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PREFACE DE JEAN ALLARDI,

PRESIDENT DE LA SOCIETE FRANCAISE D'ICHTYOLOGIE

La Société Frangaise d’Ichtyologie a été créée en 1976 apres le deuxieéme congres
des ichtyologistes européens qui s’était tenu 2 Paris. Forte de 335 membres dont 165
étrangers de 45 pays différents, la SFI a pour but de promouvoir I'ichtyologie fondamen-
tale et appliquée. Ses actions se traduisent par 1’édition d'une revue scientifique consacrée
aux travaux d’ichtyologie, Cybium; 'édition d’ouvrages, par exemple celui sur la morpho-
logie fonctionnelle du tégument écailleux des poisson de V. Burdak, traduit du russe en
1986, ou celui sur les Rivulus de Jean Huber, en 1992, ou encore celui de J. Depéche & R.
Billard, “Embryology in fish. A review” édité en 1994, et I'organisation de réunions
annuelles a themes. Enfin, un site web (http://www.mnhn.fr/sfi/) a été installé sur le site
du Muséum de Paris pour informer les membres de notre société, et les autres ... C’est donc
dans la continuité de ses actions, que la SFI a eu I’bonneur de parrainer la 5¢me Conférence
sur les Poissons de I'Indo-Pacifique, et plusieurs de ses membres ont participé activement
2 son organisation en animant plusieurs symposiums ou ateljers.

Au cours de ces dernieres décennies, la péche s’est industrialisée en développant
des technologies sophistiquées qui ne laissent que peu de chance aux poissons pour échap-
per a une capture certaine. Les ressources renouvelables menacent de s’épuiser et la majori-
t¢ des stocks sont actuellement surexploités. Parallelement, le développement de
I"aquaculture, qui tend de plus en plus & remplacer I'exploitation des populations naturel-
les, génere de nouvelles nuisances (pollution, destruction d’habitat sensible, etc.).

La Conférence de RIO de juin 1992 sur la biodiversité avait mis I’accent sur la né-
cessité de la conservation de notre patrimoine biologique, et |’année 1998, proclamée
année internationale de 1’océan par I'ONU, s’est concrétisée par la tenue d’une exposition
universelle, au Portugal, sur le théme « L’océan, un patrimoine pour l'avenir ». Ces
manifestations témoignent du souci croissant de protéger, conserver et gérer la mer et ses
habitants, & la fois en tant que ressources et en tant que nécessité écologique. Chacun de
nous est en face de ses responsabilités. Les politiques, les économistes, les juristes doi-
vent intégrer cette dimension universelle de I'unicité de la biosphere. Dans notre domaine,
notre société s’efforcera d'inciter les pouvoirs publics & prendre en compte I’élément
« poisson » dans les projets de développement et de gestion du patrimoine et de
I’environnement, et & obtenir de ces instances les moyens nécessaires a la continuité des
recherches en ichtyologie et a la formation de jeunes ichtyologistes. Ainsi, dans le cadre
d’une gestion durable des ressources marines, lacustres et fluviales, nous oeuvrerons pour
que la part d’incertitude dans les connaissances, qui fonde le principe de précaution, dimi-
nue chaque jour d’avantage.

La 5&¢me Conférence sur les Poissons de ['Indo-Pacifique de Nouméa a ét€ une étape
dans cette longue marche. Les textes présentés dans ces actes sont un témoignage de 1’état
actuel des connaissances, mais également un appel 2 la poursuite et  la diversification des
travaux d’Ichtyologie dans cette vaste région indo-pacifique.
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FOREWARD BY DR JEAN ALLARDI,

PRESIDENT OF THE FRENCH ICHTHYOLOGICAL SOCIETY

The French Ichthyological Society (SFI) was founded in 1976 following the 2nd
Congress of European Ichthyologists held in Paris. Today, the SFI numbers 335 members,
including 165 foreigners from 45 countries. Its aim is to promote fundamental and applied
ichthyology. Its actions include the editing and publication of a scientific journal dealing
with ichthyological research, Cybium, and of books: Burdak on the functional morphol-
ogy of scale tegument of fish translated from Russian in 1986, the review of Rivulus by
Jean Huber in 1992; and J. Depéche & R. Billard Embryology in fish. A review published
in 1994, for example. Also, the SFI organizes annual meetings on specialised topics, and
an internet web site (http://www.mnhn.fr/sfi/) linked to the Paris Museum site, to inform
our members and the others about the Society. In the course of these actions the SFI was
honoured to sponsor the 5th Indo-Pacific Fish Conference. In the organization of the
Conference, SFI members were actively involved as chairs of symposia or workshops.

