  sensu M uschler, 1908, p. 157.

Red Sea distr. : Koseir, Suez, Suez Canal, Tor, Aqaba, Jiddah, Mocha.

*Ulva reticulata F o r s s k â l  

F o r s s k â l , 1775, pp. cxxvi and 187. D e c a i s n e , 1834, p. 10; 1841, p. 117. S c h i m p e r , 

1835-37, no. 929. M o n t a g n e , 1850, p. 248. Z a n a r d i n i , 1858, p. 294. P i c c o n e , 1884, 
p. 292; 1886, p. 22; 1889, p. 66; 1893, p. 380; 1900a, p. 253; 19006, p. 118. L i c a t a , 

1885, p. 186. B a l s a m o , 1885, p. 11. D e T o n i  and P a o l e t t i , 1888, p. 75. M u s c h l e r , 

1908, p. 156. B o r g e s e n , 1932, p. 2. N a s r , 1947, p. 22. R a y s s , 1959, p. 7.
Type loc.: “Ad Gomfodae & M ochhae littora” .
Red Sea distr.: Bay of Assab, Edd, M andola Islet, Shumma Islet, Massawa, 

Koseir, Qunfida, Hodeida, Mocha.

Ulva rigida var. rigida 
P i c c o n e , 1889, p. 67.

Records under another name
Ulva lactuca sensu Piccone, 1884, p. 292; 1886, p. 21.

Red Sea distr. : Bay of Assab, Edd, Massawa.

Ulva uncialis ( K ü t z i n g )  M o n t a g n e  

M o n t a g n e , 1850, p. 248.
Red Sea distr. : Hodeida.
N ote: It is doubtful that the Red Sea material belongs to this South African 

species.
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Ulva vesiculis ovatis F o r s s k â l

F o r s s k â l . 1775, pp. cxxvi and 188.
Type loc. : Mocha.
Distr. : Mocha.
Note: The identity of this species is unknown. Voucher material apparently does 

not exist. Z a n a r d i n i  (1858, p. 211) considered the taxon related to Caulerpa race
mosa var. turbinata.

CHROOLEPIDACEAE

Pilinia K ü t z i n g  

*Pilinia erythraea ( N a s r )  P a p e n f u s s

Records under syn.
Sporocladopsis erythraea  N asr, 1944, p. 34, figs. 3 and 4; 1947, p. 25, figs. 6  and 7.

Type loc. : Ghardaqa.
Distr.: Ghardaqa.
Note: P a p e n f u s s  (1962) has reduced Sporocladopsis N a s r  to a synonym of Pilinia.

CLADOPHORALES
CLADOPHORACEAE

Chaetomorpha K ü t z i n g  (nom. cons.)

Chaetomorpha aerea ( D i l l w y n )  K ü t z i n g  

M u s c h l e r , 1908, p. 160. N a s r , 1947, p. 37. R a y s s , 1959, p. 8.
Red Sea distr. : Massawa, Koseir, Ghardaqa.

Chaetomorpha antennina ( B o r y )  K ü t z i n g  

N a s r , 1947, p. 37.
Red Sea distr. : Suez Canal.

Chaetomorpha indica ( K ü t z i n g )  K ü t z i n g  

M u s c h l e r , 1 9 0 8 ,  p .  1 6 0 .

Record under syn.
Conferva indica K ützing. Z anardin i, 1858, p. 296.

Red Sea distr. : Suez, Tor.

Chaetomorpha linum (O.F. M ü l l e r )  K ü t z i n g  

P i c c o n e , 1886, p .  26; 1900a, p .  253. M u s c h l e r , 1908, p. 159. H a r v e y - G i b s o n  

a n d  K n i g h t , 1913, p. 306. N a s r , 1947, p. 36.
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Records under syns.
Conferva chlorotica M ontagne. Z anardini, 1858, p. 296.
Chaetom orpha chlorotica (M ontagne) K ützing. Piccone, 1889, p. 67.

Red Sea distr. : Assab, G ulf of Anfila, Massawa, Sudanese coast, Ghardaqa, Suez, 
Aqaba.

Cladophora K ü t z i n g  (nom. cons)

Cladophora albida ( H u d s o n )  K ü t z i n g  

M u s c h l e r ,  1 9 0 8 ,  p .  1 6 3 .  N a s r ,  1 9 4 7 ,  p .  3 5 .  R a y s s ,  1 9 5 9 ,  p .  8 .

Record under syn.
Conferva albida  Hudson. Zanardini, 1858, p. 296.

Red Sea distr. : Suez, Abu Zabad, Tor, Eilat, Aqaba.

Cladophora coelothrix K ü t z i n g  

N e w t o n ,  1953, pp. 396 and 402.
Red Sea distr. : Hanish Islands.

Cladophora crystallina ( R o t h )  K ü t z i n g  

M u s c h l e r .  1908, p .  163. N a s r ,  1947, p .  53.

Record under another name 
Conferva sericea Lyngbye. Zanardini, 1858, p. 296.

Red Sea distr. : Ghardaqa, Suez.

Cladophora dalmatica K ü t z i n g  

N a s r , 1 9 4 7 ,  p .  3 5 .

Red Sea distr. : Koseir.

Cladophora fascicularis ( M e r t e n s  e x  C. A g a r d h )  K ü t z i n g  

M u s c h l e r ,  1 9 0 8 ,  p .  1 6 3 .  N a s r ,  1 9 4 7 ,  p .  3 4 ,  p i .  3 , f ig . 1.

Records under other names
Conferva fascicularis M ertens ex C. A gardh . Zanardini, 1858, p. 296.
Conferva cristata  Z anardini, 1851, p. 38 (non Cladophora cristata  K ützing, 1849, p. 404).

Red Sea distr. : Koseir, Suez.

Cladophora heteronema (C. A g a r d h )  K ü t z i n g  

N a s r ,  1 9 4 7 ,  p .  3 4 .

Red Sea distr. : Koseir.
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Cladophora prolifera ( R o t h )  K ü t z i n g  

D e T o n i ,  1 8 8 9 ,  p .  3 0 6 .

Red Sea distr. : Red Sea.

’“Cladophora prolixa ( M o n t a g n e )  D e T o n i  

N a s r ,  1 9 4 7 ,  p .  3 5 .

Record under syn.
Conferva pro lixa  M ontagne, 1850, p. 248.

Type loc. : Hodeida.
Red Sea distr. : Koseir, Ashrafi Islet, Hodeida.

Cladophora ramulosa M e n e g h i n i  

R a y s s ,  1 9 5 9 ,  p .  8 .

Red Sea distr. : Massawa, Tor.

Cladophora sericea ( H u d s o n )  K ü t z i n g  

L y l e , 1 9 2 6 ,  p .  4 0 .

Red Sea distr. : Suez Canal.

Codiolum B r a u n

Codiolum petrocelidis K u c k u c k  

N a s r ,  1 9 4 7 ,  p .  1 9 ,  f ig . 4 .

Red Sea distr. : G hardaqa in Liagora.
Note : K o r n m a n n  (1961) has shown that Codiolum petrocelidis is the sporophytic 

stage o f Spongomorpha lanosa. Since Spongomorpha is not known to occur in the 
Red Sea, the endophyte observed by N a s r  probably is not C. petrocelidis.

Rhizoclonium K ü t z i n g  

Rhizoclonium kochianum K ü t z i n g  

N a s r ,  1 9 4 7 ,  p .  3 7 .

Red Sea distr. : Ghardaqa.

Rhizoclonium tortuosum ( D i l l w y n )  K ü t z i n g

Record under syn.
Chaetom orpha callithrix  K ützing. Piccone, 1886, p. 25.

Red Sea distr. : Massawa.
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ANADYOMENACEAE

*Microdictyon D e c a i s n e  

"‘Microdictyon agardhianum D e c a i s n e  

D e c a i s n e ,  1841, p .  115. S e t c h e l l ,  1929, p .  479, f ig s . 1-5; 1935, p .  129, p i s .  13-15. 
N a s r ,  1939a, p .  52; 1947, p .  30, f ig . 8 . R a y s s  a n d  D o r ,  1963, p .  19.

Type loc. : Jiddah.
Red Sea distr. : Ghardaqa, Eilat, Jiddah.
N ote: Microdictyon agardhianum is the type of its genus.

SIPHONOCLADALES
SIPHONOCLADACEAE

Boergesenia F e l d m a n n

Boergesenia forbesii ( H a r v e y )  F e l d m a n n

B0RGESEN, 1948, p . 21.

Record under syn.
Pseudovalonia forbesii (Harvey) Iyengar. N asr, 1947, p. 28, pi. 2, fig. 3.

Red Sea distr. : Koseir, Safâga, Ghardaqa.
Note: This taxon was first recognized as a new species (Valonia forbesii) by H a r 

v e y  on the basis of specimens collected in Ceylon and distributed by him in 1853 as 
number 75 of his Ceylon Algae. A diagnosis was not included on the label and it 
has been assumed that the species remained undescribed until 1887 when J. A g a r d h  

(p. 96) furnished a diagnosis. It should be noted, however, that the species was 
described by H a r v e y  (1859, p. 333) in his generally overlooked account of the algae 
of the N orth Pacific Exploring Expedition under Captain Rodgers.

Cladophoropsis B o r g e s e n  (nom. cons.)

Cladophoropsis zollingeri ( K ü t z i n g )  B d r g e s e n  

N a s r ,  1947, p. 31.

Record under syn.
Siphonocladus zollingeri (K ützing) B ornet ex DeToni. Reinbold, 1903, p. 228.

Red Sea distr.: G hardaqa, Tor.
N ote: It is doubtful that this taxon is distinct from the earlier described Clado

phoropsis herpestica ( M o n t a g n e )  H o w e .

Siphonocladus S c h m i t z  

"'Siphonocladus forsskalii ( K ü t z i n g )  B o r n e t  e x  D e T o n i  

D e T o n i ,  1889, p. 359. M u s c h l e r ,  1908, p. 164. L y l e ,  1926, p. 40.
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Records under syns.
Cladophora fo rsska lii K ützing, 1849, p. 416. L icata, 1885, p. 186. Balsamo, 1885, p. 11.
Aegagropila fo rsska lii (K ützing) K ützing , 1854, p. 14, pi. 6 8 , figs. B and b.
Conferva fo rsska lii (K ützing) Z anardini, 1858, p. 295.

Type loc.: Red Sea.
Red Sea distr.: Assab, Koseir, Suez Canal, Tor, Red Sea.
Note: K ü t z i n g  ( 1 8 4 9 ,  1 8 5 4 )  stated that his material of this species was obtained 

in the Red Sea by F o r s s k â l ,  who had determined it as Conferva aegagropila. How
ever, F o r s s k â l  ( 1 7 7 5 ,  p. lxxviii) gave the locality of C .  aegagropila as “As.” , which, 
as is explained on page 1 of his work, means that the material was growing spon
taneously at Alexandria. It is likely, therefore, that the type of Siphonocladus 

forsskalii was obtained at Alexandria instead o f in the Red Sea. Siphonocladus 
forsskalii probably is a species of Cladophoropsis.

Siphonocladus pusillus ( K ü t z i n g )  H a u c k  

R a y s s  a n d  D o r ,  1 9 6 3 ,  p .  2 0 ,  f i g .  4 .

Red Sea distr. : Eilat.

BOODLEACEAE

Boodlea M u r r a y  e t  D e T o n i  

Boodlea composita ( H a r v e y )  B r a n d  

N a s r ,  1947, p. 32.
Record under syn.

Boodlea siam ensis Reinbold. Reinbold, 1903, p. 228.

Red Sea distr. : Daedalus Reef, G hardaqa, Tor.
Note: Boodlea siamensis has been reduced to a synonym of B. composita by 

B o r g e s e n  (1946, p .  16)

Struvea S o n d e r  (nom. cons.)

Struvea anastomosans ( H a r v e y )  P i c c o n e  e t  G r u n o w  

N a s r ,  1 9 4 7 ,  p .  3 8 .

Red Sea distr. : Ghardaqa.

VALONIACEAE*
Dictyosphaeria D e c a i s n e  e x  E n d l i c h e r  

*Dictyosphaeria cavernosa ( F o r s s k â l )  B o r g e s e n  

B 0R G ESE N , 1932, p. 2, pi. 1, f ig . 1. N a s r ,  1939a, p. 51; 1947, p. 29. R a y s s ,  1955, 
p. 12; 1959, p. 8.

•T he  organism reported under the name Ascotham nion intricatum  (Clemente) K ü tzing  by M ontagne 
(1850, p. 248) from Hodeida and by Z anardini (1858, p. 293) from Suez and Tor (and which in the past 
usually was considered as related to Valonia) is a bryozoan, Zoobotryon pellucidum , a fact pointed out by 
R uprecht already in 1849 (p. 84).
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Records under syns.
Ulva cavernosa Forsskâl, 1775, pp. cxxvi and 187.
Valonia favulosa C. A gardh. Zanardini, 1858, p. 292.

Dictyosphaeria favulosa (C. A gardh) Decaisne. Piccone, 1884, p. 293; 1900c, p. 119. Harvey-Gibson, 
1908, p. 77. M uschler, 1908, p. 164. Harvey-Gibson and K night, 1913, p. 306.

Type loc. : Mocha.
Red Sea distr. ; Archipelago of Assab, Dungunab Bay, Sudanese coast, Daedalus 

Reef, Koseir, G hardaqa, Suez, Ras Nusrani, Aqaba, Mocha.

Dictyosphaeria intennedia v a r .  ’"solida N a s r  

N a s r , 1 9 4 4 ,  p .  3 6 ,  f i g .  5 ;  1 9 4 7 ,  p .  2 9 ,  p i .  1 , fig. 1.

Type loc. : Ghardaqa.
Distr. : Ghardaqa.

Valonia C. A g a r d h  

Valonia aegagropila C. A g a r d h  

P i c c o n e ,  1 8 8 4 ,  p. 2 9 2 .  R e i n b o l d ,  1 9 0 3 ,  p. 2 2 8 .  H a r v e y - G i b s o n  and K n i g h t ,  

1 9 1 3 ,  p. 3 0 6 .  N a s r ,  1 9 3 9 a ,  p. 5 1  ; 1 9 4 7 ,  p. 2 8 .  N e w t o n ,  1 9 5 3 ,  pp. 3 9 6  and 4 0 1 .  R a y s s ,  

1 9 5 9 ,  p .  7 .

Red Sea distr. : Archipelago of Assab, Hanish Islands, Massawa, Sudanese coast, 
Ghardaqa, Tor, Abu Zabad, Shora el M anqata.

Valonia macrophysa K ü t z i n g  

P i c c o n e ,  1 9 0 0 c ,  p .  1 1 9 .

Red Sea distr. : Suez.

♦Valonia rhizophora P i c c o n e  e t  G r u n o w  

P i c c o n e ,  1 8 8 4 ,  p .  2 9 3 ,  p i .  7 ,  f i g .  1 0 .

Type loc. : N ot specified, Suakin, Bay of Assab.
Distr. : Bay of Assab, Suakin.
N ote: M u r r a y  and B o o d l e  ( 1 8 8 8 ,  p. 2 8 1 )  regarded Valonia rhizophora as the 

juvenile stage of a species of Struvea, but, to judge from the figure of P i c c o n e ,  the 
taxon probably is representative of Cladophoropsis.

Valonia utricularis ( R o t h )  C. A g a r d h  

Z a n a r d i n i ,  1 8 5 8 ,  p .  2 9 2 .  P i c c o n e ,  1 8 8 4 ,  p .  2 9 3 .

Red Sea distr. : Red Sea, Bay of Assab.

Valonia ventricosa J. A g a r d h  

N a s r ,  1 9 4 7 ,  p .  2 7 .  R a y s s  a n d  D o r ,  1 9 6 3 ,  p .  1 9 .

Red Sea distr. : G hardaqa, Abu Zabad, Eilat.
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CAULERPALES
DERBESIACEAE

Derbesia S o l i e r  

Derbesia lamourouxii (J. A g a r d h )  S o l i e r  

L y l e ,  1926, p. 40.
Red Sea distr. : Suez Canal.

Derbesia tenuissima ( M o r í s  e t  D e N o t a r i s )  P.L. e t  H . M .  C r o u a n  

N a s r ,  1947, p. 46.
Red Sea distr. : Ghardaqa.

BRYOPSIDACEAE
Bryopsis L a m o u r o u x

Bryopsis corymbosa J. A g a r d h

N a s r , 1947, p. 44.
Red Sea distr. : Ghardaqa.

Bryopsis hypnoides L a m o u r o u x  

Z a n a r d i n i ,  1858, p. 293. M u s c h l e r ,  1908, p. 165. N a s r ,  1947, p. 44. R a y s s ,  

1959, p. 10.
Record under another name 

Bryopsis p lum osa  sensu Decaisne, 1841, p. 125.

Red Sea distr.: G hardaqa, Suez, Tor, Sharm el Sheikh, Aqaba, Jiddah.

Bryopsis implexa D e N o t a r i s

H a r v e y - G i b s o n  a n d  K n i g h t , 1 9 1 3 ,  p .  3 0 6 .

Red Sea distr. : Sudanese coast.
Note : The status of this species is uncertain.

Bryopsis plumosa ( H u d s o n )  C. A g a r d h

H a r v e y - G ib s o n , 1908, p. 78. L y l e , 1926, p. 40. N a s r , 1947, p. 44.
Red Sea distr. : Trinkitat, Suakin, G hardaqa, Suez Canal.

Trichosolon M o n t a g n e  

*Trichosolon papillata ( N a s r )  T a y l o r

Record under syn.
Pseudobryopsis papillata  N asr, 1944, p. 37, fig. 6 , pi. 1 ; 1947, p. 45, fig. 12, pi. 2, fig. 1.

Type loc.: Strait of Jubal.
Distr. : Strait of Jubal.
Note: T a y l o r  (1962) has obtained evidence showing that Trichosolon is an older 

name for the genus long known as Pseudobryopsis.
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CAULERPACEAE

Caulerpa L a m o u r o u x

Caulerpa cupressoides v a r .  lycopodium ( J .  A g a r d h )  W e b e r - v a n  B o s s e  

H a r v e y - G i b s o n ,  1 9 1 3 ,  p .  3 0 6 .

Red Sea distr. : Sudanese coast.

♦Caulerpa lentillifera J. A g a r d h  

J. A g a r d h ,  1837, p. 173; 18726, p. 42. Z a n a r d i n i ,  1858, p. 287. W e b e r - v a n  

B o s s e ,  1898, p. 380, pi. 34, figs. la and lb. M u s c h l e r ,  1908, p. 171. N a s r ,  1947, p. 57. 
Type loc. : Coast of Ethiopia.
Red Sea distr.: Coast of Ethiopia, Koseir, Ghardaqa, Suez, Tor, Jiddah. 

Caulerpa mexicana S o n d e r  ex K ü t z i n g

Records under other names
Caulerpa taxifolia  var. crassifolia C. A gardh, 1822, p. 436. K ützing, 1849, p. 495. Zanardini, 1858, 

p. 284. M uschler, 1908, p. 168.
Caulerpa pinnata  Weber-van Bosse, 1898, p. 289 (non Fucus pinnatus Linnaeus fil.).
Fucus p innatus sensu T u rner, 1808, p. 117, pi. 53.
Caulerpa crassifolia (C. A gardh) J. A gardh. N asr, 1939a, p. 56.

Red Sea distr.: Koseir, Yen bo, Jiddah.
N ote: The nomenclature of this species has been discussed by P a p e n f u s s  (1956).

Caulerpa prolifera ( F o r s s k â l )  L a m o u r o u x  

M u s c h l e r , 1 9 0 8 ,  p .  1 6 7 .

Red Sea distr. : Suez
N ote: The occurrence of this species in the Red Sea seems doubtful.

Caulerpa racemosa v a r .  ♦gracilis ( Z a n a r d i n i )  W e b e r - v a n  B o s s e  

Record under syn.
Caulerpa clavifera var. gracilis Z anardini, 1851, p. 37; 1858, p. 286, pi. 14, fig. 1.
Type loc. : Tor.
Red Sea distr.: Tor.

Caulerpa racemosa v a r .  ♦lamourouxii ( T u r n e r )  W e b e r - v a n  B o s s e  

W e b e r - v a n  B o s s e ,  1 8 9 8 ,  p .  3 6 8 .

Records under syns.
Fucus lam ourouxii T urner, 1819, p. 79, pi. 229.
Caulerpa clavifera var. lam ourouxii (T urner) C. A gardh, 1822, p. 438. Decaisne, 1834, p. 10; 1841, 

p. 121. Zanardini, 1858, p. 286.
Caulerpa clavifera  var. nudiuscula Z anardini, 1851, p. 37; 1858, p. 286.
Herpochaeta requienii M ontagne, 1856, p. 454.
Chauvinia clavifera  var. lam ourouxii (T urner) K ützing , 1849, p. 498.
Caulerpa requienii (M ontagne) J. A gardh, 18726, p. 9. M uschler, 1908, p. 166.
Caulerpa racemosa var. lam ourouxii f. requienii (M ontagne) Weber-van Bosse, 1898, p. 369.
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Chauvinia clavifera f. nuda K ützing  and f. elongata laxiuscula  K ützing , 1857, p. 6 , pi. 14, figs, a, c, 
and d.
Caulerpa racem osa  var. laxa  J. A gardh , 18726, p. 35.

Type loc. : Red Sea.
Red Sea distr. : Red Sea, Suez, Aqaba.

Caulerpa racemosa v a r .  peltata ( L a m o u r o u x )  E u b a n k

Records under syns.
Caulerpa pelta ta  Lamouroux. Decaisne, 1841, p. 121. Harvey-Gibson, 1908, p. 77. M uschler, 1908, 

p. 170.
Caulerpa chem nitzia  var. pelta ta  (Lamouroux) Zanardini, 1858, p. 287.
Caulerpa pelta ta  var. typica Weber-van Bosse, 1898, p. 375.

Red Sea distr. : Dungunab Bay, Daedalus Reef, Ghardaqa, Suez, Tor, M aqsur 
Island.

Note: From  the list of M u s c h l e r  (1908) the impression is gained that the E h r e n -  

b e r g  localities cited are all from Egypt. However, M aqsur Island (given by M u s c h l e r  

as Ile Maksere), where E h r e n b e r g  collected Caulerpa racemosa var. peltata, is on 
the Arabian side of the Red Sea (27°56' N / 35° 12' E), as was shown by E h r e n b e r g

(1828), who gave it as M aksura Island on his map.

^Caulerpa racemosa var. racemosa
Records under other names 

Fucus racemosus Forsskâl, 1775, pp. lxxviii and 191. Weber, 1804, p. 134.
Caulerpa racemosa (Forsskâl) J. A gardh, 18726, p. 35. M uschler, 1908, p. 170. Borgesen, 1932, p. 9.

Lami, 1932, p. 355. Nasr, 1939a, p. 56; 1947, p. 55, pi. 4. Rayss, 1959, p. 9.
Fucus clavifer T urner, 1808, p. 126, pi. 57.
Caulerpa clavifera (T urner) C. A gardh , 1822, p. 437. M ontagne, 1850, p. 247. Zanardini, 1858, 

p. 285. M uschler, 1908, p. 169.
Chauvinia clavifera (T urner) K ützing , 1849, p. 498.
Caulerpa racemosa var. clavifera (T urner) Weber-van Bosse, 1898, p. 361, pi. 33, fig. 1. Lyle, 1926, 

p. 40.

Fucus uvifer T urner, 1819, p. 81, pi. 230 (non F orsskâl, 1775).
Caulerpa clavifera var. uvifera C. A gardh , 1822, p. 438. Schimper, 1835-37, nos. 470 and 930. Decaisne, 

1841, p. 121. R uprecht, 1849, p. 82. Z anardini, 1858, p. 285.
Caulerpa racemosa  var. uvifera (C. A gardh) J. A gardh, 18726, p. 35. Piccone, 1893, p. 380; 1900a, 

p. 254. Weber-van Bosse, 1898, p. 362. Reinbold, 1903, p. 227. Harvey-Gibson, 1908, p. 76. Harvey- 
Gibson and K night, 1913, p. 306.

Type loc: Suez.
Red Sea distr.: M andola Islet, Sudanese coast, Berenice, Koseir, Ghardaqa, 

Suez, Tor, Ras Nusrani, Nuweiba, Aqaba, Jiddah, Hodeida.

Note: The nomenclature of this variety has been discussed by P a p e n f u s s  and 
E g e r o d  (1957, p. 88). N a s r  (1947, p. 56) has obtained cultural evidence showing 
that variety lamourouxii of this species is the same as variety racemosa.
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Caulerpa racemosa v a r .  “"turbinata (J. A g a r d h )  E u b a n k

Records under syns.
Caulerpa clavifera  var. turbinata J. A gardh , 1837, p. 173.
Caulerpa racemosa var. racemosa  J. A gardh , 18726, p. 35.
Caulerpa racemosa var. chem nitzia  f. turbinata  (J. A gardh) Weber-van Bosse, 1898, p. 370.
Caulerpa chem nitzia  (Esper) Lamouroux. Decaisne, 1841, p. 121. Z anardini, 1858, p. 286. M uschler, 

1908, p. 170.

Type loc. : Tor.
Red Sea distr. : Koseir, Suez, Tor, Jiddah.

Caulerpa scalpelliformis var. ’"denticulata ( D e c a i s n e )  W e b e r - v a n  b o s s e  

W e b e r - v a n  B o s s e ,  1898, p. 287, pi. 23, figs. 8 and 10.

Records under other names 
Caulerpa denticulata  Decaisne, 1841, p. 120, pi. 6 , figs. B1-B10. M ontagne, 1850, p. 247. J. A gardh, 

18726, p. 13. "M uschler, 1908, p. 167.
Caulerpa scalpelliformis (Brow n ex T urner) C. A gardh. M ontagne, 1850, p. 247. Zanardini, 1858, 

p. 284. M uschler, 1908, p. 167. Harvey-Gibson and K night, 1913, p. 306. N asr, 1939a, p. 56; 1947, 
p. 54.

Caulerpa scalpelliform is var. interm edia  Weber-van Bosse, 1898, p. 287, pi. 23, fig. 9.

Type loc.: N ot specified, “ ad littora Arabiae occidentalis, Tor, Djedda, etc.” 
Red Sea distr.: Sudanese coast, Koseir, Suez, Tor, Aqaba, Jiddah, Hodeida.

’"Caulerpa selago ( T u r n e r )  C. A g a r d h  

C. A g a r d h ,  1822, p. 442. J. A g a r d h ,  1837, p. 174; 18726, p. 27. Z a n a r d i n i ,  

1858, p. 285. W e b e r - v a n  B o s s e ,  1898, p. 296. M u s c h l e r ,  1908, p. 169.

Records under syns.
Fucus selago T urner, 1808, p. 122, pi. 55.
Chauvinia selago (T urner) K ützing , 1857, p. 5, pi. 11, fig. I.

Type loc.: Red Sea. .
Red Sea distr. : Ethiopian coast, Koseir, Jiddah, Hodeida, Mocha.

“"Caulerpa serrulata ( F o r s s k â l )  J. A g a r d h  

J. A g a r d h ,  1837, p. 174; 18726, p. 19. Borgesen, 1932, p. 5, pi. 1, fig. 2. N a s r ,  

1947, p. 55, pi. 3, fig. 2. R a y s s ,  1959, p. 9. R a y s s  and D o r ,  1963, p. 23.

Records under syns.
Fucus serrulatus F orsskâl, 1775, pp. cxxv and 189.
Caulerpa freycinetii C. A gardh . Schimper, 1835-37, no. 471. Decaisne, 1841, p. 122. R uprecht, 

1849, p. 82. K ützing , 1849, p. 495; 1857, p. 2, pi. 4, fig. III. M ontagne, 1850, p. 248. Z anardini, 1858, 
p. 283. Piccone, 1884, p. 293. DeToni and P ao le tti, 1888, p. 75. M uschler, 1908, p. 169.

Caulerpa freyc in e tii var. serrulata  -(Forsskâl) Zanardini, 1858, p. 283.
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Caulerpa freycinetii var. integerrima Z anardini, 1858, p. 283. Weber-van Bosse, 1898, p. 317, pi. 25, 
fig. 1 .

Caulerpa freyc in e tii var. boryana (J. A gardh) Weber-van Bosse, 1898, p. 315, pi. 25, fig. 10. Harvey- 
Gibson and K night, 1913, p. 306.

Caulerpa freyc in e tii var. typica  f. serrulata  (Forsskâl) Weber-van Bosse, 1898, p. 314, pi. 25, fig. 6 .

Type loc. : Mocha.
Red Sea distr.: Ethiopian coast, Massawa, Suakin, Sudanese coast, Koseir, 

Ghardaqa, Suez, Abu Rodéis, Tor, Eilat, Aqaba, Jiddah, Hodeida, Mocha.

Caulerpa sertularioides ( G m e l i n )  H o w e  

B 0 R G E S E N , 1932, p. 7.

Records under other names 
Fucus plum aris F o rs sk â l, 1775, pp. cxxv and 190.
Caulerpa plum aris (Forsskâl) C. A gardh , 1822, p. 436. Z anardini, 1858, p. 285. DeToni and P ao le tti, 

1888, p. 75.
Fucus sertularioides Gmelin. V ahl, 1791, p. 105.
Fucus taxifo lius  sensu T urner, 1808, p. 120, pi. 54.

Red Sea distr. : Massawa, Berenice, Aqaba, Jiddah, Hodeida, Mocha.

Caulerpa webbiana M o n t a g n e  

D e c a i s n e , 1841, p. 122. W e b e r - v a n  B o s s e , 1898, p. 269. M u s c h l e r , 1908, p. 166. 
N a s r , 1947, p. 54.

Red Sea distr. : Ghardaqa, Suez, Jiddah.

C O D IA C E A E  

Codium S t a c k h o u s e

"‘Codium arabicum K ü t z i n g  

K ü t z i n g , 1856, p. 35, pi. 100, f i g .  II. Z a n a r d i n i , 1858, p. 292. S c h m i d t , 1923, 
p. 30. R a y s s  and D o r , 1963, p. 22.

Records under other names 
Codium adhaerens sensu Schimper, 1835-37, no. 469. Sensu M uschler, 1908, p. 171. Sensu N asr, 1947, 

p. 52. Sensu Rayss, 1959, p. 11.
Spongodium  adhaerens sensu Decaisne, 1841, p. 126.
Lam arckia  adhaerens sensu R uprecht, 1849, p. 82.

Type loc. : Tor.
Red Sea distr. : G hardaqa, Suez, Tor, Abu Zabad.
N ote: K ü t z i n g  did not name the collector of the type. According to  S c h m i d t , 

the type is a S c h i m p e r  specimen (no. 469).

Codium dwarkense B o r g e s e n  

R a y s s  a n d  D o r , 1 9 6 3 ,  p .  2 2 .
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Record under another name
Codium vermilara sensu Rayss, 1959, p. 11.

Red Sea distr. : Abu Zabad.

Codium repens P.L. e t  H.M. C r o u a n  

N a s r , 1 9 4 7 ,  p .  5 2 .

Red Sea distr. : Ghardaqa.
N ote: This record is probably based on a misidentification.

Codium tenue K ü t z i n g  

H a r v e y - G i b s o n  and K n i g h t ,  1913, p. 306.
Red Sea distr. : Sudanese coast.
N ote: The material from the Red Sea almost certainly is not Codium tenue.

Codium tomentosum S t a c k h o u s e  

S c h i m p e r , 1835-37, no. 468. Z a n a r d i n i , 1858, p. 291. P i c c o n e , 1884, p. 294; 
1900c, p. 119. R e i n b o l d , 1903, p. 227. M u s c h l e r , 1908, p. 172. H a r v e y - G i b s o n , 

1908, p. 77. H a r v e y - G i b s o n  and K n i g h t , 1913, p. 306. S c h m i d t ,  1923, p. 39.

Records under other names 
L am arckia  tom entosa  (Stackhouse) Stackhouse. R uprecht, 1849, p. 82.
Codium dichotom um  sensu N asr, 1939a, p. 56; 1947, p. 53.

Red Sea distr. : Bay of Assab, Suakin, Sudanese coast, Koseir, Ghardaqa, Suez, 
Tor, Aqaba.

N ote: It is doubtful that the material from the Red Sea determined as Codium 
tomentosum actually is representative of this species. It may belong to C. dwarkense 
(see R a y s s  and D o r , 1 9 6 3 ,  p .  2 2 ) .

u d o t e a c e a e  

Avrainvillea D e c a i s n e

Avrainvillea amadelpha ( M o n t a g n e )  A. e t  E.S. G e p p  

G e p p  a n d  G e p p ,  1911, p .  42, L a m i ,  1932, p .  355, N a s r ,  1947, p .  48. R a y s s ,  1959,
p. 10.

Records under o ther names 
Chloroplegma sordidum  Z anardini, 1858, p. 291, pi. 13, fig. 1.
Avrainvillea lacerata sensu Harvey-Gibson, 1908, p. 77. Sensu Harvey-Gibson and K night, 1913, 

p. 306.

Red Sea distr. : Sudanese coast, Ghardaqa, Suez, Abu Rudeis, Tor, Ras Nusrani, 
Gesireh (as given by RAYSS=Farun Island), Aqaba.
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Avrainvillea erecta ( B e r k e l e y )  A. et E.S. G e p p

Record under another name
Avrainvillea papuana  (Zanardini) G. M u rray  et Boodle. Harvey-Gibson, 1908, p. 77.

Red Sea distr. : Suakin.

Halimeda L a m o u r o u x  (nom. cons.)

Halimeda discoidea D e c a i s n e  

H i l l i s ,  1959, p .  352.
Red Sea distr. : Red Sea.

"Halimeda macroloba D e c a i s n e  

D e c a i s n e ,  1841, p. 118; 1842, p. 103. K ü t z i n g ,  1849, p. 504; 1857, p. 8, pi. 22, 
fig. I. Z a n a r d i n i ,  1858, p. 287. J. A g a r d h ,  1887, p. 81. B o r n e t ,  1888, p. 17. B a r t o n ,  
1901, p. 24. R e i n b o l d ,  1903, p. 228. M u s c h l e r ,  1908, p. 173. H i l l i s ,  1959, p. 375. 

Type loc. : Jiddah.
Red Sea distr.: Koseir, Suez, Tor, Aqaba, Yenbo, Jiddah, K am aran Island.

Halimeda monile ( E l l i s  e t  S o l a n d e r )  L a m o u r o u x  

Z a n a r d i n i ,  1858, p. 289. M u s c h l e r ,  1908, p. 174.

Records under other names 
H alim eda incrassata f. m onilis (E llis  et Solander) B arton . Harvey-Gibson, 1908, p. 77.
Halim eda incrassata f. cylindrica  Borgesen. N asr, 1939a, p. 55, pi. 1, fig. 1; 1947, p. 51.

Red Sea distr. : Koseir, Suez, Aqaba, Tiran Island.
N ote: It is doubtful that any o f the material referred to this taxon was correctly 

determined.

"Halimeda nervata Z a n a r d i n i  

Z a n a r d i n i ,  1858, p . 289, p i .  12, fig . 2. M u s c h l e r ,  1908, p . 174.
Type loc. : Koseir.
Distr. : Koseir, Suez.
N ote: The status of this species is uncertain. According to H il l is  (1959, p. 377) 

the figure of Z a n a r d in i  suggests Halimeda opuntia.

Halimeda opuntia v a r .  opuntia 
H i l l i s , 1 9 5 9 ,  p p .  3 6 0  a n d  3 6 2 .

Records under other names 
H alim eda opuntia  (Linnaeus) Lamouroux. Decaisne, 1841, p. 118; 1842, p. 102. Z anardini, 1858, 

p. 288. Piccone, 1893, p. 380; 1900a, p. 254. B arton , 1901, p. 18, pi. 2, fig. 21 (as H alim eda opuntia  f. 
cordata). Reinbold, 1903, p. 228. M uschler, 1908, p. 174. Harvey-Gibson, 1908, p. 77. Harvey-Gibson
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and K night, 1913, p. 306 (as H alim eda opuntia f. typica, f. triloba, and f. cordata). N asr, 1947, p. 50. 
Rayss, 1959, p. 11.

H alim eda multicaulis sensu Schimper, 1835-37, no. 932.
H alim eda triloba Decaisne. Z anardini, 1858, p. 288.
H alim eda cordata J. A gardh , 1887, p. 83.
H alim eda opuntia  f. triloba  (Decaisne) B arton . Harvey-Gibson, 1908, p. 77.
H alim eda opuntia  var. triloba (Decaisne) J. A gardh. M uschler, 1908, p. 174.

Red Sea distr.: Bay o f Assab, M andola Islet, Dissei Islet, Suakin, Sudanese 
coast, Koseir, Ghardaqa, Suez, Tor, Ras Nusrani, Aqaba, Jiddah.

’"Halimeda papyracea Z a n a r d i n i  

Z a n a r d i n i ,  1851, p. 37; 1858, p. 288, pi. 13, f ig . 2. M u s c h l e r ,  1908, p. 173. 
Type loc. : N ot specified, Suez, Tor.
D istr.: Suez, Tor.
N ote: The status of this species is uncertain. For comments on it see H il l is  

(1959, p. 377).

Halimeda tuna ( E l l i s  e t  S o l a n d e r )  L a m o u r o u x

H a r v e y - G i b s o n  a n d  K n i g h t , 1913, p .  306. N a s r , 1947, p .  50.
Red Sea distr. : Sudanese coast, Koseir, Ghardaqa.
N ote : The records of the occurrence of this species in the Red Sea may be based 

on misidentifications.

Rhipiliopsis A. et E.S. Gepp 

’"Rhipiliopsis aegyptiaca N a s r  

N a s r ,  1939a, p. 53, f ig s . 3 and 4; 1944, p. 40; 1947, p. 47, pi. 2, f ig . 2.
Type loc. : Ghardaqa.
D istr.: Ghardaqa.

Tydemania W e b e r - v a n  B o s s e  

’"Tydemania mabahithae N a s r  

N a s r ,  1939a, p .  55; 1944, p .  40; 1947, p .  51.
Type loc. : M ashabih Island.
Distr. : M ashabih Island.

Udotea L a m o u r o u x

*Udotea argentea Z a n a r d i n i  

Z a n a r d i n i ,  1858, p. 290, pi. 12, f ig . 1. M u s c h l e r ,  1908, p. 172. H a r v e y - G i b s o n ,  

1908, p. 77. G e p p  and G e p p ,  1911, p. 125. H a r v e y - G i b s o n  and K n i g h t ,  1913,
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p. 306, L y l e , 1926, p. 40. N a s r , 1939a, p. 55; 1947, p. 49. R a y s s , 1955, p. 28; 1959,
p. 10.

Type loc. : Suez.
Red Sea distr.: Sudanese coast, Dungunab Bay, Ghardaqa, Suez, Suez Canal, 

Aqaba.

Udotea flabellum ( E l l i s  e t  S o l a n d e r )  H o w e  

G e p p  a n d  G e p p ,  1911, p .  131.
Red Sea distr. : Red Sea.

Udotea javensis ( M o n t a g n e )  A. e t  E.S. G e p p  

N a s r ,  1939a, p. 51, fig. 5; 1947, p. 49.
Red Sea distr. : G hardaqa.

Udotea minima E r n s t

Record under syn.
Flabellaria minim a  (E rnst) A. et E.S. Gepp. Harvey-Gibson and K night, 1913, p. 306.

Red Sea distr. : Sudanese coast.
N ote: It seems likely that the material on which this record is based actually is 

representative of Udotea javensis.

DASYCLADALES
DASYCLADACEAE

Acetabularia L a m o u r o u x  (nom. cons.)

Acetabularia acetabulum ( L i n n a e u s )  S i l v a

Records under syns.
Fucus callo-pilophorus F orsskâl, 1775, p. lxxvii ( nom. nud.).
Acetabularia mediterranea  Lamouroux. Lyle, 1926, p. 40.

Red Sea distr. : Suez, Suez Canal.
N ote: The placement of Fucus callo-pilophorus F o r s s k â l  as a synonym of 

Acetabularia acetabulum is based on the statement of W e b e r  (1804, p. 135).

Acetabularia calyculus Q u o y  e t  G a i m a r d  

N a s r ,  1 9 3 9 c , p .  3 4 7 ;  1 9 4 7 ,  p .  4 0 ,  fig. 1 0 . R a y s s ,  1 9 5 9 ,  p .  9 .

Red Sea distr. : G hardaqa, Shora el M anqata.

Acetabularia exigua S o l m s - L a u b a c h  

N a s r ,  1947, p. 42.
Red Sea distr. : G hardaqa.
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A c e t a b u l a r i a  m o e b i i  S o l m s - L a u b a c h  

N a s r , 1939a, p .  52; 1947, p .  42, fig. 11. 
Red Sea distr. : Ghardaqa.

Neomeris L a m o u r o u x

Neomeris annulata D i c k i e  

N a s r ,  1947, p. 39, fig. 9.
Red Sea distr. : Ghardaqa.

SPECIES IN Q U IR EN D A

Conferva L i n n a e u s  (nom. rej.)

Conferva capillaris sensu F o r s s k â l  

F o r s s k â l ,  1775, p. cxxvi.
Red Sea distr. : Mocha.
Note: The identity of the material on which this record is based is unknown. 

According to C h r i s t e n s e n  (1922, p. 37) the material is present in F o r s s k â l ’s 

herbarium.

’"Conferva plana F o r s s k â l  

F o r s s k â l ,  1775, pp. cxxvi and 188.
Type loc. : Mocha.
Red Sea distr. : Mocha.
Note: The identity of this species is unknown. Voucher material apparently is 

not in existence. C. A g a r d h  (1828, p. 53) listed the name as a likely synonym of 
the red alga Rytiphlaea tinctoria, but the presence of this species in the Red Sea is 
somewhat doubtful (see p. 101).

CHRYSOPHYCEAE

CHRYSOCAPSALES

CHRYSOCAPSACEAE

Phaeocystis L a g e r h e i m

Phaeocystis giraudii ( D e r b e s  et S o l i e r )  L a g e r h e i m  

N a s r ,  1941, p. 59, fig. 2.
Red Sea distr. : Ghardaqa.
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PHAEOPHYCOPHYTA
ECTOCARPALES

ECTOCARPACEAE 

Ectocarpus L y n g b y e  (nom. cons.)

Ectocarpus elachistaeformis H e y d r i c h  

N a s r ,  1947, p. 60, fig. 13. R a y s s  and D o r ,  1963, p. 23.
Red Sea distr. : G hardaqa on Codium, Eilat on Lithoderma.

Ectocarpus siliculosus ( D i l l w y n )  L y n g b y e  

Z a n a r d i n i ,  1858, p. 253. M u s c h l e r ,  1908, p. 195. H a r v e y - G i b s o n ,  1908, p. 79. 
N a s r ,  1947, p. 60.

Red Sea distr. : Suakin, Koseir, Ghardaqa, Suez Bay, Aqaba.

Feldmannia H a m e l  

Feldmannia irregularis ( K ü t z i n g )  H a m e l

' Records under syns.
Ectocarpus irregularis K ützing . Borgesen, 1941, pp. 23-31.
Ectocarpus arabicus Figari et D eN otaris, 1853, p. 169, fig. V. Z anardini, 1858, p. 253. Piccone, 1886, 

p. 30. M uschler, 1908, p. 195. Lyle, 1926, p. 40. N asr, 1939a, p. 58, figs. 6  and 7; 1947, p. 62. Rayss, 
1959, p. 11.

Ectocarpus arabicus K ützing , 1855, p. 21, pi. 72, fig. Il (non F igari et DeNotaris).
Ectocarpus coniger var. arabicus N asr, 1941, pp. 60-62, figs. 3 and 4.

Red Sea distr. : Massawa, Daedalus Reef, Koseir, Ghardaqa, Suez, Suez Canal, 
Eilat.

Note: See B o r g e s  e n  (1941, pp. 23-31) for a discussion o f this species and its 
synonymy. S c h i f f n e r  (1934, p. 117) reported this species (as Ectocarpus arabicus 
F i g a r i  et D e N o t a r i s )  from Gischen (=Q ishn), which he thought was on the Arabian 
side of the Red Sea. However, as is pointed out in the footnote on page 42 of the 
present paper, Qishn is a place on the Arabian Sea.

Giffordia B a t t e r s  

'"Giffordia ghardaqaensis ( N a s r )  P a p e n f u s s ,  c o m b .  n o v .

Records under syn.
Ectocarpus ghardaqaensis N asr, 1939a, p. 59, figs. 8  and 9; 1944, p. 41 ; 1947, p. 65.

Type loc. : G hardaqa.
Distr.: G hardaqa.
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Giffordia indica ( S o n d e r )  P a p e n f u s s  e t  C h i h a r a ,  c o m b , n o v . t

Record under syn.
Ectocarpus duchassaingianus G runow . N asr, 1947, p. 63, figs. 14 and 15.

Red Sea distr. : G hardaqa.
N ote: See B o r g e s e n  (1941, pp. 16-22) for an account of this species. The taxon 

is referable to Giffordia.

G iffo rd ia  m itch e lla e  (H a r v e y ) H a m el

Record under syn.
Ectocarpus m itchellae Harvey. N asr, 1947, p. 63, pi. 5, fig. 1.

Red Sea distr. : Koseir, Ghardaqa.

RALFSIACEAE
Lithoderma J.E. A r e s c h o u g  

Lithoderma subextensum v a r .  *intermedia R a y s s  et D o r  

R a y s s  a n d  D o r , 1 9 6 3 ,  p .  2 3 ,  f i g .  5 .

Type loc. : Eilat.
D istr.: Eilat.

Petroderma K u c k u c k  

Petroderma maculiforme ( W o l l n y )  K u c k u c k  

R a y s s  a n d  D o r , 1 9 6 3 ,  p .  2 5 ,  f i g .  6 a .

Red Sea distr. : Eilat.

♦Petroderma steinitzii R a y s s  et D o r  

R a y s s  and D o r ,  1963, p. 26, figs. 6b-6d.
Type loc. : Eilat.
D istr.: Eilat.

Ralfsia B e r k e le y  

Ralfsia verrucosa var. *erythraea P ic c o n e  et G r u n o w  

P ic c o n e  and G r u n o w ,  in P ic c o n e ,  1884, p. 295. 
Type loc.: Bay of Assab.
Distr. : Bay of Assab.

fB asionym : Ectocarpus indicus Sonder, in Z ollinger, Syst. Verz. ind. Arch, gesamm. sowie Japan 
erapf. Pfl. p. 3. 1854.
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SPHACELARIALES
SPHACELARIACEAE

Sphacelaria L y n g b y e

Sphacelaria furcigera K ü t z i n g  

Z a n a r d i n i ,  1858, p. 253. S a u v a g e a u ,  1901, p. 145. M u s c h l e r ,  1908, p. 195. 
N a s r ,  1939a, p. 60; 1947, p. 73. R a y s s ,  1959, p. 13.

Records under syn.
Sphacelaria cirrhosa var. m inim a  Figarj et D eNotaris, 1858, p. 167. Harvey-Gibson and K night, 

1913, p. 306.

Red Sea distr.: Sudanese coast, Daedalus Reef, Koseir, Ghardaqa, Suez, Tor, 
Eilat.

^Sphacelaria intermedia S a u v a g e a u  

S a u v a g e a u , 1 9 0 1 ,  p. 1 1 7 ,  f i g .  2 6 .

Type loc. : K am aran Island on Turbinaria (in error as Ile de Karaman).
Distr. : Kam aran Island.

’"Sphacelaria rigidula K ü t z i n g  

K ü t z i n g ,  1843, p. 292; 1849, p. 463; 1855, p. 25, pi. 86, fig . I. Z a n a r d i n i ,  1858, 
p. 252. P i c c o n e ,  1886, p. 30; 1889, p. 68.

Records under another name
Sphacelaria cervicornis sensu R uprecht, 1849, p. 81. Sensu? B ornet, 1888, p. 18.

Type loc.: Nuweiba on Hormophysa triquetra.
D istr.: Assab, Assarca Islet, Massawa, Nuweiba, ?Kamaran Island.
N ote : S a u v a g e a u  does not mention this species in his m onograph of the Sphace

lariales. D eT o n i  (1895, p. 507) gives the name as a synonym o f the younger name 
Sphacelaria furcigera.

Sphacelaria tribuloides M e n e g h i n i

S a u v a g e a u , 1901, p. 123. R e in b o l d , 1903, p. 230. N a s r , 1947, p. 74. R a y s s , 

1959, p. 14.

Records under other names 
Sphacelaria cervicornis sensu Schimper, 1835-37, no. 476. Sensu Decaisne, 1841, p. 127. Sensu Figari 

and D eN otaris, 1853, p. 166, fig. VI. Sensu Z anardini, 1858, p. 252.
Sphacelaria rigida sensu K ützing, 1855, p. 26, pi. 90, fig. I. Sensu Z anardini, 1858, p. 252. Sensu 

Piccone, 1884, p. 294. Sensu? Harvey-Gibson, 1908, p. 79.

Red Sea distr.: Bay of Assab, Massawa, G hardaqa, G ulf of Suez, Tor, Shora el 
M anqata, Eilat.
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STYPOCAULACEAE

Halopteris K ü t z i n g  

Halopteris scoparia ( L i n n a e u s )  S a u v a g e a u  

R a y s s , 1 9 5 9 ,  p .  1 3 .

Red Sea distr. : Aqaba.

CUTLERIALES
CUTLERIACEAE

Zanardinia N a r d o  

Zanardinia collaris (C . A g a r d h )  P.L. e t  H.M. C r o u a n  

H a r v e y - G i b s o n  a n d  K n i g h t ,  1 9 1 3 ,  p . 3 0 6 .

Red Sea distr. : Sudanese coast.
Note: It seems likely that the material referred to this species by H a r v e y - G ib s o n  

and K n i g h t  is representative of Pocockiella variegata.

DICTYOTALES
DICTYOTACEAE

Dictyopteris L a m o u r o u x  (nom. cons.)

Dictyopteris membranacea ( S t a c k h o u s e )  B a t t e r s  

N a s r ,  1 9 4 7 ,  p .  8 1 .

Record under syn.
Halyseris polypodioides (Desfontaines) C. A gardh. DeToni and P ao le tti, 1888, p. 71.

Red Sea distr. : Massawa, Strait of Jubal.

Dictyota L a m o u r o u x  (nom. cons.)

Dictyota ciliolata K ü t z i n g  

R a y s s  a n d  D o r ,  1 9 6 3 ,  p .  2 8 .

Records under syn.
Dictyota ciliata J. A gardh  (non Lamouroux). Zanardini, 1858, p. 248. Piccone, 1884, p. 296; 1886. 

p. 32; 1900a, p. 257.

Red Sea distr.: Bay of Assab, Dissei Islet, Shumma Islet, Tor, Eilat, Yemen.

Dictyota dichotoma ( H u d s o n )  L a m o u r o u x  

P i c c o n e ,  1 9 0 0 a ,  p .  2 5 7 .  H a r v e y - G i b s o n ,  1 9 0 8 ,  p .  7 9 .  N a s r ,  1 9 4 7 ,  p .  7 9 .

Red Sea distr.: G ulf of Zula, Telia Telia Kebir Island, Ghardaqa.
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Dictyota dichotoma v a r .  ’"fimbriata P i c c o n e  e t  G r u n o w  

P i c c o n e  a n d  G r u n o w ,  in P i c c o n e ,  1 8 8 4 ,  p .  2 9 6 .

Type loc. : Bay of Assab.
Distr. : Bay of Assab.

Dictyota dichotoma v a r .  intricata ( C .  A g a r d h )  G r e v i l l e  

D e c a i s n e , 1 8 4 1 ,  p .  1 3 8 .  R a y s s , 1 9 5 9 ,  p .  1 4 .

Records under syns.
D ictyota im plexa  (Desfontaines) Lamouroux. D elile, 1813a, p. 81; 18136, p. 293, pi. 56, fig. 2; 1824, 

pp. 114 and 397, pi. 56, fig. 2.
Zonaria dichotoma  var. intricata C. A gardh . Decaisne, 1834, p. 10.
D ictyota  dichotoma  var. im plexa  (Desfontaines) S.F. G ray. Harvey-Gibson and K night, 1913, 

p. 306.

Red Sea distr.; Sudanese coast, Suez, Abu Rudeis. Tor. Ras Nusrani, Eilat, 
Jiddah.

Note; The nomenclature of this variety has been discussed by P a p e n f u s s  (1944).

Dictyota dichotoma v a r .  patens K ü t z i n g  (nom. nud.)
P i c c o n e , 1 8 8 4 ,  p .  2 9 6 .

Red Sea distr. : Massawa.

Dictyota divaricata L a m o u r o u x  

N a s r , 1 9 4 7 ,  p .  8 0 .

Red Sea distr. : Ghardaqa.

Dictyota indica S o n d e r  e x  K ü t z i n g  

N a s r , 1 9 4 7 ,  p .  7 9 .  R a y s s , 1 9 5 9 ,  p .  1 4 .

Red Sea distr. : G hardaqa, Ras Nusrani.

Dictyota sandvicensis S o n d e r  e x  K ü t z i n g  

P i c c o n e , 1 8 8 4 ,  p .  2 9 6 ;  1 8 8 6 ,  p .  3 2 ;  1 9 0 0 a ,  p .  2 5 7 .

Red Sea distr. ; G ulf of Zula, Dissei Islet, Massawa.

Dilophus J. A g a r d h  

Dilophus fasciola ( R o t h )  H o w e  

N a s r , 1 9 4 7 ,  p .  8 0 .  p i .  1 1 ,  f i g .  1 .

Records under other names 
Fucus linearis Forsskâl, 1775, pp. cxxv and 190 (non Hudson, 1762).
Zonaria fasc io la  (R o th ) C. A g a rd h , 1820, p. 136.
D ictyota  fascio la  (R oth) Lamouroux. F igari and D eN otaris, 1853, p. 160. Zanardini, 1858, p. 247.
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P iccone, 1900c, p. 120. Muschler, 1908, p. 190.
D ictyo ta  im plexa  sensu? Decaisne, 1841, p. 138.
D ictyo ta  acum inata  K ützing , 1849, p. 555; 1859, p. 7, pi. 15, fig. III.
?D ictyota abyssinica K ützing , 1859, p. 9, pi. 21, fig. III.
D ictyo ta  notarisii K ützing , 1859, p. 11, pi. 25, fig. III.

Red Sea distr.: Koseir, G hardaqa, Suez, Tor, Aqaba, Jiddah, Mocha.
N ote: C. A g a r d h , (1820, p. 136) saw a specimen of Fucus linearis F o r s s k â l  (a 

later homonym of Fucus linearis H u d s o n , 1762) in Herbarium Hornemann (Copen
hagen) and identified it with the species now known as Dilophus fasciola. The speci
men seen by C. A g a r d h  is now lost, according to B o r g e s e n  (1932, p. 6).

Padina A d a n s o n  (nom. cons.)

Padina commersonii B o r y  

H a u c k ,  1887, p. 44.
Red Sea distr. : Red Sea.

Padina pavonica ( L i n n a e u s )  T h i v y

Records under syns.
Fucus pavonicus Linnaeus. Forsskâl, 1775, p. cxxv.
Padina pavonia  (Linnaeus) Lamouroux. Schimper, 1835-37, no. 463. Decaisne, 1841, p. 138. J. A gardh, 

1848, p. 113. R uprech t, 1849, p. 81. F igari and D eNotaris, 1853, p. 156. Zanardini, 1858, p. 244. 
Piccone, 1884, p. 298; 1886, p. 35; 1889, p. 68; 1893, p. 381 ; 1900a, p. 256; 1900c, p. 120. L icata, 1885, 
p. 186. Balsamo, 1885, p. 12. B ornet, 1888, p. 19. DeToni and P ao le tti, 1888, p. 71. Reinbold, 1903, 
p. 230. M uschler, 1908, p. 189. Harvey-Gibson, 1908, p. 78. Harvey-Gibson and K night, 1913, p. 306. 
Lyle, 1926, p. 40. N asr, 1947, p. 77. Rayss, 1959, p. 14.

Red Sea distr.: Bay of Assab, G ulf of Zula, Dissei Islet, Massawa, Trinkitat, 
Suakin, Sudanese coast, Koseir, Safâga, G hardaqa, Suez, Suez Canal, Tor, Sharm 
el Sheikh, Ras Nusrani, Eilat, Aqaba, Jiddah, K am aran Island, Mocha.

N ote : M ore than one species are probably involved in these records.

Padina tetrastromatica H a u c k  

N e w t o n ,  1953, pp. 396 and 405.
Red Sea distr. : Hanish Islands.

Pocockiella P a p e n f u s s  

Pocockiella variegata ( L a m o u r o u x )  P a p e n f u s s  

R a y s s ,  1959, p. 15.
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Records under syns.
Zonaria variegata (Lamouroux) C. A gardh . M ontagne, 1850, p. 243. Zanardini, 1858, p. 245. 

Piccone, 1886, p. 35. DeToni and P ao le tti , 1888, p. 71. Harvey-Gibson and K night, 1913, p. 306. 
Nasr, 1939, p. 60; 1947, p. 76.

Zonaria latissima  K ützing, 1859, p. 30, pi. 75, fig. I.
Zonaria isselii Piccone et G runow , in Piccone, 1884, p. 297, pi. 7, figs. 1 —4, and pi. 9, fig. 1.

Red Sea distr.: Ethiopian coast, Massawa, Suakin, Sudanese coast, Daedalus 
Reef, Ghardaqa, Eilat, Hodeida, Yemen.

N ote: J .  A g a r d h  ( 1 8 8 2 ,  p. 1 3 1 )  suspected that Zonaria latissima, which was 
described by K ü t z i n g  from material from the Ethiopian coast, was the juvenile 
form of Z . schimperi, but K ü t z i n g ’ s figures show that Z . latissima is the same as 
Pocockiella variegata.

Spatoglossum K ü t z i n g  

’"Spatoglossum intermedium K ü t z i n g  

K ü t z i n g , 1 8 6 3 ,  p .  1 4 .

Type loc.: N ot specified, Red Sea.
N ote: The status of this species is uncertain.

*Spatoglossum variabile F i g a r i  e t  D e N o t a r i s  

F i g a r i  e t  D e N o t a r i s , 1 8 5 3 ,  p .  1 5 8 ,  f i g .  IV. Z a n a r d i n i , 1 8 5 8 ,  p .  2 4 6 .  M u s c h l e r , 

1 9 0 8 ,  p .  1 8 9 .  N a s r , 1 9 4 7 ,  p .  7 8 .

Records under syn.
Spatoglossum  lubricum  Figari et D eN otaris, 1853, p. 158, fig. I. K ützing, 1859, p. 20, pi. 48, fig. I.

Type loc. : N ot specified, Suez, Aqaba.
Red Sea distr. : Ethiopian coast, Koseir, Suez, Aqaba.

"‘Stoechospermum K ü t z i n g  

"‘Stoechospermum marginatum (C. A g a r d h )  K ü t z i n g  

K ü t z i n g , 1843, p .  339; 1849, p .  560; 1859, p .  17, p i .  40, fig."I. J. A g a r d h , 1848, 
p .  99. M o n t a g n e , 1850, p .  243. Z a n a r d i n i , 1858, p .  247. P i c c o n e , 1884, p .  297; 
1900a, p .  256. L i c a t a , 1885, p .  186. B a l s a m o , 1885, p .  12. M u s c h l e r , 1908, p .  189. 
R a y s s , 1959, p .  14.

Records under syns.
Zonaria m arginata  C. A gardh , 1824, p. 266. Bové, 1834, p. 77. Decaisne, 1834, p. 10.
D ictyota  m arginata  (C. A gardh) G rev ille . Decaisne, 1841, p. 138.
Zonaria pa tens  H ering, in Schimper, 1835-37, no. 473 (nom . nud.).
Stoechosperm um  patens J. A gardh, 1848, p. 99. R uprecht, 1849, p. 81. Figari and D eN otaris, 1853, 

p. 160. K ützing , 1859, p. 17, pi. 40, fig. II.
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Type loc. : Red Sea (leg. F o r ss k â l) .
Red Sea distr.: Bay of Assab, Gulf of Zula, Suez, Tor, Sinai Peninsula, Aqaba, 

Jiddah, Hodeida.

Stypopodium K ützing  

Stypopodium zonale (L am ouroux) Papenfuss

Records under syn.
Z o n a r ia  zo n a lis  ( L a m o u r o u x )  H o w e . N a s r ,  1947, p. 76. R ay ss , 1959, p. 15.

Red Sea distr. : Ghardaqa, Abu Rudeis, Abu Zenîma.

Zonaria C. A g a r d h  (nom . cons.) t 

’"Zonaria schimperi K ü tz in g  

K ü tz in g , 1849, p. 565; 1859, p. 30, pi. 74. Z a n a rd in i, 1858, p. 245. M u sc h le r ,  
1908, p. 188. H arvey -G ib son , 1908, p. 78. N a sr , 1949, p. 76.

Record under syn.
Zonaria ambigua F i g a r i  e t  D e N o t a r i s ,  1853, p . 157.

Type loc.: Nuweiba.
Distr. : Strait of Jubal, Suez, Nuweiba.
Note: The generic position of this species is uncertain.

CHORDARIALES
CHORDARIACEAE

Eudesme J. A g a r d h  

'"Eudesme flavescens (Z a n a rd in i) D eT on i  

D eT on i, 1895, p. 404. M u s c h le r ,  1908, p. 192.

Records under other names 
Mesogloia flavescens Z a n a rd ini, 1858, p. 251, pi. 4, fig. 2.
Mesogloia vermicularis var. gracilis sensu? D e c a is n e ,  1841, p. 129. Sensu F i g a r i  and D e N o t a r i s ,  1853, 

p. 164, fig. II.
Castagnea flavescens ( Z a n a r d i n i )  N a s r ,  1947, p. 67, pi. 5, fig. 2.

Type loc. : Not specified, Suez, Aqaba.
Distr.: Ghardaqa, Suez, ?Tor, Aqaba.
Note: The identity of this species is uncertain.

tK ü T Z iN G  (1859, p. 27, pi. 68, fig. I) described and illustrated a plant from Koseir under the name 
Phycopteris costata. Phycopteris K ü t z i n g  is a synonym of Zonaria but P. costata has not, as yet, been 
transferred to Zonaria. To judge from K ü t z i n g ’s figures of P. costata, the plant appears to be a species 
of Zonaria, but formal removal to this genus had best be delayed until the type has been examined.

694



37

Eudesme virescens (C a r m ic h a e l ) J. A g a r d h

Record under syn.
Castagnea virescens (C arm ichael) T h u r e t . H arvey-G ibson, 19Ô8, p. 79.

Red Sea distr. : Suakin, Gulf of Suez.
Note : The identity of the material referred to this species by H a r v e y - G ib s o n  is 

uncertain.

Myriogloia K u c k u c k  

"Myriogloia ramosissima ( Z a n a r d i n i )  P a p e n fu s s ,  comb. nov.

Records under other names :
Mesogloia ramosissima Z a n a r d in i, 1858, p. 250, pi. 4, fig. 1.
Mesogloia vermicularis sensu F igari and D eN otaris, 1853, p. 164.
Castagnea ramosissima (Z an a rd ini) N asr , 1947, p. 66, fig. 16.

Type loc. : Not specified, Suez, Aqaba.
Distr. : Ghardaqa, Suez, Aqaba.
Note: From N a s r ’s description and illustration of this species, it is evident that 

it is not representative either of M esogloia  C. A g a r d h  (which does not form plurilo- 
cular sporangia) or of Castagnea  D e rb è s  et S o l i e r  (=  Cladosiphon  K ü t z i n g ) ,  but 
of M yrioglo ia  K u c k u c k .

s p e r m a t o c h n a c e a e  
Nemacystus D erbès  e t  S o l ie r

*Nemacystus erythraeus (J. A g a r d h ) Sa u v a g e a u  

K y l in , 1940, p . 46.

Records under other names 
Cladosiphon erythraeus J. A g a r d h , 1848, p. 55. Z an a rd ini, 1858, p. 251.
Mesogloia vermicularis var. gracilis H er in g , in Schim per , 1835-37, no. 475 (nom. nud.).
Mesogloia gracilis sensu K ü t z in g , 1858, p. 5, pi. 10, fig. 1. Sensu J. A g a r d h , 1882, p. 33.
Mesogloia mediterranea sensu R u pr ec h t , 1849, p. 81.

Type loc.: Red Sea [Tor] on Sargassum.
Distr.: Tor.

Stilophora J. A g a r d h  (nom. cons.)

’"Stilophora erythraea (M o n t a g n e ) P a p e n f u s s , c o m b . n o v .
Records under syns.

Chordaria erythraea M o nta g n e , 1849, p. 288.
Stilophora arabica F igari et D eN otaris, 1853, p. 162, fig. 111. Z a n a rd in i, 1858, p. 248. M uschler , 

1908, p. 191.
Type loc.: Red Sea.
Distr. : Suez, Tor, Aqaba.
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Stilophora rhizodes ( T u r n e r )  J. A g a r d h  

Z a n a r d i n i ,  1858, p . 248 . M u s c h l e r ,  1908, p . 191. N a s r ,  1947, p . 67. 
Red Sea distr.: Koseir, Ghardaqa, Suez, Tor, Aqaba, Jiddah.

SPOROCHNALES 
sp o r o c h n a c e a e  

Nereia Z a n a rd in i

Nereia filiformis (J. A g a r d h ) Z a n a r d in i 

N a s r , 1947, p . 70.
Red Sea distr. : Ghardaqa.

Sporochnus C. A g a r d h

Sporochnus comosus C. A g a r d h  

N a sr , 1947, p . 69.
Red Sea distr. : Strait of Jubal.

DICTYOSIPHONALES
STRIARIACEAE

Striaria G reville 

Striaria attenuata f. ramosissima (K ü tzin g ) H auck  

Lyle, 1926, p . 40.
Red Sea distr. : Suez Canal.

PUNCTARIACEAE

Colpomenia (E n d lic h e r )  D erb ès et S o lie r  

Colpomenia sinuosa (M e r te n s  ex R o th )  D erb ès et S o lie r  

M u s c h le r ,  1908, p . 193. Lami, 1932, p . 355. N a sr , 1947, p . 71. R ayss, 1959, p . 12.

R ecords u n d er syns.
Stilophora sinuosa ( M e r t e n s  ex R o t h )  C. A g a r d h .  D e c a is n e , 1841, p. 139.
Encoelium sinuosum (M ertens ex R o th ) C. A g a r d h . Schim per , 1835-37, nos. 964 an d  965. 
Asperococcus sinuosus (M ertens ex R o th ) Bo ry . J. A g a rd h , 1848, p. 75. R u pr ec h t , 1849, p. 81. 

F ig a ri an d  D eN otaris , 1853, p. 163. Z a n a rd ini, 1858, p. 249.
Hydroclathrus sinuosus (M ertens ex R oth) Z a n a rd in i. D eT oni and  Paoletti, 1888, p. 74. H arvey- 

G ibson an d  K n ig h t , 1913, p. 306.

Red Sea distr.: Massawa, Sudanese coast, Koseir, Ghardaqa, Suez, Tor, Eilat 
Aqaba.
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Hydroclathrus B o r y  

Hydroclathrus clathratus (C. A g a r d h )  H o w e  

N a sr , 1947, p. 72. R ayss, 1959, p. 12.

Records under syns.
Hydroclathrus cancellatus B o r y .  D e c a is n e ,  1841, p. 138. P ic c o n e ,  1900c, p. 120. M u s c h l e r ,  1908, 

p. 193. H a rv e y -G ib s o n ,  1908, p. 78. H a r v e y - G ib s o n  and K n i g h t ,  1913, p. 306. F o r t i ,  1928, pp. 1449 
and 1451, pi. 25, figs. 1 and 2.

Asperococcus clathratus (C. A g a r d h )  B o r y  ex J. A g a r d h ,  1848, p. 75. R u p r e c h t ,  1849, p. 81. F i g a r i  
a n d  D e N o t a r i s ,  1853, p. 163. Z a n a r d i n i ,  1858, p. 249. L i c a t a ,  1885, p. 186. B a ls a m o , 1885, p. 11. 

Encoelium clathratum C. A g a r d h .  S c h im p e r ,  1835-37, n o . 933.

Red Sea distr.: Assab, Sudanese coast, Koseir, Ghardaqa, Suez, Tor, Eilat, 
Aqaba, Hodeida.

Rosenvingia B o rg esen  

Rosenvingia intricata (J. A g a r d h )  B o rg esen  

N a sr , 1947, p. 72. R ayss, 1959, p. 13.

Records under syn.
Asperococcus intricatus J. A g a r d h .  Z a n a r d i n i ,  1858, p. 250. M u s c h l e r ,  1908, p. 194.

Red Sea distr. : Suez, Eilat, Mocha.

Rosenvingia orientalis (J. A g a r d h )  B o rg esen

Record under syn.
Asperococcus orientalis J. A g a r d h . Z a n a r d in i, 1858, p. 249.

Red Sea distr. : Mocha.

Scytosiphon C. A g a r d h  (nom. cons.) 

Scytosiphon lomentaria (L yn gb ye) E n d lic h e r  

Lami, 1932, p. 356.
Red Sea distr. : Suez Canal (Great Bitter Lake).

ch n o o sp o r a c e a e  
Chnoospora J. A g a r d h

* Chnoospora implexa J. A g a r d h  

J. A g a r d h , 1848, p. 172. R u p r e c h t, 1849, p. 81. F ig a r i and D e N o ta r is ,  1853, 
p. 155. Z a n a rd in i, 1858, p. 244. K u tz in g , 1859, p. 36, pi. 87, fig. II. M u s c h le r ,  
1908, p. 192.
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Records under other names
Sphaerococcus implexus H ering  et M artens, in Schim per , 1835-37, no. 474 (nom. nud.J. K ü t z in g , 

1849, p. 775.
Zonaria dichotoma v a r . intricata sen su  S c h im p e r ,  1835-37, n o . 934.

Type loc. : Tor.
Red Sea distr.: Koseir, Suez, Tor, Aqaba.

FUCALES!
CYSTOSEIRACEAE 

Cystoseira C. A g a r d h  (nom . cons.)

Cystoseira amentacea (C. A g a r d h )  B o r y  

H a r v e y - G ib s o n  a n d  K n i g h t ,  1913, p . 306.
Red Sea distr. : Sudanese coast.
Note: This record may be based on a misidentification.

Cystoseira concatenata (L in n aeu s ) C. A g a r d h  

Note: T u r n e r  (1819, p. 128) reported this taxon (as Fucus granulatus var. conca
tenatus) from the Red Sea. The identity of the material in question is wholly un
certain. R o b e rts  (1967, p. 347) has found that the type of C ystoseira concatenata  
is representative of C. foeniculacea.

Cystoseira foeniculacea (L innaeus) G reville

Records under syn.
Fucus foeniculaceus L innaeus, S t r a n d ,  1756, p. 32; 1759, p. 467. T u rner , 1819, p. 134.

Red Sea distr. : Not specified.
Note: The identity of the material from the Red Seà referred to this species is 

uncertain.

Cystoseira myrica (S.G . G m elin ) C. A g a r d h  

C. A g a r d h , 1824, p. 282. D eca isn e , 1834, p. 10; 1841, p. 145. Schim per, 1835-37, 
no. 922. S ch en k , 1840, p. 3. J. A g a r d h , 1848, p. 222. R u p re ch t, 1849, p. 81. M o n 
ta g n e , 1850, p. 242. F ig a r i and D e N o ta r is ,  1853, p. 154. Z a n a rd in i, 1858, p. 243. 
P ic co n e , 1884, p. 299; 1886, p. 42; 1889, p. 68; 1893, p. 380; 1900a, p. 256; 1900c, 
p. 120. D eT o n i and P a o le t t i ,  1888, p. 74. B o r n e t , 1888, p. 18. R ein b o ld , 1903, 
p. 229; 1907, p. 563. M u s c h le r , 1908, p. 185. H arvey-G ib son , 1908, p. 78. S a u v a 
g ea u , 1912, p. 367. L y le , 1926, p. 40. Lami, 1932, p. 355. B orgesen , 1932, p. 6. N a sr , 
1939a, p. 61; 1947, p. 83. R ayss, 1959, p. 15. P ap en fu ss and Jensen, 1967, p. 22,

+ S t r a n d  (1756, p. 32; 1759, p. 467) reported Fucus barbatus L in n a e u s  from the Red Sea. The identity 
not only of Strand’s plant but of L in n a e u s ’s species is uncertain.
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Records under syns.
Fucus myrica S.G . G m elin . T u r n e r , 1811, p. 137, pi. 192.
Fucus seticulosus F o r s s k â l ,  1775, p p . c xxv  a n d  190.
Fucus antennulatus D elile , 1813a, p. 80; 18136, p. 291, pi. 55, fig. 1; 1824, pp. 113 an d  394, pi. 55, 

fig. 1.
Phyllacantha myrica (S .G . G melin) K ü t z i n g ,  1849, p. 598; 1860, p. 14, pi. 37, fig. I.
Phyllacantha myrica var. hispida K ü tz in g  (nom. nud.). H oh en acker , 1860, no. 432.
Cystoseira myrica var. muricata S c h im p e r ,  1835-37, no. 935 ( nom. nud.).
Cystoseira myrica v a r. tenella H e r i n g  e t M a r t e n s ,  in S c h im p e r ,  1835-37, n o . 953 (nom. nud.).

Red Sea distr. ; Bay of Assab, Mandola Islet, Dissei Islet, Dahlak Archipelago, 
Massawa, Sudanese coast, Koseir, Ghardaqa, Suez, Suez Canal, Abu Rudeis, Tor, 
Ras Muhammad, Ras Nusrani, Nuweiba, Eilat, Aqaba, Jiddah, Kamaran Island, 
Hodeida, Mocha.

♦Cystoseira trinodis (F o r s sk â l)  C. A g a r d h

C. A g a r d h , 1820, p. 67; 1824, p. 286. BovÉ, 1834, p. 77. D eca isn e , 1834, p. 10; 
1841, p. 145. K ü tz in g , 1843, p. 358. R u p r e c h t, 1849, p. 81. P ap en fu ss and Jensen, 
1967, p. 21.

Records under other names
Fucus trinodis F orsskâl, 1775, pp. cxxv an d  192. D elile, 1813a, p. 80; 18136, p. 290, pi. 54, fig. 1; 

1824, pp. 113 and 392, pi. 54, fig. 1.
Cystophyllum trinode (F orsskâl) J. A g a r d h , 1848, p. 230. F igari and  D eN otaris, 1853, p. 154. 

Z a n a rd in i, 1858, p. 242. P icco ne , 1884, p. 300. R einbold , 1903, p. 229. M u sch ler , 1908 p. 184. Bdrge- 
sen, 1932, p. 12. N asr, 1947, p. 84. R ayss, 1959, p. 16.

Fucus onustus var. trinodis (F orsskâl) M ertens, 1819, p. 183.
Fucus granulatus sensu W eber, 1804, p. 134.
Cystoseira trinodis var. confluens C. A g a r d h , 1824, p. 286. Sch im per , 1835-37, nos. 462 and  954. 
Sirophysalis trinodis (F orsskâl) K ü t z in g , 1849, p. 603.
Sirophysalis trinodis var. confluens (C. A g a rd h ) K ü t z in g , 1849, p. 603; 1860, p. 21, pi. 58, fig. II. 
Sirophysalis trinodis var. enodis K ü t z in g , 1860, p. 22, pi. 59, fig. I.
Blossevillea arabica K ü t z in g , 1849, p. 630.

Type loc.: Tor,
Red Sea distr. : Bay of Assab, Massawa, Koseir, Ghardaqa, Suez, Abu Rudeis, 

Tor, Nuweiba, Aqaba, Jiddah, Hodeida.

Hormophysa K ü tz in g  

Hormophysa triquetra (C. A g a r d h )  K ü tz in g  

K ü tz in g , 1843, p. 359; 1849, p. 603; 1860, p. 22, pi. 60, fig. 1. P ic co n e , 1884, 
p. 299. B o rg esen , 1937, p. 317. N a sr , 1947, p. 82. R ayss, 1959, p. 15.

Records under other names 
Fucus articulatus F o r s s k â l , 1775, pp. lxxviii and 191 (non S.G. G m e l in , 1768, p. 77, pi. 11, fig. 1). 
Cystoseira articulata J. A g a r d h , 1848, p. 216. R u p r e c h t , 1849, p. 81.
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Hormosira articulata (J. A g a rd h ) Z a n a r d in i, 1858, p. 243. M uschler , 1902, p. 188, Bdrgesen , 1932,
p. 11.

Hormophysa articulata (J. A g a r d h )  K ü t z i n g ,  P ic c o n e ,  1884, p. 299.
Fucus triqueter L in n a e u s  (n o n  S.G. G m e lin ) .  D e l i l e ,  1813a, p . 80; 1824, p. 113.
Cystoseira triquetra C. A g a r d h , 1820, p. 61. D ecaisne, 1834, p. 10. Schim per , 1835-37, no. 837. 
Moniliformia triquetra (C. A g a r d h ) D ecaisne, 1841, p. 145.
Hormosira triquetra (C. A g a rd h ) D ecaisne. H ohenacker, 1852, no. 71. F igari and  D eN otaris, 

1853, p. 155.
Fucus foeniculaceus sen su  W e b e r ,  1804, p . 134.

Red Sea distr. : Bay of Assab, Ghardaqa, Suez, Abu Rudeis, Abu Zabad, Nuweiba, 
Aqaba.

Note: P a p e n f u s s  (1968) has discussed the nomenclature of this species.

s a r g a s s a c e a e !

Sargassum C. A g a r d h  (nom. cons.)t t
’“Sargassum acinaciforme M o n t a g n e  

M o n t a g n e ,  1850, p. 239. F i g a r i  and D e N o t a r i s ,  1853, p. 144. Z a n a r d i n i ,  1858, 
p. 237. K ü t z i n g ,  1861, p. 9, pi. 29. P i c c o n e ,  1884, p. 308. G r u n o w ,  1916, p. 20. 

Type loc.: Hodeida.
Distr. : Bay of Assab, Koseir, Aqaba, Hodeida.

Sargassum acinaciforme v a r . ’“yemense ( F ig a r i e t  D eN o t a r is) G r u n o w  

G r u n o w , 1916, p . 20.

Record under syn.
Sargassum yemense F igari e t D eN o taris , 1853, p. 152.

Type loc.: Yemen.
Distr.: Yemen.

Sargassum acinaria v a r .  hildebrandtii f .  obockianum G r u n o w  

G r u n o w , 1916, p . 155.
Red Sea distr. : Shumma Islet, Hodeida.

! SCHiFFNER in 1934 described and illustrated (p. 115, pi. 4) a monotypic new genus of Sargassaceae, 
Acystis heinii, and gave as the source of his material: “Rotes Meer: Arabien bei Gischin auf einem Roll
steine. 7 Februar 1902, Dr. Wilhelm Hein.” However, Gischin (Qishn, in modern maps) is not situated 
on the Red Sea, but on the Arabian Sea (Aden Protectorate), 15° 25' N., 51° 40' E. For an account of 
the archeologist Hein and his work, see M ü l l e r ,  D.H., 1909. Mehri-Hadrami-Texte gesammelt im 
Jahre 1902 in Gischin von Dr. Wilhelm H e in . Südarabische Expedition, Vol. 9. K. Akad. Wiss. Wien, 
xxviii +  200 pp.

tfThe gender of the names of subspecific taxa of Sargassum proposed by G r u n o w  has been corrected 
to neuter throughout this paper.
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Sargassum acinaria v a r .  ^hodeidense G r u n o w  

G r u n o w ,  1916, p. 156.
Type loc. : Hodeida.
Red Sea distr. : Hodeida.

Sargassum acinaria v a r .  "‘humile G r u n o w  

G r u n o w ,  in P i c c o n e ,  1884, p. 305.

Record under syn.
Sargassum acinaria f. humile (G r u n o w ) G r u n o w , 1916, p. 154.

Type loc. : Bay of Assab.
Distr. : Bay of Assab.

Sargassum acinaria v a r .  "‘subdentatum ( G r u n o w )  G r u n o w  

G r u n o w ,  1916, p. 155.

Record under syn.
Sargassum boveanum var. subdentatum G r u n o w , in P iccone , 1884, p. 307.

Type loc. : Archipelago of Assab.
Distr. : Archipelago of Assab.

Sargassum angustifolium ( T u r n e r )  C. A g a r d h  

D e c a i s n e ,  1834, p. 10. S c h u b e r t ,  1839, p. 290.
Red Sea distr. : Sinai Peninsula.
Note: The identity of the Red Sea material referred to this species by D e c a i s n e  

and S c h u b e r t  is uncertain.

Sargassum aquifolium ( T u r n e r )  C. A g a r d h  

D e c a i s n e ,  1834, p. 10; 1841, p. 143. J. A g a r d h ,  1889, p. 102. M u s c h l e r ,  1908, 
p. 179. N a s r ,  1947, p. 89. R a y s s ,  1959, p. 16.

Red Sea distr. : Koseir, Suez, Eilat, Jiddah.

"‘Sargassum arnaudianum M o n t a g n e  

M o n t a g n e ,  1850, p. 236. P i c c o n e ,  1886, p. 43. G r u n o w ,  1915, p. 387.

Record under syn.
Sargassum subrepandum var. arnaudianum ( M o n ta g n e )  M u s c h l e r ,  1908, p. 176.

Type loc. : Hodeida.
Distr. : Massawa, Hodeida.
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Sargassum arnaudianum v a r . ^assarkaense G r u n o w  

G r u n o w , 1915, p . 387.
Type loc. : Red Sea, presumably Assarca Islets.
Distr. : Red Sea, presumably Assarca Islets.

^Sargassum asperifolium H e r i n g  et M a r t e n s  ex J. A g a r d h  

J. A g a r d h ,  1848, p. 3 3 4 ; 1889, p. 103. R u p r e c h t ,  1849, p. 79. K ü t z i n g ,  1849, 
p. 6 0 9 ; 1861, p. 4 , pi. 10, fig. 1. M u s c h l e r ,  1908, p. 180. G r u n o w ,  1916, p. 27. 
L y le ,  1926, p. 40 . N a s r ,  1947, p. 87, pi. 7.

Records under other names 
Sargassum linifolium sensu D e c a is n e ,  1841, p. 143.
Sargassum asperifolium vix. fimbriatum F igari e t D eN otaris, 1853, p. 149.

Type loc. : Red Sea.
Distr. : Ghardaqa, Suez, Suez Canal, Aqaba.

Sargassum asperifolium v a r .  ’"dissimile G r u n o w  

G r u n o w ,  in P i c c o n e ,  1889, p . 74. G r u n o w ,  1916, p . 27.
Type loc. : Adjuz Islet.
Distr. : Adjuz Islet.

Sargassum biserrulum v a r .  ’"prionocarpum G r u n o w  

G r u n o w ,  in D e T o n i  a n d  P a o l e t t i ,  1888, p . 73. P ic c o n e ,  1889, p . 70. G r u n o w ,  
1915, p . 416 .

Type loc. : Southern Red Sea.
Red Sea distr. : Coast of Ethiopia, Assarca Islets.

Sargassum biserrulum v a r .  prionocarpum f . ’"hodeidense ( G r u n o w )  G r u n o w  

G r u n o w , 1915, p . 416.

Record under syn.
Sargassum biserrulum var. hodeidense G runow , in H a u c k ,  1889, p. 190.

Type loc. : Hodeida.
Distr. : Red Sea, Hodeida.

’"Sargassum botruosum M o n t a g n e  

M o n t a g n e , 1850, p . 241 . G r u n o w , 1916, p . 168.
Type loc. : Hodeida.
Distr. : Massawa, Suez, Hodeida.
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Sargassum botruosum f. '“perangustum G r u n o w  

G r u n o w ,  in D e T o n i  a n d  P a o l e t t i ,  1888, p . 73.
Type loc. : Massawa.
Distr.: Massawa.
Note: G r u n o w  (1915, 1916) failed to include this taxon in his monograph on 

Sargassum.

Sargassum botruosum f. “rigidulum G r u n o w  

G r u n o w , 1916, p. 168.
Type loc. : Suez.
Distr.: Suez.

“Sargassum boveanum J. A g a r d h  

J. A g a r d h , 1848, p. 333; 1889, p. 115. F ig a r i and D e N o ta r is ,  1853, p. 145. 
Z a n a rd in i, 1858, p. 236. P ic c o n e , 1884, p. 306; 1889, p. 73; 1900a, p. 255; 19006, 
p. 118. h a u c k , 1889, p. 189. G r u n o w , 1916, p. 156.

R ecords u n d e r o th er nam es 
Fucus acinarius sensu F o r s s k â l ,  1775, p. cxxv. Sensu T u r n e r ,  1808, p. 109, pro parte, and incl. var. 

megalocarpus.
Sargassum acinaria sensu D e c a is n e ,  1841, p. 143 (incl. v a r . megalocarpum). Sensu P ic c o n e ,  1900.; 

p. 255. Sensu G r u n o w ,  1916, p. 153.
Sargassum boveanum var. rigidum G r u n o w , in P iccone , 1884, p. 306.

Type loc. : Red Sea.
Red Sea distr. : Bay of Assab, Mandola Islet, Shumma Islet, Assarca Islets, Aqaba, 

Hodeida, Mocha.

Sargassum boveanum var. “aterrimum G r u n o w  

G r u n o w , in P ic co n e , 1884, p. 306. G r u n o w , 1916, p. 156 (as Sargassum boveanum  
f. aterrim um ).

Type loc. : Bay of Assab.
Distr. : Bay of Assab.

Sargassum boveanum var. “fuscescens G r u n o w  

G r u n o w , in P ic c o n e , 1884, p. 307. G r u n o w , 1916, p. 157.
Type loc. : Bay of Assab.
Distr. : Bay of Assab.

Sargassum boveanum var. “picconii (G r u n o w ) G r u n o w  

G r u n o w , 1916, p. 157.
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Record under syn.
Sargassum picconii G r u n o w , in P ic c o n e , 1889 , p . 69 .

Type loc. : Dissei Islet.
Distr. : Dissei Islet.

"‘Sargassum calophyllum D e N o t a r i s  

D e N o t a r i s ,  in Z a n a r d i n i ,  1858, p. 228. P i c c o n e ,  1884, p. 303. M u s c h l e r ,  1908, 
p. 175. G r u n o w ,  1915, p. 421.

Record under another name 
Sargassum cuneifolium sensu F ig a r i  et D eN o t a r is , 1853, p. 140.

Type loc. : Not specified, Suez, Aqaba.
Distr. : Bay of Assab, Suez, Aqaba.

Sargassum cinctum v a r . "‘detonianum G r u n o w  

G r u n o w ,  in D e T o n i  a n d  P a o l e t t i ,  1888, p . 73. P ic c o n e ,  1889, p . 73. G r u n o w ,  
1915, p . 4 1 8  (a s  v a r . tonianum).

Type loc. : Not specified, Assarca Islets and Massawa.
Distr. : Assarca Islets, Massawa.

Sargassum cinctum v a r .  detonianum f. "phyllocystum G r u n o w  

G r u n o w ,  in P i c c o n e ,  1889, p . 73.
Type loc. : Bay of Anfila.
Distr. : Bay of Anfila.

Sargassum cinctum v a r .  detonianum f. "'serrulatum G r u n o w  

G r u n o w ,  in P i c c o n e ,  1889, p . 73.
Type loc. : Dissei Islet.
Distr. : Dissei Islet.

Sargassum cinctum v a r .  "‘elatum G r u n o w  

G r u n o w ,  in P i c c o n e ,  1884, p . 302. G r u n o w ,  1915, p . 420.
Type loc. : Bay of Assab.
Distr. : Bay of Assab.

Sargassum cinctum v a r .  elatum f. "‘apiculatum ( G r u n o w )  G r u n o w  

G r u n o w ,  1915, p. 420.

Record under syn.
Sargassum apiculatum G r u n o w , in P ic c o n e , 18 8 4 , p . 303 .

704



47

Type loc. : Bay of Assab.
Distr. : Bay of Assab.

Sargassum confusum sensu D e c a i s n e  

D e c a i s n e ,  1841, p. 144. Sensu M u s c h l e r ,  1908, p. 183.
Distr. : Red Sea, Luhaiya.
Note : The identity of the material from the Red Sea that D e c a i s n e  and M u s c h l e r  

reported under this name is uncertain.

Sargassum coriifolium v a r .  "bicuspidatum ( G r u n o w )  G r u n o w  

G r u n o w ,  1915, p. 436.
Record under syn.

Sargassum cinctum v a r . bicuspidatum G r u n o w , in P ic c o n e , 188 4 , p . 3 02 .

Type loc. : Bay of Assab.
Distr. : Bay of Assab.

Sargassum crassifolium v a r .  "oblongifolium G r u n o w  

G r u n o w ,  1915, p. 391.
Type loc. : Red Sea.
Distr. : Red Sea.

"Sargassum cuneifolium J. A g a r d h  

J. A g a r d h ,  1837, p. 172. G r u n o w ,  1915, p. 429.
Type loc. : Coast of Ethiopia.
Distr. : Assab, Coast of Ethiopia.

Sargassum cuneifolium v a r .  "doriae ( G r u n o w )  G r u n o w  

G r u n o w ,  1915, p. 430.
Record under syn.

Sargassum doriae G r u n o w , in P ic c o n e , 1 8 8 4 , p . 3 00 . p i. 8 , f ig s . 4 - 6 .

Type loc. : Adjuz Islet.
Distr. : Adjuz Islet.

Sargassum cuneifolium v a r .  doriae f. "kamaranense ( G r u n o w )  G r u n o w  

G r u n o w ,  1915, p. 431.
Record under syn.

Sargassum fresenianum v a r . kamaranense G r u n o w ,  in B o r  n e t ,  1888, p . 19.

Type loc. : Kamaran Island.
Distr. : Kamaran Island.

Sargassum cuneifolium v a r .  "integerrimum ( G r u n o w )  G r u n o w  

G r u n o w ,  1915, p. 431.
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R e c o r d s  u n d e r  sy n s .

Sargassum fresenianum v ar. integerrimum G r u n o w , in B o r n e t , 1888 , p . 18.

Sargassum fresenianum v ar. obtusiusculum G r u n o w ,  in D e T o n i  a n d  P a o l e t t i ,  1888 , p . 7 2 . P i c c o n e ,  

18 8 9 , p. 7 1 .

Type loc.: Kamaran Island.
Distr. : Bay of Anfila, Massawa, Kamaran Island.

Sargassum cuneifolium v a r . ’"obscurum G r u n o w  

G r u n o w ,  in P ic c o n e ,  1884, p . 311. G r u n o w ,  1915, p . 430.
Type loc. : Bay of Assab.
Distr. : Bay of Assab.

Sargassum cuneifolium var. *rigescens ( G r u n o w )  G r u n o w  

G r u n o w ,  in P ic c o n e ,  19006, p . 118. G r u n o w ,  1915, p . 430.

R e c o r d  u n d e r  syn .

Sargassum fresenianum var. rigescens G r u n o w , in P ic c o n e , 18 8 9 , p . 72.

Type loc.: Dissei Islet.
Distr. : Assab, Dissei Islet.

"Sargassum cylindrocystum F i g a r i  e t  D e N o t a r i s  

F i g a r i  a n d  D e N o t a r i s ,  1853, p . 145. G r u n o w ,  1915, p . 433.
Type loc. : Hodeida.
Distr.: Hodeida.

Sargassum cylindrocystum v a r . "abyssinicum G r u n o w  

G r u n o w ,  1915, p. 434.
Type loc. : Coast of Ethiopia.
Distr. : Coast of Ethiopia.

Sargassum cylindrocystum v a r . "dubium G r u n o w  

G r u n o w ,  1915, p . 435.
Type loc. : Red Sea.
Distr. : Red Sea.

Sargassum cylindrocystum var. "levianum G r u n o w  

G r u n o w ,  in D e T o n i  and P a o l e t t i ,  1888, p. 72. G r u n o w ,  1915, p. 435.
Type loc. Massawa.
Distr. : Massawa.
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’" S a r g a s s u m  d e c a i s n e i  J .  A g a r d h

J. A g a r d h ,  1848, p. 329; 1889, p. 101. M u s c h l e r ,  1908, p. 179. G r u n o w ,  1916, 
p. 19. N a s r ,  1947, p. 88.

Type loc. : Red Sea.
Distr. : Koseir, Ghardaqa, Suez.

Sargassum decaisnei var. ^abyssinicum G r u n o w  

G r u n o w ,  1916, p. 19.
Type loc. : Coast of Ethiopia.
Distr. : Coast of Ethiopia.

’"Sargassum densifolium Z a n a r d i n i  

Z a n a r d i n i ,  1858, p. 240. G r u n o w ,  1916, p. 24.
Type loc. : Suez.
Distr. : Coast of Ethiopia, Suez.

Sargassum densifolium var. ’"subcompressum G r u n o w  

G r u n o w ,  in P i c c o n e ,  1884, p. 310. G r u n o w ,  1916, p. 25.
Type loc. : Bay of Assab.
Distr. : Bay of Assab.

’"Sargassum dentifolium ( T u r n e r )  C. A g a r d h  

C. A g a r d h ,  1820, p. 8; 1824, p. 295. B o v é ,  1834, p. 77. D e c a i s n e ,  1834, p. 10; 
1841, p. 142. S c h im p e r ,  1835-37, nos. 460 and 958. J. A g a r d h ,  1848, p. 319. 
R u p r e c h t ,  1849, p. 79. F i g a r i  and D e N o t a r i s ,  1853, p. 142. Z a n a r d i n i ,  1858, 
p. 229. P i c c o n e ,  1884, p. 301 ; 1900a, p. 255; 1900c, p. 120. R e i n b o l d ,  1907, p. 562. 
M u s c h l e r ,  1908, p. 178. H a r v e y - G i b s o n ,  1908, p. 78. H a r v e y - G i b s o n  and K n i g h t ,  

1913, p. 306. G r u n o w ,  1916, p. 17.
Records under other names 

Fucus dentifolius T u r n e r ,  1809, p. 64, pi. 93.
Carpacanthus dentifolius ( T u r n e r )  K ü t z i n g ,  1849, p. 623; 1861, p. 12, pi. 39, fig. II.
Fucus denticulatus F o r s s k â l ,  1775, pp. lxxviii and 191 (non N.L. B u rm a n ,  1768, p. 28 [32]). D e l i l e ,  

1813a, p. 80; 18136, p. 292, pi. 55, fig. 2; 1824, pp. 113 and 395, pi. 55, fig. 2.
Sargassum denticulatum B o rg e s e n ,  1932, p. 9, fig. 2. N a s r ,  1947, p. 88, pi. 9. Rayss, 1959, p. 17. 
Fucus natans sensu V a h l ,  1791, p. 105.
Fucus bacciferus sensu Weber, 1804, p. 134.
Fucus tetragonus D e l i l e ,  1813a, p. 80; 18136, p. 293, pi. 56, fig. 3; 1924, pp. 113 and 398, pi. 56, fig. 3 

(nom. illeg.).

Type loc. : Red Sea.
Red Sea distr.: Bay of Assab, Mandola Islet, Massawa, Trinkitat, Sudanese 

coast, Ghardaqa, Ras Gharib, Suez, Tor, Sharm el Sheikh, Nuweiba, Aqaba, 
Jiddah.

707



50

Sargassum diversifolium s e n s u  D e c a i s n e  

D e c a i s n e ,  1841, p. 144. 
Note: The identity of the material from the Red Sea reported under this name 

by D e c a i s n e  is uncertain. 

Sargassum echinocarpum v a r .  "‘ambiguum ( G r u n o w )  G r u n o w  

G r u n o w ,  1915, p. 383.

R e c o r d  u n d e r  syn .

Sargassum binderi v a r . ambiguum G r u n o w , in P ic c o n e , 1886, p. 48.

Type loc. : Massawa. 
Distr. : Massawa, Jiddah. 

Sargassum filifolium C. A g a r d h  

M u s c h l e r ,  1908, p. 178. 
Red Sea distr. : Suez. 

Sargassum flavicans ( M e r t e n s )  C. A g a r d h  

M o n t a g n e ,  1850, p. 242. Z a n a r d i n i ,  1858, p. 228. M u s c h l e r ,  1908, p. 175. 
N a s r ,  1947, p. 86. R a y s s ,  1959, p. 17. 

Red Sea distr. : Massawa, Koseir, Suez, Aqaba, Hodeida. 
Note: The identity of the material from the Red Sea referred to this species is 

uncertain.

"‘Sargassum forsskalii ( M e r t e n s ) P a p e n f u s s , c o m b .  n o v .

Records under other names
Fucus forsskalii M e r t e n s , 181 9 , p . 1 78 , f .n .

Sargassum crispum C. A g a r d h , 1824, p. 297. B o v é , 1834, p . 77. D e c a is n e , 1834, p. 10; 1841, p . 143. 
S c h im p e r ,  1835-37, no. 956. S c h u b e r t , 1839, p. 290. J. A g a r d h , 1848, p . 320; 1889, p. 97, p i. 8. R u p r e c h t , 

1849, p . 79. F ig a r i a n d  D eN o t a r is , 1853, p . 137. Z a n a r d in i , 1858, p . 231. M u s c h l e r , 1908, p . 177. 
H a r v e y - G ib s o n , 1908, p. 78. G r u n o w , 1915, p. 438. L y l e , 1926, p. 40. B o r g e s e n , 1932, p. 9. N a s r , 

1939a, p . 61 ; 1947, p . 86.
Fucus crispus F o r s s k Al , 1775, p p . lx x v iii  an d  191 (n o n  H u d s o n , 1762). D e l ile , 1813a, p . 80; 1824, 

p. 113.
Fucus undulatus J.F. G m e l in , 17 9 2 , p . 1381 (n o n  Sargassum undulatum J. A g a r d h ).

Fucus latifolius s e n su  D e l il e , 1 8 1 3 a , p . 8 0 ;  1 8 1 3 6 , p . 2 9 1 , p i. 54 , fig . 2 ;  1824 , p p . 113  a n d  3 9 3 , p i. 54 , 

fig. 2.
Sargassum telephifolium sensu K ü t z i n g , 1849, p . 607; 1861, p. 2, p i. 3, fig. II.

Type loc. : Red Sea. 
Distr. : Koseir, Ghardaqa, Suez, Suez Canal, Tor, Nuweiba, Aqaba, Jiddah.
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Sargassum forsskalii var. ^notarisii ( Z a n a r d i n i )  P a p e n f u s s ,  comb. nov.

Records under other names 
Sargassum notarisii Z a n a r d i n i ,  1858, p. 232. M u s c h l e r ,  1908, p. 183. N a s r ,  1947, p. 87.
Sargassum crispum var. notarisii ( Z a n a r d i n i )  G r u n o w ,  1915, p. 438.
Sargassum crispum sensu K ü t z i n g ,  1861, p. 2, pi. 4, fig. I.

Type loc. : Not specified, Suez, Aqaba.
Distr. : Ghardaqa, Suez, Aqaba.

■"Sargassum fresenianum J. A g a r d h  

J. A g a r d h ,  1837, p. 172. P i c c o n e ,  1900a, p. 255. R e i n b o l d ,  1903, p. 229. G r u n o w ,  

1915, p. 431.
Type loc. : Coast of Ethiopia.
Distr.: Coast of Ethiopia, Arafali, Tor.

Sargassum fresenianum v a r .  ’"bressaninii ( G r u n o w )  G r u n o w  

G r u n o w ,  1915, p. 432.

Record under syn.
Sargassum cylindrocystum var. bressaninii G r u n o w ,  in D e T o n i  and P a o l e t t i ,  1888, p. 72.

Type loc. : Massawa.
Distr.: Massawa.

Sargassum fresenianum var. ’"ilicifolioides G r u n o w  

G r u n o w ,  in P i c c o n e ,  1889, p. 72. G r u n o w ,  1915, p. 433. 
Type loc. : Adjuz Islet.
Distr. : Adjuz Islet, Kamaran Island.

Sargassum fresenianum var. * squarrulosum G r u n o w  

G r u n o w ,  1915, p. 433.
Type loc. Massawa.
Distr.: Massawa.

'"Sargassum glandulifolium G r u n o w  

G r u n o w ,  in P i c c o n e ,  19006, p. 118. G r u n o w ,  1916, p. 20. 
Type loc. : Assab.
Distr. : Assab.
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Sargassum hildebrandtii G r u n o w  

G r u n o w ,  in H a u c k ,  1889, p. 188.
Red Sea distr. : Hodeida.

Sargassum ilicifolium ( T u r n e r )  C. A g a r d h  

P i c c o n e ,  1886, p. 45; 1900a, p. 254.
Red Sea distr. : Dissei Islet, Massawa.
Note: The identity of the material from the Red Sea referred to this species by 

P i c c o n e  is uncertain.

Sargassum ilicifolium v a r .  "‘clonocarpum ( G r u n o w )  G r u n o w  

G r u n o w ,  1915, p. 402.

Record under syn.
Sargassum clonocarpum G r u n o w , in P ic c o n e , 1 8 8 9 , p . 69 .

Type loc. : Massawa.
Distr.: Massawa.

Sargassum ilicifolium v a r .  conduplicatum f. ^erythraeum G r u n o w  

G r u n o w ,  1915, p. 406.
Type loc. : Massawa.
Red Sea distr. : Massawa.

Sargassum ilicifolium v a r .  "'euryphyllum ( G r u n o w )  G r u n o w  

G r u n o w ,  1915, p. 404.

Records under syn.
Sargassum subrepandum var. euryphyllum G r u n o w , in D eT o n i  and P a o l e t t i, 18 8 8 , p . 73 . P ic c o n e , 

18 8 9 , p . 7 0 .

Type loc. : Southern Red Sea.
Distr. : Assarca Islet, Massawa.

Sargassum ilicifolium v a r .  microdon G r u n o w  

G r u n o w ,  1915, p. 404.
Red Sea distr. : Red Sea.

"■Sargassum latifolium ( T u r n e r )  C. A g a r d h  

B o v é ,  1834, p. 77. D e c a i s n e ,  1834, p. 10; 1841, p. 143. J. A g a r d h ,  1848, p. 336; 
1889, p. 103. M o n t a g n e ,  1850, p. 242. F i g a r i  and D e N o t a r i s ,  1853, p. 148. Z a n a r 

d i n i ,  1858, p. 240. P i c c o n e ,  1884, p. 310; 1900a, p. 255. L i c a t a ,  1885, p. 186. B a l 

s a m o , 1885, p. 11. D e T o n i  and P a o l e t t i ,  1888, p. 74. M u s c h l e r ,  1908, p. 180.
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H a r v e y - G ib s o n ,  1908, p . 78. G r u n o w ,  1916, p . 28 . N a s r ,  1939a, p . 6 2 ; 1947, p . 89, 
pi. 10.

Records under syns.
Fucus latifolius T u r n e r , 1 8 0 9 , p . 6 6 , p i. 9 4 .

Carpacanthus latifolius (T u r n e r )  K ü t z i n g , 1 8 4 9 , p . 6 2 5 ;  1 8 6 1 , p . 15 , p i. 47 .

Type loc. : Red Sea.
Red Sea distr. : Bay of Assab, Gulf of Zula, Dissei Islet, Shumma Islet, Massawa, 
Cape Berenice, Koseir, Ghardaqa, Suez, Tor, Aqaba, Jiddah, Hodeida.

Sargassum latifolium f. ’"polycarpum ( F i g a r i  e t  D e N o t a r i s )  G r u n o w  

G r u n o w ,  1916, p . 28.

Records under other names 
Sargassum polycarpum F i g a r i  et D e  N o t a r i s ,  185 3 , p . 147. Z a n a r d i n i ,  1858 , p . 2 3 8 . P ic c o n e ,  1884 , 

p. 3 1 0 .

Sargassum subrepandum sensu K ü t z i n g ,  1849 , p . 6 0 6 ;  18 6 1 , p . 1, p i. 2 , fig. I.

Type loc. : Not specified, Suez, Aqaba.
Distr. : Bay of Assab, Shumma Islet, Suez, Tor, Aqaba.

Sargassum latifolium var. zanzibaricum G r u n o w  

G r u n o w ,  in B o r n e t ,  1888, p . 19.
Red Sea distr. : Kamaran Island.
Note : presumably the type locality of this variety is Zanzibar, but only Kamaran 

Island was given as a locality in B o r n e t ’s paper. G r u n o w  did not include the taxon 
in his monograph of Sargassum ; its status, therefore, must be regarded as uncertain.

Sargassum linifolium (T u r n e r ) C. A g a r d h  

H a r v e y - G ib so n  a n d  K n ig h t , 1913, p . 306.
Red Sea distr. : Sudanese coast.
Note: F i g a r i  and D e N o t a r i s  (1853 , p. 150) also reported this species from the 

Red Sea, but Z a n a r d i n i  (1858 , p. 241 ) suspects that their material was obtained at 
Alexandria.

’"Sargassum marcaccii G r u n o w  

G r u n o w ,  in P i c c o n e ,  1884, p. 309, pi. 8, figs. 1 -3 . G r u n o w ,  1916, p. 165.
Type loc. : Bay of Assab.
Distr. : Bay of Assab.

"Sargassum neglectum F ig a r i e t  D eN o t a r is  

F ig a r i  a n d  D eN o t a r is , 1853, p . 142. G r u n o w , 1916, p . 18.
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Records under another name 
Sargassum parvifolium sensu Z a n a r d i n i ,  1858, p. 230. Sensu M u s c h l e r ,  1908, p. 178. Sensu N a s r ,  

1947, p. 88.

Type loc. : Not specified, Suez, Aqaba.
Distr. : Suez, Aqaba.

“Sargassum nigrescens Z a n a r d i n i  

Z a n a r d i n i ,  1858, p. 235. G r u n o w ,  1916, p. 157.
Type loc.: Not specified, Jiddah, Hodeida.
Distr. : Jiddah, Hodeida.

“Sargassum portierianum Z a n a r d i n i  

Z a n a r d i n i ,  1858, p. 232. G r u n o w ,  1916, p. 145.
Type loc. : Koseir.
Distr.: Koseir, Suez, Tor.

Sargassum portierianum v a r .  “eiddense ( G r u n o w )  G r u n o w  

G r u n o w ,  1916, p. 145.

Record under syn.
Sargassum lendigerum var. eiddense G r u n o w ,  in P ic c o n e ,  1889, p. 74.

Type loc.: Edd.
Distr.: Edd.

Sargassum portierianum v a r .  “phyllocystum G r u n o w  

G r u n o w ,  1916, p. 145.
Type loc. : Red Sea.
Distr. : Red Sea.

Sargassum portierianum v a r .  “rigidulum G r u n o w  

G r u n o w ,  1916, p. 145.
Type loc. : Red Sea.
Distr. : Red Sea.

“Sargassum pterocystum Z a n a r d i n i  

Z a n a r d i n i ,  1858, p. 233. M u s c h l e r ,  1908, p. 177. G r u n o w ,  1915, p. 375.
Type loc. : Koseir.
Distr.: Koseir.
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* Sargassum saltii (T u r n e r )  C. A g a r d h

Record under syn.
Fucus saltii T u r n e r ,  1819, p . 37, p i. 213.

Type loc. : Red Sea.
Distr. : Red Sea.
Note: The status of this species is uncertain. K ü t z i n g  (1861, pi. 38, fig. II) has 

reproduced a mirror image of T u r n e r ’s figures of the taxon.

Sargassum saltii v a r .  "dancalense G r u n o w  

G r u n o w ,  in P i c c o n e ,  1889, p. 72. G r u n o w ,  1915, p. 426.
Type loc. : Edd.
Distr. : Edd, Red Sea.

Sargassum spathulaefolium v a r .  * amfilense G r u n o w  

G r u n o w ,  1916, p. 23.
Type loc. : Mandola Islet.
Distr. : Mandola Islet.

Sargassum spathulaefolium v a r .  ’"hybridum ( G r u n o w )  G r u n o w  

G r u n o w ,  1916, p. 23.

Records under other names 
Sargassum hybridum G ru n o w , in P ic c o n e , 1884, p. 303. P ic c o n e , 1889, p. 73.
Sargassum spathulaefolium J. A g a r d h .  J. A g a r d h ,  1889, p . 102.

Type loc. : Archipelago of Assab.
Distr. : Archipelago of Assab.

Sargassum spathulaefolium v a r .  hydridum f. ’"suboppositum ( G r u n o w )  G r u n o w  

G r u n o w ,  1916, p. 23.

Record under syn.
Sargassum hybridum var. suboppositum G r u n o w ,  in P ic c o n e ,  1884, p. 304.

Type loc. : Bay of Assab.
Distr. : Bay of Assab.

Sargassum spathulaefolium v a r .  '"petiolatum ( G r u n o w )  G r u n o w  

G r u n o w ,  1916, p. 23.

Record under syn.
Sargassum petiolatum  G r u n o w , in P ic c o n e , 1884, p. 304.
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Type loc. : Bay of Assab.
Distr. : Bay of Assab.

"‘Sargassum subrepandum ( F o r s s k ä l )  C. A g a r d h  

C. A g a r d h ,  1820, p. 8 ;  1824, p. 295. S c h im p e r ,  1835-37, n o .  459. D e c a i s n e ,  

1841, p. 142. J. A g a r d h ,  1848, p. 319. F i g a r i  and D e N o t a r i s ,  1853, p. 139. Z a n a r 

d i n i ,  1858, p. 230. P i c c o n e ,  1884, p. 301 ; 1886, p. 46; 1900a, p. 255. L i c a t a ,  1885, 
p. 186. B a l s a m o ,  1885, p. 11. M u s c h l e r ,  1908, p. 175. H a r v e y - G i b s o n ,  1908, p. 78. 
H a r v e y - G i b s o n  and K n i g h t ,  1913, p. 306. G r u n o w ,  1915, p. 422. B o r g e s e n ,  1932, 
p. 12. N a s r ,  1947, p. 8 6 , pi. 6.

Records under other names 
Fucus subrepandus F o r s s k ä l ,  1775, p p . cxxv and 192.
Fucus natans sensu T u r n e r ,  1808, p. 99, pro parte.
Sargassum vulgare sensu BovÉ, 1834, p. 77. Sensu D ecaisne , 1834, p. 10; 1841, p. 142. Sensu ? S c h u b e r t ,  

1839, p. 290.

Type loc.: Tor.
Distr.: Bay of Assab, Mandola Islet, Adjuz Islet, Massawa, Trinkitat, Sudanese 

coast, Koseir, Ghardaqa, Suez, Tor, Aqaba, Jiddah.

Sargassum subrepandum v a r .  "‘brevifolium J. A g a r d h  

J. A g a r d h ,  1889, p. 96. G r u n o w ,  1915, p. 425.
Type loc. : Not specified, Red Sea.
Distr. : Red Sea, Koseir.

Sargassum subrepandum v a r .  brevifolium f. "‘edentatum G r u n o w  

G r u n o w ,  1915, p. 425.
Type loc. : Jiddah.
Distr. : Jiddah.

Sargassum subrepandum v a r .  "‘dentatum J. A g a r d h  

J. A g a r d h ,  1889, p. 95. R e i n b o l d ,  1903, p. 229. G r u n o w ,  1915, p. 423.
Type loc. : Not specified, Red Sea.
Distr. : Red Sea, Tor.

Sargassum subrepandum v a r .  "'figarianum ( D e N o t a r i s )  J. A g a r d h  

J. A g a r d h ,  1889, p. 96. G r u n o w ,  1915, p. 424.

Record under syn.
Sargassum figarianum D e N o t a r i s ,  in F i g a r i  a n d  D e N o t a r i s ,  1853, p . 150.

Type loc. : Not specified, Suez, Aqaba.
Distr. : Koseir, Suez, Aqaba.'
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Sargassum subrepandum v a r .  figarianum f. * angustifolium G r u n o w  

G r u n o w , 1915, p . 424.
Type loc. : Red Sea.
Distr. : Red Sea.

Sargassum subrepandum v a r .  figarianum f. "hemiphylloides G r u n o w  

G r u n o w , 1915, p . 424.
Type loc. : Koseir.
Distr.: Koseir.

Sargassum subrepandum v a r .  figarianum f. "parcedentatum G r u n o w  

G r u n o w , 1915, p . 424.
Type loc. : Koseir.
Distr.: Koseir.

Sargassum subrepandum var. forsskalii J. A g a r d h  

J. A g a r d h ,  1889, p . 95. M u s c h l e r ,  1908, p . 176. G r u n o w ,  1915, p . 422.
Type loc. : Red Sea.
Distr. : Suez, Tor.

Sargassum subrepandum v a r .  forsskalii f. ’"angustifolium G r u n o w  

G r u n o w , 1915, p . 423.
Type loc. : Not specified, Red Sea and Suez.
Distr. : Red Sea, Suez.

Sargassum subrepandum v a r .  forsskalii f. "paucidentatum G r u n o w  

G r u n o w , 1915, p . 422.
Type loc. : Red Sea.
Distr. : Red Sea.

Sargassum subrepandum v a r .  "rueppellii (J. A g a r d h )  J. A g a r d h  

J. A g a r d h ,  1889, p. 96 . R e i n b o l d ,  1903, p. 229. G r u n o w ,  1915, p. 423 . R a y s s ,  

1959, p. 17.

Record under syn.
Sargassum rueppellii J. A g a r d h ,  1837, p. 171.

Type loc. : Coast of Ethiopia.
Distr. : Coast of Ethiopia, Massawa, Tor, Ras Nusrani, Eilat.
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Sargassum subrepandum v a r .  rueppellii f. “biauriculatum G r u n o w  

G r u n o w ,  1915, p. 424.
Type loc.: Not specified, Gulf of Berenice, Shumma Islet.
Distr. : Shumma Islet, Gulf of Berenice.
Note : The material of this taxon was collected by Captain C a s s a n e l l o  during the 

voyage of the Scilla  and was sent to G r u n o w  by P i c c o n e .  P i c c o n e  (1893, p. 381) 
in error referred to the Gulf of Berenice as “Golfo di Beresine”, an error passed on 
to G r u n o w ,  who wrote “Golfo di Beresina”. In a second paper on the algae of the 
Scilla, P i c c o n e  (1900a) referred to the locality in question by its correct name, 
Golfo di Berenice.

Sargassum subrepandum v a r .  rueppellii f. “massauense ( G r u n o w )  G r u n o w  

G r u n o w .  1915. p. 423.

Record under syn.
Sargassum subrepandum var. massauense G ru n o w , in P icco n e , 1886, p. 46.

Type loc. : Massawa.
Distr.: Massawa.

Sargassum subrepandum v a r .  rueppellii f. "‘parvifolium G r u n o w  

G r u n o w ,  1915, p. 423.
Type loc. : Red Sea.
Distr. : Red Sea.

Sargassum subrepandum v a r .  rueppellii f. *tumeri ( K ü t z i n g )  G r u n o w  

G r u n o w ,  1915, p. 423.
Records under syns.

Carpacanthus turneri K ü tz in g ,  1849, p. 624; 1861, p. 13, pi. 41, fig. II.
Fucus natans var. acanthicarpus T u r n e r ,  1808, p. 99.

Type loc. : Red Sea.
Distr. : Red Sea, Koseir.

Sargassum subrepandum v a r .  "‘schweinfurthii G r u n o w  

G r u n o w ,  1915, p. 425.
Type loc.: Mirear Islet.
Distr. : Mirear Islet.

Sargassum subrepandum var. schweinfurthii f. "‘apiculiferum G r u n o w  

G r u n o w , 1915, p. 425.
Type loc. : Bay of Berenice.
Distr. : Bay of Berenice.
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Sargassum subrepandum var. schweinfurthii f. “fissidens G r u n o w  

G r u n o w ,  1915, p . 425.
Type loc. : Red Sea.
Distr. : Red Sea.

"‘Sargassum telephifolium ( T u r n e r ) C. A g a r d h

D e c a is n e ,  1841, p. 143. J. A g a r d h ,  1848, p. 337; 1889, p. 107. F i g a r i  and D e 
N o t a r i s ,  1853, p. 149. Z a n a r d i n i ,  1858, p. 241. P ic c o n e ,  1884, p. 311. G r u n o w ,  
1915, p. 395.

Record under syn.
Fucus telephifolius T u r n e r ,  1809, p. 68, pi. 95.

Type loc. : Red Sea.
Distr.: Archipelago of Assab, Massawa, Koseir, Suez, Tor, Aqaba, Jiddah.

Sargassum tenue J. A g a r d h  

R e in b o ld ,  1907, p . 562.
Red Sea distr. : Red Sea.
Note : This record is probably based on a misidentification of the material.

Sargassum tenuissimum v a r .  “kosseirense G r u n o w  

G r u n o w , 1915, p . 370.
Type loc. : Koseir.
Distr.: Koseir.

Sargassum teretifolium J. A g a r d h  

J. A g a r d h , 1889, p . 101. G r u n o w , 1916, p . 21.

Record under syn.
Sargassum  lasiophyllum  G r u n o w ,  in P ic c o n e ,  1884, p. 308.

Red Sea distr. : Bay of Assab, Red Sea.

"‘Sargassum vaysierianum M o n t a g n e  

M o n t a g n e ,  1850, p. 237 . P ic c o n e ,  1884, p. 3 0 8 ; 1900a, p. 255. G r u n o w ,  1915, 
p . 427 .

Type loc. : Hodeida.
Distr. : Bay of Assab, Massawa, Hodeida.
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Sargassum vaysierianum v a r .  ’"acinarioides G r u n o w  

G r u n o w ,  in P i c c o n e ,  1889, p. 70. G r u n o w ,  1915, p. 428.
Type loc. : Adjuz Islet.
Red Sea distr. : Adjuz Islet.

Sargassum vaysierianum v a r .  acinarioides f. '"macrocarpum G r u n o w  

G r u n o w ,  in P i c c o n e ,  1889, p. 71.
Type loc. : Dissei Islet.
Distr. : Dissei Islet.

Sargassum vaysierianum v a r .  ’"assabiense ( G r u n o w )  G r u n o w  

G r u n o w ,  1915, p. 427.

Records under other names
Sargassum acinaria var. assabiense G r u n o w , in P iccone , 1884, p. 305.
Sargassum vaysierianum v ar. disseiense G r u n o w , in P iccone, 1889, p . 71 (see G r u n o w , 1915, p. 428). 
Sargassum vaysierianum sensu K ü t z in g , 1861, p. 10. pi. 30, fig. I.

Type loc. : Bay of Assab.
Distr. : Bay of Assab, Dissei Islet, Hodeida.

Sargassum vaysierianum v a r .  '"assarkaense G r u n o w  

G r u n o w ,  in D e T o n i  a n d  P a o l e t t i ,  1888, p. 73. P i c c o n e ,  1889, p. 71. G r u n o w ,  

1915, p. 428.
Type loc. : Assarca Islet.
Distr. : Assarca Islet, Suakin.

Sargassum vaysierianum v a r .  '"ehrenbergii G r u n o w  

G r u n o w ,  1915, p. 429.
Type loc. : Qunfida.
Distr.: Qunfida.

Sargassum vaysierianum v a r .  '"microcystum G r u n o w  

G r u n o w ,  in P i c c o n e ,  1884, p. 308.
Type loc. : Bay of Assab.
Distr. : Bay of Assab.
Note: G r u n o w  failed to include this variety in his monograph on Sargassum.

’"Sargassum verrucosum Z a n a r d i n i  

Z a n a r d i n i ,  1858, p. 235. P i c c o n e ,  1884, p. 301.
Type loc. : Not specified, Suez, Aqaba.
Distr. : Adjuz Islet, Suez, Aqaba.
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Sargassum verrucosum v a r .  "‘acuminatum G r u n o w  

G r u n o w ,  1915, p. 426.
Type loc. : Gulf of Berenice.
Distr. : Gulf of Berenice.
Note: The type locality was in error given by G r u n o w  as “Golfo di Beresina”. 

See note under Sargassum  subrepandum  var. rueppellii f. biauriculatum.

Sargassum verrucosum c a r .  "‘djeddahense G r u n o w  

G r u n o w ,  1915, p. 426.
Type loc. : Jiddah.
Distr. : Jiddah.

"‘Sargassum virescens F i g a r i  e t  D e N o t a r i s  

F i g a r i  and D e N o t a r i s ,  1853, p. 151. G r u n o w ,  1916, p. 26.
Type loc.: Not specified, Koseir, Suez, Aqaba.
Distr. : Koseir, Suez, Aqaba.

Sargassum virgatum f. "‘erythraeum G r u n o w  

G r u n o w ,  in H a u c k ,  1889, p. 189. P i c c o n e ,  1889, p. 73. G r u n o w ,  1916, p. 27.

Records under other names 
Sargassum virgatum var. majus sensu? D e c a is n e ,  1841, p. 143.
Sargassum virgatum sensu Z a n a r d i n i ,  1858, p. 236. Sensu N a s r ,  1947, p. 87, pi. 8.

Type loc.: Red Sea.
Distr. : Gulf of Archico, Ghardaqa, Jiddah, Hodeida.

Sargassum zanardinii S c h i f f n e r  

SCHIFFNER, 1934, p. 118.

Record under another name
Sargassum yemense sen su  Z a n a r d i n i ,  1858, p . 237, p i. 3, fig. 1.

Red Sea distr. : Yemen.
Note : S c h i f f n e r  gave Gischin as the type locality of this species, believing it to 

be a place on the Red Sea. However, as is explained in the footnote on p. 42, Gischin 
is not situated on the Red Sea.

Turbinaria L a m o u r o u x

"‘Turbinaria elatensis T a y l o r  

T a y l o r ,  1965, p .  99, figs. 1-11.
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Record under another name
Turbinaria decurrens sensu Rayss, 1959, p. 16, pro parte.

Type loc. : Eilat. 
Distr. : Abu Rudeis, Abu Zenima, Sharm el Sheikh, Eilat. 

Turbinaria papenfussii T a y l o r  

T a y l o r ,  1964, p .  4 77 , p i .  1, fig s . 1 -9 . 
Type loc. : Romia Islet. 
Distr. : Romia Islet, Suez. 
Note: T a y l o r  cited the type as coming from “Sheik Said I. (Romia I.)”, which 

may give the impression that Romia Islet is another name for Sheik Said Islet. Sheik 
Said Islet is near Massawa, whereas Romia Islet is an islet in the Dahlak Archi
pelago. The type came from Romia Islet and, as far as is known, this species does 
not occur at Sheik Said Islet.

’"Turbinaria triquetra (J. A g a r d h )  J. A g a r d h  

J. A g a r d h ,  in  K ü t z i n g ,  1849, p .  621. D e c a i s n e ,  1841, p .  145 (n o m . n u d .) .  F i g a r i  

a n d  D e N o t a r i s ,  1853, p . 154. Z a n a r d i n i ,  1858, p . 242. P i c c o n e ,  1884, p . 300. 
B o r n e t ,  1888, p . 18. T a y l o r ,  1964, p .  479 , p i .  1, figs. 10-21 ; 1966, p .  93.

Records under other names 
Turbinaria vulgaris var. triquetra J. A g a r d h ,  1848, p . 267. M o n ta g n e ,  1850, p . 242.
Fucus conoides F o r s s k ä l ,  1775, p p . cxxv  a n d  192 [n o n  Turbinaria conoides (J . A g a r d h )  K ü tz in g ) .  
Turbinaria denudata s en su  K ü t z i n g ,  1849, p . 621, pro parte.
Turbinaria conoides sensu P iccone , 1884, p . 300.
Fucus turbinatus sensu V a h l ,  1790, p. 85. Sensu D e l i l e ,  1813a, p. 80; 1824, p. 113.
Sargassum turbinatum ( L in n a e u s )  C. A g a r d h ,  1820, p. 41, pro parte, not as to type. Sensu D e c a is n e ,  

1834, p . 10. Sensu S c h im p e r ,  1835-37, nos. 458, 936, and 955.
Turbinaria decurrens sensu D e c a is n e ,  1841, p . 145. Sensu F i g a r i  and D e N o t a r i s ,  1853, p. 153. Sensu 

H o h e n a c k e r ,  1854, no. 168. Sensu Z a n a r d i n i ,  1858, p. 242. Sensu P ic c o n e ,  1884, p. 300; 1886, p . 43; 
1889, p. 69; 1893, p p . 380 and 381; 1900a, p . 256; 19006, p . 118. Sensu D e T o n i and P a o l e t t i ,  1888, 
p . 74. Sensu C a r u e l ,  1890, p . 456. Sensu B a r t o n ,  1891, p. 217. Sensu R e in b o ld ,  1903, p . 230. Sensu 
M u s c h l e r ,  1908, p . 184. Sensu H a r v e y - G ib s o n  and K n i g h t ,  1913, p . 306. Sensu B o rg e s e n , 1932, p . 11. 
Sensu N a s r ,  1939a, p . 61; 1947, p . 84. Sensu N e w t o n ,  1953, p . 406. Sensu ? R a y s s , 1959, p. 16, pro parte.

Turbinaria vulgaris var. decurrens ( B o r y )  J. A g a r d h ,  1848, p. 267, pro parte, not as to type. Sensu 
B a ls a m o , 1885, p. 12.

Turbinaria vulgaris sensu L i c a t a ,  1885, p. 186.
Turbinaria membranacea R u p r e c h t ,  1849, p. 80.
Turbinaria tetraedra R u p r e c h t ,  1849, p. 80.

Type loc. : Red Sea. 
Red Sea distr. : Bay of Assab, Hanish Islands, Dissei Islet, Gulf of Zula, Shumma 

Islet, Entedebir Islet, Massawa, Suakin, Sudanese coast, Daedalus Reef, Koseir, 
Ghardaqa, Suez, Tor, Nuweiba, Eilat, Aqaba, Jiddah, Kamaran Island, Hodeida.

720



63

Note : The taxonomy and nomenclature of Turbinaria triquetra  were in an 
extremely confused state until recently, when T a y l o r  (1964), through examination 
of the types of this species and of T. decurrens, was able to show that the Red Sea 
plant commonly determined as T. decurrens is not this species (which does not occur 
in the Red Sea), but T. triquetra.

CYANOPHYCEAE

CHROOCOCCALES

CHROOCOCCACEAE

Coccochloris Sp r e n g e l  

Coccochloris stagnina S p r e n g e l

Record under syn.
Chroococcus minutus ( K ü t z i n g )  N ä g e l i ,  R a y s s ,  1959, p . 4.

Red Sea distr. : Ras Muhammad, Abu Zabad.
Note: D r o u e t  and D a i l y  (1956) have reduced Chroococcus minutus to a synonym 

of Coccochloris stagnina.

Gomphosphaeria K ü t z i n g  

Gomphosphaeria aponina K ü t z i n g  

R a y s s ,  1959, p. 4.
Red Sea distr. : Tor with L yn gbya  confervoides.

ENTOPHYSALIDACEAE
Entophysalis K ü t z i n g  

Entophysalis conferta ( K ü t z i n g )  D r o u e t  e t  D a il y

Records under syn.
Dermocarpa prasina (R e in s c h )  B o r n e t .  H a r v e y - G ib s o n  and K n i g h t ,  1913, p. 305. N a s r ,  1947, p. 6. 

Red Sea distr. : Sudanese coast, Ghardaqa.

Entophysalis deusta ( M e n e g h in i )  D r o u e t  e t  D a il y

Record under syn.
Aphanocapsa litoralis H a n sg irg , N asr, 1947, p. 5.

Red Sea distr. : Ghardaqa.
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NOSTOCALES
OSCILLATORIACEAE

Lyngbya C. A g a r d h  ex G o m o n t  

'"Lyngbya complectens F ré m y  et N a s r  

F ré m y  a n d  N a s r ,  1938, p . 33, p i. 2.
Type loc. : Ghardaqa.
Distr. : Ghardaqa.

Lyngbya confervoides C . A g a r d h  e x  G o m o n t  

G o m o n t , 1893, p . 136. M u s c h l e r , 1908, p . 144. N a s r , 1947, p . 10. R a y s s , 1959, 
p . 5.

Records under syn.
Lyngbya protensa Z a n a r d i n i ,  1858, p . 298. L y l e ,  1926, p . 39.

Red Sea distr. : Ghardaqa, Suez, Suez Canal, Tor.

Lyngbya epiphytica H ie r o n y m u s  e x  K ir c h n e r  

R a y s s  a n d  D o r , 1963, p .  13.
Red Sea distr. : Abu Zabad, Eilat.

Lyngbya majuscula [ D il l w y n ] H a r v e y  e x  G o m o n t  

G o m o n t , 1893, p . 131. M u s c h l e r , 1908, p . 145. N a s r , 1939a, p . 4 8 ; 1947, p . 10. 
R a y s s , 1959, p . 5.

Records under other names 
[Lyngbya rigidissima Z a n a r d i n i ,  1858, p. 297.]
[Lyngbya  m ajor  sensu K ü tz in g .  P ic c o n e ,  1884, p. 291 ; 1900a, p. 252.]
[Lyngbyaprasina  M o n ta g n e .  B o r n e t ,  1888, p . 17. P ic c o n e ,  1889, p . 66 ; 1900a, p . 252.]

Red Sea distr. : Mandola Islet, Gulf of Zula, Massawa, Koseir, Ghardaqa, Suez, 
Abu Zabad, Shora el Manqata, Kamaran Island.

Lyngbya meneghiniana [K ü t z in g ] P ic c o n e  ex  G o m o n t  

P ic c o n e , 1884, p . 291.
Red Sea distr. : Massawa.

Lyngbya nordgardhii W il l e  

N a s r , 1947, p . 11.
Red Sea distr. : Koseir.
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Lyngbya semiplena [C . A g a r d h ]  J .  A g a r d h  e x  G o m o n t  

H a r v e y - G i b s o n  a n d  K n i g h t ,  1913, p .  305. N a s r ,  1947, p .  11.
Red Sea distr. : Sudanese coast, Ghardaqa.

Lyngbya sordida [ Z a n a r d i n i ]  G o m o n t  

N a s r ,  1947, p .  10, R a y s s  a n d  D o r ,  1963, p .  14.
Red Sea distr. : Ghardaqa, Eilat.

Microcoleus D e s m a z i é r e s  e x  G o m o n t  

Microcoleus tenerrimus G o m o n t  

R a y s s  and D o r ,  1963, p. 14.
Red Sea distr. : Eilat.

Oscillatoria V a u c h e r  e x  G o m o n t  

Oscillatoria corallinae [ K ü t z i n g ]  G o m o n t  

N a s r ,  1947, p. 8.
Rdü Sea distr. : Ghardaqa.
Note: L i n s t e d t  (1943, p. 61) doubts that O scillatoria corallinae should be main

tained as a species distinct from O. nigro-viridis.

Oscillatoria margaritifera K ü t z i n g  e x  G o m o n t  

R a y s s ,  1959, p. 5.
Red Sea distr. : Tor.

Oscillatoria nigro-viridis T h w a i t e s  e x  G o m o n t  

R a y s s  and D o r ,  1963, p. 13.
Red Sea distr. : Abu Zabad, Eilat.

Phormidium K ü t z i n g  e x  G o m o n t  

Phormidium ectocarpi f. "‘fuscescens F r é m y  

F r é m y ,  in N a s r ,  1941, p .  58, fig. 1.
Type loc. : Ghardaqa.
Distr. : Ghardaqa.

Phormidium fragile [ M e n e g h i n i ]  G o m o n t  

N a s r ,  1947, p. 9.
Red Sea distr. : Ghardaqa.
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Phormidium penicillatum f. ‘ vaginata F ré m y  

F ré m y , in N a s r ,  1944, p. 31, fig. 1 ; 1947, p. 9, fig. 1. R a y s s ,  1959, p. 6.
Type loc.: Ghardaqa.
Distr. : Ghardaqa, Eilat.

Schizothrix K ü t z in g  ex  G o m o n t

‘ Schizothrix nasri F r é m y  

F r é m y , in F r é m y  and N a s r , 1938, p. 31, pi. 1.
Type loc. : Ghardaqa.
D istr.: G hardaqa.

Sirocoleum K ü t z in g  ex  G o m o n t  

Sirocoleum guyanense K ü t z in g  ex  G o m o n t  

N a s r , 1947, p . 7.
Red Sea distr. : Ghardaqa.

Spirulina K ü t z i n g  ex  G o m o n t  

Spirulina major K ü t z i n g  ex  G o m o n t  

R ayss and D o r ,  1963, p. 13.
Red Sea distr. : Abu Zabad, Eilat.

‘Trichodesmium E h r e n b e r g  ex  G o m o n t  (nom. cons.) 

‘ Trichodesmium erythraeum E h r e n b e r g  ex  G o m o n t  

G o m o n t , 1893, p. 196, pi. 5, figs. 27-30. E h r e n b e r g , 1830, p. 506. M o n t a g n e , 
1844, pp. 335 and 347. K ü t z in g , 1849, p. 286; 1846-49, p. 49, pi. 91, fig. III. M u s c h 
l e r , 1908, p. 145.

Records under syns.
[Oscillaria erythraea ( E h r e n b e r g )  K ü t z i n g , 1843, p . 188.]
[Trichodesmium ehrenbergii M o n t a g n e , C a r t e r , 1863, p . 183.]
Skujaella erythraea ( E h r e n b e r g  e x  G o m o n t )  J. D e T o n i . N a s r , 1947, p .  7. R a y s s , 1959, p .  5.

Type loc.: Tor.
Red Sea distr. : Southern Red Sea, Ghardaqa, Suez, Tor, Eilat.
Note : M u s c h l e r  (1908, p. 146) gave R ubor as a locality in Egypt whence E h r e n -  

b e r g  had material of this species. I have not been able to find this name on any map 
of Egypt or the Red Sea area.

n o st o c a c e a e  
Anabaena B o r y  ex B o r n e t  et F l a h a u l t

Anabaena torulosa [Ca r m ic h a e l ] L a g e r h e im  ex B o r n e t  et F l a h a u l t
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Record under syn.
[Sphaerozyga carmichaeli H a r v e y . H a r v e y - G i b s o n  and K n i g h t , 1913, p. 305.]

Red Sea distr. : Sudanese coast.

Anabaena variabilis K ü t z i n g  ex B o r n e t  et F l a h a u l t  

N a s r , 1939a, p. 50; 1947, p. 16.
Red Sea distr. : Ghardaqa.

M IC R O C H A E T A C E A E  

Microchaete T h u r e t  e x  B o r n e t  e t  F l a h a u l t  (nom. cons.)

Microchaete vitiensis A s k e n a s y  

N a s r , 1947, p. 15.
Red Sea distr. : G hardaqa.

[*Calothrix caulerpae Z a n a r d i n i ]

Z a n a r d i n i , 1851, p. 38; 1858, p. 298.
Type loc. : Red Sea on Caulerpa serrulata.
Distr. : Red Sea.
N ote: The identity of this taxon is uncertain; see B o r n e t  and F l a h a u l t  (1886,

Calothrix confervicola [ R o t h ]  C. A g a r d h  ex B o r n e t  et F l a h a u l t  

Z a n a r d i n i , 1858, p. 298. M u s c h l e r , 1908, p. 146. N a s r , 1947, p. 13. R a y s s  and 
D o r , 1963, p. 14.

Red Sea distr. : Red Sea on Centroceras; Ghardaqa, Abu Zabad on Herposiphonia 
and Laurencia; Eilat on Lithoderma.

Calothrix crustacea T h u r e t  ex B o r n e t  et F l a h a u l t  

N a s r , 1947, p. 13. R a y s s  and D o r , 1963, p. 15.
Red Sea distr. : G hardaqa, Eilat.

Calothrix parasitica [ C h a u v i n ]  T h u r e t  ex B o r n e t  et F l a h a u l t  

H a r v e y - G i b s o n  and K n i g h t , 1913, p. 305. N a s r ,  1947, p. 12.
Red Sea distr. : Sudanese coast, Ghardaqa.

R IV U L A R IA C E A E

Calothrix C. A g a r d h  ex B o r n e t  et F l a h a u l t

p. 370).
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Calothrix scopulorum C. A g a r d h  ex B o r n e t  et F l a h a u l t  

N a s r , 1939a, p. 49; 1947, p. 13, fig. 2. R a y s s  and D o r , 1963, p. 15.
Red Sea distr. : G hardaqa, Eilat.

*Dichothrix Z a n a r d i n i  ex B o r n e t  et F l a h a u l t  

* Dichothrix eylathensis R a y s s  et D o r  

R a y s s  a n d  D o r , 1 9 6 3 ,  p .  1 5 ,  f i g .  2 .

Type loc.: Eilat.
Distr. : Eilat.

"‘Dichothrix penicillata Z a n a r d i n i  ex B o r n e t  et F l a h a u l t  

B o r n e t  and F l a h a u l t , 1886, p. 379. Z a n a r d i n i , 1858, p. 297, pi. 14, fig. 3. 
D e T o n i  and P a o l e t t i ,  1888, p. 76. N a s r ,  1947, p. 14. R a y s s , 1959, p. 6.

Type loc. : Red Sea on Spyridia filamentosa.
Red Sea distr. : Red Sea, Massawa, Ghardaqa, Ras Nusrani.
N ote: Dichothrix penicillata is the type o f its genus.

Rivularia C. A g a r d h  ex B o r n e t  et F l a h a u l t  

Rivularia polyotis [J. A g a r d h ]  B o r n e t  et F l a h a u l t  

N a s r , 1 9 3 9 a ,  p. 5 0 ,  f ig s .  1 and 2 ;  1 9 4 7 ,  p. 1 5 .

Red Sea distr. : Daedalus Reef, Ghardaqa.

RHODOPH Y COPH YT A
b a n g i o p h y c i d a e  

GONIOTRICHALES 
g o n i o t r i c h a c e a e  

Goniotrichum K ü t z i n g  

Goniotrichum alsidii ( Z a n a r d i n i )  H o w e  

R a y s s  a n d  D o r , 1 9 6 3 ,  p .  3 0 .

Records under syns.
Bangia elegans C h a u v i n .  Z a n a r d i n i ,  1858, p .  295.
Goniotrichum elegans ( C h a u v i n )  L e J o l i s .  R e i n b o l d ,  1903, p . 232. N a s r ,  1947, p .  91.

Red Sea distr. : Red Sea, Ghardaqa, Tor, Eilat.

BANGIALES
ERYTHROPELTIDACEAE

Erythrotrichia J.E. A r e s c h o u g  (nom. cons.)

Erythrotrichia carnea ( D i l l w y n )  J. A g a r d h  

N a s r , 1939a, p. 63; 1947, p. 90. R a y s s  and D o r , 1963, p. 29.
Red Sea distr. : Daedalus Reef, G hardaqa, Eilat.
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Erythrotrichia obscura B e r t h o l d  

R a y s s  a n d  D o r , 1 9 6 3 ,  p .  2 9 .  

Red Sea distr. : Eilat.

BANGIACEAE
Bangia L y n g b y e  

"‘Bangia delilei ( M o n t a g n e )  Z a n a r d i n i  

Z a n a r d i n i , 1858, p. 295.

Records under syn.
Arachnophyllum delilei M o n t a g n e , 1 8 5 7 ,  p .  1 4 1 .  K ü t z i n g , 1 8 6 6 ,  p .  1 2 , p i .  3 2 ,  f ig s ,  f  a n d  g .

Type loc. : Red Sea. 
Distr. : Red Sea. 
N ote : The systematic position and status of this species are uncertain. 

Porphyra C. A g a r d h  (nom. cons.)

Porphyra umbilicalis ( L i n n a e u s )  J. A g a r d h  

R a y s s  a n d  D o r , 1 9 6 3 ,  p .  2 9 .

Record under syn.
Wildemannia umbilicalis ( L i n n a e u s )  D e T o n i . L y l e , 1 9 2 6 ,  p .  4 0 .

Red Sea distr. : Suez Canal, Eilat.

f l o r i d e o p h y c i d a e

NEM ALIONALES
ACROCHAETIACEAE

Acrochaetium N ä g e l i  

Acrochaetium robustum B o r g e s e n

Record under syn.
Rhodochorton robustum ( B u r g e s e n )  D r e w .  N a s r ,  1 9 4 7 ,  p .  9 3 .

Red Sea distr. : G hardaqa on Sargassum and Turbinaria.

Chromastrum P a p e n f u s s  

Chromastrum crassipes ( B o r g e s e n )  P a p e n f u s s  

Record under syn.
Rhodochorton crassipes ( B b r g e s e n )  D r e w .  N a s r ,  1 9 3 9 a ,  p .  6 4 ,  f ig s .  11 a n d  1 2 ;  1 9 4 7 ,  p .  9 3 .

Red Sea distr. : Koseir, G hardaqa.
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Chromastrum moniliforme ( R o s e n v i n g e )  P a p e n f u s s

R e c o r d  u n d e r  s y n .

Acrochaetium moniliforme ( R o s e n v i n g e )  B o r g e s e n . R a y s s  a n d  D o r , 1 9 6 3 ,  p .  3 0 .

Red Sea distr. : E ilat on Herposiphonia. 

Chromastrum secundatum ( L y n g b y e )  P a p e n f u s s

Record under syn.
Callithamnion secundatum ( L y n g b y e )  C .  A g a r d h . Z a n a r d i n i , 1 8 5 8 ,  p .  2 8 2 .

Red Sea distr. : Red Sea on Spatoglossum.

h e l m i n t h o c l a d i a c e a e  

Liagora L a m o u r o u x

*Liagora farinosa L a m o u r o u x  

L a m o u r o u x , 1816, p .  240. N a s r , 1947, p .  96.

Records under syn.
Liagora elongata Z a n a r d i n i ,  1 8 5 1 ,  p .  3 5 ;  1 8 5 8 ,  p .  2 7 4 ,  p i .  6 ,  f ig .  1. K ü t z i n g ,  1 8 5 8 ,  p . 4 5 ,  p i .  9 4 ,  f ig .  I I .  

R e i n b o l d ,  1 9 0 3 ,  p .  2 3 0 .  M u s c h l e r ,  1 9 0 8 ,  p .  1 9 6 .

Type loc. : In the vicinity o f Suez. 
Red Sea distr. : Ghardaqa, the vicinity of Suez, Tor.

’"Liagora fragilis Z a n a r d i n i  

Z a n a r d i n i , 1851, p. 36; 1858, p. 272, pi. 7, fig. 2. K ü t z i n g , 1858, p. 45, pi. 94,
fig. I. M u s c h l e r , 1908, p. 197. N a s r , 1947, p. 96. 

Type loc. : Red Sea. 
Red Sea distr. : Berenice, Koseir, Ghardaqa, Suez, Tor.

’"Liagora rugosa Z a n a r d i n i  

Z a n a r d i n i , 1851, p .  36; 1858, p .  273, p i .  6, fig. 2. P i c c o n e , 1884, p .  312. D e T o n i

a n d  P a o l e t t i , 1858, p .  69. N a s r , 1947, p .  97, p i .  11, fig. 2. 
Type loc. : Red Sea. 
Red Sea distr.: Bay o f Assab, Massawa, Ghardaqa, Suez, Tor, Aqaba. 

■"Liagora turneri Z a n a r d i n i  

Z a n a r d i n i , 1851, p. 35; 1858, p. 273. K ü t z i n g , 1858, p. 43, pi. 90, fig. I. M u s c h 

l e r , 1908, p. 196. R a y s s , 1959, p. 17.

R e c o r d s  u n d e r  o t h e r  n a m e s  

F u c u s  v i s c i d u s  s e n s u  T u r n e r ,  1 8 0 9 ,  p .  1 2 7 ,  p i .  1 1 9 .

Liagora viscida sensu D e c a i s n e ,  1 8 3 4 ,  p .  1 0 ;  1 8 4 1 ,  p .  1 1 9 . Sensu S c h i m p e r ,  1 8 3 5 - 3 7 ,  no. 9 2 7 .  Sensu?
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M u s c h l e r , 1 9 0 8 ,  p .  1 9 6 .  S e n s u ?  H a r v e y - G ib s o n  a n d  K n i g h t , 1 9 1 3 ,  p .  3 0 7 .

Liagora coarctata Z a n a r d i n i ,  1 8 5 1 ,  p .  3 6 .  K O t z i n g ,  1 8 5 8 ,  p .  4 3 ,  p i .  9 0 ,  f ig .  I I .

Liagora turneri v a r .  coarctata ( Z a n a r d i n i )  Z a n a r d i n i , 1 8 5 8 ,  p .  2 7 4 .

Type loc.: Red Sea.
Distr. : Sudanese coast, Koseir, Suez, Tor, Ras Nusrani, Aqaba, Yenbo.

♦Trichogloea K ü t z i n g  

♦Trichogloea requienii ( M o n t a g n e )  K ü t z i n g  

K ü t z i n g , 1847, p. 54; 1849, p. 544; 1857, p. 37, pi. 92, fig. II. Z a n a r d i n i , 1858, 
p. 275, pi. 7, fig. 1. J. A g a r d h ,  1876, p. 514. M u s c h l e r , 1908, p. 196. N a s r , 1939a, 
p. 64, figs. 13 and 14; 1947, p. 94, fig. 17.

Record under syn.
Batrachospermum requienii M o n t a g n e , 1 8 4 3 ,  p .  3 5 5 .

Type loc.: Red Sea.
Red Sea distr.: Ghardaqa, Suez, Tor.

CHAETANGIACEAE
Actinotrichia D e c a i s n e  

♦Actinotrichia fragilis ( F o r s s k â l )  B o r g e s e n  

B 0 R G E S E N , 1932, p .  6 ,  p i .  1, f i g .  4. N a s r , 1947, p .  99. R a y s s , 1959, p .  18.

R e c o r d s  u n d e r  o t h e r  n a m e s  

Fucus fragilis F o r s s k â l ,  1 7 7 5 ,  p p .  c x x v  a n d  1 9 0 .  W e b e r ,  1 8 0 4 ,  p .  1 3 5 .

Galaxaura rigida L a m o u r o u x . D e c a i s n e , 1 8 4 1 ,  p .  1 2 8 .

Actinotrichia rigida ( L a m o u r o u x )  D e c a i s n e , 1 8 4 2 ,  p .  1 1 8 . Z a n a r d i n i , 1 8 5 8 ,  p .  2 7 2 .  R e i n b o l d , 1 9 0 3 ,  

p . 2 3 0 .  M u s c h l e r , 1 9 0 8 ,  p .  1 9 8 .

Galaxaura indurata s e n s u  K ü t z i n g ,  1 8 5 8 ,  p .  1 4 , p i .  3 1 ,  f ig .  I .

Type loc. : Mocha.
Red Sea distr.: G hardaqa, Suez, Tor, Sharm el Sheikh, Aqaba, Jiddah, Mocha. 
Note : Actinotrichia is a monotypic genus.

Galaxaura L a m o u r o u x

Galaxaura cylindrica ( E l l i s  e t  S o l a n d e r )  L a m o u r o u x  

K ü t z i n g , 1858, p. 14, pi. 31, fig. II. M u s c h l e r , 1908, p. 197. N a s r , 1947, p. 98. 
R a y s s  1959, p. 18.

Red Sea distr. : Red Sea, Ghardaqa, Suez, Sharm el Sheikh.

♦Galaxaura dactyliophora P i c c o n e  e t  G r u n o w  

P i c c o n e  and G r u n o w , in P i c c o n e , 1884, p. 312, pi. 8, fig. 7.
Type loc. : Bay o f Assab.
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Distr. : Bay of Assab.
N ote: This species, which P i c c o n e  and G r u n o w  suspected of perhaps being only 

a variety of Galaxaura cylindrica, was overlooked by K j e l l m a n  ( 1 9 0 0 )  when he 
monographed the genus.

Galaxaura lapidescens ( E l l i s  e t  S o l a n d e r )  L a m o u r o u x  

D e c a i s n e , 1842, p .  116. Z a n a r d i n i , 1858, p .  271. D e T o n i  a n d  P a o l e t t i , 1888, 
p .  70. M u s c h l e r , 1908, p .  198. R a y s s , 1959, p .  19.

Red Sea distr. : Massawa, Suez, Sharm el Sheikh, Abu Zabad, Eilat, Aqaba. 
N ote: It is somewhat doubtful that the Red Sea material referred to this species 

is representative o f it.

Galaxaura lapidescens var. ’"annuligera P i c c o n e  et G r u n o w  

P i c c o n e  and G r u n o w , in P i c c o n e , 1884, p. 312.
Type loc. : Bay of Assab.
Distr. : Bay of Assab.

Galaxaura oblongata ( E l l i s  e t  S o l a n d e r )  L a m o u r o u x

Record under another name 
Galaxaura adriatica Z a n a r d i n i . H a r v e y - G i b s o n  and K n i g h t , 1913, p. 307, figs. 1 and 2.

Red Sea distr. : Sudanese coast.
N ote: Galaxaura adriatica is generally considered to be a synonym of G. oblongata 

(see B o r g e s e n , 1927, p. 72; S v e d e l i u s , 1945, pp. 21-24). Whether the material from 
the Sudanese coast referred to G. adriatica by H a r v e y - G i b s o n  and K n i g h t  actually 
is representative o f G. oblongata can only be settled by examination of the specimens 
in question. The putative occurrence of cystocarps and tetrasporangia on the same 
plant, as reported by H a r v e y - G i b s o n  and K n i g h t , has been shown by S v e d e l i u s  

(1945, pp. 24-27) to be an error.

Galaxaura rugosa ( E l l i s  e t  S o l a n d e r )  L a m o u r o u x  

Z a n a r d i n i , 1858, p. 271. M u s c h l e r , 1908, p. 198.
Red Sea distr. : Koseir, Suez, Aqaba.
N ote: It is not certain that the Red Sea material referred to this species actually 

is representative of it.

’"Galaxaura schimperi D e c a i s n e  

D e c a i s n e , 1842, p. 116. R u p r e c h t , 1849, p. 82. Z a n a r d i n i , 1858, p. 271. K j e l l 

m a n  1900, p. 61, pi. 7, figs. 20-26, pi. 8, figs. 15-22, pi. 20, figs. 1 and 2.
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Records under other names 
Galaxaura annulata sensu S c h i m p e r , 1835-37, no. 478.
Galaxaura fragilis sensu M u s c h l e r ,  1908, p. 198. Sensu N a s r ,  1947, p. 98. Sensu R a y s s ,  1959, p. 18. 

Type loc. : Red Sea.
Distr. : Ghardaqa, Suez, Sharm el Sheikh, Aqaba. 
Note: S v e d e l iu s  (1945, pp. 18, 39, and 42) considers Galaxaura schimperi to be a 

synonym of G. oblongata.

BONNEMAISONIACEAE
Asparagopsis M o n t a g n e

Asparagopsis armata H a r v e y  

Note: The record of the occurrence of Asparagopsis armata in the Red Sea 
(Ghardaqa) is based on N a s r ’s report (1947, p. 143, fig. 24) o f  Falkenbergia rufola
nosa ( H a r v e y )  S c h m itz ,  which is generally considered to be the tetrasporangial 
stage of A. armata. It seems highly likely, however, that N a s r  had F. hillebrandii in 
hand, which has been shown by C h i h a r a  (1961) to be the tetrasporangial stage of 
A. taxiformis, a species known to occur in the Red Sea.

Asparagopsis taxiformis ( D e l i l e )  T r e v i s a n  

Records under syn.
Asparagopsis delilei M o n t a g n e . Z a n a r d i n i , 1858, p. 260. M a z z a , 1926, p . 1864.

Red Sea distr. : Suez, Tor, Aqaba, Hodeida.

GELIDIALES

GELIDIELLACEAE

Gelidiella F e ld m a n n  et H a m e l

^Gelidiella acerosa ( F o r s s k â l )  F e ld m a n n  et H a m e l  

N a s r ,  1939a, p. 66; 1947, p. 100. N e w t o n ,  1953, pp. 396 and 407.

Records under other names 
Fucus acerosus F o r s s k â l , 1775, pp. cxxv and 190. W e b e r , 1804, p. 135.
Echinocaulon acerosum ( F o r s s k â l )  B o r g e s e n , 1932, p. 5, pi. 1, fig. 3.
Fucus spinosus sensu V a h l , 1791, p. 105.
Gelidium rigidum G r e v i l l e . J. A g a r d h , 1851, p. 468. P i c c o n e , 1884, p. 315; 1900a, p. 257. H a r v e y - 

G ib s o n , 1908, p. 79. M u s c h l e r , 1908, p. 199.
Fucus corneus var. setaceus T u r n e r , 1819, p. 147.
Gelidium corneum var. setaceum ( T u r n e r )  K ü t z i n g . Z a n a r d i n i , 1858, p. 270.
Gelidium latifolium s e n s u  M u s c h l e r , 1 9 0 8 ,  p .  1 9 9 .

Gelidium pectinatum s e n s u  Z e l l e r ,  in C h r i s t e n s e n ,  1 9 2 2 ,  p. 3 1 .
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Type loc. : Mocha.
Red Sea distr. : Archipelago o f Assab, Hanish Islands, M andola Islet, Massawa, 

Trinkitat, Koseir, G hardaqa, Suez, Mocha.
Note : Fucus corneus var. setaceus T u r n e r  is here referred, with doubt, to Gelidiella 

acerosa. Gelidiella acerosa is the lectotype of its genus.

GELIDIACEAE 
Gelidium L a m o u r o u x  (nom. cons.)

* Gelidium ambiguum P i c c o n e  e t  G r u n o w  

P i c c o n e  and G r u n o w , in P i c c o n e , 1884, p. 316. P i c c o n e , 1886, p. 76.
Type loc. : Bay of Assab.
Distr. : Bay of Assab, Massawa.

Gelidium corneum ( H u d s o n )  L a m o u r o u x  

H a r v e y - G ib s o n ,  1 9 0 8 ,  p. 7 9 .  L y le ,  1 9 2 6 ,  p. 4 0 .  N a s r ,  1 9 4 7 ,  p. 1 0 2 .

Red Sea distr. : Trinkitat, Ghardaqa, Suez Canal.

Gelidium crinale ( T u r n e r )  L a m o u r o u x  

P ic c o n e ,  1 8 8 4 ,  p. 3 1 6 ;  1 9 0 0 a ,  p. 2 5 7 .  H a r v e y - G ib s o n  and K n i g h t ,  1 9 1 3 ,  p. 3 0 7 .  

Red Sea distr. : Archipelago of Assab, M andola Islet, Sudanese coast.

Gelidium crinale v a r .  ’"perpusillum P i c c o n e  e t  G r u n o w  

P i c c o n e  a n d  G r u n o w , in P i c c o n e , 1 8 8 4 ,  p .  3 1 7 .

Type loc. : Massawa.
Distr. : Massawa.

Gelidium latifolium ( G r e v i l l e )  B o r n e t  e t  T h u r e t  

N a s r , 1 9 4 7 ,  p .  1 0 1 .

Red Sea distr. : G hardaqa, Suez.

Gelidium pusillum ( S t a c k h o u s e )  L e J o l i s  

N a s r ,  1947, p. 101. R a y s s  and D o r ,  1963, p. 30.
Red Sea distr. : Ghardaqa, Eilat.

Gelidium pusillum v a r .  ’"conchicola P i c c o n e  e t  G r u n o w  

P i c c o n e  a n d  G r u n o w , in P i c c o n e , 1 8 8 4 ,  p .  3 1 6 .

Type loc. : Massawa.
D istr.: Massawa.

7 3 2



75

^Gelidium semipinnatum P ic c o n e  e t  G r u n o w  

P ic c o n e  and G r u n o w ,  in P ic c o n e ,  1884, p. 315, pi. 9, fig. 2.
Type loc. : Bay of Assab.
Distr. : Bay of Assab.

Gelidium spathulatum ( K ü t z i n g )  B o r n e t  

L y le ,  1926, p. 40.
Red Sea distr. : Suez Canal.

CRYPTONEM IALES
DUMONTIACEAE 

Dudresnaya P.L. e t  H.M . C r o u a n  (nom. cons.)

Dudresnaya verticillata ( W i t h e r i n g )  L e J o l i s

Record under syn.
Dudresnaya coccinea ( C .  A g a r d h )  P .L .  e t  H .M .  C r o u a n .  H a r v e y - G i b s o n  a n d  K n i g h t ,  1 9 1 3 ,  p .  3 0 8 .  

Red Sea distr. : Sudanese coast.

RHIZOPHYLLIDACEAE
Chondrococcus K ü t z i n g  

Chondrococcus hornemannii ( L y n g b y e )  S c h m i t z  

M u s c h l e r ,  1 9 0 8 ,  p .  2 2 4 .

Records under syns.
Plocamium cincinnatum M o n t a g n e ,  1 8 5 0 ,  p .  2 4 3 .  K ü t z i n g ,  1 8 6 6 ,  p .  1 6 , p i .  4 7 ,  figs. a-c.
Desmia cincinnata ( M o n t a g n e )  P i c c o n e , 1 8 8 9 ,  p .  7 5 .

Portieria coccinea Z a n a r d i n i ,  1 8 5 1 ,  p .  3 3 .

Desmia coccinea ( Z a n a r d i n i )  Z a n a r d i n i ,  1 8 5 8 ,  p .  2 6 3 .  P i c c o n e ,  1 8 8 4 ,  p .  3 1 4 ;  1 8 9 3 ,  p p .  3 8 0  a n d  3 8 1  ; 

1 9 0 0 a ,  p . 2 5 9 .

Red Sea distr. ; Bay of Assab, M andola Islet, Dissei Islet, Suez, Hodeida, Mocha. 
N ote: P a p e n f u s s  (1940, p. 216) has discussed the nomenclature and the possible 

source o f the type material o f this species. It seems likely that the original material 
had been collected by F o r s s k â l  in the Red Sea.

SQU AMARIACEAE
Peyssonelia D e c a is n e  

^Peyssonelia conchicola P ic c o n e  e t  G r u n o w  

P ic c o n e  and G r u n o w ,  in P ic c o n e ,  1884, p. 317, pi. 7, figs. 5-8. M a z z a ,  1916, 
p. 1042.

Type loc. : Massawa.
D istr.: Massawa.
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Peyssonelia dubyi P.L. et H.M . C r o u a n  

P ic c o n e , 1884, p. 317.
Red Sea distr. : Massawa.

*Peyssonelia involvens Z a n a r d in i 

Z a n a r d in i , 1858, p . 269, p i. 9, fig. 2. M u s c h l e r , 1908, p . 225 (in  e r r o r  as Paponne- 
lia involvens). L em o in e , 1966, p. 21.

Type loc.: Red Sea.
Distr. : Red Sea, Suez, Eilat.

Peyssonelia rubra ( G r e v i l l e )  J. A g a r d h  

P i c c o n e , 1884, p .  317. N a s r , 1939a, p .  6 6 ;  1947, p .  103.
Red Sea distr. : Assab, Massawa, Ghardaqa.

Peyssonelia squamaria (G m e l in ) D e c a isn e  

M u s c h l e r , 1908, p. 225 (in error as Paponnelia squamaria).
Red Sea distr. : Suez.

CORALLINACEAE
Amphiroa L a m o u r o u x  

Amphiroa fragilissima (L in n a e u s ) L a m o u r o u x  

R a y ss , 1959, p. 19.
Red Sea distr. : Abu Zabad.

Choreonema S c h m i t z  

Choreonema thuretii ( B o r n e t )  S c h m i t z  

R a y s s , 1959, p. 20.
Record under syn.

Melobesia thuretii B o r n e t .  H a r v e y - G i b s o n  a n d  K n i g h t ,  1 9 1 3 ,  p .  3 0 8 .

Red Sea distr. : Sudanese coast, Ras Nusrani (at both localities on Jania rubens).

Corallina L i n n a e u s  

Corallina tenella ( K ü t z i n g )  H e y d r i c h  

H a r v e y - G i b s o n , 1 9 0 8 ,  p .  8 0 .

Record under syn.
Jania rubens-var. tenella ( K ü t z i n g )  P i c c o n e , 1 8 8 4 ,  p .  3 1 9 .

Red Sea distr. : Assab, Suakin.

Dermatolithon F o slie

Dermatolithon cystoseirae ( H a u c k ) H u v é
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L e m o i n e , 1 9 6 5 ,  p .  5 ;  1 9 6 6 ,  p .  6 .

Red Sea distr. : Eilat, Abulad Islets.

Dermatolithon geometricum ( L e m o i n e )  L e m o i n e  

L e m o i n e , 1 9 6 5 ,  p .  6 ;  1 9 6 6 ,  p .  7 ,  f i g .  1.

Red Sea distr. : Eilat, Abulad Islets, southern Red Sea.

Dermatolithon pustulatum ( L a m o u r o u x )  F o s l i e

Record under syn.
Melobesia pustulata L a m o u r o u x . P i c c o n e , 1 9 0 0 a ,  p .  2 6 3 .

Red Sea distr. : Red Sea.

* Dermatolithon steinitzii L em o in e  

L em o in e , 1966, p. 9, figs. 2-4, pi. [1], fig. A.
Type loc. : Eilat.
Distr. : Eilat.

Fosliella H o w e  

Fosliella farinosa ( L a m o u r o u x )  H o w e

Records under syn.
Melobesia farinosa L a m o u r o u x .  Z a n a r d i n i ,  1 8 5 8 ,  p .  2 6 9 .  P i c c o n e ,  1 8 8 4 ,  p .  3 1 8 ;  1 8 8 6 ,  p .  6 5 ;  1 8 8 9 ,  

p . 7 7 ;  1 9 0 0 « ,  p .  2 6 2 ;  1 9 0 0 6 ,  p .  1 1 8 ;  1 9 0 0 c ,  p .  1 2 0 . L i c a t a ,  1 8 8 5 ,  p .  1 8 6 .  B a l s a m o ,  1 8 8 5 ,  p . 1 2 . D e T o n i  

a n d  P a o l e t t i ,  1 8 8 8 ,  p . 7 0 .  N a s r ,  1 9 4 7 ,  p . 1 0 6 .  R a y s s ,  1 9 5 9 ,  p .  2 0 .  L e m o in e ,  1 9 6 6 ,  p .  2 0 .

Red Sea distr. : Bay of Assab, Bay of Anfila, M andola Islet, Arafali, Dissei Islet, 
Massawa, G hardaqa, Suez, Tor, Eilat.

Fosliella lejolisii ( R o s a n o f f )  H o w e

Records under syn.
Melobesia lejolisii R o s a n o f f . P i c c o n e , 1 8 8 4 ,  p .  3 1 8 .  R a y s s , 1 9 5 9 ,  p .  2 0 .

Red Sea distr.: Bay o f Assab, Tor.

Jania L a m o u r o u x

Jania adhaerens L a m o u r o u x  

K ü t z i n g ,  1 8 4 9 ,  p .  7 1 0 .  P ic c o n e ,  1 8 8 9 ,  p .  7 7 ;  1 9 0 0 a ,  p .  2 6 3 ;  1 9 0 0 c ,  p .  1 2 0 .

Record under syn.
Corallina adhaerens ( L a m o u r o u x )  K ü t z i n g ,  1 8 5 8 ,  p . 4 0 ,  p i .  8 3 ,  f ig .  I I .

Red Sea distr. : Red Sea, Dissei Islet, G ulf of Zula, Assarca Islet, Suez.

*Jania lobata Z a n a r d i n i  

Z a n a r d i n i , 1 8 5 8 ,  p .  2 6 7 ,  p i .  3 ,  f i g .  2 .

Type loc. : Yemen.
Distr. : Yemen.
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Jania micrarthrodia L a m o u r o u x  

Z a n a r d i n i , 1 8 5 8 ,  p .  2 6 8 .  L y l e , 1 9 2 6 ,  p .  4 0 .

Record under syn.
Corallina micrarthrodia ( L a m o u r o u x )  M u s c h l e r , 1 9 0 8 ,  p .  2 2 7 .

Red Sea distr. : Red Sea, Suez, Suez Canal.

Jania pumila L a m o u r o u x  

L a m o u r o u x ,  1 8 1 6 ,  p. 2 6 9 ,  pi. 9 ,  f i g .  2 .  K ü t z i n g , 1 8 4 9 ,  p. 7 1 0 .  P ic c o n e ,  1 8 8 9 ,  

p. 7 8 .

Records under syn.
Corallina pumila ( L a m o u r o u x )  K ü t z i n g ,  1 8 5 8 ,  p .  3 9 ,  p i .  8 3 ,  f ig .  I. R e i n b o l d ,  1 9 0 3 ,  p .  2 3 2 .  M u s c h l e r ,  

1 9 0 8 ,  p .  2 2 6 .  L y l e ,  1 9 2 6 ,  p .  4 0 .  N a s r ,  1 9 4 7 ,  p .  1 0 7 .

Red Sea distr.: Assab, Assarca Islet, Suez Canal, Tor.
N ote: This species was erected by L a m o u r o u x  on material from both the Red 

Sea and the East Indies.

Jania rubens ( L in n a e u s )  L a m o u r o u x  

Z a n a r d i n i ,  1858, p. 268 (excl. syn. Jania adhaerens). P ic c o n e ,  1884, p. 319; 1886, 
p. 66; 1889, p. 77; 1900a, p. 263; 1900¿?, p. 118. H a r v e y - G ib s o n  and K n i g h t ,  1913. 
p. 309. L am i, 1932, p. 356. N a s r ,  1939a, p. 67; 1947, p. 107. N e w t o n ,  1953, pp. 396 
and 407. R a y s s , 1959, p. 19.
Records under syns.

Jania gibbosa L a m o u r o u x ,  1 8 1 6 ,  p .  2 6 9 .

Corallina rubens L i n n a e u s .  R e i n b o l d ,  1 9 0 3 ,  p .  2 3 2 .  M u s c h l e r ,  1 9 0 8 ,  p . 2 2 7 .

Red Sea distr. : Bay of Assab, Hanish Islands, Edd, M andola Islet, G ulf o f Zula, 
Dissei Islet, Massawa, Sudanese coast, Koseir, G hardaqa, Shadwân Islet, Suez 
Canal, Tor, Sharm el Sheikh, Ras Nusrani, Abu Zabad.

Note: It is not certain that Jania gibbosa, which is based on material from the 
Red Sea, is synonymous with J. rubens.

Litholepis F o s l i e

Litholepis indica F o s l i e  

L em o in e , 1 9 6 6 ,  p .  1 8 , f ig s .  8 - 1 0 .

Red Sea distr. : Southern Red Sea, Derom Islet, Eilat.

Litholepis mediterranea F o s l i e  

L em o in e , 1966, p. 19, f i g .  11.
Red Sea distr. : Eilat.

Lithophyllum P h i l ip p i  

Lithophyllum acrocamptum H e y d r i c h  

L e m o in e , 1965, p. 2.
Red Sea distr. : Abulad Islets.
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Lithophyllum affine ( F o s l i e )  F o s l i e  

H a r v e y - G i b s o n , 1 9 0 8 ,  p .  8 0 .  L e m o i n e , 1 9 6 5 ,  p .  3 .

Records under syns.
Lithothamnium affine F o s l i e , 1 8 9 7 ,  p .  1 3 .

Lithophyllum kotschyanum f. affinis ( F o s l ie )  F o s l i e . F o s l ie , 1929, pi. 65, fig. 10.

Red Sea distr. : Massawa, Suakin, Sulein Islets, Abulad Islets.

Lithophyllum byssoides ( L a m o u r o u x )  F o s l i e  

H e y d r i c h , 1 9 0 1 ,  p .  5 3 7 .

Red Sea distr. : Red Sea.

Lithophyllum fasciculatum (L a m a r c k ) F o slie  

Record under syn.
Lithothamnium fasciculatum ( L a m a r c k )  J.E. A r e s c h o u g . H a r v e y - G ib s o n  a n d  K n i g h t , 1913, p. 308. 

Red Sea distr. : Sudanese coast.

Lithophyllum incrustans P h i l i p p i  

M u s c h l e r , 1 9 0 8 ,  p .  2 2 6 .

Record under another name 
Pocillopora polymorpha sensu E h r e n b e r g , 1833, p. 353.

Red Sea distr. : Koseir.

♦Lithophyllum kaiseri (H e y d r ic h ) H e y d r ic h  

R e in b o l d , 1903, p . 232. C r o s s l a n d , 1939, p . 522. N a s r , 1939a, p . 67, p i. 1, 
figs. 2 and 3; 1947, p . 105. L e m o in e , 1966, p . 6.

Records under other names 
Lithothamnium kaiseri H e y d r i c h ,  1897a, p. 6 4 ,  pi. 3, figs. 8, 12, and 13.
L i t h o p h y l l u m  k o t s c h y a n u m  s e n s u  F o s l i e ,  1 9 2 9 ,  p i .  6 5 ,  f ig s .  2  a n d  4 .

Type loc.: Tor.
D istr.: Southern Red Sea, Massawa, Daedalus Reef, G hardaqa, Tor, Eilat, 

Sulein Islets, Abulad Islets.

Lithophyllum okamurai f. trincomaliensis F oslie  

L e m o in e , 1965, p. 4; 1966, p. 6 (as Lithophyllum okamurai).
Red Sea distr. : Southern Red Sea, Eilat, Abulad Islets.
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Lithophyllum racemus ( L a m a r c k )  F o s l i e

Records under syns.
Lithothamnium racemus ( L a m a r c k )  J .E .  A r e s c h o u g . P i c c o n e , 1 8 8 4 ,  p .  3 1 9 .

Lithothamnium crassum P h i l i p p i .  B o r n e t , 1 8 8 8 ,  p .  2 0 .

Red Sea distr. : Massawa, K am aran Island.

Lithophyllum subreduncum F o s l i e  

Record under syn.
Lithophyllum kotschyanum f . subreduncum ( F o s l i e )  F o s l i e .  F o s l i e ,  1 9 2 9 ,  p i .  6 5 ,  f ig s .  11 a n d  1 3 .

Red Sea distr.: Assab, Tor.
N ote: L em o in e  (1965, pp. 3 and 11) regards this as an autonomous species.

Lithoporella (F o s l ie )  F o s l i e  

Lithoporella melobesioides (F o s l ie )  F o s l ie

Record under syn.
Mastophora melobesioides F o s l i e ,  1 9 0 4 ,  p .  7 5 .

Red Sea distr. : Tor.

Lithothamnium! P h i l ip p i  

Lithothamnium crispatum H a u c k

Record under syn.
Lithophyllum crispatum ( H a u c k )  H a u c k . H a r v e y - G i b s o n  a n d  K n i g h t , 1 9 1 3 ,  p .  3 0 9 .

Red Sea distr. : Sudanese coast.

Lithothamnium indicum f. subtilis F o s l i e  

L e m o in e , 1965, p. 9.

Record under another name
Lithothamnium fruticulosum s e n s u  P i c c o n e , 1 9 0 0 a ,  p .  2 6 3 .

Red Sea distr. : Bay of Anfila, Abulad Islets.

Lithothamnium lenormandii (J.E. A r e s c h o u g )  F o s l i e  

Record under syn.
Lithophyllum lenormandii ( J .E .  A r e s c h o u g )  R o s a n o f f .  P i c c o n e ,  1 8 8 4 ,  p .  3 1 8 .

tT h e  spelling Lithothamnion, as used by some authors, has been corrected to Lithothamnium through
out this catalogue.
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Red Sea distr. : Bay of Assab.
N ote: This record is probably based on a misidentification of the material in 

question (see L em o in e , 1966, p. 5).

Lithothamnium polymorphum ( L in n a e u s )  J.E. A r e s c h o u g  

P ic c o n e ,  1884, p. 318. H a r v e y - G ib s o n  and K n i g h t ,  1913, p. 308.
Red Sea distr. : Massawa, Sudanese coast.

Lithothamnium purpurascens ( F o s l i e )  F o s l i e  

L e m o i n e , 1 9 6 5 ,  p .  9 .

Red Sea distr. : Abulad Islets.

Lithothamnium siamense F o s l i e  

L em o in e , 1965, p . 10; 1966, p . 17.
Red Sea distr. : Eilat, Abulad Islets.

Lithothamnium yendoi ( F o s l i e )  L e m o i n e  

L e m o i n e , 1 9 6 5 ,  p .  1 0 .

Red Sea distr. : Abulad Islets.

Melobesia L a m o u r o u x

Melobesia membranacea (E s p e r )  L a m o u r o u x  

Z a n a r d i n i ,  1858, p. 269. P ic c o n e ,  1884, p. 318; 1889, p. 76; 1900a, p. 262. L i c a t a ,  
1885, p. 186. B a ls a m o , 1885, p. 12.

Records under syns.
L i t h o t h a m n i u m  m e m b r a n a c e u m  ( E s p e r )  F o s l i e .  M u s c h l e r ,  1 9 0 8 ,  p .  2 2 6 .  N a s r ,  1 9 4 7 ,  p .  1 0 6 .

E p i l i t h o n  m e m b r a n a c e u m  ( E s p e r )  H e y d r i c h .  R a y s s ,  1 9 5 9 ,  p .  1 9 .

Red Sea distr. : Bay of Assab, Assab, M andola Islet, Massawa, G hardaqa, Suez.

Mesophyllum L e m o i n e  

Mesophyllum simulans ( F o s l i e )  L e m o i n e  

L e m o i n e , 1 9 6 5 ,  p .  9 ;  1 9 6 6 ,  p .  1 6 , f i g .  7 .

Red Sea distr. : Eilat, Abulad Islets.

Metamastophora S e t c h e l l  

Metamastophora lamourouxii ( H a r v e y )  S e t c h e l l  

R a y s s ,  1 9 5 9 ,  p .  2 0 .

Red Sea distr. : Eilat.
N ote: The material from Eilat was referred to this species with doubt by R a y s s .
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♦Neogoniolithon Se t c h e l l  e t  M a so n  

♦Neogoniolithon assitum (F o slie) Se t c h e l l  e t  M a so n

Records under other names 
Goniolithon assitum F o s l i e ,  1 9 0 7 ,  p .  2 3 ;  1 9 2 9 ,  p i .  4 7 ,  f ig .  3 .

Lithothamnium engelhartii f .  pseudocrispata sensu F o s l ie , in R e i n b o l d , 1903, p. 232.

Type loc. : Tor.
Red Sea distr. : Tor.

♦Neogoniolithon fosliei (H e y d r ic h ) Se t c h e l l  e t  M a so n  

L e m o in e ,  1 9 6 5 ,  p .  7 ;  1 9 6 6 ,  p .  1 3 .

Records under syns.
Lithothamnium fosliei H e y d r i c h , 1 8 9 7 a ,  p .  5 8 ,  f ig .  1 , p i .  3 , f ig s .  9 - 1 1 .

Goniolithon fosliei ( H e y d r i c h )  F o s l i e .  R e i n b o l d ,  1903, p . 232. F o s l i e ,  1904, f ig .  19A, p i .  9, f ig .  1; 
1929, p i .  46, f ig .  2.

Type loc. : Tor.
Red Sea distr. : Southern Red Sea, Adjuz Islet (=  ? Hedjaz of L em o in e), Tor, Abu 

Zabad, Eilat, Jiddah, Sulein Islets, Abulad Islets.
Note: Neogoniolithon fosliei is the type of its genus. F o slie  (1904, pi. 9, fig. 1) has 

illustrated the habit of an isotype and in text-figure 19A of the same work a vertical 
section through the same specimen.

Neogoniolithon frutescens ( F o s l i e )  S e t c h e l l  e t  M a s o n  

R a y s s , 1 9 5 9 ,  p .  2 1 .  L e m o i n e , 1 9 6 5 ,  p .  7 ;  1 9 6 6 ,  p .  1 3 .

Red Sea distr. : Sharm el Sheikh, Eilat, Abulad Islets.

♦Neogoniolithon myriocarpum ( F o slie) Se t c h e l l  e t M a so n

Records under syns.
Lithothamnium myriocarpum F o s l i e , 1897, p. 19.
Goniolithon myriocarpum ( F o s l ie )  F o s l i e , in R e i n b o l d , 1 9 0 3 ,  p . 2 3 2 .  F o s l ie , 1 9 0 4 ,  p i .  9 ,  f ig .  6 ;  1 9 2 9 ,  

p i .  4 6 ,  f ig .  6 .  H a r v e y - G i b s o n , 1 9 0 8 ,  p .  8 0 .

Lithothamnium oblimans H e y d r i c h , 1 8 9 7 a ,  p . 5 5 ,  p i .  3 , f ig . 17 .

Type loc. : Massawa.
Red Sea distr. : Massawa, Suakin, Tor.

Neogoniolithon myriocarpum f. confragosum (F o slie) L em o in e  

L e m o in e , 1 9 6 6 ,  p .  1 4 .

Record under another name 
Neogoniolithon myriocarpum ( F o s l ie )  S e t c h e l l  e t  M a s o n . L e m o in e , 1 9 6 5 , p .  8 .

Red Sea distr. : Southern Red Sea, Eilat, Abulad Islets.
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Neogoniolithon propinquum ( F o s l ie )  L em o in e  

L em o in e , 1966, p. 14, pi. [1], fig. E.
Red Sea distr. : Eilat.

Porolithon F o s l i e  

Porolithon onkodes ( H e y d r i c h )  F o s l i e  

L em o in e , 1965, p. 6; 1966, p. 10, figs. 5 and 6, pi. [1], figs. B-D.
Red Sea distr. : Southern Red Sea, The Brothers, Eilat, Abulad Islets.

Pseudolithophyllum L em o in e  

Pseudolithophyllum expansum (P h i l ip p i)  L em o in e

Record under syn.
Lithophyllum expansum P h i l i p p i .  H a r v e y - G i b s o n  a n d  K n i g h t ,  1 9 1 3 ,  p .  3 0 9 .

Red Sea distr. : Sudanese coast.

♦Sporolithon H e y d r i c h  

♦Sporolithon crassum H e y d r i c h  

H e y d r i c h ,  18976, p. 417.
Type loc. : Tor.
Distr. : Tor.
N ote: The status of this species is uncertain.

♦Sporolithon erythraeum ( R o t h p l e t z )  K y l i n  

K y l i n ,  1956, p. 205.
Records under syns.

Lithothamnium erythraeum R o t h p l e t z , 1 8 9 3 ,  p .5 .
Archaeolithothamnium erythraeum ( R o t h p l e t z )  F o s l ie , 1904, p .  39, p i .  5, figs. 1 and 2; 1929, p i .  42, 

figs. 1 and 2.
Sporolithon ptychoides H e y d r i c h , 1897a, p .  67, figs. 2, and 3, p i .  3, figs. 15-23, (incl. f. dura and f. 

mollis)-, 18976, p . 415, p i .  18. M a z z a , 1917, p .  1090.
Sporolithon molle ( H e y d r i c h )  H e y d r i c h , 1897b, p. 416.

Type loc. : Red Sea.
Red Sea distr.: Massawa, Tor.
N ote : A number of authors have accepted the generic name Archaeolithothamnium 

instead of Sporolithon for members of this complex o f algae, believing the former 
name to have been validly published by R o t h p l e t z  (1891, p. 310) and hence to have 
priority over Sporolithon H e y d r i c h  (1897a). However, Archaeolithothamnium was 
proposed as a provisional name by R o t h p l e t z  and he himself did not accept it. 
The name was validated for the first time by F o s l i e  (1898) subsequent to the estab
lishment o f Sporolithon by H e y d r i c h .  A part of the type of S. erythraeum has been 
illustrated by F o s l i e  (1904, pL 5, fig. 1).
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CRYPTONEMIACEAE 
Grateloupia C. A g a r d h

Grateloupia filicina (L a m o u r o u x ) C. A g a r d h  

M a z z a , 1 9 1 4 ,  p .  7 5 0 .  N a s r , 1 9 4 7 ,  p .  1 0 9 .

Red Sea distr. : Suez.

Halymenia C. A g a r d h  

’"Halymenia dilatata Z a n a r d i n i  

Z a n a r d i n i ,  1 8 5 1 ,  p. 3 5 ;  1 8 5 8 ,  p. 2 8 0 ,  pi. 5 , fig. 1.

Type loe.: Massawa.
D istr.: Massawa.

Halymenia durvillaei var. ceylanica ( K ü t z i n g )  W e b e r - v a n  B o sse  

N a s r ,  1 9 4 7 ,  p . 1 0 9 .

Red Sea distr. : Suez.

Halymenia floresia (C le m e n t e ) C . A g a r d h

Z a n a r d in i , 1 8 5 8 ,  p . 2 8 0 .  D eT o n i  a n d  P a o l e t t i, 1 8 8 8 ,  p . 68. M u s c h l e r , 1 9 0 8 ,  

p .  2 2 3 .  N a s r , 1 9 4 7 ,  p .  1 0 8 .

Record under syn.
F u c u s  f l o r e s i u s  C l e m e n t e .  T u r n e » ,  1 8 ] 9 ,  p .  1 4 4 .

Red Sea distr. : Massawa, Suakin, Koseir, Strait of Jubal, Suez, Aqaba, Hodeida, 
Mocha.

k a l l y m e n ia c e a e  
Euthora J. A g a r d h

Euthora cristata (T u r n e r ) J. A g a r d h

Note: T u r n e r  ( 1 8 0 8 ,  p. 4 8 )  described a plant from the Red Sea under the name 
Fucus cristatus var. valentiae. The identity of this taxon, which has been overlooked, 
is wholly uncertain.

GIGARTINALES
CRUORIACEAE 

Cruoriopsis D u f o u r

^Cruoriopsis marisrubri R a y s s  e t  D o r  

R a y s s  a n d  D o r ,  1 9 6 3 ,  p .  3 1 ,  figs. 7  a n d  8 .

Type loc. : Eilat.
Distr. : Eilat.
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NEMASTOMACEAE 
Platoma S c h m i t z

Platoma incrassata B o r n e t  

N a s r , 1940, pp. 200 and 216.
Red Sea distr. : Egyptian Red Sea coast.
N ote: N a s r  in 1 9 4 0  reported this species as occurring in the northern Red Sea. 

No reference to it was made in his publication of 1 9 4 7 .

Titanophora (J. A g a r d h )  F e l d m a n n  

Titanophora pikeana ( D i c k i e )  F e l d m a n n

Record under syn.
Platoma pikeana ( D i c k ie )  W e b e r - v a n  B o s s e . N a s r , 1940, pp. 200 and 216.

Red Sea distr. : Egyptian Red Sea coast.
Note: N a s r  in 1 9 4 0  reported this species as occurring in the northern Red Sea. 

No reference to it was made in his subsequent publications. In the Herbarium  of 
the University of California are two of N a s r ’ s specimens of this species ( N a s r  

no. 6 ) .  In a letter to S e t c h e l l , dated 6  December 1 9 3 6 ,  he stated that the specimens 
were obtained by dredging at 4 0  fathoms, but the locality was not given. It was 
S e t c h e l l ’ s suggestion to N a s r  that the species was Platoma pikeana.

g r a c i l a r i a c e a e  

Gracilaria G r e v i l l e  (nom. cons.)

*Gracilaria arcuata Z a n a r d i n i  

Z a n a r d i n i , 1 8 5 8 ,  p .  2 6 5 ,  p i .  5 , f i g .  2 .  P i c c o n e , 1 8 8 4 ,  p .  3 2 0 .  R e i n b o l d , 1 9 0 3 ,  

p .  2 3 0 .  N a s r , 1 9 4 7 ,  p .  1 1 1 .

Type loc. : Aqaba.
Red Sea distr. : Bay of Assab, Ghardaqa, Tor, Aqaba.

*Gracilaria cacalia (J. A g a r d h )  D a w s o n

Records under other names 
Corallopsis cacalia J. A g a r d h , 1852a, p. 583. Z a n a r d i n i , 1858, p. 267. P i c c o n e , 1884, p. 320. M u s c h 

l e r , 1908, p. 207.
Corallopsis salicornia sensu D e c a i s n e , 1841, p. 184.
Gracilaria crassa sensu N a s r , 1947, p. 111.

Type loc. : Red Sea.
Red Sea distr. : Red Sea, Bay of Assab, Koseir, Suez, Tor, Jiddah.
N ote: D a w s o n  (1954) has shown that Corallopsis G r e v i l l e  (1830) is congeneric 

with Gracilaria G r e v i l l e  (1830), a conserved name. For an excellent treatm ent of
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the taxonomy and nomenclature of several species o f Gracilaria from the Indian 
Ocean and Red Sea reference should be made to the paper by N e w t o n  (1953).

Gracilaria canaliculata ( K ü t z in g ) So n d e r  

N e w t o n , 1 9 5 3 ,  p p . 3 9 6  a n d  4 1 3 ,  p i. 3 ,  fig. 4 .

Records under other names
Fucus wrightii T u r n e r , 1 8 1 1 ,  p. 3 1 ,  pro parte, as to specimen from the Red Sea.
Plocaria wrightii ( T u r n e r )  M o n t a g n e , 1850, p. 243, as to specimen from the Red Sea.
Gracilaria wrightii sensu P i c c o n e , 1884, p. 320; 1889, p. 75; 1900a, p. 258. Sensu? M u s c h l e r , 1908,

p. 206.

Red Sea distr. : Red Sea, Bay of Assab, Hanish Islands, M andola Islet, Massawa, 
Koseir?, Suez?, Hodeida.

Gracilaria compressa (C. A g a r d h ) J. A g a r d h  

N e w t o n , 1 9 5 3 ,  p p . 3 9 6  a n d  4 1 4 .

Red Sea distr. : Hanish Islands.

’'’Gracilaria debilis ( F o r s s k â l )  B o r g e s e n  

B o r g e s e n ,  1 9 3 2 ,  p . 7 ,  p i. 1 , f i g .  5 .

Records under other names 
Fucus debilis F o r s s k â l , 1775, p p . c x x v ,  191.
Gracilaria poitei s e n s u  P i c c o n e , 1 8 8 4 ,  p .  3 2 0 .

Type loc. : Mocha.
Red Sea distr. : Bay of Assab, Mocha.
N ote : The plant which for a long time passed as “Gracilaria poitei (L a m o u r o u x ) 

J. A g a r d h ”  was found by H o w e  to be a species of Laurencia.

’“Gracilaria disticha (J. A g a r d h ) J. A g a r d h  

J. A g a r d h , 1 8 5 2 a ,  p . 5 9 4 .  Z a n a r d in i , 1 8 5 8 ,  p . 2 6 6 .  L y le , 1 9 2 6 ,  p . 4 0 .

Record under syn.
Sphaerococcus distichus J. A g a r d h ,  1 8 3 7 ,  p .  1 7 2 .

Type loc. : Ethiopian coast.
Red Sea distr. : Ethiopian coast, Berenice, Koseir, Suez Canal.

’“Gracilaria foliifera ( F o r s s k â l ) B o r g e s e n  

B o r g e s e n , 1 9 3 2 ,  p . 7 ,  fig. 1 . N a s r , 1 9 4 7 ,  p . 1 1 2 .

Records under other names 
Fucus foliifer F o r s s k â l , 1775, pp. cxxv and 191.
Fucus laminosus F o r s s k â l , 1 7 7 5 ,  p p .  c x x v  a n d  1 9 1 .  B o r g e s e n , 1 9 3 2 ,  p .  7 .
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Fucus aeruginosus T u r n e r , 1 8 1 1 ,  p .  2 9 ,  p i .  1 4 7 .

Rhodymenia multipartita ( C l e m e n t e )  M o n t a g n e ,  1 8 5 0 ,  p .  2 4 3 .

Gracilaria corticata sensu Z a n a r d i n i ,  1 8 5 8 ,  p .  2 6 5 .  Sensu P i c c o n e ,  1 8 8 4 ,  p .  3 2 0 ;  1 9 0 0 a ,  p .  2 5 8 .  Sensu 
H a u c k ,  1 8 8 8 ,  p .  8 9 .  Sensu D e T o n i  and P a o l e t t i ,  1 8 8 8 ,  p .  6 9 .  Sensu M u s c h l e r ,  1 9 0 8 ,  p .  2 0 6 .  Sensu 
N a s r ,  1 9 4 7 ,  p .  l l l . p l .  1 2 , f i g .  7 .

Type loc. : Mocha. 
Red Sea distr. : G ulf of Assab, G ulf of Zula, Massawa, Koseir, Suez, Tor, Aqaba, 

Hodeida, Mocha.

Gracilaria minor (S o n d e r ) D u r a ir a t n a m

Record under syn.
Corallopsis minor (S o n d e r )  J . A g a r d h . P i c c o n e , 1 8 8 4 ,  p .  3 1 9 .

Red Sea distr. : Bay of Assab.

Gracilaria radicans H a u c k  

P i c c o n e ,  1 8 8 4 ,  p .  3 2 0 .

Red Sea distr. : Bay of Assab. 

Gracilaria verrucosa (H u d s o n ) P a p e n f u s s

Records under syn.
Gracilaria confervoides ( L i n n a e u s )  G r e v i l l e . H a u c k , 1888, p . 89. N a s r , 1947, p . I I I .

Red Sea distr. : Suez, Hodeida.

SOLIERIACEAE 
* Meristotheca J. A g a r d h

^Meristotheca papulosa (M o n t a g n e ) J. A g a r d h  

J. A g a r d h , 1872a, p. 37. K y l in , 1932, p. 25, figs. 5B and 5C, pi. 12, fig. 27.

Records under other names 
Kallymenia papulosa M o n t a g n e ,  1 8 5 0 ,  p .  2 4 6 .  Z a n a r d i n i ,  1 8 5 8 ,  p .  2 7 9 .

Euhymenia papulosa ( M o n t a g n e )  K ü t z i n g , 1 8 6 7 ,  p .  2 2 ,  p i .  7 3 ,  f ig s .  e - g .

K a l l y m e n i a  e x a s p e r a t a  Z a n a r d i n i ,  1 8 5 1 ,  p .  3 5 .

Sebdenia ceylanica sensu M u s c h l e r , 1908, p. 208.

Type loc: Hodeida. 
Distr. : Suez, Aqaba, Yenbo, Jiddah, Hodeida, Mocha. 
Note: Meristotheca papulosa is the lectotype of its genus. See K y l in  (1932, 

pp. 25-28) for a discussion of the morphology of this species and of the genus.

'"Sarconema Z a n a r d in i 
Sarconema filiforme f. curta R ayss 

R a y ss , 1965, p. 98.
Red Sea distr. : Yemen.

7 4 5



88

Note: In the light of N e w t o n ’s (1953, pp. 408 and 409) observations it seems 
very likely that forma curta is not representative of Sarconema filiforme, which is 
based on a P reiss specimen (not on H a r v e y ’s Australian Algae No. 316) and prob
ably is a species of Dicranema. Forma curta probably is representative of Sarconema 
furcellatum.

^Sarconema furcellatum Z a n a r d in i  

Z a n a r d in i , 1858, p . 264, p i. 10, fig. 1. D eT o n i a n d  P a o l e t t i, 1888, p . 69. P ic c o n e , 
1900a, p . 258. M a z z a , 1907, p . 132. N a s r , 1947, p . 112, p i. 12, fig. 2. N e w t o n , 1953, 
p p . 396 a n d  408, p i. 2, fig. 1.

Records under syns.
Plocaria furcellata M o n t a g n e , 1850, p. 243.
Gracilaria furcellata ( M o n t a g n e )  Z a n a r d i n i ,  1 8 5 8 ,  p .  2 6 6 .

Trematocarpus furcellatus ( M o n t a g n e )  K ü t z i n g , 1 8 6 9 ,  p . 2 7 ,  p i .  7 3 ,  f ig s .  c  a n d  d .

Dicranema montagnei G r u n o w , 1 8 7 3 - 7 4 ,  p .  4 3  ( n o n  D. furcellata J.D. H o o k e r  et H a r v e y ) . 

Sarconema montagnei ( G r u n o w )  K y l i n , 1 9 3 2 ,  p .  2 1 ,  p i .  8 ,  f ig .  16 .

Dicranema furcellata ( M o n t a g n e )  J. A g a r d h . P i c c o n e , 1884, p. 320; 1893, p. 381.

Type loc. : Not specified, Berenice, Suakin.
Red Sea distr. : Bay of Assab, Hanish Islands, Gulf of Zula, Dahlak Archipelago, 

Massawa, Suakin, Berenice, Koseir, Hodeida.
Note: Sarconema furcellatum  is the type of its genus. See N e w t o n  (1953, pp. 408 

and 409) for a discussion of the nomenclature of this species.

Solieria J. A g a r d h  

* Solieria dura (Z a n a r d in i) S c h m it z  

S c h m it z , 1895, p p . 139 a n d  149. M u s c h l e r , 1908, p . 204.

Record under syn.
Rhabdonia dura Z a n a r d i n i , 1 8 5 8 ,  p .  2 7 8 ,  p i .  11 , f ig .  1.

Type loc.: Not specified, Hodeida, Mocha.
Red Sea distr. : Suez, Hodeida, Mocha.

HYPNEACEAE 
Hypnea L a m o u r o u x

Hypnea cornuta (K ü t z in g ) J .  A g a r d h  

N a s r , 1947, p. 114. R a y ss , 1959, p. 21.
Red Sea distr. : Ghardaqa, Ras Muhammad.
Note : L a m o u r o u x  is usually given as the parenthetic author of this species, but 

he never described it. K ü t z in g  (J 849, p. 741) first described it as Chondroclonium 
cornutum. H a u c k  (1887, p. 19) and B o r g e s e n  (1943, p. 59) are of the opinion that 
H. cornuta and H. hamulosa are merely forms of H. valentiae. However, if the type
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o f  H. hamulosa a c t u a l l y  is  a  s p e c ie s  o f  Hypnea (s e e  P a p e n f u s s , 1 9 5 8 ,  p p .  1 0 5  a n d  1 0 6  

f o r  a  d is c u s s io n  o f  t h i s  q u e s t io n ) ,  t h e  n a m e  H. hamulosa w o u l d  b e  t h e  c o r r e c t  n a m e  

f o r  t h e s e  t a x a .

Hypnea esperi B o r y

R a y s s  a n d  D o r , 1 9 6 3 ,  p .  3 6 .

Red Sea distr. : Eilat. 

Hypnea musciformis ( W u l f e n )  L a m o u r o u x  

S c h e n k ,  1840, p. 2. D e c a is n e ,  1841, p. 182. L y le ,  1926, p. 40. F o r t i ,  1928, pp. 
1445 and 1450, pi. 20, fig. 1. B o r g e s e n ,  1932, p. 3. N a s r ,  1947, p. 114. R a y s s ,  1959,
p .  2 1 .

Records under other names
Conferva seticulosa F o r s s k â l ,  1 7 7 5 ,  p .  1 8 8 ,  pro parte, e x c l .  l e c t o t y p e .

Sphaerococcus musciformis ( W u l f e n )  C. A g a r d h . D e c a i s n e , 1834, p. 10.

Red Sea distr.: Massawa, Ghardaqa, Suez, Suez Canal, Tor, Aqaba, Jiddah, 
Mocha. 

Hypnea nidifica J. A g a r d h  

P ic c o n e ,  1900a, p. 258. 
Red Sea distr. : Mandola Islet. 

Hypnea rugulosa M o n t a g n e  

N o t e :  M o n t a g n e  (1850, p. 245) referred material from Hodeida to this species. 
The exact identity of this material is uncertain.

Hypnea spinella (C. A g a r d h )  K ü t z i n g  

P i c c o n e , 1 8 8 4 ,  p .  3 1 4 .

Red Sea distr. : Massawa. 

♦Hypnea valentiae ( T u r n e r )  M o n t a g n e  

J. A g a r d h ,  1851, p. 450. Z a n a r d i n i ,  1858, p. 270. P ic c o n e ,  1884, p. 314; 1889, 
p. 76; 1900a, p. 258. D e T o n i  and P a o l e t t i ,  1888, p. 70. M u s c h l e r ,  1908, p. 208. 
H a r v e y - G ib s o n ,  1908, p. 79. H a r v e y - G ib s o n  and K n i g h t ,  1913, p. 308, figs. 3 
and 4. L y le ,  1926, p. 40. N a s r ,  1939a, p. 67; 1947, p. 113, pi. 13, fig. 1.
Records under other names

Fucus valentiae T u r n e r ,  1 8 0 9 ,  p .  1 7 , p i .  7 8 .

Fucus hamulosus s e n s u ?  T u r n e r , 1 8 0 9 ,  p .  1 9 , p i .  7 9 .

Hypnea hamulosa s e n s u ?  M o n t a g n e , 1 8 5 0 ,  p . 2 4 4 .  S e n s u ?  Z a n a r d i n i , 1 8 5 8 ,  p . 2 7 0 .  S e n s u ?  P i c c o n e , 

1 8 8 4 ,  p .  3 1 4 ;  1 9 0 0 a ,  p .  2 5 8 .  S e n s u ?  M u s c h l e r , 1 9 0 8 ,  p .  2 0 7 .  S e n s u ?  F o r t i , 1 9 2 8 ,  p . 1 4 5 0 ,  p i .  2 2 ,  f ig .  2 . 

S e n s u ?  N a s r , 1 9 4 7 ,  p . 1 1 4 .

Hypnea valentiae v a r .  hamulosa s e n s u ?  D e c a i s n e , 1 8 4 1 ,  p .  1 8 3 .
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Type loc. : Red Sea.
Red Sea distr. : Bay of Assab, Gulf of Zula, Shumma Islet, Massawa, Sudanese 

coast, Suakin, Berenice, Koseir, Ghardaqa, Suez, Suez Canal, Tor, Aqaba, Jiddah, 
Hodeida.

Note: See P a p e n f u s s  (1958, p. 105) for a discussion of the nomenclature of 
H ypnea hamulosa. In regard to the location of Gischin, whence S c h i f f n e r  (1934, 
p. 117) reported H . hamulosa, see the footnote on p. 42.

GIGARTINACEAE
Gigartina St a c k h o u s e  

Gigartina teedii (R o t h ) L a m o u r o u x  

Z a n a r d in i , 1858, p . 279. D eT o n i a n d  P a o l e t t i, 1888, p . 69. M u s c h l e r , 1908,
p. 201.

Red Sea distr. : Massawa, Koseir, Suez.

Iridaea B o r y  (nom . cons.)

^Iridaea ? reticulata M o n t a g n e  

M o n t a g n e , 1 8 5 0 ,  p .  2 4 6 .

Type loc. : Hodeida.
Distr.: Hodeida.

*Iridaea yemensis M o n t a g n e  

M o n t a g n e , 1850, p. 245.
Type loc. : Hodeida.
Distr.: Hodeida.
Note: The identity of both the species of Iridaea described by M o n t a g n e  from 

Hodeida is wholly uncertain.

RHODYMENIALES
RHODYMENIACEAE

Botryocladia (J. A g a r d h )  K y l i n  

Botryocladia chiajeana ( M e n e g h i n i )  K y l i n  

N a s r , 1947, p .  116.
Red Sea distr. : Ghardaqa.

Botryocladia leptopoda (J. A g a r d h )  K y l i n  

N a s r , 1939a, p. 69; 1947, p. 117.
Red Sea distr. : Strait of Jubal.
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Chrysymenia J. A g a r d h  

Chrysymenia ventricosa ( L a m o u r o u x )  J. A g a r d h  

N a s r ,  1939a, p. 68, figs. 15 and 16; 1947, p. 116.
Red Sea distr. : Strait of Jubal.

Rhodymenia G r e v i l l e  (nom. cons.)

’"Rhodymenia erythraea Z a n a r d i n i  

Z a n a r d i n i ,  1 8 5 8 ,  p . 2 7 6 .  P ic c o n e ,  1 8 8 4 ,  p . 3 2 8 .

Record under another name 
Rhodymenia palmata sensu M o n t a g n e , 1850, p. 243.

Type loc. : Hodeida.
Red Sea distr. : Suez, Jiddah, Hodeida.
Note: The generic position of this species is uncertain.

CHAMPIACEAE

Champia D e s v a u x  

* Champia irregularis ( Z a n a r d i n i )  P ic c o n e  

P ic c o n e ,  1884, p. 313. M u s c h l e r ,  1908, p. 209. N a s r ,  1947, p. 118.
Records under syn.

Lomentaria irregularis Z a n a r d i n i , 1 8 5 1 ,  p . 3 4 ,  1 8 5 8 ,  p .  2 6 2 .  p i .  1 0 , fig. 2 .

Type loc.: Not specified, Suez, Berenice, Hodeida, Mocha.
Red Sea distr. : Bay of Assab, Berenice, Ghardaqa, Suez, Hodeida, Mocha.

Champia kotschyana E n d l i c h e r  e t  D i e s i n g  

P i c c o n e , 1 8 8 4 ,  p .  3 1 3 .

Red Sea distr. : Bay of Assab.

'"Champia tripinnata Z a n a r d i n i  

Z a n a r d i n i ,  1 8 5 1 ,  p. 3 4 ;  1 8 5 8 ,  p. 2 7 7 ,  pi. 1 1 , f i g .  2 .  P ic c o n e ,  1 8 8 4 ,  p. 3 1 3 ;  1 8 8 9 ,  

p. 7 4 .

Type loc. : Not specified, Suez, Aqaba.
Distr. : Bay of Assab, Suez, Aqaba.

Lomentaria L y n g b y e  

Lomentaria squarrosa ( K ü t z i n g )  L e J o l i s  

H a r v e y - G i b s o n  a n d  K n i g h t , 1 9 1 3 ,  p .  3 0 8 .

Red Sea distr. : Sudanese coast.
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CERAMIALES
CERAMIACEAE

Antithamnion N ä g e l i 

Antithamnion antillarum B o r g e s e n

Record under another name 
Antithamnion lherminieri (P.L. et H.M. C r o u a n )  B o r n e t .  N a s r ,  1 9 4 1 ,  p .  6 6 ,  figs. 9  and 10.

Red Sea distr. : Ghardaqa.
N o te :  N a s r  re d u c e d  Antitham nion antillarum  to  a  sy n o n y m  o f  A . lherminieri, 

w h ic h  n a m e , h o w e v e r, is  a  nomen nudum.

Antithamnion pygmaeum G a r d n e r  

N a s r , 1 9 3 9 a ,  p .  6 9 ;  1 9 4 7 ,  p .  1 2 7 .

Red Sea distr. : Strait of Jubal.

Callithamnion L y n g b y e  

Callithamnion byssoides A r n o t  ex  H a r v ey  

N a s r , 1 9 4 7 ,  p .  1 2 5 ,  f i g .  2 1 .

Red Sea distr. : Ghardaqa on Codium.

*Callithamnion hamelii N a s r  

N a s r , 1 9 4 1 ,  p .  6 2 ,  f ig s .  5 - 8 .

Type loc. : Ghardaqa.
Distr.: Ghardaqa.

Centroceras K ü t z in g  

Centroceras clavulatum (C. A g a r d h ) M o n t a g n e  

R u p r e c h t , 1 8 4 9 ,  p .  7 9 .  Z a n a r d in i , 1 8 5 8 ,  p .  2 8 2 .  R a y ss, 1 9 5 9 ,  p .  2 3 .

Records under syns.
Centroceras championianum Z a n a r d i n i , 1 8 5 1 ,  p .  3 7 .

Ceramium clavulatum C . A g a r d h .  R e i n b o l d ,  1 9 0 3 ,  p .  2 3 1 .  M u s c h l e r ,  1 9 0 8 ,  p . 2 2 3 .

Red Sea distr.: Suez, Tor, Ras Muhammad, Ras Nusrani, Shora el Manqata, 
Aqaba.

Ceramium R o t h  (nom. cons.)

Ceramium diaphanum (L ig h t f o o t ) R o t h  

N a s r , 1 9 4 7 ,  p .  1 3 0 .

Red Sea distr. : Ghardaqa.
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Ceramium diaphanum v a r . elegans ( R o t h )  F e ld m a n n - M a z o y e r
Record under syn.

Ceramium elegans ( R o t h )  D u c l u z e a u . P i c c o n e , 1884, p . 313.

Red Sea distr. : Bay of Assab.

Ceramium gracillimum ( K ü t z i n g )  G r i f f i t h s  e t  H a r v e y  

Z a n a r d i n i ,  1858, p. 282. P ic c o n e ,  1884, p. 313.
Red Sea distr. : Bay of Assab, Massawa.

Ceramium gracillimum v a r .  byssoideum ( H a r v e y )  M a z o y e r  

N a s r , 1 9 3 9 a ,  p .  7 0 ,  p i .  1 , f i g s . 4  a n d  5 . R a y s s , 1 9 5 9 ,  p .  2 2 .  R a y s s  a n d  D o r , 1 9 6 3 ,  

p. 3 6 .

Record under syn.
Ceramium gracillimum s e n s u  N a s r , 1947, p . 130.

Red Sea distr. : Koseir, Ghardaqa, Suez Canal, Abu Zabad, Shora el Manqata, 
Eilat.

^Ceramium nayalii N a s r  

N a s r ,  1941, p. 69, figs. 11,11 bis, 12-15.
Type loc. : Ghardaqa.
Distr. : Ghardaqa.

Ceramium rubrum ( H u d s o n )  C. A g a r d h  

Z a n a r d i n i ,  1858, p. 282. N a s r ,  1947, p. 131.
Red Sea distr. : Red Sea, Ghardaqa.

Ceramium strictum G r e v i l l e  ex  H a r v e y  

N a s r ,  1947, p. 131.
Red Sea distr. : Ghardaqa.

Ceramium tenuissimum ( R o t h )  J. A g a r d h  

Z a n a r d i n i ,  1858, p. 282. M u s c h l e r ,  1908, p. 221. R a y s s , 1959, p. 23.
Red Sea distr. : Berenice, Koseir, Suez, Shora el Manqata.
Note: Ceram ium  tenuissimum  ( R o t h )  J. A g a r d h  (1851) is invalidated by C. 

tenuissimum  B o n n e m a is o n  (1828) but the correct name of the taxon has not been 
established.
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Crouania J. A g a r d h  

Crouania attenuata (C . A g a r d h ) J. A g a r d h  

N a s r , 1947, p. 126.
Red Sea distr. : Ghardaqa, Strait of Jubal.

Griffithsia C . A g a r d h

Griffithsia tenuis C . A g a r d h  

N a s r , 1947, p. 122.
Red Sea distr. : Ghardaqa.

Haloplegma M o n t a g n e  

Haloplegma duperreyi v a r .  sublittorale W eb er -v a n  B osse 

N a s r , 1939a, p. 70; 1947, p. 129.
Red Sea distr. : Ghardaqa, Strait of Jubal.

Pleonosporium (N ä g e l i) N ä g elj ex  H a u c k  (nom. cons.) 

Pleonosporium borreri ( J .E . Sm it h ) N ä g e l i ex  H a u c k  

N a s r , 1947, p . 123, fig. 20.
Red Sea distr. : Ghardaqa.

Ptilothamnion T h u r e t  

Ptilothamnion pluma f. *minor N a s r  

N a s r ,  1944, p. 38; 1947, p. 120.
Type loc. : Ghardaqa. 
Distr. : Ghardaqa.

Spermothamnion J.E. A r e s c h o u g  

Spermothamnion investiens v a r . *arabica N asr  

N a s r , 1944, p. 39, fig. 7; 1947, p. 121, fig. 18.
Type loc. : Ghardaqa. 
Distr. : Ghardaqa.

Spyridia H a r v ey

♦Spyridia aculeata (C . A g a r d h  ex  D e c a isn e) K ü t z in g

K ü t z in g , 1843, p. 377; 1849, p. 668. J. A g a r d h , 1851, p. 342. Z a n a r d in i , 1858, 
p. 281. M u s c h l e r , 1908, p. 221. L y l e , 1926, p. 40. N a s r , 1947, p. 128, pi. 14, fig. 1.
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Records under other names
Ceramium aculeatum C. A g a r d h  ex D e c a i s n e , 1841, p. 179. S c h i m p e r , 1835-37, no. 966.
Bindera s p .  a n  insignis s e n s u  R u p r e c h t , 1 8 4 9 ,  p .  7 9 .

Spyridia berkeleyana s e n s u  M o n t a g n e ,  1 8 4 9 ,  p .  2 9 0 .

Spyridia horrida Z a n a r d i n i , 1 8 5 1 ,  p .  3 7 .

Type loc.: Nuweiba. 
Red Sea distr. : Koseir, Ghardaqa, Suez, Suez Canal, Nuweiba, Aqaba.

Spyridia clavata K ü t z in g  

L y l e , 1 9 2 6 ,  p .  4 0 .

Red Sea distr. : Suez Canal.

Spyridia filamentosa ( W u l f e n )  H a r v e y  

Z a n a r d i n i , 1 8 5 8 ,  p .  2 8 1 .  D e T o n i  and P a o l e t t i , 1 8 8 8 ,  p .  6 9 .  P i c c o n e , 1 9 0 0 c , 

p .  1 2 0 . R e i n b o l d , 1 9 0 3 ,  p .  2 3 1 .  H a r v e y - G i b s o n , 1 9 0 8 ,  p .  7 9 .  H a r v e y - G i b s o n  and 
K n i g h t , 1 9 1 3 ,  p .  3 0 7 .  R a y s s , 1 9 5 9 ,  p .  2 3 .  N a s r , 1 9 4 7 ,  p .  1 2 8 .

Records under syns.
Spyridia filamentosa v a r .  griffithsiana (J.E. S m it h )  J. A g a r d h ,  1 8 5 1 ,  p .  3 4 1 .

Spyridia vilosissima Z a n a r d i n i , 1 8 5 1 ,  p .  3 6 .

Spyridia confervoides Z a n a r d i n i ,  1 8 5 1 ,  p .  3 6 .  P i c c o n e ,  1 8 9 3 ,  p .  3 8 1  ; 1 9 0 0 a ,  p .  2 6 2 .

Red Sea distr.: Massawa, Sudanese coast, Gulf of Berenice, Daedalus Reef, 
Koseir, Ghardaqa, Suez, Tor, Ras Muhammad, Shora el Manqata, Aqaba.

d e l e s s e r i a c e a e  

Hypoglossum K ü t z i n g

Hypoglossum spathulatum ( S o n d e r )  K ü t z i n g  

N a s r , 1 9 4 7 ,  p .  1 4 5 ,  f i g .  2 5 .

Red Sea distr. : Ghardaqa. 

Martensia H e r in g  (nom. cons.)

Martensia elegans H e r in g  

P ic c o n e , 1 9 0 0 a .  p . 2 6 0 .

Red Sea distr. : Mandola Islet.

Myriogramme K y l in  

Myriogramme okhaensis B o r g e se n  

N a s r , 1 9 4 7 ,  p .  1 4 4 .

Red Sea distr. : Ghardaqa.
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Nitophyllum G r e v i l l e  (nom . cons.)

Nitophyllum punctatum ( S t a c k h o u s e )  G r e v i l l e  

L y le ,  1926, p . 40 . N a s r ,  1947, p . 145.
Red Sea distr. : Strait of Jubal, Suez Canal.

DASYACEAE 

Dasya C. A g a r d h  ( nom. cons.)

*Dasya flocculosa Z a n a r d i n i

Z a n a r d i n i ,  1858, p. 259 , pi. 8, fig. 1. L y le ,  1926, p. 40. N a s r ,  1947, p. 141.
Type loc. : Berenice.
Distr. : Berenice, Koseir, Suez Canal.

*Dasya hussoniana M o n t a g n e  

M o n t a g n e ,  1849, p . 290. Z a n a r d i n i ,  1858, p . 259. M u s c h l e r ,  1908, p . 218.

Record under syn.
Dasya divaricata  Z a n a r d i n i , 1851, p. 34.

Type loc.: Red Sea.
Distr. : Red Sea, Suez.

Heterosiphonia M o n t a g n e  (nom. cons.)

Heterosiphonia wurdemanni ( B a i l e y  ex  H a r v e y )  F a l k e n b e r g  

N a s r ,  1947, p . 142.
Red Sea distr. : Ghardaqa, Strait of Jubal.

R h o d o m e la c e a e  
Acanthophora L a m o u r o u x

Acanthophora najadiformis ( D e l i l e )  P a p e n f u s s ,  comb. nov.

Records under other names
Fucus nayadiformis D e l i l e ,  1813a, p. 80; 18136, p. 292, pi. 56, f ig .  1; 1824, pp. 113 and 396, pi. 56, 

fig. 1.
Acanthophora delilei L a m o u r o u x ,  1813, p. 132 (nom. nud.). D e c a i s n e ,  1841, p. 185. M o n t a g n e ,  1850, 

p . 245. Z a n a r d i n i ,  1858, p. 256. J. A g a r d h ,  1863, p. 817. P i c c o n e ,  1884, p. 322. D e T o n i  and P a o l e t t i ,  

1888, p. 70. M u s c h l e r ,  1908, p. 213. L y l e ,  1926, p. 40. N a s r ,  1939a, p. 71 ; 1947, p. 135.
Chondria delilei C. A g a r d h ,  1822, p. 363; 1824, p. 209.
Fucus acanthophora s e n s u  T u r n e r ,  1808, p . 6 8 .

Type loc. : Not specified, Alexandria and Suez. 
Red Sea distr. : Bay of Assab, Massawa, Berenice, Koseir, Ghardaqa, Suez, Suez 

Canal, Tor, Aqaba, Jiddah, Hodeida.
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Note : This species is well known by the name Acanthophora delilii. However, this 
name, when proposed by L a m o u r o u x  (1813), was not validated by a description. 
In the same year D e c a is n e  described the species as Fucus nayadiform is. It is neces
sary, therefore, to reinstate this epithet. The combination A . najadiform is was made 
by L e m a n  (1816, p. 14) in synonymy and is invalid according to Art. 34 of the Code 
(1961 edition).

Alsidium C. A g a r d h  

*Alsidium vagum ( Z a n a r d i n i )  Z a n a r d i n i  

Z a n a r d i n i ,  1858, p . 256. M u s c h l e r ,  1908, p . 214.

R e c o r d s  u n d e r  s y n s .

Laurencia vaga Z a n a r d i n i ,  1 8 5 1 ,  p .  3 3 .

Chondriopsis vaga ( Z a n a r d i n i )  G r u n o w ,  in P i c c o n e ,  1 9 0 0 a ,  p .  2 6 1 .

Type loc.: Suez.
Distr. : Shumma Islet, Gulf of Berenice, Suez.
Note: The status of this species is uncertain.

Chondria C. A g a r d h  (nom . cons.)

Chondria collinsiana H o w e  

N a s r , 1947, p . 135.
Red Sea distr. : Ghardaqa.

*Chondria seticulosa ( F o r s s k â l )  C. A g a r d h  

C. A g a r d h ,  1822, p . 345.

R e c o r d s  u n d e r  o t h e r  n a m e s

Conferva seticulosa F o r s s k A l ,  1 7 7 5 ,  p p .  c x x v i  a n d  1 8 8 .

Laurencia seticulosa ( F o r s s k A l )  G r e v i l l e ,  1 8 3 0 ,  p .  l i i .  J . A g a r d h ,  1 8 5 2 6 ,  p .  7 5 8  ( e x c l .  s y n .  Fucus 
uvifer F o r s s k A l ) .  Z a n a r d i n i ,  1 8 5 8 ,  p .  2 6 2 .  K ü t z i n g ,  1 8 6 5 ,  p .  1 9 , p i .  5 2 . P i c c o n e ,  1 8 8 4 ,  p .  3 2 1 .  M u s c h l e r ,  

1 9 0 8 ,  p .  2 1 2 .  Y a m a d a ,  1 9 3 1 ,  p .  2 1 7 .

Laurencia hypnoides B o r g e s e n ,  1 9 3 2 ,  p .  4 .

Chondria hypnoides ( B o r g e s e n )  B o r g e s e n ,  1 9 3 9 a ,  p .  9 .

Fucus cespitosus F o r s s k A l ? ,  1 7 7 5 ,  p p .  c x x v  a n d  1 9 0 .

Fucus obtusus s e n s u  W e b e r ,  1 8 0 4 ,  p .  1 3 2 ,  pro parte.

Type loc. : Mocha.
Distr. : Bay of Assab, Berenice, Suez, Mocha.
Note: B0RGESEN (1 9 3 9 a) has pointed out that F o r s s k a l ’s material of Conferva  

seticulosa was a mixture of three genera: Chondria, H ypnea, and Acanthophora. 
C. A g a r d h  (1822 , p. 345) was the first to lectotypify Conferva seticulosa, lectotypi- 
fying it with the material of Chondria. B o r g e s e n ’s subsequent lectotypification of 
Conferva seticulosa  with the material of H ypnea  was, therefore, not justified. Hence,
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Chondria hypnoides ( B d r g e s e n )  B 0 r g e s e n  must be treated as a synonym of Chondria 
seticulosa  ( F o r s s k â l )  C. A g a r d h .

Chondria tenuissima ( G o o d e n o u g h  e t  W o o d w a r d )  C. A g a r d h  

R a y s s ,  1959, p . 24.
Red Sea distr. : Shora el Manqata.

Digenea C. A g a r d h  

Digenea simplex ( W u l f e n )  C. A g a r d h

D e c a is n e ,  1841, p . 129. Z a n a r d i n i ,  1858, p . 258. P ic c o n e ,  1884, p . 322; 1900a,
p . 262; 1900c, p . 120. R e in b o l d ,  1903, p . 231. M u s c h l e r ,  1908, p . 216. H a r v e y -
G ib s o n  and K n i g h t ,  1913, p . 307. L y le ,  1926, p . 40. L am i, 1932, p . 356. N a s r ,
1939a, p . 71 ; 1947, p. 137. R a y s s ,  1959, p . 24.

Records under syns.
F u c u s  l y c o p o d i u m  S t a c k h o u s e .  T u r n e r ,  1 8 1 9 ,  p . 6 ,  p i .  1 9 9 .

D i g e n e a  l y c o p o d i u m  ( S t a c k h o u s e )  H e r i n g ,  in  S c h i m p e r ,  1 8 3 5 - 3 7 ,  n o .  9 3 1 .  H o h e n a c k e r ,  1 8 5 3 ,  

n o .  1 4 4 .

Red Sea distr.: Archipelago of Assab, Mandola Islet, Sudanese coast, Koseir, 
Ghardaqa, Suez, Suez Canal, Tor, Ras Muhammad, Sharm el Sheikh, Ras Nusrani, 
Shora el Manqata, Aqaba, Jiddah.

Endosiphonia Z a n a r d i n i  

Endosiphonia clavigera F a l k e n b e r g  

R e in b o ld ,  1903, p. 231. N a s r ,  1938, p p . 125 -1 2 8 , 7 figs., 1 pi.; 1939a, p. 72 ; 
1947, p . 140.

Red Sea distr. : Ghardaqa, Tor.

Herposiphonia N ä g e l i  

Herposiphonia tenella (C. A g a r d h )  A m b ro n n  

N a s r ,  1939a, p . 72; 1947, p . 138, fig. 22. N e w t o n ,  1953, p p . 396 and 414. D o r ,  
1961, p . 39, figs. 1 b and 3. R a y s s  and D o r ,  1963, p . 37.

Red Sea distr. : Hanish Islands, Daedalus Reef, Ghardaqa, Strait of Jubal, Eilat.

Laurencia L a m o u r o u x  (nom . cons.)

Laurencia intricata L a m o u r o u x  

P ic c o n e , 1884, p . 321.
Red Sea distr. : Assab.
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Laurencia obtusa ( H u d s o n )  L a m o u r o u x

M o n t a g n e , 1 8 5 0 ,  p .  2 4 7 .  Z a n a r d i n i , 1 8 5 8 ,  p .  2 6 1 .  R e i n b o l d , 1 9 0 3 ,  p .  2 3 1 .  

M u s c h l e r , 1 9 0 8 ,  p .  2 1 2 .  H a r v e y - G i b s o n  a n d  K n i g h t , 1 9 1 3 ,  p .  3 0 8 .  N a s r , 1 9 3 9 a ,  

p .  7 1 ;  1 9 4 7 ,  p .  1 3 4 ,  p i .  1 4 , f i g .  2 .  R a y s s , 1 9 5 9 ,  p .  2 3 .

Records under other names 
Chondria obtusa ( H u d s o n )  C. A g a r d h .  D e c a i s n e ,  1834, p. 10; 1841, p. 184. S c h u b e r t ,  1839, p. 290. 
Fucus diaphanus sensu D e l i l e ? ,  1813a, p. 80; 1824, p. 113.

Red Sea distr.: Sudanese coast, Koseir, Ghardaqa, Suez, Tor, Ras Muhammad, 
Ras Nusrani, Aqaba, Jiddah, Hodeida.

Laurencia obtusa v a r . ^divaricata Y  am  ad  a

Y a m a d a , 1 9 3 1 ,  p .  2 2 3 .

Records under syn.
Laurencia divaricata J. A g a r d h ,  18526, p. 754 (non S u h r ,  1840). Z a n a r d i n i ,  1858, p. 261. R e i n b o l d ,  

1903, p. 231. M u s c h l e r ,  1908, p. 211. H a r v e y - G i b s o n ,  1908, p. 79.

Type loc. : Red Sea.
Red Sea distr.: Red Sea, Suez, Tor, Aqaba.

* Laurencia papillosa (C. A g a r d h )  G r e v i l l e  

G r e v i l l e ,  1 8 3 0 ,  p. l i i .  S c h e n k ,  1 8 4 0 ,  p. 2 .  K ü t z i n g ,  1 8 4 9 ,  p. 8 5 5 .  M o n t a g n e ,  

1 8 5 0 ,  p. 2 4 7 .  J. A g a r d h ,  1852¿>, p. 7 5 6 .  Z a n a r d i n i ,  1 8 5 8 ,  p. 2 6 1 .  P i c c o n e ,  1 8 8 4 ,  

p .  3 2 1 ;  1 8 9 3 ,  p p .  3 8 0  a n d  3 8 1 ;  1 9 0 0 a ,  p .  2 6 1 ;  1 9 0 0 c ,  p .  1 2 0 . B o r n e t ,  1 8 8 8 ,  p .  2 0 .  

M u s c h l e r ,  1 9 0 8 ,  p. 2 1 1 .  H a r v e y - G i b s o n ,  1 9 0 8 ,  p. 7 9 .  M a z z a ,  1 9 0 9 ,  p. 2 9 4 .  H a r v e y -  

G i b s o n  a n d  K n i g h t ,  1 9 1 3 ,  p .  3 0 8 .  L y l e ,  1 9 2 6 ,  p .  4 0 .  Y a m a d a ,  1 9 3 1 ,  p .  1 9 0 ,  p i .  1 , 

f ig s .  a  a n d  b .  L a m i ,  1 9 3 2 ,  p .  3 5 6 .  B o r g e s e n ,  1 9 3 2 ,  p .  6 .  N a s r ,  1 9 4 7 ,  p .  1 3 4 .

Records under other names 
Fucus papillosus F o r s s k A l ,  1775, p p .  cxxv and 190 (nec S .G .  G m e l i n ,  1768; non B u r m a n ,  1768). 

D e l i l e ,  1813a, p .  80; 1824, p . 113.
Chondria papillosa C. A g a r d h ,  1822, p. 344. D e c a i s n e ,  1834, p. 10; 1841, p. 185.
Fucus thyrsoides v a r .  major T u r n e r ,  1808, p . 38.
Fucus obtusus s e n s u  W e b e r ,  1 8 0 4 ,  p .  1 3 2 ,  pro parte.
Laurencia oophora sensu? P i c c o n e ,  1884, p. 321 ; 1889, p. 76.

Type loc. : Mocha.
Red Sea distr. : Bay of Assab, Gulf of Zula, Shumma Islet, Massawa, Sudanese 

coast, Suakin, Ghardaqa, Suez, Suez Canal, Tor, Aqaba, Jiddah, Kamaran Island, 
Mocha.

Note : The invariably accepted basionym of this species, Fucus papillosus F o r s s k â l ,  
is illegitimatized by the earlier homonyms F. papillosus S.G. G m e lin  (1768) and 
F. papillosus B u r m a n  (1768). There are several generally accepted synonyms of 
Laurencia papillosa that probably are based on genuine L. papillosa, but until the
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types of these names have been examined, it would be hazardous to adopt any of 
them as the correct name for this species. Therefore, I am retaining the binomial 
L. papillosa , starting the epithet with C. A g a r d h  (1822), who called the taxon 
Chondria papillosa.

Laurencia pinnatifida ( H u d s o n )  L a m o u r o u x  

Z a n a r d i n i ,  1858, p. 261. M u s c h l e r ,  1908, p. 213. H a r v e y - G ib s o n ,  1908, p. 79. 
N a s r ,  1947, p. 133.

Record under syn.
Fucus pinnatifidus v a r .  muricatus T u r n e r ,  1 8 0 8 ,  p . 4 0 .

Red Sea distr. : Red Sea, Ghardaqa, Suez Bay, Hodeida.

Laurencia uvifera ( F o r s s k â l )  B o r g e s e n  

B o r g e s e n , 1 9 3 2 ,  p .  1 2 , f ig s .  3  a n d  4 ,  p i .  1 , f i g .  6 .

Records under other names
Fucus uvifer F o r s s k â l ,  1 7 7 5 ,  p p .  c x x v  a n d  1 9 2 .

Fucus obtusus s e n s u  W e b e r ,  1 8 0 4 ,  p .  1 3 2 ,  pro parte.

Red Sea distr. : Mocha.
Note: The type locality of this species is Constantinople. Whether the material 

from Mocha actually is representative of the species is uncertain.

♦Leveillea D ec a isn e

♦Leveillea jungermannioides ( H e r i n g  e t  M a r t e n s )  H a r v e y  

R e in b o ld ,  1903, p . 231. M u s c h l e r ,  1908, p . 216. N a s r ,  1947, p . 139. R a y s s , 
1959, p. 24, fig. 2.

Records under syns.
Amansia jungermannioides H e r i n g  e t  M a r t e n s ,  in M a r t e n s  a n d  H e r i n g ,  1 8 3 6 ,  p . 4 8 5 ,  f ig s .  1 - 4 .  

S c h i m p e r ,  1 8 3 5 - 3 7 ,  n o .  4 7 2 .

Leveillea schimperi D e c a i s n e ,  1839, p. 376 (nom. illeg.J ; 1841, p. 161, pi. 6, f ig s .  A1-A10. K ü t z i n g ,  

1849, p. 882; 1865, p. 3, pi. 7, figs. a-c.
Polyzonia jungermannioides ( H e r i n g  e t  M a r t e n s )  J . A g a r d h ,  1 8 4 1 ,  p . 2 5 ;  1 8 6 3 ,  p . 1 1 6 9 .  R u p r e c h t ,  

1 8 4 9 ,  p .  7 8 .  Z a n a r d i n i ,  1 8 5 8 ,  p . 2 5 5 .  P i c c o n e ,  1 8 8 4 ,  p . 3 2 2 .  D e T o n i  a n d  P a o l e t t i ,  1 8 8 8 ,  p . 7 0 . H a r v e y -  

G ib s o n .  1 9 0 8 ,  p . 7 9 .  L y l e ,  1 9 2 6 ,  p . 4 0 .

Type loc. : Tor.
Red Sea distr. : Bay of Assab, Massawa, Trinkitat, Daedalus Reef, Ghardaqa, 

Suez Canal, Tor.
Note : Leveillea jungerm annioides is the type of its genus.
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Lophocladia (J. A g a r d h )  S c h m i t z  

"Lophocladia lallemandi ( M o n t a g n e )  S c h m i t z  

S c h m i t z ,  1893, p. 223. S c h m i t z  and F a l k e n b e r g ,  1897, p. 447, fig. 250. F a l k e n -  

b e r g ,  1901, p. 552. M a z z a ,  1910, p. 352.

Records under syns.
Dasya lallemandi M o n t a g n e ,  1849, p. 289. Z a n a r d i n i ,  1858, p. 260. J. A g a r d h ,  1863, p. 1231. K ü t z i n g ,  

1864, p. 26, pi. 71, figs. a-d.
Polysiphonia hirsuta Z a n a r d i n i ,  1851, p. 34.
Lophothalia lallemandi ( M o n t a g n e )  J. A g a r d h ,  1890, p. 64.

Type loc. : Red Sea.
Distr. : Red Sea, Dahlak Archipelago, Suakin.

Polysiphonia G r e v i l l e  (nom. cons.)

"Polysiphonia figariana Z a n a r d i n i  

Z a n a r d i n i ,  1 8 5 8 ,  p. 2 5 7 .  M u s c h l e r ,  1 9 0 8 ,  p. 2 1 5 .  L y le ,  1 9 2 6 ,  p. 4 0 .

Type loc. : Not specified, Suez, Aqaba, Tor, Koseir.
Distr. : Koseir, Suez, Suez Canal, Tor, Aqaba.

Polysiphonia gorgoniae H a r v e y  

N a s r ,  1941, p . 73, fig. 16.
Red Sea distr. : Ghardaqa.

"Polysiphonia utricularis Z a n a r d i n i  

Z a n a r d i n i , 1 8 5 1 ,  p .  3 4 ;  1 8 5 8 ,  p .  2 5 7 ,  p i .  8 , f i g .  2 .  M u s c h l e r , 1 9 0 8 ,  p .  2 1 5 .  H a r v e y -  

G i b s o n  a n d  K n i g h t , 1 9 1 3 ,  p .  3 0 8 .  L y l e , 1 9 2 6 ,  p .  4 0 .

Type loc.: Suez.
Distr. : Sudanese coast, Suez, Suez Canal.

Rytiphloea C. A g a r d h

Rytiphloea tinctoria ( C l e m e n t e )  C .  A g a r d h  

M u s c h l e r , 1 9 0 8 ,  p .  2 1 7 .

Record under syn.
Fucus purpureus E s p e r .  T u r n e r ,  1 8 1 9 ,  p . 6 8 .

Red Sea distr. : Red Sea, Suez.
Note: T u r n e r  (1819, p. 68) remarked that this species had been “Sent in great 

quantity from the Red Sea to Sir Joseph Banks.” Since the only other record of the 
occurrence of this species in the Red Sea is that by M u s c h l e r ,  it seems likely that
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these authors had a different plant in hand or that their material had been obtained 
in the Mediterranean.

Spirocladia B g r g e s e n

"Spirocladia minor N a s r  

N a s r ,  19396, p . 332, figs. 1-8.
Type loc. : Strait of Jubal.
Distr. : Strait of Jubal.
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Acanthophora delilei 73 parasitica 67
delilei 96 taxiformis 73 scopulorum 68
najadiformis 96 Asperococcus Carpacanthus

Acetabularia clathratus 39 dentifolius 49
acetabulum 27 intricatus 39 latifolius 53
calyculus 27 orientalis 39 turneri 58
exigua 27 sinuosus 38 Castagnea
mediterranea 27 Avrainvillea flavescens 36
moebii 28 amadelpha 24 ramosissima 37

Acrochaetium erecta 25 virescens 37
moniliforme 70 lacerata 24 Caulerpa
robustum 69 papuana 25 chemnitzia 11,22

Actinotrichia Bangia var. peltata 21
fragilis 71 delilei 69 clavifera 21
rigida 71 elegans 68 var. gracilis 20

Acystis Batrachospermum var. lamourouxii
heinii 42 requienii 71 var. nudiuscula

Aegagropila Bindera var. turbinata 2i
forsskalii 17 insignis 95 var. uvifera 21

Alsidium Blossevillea crassifolia 20
vagum 97 arabica 41 cupressoides

Amansia Boergesenia var. lycopodium
jungermannioides 100 forbesii 16 denticulata 22

Amphiroa Boodlea freycinetii 22
fragillissima 76 composita 17 var. boryana 23

Anabaena siamensis 17 var. integerrima
torulosa 66 Botryocladia var. serrulata 2',
variabilis 67 chiajeana 90 var. 1 vpica 21

Antithamnion leptopoda 90 f. serrulata 23
antillarum 92 Bryopsis lentillifera 20
lherminieri 92 corymbosa 19 mexicana 20
pygmaeum 92 hypnoides 19 peltata 21

Aphanocapsa implexa 19 var. typica 21
litoralis 63 plumosa 19, 19 pinnata 20

Arachnophyllum Callithamnion plumaris 23
delilei 69 byssoides 92 prolifera 20

Archaeolithothamnion hamelii 92 racemosa 21
erythraeum 83 secundatum 70 var. chemnitzia

Ascothamnion Calothrix f. turbinata 22
intricatum 17 caulerpae 67 var. clavifera 21

Asparagopsis confervicola 67 var. gracilis 20
armata 73 crustacea 67 var. lamourouxii
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f. requienii 20 
var. laxa 21 
var. peltata 21 
var. racemosa 21, 22 
var. turbinata 11, 13, 22 
var. uvifera 21 

requienii 20 
scalpelliformis 22

var. denticulata 22 
var. intermedia 22

selago 22 
serrulata 22 
sertularioides 23 
taxifolia 

var. crassifolia 20 
webbiana 23 
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aculeatum 95 
clavulatum 92 
diaphanum 92 

var. elegans 93 
elegans 93 
gracillimum 93

var. byssoideum 93 
nayalii 93 
rubrum 93 
strictum 93 
tenuissimum 93 

Chaetomorpha 
aerea 13 
antennina 13 
callithrix 15 
chlorotica 14 
indica 13 
linum 13 

Champia 
irregularis 91 
kotschyana 91 
tripinnata 91 

Chauvinia 
clavifera 21 
f. elongata laxiuscula 21 
f. nuda 21

var. lamourouxii 20 
selago 22 

Chloroplegma 
sordidum 24

Chnoospora 
implexa 39 

Chondria 
collinsiana 97 

delilei 96 
hypnoides 97 
obtusa 99 
papillosa 99 
seticulosa 97 
tenuissima 98 

Chondriopsis 
vaga 97 

Chondrococcus 
hornemannii 75 

Chordaria 
erythraea 37 

Choreonema 
thuretii 76 

Chromastrum 
crassipes 69 
moniliforme 70 
secundatum 70 

Chroococcus 
minutus 63 

Chrysymenia 
ventricosa 91 

Cladophora 
albida 14 
coelothrix 14 
crystallina 14 
dalmatica 14 
fascicularis 14 
forsskalii 17 
heteronema 14 
prolifera 15 
prolixa 15 
ramulosa 15 
sericea 15 

Cladophoropsis 
zollingeri 16 

Cladosiphon 
erythraeus 37 

Coccochloris 
stagnina 63 

Codiolum 
petrocelidis 15 

Codium 
adhaerens 23 
arabicum 23 
dichotomum 24

dwarkense 23 
repens 24 
/enuf 24 
tomentosum 24 
vermilara 24 

Colpomenia 
sinuosa 38 

Conferva 
albida 14 
capillaris 28 
chlorotica 14 
cristata 14 
fascicularis 14 
forsskalii 17 
indica 13 
plana 28 
prolixa 15 
sericea 14 
seticulosa 89,97 

Corallina 
adhaerens 11 
micrarthrodia 78 
pumila 78 
rubens 78 
tenella 76 

Corallopsis 
cacalia 85 
minor 87 
salicornia 85 

Crouania 
attenuata 94 

Cruoriopsis 
marisrubri 84 

Cystophyllum 
trinode 41 

Cystoseira 
amentacea 40 
articulata 41 
concatenata 40 
foeniculacea 40 
myrica 40

var. muricata 41 
var. lenella 41 

trinodis 41 
var. confluens 41 

triquetra 42 
Dasya

divaricata 96 
flocculosa 96 
hussoniana 96
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lallemandi 101 
Derbesia

lamourouxii 19 
tenuissima 19 

Dermatolithon 
cystoseirae 76 
geometricum 77 
pustulatum 77 
steinitzii 77 

Dermocarpa 
prasina 63 

Desmia 
cincinnata 75 
coccinea 75 

Dichothrix
eylathensis 68 
penicillata 68 

Dicranema 
furcellata 88 
montagnei 88 

Dictyopteris
membranacea 32 

Dictyosphaeria 
cavernosa 17 
favulosa 18 
intermedia 
var. solida 18 

Dictyota
abyssinica 34 
acuminata 34 
ciliata 32 
ciliolata 32 
dichotoma 32 

var. fimbriata 33 
var. implexa 33 
var. intricata 33 
var. patens 33 

divaricata 33 
fasciola 33 
implexa 33, 34 
indica 33 
marginata 35 
notarisii 34 
sandvicensis 33 

Digenea
lycopodium 98 
simplex 98 

Dilophus 
fasciola 33 

Dudresnaya

coccinea 75
verticillata 75

Dunaliella
salina 10

Echinocaulon
acerosum 73

Ectocarpus
arabicus 29
coniger

var. arabicus 29
duchassaingianus 30
elachistaeformis 29
ghardaqaensis 29
indicus 30
irregularis 29
mitchellae 30
siliculosus 29

Encoelium
clathratum 39
sinuosum 38

Endoderma
viride 10

Endosiphonia
clavigera 98

Enteromorpha
clathrata

var. erecta 11
compressa 11
flexuosa 11
intestinalis 11

Entocladia
viridis 10

Entophysalis
conferta 63
deusta 63

Epilithon
membranaceum 81

Erythrotrichia
carnea 68
obscura 69

Eudesme
flavescens 36
virescens 37

Euhymenia
papulosa 87

Euthora
cristata 84

Falkenbergia
rufolanosa 73

Feldmannia
irregularis 29

Flabellaria 
minima 27 

Fosliella 
farinosa 77 
lejolisii 11 

Fucus
acanthophora 96 
acerosus 73 
acinarius 45

var. megalocarpus 45 
aeruginosus 87 
antennulatus 41 
articulatus 41 
bacciferus 49 
barbatus 40 
callo-pilophorus 27 
cespitosus 97 
clavifer 21 
conoides 62 
corneus

var. setaceus 73 
crispus 50 
cristatus

var. valentiae 84 
debilis 86 
denticulatus 49 
dentifolius 49 
diaphanus 99 
floresius 84 
foeniculaceus 42 
foliifer 86 
forsskalii 50 
fragilis 11 
granulatus 41

var. concatenatus 40 
hamulosus 89 
laminosus 86 
lamourouxii 20 
latifolius 50, 53 
linearis 33, 34 
lycopodium 98 
myrica 41 
natans 49, 56

var. acanthicarpus 58 
nayadiformis 96 
obtusus 97, 99, 100 
onustus

var. trinodis 41 
papillosus 99 
pavonius 34 
pinnatifidus
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var. muricatus 100 
pinnatus 20 
plumaris 23 
purpureus 101 
racemosus 21 
saltii 55 
selago 22 
serrulatus 22 
sertularioides 23 
seticulosus 41 
spinosus 73 
subrepandus 56 
taxifolius 23 
telephifolius 59 
tetragonus 49 
thyrsoides

var. major 99 
trinodis 41 
triqueter 42 
turbinatus 62 
undulatus 50 
uvifer 21, 100 
valentiae 89 
viscidus 70 
wrightii 86 

Galaxaura 
adriatica 72 
annulata 73 
cylindrica 71 
dactyliophora 71 
fragilis 73 
indurata 71 
lapidescens 72 

var. annuligera 72 
oblongata 72 
rigida 71 
rugosa 72 
schimperi 72 

Gelidiella 
acerosa 73 

Gelidium 
ambiguum 74 
corneum 74 

var. setaceum 73 
crinale 74 

var. perpusillum 74 
latifolium 73,74 
pectinatum 73 
pusillum 74

var. conchicola 74

rigidum 73 
semipinnatum 75 
spathulatum 75 

Giffordia
ghardaqaensis 29 

indica 30 
mitchellae 30 

Gigartina 
teedii 90 

Gomphosphaeria 
aponina 63 

Goniolithon 
assitum 82 
fosliei 82 
myriocarpum 82 

Goniotrichum 
alsidii 68 
elegans 68 

Gracilaria 
arcuata 85 
cacalia 85 
canaliculata 86 
compressa 86 
confervoides 87 
corticata 87 
crassa 85 
debilis 86 
disticha 86 
foliifera 86 
furcellata 88 
minor 87 
poitei 86 
radicans 87 
verrucosa 87 
wrightii 86 

Grateloupia 
filicina 84 

Griffithsia 
tenuis 94 

Halimeda 
cordata 26 
discoidea 25 
incrassata 

f. cylindrica 25 
f. monilis 25 

macroloba 25 
monile 25 
multicaulis 26 
nervata 25 
opuntia 25

f. cordata 25, 26 
f. triloba 26 
f. typica 26 
var. opuntia 25 
var. triloba 26 

papyracea 26 
triloba 26 
tuna 26 

Haloplegma 
duperreyi

var. sublittorale 94 
Halopteris 

scoparia 32 
Halymenia 

dilatata 84 
durvillaei

var. ceylanica 84 
floresia 84 

Halyseris 
polypodioides 32 

Herpochaeta 
requienii 20 

Herposiphonia 
tenella 98 

Heterosiphonia 
wurdemanni 96 

Hormophysa 
articulata 42 
triquetra 41 

Hormosira 
articulata 42 
triquetra 42 

Hydroclathrus 
cancellatus 39 
clathratus 39 
sinuosus 38 

Hypnea
cornuta 88 
esperi 89 
hamulosa 89 
musciformis 89 
nidifica 89 
rugulosa 89 
spinella 89 
valentiae 89 

var. hamulosa 89 
Hypoglossum 

spathulatum 95 
Iridaea 

reticulata 90
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yemensis 90 
Jania

adhaerens 77 
gibbosa 78 
lobata 77 
micrarthrodia 78 
pumila 78 
rubens 78 

var. lenella 76 
Kallymenia 

exasperata 87 
papulosa 87 

Lamarckia 
adhaerens 23 
tomentosa 24 

Laurencia 
divaricata 99 
hypnoides 97 
intricata 98 
obtusa 99 

var. divaricata 99 
oophora 99 
papillosa 99 
pinnatifida 100 
seticulosa 97 
uvifera 100 
raga 97 

Leveillea 
jungermannioides 100 
schimperi 100 

Liagora 
coarctata 71 
elongata 70 
farinosa 70 
fragilis 70 
rugosa 70 
turneri 70 

var. coarctata 71 
viscida 70 

Lithoderma 
subextensum

var. intermedia 30 
Litholepis 

indica 78 
mediterranea 78 

Lithophyllum 
acrocamptum 78 
affine 79 
byssoides 79 
crispatum 80

expansum 83 
fasciculatum 79 
incrustans 79 
kaiseri 79 
kotschyanum 79 

f. a/7ínú 79 
f. subreduncum 80 

lenormandii 80 
okamurai 79

f. trincomaliensis 79 
racemus 80 
subreduncum 80 

Lithoporella 
melobesioides 80 

Lithothamnium 
affine 79 
crassum 80 
crispatum 80 
engelhartii

f. pseudocrispata 82 
erythraeum 83 
fasciculatum 79 
fosliei 82 
fruticulosum 80 
indicum

f. subtilis 80 
kaiseri 79 
lenormandii 80 
membranaceum 81 
myriocarpum 82 
oblimans 82 
polymorphum 81 
purpurascens 81 
racemus 80 
siamense 81 
yendoi 81 

Lomentaria 
irregularis 91 
squarrosa 91 

Lophocladia 
lallemandi 101 

Lophothalia 
lallemandi 101 

Lyngbya 
complectens 64 
confervoides 64 
epiphytica 64 
major 64 
majuscula 64 
meneghiniana 64

nordgardhii 64 
prasina 64 
protensa 64 
rigidissima 64 
simiplena 65 
sordida 65 

Martensia 
elegans 95 

Mastophora
melobesioides 80 

Melobesia 
farinosa 77 
lejolisii 11 
membranacea 81 
pustulata 11 
thuretii 76 

Meristotheca 
papulosa 87 

Mesogloia 
flavescens 36 
gracilis 37 
mediterranea 37 
ramosissima 37 
vermicularis 37 

var. gracilis 36, 37 
Mesophyllum 

simulans 81 
Metamastophora 

lamourouxii 81 
Microchaete 

vitiensis 67 
Microcoleus 

tenerrimus 65 
Microdictyon 

agardhianum 16 
Moniliformia 

triquetra 42 
Myriogloia

ramosissima 37 
Myriogramme 

okhaensis 95 
Nemacystus 

erythraeus 37 
Neogoniolithon 

assitum 82 
fosliei 82 
frutescens 82 
myriocarpum 82,82 

f. confragosum 82 
propinquum 83
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Neomeris 
annulata 28 

Nereia 
filiformis 38 

Nitophyllum 
punctatum 96 

Oscillaria
erythraea 66 

Oscillatoria 
corallinae 65 
margaritifera 65 
nigro-viridis 65 

Padina 
commersonii 34 
pavonia 34 
pavonica 34 
tetrastromatica 34 

Paponnelia 
involvens 76 
squamaria 76 

Petroderma
maculiforme 30 
steinitzii 30 

Peyssonelia 
conchicola 75 
dubyi 76 
involvens 76 
rubra 76 
squamaria 76 

Phaeocystis 
giraudii 28 

Phaeophila 
dendroides 10 
floridearum 10 

Phormidium 
ectocarpi

f. fuscescens 65 
fragile 65 
penicillatum

f. vaginata 66 
Phycopteris 

costata 36 
Phyllacantha 

myrica 41
var. hispida 41 

Pilinia 
erythraea 13 

Platoma 
incrassata 85 
pikeana 85

Platymonas 
intermedia 10 

Pleonosporium 
borreri 94 

Plocamium
cincinnatum 75 

Plocaria 
furcellata 88 
wrightii 86 

Pocillopora 
polymorpha 79 

Pocockiella 
variegata 34 

Polysiphonia 
figariana 101 
gorgoniae 101 
hirsuta 101 
utricularis 101 

Polyzonia 
jungermannioides 100 

Porolithon 
onkodes 83 

Porphyra
umbilicalis 69 

Portieria 
coccinea 75 

Pringsheimiella 
conchyliophila 

vár. vitriseda 10 
Pseudobryopsis 

papillata 19 
Pseudolithophyllum 

expansum 83 
Pseudovalonia 

forbesii 16 
Ptilothamnion 

pluma
f. minor 94 

Ralfsia 
verrucosa 

var. erythraea 30 
Rhabdonia 

dura 88 
Rhipiliopsis 

aegyptiaca 26 
Rhizoclonium 

kochianum 15 
tortuosum 14 

Rhodochorton 
crassipes 69

robustum 69 
Rhodymenia 

erythraea 91 
multipartita 87 
palmata 91 

Rivularia 
polyotis 68 

Rosenvingia 
intricata 39 
orientalis 39 

Rytiphloea
tinctoria 28, 101 

Sarconema 
filiforme 

f. curta 87 
furcellatum 88 
montagnei 88 

Sargassum
acinaciforme 42 

var. yemense 42 
acinaria 45

var. assabiense 60 
var. hildebrandtii 
f. obockianum 42 
var. hodeidense 43 
var. humile 43 
f. humile 43 
var. megalocarpum 45 
var. subdentatum 43 

angustifolium 43 
apiculatum 46 
aquifolium 43 
arnaudianum 43 

var. assarkaense 44 
asperifolium 44 

var. dissimile 44 
var. fimbriatum 44 

binderi
var. ambiguum 50 

biserrulum
var. ambiguum 50 

biserrulum
var. hodeidense 44 
var. prionocarpum 44 
f. hodeidense 44 

botruosum 44 
f. perangustum 45 
f. rigidulum 45 

boveanum 45
var. aterrimum 45
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f. aterrimum 45 
var. fuscescens 45 
var. picconii 45 
var. rigidum 45 
var. subdentatum 43 

calophyllum 46 
cinctum 

var. bicuspidatum 47 
var. detonianum 46 
f. phyllocystum 46 
f. serrulatum 46 
var. elatum 46 
f. apiculatum 46 
var. tonianum 46 

clonocarpum 52 
confusum 47 
coriifolium 

var. bicuspidatum 47 
crassifolium 

var. oblongifolium 47 
crispum 50, 51 

var, notarisii 51 
cuneifolium 46,47 

var. doriae 47 
f. kamaranense 47 
var. integerrimum 47 
var. obscurum 48 
var. rigescens 48 

cylindrocystum 48
var. abssinicum 48 
var. bressaninii 51 
var. dubium 48 
var. levianum 48 

decaisnei 49
var. abyssinicum 49 

densifolium 49
var. subcompressum 49 

denticulatum 49 
dentifolium 49 
diversifolium 50 
doriae 47 
echinocarpum

var. ambiguum 50 
figarianum 56 
filifolium 50 
flavicans 50 
forsskalii 50

var. notarisii 51 
fresenianum 51

var. bressaninii 51

var. ilicifolioides 51 
var. integerrimum 48 
var. kamaranense 47 
var. obtusiusculum 48 
var. rigescens 48 
var. squarrulosum 51 

glandulifolium 51 
hildebrandtii 52 
hybridum 55

var. suboppositum 55 
ilicifolium 52

var. clonocarpum 52 
var. conduplicatum 
f. erythraeum 52 
var. euryphyllum 52 
var. microdon 52 

lasiophyllum 59 
latifolium 52

f. polycarpum 53 
var. zanzibaricum 53 

lendigerum
var. eiddense 54 

linifolium 44,53 
marcaccii 53 a
neglectum 53 
nigrescens 54 
notarisii 51 
parvifolium 54 
petiolatum 55 
picconii 46 
polycarpum 53 
portierianum 54 

var. eiddense 54 
var. phyllocystum 54 
var. rigidulum 54 

pterocystum 54 
rueppellii 57 
saltii 55

var. dancalense 55 
spathulaefolium 55 

var. amfilense 55 
var. hybridum 55 
f. suboppositum 55 
var. petiolatum 55 

subrepandum 53, 56
var. arnaudianum 43 
var. brevifolium 56 
f. edentatum 56 
var. dentatum 56 
var. euryphyllum 52

var. figarianum 56 
f. angustifolium 57 
f. hemiphylloides 57 
f. parcedentatum 57 
var. forsskalii 57 
f. angustifolium 57 
f. paucidentatum 57 
var. massauense 58 
var. rueppellii 57 
f. biauriculatum 58 
f. massauensis 58 
f. parvifolium 58 
f. turneri 58 
var. schweinfurthii 58 
f. apiculiferum 58 
f. fissidens 59 

telephifolium 50,59 
tenue 59 
tenuissimum

var. kosseirense 59 
teretifolium 59 
turbinatum 62 
vaysierianum 59,60 

var. acinarioides 60 
f. macrocarpum 60 
var. assabiense 60 
var. assarkaense 60 
var. disseiense 60 
var. ehrenbergii 60 
var. microcystum 60 

verrucosum 60
var. acuminatum 61 
var. djeddahense 61 

virescens 61 
virgatum 61

f. erythraeum 61 
var. majus 61 

vulgare 56 
yemense 42, 61 
zanardinii 61 

Schizothrix 
nasri 66 

Scytosiphon 
lomentaria 39 

Sebdenia
ceylanica 87 

Siphonocladus 
forsskalii 16 
pusillus 17 
zollingeri 16
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Sirocoleum 
guyanense 66 

Sirophysalis 
trinodis 41 

var. confluens 41 
var. enodis 41 

Skujaella
erythraea 66 

Solenia
compressa 11 

var. crinita _  11 
Solieria 

dura 88 
Spatoglossum 

intermedium 35 
lubricum 35 
variabile 35 

Spermothamnion 
investiens

var. arabica 94 
Sphacelaria 

cervicornis 31 
cirrhosa

var. minima 31 
furcigera 31 
intermedia 31 
rigida 31 
rigidula 31 
tribuloides 31 

Sphaerococcus 
distichus 86 
implexus 40 
musciformis 89 

Sphaerozyga 
carmichaeli 67 

Spirocladia 
minor 102 

Spirulina 
major 66 

Spongodium 
adhaerens 23 

Sporochnus 
comosus 38 

Sporocladopsis 
erythraea 13 

Sporolithon 
crassum 83

erythraeum 83 
molle 83 
ptychoides 83 

Spyridia
aculeata 94 
berkeleyana 95 
clavata 95 
confervoides 95 
filamentosa 95

var. griffithsiana 95 
horrida 95 
vilosissima 95 

Stilophora 
arabica 37 
erythraea 37 
rhizodes 38 
sinuosa 38 

Stoechospermum 
marginatum 35 
patens 35 

Striaria 
attenuata

f. ramosissima 38 
mStruvea

anastomosans 17 
Stypopodium 

zonale 36 
Titanophora 

pikeana 85 
Trematocarpus 

furcellatus 88 
Trichodesmium 

ehrenbergii 66 
erythraeum 66 

Trichogloea 
requienii 71 

Trichosolon 
papillata 19 

Turbinaria 
conoides 62 
decurrens 62 
denudata 62 
elatensis 61 
membranacea 62 
papenfussii 62 
tetraedra 62 
triquetra 62

vulgaris 62 
var. decurrens 62 
var. triquetra 62 

Tydemania
mabahithae 26 

Udotea 
argentea 26 
flabellum 27 
javensis 27 
minima 27 

Ulva
cavernosa 18 
compressa 11 

var. crinita 11 
var. crispa 11 

cuneata 11 
granulata 12 
lactuca 12

var. latissima 12 
latissima 12 
reticulata 12 
rigida

var. rigida 12 
uncialis 12 
vesiculis ovatis 13 

Valonia 
aegagropila 18 
favulosa 18 
macrophysa 18 
rhizophora 18 
utricularis 18 
ventricosa 18 

Wildemannia 
umbilicalis 69 

Zanardinia 
collaris 32 

Zonaria
ambigua 36 
dichotoma 

var. intricata 33, 40 
fasciola 33 
isselii 35 
latissima 35 
marginata 35 
patens 35 
schimperi 35,36 
variegata 35 
zonalis 36Sea Fish. Res. Stn. Haifa, Bull. (50). 1968
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STORM-PETRELS O C E A N O D R O M A  SPP. IN THE INDIAN OCEAN

R. S. B a i l e y ,  R. P o c k l i n g t o n  & P. R. W i l l i s  

Received on 12 December 1966

There are few previous records of all-dark storm-petrels in the Indian Ocean. 
Nevertheless, Bourne (1960) thought it possible that one species at least may stray west 
into the tropical Indian Ocean from the Pacific Ocean, but the extent and regularity of 
such wanderings has remained undocumented. As a result of ornithological work 
carried out on board the R.V. ‘Atlantis II ’ and the R.R.S. ‘ Discovery ’, during the 
International Indian Ocean Expedition (I.I.O.E.), it is clear that at least two species of 
dark storm-petrels occur regularly and in fair numbers in the tropical Indian Ocean. 
This paper reviews the past records and summarizes our own observations. The work 
was carried out between June and November 1963, and between March and September 
1964, on board ‘ Discovery and between August and November 1963, and February 
and August 1965, on the ‘Atlantis II ’. Three species of small all-dark Procellariiformes 
are considered; two of them have previously been collected in the Indian Ocean.

PREVIOUS RECORDS
B u l w e r i a  b u l w e r i i  Bulwer’s Petrel

Bulwer’s Petrel breeds in the northern subtropical Pacific Ocean during the summer, 
and winters in the tropical Pacific Ocean (Bourne 1960). Although not strictly a stprm- 
petrel, this small petrel is roughly the same size as the largest species of Oceanodroma, 
and consequently may be confused with them at sea. Jouanin’s Petrel B. fallax  is 
considerably larger than B. bulwerii and will not be considered here (see Bailey 1966).

The only definite example of B. bulwerii from the Indian Ocean is a female captured 
on 23 August 1958 on Fedu in the Maldive Islands at 00° 36' S., 73° 00' E. (Phillips 
1959). Otherwise, the most westerly record is of three south of Singapore on 22 Septem
ber 1961 (T. F. S. Fripp quoted by Bourne 1964). As they were not distinguished from 
other large storm-petrels, however, the record must be considered doubtful.

O c e a n o d r o m a  m o n o r h i s  Swinhoe’s Storm-petrel
O. monorhis, which has been treated as a subspecies of O. leucorhoa by Austin (1952), 

breeds on islands off Japan and Formosa in the summer. It is frequently found as far 
west as Singapore Strait and some are known to reach the Straits of Malacca (Gibson-Hill 
1953). The only definite records from the Indian Ocean are of a male found exhausted 
on the shore in Ceylon on 3 July 1927 (Gibson-Hill 1953), and another found on a beach 
at Eilat, in the Gulf of Aqaba at the head of the Red Sea, on 13 January 1958. The 
latter, which weighed 23 gm., that is considerably less than the two specimens 
we captured (see Table 1), is preserved in the University of Tel Aviv (Merom 1960). 
A bird, reported as belonging to this species, was captured on board ship in the Arabian 
Sea to the west of the Laccadive Islands on 10 June 1923 by Tomlinson (1924) but, as 
it was released, and no critical description was published, the exact identity seems 
doubtful. Finally, Ferrar (1932) records the capture of a petrel similar to Fregetta 
tropica melanogaster in measurements and colouration, but lacking white markings except 
at the bases of some feathers, at Port Blair, Andaman Is., on 24 December. It seems 
most likely that this was O. monorhis.

Contribution No. 1956 from the Woods Hole Oceanographic Institution.
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In addition to the two collected specimens, there are a few sight records. Norris 
(1952) recorded seeing an all-dark storm-petrel in the Gulf of Aden in August 1951 and 
Lieutenent A. Y. Norris (quoted by Bourne 1965) reported several O. monorhis near 
Ceylon and in the southern Bay of Bengal in October 1960. Finally, Commander G. S. 
Willis (unpublished) recorded seeing three small dark storm-petrels similar in size and 
flight to Leach’s Petrel O. leucorhoa off the southwest coast of India at 09° 07' N., 
75° 39' E. on 6 May 1962.

O c e a n o d r o m a  m a t s u d a i r a e  Matsudaira’s Storm-petrel
A warm water .species, O. matsudairae breeds on the Volcano Islands (25° N.) in the 

subtropical western Pacific Ocean from January to early June (Kuroda 1966). The 
summering areas are not known, but specimens have been collected around the breeding 
island in every month from January to August, inclusive. A sibling species, Tristram’s 
Storm-petrel O. tristrami breeds on the Volcano Islands from October to April (Kuroda 
1966) and is a cool water species which summers to the north, off Japan.

There are no definite records of either O. matsudairae or O. tristrami in the Indian 
Ocean, although Bourne (1960) speculated that the former might wander into the Indian 
Ocean. Recently Captain P. P. O. Harrison recorded a large dark storm-petrel, which 
could have been O. matsudairae, at Io N., 78° E. on 25 July 1964 (Bourne 1966).

To sum up: there is one definite record of B. bulwerii in the western Indian Ocean, 
and there are two of O. monorhis. There is also some evidence that the latter species 
may stray westward to the Indian Ocean with some regularity.

OBSERVATIONS O N  THE I.I.O.E.
During the International Indian Ocean Expedition, ornithological observations were 

concentrated in the western Indian Ocean north of 20° S. and west of 80° E. No 
observations were made east of Ceylon except on a cruise up the west coast of Australia 
in July 1965.

Our records of all-dark storm-petrels are listed in the Appendix and are plotted in 
Fig. 1. Although sight records must be open to some doubt, it is clear that at least two 
species were involved, a small one about the size of O. oceanicus, which is taken to be
O. monorhis, and a large one, which appears to have been O. matsudairae. In spite of 
this doubt we have included all our records to show that we were dealing with a large 
population of each species and not isolated vagrants.

T a b l e  1. Weights and measurements {in gm. and mm.) of storm-petrels collected.

SPECIES DATE W EIGH T W IN G TAIL CULMEN TARSUS
MIDDLE TOE 
AND CLAW

O. monorhis 18 Aug. 1963 c. 40 152 75 14 23 24
O. monorhis 15 Mar. 1964 38-40 150 70 16 24.5 25
O. matsudairae 27 July 1965 — 183 102 18 31 28
O. matsudairae 29 July 1965 — 186 100 19 27 30
Note. AH measurements were made on the fresh specimens by the authors, so are not directly 

comparable with previous published measurements.

The following specimens were collected (see Table 1 for measurements):
1. O. monorhis. One at 15° 47'N., 52° 25'E. at 04.00 hours on 18 August 1963 

(Bailey 1966). Photographs of this bird have been published elsewhere (see Bailey 
1965, p. 54). The stomach and gizzard contained a few very small “ pumice-like ” 
stones, and some unidentifiable chitinous remains.

2. O. monorhis. One at 06° 45' N., 57° 59' E. on 15 March 1964, weighed 38-40 gm. 
The brood patch was covered with a thin layer of feathers, but was prominent.

7 8 0
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The wings and tail were in moult: the three outermost primaries were old, the rest 
new. The body feathers above the tail and some belly feathers were in pin. Both 
specimens of O. monorhis are preserved in the British Museum (Natural History).

3. O. matsudairae. One collected at 16° 06' S., 118° 03' E. on 27 July 1965 is now 
in the collection of the Smithsonian Institution, Washington, D.C. Photographs 
were taken of it in the company of Oceanites oceanicus.

4. O. matsudairae. A male collected at 13° 26' S., 120° 19' E. on 29 July 1965 is now 
in the collection of the Yamashina Institute, Tokyo (Kuroda 1966). This specimen 
was in moult; the new feathers were very black, and the primaries half-moulted. 

Dr. G. E. Watson of the Smithsonian Institution kindly informs us that, in his
opinion, neither of the O. matsudairae are separable from specimens collected in the Pacific 
Ocean. Although the lengths of the tarsi lie at the extremes recorded for this species 
(see Kuroda 1966), we consider there to be no justification for supposing that the birds 
collected in the Indian Ocean were from a different population.

From our sight records (Fig. 1) it is clear that a large all-dark storm-petrel, thought 
to be O. matsudairae (see section on identification), is quite common in the equatorial 
region of the western Indian Ocean. In addition a smaller species, which appeared to 
be O. monorhis, was seen rather less frequently, and mostly in the Arabian Sea. By 
contrast, most of our records of the larger species were within 5° of the equator (Fig. 1), 
in a belt which was characterized by slightly higher levels of Zooplankton abundance 
(Royal Society 1965), and often by a complete lack of wind. It may well be that, during 
its time in the Indian Ocean, O. matsudairae is adapted to feed on the surface planktonic 
communities associated with local upwellings and convergences near the equator, but the 
exact distribution of these has not yet been worked out in the Indian Ocean. No pattern 
is discernible from the few records of B. bulwerii, but their distribution is at least con
sistent with the view that small numbers move westward from the Pacific outside the 
breeding season.

Observations near the equator in all the months between March and early November, 
inclusive, suggest that O. matsudairae is most common in the western Indian Ocean 
from June to September, and that it is present at least from March to November. 
Primary moult was recorded in June, July, and September; this is consistent with a 
spring breeding season, and strongly supports the view that the birds in the Indian Ocean 
are from thé population on the Volcano Islands, where O. matsudairae breeds in the 
spring (Kuroda 1960).

In addition Captain D. Stam (pers. comm, from Dr. J. Waitei) of M.V. ‘ Forest 
Town ’ kindly informs us that he saw two to three all-black storm-petrels, which 
he considered were about the same size as O. leucorhoa, at 02° 20' S., 46° 30' E. on 
18 September 1965, and another at 03° 37' N., 48° 54' E. on the following day. Mr. 
M. Palmieri, third officer aboard R.V. ‘Atlantis II ’, made six sightings of B. bulwerii 
in the Indian Ocean in 1965, all of which he considers to be positive (see Appendix).

IDENTIFICATION AT SEA
The three species of storm-petrels listed above are all small petrels between 17-5 

and 28 cm. in length. Except for some indication of pale markings on the secondary 
coverts their plumages are entirely black or dark brown. Both species of Oceanodroma 
have forked tails, whereas B. bulwerii has a wedge-shaped tail. The tails of all of them 
could, however, appear quite long at sea, and the forked tail may not be noticeable except 
at close range; indeed, the lack of a forked tail may well be extremely difficult to ascertain.

There are detailed field descriptions for neither species of Oceanodroma, so our 
own sight identifications are to some extent tentative; in the case of O. matsudairae,
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F ig u r e  1. Records of black storm-petrels Oceanodroma spp. and Bulweria bulwerii in the Indian 
Ocean. Collected specimens: O. O. matsudairae-, A , O. monorhis-, □  , B. bulwerii. Sight 
records: £ ,  O. matsudairae; A , O. monorhis-, ■ ,  B. bulwerii', 6 ,  unidentified.
Note. Sight records include those of birds identified only by their size. Previous published 
records are also shown.

however, some sight records were later supported by the capture of specimens. The 
field descriptions given below, which we believe pertain to the species under discussion, 
are taken from our own field-notes and are supplemented by descriptions quoted by 
Bourne (1960, 1964, 1965).
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O. monorhis is a small storm-petrel, dark all over save for its slightly paler secondary 
coverts. It is about the same size as, or slightly larger than, Oceanites oceanicus, but is 
slimmer and has a longer, forked tail, longer thinner wings, and short legs. In addition, 
O. monorhis has a distinctive flight, in which it bounds and swoops over the water. 
It patters rarely, if at all.

O. matsudairae is considerably larger than O. monorhis. It has distinctive pale shafts 
to the primaries which are often visible at sea as a small white patch beyond, i.e. distal 
from, the bend of the wing, especially when the bird turns in flight or spreads its wings. 
It has quite long wings and a long, forked tail, but the wings appear much wider than 
those of O. monorhis. The forked tail, furthermore, is not always visible at sea. 
O. matsudairae has a much slower flight than O. monorhis-, it flaps and then glides for a 
short distance. In calm conditions it usually has a slow, sluggish flight with very short 
glides, and, even in strong winds, its flight is quite slow, except when flying downwind 
when it progresses with long, swift glides. On occasions, however, even in calm areas, 
O. matsudairae was suddenly seen to change to an erratic twisting flight low over the 
water. The function of this was not clear but it is unlikely to be a feeding flight because 
the birds were also seen to feed by landing on the water with wings raised, or occasionally 
by settling on the water.

To summarize, O. monorhis and O. matsudairae should not be difficult to separate 
at sea by the difference in size and flight. In the hand, the white bases of the primary 
shafts is said to be a reliable character for distinguishing O. matsudairae from O. tristrami 
but it is perhaps worth pointing out that O. monorhis also has white bases to its primary 
shafts, so this character alone may be unreliable in the present context.

B. bulwerii, also, might be confused with O. matsudairae but, according to Bourne 
(1960), its flight is faster, more active and more like that of a gad-fly petrel Pterodroma 
spp. At close range it should also be possible to distinguish its long wedge-shaped tail.

CONCLUSIONS
The proven occurrence of O. monorhis and O. matsudairae in the Indian Ocean, and 

the large number of sight-records of birds tentatively identified as belonging to these 
two species, strongly indicate the existence of a regular migration from the Pacific to 
the Indian Ocean. This migration of O. matsudairae appears to have passed unnoticed 
by previous observers, and we believe it to be the first recorded occurrence of an extensive 
migration from the subtropical Pacific to the Indian Ocean in any sea-bird. The distance 
travelled, assuming that the birds are from the population breeding on the Volcano 
Islands, is of the order of 5,000-6,000 miles. The possibility that they belong to a 
local Indian Ocean population, hitherto undiscovered, has been considered. We think 
it unlikely because most islands in the Indian Ocean have been visited by ornithologists 
at least occasionally, and the Seychelles Islands, the Maldive Islands and the islands off 
northwest Australia, that is those nearest to the birds’ known range in the Indian Ocean, 
are quite well known omithologically (see, for instance, Serventy 1952; Loustau-Lalanne 
1963 ; Phillips 1963 ; Serventy & Marshall 1964). In addition, the presence of 
O. matsudairae inseparable from those breeding on the Volcano Islands in the eastern 
Indian Ocean at the end of July provides additional evidence in favour of their being 
migrants from the Pacific Ocean.

Although O. monorhis has been seen off Singapore regularly, O. matsudairae has 
never been seen there. Since the latter has now been recorded off northwestern 
Australia, it may well be that the two species enter the Indian Ocean by different routes— 
monorhis through the Straits of Malacca, matsudairae through the Indonesian chain.

It is possible, but we consider very unlikely, that other species of storm-petrels 
either as yet undiscovered or from the eastern Pacific Ocean, could also occur in the
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Indian Ocean. Until there is evidence that such is the case, it must be supposed that 
only those species from the western Pacific Ocean listed above are involved.
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SUMMARY
In the course of the International Indian Ocean Expedition two storm-petrels, thought to be 

Oceanodroma matsudairae and O. monorhis, were encountered in the western Indian Ocean in some 
numbers. Two specimens of each species were collected, monorhis in the Arabian Sea, matsudairae 
offN.W. Australia. O. matsudairae, which had not been recorded before from these waters, appeared 
to be concentrated within 5° of the equator and the birds probably belonged to the spring-breeding 
population of Volcano Island. O. monorhis was found mostly in the Arabian Sea.

Bulweria bulwerii, for which there was but one certain Indian Ocean record, was also encountered 
several times.
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APPENDIX

Sight records o f storm -petrels during the I.I.O.E.
Below are listed all our records of all-black storm-petrels observed in  the Indian Ocean. Doubtful records 

are given question marks; all others are thought by the authors to be positive sightings, but, in almost all cases, 
identification was based on the size of the birds, which is often difficult to ascertain at sea.

Month

March

April

May

Year Day Latitude Longitude Species,

1964 29 11° 3 1 'S. 57° 57' E. O. monorhis, 2, ?

1965 14 10° 53' N. 72° 45' E. O. monorhis

15 13° 3 2 'N. 72° 44' E. O. monorhis

1 08° 58' N. 51° 42' E. B. bulwerii, 1
4 09° 06' N. 51° 5 5 'E. B. bulwerii, 1
5 08° 5 8 'N. 52° 3 5 'E. B. bulwerii, 1

23 22° 49' N. 6 1 ° 1 9 'E. B. bulwerii, 1
1964 20-21 00° 00' 58° 00' E. O. matsudairae

1964 27 00° 47' S. 67° 40' E. O. monorhis, 1, ?
29 00° 03' S. 67° 35' E. O. monorhis, 1, ?
25 01° 51' S. 67° 47' E. O. matsudairae, 1
29 00° 09' N. 67° 34' E. O. matsudairae, 1, ?
20 10° 1 1 'S. 67° 30' E.'l

10° 03' S. 67° 29' E. y B. bulwerii, 5, ?
09° 25' S. 67° 34' E. J

1965 8 06° 52' N. 75° 30' E. O. monorhis, 3
21 05° 04' S. 50° 30' E. B. bulwerii, 1
24 01° 00' S. 51° 48' E. B. bulwerii, 1
21 05° 04' S. 50° 30' E. O. matsudairae, 1

24 01° 00' S. 51° 48' E. O. matsudairae, 3

1964 3 0 6 ° 1 9 'N. 67° 32' E. O. monorhis, 1
20 09° 58' N. 73° 22' E. O. monorhis, 1, ?
28 13° 09' N. 56° 47' E. O. monorhis, 1

1965 21 05° 04' S. 66° 46' E. O. monorhis, 1

22 05° 00' S. 63° 09' E. O. monorhis, 1

June 1964

1965

8
19
1
2
3
4
5 

13 
15

17
18 
19
12

05° 00' S. 
00° 22' S. 
02° 37' N. 
02° 02' N. 
01° 0 8 'N. 
00° 02' N. 
01° 00' S. 
01° 28' S. 
00° 56' N. 
0 0 ° 1 6 'N. 
00° 07' S. 
00° 07' S. 
00° 25' N. 
20° 02 ' S.

57° 52' E. 
67° 25' E. 
58° 00' E. 
58° 04' E. 
57° 59' E. 
58° 02' E. 
58° 0 3 'E. 
58° 07' E. 
59° 59' E. 
60° 0 1 'E. 
62° 58' E. 
65° 45' E. 
67° 16' E.
52° 28' E.

O. monorhis, 1, ?
O. monorhis, 1 
O. matsudairae, 1, ? 
O. matsudairae, 2, ? 
O. matsudairae, 3 
O. matsudairae, 8 
O. matsudairae, 1 
O. matsudairae, 1 
O. matsudairae, 1 
O. matsudairae, 5 
O. matsudairae, 3 
O. matsudairae, 3 
O. matsudairae, 1 _ 
O. monorhis, 3, ?

One was chased but no t caught 
by a Great Skua Catharacta 
skua.

50 to 60 small all-dark storm- 
petrels.

One positive, 35+  others too 
far for positive identification.

Three to five. Forked tail 
seen on one bird.

Forked tail seen.

Flight different from large 
Oceanodroma ; long sweeping 
glides with very little flap
ping. Wings more pointed, 
more slender, almost scythe
like.

Two white spots half-way out 
along each wing.

In the company of two 
Oceanites oceanicus.

South of Laccadive Islands.

Lighter upper-wing coverts 
noted.

Feeding on garbage with two 
Oceanites oceanicus.

Two were in primary moult.

1964 15 08° 36' S. 57° 5 6 'E. O. matsudairae, 1 In primary moult.
16 06° 41'S . 57° 32' E. O. matsudairae, 1, ?
18 09° 05' S. 52° 31' E. O. matsudairae, 1, ?
22 10° 32' S. 47° 50' E. O. matsudairae, 1, ?

1965 26 18° 50' S. 115° 50' E. Oceanodroma sp., 2 (matsudairae?)
27 15° 48' S. 118° 18' E. O. matsudairae, c. 30 One collected.
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M onth

July

August

September

October

November

Year

Î96S

1963
1964

1963

1963

1963

Day

28

29

30

31

Latitude 

13° 2 8 'S. 

13° 30' S. 

12° 30' S. 

08° 27' S.

Longitude 

120° 1 2 'E. 

120° 1 5 'E. 

120° 30' E. 

125° 00' E.

29 06° 50' N. 60° 38' E.
11 03° 59' N. 50° 53' E.
28 12° 12' N. 50° 57' E.
10 03° 56' N. 50° 18' E.
14 04° 41' N. 52° 19' E.

11 03° 58' N. 50° 25' E.
12 03° 46' N. 52° 23' E.
13 04° 14' N. 52° 40' E.
18 04° 53' N. 57° 20' E.

1 05° 27' N. 61° 49' E.
4 02° 45' N. 60° 15' E.
7 02° 50' N. 59° 59' E.
8 01° 53' N. 56° 11' E.
9 00° 23' N. 52° 50' E.

11 02° 46' S. 44° 09' E.
16 02° 05' S. 41° 59' E.
19 02° 29' S. 43° 37' E.

02° 27' s. 43° 24' E.
19 02° 23' s. 43° 25' E.
20 02° 28' s. 44° 59' E.

02° 41' s. 44° 47' E.
02° 27' s. 44° 59' E.

21 02° 34' s. 46° 29' E.
02° 34' s. 46° 51' E.
02° 47' s. 47° 03' E.

22 02° 50' s. 47° 03' E.
24 03° 30' s. 49° 36' E.
27 02° 23' s. 54° 29' E.
28 02° 27' s. 57° 59' E.
29 02° 07' s. 57° 24' E.

02° 11' s. 57° 23' E.
02° 08' s. 57° 23' E.

6 06° 23' s. 54° 09' E.9 06° 16' s. 54° 25' E.
15 02° 32' s. 44° 54' E.
27 04° 00' s. 43° 26' E.

22 06° 15' s. 71° 10' E.

Species, numbers & remarks 

O. matsudairae, 15 +

O. matsudairae, 20

O. matsudairae, 6 

O. matsudairae, 2

O. matsudairae, 1, ? 
O. monorhis, 1 
O. monorhis, 3 
O. matsudairae, 1 
O. matsudairae, 1

Oceanodroma sp. 
Oceanodroma sp. 
Oceanodroma sp.

O. monorhis, ?
O. matsudairae, 1 
O. matsudairae, 1 
O. matsudairae, 1 
O. matsudairae, 1 
O. matsudairae, 1 
O. matsudairae, 1 
O. matsudairae, 1 
O. matsudairae, 1 
O. matsudairae, 1 
O. matsudairae, 1 
O. matsudairae, 1 
O. matsudairae, 6 
O. matsudairae, 1 
O. matsudairae, 1 
O. matsudairae, 1 
O. matsudairae, 2 
O. matsudairae, 1 
O. matsudairae, 1 
O. matsudairae, 1 
O. matsudairae, 2 
O. matsudairae, 3 
O. matsudairae, 3 
O. matsudairae, 12

O. matsudairae, 2 
O. matsudairae, 1 
O. matsudairae, 1 
O. matsudairae, 1

B. bulwerii, ?

04° 48' S. 55° 04' E. O. matsudairae, 2

00° 59' S. 
00° 22' S. 
03° 22' N.

54° 15' E. 
53° 43 ' E. 
55° 1 6 'E.

O. matsudairae, 1, ? 
O. matsudairae, 1, ? 
O. matsudairae, 1, ?

In  the wake over garbage with 
one Oceanites oceanicus.

One collected. W ith Oceanites 
oceanicus.

W ith one Oceanites oceanicus', 
feeding on garbage.

We continued to see O. 
matsudairae daily up to the 
equator (00° 10' S.
126° 4 3 'E.).

A small white patch near the 
bend of the wing.

Size not established.

T he scarcity of records west of 
the Seychelles indicates a 
drop in numbers in this 
region between September 
and October.

Just west of Eagle I., Chagos 
Arch., in a mixed flock 
were Puffinus pacificus, P. 
Vherrmnieri, a gad-fly petrel 
—probably Bulweria fallax, 
Oceanites oceanicus, and an 
all black petrel intermediate 
in size between the last two. 
Relatively long tail, tem - 
like flight, too large for 
O. monorhis with no pale 
primary shafts or forked 
tail showing.

White mark seen at base of 
primaries.
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THE PELAGIC DISTRIBUTION OF SEA-BIRDS IN THE WESTERN INDIAN
OCEAN

R. S. B a ile y  
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IN TRO DU CTION
The primary purpose of the present paper is, so far as possible, to describe the 

pelagic distribution of sea-birds of the tropical Indian Ocean and to relate it to the 
marine environment.* The area covered is the central Indian Ocean north of 20° S and 
west of 80° E (Fig. 1); I have also fixed an arbitrary northern limit at 15° N, but have not

20° N
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OMORO I s f
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^  RODRIGUEZ
Ú  MAURITIUS

O R É U N I0 N
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F ig u r e  1. T he western Indian Ocean, showing positions of island groups.

♦Since this paper was w ritten two im portant papers have been published: Ashmole & Ashmole 
(1967) ; Gili (1967). While many incidental references are made to them, full comparisons w ith the 
present observations have not been possible.
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adhered to it strictly in discussion. Nomenclature follows that used by Alexander (1955) 
except as mentioned.

The present account is based on observations made by myself on a series of transects 
across the Indian Ocean from 23 August to 14 November 1963 and from 7 March to 
28 July 1964 (Fig. 2), during the International Indian Ocean Expedition on board the 
R.R.S. ‘ Discovery ’. Whereas in 1963 biological work was limited to occasional Neuston 
Net hauls (David 1965a) carried out by myself, in 1964 the ship carried a full complement 
of biologists and oceanographers, so the observations made on this cruise are treated in 
the greatest detail. The work in 1964 consisted of a series of transects across the equator, 
the purpose of which was to investigate the system of equatorial currents and to record 
the changes which occur at the onset of the Southwest Monsoon in May. In general 
the ship’s track was designed to pass through deep water as far from land as possible, to 
avoid the modifying effects of land and shallow banks.

In 1964 biological stations were occupied at regular intervals of about 120 nautical 
miles. Details of the procedure at these stations, their geographical positions and 
preliminary results are described elsewhere (Royal Society 1965; see also Bailey 1966,

5 0 °  6 0 “ 7 0 “

il2Mar.

2 8  May* ,24 May

>Aug\|

10° 8 N o v

4 -5  M oy
30M ayj

,3 0  Aug. 
- 3  Sep.>l6Mar

I Juri
IMoy

,l5Jun.
0 °

IO Sep 2  7  S e a  5ÜÍ H
_ 23Sep. JP*
~  «1 ■—-><^4Nov.t S '  /

2 0  Jun: l25Apr.
7Jun.

'24M ar.
27Oct.

25Jul.

15 Jul.

20Apr. 10°10°

3 0  Mar.

3 0 J uit

I O J u I 14 Apr.

20 °20 ° 11 Apr;

7 0 °6 0 °5 0 °

F i g u r e  2. Tracks and midday positions of R .R.S. ‘ Discovery ’ from August to November 1963 
and from M arch to July 1964. Positions occupied for more than one day are given single 
dots.
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1967). During the cruises I made 606 observations for sea-birds, each lasting an average 
of one hour, on a total of 208 days in the area covered in the present paper. The procedure 
during each observation is given in greater detail elsewhere (Bailey 1966, 1967) but, 
briefly, all birds seen were recorded with notes on their flight direction, behaviour, age 
etc. In addition, I collected 17 birds attracted on board ship by lights at night and a 
further 20 during a short visit to Desnoeufs Is. in the Amirantes on 11 October 1963. 
All specimens have been deposited in the collection of the British Museum (Natural 
History).

THE MARINE ENVIRONMENT

T he following description is based on Sverdrup et al. (1942), the cruise reports of the R.R.S. 
‘ Discovery ’ during the International Indian Ocean Expedition (Royal Society 1965) and original 
data kindly pu t at my disposal by the National Institute of Oceanography.

Almost all the Indian Ocean included in  this survey lies in the Tropical Zone of surface water, 
the southern boundary of which is defined by the Tropical Convergence, which occurs roughly 
where the 23° C isotherm meets the sea-surface (Deacon 1933). In  the Indian Ocean the Tropical 
Convergence has been recorded between 16° and 20° S during the southern winter and spring, but 
its position during the southern summer does not seem to have been recorded (Baker 1965).

T he Tropical Convergence is less well defined than the Antarctic and Subantarctic Con
vergences o f higher latitudes, and is therefore no t so complete a barrier to marine organisms 
(M urphy 1936). Nevertheless, Baker (1965) found that some species of Euphausiids are much 
commoner to the north of the Tropical Convergence than to its south, so that there appear to be 
some distinctive elements of the tropical as distinct from the subtropical marine fauna. T he 
surface water of the Tropical Zone varies between 23 ° and 30° C and is separated from cooler water 
below the surface by a layer in which the tem perature drops very rapidly. Owing to the low con
centrations of nutrient salts and the resulting scarcity of phytoplankton, the water is clear blue and 
supports a specialised fauna rich in blue-pigmented forms (David 1965b). T he abundance of all 
living organisms near the sea-surface is generally very low, although augmented by vertica] migration 
to the surface at night.

The surface currents of the northern Indian Ocean change seasonally with the monsoon winds, 
the effects of which diminish gradually to the south bu t are still noticeable several degrees south of the 
equator. In  the northern w inter the light dry N ortheast Monsoon, which is analogous to the 
N ortheast Trade-winds in other oceans, blows across the entire Arabian Sea and is separated from 
the Southeast Trades by a zone of calms on the equator. In  the northern summer there is a 
reversal of winds in the Arabian Sea and the Southeast T rades are continued across the equator as 
the Southwest Monsoon.

In  the Arabian Sea surface currents are also reversed seasonally : in the northern w inter there is 
a westward drift over the whole area and the westward-flowing N orth Equatorial C urrent is well- 
developed north  of 4° S, where it is demarcated from the eastward-flowing Equatorial Counter- 
current. From  about 7° to 20° S the South Equatorial C urrent flows to the west throughout the 
year, reaching its fullest intensity in the northern summer when the Southeast Trades are strongest. 
From  April to May, as the N ortheast Monsoon is replaced by the much stronger Southwest Monsoon, 
the surface currents are reversed, first at the periphery, bu t eventually over the entire Arabian Sea. 
Throughout the northern summer till September, the Southwest Monsoon C urrent flows to the 
east and upwelling occurs off the Arabian and Somali coasts, where strong boundary currents 
develop (Bailey 1966 and in prep.). A t this time the Counter-current does not exist as a distinct 
current bu t easterly flow of surface water extends south to about 6° S.

Over m uch of the Tropical Zone there is little or no upward exchange of material over the 
discontinuity layer. In  M arch 1964, however, the catches of Zooplankton at the equator were 
considerably higher than at stations to the north and south (Fig. 3), indicating some vertical 
circulation similar to that found on the equator in other oceans (Graham 1941, Sverdrup et al. 1942).

A nother highly characteristic feature of the Tropical Zone is the almost ubiquitous occurrence 
of flying-fishes (Exocoetidae) at the sea-surface. In  addition, schools of predatory fish (probably 
mainly tuna) were found in some areas bu t appeared to have a patchy distribution. Finally, 
Cetacea (dolphins, Pilot Whales, Sperm Whales, rorquals and Humpback Whales) were occasionally 
seen in mid-ocean, perhaps on migration.

PREVIOUS WORK
Except in the Arabian Sea, which is crossed regularly by ships, little has been published 

on the^elagic distribution of sea-birds in the western Indian Ocean, though an important 
recent paper is that of Gili (1967). Since access to many of the islands is difficult, 
even the breeding distribution of sea-birds in the Indian Ocean is incompletely known,
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though much of the available information was admirably summarised by Watson et al. 
(1963). Other information used in plotting breeding stations in Figs. 6 to 9 was obtained 
from the sources listed elsewhere (Bailey 1967).

Owing to the economic importance of their eggs as food (Cott 1953-54), some species 
of sea-birds of the Seychelles and Amirante Is. have been studied intensively (Ridley & 
Percy 1958), but our knowledge of most other islands is derived from short visits which 
only by chance have coincided with the local breeding season.

THE DISTRIBUTION OF SEA-BIRDS OVER THE OCEAN
Sea-birds were distributed neither uniformly nor randomly over the Tropical Indian 

Ocean; indeed, most species had an extremely patchy distribution. Variations in the 
density of sea-birds over the ocean can be due to several factors, among which the most 
important are probably the vicinity of suitable breeding islands and the properties of the 
surface water, with which may be correlated the distribution of food. In the present 
section I shall describe my observations for birds made on each transect across the Indian 
Ocean and compare them with observations made concurrently in the sea. Discussion 
is restricted to the resident pantropical species.

IN D IV IDU A L TRANSECTS

1 S °N -2 0 °S  along 5 8 °£ :  10 M arch-4 A pril 1964
The Northeast Monsoon, blowing over the Arabian Sea, was separated from the 

Southeast Trades south of about 10° S by a belt of light westerly winds with calms on the 
equator. The surface currents consisted of the westward-flowing North Equatorial 
Current on the equator, the eastward-flowing Equatorial Counter-current from about 
3f ° to 7° S, and the westward-flowing South Equatorial Current from 7° to 20° S.

Sea-surface temperatures ranged from 25° C off Arabia to 30° C just south of the 
equator, but a small decrease of about 1° C within a degree of the equator suggested that 
local upwelling may have been in progress. There were no sudden changes in surface- 
temperature anywhere on the transect, even at the boundaries of opposing surface 
currents.

Nutrients and plankton were scarce near the surface at all stations, though there was a 
small concentration of Zooplankton at 1 | °N  (Fig. 3). Floating seaweed, indicating 
the possible presence of a convergence, was encountered at the northern boundary of the 
Equatorial Counter-current, the surface-water of which looked distinctly greener than 
that further north. Flying-fish, first seen at 14° N, were common throughout the 
transect, particularly from 4° to 6° N.

Birds were completely absent on no part of the transect, though they were very rare in 
the southern Arabian Sea and from 10° to 15° S. Sooty Terns Sterna fuscata were almost 
confined to the belts of the Trade-winds north and south of the equator (Fig. 4). Several 
large flocks at about 5° N were associated with shoals of flying-fish, but the concentrations 
south of 15° S may have been due to the proximity of breeding stations.

By contrast, most other resident species of sea-birds were apparently absent from the 
zone of the North Equatorial Current, despite the probable existence of upwelling and 
more abundant plankton near the equator. Instead, Wedge-tailed Shearwaters Puffinus 
pacificus, White-tailed Tropic-birds Phaethon lepturus, and White Terns Gygis alba were 
concentrated in the Equatorial Counter-current (Fig. 5).

20° S -8$° N  along 6 1 \°E :  14 A p ril-4  M ay  1964
In April the Southeast Trades were prominent south of 9£° S, whereas the wind 

had a westerly component at all latitudes further north. Surface currents, which were 
not well-developed, consisted of the South Equatorial Current south of 4° S, and an
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easterly surface current from there to 5° N. Sea-surface temperatures ranged from 
27° to 30° C, but there was no sign of upwelling in the equatorial region. Zooplankton 
abundance was roughly equal to that at 58° E in March, except in the South Equatorial 
Current, where it was only one-third as abundant as further north (Fig. 3). Flying-fish 
were scarcer than at 58° E and showed no obvious peaks in numbers.

The abundance of birds at 6 7 E did not differ greatly from that at 58° E. The 
distribution of S . fuscata showed no clear-cut pattern as it did at 58° E, although few were 
seen in the region of the South Equatorial Current (Fig. 4), where plankton was also 
scarce. Puffinus pacificus and Phaethon lepturus appeared to be concentrated within 
three degrees of the equator (Fig. 5). Thus, the zone of concentration of these two 
species was in the eastward-flowing currents in March at 58° E and in April at 67$° E, 
even though the comparable zones were at different latitudes.
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From 21-27 May 1964, the ship crossed the Arabian Sea from 10° N, 6 7 E to the 
Kuria Muria Islands, southeast Arabia. S . fuscata, which occurred north to 12£° N, 
was the only pantropical sea-bird species seen. On approaching the Arabian coast 
plankton increased as did the numbers of sea-birds typical of the Arabian coastal up
welling area (Bailey 1966).

15° 1V-50 S  along 58°E :  28 M ay- 8 June 1964
This was a partial repeat of the transect in March.
By late May the Southwest Monsoon was blowing in the Arabian Sea and the South

east Trade-winds had advanced several degrees further north than in March. Calms 
were encountered on the equator. Surface currents were variable north of the equator, 
although a strong eastward-flowing extension of the Somali Current was encountered at 
10° N. From the equator to 5° S the surface current was eastward-flowing, but much 
weaker than in March.

Plankton was sparse in the Arabian Sea, although less so than in March. A small 
concentration on the equator (Fig. 3) may have resulted from vertical circulation in the 
upper layers of the sea associated with divergent surface, currents there. Flying-fish 
seemed rather less common in the Arabian Sea than they were in March, but I again re
corded a small peak in abundance at 5° N.

Birds were generally more abundant in June than on the corresponding part of the 
same transect in March. While this was partly the result of arrivals of long-distance 
migrants from the south, it was also due to the increased numbers of dark petrels (see 
below). S . fuscata was not seen north of 9° N but, as in March, a peak in numbers 
occurred between 5° and 7° N (Fig. 4), where flying-fish were particularly common. 
These terns were apparently still absent from the southern Arabian Sea and the belt of 
calms on the equator, although a few were seen at the end of the transect between 4° and 
5° S. Thus, as in March, S . fuscata was restricted to areas of consistent winds. P. 
pacificus, P . lepturus, and frigate-birds Fregata spp. were also seen further north than in 
March, but not in sufficient numbers to suggest a general northward movement.

Between the end of this transect and the beginning of the next, the ship visited the 
Seychelles Is. and then worked eastwards along the equator. Between 7 and 15 June the 
northern edge of the Southeast Trades had advanced northwards to the equator. The 
abundance of Zooplankton was higher at 60° E than at 6 7 E (Fig. 3), as were the 
numbers of both flying-fish and birds, especially P. pacificus and S. fuscata (Figs 4 and 5). 
The appearance of S. fuscata on the equator since early June may have been associated 
with the northward advance of the Southeast Trades.

\ ° N - \S °  S  along 6 7 E: 19-30 June 1964
The whole of this transect lay in the belt of the Southeast Trade-winds. Surface 

currents were variable in the north, but seemed to be predominantly northeastwards on 
the equator and southwards from 2° to 6° S, while the South Equatorial Current was 
encountered south of 6° S. Floating seaweed was seen at 2° S, indicating a possible 
convergence.

Zooplankton was generally scarce (Fig. 3), especially in the South Equatorial Current 
south of 9° S, and flying-fish were scarce except between 5° and 10° S.

P . lepturus and S . fuscata seemed to be slightly commoner than they were on the 
corresponding part of the transect in April (Fig. 4), but P. pacificus less common (Fig. 5). 
Whereas P. lepturus was slightly commoner north of 6° S than further south, 5. fuscata 
seemed to be most numerous from 3° to 7° S at the northern boundary of the South 
Equatorial Current, and around 13° to 14° S, but I can suggest no obvious interpretation 
of its distribution on this transect.
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From the southern end of the transect at 67 E the ship steamed straight to 
Mauritius. Birds were scarce in this area, though S. fuscata was seen commonly as we 
approached Mauritius.

20° S - T  S  along 58° E: 9-16 July 1964
A partial repeat of the transect at 58° E in March showed several changes by July. 

In particular, the Southeast Trades had intensified and the sea-surface temperature had 
dropped to between 23° and 26° C. Zooplankton was very scarce in the south, but north 
of 10° S its abundance was about four times the average in mid-ocean (Fig. 3), a striking 
increase since March. Flying-fish were scarce.

S . fuscata, which was the only pantropical species seen commonly anywhere on the 
transect, was abundant north of Mauritius but rather few were seen north of about 
12° S (Fig. 4).

ANALYSIS OF SEA-BIRD DISTRIBUTION

Most species of sea-birds were seen too infrequently to warrant a full analysis of their 
pelagic distribution. For species with sufficient data, namely Sterna fuscata, Puffinus 
pacificus and Phaethon lepturus, I have analysed the percentage of one-hour counts on 
which each species was seen in relation to the distance from the nearest land, the sea- 
surface temperature, the wind speed and the abundance of flying-fish (Exocoetidae) at the 
sea-surface (Tables 1 to 4). For the analyses I have used only those counts made south 
of 15° N, west of 68° E, and more than 100 miles from the African and Asian coasts.

Though all the species considered were seen most frequently close to land, none were 
restricted to the vicinity of islands ; indeed, P . pacificus was seen as far from land as I 
observed (Table 1). It may well be that these species concentrate near land for breeding 
purposes only but, as it is impossible to distinguish between breeding and non-breeding 
birds at sea, there is no way of testing whether this is true.

T a b l e  1. Frequency of occurrence of sea-birds at different distances from the nearest land.

DISTANCE FROM THE NEAREST LAND ( n a u t i c a l  m i le s )

0-50 50-100 100-150 150-200 200-250 250-300 300-350 350-400 400-500 > 500
Total number o f  counts 41 53 77 56 49 59 80 36 43 18
Birds (all species)

No. o f counts on which seen 41 43 47 39 40 34 44 17 36 13o//o 100% 81% 61% 70% 82% 58% 55% 47% 84% 72%
Puffinus pacificus

No. o f counts on which seen 15 15 11 6 1 6 9 5 5 1o//o 37% 28% 14% 11% 2% 10% 11% 14% 12% 6%
Phaethon lepturus

No. of counts on which seen 14 8 5 5 1 4 7 1 1 0
0/fo 34% 15% 6% 9% 2% 7% 9% 3% 2% 0%

Sterna fuscata
No. o f counts on which seen 35 32 21 11 11 11 9 2 11 2
% 86% 60% 27% 20% 22% 19% 11% 6% 26% 11%

Note. In all three species the x 1 value due to linear regression (Maxwell 1961 : 65-68) is highly significant; P c O  OOl.

All the observations considered in the present analysis were made in the Tropical 
Zone of surface water, the surface temperature of which varied between 23° and 31° C. 
Within this range I found no appreciable association between the frequency with which I 
saw sea-birds and the sea-surface temperature, except in the case of S . fuscata, which was 
seen more frequently in cool than in warm water (Table 2). This is surprising in view 
of the fact that this species does not inhabit the areas of cool water off Arabia and Somalia 
(Bailey 1966 and in prep.).
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T able 2. Frequency of occurrence of sea-birds in water of different sea-surface temperatures.

Sea-surface temperature (°C)
<25° 25° 26° 27° 28° 29° > 29°

T otal num ber of counts 50 68 62 74 94 134 17
Birds (all species)

No. of counts on which seen 35 51 43 51 65 86 12
% 70% 75% 69% 69% 69% 64% 71%

Puffinus pacificus
No. of counts on which seen 4 7 13 6 14 26 0
% 8% 10% 21% 8% 15% 19% 0%

Phaethon lepturus
No. of counts on which seen 8 5 7 5 6 12 1
% 16% 7% 11% 7% 6% 9% 6%

Sterna fuscata*
No. of counts on which seen 29 24 24 21 30 27 4
% 58% 35% 39% 30% 32% 20% 24%

Note. * In  S . fuscata the x 2 value due to linear regression (Maxwell 1961: 65-68) is highly
significant; P<0-001.

The observed lack of association between the distribution of both P. pacificus and 
P . lepturus and the sea-surface temperature may suggest that the two species can feed 
freely over the entire Tropical Zone. I have shown elsewhere (Bailey 1966), however, 
that tropical species rarely enter the cool-water areas off Arabia and Somalia, suggesting 
that they are restricted to areas above a certain sea-surface temperature. Unfortunately, 
I could make no observations on the southern limits of the range of tropical species in the 
Indian Ocean, though Gill’s (1967) observations suggest that few range beyond the 
Tropical Convergence over and into subtropical surface water.

Sea-birds are likely to be affected by variations in the atmosphere as well as by those 
in the sea. An analysis of my data with respect to the wind-speed shows no clear 
correlations except that S . fuscata was seen most frequently in areas where the wind 
was strongest (Table 3). It is possible that these terns are most conspicuous when the 
wind is strong, but the increase in height of the swell in such conditions suggests that the 
opposite is more likely.

T able 3. Analysis of occurrence of sea-birds with respect to wind speed.

W ind speed (Beaufort Scale)
0 1 2 3 4 5 6 7

N um ber of counts 16 30 48 88 160 93 37 13
Birds (all species)

No. of counts on which seen 14 24 39 57 91 68 30 10
% 88% 80% 81% 65% 57% 73% 81% 77%

Puffinus pacificus
No. of counts on which seen 3 6 9 12 18 12 7 0
°//o 19% 20% 19% 14% 11% 13% 19% 0%

Phaethon lepturus
No. of counts on which seen 0 4 6 5 14 7 7 1
% 0% 13% 12% 6% 9% 8% 19% 8%

Sterna fuscata*
No. of counts on which seen 3 10 13 31 30 38 22 5
% 19% 33% 27% 35% 19% 41% 60% 39%

Note. * In  S . fuscata the x2 value due to linear regression (Maxwell 1961: 65-68) is
significant; P<0-05.

As the distribution of S . fuscata at sea appeared to be correlated with the wind-speed, 
it is of interest that the onset of its breeding on the Seychelles Is. appears to be controlled 
proximally by the onset of the Southeast Monsoon, i.e. when the northern boundary of
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the Southeast Trade-wind zone reaches the latitude of the islands (Ridley & Percy 1958). 
The ultimate control of breeding is not clear but it may be timed to occur when food is 
most abundant in the surrounding seas. Some evidence in support of this is the general 
increase in abundance of Zooplankton recorded between March and July in the seas 
around the Seychelles and Amirante islands (see Fig. 3). In addition, my data might sug
gest either that S . fuscata can only feed readily in quite strong winds, or possibly that it 
requires winds above a minimum speed to remain airborne continuously for the several 
months between its breeding seasons, as Ashmole (1963a) has shown must happen.

Sea-birds of all species taken together were seen most frequently in areas where 
flying-fish were commonest (Table 4), but I found no significant correlation for any 
species taken separately, despite the fact that many tropical sea-birds are known to include 
flying-fish in their diet (Ashmole & Ashmole 1967).

T a b le  4. Analysis o f sea-bird occurrences with respect to the abundance of flying-fish
{Exocoetidae) a t the sea-surface.

N um ber of flying-fish seen in one hour’s observation
0 1-3 4-10 11-30 31-100 more than 100

N um ber of counts 64 108 42 41 21 8
Birds (all species)

No. of counts on which seen 41 62 29 31 16 6
% 64% 57% 69% 76% 76% 75%

Puffinus pacificus
No. of counts on which seen 16 12 5 5 4 1
% 27% 12% 14% 15% 19% 12%

Phaethon lepturus
No. of counts on which seen 9 7 3 4 3 1
% 14% 6% 7% 10% 14% 12%

Sterna fuscata
No. of counts on which seen 22 30 17 15 9 3
% 34% 28% 41% 37% 43% 38%

Note. * In  all three species taken together the y2 value due to regression (Maxwell 1961: 65-68) 
of bird numbers on flying-fish numbers is significant; P < 0 '0 5 .

In a separate analysis I tested for correlations between the numbers of birds seen per 
hour and the abundance of Zooplankton, but found no evidence for any correlation with 
Zooplankton abundance either at the sea-surface, as sampled by the Neuston Net (David 
1965a), or in the top 200 m of the water column as sampled in vertical hauls of the 70 cm 
net (Currie & Foxton 1957).

Owing to the scarcity of sea-birds over the ocean, I have insufficient data to carry out 
a multiple analysis to show the relative importance of each factor on sea-bird distribution. 
I am also unable to test for correlations between the abundance of sea-birds and that of 
their food, because I could not sample their food organisms quantitatively.

SPECIES DISTRIBUTION
I have summarised below my observations of sea-birds recorded in the Tropical 

Indian Ocean from R.R.S. ‘ Discovery ’. A copy of my records will eventually be deposited 
with the collection of the Royal Naval Bird-watching Society at the British Museum 
(Nat. Hist.). Since there are few published accounts of visits to Bird Is., Seychelles 
(03° 43' S, 55° 12' E), and Desnoeufs Is., Amirantes (06° 14' S, 53° 03' E), outside the 
recognised breeding season, my observations are summarised in Table 5.
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T able 5 . Sea-birds recorded on B ird Is., Seychelles, and Desnoeufs Is., Amirantes.

d e s n o e u f s  is. 15.00-16.00 hrs, 11 Oct. 1963

Species No. seen State of breeding
Puffinus pacificus c. 20 Visiting burrows*
Sula dactylatra c. 200 Eggs (mostly C/2) and chicks in all stages of development
Fregata spp. 5-10 Immatures robbing boobies returning w ith food
Sterna fuscata Very Adults seemed to outnum ber the young, all of which were

numerous within a week or so of flying ; no dead young seen
Thalasseus bergii c. 10 Two juveniles seen possibly with adultsj
Anous stolidus M uch smaller M ore advanced than S. fuscata and several young could fly.

nos. than A few were also seen sitting on eggs, at least one of which
S. fuscata contained an embryo

B IR D is. 05.00-08.00 hrs, 4 Nov. 1963

Species No. seen State of breeding
Sterna fuscata c. 20,000 Mostly well-feathered young, some of which could already f l y  ;

many fewer adults
Sterna albifrons c. 100 Resting on beach
Thalasseus bergii c. 100 Adults
Anous stolidus 20-30 Perched on coconut palms : possibly nesting
Gygis alba c. 200 Mainly in pairs among Casuarina trees. A young chick in

down found on the ground was the only definite evidence of 
breeding

Notes. * Ridley & Percy (1958) have recorded P. pacificus roosting ashore on Desnoeufs Is. well 
before the breeding season commences.

Î  In  view of Ashmole & Tovar’s (1968) recent findings, these juveniles could have been 
hatched elsewhere.

P h o e b e t r i a  s p .
An immature was seen on 20 July 1964 at 11° 19' S, 49° 41' E, 40 miles off the northern tip or 

Madagascar. Although the species itself is doubtful, Sir Hugh Elliott, M r. John W arham and Dr. 
Lance Tickell have independently identified the bird as Phoebetria sp. from a photograph taken by M r. 
M . V. Angel. This is the most northerly record of this genus in the Indian Ocean, though the 
Sooty Albatross P. fusca, which breeds on St. Paul Is. at 39° S (Paulian 1953), has previously been 
collected at M auritius (M einertzhagen 1912).

P a c h y p t i l a  s p .
W ithout being able to determine the species, I recorded prions on six occasions during June and 

July 1964, all south of 10° S in areas of surface temperature 23°-26° C. Prions have previously 
been recorded in the northern summer on a num ber of islands in the Indian Ocean (Hartlaub 1877, 
Newton 1888, Rountree et al. 1952), but it is not clear which species occurs most frequently. In  
addition Voous (1966) saw two at 10° S off East Africa in July 1965, and G. S. Willis saw two at 
2J° S, 47° E on 5 September 1952 (W. R. P. Bourne, pers. comm.).

P u f f i n u s  c a r n e i p e s  Pale-footed Shearwater
Outside an area off southeast Arabia, where its regular occurrence during the northern summer is 

well established (Bourne 1960, Bailey 1966), I saw P. carneipes only in May and early June during 
its post-nuptial migration. Several small flocks were seen west of the Laccadive Is. and in the 
central Arabian Sea, mostly heading N.W . or west.

P. carneipes is obviously rare south of the equator in the western Indian Ocean, though it is 
listed by Vesey-Fitzgerald (1936) as having occurred in the Seychelles and there are records from 
South Africa (Clancey 1965, 1966) and Amsterdam Is. (Paulian 1953, listed as P. pacificus (W. R. 
P. Bourne, pers. comm.)). This fact and the flight directions of migrants seen in the Arabian Sea 
suggest that most migrate to Arabia direct from their breeding grounds and not clockwise around 
the Indian Ocean, as was suggested by Gibson-Hill (1953).

P u f f i n u s  p a c i f i c u s  Wedge-tailed Shearwater
In the Indian Ocean P. pacificus bree'ds only in warm-water areas in the Southern Hemisphere. 

A t sea I recorded them, often in flocks, over a wide area (Fig. 6) bu t their similarity to other species of 
dark petrels often made certain identification difficult, so I did not ascertain the limits of their distribu
tion. They were clearly not restricted to the vicinity of land, though they were commonest south 
of the equator and only small numbers were identified for certain further north, almost all in the 
northern summer. T his may suggest that part of the population disperses north into the Arabian 
Sea during the Southwest Monsoon, i.e. outside the breeding season, as suggested by Bourne (1960). 
There are also some previous records of P. pacificus in the Arabian Sea, mainly in the northern 
summer, and a few birds have been collected (Gibson-Hill 1953 ; others summarised by Bailey 1966).
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I t  is noteworthy that P. pacificus neither breeds nor occurs in any num bers to the west of the 
Amirante Is., or among the islands north  of Madagascar. A part from a single breeding station off 
southwestern Madagascar (A ppert 1965), it is evidently a mid-oceanic species in the Indian Ocean.

P u f f i n u s  l h e r m i n i e r i  A udubon’s Shearwater
My records in the central Indian Ocean suggest that their oceanic range is largely confined to 

w ithin 50 miles o f their breeding grounds (Fig. 6), though a few were seen up to 120 miles from the 
Seychelles in M arch 1964, and a few others much further out to sea at other times. T he few 
previous records at sea are mostly near known breeding stations (e.g. Gili 1967). M ost birds I saw 
were in flocks, often w ith Common Noddies Anous stolidus and Brown-winged T erns Sterna 
anaethetus.

P t e r o d r o m a  m o l l i s  Soft-plumaged Petrel
Single gad-fly petrels w ith brownish grey upperparts, white throat and underparts, and a dark 

unpatterned underwing, were seen at 18° S, 58° E  on 10 July 1964, and at 16° S, 57J° E  the follow
ing day, in water of surface-temperature about 24° C. As no other known species of Pterodroma 
has this combination of characters, I believe they were P. mollis. T he  only previous records north 
of the T ropic in the Indian Ocean were much further east in  June and July (Bourne 1961, 1966). 
Off eastern Africa the most northerly record is at 26° S (Lawson 1963). T he nearest known 
breeding station is on St. Paul Is. (Paulian 1953).

P t e r o d r o m a  s p p .
Other unidentifiable gad-fly petrels of both dark and light phases were seen on several occasions, 

usually far out to sea. They may have belonged to the Trinidade Petrel P. arminjoniana, which 
breeds on Round Is. off M auritius (Rountree et al. 1952), though one smaller bird may have been 
a species from the western Pacific Ocean (see also Gili 1967). I recorded no Barau’s Petrels 
P. baraui so, since G ill’s (1967) records in M arch were all south of Réunion, its only known breeding 
station (Jouanin & Gili 1967), it may well be that the species feeds mainly in the Subtropical Zone 
of surface water south of about 20° S.

B u l w e r i a  f a l l a x  Jouanin’s Petrel
Although I  saw B . fa llax  in  the greatest numbers off the coast of Arabia (Bailey 1966), I recorded 

them  south to 6 i°  N  in November 1963 and south to the equator in June 1964 (Fig. 6). A bird 
w ith all the characteristics of the species was also seen at 8£° S, 58° E on 15 July 1964. Thus, 
B . fa llax  disperses south in the northern summer m uch further than has previously been recognised, 
despite the fact that this is the time of year when it is thought to breed (Jouanin 1957, Bailey 1966).

Unequivocal records of B . fallax  in  the Arabian Sea are very few, mainly because the species 
was long misidentified as P. pacificus or the Réunion Petrel Pterodroma aterrima (compare, for 
instance, Alexander 1954 and Jouanin 1957). Collected specimens support my own sight records 
in being concentrated off southern Arabia, though birds have also been collected in the Arabian 
Sea and in Kenya (see Bailey 1966). There are also numerous sight-records of dark petrels in the 
Arabian Sea, especially during the Southwest Monsoon, many of them  probably of this species.

O c e a n i t e s  o c e a n i c u s  Wilson’s Storm-petrel
Although most O. oceanicus arrive in the seas off Arabia in M ay and June (Bourne 1960), several were 

seen and two were collected south of the equator in April 1964. D uring M ay several more were seen 
west of southern India and one was collected off Cochin. In  June, more were seen in the southern 
Arabian Sea, especially near the equator, indicating that migration was still in progress. None 
were seen south of the equator in July, however, so presumably the migration had finished by then.

By contrast, I saw no O. oceanicus in the central Arabian Sea in August 1963, though a few were 
seen around the Seychelles Is. in November. T his suggests that O. oceanicus occurs far out to sea 
in the Indian Ocean only during the northern spring and autum n, that is when on migration to 
and from its breeding grounds in the Southern Ocean. Furtherm ore, since my records in the 
northern spring were of small numbers widely scattered over the ocean, it seems most likely that 
they migrate north  over a broad front. This contrasts markedly w ith the mass southerly migration 
reported off Ceylon and southern India in  two successive Novembers by Phillips (1954, 1955). 
T here are remarkably few previous records of O. oceanicus far out to sea in the Indian Ocean, all of 
them  from April to November, inclusive (Betts 1940, Roberts 1940, Rountree et al. 1952, Bourne 
1960, Phillips 1963, Pocklington & Risebrough 1964, Bourne 1965).

P e l a g o d r o m a  m a r i n a  W hite-faced Storm-petrel
In  addition to my records off Arabia (Bailey 1966), I recorded small numbers on migration 

south of the Laccadive Is. and in  the central Arabian Sea in late M ay and early June 1964, bu t none 
south of the equator in June and July (Fig. 6).

P. marina is clearly quite common in the western Indian Ocean in the northern summer (Bourne 
1960, M orzer Bruyns & Voous 1964, Bailey 1966), but there are very few records south of the 
equator west of 80° E (Vesey-Fitzgerald 1936, Bourne 1959, M orzer Bruyns & Voous 1964, Gili 
1967). T he reports in May and June from off southern India (Bourne 1961, Bailey & Bourne 1963), 
together w ith my own off the Laccadive Is., suggest that the main postnuptial migration from 
Australia passes direct from the breeding grounds to the wintering area in the Arabian Sea.
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F r e g e t t a  s p .
Though I saw only three Fregetta sp. off southeast Arabia in 1963 (Bailey 1966), two of them 

certainly F. tropica, in late August and September I found them quite common in the central 
Arabian Sea (Fig. 6). In  September I also saw small numbers much further south off East Africa 
but only one there in October, and none in the Arabian Sea in November. Presumably most had 
migrated south sometime between m id-Septem ber and mid-October.

In  1964 Fregetta sp. were not seen until late May, when they already appeared to be common in 
the western Arabian Sea. Further south in June and July they were less common, though a few were 
seen in widely-scattered areas (Fig. 6). Many of the Fregetta storm-petrels I saw in the Indian 
Ocean had clear black lines down their abdomen, so were certainly Black-bellied Storm-petrels 
Fregetta tropica (see Bourne in Palmer 1962). I saw none which I thought were White-bellied 
Storm-petrels F. grallaria, though it now seems likely that this species, or possibly a white-bellied 
phase of F. tropica—F. t. melanoleuchen—-also occurs (Jones 1964, Bourne 1965, Bourne 1966, 
Cheke 1966).

T here are now many records of Fregetta sp. in the northwestern Indian Ocean, almost all from 
the Arabian Sea between May and September (e.g. Phillips 1947,1954, Bailey & Bourne 1963). 
There are also a few reports from further south (Roch & Newton 1863, Bourne 1959, 1960).

O c e a n o d r o m a  s p p .
T he available records of Oceanodroma spp. in the Indian Ocean have recently been summarised 

by Bailey, Pocklington & Willis (1968), though others not included have also been seen by Gili 
(1967). T o summarise briefly, a species thought to be M atsudaira’s Storm-petrel Oceanodroma 
matsudairae was common in the equatorial region, and Swinhoe’s Storm-petrel Oceanodroma 
monorhis was seen in small numbers in the Arabian Sea.

P h a e t h o n  a e t h e r e u s  Red-billed Tropic-bird
Compared with southeast Arabia and eastern Somalia (Bailey 1966, in prep.), I saw very few 

P. aethereus in the central Arabian Sea, in confirmation of the pelagic distribution given by Gibson- 
Hill (1952). T he southern and eastern limits of its pelagic range in the Indian Ocean are not known, 
though there are several sight-records off the Laccadive Is., southern India and Ceylon, and a 
specimen was taken off Cape Comorin in February 1956 (Phillips 1958). T here are also several 
records from the Bay of Bengal (Bourne & Radford 1962, Bourne 1965), bu t whether these were 
birds from the Arabian Sea is not clear, because the species is said to breed on the Paracel Is. in the 
South China Sea (Delacour & Jabouille 1931).

P h a e t h o n  r u b r ic a u d a  Red-tailed Tropic-bird
In  the Indian Ocean P. rubricauda breeds only in the zone of the Southeast T rade winds, i.e. 

south of the equator (Fig. 7). I recorded several in June and July 1964 north of M auritius (Fig. 7), 
bu t none in the same area in M arch and April.

P h a e t h o n  l e p t u r u s  W hite-tailed Tropic-bird
M y records were concentrated in a belt from the equator to 10° S, particularly around the 

Seychelles Is. and to their east (Fig. 7). T he species was m uch rarer north of the equator, and my 
most northerly record was at 8° N  in late May. Though my records do not appreciably extend the 
known range of P. lepturus, they show that it disperses at sea up to several hundred miles from its 
breeding stations. I t also appears to extend further north in the eastern Arabian Sea than in the 
west, though the northern limit of its pelagic range is not known.

Tropic-birds of any species were rare in  the central Arabian Sea, so it seems unlikely that the 
usual pelagic ranges of P. lepturus and P. aethereus overlap, except possibly between the Laccadive 
Is., the Maldive Is., and Ceylon, where both species have been recorded. T his situation may be 
compared w ith that in the Atlantic Ocean where both species breed on Ascension Is. and Fernando 
Noronha (M urphy 1936). I t is not known whether the Atlantic birds feed together at sea, however.

S u l a  d a c t y l a t r a  Blue-faced Booby
I saw S . dactylatra over a wide area south of the equator, but only one in the central Arabian 

Sea, and very few west of the Seychelles Is. (Fig. 7). Consequently, there can be little overlap in the 
normal pelagic ranges of the populations breeding north and south of the Arabian Sea respectively, 
though they all belong to a single subspecies, S . d. melanops. Many of my records far from land 
were of immature birds (Fig. 7). M ost adults seemed to be confined to the seas w ithin 100 or 200 
miles of known breeding stations.
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S u l a  s u l a  Red-footed Booby
In  the western Indian Ocean S . sula certainly breeds only on the islands to the north  and east 

o f Madagascar, and m ost o f m y records a t sea were near recognised breeding stations (Fig. 7). 
I also recorded fair numbers of both adults and immatures (recognised by their brown tails (Hindwood 
et al. 1963)) m uch further north between the Seychelles and East Africa in Septem ber and October 
1963, and several immatures far outside their known range in the southern Arabian Sea in September, 
bu t not at other times of year. M ost adults I saw were white-phase and I saw a brown-phase adult 
(with a white tail) for certain only once, off northern Madagascar. As in the case of S . dactylatra, 
only immature S . sula were seen at great distances from breeding islands.

Both the pelagic and breeding distributions of S . sula in  the western Indian Ocean are largely 
complementary to those of S . dactylatra (Fig. 7): S . sula always nests on islands with trees or 
bushes, whereas S . dactylatra nests on the ground on more barren islands (Vesey-Fitzgerald 1941). 
Consequently, it may well be that their distribution is dependent on that of their nesting habitat, 
as suggested by M urphy (1936), though there is no obvious reason why their pelagic ranges should 
not overlap.

F r e g a t a  s p p .
As the two resident frigate-birds of the western Indian Ocean are difficult to distinguish at sea, 

and the immatures impossible, they are considered together. In  the western Indian Ocean the 
Great Frigate-bird F. minor breeds only on islands north  and east of M adagascar; the Lesser 
Frigate-bird F. ariel shares all the stations of F. minor and also breeds on the Maldive and Chagos Is. 
(Fig. 7).

A t sea I recorded frigate-birds, both alone and in flocks of Sooty T erns Sterna fuscata, over a 
large area, bu t rarely north of the equator and there only in the northern summer (Fig. 7). Almost 
all I saw were unidentifiable immatures w ith white heads, which may indicate that adults wander 
only small distances from their breeding stations.

C a t h a r a c t a  s k u a  G reat Skua
In  addition to m y records of C. skua off southeast Arabia in 1963 (Bailey 1966), I  saw single 

birds on six occasions in 1964, four of them  in M arch and April south of the equator, one near the 
equator in June, the last north of M auritius in  July. Previous records are mostly from the north
western Arabian Sea and off southern India, where they have been seen from M arch to December 
inclusive (Bourne 1961, 1964, 1965, M orzer Bruyns & Voous 1965).

S t e r c o r a r iu s  s p .
On 27 October 1963 at 4° S, 44° E, that is some 200 miles off East Africa, I saw two skuas flying 

southwest. One was a light-phase bird w ith an apparently pale rum p ; the other was darker and 
appeared to be a light-phase immature. Although I could not see the shape of the tail of either 
bird, their flight and light build suggested Arctic Skuas S . parasiticus.

L a r u s  f u s c u s  Lesser Black-backed Guii
L . fuscus has rarely been seen far out to sea in the Indian Ocean, though one has recently been 

recorded on Aldabra (Dawson 1966). I saw an adult on 15 and 16 October 1963 at 2J° S, 45° E, 
some 200 miles off East Africa.

S t e r n a  a n a e t h e t u s  Brown-winged T ern
In  the area covered by this paper I saw S . anaethetus only around the Seychelles Is., where 

it breeds, in October and November 1963 and June 1964. Usually they were in mixed flocks. 
In  imd-ocean I could possibly have missed birds of this species among flocks of S . fuscata, bu t 
the pale colouration of anaethetus is usually obvious, so it seems unlikely tha t it was common far 
from land. Reliable records far out to sea in  the Indian Ocean are very few (e.g. Cheke 1966). 
Although Alexander (1955) wrote of S . anaethetus as an oceanic species, it was seen only w ithin 
50 miles of land, so is offshore rather than pelagic in W ynne-Edwards’ (1935) terminology (see also 
Bailey 1966).

S t e r n a  f u s c a t a  Sooty T ern
A t sea S . fuscata was commonest around its breeding stations at least when breeding was in 

progress, bu t it was clearly not restricted to the vicinity of land. Indeed, south of the equator it 
seemed to be the commonest and most widespread sea-bird and it was also seen in  varying abundance 
in the Arabian Sea north  to 12“ N  (Fig. 8). T he areas of abundance appeared to change at different 
times of year (see Fig. 4) : east of the Seychelles, for example, they were uncommon in M arch bu t
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common in June 1964 ; similarly, there seemed to be far fewer between East Africa and the Seychelles 
in October 1963 than there were in September. On the Seychelles Bank, they were rare in October 
and November 1963, bu t common in June 1964. T he breeding of S . fuscata on the Seychelles and 
Amirante Is. is from June to October (Ridley & Percy 1958), so the observed changes may well have 
been due to prenuptial concentration near the breeding stations and eventual dispersal respectively.

Considering the huge numbers of S . fuscata which breed in the western Indian Ocean, I saw very 
few juvenile birds at sea (Fig. 8), either in flocks of adults or alone. In  one case the presence of two 
adults suggested that the juvenile concerned was with its parents, as Ashmole (1963a) suspected 
might occur. I t  is impossible to tell how long they retain their first plumage, bu t my observations 
indicate that they disperse far out to sea before moulting.

While individual birds were occasionally seen, more usually I saw flocks of from 20-200 birds, 
and flocks of several thousand were recorded occasionally. Few of the birds I saw were obviously 
feeding, which suggests that they m ust spend a considerable part of their time at sea foraging for 
food, as suggested by Ashmole (1963a). Sometimes the flocks were seen high over the sea, and 
once several birds were watched circling around to a height of about 100 m presumably using air 
currents.

50° 60° 70°

20

50° 60° 70°

F i g u r e  8 .  Records of Sterna fuscata observed from the R .R.S. ‘ Discovery ’ in the western Indian 
Ocean in 1963 and 1964.
Breeding stations f  ; possible breeding stations ^ .
Adults: October-November & M arch-April o ; M ay to September •  .
Juveniles : October-November & M arch-April o ; May to September ■ .
Tracks are a simplified version of those shown in Fig. 2.
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A n o u s  s t o l i d u s  Common N oddy
A t sea I saw A . stolidus commonly within 20 miles of its breeding stations, often feeding with 

other sea-bird species, bu t rarely any further offshore (Fig. 9). Since so few have been seen far 
from land either by myself or previously, most are probably tied to the breeding grounds throughout 
the year. In  contrast, the species appears to leave its breeding stations between breeding seasons on 
Ascension Is. (Dorward & Ashmole 1963) and the islands off western Australia (Serventy & W hittell 
1962).

A n o u s  t e n u i r o s t r i s  Lesser Noddy
Apart from one on 12 July 1964 at 13° S, 57£° E, i.e. 200 miles from the nearest known 

breeding station on Cargados Carajos, I saw A . tenuirostris on only three further occasions, all off 
M auritius (Fig. 9). This and the lack of previous records at sea in the western Indian Ocean 
largely support earlier conclusions that this species frequents its breeding colonies throughout the 
year (Ashmole 1962, Serventy & W hittell 1962).

G y g i s  a l b a  W hite Tern
I saw large numbers of G. alba only around islands where they breed, and particularly on the 

Seychelles Bank, usually in flocks of other species. M ore than SO miles from land I saw only a few 
flocks: off the Seychelles Is. in March, and off M auritius and Cargados Carajos in July (Fig. 9). 
Nevertheless, they seemed to disperse slightly further from land than A . stolidus (see T able 6).

O T H E R  S P E C IE S  O F  T E R N S
M y observations of the Roseate T ern  Sterna dougalli, the Little T ern  S . albifrons and the Crested 

T ern  Thalasseus bergii add little to what is already known. None of them were seen far from land.

DISCUSSION

Most of the sea-birds seen in the central Indian Ocean belong to the resident pan- 
tropical breeding species. Migrants from the south were seen during migration periods, 
but few appeared to spend the northern summer in the Tropical Zone south of the 
equator. Instead, they moved on to moult in the Arabian Sea, and especially the 
Arabian coast upwelling area noted for its richness of marine life at that time of year 
(Bourne 1960, Bailey 1966). They may thus have been taking advantage of the seasonal 
increase in the food available; further south, where less extreme seasonal changes occur, 
there is unlikely ever to be a large surplus of available food which is not taken by the 
relatively constant populations of resident breeding species.

Conversely, the pantropical species were mostly confined to warm-water areas, as 
found by Murphy (1936) off western South America. Although it seems likely that the 
seasonal occurrence of upwelling of cold subsurface water in the northern Arabian Sea 
has in some way led to the formation of a distinct sea-bird fauna there (Bailey 1966), it is 
by no means clear why the warm-water forms do not feed in the rich seas of the upwelling 
areas. Flying-fish, which are important items of food to many warm-water sea-birds 
(Ashmole & Ashmole 1967), are virtually absent from the cool-water upwelling area off 
Arabia (Bailey 1966), so warm-water sea-birds may be excluded by the absence of 
sufficient food. Since food for other forms of sea-birds is evidently rich in these areas, 
however, as indicated by the large numbers of birds found in them, different adaptations 
may be needed for feeding in the clear blue water of mid-ocean and the more opaque 
plankton-rich seas of the upwelling areas.

It was rarely possible to recognise clear patterns of sea-bird distribution at sea, 
although Puffinus pacificus and Phaethon lepturus appeared in March and April 1964 to be 
concentrated in the eastward-flowing Equatorial Counter-current (Fig. 5), and in March 
Gygis alba was concentrated at the northern boundary of this current at 58° E. While 
it would be unwise to generalise on the basis of so few transects, these observations 
agree with earlier findings in the Pacific Ocean, where King & Pyle (1957) found birds 
most numerous in the region of the Counter-current and especially at its northern 
boundary, but less common in the zone of divergence on the equator. These authors also 
found that the differences in the abundance of birds were correlated with similar differences 
in the abundance of plankton and shoals of predatory fish at the sea-surface.
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In the Atlantic and Pacific Oceans a high rate of organic production has been reported 
in the surface layers at the equator (Hentschel 1933, quoted by Sverdrup et al. 1942; 
King & Demond 1953), where upwelling of subsurface water facilitates an increased 
growth of phytoplankton by replenishing the euphotic layer with nutrient salts. In the 
Pacific Ocean there is additional evidence of upwelling at the northern boundary of 
the Equatorial Counter-current, with sinking at its southern boundary, but it is difficult 
to compare this with the Indian Ocean because the Counter-current occurs in the 
Northern and Southern Hemispheres in the Pacific and Indian Oceans respectively. 
Nevertheless, the observations made on board the ‘ Discovery ’ suggest that local replenish
ment of nutrients at the equator occurs in the Indian Ocean at least in certain months; as 
in the Pacific Ocean resident sea-birds were no more abundant there than elsewhere. 
Storm-petrels (Oceanodroma spp.) were however, concentrated on the equator (Bailey, 
Pocklington & Willis 1968), and this may have been because they feed on planktonic 
organisms.

Whereas King & Pyle (1957) stressed the importance of upwelling in concentrating 
sea-birds in the equatorial region, the Ashmoles (1967) now consider that it is the sinking 
of water at convergences which is most important in attracting sea-birds, because it tend9 
to concentrate floating and buoyant organisms. The concentrations of sea-birds I 
recorded in an area of convergence in March 1964 support this suggestion.

Although there is little information, it seems likely that several days or perhaps 
weeks elapse between the upwelling of subsurface water and the subsequent development 
or concentration of organisms upon which sea-birds can feed. Depending on the speed 
of the surface currents this stage will be reached at varying distances from the area of 
upwelling, which in itself may be of no importance to sea-birds, most of which occupy a 
position high in the food-chain. This could also help to explain the apparent absence 
of any correlation between sea-bird numbers and plankton abundance.

The transects summarised above (see also Figs 4 to 8) demonstrate the tendency for 
sea-birds to be commoner at 58° E than at 68° E, and at the latter meridian to be commoner 
in the north than in the south. Though this pattern of distribution may in part be due 
to the fact that our transects passed closer to land in the east than in the west, it may also 
indicate the existence of an area in the central Indian Ocean, at the centre of the great 
gyral of surface currents, where sea-birds are rare, i.e. the equivalent of the Sargasso Sea 
in the north Atlantic Ocean (Jespersen 1929).

The frequency with which I saw sea-birds feeding at sea was very low, suggesting 
that most species spend much of their time, at least in daylight, searching for places 
where food may be present. For those species known to do most of their feeding during 
the day, this is perhaps the most direct evidence that food for tropical sea-birds is both 
scarce and patchy, as suggested by several recent studies of the breeding biology of tropical 
sea-birds (mostly summarised by Lack (1966)). On the few occasions on which I saw 
birds feeding, there were almost always large numbers and frequently several species 
together, especially near islands. Some flocks were clearly feeding among shoals of 
predatory fish at the sea-surface, the importance of which was realised by Ashmole 
(1963b).

The Ashmoles (1967) have convincingly demonstrated how interspecific competition 
between sea-birds breeding on Christmas Is., Pacific Ocean, is reduced, if not obviated, 
by their taking at least partly different foods, either by feeding in a different manner or in 
a different feeding zone. Evidence for the latter was mainly gleaned from the literature 
pertaining to other sea areas, or indirectly from the length of time the breeding adults spent 
away from their nests during the incubation and fledging periods. For several species 
the pelagic range was very poorly known. While the present study has not provided 
information on how far from land individual breeding adults of each species feed, it
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indicates a little more exactly how some sea-birds, at least in the Indian Ocean, fit into the 
pattern outlined by the Ashmoles. The relatively high degree of our coverage enables 
some tentative conclusions to be drawn, these are summarised in Table 6.

T able  6 . Feeding zones o f resident sea-birds seen in the central western Indian Ocean from  
the R .R .S . ‘ Discovery ’ in 1963 and 1964

No. of Distances from land (in nautical 
observations miles) within which 50% and 

90% of observations were made
50% 90%

Puffinus pacificus 74 120 380
Puffinus lherminieri 13 40 160
Phaethon lepturus 46 115 310
Sula dactylatra 25 150 510
Sula sula 28 225 300
Fregata spp. 38 150 320
Sterna fuscata 164 120 370
Anous stolidus 22 15 80
Gygis alba 21 20 110

Notes. Since unequal amounts of time were spent in each feeding zone, the figures above cannot 
be taken to represent the usual distances from land at which each species feeds; they are 
presumably valid for comparative purposes, however.

Phaethon rubricauda was seen on four occasions between 110 and 430 miles from land ; 
Sterna anaethetus was seen on four occasions less than five miles from land, once at ten 
miles and once at 50 miles from land; Anous tenuirostris was seen twice, once at 30 miles 
from land, once less than five miles from land.

As the Ashmoles (1967) concluded, Sterna fuscata ranges much further out to sea than 
Anous stolidus (Table 6). There is some evidence also that Gygis alba feeds slightly 
further from land than Anous stolidus, in support of the Ashmoles’ conclusion that it is 
intermediate in this respect between the offshore and truly pelagic species. Of the 
species not considered by the Ashmoles, Puffinus pacificus, Phaethon lepturus, Sula 
dactylatra, Sula sula and Fregata spp. are clearly pelagic in Wynne-Edwards’ (1935) 
terminology, whereas Puffinus lherminieri and Sterna anaethetus (a close relative of the 
pelagic S. fuscata) are offshore.

Thus, the distances from land at which closely-related species feed suggest in some 
cases how they avoid competition. The three tropic-birds do not obviously differ in 
this respect, however, though Phaethon aethereus occurs in a different sea-area (the 
northwestern Indian Ocean) from P. lepturus and P . rubricauda, which themselves are 
very different in size, suggesting that they feed on largely different foods or sizes of food. 
Likewise, the boobies Sula dactylatra and S . sula, both of which feed far out to sea, seem 
to occur in complementary areas at sea.
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SUMMARY
T he present paper summarises observations made during the International Indian Ocean 

Expedition on board the R .R.S. ‘ Discovery ’, from August to November 1963 and from February 
to September 1964 in the Indian Ocean north of 20° S and west of 70° E. In  1963 work was 
carried out in the Somali Basin. In  1964 a series of transects were made over the ocean, the main 
purpose of which was to investigate the system of equatorial currents and the changes in the sea 
associated with the onset of the Southwest Monsoon in May.

T he Tropical Indian Ocean is briefly described. Except for local concentrations, the surface 
layers are poor in nutrient salts and plankton. There is a seasonal reversal o f winds and surface 
currents in the Arabian Sea, but seasonal changes become less marked further south.

Previous ornithological observations in the western Indian Ocean are mostly confined to the 
Arabian Sea or to the island groups. Thus, existing information on the pelagic range of 
pantropical species is incomplete.

Observations made on each transect across the Indian Ocean in 1964 are summarised and com
pared with oceanographic data collected at the same time. General conclusions are not possible on 
the basis of so little information, though there appeared to be some relationship between the 
distribution of certain species and wind or current belts. T he only marked discontinuity recorded 
was a concentration of Puffinus pacificus and Gygis alba at the northern edge of the Equatorial 
Counter-current at 58° E in M arch. Observations made on transects that were repeated before 
and after the onset of the Southwest Monsoon suggested that Sterna fuscata  concentrates in the 
equatorial region as the monsoon develops. In general, both plankton and sea-birds were more 
abundant at 58° E than at 674° E.

An analysis of the presence or absence of sea-birds during each observation period, which 
lasted an average of one hour, established the difference between pelagic species and those largely 
restricted to within 50 miles of their breeding stations. There was no evidence of any correlation 
w ith Zooplankton abundance, though birds of all species taken together were commonest where 
flying-fish were most abundant and S. fuscata appeared to be commonest in cool-water areas with 
strong winds, i.e. the Trade-w ind belts. I t was not possible to sample the food organisms of sea
birds quantitatively.

Sea-bird observations in the Indian Ocean more than 200 miles from the continental coasts are 
summarized and compared with previous observations.

T he little information collected in the Indian Ocean agrees w ith previous work in the Pacific 
Ocean, where sea-birds are commonest in areas of convergence, and not where local upwelling and 
an associated concentration of plankton occur, such as on the equator. This may be due to the fact 
that populations of organisms on which sea-birds feed develop or concentrate a considerable time 
after upwelling of nutrient-rich water occurs.

Since few sea-birds were seen feeding, it seems likely that available food is scarce and that much 
time is required to locate areas where it is abundant.

Finally, evidence is presented to indicate how some sea-bird species may avoid or reduce
competition by feeding at different distances offshore, or in different geographical areas.
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Abstract
The appendicularians of the Bay of Bengal. International In 
dian Ocean Expedition (voyages of “K istna", June-August 

1904)
Appendicularians from 76 hauls made from June to August 

1964 in the Bay of Bengal, aboard the R. V. “Kistna”, have 
been examined. Of the 28 species determined, 10 are new for 
the Bay of Bengal and, amongst these, 2 were unknown in the 
Indian Ocean. The composition of the group formed by the 
most abundant and most frequent species is characteristic of 
the fauna of the Indian Ocean. Oikopleura longicauda represents 
50% of the total number of individuals collected, followed by 
0 . rufescens 14%, Megalocerus huxleyi 8%, 0. fusiformis and 
Fritillaria borealis f. sargassi 6%, 0. cophocerca and Stegosoma 
magnum 2%. No other species reached 1%. The density of the 
species in the occidental zone decreased fairly regularly with 
latitude: 21 species in the south, then going on towards the 
north, 14, 11 and 2. In the area south of the strait of Malacca 
only 5 species were found, in its opening into the Bay of Bengal, 
18. The Oikopleuridae were present in all the hauls, but the 
Fritillaridae were absent from 25. The geographical distribu
tion of each species has been studied. Oikopleura longicauda is 
the only one which is clearly more abundant in the north ; most of 
the other Species show a decreasing gradient from south to 
north. The characteristic difference between the different zones 
cannot be established from the hydrological data (temperature 
and salinity). I t  seems, therefore, that the indigenous species 
are not very common, and that others originate from the 
Indian Ocean, transported by the south-north currents present 
at that time of year.

Introduction
La répartition des Appendiculaires dans l ’océan 

Indien est assez peu connue et le golfe du Bengale est 
la région qui, jusqu’à présent, avait été la moins 
prospectée de cet océan. Les renseignements dont on 
dispose actuellement se limitent à quelques lignes de 
L o h m a n n  (1931), relatives à 3 stations effectuées entre 
les îles Nicobar et Ceylan, ainsi qu’à une courte note 
de G a n a p a t i  et B h a v a n a r a y a m a  (1958) concernant 
les Appendiculaires des eaux de Waltair (Vishak- 
hapatnam). Enfin T o k i o k a  (1955) relate les résultats 
de 2 prises panctoniques pratiquées à proximité des 
îles Nicobar.

L o h m a n n  (1931) indique la présence de 15 espèces 
dans les stations 214 (7°43'2" N ; 88°44'9" E) et 215 
(7°1'2" N  ; 85°56'5" E). La station 213 n’ayant rapporté 
aucun Appendiculaire. Les espèces signalées sont les 
suivantes: Megalocercus huxleyi, Stegosoma magnum, 
Pelagopleura verticalis, Oikopleura albicans, O. copho
cerca, O. fusiformis, O. gracilis, O. longicauda, O. 
rufescens, F ritillaria borealis, F . formica, F. fraudax, 
F. gracilis, F. haplostoma, F . pellucida.

G a n a p a t i  et B h a v a n a r a y a m a  (1958) signalent 
dans la baie de Lawson, à proximité de Waltair, la 
présence durant toute l’année de Oikopleura longicauda, 
O. fusiformis et O. dioica. Au cours de la période s’éten
dant de juillet-août à décembre, caractérisée par une 
basse salinité et une température élevée, ils ont trouvé 
en plus, O. cophocerca, Fritillaria lucibila et F. campila 
(toutes deux synonymes de F. haplostoma) e t F. 
formica. Le reste de l’année, lorsque la température de 
la mer est plus basse et la salinité plus élevée, les 
auteurs ont récolté F. borealis f. sargassi, F. pellucida, 
F. haplostoma, F. lim pida (  =  F. haplostoma), Althoffia 
pacifica (  =  Pelagopleura gracilis) et O. rufescens.

T o k i o k a  (1955) mentionne la capture de Oikopleura 
fusiformis, O. cophocerca et O. formica. Le nombre des 
espèces décrites dans cette région s’élève ainsi à 17.

Matériel et méthodes

Dans le cadre de l ’I.I.O.E., les navires «Anton 
Bruun» et «Kistna» ont effectué en 1963 et 1964, une 
série de croisières océanographiques dans le golfe du 
Bengale. Les Appendiculaires provenant du plancton 
récolté au cours de ces campagnes ont été triés à 
l’Indian Ocean Biological Center d ’Emakulam. Us 
nous ont été confiés pour étude par le comité consul
tatif de l ’I.I.O.E.

Le matériel de 1’«Anton Bruun» est malheureuse
ment dans un tel mauvais état qu’une détermination 
même approximative des individus est impossible. 
Celà est d’autant plus regrettable que le trajet de ce 
navire incluait des zones complémentaires à celles 
prospectées par le «Kistna».

Il nous a donc été possible d’étudier les Appen
diculaires des croisières 15,16,17, 19 et 20 du «Kistna », 
représentant 76 stations planctoniques. Celles-ci sont 
réparties, pour les trois premières campagnes, sur des 
radiales Ouest-Est s ’échelonnant du nord du golfe 
jusqu’à la hauteur de Ceylan. Les deux dernières 
s’étirent de part et d’autre des îles Nicobar et s’enfon
cent plus ou moins profondément dans le détroit de 
Malacca (Fig. 1).

Les pêches ont été verticales, de 200 m à la surface, 
lorsque les fonds le permettaient, ce qui est le cas le 
plus fréquent. Le filet utilisé est le filet standard adopté 
par tous les navires participant à l’Expédition Inter
nationale ( C i t r r i e ,  1963).
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Fig. 1. S ta tions exploitées p en d an t les différentes croisières. T «K istna»  n° 15; □  n °1 6 ; g  n °1 7 ; 0  n °1 9 ; o n ° 2 0

L e  t r i  réa lisé  à  l ’I .O .B .C . a  é té  e ffe c tu é  su r  d es  
p o r tio n s  d e  ch a q u e  p êch e  v a r ia n t  d e  15%  à  9 0 % . 
N o u s  a v o n s  d o n c  é té  d a n s l ’o b lig a tio n  d e  ram en er  
to u te s  le s  c a m p a g n e s  à  1 00%  p o u r  é ta b lir  d e s  c o m 
p a r a iso n s v a la b le s . T o u s le s  ch iffres o n t  é té  arron d is à  
l ’u rd té  su p érieu re  d a n s le s  ca s o u  le  c a lc u l n o u s a v a it  
d o n n é  d e s  d éc im a les .

D e u x  fa its  im p o r ta n ts  s o n t  à  s ig n a ler  : L a  co n se rv a 
t io n  d e s  in d iv id u s  e s t  v a r ia b le  s u iv a n t  le s  p ê c h e s  e t  le  
p o u r c e n ta g e  d e s  in d iv id u s  n o n  d é te r m in a b le s  v a r ie  d e  
0  à  24%> Ia m o y e n n e  g én éra le  é ta n t  d e  7 % . D ’a u tr e  
p a r t , n o u s  a v o n s  p u  ex a m in er , à  E r n a k u la m , le  re s te  
d e s p ê c h e s  ap rès tr i d e s  d ifféren ts  g ro u p es. N o u s  y  
a v o n s  tr o u v é  u n  a sse z  g ra n d  n o m b re  d ’A p p en d icu la ir es  
d e  p e t i te  ta ille . L e s  e s t im a tio n s  q u a n tita t iv e s  so n t  
d o n c  g r e v é e s  d e  c e t te  erreur d è s  le  d é p a r t  e t  rep résen 
t e n t  a in s i e n  d eh o rs d ’a u tr e s  co n sid é r a tio n s , u n  
m in im u m .

R ésu lta ts
L is te  d e s  e sp è c e s  r e n co n trées .

F a m ille  d e s  O ik op leu r id ae L o h m a n n , 1 933  
S o u s fa m ille  d es O ik o p leu r in a e  L o h m a n n , 1933  
G enre P e la g o p le u ra  L o h m a n n , 1926  

P e la g o p le u ra  sp .

G enre S tegosom a  Ch u n , 1 8 8 8  
S tegosom a m a g n u m  (L a n g e r h a n s , 1 8 8 0 )

G enre M egalocercu s  Ch u n , 1 8 8 8  
M egalocercu s h u x ley i  Ch u n , 1 8 8 8  

G enre O ik o p leu ra  M e k t e n s , 1 8 3 1  
O. a lb ica n s  (L e u c k a r t , 1 8 5 4 )
O. cophocerca  (G e g e n b a u r , 1 8 5 5 )
O. d io ic a  F o l , 1 8 7 2
O. fu s ifo rm is  F o l , 1 8 7 2
* 0 .  fu s ifo rm is  f . cornu togastra  (A í d a , 1 9 0 7 )
0 .  g ra c ilo id es  L o h m a n n  e t  B ü c k m a n n , 1 9 2 4  
* 0 .  in te rm e d ia  L o h m a n n , 1 8 9 6  
O. lo n g ica u d a  (V o g t , 1 8 5 4 )
* 0 .  p a r v a  L o h m a n n , 1 8 9 6  
0 .  ru fescen s  F o l , 1 8 7 2

F a m ille  d e s  F r itilla r id a e  S e e l i g e r , 1 8 9 5  

G enre T e c tilla r ia  L o h m a n n , 1 9 2 6  
* T e c ti lla r ia  f e r til is  (L o h m a n n , 1 8 9 6 )

G enre F r it i l la r ia  Q u o i e t  G a i m a r d , 1 8 3 3 — 1 8 3 6  
F . b orea lis  f. sa rg a ss i  L o h m a n n , 1 9 0 5  
* F . ch arybdae  L o h m a n n , 1 8 9 9  
F . fo rm ica  f . d ig ita ta  L o h m a n n  e t  B ü c k m a n n , 1 9 2 6  
F . f ra u d a x  L o h m a n n , 1 8 9 6
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d ifféren tes e sp è ces  r en co n trées  d a n s le s  7 6  s ta t io n s  
a n a ly sé e s  e s t  la  su iv a n te :  O. lo n g icau da  7 6 , M . h u x ley i  
7 3 , O. ru fescens  7 1 , O. cophocerca  5 8 , O. fu s ifo rm is  5 4 ,
0 .  in te rm ed ia  3 7 , F . fo rm ica  f . d ig ita ta  3 6 , S . m a g n u m  
3 6 , F . borea lis  f . sa rg a ss i  3 0 , F . p e llu c id a  13 , F .  
p e llu c id a  v a r . o m a n i  13 , O. fu s ifo rm is  f . cornu togastra  
10, F . ven u sta  8 , O. a lb ica n s  6 , P ela g o p le u ra  sp . 4 , 
F . h ap lostom a  4 , F . ten ella  4 , T . fe r til is  4 , O. p a rv a  3, 
F . g ra c ilis  3 , O . g ra c ilo id es  3 , F . fra u d a x  1, F . p a c if ic a
1, O. d io ica  1, F . ch aryb d a e  1, F . m egachile  1.

D e n s ité  d es p o p u la tio n s  

L es p r é lè v e m e n ts  n ’o n t  ja m a is  é té  e ffe c tu é s  d an s

T ableau 1. Détail du nombre des individus des différentes espèces, récoltées durant les croisières

Espèce Croisière T ota l
15 16 17 19 2 0

Oikopleura albicans 47
O. cophocerca 553 144 50 292 165 1204
O. dioica 2 2
O. fusiformis 1289 342 326 405 584 2946
O. fusiformis cornuto-

gastrata 5 2 19 15 41
O. graciloides 18 2 2 0
O. intermedia 128 59 2 2 45 29 283
O. longicauda 3368 6020 6942 4053 3164 23547
O. parva 8 2 1 0
O. rufescens 1702 1059 1516 2018 477 6772
Pelagopleura sp. 7 1 8
Megalocercus huxleyi 1640 1 1 0 2 287 477 292 3798
Stegosoma magnum 879 138 38 44 160 1259
Ind é te rm in és 651 454 1249 711 367 3432
Tectillaria fertilis 6 6 6 6
Fritillaria borealis

sargassi 2429 1 1 2 44 148 2 0 1 2934
F. charybdae 2 2
F. formica digitata 2 1 1 33 70 67 82 463
F. fraudax 4 4
F. gracilis 1 1 2 13
F. haplostoma 24 7 31
F. megachile 3 3
F. pacifica 2 2
F. pellucida 49 3 14 44 1 1 0
F. pellucida omani 18 34 105 157
F. tenella 17 8 25
F. venusta 1 0 35 2 44 91
N b re  O ikopleuridae 10277 9330 10440 8066 5256 43369
N b rc  F ritilla rid ae 2841 183 114 269 494 3901

T o ta l 13118 9513 10554 8335 5750 47270

F . g ra c ilis  L o h m a n n ,  1896  
F . h a p lo sto m a  F o l ,  1872  
* F . m egach ile  F o l ,  1872  
* F . p a c if ic a  T o k i o k a ,  1958  
F . p e llu c id a  ( B t j s o h ,  1851)
* F . p e llu c id a  v a r .  o m a n i  F e n a t j x ,  1966  
F . ten ella  L o h m a n n ,  1896  
* F . ven u sta  L o h m a n n ,  1896 .

26  e sp è c e s  o n t  d o n c  é té  r é c o lté e s . 10  n o u v e lle s  p ou r  le  
g o lfe  d u  B e n g a le  s o n t  p récéd ée s  d ’u n e  a sté r iq u e  d a n s  
la  l is t e  c i-d e ssu s  e t ,  p a rm i ce lle s -c i, 2  n ’a v a ie n t  p a s  
en co re  é té  s ig n a lé e s  d a n s l ’O céan  In d ien .

4 7 2 7 0  A p p en d icu la ir es  o n t  é té  d é term in és , p arm i

e u x  4 3 3 6 9  O ik o p leu r id a e  r e p r é se n ta n t  91 %  d e  la  
p o p u la t io n  to ta le  e t  3 9 0 1  F r itilla r id a e . N o to n s  l ’a b 
se n c e  d e s  K o w a le v sk iid a e  q u i n ’o n t  ja m a is  é té  s ig n a lé s  
ju s q u ’à  p r é se n t, d a n s l ’O céan  In d ie n . S e p t  esp è ces  
rep r é se n te n t  88 %  d u  n o m b re  t o ta l:  O. lo n g icau da , à  
e lle  se u le  5 0 % ; O. ru fescen s, 1 4 % ; M . h u x le y i, 8 % ;  
O. fu s ifo rm is  e t  F . b orea lis  f . sa rg a ss i, 6%  ; O. cophocerca  
e t  S . m a g n u m  2 % . A u c u n e  d es a u tr e s  e sp è ces  n ’a t te in t  
1% . O n tro u v era  le s  ch iffres c o rre sp o n d a n t à  ch aq u e  
cro isière  d an s le  T a b lea u  1.

L a  fréq u en ce  (n om b re d e p ê c h e s  p o s it iv e s )  d es

le s  e a u x  cô tières . L ’a b se n c e  p r a tiq u e m e n t to ta le  d e  
O ik o p leu ra  d io ica  (2 in d iv id u s ), e sp èce  d o n t  le  ca ra c 
tère  n ér it iq u e  affirm é e s t  b ien  co n n u , e n  e s t  u n e  
illu stra tio n . N o u s  n ’a v o n s  d o n c  p a s d e  ren se ig n em en ts  
su r c e tte  zo n e  im p o r ta n te . E n  h a u te  m er, n o u s v o y o n s  
(F ig . 2) q u e la  d e n s ité  d e s  p o p u la tio n s  e s t  a ssez  
h étéro g èn e . C ep en d a n t, d a n s la  p a r tie  o c c id e n ta le  d u  
g o lfe , les zo n es d e  fo r te  d e n s ité  (p lu s d e  1000  in d iv id u s  
p a r  p êch e) so n t  g é n é r a le m e n t s itu é e s  su r  u n e  lig n e  
se n s ib le m e n t p a ra llè le  à  la  c ô te , à  q u e lq u es 5 0 0  k m  au  
larg e . E n co re  fa u t- il  s ig n a ler  u n e  e x c e p tio n  en  fa c e  d e
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M ad ras o ù  la  zo n e  r ich e  se  tr o u v e  b ie n  p lu s  p rès d e  la  
c ô te .

D a n s  la  ré g io n  su d -e s t , le s  a ires d ’a b o n d a n c e  se  
s i tu e n t  à  l ’e n tr é e  d u  d é tr o it  d e  M alacca  e t  d e  p a r t  e t  
d ’a u tr e  d e s  N ico b a r .

T r o is  s ta t io n s  o n t  p erm is  la  r é c o lte  d e  p lu s  d e  3 0 0 0  
in d iv id u s  p ar p ê c h e : le s  s ta t io n s  3 7 8 , 4 3 2 8 ;  5 1 8 , 3 2 7 6 ;  
4 3 7 , 2 7 5 2 . D e u x  a u tr e s  c o n te n a ie n t  m o in s  d e  10  
A p p en d icu la ir es:  3 9 3 , 4 ;  4 0 2 , 3 .

tr o u v é  a u  d é b u t  d u  d é tr o it  d e  M a la cca , c ô té  g o lfe  ; u n  
m in im u m  (5) au  fo n d  d u  d é tr o it , e t  u n  n o m b re  m o y e n  
(14) a u to u r  d e s  île s  N ico b a r .

L e s  O ik o p leu r id a e  s o n t  p r é se n te s  d a n s to u s  le s  
p r é lè v e m e n ts . L e  n o m b re  d e s  e sp è c e s  v a r ie  d e  1 à  9. 
L e s z o n e s  o ù  e lle s  s o n t  n o m b re u ses  (p lu s d e  6 d an s  
ch a q u e  p ê c h e )  so n t  s itu é e s  a u  su d  d u  13° p a ra llè le , 
d a n s u n e  a ire  cen tra le  e n tre  le  15° e t  le  2 0 °  p a ra llè le  e t  
d a n s  le s  d e u x  b ra n ch es  d ’u n e  te n a ille  p a r ta n t  d u  dé-

Tableau 2. D istribution des Appendiculaires dans les différentes stations

Espèce Croisière 15
353 354 356 357 358 359 360 361 362 363 364 365 366 367 368 369 372 376 377 378

Oikopleura albicans • • • • • •
0. cophocerca
O. dioica •
O. fusiformis •
O. fusiformis cornuto-

g as tra ta
O. graciloides • •
O. intermedia • • • • • • • • • • • • •
0. longicauda
0 . parva
O. rufescens
Pelagopleura sp.
Megalocercus huxleyi
Stegosoma magnum •
Tectillaria fertilis • • •
Fritillaria borealis

sargassi • • • • • • • • •
F. charybdae •
F. formica digitata • • • • • • • • •
F. fraudax •
F. gracilis • •
F. haplostoma • •
F. megachile
F. pacifica
F. pellucida • • • • • •
F. pellucida omani • • •
F. tenella • • •
F. venusta • • •
Nbre Oikopleuridae 6 7 3 7 7 8 7 5 7 6 5 6 8 7 8 6 7 6 5 9
N bre  F ritillaridae 0 8  0 1 0 5 3 0 0 4 7 0 2 3 1 0 0 2 2 6

T ota l 6  15 3 8  7 13 10 5 7 10 12 6  10 10 9 6  7 8  7 15

D e n s ité s  des espèces  
L e  n o m b re  d e s  e sp è ces  réc o lté e s  d a n s  u n e  s ta t io n  

v a r ie  d e  1 (s ta tio n  39 3 ) à  15 (s ta tio n  3 5 4  e t  3 7 8 ). S i o n  
e x a m in e  d e s  z o n e s  é te n d u e s  d a n s la  p a r t ie  o c c id e n ta le  
d u  g o lfe , la  d e n s ité  d e s  e sp è c e s  d é c r o ît  a ssez  rég u lière 
m e n t  a v e c  la  la t itu d e  (F ig . 3 ) . A in s i, 21 e sp è c e s  o n t  é té  
t r o u v é e s  d u ra n t la  cro isière  n ° 15 e ffe c tu ée  a p p r o x im a 
t iv e m e n t  en tr e  le s  la t itu d e s  09 ° N  e t  12°40 ' N  ; 14  
p e n d a n t  la  cro isière  n° 16 q u i a  eu  lieu  e n tre  le s  la t itu 
d e s  13° N  e t  16° N  e t  11 d a n s la  cro isière  n° 17 q u i s ’e s t  
d éro u lée  e n tre  le s  la t itu d e s  18° N  e t  19° N . L a  p r e 
m iè r e  s ta t io n  q u i se  s itu e  à  2 0 °4 0 ' N , a  a p p o r té  2 
e sp è c e s  se u le m e n t.

E n  ce  q u i co n cern e  la  z o n e  s u d -e s t  d u  g o lfe  (cro i
s iè res n ° 19 e t  2 0 ) u n  m a x im u m  d ’e sp è c e s  (18) a  é té

t r o it  d e  M a la cca , p o u r  a tte in d r e  le s  N ic o b a r  e t  le s  
A n d a m a n . L e s  e sp è c e s  so n t  e n  n o m b re  r e s tr e in t  d an s  
la  p a r tie  n ord  d u  g o lfe  e t  d a n s u n e  la n g u e  o u e s t -e s t  au  
n iv e a u  d e s  b o u c h e s  d u  G od a v a r i.

L e s  F r itilla r id a e  s o n t  a b se n te s  d a n s 2 5  p ê c h e s  e t  le  
n o m b re  m a x im a l d ’e sp è c e s  e s t  d e  8  à  la  s ta t io n  3 5 4  à  
p r o x im ité  d e  C ey lan . L a  p lu p a r t d e s  s ta t io n s  q u i n ’o n t  
p a s  fo u r n i d e  F r itilla ires  so n t  s itu é e s  a u  cen tre  d u  
g o lfe  a in si q u e d a n s u n e  a v a n c é e  e s t-o u e s t  se  d ir ig ea n t  
v e r s  la  c ô te  a u x  e n v ir o n s  d u  14° p a ra llè le . O n p e u t  
o b ser v er  u n  g r a d ie n t  su d -n o rd  d a n s la  d e n s ité  d es  
e sp è c e s  d e  F r itilla ires . L a  ré g io n  S u d -E s t  a  p erm is de  
rec o n n a itr e  10 e sp è c e s . D a n s  la  r é g io n  o c c id e n ta le  : la  
p a r tie  S u d  a  fo u r n i 11 e sp è c e s , la  p a r t ie  cen tra le  4  
e sp è c e s  e t  la  p a r t ie  N o r d  2  e sp è c e s  se u le m e n t.
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R é p a r ti t io n  des d ifféren tes espèces 

O ik o p leu ra  lo n g ica u d a  ( V o g t ,  1854)

A  d e  tr è s  rares e x c e p t io n s  p rès , c e t te  e sp è ce  e s t  la  
p lu s  co m m u n e  d e  to u te s  le s  rég io n s  o céa n iq u es  ch a u d es  
e t  te m p é r é e s . D a n s  le s  a ires d e  l ’O céan  In d ie n  o ù  le s  
A p p e n d ic u la ir e s  o n t  é té  p r o sp e c té s , e lle  e s t  d ’assez  
lo in  la  p lu s  fr é q u e n te , a v e c  u n  p o u r c e n ta g e  d e  9 0  à  
1 00%  ( F e n a u x ,  1 9 6 4 ; T o k i o k a ,  1956). N o u s  l ’a v o n s  
r é c o lté e  d a n s to u te s  le s  s ta t io n s  d u  g o lfe  d u  B e n g a le  e t  
le  n o m b re  d e s  in d iv id u s  a t te in t  5 0 %  d u  n o m b re  to ta l  
d e s  A p p en d icu la ir es .

l ’a v o n s  tr o u v é e  ic i  d a n s 73 p r é lè v e m e n ts . L e  p o u r 
c e n ta g e  d e  fréq u en ce  a t te in t  d o n c  9 6 % , v a le u r  
b e a u c o u p  p lu s  é le v é e  q u e  d a n s  le s  a u tr e s  rég io n s  
c o n n u e s  d e  l ’o céa n  In d ie n . T o k i o k a  (1956) in d iq u e  
13%  a u to u r  d e s  î le s  C hagos e t  F e n a u x  (1 9 6 4 ), 62%  
d a n s  la  m er  d ’O m an, 39 %  d a n s le  g o lfe  d ’A d e n  e t  
s e u le m e n t  1 % d a n s le  g o lfe  d ’O m an  e t  le  g o lfe  P ersiq u e .

L e  n o m b re  d es in d iv id u s  r é c o lté s  r e p résen te  u n  
p o u r c e n ta g e  d e  8%  d u  to ta l  d e s  A p p e n d ic u la ir e s , ce  
q u i p la ce  c e t te  e sp è c e  au  tr o is iè m e  ra n g  d ’a b o n d a n c e . 
N o u s  a v o n s  p ou r  M egalocercus h u x le y i r e tr o u v é  u n e  
v a r ia t io n  la t itu d in a le  d u  n o m b re  m o y e n  p a r  p ê c h e . A u

Tableau 3. D istribution des Appendiculaires dans les différentes stations

Espèce Croisière 16
383 384 385 386 387 388 390 391 392 393 394 395 396 397 401 402 403 405 406 407 408 410

Oikopleura albicans • • • • • • • •
0 . cophocerca
O. dioica • • • • • • •
O. fusiform is •
0 . fusiform is cornuto-

gastrata
O. graciloides
O. intermedia • • • • • • • • • •
O. longicauda
O. parva
O. rufescens
Pelagopleura sp. • • •
Megalocercus huxleyi
Stegosoma magnum • •  • • •
Tectillaria fertilis
Fritillaria borealis • • • • •

sargassi
F . charybdae
F . formica digitata • • • • • • • •
F . fraudax
F . gracilis
F . haplostoma
F . megachile
F . pacifica
F . pellucida • •
F . pellucida omani
F . tenella
F . venusta •
Nbre Oikopleuridae 5 4 6 8 6 6 6 5 5 1 3 4 8 4 3 3 6 5 4 4 7 4
Nbre Fritillaridae 1 0 1 2 1 1 0 1 2 0 0 0 2 1 0 0 1 0 0 0 2 1

Total 6 4 7 10 7 7 6 6 7 1 3 4 10 5 3 3 7 5 4 4 9 5

S i o n  co m p a re  la  m o y e n n e  p a r  p ê c h e  (M) d e s  in d iv i
d u s p r o v e n a n t d e s  cro isières 15, 16 e t  17, o n  s ’a p erço it  
q u ’il  e x is te  u n e  assez  n e t te  v a r ia t io n  la t itu d in a le  d e  ce 
n o m b re . D a n s  la  z o n e  S u d  (Cr. 15) M =  1 8 3 ; d a n s la  
z o n e  cen tra le  (Cr. 16) M  =  2 7 3 ;  d a n s la  zo n e  N o rd  
(Cr. 17) M =  5 7 8 . D a n s  le  se c te u r  S u d -E st , la  m o y e n n e  
e s t  lé g è r e m e n t p lu s  é le v é e  M  =  3 7 8  d a n s la  z o n e  d u  
d é tr o it  d e  M alacca , ta n d is  q u ’a u to u r  d e s  N ic o b a r  e t  d es  
A n d a m a n  M  =  267 .

M egalocercu s h u x le y i  ( R i t t e b ,  1905)
C e tte  e sp è c e  se  ren co n tre  u n iq u e m e n t d a n s le  

P a c ifiq u e , l ’O céan  In d ie n  e t  la  m e r  R o u g e . N o u s

con tra ire  d e  ce  q u e  n o u s a v o n s  o b se r v é  p ou r  O ik o p leu ra  
lon g icau da , i l  y  a  d écro issa n ce  d e  c e t te  m o y e n n e  d ep u is  
le  su d  v ers  le  n ord . L e s  v a leu rs  a t te in te s  é ta n t  r e sp e c 
t iv e m e n t  d e  82 , 5 0  e t  2 4 . D a n s  la  rég io n  S u d -E st , le  
fo n d  d u  d é tr o it  d e  M alacca  e t  le s  s ta t io n s  b o rd a n t la  
c ô te  N o r d  d e  S u m a tra  so n t  p a u v r e s  en  M . h u x le y i:  
M  =  6 , a lors q u e c e t te  e sp èce  e s t  p lu s  a b o n d a n te  d a n s  
le  r e s te  d e  la  zo n e  p ro sp ec tée  : M  =  4 7 .

O ik o p leu ra  ru fescen s  F ol, 1872  

C ette  e sp è c e  e s t  g én éra lem en t tr è s  fr é q u e n te  d a n s  
le s  o céa n s P a c ifiq u e  e t  In d ie n , u n  p e u  m o in s  d a n s  
l ’o c é a n  A t la n t iq u e , a lors q u ’e lle  e s t  a sse z  rare en
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M éd iterra n ée . D a n s  la  r é g io n  co n cern ée , n o u s l ’a v o n s  
d é te r m in é e  d a n s 71 p ê c h e s . S o n  p o u r c e n ta g e  d e  fr é 
q u en ce  e s t  d o n c  d e  9 3 % ; i l  a t te ig n a it  76%  d a n s le  
g o lfe  d ’O m an  ( F e n a u x ,  1964) e t  84 %  a u to u r  d es  
C h agos ( T o k i o k a ,  1956).

O ik o p leu ra  ru fescens  e s t  n e t te m e n t  p lu s  a b o n d a n te  
q u e  M egalocercu s h u x ley i  car  so n  p o u r c e n ta g e  a t te in t  
14%  d u  n o m b re  to ta l  d e s  A p p en d icu la ir es  r é co lté s . L a  
p a r tie  cen tra le  d e  la  ré g io n  O u est  d u  g o lfe  e s t  p lu s  
p a u v r e  q u e  le s  a u tr e s , p u isq u e  le s  v a leu rs  m o y e n n e s  
a t te ig n e n t  d u  su d  a u  n o rd : 8 5 , 4 7 , 126 . D e u x  a ires se  
d iffé r e n c ie n t  p lu s  n e t te m e n t  d a n s la  rég io n  S u d -E st .

S u d  d u  g o lfe . A in s i, le s  n o m b re s m o y e n s  p a r  p ê c h e  
p o u r  le s  cro is ières 15, 19 e t  2 0  s o n t  r e s p e c t iv e m e n t  d e  
2 8 , 2 7  e t  17, a lo rs q u e  p ou r  le s  cro is ières 16 e t  17 ils  
s o n t  d e  7 e t  4 .

O ik o p leu ra  fu s ifo rm is  F o l ,  1872  
C e tte  e sp è c e  e s t  b ie n  rép a n d u e  d a n s le s  rég io n s  

o c é a n iq u e s  c h a u d e s  e t  tem p ér ées . S a  r é p a r t it io n  d a n s  
le s  o c é a n s P a c ifiq u e  e t  A t la n t iq u e  p r é se n te  u n e  c u 
r ieu se  in v e r s io n ;  e lle  e s t  p lu s  a b o n d a n te  d a n s le  S u d  
d u  p rem ier  e t  d a n s le  N o r d  d u  se c o n d . O ik o p leu ra  
fu s ifo rm is  a  é té  a sse z  r é g u liè r e m e n t ré c o lté e  d an s

Tableau 4. Distribution des Appendiculaires dans les différentes stations

Espèce Croisière 17
427 432 433 435 436 437 438 439 440 441 442 443

Oikopleura albicans 
O. cophocerca 
O. dioica 
O. fusiform is 
O. fusiform is cornuto- 

gastrata 
O. graciloides 
O. intermedia 
O. longicauda 
O. parva 
O. rufescens 
Pelagopleura sp. 
Megalocercus huxleyi 
Stegosoma m agnum  
Tectillaria fertilis 
Fritillaria borealis 

sargassi 
F . charybdae 
F. formica digitata  
F . fraudax  
F . gracilis 
F . haplostoma 
F. megachile 
F . pacifica 
F . pellucida 
F. pellucida omani 
F . tenella 
F . venusta 
Nbre Oikopleuridae 
Nbre Fritillaridae

•  •

•  •  •

•  •  •

•  •  

•  •  •

Total 10

L a  m o y e n n e  d e s  in d iv id u s  r é c o lté s  d a n s le  d é tr o it  d e  
M a la cca  a t te in t  19 4 , a lo rs q u e  d a n s le  r e s te  d e  l ’a ire  
e lle  e s t  d e  32 .

O ik o p leu ra  cophocerca  ( G e g e n b a u e ,  1855) 
E sp è c e  co m m u n e  d e s  e a u x  c h a u d es  e t  tem p ér ées  

q u i rem o n te  c e p e n d a n t  tr è s  h a u t  v e r s  le  n ord  d a n s  
l ’A t la n t iq u e . E lle  e s t  g é n é r a le m e n t p a rm i le s  e sp è ces  
le s  p lu s  fr é q u e n te s  d e  l ’o c é a n  In d ie n . D a n s  le  g o lfe  d u  
B e n g a le  sa  fréq u en ce  a  é t é  d e  7 5 % . P a r  c o n tr e  le  
n o m b re  d e s  in d iv id u s  r é c o lté s  e s t  a sse z  fa ib le , il  
n ’a t te in t  q u e 2 % .

C ette  esp è ce  p a r a ît  p lu s  a b o n d a n te  d a n s la  rég io n

l ’o c é a n  In d ie n  a v e c  d e s  p o u r c e n ta g e s  d e  fréq u en ce  d e  
70 %  d a n s la  m er  d ’O m an , 100%  d a n s le  g o lfe  d ’A d e n ,  
80 %  d a n s le  g o lfe  d ’O m an , a lo rs q u ’e lle  p a r a ît  a ssez  
rare d a n s le  g o lfe  P ersiq u e  ( F e n a u x ,  1964). D ’ap rès  
le s  ch iffres d e  T o k i o k a  (1956) le  p o u r c e n ta g e  d e  fr é 
q u en ce  d e  c e t t e  e sp è c e  a t te in t  9 4 %  a u to u r  d e s  I le s  
C h agos.

D a n s  le  g o lfe  d u  B e n g a le  n o u s  l ’a v o n s  r é c o lté  d a n s  
5 4  p ê c h e s , a v e c  u n  p o u r c e n ta g e  d e  7 1 % . C ’e s t  la  
d ern ière  e sp è c e  d o n t  la  fréq u en ce  s o it  su p ér ie u r e  à  
5 0 % .

L e  n o m b re  d e s  in d iv id u s  d é te r m in é s  r e p résen te  6%  
d u  t o ta l  d e s  A p p en d icu la ir es . O. f  t r i f o r m is  a rr iv e  d o n c
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a u  q u a tr iè m e  ran g  d a n s l ’é c h e lle  d ’a b o n d a n c e . L a  
d e n s ité  d es p o p u la t io n s  d e  c e t te  e sp è c e  e s t  n e t te m e n t  
su p ér ieu re  d a n s la  z o n e  S u d  d u  g o lfe , a u ss i b ien  à  
l ’o u e s t  q u ’à  l ’e s t ,  le s  m o y e n n e s  v a r ia n t  d e  3 8  à  65 , 
a lo rs q u e  d a n s le  c e n tr e  e t  le  N o r d  e lle s  n ’a t te ig n e n t  
q u e  15 e t  18.

O ik o p leu ra  in te rm e d ia  L o h m a n n ,  1896  

C e tte  e sp è c e , r e la t iv e m e n t  b ien  rép a n d u e  d a n s le s  
e a u x  ch a u d es e t  te m p é r é e s  d e  l ’A t la n t iq u e  e t  d u  
P a c ifiq u e  a , ju s q u ’à  p r é se n t, é té  a ssez  r a rem en t  
s ig n a lé e  d a n s  l ’O céa n  In d ie n . L o r sq u ’e lle  a  é té  réco ltée ,

F r it i l la r ia  fo rm ica  f .  d ig ita ta  L o h m a n n  e t  B ü c k m a n n ,  
1926

C’e s t  la  fo rm e la  p lu s  r é p a n d u e  d e  l ’esp è ce , en core  
e s t- i l  d iffic ile  d e  p o r te r  u n  ju g e m e n t c e r ta in , car  
p lu sieu rs a u te u r s  s e  b o r n e n t  à  s ig n a ler  le  n o m  sp é c ifi
q u e d a n s leu r  r é p a r t itio n . D a n s  l ’o céa n  In d ie n , e lle  
a  é té  m e n tio n n é e  a v e c  c e r t itu d e  p a r  T o k i o k a  (1956)  
e t  p a r  P é n a u x  (1964). D a n s  le  g o lfe  d u  B e n g a le , n o u s  
a v o n s  ren co n tré  s e u le m e n t  c e t te  fo rm e; so n  p o u r 
c e n ta g e  d e  fré q u e n c e  e s t  d e  4 7 % . S a  r é p a r t it io n  g é o 
grap h iq u e  n e  se m b le  p a s  s tr ic te m e n t  d é lim ité e , o n  l ’a  
ren co n trée  d a n s to u te s  le s  cro is ières. L a  s ta t io n  n° 378

Tableau 5. Distribution des Appendiculaires dans les différentes stations

Espèce Croisières 19 +  20
511 512 513 514 515 517 518 519 520 521 522 526 527 528 529 530 531 532 533 536 538 539

Oikopleura albicans
0 . cophocerca
0 . dioica
0 . fusiform is • • • • • • • • •
0 . fusiform is comufo- • • • • • • • •

gastrata
0 . graciloides •
0 . intermedia • • • • •
0 . longicauda
0 . parva •
0 . rufescens
Pelagopleura sp. •
Megalocercus huxleyi
Stegosoma m agnum • •
Tectillaria fertilis
F ritillaria  borealis • • • • • • •

sargassi
F . charybdae
F . formica digitata • • • • • • • • • • •
F . fraudax
F . gracilis •
F . haplostoma • •
F . megachile •
F . pacifica •
F . pellucida • • • • • •
F . pellucida omani • • • • • • • • •
F . tenella •
F . venusta • • • •
Nbre Oikopleuridae 6 6 5 4 3 7 8 6 8 8 7 4 4 6 6 7 8 9 5 6 4 3
Nbre Fritillaridae 4 1 2 3 1 2 2 2 4 3 0 0 1 2 6 2 6 2 2 3 0 1

Total 10 7 7 7 4 9 10 8 12 11 7 4 5 8 12 9 14 11 7 9 4 4

c ’e s t  g é n é r a le m e n t a v e c  u n  p o u r c e n ta g e  d e  fréq u en ce  
a sse z  b a s . A in s i T o k i o k a  (1956) m e n tio n n e  sa  p ré
se n c e  d a n s u n e  p ê c h e , s o it  u n  p o u r c e n ta g e  d e  5%  e t  
P é n a u x  (1964) d a n s 13 p r é lè v e m e n ts  sur 79 ce  q u i 
co rre sp o n d  à  u n e  fréq u en ce  d e  16% .

O ik o p leu ra  in te rm e d ia  n ’a v a it  ja m a is  é t é  s ig n a lé e  
d a n s le  g o lfe  d u  B e n g a le . N o u s  l ’a v o n s  ré c o lté e  a v e c  
u n  p o u r c e n ta g e  d e  fréq u en ce  a t te ig n a n t  4 8 % . L e  
n o m b re  d e s  p ê c h e s  p o s it iv e s  e s t  su r to u t  im p o r ta n t  
d a n s  la  p o r t io n  S u d  d e  la  r é g io n  o c c id e n ta le  d u  g o lfe  e t  
a u  d é b o u c h é  d u  d é tr o it  d e  M alacca .

L e  n o m b re  d es in d iv id u s  d é te r m in é s  rep résen te  
se u le m e n t 0 ,5 %  d u  to ta l  d e s  A p p en d icu la ir es .

à  h a u teu r  d e  M ad ras, e s t  d e  lo in  ce lle  q u i a  fo u r n i le  
p lu s  gran d  n o m b re  d ’in d iv id u s ;  11 6 , ce  q u i co rresp o n d  
a u  q u art d u  n o m b re  to ta l  r é c o lté  d a n s le s  5 cro isières.

S tegosom a m a g n u m  ( L a n g e r h a n s ,  1880)
E s p è c e  d e s  rég io n s  rég io n s  o céa n iq u es  c h a u d e s  e t  

te m p é r é e s  q u ’o n  r e tr o u v e  d a n s l ’A n ta r c tiq u e . E lle  e s t  
tr è s  com m u n e d a n s l ’O céan  In d ie n . F e n a u x  (1964) la  
s ig n a le  d an s la  m er  d ’A ra b ie  a v e c  u n  p o u rcen ta g e  d e  
fréq u en ce  d e  5 3 % . T o k i o k a  (1956) la  r é co lte  d a n s 6 3 %  
d e s  p êch es  e ffe c tu ées  a u  n o r d -o u e s t  d es C h agos. 
L o h m a n n  e t  B ü c k m a n n  (1926) tr o u v e n t  c e t te  e sp è ce  
a u  su d  d u  C apricorne, d a n s 56 %  d es p r é lè v e m e n ts . Ic i
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nous l ’avons récoltée avec une fréquence de 47% . Ce 
pourcentage a tte in t 100% dans certains régions, car 
cette  espèce est répartie  d ’une façon assez s tric te  dans 
la zone Sud de la p artie  Ouest du  golfe. I l  fa u t cepen
d a n t signaler 4 pêches positives dans le N ord.

Le nom bre des individus qui ne  dépasse pas 2%  du 
to ta l des A ppendiculaires, est égalem ent beaucoup

Nous avons signalé cette  espèce avec u n  p o u r
centage de fréquence de 50%  dans la m er d ’O m an e t 
le golfe d ’Aden, alors q u ’elle é ta it  absente dans le 
golfe Persique ( F e n a u x , 1964). A u nord-est des 
Chagos, T o k i o k a  (1956) a déterm iné cette  form e dans 
47%  des prélèvem ents.

D ans le golfe du  Bengale nous l ’avons rencontrée

_0

Kg. 2 Fig. 3

20 20_

30

"1

_o

Fig. 4 Fig. 5
Fig. 2. Densité des populations d’Appendiculaires 

Fig. 3. Densités des espèces dans les différents secteurs 
Fig. 4. Variation du nombre moyen de Oikopleura longicauda dans les différents secteurs 
Fig. 5. Variation du nombre moyen de Megalocercus huxleyi dans les différents secteurs

plus im p o rtan t dans le Sud oti le m axim um  d ’exem 
plaires récoltés dans une pêche est de 468 à  la  sta tion  
378, alors q u ’il est de 16 dans le N ord  à  la  s ta tio n  437. 
D ans la p artie  Sud-E st, Stegosoma m agnum  est assez 
stric tem en t lim ité à  la  zone du  canal de Malacca.

F ritillaria  borealis f. sargassi L o h m a n n , 1905
C’est une des deux formes therm ophile de l ’espèce, 

la  seconde é ta n t intermedia ; la  form e typica  est 
cryophile.

dans 39%  des prélèvem ents e t le pourcentage du 
nom bre des individus récoltés a tte in t 6%  du  to ta l des 
Appendiculaires. C ette rep résen ta tion  assez élevée est 
due, en grande partie , à  une seule pêche. E n  effet la 
sta tion  378 a fo u rn il 824 exem plaires sur u n  to ta l de2934.

La rép a rtitio n  de Fritillarie borealis f. sargassi est 
assez dispersée; néanm oins, on p eu t rem arquer que 
les pêches positives son t tou jours groupées e t form ent 
ainsi u n  certa in  nom bre de zones qui, sau f une peu 
im portan te , so n t situées au  dessous du 14° parallèle.
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F ritillaria  pellucida ( B u s c h , 1851)
Espèce assez com m une dans les eaux  chaudes e t 

tem pérées, on la rencontre  égalem ent dans l ’A n ta rc ti
que.

Elle a  été la  fritillaire la  plus com m une récoltée 
dans la  m er d ’A rabie ( F e n a u x , 1964) avec un  p o u r
centage de fréquence de 52% . Au nord  des Chagos, 
T o k i o k a  (1956) l ’a  déterm inée seulem ent dans 21%  
des prélèvem ents. Elle semble encore plus rare  dans le 
sud de l ’océan Ind ien  où, d ’après les ré su lta ts  de la 
Süd-Polar E xpedition , elle a été présente dans 11% 
des pêches seulem ent.

D ans le golfe du Bengale, F ritillaria pellucida a 
é té récoltée le long de la côte de Coromandel, dans 6 
sta tions de la croisière n° 17, an sud d u  11° parallèle. 
D ans le secteur Sud E s t elle est re lativem en t fréquente, 
mais absen te  dans le Sud du  d é tro it de Malacca.

Le m axim um  d ’individus récoltés dans une pêche 
est de 40 à  la sta tion  529.

F ritillaria pellucida var. omani F e n a u x , 1966 
N ous avons signalé cette  varié té  récem m ent dans 

la  p artie  nord-est de la  m er d ’Oman. Elle é ta it  présente 
dans 5 pêches su r u n  to ta l de 79. N ous l ’avons re 
trouvée ici plus fréquem m ent; dans 12 sta tions sur 76. 
D ’au tre  p a rt, alors que le rap p o rt en tre  la fréquence 
de l ’espèce typ ique  e t la  varié té  é ta it de 0,1 dans la  m er 
d ’A rabe, il e st ici presque égal à  1. Le nom bre des 
individus récoltés est mêm e supérieur à  celui de l ’espèce 
norm ale: 157 pour 110.

L a rép a rtitio n  de cette  varié té  est, dans l ’ensemble, 
com parable à  celle de la  form e typique. F ritillaria  
pellucida  var. omani e st to ta lem en t absente dans les 
régions du  centre e t du  N ord  du  golfe du Bengale. Elle 
est re la tivem en t plus fréquente  e t plus abondan te  que 
la form e typ ique dans la p artie  N ord du  d é tro it de 
Malacca.

Oikopleura fusiform is  f. cornutogastra (A í d a , 1907) 
C ette form e a été signalée ju sq u ’à présen t dans les 

océans A tlan tique , Pacifique e t  Indien . E lle est 
généralem ent peu  fréquente  dans l ’océan Ind ien . D ans 
le m er d ’A rabie nous l ’avons récoltée dans 7% -des 
sta tions ( F e n a u x , 1964) e t T o k i o k a  (1956) dans 5%  
des pêches effectuées aux  alentours des îles Chagos. Ic i 
elle a encore été m oins fréquente puisque sa présence 
n ’est signalée que dans 1%  des prélèvem ents avec 8 
pêches positives. Six d ’en tre  elles se s itu en t au  dé
bouché du  canal de M alacca dans le golfe e t les deux 
au tre s  dans la p a rtie  N ord  du  golfe.

C’est la  prem ière fois que ce tte  form e est signalée 
dans le golfe d u  Bengale. A u to ta l 41 exem plaires on t 
é té  déterm inés.

Fritillaria  venusta  L o h m a n n , 1896 
C ette espèce therm ophile est cependant très 

eu ry therm e pu isq u ’on la  rencontre dans l ’A ntarc tique  
e t la  m er de Norvège.

D ans l ’Océan Ind ien  elle a  é té trouvée dans le golfe 
d ’A den e t to u t au long de la côte sud-est de l ’A rabie 
avec, pour l ’ensem ble de la m er d ’A rabie, un  pou r
centage de fréquence de 1,7%  ( F e n a u x , 1964).

N ous la signalons pour la  prem ière fois dans le golfe 
du  Bengale où nous avons déterm iné 91 individus 
répartis dans 8 stations, c’est à  dire avec une fré
quence qui ne dépasse pas 1% . Les pêches positives 
n ’on t pas de rép a rtitio n  géographique rem arquable.

Oikopleura albicans ( L e u c k a r t , 1854)
C’est une espèce qui se rencontre assez généralem ent 

dans tou tes les eaux chaudes e t tem pérées. Elle a été 
signalée peu fréquem m ent dans l ’océan Indien. 
L o h m a n n  e t B ü c k m a n n  (1926) l ’o n t déterm inée dans 
2 pêches, sur les 6 effectuées au  sud du  tropique du 
Capricorne pendan t la Süd P olar E xpedition  ; soit un  
pourcentage de présence de 22% . T o k i o k a  (1956) l'a  
rencontrée dans 31%  des pêches (Iles Chagos) et 
F e n a u x  (1964) ne m entionne qu ’un  seul exem plaire 
dans le golfe d ’Oman.

D ans le golfe du  Bengale nous avons récolté 47 
individus de cette  espèce. Tous proviennent du  m a té 
riel de la croisière n° 16, c ’est-à-dire de la p artie  Occi
dentale du golfe, au sud du 11° parallèle.

Pelagopleura sp. L o h m a n n , 1926 
Les 8 exem plaires de ce genre é ta ien t dans un  trop  

m auvais é ta t  pour p erm ettre  une déterm ination  spéci
fique, notons sim plem ent que, ju sq u ’à présent, seule 
les espèces verticalis e t gracilis on t été signalées dans 
l ’océan Indien. 7 individus proviennent des stations 
386, 390 e t 396 de la croisière n° 16, e t  1 individu a été 
récolté à la  sta tion  528 de la croisière n° 20.

Fritillaria haplostoma F o l , 1872 
Cette espèce présente une d is tribu tion  assez large 

dans les eaux chaudes e t tem pérées. On la rencontre 
parfois dans l ’océan A ntarctique. On trouve générale
m en t Fritillaria haplostoma en p e tit nom bre dans les 
eaux du large; p a r contre, les eaux côtières son t parfois 
susceptibles d ’en fournir une grande quantité .

D ans l ’océan Indien , cette espèce a é té signalée dans 
tou tes les expéditions, m ais tou jours avec des pou r
centages de fréquence inférieure ou à peu près égaux 
à l ’unité. Nous avons récolté 31 individus dans le golfe 
du  Bengale, dans 4 sta tions situées à une relative 
proxim ité des côtes e t en dessous du  13° parallèle. 
R appelons que F . haplostoma e st fréquem m ent récoltée 
dans les eaux côtières de W alta ir (G a n a p a t i  e t 
B h a v a n a r a y a m a , 1958).

Fritillaria tenella L o h m a n n , 1896 
B ien que généralem ent peu  fréquente, cette  espèce 

se rencontre un  peu p a rto u t, dans les eaux chaudes, 
tem pérées ou froides sauf dans l ’océan A rctique.

D ans l ’océan Ind ien  elle a  é té signalée dans la m er 
d ’A rabie avec un  pourcentage de fréquence inférieur à
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1%  ( F e n a u x , 1964) e t au  sud du Capricorne avec une 
fréquence plus élevée (L o h m a n n  e t B ü c k m a n n , 1926).

C’est la  prem ière fois que F r it i l la r ia  ten ella  est 
signalée dans le golfe du  Bengale. N ous avons récolté 
25 individus répartis  dans 4 sta tions, 3 ap p a rten an t à 
la croisière n° 15 e t 1 à la croisière n° 8. T outes ces 
pêches se s ituen t dans la  p artie  Sud du  golfe, en dessous 
du 11e parallèle.

T e c tilla r ia  fe r til is  ( L o h m a n n ,  1896)
Cette espèce est n e ttem en t lim itée aux  aires 

océaniques chaudes ou tem pérées.
D ans l ’océan Ind ien  T e c tilla r ia  f e r til is  est connue 

ju sq u ’à  présent, un iquem ent p a r  u n  exem plaire récolté 
dans le golfe d ’A den ( F e n a u x ,  1964). Ic i nous avons 
déterm iné 66 individus, répartis  dans tro is stations 
effectuées d u ra n t la  prem ière pa rtie  de la  croisière 
n° 15, au  sud du  11° parallèle.

O ik o p leu ra  p a rv a  L o h m a n n ,  1896 
C’est une espèce therm ophile eury therm e assez peu 

courante m ais q u ’on rencontre  dans tous les océans.
D ans l ’océan Ind ien  elle a été signalée dans le golfe 

d ’A den e t  la  m er d ’O m an ( F e n a u x , 1964), au  nord  des 
Iles Chagos ( T o k i o k a , 1956) e t au  sud du  trop ique du 
Capricorne ( L o h m a n n  e t B ü c k m a n n , 1926). D ans le 
golfe du  Bengale nous avons récolté 10 indiv idus ré 
partis  dans 2 sta tions : l ’une située au  nord , n° 437 e t 
l ’au tre  au  S ud-E st n° 531 à  la po in te  de Sum atra .

F r it i l la r ia  g ra c ilis  L o h m a n n ,  1896 
L a d is tribu tion  de cette  espèce est trè s  vaste. Elle 

a é té signalée dans tou tes les m ers sau f les océans 
A rctique e t A ntarctique, m ais elle est rare. D ans 
l ’océan Ind ien  elle a  é té m entionnée dans une pêche 
p a r T o k i o k a  (1956).

D ans le golfe d u  Bengale nous en avons récolté 13 
exem plaires répartis  dans 3 sta tions, to u tes  situées au 
sud d u  10° parallèle : sta tions n° 354 e t  357 de la croi
sière 15 e t s ta tio n  n° 520 de la croisière 19.