In the last decades, the fisheries have become more and more industrialized; the de-
velopment of sophisticated technologies now gives few fish the chance to escape being
caught. These resources might become extinct as, nowadays, most of the stocks are over-
exploited. At the same time, the development of aquaculture, which tends to make up for
the exploitation of natural populations, creates new problems (pollution, destruction of
habitat, etc.).

The Conference on Biodiversity held in June 1992 in Rio stressed the necessity of
conserving our biological heritage. In 1998, proclaimed by UNO international year for
the ocean, the Conference created a worldwide exhibit in Portugal on the theme «The
ocean, a heritage for the future ». These events give evidence of the growing concern for
protecting, conserving and managing the sea and its inhabitants, both as resources and as
an ecological necessity. Each of us has to face this responsibility. Politicians, econo-
mists and lawyers have to integrate the universality of the biosphere with their work. In
our field, our Society will try hard to prompt the public authorities to take into considera-
tion the « fish factor » in development projects and in the management of our heritage
and environment; and also obtain from these authorities the necessary means to continue
research in ichthyology, and to train young ichthyologists. Thus, in the interests of
developing the sustainable management of marine and freshwater resources, we will strive
to reduce the uncertainties in our knowledge which are the basis for adopting a cautious
approach.

The 5th Indo-Pacific Fish Conference held in Noumea was a step in this long proc-
ess. The papers published in these proceedings provide state-of-the-art knowledge in our
field. They are also a call for ichthyological studies in the vast Indo-Pacific region to be
developed and diversified.



PREFACE DU DR. PATRICE CAYRE,

DIRECTEUR DE RECHERCHE, CHARGE DE MISSION AUPRES DU DIRECTEUR
GENERAL DE L'IRD POUR LES PROGRAMMES “RESSOURCES VIVANTES”

La série des conférences sur les poissons de I'Indo-Pacifique, initialisée. par
I’ Australie (Sydney, 1981), a pour but de présenter les derniers résultats des études sur la
biodiversité des poissons marins et d’eau douce de la zone indo-pacifique. Dans ce domaine
de recherches et dans cette région, la France est présente par I'implication de divers orga-
nismes de recherche et universités, et tout particulirement par I’ORSTOM, devenu depuis
le 5 novembre 1998, I'Institut de Recherche pour le Développement (IRD).

Apres le Japon (Tokyo, 1985), la Nouvelle-Zélande (Wellington, 1989) et la Thai-
lande (Bangkok, 1993), la France a souhaité accueillir la 5¢me conférence sur les poissons
de I'Indo-Pacifique et en a confié I'organisation 2 I'IRD. Elle s’est donc tenue a2 Nouméa du
3 au 8 novembre 1997.

La conférence de Nouméa a réuni prés de 300 personnes, provenant de 33 pays et
environ 250 communications (200 présentations orales et 50 posters) ont été présentées
dans 14 symposiums et 8 ateliers. Cette 5¢me conférence a volontairement voulu faire
évoluer les themes de recherche abordés en diminuant I’importance relative des communi-
cations sur la systématique qui était le theéme principal des conférences précédentes, et en
accroissant sensiblement la place réservée aux communications portant sur la biologie,
sur I’écologie et sur I’éthologie des poissons. Les poissons cartilagineux (requins, raies et
chimeres) furent I’objet de 26 communications présentées dans un symposium et dans un
atelier. Cet effort accru de recherche refléte |'inquiétude croissante concernant certaines
especes exploitées (les requins notamment) de ce groupe longtemps négligé. Les ateliers
ont permis d’ouvrir la conférence a d’autres disciplines scientifiques telles que la parasito-
logie et I’ethnologie, de faire le point sur des questions particulieres (e.g.,
I'ichtyotoxicité) et des questions d’actualité (e.g., le développement des bases de connais-
sances sur les poissons). Enfin, une réflexion sur I’avenir des recherches en ichtyologie
tropicale dans 1'Indo-Pacifique a montré les zones et les groupes sur lesquels 1'effort de-
vrait porter dans les années a venir pour expliquer I'existence d’'un «triangle d’or» de la
biodiversité dans cette région du monde. La tendance est donc d’allier, dans une dynamique
de recherche plus moderne, les activités indispensables d’inventaire et de description, 2
celles de compréhension des mécanismes qui gouvernent 1’évolution de cette biodiversité.

L’IRD remercie tous les participants qui ont contribué au succes de cette conférence
et souhaite que les perspectives identifiées 2 Nouméa puissent trouver leur concrétisation
au cours des prochaines conférences et notamment de la 62me IPFC qui aura lieu 2 Durban
(Afrique-du-Sud) en 2001.
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FOREWARD BY DR PATRICE CAYRE,

SENIOR SCIENTIST, CHARGE DE MISSION OF THE DIRECTOR-GENERAL
OF THE IRD FOR THE “LIVING RESOURCES” PROGRAMMES

The series of conferences on Indo-Pacific fish, initiated by Australia (Sydney,
1981), is aimed at presenting the latest results of studies on the biodiversity of sea and
freshwater fish of the Indo-Pacific area. France contributes to this field of research in the
Indo-Pacific Region through the involvement of various research organizations and uni-
versities, and most particularly through ORSTOM, which has become, since 5 November
1998, the Research Institute for Development (IRD).

After the conferences in Japan (Tokyo, 1985), New Zealand (Wellington, 1989)
and Thailand (Bangkok, 1993), France wanted to host the Fifth Indo-Pacific Fish Confer-
ence and entrusted IRD with its organization. This conference was convened in Noumea
from 3 to 8 November 1997.

. The Noumea conference gathered together almost 300 participants from 33 coun-
tries and about 250 presentations (200 oral and 50 posters) were made in 14 symposia and
8 workshops. This fifth conference aimed at an evolution of the research themes exam-
ined, by reducing the relative importance of the communications on systematics - which
had been the main topic of the preceding conferences - and by increasing markedly the
places reserved for presentations on biology, ecology and the ethology of fish. The carti-
laginous fish (sharks, skates and chimaeras) were the subject of some 26 presentations in
one symposium and one workshop. This increased research effort shows the growing
anxiety concerning certain exploited species (notably sharks) of this long-neglected
group. The workshops opened up the conference to other scientific disciplines, such as
parasitology and ethnology, and provided state-of-the-art knowledge in response to par-
ticular questions (e.g. ichthyotoxicity) and on topical issues (e.g. the development of data
bases on fishes). Finally, projections were made on the future of research in tropical ich-
thyology in the Indo-Pacific to determine the areas and groups on which efforts should be
focused in the coming years in order to explain the existence of a « golden triangle » in
biodiversity in this region of the world. The trend is therefore to combine, in a more
modem research dynamic, the indispensable activities related to fauna inventories and
descriptions with those linked to the comprehension of the mechanisms governing the
evolution of this biodiversity.

The IRD thanks all the participants who contributed to the success of this confer-
ence and expresses the wish that the perspectives identified at Noumea will materialise in
the course of the forthcoming conferences, in particular, at the 6th IPFC which is to take
place in Durban (South Africa) in 2001.



ALLOCUTION DE MONSIEUR D. BUR,

DELEGUE DU GOUVERNEMENT EN NOUVELLE-CALEDONIE

Monsieur le Directeur,

Monsieur le Représentant de sa Majesté |'Empereur du Japon,
Mesdames et Messieurs les Consuls,

Messieurs les Parlementaires,

Messieurs les Conseillers,

Monsieur le Représentant de la Société Frangaise d’Ichtyologie,
Amis de la Communauté Scientifique Internationale,

Mesdames et Messieurs,

C’est pour moi un plaisir de souhaiter la bienvenue au nom du Gouvernement Fran-
¢ais a une assistance aussi fournie et aussi éclairée.