O ik o p leu ra  g ra c ilo id es  L o h m a n n  e t B ü c k m a n n ,  1924 
N ous assimilons cette  espèce à  O ik o p leu ra  g ra c ilis  

( F e n a u x ,  1967a). Elle a é té signalée dans tous les 
océans sau f l ’A rctique. D ans l ’océan Ind ien  on l ’a 
récoltée peu fréquem m ent; dans une pêche p rovenan t 
du golfe d ’A den ( F e n a u x ,  1964) e t  dans 3 pêches au  
nord-ouest des îles Chagos ( T o k i o k a ,  1956).

Ici, nous avons déterm iné 20 exem plaires de cette  
espèce répartis  dans tro is  prélèvem ents, deux  prove
n a n t de la croisière n° 15 (stations 359 e t  378) e t  le 
dernier de la  croisière n° 20 (s ta tion  533).

F r it i l la r ia  fra u d a x  L o h m a n n ,  1896 
C ette espèce a  é té  signalée dans tous les océans, 

sau f l ’A rctique e t  la  m er de N orvège, m ais jam ais en 
grande quan tité . D ans l ’océan Ind ien  elle est m ention

née dans une pêche p a r T o k i o k a  (1956) an  nord-ouest 
des Chagos.

D ans le golfe du  Bengale nous en avons rencon tré  4 
exem plaires à  la s ta tio n  353 au large de M adras.

F r it i l la r ia  pacifica  T o k i o k a ,  1958
Cette espèce é ta it connue, ju sq u 'à  p résen t, u n i

quem ent dans le Pacifique. N ous en avons récolté 2 
exem plaires à  la sta tion  n° 513 située à l ’est du  canal 
du  10° degré en tre  les A ndam an e t  les N icobar.

O ik o p leu ra  d io ica  F o l ,  1872
C’est de loin la  plus eury therm e e t  la  plus euryhaline 

des espèces. On l ’a signalée dans to u tes  les m ers, sauf 
l ’océan an tarc tique . E lle est généralem ent plus abon 
dan te  dans les eaux tem pérées que dans les eaux 
tropicales. R are  en m er ouverte, ce tte  espèce est à  la 
fois fréquente e t  très abondan te  dans les eaux côtières.

E lle a é té  signalée dans presque to u tes  les croi
sières de l ’océan Indien , m ais tou jours peu  fréquem 
m en t ear les prélèvem ents in teressaien t généralem ent 
des eaux  d u  large. C’est encore ce qui se passe dans le 
golfe d u  Bengale où nous avons récolté seulem ent 2 
indiv idus à  la  s ta tio n  378 au  nord-est de M adras.

F r it i l la r ia  ch arybdae  L o h m a n n ,  1899
C ette espèce a é té signalée ju sq u ’à  p résen t dans la 

M éditerranée ( L o h m a n n , 1899; F e n a u x , 1963) e t  la  
m er du  Jap o n  ( T o k i o k a , 1951). N ous en  avons re n 
contré 2 exem plaires à  la  sta tion  364, approx im ative
m en t sur le 10° parallèle, au  no rd-est de Ceylan.

F r it i l la r ia  m egach ile  F o l ,  1872
Espèce qu i se récolte en p e ti t  nom bre dans les 

diverses régions océaniques chaudes e t tem pérées. On 
la  rencon tre  aussi dans l ’océan A ntarctique.

T o k i o k a  l ’a  signalée en 1956 dans deux  prélève
m ents effectués au  nord-ouest des Chagos. Ici, nous 
avons déterm iné 2 individus a p p a rten an t à cette  
espèce dans le m atérie l de la  s ta tio n  529, située au 
débouché du  canal de Malacca dans le golfe du  Bengale.

Discussion et conclusions
Com pte ten u  de leur fréquence e t  de leur abondance 

dans les eaux  du  large, les A ppendiculaires du  golfe du 
Bengale peuven t ê tre  rassem blés en 5 groupes.

(1) E spèces à  la  fois trè s  fréquen tes e t  abondan tes: 
O ik o p leu ra  lo n g ica u d a , M egalocercus h u x ley i, O ik o 
p le u ra  rufescens.

(2) Espèces fréquentes e t re la tivem en t abondan tes : 
O ik o p leu ra  fu s ifo rm is , O . cophocerca, F r i t i l la r ia  b orea lis  
f. sa rg a ss i, S tegosom a m agn u m .

(3) Espèces re la tivem en t fréquentes e t peu  abon 
dan tes : F r it i l la r ia  fo rm ica  f. d ig ita ta , F . p e llu c id a ,  
F . p e llu c id a  var. om a n i.

(4) Espèces peu fréquentes e t  peu  abondan tes: 
O ik o p leu ra  fu c ifo rm is  f. cornu togastra , F r i t i l la r ia  
ven u sta , O. a lb ican s.
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(5) Espèces rares: Pelagopleura sp., Fritillaria  
haplostoma, F . tenella, Tectillaria fertilis, Oikopleura 
parva, F . gracilis, 0 . graciloides, F . fraudax, F . paci
fica, O. dioica, F . charybdae, F . megachile.

Les 7 espèces fo rm an t les groupes 1 e t 2 constituent, 
à  elles seules, 88%  du nom bre to ta l des A ppendi
culaires récoltés. Ce phénom ène n ’est pas typ ique à  la 
population  des A ppendiculaires du  golfe du  Bengale ni 
de l ’océan Indien . Chaque fois que des prélèvem ents 
assez nom breux o n t é té  effectués dans u n  océan, on 
s ’est aperçu que 6 ou 7 espèces constituen t plus de 
85%  du  nom bre to ta l. P a r  contre, la  com position du 
groupe form é p a r  ces espèces est variable e t carac
téristique  de la région considérée.

D ans le cas p résen t e t  comme cela se p rodu it très 
généralem ent dans les zones tropicales e t tem pérées,
O. longicauda e st à  la fois l ’espèce la plus nom breuse e t 
la  plus fréquente. L a suite du  groupe de tê te  est con
stituée p a r O. rufescens, M . huxleyi, S . m agnum  e t O. 
fusiform is.

Ces résu lta ts  confirm ent les tra v a u x  an térieurs sur 
les A ppendiculaires de l ’océan Ind ien  e t la  prédom i
nance de cet ensem ble d ’espèces semble caractériser 
d ’une façon assez constan te  les zones équatoriales e t 
tropicales de cet océan.

L a population  des A ppendiculaires de cette  région 
p résente en ou tre  u n  certa in  nom bre de caractéristiques 
im portan tes, ta n t  au  po in t de vue qu a lita tif que quan 
tita tif .

A s p e c t  q u a l i t a t i f :  Les espèces son t n e ttem en t 
plus nom breuses dans la  zone Sud (21) e t il existe un 
grad ien t décroissant vers le nord  (13 puis 11). Le 
nom bre d ’espèce des O ikopleuridae est peu variable, 
les chiffres relevés du  sud au  nord  son t 10, 9 e t 9. P a r 
contre les espèces de F ritilla ridae  passen t de 11 à 4 
puis à 2. D ans la prem ière famille la p lu p a rt des espèces 
se re trouven t dans tou tes les zones. Quelques excep
tions cependan t: O. albicans e t O. graciloides o n t été 
récoltées uniquem ent dans la p artie  Sud, alors que
O. fusiform is f. cornutogastra e t O. parva  o n t été 
seulem ent déterm inées dans quelques pêches des zones 
centrale e t septentrionale.

Chez les F ritilla ridae  la situa tion  est différente: 
tou tes les espèces récoltées dans le nord  e t le centre se 
re tro u v en t dans la  partie  Sud. F . borealis f. sargassi e t 
F. formica f. digitata son t les seules espèces de la zone 
nord. Elles son t accom pagnées, dans la partie  centrale, 
p a r F . pellucida e t F. venusta.

A s p e c t  q u a n t i t a t i f :  T outes les espèces qui 
ex is ten t dans la  zone Sud o n t une représentation  
affectée d ’un  grad ien t décroissant du  sud vers le nord, 
à  p a r t  4 exceptions. L a  prem ière exception est im 
p o rtan te  pu isqu ’il s ’ag it de O. longicauda. Celle-ci est 
ne ttem en t plus abondan te  dans les zones centrale e t 
septentrionale. O. rufescens e t  F. formica f. digitata 
son t p a r  contre un  peu m oins abondantes dans la 
pa rtie  centrale. E nfin F. venusta, absente dans le nord, 
est plus nom breuse au  centre q u 'au  sud.

N ous pensons q u ’il est possible de rapprocher ces

différentes constatations du fa it que la direction  des 
courants de surface est S-N dans la partie  occidentale 
du  golfe, d u ran t la  période considérée. Les espèces 
autochtones seraient assez peu nom breuses, en p a rti
culier chez les F ritillaridae, alors que la p lu p a rt des 
espèces seraient im m igrantes de l ’océan Ind ien . Seuls 
des prélèvem ents à des saisons différentes pourra ien t 
confirmer ou infirm er cette  hypothèse. U ne étude plus 
étendue du  reste  de l ’océan Ind ien  nous p e rm e ttra it 
égalem ent de m ieux com prendre l ’originalité de la 
biogéographie des A ppendiculaires de cette  région. 
M alheureusem ent, le m atériel p rovenan t de nom 
breuses croisières couvran t l ’ensem ble de cet océan 
nous est parvenu  dans un  trè s  m auvais é ta t ;  il est 
impossible d ’en envisager une étude  sérieuse.

N ous insisterons encore une fois ( F e n a u x , 1964; 
1967a, b) sur le fa it que nos observations o n t été 
lim itée à une période de 2 mois environ. Nous avons 
m ontré  q u ’en M éditerranée ( F e n a u x , 1963), les v a ria 
tions saisonnières des Appendiculaires son t à la  fois 
q uan tita tives  e t qualitatives. Comme il n ’existe 
actuellem ent aucun trav a il sur les variations saison
nières des A ppendiculaires des régions équatoriales e t 
tropicales, il nous est impossible de savoir si les 
espèces e t les répartitions décrites son t valables pour 
les au tres saisons. Cette restric tion  est d ’a u ta n t plus 
valable que la m ousson apporte  dans cette  région de 
fortes varia tions clim atiques e t de circulation. Les 
observations de G a n a p a t i  e t B h a v a n a r a y a m a  (1958) 
dans les eaux côtières, sem blent d ’ailleurs confirmer 
l ’existence de changem ents qualita tifs assez im portan ts.

R ésu m é
1. Les Appendiculaires p rovenan t de 76 stations 

effectuées de ju in  à aoû t 1964 dans le golfe du  Bengale, 
à bord  du  navire «K istna» , o n t é té exam inés. 26 es
pèces o n t été déterm inées. 10 son t nouvelles pour le 
golfe du  Bengale et, parm i celles-ci, 2 é ta ien t in 
connues dans l ’océan Indien.

2. L a com position du  groupe form é p a r les espèces 
les plus abondantes e t les plus fréquentes est carac
téristique  de la faune de l ’océan Indien . Oikopleura 
longicauda représente 50%  du  nom bre to ta l des in d i
vidus récoltés, elle est suivie p a r Oikopleura rufescens 
14%, Megalocercus huxleyi 8% , Oikopleura fusiform is 
e t Fritillaria borealis f. sargassi 6% , Oikopleura 
cophocerca e t Stegosoma m agnum  2% . A ucune au tre  
espèce n ’a tte in t 1%.

3. La densité des espèces dans la  partie  occidentale 
décroît assez régulièrem ent avec la la titude , 21 es
pèces dans le sud, puis en rem o n tan t vers le no rd : 14, 
11 e t 2. Le fond du d é tro it de M alacca est pauvre  en 
espèce: 5, alors que son débouché dans le golfe du 
Bengale est plus riche : 18. Les O ikopleuridae sont 
présentes dans tous les prélèvem ents m ais les F ritilla ri
dae sont absentes dans 25 pêches, p rincipalem ent dans 
la partie  centrale e t nord.

4. La répartition  de chaque espèce a  é té étudiée. 
Oikopleura longicauda est la seule qui soit ne ttem en t
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p lu s  a b o n d a n te  d a n s  le  n o r d .  L a  p l u p a r t  d e s  a u t r e s  
e sp è c e s  m o n t r e n t  u n  g r a d ie n t  d é c r o is s a n t  d u  s u d  v e rs  
le  n o rd .

5 . L e s  d o n n é e s  h y d ro lo g iq u e s  ( t e m p é r a tu r e  e t  
s a l in i té )  n e  n o u s  o n t  p a s  p e r m is  d ’é ta b l i r  d e s  zo n e s  
b ie n  d if fé re n c ié e s  e n t r e  le  s u d  e t  le  n o r d .  I l  se m b le  
d o n c  q u e  le s  e sp è c e s  a u to c h to n e s  s o ie n t  p e u  n o m 
b re u s e s ;  le s  a u t r e s  p r o v ie n d r a ie n t  d e  l ’o c é a n  In d ie n ,  
p o r té e s  p a r  le s  c o u r a n ts  d e  d i r e c t io n  s u d - n o r d  q u i  
e x i s te n t  à  c e t t e  p é r io d e  d e  l ’a n n é e .
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R e p r in te d  from  Crustaceana, vol. 16, p a r t  2, 1969, p . 125-134

A REDESCRIPTION OF P S E U D O D IA P T O M U S  M A R IN U S  SATO 
(COPEPODA, CALANOIDA) AND ITS OCCURRENCE AT THE ISLAND

OF MAURITIUS i)

BY

J O H N  R. G R IN D L E Y  
M useum  and O ceanarium , P o rt E lizabeth, S outh  A frica

and

G E O R G E  D . G RICE 
W oo d s H o le  O ceanographic In stitu tion , W oo d s H ole, M ass., U .S.A .

The Japanese copepod Pseudodiaptom us marinus Sato, 1913, was collected 
by the second author in Port Louis harbor, Mauritius, in the Indian Ocean. Thirteen 
specimens were obtained in a net suspended about 2 meters below the water 
surface from the side of the Research Vessel “Anton Bruun” while at the dock- 
side. The net was set during the night from 2200 hours to 0800 hours on June 
14-15, 1964. The harbor of Port Louis is only a short distance from the open 
ocean but the salinity of the harbor waters may be reduced by the discharge of a 
few small rivers which empty into it. No species of P seu dodiaptom us have prev
iously been recorded from the island of Mauritius. The genus P seudodiaptom us  
contains neritic, estuarine and freshwater species. P. m arinus is a neritic marine 
species. The following description is based on the specimens from Mauritius. 
Differences between these specimens and specimens obtained from Japan and 
Hawaii are noted in the discussion.

Pseudodiaptom us m arinus Sato, 1913 (figs. 1-26)
M aterial. —  T h irteen  specim ens, com prising  one ad u lt m ale and  tw elve a d u lt fem ales, tw o  of 

w hich  w ere ovigerous, from  P o rt Louis harbor, M auritiu s, have been deposited  in  th e  South A frican  
M useum , C ape T ow n, and  the  W oods H o le  O ceanographic In stitu tio n  (S .A .M . A 12084 , A 12085, 
A 12086, W .H .O .I . 2 0 8 4 ).

Description. —  Female: Length 1.28-1.31 mm (mean of twelve specimens 
1.29 mm). Prosome slender, viewed dorsally approximately 2i/2 times as long as 
wide, rounded anteriorly (figs. 1, 2). Fourth and fifth pedigerous segments fused. 
Posterior angles of metasome produced into sharp outwardly directed spines.

! )  C on tribu tion  N o. 2143 fro m  th e  W o o d s H o le  O ceanograph ic In s titu tio n . T h is  stu d y  w as 
supported  in  p a r t by N a tio n a l Science F oundation  g ran t (G B  6 052) and  U n ited  States P rogram  
in  Biology o f th e  In ternational Ind ian  O cean E xpedition .

Collected reprints o f  the In terna tiona l In d ia n  Ocean E x p ed itio n , vo l. V I I ,  c o n tr ib u tio n  no . 522 827
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Rostrum strongly developed with two long filaments which reach second segment 
of first antennae.

Urosome 4-segmented and less than 2/3 length of prosome. Genital segment 
(fig. 3, 4) slightly asymmetrical, with slight swellings laterally and a prominent

Figs. 1-11. Pseudodiaptom us marinus Sato, 1913, female. 1, dorsal view; 2, lateral view; 3, genital 
segment, right side; 4, genital segment, left side; 5, antenna 1; 6, antenna 2; 7, mandibular palp; 

8, gnathal lobe o f  mandible; 9, first m axilla; 10, second maxilla; 11, m axilliped.
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genital boss ventrally. A small patch of fine setae is present on each side of the 
segment and a fringe of stiff setae runs across the ventral surface. The genital 
flaps are prominent and there is a single seta on each side near their distal 
ends. The first three urosome segments are furnished with rows of coarse teeth 
on their posterodorsal margins. The caudal rami are symmetrical, divergent and 
four times as long as wide. They are furnished with fine hairs on their inner 
margins. The five caudal setae are jointed and slightly thicker proximal to the 
joint. There is a small sensory bristle between the fourth and fifth setae.

Antenna 1 (fig. 5) of 21 segments, reaching the posterior margin of the genital 
segment when extended. Proportional length of the segments, setation and arran
gement of aesthetascs as shown in figure 5. A specialized seta armed with recurved 
comb-like teeth near its middle is present on the third from the last segment. 
Modified setae, apparently of varying form, have been described on this segment 
of the first antenna of the female and the unmodified antenna of the male from 
a number of widely scattered species within the genus (Grindley, 1963).

Antenna 2 (fig. 6) with basipod bearing two lateral and two terminal setae 
and a single seta on a small medial protuberance. Exopod 1-segmented only, 
bearing 7 terminal and 6 sub-terminal setae and a lateral fringe of fine hairs. 
Endopod apparently 4-segmented, third segment small and indistinct, bearing 1 
seta on segment 1, 3 lateral and 2 distal on segment 2, 2 on segment 3 and 1 
lateral and 3 terminal on segment 4.

Mandible (figs. 7, 8) with gnathal lobe heavily chitinized and bearing about 
8 fine teeth and a fine plumose seta. Basipod of palp with four inner marginal 
setae. Exopod apparently unsegmented bearing 4 lateral and 7 terminal setae. 
There are some fine hairs on the medial surface of the exopod and the middle 
terminal seta is markedly crooked.

Maxilla 1 (fig. 9) with first inner lobe or gnathobase bearing 10 strong spines, 
small second inner lobe bearing 2 setae and third inner lobe bearing 4 terminal 
setae. Outer lobe or coxal epipod bearing 8 long setae. Exopod with 9 marginal 
setae. One small marginal seta arises between outer lobe and exopod. Second 
basal segment with 5 setae. Endopod 2-segmented, bearing 2 setae medially on the 
first segment and 6 terminal setae on the second.

Maxilla 2 (fig. 10) with five large medial lobes or endites and two smaller 
terminal lobes. The terminal lobes bear 5 setae and 1 seta, the marginal lobes 
4, 3, 3, 3, and 4 setae, and there is one separate proximal seta.

Maxilliped (fig. 11) 6-segmented, 2 basal segments large, 4 distal segments 
small and decreasing in size distally. First segment bearing on its medial border, 
two plumose setae, three plumose setae, and four fine setae and a spine. Second 
segment expanded medially with 3 setae and a fringe of short fine hairs on the 
medial margin. Third segment bearing 2 setae proximally and 2 peculiarly divided 
setae distally. Fourth segment bearing 1 seta, fifth segment 2 setae, sixth segment 
7 setae of which 2 are medial. The peculiarly divided setae on the third segment 
each bear a short spatulate branch near their middle fringed with fine bristles.
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Similar divided setae have been reported in a number of other species of Pseudo
diaptomus (cf. Grindley, 1963).

Swimming legs 1 to 4 biramous, with 2-segmented basipodite and 3-segmented 
exopod and endopod. They are similar in both sexes. The first pair (figs. 12, 13) 
are different from the following three pairs. The spines of the exopod are not 
serrate and blade-like. The first segment of the exopod has one outer edge spine, 
the second no spine, and the terminal segment has two short lateral spines and a 
slender terminal spine. There are fewer setae than on the remaining swimming 
legs. There are several spinules on the first basal segment (fig. 13).

12

13 17

Figs. 12-17 . P seudodiaptom us m arinus  Sato, 1913, fem ale. 12, firs t sw im m ing leg; 13, basipodal 
segm ents o f f irs t sw im m ing leg, an te rio r view ; 14, second sw im m ing leg; 15, th ird  sw im m ing leg ;

16, fo u rth  sw im m ing leg; 17, fifth  leg.

Swimming legs 2 to 4 (figs. 14-16) bear serrated blade-like outer and terminal 
exopod spines, with small spine-like processes at their bases. There are small 
spinules near the distal margins of the first two segments of the endopod and 
exopod of leg 2 and the endopod of leg 3. There are some fringes of fine hairs 
on the margins of the endopods and exopods of legs 2 to 4, and some fine hairs 
on the basipodites of swimming legs 2 and 3. A seta is present on the second 
basipod segment of the fourth pair of swimming legs.

Details of the setation and spinulation of the swimming legs are presented in 
table I. All the setae on the swimming legs are pointed and slightly thicker 
proximal to the joint.
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T a b l e  I

Setation and spinulation of the swimming legs of P. marinus Sato (Mauritius
specimens)

Leg B asipod E ndopod  Exopod

1 2 1 2 3 1 2 3
Si Se Si Se Si Se Si Se Si St Se Si Se Si Se Si St Se

P i 1 0 0 0 1 0 1 0 3 2 1 1 I 1 0 3 I II
P 2 1 0 0 0 1 0 2 0 4 2 2 1 I 1 I 5 I II
P 3 1 0 0 0 1 0 2 0 4 2 2 1 I 1 I 5 I II
P i 1 0 0 1 1 0 2 0 4 2 2 1 I 1 I 5 I II

Si, Se, St rep resen t in ternal, ex ternal and  term ina l spines o f  setae respectively. T h e  n um ber o f 
setae is show n in  A rab ic  num erals and  spines in  R om an num erals.

The fifth pair of legs in the female (fig. 17) is uniramous, 4-segmented and 
symmetrical. The second basal segment bears two small spinules on the outer angle 
and a seta on the posterior surface. The first segment of the ramus bears a spine 
near the distal end of the outer margin. The second segment bears a spine on the 
outer distal angle and is produced distally on the medial side into a curved spini- 
form process, serrated medially, reaching almost to the tip of the terminal spine. 
The terminal spine is less than half the length of the third segment and it bears 
a short serrated spine near its base. There is no distinct separate basal portion to 
the terminal spine.

The eggsac is single, and contained 17 eggs in each of the two ovigerous speci
mens examined.

Male: Length 0.99 mm. Prosome (fig. 18) similar to that of the female, but 
tapering more posteriorly and the spines on the posterior angles of the metasome 
directed posteriorly (figs. 19, 20). Rostral filaments shorter than in female. Uro- 
some 5-segmented, half as long as prosome, uniformly slender, first and last seg
ments shorter than the remainder. Posterior dorsal margins of urosome segments 
1 to 4 fringed with rows of coarse teeth, extending laterally also on segments 2 to 4. 
Caudal rami three times as long as wide (fig. 21).

Appendages similar to those of female except for right antenna 1 and fifth legs.
Right antenna 1 geniculate, of 21 segments (fig. 22). There are three free 

segments distal to the articulation. Proportional lengths of segments, arrangement 
of aesthetascs and setation as shown in fig. 22. There is a hooked spine on seg
ment 10 and a serrated margin to segment 18.

Male fifth legs (figs. 23-26) biramous, basipods 2-segmented, exopods 2-seg- 
mented, endopods 1-segmented. In the right leg the first basal segment is naked. 
The second basal segment is larger, bears three small spinules on its outer margin, 
a posterior seta and a characteristic forked endopod. The endopod has one slender 
pointed ramus and one shorter, stouter ramus ending in two points. The- first 
exopod segment bears a few spinules on the inner and outer margins, and on the
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18

25

Figs. 18-26. Pseudodiaptom us m arinus Sato, 1913, male. 18, lateral view; 19, urosome, dorsal view; 
20, urosome, lateral view ; 21, caudal rami, dorsal view; 22, right antenna 1; 23, fifth  legs, posterior 
view; 24, left fifth  leg, anterior view; 25, endopod o f right fifth  leg, medial view; 26, right fifth

leg, anterior view .

outer distal corner a ‘Y ’ shaped bifurcated spine with a subsidiary spinule in the 
fork. At its base is a stout blunt spine of about half its length. The forked spine 
reaches beyond the base of the spine on the next segment. The second exopod 
segment bears a long straight partly plumose spine on the distal part of the outer 
margin, and a small spinule near its middle. The terminal hook has a thickened
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basal portion and bears two small spinules. It is barely longer than the straight 
spine. In the left leg the first basai segment is naked. The second basal segment 
bears a few spinules on the outer margin, a posterior seta and a long naked endopod. 
The first exopod segment bears a straight plumose spine on its outer distal angle. 
The second exopod segment is elongate and truncate distally bearing a short 
terminal spine and an outer marginal spine opposite the tip of the endopod. 
Between these two spines the margin is fringed with numerous tiny spinules. The 
medial margin is straight and bears two small spinules.

DISCUSSION

P seudodiaptom us m arinus Sato, 1913, together with P. ardjuna  Brehm, 1953, 
P. beieri Brehm, 1951, P. co lefaxi Bayly, 1 9 6 6 , and P. h ickm ani Sewell, 1912, 
form a closely related group of species within the genus P seudodiaptom us. They 
are all characterized by the possession in the fifth legs of the male of both left 
and right endopods of which the right is forked or ‘Y ’ shaped. These species have 
many features in common but may be distinguished most readily by small differ
ences in the fifth legs of the males. They all occur in oriental regions.

Many features such as the setation of the swimming legs and details of the 
mouth parts and antennae which appear important in deciding the relationships 
of P seudodiaptom us species are known for so few species that at present studies 
of affinity must be based largely on the structure of the fifth legs of the male. 
Studies of the grouping of the species of the Pseudodiaptomidae, and the relation
ships and evolutionary significance of these groups (Grindley, in press) have em
phasized the need for more detailed descriptions of P seu dodiaptom us species.

The finding of P. m arinus at Mauritius, reported here, and in brackish waters 
of Hawaii by Jones (1966) poses interesting Zoogeographie problems. The species 
was originally described from Japanese coastal waters and inland seas. The two 
species of P seudodiaptom us from nearby Madagascar have more characters in com
mon with the African species of the genus (Grindley, 1963). P. stuhlm anni Poppe 
& Mrázek, 1895, P. salinus Giesbrecht, 1896, and P. cornutus Nicholls, 1944, 
which occur on the western, northern and eastern sides of the Indian Ocean respect
ively are to some degree intermediate between the African and Madagascar species of 
the genus, and the oriental species including P. marinus. These three intermediate 
species also have a divided right endopod in the fifth legs of the male, but one 
is bulbous and the other is tapered and bears a terminal or sub-terminal seta. The 
oriental group of species which includes P. m arinus, occurs from India eastwards 
and P. marinus is in fact the most easterly representative of the group. Its isolated 
occurrence at the remote Indian Ocean island of Mauritius far to the west, and at 
Hawaii in the mid-Pacific is thus most peculiar. It does not fit the otherwise regular 
pattern of relationships and distribution found within the family Pseudodiapto
midae (Grindley, in press).

Jones ( 1 9 6 6 ) speculated that this species might have reached Hawaii from Japan 
in ship’s ballast water tanks. W e had independently come to the same conclusion
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regarding the Mauritius population, for this appears to be the most plausible 
explanation. Jones dismisses the possibility of transport by ocean currents because 
the time required would exceed the life span of the individuals, which are 
restricted to neritic waters usually of reduced salinity. The possibility of transport 
by ocean currents of individuals from Japan to Mauritius in the southern Indian 
Ocean (20°30'S 57°30'E) is even more remote. Japanese tuna fishing vessels 
frequently use Port Louis in their fishing operations in the southern Indian Ocean. 
Several such vessels were at anchor during the visit of R/V “Anton Braun” in 
June 1964.

There is also a possibility that P. marinus might have adhered to algae or other 
fouling organisms attached to the hull of fishing vessels leaving Japanese coastal 
waters for the Indian Ocean. It has been reported by Jacobs (1961) that P. coro
natus Williams occurring on the Atlantic coast of the United States is able to attach 
to various substrates. Once attached they are able to withstand considerable current 
without being dislodged. Jacobs also reported that P. coronatus is euryhaline, 
and grows well in a variety of laboratory conditions. Unpublished observations by 
the present authors on P. coronatus (by Grice) and P. hessei (Mrázek) and 
P. stuhlmanni (by Grindley) confirm the tenacity and hardiness of these species 
of the genus. If P. marinus has similar characteristics it would be well fitted to 
make long journeys in ship’s tanks or even perhaps attached to fouling.

The specimens obtained from Mauritius show a number of minor differences 
from specimens obtained from Japan and from Hawaii, and from previously 
published descriptions. Indeed the differences from the descriptions and figures 
of Sato (1913), Brodsky (1950) and Chiba (1956) were so great as to prompt 
us initially to regard the Mauritius specimens as representing an undescribed 
species. However, after comparing our Port Louis specimens with material from 
Japan kindly sent to us by R. Hiroia, we considered that our specimens were 
referable to P. marinus. The inadequacy of the previous descriptions of P. marinus 
impressed us with the need to present a detailed description of this species.

Examination of Hawaiian specimens sent to us by Jones and comparison of this 
material with that from Japan and Mauritius and the previously published 
descriptions and figures, indicate that there is considerable intraspecific variation. 
( 1 ) The Mauritius specimens (?  1.28-1.31, 6  0.99 mm) do not appear to differ 
significantly in size from those from Hawaii (?  1.08-1.31, ô 0.94-1.01 mm) or 
from Japan (2  1.3, S  1.0-1.04 mm) although Sato in his original description 
reported larger specimens (5  1 .3 -1 .6 , <3 1.3 mm). ( 2 ) In the fifth legs of the 
male from Mauritius the spine at the base of the forked spine on the right first 
exopod is much longer than in specimens from Japan or Hawaii. (3 ) In the fifth 
legs of the male, the right endopod varies considerably. The slender ramus is 
considerably longer than the stouter ramus in the Mauritius specimens, longer or 
equal in the Japanese specimens and slightly longer in the Hawaiian specimens. 
The published figures depict the slender endopod ramus as shorter (Sato, 1913), 
longer (Brodsky, 1950) or equal (Chiba, 1956). (4 ) The above-mentioned stouter
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endopod ramus which ends in two points in the Mauritius specimen bore four 
points in the Japanese and two blunter points in the Hawaiian specimens. The 
published figures depicted three points (Sato, Brodsky) or a single lobe (Chiba) 
but the latter drawing apparently lacks finer detail. (5 ) In the fifth legs of the 
females the first exopodal segment was relatively shorter in the specimens from 
Mauritius than in any of the other specimens or published figures.

However, after careful comparison, we decided that these variations did not 
indicate even sub-specific differentiation of the Mauritius population. W e consider 
that they might represent ecophenotypes, or perhaps minor geographical variations 
derived from different parts of the Japanese region.
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ZUSAM M ENFASSUNG

D as Vorkom men von Pseudodiaptom us marinus Sato, 1913, ist für Port Louis auf der Insel 
M auritius festgestelt worden. D ie  Art w ird beschrieben und hier zum ersten M al detailliert abge
bildet. Sie steht in  Beziehung zu einer orientalischen Gruppe von Arten derselben Gattung. Ihres 
abnormalen zoogeographischen Verhaltens wegen wird angenommen, dass d ie Art durch Schiffe von  
Japan nach M auritius transportiert worden ist. Intraspezifische Variationen zwischen Exemplaren 
von verschiedenen Lokalitäten werden beschrieben.

REFERENCES

BaylY, I. A . E., 1966. A  new  species and new  records o f  Pseudodiaptomus (C opepoda: Calanoida) 
from the Brisbane River Estuary, Queensland. Proc. Roy. Soc. Queensland, 78 (5 )  : 49-57.

B r e h m ,  V ., 1951. Cladocera und Copepoda Calanoida von Cambodja. Cybium, 6: 95-124.
—-— , 1953. Indische Diaptom iden, Pseudodiaptom iden und Cladoceren. österr. zool. Zeitschr., 4

(3 ) :  241-345.
B r o d s k y ,  K. A ., 1950. Calanoida of the far eastern and polar seas of the U.S.S.R. O predel. Faune 

S.S.S.R., 35: 1-442. [In  Russian].
C h ib a ,  T. L., 1956 . Studies on the developm ent and the systematics of Copepoda. Journ. Shimo- 

noseki Coli. Fish., 6 : 1-90. [In  Japanese],
G i e s b r e c h t ,  W ., 1 896 . Über pelagische Copepoden des Rothen Meeres, gesammelt von M arine

stabsarzt D r. Augustin Krämer. Z ool. Jahrb. (Syst.), 9: 315 -3 2 8 .
G r i n d l e y ,  J. R., 1963. T he Pseudodiaptom idae (Copepoda; Calanoida) o f  Southern African waters, 

including a new  species, Pseudodiaptomus charteri. Ann. S. A fr. M us., 46: 373-391.
 , in  press. A  zoogeographical study of the Pseudodiaptomidae (C opepoda) o f  the world. A nn. S.

Afr. M us.
J a c o b s ,  J . ,  1961. Laboratory cultivations o f  the marine copepod Pseudodiaptomus coronatus W il

liams. Limnol. Oceanogr., 6 (4 ) :  443-446.
J o n e s ,  E . C., 1966. A  new  record o f  Pseudodiaptomus marinus Sato (Copepoda, Calanoida) from  

brackish waters of H awaii. Crustaceana, 10 (3 ) :  316-317.
N i c h o l l s ,  A . G., 1944. Littoral Copepoda f ro m  South Australia ( 1 1 )  Calanoida, Cyclopoida, 

N otodelphyoida, M onstrilloida and Caligoida. Rec. S. Australian M us., 8 : 1-62.

835



P o p p e ,  S. A. & A. M r ä z e k ,  1895. E ntom ostraken des N aturh isto rischen  M useum s in  H am burg , 1 : 
D ie  von H errn  D r. F. S tuh lm ann  au f Z anzibar u n d  dem  gegenüberliegenden Festlande gesam 
m elten  Süssw asser-C opepoden. M itt. na tu rh ist. M us. H am burg , 12 (1 8 9 4 ): 123-134.

S a t o ,  T ., 1913. Pelagic C opepoda, 1 . Rep. Fish. Invest. H okkaido  Fish. exp. Sta., 1: 1-79. [In  
Ja p an ese ].

S e w e l l ,  R. B. S., 1912 . N otes o n  th e  surface-liv ing  C opepoda of th e  Bay o f B engal, I and II. 
Rec. Ind . M us., 7 : 313-382 .

R eceived for pub lica tion  26 Ju n e  1968.



R ep rin te d  from  C rustaceana , vo l. 16, p a r t  1, 1969, p . 103-104

A NOTE O N  THE ECOLOGY OF C O N C H O D ERM A V IR G A T U M  
(SPENGLER, 1790) (CIRRIPEDIA, LEPADOMORPHA)

BY

JO H N  ROSKELL

O ceanographic Laboratory, C raighall Road, E d inburgh  6, Scotland, G reat B ritain

In discussing the settlement of Conchoderma virgatum  (Spengler, 1790), Jones, 
Rothschild & Shomura (1968) suggest “ ...on  the one hand, that the species is an 
opportunistic settler; on the other hand, it has not been reported from such 
common floating objects as glass fish-net floats, pumice, feathers, or organisms 
such as Velella or Ianthina, all of which are common substrata for Lepas”.

An analysis of thirty-nine references which record original occurrences of this 
species confirms this and gives the following settlement sites:

S hips’ hu lls : 16
Fishes : 14
W h a les  : 8

T u rtles : 7
Seasnakes: 4

Hutchins (1952), who was not concerned with occurrences on living organisms, 
gives a similar analysis, including some from the same references, of 23 occurren
ces on ships, 6 on buoys and 3 on test surfaces.

Although several authors make general statements that C. virgatum  attaches 
to seaweed, driftwood or floating logs, no records of this have been found in 
the literature. However, a few recently settled C. virgatum  var. hunteri R. Owen, 
1830, were found on a piece of floating wood collected in November 1964, from
the Gulf of Aden, amongst a large number of attaching cypris larvae and recently
settled Lepas anserifera Linnaeus, 1767. Another group of similar specimens

Crabs: 3
Buoys: 2

Ropes: 1

Telegraph-cables: 1

Collected reprints o f  the In terna tiona l In d ia n  Ocean E x p e d itio n , vol. V I I ,  c o n tr ib u tio n  no . 523 837
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collected from the same area and in the same month, on a floating bottle, were 
entirely L . anserifera. Specimens from meters and floats of expanded polystyrene 
on two current meter assemblies, collected in December 1964 in the Bab el 
Mandeb, showed a conspicuous separation, L. anserifera settling on one of the 
surface floats and C. virgatum  var. hunteri settling on floats at about 40 and 45 
metres. At these stations the temperature and salinity at the surface and at 40-45 m 
were virtually the same, the latter being at the top of the thermocline. Snyder 
(1963) has previously stated that Conchoderm a  occurs plentifully on buoyed 
instruments in warm waters.

These results suggest that, unlike most L epas species, C onchoderm a virgatum  
shows a preference for settling below the surface. L epas h illi (Leach, 1818), which 
is frequently associated with C. virgatum  on ships’ hulls, turtle carapaces and fishes, 
may require similar conditions for settlement. Annandale (1909) states that C. 
virgatum  “occurs at the bottom, both on inanimate objects and on crustacea”. His 
further statement that “although Conchoderm a virgatum  is reported to be a com
mon species, the actual number of specimens recorded is by no means a large one”, 
presumably reflects the settlement of the species on sub-surface objects, unlike 
Lepas species which, settling on floating objects, are more often noticed. Many 
examples of C. virgatum  have been reported on other organisms, such as turtles, 
fishes and seasnakes, which were themselves taken as specimens, or on whales 
taken for commercial purposes.

I am indebted to Dr. Jürgen Lenz, of the Institut für Meereskunde, Kiel, for the1 
specimens and environmental data from the Gulf of Aden, taken during the 
International Indian Ocean Expedition in 1964.
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R ep rin te d  from  In t .  J .  syst. B act., vol. 19, no . 3, 1969, p . 295-307

HYPHOM ICROBIUM  INDICUM S P. NOV. 
(HYPHOM ICROBIACEAE DOUGLAS)

R oy M. Johnson and W illiam  P . W eisro c k 1

B otany and M icro b io lo g y  D ep artm en t 
A riz o n a  State U n iv e r s ity , T em p e, A r iz o n a

A B ST R A C T . D u r i n g  t h e  e i g h t h  c r u i s e  o f  t h e  R / V  
A n t o n  B r u u n ,  a s  p a r t  o f  t h e  I n t e r n a t i o n a l  I n 
d i a n  O c e a n  E x p e d i t i o n  a b a c t e r i u m  w a s  i s o l a 
t e d  f r o m  b o t t o m  m u d  a t  a d e p t h  o f  4 0 0  m e t e r s .  
T h e  e x t r e m e  p l e o m o r p h i s m  o f  t h i s  o r g a n i s m  
c o m m e n d e d  i t  f o r  d e t a i l e d  s t u d y .  I t  w a s  s u b 
s e q u e n t l y  n a m e d  H y p h o m i c r o b i u m  i n d i c u m  a n d  
a c o m p a r a t i v e  s t u d y  w i t h  o t h e r  H y p h o m i c r o - 
b i u m  s p .  u n d e r t a k e n .

M ATERIALS AND METHODS

S ou rce o f  c u ltu r es:  H yp h om icrob iu m  neptunium , L e ifso n  
1964 (AT C C 15444).

H. v u lg a re  S tu tz er a n d  H artleb  1899. S tra in s 4 and 5 fro m  
D r. Jean  Schm idt, A r iz o n a  S tate U n iv ers ity ;  s tr a in s  V and 
VA fro m  M r s . Sharon G entry, D ep artm en t of B a c te r io lo g y ,  
U n iv e r s ity  o f C a lifo rn ia , B e r k e le y .

Two m a r in e  s p e c ie s  o f V ib rio  d es ig n a ted  a s  Y and 418 
w e r e  fro m  c u ltu r e s  is o la te d  during th e  1964 Indian  O cean  
E xp ed ition .

E sc h e r ic h ia  c o l i  (M igu la) C a ste lla n i and C h a lm ers  1919. 
F r o m  the d ep a rtm en ta l s to ck  cu ltu re .

M ainten ance o f c u ltu r e s : H. in d icu m , H. neptunium  and
the m a r in e  v ib r io s  w e r e  m a in ta in ed  on M -2 m ed iu m . H. 
v u lg a re  (4 s tr a in s )  w e r e  m ain ta in ed  on m ed iu m  d esig n a ted  
a s  P -Y , the M -2  m ed iu m  ab ove w ith  su b stitu tio n  of d is t i l le d  
w ater  for  se a  w a ter , and w ith  addition  o f one or two d rop s  
o f m eth an ol to  each  c u ltu r e . E s c h e r ic h ia  c o l i  w as m a in 
ta in ed  on tr y p t ic a s e  so y  a gar  (B B L ) p rep a red  w ith  d is t i l le d  
w a te r . In th e  p rep a ra tio n  o f c u ltu r e s  for  DNA is o la t io n  and

1 T r a in ee  on U. S. P . H. G rant N o. T T - A - 1259 . P r e s e n t  A d 
d r e s s :  D ep t, o f M icro b io lo g y , W ashington S tate U n iv e r s ity .

Collected reprin ts o f  the In tern a tio n a l In d ia n  Ocean E xp ed itio n , vol. V I I ,  c o n tr ib u tio n  no. 524 839
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rou tin e grow th , th e  sa m e 'm ed ia  w e r e  "émployed for each  
o rg a n ism , u n le s s  o th e r w ise  in d ica ted .

M orp h o log ica l c h a r a c te r iz a t io n : C u ltu res u sed  for m o r 
p h o lo g ica l stu d ie s  were' p rep a re d  by in ocu la tion  of s la n ts  or 
b roth  and in cu b ated  for  v a ry in g  le n g th s  of t im e . S m ea rs  
w e r e  g r a m  sta in ed  u sin g  H u ck er 's  m o d ifica tio n  (12).

M o tility  w as d em o n stra ted  by m ea n s o f the R hodes (11)  
f la g e l la  s ta in  a s  w e ll  a s  by hanging drop  p rep a ra tio n s .

C e ll w a lls  w e r e  sta in ed  u sing  th e m ethod  o f W ebb (15).
P h o to m icro g ra p h s w e r e  obtained  u sin g  P an atom ic X f ilm  

(Kodak) in  a L e itz  O rtholux m ic r o sc o p e  w ith  an O rthom at 
m ic r o c a m e r a  a ttach m en t.

P h y s io lo g ic a l c h a r a c te r iz a t id h : C arbohydrate m ed ia  
c o n s is te d  of 1% of the ap p rop r ia te  su gar in M -2  or P -Y  
b roth . Indol, g e la tin , n itr a te , and MR V P t e s t s  w ere  p e r 
fo rm ed  u sin g  reh yd ra ted  D ifc o  m ed ia . H ydrogen  su lfid e  
p rod u ction  w as d eterm in ed  u sin g  the le a d  a ce ta te  paper  
s tr ip  m éthod  (12). ¡Starch and c a s e in  m ed ia  w e r e  p rep ared  
by adding 2% so lu b le  s tä rc h  and 2% p ow d ered  m ilk  (C arna
tion) r e s p e c t iv e ly  to  M -2  or P -Y  a g a r . S tarch  h y d r o ly s is  ' 
w a s te s te d  by flood in g-th e p la te s  w ith  L u g o i's iod in e so lu tion . 
C hap m an -Stone agar and M acC onkey agar, a s  w e ll  as S -S  
agar , w e r e  p rèp ared  u s in g  d eh ydrated  m ed ia  (D ifco ). G lu
c o s e  m e ta b o lism  w as d eter m in ed  by m ea n s o f H u gh -L eifson  
m ed iu m  (4 ). A n tib io tic  s e n s it iv ity  w as te s te d  u sin g  c o m 
m e r c ia l  d is c s  (D ifco) of low  co n cen tra tio n .

P o s s ib le  in h ib ition  by p te r id in e  w as d eterm in ed  by u se  o f  
f i l t e r  paper im p reg n a ted  w ith  a sa tu ra ted  so lu tion  of p te r i
d ine I / 1 2 9  (A llan  and H anbury L T D .).

O x id ase , u r e a s e , ly s in e  d e c a r b o x y la se  and p henylalanine  
d ea m in a se  a c t iv it ie s  w e r e  d eterm in ed  by the u se  o f  P ath o-  
T ec p ap er s tr ip s  (W a rn er -C h ilco tt  L a b o ra to r ie s) .

A m ino ac id  r e q u ir e m e n ts  w e r e  d eterm in ed  u sin g  s t e r i 
l iz e d  s to ck  so lu tio n s  con ta in in g  10 m g o f the ap propriate  
am in o  ac id  in  5 m l o f se a  w a te r . . One m l of th e am ino acid  
s to ck  so lu tio n  w as added to  5 m l o f b a sa l m ed iu m  (1% g lu 
c o s e  in  se a  w ater) and th e  tu b es  w e r e  in ocu la ted  w ith  0. 1 m l 
e a c h  o f a tw ic e -w a sh e d  su sp e n s io n  of c e l l s .

T he a b ility  to  u se  s in g le  carbon  s o u r c e s  w as d eterm in ed  
a s  fo llo w s: th e b a sa l m ed iu m  for H. in d icu m  and H. n ep 
tun ium  c o n s is te d  of s e a  w a ter  p lus 0 . 01% d ib a s ic  am m onium  
p h osp h ate . The c o m p o sit io n  o f  th e two b a sa l m ed ia  u sed  
w ith  th e  H. v u lg a re  s tr a in s  is  g iven  in  T ab le 1. The carbon  
com p oun ds w e r e  added to  th e  b a sa l m ed iu m  to  g iv e 'a fin a l 
con cen tra tio n  o f  0 . 5% tubed in 5 m l am oun ts and s te r iliz e d ,
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ex cep t for  m eth an o l w h ich  w as added a se p t ic a l ly  a fter  
s te r il iz a t io n .

T ab le 1. B a sa l m ed ia  u se d  for  s in g le  carbon  so u r c e  t e s t s  
w ith  H yp h om icrob iu m  v u lg a re .

M edium  A

KH2P 0 4- 1 . 5  gm ; NaNO3- 1 . 0  gm ; N a C l-0 . 5 gm;
M gS 04- 7H2O -0 . 5 gm ; C aC l2- 2H2O- 0 .  3 gm ; M nCl2- 4H20 -  
0 . 0 3  gm ; F e  S 0 4- 7 H2O -0 . 025 gm ; d is t i l le d  w a te r - 1 l it e r .

M edium  B

NaNO 3- I . O gm;  KH2P O 4- 1 . 0  gm ; N a C l-0 . 5 gm;
M gS 0 4-7H 2O- 0 .  5 gm ; tap w a te r - 1  l i t e r .

S tra in s o f H yp hom icrob ium  w er e  grow n to  ligh t tu rb id ity , 
w ash ed  tw ic e  w ith  s t e r i le  b a sa l m ed iu m , and 0 . 1 m l o f the  
w ash ed  cu ltu re  in ocu la ted  into th e r e s p e c t iv e  m ed ia .

Iso la tio n  of b a c te r ia l DNA: DNA w as iso la te d  a cco rd in g  
to  th e m ethod  of M arm ur (8 ) w ith  the fo llow in g  m o d ifica tio n s;

1. S ipex , a su lfa ted  fatty  a lco h o l, w as u sed  for ly s i s  of 
th e c e l ls .

2. W ith H. in d icu m  it  w a s n e c e s s a r y  to  p r e tr e a t  th e c e l l  
su sp e n s io n  w ith  10 m g of ly so z y m e  (N u tr ition a l B io c h e m i
c a ls )  at 3 7 ° C fo r  30 m in u tes , fo llow ed  by ly s i s  w ith  S ipex, 
a s  ab ove.

3. R ib o n u c le a se  (5X: N u tr ition a l B io c h e m ic a ls )  u sed  in  
th e p ro ce d u re  w as f ir s t  h eated  at 8 0 ° C for 15 m in u tes to 
d e s tr o y  any r e s id u a l d eo x y r ib o n u c lea se  a c t iv ity .

F o llo w in g  iso la tio n , sa m p le s  of'th e d is so lv e d  DNA w er e  
d ilu ted  in  s a l in e -c it r a te  ( 0 . 15  M N aC l + 0 . 0 1 5  M sod iu m  
c itr a te , pH 7. 0) to  an a b sorb an ce  o f 0 . 5 at 260 m p. The 
2 3 O/2 6 O and 2 8 O/2 6O ab sorb an cy  ra tio  o f the DNA w er e  d e 
ter m in ed  w ith  a C olem an  A uto s e t  sp ec tro p h o to m eter , in  
o rd er  to a s s e s s  th e p u rity  of the DNA. V a lu es o f 0 . 55 and 
0 . 50 r e s p e c t iv e ly  w e r e  c o n s id e r e d  in d ica tiv e  of a good  
p rep a ra tio n .

D eterm in a tio n  of h a s e  c o m p o s it io n : T he b a se  c o m p o s i
tion  o f th e  p u r ified  DNA w as ob ta in ed  u sin g  th e  th e rm a l 
d én atu ration  m ethod  o f M arm ur and D oty (9). A b so rb a n ce  
w as d e ter m in ed  w ith  a s p e c ia l cu v ette  h o ld e r . A  Haake 
m o d e l F  con stan t tem p e ra tu r e  w ater  bath se r v e d  a s  a te m 
p era tu re  co n tro l. B a se  ra tio  a n a ly s is  o f H. in d icu m  and
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E . c o l i  DNA w as a lso  p erfo rm ed  u sin g  the ch rom atograp h ic  
m ethod  d e sc r ib e d  by B en d ich  (1).

RESULTS

D e sc r ip t io n  o f H yp hom icrob ium  in d icu m  sp .n o v .
M orp h ology . A fter  24 h ou rs in cu bation  on M -2 agar at 

25° C, iso la te d  c o lo n ie s  of H. in d icu m  a r e  c ir c u la r , 1 to 2 
m m  in  d iá m e te r , th in , w hite and c r e a m y  in  c o n s is te n c y . 
A lthough  no p igm en ta tion  o c c u r s , th e  c o lo n ie s  tend  to y e llo w  
w ith  a g e . No p e l l ic le  fo rm ation  o c c u r s  in  broth; h ow ever, a 
rop y se d im en t i s  p rod uced  in g lu c o se -p e p to n e  s e a  w ater t 
broth.'

The p leo m o rp h ic  ch a ra c ter  of th e o r g a n ism  is  ob v iou s. 
G ram  sta in s  and s im p le  s ta in s  fr o m  agar s la n ts  or broth  
show  p red om in an tly  p lum p G r a m -n e g a tiv e  rod s, 0 . 7 to  1. 0 \x 
in  w idth  by 2. 0 to  6 .0  u in  len g th . M any of th e c e l ls  contain  
G r a m -p o s it iv e  r e tr a c t i le  g ra n u le s . H ow ever, in  b roth  c u l
tu r e s  and l e s s  freq u en tly  on so lid  m ed ia  long c e l ls  appear  
s ix  to n in e  h o u rs a fter  in ocu la tion  w h ich  atta in  len g th s of 
40 to  50 u . A lthough  th ey  do not appear to h ave c r o s s w a lls ,  
a s  d eter m in ed  by c e l l  w a ll s ta in s , th ey  ap paren tly  su b se 
quently  fra g m en t to  p rod uce ro d s of the s iz e  d esc r ib ed  ab ove.

A  str ik in g  fea tu r e  of the p leo m o rp h ic  m orp h ology  i s  the  
p rod u ction  in  b roth  and agar cu ltu r es , o f G ra m -n eg a tiv e  
co c c o id  c e l l s  v ary in g  in d ia m e te r  fro m  1. 0 to 2. 5 u . T h ese  
a re  jo in ed  by s le n d e r  f ila m e n ts , 0. 5 to  2. 0 la in length . T h is  
typ e of m orp h o logy  i s  su g g e s t iv e  of the budding m ech a n ism  
of rep rod u ction , known to  be c h a r a c te r is t ic  of th e Hypho
m ic r o b ia c e a e . F ig u r e  1 i l lu s tr a te s  th is  v a r ia b le  m orp h ology . 
The sh o r te r  rod s and co c co id  fo rm s a r e  m o tile  in  hanging  
d rop  m oun ts and p o s s e s s  p o lar m o n o tr ich o u s f la g e lla . The 
long c e l l s  had no f la g e l la . H. in d icu m  is  n on acid  fa st and 
d o es  n ot sp o ru la te .

P h y s io lo g ic a l c h a r a c t e r is t ic s . A  co m p a r iso n  b etw een H . 
in d icu m , H. n eptunium , and the four s tr a in s  of H. vu lgare  
w a s m ade in  te r m s  o f grow th  re q u ir em en ts  and b io ch em ic a l  
c h a r a c t e r is t ic s .  The ran ge o f te m p e r a tu r e s  and hydrogen  
ion  co n ce n tr a tio n s  for grow th  a re  show n in  T ab le 2. T able 3 
sh ow s th e e f fe c t  of s p e c if ic  io n s on grow th  and th e se a  w ater  
to le r a n c e  o f  ea c h  s tra in .

T ab le 4 r e v e a ls  th e b io c h e m ic a l c h a r a c te r is t ic s  o f each  
stra in , w h ile  th e  en zy m a tic  a c t iv ity  and a n tib io tic  su sc e p t i
b ility  o f  each  i s  show n in T ab le 5. The a b ility  of v ar iou s  
o rg a n ic  com pounds and am ino a c id s  to  s e r v e  a s s in g le  carbon
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F ig u r e  1. C h a r a c te r is t ic  v a r ia b le  m orp h o logy  o f H. in d icu m . 
A . Long c e l l  w ith  b u d s. B . C e ll  w a ll s ta in  o f lon g  c e l l s  
show ing la ck  of c r o s s w a lls .  C. F ra g m en ta tio n  of long  
c e l l  to  b a c illa r y  ty p e s . D. "Budding" ch a in  o f c e l l s .
E . "D um bbell" c e l l s .  F , G, H. F ila m e n t  fo rm a tio n  and 
budding ch a in s . . A ll e x c ep t B sta in ed  w ith  c r y s ta l  v io le t  
X 1000.
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Table 2 Temperature requirem ents and pH range of
Hyphomicrobium spec ies

S p e c ie s T e m p e ra tu re  (C)

4 1 0  18 25 30 37 55

H . in d ic u m + (U + + + - - -

H . n e p tu n iu m J U + + + + -

H . v u lg a re

s t r a in  5 - + + + + + +

s t r a in  4 - + + + + +

s t r a in  V - + + + +

s t r a in  VA - - + + + -

pH

4 4 .5  5 5 .5 6 - 8 . 5 9 9 .5 1 0

H . in d ic u m - + + + + + + -

H . n e p tu n iu m - - + + + + -

H . v u lg a re

s t r a in  5 - - + + + + +

s t r a in  4 - - + + + + +

s t r a in  V - - + + + + +

s t r a in  VA - - + + ' + + +

I. + g ro w th  (-)  no g ro w th
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Table 3 Sea w ater to lerance and effect of ions on
Hyphomicrobium spec ies

S p e c ie s 1 0 0 %
C o n c e n tra t io n  o f S ea  W a te r

75% 50% 25% 0%

H . in d icu m + . (*;1 + + - -

H . n ep tu n iu m + + + + +

H . v u lq a re

s t r a in  5 - - + + +

s t r a in  4 - - + + +

s t r a in  V - - + + +

s t r a in  VA - - + + +

G ro w th  in  p e p to n e - y e a s t  e x t r a c t  
p lu s  d i s t i l l e d  w a te r  p lu s :

no  a d d i t io n  3% N a C l 0.1% 0 01
 a 2  0 . 1% M g C l2

H . in d icu m - - - - -

H . n e p tu n iu m + + + + +

H . v u lq a re

s t r a in  5 + + + + +

s t r a in  4 + + + + +

s t r a in  V + + + + +

s t r a in  VA + + + + +

(*) + = growth  
-  = nongrow th
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Table 4 B iochem ical C h aracteristics of
Hyphomicrobium sp e c ie s

H. indicum H. neptunium 

5

H. vulgare 
strains 

4 V VA

Glucose
(Hugh-Leifson)

Aerobic
Anaerobic

+1
+

- -

Maltose + - - -  -

Sucrose + - - -  -

Lactose - - - -  -

Arabinose - - - NG NG NG

Xylose NG2 - - -  NG NG

Indol +3 - - -  -

Nitrate + - - - -

H2S
+ - - - -

MRVP NG NG NG NG NG NG

Gelatin - NG NG NG NG NG

Casein - - - - -

Starch - - - -  -

MacConkey agar NG NG NG NG NG NG

Chapman-Stone
agar NG NG NG NG NG NG

S-S agar NG NG NG NG NG NG
1 - acid produced from sugar
2 - no growth
3 -  positive test or growth
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Table 5 Enzyme a c tiv ity  and antib iotic  su scep tib ility
of Hyphomicrobium sp e c ie s

H. indicum H. neptunium

5

H. vulgare 

4 V VA

Urease - - - -

Catalase - + - -

Oxidase - - - -

Lysine
Decarboxylase

- + + + -

Phenylalanine
Deaminase

+ - - -

Chloromycetin +1 + - -

Neomycin + - -

Erythromycin - - - -

Kanamycin + + + + +

Novobiocin + + - -

Tetracycline - - - -

Streptomycin + -
i

+ + ' +

Penicillin - - - -

Pteridine
0/129

- - - -

i + = inhibition 
-  = no inhibition
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s o u r c e s  fo r  g ro w th  w a s  s tu d ie d . G lu c o s e , m e th a n o l, a c e 
ta t e ,  c i t r a t e ,  s u c c in a te ,  g ly c e r o l ,  la c t i c  a c id , p h en o l, and  
fo r m a ld e h y d e  w e r e  u s e d .  H. in d ic u m  w a s  a b le  to  u s e  o n ly  
c it r a t e  a s  a  s o l e  c a r b o n  s o u r c e , w h ile  H . n ep tu n iu m  u t i l iz e d  
o n ly  s u c c in a te .  N on e  o f  th e  H . v u lg a r e  s t r a in s  g r e w  in  an y  
o f  th e  s in g le  c a r b o n  s o u r c e  m e d ia  w ith  b a s a l  m e d iu m  A, 
h o w e v e r , w ith  m e d iu m  B, g ro w th  o c c u r r e d  w ith  a l l  s in g le  
c a r b o n  s o u r c e s  and  sh o w ed  s l ig h t  g r o w th  in  th is  b a s a l  
m e d iu m  a lo n e .

H. in d ic u m  d id  n o t  g r o w  in  any o f  th e  m e d ia  c o n ta in in g  
a m in o  a c id s  a s  s o le  n it r o g e n  s o u r c e s .  T h e s e  m e d ia  e m 
p lo y e d  g ly c in e ,  L - c y s t e in e ,  L - h is t id in e ,  D L - v a lin e ,  L - 
a s p a r a g in e , D L - t y r o s in e ,  D L - s e r in e ,  and L -g lu ta m ic  a c id  
a lo n e  and in  v a r io u s  c o m b in a t io n s .

D N A  a n a ly s is :  L y s is  to  o b ta in  D NA  and th e  th e r m a l d é 
n a tu r a t io n  fo r  o b ta in in g  th e  p e r c e n ta g e  o f  g u a n in e , p lu s  
c y to s in e  w o r k e d  w e l l  w ith  E . c o l i ,  th e  tw o  V ib r io s  and H. 
n e p tu n iu m . L y s is  o f th e  4 H. v u lg a r e  s t r a in s  and  r e c o v e r y  
o f  D N A  fr o m  th e m  w a s  n o t p o s s ib le  fo r  u s  by t h e s e  m e th o d s .  
M a n d el (p e r s o n a l  c o m m .)  in d ic a te d  s im i la r  d if f ic u lty  in  
ly s in g  s t r a in s  o f  H y p h o m ic r o b iu m  v u lg a r e .  H. in d ic u m  r e 
q u ir e d  a d d it io n a l ly s o z y m e  p r io r  to  l y s i s ,  h o w e v e r , on  
th e r m a l  d é n a tu r a t io n  th e  H . in d ic u m  D N A  sh o w ed  a c o n tin u 
o u s  in c r e a s e  in  O. D . w ith  t e m p e r a tu r e .  U s e  o f  th e  c h r o m a 
to g r a p h ic  m eth o d  o f  B e n d ic h  (1) sh o w e d  th a t H. in d ic u m  had  
a g u a n in e - c y to s in e  c o n te n t o f  40%. T h is  f ig u r e  w a s  c o n 
f ir m e d  b y  D r . M a n d e l u s in g  b u oyan t d e n s ity  a n a ly s is  (p e r s .  
c o m m .) .

D ISC U SSIO N

T h e r e  i s  no  m e n t io n  in  th e  d e s c r ip t io n  o f H . v u lg a r e  in  
th e  7 th  e d it io n  o f  B e r g e y ' s M an u a l (2) o f  th e  lo n g  f i la m e n to u s  
c e l l s  o r  p le o m o r p h is m  c h a r a c t e r i s t i c s  w h ich  H. in d ic u m  
p o s s e s s e s .  T h e s e  c h a r a c t e r i s t i c s  w e r e  n o t o b s e r v e d  by th e  
a u th o r s  in  th e  fo u r  s t r a in s  o f  H. v u lg a r e  and th e  s in g le  
s t r a in  o f  H . n ep tu n iu m .

T h e c o c c o id  c e l l s  a r e  c o n n e c te d  b y  f i la m e n t s ,  ab ou t 0 . 3 u 
in  d ia m e te r  and  t y p ic a l ly  s h o r te r  th a n  th o s e  o f  H . v u lg a r e  or
H . n e p tu n iu m . In g e n e r a l ,  th e  bu d d in g  c e l l s  a r e  so m e w h a t  
la r g e r  th a n  th o s e  o f th e  o th e r  h y p h o m ic r o b ia , h o w e v e r ,  
H ir s c h  (13) h a s  r e p o r te d  la r g e r  c e l l s  up  to  5 u in  d ia m e te r  
in  s o m e  c u lt u r e s  o f  H . v u lg a r e .  H . in d ic u m  d o e s  n o t fo r m  
r o s e t t e s ,  a lth o u g h  s o m e  a g g r e g a t io n  o f  budding c e l l s  h a s  
b e e n  n o te d . T h e p a tte r n  o f  bud d in g  in  H. in d ic u m  i s  a ls o
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s im i la r  in  c e r ta in  r e s p e c t s  to  th a t o f  R h o d o m ic r o b iu m  v a n 
n ie l i i .  T h e la t te r  o r g a n is m  p r o d u c e s  a s t r in g  o f  in t e r c o n 
n e c te d  b u d s and f i la m e n t s ,  w ith  s o m e  b r a n c h in g  o f  th e  f i l a 
m e n t s .  S e v e r a l  p ic t u r e s  o f  H . in d ic u m  sh o w  th is  p a tte r n , 
and in d eed , n e tw o r k s  o f b uds and f i la m e n t s  h a v e  b e e n  n o te d .

T he s ig n if ic a n c e  o f th e  lo n g  f i la m e n to u s  c e l l s  in  c u ltu r e s  
o f  H . in d ic u m  h a s  n o t b e e n  r e s o lv e d .  T h e y  m a y  r e p r e s e n t  
a s ta g e  in  th e  l i f e  c y c le  or  b e th e  p ro d u c t o f  a d v e r s e  c u ltu r a l  
c o n d it io n s  in  th e  m e d iu m . L e ifs o n  (6) r e p o r te d  lo n g  c e l l  
v a r ia n t s  o f  C a u lo b a c te r , a s ta lk e d  b a c te r iu m , w h en  p s y c h r o 
p h ile s  and  h a lo p h o b e s  w e r e  grow n  r e s p e c t iv e ly  a t 37° C and  
in  b r o th  c o n ta in in g  1% N a C l. H. in d ic u m  g r o w s  o p t im a lly  
a t 2 5 ' C in  a p e p to n e - y e a s t  e x tr a c t  m e d iu m  w ith  a r t i f i c ia l  
s e a  w a te r , and u n d er  t h e s e  c o n d it io n s  th e  lo n g  c e l l s  a r e  
o b v io u s .

T y le r  and M a r s h a l l  (14) h a v e  a ls o  r e p o r te d  p le o m o r p h y  
in  s t r a in s  o f  H y p h o m ic r o b iu m  sp . b o th  in  th e  n a tu r a l e n v ir o n 
m e n t and  in  p u r e  c u lt u r e s  on  v a r io u s  m e d ia . T h e  p r im a r y  
m a n ife s t a t io n s  a r e  e x t e n s iv e  b r a n c h in g  o f  th e  f i la m e n t s  and  
b iz a r r e  s w o lle n  c e l l s .

T h e r e s u l t s  o f  s e v e r a l  p h y s io lo g ic a l  t e s t s  (T a b le s  4  and  
5) in d ic a te  a g r a d a t io n  in  c h a r a c t e r i s t i c s  am o n g  th e  H y p h o 
m ic r o b iu m  s p e c i e s  s tu d ie d . T h e e x is t e n c e  o f  s u c h  a g r a d a 
t io n  i s  v e r y  l ik e ly  w h en  on e c o n s id e r s  th a t o n ly  tw o  o th e r  
s p e c i e s  h a v e  b e e n  a s c r ib e d  to  th e  g e n u s  in  a d d it io n  to  our  
i s o la t e .  T h is  g r a d a tio n  i s  a ls o  sh ow n  w ith  r e s p e c t  to  s e a  
w a te r  t o le r a n c e  and  th e  e f f e c t  o f  s p e c i f ic  io n s  on  g r o w th  in  
a d is t i l l e d  w a te r  m e d iu m  (T a b le  3).

T h e c a p a b il ity  o f  H y p h o m ic r o b iu m  s p e c i e s  to  g r o w  w ith  
s in g le  c a r b o n  s o u r c e s  a ls o  in d ic a te  th e  g r a d a tio n  e x is t in g  
am on g  t h e s e  s p e c i e s .  H . v u lg a r e  w a s  o r ig in a l ly  th o u g h t to  
b e  a u to tr o p h ic  in  i t s  m e t a b o l is m  (5 ) . T h is  a r g u m e n t w a s  
b a s e d  m a in ly  on  s lo w  g r o w th  r a t e s  and fa in t g ro w th  in  m e d ia  
corfta in in g  n o  o r g a n ic  c a r b o n  c o m p o u n d s . H . v u lg a r e  d o e s  
g r o w  in  b a s a l  m e d ia  a t th e  e x p e n s e  o f  v o la t i l e  1 - ca r b o n  
co m p o u n d s  in  th e  a tm o s p h e r e , but H ir s c h  (13) h a s  sh ow n  
th a t th e  o r g a n is m  i s  c h e m o h e te r o tr o p h ic  and u t i l i z e s  p r i 
m a r i ly  1 - c a r b o n  co m p o u n d s  su c h  a s  m e th a n o l, u r e a , m e t h y l-  
a m in e , an d  fo r m a m id e . T h u s, th e  fo u r  s t r a in s  o f  H . v u lg a r e  
g r e w  in  a l l  s in g le  c a r b o n  s o u r c e  m e d ia  a s  w e l l  a s  in  th e  
b a s a l  m e d iu m  B , but H . n e p tu n iu m  w a s  a b le  to  g r o w  o n ly  
w ith  s u c c in a te  a s  th e  s o le  c a r b o n  s o u r c e , and H . in d ic u m  
o n ly  w ith  c i t r a t e .

H . in d ic u m  i s  m o r e  a c t iv e  m e t a b o l ic a l ly  th an  e ith e r  H . 
n e p tu n iu m  o r  H . v u lg a r e ,  i t s  p r in c ip a l  t r a i t  b e in g  th e  a c t iv e
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fe r m e n ta t io n  o f  g lu c o s e ,  s u c r o s e  and m a l t o s e .  G row th  i s  
in h ib ite d  in  th e  p r e s e n c e  o f  th e  f iv e - c a r b o n  su g a r  x y lo s e ,  
and  th is  in h ib it io n  w a s  a ls o  o b s e r v e d  fo r  s e v e r a l  s t r a in s  of
H . v u lg a r e  in  th e  p r e s e n c e  o f  x y lo s e  and  a r a b in o s e .  N itr a te  
r e d u c t io n  w a s  o b s e r v e d  fo r  H. in d ic u m  but n o t fo r  H. n e p 
tu n iu m , a lth o u g h  L e if s o n  (7) r e p o r te d  th e  la t te r  a s  n itr a te  
p o s i t iv e  on  a g e la t in - n i t r a t e  m e d iu m . A ll  o th e r  t e s t s  p e r 
fo r m e d  on H. n e p tu n iu m  a g r e e d  w ith  L e i f s o n 's r e s u l t s .

H ir s c h  and  M a n d e l (H ir s c h , p e r s .  c o m m .)  h a v e  a n a ly z e d  
th e  b a s e  c o n te n ts  o f  s o m e  110 s t r a in s  o f  H . v u lg a r e  w h ich  
h a v e  a r a n g e  o f  55 to  68% g u a n in e  + c y t o s in e .  It i s  o b v io u s  
th e  b a s e  r a t io  o f  H . in d ic u m  i s  lo w  a t 40%; h o w e v e r , p end in g  
s tu d y  o f  a d d it io n a l s p e c i e s  o f  H y p h o m ic r o b iu m  th is  w ould  
a p p e a r  to  b e th e  b e s t  p o s s ib le  g e n e r a  fo r  th is  m a r in e  i s o la t e .  
H ir s c h  h a s  a ls o  o b s e r v e d  th e  c u ltu r e  and  a g r e e s  th a t it  
a p p e a r s  to  bud.

R E F E R E N C E S

I . B en d ich , A . 1 957 . M eth o d s fo r  c h a r a c te r iz a t io n  of
n u c le ic  a c id s  by  b a s e  c o m p o s it io n . In: S . P . C o lo w ic k  
and N . O . K ap lan  (e d s .)  M eth o d s in  E n z y m o lo g y , V o l.
III. A c a d e m ic  P r e s s ,  N ew  Y o rk .

2 . B r e e d , R . S . ,  E . G. D . M u rra y  and N . R . S m ith . 1957.
B e r g e y ' s M an u al o f  D e te r m in a t iv e  B a c te r io lo g y .  7 th  
e d . W il l ia m s  and W ilk in s  C o . , B a lt im o r e .

3 . H o ld g a te , D . P . and  R . W. G ood w in . 1 9 6 4 . R ap id  m eth o d
fo r  th e  s e p a r a t io n  o f  n u c le ic  a c id  b a s e s .  B io c h e m .  
B io p h y s . A c ta  9 1 :3 2 8 - 3 2 9 .

4 . H ugh, R . and E . L e if s o n . 1 953 . T h e ta x o n o m ic  s ig n i f i 
c a n c e  o f  f e r m e n ta t iv e  v e r s u s  o x id a t iv e  m e t a b o lis m  o f  
c a r b o h y d r a te s  by v a r io u s  G r a m -n e g a t iv e  b a c te r ia .
J . B a c t . 6 6 :2 4 -2 6 .

5 . L a r g e , P . J . , D . P e e l  and J. R . Q u a y le . 1 9 6 1 . S y n th e s is
o f  c e l l  c o n s t itu e n t s  b y  m e th a n o l-  and fo r m a te -g r o w n  
P s e u d o m o n a s  A M I and m e th a n o l-g r o w n  H y p h o m ic r o 
b iu m  v u lg a r e .  B io c h e m . J . 8 1 :4 7 0 - 4 8 0 .

6 . L e ifs o n , E . 1 9 6 2 . T h e b a c t e r ia l  f lo r a  o f  d is t i l le d  w a te r
and s to r e d  w a te r . In tl. B u ll. B a c t . N o m en . T axon . 
J_2(4) : 1 3 3 -  153 .

7 . ______ . 1 9 6 4 . H y p h o m ic r o b iu m  n e p tu n iu m  sp . n . A n to n ie
van  L ee u w e n h o e k . J . M ic r o b io l .  S e r o l .  3 0 (3 ) :2 4 9 -2 5 6 .

8 . M a rm u r , J . 1 9 6 1 . A  p r o c e d u r e  fo r  th e  is o la t io n  o f  D NA
fr o m  m ic r o o r g a n is m s .  J . M o l. B io l .  5 :2 0 8 -2 1 8 .

85 0



307

9 . and P . D o ty . 1 962 . D e te r m in a t io n  o f  th e  b a s e
c o m p o s it io n  o f  D NA  fr o m  i t s  t h e r m a l d é n a tu r a t io n  
t e m p e r a tu r e .  J . M o l. B io l .  5 :1 0 9 - 1 1 8 .

10 . M a rsh a k , A . and H . J . V o g e l. 1 9 5 1 . M ic r o d e te r m in a 
tio n  o f  p u r in e s  and p y r im id in e s  in  b io lo g ic a l  m a t e r ia l s .  
J. B io l .  C h em . 1 8 9 (2 ) :5 9 7 -6 0 5 .

11 . R h o d e s , M . E . 1 9 5 8 . T h e  c y to lo g y  o f  P s e u d o m o n a s  sp p .
a s  r e v e a le d  by  a s i lv e r - p la t in g  s ta in in g  m e th o d . J . 
G en . M ic r o b io l.  1 8 :6 3 9 -6 4 2 .

12. S o c ie ty  o f  A m e r ic a n  B a c t e r io lo g i s t s .  1957 . M an u al o f
M ic r o b io lo g ic a l  M e th o d s . M c G r a w -H il l B ook  C o . ,
N ew  Y o rk .

13. S ta r r , M . P . and V . B . D . S k e r m a n . 1 9 6 5 . B a c t e r ia l
d iv e r s ity :  th e  n a tu r a l h is t o r y  o f  s e l e c t e d  m o r p h o 
lo g ic a l ly  u n u su a l b a c te r ia .  A nn . R ev . M ic r o b io l.  19: 
4 0 7 -4 5 4 .

14 . T y le r , P .A .  and K. C . M a r s h a ll .  1 9 67 . P le o m o r p h y  in
s ta lk e d , budd ing  b a c te r ia .  J . B a c t . 9 3 :1 1 3 2 -  1136 .

15. W ebb, R . B . 1 9 5 4 . A  u s e f u l  b a c t e r ia l  c e l l  w a ll  s ta in .
J. B a c t . 6 7 :2 5 2 -2 5 3 .

851
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SEASONAL VARIATIONS IN  THE IN D IAN  OCEAN ALONG 110°E.

II.* PARTICULATE CARBON

By B. S. N e w e l l i

[Manuscript received July 28, 1967]

Summary

Particulate carbon at 0, 50, 100, 150, and 200 m was measured by a combustion 
method. Mineral carbon appeared to be negligible. Some particulate material escaped 
the Whatman GF/C filters used. The amount of suspended carbon decreased with depth 
at most stations from values of 20 ¿¿g/1. or more at 0 and 50 m, to 15 yu.g/1. at 150 m, and 
10 /u.g/1. at 150 and 200 m. Higher values were found at all depths at the two 
southernmost stations (25-30 /xg/1. at 0 and 50 m decreasing to 15 /¿g/1. at 150 and 200 m) 
and at shallow depths at the northernmost stations (20-25 ^g/l. at 0 and 50 m). At all 
stations and at all depths, least carbon occurred in March.

I. I n t r o d u c t io n

The series of cruises aimed at obtaining some measure of the biomass in the 
area at all levels of the food chain. Zooplankton and micronekton were collected 
by routine methods, using various nets, and their biomass was determined as wet 
weight or carbon equivalent. Biomass at the primary level, however, presented more 
difficulty. Routine determinations of chlorophylls were also made but are not a 
reliable measure of either the total algal population or the total suspended organic 
material. Strickland (1960), reviewing this problem, concluded that particulate carbon 
represents the most realistic measure of primary biomass. The collection and 
measurement of total suspended carbon were therefore included in our programme.

I I . M eth o d s

Water was collected in a 6-1. plastic sampler (Jitts 1964) at 0, 50, 100, 150, 
and 200 m. Each sample was filtered through two Whatman GF/C glass paper filters 
25 mm in diameter, supported by a Millipore HA membrane and filter pad. The initial 
vacuum used was 10 in. of mercury, rising to 20 in. as filtration slowed down (usually 
after about 21. had been filtered). The GF/C filters, with contents, were sucked dry 
and stored in Perspex holders for analysis at Cronulla by the method of Dal Pont 
and Newell (1963). This method involves combustion of the sample in a stream of 
oxygen at 700°c, with subsequent absorption of the CO2 produced in 0 -0 0 5 n  NaOH. 
The change in conductance of the NaOH is a measure of the CO2 absorbed. The usual 
recovery for glucose or EDTA standards up to 608 /¿g C is 99-101%. All results 
from samples collected in August-December 1962 were rejected because of 
contamination by smoke particles.

* Part I, Aust. J. mar. Freshwat. Res., 1969, 20, 1-50.
t  Division of Fisheries and Oceanography, CSIRO, P.O. Box 21, Cronulla, N.S.W. 2230. 

(Reprint No. 587.)
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Two criticisms may be made of the methods used. Firstly, GF/C filters are a 
felt of glass fibres about 0-5 ¿i long, with no defined porosity, so that the lower size 
limit of the collected material is not known. On some occasions we observed a faint

Carbon (jitg/l)
0 10 202020 0 10 20 0

S  loo

150

200
January

Fig. 1.—Average particulate carbon (/*g/l.) at each depth, regardless of latitude, for
all stations.

green or brown stain on the supporting HA membrane after filtration, but the amount 
appeared negligible compared with the material retained by the overlying GF/C 
filters. Secondly, our particulate carbon values include any mineral carbon present. 
Lisitzin (1964) has shown that calcium carbonate carbon generally provides less than

32 3 0 V2 29 2 7 /2  26 2 4 V2 23 211/ ;  20 IS/4 17 15^2 14 12 Vá 11 9%
Latitude (°S.)

Fig. 2.—Average particulate carbon (ftg/1.) at each depth for all stations, x — x , 0 m ;
O— O ,50m ; • —• ,1 0 0  m; H 1-, 150m; A —A , 200m.

10% of total carbon in marine suspended material. The data of Armstrong and 
Atkins (1950) on total suspended matter in the English Channel showed that calcium
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carbonate provided some 3-5% of total carbon. We halved GF/C membranes 
containing suspended matter from the eastern Indian Ocean, and, before combustion, 
treated one half with 0 - 2  ml of 0 - 0 0 5 n  HC1 in a silica boat. The results, which will 
be discussed fully in a subsequent publication, showed no significant decrease in 
carbon content due to acid treatment. Therefore, inorganic carbon was of little 
importance in our samples.

III. R e s u l t s

Figure 1 shows the average monthly particulate carbon (in yu.g/1.) at each depth 
for all the stations sampled, regardless of latitude. Surface values were minimal 
in March, falling from the January level of 24 ju.g/1. to only 12 ¡ig/1. In all months 
values were high at 0 and 50 m, falling away rapidly through 100 m to low, and 
similar, values at 150 and 200 m.

Figure 2 shows the average particulate carbon at each depth in each latitude 
sampled, regardless of time. In general, values were highest in the south (15-30/¿g/1.) 
and least in midlatitudes (5 -20 ̂ g/1.) at all depths. In the north, deeper values remained 
low, but the level of particulate carbon at 0 and 50 m tended to rise slightly to 
20- 25 /¿g/l. Like Figure 1, Figure 2 shows diminution of carbon values with depth.

No diurnal variation was observed.

IV. D is c u s s io n

The only other measurements of particulate carbon in the Seasonal Biological 
Cruise area, available for comparison with the results described in this paper, are those 
of Lisitzin (1964). Lisitzin separated the suspended matter from 150-200 metric ton 
quantities of surface water by centrifugation and filtration, and carried out analyses 
for carbon, CaCC>3 , SÍO2 , TÍO2 , Fe, Mn, P, Ra, and rare-earth elements. Carbon 
was estimated by a combustion technique normally applied to bottom sediment samples, 
inorganic carbon being first removed by acid treatment. At the three stations (63, 
64, 65) worked along the 100°E. meridian between 32°S. and 20°S. latitude the 
organic particulate carbon was found to be 21, 15, and 15 /¿g/1. respectively.

Some measurements of total suspended matter (“seston”) in the Seasonal 
Biological Cruise area have been published by Hagmeier (1964) but these are given 
as mg dry wt/m3. Fortunately, Lisitzin (1964) also gives total suspended matter in 
mg/m3 for all his stations, and at stations 63, 64, and 65, the organic carbon forms 
11 - 0 %, 9 ■ 3 %, and 5 • 3 % of the total suspended matter, respectively. On these values, 
the seston weights published by Hagmeier correspond approximately to particulate 
carbon values in the range 10-20 /ig/1.

Our measurements are therefore within the range of values previously reported, 
despite the difference in methods. However, the measurements are low compared with 
the values of 100—200 yu.g/1. reported for the north-eastern Pacific Ocean (Parsons 
and Strickland 1962), the western North Atlantic (Menzel and Ryther 1964), the 
North Sea (Steele and Baird 1961), and the Arabian Sea (Menzel 1964). These high 
values of particulate carbon reported elsewhere, however, are, in general, associated 
with much higher levels of primary production than those found along the 110°E. 
meridian (Jitts 1968).
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SEASONAL VARIATIONS IN THE INDIAN OCEAN ALONG HO F..

V.* ZOOPLANKTON BIOMASS 

By D. J. T r a n te r i  and J. D. K e r r |

[Manuscript received July 28, 1967]

Summary
Samples of the Zooplankton in the upper 200 m were taken with the Indian 

Ocean Standard Net and Clarke-Bumpus sampler, and their wet weights were deter
mined. Biomass ranged from 3 to 525 mg/m:i, the general level being 25-100 mg/m15. The 
average value by day was 0-6 times that by night. Biomass was fairly uniform over a 
wide central region (16-27 S.), increasing further north and decreasing further south.
The biomass was greatest in September and March and least in December and June.

I .  I n t r o d u c t i o n

Earlier observations (Bogorov and Vinogradov 1961; Tranter 1962) showed 
that Zooplankton biomass was usually higher near the coasts of Australia and Indonesia 
than in the central part of the south Indian Ocean. Particularly high values were 
recorded to the south of Java and the Lesser Sunda Islands in the region of upwelling 
(Wyrtki 1962). Vinogradov, Voronina, and Sukhanova (1961) observed that the 
various trophic levels were progressively displaced towards the south, away from 
the centre of enrichment. The present investigation, of which this is the first report, 
was designed to study these phenomena. A later report will describe the distribution 
of various Zooplankton taxa.

I I .  M a t e r i a l  a n d  M e t h o d s

The Zooplankton programme consisted of vertical sampling (200-0 m) with the 
Indian Ocean Standard Net (IOSN, Currie 1963), and horizontal sampling with the 
Clarke-Bumpus sampler (CBS, Tranter 1966). The nominal depths for horizontal 
sampling were 0, 50, 100, and 200 m, but in practice the sampling range extended to 
300 m. The CBS was also used to sample the 200-0 m layer by oblique haul during 
cruises G 4/62 and Dm 4/62 when the IOSN was lost; by day it was used in the 
standard way, by night it was attached to the warp of the midwater trawl. Further 
details of sampling procedure and the method of measuring biomass are given in 
Oceanographical Cruise Reports. Zooplankton biomass is taken to be the wet weight 
of the preserved Zooplankton catch.

* Part IV, Aust. J. mar. Freshwat. Res., 1969, 20, 65-75.
t  Division of Fisheries and Oceanography, CSIRO, P.O. Box 21, Cromilla, N.S.W. 2230. 

(Reprint No. 608.)
t  Division of Mathematical Statistics, CSIRO, P.O. Box 21, Cronulla, N.S.W. 2230; present 

address: Division of Mathematical Statistics, CSIRO, Cunningham Laboratory, St. Lucia, Qld. 4067.
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representation of these effects, trigonometric curves were used for time of day and 
time of year, polynomial curves for latitude, and mixtures of both for depth. Because 
of the lack of orthogonality resulting from missing values, the sums of squares are 
dependent on the order in which the significance of the various effects are tested

T a b l e  1

CHLOROPHYLL CONCENTRATION REGRESSIONS 

Values are those obtained from  F-tests o f significance m ade in the order given

Effect D .F . F-value A ction

C hlorophyll a
D iurnal by seasonal 4,1037 0-38 NS Om itted
D ep th  by seasonal 8,1037 12-31 *** R etained
D epth  by diurnal 7,1037 1-07 NS Om itted
L atitude by seasonal 4,1037 4-53** R etained
L atitude by diurnal 4,1037 1 • 52 NS Om itted
L atitude by depth 7,1037 9*21 *** R etained
Seasonal 4,1037 16-25*** R etained
D iurnal 2,1037 0-56  NS Om itted
D epth 5,1037 16-01 *** R etained
L atitude 4,1037 4-52** Retained

C hlorophyll c
D iurnal by seasonal 4,1037 0-34  NS Om itted
D epth  by seasonal 8,1037 3-28** Retained
D epth  by diurnal 7,1037 1-32 NS Om itted
L atitude by seasonal 4,1037 2-74* Retained
L atitude by d iurnal 4,1037 3-48** R etained
L atitude by depth 7,1037 4-06*** R etained
Seasonal 4,1037 10-66*** R etained
D iurnal 2,1037 1-57 NS Om itted
D epth 5,1037 3-72** Retained
L atitude 4,1037 5-43 *** R etained

Statistics
C hlorophyll a :

C hlorophyll c:

m ean o f observations 0-168 jag/1.
crude S.D. 0-117
erro r variance after regression 0 -00806t
S.D. after regression 0 090
percentage o f crude variance

ascri bable to  fitted variâtes 39%

m ean of observations 0-222 jag/1.
crude S.D. 0-140
erro r variance after regression 0 0 1 5 4 t
S.D. after regression 0-124
percentage of crude variance

ascribable to  fitted variâtes 19%

* Significant a t 5%  level; ** a t 1%  level; *** a t 0 -1 %  level; 
N .S. no t significant. t  1054 degrees o f freedom . f 1050 degrees 
o f freedom.

(Tables 1 and 2). The level of significance adopted was probability not exceeding 5%. 
However, the only groups of variables dropped from the regression after making an 
F-test were those for which the probability that the effect was random exceeded 10%.
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In the case of the column values, both the main effect of depth, and all interactions 
with depth, were omitted from the analysis following tests of significance. From the 
results of the analysis, regression equations were calculated and used to estimate the 
fitted values for given values of latitude, time of year, time of day, and depth. By 
means of grids of closely spaced points, contour maps of certain surfaces were drawn. 
These contour diagrams (Figs. 2-8) are approximations and are subject to the 
limitations of the methods used in obtaining the regression equations.

T a b l e  2

COLUMN CHLOROPHYLL REGRESSIONS

Values are those obtained from  F-tests o f  significance m ade in the  o rder given

Effect D .F . F-value A ction

C hlorophyll a
D iurnal by seasonal 8,150 1 - l lN S O m itted
D iu rna l by latitude 4 ,150 1-34 N S R etained
D iurnal 2,150 0-22 N S O m itted
Seasonal 4,150 0 -1 5 N S O m itted
L atitude by seasonal 16,164 8-78*** R etained
Latitude 4,164 2-3 4 * R etained

C hlorophyll c
D iurna l by seasonal 8 ,150 0-91 NS Om itted
D iurnal by latitude 4 ,150 1 -7 8 N S R etained
D iurna l 2,150 0-72  N S O m itted
Seasonal 4,150 0-84  N S O m itted
L atitude by seasonal 16,150 7-16*** R etained
Latitude 4 ,150 2 -4 0 1 R etained

Statistics
C hlorophyll a: m ean o f observations 26-7 m g/m 2

crude S.D. 9-45
e rro r variance after regression 53-3Í
S.D. after regression 7-35
percentage o f crude variance

ascribable to  fitted variâtes 35%

C hlorophyll c : m ean o f  observations 34 • 5 m g/m 2
crude S.D. 13-5
erro r variance after regression 116-8Í
S.D. after regression 10-8
percentage o f crude variance

ascribable to  fitted variâtes 27%

* Significant a t 5 %  level ; " 
levels. % 164 degrees o f  freedom .

' a t 0 -1 % level, t  Between 5 an d  10%

III. R e s u l t s

(a) Diurnal Variation

No significant difference was found between day and night concentrations of 
chlorophylls a and c at the various depths (Table 1), or in the water column (Table 2). 
Combinations of diurnal effect with depth, latitude, and season were insignificant
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except for the diurnal-latitude combination for chlorophyll c at individual depths 
(Fig. 1). Because of this significant diurnal-latitude combination for chlorophyll c, in 
subsequent figures the day and night values were not pooled as they were for a and 
only the 0800 hr values are shown.

February March April
0-20 0-300-10 0 - 1 0 0-L0 0-20 0-30 0-400-20 0-30

17

23
29

23

29

50

17

23
29
11

10023
29

17

23
29

150

May June July
0 0-10 0-20 0-30 0 0-10 0-20 0-30 0 0-10 0-20 0-30 0-40

17

23
29

17

23

29

25

50

J  23 
29

100
23
29

150
23
29

Fig, 1.—D iurnal variation o f chlorophyll c (pg/1.) with latitude for each depth and m onth 
( d a y ,  night). S.D . varied between 0-124 and 0* 129 /¿g/I.
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Fig. 1 (Continued).

(b) Depth

Both chlorophylls a and c varied significantly with depth (Table 1). There were 
also significant interactions of depth with latitude and season. Figures 2 and 3 show 
the monthly variation of chlorophylls a and c according to depth for each latitude 
sampled.
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Fig. 2.—Concentration of chlorophyll a (/xg/100 1.) as a function of depth and month, 
for each latitude. S.D. varied between 9*0 and 9*3 /¿g/lOO 1.
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(f) Latitude

The distributions of chlorophylls a and c (shown in Figs. 4-6) were significantly 
related to latitude, both as concentrations for a given depth (Table 1) and for the 
water column (Table 2). There was a significant interaction of latitude with season.
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Fig. 4.—Concentration of chlorophyll a (ng/100 1.) as a function of 
month and latitude, for each depth. S.D. varied between 9 0 and 

9-3 iig/1001.
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Fig. 5.—Concentration of chlorophyll c O g/100 1. at 0800 hr) as a 
function of month and latitude, for each depth. S.D. varied between 

12*4 and 12-9 j^g/1001.
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chlorophyll a (f ig /1 0 0 1.) 
as a function of latitude 

and depth, for each month.
S.D. varied between 9 0  

and 9 -3  f ig /1 0 0 1.
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(d) Season
The effect of month of sampling was significant for the concentration of 

chlorophylls a and c at all depths (Table 1) but not for the column concentrations 
(Table 2). Figures 7 and 8 show the depth-latitude variations for each month.

Latitude (°S.)

OCTOBERAUGUST

50

IOO

DECEMBERNOVEMBER January

so

Öloo

J ,
-C

FEBRUARYCL

£  “

loo

JUNEMAY

50

IO O

Fig. 8.—Concentration of 
chlorophyll c 
{p.g/100 1. at 0800 hr) 
as a function of latitude 
and depth, for each month. 
S.D. varied between 12-4 
and 12-9 fig/100 I.

IV. D iscussion

The biggest concentration of chlorophyll a was 1 ■ 1 jag/1, and was found at 
Station Dm2/75/63 at 2030 hr at 11°S. at a depth of 25 m. The biggest concentration 
of chlorophyll c was also 1 • 1 /¿g/1. found at Station Dm3/90/63 at 0800 hr at 32°S. at 
a depth of 50 m. Therefore, the intensive sampling along the 110° line has shown 
that concentrations of chlorophylls are sometimes twice as great as those previously 
recorded in American (McGill and Lawson, personal communication 1966), Australian 
(Humphrey 1966), or Japanese (Saijo 1965; Shimonoseki Univ. Fish. 1965) studies on 
the south-east Indian Ocean. Perhaps if other sections were regularly studied, higher 
values would be obtained in them also. As found by all workers, 75 m was the most 
frequent depth at which the chlorophylls were maximal.

Samples collected at 2030 hr usually had higher concentrations of both 
chlorophylls than those collected at 0800 hr but the differences were not statistically 
significant. The diurnal-latitude combination of effects was significant for chlorophyll
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c, 21°30'S. showing the biggest difference (Fig. 1). The night curve crossed the day 
curve near the ends of the section, for both chlorophylls.

The highest concentrations of chlorophylls were in June-August. This finding 
agrees with that of Humphrey (1966) for the south-east Indian Ocean. In the water 
column down to 150 m, the amount of chlorophyll a was between 10 and 30 mg/m2 
and the amount of chlorophyll c between 15 and 40 mg/m2 (Fig. 6); the highest 
amounts were in June-August. These results are higher than those of Humphrey 
(1966) for the south-east Indian Ocean.

It is not possible to make other generalizations from the original results. The 
regression analyses, however, showed that depth, latitude, and season affected the 
concentration of the chlorophylls. Latitude and season affected the amount of the 
chlorophylls in the water column to 150 m.
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SEASONAL VARIATIONS IN  THE INDIAN OCEAN ALONG 110°E.

IV.* PRIMARY PRODUCTION

By H. R. JlTTSt

[.Manuscript received July 28, 1967]

Summary
Mean productivity (light saturated photosynthesis), Ps, for the meridian rose from 

50 mg C/(hr m2) in August 1962 to a maximum of 62 in October, then fell to a minimum 
of 4 in January, whereafter it rose slowly to 25 in April-May, then sharply to 45 in late 
May, and remained at that level till August 1963. Mean Ps for the year was 
37 mg C/(hr m2). The depth of the layer of photosynthetic organisms varied between 
130 m in October and 60 m in January, with a mean of 85 m. Maximum Ps occurred 
at 25 m in 36% of the stations, at 0 m in 29%, and at 50 m in 24%.

In January-February the whole meridian was occupied by waters of low 
productivity, approximately 4 mg C/(hr m2) from the centre of the south Indian Ocean.
In April-May the Ps remained uniform along the meridian but rose to 24. At other 
times four latitudinal intervals along the meridian, with distinctive seasonal variations 
of productivity characteristics, were found. From 9 to 15'S., waters with high Ps 
(69 mg C/(hr m2)), and sharp stratification at 50 m, caused by equatorial upwelling, 
occurred from May to October. From 15 to 24 and 24 to 30°S., waters with high Ps 
(60 mg C/(hr m2)) and (100 m) deep layers of photosynthetic organisms were found 
during October-November and May-July respectively. From 30 to 32°S., waters of 
high productivity (70 mg C/(hr m2)) and a deep layer (100 m) were found in the period 
July-August.

The daily rate of primary production, Pa, of the whole meridian varied from 
0 1 3  g C/(day m2) in August to 0 08 from October to early May, rising sharply in late 
May to 0 ■ 18 and again in early August to 0 ■ 27. The depth of the euphotic layer varied 
between 76 m in October and 63 m in July-August, with a mean of 68 m.

I. Introduction

Many measurements reported in this paper are of the rates of photosynthetic 
fixation of carbon dioxide by phytoplankton in oceanic samples exposed to constant 
artificial light of approximately saturating intensity. As in earlier papers (Jitts 1965; 
Dyson, Jitts, and Scott 1965) these measurements will be referred to as “ productivity” 
although the term will be frequently abbreviated to “Ps”. Ps is identical with 
Steemann Nielsen’s (1965) “ light saturated rate of photosynthesis” or Saijo’s (1965) 
“rate of photosynthesis measured by tank experiments” . Ps should not be confused 
with other measurements, also reported in this paper, of in situ daily rates of actual

* Part III, Aust. J. mar. Freshwat. Res., 1969, 20, 55-64.
t Division of Fisheries and Oceanography, CSIRO, P.O. Box 21, Cronulla, N.S.W. 2230. 

(Reprint No. 625.)
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production of organic matter in the sea, which will be abbreviated as “Pa”. Ps is a 
function of the phytoplankton composition, their numbers, and their optimal ability 
to photosynthesize. Pa is a function of both Ps and the photosynthetic response of 
the phytoplankton to the varying natural light conditions prevailing at the time. 
Ps cannot be converted to Pa except by using empirical factors (Steemann Nielsen and 
Aabye Jensen 1957). However, Ps is easier to measure than Pa; this facilitates more 
extensive and intensive studies of regional and seasonal variations of oceanic pro
ductivity characteristics. Furthermore Ps can provide information on the phyto
plankton at depths where natural light attenuation would limit or eliminate Pa.

The productivity of the eastern Indian Ocean was surveyed from 1959 to 1962 
by Jitts (unpublished data). This survey showed that winter (April-September) Ps 
in the region was more than twice that of summer (October-March). It also showed 
the presence of waters of high Ps south of Java in winter, and of waters of very low Ps, 
dominating the whole area, in summer. Owing to the scatter of the stations, both in 
time and place, only a broad idea of the seasonal changes of Ps was obtained. The 
work described in the present paper complements the earlier survey.

II. M e t h o d s  

(a) Primary Productivity (Ps)
Primary productivity, Ps, was measured by the methods described by Dyson, 

Jitts, and Scott (1965). Samples from standard depths of 0, 25, 50, 75, 100, and 150 m 
were collected with twin 6 1. plastic samplers. One clear and one dark 300 ml Pyrex 
bottle was filled from the samplers, 10 /¿Ci of 14C added, and the samples incubated 
for 4 hr in a fluorescent light bath at about llOOf.c. The samples were filtered 
through Millipore HA filters and their activities measured with a windowless Geiger 
counter. The Ps at each depth was calculated in mg C/(hr m3). From these, the Ps 
at each station of the column under 1 m2 from 0 to 150 m was calculated in 
mg C/(hr m2).

The depth of the layer of photosynthetic organisms is assumed in this study to 
be the depth above which values of Ps of more than 0-10 mg C/(hr m3) are found, 
i.e. the depth of the layer in which significant amounts of photosynthesis can be 
measured in samples exposed to constant saturating light.

During January and February 1963 there was evidence that the samples were 
poisoned by the use of new plastic samplers which had been insufficiently cleaned. 
This effect was measured on subsequent cruises and the results showed that the 
lanuary and February measurements might be low by a factor of about 2. No 
corrections have been made because, even if doubled, the values in January and 
February are much lower than during the rest of the year.

(b) Daily Rates o f  Production (Pa)

The daily rate of production, Pa, defined here as the photosynthetic production 
of organic matter by phytoplankton in the ocean under natural or quasi-natural light 
conditions during one daylight period, was measured from noon to sunset by the
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simulated in situ method described by Jitts (1963). Blue glass filters and sunlight 
were used for incubating samples collected by “balance-by-depth” submarine 
photometry. Results were calculated in m gC /(d ay m 3) at each depth, and in 
g C/(day m 2) for the column under 1 m2.

The greatest sampling depth, where about 2% of incident sunlight is found, is 
assumed in this study to roughly approximate the depth of the euphotic layer, i.e. the 
layer in which net production o f organic matter occurs in the ocean.

Owing to unsuitable weather and frequent instrument failures, measurements 
of Pa were made at an average of only 10 of the 16 stations on each cruise.

E

Ctfl

a-ao
£
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Ratio40
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20 Night

o
JU N E JULY AUG.

1962 1963

5 . >

Fig. 1.—Mean productivity of day and night samples of the column under 1 m2 for the 
whole meridian. The ratio of day to night productivity is also shown.

III. R esults

(a) M ean Seasonal Variations along the Whole Meridian

The means of the productivities of the column under 1 m2 for the whole 110°E. 
meridian, as a function of the monthly mean date, are given in Figure 1. The Ps of 
morning station samples was always higher (2-5 times) than that of evening station 
samples. The irregularity of this diurnal variation made it impossible to combine 
the night samples with the day samples, even by using empirical correction factors. 
Both morning and evening samples showed similar patterns of high Ps in winter and 
low Ps in summer. In all subsequent analyses only the day samples were considered, 
as most of the evening sample values were only just above the level of sensitivity of 
the method.

From late August to early November 1962 the Ps of the meridian was high, 
varying between 46 and 62 mg C/(hr m 2). By January the Ps had fallen to a very low 
mean of 2 mg C/(hr m2). From February to early May the Ps rose gradually to about 
25 mg C/(hr m2), then sharply to about 45 mg C/(hr m 2) in late May and remained at 
that level through to early August 1963.
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(b) Seasonal Variations in Relation lo Latitude

The seasonal variations of the productivity of the column under 1 m 2, in 
relation to latitude along the meridian, are given in Figures 2 and 3. In Figure 2 the 
meridian was arbitrarily divided into four latitudinal intervals: 9-15, 15-24, 24-30, 
and 30-32°S.

Ï962 1963
NOV

Fig. 2.—Seasonal variation with latitude of the productivity, day samples in mg C/(hr m2), of the
column under 1 m2.

100

<=> tío

20

AUG SEPT OCT DE CNOV J AN FEB MAR APR MAY J UNE AUGJ ULY

1 9 6 2  1 9 6 3

Fig. 3.—Mean productivities under 1 m2 in four latitudinal intervals:----------9-15°S.
---------- 15-24°S.,----------- 24-30°S.,............  30-32°S.

Between latitudes 9 and 15°S. the mean Ps (Fig. 3) in August 1962 was 60 
mg C/(hr m2), rising to 80 in late October. It decreased to 50 in November and 
continued to decrease rapidly to 3 in January. From February to early May it rose 
slowly to 30, then rose sharply to 70 in late May. From late May to August 1963 it 
remained high, varying between 60 and 80.
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The interval from 15 to 24°S. had a moderate Ps of 30 mg C/(hr m2) in August 
1962 which rose to 65 in late October. From November to May the Ps was indistin
guishable from that between 9 and 15°S. However, it showed no sharp increase in 
late May, but only a very slow increase to 50 in August 1963.

£

\V  ' la .
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\  O C T  - NOV 1 9 6 2

ye/ nP

in 15 20 25

Fig. 4.—Vertical sections along the 1J0°E. meridian of productivity, in 100xmgC/(hrm3), for 
each of the six cruises from August 1962 to August 1963.

The 24-30°S. interval had a moderate Ps of 40 mg C/(hr m2) in August 1962, 
and this rose less than that between 15 and 24°S. to only 50 mg C/(hr m2) in October. 
Again, from November to May, the Ps was the same as in the 9-15 and 15-24°S. 
intervals. As in the northern interval, the Ps rose sharply in late May to 
75 mg C/(hr m2) but then fell steadily to 30 in August 1963.

The southernmost interval between 30 and 32°S. had a very high Ps of 
100 mg C/(hr m2) in August 1962 which fell sharply to 40 in September, where it 
remained until November. Thereafter, until May, it was the same as further north. 
From late May the Ps rose steadily to 65 in July, then fell to 45 in August 1963.
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(c) Variations in Relation to Depth

Vertical sections along the 110°E. meridian, for each of the six cruises, are 
given in Figure 4. During August-September 1962 the mean depth of the
0-10 mg C/(hr m3) contour, i.e. the depth of the layer of photosynthetic organisms, 
was 95 m. In October-November the mean depth increased to 130 m. In January- 
February most of the Ps values were too low, but at five stations the layer was at 
about 60 m. In April the depth of the layer increased to 80 m, then decreased to 
75 m in M ay-June and July-August. The mean depth of the layer of photosynthetic 
organisms throughout the year was 85 m.

100

ion

E

100

100

125

100-4 0-60
Productivity (mg C/ hr/m 3)

F ig . 5.— M ean vertical profiles o f  p ro 
d uctiv ity  d u rin g  selected p erio d s in fo u r 
la titu d in a l in tervals a lo n g  th e  1 1(PE. 
m erid ian .

Maximum Ps occurred with greatest frequency at 0 m during August-September, 
at 75 m during October-November, at 25 m in January-February, at 0 m in April, 
and at 25 m during both May-June and July-August. In the 96 stations on all six 
cruises, the maximum Ps occurred at 25 m in 36 % of stations, at 0 m in 29 %, at 50 m 
in 24%, at 75 m in 8 %, and at 100 m in 2%.

Seasonal variations of the mean vertical profiles of Ps during selected periods, 
in the four latitudinal intervals described earlier in Section 111(6), are shown in 
Figure 5. There was no distinguishable variation with latitude during the periods 
January-February and April-May. During January-February Ps was low along the
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whole meridian, varying from 0 • 03 to 0 • 06 mg C/(hr m3) in the upper 50 m and falling 
to 0-01 at 75 m. During April-M ay the Ps increased to values of 0-34-0-30 
mg C/(hr m3) in the upper 50 m, again falling sharply at 75 m to 0-12.

From 9 to 15°S. (Fig. 5) the Ps of the surface layers increased sharply to over
l-0 m g  C/(hr m3) in the period May to October, but decreased sharply at 50 m. 
From 15 to 24°S. (Fig. 5), Ps increased only slightly in the period May-August, but 
in October-November the Ps increased markedly, and this was accompanied by a 
deepening of the layer of photosynthetic organisms to 100 m.

^  0-20

Û- 0‘10

OC T.

1962
MAR, JUNE AUG.AUG. SEPT. NOV. DEC. JAN. MAT JULY

Fig. 6.—Seasonal variation of the mean daily rate of production, Pa, along the whole meridian. 
The ratio of productivity, Ps, in mg C/(hr m2) to daily rate of production, in mg C/(day m3), is

also shown.

Between 24 and 30°S. (Fig. 5) the Ps also increased sharply in the period M ay- 
July to over 0 ■ 7 mg C/(hr m3) in the surface layers. This was accompanied by a 
deepening of the layer of photosynthetic organisms to 100 m. A decrease in Ps 
followed in the period August-November.

From 30 to 32°S. (Fig. 5) there was no marked increase in Ps until the period 
July-August, when it was again accompanied by a deepening of the layer of photo
synthetic organisms. The Ps decreased in the period September-November.

The results given in this and the preceding section are summarized in Table 1.

(d) Daily Rate o f Primary Production (Pa)

The seasonal variation of the mean Pa of the whole meridian is shown in 
Figure 6. The Pa fell from 0-13 g C/(day m2) in August 1962 to 0-08 in October 
and remained at about that value through to early May. In late May the Pa rose 
sharply to 0 -18 g C/(day m2) and rose further in early August 1963 to 0-27.

Figure 6 also shows the variation of the ratio of the mean Ps under 1 m2 to the 
mean Pa. The ratio varied from 0-4 in August 1962 to 0-8 in October, to 0-01 in 
January, then rose to between 0-3 and 0-2 from April to August 1963.
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Seasonal variations of Pa in relation to latitude are given in Figure 7. The low 
number of stations from November to March made the contouring suspect, but this 
figure does show some similarity to Figure 2. It shows high values north of 15°S. in 
August, falling to low values in January-February, then rising to high values in 
late May north of 15°S. and between 24 and 30°S.

Vertical sections of Pa for each of the six cruises are given in Figure 8. The 
approximate depth of the euphotic layer, i.e. the depth of the deepest sample, varied 
between 55 and 80 m in August-September, with a mean of 64 m. In October the 
depth of the layer increased to between 65 and 85 m, with a mean of 76 m. In January 
the mean depth had decreased to 70 m and remained at about that depth through 
to June; in July-August it decreased to 63 m. The mean depth of the euphotic layer 
for all the stations was 68 m.

1962 1963

Fig. 7.—Seasonal variation with latitude o f the daily rate o f production, in 100 x g C /(day m 2), of
the colum n under 1 m 2.

IV. D i s c u s s i o n

The earlier survey of 1959-1962 productivity data in the eastern Indian Ocean 
(Jitts, unpublished data) showed a mean Ps of 21 mg C/(hr m2) in “summer” and 
44 in “winter” , giving an annual mean of 33. The annual mean along the 110°E. 
meridian, calculated from Figure 1, is 37 mg C/(hr m 2). However, Figure 1 suggests 
that the arbitrary division of the year into two seasons, “summer” from October to 
March, and “ winter” from April to September, as used in the earlier survey, would 
be more valid if the seasons were from late November to early May and from late 
May to early November.

The low Ps found during January-February along the whole meridian in this 
study is consistent with the 1959-62 results, which showed the whole area to be 
occupied by waters of a mean P i of 11 mg C/(hr m2) originating in the centre of the 
south Indian Ocean. As stated in Section 11(a), samples in this period were poisoned, 
and the mean value of 4 mg C/(hr m2) given in Table 1 is probably too low. In 
December 1963-January 1964, along thffe 105°E. meridian, Saijo (1965) obtained 
values between 10 and 20 mg C/(hr m2).
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Table 1
SCHEMATIC PRESENTATION OF THE SEASONAL VARIATION OF PRODUCTIVITY CHARACTERISTICS IN SELECTED PERIODS IN FOUR LATITUDINAL INTERVALS ALONG

THE 110°E. MERIDIAN

“Mean” is the mean productivity of the column under 1 m2 of all stations in the period. “Maximum” is the mean depth in the period where maximum 
productivity was found. “Stratification” is the mean depth at which a marked decrease in productivity was found

Latitude
Interval Characteristic

1962 1963

Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug.

9°S.
to

15°S.

Productivity 
Mean (mg C/(hr m2)) 
Maximum (m) 
Stratification (m)

, ,

High
69
0

50

Low
4

25
75

Moderate
24
0

75

High
69
0

50

15°S.
to

24°S.

Productivity 
Mean (mg C/(hr m2)) 
Maximum (m) 
Stratification (m)

---------
High

60
0

100

<-------------------->-
Low

4
25
75

-<--------------------
Moderate

24
0

75

Moderate
32
25
75

24°S.
to

30°S.

Productivity 
Mean (mg C/(hr m2)) 
Maximum (m) 
Stratification (m)

-------------------------------------->
Moderate

42
0

100

-----------------
Low

4
25
75

-̂------------------->■
Moderate

24
0

75

<--------------------s>-
High

58
25

100

30DS.
to

32°S.

Productivity 
Mean (mg C/(hr m2)) 
Maximum (m) 
Stratification (m)

--------->
Moderate

42
75

100

«-------------------->
Low

4
25
75

<--------------------*-
Moderate

24
0

75

High
70
25

100
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The waters of high Ps, mean 69 mg C/(hr m2), found between 9 and 15°S. in the 
period May-October, have the same characteristics as those found south of Java 
in winter in the earlier survey. These waters were shown to be the result of upwelling 
in the area with possible advective contributions from enriched waters from further 
east. However, the present study shows that these highly productive waters occurred 
5° of latitude further south than was evident in the earlier survey.

The 1959-62 survey gave no evidence of waters with the high Ps found in the 
present study between 15 and 24°S. during October-November and between 24 and 
30°S. during May-July (Table 1). The shortness of the period (4-6 weeks) during 
which such waters were detected could have caused them to be missed in the earlier 
survey. An interesting feature common to both waters is that they have deep layers 
of photosynthetic organisms of over 100 m (Fig. 4, October-November 1962 and 
January-February 1963), while their euphotic layers in the corresponding periods 
are only about 60 and 70 m deep (Fig. 8, October-November 1962 and January- 
February 1963). Saijo (1965) found the same phenomenon in other parts of the 
Indian Ocean. The existence of significant quantities of phytoplankton capable of 
photosynthesis, but a t depths well below the euphotic zone, explains some of the 
large variations found in the ratios of Ps to Pa shown in Figure 6.

In September 1951 at 10°S., Steemann Nielsen and Aabye Jensen (1957) measured 
a rate of production of 0-17 g C/(day m2), whereas the value of 0-13 is given for Pa 
in Figure 7 for 9°30'S. in September 1962. Koblentz-Mishke and Kabanova (1964) 
measured surface Pa at 10 stations close to 110°E. between 15 and 25°S. with a mean 
of 4 -1 mg C/(day m3) in July 1962. This is similar to the mean of 3 - 5 mg C/(day m3) 
of the surface values between the same latitudes given in Figure 8 for July-August 
1963. Saijo (1965) gives 0-18 g C/(day m2) for a station at 12°S. in December- 
January 1964, compared with 0-14 shown in Figure 7 for 11°S. in January 1963. It is 
interesting to note that, even though very different techniques were used, measure
ments of Pa in similar regions made at similar times of the year did not differ by a 
factor greater than 1 ■ 3.
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SEASONAL VARIATIONS IN  THE IND IA N OCEAN ALONG 110°E.

III.* CHLOROPHYLLS a A N D  c 

By G. F. H u m p h r e y !  and J. D. K e r r {

[.Manuscript received July 28, 1967]

Summary
The mean concentrations for all samples analysed were 0-17  ju.g/1. for chlorophyll a 

and 0 • 22 fig/1, for chlorophyll c ; there were 27 m g/m 2  o f a and 35 m g/m 2  o f  c in the water 
column to 150 m. June-August gave the highest values. The model depth at which 
concentrations were greatest was 75 m. Diagrams o f regression surfaces fitted to the 
results are given. Regression analysis showed that depth, latitude, and season affected the 
concentration o f chlorophylls; latitude and season affected the column amount of  
chlorophylls.

I. I n t r o d u c t io n

A survey of the south-east Indian Ocean in 1959-62 (Humphrey 1966) showed 
that the greatest concentrations of chlorophylls a and c occurred at 75 m, that these 
maxima were often near density and temperature discontinuities, and that winter 
values were higher than summer values. However, the hour of sampling varied, 
sampling was spread over four years, and no samples were taken in January, April, 
or December.

Some of these deficiencies have been remedied by work carried out during the 
present series of cruises. The results are given in this paper.

I I . M eth o d s

During the six cruises, 211 stations were sampled, almost always at 0, 25, 50, 
75, 100, and 150 m. December was the only month in which no samples were taken. 
The chlorophyll concentrations given in the Oceanographical Cruise Reports were 
calculated using the equations of Richards and Thompson (1952), which give 
chlorophyll c in arbitrary units. The extinction coefficient of chlorophyll c is now 
known (Jeffrey 1963) and the concentrations in arbitrary units given in the Reports 
have been divided by 2 to give jag/1, before being used in the present paper. The 
average concentration of chlorophyll in the water column down to 150 m at each 
station was calculated according to Humphrey (1960).

The data were analysed by means of a non-orthogonal analysis of variance for 
possible relation to latitude, time of year, time of day, and depth. Sums of squares 
and F-tests were calculated for each factor as a main effect, and for each pair of 
factors in interaction. Interactions of higher order were not estimated. In the

* Part II, Aust. J. mar. Freshwat. Res., 1969, 20, 51-4.
t  D ivision o f Fisheries and Oceanography, P.O. Box 21, CSIRO, Cronulla, N .S.W . 2230. 

(Reprint N o. 623.)
t  D ivision o f Mathematical Statistics, P.O. Box 21, CSIRO, Cronulla, N .S.W . 2230; present 

address : D ivision o f Mathematical Statistics, CSIRO, Cunningham Laboratory, St. Lucia, Qld 4067.
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Because of its finer mesh (0-26 mm), the CBS catches more Zooplankton per 
volume filtered than does the IOSN (0-33 mm). An intercalibration experiment 
(Tranter 1963) suggested that values for CBS standard oblique hauls should be 
multiplied by 0-75 to give approximate IOSN equivalents.

The IOSN was assumed to filter 1 m 3 for each metre of wire paid out (mouth 
area =  1 m2) and biomass values were calculated accordingly. The volume filtered 
by the CBS was measured with a calibrated flowmeter (Tranter 1966).

Tranter (1963) found that nine hauls with the IOSN at one station had a 
coefficient of variation of 15 %. The coefficient of variation in the present investigation, 
calculated from 154 duplicates, was 31 %. These estimates are of the same order as 
those of Motoda and Osawa (1964). Where the mean of two values was used, the 
effective coefficient of variation is reduced to 22% (C.V./V2). For CBS oblique hauls 
from cruises G 4/62 and Dm 4/62, the coefficient was 15% for single values and 11 % 
for the means of duplicates.

King and Hida (1957) have shown the need to allow for diurnal variation in 
Zooplankton biomass when drawing regional comparisons. As plankton sampling 
during the present series of cruises was generally at fixed times (0800-1200 and 
2000-2400 hr), it was usually satisfactory to compare day values with day values, 
and night values with night values. However, enough samples were taken outside 
these standard sampling periods to establish the general nature of the diurnal 
variation present.

The data were analysed statistically to locate the main sources of variance. 
The technique used was regression analysis, biomass being the dependent variable. 
The transformation logio(biomass) was used so that the variance would be approxi
mately independent of the mean and the residuals approximately normally distributed. 
The independent factors examined were time of day, season, latitude, depth (CBS 
horizontal hauls only), and bias in estimating volume filtered (IOSN hauls only). 
Linear and trigonometric functions were used to represent these factors and their 
interactions by pairs. An account of regression analysis is given in Williams (1959); 
Ch. 1-3.

The method of testing the significance of regression coefficients and deciding 
whether to omit them from the regression equation depends on the circumstances 
of the analysis. In this case the variables were arranged in groups so that each group 
corresponded to one factor or interaction. These groups were arranged in the order 
of their expected importance in the regression. The group considered least important 
was tested by calculating the ratio of its variance to the error variance, to see if it 
was significant at the 10% level. If so, the group was retained in the regression; 
otherwise it was dropped and the regression fitted to the remaining variables. Then 
the next least important group was tested and the process continued until only those 
groups which had been found significant at the 10% level were left in the model. 
The same (original) error variance was used in all tests of significance.

Biomass “estimates” were taken from the regression surfaces and used to 
represent, in graphical and contour form, the significant features of the data. The 
estimates are approximations to real but unknown values and are subject to the 
limitations inherent in the method of obtaining the regression equations.
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T a b l e  1

ZOOPLANKTON BIOMASS AT EACH STATION

Values for IOSN vertical hauls (200-0 m) and CBS oblique hauls (0-200-0  m) by day and night. 
Hauls usually in duplicate, CBS values in italics

Lat. S.
South-

Day

-North

Night

North-

Day

-South

Night

South-

Day

-North

Night

North-

Day

-South

N ight

August-September 1962 October-November 1962

9° 30' 105 370 129 190 40 66 SI 100
11° 116 50 212 194 43 47
12° 30' 66 74 104 fifi 47 OS IS 24
14° 55 34 OS 62 32
15° 30' 70 56 100 64 50 30 39
17° 29 46 34 47 46 36
18° 30' 57 86 40 48 40 51
20° 25 21 25 21 64 55
21° 30' 205 410 72 78 98 153
23° 36 32 41 58 63 76
24° 30' 73 65 r. y 53 30 61 57 3 S
26° 52 64 34 26 30 47 30
27° 30' 72 56 r,2 74 100 75 06 58
29° 34 39 21 18 61 102
30° 30' 26 31 04 34 162 95 16 22
32" 19 23 42 42 17 19 69

January-February 1963 March- April 1963

9° 30' 34 19 48 49 60 55
11° 21 21 186 160 64 42 165
12° 30' 37 64 38 35 65 39 51 43
14° 26 22 68 41 45 45 135 93
15° 30' 50 40 30 67 49 29 32
17° 40 55 111 105 33 44 58 35
18° 30' 48 43 57 64 68 114 119 35
20° 28 46 62 75 31 176 59 45
21° 30' 44 71 25 37 79 61 40 35
23° 57 54 31 77 51 34 76 35
24° 30' 71 65 53 36 60 42 39 53
26° 33 33 42 34
27° 30' 41 37 48 54 53 70 32 40
29° 32 35 29 51 27 26 57 55
30° 30' 54 35 33 43 40 23 23 21
32° 14 13 30 46 17 17 30 27

May -June 1963 July-August 1963

9° 30' 62 82 85 85 112 118 129 192
11° 42 39 137 164 36 45 182 525
12° 30' 29 37 47 50 42 44 103 131
14° 20 24 53 45 20 26 65 62
15° 30' 55 33 19 19 31 34 18 15
17° 40 39 23 30 23 15 51 39
18° 30' 36 43 17 17 35 34 19 30
20° 19 26 26 35 85 29 44 59
21° 30' 40 27 21 21 28 83 38 30
23° 28 24 33 32 13 17 30 114
24° 30' 30 28 27 19 54 31 19 40
26° 24 15 32 71 22 20 78 99
27° 30' 18 12 41 49 48 109 36 33
29° 14 15 19 96 21 22 73 88
30° 30' 28 30 13 18 27 5
32° 3 10 16 11
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III. R esults

Table 1 lists the biomass values for the 200-0 m layer as determined by IOSN 
vertical hauls and CBS oblique hauls. The values are usually in duplicate and range 
from less than 25 mg/m3 to more than 100 mg/m3. The lowest was 3 mg/m3, and the 
highest 525 mg/m3.

T a b l e  2

INFLUENCE OF VARIOUS EFFECTS ON ZOOPLANKTON BIOMASS

IOSN vertical hauls, 200-0 m

Effects in Order o f Testing Degrees o f 
Freedom

Variance
R atiof

Action

Season x  time o f day 2 1-83NS Omitted
Latitude X time o f day 3 0-35NS Omitted
Latitude x  season 6 4. *7 9 *** Retained
Bias in estimating volume filtered 1 1 -8 6 NS Omitted
Time o f day 1 4 9 . g9*** Retained
Season 5 *7 . *7 5 *** Retained
Latitude 7 6 . 4 5 *** Retained

t  NS, N ot significant (probability >  0 05). *** Significant (probability 
<  0 001). Error degrees o f freedom : 114. Variance of logio(biomass): before 
regression, 0 0769; after regression, 0 0317. Percentage o f crude variance 
ascribable to fitted variables: 50%.

Table 2 gives the results of the first analysis (IOSN data). Biomass varied 
systematically with time of day, season, and latitude. Variance associated with the 
volume filtered could have resulted from systematic error in the estimates with 
increasing wire angle. (It was assumed that 1 m3 of water was filtered for every metre

2*2 r

Fig. I.— Biomass distribution along 
the section. Average for the year, 
as estimated from the regression of 
logio(biomass) (mg/m3) on latitude. 
The S.D. varied between 0 19 and 
0*23. IOSN vertical hauls, 200-0 m.

Latitude (°S .)

of wire out.) This effect has been described by M otoda et al. (1963), who advocated 
the use of a correction factor. The influence was not significant in the present data, 
probably because wire angle was seldon very great (mean wire angle =  20° from 
vertical).

8 NIGHT

6
DAY

4

2 CENTRAL SOUTHERN

0 10 IS 2520 30
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Day values were estimated to be 0-59 times the corresponding night values 
(95 % confidence limits : 0 -51,0- 69).

Of more direct interest is the variance associated with season and latitude. 
Figure 1 shows the biomass distribution along the section, averaged over the year, as 
estimated from the regression analysis of vertical hauls. In the region 16-27°S. 
(Central Region) biomass was fairly uniform (41 mg/m3 by day; 68 mg/m3 by night). 
North of this (Northern Region) the biomass rose to more than twice that in the 
Central Region; south (Southern Region) it fell to less than half the Central Region 
value.

Figure 2 shows the biomass distribution during the year, averaged over the 
section, as estimated from the regression analysis of vertical hauls. There were two 
peaks, one in September and one in March, separated by minima in December and 
June.

2-1

2-0

Fig. 2.—Biomass distribution 1-9
during the  year. Average fo r the

section, as estim ated from  the Êo 1-8
regression o f logio(biomass) c5

(m g/m 3) on  season. The S.D. bA 1-7

varied between 0-19 and 0-25 o

IO SN  vertical hauls, 200-0 m. 1-6

1-5

1*4

NIGHT

Figures 3(a) (day) and 3(b) (night) show the distribution of biomass with respect 
to both latitude and season, according to regression estimates. The distribution by 
day was similar to that by night.

The September maximum had two latitudinal peaks with relatively high values 
in between. The greater peak lay at the far north of the section, the lesser at approx
imately 27°S. The March maximum covered a similar range of latitude but its peak 
lay at approximately 20°S. These seasonal maxima were also reflected in the biomass 
level of the Southern Region, but, by contrast with the regions further north, the 
general level there was low.

The June minimum dominated the whole section except in the far north where 
biomass was beginning to increase toward the September maximum. The December 
minimum was strongly developed both in the south and in the north and weaker in 
the centre.

The second analysis, comparing the results of CBS oblique hauls with IOSN 
vertical hauls, provided further evidence of a September maximum. However, the
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night values were generally lower than the day values (Table 1). This does not agree 
either with the results of the first analysis or with expectation. It is likely that the 
unusual sampling procedure adopted resulted in systematic bias.

1962 1963
A ú « . S e p t . O c t. N o v . De r .  J a n . F eb  M ar. A p r . M a y  J u n e  J u ly  A u g .

I 60

I 60

o

« —123

26

I 00

(a)

I 90

I 9 0 I 60

t 60

I 90.

■8 2«

i 9 0

I 6 0 '
I 90-

(b)

Fig. 3.—Biomass d istribution with respect to bo th  latitude and season, estim ated from the regression ; 
(a) by day, (b) by night. S.D. varied between 0-19 and 0-25. C ontours, Iogio(mg/m3). IO SN  vertical

hauls, 2 0 0 - 0  m.

The third analysis (CBS horizontal hauls) confirmed the significance of season 
and latitude and their interaction in the overall variance, and established the signif-
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icance of time of day, depth, and their interaction (Table 3). Figure 4 shows the mean 
biomass distribution with respect to depth and time of day. As would be expected,

T im e of day  ( h r )
0 2 4 6 8 10 12 14 16 18 20 22 24

Fig. 4.— Average biomass d istrib u 
tion  with respect to  depth and time 
o f day, estim ated from the 
regression. S.D. varied between 
0 • 28 and 0 • 30. C ontours, 
logro (m g/m 3).
CBS horizontal hauls at 
approx. 0, 50, 100, and 200 ni.

T a b l e  3

INFLUENCE OF VARIOUS EFFECTS ON ZOOPLANKTON BIOMASS

CBS horizontal hauls at approxim ately 0, 50, 100, and 200 m

Effects in O rder 
o f Testing

Degrees o f 
Freedom

Variance
R a tio f

Action

Tim e o f day x  depth 6 7 . 4 5 *** Retained
Season x  depth 6 0-9 IN S Om itted
Season x  time o f  day 4 1-42NS O m itted
Latitude x  depth 9 1-54NS Om itted
Latitude x  tim e of day 6 1-29NS O m itted
L atitude x  season 6 6-55*** Retained
D epth 7 18-53*** Retained
Tim e o f day 2 8-30*** Retained
Season 5 17-84*** Retained
Latitude 7 3-28** R etained

t  NS, N o t significant (probability  >  0 05). ** Significant 
(probability <  0-01). *** Significant (probability <  0 001).
E rror degrees o f freedom : 544. Variance o f logiofbiomass f  1 ) :  
before regression, 0-157; after regression, 0-094. Percentage of 
crude variance ascribable to fitted variables: 34% .

the biomass is concentrated in surface waters by night, and distributed more uniformly 
by day.

1 bO

100

I OO--I Oo.

 0 85
30Ü1
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IV. D is c u s s io n

The general distribution of Zooplankton biomass in the area studied is the 
expression of a north-south gradient and a bimodal seasonal development. The 
factors which determine this pattern need to be investigated. It may now be accepted 
that the plankton development in the north during the South-east Monsoon is 
associated with the upwelling described by Wyrtki (1962). It needs to be established 
whether the secondary maximum during the late North-west Monsoon is a later 
stage of this, or the result of a separate enrichment. If continuous with the plankton 
development of the South-east Monsoon, it is necessary to determine the source of 
the interruption represented by the intervening minimum, and to establish the location 
of these plankton concentrations in the interval. Finally, an explanation is required 
for the spectacular June minimum.

The various phenomena may be due simply to horizontal water movements 
across the section, in which case the results need to be reconciled with the physical 
and hydrological evidence and with the plankton distribution in the surrounding 
area. The phenomena may be the result of local impoverishment and enrichment, 
in which case the results need to be reconciled with what is known about primary 
production and the distribution of phytoplankton. Finally, the phenomena may be 
a reflection of predation pressure from a higher trophic level, in which case the 
results need to be reconciled with the observations made on micronekton distribution 
along the section during the year.
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Reprinted from Deep-sea Res., vol. 15, 1968, p. 45-79

Hydrography of the Arabian Sea Shelf of India and Pakistan and effects
on demersal fishes*

K a r l  B a n s e |

(Received 18 October 1967)

Abstract—Time-series observations o f  temperature, salinity, and oxygen off Cochin between August 
1958 and January 1960 are presented. Upwelling, which begins with the southwest m onsoon, causes 
an uplift o f  the 20°C isotherm by 90-100 m. The Kerala Coastal Deep Water o f  earlier authors, a  
subsurface water peculiar to the upwelling season, is redefined by the shape o f  the T -S  relation.

A  comprehensive treatment is attempted o f  the hydrography in the area between Bombay and 
Karachi where time-series are not available from the open shelf. M ean sea level data suggest that 
during the southwest m onsoon season cool subsurface water is always present on  the entire shelf 
between Cochin and Karachi. Regular upwelling to the surface, however, is unknown north o f  15°N. 
Probably June is the month this water usually appears on  the middle o f  the shelf. A li subsurface 
observations indicate that cool water is present from July onward below 50 m, sometimes even at 
shallower depths. Off Karachi, this situation may persist through November; off Bombay, through 
mid-December. Regional differences are pronounced, as are differences among years, in the period 
following the southwest m onsoon. The cool water has a low  oxygen content.

During December 1963, sinking in a very limited area near Karachi was observed. There is no 
upwelling from December through March between Bombay and Karachi. Atmospheric cooling seems 
to cause the seasonally low  surface temperatures near land.

Away from the beaches the seasonal cycle o f  primary production is apt to be quite similar all 
along the west coasts o f  India and Pakistan. High photosynthetic rates can be expected during the 
southwest m onsoon and later until the cool, deoxygenated subsurface water withdraws from the shelf. 
During the remainder o f  the year the density stratification in the surface layer will keep the photo
synthetic rates low, near oceanic levels.

Catch per unit effort o f  commercially exploited fishes between Bombay and Karachi in November 
1963 appeared to be related to the oxygen content o f  near-bottom water. During the southwest m on
soon and postm onsoon seasons, the entire shelf off the west coasts o f  India and Pakistan, below about 
50 m , may possibly be devoid o f  exploitable concentrations o f  the demersal fish species utilized so  
far. The distribution o f  prawns may also be affected. The catch o f  demersal fishes below the principal 
discontinuity layer cannot be predicted from temperature o f  the near-bottom water during this 
period.

I N T R O D U C T I O N

T h i s  paper amplifies an earlier report on large-scale upwelling off the southwest coast 
of India during the summer monsoon ( B a n s e ,  1959). Seasonal trends of hydro
graphy on the shelf of the northeastern Arabian Sea are described and the resulting 
trends of primary production outlined. The effect on catch of demersal fish o f cool, 
poorly oxygenated bottom water present there during and after the southwest monsoon 
is discussed.

In utilizing data obtained before the Indian Ocean Expedition, many of them
♦Contribution no. 373 o f  the Department o f  Oceanography, University o f  Washington, Seattle, 

W ashington 98105.
fDepartment o f  Oceanography, University o f  W ashington, Seattle, W ashington 98105.
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4 6 K a r l  B a n s e

not readily available, as well as observations by the Expedition, it is hoped to provide 
background for future investigations on this shelf that extends for about 2400 km 
across about 18 degrees of latitude. Very much work, properly planned, remains to 
be done on regional differences—and explanation of the processes underlying them— 
for an understanding of the factors limiting the fisheries resources off the west coasts of 
India and Pakistan.

The study is based on subsurface time-series collections off Cochin by the author; 
on observations by expeditions available from the National Oceanographic Data 
Center/W orld Data Center A, Washington D.C., and from mimeographed or pub
lished data reports; and on an evaluation of previous publications and the data on

20 °

10°

Fig. 1. Northeastern Arabian Sea. Station symbols, excepting solid circles, refer to Figs. 3 and 7. 
Hatched areas indicate Regions I (off Bombay), HI (as in Table 2), and V o f  J a y a r a m a n  et al.

(1959).
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Hydrography o f  the Arabian Sea Shelf o f  India and Pakistan and effects on demersal fishes 4 7

which they were based. Observations by Atlantis II, Comdr. Robert Giraud, I.N.S. 
Kistna, and Meteor have been used with restraint since little has yet been published by 
the investigators themselves.

M E TH O D S
Measurements o ff Cochin

Time-series observations were made by the author from various vessels off Cochin 
( C e n t r a l  M a r in e  F is h e r ie s  R e s e a r c h  I n s t i t u t e ,  1964, and Fig. 1). Positions 
inshore at a depth of about 25 m (A), and approximately on the middle of the shelf 
at a depth of 55-60 m (B), were visited from August 1958 through January 1960. 
Most observations at B were made at about noon. A location (C), roughly 35 km 
beyond the break of the continental shelf and about 2000 m deep, was occupied from 
November 1958 through May 1959; observations were made to 500 m depth*.

The procedures described below also apply to the other data of 1958 to early 
1960 in C e n t r a l  M a r in e  F is h e r ie s  R e s e a r c h  I n s t i t u t e  (1964) :

Reversing thermometers with 0-2° or 0-1 °C graduation were mounted on Nansen bottles, frequently 
in pairs. The instruments had been standardized a few years earlier, but the zero point had not 
been checked since then. Further, the thermometers were not kept in a water bath before reading 
but were adapted in air. A  bathythermograph (range 0-135 m) was employed on m ost stations. 
Unprotected thermometers were not used for determination o f sample depth, but wire angles, if  any, 
were small.

The salinity was determined by titrating 10 ml o f  seawater with a Copenhagen burette, after mea
suring the seawater sample with an ordinary pipette, and using KsCrOi as an indicator. Generally 
the AgN Û 3  solution was standardized only once a day with Standard Sea Water from Copenhagen. 
Therefore an accuracy o f  ±  0  01 to ±  0-02%„ Cl generally was not attained, as shown by some 
duplicates.

The oxygen content was measured by the Winkler method in the laboratory after the reagents 
had been added at the stations. Subsamples o f  50 m l were drawn for titration from the 150-ml 
sampling bottles. The 0-01 N  thiosulfate solution was standardized against K 2C1O 7/K I. Owing to 
the burette used, the precision o f  the results is considered to be ±  0  05 ml Oa/1. High nitrite values, 
up to 4 /xg-atoms/1., occurred at a few intermediate depths during the southwest m onsoon season; 
the corresponding oxygen values were not corrected for the error, which was in the order o f  the pre
cision o f  the oxygen titrations. The saturation values o f  oxygen were taken from the nomograms by 
K alle  (1939), which are based on the tables o f  Fox.

The Taiyo M aru No. 17 data
From 1951 to  1953, temperatures of near-bottom water were routinely measured 

between Bombay and the G ulf of Cutch by the skipper of an exploratory fishing vessel, 
the Taiyo Maru No. 17 ( J a y a r a m a n ,  S e sh a p p a , M o h a m e d  and B ap  a t  1959, Table XV 
and Fig. 16). The observations for December 1951 and November-December 1953 
were not available ; most of the other data are presented in Tables 1-4.

Temperatures were measured by a reversing thermometer lowered to near the bottom  and triggered 
after 1-2 min o f  adaptation time; the auxiliary thermometer was not read (Messrs. R. J ayaram an  
and K. H. M oh a m ed , personal communication). The records are in tenths o f  a degree. Surface 
temperatures were noted in full degrees for m ost o f  the observations.

The surface data are somewhat suspect, since during December-January through March o f  both  
years the means are about 1 °C or more above the temperature means o f  the bottom water at the shallow

*The approximate coordinates were : for position A , 9° 58'N, 76°05'E  through July 1959; 
9° 54TM, 76° 07'E through October 1956; and subsequently 9° 57'N, 76° 07'E; for position B, 9° 58'N, 
75° 50'E; 9° 48'N , 75° 59'E; and 9° 53'N, 75° 51'E, respectively. Position C was roughly at 10° 00'N, 
75° 20'E.
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Table 1. Temperature measurements by Taiyo M aru No. 17 during 1952 and 1953 
in Region I  o f  J a y a r a m a n  et al. (1959) in °C. For location, see Fig. 1, southernmost 
cross-lined field, a, b, first and second halves o f  the months. S.D., standard deviations. 

Number o f  measurements in parentheses.
1952 1953

Depth Feb. March February April June Sept. Oct.*
(m) b a b a b b b b

Surface 261 28-7 27-6 26-4 26-3 28-0 29-7 28-0
(7) (7) (3) (2 2 ) (18) (4) (7) (2 )

26-30 24-95 28-0
(2 ) (H )

31-35 24-75
(4)

25-65
(3)

24-0
( 1 )

25-8
( 1 )

36-40 25 25-40 25-10 24-60 25-6 27-0 27-65
(D (4) (3) (4) (D ( 1 ) (2 )

41-45 26-4
(D

27-10
(3)

28-60
(3)

46-50 25-75
( I D

26-20
(2 )

28-60
(4)

51-55 26-05
( 1 0 )

25-70
(6 )

56-60 26-00
(7)

♦From Tables X  and XV o f  J a y a r a m a n  et al. (1959), including one depth in the range 31-35 m.

localities, at a time when all bathythermograph observations from the outer shelf and continental 
slope o f the region show a deep isothermal surface layer. Therefore, the surface data have been 
lumped whereas the bottom water observations are presented as half-monthly means for depth 
increments o f  5 m.

Because the temperature readings from the reversing thermometer were not corrected with the 
auxiliary thermometer, there may be a systematic error in the 1952 data. Often the half-monthly 
means o f  the surface water temperatures from January to April 1952 are about 1°C (maximally 3°C 
in March) higher on the deeper stations than inshore, as would be expected during this season (W a r 
n e r s , 1952). I f  the surface temperature records are accepted at face value, they would suggest thermal 
stratification (Tables 2 and 3a). Then, in the deeper part o f  the area the reversing thermometer would 
have been hauled through relatively warmer surface water than it would inshore. However, I estimate 
that, at worst, this would bias the deep observations by +  0-04°C.

Temperature gradients
Generally, temperature gradients, where given, were read from copies of original 

bathythermograph slides.

O B SE R V A T IO N S O FF C O C H IN  

General hydrographic conditions o ff Cochin
The Laccadive Sea is characterized by a surface layer of variable temperature and 

salinity. The common salinity maximum of the tropical ocean is found in the upper 
part of the thermocline and seems to originate in the Northern Arabian Sea (Salinity 
Maximum D, or Arabian Sea High Salinity Water of R o c h f o r d ,  1964).

Generally, the coastal surface currents off the west coast of India set toward the 
south from February until late October or November and are reversed during the 
remainder of the year. The southward current is established north of about 20°N 
one or two months later than in the south. It gathers speed in May, and is strongest in 
July-August. The resultant speed of the current, calculated for 2-degree squares, is

8 9 2



ile 2 . T em p era tu re  m e a su rem e n ts  b y  Taiyo M aru No. 17 du rin g  1 9 5 2  a n il 1953  in R eg ion  H I  o f  J a y a r a m a n  e t  al. (1 9 5 9 ;  A r e a s  9 -1 2  a re  in clu ded , s ec  c ro ss- lin ed  f i e ld
n ear  V erava l, F ig . 1). B o ld fa c e  m e a n s  a re  s ig n ific a n tly  d iffe ren t. S e e  a lso  T ab le  1.

1952 1953
Depth March April M ay Fehruaiy April M av June September October
(m) a S.D. b a b a b a b a b a b a b a

irface 26-4 25-5 28-2 29-3 25-2 21-7 26-7 28-0 28-5 28-8 30-0 29-5 27-9 28-1 28-6
(64) (6) (6) (4) (7) (3) (5) (2) 03) (16) (53) (88) (54) (74)

i 6-30 23-7
(I)

11-35 23-90
(7)

0-48 27-85
(15)

16-40 24 50 0-14 24-60 24-95 25-7 24-50 23-50 26-9 26-8 26-4 26-9 28-05 27-95
(18) \2) (4) (I) (4) (6) 0) (1) (1) (I) (35) (59)

11-45 24-45 0-19 24-8 25-0 25-75 24-8 25-75 26-85 26-3 27-05 27-85 2 7-95 27-80 27-70
(13) (1) (1) (18) m (2) (4) (1) (11) (7) (11) (12) (19)

16-50 24-70
(2)

24-60
(3)

26
(I)

25-8
(2)

26-6
(1)

27-65 28-05 
(9) (39)

27-90
(26)

51-55 24-1
(I)

28-15
(2)

56-60 28-2
(D

'le 3a. T em p era tu re  measure:'' icu ts  b y  Taiyo M aru No. 17 du rin g  1952  in R eg ion  K p / ’J a v a r a m a n  et al. (19 5 9 ). N orth crm o .st c ro ss- lin ed  f ie ld  in F ig. /. See a iso T ab le  2.

Depth January Februai v March . tori! M ay June
(m) S.D. b S.D. a S.D. b b a b a a b

.irface 23-4 23-7 24-5 26-3 25-8 25-7 27-8 27-4 29-7* 30-8*
(23) (75) (42) (16) (74) (48) (49) (48) (29) (14)

Ï1-25 22 10 0 21 22-10 0 31 24-20 25-5
(8) (3) ■'91 0)

>6-30 22-0 22-50 0-32 22-60 0-34 22 0 ï 24-25 25-10
(1) (34) (17) (5) (27) (10)

U-35 23-2 l-4t 22-75 0-45 22-65 0-26 22-5 f 24-30 25-25 28-0
(11) (20) (20) (20); (19) (6) (1)

16-40 23-2 l-lf 22-60 0-77 22-8 22-21' 21-20 25-20 25-45 25-80 25-60 28-1*
(ID (9) (1) (5) (15) (16) (10) (14) (14) (2)

11-45 22-9 0-6 24-60 25-30 25-55 25-70 25-45* 27-55*
(4) (4) (15) (35) (27) (14) (9)

16-50 25-05 25-85 27-90*
(4) (3) (3)

51- 55 25-4
(D51-65 28-0

(I)

“Partly in Region IV, adjoining the <ipper ¿haded area in i-ig. 1 in the south.
1 Partly recorded in luii degrees only
fWilhout three high values late in the month : 22-1 C.

d e  2>b. T e n ip cra tu rc  n ¡casurcn icuis b y  Taiyo M aru No. 17 du rin g  ¡952-1'.953 in R eg io n  3 o f  J a y a r a m a n  et al. (19 5 9 ). N o rth e rn m o s t c ro ss - lin e d  f ie ld  in Tig. I- See a lso
T a b le  2.

Depth Deci‘linter January
S.D.

February March April May
(m) b S.D. a b a S.D. b a b a b a b

urfacc 23-0 22-8 23-0 24-1 24- 4 25-9 26-2 26-2 27-2 28-6 28-3
(55) (56) (70) (46) (26) (33) (59) (77) (70) (25) (7)

16-20 21-7
(1)

21-25 22-15 0-40 22-00 0-36 21-90 22 50 0-25 23-0 24 I 25-75 26-75
(8) (27) (10) (11) (2) (1) (8) (9)

26-30 22-50 0-39 22-15 0-S4 21-95 22-75 0-45 23-30 25-50 24-90 25-80 26-45 27-5
(25) (21) (44) (20) (7) (21) (4) (19) (15) (1)

31-35 2300 0-53 22-05 21-85 23-10 0-59 23-00 24-30 25-20 25-70 26-25 27-6
(18) (4) (8) (12) (5) (6) (14) (11) (9) (1)

36-40 22-75 0-22 22-60 22-10 22-80 23-40 24-50 25-00 25-45 25-80 27-10 27-45
(5) (3) (8) (3) (12) (4) (26) (22) (34) (7) (3)

41-45 231 23-7 24-1 25-00 25-45 25-70 27-50 27-0

46-50
(D (D (I) (13) (17) (3) (15) (3)

22-1
(1)

24-8
(1)

26-75
(2)
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Table 4. Temperature measurements by Taiyo M aru No. 17 during 1951-1953 in 
various regions. See also Table 1. Region I I  includes only Areas 13 to 26.

Date Region
Depth range 

(m)
Mean at 

depth
Mean at 
surface

Dec. 1951* II 36-40 25-8
(5)

16 June 1952 II 41-45 27-2 )
(1) 1 31-5

46-50 2545 (4)

June 1953 (b) II 46-50
1̂ /

2845 3 0 0
(2 ) (2 )

Nov. 1953* II 31-35f 26-6
( 1 2 )

May 1953 (a) IVÍ 36-40 26-95 )
(3) 28-0

41-45 26-60** (13)
( 1 0 ) J

May 1953 (b) IV 36-40 27-40 1
(5)

prior to 21 May f  27-60 28-7
► 41-45 I (27) (48)

26-31 May 1 26-30
I (16)

1-9 June 1953§ IV 36-40 26-65 1
(6 )

41-45 27-10 29-3
(2 2 ) (38)

46-50 27-95
( 1 0 ) .

Dec. 1951* V 36-45 24-2
( 1 2 )

♦From Tables XI, XIV and XV o f  J a y a r a m a n  et al. ( 1 9 5 9 ) .
(•Including one at 26-30 m.
{M ostly in Area E.
§Data in later part o f  period from deep water only, where water o f  about 26-5°C became replaced 

by water o f Sä 28-0°C.
**Below 26-0°C in the beginning, about 27-5°C late in the period.

below 20 km per day, except for the coast south of about Bombay where the speeds 
are greater during the southwest monsoon ( W a r n e r s ,  1952).

During the period of north-setting currents, water of relatively low salinity appears 
off Cochin (Fig. 2). R a m a s a s t r y  (1959) named it Arabian Sea Surface Water, and 
D a r b y s h ir e  (1967) called it Equatorial Surface Water. The latter term is used here. 
The annual salinity minimum usually occurs in January ( S u b r a h m a n y a n ,  1959) before 
the coastal current reverses; salinities below 33-0%o were observed in January 1959 
at the surface even beyond the continental slope. Concurrently a nearly isothermal 
layer develops which reached about 50 m depth in November 1958, and 75 or 100 m 
(i.e., almost down to the salinity maximum) in February and March 1959. The vertical 
salinity difference in the layer is l-2%0 (almost 3%0 in December 1958, D a r b y s h ir e ,  
1967) so that the Equatorial Surface Water is not well mixed vertically. This is common 
in equatorial regions. The density stratification persists later in the premonsoon 
season (Fig. 2; R a m a m ir th a m  and P a t i l ,  1966, for 1962); it was reinforced in 1959 
by a secondary thermocline within the surface layer.

The temperature maximum occurs just before the onset of the southwest monsoon 
in surface water of high salinity advected from the north. The T -S  relation of the 
Equatorial Surface Water then has the form found at Stas. 263-265 (Fig. 3). The 
highest subsurface salinities on the shelf are due to subsequent upwelling.
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The upwelling period
Upwelling off the southwest coast of India starts with the onset of the southwest 

monsoon. Cold water was found on the shelf off Cochin on 3 June 1959 (Fig. 2, Sta. 
489; cf. Table 5, Stas. 490 and 491)*. In 1962, water colder than 27°C filled Cochin 
Harbor below 5 m between 9 and 30 May (R a m a m ir th a m  and J a y a r a m a n ,  1963; 
dates from Mr. K. C. G e o r g e ,  personal communication). In May there is no surface 
source o f cool water so that the upwelling of 1962 must have already begun at this time. 
Near Karwar (Fig. 1), upwelling in 1956 and 1957 seemingly started in June or 
early July (R a m a m u r th y ,  1966). In the harbor of Karwar, which is greatly influenced 
by river runoff, the surface temperature fell rapidly from the annual maximum of 
30°-31°C in April-M ay to 25°-26°C toward the end of June 1958 and the first week 
of July 1959 (original data, Survey of India, from World D ata Center A). These 
values were at least 2°C lower than the mean temperature offshore ( W a r n e r s ,  1952). 
The lowest reading in the first week of July 1959 was 24-4°C. Again, upwelling was 
present. (For older observations see note added in proof, p. 79.)

The freshwater runoff apparently reaches the sea near Cochin before the actual 
upwelling occurs, thus setting up an estuarine circulation that favors the upsloping 
of dense deep water to shallow depths. This seems to hold also for other places along 
the southwest coast of India, f

The upwelling lasts through the southwest monsoon season as indicated by the 
upsloping of isotherm toward the coast (Table 5), although this trend cannot be 
demonstrated for late October and early November 1959, when the cool water had 
retreated below 20-30 m, the deepest observation at A (cf. Fig. 2). At the surface 
off Calicut, the upwelling effects are strongest during July and August (B a n se , 1959). 
Below the surface, on the shelf off Cochin, the coldest bottom water was present in 
August-September 1958 and in September-October 1959 (i.e. in the latter half of the 
southwest monsoon season when the winds tend to blow from the west or northwest). 
In 1962 the coldest water was observed in Cochin Harbor during early August and 
again during October ( R a m a m ir th a m  and J a y a r a m a n ,  1963).

The geographical extent and the reasons for upwelling off southwest India have 
been discussed previously (B a n se , 1959) but the possible role of freshwater runoff 
was neglected. Even now, no quantitative treatment can be offered.

According to D a r b y s h i r e  (1967), who emphasized the advection processes, the surface tempera
ture becomes low in the area when the warm Equatorial Surface Water that blankets the coo l Arabian 
Sea Water retreats to the south. However, as seen from the I.N .S. Kistna observations near Cape 
Comorin in July 1963 ( D a r b y s h i r e ,  1967, Fig. 23) showing upwelling on the northern end o f  the

♦The observations a t  Sta. 4 9 1 , 1 0  June 1 9 5 9 ,  are not included in full in C e n t r a l  M a r i n e  F i s h e r i e s

R e s e a r c h  I n s t i t u t e (1964). The temperatures were read from the bathythermograph slide.

m °C s  CL) m °C s CL)
1 28-2 33-98 15 27-6 34-87
3 28-2 33-96 25 24-2 34-97

fT he surface salinity off Cochin fell inshore, at A , by 0-6%o between 15 May and 10 June 1959, 
whereas at B it did not change between 15 May and 3 June 1959. Observations by the Survey o f  India 
in inshore water off Calicut during 1959 showed a larger decline o f  salinity than at A from the middle 
o f  May onward, with a sharp drop between 4 and 8  June 1959. Similarly in 1962, the surface salinity 
in the innermost harbor o f  Cochin fell between 9 and 30 M ay from near 30 to below 10%o ( R a m a m i r 
t h a m  and J a y a r a m a n ,  1963). In the mentioned observations in the harbor o f  Karwar, the surface 
salinity began to decrease from the annual maximum o f  almost 31%0 after the middle o f  April 1958, 
and reached 27%, by the middle o f  June (data for 1959 are not available).
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section, the surface temperature can be lowered to 26° in the absence of Arabian Sea Water. Rather, 
the dense, cool water approaches the surface because o f  the immediate interplay o f  the current with 
the tilting o f the sea surface and the thermocline. The transport o f  entire water masses out o f  the area 
is a later consequence o f  the currents. Also contrary to Darbyshire’s opinion, there may very well 
be wind-induced divergence off southwest India during the summer monsoon ( B a n s e , 1959).

Table 5. Subsurface temperatures in °C, at or near Positions A and B during the
upwelling period.

Date Stations Depth Temperature (°C)
(m) A B

1958
25 Aug. 300; 302 2 0 20-85 20-70

2 Sept. 305; 308 2 0 23-96* 21-65
306 2 0 20-53

21 Sept. 325; 324 1 0 22-41 26-03
2 0 22-05 21-85*

2 O ct.f 331; 332 2 0 21-27 22-72
7 Oct. 340; 341 2 0 2 2 - 6 8 23-13
3 N o v .t 344; 348 2 0 27-62 25-82

1959
3 June 490; 489 20/19 27-0 (BT) 29-12

10 June 491 2 0 25 (BT)
19 Aug.§ 494; 493 2 0 23-84 24-25
17 Sept. 498; 497 2 0 22-03 23-41

6  Oct. 500; 499 2 0 22-24 22-26
27 Oct. 502; 501 30 27-23 27-11

5 Nov. 504; 503 2 0 26-94 26-87

*Doubtful value.
(O ff Calicut in corresponding situation.
{Current setting north (beginning o f  sinking).
§These are the Stas. I and II o f  R a m a m i r t h a m  and J a y a r a m a n  (1960). Contrary to the implica

tion o f the acknowledgment, their paper is based entirely on my observations. I had the company of  
Mr. O. J. 0stvedt on 27 November 1958 and on 1-2 April 1959.

T-S relations o f  the upwelling season
The T -S  relation of the water encountered on 3 June 1959 on the shelf off Cochin 

was quite similar to that of offshore water at other seasons, the intermediate salinity 
maximum being indicated at 40 m (Sta. 489, Fig. 3c). Before mid-August (possibly 
by 10 June, Sta. 491) a new subsurface water mass was formed by mixing of the up- 
welled water with low-salinity surface water. It persisted through the season as seen 
from the T -S  relation for Stas. 493, 497, 499 and 500, occupied at B in August, 
September and early October 1959 (Fig. 3c). The water mass was characterized by a 
fairly constant, relatively low salinity through a range of several degrees of temperature, 
down to at least 20-5°C. Offshore the salinity in the temperature range of 19°-24°C 
increases with temperature, as shown by the heavy broken line in Fig. 3.

Subsurface water with similar properties is apparently formed each year. Tins 
feature was more obvious in 1958 than in 1957 and 1959 (Fig. 3a-c), because the 
salinity of the 1958 water mass was about 0-5%o lower than that of offshore water 
with corresponding temperature during the premonsoon and postmonsoon seasons. 
In September-October 1958, the water mass had remarkably uniform properties 
between Cape Comorin and Calicut (Stas. 320, 324 [e.g., at B], and 332, Figs. 1 and 
3b). The similarity of the shape of the T -S  relation within the subsurface water in 
1957, 1958 and 1959 and its variable average salinity suggest that the mechanics of 
its formation are similar from year to year but that in different years variable amounts 
of surface water are incorporated. The surface water component was particularly
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Fig. '3. Tempera ture-salinity diagram for stations off the southwest coast o f  India for 1957 (a), 
1958 (b), and 1959 (c). Depth near station symbols in decameters. Heavy broken line, Stas. 263- 
265 (upper 200m ; Sta. 264, upper 100m) at 10° 20'N. D ata from C e n t r a l  M a r in e  F is h e r ie s

R e s e a r c h  I n s t it u t e  (1964).

high in 1958, compared with that in 1957 and 1959. The north-south extension of the 
water mass was larger in 1958 than in 1957, and its volume must have differed too. 
R a m a s a s t r y  and M y r l a n d  (1959) and R a m a s a s t r y  (1959) already have described 
the discontinuous nature of this water in 1957, on the basis of the vertical gradients of 
temperature*.

On the basis of their 1957 observations, R a m a s a s t r y  and M y r l a n d  (1959) named 
the Kerala Coastal Deep Water, a fairly isothermal water layer occurring beyond 
the continental shelf, roughly between 50 and 100 m depth. This was contiguous 
with the equally isothermal bottom water on the shelf. Its appearance was believed 
to mark the end of the upwelling season ( R a m a s a s t r y , 1959). In 1958, this layer was 
most conspicuous in the lower part of the subsurface water formed during the upwelling 
(see Sta. 310, Fig. 3b; no observations are available for 1959 from the area above the 
continental slope or beyond it). The formation of a nearly isothermal layer and of the 
T -S  characteristics of the subsurface water described here is presumably due largely 
to the same mixing processes acting on the same water. The formation of isothermal 
bottom water is not peculiar to upwelling processes. Therefore the Kerala Coastal

♦Contrary to September-October 1958, the core o f the upwelling water (i <  22-5°C) in September 
1957 was essentially o f  the offshore type on sections at about 9°00' and 9° 30'N ; the salinity increased 
with temperature (Fig. 3a, Stas. 23, 27 and 29; above 20-30 m, mixing with surface water is indicated). 
However, on sections along 9° 10'N and 9° 20'N latitude (Stas. 12-14 and 16-20, not in Fig. 3a) 
again water o f  fairly uniform, low salinity (34-7-34-8%„ over the temperature range o f  18-5° to about 
23°C) was present. Farther away from the coast in these two sections, the T -S  relation o f  the upwelled 
water was o f  the offshore type (particularly Sta. 24).
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Deep Water might be defined by the shape of the T -S  relation rather than by the 
vertical gradients o f  temperature. Contrary to  R a m a s a s t r y  (1959) this subsurface 
water is a feature of the entire upwelling season instead of its close.

It is debatable whether or not a special name is needed for the phenomenon, but certainly more 
than “ only normal Arabian Sea Water ” ( D a r b y s h i r e ,  1967) is found above 100 m  on and near the 
shelf off the southwest coast o f  India in late September and early October.

Toward the end of the upwelling period, water of almost offshore characteristics, 
similar to that found on the shelf during its inception, appears off Cochin (Stas. 348 
and 349 for 1958, and Stas. 501 to 504 for 1959, Fig. 3b, c). The resulting increase in 
near-bottom salinity is also revealed by the data o f  S e sh a p p a  and J a y a r a m a n  (1956) 
at 15 m off Calicut.

Vertical extent o f rise o f  isotherms due to upwelling
The lowest temperatures off Cochin, inshore at A at 20 m, were 20-9° and 22-0°C 

in 1958 and 1959, respectively (Table 5). The temperature of the coldest water ob
served at 50 m depth at B was 19-7°C in 1958 and 20-3°C in 1959 (Fig. 2). The greatest 
depth of the 20°C isotherm recorded off Cochin in the preceding northeast monsoon 
seasons was 140 m in December 1957 and 150 m in early April 1959. Thus the uplift 
of this isotherm was 90-100 m during 1958 and 1959. At the close of the upwelling 
season of 1957 it was 75-100 m (R a m a s a s t r y  and M y r l a n d ,  1959; R a m a s a s t r y ,
1959).

Oxygen content o f subsurface water
About the turn  of the year, well-aerated water extends down to the seabed at B 

(Fig. 2), as well as inshore. This is surprising because of the high vertical stability 
of the Equatorial Surface Water. After the establishment of the south-setting coastal 
current, the increasing stability due to the influx along the bottom of saline water 
from the north and to surface heating, leads to  a marked lowering of the oxygen content 
near the seabed. Extrapolating from Secchi disc measurements in 1959, all of this 
water was in the photic zone. Thus oxygen removal (respiration) rates must have 
been quite high.

The upwelling water appearing subsequently is derived from within and below the 
thermocline and therefore has a low original oxygen content. It becomes further 
depleted when on the shelf (B a n s e , 1959). At B, saturation values below 10 % occurred 
in August, September, and October 1958, and in September and October 1959. In 
1958 and 1959, saturation values of 50% prevailed for several months at about 15 m 
at this locality (Fig. 2). The conditions were more extreme inshore (at A) in both 
years, when at 20 m depth, 3-5 m above the bottom, the oxygen saturation was below 
10% (mostly below 5%) from mid-August (no earlier observations were available) 
through October. Fifty per cent or less of saturation appeared to be the rule at 10 m 
there throughout the entire upwelling season.

For hydrographic reasons this oxygen regime should hold in principle for much of 
the southwest coast of India, at least to the latitude of Calicut. During the period of 
the north-setting current, shelf and offshore hydrography and water chemistry are 
similar because of the stability of the water column in the Equatorial Surface Water, 
which reduces the influence of the seabed on the upper water layers. The oxygen con
tent seems to be high near the seabed in the middle and shallow parts of the shelf,
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and offshore almost down to the pycnocline (sections across the shelf off Cochin 
in 1958-1959; Vityaz Stas. 4618 and 4621 of January-February 1950, Fig. 1; P a t i l  
and R a m a m ir th a m , 1963, for December 1961). To the north of the area influenced 
by the Equatorial Surface Water, density gradients between the surface and the princi
pal pycnocline are lower than in the south (R a m a m ir th a m  and P a t i l ,  1966), facilitating 
the supply of oxygen to the seabed by mixing and eddy diffusion.

The northward extension o f  the Equatorial Surface Water o f D a r b y s h i r e  ( 1 9 6 7 )  with which this 
oxygen regime appears to be related, is uncertain. In the available successive, geographically separate 
sections it is difficult to distinguish between persistent differences in space, and seasonal changes that 
occur between the times o f  occupation o f  the sections. Instead, time-series observations and quasi
synoptic (multipleship) surveys are needed.

A  thermally uniform surface layer with a marked salinity gradient was absent on or near the shelf 
in Novem ber and December 1 9 6 0  southwest o f  Bombay ( Vityaz Stas. 4 8 6 1 ^ 4 8 6 5 ,  Fig. 1 in part). 
It extended at least to 1 3 ° N  in early February 1 9 6 2  but only south o f this latitude in late March 1 9 6 2  

( R a m a m i r t h a m  and P a t i l , 1 9 6 6 ) .  The same hydrographic condition was found by Meteor off Goa 
in mid-February 1 9 6 5 ,  and off Bombay in early April 1 9 6 0  by Vityaz (Stas. 4 7 1 4  and 4 7 1 7 ,  Fig. 1)  

but was much less evident in April 1 9 6 1  in this area (Comdr. Robert Giraud). A  surface layer with a 
marked salinity gradient was aiso present although with a warmer upper horizon, on  Anton Braun 
Stas. 1 0 6  and 1 0 7  in May 1 9 6 3  (Fig. 1 ) .  The salinities on these stations were above 34% 0 or even 35% 0, 

somewhat higher than off the southwest coast o f  India. Further the salinity maximum, found in 
the south at a density o f slightly above ot o f  2 3  0 ,  occurred in the northern stations at slightly above 
at o f  2 3 - 5 .  It is not known whether the quoted observations represent advection (or absence thereof) o f  
Equatorial Surface Water, or largely indicate changes in situ caused by the same processes acting all 
along the coast during this time o f  year.

In the period after the reversal of the coastal current, the oxygen content of the 
bottom water was reduced at shelf stations between 10° and 11°30'N in May 1959 
when the salinity gradients in the bottom water were high (cf. Fig. 2). A few similar 
observations were made in the area in 1960 and 1961 ( C e n t r a l  M a r in e  F is h e r ie s  
R e s e a r c h  I n s t i t u t e ,  1964). Also farther north, oxygen concentrations in  the near
bottom water must decline when the oxygen removal rate overtakes the rate of supply, 
which (neglecting horizontal gradients) is related to stability and, in shallow water, to 
photosynthesis.

During the summer monsoon, on the open shelf south of roughly 9°N upwelling 
and vertical instability may possibly always be so marked that the oxygen concentra
tions remain relatively large in the bottom water and conversely low at the surface 
throughout the season (B a n se , 1959). About 5 km off Calicut, with a bottom depth of 
15 m, surface oxygen values are below 90% during much of the upwelling season 
despite strong phytoplankton development, and often fall to 70 or 60 % (S u b r a h m a n 
y a n ,  1959). The lowest surface value reported by this author is 30% of saturation, 
in early September 1951. Surface upwelling occurs at least to Goa (B a n se , 1959). 
Conditions farther north, where the warm surface water is not removed during the 
southwest monsoon, ought to be similar to  those off Bombay (p. 57).

S E A S O N A L  C H A N G E S  OF SEA L E VE L  I N  T H E  N O R T H E A S T E R N  A R A B I A N  SEA

No time series of subsurface temperature observations from the open shelf off the 
west coast of India and Pakistan have been published to  prove that cold water is 
uplifted in the entire region during the southwest monsoon, as proposed by the present 
author in 1959. Since the upwelling off southwest India is ultimately due to divergence 
along the coast, which leads to a lowering of sea level there, sea level records were
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examined for indications as to  whether hydrographic changes, similar to  those 
observed off Cochin and Calicut, occur farther northward. Only long-term means 
were considered, which carry more weight than individual observations although 
the latter would illuminate extreme cases.

KARACHI
1937-1947

IO c m

KANDLA
1950-1961

  VERAVAL
_  1 9 5 5 - /9 5 7

1 9 5 9 - /9 6 /  
(incomplete)

■ BOMBAY 
1937-1961

■c COCH/N 
1 9 3 9 - /9 5 5  

1 9 5 7 -1 9 6 1
IO cm

I  IL JU  W  37 3n  EZT VTTT IX  X  2 1  XU
Fig. 4. Mean sea le\ 'cîs for Indian and Pakistani gages, above arbitrarily chosen datum levels 
(from A s s o c ia t io n  d ’O c é a n o g r a p h iq u e  P h y s iq u e , 1958, 1959, 1963). Broken lines, actual 
observations ; solid line, the former corrected for the effect o f  air pressure. For the correction, 
the deviation o f the monthly means from the annual means o f  air pressure was estimated from the 
monthly charts in W a r n e r s  (1952) and U.S. N a v y  (1957). One millibar o f pressure rise was con

sidered to lower the sea surface by 1 cm ( R o s s it e r , 1962).
The records o f  the only remaining tide gage on the west coast o f India, Bhavnagar in the G ulf o f  
Cambay, seem to be dominated by local effects : the range o f the corrected mean sea level 
curve is about 50 cm, with the maximum during August and September, possibly a result o f

runoff.

The annual maxima of corrected sea level, when corrected for the effect of atmos
pheric pressure, occur at all stations in December or January (Fig. 4). The minima 
are observed at all stations in August or September, that is, in the later part of the 
southwest monsoon season. River runoff possibly influences the water level means in 
June at Cochin and Bombay during the time of the secondary maxima. Otherwise the 
trend of the corrected mean sea level for Cochin, Bombay, Veraval and Karachi, 
situated at the open coast, agrees during April to October fairly well with the waxing 
and waning of the component of the current parallel to the coast estimated from 
W a r n e r s  (1 9 5 2 ).

The surface density in the open sea off Pakistan, Saurashtra and much of the west 
coast of the Indian peninsula is lower in May and August than in February ( I s a k o v ,
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1953; J a y a m a r a n  and G o g a te ,  1957; G o g a te ,  1960; U.S. N a v y  H y d r o g r .  O f f ic e ,
1960), except off the southwest coast, where the August values are higher than those 
for February. Despite this, the corrected sea level in August is lower than in February 
all along the coast (Fig. 4). Therefore, under the similar current and wind regimes 
prevailing off the west coasts of India and Pakistan, the fall in sea level during a period 
of increasing current velocity (p. 48) may well be indicative of a regular influx of 
dense (i.e., cool) water at depth, which overcompensates for the effect of the low surface 
density on mean sea level. This rising of dense water is to be expected on the left side 
(in the downstream direction) of a current in stratified water. The input of freshwater 
from rivers during the summer monsoon may further promote shoreward movement 
of bottom water.

E V I D E N C E  FOR C O OL  S U B S U R F A C E  W A T E R  O N  THE  

I N D O - P A K I S T A N  S H EL F D U R I N G  T H E  S O U T H W E S T  M O N S O O N

The southwest monsoon season
The close similarity of the curves of corrected sea level for Cochin and the northern 

stations (Fig. 4) suggests that cool water may appear on the shelf off Bombay about as 
early as it does off Cochin, but somewhat later in the north, and that it may be present 
throughout the monsoon season. In all years, the monsoon is fully established by 
July; in fact, all observations made in July and thereafter demonstrate cool water at 
shallow depth on the shelf.

Three bathythermograph measurements by H.M.S. Nubian in July 1963, on 
the outer shelf west of the submarine canyon of the Indus as well as on the continental 
slope, showed an isothermal surface layer of 28-3°-28-4°C down to 25 m depth (35 m 
on the slope). The temperature gradients at the top of the thermocline were3°-4°C 
over intervals of less than 5 m, suggesting active upward movement of deep water. 
The 23°C isotherm occurred on the shelf at roughly 40-45 m. In April and May this 
temperature is found off Bombay, and offshore slightly below 100 m.

One measurement by U.S.S. Higbee in August 1948, near the head of the Indus 
canyon, gave a temperature of 23-4°C at 20 m, the end of the trace, below a surface 
layer of 26-5°C. In subsequent observations by this vessel farther to the south (Fig. 5), 
the 23°C isotherm occurred at 30-35 m in the middle of the shelf north of about the 
latitude of Bombay. On the shelf south of Bombay, cold water reached even shallower 
depths than in the north. The depth of the isotherms was not clearly related to the 
distance of the section from the shore as one might expect, indicating geographic 
variation in the strength of upwelling. Some additional bathythermograph casts 
taken on the same days by U.S.S. Chevalier in about the same one-degree squares, 
and at about the same depths but without exact positions, support the Higbee 
observations.

In September 1962, the 25°C isotherm was observed on the outer shelf off Bombay 
at about 20 m below a shallow thermocline, and the 23°C isotherm at about 50 m 
(E d e lm a n , 1965, Fig. 11). Likewise, the discontinuity layer was at about 30 m off 

•Bombay and off Karachi in a section of I.N.S. Kistna of late September 1962; water of 
23°C occurred west of the Indus canyon and southwest of Karachi between 30 and 
40 m.

For the lightship off Bombay (about 10 km from the shore, 7 km from the Bombay
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Fig. 5. Temperature section (°C) along the west coast o f  India (see Fig. 1) in August 1948, 
from digitized readings o f bathythermograph slides by U.S.S. Higbee. D ots indicate the ends o f

the traces.

lighthouse; bottom depth, 18 m), the oxygen observations by G o g a t e  (I960)* suggest 
strongly that the discontinuity layer occurred near 10 m from the middle of September 
through October in 1959. In the middle of September there was no oxygen at 10 and 
15 m, below a well-aerated surface layerf. The surface observations off the lighthouse 
for 1957-1959 likewise indicate that poorly oxygenated, nutrient-rich water may be 
present from May to July onward. The lowest surface oxygen values in 1957 were 
2-2-2-5 ml/1, and occurred in May, September and October. There were marked 
drops of oxygen saturation (below 70%) in October 1958 and July 1959. The latter 
observation of 3-2 ml/1. (64% saturation) was well supported by temperature and 
phosphate data.

Other data from the open shelf, however, show a fairly deep surface layer overlying 
cool bottom water during the summer monsoon. In August 1963, Atlantis / /fo u n d  an 
isothermal surface layer of 40-55 or 60 m, at about 20°N (bathythermograph section, 
starting 60 km ESE of Sta. 73, Fig. 1). The 23°C isotherm occurred between 65 
and 75 or 80 m. The temperature measurements by Taiyo Maru No. 17 in September 
1953 south of Veraval (Table 2, see also the October data and Table 1 for September 
1953 off Bombay), likewise indicate a fairly thick surface layer.

In conclusion, all observations on deep parts of the shelf between Karachi and 
Bombay made after June indicate cool bottom water at least to about 50 m depth. 
Often, the thermocline is found at considerably shallower depths. It is not known

♦ G o g a t e  gives a series o f  almost weekly subsurface observations o f  salinity and oxygen from 
December 1958 to the middle o f  May 1959, and from the middle o f  September through December 
1959, with temperature and nutrient measurements at the surface; there is further a complete series 
o f  weekly measurements at the surface near the Bombay lighthouse, with a depth o f bottom  o f about 
5 m, from June 1958 through December 1959. The locality is strongly influenced by the outflow from  
the harbour as shown by the salinity data.

Mr. R. J a y a r a m a n  kindly provided the monthly ranges o f  the data from the station near the light
house for 1957, used by J a y a r a m a n , V i s w a n a t h a n  and G o g a t e  (1962).

fT he complete disappearance o f oxygen from the subsurface water may have been an extreme 
case, not characteristic for the entire area near Bombay, since trawling has been successful to 30-40 m 
depth during the southwest m onsoon o f  1963, as well as during October-November o f  1952, 1953, 
1962 and 1963 (page 71).
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what fraction of these differences reflects variations among years, or within years, or 
among localities.

The postmonsoon season
Upsloping isotherms during the postmonsoon period, before the onset of the 

northeast monsoon proper, have been reported from the northern region. Near Bom
bay water of 24°C occurred under much warmer surface water at 22 m depth in late 
October-early November 1958 ( C a r r u t h e r s ,  G o g a t e ,  N a i d u  and L a e v a s t u ,  1959). 
The 23°C isotherm referred to  earlier was slightly below 40 m, i.e., at about the depth 
shown in Fig. 5 for August 1948 or possibly somewhat deeper. The near-bottom 
current, at 43 m bottom depth, was setting toward the equator, rather than poleward 
as one might expect at this depth during the northeast monsoon proper ( C a r r u t h e r s  
et al., 1959). The wind speed was not more than 10 knots, and from the northeast and 
the northwest (B a n s e , 1959). In October 1953, however, the surface layer off Bombay 
and south of Veraval was thicker than in 1958 (Tables 1 and 2). Similarly, in the middle 
of October 1962, on two Kistna stations, the thermocline was between 30 and 40 m 
and 40 and 50 m, respectively. The 23°C isotherm occurred between 40 and 50 m, 
and below 50 m depth.

On the continental shelf off the delta of the Indus, bathythermograph observations 
by Anton Braun in October 1963 showed the thermocline at 30-40 m, and the 23°C 
isotherm at 50-65 m, in a section run from Sta. 183 toward Sta. 184 (Fig. 1), and in 
another one roughly parallel to it but about 40 km to the southeast.

Upsloping was similar during early November 1964 on the shelf between Karachi 
and the Gulf of Cutch ( D o e ,  1965). The top of the main thermocline was at 15-40 m 
depth. Temperature gradients in it were very steep over much of the area. The 
23 °C isotherm occurred inshore, on the middle of the shelf and in the submarine 
canyon of the Indus, at 30-40 m depth, and at about 55 m at the 180 m line, or slightly 
beyond. These conditions suggest active upsloping.* The wind was calm, or from the 
northeast (maximum, 8 knots), so that it is not likely to have been the main reason for 
the shallow thermocline.

Vertical extent o f  rise o f  isotherms
The extent of uplifting in the northeastern Arabian Sea may be estimated from the 

vertical shift of the 23°C isotherm. There are bathythermograph data for the second 
half of March 1961 by U.S.S. Requisite on sections across the Arabian Sea (cruise tracks 
in C h u r g in  and S a n g e r ,  1966) and offshore data from April to May (p. 65). Al
though there is some variability in the March data, and the trend to sinking in March 
1961 makes comparison difficult, it appears that there may be an uplift of up to 75 m 
during the summer monsoon and postmonsoon seasons, although as a rule it is more 
likely to be 50 m (cf. Fig. 6). Thus, it is of smaller extent than that off southwest India.

In summation, the cool water rising regularly on to the shelf between Bombay and 
Karachi during the southwest monsoon, and most probably south of Bombay as well, 
is present at shallow depths at least until the onset of the northeast monsoon. During 
this period it seems to be effectively blanketed by warm surface water between about

♦The map o f  surface temperature ( D o e , 1965, Fig. 3) points to upwelling to the surface at Sta. 11. 
However, there was no source o f  cool water on the neighbouring stations. Probably the marked 
salinity stratification ( D o e , 1965, Fig. 6C) permitted the cooling o f  the surface water from the atmos
phere. Observations by R.V. Anton Bruun in November 1963 likewise showed temperature inversions 
in the region.
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Goa and Karachi, according to the available monthly charts of surface temperature 
which do not indicate regular and widespread upwelling to the surface in the north, 
as off the southwest coast of India. Exceptions to this statement are the c h a r ts  
for August-October of W o o s te r ,  S c h a e f e r  and R o b in s o n  (1967) showing sligh tly  
lowered temperatures inshore between about 66° and 70°E when the wind pattern of 
the southwest monsoon still obtains.

An investigation to explain the upsloping of cool water onto the shelf should include 
the open northernmost part of the Arabian Sea as well as the shelf and adjacent waters : 
On a section run across the Arabian Sea between about 22° and 20°N, in September 
1962, the discontinuity layer was generally in the upper 25 m (E d e lm a n , 1965). In 
the I.N.S. Kistna section of late September-early October 1962 along about 20°N, 
it was observed very close to a  depth of 50 m depth east of 63°E, and at a much shal
lower depth west of this longitude. The 23°C isotherm was found roughly near 75 m 
(standard sampling depth) east of 63°E. A shallow thermocline occurs also in the 
open northern Arabian Sea in October-November (p. 62). The figure of the seasonal 
temperature distribution for 20°N 63°E of W o o s t e r  et ai. (1967, p. TV 4) shows a  
situation similar to  that observed by I.N.S. Kistna, for much of the premonsoon and 
southwest monsoon seasons. Thus, upsloping on to the shelf may be a consequence 
of changes affecting a large area, rather than merely of coastal divergence.

T H E  S H EL F B E T W E E N  B O M B A Y  A N D  K A R A C H I  D U R I N G  THE N O R T H E A S T

M O N S O O N

Conditions during November and December
The air circulation pattern of the northeast monsoon season is established in the 

area in November; the wind off Bombay then blows almost from the north. The 
counterclockwise water circulation gains a hold in November, and the surface current 
off the Indian peninsula flows almost against the wind. The corrected mean sea levels 
along the coast rise strongly from October to November (Fig. 4), and one might 
expect sinking in November and December (the density of the surface water increases 
from August to November). However, all available observations show the continued 
presence of cool subsurface water at fairly shallow depths during November, and 
even early December. Later in the season, surface cooling begins to influence the 
vertical temperature distribution markedly.

Near Bombay cool water was present in shallow depths in 1958 at a time when it 
had receded off Cochin ( C a r r u t h e r s  et al., 1959, for Bombay; Fig. 2 for Cochin). 
At the lightship off Bombay, low oxygenation persisted at 10 and 15 m depth through 
24 November ( G o g a te ,  1960), i.e., longer than off Cochin in the same year (Fig. 2). 
Surface oxygen values were below 90 % of saturation from the end of October to 24 
November (down to 69 % in early November). For 23 December, Gogate recorded 
1-1, 2-5, and 3-1 ml O2/ I .  at depths of 0, 5 and 10 m, respectively (no value for 15m), 
which is difficult to interpret. In any event, water of low oxygen content seems to have 
been present until that time at some depth.*

*Close to Bombay, the resultant surface current sets approximately west from October through 
February, requiring replacement at depth o f the removed surface water, whereas on the outer shelf 
off Bombay and toward Saurashtra the main direction is to the northwest until the beginning o f  sea
sonal reversal o f  currents ( W a r n e r s , 1952). Therefore the depth of the thermocline near Bombay 
in this period may not allow conclusions about the depth at the open shelf. But cold water at shallow  
depth near Bombay requires a source at the open shelf, and large-scale sinking there is not likely to 
prevail as long as upsloping and cool water can be observed near Bombay.
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On the outer shelf off Bombay, the 23°C isotherm (offshore slightly below 100 m 
in April and May) was observed between 35 and 50 m {Vityaz Sta. 4863) and between 
50 and 71 m (Sta. 4862) in early December 1960 (Fig. 1) below a sharp discontinuity 
layer at 30-50 m. It was also found between 50 and 60 m {Mabahiss Sta. 91) in mid- 
December 1933. S e ry i  and K h im its a  (1963) mentioned upwelling in December 1961 
on the outer shelf off Bombay. The bottom depth at the only shelf station by V. 
Vorobyev can be estimated to be 80-90 m (S e r y i  and K h im its a ,  1963, Fig. 5) ; to judge 
from the oxygen distribution, the 23°C isotherm was at about 60 m depth. The surface 
current was setting to the south.

Between Bombay and Karachi, water of 26-6°C was observed at 31-35 m in 
November 1953 in Region II of J a y a r a m a n  et al. (1959 and Table 4). In late Novem
ber 1960, the principal thermocline was between 30 and 40 m at Vityaz Stas. 4861 
and 4862 (off Saurashtra, Fig. 1) and between 53 and 80 m at Stas. 4859 and 4860 
(off Karachi). The 23°C isotherm occurred between 52 and 78 m (Sta. 4861) and 
between 76 and 110 m (Stas. 4859 and 4860). The surface temperatures were between 
26° and 27°C. Anton Bruun found the top of the principal thermocline in the middle 
of November 1963 between 25 and 35 or 40 m depth on the middle and outer shelf 
southwest and northwest of Bombay, at ~  30-40 or 45 m off Saurashtra, at ~  45-65 m 
on the middle and outer shelf between the Gulf of Cutch and the submarine canyon 
of the Indus, and at ~  65-75 m west of the canyon (late November). Considering 
the entire area in the fall of 1963, bottom water temperatures of 23°-24°C were ob
served at 66 and 71 m, and 22-3°-22-4°C down to 125 m. The water was poorly 
oxygenated (W o o d s  H o le  O c e a n o g r a p h ic  I n s t i t u t i o n ,  1964).

During repetition of sampling northwest of Karachi in early December 1963 
(until 8 December), new bottom water of 23-9°-24-9°C was present between 25 and 
132 m {Anton Bruun Stas. 274-277). It had a high salinity and was well aerated, 
with an oxygen content of 1-2 ml/1, above that of offshore water with the same 
temperature (Figs. 6 and 7a, b, four samples; for location, see Fig. 6). Apparently 
there was deep convection but the area probably is not an important source of deep 
water (p. 66). During the same days, southwest of Karachi, Anton Bruun observed 
bottom water of 23-9°-24-0°C at 103 and 116 m of the ordinary oxygen content and 
salinity as met offshore, thus further suggesting that the source of deep water is a 
geographically small area.

About ten days later, on 17-18 December 1963, V. Vorobyev ran a section across the 
shelf, 250-300 km to the southeast (Fig. 1). The 23°C isotherm and the middle of the 
discontinuity layer were met between 75 and 90 m ; apparently the cool bottom water 
observed by Anton Bruun had receded in the meantime. The surface temperature had 
not changed much, being 25-3°-26-3°C, which is about 2°C warmer than one might 
expect during this month. Except for the two innermost stations, vertical convection 
to about the depth of the 23°C isotherm could have set in had the surface water been 
cooled to normal temperatures.

Taiyo Maru No. 17 observations between Bombay and the G ulf o f  Cutch during November and 
December (Tables 3b and 4) show  that on the average, the bottom water in the middle o f  the shelf 
off the tip o f  Saurashtra during December seems to be warmer than during January and February.

Reviewing these observations, a shallow surface layer between Bombay and 
Karachi during November and December seems particularly noteworthy because, 
on the average o f many years, the corrected sea level attains its annual maximum
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during these months (Fig. 4). The shallow surface layer occurs likewise in the open 
northwestern Arabian Sea, off Arabia ( G i l s o n ,  1937; R y t h e r  and M e n z e l ,  1965; 
S e ry i  and K h im its a ,  1963). An explanation may be found in the surface current 
pattern. Although the coastal current off the Indian peninsula is reversed by November 
and sets in a counterclockwise direction, the chart for November (U.S. N a v y  H y d r o g r .  
O f f ic e ,  1958) suggests drift in a clockwise direction on the entire ship track from 
Aden to Karachi, east of 50°E, as well as on the track from Karachi to Bombay, to 
about 69°E, that is, off Saurashtra. The drift along the track from Aden to  the Persian 
Gulf is counterclockwise, that is, southwesterly. The number of observations per 
one-degree square is almost without exception below ten, and the constancy of the 
currents is not high, but a similar current pattern was present off Arabia in mid- 
October to early November 1963 and showed its effect on the thermocline ( R y t h e r  
and M e n z e l ,  1965). On the other hand, the November chart of W a r n e r s  (1952) 
indicates a counterclockwise surface drift all along the coast between Bombay and 
Karachi. The counterclockwise surface circulation prevails in the entire area during 
December ( W a r n e r s ,  1952; U.S. N a v y  H y d r o g r .  O f f ic e , 1958).

The direction of the surface currents near Karachi and towards the Gulf of Oman 
may explain the transition of the hydrographic regime from that of the southwest 
monsoon to that of the northeast monsoon occurring as it does in November. Pre
viously, it was believed that the change-over took place at the end of the southwest 
monsoon. The observations do not offer clues as to why the change-over near Bombay 
seems to take place later than off Karachi. The main difficulty in interpreting the 
temperature and salinity observations off Bombay is the lack of simultaneous current 
measurements. It may be significant that the two available statements about currents 
during this period ( C a r r u t h e r s  etal., 1959, for early November; S e ry i  and K h im its a ,  
1963, for December) report southerly, i.e., clockwise currents, as mentioned earlier. 
Off Cochin, the establishment of a deep, warm surface layer is connected with the 
onset of the northward-setting current (B a n se , 1959).

In conclusion, marked sinking is evident nowhere between Bombay and Karachi 
during most of November and apparently does not occur off Bombay through the 
middle of December. Neither is there upwelling of deep water to the surface. The 
possible role of the northeast monsoon blowing essentially away from the shore is 
unclear.

Difference between areas and years in November and December
November 1963 with the variable depth of the thermocline and December 1963 

with the discussed differences in hydrographic structure between Saurashtra and the 
area off Karachi demonstrate differences among areas within one year. Further, in 
late November 1960, essentially the same conditions prevailed on the continental slope 
off Saurashtra with the 23°C isotherm well above 75 m (Vityaz Sta. 4861), as near 
Bombay (Stas. 4862 and 4863; 23°C isotherm between 35 and 71 m). However, on 
the same day the depth of this isotherm south of Karachi and west of the Indus Canyon 
(Sta. 4860) was between 75 and 100 m, as it was to the west (Sta. 4859), beyond the 
continental slope. Therefore the present summary of the conditions on the shelf 
between Bombay and Karachi is only a preliminary one.

Similarly, there appear differences among years although no observations are 
available from the same stations. Whereas conditions favoring sinking were apparently
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established off Karachi early in December 1963, presumably because of the high 
surface salinity, a bathythermograph cast on 19 December 1956 off Karachi (U.S.S. 
Soley, bottom depth, 86 m) placed the 23°C isotherm at 35-40 m, below surface 
water of 23-6°C. One bathythermograph cast (U.S.S. John Hood) on 1 December 1957 
in the submarine canyon off the Indus mouth showed the 24°C isotherm at 40 m 
below surface water of 25°C, and the 23°C isotherm between 50 and 55 m, slightly 
deeper than in early November 1964 (p. 59), but considerably shallower than on a 
line of stations by V. Vorobyev, about 130 km to the southeast, on 17-18 December 
1963. In 1956 and 1957, the water at 80-90 m was just above 21°C, that is, large vertical 
temperature gradients were still present in December.

Water temperatures from  January to March
Horizontal temperature gradients, with the warmer water offshore, prevail near 

the coasts of Saurashtra and West Pakistan from October to about April ( W a r n e r s ,  
1952). They are strongest from November to February and may be taken as an 
indication of upwelling to the surface. J a y a r a m a n  and G o g a te  (1957), C a r r u t h e r s  
et al. (1959), N e y m a n  (1964), and G a l l a g h e r  (1966) have in fact tentatively suggested 
upwelling in the northern Arabian Sea during the northeast monsoon. As shown, there 
is no regular upwelling reaching the surface in November and December. Neither is 
there evidence of cool, deep water reaching the surface in the first two months of the 
year. The temperature distribution may perhaps result from surface cooling by the 
dry and cool wind as in the northern Bay of Bengal during the northeast monsoon 
(B a n se , 1960).

One bathythermograph cast at about 80 m depth west of Bombay in early January 
1963 (U.S.S. Forrest Sherman)-, two bottle casts in late February 1960,140 km south of 
Diu Head, reaching 80 and 65 m, respectively (U.S.S. Requisite) -, and one bathy
thermograph cast on the outer shelf off Karachi in early February 1959, reaching 
75 m (H.M.S. Loch Alvie), all showed more or less isothermal water to at least 50 m 
and mostly to  60 m, above the thermocline. Twenty bathythermograph casts of 75 m 
or deeper on the outer continental slope (about 2000 m depth) made by various ships 
during February off Bombay, Saurashtra, and Karachi also showed a deep surface 
layer roughly to 75 m, sometimes deeper. This is not to  be expected during upwelling.

Further, in the case of upwelling, water temperatures would generally decrease 
with depth, and bottom water temperatures on the shelf would therefore decrease 
seaward. However, there is an increase of means toward intermediate depth between 
December and early March in the bottom water temperatures off Saurashtra during 
1952 and 1953 (Tables 2 and 3). Using the normal approximation for the rank-sum 
test (D ix o n  and M a sse y , 1957), the differences between the means (in heavy print) 
in January, March and December 1952 are significant on the 1 % level, and in the 
first half of February 1953 on the 5 % level. This is not likely to occur in an upwelling 
area, and the conclusion is that during January and February deep water does not reach 
the surface by upwelling near the eastern end of the region of low surface temperatures 
shown by maps of monthly means. The fact that auxiliary thermometer readings 
were not recorded on the Taiyo Maru No. 17 does not introduce a marked bias in the 
data (p. 48).

The low surface temperatures off Saurashtra and West Pakistan may be caused by 
atmospheric cooling, because on the continental slope, where some bathythermograph
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observations are available for February, intermediate temperature maxima also occur. 
They are to be expected below the depth reached by convection induced by cooling. 
Of seven casts in February 1961 in the one-degree square north of 21°N and east of 
67°E (U.S.S. Requisite and U.S.S. Tamer, outer continental slope), six showed inver
sions of 0-l°-0-5°C, between 45 and 100 m, the temperature maxima being between 
23-8° and 24-8°C. All three observations in this square in March 1961 (U.S.S. Requisite) 
as well as five others in the two adjoining squares to the east (shelf proper), showed an 
uninterrupted decrease of temperature with depth (at this time the surface temperature 
begins to rise toward the annual maximum in May-June).

In  the absence o f  upw elling in the northeastern A rabian Sea in the first quarter, the bottom  water 
tem peratures o n  the sh elf o ff B om bay in F ebruary-M arch 1952, and 1953 (24°-26°C , Table 1) and  
in  February 1960 (U .S .S . Requisite, c lo se  to 24°C, tw o stations), were higher than during the south
w est m on soon  (Fig. 5). This is presum ably the rule in this region. T he bottom  water on  the m iddle  
o f  the sh e lf o f  the B om bay region is 1°-2°C  warm er than that near Saurashtra during F ebruary- 
M arch (cf. T ables 1-3).

For the shelf off Bombay and farther south where the isotherms of surface water 
during the first quarter do not run roughly parallel to the coast, one can assume that 
the hydrographic conditions are in principle similar to those off Calicut and Cochin. 
Of course, temperatures are lower, and salinities are higher than off the southwest 
coast (W a r n e r s , 1952; I s a k o v , 1953; J a y a r a m a n  and G o g a t e , 1957; R a m a m ir t h a m  
and P a t il , 1966), and there may be differences in the timing or other details of th e  
seasonal cycle.

Water temperatures in the transition period prior to the summer monsoon
At the time of the onset of surface heating, during the second half of March 1961, 

U.S.S. Requisite ran hydrographic sections across the Arabian Sea at roughly 20° 30', 
21° 30', 22° 30', 23° 30' and 24° 30'N. On the Indian shelf, along the first three sec
tions, a weak thermocline was present at 20-30 m depth. From the bathythermograph 
traces in late February 1961 (above), the thermal stratification appears to have been 
recent. The temperature of the bottom water at roughly 50 m was between 24° 
(or slightly below) and 25°C. In the two northernmost Requisite sections the water 
column was practically homohaline, but not homothermal. The salinities of the 
stations ranged between about 36-35 and 36-50%o down to about 75 m depth, or roughly 
23°C, with the exception of a shallow station off Karachi. On these stations, renewed 
cooling should have led to vertical convection at least to the mentioned depth, and 
produced water of about the same T -S  characteristics as observed by Anton Bruun 
in early December 1963 off Karachi (p. 61).

Serial observations by the Comdr. Robert Giraud on the shelf break at about 19° 
and 22° 30'N in late April 1961, and at 24° 30'N in early May 1961 showed essentially 
the same situation as observed by U.S.S. Requisite 5 weeks earlier except that the 
seasonal thermocline, between 30 and 50 m (standard depths), had intensified.

Off the western tip of Saurashtra, water of 25°-26°C was found below 36 m, 
beneath a much warmer surface layer, through the first half of June 1952 (Table 3a; 
for similar observations near Vera val in May 1952, see Table 2; for June, Table 4). 
However, in the second half of June 1952, water of about 28°C reached 61 m off 
western Saurashtra. The observations terminated by June 20 after the surface tempera
ture had fallen from between 30° and 35°C (mean, 31-5°C) to 28°-29°C, possibly
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1ndicating the onset of the monsoon. A similar increase of near-bottom temperatures 
occurred off the western tip of Saurashtra in May 1953 (Table 3). Near Veraval, 
water of 28°C was present to 60 m depth through late June 1953 (Tables 2 and 4).

Tem peratures northw est o f  Veraval were betw een 26° and 27°C in  M ay 1953 and rose in  the days 
prior to  9 June to up to  28-5°C betw een 41 and 50 m  (T a b le4 , R egion  IV ). B oth  here and in  the region  
sou th  o f  V eraval (T able 2 ), water o f  a lm ost 28°C  had been  present d ow n to 45 m  for a few  days in  the 
m iddle o f  M ay. Sim ilar m easurem ents are available from  o ff  B om bay for the secon d  h a lf  o f  June 
1953 (4 1 -5 0  m , Table 1).