Aprés Sydney, Tokyo, Wellington et Bangkok, Nouméa a la chance d’accueillir
votre conférence qui rassemble plus de 250 participants extérieurs représentants 32 na-
tions, dont la plupart des états riverains du bassin Pacifique.

Vos travaux sont traditionnellement orientés vers la classification des poissons de
I'Indo-Pacifique, mais j’ai noté avec intérét que d’autres aspects, a mon Sens tout aussi
importants, seront abordés durant cette semaine, A savoir la biologie, 1’écologie et ses
applications en mati¢re de gestion ou d’exploitation de la ressource.

Il est en effet capital que des passerelles s’établissent entre ces diverses disciplines
et que I'on débouche sur une vision plus systémique de la biodiversité. Cette conférence
devrait vous en offrir I'occasion.

La conférence suivante (“Benthic Habitat”), organisée par la CPS, la SOPAC,
I’ORSTOM et 'IFREMER est centrée sur les relations entre les ressources vivantes et
I’habitat benthique représente une suite logique a cette interaction.

Depuis les quelques especes de la zone antarctique jusqu’aux zones coralliennes de
la mer de Corail ou des Célebes, o la biodiversité marine atteint les plus fortes valeurs
enregistrées, 1'Indo-Pacifique représente un cas unique.

Cependant la tres forte poussée démographique que connait toute cette partie du
monde engendre une exploitation de plus en plus sévére. Si on ne note pour l'instant que
I’extinction d’une ou deux especes, le marché du poisson vivant en Asie, le chalutage
intensif et les filets dérivants géants sont des méthodes dictées par la recherche de la ren-
tabilité immédiate.

L’essentiel de I'effort de péche au niveau mondial relevant encore d’un comporte-
ment de type “cueillette”, il est a craindre que les acteurs soient ramenés brutalement a la
réalité par la simple dynamique des stocks et en la matiere vos travaux, notamment sur le
sujet tres complexe du comportement des poissons, seront, je I’espére, de nature & mieux
appréhender la gestion de cette ressource.
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Dans ce vaste panorama, la Nouvelle-Calédonie occupe une position trés particu-
liere. Avec la Grande Barriere de Corail en Australie, elle détient une faune ichtyologique
qui est I'une des plus diversifiées avec 2500 espéces identifiées pour un total probable de
3000.

Sur ce sujet, grice a la présence de nos instituts tels que Y'UFP, I'IFREMER ou
I’ORSTOM, le niveau de connaissances a €normément progress€. D’abord limitées aux
especes lagonaires pour des raisons évidentes de proximité des activités humaines et de
diversité, les études ont ensuite débordé sur la pente récifale externe, les monts sous-
marins et le grand large.

Ces travaux ont donné lieu A d’importantes bases de données, la base de données
“Fisheye” sur les poissons lagonaires et les deux bases de données “Péche profonde” et
“Grands pélagiques” du programme ZoNéCo qui vise a explorer les ressources marines de la
zone économique de Nouvelle-Calédonie. Ces bases, dont certaines sont déja accessibles
par Internet, représentent pour les Etats de la région un €lément incontournable dans la
gestion future de la ressource qui, avec un chiffre d’affaires de plus d’un milliard de dollars
pour les seuls thonidés, représente la premiére ressource du Pacifique insulaire.

On comprend aisément les raisons pour lesquelles les organisations régionales, et
plus particulierement I’ex-CPS devenue il y a quelques jours la Communauté du Pacifique,
se sont focalisées sur cette question, avec en particulier la création d’une base de données
régionale cette fois.

Avec une forte diversité, un effort de péche moyen, voire faible ou carrément ab-
sent pour certaines zones et un bon niveau de connaissances, la Nouvelle-Calédonie repré-
sente un cas original.