Serial observations of temperature and salinity were made in late March and 
April 1962 north of 13° 30'N ( R a m a m ir t h a m  and P a t i l ,  1966), and between Ratnagiri 
and Veraval in May 1962 ( P a t i l ,  R a m a m ir t h a m , V a r m a ,  N a i r  and M y r l a n d ,  

1964). The sections showed marked temperature gradients near the surface but water 
of 25°C was found only at 75-100 m (see also Anton Bruun data from May 1963 and 
1964, Fig. 7a, and Vityaz Sta. 4715 of early April 1960). There was a slight upsloping 
of isopycnals and isotherms noticeable off Bombay and farther north. However, off 
Veraval, water of 25°C occurred at 20 m depth. The last section, off Veraval, was 
occupied on 21 May (Mr. K. C. G e o r g e ,  personal communication; in the same year, 
cold water entered the harbor of Cochin between 9 and 30 May, p. 51). If the 25°C 
water observed at 20 m off Veraval was connected with the water of 25°-26°C found 
during the same days along 71°E, it may have represented the beginning of upwelling 
of deep water, because along 71 °E the salinity at 50 m apparently increased with 
temperature ( P a i t l  et al., 1964, Figs. 9 and 10). This is the case in this area below the 
salinity maximum, i.e., below the principal thermocline. Alternatively, it may have 
been cool subsurface water from the previous winter (see below).

Considering 1952,1953,1961 and 1962 together, it is remarkable that off Saurashtra, 
water of 25-0°-25-5°C, observed below warm surface water in all years, persisted in the 
depth interval of 36-40 m, and deeper, through June 1952 and into April 1953. Beyond 
the continental slope, this temperature occurs between about 75 and 100 m. Probably 
this water found in the transitional or premonsoon months below the shallow thermo
cline is the remnant of the strong winter cooling from the surface (see below). The 
warm water occurring from March to May above the shallow thermocline established 
in March seems to be continuous with the warm water off Bombay, where, however, 
it appears to reach a greater depth. There was thickening of the surface layer off 
Saurashtra just prior to the monsoon season, for which no reason is evident. The 
time of appearance of cool upsloping water on the shelf cannot yet be established, 
because of the uncertainty about the characteristics of the 25°C water off Veraval in 
May 1962, the fairly deep warm surface layer off Saurashtra in June 1952 and 1953, 
and the subsequent scarcity of data. Because all data for July show cool water on the 
shelf (p. 57), June is likely to be the usual time of upsloping.

The cool subsurface water o f  the premonsoon period o ff Saurashtra
Water of 25-0°-25-5°C on the shelf below a shallow thermocline after March 1952 

and 1953 was probably a remnant of surface cooling during the previous months. 
In March 1961, the salinity decreased with rising temperature, or was fairly uniform, 
in a temperature range of 1°-2°C above about 24°C (Fig. 6). Five weeks later, the 
Comdr. Robert Giraud observed similar conditions below the meanwhile strengthened 
seasonal thermocline at 22° 30'N. Temperatures on the shelf off Saurashtra as
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Fig. 6. T em perature-salin ity diagram  for stations in the northeastern Arabian Sea (see insert 
m ap ; V I 4714 on ly  to  80 m ). D ep th  near station  sym bols in  rounded-off decam eters.

measured by Meteor in early March 1965 were between 24° and 25°C with small 
vertical gradients.

Below this water, an intermediate salinity maximum was present between 50 and 
100 (150) m in 1961 (Fig. 6), and mostly between 100 and 150 m in 1965 on many 
stations of the three Requisite sections, and on some of the Comdr. Robert Giraud and 
Meteor stations. The density (at) range was 24-5-25-1 in 1961 and 24-7-25-1 in 1965.* 
This salinity maximum occured at a lower temperature and higher density than that 
described by R a m a m ir t h a m  and P a t i l  (1966) for the Indian shelf south of 16°N for 
April-May 1962. The southern maximum is situated at a temperature of 27°C or 
slightly above, and a <jt of 23-7-24-0. It is present off Bombay in February-March 
1965 (two Meteor sections), on Vityaz Stas. 4714 (40 km southwest of Mabahiss Sta. 
91, Fig. 1) and Sta. 4717 of early April 1960, and Anton Brum  Stas. 106 and 107 of 
May 1963 (Figs. 6 and 7a). It is identical with the Salinity Maximum D (Arabian 
Sea High Salinity Water) of R o c h f o r d  (1964) that seems to occur also off Cochin, 
and is generated in the center of the northern Arabian Sea.

*The highest salin ities were 36-1 to  above 36-6%0. Tem peratures were 22-7°-24-5°C  in  1961, and 
23-0° to  a lm ost 25-0°C in  1965. O nly M eteo r  m easured the oxygen  content. T he oxygen  saturation  
w as slightly higher than in  the overlying part o f  the surface w ater m ass. The sim ilarity o f  this m axim um  
w ith the sinking water o f  D ecem ber 1963 o ff K arachi (F igs. 6 and 7a, one dot at about 25°C , and three 
triangles to  the right o f  the T -S  curves, see p. 61) is obvious. Presum ably the m axim um  is form ed by  
convective sinking nearby. Surface water o f  adequately high density is present in  the area ( V ityaz  
Stas. 4859 o f  late N ovem ber, F ig . 6, and 4860; V. Vorobyev o f  D ecem ber, p. 61 ; northern Requisite  
stations o f  M arch, n o t in  F ig . 6). B ecause o f  the high oxygen  content in the salinity m axim um  (Fig. 
7b and M eteo r  data), I  doubt that the area near K arachi contributes m uch to  Salinity M axim um  C  
( R o c h f o r d , 1964) o f  about the sam e density but w ith  low  oxygen  concentrations. It is  o f  som ew hat 
unknow n origin but m ust stem  from  the northw estern Arabian Sea or the surface o f  the Persian G ulf. 
T he study by W o o s t e r  e t al. (1967, p. 24) m ay be consulted.
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Fig. 7. Tem perature-salin ity diagram  for offshore stations (see  F ig . 1) and  near-bottom  water 
sam ples as indicated (a); tem perature-oxygen  diagram  for the sam e observations (b). D ep th  
near station  sym bols in  rounded-off decam eters. F illed  A nton Bruun sym bols for Stas. 201-237  

and 274-281 , all east o f  65°E (from  W o o d s  H o l e  O c e a n o g r a p h ic  I n s t it u t io n , 1964).

The cool water present after March until shortly before the southwest monsoon 
on the middle of the shelf below the shallow thermocline but above the intermediate 
salinity maximum appears to be a regular feature because of the similarity of the temp
eratures in 1952 and 1953 with those of 1961 and 1965. The salinity of this water 
decreases with rising temperature in a small temperature range, or is fairly uniform, 
above about 24°C, depending on the situation of the intermediate salinity maximum. 
Thus this water mass is different from that uplifted shortly after the beginning of the 
southwest monsoon and present on the shelf at least until the reversal of the coastal 
current system, some time after the beginning of the northeast monsoon. In it, the 
salinity decreases with temperature over a wide range (Fig. 7). The former water mass, 
being above the principal discontinuity layer, is in contact with the atmosphere 
until the shallow thermocline is formed in March. The latter water mass occurs 
below the principal discontinuity layer and cannot have been in recent contact with 
the atmosphere. Probably the 25°C water at 20 m off Veraval in May 1962 came 
from below the principal thermocline, i.e., was uplifted water (p. 65), but the character 
of the 25-4°C water in Region II of J a y a r a m a n  et al. (1959) of June 1952 is uncertain 
(Table 4).

Nothing is known about the currents below the shallow seasonal thermocline, 
required to maintain the remnant water in the face of the general clockwise coastal 
currents. Possibly the warm water intrusion prior to the southwest monsoon (p. 65) 
signals the final removal of the cool water. The intermediate salinity maximum also 
disappears during the summer monsoon (Fig. 6). Stations by Anton Bruun, Mabahiss 
(Stas. 61 and 61 A), Vityaz (Stas. 4859-4863) and V. Vorobyev show through the middle
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of December the same homogeneous surface layer as the summer monsoon and post
monsoon stations in Fig. 6, above a sharp thermocline.

T E N T A T I V E  S E A S O N A L  P A T T E R N  

OF H Y D R O G R A P H Y  OFF S A U R A S H T R A

During the southwest monsoon and postmonsoon seasons, cool water of low oxy
gen content covers much of the shelf off Saurashtra. Some time after this water has 
withdrawn, surface cooling sets in. Because of the shallowness of the surface layer, 
the water temperature may be lowered to 21°-22°C. The resulting convection is not 
very deep because of the relatively low salinity of the surface water that is advected 
along the coast from the southeast.

To the west where higher surface salinities prevail, deep convection sets in at 23°- 
24°C. Dense water generated there underlies the surface layer off Saurashtra and 
possibly also off the Gulf of Cambay during the first third of the year, forming an 
intermediate salinity maximum. With the warming during March, a thermocline is 
formed in the surface layer off Saurashtra that insulates water of normally 24°-26°C 
with high oxygen content on the shelf. This water disappears prior to the southwest 
monsoon, and for a short time a deep, warm surface layer is present. The summer 
monsoon season leads anew to an uplift of water of about 22°-25°C. The inter
mediate salinity maximum is absent during this period.

B I O L O G I C A L  E F FE CT S  OF S U B S U R F A C E  W A T E R  

W I T H  L O W  O X Y G E N  C O N T E N T

Oxygen content o f  the near-bottom water between Bombay and Karachi
Upwelling water off the southwest coast of India can be very low in oxygen. 

Concentrations below 0-25 ml O2/I. (less than 5 % of saturation) are common on the 
shelf ( B a n s e ,  1959). In October 1958, oxygen was absent 5 m above the bottom on Sta. 
332 off Calicut (Fig. 1) and Sta. 333, 60 km to the southeast; the bottom depth of 
both stations was 55 m. No oxygen was present in September 1959 near Bombay 
at 10 and 15 m (bottom depth, 18 m) ( G o g a t e ,  1960). Since similar hydrographic 
conditions seem to prevail all along the west coast of India during the southwest 
monsoon, oxygen depletion may be widespread below the main thermocline. The 
distribution of bottom fauna, demersal fishes and prawns would be affected some time 
before the oxygen content a few meters above the seabed actually reached zero.

The maximum oxygen content in the subsurface water on entering the shelf 
between Bombay and Karachi is indicated by the offshore observations by Anton 
Bruun in 1963 and 1964 (Fig. 7b, open station symbols). Oxygen values from Vityaz 
Stas. 4713, 4855 and 4865 of April and November-December 1960 and of Atlantis I I  
Stas. 72-74 of August 1963 (Fig. 1) are quite similar, and obvious differences between 
seasons or years seem to be absent below the surface layer.* Thus, water of 23°C 
present on the shelf during the entire southwest monsoon season cannot have a content 
above 2 ml O2/I. Water of 22°C is likely to be close to 1 ml O2/I. on entering the shelf.

♦Several V ityaz  stations o n  the continental slope (partly in  F ig. 1) tend to have oxygen  values low er  
than those o f  the offshore stations in  the interm ediate tem perature range, as is a lso  the case o f  A nton  
Bruun Sta. 107.
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On the shelf the oxygen in the water is further depleted by contact with the bottom, 
as off Cochin. Possibly also, the flux of organic matter from the surface layer is higher 
than in the open ocean, because of higher productivity. The degree of deoxygenation 
depends on the rate of oxygen removal, mixing, and the residence time of the water, 
and certainly varies in space and time. Therefore the oxygen content of the bottom 
water samples of October-November 1958 and of November-December 1963 from 
the shelf between Bombay and Karachi exhibit a great scatter when plotted against 
the corresponding temperatures (Fig. 7b). Many concentrations were half as high (or 
less) as those in offshore water of the same temperature. There was only moderate 
mixing, particularly below 24° (Fig. 7a) ; hence, the reduced oxygen content did reflect 
consumption in situ.

During the winter, when a deep isothermal layer of 22°-25°C is established off 
Saurashtra and Pakistan, the oxygen content of the bottom water is, of course, near 
saturation over wide areas. The changes in situ following re-establishment of strati
fication in March are not known.

Plankton production in the surface water

Because of the low oxygen content of cool water entering the entire shelf, off the 
west coast of India and Pakistan during the southwest monsoon, the nutrient content 
is high, and the effect on phytoplankton development is marked when the water reaches 
the euphotic zone (for Calicut see S u b r a h m a n y a n ,  1959; B a n s e ,  1959; and S u b r a h 
m a n y a n  and S a r m a ,  1967; for Karwar, see R a m a m u r t h y ,  1966). At A and B off 
Cochin during 1958-1959, concentration of more than 1 /¿g-atom P0 4 3_-phosporus/l. 
(up to 2 /-ig-atom/1.) and 10 -20 /¿g-atom N 0 3 -nitrogcn/l. were found within 10 m from 
the surface. Nitrate exhaustion usually prevailed at the surface, whereas phosphate 
was always present in appreciable amounts, as is true for the other seasons also. In 
spite of apparently active upwelling in July 1958 (Fig. 2), the Secchi disc could be seen 
to 30 m depth outside the muddy coastal waters, which was about the same as during 
November-December 1958-1959 when very low productivity rates (14C uptake) of 
offshore levels were measured. During August-October 1958 and 1959, the Secchi 
disc disappeared at 5-10 m at B ; the depth of the euphotic zone can be assumed to be 
twice or somewhat more than the Secchi disc readings. Concentrations of chlorophyll 
a during the periods with a shallow euphotic zone were above 1 /xg/1. (up to 5 /¿g/1.).

On the shelf off Saurashtra concentrations of chlorophyll a at Atlantis I I  Sta. 73 
of September 1963 (Fig. 1) were 0-4-0-5 /¿g/I., similar to the stations in the open ocean 
( Y e n t s c h ,  1965). As off Cochin in July 1958, these measurements do not indicate a 
very shallow photic zone. However, observations in the northwestern Arabian Sea 
( R y t h e r ,  H a l l ,  P e a s e ,  B a k u n  and J o n e s ,  1966) suggest that the rate of daily carbon 
uptake at the Atlantis I I  stations might have been as high as 1 g/m 2. The only other 
published biological observations from the southwest monsoon season, north of 
Karwar, were collected at Bombay, close inshore ( G o g a t e ,  1960) and may not be 
representative of the open shelf. Concentrations of total phosphorus in coastal 
surface waters at and south of 18°N during July and August were high relative to the 
concentrations observed during January and February ( J a y a r a m a n  and S e s h a p p a ,  

1957).
During the postmonsoon season of 1963 at the end of October when cool water still 

covered much of the shelf, Anton Bruun made intensive studies of primary production
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in the northwestern Arabian Sea (including Stas. 183-185, Fig. 1) and toward the mouth 
of the Gulf of Oman and the Arabian coast. The concentrations of chlorophyll 
were usually well below 1 ju.g/1. (W o o d s  H o l e  O c e a n o g r a p h ic  I n s t it u t io n , 1965). 
The daily rates of carbon uptake ( R y t h e r  et a l,  1966) were mostly well above 1 gC/m2 
except on a line of stations running from 12° 15'N, 59° 42'E (Sta. 180, R y t h e r  and 
M e n z e l , 1965, Fig. 1) towards Sta. 184, where they were lower. This line was just 
outside the large area off Arabia with a very shallow discontinuity layer that continued 
onto the shelf off Pakistan and western India. The rates in the section seem to repre
sent a zone of transition between the area of high production and the open ocean 
where rates of daily carbon uptake lower by an order of magnitude prevail. Normal to 
the section and away from the Arabian coast, the sinking of the thermocline led to 
reduced production ( R y t h e r  and M e n z e l , 1965, Figs. 3-4).

The hydrographic evidence suggests that the time of withdrawal of the cool water 
from the shelf, in November or sometimes December, is a period of transition to low 
rates of primary production. From early November to early December 1933, the 
surface layer (defined by the vertical distribution of oxygen and nitrate) almost doubled 
in depth in the area between Anton Bruun Stas. 183-185 and the Arabian shelf (Mabahiss 
Stas. 60, 61, 65, 68, 76, 81 and 82, G il s o n , 1937). Off Karachi in late October 1963, 
the 23°C isotherm near Anton Bruun Stas. 183 and 184 was at 50-65 m depth (p. 59), 
whereas in the last days of November 1960, on Vityaz Stas. 4859 and 4860, it occurred 
between 76 and 100 m. The daily rates of carbon uptake at the latter stations ( K a b a 
n o v a , 1964) were almost an order of magnitude lower than those of late October 1963. 
In the open Arabian Sea far from divergences, the rates measured by the two ships 
were very similar (Anton Bruun sections along 65° and 70°E, R y t h e r  et al., 1966, with 
Stas. 106, 107, 328 and 329, Fig. 1).

It is not known whether the deep convection on the shelf in the northernmost 
Arabian Sea during the winter leads to a marked increase of nutrient salts in the sur 
face layer. The observations by Anton Bruun in November-December 1963 (W o o d s  
H o l e  O c e a n o g r a p h ic  I n s t it u t io n , 1964) do not suggest a marked change : The 
average phosphate content of surface water at the four stations off Karachi where 
convection prevailed (Fig. 6, Stas. 274-277) was 0-69 /xg-atom P/1, and exactly that of 
the four following stations (278-281) where stratification obtained and the bottom 
water had a low oxygen content. The average of two groups of four roughly compar
able stations, occupied about two weeks earlier in the same area, was 0-58 and 0-72 
/xg-atom/1., with considerable variation among stations.

There are eleven  stations in  the Anton Bruun m aterial o f  N ovem ber-D ecem ber 1963 w ith  a  surface 
p hosphate concentration  Jg 0-99 /xg P/1. M ost stations are c lose to the coast, except o ff the G u lf o f  
C utch and tow ard the delta o f  the Indus ; about ha lf are in stratified water. Since the surface concentra
tions o f  phosphate on  eight o f  these stations are higher (up to several tim es) than  the b ottom  values, 
loca l upw elling or convection  cannot be the cause o f  the high surface concentrations.

After the establishment of the thermocline off Saurashtra in March or April, 
the rate of nutrient supply from below must be cut down initially and phytoplankton 
production ought to be low. However, if the oxygen content of the cool water persis
ting there until shortly before the southwest monsoon is rapidly reduced, even a low 
rate of vertical mixing may provide significant amounts of nutrients to the lower part 
of the photic zone.

In conclusion, it would seem that the seasonal cycle of primary production on the
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middle and outer shelf off India and Pakistan must be fairly similar. The southwest 
monsoon season is the time of very high rates. Off the southwest coast these will 
fluctuate markedly when the upwelling water actually reaches the surface. Also north 
of about 15°N (or perhaps 18°N) where regular upwelling to the surface is not known, 
the rates will vary with changes in the depth of the thermocline and reduction of vertical 
stability, depending on changes of wind and currents. In all regions, a marked drop 
in photosynthetic activity is to be expected upon the receding of the upwelled water. 
Not only does the pycnocline become deep, but also the density stratification within 
the surface layer is not conducive to high production rates, particularly where the 
Equatorial Surface Water is present. Accordingly, the carbon uptake rates at B off 
Cochin in 1959 during this season were not much higher than those reported from the 
open Arabian Sea, and one might expect similar low primary production off much 
of the Indian west coast away from the beach. The average concentrations for seven 
years of plant pigment measurements off Calicut were roughly one-tenth of those of the 
upwelling season (S u b r a h m a n y a n  and Sa r m a , 1967) which was also true off Cochin 
at B in 1958/1959.

Oxygen and catch o f  demersal fishes
Off Cochin, the deoxygenation of the near-bottom water results in the regular 

disappearance of demersal fishes and in unprofitable trawling in a belt between the 
aerated water nearshore and the relatively new bottom water on the outer shelf. For 
the dominant fish, Synagris japonicus, oxygen concentrations of 0-25-0-50 ml/1, 
seemed to be critical (B a n s e , 1959). Implicitly, the temperature of the bottom water 
can not be used for predicting the occurrence of demersal fishes because oxygen 
concentration in the near-bottom water is largely independent of temperature, as is 
true also in the northern region (Fig. 7b). The fact that off Bombay, as off Calicut, the 
oxygen content dropped to zero in near-bottom water (p. 68) suggests that there may 
possibly be a vast area on the outer shelf (and perhaps also on the middle shelf) 
approximately from Cochin to Karachi that is devoid of commercially exploitable 
concentrations of demersal fishes during the southwest monsoon. The fishes very 
likely disappear before the oxygen has completely vanished. There are scattered notes 
that this is true for the postmonsoon period (C a r r u t h e r s  et al., 1959; D o e , 1965) 
when poorly aerated water persists on the shelf between Bombay and Karachi.

There are three sets of extended observations. The hourly catch rates of the trawler 
Jheenga off Bombay, particularly in the ten-minute square north of 18° 50'N and east 
of 12° 30'E (depths between 20 and 40 m), increased markedly during the summer 
monsoon of 1963 over those of the first quarters of 1963 and 1964 (S u d a r s a n , 1965). 
Since the summer monsoon of 1963 was weak ( L a r s s e n , 1964), the cool, deoxygenated 
water may not have reached as shallow depths as during 1959 when no oxygen occurred 
at 10 and 15 m depth in September ( G o g a t e , 1960). The increased catch rate might 
then be interpreted as caused by fishes crowding inshore when the conditions on 
the outer and middle shelf deteriorated, as happens off Cochin. However, oxygen-poor 
water is also observed near Bombay in November and December in shallow depths. 
Yet the catch rate of Jheenga as well as that of two other trawlers working in the same 
area was high during October-November 1962 and 1963, when compared with the 
rates for January to March 1963 and 1964 (S u d a r s a n , 1965). No explanation can be 
offered.
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The monthly averages of hourly catch rates of the Taiyo Maru No. 17 during the 
summer monsoon and the postmonsoon time ( J a y a r a m a n  et al. 1959) do not lend 
themselves easily to an analysis of depth dependence. Because the trawling effort 
was not spread evenly over all depths, excepting Region V, and because zero hauls are 
not clearly indicated in the tables, only positive evidence (e.g., a catch rate for a 
depth range that seems to be based on several hours of trawling) can be considered. 
During July through November of 1952 and 1953, 30 monthly means in Regions 
T—III, and about 12 monthly means plus July 1954 in Region I, can be used for evaluating 
trends : Six means in August and September represent average and above-average 
catch rates between 36-40 m and 46-50 m (emphasis was on the deeper part of this 
depth range). Six means in October and November represent about average or below- 
average rates between 21-25 m and 36-40 m. Thus the trawling in the last 2 months 
was definitely at shallower depth than during August and September. July is represen
ted only once when average rates were obtained between 41 and 55 m. From Regions 
IV and V, observations are available only for June and July, and indicate average or 
above-average rates between 36 and 45 m. Because the thermocline is not always 
above 50 m at this time of the year, and hence aerated water may reach this depth 
periodically during the southwest monsoon and postmonsoon seasons, no conclusion 
can be drawn. The fishing of September 1953 was almost certainly in the surface 
layer (cf. Tables 1 and 2). It may be mentioned that most of the catch in earlier 
trawling attempts in Bombay waters came from depths shallower than 50-60 m 
( S p e n c e  and P r a t e r ,  1931, 1932).
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Fig. 8. C atch o f  com m ercially  im portant fishes o n  A nion Bruun cruise 4B, N ovem ber 1963, 
plotted into a tem perature-oxygen diagram. V alues in  lb /4 5  m in o f  trawling. T o convert into

k g /h r , m ultiply by 0-6.
The data from  stations 202B and C , 203B and C, 238A , 239A , 249A , 254A , 256A , 257A , 262A , 

271A , 273A , 279B, and 281A  were incom plete so  that the hauls have not been  used.
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Catch rates of selected fishes per unit effort from Anton Bruun cruise 4B of Novem
ber-December 1963 in the northern Arabian Sea (Mr. A. T. P r u t e r , personal commun
ication) were plotted against oxygen and temperatures (above 19°C) of the bottom 
water (Fig. 8).

T he hydrographic data (W o o d s  H o l e  O c e a n o g r a p h ic  I n s t it u t io n , 1964) east o f  65° have been  
used  in  previous sections. A  sum m ary report on  the m aterial has been  given by H id a  and P e r e ir a  
(1966). A  n ylon  G u lf o f  M exico shrim p trawl (m esh  size, 3-8 cm  stretch), m easuring 13 m  a long the 
fo o t  rope, w as em ployed  with otterboards o f  0-8 by 1-5 m , o f  73 kg w eight. T he averages given  have  
been  calculated o n  the basis o f  pounds adjusted to  45 m in o f  trawling at 2-5-2-7  k nots, since these  
w ere the units used in  the lo g  sheets, and have been converted to  k g /h r . C onsidered is the catch o f  the 
fam ilies A riidae (thus in  the log  sheets; =  Tachysuridae), Sciaenidae, P om adasyidae, Polynem idae, 
and M uraenesocidae, m em bers o f  w hich  are the im portant fishes trawled o ff B om bay (S p e n c e  and  
P r a t e r , 1931, 1932; J a y a r a m a n  e t a l., 1959). T he various species involved are likely to  differ in their 
reactions to  the environm ent so  that the fo llow in g  presentation is slightly n on b iological, but the raw  
data do n ot perm it a detailed study. C atches o f  5 lb /4 5  m in (3 k g /h r) or less are regarded as in
significant in  the fo llow in g  text.

Water of a temperature of 22°-26°C seemed to cover much of the shelf during the 
postmonsoon season. The poor hauls in this temperature range, at oxygen concentra
tions below 2 ml/1. (Fig. 8) were made predominantly on the middle and outer shelf 
between Bombay and Karachi, and suggest that in November 1963 fishing might have 
been poor on the entire shelf at depth greater than 40-45 m. In water of 22°-26°C, 
shallower than 100 m, with oxygen concentrations of more than 2 ml/1., 21 out of 
25 hauls yielded catch rates of more than 5 lb (average of 25 : 52 lb, SD 65 lb, or 
31-39 kg; without the two hauls off Arabia marked by * in Fig. 8, 44 lb, SD 45 lb, or 
26-5-27 kgf).

Because warm aerated water occurs primarily at shallow depths, the distribution 
of catches might simply indicate a relation of fish abundance to depth rather than to 
oxygen. Neglecting the small catches from water deeper than 100 m, only the tempera
ture range between 22° and 26°C above 100 m will be considered, and the rich catch at 
Sta. 204A discussed in footnote! and the hauls off Arabia (Stas. 270 A and 272 A) 
will be omitted. The rates at á  100 m are divided into three groups (Table 6), assum
ing from the Taiyo Maru data that fishing for the species under consideration was good 
above 40 m during November 1963; Su d a r s a n ’s (1965) data support this for the area 
close to Bombay in 1963. In a normal approximation to the rank-sum test ( D ix o n  
and M a ssey , 1957), the first two means from water rich in oxygen just fail to be signifi
cantly different on the 20 % level so that depth cannot be shown to be very important. 
The last two means from depth >  40 m are different on the 5 % level, thus oxygen is 
important. The first and the last means are different on the 0-1 % level. A more refined 
statistical treatment has not been applied in view of geographic bias in the data, which 
could possibly affect the species composition of the catch and consequently the relation 
of catch rate to oxygen concentrations : 13 out of 15 samples of the first mean were 
collected east of 65°E, as well as 9 out of 11 samples of the last mean, whereas 5 out of

tT h e  analysis o f  the data in  F ig . 8 is com plicated  by the fact that the largest catch w as obtained  
at an  oxygen  concentration  in  the near-bottom  w ater o f  0-48 ml/1. (Sta. 204A ), o n  apparently level 
bottom  o f  33 m  depth, 20 km  o ff  D iu  H ead, about 10 km  offshore o f  an area w here the nautica! chart 
(U .S . Hydrogr. O ffice, H .O . N o. 1589, 7th E d.) indicates strong current and  eddies. T he bathy
therm ograph slide from  this station  suggested  the top  o f  the therm ocline to  be at about 18 m , but 
other casts w ithin 80 km  o f  station  204 A , betw een 30 and 45 m , show ed  a  surface layer o f  2 5 -3 2  m. 
T hus, this very rich catch  m ight have com e from  the border betw een  the poor offshore zon e and the  
aerated water inshore. O ff C och in , inshore trawling can  be highly profitable in  certain years, and the  
transition from  the populated  area to  the barren on e can  be very sharp o n  particular days.
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Table 6 . Analysis o f  catch rates o f  commercially important fishes o f  A n t o n  Bruun
{see text).

M ean catch ra te
D epth O 2 N um ber of lb /4 5  min

(m ) (m l/1.) sam ples (k g /6 0  m in)

< 4 0 >  2 15 55, S D  49
(33-30)

>  40 5 : 2 8 25, S D  29
(15-17-5)

>  40 <  2 11 2, S D  3
(1-2-1-8)

8 samples of the second mean came from west of 65°E. It is tentatively concluded that 
oxygen concentrations of roughly 2 ml/1, are likely to affect catch rates of the fishes 
under consideration. Of course, the critical concentration ought to vary from species 
to species.

There was no relation between temperature of the bottom water and total catch 
for the Anton Bruun data from the Arabian Sea, but there was a poor although signifi
cant correlation of catch to oxygen, and inverse correlation of the phosphate content 
of the bottom water ( H i d a  and P e r e i r a ,  1966). The average catch rate of all fishes in 
the Arabian Sea was quite differently distributed versus depth than was the case with 
the commercially important forms (as defined earlier) : The rate was about as high, 
or slightly higher in the depth intervals 74-110 m and 111-183 m, than in the interval 
38-73 m ( H i d a  and P e r e i r a ,  1966, Fig. 6 * ) . This was largely due to members of the 
family Nemipteridae which made up almost half of the catch between 74 and 183 m 
off India and West Pakistan. The catch rates grouped fairly arbitrarily according to 
temperature and depth (Table 7) indicate that Nemipteridae tended to avoid shallow 
water. On the deeper stations, there was no obvious relation between catch rate and 
oxygen or temperature.

Among other forms of the Anton Bruun material, Dasyatidae (stingrays) contribu
ted a fair fraction of total trawl catches, as also found by earlier investigators. Omit
ting the catches of single large specimens, hauls yielding more than 5 lb/45 min 
(3 kg/hr) were made only in shallow (less than 30 m), warm (more than 22-5°C, mostly 
more than 24-5°C), and well-aerated water (more than 3-5 ml O2/I.). The second 
richest haul, of 376 lb/45 min (226 kg/hr) was the exception, coming from water as 
characterized but at 132 m. Four other hauls in water warmer than 23°C, with more 
than 3-0 ml O2/I. at 75-78 m depth (no other hauls in such water between 51 and 100 m)

Table 1 . Distribution o f Nemipteridae caught by Anton Bruun.
M ean catch ra te

Temp. Depthi N um ber of lb /4 5  m in
(°Cj (m ) sam ples (k g /6 0  min)

>  23 <  70 29 2, S D  3-5
(1 -2-2-1)

<  23 <  70 2 12
>  23 ^  70 13 24, S D  24

(14-5-14-5)
<  23 5  70 19 38, S D  48*

(24-29)

♦W ithout tw o large catches o f  131 and 169 lb : 25, S D  29 (15-17-5).

*T o obtain  an undistorted picture o f  catch  rates versus depth off W est Pakistan, on e specim en  
each o f  D asyatidae o f  170 kg and o f  R hinobatidae o f  182 kg ought to be om itted  from  the figure (cf. 
tables V I and V II o f  H ida and Pereira, for the necessary correction).
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suggest that stingrays usually are rare in the northern Arabian Sea, during this season, 
at depths much greater than 30 m even if suitable water is found; hence, depth as 
such may be important also with these forms.

Other observations
When discussing absence of periodic large-scale mortality of fishes at the southwest 

coast of India during the southwest monsoon season in 1959, I had overlooked both 
the report by the port officer of Cochin that every year in August dead fishes float into 
the harbor of Cochin during flood tide, and observations of asphyxiated animals 
thrown onto the beach near Calicut ; the deoxygenation of the water was said to be 
due to respiration during the night by masses of euglenoid algae ( J a c o b  and M e n o n , 
1951). S u b r a h m a n y a n  (1954) has further discussed the relation between flagellates 
and unperiodic fish kills in that region. I suggest that sometimes there might have been 
direct killing of fishes and Crustacea trapped in deoxygenated upwelled water, which is 
difficult to prove without subsurface measurements and after the fact. Regular fish 
kills during the upwelling period, other than off Cochin (which is not even well known 
locally), seem to be absent off the west coast of India.

Crustacea are in the same situation as are demersal fishes when the cool water is 
upsloping during the southwest monsoon. The data of G e o r g e  (1962) on prawn 
fisheries near Cochin suggests a relation of catch per man-hour to aeration of water 
although only surface observations of oxygen are available. At Alleppey, about 65 km 
south of Cochin, the catch rate became very high in May, June, and July 1956, when 
the average surface oxygen concentrations dropped (the trend did not hold in Novem
ber). In contrast, at Narakkal north of Cochin, with well-ventilated surface water, 
the catch rates were low during the southwest monsoon of 1956 except during May, 
when the average oxygen content dropped. Possibly increased catch per man-hour 
was a consequence of prawns pushed toward the shore by poorly aerated water (cf. 
B a n s e , 1959). However, the surface salinity, fairly stable off Alleppey during these 
months, fell to low average values in June and July off Narakkal. Thus we may possibly 
be concerned with a negative influence on the distribution of prawns off Narakkal, 
rather than the beneficial effects of the low oxygen content on the prawn fishery near 
the beach off Alleppey.

The prawn, Penaeus indicus, is fished off Bombay, and can contribute near Cochin 
one-fifth to three-fourths by weight of the total prawn catch in some months ( G e o r g e , 
1962). S u b r a h m a n y a n  (1962), working at 28-2°C and about 14-5%0 S, the approxi
mate salinity of the habitat of his specimens, found lethal oxygen concentrations 
between 1-5 and 3-8 ml/1, depending upon size, larger individuals being considerably 
more sensitive than smaller ones. Lethal concentrations were not studied for specimens 
acclimated to oceanic salinities; however, since P. indicus lives in oceanic as well as 
brackish ranges of salinities, the lethal levels in the open sea are not likely to be 
radically different from those observed by Subrahmanyan. Since oxygen concentra
tions of 1-5 ml/1, are practically absent below the thermocline over most parts of the 
shelf off the west coast of India during the southwest monsoon and shortly thereafter, 
the distribution of the species on the shelf may fluctuate seasonally.

S u b r a h m a n y a n  (1962) also recalculated older data on oxygen relations for 
Metapenaeus monoceros that dominates the commercial prawn catch near the Gulf of 
Cutch ( G e o r g e , G e o r g e  and R a o , 1963) but does not occur in significant numbers in
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inshore catches near Cochin ( G e o r g e ,  1960). The respiration rate becomes affected 
at the relatively high level of “ 125 mm Hg of oxygen ” ( S u b r a h m a n y a n ,  1962). 
Also these values suggest strongly an influence of the poor aeration of bottom water 
on the distribution.

Application o f oxygen-catch relation
If the relation between oxygen content and fish catch, and consequently abundance, 

holds for the months of the summer monsoon, and the postmonsoon seasons, then, 
because of hydrographic conditions, fishing on the shelf below the discontinuity layer 
for the species hitherto commercially important off Bombay would be unprofitable 
near Bombay and toward Karachi. In terms of depth, fishing would be unprofitable 
between July and November-December at depth >  50 m in the earlier part of the 
period, and >  40 m in the later part. (The main discontinuity layer may be met at 
much shallower depths, i.e., 30 m, even in July, and also later). There are not yet 
enough data to discount the possibility that the oxygen content of the upsloping water, 
between 23° and 26°C, in the early part of the southwest monsoon season, is not 
depleted to a critical level; there was good fishing in water of 25-5°-25-8°C, below the 
thermocline, in Region V of J a y a r a m a n  et al. (1959) in May and June 1953. Also, 
water above 26°C but below the thermocline may always contain enough oxygen.

Because of the similarity in hydrography, including the oxygen regime, the above 
might hold in principle for the entire west coast of India and the coast of West 
Pakistan.

Where the distribution of fishes is affected by the oxygen regime in the bottom 
water when below the thermocline, the temperature of the bottom water is of little 
use for predicting catch. Since oxygen determinations by fishermen are impractical, 
a bathythermograph or a similar recording instrument might be employed to establish 
whether or not there is a thermocline. Fishes of the families reported by J a y a r a m a n  

et al. (1959) can be expected when the surface water touches the bottom. Accordingly, 
the fishing area might be extended farther seaward than is the custom now, from 
December through March or April. Whether the catch rate on the outer shelf would 
be as high as on the established grounds during this season cannot be derived from the 
published material. The implication of the relation between catch rate of demersal 
fishes and aeration of the bottom water on the shelf is that in certain seasons these 
fish populations might not reach much farther seaward than is known already. Thus 
the resource might possibly be only of moderate size, and an extension of the fishery 
to the outer shelf in the good season would not draw on a hitherto untouched stock. 
Study of the catch data from the relatively intensive trawling off the Indian west coast 
during the past, including the original material of Spence and Prater, and of Sudarsan, 
may allow conclusions on this subject without much time spent at sea. Particular 
emphasis ought to be put on studying the distribution of unsuccessful hauls against 
depth and season.
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Note added in proof:

During the preparation of the paper I had been unaware of some bathythermograph observations 
made during the early summer monsoon season on the shelf and the continental slope off the south
west coast of India. The U.S.S. Fort Niagara observed a temperature of 24-8°C at 25 m depth (below 
surface water of 28-3°C) on 12 June 1944 on a station with about 45 m bottom depth about 75 km 
northwest of Position B off Cochin (Fig. 1). Three stations by U.S.S. Mispillion on 7 June 1944, 
approximately along the 1000-m contour, between 12° 22'N and 13° 40'N, showed the 27°C isotherm 
close to 50 m depth. The surface temperature was 28-4°-29-7°C. Anton Bruun observed this isotherm 
on the same track in March and May 1963 between 70 and 150 m, and 70 and 80 m, respectively 
(cf. Fig. 3). In four observations by U.S.S. Mispillion on 23 July 1946 on the continental slope 
between 9° 30'N and 10° 41'N, the 25° isotherm was between 18 and 29 m depth (surface 25-6<>-27,40C). 
The 20°C isotherm occurred between 43 and 53 m depth (see Figs. 2 and 5 for the middle of the shelf, 
and page 54). These data further substantiate the early start of upwelling off the southwest coast 
of India.
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Comparison of near surface dynamic topography during the two 
monsoons in the western Indian Ocean*

J. G. BRUCEf 

{R eceived  27 June 1968)

Abstract— T he dynam ic topography o f  the near surface water, 0 -4 0 0  dbar, relative to  1000 dbar. 
is show n for the  w estern Indian  O cean during b o th  the southw est and  northeast m o n so o n  periods  
using data acquired during the recent International Indian O cean Expedition . Seven zonal section s  
betw een 20°N  and approxim ately 10°S allow  seasonal com parison  o f  essentiallly  the sam e areas. 
T he areas o f  greatest seasonal differences were o ff the A rabian coast and particularly the Som ali 
coast where the large high ( >  1-8 dy m ) during the southw est m on soon  w as n ot evident during  
the northeast m on soon . T he m eans o f  the  surface topography in  the northern ocean  sh ow  that 
the winter values w ere greater by 0  04  dy m  than sum m er. T his is attributed to  the increased c lou d i
ness, evaporation and coasta l upw elling during sum m er.

IN T R O D U C T IO N

T h e  s u r f a c e  layers of the western Indian Ocean are exposed to severe seasonal changes 
in the prevailing winds. The southwest monsoon wind blows in strength from June 
through September and the weaker, somewhat shorter northeast monsoon period falls 
between December and the end of March. The seasonal differences in wind conditions 
are particulary noticeable off the Somali and Arabian coasts (U.S.N., 1957). With 
recent data obtained from hydrographic stations during the International Indian 
Ocean Expedition, near surface dynamic topography can now be calculated for each 
of the two seasons and is discussed here to ascertain the response to the monsoon 
winds.

TREATMENT OF THE DATA

The data (Table 1) were obtained between 1962 and 1965. There is always a needfor 
a greater quantity of data than that on hand and this is certainly true here. The area 
considered is large (13 X IO6 km2) and each season of 3-4 months duration. Fortun
ately there are several tracks (mainly from Atlantis ƒƒ Cruises 8 and 15) along approx
imately the same latitude in each of the seasons, thus allowing a comparison to be 
made of nearly the same area in both the southwest and northeast monsoons (Fig. 1). 
It should be understood that many of the small scale features depicted such as the 
small highs found off the Arabian coast in summer may not be common each year 
but may represent a certain amount of “ noise ” such as may result from internal 
waves at singular stations. Because of the absence of data over periods of several 
years it is difficult to know when to draw the line between topography that may occur 
seasonally and that which does not. Generally the larger features well-defined by

♦C ontribution N o . 2069 from  the W oods H o le  O ceanographic Institution.
tW o o d s  H o le  O ceanographic Institution , W oods H ole , M ass. 02545, U .S .A .
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Table 1. Cruises from  which data was used listed by monsoon period.*

1. N ortheast monsoon, northern winter, referred to  as “  w inter ”  in this paper 
A tlan tis II, C ruise 15: February 18 to M ay 29, 1965}
D iscovery  C ruise 3: February 29 to  A pril 30, 1964
A rgo, Lusiad : M arch 6 to  M ay 10, 1963
M eteor, Cruise 1: D ecem ber 17, 1964 to M arch 12, 1965 (F ig. 8 o n ly )}

Southw est monsoon, northern sum m er, referred to  as “ sum m er ” in  this paper 
A tlan tis II, Cruise 8: A ugust 7 to  O ctober 28, 1963}
D iscovery, Cruise 1 : June 25 to A ugust 16, 1963
D iscovery , Cruise 3 : July 1 to  Septem ber 10, 1964
A rgo, Lusiad : July 8 to  Septem ber 5, 1962
A rgo, D O D O  V I: A ugust 1 to  Septem ber 7, 1964

♦Station listings m ay be acquired from  the N ational O ceanographic D ata  Center, W ashington, D .C . 
fS ta tio n s occup ied  during M ay and  O ctober were in  the southern hem isphere and are included  

since they a llow  zonal com parison  although  unfortunately quite late in  each m on soon  season.
tM e te o r  data are d iscussed  separately to  show  the changes w hich  m ay occur in  winter as well 

as sum m er in  the Som ali coasta l region.

50« E 75°

A R A B I A2 0 ° N

I N D I A

>oT * ♦  X »  X|

X ,  X ,  X «  X ■  X «

■x IX«XBxl<«x* * %
12

10°S3ZR10°S

X A T L A N T IS n  SUMMER 1963 
•  ARGO 
A DISCOVERY  SUMMER 1963

■  A T L A N T IS a  WINTER 1965 
SUMMER 1962 +  ARGO WINTER 1963

5 0°E  75°
F ig . 1. Z onal sections (I-V H ). T h ese  were occup ied  in  the northw est Indian O cean during the  
northern sum m er and winter m onsoon s. T he 5°N , 10°N , 15°N , the tw o southern hem isphere 
sections, and  part o f  the  20°N  sections are A tlan tis  II (1963 and 1965) data, the equatorial section  
is  from  A rgo  (1962 and 1963) and  a portion  o f  the 20°N  is from  D iscovery  (1963) stations. N o te  
that m eridional coincidence betw een sum m er and winter sections is c lose a long the 0°, 5°N , and  
eastern h a lf o f  the 10°N  section  (the western portion  lies near 9 ’N  andm erges in to  10°N  towards 
the east) and the w estern portion  o f  15°N. T he rem ainder o f  th e  sections have departures as 

m uch as 180 km , particularly the eastern portion o f  the 15°N  section .
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a number of stations such as the Somali high, the pronounced meridional slopes 
north of Madagascar, or the winter high southwest of the Indian coast, may be 
expected to form seasonally.

The dynamic topography is referred to the 1000-dbar surface because numerous 
stations, especially during the winter season, are little deeper than this (average is 
about 1200 m). The circulation generally appears to be shallow (upper 200 m) and 
wind-driven, and there is reasonable agreement between the few direct measurements 
and geostrophic flow relative to this surface ( S w a l l o w  and B r u c e ,  1966). Using the 
deeper stations the geopotential difference between the 1000- and 3000-dbar surfaces 
was calculated and the total range of variation was found to be 016 dy m, although 
the range of the 0/1000 dbar surface, as one might expect, was considerably greater, 
being about 5 times that of the 1000/3000 dbar surface. The topography of the 
Pacific has a similar range of variation (0-22 dy m) for the 1000/2000 dbar surface 
north of 50°S, but the range of the 0/1000 dbar surface was about 6 times greater 
( R e id ,  1961).

Geopotential anomaly on zonal sections
The geopotential anomaly relative to 1000 dbar for the 0-, 100-, 200- and 400-dbar 

surfaces during summer and winter has been depicted in Fig. 2. The northern 
sections (I to IV) have two characteristics which seem to be common during the 
summer monsoon: (1) The zonal variations of geopotential anomaly, particularly 
on the upper pressure surfaces, tend to be larger along the western portion of the 
sections, some of the more marked variations being listed in Table 2. (2) There is a 
noticeable reduction in the amplitude of the zonal variations with increasing depth 
when the anomalies on the 0-dbar surface are contrasted with those on the 200- and 
400-dbar surfaces. This redaction indicates that the baroclinie circulation responding 
to the monsoon winds tends to be relatively shallow, not extending much below 200 
dbars. It should be noted that in some cases there were small variations on the 
400-dbar surface such as the low of 0-54 dy m at Sta. 129 (Fig. 2, IV). There is in 
addition, reasonable agreement between direct current measurements and geostrophic

Table 2. Zonal variations in surface geopotential anomaly during summer.*

Fig. Sect.
A pprox.

L a t.

B racketing stations  
(A tlantis II excep t 

where n o ted)

Variation o f  
geopo ten tia l 

anom aly

2a I 2 0 °N 5 0 6 3 f-7 9 0-311
2b H 15°N 57 -5 9 0-23
2c III 10°N 89 -9 1 0-35

93 -9 5 0-23§
2d IV 5°N 129 -1 3 2 0-53

124 -1 2 6 0 1 6

♦Z onal w inter variations are found, but to  a  lesser extent than  in  sum m er.
t D iscovery  station.
¿D ifference m ay be function  o f  tim e as there is interval o f  about a  m onth  betw een  stations and  

rapid changes have been  found  to  occur a lon g  the w estern region o f  this ocean  during the southw est  
m onsoon  (S w a l l o w  and B r u c e , 1966).

§Value probably low  as m inim um  o f  anom aly betw een  Stas. 92 and  93 is estim ated  as being  
<  1-40 dy m  (sh ow n  by d otted  line, F ig . 2c) from  bathytherm ograph data. H ere a  co ld  boundary  
o f  the type discussed  by Sto m m el  and  W o o ster  (1965), B r u c e  (1965), and  W a r r e n  e t  al. (1966) 
w as found. T h e boundary probably extends n orth -sou th  w ith  m inim um  surface tem peratures o f  
21-5°C (Stas. 92  and  93 are 24-3°C and 25-2°C respectively).
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velocity relative to 1000 dbar off the Somali coast in summer ( S w a l l o w  and 
B r u c e ,  1966). With this exception off the Somali coast, there are no direct measure
ments known to the author of the 1000-dbar surface in the western Indian Ocean.

On Sect. V (equatorial), both summer and winter pressure surfaces, unlike the 
northern ones, had relatively small local variations of anomaly. During summer on 
the 0-dbar surface the anomalies tended to increase from 1-55-1-58 dy m in the west 
(45°-50°E) to 1-69—1-72 dy m in the east (75-78°E) with an overall slope (straight 
line fitted by eye) of approximately 4 x  IO-8 (the slope down toward the west was given 
a positive sign, Fig. 2, V). At 100 dbar, however, it was 0-8 x  IO-8 and was not 
measurable for the lower pressure surfaces. The surface slope is thus comparable in 
magnitude but opposite in sign to that in the Atlantic ( —4 x  IO-8) ( M o n t g o m e r y  

and P a lm é n ,  1940) and to that in the Pacific ( —5 x  IO-8) ( A u s t i n ,  1958). The 
mean wind stress of the easterly trades is believed to produce the upward slope to 
the west in these oceans ( K n a u s s ,  1963), but in the Indian Ocean the mean wind 
stress is westerly ( H i k a d a ,  1958)) resulting in an upward slope to the east. Since the 
subsurface layers down to 100 dbar also exhibited a positive slope and resulted in 
a westward horizontal pressure force, an east flowing equatorial undercurrent (which 
would be associated with an eastward horizontal pressure force) probably was not 
present in the Indian Ocean during the summer ( T a f t ,  1965; 1967)*.

The surface slope of 0-8 x  IO-8 during the winter was also positive but with 
considerably less magnitude than in summer. Between the surface and 100 dbar a 
reversal takes place, and at 100 dbar the slope is — 1-1 X IO-8 producing an eastward 
component of pressure force. Similarly, there was an undercurrent at approximately 
75-100 dbar in the winters of 1963 ( T a f t ,  1965) and 1964 ( S w a l l o w ,  1964). The 
slopes at 200 and 400 dbar were very small as they were in summer.

Along both the southern sections (VI and VII) large variations in geopotential 
anomaly (order of 0-2 dy m) occurred during both seasons on the 0-dbar surface. 
As in the north, variations as well as large seasonal differences tended to be confined 
to the upper 200 dbar levels. On the 0-dbar surface (Sect. VII) the winter values were 
noticeably below those of summer, especially toward the east where there were differ
ences of 0-1-0-2 dy m, but between the African coast and Madagascar these were 
about 0-2-0-3 dy m higher than for the eastern portion during both seasons.

Unfortunately there were few winter data (Fig. 2) for a seasonal comparison of 
the anomalies on the 1000-dbar surface relative to 3000 dbars on most sections.

*T aft used  A rgo  1962 and 1963 data, selecting 400 dbar as the reference level fo r  h is hydrostatic  
com putations w ith  th e  assum ption that the slo p e  o f  the isobaric surfaces below  400 dbar relative 
to  1000 dbar is to o  sm all to  be reliably estim ated.

F ig . 2. (opposite) G eopotentia l anom aly o n  0 , 100, 200 and 400 dbar surfaces relative to  1000 dbar 
a long zonal Sects. I-V II (F ig . 1) for  northern sum m er and winter m onsoon s seasons. Sections I-V  
show  both  sum m er and winter anom alies together projected o n  the 20°N , 15°N , 10°N , 5°N  parallels 
and the equator respectively. Sections V I and V II are near 5°S and 10°S respectively but som e  
variations from  the parallels (such  as the stations near northern M adagascar) are large, thus it w as 
decided  to  present th e  sections separately each  along the station track. L ong-short dashed line  
gives average o f  b oth  seasons for  0  dbar. W ith each  section  are also show n values o n  1000 dbar 
surface relative to  3000 dbar. D o tte d  lines in  Sect. III, betw een Stas. 92 and 93, 0  dbar surface, 
gives best estim ate across co ld  boundary using bathytherm ograph stations. D a ta  are from  A tlan tis  
sta tion s w ith  excep tion  o f  D iscovery  Stas. 5063, 5065, 5067 and 5068 in  Sect. I  and all A rgo  stations  
in  Sect. V . D uring  b oth  A tlan tis I I  surveys, the northern and equatorial section s w ere occupied  
about the m iddle o f  each  m on so o n , whereas the m onsoon s were nearly ended as the southern sections  
were com pleted . T hus Sect. I-V  sh ou ld  be m ore representative o f  the seasonal topography and  

Sects. V I and V II o f  th e  interim  betw een  m onsoons.
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Comparison o f near surface dynamic topography 669

In general, there were differences of 0-03 to 0-05 dym, except on the western edge of 
Sect. III in winter, where on the 1000-dbar surface between Stas. 558 and 565 there 
was a geostrophic flow to the north and between Stas. 565-569 to the south. West 
of Sta. 558 just off the coast there was also a weak southerly flow. There appears to 
be agreement with the geostrophic currents, adjusted to a level of no motion esti
mated from direct measurements using neutrally buoyant floats between 55°E and the 
Somali coast ( B r u c e  and V o l k m a n n ,  in preparation). Thus, west of Sta. 565 there 
were currents of 10-30 cm/sec toward the north (except for the weak southerly 
current just off the coast) at 1000 dbar and to the east there was a southerly flow of 
comparable magnitude.

Topography o f the 0-dbar surface
The most obvious seasonal differences in the surface topography (Figs. 3 and 4) 

were along the northeastern Somali and Arabian coasts. In summer the Somali
4 5 ’ 50* 65* 70* 75*

INDIAA R A B IA
15*

1.3.

10*N

M M

m s
16

>1.8

< 1.6
O*

Mr
1.7

— - 1.5

5 * S '

.1.5

10»IO“

15“
1.8

T VXT

F ig . 3. G eopotentia l topography o f  the sea  surface relative to  1000 decibars in  the w estern Indian  
O cean during northern sum m er (southw est m o n so o n ). U n its are in  d yn a m ic  m eters;  con tour  
intervals are 0-1 dy m . Short dashed  line a lon g  eastern  ed ge o f  Som ali anti-cyclonic circulation  
is  estim ated  p ositio n  o f  co ld  boundary from  bathytherm ograph stations. L ong-dashed  lines 
in  sam e area are estim ation  o f  convergence o f  con tours w ith  co ld  boundary. T he d ata  used  are 
from  the cruises in  T able 1 w ith  the  excep tion  o f  th o se  stations from  A rgo , D iscovery  an d  M eteo r  
lying betw een  the coast and  58°E and  0 ° -1 5 °N , the  topographies o f  w hich  are sh ow n  separately  
in  F ig . 7 and  8 b ecause o f  extrem ely p oo r  fitting w ith  the  A tla n tis  I I 1963 an d  1965 d ata  in  the

Som ali co a st region.
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F ig. 4. G eopotentia l topography o f  the sea  surface relative to 1000 dbar in  the western Indian  
O cean during northern winter (northeast m onsoon ). U n its are in dynam ic m eters; contour

intervals are 0 1  dy m.

coastal high and its bordering low trough were the dominant features between 3°N- 
12°N with a range of over 0- 5 dy m from its northern edge to the centre. The circulation 
indicates a localized gyre (cf. F in d l a y  1866; Sw a l l o w  and B r u c e , 1966), rather 
than a trans-ocean current ( D e f a n t  1961, his PI. 8a) continuing east toward the Indian 
coast. Current variations are known off" the Somali coast in summer, i.e. during the 
peak of the monsoon a noticeable change in the current structure may occur within 
a two week period (S w a l l o w  and B r u c e  1966). Because the sections in the Somali 
region were about 550 km apart and because three weeks elapsed between the 5°N 
and 10°N sections, it is uncertain how realistic the isopleths (Fig. 3) between Socotra 
and the northern part of the anticyclonic circulation may be, or the flow just south 
of 5°N. Estimates, however, of the ship’s set (p. 671) tend to agree with this pattern. 
Leaving the coast the isopleths run nearly downwind then turn clockwise and proceed 
upwind to the southwest. Along the cold boundary (dashed line), a position estimated
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f r o m  b a th y th e r m o g r a p h  o b s e r v a t io n s  s p a c e d  a b o u t  1 0 -1 2  m ile s  a p a r t ,  th e  c o n v e rg e n c e  
o f  i s o p le th s  p r e s u m a b ly  is  s im ila r  t o  t h a t  in  th e  m o r e  d e ta i le d  1964 s u rv e y  (S w a l l o w  
a n d  B r u c e , 1966)-

In winter off the Somali coast a small high ( >  1-7 dym) occurred near 5°N 
(Fig. 4) but the circulation was weaker than during the summer. Off the Arabian 
coast in summer (Fig. 3), there were three small highs, considerably weaker than 
the Somali high, the largest near 20°N (>1-6 dy m) (Fig 3), with a northeast flow 
along the coast, again considerably weaker than the Somali current. A weaker north
eastward coastal flow in winter (Fig. 4) over a short section of the coast was part of 
the circulation of the high between 14°-17°N (>  1-6 dy m).

In general the surface topography of the central portion (north of 10°N) of the 
ocean fell between 1 -5—1-6 dy m during both seasons. Between 5°-10°N there was 
considerable meridional variation of the 1 - 6 dy m isoplethin summer with weak highs to 
the east of the large Somali high. In this area data from ship’s drift estimates are 
also indicative of weak currents and considerable variability in current direction 
( M ic h a e l is , 1923). A  low ( <  1-5 dym) (Fig. 3) existed west of the Indian coast 
during the summer. To its south the sea surface sloped upward to about 2°-3°N, 
indicating an eastward flow (Southwest Monsoon Current). The low did not exist 
in winter, but there was a high (to >  1-8 dym) slightly farther south extending 
down to the latitudes (5°N) of the North Equatorial Current, only existing during 
winter in the Indian Ocean.

The South Equatorial Current indicated during both seasons by the closely spaced 
isopleths between 7°S-13°S in the central and western part of the ocean (Figs. 3 and 4) 
was particularly strong just north of Madagascar (150 cm/sec) and toward the African 
coast (50-100 cm/sec). During the southwest monsoon the current is believed to 
reach its greatest velocity (S v e r d r u p  et al., 1942) being reinforced by water from the 
Pacific.

Somali coastal region: summer
Current estimates were determined from ship’s set and direct measurements. 

The surface currents off the Somali coast during the summer of 1963 were estimated 
by the set of Atlantis I I  while underway between hydrographic stations. The set has 
been corrected for the effect of the wind and roughly represents the mean surface 
current within i  15 cm/sec at that time between stations (Fig. 5). At two stations, 
a current meter was suspended from the ship while lying-to and referred to an anchored 
buoy (cf. S w a l l o w  and B r u c e , 1966). Large sets were also experienced on station 
within the high but are more difficult to estimate as the ship was often steaming on 
the wire at varying rates. At Sta. 89, for example, an entry on the hydrographic log 
sheet mentions that the ship was steaming about 7 knots, heading 225°T, while on 
station to maintain a minimum wire angle, yet during that station, Atlantis I I  (with 
allowances for wind) was set back at a rate of 3 0 knots towards 075°T. The set 
(Fig. 5; dashed arrow) is thus a very conservative estimate of the surface current.

Temperature-salinity distribution. There are too few stations to determine more 
than the general physical characteristics of the summer gyre off the Somali coast, 
although the topography and direct current observations give evidence for such a 
circulation. The near surface temperature-salinity distributions (Fig. 6) of the 
Atlantis I I  stations there during summer located within the gyre (west of the cold
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F ig . 5. Surface current vectors ob tained  from  se t o f  A tlan tis II  and direct m easurem ents super
im posed  o n  detail o f  sum m er surface topography (F ig . 3). Solid  arrows betw een stations show  
current determ ined from  sh ip ’s set. T h ose  a t Stas. 129 and  132 are direct m easurem ents referred  

to  an  anchored buoy. T he dashed arrow  estim ates current while o n  Sta. 89

boundary) are generally fresher (35-1—35-4%0, above 15°C) and colder than those to 
the east of the boundary (>35-4%0, above 15°C). Two stations, 128 and 129 (see 
positions in Fig. 5), do not agree with the others : Sta. 128 east of the cold bound
ary has surface and subsurface salinities of <35-4%0 (open dots in Fig. 6) but Sta. 129, 
west of this boundary, with a high salinity only in the upper 30 m (solid dots in Fig. 6, 
25-26°C, 35-60-35-75%o). These two stations are adjacent to the boundary, where mix
ing may account for such observations. Below 16-18°C (Fig. 6), about in the maxi-
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mum gradient of the thermocline, between 175-225 m, water in the area of the high 
cannot be distinguished from that east o f the boundary.

The Somali Current is sharply limited in depth ( S w a l l o w  and B r u c e ,  1966), 
the strong currents being generally above 200 m. The T -S  distribution (Fig. 6) 
suggests that water above the thermocline in the rapidly moving current of the 
Somali high may be largely confined within the cold boundary. Thus, the T -S  
characteristics were essentially similar on both the 5°N and 10°N sections for the 
northeastward moving water just oif the coast and for what appears to be the reversed 
current which has turned southwest and flows to the west of the cold boundary.

For the short period of the monsoon (3 months) the salinity of the near-surface
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F ig. 7. Surface topography relative to 1000 dbar o ff  Som ali coast, sum m er 1964 (from
Swallow and Bruce, 1966). .

water perhaps may be considered as conservative relative to the differences of 0-3-
0-4%o found across the cold boundary. For such a difference to be caused by evapora
tion the area east of the boundary would have to have a much higher evaporation 
rate than the water in the Somali high which seems unlikely ( P r i v e t t ,  1 9 5 9 ) .  If, 
however, the evaporative difference were as great as 120 cm/yr, and thorough mixing 
took place to 100 m in depth, then a salinity change of about 0-1 %0 could take place 
over an entire monsoon period.

Year to year differences. Off the Somali coast, in summer, the surface topography 
during 1964 (not included in Fig. 3, but shown in Fig. 7) differed from that in 1963. 
Thus, the Somali Current turned east (1964) at about 8-9°N. The centre of the high 
( >  1-8 dy m) was at about 5°N, 55°E (Fig. 7). Since there are no data east of about 
55°E, the cold boundary could not be traced beyond this longitude. Hence it is not 
certain that the boundary did run south nor that a gyre was formed in 1964. 
In contrast during 1963 (Fig. 3) the coastal current flowed north of 10°N before
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Fig. 8. Surface ¡topography relative to  1000 dbar o ff  Som ali coast, D ecem b er 1964-January
1965, from  M eteor, Cruise 1.

turning east, and the trough of the cold boundary ( <  1-3 dym) occurred near 
5°N, 55°E where a high of 1-8 dy m existed in 1964. Southeast of Socotra near 10°N 
in 1964 there was a small, intense, and saline (to 35-6%0) high. This high was not 
revealed by the 1963 data. Possibly it was displaced by the Somali Current at 10°N. 
There are, however, general features of the Somali high during both 1963 and 1964 
which are similar: in each the maximum elevation was approximately 1-8 dy m, and 
the meridional length was roughly 500 miles.

Somali coastal region: winter
Within the winter season changes in surface topography took place along the 

Somali coast (cf. Fig. 8 with Fig. 4). In general the Meteor anomaly values were 
between 1-4-1-5 dy m along the coast with a weak southwesterly coastal current 
between 2°S-5°N and 7°N-8°N. To the southwest of Socotra (11-12°N) a north
easterly flow was indicated. The Atlantis I I data recorded generally higher anomalies:
l -5- l -6dym with a dynamic height of >  1-7 dym  at 5°N and just off the coast 
at the equator. There was no indication of a southwesterly coastal current, but there 
was a weak northeast current off the coast at 5°N. Neither survey gave any evidence
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Table 3. Averages o f  geopotential anomaly (O-dbar surface relative to 1000 dbar) 
(in dy m) from  data used in this paper o f  the Indian, Atlantic, and Pacific oceans by 
zonal bands from  the African coast east to approximately 78°E. The zonal areas 

were taken into account in determining the averages.

Western 
Indian Ocean 

northern summer 
(southwest monsoon)

Western 
Indian Ocean 

northern winter 
(northeast monsoon)

Northwestern 
Indian Ocean 

mean

Atlantic Pacific 
(from Reid, 1961)

10°-20°N 1-53 1-57 1-55 1-32 1-68
0°-10°N 1-60 1-64 1-62 1-27 1-68
0°-10°S 1-61 1-58 1-60 1-25 1-68

of the strong coastal currents at the surface characteristic of summer, but rather 
both indicated a weak, meandering surface circulation.

Zonal means on the 0-dbar surface
N orth of the equator the average of the geopotential anomaly of the zones 

(0°-10°N and 10°N-20°N) during the northern summer is slightly lower (0-04 dy m) 
than for the winter (Table 3). Because of the summer warming at the surface the 
reverse might be expected. In the northwest Indian Ocean, however, during the 
summer monsoon, there are three factors which tend to  decrease the dynamic height 
relative to  that in winter: (1) there is greater cloud cover (U.S. N a v y ,  1957) and hence 
a reduction in the net absorbed radiation, particularly on the eastern side of the ocean 
( C o l o n ,  1964); (2) the evaporation rate ( P r i v e t t ,  1959) in the northwestern Indian 
Ocean reaches a maximum during June and July and tends to increase surface salinity; 
and (3) upwelling of cold water along the western coasts.

The Indian Ocean mean (Table 3) for both seasons in these latitudes is 0-23- 
0-35 dy m higher than the Atlanitc and 0 06-0 13 dy m lower than the Pacific ( R e id ,  
1961).

CONCLUSIONS

(1) The summer geopotential topography particularly off the Somali and Arabian 
coasts indicates that relatively small but intense anticyclonic gyres were formed 
during this period. Further evidence from ship’s set, direct measurements, comparison 
with the 1964 topography, and T -S  differences tend to substantiate the existence 
of the Somali gyre. A  cold boundary was found to  the north and east of the gyre 
although further evidence is needed to show continuity from 10°N to 5°N.

(2) The variations during a season as well as between seasons were considerably 
greater in the upper 200 m than at the 400 dbar level.

(3) In contrasting the summer and winter geopotential topography on the western 
side of the ocean, rather large changes occurred in the topography between seasons, 
particularly off the Somali coast at about 10°N where there were seasonal differences 
of 0-3 dy m. Changes were evident within the winter period as revealed by differences 
between the Meteor data from December and January and the Atlantis I I  data in 
M arch for the same winter.

(4) No pronounced southwestward current was observed along the Somali coast 
during winter.
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(5) Toward the end of both seasons a well-defined South Equatorial Current 
was indicated which was especially strong just north of Madagascar. 

(6) The mean dynamic height of the sea surface of the northwestern Indian Ocean 
was lower in summer than in winter by 0 04 dy m.

Acknowledgement—This research was sponsored by the National Science Foundation under Grant
GP-870

R E F E R E N C E S

A u stin  T. S. (1958) Variations with depth of oceanographic properties along the equator 
in the Pacific. Trans. Am. geophys. Un., 39, 1055-1063.

B ruce  J. G. (1965) Near surface currents off the Somali Coast in the summer monsoon, 
August 1964. Woods Hole Oceanogr. Inst. Tech. Rep., 65-66. (Unpublished manuscript.)

B ruce J. G. and G. H. V o lk m ann  (In preparation) Current measurements off the Somali 
coast during the northeast monsoon.

C olon  J. A. ( 1 9 6 4 )  On interactions between the southwest monsoon current and sea surface 
over the Arabian Sea. Indian J. M et. Geophys., 15, 1 8 5 - 2 0 0 .

D efant A. (1961) Physical Oceanography. Pergamon Press, Oxford, 1. 729 pp., 10 charts.
F in d l a y  A. G. (1866) A  directory fo r  the navigation o f  the Indian Ocean. Richard Holmes 

Laurie, London, 1062 pp,
H id a k a  K. (1958) Computation of the wind stresses over the oceans. Rec. Oceanogr. Whs. 

Japan, 4, 77-123.
K nauss  J. A. (1963) Equatorial current systems, In : The Sea, M. N. H ill editor, Interscience, 

New York, 2, 235-252.
M ichaelis G. (1923) Die Wasserbewegung an der Oberfläche des Indischen Ozeans im

Januar und Juli Ver öff. Inst. Meeresk. Univ. Beri., n.f., (A) 8, 32 pp.
M ontgomery R. B. and E. P alm en  (1940) Contribution to the question of the equatorial 

counter current. J. mar. Res., 3, 112-133.
P rivett D. W. (1959) Monthly charts of evaporation from the N. Indian Ocean (including 

the Red Sea and the Persian Gulf). J l R. M et. Soc., 85 (366), 424-428.
R eid  J. L., jr . (1961) On the temperature, salinity, and density differences between the

Atlantic and Pacific oceans in the upper kilometre. Deep-Sea Res., 7, 265-275.
R eid  J. L., jr . (1961) On the geostrophic flow at the surface of the Pacific Ocean with respect 

to the 1000 decibar surface Tellus, 13, 489-497.
S t o m m e l  H. and W .  S. W o o s t e r  ( 1 9 6 5 )  Reconnaissance o f  the Somali Current during the 

southwest monsoon. Proc. natn. Acad. Sei. U.S.A., 54, 8 - 1 3 .
Sv erd r up  H. U., M. W. Jo h nson  and R. H. F leming  ( 1 9 4 2 )  The Oceans: their physics, 

chemistry and general biology. Prentice-Hall, New York, 1 0 8 7  pp.
S w a l l o w  J. C. (1964) Equatorial Undercurrent in the western Indian Ocean. Nature, Lo nd., 

204, 436-437.
Sw a llo w  J. C. and J. G. B ruce (1966) Current measurements off the Somali coast during 

the southwest monsoon of 1964. Deep-Sea Res., 13, 861-888.
T aft B. A. (1965) Current velocity structure at the equator in the Indian Ocean. Univ. 

Calif. Scripps Inst. Oceanogr., Ph.D. dissertation 182 pp. (Unpublished manuscript).
T aft B. A. (1967) Equatorial undercurrent of the Indian Ocean and its relation to monsoon 

phase. Presented at the Symp. Int. Ass. Phys. Oceanogr., Berne, Switzerland, September 
28, 1967. (Unpublished manuscript).

U.S. N avy  C hief of N aval  O perations (1957) Marine climatic atlas o f  the world, Vol. III, 
Indian Ocean U.S. Govt. Print. Off. N A V A E R  50-lc-530, Washington.

W arren  B. A., H. Stommel and J. C. Sw a llo w  (1966) Water masses and patterns of flow 
in the Somali Basin during the southwest monsoon of 1964. Deep-Sea Res., 13, 825-860.

943



Reprinted from Okeanol. i s s l e d no. 19, 1968, p. 163*176

K). A .  P o M d u o e , B . B .  J lynbH H oe

HEKOTOPblE OCOEEHHOCTH 
TPOnOCOEPHOH H,HPKyJIflU,HH B IIPH 3kB A TO PH AJlbH O ÏÏ M ACTU 

HHflHHCKOro OKEAHA

C  o x T a ß p a  1964  n o  MapT 1 9 6 5  r . n p o x o a n n  3 6 -n  cnen,HaJin3HpoBaHHbin 
reoaornn ecxH H  p e ñ e  h / c «BnTH3b» b Mh» hhckom oKeaHe. llonyTH O  b p e n c e  
BbinoJiHHJincb M eT eopojiornnecK ne HaÔJUoaeHHa: npH3eMHbie (nepea  x a /x a b ie  Tpn 
n a ca , a b HHTepecHbix c n T y a n n a x  nepe3  n a c ), paano30H anpoB aH H e (a s a  p a3a  
b  cyTKn) h n o  bo3 mojkhocth u iaponnaoT H bie H aßaioaeH H a c noM om bio pyu H oro  
TeoÆOJiHTa [1 ].

B HacTOHinen CTaTbe Mbi paccMOTpnM pe3yjibTaTbi MCTeoponornnecKHX 
Ha6jiK)AeHHH bo BpeMH nepeceaeHHH npnaKBaTopnajibHon 30Hbi 3anaaHbix BeTpoB. 
b Hhahhckom oxeaHe b Hoaôpe 1964 r.

P a cn p ea en eH u e  npn3eM H oro BeTpa noKa3aHO Ha p n c . 1. npHaxBaTopHaabHbie* 
3anaAHbie BeTpbi, K a K  b h a h m ,  OTMenajmcb b  30H e Meacay 8 °  c . ui. h  2 °  io . in .;  
K ceB ep y  o t  s t o h  3 0 h h  BeTpbi 6buni ceBepo-BocrouHbiM H, k io r y  —  cH an aaa . 
nepeMeHHbix HanpaBjieHHH, a c  5 ,5 °  ra. u i .—  ioro-BOCTOHHbiMH. T a x a n  x a p ra H a  
6jiH3Ka k cpeflH eñ M H oroaeraen b  H oa ö p e  [ 2 ] ,  C y a n  n o  CHHorrninecKHM KapTaM, 
cocTaBJiaBUiHMca b  p e n c e  a s a  pa 3 a  b  cyTKn, pacn p eaeaeH H e npH3eM Horo a a ß a e -  
HHa b o  BpeMa n ep ecen eH n a  «BnTH3eM» 30Hbi 3anaaH bix BeTpoB b  ßojibuiHHCTBe 
cjiynaeB  T a x  »ce ôbuio cxoaHbiM c o  cp  e a u  h  m  m  h  o  r o  a  eT h  h  m  . O ô h h h o  B aon n  
SKBaTopa HaMenaJiacb oôaacT b noBbiuieHHoro aaBJieHHH, a k c eB ep y  h  k io r y  o t  
Hee —  BbiTHHyTbie c  BOCTOxa H a  3 a n a a  j i o h c S k h h  (p n c . 2 ) .  B c e  s t o  aacT  ocHOBa- 
Hne np ean ojiaraT b , h t o  h  HaÔJnoaaBUiancH b  s t o  BpeMa roua  KapTHHa b  x a x o ñ -  
t o  Mepe oT paaiajia  cp eaH n e HoaôpbCKHe ycjiOBHa.

n P E A m E C T ß y io m A a  c h h o i i t h h e c k a h  o e c t a h o b k a

n e p e a  TeM n a n  onncbiBaTb n o r o a y , H aôaroaaB iuyioca  n p n  nepeceneH H H  30Hbi 
3anaaH bix BeTpoB, H ecx o a b x o  cjiob  c t o h t  cKa3aTb 06 HHTepecHoñ, Ha Hani 
B 3rjiaa , cxeM e nepecT poñxH  ô a p n n e c x o r o  n o a a  o t  a e r a e r o  M yccoHa k  3HMHeMy 
n 06 ycaoBHHX n oroab i, H aG aroaaB innxca b B eH raabcxoM  3 a a iiB e  b KOHue 
OKTaôpa 1964 r.

20 OKTaôpa, K oraa «BnTa3b» H anaa paôoTbi b B eH raabcxoM  3aaH B e, Haa 
ueH TpaabHon nacTbio 3aaHBa H a ô a io a a n a cb  oôaacT b  noBbiuieHHoro a a B a eH u a , 
a k ceB ep y  h k BOCTOxy ot Hee n o a y x o a b u o M  p a c n o a a r a a a c b  o ô a a cT b  h h 3Koto 
aaBaeHH a c a a y M a  oTaeabHbiMH aenpeccHHMH: Ha BOCToxe H H ann (pañoH  K a a b -  
xyTTbi) h Haa TaHjiaHaoM. KoopaHHaTbi uenTpoB a a B » eH n a , rayÔHHa h n n c a o  
aenpeccH Ë  b  nocaeayrou iH e a n n  H ec x o a b x o  M eH aancb, ho bch 3Ta o ô a a cT b  Ha 
ceB ep e  B e H r a a b c x o ro  3aaH Ba n p o a o a ix a a a  cymecTBOBaTb, 3aHHMaa noaoixeH H e,,
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cooTBeTCTByiomee b  cpeaHeM noao*eHHio aoacÔHHbi na ceHTHÖpbCKoii napie 
epen» ero MHOrojieTnero aTMOccfrepHoro aaBaeiiHH [3], Ha tore 3aa«Ba b  s t o  
BpeMH (no HauiHM CHHonTHuecKHM KapTaM, c 21 o k t h ö p h )  HaMeaaaacb eme oaHa 
OÖJiaCTb HH3KOrO aaBHeHHH, BblTHHyTaH B 30H3JIbH0M HanpaBJieHHH BAOJIb 7— 
11° c. in., TaM, rae pacnoaaraercH JioMönna Ha HOHÖpbCKOH KapTe cpe^Hero 
aaBaeHiin. 06e aoacÖHHbi Ha ceBepe h  Ha iore BeHraabCKoro 3aaHBa cymecTBo- 
BaJiH ô HOBpeMeHHo; nepecrpoiiKa öapnnecKoro noan aaBaeHHH o t  ceHTHÖpb- 
CKoro k  HoaöpbCKOMy nponcxoHHaa He nyTeM nepeMemeHHH ceBepHon aoiKÓHHbi 
k  iory, a b  pe3yjibTaie nocTeneHHoro 3anoaHeHHH ceBepHoñ h  yrayöaeHHH 
IOXHOH HOHtÖHHbl. K 29 OKTHÖpH CeBepHaH aOHiÖHHa OKOHHaTeabHO 3anOJIHHJiaCb 
h  Han BceM BeHrajibCKHM 3aauB0M h  k  ceBepy o t  10° c. m., B33MeH HaöaionaB- 
i h h x c h  paHee BeTpoB nepeMeHHbix HanpaBaeHHH, ycraHOBHacn ceBepo-BocTon- 
HblH MyCCOH.

C 30 OKTHÖpa a o  3 HOHÖpH «BHTH3b» B en  paÓOTbl Ha CTanm iH  (<p =  
=  11°08' c .  m., X =  85°37' b .  h . ) ,  p a c n o n a r a B iu e íic H  ösim  o c h  óapunecK O H  
aoiKÓHHbi (nyT b  k  c e B e p y  o t  H ee, T au  KaK BeTpbi B ce  BpeMH ö b in n  ceB e p o -B o c T o n -  
HbiMH), T au  HTO n o T o a a  é b ij ia  o ö y c n o B n e H a  n p o u e c c a M H , n p o H cx o a n m n M H  b  s t o h  
jioiKÖHHe. Ha o c h  JioiKÖiiHbi ceBepo-BOCTOHHbiii M yccoH  BC TpenaacH  (KOHBepreH- 
HHH) C npH3KB3T0pHaabHbIM H 3anaH,HbIMH BeTpaM H, HTO B e a o  K 06pa30B aH H K ) 
BOCXOaHHI,HX TOKOB, p33BHTHIO OÔnaUHOCTH H BbinaaeHHIO OCaaKOB. O  UIHpHHe 
30H bi, b  KOTopoH n p o H C X o a n n a  KOHBepreHHHH B eT pa, b  KaKoü-TO cTeneH H  m o jk h o  
cyaH T b  n o  uiH pHH e n o jio c b i c oca a u a M H , K O Topan Ha H a u in x  cH H onranecK H X  
K ap T ax Ha pa3H bix  y n a cT K a x  aojKÖHHbi c o c r a B a n n a  3 — 5 °  u iu p o r a .

B a o a b  o c h  ao jK Ô H H b i b  B e H ra a b C K O M  3 a a H B e  (B H y T p H T p o n u n e c K a H  3 0 H a  
KOHBepreHHHH) BpeMH o t  BpeMeHH c  BOCTOKa Ha 3 a n a a  n p o x o a H a n  O TaeabH bie  
a e n p e c c H H , Bbi3biBaioiHHe Ha CBoeM nyTH  y x y a u ie H u e  n o r o a b i. O aH a h 3  h h x
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P h c . 2 . C pe^H ee M H oro jiem ee  aTMOC(J)epHoe AaBJiemie b  H onöpe (no  aaHHbiM [1 5 ])

BeqepoM 2 9  OKTHÓpH p a cn o jia ra jia cb  b  AH^aMaHCKOM Mope. Ha cjieayromHH  
AeHb oHa noflo iu jia  k p añ oH y paôoT  « B hth3 h», pacuiH pnJiacb h Bbi3Ba.na 3Aecb 
CHJibHeñuiHH JiHBeHb (3a  12 nac B u n a jio  5 6 ,6  m m  ocaAKOB), npaBAa, 6e3 3aM er- 
H oro ycHJieHHH B erpa. F lo c jie  npoxo>KAeHHH A enp eccn ft noroA a HecKOAbKO 
yjiym uH jiacb , OAHano BCJieACTBne 6 a h 3 0 cth KopaÖAH k och 3 0 hm  KOHBepreHHHH 
HeHaMHoro h HeHaAOAro.

nOW flA B 30HE 3AHA/ÍHBIX BETPOB 
H HA EE rpAHHHAX

3  HOflÖpn «BHTH3b» 3aK0HHHA paÔOTbl Ha CT3HUHH C KOOpAHH3TaMH (p =
=  1 1 °0 8 ' c . m .,  X =  8 5 ° 3 7 '  b . A- h norneA Ha ioro -3an aA  b K oaomôo . C  yT pa  
ÔbiJia x o p o m a n  noroA a c  H eôoA buioft oÔAauHOCTbio h  cJiaÔuM (2 — 4  m ícen) 
BocTOHHbiM BeTpoM. K Beuepy aTMoaJiepHoe AaBJieHHe cthao naAaTb, B erep nanaA  
yCHAHB3TbCH, yBeAHUHAaCb OÔAaHHOCTb H nOUieA AOJKAB. CyAH n o  3THM npH- 
3HaKâM, MU npHÔAHHCaAHCb K OCH 30HbI KOHBepreHHHH H AAH AyUHierO 03H a- 
KOMAeHHH c  e e  CTpyKTypoii c  2 0 .0 0  3  H o a ô p a  6  bí a  h HauaTU eateuacH bie M ereo- 
poA ornnecK H e h aôAiOAeH h h (p n c . 3 ) . JlaHHbie o  CK opocra h HanpaBAeHHH BeTpa 
npH nepeceneH H H  rpaH H u 3 0 h h  3anaAHbix BeTpoB noMeineHbi b  Ta6a . 1 h 2 .

O cb BHyTpHTpOnHHeCKOH 30HH KOHBepreHHHH, KaK CAeAyeT H3 T3ÔA. 1, MU 
nepeceK AH  b Houb c  3  Ha 4  HOHôpn npHMepHo Ha 8 °  c . u i. 3A ecb  Ha 0Tpe3Ke 
B cero  AHuib 7  MHAb HanpaBAeHHe BeTpa c  ceBepo-BOCTOUHoro pe3KO cm chhA ocb  
Ha 3anaA H oe, CKOpocrb BeTpa yBenHUHaacb ô o u e e  ueM b  A sa  p a 3 a  h  A ocT urua  
1 5 ,3  M/ceK.  OTMeTHM, u t o  pe3KHH pa3pbiB noTOKOB Ha ceBepHOH rpaH H ue 30Hbi 
3anaA H U x B erpoB  B pafloH e BeHraAbCKoro 3 3 a h b 3  HaÔAiOAaACH h  dhaom  npeA U - 
Aym H x SKcneAHUHH, npOBeAeHHux b n e p n o A  3HMHero M yccoHa [ 4 ] ,  h , no-BHAH- 
MOMy, HBAHeTCH XapaKTepHOÍÍ UepTOÔ aTMOC(})epHOÔ UHpKyAHUHH B 3TOM 
pafioH e OKeaHa.
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T a Ö J i H u a  1

B e ie p  h aTMoeÿepHoe jaBjieHHe npn nepecenem iH  ccBCpHOH 30hu  KOHBepreHpHH

flaTa
BpeMH

cŷ oBoe,
nac

IIJHpoTa
ceB. HoJiroTa BOCT.

ÆaBJieHHe
(JiaKTHHecKoe,

MÖ
AaBjieHHenpHBeAeHHoe,

m6
HanpaBjie- 
HHe BeTpa,

CKOpOCT
BeTpa,
MfceK

3. XI 09 ir o o ' 85°32' 1008,6 1007,3 132 2,9
12 10 30 85 12 1007,3 1006,5 95 4,4
15 10 00 84 52 1004,2 1005,5 116 5,4
18 9 37 84 35 1003,8 1004,6 97 6,9
20 9 07 84 11 1005,1 1004,3 115 5,4
21 9 04 84 09 1005,8 1004,5 66 6,8
22 8 47 83 55 1005,8 1004,3 70 7,3
23 8 36 83 50 1005,1 1003,6 62 7,4

4. XI 00 8 26 83 44 1004,3 1003,5 60 7,1
01 8 15 83 36 1003,9 1003,9 45 6,5
02 8 05 83 27 1003,7 1004,5 18 6,9
03 7 58 83 23 1003,4 1004,7 288 15,3
04 7 46 83 15 1004,1 1005,6 300 14,9
05 7 35 83 05 1004,5 1006,0 303 12,7
06 7 29 83 03 1005,1 1005,9 303 14,2
07 7 17 82 55 1006,3 1006,3 310 11,0
08 7 08 82 48 1006,9 1006,1 312 14,2
09 7 00 82 40 1007,9 1006,6 309 13,0
10 6 53 82 32 1007,9 1006,4 275 10,4
11 6 46 82 25 1009,3 1008,0 278 8,8
12 6 36 82 15 1008,5 1007,7 292 4,8
15 6 20 81 53 1006,1 1007,4 262 14,6
18 6 10 81 40 1007,1 1007,9 288 14,8
21 5 48 81 14 1010,3 1009,0 297 11,7

5.XI 00 5 40 80 08 1010,3 1009,5 320 10,7

T  a  6  ji h  n, a  2
A T M O c (|)ep H o e  j ia B J ie H H e , B e T e p , c p e A H M  flJ ia  c j i o a  0 — 5  k m  BJiaaiHOCTb h  T e M n e p a t y p a  

B 0 3 » y x a  n p n  n e p e c e q e H M H  h » k h o h  3 0 h m  K O H B epreH pn H  n o  M epH A H aH y 8 1 °  b .  a .

J\ara
BpeMH 

cŷ oBoe, 
'tac, MUH

UlHpoTa
IOJKHaH

âBJieHHe 
cpaKTHqec- 
Koe, m 6

.HaBJieHHe 
npHBefleH- 
Höe, m 6

HanpaBJie- 
HHe BeTpa, CKOpOCTb

BeTpa,
MfceK

CpeflHHH 
BJiajK- 

HOCTb CJIOH
0—5 K M ,  %

CpeflHHH 
teMnepa- 

Typa ejión 
0— 5 K M , 0 C

14. IX 17.30 0°15' 1009,9 1011,0 235 5,9 56,2 11,73
20.30 0 35 1011,8 1010,7 240 6,0
23.30 0 31 1011,7 1010,6 240 5,5

15. XI 2.30 1 07 1010,6 1011,7 229 5,4
5.30 1 40 1011,0 1012,1 203 2,3 66,4 11,85
8.30 1 56 1012,6 1011,5 232 3,6

11.30 2 36 1011,7 1010,6 167 1,7
14.30 3 07 1009,9 1011,0 230 2,5
17,30 3 41 1009,9 1011,0 8 2,1 83,6 11,03
20.30 4 02 1012,2 1011,1 350 5,8
23.30 4 23 1021,8 1010,7 311 5,8

16. XI 2,00 5 00 1010,1 1010,9 55 6,7
5.00 5 36 1010,7 1012,0 102 10,4 81,8 11,55
8.00 6 20 1012,5 1011,7 124 6,0

11.00 6 52 1011,8 1010,5 138 4,3
14.00 7 35 1009,9 1010,7 150 6,1
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"c.w.
3Xl15.XI m  lixi

P h c . 3 . X<M npH3eMHbix .vieTeoaJieMeiiTOB n o  M apm pyT y n / c  «BHTH3b» c  3 . X I  n o  1 6 .X I  ¡1964 r .
1 — TeMnepaTypa boâli; 2 — TeMnepaTypa B03Ayxa

n o  M e p e  y a a jie H H H  cy A H a  k  i o r y  o t  o c h  3 0 h h  K O H B epreH U H H  c K o p o c T b  B e T p a  
y M e H b iu a J ia c b  h  b  ueH T p ajib H O H  n a c r a  30H bi 3 a n a A H b ix  B eT poB  (1 — 5 °  c .  n i .)  
co cT aB JiH Jia  6 — 9 M/cetc. A T M occJiepH oe a a B J ie iiH e , n p n B e A e H H o e  k  cp eA H eM y  
cyTO 'iH O M y n o  MeTOAy « S y p H b e  [ 5 ] ,  H a o c h  j i o j k ô h h h  y n a j i o  a o  1 0 0 3 , 5  m 6  
( o 6 ih ,h h  ( |)oh  a j i h  coceA H H X  p añ o H O B  c o c T a B J in ji  1 0 1 0 — 1 0 1 1  m ô ) .  H H T ep ecH O , 
HTo u iH p o T b i, H a K O T opbix  H a ô jn o a a j i a c b  CMeHa H an p aB JieH H H  B e T p a  (8 °  c .  n i . )  
h  M H H H M ajibH oe aTM OccJiepHoe A aB JieH n e  ( 8 ° 2 6 '  c .  i n . ) ,  H e c o B n a JiH  OAHa c  A p y r o f i .  
P a c x o x iA e H H e  m ê> kay  h h m h  b  2 6 ' ,  H a H a iu  B 3 t j i h a ,  m o > k ct oôbHCH HTbCH H ecH H - 
xpoHHOCTbK) H aôjiioA eH H H , i io c K o .ib K y  3 a  BpeM H n e p e x o A a  cy A H a  o t  M ecTa 
K M ecTy M o m o  n p o H 3 o i i r a  cM em eH H e é a p H n e c r a x  CHCTeM k  c e B e p y  h j i h  k  i o r y .  
H a  p n c .  3  b h a h o ,  h t o  rp a A n e H T  AaBJieHHH k  i o r y  o t  o c h  j io jk Ô h h h  ô h j i  H ecK O Jib- 
K o é o j ib iu e ,  neM  k  c e B e p y  o t  H ee . 3 t o  oôcTO H TejibC TB o c o r j i a c y e T c n  c  c o o t b c t -  
CTByiOIIIHMH AaHHblMH n o  CKOpOCTH B e T p a .

P a c n p e A e n e H H e  o c 3 a k o b  O K a 3 a jio c b  n o u r a  c h  m m eT p  h  h  h  bí m oTHOCHTejibHo 
no jioH ieH H H  o c h  p a 3 p b iB a  b  n o u e  B e T p a . O ô m a n  u in p H H a  30H bi c  o c a a x a M H  c o c r a -  
BH Jia 3 A ecb  npH M epH O  3 , 5 °  u in p o T b i .  ,H o > k a h  ô h j i h  jiH B H e B o ro  x a p a K T e p â ,  
H H TeH ciiBH bie, jiH u ib  c  H eôoA buiH M H  n e p e p b iB a M H . B  HHiKHeM H p y c e  n p e o ô j i a a a -  
jiH  M OinHbie K yneB O -A oïK A eB bie o ö j i a x a ,  b  c p e a H e M  —  B b ic o K o -K y n e B b ie , o ô p a 3 o -  
BaBUiHecH b  p e 3 y j ib T a T e  p acT ex aH M H  K yneB O -ao iK A eB bix . O ô jia n H o c T b  B e p x H e ro  
H p y c a  b o  BpeM H n e p e c e n e H H H  3 0 h h  K O H B epreH H H H  H e n p o c M a T p u B a j ia c b .

B  paiioH e 9TOH 3 0 h h  (7— 9 °  c . u i.)  H aôjnoaajiocb  H eôojib iuoe (Ha 0 , 5 — 1 , 0 ° )  

noHHHieHHe TeM nepaTypbi b o a h  h  HecKOJibxo 6oji b in ee  —  a o  2 — 3 ° —  B 03A yxa. 
npH H H H O H  OXJiaiKAeHHH B 03A yxa, HeCOMHeHHO, HBHJIOCb BbinaAeHHe OCaAKOB, 
nocK ojibK y OTHOCHTejibHo HH3K3H T eM nepaTypa B 03A yxa (a o  2 5 ° )  OTMeuajiacb 
3Aecb jiHUib b o  BpeMH AoïKAH. B  c j iy n a e  JKe, k o  t a  a  a o h ía h  He 6b u io , TeM nepaTypa  
B 03A yxa noB biuianacb h craHOBHjiacb T axofl » e ,  n a n  h bo B een  30H e 3anaAHbix 
BeTpOB. OxjiaiKAëHHe B03A yxa BO BpeMH AOHIAH npHBOAHJIO K OÔpa30BaHHK) 
AOBOJibHO ôojibuioH  (a o  2 , 5 ° )  noiiOHcHTeiibHoh pa3HocTH TeM nepaTyp BOAbI h B03- 
A y x a  h , cjieaoBaTejibHO, k  ycHJieHHio k o h b c k iih h  b 30H e KOHBepreHHHH.

• H a  G o j i b u i e ñ  n a c r a  3 o h h  3 a n a A H b i x  B e T p o B  p a 3 H 0 C T b  T e M n e p a T y p  b o a h  
h  B 0 3 A y x a  T a K > K e  6  b í j i a  n o j io > K H T e j ib H O H , 0 A H 3 K 0 ,  K a n  n p a B H j i o ,  H e  n p e B b i n i a j i a  
0 , 5 ° .  M 3 B e c T H O  [ 6 ] ,  h t o  T e M n e p a T y p a  n o s e p x H O C T H  b o a h ,  H 3 M e p e H H a n  o ô h b h h m  
T e p M O M e T p o M , H e p e A K O  o r a n n a e r e n  o t  T e M n e p a T y p b i  n o B e p x H O C T H O f t  n j i e H K H ,  

r a e  O H a  B C J i e A c r a n e  H c n a p e H H H  m o jk c t  6 b i T b  H e c K O Jib K O  h  h  > K e, n e w  e p a a y  n o a

167

9 4 9



noB epxH O C T bio. y^ H T biB an  st o  oôcT O H T ejib crao , pa3HOCTb T eM nepaT ypbi n o B e p x -  
HOCTH BOflbl H B 03A yX a B 3 0H e 3anaflH bIX  BeTpOB npaKTH^eCKH MOJKHO CHHTUTb 
paBHOH HyjIK).

OTHOCHTejibHaa Bjia>KHOCTb B 0 3 A y x a  b 30H e KOHBepremiHH A o c r a r a jia  
9 0 %  h  6 o j ie e ,  b t o  BpeMH K au  b 30 H e 3an aA H b ix  BeTpoB OHa 6 b ijia  o k o j io  8 0 % .

3 a  BpeMH CTOHHKH «BhTH 3H» B KoJIOMÖO C 5  no 9  HOHÔpH (pa3pbIB B HaHece- 
h h h  AaHHbix Ha pue. 3 ) k3khx-jih6o H3MeHeHHH b  pacnpeAejieHHH BeTpa h  c o c t o -  
h h h h  noroAbi He npoH30uiAO. 10 HOHÖpn «BnTH3b» Bbiuieji h 3  KojiomGo, Hanpa- 
BHJICH Ha K)T npHMepHO nO MepHAHaHy 8 0 °  H CHOBa OKa3aJICH B yCTOHHHBOM 
3anaAHOM noTone. JI.0 SKBaTopa BeTpbi 6 bum 3anaAHHMH h  ceBepo-3anaAHbiMH, 
Aajiee a o  2 °  1 0 . ui. —  ioro-3anaAHbiMH. B e e  BpeMH CTOHjia xopouian noroAa, 
6e3 ocaAKOB, c HeßojibiuoH oßjiauHOCTbio, b ochobhom Cu hum h  Cu med. 
yxyAiiieHHe noroAbi HauaAocb 1 5  HonßpH, KorAa Ha 2 —3 °  io. ui. Mbi noAouum 
k  kwkhoh 30He KOHBepreHiiHH. H a  Heôe HanajiH pacTH C u  long, 3aTeM C b , Bonpyr 
cyAHa noHBHJiHCb nojiocbi a o j k a c h . BeTep ocjiaôeji a o  2  M /c e tt, a HanpaBJieHHe 
ero CTajio MeHHTbcn, npHueM BHanajie 6e3 KaKoft-AHÔo onpeAejieHHoft 3auo- 
HOMepHOCTH (TaÔJI. 2 ) .

K  B e u e p y  15  HOHÓpn, Ha 4 °  io . m . ,  C b  3aK p b ura  B ce H eô o  h p a 3 p a 3 H jic n  
CHJIbHeÜUIHH JlHBeHb, npOAPJIJKaBUIHHCH BCK> HOHb, BbinajIO 5 6 ,2  M M  ocaAKOB. 
H a n p aB JieH H e B eT pa 6 h jio  loro-BOCTOHHbiM, ioro-3anaA H biM , ceBepo-BOCTOUHbiM, 
3aTeM  ceB ep o-3an aA H b iM , h ycTaHOBHTb, b  K a n y io  C TopoH y npoH cxoA H Ji e r o  
n o B o p o T , n o  u a co B o ft c T p e j ix e  hjih  npoTH B H ee , He y A a jio c b . B o3 m o>k h o , hto 
MHMO H ac n p o m j io  HeCKOJIbKO CJiaÔblX HHKJIOHHUeCKHX BH XpeÜ, H Mbi OKa3bIBa- 
JiHCb to  b  n ep eA H eü , t o  b  t h jio b o h  h x  n a c r a .

J lu m b  k  y T p y  16 HOHÔpn Ha 5 ° 3 6 '  10. u i. ycraH O BH Jiocb loro-BOCTOHHoe 
H anpaB JieH H e B eT p a, h t o  C B H A eT ejibcraoB ajio  o  b x o â a ê h h h  « B h th 3 h »  b 30H y  
roro-BOCTOHHoro n a c c a T a .

T e M n e p a T y p a  h o ra o cH T ejib H a n  B Jiaam ocT b  B 0 3 A y x a  n p e T e p n e B a jiu  Ha stom  
n e p e x o A e  T aK ue a ie  H3MeHeHHH, K au h b  ceB ep H oft 30H e KOHBepreHiiHH. B o  BpeMH 
AOJKAH B 03A yX  CT3HOBHJICH XOJIOAHee Ha 2 — 3 ° , BJiaJKHOCTb C 8 0 %  nOAHHMajiaCb
a o  90% h éojiee.

lO lKHaH 30H a KOHBepreHHHH, B03HHK3K)IHaH npH  BCTpene lOrO-BOCTOMHblX 
h  SK B aT opu ajib H bix  3an aA H b ix  B eT poB, K au h  c e B e p H a n , CBH33H3 c  o ô j ia c r b io  
noH H H ieH H oro AaBJieHHH (cm . p n c .  2 ) .  O a h 3 k o  b H o n ß p e  1 9 6 4  r . ,  K au b h a h m , 
OHa ô b u ia  B b ip a a ieH a  He T a u  n e r a o ,  K au c e B e p H a n . 3 A e c b  h  CABnr BeTpa He 
T3K0H pe3K H H , h  30H a c  a o jk a c m  ÿ m e ,  h  jiojKÔHHa AaBJieHHH B b ip an ieH a CJiaÔee. 
B  nacTHOCTH, n o  AauHbiM , npHBeAeHHbiM Ha p u e .  3 ,  He b h a h o  n o n r a  HHKaKoro 
naAeHHH AaBJieHHH Ha 3 — 5 °  io . m  , h o  s t o ,  k o h c h h o ,  e m e  He AOKa3biBaeT, u t o  e r o  
ACHCTBHTejibHo He ó b ij io , nocK O JibK y 3 a  BpeMH n e p e x o A a  cyA H a n e p e 3  30H y  
OÔIHHH 4 » H  AaBJieHHH MOT MeHHTbCH H «ÇMa3aTb» 33K 0H 0M epH 0e H3MeHeHHe 
AaBJieHHH. B eA b  n o  ocTajibH biM  npH3HaK3M  (ocoßeH H O  aap ojiornn ecK H M ) 30H a  
KOHBepreHHHH 3A ecb  HaMenaeTCH.

BEPTHKAJIbHOE PACnPEflEJIEHHE TEMIIEPATyPbl 
H OTHOCHTEJIbHOH BJIA5KHOCTH B03AVXA HA PA3PE3E 

HEPE3 3 0 H y  BKBATOPHAJIbHbIX 3AIÏA3HHX BETPOB

Z Ijih  xapaK T epucT H K H  BepT H K ajibH oro p acn p eA ejieH H H  T eM nepaT ypbi h  o t h o -  
CHTejibHOH BJiaiKHOCTH B 0 3 A y x a , HaßjHOAaBuieHCH npH  nep ecen eH H H  30H bi 
3an aA H b ix  B eT poB , h 3 m h  n o  AaHHbiM paAU030HAHp0BaHHH 6  b u m  nocT poeH bi 
cooTBeTCTByioiHHe p a 3 p e 3 b i n o  8 0 °  b . a -  ( p u e .  4 h 5 ) .  K  c o x a j ie H H io , b  ceB ep H oft  
3 0 H e KOHBepreHHHH (7 — 1 0 ° c . u i .)  H 3-3a c u jib H o r o  B eT pa a a p o jio r u n e c K H e  H aßjiio- 
ACHHH npoB ecT H  He y A a jio c b  h  H a m a  p a 3 p e 3 b i HaraHaioTCH AHmb c  6 °  c .  u i.

B  p acn p eA ejieH H H  T eM n ep aT yp b i OTMeraM c j ie A y io m u e  oco ß eH H O cra . H a  
BblCOTaX OT 5 — 6  KM  H AO TpO nO nay3bI H30TepMbI HMOOT AOBOJIbHO njiaBHblH XOA, 
OHH n o n r a  rop u 30H T ajib H b i h  n ap ajiJ iejib H b i OAHa A p y ro H . H u m e ,  a o  b h c o t h  
1 ,5 — 2  km, oTMenaeTCH n p o r n ô  H30TepM  b p a u o H e  4 °  io . u i. K  c e B e p y  h  k  io r y
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P h c . 4 .  BepTH K a^bH oe pacnpeaeJieH H e 
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P h c . 5. BepTHKaJibHoe pacnpenejieH H e O T H O cH Tejib- 
HOH BJI35KHOCTH ! ( b % )  Ha p a3 p e3 e  n o  80° B. Ä.

o t  Hero OHH «noflHHMaioTCH». B cooTBeTCTBHH c 3THM cpeAHHH TeMnepaTypa 
HH>KHero 5-KHJiOMeTpoBoro c j i o h  B03flyxa Ha uiHpOTe 4C io.ui. OKa3biBaeTcu Ha 
0,5—0,8° xojioflHee, ueM b  c o c c a h h x  pañoHax (c m . Taßji. 2). HecKOJibKo Bbina- 
AaeT H3 o6m,ero xoAa pacnpeAejieHue TeMnepaTypbi Ha-1°30' c. m., r^e Ha b h c o -  
Tax o t  2,5 a o  3,5 k m  H30TepMa pe3Ko H3ru6aeTcu.

Hanfíojiee HHTepecHbie ocoCeHHocTH b  pacnpeAejieHHH TeMnepaTypbi otho- 
CHTCH K HHJKHeMy AUyXKHJlOMeTpOBOMy CJIOK). Bee BbinyCKH paAH030HAOB, 
n p o H 3 B e A e H H b ie  b  3 0 H e  3 a n a A H b ix  B e T p o B , 3 a (} )H K C H poB ajiH  H a j iH u u e  3 A e c b  
3aAep*HBaioii],Hx cjioeB. Ha 5° c. m. c 1400 ao 1800 m  HaßjnoAajiacb H30TepMHH, 
Ha uiHpoTe 3o —  HHBepcHH. BjiHJKe k  SKBaTopy h Ha SKBaTope H30TepMHH 6bijia 
oÖHapyxieHa Ha BbicoTax o t 800 ao 1200m. KDuíHee, b pañoHe BeTpoB nepeMeHHbix 
HanpaBJieHHH, 3aAepxŒBaiomHe cjioh HCue3aioT h nouBJimoTCíi BHOBb jiHuib Ha 
8° io. ui., t .  e. b 30He loro-BOCTOUHoro naccaTa Ha BbicoTe 1400— 1700 m .

CyAu n o  pacnpeAejieHHio oT H ocu T ejib H ou  BJiaxíHocTH (oueH b ó o j ib u iu e  BejiH- 
HHHbi, nopuAKa 80— 85% noA 3aAepjKHBaioiuHMH c j i o h m h , h  3HauHTejibHo 
M eH biue HaA h h m h , a o  20% y S K B aT opa), o 6 p a 3 0 B a H H e 3aAep?KHBaiomHX c jio eB  
CBH33H0 c  onycK aH H eM  B 0 3 A y x a  b 3THX p a ñ o H a x , a  cjieAOBaTejibHO, cA U B ep reH -  
UHeU nOTOKOB b h h í k h h x  c j i o h x .

3 a M e T H M , u t o  3 a A e p * H B a i o u i , H e  c j i o h  t o h  h j i h  h h o h  h h t c h c h b h o c t h  H a ô j i i o -  
A a j iH C b  b  3TO M  p a u o H e  u p H S K B a T o p u a j i b H o f t  u a c T H  H H A U H C K o r o  o u e a H a  p h a o m  

s K c n e A H U H u  h  h x  c y m e c T B O B a H H e  3 A e c b  H B j i u e T c u ,  n o -B U A H M O M y , x a p a K T e p i i o i i  
o c o ö e H H O C T b io  S T o r o  p a ñ o H a .  B o j i e e  n o A p o Ó H o  B o n p o c  o  3 a A e p i K H B a io i u H X  c a o h x  
H a A  H h a h h c k h m  o u e a H O M  p a 3 6 u p a j i c n  h b m h  b n p e A b i A y m e ñ  p a ß o T e  [ 7 ] .

MeKAy 3 h  6° io. u i., rAe no npu3eMHbiM A 3 h h h m  HaMeuaeTcu KUKHaa 30Ha 
KOHBepreHUHH, OTMeuaeTCH MOIUHHH «B3ÔpOC» ÔOJIblUHX 3HaUeHHH OTHOCHTeJlb-
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P h c . 6 . P a cn p en ejieH H e BeJMAHHbi SHeprHH HeycToiinHBOCTH (b d x  
b nepHOÄ 3HMHero M yccoH a 1 9 6 4 /6 5  r . ( a o  ypoBHH noBepxH ocTH  3 0 0  m 6 )

HOH BJia>KHOCTH (n O B b lU ia iO T C H  AO 8 0 — 8 5 % )  AO BblCOTbl 5 — 6  K M ,  ATO CBHAOTejIb- 
CTByeT O 3H3AHTeAbHbIX BOCXOAHLU.HX nOTOKaX B03Ayxa B 9T0M pañOHe. CyAH no 
BepTHKaAbHOMy pacnpeAeAeHHK) TeMnepaTypbi h oTiiocHTeAbHon ba3>khocth 
B03Ayxa, BOCXOAHUIHe TOKH nOAHHMaiOTCH 3AeCb AO BblCOT 6 — 7  K M .

Ha pue. 6 npeACTABJieno pacnpcAeAeHHe sneprnn neycTOHAHBOCTH b nepnoA 
3HMHero MyccoHa 1964/65 r. no HaÓAioAeiiHHM Ha h / c  « B h t h 3 b » .  BeAHAHHa 
SHeprHH HeycTOHAHBOCTH onpeAeAHAacb b  ô o k / k z  a o  nOBepxHOCTH 300 m 6 .  

Kax H3BecTHo, oTpnuaTCAbHbie 3HaneHHH sHeprnn neycTOHAHBocTH xapaKTepn- 
3yioT ycTOHAHBoe cocTOHHHe aTMoaJiepbi; noAOiKHTeAbHbie 3HaneHHH —  HeycToii- 
AHByiO CTpaTHcjDHKannro, TeHAeHUHK) K B03HHKHOBeHHK) BOCXOAHIHHX ABHJKe- 
HHH B03Ayxa.

0 6 man K a p T H H a  p a c n p e A e A e H H H  a H e p r n n  H e y c T o n n H B o c T H  H e n A o x o  c o r A a -  

c y e T C H  c n p H B e A e H H b iM H  p a H e e  A a H H b iM H . Ha 80° b .  a -  o T p n n a T e A b H a H  h  6 a h 3 -  

K a n  k  H y A e B b iM  3 H a n e H H H M  B e A H A H H a  S H e p r n n  H e y c T O H A H B O c r a  b  lo ro -B O C T O A - 
HOM  n a c c a T e  H a  7 — 8° i o .  ui. C M e H n e T c n  n o A O * H T e A b H o f t  b  k d k h o h  30He K O H B e p -  
r e H U H H . J lo B O A b H o  S o A b u i n e  n o A o n c H T e A b H b ie  b c a h a h h u  n p o c A e n c H B a io T C H  

3A e c b  a o  1— 2° i o .  h i .  K c e B e p y  B e A H A H H a  S H e p r a n  p e 3 K o  y ö b m a e T  h  b 6 a h 3 h  o t  
S K B a T o p a  o H a  H M e e T  y * e  o T p n u a T e A b H o e  3 H 3 A e H H e ,  t .  e. c T p a T H iJ iH K a u H H  aT M O - 

C c jie p b l C T 3H O B H T C H  y C T O H A H B O H .
P a c n p e A e A e H H e  S H e p r i iH  H eycT O H A H B O C T H  H a A  o cT a A b H b iM H  a 3 c t h m h  H h a h h -  

c k o t o  o x e a H a ,  n o c T p o e H H o e  n o  p e A K o n  c e T K e  h 3 6 a i o a c h h h  o a h o t o  p e n c a ,  h b a h c t -  

c h ,  K O H eA H O , H e  ô o A e e  n e M  o p n e H T H p o B O A H o n  c x e M O H .

PE3yjIbTA TbI HAEJHOflEHIïH 3A BETPOM HA BMCOTAX 
nP H  HEPECEHEHHH 30HBI 3AlIAflHblX BETPOB)

JXjw xapaKTepncTHKH BepTHKaAbHoro pacnpeAeAeHHH BeTpa Ha pa3pe3e 
Aepe3 30Hy 3anaAHux BeTpoB yAaAocb. BbinoAHHTb Bcero 6 maponHAOTHbix 
HaöAioAeHHH. HaÔAioAaTb 3a xa>KAbiM BunycKHbiM p3 a h o 3 o h a o m  He yAaBaAocb 
TO H3-3a TeMHOTbl, HH3KOH o 6 a 3 A H O C T H  H K3AKH CyAHa, TO H3-3a AaCTOH CMeHbl
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K y p c a  h  o c T a H O B O K  c y A H a  n p n  p a ô o T a x  H a  r e o j i o r n u e c K H x  e r a H U H n x .  Ha a x B a -  

T o p e  h  H a  r n n p o T e  8° i o .  m .  y A a j i o c b  n p o B e c r a  n o  A ß a  H a ó J i io A e H H H . B o ó e n x  
T O H K a x  n e p B b i H  h  B T o p o ñ  p e 3 y j i b T a T b i  O T jiH n a j iH C b  o a h h  o t  A p y r o r o  H e c y m e c T -  

B e H H o . n o s T O M y  ajih n o c T p o e H H H  p a 3 p e 3 a  ( p n c .  7) H c n o j i b 3 0 B a j i H C b  6 o j i e e  
B b ic o K H e  H 3  9 T H X  n a p .

H a  9 K B 3 T o p e  3 a n a A H b iH  B e T e p  o T M e n a j i c n  a o  B e p x H e ñ  t o h k h  h  a 6  j i lO A e n h h  —  

6255 m . H a n ó o j i b u i H e  c K o p o c r a  B e T p a  (10— 16 m / c e t i )  6 m j i h  H a  B b i c o T a x  o t  1,0 
A o  2,3 k m . H H T e p e c H o ,  h t o  n p H M e p H O  H a  s t h x  * e  B b i c o T a x  b  T e M n e p a T y p H o ñ  
C T p aT H (})H K aiI,H H  3 3 ( j)H K C H p O B a H b I  3 3 A e p > K H B a iO IH H H  M 3 J IO rp a A H e H T H b IH  CJIOH 

h  p e 3 K o e  y M e H b m e H H e  o T H O C H T e j ib H o ñ  B J i a * H o c T H .  H e  H C K J i io u e H a  B 0 3 M 0 > K H 0 C T b , 
H T o  C T p y H  c H J i b H o r o  B e T p a ,  n o A c a c b i B a n  c B e p x y  B 0 3 A y x ,  B b i3 b m a e T  e r o  o c e A a H H e

P h c . 7 . BepTHKajibHoe p a c n p e x e -
J ie H H C  3 0 H a J I b H 0 H  C O C T aB JI ÍH O IljeH  

B e T p a  H a p a 3 p e 3 e  n o  80° b .  ä -  

I  —  3 a n a f tH w f t  B e T e p ; 2 —  b o c t o ^ í -
H bift B eT e p

h ,  T 3 K H M  o 6 p a 3 0 M ,  y n a e r e y e T  b  o 6 p a 3 0 B a H H H  3 a A e p x í H B a i o i i i , e r o  c j i o h .  H a  

3°41' i o .  u i .  y c T O H H H B b iñ  3 a n a A H b i f t  B e T e p  O T M e u a j ic H  c B b ic o T b i  700 m  h  a o  

B e p x H e ñ  T O H K H  H a ó J i io A e H H H  — ■ 4330 m . B n p H 3 e M H O M  c j i o e  A y J i n  o n e H b  c j i a ó b i e  
(1— 3 M / c e K )  B e T p b i  p a 3 A H H H b ix  H á n p a B j i e H H H .  H a  p u e .  7 o Ó J i a c T b  B e T p o B  
n e p e M e H H b i x  H a n p a B J ie H H H  O K O H T y p e H a  u i t p h x o m .  H e c K O A b K O  y c H J i H J i c a  

3 a n a A H b iH  B e T e p  H a  B b ic o T e  3,0—3,7 k m , o a h 3 k o  6 e 3  K a x H X - J iH Ó o  o c o ó e H H O C T e ü  

b  p a c n p e A e j i e H H H  T e M n e p a T y p b i  h  B J i a x i H o c T H .  H a  7° i o .  m .  H a  B b i c o T a x  n p H M e p -  
H o  3,5— 5,5 k m  o h  6 b i J i  o n e H b  c j i a ô b i M ,  B b i r n e  h  H H x i e  H a n p a B J i e H H e  B e T p a  6 h j i o  
BO CTO H H blM  H lO T O -B O C T O H H blM . H a K O H e u , ,  H a  8°21' IO . LU. 3 a n a A H b lH  B e T e p  3 a ( |3 H K - 

C H p o B a H  j i H u i b  O A H H  p a 3  — H a  B b ic o T e  2470 m , n p n u e M ,  B e p o H T H O , c j i y u a i i H O ,  

T a u  n a n  n p n  n o B T o p H O M  H a ó J i io A e H H H  o h  y > K e  H e  O T M e n a j i c H .  H a n ô o j i e e  c H J ib H b iñ  

A O H iA b  3 a c T a j i  K o p a Ô J i b ,  K o r A a  o h  H a x o A H J ic n  M e x y i y  4° h  5°30' i o .  u i .  H h j k h h h  
r p a H H u a  3 a n a A H b i x  B e T p o B  b  s t o m  M e c T e  p a c n o j i a r a j i a c b ,  b h a h m o ,  H a  B b i c o T a x  
o t  0,8 a o  1,5 K M .

3 a M e T H M , U TO y  X o r r a p T a  [ 8 J ,  o n y ô j i H K O B a B i u e r o  e A H H C T B e H H b iñ  H 3 B e c r a b i H  

A o  n o c J i e A H e r o  B p e M e H H  b  j i H T e p a T y p e  c H H o n T H u e c K H H  p a 3 p e 3  B e T p a  u e p e 3  

lO H C H yio  r p a H H i i y  3 0 H b i  S K B a T o p n a j i b H b i x  3 a n a A H b i x  B e T p o B  b  u e H T p a j i b H o f t  n a c r a  
H h a h h c k o t o  O K e a H a  ( n o  75° b . a - ) ,  H a x j i o H  r p a H H U b i  n o j i y u H j i c H  a H a j i o r n u H b i M  
H a ï u e M y .  C b h c o t o h  o ô j i a c r a ,  3 a n H M a e M a n  3 a n a A H b iM H  B e T p a M H , p a c i u n p H j i a c b ,  

« H a x o A H A a »  H a  o ô j i a c r a  c lo ro -B O C T O H H b iM  n a c c a T O M ,  h  C H J ib H b iñ  a o j k a h  n p o u i e j i  
n p H M e p H O  b  t o m  n i e  M e c T e ,  K a u  h  y  H a c .  H H T e p e c H o ,  h t o  n o  A a H H U M  o B e p r a -  

K a jib H O M  p a c n p e A e j i e H H H  T e M n e p a T y p b i  h  b j i 3>k h o c t h  B 0 3 A y x a  K a K H x - j m ô o  
c y m e c T B e H H b i x  p a 3 J iH U H H  M e iK A y  a K B a T o p u a j i b H b i M H  3 a n a A H b iM H  h  io ro -B O C T O H - 

H blM H  n a C C a T H b lM H  B e T p a M H  B b IH B H T b  H e  y A a e T C H . 3 a T O  3 0 H a  K O H B e p re H H H H  —  

3 0 H a  B C T p e U H  3 T H X  B e T p O B  —  B b i p a j K e i i a  A O C T aT O H H O  p e 3 K O  (C M . p H C . 4, 5).
B p a ü o H e  c e B e p H o f t  r p a H H U b i  3 0 H b i  3 a n a A H b i x  B e T p ö B  m a p o n H J i o T H b i x  H a ô j n o -  

A eH H H  n p o B e c T H  H e  y A a j i o c b ,  o a h 3 k o  c y A H  n o  p a c n p e A e j i e H H i o  o c h a k o b , c h m - 
M e T p H H H O M y  O T H O C H T e jib H o  u i H p o T b i  p a 3 p b i B a  b  n o j i e  n p H 3 e M H o r o  B e T p a ,  m o j k h o  

n p e A n o j i o H i H T b  H a j i n u n e  B e p r a K a j i b H o ñ  r p a H H U b i  M O K A y  3 a n a A H b iM H  h  c e B e p o -  
B O C TO H H blM H  n O T O K a M H .
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EcTecTBeH H O , hto o f lH o r o -f lB y x  HaöjirofleHHÖ HeAOCTaTomio a ah  KaKHx- 
a h 6 o o6o6m eH H H  OTHOCHTe.abiio H aK Jiona rpaH H u 3 0 HH ;sana;iH bix BeTpoB  
b ueH TpajibHO H  uacTH  H hahhckoto O K eaH a. H anoM HHM , kct3t h , p e3yjib T aT  
HCCJie^oBaHHB Y oT T ca  [ 9 ] ,  KOTopbiH o0H apy>KH Ji, uto ha a  M ajiaH 3H eñ  h3 kaoh 
KaK CeBepHOH, TaK H IOJKHOH rpaHHIl 30HbI 3anaflH bIX BeTpoB MOHieT 6 bITb CaMbIM 
p a3H 006pa3H bIM .

K a K  y * e  r o B o p H A o c b ,  3 a n a A H b iñ  B e T e p  H a  3 K B 3 T o p e  O T M e u aA c n  ao 6 2 5 5  m .  
C y A H  n o  H eflaB H O  o nyÔ A H K O B aH H biM  [ 1 0 ]  K A H M aT H uecK H M  K a p T a M  B eT p o B  H a  
p a 3 H b IX  v p O B H H X  H a /l  H h^HHCKHM O K eaH O M , nO B O pO T  B e T p a  K BOCTOHHOMy 
b  H O H ß p e  flo jiH ceH  H aH H H aT bC H  B b iu ie  6 2 5 5  m  . Ctoht oTM eT H T b ô o j ib u iy K )  c x e M a -  
THHHOCTb K JiH M aTH H ecK H X  K a p T  B e T p a  a a h  a K B 3 T o p H H  H hahhckoto O K e a H a , 
uto H e y flH B H T e jib H O , y n H T b iB a a  u p e 3 B b iH a H H O  p e A K y io  c e T b  C T aH iiH H B  a sh h o m  
p a ñ o H e .

B e c b  x o a  H3MeHeHHH n oroA b i Ha paccM aTpHBaeM OM  p a 3 p e 3 e  oueH b H H TepeceH , 
ocoöeH H O  t o t  (pakT,  u to  b n o A o c e  3an aA H b ix  B erp o B  6 biAa B C T peuena H en an  
n o r o A a  c  3 aAep>KHBaiomHMH ca o h m h . C ueM 3 to  m o ta o  6 biTb cb h 3 3 h o  h  ueM  
OÔTjHCHHeTCH B03HHKH0BeHHe 3KB3T0pHaAbHbIX 3an aA H b ix  BeTpOB? r ip e iK A e  ueM  
nbiTaTbCH oTBeTHTb Ha iiocTaBA eH H bie B o n p o c b i, cxajK eM  HecKOAbKO c a o b  0 6  
ycTOHHHBOCTH h o  r p a H H u a x  p acn p ocT p aH eH H H  3anaA H bix BeTpoB b H o u ô p e  
1 9 6 4  r . n o  AaHHbiM HauiHX CHHonTHuecKHX KapT.

Z Iah noAOCbi 0 — 5 °  c . in . Me>KAy 7 0  h 9 5 °  b . A- 6biAa noACTHxana noBT opa- 
eMOCTb BeTpoB pa3AHHHbix HanpaBAeHHH. H 3 4 9  cA ynaeB  b 2 6 - th  BeTep OKa3aA- 
CH 3anaAHbiM, b 12  —  ioro-3anaAHbiM , b 9  —  ceBepo-3anaAHbiM , o a h h  pa3  6 h a  
niTHAb h o a h h  pa3 —  ceBepHbiH BeTep. KaK bh ahm , noBTopaeMOCTb 3anaAHbix 
BeTpoB oneHb BeAHKa. JXjih t 3 k o h  Hie u ih p o th o h  noA ocbi b iojkhom noAym apHH H3 
5 8  b 4 9  C A ynanx BeTep AyA c  ioro -3an aA a a o  ceB ep o-3an aA a, b u e r a p e x  —  c  b o c to -  
Ka h b nHTH —  c  io ra . IlpHueM  b nOAOce 0 — 2 o io . u i. He 6h a o  h h  o a h o to  HaÔAïo- 
AeHHH c  BOCTOHHbiMH BeTpaMH. M eiK A y 3  h 5 °  io . u i. 3anaAHbie h  He3anaAHbie 
BeTpbi BCTpeuaAHCb npHMepHO nopoB H y, s t o  roBopHT o to m , h to  rAe-TO 3Aecb 
npoxoA H A a rpaH H ua M&mpy  BeTpaMH 3anaAHbix h b o c to h h h x  HanpaBAeHHH.

O  c p e A H H x  r p a H H u a x  p a c n p o c T p a H e H H H  3 a n a A H b ix  B eT p o B  b  H o u ó p e  1 9 6 4  r .  
B K aK O H -T O  M e p e  MOJKHO C yA H T b n o  ep eA H H M  nOAOTKeHHHM 3 0 H  K O H B epreH H H H
(TaÔA. 3) .

T a 6  ji u n  a 3

3o H b i  K O H B e p r e H iiH H  b  H o s i ô p e  1964 r .

nojiOHcenne
BocTOHHaa ao jiro ta

60° 70° 80° 90°

K paH H ee ceB epH oe . . . 6 °

CeB epH an

7°

30Ha, C. Ul.

7° 9°
K paÜ H ee K»KHoe . . . . 1° 1° . 1° 0°

C p e ^ H e e ..................... • 3 ,5 ° 4 ° 5 ,4 ° 5 ,3 °

K paÜ H ee ceB epH oe . . • 4 °

lO jKHaa

4°

30Ha, IO. UI.

4 ° 4 °
K paÜ H ee low H oe . . . . 7° 7° 7° 8°

C p e f l H e e .......................... 5 ,6 ° 5 ,4 ° 5 ,2 ° 5 ,4 °

KaK H3BecTHO, npoÔAeMa bo3 h h k h o b6 hhh  SKBaTopuaAbHbix 3anaAHbix 
BeTpoB oôcyiKAaeTCH y * e  ou eiib  a 3 b h o . BbicKa3aHO mhoto AoraAOK, rn- 
noTe3 [ 1 1 — 1 4 ] ,  BOKpyr KOTopbix HAyT r o p a u n e  cn o p b i, oah3KO hh  oaho h3 
BbICKa3bIB3HHH eiH,e He BblAHAOCb B yßeAHTeAbHyiO TeopHIO, CnOCOÔHylO yBH3aTb 
MeHiAy COÔOH BCe (JiaKTbl, CBH3aHHbie C npH3KBaTOpHaAbHbIMH 3anaAHbIMH BeTpa
MH [ 1 5 ] .  M ohího cKa3aTb, hto b  paccMaTpHBaeMOM cA yuae SKBaTopnaAbHbie
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3anaflHbie BeTpbi b  Honôpe 1 9 6 4  r .  Henaoxo o ó b h c h h i o t c h  pacnpeaeaeHHeM 
aTMOC(})epHoro aaBaeHHH. K an  y * e  roB opnaocb, b  ßoabiHHHcrae caynaeB H3o6a- 
pbl Ha HaiHHX HOHÔpbCKHX Kapxax MOJKHO 6bIJIO npOBOflHTb aHajIOTHHHO TOMy, 
KaK a ra  caeaaHO Ha HOHÔpbCKoft K apie cpeaH ero MHOroaeraero aaBaeHHH [ 2 ] ,  
Ha KOTopoH Bflcuib 9KB3Topa c 3an a aa  t h h c t c h  Heóonbuioft rpeöeHb aaßaeHHH, 
a k  ceBepy h  k  io ry  o t  Hero pacnoaaraiOTCH j i o h îô h h m  (cm . p n c .2). HpuM epHOaan 
2/ 3 Bcex HauiHx cHHonranecKHx KapT HaôaioaeHHH 3a aTMOctjiepHbiM aaBaeHHeM 
flaBajiH ocHOBaHHH fljiH noaoÔHoro npoBeaeHHH H3o6ap , npm eM  HHoraa TaKan 
KapTHHa n oan  aaßaeHHH óbiaa oneHb o t h c t j i h b o h .  .H h h  óojibm eñ n a c ra  H3 
ocTaBuieftcH T pera KapT HcaocraTOK aaiiHbix He no3EOHHa CKoabKO-HHÔyab 
yBepeHHO npoB ecra H3o6apbi TeM h j i h  h h b im  oôpa30M. M  anu ib  b  neT bipex-nnra 
c a y n an x  6 h j i h  o c h o b 3 h h h  a a n  npoBeaeHHH H 3 0 j ih h h h  b  k h k h o m  nojiymapHH 
cymecraeHHO HHane, neM noKa3aHO Ha pnc. 2 .

K a n n e  3H aneH H H  rp a a n e H T O B  a a B a e H H H  n o a y n e H b i  b  n p H S K B a T o p H a a b H b ix  
u in p o T a x ?  JX n h  BbiHCHeHHH S T o ro  B o n p o c a  ô b ia n  n o a c u H T a H b i r p a a n e n r a i  a a B a e 
HHH T o r a a ,  K o r a a  H a H aniH X  C H H o n ran ec K H X  K a p T a x  a a n  n o c a e a H e n  a e n a a b i  
OKTHÔpH H HOH Ô pa HMCHHCb n a p b l  HaÔHIOaeHHH 3 a  aTMOC(|)epHbIM aaB JieH H eM , 
o p n e H ra p o B a H H b ie  npH M epH O  b  3 0 H ajib H 0 M  h j i h  b  M epnaH O H aabH O M  H a n p a B J ie -  
HHH, b  n o j i o c a x  0— 5° c .  m . h  0— 5° io . m. M e acay  70 h  95° b . a .

P e3 y jib T a T b i n o a y n n a H C b  c a e a y io m n e .  A a n  n o a o c b i  0 — 5 o c .  u i. y a a j io c b  
paccH H TaTb B c e r o  2 5  3HaneHHH M epnaH O H ajibH bix rpaaneH T O B  (b  21 c a y n a e  
r p a a n eH T  6 b ia  H anpaBJieH  o t  S K B aT opa, b  n e r a ip e x  —  k  sK B a T o p y , cpeaH H H  
a ô c o a io r a a H  B e a n i a n a  rp a a n eH T a  c o c T a B a n a a  0 ,3 3  M Ô / e p a d ) h  2 2  3iianeH H H  
30H a a b H b ix  rpaaneH TO B (b  1 8  c a y u a n x  BeKTop 6 biji H an p a B a eH  Ha b o c t o k ,  
b  n e r a ip e x  —  Ha 3 a n a a , cpeaH H H  a ó c o J H o r a a n  B eann H H a rp a a n eH T a  p a B H H aacb  
0 ,2 3  M Ô / e p a d ) .  ,H,nH n o a o c b i 0 — 5 °  io . u i. H3 2 5  c a y n a e B  b  2 3 - x  r p a a n e H T  H a n p a B 
JieH o t  3K B 3T op a, b  a B y x  —  k  3 K B aT op y , cpeaH H H  a ß c o a r o r a a n  BeanH H H a —  
0 ,2 6  M Ô / e p a d .  M 3 2 2  H aôaioaeH H H  b  1 8  30H aabH biH  rp a a n eH T  H a n p a B a eH  k  b o c -  
TOKy, b  n e r a ip e x  —  k  3 a n a a y ;  cpeaH H H  a ß c o a r o r a a n  B eann H H a r p a a n eH T a  —  
0 , 0 9  M Ô / e p a d .

K a K  BHaHO, b  cooTBeTCTBHH c  p a c n p e a e a e H H e M  a a ß a e H H H , yK a3aH H biM  H a 
p n c .  2 ,  b  n o a a B a n io m e M  ô o a b m n H C T B e  c a y n a e B  b  H ccaeao B aH H O H  n o a o c e  r p a a n -  
eH Tbi a a ß a e H H H  H a n p a B a e H b i o t  S K B a r a p a  h  H a b o c t o k .  C p e a H H e  a ô c o a i o r a b i e  
3H aneH H H  rp a a n e H T O B , o c o ô e i iH o  3 0 H a a b H b ix ,  c K o p e e  H e c K o a b K o  3aiiH>KeHbi H 3 -3 a  
t o r o ,  HTO paCCTOHHHH M O K ay HaÓaiO aeH H H M H  naCTO ÔbIHH CaHUIKOM ÔOabUIHMH 
(4 — 5 °  H iH poTbi a a n  M e p n a H O H a a b H b ix  n a p  h  8 — 10 ° n i n p o r a i  a a n  3 0 H a a b H b ix ) .  
B  o ô u ie M  OHH, o aH aK O , 6aH 3K H  k  c T aT H c ran ec K H M  cpeaH H M  B ean u H H aM  r p a a n -  
eHTOB a a ß a e H H H  a a n  3 K B 3 T o p a , n o a y n e H H b iM  b  p a ô o T e  [ 1 6 ] .

TaK H M  o 6 p a 3 0 M , b  H o n ô p e  B biH BaneTCH  T a K o e  p a c n p e a e a e H H e  a T M o a jie p H o ro  
a a ß a e H H H , n p n  KOTOpOM H a HeKOTOpOM paCCTOHHHH OT 3 K B 3 T 0 p a  H Ha C3MOM 
3 K B 3 T o p e  noTOK B 0 3 a y x a  H a n p a B a e H  H a b o c t o k .  T p e ô e H b  B b ic o K o ro  a a ß a e H H H  
H a 3 K B 3 T o p e  b  coBOKynHOCTH c  ao jK Ô n n aM H  k  i o r y  h  k  c e B e p y  o t  H e ro ,  Bbi3biBaH  
B03HHKHOBeHHe 3 3 n a a H b IX  BeTpO B , OÔyCHOBHHBaeT TBKJKe n p o u e c c b l  O CeaaH H H , 
a  c a e a o B a T e a b H o ,  h  M a a o o ô a a n H y io  n o r o a y  b  c e p e a n H e  n o a o c b i  3 a n a a H b ix  
B eT poB .

H H TepecH O  O T M erara, h t o  M aabie 30H a a b H b ie  rp aan eH T b i aaß aeH H H  n o p  n a n a  
0 ,0 2 5  M Ô / e p a d ,  B03HHKaioiUHe H 3-3a n oaycyT O H H b ix  K oaeôaiiH H  aT M oajiep H oro  
aaßaeH H H  [ 1 7 ] ,  no-BH anM O M y, h h k 3 k  He b h h h i o t  Ha c K o p o c r a  B eT p a . ñ o  a a H -  
HbiM, n o a y n e H H b iM  Ha 3K B 3T op e, mm n o a cH H T a a n  cp ea H H e CKopocTH 3 a n a a H b ix  
B eTpoB aJiH cpOKOB, b  KOTopbie rpaaH eH T  a aß aeH H H , B03HHKaioiii,HH H 3-33 n o a y -  
cyTOHHbix K oaeôaH H H  a aß aeH H H , 6 b ia  H a n p a B a eH  KaK Ha b o c t o k ,  t 3 k  h  Ha 
3 a n a a -  r ie p B a n  B eannH H a —  6 ,9 5  M /c e K  —  0 K a 3 a a a c b  a a * e  H ecK oab K o M eH buie 
BTOpOH —  7 ,1 9  M /c e K .

noMHMo cKa3aHHoro ocTaeTCH, KOHeuHO, em,e m h o to  HepemeHHbix Bonpo- 
c o b ;  raaBHbiH H3 h h x  —  neM o ö i h c h h o t c h  o6 p a 30BaHHe rpeöHH b h c o k o t o  
aaßaeHHH Ha 3KB3Tope, a  TaK *e a By x  a o > k 6 h h  h  a ß y x  30H KOHBepreHiiHH 
k  ceBepy h  k  io ry  o t  Hero?
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Ha 9T0T cneT HMeeTCH rHnoTe3a Ojiemepa [18], KOTopan 3aKjnoHaeTCH 
b cjie^yiomeM. Oh cHHTaeT, hto MomHan oôjianHOCTb h oca^KH b 30He BHyTpn- 
TponHHecKoñ KOHBepreHHHH, BHanajie eAHHoñ, aoajkhh co3AaBaTb hctohhhk 
xoAOAa b HHJKHeñ Tponocijiepe c AHBepreHHHefi B03Ayxa ot SKBaTopa h c bo3hhk- 
HOBeHHeM HByX HOBHX BOH KOHBepreHHHH Ha HeKOTOpOM paCCTOHHHH OT 3KB3TO- 
pa. O^HaKo, Kan 3aMeTHJi P occóh [19], npHHHHa, yKa3aHHan OAeTHepoM, mojkct 
npHBOHHTb AHIHb K nepHOAHHeCKOMy o6pa30BaHHK) ÄBOHHOH 30HbI KOHBepreH
H H H . JlHBepreHHHH h HHcxoAHm,He noTOKH y 3KB3Topa cnocoócreyiOT pa3py- 
meHHK) oßjiaHHOCTH, a cjieflOBaTejibHo, h nporpeBaHHio pañoHa, paHee óbiBinero 
HCTOHHHKOM XOAOAa, HTO B KOHeHHOM CHeTe AOAHÍHO npHBOAHTb K BOCCTaHOBJie- 
HHK) eflHHOH 30HbI KOHBepreHHHH. Ha 3T0 3aMeHaHHe, Ha Haul B3TAHA OHeHb 
BajKHoe, Mbi 6bi xoTejiH oöpaTHTb ocoöoe BHHMaHHe. Cyna no pe3yjibTaTaM 
OTflejIbHblX CHHOnTHHeCKHX HCCJieHOBaHHH [7], Ha BOCTOKe HhAHHCKOTO OKeaHa 
b pa3Hoe BpeMH AeñcTBHTejibHO mojkho HaójnoAaTb Kan ABOHHyio, Tan h eAHHyio 
30Hy KOHBepreHHHH, hto CBHAeTejibCTByeT b nojib3y rnnoTeabi Ojiemepa. 
BMecTe c TeM b oTAeAbHbie nepnoAbi, HanpHMep b onncbiBaeMOM pence «Bhth3h», 
hbho npeoójianajia ABOHHaa 30Ha KOHBepreHHHH. BoAbuie Henejin «BnTH3b» 
nepecenaA 30Hy sKBaTopnajibHbix 3anaAHbix BeTpoB b Honôpe 1964 r., h Bee 
3TO BpeMH OTMenaAHCb Äße 30Hbi KOHBepreHHHH, a cyAH no KOHcyjibTannHM 
MeTeopoAorHHecKoro ueHTpa Kojiomôo, pa3ABoeHHe 3ohh KOHBepreHHHH Haôjno- 
AaAOCb H B OTAeAbHbie AHH HOHÔpH.

rioCMOTpHM Ha Bonpoc C TOHKH 3peHHH KAHMaTOAOTHH. ECJIH npOHeCC 
p33ABOeHHH H BOCCT3HOBAeHHH eAHHOH 30HbI KOHBepreHHHH nepHOAHHeH, TO npH 
ocpeAHeHHH no BpeMeHH nojin Bcex MeTeoajieMeHTOB ctahahtch h He ôynyT 
HMeTb nepT, npHcymnx KaKofl-jiHÔo h3 (})a3 stoto nponecca. B rnnoTe3e Oact- 
nepa HeT hhk3khx npeAnocbiAOK, H3 KOTopbix 6bi cAeAOBaAO, hto oah3 h3 
paccMaTpHBaeMoro nponecca aoa>kh3 npeoÔAaAaTb no hht6hchbhocth hjih no 
npoAOAJKHTejibHocTH. BMecTe c TeM, 3HajiH3HpyH pacnpenejieHHe cpeAHero 
MHorojieTHero AaBJieHHH h BeTpa HaA Hhahhckhm OKeaHOM 3a OTAeAbHbie Mecn- 
Hbi [2, 20, 21], HanpHMep 3a tot ace Honôpb, mojkho oÔHapyjKHTb npH3H3KH 
HBHoro npeoÓAaAaHHH pa3ABoeHHH 30Hbi KOHBepreHHHH. y  sKBarapa 3Aecb 
pacnoAaraeTCH oôjiacrb noBbiuieHHoro AaBJieHHH c AOJKÔHHaMH k ceBepy h k iory 
ot Hee, TorAa KaK npn nepnoAHHHocTH pa3ABoeHHH h cahhhhh 3ohh KOHBepreH
HHH BAOJIb BCeñ npH3KB3TOpHaAbHOH H3CTH OKeaHa AOAJKHa ÔbIAa 6bl B03HHK- 
HyTb eAHHan «pa3MbiTan» oÔAacTb noHHJKeHHoro AaBAeHHH. Bo Bceü stoh 
oénacTH cjieAOBajio 6bi o>KHAaTb BeTpoB nepeMeHHbix HanpaBJieHHH, Torna KaK 
B ABHCTBHTeAbHOCTH BAOJIb 3KB3TOpa B HOHÔpe nOKa3aHbI yCTOÍÍHHBbie 3anaAHbie 
BeTpbi, a nepeMeHHbie — b pañoHax jiojkôhh AaBAeHHH, k ceBepy h k iory ot 
3KB3T0pa.

KaK BHAHM, rnnoTe3a OneTHepa He yHHBepcajibHa, h aah oôbHCHeHHH pa3ABo- 
eHHH 30Hbi KOHBepreHHHH b Mhahhckom oKeaHe b oTAejibHbie MecHHbi, bo bchkom 
cjiynae b KAHMaTOAornnecKOM acneKTe, hcoôxoahmo npHBJienb KaKOH-To AonoA- 
HHTeAbHblH MeX3HH3M. B 3T0H CBH3H MOJKHO BbICKa3aTb HeKOTOpbie COOÔpaJKe- 
HHH no noBOAy b3tahaob «tpocra, CrecJieHcoHa [10] h XpoMOBa [11]. ôpocT 
h CTecJieHCOH aHajiH3HpoBajiH pacnpeAeAeHHe cpeAHero BeTpa Ha pa3Hbix ypoBHHX 
HaA Hhahhckhm OKeaHOM h npnuiAH k BbiBOAy, hto caMoe npocToe oôbHCHeHHe 
HaÔAiOAaeMoro nonca 3anaAHbix BeTpoB Ha hhjkhhx ypoBHHX h boctohhhx Ber- 
poB Ha BbicoTax 3aKjnonaeTCH b tom, hto ohh o6pa3yioT nacTb npocTOH iinpKy- 
AHHHOHHOH HHeflKH C BOCXOAHIHeH BeTBbK) HaA HarpeTbIM M3CCHBOM HhAOHC3HH 
h onycKaiomeiicH BeTBbio HaA SKBaTopHajibHoii nacTbio Hhahhckoto OKeaHa 
OKOAO 60°B. A- riOHHTHO, HTO BCAeACTBHe 0nyCK3HHH B03AyXa 3AeCb nOHBJIHlOTCH 
3aAepîKHBaioiHHe caoh h ôyAÊT MajiooôJiaHHan norona.

3aMeTHM, hto oôbHCHeHHe OpocTa h Qre^eHcona cymecTBeHHO BKjnoHaeT 
b ceÔH npeAnojioHieHHe oô aHTHTpHnraHHocTH npH3eMHbix BeTpoB y SKBaTopa. 
JXjiîi nepexoAHbix MecnneB pacnpeAeAeHHe ahbachhh h BeTpa y 3 cmah, no 
OpocTy h OrecjieHCOHy, ao a* h o  ôbiTb t3khm >Ke, KaK Ha oahoh h3 cxeM XpoMO- 
Ba [11], KOTopbiH TaKJKe npHHHMaeT rnnoTe3y aHTHTpnnTHHHOCTH. Ha cxeMe
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( p n c .  8 )  n o K a 3 a H b i  S K B a T o p n a j i b H b i e  3 a n a ^ H b i e  B e T p b i ,  o f l H a K o  j i o î k ô h h h  A a B J i e *  

H H H  k  c e B e p y  h  k  i o r y  o t  S K B a T o p a  O T c y T C T B y i o t . Ha H a n i  b s t j i h a ,  T a n a n  c x e w a  

M O » e T  6 b i T b  0 T p a > K e H H e M  j i n i u b  n e p B O H  c T a ^ H H  p a 3 B H T H H  n p o u e c c o B .  F I p H  

j i i o ô o m  H a p y i n e H H H  C T a i m o H a p H o c T H  p e j K H M a ,  n o K a 3 a H H o r o  H a  p n c .  8 ,  6 y f l b  

t o  p a c u i H p e H H e  3 0 H b i  3 a n a f l H b i x  B e T p o B  h j i h  O T K J i O H e H H e  ee b  c T o p o H y  o t  s K B a -  

T o p a , H a  r p a H H u a x .  M e n y t y  3 a n a A H b i M H  h  b o c t o h h h m h  B e T p a M H  6 y . n e T  B 0 3 H H K 3 T b  

p e 3 K a n  3 0 H a  K O H B e p r e H H H H .  E c j i h  s T a  r p a H H u a  0K a > K e T c u  H a  n o c r a T O H H O M

P h c .  8 . CxeM a pacnpeAejieHHH aT- 
M octJ iep H oro  AaBJieHHH h  a h h h h  T o

x a  (no  C. n. XpoMOBy)

ynajieH H H  o t  sK B a r a p a , r u e  HaHHHaeT AeficTBOBaTb cHJia K o p u o jiH c a , b  n o n e  
AaBJieHHH, n p H cnocaójiH B aiom eM C H  k  H H K J i o H H n e c K O M y  C A B H r y  B e T p a ,  a o j d k h h  

o6pa30B biB aT bC H  HHKAOHHHecKHe cT pyK T yp bf. BbiTHHyTbie BAOJib n ap ajiJ iejiH  
AOJKÔHHbi h j i h  oTA ejibH bie A en p eccH H  n p u  B H xp eo6p a30B aH H H  Ha rp a H H u a x  
nOTOKOB. HHKaKHX TepMHUeCKHX 4>aKTOpOB AJIH B03HHKH0BeHHH T3KHX JIOJKÓHH 
He T p e ö y e T c a . üpoH C X ojK A eH H e h x  h h  c t o  AHHaM HuecKoe.

JÎoÂ ÔH H bi h  A en p eccH H , Ha H am  b 3 t j ih a ,  M oryT BHocHTb onpeAeJieH H biH  
BKJI3A b  (JiopM HpoBaHHe cp eA H ero  M H o r o jie r a e r o  p acn p eA ejieH H H  a b b a c h h h  

B npH 3K B3T0pH ajIbH 0H  H3CTH HHAHHCKOTO OKeaHa B nepeXO AH bie MeCHHbl. 
B ocT ajib H b ie M ecau b i r o n a  b  c b h 3 h  c  M yccoH H ofi nepecT poÜ K O H  ó a p u u e c K o r o  
nOJIH OnHCaHHblH 3<}x})eKT OTXOAHT Ha BTOpOH n jia H , 0AH 3K 0 TeHAeHHHH K 0Ô p a 3 0 -  
B3HHIO ABOHHOH 30HbI KOHBepreHHHH MOJKeT COX p 3H HTbCH, eCJIH OCTaHeTCH 
HeKOTopbiH rpaAHeHT AaBJieHHH, HanpaBJieHHbiH b npH SK BaTopH ajibH biH  uacTH  
H h a h h c k o t o  OKeaHa Ha b o c t o k .

A B S T R A C T

The paper analyses the results of meteorologicál observations carried out during the 36th 
cruise of the «Vityaz», when the expedition crossed the zones of equatorial western winds in 
the Indian Ocean in November 1964. At this time stable western winds up to about 6 km a lt i
tude were observed between 8°N and 2°S. The weather in the zone was almost cloudless w ith
out precipitation and at the altitudes of 0 .8— 1.8_km the arresting layers were observed. Rath
er clearly outlined zones of convergence w itfTthick clouds, precipitation, wind shift and 
fall of pressure were observed between the near equatorial western winds and south-eastern 
trade-wind in the south and the north-eastern monsoon in the north. The paper discusses the 
current hypotheses as regards the formation of the western winds zone and two convergence 
zones on its boundaries. The paper also offers certain new conceptions in that respect.
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K . A .  ^lenom uJiJio  

O MEXAHH3ME 3KBATOPHAJIBHOrO TEHEHHH 
B HHßlffiCKOM  OKEAHE

B uejiHx HccjieAOBaHHH sKBaTopHaAbHoro TeneHHH Hhahhckoto OKeaHa bo 
BpeMH 36-ro penca h/ c «Bhth3b» (Honôpb 1964 r.) ôhah ocymecTBjieHbi cjieayio- 
mne HaÔAioAeHHH. B TOHKax c KoopAHHaTaMH 00°08' io. m., 81c33' b . a . 
h 00°19' io. m., 81°36' b. a . OAHOBpeMeHHO ôhah nocTaBJieHh{ ABa HKopHbix ôyn 
c noABeiueHHbiMH k hhm caMonucuaMH TeneHHH BI1B-2. ripHÔopbi pacnojiarajincb 
Ha ropH30HTax 50, 100, 150, 200, 500 m  h paôoTajiu c HHTepBaAOM b 10 m u h .  
TeneHHH HaÔAiOAaAHCb b npoAOAiKeHHe nojiyTopa cyTOK. B to * e  BpeMH b uccjie- 
AyeMOM paftoHe Ha Tpex THApoAorHnecKHX cTaHHHHX npoBOAHAHCb ôaTOMeTpH- 
qecKiie HaÔAioAeHHH aah onpeAejieHiin TeMnepaTypbi h cojichocth boah.

o
Z,M

P h c .  1. P a c n p e ^ e J ie H H e  o cp e^H eH - wo
HOH 3 0H aJlbH O H  KOMnOHSHTbl CKO- 
pocTH  TeqeHHH c  rjiyÔHHOH n o  
ÆaHHblM H3MepeHHH CaMOnHCUaMH 200
BnB Ha HKOpHOH ÔyHKOBOH CTaH- 

UHH.

I70JIO>KHTejIbHbie 3H34eHH H CKOpOCTH 300
cooT B eT C T B yioT  TeyeH H K ) H a  b o c t o k ;

TOM KH — nOJIOHCeHHH npHÔOpOB
m

500

Ilo HaÜAeHHbiM MOAynio h  HanpaBAeHHio BeKTopa CKopocTH TeneHHH onpeAe- 
AHAHCb 30HaAbHaH H MepHAHOH3JIbHaH V COCTaBAHIOIIlHe CKOpOCTH. 3aTeM, 
HTOôbi HCKAïOHHTb cocraBAHiomHe nepHOAHuecKoro TeneHHH, oôe KOMnoHeHTbi 
ocpeAHHJiHCb 3a nepnoA 24 uaca. JTah noAyneHHH a h h h h x  o TeneHHH y noBepx- 
HOCTH MOpH OnpeAejIHJICH BeTpOBOH CHOC KOpaÔJIH npn nOMOIHH npnôopa 
BI1B-2, cnymeHHoro c 6opTa h  a rviyÔHHy 15 m .  rioc/ie onpeAeAeHHH oômero 
CHOca Apefl<J)yioii],ero cyAHa npn noMomn acTpoHOMHuecKHX oôcepBaiiHH ô h j i h  

HaHAeHbi ocpeAHeHHbie cocTaBJiniomHe CKopocTH TeneHHH 6 a h 3  noBepxHoc-
CTH M O p n .

Ha pnc. 1 B H A H O  p a c n p e A e A e H H e  o c p e A H e H H o ñ  3 0 H a A b H o ñ  c o c T a B A H i o m e ñ  
C K o p o c T H  T e n e H H H  «  C T A y Ô H H O H  n o  H 3 M e p e H H H M  H a  O A H O H  H 3  Ô y H K O B b lX  C T 3 H - 
U H H . 3 o H a A b H b i f t  n o T O K  H M e e T  C A e A y i o m y i o  B e p r a K a A b H y i o  e r p y K T y p y :  b  B e p x -  

H eM  c A o e  T e n e H H e  H a n p a B A e H O  H a  b o c t o k  (n a n  h  B e T e p ) ,  b C A o e  90— 490 m  —
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Ha 3anaa, a HHjKe 490 m — onnTb Ha b o c t o k . .HpyrHMH c a o b 3 m h , CTpyKTypa 
B T o r o  n o T O K a  T a x a n  >Ke, KaK h  noToxa Ha SKBaTope b  b o c t o h h o h  nacra T u x o r o  
OKeaHa: b  BepxHeM CAoe TeneHHe T a M  HanpaBAeno n o  BeTpy, HH>Ke p a c n o A a r a e T -  

CH npoTH BO TeneH H e KpoMBeaAa, a e m e  HH*e — TeneHne, ABHKymeecH b Ha
npaBAeHHH BeTpa. Pa3HHua Me*ay noToxaMH c o c t o h t  AHinb b  t o m , h t o  b  T h x o m  
OKeaHe TeneHHe b  BepxHeM cjioe CAeayeT Ha 3anaa, a b  H h a h h c k o m  — Ha b o c t o k .

M o h í h o  noKa3aTb, h t o  npn cooTBeTCTByiom,HX 3HaneHHHX BeTpoBoro HanpaHíe- 
h h h  h  BepTHKajibHoro K03<})(f>HU,HeHTa TypôyjreHTHOCTH noaoÓHanTpexcAOHHaa 
MOAejib 30HajibHoro TeneHHH Ha SKBaTope MO*eT öbiTb nojiyneHa h  b  t o m  cjiy- 
nae, Koraa b  ypaBHeHHH ABHJKeHHH He yHHTbiBaioTCH a^tfeKTbi HHepuHH h  ropn- 
30HTajibH0H TypóyjieHTHOCTH. Bo3bMeM npoeKHHH ynpomeHHoro ypaBHeHHH 
ABHHíeHHH Ha OCH X H Z\

rae och X h z HanpaBJieHbi Ha boctok h BepTHKaabHO bhh3 cooTBeTCTBeHHo: 
T x z  =  — pu' W, u’,w '— KOMnOHeHTbl nyJIbCaUHOHHOH CKOpOCTH no OCHM X' H' 2 .

B ypaBHeHHH a b h j k c h h h  a a h  o c h  x  oTcyTCTByeT naeH ycKopeHHH KopnoAHca, 
nocKOAbKy paccMaTpHBaeTCH ABHHceHHe Ha sKBaTope, a TaKXKe HAeHbi HHepuHH 
h  ropH30HT3AbHOH TypôyaeHTHocTH. H3 ( 1 )  h  ( 2 )  noAynaeM

rae t, — KOopAHHaTa B03MymeHH0H noBepxHocTH Mopn, tg yx — h3kaoh
Pz

noBepxHocTH Mopn b  HanpaBAeHHH x, Q =  C a  dp, a  — yaeAbHbiñ oôtæm Mop-

CKOH B O A b i; p a — aTMOC(})epHOe AaBAeHHe, P  — cpeaHHH BeAHHHHa nAOTHOCTH 
b npeaeaax o t — £ ao z. HHTerpnpyH nocAeaHee ypaBHeHHe o t  noBepxHocTH 
Mopn AO Z, HaXOAHM

( T a ) x  —  K acaT eA b H oe HanpHHceHHe B eT pa Ha n o B e p x H o c r a  M o p n  b  H an p a B 
AeHHH X.

HcnoAb3yn H3BecTHoe npeanoaomeHHe

rae A  — BepTHKaAbHbiñ k o s ^ h u h c h t TypôyaeHTHocTH, noaynaeM

d p  _  d T x z
(1)d x  d z

(2)

Pa

rae npHHHTo

( T x z )z =  ’ ( T a ) x  ' (Pàr)-c-tgT*-z — P j  d̂ d z ,

-S

(^a:z)|z =  -Ç — 1 ( T  a)x,

d i t

d z (3)A

B (3)_onpeaeAHM npejKae Bcero BeAHHHHy tg y x. Kax caeayeT h3 pnc. 1, 
KpHBaH u H M e e T  SKCTpeMyM Ha ropH30HTe z e x tr  =  2 3 5  m; Toraa



A j ih  noJiyqeH H H  b c a h a h h  Q ,  b x o a h ih h x  b (3 )  h  ( 4 ) ,  n o  Hafi^eHHbiM  m  CTaH- 
flapT H bix ro p H 3 0 H T a x  3HaneHHBM  y A eA b H o ro  o è b e M a  CTpoHAHCb rpacJiHKH BepTH- 
K a.fibH oro p a cn p eA ejieH H H . 3H aneH H H  y A eA b H o ro  o ô b e w a  cH H M aA iicb c  rpa^H K O B  
n e p e 3  1 0  j k ,  n o c A e n e r o  npoii3BO AH AO cb cyM M npoB aH H e. í l p n  b m a h c a c h k h  3 H a q e-

HHÍí ~  BeAHAHHa m a r a  óp a A a cb 'p a B H O H  7 4 ,3  k m .

P a c n e T b i n o  (3 )  h (4 )  npoH3BOAHAHCb npH  C A eA yioipH x 3HaneHHHX B eT p o B o ro  
H a n p a M e u M R  Tax'. 1 , 5 ,  1 0 , 1 5  ô h - c m ~z . KoscjxjjHUHeHT T y p 6 y a c h t h o c t h  A
onpeA eA H A C H  t 3 k h m  o 6 p a 3 0 M : K an  noK a3biBaiO T HaÔAioAeHHH, nopnA O K  BeAHAH-

-I‘00 -wo ICO

too

P h c . 2 .  P a ccH H T a H H o e  p a c n p e A e -  
J leH H e 3 0 H a A b H o ft KOMnOHeHTbl 

CKOPOCTH TeHGHHH C fJiyÖ HH OH .
WO

= 5  d n - cm-  2; 3  —  Tax — 10 d n . - C M ~ 2 ', 
4 —  T a x  =  15' ö h - c m ~ z

300

5001

Hbl BepTHKaJIbHOrO rpaA H eH Ta 3 0 HaAbH0 H CKOpOCTH COCTaBAHCT IO- 3 ; nopHAOK  
BeAHHHHbi T xz  n o A a ra eM  paBHbiM 1; oT cioA a nopHAOK A  AOAmeH cocia B A H T b  IO 3. 
TaKHM o 6 p a 3 0 M , n p n  p a c n e T a x  öb iA o ü p h h h t o ,  a t o  A  =  IO3 2 - c m ~1 - c e x T 1.

n o c A e  npoBeAeH H H  B b m u c j i e H u u  n o  (3 )  npoH 3BO AH an o t  ü  n o  z  3aM eH H A acb  
KOHenHopa3HocTHbiM  npHÓAHAteHHeM; BeAHAHHa m a r a  npH H HM aAacb paBHOH 
1 0  m . n p H  3HaneHHH KOMnoHeHTbi ü  y  n oB ep xH ocT H  M o p a , onpeAeAeH H O M  n o  
AaHHbiM HaÔAioAeHHH, paccA H T aH H bie a j í  h  t e m p e x  C A yqaeB  a m o p b i 30H aA bH 0H  
KOMnOHeHTbl CKOpOCTH BbirAHAHT TaK, KaK nOKa3bIBaiOT KpHBbie 1 ,  2 ,  3 ,  4  
Ha p n c .  2 .

M o jk h o  BHAeTb, MTo npH  T ax =  1 0  d n - c M ~ 2 h  T a x  =  1 5  d n - c M ~ 2 p a c -  
CAHTaHHoe 30H aA b H oe T en eH n e HMeeT T y  m e  x a p a K T e p H y io  c T p y K T y p y , a t o  
h  p ea A b H o e  T eqeH H e, t .  e .  b B epxH eM  c j i o e  noTOK cA eA yeT  n o  B eT p y , A a a e e  p a c -  
noA araeT C H  n poraB O T eA eH H e, h  3aTeM  TeAeHHe BHOBb HAeT Ha b o c t o k .  TaKHM  
o ó p a 3 0 M , npoB eA eH H biö p a c n e T  n o K a 3 b ip a eT , a t o  T p e x c A o im o e  30H aA b H oe T eq e-  
HHe Ha SKBaTOpe npH  H3BeCTHbIX yCAOBHHX MOmeT 4)OpMHpOBaTbCH H npH  OTCyT- 
CTBHH S ^ e K T O B  HHepUHH H ropH30HT3AbHOH TypÓyAeHTHOCTH. H aAO  CKa3aTb„
a t o  noA oÖ H aa MOAeAb 3 0 H a A b H o ro  T e n e ru m  ó u j i a  n p e A A o m e n a  O . H . M a x i a e B b m  
( 1 9 6 3  r . )  b  p a ö o T e , n ocB H m eH H oñ  HccAeAOBaHHio TeAeiiHH K poM B eA A a ‘ .

A B S T R A C T

The data  of the instrum ental current m easurm ents a t the anchored buoy s ta tio n s  w hich  
have been carried out in the Indian  Ocean a t the  equator in November 1964, ind icate  th a t  the  
zonal flow has the characteristic  for the  equatoria l regions three-layers s truc tu re . It has been 
shown th a t under the corresponding values of the w ind stress and the  vertical tu rbulence 
coefficient the  three-layers model of the  zonal current can be b u ilt w ithou t tak ing  in to  consi
deration  the effects of the inertia  and the horisontal turbulence.

1 O .  H .  M  a  m a  e  b . K  a h  h a  mii n e  T eieH H H  K p oM B eJiJ ia . O x ea H L i n  M o p a .—  B  c 6 .  « B o n p o C b i
reorp a<j)H H », JSTs 6 2 ,  1 9 6 3 .
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B . A . Xi iMuuf l ,

O BOftHMX MACCAX H rUßPOXHMHH 
M03AMBHKCK0r0 IIPOJIHBA

B M ae 1 9 6 5  r . b M o 3 3 m 6 h k c k o m  npoA H B e npoBOAHAa HCCAeAOBaHHH 5 -h  H aya-  
H o-noiiC K O Baa sKcneamuiH A sH epH H PO  Ha a / c  «B. B o p o ö b e ß » . 3 a  BpeMH 
p a ó o T  n a  aKBaTopHH n p ojiH B a 6 h a o  BbinoAHeHO 2 7  OKeaHorpacJiHHecKHx c t 3 h h h h  
a o  rjiyÔHHbi 1 4 0 0  m  rio TpeM p a3p e3aM t J Io p eH U O -M a p n ec  —  Mbic C eH T -M ap n , 
B e ftp a  — M o p o H ^ a B a  h  M o 3 3 m6 h k  — Mbic C eH T-A H A pe (p n c . 1 ). Ha cTaHUHHx 
H3 M epnjiHCb T eM n ep a T y p a , co jieH ocT b  h OKHCJineMocTb b oab i h onpeAeAH AO cb  
c o A e p w a H H e  pacT B opeH H bix b  BOAe KHCAopoAa, cjjoajiaTH oro (jjo c^ o p a  h KpeMHe- 
KHCAOTbi: coAeHOCTb on p eA eA H A acb  THTpoBaHHeM Ha XAop n o  K n y A c e H y , k h c a o -  
p oA  — n o  B m iK A e p y , (jjoccJiaTbi — rio ,II,eHH>Ke — ATK H H cy, KpeMHeKHCAOTa — 
n o  XI,H3Hepy h BaH A eH Ô yA bK e h OKHCAHeMocTb b H eiiT panbH oft cp eA e  —  n o  
B. A. C K o n iiH u e B y . C T eneH b HacbimeHHH b o a h  k h c a o p o a o m  BbiHHCAHAacb n p n  
n o M o m n  TaÔAHH BH H PO , paccH irraH H bix n o  TpycAefmy; b  p e3 \v ib T a T e  o n p e a e -  
A eH u n  (JiocijraTOB BBOAHAHCb coA eB b ie  nonpaB K H  n o  TaßA H ue C. B. B p y e B im a  
n B. C. K p acH O B oii, KpeMHeKHCAOTbi — n o  TaÖ A iine C. B. B p y e B n n a  n 
J I .  K- BAHHOBa.

M o3aM 6nK C K iin npoA H B — o a h h  113 caM bix ô o a m h h x  npojiiiBO B M iip oB oro  OKeaHa. 
Oh npoTHHyACH c  c e B e p a  Ha lo r  hohth  n a  900 MHAb, a  rnnpHHa ero cocTaBAHeT 
b  cpeAH eM  400— 450 m u a  b . H a c e B e p e  boaooôm ch  c npH Aeraiom HM H  nacTHMH 
O K eaH a 3aipyAHHeT rpH A a KpM opcKHX ocT poB O B, b  to  BpeMH K an n a  lo r e  bo a h  bí e 
M accbl Mo3aMÓHKCKOrO npOAHBa miipOKHM (JipOHTOM KOHTaKTHpyiOT c  MaccaMH  
co ceA H irx  paftoHOB H h a h h c k o t o  OKeaHa.

Mo3aMÔHKCKHH npoA H B a o  H a cT o n m ero  BpeM eHH H 3yneH  oneH b cA a ô o . 
n oaT O M y AIOÖbie HaÔAIOACHHH HaA THApOAOTHHeCKHMH H XHMHHeCKHMH OCOÖeHHO- 
CTHMH e r o  BOA npeACTaBAHKDT ÖOAblHOH HHTepeC, nOCKOAbKy npOAHBaiOT CBeT 
Ha M H orne H encH bie CTopoHbi pe>KHMa a 3 hho to  BOAoeMa. B n acT on m eM  co o 6 m ,e -  
HHH npOH3BOAHTCH aH3AH3 BOAHbIX MaCC npOAHBa H AaeTCH HX KOMnAeKCHaH 
<JjH3HKO-XHMHHeCKaH xapaK TepH CTHK a.

B A H T epaT yp e [1] cBeAeHHH o  M o3 3 m6 h k c k o m  npoA H B e H pe3BbwanH O  CKyA- 
Hbi. n oaT O M y paccMOTpHM CH anaAa pa3AHHHbie KAaccHcjiHKauHH b o a , npeAAO- 
>KeHHbie a ^ h B c e r o  H h a h h c k o t o  OKeaHa b  ueAOM.

OAHa H3 n ep B b ix  noA pa3AeAeHHe b o a  H ha h h c k o t o  OKeaHa ocymecTBHAa 
ToMcen [2]. OHa BbiAeAHAa, b  nacT H ocra , b  paftoH e Me>KAy 40 h 10° io . h i . neTbipe 
BOAHbie Maccbi (io>KHyio cyÔ T p on H H ecK yio , aHTapKTHnecKyio npOM eacyTOHHyio, 
TAyÔHHHyio h AO H H yio), ho  He A ana noApoÖHoro oniicaHHH c})H3HKO-XHMHqecKHx 
HX CBOHCTB H paCnOAOAieHHH TpaHHH, nO BepTHKaAH.

C ß e p A p y n  [1 ]  b  s t o h  oöAacra H h a h h c k o t o  OKeaHa BMecTO k o kho h  cyÔ T po- 
nHHecKOH BbiAeAHA noBepxHOCTHyio peHTpaAbHyio BOAHyro Maccy, ocTaBHB 
o era A b H b ie  THnbi b o a  t 3 k h m h  » e , KaK h y ToMceH. MypoMueB [3], Ha ocHOBaHHH
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P h c . 1. P acn o jico K eH H e  O K e a H o rp a ^ H ^ ec K H x  ct3 h iih h  b M o 3 3 m 6 h k c k o m  n p o jiH B e

1 — OKTHÔpb —  HOHÔpb 1964 r.; 2  —  Mafi 1965 r.

c p a B H H T e j ib H O  ô o j i b u i o r o  M a T e p w a j ia  H a ó J i io a e H H H  n e p e c M O T p e j i  T H n H 3 a m n o  

b o a , n p e f l j i o ^ e H H y r o  T o M c e H  h  C ß e p / i p y n o M ,  h  B b iA e j iH ^  r o jK H e e  10 ° i o .  u i .  

n B T b  B O flH b ix  M a c c  ( n o B e p x H o c T H y r o  B O f ly .n o f ln o B e p x H O C T H y io  c y Ô T p o n u u e c K y i o ,  
n p o M e j K y T o q H y i o ,  r a y Ô H H H y io  h  n p u r o H H y i o  a H T a p K T H u e c K y io ) ,  y K a 3 a B  n p H  
9TOM h x  rpaHHUbi n o  B e p T H K a j in  h  o c H O B H b ie  x a p a K T e p n c T H K H  T e M n e p a T y p b i ,  
COJieHOCTH H C O aep > K aH H H  K H C JIO p O aa.

C a M a n  n o c j ie a H H H  h  H a n ô o j i e e  y u a u H a n  (H a  H a n i  B 3 r j in ,n )  K J ia ccH iJ iH K a u H H  
B O A H b ix  M a c c  H h ä h h c k o t o  o K e a H a  ó b i j i a  n p o H 3 B e a e H a  b 1 9 6 0  r .  H ß a H e H K O B b iM  

H T y Ô H H b lM  [ 4 ] .  A B T O p b l p a 3 f le j I H J lH  H H flH H C K H H  O K ea H  H a  T p H  3 0 H b i:  T p o n H -  

q e c K y i o  ( 3 4 — 2 5 °  i o .  u i . ) ,  K U K H o a K B a T o p u a j ib H y io  ( 2 5 — 5 °  i o .  u i . )  u  c e B e p o a K B a -  
T o p H a j ib H y i o  ( c e B e p H e e  5 °  i o .  u i . ) ,  B b in e j iH B  b  K a u c u o H  H 3 h h x  o c H O B H b ie  T H n u  

B O fl. H a m  p a f t o H  H ccjieÆ O B a H H H , c o r n a c H O  H ß a H e H K O B y  h  T y Ö H H y , p a c n o j i o i u e H  
B K U K H O S K B aT O p u ajIb H O H  3 0 H e  C U ieC T b K ) T H n a M H  B O fl: nO B ep X H O C T H O H  KUKHO- 
S K B a T O p H a jIb H O H , n O Â nO B ep X H O C T H O H  I0 > K H 0 9 K B a T 0 p H a J I b H 0 H , n O fln O B e p X H O C T -  

HOH c y Ô T p o n H u e c K O Ü , n p o M O K y T O U H o ii c y ô a H T a p K T H u e c K O H , r jiy Ô H H H O H  c e B e p o -  

HHflHHCKOH H npH A O H H O H  a H T a p K T H U e C K O H .C a M a H  K UKH aH n a C T b  M o 3 a M Ô H K C K O rO  
n p o j i H B a  n p H M b m a e T  k  T p o n u n e c H o ñ  3 0 H e ,  r ^ e  B b w e j iu io T C H  n u T b  T u n o ß  b o ü h h x  
M a c c :  n o B e p x H o c T H a n  T p o n u n e c x a H ,  n o a n o B e p x H O C T H a n  c y Ó T p o n H u e c K a u ,  n p o -  
M O K y T O H H a n  c y ô a H T a p  K T H u e c K a n , r j i y ô u H H a n  KWCHOHHÆUHCKaH u  n p u f lO H H a a  

a H T a p K T H H e c K a u . Y  io jk h o h  r p a H H U b i M o 3 a M Ô H K C K o r o  n p o j i H B a  B O ^ H b ie  M a c c ù  
o ô e u x  3  OH K O H T 3K T H p yiO T .

npu BblAeJieHHH B O flH b lX  MaCC B TOM HJIH HHOM paÜO H e OKeaHa OÔblHHO HCnOJIb- 
3 y io T  T S -K p u B b ie , K a p r a ,  rpa4)HKH p a cn p e^ ejieH H U  T e M n e p a iy p b i h co jieH O cra . 
HaM H T3K>Ke ôb iji npHM eHeH 9 t o t  M eTou. O flH aK o b n p o u e c c e  aH ajiH 3a b h h c h h -  
j io c b ,  HTo, o n e p H p y u  napaM eTpaM H  ToribKO çojieHOCTH h T e M n ep a T y p b i,

löl
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P h c .  2 . rS -K pH B bie, xapaK T epubie  Mo3aM6HKCKoro npojiHBa 

a  —  25*32' io .  i i i . ,  35° 10' b .  h ,.;  6  —  25°32' i o .  m . ,  37°30' b .  a . ;  e — 25°32' io .  u i . ,  39°00' b .  a . ;  e  —  2 5 °3 2 ' io .  i i i . ,  41°00' b .  f l . ;  d  —  20°00' i o .  iu .,39°00 ' b .  f l . ;  
e — 20°00 ' io. tu .. 4 0 ° 0 r  b .  a .; o k  —  15°37' k>. u i . ,42*08 ' b .  a .;  3 — 15°20 ' io. u i., 41°42 ' b .  a*



30 15 W/om

35
50
'75

150

200
250
300
300
500

750

1000
1250

1500

_ noHepxHocmmm 
/nponiwecxaa 

ôoiïa

-i—i—i—i—i—i—ps i—i—i—;—i—i—i—| ,i i—i— i—r
OoBepxHOcmHaH looKHoaHÔamopua/ibHaa

floB noB epxH ocm m n 
/OMHOMBamopuaxbHaH Bada

noBnaßepxHocmHax cyßmpom/Hecxaii Boda

ßpoMeotcymovmn
~c¡/6a/jmgpxmmecwH /  rnyôum att ceßepouHduücKax Sada

- ßoaa — .*-■— apaôuücHogo npot/cxootcdeHUfi

P h c . 3. CxeMa BepTHKaabHOfl CTpyKTypbi boa  Mo.3aMÖnKcKoro n p o jiH B a

pa3o6paT bC H  b T H nax B o a ,o 6 p a 3 y io iu H x  B o a H y io T o a iu y  M o3aM 0H K C K oro n p o a H B a ,  
oueH b TpyAHO. riosT O M y öbiJiH npH BJieqeH bi T a K * e  KapTbi h  rpa<|)HKH p a c n p e a e a e -  
HHH n o  BepTHKajIH COAepjKaHHH KHCJIOpOfla H ÔHOreHHblX SJieMeHTOB, HTO 3H a-  
nuTejibHO o ö a e r H H a o  p em eH H e n o cT a B a e iiH o ñ  3 a a a n H . O coöeH H O  n oK a3aT eab H b i 
M aT epnajib i n o  co a ep a ca H H io  p a cT B o p eH H o ro  b B o a e  K H c a o p o a a  n p n  B b iaeaeiiH H  
T ex  T nnoB  B o a , KOTopbie b p a n o H a x  (JiopMHpoBaHHH HMeioT BbicoK H e n a n  HH3Kne 
KOHneHTpauHH K H c a o p o a a , a  3 a ie M  n ep eM em à io T cn  H a 3H aH H TeabH bie p a c c r o H -  
HHH OT 3THX o ô a a c T e ft .

H a  p n c .  2  n p w B e a e H b i  T S - K p H B b ie , H a n ö o a e e  x a p a K T e p H b ie  a u n  B o a H b ix  
M a c c  M o 3 a M 6 n K C K o r o  n p o a n B a .  C a e a y e T  o T w e T H T b , h t o  n p n  B b ia e a e H H H  3 a e c b  
T n n o B  B o a  3 a  o c H O B y  n p H H H M a a a c b  K aac c H cJ iH K au H H  B o a H b ix  M a c c  M H a H H C K o ro  
O K e a H a ,  n p e a a o a i e H H a H  H ß aH eH K O B b iM  h  T yÔ H H biM  [ 4 ] .  H 3  a n a n m a  k p h b m x ,  
a  T a n a t e  rp a c ja iK O B  h  n a p T  O K e a H o a o r n n e c K H x  x a p a K T e p n c T H K  c a e a y e T ,  h t o  
H a  3 H 3 H H T e ab H O H  n a c T H  a K B a T o p H H  n p o a H B a  b n p e a e a a x  r a y Ô H H b i  H a ß a i o a e H n f t  
c y m e c T B y io T  n e r a i p e  r a n a  B o a :  n o B e p X H O c r a a n  io > K H O -3 K B a T o p H a a b H a H , n o a -  
n o B e p x H O C T H a a  K » K H 0 3 K B a T o p n a a b H a H ,  n o a n o B e p x H o c r a a n  c y ô T p o n H H e c n a H  
h  r a y Ô H H H a a  c e B e p o H H a H H C K a a .  B  io r o - 3 a n a a H O H  n a c r a  n p o a H B a ,  K p o M e  s t o t o ,  
B b ia e a n io T C H  B o a H b ie  M a c c b i ,  n p n c y m n e  T p o n n n e c K O H  3 0 H e :  n o B e p x H o c r a a n  
T p o n n n e c K a H  w  n p o M e a ty T O H H a n  c y O a H T a p K r a n e c K a n .  0 6 i u . e e  n p e a c T a B a e H H e  
o  p a c n o a o jK e H H H  T n n o B  b o u  b B o a H o ñ  T o a i n e  M o 3 a M Ö H K C K o ro  n p o a H B a  a a e T  
P h c . 3 .  H a  c x e M e  B H aH O , h t o  B e p r a n a a b H a H  c T p y K T y p a  B o a  M o 3 a M 6 H K C K o ro  
n p o a n B a  o n e H b  c a o j K u a  h  n o s T O M y  e c T e c T B e H h o , h t o  a a n  6 o a e e  n o a H o r o  n o 3 H a -  
HHH B o a H b ix  M a c c  3 T 0 H  H3CTH O K e a H a  HeOÖXOUHMO n p H B a e K a T b  K a K  M 0JK H 0 
ö o a b u i e  O K e a H o a o r n n e c K H X  x a p a K T e p n c r a K .

n o B e p x H O C T H a a  T p o n H n e c K a n ' B o a a  ( jp o p M H p y e T c a  b o6- 
a a c T H  lO jK H O -H H U H H C K o ro  a T M O ce J jep H o ro  M aK C H M yM a M e u c a y  3 4  h  2 5 °  io .  u i .  
3 t o t  p a n o H  o T a n n a e T C H  O T H o c H T e ab H O  b h c o k o h  T e M n e p a T y p o n  B 0 3 a y x a  ( 2 2 —  
3 2 ° ) ,  h t o  c n o c o ô c T B y e T  3 H a n H T e a b H 0 M y  H c n a p e H H io  c  n o B ep x H O C T H  O K e a H a : 
c o a e H o c T b  H a  n o B e p x h o c t h  n o B b iu i a e T c a  a o  3 5 ,  5 0 — 3 5 ,  9 0 % o , a  3 t o  b  c b o i o  
o n e p e a b  n p H B o a H T  k  p a 3 B H T H io  n a o r a o c r a o H  k o h b c k u h h  a o  3 0 0 — 4 5 0  m .

noB epxH O C T H aa T p o n n n ecK a H  B o a a  b  M o 3 3 m 6 h k c k o m  n p o a H B e  H a ö a io a a a a c b  
b  M ae b  BH ae H e 6 o a b iu o r o  K j i u n a  H a to r e , a  T a n a te  b  p a ñ o H e  ô y x r a i  Æ e a a r o a .  
O H a 33HHMaeT 3 a e c b  c a o f i  o t  0  a o  3 0 0 — 3 5 0  m  h  x a p a K T ep H 3 y eT cn  coaeH O -  
CTbio 3 5 ,  2 5 — 3 5 ,  5 0 % o h  T e M n ep a T y p o n  2 4 , 5 — 1 6 , 0 ° .  B  3 a n a a H o ñ  n a c r a  M o3aM - 
ÖHKCKoro n p o a H B a  noBepxHOCTHaH T p o n n n ecK a H  B o a a  n o a r e n a e T  n o a  n o B e p x -  
H o c r a y io  K HKHOSKBaTopnaabHyio. 3 T a  B o a a  b  B H ae h 3 u k 3 ,  BbiTHH yToro b  H a n p a -  
BaeHHH, o ô p a r a o M  H an p aB aeH H io  M o3aM 0H K C K oro TeneHHH, n p o c a e a tH B a a a c b
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A o 22— 20° io. ui., npiiueM b k w k h o h  n a c r a  np oA H B a b ôojiee rjiyôoKux c a o a x  
(200 m) OHa p a c n p o c T p a H H ^ a c b  n o  B c eu  ero nA oipaA H .

rioBepxH O CTH aH  T p o n u u e c K a n  BOAa oT A H uaeT ca b h c o k o h  K O H ueH Tpam ieu  
K H CAopoAa. B KUKHou n a c r a  n poA H B a c o f le p x ía H H e  ero b o Been t o a u ip  He o n y -  
cKaeTCH HH>Ke 4,40— 4,80 m a ! a ,  cT en eH b  H acb iiu eH u a  b o a h  s th m  ra30M — H H * e  
80%. K c e B e p y  K O H ueH Tpanua KHCAopoAa nocTeneH H O  noHHJKaeTca a o  4,50—  
4,60 m a / a .  floB epxH O C T H aa T p o n u n e c K a a  BOAa b M o 3 3 m 6 h k c k o m  npoA H B e  
xapaK T epH 3yeT C H  h c b h c o k o h  K O H ueH T pauueü nuT aT ejibH bix c o j ie ü .  K o a h u c c t b o  
c p o c tp a ra o ro  cpocipopa b o  BceM ee c j io e  He n p eB b im aeT  0,23— 0,55 MKz-am a 
h  JiHiub y  ceBepHOH rpaH H Ubi o h o  B 03p acT aeT  a o  0,65— 1,00 MKe-amU. noA O Ô H aa  
KapTHHa HaßjnoflaeTCH  h  b p a c n p e A e A e H u u  KpeMHeKHCAorai: y io ik h o h  rpaHHUbi 
n p o jiH B a  7— 11 Mua-amU, b p a ü o H e  20° io . m. 11— 18 MKe-amU.

I l o B e p x H o c T H a a  l O Ä H o a K B a T o p u a A b H a a  B o j a  0 6 - 
pa3yeTCH b b o c t o h h o h  nacra H h a h h c k o t o  oueaHa noA b a h a h h 6 m b h c o k h x  TeMne- 
paiyp B03Ayxa h  pacnpecHeHHa aTMoetpep h h m h  ocaAKaMH. I O x h u m  riaccaTHbiM 
(SKBaTopuajibHbiM) TeueHHeM ara  b o a h  nepeHocaTca Ha 3anaA- K ceBepy o t  
o-Ba MaAaracKap (11—9° io. in.), rAe lOiKHoe naccaraoe TeneHue pa3 BeraAaeT- 
CH, oôpa3yeTca 30Ha m o ih h o to  uoAT>eMa b o a , h  b <|MDpMHpoBaHHH noBepxHocT- 
HOH KUKHOSKBaTOpHaAbHOH BOAbI npHHHMaiOT ynaCTHe nOAnOBepXHOCTHaa 
ryÔTponHuecKaH, npoMeiKyTonHaa cyéaHTapKranecKaa h rAyöiiHHaa ceßepo- 
HHAHHCKaa BOAHbie Maccbi. Ha aKBaTopuu Mo3aM6iiKCKoro npoAHBa noBepxHOCT- 
Haa K)JKH03KBaTopHaAbHaa BOAa 3aHUMaeT c a o h  0— 100 m h  BbiAeaaeTca b h c o -  
KOH TeMnepaTypon (25,5—26,0°), noHHaceHHOu coAeHocraio (34,70—34,90°/oo) 
h  HecKOJibKO 6 oaee h h 3 k h m  no cpaBHeHuio c noBepxHocraou TponunecKOH b o a o h  
coAepiKaHueM KHCAopoAa (4,30—4,60 m a /a). PaccMaTpHBaeMaa BOAa 3 aHHMajia 
b Mae nonra b c io  aKBaTopuio npoAHBa h  Auuib Ha lore, b  y3Koü cTpye Mo3aM0HK- 
CKoro TeueHHa, BbiHocuAacb 3a ero npeAejibi.

K oH U eH T paU H a KHCAOpOAa B nOBepXHOCTHOH K»KH03KBaTOp H 3 A  bHOH BOAe 
n p u  nepeM eipeH H H  ee c c e B e p a  Ha lo r  nocTeneH H O  B 0 3 p a c r a A a . Tax, e c j iu  Ha 
p a 3 p e 3 e  Mo3aMÖHK —  m h c  C eH T -A H A pe KOJiHuecTBO e r o  b o  BceM c A o e  c o c r a B -  
a h a o  4,40— 4,60 ma/a, a Ha p a 3 p e 3 e  B e f tp a  —  M opoH A aB a —  4,60— 4,70 ma/a, 
t o  y KUKHOH rpaH H U bi p a c n p o c T p a H e H u a  n o B e p x H o c r a o u  K»KH03KBaTopHaAbHOH  
BOAbi c o A e p /K a n u e  KHCAopoAa b H eil B 0 3 p a cT a jio  a o  4,80 ma/a (p n c .  4). 3 t o  
n p o u c x o A H J io  BCJieACTBHe uoH H JK eiiua T eM n ep aT yp b i b o a h ,  a  T3K>Ke ö A a r o A a p a  
KOHTaKTy c  6 o j ie e  S o ra T o ft k h c a o p o a o m  n o B e p x H o c r a o u  T ponunecK O H  b o a o h  
h  6 o j ie e  HHTeHCHBHO npoT eK aiom H M  Ha ro re  n p o u e c c o M  tpoT ocuH Teaa.

Ha Bcex pa3pe3ax TOAiu,HHa c j io h  b o a h ,  nepeHacbimeHHOH k h c a o p o a o m ,  
cocTaBJiajia 75— 100 m , t .  e. npoueccbi co3HA3HHa opraHunecKoro BeipecTBa 
3Aecb npeoÖAaAaAH HaA npoueccaMH ero pacnaAa, npuneM Ha lore CTeneHb 
Ha£biui,eHHH b o a h  KHCi/iopoAOM SbiJia 3HauHTejibHO Bbiine (105— 107%), neM Ha 
ceBepe npojiHBa (100— 102%).

MHTeHCHBHoe noTpeßjieHiie tpuTonAaHKTOHOM nHTaTe.ibiibix cojieii noBJiua- 
ao Ha xapaKTep pacnpeAeAeHua ÖHoreHHbix ajieivieHTOB. KoHueHTpauua (poc- 
tparaoro ipocipopa KOJieóajiacb b o  BceM CAoe noBepxHocraou KUKHOSKBaTopHaAb- 
HOH boah b npeAeJiax 0,23—0,29 MKe-am/A, KpeMHeKHC.TOTtr 6— 11 MKe- am/ A,  
npuneM b io/Khoh nacra npoAHBa, rAe, no-BHAHMOMy, npeoôJiaAaJiH AHaTOMOBbie 
BOAOpOCJIH, COACp/KaHHC KpCMHeKHCJIOTbl ÔbIJIO ÔOJiee HH3KHM (5—9 MK2-am/Á), 
ueM Ha ceBepe, rAe oho B03pacTajio ao 9— 14 MKe-am/A.

l l o j n O B e p X H O C T H a f l  H D K H O S K B a T O p n a j I b H a i l  B O A 3 
(popMupyeTca h3 noBepxHocTHoii TponwaecKOH h noAnoBepxHocTHon cyÖTponn- 
aecKoii BOAHbix Macc, noAHUMaiomuxca b 30He KUKHosKBaTopuajibHOH AHBep- 
reHHHH. HacTHUHo npuHHMaeT yaacTue h  rjiyÖHHHaa ceBepouHAuucKaa BOAa. 
Ecah nepBaa npuAaeT noAnoBepxHocTHon KUKHOSKBaTopnaAbHOH BOAe noBbi- 
meHHyio coAeHOCTb (b Mo33m6hkckom npoAHBe 35,40—35,50°/0o), a BTopaa — 
cpaBHHTeAbHO HH3Kyio TeMnepaTypy (15— 17°), t o  TpeTba —  3HaauTeAbHO 
noHHiKaeT b Heu coAepjuaHue KHCAOpoAa (3,20— 3,80 ma /a). B M o 3 3 m6 h k ck o m  
npoAHBe AaHHaa BOAHaa Macca 3aHUMaeT caoh 100—500 m h pacnpoerpaHaeTca
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Mo33m6uh CeHrn-AHdpe
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Oeûpa
1634 1633 1635 1636 1637 1638 1639 1640 1641 1642

75 M U M
L_l_l

1500 
Mope/ipo-MapKeo

1620 1621 1625 1626 1627 1828 1629 1630 1631 1532

lí ‘-SP K

m Ceum-Mapu

Phc. 4. BepTHnajibHoe pacnpeAeJieroie KHCJiopoAa (b ma/a) Ha pa3pe3ax 
B MCöaMÖHKCKOM npoAHBe 

a — 20—22.V 1965 r.; 6 — 14 —17.V 1965 r.; « — 4 — 9.V 1965 r.
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c  c e B e p a  H a  r o r .  E e  j i e r x o  m o j k h o  o ô H a p y x i H T b  h m c h h o  n o  n o H H X c e H H O M y  c o A e p -  

> K a H H K ) K H C j i o p o f l a ,  T o r ^ a  n a n  n o  c o j i c h o c t h  o H a  6 j n i 3 x a  k  n o B e p x H o c T H o ñ  

T p o n n n e c K O H  b o a i i o h , Macce.
P a c c M a T p t i B a e M a n  b o a h a h  M a c e a  o T A e j in e T C H  o t  n o B e p x H O C T H b i x  c j i o e B  

M O p H  H H T e H C H B H b lM  n H K H O K J IH H O M , H TO 3 3 T p y A H H e T  n p O H H K H O B e H H e  K H C J IO p O A a

C B e p x y . B  n p o n e c c e  a b h * k 6 h h h  x o H iieH T p a n n h  0 2 b  noA n oB ep xH ocT H on  k » k h o -  

3KB3TopHajibHOH BOAe noHH>xaeTCH BCJieflCTBne 3aT paT  e r o  Ha oxHCJieHHe 
op raH H H ecK oro  B em ecT B a, b  p e3 y jib T a T e n e r o  B 03pacT ai0T  3 a n a c b i nuT aT ejibH bix  
c o j ie ñ ,  a  xoJMHecTBO p acT B op eH H on  opraHHKH yM eHbuiaeTCH (oxHCJineM ocTb  
b o a h  b  H eñ He ripeB bim aeT  0 ,1 5 — 0 ,3 0  m a  !a  O a) .

H a  B c e x  p a 3 p e 3 a x  ( c m .  p n c .  4 )  n o A n o B e p x H O C T H a a  J o a c H O S K B a T o p h a A b H  a n  

B O ^ a  O K O H T y p iiB a e T C H  H 3 0 0 K C H r e i i o ñ  4  m a !a  h  h 3 o j i h h h c h  7 0 % . H a H w e i i b i u e e  

c o A e p a í a H H e  x i i c j i o p o A a  ( 3 ,2 0 — 3 ,3 0  m a  I a ) O T M e n a e T c n  H a  p a 3 p e 3 e  M o 3 a M Ô H x  —  

M b ic  C e H T - A H A p e .  K  i o r y  o h o  n o c r e n e H H o  B 0 3 p a c T a e T  b  p e 3 y j i b T a T e  K O H T a K T a  

c  n o A n o B e p x H o c T H o n  c y Ô T p o n u n e c K O H  h  n o B e p x H o c T H o ñ  T p o n n n e c K o n  b o a h h m h  

M a c c a M H  ( c m .  p u e .  4 ) .

n o f l n o B e p x H o c T H a n  lO J K H O S K B a T o p H a j ib H a H  B o ; i ,a  o T j i n n a e T c n  ô o r a T C T B O M  

n H T a T e j i b H b i x  c o j i e ñ .  B o j i b u i e  B c e r o  (J io a jp a T O B  ( 1 ,0 0 — 1 ,6 0  MKZ-am!a )  h  x p e M H e -  

K H C J io T b i ( 1 4 — 2 8  MKz-am!a ) o Ô H a p y n c e H O  H a  c e B e p H O M  p a 3 p e 3 e .  3 f l e c b  y  M a ^ a -  

r a c K a p c K o r o  n o 6 e p e > x b n  n p o n c x o A H T  n o A u e M  n o A n o B e p x n o c T H O H  io > X H 0 3 X B a T O -  

p n a j i b H O H  b o a h  b  B e p x H H e  c j t o h  M o p H ,  h t o  c n o c o ô c T B y e T  o 6 o r a m , e H H K )  h x  n H T a -  

T e j ib H b iM H  c o j i h m h .  H a  p a 3 p e 3 e  B e ñ p a — M o p o H ^ a B a  K O H u e H T p  a n n a  Ô H o r e H H b i x  

a . ie M e H T O B  b  n o A n o B e p x H o c T H o n  K U K H o a x B a T o p H a j ib H O H  B O A e  H e c x o j i b x o  y M e H b -  

m a e T C H ,  h o  B c e  « e  o c T a e T c a  H a  a o c t 3 t o h h o  b h c o k o m  y p o B H e .  3 A e c b  T a x i x e  e c T b  

B b i x o A b i  n o A n o B e p x H o c T H b i x  b o a  H a  m e j i b t f ) ,  n p n n e M  H e  T O J ib x o  y  o - B a  M a A a r a c -  

K a p ,  h o  h  y  a c } ) p H K a H C K o r o  n o ô e p e i x b H .  Y  k » k h o h  r p a H H U b i  p a c n p o c T p a H e H H H  

3 T o r o  T H n a  b o a b i  c o A e p j x a n H e  Ô H o r e n H b i x  s n e M C iiT O B  3 H a u n T e j ib H O  n o H H > K a e T C H  

( ( } jo c ( } )a T b i  —  0 ,6 5  MKz-am!a , x p e M H e x H C J i o T a — 14  MKZ-am Ia ),  h t o  h b j i h c t c h  

p e 3 y j ib T a T O M  o ö w e H a  c  n o B e p x H o c T H o ñ  T p o n n n e c K O H  b o a o A ,  ö e A H o ä  r iH T a r e j i b -  

H b iM H  c o j i h m h .  C n e A y e T  o T M e T H T b ,  h t o  ö b iH O C  Ö H o r e H H b i x  s n e M e H T O B  c  n o A n o B e p x -  

h o c t h o h  b o a o h  b  B e p x H H e  c j i o h  y  a t J ip H K a H C K o r o  ö e p e r a  n p o j i H B a  b  M a e  H a ö j n o -  

A a j i c H  n o B c e M e c T H O ,  b  t o  B p e M H  n a n  y  n o ô e p e J K b a  o - B a  M a A a r a c x a p  o h  n p o H C X o -  

A H J i T O J ib K O  b  O T A e J ib H b ix  p a ñ o H a x .

n  O A n o B e p x H O C T H a a  c y Ô T p o n H n e c x a H  b o a s  cJiopMH- 
pyeT ca b  30He cyÓ TponH necxoñ KOHBepreHUHH (4 0 °  io. i i i . )  h 3  noBepxHocTHoñ 
cyÔTponHHecKOH h  noB epxH oeraoñ  cyóaH TapxTH uecxoñ b o a h h x  Macc [ 5 ] .  
3A ecb OHa npnoôpeT aeT  HH3Kyio cojieHOCTb h  noBbimeHHyio xoHneHTpauHio 
KiicjiopOAa. B  Mo3aM6iiKCKOM npojiHBe AaHHan BOAa pacnpocT paH eH a b  cjioe 
5 0 0 — 1 0 0 0  m . B  n p o n ecce  a b h j k c h h h  k  ceB epy TOJiin,HHa c j i o h  noAnoBepxHo- 
CTHOH cyÔTponHHecKOH BOAbi nocTeneHHO yMeHbiuaeTCH.

B K O K H O H  H 3C T H  n p O J I H B a  C O J ieH O C T b  3 T 0 T 0  T H n a  B O A  H H 3 X 3 ,  a  C O A e p J K a H H e  

K H C J io p o A a  B b i c o K o e .  K . c e B e p y  c o j i e n o c T b  B 0 3 p a c T a e T ,  a  x o H i i e H T p a u H H  x h c j i o -  

p o A a  y M e H b u ia e T C H ,  b  t o  B p e M H  n a n  T e M n e p a T y p a  H e  i i c n b i T b i B a e T  o c o ß b i x  

H 3 M e H e H i iH  h  p a B H a  6 ,0 — 8 ,0 ° .
n o A B e p x H o c T H a n  c y ô T p o n H H e c K a n  B O A a  b  M o 3 3 m 6 h k c k o m  n p o j i H B e  j i e r x o  

o Ô H a p y x i H B a e T C H  n o  n o B b iu i e H H O M y  c o A e p x c a H H i o  K H C J io p o A a .  H a  p a 3 p e 3 e  J l o p e H -  

u o - M a p x e c —  M b ic  C e H T - M a p H  o h o  p a B H O  5 ,0 0 — 5 ,2 0  m a / a  ( c M . p n c .  4 ) .  n p n  

n e p e M e in , e H H H  n o A n o B e p x H o c r a o f t  c y ß T p o n n n e c x o f t  b o a h  H a  c e B e p ,  B C J ie A C T B H e  

C M e u ie H H H  e e  c  n o A n o B e p x h o c t h o h  l O J K H o a K B a T o p n a j ib H o ñ  h  r j i y Ó H H H o ñ  c e B e p o -  

H H A H H C K O H  B O A H bIM H  M 3 C C 3 M H , a  T 3 X > X e  B C J ie A C T B H e  3 a T p a T  K H C J IO p O A a  

H a  O K H C J ie H H e  o p r a H H u e c x o r o  B e m e c T B a ,  c o A e p i x a H H e  K H C J io p o A a  b  H e ñ  3 H a -  

H H T e j ib H O  y M e H b u i a e T C H . T a x , H a  p a 3 p e 3 e  B e ñ p a — M o p o H A a B a  b  H A p e  o h o  c o c T a B -  

J i n e T  4 , 8 0 — 4 ,9 0  m a !a,  a  b  c p e A H e M  a j i h  s c e r o  c j i o h  n o A n o B e p x h o c t h o A  c y Ó T p o -  

n i i H e c K o ñ  b o a h  —  4 ,3 0 — 4 ,4 0  m a !a . H a  c e B e p H O M  p a 3 p e 3 e  c o A e p i x a H H e  k h c j i o -  

p o A a  b  n o A n o B e p x H O C T H o ñ  c y Ó T p o n H u e c x o ñ  B O A e  n o H H i x a e T C H  a o  4 , 2 0 —  
4 ,3 0  m a / a . T a x  > x e  x a x  h  n o B e p x H O C T H a n  T p o n u n e c x a H ,  n o A n o B e p x H o c r a a H  

c y Ö T p o n H H e c x a n  b o a h  a n  M a c e a  O T j in n a e T C H  h h 3 x o h  K O H n e H T p a u H e ñ  è n o r e H H b i x
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SJieiVieHTOB. CcjjOpMHpOBaHHaH B OCHOBHOM H3 nOBepXHOCTHblX BOA C HeÖOJIblIIHM 
co;i,ep>KaHneM op ra m m ecK o ru  BemecTBa, OHa b n p o u e c c e  nepe.MemeHHH Ha 
ceB ep Majio nonojiH neT cn nHTaTejibHbiMH cojihmh BCJieACTBHe MHHepajiH3auHii 
opraH H iecK oro  BemecTBa. H a  B x o a e  b M o33m6 hkckhh  npojiHB kojihhcctbo 
cpoctpaTOB b Heñ paBHO 0,65— 1,00 MKs-am!a,KpeMHeKHCjioTbi—11— 15 MKZ-amLi. 
O aH ano b  pe3yjibT aT e oÖMena c o  cjiohmh boa  bí, ne>KaiunMn Bbirne h HHHce, 
nHTaTeabHbix c o jie ñ  b  Heñ cTaHOBHTCH 3iiaHHTejibHo öo jib iu e  h y>Ke Ha 
pa3p e3P  Mo3aMÖHK — Mbic CeHT-AHApe coAepacaHHe (pócelatob paBHO 1,60— 
1,90 MKZ-am I j i ,  KpeMHeKHCAOTbi:—  28— 36 MKa-amU.

r.ji y  6  h h  h a  a  c e B e p o o p ñ c K a a  b o a  a , corjiacH O  
B . H . HßaHeHKOBy h O . A . TyÖHHy, tpopM iipyeTcn b ApaBHñcKOM M ope, 
npnneM  aBTopbi cnnraiOT, hto öoAbinaH  pojib  b e e  o6pa30BaHHH n p h h a aji e>i< ht 
BOAHbiM MaccaM K p acH oro  Mopn h OMaHCKoro 3ajiHBa. CoxpaHHH e e  Ha3BaHHe, 
m bí He MOHieM corjiacHTbCH c TaKoñ BepcH eñ npoHcxojKaeHHH.

Bojiee no3AHHe HccjieaoBaHHH [ 3 ,  6 ,  7 ]  H h a h h c k o t o  oneaH a noK a3ajiH , h t o

pOJIb BOA KpaCHOrO MOpH H OMaHCKOrO 33AHB3 B CpOpMHpOBaHHH TJiyÔHHHblX 
BOA He CTOJIb yjK 3H3HHTeAbHa. MBaHOB-OpaHHKeBHH [ 6 ] ,  HanpHMep, 06l>HCHHeT 
o6pa30B aH H e m o iu h o to  c jio h  noBbiuieHHoñ c o j ic h o c th  (2 0 0 — 2 0 0 0  m ) b ApaBH ñ- 
cKOM M ope 6e3 npHBJieneHHH KpacHOMOpcKHX b o a , b h a c jih h  e r o  n a n  ö o jiee  
«crap y io»  B oay  ApaB H ñcK oro MopH. 3aMeTHM, h to  yKa3aHHbiñ c jio ñ  OTjiHHaeTCH 
TaKHce oneH b hh 3kh m  coAepjKamieM  KHCAopoaa (Tan Ha3biBaeMbiñ c jio ñ  k h cjio -  
pOAHOrO MHHHMyMa).

H eK O T opbie nccjieA O BaT ejiH  [6 , 8 ] c h h t3 io t ,  h to  o 6 p a 3 0 B a H H e m o ih h o to  c jio h  
KHCJIOpOAHOrO MHHHMyMa B ApaBHftCKOM MOpe npOHCXOAHT B OCHOBHOM H 3-3a  
B biH oca oöeA H eH H bix k h cjiop oaom  b o a  h3 K p a c H o r o  M opn h n ep cH A C K o ro  3a jiH -  
B a. O a h 3 k o , KaK n o K a 3 aJiH nccjieaoB aH H H  A a H e p H H P O  [ 9 ] ,  s t o  H e TaK. 
H a o ö o p o T , BOAHbie M accbi K p a c H o r o  M opn h n ep cH A C K o ro  33AH Ba Ha B b ixoA e  
OTJiHHaioTCH noBbiuieHHbiM  coAepjKaHHeM  KHCJiopoAa, a c jio h  e r o  AetpHUirra 
(popM iipyeTCH H enocpeACTBeH H o b ApaBHñcKOM  M op e. T jiyón H H bie  b o a h  h3 
A p a B H ñ cK o ro  M opn Ha 3HaHHTeAbHOM paCCTOHHHH OT pañO H a (pOpMHpOBaHHfl 
m ojkho j ierK o  onpeA ejiH T b n o  h h 3 k o h  KOHireHTp a u n  h KHCJiopoAa. B  cb h 3h  c  9thm  
cjieA y eT  ocTaHOBiiTbCH Ha ou ih öoh h om  m hchh h  C ß e p A p y n a  [ 1 ] ,  KOTopbiñ cHHTaji, 
HTO B KpaCHOMOpCKHX BOA3X MaJIO KHCJIOpOAa, H n o  9TOMy npH 3H aK y npOCJie- 
9KHB3A h x  bao.Tb BOCTOHHOTO n o 6 epe>KbH AtppHKH Ha rjiyÖ H H ax 1 2 5 0 — 17 5 0—  
2 0 0 0  m  a o  4 0 ° io . u i. H a  caMOM A e ^ e  Ha 9 t h x  rA yÖ H H ax p a cn p o crp a H n eT C H  Ha io r  
rjiyÓ H H H an ceB epoH H A H ñcK an  BOAa.

TaKHM o6pa30M , npoH cxo/KAeiiHe rnyÓHHHoñ ceBepoiiHAHñcKoñ b o a h  H e, 
KpacHOMopcKoe, KaK yKa3biBaioT HßaHeHKOB h TyÓHH, a apaBH ñcK oe, b cb h 3 h  
c  HeM Mbi Ha3biBaeM e e  rAyÓHHHoñ ceBepoHHAHñcKoñ boahoA  M accoñ apaBH ñ- 
cK oro npoHcxoHiACHHH. 3T a BOAa 3aHHMaeT c j io h  o t  1000— 125 0  a o  2 5 0 0 —  
30 0 0  m  h OTJiHuaeTCH b M o33m 6hkckom  npojiH Be HecKOjibKO noBbimeHHoñ 
coJieHocTbHD ( 3 4 ,7 0 — 3 4 ,8 5 % 0), h h 3 k o h  TeM nepaT ypoñ ( 2 ,0 — 5 ,0 ° ) ,  a  TaKUie 
HeBbicoKoñ Koim eHTpauHeñ KHCAopoAa (2 ,3 0 — 2 ,7 0  m a /a ).  B  M o33m 6hkckom  
npojiH Be OHa p a cn o jia ra eT cn  noHTH y  caM oro HH>KHero npeA ejia H auinx H3Mepe- 
HHñ h Ha p a 3 p e s a x  BbiAejineTCH n o  HH3KOMy coAepuiaHHio KHCJiopoAa h BbicoKoñ  
KOHueHTpauHH nHTaTejibHbix coA eñ . B  ceB epH oñ nacTH npojiH Ba k o jih h c c tb o  
KHCJiopoAa b Heñ paBHO 2 ,3 0  m a  Ia , cpoccpaTOB —  3 ,2 0 — 3 ,4 0  MKZ -am /a , KpeMHe- 
KHCJioTbi —  oKOJio 110  MKZ-amjA\  Ha rare cooTBeTCTBeHHo 2 ,9 0 — 3 ,4 0  m a /a , 
2 ,5 8  MKZ-am ¡a , 71 M K e - a m l a . CyAH n o  o k h c jih c m o c th  (0 ,2 0 — 0 ,3 0  m a / a  0 2) ,  
rjiyÖHHHan ceBepoHHAHñcKan BOAa OT.iHHaercH hh3khm  coAep>KaHiieM pacTBo- 
peH Horo opraHHHecKoro BemecTBa, nocK ojibK y b pe3yjibTaTe AJnrrejibHoro a b h -  
JKeHHH BOfl 9TO BeiH,eCTBO MHHepaAH3HpOB3JIOCb, HTO COnpOBOJKAaJIOCb T3K>Ke 
n oT epeñ  KHCJiopoAa.

n p o M e x y T O H H a a  c y ó a H T a p K T H H e c K a n  BOAHan M acca 
(popMHpyeTCH b oönacTH  OKeaHa MexcAy aHTapKTHHecKoñ h cyÖTponHHecKoft 
KOHBepreHHHHMH. C ßepA pyn [1 ]  Ha3biBaeT e e  npoMeatyTOHHofl aHTapKTHHecKoñ 
BOAoñ. C eBepH ee 3 4 ° io . ui. OHa 33HHMaeT c jio ñ  8 0 0 — 2 0 0 0  m  h o ra n n a eT cn
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HH3K0H TeMnepaTypoH (3,5—4,0°), noHi«KeHHOH cojieHocTbio (34.20—34,50%0) 
H BblCOKHM CÔ ep>KaHHeM KHCJIOpOAa (6,50— 4,50 m a / a ).  B M03aMÔHKCK0M 
npojiHBe npoMOKyToqHaa cyöaHTapKTHTCCKan BOAa HaôAioAaeTCH y k w k h oh  
rpâHHUbi Ha rjiyÔHHax hhjkê 1000 aí. CoAeHocTb ee 3^ecb paBHa 34,50—34,65 %0, 
TeMnepaTypa 4,0—5,0°, coAepacaHHe KHCJiopoAa 4,50—4,80 m a /a . KoHueHTpa- 
UHH ÓHoreHHbix BemecTB öojiee h h 3 K 3 h , neM b  rjiyÖHHHofl ceBepoHHAHHCKoñ. 
Bo/ie: (jxic^aTOB 1,29— 2,00 M K z - a m  /a , KpeMHeKHCJioTbi —  28— 50 M K z - a m  Ia . 
BMecTe c s t h m  b npoMe>KyTOHHoñ cyöaHTapKTHHecKoft Boae OTHOCHTejibHo MHoro 
pacTBopeHHoro opraHHuecKoro BemecTBa (oKHCJineMOCTb boah 0,60—0,90 m a / a  
0 2). Ha ceBepe 9Ta b o a h  an Macca noABepraercH h h t 6 h c h b h o h  TpaHc^opMauHH.

AHaAH3 BOAHbIX MaCC Mo3aMÔHKCKOrO npOAHBa H HX (J)H3HKO-XHMHHeCKHe 
xapaKTepncTHKH, npHBeAeHHbie b HacTonmeM cooßmeHHH, cAeAyeT paccM aTpn- 
B3Tb Kan npeABapHTeAbHbie. n p H  HaKonAeHHH öoA ee oöniH pH oro M aTepnaAa sth  
CBeACHHH 6 y A y T  3HanHTeAbHo yTOHHeHbi. OAHaKO b H acTonm eM  BHAe noA yneH H bie  
AaHHbie ocBem aioT HeKOTopbie CTopoHbi BepTHKaAbHoñ cTpyKTypbi b o a  Mo3aM- 
ÔHKCKOrO npoAHBa H HX THApoXHMHHeCKHe OCOÖeHHOCTH.

A B S T R A C T

T n e  M o z a m b iq u e  S t r a i t  is  a  re g io n  of th e  I n d ia n  O c e a n  c h a ra c te r iz e d  b y  th e  d is t in c t iv e  
o c e a n o g ra p h ic  r e g im e .T h e  v e r t i c a l  s t r u c tu r e  of th e  w a te r s  in  th i s  S t r a i t  is  c o m p le x .I t i s  d e f in 
e d  b y  th e  n a tu r e  of in te r a c t io n  of th e  w a fe r  m a sse s  of d if f e r e n t  o r ig in .  S ix  ty p e s  of w a te r s  
o c c u r  in  th e  w a te r  c o lu m n  of t h e  M o z a m b iq u e  S t r a i t  w i th in  1500 m : th e  s u rfa c e  t ro p ic a l ,  s u r f a 
ce  s o u th - e q u a t io r ia l ,  s u b s u r fa c e  s o u th -e q u a to r ia l ,  s u b s u r fa c e  s u b tro p ic a l ,  in te rm e d ia te  s u b a n -  
t a r c t i c  a n d  th e  N o r th - I n d ia n  d eep  w a te r  of th e  A r a b ia n  o r ig in .

B e in g  fo rm ed  in  d if f e r e n t  c l im a tic  re g io n s  o f th e  I n d ia n  O c ea n  th e se  w a te r  m asses  in  th e  
M o z a m b iq u e  S t r a i t  a re  d is t in g u is h e d  n o t  o n ly  b y  th e  te m p e r a tu r e  a n d  s a l i n i t y  b u t  a ls o  b y  th e  
c o n te n t  of o x y g e n  a n d  b io g e n o u s  e le m e n ts .  T h e  w a te r  m a sse s  in  th e  M o za m b iq u e  S t r a i t  f lo 
w in g  fro m  th e  S o u th  a re  c h a r a c te r iz e d  b y  th e  h ig h  c o n c e n tr a t io n  of o x y g e n  a n d  lo w  c o n c e n tr a 
t io n  of b io g e n o u s  e le m e n ts ,  a n d  o n  th e  c o n t r a ry ,  th e  w a te r s  fo rm ed  in  th e  N o r th e rn  p a r t  of th e  
I n d ia n  O c e a n  a re  d is t in g u is h e d  b y  a b u n d a n c e  of n u t r i e n t  s a l t s  a n d  lo w  c o n c e n tr a t io n  of o x y g e n .
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B .  B .  C e p b i ü

0  BOftOOEMEHE ME/KAY KPACHBIM MOPEM 
H AAEHCKHM 3AJIHBOM

B nocjienHee BpeMH Bee öojibiuee BHHMaHHe ynejineTcn BcecTopoHHeMy H3y- 
neHHio HHfluñcKoro OKeaHa h ero oKpaHHHbix Mopen. H anóojibm nn- HHTepec 
npe^cTaBJiHtoT KpacHoe Mope h nepcnflcK nn 3ajinB, KOTopbie nrpaioT 3Hann- 
TejibHyio pojib b nO/UiepdiaHHH cojieBoro OajiaHca ceBepHon nacTn HHflnncKoro 
OKeaHa.

n o  p a3 H b IM  flaH H bIM  [1 , 2 ] ,  CTOK COJieHbIX BOU TO JibK O  H 3 KpaCHOrO MopH
KOJieôjieTCH o t  3 0 0  0 0 0  h o  4 8 0  0 0 0  M s ¡ceK , h to  b cpeflHeM 3a  ro n  cocTaBJineT 
oko jio  12 5 0 0  k m 3, t .  e . 5 %  oObexia ero  boh. n p n  oTcyTCTBHH penHoro c to k h
H HHHTOÍKHOM KOJIHHeCTBe OCaHKOB B KpaCHOM MOpe 3T0T OÔtCM  BOflbl, a T3KHÍG 
noTepH npH ncnapeHnn (6oJiee 1 0 0 0  k m 3 ¡eod)  [ 3 ,  4 ]  KOMtieHcnpyioTCH TOJibKO 
npHTOKOM boh H3 AneHCKoro 3ajiHBa. B epcejuin  (1 9 2 5  r .)  nepBbin oßpaTHJi 
BHHMaHHe Ha MHorocHOHHocTb cTpyKTypbi TeneHHH b Ba6-3Hb-MaHHe6cKOM 
npojiHBe h BbicKa3aji HeKOTopbie npennojioiKeHHH OTiiocnTejibHo ce30HHbix 
H3MeHeHHH pexfHMa TeneHiiH b npojiHBe [ 2 ] .  ToMncoH (1 9 3 9  r .) ,  a no3HHee h H en-  
MaH [41 npHUIJIH K BblBOny, HTO Ha UHpKyjIHllHK) BOH b  KpaCHOM MOpe ÔOHbUiee 
BJiHHHHe 0Ka3biBaeT HcnapeHHe h njioraocTHbin oOm ch , neM BeTep. CjienyeT 
H anO M H H T b, HTO BeTpOBOH peDKHM nOflBepiKeH Ce30HHOH H3MeHHHBOCTH TOJibKO 
b  hddkhoh nacTH KpacHoro Mopn, rne c Maa no ceHTHÖpb HaOjiionaeTcn ceßepo- 
ceBepo-3anaflHbiH BeTep, a c OKTnöpn no anpejib —  loro-ioro-BOCTOHHbiH, b  t o  
BpeMH KaK b ceBepHon nojioBHHe Mopn nocTonniio rocnoncTByioT Berpbi ceBepHbix 
HanpaBJieHHH. B nocjieHHne tohh  HHCTpyMeiiTajibHbie HaßjnoneHHH 3a Teneunn- 
MH B npOJIHBe ÔbIJIH npOBeneHbl TOJibKO Ha H/C «IO. M. IIIOKajIbCKHH» H 
«A. H. BoenKOB» [ 1 ] . B ee  uccjieflOBaTejin cxohhtgh b tom , hto jieTOM b  npojin- 
Be cymecTByHDT TpexcjionHwe TeneHnn, a 3 hmoh —  HByxcjionHbie, t . e. r j iy -  
ÔHHHoe cTOKOBoe H3 KpacHoro Mopn n npoMexiyTOHHoe KOMneHcannoHHoe 
TeneHnn HBRCTByioT Ha npoTMDKemin Bcero rona, MeHneTcn TOJibKO noBepxHOCT- 
Hoe HpentjiOBoe TeneHne. OflHano, ynnTbiBan KaK croHHO-HaroHHbin xapaKTep 
noBepxHocTHon LinpKyjiniiHH boh , TaK n ôojibinne KOJieôaHnn b tohobom xofle 
HcnapeHHH KpacHoro Mopn, modkho npennojiODKHTb, hto nepenncjieHHbie (JiaKTopbi 
He MoryT He OTpa3HTbcn Ha HHTeHCHBHocTn nocTOHHHbix TeneHnn b Ba6-3jib- 
MaHneöcKOM npojiHBe.

B flaH H O M  cooßmeHHH flejiaeT cn  nonbiTKa KOCBeHHbiM nyTeM BbinBHTb 
xapaK Tep ceaoHHbix H3MeneHHH HHTeHCHBHOCTH rjiyön n H b ix  TeneHnn b n p o- 
JIHBe H Bb!3bIBaiomHe HX npHHHHbl. 

n ep B b ie  m am  b stom  HanpaBJieHHH 6biJin npennpnH nTbi EropoBbiM  [3]. 
C yneTOM ronoB oro  x o n a  ncnap eH n n  n (JiaKTnnecKHX K ojieöaH nn ypoBHH K pacH O - 
r o  Mopn (p n c . 1, a)  hm cn e jia n  b h b o h , h to  jtc tom  npeBbim eH ne npnTOKa boh

1 9 5
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I Ul V rn ¡X x i i

P h c .  1 . T o a o B o ii  x o ä  y p o B H si k n o T e p b T e m ia  H a H c n a p e m e  b K pacH O M  m o-  
p e ,  n o  H .  H .  E r o p o B y  (a), n  ce30H H t>ie KOJieöaHHH T e M n e p a T y p w , co jieH O -  
CTH ti K H C JiopoÄ a K pacHO M opcKH X BOÄ n a  B b ix o A e  H3 B a 6 - 3 J ib -M a n a e 6 c K o r o

n p o a n B a  (6 )

b KpacHoe Mope na;; ctokom  na nero  ,to ji> k h o 6biTb i io k th  b abh pa3a 6ojib- 
U ie, HeM 3HM0H.

Ha pHc. 1, 6  npeflCTaBjieH to a o b o h  xoji, c o jic h o c th , TeMnepaTypbi h  coflep- 
HCaHHH paCTBOpeHHOrO KHCJiopoAa A,;!« rjiyÖHHHOH KpaCHOMOpCKOH BOflbl, BblXOAH- 
AHineñ Kepe3 B a 6 - 9.T b - Ma H^eöc k u ij ripojiHB. JXjih nocrpoeHHH KpnBbix 6biJiH 
npHBjie^eHbi MaTepHajibi Haöjiio^eHHß Tpex 3Kcne^nu,HH A3HepHHP0 Ha s /c  
«BjiaaHMnp Bopoßbeß» (1961— 1964 rr.) Ha CTaHflapTHOM pa3pe3e y roro-BOCTOH- 
HOH rpaHHU,bi Ba6-3Jib-MaHfle6cKoro npojiHBa (Bcero 14 cTaHunâ); KpoMe Toro, 
npn aHajiH3e 6bijin Hcnojib30BaHbi 24 CTaHUHH, BbinojiHeHHbre b s to m  pañoHe 
c a/c «A. H. BoeñKOB» (1959 r.), «IO. M. liloKajibCKHH» (1960 r.), «Atlantis», 
«Owen» (1957— 1958 rr.), «Ormonde», (1927 r.). OopMa kp h bb ix  cBHfleTejib-
CTByeT O pe3K0 BbipaHCeHHOH ce30HH0CTH 4)H3HKO-XHMHHeCKHX XapaKTepIICTHK 
CTOKOBblX BOA KpaCHOTO MOpH. 3lIM0H H BeCHOH npn Bbixo^e B A achckhh 3aJIHB 
KpaCHOMOpCKHe BOÆbl nOHTH nOJIHOCTbK) COXpaHHIOT CBOH XapaKTepHCTHKHI
T e M n e p a r y p a  21—23°, co jieH o cT b  38,5—39,0'/0o, c o A ep m a H fie  KHCJiopoAa 1,6— 
2,3 m a / a .  B  m o j i e  —  ceHTHÖpe, H anpoT H B , 9th boah bbixoaht y> xe 3H aqiiT ejibH 0  
TpaHct¡)opMHpoBaHHbiMH: T e M n ep a T y p a  hx He n p eB b iin aeT  16— 17,5°, c o j ie n o c T b  
36,0— 36,5"/o», KOJiHHecTBo KHCJiopoAa 0 ,4 — 0,6 m a ! a .  3 th  BeJiiiHHHbi b k3koh-to 
CTeneHH orpa>K aioT  HHTeHCHBHocTb rjiyÔ H H H orô CTOKa boa K p a c H o r o  M opn  
b TeqeHne roAa, noaroMy mo>kho 3aKjHoqiiTb, hto MaxcHMyM CTOKa npHXOAHTCH 
Ha 3HM y h B ecH y , a  MHHHMyM —  Ha J iero .

r ip H  COnOCTaBJieHHH 9THX XapaKTepHCTIIK C KOJieÔaHHHMH ypOBHH K p a c H o r o  
M opn oÔHapyjKHBaeTCH C H H xponH ocTb b roaoBOM  x o ^ e :  H a n ô o jie e  h h 3 k o m y  
nOJlOHíeHHK) ypOBHH COOTBeTCTByei MHHHMajIbHblH CTOK h  H a o ôop oT  (cm . p l ie .  1). 

CaM y p o B eH b  K p a c H o r o  M o p n  o n p a je j m e T c a  b o c h o b h o m  t o a o b h m  x o a o m  i ic n a -  
peHHH, a  T a n a te  croHHO-HaroHHOH u n p K yjiH U H en  b  noBepxHOCTHbix c j io h x  
A /teH C K oro 3ajiH B a h  k w îh o h  noJioBHHbi K p a c H o r o  M opn  noA A eñcT BH eM  M yccoH -  
HblX BeTpOB. 3hMOH BCJieACTBHe HHTeHCHBHOrO HarOHa BOflbl H3 AfleHCKOrO 3ajIH - 
B a y p o B eH b  b KpacHOM  M ope noBbim aeTCH  (n c n a p e H H e  b 9 t o t  n e p n o A  m h h h -  
M ajibH oe).

r JiyÖHHHblM nOTOKOM H3ÖHT0K KpaCHOMOpCKOH BOAbI BbIHOCHTCfl Hep£3 
Ba6-3jib-MaHfle6cKHH npo^HB b A achckhh 3aJiHB. CyAH no TeMnepaType h

1 9 6

9 7 2



C O J ieH O C T H  ( c m . p H C . 1 ) ,  CT O K  K p a C H O M O p C K H X  B O A  A O C T H r a e T  M a K C H M y M a  

y j K e  k  K O H u ,y  H O H ß p n  h  A e p jK H T C H  H a  s t o m  y p o B H e  B n A O T b  a o  K O H u a  M a n ,  

K O T f la  O H  H C 3 H a H H T e J lb H O  B T O p H H H O  n O B H U ia E T C H .

O c h o b h o h  n p H H H H O H  CT O K O B O T O  r j i y Ö H H H o r o  T e n e H H H  b  B a 6 - 9 J i b - M a H f l e 6 c K O M  

n p o A H B e  C H H T a e T C H  3 H 3 H H T e j lb H a H  p a 3 H 0 C T b  B n jIO T H O C T H  B O A  K p a c H o r o  M o p H  

h  A a ê h c k o t o  3 a j i H B a ,  K O T o p a n  o c T a e T C H  H a  n p o T H X K e H H H  n o H T H  B c e r o  r o A a  

n o c T O B H H O H . C A p y r o f i  c T o p o H b i ,  H e  M e H e e  B a x i H y i o  p o j i b ,  n o - B H A H M O M y , n r p a e T  

c r o H H o - H a r o H H a n  11.H p K y j iH U .H H , K O T o p a n  H a K J ia A H E a e T C H  H a  n j i o r a o c T H y i o  

H  n p O H 3 B O f lH T  C O O T B e T C T B y iO IU H H  S ^ e K T .  B  3 H M H H H  IIC p H O A  ST O  B b ip a > K a e T C H  

B  T O M , H TO B C J ie A C T B H e  n O B b lH ie H H H  y p O B H H  B K p a C H O M  M o p e  y B e j lH H H B a e T C H  

A a B J ie H H e  H a  r j i y Ö H H H b i e  c j i o h ,  K O T o p b ie  K a K  6 b i  B b iA a B J iH B a io T C H  n o  H a n p a B J i e -  

H H K ) k  n p o j i i i B y .  r io A O Ö H o e  H B J ie H H e  H a ß j i io A a e T C H  H a  n p o T H J K e H H H  B c e r o  

3 H M H e r o  n e p H O A a ,  K o r ^ a  l o r o - io r o - B O C T O H H b iH  B e r e p  o n e H b  y c T O H H H B , a  A p e f t -  

( fO B b lH  n O T O K , B  O C H O B H O M  O C ym .eC T B J IH IO U l.H H  H a T O H  a A e H C K H X  B O A , H B b lC O K O e  

n o j i o j K e H H e  y p o B H H  b  K p a c H O M  M o p e  c o x p a H H i o T C H  B n j i o T b  a o  K o i m a  M a n .  

n o B e p x H o c T b  p a 3 A e j i a  M e J K A y  b x o a h i u h m  h  b h x o a h i u h m  n o T O K a M H  b  c a M O M  B a 6 *  

3 J i b - M a H A e 6 c K O M  n p o j i H B e  h 3 X o a h t c h  b  s t o m  c j i y n a e  H a  r j i y Ö H H e  7 5 — 1 0 0  m , 
n o H H J K a n c b  b  H a n p a B J i e H H H  k  B b i x o A y  b  A a c h c k h h  3 a j i H B .  B  n o c j i e A H e M  x a p a K T e -  

p H C T H K H  K p a C H O M O p C K O H  B O A b I C O X p a H H IO T C H  H a  ß O J Ib U IO M  y A a J ie H H H  OT n p O J I H -  

B a .  T a n ,  n o  H a ß j i io A e H H H M  s / c  « A t l a n t i s »  1 0 — 1 2  h i o h h  1 9 5 8  r .  b  6 0  m h j i h x  o t  

n p o j i H B a  T e M n e p a T y p a  s t o h  b o a h ,  o G n a p y j K e H H O H  y  a A e H C K o r o  K O H T H H e H T a j ib -  

H o r o  C K j io H a  H a  r j i y Ô H H e  5 0 0 — 1 0 0 0  m , ê b u i a  2 1 , 8 ° ,  c o j i e H O C T b  3 9 , l°/oo h  c o A e p -  

j K a H H e  K H C J io p o A a  1 , 6 1  m a /a  [ 5 ] .

/ I e T O M  n a c T b  b o a  K p a c H o r o  M o p n  c r o H H e T C H  c e B e p o - 3 a n a A H H M H  B e T p a M H  

b  A a c h c k h h  3 a j i H B .  O a h o b p c m c h h o  p e 3 K O  y c H J iH B a e T C H  H c n a p e H H e ,  A O C T H r a io -  

m e e  M a K C H M y M a  b  c e p e A H H e  h i o j i h . B  p e 3 y j i b T a T e  S o j i b u i H x  n o T e p b  b o a h  y p o 

B e H b  M o p n  3 H 3 H H T e j ib H O  n o H H J K a e T C H , h t o  B J i e n e T  3 a  c o 6 o h  y c H J i e H n e  n p o M e u t y -  

T O H H o r o  T e n e H H H  H 3  A A e H C K o r o  3 a j i H B a .  / t p e ñ c ^ O B o e  T e n e H H e ,  H a n p a B J i e H H o e  

b  S T O T  n e p H O A  H 3  K p a c H o r o  M o p n  b  A a c h c k h h  3 a j i H B ,  3 a x B a T b i B a e T  n o B e p x H O C T -  

H b ie  c j i o h  a o  5 0  j i t .  H h j k h h h  r p a H H u a  n p o M e J K y r o n H o r o  T e n e H H H  o n y c K a e T c n  a o  

1 5 0  m , T . e .  n o B e p x H o c T b  p a 3 A e J i a  M e * A y  h h m  h  r j i y ö H H H b iM  cT O K O B b iM  T e n e H n e M  

H a x o A H T C H  n o H T i i  H a  y p o B H e  n o p o r a  B a 6 - s j i b - M a H A e 6 c K o r o  n p o j i H B a .  B  s t o m  

c j i y n a e  n o p o r ,  p a c n o j i a r a i o i u H H C H  c o  C T o p o H b i  K p a c H o r o  M o p n  b  8 0  m h j i h x  o t  

y 3 K O H  H a c T H  n p o j i H B a  H a  r j i y Ô H H e  o k o j i o  1 7 0  m , c j i y j K H T  n p e r p a A O H  H H H C H eM y  

T e n e H H i o ,  3 a A e p > K H B a H  e r o  h  n p H B O A H  b  k o h c h h o m  c n e T e  k  H H T e H C H B H O M y  n e p e -  

M e n iH B a H H i o  b o a  n a  n o B e p x H O C T H  p a 3 A e j i a .  M e M  c H j i b H e e  n o T p e Ô H O C T b  b  k o m -  

n e H c a i i H H  b o a  K p a c H o r o  M o p n ,  T e M  é o j i b u i e  M c m H O C T b  n p o M e m y T o n H o r o  t c h c h h h . 

B  p e 3 y j i b T a T e  n p H A O H H o e  T e n e H H e  o c j i a ß e B a e T  h  b  O T A e J ib H b ix  c j i y n a n x  B o o ß m e  

M o m e T  n p e K p a T H T b C H .  M a c T b  K p a c H O M O p c K H X  b o a  y B J ie K a e T C H  n p o M e J K y T o n -  

H b iM  T e n e H H e M  h  B 0 3 B p a m ,a e T C H  B M e c T e  c  h h m  b  K p a c H o e  M o p e .  O c T a j i b H a n  

n a c T b  3 H 3 H H T e j ib H O  T p a H c t f o p M H p y e T C H ,  T e p H H  c b o h  n e p B O H a n a j i b H b i e  x a p a K T e -

p H C T H K H .

B  caMOM n p O A H E e ,  H a n p H M e p ,  COJICHCCTb B  npHAOHHbIX CAOHX B  ST O  

BpcMH He n p H E b i u ia e T  3 6 , 5 ° / 0 0 .

C  c e 3 0 H H b iM H  K O J ie ô a H H H M H  C T O K a  r j i y Ô H H H b i x  b o a  K p a c H o r o  M o p H  n e p e 3  

B a 6 - S J I b - M a H A e 6 C K H H  n p O J I H B  C B H 3 3 H H  H C K O T O p b ie  O C C G eH H O C T H  H T H A P O X H M H -  

n e c K o r o  p e j K H M a  H c c j i e A y e M b i x  e o a o c m o b ,  T a K ,  c o A e p j K a H H e  K H C J io p o A a  b  T p a H C -  

(J jO p M H p O B a H H O H  B O A e  K p a C H O M O p C K O T O  n p O H C X O H I A e H H H  n O H H H ie H O  J ieT O M  AO  

0 , 6  m a /a .  3 t o  n o ö y A H J i o  M y p o M i i e B a  [ 1 ]  o x a p a K T e p H 3 0 B a T b  h x  K a K  b o a h  

c  M H H H M a j ib H b iM  3 a n a c o M  K H C J io p o A a ,  h t o , n o  e r o  m h c h h i o , n p H B O A H T  k  K p a f i H e  

H H 3 K O M y  C O A e p J K a H H IO  K H C J io p o A a  B  r J iy Ö H H H b lX  C JIO H X  A A e H C K o r o  3 a J I H B a  

h  A p a B H ñ c K o r o  M o p n .  C  t h k h m  M H e n n e M  T p y A H O  c o r j i a c H T b c n :  K a K  h 3 b c c t h o .  

c o A e p * a H H e  K H C J io p o A a  b  r j iy Ö H H H O H  E O A e  K p a c H o r o  M o p n  B C J ie A C T B H e  x o p o u i e ñ  

h  ß b i c T p o H  a s p a u H H  A O C T H r a e T  2 , 0 — 2 , 3  m a /a .  i 3 . a » e  b  3 a n a A H o ñ  n a c T i i  A A e H 

C K o r o  3 a J iH B 3 v  b  K p a C H O M O p C K O H  B O A e  o h o  b  2 — 3  p a 3 a  G o j i b i n e ,  n e M  b  a A e H C K O H ,  

h  A O C T H r a e T  1 , 2  m a /a .  B  s t o m  o t h o i t c h u h  n o r a s a T e j i b H O  p a c n p e A e j i e H n e T e M n e p a -  

T y p b i ,  c o j ie H O C T H  h  K H C J io p o A a  H a  p á s p e s e  B e p ß e p a  ■— A a c h ( p h c . 2 ) .  M i i H H M a j ib -
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H an KOHueHTpauHH KHCAopoAa ( 0 ,3 — 0 , 4  m a /a) Ha rjiyÔHHe 2 0 0  m  OTMeneHa 
b npoMe>KyToqHOH BOAe, pacnpoerpaHHiomeHCH M3 ApaBHñcKoro Mopn. Ecah 
nepeHOC oècAHeHHbix khcaopoaom boa h3 Hero oTpnuaTeAbHo cKa3biBaeTCH Ha 
KHCAOpOAHOM pejKHMe AaCHCKOTO 33AHBa H OTH3CTH K3/KHOH H3CTH KpaCHOTO 
MopH, TO CTOK KpaCHOMOpCKOH BOAbI, COXpaHHK)IH,eH 3anac KHCAopoAa 
npn BbIXOAe B 33AHB, B KaKOH-TO CTeneHH AOAHieH KOMneHCHpOBaTb 9TOT HeAO- 
CT3T0K.

Be3yCAOBHO, Ce30HHblé H3MeHeHHH B BOAOOÔMeHe Me>KAy KpaCHblM MopeM, 
AAeHCKHM 33AHB0M H ApaBHHCKHM MOpeM ÖyAyT CKa3bIBaTbCH H Ha KHCAOpOAHOM 
peJKHMe HCCAeAyeMbix boaocmob. JleTOM, KorAa ycHAHBaeTCH npoMOKyTOHHbiH 
nOTOK H3 ApaBHHCKOrO MOpîi, KOMneHCHpyiOIAHH yßblAb BOAbI B Aachckom 
33AHBe H KpacHOM MOpe, CAOH MHHHMyMa KHCAOpOAa BbipanteH CHAbHee H pac- 
npocTpaHHeTCH A a*e b KpacHoe Mope. B cbh3h c 9thm b Ba6-9Ab-MaHAe6cKOM 
npoAHBe b HioAe — OKTHÔpe coAeparaHHe KHCAopoAa b TpaHccfiopMHpoBaHHbix 
KpacHOMOpcKHX BOAaX 3H3HHTeAbHO nOHHHieHO H M3A0 OTAHHaeTCH OT COAepHO- 
HHH, THnHHHOrO B 9T0T nepHOA ÄAH npOMOKyTOHHblX BOA AAeHCKOTO 33AHBa. Ho 
C HOHÖpH no HIOHb KpaCHOMOpCKHe BOAbI COXpaHHK)T 3H3HHTeAbH0e KOAHHeCTBO 
KHCAopoAa Aaxre npn CBoeM npoABHHreHHH b 3anaAHOH nacTH A achckoto 33AHB3 
(cm. PHC. 2). HhHMH CAOB3MH, KOHUeHTpaUHH KHCAOpOAa B KpacHOMOpcKHX 
BOAax yôbiBaeT nponopuHOHaAbHO hhtchchbhocth  hx TpaHCc})opMau,HH b Ba6-9Ab- 
MaHAeëcKOM npoAHBe (cm. pnc. 1, 6), hto  noATBep*AaeTCH npHMOAHHeñHOH 
CBH3bIO, yCTaHOBAeHHOH H3MH MOKAy TepM0X3AHHHbIMH XapaKTepHCTHK3MH 
H COAepHiaHHeM KHCAopoAa B KpaCHOMOpCKOH BOAe.

BbIBOflbl

1. Ctok KpacHOMOpcKHX boa Hepe3 Ba6-9Ab-MaHAe6cKHH npoAHB noABep- 
HieH Ce30HHbIM KOAeÔaHHHM H 33BHCHT He TOAbKO OT nAOTHOCTHOH CTpyKTypbl 
BOA, ho H OT pHAa APyrHX c})aKTOpOB, OnpeAeAHKHUHX aHOM3AHH B rOAOBOM 
xoAe BOAOoÔMeHa MOK/iy KpacHbiM MopeM h Aachckhm 33ahbom: croHHO-HaroH- 
Hbix KOAeôaHHH ypoBHH h ce30HHoro xoAa HcnapeHHH b KpacHOM Mope, a TaKsre 
o t Manbix BbixoAHbix rAyÔHH npoAHBa.

2. B 3HMHHH h BeceHHHH nepHOAbi npn HanôoAee bhcokom ypoBHe KpacHoro 
Mopn h H3AHHHH AsyxcAOHHOH CTpyKTypbl TeneHHH b npoAHBe (ApeñcJioBoe — 
b KpacHoe Mope h rjiyÔHHHoe — H3 Hero), ctok  KpacHOMOpcKHX boa nanfioAee 
yCTOHHHB H HHTeHCHBeH. JleTOM, K0TA3 nOTpeÔHOCTb B KOMrieHCaUHH BOA KpaCHO- 
ro MopH AOCTHraeT MaKCHMyMa, bxoahih,hh npoMe*yTOHHbiH noTOK npeoÔAa- 
AaeT h noHTH noAHocTbio noAaBAHeT cToKOBoe rAyÔHHnoe TeneHHe.

3. C HOHÔpa ao cepeAHHbi hk>hh BbixoAHmne b A achckhh 33ahb KpacHO- 
MOpCKHe BOAbI B OCHOBHOM COXpaHHIOT BbICOKHe 3H3HeHHH TeMnepaTypbl H COAe- 
HOCTH H OTAHHajOTCH nOBblUieHHblM COAepjKaHHeM KHCAOpOAa, B TO BpeMH KaK 
B HIOAe —  OKTHÖpe OHH nOHTH nOAHOCTbK) TpaHC(J)OpMHpyiOTCH HaA B a 6 - 9 A b -  

MaHAeöcKHM noporoM, CMeuiHBaHCb c boa3mh A achckoto 33AHBa.

A B S T R A C T

The paper uses the materials of observations conducted during a three-year period on 
board of the ets «Vladimir Vorobiew» (1961—1964) along the cross-section by the nerth-eastern 
boundary of the Bab-el-Mandeb S trait. Indirect methods have allowed to determine the charac
ter of sudden seasonal intensity variations of the deep water outflow from the Red Sea into 
the Gulf of Aden, and their causes.

Thermochafine and hydrochemical parameters of the Red Sea water change during the 
year in proportion to the process of its transformation in the Bab-el-Mandeb Strait. From Novem
ber till May the Red Sea waters, flowing to  the Gulf of Aden, retain  the high temperature 
potential (21—23°), salinity (38.5—39.0%) and oxygen (1,6—2.3 ml/1), while in July — Octo
ber these characteristics are considerably changed over the Bab-el-Mandeb sill; their tem 
perature does not exceed at that time 16.0—17.5°, salinity 36.0—36.5% and oxygen
0.4—0.9 ml/1.
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R eprin ted  from  Okeanol. i s s l e d no. 19, 1968, p. 201-214

B .  A .  E u 6 u k

OCOEEHHOCTH H lflPO JIO rH ^ECK H X yCJIOBHÏÏ 
CEBEPHOÏÎ TIACTM KPACHOrO M OP#

B 3 H M H H Ï Ï  C E 3 0 H  19 6 4 /65  r .

Bcjie^cTBHe ocoôeHHOCTeü reorpaijjiH iecK oro nojiojK eH ua K pacH oro  M opa, 
OTCyTCTBHH peHHOTO CTOKa H HHTeHCHBHOrO HCnapeHIia (})H3HKO-XHMHUeCKHe 
xapaKTepiicTHKH e ro  b o a  p e 3Ko OTjiuaaiOTCH o t  xapaK TepucTiiK  b o a  A p y ru x  
BOAoeMOB M npO Boro OKeaHa. O ß jiaA aa oueHb ôojibiuiiM  3 anacoM  co jien  h TenJia, 
KpacHOMopcKiie boabi OKa3biBaioT onpeAeJieHHoe b jih h h h c  n a  pexuiM  rjiyóiiH H oñ 
30Hbi H h a h h c k o to  OKeaHa, rAe o h h  cjiopMHpyioT npoMeuiyTOUHbiH cjioh  b o a h  
C MaKCHMyMOM COJieHOCTH.

O a h an o  OKeaHorpacjjuTCCKiiH peraiiM  K pacH oro  M opa h  ocoöeHHO e ro  ceßep- 
HOH aacTH H3y aen  c jiaö o . CßeAeHHa o e ro  rHApojioniaecKHX ycJiOBiiax ocHOBaHbi 
b OCHOBHOM Ha M aT epuajiax  HenpoAOjuKHTejibHbix, 3auacT yio  3nH30AHuecKiix 
H a Ö A I O A ë H H H ,  KOTOpbie A3KDT J I H I H b  06f f l ,H e ,  HpHTCM IIHOTAa He COBCeM E e p H b i e ,  

npeACTaBJieHHH o pacnpeAejieHHH OKeaHorpacfmuecKiix xapaKTepHCTiiK.
H a H Ö o j i e e  nojiHhie H c c j i e A O B a H H a  b c e B e p H o ñ  u a c T H  K p a c H o r o  M opa 6h jih  

B b i n o j i r i e H b i  S K c n e A H H H e ñ  A aHepHHPO ( H o a ß p b  1 9 6 4 — a n p e j i b  1965 rr .)  na 
9 / C  « H X T H O J I O r » . P e 3 y j I b T a T b I  S K C n e A H U H H  n 0 3 B 0 J !H J I H  n O A p O Ó H O  OCBeTIITb 
r H A p o j i o r n a e c K i i e  y c j i o B u a  c e B e p H O H  u a c r i i  K p a c H o r o  M o p a  b 3hm hiih c e 3 0 H ,  

K O r A a  B C J ie A C T B H e  H H T e H C H B H O r O  p a 3 B H T H a  3 H M H e ñ  K O H B e K H H II  n p o i i c x o A H T  

t J io p M H p o B a H H e  r j iy Ó H H H O H  boah  oh  M a c c b i  K p a c H o r o  M o p a .  3a s to  B p e M a  6 h jih  
n p o B e A e H b i  T p n  o K e a H o r p a c l i H u e c K K e  c u e M K i i  M o p a  k  c e B e p y  o t  T p o n H K a :  b A 6 K a 6 -  

p e ,  b H H B a p e  h b K O H u e  M a p T a  —  H a u a j i e  a n p e j i a .  H a ß j n o A e u H H  n p o B O A H J iH C b  

H a  A B y x  p a 3 p e 3 a x :  o t  r .  X y p raA a  h o t  M b i c a  P a c - 3 r e j i a .

K p oM e T o r o , AJia c 6 o p a  AaHHbix o  peruiiM e M op a  b  u ejioM  h  A-aa oueH K H  b j i h h -  

HHa n o cT y n a io iu H X  c  io r a  B O A A A en cK oro  3ajiH B a Ha OKeaHorpacfiHHecKHe ycjioBH H  
K p a c H o r o  M op a b  KOHue H H Bapa —  H auaJie (JieB pajia h b m h  ó b ijia  B binojiH eH a  
n o jiH a a  cueM K a M o p a . n p n  npoBeACHHii OKeaHorpacJmuecKHX n ccjieA O B aH iiñ  noMH- 
Mo paôO T b  OTKpBiTOM M ope Ha n o n e p e u H b ix  p a 3 p e 3 a x  i i3 y u a j ic a  peJKHM b o a  

b  p a ü o H a x , npeA C T aB jia io iuH x iiH T ep ec  a j i h  pa3B H T iia  pbiC'ojioBCTBa OAP (C y a u -  
KiiH 3 a j iiiB , 6 y x T a  Camara, c e B e p H a a  u a c r b  3ajiH B a 4 > a y ji-B e H  h  A p -)- B 3TIIX 
paÜOHaX BbinOJIHaJIHCb MHKpoCbeMKH, CyTOUHbie C T 3 H U H H  H  npOBOAHJIHCb h só jiío - 
A eH iia  sa  T e a em ia M ii.

B c e ro  3a BpeMa SKcneAHUHii b KpacHOM Mope 6 buio BbinojiHeHo 1 1 0  rHApo- 
jio rnuecK iix  c t 3 h u h h  1. HaßjiioAeHHa npoBOAHJiHCb Ha CTaHAapTHbix ro p n 30H- 
Tax a o  rjiyÓHHbi 5 0 0 — 6 0 0  m, a Ha OTApJibHbix c ra H u n a x  —  a o  8 0 0 — 1 0 0 0  m.

1 K a p T a  O K e a n o rp a tf i im e c K H X  cT aH U H Íi, B b in o j n i e H H b i x  b  K p a c n o M  M ope n a  a / c  « H x t h o j i o i » ,  
n p H B e n e H a  b  c T a T b e  B. H. K o B iiK O B a , K O T o p afl n y ö jiH K y e T C H  b  HacTOsimeM cCopH H Ke.
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riOMHMO AByX MHOrOCyTOHHblX ÔyHXOBblX nOCTaHOBOK C CaMOriHCUaMH TeneHHH 
A aexceeßa b oTKpbiTOM Mope 6hjih CAeJiaHbi Taxixe 10 CTaHiran b npnôpeixHOK 
30He, Ha KOTopbix npoH3BOAHJiHCb HenocpeAcraeHHbie H3MepeHiia TeneHHH 
c 33HKopeHHoro cyAHa ao rjiyÔHHbi 100 m.

nepenncJieH H bie M aTepaanbi öhjih HcnoJib30BaHbi rjisí HanncaHHH H ac ro a  
m en  CTaTbH, B XOTOpOH paCCMaTpiiBaiOTCH B onpocbl O Ce30HH0H H3MeHHHBOCTH 
THApOMeTeOponOTHHeCKHX XapaKTepHCTHK, ABHJKeHHH KpacHOMOpcKHX BOA. 
KOHBexTHBHOM nepeMeuiHBaHHH h BOAHbix M accax K pacH oro  M opa.

C E 30H H M E  II3M EH EH H ÍI 
rilAPOM ETEOPOJIOrHHECKHX XAPAKTEPH CTH K

Ten.ioBOH ôajiaHc, TeMnepaTypa B03Ayxa, a Taxace TeMnepaTypa, ypoBeHb 
h cojienocTb BOAH HMeioT b KpacHOM Mope, ocoöeHHO b ero ceuepiion nacra, 
xopouio BbipaJXeHHblH ce30HHbIH XOA.

Bo.Tbinofi npHTOx TenJia b Tenayio noaoaiiHy roAa, HecMOTpa na pacxoA ero 
na HcnapeHHe, npiiBOAHT x  3HannTejibHOMy noBbiuieHHX) TeMnepaTypbi boah. 
HcnapeHiie Bbi3biBaeT noHH>xeHHe ypoBHH h oconoHeHHe boah [1, 2, 3, 4 ]. 
HanpoTiiB, b 3HMHHH ce30H HcnapeHHe yMeHbinaeTca, yposeHb Mopa noBbimaeTCH 
h ero boah oxaa>xAaiOTca ao TeMnepaTypbi, ofiecnenHBaximeH pa3BiiTne xoHBex- 
HHii ao óo.ibiHHX rjiyÖHH b ceBepHOH nacTH. HanpnMep, npeBbimeHHe cpeAHero 
ypoBHH Kpacnoro Mopa y r. Cyan 3hmoh HaA cpeAHHM ero noaoTxeHneM aeTOM 
AOCTiiraer nonra 1 m  [41.

BeTpoBoíí pe>XHM xapaxTepH3yeTca neraon ce30HH0H H3MeHHHBocTbio TOJibxo 
b roxíHoñ nacTH KpacHoro Mopa, rAe c oxTaßpa no anpejib npeoßaaAaeT loro- 
BOCTonHbiii B eiep , a c Maa no cemaOpb —  BeTpu ceBepHbix nanpaBJieHHH [5]. 
B ceBepnofi nacTH Mopa b Tenemie Bcero roAa rocnoACTByxDT ceBepHbie BeTpbi, ho 
noBTopaeMOCTb nx 3hmoh yMeHbiuaeTca, ocoôeHHo b pañoHe Cyauxoro 3ajiHBa 
(cm. Taö.Timy).
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AO N O

OT SW
Ao S O

j3 
i l'en u cc O

exæ

o t  N W  
AO NO

OT S W
AO S O

p
a3

-
H

O
CT

b

ot N W  
Ao N O

OT S W
Ao SO

pa
3-

H
CC

Tb OT N W  
AO N O

OT S W
AO S O m o

a s

H u B a p b 4 8 3 3 1 5 5 6 2 5 4 1 0 8 6 — 7 6 6 7 5 — 6 9
,4 > e B p a .ib 5 1 3 0 2 1 5 7 1 0 4 7 1 4 7 0 — 6 2 7 0 9 — 6 2
M a p T  . . . 0 2 2 6 3 6 8 1 4 7 7 1 0 8 1 — 7 1 9 6 7 — 5 8
A n p e j i b 0 4 2 5 3 9 8 9 0 8 3 8 7 0 — 6 8 8 8 0 — 7 2
Mail . . . . 7 8 1 6 0 2 9 4 4 9 0 1 8 4 4 — 2 6 1 7 0 5 — 4 8
H lO H b  . . . 8 8 8 8 3 9 9 0 9 9 2 6 2 7 —1 5 6 2 4 3 2
H lO JIb  . . . 9 0 6 8 4 9 9 0 9 9 5 8 1 0 4 8 6 6 1 1 5 5
A B ry c T  . . . 9 3 4 8 9 9 9 0 9 9 4 0 2 5 1 5 6 6 1 6 5 0
C e H ^ H o p i . 9 4 3 9 1 9 9 0 9 9 2 7 3 3 — 6 4 7 3 6 1 1
O x T a O p b 8 2 1 0 7 2 9 4 0 9 4 11 6 5 — 5 4 4 8 9 — 8 5
H o a ó p b 7 4 1 3 6 1 8 9 0 8 9 0 9 3 - 9 8 0 9 6 —96
A e x a ó p b 6 4 1 7 4 7 5 7 3 5 4 5 9 3 —  8 8 0 9 4 — 9 4

06m ,aa mipxyjiaiiHH aTMOCiJiepbi HaA ceBepHOH nacTbro KpacHoro Mopa 
b xoaoAHyx) nojiOBHHy roAa onpeAeJiaeTca B3aiiMOAeHCTBneM Tpex OapnnecxHX 
CHCTeM —  oôaacTaMH noBbimeHHoro AaBjienna HaA ceBepo-3anaAHoñ At^puxoii, 
U,eHTpaabHOH A3iien n UeHTpajibHO-A^pHxaHcxoft oêjiacTbio noHH>xeHHoro 
AaB.neHiia.
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3 h m h h h  c e 3 0 H  1964/65 r .  x a p a K T e p H 3 0 B a j i c a  n o B b i m e H H o f t  a K T H B H O C T b io  

a T M O C (|)e p H O H  u H p K y j i H U H H  H a A  c e B e p H O H  n a c T b i o  K p a c H o r o  M o p a .  O c o 6 o  

n o B b i m e H H o f t  B e T p o B O H  A e a T e j ib H O C T b K )  O T j in n a J iH C b  M a p T  h  n e p B a a  A e K a ^ a  a n p e -  

j i h ,  K o r ; i a  n o B T o p a e M O C T b  B e T p a  c h j i o h  6 — 8  ô a j i j i O B  c o c T a B J i a j i a  1 5 %  o 6 m , e r o  

n n c . / i a  H a ö . i f o A e n H H .  B n e p ß o ä  g en a u e  ( j j e B p a ^ i a  b  ¡o x h o h  n a c r a  m o p a  H a ó j i i o -  

A a n c a  y c T O H q H B b iH  lo r o - B o c T O H H b i H  B e T e p  b  4 — 5  ô a j iJ i O B .

Ce30HHbIÍÍ XOA BeTpOB, ypO BH fl H A pyrH X  C})H3HHeCKHX XapaKTepHCTHK  
K p a c H o r o  m o  p a  o n p e A e n a e T  c e 3 0 H H y io  H3MeHHHB0CTb A pencfiO Boro TeneHHH  
b B a6-3Jib-M aH A e6cK O M  n p o jiH B e, a  T a K * e  O T paxcaeT ca  Ha h h t c h c h b h o c t h  
cTOKOBoro h  KOM neHcauHOHHoro TeneHHH Ha npoT axieH H H  r o A a . K aK  n oK a3ajiH  
HCCJieAOBaHHH [ 1 , 2 ,  6 ] ,  MaKCHMaiibHbiH c t o k  rJiyÔHHHbix b o a  M op a Ha6jiK)AaeT- 
c a  B 3HMHHH nepHOA, MHHHMajIbHblH —  B AeTHHH. H o  eCJIH B TJiyÔHHHblX CJIOHX 
n p o jiH B a  K oneöaH H H  TeneHHH cH H xpoH H bi c  H3MeHeHHHMH y p o B H a , t o  b n o B e p x -  
HOCTHblX CJIOHX OHH CHHXpOHHbl C Ce30HH0H H3MeHnHBOCTbK) BeTpOBOTO peJKHMa.

K  co>KajieHHK), u b i He p a c n o n a r a e M  AOCTaTonHbiM k o j ih h c c tb o m  A aH H bix a j ih  
a H a a ii3 a  M eacroAOBbix H3MeHeHHH T H A p o jio rn n ecK o ro  peiKHMa K p a c H o r o  M o p a . 
OAHaKo Ha o c h o b 3 h h h  HauiHX M aT epnajiO B h  M aT epnajioB  A P y r n x  SKcneAHHHH, 
Bbino.THHBUiHx b HeM KpaTKOBpeMeHHbie HaôjiioAëHHH ( « A t la n t i s » ,  b 1 9 5 8  r . ,  
« S h o y o -m a r u »  b 1 9 5 9  r . ,  «IO . M . IIIoKajibCKHH» b 1 9 6 0  r . ,  «A x a A - A . K o B a jieB -  
CKHH > b 1 9 6 1 — 1 9 6 2  h  1 9 6 3  r r . ,  «K- B o jiA b ip eB » B  1 9 6 3  r . ,  « D is c o v e r y »  b 1 9 6 4  r . ) ,  
m o îk h o  cA enaT b BbiBOA, nTo Me/KroAOBbie xojieôaH H H  T eM n ep aT yp b i h  cojieH ocT H  
rjiy ô iiH H b ix  KpacHOMOpcKHX b o a  o n eH b  H eôojib iH H e. T a x ,  c p e A H a a  c o J ie H o c T b  h x  
H 3M eH anacb o t  4 0 ,4  a o  4 0 ,7 % 0, a  T e M n ep a T y p a  b o a h  —  b n p e A e j ia x  2 1 , 7  +  
+  0 ,1 ° .  B o t  n o n eM y  Bbi3biBaioT c o m h c h h h  p e3yjibT aT b i onpeA ejieH H H  cojieH ocT H , 
BbinojiH eH H bie b KpacHOM  M ope Ha 3 ,'c « A . H . BoeÜKOB» b c eH T a ß p e  1 9 5 9  r . r io  
3THM AaHHblM, CpeAHHH COJieHOCTb rjiyÔHHHHX BOA COCTaBHJia OKOJIO 4 2 ,2  Voo [ 2 ] .  
O a h h k o  h  b npeA inecT B yioiii,H H , h  b n o cjieA y io m H H  t o a h  b KpacHOM  M ope c o j ie -  
HOCTb rjiyÔ HH H bix b o a  6 b u ia  6jiH 3K a k  4 0 , 5 — 4 0 , 6 ‘Voo*

I l o  H arneM y m h c h h io , T a x o e  n o jiH o e  oôH O BJieH ne KpacHOMOpcKHX b o a  a e  
MOIVIO npOII30HTH 3 a  CTOJIb KOpOTKHH CpOK. B C3MOM A eJie, JieTKO yÔeAHTbCH, 
nTo Ha noB bim eH H e cojieH ocT H  c o Ô h h h h x  e e  3HaneHHH a o  4 2 , 2 +  , A aare ecjiH  
iicxoA H T b H3 MaKCHMajibHbix BejiHnHH CKopocTH H cnapeH H H , n o T p e ô y e T c a  3H anH - 
TejibHO ö o j ib iu e  OAHoro ro A a . B 1959 r .  6b iJia oTM eneH a cK o p o cT b  H cnapeH H H  
c  n o B e p  x h o c t h  M o p a , p a B H a a  1 ,1 4  cm I c y r tu m  [ 2 ] ,  K O Topaa noHTH BABoe B biu ie  
B ejinnH H bi, npHBeAeHHOH b p a ô o T e .E r o p o B a  [ 1 ] .  E c j ih  A onycT H T b, h t o  n p o u e c c  
H cnapeH H H  npoT eK aJi c  t h k o h  HHTeHCHBHocTbio b T eneH H e B c e r o  ro A a , t o  h  t o t -  
Aa 3TO n p H B ejio  6b i k  noB biu ieH H io cojieH ocT H  b o a h o h  to jiih ,h  K p a c H o r o  M op a  
B c e r o  n a  0 , 3  '/no- H t o ô h  noBbicH Tb c o j ie H o c T b H a  1 ,6 ° /0o, n o T p e ß o B a jio c b  6 b i n o j i-  
H ocT bio iicn ap H T b  b TeneH H e ro A a  c j io h  b o a h  t o j i l a h h o h  6 o j ie e  2 0  m .

C  A p y ro H  CTopoH bi, T3K>Ke H epeajibH O  noHHHieHHe cojieH ocT H  b o a h o h  t o j iu ih  
c 4 2 ,2 ° / 00 b 1 9 5 9  r .  a o  4 0 ,5 % o  b 1 9 6 0  r .  [ 3 ]  b p e 3 y jib T a T e  B biH oca KpacHOMOpcKHX  
b o a  b A a c h c k h h  3ajiH B , nocK O JibK y n o p o r  B a 6 -3 j ib -M a H A e 6 c K o r o  n p o jiH B a  CJiy- 
iKHT cepbe3H O H  nperpaA O H  a j ih  c b o ó o a h o t o  oÖMeHa M excuy K pacH H M  M opeM  
H AaCHCKHM 33JIHB0M [ 6 ] .  i l o  pa3HbIM AaHHblM [1 ,  6 ,  7 ,  8 ] ,  CTOK COJieiiblX KpaCHO- 
M opcKHX b o a  b cpeAHeM  3 a  t o a  cocT aB JiaeT  12  5 0 0  km 3, t .  e .  5 %  o ß b eM a  b o a  
K p a c H o r o  M o p a . ü a> K e e c j in  yBejiHHHTb 3T y UHtJjpy B A B oe, n o T p e ô y e T c a  He 
M eH ee 6 — 7  jieT , h t o ô h  n o jiH o cT b io  oÔHOBHTb rjiyÔHHHbie b o a h  M o p a .

H e  H CK jiioneH o, h t o  b  M HorojieTHeM  uHKJie H3MeHeHHH T e M n ep aT yp b i h  o c o -  
ÔeHHO COJieHOCTH BOAbI B03MO/KHH H ÔOJiee CymeCTBeHHbie OTKJIOHeHHH OT y K a -  
3aHHbIX epeAHHX BeJIHHHH. O a H 3 K O  Bp HA JIH TaKOe 3HanHTeJIbHOe n oB b im eH H e  
COJieHOCTH (H a 1 ,6 — 1 ,7 ° / 0n) MOIVIO ÖblTb BO BCeH BOAHOH TOJIIIl,e M Opa.
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O ßBHJKEHHH BOß KPACHOrO MOPB

U,HpKyjiHU,HH b o a  K p a c H o r o  M opn (n a n  n o ß ep x H o cT H o ro  c jio h , T an  h b  em ,e  
ß o jib iu e ii  CTeneHH rjiyÖHHHOH t o a u ih ) H 3yneH a H eAocraTonH O.

CyMMapHbie TeneHHH b KpacHOM Mope b o 3 h h k 3 io t  b pe3yjibTaTe OAHOBpeMeH- 
H oro a c h c t b h h  HecKOAbKHX (JiaKTopoB: B erp a , ropH30HT3AbHoro rpaAiieHTa 
AaBJieHHH, BbI3BaHHOrO IiaKJIOHOM ypOBHH MOpn H pa3HOCTbHD nJIOTHOCTeñ BOAbl 
B CeBepHOH H KMKHOH HaCTHX MopH, npHAHBHblX CHA H T. A- 3 ™  (JiaKTOpbl BbI3bI- 
BaiOT nocTOHHHbie, nepnoAHHecKHe h  A p y rn e  TeneHHH. O a h h k o  poAb k 3 jk a o h  
H3 nepeHHCAeHHbix c h a  b cJJopMiipoBaHHH cyMMapHoro noTOKa pa3AHHHa. 
B KpacHOM Mope b cyMMapHOM noTOKe npeoÔAaAaioT BeTpoBbie h  nocTOHHHbie 
TeneHHH; npHAHBO-OTAHBHbie TeneHHH HMeioT noAnHHeHHoe 3HaneHHe, 3 a  h c k a io -  
neHHeM C yaiiK oro  33AHB3, rAe h x  poAb ßoAee 3HanHTeAbHa.

C ym ecT B eH H bie P 3 3 a h h h h  b noAOJKeHHH ypoB H H  h h a o t h o c t h  b o a  M e * A y  
CeBepHblMH H KMKHbIMH paHOHaMH MOpH (TaK, B H H Bape 1 9 6 5  r . pa3HHII.a B 3H a- 
neH H H x ycAOBHOH nAOTHOCTH AJiB BepxH H X  CAoeB Ha p a 3 p e 3 a x  o t  X y p r a A b i  
h  X o A eß A b i cocT aB H A a 3 , 0 )  onpeA eA H ioT  n e p e H o c  b o a  b rA yöH H H bix c a o h x  Ha lo r  
h  b noBepxH O CTHbix —  Ha c e ß e p .

O a H 3 K O  TAaBHOH CHAOH, (JlOpMHpyiOIUeH CHCTeMy nOBepXHOCTHblX TeneHHH  
K p a c H o r o  M o p n , h b a h c t c h  B eT ep , KOTOpbiH OTAnnaeTCH ßoA b iu oH  ycTOH4HBo- 
CTbio n o  HanpaBAeH H K ), ocoôeH H O  b T e n A y io  noAOBHHy ro A a , h  A yeT , KaK npaBH AO , 
BAO A b ripOAOAbHOH OCH MOpH. B CBH3H CO CAOJKHbIM pöKHMOM BeTpOB HaA 
K pacH biM  M opeM  b x o a o a h h h  cc3 0 H  (HaAHHHe c e B ep o -3 a n a A H b ix  BeTpoB Ha 
c e B e p e  h  k w k h h x , lo ro -B o cT o n H b ix  —  Ha r a r e ) , unpK yA H iiH H  b o a  HMeeT O oA ee  
CAOjKHbiH, neM b AeTHHH c e 3 0 H , x a p a K T e p . T ocnoA C T B yiom H e BeTpbi co3A aioT  
CHCTeMy npeoÔ A aA aiom H X  noBepxH O CTH bix TeneHHH. OAHaKo H 3-3a pHAa npnnH H  
(peA b eij) A n a , K O H tfw rypauH H  ß e p e r o B , BA H H iine npHAHBHbix KOAeôaHHH H t .  a-) 
3Ta CHCTeMa cym ecT B eH H O  o t  a  h  n aeTC h o t  CHCTeMbi BeTpoB.

P e3yA b T aT b i o6p a6oT K H  h 3 6 a k )a c h h h  3 a  TeneHHHMH n o  c n o c o ß y  A H H H  [9 ]  
n oK a3aA H , h t o  CKopocTH c y T o n H o r o , n o A y c y T o n H o r o  h ocoôeH H O  neT B ep T b cyT on-  
H o ro  npiIAHBO-OTAHBHblX TeneHHH B OTKpblTOH naCTH K p a c H o r o  MQPH X apaK T epH - 
30BaAHCb HeÖOAbUIHMH 3H3neHHHMH n o  CpaBHeHHK) CO 3HaneHHHMH CKOpOCTeH 
ocT aT on H b ix  TeneHHH. T a K , Ha ro p i¡3 0 H T a x  10 h  15 m  C K opocTb nocAeAHHX  
cocT aB A H A a OKOAO 1 y 3 A a  (H a ropH 30H T e 1 5 0  m  —  0 , 6 — 0 ,7  y 3 A a ) , a  cpeAHHH  
C K opocT b n o A y c y T o n H o r o  npHAHEO-oTAHBHoro TeneHHH —  B c e r o  0 ,1  y 3 A a . 
B OTAHnne o t  npHAHBO-OTAHBHoro ocT aT onrib ie  TeneHHH ßbiAH 6 o A e e  y cT o ñ -  
nHBbiMH n o  HanpaBAeHHK).

M a T ep n a A b i H H crpyM eH TaA bH bix HaßAioAeHHH, coß p aH H b ie  sK cneA H H H ei 
A s ^ e p H H P O  ( p n c .  1 ), h  A H H aM im ecK iie K apTbi, n ocT p ceH H b ie  o t h o c h t c a b h o  
H 3o6apH necK O H  noBepxHOCTH 5 0 0  c 6  n o  AaHHblM cieM O K  b A e n a ß p e  h  M apTe ■—  
a n p e A e  ( p n c .  2 ) ,  a 3 a h  B03MO>KHOCTb He TOAbKO npeACTaBHTb cx e M y  cyM M apH bix  
TeneHHH b ceßepH O H  nacTH  M o p n , h o  h npocA eA H T b 3 a  e e  H3MeHeHiiHMH b 3hm - 
h h h  c e 3 0 H . 3 t o  no3BOAHAO yTonHHTb H 3B ecT iiy io  p a H e e  cx eM y  ABHXKeHiiH n o B e p x -  
HOCTHblX BOA b XOAOÄHyK) nOAOBHHy TOßa [ 1 0 ] ,  KOTOpaH OKa3aAaCb BeCbMa 
npHÖAHJKeHHOH. C oT A acH o n o cA eA H eñ , CHCTeMa TeneHHH b noBepxH ccTH O M  CAoe 
npeA C TaBA H A acb b BHAe A B y x  BCTpenHbix noTOKOB b o a ,  cA e A y io m n x  b H an p aB A e-  
HHH rOCnOACTByiOIB,HX BeTpOB. B ABHCTBHTeAbHOCTH HIipKyAHIIHH BOA B K p a c 
HOM M op e HMeeT 6 o j i e e  c a o jk h b ih  x a p a K T e p . CyM M apHbiñ h o t o k  b o a  b B e p x H iix  
c a o h x  o 6 p a 3 y e T  b ceßepH O H  n a c r a  M opn  CHCTeMy UHKAOHiinecKHX h  aH rauH K A o- 
HHneCKHX KpyrOBOpOTOB, KOTOpbie nOABepjKeHbl CyiH,eCTEeHHblM H3MeHeHHHM BO 
BpeM eHH. Tax, b c e B e p H o n  nacTH  M opn b paccM aT pH B aeM biii n e p n o A  BpeMeHH  
cym ecT B O B aA O  A ßa K p y r o B o p o T a  b o a  —  ycTOHHHBbiH h h k a o h h h c c k h h  h  He- 
yCTOHHHBblH aHTHHHKAOHHHeCKHH (CM. pHC. 1 , 2 ) .  B o n p e K lI  MHeHHK) O TOM, ATO 
npoHHKHOBeHHe lOiKHoro noTOKa orpaHHKHBaeTCH ceEepHbiM  TponHKOM [ 1 0 ] ,  
yK a3aH H biH  noTOK b 3 h m h h h  ce3 0 H  1 9 6 4 / 6 5  r . b  c h a m io  TpaHC^opM HpoBaHHOM  
BHAe npocAexKHBaACH h  b  ceEepHOH nacTH  M op n , n e  npoH H K an, OAH ano, b  p £ K a 6 -  
p e  h H H B ape c e B e p H e e  2 7 °  c . ui. B p a ü o H e  M bica A 6 y - ,H a p a  noTOK 33H hm 3A  bck)
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20 n 100 M

o-Ba Jlax/iâK

P h c .  1. C x e M b i uHpKyjismuH b o a  KpacHoro M o p a  (b  amape 1965 r.)
0 jia > K K a M H  n o K a 3 aH O  n o - J io jK e H u e  Ô y f tK O B b ix  C T a H u ,H ft

3anaAHyro nojioBHHy MopH. ripa AajibHeömeM ABHxœHHH Ha ceBep oh noereneH- 
Ho CMemajicH b ueHTpajibHyro h BocronHyio nacra, cymecraeHHo bjihhh Ha 
peiKHM npnôpejKHOH 3ohh apaBHHCKoro noóepexran.

TaKHM oôpa30M, Ha nporaxteHHH 3HMHero ce30Ha b HHpKyjiHu,Hti boa noBepx- 
HocTHoro cjioh Mopa k ceBepy ot TponHKa onpeAeJiHiomyio pojib nrpajiH nepeHoc 
TpaHccjjôpMHpoBaHHbix boa c iora Ha ceBep BAOJib apaBHHCKoro noôepexibH 
H  Asa KpyrOBOpOTa BOA —  HHKJIOHHneCKHH H  aHTHHHKJIOHHHeCKHH.

OTMeaeHHbiH xapaKTep ii.HpKyjiHii.HH KpacHOMOpcKHX boa b ceßepHOH nacra 
Mopa b uejiOM coxpaHHJicH h b ôojiee rjiyôoKnx cjiohx (no KpañHeñ Mepe ao  
niyÔHHbi 200 m ). HanporaB, b caMoñ iojkhoh nacra yxte Ha ropH30HTe 100 m 
HanpaBJieHHe TeneHHH MeHHjiocb H aoôparaoe. KaKH3Becrao [6 ], b3hmhhh ce30H 
b B aô-3/ib-Mahacôckom npoAHBe TeneHHe AByxcjiOHiioe: b BepxHHX cjiohx
HaôJHOAaeTCH ApeirjioBbiH noTOK boa h3 AAeHCKoro 3ajiHBa, a b hhjkhhx —  cto-  
KOBoe TeneHHe h3 KpacHoro Mopa b Aachckhh 3ajiHB.

CxeMbi, nocTpoeHHbie no MaTepnajiaM Tpex OKeaHorpa^nnecKHX CT>eMOK (cm. 
pnc. 1 ,2 ) ,  yKa3biBaioT Ha 3HanHTejibHbie H3MeneHHH TeneHHH b ceBephoh nacra 
KpacHoro Mopn c  Aexaôph no anpejib. O h h  cbh33hh npexjie Bcero c KOJieôa- 
HHHMH MeCTOnOJIOîKeHHH H HHTeHCHBHOCTH OCHOBHblX KpyTOBOpOTOB BOA- TaK, 
aHTHUHKAOHHneCKHH KpyTOBOpOT BOA B AeKaSpe ÔbIJI BbipaHCeH CpaBHHTejIbHO 
cjiaôo' h 3aHHMa î ceBepo-BOCTonHyio nacTb Mopn. B HHBape oh 3HanHTejibHO 
ycHJiHJiCH h ueHTp ero nepeMecrajicH Ha 3anaA. B HanaJie anpejiH b cbh3h 
c KopeHHOH nepecTpoHKOH cHCTeMbi TeneHHH Ha ceBepe Mopa aHTHUHKJioHHne- 
CKHH KpyroBopoT b npeAeJiax HCCJieAyeMoro pañoHa He oôHapyxteH (cm. p n c . 2).
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Em,e b ócwibiueñ creneH H  n p e re p n e ji H3MeHeHHH HHKJioHHnecKHñ KpyroBO- 
poT b o a - B A enaöpe  e ro  i r e m p  33HHMaji HaH6o,/iee KWKHoe nojioxíeHHe (2 5 °  c. u i.) ,  
a  b  a n p e jie  o h  HaxoAHJicn nonTH Ha 2 o ceBepHee. 3 t o  cM em enne b  KOHue 3hm - 
H ero ce30H a conpoBOJKAajiocb pe3KHM ycHJieHHeM n p rn o n a  b o a  c  io ra . H a n p n - 
Mep, CpeAHHe CKOpOCTH HHKJIOHHHeCKOrO KpyrOBOpOTa B OTKpbITOM MOpe Ha 
TpaB epce Mbica P ac -B eH ac  Ha ropH30HTe 1 0  m  npeBbim ajiH 1 y3eji (no  AaHHblM 
ßyHKOBOH nocTaHOBKH c 2 3  no  2 9  MapTa). B o a h  lojKHoro noTona b KOHue MapTa 
npoHHKa^H BAOJib apaBHHCKoro noÓepembH BruioTb a j í  3ajiHBa A x a ß a  (cm . 
p a c . 2).

OcoôbiH  HHTepec b  npHÖpejKHbix pañ o H ax  K pacH oro  Mopn (b  3ajiHBax 
C ysuK O M , (p a y ji-B e ñ  h  AP-) npeAcraBJiHioT TeneHHH B pam aTejibH oro THna. 
nepHOA BpameHHH h x  m c h h jic h  b  3 3 bh c h m o c th  ot  p añoH a h  rjiyÖHHbi HaöJiioAe- 
HHH ot  1 n a c  10  m u h  ao  5  n a o , ho  HanpaBJieHHe (npoTHB nacoB oñ cTpeJiKH) 
o c T a B a jio c b  B cerA a h o c t o h h h h m .

rionepenH aH  uHpKyjiHHHH b o a  TpocJmnecKoro c j io h  b ceBepHoñ nacTH Mopa 
O TH H naJiacb Ha np oT H *eH H H  3 h m h  n p eoß jiaA aH n eM  h h c x o a h ia h x  A B i i m e m i ñ  b o a

2 0  m

100 M 100 M

Phc. 2. K a p ™  O T H o c H T e jib n o ñ  H H H a M H ie c K o ft T o n o r p a ij jH H  20 -100 dó 
(oTcqeTHaa noBepxHocTb 500 dô)
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y  atJjpHKaHCKoro ô e p e ra  h  noA7>eMOM h x  b ueH TpajibH oñ oôaacTH  UHKaoHnaecKoro 
K pyroB opoTa. B HaHÖoaee ceßepHOH n a c ra  apaBHHCKoro noôepeJK ba b A enaôpe 
h  HHBape npeoÖ Jia^aji noA^eM b o a , a b öojiee  k m k h h x  pañ o H ax  —  on y cK am ie  Ha 
npOTHJKeHHH Bcefl 3HMbI.

P A d lP E flE JIE H H E  T E M IIE P A T ypbl 
H COJIEHOCTH BOflbl

nocK O JibK y K p a c H o e  M ope ( h  ocoôeH H O  e r o  c e B e p H a a  n acT b ) b  3HaHHTeabHOH 
M epe H 30jiH poB 3H o ot A p y r n x  BOAoeMOB, TepMHHecKHH peJKHH e r o  b o a  o n p e A e -  
j ia e T c a  rjiaBHbiM o ô p a 3 0 M  MecTHbiMH (JjaKTopaMH. B TenaoBOM  ß a a a H c e  ceBepHOH  
nacTH  K p a c H o r o  M op a  b  x o a o a h h h  ce30H  roA a Ba>KHyio p o jib  n r p a e T  n e p e H o c  
T e n jia  MopcKHMii TeaeHHHMH H3 ô o j ie e  k m œ h x  e r o  pañoH O B .

C OKTHÖpn ao  Haqajia anpeaa TeMnepaTypa B03Ayxa Ha ceBepe Mopa HH>Ke 
TeMnepaTypbi b o a h .  MaKCHMaabnaa pa3HOCTb Me*Ay 3HaaeHHaMH TeMnepaTyp 
b o a h  h  B03Ayxa HaôaioAaaacb b HHBape —  cJieBpaae: 5 — 7 °  b pañoHe XypraAH 
h  3 ,5— 4,0° Ha 25° c. ui.

H a n ô o j ie e  HHTeHCHBHoe noHHJKeHue T eM n ep aT yp b i b o a h  o T M ea a a o cb  b h o h ô -  
p e  h  j te x a ö p e ;  b A aab H eñ m eM  TeMn oxjiaxcneH H H  noBepxHOCTHbix b o a  3 a M e A a n a c a . 
B p e3 y jib T a T e  k  KOHiry A eK a ß p a  1964 r . T e M n ep a T y p a  b o a h  b ceßepH O H  nacTH  
M opn noH H 3H Jiacb a o  24° Ha p a 3 p e 3 e  o t  X y p r a A b i h  a o  2 3 ,3 — 2 4 ,0 °  Ha p a 3 p e 3 e  
o t  M bica P a c - 3 r e a a  (p n c .  3, 4). I lp n a e M  H a n è o a e e  B b icoK aa T e M n ep aT yp a  h  h h 3 -  
K aa coJieH ocT b H aöaioA aaH C b b u eH T paA bH oñ n a c r a  xypraA H H C K oro p a 3 p e 3 a , rAe 
n p o n cx o A H J io  o n y c K a H n e  b o a . H m c h h o  s t o t  p a n o H  M op a b A e x a ô p e  x a p a x T e p u -  
3 0 B a j ic a  caMbiM b h c o k h m  3 a n a c o M  T e n a a  (rayÔ H H a 3 a a e r a H H a  H30TepM bi 24° 
cocT aB H jia  3A ecb  120— 150 m ) .  H a n ô o a e e  HH3Kaa T e M n ep a T y p a  (2 3 ,3 — 23,6°) 
n  HaHÔoJiee B b icoK aa co a eH O cra  (40 ,2 5  7 0o) ô n a i i  b cp eA H en  n  3anâAHOÜ n a c r a x  
p a 3 p e 3 a  o t  M bica P a c - 3 r e a a ,  h t o  cBH 3aH o c b o c x o a h iu h m  ABHXieHHeM b o a  
r  ueH T p e p a c n o jio x r e H H o r o  3A ecb  U H K JioH naecK oro K p y r o B o p o T a . C aM aa H ii3K aa  
co jieH ocT b  h  ca M a a  B b ic o x a a  T e M n ep a T y p a  Ha yxa3aH H O M  p a 3 p e 3 e  3ac|»iKCHpoBa- 
Ha y  apaBH H CK oro n o 6 e p e * b a  (cm . p n c .  3), rA e n p o n cx o A H T  npHTOK b o a  u s  ê o a e e  
km khhx paftoHOB K p a c H o r o  M o p a .

/ (a j ib H e i im e e  y c n a e H n e  T enaooÔ M eH a c aT M oafiepoH  BcaeACTBHe y B e a n n eH H a  
pa3H0CTH M exiA y 3HaaeHHaM H T e M n ep a T y p , b o a h  h  B 0 3 A y x a  a o  4 — 6 °  B b i3B aao  
b H H Bape 1 9 6 5  r . 3 H a n iiT ea b H o e noHii>KeHHe T eM n ep aT yp b i b o a h  b c e B e p h o h  
n a c r a  M op a .

Y x i e  b KOHire a H B a p a  b noBepxH ocTH O M  c a o e  Ha p a 3 p e 3 e  o t  X ypra
Abi OHa cocT aB H A a B c e r o  2 2 ,5 — 2 2 ,8 ° . P lp n  s t o m , K an h  b A e x a ô p e , H a n é o a e e  
B b icoK aa T eM n ep a T y p a  (2 2 ,7 — 22 ,8°) h  caM aa  h h 3 K 3 h  c o a e H o c r a  (4 0 ,1 4 —  
40,16% o) HaßjiioAaAHCb b ueH TpaabH O H  n a c r a  p a 3 p e 3 a —  b o ô a a c r a  aHTHUHKJio- 
H H uecK oro K p y r o B o p o T a , a  H a n fio a e e  B b ic o n a a  c o a e H o c r a  (4 0 ,2 6 ° /Oo) h  HaHMeHb- 
rn a a  T eM n ep a T y p a  (2 2 ,5 °)—  y  atJipHKaHCKOro h  apaBH H C K oro ô e p e r o B . O a h o -  
poA H ocTb b o a h o h  t o x i u h  Ha p a 3 p e 3 e  o t  X y p r a A b i a o  r a y ô iiH b i 150 a* —  p e3 y a b T a T  
pa3BHTHH 3HMHeH KOHBeKHHH.

B o a e e  cjioxiH biM  o x a 3 a a o c b  p a c n p e A e a e m ie  T eM n ep aT yp b i h c o a c h o c t h  b o a h  
c  H H B apa Ha p a 3 p e 3 e  o t  M bica P a c - 3 r e a a  (cm . p n c .  3 ) .  3 t o  o ô y c a o B a e H O  pa3HOH  
HHTeHCHBHOCTblO KOHBeKTHBHOTO nepeM eiUHBaHHH Ha pa3JIHHHbIX yaaCTK aX p a 3  
p e 3 a :  b 3anaAHOH n a c r a  o h o  p a c n p o c r p a H H a o c b  Ha 3HanHTeabHO ö ó a b in y io  r a y  
ÔHHy, neM b neH TpaabH O H . O A H axo  x a p a K T ep  rop H 30H T ajib H oro  p a cn p eA ea eH H H  
T eM n ep aT yp b i h  c o a e H o c r a  b o a h  Ha p a 3 p e 3 e  o c T a a c a  npexŒ H M  —  H a n ô o a e e  
B b icoK aa  T eM n ep a T y p a  (23 ,2°) h ca M a a  hh3K 3h c o a e H o c r a  (4 0 ,1 0 ° /Oo) O TM enaancb  
y  apaBH H CK oro n o ô e p e x ib a ,  a  H aH M eH binaa T e M n ep a T y p a  (2 2 ,4 — 22 ,5°) h  H a n -  
è o a b iu a a  coaeHOCTb (4 0 ,3 0 ° /Oo) —  y aiJipHKaHCKoro ô e p e r a  h  b ueH TpaabH O H  
nacra p a 3 p e 3 a .

B AaAbHeñmeM, necMOTpa Ha 3HaaHTeabHyK) T enaooT A aay, ô a a ro A a p a  orpOM- 
HOMy 3 a n a c y  T en aa  h  nocTynaeH H io 6 o a e e  T enabix  b o a  c io ra  TeM nepaTypa b o a h  
noBepxHOCTHoro c a o a  Ha ceB epe K pacH oro  M opa noHH3Haacb B cero Ha 0 , 2 —
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0 ,4 ° ,  ÆOCTHI-HyB CBOHX MHHHMaAbHbIX 3HaneHHH K KOHUy M apTa (c m . pHC. 4 ) .  
H3MeHeHHH b  TenjiOBOM cocTOHHHH b o a  npoHCXoAHAH b  o c h o bh o m  b  ô o A e e  TAyÔO- 
KHX CAOHX BOAbI nOA BAHHHHCM pa3AHHHbIX (})H3HHeCKHX npOUeCCOB, B H3CTH0- 
cTH b  p e3 y jib T a T e  noA'beM a ô o j ie e  x o a o a h h x  rjiyÔ HH H bix b o a . F IocA eA H ee ocoôchho  
xapaK T epH O  a a h  caMOH ceßepH O H  nacTH  M op n . H m c h h o  b  st o t  n e p n o A  T eM n ep a
T y p a  b o a h  6biJia H aHÔoJiee h h 3 k o h .

3H aH H TeA bH oe ycH JieH n e h h t c h c h b h o c t h  uHKAOHHnecKoro K p y ro B o p o T a  
h  CMemeHHe e r o  u e m p a  Ha c e B e p  b KOHue 3HM Hero ce3 0 H a  npuB eA O  k  pe3KOMy 
H3MeHeHHio b p acnpeA eA eH H H  T eM nepaT ypbi b o a h  h  A p y r n x  xapaK T epncT H K  Ha 
p a 3 p e 3 e  o t  X y p r a A b i b H an aA e an p eA H  (cm . p n c .  2 ,  3 ) .  T e n e p b  H a n ô o A ee  b h c o -  
K an coAeHOCTb ( 4 0 ,2 — 4 0 ,3 D/ Oo) h  MHHHMaAbHan T eM n ep aT yp a  ( 2 2 ,1 — 2 2 ,3 ° )  
HaÔJiioAaAHCb, H a o ô o p o T , b ueHTpaAbHOH n a c r a  p a 3 p e 3 a , a  caM an  B bicoK aa  
T e M n ep a T y p a  ( 2 3 ,0 ° )  h  h h 3 K 3 h  coA eH ocT b ( 4 0 ,0 1 U/ Oo) —  y apaBH H CK oro n o ô e -  
peîK bH  B CBH3H C npOHHKHOBeHHeM BOA KOKHOTO nOTOKa ASAbUie Ha ceBep 
(cm . pHC. 4 ) .

Ha lo r e  K p a c H o r o  M opn  p acn p eA eA eH H e T eM nepaT ypbi h  c o A e H o c r a  T a ïo n e  
x o p o r n o  corA acyeT C H  c  CHcreMOH TeneHHH. B epxH H H  c a o h  b o a h  a o  rAyÔHHbi 
7 5 — 8 0  m  Ha p a 3 p e 3 e  o t  X o ä c h ä h  c o c t o h a  h 3  b o a  A a c h c k o t o  33A H B 3, K O Topue  
b HaHM eHee TpaHciJiopMHpoBaHHOM b h  A e npocAe>KHBaAHCb b B H A e A sy x  n oT o-  
k o b  —  y  apaBH H C K oro ô e p e r a  h  b neH T paA bH oii n a c r a  p a 3 p e 3 a . 3 r a  b o a h  o t a h -  
naAHCb OT KpacHOMOpcKHX HH3KOH COAeHOCTbK) H ÔOAbUIHM COAepA í3HHeM ÔHO- 
reH H bix SAeMeHTOB. B o A e e  b h c o k h c  3HaneHHH c o a c h o c t h  b rAyÔHHHbix c a o h x  
y  apaBH H CK oro ô e p e r a  cBHAeTeAbCTByioT o  p 3 3 b h th h  irapKyAHUHH b h h jk h h x  
c a o h x  k w k h o h  n a c r a  M o p a , b p e3yA b T aT e KOTopoH npoH cxoA H T  o n y c K a H u e  BOA 
y  a$pH K aH C K oro ô e p e r a  h  noA ^eM  —  y  apaBH H C K oro.

B epT H K aA bH oe p a cn p eA eA eH H e c o a c h o c t h  b ceßepH O H  n a c r a  M opn b 3hm - 
h h h  ce30H  xap aK T epH 30B aA 0C b nocTeneHH biM  e e  yB eA nneH neM  c  rAyÔHHOH. Ha 
io r e  M o p a , b 30 H e CMeuieHHH 3 a c h c k h x  h  KpacHOMOpcKHX b o a , c a o h  CKanxa  
c o a c h o c t h ,  H anpoTH B , 6biA  BbipaxKeH o n eH b  n e r a o .  Tan, b cJieBpaAe 1965 r . Ha 
p a 3 p e 3 e  o t  X o a c h a h  3HaneHHH rpaAHeHTOB c o a c h o c t h  b yK33aHHOM CAoe 
C0CT3BHAH 0 ,0 4 — 0 ,0 6 ° /o o  Ha 1 M.

<ÎH 3H necK H e n p o n e c c b i  ( k o h b c k t h b h o c  nepeM euiH B aH H e, M opcK H e TeneHHH) 
onpeA eA H A H  B ce  cym ecT B eH H b ie  H3MeHeHHH b pacnpeA eA eH H H  oK eaH orpaiJjH ne- 
CKHx 9AeMeHT0B b KpacHOM  M ope b TeneH H e B c e r o  3HM Hero c e 3 0 H a , k h o t a h  
HCKaHiaH HX Ce30HHbIH XOA- B naCTHOCTH, BMeCTO nOHHJKeHHH COAeHOCTb B e p x -  
H ero c a o h  b o a h  Ha KpaftHeM  c e B e p e  M opn H enpepbiBH O  n oB b im aA acb  o t  A en a èp H  
k  a n p e A io  (cm . p n c .  4 ) .

3 to  noB bim eH H e npoH cxoA H A O  b  p e3yA b T aT e HHTeHCHBHoro nepeM eniH BaH H H  
nOBepXHOCTHblX BOA c  AeXiaiAHMH HHAíe CAOHMH B TeneHHe ÓOAbUieñ nacTH 3HMH 
h  p e 3 K o r o  n o A te M a  rAyÔHHHbix b o a  b  KOHire 3HM Hero ce3 0 H a  b  c b h 3 h c ycH -  
AeHHe"' HHTeHCHBHOCTU HHKAOHHHeCKOrO K p y ro B o p o T a .

OCOEEHHOCTH BEPTHKAJIbHOH C T P yK T ypL I  
BO ßH O fl TOJIIIJH MOPH

B TepMOAHHaMHKe b o a  ceßepH O H  nacTH K p a c H o r o  M opn ß o A b iu y io  p oA b  
H rp aeT  3 h m h h h  k o h b c k h h h ,  n p o T e K a io m a n  BCAeACTBne 3H annT eA bH oro o x A a x c-  
AeHHH noBepxH O CTHbix b o a - OoHHJKeHHe T eM nepaT ypbi b o a h  b 3 h m h h h  ce30H  
ro A a  Ha c e B e p e  M opn  a o  2 2 ,1 — 2 2 ,8 °  npnB eA O  k  yB eA nneH H io ycAOBHOH n A o r a o -  
CTH nOBepXHOCTHblX BOA Ha 1 ,5 — 2 ,0 ,  HTO BH3B3AO HHTeHCHBHOe p33BHTHe 
KOHBeKUHH.

B AeTHHH ce30H b  ceB eph o h  nacTH K pacH oro  M opn Ha rAyÔHHax 5 0 — 75 m  
6 h a  x o po ino  BbipanceH c a o h  CKanKa TeM nepaTypbi c  BepraKaAbHbiMii rpaA neH - 
T3MH 0 ,2 — 0 ,3 °  Ha 1 m .  H anpoTH B , b 3 h m h h h  ce30H 1965 r .  s t o t  c a o h  p acn o A a- 
raACH Ha 3HannTeAbHOH rAyÔHHe, a rpaAHeHTbi b h cm  c o c t 3 b a h a h  B cero 0 ,0 0 8 —  
0 ,0 1 °  Ha 1 m .  BepTHKaAbHbie rpaAHeHTbi c o a c h o c t h  Ha ceB epe M opn T aK *e 6 h a h
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He3HanHTejibHbiM H. Y ate  b H H Bape TOJima M opn c e B e p n e e  25° c .  u i . ôbiJia 3aHHTa 
6 o J ie e  HJiH M eH ee oflHopoAHbiM H Bo^aMH a o  rjiyÔHHbi 180— 20 0  m .  Tau, Ha p á s 
p e s e  o t  X y p r a f lb i  c jio h  C K anna h j io th o c th  p a c n o j ia r a j ic n  Ha rjiyÓ H H ax  
200 — 250  jií. n p H u e M  3HaneHHH BepTH K ajibH bix rpaflueH T O B n j io r a o c r a  b HeM 
He n p eB b iu iajiH  0 ,0 0 6  v t Ha 1 m ,  h to  cB H A C TejibcrayeT  o  bo3m o>khocth A aJib- 
HeHUierO P33BHTHH 3 HM H e Í Í  k o h b c k h h h .

TjiyÖHHa npOHHKHOBeHHH KOHBeKTHBHOTO nepeMeiUHBaHHH B KpacHOM Mope 
b 3HMHHH ce3oH 1964/65  r .  yM eH biuajiacb c ceB epa Ha to r  h  c  s a n a t a  Ha b o c to k . 
H a HHTeHCHBHOCTb pa3BHTHH KOHBeKUHH ÖOJIbUIOe BJIHHHHe OKa3bIBajIH HHpKy- 
j ih u h h  b o a  h ee H3MeHeHHe bo BpeMeHH. HaHÖojibiuaH rjiyÓHHa nepeMeuiHBaHHH 
Ha pa3 p e3 e  o t  X y p ra ^ b i b  A eu aô p e  1964 r .  (oko jio  100 m )  h  HHBape 1965 r .

Phc. 5. Pacnpenejieiwe b o æ h h x  

M acc b  KpacHOM Mope.
1 —  n oB epX H O C T H bie  ( a ,  6 ,  b ,  r  —  
pa3H OBHAHOCTH BOAHblX M aCC); II —  
npoMe>KyTO*íHbie (t =  22,1°; 5 =
= 4 0 ,3 —40,4%o); I I I  —  r^ y Ô H H H b ie  

(¿ ^ 2 1 ,6  —21,8°; S  =  40,4 — 
40,6% o).

700

110O

(150— 170 m )  H aßjiioÄajiacb b ueH TpajibH oü n a c r a  p a3 p e3 a , b o ß jia c ra  3 h th h h k -  
jioHHuecKoro K pyroB opoTa. Y  ôeperoB  (a4)pHKaHCKoro h apaBHHCKoro) b pe3y jib - 
Ta're noA'beMa b o a  OHa Ha yKa33HH0M pa3pe3e  cocraB jiH jia  b HHBape B cero 75—  
90  m .  H a  pa3pe3e  o t  Mbica P a c -3 r e j ia  H anôojiee  HHTeHCHBHoe nepeMeuiHBaHHe 
b TeneHHe B cero 3HMHero ce30Ha npoHCXOAHJio b npHÓpeiKHoñ n a c r a  atjipRKan- 
CKoro ô e p e ra , b  30He onycKaHHH b o a . H aoôopoT , b OTKpbiTbix p añoH ax  M opn, 
TAe IIOA^beM BOA B OÔJiaCTH UHKJIOHHneCKOH UHpKyjIHUHH npHBOAHJI K yBeJIHHe- 
HHH3 ycTOHHHBocTH cjioeB , rjiyÔHHa nepeMeuiHBaHHH 6 bí jia  3HauHTejibHO MeHbiue, 
neM b npHÔpeaiHOH 30He. H an p u M ep , b ACKaôpe 3hm hhh  k o h b 6 k u h h  y  Mbica 
P a c -3 re j ia  A o c ra r jia  rjiyÔHHbi 120 m ,  a  b uem -pe p a3 p e3 a  —  Bcero 60 — 70 m .  
B HHBape c jio h  nepeM eiuaBiueftcH b o a h  cocTaBHJi y  atJipuKaHCKoro ô e p e ra  150 m  
h y  apaBHHCKoro 100— 120 jw. YcHJieHHe h h tc h c h b h o c th  h h k jio h h h c c k o h  unpK y- 
jiHUHH b ceßepHOH n a c r a  Mopn h npHTOK b o a  c  io ra  B KOHH,e 3HMHerO Ce30Ha 
npHBejiH k  pe3KOMy yMeHbiueHHio rjiyÔHHbi nepeMeuiHBaHHH b ueHTpajibHofl 
o ô jia c ra  ceBep h o h  n a c r a  Mopn h y  apaBHHCKoro noôepexfbH . 0 ah 3 K 0  n p o u ecc  
noA'beMa b o a  b ueHTpe Mopn conpoBO/KAajicn aKTHBHbiM onycxaHHeM  oxjiaxyieH - 
Hbix b o a  y acJipHKaHCKoro noôepeiKbH (ao  rjiyÔHHbi 130— 140 m  y  X ypraA H  
h a o  200 m  h  ôo jiee  y  Mbica P a c -3 re jia ) .

B n p o n ecce  3hmhch kohbckiihh  Ha ceB epe MopH nponcxoA HJio cjxipMHpoBaHHe 
rjiyÔHHHOH boahoh Maccbi —  OCHOBHOH boahoh Maccbi K pacH oro  Mopn.

H a  OCHOB3HHH aHajIH3a T S  —  KpHBblX, JIJlñ  nOCTpœHHH KOTOpblX ÔbIJIH 
Hcnojib30BaHbi HaôjnoAeHHH Ha 60 ct3H hhhx no  BceMy Mopio, a  T an a te  KapT 
h  rpat})HKOB pacnpeAeJieHHH rHApojiornnecKHX h rHApoxHMHnecKHX xapaK Te- 
pHCTHK, B KpaCHOM MOpe BblACJIHIOTCH TpH OCHOBHblX THna BOAHblX MaCC
(ph c . 5).

1. lloBepxHOCTHbie BOflbi, KOTopbie BCJieACTBHe cymecTBeHHbix pa3JiHnHH 
(J)H3HKO-XHMHneCKHX XapaKTepHCTHK MOJKHO nOApa3AejIHTb Ha HeCKOJIbKO nOATH- 
noB, pa3JiHnHbix no  npoHcxoïKAeHHio h  cbohc tb3m .

T p a H c i j i o p M H p o B a H H b i e  b o a h  A a c h c k o t o  3 a J i H B a  
(cm . p u e . 5 , la )  xapaKTepH3yioTCH H anôojiee hh3 koh cojieHO craio (MeHee 38,5°/oo)
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H cpaBHHTejibHo BbicoKoñ TeM nepaTypoñ 24,0—24,8°. rio XHMHnecKHM noK a3a- 
TeJIHM OH H  OTAHnaiOTCH OT KpaCHOMOpCKHX BOA ÔOXee BbICOKHM COAepXiaHneM 
ÔHoreHHbix sjieMeHTOB. K  ceB epy TpaHccpopMHpoBaHHbie b o a h  Bce ô o x ee  CMe- 
HIHBaiOTCH C BOAa.MH KpaCHOrO MOpH. r i p a  3T0M npOHCXOAHT nOBblUieHHe HX 
cojieHocTH h oóe^HeHHe ônoreHHbiMH 9JieMeHTaMH. B pe3yjibTaTe b k» k h o h  n a c ra  
K pacH oro  MopH cjjopMHpyeTca io *  h  a  h  n o B e p x H o c T H a a  B o j H a n  
m a  c c  a , cojieHOCTb KOTopoñ He ôo jiee  39,5 Voo, TeM nepaTypa Bbirne 24,6° 
(cM .pnc . 5, 16), b cpeflH eñ n a c ra  M opa— u  e H T p a J i b H a a  n o b e p x  h  o-  
c T H a a  B o j a :  cojieHOCTb 39,5— 4 0 ,2 )0o, TeM nepaTypa Bbirne 23,6° (cm. 
pHc. 5, Ib ) , a  Ha c eB ep e—  n o B e p x H O C T H a a  B o j a  c e B e p H b i x  
p a h o  h  o b m o p h (cm. p a c . 5 ,I r  ). CojieHOCTb ee  MeHHeTCH OT 40,0 a o  40 ,4% n, 
TeM nepaTypa b o a h  —  o t  23,5 a o  22,5°. B nepnoA  H anôoJiee h h tc h c h b h o to  p a 3- 
BHTHH 3HMHeH KOHBeKUHH 3Ta BOfla no  CBOHM XapaKTepHCTHK3M npHÔJIHXCaeTCH 
K TJiyÔHHHOH. H a o 6opOT, B JieTHHñ Ce30H pa3JIHHHH MeXtAy nOBepXHOCTHOH 
BOAoii ceBepHbix pañoHOB h rjiyÖHHHoü oneHb 3HanHTexbHbi (ocoôeHHo no  Te\i- 
n epaT ype).

2 . ÔpoMeiKyTOHHaH b o a h ih  M acca 3o h h  CMemeHHa BbiAexaeTca Kan nep e- 
xoAHan MextAy noBepxHOCTHbiMH h rjiyÖHHHbiMH boahmh. B HanpaBAeHHH k io ry  
MomHocTb ee  nocTeneHHO yM eHbiuaeTca.

3. rjiyÔHHHaa KpiCHOMopcKin b 9 a h 3 h  M acca OTxnnaeTca bm cokoh  coJieHO- 
cTbK) (cBbiuie 40,4°/uo) h HecKOjibKo MeHbuieñ TeM nepaTypoñ 22,0°. H a ee ao jiio  
npHXOAHTCH He MeHee 7 5 %  o ô teM a b o a  K pacH oro  M opa. r.ayÖHHHbie b o a h  He 
ToxbKo nrpaiOT ôoA buiyio po jib  b peaKHMe K p acH oro  M opa, h o  h OKa3biBaioT 
onpeAeAeHHoe b x h h h h c  Ha 4>°PMHP 0BaHHe npoM excyranHbix cjioeB AAeHCKoro 
3ajiHBa h H h a h h c k o to  oKeaHa. H m  CBOHCTBeHHa ô o jib in aa  OAHopoAHOCTb, h to  
CBHAeTeAbCTByeT 06 h x  c jia ö o ä  TpaHccJjopMauHH n p n  ab h jk c h h h  Ha lor.

O coôbifi HHTepec b KpacHOM Mope npeACTaBxaioT b o a h  rxyôoKOBOAHbix 
BnaAHH, TAe BOAOOÔMeH c JiexraïuHMH Bbirne cjiobm h npoTexaeT c oneHb He3Ha- 
HHTeAbHOH CKopocTbK). Tan, « A tla n t is  II» b 1963 r . b cpeAHeñ n a c ra  M opa 
oÔHapyxcHJi b npHAOHHOM cjioe  (Ha rxyÔHHe 2000 m) BOAy c coaeH ocra io  4 3 ,18ü/0o 
h  T eM nepaTypoñ 2 5 ,7 6 °  [11, 12 ], a «D iscovery»  b 1964 r . npnM epHo b tom  xae 
p añoH e 3aperHCTpHpoB3A cojieHOCTb 2 7 0 '/on h TeM nepaTypy 44° [1 3 ]. SKcneAH- 
U neñ Ha «MeTeope» b 1964 r .  [14] Taxxae nojiyneH bi HeoöbinHO BbicoKne 3Hane- 
h h h  T eM nepaT ypa (45°) HCOJieHocra b o a h  (300  Von)- G rojib  aHOMaxbHoe HBJieHHe 
oôycjioBJieHO, no-BHAHMOMy, npoueccaM H , npoTeKaiomHMH b norpaHnnHOM cjioe  
BOAa —  rpyH T. TaKHM o6pa30M , b KpacHOM Mope m ojkho BbiAejiHTb TaKxae n p a -  
AOHHbie BOAbi rxyôokoBOAHbix BnaAHH, HCKjnonuTejibHbie no cbohm  TeM nepaTyp- 
HOCOAëHOCTHblM XapaKTepHCTHK3M.

BblBOAbl

1. B  (JxapMHpoBaHHH oKeaHorpa(j)HnecKoro pexraM a b o a  ceBepHoft n a c ra  
K pacH oro  Mopn ôo jib iuy io  p o x b  nrpaiOT TeneH na h KOHBeKTHBHoe nepeMemHBa- 
HHe. CyMMapHbie TeneH na K pacH oro  M opa (JjopMnpyioTca noA AeftcraneM  
HecKOAbKHX (JîaKTopoB. B OTKpbiTbix pañ o H ax  M opa b HHX npeoôxaAaiOT BeTpo- 
Bbie h nocTOHHHbie TeneH na, npHJiHBo-OTJiHBHbie HMeiOT BTopocTeneHHoe 3Hane- 
HHe. O ch o b h o h  noTOK, B036yxíAaeMbiñ Ha ra re  ro cn  o a c tb  y io lo, h m raro -io ro - 
b o c to h h h m  BeTpoM, n o  Mèpe npoABHXieHHH Ha ceBep o6pa3yeT  cncreM y K pyro- 
BopoTOB HHKJioHHnecKoro h  aHTHUHKJioHHnecKoro xapaK T epa. B ceBepHoft n a c ra  
M opa AHHaMHnecKaa oôcraHOBKa b TeneHHe 6o jibu ieñ  n a c ra  3HMHero ce30Ha 
onpeAenaeTCH HajinnneM  Aß y x  och o b h w x  KpyroBopoTOB —  aH rairaK JioH nnecK oro 
Ha ceB epe h HHKxoHHnecKoro —  Ha rare .

2. CncTeMa cyMMapHbix TeneHHñ ceBepHOH n a c r a  K pacH oro  M opa b 3hmhhh  
ce30H noABepxreHa cymecraeHHbiM  H3MeHeHHaM bo BpeMeHH, KOTopue npHBOAaT 
k H3MeHeHHaM b pacnpeAejieHHH OKeaHorpatJwnecKHX sjieMeHTOB.

3. B  33BHCHMOCTH OT HHTeHCHBHOCTH K5XÍHOTO nOTOKa H MeCTOnOJIOXCeHHa 
OcHOBHbix KpyroBopoTOB b ceBepHoft n a c r a  K pacH oro  Mopa b TeneHne 3HMHero
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c e 3 0 H a  1964/65 r . M eHHJiocb h  p a c n p e f f e j i e n n e  T eM n ep aT yp b i h  coJieH O cra  
b o a h .  B Ä ß K aöp e h  H H Bape B 03A eñcT B H e k u k h o t o  n o T o n a  b o a  Ha x a p a ic r e p  p a c -  
npeA eJieH H H  TH ApojiorH necK H X sjieMeHTOB He n p o cJ iex iH B a A o cb  c e B e p H e e  27° c .  ui. 
y c H J ie H u e  npoHHKHOBeHHH 9THX b o a  Ha c e B e p  M opu  BnJioTb a o  3a iiH B a Axa- 
6a n p H B e/io  b KOHue 3HM Hero c e 3 0 H a  k  noB bim eH H io T eM n ep aT yp b i b o a h i h  
cym ecT B eH H O M y noH H xœ H H io coJieH ocTH  b npnópeiK H O H  30 H e apaB H Ö cK oro  
n o ö e p e iK b u .

4. B ceB ep H o ft n a c r a  K p a c H o r o  M op n  b 3 h m h h h  ce30H  1964/65 r. ô o j ib u iy io  
p o A b  H r p a n a  k o h b c k iih h ,  b p æ y u b T a T e  KO Topoñ npoH cxoA H A O  cJiopMHpoBaHHe 
rjiyÔHHHOH BOAHOH M accbi h  o6ora u i,eH H e T p otJm n ecK oro  c j io h  M opn  èiioreHHbiM H  
3JieMeHT3MH. H a u ô o jib u ia H  rjiyÔ H H a p acn p ocT p aH eH H H  KOHBeKTHBHoro n e p e -  
MeuiHBaHHH ( 2 0 0  m  h  ö o j ie e )  H a ó m o A a n a c b  y acJipHKaHCKoro n o ß e p e x b a  h  Ha 
KpaHHeM c e B e p e  M opn .

5. AHaJIH3 TS-KpHBblX, BbinOJIHeHHblH Ha 0CH0B3HHH A3HHMX 60 CTaHUHH, 
n03B0AHeT BblACAHTb B KpaCHOM MOpe TpH OCHOBHbie BOAHbie Maccbi: nOBepXHO- 
CTHyio, npoM extyTouH yio M accy 30Hbi CMemeHHa h  rjiyÖHHHyio. n e p B a n  h 3 h h x  
BKAiouaeT HecKOAbKO noATunoB: TpaHccjiopMHpoBaHHbie b o a h  A AeH cxoro 3a.rinBa, 
K»KHaH noBepxHOCTHan BOAa, ueHTpajibHaH noB epxH O craaH  BOAa, noBepxHOCT- 
H aa BOAa ceBepHoft n a c r a  M opa. O coöbiü  HHTepec b KpacHOM Mope npeACTaBAaioT 
npHAOHHbie b o a h  rayöoK O BO A H bix BnaAHH.

A B S T R A C T

Some problems of seasonal changes of hydrometeorological characteristics, currents and 
their influence on the distribution of oceanographic elements, vertical structure of the water 
column of the Red Sea are, considered.

On the basis of used materials the following is given in this article:
a. analysis of seasonal variability of the hydrometeorological elements;
b. characteristic of the dynamic processes, such as currents, winter convection;
c. classification of the water masses of the Red Sea.
The scheme of the currents in the surface layers in the north of the Red Sea was defined 

by the presence of two water circulations, i. e. steady cyclonic and unsteady anticyclonic, 
position of which undergoes considerable displacement during winter seaman. In the south of 
the Red Sea two-layered circulation of the waters of reverse nature was observed. The.winter 
vertical circulation forming the deep water mass plays a great role in the water dynamis of 
the northern part of the Red Sea. Analysis of the TS curves allowed to mark out three 
main types of the water masses in the Red Sea;

deep;
intermediate,
surface.

The latter can be divided into the following subtypes: the winter surface water of the nor
thern regions of the Sea; central surface water; south surface water, and transformed water 
of Aden Gulf.

The near-bottom waters of the deeps are of special interest in the Red Rea.
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B .  H .  K o n u K o e  

rHßPOXHMHHECKHE yCJIOBHH KPACHOrO MOPH 
B 3HMHHÏÏ CE3 0 H 1964/65 r. 

H HEKOTOPME OCOBEHHOCTH HX H3MEHEHHÏÏ

B ^aHHOM CTaTbe H3JiaraiOTCH pe3yjibTaTbi rHApoxHMHiecKHX h 3 6 j i io a 6 h h h  
2 - h  KpacHOMopcKOH sKcne^HUHH A sM e p H H P O  c  H o a6 p a  1964 r .  n o  an p e jib  
1965 r . ,  KOTopbie npoBOAHJincb Ha n a r a  n o n e p e ra b ix  p a3 p e3 ax ; pßa h3 h h x  
BbinojiHeHbi n o  T pn p a3 a  (p n c . 1). F lpoßbi b o a h  ôpajiHCb SaTOMeTp3m h E M -48 ; 
OTÖop n p o 6  H3 SaTOMeTpoB HaHHHajica c p a 3 y  xœ  no  noAHHTHH n x  Ha 6opT.

B  KOMnjieKC paöoT  b x o ah jio  onpefleJieHHe pacTBopeHHoro b BOAe KHCjiopoAa 
no  MeTOAy BnHK Jiepa c p a c  h e ra  m npoueHTOB HacbiiueHHH, n o  T pycA eftjiy ; 
onpeA eaeHH e cJioccjiaTHoro cjioccjiopa, no  Jl,eHH>Ke— ATKHHcy, h  KpeMHeKHCJioTbi, n o  
U naH epy  h  BaHAenôyjibKe. O npeAejieHHa ocymecTBJiaAHCb b jiaôopaTopH H  npH 
T eM nepaTypeB 03A yxa 25°; n p n s t o m a c h  4)oc4)aTOB h KpeMHeKHCJioTbi HcnoJib30Ba- 
jiHCb cTaHAapra Ha AHCTHjiAHpoBaHHOH BOAe. B pe3yjibTaTe aHaJiH30B b b o ah jih cb  
cojieBbie nonpaBKH, nojiyaeHHbie sK C TpanojiauH eu raóJimHbix AaHHHX BpyeBH- 
a a  h KpacHOBOH A-aa 4>oa})aTOB h  AaHHbix B p y eB n n a  h BjiHHOBa A-aa xpeMHe- 
KHCJIOTbl [1, 2 ] . J\jia KpeMHeKHCJIOTbl npnHHTbl 3HaHeHHH CaeAyiOIAHX nonpaB on-
Hbix Koa^xJiHUHeHTOB: 1 ,75  n p n  S  =  39°/no; 1 .79  n p n  S  =  4 0 % 0; 1 ,83  npH 
S  =  41°/oo; A-aa (jioccjiaTOB n p n  T ex  >xe 3HaaeHHHX c o j i c h o c t h  b o a h  KoacJi^HiiHeHTbi 
npiiHHTbi paBHbiMH 1,36; 1 ,37 h 1 ,38  cooTBeTCTBeHHo. K auopH M eT pH poB aH H e  
npoH3BOAHJiocb cepHHMH (n o  4— 5 n p o 6  b xaiXAOH) B H 3yajibH o b UHJiHHApax 
T e n e p a  o 6 i>eMOM 50  m a  h  b h c o t o h  2 5  c m . T o h h o c t b  onpeA e-aeH H H , ecTecTBeHHO, 
HecKOJibKO noH H iK ena. K  cojxaJ ieH H io , o c  y  ui,ecTB HTb AocTa'roHHO c r p o r y io  
h  u iH p o x y io  n p o B e p K y  t o h h o c t h  m u  He HMejiH b o 3 m o ix h o c th ,  OAHaxo AßyxpaT- 
Hbie aHa.TH3bi HeKOTopbix n p o 6  AaBajiH  p  a c x o x y ie H  h h b O TcneT ax n o p H A x a  10% , 
HTo c  yaeTOM c o a e B H x  nonpaB O K  cooTBeTCTByeT 15% a  Jia (JiociJiaTOB h  npHMepHO  
20%  A-aa KpeMHeKHCJioTbi. P a 3 y M e e T c a , 3 t h  U H ^pbi xapaK T epH 3yiO T  j in n ib  b o c -  
npoH3BOAHMOCTb pe3yjibT aTO B onpeA ejieH H H , a  H e h x  TOHHOCTb.

KpoMe nepeaHCAeHHbix aHajiH30B Ha ôojibuiHHCTBe craHUHH onpeAeaajiHCb 
HHTpHTHbiii a30T no MeTOAy rpH cca-R /iocB aa co  CTaHAapTaMH Ha Mopcxoft BOAe, 
a T3K>Ke OKHCJiaeMOCTb MOpCKOH BOAbl Ha KaJKAOH TpeTbeH CTaHUHH B HeHTpaJIb-
HOH cpeAe, no B. A. CKonHHueBy.

flHHAMHKA BO/1 KAK OCHOBHOH OAKTOP 
OOPMHPOBAHHH PEÎKHMA KPACHOrO MOPH

THApoxHMHaecKHH pe>KHM KpacHoro M op a (JjopMHpyeTca AHH3MHK0H e r o  BOA, 
a  raim e ero reorpacJamecKHM nojiojxeHneM. C o a h o h  cTopoHbi, b KpacHOM M ope  
c ero HCKJiioHHTeJibHo BbicoKoft TeMnepaTypoñ b o a h o í i  t o j i iu h  [ 3 ]  B e e  S h o j io t h -  
aecKHe h  ÔHOXHMHqecKne npoueccbi HAyT noBceMecrao h  noaTH xpynaoroAHHHO 
C oaeilb BbICOKOH CKOpOCTblO. C A p y r o ñ  CTOpOHbl, 3TO MOpe nOAHOCTblO JIHUieHO
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nonojiHeHHH ônoreHHbiMn sjieMeHTaMn, npnHOCHMoro peaHbiM ctokom. B TaKiix 
yCJIOBHHX OCHOBHyiO pOJIb B TTOnOJIHeHHH ÔHOreHHOH 6a3bl npOJiyKTHBHOrO CJIOH 
MopH HrpaeT boaoómch aepe3 Baô-aAb-MaHAeôcxnn npojiHB [4] h xohbcxthb- 
Hoe nepeMeiUHBaHHe noBepxHOCTHbix boa c ßojiee öoraTbiMii ônoreHaMH rjiy- 
ÖHHHbiMH BOflaMH. OÖMeH aepe3 Ba6-9jib-MaHAe6cKHH npojiHB, 6e3 comhchhh, 
nojiHocTbK) (JxjpMHpyeT ÔHoreHHyio 6a3y npoAyxTHBHoro caoh b k»khoh nacra 
KpacHoro Mopn, ocoöeHHo b nèpnoA roro-BOCTOHHbix BeTpoB c oxTflôpa no 
anpejib [5]. CeBepHbie panoHbi Mopa jinmeHbi s to to  HCTOHHHxa. 3jiecb 
öojibinyK) pojib nrpaeT boaooômch c Jie>aain,HMH HHixe cjioaMn. !

B  3HMHHH nepnoA oôbeM boa, nocTynatompx B KpacHoe Mope 113 ÄAeHCKoro
3ajiHBa, HecKOJibKO yM eHbinaeTca, oA naxo npoHHKHOBeHne hx Ha ceBep HAer 
6o jiee  axTHBHO h AocTHraeT 6 o n ee  bh co kh x  rnnpoT , nocxoA bxy  b sto Bpeiwa HaA 
k»khoh nacTbfo M opa rocnoACTByiOT loro-BOCTonHbie BeTpbi.

Ha6jiK)AeHHa BTopon KpacHOMopcxon axcneAHnnn AaMepHHPO askit bo3- 
MOXHOCTb npeACTaBHTb cxeMy TeacHnn cpeAHeft h ceBepHon aacren Mopa paAOM 
conpaateHHbix xpyroBopoTOB: aHTHUHKaoHnaecKHx —  Me>XAy 20 h 25° c. in. 
h b ceBepo-BOCTOHHOM yrjiy Mopa h nnxjiOHnaecxoro xpyroBopoTa, HaxoAainero- 
ca Me>KAy hhmh 1.

SxcneAHUHa paöoTaaa b nepnoA oxjia>XAeHHH Mopa, bo BpeMH ycnaeHHa 
h MaxcHMajibHoro pa3BHraa xoHBexTHBHoro nepeMeuiHBaHna. EcTecTBeHHO, hto  
HaHÖojiee rjiyßoxo oho npoHnxano b ceBepHoñ nacra KpacHoro Mopa h oco- 
ôeHHo b ceBepo-3anaAHOH. B ceBepo-BOCToxHOM y ray  Mopa, 3ain,Hin,eHHOM 
ChH3hcxhm noAyocTpoBOM o t  CHJibHbix xoaoAHbix BeTpoB c ceBep a h ceBepo- 
3anaAa, nponeccbi 3HMHen xohbckuhh npoHHxaAH MeHee rayßoxo (MeTpoB Ha 
50 MeHbine, aeivi Ha ceBepo-3anaAe). B ueno m no Mopio nepeMeuiHBaHHe Aocrarano 
HecxoAbxo óóJibuiHx TJiyÔHH y acjjpnxancxoro 6epera, a to  BnoAHe ecTecreeuno 
npH HajinaHH 3Aecb xoaoahoto ceBepHoro noToxa. .Haaee x iory rayóiiHa 
nepeMeniHBaHHa yMeHbinajiacb h yjxe Ha innpoTe r. IlopT-CyAaH He npeBbiuiana 
50 m , TOTAa xax  b ceBepo-3anaAHoñ aacTH Mopa oHa Aocrarajia 250 m h 6ojiee.

PACnPEAEJIEHHE PHAPOXHMHHECKHX 3JIEMEHT0B B KPACHOMjMOPE 
B BHBAPE — (DEBPAJIE 1965 r.

Ha p a c .  2— 4 npeACTaBJieHbi pe3yjibT aT bi rH A p oxH M H aecxn x HaónxiAeHHH Ha 
n a r a  p a 3 p e 3 a x  n o n e p e x  K p a c H o r o  M opa ( c m . p n c . 1 ) .  B biJio  BbiaBAeHO p a c n p e -  
A ejieH n e x n c n o p o A a , (JioccjiaTOB x p eM H n a , HHTpaTOB, a T a x jx e  o n p eA en eH a  
OXHCAaeMOCTb MOpCXOH BOAbl.

Khcjíodoh P acnpeAOJieHHe xncAopoAa b nAocxocTH pa3pe30B b BepxHew 
nepecbiipeHiioM cAoe AOBOJibHO caojkho. Oómeft ocofíemiocTbio 

Bcex pa3pe30B aBJiaeTca iraniinne «caohctoto» pacnpeAejieHna xncAopoAa b 
10-MHAbHOH npHÓpeaíHoñ 30He. 3Aecb, xax npaBHAO, Ha rayÓHHax 20— 30 h 60— 
80 m coAep>xaHHe eroóbiJio noHHJxeHHbiM. i lo  HauieMy mhchhio, 3to Bbi3BaHO no- 
BbiineHHbiM pacxoAOM xHCAopoAa Ha oxHCJieHHe opraHnaecxoro BeinecTBa. Hmch- 
ho Ha 9THX ropH30HTax OTMeaaancb Hefíojibuine cxaaxn njioraocra boah, cno- 
coócTBOBaBiune HaxonAeHHio opraHnaecxoro MaTepnaaa.

OTAejibHbie «naraa» b pacnpeAejieHnn xncjiopoAa Bbi3BaHbi onpeAejieHHbiMH 
AHHaMnaecxHMH npnanHaMH. T ax, MaxcHMyM b cpeAHen aacra pa3pe3a ot 
r. XypraAa (cm. pnc. 2) n MaxcnMyM y  atfipnxaHCXoro óepera Ha pa3pe3e ot

1 Ecwiee noApoôHo Bonpoc o TeaeHHHx KpacHoro Mopa mnoxeti b cTaTbe B. A. BnónKa, 
OnyÔJIHKOBaHHOH B HaCTOHUieM CÓOpHHKe.

P ac . 1. CxeMa pacnoJioiKeHHH pa3pe30B h  cTaHunft 2-ñ KpacHOMopcKoñ s k c i tb a h u h h  
AsBepHHPO, HOHöpb 1964 — anpanb 1965 r.

B CysUKOM KaHaJie BbinojiHeHbi CTaHUHH 38—59, 152— 161, 223—234
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P hc. 4. PacnpeaeJieHHe rnapoxMMM'iecKHx aneMeHTOB

Mbica P a c -3 r e j ia  pacn o jia ra ro T ca  b ueH Tpax aHrauHKAOHHnecKHX KpyroBopoTOB,. 
r^ e  Haöjno^aeTCH onycKaHHe b o a . B  o ó en x  30Hax OTMenajincb noBbiiueHHbie 
cKonjieHHH njiaHKTOHa. MnHHMyMbi KHCAopoAa Ha p a3pe3ax  o t  Mbica A6y-,H ,apa 
h  o t  r .  üopT -C yflaH  (c m . p u c . 3)  6 h jih  b cT pye b o a , HAymeñ c  io ra . MaKCHMyM 
KHCjiopofla Ha pa3pe3e  M a c c a y a  —  XoAeñAa (c t3 h h h h  131)  HMeeT ÓHOAoraue- 
CKoe npoHcxojKfleHHe. O h  Bbi3BaH BcnbiuiKOü pa3B H raa ())HTonjiaHKTOHa Ha 
JIHHHH KOHT3KTa BOA pa3JIHHHOTO npOHCXOJKABHHH.

MomHocTb ejión, nepecbimeHHoro k h c j i o p o a o m ,  H3MeHHjiacb Kan o t  óepera 
k  6epery, Tan h  c  ceßepa Ha lor. B  npnaijjpHKaHCKOH nojioBHHe Mopn s t o t  c a o h  
pacnojiarajicH Ha rjiyóHHe 150—160 m  y  XypraAbi h  Mbica Pac-Srejia, Ha 100—  
110 m  —  y Mbica A6y-,fl,apa, Ha 65 a í — y nopT-CyaaHa h  Ha 25 m  y  Maccaya. 
B  npnapaBHHCKOH nacra ara BeAHUHHbi cocraBAHAH 70—80 a í  Ha ceBepe, 
90— 100 m  —  y Mbica Aóy-JUpa, 50 a í  —  y  nopT-CyaaHa h  60 a í  —  y  XoAeñAbi. 
HaHMeHbuiaa MoiuHOCTb npoAyk t h b h o t o  c j i o h  oTMenajiacb b  yaajieHHH o t  
óeperoB, b  iieHTpajibHbix ynacraax Mopa: 50 a í  —  y  Mbica Pac-3rejia, 40 a i  —  
y  Mbica A6y-,H,apa h  Bcero 20 a i  —  y  nopT-CyaaHa, u t o  oóycjiOBJieHo a h h 3-  
MipnecKHMH npHHHHaMH (noAbeMOM b o a  b  ueHTpax u h k a o h h u c c k h x  KpyroBopo- 
t o b  h  b  30Hax AHBepreHUHH cTpyñ TeueHHñ).
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H a p a 3 p e 3 e  Maccaya — XoAeiiAa 6—7  t p e B p a J ia  1 9 6 7  r.

C reneH b nepecbimeHHH boa khcaopoaom  (pacneT  HacbimeHHH ocymecTBJiHJi- 
CH no  T pycA en jiy ) noBCioAy ôbu ia  H eôojibm oft. B ôojibiuHHCTBe cjiynaeB  oHa 
cocTaBJiHJia 2 — 3 % . MaKCHMajibHbie BejiHHHHbi oTM enajincb b b h Ae oTAejibHbix 
nHTeH (pa3pe3  ot r .  X ypraA ) hjih  b BHAe tohkhx  noBepxHOCTHbix h noA noBepx- 
HOCTHbix cjioeB (ocTajibHbie pa3pe3bi). F lpn  stom  cTeneHb nepecbimeHHH boah  
b «HApax» MaKCHMyMOB cocTaBAHJia y  X ypraA bi h y  MHca P a c -3 re .u a  —  6 % , 
y  Mbica A ô y -Æ ap a  —  8% , y  PIopT -C yA aH a—  5%  (cTamjHH 126, 127) h Ha 
pa3pe3e  M a c c a y a  —  XoAeñAa 10% (cTaHUHH 131).

H a  B c e x  p a 3 p e 3 a x  n e p e c b im e H n e  n oB ep xH ocT H oft b o a h  b npH Ô peaiH O H  30H e  
ÔbIJIO HeCKOJIbKO yBejIHHeHHbIM, HTO, nO-BHAHMOMy, OÓbHCHHeTCH ÔOJIbHieH 
npOAyKTHBHOCTbK) (jjHTOnjiaHKTOHa B 9TOH 3 0 H e, nOCKOJIbKy CKOpOCTH TeneHHH  
h C TeneHb BojiHeHHH 3A ecb  M eH buie, neM b ah jih  o t  ô e p e r a .

P acn p eA ejien n e  KHCJiopoAa HHJKe 30Hbi nepecbimeHHH 6 h jio  6 o jiee  o ah o - 
o6pa3HbIM H nOJIHOCTbIO OÔyCJIOBJieHO CTpyKTypOH BOAHHX Macc H aKTHBHOCTbIO 
npoueccoB  BepTHKaAbHoro nepeMeuiHBaHHH. XapaKTepHOH ocoôeHHOCTbio p ac- 
npeAejieHHH KHCAopoAa h b jih c tc h  e ro  MHHHMyM Ha rjiyÔHHax 30 0 — 500  m  

b npHapaBHHCKOH nojioBHHe M opa, npnneM  rjiyÔHHa e ro  3ajieraHHH h BejinnHHbi 
KOHueHTpauHH Ha ceB epe (pa3pe3bi o t  r .  X y p raA a  h Mbica P a c -3 r e j ia )  3H3hh-
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TejibHO npeBocxoflHjiH TaKOBbie Ha rare. HaHMeHbinan KOHii.eHTpan.HH OTMenanact 
Ha ropH30HTe 4 00  m (okoao 0 ,5  ma/a, hah 1 5 % ) Ha nocjiê HHx ct3hhhhx Tpex 
lOJKHbix pa3pe30B. CymecTBOBaHHe flaHHoro MHHHMyMa b KpacHOM Möpe H3Becrao 
co BpeMeH 3KcneAHH.HH JliKOHa MyppeH. Tomcoh [6, 7 ]  oôbHCHHna ero cymecT- 
BOBaHHe BepTHKajibHOH UHpKyjiHUHeñ boa, KOTopan 3HMOH CBH3aHa c onycKa* 
HHeM noBepxHOCTHbix boa b ceBepHOH nacra Mopa, h noflbeMOM boa y nopora Ha 
lore, rio H3UIHM MaTepnaJiaM HOHO BHAHO, HTO CAOH c MHHHMaAbHbIM KOJIHHeCT- 
bom KHCjiopoAa HaHÔojiee pa3BHT y apaBHHCKoro ôepera nan Ha ceBepe, Tan 
h Ha lore. Xapaicrep ero 3ajieraHHH b nAocKOcrax Bcex pa3pe30B To>Ke oAHHaKOB. 
Pa3HHua 3aKjHOHaeTCH AHinb b aócoAiorabix 3HaHeHHHx HacbimeHHH. H30Kcnre- 
Ha 1,5 ma/a Ha ceBepe noHBAneTCH b nnocKOcra paspesa TOAbKO b hhjkhbm 
npaBOM yrAy, y Mbica Aôy-Xlapa OHa onepnHBaeT y x e  ôoAbine noAOBHHbi nno- 
CKOCTH caoh b 2 5 0—500  ii, ay llopT-CyAaHa h lostHee OTceKaeT bcip hhjkhioio 
nacra rpacjiHKOB (cm. phc. 2 , 3). TaKoft xapaKTep 3ajieraHHH caoh MHHHMyMa 
6bijio 6bi npaBHJibHee oôbHCHHTb pa3AHHHeM b cTeneHH bchthjihuhh boa b pa3- 
ahhhhx pañoHax Mopn. Kan ynce ynoMHHajiocb, rjiyÔHHa nepeMeuiHBaHHH 
yMeHbiuaeTCH c ceBepa Ha lor h AocraraeT HaHÔOAbniHX 3HaneHHH y  acJipHKaH- 
cKoro ôepera; sto h oôycAOBAHBaeT npornô h30ahhhh Ha 3anaAHbix noAOBHHax 
pa3pe30B. Tan hto ßojiee AornnHO oôbHCHHTb pa3AHHHyio rAyÔHHy 3aAeraHHH 
CAOH C MHHHMajIbHbIM COAßpJKaHHeM KHCAOpOAa pa3AHHHOH HHTeHCHBHOCTblO 
BepTHKaAbHoro nepeMeuiHBaHHH boa b OTAeAbHbix pañoHax, a TaKHte HaAHnneM 
nonepeuHOH UHpuyAHUHH, BKAiouaiomeH CKonAeHne h onycnaHHe oxAauiAenHbix 
boa y acJipHKaHCKoro ôepera h nepeHoc hx Ha rAyÔHHe 600—800 m Ha boctok 
c  nocTeneHHOH noTepeñ KHCAopoAa. IToAbeM rAyÔHHHbix boa y  apaBHHCKoro 
ôepera He Bbi3biBaeT pa3MbiBa 30Hbi MHHHMyMa KHCAopoAa, Tau Kau KOHireHTpa- 
HHH KHCAopoAa b noAHHMaiomeHCH BOAe He npeBbimaeT 1 ,0—1,5  ma/'a. KpoMe 
Toro, Mbi He HCKAiouaeM h HaAHHHH kpyroBopoTa boa, ynoMHHaeMoro Tomcoh, 
0AH3K0 CUHTaeM, HTO OCHOBHbIM CAeACTBHeM KpyrOBOpOTa HBAHIOTCH ocoôeH- 
HOCTH nOAOHíeHHH H30AHHHH THApOXHMHHeCKHX SAeMeHTOB B nAOCKOCTH npo- 
AOAbHoro pa3pe3a h, b nacraocra, pe3KHH noAT>eM h30ahhhh b  iojkhoh nacra 
MOpH, nepeA npOAHBOM. CaM Aie CAOH MHHHMyMa B03HHK B CBH3H c OKHCAeHHeM 
0CT3TK0B opraHHnecKoro BemecTBa, naAaiomero CBepxy CKB03b BOAHyio Tonmy. 
B TpoHHnecKHx BOAax pacnaA opraHHnecKoro Bemecrea 3aKaHHHBaeTCH oôhhho 
b CAoe 600—1000 m, xyAa H3MCAbneHiibie oct3tkh opraHH3MOB aoxoaht co 
cKopocTbio, He npeBbiiuaiomeH Vio ot CKopocra naAeHHH b Hanane nyra [8]. 
B KpacHOM Mope ÔAaroAapn oneHb bhcokoh TeMnepaType boah pereHepauHH 
opraHHKH npoHcxoAHT, no Been Beponraocra, HecKOAbKO ôbicTpee, nosTOMy 
h CAOH MHHHMyMa KHCAopoAa pacnoAaraeTCH Ha rAyÔHHe okoao 400  m.

HaÔAioAaBLHHecH 3hmoh 1 9 6 4 /6 5  r. KOHueHTpauHH KHCAopoAa b rAyÔHHax 
KpacHoro M opn, cocraBAHBnme b CAoe MHHHMyMa okoao 0 ,6  ma/a, HaMHoro 
HHJKe Tex, Ha KOTopbie yKa3biBaAa Tomcoh, CHHTaBinaH, mo k KOHuy 3hmh 
KOHueHTpauHH KHCAopoAa Ha Bcex rAyÔHHax Mopn npeBbiuiaeT 2 ma/a, a 
3HaneHHH MeHbiue 1 ma/'a CBOHCTBeHHbi AHuib KOHiry Aeraero nepHOAa. K oh- 
ueHTpaiiHH KHCAopoAa ôoAee 2 ma/a Ha rAyÔHHax 3 0 0—500 m He oÔHapynceHa 
H3MH Rame b npnacJipHKaHCKOH nacra Mopu, rue cjioh MHHHMyMa KHCAopoAa 
ôbiA npaKTHnecKH noAHocraio pa3Mbit npoiieccaMH nepeMeuiHBaHHH. IloAyneHHbie 
H3MH AaHHbie B C0n0CT3BAeHHH C pe3yAbTaTaMH 1 -H KpaCHOMOpcKOH SKCneAHHHH 
AsHepHHPO b AeTHe-oceHHHH nepHOA 1963 r. h c  MaTepnanaMH cyAOB noroAH 
3a 1959 h 1960 rr. [9 , 10] no3BOAHioT CAenara npeAnoAoiKeHHe, nTO aMnnmyAa 
roAOBbix KOAeôaHHH KHCAopoAa BCAoe MHHHMyMa He npeBbiuiaeT 0 ,3 —0 ,5  ma/a. 
3ts BCAHHHHa b 2—3 pa3a MeHbiue npHBOAHMOÜ Tomcoh, uto yKa3biBaeT 
Ha HecKOAbKO MeHbinyio, neM sto npeAnoAaraAocb, poAb 3HMHeft KOHBennHH 
B oôorameHHH khcaopoaom hhhîhhx CAoeB boah. Oah3KO c npHHUHnnaAbHOH 
TonKH 3peHHH A3HHoe yTomiciiHe He n pora sopen ut cyinecTByiomHM b HacTOH- 
mee BpeMH npeACTaBAeHHHM, cornacHO KOTopbiM KpacHoe Mope othochtch 
k MopHM TponnnecKHX innpoT c AoeraTonHO xopoino aapnpyeMbiMH rn y -  
ÔHHaMH. ToAbKO ÔAaTOAapH HHTeHCHBHOMy BepTHKaAbHOMy OÔMeHy KOMneH-
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CHpyercfl aKTHBHoe ÔHOXHMHnecKoe noTpeóJieHHe KHCAopoAa b nnyömiax sToro 
Mopn.

PacnpeAejieHHe KHCAopoAa Ha rnyÓHHax 100— 300 m xapaKTepH30Banocb 
ÄOBOjibHo paBHOMepHbiM yMeHbiueHHeM ero co^epjKaHHH c rjiyÓHHoñ ao 1,5—  
2,0  ma/ a .

B njiocKocTH pa3pe3a, HAymero c ceßepa Ha ior BAOAb npoAonbHoñ och 
Mopn, pacnpefle^eHHe KHCAopoAa aHanonniHO pacnpe^ejieHHio ero b nAocKo- 
CTH nonepeHHbix pa3pe30B o t  Mbica A ôy-flap a  h o t  r. riopT-Cy^aH, ecjiH npHHHTb 
npnapaBHHCKyio nacTb bthx pa3pe30B 3a ior, a npnaiJipHKaHCKyio —  3a ceBep. 
Pa3HHii,a 3aK^ioHaeTCH TOJibKo b tom, h to  Ha kwkhoh nacra npoAOAbHoro pa3pe3a 
Bee H30AHHHH pe3KO nOAHHM3K)TCH BBepX, CBHACTeAbCTByH O nOA^CMe TJiyÖHH- 
Hbix boa no Mepe npnÓAHJKeHHH hx k nopory nepeA Ba6-3Ab-MaHAe6cKH.\i 
npOJIHBOM.

4>oc4)aTbi. 06ui,hh xapaicrep pacnpeAejieHHH (JioctJiaTOB b KpacHOM Mope 
HHjKe 30Hbi aKTHBHoro (|)OTocHHTe3a bo MHoroM cxo>k c pacnpeAejieHHeM khcjio- 
poAa. Ha rjiyÖHHax ßojiee 300 m xoa h3oahhhh (jioaJiaTOB Ha pa3pe3ax nouTH 
noBTopneT xoa H30KcnreH. Cronb pa3HTejibHoe cxoactbo bo3mo>kho oóbhchhtb  
jiHinb ê HHCTBOM npHHHH, cJiopMHpyiomHx pacnpeAeAeHne KHcjiopoja h cfioccjiaTOB 
b rjiyÖHHax KpacHoro Mopn.

OcHOBHbiM (JiaKTopoM, bahhioiiihm Ha pacnpeAeAeHne KHCJiopofla, HBJiaeTca 
BepTHKajibHoe nepeMeuiHBaHHe. PacnpeAeneime cfjoccjiaTOB HapnAy c sthm  
CBH33HO c xapaKTepoM pacnpenejieHHH boahhx Macc h cTeneHbio noTpeÓJieHna 
(jioccjiaTOB cjiHTonjiaHKTOHOM. n o  pacnpeflejieHHK) cjioccjiaTOB Ha pa3pe3ax oTueT- 
AHBO BbmeJIHIOTCH TpH CAOH. B BepXHeM, COaepjKameM MHHHMaAbHOe KOJIHHeCT- 
Bo (jxxxJiaTOB, ocHOBHbiM (JiaKTopoM, <JiopMHpyiom,HM hx pacnpeAeAeHne, hbahct- 
ch noTpeójieHHe hx (JiHTonjiaHKTOHOM. H a pa3pe3ax (cm. pnc. 2, 3) s t o t  caoh  
o6o3HanaeTCH BeAiinmiaMH okoao 4 ,0 — 4,5 mzP/m3. MomHOCTb caoh Manbix 
KOHueHTpauHH (JjoaJiaTOB yMeHbiuajiacb co 170 m Ha pa3pe3e o t  r. X ypra^a ao  
130— 120 m y  Mbica Pac-3rejia h Mbica AÔy-jJapa h ao 90 m — y nopT-CyAaHa. 
Ha apaBHHCKOH noAOBHHe pa3pe3a o t  r. nopT-CyAaH coAep*aHHe (JiociJiaTOB 
B BepXHHX CAOHX yBeAHHHBaAOCb, HTO OÔbHCHHeTCH BAHHHHeM BOA,' npHHieA" 
uiHx c iora, h3 AAeHcxoro 3ajiHBa. Konii.eHTpau.HH cfioccfiaTOB b aAeHCKHx boahx 
y BXOAa b KpacHoe Mope (pa3pe3 M accaya —  XoAeñAa) coeraBAHAa 10 Me/m3 11a 
noBepxHocTH h 30 mz/ m3 Ha rnyÔHHe 75— 100 m.

Hume caoh MHHHMyMa 3aAeraAH boah ccoAep/KaimeM cJioaJiaTOB 5— 10 mz/m3. 
yBeAHHCHHC erO B 3TOM CJIOe c rjiyÖHHOH IHAO paBHOMepHO. 3 t 0  CAOH 3aAeraHHH 
npoMexcyTOHHOH boahoh Maccbi. ÛHa, nan h rnyónHHan BOAa,.oôpa3yeTCH 
b ceBepHOH nacTH KpacHoro MopH, ho xapaKTepH3yeTcn MeHbineñ CTeneHbio 
OXAajKAGHHH H OCOAOHeHHH. O t Ae>KaiHHX BblUie BOA ee OTAHHaeT OTCyTCTBHe 
aKTHBHoro noTpeÔAeHHH ijioc^aTOB nAaHKTOHOM, a o t  Ae>Kain,Hx hhjkc —  HaAHHHe 
aKTHBHoro BepTHKaAbHoro nepeMeuiHBaHHH, Bbi3bmaeMoro TeneHHHMH. Mom- 
HocTb AaHHoro caoh cocTaBAHAa 100— 150 m. HexoTopoe yMeHbineHHe moihhocth 
npoMexiyTOHHbix boa b panoHe Mbica A6y-,H,apa 6 h a o  Bbi3BaHO, no Been bhahmo- 
CTH, CKOnAeHHeM nOBepXHOCTHblX BOA b aHTHHHKAOHHHeCKOM KpyrOBOpOTe. 
lOxiHee 18° c. ui. npoMexcyTOHHbie boah «BbiKAHHHBaAHCb», BbiTecHHeMbie noAHH- 
MaiOUIHMHCH TAyÔHHHblMH BOA3MH, yXOAHUIHMH B AAeHCKHH 33AHB. B HHJKHHX 
caohx npoMeiKyTOHHOH boahoh Maccbi rAyÔHHa 3aAeraHHH oahohm chhhx h3oah- 
hhh (JiociJiaTOB yMeHbinaAacb c npoABHmeHHeM Ha ior Ha 100— 120 m\ oaho- 
BpeMeHHo yMeHbiuaAocb h coAepjKaHHe KHCAopoAa Ha cooTBeTCTByioihhx ropn- 
30HTax. Bce s to  yKa3biBaeT Ha óÓAbiuyio aKKyMyAHUHio cjioajiaTOB b rAyÔHHax 
kx/Khoh nacTH Mopn h Ha «cTapeHne» npoMexcyTOHHHx boa no Mepe pacnpoerpa- 
HeHHH Ha ior, BH3biBaeMoe noTepen KHCAopoAa Ha ÔHoxHMHuecKHe nponeccbi.

Ha HHHiHeñ rpaHHne caoh npoMentyTOHHbix boa OTMenaACH pesKHH cnanoK 
coAepiKaHHH cjioajiaTOB c 10 mz/ m3 ao 20,25 h Aaxie 30 mz/ m3. 3Aecb npoMOKyrou- 
Hbie CAOH COnpHKacaiOTCH C rAyÔHHHHMH BOA3MH.

3HaneHHH KOHueHTpauHH cjlOCtpaTOB B TAyÔHHHOH BOAe COCTaBAHAH ÔOACC 
20 mz/ m3 C MaKCHMyM3MH B CAOHX MHHHM3AbHOrO C0AepjK3HHH KHCAOpOAa (AO
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30, 40 h  45 m z P / m 3) ,  rrpiuieM  ô o A b in e  B c e r o  cfioccjiaTOB ô m a o  b io h îh o h  n o n o B H iie  
M o p a . IlpH B eA eH H bie uHtjipbi HecKOAbKO h Kate 3 HaneHHH KOimei[Tpau,HH (J)oc(J)a- 
TOB, OÔblHHblX AAH TpOnHHeCKHX BOA Ha TAyÔHHaX 3 aAeraHHH CAOH MHHHMyMa 
KHCAopoAa. X U h h h h  (JiaKT cA eA yeT  o ó b h c h h t b  ô o A b u ie ft  cT en eH bio  b c h t h a h u h h  
rnyÔHH K p a c H o r o  M opn n o  cpaB H eH H io c  ApyrHM H m ophm h T p o n n n e c K o r o  n o H c a .  
B o 3 m o h îh o , HTO H eK O Topyio p oA b  H rpaeT  3A ecb  h  BbiHOC H a n ô o n e e  ó o r a r a x  
(J)oc(|)aTaMH rAyÔHHHbix b o a  n e p e 3 n o p o r  b A a c h c k h h  3 3 a h b .

KpeM HHÜ. X a p a K T e p  pacnpeA eA eH H H  KpeMHHH b KpacHOM M ope b oceH H e-  
3 HMHHH nepHOA 1964/65 r . 6 bin  H a n ô o A ee  CAoatHbiM h  OTAHuancn o t  x a p a K T e p a  
pacnpeA eA eH H H  KHCAopoAa h a h  (jxxxjiaTOB. H a n ô o n e e  cym ecT B eH iio ft A eT aA bio  
n p n  9TOM HBHAOCb H3 AHHHe «CAOHCTOCTH». H a  COCeAHHX T0 pH3 0 HTaX OAHOH H TOH
a te  CTaHUHH HaÔAioAaAHCb BeAHHHHbi KOHueHTpauHH KpeMHeKHCAOTbi M eHee 
200 m z / m 3 h  6 o n e e  1000 m z / m 3. P Ip u  BHHMaTeAbHOM paccMOTpeHHH rpacJjHKOB 
(cm . pHC. 2 — 4) OÓHapyXÍHBaeTCH, HTO MaKCHMaAbHbie KOHueHTpauHH KpeMHHH 
Ha CT3 HUHHX OTMeuaAHCb OÔbIHHO Ha OAHHX H TeX a te  ro p H 3 0 HTaX, ÔyAb TO 
CTaHUHH b n p n ôpeatH O H  3 0 He h a h  a te  b ueH T paA bH bix nacT H x M op n . Taxan 3 aKO- 
HOMepHOCTb HBAHeTCH, C OAHOH CTOpOHbl, CAeACTBHeM AHCKpeTHOCTH HaïUHX 
HaÔAioAeHHH, c  A p y ro H  —  y K a 3biBaeT Ha t o ,  u t o  m o iu h o c th  cA oeB  M ancHM aAb- 
H bix co A ep  nea h  h h  KpeMHeKHCAOTbi He n p eB b iu ia ioT  paccTOHHHH M eatAy CTauAapT- 
HbiMH rop H 3 0 HT3 MH. C oxp aH eH H e aH aA orH H H oro x a p a K T ep a  pacnpeA eA eH H H  b o  
B c e x  nacTHX M opn 3 acT aB A neT  n p eA n on oatH T b  H a n n a n e  o a h h x  h  T ex  a te  npHUHH 
B0 3 HHKHOBeHHH T3 KHX CAOeB.

n ep B b lH  M3 KCHMyM OTMeuaACH B nOBepXHOCTHOM CAoe M opH. O h , 6e3 COMHe- 
HHH , CBH3 3 H C BbIHOCOM M3 TepHK0 B0 H nblAH, CO AepataïueÜ KpeMHeKHCAOTy.

noH B A eH H e MaKCHMyMa xpeMHeKHCAOTbi Ha rAyÔHHe 30 m  Bbi3BaH o, BepoH T- 
H o, HaAHHHeM H eô o A b iu o ro  c K a n x a  n n o T H o cra  Ha HHxtHeñ rp aH H u e c a o h  aKTHB
H o ro  BeTpOBOrO nepeM euiH BaH H H , yCHAeHHOrO KOHBeKTHBHbIMH TOK3 MH. 3 AeCb 
cyiu ecT B eH H o 3 3 MeAAHeTCH C K opocTb naAeHHH H a n ô o n e e  MeAKHx OTMepuiHX 
opraH H 3 MOB, a T a n a te  H ex o T o p b ix  <}>paKUHH nbiAH, h t o  h  npnBOAHT k  n oB b iu ie-  
HHK) KOHueHTpauHH paCTBOpeHHOH KpeMHeKHCAOTbI. P a 3 pbIBbI B CAOe MaKCHMy
Ma ( p a 3 p e 3bi o t  Mbica A ô y - J I a p a  h o t  r . PIopT -C yA aH ) CAeAyeT o r a e c r a  3a cneT  
aKTHBHoro nOTpeÔAeHHH KpeMHeKHCAOTbI cjlHTOnAaHKTOHOM.

H natH H H  rp aH H u a c a o h  aKTHBHoro (J)OTOCHHTe3 a , xap aK T ep H 3yioiuaH CH  n p e a t-  
A e B c e r o  HHTeHCHBHbiM pacnaAO M  o p r a u n n e c K o r o  B eiuecT B a h  noACTHAaeMan 
CAOeM MaKCHM3 AbHbIX BepTHK3 AbHbIX rpaAHeHTOB nAOTHOCTH (CBH3 aHHbIX, n o  
H auieM y m h c h h io , c  p e 3 KHM 3 aTyxaH H eM  C K o p o cren  A peñfJioB oro n o T o n a ) h b a h c t c h  
OAHOBpeMeHHO h  B e p x H e ñ  rp aH H u eft T p eT b ero  n o  c n e T y  M axcHM yM a b p a c n p e A e 
AeHHH KpeMHeKHCAOTbI. ÆaHHblH MHKCHMyM B bipaateH  HaHÔOAee OTUeTAHBO 
h noB ceM ecT H o. H a n ó o A b in H e  KOHueHTpauHH KpeMHeKHCAOTbI b h cm , KaK 
n paB H A o, OTMenaAHCb Ha H enoT opoM  yA aneH H H  o t  ô e p e r a  ( c t 3 h u h h  101, 126, 131).

C A eA yioiuH H  n o  rAyÔHHe MaKCHMyM KpeMHeKHCAOTbI npnxoAHTCH Ha AOBOAb- 
Ho MOiuHbiH c a o h  Ha rnyÔ H H ax 130— 220 m .  X a p a K T ep  h  rnyÔ H H a 3aAeraHHH  
CAOH MaKCHMyMa n03BOAHK)T OÔBHCHHTb erO  O Ôpa30BaHHe OrpaHHHeHHOCTbIO 
rAyÔHHbi npoHHKHOBeHHH KOHBeKTHBHO-TypôyAeHTHoro nepeM euiH BaH H H .

B 3 0 He KOHT3 KT3  npOMeatyTOHHOH H myÔHHHOH BOAHblX M acc CyiUeCTByeT  
e iu e  OAHH MaKCHMyM KpeMHeKHCAOTbI Ha rAyÔHHe o k o a o  300 m .  O h o t h c t a h b o  
B b ip a w e n  b o  B c e x  p a f t o n a x  M op n , x o t h  h  c  HeKOTopbiM ocAaÔAeHHe.vi Ha u eH T p an b -  
Hbix y q a c T K a x , h o  x a p a K T ep  e r o  3 aAeraHHH Ha c e B e p e  h  H a io r e ô b iA  p a 3AHHHbiM. 
E c a h  b ceB ep H oft n a c r a  (cm . p n c .  2) t o a i u h h 3  s t o t o  c a o h  He ô o n e e  100 m ,  t o  
lo a tH e e  PIopT -C yA aH a o h  3 3 HHM3 A rAyÔHHbi o t  250 a o  500 m  h  ô o A b iu e . B to m  a te  
HanpaBAeHHH yBeAHHHBaAHCb H KOHueHTpauHH KpeMHeKHCAOTbI B «HApaX» CAOH.

H h t p h t m .  JÏBAHHCb npoM eatyTonH biM  3BeHOM b u e n n  n e p e x o A a  coeAHHeHHH  
a 3 0 Ta o p ra H H u ecK o ro  B eiu ecT B a k  noT peônneM O H  nAaHKTOHOM cjiopMe coeA H H e
HHH —  HHTpaT3 M, HHTpHTbl MOryT CAyatHTb KOCBeHHblM n o K a 3 aTeAeM n p o -  
AyKUHH nA 3 HKT0 H a. K aK  npaBHAO, OHH BCTpen aiOTCH H Hat e CAOH aKTHBHoro 
tf)OTocHHTe3 a  Ha rAyÔ H H ax c  b b ico k h m h  3 HaieiiHHM H BepTHKaAbHoro rpaAHeHTa  
nAOTHOCTH BOAbl.
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B HHBape — em p a n e 1965 r. h h tp h th b  KpacHOM Mope oÔHapyateHbi b CAoe 
50— 100 M . BeAHHHHbl KOHIieHTpaUHH HX OÓbIHHO COCT3BAHAH 1— 2 M z /M 3 , 

ahuib peAKO AOCTHraa 5 m z / m 3, 3a HCKAioneHHeM pañoHa M accaya —  XoAeñAa 
(30 m z N / m 3) .  B npH3(J)pHKaHCKOH nacra pa3pe3a boah, UAyiUHe h3 ÂAeHCKoro 
3aAHB3, HMeAH aHOMaAbHOe KOAHneCTBO HHTpHTOB B  CAOe 10— 120 M.  B HanpaB- 
AeHHH K  XoAeÜAe MOIUHOCTb CAOH BOA C HHTpHT3MH H H X  KOHUeHTpaHHH ÖbICTpO 
yMeHbuiaAHCb h Ha CTaHUHH 131 ohh OTMenanncb AHuib Ha ropn30HTe 75 m.  
BbicoKoe coAepataHHe hhtphtob b Mopnx BCTpenaeTCH AOBOAbHO peAKO, oôhhho  
b nepHOA MaccoBbix BcnbimeK P33bhthh nAaHKTOHa, o6pa3yioiuero óoAbuine 
cKonneHHH MHHepanH3yioiuerocH opraHHnecKoro BeiuecTBa HHXte 30Hbi aKTHB
Horo tj)OTOCHHTe3a. IlpHHeceHO ah b A3HH0M cnynae opraHHnecKoe Bemec- 
TBO H3 AAeHCKoro 33AHB3 HAH Ute erO npOHCXOJKAeHHe CBH33HO C MeCTHbIMH 6ho- 
AornnecKHMH npoueccaMH — oTBerara nona TpyAHo. i lo  HarneMy mhchhk), 6onee 
npaBHAbHbiM CAeAyeT cnurara nepBoe npeAnoAoateHHe. OraocureAbHO Mopn 
b ueAOM CAeAyeT 3aMeTHTb, h to, xoth  HeóoAbuian KOHueHTpauHH hhtphtob  
h oóbiHua aah caoh, neataiuero HHate 3ohh cJxnocMiiTesa, Bee ate b 3hmhhh 
nepHOA ohh, KaK npaBHAo, He HaönioAaiOTCH. Ôo 3Toñ npnnHHe KpacHoe Mope 
CAeAyeT oTHecTH k t3khm mophm, b KOTopbix npoAyunpoBaHHe nAaHKTOHa npoHC- 
xoAHT b Tenenne Bcero roAa. B HHBape —  (JieBpane MOiUHocTb caoh boabi c hht-  
pHTaMH b ceBepHOH nacra Mopn ôbuia ôoAbuie, neM b cpeAHeñ ero nacra. Bo3mo- 
atHO, nTO ara CBH33H0 c MeHbiueñ CKopocTbK) MHHep3AH3auHH opraHimecKoro 
BemeCTBa H  ÖOAee aKTHBHbIMH BepTHKaAbHbIMH n0T0K3MH BOA, pa3MbIBaro- 
IUHMH CAOH HHTeHCHBHOrO OKHCAeHHH OpraHHKH.

OKHCAHeMOCTb MOpCKOÍi BOA«. OAHOH H3 OTAHHHTeAbHblX OCOÖeHHOCTeft BOA 
KpacHoro Mopn hbahctch HH3Koe coAepataHHe opraHHnecKoro BeiuecTBa [6, 7]. 
Taxoe noAoateHHe BnoAHe oöbhchhmo oneHb bhcokoh TeMnepaTypoñ boah, 
cnocoócTByiomeñ öbicTpoMy pacnaAy opraHHnecKoro Benrecraa. Hauin hccacao- 
B3HHH b 3HMHHH nepnoA 1 9 6 4 / 6 5  r. noATBepatAaioT s to  MHeHHe. H h  Ha oahom 
pa3pe3e h3mh He OTMenaAHCb 3HaneHHH okhcahcm octh öonee 0 , 6  m a 0 2/ a , 
b ochobhom ohh KOAeöaAHCb okoao 0 , 4 0  m a 0 2/ a . HaHÓOAbuieñ OHa ßbiAa 
b npnôpeatHOM pañoHe Mbica A6y-B,apa. 3Aecb oxncAHeMOcra Bcero caoh boah  
ao 1 5 0  m cocTaBAHAa öoAee 0 , 5 0  m a 0 2/ a , a Bbirne 1 0 0  m  —  öoAee 0 , 6 0  m a 0 2/ a . 
B 3TOM pañoHe BeAHnHHbi nopnAKa 0 , 4 5  m a 0 2/ a  HaßAioAaniicb h3mh ao rnyÖHH 
5 0 0  m , TorAa KaK loatHee h ceßepHee — He HHate 1 0 0  m. B ueHTpaAbHbix ynacT- 
Kax Mopn AOBOAbHO oTneTAHBo npocAeatHBaAOCb yBennneHHe OKHCAHeMOcra Ha 
ropH30HTe 3 0  m  ao 0 , 4 6 — 0 , 4 9  m a 0 2/ a , coßnaAaioiuee c oahhm h3 MaKciiMyMOB 
b pacnpeAeAeHHH KpeMHeKHCAOTbI.

TAyÖHHHaH BOAHan Macca oöhhho xapaKTepH30BaAacb BeAHnHHaMH okhcah- 
eMOCTH MeHee 0 , 3 0  m a 0 2/ a , a Ha caMOM iore Mopn —  Aaate MeHee 0 , 2 0  m a 0 2/ a . 
B to  ate BpeMH b npnacjipHKaHCKOH noAOBHHe cesepHOH h cpeAHeñ nacreñ MopH 
OKHCAHeMOCTb rAyÖHHHOH bo Abi MeHee 0 , 3 0  m a 0 2/ a  BCTpenanacb cpaBHHTeAbHO 
peAKO. JLIah npoMeatyranHoft boahoh Maccbi HanöoAee xapamepHbi 3HanemiH 
0 , 3 0 — 0 , 3 5  m a 0 2/ a , c HeKOTopbiM nOBbimeHHeM b npHÖpeatHbix ynacTitax 
b cpeAHeñ h ceBepHoñ nacrax Mopn.

II3M ËH EH IIE rHAPO XíIM H HECKIIX YCJIOBIIH 
CEBEPHOH H ACT If KPACHOrO MOPH B 3IIM H H ÏÏ C E 30H  1904/(55 r .

B CBH3H C II3MEHEHnHMlI fllIHAMHKII BOfl

OôueKTOM  H a n ô o A ee  T iu aT en b H oro  HccAeAOBaHHH 2 -ñ  K pacH O M opcK oñ sK c n e -  
AHUHh A 3 M e p H H P O  6 b in a  ceB ep H a n  n a c r a  K p a c H o r o  M opH. B  s t o h  n a c r a  M opn  
3KcneAHUHH HeoAHOKpaTHO noB T opH A a KOMnAeKC CBOHX p a ô o T . r H A p o A o r n n e -  
CKHñ H THApOXHMHneCKHñ peatHM  KOHTpOAHpOBaACH pa6oT3M H  Ha AByX  
p a 3 p e 3 a x :  o t  r .  X y p r a A a  h  o t  M bica P a c - â r e n a .  P a 3 p e 3 b i BbinoAHHAHCb 2 5 —  
2 8  A eK a ô p n  1 9 6 4  r . ,  2 4 — 3 0  HHBapn h 3 0  M apTa —  4  a n p e n H  1 9 6 5  r . P IoA yneH H bie  
AaHHbie no3BOAHioT npocA eA H T b H3MeHeHHH OKeaHOAornnecKHX ycAOBHñ c e B e p 
HOH nacTH  K p a c H o r o  M opn c  H a n a n a  h  a o  KOHua 3HM Hero n e p u o u a  1 9 6 4 /6 5  r .
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K a x  noK a3biB aeT  npeA B apH T enbH biñ  3 H 3 a h 3  pe3yA bT aT 0B  H aónioAeHHH, a h h 3 m h -  
n e c K a n  oôcraH O B K a b  pañoHe He TOAbKO oôycA O BA H BaeT o ô ih h h  xapaKTep p a c 
npeAeAeH H H  THApOXHMHneCKHX SAeMeHTOB, HO H B 3HaHHTeAbHOH CTeneHH o n p e -  
AeAHeT B ee  ocHOBHbie H3MeHeHHH b  STOM p acnpeA eA eH H H . H a n ó o n e e  o t h c t a h b o  
T a x a n  33BHCHM0CTb npoHBAHeTCH Ha rA yÔ H H ax ô o A e e  2 0 0  m .  HeKOTopbiM  noA - 
TBepJKAeHHeM A aH H oro nonoxteH H H  M oryT cA yatH T b H3MeHeHHH b  C T p y x T y p e  b o a  
Ha p a 3 p e 3 e  M accaya— X oA eflA .a , Bbi3biBaeM bie c m c h o h  b o tp o b o h  AeHTeAbHocTH. 
JleTOM 1 9 6 3  r . [ 1 1 ]  M axcHMyM (jioccjiaTOB 4 0 — 4 5  m z / m 3 OTMcnaACH AH inb b  CAoe 
5 0 — 1 5 0  m  Ha npnapaBHHCKOH noAOBHHe p a 3 p e 3 a . B  o c h o b h o íí  a t e  Macee b o a  Ha 
rnyÓ H H e ó h a o  He ô o A e e  1 0 — 2 0  m z P / m 3. 3 h m o h  1 9 6 4 /6 5  r . b c h  TOAma b o a  hh>kc  
2 5 0  m  c o A e p a ta A a  ó o n e e  4 0  m z P / m 3. T a ñ a n  n e p e c T p o n x a  b  pacnpeA eA eH H H
(|)OCc|)aTOB CBH33Ha CO 3H3HHTeAbHbIM yMeHbUieHHeM nOATCMa H BbIXOAa TAyÓHH- 
Hbix b o a  h 3 K p a c H o r o  M opn b  A era e -o ceH H H ñ  nepHOA, H 3-3a ycHAeHHH n p r n o n a  
aAeHCKHx b o a , Bbi3biB aeM oro noBbiuieHHbiM  H cnapeH H eM  b  KpacHOM  M ope 
H BbIHOCOM e r o  BOA B AAeHCKHH 33AHB C ApeH(J)OBbIM nOTOKOM.

H 3M eHeHHe AHHaMHnecKOH o 6 c t 3 h o b k h  Ha rAyÔHHe 3 0 0 — 5 0 0  m  b nepiiO A  
p aôoT b i SKcneAHHHH xapaK T epH 30B aA 0C b n p ex cA e B c e r o  nocT enenH biM  y cH n eH n -  
eM HHKAOHHnecKoro K p y ro B o p o T a  b ceB epo-3anaA H O M  y  r a y  M op n . B  cooT BeT- 
CTBHH C 3THM npOHCXOAHAO H3KOnAeHHe TAyÔHHHblX BOA B CeBepHOH naCTH 
K p a c H o r o  M op n . E c a h  b A e x a ó p e  BOAa, c o A e p x ta m a n  M eHee 2 ,0  m a i  a  KHCAopoAa, 
o k o a o  X y p r a A b i BC T penaA acb b cpeAHeM  AHuib Ha rnyÓ H H e 4 5 0  m ,  a y  M bica P a c -  
3 r e n a  —  Ha r a y ó n u a x  ô o A e e  4 0 0  m , t o  b a n p e A e  —  Ha 3 5 0  h  3 0 0  m  c o o t b c t -  
CTBeHHO (p H c . 5 ) .  B  p e3yA b T aT e rAyÔHHbi ceBepHOH n a c r a  M opn b 3 h m h h h  nepHOA  
1 9 6 4 / 6 5  r . He TOAbKO He oôoraTHAHCb k h c a o p o a o m , h t o  a o a j k h o  ô h a o  ôbi 
npOH30HTH BCAeACTBHe yCHAeHHH BepTHKaAbHOH KOHBeKHHH, a  AaXte «nOTepHAH» 
1 m a / a  b roatHOH n onoB K H e p a ñ o H a  h  1 ,0 — 1 ,5  m a 0 2/ a  (a o  1 ,8  m a / a )  —  b c e B e p 
HOH. r ia p a A n en b H O  CHHXteHHio KOHueHTpauHH KHCAopoAa u ia o  yBeAH neHH e  
coA epataH H H  (poccfiaTOB. H a  c e B e p e  o h o  c o c t 3 b a h a o  5 — 10 m z / m 3 h  n a m e  Ô oA ee, 
a y  M bica P a c - 3 r e A a  —  He n p eB b iin a A o  5  m z / m 3. U,HKAOHHnecKHH x a p aK T ep  
ABHateHHH b o a  n a  rAyÔHHe oôycAO BHA K ynoA O O Ô pa3H yio (JtopMy B e p x H eñ  r p a -  
HHUbl TAyÔHHHOH BOAHOH MaCCbl B U,eHTpaAbHOH n a c r a  M o p n . 3T 0M y c n o c o ô -  
CTBOBaAO H anpaB A eH H e H A ym n x b ô a h 3 h  o t  ô e p e r o B  TeneHHH B epxH H x CAoeB 
MOpH. B  CBH3H C 3THM COAepJKaHHe KHCAOpOA3 B TAyÔHHHblX CAOHX npHÔpejKHOH 
30Hbi B 0 3 p o c A o  c  A eK aôpH  n o  a n p e A b  b cpeAHeM  Ha 0 ,5 — 0 , 8  m a / 'a , a  (Jioajia- 
T O B  —  nOHH3HAOCb npH M epH o Ha 5 — 7  m z / m 3.

OAHOBpeMeHHO C OnHCaHHblMH KpynHOMaciHTaÔHblMH H3MeHeHHHMH B CTpyK- 
T y p e  rAyÔHHHbix b o a h h x  M acc n p on cxoA H A H  H3MeHeHHH O K eaH O A ornnecK H x  
yCAOBHH H B  BepXHHX CAOHX MOpH. B b lU ie TAyÔHHbl 2 0 0  M OHH ÔblAH ÔOAee 
CAOatHblMH B OCHOBHOM BCAeACTBHe ÔOAee CAOÄHOFO X apaK T epa AHHaMHneCKOfl 
0ÔCT3H0BKH, a  TaKXte BCAeACTBHe HHTeHCHBHOCTH p83BHTHH (JlHTOnAaHKTOHa. 
T a K , b  H H B ape 1 9 6 5  r . H 3-3a M oin,Horo pa3BHTHH aHTHHHKAOHHnecKoro K p y ro -  
B op oT a Ha c e B e p e  M opn n p o m o m e j i  n p o r hô  H30KCHreH b  ueH TpaAbH O n n a c r a  
p a 3 p e 3 a  ot  r . X y p r a A a  (c m . p u e . 2 ) .  C K o n n e n n e  npH ineA uiH x c  io r a  n o B ep xH ocT -  
Hbix b o a  B n eH T p e BHXpH BbI3B3AO BCnblUIKy p33BHTHH nAaHKTOHa B CAOe 7 5 —  
1 5 0  m ,  oÔ H ap y x tH B a io m y io cH  n o  BbicoKOMy n p o n eH T y  (ao  1 0 6 ) coA epxtaH H H  
KHCAopoAa.

B c e  H3MeHeHHH THApOXHMHneCKHX yCAOBHH ÔOAbUieil nacTH  aKB3TOpHH 
p a ñ o H a  ( e e  ueH T paA bH bix h 3an aA H b ix  ynacTKOB) c b h 3 3 h h  c H3MeHeHHHMH b  a h h 3- 
MHKe HHKAOHHnecKoro K p y r o B o p o T a . T a K , Ha p a 3 p e 3 a x  ot M bica P a c -3 r e A a  
b  npHÔpextHOH n a c r a  O TM enanocb o n y c x a H H e  h 3 0 a h h h h  KHCAopoAa h cJioaJiaTOB, 
Bbi3B 3H H oe cH a n a A a  ycHAeHHeM  UHKXoHa, a  3aTeM  e r o  CMemeHHeM Ha c e B e p . 
C A e x a ô p H  n o  HH Bapb «onycK aH H e» OAHOHMeHHbix h 3 0 a h h h h  0 2 h  P  coct3 b h a o  
6 0  jiî, a  k  a n p e A io  o h o  yB eA H nn A ocb  ein,e Ha 8 0  m .  OAHOBpeMeHHO c 3 t h m  CTeneHb 
nepecbiin,eH H H  b o a h  k h c a o p o a o m  B 0 3 p o cA a  Ha 3 — 4 % . B  to  » te  BpeMH b  n eH T pe  
MOpH npOHCXOAHA nOAT>eM BOA, BbIpa3HBIHHHCH B yMeHbUieHHH TAyÔHH 3aAeraHHH  
H30AHHHH KHCAOpOAa H (JlOCljiaTOB Ha 5 0  Xi B H H Bape H 2 0  Xi B a n p e A e , H apH Ay  
c  yM eHbineHHeM  CTeneHH n e p ecu in eH H H  BepxHHx CAoeB 3a yK a3aH H biñ n e p n o A

226

1 0 0 2



npH M epH o Ha 4 % .  B  p a ñ o H e  X y p r a A b i s t o t  n p o n e c c  o t h c t j i h b o  npoH BA H A cn  
b  pe3KOM n o ^ b e w e  b o a  b  neH T p e M opn h  y  era n eT C K o ro  ô e p e r a ,  A O crarm eM  
c  HHBapH n o  a n p e j i b  9 0  m  n p n  o a h o b  pe.vieHHOM c h h j k c h h h  nepecbiineH H H  b o a h  
Ha 2 — 4 % .

r io T O K  b o a  c  i o r a  BAOAb a p a B H ñ C K o ro  n o Ô e p e m b H  c  A e K a ô p n  n o  a n p e A b  
ycHAHBaACH , n p n n e M  H a n p a B jie H H e  ABHmeHHH e r o  o c h o b h h x  c r p y ñ  HecKOAbKO 
M eH H jiocb . 3 t h  H3MeHeHHH o n p e a e jiH A H  rH A p o x H M n q e c K y io  o ó c ia n o B K y  b  B e p x 
H H x c a o h x  npH apaB H H C K O H  n a c r a  p a f io H a . H a j i n n n e  y K a 3 a H H o ro  n o T o n a  
AocTaTOHHO oT neTJiH B o c K a 3 a jio c b  H a n p o r a ô e  h 3 o a h h h h  K H C A opoA a h  tpocpaT O B  
b  n p n ap aB H H C K H X  y n a c r a a x  p a 3 p e 3 0 B . B  H H B ap e  y  M bica P a c - 3 r e j i a  y c n jie H H e  
n o T o n a  n p H B e jio  k  y rA y Ô A eH H io  h 3 0 a h h h h  ({»ccpaTOB n o n ™  H a 7 0  m ; H a p a 3 p e 3 e  
o t  r .  X y p r a ^ a  h 3 0 a h h h h  0 2 h  P  b  a n 'p e n e  o n y c ra A H C b  H a 1 0 0  m  n o  c p a B -  
HeHHK) c  H H B apeM .

B T O p * 6 H H e  IOÄ H H X  BOA BbI3BaJIO BCnblUIKy pa3B H TH H  nA3HKTOH3 H a TJIyÔH- 
H a x  1 0 0 — 2 0 0  m , b  p e 3 y j ib T a T e  H a c b iin e H n e  b o a h  pacT B opeH H biM  k h c a o p o a o m  
y B e ^ H q H A o c b  a o  9 9  % ,  b  t o  BpeMH KaK o ô b in H o  H a a r a x  rA y Ô H H ax  o h o  H e n p e -  
B b im aeT  9 5 %  (cm . p n c .  5 ) .  A i ia A o ra n H b iH  siJxJieKT oTM eqaACH h  H a p a 3 p e 3 e  o t  
M bica P a c - 3 r e j i a  b  A e x a ô p e ,  c  t o h  t o a b k o  p a 3 H H n e H , h t o  SA ecb  c a o h  KOHTaKTa 
p a c n o j i a r a j i c H  b  3 0 H e  aK T H B H oro  4>0T0CHHTe3a h  B T o p m e H n e  i o j k h h x  b o a  c K a 3 a -  
•/iocb b  y B e jin q eH H H  H acbiineH H H  b o a  â o  1 0 4 % .

B  3 aK Jiio q eH H e  h c o ô x o a h m o  y K a 3 a r a ,  h to  (Jioccfiop b  b o a ê  K p a c H o r o  M o p a
HBAHeTCH OCHOBHblM JIHMHTHpyiHHM 3Jie¡VieHTOM B p33BHTHH (|)HTOnAaHKTOHa. 
H e ó o A b in n e  K O imeHTpanHH cjioccjiaTOB b  AOBOjibHO m o u ih o m  B epxH eM  c j io e  
(oTM eqeHHbie b  3 h m h h h  nepHOA, K orA a o ô o r a in e H n e  ônoreH aM H  npoAyK TH BH oro  
e j ió n  M opn HAeT H a n ô o jie e  h h t c h c h b h o ) yK a3biBaiO T Ha B03M om H ocT b n o jiH o r o  
noT peôneH H H  cjioccfiaTOB c  HaqajiOM A e r a e r o  n p o r p e ß a  b o a  h  b o 3 h h k h o b c h h h  
3aM eT H oro cK a n n a  n A o r a o c r a .  T a K y io  KapTHHy h  K O H crarap oB aA a b  n e r a e -  
oceHHHH nepHOA 1 9 6 3  r . 1 -h  K pacH O M opcK an  SKcneAHnHH A s ^ e p H H P O  Ha p a 3 -  
p e 3 a x  o t  M bica A ô y - Æ a p a ,  o t  r . PIopT-C yA aH  h  o t  r . TpHHKHTaT ( 1 8 ° 4 0 ' c .  ín .) .

r io q T H  a o  H a q a A a  A e K a ô p n  ( s K c n e A H n n n  p a ó o T a j i a  c  h io j ih )  b  B epxH eM  
50-M eTpoBO M  CA oe b o a h  MOKAy 18  h  2 2 °  c .  u i .  ( p o e t a r a  OTcyTCTBOBaAH. H a  p á s 
p e s e  M a c c a y a — X o A e ñ A a  n o A o ô n a n  K apT H H a H a ô j i io A a j ia c b  h  M  K O H ne A e K a ô p n .

H3MEHEHHH B PACnPEAEJIEHHH KPEMHEKHCJIOTBI

B  pH A y OÔCyJKACHHblX H3M eHeHHH THApOXHMHqeCKHX yCAOBHH B CeBepHOH 
q acT H  K p a c H o r o  M o p n  c o B e p in e H H o  o c o ô o e  M ecTo 33H H M aioT  H3M eHenHH b  c o A e p -  
HiaHHH pacT B opeH H O H  b  BOAe KpeMHeKHCAOTbI. K a K  y  » te  oTM eqaA O C b, b  p a c n p e 
AeAeHHH KpeMHeKHCAOTbI BbIHBAeH pHA MHKCHMyMOB, pacnO A O m eH H blX  B CAOHX 
n o B H u ie H H b ix  rpaA H eH T O B  nAOTHOCTH. B  A e K a ô p e  H a n ô o A e e  o t h c t a h b o  o h h  
npocA en iH B aio T C H  H a n o B e p x H o c T H  h  H a rA yÔ H H e 3 0  m . B  H H B ap e , C H aq aA a H a 
r a r e  p a ñ o H a ,  H aqaA C H  h x  «pa3M H B » c  oAHOBpeM eHHHM  yB eA H qeH H eM  MaKCHMyMa 
H a rA yÔ H H e 7 5  m , KOTopbiH b  A e x a ô p e  ô h a  n o q T H  He3aM eTH biM . B  s t o  m e  BpeMH 
n p o H 3 o n iA o  y B eA H neH H e MaKCHMyMOB H a rA y Ô H H ax  1 5 0 — 2 0 0  h  3 0 0  m . TaK H M  
o ô p a 3 0 M , nepH O A  c  A e K a ô p n  n o  H H B ap b  CA eA yeT o n p eA eA H T b  K aK  BpeM H aKTHB
H o ro  H aK onA eH H H  pacT B opeH H O H  KpeMHeKHCAOTbI b  rA y Ô H H ax  c e B e p H o ft nacT H  
K p a c H o r o  M o p n  h  noH H m eH H H  e e  co A ep m aH H H  b  3 0 H e  aK T H B H oro  (poTOCHHTe3a. 
P IoA oÔ H oe n o A oiK eH H e m o ik h o  ô h a o  6 h  o ó n n c i iH T b  ycH A eH H eM  B epT H K aA bH bix  
TOKOB B BepXHHX CAOHX MOpH H HeKOTOpblM yM eH bU ieH H eM  CKOpOCTH M H H epaA H - 
3 an H H  o p ra H H n e c K H X  o c t h t k o b . T o r A a  H H B apb  CA eA yêT npH H H T b 3 a  c p o K  MaKCH- 
M a A b H o ro  3H M H ero  co A ep m aH H H  KpeMHeKHCAOTbI b  rA y Ô H H a x  ceB epH O H  n a c r a  
MOpH. B  3TOH CBH3H aÔCOAIOTHO HeO>KHA3HHbIMH HBAHIOTCH p e3 y A b T aT b I HaÔAIO- 
AeHHH b  K O H ne M a p T a  —  H a n a Jie  a n p e A H  1 9 6 5  r . ,  y K a 3 b iB a io in H e  H a p e 3 K o e  
H 3 M eH ek n e  H e TOAbKO K O A H n e crea  KpeMHeKHCAOTbI, h o  h  H a nO A H yio  n e p e e r p o f i -  
K y x a p a K T e p a  e e  p a c n p e A e A e H H H . r ip H n H H aM H  CTOAb p a 3 H T e A b H u x  n ep eM eH  
H apH A y c  n e p e p a c n p e A e A e H H e M  b o a h h x  M a c c  M em A y OTAeAbHbiMH p an o H aM H
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MopH MOryT ÔbITb KaK HHTeHCHBHOe nOTpeÖJieHHe KpeMHeKHCAOTbI (J)HTOnJiaHKTO- 
HOM, TaK h  BnojTHe BepoHTHbiH n e p e x o A  p a cT B o p a  ee b  k o a a o h a -  K  coucaA eH H io, 
b HacTOHm,ee BpeMH Mbi He p a c n o jia r a e M  HeoöxoAHMbiMH M aTepnaAaM H a a h  o n p e -
AeJieHHH HCTHHHOH H3 B03M0>KHbIX npHHHH, nOSTOMy H OTpaHHHHMCH 3AeCb
jiH iub h x  nepeHHCJieHHeM.

OKHCJIJIEMOCTb MOPCKOH BOflM

K o A H n e c r a o  o p r a H H ie c K o r o  B em ecT B a b B ep x H H x  c j io h x  c e B e p u o ñ  qacTH  
MOpH ( n o  AaiIHblM O K HC JT H e  MOCT H ) HecKOAbKO KOAeÖAeTCH. OKHCAHeMOCTb BO Abi 
H3MeHHAacb b n p e p e j i a x  0 ,4 0 — 0 ,5 0  m a / a  0 2 . H a i i ó o j i b u m e  3iianeH H H  Ha p a 3 p e -  
3 a x  o t  r .  X y p r a A a  HaÔAiOAaAHCb b a n p e a e  ( 0 ,5 0 — 0 ,5 3  m a / a  0 2) ,  a  Ha p a 3 p e 3 a x  
o t  M bica P a c -O r e a a  —  b H H Bape h  a n p e n e  ( 0 ,4 8 — 0 ,5 0  m a / a O 2) . B h h h c h h x  
c a o h x  M op n , o co ô eH H o  b p a ñ o H e  P a c - 3 r e A a ,  BeAHHHHbi o k h c a h c m o c th  3n anH - 
TeAbHO yM eH biuaA H C b, 3axBaTbiBaH  B ce ô o a e e  B epxH H e ropH 30H Tbi. E c a h  B A e x a -  
6 p e  3HaneHHH M eHee 0 ,4 0  m ,a /a  0 2 BCTpenaAHCb TOAbKo h h jk c  2 5 0 — 3 0 0  m,  t o  
b a n p e a e  ohM OTMenaAHCb y a c e  Ha rAyÔ H H ax o k o a o  5 0  m ,  a  Ha rAyÔHHe 3 0 0  m  
OHH CHH3HAHCb AO 0 ,1 0  M A /a  0 2. B hC  BCHKOTO COMHeHHH, 9T0 ÔblAO BH3B3HO 
HaKonAeHHeM  TAyÔHHHbix b o a  b ceBepHOH n a c r a  M opn . B p a ñ o H e  X y p r a A b i  
TAyÔHHHbie BOAbl C OKHCAHeMOCTblO M eH ee 0 ,4 0  M .a /A  0 2 «nOAHHAHCb» B HH Bape 
Ao ropH 30H T a 1 0 0  m ,  b t o  BpeMH KaK b A eK a ô p e  OKHCAHeMOCTb Ha rAyÔHHe 
5 0 0  m  cocT aBA H A a 0 ,4 3  m a / a 0 2■ K  a n p e A io  3HaneHHH ô o A e e  0 ,4 0  m a / 'a 0 2 b h o b  b 
HaÔAioAaAHCb lia  rAyÔ H H ax 2 0 0 — 2 5 0  m  BMecTO 0 , 2 0 — 0 ,3 0  m a / 'a 0 2 b  H H Bape. 
O nH caH H bie H3MeHeHHH b p a ñ o H e  X y p r a A b i, KaK hbm  npeACTaBAHeTCH, m ojk h o  
OÔbHCHHTb B03paCT3HHeM  HHTeHCHBHOCTH npOAyüHpOBaHHH OpraHHneCKOTO 
B em ecT B a o t  A eK a ô p n  k  a n p e A io .

M a T ep n a A b i 1 9 6 3  r . no3BOAniOT npeAnoAOJKHTb, h t o  BeAHnirabi o k h c a h c m o c th  
b o a h  K p a c H o r o  M opn  ôb m aioT  MaKCHMaAbHbiMH b a c t h h h  nepHOA- Tan, 2 —  
3  a B r y cT a  1 9 6 3  r . b  cp eA H eñ  n a c r a  M opn b 2 — 3 -m h a b h o h  npnôpejK H O H  n o A o c e  
M opn o h h  A o cra r a A H  1 ,4 0  m a / a  0 2. l l p n  s to m  OKHCAHeMOCTb e o a h  n o n r a  
20-MHAbHOH npnôpejK H O H  30Hbi ôbiA a ô o A e e  0 , 6  m a / a  0 2 a o  rAyÔHHbi 1 0 0 — 1 3 0  m . 
He MeHbiHHe 3HaneHHH b a c t h h h  n e p n o A  OTMenaAHCb b  Ha p a 3 p e 3 e  M a c c a y a  —  
X o A eñ A a , r a e  Ha rAyÔ H H ax M en ee 1 5 0  m  OKHCAHeMOCTb cocTaBAH Aa 0 , 7 5 —  
1 ,2 5  m a / a  0 2 npoTHB 0 , 3 0 — 0 ,4 0  m a / a  0 2 b (JieBpaAe 1 9 6 5  r .  B o A e e  B c ero  
H3MeHHeTCH OHa, nO-BHAHMOMy, B TAyÔHHHOH HaCTH paHOHa, TaK KaK BeAHHHH3M 
0 , 0 8 — 0 ,1 6  m a / a  0 2 , HaÔAioAaBiHHMCH 3HM0H 1 9 6 5  r . ,  3A ecb  n p o t h b o c t o h t  
3HaneHHH 0 , 7 5 — 1 ,0 0  m a / a  0 2, 3aiJ)HKCHpoBaHHbie b a B r y cT e 1 9 6 3  r . B c e  a r a  
AaHHbie C BH A eTeA bcrayioT o ô  aKTHBH3au,HH npoAyUH poBaH H H  o p ra H H n ecK o ro  
B eipecT B a b  io j k h h x  h  npnôpe>K H bix n a c r a x  M opn b BeceH H e-A eTH ee BpeM H. O  to m  
Hie CBHAeTeAbCTByeT H HecKOAbKO ÔOAblUHH npO neH T HaCbimeHHH b o a  KHCAOPOAOM
(AO 1 0 6 — 1 1 0 %  npoTHB 1 0 2 — 1 0 4 %  b  3 h m h h h  n e p n o A ).

B bí BOABI

1 . X apaK Tep pacnpeAeAeHHH rHApoxHMHnecKiix aAeMCHTOB b KpacHOM Mope 
3aBHCHT B OCHOBHOM OT AHHaMHHeCKHX npHHHH: ABHHieHHH BOA H HHTeHCHBHOCTH 
nponeccoB  B epraK aA bH oro nepeMeuiHBaHHH.

2 . B B epxH H x c a o h x  M opn coA epxcaH H e rH ApoxHM HnecKHx SAeMeHTOB o n p e -  
AeAHeTCH HHTeHCHBHOCTbIO p33BHTHH (|)HTOnAaHKTOHa. YcTaHOBAeHO, HTO MOIH- 
HOCTb CAOH BOAbl C 3KTHBHO pa3BHBaiOIII,HMCH (JlHTOnAaHKTOHOM yMeHbUiaeTCH
c  c e B e p a  Ha to r  h  o t  n o ô ep ex cb H  k  n e m p y  M opn o t  1 0 0  a o  5 0 ,  a  M ecram h a o  2 0  m .  
n oT p eÔ A eH H e (JiocifiaTOB (JiHTonAaHKTOHOM noA A epjK H Baex oneH b HH3Kyio k o h -  
ueH T p aiiH io  h x  b B epxH H x c a o h x  K p a c H o r o  M op n . B 3HMHHH n e p n o A  1 9 6 4 /6 5  r .  
OHa He n p eB b iin a A a  3 — 4  m z / m z . J ln n ib  b k h k h o h  nacTH  M opn Ô A aroA apn npHXOAy 
BOA ^ 3  AAeHCKOrO 33AH Ba KOAHneCTBO cjlOCCpaTOB npHÔAH3HTeAbHO paBHO  
10  m z / m 3. B CAoe BOAbl HHJKe 30HbI aKTHBHoro 4)OTOCHHTe3a H AO TAyÔHHbl n p n -
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M e p H o '2 0 0  m  K O H ueH T pauH H  K H C Jiop ou a  paBH O M epH O  n a f la e T  a o  1 , 5 — 2 , 0  m a / a , 

c o u e p jK a H u e  ^occjjaTO B n oB b iu iaeT C H  a o  1 0  m z / m 3 .

3 . X a p a K T e p H O u  ocoóeH H O C Tbio  p acn p eA eA eH H H  K H C A opoA a u  tpoctpaTO B H a 
rA y Ô H H ax  3 0 0 — 5 0 0  m  HBAHeTCH H a u H u u e  MHHHMyMa K H C Jiopoua h  MaKCHMyMa 
(JraccJiaTOB H a rA yÔ H H e o k o a o  4 0 0  m  b  np n apaB H H C K O H  noAOBHHe M o p n . T a K o e  
p a c n p e u e A e H H e  c b h 3 3 h o  c  n o n e p e u H o ü  u n p K y A H U H e n , oóycA O B A H B aiom eH  
o n y c K a H H e  o x A a * A a io u iH x c H  n o B e p x H o c T H b ix  b o a  y  acjipH K aH C K oro ô e p e r a  
h  n e p e H O c  s t h x  b o a  H a rA y Ô H H ax  6 0 0 — 8 0 0  m  u a  b o c t o k  c  n o e re n e H H O H  n o T e p e ñ  
KH C A opoA a H a oKHCAHTeAbHbie n p o u e c c b i .

4 . 3 h m o h  b  KpacHOM  M ope oT M enaeT cn puA  CAoeB c  n o B u u ie H H o ü  k o h i i c h -  
T p a u n e ü  KpeMHeKHCAOTbI ( a o  3 0 0 0  m z / m 3) ,  n p oH cxojK A eu H e KOTopbix oöbHCHHeT- 
CH HaAHHHeM nOBblUieHHblX BepTHKaAbHblX rpaAHeHTOB nAOTHOCTH BOAbl. MHTe- 
p eceH  (J)aKT HCHe3HOBeHHH CAoeB BbICOKHX KOHueHTpauHH KpeMHeKHCAOTbI 
B BOAHOH TOAIUe CeBepHOH HaCTH M o p n , HaÔAIOAaBIUHHCH B KOHUe 3HMbI 1 9 6 4 / 6 5  r .  
3 t H  H3MeHeHHH MOrAH npOH30HTH B p e3yA b T aT e OTTOKa BOA nOBepXHOCTHOrO 
CAOH Ha K)r B CBH3H C aKTHBHbIM HaKOnAeHHeM TAyÔHHHblX BOA, a  T3KJKe BCAeA
CTBHe ycH AeH H O ro P 3 3 b h t h h  (J ih to nAaHKTOHa. H e  H CKAïonena T 3 k > k c  b o 3 m o > k -  
HOCTb n e p e x o A a  n a c r a  p acraopeH H O H  KpeMHeKHCAOTbI b KOAAOHAHyio cjiopM y.

5 .  KoAHHecTBo o p ra H H n ecK o ro  B eiuecT B a b  BOAe K p a c H o r o  M opn b  3 h m h h h  
nepHOA 1 9 6 4 /6 5  r . ô h a o  H eôoA buiH M . BeAHHHHbi o k h c a h c m o c t h  b o a h  A e p * a -  
AHCb n a  y p o B H e 0 , 4 0 — 0 ,5 0  m a / a  0 2) a  b  rAyÔHHHbix c a o h x  He npeB bim aA H  
0 ,2 0  MA/ A  0 2 . 3 t 0  HBAHeTCH CAeACTBHeM He TOAbKO M3A0H npOAyKUHH nAaHKTOHa, 
HO H BbICOKOH CKOpOCTH OKHCAeHHH OpraHHUeCKOrO B eiu ecT B a. npH CyTCTBH e 
h h t p h t o b ,  K au KocBeHHOTo noK a3aT eA H  npoAyK UH H  o p ra H H u ecK o ro  B em ecT B a, 
OTM enaAocb Ha B c e x  p a 3 p e 3 a x  Ha h h j k h c h  rp a H H u e c a o h  n ep ecb im en H H  b o a h  
KHCAOPOAOM. KOHueHTpauHH HHTpHTOB H3MepHAHCb eAHHHU3MH M Z / M 3 , HTO 
a a h  3HMH HBAHeTCH AocTaTOHHO BbicoKHM coA epm aH H eM . H a  p a 3 p e 3 e  M a c c a y a —  
X o A eñ A a  Ha aiJjpiiKancKOM uieA bijie HaÔAiOAaAHCb KOHueHTpauHH h h t p h t o b  a o  
4 0  m z / m 3 N ,  h t o  xapaK T epH O  a a h  paftoHOB M a cco B o ro  uBeTeHHH cJiHTonAaHKT,OHa.

6 .  n p o A y K U H H  cJiHTonAaHKTOHa oT M enaeT C H  b  K pacH O M  M o p e  K p y r A b iü  t o a ,  
HO AepJKHTCH np H M epH O  Ha OAHOM h  TOM m e  HCBHCOKOM y p o B H e  c  HeKOTOpblM  
B 03paC T 3H H eM  B B eceH H e-A eT H H H  nep H O A  BÔAH3H OT Ô ep er O B . HeBblCO K H H  y p o -  
BeH  b OÔyCAOBAHBaeTCH HeAÔCTaTOHHHM KOAHHeCTBOM ÔHOreHHblX SAeM eHTOB  
(OCOÔeHHO (})OC(J)Opa) B B epX H H X  CAOHX MOpH.