Si son savoir commence a s’exporter, hier au royaume de Tonga en association
avec la CPS, aujourd’hui aux Fidji, il n’en demeure pas moins vrai que le caractere de
“laboratoire naturel” de certaines de nos eaux est de nature 2 attirer les chercheurs de la
communauté scientifique. Sachez qu’ils seront les bienvenus et que la modélisation résul-
tant d’une approche systémique sera probablement le seul outil de gestion dont nous dis-
poserons avant la nécessaire transition vers 1’aquaculture du troisie¢me millénaire qui devra
résoudre le fantastique défi posé par le déficit en protéines dans 1’alimentation de
I”humanité.

Je vous remercie de votre attention.



ALLOCUTION DE MONSIEUR C. LEVEQUE,

REPRESENTANT DU DIRECTEUR GENERAL DE L’IRD

Monsieur le Délégué,
Messieurs les Directeurs,
Mesdames, Messieurs,
Chers Collegues,

Les péches, estimées 2 100 millions de tonnes annuelles, contribuent en moyenne
pour 20% a [’alimentation en protéines de I’humanité. Les économistes vous dirons que
cette ressource est un bien qui nous est fourni gratuitement par la nature, a I’encontre de la
production contrdlée comme 1’élevage et I’aquaculture, qui nécessitent des intrants parfois
cofiteux. Ce bien, la plupart d’entre nous reconnaitrons qu’il est nécessaire de le préserver.
Sur les moyens d’y parvenir cependant, il n’y a pas toujours unanimité.

Le poisson est un élément clé des cultures asiatiques et du Pacifique. Alors qu’en
moyenne la part du poisson est de 16 kg par personne et par an, elle atteint 28 kg dans
I’ensemble Pacifique. C’est dire combien vous étes concernés par la préservation et la
valorisation de cette ressource. :

Pendant longtemps, les recherches liées a I’exploitation des ressources aquatiques
se sont limitées & la dynamique de la ressource. Des modeles sophistiqués de gestion de
cette ressource ont été développés dans les années 1970. Beaucoup ont fait faillite car les
prémices 2 |'origine de ces modeles ne prenaient pas en compte la variabilité de la res-
source, non plus d’ailleurs que les stratégies des pécheurs et le contexte €conomique d’une
mondialisation des échanges. [Is ne prenaient pas en compte non plus I’évolution de
I’environnement de cette ressource, que ce soit son environnement physique ou biologi-
que. Or cet environnement se modifie, a la fois sous 'effet des changements globaux et des
conséquences des activités humaines. Que sait-on des conséquences de la péche sur la
dynamique des écosysteémes qui peut, en retour, avoir des effets sur la ressource ? Que sait-
on des conséquences de 1’usage et de I'aménagement des milieux aquatiques sur la dynami-
que de la ressource ? Peu de choses en définitive au-dela de quelques anecdotes que colporte
“I’écologie catastrophe”.

11 s’est passé quelque chose en 1992, méme si la mémoire de cet événement se perd
un peu. La Convention sur la Biodiversité signée a Rio par la plupart des Etats n’est pas
une convention trés contraignante sur le plan juridique. Certains estiment méme qu’elle est
un échec relatif par rapport aux ambitions initiales.

Pourtant 2 la suite des discussions autour de cette convention internationale, la
biodiversité est devenue un concept incontournable dans le champ de I’environnement, au
méme titre que 1’effet de serre ou le développement durable.
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Si I’on parle de biodiversité, c’est parce que la disparition accélérée des especes vi-
vantes et des écosystemes dont elles dépendent est considérée comme une grave menace
pour notre planete. La prise de conscience que les ressources naturelles ne sont pas illimi-
tées n’est pas nouvelle, mais les moyens techniques dont nous disposons maintenant
modifient de maniére parfois irréparable la biosphere.

Le monde aquatique n’échappe pas 2 cette situation, bien au contraire. Les eaux
continentales et cotieres font I’objet d’une exploitation intensive, tout en étant le siege
de pollutions diverses, de modifications des habitats, d’introduction d’especes étrangéres.
Autant de choses dont nous discuterons au cours des prochains jours.