AB S T RACT

In the paper results of the hydrochemical investigations are given. They can be cumma- 
rized as follows: the character of the distribution of the hydrochemistry elements in the Red 
Sea depends mainly on the dynamics factors: the water movements and the intensity of the 
vertical mixing processes. The value of the hydrochemistry elements content in the upper 
layers of the Sea is determined by the intensity of phytoplankton development. The water 
column layer of active photosynthesis observed during Expedition was decreasing from the 
North to the South, and from the coast to the central part of the Sea, its fluctuation being 
w ithin the limits of 100—50 m,and sometimes 20 m. Phosphate content in the surface waters 
of the Red Sea is very low due to consumption of it by phytoplankton and its value in w inter 
season of 1964—1965 was not higher than 3—4 mg P/m 3.Only in the southern part of the Sea in 
creasing to 10 mg P/m 3 occured due to the inflow of the surface waters from the Gulf of Aden. At 
the depths about 200 m decreasing of the dissolved oxygen content to  1.5—2.0 m l/L and incre
asing phosphate content to 10 mg P/m 3 was observed.The water layer at a 300—400 m depth 
is characterized by minimal content of oxygen, less than 1. Oml/L in the region along the Ara
bian coast, and by increased phosphate content about 30—40 mg P /m 3.The distribution of silicon 
is characterized by layering w ith maximum about 3.000 mg Si/m 3. The disappearance of the 
layers of silicon maximum was observed in the Northern part of the Red Sea by the end of 
the w inter.

As oxidation data show the quantity of organic matter is low in winter season. The value 
of oxidation is 0.40—0.50 mg 02/L in the surface layer, and does not exceed 0,20 mg 02/L in 
the deep layers. The high nitrite content was observed at the low boundary of the layer_ of 
oxygen oversaturation. The n itrite  content reached 40 mg N/m 3 in the regions of intensive
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photosynthesis, in particular, on the Massaua-Hodeida section. On the grounds of the results 
of the hydrochemistry analysis it can be considered tha t the Red Sea is characterized by low 
content of biogenous matter, in particular, in the upper water column. Mineral phosphate is 
the most deficient. By the end of winter phosphates and silicon are almost completely consum
ed by the first spring phytoplankton outburst. The income of biogens from the deep waters 
of the Sea decreases abruptly w ith the advent of the spring heating of the surface waters. The 
production of phytoplankton is relatively low during the whole year.
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R eprin ted  from A u st. J .  mar. freshwat. Res., vol. 20, 1969, p. 1-50

SEASONAL VARIATIONS IN THE INDIAN OCEAN ALONG 110°E.

I. HYDROLOGICAL STRUCTURE O F THE UPPER 500 M 

B y D . J . R o c h f o r d *

[Manuscript received July 28, 1967]

Summary

Tropical and subtropical water masses at surface and subsurface depths were 
separated by their salinity, temperature, oxygen, and nutrient characteristics. The 
annual mean depths and latitudinal extent o f these water masses were determined. 
Annual changes in the upper 50 m were generally so small relative to those found in 
other oceans that advection and mixing must have been less im portant in their genesis 
than local climatic changes. There was a  barely significant seasonal rhythm in surface 
phosphate and nitrate, with peak occurrences of each some 6 months apart. At each 
latitude the permanent thermal discontinuity centred around a particular isotherm varied 
little in intensity during the year, but rose and fell in accordance with surface currents.
The thermocline south of c. 18° S. varied little in depth but greatly in intensity during 
the summer.

The depth of the mixed layer was much less in summer and at all times shallower in 
the tropics. The depth of this layer was governed more by the accumulation of surface 
waters by zonal currents and eddies, than by wind stress or convective overturn. There
fore there was little difference from south to north, or m onth to month, in average 
nutrient values of this mixed column. The movement o f the various surface waters, 
deduced from salinity and temperature changes during the year, usually agrees with 
geostrophic currents across 110° E. and ships’ observations of surface currents in the 
south-east Indian Ocean.

I . I n t r o d u c t io n

Data collected on Indian Ocean cruises between 1959 and 1962 have been 
published in a series of Oceanographical Cruise Reports (CSIRO Aust. 1962a, 19626, 
1962c; 1963a, 19636, 1963c; 1964a, 19646, 1964c; 1966a; 1967), and discussed in 
scientific papers (Hagmeier 1964; Hamon 1965; Humphrey 1966; Rochford 1961, 
1962, 1963a, 19636, 1964, 1965, 1966a; Tranter 1962; Tranter and Newell 1963; 
Wood 1963a, 19636; Wyrtki 1962a, 19626).

In 1962-63, this Laboratory, with the collaboration of the Oceanographic 
Laboratory, Centre O.R.S.T.O.M., Nouméa, New Caledonia, undertook the 
“Seasonal Biological Cruises”, a series of six cruises at two-month intervals, along 
the 110° E. meridian between 32 and 9° S. The main aim of the series was to assess 
the effects of seasonal and latitudinal changes in the hydrological environment, on 
primary production, and on standing stocks at various trophic levels. The 110° E. 
meridian was chosen because it passes through both relatively stable, nutrient-poor,

* Division of Fisheries and Oceanography, CSIRO, P.O. Box 21, Cronulla, N.S.W. 2230. 
(Reprint No. 621.)

Collected reprints o f the International Indian Ocean Expedition , vol. V II, contribution  no. 537 1009



2 D. J. ROCHFORD

subtropical waters, and equatorial waters enriched by upwelling. Enough data had 
previously been collected in this region to allow predictions of probable values and 
trends, and to aid planning of the sampling programme.

I O O °  I I O °  1 2 0 °  E.

IN G A P O R E

Fig. 1.—Track chart 
and station positions. 
•  Position station.
□  Reference station.

2020

3 0 3 0

FREMANTLE

IOO 20

On each of the six cruises in the series (August-September and October- 
November 1962; January-February, March-April, May-June, and July-August 
1963), sampling was undertaken for each of six fields of study: hydrology, particulate 
carbon, chlorophylls, primary production, Zooplankton, and midwater trawl organisms. 
The midwater trawling programme was planned and carried out by O.R.S.T.O.M., 
Nouméa.

1 0 1 0



SEASONAL VARIATIONS IN THE INDIAN OCEAN. I 3

Sixteen stations were worked at 90 mile (1 -5°) intervals along the cruise track 
(Fig. 1). On each cruise, on the outward and return legs, two stations per day were 
worked at fixed times. At the morning station (0800-1230 hr) sampling was carried out 
for hydrology (surface to bottom), particulate carbon, chlorophylls, primary produc
tion, and Zooplankton. Hydrology samples (taken using an electric oceanographic 
winch of 10,000 m wire capacity), were analysed for salinity, oxygen, inorganic 
phosphorus, total phosphorus, and nitrate nitrogen. At the same time a smaller 
winch was used to collect water s. mples for particulate carbon, chlorophyll, and 
primary production determinations. When hydrology sampling had been completed,

300

400

Fig. 2.—(Above) Mean distribution of temperature (°c) ; (Below) changes in mean surface temperature
as a function of latitude.

the oceanographic winch was used for plankton net vertical hauls and light penetration 
measurements. The ship then got under way and plankton net tows were made from 
a stern davit. From noon to sunset, while the ship was under way, a simulated in situ  
measurement of primary production was made. At the evening station (2000-2400 hr) 
a similar procedure was adopted except that, because midwater trawling took about 
2 hr, hydrology sampling was restricted to a cast from the surface to 500 m for salinity 
analysis only; no light penetration measurements were made. The midwater trawl 
was towed from the stern davit before the evening plankton tows.

Thus sampling for particulate carbon, primary production, chlorophylls, 
Zooplankton, and some hydrology, was carried out twice at each station on each 
cruise ; on the outward and return legs. There was an interval of 28 days between

1 0 1 1



4 D. J. ROCHFORD

the first and last stations on each cruise, and of 12 days between the end of the outward 
leg and the start of the return leg. Two SCOR-Unesco Reference Stations (Fig. 1) 
were worked twice on each cruise but data for these stations have not been used in 
this series of papers.

Details of work accomplished, sampling and analytical methods, and all data, 
are in the relevant Oceanographical Cruise Reports (CSIRO Aust. 1965a, 19656, 
1965c, 1965c/; 19666, 1966c). The programme of Seasonal Biological Cruises was 
more comprehensive and rigorous in its approach to the problem of seasonal variations 
in the ocean than any previous study. Moreover, the 110° E. meridian cuts through 
a region which is hydrologically diverse. There is, in the region, a confluence of

L AT I T UDE  C°S)

E

I

Q

3 5 - 4 0 -

Fig. 3.—Mean distribution of salinity (barred values+35-OO and unbarred+34-00%0) .  Vert
ical column of low salinity.

waters from a number of different sources. In many cases these waters have markedly 
different characteristics (Rochford 1961, 1962, 1964). The situation is further 
complicated by the occurrence, between May and September, of an area of upwelling 
between Java and the north-west coast of Australia (Wyrtki 1962a).

This paper discusses the general features of the hydrological structure, water 
mass composition, and changes in properties of the waters of the upper 500 m. It is 
the first of a series of six papers giving analyses of the results for each discipline. 
These will be followed, at a later date, by the more detailed and synthetic papers 
necessary to fulfil the main aim of the programme.

II. D a t a  a n d  M e th o d s

Analytical methods and all data are given in the Oceanographical Cruise Reports. 
Where no evidence is presented, the identification of the water masses in this paper 
is based upon the characteristic properties established by Rochford (1964).

Vertical temperature gradients (Section VI) are based upon temperatures at 
water bottle sampling depths. These were 0, 25, 50, 75, 100, 125, 150, 200, 250, 300, 
400, and 500 m.

1 0 1 2



SEASONAL VARIATIONS IN THE INDIAN OCEAN. I 5

III. T h e  M e a n  M e r i d i o n a l  D i s t r i b u t i o n  o f  H y d r o l o g i c a l  P r o p e r t i e s

Seasonal changes in properties along 110° E. have been eliminated by averaging 
the hydrological data for each station. When sampling was not at standard depths, 
linearly interpolated values were used. This averaging procedure draws attention to 
those features of the hydrological structure that persist throughout the year and which 
are, therefore, of the greatest importance in the maintenance of the year by year 
hydrological regime along 110° E.

L A T I T U D E  C °S .)

O

IO O

3 - 0 0

200

300

400

500

Fig. 4.—Mean distribution of oxygen (ml/1.).

(a) Temperature

Surface temperatures increased steadily from south to north (to c. 20° S.) at 
c. 0-7 degc per degree of latitude (Fig. 2). Thereafter the increase was much slower. 
Around 12-13° S. surface temperatures were at their maximum. Further north, 
temperatures decreased by some 0 • 3 degc towards the Java coast. The warmest water 
at 75 m (26°c) was found at 14° S. (Fig. 2), denoting the mean position of the southern 
boundary of the west-flowing South Equatorial Current. The decrease in temperature 
north of 14° S., at all depths to 300 m and at greater depths, was caused by dynamic 
uplift along the northern boundary of the same current. The 10°c isotherm occurred 
at greatest depths between 18 and 29° S., caused principally by the accumulation of 
subtropical waters (South Indian Central and subtropical oxygen maximum water 
masses) (Section IV).

(b) Salinity

Highest salinities occurred near the surface in the south, but at progressively 
greater depths towards the north (Fig. 3). At c. 15° S. this layer of high salinity 
disappeared. North of c. 13° S. salinity values were very similar between 150 and 
500 m, except at 9°30' S. near the Java coast. This vertically homogeneous zone forms 
part of the Equatorial Frontal Zone extending across the south Indian Ocean as a
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SEASONAL VARIATIONS IN THE INDIAN OCEAN. I 7

structural feature of the South Equatorial Current (Rochford 1966a). An associated 
feature is the accumulation of low salinity water in the upper 150 m at 12°30'S. 
(Fig. 3).

LATITUDE (°S .)

6

X

O o  s o

Fig. 7.—Mean distribution of inorganic phosphate (/¿g-atom/1.).

A low salinity layer F i-F2 occurred at around 200 m above the high salinity 
layer D2-D 3 (Fig. 3). This layer is maintained by southward spreading of low salinity

L A T IT U D E  ( ° S .)

- \ 0 ‘

10-0

Fig. 8.—Mean distribution of nitrate nitrogen g-atom/1.).

tropical waters (Section IV). A layer G-G1, discernible as a weak salinity maximum 
on the mean salinity-temperature curves (Section IV), shows the extent of northward 
drift of high salinity waters of the West Australian Current.
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8 D. J. ROCHFORD

(c) Oxygen

South of 12° S., oxygen values increased from the surface downwards to form an 
upper oxygen maximum at each latitude (Fig. 4). South of 20° S., this was associated 
with the summer thermocline within which oxygen is conserved throughout the year

I5°30 '2 7

8 °  3 0 '
2 6

2 0

2 5

2 3 °

2 4

2 6 °

2 2

2 0

O
o

Id
<r
Z>

<
cr
liJ
Û.2
liJ
h-

3 5-6  3 5-7  3 5 8  35-93 5-2  3!

S A L IN IT Y  ( % „ )

3 4-4  3 4 -5  3 4 -6  3 4 -7  3 4-8  3 4 -9  3 5 0  35-

Fig. 9.—Mean temperature-salinity relations of waters (0-500 m) at various latitudes.---------Sigma-i.
Letters correspond to regions of Figures 3 and 4.
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SEASONAL VARIATIONS IN THE INDIAN OCEAN. I 9

at the value that it had in the winter mixed layer (Fig. 5). Above the thermocline, 
oxygen values decreased by atmospheric loss as summer heating proceeded. Below 
the thermocline, because the transfer downwards of well-oxygenated surface waters 
was stopped by the thermocline during summer, oxygen values decreased by mixing

12°30' 
•15° 30'

27°
9° 30'

-I8°30 '
26°

2 0 °

25°

2l°30'
24°

29°—

O
o

LÜ
cr

< a: û 
a. 2 
UJ

IO O °/o
Sat.

4 532
O X Y G E N  ( m l / O

Fig. 10.—Mean temperature-oxygen relations of waters (0-500 m) at the same latitudes as Figure 9. 
Letters correspond to regions of Figures 3 and 4.

1017



10 D. J. ROCHFORD

of winter waters of near saturation oxygen content with increasing amounts of deeper, 
oxygen-poorer waters. Thus, above and below the depth of the thermocline, oxygen 
values decreased during summer, forming an oxygen maximum within the thermo
cline. North of 20° S., where a summer thermocline rarely formed, this upper oxygen

6 0 0

2 1 * 3 0 '

20*5 0 0

3 0 0

•12*30'

200

¿ O t _  3 * 0 9  (M e GILL 1964) 
A P  I

1*00
INORGANIC PH O S P H A T E  Q tg - a to m /l )

2 00O

Fig. 11.—Mean oxygen-phosphate relations of waters (0-500 m) at the same 
latitudes as Figure 9. Letters correspond to regions of Figure 3.

maximum was found near the bottom of an isothermal layer of fairly constant depth, 
lying above the permanent thermal discontinuity (Fig. 6). At this mean depth, oxygen 
values were greater in summer than winter. The maximum north of 20° S. cannot be
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formed, therefore, by the same physical processes of seasonal mixing and heat and 
gaseous exchange that were effective south of 20° S. In this northern region, therefore, 
the maximum could be the result of biological production of oxygen in summer.

6 - O O

2 9 ”

 24*30'
2 3 °

 21*30'5 0 0

.18*30'

- 1 7 *

4 0 0

- 1 4 *

3 0 0

 12*30*

200

3 0 3 52 0 25IO 15O 5
N IT R A T E  (> ig -d to m /Q

Fig. 12.—Mean oxygen-nitrate relations of waters (0-500 m) at the same latitudes as Figure 9. 
Letters correspond to regions of Figure 3.

Below this upper oxygen maximum, an oxygen minimum (A-A4, Fig. 4) was found 
around 150-200 m at all latitudes south of 14° S. Oxygen values of this minimum 
increased southward, and by 29-32° S. the differentiation of this minimum in the mean 
oxygen profiles was less than 0 ■ 10 ml/1. (A3-A 4, Fig. 10) (Section IV). Around 13° S. 
there was a transition region where oxygen values decreased rapidly from south to

1019
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Fig. 13.—Mean positions of the principal water masses, and other structural features along 110° E. Depth of the thermocline and thermal discontinuity 
from Section VI. Depth of the upper oxygen maximum from Figure 4. Depth of the minimum annual temperature range from Figure 14. A -G
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SEASONAL VARIATIONS IN THE INDIAN OCEAN. I 13

north at depths below 300 m (Fig. 4). This was formed by the mixing of oxygen-rich 
waters of the subtropical oxygen maximum (C-C2, Fig. 4), and the tropical oxygen- 
poor waters of the Equatorial Frontal Zone and the Persian Gulf water mass (B, 
Fig. 4). Oxygen values within this tropical region north of 13° S. were less than 
3 ■ 00 ml/1, at all depths below the mean depth of the thermal discontinuity (100-150 m). 
Below this mean depth of the thermal discontinuity, vertical mixing was considerably 
reduced (Section VI).

LATITU DE (°S.)

X
a
a

Fig, 14.—Isopleths of the annual temperature range (degc).

{d) Inorganic Phosphate

Surface phosphate decreased slightly northward with the lowest value (0*13 
jug-atom/1.) at around 14° S. (Fig. 7) in the centre of the high-temperature (Fig. 2), 
low-salinity (Fig. 3) accumulation of South Equatorial Current water. The relatively 
low phosphate values south of 20° S., at all depths, resulted from the accumulation of 
high-salinity (Fig. 3), well-oxygenated (Fig. 4), but phosphate-poor subtropical 
waters in the same region. Despite dynamic uplift of deeper waters near the coast of 
Java (Fig. 2), no appreciable increase was found in the phosphate of the upper 25 m 
compared with other latitudes along 110° E. (Fig. 7). A phosphate maximum at 
150-300 m between 14 and 23° S. was caused by the southward spreading of low 
salinity (F1-F 2, Fig. 3), oxygen-poor (A-A2, Fig. 4), but phosphate-rich tropical 
waters.

(e) N itra te Nitrogen

The nitrate distribution (Fig. 8) closely paralleled that of phosphate (Fig. 7). 
The nitrate maximum at around 150-300 m in the region 14-23° S. was caused by 
southward spreading of tropical waters of high nitrate content at these depths. All 
surface waters, to depths of 30 m in the north, and 125 m in the south, had nitrate 
values less than 0 • 5 /¿g-atom/1., as determined by the strychnidine method. Comparison 
of the strychnidine and hydrazine methods at low nitrate concentrations (Dal Pont
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14 D. J. ROCHFORD

e t al. 1963) has shown that the strychnidine method, in coastal waters of relatively 
high organic content, can underestimate by c. 1 -00 ¿¿g-atom/1. It is probable, therefore, 
that the lowest nitrate value of waters along 110° E. lay between 0-50 and 1 -00 /xg- 
atom/1. As for phosphate, surface nitrate was no greater north of 11 -0°S. (Fig. 8) 
than south.

IV. T he M a jo r  W a te r  M asses

Figures 2-4 and 7-8, together with the mean annual curves of temperature- 
salinity (Fig. 9), temperature-oxygen (Fig. 10), oxygen-phosphate (Fig. 11), and 
oxygen-nitrate (Fig. 12), show consistent evidence throughout the year of a number 
of water masses. Temperature-salinity relations (Fig. 9) show that the oxygen 
minimum (A-A2, Fig. 10) was also a salinity minimum of nearly constant sigma-/

LAIITUOE C S .)

E
X

D

Fig. 15.—Isopleths of the annual salinity range (%0). Depths and lettering of the various water masses 
from Figure 13. Inset: Annual cycle of salinity in an upper 75 m mixed layer at 28° S.

(25-00). In this oxygen minimum, phosphate (Fig. 7), and to a greater extent nitrate 
(Fig. 8), were both at a maximum. The layer A-A2 at depths around 100 m (Fig. 13) 
is called the tropical oxygen minimum. North of c. 16° S. this layer assumed more 
and more the properties of the deep water (B, Fig. 13), so that by 13° S. it cannot be 
distinguished as an oxygen minimum.

The oxygen-phosphate curves (Fig. 11) show that the ratio of oxygen decrease 
to phosphate increase, from the surface to the depth of the oxygen minimum, was not 
markedly different from 3-09 : 1, the ratio that would result from the decomposition 
of plankton of average carbon to phosphorus composition (McGill 1964). It is 
considered likely, that north of about 15° S., the well-developed temperature dis
continuity found throughout the year just above the layer A (Fig. 13) accumulated 
organic detritus which by oxidative decomposition kept oxygen values low within this 
layer. South of 15° S., it is possible that the oxygen minimum layer (A^A2, Fig. 13) 
was formed principally by a similar process of local oxygen consumption. However,

1 0 2 2
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this does not explain the salinity minimum in this layer (A^A2, Fig. 9). To a large 
extent, therefore, the oxygen minimum south of 15° S. is formed by the southward 
advection of low-salinity, low-oxygen, tropical water.

LA T ITU D E  (®S.)

- Í - 4 0

«0
£

I 0*0
a.
o

O «o

Fig. 16.—Isopleths of the annual oxygen range (ml/1.). Depths of various water masses from Figure 13.

South of c. 23-29° S. however, the oxygen minimum (A3, Fig. 10) was much 
weaker, was associated with a salinity maximum rather than a minimum (A3, Fig. 9),

L A T IT U D E  (°S.)

Ô'-IÔ

0 - 5 0  r.

Fig. 17.—Isopleths of the annual phosphate range (/¿g-atom/1.). Depths of various water masses from
Figure 13.

and had a greater sigma-f than at 23° S. (Fig. 9). South of 31° S., the oxygen minimum 
(A4, Fig. 13) lay below the salinity maximum and was only just discernible on the 
temperature-oxygen curve of the region (Fig. 10). Therefore, the oxygen minimum
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south of 23° S. is not considered an extension of the tropical oxygen minimum further 
to the north, and is called thé subtropical oxygen minimum. This minimum occurred 
c. 50 m below the depth of the summer thermocline (Fig. 13), and c. 100 m above 
the depth of the permanent thermal discontinuity. It is not likely therefore, that this 
minimum is formed by the same localized biological processes as are thought to occur 
north of 15° S. More probably it is formed outside the 110° E. region and carried 
north and east through 110° E. by the drift of subtropical high salinity water masses. 
Two such high salinity water masses occurred along 110° E. South Indian Central 
water (D-D3, Fig. 13) on about the 26-00 sigma-/ surface (Fig. 9) originates in winter 
at c. 35° S. (Rochford 1967). The shallowness of this layer around 32° S. (Fig. 13) is

LA T ITU D E  C°S.)

r

Fig. 18.—Isopleths of the annual nitrate range (/¿g-atom/1.).

not indicative of its formation in these latitudes but is indicative rather of localized 
dynamic elevation by the eddies which are a common feature of this region (Hamon 
1965). In the absence of such eddies it is believed that this high salinity layer would 
lie below the thermocline at around 200 m. The very small annual change in salinity 
of this South Indian Central water between 23 and 30° S. indicates that there is either 
very little advection of this central water from the south during the year, or, if there be 
such advection, the rate of mixing across and into this layer must be proportional 
to the advection in order to maintain this near steady state of salinity. As it spreads 
north the depth of the core of this water mass deepens. However, its mean salinity- 
temperature relations indicated (Fig. 9) that its flow remained nearly isentropic on the 
26-00 sigma-/ surface. At its northern extremity (D3, Fig. 13) the centre of this water 
mass ascended and merged into the tropical low salinity layer (F-F1, Fig. 13) of the 
same sigma-/ (F-F1, Fig. 9).

Above D -D 3, a warmer high salinity water mass occurred within the thermocline 
region to the south of 24° S. (Fig. 13). This layer was formed by the northward 
spreading of waters with a sigma-/ value of around 25 -20 (G-G1, Fig. 9) of the West 
Australian Current (see Section YHI). Water of this current has the lowest phosphate
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SEASONAL VARIATIONS IN THE INDIAN OCEAN. I 17

content in the south Indian Ocean (Rochford 1967), and is the principal cause of the 
very low nutrient levels, especially nitrate (Fig. 8), in the upper 150 m south of 25° S. 
Around 500 m in the south, but shallowing to near 400 m in the north (Fig. 13), 
occurred a water mass distinguished by its high oxygen content (Fig. 10). Spreading 
of this water mass occurred on about the 26-80 sigma-? surface and it is therefore 
identical with the subtropical oxygen maximum (Rochford 19666). Mixing of this 
water mass with South Indian Central water at depths above it increased its salinity 
in the region northward (C-C1, Fig. 9). Northward again, however, the subtropical 
oxygen maximum decreased in salinity (O -C 2, Fig. 9) by mixing with a southward 
extension of Persian Gulf waters (B2, Figs. 10 and 13).

1962 1963
M A R . APR- MAY JU N E  JU LY  AUG

-25

h” ’+!tV+ + + + !*> U’1 *
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Fig. 19.—Changes in surface temperature with time and latitude.

V . T he A n n u a l  ( A u g u s t  1 9 6 2 - A u g u s t  1 9 6 3 )  V a r i a t i o n  i n  H y d r o l o g i c a l

Properties

(a) Annual Range with R espect to  D epth  and Latitude

(i) Temperature
The annual temperature range decreased with depth (Fig. 1 4 ) , reaching a minimum 

at the depth of summer heating and winter cooling of the water column, assuming 
the thermal structure is largely unaffected by mixing or advection. North of c. 18° S.,
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18 D. J. ROCHFORD

this minimum in the temperature range does show the vertical extent of the seasonal 
heat exchanges, since the vertical flux of heat is limited by the permanent thermal 
discontinuity (Fig. 13), and the largely zonal movements of water do not transport 
waters of very different temperatures through the region. South of 18° S., however, 
at various depths, there is a net annual flow to the north of subtropical, and to the 
south of tropical waters (Section IV). Because of this, the minimum in the temperature 
range (south of 18° S.) cannot be interpreted solely in terms of heat exchange with 
the surface. However, the similarity in depths (within 25 m) of this minimum in the 
temperature range, and of the mean summer thermocline (Fig. 13) at 20° S. and
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Fig. 20.—Changes in surface salinity with time and latitude. For salinity coding see Figure 3.

26-32° S., shows that heat exchange with the surface was a major factor at these 
latitudes. Between 21 and 26° S., however, this minimum in the temperature range 
occurred some 50-150 m below the mean depth of the summer thermocline, and at 
these latitudes therefore, vertical mixing and advection must also be important factors. 
The annual range of surface temperatures increased southward, from around 3 degc 
per year at 11° S. to nearly 6 degc at 29° S. (Fig. 14). Southward again, however, 
the annual range of surface temperatures decreased to less than 3 degc. At comparable 
latitudes of the North Pacific unaffected by the Kuroshio or California currents, the 
annual range of surface temperature varied from about 1 degc at 10° N. to 4 degc at
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30° N. (Wyrtki 1965). Generally therefore, the annual surface temperature range 
along 110° E. was greater than at comparable latitudes in the North Pacific. However, 
the extent of this increase caused by greater north-south exchange of waters of different 
temperatures or greater vertical mixing along 110° E. cannot be decided. The annual 
temperature variations at 100-200 m between 9 and 18° S. (Fig. 14) were caused by 
vertical oscillations of water of a particular temperature, in response to changes in 
intensity of the Java and South Equatorial Currents (Hamon 1965).

The large annual variations in temperature at 200-500 m between 30 and 32° S. 
(Fig. 14) were the result of eastward movement of eddies through this region (Hamon 
1965).

1 9 6 2  1 9 6 3
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3 2 3 5  9 0
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Fig. 21.—Comparison of changes in position of selected isotherms (Fig. 19) and
isohalines (Fig. 20).

(ii) Salinity *
The largest annual range of salinity (greater than 0-60%„) within the upper 50 m 

occurred around 17° S. near the boundary of low salinity tropical and higher salinity 
subtropical waters (Fig. 15), and in the region north of 13° S. These latter variations 
in salinity were caused principally by the seasonal drift southward, in summer and 
autumn, of water of very low salinity from the Java and Banda Seas, and by the east- 
flowing Java Current. The former variations in surface salinity were caused by north- 
south shifts in position of tropical and subtropical waters. Within the zone of warm
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water accumulation by the South Equatorial Current at 14° S. (Fig. 2), salinities 
remained relatively constant during the year (less than 0-40%o annual range). South 
of 20° S. the annual range of salinity in the upper 75 m was less than 0 -40%o (Fig. 15). 
This is within the range of salinity transformation that the annual evaporation of 
140 cm of this region (Dietrich and Kalle 1957) would cause within a mixed layer of 
75 m (Fig. 15, inset). However, to maintain the steady state salinity each year, a supply 
of low salinity water as well as the annual precipitation of 60 cm (Dietrich and Kalle 
1957) would be required (Fig. 15). This low salinity water is probably supplied by a 
combination of surface advection of tropical water (Section VIII), and deeper, south
ward spreading of waters of the tropical oxygen minimum (Fig. 13).
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Fig. 22.—Changes in surface inorganic phosphate with time and latitude.

3 4

The large annual range in salinity at 200-400 m, south of 27° S., was caused by 
oscillation in the depth of accumulation of high salinity waters within the anti- 
cyclonic eddies that occur periodically in this region.

(iii) Oxygen

In a region of strong mixing and horizontal advection within the Kuroshio 
Current off south-east Japan, Uda (1964) found an annual variation in surface oxygen
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of 2-12 ml/1. This variation is very large when compared with that along 110° E. 
(Fig. 16), where the highest was 0-66 ml/1. It is thought therefore, that along 110° E. 
most of the annual surface change in oxygen concentration was caused by changes in 
the solubility of oxygen in response to surface temperature changes. For example, 
at c. 28° S., the annual changes in temperature and salinity of surface waters (Figs. 
14 and 15) would cause the oxygen concentration to vary by 0-50 ml/1., which is very 
similar to the observed range of about 0-60 ml/1. (Fig. 16). South of 20° S., a layer 
of minimum annual change in oxygen was found at depths of 25-75 m (Fig. 16).
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Fig. 23.—Changes in surface nitrate nitrogen with time and latitude.

This minimum was caused by retention, within the summer thermocline, of winter 
well-oxygenated water (Section III) also forming a maximum in oxygen concentration 
at the same depth (Fig. 4). Below this layer of minimum annual change, however, 
the annual changes in oxygen were much greater than at the surface (Fig. 16). 
Generally, the largest of the annual changes occurred in the boundary regions 
separating the horizontal circulation paths of the major water masses, and were 
caused by seasonal changes in the horizontal and vertical extent of these water masses.

(iv) Inorganic Phosphate

In temperate waters Armstrong and Butler (1962) observed annual changes of 
some 0 • 5 /¿g-atom/1. in the phosphate of the surface waters of the English Channel,
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whilst Rakestraw and Carritt (1948) found an annual change of 1 • 10 ^g-atom/l. in 
surface waters between New York and Bermuda. In the tropics George (1953) found 
an annual variation of some 0 • 50 /xg-atom/1. in surface phosphate off the Malabar 
coast of India. In comparison, the annual changes in surface phosphate along 110° E. 
were very small, rarely exceeding 0-20 /xg-atom/1. (Fig. 17). In regions where the sur
face change was less than 0-10 /¿g-atom/l. (e.g. 10 and 23° S., Fig. 17) it is impossible to 
separate real variations in phosphate from those caused by experimental error in the 
analyses. It is probable that in these latitudes the phosphate content remained
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Fig. 24.—Changes in temperature at 100 m with time and latitude.

constant during the year. Below the surface the annual range generally decreased to 
a minimum value (Fig. 17) at a depth which corresponded closely to that of the 
minimum range in oxygen (Fig. 16). Below this minimum value of phosphate, the 
annual variation in phosphate paralleled that of oxygen (Fig. 16) and was caused by 
the same changes in mixing.

(v) N itra te Nitrogen

Taking into account the sensitivity of the strychnidine method at low nitrate 
concentration (Section III), it is probable that the annual range in nitrate at the surface 
along 110° E. was less than 1 *00 ^g-atom/1. (Fig. 18). This was less than the annual 
variation of 2*0/¿g-atom/l. observed by Rakestraw and Carritt (1948) in the Gulf
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Stream off New York, and very much less than the annual variation of c. 7 jug-atom/1. 
observed by Cooper (1933) in the English Channel. This constancy of surface nitrate 
is in agreement with low annual variability of phosphate (Fig. 17) and oxygen (Fig. 16). 
Along 110° E., much larger annual variations occurred in the deeper waters than at 
the surface. The largest of these were found at latitudes and depths shown by other 
properties (Figs. 14-17) to be caused by vertical and horizontal movements of different 
water masses during the year.
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Fig. 25.—Changes in salinity at 100 m with time and latitude.

(b) Time and Latitude a t Selected  D epths

(i) Temperature (0 m)
Temperatures ranged from 18°c in the south in September 1962, to 29-l°c  

around latitude 12° S. in April 1963 (Fig. 19). Maximum temperatures for the period 
were found between March and April at all latitudes except south of 30° S. Here, 
January temperatures were equal to, or greater than, those in April. The temperature 
pattern showed periods of warm water (V, Fig. 21 : (¿>)(ii) below) alternating with 
colder water. South of 28° S. much of this colder water was formed by mixing during 
the movement of eddies through the region. The warmer periods are therefore con
sidered normal for this region. However, between 15 and 28° S. it is thought that the
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warmer water periods are caused by advection of warm water from the north while 
the colder periods are normal for the region.

(ii) Salinity (0 m)
Salinities ranged from 32-84%0 in the north in late May 1963, to 35-95%0 in 

the extreme south in April-May 1963 (Fig. 20). The lowest salinities of the year for 
the latitudes 24-32° S. were generally found in the summer-autumn period (January- 
May). North of 24° S., however, and north of 14° S. in particular, the lowest annual 
salinities occurred in the autumn-winter period (April-July). Generally, periods of
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Fig. 26.—Changes in inorganic phosphate at 100 m with time and latitude.

lowered salinity coincided with periods of increased temperature (1-5, Fig. 21). The 
most likely explanation of these drops in surface salinity is advection of low salinity 
tropical water (see also Section VIII).

(iii) Inorganic Phosphate (0 m)
Values ranged from  0*07 to 0*30 ¡¿g-atom/l. (Fig. 22). The lowest values of 

this range were found in April-May throughout most of the region south of 15° S., 
and in July largely between 11 and 17° S. The highest values for the period were mostly 
found in October-November when the thermocline structure indicated (Section VI) 
maximum vertical mixing. Increased phosphate around 12° S., particularly in August
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1963, occurred within a region of lowered surface temperatures (Fig. 19) and was 
caused by upwelling or uplift and mixing of deeper waters into the surface layer.

(iv) Nitrate Nitrogen (0 m)
Values ranged from 0 to 2-1 ftg-atom/1. (Fig. 23). Values greater than 0 • 5 

/Mg-atom/1. were largely confined to the period January-May and to the region south of 
12° S. Nitrate did not increase during the period of phosphate enrichment in August 
1963 (Fig. 22). During the period of increased vertical mixing in October-November
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Fig. 27.—Changes in nitrate nitrogen at 100 m with time and latitude.

1962, when phosphate increased (Fig. 22), nitrate was at about its lowest value for 
the year (Fig. 23). Considering the experimental error of these nitrate values (Section 
III), it is possible that these discrepancies were of no significance, but if real, they 
imply that nitrate was being utilized more rapidly than phosphate.

(v) Temperature (100 m)
The most rapid changes in temperature within the period of one cruise, or from 

one cruise to the next, occurred around 9-12° S. (A-A1, Fig. 24). These rapid changes 
were brought about by short period uplift and sinking of colder water. The band of 
increased temperatures between 12 and 14° S. (B-B1, Fig. 24) was caused by warm 
water accumulation within the South Equatorial Current.
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(vi) Salinity (100 m)
North of 20° S. the position of bands of higher salinity (A-A1 and C-C1, Fig. 

25) coincided with those of zonal bands of lower temperature (A-A1 and C-C1, 
Fig. 24). The zonal band of lower salinity (B-B1, Fig. 25) and the zonal band of 
higher temperature (B-B1, Fig. 24) occupied much the same position each month.
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Fig. 28.—Comparison of changes in position with time and latitude of selected features o f Figures 
24-27. A -A 1, B-B1, and C-C1 explained in text.

(vii) Inorganic Phosphate (100 m)
Meridional maxima (A-A1 and C-C1, Fig. 26) and minima (B-B1, Fig. 26) of 

phosphate were found during the year at about the same latitude as corresponding 
zones of salinity (Fig. 25) and temperature (Fig. 24).

(viii) Nitrate Nitrogen (100 m)
Bands of maxima (A-A1 and C-C1, Fig. 27) and minima (B-B1, Fig. 27) in the 

meridional nitrate values corresponded fairly well with similar bands of phosphate 
at about the same positions (Fig. 26).
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(ix) Significance of Zones of Higher and Lower Temperature and Associated Properties 
Zone A-A1 (Fig. 28), with a constant meridional maximum in salinity and 

nutrients, and a minimum in temperature at 100 m, forms the northern boundary of 
the west-flowing South Equatorial Current from April to September, and the southern 
boundary of the east flowing Java Current from about November to February.

Zone B-B1 (Fig. 28), with a meridional maximum in temperature and a minimum 
in salinity and nutrients at 100 m, was not found throughout the year. When developed, 
this zone was formed by accumulation of warm water around the southern boundary 
of the South Equatorial Current. Zone C-C1 was characterized by a meridional 
temperature minimum and a slight salinity and nutrient maximum at 100 m (Fig. 28).
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Fig. 29.—Changes in salinity, water masses, and selected structural features with time and 
depth at 30°30'S. Barred values, salinity less 35-00%o. Unbarred values, salinity less 34-00 %„.

During the winter and spring, Hamon (1965) found easterly currents in the region 
of this zone (18-20° S.). Zone C-C1, during these months, is therefore formed by 
dynamic uplift along the southern margin of these currents. In summer however, 
easterly currents were either absent, or very weak (less than 5 cm/sec) in the region 
of zone C-C1 (Hamon 1965). A temperature minimum cannot therefore be formed 
by the same dynamic uplift in summer as in winter. However, Wyrtki (1962h) postulated 
that north-flowing currents, which would not be detected in Hamon’s geostrophic 
currents, diverge in the region around 20° S. during summer. It is possible therefore,
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that zone C-C1 is the result of this divergence in summer. If this is so, such a divergence 
had no effect on surface nutrients (Figs. 22 and 23).

(c) Time and Depth at Selected Latitudes
The monthly cycles of the appearance and disappearance of the major water 

masses and other features at selected latitudes along 110° E. are shown in Figures 
29-35.
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Fig. 30.—Changes in salinity, water masses, and selected structural features with time
and depth at 26° S.

(i) 30° 30' S.
South Indian Central water on the 26-00 sigma-f surface occurred as a recog

nizable salinity maximum from July to November (Fig. 29). Between November 
and February, South Indian Central water lost its identity by mixing. From February 
to April-May, the upper salinity maximum at shallow depths (50 m) was formed by 
the ingress of high salinity water of the West Australian Current. The increase in 
depth of the thermal discontinuity, the 1 -00 /¿g-atom/1. phosphate isoline, the 14°c 
isotherm, and the core of the subtropical oxygen maximum during October-November, 
were caused by the accumulation of subtropical surface waters in eddies. The disappear
ance of the thermal discontinuity from April to July was caused by the ingress of 
relatively cold waters of the subtropical oxygen maximum, elevating the 14°c isotherm 
almost to the depth of the summer thermocline.
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(ii) 26° S.
At 26° S. only one high salinity layer was clearly recognizable. This was South 

Indian Central water (with almost constant salinities throughout the year), on about 
the 26-00 sigma-/ surface (Fig. 30). Lying just above or within this layer was the 
subtropical oxygen minimum. The increase in salinity at 100 m in April 1963 was 
caused by waters of the West Australian Current, distinguishable as a salinity maximum 
only on a salinity-temperature diagram. The thermal discontinuity centred about the 
16°c isotherm occurred at around 250 m, and the subtropical oxygen maximum 
centred about the 1 -00 /¿g-atom/1. isoline of phosphate at 450-500 m.
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Fig. 31.—Changes in salinity, water masses, and selected structural features with 
time and depth at 23° S.

Within this latter layer, oxygen values were at their lowest in October when 
the salinity was highest and phosphate at its lowest for the year. This is the period 
of maximum accumulation of shallower subtropical waters within this layer.

(iii) 23° S.
The salinity of the South Indian Central water mass varied more at 23° S. 

although the sigma-/ and depth of this layer were fairly constant (Fig. 31). Highest 
salinities, indicative of increased flow, occurred in January and July. A summer 
thermocline persisted at least until October. Below this thermocline the tropical
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Fig. 32.—Changes in salinity, water masses, and selected structural features with time
and depth at 20° S.
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Fig. 33.—Changes in salinity, water masses, and selected structural features with 
time and depth at 18°30'S.
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Fig. 34.—Changes in salinity, water masses, and selected structural features with 
time and depth at 14° S.
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Fig. 35.—Changes in salinity, water masses, and selected structural features with time
and depth at 11° S.
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oxygen minimum layer first occurred in March-April, with the lowest oxygen content 
of the year. From then on, this layer deepened and increased its oxygen content 
until by January the oxygen saturation was as high as 83 %, and its identity as an 
oxygen minimum was almost lost. The salinity maximum on the 23 • 5 sigma-/ surface

LA T IT U D E  C°S.)

4 0
3 0 -

Fig. 36.—The mean annual vertical temperature gradients in degc per m multiplied by IO3. 
+  +  +  +  Maximum indicative of the mean depth of the thermal discontinuity and thermocline.

during April-May, centred on the thermocline, was formed by mixing of low salinity 
waters into the layers above and below the thermocline during the ingress of waters 
of this tropical oxygen minimum. The thermal discontinuity, and the 15°c isotherm 
with which it was associated, varied little in depth during the year. Below this stable

1 9 6 2  1 9 6 3
JAN.

>2 2 '
6 0

2 0 .
2 0
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X

o

Fig. 37.—Changes in vertical temperature gradients (degcx 103/m) with time and depth at 27°30'S. 
+  +  +  +  Maxima in the vertical gradients. Depths of the 16-5 and 22°c isotherms are shown.

zone, however, there was considerable variation in the extent of waters with a phosphate 
content greater or less than 1 -00 /¿g-atom/1., and in the salinity and oxygen values of 
the subtropical oxygen maximum. Oxygen and salinity values, without making any 
allowance for variations in mixing, indicate that more of the waters of this maximum 
occurred at 23° S. in May-June than in other months of the year.
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(iv) 20° S.
At 20° S. waters above 200 m were largely of tropical origin. The ingress of 

tropical water was greatest in January-February, as evidenced by the decrease in 
salinities of the upper 50 m and by the oxygen minimum around 150 m (Fig. 32).

✓ 2 02 0

-20

2 0 0 ■19 C

300

F ig . 38 .— C h a n g es  in  v ertica l tem p era tu re  g ra d ien ts  (d e g c  x 103/m ) w ith  t im e  a n d  d ep th  at. 2 0 °  S. 
D e p th s  o f  th e  19 a n d  2 4 ° c  iso th erm s are  sh o w n .

1962 1963

2 4 ° C
IOO - ,IOOIOO•24°C

IOO60
6 0

- 4 0 '

'2 0

F ig . 39 .— C h a n g es  in  v ertica l tem p era tu re  g ra d ien ts  (d e g c  x  103/m ) w ith  t im e  a n d  d e p th  a t  11° S.
D e p th  o f  th e  2 4 ° c  iso th erm  sh o w n .

Below 200 m however, waters were largely of subtropical and southern origin. 
This was caused by advection of South Indian Central water on the 26-00 sigma-t 
surface around 250 m, and of subtropical oxygen maximum water at deeper levels. 
The salinity of the South Indian Central water was at its lowest for the year in March- 
April, when a marked diminution in the oxygen of the subtropical oxygen maximum 
below also occurred. However, since this diminution in oxygen was accompanied by
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an increase in phosphate (Fig. 32), its cahse must have been an influx of waters of 
northern origin, rather than mixing of subtropical waters to the depth of this sub
tropical oxygen maximum. The northward spread of South Indian Central and sub
tropical oxygen maximum waters for most of the year at 20° S. appears therefore to 
be reduced in late summer by a counter-flow of tropical waters. Associated with the 
tropical oxygen minimum and South Indian Central water, were two separate thermal 
discontinuities formed by advection of waters of a different temperature structure and 
not, as occurs to the north (Section VI), by vertical displacement of a temperature 
layer.

l a t i t u d e :  ( ° s .)

2 0 .

t+'9°

400

O

50

-20
150

2 0 0

250

300 (b)
350

Fig. 40.—Changes in vertical temperature gradients (degc x 103/m) with latitude and depth, 
(a) March-April 1963, (b) October-November 1962.

(v) 18°30’S.
The tropical oxygen minimum was well developed throughout the year but the 

greatest influx of waters of this minimum occurred in May-June when its oxygen and 
salinity were at their lowest values (Fig. 33). A thermal discontinuity was associated 
with this minimum at some 50 m above it. During the May-June influx, however, 
this thermal discontinuity disappeared because of vertical mixing. This vertical 
mixing occurred at a time when the salinity of the South Indian Central water mass 
was lowered, and the oxygen and phosphate content of the subtropical oxygen maximum 
indicated (as at 20° S., Fig. 32) an increase in the influx of tropical water. In May-June 
therefore, the 500 m column was strongly influenced by tropical waters. A thermal 
discontinuity was found at about the same depth as the South Indian Central only 
during periods when its salinity suggested the strongest influx.
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(vi) 14° S.
At 14° S., South Indian Central water occurred only in January-February and 

on about the 26 ■ 30 sigma-/ surface at c. 300 m (Fig. 34). High salinity waters at about 
this depth at other times of the year were identified as Arabian Central and Persian 
Gulf (Rochford 1964), but these also did not occur all the year round. The constancy

LATITUDE (°S .)

'2 0 .
- 4 0 -

—20

( b )

Fig. 41.—Changes in vertical temperature gradients (degc x 103/m) with latitude and depth. 
(a) August-September 1962, (b) July-August 1963.

in depth of the 26-00 and 26-50 sigma-/ surfaces showed that mixing did not extend 
to sufficient depths at 14° S. to destroy the identity of these high salinity layers at 
certain times of the year. These bolus type intrusions must therefore be formed outside 
the 14° S. region. Above 250 m the tropical oxygen minimum showed by its oxygen 
values that the greatest influx of this water occurred in July-August. This was also 
the period when so-called counter-current water (Rochford 1964) of the north Indian 
Ocean was found within the thermal discontinuity layer. This discontinuity layer was 
at maximum depth in October when the South Equatorial Current was flowing most 
rapidly (Hamon 1965), and at minimum depth in March-April when this current was 
weakest.

(vii) 11° S.
All the selected features of the hydrological structure (thermal discontinuity, 

salinity, density, phosphate, and oxygen) were closest to the surface in October
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Fig. 42.—Changes in vertical temperature gradients (d e g c x l0 3/m) with latitude and depth. 
(a) January-February 1963, (6) May-June 1963.
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Fig. 43.—Variations in the depth of the mixed layer (degc/m less than 0-02).
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(Fig. 35). This elevation, which was brought about by dynamic uplift along the 
northern boundary of the South Equatorial Current, affected the hydrological structure 
to at least 400 m.

latitude (°s.)
2 5 2 9

0-2 \

AUG.-SEPT. -1962

0 3

O C T.-N O V . 1962

0-2
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O 0  -2

MAY -JU N E 1963

0-3

0-2

JULY-AUG. 1963 
,j i. _ j __

22
-J X . L —
2 6  2 0

.1 L .1 I.
2 0

LATITUDE C°S.)

Fig. 44.—The column averages of phosphate and nitrate to the bottom of the mixed layer
(Fig. 43).

V I. Sea so n a l  a n d  L a t it u d in a l  C h a n g e s  in  t h e  V e r t ic a l  T em per a tu r e

G r a d ie n t s

Temperatures decrease non-uniformly with depth in the upper layers of the 
south-east Indian Ocean and this gives rise to one or more maxima in the vertical 
temperature gradients. The mean annual vertical temperature gradients at each 
latitude (Fig. 36) show that, north of c. 18° S., there was only one maximum of this
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gradient throughout the year. South of 20° S., however, two such maxima occurred 
(Fig. 36). In this southern region the deeper maximum in the temperature gradient 
separated colder, deeper water, of near uniform temperature, from warmer, shallower 
water of more variable temperature, and was permanently centred about a particular 
temperature band (Fig. 37) which ascended and descended according to the surface 
circulation. This maximum in the temperature gradient is called the thermal dis
continuity, in preference to the term “permanent thermocline” introduced by Wyrtki 
(1964). The term thermocline is reserved for the maximum in vertical temperature

120°8Q*E 12 0° I OP0

20°

2 0°

PE RMANE NT • >  G E O S T A O P H I CN O N  - P E R M A N E N T

Fig. 45.—Surface currents November-April. Only those surface ship drift currents (Deutsches 
Hydrographisches Institut 1960) greater than 20 cm/sec are shown. These currents have been divided 
into permanent (persistent drift in one direction for more than 50% of the month) and non-permanent 
(persistence less than 50%). Surface geostrophic currents across 110° E. (Hamon 1965) with velocities 

greater than 15 cm/sec are shown for comparison. For 1, 2, and 3 see text.

gradient, found much nearer the surface, and restricted to the summer period when a 
shallow heated layer forms above the thermal discontinuity (Fig. 37). Thus, at 
27°30'S., the thermal discontinuity occurred all year round at 200-250 m, and was 
centred on the 16-5°c isotherm, whilst the thermocline occurred only from January 
to May, then disappeared, and reformed only when surface temperatures exceeded 
22°c (Fig. 37). At 20° S. the thermocline and thermal discontinuity tended to coalesce 
but were still clearly differentiated, the former appearing only when surface tem
peratures exceeded 24°c and the latter almost permanently centred about the 19°c 
isotherm, which ascended and descended some 100 m in the year (Fig. 38).

At 11° S. only one maximum in the vertical temperature gradient was found 
for most of the year (Fig. 39). This was centred about the 24°c isotherm and was 
therefore the equivalent of the thermal discontinuity of southern latitudes, rather 
than the true thermocline (Fig. 37). This thermal discontinuity occurred nearest the
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surface (30-40 m), and at maximum intensity, in late October when Hamon (1965) 
found the South Equatorial Current at near maximum strength just south of 11° S. 
The uplift and intensification of the thermal discontinuity were principally caused, 
therefore, by upthrust of the deeper, colder water. During the summer, when the 
South Equatorial Current lies more to the south and is much weaker (Hamon 1965), 
this thermal discontinuity weakened considerably, but its intensity was still as strong 
as the summer thermocline south of 20° S. (Figs. 37 and 39).

120°100°

2 0°2 0°

PERMANENT

Fig. 46.—Surface currents May-October. For 2 and 4 see text. Other symbols, see Figure 45.

During late summer (March-April), a thermocline with a vertical temperature 
gradient of more than 2 degc in 25 m (80 units, Fig. 40(a)) occurred from c. 15-32° S. 
at depths of 50 m in the north to around 100 m in the south. North of 15° S., a thermal 
discontinuity of about the same intensity, but at a deeper level (100-150 m), was 
found. South of 17° S., this thermal discontinuity weakened and its centre deepened 
to around 250 m.

In late spring (October-November) no thermocline with an intensity greater 
than 0 ■ 75 degc per 25 m (30 units, Fig. 40(¿>)) was in evidence. The thermal dis
continuity was very strongly developed in the extreme north and nearer to the surface 
than elsewhere. The deepening of this discontinuity around 14° S. occurred in the 
region of maximum accumulation of warm water (Fig. 2) by the South Equatorial 
Current. The thermal discontinuity south of c. 20° S. varied little in depth or intensity 
froin late summer to late spring (Fig. 40), except in the far south where the thermal 
structure is complicated in the late spring by eddy disturbances. The depths and 
intensities of the thermocline and thermal discontinuity at other times of the year 
varied within these two extreme conditions (Figs. 41 and 42).
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VII. S e a s o n a l  a n d  L a t i t u d i n a l  C h a n g e s  in  t h e  M ix e d  L a y e r  
a n d  N u t r i e n t  C o lu m n  A v e r a g e s

The mixed layer was defined by Defant (1936) as that part of the temperature 
profile, from the surface downwards, in which the temperature gradient did not 
exceed 0-02degc/m. More recently Wyrtki (1964) used a value of 0-03degc/m. 
Defant’s value of 0-02 degc/m is used in this paper to determine the depth of the 
mixed layer in which no physical boundaries exist to impede the vertical mixing of 
nutrients and biota. The depth of this mixed layer varied, from extreme values of 
more than 200 m in the south during winter and spring, to around 10 m in latitudes
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Fig. 47.—Changes in the direction of drift of tropical low salinity and of subtropical high salinity 
waters across and along 110° E. For 1, 2, 3, and 4 see text.

15-17° S. in summer (Fig. 43). Between 11 and 15° S. the depth of the mixed layer 
increased to 80-100 m during the period of strongest flow of the South Equatorial 
Current, and decreased during the counter-flow of the Java Current and weakest 
flow period of the South Equatorial Current (Fig. 43). The depth of the mixed layer 
in these latitudes was governed, therefore, by the varying depth of accumulation of 
warm water in response to geostrophic balance, and not directly by seasonal changes 
in wind stress and convective overturn.

South of c. 17° S. the depth of the mixed layer remained nearly constant through
out the year at certain latitudes (19 and 24° S., Fig. 43) but fluctuated considerably 
at others (17, 21, and 26-32° S., Fig. 43). It is considered most unlikely that the mean 
wind stress and convective overturn could vary so much from one latitude to another 
as to create, for example, a deep mixed layer to near 170 m at 26° S. on August 22,
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1962 (Fig. 43), but to only 60 m at 23° S. some 24 hr later. It is thought more probable 
therefore that the deepening of the mixed layer at 17, 21, and south of 25° S. (Fig. 43) 
was a consequence of the eastward passage of eddies during winter and spring (Fig. 
43). Without this augmented mixing it is doubtful whether the mixed layer south of 
20° S. would extend much below 75 m, the depth of the near constant mixed layer 
at 24° S.

19 6 2  196 3

8

IO

I A

2 5 0

16

e

2 0

22
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26
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• Fig. 48.—Changes with time and latitude of oxygen content (ml/1.) o f the tropical oxygen minimum 
(sigma-/ 25-00-26-00). For (1), (2), and (3) see text. * Minimum value for the year at the particular

latitude. □  Sigma-/ less than 25-00.

The column average of nutrients in this mixed layer was not significantly greater 
at latitudes where this pronounced deepening of the mixed layer occurred in winter 
and spring (17, 21, and 25-32° S., Fig. 44). This stability in nutrients also favours 
eddy accumulation of surface waters and not wind stirred mixing and convective 
overturn as the explanation of the deep mixed layer south of 20° S.

The latitudinal variation in the mixed column averages of inorganic phosphate 
was not very great (Fig. 44) and in most cases was within the experimental error of 
the analysis. Similarly, with nitrate, it is doubtful whether any significance can be 
attached to the latitudinal variation. It is probable that all column averages of nitrate 
can be accepted as less than 1 -0 ^g-atom/1., but variations from 0 to 0-5 /xg-atom/1. 
have doubtful significance. The seasonal variations in the mixed column averages of
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inorganic phosphate from one cruise to another indicate that, on the average, there 
was slightly more phosphate in this column in winter and spring than in summer and 
autumn (Fig. 44). However, the range of variation was quite small (less than 0-15 in 
summer and autumn to more than 0-20 in winter and spring; Fig. 44).
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Fig. 49.—Changes with time and latitude of the salinity (%0) (thicker lines) and depth (m) (thinner lines)
of South Indian Central water.

VIII. S u r f a c e  C u r r e n t s  o f  t h e  110° E. R e g io n

Wyrtki (19626) and Hamon (1965) have described the geostrophic currents of 
the south-east Indian Ocean. Hamon (1965) also indicated the zonal components of 
geostrophic flow across 110° E. during this present series of cruises. Surface currents 
from ships’ observations (Deutsches Hydrographisches Institut 1960), whilst more 
extensively charted, are quantitatively much less reliable than these limited geostrophic 
current measurements. However, by collation of the results from both these sources 
of information, charts of the monthly changes in surface circulation in the vicinity of 
110° E. have been prepared (Figs. 45 and 46).
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In the summer months (November-March) the Java Current (1, Fig. 45) flows 
east across the northern end of 110° E. This current had a geostrophic velocity of 
only c. 3 cm/sec in January 1963 (Hamon 1965), but its velocity at other times and
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Fig. 50.—Changes with time and latitude of the oxygen (ml/1.) (thicker lines) and depth (thinner lines)
of the subtropical oxygen maximum.

places (Soeriaatmadja 1957) was around 15-25 cm/sec. South of the Java Current the 
west flowing South Equatorial Current occurs between 11 and 13° S. throughout the 
year (2, Fig. 45) with velocities according to Hamon (1965) of 30-100 cm/sec.

South of this Equatorial Current, from November to March, north setting 
currents are generally found in the region from 110° E. to West Australia. In early 
summer (January) these north setting currents coalesce into the West Australian 
Current (3, Fig. 45), whose zonal geostrophic component (Hamon 1965) has a 
velocity of less than 15 cm/sec. After March these north setting currents veer to the 
east and by May have developed into a strong (15-40 cm/sec) south-flowing current 
between 110° E. and the Australian mainland (4, Fig. 46). Between June and September
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the east-flowing currents across 110° E. continue but veer more and more to the north, 
so that by October, the general drift to the north (which by January coalesces into the 
West Australian Current) begins.

It is believed (Section V) that some of the annual changes in surface salinity 
along 110° E. were caused by the movement of low salinity, high temperature, tropical 
waters, and of high salinity, low temperature, subtropical waters across or along 
110° E. Schematic charts based upon the evidence of the monthly changes in salinity 
(Fig. 21), and of the changes in surface circulation (Figs. 45 and 46) show the most 
probable seasonal changes in the movements of these two kinds of water (Fig. 47).

I 8
>5 5 0  SOUTH INDIAN

2 0
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WiST AUSTRALIAN CURRENT ¡
INANCtTROPIC, OOI24

i lOO-JOOm '100-500*!
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Fig. 51.—Changes with time and latitude of positions of the 3-50ml/I. oxygen isolrne 
(tropical oxygen minimum—Fig. 48), of the 35 • 50%o isoline (South Indian Central—Fig. 49), 
and of the 5 -00 ml/1, oxygen isoline (subtropical oxygen maximum—Fig. 50). Arrows 

show the periods of maximum meridional displacement. A -F  explained in text.

The November chart (Fig. 47) is typical of the early summer pattern, with high 
salinity water drifting north along 110° E. to about 15° S. This is the period when 
surface salinities north to at least 15° S. reach their highest value in the year (Fig. 11). 
By midsummer (January) this high salinity drift separates into a southern component 
close to the coast, and a northern component to the west of 110° E. By autumn 
(March-April) the high salinity water has been diverted to the south and west of 110° E. 
and replaced largely by low salinity tropical water. This is the period when surface 
salinities south of 20° S. decrease to their lowest annual value (Fig. 21). From May 
onward, however, these low salinity waters gradually decrease in area, particularly 
south of 25° S. and west of 110° E., and higher salinity waters begin to drift north and 
east again (August, Fig. 47).

IX. S u b s u r f a c e  W a t e r  M o v e m e n ts

The geostrophic currents of the upper 500 m of the south-east Indian Ocean 
are not detailed enough in time and space to corroborate directions of movement 
inferred from monthly changes in water mass distribution along 110° E. However, 
such changes in water mass distribution can show only meridional components of 
the change in movement and not necessarily, therefore, the true subsurface currents.
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(a) Tropical Oxygen Minimum
This oxygen minimum first occurred along 110° E. at 12-14° S. (Fig. 48) as a 

minimum within the sigma-? range 25-80-26-00 at depths of around 200 m. The 
oxygen minimum at greater sigma-? values and at deeper levels further to the north 
was not a continuation of the tropical oxygen minimum (Section III). Southward, 
the sigma-? of this minimum decreased to about 25-20 around 26° S. Further south 
the oxygen minimum increased its sigma-? (25-90-26-00) and was not therefore a 
southward continuation of the tropical oxygen minimum (Section III.) The limits of 
the tropical oxygen minimum are therefore 12-26° S. (Fig. 48). Within the region 
18-26° S. the oxygen values of this minimum changed as much at adjoining stations 
in a period of about half a month as they did within the whole year. Moreover, during 
February-April, when the oxygen values indicated a southward extension of this
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Fig. 52.—Schematic representation of the meridional components of drift of the 
three principal subsurface water masses. Roman numerals, months.

water mass, its sigma-? values decreased to less than 25-00 (Fig. 48), this being caused 
by mixing with surface waters. It is not possible, therefore, to decide with certainty 
that any seasonal changes in its distribution occurred. However, since the lowest 
oxygen values of the year occurred in January-May (shown by asterisks in Fig. 48), 
it is likely that more of this tropical water mass accumulates in the region 18-26° S. 
during this period of the year. In these months the oxygen contours indicate that 
such accumulation occurred predominantly during two smaller periods ((1) and (3), 
Fig. 48) and possibly during a third ((2), Fig. 48).

(b) South Indian Central
North to about 24° S., the core of South Indian Central water retained much 

the same salinity (35-80-90%o), sigma-? (25-90-26-00), and depth (100-200 m) during 
the year (Fig. 49). The major exception to this was in February-March, south of 30° S. 
This exception was caused by advection and mixing of high salinity waters by the West 
Australian Current nearer the surface, and not by large changes in the characteristics 
of the South Indian Central water. North of 24° S., the salinity often changed as much 
in a period of several weeks at the same latitude, as it did in the whole year. It is

1 0 5 3



46 D. J. ROCHFORD

difficult, therefore, to distinguish seasonal changes in meridional drift of this water 
mass. However, in summer (January-April), the northern limit of this water mass 
occurred some 150 miles further to the north than at other times of the year. This is 
interpreted as a real component of drift northward, although seasonal variations in 
mixing at these latitudes might equally as well provide the explanation.

(c) Subtropical Oxygen Maximum
South of 24° S., waters of this oxygen maximum had their highest oxygen 

content of the year for each latitude in May-June (Fig. 50). For an oxygen maximum, 
such an increase in oxygen can be caused directly by advection of more waters from 
nearer the source region, or indirectly by reducing the oxygen values by greater 
vertical mixing in months other than May-June. However, the latter explanation 
should cause greater changes than were found in the salinity of the South Indian 
Ocean Central water mass above it (Fig. 49). It is thought therefore, that greater 
advection of waters of the subtropical oxygen maximum was the reason for the higher 
oxygen values south of 24° S. in May-June. However it was only in May, during the 
north bound leg of Cruise Dm2/63, that an accompanying increase in oxygen values 
north of 24° S. occurred (Fig. 49). Also, the highest oxygen value of the year for a 
particular latitude of this region generally occurred in months other than May-June.

(d) Variations in Tropical and Subtropical Dominance North of 24° S.
The changes in seasonal distribution along 110° E. of the two subtropical and 

the one tropical water mass have previously been considered in isolation from one 
another. However, a comparison of the simultaneous changes in position along 110° E. 
of selected isolines of their characteristic core property (Fig. 51) shows to what 
extent the upper 500 m was affected by such changes. For example, from July to 
February, the northward extension of the three isolines at A, B, and F (Fig. 51) can 
be interpreted only as an increase in the subtropical dominance within the whole 
100-500 m column. From January, the isolines of the tropical oxygen minimum and 
of the South Indian Central waters, and from February that of the subtropical oxygen 
maximum also, retreated southward so that by April all three isolines were at their 
southernmost limit (C, Fig. 51). By April, therefore, tropical water had accumulated 
to depths of 500 m in the region north of 24° S. From April to June this tropical 
water dominance continued in the upper 100-300 m. However, large variations in 
the position of the selected isoline of the subtropical oxygen maximum show that this 
dominance was rapidly weakening below 300 m.

The principal conclusions about the movements of subsurface water masses 
along 110° E. are schematically represented in Figure 52. The arrows show the direction 
of drift of the limit of detectability of these water masses but do not necessarily show 
the direction of movement of the water mass itself.

X. C o n c lu s io n s

The following kinds of water were responsible for the changes in hydrological 
characteristics along 110° E. in 1962-63:
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(1) Surface (0-50 m), low salinity (less than 35-00%o), high temperature (greater 
than 25°c), tropical waters which spread south of 20° S. in autumn and winter.

(2) Surface (0-50 m), high salinity (greater than 35-90%o), lower temperature 
(20-22°c), subtropical waters carried north to about 25° S. in summer by the West 
Australian Current.

(3) Subsurface (100-150 m), low salinity (less than 35-00%o), low oxygen (less 
than 3-50 ml/1.), tropical water spreading south to about 26° S. on the 25-00 sigma-? 
surface in late summer and autumn.

(4) Subsurface (200-300 m), high salinity (greater than 35 • 80%o), subtropical 
waters of the South Indian Central region, spreading north on about the 26-00 
sigma-? surface to about 12° S. in summer, and to about 16° S. in winter.

(5) Subsurface (400-500 m), low salinity (less than 35-00%o) waters of the 
subtropical oxygen maximum (greater than 4 • 50 ml/1.) drifting north on about the 
26-80 sigma-? surface to about 12° S. in summer, and to about 14° S. in winter.

(6) West-flowing surface (0-50 m) waters of the South Equatorial Current with 
salinities around 34-50%o, and temperature greater than 26°c, between latitudes 
lOand 14° S. Near the northern boundary of the South Equatorial Current an accumula
tion of low salinity water (less than 35-00%o) formed the Equatorial Frontal Zone 
extending to depths of around 400 m. This Frontal Zone generally formed a southern 
limit to the spread of north Indian Ocean water masses.

(7) However, Persian Gulf waters spread south below the Frontal Zone to 
c. 15° S. where mixtures of Persian Gulf and subtropical oxygen maximum waters 
occurred during the whole of the year.

(8) North Indian Ocean water masses at depths less than 400 m (e.g. counter- 
current (100 m) and Arabian Central (200 m)) occurred south of this Zone only in 
summer to about 15° S. At other times of the year these water masses were absorbed 
by mixing with waters of the Equatorial Frontal Zone.

(9) Waters of the east flowing Sumatra-Java Current (salinity less than 34-00%o, 
temperature greater than 27-5°c) were detected only in January 1963 at around 
9°30'S.

(10) Very low salinity (less than 33-00%o) surface waters in May-June around 
10° S. were carried by currents out of the Java and Banda Seas and were not a result 
of the Sumatra-Java Current.

All the surface water masses (viz. 1, 2, 6, 9, and 10) were low in nutrients 
(phosphate generally less than 0-15 and seldom greater than 0-20 /xg-atom/1. ; nitrate 
generally less than 0-50 /¿g-atom/1.). No significant enrichment of waters at the 
surface occurred during the year even in the extreme north during the maximum 
spring uplift of deeper waters.

Annual changes in temperature, salinity, and oxygen at the surface were mostly 
within the range that heating and cooling, evaporation and precipitation, and gaseous 
exchanges with the air could cause. Changes in surface phosphate and nitrate were 
so small as to be inseparable in many cases from the experimental error of the analyses. 
A subsurface minimum in the annual temperature range showed that surface heat 
exchanges extended to about 25-50 m in the north, and to about 100-150 m in the
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south. This zone of heat exchange was generally deeper by 25-50 m than the mean 
depth of the thermocline or of the upper oxygen maximum conserved within the 
thermocline.

Below this zone changes in hydrological characteristics were very variable 
during the year but, generally, were smallest in deep tropical waters and greatest in 
the boundary layers separating water masses or separating cold and warm water 
which rose and fell in response to surface currents in the north or eddies in the south. 
The stability of much of the deep hydrological properties during the year was such 
as to imply very much a steady state mixing condition.

Only south of about 18° S. was a true thermocline formed near the surface 
(25-75 m) as the result of summer heating. Generally this thermocline disappeared in 
winter. North of 18° S., a permanent tropical thermal discontinuity was found 
centred about a particular isotherm which rose and fell (50-150 m) during the year. 
Below the thermocline south of 18° S. a permanent subtropical thermal discontinuity 
also occurred at depths of 200-300 m. However, the intensity of this discontinuity 
was much weaker than its tropical counterpart.

The mixed layer (temperature gradients less than 0-02 degc/m) was shallowest 
(10 m) in the north in summer, and deepest (200 m) in the south in winter and spring. 
Most of this deepening of the mixed layer during winter in the south was the result 
of accumulation of surface waters within eddies, not solely by vertical overturn. This 
accumulation of surface waters also accounted for the very small increase in nutrient 
column averages of this winter mixed layer in the south.

In general, the surface currents of the south-east Indian Ocean confirm the time 
table of tropical and subtropical water movements based upon changes in salinity 
and temperature.
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S o m e  M e a s u r e m e n t s  o f  C u r r e n t  o f f  t h e  S o m a l i  C o a s t  

d u r i n g  t h e  N o r t h e a s t  M o n s o o n

J. G. B r u c e  a n d  G. H. V o l k m a n n  

W oods H ole  Oceanographic In s ti tu tio n , W oods H ole , M assachusetts 03543

G e o s tro p h ic  a n d  d ire c t  c u r re n t  m e a s u re m e n ts  off th e  S o m a li c o a s t d u r in g  th e  n o r th e a s t  
m o n so o n  o f 1964-1965 in d ic a te  a  la rg e  su b su rfa c e  n o r th -g o in g  c u r re n t  acro ss a  9 ° N  se c tio n  b e 
tw een  52° a n d  5 3 °3 0 'E  a n d  a  so u th -g o in g  c u r re n t  o f  s im ila r  c h a ra c te r is tic s  b e tw e e n  53°30 ' a n d  
55°30 'E . T h e  c h a ra c te r is tic s  o f  th e  flow  su g g e s t th e  ex is te n ce  o f  a n  a n tic y c lo n ic  g y re  h a v in g  
a  t r a n s p o r t  o f  a p p ro x im a te ly  70 X  10e n P /s e c , th e  c e n te r  b e in g  n e a r  t h a t  o f  th e  g y re  fo u n d  
d u r in g  th e  so u th w e s t  m o n so o n .

I n t r o d u c t i o n

I t  is  k n o w n  t h a t  o ff t h e  S o m a li c o a s t  d u r in g  
th e  n o r th e r n  s u m m e r  s o u th w e s t  m o n s o o n  th e  
c u r r e n t  is  v e r y  s t r o n g .  A  d e s c r ip t io n  o f  i t s  v e 
lo c i ty  (u p  to  3 5 0  c m /s e c )  a n d  t r a n s p o r t  ( a p 
p r o x im a te ly  7 0  x  10" m 3/ s e c  n e a r  8 ° N )  b e 
tw e e n  th e  c o a s t  a n d  5 5 ° E  w a s  g iv e n  b y  S w a llo w  
a n d  B r u c e  [1 9 6 6 ]  a n d  i t s  p r o p e r t i e s  b y  W a r r e n  
e t  al. [1 9 6 6 ] , O n  th e  o th e r  h a n d ,  th e  w in te r  
c i r c u la t io n  d u r in g  th e  n o r th e a s t  m o n so o n  is n o t  
w ell u n d e r s to o d .  S u r f a c e  c u r r e n t  e s t im a te s  f ro m  
s h ip ’s d r i f t  [ K . N e d .  M e te o r o l .  I n s t . ,  1 9 5 2 ] in 
d ic a te  a  s o u th w a r d  c u r r e n t  a lo n g  t h e  c o a s t  s o u th  
o f  8 ° N  f ro m  D e c e m b e r  th r o u g h  F e b r u a r y  a l 
th o u g h  s u r f a c e  to p o g r a p h y  [ B r u c e ,  1 9 6 8 ] s u g 
g e s ts  t h a t  t h e  c u r r e n ts  a r e  w e a k  a n d  i r r e g u la r  
r e la t iv e  to  th e  s u m m e r  c u r r e n t .

T h e  m e a s u re m e n ts  d isc u sse d  h e re , o b ta in e d  
off th e  S o m a li c o a s t  d u r in g  th e  w in te r  o f  1 9 6 4 -  
1965, a r e  m a in ly  th o s e  f ro m  A t la n t i s  I I  c ru ise  
15, c o n s is t in g  o f  s e r ia l  h y d r o g r a p h ic  s t a t io n s  
a n d , a lo n g  9 ° N ,  a  n u m b e r  o f  d i r e c t  c u r r e n t  
m e a s u re m e n ts .  A  n u m b e r  o f  h y d r o g ra p h ic  s t a 
t io n s  f ro m  M e te o r  c ru is e  1, a u g m e n t  th o s e  o f  
A tla n t i s  I I .  A ll o f  t h e  s t a t i o n  d a t a  a r e  a v a i la b le  
f ro m  N O D C . S t a t i o n  p o s i t io n s  a r e  sh o w n  in  F ig 
u re  1 .

M e t h o d

A lo n g  th e  s e c t io n  9 ° N ,  t h e  g e n e ra l  p r o c e d u r e  
on  A tla n t i s  I I  b e tw e e n  s ta t io n s  5 5 5  a n d  568,

C o n tr ib u t io n  2219 f ro m  th e  W o o d s  H o le  O c e a n 
o g rap h ic  In s t i tu t io n .

C o p y r i g h t  ©  1 9 6 9  b y  t h e  A m e r i c a n  G e o p h y s ic a l  U n i o n .

F e b r u a r y  2 8 - M a r c h  10, 1965, w a s  to  o b ta in  

d i r e c t  m e a s u re m e n ts  o f  c u r r e n t  b y  a  m e te r  
s u s p e n d e d  f ro m  t h e  s h ip  [S w a llo w  a n d  B r u c e ,  
1 9 6 6 ] a n d  b y  n e u t r a l ly  b u o y a n t  f lo a ts  [S w a llo w ,  
1 9 5 5 ] . I n  e a c h  c a se  th e  m e a s u re m e n ts  w e re  r e 
f e r r e d  to  t h e  se a  b o t to m  b y  a n c h o r e d  b u o y s  o r , 
a s  in  t h e  c a se  o f  s t a t io n  55 5 , to  a  p o in t  o n  th e  
c o a s t  b y  s h ip ’s r a d a r .  T h e  p o s i t io n s  o f  t h e  b u o y s  
a n d  c h e c k s  fo r  p o ss ib le  b u o y  d r i f t  w e re  o b 
t a in e d  b y  s a te l l i te  a n d  c e le s t ia l  n a v ig a t io n .  S a te l 
l i te  n a v ig a t io n  w a s  p e r fo r m e d  u s in g  th e  A N /  
S R N -9  in te g ra ]  D o p p le r  e q u ip m e n t  [ G  u ie r ,  
1 9 6 6 ] d e v e lo p e d  a n d  in s ta l le d  o n  A t la n t i s  I I  
b y  t h e  A p p lie d  P h y s ic s  L a b o r a to r y  o f  t h e  J o h n s  
H o p k in s  U n iv e r s i ty .  F ix e s  c o u ld  b e  o b ta in e d  a  
few  m in u te s  a f t e r  t h e  p a s s a g e  o f  a  s a te l l i te ,  a s  
t h e  d a t a  w e re  p ro c e s s e d  o n  th e  s h ip b o a rd  c o m 
p u t e r  ( D ig i ta l  E q u ip m e n t  C o r p o r a t io n ,  P D P - 5 )  
u s in g  a  p r o g r a m  f u rn is h e d  a n d  a d a p te d  b y  th e  
A p p l ie d  P h y s ic s  L a b o r a to r y .  F o u r t e e n  s t a n d a r d  
h y d r o g ra p h ic  s t a t io n s  ( a l l  to  t h e  b o t to m )  w e re  
p o s i t io n e d  a s  sh o w n  in  F ig u r e  1 a p p r o x im a te ly  
a lo n g  9 ° N  a n d  b r a c k e t in g  t h e  p o s i t io n s  o f  d i r e c t  
c u r r e n t  s t a t io n s  n e a r  t h e  a n c h o r e d  b u o y s  A  to  
F .  F r o m  th e s e  s t a t io n s  g e o s tro p h ic  flow , a d 
ju s te d  w h e re  p o s s ib le  to  t h e  v e lo c i ty  in d ic a te d  
b y  t h e  n e tu r a l l y  b u o y a n t  f lo a ts , w a s  d e te r m in e d .

T h e  r e la t iv e  a c c u ra c ie s  o f  a n d  c o m m e n ts  o n  
th e  v a r io u s  'l in k s ’ in  t h e  c u r r e n t  m e a s u r in g  s y s 
te m  a r e  b r ie f ly  d isc u sse d  h e r e :

1 .’ T h e  s a te l l i te  n a v ig a t io n  a p p e a r e d  to  b e  
c o m p a r a b le  to  t h a t  r e p o r te d  b y  T a lw a n i  e t  al. 
[ 1 9 6 6 ] ,  w h o  u s e d  s im ila r  e q u ip m e n t  a b o a r d  th e  
R o b e r t  D .  C o n r a d . P o s i t io n  c h e c k s  w h ile  t h e  
A t la n t i s  I I  w a s  in  p o r t  a r e  l is te d  in  T a b le  1.

1958
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CURRENTS OFF SOMALI COAST, NORTHEAST MONSOON 1959
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F ig . 1. P o s it io n s  o f  A tla n t i s  I I  a n d  M e te o r  h y d ro g ra p h ic  an d  a n c h o re d  b u o y  s ta tio n s . M o s t 
o f  th e  w o rk  d iscu ssed  in  th is  p a p e r  co n c e rn s  th e  9 “N  se c tio n  as sh o w n  b y  th e  so lid  lin e  co n 
n e c tin g  s ta t io n s  f ro m  th e  S o m a li c o a s t e a s t  to  s ta t io n  570.

T A B L E  1. P o s itio n  C h e c k s  b y  A N /S R N -9  S a te l l i te  N a v ig a tio n  w h ile  A lla n tis  I I  
W as a t  F ix e d  L o c a tio n  in  P o r t

P o r t D a te
N u m b e r  of

P e rc e n ta g e  o f  O b s e rv a tio n s  w ith in  
D is ta n c e  f ro m  M e a n

< 0 . 1  n .m i. <  0 . 2  n .m i. <  0 .3  n .m i.

A d e n F e b . 2 1 -2 4 , 1965 1 0 60 80 90
S eych e lles M a y  2 4 -2 7 , 1965 13 15 69 85
M a u r it iu s J u n e  7 -1 0 , 1965 15 60 1 0 0

D u rb a n J u n e  2 1 -2 7 , 1965 15 33 73
A ll o b se rv a tio n s  

< 0 .5  n .m i

93
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A t se a  th e r e  w a s  d o u b t le s s  g r e a t e r  e r r o r  in  th e  
fixes d u e  to  m a n y  c h a n g e s  in  sp e e d  a n d  d ir e c 
t io n  d u r in g  th e  v a r io u s  c u r r e n t  m e a s u re m e n ts .  I t  
is  e s t im a te d  t h a t  fix es a r e  p r o b a b ly  g o o d  to  0 . 8  

n . m ile .
2. T h e  u s u a l  s t a r  a n d  s u n  s ig h ts  f o r  c e le s tia l 

n a v ig a t io n  w e re  p o ss ib le  f o r  a lm o s t  th e  e n t i r e  
p e r io d  o f  t h e  c u r r e n t  m e a s u re m e n ts ,  a s  th e r e  
w a s  l i t t le  c lo u d  c o v e r .  I t  is  e s t im a te d  t h a t  th e  
c e le s t ia l  a n d  s a te l l i te  fixes g e n e ra l ly  a g re e d  
w i th in  1  n .  m ile .

3 . I t  w a s  p la n n e d  to  s e t  t h e  a n c h o r e d  r e f e r 
e n c e  b u o y s  o n  v e r y  s h o r t  s c o p e  (A  th r o u g h  F , 
F ig u re  1) w ith  r a d a r  r e f le c to r s  o n  a  m a s t  to  
g iv e  r a n g e s  o f  5 - 7  n .  m ile s , b u t  i t  w a s  fo u n d  
t h a t  b o t to m  i r r e g u la r i ty  m a d e  th i s  d if f ic u lt , a n d  
sc o p e  r a n g e d  b e tw e e n  a b o u t  2 %  a n d  1 0 % , w ith  
th e  e x c e p t io n  o f  b u o y  D , t h e  a n c h o r  o f  w h ic h  
d id  n o t  q u i t e  r e a c h  b o t to m . P o s i t io n  fixes on  
b u o y  D  sh o w e d  a  r e a s o n a b ly  s t e a d y  d r i f t  t o 
w a r d  2 9 5 ° T  a t  16 c m /s e c ,  a n d  th u s ,  s in c e  i ts  
d r i f t  r a t e  w a s  k n o w n , i t  c o u ld  b e  u s e d  a ls o  a s  a  
re fe re n c e . B y  o b s e rv in g  th e  b u o y s  a f t e r  l a u n c h 
in g  i t  c o u ld  b e  n o te d  w h e th e r  fu ll  f r e e b o a rd  w a s  
r e ta in e d  a f t e r  t h e  a n c h o r  r e a c h e d  b o t to m . I n  
th e  c a se  o f  b u o y  D  th e  f lo a t  r e m a in e d  p a r t i a l ly  
s u b m e rg e d .  T h e  w in d  s p e e d  ( a v e r a g e  fo rc e  3 )  
a n d  d i r e c t io n  ( N E )  w e re  s te a d y ,  a n d  t h e  y a w  
o f  t h e  f lo a ts  a t  m o o r in g  w a s  s l ig h t .  A n  e s t im a te  
o f  f lo a t  m o v e m e n ts ,  sh o w n  in  T a b le  2 , in d ic a te s  
a  n e g lig ib le  e r r o r  in  t h e  c u r r e n t  m e a s u re m e n ts .

4 . E r r o r  in t ro d u c e d  b y  r a d a r  fix es o n  th e  
a n c h o r e d  b u o y  d u r in g  d i r e c t  m e a s u re m e n ts  
s h o u ld  b e  a n  o r d e r  o f  m a g n i tu d e  le ss  t h a n  a c tu a l  
b u o y  f lo a t  m o v e m e n t . A  fix w a s  o b ta in e d  
e v e r y  5 - 1 0  m in u te s  d u r in g  s u s p e n d e d  m e te r  
s t a t io n s ,  a n d  th e  r a n g e  a n d  d i r e c t io n  d a t a  w e re  
sm o o th e d .

5. U s e  o f  t h e  s u s p e n d e d  c u r r e n t  m e te r  is 
d isc u sse d  b y  S w a llo w  a n d  B r u c e  [1 9 6 6 ]  a n d  b y

B r u c e  [1 9 6 5 ] .  T h e  m e te r  u s e d  fo r  th i s  w o rk  h a d  
a  s a v o n iu s  r o to r ,  a d ir e c t io n  v a n e  (B ra in c o n ,  
m o d e l 2 5 2 ) , a n d  a n  a d d i t io n a l  s ta b il iz in g  v a n e  
( a r e a  a p p r o x im a te ly  0 .3  m 2) . T h e  u n i t  w a s  
s u s p e n d e d  o n  a  c o n d u c t in g  c a b le  a n d  th e  o u t p u t  
w a s  r e c o rd e d  a b o a r d  s h ip .  P ro c e d u re  a t  e a c h  
s ta t io n  w a s  to  lo w e r  t h e  m e te r ,  s to p p in g  a t  
fixed  d e p th s  b e tw e e n  0  a n d  1000  m , fo r  3 -5  
m in u te s  a t  e a c h  d e p th .  O n  a s c e n t  t h e  m e te r  w a s  
a g a in  s to p p e d  a t  s e v e ra l  o f th e  s a m e  fix ed  
d e p th s .  A sm o o th  c u r v e  w a s  f i t te d  to  a v e ra g e s  
o f  sp e e d  a n d  d ir e c t io n  o f  c u r r e n t  r e la t iv e  to  th e  
s h ip  v e r s u s  d e p th .  C u r r e n t  r e la t iv e  to  th e  b o t to m  
w a s o b ta in e d  b y  re m o v in g  d r i f t  o f  t h e  s h ip  r e la 
t iv e  to  t h e  a n c h o r e d  b u o y s  o b ta in e d  f ro m  r a d a r  
fixes ( t a k e n  e v e r y  5 m in  d u r in g  lo w e r in g ) .  A c 
c u r a c y  o f  th i s  t y p e  o f  m e te r  sh o u ld  b e  w ith in  
± 3 %  [R ic h a r d s o n  e t  a l., 1 9 6 3 ] , b u t  t h e  o v e r 
a ll  a c c u r a c y  is c e r ta in ly  c o n s id e ra b ly  re d u c e d  b y  
o th e r  f a c to r s ,  su c h  a s  v e r t ic a l  m o tio n  o f  th e  
s h ip ,  v a r ia t io n  o f  in c l in a t io n  o f  t h e  m e te r ,  a n d  
m o v e m e n t  o f  r e fe re n c e  b u o y s ,  a n d  is p r o b a b ly  
c lo se r  to  ± 1 5 - 2 0 % .  W e a th e r  c o n d i t io n s  d u r in g  
th e  n o r th e a s t  m o n s o o n  w e re  c o n s id e ra b ly  m o re  
fa v o ra b le  f o r  c u r r e n t  m e a s u re m e n ts  t h a n  d u r in g  
th e  s o u th w e s t  m o n so o n , a s  t h e  s h ip ’s  d r i f t  w h ile  
ly in g - to  o n  c u r r e n t  m e te r  s t a t io n s  w a s  re a s o n 
a b ly  s t e a d y  in  d ir e c t io n  a n d  sp e e d .

6 . T h e  p o s i t io n  fix es r e la t iv e  to  th e  s h ip  fo r  
t h e  n e u t r a l l y  b u o y a n t  f lo a ts  w e re  o b ta in e d  u s in g  
s u s p e n d e d  h y d r o p h o n e s  [ S w a llo w , 1 9 5 5 ] a n d  
a lso  u s in g  tw o  p a i r s  o f  to w e d  h y d r o p h o n e s ,  th e  
o u t p u t  o f  w h ic h  w a s  d is p la y e d  o n  th e  s h ip ’s 
p re c is io n  g r a p h ic  r e c o r d e r  [ K n o t t  a n d  W i tz e l l ,  
1 9 6 0 ] w h ile  t h e  s h ip  w a s  u n d e r w a y .

D i s c u s s i o n  a n d  R e s u l t s

T h e  m e r id io n a l  c o m p o n e n t  o f  g e o s tro p h ic  c u r 
r e n t  w a s  a d ju s te d  to  n e u t r a l l y  b u o y a n t  f lo a t  
o b s e rv a t io n s  ( T a b le  3 )  t h r o u g h  9 ° N  s e c tio n

T A B L E  2. E s t im a te  o f M a x im u m  P o ss ib le  M o v e m e n t o f A n ch o red  R e fe re n c e  B u o y s  D e te rm in e d  fro m  
S cope o f E a c h  B u o y  a n d  F ro m  S a te l l i te  a n d  C e le s tia l P o s it io n  F ix e s

A n ch o r
B u o y

P e r io d  in  U se, 
h o u rs

M a x im u m  P o ss ib le  M o v e m e n t 
(360° y a w ), n .m i. M a x im u m  D r i f t  R a te , c m /se c

A 4 0 .1 3 P e r io d  to o  s h o r t  fo r  fixes
B 41 1 .3 <  2

C 48 1 . 2 <  3
D 38 1 2 . 16 (2 9 5 °T )
E 1 2 2 .3 <  2

F 24 2 . 1 <  2
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T A B L E  3 . O b se rv a tio n s  o f N e u tr a l ly  B u o y a n t F lo a ts

B u o y
D e p th ,
m e te rs

D u ra tio n , M e a n  S peed , 
h o u rs  c m /se c

A z im u th ,
d eg rees

B 2190 3 5 .4 5 .3 281
2580 1 2 .5 4 .3 331

C 2 0 0 0 1 8 .5 3 .5 323
2 0 0 0 2 5 .0 5 .0 331
2500 3 2 .5 4 .4 320

D 1900 2 3 .0 1 0 . 8 321
1960 4 .5 15 . 337
3030 4 .5 15. 325

E 2 0 0 0 L o s t (no  m e a su re m e n ts )
2 0 0 0 L o s t (n o  m e a su re m e n ts )
3425 2 0 .5 4 .8 213

( F ig u r e  2 ) .  A d ju s tm e n ts  w e re  s im ila r  to  th o s e  
d is c u s s e d  b y  S w a llo w  a n d  B ru c e ,  t h e  g e o s tro p h ic  
v e lo c i ty - d e p th  c u r v e  b e in g  s h i f te d  a lo n g  t h e  v e 
lo c i ty  a x is  to  g iv e  b e s t  a g r e e m e n t  w i th  v e lo c i
t ie s  in d ic a te d  b y  t h e  f lo a t  o b s e rv a t io n .  A  la rg e  
n o r th -g o in g  c o re  is  in d ic a te d  a p p r o x im a te ly  b e 
tw e e n  5 2 °  a n d  5 3 ° 3 0 'E  w i th  a  c u r r e n t  m a x im u m  
a t  6 0 0 -7 0 0  m , a n d  t o  t h e  e a s t  b e tw e e n  5 3 ° 3 0 /

a n d  5 5 ° 3 0 'E  a  c o re  w i th  s im ila r  d i s t r ib u t io n  o f  
sp e e d  b u t  flo w in g  s o u th w a rd  is  in d ic a te d .  T h e  
tw o  c o re s  a r e  ro u g h ly  s y m m e tr ic a l  a b o u t  s t a 
t io n  56 5 . T h e  v o lu m e  t r a n s p o r t  o f  t h e  n o r t h 
w a r d  c u r r e n t  w a s  c a lc u la te d  to  b e  7 6  X  IO8 

m a/ s e c ,  a n d  th e  s o u th w a rd  t r a n s p o r t  w a s  71 X 
10® m 8/ s e c .  B y  a d ju s t in g  th e  v e lo c i ty - d e p th  
c u rv e s  to  f lo a t  v e lo c it ie s  t h e  n e a r - b o t to m  c u r r e n t

LONGITUDE (EAST) 5 /*  
STATION# 555

52* 54' 5 5 « 
5 6 8  5 6 7 [1556 5 57 5 6 5

> 3 0
> 3 0

> 50 ,

1 0 0 0
3 0

2 0 0 0

3 0 0 0 > 1 0  J

4 0 0 0 VELOCITY VALUES IN c m /Ä c

NORTHERN COMPONENT 
SOUTHERN COMPONENT

F ig . 2. D is t r ib u t io n  o f  m e r id io n a l  g e o s tro p h ic  c u r re n t  across 9 ° N  se c tio n , A tla n t i s  I I ,  F e b 
ru a ry  2 8 -M a rc h  9, 1965. V e lo c itie s  a r e  a d ju s te d  to  b e s t  f i t  w ith  n e u t r a l ly  b u o y a n t  f lo a t  v a lu e s  
(T a b le  3 ) w h e re  f lo a ts  w ere  n e a r  s ta t io n  p a i r s ;  o th e rw ise  g e o s tro p h ic  b o t to m  v e lo c ity  w as 
u se d  a s  le v e l o f  ze ro  m o tio n . F lo a t  p o s it io n s  a re  sh o w n  b y  sm a ll c irc les w ith  en c lo se d  x  to  in 
d ic a te  n o r th w a rd  flow  a n d  w ith  en c lo sed  d o ts  fo r  so u th w a rd  flow.

1 0 6 2
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51° E 52° 53° 54°
ANCHOR BUOY #  A 
CURRENT STA. #  1 2

—10
DEPTH(m)

.30—\ \26
200

20 4,030.
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'40

4 8 -4 0 0

6 0 0

NORTHERLY \  
COMPONENT ' 
SOUTHERLY "  
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(47 \  '

(values In cm/sec)
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Fig. 3. Meridional velocity component from direct measurements by sus
pended current meters referred to anchored buoys.

51° E 52° 53° 54°
ANCHOR BUOY #  A 
CURRENT STA. #  1 2

•3 (1 .2 0 '
.JO-24

DEPTH (m)

200

4 0 0

/  EASTERLY
COMPONENT
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\  (values in cm/sec)

6 0 0

8 0 0

Fig. 4. Zonal velocity components from direct measurements by sus
pended current meters referred to anchored buoys.
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LONGITUDE (EAST)I 51' 
STATION* 555

>35-9 <35.8 >35.9 >35.9
5 2 ' 53* 54 ' 5 5 ‘ 

566 567 I
5 6 ' 5 7 '

|556 557 562, 564 565 566 569

355; 3 5 .435.5
2.35.4

>35 .4 ’
*2,

<35.2
1000

-35.035.0

34.9

2000
34.8

3476

30 0 0

— 3474 —

4 0 0 0
- -3 4 .7 2

5 0 0 0

Fig. 5. Salinity distribution in %0 on 9°N section. Dashed loops are 20 cm/sec velocity 
contours from Figure 2 superimposed to show relative position of north- and south-going 
cores of water.

CURRENTS 
OFF 

SOM
ALI 

CO
AST, NO

RTH
EAST 

M
ONSOON 

1963



1964 BRUCE AND VOLKMANN

indicated is 2 cm/sec north between stations
557 and 558, 3 cm/sec south between stations
558 and 560, 5 cm/sec south between stations 
560 and 562, 15 cm/sec north between stations 
558 and 567. By using other levels of no motion 
for the section (2400 m, 3600 m, or the bot
tom) shown in Figure 2, the velocity distribution 
is found to be quite similar and transports are 
not changed more than about 10%.

An independent series of measurements (Fig
ures 3 and 4) of current velocity with the 
suspended current meter to 800 m depth on 
9°N obtained concurrently with the geostrophic 
section of Figure 2 shows reasonable agreement 
between the two methods as to location, speed, 
and direction of the north- and south-going 
cores. The geostrophic core centers were near 
anchor buoys D and F. Both methods also indi
cate a weaker subsurface southward flow along 
the slope of the Somali coast which is comprised 
in part of Red Sea water flowing to the south
west [Rochford, 1964], The zonal components 
of directly measured current contoured in Fig
ure 4 were weak in the region of the two cores 
(10 cm/sec or less) although appreciable on the 
coastal slope and near the surface (upper 50 m).

The charts for February and March [K . Ned. 
Meteorol. Inst., 1952] indicate that surface cur
rents are variable in speed and direction in the 
vicinity of the 9°N section. Our direct measure
ments also show that movement of the surface 
water (upper 100 m) is variable (11-47 cm/sec) 
and does not appear to reflect the flow of the 
subsurface cores of north- and south-moving 
water.

In the upper 1500 m between stations 560 and 
567 the distribution of salinity (Figure 5) indi
cates a dome of relatively fresh water (<35.2%0 
at the center) nearly symmetrical about station 
565, the east and west edges of the dome lying 
in the regions of the north- and south-going 
cores (the 20-cm/sec velocity contours are 
shown as dashed lines in Figure 5). The salinity 
maximum of the Red Sea water (700-800 m 
depth) is found to extend from the coast with 
salinity 35.6%0, and it becomes fresher toward 
the east until the salinity maximum vanishes be
tween stations 564 and 565. A somewhat weaker 
Red Sea maximum is found to the east of the 
fresh dome at stations 567 and 568.

The water types comprising the north- and 
south-going cores are similar in temperature-

salinity characteristics (Figure 6), suggesting 
they are perhaps part of the same circulating 
system. Since the relatively fresh water of the 
dome is most noticeable at the levels of the ad
jacent Red Sea water, a, ~  27.2 [Rochford,
1964], by contouring salinity on this density 
surface with winter 1964-1965 hydrographic 
station data (Figure 7), an approximation of 
the horizontal distribution of the fresher water 
is obtained. Because of data lacking in the 
region to the southeast of the low-salinity cell 
at 9°N, 53°E, it is of course not certain 
whether the 35.3%0 isohaline around the cell 
should be contoured as a closed curve or as 
a loop extending up from the 35.3%0 isohaline at 
about 7°N, 54°-55°E. Thus it is not impossible
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Fig. 6. Temperature-salinity distribution of 
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Fig. 7. Distribution of salinity on isopicnal surface, <rt =  27.2.
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Fig. 8. Volume transport in 10* ma/sec between Atlantis II stations. 
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LONGITUDE (EAST) 5 0 "  51 ' 5 2 '  S 3 '  5 4 '  5 5 '  5 6 - 5 7 '  5 8 '

STATION #  648 642 641 640 639647 646 645 644 643
22: -20 .
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1500 VELOCITY VALUES IN cm/sec
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Fig. 9. Distribution of geostrophic velocity across Atlantis II section along 5°N, April 19- 
21, 1965. Stations 643-647 relative to 2400 decibars, stations 647-648 relative to 1600 decibars, 
stations 639-643 relative to 1200 decibars.

for the fresh water to be continuous on the 
a, =  27.2 surface toward the SE to 5°N. To 
the west of the low- salinity cell the penetra
tion of Red Sea high-salinity water is particu
larly noticeable moving southward along the 
Somali coast. It should be noted further that 
although the Atlantis II and Meteor stations 
áre plotted together in Figure 7 and were occu
pied during the same winter (1964-1965), the 
Meteor stations were two months in advance of 
those of the Atlantis II, and possible changes 
may have occurred.

A rough estimate of the geostrophic trans
port around station 565 was made using Atlantis 
II cruise 15 stations (Figure 8), and these 
further suggest an anticyclonic circulation 
around the low-salinity cell using two reference 
levels (2400 and 3600 decibars). A relatively 
small flow (15 X 10" m3/sec relative to 3600 
decibars, 12 X 10e ma/sec relative to 2400 deci
bars) passed south through the 5°N section be
tween stations 643 and 648. The velocity dis
tribution (Figure 9) through the section shows 
the southward flow confined to a tongue cen
tered near station 645 and weak flow off the

coastal slope. The salinity distribution (Figure 
10) shows areas of relatively high salinity 
(>35.3%0) in the regions of southward flow, 
this water being probably of Red Sea origin. 
Rochford [1964] has indicated a flow along the 
African coast of water with a salinity maximum 
near the surface <r, =  27.2. It is clear that 
the flow across the 5°N section shown here is 
considerably less than that through the 10°N 
section.

C on clu sion s

It is interesting to note that the position off 
the Somali coast of the winter gyre-like circula
tion discussed in this paper is roughly that of 
the Somali gyre found in summer during the 
opposite monsoon. The summer circulation dur
ing 1963 was mentioned by Bruce [1968] and 
that during 1964 by Swallow and Bruce [1966], 
It was suggested that during the period of 
strong summer southwest monsoon winds an 
anticyclonic gyre or cell might be formed off the 
Somali coast, the Somali current itself constitut
ing the western part of the circulation. There is 
a possibility that the anticyclonic cell found in

LONGITUDE (EAST) 5 0 '  51’  5 2 '  5 3 '  5 4 '  5 5 '  5 6 '  57~ 5 8 '
< 3 5 .0641 639640STATION *  648 647 646 645 644 643
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350
1500-
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Fig. 10. Distribution of salinity on Atlantis II section along 5°N, April 19-21, 1965.

1 0 6 7



CURRENTS OFF SOMALI COAST, NORTHEAST MONSOON 1967

the winter of 1964-1965 might have been ini
tiated the previous summer and might have con
tinued its rotation for a number of months after 
the cessation of the southwest monsoon. The 
transport found in winter was approximately 
the same as that in summer, although the sum
mer circulation was confined mostly to the 
upper 400 m and was of high velocity (over 
300 cm/sec at the surface) [Swallow and Bruce, 
1966] whereas the winter flow extended to below 
1500 m depth. It should be noted that measure
ments of current during the summer monsoon 
are difficult because of strong winds and current 
and probably are not so accurate as winter 
measurements. Thus the details of the relatively 
slower portion of the flow in summer in water 
below 400 m (say, <20 cm/sec) are not de
lineated so clearly as for winter and actually 
may extend deeper than has been indicated by 
Swallow and Bruce. In fact, a deep flow in 
summer has been suggested [Warren et ai., 
1966] from an examination of salinity on po
tential temperature surfaces below 2500 m 
depth. The pattern of this flow appears to be 
similar in shape to that of the near-surface 
water in summer during 1964.

The symmetry of the distribution of salinity 
and the meridional flow across the 9°N section 
about the low-salinity cell centered near sta
tion 565 suggests an anticyclonic circulation 
with a rather large transport ~ 7 0  x  10a m3/  
sec. Whether the flow constitutes a loop or a 
gyre is not known, but evidence such as the 
distribution of salinity on the a, =  27.2 den
sity surface, the similarity of the T-S distribu
tion of the north- and south-going currents, and 
the apparent anticyclonic flow from transport 
considerations (Figure 8) suggests a gyre.
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ÉTUDE DYNAMIQUE DE LA SÉDIMENTATION 

AU LARGE DE L’ESTUAIRE DE LA BETSIBOKA

par L. BERTHOIS* et A. CROSNIERA

E n g l i s h  a b s t r a c t

The river Belsiboka is the largest river in Madagascar. Its discharge can vary from 400 rn11 / sec 
to more than 4500 m3 / sec.

In low stage its estuary belongs to the river mouths in which the equilibrium zone is situated at 
the coastline, whereas during the floods the equilibrium zone moves out of the coastline (L. Berthois,
1965).

The study of sediment transportation, as well as the grainsize analysis of coarse sediments, and 
the mineratogical study of fine sediments (thermal differential analysis and X  rays), show that the 
coarse sediments found on the continental shelf are not supplied presently by the river, which only 
carries a large amount of fine particles. This fine material settles principally at the river mouth in 
low stage and spreads on the shelf during floods.

As a consequence of low salt content and occurrence of suspended matter in water, the corals 
which live on the outer edge of the shelf have difficulties to thrive.

Measurements of Potassium, Calcium and Magnesium in fresh and in brackish waters showed 
that cation percentages are a function of chlorinily and follow linear relations in their variation.

I n t r o d u c t i o n

C’est en survolant en avion l’estuaire du fleuve Betsiboka et le canal de Mozambique que nous 
est venue l’idée de ce travail ; les eaux sortant de l’embouchure du fleuve étendaient vers le large, 
leur coloration rouge, puis verte tranchant sur le bleu intense des eaux de l’Océan Indien, formaient 
une admirable et immense palette aux couleurs vives».

• l í .N .S.A. Heimes 
• '  O.R.S.T.O.M.

Collected reprints o f the International Ind ian  Ocean Expedition, vol. V II, contribution  no. 539 1 0 7 1



50 L. B ER TH O IS E T  A. CROSNIER

Mais nous avions à ce moment un objectif bien défini qui était l’étude du lagon de Mayotte et, 
à la fin de cette campagne Comorienne, il nous était impossible d’entreprendre un autre travail.

C’est pourquoi cette étude à laquelle nous avions songé en 1959 n’a pu être entreprise qu’en 
1961 et achevée sur place en 1962. Il était indispensable d’exécuter deux séries de mesures, l’une en 
étiage et l’autre en crue du fleuve. — A. Crosnier, Biologiste à l’O.R.S.T.O.M. qui était alors 
attaché au laboratoire de Nosy-Bé a dirigé les deux campagnes et récolté tous les échantillons. 
Les dosages de salinité et les calculs de correction de température ont été exécutés au laboratoire 
de 1’ O.R.S.T.O.M. à Nosy-Bé sous la direction de M. Menaché auquel nous adressons nos très 
vifs remerciements. Enfin, les échantillons récoltés ont été examinés au laboratoire de sédimento- 
logie de l’E.N.S.A. à Rennes.

PREMIÈRE PARTIE

lo MORPHOLOGIE DU PLATEAU CONTINENTAL

Le plateau continental qui s’étend au nord de l’embouchure du fleuve Betsiboka est de 
largeur restreinte :

en face l’embouchure de la rivière d’Andranolava elle est d’environ 10 milles jusqu’aux 
accores nord des bancs du Mariner et du Forfait (voir fig. 24).

en face l’embouchure du fleuve Betsiboka le plateau continental atteint 20 milles de largeur, 
mais en allant vers l’Est sa largeur se réduit à nouveau à environ 10 milles en face de l’embouchure 
de la rivière Marovandy.

La morphologie de ce plateau continental a été dessinée à l’aide des sondes de la carte ne 4852 
-  de la Pointe Romany au Cap Tanjona — du Service Hydrographique de la Marine, complétées 

par uii profil de sondage exécuté au cours de cette étude, entre les postes 6 et 23 (voir fig. n° 1).
Le bord externe du plateau continental est jalonné d’une série de « bancs » dont les sommets 

sont le plus souvent recouverts par moins de 10 mètres d’eau ; en allant d’Ouest en Est on rencontre 
aux abords de l’embouchure de la Betsiboka : le Banc de la Thétis, le Banc de la Turquoise, le Banc 
de l’Euryalus, le Banc du Mariner, le Banc du Forfait, le Banc du Vaudreuil, le Banc de la Roman
che. Entre ces principaux bancs s’échelonnent des hauts fonds de moindre importance qui com
plètent la bordure du plateau continental.

Cette série de crêtes sous-marines est échancrée de passes parfois profondes et bien dévelop
pées, les plus importantes sont, en allant de l’Ouest vers l’Est : la passe de Tanjona, la passe de 
Makamby la passe de Katsepe, la passe d’Ampajony, la passe d’Andranolava, la passe du Tsima- 
nénoakoho.

Les passes qui existent aux abords immédiats de l’embouchure du fleuve Betsiboka sont 
orientées suivant des directions rayonnantes autour de celle-ci :

La passe de Makamby possède une digitation Est orientée à 282° ; la passe de Katsepe pénètre 
sur le plateau continental suivant une direction de 330°, la passe d’Ampajony a une direction de 
25°, sur le prolongement de laquelle se trouve un bas-fond de 24 mètres à l’Ouest du banc du 
Nacrissus. Enfin, la petite fosse Est située à proximité de la côte possède la même direction.

Une série de « hauts fonds » achèvent de donner à ce plateau continental une morphologie 
compliquée, ce sont :

le Banc de Narcissus culminant à la côte 2,7 m ; trois bancs aux abords du Poste n° 12 dont 
les sommités atteignent respectivement 3,70 m au Sud de ce poste, 5 m à l’Ouest et 6,20 m au Nord. 
Enfin, au Sud-Est du Poste n° 8, il existe un dernier haut fond dont le sommet est à la côte 9,2 m. 
Ainsi les hauts fonds paraissent d’autant moins élevés dans la zone étudiée, qu’ils sont plus 
éloignés vers le Nord.
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Fig. 1. —  P la teau  co n tin en ta l aux  abords de l ’em bouchure du fleuve B etsiboka.

Les po in ts noirs accom pagnés d ’un  chiffre désignent les em placem ents des postes de m esure e t de p rélèvem ents. 
Les triang les noirs accom pagnés de « T  » suivi d ’un chiffre filiforme désignen t les em placem ents des s ta tio n s  de 

m esure de transparence  des eaux au d isque de Secchi.
La couleur de l ’eau e s t représen tée  p ar des hachures su iv a n t les conventions portées dan s la légende.
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En résumé l’estuaire de la Betsiboka se prolonge sur le plateau continental par trois chenaux 
divergents ; l’un vers l’Ouest, le second vers le N-N-0 et le troisième vers le N-N-E. Ces chenaux 
sont séparés par des plateaux dont la pente générale irrégulière est dirigée vers le large, leurs 
surfaces sont accidentées de hauts fonds décrits précédemment.

Les bancs qui jalonnent le rebord extérieur du plateau continental sont corralliens. Ils 
paraissent principalement formés de corail mort ou de récifs coralliens dont la vie est extrêmement 
ralentie actuellement. Ces formations s’apparentent donc à celles qui ont été précédemment décrites 
sur les côtes Malgaches par A. Guilcher (1954-1958) par R. Battistini (1964) et par L. Berthois, 
R. Battistini et A. Crosnier (1964) ; cette question sera examinée à nouveau dans le chapitre 
consacré à la sédimentologie.

2° RÉGIME FLUVIAL DE LA BETSIBOKA

Les débits fluviaux de la Betsiboka sont mesurés à la station d’Ambodiroka où sont enre
gistrés par conséquent les débits de ce fleuve et de tous ses affluents de la rive droite.

Les eaux des affluents de la rive gauche sont amenées à la Betsiboka par l’Ikopa qui est jaugé à 
la Station d’Antsarana située en amont de son confluent avec la Betsiboka. C’est pourquoi il est 
nécessaire, pour obtenir la valeur du débit fluvial total en estuaire, de réunir les évaluations 
provenant des deux stations de mesures précitées. Malgré cela, il subsiste une zone aval de la 
Betsiboka qui n’est pas incluse dans les mesures effectuées, elle est comprise entre les deux stations 
de dosage et l’embouchure du fleuve. En conséquence, les débits qui seront mentionnés plus loin 
sont un peu trop faibles mais nous n’avons pas voulu apporter de correction arbitraire aux débits 
mesurés, la majoration serait sans doute assez faible puisqu’il n’existe aucun affluent important 
dans la zone négligée.

Le bassin versant de la Betsiboka à la station d’Ambodiroka est de..................  11 800 km2
Celui de l’Ikopa à la station d’Antsatrana est de........................................................  18 550 km2

30 350 km2

Des relevés journaliers de débils sont faits dans ces deux stations de mesure, les rensei
gnements nous ont été aimablement communiqués par le Service Hydrologique de l’Institut de 
Recherche Scientifique de Madagascar auquel nous tenons à exprimer notre gratitude.

A l’aide de ces renseignements, nous avons construit un graphique du débit global journalier 
des deux cours d’eau, représenté en ín3 / sec (fig. n° 2).

Ce graphique couvre la période du 1er juillet 1961 au 30 juin 1962. Entre le début de juillet 
et la fin de novembre les fleuves sont en étiage et leur débit total est presque constamment inférieur 
à 400 m31 sec.

La période de crues importantes commence au début de décembre et s’achève vers la mi-avril. 
Ces cours d’eau ont des débits de crue extrêmement variables pendant de courtes durées, les 
augmentations sont très brutales elles peuvent al teindre plus de 1000 m3 / sec. entre deux journées 
consécutives, mais les décrues sont presque aussi rapides bien qu’en général un peu plus amorties 
que les crues, ce qui se conçoit aisément par un étalement plus marqué de la période de ruissel
lement.

De la deuxième quinzaine d’avril à la fin de juin le débit fluvial décroît sans fluctuation 
notable.
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Au cours des mesures dont les résultats sont exposés plus loin, les débits fluviaux ont été les 
suivants :

T a b l e a u  n °  1 

D é b i t s  f l u v i a u x  p e n d a n t  l e s  o p é r a t i o n s

5 — 423 m8 / sec. de mars 1962 7 — 2742 m3 / sec.
6 — 429 m8 / sec. 8 — 3665 m3 / sec.
7 - 424 m8 / sec. 9 1651 m3 / sec.
8 — 424 m8 / sec. 10 — 1598 m3 / sec.
9 — 433 m3 / sec. 11 — 1427 m3 / sec.

10 — 457 m3 / sec. 12 -  1596 m3 / sec.
11 - - 509 m3 / sec. 13 — 2810 m3 / sec.
12 — 562 m3 / sec. 14 — 2680 m3 / sec.
13 531 m3 / sec. 15 — 2378 ‘m3 / sec.

16 — 2190 m3 / sec.
17 — 2050 m3 / sec.
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DEUXIÈME PARTIE

ÉTUDE DYNAMIQUE DE LA SÉDIMENTATION

lo REMARQUES PRÉLIMINAIRES

L’étude dynamique de la sédimentation dans un estuaire ou sur le plateau continental, au 
large de cet estuaire, doit comprendre au moins deux séries de mesures : une première campagne 
en étiage du fleuve et une deuxième pendant une crue.

Dans les régions tropicales où l’on dispose rarement de l’équipement nécessaire, les mesures 
en période d’étiage permettent une mise au point du matériel et l’entraînement de l’équipage et des 
aides, mais elles apportent souvent peu de renseignements sur la sédimentation. La période des 
crues permet en général, de faire les observations les plus importantes, car les apports sédimen- 
taires continentaux atteignent à ce moment leur intensité maximale, mais l’exécution du pro
gramme rencontre fréquemment de très grosses difficultés, notamment à cause de la vitesse 
élevée du courant qui gêne considérablement l’immersion des appareils de mesure.

L’exécution d’une série d’observations doit être faite à poste fixe pendant la durée d’une 
marée complète, c’est-à-dire environ 12 heures, mais dans les pays tropicaux notamment, il 
est impossible de faire des observations de cette durée à cause du décalage des marées par rapport 
à la période diurne et de l’insuffisance du balisage lumineux qui rend difficile les sorties nocturnes. 
C’est pourquoi certaines observations à poste fixe ont été notablement plus brèves que la durée 
idéale.

Les mesures elîectuées à chaque poste fixe sont réitérées à intervalles de 2 heures ; elles 
comportent :

Mesures du courant de surface au bâton lesté mêmes mesures à mi-profondeur et au fond à 
l’aide d’un courantomètre Ekmann. — Mesure de la transparence de l’eau au disque de Secchi.

Les prélèvements d’eau à la bouteille à renversement, munie de thermomètres à renversement 
ont été effectués en surface puis aux profondeurs de 1 m, 2 m, 3 m, 5 m, puis à proximité du fond, 
un prélèvement supplémentaire a été fait à 10 m lorsque la hauteur d’eau était importante. Sur 
ces prélèvements d’eau on a dosé en laboratoire : la salinité, la turbidité, les teneurs en potassium, 
calcium et magnésium.

2° CHOIX DES EMPLACEMENTS DES POSTES D’OBSERVATION

Le but essentiel de ce travail était l’étude du transport des sédiments à la sortie de l’estuaire 
et leur répartition sur le plateau continental au large de celui-ci.

C’est pourquoi nous avons placé les postes 1 et 2 (voir fig. 1) à l’embouchure de la Betsiboka. 
La recherche de la répartition des sédiments sur le plateau continental posait un problème quasi 
insoluble quant à la répartition des postes d’observation ; en effet, les mesures devaient d’abord 
être faites en période d’étiage du fleuve, puis réitérées aux mêmes postes pendant une crue fluviale. 
Or, pendant la première série de mesures, faite en étiage, les eaux turbides n’auraient sans doute 
qu’une faible extension sur le plateau continental ; et seraient incluses dans le damier des postes 
d’observations. Mais, nous savions qu’au cours des mesures faites pendant la crue fluviale, la nappe 
d’eau turbide s’étendait plus loin vers le large et elle risquait alors de déborder le damier des 
postes où les observations seraient réitérées.

Cependant, nous savions aussi que les crues peuvent être violentes et très courtes et qu’en 
conséquence le nombre des postes devait être assez restreint, qu’enfin ils ne devaient pas être 
éloignés de plus de 5 milles. C’est en tenant compte de toutes ces considérations que nous avons 
fixé la position des postes d’observations telle qu’elle est indiquée sur la figure 1.
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Initialement, nous avions prévu 4 postes supplémentaires au bord externe du plateau conti
nental ; ils portaient des numéros 10 au large du n° 9, n° 22 au large du 21, n° 14 au large du n° 13 
et n° 18 au large du n° 17. Ils n’ont pu être stationnés comme prévu, mais leur abandon n’a pas eu 
de conséquences fâcheuses ainsi que nous le verrons plus loin.

3° REPORT DES RÉSULTATS, ÉTABLISSEMENT DES PROFILS

L’un de nous (L. Berthois 1965) a montré les avantages offerts par l’établissement de profils 
instantanés'dans l’étude de la sédimentation estuarienne. Nous avons tenté d’utiliser cette méthode 
pour l’étude du déplacement des eaux et du dépôt des sédiments sur le plateau continental.

Lorsqu’on travaille, comme c’est le cas ici, dans une région où la marée est semi-diurne, 
l’échelonnement idéal dans le temps consiste à établir un profil instantané toutes les heures en 
prenant la basse mer ou la pleine mer comme origine des temps. Mais cela suppose une réitération 
fréquente de toutes les observations et un stationnement de 12 heures à chaque poste ; de telles 
conditions d’exécution sont pratiquement irréalisables dans les pays tropicaux où il faut opérer 
dans des conditions difficiles.

PROFIL
0 ’Evolution

2 Z m_

20" __

Posée N°1 - 6Juillet /!q61
fig. 3

X
Ri

I I S
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y  tfî  30.09 8

k  
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O fíJ9 .4 ] £ -------0 ,e tJ0 .0 3  a
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\  x 'X  i
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___________Vitesse d u  c o u ra n t de J u s a n t
— + _ +  _  Vitesse du c o u r a n t de F io t  
  T u r b id iié

Fig. 3. —  Profil d ’évo lu tion  au poste n° 1 en période d ’étiage du fleuve. Les courbes qu i re lien t les va leu rs iden
tiques de sa lin ité , tu rb id ité , etc ., n ’o n t pas de signification  in trin sèque, elles m até ria lisen t l ’évo lution  e t p e rm e tten t

des in te rp o la tio n s p lus rapides.
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C’était le cas ici où deux postes voisins devaient être stationnés à tour de rôle avec des déca
lages horaires inévitables. Cette manière d’opérer, imposée par les circonstances et les conditions 
de travail, oblige à calculer ensuite des interpolations entre les séries de mesures. Pour exécuter des 
calculs aussi exactement que possible, il est préférable de construire pour chaque poste un profd 
d’évolution qui représente les états successifs au cours de la marée (voir fig. 3).

Nous avons donc construit, pour chacun des postes de mesures, un profil d’évolution du même 
type que celui de la figure 3, mais pour ne pas allonger démesurément ce travail les autres profils 
d’évolution n’ont pas été reproduits, ils n’ont servi qu’à la construction des profils instantanés 
qui vont être étudiées en détail.

Cependant, pour permettre un contrôle de nos mesures et éventuellement, leur utilisation 
pour une autre étude, nous avons donné en annexe, à la fin de ce travail, des tableaux de tous les 
résultats obtenus.

4° DYNAMIQUE DE LA SÉDIMENTATION EN ÉTIAGE DE FLEUVE

Les mesures ont été exécutées du 6 au 13 juillet 1961, les débits fluviaux n’ont subi que de 
faibles variations pendant cette période (voir tableau n° 1) ; les conditions océaniques étaient 
également stables.

Les positions des postes d’observation sont indiquées sur la fig. n° 1. 11 nous a paru inutile de 
donner une réprésentation du fond à cause de l’énorme distorsion des graphiques (plus de 1000 
fois) ; la complexité de ceux-ci nous a également conduit à supprimer toutes les valeurs mesurées 
et à ne représenter que les courbes isohalines, d’isoturbidité et d’isoeélérité, puisque les valeurs 
exactes sont données en annexe.

Proîil transversal du plateau continental dans l’axe de l’embouchure du fleuve (Postes 1 à 6). 

a) Basse-Mer.
Au poste 1, la salinité est abaissée à 27 °/00, cette forte réduction est de faible amplitude 

puisqu’au fond la salinité dépasse 32 °/00 et qu’elle atteint déjà 30 °/00, un peu en aval du poste n°2; 
cependant, sur tout le plateau continental la salinité est abaissée, elle n’atteint 35 °/00 qu’aux abords 
du poste n° 6, situé près de la limite extérieure du plateau continental.

La vitesse du courant de jusant est encore importante, près de la surface, au poste n° 2, 
mais elle s’atténue rapidement en profondeur, elle n’est plus que de 0,40 m / sec. à 9 m au-dessus du 
fond où les eaux se déplacent très lentement ; entre les postes 3 et 6 la vitesse du courant est de 
0,20 m / sec. à 5-6 m au-dessus du fond où les eaux sont immobiles.

La turbidité atteint 8 mg / 1. dans les eaux de surface au Poste 1, les eaux de la tranche médiane 
sont moins turbides, les eaux du fond contiennent 10 à 15 mg /1. de sédiments en suspension entre 
les postes 1 et 4, mais cette quantité se réduit à 2 mg /1. entre les postes 5 et 6.

b) 3 heures après la Basse-Mer (période de Flot).

La salinité a faiblement augmenté dans les eaux estuariennes profondes des postes 1 et 2 
mais elle est restée stationnaire en surface, elle a légèrement augmenté au poste n° 3 où la courbe de 
34 % englobe une plus grande épaisseur d’eau profonde.

Le courant de flot se fait intensément sentir, il atteint 1 m / sec. dans les eaux profondes du 
P. 1. Aux postes 4 à 6 le courant de flot atteint 0,20 m / sec. au fond et 0,30 m / sec. dans les 
eaux médianes.

Sous l’effet de ce courant de flot, les sédiments qui étaient restés en suspension sont refoulés 
vers l’estuaire et se concentrent vers les postes 2 et 1 où la turbidité a augmenté.
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Fig. 4. —  Coupe axiale. P rofils in s tan tan é s  en é tiage du  ñeuve.

A ce moment, il apparaît au Poste 6 une couche d’eau médiane dont le maximum de turbidité 
15 mg / 1. se situe à près de 6 m de profondeur, cette petite lentille d’eau turbide est allongée 
verticalement et les sédiments qu’elle renferme tendent à gagner le fond.

c) 1 h 30 avant la Pleine-Mer (période de flot).

La salinité a augmenté au poste 1 où les eaux de surface atteignent 29 °/00 ! tandis que les 
eaux du fond dépassent 33 °/00. En outre, l’isohaline de 34 °/00 passe à 5 m au-dessous de la surface 
au P. 3, et atteint le P. 2 à 7 m au-dessus du fond ; enfin, l’isohaline de 35 °/00 dépasse le P. 6 et 
atteint le P. 5 à 2 m au-dessus du fond.
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1h30 Avant la Pleine Men ^
Postes 6

0-20^/fPP

r?

S  km
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rr\

P ro fils  in s ta n ta n é s  en  é tia g e  d u  fleuve,Fig. 5,
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La vitesse du courant a notablement diminué : elle n’est plus que de 0,60 m / sec. au poste 1 
et de 0,20 m / sec. à 5-6 m au-dessus du fond aux postes 6-5 et 4 où les eaux profondes sont immo
biles.

Sous l’eifet de ce ralentissement du courant, les sédiments en suspension se concentrent et 
les eaux se décantent. La turbidité a diminué dans la tranche d’eau médiane du poste 6. Une len
tille d’eau turbide apparaît à 1-2 m de profondeur au P. 3, ces sédiments proviennent sans doute 
de la remise en suspension d’un dépôt sur le haut fond du banc du Narcissus. Enfin, la turbidité 
a notablement augmenté au P. 2.

d) Pleine-Mer (début du courant de jusant en amont).

La salinité a légèrement augmenté dans l’ensemble du profil, mais cette progression est plus 
apparente en surface (augmentation de 1 °/00 au P. 1) qu’en profondeur ou la progression de 
l’isohaline de 35 °/00 est la plus marquée.

Le courant de jusant apparaît déjà aux postes 1 et 2 avec une vitesse de 0,50 m / sec., tandis 
que le courant de flot est encore sensible aux postes 6-5 et 4, mais sa vitesse est seulement de 
0,10 m / sec. à une distance du fond comprise entre 7 m et 12 m, si bien qu’on peut en inférer 
que les eaux sont immobiles à proximité du fond.

Sous l’effet du courant de jusant existant en amont (P. 1 et 2), les sédiments se concentrent 
au P. 2 où nous avons dosé 1 gr / 1. mais à la faveur de la très faible mobilité des eaux aux postes 
4, 5 et 6, les particules en suspension se sédimentent : on remarque notamment une nette dimi
nution de la turbidité au poste 3 et la disparition de la lentille d’eau turbide au poste 6.

e) 1 h 30 après la Pleine-Mer (période de Jusant).

La répartition et le tracé des courbes isohalines n’ont subi que de faibles modifications, on 
note seulement, l’étirement des isohalines en surface, entre les postes 3 et 4, et la régression très 
marquée de la courbe de 35 °/00 vers le large.

Les vitesses du courant de jusant sont encore fluctuantes et mal définies, cependant le cou
rant oblique du profil précédent a fait place à un courant bien orienté vers l’embouchure, mais 
moins rapide, au-delà du P. 3 jusqu’au P. 6 les courants sont très lents. A l’aplomb du P. 3 les 
eaux sont immobiles, c’est ce qui permet la sédimentation des particules qui étaient en suspension 
à 1 m-1,50 m au-dessous de la surface ; cette lentille d’eau turbide qui s’est appauvrie pendant sa 
descente est maintenant à 11 m de profondeur. Enfin les eaux des postes 4, 5 et 6 sont elles-mêmes 
en cours de décantation.

f) 3 heures après la Pleine-Mer (Période de Jusant).

La salinité a très peu varié pendant la période d’1 h 30 qui vient de s’écouler ; entre les 
P. 1 et P. 2 les isohalines se sont étirées vers le large ; la courbe de 34 °/00 est en légère régression, 
mais celle de 35 °/00, qui est également en régression dans sa partie profonde, paraît au contraire 
avoir légèrement avancé vers la surface.

Le courant de jusant s’est précisé et intensifié depuis les observations précédentes en surface 
et 0,50 m / sec. à 3 m du fond au P. 2 au P. 4 ; il existe encore un courant de 0,20 m / sec. 
à 1 m du fond, mais entre le P. 4 et le P. 6 la vitesse du courant n’atteint que 0,10 m / sec. 
à 13 et 15 m. au-dessus du fond, ce qui implique l’immobilité d’une épaisse tranche d’eau 
profonde.

La turbidité des eaux a évolué entre les deux observations : elle a notablement augmenté aux 
postes 1 et 2, où elle atteint 10 mg /1. près du fond. Dans la tranche d’eau médiane du P. 3 
apparaît une longue lentille d’eau à 4 mg / 1. de turbidité qui s’étend jusqu’au P. 6 où elle atteint 
presque la surface, cette localisation de la turbidité matérialise la décantation des eaux qui se 
poursuit en l’absence quasi totale de courant.
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Fig. 6. —  Profils in s tan tan é s  en étiage du  fleuve.

E n  r é s u m é .

Ces profils instantanés qui partent de l’estuaire du fleuve et traversent la totalité du plateau 
continental pour aboutir à son bord extérieur, mettent en évidence les faits suivants :

La sédimentation est intimement liée aux conditions dynamiques et en conséquence la turbi
dité des eaux peut être momentanément élevée à l’embouchure de l’estuaire ; elle reste toujours 
faible sur le plateau Continental où les eaux profondes sont immobiles pendant de très longues 
périodes entre lesquelles les courants sont toujours animés de faibles vitesses. Il apparaît que
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les matières en suspension sont amenées par les eaux de surface qui se décantent lentement. Les 
sédiments fraîchement déposés sur les hauts fonds sont probablement remaniés partiellement, c’est 
ce qui expliquerait l’apparition de lentilles turbides isolées à faible profondeur aux postes 3 et 6.

Tostes ÍS  '

<5̂  après Sasse Mep 
12 :

F ig . 7. —  P re m iè re  t ra n s v e r s a le  O u e s t. P ro fils  in s ta n ta n é s  en  é tia g e  d u  fleuve .
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Premier profil transversal à l ’ouest du profil axial (Postes 11 à 13).

a) Basse-Mer (voir fig. 7). (Période de flot).

La salinité est plus élevée au P. 11 qu’au moment de la Basse-Mer au P. 3 où elle était supé
rieure à 31 °/00 (fig. 6), elle augmente assez régulièrement vers le large et atteint 35 °/00 avant la 
verticale du P. 13.

La turbidité est faible : 3 à 4 mg / 1. en surface, 4 mg /1. près du fond et 5 mg / 1. dans une 
lentille d’eau s’étendant de 0,75 m à 1,50 m entre les postes 12 et 13.

b) 3 heures après la Basse-Mer (Période de flot).

La salinité n’a pas subi de modification notable pendant la période écoulée, aussi, malgré 
l’absence de mesure de vitesse de courant, on peut en inférer un très faible mouvement des eaux 
sur le plateau continental.

A la faveur de cette quasi-immobilité des eaux la décantation s’est amorcée, la courbe 
d’isoturbidité de 4 mg / l .  s’est éloignée du fond du poste 13 où l’on observe des teneurs en sus
pension atteignant 7 mg /1. Un courant de 0,17 m / sec. à 4 mètres au-dessus du fond ne peut 
s’opposer à ce dépôt.

c) 1 h 30 avant Pleine-Mer (Période de flot, fig. 8).

La salinité a légèrement augmenté : l’isohaline de 34,5 °/00 atteint le fond à l’aplomb du 
poste 11 et celle de 35 °/00 s’est rapprochée du P. 12.

La vitesse du courant a augmenté légèrement, elle est maintenant de 0,24 m / sec. à 1 m du 
fond au P. 13.

Sous la poussée du flot, la turbidité en surface au P. 11 est passée de 3, à 4 mg /1. et la teneur 
de 6 mg /1. des eaux, situées à 2 m. de profondeur au P. 13, atteint maintenant le P. 12.

Cependant, au P. 11 la turbidité s’est abaissée à 3 mg / 1. et au P. 13, la turbidité au fond,
n’a augmenté que d’1 mg / 1. malgré l’accélération de la vitesse du courant.

d) Pleine-Mer.
A la pleine-mer, la salinité n’a pratiquement pas varié depuis les précédentes observations ; 

il en est de même de la turbidité en surface et dans la tranche d’eau médiane.
Dans la zone profonde du P. 13, la turbidité a augmenté de 2 mg /1., il s’est donc probable

ment amorcé une concentration des matières en suspension qui peut être attribuée à la réduction 
de la vitesse du courant passée de 0,24 m / sec. à 0,20 m / sec.

e) 1 h 30 après Pleine-Mer (période de Jusant).

Les observations sont incomplètes, elles ne permettent pas l’établissement d’un profil instan
tané.

f) 3 heures après la Pleine-Mer (Période de Jusant, fig. 9).

La salinité n’a pas subi de profondes modifications mais elle a augmenté légèrement aux postes 
11 et 12 tout en restant pratiquement inchangée entre les postes 12 et 13.

La vitesse du courant n’est plus que de 0,11 m / sec. à 2 m du fond du P. 13 ; à la faveur de 
cette perte de vitesse des eaux, les sédiments se sont déposés : il ne reste que 3 mg / 1. en suspension.

Les courbes d’isoturbidité font apparaître une augmentation de la turbidité vers le large, ce 
qui montre que les sédiments transportés en suspension tendent à s’écarter du littoral.
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1h30 avant Pleine Mep
Tostes 13

S  k m

Pleine Men
Postes 13

F ig . 8 . —■ P ro fils  in s ta n ta n é s  e n  é tia g e  d u  fleuve.
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ö * après Pleine Mer>
Posies 15

Fig. 9. —  Profil in s ta n ta n é  en étiage du  fleuve.

E n  r é s u m é .

L’étude des états successifs du premier profil transversal à l’ouest du profil axial a montré 
que :

la salinité subit des modifications sensibles mais peu importantes qui décroissent rapidement 
vers le large, sur la verticale du P. 13 la salinité reste pratiquement inchangée.

La turbidité est plus importante vers le large qu’à proximité du littoral, les courants de sur
face, que nous étudierons en détail ultérieurement, étant orientés vers l’extérieur dans ce secteur 
du plateau continental.

Cette répartition sédimentaire de la fraction fine apparaît dans la composition granulomé- 
trique des dépôts. En effet, les sédiments qui ont été dragués renferment des fractions de diamètres 
inférieurs à 0,080 m qui sont le suivantes :

Poste n° 11 - - 0,7 % de grains <  0,080 mm.
n° 12 — 0,6 % de grains <  d.
n° 13 — 45,1 % de grains <  d.

Cette répartition sédimentaire sera examinée à nouveau dans une étude d’ensemble.

Deuxième profil transversal à l ’Ouest du profil axial (Postes 15 à 17).

Pour des raisons de navigation le poste 15 n’a pu être stationné au point initialement prévu, 
il a du être reporté vers 4e large d’environ 1 mille y2. Cependant, les postes 16 et 17 ont été sta
tionnés, comme prévu par le travers des postes 12 et 13.

a )  Basse-Mer ( f ig .  1 0 ) .

La salinité est plus élevée qu’aux postes 11 et 13 pendant la même période : la courbe isoha-

1 0 8 6



É T U D E  D E  LA SÉ D IM E N TA TIO N  AU LARGE D E L ’E S T U A IR E  D E LA BET SIB O K A 65

Pleine Mep ^ 9- W
16 1S /Jbsles 17

3 h après Pleine Mep
Postes 17

Basse mep

ö  ̂ après Basse Mep 
Postes 17 16 15-

F i g .  10. —  D eu x ièm e  tra n s v e r s a le  O u e st. P ro fils  i i is ta n ia ilé s  en  é tia g e  du  fleuve .

1087



6 6 L. B ER TH O IS E T  A . CRO SNIER

line de 35 °/00 est voisine du poste 16, en profondeur et il n’y a, dans l’ensemble du profil, qu’un 
abaissement de 0,6 °/00 de la salinité au P. 15.

La turbidité est faible : 3 mg / 1. dans la partie médiane de la tranche d’eau, 5 mg /1. près 
du fond au P. 15 et 4 mg / 1. au P. 17.

b) 3 heures après la Basse-Mer (Période de flot, fig. 10).

La salinité est restée pratiquement inchangée depuis les précédentes observations.
La turbidité est toujours faible mais elle présente une évolution intéressante : les eaux de la 

tranche médiane tendent à se décanter, par conséquent, il y a un abaissement de la teneur en 
suspension dans les zones où elle était de 4 mg / 1 (Poste 17).

Il y a régularisation ou augmentation de la turbidité à proximité du fond aux postes 15 et 
16 où la courbe d’isoturbidité de 5 mg /1. s’allonge vers le fond. Mais corrélativement, un nouvel 
apport de sédiments s’effectue dans les eaux de surface refoulées par le courant, la turbidité y 
atteint 5 mg / 1.

c) Pleine-Mer (fig. 10).
Les eaux plus salées du large sont repoussées vers le littoral, cependant la salinité n’a augmenté 

que de 0,1 °/00 au profil 15. Toutefois la courbe isohaline de 35 °/00 est maintenant située entre 
les postes 16 et 15 et celle de 35, 10 °/00 atteint presque la verticale du poste n° 16.

Les eaux turbides ont suivi ce mouvement vers le littoral : la teneur en suspension est de 
7 mg I 1. près du fond au P. 15 puis, elle diminue vers le large pour être comprise entre 4 et 
5 mg 11. au P. 16, au P. 17 elle est encore de 4 mg /1. au fond. Les eaux de surface ont des 
turbidités comprises entre 5 et 4 mg /1., elles paraissent se décanter avec une extrême lenteur.

d) 3 heures après la Pleine-Mer (Période de Jusant, fig. 10).

La salinité esl en régression au P. 15 nous retrouvons sensiblement l’état initial de la Basse- 
Mer et il en est à peu près de même aux postes 16 et 17.

On observe entre les postes 15 et 16 un noyau à très faible turbidité, il est entouré d’une cou
che d’eau plus turbide, à la base elle est due à la décantation et en surface aux nouveaux apports 
sédimentaires.

Entre les postes 16 et 17 la courbe d’isoturbidité à 4 mg /l. se relève à cause de la décantation 
des eaux qui atteignent 5 mg / 1. de suspension à proximité du fond à ces deux derniers postes.

R é s u m é .

La salinité varie très peu et la turbidité également, les vitesses des courants sont faibles et 
ne se prêtent pas à des déplacements importants des sédiments du fond. Les sédiments en suspen
sion sont plus aisément transportés. La comparaison des teneurs en fraction fine ( <  0,080 mm) 
montre que :

Au P. 11 de la première transversale ouest la fraction fine représentait........................ 0,7 %
au poste 15 de la 2e transversale elle est de.........................................................................  5,8 %
Cependant, il est important de noter qu’au poste 15 la teneur en suspension des eaux est 

toujours inférieure à celles qui ont été observées au poste n° 13.
Les sédiments du P. 16 sont difficilement comparables à ceux du P. 12 car les premiers peu

vent être enrichis, en fraction fine, par les apports de la Rivière Mahamba.

Premier profil transversal à l ’est du profil axial (Postes n09 7 et 9, fig. 1).

Les postes nos 7-8 et 9 ont été placés par le travers des postes n09 3, 4 et 5 du Profil axial, ils 
sont donc comparables à ces derniers.
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a) Basse-Mer (fig. 11).
La salinité est notablement plus élevée au poste 7 qu’au poste n° 3, mais la quantité d’eau 

douce qui parvient, en surface, au P. 7 est plus importante que celle qui franchit le P. 11 où 
l’abaissement du taux de salinité est faible, on peut donc en déduire que l’écoulement des eaux 
estuariennes s’oriente vers le N.-E. à l’embouchure du fleuve. Au poste n° 8 la salinité est compa
rable à la valeur trouvée au P. 4 de la transversale axiale et au poste 9 elle est un peu plus élevée 
qu’au poste 5.

La turbidité est répartie autour de deux maxima : le premier au P. 7 (8 mg /1.) avec une 
décroissance régulière des teneurs en suspension en allant vers le P. 8 et des valeurs constantes 
de la surface au fond.

% . 11B asse mer>
Postes 9

'3-/1

0.20,

5 k m

ô h après ¿a Basse Men
Postes 9

Sn f / l

Fig. 11. —  Première transversale Est. Profils instantanés en étiage du fleuve.
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Le deuxième maximum est situé à 11 m. de profondeur à l’aplomb du P. 9, il est représenté 
par une lentille d’eau turbide, de faible étendue, avec une teneur maximale de 12 mg / 1.

b) 3 heures après la Basse-Mer (Période de flot, fig. 11).
La salinité a très légèrement augmenté depuis les dernières observations.
La turbidité a notablement décru entre les postes 7 et 8. Il en est de même au P. 9 où les 

eaux sont décantées d’une notable partie des matières en suspension qui sont maintenant à 
proximité immédiate du fond.

fig. 121 30 Avant Pleine Men
Posées 9

2 my)

' y * * ,

5 m.

5 km .

Postes 3

F ig . 12. —  P ro fils  in s ta n ta n é s  en  é tia g e  d u  fleuve.
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c) 1 h 30 avant la Pleine-Mer (Période de flot, flg. 12).

La salinité a encore très légèrement augmenté et la turbidité a diminué, il ne subsiste plus 
qu’une petite lentille d’eau chargée de 6 mg / 1. de suspension au P. 7, et une autre avec 5 mg / 1. 
de suspension au P. 9.

d) Pleine-Mer (fig. 12).
Le taux de salinité est toujours stationnaire, mais la turbidité a encore diminué dans l’en

semble du profil, il apparaît même, à faible profondeur, au P. 9 une lentille d’eau très claire 
(1 m g/1).

4*50 après ¿a P i eine Men ltg. 15
Postes 9

3  ̂ après Pleine Men

Fig. 13. — Profils instantanés en étiage du fleuve.
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e) 1 h 30 après la Pleiiie-Mer (Période de Jusant, fig. 13).
La salinité est en légère régression aux postes n08 7 et 8 m ais elle est restée pratiquemment 

stationnaire au poste 9.
La turbidité a augmenté depuis la pleine mer : 

au poste 7 les eaux contiennent plus de 6 mg /1. et il apparaît à nouveau, 
au P. 9, une lentille d’eau turbide (8 mg /1.) à la profondeur de 12 m.

f) 3 heures après la Pleine-Mer (Période de Jusant, fig. 13).
La salinité est en légère régression au P. 7, elle est pratiquement inchangée aux postes 8 et 9.
La turbidité a notablement augmenté dans l’ensemble du profil surtout par un apport des 

eaux de surface au P. 7 où nous observons une augmentation de 5 mg /1.
D’autre part, la lentille d’eau turbide du P. 9 s’est légèrement renforcée par des apports 

nouveaux, elle atteint maintenant 10 mg / 1.

R é s u m é .

L’étude de ce profil transversal montre une remarquable stabilité du taux de salinité aux 
postes 8 et 9, c’est seulement au poste 7 que des fluctuations peuvent être observées. Il apparaît 
donc que le dessalement n’affecte qu’une mince tranche d’eau superficielle.

La localisation des eaux turbides explique la séparation verticale des matières en suspension.
Le courant orienté N.E.-S.O. qui, d’après la carte marine, longe la bordure du plateau 

continental, contribue sans doute au maintien des matières en suspension aux postes situés vers 
le large (ici le poste 9) et à leur répartition le long de cette bordure. Aucun poste n’ayant pu être 
stationné au large du P. 9, la limite nord des eaux turbides qui apparaissent parfois dans la tranche 
médiane n’a pu être fixée.

L’étude des sédiments qui sera développée ultérieurement confirme cette répartition de la 
turbidité; les teneurs en fraction fine ( <  0,080 mm) sont les suivantes :

station n° 7 — fraction fine — 99,7 %
n° 8 — fraction fine — 99,1 %
n° 9 — fraction fine — 10,5 %

Deuxième profil transversal à l ’est du profil axial (Postes n0819 à 21, fig. 1).

Les postes n08 19, 20 et 21 ont été stationnés aux emplacements prévus, par le travers des 
postes 7, 8 et 9 qui viennent d’être étudiés.

a) Basse-Mer (fig. 14).
La salinité la plus basse est observée au poste 20 où les eaux les moins salées paraissent 

s’écouler comme dans un chenal délimité par la teneur de 34 °/00 ; toutefois, il ne faut pas oublier 
que par suite de l’énorme distorsion de ces profils, il ne s’agit que d’une mince tranche d’eau 
s’étendant sur une dizaine de kilomètres de largeur. Il faut encore noter que l’abaissement de la 
salinité est moins important que dans le premier profil transversal.

La turbidité atteint son maximum dans les eaux superficielles mais elle est peu élevée ; les 
eaux de la tranche médiane et les eaux profondes sont les moins chargées de sédiments.

b) 3 heures après la Basse-Mer (Période de flot, fig. 14).
La salinité a légèrement augmenté, principalement vers le fond. La turbidité évolue dans le 

sens de la décantation des eaux ; la comparaison avec le profil 7 à 9 de la même période (fig. 11). 
montre que la turbidité décroît très nettement lorsqu’on passe de la l re transversale Est à la 
deuxième. En particulier les eaux turbides qui existaient au fond, au profil n° 9, n’atteignent 
pas le P. 21.
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après Basse Men

Skm

B 30 avant Pleine Mep
20A28m./see. ¿9ñsies Sí

Fig. 14. —  D euxièm e transv ersa le  E st. 
Profils in s tan tan é s  en étiage du  fleuve.

Pleine Me fi 
2 0Postes 2i

S  km.

3* après Pleine Mer
21 r  20 i.

Profils instantanés en étiage du fleuve.Fig. 15,
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c) 1 h 30 avant la Pleine-Mer (Période de flot, flg. 14).

La salinité a faiblement augmenté depuis les observations précédentes et la turbidité est 
restée pratiquement inchangée, on note seulement une zone légèrement moins turbide que 
précédemment, à proximité du fond aux postes 19 et 20.

La comparaison avec le profil 7 à 9, de la première transversale Est, montre que les teneurs 
en suspension ont, dans les deux cas, des valeurs sensiblement identiques.

d) Pleine-Mer (fig. 15).

La salinité n’a pas varié sensiblement depuis les dernières mesures, il en est de même pour la 
turbidité.

La comparaison avec le profil 7 et 9 de la première transversale Est montre que les teneurs en 
suspension sont du même ordre de grandeur dans les deux cas.

e) 3 heures après la Pleine-Mer (fig. 15).

La salinité s’est abaissée au P. 19 depuis les dernières observations.
La turbidité a également diminué pendant la même période, la lentille d’eau contenant 

3 mg 1 1. s’est considérablement développée.
La comparaison avec les profils 7 et 9, de la première transversale Est, permet de constater 

un abaissement très net de la turbidité lorsque les eaux atteignent la deuxième transversale.

E n r é s u m é .

L’examen des profils de la deuxième transversale Est montre qu’il y existe une stabilité 
notable de la salinité, le dessalement des eaux de surface est un peu plus important au P. 20 que 
dans les deux postes latéraux, mais la stratification des eaux reste pratiquement constante.

On observe également une diminution des teneurs en suspension qui ne présentent plus de 
maximum bien défini. Ainsi, des deux comparaisons latérales qui viennent d’être faites, avec la 
ligne du Profil Axial traversant le plateau continental, il apparaît que les déplacements sédimen- 
taires sont plus importants, à l’est qu’à l’ouest de l’axe choisi.

D’autre part, il semble que les transports importants de sédiments ne dépassent pas sensible
ment, en régime d’étiage du fleuve, la deuxième transversale Est. Pour examiner cette question 
plus en détail, nous avons construit une série de profils spéciaux qui vont être examinés 
ci-dessous.

Établissements de profils pour la recherche de l ’évacuation des sédiments sortant de l ’estuaire du 
fleuve en période d’étiage.

a) Basse-Mer (fig. 16).

Le dessalement des eaux a, bien entendu, son maximum dans les deux postes estuariens et 
les courbes isohalines s’incurvent vers les postes extérieurs ; celle de 33 ° /00 atteint en surface 
le P. 7.

Le maximum de turbidité au fond est situé au P. 1, ensuite la turbidité au fond diminue 
progressivement jusqu’au P. 2 ; elle reste quasi stationnaire au fond entre les postes 2 et 7 où elle 
est égale sur toute la hauteur de la tranche d’eau. Enfin, la turdibité diminue entre les 
P. 7 et 19.

Les eaux de surface, en provenance de l’estuaire, renferment 8  mg / 1. de sédiments en sus
pension, mais elles ont déjà abandonné une portion des particules transportées avant d’atteindre 
le P. 2. Entre les P. 2 et P. 7 la décantation paraît se poursuivre, mais il y a une augmentation 
de teneur au P. 7.
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Todes 19

I Skm.

Posies iS
P lein e  Mer*

Vosles 19 <5 après Pleine Mep
7 2

1 >*ï
J

Fig. 16. — Profils pour l’étude 
de l’évacuation des sédiments 

de i’estuaire du fleuve.
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b) Pleine-Mer (flg. 16).

A la pleine-mer la salinité augmente d’une manière très sensible.
Sous la poussée du courant de flot les sédiments en suspension sont refoulés vers l’entrée 

de l’estuaire où ils sont bloqués. On observe alors une concentration de plus d’un gramme par 
litre d’eau près du fond au P. 2 mais il y a déjà moins de 10 mg /1. au P. 1. Il apparaît donc que 
l’importante masse sédimentaire de l’entrée n’est pas déplacée vers l’amont du fleuve.

En surface et jusqu’à la tranche d'eau médiane la turbidité s’est abaissée et régularisée.

c) 3 heures après la Pleine-Mer (Période de Jusant, fig. 16).

La salinité s ’abaisse dans la partie amont du profil où la courbe isohaline de 33 °/00 atteint 
presque le P. 7 tandis que celle de 32 ° /00 dépasse largement de P. 2. L’isohaline de 34 ° /00 reste 
inchangée.

Une partie des sédiments précédemment concentrés au P. 2 est refoulée par le jusant et 
remise en suspension ; il en résulte un accroissement de la turbidité au fond et en surface aux postes 
7 et 19.

E n r é s u m é .

La comparaison des deux profils transversaux Est (Postes 7 et 9 et Postes 19 à 21) avec le 
profil axial (Postes 1 à 6 ) avait montré que les eaux fluviales s’orientaient de préférence au N.-N.-E. 
à leur sortie de l’estuaire ainsi qu’on pouvait s’y attendre.

Il était en outre apparu que le courant de flot, dirigé vers le littoral, pouvait peut-être 
provoquer une concentration des sédiments vers les postes côtiers 7 et 19. Il était donc nécessaire 
d’étudier sur des profils spéciaux, les conséquences de ces deux actions dynamiques sur la répar
tition des sédiements.

L’examen détaillé qui vient d’être fait montre, qu’en période d’étiage du fleuve, la masse 
sédimentaire importante qui se concentre au P. 2 à la pleine-mer ne progresse pas vers 
l’amont.

La fraction fraîchement déposée paraît être remise en suspension et partiellement dispersée 
au cours du jusant suivant, mais les eaux assez fortement turbides qui atteignent le P. 7 sont 
notablement moins riches en sédiments lorsqu’elles atteignent le P. 19 où le dépôt paraît être 
beaucoup moins actif.

5« DYNAMIQUE DE LA SÉDIMENTATION EN PÉRIODE DE CRUE DU FLEUVE

Les mesures ont été exécutées du 8  au 17 mars 1962. Les débits fluviaux ont subi des varia
tions importantes pendant cette période, notamment le 8  mars, mais justement la brusque 
augmentation du débit qui était passé à 3.665 m3 / sec. n’a pas permis de poursuivre les obser
vations qui ont du être interrompues et reprises le lendemain 9 mars.

Ainsi donc, les mesures ont été faites pour des débits fluviaux variant de 1427 m3 /sec. à 
2.810 m 3 / sec. L’écart est important, mais il ne paraît pas possible, à l’examen de la courbe 
des débits totalisés (fig. 2 ), de découvrir une période de 8  à 10  jours durant laquelle le débit 
fluvial soit stabilisé. Cela est d’autant plus irréalisable qu’en commençant une campagne de 
mesures, il est impossible de connaître comment évoluera la crue qui va être étudiée.

Cependant, les variations, dans les évolutions dynamiques ou sédimentaires devront être 
interprétées en tenant compte de ces fluctuations du débit fluvial au cours des mesures.

Les conditions océaniques ont également subi des fluctuations assez importantes pour cette 
région du globe où les marnages sont modérés. Les hauteurs des basses-mers ont varié de 0,60 m
à 2,50 m, celles des hautes-mers de 3,40 m à 5,20 m.
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Profil tansversal du plateau continental dans I’axe de 1’embouchure du fleuve (Postes 1 à 6  et 23).

a) Basse-Mer (fig. 17).
La salinité est fortement abaissée, elle est inférieure à 2 ° /00 aux postes 1 et 2 et les eaux 

superficielles n’atteignent que 15 à 20 °/00 sur toute la longueur du profil. La courbe isohaline de 
30 ° /00 apparaît seulement au 1/3 de la hauteur d’eau et près du fond on observe seulement 33 °/00.

Les vitesses de courant de surface varient de 0,42 à 1 m /  sec., mais il y a une disproportion 
énorme entre ces vitesses superficielles et celles près du fond qui sont comprises entre 0, 09 et 
0 ,2 0  m / sec.

La turbidité des eaux de surface est supérieure à 10 mg / 1. jusqu’au-delà du P. 3, puis elle 
est comprise entre 4 et 6  mg / 1. aux postes 4-5 et 6 .

B a sse
(U tZm .fcec

~iO.

 ATTU___

so

j heures a nr¿s  Q  a s  sek'M  en

0-Zfm/s. m./s.

0.11 m /s .'

22
0.1Q m.

F ig . 17. —  P ro fil tr a n s v e r s a l  a x ia l  en  p é rio d e  d e  c ru e  d u  fleuve .
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La turbidité près du tond varie de 6  à 18 mg / 1. pour les 3 premiers postes, le maximum 
étant situé au P. 2. Entre postes 3 et 6 , la turbidité près du fond varie de 4 à 6  mg /1.

b) 3 heures après la Basse-Mer (Période de flot, fig. 17).

La salinité est restée quasi stationnaire près du fond dans la tranche d’eau médiane. 
Par contre, les eaux très dessalées de la surface sont en régression très nette puisqu’on observe 
25 ° /00 de salinité du P. 23 au P. 4.

Les vitesses des courants de surface sont comprises entre 0,29 et 0,62 m / sec. ces vitesses 
s’atténuent vers le fond puisqu’à mi-profondeur elles varient de 0,25 à 2,27 m / sec. sur le plateau 
continental et 0,44 m / sec. dans le fleuve. Près du fond, les vitesses sont encore plus réduites 
0,10 à 0,16 m I sec. sur le plateau continental et 0,35 m / sec. en estuaire ; avec d’aussi faibles 
courants près du fond, il est impossible d’assurer d’importants transports de sédiments grossiers

P lein e M en  fy -
Postes 25 e s  i- 3 2. 1

«5^ a p r è s  P le in e  M en
Tistes 23

'i_

Fig. 18. —  Profil in s ta n ta n é  en période de crue du fleuve.
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et même de sédiments fins. Le transport sédimentaire intéresse donc surtout les particules fines 
qui sont abondantes dans les eaux de sub-surface : 35 mg. à 10 mg /1. entre les postes 1 et 3.

Près du fond, on observe des teneurs de 10 à 20 mg / 1. aux P. 1. et P. 2 mais ensuite la turbi
dité des eaux se réduit vers le large.

c) Pleine-Mer (fig. 18).

A la Pleine-mer, la salinité a un peu augmenté depuis les dernières observations ; ceci se 
traduit par une épaisseur un peu plus grande de la couche d’eau à 33 ° /00 et un léger recul des 
couches d’eau à très faible salinité.

Les mesures de vitesses de courant sont limitées au poste 1 mais elles sont cependant intéres
santes avec 0,46 m / sec. en surface et seulement 0,14 m / sec. en profondeur.

Les eaux fortement turbides qui existaient en surface, lors des dernières observations, se 
sont décantées et l’on observe maintenant 15 mg /1. à des profondeurs comprises entre 1,50 m. 
et 5 m ; corrélativement, la turbidité a augmenté en profondeur aux postes 1 et 2 où l’on observe 
maintenant deux maxima de 18 et 31 mg /1.

La turbidité diminue rapidement vers le large, elle est seulement de 2 à 3 mg / 1. à partir de 
la mi-distance entre les postes 4 et 5.

d) 3 heures après la Pleine-Mer (Période de Jusant, fig. 18).

La salinité a diminué dans la tranche superficielle où les eaux à 15 ° /00 s’étendent jusqu’au- 
delà du P. 5. Par contre, les eaux profondes ne sont pratiquement pas modifiées depuis les précé
dentes observations.

Les vitesses de courant n’ont été mesurées qu’au poste 1, leur répartition verticale est très 
caractéristique ; nous avons enregistré 0,85 m / sec. en surface et 0,19 m / sec. à 4 m. de profondeur, 
ce qui souligne la stratification des eaux.

La turbidité des eaux superficielles a augmenté depuis les dernières observations, les eaux à 
6  mg / 1. de suspension atteignent maintenant le poste n° 4.

Les teneurs en suspension près du fond ne sont importantes qu’aux postes 1 et 2, elles sont 
cependant moins élevés qu’à la Pleine-Mer. La faible vitesse des courants près du fond n’autorise 
pas à supposer une dispersion importante des sédiments en suspension, c’est plutôt une décanta
tion des eaux et un dépôt des sédiments qui doit être envisagé.

En r é s u m é .

L’examen de ces profils transversaux qui s’étendent jusqu’à la limite nord du plateau conti
nental met en évidence les faits suivants :

Io II existe une stratification extrêmement serrée des eaux sortant de l’estuaire du fleuve. 
Le dessalement qui est presque total à l’embouchure s’atténue vers le large mais il est encore 
extrêmement marqué et abaisse la salinité de 10  ° /00 jusqu’à la limite du plateau.

2° les vitesses de courant sont elles-mêmes fortement stratifiées, elles se réduisent au 1/3 ou 
au 1/4 de leur valeur en surface, à 4 ou 5 m de profondeur. Il en résulte que les courants, à pro
ximité du fond, sont toujours de faible intensité, et qu’il n’existe pas de transport important 
de sédiment sur le fond. Ce sont les particules transportées en suspension qui constituent l’essentiel 
de la sédimentation sur le plateau continental.

Premier profil transversal à l ’ouest du profil axial, période de crue du fleuve (Postes 11 à 13).

Les mesures qui ont été effectuées en Mars 1962 n’ont permis que la construction de deux 
profils complets.
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S a s s e  M e n  Sig.'fS  
Tbsies 13 12 11

'__
__

P i e i ne M en
rosies 13 12 / /

19. — Première transversale Ouest, 
en période de crue du fleuve.
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Basse-Mer (fig. 19).

Le dessalement des eaux de surface est beaucoup moins important ici que sur la transversale 
axiale. En effet, au P. 3 situé en face du P. 11, nous avions observé (fig. 17) moins de 10 ° /00 de 
salinité, tandis qu’au P. 11 la salinité était supérieure à 25 °/00. C’est au P. 12 qu’est observé 
le dessalement le plus important, mais il est beaucoup moins marqué au P. 4 du profil axial.

La turbidité des eaux superficielles et médianes est faible (4 mg /l.), elle augmente seule
ment jusqu’à 6  mg / 1. près du fond, au P. 11. Sur la verticale du P. 13, la turbidité est faible : elle 
varie de 1 à 2  mg / 1.

Pleine-Mer.

La salinité a nettement augmenté depuis la Basse-Mer ; en particulier dans la tranche d’eau 
de surface qui est passée d’un minimum de 2 2  °/oo à près de 28 °/00.

La turbidité a diminué à l’aplomb des postes 11 et 12, mais elle a augmenté au P. 13 de 3 à 
5 mg / 1. dans les eaux médianes et profondes tandis qu’elle a diminué dans les eaux superficielles 
qui semblent s’être décantées.

Deuxième profil transversal à l ’ouest du profil axial (Postes 15 à 17) en période de crue.

Les mesures qui ont été effectuées en mars 1962 n’ont permis que la construction de deux 
profils complets.

Basse-Mer (fig. 20).

La salinité est plus élevée que dans le premier profil transversal, sauf au P. 13 où elle dépas
sait 28 °/00. Il en résulte que la stratification des eaux est nettement moins serrée ici que dans 
le premier profil transversal.

La turbidité est faible dans la tranche d’eau supérieure (2 à 3 mg / 1.) mais elle augmente 
sensiblement au P. 16 où elle atteint 10 mg / l . à  proximité du fond.

Pleine-Mer (fig. 20).

La salinité a augmenté, les eaux à 28 ° /00 se trouvent cantonnées dans une étroite zone 
superficielle près du P. 15, mais les eaux à salinité plus élevée n’ont pas beaucoup évolué et leurs 
isohalines ne subissent que des modifications de détail.

Les sédiments qui étaient en suspension près du fond au cours des mesures faites en Basse- 
Mer se sont probablement déposés, car cette anomalie a totalement disparu. Dans le profil établi 
pour la Pleine-Mer la turbidité décroît en allant vers le large, elle est toujours assez faible.

E n r é s u m é .

L’étude des deux transversales Ouest, en période de crue du fleuve montre que l’abaisse
ment de la salinité des eaux superficielles, y est considérablement moins marqué que sur la trans
versale axiale. En conséquence, la stratification des eaux est signalée par les courbes isohalines 
peu serrées et une salinité plus élevée des eaux profondes.

La turbidité y est modérée, elle paraît s’accentuer vers le poste n° 13 au moment de la Pleine- 
Mer, mais pendant la même période elle s’amoindrit en P. 17.

Premier profil transversal à l ’est du profil axial (Postes 7 à 9) Période de crue du fleuve.

Les mesures effectuées sur place en mars 1962 ont permis la construction de 3 profils.
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f y .2 0

« S . ,

1Qm\

5m.

P lein e  M en
iS

Fig. 2 0 .—  D euxièm e transversa le  O uest, en période
de crue du fleuve.

B a s s e  M e p  ^
lisies 9  8  7

FT

2 h30 après B a s s e  M ep  
8 7fbsies 9

im/

S km.

Fig. 21. —  Prem ière transversa le  à l ’est du profil axial
en période de crue du  fleuve.
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Basse-Mer (fig. 21).

La comparaison avec les salinités observées sur la transversale axiale (fig. 17) notamment aux 
postes 3, 4 et 5 par le travers desquels sont situés les postes 7, 8  et 9 montre que les eaux de sur
face dont le dessalement est très marqué n’atteignent pas le profil Est. En effet, la salinité ne 
s’abaisse pas au-dessous de 25 ° /00 au poste 7.

Par contre la turbidité est extrêmement élevée au Poste 7 presque aussi élevée qu’au poste 2 
des profils pour l’étude de l’évacuation des sédiments en période d’étiage. Elle décroît très rapi
dement vers le large, elle ne s’élève plus qu’à 4 mg / 1. au P. 8  et 1 à 2 mg / 1. au P. 9.

2 b 30 après la Basse-Mer (fig. 21).

La salinité des eaux de surface s’est abaissée à 32 ° /00 mais dans les eaux moyennes et pro
fondes la salinité est pratiquement inchangée.

La turbidité des eaux profondes a considérablement diminué au P. 7, et, corrélativement, 
elle a également diminué légèrement à l’aplomb, du P. 8  ; cependant les eaux de surface contien
nent une plus grande quantité de sédiments en suspension que précédemment et la couche d’iso- 
turbidité de 6  mg /1. atteint presque le P. 9. Il est à noter que les eaux profondes de ce poste 
sont très faiblement turbides.

Pleine-Mer (fig. 21).

La salinité a notablement augmenté dans la tranche d’eau supérieure puisque l’isohaline de 
25 °/00 est remplacée par celle de 28 °/O0. Dans la partie médiane et profonde des eaux, la salinité 
ne subit que de faibles variations.

La turbidité a considérablement évolué, la masse de sédiments en suspension près du fond 
au P. 7 est pratiquement déposée, il ne subsiste plus que 7 mg /1. en suspension. Vers les P. 8  et 
P. 9 les teneurs en suspension varient de 3 à 4 mg / 1.

E n  r é s u m é .

En période de crue importante du fleuve, la salinité est plus fortement abaissée dans le profil 
transversal 7-8-9 à l’est du profil axial, que dans le profil transversal 11-12-13 situé à l’ouest de 
ce même profil axial.

La masse de sédiments transportés en suspension à proximité du fond s’étend jusqu’aux 
abords du profil 7 en période de crue et paraît s’y déposer.

Deuxième profil transversal à l ’est du profil axial (Postes nos 19-20-21) Période de crue du fleuve.

Les mesures effectuées sur place en Mars 1962 n’ont permis que la construction de deux 
profils.

Basse-Mer (fig. 22).

La salinité est notablement moins abaissée qu’à la même période dans le premier profil 
transversal à l’est du profil axial (Postes nos 7, 8  et 9). On observe cette fois 28 °/oo dans les eaux 
de surface des postes 19 et 20 tandis qu’il existait moins de 25 ° /00 au P. 7.

Les eaux sont stratifiées obliquement (mais avec une très faible déclivité si l’on tient compte 
de la distorsion qui est considérable).

La turbidité est faible : 4 mg /1. en surface au P. 19, puis dans tout le reste du profil, de la 
surface au fond, les teneurs en suspension sont comprises entre 1 et 2  mg / 1., notamment dans les 
eaux profondes du P. 19 et dans toute la hauteur d’eau des postes 20 et 21.
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Pleine-Mer (flg. 22).

La salinité a légèrement augmenté depuis les observations précédentes.
La turbidité atteint 9 mg /1. dans les eaux profondes du P. 19 mais elle s’abaisse à 3-4 mg /1. 

dans la tranche d’eau supérieure jusqu’à la surface. Aux postes 20 et 21 la turbidité est comprise 
entre 1 et 2  mg / 1.

En r é s u m é .

L’étude du deuxième profil transversal à l’est du profil axial montre que le dessalement y 
est faible en surface, les eaux sont encore stratifiées, mais les courbes isohalines sont largement 
écartées et leurs positions respectives ne subissent que des modifications de détail au cours d’une 
marée.

La turbidité est considérablement moins élevée qu’au poste 7 du premier profil transversal 
est, le P. 19 paraît bien constituer la limile est du dépôt des sédiments fins.

Pour étudier plus efficacement cette queslion de limite sédimentaire actuelle et pour préciser 
les données qui viennent d’être acquises nous avons établi un profil comprenant les postes nos 1-2-7 
et 19.

Ëtablissement de profils pour la recherche de l ’évacuation des sédiments sortant de l ’estuaire du 
fleuve en période de crue.

Basse-Mer (fig. 23).

La salinité est extrêmement faible dans la couche de surface des postes 1 et 2, c’est pratique
ment de l’eau douce qui s’écoule et la stratification est extrêmement serrée dans les premiers 
mètres au-dessous de la surface. Mais cet abaissement important de la salinité n’atteint pas le P. 7 
où l’on observe de l’eau à 2 b °/00.

La turbidité est assez réduite aux Postes 1 et 2 mais elle est considérable au P. 7 où l’on ob
serve 200 mg /1. à 1 m. de la surface et 864 mg /1. au fond. Cette masse de matériaux en sus
pension n’atteint pas le P. 19 où la turdidité est seulement de 1 à 3 mg / 1.

Pleine-Mer (fig. 2.3).

La salinité a légèrement augmenté mais la stratification des eaux de surface aux postes 1 et 
2 et 7 est quasi inchangée.

La turbidité est élevée aux P. 1 et 2 où les sédiments en suspension gagnent le fond ; au P. 7 
la presque-totalité de la masse de sédiments en suspension a été déposée, la turbidité est toujours 
faible au P. 19.

3 heures après la Pleine-Mer (fig. 23).

La salinité s’est abaissée mais le schéma de répartition des isohalines est resté inchangé.
La teneur en suspension est peu élevée aux postes 1 et 2 à cause de l’entraînement dû au 

courant de Jusant.
Par contre, la turbidité est à nouveau très élevée au P. 7, à cause des nouveaux apports 

sédimentaires auxquels s’ajoutent sans doute des éléments fraîchement déposés qui sont remis en 
suspension.

La turbidité est restée faible au P. 19.

En r é s u m é .

En période de crue les sédiments en suspension peuvent être transportés en masses impor
tantes sur le plateau continental, ils paraissent se déposer en majeure partie aux abords de la 
station n° 7 dans les conditions fluviales et océaniques de nos expériences.
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f y .2 2
Tostes 21

S m .

5  k m .

Postes 19
B asse Mep 

7 2
fi3.ez

1

P le in e  M er  
20Testes 21

S  k m .

Postes 19
Pleine Mer

5%.
'20%.

haprès Pleine Mer
Postes 19

Fig. 22. —  D euxièm e transversa le  à l ’e s t du profil ax ial
en période de crue du fleuve.

F ig . 2 3 . —  É v a c u a t io n  d e s  s é d im e n ts  s o r ta n t  d e  l ’e s tu a ir e  
en  p é r io d e  d e  cru e .
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TROISIÈME PARTIE 

SÊD IM EN TO LO G IE

ire ÉTUDE d e s  s é d im e n t s  f in s  t r a n s p o r t é s  e n  s u s p e n s io n

L’étude du transport sédimentaire en suspension comprendra deux parties :
a) l’étude de la transparence des eaux ;
b) l’étude de la répartition des sédiments fins ( <  0,080 mm) qui peuvent être transportés en 

suspension dans la tranche d’eau superficielle.

a) Étude de la transparence des eaux.

La transparence des eaux a été mesurée par M. A. Crosnier, au disque de Secchi au cours des 
observations faites pendant la crue fluviale de mars 1962.

Ces mesures sont extrêmement intéressantes à la condition d’en bien définir la portée et 
d’en préciser la signification.

Des observations de coloration des eaux de surface ont été faites aux stations représentées 
sur la figure 1 par un triangle noir accompagné de l’indication T l, T2, etc...

A l’aide de ces remarques nous avons représenté la coloration par une série de hachures 
d’autant plus serrées que la teinte des eaux était plus accusée.

On remarquera immédiatement que les eaux rouge foncé ont été observées aux abords du 
poste n° 7 où l’étude des profils de turbidité signale justement une concentration importante 
des sédiments en suspension.

Mais la répartition des couleurs dessinée sur la figure 1 ne représente qu’un schéma approxi
matif, car les observations ne pouvaient pas être faites au même instant à tous les postes (elles ont 
eu lieu les 9-10-12-13-16 et 17 mars) et d'autre part, elles ont été faites à des heures différentes à 
chacun des postes considérés ; elles concernent par conséquent des périodes distinctes de l’évolu
tion océanique et non tel moment caractéristique par rapport à la basse mer ou la pleine mer.

Malgré ces imperfections, dont il est indispensable de tenir compte, cette répartition, même 
schématique, est fort intéressante car elle matérialise la répartition des eaux renfermant des 
matières en suspension, sur le plateau continental.

Les mesures de la transparence des eaux au disque de Secchi ont été exécutées au cours des 
stationnements de l’embarcation aux postes successifs, les résultats de ces mesures sont portés 
sur la figure 1, où la profondeur d’immersion du disque de Secchi est entouré d’un cercle.

Il faut faire ici la même restriction qu’en ce qui concerne les mesures de coloration, caries mesures 
de transparence n’ont pas été simultanées sur l’ensemble du plateau continental ; mais, elles ont 
été répétées au cours de chaque station et c’est pourquoi il existe fréquemment deux indications de 
profondeur à l’intérieur du cercle : elles représentent le minimum et la maximum d’enfoncement 
du disque de Secchi pendant la durée du stationnement. Lorsqu’il n’y a qu’une valeur c’est parce 
que la profondeur d’immersion est restée inchangée.

Les deux résultats des mesures peuvent être voisins mais ils peuvent aussi être très différents ; 
par exemple au P. 4, l’enfoncement du disque a varié de 5 à 11 m, au poste 5 de 6  à 12 m. au 
poste 6  de 7 à 13 m.

L’étude des profils instantanés, qui a été développée précédemment nous a appris que cette 
augmentation de la transparence était en majeure partie attribuable à la décantation des eaux. 
En effet, les faibles variations de salinité qui ont été observées dans la plupart des postes, au cours 
de l’évolution de la marée, ne nous autorise pas à envisager un remplacement complet des eaux 
turbides par des eaux claires venues du large.
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Cette interprétation est confirmée par la faible amplitude des écarts de transparence dans 
les postes de l’extrême périphérie, par exemple.

T a b l e a u  n °  2  

T r a n s p a r e n c e s  m e s u r é e s  a u  d i s q u e  d e  S e c c h i

Poste n° 15
— n® 16
— n» 17
— n® 23
— n® 21
— n® 2 0

Hauteur 10 m
— 9 à 10 m
— 8  à 1 0  m
— 2 0  m
— 2 2  m
— 2 0  m

différence 0  m
— 1 m
— 2  m
— 0  m
— 0  m
— 0  m

Aux trois derniers postes, les mesures ont été faites constamment en eau claire.
Aux trois premiers postes, les eaux sont turbides, mais la quasi stabilité de la turbidité 

montre que, ces eaux se décantent lentement et très faiblement au cours des observations. Nous 
noterons en passant que la sédimentation aux trois premiers postes (nos 15, 16 et 17) est proba
blement influencée par les apports de la rivière Mahamba dont l’embouchure est voisine, cette 
question sera examinée à nouveau dans le paragraphe consacré à l’étude des sédiments grossiers.

Lona. Est ¿e'
. lefiOmonche

d e  M o z a  h 'Bique Vaudnvd

M arinerQAiiHa.il

QAssljüm
o A o ^ ô‘:\ \

A. ' Prélenmenls àí¿'x\rJfáy ¿Cor
U Âmbodinka 

Siam, moyens: 0J2S5 Ab mu
g° du~ ffaretssjfs i i.

, \  \  V  f  i l

o, 12S D ia m è tre  du ty  
0,500 d *

\\0,S60\ d*
Tourcentage d t

in  m o y en  (J ed im en i 
(fra c tio n  sa h  

(J td im e n l e rg  i 
ta  fr a c tio n  se d im e n ta  

c o r a llie n .

empleéj 
'easeseu/e 

nogène) 
re  <  0,050 m 100 km

C o r a il  d  s a

Fig. 24. — Sédimentologie de l'embouchure de la Betsiboka et du Plateau Continental.
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b) Élude de la repartition des sediments fins (diamètres inférieurs à 0,080 mm) qui peuvent être 
transportés en suspension dans la tranche d’eau superficielle.

Nous avons choisi arbitrairement le diamètre de 0,080 mm :
Io Parce qu’il correspond à la limite inférieure des grains qui peuvent être tamisés à sec., 
2° A cause de la facilité avec laquelle on isole cette fraction d’un ensemble sédimentaire 

complexe, par un tamisage sous l’eau,
3° Parce que cette dimension correspond sensiblement au diamètre maximum des particules 

susceptibles d’un transport de longue durée par un cours d’eau à l’étiage.
Sur la figure 24, nous avons reporté les pourcentages de cette fraction fine dans le dépôt 

dragué au fond (ces pourcentages sont entourés d’un cercle).
On constate que les sédiments fins se déposent dans une aire assez restreinte englobant les 

postes n0s 3, 4, 7 et 8 , et nous noterons que l’étude des profils instantanés a montré que, dans les 
conditions fluviales et océaniques de nos observations, la sédimentation de la fraction fine était 
particulièrement active aux abords de la station n° 7.

Mais le dépôt des sédiments fins n’est pas limité à cette zone priviligiée et dans les stations 
extérieures, c’est-à-dire voisines de la bordure nord du plateau continental les proportions sui
vantes ont été décelées :

T a b l e a u  n °  3

P o u r c e n t a g e s  d e s  s é d i m e n t s  f i n s  d a n s  l e s  s t a t i o n s  e x t e r n e s

% de sédiments 
<  0,080 mm

Poste n°.... 17................................................ 56,6 %
Poste n°.... 13................................................  45,1 %
Poste n ° .........5 ................................................ 11,0 %
Poste n° 9 ................................................ 10,5 %
Poste n° 21 ................................................ 1,8 %
Poste n° 6 ................................................ 1,7 %
Poste n° 14................................................ 83,0 %

Nous ne prenons pas en considération le poste n° 14 dans la suite de cet exposé ; il est en 
effet situé dans les conditions très différentes des 6  premiers. Son emplacement dans une dépression 
allongée entre deux abrupts du plateau continental n’autorise pas une assimilation complète 
aux autres postes situés sur le plateau continental.

Mais ce qu’il est important de retenir de la lecture de ce tableau, c’est la proportion, parfois 
très importante, de sédiments fins apportés par les eaux de surface, ainsi que les profils instantanés 
l’ont montré, et déposés sur le fond jusqu’au bord du plateau continental.

Pour terminer ce paragraphe consacré à l’étude des sédiments transportés en suspension, 
nous allons rechercher l’influence de ce facteur sur le développement des récifs coralliens.

Influence de la sédimentation fine sur le développement des récifs coralliens.

Les auteurs qui ont étudié les récifs coralliens de la côte ouest de Madagascar, en particulier 
A. Guilcher (1954-1958) et R. Battistini (1964) ont signalé que la bordure externe du plateau 
continental était constituée par de très nombreuses protubérances coralliennes ; elles sont indi
quées sur les cartes marines du Service Hydrographique et désignées sous le vocable général 
de « bancs ». Nous en avons mentionné quelques-uns dans la description morphologique de la 
première partie de ce travail, elles sont constamment immergées sous 6  à 10  mètres d’eau 
R. Battistini (toc. cit. p. 448) a signalé la présence de bourrelets coralliens sous-marins, dans le sud
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de Madagascar et il a parfois constaté, avec quelque surprise, l’indigence de la vie corallienne 
dans un certain nombre d’endroits.

Tenant compte de la basse latitude (25° sud) des lieux d’observation et de la découverte 
par M. Ménaché (1961) d’un phénomène de remontée d’eau profonde au sud du Canal de Mozam
bique, R. Battistini s’est demandé si le ralentissement de la vie des coraux ne pouvait pas s’expli
quer par le refroidissement des eaux.

Dans la région que nous avons étudiée, les bancs coralliens ont une vie très ralentie ; un 
dragage au poste n° 6  a rapporté une quantité importante de débris de corail, mais presque exclu
sivement du corail mort.

Pour examiner ce problème en détail, nous avons recherché une comparaison avec les condi
tions océaniques des récifs coralliens de Mayotte où la vie est intense. Les termes de comparaison 
sont réunis dans le tableau suivant.

Comparaison des conditions océaniques à Mayotte et en Bordure du Plateau Continental au large 
de l’embouchure de la Belsiboka.

Tableau n° 4
Lagon de l’Ile Mayotte 

(Comores)

Profondeur
m

Salinité
°/oo

Température
»C

Turbidité
mg/1

Ouest des Iles Ajangua (Lagon Est)

0 35,24 27°00 0,3
10 35,03 25“01 0,6
20 35,04 24°88 0,4
30 35,01 24°78 0,7
40 35,03 24 »69 0,8

Lagon Sud

0 35,16 25°00 0,4
5 35,07 24°98 0,4

10 35,04 24°40 0,0
20 35,06 23°99 0,5
30 35,04 23 »91 0,0

Lagon S.-W.

0 35,20 25»40 0,9
5 35,07 25 »52 1,0

15 34,78 24» 15 1,1
25 35,04 23 »96 0,8
35 35,06 23°74 1,5

Lagon Ouest

0 35,32 26°10 3,1
10 35,04 24 »87 1,6
20 35,06 24 »68 0,8
30 35,06 24 »08 0,7
40 35,05 23 »87 0,9

Plateau Continental Malgache

Profondeur Salinité Température Turbidité
m » loo »C mg/1

1
POSTE N» 6 (8 h 10 le 17-3- 32)

0 14,36 28» 18 4,4
5 30,95 28»97 3,6

13 33,68 28»37 5,3

PC)STE N» 6 (10 h 40 à 11 h)

0 20,25 29 »20 5,7
5 30,77 29»14 5,0

14 33,68 28“45 4,1

PC STE N» 9 (1 1 h 20 le 10-3 62)

0 27,07 30 »31 4,5
1 27,09 29 »51 2,9
5 32,25 28»75 0,8

10 33,08 28»45 0,9
19 33,77 28 »21 1,6

PO STE N» 13 ( 5 h 15 le 13-3-62)

0 29,63 29»51 3,3
1 29,63 29»48 4,4
5 31,94 28 »96 0,9

15 33,51 28 »07 0,7
23 34,14 27°52 3,3

POSTE N» 17 (I 3 h 55 ie 13-3-62)

0 25,15 29°34 2,8
1 27,27 29»18 1,0
5 31,55 28»79 0,8

15 33,51 27°99 4,4
29 34,45 26»99 4,5
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La comparaison des deux parties de ce tableau met en évidence les faits suivants :

Io Les températures des eaux du plateau continental sont plus élevées que dans le lagon de 
Mayotte. Lors des mesures effectuées en juillet 1961 (Période d’étiage du fleuve) les températures 
des eaux du plateau continental malgache étaient moins élevées, mais cependant elles ne descen
daient guère au-dessous de 25° C c’est-à-dire qu’elles étaient au moins égales à celles du lagon de 
Mayotte.

2° En période de crue du fleuve la salinité des eaux de surface sur le plateau continental 
malgache, est beaucoup trop basse pour être favorable à la vie corallienne.

3° Dans le lagon de Mayotte, sauf à proximité du petit port de Dzaoudzi où les eaux sont 
polluées, la turbidité est presque toujours inférieure à 1,5 mg / 1. Exceptionnellement il a été 
observé 3,1 mg / 1. dans les eaux de surface du lagon ouest.

Sur le bord externe du plateau continental malgache la turdibité des eaux atteint fréquem
ment 3 mg 1 1. et dépasse parfois 5 mg /1. l’abondance des particules en suspension dans 
l’eau s’oppose certainement à la prolifération d’organismes constructeurs de récifs. D’après 
M. M. Sachet (1962) on sait que les conditions satisfaisantes de développement des coraux sont 
les suivants :

a) la température ne doit jamais descendre au-dessous de 20° C la température optima se 
situant entre 25° et 30° C ;

b) l’eau doit être suffisamment salée, l’optimum étant 36 °/00.
c) l ’eau doit être très limpide. Dans une île corallienne la croissance des coraux est toujours 

amoindrie là où la circulation de l’eau est ralentie et la sédimentation importante.
On peut donc conclure que l’abaissement de la salinité et la turdibité relativement élevée 

des eaux, du bord externe du plateau continental malgache, ne permettent pas une vie corallienne 
intense.

2° ÉTUDE DES SEDIMENTS GROSSIERS

1° Étude des courants.

Avant d’étudier la granulométrie des sédiments et leur répartition sur le plateau continental, 
il nous paraît important d’étudier les conditions de répartition de sédiments par les courants.

Période d’étiage du fleuve.

a) courants de Jusant (fig. n° 25).
A la sortie de l’estuaire de la Betsiboka, les courants de Jusant mesurés aux postes 1 et 2, 

sont rapides en surface et au fond, il faut toutefois remarquer qu’au poste n° 1 , la mesure a été 
faite à 4 m du fond et en conséquence, la vitesse à proximité du fond doit être réduite d’environ 2/3.

Sur le plateau continental, les vitesses de courants de surface sont très faibles, dirigées dans 
des directions voisines du Nord.

Les vitesses des courants mesurées près du fond sont faibles, surtout si nous tenons compte 
de la hauteur au-dessus du fond des mesures faites au moulinet.

Les vecteurs des courants de fond et de surface portent parfois, à la suite de la vitesse de 
courant, mesurée pendant la période considérée, l’indication d’une vitesse maximale qui a été 
mesurée soit en jusant, soit en flot, mais avec un certain décalage horaire par rapport à la période 
étudiée.

1 1 1 0
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Les cotes entourées d’un cercle indiquent la hauteur du moulinet au-dessus du fond pendant la mesure
de la vitesse du courant.

b) Courants de flot (voir fig. 26).

Les courants de surface sont moins rapides qu’en Jusant aux postes 1 et 2, ce qui est conforme 
à ce qu’on sait de l’équilibre estuarien.

Sur le plateau continental, les vitesses des courants de surface sont un peu plus élevées que 
pendant la période de jusant.

Les courants de flot sont très rapides à l’entrée de l’estuaire. Sur le plateau continental, 
compte tenu des hauteurs auxquelles ont été faites les mesures au moulinet au-dessus du 
fond, les vitesses du courant de flot sont sensiblement équivalentes à celles du courant de 
Jusant.

Ces vitesses atteignent au maximum 0,34 m / sec., à 1 m. au-dessus du fond ce qui correspond 
à une vitesse qui est certainement inférieure à 0,15 m / sec. à proximité du fond dans de telles 
conditions l’abaque de Hjulström (L. Berthois, toc. cit. 1965, p. 3) montre qu’un sédiment composé 
de grains de 0,5 mm. peut être transporté par ce courant, mais il ne peut pas être érodé dans un 
dépôt préexistant.
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Fig. 26. — Les cotes entourées d’un cercle indiquent la hauteur du moulinet au-dessus du fond pendant la mesure
de la vitesse du courant.

Période de crue du fleuve.

a) Courants de Jusant (fig. 27).

Les courants de surface sont extrêmement rapides aux postes 1 et 2 situés à l’embouchure 
de la Betsiboka.

Sur le plateau continental, les courants de surface sont moins rapides mais ils atteignent 
encore des vitesses relativement considérables ; ils sont tous dirigés vers le secteur N.O. à N.N.O. 
Ces directions et les vitessfes élevées dont ils sont animés justifient pleinement le dessalement 
important de l’eau de mer que nous avons observé jusqu’à la crête du talus du plateau continental 
(voir tableau n° 4, poste 6  à 8  h 10) où la salinité est abaissée à 14,36 %0.

Les courants de flot ont des vitesses extrêmement réduites et cependant, aux postes nos 4 et 
12 les mesures ont été faites à 2 mètres du fond et au poste n° 6  à 2,50 m et 4 m du fond, ce qui 
signifie qu’à proximité du fond les eaux sont pratiquement immobiles. Ceci est confirmé par le 
très faible abaissement de la salinité dans les eaux profondes (voir tableau n° 4, poste n° 6 ) ainsi 
pour un abaissement de salinité à 14,36 ° /00 en surface, la salinité à 13 m est de 33,68 °j00.
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Fig. 27. — Les cotes entourées d’un cercle indiquent la hauteur du moulinet au-dessus du fond pendant la mesure
de la vitesse du courant.

b) Courants de flot (voir fig. 28).

A la sortie de l’estuaire, les courants de surface dirigés vers le Nord sont très rapides (2,37 m / 
sec. au P. 2), sur le plateau continental les courants de surface sont fortement atténués mais 
surtout, ils ont des directions désordonnées qu’on peut attribuer à la poussée vers le large des 
eaux continentales. La persistance de la direction ouest au poste 4 et d’une direction N.-O. au 
poste n° 6 , 3 heures après la Basse-Mer, est le facteur dominant qui justifie du dessalement des 
eaux de surface sur le plateau continental au large de l’embouchure de la Betsiboka.

Les vitesses des courants mesurés à 1 m ; 2  m et 4 m au-dessus du fond sont extrêmement 
réduites. En rapprochant ces observations de celles concernant la salinité au fond qui accuse des 
variations extrêmement faibles en période de flot, comme en période de Jusant, nous pouvons en 
conclure, que les eaux profondes sont animées de mouvements très lents oü même pratiquement 
immobiles sur le plateau continental.

Ces observations conjuguées sur la stabilité de la salinité au fond, et sur la quasi-immobilité 
des eaux profondes sur le plateau continental permettent d’établir une liaison entre l’équilibre 
estuarien et la sédimentation.
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Fig. 28. — Les cotes entourées d’un cercle indiquent la hauteur du moulinet au-dessus du fond pendant la mesure
de la vitesse du courant.

En période d’étiage les sédiments grossiers qui peuvent arriver jusqu’à l’embouchure du fleuve 
par roulement ou saltation sur le fond ne peuvent pas parvenir jusqu’au plateau continental où il 
n’existe pas de courant de vitesse suffisante pour les transporter en masse importante sur le fond 
(voir les figures 4, 5 et 6 ).

Les sédiments transportés en suspension se déposent dans la zone estuarienne d’équilibre 
qui est, à ce moment, en amont de l’embouchure.

En période de crue du fleuve.

L’équilibre fluvio-océanique profond est reporté sur le plateau continental mais les vitesses 
du courant au fond sont insuffisantes pour y apporter les sédiments grossiers (voir les fig. 17, 18, 
27 et 28).

Par contre, les courants de surface qui sont très rapides transportent des quantités impor
tantes de sédiments en suspension, ils se déposent en majeure partie aux abords des stations 3, 4, 
7 et 8  et une fraction non négligeable atteint le bord externe du talus continental.
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Ainsi, l’apport de la Betsiboka dans la sédimentation actuelle sur le plateau continental est 
essentiellement contitué par des sédiments fins apportés, en suspension par les eaux superficielles. 
Les sédiments qui peuvent être déplacés par des courants dont la vitesse est le plus souvent 
inférieure à 0,15 m. seconde ont des diamètres atteignant au maximum 0, 500 mm. d’après 
Hjulstrôm.

2e Granulométrie des sédiments dragués.

a) travaux antérieurs.

Dans un travail fort documenté L.R. Lafond (1957) a distingué les variétés sableuses sui
vantes dans la région occupée par l’estuaire de la Betsiboka. Ses observations sont résumées 
ci-dessous :

Io Sables de plage (autour de Majunga) à granulométrie assez grossière, l’arrière-plage est 
très souvent formée de dunes, cependant ni la granulométrie ni la morphoscopie ne permettent de 
déceler une évolution poussée du sédiment sous des actions éoliennes.

2° Sables continentaux ce sont des sables éoliens, formés de grains de quartz fins recouverts 
d’une mince pellicule d’oxyde de fer. Ils recouvrent les formations anciennes dans l’intérieur du 
pays.

3e Sables fluviaux de la Betsiboka. Ils sont essentiellement quartzeux, les grains sont angu
leux, leur granulométrie varie suivant les conditions locales de dépôt.

T a b l e a u  n° 5

Caractéristiques granulométriques des sables étudiés par L.R. Lafond {toc. cit. d’après la 
fig. 3, p. 428).

Diamètres en mm.

maximum

M. 503. — Ambato. — Boeni. — Confluent de la Betsiboka et du
Kamoro (en étiage)...................................................................

M. 115. — Sable de dune. — Ambovory.......................................................
M. 516. — Haut fond sableux au voisinage de l’île verte..........................
M. 114. — Sable de la plage d’Ambovory....................................................

2 ,0 0 0,500
1 ,2 0 0,600
5,00 0,750
3,00 1,250

moyen

b) Granulométrie des sédiments récoltés aux postes d’observation.

Observation : Les remarques qui ont été faites précédemment sur les apports de sédiments 
fins sur le plateau continental nous ont conduit, dans certains cas, à calculer un diamètre moyen 
de la fraction sableuse associée, dans le dépôt, à la fraction fine apportée en suspension.

Les modes de transport étant différents pour les deux fractions sédimentaires, il importait 
donc de les séparer granulométriquement comme elles l’avaient été hydrauliquement.

Dans le tableau suivant, la composition minéralogique a été mentionnée lorsqu’elle pouvait 
être déterminée par observation directe à la loupe binoculaire, c’est-à-dire jusqu’au diamètre 
minimum de 0,360 mm. La composition minéralogique des sédiments fins a été étudiée par analyse 
thermique différentielle et diffraction X, elle sera décrite ultérieurement.
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T a b l e a u  n °  6

G r a n u l o m é t r i e  e t  c o m p o s i t i o n  m i n é r a l o g i q u e

D iamètre en MM Pourcentages

N° du 
Poste

Diamètres moyens

Débris
organo-
gènes

Observations
Maximum

Sédiment
complet

fraction
sableuse

seule

Quartz feldspath Mica
sur la composi
tion de la fraction 

sableuse

1 0,510 0,125 18,7 3,2 78,1
2 0,510 0,064 0,110 non déterminé
3 0,003 0,003 non déterminé
4 0,009 non déterminé
5 >2,18 0,365 99,5 0,5
6 >10,0 0,750 100,0 Sable corallien 

et coquillier.
7 0,007 non déterminé
8 0,009 non déterminé
9 >2,18 0,600 98,0 2,0

11 >3,0 0,880 99,0 1,0
12 >3,0 0,925 99,0 1,0
13 >2,18 0,110 0,300 75,0 25,0 foraminifères et 

débris coquil- 
liers.

14 >2,18 0,013 0,110 -d°-
15 >3,0 0,510 0,600 95,0 5,0
16 >2,18 0,050 0,220 95,0 5,0 débris coral

liens
17 >2,18 0,070 0,360 25,0 75,0 foraminifères
19 >2,18 0,450 98,0 2,0

20 >2,18 0,095 0,110 80,0 20,0 foraminifères
21 >2,18 0,500 99,0 1,0

c) morphoscopie du quartz.

L’examen morphoscopique du quartz a été fait à la loupe binoculaire en utilisant la méthode 
de A. Cailleux (1943) et A. Cailleux et J. Tricart (1949) nous avons examiné séparément chaque 
résidu de tamisage jusqu’à la dimension de 0,360 mm.

Les résultats sont exposés dans le tableau n° 7.
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T a b l e a u  n °  7

M o r p h o s c o p i e  d u  q u a r t z  e x p r i m é e  e n  p o u r c e n t a g e s

N.U. =  non usé 
E.L. =  émoussé luisant 

symboles R.L. =  rond luisant 
R.M. =  rond mat 
E.M. =  émoussé mat

D i a m è t r e s  e n  m m

N° du
Poste Symboles 2,18 1,48 1,09 0,75 0,51

>  2,18 1,48 1,09 0,75 0,51 0,36

N.U. 61,5

E.L. 38,5

N.U. 29,1 2,6 16,0
5 E.L. 67,3 98,6 100 97,4 84,0 97,1

R.L. 3,6 1,4 2,9

N.U. 3,0 50,0 30,0 30,0 40,0 55,0
9 E.L. 96,0 30,0 50,0 50,0 50,0 40,0

R.L. 1,0 10,0 10,0 15,0 5,0 4,0
R.M. 0 10,0 10,0 5,0 5,0 1,0

II N.L. 3,6 2,1
E.L. 100,0 100,0 96,4 97,9 100,0 100,0

12 E.L. 99,0 100,0 96,4 98,1 96,9 98,0
R.L. 1,0 3,6 1,9 3,1 2,0

13 E.L. 64,0 19,7 47,0 88,5 88,5
R.M. 36,0 80,3 53,0 11,5 11,5

N.U. 10,0 10,0 15,0 25,0
15 E.L. 100,0 . 100,0 85,0 85,0 80,0 70,0

R.L. 5,0 5,0 5,0 5,0

16 E.L. corail corail corail 98,6 95,2 94,2
R.L. 1,4 4,8 5,8

19 E.L. 88,9 93,2 95,8 99,3 100,0
R.M. 11,1 6,8 4,2 0,7

E.L. 5,8 42,0 92,8 97,3
21 E.M. 100,0 98,3 94,2 57,0 7,2

R.M. 1,7 1,0 2,7

Pour compléter ce tableau dans lequel sont réunis les principaux éléments d’observation 
concernant le quartz, nous exposerons les résultats des observations faites sur les organismes et 
débris organogènes du plateau continental.

1117



96 L. B E R T H O IS E T  A. CRO SNIER

Poste 6 . — (Profondeur 20 m). — Les débris coralliens sont fréquemment roulés.
Poste 9. — (Profondeur 18 m). — Malgré l’usure accentuée du quartz, il existe des débris

coquilliers anguleux, des foraminifères à coquille mince 
portant des ornementations sans trace d’usure, de très 
petits lamellibranches : Mye striée, bucarde épineuse, 
sans aucune trace d’usure.

Poste 13. — (Profondeur 23 m.). — Les foraminifères, qui sont abondants possèdent des
coquilles gris très foncé portant de fines ornementations 
sans trace d’usure.

Poste 17. — (Profondeur 30 m.). — Les foraminifères sont abondants quelques-uns portent
des traces d’usure.

Poste 20. — (Profondeur 15 m.). — Le sédiment est presque exclusivement composé de
foraminifères discoïdes et de débris anguleux avec 
de très petits lamellibranches : tapes et cardiites sans 
aucune trace d’usure, tant sur les côtes que sur les 
ornementations de la charnière.