Dans la mouvance de la convention sur la biodiversité, la FAO essaie de promou-
voir le principe de précaution au domaine des péches. Le principe de précaution
(’approche précautionneuse), c’est en quelque sorte la reconnaissance de I'incertitude liée
aux prises de décision en matiere de gestion. 1l donne une place importante au concept de
développement durable en considérant que la gestion des péches ne peut se faire indépen-
damment de la conservation de I'environnement. Il vise & promouvoir des pratiques de
péche compatibles avec les caractéristiques de 1'écosysteme.

L’approche précautionneuse prbne donc une approche intégrée de la gestion des
systémes aquatiques. Le but ultime est de réduire les incertitudes en matiere de décision.
Mais, dans cette démarche, il s’agit surtout de ne pas négliger I’ensemble des stratégies
d’acteurs. L’espoir réside dans le fait qu'une vision plus holistique de la dynamique des
ressources vivantes permettra de mieux fonder les mesures de gestion appropriées. Celles-
ci peuvent inclure 2 la fois la constitution des réserves, |’application de moratoires, une
gestion flexible et adaptée a I’état des stocks.

Ne soyons pas naifs. Il existe autour de I’exploitation des ressources aquatiques vi-
vantes des enjeux économiques importants. La convention sur la biodiversité reconnait
les droits souverains des Etats sur leurs ressources biologiques. Elle recommande non
seulement ]’utilisation durable des éléments de la diversité biologique mais aussi le par-
tage juste et équitable des avantages découlant de I’exploitation de ces ressources. Il est
vraisemblable que la réticence de certains pays a signer la Convention tenait en partie 2
ces enjeux économiques. Pourtant, est-il incongru de penser que certains pays pourraient
financer une partie de leur développement par une meilleure valorisation économique de
ces ressources 7 Nous rentrons ici dans un domaine hautement sensible qui touche aux
conditions d'acces aux ressources et a leur exploitation. On a pu comparer I’exploitation
des ressources de la biodiversité a I'exploitation pétroliere, avec des droits d’exploitation
et des dividendes sur les préleévements. Mais dans le domaine de I’ichtyologie, la question
des brevets sur le vivant peut se poser également pour I’acces aux ressources génétiques.

Une idée qui prévaut actuellement dans les organisations internationales sur cette
question de gestion des ressources est la part que peuvent jouer les connaissances tradi-
tionnelles dans le domaine de I’exploitation et de la gestion des ressources. Aprés une
période au cours de laquelle on estimait qu’il n’y avait point de salut en dehors d’une ges-
tion centralisée, voire étatisée des péches, on s’est apercu que cette approche aboutissait
trop souvent 2 une absence réelle de gestion, I'Etat n’étant pas toujours capable de faire
appliquer certaines décisions, d’ailleurs parfois discutables. On porte donc beaucoup
d’intérét a I'heure actuelle aux pratiques traditionnelles en espérant y trouver des voies
nouvelles de gestion des ressources, méme si 1’on sait par ailleurs que ces pratiques ne
peuvent plus étre appliquées comme autrefois, compte tenu de la démographie et de la
mondialisation de I’économie.
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L’ approche écosystémique pronée par la convention et par la FAO pose cependant
quelques problémes. 1l s’agit d’intégrer les informations provenant de nombreuses disci-
plines, & des échelles de temps et d’espaces variables. Il faut intégrer en particulier les
diverses influences anthropiques sur les écosystémes.

11 faut développer les outils pour cela. 11 faut innover par rapport aux modeles pré-
cédents, et rechercher des modes de représentation des connaissances mieux en rapport
avec les conditions réelles.

Dans ce contexte, les ichtyologues ont leur role a jouer. Il s’agit en particulier de
rechercher et de mobiliser 1’information disponible sur les especes, leurs exigences éco-
logiques, I'impact des activités humaines. 11 s’agit de développer des modeles prédictifs en
termes de dynamique des populations dans un contexte environnemental évolutif, mais
également, le plus souvent trés variable.

L’enjeu est de taille, car il s’agit le plus souvent de dépasser le cadre de I’approche
descriptive conjoncturelle et des anecdotes de 1'écologie catastrophe, pour développer des
principes et des modeles applicables a la gestion des ressources.