R é s u m é  e t  c o n c l u s i o n .

Nous avons montré, dans le tableau n° 6 , qu’il existe sur le plateau continental, des sédiments 
quartzeux grossiers dont la répartition est représentée fig. 24.

Ces sables composés de grains quartzeux façonnés par le transport dans l’eau ont parfois 
conservé leur faciès éolien ; ils alternent ou coexistent dans les gisements avec des organismes 
fragiles, le plus souvent dénués de traces d’usure ou ne portant que de faibles stigmates de trans
port.

Nous avons antérieurement montré que, même en période de crue fluviale importante, les 
eaux marines recouvrant le plateau continental sont quasi immobiles ou animées de courants 
très faibles incapables de déplacer les sédiments grossiers qui gisent au fond.

La répartition des sédiments fins (fig. 24) au large de l’embouchure de l ’estuaire de la Betsiboka 
montre que ce fleuve dépose, principalement en période de crue, des sédiments apportés en sus
pension qui recouvrent les dépôts grossiers mis en place à une époque antérieure.

3° Minéralogie des sédiments fins.

Les sédiments dragués contenant une fraction fine importante ont été étudiés par l’analyse 
thermique différentielle et par diffraction aux rayons X (raie Koe du Cobalt).

a) analyses thermiques différentielles.

Les analyses ont été faites sur une fraction brute de l’échantillon, sans aucune concentration 
des parties les plus fines. Les courbes des analyses thermiques différentielles sont groupées sur 
la fig. 29.

Commentaires.

L.R. Lafond (loc. cit. p. 428) a signalé que les sédiments rouges renferment du quartz, des 
minéraux argileux (essentiellement de la Kaolinite) et de l’oxyde de fer colloïdal. D’après cet 
auteur, la teneur en Fe2 O3 atteint en moyenne 5 % du poids sec de la partie fine du 
sédiment.

L’examen des courbes portant les nos P. 2, 3, 4, 5, 8 , et 7 de la fig. 29 confirme pleinement 
cette composition minéralogique.
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f ig .S Q

P.7

100° 200° JÛ 0•  4 0 0 ° 5 0 0 ° 6 0 0 '

Fig. 29. — Courbes d’analyses thermiques différentielles des échantillons bruts, les courbes portent les numéros
des postes où ils ont été dragués.
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Dans les courbes obtenues par analyse thermique différentielle, les accidents endothermiques 
et exothermiques sont signalés par des crochets dont le développement n’est pas rigoureusement 
proportionnel au pourcentage du minéral responsable de leur production ; mais, il est certain que 
l’abondance ou la rareté d’un minéral influe considérablement sur l’importance de l’accident 
thermique qu’il provoque. Ce fait a été mis en évidence au cours des recherches faites que J. Orcel 
(1924) sur les mélanges artificiels de montmorillonite et de kaolinite (J. Orcel et S. 
Caillère 1933).

La courbe du sédiment du poste 2, correspondant à un lieu de dépôt des sédiments fins en 
période d’étiage, montre des crochets très nets mais assez peu développés, et on peut en inférer 
que le pourcentage d’argile est relativement peu élevé parce que les apports sédimentaires fins ne 
sont pas abondants en période d’étiage du fleuve.

La comparaison des courbes des sédiments dragués aux postes 3, 4, 7 et 8  montre que les trois 
premières courbes présentent des crochets endothermiques et exothermiques qui sont pratique
ment d’importance semblable. On peut en déduire que les sédiments déposés dans ces 
trois stations au cours des crues du fleuve possèdent des teneurs en argile à peu près 
identiques.

Le sédiment récolté au poste 7, se différencie nettement des trois premiers : les crochets 
endothermique et exothermique de la Kaolinite (520° et 850°) y sont beaucoup plus développés, 
nous pouvons donc en conclure que les sédiments fins se déposent de préférence aux abords du 
poste 7.

Nous rappellerons que l’étude dynamique de la sédimentation en période de crue fluviale 
nous a justement conduit à cette même conclusion.

La courbe des sédiments du poste 14 diffère notablement des 5 courbes précédentes, elle 
présente en effet, entre 700 et 850°, un grand crochet endothermique dû à la présence 
d’aragonite.

L’énorme développement de ce crochet montre que la sédimentation n’est plus en majorité 
argileuse, car le crochet de la kaolinite est peu marqué, mais qu’elle est au contraire à dominance 
organogène.

Les conclusions de l’étude dynamique sont donc à nouveau confirmées puisque l’examen des 
profils instantanés (fig. 17 et 18) nous avait conduit à conclure qu’il n’y avait qu’une faible fraction, 
des apports fluviaux en suspension, qui étaient suceptibles d’atteindre les postes 6  et 23 entre 
lesquels se trouve le point de dragage n° 14.

b) analyses par diffraction aux rayons X.

De même que pour les analyses thermiques différentielles, les analysés aux rayons X ont été 
exécutées sur des échantillons bruts.

Les résultats sont groupés dans le tableau n° 8 .

T a b l e a u  n °  8

A n a l y s e  p a r  d i f f r a c t i o n  a u x  r a y o n s  X

5 très abondant 
4 abondant 

Symboles 3 peu abondant 
2  rare 
1 très rare
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N" du 
Poste

quartz kaoli
nite

paly
gorskite

goethite felds
path

chamo-
site

(type
kaoli-
nique)

Cordié-
rite

Illite chlorite arago
nite

pyro
phyllite

2 3 3 2 2 1

3 3 5 1 2 1

4 2 5 2 1 1 2

7 2 5 2 1 3

8 2 4 2 2 2

14 1 1 1 3 1

16 1 3 1 1 1 1

20 3 3 1

Commentaires.

L’examen de ce tableau confirme les analyses thermiques différentielles dont les résultats 
ont été discutés précédemment et il complète les déterminations minérologiques. En outre, ces 
analyses apportent deux renseignements complémentaires importants :

Sédiment du poste n° 16.

On y observe une diminution très nette de la teneur en Kaolinite confirmant la moindre 
abondance des apports en suspension qui avait déjà été mise en évidence par l’étude dynamique 
de la sédimentation.

Sédiment du poste n° 20.

L’étude de la répartition dynamique des sédiments sur le plateau continental, nous avait 
conduit à penser que les sédiments apportés actuellement pendant les crues du fleuve Betsiboka 
n’atteignaient pas le poste n° 20. L’étude aux rayons X confirme cette interprétation puisque, 
dans la fraction fine, la kaolinite, qui existe dans les dépôts actuels, manque totalement ici où 
elle est remplacée par une Palygorskite.

Sédiments des postes nos lé , 16 et 20.

Dans ces trois sédiments, où la Kaolinite devient rare, ou même fait totalement défaut, 
apparaissent des traces de Pyrophyllite. Ce silicate d’alumine fait probablement partie du dépôt 
ancien, au même titre que la palygorskite du sédiment n° 2 0 .

4° Étude chimique des eaux.

L’étude chimique entreprise a principalement porté, à l’origine, sur les eaux fluviales douces 
ou faiblement salées, puis, le caractère très particulier des résultats obtenus nous a incité à analyser 
les eaux de chlorinité plus élevée.

Malheureusement, un incident regrettable s’est produit ; après la deuxième campagne de 
mesures, une partie des eaux récoltées n’est pas parvenue en France et l’étude chimique n’a 
pas pu être entreprise sur ces échantillons.
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Nous avons dosé le calcium et le magnésium par la méthode au Versenate. Le potassium a 
été dosé au photomètre à flamme.

Les résultats de ces dosages sont donnés dans les tableaux annexes à la fin de ce travail, 
nous les avons utilisés pour construire un graphique en fonction de la chlorinité (voir fig. n° 30).

fig. N°3Qmg./l. mo tmmMl-
Cl. %,

9 »

/ S

H —

6 -

Fig. 30. — Teneurs des eaux en Potassium, Calcium et Magnésium (exprimées en mg/1) en fonction de la chlorinité.

Il apparaît, sur ce graphique, que les teneurs en Potassium et en Calcium se groupent sensi
blement suivant une droite dont l’équation est

X  =  20 y
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Par conséquent, pour des chlorinités comprises entre 0,5 et 20 °/00, les teneurs en Potassium et 
calcium, exprimées en mg / 1. sont voisines de 2 0  fois le taux de chlorinité.

En ce qui concerne le magnésium les résultats des dosages offrent une dispersion plus accusée 
que pour le Potassium et le Calcium, ils répondent à deux équations :

X =  57 Y 
X =  70 Y

Ainsi, pour des chlorinités comprises entre 0,5 et 20 °/00l es teneurs en magnésium, exprimées 
en mg /1. sont approximativement comprises entre 57 et 70 fois le taux de chlorinité.

Ces résultats diffèrent profondément de ceux qui ont été obtenus dans le lagon de l’Ile Mayotte 
(Comores) et à l’extérieur de ce lagon, par L. Guilcher, L. Berthois, Y. Le Calvez, R. Battistini et 
A. Crosnier (toc. cit. 1964, pp. 55-57) où ces auteurs ont observé qu’à l’intérieur du lagon les 
sneurs en Ca+ +  , K + et Mg++ peuvent varier de 10 à 20 % dans d’étroites limites de chlorinité, 
tandis qu’à l’extérieur du lagon des variations peu importantes des mêmes cations s’accompagnent 
de fluctuations étendues de la chlorinité.

Par contre, des relations linéaires du type de celles qui viennent d’être décrites, aux abords 
de l’embouchure de la Betsiboka, ont été observées récemment par Taizo Okuda (1964) au 
Vénézuela.

La continuité et l’échelonnement des résultats sur une gamme aussi étendue des valeurs de 
chlorinité est une manifestation de l’influence des eaux fluviales sur une aire étendue du plateau 
continental.

RÉSUMÉ ET CONCLUSIONS

Des conclusions partielles ont déjà été formulées à la fin de chaque chapitre, nous nous borne
rons ici à les rappeler et à les relier entre elles pour constituer un ensemble plus cohérent.

Le fleuve Betsiboka est le plus important de Madagascar tant par sa longueur et celle de 
ses affluents, que par la surface de son bassin versant ; son embouchure est située sur la côte 
ouest de l’île qui est bordée par un plateau continental étroit, dont le bord extrême est jalonné 
par une série de « bancs » qui sont des formations d’origine corallienne, à vie très ralentie, immergés 
sous 7 à 10 mètres d’eau.

Le régime fluvial de la Betsiboka et de son principal affluent, l’Ikopa, est sujet à d’importantes 
variations saisonnières, le débit total journalier en 1961-1962 a été inférieur à 400 m3 / sec. pendant 
5 mois, puis il a parfois dépassé 4500 m3 / sec. au cours de la saison des pluies qui dure de décembre 
à la mi-avril, en mai et juin le débit est voisin de 700 m3 / sec.

Deux séries de mesures et de prélèvements d’eau ont été faites ; la première en période 
d’étiage de juillet 1961, la deuxième pendant la crue de mars 1962.

L’étude dynamique de la sédimentation a été conduite en construisant d’abord des profils 
d’évolution à chaque poste d’observation, puis en utilisant ces profils pour la construction de 
profils instantanés, de l’estuaire du fleuve et de coupes transversales sur le plateau continental, 
aux abords de l’embouchure.

L’étude des profils instantanés construits avec les données recueillies en période d’étiage 
fluvial montre qu’il s’établit à l’embouchure du fleuve une lentille d’eau profonde immobile ou 
animée de mouvements très lents, qui se maintient sur toute l’étendue du plateau continental 
et ne permet pas aux sédiments grossiers d’y pénétrer par roulement et saltation sur le fond.

Les sédiments fins, transportés en suspension, peuvent seuls atteindre puis dépasser légère
ment l’embouchure du fleuve.

En période de crue fluviale, les faibles vitesses des courants animant les eaux profondes 
sur le plateau continental, ne permettent pas aux sédiments grossiers actuellement apportés 
par le fleuve d’y parvenir, la comparaison des faibles vitesses des courants voisins du fond avec la
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g ran u lo m étrie  des sables re c o u v ra n t le p la teau  co n tin en ta l, confirm e c e tte  m an ière  de vo ir, ce tte  
in te rp ré ta tio n  e s t consolidée p a r  la ré p a r ti tio n  des séd im en ts q u a rtz e u x  grossiers, qu i a lte rn e n t 
ou co ex is ten t avec des fo ram in ifères e t  de trè s  p e ti ts  lam ellib ranches d o n t les o rn em en ta tio n s  
ne p o r te n t au cu n  s tig m a te  d ’usure.

Les eaux  fluviales qu i s ’é te n d e n t à la  surface des eau x  m arines su r le p la teau  co n tin en ta l 
p ro v o q u e n t un  dessa lem en t trè s  im p o rta n t qu i p e u t a tte in d re  le bo rd  ex te rn e  du p la teau  co n ti
n en ta l.

Ces eau x  fluviales t r a n s p o r te n t, en suspension , une m asse considérab le  des séd im en ts fins qui 
se d ép o sen t dans la zone d ’équ ilib re  fluvio-océanique, n o ta m m e n t a u x  abo rds du  poste  7.

Il se co n stitu e  ainsi, au cours d ’une crue, un  d ép ô t ex trêm em en t im p o rta n t de séd im en ts 
fins (plus de 99 %  d ’é lém en ts in férieu rs à 0 ,80 m m ) qu i re co u v ren t une aire  a y a n t ap p ro x im a
tiv e m e n t 10 m illes d an s le sens N ord -S ud  e t  8 m illes d an s le sens E st-O u est.

A insi, l ’e s tua ire  de la  B e ts ib o k a  c o n stitu e  un ty p e  in te rm éd ia ire  dans la classification  étab lie  
p a r  l ’u n  de nous (L. B erth o is  1965, toc. cit. p. 77) en période d ’é tiage du fleuve, ce t e s tu a ire  est 
une em bouchu re  fluviale à zone « d ’équ ilib re  litto ra l » ta n d is  q u ’en période de crue im p o rta n te  
il possède une em bouchu re  d o n t la zone d ’équ ilib re  e s t située u n  peu « au-delà  du lit to ra l » il 
s ’a p p a re n te  donc au fleuve K onkouré  de la cô te  O uest a fricaine (R épub lique  de G uinée) d écrit 
p a r  l ’u n  de nous (L. B erth o is  1963).

L ’é tu d e  m inéra log ique  des séd im en ts fins p a r  l ’ana ly se  th e rm iq u e  d ifférentielle e t  l ’analyse 
au x  ray o n s  X , a fou rn i d ’a u tre s  a rg u m en ts  en fav eu r de ce tte  in te rp ré ta tio n  : elle a m o n tré  que la 
p lus g ran d e  co n cen tra tio n  de kao lin ite  dans les séd im en ts du  fond se tro u v a it  ju s te m e n t aux  
abo rds du poste  d ’o b se rv a tio n  (P oste  7) où la d écan ta tio n  des eaux  a t te in t  sa v a leu r m ax im ale .

E lle a m o n tré , en o u tre , que  les postes  du  p la te a u  co n tin en ta l qu i n ’é ta ie n t pas a tte in ts  p a r  
les d épô ts  ac tue ls  du fleuve ne c o n te n a ie n t pas de k ao lin ite , m ais une pa lygo rsk ite . Q ue les postes 
qu i n ’é ta ie n t que fa ib lem en t a t te in ts  p a r  ces m a té ria u x  tra n sp o rté s  en suspension c o n ten a ien t 
m oins de k ao lin ite  m ais de p e tite s  q u a n ti té  de py ro p h y llite .

T o u t ce faisceau d ’o b se rv a tio n s a perm is de conclure  que les séd im en ts grossiers du  p la teau  
co n tin e n ta l o n t é té  m is en p lace au  cours d ’u n  épisode séd im en ta ire  a n té r ie u r à l ’époque actuelle  
p e n d a n t laquelle  le fleuve B etsib o k a  n ’y  a p p o rte  que des é lém en ts fins en suspension, les sables 
g rossiers ap p o rté s  p a r  les crues ne p ro g ressan t pas sens ib lem en t au -delà  de l ’em bouchure.

L ’é tu d e  du  dessa lem en t des eau x  m arines e t de l ’a p p o r t de m a té r ia u x  fins en suspension , a 
m o n tré  que l ’ab a issem en t de la sa lin ité  e t  l’au g m e n ta tio n  de la tu rb id ité , à la lim ite  ex te rn e  du 
p la teau  co n tin en ta l, c o n s titu a ie n t des cond itions trè s  défavorab les à la vie des récifs coralliens 
qu i est ex trêm em en t ra len tie  d an s la  zone que nous avons étud iée.

E nfin , les dosages de p o tassiu m , calc ium  e t m agnésium  exécutés su r des eaux  douces e t 
sau m â tre s  o n t m o n tré  que les po u rcen tag es de ces ca tio n s v a r ie n t en fonction  de la ch lo rin ité  
su iv a n t des re la tio n s  sim ples de ty p e  linéra ire , l ’é tendue  des va leu rs des ch lorin ités observées est 
liée à la p é n é tra tio n  des eau x  douces dans le dom aine  m aritim e  du  p la teau  co n tin en ta l.
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A N N E X E

a)  T ab leau x  des heu res des m arées e t  h a u te u rs  d ’eau

te m p é ra tu re

b) M esures e t  dosages d ’H ydro log ie  ) S alin ité
j  T u rb id ité

dosage des C ations K + ,  C a +  +  , M g+  +

c)  M esures des v itesses du co u ran t.

MESURES EN PÉRIODE D’ÉTIAGE DE LA BETSIBOKA

T a b l e a u  n °  9

H eures e t  h a u te u rs  de la m arée  au  cours des o b se rv a tio n s  en J u i l le t  1961.

B asse  M er P le in e  M er B asse  M er P le in e  M er

D a te
h a u te u r h a u te u r h a u te u r h a u te u r

h e u re en  m h e u re e n  m h e u re e n  m h e u re e n  m

6 J u i l le t 3 h  57 1,8 10 h 25 4,0 16 h  41 2,1 22 h  47 3,7
7 J u i l le t 5 h  10 1,9 11 h  45 3,9 18 h 10 2 ,2
8  J u i l le t 0 h  14 3,6
8 J u i l le t 6 h  32 2,0 13 h  07 4,0 19 h  34 2,1

10 J u i l le t 2  h  40 3,8
10 J u i l le t 8  h  42 1,8 15 h  05 4 ,3 21 h  27 1,7
11 J u i l le t 3 h  29 3,9
11 J u i l le t 9 h  28 1,6 15 h  46 4 ,5 22  h  07 1,5
12 J u i l le t 4 h  08 4,1
12 J u i l le t 10 h  06 1,5 16 h  22 4,6 22  h  41 1,4
13 J u i l le t 4  h  41 4 ,2
13 J u i l le t 10 h  41 1,5 16 h 53 4,6 23  h  11 1,3
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T a b l e a u  n °  1 0

HYDROLOGIE EN PERIODE D’ÉTIAGE DE LA BETSIBOKA

N °  de 
S ta tio n  

e t  h e u re

P ro fo n d e u r 

en  m

T e m p é râ t .

»C
Cl °/„„ S % 0

T u rb id ité

mg/1.

K

mg/1.

Ca

mg/1.

Mg

mg/1.

P O S T E  N» 1 6 J I J IL L E T  1961

J __ . 0 24 ,87 14,42 26,07 10,6 277,0 279 807 ,5
7 h a 1 24 ,97 14,52 26,24 5,4 277,0 285 849,0
7 h  30 2 15,08 27,26 — —

5 25,49 16,65 30,09 8,4 301,5 309 794,5
10 25,61 17,35 31,36 6,0 320,0 351 977,0
20 25 ,68 18,29 33,04 25 ,8 339,0 339 1132,0

— 2— 0 25,59 16,50 29,81 6,0 294 ,0 333 960,0
10 h  30 1 25 ,69 16,73 30,23 3,8 294 ,0 331 951,5

à 2 17,36 31,36
10 h 55 5 25,51 17,59 31,79 5,2 320,0 351 1005,0

10 25 ,60 17,86 32 ,27 4 ,2 320,0 352 1010,0
20 25 ,67 18,53 33,49 8,0 330,0 354 1030,0

— 3— 0 26,19 16,31 29,47 4,6 286 ,0 312 907,8
13 h  00 1 26 ,25 16,51 29,84 7,2 286,0 321 932,5

à 2 16,98 30,69
13 h  20 5 25 ,59 17,61 31,82 5,7 301,5 339 989,0

10 25 ,62 18,25 32,97 5,6 320,0 352 1000,0
21 25 ,59 18,54 33,49 8,0 320,0 359 1009,5

4 0 25 ,67 16,62 30,03 8,4 294 ,0 311 928,5
15 h  25 1 25 ,47 16,57 29 ,95 8,8 294 ,0 318 929,0

à 2 16,88 30,50
15 h  45 5 25 ,62 17,05 30,81 9,0 301,5 319 963,5

10 25 ,63 17,34 31,34 17,4 339,0 347 966,0
21 25,71 18,23 32,95 17,8 339,0 347 1042,0

— 5— 0 26,51 14,22 25,71 6,7 268,5 287 808,0
17 h  40 1 26 ,12 14,35 25,93 3,7 277,0 287 808,0

à 2 14,61 26,41
17 h  55 5 25 ,8 7 16,26 29 ,38 4,8 301,5 303 890,0

10 25 ,74 16,84 30,44 3,2 330,0 338 932,0
19 25 ,70 18,17 32,83 14,0 358,6 347 1017,0

P O S T E  N ° 2  6 J U I L L E T  1961

— 1— 0 25 ,50 18,04 32,60 3,8 377,5 344,0 1228,5
9 h  30 1 25 ,48 18,30 33,13 4,1 388,5 352,0 1329,0

à 2 18,35 33,16
9 h  50 5 25 ,74 18,38 33,22 4 ,2 377,5 352,0 1329,0

10 25 ,68 18,38 33,22 7,9 377,5 368,0 1296,0
21 25 ,83 18,86 34,03 11,6 409,0 364,0 1332,5
23 — — — 1320,0 409,0 368,0 1342,0

— 2— 0 25 ,96 18,43 33,30 5,1 388,5 340,0 1266,0
11 h  40 1 25 ,82 18,40 33,24 3,8 377,5 340,0 1266,0

à 2 18,43 33,30
11 h  55 5 25 ,70 18,44 33 ,32 3,5 377,5 356 ,0 1326,5

10 25 ,72 18,54 33,49 4,1 388,5 348,0 1342,0
22 25 ,83 18,87 34,09 7,2 388,5 356,0 1360,5
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N °  de 
S ta tio n  

e t  h e u re

P ro fo n d e u r 

e n  m

T e m p é râ t.

°C
Cl •ƒ„„ S °/oo

T u rb id i te

m g /1 .

K

mg/1.

Ca

mg/1.

M g 

m g/I. e

s u ite  d u  P O S T E  N® 2

— 3— 0 26,41 17,16 31 ,00 5,7 358,5 320,0 1290,0
13 h  55 1 25,91 17,81 32,19 6 ,2 388,5 344 ,0 1263,5

à 2 17,65 31,89
14 h  15 5 25,74 18,25 32 ,98 5,0 377,5 336 ,0 1303,5

10 25,70 18,49 33,41 3,9 398,0 348 ,0 1284,0
18 25,79 18,76 33,90 8,8 409,0 352,0 1340,0

4 0 25,71 16,33 29 ,52 5,6 350,0 320 ,0 1278,0
16 h  25 1 25 ,53 16,53 29 ,87 5,1 — — —

à 2 — 16,82 30,39 — — — —
16 h  45 5 25,61 17,89 32,33 3,2 377,5 340 ,0 1254,0

10 25 ,69 18,49 33 ,40 5,8 398,0 336 ,0 1291,5
18 25,71 18,58 33,57 7,3 398,0 352 ,0 1271,0

— 5— 0 25,81 15,84 28 ,63 4,2 350 ,0 300 ,0 1197,0
19 h  05 1 25 ,57 15,87 28 ,69 4,2 339,0 316,0 1072,7

à 2 16,95 30,63 — — — —

19 h  25 5 25,69 17,81 32,19 3,4 377,5 332 ,0 1230,0
10 25 ,69 18,48 33 ,39 4,3 398,0 354 ,0 1245,5
19 25 ,78 18,70 33,79 16,6 409 ,0 380 ,0 1207,0

P O S T E  N» 3 7 J U I L L E T  1961

— 1— 0 25,19 17,50 31,63 27,9 356 ,0 1187,5
7 h  30 1 2 5 ,03 17,37 31,39 2 8 ,0 356 ,0 1244,5

à 2 17,59 31,78
7 h  45 5 25,61 18,35 33,15 26 ,0 368 ,0 1237,0

10 2 5 ,96 19,09 34,50 33 ,0 384 ,0 1378,5
11 25 ,99 19,11 34 ,52 30 ,0 368 ,0 1319,0

— 2— 0 25,71 17,51 31,65 4,7 344,0 1182,5
10 h  30 1 2 5 ,54 17,56 31,74 19,3 356,0 1198,5

à 2 17,60 31,81
10 h  55 5 25 ,87 19,01 34,34 3,3 384 ,0 1309,5

10 25,91 19,13 34 ,56 7,1 384 ,0 1314,5
13 2 5 ,93 19,16 34,61 5 ,2 384 ,0 1320,5

— 3— 0, 26 ,82 17,25 31 ,17 7,2 304 ,0 1310,5
12 h  50 1 2 6 ,30 17,30 31 ,26 7,3 320,0 1301,0

à 2 18,02 32 ,57
13 h  10 5 25 ,95 19,02 34 ,37 4 ,3 392,0 1339,0

10 26 ,05 19,15 34,61 9 ,0 388 ,0 1318,0
15 26 ,00 19,16 34 ,62 6,0 396 ,0 1302,0

4— 0 26,18 17,80 32,17 3,7 354 ,0 1210,5
15 h  10 1 25 ,69 17,84 32 ,24 5,1 380 ,0 1230,0

à 2 17,91 32 ,37
15 h  25 5 2 5 ,88 19,02 34 ,36 4,7 388 ,0 1302,0

10 2 5 ,99 19,10 34,51 3 ,5 388 ,0 1318,0
14 25 ,99 19,55 34,61 4,7 400 ,0 1295,0
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N °  de 
S la lio n  

e t  h e u re

P ro fo n d e u r 

e n  m

T e m p é râ t .

»C
Cl «loo S °/oo

T u rb id ité

mg/1.

K

m g/I.

Ca

mg/1.

M g

mg/1.

s u i te  d u  F O S T E  N»

— 5— 0 26,09 17,72 32,01 7,7 368,0 1249,0
17 h 30 1 26,01 17,58 31,76 5,3 372,0 1224,0

à 2  * 17,54 31,70
17 h 45 5 25 ,89 18,21 32,91 7,9 380,0 1219,0

10 25,81 18,83 34 ,02 8,7 384,0 1274,5
14 25 ,97 19,14 34,58 19,0 396,0 1302,0

P O S T E  N» 4 7 J U I L L E T  1961

— 1— 0 25,71 19,10 34 ,52 6,9
9 h  10 1 25,55 19,07 34,45 4,8

à 2 19,06 34,43
9 h  25 5 25 ,79

10 26,01 19,14 34,59 1,2
16 26 ,29 19,27 34,81 3,6

— 2— 0 26,09 19,04 34,41 4,3
11 h  45 1 25 ,93 19,04 34,41 3,3

à 2 19,03 34,39
12 h  05 5 25 ,89 19,04 34,41 3,0

10 25 ,96 19,11 34,52 4 ,6
18 26 ,26 19,25 34,79 4,8

— 3— 0 26,47 19,05 34,42 2 ,8
13 h  55 1 26 ,26 19,06 34,43

à 2 19,05 34,42
14 h  10 5 25 ,92 19,06 34,43 3,1

10 25,91 19,10 34,52 4 ,2
17 26 ,22 19,23 34,75 4,1

— 4— 0 26,39 18,98 34,30 4 ,2
16 h  15 1 26 ,26 18,99 34,31 4 ,2

à 2 18,98 34,30
16 h  30 5 25 ,90 19,05 34,42 3 ,0

10 25 ,97 19,13 34,57 3,4
17 26,11 19,22 34,73 16,6

— 5— 0 25,99 18,95 34,24 3,1
18 h  40 1 25 ,80 18,96 34,26 4,8

à 2 18,96 34,25
19 h  00 5 26 ,00 19,00 34,33 6,7

10 26 ,14 19,23 34,75
16 26 ,16 19,22 34,72 5,0

P O S T E  N» 5 8 J U I L L E T  1961

— 1— 0 26,03 19,29 34,85 4,4
7 h  00 1 2 5 ,88 19,29 34,86 3,6

à 2 19,28 34,84
7 h  15 5 26 ,23 19,28 34,84 3,5

10 26 ,34 19,33 34 ,92 2,9
17 26 ,36 19,34 34,95 3 ,2
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N °  de 
S la lio n  

e t  h eu re

P ro fo n d e u r  

en  m

T e m p é râ t .

»C
Cl °/„„ S °/„„

T u rb id ité

m g /1 .

K

m g/1 .

Ca

m g/1-

M g

m g/1

s u ite  d u  P O S T E  N °

— 2— 0 26,18 19,35 34 ,97 5,1
9 h  10 1 26 ,02 19,34 34 ,94 3,8

à 2 19,33 34,83
9 h  30 5 26 ,32 19,34 34,94

10 26,34 19,33 34,93 3,4
18 26 ,36 19,35 34,96 3,1

— 3— 0 26 ,48 19,38 35,01
11 h  25 1 26,29 19,34 34,95

à 2 19,33 34,93
11 h  45 5 26 ,34 19,32 34,91

10 26 ,26 19,33 34 ,92
20 26 ,34 19,35 34,97 4,0

— 4— 0 26,79 19,32 34,91
13 h  50 1 26,77 19,34 34,94 3,9

à 2 19,32 34,91
14 h  05 5 26,26 19,32 34,90 3,3

10 26,23 19,31 34 ,89 3,3
18 26 ,34 19,36 34,98 4 ,2

— 5— 0 26,70 19,33 34 ,92 6,1
15 h 50 1 26,41 19,28 34 ,84 3,1

à 2 19,25 34 ,86
16. h  05 5 26 ,16 19,28 34,84 3,8

10 26,16 19,28 34,84 3,1
15 26 ,22 19,30 34 ,88 3,4 1

P O S T E  N ° 6 8 J U I L L E T  1961

— 1— 0 26,11 19,39 35,03 4 ,0
5 h  15 1 25 ,86 19,37 34,99 5,0

à 2 19,36 34,98
5 h  45 5 26 ,3 8 19,36 34 ,97

12 26 ,42 19,36 34 ,98 4,4

— 2— 0 26,34 19,38 35 ,02 4 ,0
8 h  00 1 26 ,15 19,38 35,01

à 2 19,39 35 ,03
8 h  20 5 26 ,51 19,37 34 ,99 4,4

10 26 ,52 19,38 35,01 2,0
20 26,51 19,39 35 ,03 2,2

— 3— 0 26,51 19,42 35 ,08 4 ,2
IO h  20 1 26 ,46 19,41 35 ,07 1,7

à 2 19,42 35 ,08
10 h 40 5 26 ,53 19,39 35,03 2,8

10 26 ,54 19,39 35 ,04 15,0
20 26 ,26 19,41 35 ,08 3,2
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N °  de 
S ta tio n  

e t  h e u re

P ro fo n d e u r  

en  m

T e m p é râ t .

°C
Cl °/„„ S °/oo

T u rb id ité

mg/1.

K

mg/1.

Ca

mg/1.

M g

mg/1.

s u i te  d u  F’O S T E  N»

— 4— 0 26,99 19,42 35 ,09 3,3
12 h  40 1 26,71 19,40 35 ,06 3,0

à 2 19,39 35 ,03
13 h  00 5 26 ,68 19,39 35 ,04 3,0

10 26 ,56 19,40 35 ,06 3,1
20 26 ,44 19,44 35 ,12 3,0

— 5— 0 27 ,02 19,38 35,01 2 ,8
14 h  50 1 26 ,80 19,40 35 ,06 • 3 ,8

à •2 19,38 35 ,02
15 h  10 5 26 ,64 19,37 35 ,00 3,0

10 26 ,60 19,39 35,04 2 ,2
18 26 ,52 19,44 35,13 3,4

P O S T E  N» 7 10 J U I L L E T  1961

- 1 - 0 25 ,4 8 18,30 33,07 10,7
6 h  50 1 25 ,32 18,31 33 ,08 8 ,2

à 2 18,30 33,07
7 h  00 5 25 ,96 18,87 34 ,09

8 26 ,04 18,93 34,20 8,0

— 2— 0 25,93 18,60 33,61 5 ,2
11 h 00 1 25 ,87 18,58 33 ,58 5,0

à 2 18,58 33,57
11 h  10 5 25 ,97 18,61 33 ,62

8 26,11 8 ,0

— 3— 0 26 ,03
14 h  40 1 2 6 ,1 2 18,52 33,46 5,4

à 2 18,53 33 ,48
14 h  50 5 26 ,14 18,55 34 ,06 4,9

8 26 ,30 19,22 34,73 6,3

P O S T E  N» 8 11 J U I L L E T  1961

— 1— 0 25,53 18,60 33,60 3,8
6 h  55 1 25 ,54 18,60 33,60 4,7

à 2 18,64 33,69
7 h  05 5 26.01 19,00 34,34 3,7

10 26,31 19,25 34,79 3 ,0
19 26 ,36 19,39 35,04 3 ,2

— 2— 0 26,16 18,65 33,70 5 ,3
11 h  10 1 26 ,20 18,64 33 ,68 7,1

à 2 18,82 34,01
11 h  20 5 26 ,28 19,13 34 ,56 3,8

10 26 ,38 19,29 34 ,86 5,0
19 26 ,38 19,41 . 35 ,07 7,4
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N °  de 
S ta tio n  

e t  h e u re

P ro fo n d e u r 

en  m

T e m p é râ t .

°G
Cl °/o„ S °/oo

T u rb id i té

mg/1.

K

m g / 1.

Ca

mg/1.

M g

mg/1.

s u ite  d u  F O S T E  N»

— 3— 0 26,30 18,81 33 ,99 4 ,8
15 h  15 1 26,21 18,85 34 ,05 4 ,5

à 2 18,99 34,31
15 h  25 5 26 ,26 19,20 34 ,69

10 26 ,35 19,31 34 ,89 3,7
19 26 ,43 19 ,42 35 ,08 4,4

P O S T E  N ° 9 11 J U I L L E T  1961

— 1— 0 26,09 19,39 35,03
8 h  10 1 26 ,19 19,39 35 ,03 3,6

à 2 19,38 35,01
8 h  25 5 26 ,42 19,38 35 ,02 3,4

10 26 ,38 19,38 35 ,02 16,8
18 26 ,42 19,39 35 ,03 3,1

— 2— 0 27,21 19,39 35 ,04 3 ,2
12 h  10 1 26,71 19,39 35 ,04 3,1

à 2 19,37 35,00
12 h  30 5 26 ,53 19,39 35 ,04 2 ,8

10 26 ,45 19,37 35 ,00 3 ,3
18 26 ,45 19,38 35,01 9,2

— 3— 0 26,61 19,38 35,01 6,2
16 h  25 1 26 ,64 19,37 35 ,00 0,93

à 2 19,37 35 ,00
16 h  40 5 26 ,50 19,37 35 ,00 3,5

10 26 ,49 19,40 35 ,05 4 ,5
18 26 ,49 19,40 35 ,06 3,1

P O S T E  N ° 11 13 J U I L L E T  1961

— 1— 0 25 ,92 18,84 34,04 5,3
8  h  45 1 25 ,96 18,83 34 ,02 3,2

à 2 18,84  ■ 34 ,05
8  h  55 5 26 ,27 18,99 34 ,32

8 26 ,29 19,03 34 ,39 4,1
8 4,4

— 2— 0 26 ,30 18,75 33 ,88 1,5
11 h  55 1 26 ,22 18,76 33 ,89 6,6

à 2 18,86 34 ,07
12 h  05 5 26,31 18,79 33 ,96 5,5

7,5 26 ,28 18,94 34 ,23 6,8

— 3— 0 26,00 18,87 34 ,10 4 ,2
15 h  25 1 26 ,07 18,87 34 ,09 5,6

à 2 18,88 34,11
15 h  40 5 26 ,27 18,92 34 ,18

8 26 ,27 19,03 34 ,38 4,7
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N °  de 
S ta tio n  

e t  h e u re

P ro fo n d e u r  

en  m

T e m p é râ t.

»C
Cl °/„„ S °/oo

T u rb id ité

mg/1.

K

mg/1.

Ca

mg/1.

M g

mg/1.

P O S T E  N ° 2  12 J1J I L L E T  1961

— 1— 0 25,81 19,07 34 ,45 7,0
6 h  20 1 25,81 19,06 34 ,43 6,2

à 2 19,05 34 ,42
6 h  40 5 26 ,08 19,05 34 ,42

9 26 ,08 19,06 34 ,44 9,5

— 2— 0 26,29 18,89 34,13 4,2
10 h  55 1 26,19 18,87 34 ,09 7,5

à 2 18,87 34,10
11 h 5 2 6 ,02 18,87 34 ,10

8 26 ,02 18,88 34 ,12 6,2

— 3— 0 26,43 18,83 34 ,03 5,6
14 h  10 1 26 ,43 18,84 34 ,05 9,7

à 2 18,86 34 ,07
14 h  25 5 26 ,26 19,17 34 ,63

8 26,26 19,17 34,64

P O S T E  N» 13 12 J U I L L E T  1961

- 1 - 0 26 ,30 19,45 35 ,15 4,7
8 h  00 1 26 ,30 19,45 35 ,15

à 2 19,46 35,17
8 h  15 5 26 ,48 19,45 35,15

10 26 ,48 19,45 35,15 5,5
23 26 ,48 19,45 35,15 3,1

— 2 — 0 27,08 19,46 35,16 3,8
11 h  55 1 26,71 19,45 35 ,15 5,5

à 2 19,45 35,14
12 h  10 5 26 ,65 19,46 35 ,16

10 26,54 19,46 35 ,17 3,9
22 26 ,54 19,46 35 ,16 3 ,6

— 3— 0 26 ,64 19,45 35 ,14 3 ,0
16 h  20 1 26 ,55 19,45 35 ,14 5,8

à 2 19,44 35 ,12
16 h  45 5 26 ,49 19,44 35 ,12

10 26 ,47 19,44 3 5 ,12
23 26,46 19,43 35,11 10,3

P O S T E  N» 15 13 J U I L L E T  1961

- 1 - 0 25 ,82 18,99 34,31 5,2
7 h  35 1 25 ,82 18,99 34,31 3,1

à 2 19,00 34,34
7 h  50 5 26 ,16 19,05 34 ,42 0 ,9

10 26,29 19,16 34 ,62 4,0
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N "  de 
S ta tio n  

e t  h e u re

P ro fo n d e u r 

en  m

T e m p é râ t .

«C
Cl "loo S "loo

T u rb id ité

mg/1.

K

mg/1.

Ca

mg/1.

M g

mg/1.

s u ite  d u  P O S T E  N» 5

— 2 — 0 26,00 18,98 34,30 4 ,5
10 h  55 1 26,03 18,98 34,30 2 ,2

à 2 18,99 34,31
11 h  05 5 26,31 19,01 34 ,34

10 26 ,34 19,18 34 ,65

— 3— 0 26,15 18,99 34 ,32 3,1
14 h  10 1 26 ,15 19,00 34,33 4,5

à 2 18,99 34 ,32
14 h  20 5 26,41 18,99 34,31 4 ,4

11 26,41 19,17 34,63 7,2

P O S T E  N» 16 13 J U I L L E T  1961

— 1— 0 25,71 19,24 34,76 3,8
6 h  30 1 25 ,72 19,20 34,69 3 ,2

à 2 19,19 34 ,68
6 h  40 5 26 ,16 19,19 34,68

10 26 ,16 19,20 34,69 3,6
22 26 ,36 19,38 35,01

— 2— 0 25,91 19,16 34,62 4,5
9 h 55 1 25,98 19,13 34,57 3,1

à 2 19,14 34,58
10 h  05 5 26 ,17 19,14 34,59

10 26,21 19,19 34,67 3 ,4
20 26,31 19,35 34,97

— 3— 0 26,11 19,18 34,65 4,5
13 h  05 1 26 ,23 19,16 34,61 5 ,0

à 2 19,16 34,61 I
13 h  15 5 26 ,42 19,16 34,61 ¡

10 26 ,35 19,21 34 ,70 3 ,2
20 26,41 19,35 34,97 4,7 1

P O S T E  N» 17 12 J U I L L E T  1961

— 1— 0 26,38 19,44 35,19 3 ,8 361 1094,0
9 h  25 1 26 ,36 19,44 35,13 3,2 363 1144,5

à 2 19,45 35,14
9 h  40 5 26,44 19,47 35,17

10 26 ,36 19,45 35,15 3,6 375 1140,5
30 26,31 19,45 35,15 3,6 364 1108,5

— 2— 0 26,91 19,46 35,16 5 ,5
13 h  05 1 26 ,83 19,46 35,17 4 ,8 373 1118,0

à 2 19,45 35,15
13 h  15 5 26 ,48 19,45 35,15

10 26 ,48 19,45 35,15 3 ,6 359 1150,2
30 36,41 19,45 35,14 3 ,0 355 1107,0
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N °  de 
S ta tio n  

e t  h e u re

P ro fo n d e u r  

en  ra

T e m p é râ t .

»C
Cl °/„o S °/o 0

T u rb id ité

mg/1.

K

mg/1.

Ca

mg/1.

M g

mg/1.

s u ite  d u  P ()S T E  N ° 17

— 3— 0 26 ,33 19,43 35 ,10 4,4 355 1132,0
16 h  40 1 26 ,32 19,45 35,14 3 ,6 357 1090,8

à 2 19,44 35 ,13
16 h  55 5 26 ,66 19,44 35 ,12

10 26 ,48 19,46 35,17 4,1 347 1097,0
30 26,31 19,45 35,14 3,7 357 1100,8

P O S T E  N» 19 10 J U I L L E T  1961

— 1— 0 25,91 19,00 34,33 3 ,8
8 h  10 1 2 5 ,5 2 18,99 34,31 4 ,2

à 2 18,97 34.27
8 h  20 5 26 ,0 2 19,18 34 ,66 4

10 26 ,06 19,31 34,89

— 2— 0 26,41 19,14 34 ,58 4 ,0
12 h 1 26 ,26 19,08 34,48 5 ,2

à 2 19,09 34,49
12 h  15 5 26 ,14 19,25 34,79 4 ,9

11 26 ,14 19,34 34 ,94 2 ,9

— 3— 0 26 ,22 19,04 34,40 3 ,8
15 h  55 1 26 ,14 19,04 34,41 4,1

à o 19,04 34 ,40
16 h  10 5 26,21 19,35 34,96 4 ,5

11 26,21 19,34 34,95 3,5

P O S T E  N » 2 0  10 J U I L L E T  1961

— 1— 0 25,61 18,62 33,65 5,2
9 h  05 1 25 ,69 18,62 33,64 4,1

à 2 18,59 33,59
9 h  20 5 22 ,85 18,66 33,72 3 ,2

10 26 ,23 19,29 34,86 3,9
14 26 ,26 19,36 34,98 3,2

— 2— 0 26,49 18,82 34,01 2,5
13 h  00 1 26 ,48 18,68 33,75 3,8

à 2 18,76 33,90
13 h  20 5 26,13 18,99 34 ,32 3,3

10 26,44 19,40 35,05 3,6
15 26 ,44 19,41 35 ,08 2,6

— 3— 0 y 25,89 18,69 33,78 3,2
17 h  25 1 25,91 18,69 33,78 4,0

à 2 18,70 33,79
17 h  40 5 25 ,96 18,83 34 ,02 3,0

10 26 ,36 19,38 35,01 3 ,2
15 26 ,36 19,38 35,01 3 ,5
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N °  de 
S ta tio n  

e t  h eu re

P ro fo n d e u r 

en  m

T e m p é râ t .

°C

o o O O S °/oo
T u rb id ité

mg/1.

K

mg/1.

Ca

mg/1.

M g

mg/1.

P O S T E  N ° Î1 11 J U IL L E T  19 61

__1__ 0 25 ,66 19,11 34,53 3,2 357 1075,0
9 h  55 1 25 ,76 19,11 34 ,52 4 ,0 383 1050,0

à 2 19,11 34 ,52
10 h 05 5 25,91 19,11 34,53 3,1 331 1071,5

10 25,91 19,10 34 ,52 3,6 343 1064,0
24 26,41 19,42 35,08 3,1 375 1060,5

— 2— 0 26,41 19,09 34,49 3,0 343 1084,0
13 h  40 1 26,41 19,08 34,47 2,8 347 1067,0

à 2 19.09 34,50
13 h  50 5 26 ,06 19,09 34,50 6,0 347 1067,0

10 26,11 19,18 34,65 5,0 349 1071,0
24 26 ,38 19,43 35,10 3,8 359 1135,2

— 3— 0 25,77 19,11 34 ,52 3 ,2 343 1104,0
17 h  50 1 25 ,73 19,12 34,54 3,5 355 1057,0

à 2 19,11 34,53
18 h  10 5 26 ,26 19,23 34,75 3,7 369 1078,0

10 26 ,34 19,31 34,88 4,0 375 1065,5
26 26 ,39 19,41 35,08 4 ,2 373 1066,0

T a b l e a u  n° 11

MESURES DES VITESSES DU COURANT EN PÉRIODE D’ÉTIAGE DE LA BETSIBOKA

S ta tio n  
e t  h eu re

P ro fo n d e u r  
en  m

V ite sse  en  
m /sec . D ire c tio n

S ta tio n  
e t  h e u re

P ro fo n d e u r  
e n  m .

V ite sse  en  
m /sec . D ire c tio n

P O S T E N-» 1 6 J U I L L E T 1961

— 1— 0 0,37 160» — 4— 0 0,67 350»
7 h  45 15 1,05 160» 15 h  30 10 0,79 10°

à 20 1,04 160» à 20 0,76 10°
8 h  20 21 fo n d 15 h  45 24 fo n d

— 2— 0 0,32 160» — 5— 0 0,53 50»
10 h  40 10 0 ,65 180» 17 h  40 10 0,16 230°

à 20 0,49 190» à 20 0,44 170°
10 h  55 23 fo n d 17 h 55 21 fo n d

— 3— 0 0,67 340»
13 h  00 10 0,40 10» !

à 20 0,43 10»
13 h  15 24 fo n d
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S la lio n  
e l  h e u re

P ro fo n d e u r  
en  m

V ite sse  en 
m /sec. D ire c tio n

S ta tio n  
e t  h e u re

P ro fo n d e u r 
en  m .

V ite sse  en  
m /sec . D ire c tio n

P O S T

1

E N» 2 6 J U I L L E T 1961

— 1— 0 0,62 160» — 3— 0 0,75 10°
9 h  35 10 0,61 185» 13 h  55 10 0,66 5°

à 24 0 ,32 195» à 20 0 ,47 0 à  10°
9 h  45 26 fo n d 14 h  10 0,41

21 fo n d

— 2— 0 0,17 90» — 4— 0 0,83 30°
11 h  45 10 0,06 80° 16 h  30 10 0 ,50 0 à  10°

à — 0,09 345° à 20 0,28 10°
12 h 22 0,14 345° 16 h 45 21 fond

25 fond

— 5— 0 0,30 60°
19 h  00 10 0 ,53 190°

à 20 0,61 190°
19 h 15 22 fo n d

P O S T E  N» 4 7 J U I L L E T 1961

— 1— 0 0,17 160° — 4— 0 0,12 340°
9 h  15 10 0,31 170° 16 h  15 10 0,41 335°

à 18 0,27 170° à 18 0 ,34 325°
9 h  30 19 fond 16 h 30 19 fo n d

— 2— 0 0,12 160° — 5— 0 0,15 130°
11 h 45 10 0,21 140° 18 h  45 10 0 ,13 250°

à 18 0 ,05 140° à 15 0 ,17 230°
12 h 21 fond 19 h 16 fo n d

3- 0 0 ,05 10°
14 h  00 10 0 ,23 350°

à 18 0 ,28 340°
14 h  15 19 fo n d

P O S T E  N ° 6 8 J U I L L E T 1961

— 1— 0 0 4 0 0,03 220°
5 h  30 12 0 ,09 170° 12 h 30 10 0,18 150°

à 14 fo n d à 20 0,12 130°
5 h 45 12 h  45 22 fo n d

— 2— 0 0,13 200° — 5— 0 0,08 10°
8 h  00 10 0 ,36 120° 15 h 10 0,14 350°-0

à 20 0,24 160° à 20 0,19 350°-0
8 h  15 21 fo n d 15 h 15 22 fo n d

— 3— 0 0,08 220°
10 h  15 10 0,27 130°

à 20 0,19 160°
10 h  30 22 fo n d
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S ta tio n  
e t  h e u re

P ro fo n d e u r  
e n  m

V ite s s e  en  
m /sec . D ire c tio n

S ta tio n  
e t  h e u re

P ro fo n d e u r  
en  m

V ite sse  en 
m /sec . D ire c tio n

P O S T I3 N» 9 11 J U I L L E T 1961

— 1— 0 0,17 320» — 3— 0 0,18 115°
8 h  10 10 0 ,20 350» 16 h  30 10 0 ,26 20°

à 18 0,13 340° à — 0 ,35 0°
8 h  25 19 fond 16 h  45 18 0 ,30 10°

20 fond

— 2— 0 0,27 170»
12 h  15 10 0 ,37 160-180°

à 18 0,31 160»
12 h  30 19 fo n d

P O S T E  N ° 13 12 J U I L L E T 1961

— 1— 0 0,20 310° — 3— 0 0,29 170°
8 h  10 10 0 ,17 340° 15 h  30 10 0,29 200°

à 24 0,11 320° 24 0 ,20 220°
8 h  25 26 fo n d 25 fond

— 2 — 0 0,34 210°
12 h 10 0 ,36 210°

à 22 0 ,24 210°
12 h  15 24 fo n d

P O S T E  N» 15 13 J U I L L E T 1961

— 1— 0 0,20 330° — 2— 0 0 ,37 270°
8 h  00 10 0,13 330° 11 h 10 0 ,14 160°

12 fond à 12 fo n d
11 h  15

P O S T E  N» 20 13 J U I L L E T 1961

— I — 0 0,24 - 110° — 3— 0 0 ,08 55°
9 h  15 10 0,61 125° 17 h  30 10 0 ,39 0°

à 15 0 ,57 125° à 15 0,30 0°
9 h  30 16 fo n d 17 h  45

— 2 — 0 0,28 160° — 4— 0 0,02 20°
13 h 0 0 10 0,36 130° 19 h  45 10 0,23 340°

à 15 0 ,26 130° à 15 0 ,17 340°
13 h  15 16 fo n d 20 h
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M E S U R E S  E N  P É R I O D E  D E  C R U E  D E  L A  B E T S I B O K A

T a b l e a u  n °  12

H eures e t  h a u te u r  de la m arée  au  cours des o b se rv a tio n s en M ars 1962

B asse  M er P le in e  M er B asse  M er P le in e  M er

D a te

h e u re h a u te u r h eu re h a u te u r h eu re h a u te u r h e u re h a u  Leur
eu  m en  m en  m en m

8 m a rs 5 h  35 5,2 11 h 47 0,6 17 h  55 5 ,2
9 m a rs 0 h 03 0,7 6 h  10 5,1 12 h 22 0,7 18 h  30 5,1

10 m a rs 0 h  39 0,9 6 h  45 4,0 12 h 55 0,9 19 h  05 4,9
11 m a rs
12 m a rs 1 h 54 1,5 7 h  56 4 ,2 14 h  06 1,5 20 h 21 4,3
13 m a rs 2 h 38 1,9 8 h  37 3,8 14 h  49 1,9 21 h 10 3,9
14 m a rs
15 m a rs 5 h  33 2 ,5 11 h 35 3,2 18 h 01 2,5
16 m a rs 0 h  45 3,5
16 m a rs 7 h  47 2,4 13 h  56 3,4 19 h  57 2,4
17 m a rs 2 h 17 3,7
17 m a rs 8 h 47 2,1 11 h  56 3,7 20 h  54 2,1

T a b l e a u  n °  13

HYDROLOGIE EN PÉRIODE DE CRUE DE LA BETSIBOKA

iV° de 
S ta tio n  

e t  h eu re

P ro fo n d e u r  

en  m

T e m p é râ t.

°C
Cl «loo S «loo

T u rb id ité

mg/1.

K

mg/1.

Ca

mg/1.

Mg

mg/1.

'O S T E  N» 1 15 M A R S 196 2

— 1— 0 28,65 1,00 1,84 20,8 20,8 32,0 68 ,8
7 h  00 1 28,63 0,93 1,71 10,9 18,3 28,0 68,7

à 2 28 ,64 1,12 2 ,05
7 h  10 3 28 ,87 1,43 2,61

5 28,97 14,97 27 ,05 6,8
10 28 ,55 17,98 32,48 17,3
18 28,41 18,16 32,81 15,0
19 fo n d

— 2— 0 28,75 0,65 1,20 19,6 16,0 24 ,0 62,1
9 h  20 1 28,68 0,65 1,20 15,8 12,4 24 ,0 48,1

à 2 28,75 0,88 1,62
9 h  30 3 29,01 13,05 23 ,59

5 28 ,82 16,67 30,12 7,6 337,0 384 ,0 991,0
10 28,72 17,62 31,83 7,0 337,0 392,0 1060,0
18 28 ,54 18,09 32,68 22 ,2 343 ,0 392,0 1104,0
19 fo n d
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JV° de P ro fo n d e u r T e m p é râ t . 1 T u rb id ité K Ca
i

jS la lio n Cl »/„„ S »/„„
e t  h e u re e n  m °C m g /l. m g /l. , m g/l. i m g /l.

s u i te  d u P O S T E  N 1

------------------ 1----------- ...

— 3— 0 29,68 0,85 1,56 14,2 19,2 28 ,0 86 ,2
11 h  40 1 29,41 0,84 1,55 16,7 17,0 28 ,0 70,9

à 2 29,10 10,31 18,64
11 h  50 3 28 ,97 15,10 27,29

5 28 ,77 17,33 31,31 9 ,3
10 28 ,64 17,91 32,36 9,3
19 28 ,39 18,24 32,95 31,0
20 fo n d

— 4— 0 30 ,80 1,05 1,93 13,7 23,2 32,0 87 ,3
13 h  45 1 30 ,00 1,10 2 ,0 2 13,6 20 ,6 34,0 82 ,6

à 2 29 ,28 11,19 20,23
14 h  05 3 29 ,15 15,28 27,61

5 28,71 17,57 31,74 7,2
10 28 ,57 18,01 32,54 12,3
19 28 ,43 18,22 32 ,92 21 ,4
20 fo n d

— 5— 0 30,09 0 ,65 1,20 17,1 17,4 22,0 63 ,3
16 h  15 1 29,71 0 ,67 1,24 16,9 13,5 22,0 63,3

à 2 28 ,98 0,97 1,78
16 h  35 3 28,84 1,16 2 ,12

5 28 ,84 17,01 30,73 16,0
10 28 ,59 17,86 32,27 10,5
20 28 ,55 18,07 32,65 11,9
21 fo n d

P O S T E  N» 2  8 M AR S 1962

— 1— 0 28,44 14,21 25 ,68 142,0
6 h  25 1 28 ,60 14,19 25 ,64 177,0

à 2 28 ,60 14,13 25,53 144,0
6 h 55 5 28 ,83 14,50 26 ,20 27 0 ,0

10 28 ,86 15,19 2 7 ,45 1062,0
25 28 ,86 16,62 30 ,03 1248,0

A u cu n e  p rise  d ’é c h a n ti l lo n  d e  fo n d  n ’a  p u  ê tre  fa i te  a u  c o u rs  d e  c e t te  s ta t io n ,  le  c o u ra n t  é ta n t  t ro p  ra p id e

N O U V E L L E S  S T A T IO N S  L E  15 M A R S 1962

— 1— 0 29 ,20 0 ,80 1,47 36 ,0 18,8 52,0 72,8
8 h  10 1 28 ,94 1,37 2 ,50 9 ,0 25 ,7 40 ,0 96 ,0

à 2 2 9 ,0 2 6,41 11,60
8  h  20 3 29 ,05 15,59 28 ,17 i

5 2 8 ,9 2 16,70 30,17 7,1
10 28 ,55 17,95 32 ,43 7,6 i
23 28 ,27 18,41 33 ,26 i 16,0
24 fo n d
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118 L. BEHTHOIS ET A. CROSNIER

N °  de 
S ta tio n  

e t  h e u re

P ro fo n d e u r 

e n  m

T e m p é râ t .

»C
Cl S °/oo

T u rb id ité

m g /l.

K

m g/l.

Ca

m g /l.

Mg

m g/l.

s u ite  d u P O S T E  N» 2

— 2— 0 29,28 1,01 1,85 10,8 22 ,2 30,0 97 ,5
10 h  20 1 29 ,08 2,63 4 ,78 14,6 46,4 96,0 177,5

à 2 29 ,08 7,40 13,39
10 h  30 3 29 ,02 13,45 24,31

5 29 ,02 15,87 26 ,68 10,7
10 28,77 17,62 31,83 5,7
23 28 ,27 18,41 33,26 17,8
24 fo n d

— 3— 0 30,17 1,02 1,87 13,4 22,8 30,0 85 ,0
12 h  40 1 30,08 6 ,25 11,31 7,8 157,0 120,0 394,0

à 2 29,71 10,13 18,31
12 h  50 3 29,47 14,88 26 ,89

5 29,16 16,57 29 ,94 21 ,0
10 28 ,82 17,52 31,65 7,9
23 28 ,25 18,42 33,28 17,1
24 fond

4 0 30,58 0 ,99 1,83 13,2 23 ,3 26 ,0 111,4
15 h 1 30 ,25 1,02 1,87 3 ,4 22,2 26 ,0 78,9

à 2 29 ,68 11,32 20 ,46
15 h 15 3 13,97 25 ,35

5 29 ,22 16,77 30,30 5,3
10 28 ,77 17,69 31,96 6,9
23 28 ,30 18,41 33,26 9,9
24 fond

— 5— 0 30,02 0,86 1,58 14,7 20,0 24,0 80,1
17 h  30 1 29 ,85 0 ,90 1,65 7,9 19,3 24,0 66,3

à 2 29,24 11,89 21 ,49
17 h  40 3 29 ,37 14,04 25 ,37

5 28,97 16,68 30,14 8,2 337,0 362,0 974,0
10 28 ,67 17,84 32,23 7,1 370,0 370,0 1083,0
23 28,31 18,36 33,17 17,9 370,0  • 392,0 1115,0
24 fo n d

P O S T E  N» 3 16 M A R S 1962

__ \ __ 0 27,79 1,90 3,46 9,1 37,0 40,0 138,0
6 h  05 1 28,61 7,59 13,73 5,8 119,8 144,0 562,6

à 2. 29 ,20 12,23 22,11
6 h 20 5 29 ,00 16,79 30,34 5,8

10 28,53 18,19 32,86 3,9
15 28,29 18,45 33,33 4,1
16 fond

— 2— 0 28,33 2,43 4,42 7,0 46,4 96,0 169,4
9 h  05 r 28,49 3,43 6 ,22 10,6 105,6 164,0 239 ,6

à 2 29 ,40 12,38 22,38
9 h  15 5 29 ,26 16,24 29,34 3,7

10 28,85 17,59 31,78 5,5
15 28 ,09 18,63 33,66 3,9
16 fo n d
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N °  de 
S ta tio n  

e t  h e u re

P ro fo n d e u r 

e n  m

T e m p é râ t .

«G
Cl °/oo S °/oo

T u rb id i té

m g /l.

K

m g /l.

Ca

m g/l.

M g

m g /l.

s u ite  d u P O S T E  N ° 3

— 3— 0 29,75 5,16 9 ,34 7,1 134,5 168,0 357,3
11 h  55 1 29 ,46 9,34 16,89 7,7 216,0 276 ,0 587 ,5

à 2 29 ,48 14,01 25 .32
12 h  05 5 29 ,37 16,21 29,29 3,1

10 28 ,83 17,70 31,98 3,7
15 27 ,97 18,75 33,87 4 ,6
16 fo n d

— 4— 0 30,30 2 ,83 5,14 6,8 99,0 160,0 237 ,0
14 h 20 1 30 ,20 4,28 7,76 6,5 119,0 178,0 293 ,2

à 2 2 9 ,62 12,31 22 ,25
14 h  30 5 29 ,47 16,41 29 ,65 5,5

10 29 ,05 17,29 31,24 8 ,9
16 28 ,05 18,69 33,77 4,6
17 fo n d

— 5— 0 30,23 1,62 2,95 6,4 35,2 36,0 92,4
17 h 00 1 29,71 11,61 20,99 5,0 228,0 244 ,0 648,0

à 2 29 ,75 13,87 25 ,07
17 h  10 5 29 ,45 16,22 29,31 4,0 333,0 324,0 1181,0

10 29 ,37 16,68 30,14 4,4 380,5 332,0 1187,0
16 28 ,39 18,36 33,17 5,5 380,5 374,0 1136,0
17 fo n d

P O S T E  N ° 4 16 M A R S 1962

— 1— 0 2 9 ,10 15,21 27,48 3,7
7 h  25 1 29,11 15,27 27,59 5,0

à 2 29 ,14 15,29 27 ,63
7 h  40 5 29 ,20 16,01 28,93 5,4

10 2 8 ,65 18,24 32,95 4,4
16 28 ,29 18,49 33 ,40 6,1
17,5 fo n d

— 2— 0 29,47 15,30 27 ,65 3 ,6
10 h  05 1 29 ,37 15,31 27,66 3,6

à 2 29 ,33 15,30 27,65
10 h  25 5 29 ,37 15,50 28,01 2 ,7

10 28 ,69 18,22 32,92 2,7
16 28 ,18 18,61 33,62 3,1
17 fo n d

— 3— 0 29 ,80 11,82 21 ,37 4,6
12 h  50 1 29 ,68 12,79 23 ,12 3 ,8

à 2 29 ,59 14,40 26 ,02
13 h  05 5 29 ,49 15,66 28 ,30 2 ,4

10 28 ,68 18,23 32,94 3 ,3
17 28 ,23 18,59 33,58 5,1
18 fo n d

— 4 — 0 30 ,10 10,73 19,40 5 ,5
15 h  20 1 29 ,90 12,97 23,44 5,8

à 2 29 ,73 15,11 27 ,30
15 h  35 5 2 9 ,3 2 15,50 31 ,62 3,6
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120 L. BERTHOIS ET A. CROSNIER

N °  de 
S ta tio n  

e t  h e u re

P ro fo n d e u r 

en  m

T e m p é râ t .

»C
Cl S »/„ o

T u rb id ité

m g /l.

K

m g /l.

Ca

m g/l.

Mg

m g/l.

s u ite  d u P O S T E  N» 4

fin du 10 28,59 18,30 33 ,06 3,4
— 4— 18 27 ,97 18,78 33,93 4,4

19 fo n d

— 5— 0 30,09 5,89 10,66 5,7 161,0 116,0 430 ,5
18 h 1 29 ,68 13,20 23,86 5 ,2 238 ,0 230,0 962 ,0

à 2 29,63 14,14 25,55
18 h  15 5 29 ,55 16,26 29 ,38 4,0 363,0 298 ,0 1102,0

10 28,78 18,17 32,83 3,6 380,5 364,0 1327,0
17 28,08 18,68 33,75 5,8 387,0 368,0 1254,0
18 fond

P O S T E  N " 5 17 M A R S 1962

— 1— 0 27,92 6,53 11,82 6,6 167,0 130,0 457,0
7 h  15 1 28 ,40 7,90 14,29 4,4 200,0 05 60 o 578 ,5

à 2 29 ,12 13,35 24 ,13
7 h  25 5 29 ,12 16,54 29 ,88 2,9 363,0 340,0 1103,0

10 28,97 17,77 32,10 0 , 8 399,0 378,0 1178,0
20 28,27 18,64 33,68 4,6 445 ,0 392,0 1205,0
21 fo n d

— 2 — 0 29,21 9,47 17.12 5,0
9 h  45 1 29 ,13 10,07 18,21 5,4

à ,> 29 ,15 12,51 22,61
9 h 55 5 29 ,27 16,46 29,74 4,0

10 28 ,62 18,31 33,08 3,8
20 28 ,15 18,63 33,66 3,6
21 fond

— 3— 0 30,80 14,37 25,97 4 ,0
14 h  10 1 29 ,82 14,71 26 ,58 2,3

à 2 29 ,75 14,79 26,73
14 h  20 5 29 ,39 16,39 29,61 3,3

10 28 ,79 18,22 32 ,92 3,0
22 28 ,12 18,68 33,75 2,6
23 fo n d

— 4— 0 30,61 15,50 28,01 2,9
16 h  10 1 30 ,45 15,53 28 ,06 2,5

à 2 29 ,82 15,67 28,31
16 h 20 5 29 ,57 15,99 28 ,89 2,7

10 29 ,07 17,70 31,98 2 ,2
22 27 ,97 18,76 33,89 1,0
23 fond

P O S T E  N ° 6 17 M A R S 1962

— 1 — o 28 ,72 17,24 31,15 2,1
5 h  35 d 28 ,77 17,28 31 ,22

à 2 28 ,88 17,28 31 ,22
6 h  00 5 28 ,87 17,28 31,22 2 , 8

10 28,99 17,62 31,83
12,5 28 ,69 18,34 33,13 4,1
14,5 fond ■
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ÉTUDE DE LA SÉDIMENTATION AU LARGE DE l’ESTUAIRE DE LA BETSIBOKA 121

A'° de 
S ta tio n  

e t  h e u re

P ro fo n d e u r 

en  m

T e m p é râ t.

»C
Cl S °/oo

T u rb id ité

m g /l.

K

m g/l.

Ca

m g /l.

M g

m g /l.

s u ite  du P O S T E  N» 6

— 2 — 0 28,18 7,94 14,36 4,4
8 h  10 1 28 ,45 9,99 18,06

à 2 28,84 15,52 28 ,04
8 h  30 5 28,97 17,13 30 ,95 3,6

10 28 ,88 18,13 32,75
13 28 ,37 18,64 33 ,68 5,3
14 fo n d

— 3— 0 29,20 11,20 20 ,25 5,7
10 h  40 1 29 ,14 11,44 20 ,68

à 2 29 ,30 15,86 28 ,66
11 h 5 29 ,14 17,03 30,77 5

10 28,88 18,00 32 ,52
14 28 ,45 18,64 33 ,68 4,1
15 fo n d

— 4— 0 30,55 14,34 25,91 3,9
12 h  55 1 29 ,58 14,46 26 ,13 3 ,2

à 2 29 ,59 14,63 26 ,44
13 h  15 5 29,14 16,79 30,34 3,2

10 28 ,87 18,15 32,79 5,9
15 28,29 18,81 33 ,98 5,5
16 fo n d

— 5— 0 30,63 15,72 28 ,40 3,1
15 h  05 1 30 ,35 15,64 28 ,26

à 2 29 ,58 15,80 28,55
15 h  25 5 29,51 15,96 28 ,24

10 28 ,94 18,39 33 ,22
13 28 ,87 18,77 33,91 3,2
14 fond

P O S T E  N» 7 9 M A R S 1962

— 1— 0 28,81 15,14 27 ,36 2 ,2 I
6 h  45 1 28 ,90 15,13 27 ,34 2 ,6 1

à 2 28 ,97 15,23 27 ,52
7 h 5 28,99 16,34 29 ,52 3,2

10 28 ,99 16,76 30 ,28 7,0
11 fo n d

— 2 — 0 30,01 13,86 25 ,05 46 ,5
11 h  10 1 29 ,47 13,69 24 ,74 202 ,0

à 2 29 ,13 14,22 25,70 i
11 h  20 5 29 ,05 14,71 26 ,58 400 ,0 1

7 29 ,05 15,69 28 ,35 864 ,0
8 fo n d

— 3— 0 30,78 11,33 20 ,48 10,2 257,0 244 ,0 727,5
14 h  40 1 30 ,40 12,28 22 ,20 9,2 282 ,0 244 ,0 848 ,5

à 2 29,31 13,37 24 ,16
14 h  50 5 29 ,17 16,35 29,54 155,0 363,0 344,0 1084, U

7 29 ,12 16,50 29,81 241,0 363,0 352,0 1079,0
8 fond

' \ i
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N °  de 
S ta tio n  

e t  h e u re

P ro fo n d e u r 

en  m

T e m p é râ t .

»C
Cl »/„„ S °/oo

T u rb id ité

m g /l.

K

m g/l.

Ca

m g/l.

M g

m g /l.

P O S T E  N» 8 10 M A R S 196 2

— 1— 0 29,00 14,89 26,91 8 ,3
8 h  45 1 29 ,00 14,87 26,87 0 ,9

à 2 28 ,94 14,98 28,07
9 h 00 5 29 ,07 16,66 30,10 4,5

10 28 ,65 17,94 32,41 3,1
21 28 ,07 18,63 33,66 1,7
22 fo n d

— 2— 0 32,00 15,89 28,71 2,8
12 h  30 1 30,14 15,87 28,68 4,6

à 2 29 ,69 15,85 28,64
12 h 40 5 29 ,25 16,60 29,99 3,1

10 28 ,86 17,69 31,96 3,7
18 28 ,47 18,26 32,99 4,1
19 fo n d

— 3— 0 30,80 5 ,82 10,54 8,8 157,0 93,5 426 ,5
16 h 05 1 29,66 12,31 22,25 13,9 282 ,0 244,0 883 ,5

à 2 29,95 11,83 21 ,38
16 h  15 5 29,07 17,48 31,58 3,8 370,0 356,0 1192,0

10 28 ,80 17,94 32,41 2,4 387,0 364,0 1112,0
20 28,53 18,23 32,94 0,9 407,0 370,0 1218,0
21 fo n d

P O S T E  N ° 9 10 M A R S 1962

— 1— 0 28,61 17,71 32,00 2,1
7 h  20 1 28 ,58 17,73 32,03 4,9

à 2 28 ,58 17,74 32,05
7 h  30 5 28 ,58 17,84 32,23 2 ,0

10 28 ,52 18,08 32,66 4,8
21 28 ,09 18,77 33,91 3,2
22,5 fo n d

— 2— 0 30,31 14,98 27 ,07 4 ,5
11 h  20 1 29,51 14,99 27,09 2 ,9

à 2 29 ,30 15,04 27 ,18
11 h  30 5 28 ,75 17,85 • 32,25 0,8

10 28 ,45 18,31 33,08 0,9
19 28,21 18,69 33,77 1,6
20 fo n d

— 3— 0 32,30 15,47 27 ,95 4,8
14 h  55 1 29,79 15,91 28,75 4,4

à 2 29 ,52 16,54 29,88
15 h  05 5 29 ,07 17,39 31,42 1,4

10 28 ,57 18,28 33,03 0,8
19 28 ,17 18,74 33,86 0,8
20 fo n d
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N °  de 
S ta tio n  

e t  h e u re

P ro fo n d e u r 

en  m

T e m p é râ t.

°C
Cl ° / o o S "loo

T u rb id i té

m g /l.

K

m g/l.

Ca

m g /l.
\

M g

m g /l.

P O S T E  N ° 11 12 M A R S 1965

— 1— 0 29,50 14,85 26 ,83 4,1
6 h  50 1 29,53 14,87 26 ,87 4,1

à 2 29 ,52 14,93 26 ,98
7 h  00 5 29 ,17 16,88 30 ,50 0 ,8

9 29 ,15 17,19 31 ,06 1,0
10 fo n d

— 2— 0 30,08 11,45 2 0 ,7 0 5,7 2 6 9 ,0 2 12 ,0 813 ,0
11 h  15 1 29 ,92 13,70 24 ,76

à 2 29 ,90 12,83 23 ,19
11 h  25 5 29,85 14,54 26 ,27 5 ,2 315,0 268,0 959 ,0

8 29 ,62 15,78 28,51 6,2 337,0 276 ,0 1054,5

,_g__
9,5 fo n d

15 h  10 0 30 ,20 14,40 26 ,02 1,1
à 1 30,10 14,43 26 ,08 4,5 j

15 h  20 2 30 ,08 14,39 26 ,00
5 29 ,05 16,96 30 ,64 1,7
7 28 ,77 17,69 31 ,96 7,1

1

P O S T E  N ° 12 13 M A R S 1962

- 1 — 0 28,62 15,73 28 ,42 3,6
8 h 30 1 28 ,83 16,32 29 ,49 1,3

à 2 28 ,87 16,38 29,60
8 h  50 5 28 ,87 17,20 31 ,08 2,7

11 28,27 18,36 33,17 1,8
12 fo n d

j

— 2— 0 29,45 16,57 29 ,94 0,9
12 h  05 1 29 ,35 16,57 29 ,94 1,0

à 2 29 ,28 16,59 29 ,97
12 h 20 5 28 ,97 17,41 31 ,46 3,0

10 28 ,54 18,09 32 ,68 4,0
11 fo n d

— 3— 0 2 9 ,8 8 11,72 2 1 ,1 8 4 ,2
16 h  10 1 29 ,82 12,15 21 ,96 4,7

à 2 29,43 15,28 27,61
16 h  30 5 29,39 17,06 3 0 ,82 4 ,2

9 28,68 18,14 32,77 4,8
10 fo n d

P O S T E  N ° 13 13 M A R S  1962

— 1— 0 28 ,72 16,24 2 9 ,3 4 1,0 ! 1
7 h  25 1 29 ,00 16,61 30,01 0,8 i ;

à 2 29,07 16,77 3 0 ,30 1
7 h  35 5 28 ,85 17,50 31 ,62 4,7

15 28 ,22 18,57 33 ,55 3,1
24 27 ,27 19,00 34 ,33 4,0
25 fond
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124 L. BERTHOIS ET A. CROSNIER

N °  de 
S ta tio n  

e t  h e u re

P ro fo n d e u r  

en  m

T e m p é râ t .

»C
Cl °/oo S »/00

T u rb id ité

m g /l.

K

m g/l.

Ca

m g /l.

Mg

m g /l.

S u ite  du P O S T E  N » 13

— 2—
11 h  05 0 28 ,95 16,61 30,01 4,5

à 1 28 ,98 16,62 30,03 4,5
11 h  15 2 29 ,00 16,69 30,16

5 28 ,88 17,53 31,67 1,4
15 28 ,15 18,59 33 ,58 2,5
24 27 ,42 18,90 34 ,14 1,7
25 fo n d

— 3—
15 h  15 0 29,51 16,40 29,63 3,3

à 1 29 ,48 16,40 29,63 4,4
15 h  25 2 29 ,17 16,50 29,81

5 28 ,96 17,68 31,94 0,9
15 2 8 ,0 7 18,55 33,51 0,7
23 27 ,5 2 18,90 34,14 3,3
24 fo n d

P O S T E  N ° 15 12 M A R S 1962

— 1— 0 29 ,50 15,37 27,77 5,5
8 h 40 1 29 ,47 15,35 27 ,74 5,5

à 2 29 ,40 15,71 28 ,39
8 h 50 5 29 ,35 17,30 31,26 6,7

12 28 ,79 17,80 32,16 4,4
13,5 fo n d

— 2-— 0 30 ,02 15,49 27 ,99 3,5
12 h  25 1 29 ,95 15,50 28,01 3,0

à 2 29 ,74 15,73 28 ,42
12 h  35 5 29 ,67 16,54 29 ,88 3,4

11 29 ,09 18,00 32 ,52 4 ,2
12 fo n d

— 3— 0 29 ,67 16,03 28 ,96 1,4
17 h  20 1 29 ,68 16,03 28,96 3,2

à 2 29 ,68 16,08 29,05
17 h  30 5 28 ,8 2 17,79 32,14 4,4

12 27 ,48 18,35 33,15 1,4
13 fo n d

P O S T E  N ° 16 12 M A R S 1962

- 1 - 0 29 ,34 15,14 27 ,36 3,5  1
9 h  15 1 29 ,33 15,15 27 ,38 3,0  1 :

à 2 29 ,37 15,15 27 ,38 :

9 h  40 5 V 29,35 15,43 27 ,88 3,3  ;
10 29 ,15 17,05 30,81 3,5
22 27 ,90 18,47 33,37 3,9 1 1
23 fo n d

i 1
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ÉTUDE DE LA SÉDIMENTATION AU LARGE DE L’ESTUAIRE DE LA BETSIBOKA 125

JV° de 
S ta tio n  

e t  h e u re

P ro fo n d e u r 

e n  m

T e m p é râ t .

°C

G o o o S O/O»
T u rb id ité

m g /l.

K

m g /l.

Ca

m g /l.

M g

m g /l.

s u ite  du P O S T E  N 16

— 2— 0 29,91 14,92 26 ,96 4 ,2
13 h 1 29 ,90 14,94 27 ,00 5 ,2

à 2 29 ,90 14,95 27,01
13 h 45 5 29,45 16,69 30 ,16 3,9

10 28 ,62 18,14 32,77 5 ,2
20 27 ,14 18,94 34 ,22 10,0
21 fo n d

— 3— 0 29,45 16,15 29 ,18 3,0
18 h 2 0 1 29 ,50 16,09 29 ,07 4,0

à 2 29 ,50 16,13 29 ,14
18 h 30 5 29,43 16,52 29 ,85 3,6

10 28 ,82 17,96 32,45 3 ,2
20 27 ,97 18,61 33 ,62 5 ,0
22 fo n d

P O S T E  N ° 17 13 M A R S 1962

— 1— 0 28,70 16,25 29 ,36 0 ,8
6 h  30 1 28 ,70 16,25 29 ,36 1,1

à 2 28,80 16,39 29,61
6 h  40 5 28 ,58 17,69 31 ,96 3,3

15 28 ,04 18,56 33,53 0 ,8
31 26,47 19,22 34 ,72 0,9
32 fo n d

— 2— 0 28 ,82 16,58 29 ,96 3,0
10 h  05 1 28 ,80 16,55 29 ,90 4 ,0

à 2 28,81 16,47 29 ,76
10 h  15 5 28 ,87 17,27 31,20 0,9

15 27 ,65 18,75 33,87 2,7
31 26 ,55 19,11 34 ,52 5,4
32 fo n d

— 3— 0 29,34 13,90 25 ,15 2,8
13 h  55 1 29 ,18 15,09 27 ,27 1,0

à 2 29 ,00 16,33 29,51
14 h  15 5 28,79 17,46 31,55 0,8

15 27 ,99 18,55 33,51 4,4
29 2 6 ,9 2 19,07 34 ,45 4,5
30 fo n d

P O S T E  N» 19 9 M A R S 1962

— 1— 0 28 ,88 15,56 28 ,12 2 ,2 1
7 h  50 1 28 ,94 15,58 28 ,15 1,1

à 2 29,14 15,98 28 ,87
8 h 5 29 ,16 16,57 27 ,94 1,1

10 29 ,13 16,67 30 ,12 0 ,8
15 29 ,09 16,82 30 ,39 3,7
16 fo n d
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126 L. BERTHOIS ET A. CROSNIER

N °  de 
S ta tio n  

e t  h eu re

P ro fo n d e u r  

e n  m

T e m p é râ t .

»C
Cl °/„o S °/„ o

T u rb id ité

m g /l.

K

m g /l.

Ca

m g /l.

Mg

m g/l.

s u ite  d u P O S T E  N» 19

— 2— 0 30,11 14,84 2 6 ,82 5,5
12 h  00 1 29,71 15,25 2 7 ,56 3,3

à 2 29,64 15,66 2 8 ,30
12 h  10 5 29 ,46 16,36 2 9 ,56 3,3

10 29 ,25 16,70 30 ,17 2,2
12 29 ,02 17,05 30,81 0,7
12,5 fond

— 3— 0 30,19 15,74 28,44 3,3
15 h  45 1 29,91 15,93 28 ,78 4,1

à 2 29 ,78 16,13 29 ,14
15 h  55 5 29 ,15 16,73 30,23 1,6

10 28 ,99 17,19 31,06 4 ,4
14 28,99 17,20 31,08 9,4
15 fo n d

P O S T E  N» 20 9 M A R S 1962

— 1— 0 29,08 16,13 29,14 1,4
9 h  05 1 29,15 15,72 28 ,40 3,4

à 2 28,99 16,24 29 ,34
9 h  30 5 28 ,97 16,60 29,99 2,1

10 28 ,86 17,26 31,18 1,0
15 28,67 17,70 31 ,98 1,4
16 fo n d

— 2— 0 30,08 15,71 28 ,39 3,3
13 h  00 1 29,63 15,78 28,61 1,4

à 2 29 ,48 16,05 29 ,00
13 h  15 5 29,06 16,89 30 ,52 1,1

10 28 ,86 17,33 31,31 0,6
13 28 ,76 17,64 31 ,87 1,1
14 fo n d

— 3— 0 30,09 16,44 29 ,70 3,5
17 h  00 1 30,11 16,45 29 ,72 1,5

à 2 29 ,76 16,68 30,14
17 h  15 5 29,07 17,64 31,69 1,0

10 28 ,85 17,60 31,80 1,0
17 28,57 18,00 32 ,52 2,7
18 fo n d

P O S T E  N» 21 10 M A R S 1962

— 1— 0 28,40 18,13 32,75 1,5
6 h  20 1 28,43 18,12 32,74 0 ,6

à 2 28,44 18,13 32,75
6 h  30 *5 28 ,47 18,13 32,75 1,0

15 28,37 18,43 33 ,30 2 ,5
31 28 ,43 19,21 34,70 1,9
32 fo n d
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JV» de 
S la iio n  

e t  h e u re

P ro fo n d e u r 

e n  ra

T e m p é râ t.

«C
Cl °/oo S °/oo

T u rb id ité

m g /l.

K

m g /l.

Ca

m g /l.

Mg

m g /l.

s u ite  d u P O S T E  N - 21

— 2— 0 2 9 ,12 17,61 31,82 0 ,8
10 h  20 1 29 ,08 17,55 31,71 0,7

à 2 2 9 ,02 17,82 32,20
10 h  30 5 29 ,05 17,96 32,45 3 ,0

15 28 ,43 18,44 33,31 3 ,0
31 27 ,37 19,12 34,54 0,6
32 fo n d

— 3— 0 31,32 16,82 30,39 1,0
13 h  55 1 29 ,92 16,77 30,30 2,1

à 2 29 ,50 16,86 30,46
14 h  05 5 28 ,97 17,56 31,73 1,5

15 28,45 18,41 33,26 2 ,5
28 27 ,62 19,17 34,63 3 ,3
29 fo n d

P O S T E  N» 23 17 M A R S 1962

— 1— 0 29,28 14,30 25 ,84 0,8
11 h  45 5 2 9 ,02 17,22 31,11 2,6

à 10 29 ,07 18,09 32,68
11 h  50 20 29 ,15 19,13 34,56

150 fond
(en v iro n )

T a b l e a u  n °  14

MESURES DES VITESSES DU COURANT EN PÉRIODE DE CRUE DE LA BETSIBOKA

S ta tio n  
e t  h e u re

P ro fo n d e u r  
en  m

V ite sse  en  
m /sec. D ire c tio n

S ta tio n  
e t  h e u re

P ro fo n d e u r  
en  m

V ite sse  en  
m /sec . D ire c tio n

POS1r E  N» 1 15 M A R S 1962

— 1— 0 0,39 0» 4 0 0 ,88 330»
7 h  10 5 0 ,07 0° 14 h  00 5 0 ,15 0»

à 10 0 ,18 180» à 10 0 ,07 0»
7 h  20 18 0 ,23 180» 14 h  20 19 0 ,20 0»

19,5 fond 20 fo n d

— 2 — 0 0,29 340» — 5— 0 0,69
9 h  20 5 0.40 170» 16 h  00 5 0 ,28 0»

à 10 0,44 170» à 10 0 ,26 340»
9 h  32 18 0 ,35 170» 16 h  28 19 0 ,20 330»

19,50 fo n d 20 fo n d
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S ta lio n  
e t  h e u re

P ro fo n d e u r 
en  m

V ite ss e  en  
m /sec .

D ire c tio n S ta tio n  
e t  h e u re

P ro fo n d e u r 
en  m

V ite sse  en 
m /see .

D ire c tio n

s u ite  d u P O S T E  N " 1

— 3— 0 0,45
11 h  45 5 0,31 170»

à 10 0 ,36 180°
1} h  49 19 0 ,14 180°

20 îo n d

P O S T E  N» 2 8 M A R S 1962

— 1— 0 0,14 35° — 2—
6 h  00 5 0,37 130° 9 h  30 0 2,37 0°

à 10 0,17 90° 10 h  00 0 2,37 0°
6 h  30 25 ■0,27 90° 10 h  30 0 2 ,05 0°

27 fo n d 11 h  00 0 1,55 0°

P O S T E  N» 4 16 M A R S 1962

— 1— 0 0,42 270° — 4— 0 0,44 315°
7 h  30 5 0,22 0° 15 h  25 5 0,20 310°

à 10 0 ,15 10° à 10 0 ,10 350°
7 h  45 15 0 ,13 10° 15 h  37 16 0 ,09 350°

17,5 fond 18 fo n d

— 2— 0 0,54 270° — 5— 0 0,31 315°
10 h  10 5 0,25 250° 18 h  03 5 0,08 290°

à 10 0,13 305° à 10 0,27 0°
10 h  30 16 0 ,15 195° 18 h  11 16 0 ,27 0°

18 fo n d 18 fond

— 3— 0 0,56 290°
12 h  55 5 0,31 180°

à 10 0,33 130°
13 h  05 16 0,17 130°

18,5 fo n d

P O S T E  N ° 6 17 M A R S  1962

— 1— 0 0,36 300° — 3— 0 0,67 300°
5 h  32 5 0,28 0° 10 h  40 5 0,23 320°

à 12 0,19 à 8 0,11 235°
5 h  48 14,5 fo n d 10 h 55 12 0,02

14 fo n d

— 2— 0 1,00 300° — 4— 0 0,62 260°
8 h  17 5 0 ,38 350° 13 h  00 5 0 ,3 2 290°

à 8 0,23 350° à 8 0,10 135°
8 h  30 12 0,10 130° 13 h  15 12 0,21 135°

14 fo n d 16 fo n d

— 5— 0 0,50 260°
15 h  11 v5 0,39 300°

à 8 0 ,12 270°
15 h  19 12 0,10 270°

15 fo n d
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S ta tio n  
e t  h e u re

P ro fo n d e u r 
en  m

V ite sse  en  
m /sec .

D ire c tio n S ta tio n  
e t  h e u re

P ro fo n d e u r  
en  m

V ite sse  en  
m /sec .

D ire c tio n

P O S T E  N ° 12 13 M A R S 1962

— 1— 0 0,37 40° — 3—
8 h  35 5 0 ,12 110° 16 h  25 0 0 ,34 160°

à 11 0 ,0 9 110° à 5 0 ,29 100°
8 h  45 12 fo n d 16 h  30 9 0,22 100°

— 2— 0 0,29 350°
12 h  20 5 0 ,37 320°

à 9 0 ,35 280°
12 h  35 11 fo n d

P O S T E  N ° 16 12 M A R S 1962

— I —■ 0 0,31 4 0 “
9 h  20 5 0 ,12 35°

à 10 0 ,05 300°
9 h  45 — 0 ,1 2 100°

21 0 ,24 320°
22 fo n d

P O S T E  N» 20 9 M A R S 1962

— 1— 0 0,88 330° — 3— 0 0,57 220°
9 h  15 5 0,40 300° 17 h 5 0,60 200°

à 10 0 ,49 320° à 10 0 ,47 200°
9 h  35 15 0 ,27 340° 17 h  15 17 0 ,22 200°

16 fo n d 18 fo n d

— 2— 0 0 ,3 0 250°
13 h  05 5 0 ,55 230°

à 10 0 ,26 210°
13 h  30 13 0 ,28 180°

14 fo n d
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S U B M A R I N E  C A N Y O N S  O F F  T H E  E A S T  C O A S T  O F  I N D I A

Aí. Subba Rao f , K. Venkata Ratnam / ,  and P. R. Chandra §

INTRODUCTION

Except for the submarine canyons around 
Ceylon, the trough-like valley off the Ganges 
delta ( Hayter, 1960 ) and the suspected north- 
south running turbidity channels ( Dietz, 1953 ), 
the deep floor of the Bay of Bengal was believed 
until recently to be a monotonous plain gently 
sloping southwards into the Indian Ocean ( Dietz, 
1953 )- Its surrounding shelves and slopes too 
were thought to be devoid of any notable features. 
But as a result of the current intensive explora
tion of the Bay of Bengal in connection with 
the International Indian Ocean Expedition Pr ■>- 
gramme, its oceanography is now better understood 
and many physiographic features of the sea-floor 
such as mountain chains, submarine canyons, deep 
channels, etc., have been brought to light. It is 
the purpose of this paper to describe mainly the 
submarine canyons discovered along the shelf and 
continental slope between Visakhapatnam and Madras 
during the 18th Scientific Cruise of INS Kistna 
( August 2-9, 1964 ) organized by the Indian 
National Committee on Oceanic Research, New 
Delhi { INCOR ).

Even though the British Hydrographic charts 
have suggestively shown some canyons along the 
erst coast of India, La Foi d ( 1964) was 
the first to establish their existence on the east 
coast of India. The canyons discovered by La 
Fond are located E.N.E of Vi sakhapa t nam 
( Krishna, Mahadevan, and Andhra canyons bet

ween lat. 17°54' O N. : long 84°16' 2 E. and lat 
17344' ON. : 84 01' O E. ). These canyons cut 
into the continental slope. During the 15th Cruise 
of INS Kistna two sets of canyons have been 
reported off the Pondicherry coast between latitudes 
11 '30' N and 12° 10’ N ( Setty, 1964 ). In fact, 
there is a suggestion of these canyons in the 
British Admiralty chart No. 71 itself for here the 
100 fathoms isobath bends near the coast in 
several places During the 16th Cruise one canyon 
o ff the Penner confluence and another o ff the 
Gautami Godavari confluencce were discovered 
( Varadachari, 1964). The 18th Cruise was devoted 
mainly to geological work when a number of 
canyons have been identified off the Kakinada- 
Madras coast. Balarama Murty ( 1965 ) has since 
reported a canyon south of Puri ( Lat. 19°30' N : 
Long. 85°50' E * )

Desciiption of the Canyons :

The location of all the canyons and canyon
like features hitherto reported to exist along the 
east coast of India are shown in Fig. 1. Trans
verse profiles as obtained by the Edo Echosounder 
of some of the canyons are presented in Figs. 
3, 5, and 6. Depth values of the canyon-floors 
at different points as obtained from the echogram 
traces have been transferred on to the Hydrogra
phic charts. Utilizing these depth values together 
with those already available on the chart, an 
approximate contouring of such canyons as have

t  Department of Geology, Andhra University, Waltair, India.
Î  Senior Research Fellow, INCOR, New Delhi.
§ Geological Survey of India, Calcutta-12.
* International Indian Ocean Expedition -  Newsletter, India, Voll. II, No. 5.

Collected reprin ts o f  the In te rna tiona l In d ia n  Ocean E xp e d itio n , v o l. V I I ,  c o n tr ib u tio n  no . 540 1153
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traversed 3-4 times during the 18th Cruise has 
been attempted. The different canyons are given 
identifying names : a majority of them have been 
named after those rivers in the vicinty of whose 
confluences they are located.

f C*V.IM Canyon,

1 G a,-t»rN Cif> jo*'

F ig .  1

The E ast C oast o f  In d ia  
(Locations o f submarine canyons)

Swarnamtikh! canyon :

Four traverses were made across the Swarna- 
mukhi canyon ( Fig. 2 ). The one running near 
the coast at depths of around 25 fathoms has 
not revealed any topographic feature while the 
other three have revealed the canyon aspects in 
the echo profiles. It is presumed that the valley 
heads in around 30-35 fathoms depth. Toward 
the headward portion the profile ( Fig. 3 A ) shows 
a number of valleys marked a. b, c, d & e. The 
inter-valley crests are all very sharp except the 
one between a and b which is broad showing a 
notch marked x. The second traverse does not 
appear to have crossed the canyons at right 
angles to their trend for the profile shows un
equally sloping walls and also the floors are 
somewhat broader probably because of the mean
dering nature of the canyons ( Fig. 3 B ). But for 
the valleys incised in the deep central portion, 
the profile presents a U-shape in the most-seaward 
traverse ( Fig. 3 C ). At this crossing the valleys 
a, b, & c reach a depth of 700, 500, and 540 
fathoms respectively. The intervening sharp crests 
rise to 430 fathoms. The sharp pinnacles that 
show up on the northern wall of valley d are 
smoothened out in the profile II while they make 
their appearance again in the profile III. The 
southern wall of the valley a which is smooth 
in the profile I develops irregularities towards the 
east. The ridge between a and b become sharp 
in the profile II. Most of the smaller valleys are 
in general confined to the northern side of the 
topographic depression. While moving up the shelf 
from traverse III to traverse I, a valley having 
a crossing depth of 200 fathoms is encountered 
( Fig. 3 D ) .  This is obviously a tributary valley 
running into the major system from the south.

Penner canyon :

The Penner canyon was approached from the 
southern side during the 16th Cruise. The profile 
( not shown ) shows many valleys and terrace-like 
features of the continental slope towards the south. 
In the upper portion the feature consists of five 
valleys which are all typically V-shaped and the
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Swarnamukhi and Penner Canyons

intervening ridges are quite sharp. The deepest 
valley has a crossing depth of 450 fathoms. The 
profile shows that the northernmost wall is more 
rugged.

Nagarjuna canyon :

Three traverses were made across the Nagar
juna canyon ( Fig. 4 ). The canyon commences its

J ioo ■

(B) TRAVERSE II

course at about 25 
fathoms depth. The 
bottom of the canyon 
is narrow and Y-
shaped at its head 
(Fig. 5 A). It has a 
depth of 240 fathoms 
at this crossing; the 
canyon b eco m es  
broader seaward. The 
profile of travers« II 
( Fig. 5 B ) indicates 
a smaller southern 
valley and a larger 
northern valley with 
crossing depths of
200 and 350 fathoms 
respectively. Between 
traverses I and II as 
the ship moved down 
the slope, a small 
valley of 25 -  30 
fathoms depth was 
encountered. It is
possibly a tributary 
and a land w ard  
extension of the 
smaller valley that 
appeared in the profile 
of traverse II. Both 
the walls of the 
bigger valley are irre
gular either because 
of tributaries or of 

slump structures. Four valleys are revealed in the 
profile of traverse III ( Fig. 5 C ). From north to 
south these valleys have depths of 400, 470, 370
300 fathoms respectively at this crossing. The two
northern crests are sharp while the southern crest 
rising to 160 fathoms is broad with slump struc
tures. The tributary valleys that are only present 
as minor features in the central profile are well 
shaped into imposing valleys in the profile of 
traverse III. Thé major trend of the valley is 
towards the south-east.

Distance
(Cj T R AV£ ß SE Ul

L'ohc-tirr f'i 1'
Mr.gr,r.:’iria 0: ir'f-a
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« i.»

P ig . 4
Nagarjuna Canyon (bottom  l e f t )

Valleys between Krishna and Vasisbat-Godavari 
Confluences :

The entire continental slope between False 
Divi Point and Narsapur Point (Fig. 4) is indented 
by numerous valleys and trough-like features. These 
may aptly be described as delta-front troughs or 
valleys and they are of much bigger dimensions 
than the valleys and gullies which have been 
described by Shepard ( 1955 ) off the Mississippi 
delta and by Mathews and Shepard ( 1962 ) of the 
Fraser river delta, British Columbia, Canada. The 
Vasishat trough across which three traverses were 
made and the Machili canyon may be relegated 
to the category of delta-front valleys while the 
others may be described as delta-front gullies.

Godavari Canyon :

The Godavari canyon crossed in the 16th 
Cruise is made up of five valleys. The deepest 
of them is 275 fathoms deep (not shown).

Gautarai Canyon :

The traverse across the Gautami canyon shows 
in the echo profile four valleys designated as 
p, q, r, & which reach respectively depths of 
205, 230, 250 and 155 fathoms at this crossing 
( Fig. 6 D ). They are all V-shaped except r which 
shows conspicuous breaks in the slopes of its 
walls. The inter-valley ridge-crests are all sharp 
except the one between r and s which is broad 
and flat-topped.
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Other canyons :

Form the sparingly distributed soundirgs recor
ded on the Admiralty charts the likely existence 
of the following canyons is inferred :

Directly off Madras there appears to be a 
small canyon on the continental slope, tentatively 
named the Madras canyon. Between the Pulicat Lake 
and the Swarnamukhi canyon there is a possibility 
of three or more canyons of which the Armagon 
canyon has been traversed by the authors. To 
the north of the Andhra, Mahadevan, and Krishna 
canyons as far as 18° 30' N latitude and again 
off the Orissa coast north of Puri, a large number 
of canyons of impressive dimensions can be 
expected.

DISCUSSION

Shepard ( 1993, p. 238 ) has generalised that 
the shelf edge of the east coast of India 'is around 
50-70 fathoms except off the deltas where it 
shoals to 20 fathoms. But there are a few depar
tures from this generalised picture. Between Visakha- 
patanm and Kakinada the continental slope 
commences around 90-100 fathoms as shown by 
the profiles of the shelf off Visakhapatnam (Ku- 
kkuteswara Rao, and La Fond, 1954). Also to 
the north of latitude 18° 30' N as far as Puri the 
shelf-break occurs around 120 fathoms as indicated 
in the profiles of La Fond (1664). On the other 
hand, the break in slope in other parts occurs 
around 50-70 fathoms. From the available data, 
it is noted that it is exactly in the areas where 
the break in slope occurs at or below 50-70 
fathoms that the canyons are numerous. While 
we do not venture to suggest that there are no 
canyons where the slope commences around 100 
fathoms it is likely that the canyons in such areas 
may not have attained the dimensions of those 
discovered off the narrow shelves.

It is significant to note that on such coastal 
strips off which the shelves are relatively narrow 
and the cnyons are numerous, a number of rivers, 
large and small, youthful and old, debouch into 
the sea. Thus, the Palar, Varahanadi, Ponnaivar, 
Gadilam, Vellar, Coleroon and a number of small 
streams empty into the sea on the Pondicherry 
coast; the Kottalaiyar, Arani, Swarnamukhi, Uppu- 
teru, Penner and other smaller rivers on the 
Madras-Nellore; the Krishna and Godavari and
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their distributaries on the Central Andhra coast; 
Vamsadhara, Langulya and many other smaller 
streams on the Northern Andhra coast; and the 
Mahanadi and its distributaries on the Orissa 
coast. Also bigger valleys occur in the proximity 
of smaller rivers and vice versa with the 
exception of “Swatch of no ground”. But in no 
case do the trends of the present river channels 
appear to lead into the heads of ihe submarine 
canyons. A possible explanation would be that 
the seaward ends of the river-valleys as well as the 
headward portions of the submarine canyons are 
obscured since the end of the Pleistocene glacial 
stages or even earlier. Or the canyon heads did 
not cut across the shelf because they lacked the 
sediments necessary for submarine erosion since 
the rapid rise of sea-level during the Pleistocene.

Submarine valleys which have been classified 
into seven types by Shepard ( 1963, p. 311-312 ) 
might originate in a variety of ways. But in 
recent years most of the hypotheses explaining 
the canyons as the products of artesian springs 
coming out along the continental slopes, tsunamis, 
diastrophic movements, land slides etc., “have been 
gradually discarded, leaving only the turbidity 
current hypothesis and another which combines 
subaerial erosion with drowning and maintenance 
of the canyons by turbidity currents, submarine 
slides, and sand flows.” ( Shepard, 1963, p. 337 ). 
With the investigation of the canyons off the 
east coast of India still at the nascent stage it 
is far premature to ascribe a definite mode for 
their origin. However, one is tempted to explain 
some of these canyons as having been produced 
by subaerial erosion by rivers much earlier than 
the Pleistocene, for the east coast of India is said 
to have taken its present configuration as early 
as in the Upper Jurassic ( Krishnan, 1960, p. 76 ). 
The other smaller canyons located in the vicinity 
of the active rivers may owe their origin to the 
submarine processes such as those of the turbidity 
currents.

The Krishna and Godavari deltas are advan
cing seaward in an eastern direction much more 
rapidly than in the other directions. During the

high flood stages in the Godavari and Krishna 
rivers ( July-September ), the winds are predomi
nantly south -  westerly over the region where 
these rivers join the sea. The surface currents 
of July-August in the Bay of Bengal are directed 
in the area north and north-east. Consequently 
the fine detritus delivered to the sea by the rivers 
will be transported in a north-east direction into 
the deeper waters. In the post-south-west monsoon 
period, when the winds are light and variable the 
transport direction is influenced much by the 
surface currents in the ocean. Currents as deduced 
from the thermal field studies ( Ramasastry, and 
Balaramamuriy, 1957 ) are directed southwards below 
a depth of 100 feet in the entire region. But in the 
surface layer of 100 feet they are directed northwards 
towards the coast north of the Godavari conflu
ence and south of the Goadavari confluence they 
are directed southwards It may be surmised that 
the net effect of these current systems aided by 
other hydrodynamica! factors will be such as to 
trigger off mudflows and landslides that produce 
south-east-trending delta- front valleys.

CONCLUSION :

The authors are deeply aware that “ in spite 
of the amount of writing on the subject, the 
origion of canyons remains shrouded in mystery” 
( Guilcher, 1958 ). And yet they are inclined to 
believe that some of the canyons off the east 
coast of India were formed in the remote past, 
while some others have originated during the 
Pleistocene and have been maintained since then by 
progressive slumps, density flows, and slow creep.
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During the discussion that followed, Dr. J. P. 
Mishra remarked that while accounting for the 
origin of these canyons, the speaker had over
looked the role pf sea level changes just after 
the Pleistocene glacial period. At least some of

the canyons, which crossed the continental shelf 
and existed off the rivers of the Indian land, he 
felt, had been carved out by rivers and were only 
drowned river-valleys.
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R eprin ted  from  Okeanol. i s s l e d no. 18, 1968, p. 156-174

E. M. ropdeee
I PAHyJlOM ETPHHECKHH COCTAB B3BECH  

H3 nOBEPXHOCTHbIX BOA CEBEPHOH  
H UEHTPAJlbHOH HACTEH HHAHHCKOrO OKEAHA

HIiipoKHH KOMnjieKc nccaeaoBaHiin, npoBOAHBUiHxcH b Hhähhckom 
OKeaHe Ha a/c «BnTH3b» [1, 2], BKaioaaa 3HannTeabHbie paóoTbi no H3yae- 
Hiiio B3BemeHHoro BemecTBa b MopcKon Boae. KoaimecTBeHHoe pacnpeae- 
aemie B3BecH b noBepxHocraoM caoe boh  ceBepHon nacxH OKeana paccMar- 
piiBajiocb paHee [4], npeacTaBaaeTca nmepecHbiM BwncHHTb ocoèeHHocrn 
pacnpeaeaeHna B3BemeHHoro BemecTBa b 3aBHCHMOCTH ot KpynHOCTH aa- 
CTiin;. 3tot Bonpoc HMeeT öo.ibinoe 3HaneHiie a-ra BbiacHeHna 3aKOHOMepHO- 
eren coBpeMeHHoro ocaaKonaKonaeHna, a Taniae rnapoxnMnn, rnapoonTHKii 
n apynix pa3ü,ejioB oneaHoaornn [7],

I ¡,aa npoBefleHHH rpaHyaoMeTpnnecKoro anajima B3Becn oöwhho Tpe- 
öyeTCH HecKOJibKo rpaMMOB cyxoro BemecTBa. rioayneHHe Tanoro Koanae- 
CTBa B3BecH eraao B03M0>KHbiM jiHuib nocae BHeji,peHHH b npaKTHKy OKea- 
HOJioninecKHX paôoT hoboh MeTopiiKH c6opa B3BecH, b nepByio oaepeab 
BbicoKonpoH3BOAHTejibHbix npoMbiuiaeHHbix cenapaTopoB [6, 8].

Ha a/c «BHTH3b» b 33-m pence «jih cöopa B3BemeHHoro MaTepnaaa hc- 
no.Tb30Ba.iacb cenapaunoHHaa ycTaHOBKa, cocToaipaa H3 napbi cenapaTO- 
poB aßyx TnnoB niBea,cKon iJinpMbi He JlaBaab. KaMepHbin cenapaTop Tnna 
K-212-35S HMeeT óapaöaH h3 HepacaBeiomen CTaan c 5000 o6/muh. Tapeab- 
naTbiñ cenapaTop Tuna Vib 1929 C HMeeT Taione öapaöaH M3 HepacaBeromen 
CTajni c 6000 o6/muh. nonana boäh b cenapaTopbi ocymecTBaaaacb h3 ho- 
coBon nacTH cyaHa npn noMomn Hacoca BU,H-65y no noansTnaeHOBOMy 
m.iaHry, hto npeaoxpaHaao npoöbi ot nonaaanna b hhx rpa3H n piKaBinHbi. 
3tomy *e cnocoöcTBOBaji peiKHM paôora ycTaHOBKn — npoóbi oTÔnpaancb 
TOJibKo Ha xoay cyaHa, a Ha CTaHpnax cenapaTopbi BbiKaïonaancb.

KaMepHbin cenapaTop pa3aeaaeT B3BemeHHoe BemecTBO b 3aBHCHMOCTii 
ot mapaBannecKoii KpynHocrn Ha neTbipe cJipaKpnn, TapeabaaTbin aaeT 
oaHV ({ipaKHHIO.

CenapapnoHHaa ycTaHOBKa paöoTaaa no cxeMe nocaeaoBaTeabHoro 
BKaioneHna, t. e. Boaa CHaaaaa nocTynaaa b KaMepHbin cenapaTop, ras 
OTaeaaancb aeTbipe (Jipanunn B3Becn, 3aTeM b TapeabnaTbin, rae yaaBan- 
Baancb 6oaee Meamie nacmubi, He ocesmiie b naMepHOM cenapaTope. 
B iiTore mm noayaaan nam (JipaKpnn. KpoMe SToro, nocae cpeMa B3Becn 
113 cenapaTopoB, Bee aeiaan óapaóaHOB, c KOTopbix He yaaaocb coöpaib  
B3Becb MexaHiinecKH, TipaTeabHO oÔMbisaancb hhctoh Boaon, KOTOpaa 3a- 
TeM a.TH OTaeaeHiia ocTaBinenca B3Becn nponycnaaacb aepe3 aaöopaTop- 
Hbiñ cenapaTop Lab-202 c aiicaoM oöopoTOB ôapaôana 15 000 b 1 muh. Ta- 
KHM o6pa30M, B3Becb H3 cenapaTopoB npaKTimecKH H3BaeKaaacb noa- 
IIOCTblO.
156

1160 Collected reprints o f the International Ind ian  Ocean Expedition, vol. V II, contribution no, 541



T y

23 43.

38-J

P h c . ] .  C x e M a  p acn ojioJK eH H H  ce n a p a iu iO H H b ix  n p o ö  h KOHueHTpaaHH B 3B ecn  b  n o ß ep X H O cr-
HOM CJIOe BO AH

/ — M ecía B3HTHÎ! n p o 6 u  n ee  HOMep; KOHueHTpauHH (b s ¡ m 3):  2—  MeHbiue 0,1; 5 —0,1—0,2; 4— 0,2—0,3; 5 —
6oJib ine 0,3

OnbiTHbiM nyT£M óbiJio ycxaHOBJieno, h t o  H a n ó o j iee  noJiHo B3Becb b ce-  
n a p a r o p a x  OTAenajiacb n p n  n p o u 3 B O n m e j i b H O C T H  h x  2 ,5 — 3 M o i n a e .  O o h h h o  
3JIB nojiyneHiifl o a h o í í  n p oób i ycTaHOBKa p a ö o T a j ia  HenpepbiBHO Ha x o a v  
o v a  Ha b TeneHne 2 0 — 3 0  h o c  ii n ep ep a öa T b iB a jia  7 0 — 100 m 3 b o a h ,  t .  e. b 
o a h v  n p o 6 y  nonaA aA  B3BerueHHbiH MaTepnaji, coôpaHH bin c  OTpe3Ka n y ™  
b 2 5 0 — 3 0 0  MHJib ( 4 5 0 — 5 5 0  k m ) .  CjiyÔHHa 3 a 6 o p a  b o a h  p aB H nnacb  0 — 5 m.

B c e r o  3a p e ñ e  ôbijio  nojiyneH o 6 6  n p o 6  B3Becn (h3  h h x  55  H en o cp ea -  
CTBCHHO b H h a h h c k o m  oKeaHe) 113 5 5 0 0  m 3 noBepxHOCTHoñ b o a « .  CxeMa 
pacnoJio>KeHHH n p o 6  n o K a 3 a n a  Ha p n c .  1.

O apajiJiejibHo c OTóopoM n p o ó  MeTOAOM c e n a p a u n n  Ha k 3>kaoh  c t 3 h -  
H.HH ( a  Ha n e p e x o a a x  6 e 3  c t3 h h ,h h )  Tpn p a 3 a  b cyTKH npoH3BOAHJicn oTÔop 
n p o ó  b o a  bi A.TH onpeAejieHHH coAep>KaHHH B3BecH m c to a o m  MeMÓpanHoñ 
yjibTpat|)HJibTpauHH. 3 t o  A aeaJio  HaAe>KHbie AaHHbie o KOHueHTpapHH B3Be- 
cH b KaHsAoñ OTAejibHOH Tonne, b t o  BpeMH n a n  cenapauHOHHbie n p o ôb l  
HBnn.iHCb c y m m a p h  w m h h xapaKTCpii30BajiH ynacTKH oKeaHa ó o j ib iu oñ  n p o -  
TH>KeHHOCTH.

ripoóbi B3BecH, nojiyqeHHbie m cto a o m  cenapauHñ, cpa3y nocJie nojiyne- 
HHH BbicyuiiiBaJiiicb npn TeiwnepaType o k o j i o  70°. TpaHyjioMeTpHqecKHH aria- 
JIH3 B3Becn npoH3BOAnncH no MeTOAy HHCTHxyTa oKeaHOJiorHH [9, 10], p a3-  
paôoTaHHOMy ajih  ocaAKOB. IlpHMeHMMOCTb ero k  aHajiH3y B3Becn óbiJia 
yôeAHTeAbHo noKa3ana Ha MaTepuajiax 2 -r o  peñea Mopcicon AnTapKTiine- 
CKOH SKCneAIIHHH Ha a /3  «06b» [7].
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08 15 io. iu. 
104 11

01 25  c.  m. 
104 39

0 5  55  
114 40

08  18 
119 37

0 6  12 
123 08

13°33' c .  ui. 
90 54

01 40  
87 07

0 6  31 c .  ui. 
90 40

01 23 c.  u l . 

95 31

■18 0 4  
90 55

1 2 19
95  58

03  48  
94 07

01 49 io. lu.

96  10

0 5  18 io. m. 
100 38

08 10
104 39

0 6  16 io. ui.
105 22

02 49 c.  m. 
107 43

08  22 
119 15

06 30  
122 40

0 4  56  
126 59

CpeflHHa KOHneHT- 
paflH H  B 3B ecH , e/m-

0 , 1 3 8

0 , 1 1 5

0 , 2 3 0

0,120

0 , 1 2 7

0 ,3 7 0

0 ,2 1 3

0 ,1 7 2

Pe3vjibTaTbi rpaHyjioMeTpHwecKoro aHajiH3a B3BecH cBeneHbi B Taôji. 1. 
ieft TaïOKe aaHbi BpeMH h KoopnHHaTbi nanana h KOHiia paôoTbi cenapa- 
>OB KOHUeHTpaUHH B3BeCH H pe>KHM paÔOTbl yCTaHOBKH. BoJIbLUHHCTBO 
)6 nojiyMeHO npn nocJienoBaTejibHoii paôoTe KaMepHoro h Tapejib^aToro 
lapaTopoB, ho b Äßyx cjiyiaax B3Becb coónpanacb TOJibKo Ha ohhom kh- 
qhom. Taie KaK KOHueHTpauHH B3BecH onpeaeiiHiiacb no cyMMe Bcex 
aKUHH, nonyaeHHbix Ha oôohx cenaparopax, to  b cnynae. paôOTbi o^noro 
wepHoro cenapaTopa ätih onpeAeJieHHH KOHueHTpauHH BBOAHjiacb no-
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T a Ö J i n u a  1 (oKoHiaHHe)

r  p an y jio M eT p iiH e cK T iH COCTaB
00 1 a/M3

<t>paKi;HH, mu

>0,1 0,1—0,05 0,05—0,01
0,01—
0,005 0,005—0,001 <0,001 >0,1 0,1—0,05 0,05—

0,01 0,01—
0,005

0,005—
0,001 <0,001

0 , 7 3 4 , 4 0 2 1 , 2 4 1 2 ,0 9 1 3 ,9 2 4 7 , 6 2 0 ,0 0 1 0 , 0 0 6 0 , 0 2 9 0 , 0 1 7 0 , 0 1 9 0 , 0 6 6

1 , 0 6 8 , 1 0 3 3 ,8 0 5 ,2 8 1 3 ,7 3 3 8 ,0 3 0 ,0 0 1 0 , 0 0 9 0 ,0 3 9 0 , 0 0 6 0 , 0 1 6 0 , 0 4 4

1 ,7 7 6 ,7 1 3 0 , 7 4 9 ,8 9 1 4 ,8 5 3 6 , 0 4 0 , 0 0 4 0 , 0 1 5 0 ,0 7 1 0 , 0 2 3 0 , 0 3 4 0 , 0 8 3

0 , 7 2 4 , 6 9 2 1 , 3 0 8 , 6 6 2 0 , 2 2 4 4 ,4 1 0 ,0 0 2 0 , 0 1 0 ,0 4 7 0 , 0 1 9 0 , 0 4 4 0 ,0 9 7

0 , 7 1 3 , 2 0 2 7 ,0 5 8 . 5 4 2 5 ,2 7 3 5 ,2 3 0 ,0 0 1 0 , 0 0 4 0 , 0 3 4 0 ,0 1 1 0 , 0 3 2 0 , 0 4 5

0 , 3 5 8 , 8 3 3 9 ,5 9 8 , 8 3 7 , 7 7 3 4 ,6 3 0 ,0 0 1 0 , 0 3 3 0 , 1 4 6 0 , 0 3 3 0 , 0 2 9 0 , 1 2 8

0 , 6 6 0 , 9 9 8 , 3 0 6 , 3 2 1 8 ,6 0 6 5 ,1 3 0 , 0 0 1 0 ,0 0 2 0 , 0 1 8 0 , 0 1 3 0 , 0 4 0 ,1 3 9

1 ,7 8 1 ,7 8 1 5 ,6 6 1 9 ,5 7 1 8 ,8 6 4 2 , 3 5 0 , 0 0 3 0 ,0 0 3 0 ,0 2 7 0 , 0 3 4 0 , 0 3 2 0 , 0 7 3

iipaBKa. OHa onpeAe.iHJiacb no cpe^HeMy KcviHHecTBy b3B6ch, nojiyneHHOH 
Tapejib^aTbiM cenapaTopoM b Asyx cocejiHux npoöax.

B HCKOTOpbix ciiyqaax xoAHAecTBa b3bgch M3 o a h o h  npoöbi a a h  npo- 
H3BoflCTBa aHajiH3a öbiJio HeAOCTaTOHHO. no3TOMy npHxoAH^iocb o6i>eAH- 
HHTb ABe, HHorAa Tpii coceAHne npoöbi, n coAep>KaHHe ({jpaKiiHft onpeAeAsm» 
b nepecqeTe Ha cpeAHioio koh  neHTp a  u n  io cyMMapHbix npo6.

K aK  BHAHO H3 T a 6 a . 1, OCHOBHyiO HaCTb B3BeCH COCTaBAHKJT HaCTHUH 
pa3M epHOCTbio M eHee 0 , 0 1  mm, t .  e . OTHOCHiimeca k ne.iHTOBOH (JjpaKnun.
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B noAaBJiHïomeM ôonbinnHCTBe n p o 6  K o n iin ecrao  nennTOBon ipPaKUHH c0' 
CTaBJiHeT oKOJio 70%  h o o n e e ,  t .  e. B3BemeHHbin MaTepnaji n o  c y in e c r a y io -  
m e n  KnaccinJniKanrni oca^KOB [3] cooTBeTCTByeT t j ihhhcthm  hjibm.

PaccMOTpHM ocooeHHocTH pacnpeAeneHnn pa3nnnHbix (Jipanniin B3Becn 
b noBepxHOCTHOM cnoe boa ceBepHon nacra  H hahhcko to  oiœaHa no a sh h u m  
33-ro penca a/c «Bnra3b» (pnc. 2). 3 t o t  Bonpoc noApoÔHO ocBemeH 
A. n .  JlncnubiHbiM no MaTepnaJiaM 2-ro penca a/3 «05b» b ochobhom aah  
lonraon nacra  oneaHa [7] ,  J J j i h  ceBepHon nac ra  oxeaHa npHBOAHTcn AaHHbie 
TOJibKo no oTAeJibHbiM ynacrnaM KOKHon nac ra  ApaBnncKoro Mopn n BeH- 
rajibCKoro 3annBa, KOTOpbie bxoah t  b paccMaTpnBaeMbiii panoH; ara AaH- 
Hbie MOryT ÔbITb epaBHHMbI C HaïUHMH AäHHbIMH. IlpH COnOCTaBJieHHH AaH- 
Hbix «Oôn» h «Bnra3H» pa3AHnnn oôycnoBneiibi b ochobhom AByMH npnnn- 
H3MH: côop B3Becn npoH3BOAiinc5î pa3AHHHbiMH m iia n n  cenapaTopoB II B 
pa3Hoe BpeMa rona (MaTepnanbi «06n»  o thoch tch  k BeceHHe-JieTHeMy ce- 
30Hy, «Bhth3h» — k oceHHe-3HMHeMy).

H a c r a n u  pa3Mepo.M ô o n e e  0 ,0 5  m m  co cra B n u io r  He3HannTejibHyio 
nacTb B3Becn, npeB bim an b peAKiix c n y n a u x  1 0% , ochobh3h n<e M acca a r a x  
n a c r a n  cocraBAH eT 5 — 7%  (p n c . 2, A ) .  ,H,oBonbHO o r a e r a n B o  iiccneAOBaH- 
Han aK BaTopna pa3.ienHeTCH n o  coA epw aH H io n a c r a n  ô o n e e  0 ,0 5  mm Ha Äße 
o ô n a c r a :  ceB epH yio —  c coAepneaHneM  n a c r a n  ô o n e e  5%  h K»KHyio —  c co -  
A epxaH ne.M  n a c r a n  MeHee 5 % . T paH nna M em ny hhm ii n p oxon u T  npnM epH o  
b p a n o n e  10— 2 0°  io. in. H e ó o n b in a n  o ô n a c r a , c  coneprnaH iieM  n a c r a n  MeHee 
5 % , BbiAëAHeTCH raKbxe b jan aA H on  n a c r a  A p aB n ncK oro Mopn, n p n n e r a ïo -  
m e n  k ApaBHHCKOMy n o n y o c r p o B y , b KpacHOM, KOnrao-KriTancKOM n U e n e -  
ôeccKOM M opnx. JTnuib b AByx M ecTax K on im ecrao  T annx n a c r a n  HecKOJibKO 
npeB biinaeT  10% : b ceB epH on n a c r a  A p aB n n cK oro  M o p n —  12,9%  h y  ocT po- 
Ba U e iin o H — 1 0 ,8 % . EcTecraeH H o Ôbino 6bi npennono/K H Tb, n o  n o  M epe 
npnÔAHiKeHHH k n o ó e p e w b io  H h a h h , rn e  BnanaiOT T anne MouiHbie b o a h m s  
cncTeMbi, n a n  H h a  n TaHr, ôyaeT  H aôm oA aracn  yB enim eH nè coA epniaH H n  
bo B3Becn n a c r a n  pa3M epH O craio ô o n e e  0 ,0 5  m m . f i o  HauniM a b h h h m , n a n  
n n o  ASHHbiM, nonyneHHbiM Ha a / s  « 0 6 b » ,  a r a r o  He nponcxoA H T. B e p o n r a o ,  
pa3rp y3K a K pynH 03epnncT oro  p en n o ro  M aT epnana nponcxoA H T b H en ocp en -  
craeH H on 6jih30ctii o t  6 e p e r a .

rio AaHHbiM A. FI. Jliicnnbma, b panoHe 10—20° io. m. Taïone (Jihkch- 
pyeTcn rpaHiipa m okay ceBepHon oônacraio, ôonee oóoraineHHOñ nacra- 
naMii KpynHee 0,05 m m ,  n io jk h oh . H o  KonnnecTBO nx HecKonbKo MeHbuie: 
Ann ceBepHofi o ô n a cra —  1— 2 % , a a h  io jk h o b —  0 ,5 — 1%.

P a cn p eA en eH iie  M enKoaneBpiiTOBon (Jipannnn (0 ,0 5 — 0,01 m m )  b ochob- 
Hbix n ep T ax  cxoaho c pacnpeA eneH neM  n acT n n  npynH ee 0 ,0 5  m m  (p n c . 2 , B ) .  
3 A ecb  r a n n te  mo>kho B biA ejinra Aße ôoA b in n e o ô n a c r a :  ceB epH yio n ronrayio, 
x a p a K T ep n 3 y io in n ec ii cooTBeTcraeH H o 3HaneHHHMn KOHneHTpannn mcjiko- 
aneBpHTOBoro M aT epnana ô o n e e  n MeHee 2 0 % .  B 3anaA H on n a c r a  paccM aT- 
pnB aeM on o ô n a c n i  p a fló n  c conep xtaH iieM  tfipannn n  0 ,0 5 — 0,01 m m  (MeHee 
2 0 % )  ô o n e e  oôm npH bin , ne.M noKa33HHbin Ha p n c. 2, A aa h  (jipannnn  ô o n e e  
0 ,0 5  m m ,  n oxB a ra iea eT  o o n n in y io  n a c r a  K p acH oro  Mopn n boaw, OMbiBaïo- 
in n e  BOCTOHHoe n oôep e/K b e A p aB nncK oro n on yocT p oB a  n C oM ann. B ceB ep -  
Hon n a c r a  A p aB n n cK oro  Mopn BbiAenneTcn panoH  c  coA epm aH neM  bo b3bc- 
cn  M enKoro a n eB p u ra  MeHee 2 0 % ,  m o  roB opnT  o He3HannTenbHOM bahuhhh 
Ha coA ep m aH iie  a r a n  4>paKnnn T eppureH H oro cT ona p en n  H h a . noB bim eH - 
Hoe c o A e p n o H n e  MenKoaneBDRTOBbix n a c r a n  (ô o n e e  3 0 % )  OTMenaeTcn b 
ceBepo-BocTOHHon nacT ii on eaH a, oxB aT biB aioinen BOCTonHyio n a c r a  EeH- 
ranbCKoro 3 am iB a , A H A an an cK oe M ope n panoH  3anaA H ee ocT poBa CyMaT- 
p a . 3 t o  oô^HCHneTcn bhcokhm coAepnxaHHeM b a r a x  B on ax  (JiHTonnaHKTOHa, 
B ochobhom AH3T0M0Bbix [5], KOTOpbie n o  pa3M epaM  n on an a ioT  bo (Jipannnio  
0 ,0 5 — 0,01 m m .

ü o  AaHHbiM 2-ro penca n/a « O ô b » , ceBepHan nacra H hahhckoto oneaHa 
TaKHte xapaKTepn3yeTCn coAepmaHneM MenKoaneBpnTOBon (Jipannnn nopiiA-
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n a  2 0 — 3 0 % , h o  o ô n a c r a  noHnnteHHon KOHneHTpaniiii b 3anaAHon n a c r a  h 
B KpaCHOM M ope 3TII.miI AaHHbIMH He (JlHKCHpyeTCÍI, HTO CBH33HO C Ce30H- 
HblMH OCOÔeHHOCTHMH.

HecK onbK o im á n  KapraHa HaôniOAaeTCH b p a c n p e A e n e H n n  n e n n r o B o r o
M aT epnana B3Becn (pa3MepHOCTb n acT im  MeHee 0 ,01 m m ,  pnc .  2, B ) .  B  neHT- 
panbHOH nacTii nccnenoB aH H on n n o in a n i i  KOJiHnecTBO iix  cocra B n u eT  6 0 —  
7 0 % , yMeHbiuaiicb k ceBepo-BOCTOKy (AHAaMaHCKoe Mope) a o  3HaneHnn,  
HecKonbKo n p eB b im aiom H x 5 0 % .  K  rory h 3 a n a A y  nponcxoAHT nocTeneHH oe  
vBemineHHe KOHneurpaniin neniiTa, AOCTiiraïoniee b 3anaA H on nacTii A p a -  
BHHCKoro h K p a c i io r o  Mopen h lo n m e e  20°  io. m . 80%  h ô o n e e .  y ß en im eH H e  
KonnnecTBa nenuTOBoro M aT ep n an a  b ceBepribix n a c r a x  A p a B n n cK o ro  Mopn  
n BeHranbCKoro 3am iB a , n o  AaHiibiM M iinpocKoniin , CBH3aHO b o ch o b h o m  co  
3HamiTenbHbiM nocTvnneHneM T eppnreH iioro  M aT epnana c BonaMH p e n  Hh- 
n a  n T a u r a .  3 t o  vB ennneH iie  nponcxoAHT b o ch o b h o m  3a cneT tjipaKnmi 
MeuKoro n e n n r a .

T a n a n  ute  K ap n iH a HaóniOAaeTCH b 3anaA H on n a c r a  A p a B n n cK o ro  Mopn  
n b KpacHOM Mope, ho  y B en n neH ne KonnnecTBa nennTOBbix n a c r a n  n p o n c x o -  
AHT 3Aecb 3a cneT nocTynneHHH a o n o B o r o  M aT epnana c ô ep ero B  ApaBHti-  
c k o t o  n o n y o c T p o B a  h AifipHKH, npnneM  ocHOBHyio M accy  n a c r a n  c o cra B u n eT  
KpyniibiH neniiT.

i l o  A a H H b i M  A . l'I. r i H c i i n b i H a ,  nonyneHHbiM b o  2 - m  p e n c e  a / a « O ô b » ,  

y n en n n e H n e  nennTOBoro M aT ep nana  c  BOCTOKa H a  3 a n a n  b  b o a s x  ceBepH on  
n a c r a  H h a h h c k o t o  on eaH a ne  oTMenaeTcn h  KonnnecTBO e r o  c o c T a B n n e T  
7 0 — 8 0 % , t .  e. c o s n a n a e T  c HanniMn AaHHbiMH.

C B o e o 6 p a 3 n a a  KapraHa BbipncoBbiBaeTcn npii paccMOTpeHnn p a c n p e n e -  
neHim  nennTOBoro M aT epnana bo  B3Becn n o  OTAenbHbiM tJipaKniiHM.

KpynHbin nem iT (p a3M ep H ocra  n a c r a n  0 ,0 1 — 0 ,0 0 5  m m , pnc .  2 , A) p a c -  
n p en en eH  nonTii rio Been aKBaTopim AOBonbHO paBHOMepHO OKono 1 0% .  
Jliiu ib  b b o c t o h h o î i  n a c r a  A p a B n n cK o r o  Mopn e r o  KonnnecTBO y B eu n n n-  
BaeTcn a o  BenunnHbi, npeB b in ia to in en  2 0 % ,  n ro ,  n a n  y n te  oTM enanocb, cbîi-  
3aHO c nocTynneHiie.M s o n o  b o t o  M aT epnana c cyn in .

B p a cn p e A en eH im  ô o n e e  t o h k o t o  nennTOBoro M aT ep n an a  (({ipannnn  
0 , 0 0 5 — 0,001  m m , pnc .  2, J J )  oÔHapyjKHBaeTcn n e r a a n  cyÔMepHAHOHanbHan 
30HanbHOCTb. 3 a n a A H a n  n a c r a  H h a h h c k o t o  on eaH a  xap aK T ep n3yeT cn  co-  
AepntaHneM n a c r a n  5 — 1 0% . B  b o c t o h h o h  n a c r a  KonnnecTBO n a c r a n  n p e -  
BbiuiaeT 10% , a s  B o n a x  y  noôepe>Kbn Cy.MaTpbi n b neHTpanbHon nacTH 
BeHranbCKoro 3 a n n u a  AOcraraeT cooTBeTCTBeHHO 2 5  n 3 2 % .

O ô p a r a a n  KapraH a H aôm oA aeT cn  b p a cn p e A en eH iin  H a n ô o n e e  t o h k o t o  
nennTOBoro M aT epnana ((Jipannnn MeHbine 0 ,001  m m ,  pnc .  2, E ). K a n  b i ia h o  
H3 p n c .  2 , E  n T aôn . 1, neniiTOBan (JjpaKnnu, KaK n p a B im o ,  ô o n e e  neM Ha 
8 0 — 90 %  c o c t o h t  u s  MenKonennTOBoro M aT ep n an a , t .  e. co cra B n u eT  o c h o b -  
Hyio n a c r a  oxeaHCKOH B3Becn B o o ô in e .  H a n ô o n b i n e e  K o m m e c r a o  TaKiix na-  
CTiin, A o cT n ra ïo in ee  6 0 — 7 0 % , OTMenaeTca b KpacHOM Mope n b ceB ep o -  
3anaAHoii n a c r a  A p a B n n cK o r o  Mopn, u t o  c b h 3 3 h o  c nocTynneHneM  T eppn-  
reHHoro M aT ep nana , n a n  s o n o B o r o  c A p a B n n cK o ro  n o n y o cT p o B a ,  t 3 k  h pen-  
Horo c BOAaMH p ex ii  H h a .  Ho Mepe npOABiinteHnu Ha b o c t o k  KonnnecTBO 
MenKonennTOBbix n a c r a n  nocren eH H o yMeHbinaeTcn b neHTpanbHon n a c r a  
OKeaHa n cocTaBUneT 4 0 — 5 0 % , a b b o c t o h h o h  n a c r a  BeHranbCKoro 3 a n n B a  
n AHAaMaHCKOM n o p e  —  MeHee 4 0 % .  M n H im a n b H o e  3HaneHne —  2 0 ,1 %  
OTMenaeTca b k o k h o h  nacTH BeHranbCKoro 3a n n B a .  C A p y ro n  CTopoHbi, ko-  
nnnecTBO a r a x  n a c r a n  HecKonbKo y B en nn n B a eT cn  n p n  a b h jk c h h h  c c eB ep a  
n a  ior  n lon raee  20°  io. ui. A o cra ra e T  6 9 % .  ü p n  cpaBHeHnn pacnpeneneH H H  
TOHKonennTOBoro M aT epnana b ApaBnncKOM M ope n BeHranbCKOM 3 a n n B e  
o ô p a in a e T  Ha c e ô n  BHHMaHne c n a ô o e  BnnnH ne T eppnreH H oro CTOKa TaHra  
n  H p a B aA n  n o  cpaBHeHnio c  H h a o m . 3 t o  cBH3aHo c T en , nra  paôoTbi b A p a -  
BHHCKOM MOpe npOII3BOAHnHCb oceHbio, K orua nponcxoA HT CMeHa neTHerO 
MyccoHa Ha 3hmiiiih, conpoBontAaïoinaHCH oônnbHbiM BbinaAeiineM ccaAKOB
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P hc . 2. C xeM U  rpaH yjioM eT

A  —  cyM M a $ p a K i;H il  O o .ib iiie  0,05 m m : 1 — MeHbine 2,5; 2 — 2,5—5; 5 — 5—10, 4 —  Oojiee 10; 5  — (|>aKTH>ie- 
c u o e  c o j e p * a H H e  b n poöe: B  — MeJiKoajieBpHTOBaa <{)paKu,HB (0,05—0,01 m m ): /  — M eH bine 10; 2 — 10—20; 

■3— 20—30; 4 — ö o j ie e  30; 5—  (JiaKTHHecKoe c o n e p /K a m ie  b  r ip o ö e ;
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B

'3 .

5

r

9,3

20

p im e c K o r o  co c T a B a  B 3B ecn  ( b  % )

-Æ — neJiHTODaH cfcpaKijHH (MeHbiue 0,01 m m ) :  1 —  MeHbüie 60; 2 — 60—70; 3 — 70—80; 4 —  Gojiee 80; 5 —  
THHecKoe coaep>KaHHe a npoGe; r  — {frpaKUHH 0,01—0,005 m m :  / — MeHbiue 5; 2—5— 10; 3 —10—20; 4 — 

Cojiee 20; 5— cfcaKTHMecKOe con ep w aiiH e b  n poße
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E

P h c . 2 . C x e M b i rpaH y jiO M eT pH M ecK O "o  c o c i a B a  B 3B ecii ( b % )

H  — (J)paKUHH 0.005—0,001 mm: 1— M e t i b u i e  5; 2 — 5— 10: 5—10—20; 4—20—30; 5— ôojiee  30; 6 — ( J î a K T H M e -  

C K o e  co,aep>KaHHe b  n poôe; E  —  cJjpaKUHH MeHbiue 0,001 mm: I—  MeHbiue 30; 2—30—40; 3—40—50; 4—  

50—60; 5 —  60— 70; 6  —  6o;iee 70; 7 —  (fcaKTHuecKoe co^epHiaHne b  npoôe
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b ôacceÔ H e peKH H iia . B  BeHranbCKOM ace 3anHBe p a ô o r a i  npoii3BOAHniicb  
3HMOH, KOr^a TBepAblH CTOK peKH TaHr MHHHMaJieH.

Ü 3  paccMOTpeHHH p n c .  2, E  oraeraHBO b h a h o ,  h t o  b o am  3anaAHoii n a c r a  
H h a h h c k o t o  OKeaHa ô o n b m e  oô or a m eH b i to h k h m  nenHTOBbiM MaTepiianoM,  
neM b o c t o h h o h .  T a n a a  a<e KapraH a BbiaBnaeTca h n o  AaHHbiM A. n .  J Ihch-  
HbiHa, noJiyneHHbiM Ana ioh<hoh n a c r a  H h a h h c k o f o  oK eaiia  bo 2 - m  p e n c e  
A/a « 0 6 b » .

B  p acnpeA ejieH iin  n a c r a n  B3Becn b 3aBHCHM0CTH o t  h x  KpynH ocra  HaMe- 
n aeT ca  o n p eA en eH n a a  TeHAennnn. T a n ,  ecAH A na (})paKniiH KpynHee 0 ,0 5  m m  
acHO Bbipa>KeHa m n p o r a a n  TOHanbHocra, t o  c yMeHbineHneM pa3MepHOcra  
nacran, nponcxoAHT nocT eneH H a» n e p e c T p o n n a  o ô in e r o  njiaHa p a c n p eA e -  
n e m i a  B3Becn n bo (JjpaKnnnx 0 ,0 0 5 — 0,001  m m  h MeHee OHa nepexoAHT b 
cyÔMepnAnona.TbHyKj.

Ü 3  p n c .  2 b h a h o ,  h t o  ocHOBHaa n a c r a  B3BemeHHoro M aT epnana b n oB ep x-  
HOCTHbix BOAax (b cpeAHeM OKOAO 7 0 % )  HMeeT nejiHTOByio emparam o, n pn -  
neM H a n ô o n e e  MenKaa e e  n o A ^ P a n p H a  (MeHee 0 ,001  m m ) c o cra B u a e T  o k o u o  
nonoBHHbi B cero  KOJinnecTBa B3Becn.

M nKpocK onnnecKH e iiccneAOBaHiia yKa3biBaiOT Ha t o ,  h t o  ocHOBHaa 
n a c r a  B3BecH npeACTaBneHa n a cr a n a M ii  opraHH necKoro np on cx on iA eH iia .  
3 t o  noATBepn<AaeTCH Tannce K apraH oü pacnpeAejieHHH opraH H necK oro y r n e -  
poA a h (Jjoccfjopa, KOTopaa 6ah3ko coB naA aeT  c pacnpeA eneH iieM  o c h o b h o î i  
(JjpaKpHH —  MeHee 0 ,001  m m .

O n p en en eH H yio  p on b  b pacnpeAejieHHH B3Becn, ocoôeHHO e e  nenHTOBOH 
(jjpaKHHH, b ceBepHbix n a c r a x  ApaBHHCKoro M opa h BeHranbCKoro 3am iB a  
n rp aeT  TeppHreHHbiH M aTepnan, n o cT y n a ïo in n ii  b p e3yjib raT e a o n o B o r o  ne-  
peHOca h c  penHbiMH boahmii  MHAa h FaH ra, npnneM BAiiHHHe TaHra CKa3bi- 
BaeTCH MeHbine, n e v  FÎHAa. y B e n u n e H iie  coAep>KaHHH rienHTOBbix n a c r a n  b 
cyôaHTapKTimecKHx w i i p o r a x  CBH3aHo b ochobhom  c ô o n e e  aKTHBHbiMH 
ÔHoreHHbiMH n p o n ec ca M ii .

Bbirne p a ccM a T p im a n ca  rpaHynoMeTpiinecKHii cocTaB B3Becn b np on eH -  
Tax KaiKAOH cjipaKnini o t  o ô m e r o  e e  KOJinnecTBa. B o  m h o t h x  c n y n a a x  ô o n b -  
uiOH HHTepec npeACTaBAnex p a c n p e n e n e H i ie  nacTHn B3Becn pa3nHHHbix 
(JipannHH b M a / a . T a n  Kan KonnnecTBO B3BemeHHoro M a n ep u a n a  b K a m n on  
n p o ô e  M ano, t o  n p n  TanoM n ep e cn eT e  BejiimiiHbi 0Ka3biBai0TCH hh3Khmh,  
o coöeH H o Ann HenoTopbix ({jpaKniin b p a lio H ax  c h h 3 k o h  KOHneHTpanuen  
B3BCCH ( n p a ß a a  n a c r a  r a ô n .  1 ) .

H a  p n c .  3, A — E  noKa3aHO p a cn p en en e H H e  pa3nHHHbix (jipaKUHH b en n -  
im i ie  o ó t e M a  b o a «  Ana n o B e p x u o c r a o r o  c n o a  H h a h h c k o t o  oneai-ia.

KoH neH T panna i i a n ó o n e e .  KpynHbix nacTHn B3Becn ((jipaKmia ô o n e e  
0 ,0 5  m m  pnc .  3, A )  K on eô n eT ca  b n p e n e n a x  o t  MeHee 0 ,0 0 5  a¡M3 (BOCTomibie 
nacTH ApaBHHCKoro Mopa h BeHranbCKoro 3anHBa b pañoH  lo a raee  20°  io. in.)  
Ao 0 ,0 3 — 0 ,0 3 4  a / M 3 ( A a ê h c k h h  3anHB h tOarao-KHTaHCKoe M o p e) ,  ü o  co-  
AepaoHHK) a r a x  n a c r a n  HccnenoBaH Hyio aKBaTopnio m oikho b nepBOM n pn -  
6nHH<eHHH pa3AennTb Ha Aße n a c r a :  ceBepHyio h loarayio .  C eB epH aa  nacTb  
(ceB ep H ee  0 — 10° io. iu .)  xapaK T epH 3yeTca 3HaneHHHMH KOHneirrpanHH na-  
CTiin 6 o n e e  0 ,0 5  m m  —  0 ,0 1 — 0 ,0 2  a / M 3, l o a r a a a —  6 o n e e  h h3kh m h  —  MeHee 
0,01 s / m 3. T a x a a  * e  o ô n a c r a  noHHa<eHHoro c o A e p a o H H a  a r a x  n a c r a n  Bbine-  
n a e T c a  b b o c t o h h o h  n a c r a  ApaBHHCKoro Mopa. K oH neH Tpannn n a c r a n  ô o n e e  
0 ,0 5  m m , n o  AamibiM 2 -ro  p e l i c a  a / s  « O ô b » ,  3iianHTenbHO HHace h cocTaBnaioT  
A na BeHranbCKoro 3anHBa 0 ,0 0 1 — 0 ,0 0 5  a / M 3, a A na AneHCKoro 3 a n n B a —• 
0 ,0 0 2  a / M 3.

KonnnecTBo MenKoaneBpnTOBbix nacran ((JjpaKnna 0 ,0 5 —0 ,01  mm , 
pnc. 3, B )  3HanHTenbHO ôonbine, h KapraHa nx pacnpeAeneHna ônH3Ka k 
npeAWAyineü. Oônacra noHHaieHHoro conepaiaHHH (MeHee 0 ,0 2 5  a / M 3) Bbi- 
AenaiOTca roa m ee  10—2 0°  io. ui. (0 ,0 1 2  a/M3) h k io ry  o t  ApaBHHCKoro no- 
nyocTpoBa BAonb 60°  b. a- (oKono 0 ,0 2  a / m 3) .  Oônacra, pacnonoaieHHaa k 
ceBepy o t  10—20°  io. ui., xapaKTepH3yeTca b o c h o b h o m  cpenneñ KOHneurpa-
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u n e n  M e j i KoajieBpHTOBHX n a c r a i* —  0 ,0 2 5 — 0 ,0 5  s / m 3. B o j ie e  BbicoKoe n x  
coAep>KaHHe ( 0 ,0 7 — 0 ,0 8  z / m 3) OTMenaeTCH b A ä c h c k o m  3ajiHBe, b p aiioH e  
a p x i in e j ia r a  T ln e r o -T a p c n a  n b AH^aMancKOM Mope, h t o  c b h 3 3 h o  c 6oJiee  
HHTeHCHBHbiM pa3BHTneM flHaTOMOBbix [5], ocHOBnaH nacTb KOTopbix n o n a -  
3 ,aeT n o  pa3MepaM b MejiKoaneBpHTOByio cjrpaKinno. CaMasr Oojibinan k o h -  
ueHTpauHH o6Hapy>KeHa b io jk h oh  H a c m  lOníHO-KiiTaiicKoro Mopn h cocTaB-  
cm er  0 ,1 4 6  z / m 3. i l o  gaHHbiM 2 -r o  p e n c a  p j s  « 0 6 b » ,  KOjiiinecTBo M ejiKoajies-  
pnTOBbix nacTHn; b BeHrajibCKOM 3ajiHBe cocTaBjiaeT 0,11 z / m 3, b A a c h c k o m  
3ajuiBe —  0 ,0 3  z / m 3, a n o  HauiHM ^anHbiM —  cooTBeTCTBeHno 0 ,0 3 5  h 
0 ,0 6 9  z / m 3.

HecKOJibKo HHan KapTnna Haójno,n,aeTCH b pacnpeAejieHHH n e j im o B o n  
(|)paKLi,HH (nacTHUbi MeHee 0 ,01 m m ,  pnc .  3, B ) .  IloBbniieHHbie K on n en T p a u u n  
3T0H (JjpaKumi (ó o j ib in e  0,1 z / m 3) OTMenaiOTCH b ceB e p o-3 an a A H on  nacTn  
paccM aT piiBaeM on oöJiacTH, o c o ö e i i n o  b A a c h c k o m  3ajn iB e n KpacHOM Mope,  
r a e  OHa a o cT n raeT  0 ,2 7 7  z / m 3. T a n a n  nre oöaa.cTb BbiaeaneTCH b b o c t o h h o h  
nacTii, npiiMbiKarouren k oerpoB V  CyM aTpa, h b lO/KHo-KnTaïicKOM Mope.  
B  kdtkhoh » e  n a c r a  h BeHrajibCKOM 3 a a n B e  KOHneHTpanna K o a e ö a e i c a  b 
n p e a e a a x  0 ,0 6 — 0 ,0 9  z / m 3.

II3 paccM OTpenun p n c .  3 , B — E  b i ia h o ,  h t o  p a c n p e a e a e H n e  nejiHTOBoro 
M a T ep n aaa  KOHTpojinpyeTcrr b o ch o b h o m  (^ p a n n n en  TOHHanmero nenHTa  
(MeHee 0 ,001  m m ) ,  KOTOpaa cocT aB aneT  ocHOBHyio nacTb B3Becn. O cT a ab -  
Hbie noac^paKHHH ne  OKa3biBaiOT cym ecT B erm o ro  b jih h hh h  Ha p a c n p e a e a e -  
Hiie Been (|)paKUHH.

KoannecTBO n a c m n ,  p a3M epnocT bio  0 ,0 1 — 0 ,0 0 5  m m  (p n c .  3, E )  b ó o a b -  
xuHHCTBe n p o ö  KoaeöaeTCH b n p e a e a a x  0 ,0 1 — 0 ,0 2  z / m 3, HecKoabKO c o x p a -  
ia a n c b  (a o  0 , 0 0 6 — 0 ,0 0 8  z / m 3 ) b  io>khoh nacTH 11 BenraabCKOM 3aaiiB e ,  
n yBeaiiHHBaeTCH a o  0 ,0 2 — 0 ,0 2 5  z / m 3 b p an o H e M aabauB CK iix  ocTpoBOB, 
a p x u n e a a r a  M a ro c  n 3 a n a a n e e  ocTpoBa CyM aTpa. M axciiM yM a (0 ,0 3 3  z / m 3) 
OHH aOCTHraiOT B K)>KHO-KnTaHCKOM Mope.

AHaaoTHHHaH KapTHHa, n a n  n o  npocTpaHCTBeHHOMV p a c n p o c T p a H e m n o ,  
Tan n rio KoirneHTpamin, n p ea cT a B a a eT  c o ö o n  p a c n p e a e a e n n e  cjrp arau m  
0 ,0 0 5 — 0,001 m m  (p n c .  3, ¡ Z ) . B  o ch o b h o m  KoannecTBO a r a x  nacTHn c o c ra B -  
aa eT  0 ,0 1 — 0 ,0 2  z / m 3, h  jimiib Ha ceBepo-BOCTOxe B w a e a a e T c a  o ö a a c T b  6 0 - 
a e e  b h c o k h x  KOHueHTpamm (a o  0 ,0 3 — 0 ,0 4  z / m 3) .

P a c n p e a e a e r n ie  ir a n ö o a e e  t o h k o t o  neanTOBoro M a T ep n aa a  (cjrpaKUHH 
Menee 0 ,001  m m ,  p n c .  3, E )  cy m ecT B e m io  «Hoe. 3 a e c b  BbiaeanioTCH b o c h o b 
hom a s e  o ô n a c r a :  3 a n a a n a n  n b o c t o h h 3 h .  B 3 a n a a H o n  —  KoannecTBo 4>PaK‘ 
miH c o cT a B a n er  ö o a e e  0 ,0 5  z / m 3 (n a m e  B cero  ö o a e e  0,1 z / m 3) ,  a o cT iira n  
b lOTKHon nacTH K p a c i io r o  Mopn 0 ,2 5  z / m 3. B b o c t o h h o h  —  KoHUCHTpainiH, 
xaK n p a B iia o ,  He npeBbiuiaeT 0 ,0 5  z / m 3, 3 a ncKaiOHeHneM p a n o n a  3 a n a a H e e  
ocTpoBa C yM aTpa, r a e  OHa HecxoabK o Bbiuie 0 ,0 5  z / m 3.

H 3 paccMOTpemiH KapT KOHueiiTpaiuift OTaeabHbix cjjpaKiuin b 3b cch  b ea u -  
H11 ue o6"beMa B oaw  (p nc .  3 )  n Kaprai K oniiH ecraeH noro p a c n p e a e a e m i n  B3Be- 
CH (p n c .  1) B iiano, h t o  npocTpaHCTBeHiioc p a cn p ea ecr en i ie  OTaeabHbix ( p p a x -  
mifi 3aBiiciiT b o ch o b h o m  o t  KOHnenTpaniiH B3BeujeHHoro M aT ep n a aa  b iio-  
BepXHOCTHOM CaOe BOabl.

A B S T R A C T

T h e  p a p e r  a n a l y s e s  th e  c h e m i c a l  c o m p o s i t i o n  o f  s u s p e n s i o n  o b t a i n e d  by  
th e  s e p a r a t io n  m e t h o d  fr o m  t h e  s u r f a c e  w a t e r s  o f  t h e  n o r th  a n d  c e n tr a l  
p a r t s  o f  th e  I n d i a n  O c e a n  d u r i n g  th e  3 3 rd  c r u i s e  o f  th e  e / s  « V i t y a z » .  T h e  
s c h e m e s  o f  th e  a r e a  d i s t r ib u t io n  o f  s e p a r a t e  e l e m e n t s  a n d  c h e m i c a l  c o m 
p o u n d s  a re  g i v e n  in  p er  c e n t  o f  t h e  t o t a l  a m o u n t  o f  s u s p e n s i o n  a n d  in  m m  
o f  d r y  m a t te r  p er  II o f  w a te r .

T h e  m e a n  c o n t e n t  o f  o r g a n i c  c a r b o n  in  s u s p e n s i o n  i s  13 .6%  ( l i m i t s  o f  
v a r ia t io n  7 .2 — 1 9 .6 % , in  c o n v e r t i o n  to  v o l u m e  th e  s u r f a c e  w a t e r s  h a v e
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0.01— 0.03 mg/1). The m axim al quan tity  of organ ic  carbon is found in the 
w a te rs  of the Aden Gulf and the Red Sea: 0.47— 0.67 mg/1 (16—20% of 
suspension).  The m ean iron content is 10.4% (the varia tions  limits are 
3.8— 19.0%) and 0.017 mg/1 (0.009— 0.044 mg/1). The eas te rn  p a r t  of the 
studied area of the ocean is characterised by higher concentration of iron in 
mspension, i. e. more than  10% (0.02— 0.03 mg/1). The calcium carbonate 
rn suspension m akes from 3.5 to 10% with the m ean va lue  6.5% and in 
convertion to the volume of w a te r  it is 0.005—0.026 mg/1 (average  value 
is 0.012 mg/1). Two p a r ts  of the ocean are d istinguished  according to 
calcium ca rbonate  content: eas te rn  (less than  7.5% and less than 
0.01 mg/1) and western  (more than  7.5% and  more th an  0.01 m g/l) .  
Amorphous silica w as  determ ined only for the A rabian Sea. Its southern 
p ar t  contains about 2% of suspension (0.0017 m g/l) ,  while on the periphery 
it is not less than  0.5% (less than  0.001 m g/l) .  Phosphorus in suspension 
makes 0.21— 0.46% (m ean value  0.34%) and correspondingly  0 . 0 0 0 4 — 
0.0011 m g/l (mean 0.0006 m g/l) .  M axim al quantities  of it a re  noted in the 
north-w estern  p ar t  of the studied a rea  and m inimal in the eastern.
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R eprin ted  from Okeanol. i s s l e d no. 18, 1968, p. 175-192

E. ff. ropdeee
XHMHHECKHH COCTAB B3BECH H3 nOBEPXHOCTHbIX BOA 

CEBEPHOH H UEHTPAJIbHOH HACTEH HHAHMCKOTO OKEAHA 
(no AanHbiM 33-ro peiica a/c «BnT$i3b»)

K o n n n e c r a e H H o e  p a c n p e A e n e H n e  h  r p a i i y n o M e T p H n e c x i i f t  c o c T a B  B 3 B e c n  b  

n o B e p x H o c T H O M  c n o e  b o a  H h a h h c x o t o  o x e a H a  p a c c i v i a T p i i B a n c H  p a H e e  x a x  

A n n  i o í k h o h  e r o  n a c r a  [ 6 — 8 ] ,  T a x  h  a a h  c e B e p H O H  [4], B A a H H o i i  c r a r a e  A a -  
e T C H  p a c n p e A e n e H H e  H e x o T o p b i x  x H M H n e c x n x  a n e i v i e H T O B  b o  B 3 B e c H  H 3  n o -  

B e p X H O C T H b l X  B O A  U e H T p a A b H O H  H 3 C T H  H H A H H C X O T O  O X e a H a  n o  A a H H b I M  

3 3 - r o  p e n c a  a / c  « B n T H 3 b »  [ 1 ] .  ü i H p o x H H  x p y r  B o n p o c o B ,  c B H 3 a n H b i n  c  p a c -  

n p e A e j i e m i e M  X H M i i n e c K H X  a n e i v i e H T O B  b o  B 3 B e c n ,  A e T a j i b H O  n c c n e A O B a n c f l  

A. n .  A n c H i i b i H b i M  [9] no M a i e p n a n a M  2-ro p e l i c a  a / 3  «06b» pjin i o î x h o m  
n a c r a  o x e a H a  h  H e x o T o p b i x  p a n o H O B  c e B e p H o n  n a c r a .

X H M u n e c x H H  cocTaB B 3 B e m e H n o r o  B e m e c r a a  ( f j o p M u p y e r c f l  b  p e 3 y n b T 3 T e  

C O B M e C T H O r O  A e n C T B H H  M H O T H X  ( J i a X T O p O B ,  n a C T O  C B H 3 a H H b I X  Me>KAy C O Ö O H  

c j i o > K H b i M H  r e H e r a n e c x H M i i  n e p e x o A a M H .  Ha x o n H n e c r a e H H o e  c o A e p > x a H H e ,  

x a x  h  H a  X H M H H e c x n n  c o c i a B  B 3 B e c n  o x e a H H n e c x H X  b o a , o r p o M H o e  B J i H H H n e  

o x a 3 b i B a x ) T  n p o p e c c b i ,  c B H 3 3 H H b i e  c  Ô H O J i o r n n e c x o H  n p o A y K T H B H O C T b i o .  M h o -  
r a e  X H M H n e c x n e  a n e M e H T b i  x o H i j e H T p H p y i o T C H  o p r a H H 3 M 3 M H  4 >h t o - h 3 0 0 - 
n j r a H X T O i - i a  b  B e p x H e M  ö i i o n o r a n e c x n  3 x t h b h o m  c n o e  b o a . T a x  x a x  p a c n p e *  

A e n e H H e  h  c o c r a B  a r a x  o p r a H H 3 M O B  C B H 3 a H  c x n H M a r a n e c x H M H  y c n o B H H M H ,  

t o  p a c n p e A e j i e n n e  X H M i m e c H H X  a n e i v i e H T O B  b o  B 3 B e c n  n ,  b  x o H e n H O M  c n e T e ,  

b  A O H H b i x  o c a A x a x  C B H 3 a H o  c  x j i H M a r a n e c x o n  3 0 H a n b H 0 C T b i o .

ApyrHM B3>XHbIM (|)aXTOpOM reHe3HCa XHMHneCXHX 3AeMeHT0B BO B3BeCH 
oxeaHHnecxnx b o a  h b a h c t c h  TeppnreHHbiH MaTepnan, xoTopbifl rax>xe 33BH- 
c h t  o t  xjiHMaranecxoH 30HanbH0cra. Ha pacnpeAeneHHe XHMHnecxHX a n e -  

MeHTOB BO B3BeCH 3T0T MaTepHajI MOJXeT 0Xa3bIBaTb BJIHHHHe B CBH3H C 

npHBHOcoM c cyiHH nacran, oôorameHHbix TeMH h a h  h h m m h  coeAHHeHHHMH,
H A H  C O p Ö H p O B a H H e M  HeXOTOpbIX XHMHneCXHX 3AeMeHT0B TOHXHMH TAHHHCTbl- 
MH nacranaMH.

H e x o T o p o e  Bniinmie Ha XHMHnecxHH cocTaB B3Becn oxa3biBaeT BynxaHH- 
necxan AenTenbiiocra h nocTynAeHHe xocMoreHHoro MaTepnana.

H 3 y n e H H e  B 3 B e i u e i i H o r o  B e m e c T B a  « b a h c t c h  c o c T a B H o n  n a c r a i o  n c c n e -  

A 0 B 3 H H H  M O p C X H X  A O H H b I X  0C3AK0B, n03T0M y RJl f l  H C C A e A O B a H H H  X O A H H e -  

c T B e H H o r o  h  x a n e c r a e i i H o r o  c o c T a B a  B 3 B e c n  n p H M e H n n a c b  T a  > x e  ¡ v i e T O A u x a ,  

H T O  H A n  H A O H H b I X  0 C 3 A K 0 B .

A  a h  xHMHnecxoro ananH3a OTÔnpanHCb npoôbi cyxoñ B3BecH BecoM 
AO 5  e. Tax xax xajxAan npoôa B3Becn, JionyneHHaH cenapaitHOHHOH ycra- 
H0BX0H, COCTOHT 113 6 (f)paXIl,HH [3], TO AAH aHaAH3a B3BeCb OTÖH- 
panacb h 3  xa/XAOïi (JipaxuHH nponopnnoHanbHO Becy. Kax npaBHno, 
b oTxpbiTbix n a c r a x  oxeana x o a h m cctb o  B3Becn b o a h o h  npoôe H enociaTonHO
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Pire.  1. Lxe . ua  pacno; io;Ke?iJiH c ena panHon i i Li x  n p o 6  n K O i mc Hi p am m B3Becu « n o ß e p M i o r r -
HOM CJIOe BOABI

1 -  Mecra qíííinît npo6i>i h ce noMcp; KonuenTpaumi niBocii (b k¿¡a): 2 — mchcc tU, - 0,1- n.j,
4 — 0 ,2 -0 ,3 ; 3 — öojree n,.'1,

A a h  u p o n 3 B o ; i c T n a  r p a i i y . i o M e x p i i ' i e c K o r o  n  x i i M i m c c K o r o  a n a . ' i n . î o i s .  I l o a x o -  
Aiy n p i i v a i i n o c b  o o - b e . u u i H T b  A b e - x p n ,  i m o i y i a  n e x b i p e  ô . - n m e / K a i m i e  i i p o ô b i ,  
MTO n p i i B o j H . a o  k  y c p e n i i c i u i i o  3 i i a > i e i i n i i  o x A e . i b i i b i x  K OM i i o i i e i i T O B  i s 3 n e c n .  
K a k a a n  i i p o ö a  B 3 H r n t  x a p a n r e p i o y e i  y a a c x o K  n p o i ü / K c i n i o c i b i o  2 5 0  - 
3 0 0  Mi i . xb ;  n o a x o M V  n p i ï  o ô b c ; ; n i i c i i i n i  u e c i v O . i b K i i x  n p o ù  c o A e p > K a i u i e  k o m i i o -  
n e n T O B  o n p e A C . x H C x c H  y / K C  a a î i  a o b o a b i i o  ô o j i b i u n x  y a a c x K O b  —  a o  5 0 0  M iu ib  
n  ô o j i e e .  3 x o  B eACT k  y M e n b i u e i i i n o  e i c n c i i i i  A i i i ) ) ( J ) c p e H m i a m m  3 n a ' i e H H H  
K O M n o K t - i i x o B  B 3 B e c n  n o  i u i o i u a A H  h  k  c K p a A b i n a i i i n o  J i o K a n b i i b i x  y n a c T K O B  
S K c x p e M f b x b i i b i x  3 i i a > i c i r i i i r .

X i i M i m e c K i i e  a n a j i n a b i  6  h  a h  B b i n o j i i i e H b i  b  J l a o o p a x o p i m  M o p c K o i i  r e o a o -  
r i m  h  r e o x i i M i i i i  C o i 0 3 M o p i i n n n p o e K T a  c o x p y ; ; i n i K a M i i  M .  H .  T o x B a x ,
A .  T .  C a M o c y A O B O H  il M .  I I .  B o 3 H e c e H C K o i i  i i o a  p j 'k o b o a c t b o m  O .  H .  3 e n e n -
CKOII.

B  m a o  i i p o a n a A H 3 i i p o B a i i o  4 8  c e n a p a m i o m i b i x  i i p o ñ  ( 2 1  o ó b C A i i u c i i i i b i x ) , 
n o A y n e m i b i x  h 3  n o B e p x i i o c n i b i x  b o a  c e a e p i i o i i  a a e x u  H i i A i i i i c K o r o  o x e a i i a  n a  
n p o T H > K e n i i H  n y x i i  c ; i e A O B a n i p i  c y A H a  b  1 5  0 0 0  m h a i > .  C ó o p  i i p o ô  i i b i i i o a i i e n  
b  3 T 0 M  p e i i e e  b  o c e i i H e - 3 i i M H e - B e c e H H i i H  n e p n o A  ( o K x a ô p b  1960 r . —  a n p e j i b  
1 9 6 1  r . ) .  O c o ó e i i n o c x i i  c ó o p a  B 3 B C U i e H H b i x  n a c r a n  c e i i a p a i n i o i n i o i i  y e x a -  
HOBKOH b  3 3 -m p e i i e e  a / c  « B i ix H 3 b » ,  A a i iH b ie  o  K O A H n e c m e i i n o M  c o A e p > K a m i i i  
B 3 B e c H  n  r p a H y A O M e x p p m e c K o w  c o c x a B e  6 h a h  n p i m e A e n b i  p a i i c e  [4 ] , B  p a -  
6oT ax n o  c ö o p y  B 3 B e c n  b  3 3 -m p e i i e e ,  K p o M e  a B X o p a ,  n p i n i H M a . x  y u a c x n e
B. B. Ulimopnii.
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Ï a ó j i H u a  1

XHMHHecKHH cocTaB B3Becn H3 noBepxHocTHorú ejión  boa  HHAHHCKoro OKeaHa n o  AaHHbiM 33-ro pelica a /c  «BHT03b»

Xe npo6 B3BecH
CpçflHHa c opr 1 C aC 03 Fe SiO 2aMOptJ)H. p Mn

KOHneHTpa- 
ipifl, Me/A °u MZ/A % 1 M3 ¡A 0'0 MS/A "o 1 M3/A % Me/A 0/0 MS/A

3 0 ,3 4 0 1 9 ,6 0 0 ,0 6 6 6 1 4 ,6 6 0 ,0 1 5 8 3 ,7 7 0 ,0 1 2 8 1 ,7 3 0 ,0 0 5 9 0 0 ,3 2 0,0011 0,01 0 ,0 0 0 0 3
4 +  5 0 ,2 9 2 1 6 ,1 0 0 ,0 4 7 0 8 ,9 4 0 ,0 2 6 1 6,00 0 ,0 1 7 5 0 ,3 0 0 ,0 0 0 8 8 0,01 0 ,0 0 0 0 3
6+  8 0 ,1 7 3 1 5 ,3 2 0 ,0 2 6 5 9 ,6 4 0 ,0 1 6 7 7 ,3 8 0,0128 0 ,5 0 0 ,0 0 0 8 6 0 ,4 3 0,0007 0,01 0,00002
9 + 1 0 0,211 1 6 ,7 3 0 ,0 3 5 3 7 ,6 8 0 ,0 1 6 2 6 ,4 7 0 ,0 1 3 0 0 ,1 5 0 ,0 0 0 3 2 0 ,4 4 0 ,0 0 0 9 IIe.maiHT. ca. HeaHaaliT. ca.

1 4 + 1 5 + 1 6 0 ,1 2 9 1 2 ,4 5 0 ,0 1 6 1 7 ,2 3 0 ,0 0 9 3 9 ,4 8 0,0122 1 ,3 6 0 ,0 0 1 7 0 0 ,3 9 0 ,0 0 0 5 0,01 0,00001
18 0 ,1 4 2 1 8 ,6 4 0 ,0 2 6 5 3 ,4 8 0 ,0 0 4 9 7 ,1 4 0,0101 0 ,8 0 0 ,0 0 1 1 4 0 ,3 6 0 ,0 0 0 5 0,01 0,00001

20+21 0 ,1 5 7 1 7 ,7 1 0 ,0 2 7 8 8 ,7 3 0 ,0 1 3 7 5 ,6 2 0 ,0 0 8 8 0 ,4 9 0 ,0 0 0 7 7 0 ,4 6 0 ,0 0 0 6 0,02 0 ,0 0 0 0 3
2 2 + 2 3 + 2 4 0 ,1 9 0 1 3 ,4 1 0 ,0 2 5 5 9 ,9 6 0 ,0 1 8 9 9 ,6 8 0 ,0 1 8 4 0,21 0 ,0 0 0 3 9 0 ,3 5 0 ,0 0 0 7 0,01 0,00002
2 5 + 2 6 + 2 7 0 ,2 9 0 1 0 ,7 2 0 ,0 3 1 1 8 ,2 5 0 ,0 2 3 9 1 4 ,9 5 0 ,0 4 3 3 - — 0 ,3 5 0,0010 0,02 0 ,0 0 0 0 6

2 8 + 2 9 + 3 0 + 3 1 0,101 1 6 ,3 3 0 ,0 1 6 5 8 ,2 3 0 ,0 0 8 3 9 ,9 0 0,0100 — — 0 ,3 6 0 ,0 0 0 4 Cji. Ca.

3 2 + 3 2 + 3 5 0 ,1 0 6 1 4 ,1 9 0 ,0 1 5 0 6 ,3 7 0 ,0 0 6 7 1 7 ,8 0 0 ,0 1 8 9 — — 0 ,3 4 0 ,0 0 0 4 » »
3 6 + 3 7 + 3 8 + 3 9 0,112 1 2 ,7 4 0 ,0 1 4 3 7 ,9 5 0 ,0 0 8 9 1 3 ,1 6 0 ,0 1 4 7 — — 0 ,3 5 0 ,0 0 0 4 » »

4 0 + 4 1 + 4 2 0 ,0 9 8 1 5 ,1 1 0 ,0 1 4 8 5 ,0 4 0 ,0 0 4 9 1 0 ,9 3 0 ,0 1 0 7 — — 0 ,3 9 0 ,0 0 0 4 » »
4 3 + 4 6 0,111 1 2 ,6 7 0 ,0 1 4 1 5 ,0 2 0 ,0 0 5 6 1 8 ,6 0 0 ,0 2 0 6 — — 0 ,3 4 0 ,0 0 0 4 0,02 0,00002

39 + 4 4  + 4 5 + 5 1 0 ,1 3 4 1 1 ,2 4 0 ,0 1 5 1 6 ,1 8 0 ,0 0 8 3 1 4 ,5 0 0 ,0 1 9 4 — — 0 ,3 2 0 ,0 0 0 4 0 ,0 3 0 ,0 0 0 0 4
4 7 + 4 8 0 ,1 1 5 1 1 ,9 5 0 ,0 1 3 7 4 ,9 5 0 ,0 0 5 7 8 ,9 2 0 ,0 1 0 3 — — 0 ,3 1 0 ,0 0 0 4 Ca. Cji.

50 0 ,2 3 0 1 0 ,0 5 0 ,0 2 3 1 4 ,9 1 0 ,0 1 1 3 1 8 ,9 6 0 ,0 4 3 6 — — 0 ,2 7 0 ,0 0 0 6 0,02 0 ,0 0 0 0 5
5 2 + 5 3 0,220 7 ,2 2 0 ,0 1 5 9 4 ,3 6 0 ,0 0 9 6 1 2 ,1 7 0 ,0 2 6 8 — — 0,21 0 ,0 0 0 5 Cji. Cji.

5 4 + 5 5 0 ,1 2 7 1 0 ,2 4 0 ,0 1 3 0 5 ,1 8 0 ,0 0 6 6 10,88 0 ,0 1 3 8 — — 0 ,2 8 0 ,0 0 0 4 0 ,0 3 0 ,0 0 0 4
58 0 ,2 1 3 1 1 ,1 7 0 ,0 2 3 8 4 ,1 4 0 ,0 0 8 8 4 ,4 6 0 ,0 0 9 5 — — 0 ,2 9 0 ,0 0 0 6 Cji. Cji-

5 9 + 6 0 0 ,1 7 2 1 1 ,7 1 0,0201 6 ,3 9 0,0110 7 ,8 9 0 ,0 1 3 6 ■ 0 ,2 9 0 ,0 0 0 5 » »



P e ä y ^ b T a T b i  x h m h h c c k h x  aH aj iH 30B  b 3 b c c h  cB e a e H b i  b  T aß j i .  1, r a e  k o a h -  
q e c T B e H H o e  c o a e p j K a H H e  O T a e a b H b i x  K O M n o H e H T O B  a a H o  b  n p o p e H T a x  h  
M H a a n r p a M M a x  c y x o r o  B e m e c T B a  H a  1 a  b o a h , h 3 K O T o p o f t  H 3 B A e n e H a  
B 3 B e c b .  C x e M a  p a c n o A o a i e H H H  y n a c T K O B ,  H a  K O T O p b ix  n p o H 3 B o a n A C H  o T Ö o p  
n p o 6 , H K O H i r e H T p a H H H  B 3 B eC H  B n O B ep X H O C T H O M  c a o e  BO A H  A a H b l  H a  P H C .  L  

P a C C M O T p H M  C O A e p J K a H H e  OCHOBHblX K O M n o H e H T O B  B 3B eC H  B n O p H A K e  
h x  p a c n p o c T p a H e H H H .

OPTAHHHECKHH yrJlEPOfl

H 3  p a C C M O T p e H H H  T 3 Ó A .  1 BHAHO, HTO H a H Ö O J i e e  C y m e C T B e H H y i O  H a C T b  
B 3 B eC H  K a K  B n p o p e H T H O M  OTH O U ieH H H, T a K  H B aÖCOAIO THblX  B e a H H H H a X  
( b  M z j A )  c o c T a B J i a e T  o p r a H H n e c K H H  y r a e p o a  (Copr), b  t o  B p e M H  x a x  c o a e p -  
j K a H H e  a M o p c J m o r o  K p e M H e 3 e M a  h h h t o j k h o  M a a o .  3 t h m  c e ß e p H a n  n a c T b  
H H A H H C K o r o  O K e a H a  3H a H H T e a b H o  o T a n n a e T C H  o t  i o w h o h ,  r a e  H a f í A i o a a e T C H  
o ß p a T H a n  K a p r a H a  [9 ] .  3 t o  o ó b h c h h c t c h  t o m ,  h t o  c ö o p  B 3 B e c H  n p o H 3 B o a i i A -  
c h  b  T p o n H H e c K H x  h  c y Ö T p o n H H e c K H x  B o a a x  H h a h h c k o t o  O K e a H a ,  t .  e .  b  06-  
a a c T H x  n p e H M y m e c T B e H H o r o  p a c n p o c T p a H e H H H  ö e c K p e M H H C T o f t  b 3 b c c h .  
B 3 TH X  B o a a x  COCTaB B 3B eC H  B OCHOBHOM O n p e a e A H e T C H  p a 3 B H T H e M  CH H e-  
3 e A e H b i x  h  n e p H A H H H e B b i x  B o a o p o c a e H  h  ( J i o p a M H H H tJ i e p ,  K p e M H e c o a e p > K a -  
m n e  H<e o p r a H i i 3 M b i  ( a n a T O M O B b i e ,  p a a i i O A H p H H  h  C H A H K O if iA a r e A A H T b i )  b  
( J lO p M H p O B a H H H  B 3B eC H  H r p a i O T  H O A B H H eH H yiO  p O A b .

T a 6 ji h u, a 2

CoAepiKaHHe ochobhm x  aJieMemOB n coeAHHeHHÜ bo  B3BecM H3 noB epxnocT H oro  cjiosi 
boa  ceBepHoii Mactw llHAHMCKoro oK eana

S a l i

% ot cyxoro BeujecTBa M2/'A
SjieMeHTbl H 
COeAHHeHHH MaKCHMaJIb-

Hoe
MHHHMaJIb-

Hoe cpe/piee MaKCHMaJibHoe MHHHMajIb-
Hoe cpeftHee

Copr 21 0 ,0666  
(0 ,39)  *

0 ,0 1 3 0
(0 ,001)

0 ,0 2 3 4
(0 ,07)

19 ,60
(18,84)

7 ,2 2
(0 ,00)

13 ,58
(8 ,67)

Fe 21 0 ,0436
(0 ,15)

0 ,0 0 8 8
(0 ,002)

0 ,0172
(0,018)

18,96
(19,55)

3 ,7 7
(0 ,50)

10 ,39
(3 ,14)

C aC 03 21 0 ,0261
(0,038)

0 ,0049
(0,00)

0 ,0115
(0 ,003)

9 ,9 6
(8,03)

3 ,4 8
(0 ,00)

6 ,4 9
(1 ,28)

5i02aMOp(J)H. 8 0 ,0059
(1,09)

0 ,0 0 0 3
(0 ,0001)

0 ,0015
(0 ,13)

1 ,7 3
(38,95)

0 ,1 5
(0,39)

0 ,6 9
(11,45)

p 20 0 ,0011  
(0 ,.009)

0 ,0 0 0 4
(0 ,00)

0,0 0057
(0 ,003)

0 ,4 6
0 ,8 2

0 ,21
0 ,0 8

0 ,3 4
(0 ,30)

Mn 21 0,00006
(0 ,002)

0 ,0 0
(0 ,00)

0 ,000017
(0,00003)

0 ,0 3
0 ,0 5

0 ,0 0
(0 ,00)

0 ,017
(0 ,004)

* B CKOÖKax Rjin cpaBHeHHH AaHbl uH$pbi, nojiyqemrbie bo 2-m peftce A/a « 0 6 b »  [9] b ochobhom pjia boa. 
lOPKHOft HaCTH HHAHÔCKOrO OKeaHa.

B ceB epH oii h s c t h  H h a h h c k o t o  OKeaHa, b  o t a h h h c  o t  i o j k h o h ,  KOAiine- 
CTBO opraH H necK oro y r A e p o a a  b o  B cex  n p o ó a x  B3BecH b  n e p e c n e T e  Ha c y x o e  
BemeCTBO OTHOCHTeAbHO nOCTOHHHO (T a6 a . 2 ) .  MHHHMaAbHOe COaepjKaHIie —
7 , 2 2 % .  M a K C H M a A b H o e — 1 9 , 6 % ,  t . e .  K O A eÔ A eTC H  M e H e e  n e M  b  T p H  p a 3 a  
( a a h  k » k h o h  n a c T H  S T a  U H t j i p a  n p e B b i m a c T  1 3 ) .

C p e a a e e  c o a e p a c a H u e  o p r a H H n e c K o r o  y r A e p o a a  1 3 , 5 8 % ,  t . e .  n p H M e p H O  b
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n O J iT o p a  p a 3 a  B b iu ie ,  t o m  b  k o k h o h  q a c T H  O K e a n a  no aa H H b iM  2 - r o  p e n c a  a / 9  

«06b». r io B b i u i e H H o e  c o a e p > K a H n e  Copr b o  B 3 B e c n  o ß ta c H B e T C H  T eM , q r o  B e e  
n p o ô b i ,  K p o M e n p o ô w  3, n o n y q e H b i  b 3 Ó n e  pa3B H X H H  n ep H a .n H n e3 0 -c j3 3 p a M H H H t}D 2 p o -  

BOH B 3B eC H , K O T O paH , H a p H U y  CO B 3 B ec b IO  C C H H e-3eJieH b IM H  B O aO pO M H M H , c o a e p -  

j k h t  H a n ö o j ib m H H  n p o n e H T  o p r a H H T O C K o r o  y r A e p o a a .  ripoöa 3 B 3 a r a  b  Kpac
HOM M o p e ,  b  B o j a x  K O T o p o r o  p a 3 B H r b i n p e n M y m e c T B e H H o  c n H e - 3 e j r e H b ie  b o a o -  

p o c j iH .  B 3 B e c b  3 T 0 H  n p o ó b i  c o A e p jK H T  c a M o e  B b ic o K o e  k o a h t o c t b o  o p ra H H T O -  
c K o r o  y r A e p o a a — 19,6%. B r a Ó A . 3 n p H B e a e H b i A a H H b ie  n o  c o a e p s c a H f i f o  CDpr

T a 6 ji n u. a 3
^ o a e p iK a H H e  o c h o b h m x  b j i c m c h t o b  h  coeftHHeHHM b o  B 3 b c c u  no o c h o b h u m  T u n a M  ö i io r e H H b ix

OCTaTKOB

SjieMeHThf h 
coeftKHeHUH

Hhcjio
n po6

3HaMeHHe h npe^ejibi 
KOJieöaHHit CpeflHee

Mhcjio
n p o 6

3HaneHHe h npeAeJibi 
KOTieôaHHft CpeAHee

% MS ' .1

I l H p i I / ( H H H e B O - $ o p a M H H H $ e p O B a a  B 3 B e  C b

Copr 20 18,64—7,22 13,48 
(9,44) *

20 0,0470 —0,0130 0,0162
(0,03)

Fe 20 18,96—4,46 10,74
(6,48)

20 0,0436 —0,0088 0,0174
(0,0150)

CaC03 20 9,96—3,48 6,58
(2,97)

20 0,0261 —0,0049 0,0121
(0,008)

'̂ĈaMOpipH. 7 1,36—0,15 0,54
(2,19)

7 0,0017 —0,0003 0,00086
(0,016)

P 19 0,46—0,21 0,34
(0,23)

19 0,001 —0,0004 0,00054
(0,0004)

Mn 20 0,03—0,00 0,015
(0,0007)

20 0,00006—0,00 0,000015
(0,000001)

JX h a t O MO B a a  B 3 B e C b [9]
Copr 50 18,84 —1,41 8,03 50 0,389 —0,003 0,086

Fe 49 9,22 —0,94 2,32 49 0,15 —0,004 0,02
CaC03 50 8,03 —0,00 0,55 50 0,016 —0,00 0,002

50 38,95 —1,39 14,89 50 1,0863—0,0042 0,1674
P 46 0,82 —0,08 0,31 46 0,007 —0,0087 0,003
Mn 49 0,031—0,00 0,004 49 0,0003—0,00 0,00003

3 3 B e C b C CHS e - 3 e j i e H b i M H  bo AOpOCJI HMH

C0pr 1 19,60 (14,04) — 1 0,0666 (0,014) —
Fe 1 3,77 — 1 0,0128 —

CaC03 1 4,66 (5,65) — 1 0,0158 (0,006) —
^^2aM0p̂ ,H 1 1,73 (1,54) — 1 0,0059 (0,0015) —

P 1 0,32 — 1 0,0011 —
Mn 1 0,01 — 1 0,00003 —

* B  CKOÓKax fljia cpaBHeHHH Aa[n,r cpeAHHe anaqeHHii na aahhlim 2-ro p eflca  A 'a «06b» [9%

H A p y r H X  K O M n oH eH T O B  BO B 3B eC H  H 3 pa3A H H H bIX  3 0 H ,  B K O TOpblX n p e o ö a a A a i o r  
o n p e A e .T O H H b ie  r a n b i  ö n o r e H H H x  OC TaTK O B. JXanHbie no n p o p e n r H O M y  c o A e p a c a -  

H H to o p r a r m q e c K o r o  y r a e p o a a  b  T e x  n e e  p a ñ o H a x  O K ea H a  b o  2-m p e n c e  A/a «05b»  
ÓAH3KH K B b lU ien p H B eA O H H b lM . T a K , B 3 0 H e  p a3B H T H H  nH pH aH H H eBO -cJjO paM H H H cjog- 
p o B o n  B3Becn c p e A H e e  c o a e p a o H H e  Copr c o c r a B r a e T  9,44%, a b o  B 3 B e c n  c  c n a e -  

3eA eH bIM H  BOAOpOCAHMH 14,04%.
B OTAHnne or khkhoh qacru Hhahhckobo oxeaHa, b  ceBepHon nacra b  

öoAbuiHHCTBe npo6 BCTpeqaioTcn AOBonbHO BbicoKHe b  npopemHOM oTHouieHHH
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60 90

P h c .  2 .  CxeMa p a c n p e A e j i e H H H  C opr b o  B 3 3 e c n  ( b  %  o t  c y x o r o  B e m e c T B a )  

/ — MeHee IO; 2 — 10—15; 3 — 6 oJiee 15; 4 — tjuaKTHnecKoe coaepwaHHe b npo6 ax

c o raep>KaiiHH C 0pr (T aß ji. 4 ) . n p a K T m ecK H  b o  B c ex  n p o 6 a x  k o a h t c c t b o  Copr npe- 
BbiuiaeT 10% , T o r a  a  n a n  a a h  io jk h o h  n a c r a  b 70% npo6 ero co A ep /K a in ie  
M eH ee 1 0 % .

T a 6 ji nix a 4
Macrora BCTpewaeMOCTH ' pa3jinliHbix KOHireHTpaumi Copr bo b3bcch h3 boa ceBepiioii HacTii

HHAHHCKoro OKeaHa

KoHu,eHTpauHa Copr
%  ot c y x o ro  BemecTBa

1° 1 10—15 >15 0 ,01—0 , 0 2  1 0,02—0,03 1 0,03—0,04 1 >0,04

MacTOTa BCTpeaae- 
MOCTH, % . . 4 , 8 5 7 , 1 3 8 , 1 4 7 , 6 3 3 , 3 9 , 5 9 , 6

H a  pHC. 2 BHAeH paBHOMepHbin x a p a x r e p  K o n m e c x B e n H o r o  p a cn p ea en eiiH H  
o p r a H m e c K o r o  y r j ie p o a a  Ha B een  H ccn ea o B a H u o ñ  n ao ip aA H . H ejib3H  B b ia e a m b  
OTAe.TbHbie OÖjiaCTH CO 3HaHHTe.TbHbIMH OTKJIOHeHHHMH B COAepJKaHHH C 0pr OT 
c p e f lH e r o  (10 — 15% ). Y c j io b h o  B b iaeaeiib i o ô j ia c r a  c  coaepjK aH neM  Copr 6 oJ iee  
15% , h o  M e œ e  20% - K  hhm  o t h o c h t c h  3an a/(H b ie n a c r a  ApaBHHCKoro MopH h  
B eH rajib C K oro  3ajiH Ba h  p añ oH  K w i ie e  20° io . u i. J lH iub b io jk h o h  n a c r a  K p a c -  
H o ro  MopH KOJIHHeCTBO Copr BO B3BeCH npHÔJHDKaeTCH K 20% .

HecKOAbKO HH3H K ap ra H a  HaôJiioAaeTCH b pacnpeA ejieH H H  Copr b n e p e c n e T e  
H a o ö te M  boAbi (p n c . 3, r a ó j i .  1 h  4). ü p a B A a  h  3A ecb  t o t  pe3KKx KOJieöaHHH 
b coAepjKaHHH Copr, h o  OHH B ce are  ó o j ie e  3HanHTeJibHbi. OcHOBHaH M acea  
nOBepXHOCTHOÜ BOAH COAepjKHT BO B3BeCH OT 0,01 AO 0,03 M e / A  Copr- n PH
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0,047 0,0148
0.067 '0,026

0,02'

>0,920.1'

/oToar

ojoi&

0*016

P h c .  3 .  C x e M a  p a c n p e n e . i e H H s i  C o p r  b o  B 3 B e c n  ( b

1 — 0,01—0,02; 2 — 0,02—0,03; 3 — 0,03—0,04; 4 — 0,04—0,05; 5 — O ojiee 0,05; 6 — ÿ a K T n ie c K o e  cO A ep x iam ie
d npoöax

3 T0 M HaM e^aeTC H  o n p e /ie jie H H a H  30H anbH O C Tb: b o a b i c  K O H p eH T p au u eñ  C opr b o  
B3BecH M eHee 0 ,02  mz/a H axoA H Tcn b b o c t o h h o h  h  k » k h o h  nacTHX O K eaH a, c  
K O H peH T p au n eñ  ß o j ie e  0 ,02  mz/ a —  b 3 a n aA H o ft, n p m e M  b cT o p o H y  A paB H H C K oro 
n o j iy o c T p o B a  o n a  n o cT en eH H o  yB eA irauB aeTC H  h  b K pacH O M  M ope A o c r a r a e T  
MaKCHMajibHoro 3HaueHHH—  0 ,0 6 7  mzjA.

C p eA H ee coA ep>K anne C opr b o  b 3 b cch  h 3  noB epxH ocT H bix b o a  c e B e p iio ü  n a c r a  
MHAHHCKoro OKeaHa cocraBAH eT 0 ,0 2 3 4  mz/a (Taßji. 2), t .  e .  b TpH p a 3 a  M eH b iu e , 
ueM AJiH h u k h o h  n a c r a  n o  AauHbiM A. n .  JlH C H uypa (0 ,07  mz/a). E c jih  paccMOT- 
peTb coAcp>KaHHe C opr b o  B 3B ecn n o  OTAeAbHbii\r30H3m ( t 3 6 a .  3 ) ,  t o  H a n ö o n b -  
Hiee KOAHUeCTBO Copr COAep»HTCH BO B3BeCH H3 30HbI pa3BHTHH AHaTOMOBOrO 
nAaHKTOHa (0 ,0 8 6  mz/a), HecKOJibKo M eHbiue (0 ,0666  mz/ a) —  b o  B3BecH c cHHe- 
3eAeHbiMH BOAopocAHMH (AaHHbie n o  OAHOH n p o ô e )  h  HaHMeHbiuee (0 ,0162  mz/ a) —  B 
OÔAaCTH pa3BHTHH nepHAHHHeßO-cjlOpaMHHHtjiepOBOH B3BeCH.

OcHOBHbIM nOCTaBffl,HKOM Copr HBAHIOTCH OpraHH3MbI (|)HTOnnaHKTOHa. 3 t 0  ÔblïïO 
HarjiHAHO noKa3aHo b 4-m  peuce  M o p c n o u  AmupKTimecKOH oKcneAHUHii, KorAa 
OAHOBpeMeHHO npOBOAUAHCb paÔOTbl n o  côopy  B3BeCH U3 HOBepXHOCTHOrO CAOH
BOAbi h  onpeAejieiiKe nepBHUHon npoAynnHH [2 ,5].

)KEJ1E30

?K eAe3o HBAHeTcn HeoôxoAHMbiM SAeMeHTOM b o  Bcex 2KH3HeHHbix n p o - 
n e c c a x , npoHcxoAHUi.HX b M opnx h o x eaH ax , b n ac rao c ra  o h o  h c o ô x o a h m o  
AA H pa3BHTIIH DAaHKTOHHblX OpraHH3MOB.
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¡,47/

6̂ 0,
3,77'

\ \ 1-13,1

S V \xi f y l x

P hc . 4. Cxew a pacnpeAejieHHH >KeJie3 a bo B3 3 ecn (b  % ot cyxoro  BemecTBa) 
/ — MeHee 5; 2 — 5—10; 3 — 10—15; 4 —  6 o jie e  15; 5 — 4>aKTHMecKoe coAepJKauH e s n p o 6 a x

O cH O B H an M a c c a  > K eae3a  n o c T y n a e T  b oK eaH  H3 peK  b B H ae t o h k o h  B3B e- 
CH. B paCTBOpeHHOM COCTOHHHH >K ejie30 BbIHOCHTCH peiO M H  B TOpa3AO MeHb- 
ib h x  K O jiH -jecTBax. H a n p H M e p , M . A. T j ia r o j ie B a  [12] a a e T  a a a  peK  ö a c c e f iH a  
H e p H o r o  h A 30B C K oro  M o p eñ  c a e a y io m H e  u,H([)pbi B b iH oca  * e n e 3 a :  b o  B3B e- 
lueHHOM c o c t o h h i ih  —  8 0 — 9 9 % , b p acT B op eH H O M — 1— 2 0 % . B 3 B e iu e H H o e  
>K ejie30 b M op cK ofi B o a e  c y m e c T B y e T  b o c h o b h o m  b (})opM e ruapooK H C H  
F e ( O H ) 3 [1 1 ], O cH O BH an n a c r a  t h a p o o k h c h  > x e j ie 3 a , BbiHeceHHOH p e n a M ii,  
b O K eaH e, n e p e p a o a r a iB a n c b  opraH H 3M aM ii (JniTonjiaHKTOHa, B K aionaeT C H  b 
n n m e B b ie  p e n n  h  b m o r e  n o i ^ a a e T  Ha a h o .

PaccM O T pH M  KOjTHHecTBeHHoe p a c n p e a e j ie H H e  B a a o B o r o  n < e a e 3 a  b o  B 3B e- 
CH (b  % o t  c y x o r o  B e u r ecT B a ) b n o B ep x H o cT H b ix  BOAax C e B e p H o ii n a c r a  
H h a h h c k o t o  O K eaH a ( r a 6 a .  1, p n c .  4 ) .

K o a n n e c ra o  >Ke.Te3a b o  B 3 B ecn  KOJieôjieTCH b n p e A e a a x  o t 3,77  a o  18 ,9 6 % , 
u p «  cpeAHeM 3HaneHHH a a a  Bceñ HccaeAO'BaHHoñ n n o m aA H — 10,39%  
( r a 6 a .  2 ) ,  h t o  HaMHoro Bbime, neM a j ih  io > k h o h  n a c r a  OKeaHa, r a e  e ro  
cpeA H ee 3HaneHHe 3 ,1 4 %  [9].

H 3 r a 6 a .  5 b h a h o ,  h t o  6 o a e e  neM  T p n  neTB epTH  n p o 6  c o A e p a o T  o t  5 a o  
15%  }K e jie 3 a , T orA a  KaK b io îk h o h  n a c r a  O K eaH a b n o a a B a n io m e M  ö o a b u iH H -  
CTBe c a y n a e B  co aep > K aH H e > K eae3a  b n p o ö a x  M eH ee 5 % .

B u H B aneT C H  AOBoabHO n e r a a H  K a p r a H a  b p a c n o a o x e H H H  n p o 6  B3BecM  
c pa3AHHHbiM  c o a e p a ia H H e M  jK e a e 3 a  ( p n c .  4, r a ö j i .  5 ) .  3anaA H aH  h lo a r a a n  
nacT H  onHCbiBaeM OH n a o m a A H  OK eaH a xapaK T epH 3yioT C H  coA ep acaH H eM  >Ke- 
a e 3 a  b o  B 3 B ecn  5— 1 0% , 3 a  HCKaioneHHeM  n p o è b i  N ° 3 H3 K p a c H o r o  M op n , 
rA e KOAHnecTBO e r o  MHHHMaabHO,—  3,77% ). B o  B 3 B ecn  >Ke H3 b o c t o h h o h  n a-
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'IS'Xn3,§]

P h c . 5 . CxeMa coAcp/KaniiH b o  B3 secH (JjpaKUHH 0 , 0 0 5 — 0 ,0 0 1  mm  ( b  %  o t  c y x o r o  BemecTBa) 
/— M enee 5; 2—5—10; 5—10—20; 4—20—30; 5— 6 ojiee 30; 6— (fcaKTnqecKoe coAepJKaiiHe b npoôax

cth  KOHueHTpauHH u < ejie3 a  n p e B b im a e T  1 0 % , u o c T u r a n  MaKCHMyMa y  c e B e -  
p o -3 a n a u H O H  oK ou eu H ocT H  o c T p o B a  C y M a T p a — 1 8 ,9 6 % , h JiHiUb b  c e B e p H o u  
n a c r a  B e H r a n b C K o r o  3 a jn iB a  o n a  yM eH biuaeT C H  a o  8 ,9 2 % .

n P u cpaBH eH H H  p u e . 4  c  KapTaM H rp a u y jT O M eT p u u ecK o ro  c o c T a B a  B 3B e- 
CH [4] G pocaeTC H  b  r j ia 3 a  ô o A b iu o e  c x o a c t b o  b  p a cn p eA ejieH H H  coA epJK aH H H  
b o  B 3B ecH  u < e jie 3 a  h (JipaKUHH 0 ,0 0 5 — 0 ,0 0 1  m m  ( p h c . 5 ) .  T aK H M  o ô p a 3 0 M ,

T  a  6  j i  h  u, a  5

H acT O T a BCTpewaeMOCTM pa3jiH HH w x K O H n em p au H Îi F e b o  B3Becn H3 noBepxH O CTiibix b o a  
ceBepHOH qacTM M H n n iicK o ro  o n e a n a

KoHUGHTpanHfl Fe, % o t  c y x o ro
0 ú ot c y x o ro  BemecTBa Me/a

BemecTBa 5 5—10 10—15 " 15 0 ,0 1 0 ,01—0 , 0 2 0,02—0,03 : 0,03

HacTOTa BCTpenaeMOCTH, % 9 , 5 4 7 , 6 2 8 , 6 1 4 , 3 1 4 , 3 6 6 , 7 9 , 5 9 , 5

MO/KHO npeAUOJIOJKHTb, HTO OCHOBliaH UaCTb B3BeUieHHOTO x e j i e 3 a  B n o B e p x -  
HOCTHblX B O A ax HM eeT pa3M epH O CTb OT 1 AO 5 MK.  rio AaHHblM E. rO JIbA Ô ep- 
r a ,  M. B e K K e p a  h A- O o K c a  [13], O o n b iu a n  n a c r a  B 3 B eiu eH H o ro  m e j ie 3 a  
npHXOAHTCH Ha (})paKUH'iO M eH b iu e 10 MK.  rio AaHHblM B . B . MOKHeBCKOH 
[10], ajih n o B ep x H o cT H  H e p H o r o  M op u  KOJiHuecTBO > u ejie3 a  b n a c r a u a x ,  
pa3MepHOCTbK» M eH ee 0,5 m k  c o c T a B J i a e r  5 0 —70% o t  e r o  o ö iu e r o  c o A e p -
JK3HHH.
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Phc. G. CxeMa pacnpeAe*nemiH vKejit'3a bo B3»ecH (3 mz¡a)
/ — M eHee 0,01; 5—0,01—0,02; 5—0,02—0,03; 4— ó o jie e  0,03; 5— (JjaKTimecKoe coA epw aH H e b  n p o ß a x

ripH conocTaBjieHHH pacnpeAejieHHH JKejie3a bo B3BecH c pacnpe/iene- 
HHeM cyÓKOjiJioHAHoñ cjipaKiuni (Menee 0,001 m m ) naójiiOAaeTCH oópanian  
3aBHCHMOCTb no cpaBHeHHio c pacnpeAejieimeM (JipaKmiii 0,005— 0,001 m m , 
t .  e. OÓJibiiiaH nacTb >Kejie3a b Bo^ax ceBepuon qacTH H hahhckoto oxearía 
cymecTByeT bo B3BemeHHOM coctohhiih, a ne b cyÓKOJiJiOHAHOM.

H ecK O JibK o H eo>K H AaH ilan K a p n in a  b p a cn p eA ejieH H H  >K ejie3a bo B 3B ecn  
o6napy>K H B aeT C H  b c e B e p H b ix  nacTH X A p a B H iíc K o r o  M opn  h B e H r a jib c ic o r o  
3 a jiH B a , x y n a  B n a ^ a io T  T a n n e  M o m tib ie  peKH, K an H h a  h T a H r , H ecy m H e  
rp o M a A H o e  kojihhcctbo T e p p H r e iiH o r o  M a T e p n a n a . T ax KaK ocH O B u an  M a c e a  
B 3 B em eH H o r o  > K ejie3a n o c T y n a e T  b o x e a n  c  pe'iH biM ii BOAaM ii, óhjio  6 b i e c T e -  
CTBeHiibiM OHíHAaTb p e 3 K o e  y B e n iiH e m ie  e r o  bo B 3 B ecn  iiM e m io  b c e B e p iib ix  
>iacTHx A paB H H C K oro M op n  h B e n r a n b c x o r o  3 a m iB a . H a caMOM A e n e  n a -  
újiiOAaeTCH o ß p a T iia n  K a p r a n a :  b n p o ô e  N° 20 +  21 kojihhcctbo > K ejie3a c o -  
CTaBJineT 5,62% ot bsbcch, a b n p o ô e  N ° 47 +  48 paBHO 8,92% , t . e . M eH biue, 
neM  b n p o ô a x ,  b3h t h x  n a yn ajieH H H  ot y cT b e B  H u n a  h l ' a u r a .  y M e H b iu e iiH e  
coA ep > K an iiH  > x e j ie 3 a  bo B 3 B ecn  mojkiio ôwjio 6bí o ô b n c u H T b  p a3Ô aB jie iiH eM  
T eppureH H biM  M a T ep u a jio M , ho 3 a M e T iio r o  y B e n H u em iH  K o im eH T p a u H ii B3B e- 
ch b 3THX M e c r a x  Tax>K e He oTM enaeTCH  (c m . T a o n . 1 ) .

H H T e p e c iib i A a n H b ie  o  c o A e p r K a m m  B 3 B ein eH H oro  > K ene3a b nepecneTe 
Ha 1 a  BOAbi ( p n c .  6, T a ô j i .  2 ). B boasx c e B e p u o n  nacTH  H hahhckoto o x e a -  
n a  KOJiHuecTBO e r o  co c T a B jin e T  0,0088— 0,0436 mz / a , npn cpeA H eM  3HaneHHH  
0,0172 Mz/.l.  noCJieAH H H  UHlJipa ÔJIH3Ka K CpeAHHM 3H aieH H H M  COAepJKaHHH 
> K ene3a b BO A ax iojkhoh nacT H  H iiA w itC K oro  o x e a i i a —  0,018 m z / a  [9]. Ha.
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ƒ

Phc. 7. Cxewa co^ep»:aHiin bo B3Becn cjipaKuiiH 0,005—0,001 m m  (b m s ,'a ) 

ƒ — MeHee 0,01; 2 — 0,01—0,02; 3 — 0,02—0.03; 4 — 0,03—0,04; 5 — 6oJiee 0,04; 6 — (JiaKTH^ecKoe coAepjKa*
nue b npoßax

T a ô j i. 5 b h a h o ,  h t o  b a s y x  T peT H x npo6 K O H u en T p au n n  /K e a e 3 a  co cT aB Jin eT  
0 ,0 1 — 0 ,0 2  m z / a .

C x e M a  p a c n p e a e a e H H H  B 3 B em eH H o r o  > K ejie3a b noBepxH O C T H bix ç o a a x  
SH a^H T ejibH o oTJiHnaeTCH OT n p o u e H T H o r o  c o a e p a ia H H H  e r o  b o  B 3B ecH . H a  
(})OHe cp e flH H x  3 n a LieHHH (0,01— 0,02 m b / a )  BbiaejiHiOTCfl Ä ß e  o ö j ia c T H  n o -  
B b im eH H oro  coaeprK aH H H  > K ejie3a . B 6 a h 3 h  a p x n n e a a r a  H a r o c  k o j ih h c c t b o  
>K ejie3a a o c T H r a e r  0,0433 m z / a ,  h t o  c b h 3 3 h o  c o  3 H a B in e ,ib H b iM  yBejiH M eH iieM  
KOHireHTpauHH B3B ecH  b O K py^aK Dm H X o c T p o B a  B o a a x .  y l,0B 0JibH 0 o ô n iH p u a n  
o ß jia c T b  noBbiineH H O H  K O H iieH Tpam iH  > x e j ie 3 a  p a c n o . io /K e n a  b b o c t o h h o h  
n a c r a  B e n r a a h C K o r o  3 a jiH B a  h  b B o a a x  y  3 a r ia a H o r o  n oöep e> K b H  o c r p o B a  
C y M a T p a . C o a e p a o H H e  B 3 B e m e H n o r o  > K ejie3a 3 a e c b  o o a e e  0,02 a /z /a ,  a y  
c e B e p o -3 a n a A H o r o  OKOHnaHHH o c T p o B a  a o c r a r a e T  M a x cH M a jib H o ro  3 H a n e -  
HHH —  0,0436 m z /a .  C y m ecT B O B a H n e  s t o h  o ß j ia c r a  n o B b iu ie iiH o fi K O H u e m p a -  
UHH B 3 B em eH H o r o  > K eae3a  b B o a e  m o>k h o oÖBHCHHTb a eH T e a b H o c T b io  m h o t o -  
BH C jieH iibix ae& C T B yrom H x ByjiKaHOB, p a c n o a o jK e im b ix ,  b n a c r a o c T H , Ha 
o c T p o B e  C y M a T p a .

H a  p H c. 6 , K an  h Ha p n c .  4 ,  He o T M en a eT cn  3 a M eT H oro  b a h h h h h  p e n H o r o  
CTOKa H h a s  h  T a H ra  Ha K O H ireH TpauH io B 3B em eH H o ro  > K ejie3a b B o a e .  
Caopee, H a o ö o p o T , b c e ß e p H o ä  nacra B e H r a a b C K o r o  3 a a H B a  K onueH T pauH H  
e r o  H e3H3HHTeAbHo n p e B b im a e T  0,01 m b /a , a  b c e B e p i io ñ  nacra A paB H H C K oro  
M o p a  c o c T a B jia e T  aa>K e 0,0088 m z /a ,  t .  e .  h b j ih c t c h  MHHHMajibHOH Ha B c e ä  
n c c a e a o B a H H O H  aK B aT o p H H .
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B  c x e M e  p a c n p e a e a e H H H  J K ea e3 a  H a M en a eT ca  o n p e a e a e H H a a  CBH3b c  
(JipaK U H en 0,005— 0,001 m m  ( p n c .  6, 7 ), t . e . o ô a a c T b  n o B b im eH H o ro  c o a e p -  
>k 3hhh B3BeuieHHoro ¿K en e3a  b boctohhoh n a c r a  B e H r a jib C K o ro  3 a a H B a  h y  
3anaaHoro noôep e> K b H  o c T p o B a  C y M a T p a  K O H T p oaH p yeT ca  yB ejiH neH H eM  
KOHueHTpauHH n a c r a i t  pa3M epH O C Tbio 0,005— 0,001 m m .

KAPBOHAT KAJlbUHfl

KapôoHaT KaabHHH (C a C 0 3) bo B3BecH onpeaejiaaca no MeToay K ho- 
na —  ôpe3eHnyca. CoaepmaHHe ero b npoôax B3Becn KoaeôaeTca b npeae- 
aax 3,48— 9,96% , npn cpeaHeM 3HaneHHH 6,49% (cm . Ta6a. 2 h 3 ). Tan KaK 
Bce npoöbi 6h jih  coôpaHbi b oôaacra p 33bhthh nepHaHHneBO-(})opaMHHH- 
4>epoBoro naaHKTOHa, to ara unijipbi xapaKTepH3yioT KapóoHaraocra nepH- 
aHHHeBO-4)OpaMHHH({)epOBOH B3BeCH. A. n .  JlHCHUblH [9] aaeT aan 3T0H OÔJia- 
CTH (no 13 npoöaM) ôojiee HH3Koe cpeanee 3HaneHHe—  2,97, nra, BepoHTHO, 
CBH33HO C Ce30HHbIMH H3MeHCHHHMH B pa3BHTHH naaHKTOHa, KOTOpblH HB- 
jiaeTca ochobhmm  nocraBiitHKOM KapöoHara xaabUHH bo B3Becb.

Flo coaep>KaHHK) C a C 0 3 bo B 3B ecH  p a ccM a T P H B a e M y io  n a o m a a b  mojkho 
r p y 6 o  p a 3 a e a H T b  Ha a ® e  n a c r a :  3anaaHyio h BOCTonHyio ( p n c .  8 ). 3 a n a a H a a  
n a c r a  xap aK T ep H 3yeT C H  c o a e p a o H H e M  K a p ö o H a r a  KaabUHH bo B 3 B ecn  b 
7,5— 10% , 3 a  HCKaioneHHeM  u e H T p a a b H o ñ  n a c r a  A paB H H C K oro M op a  u  6 o a e e  
hd>khoh o ó a a c T H , r a e  oho y M e H b iu a e T c a  a o  3,48% . B o c T o n H a a  n a c r a  ( n p n -  
MepHO BOCTOHHee 80° b . a  ) x a p a K T e p H 3 y e T c a  MeHbiHHM c o a e p a o H i ie M  
C a C 0 3 bo B 3B ecH  —  5— 7,5% , a b p a ñ o H e  A H aaM aH C K oro M op a  h 3 a n a a -  
H o ro  no6ep e> K b H  o c T p o B a  C y M a T p a  —  M eH ee 5% .

1,26

T J
8,94

■=Is 7ib-

P i i c .  8 .  C x e M a  p a c n p e a e a e H H H  C a C 0 3 b o  B 3 B e c n  ( b  %  o t  c y x o r o  B e m e c T B a )  

/ — MeHee 5; 2— o t  5 ä o  7,5; «?— 6o.iee 7,5; 4— (fraKTHnecKoe coaepwaHHe b npoóax

1 8 6
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P h c .  9 .  C x e M a  c o A e p * a H H H  b o  B 3 B e c n  (J>paKUHH M e n e e  0 ,0 0 1  m m  ( b  %  o t  c y x o r o  B e m e c T B a )  

1 M eHee 30; 2— 30—40; 3—40—50; 4— 50— 60 ; 5— 60—70; 6— 6 o Jiee  70; 7— (JiaKTHHeCKoe co,nep}KaHHe
b npoöax

60 do

0.0137 0.0137

0,0162 10,0057

60 90

P h c . IQ. CxeMa p a c n p e A e j i e H H H  C a C 0 3 so  B 3 s e c H  ( b  m z ¡a )

1— M enee  0,005; 2—0,005—0,01; 5—0,01 — 0,02; 4— 6 o ;ie e  0,02; 5— 4>aKTHyecKoe coaepH taH H e b n p o ó a x
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C p a B H H B a a  p u e .  8  c  p a c n p e a e a e H H e M  (})paKU.HH M eH ee 0 ,0 0 1  m m  b u  
B 3 B e e n  b  n p o u e H T a x  ( p a c .  9 ) ,  m o jk h o  oTM eTH Tb b  o ô i i i h x  n e p T a x  cx o A H y io  
K ap T H H y , t .  e . n p n  ABHJKeiiHH c  B o c T o n a  H a 3 a n a a  K o j r a n e c r a o  K a p ô o H a T a  
K ajIbH H H  II HaCTHH. CyÔKOJIJIOHAHOH (JipaKUHH B 0 3 p a C T a e T . C jie ^ O B a T e jIb H O , 
B COCTaB K ap Ô O H aT a  KaJIbUH H BO B3BeCH BXOÄHT 3H aH H T ejIbH aH  n aC T b  n e .lH -  
T O M opcJiH oro K a p ô o H a T H o ro  M a T e p H a a a .  3 t o  n o a r a e p x ia a e T C H  T a K x e  n p n  
n p o c M O T p e  n o a  M H K p o cK o n o M  n p o 6  B 3 B ecn  H3 n o B e p x H O C T H o ro  c j io h  b o a m ,  
n o j iy a e H H b ix  M e T o ao M  M eM Ô paH H oft yA bT pa(j3 H „ ib T p au .n H . K a n  n p a B H X o , K a p -  
6 0 H 3 T  KaJIbUHH H a (})IIJIbTpaX  B OCHOBHOM COCTOHT H3 M e jiK o ro  nejIH T O B O ru  
M a T e p u a . i a  p a 3 M e p H o c T b io  1 m k  h  M eH ee. ,D ,p y ro H  c y m e c T B e H H o ft n a c r a i o  
K a p ô o H a T a  K ajib iiH H  b o  B 3B ecH  n p n  n p o c M O T p e  n o a  M H K pocK onoM  h b j i h i o t c h
KOKKOJIHTOCjíOpHAbl, p a 3 M e p  KOTOpbIX T3K>Ke OKOJIO 1 MK.  <î>OpaMHHH(J)epbI 
>Ke BO B3BeCH H3 nOBepXHOCTHOTO CJIOH BOAbI BCTpenaiO TCH  OTHOCHTeabHO 
peA K O , XOTH C TJiyÔHHOH KOJIHHeCTBO HX ÔbICTpO B 0 3 p a C T a e T  H OHH COCTaB- 
AHK3T TaM  CyiU.eCTBeHHyK> HaCTb.*

npn n e p e c n e T e  K a p ô o H a T a  K aabiiH H  b  m z / a  T a K w e  b h h b j i h i o t c h  a s e  p a 3 -  
jiHHHbie n o  coaep > K aH H io  C a C 0 3 n a c r a  O K eaH a: 3 a n a A H a n  h B ocT on H an  
( p u e .  1 0 ) .  3 a n a A H a a  n a c r a  xap aK T ep ii3yeT C H  KOHueHTpauHHMH C a C 0 3 
ô o j ib iu e  0 ,0 1  m z / a ,  n p n n e M  3 a e c b  B biaejiaioTC H  a s e  o ó . i a c r a  c  c o a e p * a H H e M  
ô o .â e e  0 ,0 2  m z / a : A a c h c k h h  3ajiH B  ( 0 ,0 2 6 1  m z / a )  h p a ftoH  a p x H n e j ia r a  H a -  
r o c  ( 0 ,0 2 3 9  m z / a ) .  B  uenTpaJibH O H  n a c r a  A paB H H C K oro M opn  h  n p H J iera io -  
m eM  K Heft c  io r a  p a fto H e  KOHiieHTpauHH C a C 0 3 H ecK oab K o M eH buie  
0 , 0 1  m z / a .

B BOCTOHHoft nacT H  KOJiHnecTBO K a p ô o H a T a  K a jib u n n  He n p e B b iu ia e T  
0 ,0 1  m z / a ,  K poM e y 3K oft n o j io c b i y  c e B e p H o r o  n oôep erK b H  o c T p o B a  C y M a T p a .

AMOPOHblH KPEMHE3EM

AMopt{)Hbift KpeMHe3eM ( S i 0 2 aMoptjm) o iip e a e .m ic H  b  cenapan iioH H bix n p o ô a x  
TOAbKO a n a  c e B ep o -3 a n a a H o ft n a c r a  o a e a n a  (K p a cH ce  M ope, A a c iic k h h  3a.TiiR h  
ApaBHHCKoe M ope c  n p a a e r a io m e ñ  k  neM y nacT bio  H H auftcK oro OKeaHa). K o n ii-  
necT B o aMopcjnioro KpeMHe3eMa b o  B3Becn 3 a e c b  oneH b Ma.no h  cocTaBJiaeT  
0 , 1 5 — 1 ,7 3 % , n p n  cpeaH eM  3HanenHii 0 ,6 9 %  (cm. TaÔJi. 1 h  2 ).

P a cn p e a e a e H H e  aM opcfmoro KpeM iie3eM a b nponeH T ax o t  B3Becn (p u e . 11) o ô -  
paTHO p a c n p e a e a e n H io  b o  b 3 b c c h  C a C 0 3. B  neirrpaJibHOH h  io jk h o h  n a c r a x  A p a 
BHHCKoro Mopn h  b  KpacHoM  M ope coaepxcaH H e S i 0 2aMop(t)H HecKoabKo npeBbiuiaeT  
1 ,0 % , a b  BocTOHHOH h  c eB ep o -3 a n a a n o H  n a c r a x —  a o c r a r a e i  MHHUMaabHbix 3Ha- 
neHHÜ 0 , 2 1 — 0 ,1 5 % ,  t .  e . s t o t  p a fto n  xapaK TeproyeTCH  nonTii nojiHbiM OTcyT- 
CTBHeM BO B3BeCH 0CT3TK0B KpeMHeBblX OpraHH3MOB. CpaBHHB3H 9TH AaHHbie C ABH- 
HbiMH, noayneHHbiMH b o  2-m  p e u c e  a / 3  «O ôb» [9 ] ,  -m o h îh o  oTM eraTb ôaH 3K yio  
cxoariM ocTb pe3yabTaTOB b  oAHHx h  Tex * e  paftoH ax. Tau, b AaencKOM  3aaHBe 
H KpacHOM Mope KOJiHnecTBO S i 0 2aMopí¡iH b o  B 3B ecu, n o  iiauiHM aaHHbiM, c o o t -  
BOTCTBeHHO 0 ,3 0  H 1 ,7 3 % , a  n o  aaHHbiM A . I I . JIucHUbiHa —  0 ,4 4  h  1 ,5 4  96.

C xoA H aa K ap n u ra  H a ô a io a a ercH  h  b  p acn p ea ea eH H H  aMoptjiHoro KpeMHe3eMa 
b m z / a  (p n c . 12). H a  ceB e p o -3 a n a a e  H BOCTOKe ApaBHHCKoro MOpn KOHUempamiH  
S i 0 2aMoP(j)H B c ero  a n u ib  0 ,0 0 3  —  0 ,0 0 4  m z / a , a  b  neHTpaabHoft n a c r a  oHa HecKOJib- 
Ko yBeaiinHBaeTCH (a o  0 ,0 0 1 7  m z / a ). CaM oe BbicoKce co a ep H ia m ie  aM op ^ n oro  
KpeMHe3eMa oôH apyx<eH o b  k h k h o h  n a c r a  K p a cH o ro  Mopn —  0 ,0 0 5 9  m z / a .

4>OC4>OP

O cH O BH au n a cT b  (JioccJiopa, n o n a a a r o m a n  b o  B 3B ecb , CBH33Ha c >KH3He- 
aeH TeabH O C Tbio naaHKTOHHbix opraH H 3M O B. T a n , c p e a H e e  K O Jin necrao  (})oc- 
(Jiopa b n e p n a u H H e B b ix  B o a o p o c j in x  co cT a B J ia eT  0 ,5 7 %  [9], C o a e p x r a H H e  <f»oc- 
<j)opa b o  B3BecH  K oaeôaeT C H  b  n p e a e a a x  0 ,2 1 — 0 ,4 6 % , n p n  cp ea H eM  3 H a n e-  
HHii 0 ,3 4 %  (cm . T a ô a . 1, 2 6 ) .  3 t o  o n eH b  6 j ih 3 k o  c o B n a a a e T  c  aaHHbiMH n o
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0,49
0,16

1,73
/  / .  
°v2V
/ /

P hc. I I .  CxeMa pacnpe/ie/ieHHH SiO ^a^p^H  b o  e3bçch ( b  % o r  cy x o ro  BemecTBa)
/  —  M eH ee  0,25; 2 -0 ,2 5 —0,5; 3 — 0,5—1,0; 4 — ÖOJiee 1,0; 5 — ( fca K T H n e cK o e  c O A e p a o H H e  b  npoóax

0,0003

10,0009
'o.ooii/.’/ / /  j"0.0005

0:OOÖ4V

P u e .  12. C x e M a  p a c n p e /te jie H H H  S i 0 2aMop(j)H bo b 3 b c c h  ( b  mz¡a )
/  — M e H e e  0,0005; 2 — 0,0005—0,001; 5 — 0,001—0,0015; 4 — 0,0015—0,002; 5 — ÖOJiee 0,002; 6 — tfra K T H H e cK o e

coAepxcaiiHe b npoôax
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0,34
0,46

0,44

,0,31

P h c .  1 3 . C x e M a  p a c n p e A e J ie H H a  (J jo c tJ jo p a  b o  H 3 B e c n  ( b  %  o t  c y x o r o  B e m e c T B a )  

1 — M en ee  30; 2 — 30—40; 3 — 6ojiee 40; 4 — (J>aKTHHecK06 coAep/Kanne b npoôax

lOJKHoñ n a c r a  HHAHÖCKoro O K eaH a [9], i \a e  cpe^nee 3 H a q e m ie  paBHO 0,30% . 
TaKHM o 6 p a 3 0 M , KOJinqecTBO 4>oc<i)opa b o  B 3B ecH , nojiyneH H O H  H3 o ö jia cT H  
pa3BHTHH nep iiaH H n eB O -(j)op aM H H H (})ep oB oro  n .iaH K T O H a, 3HaqHTejibHO M eH b- 
m e , neM  b  h h c t h x  n e p u R m m e B b i x  B o n o p o c j i a x ,  t .  e . o h  pa3Ö aB JieH  aÖ H oreH - 
HbiM M a ie p n a j io M .

H a  p n c .  13 n o K a 3 a H a  c x e M a  p a c n p e a e . i e H H H  ( f ) o c c j ) o p a  b  n p o p e H T a x  o t  

c y x o ñ  B 3 B e c H .  H 3  p n c .  1 1 H T a Ó J I .  6  B H A H O , H T O  B  O C H O B H O H  H 3 C T H  n p o 6  

B 3 B e c H ,  p a c n o j i o > K e H H b i x  b  u e H T p a j i b H o ñ  B a e n i  O K e a H a ,  ( p o c c p o p  c o c T a B j i n e T  

0,3— 0,4% . B b o c t o h h o í í  n a c T H  m / m q e c T B o  ero y M e H b i u a e r c H  n o  3HaneHmi

T  a  6  j i  h  u  a  6

M a c r o r a  B C TpenaeM O C TH  p a 3 j in H i ib ix  K o im e H r p a u H H  tp o c c p o p a  b o  B 3 B e cn  H3 n o B ep x H O C T H b ix  B o a  
c e B e p H o ií  H acT H  M H Ä H Ü C K oro O K eaH a

KoHueHTpauirsi P , % c y x o ro % mó/ a

BemecTBa
0 ,3 0 0 ,3 — 0 ,4 0 ,4 0 ,0005

0.0005—
0,001 0,001

HacTO Ta BCTpeiiaeM ocTii, % 2 5 5 5 2 0 5 0 3 5 1 5

HecKOjibKO óÓ J ib iu iix , qeM  0,20% , a  b  3 a n a A H o ñ  n o jiO B im e  A paB H H C K oro  
M op a yBejiHHHBaeTCH a o  0,43— 0,46% .

C p a B H H B a n  c x e M y  p a c n p e A e j i e H H H  (J )oc(|)op a  b  n p o u e H T a x  c o  c x e M o ñ  p a c -  

n p e A e J i e H H H  b o  B 3 B e c n  C opr ( c m .  p a c .  2 ), b h a h m  A O B O J i b H o  c x o A H y i o  K a p r a -  

H y .  B 3 a n a A H O H  n a c r a  c o B n a A a i O T  K O H T y p b i  M a K C H M a j i b H b i x  3 H a q e H H i ' i ,  b  b o -
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0,0007

20

0,0011
i>0,0007i 0,0004

0.0004 J0,0007-,
'0,0004 0,0005.' •

0,0005]
0

,0,0004

20

1209060

P h c .  1 4 . C x e M a  p a c n p e ^ e j i e n H H  ( J )o c ( f io p a  b o  B 3 B e c n  ( b  M2 ¡ji)
1 — MeHee 0,0005; 2 — 0,0005— 0,00075; 3 — 0,00075— 0,001; 4 — 6 ojree 0,001; 5 —■ c])aKTHMecKoe co,nep>KaHne

b npoÓax

CTOHHOÍÍ—  M H H H M ajIbH blX . 3 t O TOBOpHT O TOM, HTO OCHOBHaH U aC Tb (j)OC({)Opa 
BO B3BeCH C B H 33H a C >KI)3HefleHTejIbH OCTbK) MOpCKHX O praH II3M O B .

K ojiH tjecT B eH H oe p a c n p e A e n e H u e  B 3 B em eH H o ro  ( j io c ij io p a  b n oB ep x H O -  
CTHOM c j io e  BOAbi (b  m z / a ) n o K a 3 a n o  t ia  p n c .  1 4 . H a O m o A a e T c a  T aK aa  ace  
K apTH H a, u t o  h  b c x e M e  p a c n p e A e n e H im  C 0pr (cm . p a c .  3 ) .  H a  o 6 o h x  p i i -  

CyHKaX CO'BnaAaiOT OÔJiaCTH MaKCHMajIbHbIX II MHHHMajIbHblX 3HaueHHH
C  opr H P  •

C o A e p iK a H n e  (jioccjiop a  b o  B 3 B ecu  KOJieôJieTCH o t  0 ,0 0 0 4  a o  0 ,0 0 1 1  m s ! a , 
npH  cpeA H eM  3HaHeHHii —  0 ,0 0 0 5 7  m z / a . n p n  s t o m  b b o a b x  b o c t o h h o h  n a c r a  
H ccjieÄ O B aH H oii n jio m a A H  K o tm e n T p a m m  cjioccjiopa M eH ee 0 ,0 0 0 5  m z / a , a  b 
3 a n a A H o ñ  —  6 o j i e e  0 ,0 0 0 5  m z / a , n p n u e M  b p a i io t i e  a p x n n e n a r a  M a r o c  h  b 
K pacH O M  M o p e OHa A O c m r a e T  0 ,0 0 1 1  m z / a .

A B S T R A C T

T h e  p a p e r  a n a l y s e s  t h e  g r a n u l o m e t r i c  c o m p o s i t i o n  o f  t h e  s u s p e n s i o n  
o b t a i n e d  b y  t h e  s e p a r a t i o n  m e t h o d  f r o m  t h e  s u r f a c e  w a t e r s  o f  t h e  n o r t h e r n  
a n d  c e n t r a l  p a r t s  o f  t h e  I n d i a n  O c e a n  d u r i n g  t h e  3 3 r d  c r u i s e  o f  t h e  e / s  
« V i t y a z » .  T h e  s c h e m e s  o f  a r e a  d i s t r i b u t i o n  o f  s u s p e n d e d  p a r t i c l e s  a r e  g i v e n  
a c c o r d i n g  t o  s e p a r a t e  f r a c t i o n s  ( m o r e  t h a n  0 .0 5 ,  0 .0 5 — 0 .0 1 ;  l e s s  t h a n  0 .0 1 ,  
0 .0 1 — 0 .0 0 5 ,  0 .0 0 5 — 0 .0 0 1  a n d  l e s s  t h a n  0 .0 0 1  m m )  in  p e r  c e n t  o f  t h e  d r y  
s u s p e n s i o n  m a t t e r  a n d  in  m m  p e r  II o f  w a t e r .  T h e  m a j o r  p a r t  o f  t h e  
s u s p e n s i o n  ( a v e r a g e l y  a b o u t  7 0 % )  i s  m a d e  b y  p e l i t e  p a r t i c l e s  l e s s  t h a n
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0.01 mm in size, w hile  50%  of the suspension c o n s i s t s  o f p a r t i c l e s  o f th e  
subcolloidal fraction (less than 0.001 m m ).

In  the central part of the studied area (the region adjacent to the 
H industan  Peninsula) the am ount of the pelite particles in the suspension 
is 60— 70% . On the north-east from  it (eastern part of the B ay of Bengal, 
the A ndam an Sea) their num ber is reduced to 50— 60% , w h ile  to the 
north-w est (western part of the A rab ian  Sea and the Red Sea) and to the 
south (to the south of 20° S) it increases to 80%  and more.
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J I . B .  J L u c H H u c n a n

r E O M O p a > o j io r H f l  h  m o p <d o m e t p h ii e c k h e  x a p a k t e p h c t h k h  
Y H A C T K A  A P A B H H C K O -H H ffH ÏÏC K O ro  X P E E T A

B  n o cjie^ H H e roA bi O oA b iu o e  BHHMaHHe y /tejineT C H  cT poeH H io  n  reH e3 H cy  
noABOAHbix cpeA H H H O -oK eanH qecK H x xpeÖ TO B, npeA C T aB JiH Jom nx c o 6 o h  eA H H yio  
CHCTeMy, npoTHTHBaiomyKDCH b  o ö m e ö  c a o h í h o c t h  ö o A e e  HeM Ha 4 0  0 0 0  k m .

YcTaH OBJieH o [ 1 ,  2 ,  3 ] ,  hto  3T a CHCTeMa h b a h c t c h  H enpepbiBH biM  o 6 p a 3 0 B a -  
HneM , K O Topoe npöcA ejK eH O  b o  B c e x  o x e a H a x .  H a n ö o A e e  noAHO o h o  H 3 o 6 p a > x e-  
Ho Ha ôaTHMeTpHHecKOH h reoM opcJjoA ornnecK O H  K a p T a x  M n p o B o r o  o x e a n a ,  n o -  
M em eH H bix b  <I>H3HXO-reorpa4)HHecxoM  aT A a ce  M H pa [ 4 ] ,

BoAbuioH HHTepec jinn BbiHCHeHHH npnpoAbi cpeAHHHO-oxeaHHHecxnx xp e6- 
TOB npeACTaBAHeT AeTaAbHoe H3yneHHe hx oTAeAbHbix ynacTxoB. 06o6ui,eHHe 
AocTaTOHHO noApoÔHoro MaTepnaAa no pernoHaM no3BOAHT noAynnTb npeACTaB- 
AeHHe 06 ycTpoHCTBe Been chctom h, npocAeAHTb MopijDOAornHecxne h reHeTHne- 
cxn e ocoßeHHOCTii ee OTAeAbHbix nacTeñ. T axoe ACTa^bHoe H3yneHHe npoBeAeHo 
AA h HexoTOpbix naeren CpeAHHHO-ATAaHTHHecxoro xpeôTa [1].

PaÔOTbl Ha HeÔOAbIHHX nOAHrOHaX npOBOAHAHCb aHTAHHCXHMH HCCAeAOBaTeAH- 
m u  Ha « O y a H e »  h  c o b c t c k h m h  Ha «B iiT H 3e» . O A H a x o  3H 3A H 3 r e o M o p 4 » A o r H n e c x H X  
A aH H bix n o  p e 3 y A b T a ia M  s t h x  axcneA H U H H  e m e ,  no-BHAHMOMy, He npoBOAHACH.

A ß r o p o M  öb iA a  npeA npH H H T a n o n b iT x a  HCCAeAOBaTb reoM optJ)OA orH io c p a B -  
HHTeAbHO x o p o r n o  o ö e c n e n e H H o r o  n p oM ep oM  y n a c T x a  A paB H H C xo-M H A H H C xoro  
x p eÔ T a , BXOAHm ero b  CHCTeMy cp eA H H H O -oxeaH cxH X  xpeÔTOB. O h  o rp aH H n eH  
xoopA H H aTaM H  5 8  3 0 ' — 6 3 °  b . a - h  6 ° — 1 0 °  c .  u i .  H M eB iim ecH  b  p a c n o p m x e H iin  
aB T op a  M aT epnaA bi h o 3 b o a h a h  nocT p oH T b  2 2  npotjDHAH ( p n c .  2 ) ,  c x e M a  p a c n o A O -  
jxeHHH x o T o p b ix  c  Ha3B3HHHMH BbinoAHHBUiHX n p o M ep  cyAOB n o x a 3 a H a  Ha 
pHC. 1.

3 t h  npocJiH A H , a  T a x > x e  H e x o T o p o e  K O A nnecTBO  O TA eA bH bix o t m c t o x  rA yÔ H H  
ôbiA H  H c n o A b 3 0 B 3 H b i a a h  n o c T p o e H H H  ô a T H M e rp H H e c K o n  ( p u e .  3 )  h  r e o M o p ip o j io -  
T H H ecxoH  ( p n c .  4 )  x a p T ,  a  T a x > x e  x a p T  p a cn A e H eH H o cT H  h  y rA O B  H ax A O H a.

B aT H M eT pH H ecxan  x a p T a  n o c T p o e H a  n o  MeTOAy reoM optJxiA orH H ecxoH  HHTep- 
riOAHHHH, pa3paÔOTaHHOM y COBeTCKHMH HCCAeAOBaTeAHMH nOA pyXOBOACTBOM
Y A H H u eB a [ 5 — 7 ] ,

J le r e H A a  reoM opcJioAorHHecKOH x a p T b i c o c r a B A e H a  aB xop oM  Ha ocH O B e JiereH A  
pH A a reoM op<|)OAorHHecHHX x a p T  [ 4 ,  8 ,  9 ]  h  p añ oH n p oB aH H H  A paB H H C X o- 
H h a h h c x o t o  x p e ô T a , npeA A O JxeH H oro B e A o y co B b iM  [ 1 0 ] .

Æ aH  C0CT3BAeH H H X apT MOpcjlOMeTpHHeCXHX XapaXTepHCTHK OXa3aAOCb 
HeOÔXOAHMblM npOBeCTH pHA MeTOAHHeCKHX HCCAeAOBaHHH, nO CK O A bX y p a H e e  
HMeACH TOAbXO OnblT C0CT3BAeHHH X apT bl HHTeHCHBHOCTH paCHAeHeHHH (X p yT H 3-  
Hbi c x a o h o b )  M e3 o p eA b e4 ia  A n a  O x o t c x o t o  M op n  [8, 1 1 ] .  P a ß o T b i T. B . Y A H H u eB a
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P h c . 1. CxeMa MapiupyroB sK cne/am ™ , npoBoaHBiiiHx npoMepHbie paöoTbi na paccMaTpiiBaeMOM 
yqacTKe ApaBiiiicKO-HH^HHCKOro xpeÓTa.

HoMepa na rajicax cooTBeTCTByiOT HOMepaM na npotfcujiflx, npuBeaenHbix Ha-pwc. 2

noK a3a.n n  HeoôxoAHMOCTb nocTpoeH H H  M O p^oM eTpunecK H X KapT M op cK oro  A n a . 
O ^H aK o p a ö o T  n o  MeTOAHKe H3yqeHHH M op ^ oM eT p n ii a h  a c  T ex  n o p  He n o H B -
A H A O Cb.

H a M H , T 3K  >Ke K aK  II r .  B .  y A H H U eB b IM , 3 a  O CHOBy 6 b IJ ia  B 3H T a M eTOAIIKa 
o n p e A e j ie H H H  M o p ^ O M e T p i in e c K i ix  x a p a K T e p u c T H K ,  p a 3 p a 6 o T a H H a n  M eH H O - 
BbiM  [12] h  B o jiK O B b iM  [13], H m h  n p e A A o n ie H O  a a h  h h c a o b o h  x a p a K T e p i iC T i iK i i  
p e A b e c J ia  c y r n u  n p iiM e H H T b  C A e A y ro m n e  n o K a 3 a T e A H : a )  p im v i  p e . a b e i j i a — p a c -  
CTO H H Iie n o  ro p H 3 0 H T 3 A H  Me>KAy COCeAHIIMH nOAHHTHHM H 11 nO H H W eH H H M H ', 
6 )  T A y Ö H H y  p a c H A e H e H H H  —  B e A in n iH y  n e p e n a A a  b h c o t  ivie/KAy c o c c a u h m h  
Be p u iH H a M H  h  A e n p e c c i iH M H ; b )  K p y T i i3 H y  c k a o h o b  —  B e A n n im y ,  x a p a K T e p i i 3 y i o -  
m y i o  y r o A  H a x j io H a  n o B e p x H o c T i i .

O cH O B H bIM  OTAHHIieM  H a U ieH  M eTOAHKH OT p eK 0 M e H A 0 B 3 H H 0 H  B oA K O B bIM  
h  M eH H O B biM  6 h a o  n p o B e A e H H e  p a c n e T O B  n o  npo cJu iA H M  p e A b e iJ ia  A n a ,  a  H e  n o  
c e T K e  B 3 aH M H 0  n e p n e H A H K y A H p H b ix  n p o c jjH A e f t ,  c h h t h x  c  K p y n H O M a c u iT a Ö H b ix  
T o n o r p a c j iH n e c K H X  K a p T . 3 t o , ecT ecT B e H H O , oÖ B HCHHeTCH o T cyT C T B iieM  t 3 K h x  
K a p T  a a h  A n a  o T K p b iT o r o  o n e a H a .  K p o M e  T o r o ,  6 m a h  H ecK O A bK O  M O A H iJ iim iip o - 
B aH b i c jio p M y A b i M e H u o B a  n  B o A K O B a , K o r o p b ie  n p n o ö p e A H  c A e A y io m iiH  b h a -

P h tm  peAbe<|)a d  — ■ rAe D  —  a a h h 3  onpeAeAeHHoro ynacTKa npo-

(Jihah, npHHHToro aah pacneTa, m  —  hhcao ToneK nepernßa npoiJiHAH, cnHTan 
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P m . 4. reoMop<pojiormecKan Kapra  y i a c r e a  A p a B H ö c K O -H H ^ H H C K o ro  xpeôra.
i  — rpaHHu,bi ueHTpajibHOft q a e m ; 2  — rpaHHUbi BHyTpeHHeft CTyneHH; 3 — rpäHHubi xpeÓTa (coBnaAaioT 
c KpaeM BHeuiHefl CTyneHH); 4  — rpaHHiibi oßjiacTH cy6ropH30HTajibHbix aKKyMyjiaTHBHbix paBHHH c 
OTAejibHbiMH iio ah h th jim h , He norpe6eHHbiMH nofl ocaAKaMH; 5 — Kpan BTOpH^Hbix crynene¡íi; 6  — aowa 
pH(J)TOBbix ao jih h ; 7 — animeHTpbi 3eM^eTp«ceHHft; 8 — rpe6HH noAHHTHfl; 9  —  oTAejibHbie BepuiHHbi; 
10 — oTAejibHbie noABOAHbie rop b i; 11 — oTAeJibHbie 3aMKHyTbie BnaAHHbi; 12  — oßjiacTH HHTencHBHoro 
CHoca ocaAoqH oro M aTepnajia; 13 — oßjiacTH aK K yM yjihiihh ocaAOHHoro M aTepnajia b npeA eJiax x p e 6 ra ;

14  — OTMeTKH rjiyÔHH

H a n a j io  h  KOHeu, npocJiH Jia 3 a  t o h k h  n e p e r n ô a .
m  m

y  H _

rjiyßHHa pacqjieHeHHH hcp = —------ ---------- > r^e H cp =  1 - >

cyMMa r^yÔHH, BK/nonaa rjiyônHbi HaqajibHOH h  k o h c h h o h  Tonen npocfimiH. 
H  —  rjiy Ô H H a T o n e n  neperH Ô O B . h

CpeAHHH K pyT H 3H 3 CKJIOHOB —  t g  y  =

A a H H b ie  a j i h  p acn eT O B  n o  s t h m  (JxDpMyjiaM m o jk h o  CHHMaTb c  a x o rp a M M  h j i h  
c  n p o c jf f lj ie n , n o c T p o e H H b ix  n o  c h h tm m  c  a x o rp a M M  h j i h  c  n jiaH ineT O B  h  K ap T  
OTMeTKaM. O neB H flH o , h t o  J iy n m e  B c e ro  n o ^ b 3 0 B a T b c n  sxoppaM M aM H . H o  o h h ,  
K a n  n p a B H Jio , H e nyô jiH K yioT C H .
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l I t o 6 h  BbiHCHHTb, HacKOJibKO OTJIHM3IOTCH r ioK a3aT ejn i, BbiHHC/ieHHbie n o  n p o -  
(Jhiahm h  axorpaM M aM , 6biJi  npoH 3BeA eH  p a cn eT  d ,  h cp h  t g y  n o  AaHHbiM 31 -r o  
p e n c a  a / c  «BnT H 3b» Ha r a j ic e  o t  C enm ejibC K H x o c t p o b o b a o  BoM Ö ea [ 1 4 ] .  K a n  
h  c j ie ^ o B a ^ o  ojKH^aTb, BecbM a 3HanHTeAbHbiMH O K a3ajin cb  pacxoiK A eH H H  b b c a h -  
n im a x  pHTMa peA becjia. BeAHHHHbi, xap aK T ep n 3y io iii;H e p acnA eH eH H O cra, p a3Jin -  
naioTCH M ajio. H ecw o T p n  Ha 3H annT ejibH bie pacxoiK A eiiH H  b KpyTH3He HaKAOHa, 
x a p aK T ep  e e  n3M eH eH nn K an n o  npot|>H jno, T an  n  n o  axorpaiv iM e coB naA aeT  
n b oôm eM  OTpajKaeT H3MeHeHHH KpyTH3Hbi c[)opM p ejibecfia . O r a o f la  c j ie ^ y e T , h t o  
KapTbl paCHJieHeHHOCTH n  CpaBHHTejIbHOH KpyTH3HbI CKJIOHOB MOIKHO CTpOHTb 
Ha ocHOBe pacneT O B , npoBeA eH H bix n o  cHHTbiM c  n p ocfw A eii rjiyÔHHaM. H e  c jie ^ y e T  
3a6b iB aT b, KOHenHo, h t o  npocjiHJiH, n ocT p oeH H b ie He n o  axorpaM M aM , a  n o  o t m c t -  
KaM r j iy ß n n  c  KapT h  njiaH ineTOB, 6 y A y r  M eHee AOTaAbHbi n  OTpa3HT m i  b k o  
H a n ô o jie e  o 6 in ,n e  M opcjioM eTpnnecKHe 3 3 K 0 H 0 M ep h o cth  peA becjia.

n o  (JjopMyjiaM [ 2 ] ,  [ 3 ]  HaMn ô h j ih  BMHHCAeHbi rjiyÖ HH a pacnAeH eH H H  
h  KpyTH3Ha c k a o h o b  a a h  B c e x  2 2  npo(})HJieH (c m . p h c .  2 ) .  P a c n e T  npoBOAHJicn n o  
yqacTK aM  a a h h o h  5 — 15 MHjib, b  m i k a m i i  H3 KOTopbix b x o a h a h  oA nopoA H bie n o  
BHeuiHeM y B n a y  (j)opMbi p e .ib ecjia . 3 a  B eJinnnH y d  ô b ijia  npHHHTa AAHHa KaiK Aoro  
y n a c r a a .  I l p n  nocT poeH H H  K apT n p e A n o A a r a j io c b , h t o  MeiKAy c o c c a h h m h  T o n n a -  
MH H3M eHeHne 3HaneHHH MoptJjOMeTpnnecKHX xapaK T epncT H K  n jiaB H oe.

n o c j i e  HaHeceHHH b ueHTp KaiK Aoro p a ccn n T a H H o ro  y n a c r a a  t o h k h  c o  3 n a n e -  
HneM rjiyÓHHbi pacnAeHeHHH n  KpyTH3Hbi c k a o h o b  6 m a h  cocT aB jieH bi c  n p n M e-  

t  HeHneM MeTOAa reoM op cJjojiorn necK on  H H T epnojih iih h  KapTa rjiyÖHHbi p a c n jie H e -
HHH ( p n c .  5 ) H K a p T a  OTHOCHTeAbHOH K p y T H 3 H b I CKJIOHOB (p H C . 6 ) .

K oM njieKT H3 SaTHMeTpnnecKOH n  reoM opc^o.TornnecKOH K apT, KapT rjiyÖHHbi 
pacHJieHeHHH n K p yra3H b i c k j i o h o b ,  a  T a n ib e  npotJwA H , AaHHbie noABOAHoro 
4 )O T o rp a ( |)H p o B aH H H  paccM aT pH B aeM oro y n a c r a a  h  M aT epnajib i n o  a o h h m m  o t j i o -  
xeH H H M  no3BO Jim oT n o A y n n r a  AOCTaTOTHO n o A p o ö H o e  npe/(C T aB Jiefm e o  p a c -  
cMaTpnBaeMOM y n a c r a e .  O h p a e  n o A a r  a e r e a  b  cp eA H en  n a c r a  ApaBHHCKO- 
H h a h h c k o t o  xp eÓ T a, 3 a x B a r a iB a a  e r o  rp eö eH b  n  ceBepo-BOCTOHHbie c k a o h m .  lO r o -  
3an a^ H b ie  c k j i o h m  b x o a h t  b  npnH H T yio H a p æ n y  KapTbi n a c r a n n o . H a  c e B e p o -  
BocTOKe y n a c r a a  x p e ß e T  n e p e x o jn iT  b  a h o  ApaBH H CK oii k o t j i o b h h h .  O h  HMeeT 
H anpaBJieH H e ioro-BOCTOK —  c e B e p o -3 a n a A -

H a n ô o j i e e  n o A H H T a n  u e H T p a j i b H a a  n a c r a  x p e ö T a  n p e f lC T a B J in e T  c o ß o n  c b o a o -  
B o e  n o flH H T H e , o c j io iK H e H H o e  p h a o m  noA B O A H bix  r o p ,  q a c T o  H M e ro m u x  cjx ipM y 
K O H y c a , h t o  n o 3 B O J in e T  c n H T a r a  h x  B y jiK a H a M H . K  u e H T p a j ib H o f t  n a c r a  n p n y p o -  
q e n a  o ß j i a c T b  H a n S o j i b u i n x  y r j i o B  H a K J io H a  h  M a K c n M a j ib H o r o  p a c q . ie n e H H H .  
0 ; iH 3 K O  M eCT3M H , B OCHOBHOM B M O K ro p H b IX  A en p eC C H H X , HaÖJHOflaiOTCH y q aC T K H  
p o B H o r o  H Jin  c j i a ß o  H a K J io H e H H o ro  A n a ,  h t o  x o p o r n o  b h a h o  H a  n p o c jiH A H x . H a  
m o  p cjio m eT  p h  q e c  k  h  X K a p T a x  a r a  o c o O e H i io c r a  p e j ib e i j i a  n e H T p a j ib H o f t  q a c T H  
x p e Ô T a  B b ip a iK e H a  b  C B o e o 6 p a 3 H O M  p n c y H K e  h 3 0 j i h h h h ,  o 6 p a 3 y io m H X  p h / i  M eji-  
KHX 3 3 M K H y T b ix  a p e a j iO B .  P a c c M O T p e H H e  n p o c j i n . i e n ,  p a c n o j io a c e H H b ix  B ^ o j ib  
H e H T p a jib H O H  n a c T H , n o 3 B O Jin e T  3 aM eT H T b , m to  O H a H e  H e n p e p b iB H a ,  a c o c t o h t  h 3  
O T ^eJIbH b lX  M aCCHBHbIX nO ^H H T H H , HMeiOUI,HX O Ö IH ee O CH O BaH H e. 3 t h  ÔJIOKH 
B e c b M a  p a 3 H o o 6 p a 3 H b i  n o  B b ic o T e  h  n p o T H J K e n i io c T H . M e c T a M H  o h h  p a3 Ô H T b i 
r j iy ô o K H M H  T p e in H H a M H . P asA eJiH K M H H e h x  a e n p e c c n n  TaK >K e p a 3 J in n a io T C H  n o  
4 » p M e .  r o p H 3 0 H T a j ib H b ie  p a 3 M e p b i  ö o ^ b i u n H c r a a  c^opM  p e j ib e i j i a ,  no-B H A H M O M y, 
H e  n p e B b i m a io T  2 0 — 4 0  M H Jib , T a x  x a x  H a  n p o ( [ )H jiH x , H a x o A n m H x c n  o a h h  o t  
A p y r o r o  H a  H e 3 H a q n T e .ib H O M  p a c c T O H H n n ,  H e  y u a e T c n  n p o c j ie A H T b  OA H y h  T y  
M e  (J jo p M y .

U,eHTpaAbHaH n a c r a  xp eÖ T a, ÔAHiKe k  e e  ceB epo-B ocT onH O M y K p a io , p a 3 A p o ô -  
AeHa rjiyÔOKHM pa3AOMOM —  pnijlTOBOH AOJIHHOH, UIIipHHa KOTOpOH Me>KAy 
coceAHHMH BepuiHHaMH OKOjio 18  MHJib, a  OTHOCHTeJibHan rjiyÔ HH a AOCTnraeT 
2 2 3 0  jit. C k j i o h m  a o a h h m  H aK A O H eH bi n o A  y rA O M  7 ,5 ° .  3 r a  A a n H b ie  6 j ih 3 K h  
k  cpeAHHM, onpeAeJieHHbiM  a a h  p h c J j t o b o h  a o a h h m  B c e r o  ApaBHHCKO-HHAHHCKoro 
xp eÔ T a [ 1 0 ] ,

n o  H M erom HM CH  b  H a u ie M  p acnopniK eH H H  AaHHMM TpyAHO o n p e A e A H T b  x a p a K 
T e p  A n a  pntJïTO BO H  a o a h h m ,  h o  M a T e p n a j ib i  n p o M e p a  n p e u H 3 H O H H b iM  s x o a o t o m ,
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32
P hc. 5. KapTa niyÖHHbi pacnAeHeHHH ynacTKa ApaBHHCKO-HHAK&CKoro xpeÖTa

T —0 — 50 M-, 2 — 50—100 m; 3 — 100— 200 m\ 4 — 200-300 m; 5 — 300— 500 jn: 6 — > 500 m

1 2 0 2
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Phc. 6 . K ap ia  othochtwibHoñ KpyTH3 Hbi ckjiohob y^acrna ApauHHCKo-MH,HHHCKoro xpeßra 
1 — 0 —0°15'; 2 — 0°15' — 0°30'; 3 — 0°30' — 1°0'; 4 — I — 2°; S — 2—3°: 6 — 3—4°: 7 — >  4



nojiyqeHHbie yqeHbiMH CUJA b 1958 r. b xejioôe «Bnua» [15], cBHAeTeAbCTByioT
O TOM, HTO AHO ee BOAHHCTOe, MeCTBMH Ha HeM BCTpeqaiOTCH XOAMbl. Bo3MOJKHO, 
3TO TaKHCe rOBOpHT O MOJIOÄOCTH ApaBHHCKO-HHflHHCKOTO XpeÔTa H erO pHCjlTO" 
boh aoahhm , Tax KaK b npoTHBHOM cAynae OHa öbijia 6bi 3acbinaHa ocaAKaMH, 
nocTynaioiH,HMH c KpyTbix ckjiohob coccahhx BepuiHH, r^e aoajkhm 6 bit b pa3BHTbi 
cycneH3HOHHbie noTOKH h onoji3HeBbie hbachhh.

PHtjiTOBaH aoa h Ha Ha paccMaTpHBaeMOM ynacTKe He hbahctch eAHHbiM 
HenpepbiBHbiM 0öpa30BaHHeM. B puAe MecT OHa Hcne3aeT h BMecTO Hee HaÖAio- 
AaeTcn puA flenpeccHH pa3AHHHoñ rjiyÔHHbi h npocTnpaHHH. 3 ia  ocoöeHHocTb 
xoporno BHflHa Ha reoMoptJjojiOTHHecKOH KapTe (cm. pnc. 4). To xie 3aKAK>neHHe 
MOJKHO CÄeJiaTb H npH BHHMaTejIbHOM paCCMOTpeHHH ÖaTHMeXpHHeCKOH KapTbl. 
3 to npoTHBopeaHT yTBepxiAeHHio Xn3eHa [2] o e/iHHCTBe h HenpepbiBHocra 
PH(|)TOBOH flOJIHHbl Ha BCeM UpoTH/KCHHH XpeÖTa.

B HCCJieAyeMbiH h3mh ynaeroK bxoaht HeßoAbiuaH nacTb ioro-3anaAHoñ 
BHyTpeHHeñ cTyneHH, KOTopaa Bwjie.iena Ha ochob3Hhh aHajiH3a npoifiHAeñ. 
OHa pacnojioxieHa Ha rjiyöHiiax npHMepHo 3200—3800 m h npeAcraBAneT coöoh 
He3HaHHTejibHo HaKJiOHeHHyio b cTopony CoMaAHñcKoñ kotaobhhm  noBepx- 
HocTb, Ha KOTopoH p33BHTbi oT^ejibHbie noAHHTHH, AocraraiomHe BbicoTbi ßoAee 
1000 m . TjiyÖHHa pacqjieHeHHH sto h  noBepxHOCTH cocraBAneT b cpe^HeM 50— 
100 m npH cpe^HHX yrjiax  HaKJioHa ao  I o. LUnpHHa ee npHMepHo 69 muaö.

CeBepo-BOCTOHHan BHyTpeHHHH CTyneH b xpeÔ T a a o k h t  b cpeAHeM  Ha r j iy -  
ÖHHax 3000— 3900 m , h o  MecTaMH HaÖAioAaioTCH cym ecT B eH H bie o t k j io h c h h h  3a  
n p e ^ e jib i ST oro  A H an a30H a. UJHpHHa BH yTpeH H eñ cry n eH H  BecbM a HenocTOHHHa 
h b A e r a n n x  3HanHTenbHO OTKjiOHHeTCH o t  o ô m e r o  jiH H eH H oro n p o cT H p a n H a  
xp eÔ T a. X a p a K T ep  e e  n o B e p x H o c r a  BecbM a p a 3 H o o ô p a 3 e H . M o jk h o  3aM eraT b  
H eôojibuiO H  o6u i,h h  H3KJI0H b cT o p o H y  BH euiH eñ CTyneHH. H a H eñ n p o c j ie x u iB a -  
lOTCH nOABOHHbie nOAHHTHH —  r o p b l, MaCCHBbl, HeÔOJIbUIHe rpeÔHH pa3AHHHbIX 
(jiopM h oqepTaH H H . B p n ^ e  MecT m o h îh o  oÔHapyjKHTb 3aMKHyTbie BnaAHHbi.

H e ß o j ib iu H e  «BT opH niibie» CTyneHH npocne>KHBaioTCH Ha He3HauHTeAbHOM  
paccTOHHHH. TaKOH xap a K T ep  p en b e ijia  HaKAaAMBaeT o m e ia T O K  h  Ha M optjxi- 
M eTpHnecKHe KapTbi. C p eA H ee p a c n n e n e H H e  b 100— 200 m  c m c h h c tc h  ropHCTbiM 
peJIbec})OM HJIH pOBHblMH yUaCTKaMH, HBAHIOIHHMHCH, nO-BHflHMOMy, OÔjiaCTHMH 
HaKonjieHHH ocaA O H H oro M aT ep n ajia . K a n  n p a B H jio , o h h  n p n y p o q e H b i k  3H anH - 
TeJIbHblM nOHHJKeHHHM pejlbecjia. K pyT H 3H a CKJIOHOB TaKJKe pa3JIHHHa. OÔJiaCTH 
ropH 30H T ajibH bix paBHHHHbix noBepxHOCTeft p e3K o n ep exoA H T  b K pyT bie c k j io h m  
noBceM ecTHO pa3Ô pocaH H H X  nOAHirruft.

riepexofl k BHeuiHeñ ceBepo-BocronHoñ CTyneHH ocymecTBJieH b BHAe nojio- 
roñ, MecTaMH pa3^po6jieHHoñ noBepxHOCTH. IÎIupHiia BHemHeñ CTyneHH b cpeA- 
HeM MeHbiue BHyTpeHHeñ h cocraBAHeT cooTBeTCTBeHHO 52 h 64muau. Pacnojia- 
raeTCH OHa b cpeflHeM Ha rnyôm iax 3600— 4600 m , t .  e. pacnJieHeHHOCTb ee 
öojibuie, neM y BHyTpeHHeñ cryneHH. 3 to  OTpa>KaeT h KapTa rjiyÔHHbi pacqjiene- 
hhh, ta c  ah  h BHeuiHeñ cryneHH oóbiHHoñ HBAHercH rjiyÔHHa pacnAeHeHHH, 
npeBbiuiaiomaH 200 m . BcrpenaeTCH pacHAeneHHe cBbirne 500 m , h to  He OTMe- 
naAOCb Ha BHyTpeHHeñ CTyneHH. BoAbine h cpeAHHH Kpyra3Ha ckaohob, p e* e  
BCTpenaioTCH ropH30HTaAbHbie ynacTKH. H a BHeuiHeñ CTyneHH noHTH HeT poBHbix 
ynacTKOB. Ckaoh oahoto  hoahh thh  CMenaeTCH ApyruM, npHueM caMH ck aohh , 
KaK MOHÍHO CyAHTb nO SXOrpaMMaM H COCTaBAeHHbIM no HHM npOCjlHAHM, TaKJKe 
CHAbHo pacHAenenbi. Bo3pacTaiOT ropH30HTaAbHbie pa3Mepbi noAHHTHñ no 
cpaBHeHHK) c BHyTpeHHeñ cTyneHbio.

rpaHHua BHeuiHeñ CTyneHH h3Xoahtch b ceBepo-BOCTOMHOM yrAy paccMaT- 
pHBaeMoro pañoHa h npocAexcHBaeTCH Ha HeôoAbuioM paccTOHHHH. OHa HecKOAb- 
KO MeHee H3BHAiiCTa, neM rpaHHua BHyTpeHHeñ cryneHH. BHeniHHH CTyneHb 
AOBOAbHOv pe3Ko nepexoAHT b nouTH nAOCKoe aho ApaBHñcKoñ kotaobhhm , 
OCAOHCHeHHOe pHAOM H30AHp0B3HHbIX nOAHHTHft, HMeK)UI,HX B pHAe CAyUaeB 
KOHycoo6pa3Hyio (JiopMy. JJah s th x  noAHHTHñ xapaKTepHo oTcyTCTBHe nAaBHoro 
nepexoAa o t  ckaohob ko Any kotaobhhm . Bo3HHKaeT npeAnonoaieHHe, hto 
ocHOBaHHe hx 3acbinaHo ocaAKaMH. 3 ro  mojkct 6 h tb  noATBepiKAeHO h xapaKTepoM
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0CaAK00Öpa30BaHHH B ApaBHHCKOH KOTAOBHHe, KOTOpaH flBJIHÊTCH KaK 6bl 
raraHTCKoñ AOByuiKOH aah  orpoMHoñ Maccbi MaTepnajia, BbiHOCHMoro Hhaom 
h APyruMH peKaMH 3anaAHoñ H hahh. 0 6  stom CBHAeTeAbCTByioT AaHHbie 3 3 -r o  
penca «Bhth3h» o moirhocth pbixAbix OTAO>KennH ApaBHHCKoro Mopa, KOTopasi 
yMeHbiuaeTCH c ceBepa Ha ror o t  2,5 ao 0,5 km y hoaho>khh Ap3bhhcko-Hhahh- 
cKoro xpeÓTa [16, 17].

A h3ah3 pH A a noABOAHbix (jxrrorpaijD H H , n o A y n e H H b ix  b 33-m p e n c e  3 /c  «B nT H 3b» 
(1960 r . ) ,  no3BOAHeT c A e n a T b  p h a  3aM enaH H H  o M H K pope/ibecjie  AHa H CC A eA yeM oro 
p a ñ o H a :  yn acT K H  c  BbixoAaM H K opeH H bix  nopO A  H a He3HanHTeAbHOM  paccTOHHHH 
cMeHHKDTCH y nacT K aM H , noK pbiTbiM H  K pynH biM  c[)opaMHHH([iepoBbiM necK O M . H a  
pH A e CHHMKOB BHAH3 K p y n H a H  p H Ö b , CBHA6 TeAbCTByiOUI,aH O H3AHHHH 3HaUH- 
TeAbHblX npHAOHHbIX TeneH H H , CMbIBaiOIII,HX H yHOCHUI,HX A erK H e HaCTHHbl K OCHO- 
B3HHK) nOAHHTHH H B MOKTOpHbie AOAHHbl.

P accM O T peH H e o c o ó e H H o c T e ñ  p e /ib e c jia  A n a  H CC A eA yeM oro p a ñ o H a  no3B O A neT  
33M eTHTb H eK O Topbie 33KOHOMepHOCTH. Tax, K )ro -3 an aA H b ie  CTyneH H  x p eÓ T a  
pacnoA O H ceH bi H a 6 o A e e  h h 3 K o m  runco M eT p H n ecK O M  y p o B H e , neM  ceB epo-B O C T on- 
H bie; m n p i  H a c r y n e H e ñ  ó o A b u ie  c i o r o - 3 a n a A a ,  neM  c ceB epo-B O CTO K a; pncjiTOBaH 
AOAHHa c M e m e iia  o t  c p e A H e ñ  o c h  x p eÔ T a  k ceB ep o -B o cT O K y ; io ro -3 a n a A H b ie  
rpeÓ H H , pacnoA O JK eH H bie  p h a o m  c  pHcjrroBOH a o a h h o h ,  KaK npaB H A O , B b iiu e  
CetiepO-BOCTOMHblX. 3 t H  OCOÓeHHOCTH nOATBepjKAaiOT EMBOA 0 6  aCHMMeTpHHHOM 
CTpoeHHH ApaBHHCKO-HHAHHCKOrO x p e Ô T a  [10],

A B S T R A C T

T h e  p a p e r  d isc u sse s  th e  p a r t  of th e  A r a b ia n - I n d ia n  R id g e , w h ic h  is  th e  m o s t s tu d ie d  
r e g io n  b y  m e a n s  of s o u n d in g s . T h e  a u th o r  c o m p ile d  m a p s  of d e p th  of d is s e c tio n , t i l t  of s lo p es , 
a n d  b a th im e tr ic  a n d  g e o m o rp h o lo g ic a l m a p s .

T h e  m e th o d  is  e la b o r a te d  fo r  th e  d e te rm in a t io n  of m o rp h o m e tr ic  c h a r a c te r is t ic s  of t h e  
o c ea n  b o t to m  fo r  t h e  c o m p i la t io n  o f m o r p h o m e tr ic  m a p s . T h e  a n a ly s is  of th e  b o t to m  re lie f  
p ro f i le s  a n d  th e  c o m p ile d  m a p s  a llo w e d  t o  p ro v id e  th e  g e o m o rp h o lo g ic a l d e s c r ip t io n  of t h e  
a re a  a n d  c o n firm  th e  a s y m m e tr ic  s t r u c tu r e  of th e  A r a b ia n - I n d ia n  R id g e .
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B asalts dredged from  the A m irante Ridge, w estern Indian O cean*

R o b e r t  L .  F is h e r -]-, C e l e s t e  G .  E n g e l J  a n d  T h o m a s  W .  C .  H il d e |

, ( R e c e i v e d  14 N o v e m b e r  1967)

Abstract— O ceanic tholeiitic basalts were dredged from  2500 to  3000 m  depth o n  each  flank o f  the  
A m irante R idge, 1200 k m  southeast o f  Som alia in  the western Indian O cean, by R .V . A r g o  in  1964. 
O ne sam ple, probably shed from  a  flow  or dike in  basem ent beneath the coralline cap, gave a  w hole- 
rock  K -A r  age o f  82 ±  16 x  10“ years. T he age is sim ilar to  those reported by others for agglo
m erate from  Providence R eef, nearer M adagascar, and for gabbro from  C hain R idge, the southw est 
m em ber o f  O w en Fracture Z one, nearer the Som ali coast. T he A m irante C retaceous-E arly Tertiary 
occurrence lies betw een  the “ con tinenta l”  650 x  IO6 years granites o f  Seychelles A rchipelago and  
the large Precam brian “  continental ”  b lock  o f  M adagascar.

Trends o f  m ajor structures and distribution o f  the related topographic and m agnetic-anom aly  
lineations in 7 -8  x  IO6 km 2 o f  the surrounding Indian O cean suggest that in  addition  to  spreading  
o f  the seafloor from  the seism ically-active M id-Indian O cean R idge-C arlsberg R idge com plex there  
has been, since m id-M esozoic tim e, distributed left-lateral shear a long 52°-54°E  that has m oved  
M adagascar at least 700 km  south  relative to  Seychelles Bank. M easurem ents by others indicate  
the absolute m ovem ent o f  M adagascar has been  southw ard as w ell. T he em placem ent o f  oceanic  
tholeiitic basalts at shallow  depth, the developm ent o f  volcanic topography betw een the sedim ented  
Som ali and M ascarene basins, and the existence o f  the faulted A m irante Trench and R idge are con se
quences o f  the displacem ent.

IN T R O D U C T IO N

T h e  A m i r a n t e  Bank and the associated coralline atolls and sand cays lie in the western 
Indian Ocean about 1200 km southeast of Somalia, Africa. The area has been visited 
recently by research vessels participating in the International Indian Ocean Expedition 
1960-1965. It lies within the sector studied by the United Kingdom ships Owen 
(1958, 1961-2, 1963-4) and Discovery (1963, 1964, 1967), and visited by Vityaz 
(U.S.S.R., 1959,1967), Akademik Kurchatov (U.S.S.R., 1967), Atlantis II (U.S.A., 1963, 
1965), Vema (U.S.A., 1963), Horizon (U.S.A., 1962), Argo (U.S.A., 1962-3, 1964), 
and M eteor (F.D.R., 1965).

The islands and their foundation are areally insignificant but of current geological 
and geophysical interest because they are adjacent to the anomalous granitic rocks 
of the Seychelles Archipelago and seemingly are linked to Madagascar, 600 km SSW, 
by as yet unsampled ridges and shoals (Fig. 1). Moreover, the region shown in Fig. 1 
is currently of intense interest to proponents of continental drift.

No volcanic rocks are exposed on the islets in the Amirante group, but the magnetic 
anomaly profiles of the research vessel Owen ( A n o n y m o u s ,  1963) suggest that a basaltic 
foundation is present at a depth of less than 1 km beneath the bank ( M a t t h e w s  and

♦C ontribution from  the Scripps Institution o f  O ceanography, U niversity o f  C alifornia, San  
D iego .

fScripps Institution o f  O ceanography, U niversity o f  C alifornia, San  D iego  L a Jolla , California  
92037.

ÎU . S. G eological Survey, L a Jolla, Calif. 92037, U .S .A .

521

Collected reprints of the International Indian Ocean Expedition, vol. VII, contribution no. 544 1 2 0 7



522 Robert L. F isher, Celeste G. Engel and Thomas W. C. Hilde

D a v i e s ,  1966). The Amirante Trench, discovered by Vityaz in 1959 ( B e l o u s o v ,  1961) 
lies along the western border of the Amirante Ridge (Fig. 1). Recent, precise bathy
metric explorations have delineated the trench and traced its possible extension north
ward as a zone of irregular topography and short ridges which bounds the Somali 
Basin on the southeast. To the southeast a possible extension of the trench appears as 
a complex of ridges and deeps to the latitude of Agalega. The Amirante Ridge and 
trench apparently form a volcanic arc that intersects and terminates the more extensive 
Mascarene Plateau (Fig. 1).

The granitic rocks of the Seychelles Archipelago are about 650 X IO6 years, or 
Late Precambrian, in age ( M i l l e r  and M u d i e ,  1961 ; W a s s e r b u r g ,  C r a i g ,  M e n a r d ,  

E n g e l  and E n g e l ,  1963, p. 788) and geophysical studies summarized by M a t t h e w s  

and D a v i e s  (1966) indicate that the Seychelles Bank is underlain by a continental 
crust. Gravity studies suggest that the deep continental crust-mantle contact under the 
Seychelles Bank rises sharply just north of the bank, and seismic refraction results 
indicate a sharp termination of the thickened crust to westward as well ( F r a n c i s ,  

D a v i e s  and H i l l ,  1966). However, F r a n c i s  and S h o r  (1966) reported seismic refrac
tion results west of Saya de Malha and state :

“ . . .  granitic material similar to that forming the Seychelles Bank appears to 
exist west of the Saya de Malha Bank, in all probability part of the same block.
If  the westward limit of this material occurs between (57° 10'E and 57° 55'E), 
as seems likely, its east-west extent is about 250 km—comparable in dimension to 
the Seychelles Bank.” (p. 435).

Madagascar is composed largely of Precambrian igneous and metamorphic 
rocks, with late Cretaceous to Tertiary volcanics in the northern portion ( F u r o n ,  

1963, pp. 354-366, for review). The only data in the region between Madagascar and 
the Seychelles are from large slabs of volcanic sandstone dredged near Providence 
Reef (at 9° 26'S, 50° 57'E, Fig. 1) at a depth of 1360 m ( W is e m a n ,  1936). The sand
stone (samples are large slabs of volcanic agglomerate) consists of fragments of altered 
augite and olivine-bearing basalt and organic remains, cemented by calcite. W is e m a n  

suggests that these rocks may form the foundation of Providence Reef. On the basis

F ig. 1. (O pposite) Subm arine topography o f  the A m irante R idge, Som ali Basin , C hain R idge, 
northern part o f  the M ascarene Plateau, and part o f  the Carlsberg R idge-M id-Ind ian  O cean Ridge  
and C hagos-L accadive R idge. C ontouring is in  “ corrected”  m etres, based o n  soundings 
adjusted according to  M a t t h e w s  (1939) tables o f  sounding velocities. Individual soundings are 
represented by dots.
N o te  : In  areas o f  greater than 4000 m  depth a  200 m  contour interval w as em ployed. Inse t:  
L ocation  o f  sam ples dredged from  the Am irante R idge by R .V . A rg o  in July, 1964.

In  addition to  older, generally less precise sounding data from  expedition, naval, com m ercial, 
cable, and survey vessels, the recent research and survey ship tracks include :

Federal R epublic o f  Germ any
M eteo r  11 1964-5 A nto n  Bruun

France  
R obert G iraud 1963

A rgo
A tla n tis  I I  
Chain

U nited  K ingdom H orizon
R .R .S . D iscovery 1963, 1964, 1967 Vema
H .M .S . D alrym ple 1963
H .M .S . D am pier 1964 U .S .S .R .
H .M .S . O wen 1961-2, 1963-4 V ityaz

U nited States o f  Am erica
1963, 1964 
1962-3, 1964 
1963, 1965 
1964 
1962
1958, 1963

1959, 1960, 1962, 1964

1 2 0 8



i w *
'*■4800

SU&v , .  * ¿ v y ÿ , .  •*.,.............‘■¿^"i "

ö t J VN ;" ‘
y

X 'X s S X - v  ‘‘' s v ' v  ^  V Î K  & k A \f
f / y / y / / y / / / / / / / y / / y / / / y / / / / / / / y y y y /y y y y //^

/ /
n m m

m m

iINSET
J a

aP°°

9

\

■4800

T^ögr;^L ijK r \  "<

s rm g g .  M-;- 
V V . '- '> 3 :A '% r-'¿ te '!
V W »  ç ^ » ’i W '  i 
’■'i i .X jA -^% .^./ V  i -! .4 .¿ ¿ S P' .  v, 'lí "i ...........*-.íW ^/. ”7/

4

■w’ ■«i V 5w ” i 14600

\  « \ j ® ^ r ¡ v ^
/ —'V i*- v.'-'t i  'S i \ \ fl¡

* i - '  ; íirt \ v V  \5  !lí

.;  ̂ rj . ;

r 9  ' V'"' 'V  
& x . v y  ^

T?&. hx, , H- ■ > 'V  'V\'£\ *\ S
(i % '% . * \ °S \  \  % A X_|

«M Cv
s

S e y c h e l l e s  
»'

B A N K W % , aä

R L F  8  6 7
:. C¡Uu \

A M I R A N T E

JOSEPH

DARROS
POIVRE

NOEUFS
BOVIDENCE

LOA BR

27 0
v  -« a - i /  * <-• ' A ^ ü J ^ k i x 1 »« v>i/  ^  y  i  c # ?  /  v.-j \  / k - ‘\- \ a  \ N

M A L H A  
B A N K

FARQU
GALEGA

HONSE 
OUTIER 
FRANÇOISv r

ú  ' W *
COMORES

ISLANDS • X?S/0
\ A  s  c A-o° 8  

)S°(l, &
f < x u

A t DEPTH IN CORRECTED" METERS 
VERT. EXAGG. 25«MADAGASCAR



Basalts dredged from the Amirante Ridge 523

of the included orbitoid Foraminifera he concludes that they are probably Eocene or 
Oligocene in age. Actually such Foraminifera are also found in the Upper Cretaceous, 
although in smaller numbers (W is e m a n , 1936, p .  441).

D E S C R IP T IO N  A N D  C O M P O S IT IO N  OF D R E D G E D  R O C K  SA M PLES

Two dredge hauls were made on the Amirante Ridge north of Alphonse Island 
during DODO Expedition (1964) of the Scripps Institution of Oceanography, University 
of California. One dredge haul, DODO 127, came from the east flank of the ridge, 
at a depth of 2430-3000 m, near 6° 40'S, 52° 53'E (Fig. 1, inset). The dredge hung up 
at the shallow end of this haul. The other dredge haul, DODO 128, was made on the 
west flank of the Amirante Ridge at depths of 2400-2700 m, near 6° 40'S, 52° 35'E.

Table 1. Chemical compositions o f  basalts dredged from  the Amirante Ridge, Indian
Ocean.

A verage  Î 
Indian O cean, 8 sam ples  

D O D O  128C D O D O  128B  D O D O  \2 1 D d  (calcula ted  w ater-free)

Weight %*
SiOs 48-90 48-42 50-20 50-29
TiOa 0-89 0-88 1-25 1-21
AI2O3 16-53 17-02 16-31 17-16
FezOs 4-15 3-13 4-56 2-26
FeO 5-90 6-22 6-58 6-51
MnO 0-17 0-16 0-20 0-16
MgO 7-68 8-26 6-72 7-75
CaO 12-22 11-12 9 1 6 11-55
NaaO 2-21 2-49 2-78 2-83
K2O 0-12 0-28 0-21 0-19
H2O + 0-63 0-75 0-81 —

H2O - 0-44 1-03 0-77 —

P2O6 0-07 0-05 0-22 0-09

Total 99-91 99-81 99-77
Parts per milliont §

Ba 8 9 14
Co 33 34 32
Cr 230 220 297
Cu 160 170 77
Ga 14 16 17
Ni 97 93 97
Sc 50 52 61
Sr 43 40 130
V 300 310 292
Y 20 30 43
Yb 4 4 5
Zr 40 40 95

‘Analyst, C. G. E n g e l .
tAnalyst, A. L. S u t t o n ,  Jr., U.S. Geological Survey, Denver, Colorado.
}6  samples from E n g e l ,  F i s h e r  and E n g e l  (1965, p. 606, Table 1), 1 from K o r z h i n s k y  (1962), 

and 1 from C a n n  and V i n e  (1966, p. 200).
§10 Pacific and Atlantic ocean basalts in E n g e l ,  E n g e l  and H a v e n s  (1965, p. 720-721, Tables 1 

and 2).

Both hauls collected fragments of basalt, slabs of calcareous sandstone, some siltstone, 
and coralline fragments, all probably from talus slopes rather than from outcrops. 
The bulk of the rocks from the dredge sites consists of the slabby sandstone. The

1 2 0 9
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sandstones are composed of basaltic fragments, variously altered to palagonitic material, 
discrete grains of pyroxene, plagioclase, altered olivine, fragmental organic remains, 
collaphonite, and rare hornblende(?), cemented by calcite. They are very similar to 
the rocks described by W is e m a n ,  but are less altered and obviously are derived locally 
from the mechanical and/or chemical erosion of volcanic rocks, probably basalts.

The chemical compositions of three basalt specimens dredged from the Amirante 
Ridge are listed in Table 1, together with the composition of an “ average” 
Indian Ocean tholeiitic basalt. Table 1 lists trace element analysis for two DODO 
samples and an average trace element composition derived from Pacific and 
Atlantic ocean tholeiitic basalts. Sample DODO 127 Dd is a dense, gray, angular 
fragment approximately 10 x 7 x 7 cm in size. The rock is very fine-grained and 
contains feathery intergrowths of pyroxene and plagioclase, opaque minerals, 
quartz(?), and rare olivine. Some of the plagioclase occurs as scattered phenocrysts 
or several grains of plagioclase intergrown with pyroxene. The phenocrysts of plagio
clase are variously altered to chloritic and palagonitic material. Two samples of 
relatively fresh basalt were recovered on station DODO 128 (Fig. 1). Sample DODO 
128B is a gray, dense, equigranular basalt approximately 6 x 10 x 11 cm in size. 
The surface of the rock is partially coated with hydrated iron and manganese oxides. 
The rock has a distinct doleritic texture with lathes of labradorite enclosing grains of 
clinopyroxene, as well as minor olivine and opaque minerals. Approximately 5% 
of the minerals (largely pyroxene) are altered to greenish palagonitic material. Another 
piece of basalt from the same dredge haul, sample DODO 128C, is light gray, porphy- 
ritic basalt about 6 x 7 x 9 cm in size. The rock contains clots as large as 3 mm in 
diameter of bytownite intergrown with pyroxene. The sample contains (in vol. %) : 
bytownite, 42%, 6% of which forms large phenocrysts; clinopyroxene, 48%, with 
about 1 % as phenocrysts; opaque minerals 5%; and alteration minerals. The ground- 
mass has a doleritic texture.

These Amirante basalts, dredged from talus slopes, were probably shed from flows 
or dikes in the basement of the Amirante Ridge. It is unlikely that the rocks were 
rafted by kelp from mainland areas, for throughout the year surface currents in this 
area are w e s t  to northwest ( A n o n y m o u s ,  1960, pp. 50-51).

The basalts reported are chemically and mineralogically similar to many of the 
basalts dredged from varous locations in the Indian Ocean ( E n g e l ,  F i s h e r  and E n g e l ,  

1965, p. 606; C a n n  and V in e ,  1966, p. 200) and from the Pacific and Atlantic oceans 
( E n g e l ,  E n g e l  and H a v e n s ,  1965, p .  720). Characteristically, these oceanic tholeiitic 
basalts have a silica content near 50 % by weight and low concentrations of K, Ti 
and P, and extremely low concentrations of Ba, Sr and Zr (Table 1). Mineralogically, 
most oceanic tholeiites are composed predominantly of plagioclase (usually labradorite 
or bytownite) with pyroxene, opaque minerals, and minor olivine.

The recovery of slabby sandstone composed of basaltic minerals along with pieces 
of oceanic tholeiitic basalt suggests that volcanic rocks of predominantly basaltic 
composition form the foundation of the Amirante group. This would support the 
magnetic interpretation cited earlier.

r a d i o m e t r i c  a g e  o f  t h e  a m i r a n t e  r i d g e  b a s a l t

The porphyritic plagioclase-rich basalt (DODOl 28C) was submitted to Geochron 
Laboratories, Cambridge, Massachusetts for whole rock K -A r age analysis (Table 2).

1 2 1 0
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Table 2. Analytical data and ages calculated fo r  Amirante Ridge basalt and a similar low-potassium tholeiitic basalt from  the
Experimental Mohole, Guadalupe site.

S a m p l e 40 Ar* 40Ar* A v e r a g e  40Ar* K A v e r a g e  K A g e
n u m b e r (ppm ) T o t a l  Ar40 (ppm ) (% ) (% ) ( x  IO6 years)

0 0 0 0 5 7 0-061 0-087
D O D O  128-C 0-00049 0-081 82 ( ±  16)

0  00041 0-039 0-075

M o h o le t 0  00030 0-063 0-122
Basalt 0  00030 0-129 0-13 32 ( ±  10)
R-0107 0-00029 0-040 0-136

♦Indicates radiogenic com ponent. 
fD a ta  from  K r u e g e r  (1964, p. 1155)

C onstants used : A^40K  =  4-72 x  10-10/year
Ae 40K  =  0-585 X 10~10/year  
40K /K  =  1-22 X  IO“4 g/g.
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The age obtained, 82 ( ±  16) X  10® years, suggests a possible mid- to late Cretaceous 
emplacement of the rock. It is clear from the analytical data (Table 2) that, due to the 
small amounts of K  and radiogenic Ar in these basalts, age determinations are liable 
to large errors. We have obtained an average K content of 0-102 (weight %) on sample 
DODO 128C (Table 1, K 2O : 012). The age of the rock is possibly as old as Creta
ceous but it could be Eocene or younger. Such a range in age is consistent with that 
reported by W i s e m a n  (1936, p. 441) for the fossiliferous, volcanic agglomerates of the 
Providence Reef occurrence.

The nearest subaerial occurrences of basaltic rocks are the dolerites on the Sey
chelles Islands ( B a k e r ,  1963). There, Tertiary doleritic and basaltic dikes cut and 
intrude xenoliths of the Late Precambrian Mahe granite and are the youngest rocks of 
the islands; B a k e r  and M i l l e r  (1963, p. 347) report an average radiometric age of 
about 50 x  10® years for these dikes. The dikes reported by B a k e r  (1963, p. 19-20) 
range in width from a few centimetres to about 10 m and are vertical in attitude. 
They are pyroxene dolerites, porphyritic plagioclase dolerites, olivine dolerites and 
olivine-bearing basalts. Locally, shearing has produced hornblende and epidote-rich 
lenses. Many of the dike rocks are altered to uralitic metadolerites containing chlorite 
and epidote. However, most of the chemical analyses of these Seychelles mafic 
rocks show they have more potassium and sodium than basalts from the DODO 
dredge sites. This is one characteristic difference between tholeiitic basalts emplaced 
in, respectively, continental and oceanic environments ( E n g e l ,  E n g e l  and H a v e n s ,  
1965, p. 722).

D IS C U S S IO N

The existing data indicate that much tholeiitic magma has been emplaced at 
shallow crustal depths, in the western Indian Ocean, during the Tertiary and possibly 
in Cretaceous times. This basaltic upwelling must have occurred both prior to and 
during the evolution of the Amirante Trench. Much if not all of the basalts also were 
emplaced after the fragments of Precambrian granitic crust represented by Madagascar 
and the Seychelles reached their present geographic positions.

The similarities of old, granitic continental-type rocks in the Seychelles and Mada
gascar and the occurrence of crust of continental thickness even in the isolated Sey
chelles Bank have led to the suggestion they were once connected to each other, and 
possibly to the eastern margin of Africa. I f  so, their fragmentation and migration to 
their present sites must have begun in pre-Cretaceous times, prior to the emplacement 
of basalt now found along the Amirante Bank. In addition the structural and morpho
logical features of the Amirante Bank must have evolved in the wake, or well after any 
separation, of Madagascar and the Seychelles, and probably after most of the basaltic 
“ basement ” in the Amirante region was emplaced.

Submarine topography

Evidence for crustal displacements in the Madagascar-Amirante-Seychelles region, 
as well as in the deeper oceanic areas to the north and east, was sought by examination 
of seafloor relief. Figure 1 is one interpretation of the bathymetric data ; other recent 
charts of this area are those of B e l o u s o v  (1965) and L a u g h t o n  (1963, unpublished).

B y conservative cou n t 65-70%  o f  the sounding track show n on  F ig . 1, and a  far higher proportion  
o f  the soundings them selves, were logged  recently by IIO E  ships equipped w ith  P recision D epth

1 2 1 2
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R ecorders, or equivalent. Such sounders have a  recording precision o f  better than 2  m  in  5000. 
E xcept o n  the 1965 A tlan tis I I  cruise, ships were dependent on  celestial navigation so  their fixes have  
an accuracy o f  about ±  4  km . W ithin these lim its, older or  less-w ell-controlled  tracks were adjusted  
in  position  until their soundings m ade goo d  crossings w ith  the accepted lines. A lthough there were 
such  m inor adjustm ents, and slop e corrections were n o t m ade, raw  discrepancies at crossings were 
n ot great; these were on ly  2 -2 0  m  for recent lines in the abyssal p lains. T he availability o f  precise 
soundings (and  m any published profiles) in  the deeper areas encouraged an attem pt at correlation  
o f  local, narrow, flattish-floored deeps— or m inor rises in  generally-sedim ented areas— betw een  
adjacent sounding lines som e tens o f  kilom eters apart. Such correlations resulted in the striking  
lineation  patterns o f  F ig. 1.

Supporting evidence for such interpretative contouring is found  in  tw o w ell-controlled, detailed  
surveys (conducted aboard H .M .S . Owen in 1962) o n  the crest and flank o f  the Carlsberg R idge, 
near 5° 30 'N , 62°E and 3°N , 60°E, respectively. Bathym etric charts o f  these areas, at 100 fm  contour  
intervals, are available (F igs. 5B and 6B, A n o n y m o u s , 1965). T he corresponding portions o f  F ig . 1 
were redrawn by interpolation directly from  those  published charts, using 2000, 3000, 4000, 4200, 
4400, 4600 and 4800 m  contours. In  both areas northw est-trending lineations appear; they are m ore 
obvious in both  flank versions than in those o f  the ridge crest, even that (F ig. 5B, A n o n y m o u s , 1965) 
at 100 fm  interval.

Submarine topography of about 7,700,000 km2 of the west-central Indian Ocean 
is represented on Fig. 1. The western margin includes the continental slope off East 
Africa, with thick Karroo, late Mesozoic and Tertiary sediments underlying the shelf 
and siope, and possibly extending for several hundred kilometers beyond the slope 
(F rancis, D avies and H ill, 1966, p. 259). Tertiary and Quaternary sediments mantle 
the slope and rise, and blanket irregular basement topography in the Somali Abyssal 
Plain (Bunce, L angseth, Chase and Ew ing , 1967). Seychelles Bank, the northwest 
extremity of the aseismic Mascarene Plateau, and bordering sedimented rises extend
ing west to Agalega comprise a second topographic-structural unit.

The Mid-Indian Ocean Ridge forms the largest province. The northwest-trending 
part of that ridge—extending from near 2°N, 67°E to the Gulf of Aden, with major 
offset at the Owen Fracture Zone (M atthews, 1966, p. 183)—is termed the Carlsberg 
Ridge. South of 2°N the mid-ocean ridge, less well explored, extends with a north- 
south trend to the latitude of Rodriguez, about 20°S. Both segments of the ridge are 
active seismically; shallow shocks occur along the central rifted(?) crest and on cross- 
fractures. Epicenter plots (e.g. Stover, 1966, p. 2576) show the north-trending seg
ment to be the more active. On the Carlsberg Ridge topographic lineations on the 
flanks, expressed as low ridges and flattish-floored sedimented deeps, are chiefly 
parallel or sub-parallel to the ridge crest. The flanks, and locally the crest, of the 
south-striking portion of the mid-ocean ridge appear cut by numerous northeasterly- 
trending ridges and sedimented deeps. The latter lineations disappear, possibly by 
burial, at the edge of the apron west of the Chagos-Laccadive Ridge and at the southern 
border of the Indus sedimentary fan, near 8°N, 69°E. Topographic patterns at the inter
section of the major northwest and north-northeast lineations are not clear; explora
tion is lacking within several square degrees centered on 1° 30'N, 64° 30'E and is 
sparse near 5°N, 68°E.

As here contoured, the northwest-trending ridge-and-trough topography of the 
southwest flank of the Carlsberg Ridge extends west to approximately 57°E. West of 
that longitude the north-northeast-trending Owen Fracture Zone, 250-300 km wide, 
disrupts and supplants the Carlsberg Ridge. Within the area pictured in Fig. 1 the 
fracture zone consists of sub-parallel ridges—of which Chain Ridge is longest and best
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explored—and sedimented re-entrants. Several narrow basins (e.g. near 5° 20'N, 
55° 30'E and 5°N, 56° 45'E) are the deepest regions on the chart; their limited extent, 
paucity of fill and depth greater than the regional level imply rather recent formation, 
and current tectonic activity along the zone.

If the mid-ocean ridge system is developed by addition of crustal material at the 
crest and lateral movement of the flanks, in the manner suggested in 1963 by L. W. 
M orley (unpublished)* and Vine and M atthews (1963), the two segments of the 
ridge pictured on Fig. 1 have behaved so that their topographic expression and degree 
of observed seismic activity differ. The Carlsberg Ridge, bounded or decoupled by the 
northeast-trending Owen Fracture Zone on the northwest and by a northeast-trending 
set of deeps on the southeast, may be the less constrained. Widening by spreading 
normal to the active crest may have allowed development, by faulting and intrusion, 
of lineations parallel to that crest. The north-trending portion of the ridge may be 
superimposed upon a group of northeast-trending fractures or faults which modify 
or control the topography. These possibly inherited fractures lie in general between 
the north-trending, aseismic Chagos-Laccadive Ridge and the north-trending but 
offset southern portion of the aseismic Mascarene Plateau (F isher, Johnson and 
H eezen, 1967). Some of these fractures, if active as transcurrent faults subsequent to 
ridge initiation, could then function as transform faults (W ilson, 1965) oblique to the 
north-trending, spreading ridge. The obliquity may result in a slower rate of spreading 
and greater seismic activity than occurs in the Carlsberg Ridge segment. A region of 
strongly-lineated flank topography, similar to that of the Carlsberg Ridge as here 
contoured, lies just south of Rodriguez Fracture Zone on the southwest-trending 
branch of the mid-ocean ridge (F isher, Johnson and H eezen, 1967). There, the western 
flank shows ridges and exceptional deeps, and seismic activity along the ridge is not so 
high as in the area of oblique cross-fractures. The Rodriguez Fracture Zone, a zone of 
major displacement, may provide decoupling that permits more facile and rapid widen
ing of the southwest branch of the mid-ocean ridge.

North of 4°S a zone of hills or ridges extends northward near 53°E for at least 
500 km along the southeastern edge of the Somali Abyssal Plain. The southern end 
of this zone joins the Amirante Ridge-Trench system. North of the Equator the zone 
consists of hills protruding from the sediments and apparently does not connect to the 
southwest end of the Owen Fracture Zone mapped by M atthews (1966) and Bunce, 
Bow in  and Chase (1966), that is, the spectacular “ Chain Ridge ” of H eezen and 
Tharp (1965). However, a Vema reflection profile (Bunce, Langseth, Chase and 
Ew in g , 1967, p. 2551) oblique to this trend indicates an abrupt west-to-east shoaling 
of basement topography at about 1° 05'N, 52° 45'E which may be the northern 
continuation of the boundary.

South of 5°S, between 49° and 50°E, a broader zone of rugged topography, 
shallow at the northern end and deep at the southern end, extends south to 11°S 
and may be related to the postulated fault scarp along the steep northeast slope of 
Madagascar. Between this zone and the Amirante Trench is a region of small north-to- 
northwest-trending basins and ridges, and the large platforms of Providence Reef 
and Farquhar Atoll (Fig. 1). The complex of peaks, ridges and deeps separates the

* M o r le y’s ideas, clearly outlined in  a  letter subm itted to  journals early in  1963, cam e to  the present 
authors’ attention by that letter being reproduced in  part in  “  C anada’s unappreciated role as scientific  
innovator ”  by Jo h n  L e a r , Saturday Review , 2  Septem ber, 1967, p. 4 5 -50 .
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sedimented continental rise and Somali Abyssal Plain from the flattish northern portion 
of the Mascarene Basin. W ilson (1963, p. 927) suggested that the Seychelles had been 
displaced northeast relative to Madagascar along a fault extending from the Seychelles 
along the east side of Farquhar and Providence to the faulted and linear east coast of 
Madagascar. If this is correct, the intervening transcurrent ridges, almost surely 
involving northwest-trending faults, must accompany or postdate much of the northern 
migration of the Seychelles. But whatever the exact displacements, we believe the 
northwest-trending features between the Seychelles and Madagascar in Fig. 1 indicate 
a major pattern of distributive movements, with offsets and volcanism, throughout 
the area. Any migration of the Seychelles northward from Madagascar reflected by 
the intervening oceanic features would seem to require either crustal extension along 
NE-SW lines, or aggregate shearing extension along NNW-SSE lines. For reasons 
given below it is suggested that the overall movement of Madagascar has been south
ward relative to the Seychelles and to East Africa.

Magnetic data
Magnetic lines recorded in the northwest Indian Ocean by R.V. Argo, R. V. Horizon,

H.M.S. Owen, R.R.S. Discovery and R.V. Chain have been compiled in Fig. 2 to 
determine whether the magnetic lineations reported by M atthews (1966) and Bowin 
and Vogt (1966) can be extended and related to the tectonic movements of Mada
gascar and the Seychelles.*

Three distinct magnetic provinces are indicated by this compilation : (1) the zone 
of small-amplitude, “ high-frequency ” anomalies associated with the Carlsberg 
Ridge, (2) a field of predominantly northwest-striking, large-amplitude, “ low- 
frequency ” anomalies occurring north and northeast of the Seychelles to the vicinity 
of that ridge, and (3) a field of low magnetic relief west of 53°E (Fig. 2).

The small amplitude, high-frequency magnetic anomalies associated with and sub
parallel to the Carlsberg Ridge extend for approximately 450 km on either side of the 
ridge’s magnetic axis. Analogous regions occur in the Atlantic within the Mid-Atlantic 
Ridge, and are called the “ axial zone ” by H eirtzler and Le P ichón (1965, p. 4015).f

The axis of the Carlsberg Ridge as determined by magnetics and topography is 
shown in Fig. 2. There is a large bend and a related sinuous arc in the ridge axis between 
63°E and 67°E, and 2° and 4°N. If our interpretation is correct, the border of the

♦The R .V . A rgo  and R .V . H orizon  data are derived from  a  stem -tow ed , total-intensity proton- 
precession m agnetom eter. F or these records, and for those o f  R .V . Chain, the regional gradient w as 
rem oved by inspection. N o  attem pts were m ade to rem ove diurnal variations or  any effects due to  
m agnetic storm  activity. Profiles (w ith the regional gradient already rem oved) by H .M .S . Owen  
were taken  from  Adm iralty M arine Science Publications (A no n y m o u s , 1963, 1965); those o f  R .R .S . 
D iscovery  were provided by the D epartm ent o f  G eodesy and  G eophysics o f  the U niversity o f  C am 
bridge and  by L a u g h to n . The m ethod  o f  rem oving the regional gradient and  consideration  o f  correc
tions is described in  the texts o f  the Adm iralty publications. C rossings betw een British and other lines 
display large apparent discrepancies. T hese seem  due to  the difference in  m ethods o f  rem oving the  
regional m agnetic values rather than to  poor positioning.

f i t  is w ithin this zone o f  the Carlsberg R idge that V in e  (1966, p. 1409) has m atched the central 
portions o f  tw o Owen  m agnetic profiles to  the reversal tim e scale o f  C o x , D oell and D a lr ym ple  
(1964) and D o ell  and D a lr y m pl e  (1966). A  present attem pt to  fit m agnetic profiles across the full 
w idth o f  the axial zon e to  the extrapolated 10 x  IO6 years reversal m odel o f  P it m a n  and  H eirtzler  
(1966, p. 1166) gave an approxim ate m atch. H ow ever, profiles w ithin  the Carlsberg R idge’s axial 
zon e neither show  bilateral sym m etry nor correlate am ong them selves so  clearly as do the P acific- 
A ntarctic R idge or R eykjanes R idge profiles o f  the latter authors. A dditional closely-spaced  profiles 
over the com plex and faulted Carlsberg R idge w ould be necessary to  m ake extensive correlations and  
define the reversal pattern. T he present writers are concerned  primarily w ith  th e  anom alies outside  
the axial zon e and have show n n o  correlation within the zone except the  axial anom aly itse lf  (F ig . 2).
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magnetic axial zone to the southwest and the strike of the large anomalies immediately 
outside the zone also exhibit this bend, although in a smaller and less exaggerated 
pattern (Fig. 2). F isher, Johnson and H eezen (1967) and M atthews (1966) postulated 
that this change in trend of the zone is due to displacements along a series of northeast- 
trending faults that cross the ridge. There is, however, a well developed ridge-axis 
anomaly on the only magnetic profile within the bend, near 4°N, 64°E. In contrast, 
the characteristic ridge-axis anomaly does not appear over one well-surveyed ridge- 
cutting fracture near 5° 30'N, 62°E (M atthews, V ine and Ca n n , 1965). In areas 
between such observed faults the more typical ridge magnetic characteristics are 
preserved. If a fracture zone exists at and in the vicinity of the large bend in the ridge 
near 3°N, 66°E, perhaps it is composed of individual en echelon NE-SW-striking 
fractures, as expressed by the NE-SW troughs cutting the ridge further south (Fig. 1). 
These NE-SW troughs may represent faults whose origin predates the Carlsberg 
Ridge growth and that probably have been active at times during ridge growth 
(F isher, Johnson and H eezen, 1967). Despite the structural and morphological 
complexities in this region the central rift valley is more obvious and continuous here 
than in most other segments of the ridge that have been mapped in detail (Fig. 1).

The large-amplitude, low-frequency anomalies that characterize the region south
west of the axial zone, between the Carlsberg Ridge and the Seychelles, may be 
traced and correlated for distances as great as 600 km. Near the axial zone their 
trend commonly follows the edge of that zone, and the topographic lineations, for 
example, in the region northeast of the Seychelles where the border of the axial zone 
displays the bend. These anomaly patterns suggest that the large anomalies are relics 
of earlier ridge development and mark parallel structures which are “ fossilized ” 
parts of the ridge system. The high amplitude and low frequency of these anomalies 
could be attributed either to a more intense magnetic field and less frequent reversals of 
the earth’s magnetic field in a former epoch (V ine, 1966, p. 1414) or to an earlier, 
greater rate of seafloor spreading and hence less adulteration of the upper crust by 
reversely-magnetized intrusions near the ridge crest.

The boundary between the magnetic axial zone and the field of large anomalies 
does not coincide with the southwest border of the topographic ridges and troughs but 
lies well into the ridge-and-trough zone (Figs. 1 and 2). The fact that the topographic 
features of the ocean floor do not change across the magnetic boundary seems to 
support the argument for a change in the intensity and/or frequency of reversals of 
the magnetic field.

Whereas the Mid-Indian Ocean Ridge is definitely inflected south near 2°N, 67°E, 
it is possible that the strike of the corresponding large anomalies (at 0°, 62°E) is not. 
A few additional magnetic survey lines in this region would resolve what happens to 
these large discrete anomalies at the bend. No obvious correlation can be made be
tween the large anomalies here and the similar anomalies west of the axial zone on the 
profile that extends E-W along 5|°S (Fig. 2).

M atthews (1966, p. 183, Fig. 8) shows nearly E-W correlations of similar large- 
amplitude, low-frequency anomalies north of the Carlsberg Ridge which do not 
parallel the ridge. Plotting of the published profiles (A nonymous, 1963) suggest that 
the strike of these anomalies, extended, may be disconformable to the Carlsberg 
Ridge’s magnetic axial zone. Assuming that ridge growth has produced the large 
anomalies outside the axial zone, this could mean the “ median ridge ” has a different
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orientation than it did some time in the past, or that new median ridges evolve at the 
expense of pre-existing ones. E w i n g  and E w i n g  ( 1 9 6 7 )  have suggested, on the basis of 
relative sediment thickness on mid-ocean ridges and their flanks and in basins, that 
magnetic anomalies outside the axial zone belong to a prior phase of spreading, 
separated from the present period (i.e., about 1 0  x  IO6 years) by 6 0  ±  x  IO6 years 
of quiescence in which little or no spreading occurred. Such a hiatus does provide a 
ready explanation for the possible discordance of the large-amplitude, low-frequency 
anomalies and those of the axial zone, since the present cycle of spreading need not 
proceed from the same axis as did a supposedly much-older cycle.

Magnetic anomalies just north of Seychelles Bank, where correlatable between 
closely-spaced lines, display parallelism in a manner similar to those near the axial 
zone border. Their strike, however, progresses from northwest to nearly east-west 
when followed west to the north-south profile along 53°E. Suggested correlations of 
four of these profiles are more easily seen in the simplified inset (Fig. 2). It is not clear 
whether this bend in anomaly-producing bodies is due to faulting, warping of the sea- 
floor, or to other complex characteristics of the anomaly-producing motions and 
bodies. Divergence in trend of this type clearly makes it difficult to attribute these 
anomalies to simple ridge-spreading from the present Carlsberg Ridge. The fact that 
bathymetric contours of the basin north of the Seychelles appear displaced succes
sively south when traced from east to west suggests that offsets along northeast-trending 
faults are instrumental in the change of the magnetic anomalies’ strike.

B o w i n  and V o g t  (1966) found no structures on seismic reflection records to correl
ate with the large-amplitude, low-frequency anomalies observed along the track of 
R.V. Chain northeast of the Seychelles. No obvious correlation between magnetic 
observations and the large topographic high near 0°, 56°E can be made; neither, 
seemingly, does this northeast-trending high disrupt the strike of magnetic lineations 
indicated on Fig. 2. Similarly large, non-magnetic seamounts lying northwest of the 
Owen Fracture Zone, of which Mount Error (10° 20'N, 56° 15'E) is best studied, 
have been described by M a t t h e w s  (1966, p. 180). These, however, are in the vicinity 
of Socotra, well off the seismically-active mid-ocean ridge, and also seem quite unlike 
the volcanic peaks of the Carlsberg Ridge. In this northwest region, and likewise 
showing little character magnetically, is Chain Ridge, from which gabbro has been 
dredged ( B u n c e ,  L a n g s e t h ,  C h a s e  and E w i n g ,  1967); the 150-y anomalies observed 
were less than had been expected for that spectacular topographic feature (ibid, p. 2550). 
An east-west Vema profile (ibid, p. 2552) does, however, show correlation between 
sharp magnetic anomalies and topography just north of Amirante Ridge near 3° 30'S. 
Other lines crossing Amirante Ridge and the highs in the Providence-Farquhar- 
Aldabra sector show similar correlation.

A distinct change in magnetic character occurs just west of 52° 30'E and north of 
5°S, near the northern segment of the Amirante Bank. East of that longitude the pat
tern of large-amplitude anomalies described above is present. West of 52° 30'E 
such anomalies were not observed, as though the extension of the westerly magnetic 
trends mapped north of the Seychelles had been sheared away. This abrupt change 
can be recognized on the several profiles between 2°S and 4°S and identified on three 
magnetic lines farther north : at 0° 35'N, 52° 27'E, at 2° 57'N, 52° 35'E (Fig. 2) and 
at 1° 20'N, 52° 30'E on a NW-SE Vema profile (ibid, p. 2551). To the west magnetic 
relief is low and no correlations can be made except for a suggestion of north-south
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continuity south of 3°S (Fig. 2).* North-south profiles are lacking in this region. 
The boundary between these two magnetic provinces is marked by topographic 
irregularity, small peaks and ridges which extend north of the Amirante Ridge to the 
Equator. Although these peaks and ridges do not have great relief, they do form a 
definite zone, in sharp contrast to the flat sedimented basin on the west and a gently 
sloping rise to the Seychelles on the east. It is suggested that this topography represents 
a partially buried fracture zone of major proportions.

West of 52° 30'E and south of 6°-7°S there is greater relief on the few magnetic 
profiles. This increased relief is probably due in part to latitude as well as to much 
greater topographic irregularity of supposed volcanic origin. It could be a displaced 
extension of the zone north of the Seychelles ; however, the shapes of the anomalies 
are rather different than those in the latter area.

S u m m a r y  o f  o b s e r v a t io n s  ta k e n  to  in d ic a te  a  s o u th w a r d  m o v e m e n t  o f  M a d a g a s c a r

The evidence, from this and other studies, here taken to indicate that large-scale 
left-lateral movement along 52°-53°E longitude has moved Madagascar south relative 
to the Seychelles is as follows :

(1) There is a northward continuation, from the Amirante Ridge and Trench, of 
ridge-and-trough topography within a narrow N-S zone. This zone separates a flat, 
sedimented basin on the west from a continental-type rise to the Seychelles on the east. 
A N-NE projection of this band intersects the Owen Fracture Zone, an area of large 
displacement of the Carlsberg Ridge.

(2) Northwest to E-W magnetic lineations which exist north of the Seychelles are 
terminated at this zone.

(3) Both magnetic lineations and bathymetric contours between the Seychelles 
and the Carlsberg Ridge, and east of 53°E, are successively offset to the south when 
viewed from east to west, suggesting left-lateral shear for a large block of oceanic 
crust.

(4) The tholeiitic basalt dredged from the Amirante Ridge, dated radiometrically 
at 82 ( ±  16) X IO6 years, indicates volcanism, probably extensive, between the Sey
chelles and Madagascar during Cretaceous time.

(5) Paleomagnetic measurements in Madagascar cited by N a i r n  (1964) can be 
interpreted to indicate that the crustal block was approximately 20°N of its present 
position relative to Africa in the Permian, but occupied its present approximate 
position relative to Africa in Cretaceous time.

(6) Anomalous oceanic crust, reported by F r a n c i s ,  D a v i e s  and H i l l  (1966, p. 259), 
though in the southern part of the sedimented Somali Basin, 150-450 km west of the 
Amirante Ridge, lies just north of a region of shoal and irregular seafloor extending 
northward into that basin and south toward the linear, probably faulted northeast 
coast of Madagascar. This crust can be interpreted as wholly volcanic except for an 
uppermost layer of sediments (the 6-8 km/sec crustal layer is thin or absent and the 
Mohorovició discontinuity is unusually shallow) and may be the crustal scar or vol
canically-filled chasm left behind by the southward movement of Madagascar.

(7) The age of 90 x  IO6 years reported ( B u n c e ,  L a n g s e t h ,  C h a s e  and E w i n g ,

*The N - S  correlation show n w est o f  the Seychelles on  F ig. 2  is supported by a similar anom aly on  a 
here-unfigured Vema profile that falls along the correlation betw een 3° and 4°S {ibid, p. 2552).
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1967, p. 2550) for basement rocks from the Chain Ridge, along with the Amirante 
Ridge date (4, above), suggests similarity in time of origin for these two ridges. 
Certainly both ridges formed along fractures in the crust on a scale to indicate move
ment of large crustal blocks during this period.

(8) The occurrence of Late Precambrian granites both on northern Madagascar 
and the Seychelles Bank, with both units having continental crustal structure and being 
separated by oceanic crust whose topography indicates extensive past volcanism and 
faulting, strongly suggests these two units were once connected.

If the hypothesis of seafloor spreading from mid-ocean ridges is accepted and if the 
East African Rift is considered to have formed in a tensional zone, it is difficult to 
understand any contemporaneous northward movement of Madagascar or the 
Seychelles. It may be that spreading has moved both the Seychelles and Madagascar 
away from the Carlsberg Ridge axis. If so, the processes that cause seafloor spreading 
have also caused differential movements along transcurrent faults which have separated 
these two crustal blocks.
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R eprin ted  from  Inv. Pesq., vol. 33, no. 1, 1969, p. 163-177

Distribución del nitrógeno orgánico 
en el Océano Indico occidental. II*

por

F . FRAGA **

E n la comunicación anterior, F r a g a  (1966), se dio a conocer la dis
tribución espacial del nitrógeno orgánico disuelto y del particulado en 
un corte vertical desde 25° lat. N a 20° lat. S, entre Ios meridianos 55° 
a 65° E . Las muestras fueron tomadas en octubre al final del monzón 
del SO a bordo del R/V «Anton Bruun», durante la Expedición In te r
nacional al Océano Indico. Los datos de ese crucero se encuentran en el 
«report» de la Woods Hole Oceanographic Institución, 1965.

E n  la presente comunicación se estudia la distribución del nitrógeno 
orgánico en un corte N-S desde el Mar Rojo hasta la convergencia sub
tropical. Las muestras fueron tomadas a bordo del «Magga Dan», equi
pado por el «Institut Royal des Sciences Naturelles» de Bélgica. La 
situación de las estaciones puede verse en la figura 1 y las muestras 
fueron tomadas en el mes de marzo durante el monzón del NE.

Métodos. — Las muestras de agua se tomaron siempre de dia, excep
to en la estación 241 que se tomaron de noche, utilizando botella m etá
lica y se filtraron inmediatamente a través de filtros de celulosa «Cella- 
filter grob» de 25 mm de diámetro y 0,5 ft de poro. Las cantidades 
filtradas fueron ; 500 mi para las muestras de 0 a 30 m de profundidad ; 
1 litro para las muestras de 50 a 300 m y 2 1 para las profundidades 
mayores. Los filtros con la materia particulada se colocan en pequeños 
recipientes de vidrio y se desecan sobre gel de sílice.

El agua filtrada se recoge directamente en ampollas de vidrio de 
300 mi, se le añade 0,3 mi de cloroformo y se sueldan las ampollas.

* R ecib id o  para su  pub licación  el 8 -II I -6 8 .
** L aboratorio  del In s t , de In v e s t . P esq u eras. A vda. O rillam ar, 47 . Vigo.

Collected reprints o f  the International Ind ian  Ocean Expedition , vol. V II, contribution  no. 545 1223
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F i g . 1 . —  C írculos b lan cos ; loca lización  de la s esta c io n es estu d iad as en  el crucero  
del «M agga D an» desde febrero a m arzo. P u n tos negros ; parte de las esta c io n es e s 

tud iad as por e l E /Y  «A nton B ruun» de sep tiem b re a octubre.
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E l  n i t r ó g e n o  p a r t i c u la d o  s e  d e t e r m in ó  p o r  e l  m é t o d o  d e  K j e l d a h l  d i 
r e c t a m e n t e  s o b r e  e l  f i l t r o .  P a r a  la  c o r r e c c ió n  d e l  e n s a y o  e n  b l a n c o  s e  

t o m ó  u n  f i l t r o  d e  c a d a  l o t e  d e  2 5 ,  e n  t o t a l  1 0  f i l t r o s .  E l  c o n t e n i d o  e n  
n i t r ó g e n o  d e  Io s  f i l t r o s  d a  u n a  m e d i a  b a s t a n t e  b a ja  p e r o  s u  c a n t id a d  

v a r ia  b a s t a n t e  d e  u n o s  a o t r o s ,  p r e s e n t a n d o  u n a  d e s v i a c ió n  d e  0 ,1 9  a t  - y g  

d e  N ,  e s t o  s u p o n e  u n  e r r o r  p r o b a b le  d e  +  0 , 3  a t  - /¿g N / l  p a r a  l a s  m u e s 

t r a s  t o m a d a s  d e  0  a  3 0  m  ; + 0 , 2  p a r a  la s  d e  5 0  a  3 0 0  m y  ± 0 , 1  p a r a  

l a s  d e  p r o f u n d id a d e s  s u p e r io r e s  a  3 0 0  m .
E l  n i t r ó g e n o  o r g á n ic o  d i s u e l t o  s e  d e t e r m in ó  p o r  d u p l i c a d o ,  t a m b i é n  

p o r  e l  m é t o d o  d e  E j e l d a l i l  e n  la  f o r m a  d e s c r i t a  p o r  F raga ( 1 9 5 9 ) .  E l  

e r r o r  p r o b a b le  d e  la  m e d ia  f u e  ±  0 , 4  a t  - /¿g N / l .

L a  p r i n c i p a l  d i f e r e n c i a  e n t r e  l a s  t é c n i c a s  u t i l i z a d a s  e n  e s t a  e x p e d i 

c ió n  y  e n  la  a n t e r io r  f u e  la  d e  Io s  f i l t r o s  u t i l i z a d o s  e n  la  s e p a r a c ió n  d e  

l a  m a t e r ia  o r g á n ic a  p a r t i c u la d a .  E n  e l  « A n t o n  B r a u n »  u t i l i z a m o s  f i l t r o s  

d e  f ib r a  d e  v i d r i o ,  a p r o x i m a d a m e n t e  d e  1 3  /i  d e  t a m a ñ o  d e  p o r o ,  m i e n 
t r a s  q u e  e n  e s t a  e x p e d i c i ó n  s e  u t i l i z a r o n  f i l t r o s  d e  0 , 5  y  d e  p o r o ,  p o r  
c o n s i g u i e n t e  la  c a n t id a d  d e  m a t e r ia  p a r t i c u la d a  r e t e n i d a  d e b e r á  s e r  m a 
y o r .  N o  p o d e m o s  c o m p a r a r  Io s  v a lo r e s  a b s o lu t o s  d e  la  m a t e r ia  p a r t i c u la 

d a  d e  a m b a s  e x p e d i c i o n e s  p o r q u e  la s  e s t a c i o n e s  c u b i e r t a s  p o r  e l  « M a g g a  

D a n » ,  y a  s e a  p o r  su  p o s i c ió n  g e o g r á f i c a ,  q u e  n o  c o i n c i d e  c o n  l a s  a n t e 

r i o r e s ,  o  b i e n  p o r  la  e s t a c i ó n  d e l  a ñ o ,  r e s u l t a r o n  m á s  p o b r e s  e n  g e n e r a l .  

P o r  e s t o  c o m p a r a m o s  la s  p e n d i e n t e s  d e  l a s  r e c t a s  d e  r e g r e s i ó n  e n c o n 

t r a d a  e n t r e  e l  n i t r ó g e n o  o r g á n ic o  p a r t i c u la d o  ( N O P )  y  e l  i n t r ó g e n o  o r 

g á n i c o  d i s u e l t o  ( N O D ) ,  q u e  p a r a  la s  m u e s t r a s  r e c o g id a s  e n t r e  6 0 0  y  
2 0 0 0  m  d e  p r o f u n d id a d  s o n  l a s  s i g u i e n t e s  :

« M a g g a  D a n »  p o r o  d e l  f i l t r o  0 ,5  y ,  N<¡ =  3 ,5  N „  +  3 ,3  

« A n t o n  B r a u n »  1 3  p ,  N<¡ =  7 , 8  N ,, +  4 , 3

d o n d e  N rf e s  e l  n i t r ó g e n o  o r g á n ic o  d i s u e l t o  y  N p e l  n i t r ó g e n o  o r g á n ic o  
p a r t i c u la d o ,  e x p r e s a d o s  a m b o s  e n  a t  - y g  d e  N / l .  E l  t é r m in o  i n d e p e n 
d i e n t e  d e b ie r a  s e r  i g u a l  e n  l a s  d o s  e c u a c i o n e s ,  p e r o  s u  d i f e r e n c i a  s e  d e b e  

a  la  d i s t i n t a  p r o p o r c ió n  d e  l a s  m a s a s  d e  a g u a  c o m o  s e  v e r á  m á s  a d e l a n t e .  

V o l v i e n d o  a l  s i g n i f i c a d o  d e l  d i f e r e n t e  v a lo r  d e  l a s  p e n d i e n t e s  d e  l a s  d o s  

r e c t a s  ; s i  l l a m a m o s  c  a  la  p r o p o r c ió n  d e  N O P  r e t e n i d o  p o r  e l  f i l t r o  g r u e s o  

d e  la  t o t a l  r e t e n i d a  p o r  e l  f i l t r o  f i n o ,  t e n e m o s  q u e

1 +  d i
c  =   ------------

1 +  «2

d o n d e  a x y  a 2 s o n  la s  p e n d i e n t e s  d e  l a s  r e c t a s  o b t e n i d a s  d e  l a s  m u e s t r a s  

f i l t r a d a s  p o r  f i l t r o  d e  0 ,5  ^  y  1 3  y  r e s p e c t i v a m e n t e .  S e  o b t i e n e  a s í ,  p a r a  c ,  

u n  v a lo r  d e  0 , 5 1 ,  o  s e a ,  q u e  e l  f i l t r o  g r u e s o  r e t i e n e  s o l a m e n t e  e l  5 1  % 

d e l  N O P  q u e  r e t i e n e  e l  f i l t r o  f in o .

L a  i m p o r t a n c i a  d e l  t a m a ñ o  d e  p o r o  d e  Io s  f i l t r o s  t a m b i é n  la  h a c e n
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n o t a r  H u m p h r e y  y  W o o t t o n  (1 9 (5 6 ) e n  la s  d e t e r m in a c i o n e s  d e  c lo r o f i la  

u t i l i z a n d o  p a p e l e s  S c h l e i c h e r  & S c h i i l l  1 5 7 5  y  M i l l ip o r e  H A ,  c u y o s  t a 

m a ñ o s  d e  p o r o  c o i n c i d e n  a p r o x i m a d a m e n t e  c o n  Io s  u t i l i z a d o s  p o r  n o s o 
t r o s  y  la  r e la c ió n  d e  v a lo r e s  e n c o n t r a d o s  t a m b i é n  e s  d e l  5 0  % .

D i s t r i b u c i ó n  e s p a c i a l  d e l  n i t r ó g e n o  o r g á n i c o  d i s u e l t o .  —  E l  n i t r ó g e n o  

o r g á n ic o  p a r t i c u la d o  s u f r e  v a r i a c i o n e s  d iu r n a s  i n c l u s o  h a s t a  3 0 0  m  d e  

p r o f u n d id a d  y  a  m a y o r e s  p r o f u n d id a d e s  s u  c a n t id a d  e s  t a n  p e q u e ñ a  q u e  
s u s  d i f e r e n c i a s  e s t á n  p o r  d e b a j o  d e l  l í m i t e  d e  e r r o r  d e  I o s  a n á l i s i s ,  p o r  

e s t e  m o t i v o  s ó lo  s e  e s t u d ia r á  la  d i s t r i b u c i ó n  d e l  n i t r ó g e n o  o r g á n ic o  d i 
s u e l t o ,  r e p r e s e n t a d o  e n  la  f ig u r a  2 .

M e n z e l  ( 1 9 6 4 )  h a  e n c o n t r a d o  q u e  p a r a  e l  a g u a  p r o f u n d a  e l  c a r b o n o  
o r g á n ic o  d i s u e l t o  s e  p u e d e  c o n s id e r a r  c o m o  u n a  p r o p ie d a d  d e  l a s  m a s a s  

d e  a g u a  y  s u  c a n t id a d  e s  c a r a c t e r í s t i c a  d e  c a d a  t ip o  d e  a g u a .  E l  c a l c u la  

p a r a  u n a  s u p e r f i c i e  i s o p í c n i c a  la  p r o p o r c ió n  d e  m e z c l a  d e  d o s  t i p o s  d e  
a g u a  p o r  la  f ó r m u la

D  =  1 0 0  (H
2   j

d o n d e  X 1; X 2 y  X 0 s o n  la  s a l in id a d  o  e l  c o n t e n i d o  e n  c a r b o n o  o r g á n ic o  

d i s u e l t o  d e  Io s  t i p o s  d e  a g u a  1  y  2 ,  y  e l  a g u a  e n  q u e  s e  q u ie r e  c a l c u la r  
l a  p r o p o r c ió n  d e  m e z c l a  d e  a m b a s ,  e n c o n t r a n d o  q u e  l a  p r o p o r c ió n  d e  m e z 

c la  c a l c u la d a  u t i l i z a n d o  Io s  d a t o s  d e  s a l in id a d  c o i n c i d e  c o n  la  m i s m a  

c a lc u la d a  p o r  Io s  d a t o s  d e  c a r b o n o  o r g á n ic o  d i s u e l t o .
E n  n u e s t r o  t r a b a jo  a n t e r io r  s e  e n c o n t r ó  q u e  e n t r e  e l  c a r b o n o  o r g á 

n ic o  d i s u e l t o  y  e l  n i t r ó g e n o  o r g á n ic o  d i s u e l t o  h a y  u n a  c i e r t a  c o r r e la c ió n ,  
a l m e n o s  p a r a  I o s  v a lo r e s  b a j o s  d e  c a r b o n o ,  p o r  lo  c u a l  h a y  q u e  e s p e r a ) 1 
q u e  é s t e  t a m b i é n  e s t é  r e la c io n a d o  c o n  la s  m a s a s  d e  a g u a .  A q u í  l i e m o s  

a p l ic a d o  a  v a r ia s  s u p e r f i c i e s  i s o p í c n i c a s  la  e c u a c i ó n  I ,  p e r o  e n  lu g a r  d e  
c a lc u la r  D  y  c o m p a r a r  s u s  v a l o r e s ,  l i e m o s  i g u a la d o  a m b a s  e c u a c i o n e s  

e l i m in a d o  D ,  y  d e s p e j a n d o  N 0 o b t e n e m o s  la  e c u a c i ó n  d e  u n a  r e c t a

N  = S  N '  -  g  N » - N » i N
0 0 S i  —  s 2 1 s ,  —  s 2 1

d o n d e  l a s  v a r ia b le s  N 0 y  S „  s o n  e l  N O D  y  la  s a l in id a d  d e l  a g u a  e n  u n  
p u n t o  c u a lq u ie r a  d e  la  s u p e r f i c i e  i s o p í c n i c a  d e  m e z c l a ,  S j y  S 2 s o n  la s  

s a l i n i d a d e s  d e  l a s  d o s  m a s a s  d e  a g u a  a n t e s  d e  m e z c l a r s e  y  N ,  y  N 2 e s  e l  
N O D  d e  la s  m i s m a s .  E n  la  r e p r e s e n t a c i ó n  g r á f ic a  e n  u n  s i s t e m a  d e  c o o r 
d e n a d a s  S  % o ,  N O D  s e  o b t e n d r á  u n a  r e c t a  c u a n d o  s e  t r a t a  d e  d o s  m a s a s  

d e  a g u a  y  d o s  r e c t a s  s i  h a y  u n a  t e r c e r a  m a s a  d e  a g u a  q u e  s e  i n t e r p o n e  
e n t r e  l a s  d o s  y  s e  e s t á  m e z c l a n d o  c o n  a m b a s .  A l r e p r e s e n t a r  g r á f i c a m e n t e  

I o s  v a l o r e s  e x p e r i m e n t a l e s  p a r a  <rt =  2 6 - 3 ,  2 6 - 9 ,  2 7 * 3  y  2 7 - 7  h e m o s  o b 
t e n i d o  s i e m p r e  d o s  r e c t a s  a u n  e n  a q u e l la s  s u p e r f i c i e s  e n  l a s  q u e  s e  e s t á n  

m e z c l a n d o  s ó lo  d o s  m a s a s  d e  a g u a .  E s t o  s e  d e b e  a  q u e  c u a n d o  u n  t ip o
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d e  a g u a  a b a n d o n a  la  z o n a  e u f ó t i c a  h u n d i é n d o s e ,  s u  N O D  110 p e r m a n e c e  

c o n s t a n t e  s i n o  q u e  s e  d e s c o m p o n e ,  i n c l u s o  la  f r a c c ió n  q u e  h e m o s  l la m a d o  
« i n e r t e » ,  F r a g a  ( 1 9 6 1 ) ,  s i  b i e n  s u  v e lo c id a d  d e  d e s c o m p o s ic i ó n  e s  m u y  

l e n t a ,  d e l  o r d e n  d e  a ñ o s .  A s í  u n  a g u a  p o b r e  a  m e d id a  q u e  s e  a p a r t a  d e l  

p u n t o  d e  o r i g e n ,  s i g u e  d e s c e n d i e n d o  s u  c o n t e n i d o  d e  N O D  h a s t a  q u e  s u  

p é r d id a  e s  c o m p e n s a d a  p o r  e l  m e z c l a d o  c o n  o t r a  a g u a  m á s  r ic a  y  la  p é r 
d id a  e s  m á s  r á p id a  c u a n t o  m a y o r  e s  s u  t e m p e r a t u r a .  S e g ú n  e s t e  r a z o n a 

m i e n t o  l a  r e p r e s e n t a c i ó n  g r á f ic a  e s  u n a  c u r v a  p e r o  d a d a  la  d i s p e r s ió n  

d e  Io s  p u n t o s  e x p e r i m e n t a l e s ,  é s t a  s e  p u e d e  a s i m i l a r  a  d o s  r e c t a s .

E n  e l  c u a d r o  I  d a m o s  I o s  v a lo r e s  d e  N O D  p a r a  c a d a  m a s a  d e  a g u a ,  

c a l c u l a d o s  d e  la s  r e c t a s  d e  r e g r e s ió n  y  e l  v a lo r  m í n i m o  d e  N O D  q u e  e s  
la  i n t e r s e c c ió n  d e  c a d a  p a r  d e  r e c t a s .

C U A D R O  I

C antidad  de n itrógen o  orgánico  d isu elto  (N O D ) expresado en  at-^ g N / l  de las m asas  
de agua a d iferen tes p rofund idades, expresadas en  fu n ción  de <r.

<r(

2 6 -6  2 6 -9  2 7 -8  27 -7

M asa de agna N O D  S % a N O D  S % o N O D  S o/00 N O D  S % o

P rofunda Superior . . .  5 .5  34,68
In term ed ia  A ntártiea  . 6 .0  34 ,40
C entral   4 .5  85 ,61 4 .4  34.82
E cu a to r ia l ....................... 4 ,8  35 .11  4 ,1 85 .00 3 ,9  34 ,96
M ín im o de N O D    4 ,1  35 ,17 3 ,4  35 .33  3 ,1 35 .18 2 ,9  34 .83
M ar R ojo   3 ,7  35 .86  3 ,3  85 ,56  3 ,0  35 .05

E l  v a lo r  m á s  a l t o  c o r r e s p o n d e  a  la  m a s a  d e  a g u a  I n t e r m e d i a  A n t á r -  

t i c a  q u e  v a  d e s c e n d i e n d o  a  m e d id a  q u e  a u m e n t a  la  s a l in id a d  h a s t a  c o n 

f u n d i r s e  c o n  e l  a g u a  E c u a t o r i a l .  E o s  v a lo r e s  m í n i m o s  s e  e n c u e n t r a n  e n  
e l  f r e n t e  d e  m e z c l a  d e l  a g u a  p r o c e d e n t e  d e l  M a r  d e  A r a b ia  y  A la r  B o j o  

c o n  l a s  m a s a s  d e  a g u a  E c u a t o r i a l  y  P r o f u n d a  S u p e r io r .  E s t a  m a s a  d e  

a g u a  m u y  p o b r e  s e  e n c u e n t r a  l o c a l i z a d a  s e g ú n  Io s  d a t o s  d e  S  % o  y  <r¡ d e l  

c u a d r o  I ,  e n t r e  l a s  e s t a c i o n e s  -238 y  2 4 1  s e g ú n  la  p r o f u n d i d a d ,  q u e  c o i n 

c id e  d e  u n  m o d o  a p r o x im a d o  c o n  la  d i s t r ib u c ió n  r e a l ,  f ig u r a  2 .
P a r a  o t r a s  m a s a s  d e  a g u a  e l  o r d e n  d e c r e c i e n t e  d e  N O D  e s ,  P r o f u n d a  

S u p e r io r ,  C e n t r a l ,  E c u a t o r i a l  y  la  p r o c e d e n t e  d e l  M a r  B o j o .  P a r a  e s t a s  

ú l t i m a s  e l  o r d e n  e s  e l  e n c o n t r a d o  p o r  M e n z e l  p a r a  e l  c a r b o n o  o r g á n ic o  

d i s u e l t o ,  p e r o  s i  t e n e m o s  e n  c u e n t a  e l  f a c t o r  d e  c o n v e r s i ó n  1  m g  d e  

0 0 D  =  9  a t  - n g  d e  N O D ,  t e n e m o s  q u e  la  c a n t id a d  d e  N O D  e n  e l  a g u a  
C e n t r a l  e s  m u y  in f e r i o r  a  la  q u e  l e  c o r r e s p o n d e  c a l c u la d a  a  p a r t ir  d e l  

C O D . E s t o  e n  p a r t e  s e  d e b e  a  q u e  e n  g e n e r a l  Io s  v a l o r e s  d e  N O D  e n c o n 
t r a d o s  d u r a n t e  e l  c r u c e r a  d e l  « M a g g a  D a n »  f u e r o n  i n f e r i o r e s  a  I o s  e n 
c o n t r a d o s  p o r  e l  « A n t o n  B r u u n »  c o m o  s e  in d i c ó  m á s  a r r ib a ,  p e r o  la  c a u s a
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F i g .  2 .  C orte vertica l d el crucero in d icad o  e n  la  figura 1 , m o stran d o  la  d istr ib u c ió n  d el n itrógen o  orgán ico  d isu e lto , exp resad o  at-/» N / l - ,
d u ran te  el m on zón  d el N E .
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F i g . 3 . —  D istr ib u c ió n  de la sa lin id ad  en  el m ism o  corte  de la  figura 2 . L in ea  d e tra zo s, n iv e l p rin cip a l de sa lin id a d  m ín im a . L ín e a  d e  p u n 
to s , n iv e l d e sa lin id a d  m á x im a .
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p r i n c i p a l  e s  q u e  I o s  v a lo r e s  d e  C O D  e n  e l  a g u a  C e n t r a l  s o n  m u y  a l t o s ,  

1 ,5  a  2 , 0  m g  C/1 ( M e n z e l ,  1 9 6 4 )  y  c o m o  y a  s e  in d ic ó  c l a r a m e n t e  e n  

n u e s t r a  p u b l i c a c i ó n  a n t e r i o r ,  p o r  e n c i m a  d e  1 ,5  m g  C / l  y a  n o  h a y  c o r r e 

l a c i ó n  n i n g u n a  e n t r e  e l  n i t r ó g e n o  y  e l  c a r b o n o .

L a  c a n t id a d  y  d i s t r ib u c ió n  d e l  N O D  e n  la s  d i s t i n t a s  m a s a s  d e  a g u a  
s e  v e  t o d a v ía  m e j o r  e n  la  f ig u r a  4 ,  d o n d e  s e  h a n  r e p r e s e n t a d o  Io s  v a lo r e s  

d e  N O D  e n  a t  - g-g N / l  s o b r e  u n  s i s t e m a  d e  c o o r d e n a d a s  T - S .  E n  la  

m i s m a  f ig u r a  s e  i n d i c a  p o r  c u r v a s  d e  n i v e l  a  p u n t o s  la  p r o f u n d id a d  m e d ia  

a  q u e  s e  e n c o n t r ó  c a d a  a g u a .  E n  e s t a  r e p r e s e n t a c i ó n  l a s  c u r v a s  d e  N O D  
d e  l a s  m u e s t r a s  s u p e r io r e s  a  3 0 0  m  t i e n e n  p o c o  v a lo r  p o r q u e  e s t á n  s u j e t a s  

a v a r i a c i o n e s  m u y  r á p id a s  t a n t o  l o c a l e s  c o m o  t e m p o r a l e s  y  d e p e n d e n  d e  

la s  s a l e s  n u t r i e n t e s ,  t e m p e r a t u r a  y  l u z ,  p o r  c o n s i g u i e n t e  e l  N O D  s ig u e  

la s  c u r v a s  d e  p r o f u n d id a d  p o r q u e  e n  s u  m a y o r  p a r t e  e s t á  f o r m a d o  p o r  la  

f r a c c ió n  d e  n i t r ó g e n o  lá b i l .

P a r a  p r o f u n d id a d e s  m a y o r e s  e l  N O D  d e p e n d e  d e  la s  m a s a s  d e  a g u a  

p e r o  l a s  c u r v a s  d e  Io s  v a lo r e s  e x p e r i m e n t a l e s  t r a z a d a s  s o b r e  la s  c o o r d e 

n a d a s  T - S ,  n o  s o n  m u y  r e g u l a r e s  p o r  lo  q u e  n o  e s  d e  e x t r a ñ a r  q u e  a l g u 
n o s  d e  I o s  v a lo r e s  c a l c u la d o s  p o r  r e g r e s i o n e s  l i n e a l e s  q u e  f ig u r a n  e n  e l  
c u a d r o  I ,  s e  a p a r t e n  d e  I o s  e n c o n t r a d o s  e n  l a  f ig u r a  4 ,  p o r  o t r a  p a r t e  

l a s  c u r v a s  r e p r e s e n t a d a s  e n  e s t a  f ig u r a  c o r r e s p o n d e n  a  v a lo r e s  m e d i o s  
p o r  lo  q u e  I o s  v a lo r e s  e n c o n t r a d o s  p a r a  a l g u n a s  m a s a s  d e  a g u a  e n  d e t e r 
m i n a d a s  e s t a c i o n e s  t a m b i é n  s e  a p a r t a n  b a s t a n t e  d e  e s t e  e s q u e m a  g e n e r a l .

L a  r e la c ió n  e n t r e  e l  N O D  y  la s  m a s a s  d e  a g u a ,  t a m b i é n  s e  d e d u c e  d e  

la  s i m p l e  c o m p a r a c ió n  c o n  la  f ig u r a  3  e n  la  q u e  e s t á  r e p r e s e n t a d a  la  

d i s t r ib u c ió n  d e  s a l in id a d  p a r a  e l  m i s m o  c o r t e  d e  la  f ig u r a  2 ,  e n  e l la  s e  
h a  i n d ic a d o  c o n  l í n e a  d e  t r a z o s  la  c a p a  p r in c ip a l  d e  s a l in id a d  m í n i m a  q u e  

c o r r e s p o n d e  c l a r a m e n t e  a  l a  m a s a  d e  a g u a  I n t e r m e d i a  A n t á r t i c a  

q u e  a v a n z a  p o r  d e b a jo  d e  u n  a g u a  C e n t r a l  d e  c a r a c t e r í s t i c a s  a t l á n t i c a s ,  

b a s t a  e l  C a n a l  d e  M o z a m b i q u e .  M á s  a l  n o r t e  s e  v a  p e r d ie n d o  p o r  m e z 

c la d o  c o n  e l  a g u a  C e n t r a l  I n d i c a .  C o n  l í n e a  d e  p u n t o s  s e  in d ic a  t a m b i é n  
la  c a p a  p r in c ip a l  d e  m á x i m a  s a l in id a d  q u e  c o r r e s p o n d e  a  la  m a s a  d e  

a g u a  p r o c e d e n t e  d e l  M a r  R o j o  b a s t a  q u e  é s t a  s e  v a  m e z c l a n d o  c o n  la  
p a r t e  in f e r i o r  d e  l a  m a s a  E c u a t o r i a l .  A l  s u r  d e l  C a n a l  d e  M o z a m b iq u e  

a p a r e c e  d e  n u e v o  o t r a  c a p a  d e  m á x i m a  s a l in id a d  q u e  c o r r e s p o n d e  a  u n a  
m a s a  d e  a g u a  A t l á n t i c a  P r o f u n d a  S u p e r io r .

E n  l a  c o m p a r a c ió n  d e  la s  f ig u r a s  2  y  3  s e  v e  q u e  a u n  p o r  d e b a jo  d e  

Io s  3 0 0  m ,  la  r e la c ió n  e n t r e  la  d i s t r ib u c ió n  d e l  N O D  y  la  s a l in id a d  n o  
e s t á ,  a  v e c e s ,  d e  a c u e r d o  c o n  e l  e s q u e m a  g e n e r a l  c o m o  s u c e d e  e n  la s  

e s t a c i o n e s  2 2 5 - 2 2 6  e n  l a s  q u e  a  8 0 0  m  a p a r e c e  u n a  i n t e n s i f i c a c ió n  d e  la  

m a s a  I n t e r m e d i a  A n t á r t i c a  q u e  n o  s e  t r a d u c e  e n  u n  a u m e n t o  d e  N O D ,  
s in o  a l  c o n t r a r io .

P a r a  a g u a s  c o m p r e n d id a s  e n t r e  2 0 0  v  1 5 0 0  m  Io s  d ia g r a m a s  T - S  d e 
f in e n  b ie n  l a s  d i f e r e n t e s  m a s a s  d e  a g u a  m i e n t r a s  q u e  e l  N O D ,  s o b r e  t o d o  
e n  la s  c a p a s  s u p e r i o r e s ,  e s t á  s u j e t o  c o m o  s e  in d ic ó  a n t e r i o r m e n t e  a  g r a n -
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r e

100 m

2 0

... 2 0 0 m

.... 5 0 0 m

1.000 m

f. 2 .000  m

3.000 m/

35
I ' i g .  4 .  —  Distribución aproximada del nitrógeno orgánico disuelto expresado at-/<g 
de N/l., representada sobre un sistema de coordenadas t°C, S %o. Con líneas de 
trazos se representan las masas de agua típicas: C, central; E, ecuatorial; AI, an
tártica intermedia, y MB, agua procedente del mar Bojo. Linea de puntos ; pro

fundidad media a la que se encontró cada agua.
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F i g . 5 . —  D is t r i b u c ió n  v e r t i c a l  d e l  n i t r ó g e n o  o r g á n ic o  d i s u e l to  e x p re s a d o  e n  a t- / ig  

de N / l . ,  al f in a l  d e l  m o n z ó n  d e l  S O ., s ig u ie n d o  e l c o r te  A B  d e  la  f ig u r a  1 .

d e s  v a r i a c i o n e s .  P o r  e l  c o n t r a r io ,  p o r  d e b a jo  d e  1 5 0 0  m  la s  d i f e r e n c i a s  

d e  s a l i n i d a d  s o n  m u y  p e q u e ñ a s  m i e n t r a s  q u e  la s  d i f e r e n c i a s  d e  N O D  s o n  

g r a n d e s  y  m u y  c a r a c t e r í s t i c a s  d e  c a d a  m a s a .  E n  l a  c a p a  d e  a g u a  p r o 
f u n d a  s e  d i s t i n g u e n  b ie n  d o s  m a s a s  d e  a g u a .  U n a ,  c o n  u n  c o n t e n i d o  m u y  

b a jo  d e  n i t r ó g e n o ,  t í p i c a  d e l  A la r  d e  A r a b ia ,  s i t u a d a  e n t r e  1 0 0 0  a  3 0 0 0  m  
p r ó x i m a  a l  c a b o  d e  G u a r d a f u i ,  q u e  e n  la  e x p e d i c i ó n  a n t e r io r  s e  e n c o n t r ó  

f r e n t e  a  la  c o s t a  d e  A r a b ia .  L a  o t r a ,  t i e n e  u n  c o n t e n i d o  a l t o  d e  n i t r ó g e n o  

y  s e  h a  e n c o n t r a d o  p r ó x i m a  a  la  c o s t a  d ^  M a d a g a s c a r  h a c i e n d o  u n  f r e n t e  
c o n  e l  a g u a  P r o f u n d a  S u p e r io r  A t l á n t i c a .  M á s  a l  n o r t e ,  e n  la  c u e n c a  d e  

S o m a l i a ,  s e  e n c u e n t r a  o t r a  a n á lo g a  a  la  a n t e r io r  e n t r e  Io s  1 5 0 0  a  3 0 0 0  m .

Variación monzónica de la distribución del nitrógeno orgánico di-

F ig .  6 (p a rte  su p erio r). —  D istr ib u c ió n  del n itrógeno  orgánico  d isu e lto  du ran te el 
m onzón  d el N E .,  expresado en  at-/ig  N / l .  (P a rte  in fe r io r ) '  D istr ib u c ió n  de la sa li

n idad  en  e l m ism o  corte de la  figura de la  parte superior. E n  lín ea  de trazos,
la iso term a de 11°C .
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s u e l t o .  —  L a  p a r t e  e c u a t o r ia l  d e l  O c é a n o  I n d i c o  e s t á  s u j e t a  a  u n  r é g i m e n  

d e  v i e n t o s  c o n  u n a  v a r ia c ió n  e s t a c i o n a l  b i e n  d e f i n i d a ,  Io s  m o n z o n e s .  

D u r a n t e  I o s  m e s e s  d e  a g o s t o  a  s e p t i e m b r e  e l  v i e n t o  s o p la  c o n s t a n t e m e n t e  

d e l  S O  y  e n  e l  M a r  R o j o  d e l  N O  ; c o m o  c o n s e c u e n c i a  s e  p r o d u c e  u n  a f lo 
r a m i e n t o  d e  a g u a  a  lo  la r g o  d e  la  c o s t a  d e  A r a b ia  y  S o m a l i a  y  u n  h u n d i 
m i e n t o  a lo  l a r g o  d e  l a  l í n e a  e c u a t o r ia l .  D e  f e b r e r o  a  m a r z o  la  d i r e c c ió n  

d e l  v i e n t o  e s  c o n t r a r i a ,  s o p la n d o  d e l  N E  y  e n  e l  i n t e r i o r  d e l  M a r  R o j o ,  

e n  l a  p a r t e  n o r t e ,  e l  v i e n t o  s i g u e  s o p la n d o  d e l  N O  p e r o  e n  l a  p a r t e  s u r  

t i e n e  d i r e c c ió n  c o n t r a r i a ,  o  s e a ,  d e l  S E ,  e s t e  v i e n t o  p r o d u c e  la  e n t r a d a  
d e  a g u a  s u p e r f i c ia l  e  i n t e n s i f i c a  la  s a l id a  d e  a g u a  p r o f u n d a  d e l  in t e r i o r  

d e l  M a r  R o j o ,  m i e n t r a s  q u e  e n  e l  O c é a n o  e l  m o n z ó n  d e l  N E  p r o d u c e  u n  

h u n d i m i e n t o  d e  a g u a  e n  la s  c o s t a s  d e  A r a b ia  y  S o m a l i a  y  u n  a f lo r a m ie n 
to  a  lo  la r g o  d e  la  l í n e a  e c u a t o r ia l .

T o d o  e s t e  s i s t e m a  d e  c i r c u la c ió n  d e  la  c a p a  s u p e r io r  p r o d u c id o  p o r  
Io s  m o n z o n e s ,  r e p e r c u t e  c l a r a m e n t e  e n  la  d i s t r i b u c i ó n  d e l  N O D  e  i n c l u s o  

s e  t r a n s m i t e  a  la  c a p a  s u b y a c e n t e .  E n  l a s  f ig u r a s  5  y  6  e s t á n  r e p r e s e n 
t a d a s  l a s  d i s t r i b u c i o n e s  e n  I o s  d o s  m o n z o n e s  ; la  5 a l  f in a l  d e l  m o n z ó n  

d e l  S O  y  e n  la  6  d u r a n t e  e l  m o n z ó n  d e l  N E .  E n  la  p r im e r a  l a s  l í n e a s  v e r 

t i c a l e s  d e  la  d i s t r ib u c ió n  d e l  n i t r ó g e n o  c o r r e s p o n d e n  a  u n  h u n d i m i e n t o  

p r o d u c id o  p o r  la  c o n v e r g e n c i a  d e  a g u a  s u p e r f i c ia l  q u e  s e  m u e v e  e n  d i 
r e c c ió n  N  y  s e  e n c u e n t r a  h a c i a  e l  p a r a le lo  3 °  N  c o n  u n  a g u a  q u e  s e  

m u e v e  e n  d ir e c c ió n  E ,  r ic a  e n  N O D  p o r  p r o c e d e r  d e  u n a  z o n a  d e  a f lo r a 

m i e n t o  c o s t e r o  y  q u e  y a  l ia  p e r m a n e c i d o  d u r a n t e  a l g ú n  t i e m p o  e n  la  
z o n a  e u f ó r i c a .  E n  la  f ig u r a  C>, m o n z ó n  d e l  N E ,  la  d i s t r i b u c i ó n  d e l  N O D  

( p a r t e  s u p e r io r ) ,  p o r  e l  c o n t r a r i o ,  e s  h o r i z o n t a l .  P o r  d e b a j o  d e  I o s  3 0 0  m  

s e  o b s e r v a  d e  n u e v o  u n a  e s t r u c t u r a  v e r t i c a l  p r o d u c id a  p o r  u n  i n t e n t o  d e  

a f lo r a m ie n t o  p r o v o c a d o  p o r  la  d i v e r g e n c i a  q u e  s e  p r o d u c e  a l  s u r  d e  la  c o 

r r i e n t e  n o r - e c u a t o r ia l  q u e  s e  m u e v e  h a c i a  e l  o e s t e  y  s e  m a n i f i e s t a  d u r a n t e  
e s t e  m o n z ó n .  L a  i n t e n s i f i c a c ió n  d e l  v e r t id o  d e  a g u a  p r o f u n d a  d e l  M a r  

R o j o  j u n t o  c o n  la  e l e v a c i ó n  d e  l a s  c a p a s  a lg o  m á s  p r o f u n d a s  h a c e n  a p a 

r e c e r  u n a  m a s a  d e  a g u a  m u y  p o b r e  e n  N O D  t í p i c a  d e l  M a r  R o j o  q u e  s e  
e l e v a  e n  e s t a  z o n a  h a s t a  m e n o s  d e  6 0 0  m  y  e s  b i e n  p a t e n t e  e n  la  f ig u r a  

a  8 o N ,  o t r a s  d o s  e l e v a c i o n e s  d e  a g u a  s e  o b s e r v a n  e n  la s  l a t i t u d e s  I o S  

y  1 0 °  S ,  p e r o  é s t a s  s o n  d e  a g u a  d i f e r e n t e ,  m á s  r ic a  e n  N O D  y  m e n o s  
s a l a d a ,  é s t a s  d o s  ú l t i m a s  t a m b i é n  e s t á n  r e f le j a d a s  e n  e l  c o r t e  d e  s a l i n i 
d a d ,  f ig u r a  6  ( p a r t e  in f e r io r )  e n  g e n e r a l  s e  v e  la  a n a l o g í a  e n t r e  a m b a s  

d i s t r i b u c i o n e s  p o r  d e b a jo  d e  la  z o n a  e u f ó t i c a .  E n  la  f ig u r a  6  t a m b i é n  

e s t á  r e p r e s e n t a d a  a t r a z o s  l a  i s o t e r m a  d e  1 1 ° C  q u e  c o n f i r m a  l a  e l e v a 

c i ó n  lo c a l  d e  e s t a s  t r e s  p e q u e ñ a s  m a s a s  d e  a g u a .
A g r a d e z c o  a l  d o c t o r  A . C a p a r t , d ir e c t o r  d e l  I n s t i t u t  R o y a l  d e s  

S c i e n c e s  N a t u r e l l e s  d e  B é l g i c a ,  e l  h a b e r m e  d a d o  la  o p o r t u n id a d  d e  p a r 

t i c i p a r  e n  la  e x p e d i c i ó n  d e l  « M a g g a  D a n »  y  a  I o s  d o c t o r e s  M . S t e y a e r t , 
j e f e  d e  la  e x p e d i c i ó n ,  M m e .  S t e y a e r t , A . B a l l e s t e r  y  ,T. S a n  E e l i t t , 
s u  a m a b le  c o la b o r a c ió n  a  b o r d o .
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S U M M A R Y

T h e sp a tia l d istr ib u tion  of the  p a rticu la te  organ ic n itrogen  and th e  d isso lved  
organ ic n itrogen  (N O D ) h as been  stu d ied  in  th e  se a  w ater  in  a N orth -S ou th  cu t in  
th e  W ester n  In d ia n  O cean from  24° to  52° E a s t lo n g itu d e , from  th e  su b trop ica l co n 
verg en ce , 42° S , to  th e  B ed  S ea  en try , 15° N .

I t  has been  verified  th a t under 4Ü0 m  th e  D O N  is  a ch aracteristic  o f th e  w ater  
m a sse s , th e  In term ed ia te  A n tartic  W ater h a v in g  th e  h ig h est  v a lu e  and th e  lo w est  
v a lu es b eing found  in  th e  zon es from  th e  B ed  S ea , th e  E q u atoria l and th e  upper  
deep  w ater  on e m ix .

I n  deep  w ater  th e  D O N  can  clearly  d ist in g u ish  th e  d ifferen ces in  w ater  m a sses  
w h ich  are hard ly  d ifferen t in  th e ir  v a lu es of T .-S . T he m ost ty p ica l of all o f them  
is th e  deep  w ater  o f th e  A rabian S ea  h a v in g  ex trem ely  low  v a lu es o f D O N .

T he d istr ib u tion  of D O N  in  th e  upper layer  o f th e  equatoria l zo n e  found  by  
th e  «M agga D an » during th e  N orth  E a s t  m on soon  has been  com pared  w ith  th a t  
found  form erly  by th e  B / V  «A nton  B ruun» at th e  end  of the  S ou th  W e st  m onsoon  
and rem arkable d ifferen ces w ere found  in  agreem en t w ith  th e  m on soon  w ind  
p attern s.

B I B L I O G B A F Í A

F r a g a , F . —  1959. D eterm in a c ió n  de n itrógen o  orgánico  su sp en d id o  y  d isu e lto  en 
e l agua d e  m ar. I n v .  P e sq . 1 4 :1 2 1 -1 2 7 .

F r a g a , F . ,  y  F .  V iv e s . —  1 9 6 1 . L a  d e s c o m p o s ic ió n  d e  la  m a te r ia  o r g á n ic a  n it r o g e 
n a d a  e n  e l  m a r . In v . P e sq .  4 9 : 6 5 - 7 9 .

F r a g a , F . —  1966. D istr ib u tio n  of p a rticu la te  and d isso lved  n itrogen  in  th e  W estern  
In d ia n  O cean . D eep -S ea  R e sea rch  13  :413-425.

H u m p h r e y , G . F .,  y  M . W oo tto n . —  1 9 6 6 . C om parison o f the  tech n iq u es u sed  in  
th e  d eterm in ation  of phytop lan k ton  p ig m e n ts , pág. 3 7 -6 3 . D e te rm in a tio n  of 
p h o to sy n th e tic  p ig m e n ts  in  se a w a te r . M onographs on oceanograph ic m etod ology , 
1 , 69  págs. U N E S C O .

M e n z e l ,  D . W . —  1 9 6 4 . T he d istr ib u tion  of d isso lved  organic carbon in th e  W estern  
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W oods H ole Oceanographic I n st it u t io n . —  1965. U . S . Program  in  B io logy  IIO E .  
F in a l cru ise report «A nton  B ruun» cru ises 4A  and 4 B .
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N it r ó g e n o  o r g á n ic o  p a r t ic u la d o  (P )  y  n i t r ó g e n o  o r g á n ic o  d is u e lto  ( D ) ,
a m b o s  e x p r e s a d o s  e n  a t  -/¿g d e  N / l i t r o .

222 223 224

m P D m P D m P D

1 1 ,6 6 ,6 1 2 ,9 8 ,2 1 1,6 6,3
20 1,8 8 ,4 10 1,8 7,4 20 4 ,4 7,8
74 0 ,6 7,5 20 5,2 7 ,4 74 1,7 5 ,9
99 1 ,0 7,9 30 1,5 6 ,2 99 1,0 4 ,7

170 1,5 6,7 50 1,0 6,9 190 0 ,4
220 0,5 4 ,9 100 0,2 250 0 ,9 4 ,0
360 2 ,1 150 0 ,3 6 ,3 400 0 ,0 4,2
540 0 ,8 5 ,6 270 0 ,0 500 1,3 4 ,2
650 0 ,4 6,0 970 0 ,6 5 ,0

1200 0 ,6 5,5 3900 0,2 4 ,6
2500 0 ,6 5,7
3700 1 ,0 4 ,5

225 226 227

m P D m P D m P D

1 1,7 6,2 1 0 ,9 7,1 1 0,1 7,9
10 1,9 7,2 20 0 ,0 6 ,6 10 0,0 7,5
19 1,2 8 ,0 75 0,1 6,1 19 0 ,0 6,9
29 10,4 7,5 100 0 ,4 29 0 ,0 6,3
48 0 ,7 7,2 200 0 ,1 4 ,6 49 0 ,0 6,2
97 0,5 6,8 249 0 ,2 97 0 ,6 5,7

150 0 ,3 7 ,4 370 0,1 5,7 150 0,2 4 ,8
270 0 ,7 560 0 ,0 5 ,5 290 1,3 6 ,8
820 0,1 3 ,9 750 0 ,3 3 ,7 740 0 ,3 4 ,7

2500 0 ,3 4 ,5 1400 0 ,0 5,2 1900 0 ,0 4,2
2800 0,2 5 ,1

228 229 230

m P D m P D m P D

1 0,5 7,2 1 0,5 7 ,3 1 1,3 6,5
20 1,3 7,0 10 1,1 8 ,0 20 0 ,3 7 ,4
75 0,1 6,3 20 0 ,2 9 ,3 75 0,5 5 ,6
99 0 ,3 6.2 30 0,2 7 ,6 100 0,7 5,1

200 0 ,5 5 ,6 50 0 ,3 7 ,3 200 0 ,8 4 ,6
250 0 ,0 5 ,3 100 1,7 5 ,3 250 0 ,8 4 ,2
340 0,2 5,3 150 1,1 4,2 360 0 ,0 3 ,8
490 0 ,0 5,1 300 0 ,0 4 ,2 580 0 ,4 4 ,0
660 0 ,2 4 ,4 760 0 ,3 4 ,3 770 0,2

1200 0 ,1 3,1 2300 0 ,3 3 ,9 1500 0 ,0 3 ,8
2900 0 ,0 3 ,4

231 232 233

m P D m P D m P D

1 2,7 6,1 1 2 ,0 5 ,4 1 0 ,8 6 ,3
10 3,2 5,8 20 2,1 6,1 10 0 ,0 7,0
19 0 ,0 5,5 75 0 ,9 4 ,3 20 0 ,4 6,9
29 0 ,9 5,8 100 0,5 3 ,7 30 0 ,0 6,1
48 0 ,6 5 ,6 200 0 ,3 3 ,6 50 0 ,0 6 ,6
95 0,1 5,1 250 0 ,0 4 ,1 100 0,1 6,2

140 0 ,3 .4,6 390 0 ,9 4 ,6 150 0 ,0 4,2
290 0 ,0 4,1 590 0 ,6 4,7 300 1,3 4 ,2
470 0 ,0 3.5 770 0 ,4 4 ,0 930 0,2 3 ,6

1500 0 ,4 4 ,4 3900 0 ,6 4 ,2
2900 0 ,6 4,5
3400 0 ,0 3 ,6
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N it r ó g e n o  o r g á n ic o  p a r t ic u la d o  (P )  y  n i t r ó g e n o  o r g á n ic o  d is u e lto  ( D ) ,
a m b o s  e x p r e s a d o s  en  at-/¿g d e  N /l it r o .

234 235 236

m P D ni P D m P D

1 0,5 5,9 1 0 ,0 6,2 1 0 ,0 6,7
20 0 ,0 6 ,9 IO 0,1 5 ,8 20 0 ,1 6 ,6
74 1.2 6,2 19 0 ,0 7 ,0 74 0 ,1 6,7
99 0,0 5,8 29 3,7 6,9 99 0 ,0 6 ,8

200 0 ,0 4 ,3 48 0 ,4 5 ,9 200 0,1 5,2
240 0 ,0 97 0,1 6 ,3 250 0 ,4 4 ,3
350 0 ,0 3,5 150 0,3 5 ,4 360 0 ,0 4 ,2
530 0 ,0 3,2 290 1,3 3 ,9 580 0,1
720 0 ,0 3,9 910 0 ,0 4 ,6 780 0 ,1 4 ,8

1400 0 ,2 3,2 3700 0 ,3 3 ,9 1500 0 ,1 5 ,0
2700 0,2 5 ,4 2900 0 ,0 5 ,1
3600 0,0 3,2 3900 0 ,0 3,2

238 239 241

iii P D ni P D m P D

1 4 ,4 6,3 1 0 ,4 5 ,8 1 0 ,5 5 ,4
10 0,5 6,3 19 5 ,1 6 ,6 10 0 ,0 5 ,8
19 0,7 6,4 69 0 ,6 5 .8 19 0 ,1 6 ,1
29 0 ,8 5 ,6 93 0 ,0 5 ,4 29 0 ,0 4 ,9
48 0,4 6.5 190 0 ,0 4 ,8 48 0,2 4 ,5
96 0,0 5,5 200 0 ,3 4 .1 97 3,0 4 ,8

140 0 ,0 4,7 230 0 ,0 4 ,1 150 0 ,0 3 ,4
290 0 ,0 4,2 840 0 ,0 3,8 290 0 ,0 3 ,5
810 0 ,0 4 ,2 990 0 ,1 3 ,5 660 0 ,0 2 ,9

1600 1,0 3,9 1500 0 ,0 4 ,3 1300 0 ,0 2 ,8
1900 0 ,0 2 ,3

•
242 243

m P D m P D

1 0,5 1 0 ,0 5 ,0
19 0 ,2 6,8 9 0 ,0 5,7
72 0 ,0 6,2 19 0 ,0 5 ,4
97 0 ,0 5 ,3 28 0 ,9 5 ,5

190 0 ,0 3,7 46 0 ,8 4 ,5
240 0 ,3 4 ,8 93 0 ,2 4 ,0
310 0 ,0 3,2 140 0 ,3 4 ,0
580 0 ,2 3 ,2 280 0 ,0 3 ,4
770 0 ,0 2.3 810 0 ,1 3,8

1500 0 ,0 2,2 1400 0 ,0 2 ,5
1900 0 ,0 2 ,4

244 H -18

m P D m P D

1 0 ,4 5 ,4 1 0 ,1 6,7
19 0 ,0 6,8 10 1,3 7 ,3
72 0,2 5 ,4 19 1,1
95 0 ,0 4 ,6 29 0 ,3 7,3

190 0 ,0 5,8 48 0 .5 7,1
240 0,2 5,0 73 0 ,3 6 ,3
380 0 ,0 3,3 97 0 .0 5 ,5
570 0 ,0 3,9 150 2,7 4,2
700 0 ,0 3,9 190 0 ,3 4 ,8

1300 0 ,0 3,2 240 0 ,3 4 ,2
1800 0 ,0 2 ,6 290 0 ,0 3 ,6

390 0 ,1 3 ,7
540 0 ,4
780 0 ,0 3 ,6
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Travaux de la station marine de Nosy-Bé (N .-W . de Madagascar)  1963-1967
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A b s t r a c t
A  d eta ile d  s tu d y  o f  a n  A ra b ia n  S ea  su m m er m o n so o n  sy s te m  
h a s b eco m e p o ss ib le  b eca u se  o f  fr e q u e n t  an d  a cc u r a te  u pp er  
a ir  o b se r v a tio n s  th a t  w e r e  record ed  b e tw e en  26  J u n e  and  
10 J u ly  1963  b y  re se a rch  a ir c r a ft  o f  th e  U . S. W ea th er  B u 
reau  R e se a r c h  F l ig h t  F a c i l ity  an d  th e  W ood s H o le  O cean o
g r a p h ic  In s t itu t io n . T h ese  u n iq u e d ata , p a r t ic u la r ly  fo r  th e  
n o r th e a s t  A ra b ia n  S ea  re g io n , p ro v id e , w ith  co n v en tio n a l 
o b se r v a tio n s , a th r ee -d im en sio n a l d a ta  co v e ra g e  fro m  th e  
su r fa c e  to  14 km  on  se v e r a l d a y s  o f  an  a c t iv e  A r a b ia n  S ea  
m o n so o n .

P a r t  1 p r e s e n ts  a d iscu ss io n  o f th e  lo n g -ter m -m ea n , 
th r e e -d im e n sio n a l s tr u c tu r e  o f  th e  su m m er m o n so o n  c ir c u la 
t io n  o v er  th e  A ra b ia n  S ea  an d  In d ia . A  g en er a l r e v ie w  of  
th e  e a r ly  in v e s t ig a t io n s  an d  p rop osed  h y p o th e se s  re v ea ls  th e  
d ifficu lties  th a t  are  en co u n tered  in  a tte m p tin g  to  ex p la in  th e  
v a g a r ie s  an d  c o m p le x it ie s  o f  th e  su m m er m on soon  reg im e. 
T h e p ro ce d u re s  u sed  to  in co r p o r a te  an d  a n a ly ze  th e  g r e a t  
v a r ie ty  o f  o b se r v a tio n s  ob ta in ed  d u r in g  th e In te rn a tio n a l 
In d ia n  O cean  E x p e d it io n  a re  a lso  g iv e n , to g e th e r  w ith  a 
su m m a ry  o f  th e  ty p e s  o f  o b se r v a tio n s  record ed  on  resea rch  
f lig h ts .

P a r t  2 p r e se n ts  sp ec ific  d e ta ils  o f  th e  k in e m a tic  and  
th e rm o -d y n a m ic  s tr u c tu r e  o f a p a r t ic u la r  m id -tro p o sp h er ic  
cy c lo n e  —  th e  p r in c ip a l a c t iv a to r s  o f  h ea v y  r a in s  o v er  th e  
n o r th e a st  A r a b ia n  S ea  an d  w e s te r n  In d ia . T h is  cy c lo n e  had  
its  b e g in n in g  in  th e  m id -tro p o sp h er e  o v er  th e  n o r th e a st  
A rab ian  S ea  d u r in g  th e  p r e a c t iv e  m on soon  p erio d  o f  Ju n e  
¡1963; i t  m a tu red  q u ick ly , and rem a in ed  n ea r ly  s ta tio n a r y  
and a p p a r en tly  a n ch o red  to  th e  su b c o n tin e n t th r o u g h o u t th e  
a ctiv e  m o n so o n  p eriod . A fte r  12 d a y s o f  h e a v y  r a in s  th e  
cyclon e s y s te m  d eca y ed , th e  w e a th e r  im p ro v ed , an d  an  in 
a ctiv e  or r e la t iv e ly  d ry  m o n so o n  p eriod  com m en ced . T h is  
m onsoon  sy s te m  ex h ib ite d  rem a rk a b ly  s ta b le  c h a r a c te r is t ic s , 
w hich  a re  ex em p lified  by co m p o site  r e p r e se n ta t io n s  and a
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m odel o f  ob served  an d  d er iv ed  m eteo r o lo g ic a l p a ra m eter s . 
T IR O S  w e a th e r  sa te ll ite  p h o to g ra p h s , w h ich  p ic to r ia lly  d is 
p la y  th e  c lo u d in ess  a sso c ia te d  w ith  th e  A r a b ia n  S ea  cy c lo n e  
sy ste m , rev ea l th e  c h a n g in g  c lou d  s tr u c tu r e  a s  it  p ro g re sse d  
th r o u g h  its  l i f e  cy c le .

A lth o u g h  th e  e n tir e  a tm o sp h e r e  o v er  th e  su b c o n tin e n t  
resp o n d s to  ch a n g e s  in  th e  su m m er m o n so o n  re g im e , th e  
re sp o n se  o f  th e  m id -tro p o sp h er e  is  q u ick est, an d  m o st d ire c t,  
to  th e  ch a n g e s  in  th e c irc u la tio n  and m o is tu r e  co n ten t. P a r t  
3 p r e se n ts  a d isc u ss io n , in  te r m s  o f  ca se  h is to r ie s , o f  th e  d i
re c t  ro le  o f  th e  m id -tro p o sp h er e  c irc u la tio n  and it s  in flu en ce  
on th e  w e a th e r  over  tire w e s t  c o a s t  o f  In d ia  an d  in te r a c tio n  
w ith  th e  low  an d  h ig h  tro p o sp h er e . S om e e x a m p les  a re  p re 
se n ted  o f  T IR O S  p h o to g ra p h s  w h ich  v isu a lly  p o r tr a y  th e  
v a r io u s  s ta g e s  in  d ev e lo p m en t an d  d ecay  o f  m id -tro p o sp h er ic  
cy c lo n es o v er  th e A ra b ia n  S ea  an d  su b c o n tin e n t  w h ic h  o c
cu rred  d u r in g  1962  an d  1964.
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A b s t r a c t

T w o  y e a r s  o f  w e a th e r -sa te ll ite  cloud, o b ser v a tio n s , su b seq u en t to  th e  
la u n c h in g  o f  tiro s  IX in  la te  J a n u a r y  1965 , are su m m a rized  fo r  th e  
g lo b a l s tr ip  b e tw e en  3 0 N  an d  3 0 S . D a ily  d a ta  w e r e  ex tr a c ted  over a 
3 4 5 6 -p o in t  g r id  o f  m esh  s iz e  2 .5  d e g r e e s  lo n g itu d e -la titu d e , and  
m o n th ly  a v e r a g e s  com p u ted .

T a b le s  an d  g r a p h s  a re  p resen te d  o f  th e  a v e r a g e  m o n th ly  c lo u d i
n e s s  su m m ed  arou n d  th e  g lo b e  b e tw e en  SON an d  3 0 S , an d  b e tw e en  
th e  eq u a to r  an d  30  d e g r e e s  o f  la t itu d e  in  each  h em isp h e re .

T h e  2 .5 -d eg r ee  “ sq u a r e ” a v e r a g e s  w e r e  a n a ly zed  an d  a re  p re 
se n te d  a s  m a p s o f  m o n th ly  c lo u d in ess  fo r  (1 )  th e  in d iv id u a ! y e a r s  o f  
1965  an d  1966; (2 )  th e  tw o -y e a r  a v er a g e ; an d  (3 )  th e  d ifferen ce  
b e tw e e n  1965  an d  1966 . T h e  d is tr ib u tio n  o f  c lo u d in ess  is  d iscu ssed  
in  te r m s  o f  p e r s is te n t  fe a tu r e s , a n n u a l v a r ia tio n , and in te r -a n n u a l  
v a r ia tio n , in  p a r ticu la r . In  to ta l c lo u d in ess  an d  in  lo ca tio n  o f  th e  
m a jo r  a r e a s  o f  m in im u m  and m a x im u m  c lo u d in ess , th e re  is  lit t le  
a n n u a l or in te r -a n n u a l v a r ia b il ity , h o w e v er , within  th e se  a r e a s  th e  
in te r -a n n u a l v a r ia b il ity  is  la r g e . T h is  c ir c u m sta n c e  p rod u ces a la r g e  
in te r -a n n u a l v a r ia b il ity  in  c lo u d in e ss  g r a d ie n ts .

C lo u d in ess  a v er a g ed  b y  la t itu d e  b a n d s is  p r esen te d  in  ta b u la r  
an d  a n a ly ze d  fo rm ; m er id io n a l p ro file s  a r e  sh o w n  fo r  J u ly  and  
F e b r u a r y .

R e su lts  a re  com p ared  w ith  p r e v io u s ly  p u b lish ed  cloud  c lim a to l
o g y  an d  w ith  m ea n  r a in fa ll  d is tr ib u tio n  o v er  A fr ic a .
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Conditions of layering and water movements in 
the entrance of the Red Sea

Summary
This publication deals mainly with the results of the 
physical investigations that were carried out in 
November and December 1964 during the expedition 
of R/V “ Meteor” to the Indian Ocean.

In the beginning a short summary is given of 
earlier oceanographic work concerning water strat
ification and currents near Bab el Mandeb. In 
addition, some particulars are given about bottom 
topography and climate in this region. Representa
tions of average temperature and salinity distribution 
in the Red Sea and the Gulf of Aden are shown that 
have been received from data collected by different 
ships on 12 expeditions from 1923 to 1963.

The main aim of the physical measurements on 
R/V “Meteor” in 1964 has been to answer the fol
lowing questions:
1. What influence is exerted on the water layering 

and the currents near Bab el Mandeb and in the 
strait itself by bottom topography?

2. What kind of fine structure is to be found in the 
vertical distribution of temperature, salinitv, den
sity and currents?

3. What kind of short-time variations of this structure 
can be observed ?
a) What are the changes in water transport through 

the strait, especially those caused by tides and 
wind?

b) Do there exist any internal seichês in the strait?
4. What, is the average distribution of temperature, 

salinity, densitv, and currents in the Strait of Bab 
el Mandeb ?
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2 Siedler

a) What net amount of water and salt transport 
can be calculated from that distribution?

b) What is the relation between the depth of 
current interface and-density boundary layers?

A network of stations was included in the program 
of the expedition, covering the southern part of the 
Red Sea, the Strait of Bab fel Mandeb and the inner 
part of the Gulf of Aden. Physical data were collected 
by the following instruments: Bathysonde, water 
samplers with reversing thermometers, two types of 
Savonius-rotor. current meters used from aboard the 
ship, and anchored self-recording current meters. 
The positions of the measurements can be seen in 
figs. 15 and 16. The methods of measurements, the 
reduction of measuring data and their accuracy are 
discussed.

Summing up the data of temperature, salinity and 
density, and some current meter data for 4 selected 
sections, an insight can be given into the “average” 
layering in this region, provided almost quasi- 
stationary conditions can be assumed for the time of 
three weeks. I t follows from these sections that warm 
high-salinitv water runs out of the Red Sea through 
Bab el Mandeb near the bottom and is separated into 
two flows when spreading in the Gulf of Aden. Most 
of the water goes to the south, but a considerable 
amount also runs through a narrow channel in a 
southeast direction. The current interface in a cross 
section slopes from right to left. This slope is caused 
by the action of the Coriolis force.

Except in the deep water in the Red Sea below 
about 200 m depth and in a surface layer about 50 to 
200 m depth, strong inhomogeneities appear nearly 
everywhere in the temperature and salinity distribu
tions. They are extraordinarily great near the temper
ature minimum in the Gulf of Aden, where mixing 
processes create a lens-like or laminante structure.

The order of magnitude of variations in time is 
given by a section which has been repeated after one 
week and by the data of a one-half day anchor station 
in a region of Red Sea water outflow.

The record of a current meter that was anchored 
in the northern channel indicates an almost constant 
direction of the Red Sea water outflow with a strong 
maximum in speed at about 40 cm/sec. The time 
variations of the current speed are small, but maxima 
for tidal periods can be clearly seen in the computed 
power spectra.

A great part of the investigations concentrated on 
the strait about 300 m deep near the island of Perim. 
Selfrecording current meters were anchored during 
several weeks on different positions in the strait and 
over the sill about 10 nautical miles to the north. 
In addition, the R/V “Meteor” was anchored from 
December 2 to 5, 1964 in the strait itself, and repeated 
measurements of temperature, electrical conductivity, 
and currents were carried out. The vertical distribu

tion of temperature, salinity, and density is character
ized by three layers: A homogeneous surface layer, 
a complicated intermediate layer with great variations 
in time, and an almost homogeneous bottom layer. 
The recordings demonstrate that sections cannot be 
represented by a few isolated measurements. Repeated 
measurements and subsequent averaging of the data 
are necessary in this complex region.

It can be seen from the records that the boundary 
layers between the three layers move vertically with 
a diurnal period.

A two-layer current distribution has been found, 
the current interface moving vertically between 0 and 
100 m depth. The vertical displacements of the cur
rent interface are greater than those of the density 
boundary layers. This can be explained by the 
addition of normal to internal tides.

The average profiles of vertical temperature, 
salinity, density, and current distribution have been 
drawn in figs. 43 and 44. The average current profile 
is parabolic in the upper layer, but has a maximum 
below the current interface. This maximum can be 
explained by a jet-like behaviour of the Red Sea 
water having passed the sill 10 nautical miles to the 
north.

The histogram plots of anchored current meter 
data and computed residual current values are dis
cussed and compared with the average current profile 
of the anchor station. Some understanding can be 
gained from this discussion concerning the question 
whether the average current profile is representative 
for the whole time of the investigations. A summary 
of wind data, residual currents, and 25-hour over
lapping means of the water level at Aden (fig. 63) 
leads to the following conclusion: An increase of 
wind speed to about 2 Bft above normal for Novem
ber and December in the region caused a strong 
increase in the currents directed towards the Red Sea 
and a decrease of average water level at Aden. I t is 
supposed that the inflow to the Red Sea was enlarged 
directly bv wind stress and indirectly by a change in 
water level, thus being far larger than under normal 
wind conditions during the winter season.

The average current and salinity profiles can be 
used to compute the net transport of water and salt 
amount during the time the ship was anchored in 
the strait. It is assumed that the average profiles are 
valid for the whole width of the strait except for a 
region on the western side where a countercurrent 
has been found by anchored current meter data. The 
inflow to the Red Sea is computed to be 2.1 • IO9 m3 
water per hour and 80 • IO9 kg salt per hour; the 
outflow being 1.5- IO9 m3 water per hour and 
61 • IO9 kg salt per hour. These values are compared 
with the average net transport of water and salt 
necessary to compensate the evaporation of 200 cm 
per year in the Red Sea. The result is as follows:
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The net amount of water flowing to the Red Sea 
during the time of the anchor station was about six 
times larger than expected. This apparentb was 
caused by the wind conditions and evaporation 
processes characteristic of the winter season and 
the special wind conditions during the time of the 
measurements.

The average profiles of vertical densit\ and current 
distribution are used to compare the depths of the 
densitv boundary la\ers with the depth of the cur
rent interface. A theory has been developed to 
compute the relation between these depth values 
from the pressure field. A two-dimensional, three- 
lax er densitx model has been used, assuming steadi - 
state conditions, constant bottom depth and surface 
pressure, and neglecting vertical velocities, horizontal 
accelerations, compressibility of sea water, Coriolis 
and external forces. The results are given in fig. 67. 
The measured densitx and current profiles reveal that

the current interface occurs in a depth only half as 
great as that predicted by the theory. This is probably 
caused b\ the bottom topography. As the bottom 
depth is not constant, the jet-like behaviour of the 
outflowing current will cause a higher depth of the 
current interface.

The data obtained bx selfrecording current meters 
during several weeks were used to compute power 
and amplitude spectra of current velocity for selected 
positions. The following information is revealed 
about internal waves : The spectra prove the existence 
of diurnal and semidiurnal internal tides and internal 
shallow-water tides with a period of 8 and 6 hours, 
in addition, maxima at a period of 5 hours have been 
found in the spectra of the current meters that were 
anchored on the sill north of the strait. Thex probably 
indicate the existence of internal seiches in the 
channel, since the same period is found as the first- 
order solution in a three-layer model computation.
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S t r u k t u r  u n d  V e r t e i l u n g  d e s  W a s s e r s  a u s  d e m  R o t e n  M e e r  
i m  N o r d w e s t e n  d e s  I n d i s c h e n  O z e a n s

von

G ü n t h e r  K r a u s e  

Institut für Meereskunde der Universität Kiel

Structure and distribution of Red Sea Water in the 
western Arabian Sea.

Summary

During the Indian Ocean Expedition of R/V 
“Meteor” in 1964/65 the spreading of water of the 
Red Sea was investigated off the Somali coast. 
Temperature and salinity were measured continu
ously as a function of the depth by a Bathysonde at 
every station. There was found no spatial coherence 
between the fine-structure of two stations. The same 
result was shown by H a m o n  (1967) by measurements 
with an STD-recorder in the Indian Ocean. In order 
to present the results in sections, the original continu
ous data were smoothed using a running mean of 
70 meters which eliminated the fine-structure. This 
method allows hydrographic sections to be drawn 
which show the main structure horizontally and 
vertically of temperature and salinity. There are large 
differences between the averaged sections and those 
obtained by hydrographic casts.

The results of the continuous measurements are:
1) The outflow of Red Sea water is concentrated 

within a distance of 350 km off the Somali coast. It 
is suggested that the spatial variations are due to 
meandering of the flow. Outside this range a mixing 
process takes place with a rather low diffusion rate.

2) The direct influence of the Red Sea overflow 
seems to end near the equator (see figures 14 and 15), 
but the last two sections of figure 15 indicate a return

of this water which may be due to the seasonal 
fluctuations of the overflow.

3) The water which is influenced by the Red Sea 
outflow, is separated from underlying water masses 
by a sharp discontinuity layer. The vertical gradient 
of average temperature and salinity increases with 
distance from the source. It is suggested that due 
to the loss of energy of the flow, the mixing processes 
become weaker. This is thought to be the reason 
that the Red Sea mixed water, although small in 
quantity compared with the surrounding waters, is 
found at such a large distance from its source.

4) The continuous records very often show two 
well defined temperature and salinity maxima at 
depth. There are two possible explanations :
a) There is a distinct stratification of the overflow 

at the Strait of Bab el Mandeb with Arabian Sea 
water above flowing into the Red Sea and an 
underlying layer of Red Sea water flowing into the 
Gulf of Aden. The periodic mixing of the two 
water types due to the tides is proposed as a 
mechanism for the formation of the two maxima 
in temperature and salinity observed along the 
Somali coast.

b) The effect of bottom topography in the inner Gulf 
of Aden causes the outflow to be divided into two 
arms of nearly equal water transport. The southern 
part of the outflow takes place in a large area, the 
northern one in a very small channel with no 
lateral mixing. The two arms have a different 
history which will cause two layers of different 
densities further downstream.

6 Meteor A, 4
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D i e  E c h o l o t u n g e n  d e s  F o r s c h u n g s s c h i f f e s  „ M e t e o r “  
i m  A r a b i s c h e n  M e e r  w ä h r e n d  d e r  I n t e r n a t i o n a l e n  

I n d i s c h e n  O z e a n  E x p e d i t i o n

von

J o h a n n e s  U l r i c h  

Institut für Meereskunde der Universität Kiel

Echo-sounding sections of the course of 
R. V. “Meteor” in the Arabian Sea during the 
International Indian Ocean Expedition

Sum m ary

As a result of the participation of R. V. “Meteor” in 
the International Indian Ocean Expedition during the 
winter 1964/65 altogether 37 sounding profiles were 
obtained in the Arabian Sea (plate 2-18). They are 
showing the topographic peculiarities of the main 
features of the sea bottom in this northwestern part

of the Indian Ocean: Shelves, continental slopes and 
rises, deep-sea plains and hills, the Mid-Oceanic Ridge, 
fracture zones and seamounts.

A control chart (plate 1) shows the geographical 
position of the sounding lines. The coordination of the 
soundings with the bathymetric sketch and the map of 
physiographic provinces (B. C. H e e z e n  and M. T h a r p )  
is represented in fig. 1 and 2. All soundings were 
obtained by the modern ELAC-Narrow Beam sounder 
which also accurately récords very steep slopes of the 
sea bottom (fig. 3 and 4).

Two series of sounding profiles (fig. 5 and 6) are 
showing the main topographic differences of shelf and 
slope between the eastern African and the western 
Indian continental margin.

The descriptive analysis of all the sounding sections 
carried out by “Meteor” show the following main 
results:
a) discovery of a very steep towering up seamount in 

the northern Somali basin at cp =  8° 16 'N, X =  
5 3 '1 2 'E , which is rising up from a depth of 
500Q m to about -2000 m (plate 3),

b) registration of numerous steep canyons in the upper 
part of the eastern African continental slope near 
the coast of Kenya (plate 6),

c) complete representation of a characteristic section 
across the Carlsberg-Ridge inclusively rift moun
tains and the Rift-Valley (plate 9),

d) new characteristic results of sounding profiles across 
the Alula-Fartak trench showing very steep slopes 
on its flancs (plate 18).
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U n t e r s u c h u n g e n  a n  d e r  h e i ß e n  S a l z l a u g e  u n d  a m  S e d i m e n t  d e s  
A t l a n t i s  I I - T i e f s  i m  R o t e n  M e e r

von

M a r t i n  H a r t m a n n  

Geologisch-Paläontologisches Institut der Universität Kiel

und

L u d w i g  L o h m a n n  

Deutsches Hydrographisches Institut in Hamburg

Investigation of the hot salt brine and sediment of 
the Atlantis II-Deep in the Red Sea

Summary
Two water samples and two sediment samples taken 
in 1965 by the R. V. “Meteor” in the area of the hot 
salt brine of the Atlantis II-Deep were chemically in
vestigated, and in addition the sediment samples were 
subjected to X-ray and optical analysis.

The investigation of the sulfur-isotope-ratios 
showed the same values for all water samples. This 
information combined with the Ca-sulfate solubility 
data leads us to conclude that, for the most part, the 
sulfate content of the salt brine resulted from mixing 
along the boundary with the normal seawater. In 
this boundary area gypsum or anhydrite is formed 
which sinks down to the deeper layers of the salt 
brine where it is redisolved when the water becomes 
undersaturated. In the laboratory, formation of 
CaS04 precipitate resulted from both the reheating 
of the water sample from the uppermost zone of the 
salt brine to the in-situ-temperature as well as by the 
mixing of the water sample with normal Red Sea 
water.

The iron and manganese delivered by the hot 
spring is separated within the area of the salt brine 
by their different redox-potentials. Iron is sedimented 
to a high amount within the salt brine, while, as 
evidenced by its small amounts in all sediment sam
ples, the more easily reducible manganese is appar-

5 Meteor C, 1

ently carried out of the area before sedimentation 
can take place.

The very good layering of the salt brine may be 
the result of the rough bottom topography with its 
several progressively higher levels allowing step-like 
enlargements of the surface areas of each successive 
layer. Each enlargement results in larger boundary 
areas along which more effective heat transfer and 
mixing with the next layer is possible.

In the sediment samples up to 37.18 °/o Fe is found, 
mostly bound as very poorly crystallized iron hydro
xide. Pyrite is present in only very small amounts. 
We assume that the copper is bound mostly as sul
fide, while the zinc is most likely present in an other 
form.

The sulfur-isotope-investigations indicate that the 
sulfur in the sediment, bound as pyrite and sulfides, 
is not a result of bacterical sulfate-reduction in the 
iron-rich mud of the Atlantis II-Deep, but must have 
been brought up with the hot brine.
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Z u s a m m e n s e t z u n g ,  G e f ü g e  u n d  m e c h a n i s c h e  E i g e n s c h a f t e n  r e z e n t e r  
S e d i m e n t e  v o m  N i l d e l t a ,  R o t e n  M e e r  u n d  G o l f  v o n  A d e n

G e r h a r d  E i n s e l e  

Geologisches Institut der Universität Tübingen

und

F r i e d r i c h  W e r n e r  

Geologisches Institut der Universität Kiel

Composition, texture, and physical properties of 
recent sediments from the Nile Delta, Red Sea, 
and Gulf of Aden

Summary

The study of textural, structural, chemical, and 
physical properties of fine-grained recent marine 
sediments leads to the conclusion that only a few 
compositional factors are responsible for significant 
changes in mass physical characteristics in the upper 
meters below sea bottom. Fossil-induced porosity 
(text fig. 6) increases water content and liquid limit. 
It also seems to have partially influenced the plastic 
limit and plasticity index of calcareous sandy silts 
from the Red Sea and the western Gulf of Aden so 
that they become similar to the montmorillonite rich 
prodelta clays from the Nile Delta. Diagrams based 
on liquid limit and plasticity loose their original 
meaning in these cases (text fig. 7 a). Activity of 
sediments rich in microorganisms can be higher than 
that of montmorillonitic clay (text fig. 7 b).

The shear strength-depth relationship of normally 
consolidated sediments (text fig. 8 a) is surprisingly 
little influenced by changes in sand or clay content 
and clay mineralogy. Only high lime content, sub
marine erosion and beginning cementation increase 
the strength considerably (part of curves in text 
fig. 8 b). Erosional disconformities near the present 
surface can be deduced from the strength-depth curve 
when as little as 1 or 2 m sediment have been removed 
(text fig. 9).

Flat or irregular strength-depth curves (text 
fig. 8 b, curves B and GO) indicate beginning cement
ation and probably discontinuous sedimentation, 
provided the composition of the material remains in 
some degree constant. In our samples diagenetic 
pyrite, but no recristallisation of carbonates could 
be detected under the microscope.

Underconsolidation and excess pore-water pres
sure, factors which tend to foster submarine slides, 
mud lumps, and diapiric folding, seem to be restricted
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D i e  V e r t e i l u n g  h ö h e r e r ,  g e r a d k e t t i g e r  P a r a f f i n e  u n d  F e t t s ä u r e n  i n  e i n e m  
S e d i m e n t p r o f i l  a u s  d e m  P e r s i s c h e n  G o l f

von

D i e t r i c h  H. W e l t e  und G ö t z  E b h a r d t  

Geologisches Institut der Universität Würzburg

The distribution of higher straight chained 
paraffins and fatty acids in a sedimentary profile 
from the Persian Gulf.

Summary

Sediments from a 3.40 m core out of the Persian 
Gulf were investigated for their content of straight 
chain paraffins and fatty acids. The samples range in 
age between 2000 and 9000 years (C-14-age of 
organic C). They contain 100—300 ppm of extract- 
able fatcompounds and 20—70 ppm of hydrocarbons. 
There is no connection between the original distribu
tion of the homologous series of n-fatty acids and 
n-paraffins. However, there is evidence that part of 
the n-fatty acids was reduced to n-paraffins, although 
the sediment itself does not look as if it were deposited 
under reducing conditions.
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F i s c h e  d e s  I n d i s c h e n  O z e a n s  
Ergebnisse der ichthyologischen Untersuchungen 

während der Expedition des Forschungsschiffes „Meteor“ 
in den Indischen Ozean, Oktober 1964 bis Mai 1965

von

A d o l f  K o t t h a u s ,

Biologische Anstalt Helgoland, Zentrale, Hamburg

Fishes of the Indian Ocean
Results of the Ichthyological Investigations during 
the Indian Ocean Expedition of the Research Vessel 
“Meteor“, October, 1964 to May, 1965
A n English summary will be given at the end of the last 
issue of this publication series

„ M u l t i n e t z “ ,  
e i n  M e h r f a c h s c h l i e ß n e t z  f ü r  P h y t o p l a n k t o n

von

R e i m e r  S i m o n s e n ,

Institut für Meeresforschung, Bremerhaven

“Multinet“, a multiple closing net for 
phytoplankton
Summary
A phytoplankton net is described with which 
samples from six different depth zones can be 
obtained by a single vertical haul. The closing net 
is released by an electromagnet through single 
conductor wire (220 V D. C.). On a revolving disc 
which is driven by a spring, there are six buckets 
which are successively brought before the net 
opening. The parts made of bolting silk can be 
exchanged, the entrance opening can be reduced. 
The apparatus is independent from depth by means 
of pressure compensation.

1266 Collected reprints of the international Indian Ocean Expedition, vol. VII, <;oíí t ribut ¡oii> no. 578 and 579



FORSCHUNGSERGEBNISSE
Herausgegeben von der Deutschen Forschungsgemeinschaft

„METEOR“

R e i h e  D  -  N o .  2 

B I O L O G I E  

R e d a k t i o n :  J .  K r e y  -  K i e l ,  A .  B ü c k m a n n  -  H a m b u r g  

O .  K i n n e  -  H a m b u r g  u n d  W .  S c h ä f e r  -  F r a n k f u r t  a .  M .

1. Bericht über den Forschungsaufenthalt der Litoralgruppe auf der Insel Sarso (Rotes
Meer) von S e b a s t i a n  A. G e r l a c h  ....................................................................................  Seite 1

2. Die Fauna des Küstengrundwassers am Strand der Insel Sarso (Rotes Meer) von 
S e b a s t i a n  A. G e r l a c h .........................................................................................................  Seite 7

3 . Freilebende Meeres-Nematoden von den Sarso-Inseln (Rotes Meer) von S e b a s t i a n

A. G e r l a c h .................................... ......................................................................................... Seite 19

4 .  Die physiographische Zonierung der Saumriffe von Sarso von W o l f g a n g  K l a u s e 

w i t z  ..........................................................................................................................................  Seite 44

5. Beiträge zur Ökologie und Biologie litoralbewohnender Salariidae und Gobiidae 
(Pisces) aus dem Roten Meer von C l a u s  D i e t e r  Z a n d e r  ............................................  Seite 69

6. Acentrogobius meteori n. sp. (Pisces, Gobiidae) von W o l f g a n g  K l a u s e w t t z  und
C l a u s  D i e t e r  Z a n d e r    Seite 85

7. Beobachtungen über den Fischadler im Roten Meer Pandion haliaetus (L.) von 
W o l f g a n g  K o s t .....................................................................................................................  Seite 88

1967

G E B R Ü D E R  B O R N T R A E G E R  • B E R L I N - N I K O L A S S E E

1267



B ericht über den  F orschungsaufenthalt der L itoralgruppe

au f der Insel Sarso (R otes Meer)

1. Beitrag der Arbeitsgruppe Litoralforschung 

von

S e b a s t i a n  A. G e r l a c h ,

Institut für Meeresforschung, Bremerhaven

Report on the work of the litoral group in 
Sarso Island (Red Sea)

Summary
Within the frame of the German research vessel 
“Meteor” participation in the International Indian 
Ocean Expedition 8 members of the “litoral group” 
worked on a biological survey of the shores of the 
Sarso Islands (Farasan Archipelago) from 24. 11. to
8. 12. 1964. This report gives details about the 
expedition and deals with organisation and technical 
supplies.
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D ie  Fauna des K üstengrundw assers am Strand

der Insel Sarso (R otes Meer)

2. Beitrag der Arbeitsgruppe Litoralforschung1 

von

Se b a s t ia n  A. G e r l a c h ,

Institut für Meeresforschung, Bremerhaven

The interstitial subsoil fauna on the beach of 
Sarso Island (Red Sea)
Summary
The scope of this research was to find out, how 
important is the presence of brackish water for the 
formation of the characteristical littoral subsoil 
fauna in the interstitial spaces of beaches.

There is little precipitation in the Red Sea area 
and therefore little influence of freshwater on the 
beach. Moreover, the sandy beach of Sarso Island 
(Farasan Archipelago) is bordered landwards and 
underneath by solid limestone, preventing subsoil 
fresh water, if there is any, from penetrating into 
the beach region. The salinity of the interstitial 
water from Sarso beach lies a little above the salinity 
of the adjacent sea.

The microfauna of Sarso beach is composed to a 
rather big proportion of such species that are known 
to be characteristical littoral subsoil water species, 
partially of world wide distribution. The ecological 
analysis of this fauna, i. e. the freeliving Nematodes, 
reveals the presence of two distinct associations:
1. the association of the low level subsoil region, 

close to the sea, with clear interstitial water, 
subject to regular exchange with the water of the 
adjacent sea.

2. the association of the high level subsoil region, 
4—10 meter distant from the sea, with brownish 
water.
Contrary to earlier results there is no distinction 

in salinity between the two associations, so it is not 
longer justified to apply the term brackish water 
fauna on the animals living in the association of the 
high level subsoil region.
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F r e i l e b e n d e  M e e r e s - N e m a t o d e n  v o n  d e n  S a r s o - I n s e l n  ( R o t e s  M e e r )

3. Beitrag der Arbeitsgruppe Litoralforschung 

von

S e b a s t i a n  A. G e r l a c h ,

Institut für Meeresforschung, Bremerhaven

Freelivfng marine Nematodes from the Sarso 
Islands (Red Sea)
Summary
Report on a collection of freeliving marine Nema
todes from the sandy beach and the littoral subsoil 
water of Sarso Island (Southern Red Sea). 58 different 
species have been identified, one is the type species 
of a new genus:

Sarsonia murphyi gen. n. sp. n.
13 more species are new to science:
Oxystomina circulosa sp. n.
Halalaimus relatus sp. n.
Halalaimus sarsi sp. n.
Halalaimus florescens sp. n.
Mesacanthion monhystera sp. n.
Oncholaimus flagellatus sp. n.
Oncholaimellus meteori sp. n.
Eurystomina mammillata sp. n.
Paracyatholaimus saradi sp. n.
Desmodora (Pseudochromadora) bipapillata sp. n.
Nygmatonchus minutus sp. n.
Haliplectus caudopapillatus sp. n.
Haliplectus minimus sp. n.
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B e o b a c h t u n g e n  ü b e r  d e n  F i s c h a d l e r  i m  R o t e n  M e e r  
P a n d i o n  h a l i a e t u s  ( L . )

7. Beitrag der Arbeitsgruppe Litoralforschung 

von

W o l f g a n g  K o s t , Schwäbisch Haii

Ethological observations on the Osprey (Pandion 
haliaetus L.).

Summary
Ospreys were observed during November and 

December at various areas of the Red Sea and the 
Gulf of Aden, where the bird is fairlv abundant at 
suitable localities. Territorial behaviour is little 
developed, and sometimes up to six birds join in
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C O E L O P L A N A  M E T E O R I S  n o v .  s p e c .  ( C t e n o p h o r a ,  P l a t y c t e n e a )  
Beschreibung und systematische Stellung 

mit einem Vergleich der Gastrovascularsysteme in dieser Ordnung

von

H j a l m a r  T h i e l

Institut für Hydrobiologie und Fischereiwissenschaft der Universität Hamburg

Summary

1. Coeloplana meteoris is described as a new platyctene 
ctenophore (with 11 photographs and 1 coloured 
figure).

2. Its systematic position is discussed and understood 
as preliminary.

3. A comparison is made of the gastrovascularsystem 
of the Platyctenea. These can be used for systematic 
characterisation.

F i s c h e  d e s  I n d i s c h e n  O z e a n s  
Ergebnisse der ichthyologischen Untersuchungen 

während der Expedition des Forschungsschiffes „Meteor“ 
in den Indischen Ozean, Oktober 1964 bis Mai 1965

A. Systematischer Teil, III 
Ostariophysi und Apodes

von

A d o l f  K o t t h a u s  

Biologische Anstalt Helgoland, Zentrale, Hamburg

Fishes of the Indian Ocean
Results of the Ichthyological Investigations during 
the Indian Ocean Expedition of the Research Vessel 
“Meteor“, October, 1964, to May, 1965
A n English summary will he given at the end of the last 
issue of this publication series
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Z u r  K i i s t e n v e g e t a t i o n  d e r  S a r s o - I n s e l n  i m  R o t e n  M e e r

8. Beitrag der Arbeitsgruppe Litoralforschung 

von

R e i m e r  S im o n s e n  

Institut für Meeresforschung, Bremerhaven

The coastal vegetation of the Sarso islands 
in the Red Sea

Summary
During the expedition of R. V. “Meteor” to the 
Indian Ocean 21 species of marine algae and 2 phan- 
erograms -were collected on the Sarso islands. A 
littoral zone (in the botanical sense) and three 
sublittoral zones could be diffentiated by means of 
the algae. Of these the most conspicuous is the 
Sargassum-Turbinaria belt. A small strip of Avicennia 
mangrove was observed. The collected marine plants 
belong to 5 types of geographical distribution which 
indicate the origin of the flora from the Indian Ocean.
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