Néanmoins, nous savons également que les ichtyologues ne peuvent apporter
qu'une compétence technique dans un contexte ol les considérations socio-économiques
priment trop souvent sur la gestion patrimoniale. Il y a eu, il y aura encore, beaucoup de
déceptions. Le rdle du scientifique n’est pas de prendre les décisions, mais d’apporter aux
techniciens et aux politiques les éléments qui leur permettront de décider en connaissance
de cause. C’est par I'information, la sensibilisation des acteurs, la mobilisation de
I’opinion que I'on pourra progresser. Il est donc important que les ichtyologues fassent
connaitre largement les résultats de leurs recherches. Le transfert des connaissances a tous
les niveaux de la société est probablement |a seule voie possible, méme si elle peut parai-
tre longue et parfois frustrante.

Quelques mots pour vous dire que I'institution que je représente ici, I'ORSTOM,
s’est organisée pour répondre aux questions que je viens d’évoquer. Elle a recentré ses
programmes autour de quelques grands axes correspondant a des préoccupations de déve-
loppement. Deux d’entre eux nous concernent particulierement ici :

- dynamique et usages des milieux aquatiques continentaux et des ressources en eau,

- dynamique et usage des €cosyst¢mes marins et cotiers et de leurs ressources.

L’idée directrice dans la mise en place de ces axes de recherche est de mobiliser les
compétences nécessaires pour une approche intégrée du fonctionnement de ces systémes
dans une perspective de gestion durable de leurs ressources. A partir des questions soule-
vées par les usages des milieux et des ressources, on essaie d’identifier les programmes de
recherches nécessaires pour éclairer les décisions en matiere de gestion. De tels program-
mes, le plus souvent multidisciplinaires, ne vont pas sans poser de problgmes de coordi-
nation qu’il faudra cependant surmonter pour répondre aux objectifs.

En conclusion, je dirai que le poisson est un excellent point d’entrée pour 1’étude du
fonctionnement des milieux aquatiques. Ressource économique, mais également modele
biologique par excellence, le poisson constitue une banniére autour de laquelle peuvent se
regrouper tous ceux qui sont concernés par I’avenir des milieux aquatiques continentaux et
marins. C’est en réalité le poisson, mais le poisson dans son milieu, qui doit constituer
notre centre d’intérét dans les années a venir. Il n'y a pas de salut pour les esp&ces aquati-
ques si 1’on ne met pas I’accent sur la conservation des écosystémes dans lesquels elles
vivent.
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Quelques orientations de nos activités en matiere de conservation de la biodiversité
sont possibles:

- promouvoir une approche intégrée des milieux aquatiques (approche précaution-
neuse);

- encourager le transfert et |I'utilisation des connaissances dans une perspective de
gestion durable;

- développer les outils multidisciplinaires de gestion d’une information comme
les réseaux de bases de connajssances.



ALLOCUTION DE MONSIEUR B. SERET,

VICE-PRESIDENT DE LA SOCIETE FRANCAISE D' ICHTYOLOGIE

Monsieur le Délégué,
Messieurs les Directeurs,
Mesdames, Messieurs,
Chers Collegues,

Permettez-moi de vous adresser ces quelques mots au nom de la Société Francaise
d’Ichtyologie.

La 5eme Conférence sur les Poissons de 1'Indo-Pacifique a été placée sous I’égide de
la Société Frangaise d’'Ichtyologie pour intégrer tous les organismes frangais effectuant
des recherches dans les domaines variés de 1'Ichtyologie. C’est ainsi que la plupart de ces
organismes ont participé 2 I’organisation de cette conférence.

En premier lieu, il convient de remercier ’'ORSTOM, principal maftre d’oeuvre de
cette conférence, mais aussi le Centre national de la recherche scientifique (CNRS), le
Muséum national d’histoire natrelle (MNHN), I'Ecole pratique des hautes études (EPHE),
des universités et notamment |’ Université frangaise du Pacifique (UFP).

Le but de la Société Frangaise d’Ichtyologie est de promouvoir tous les aspects de
I’Ichtyologie. C’est ainsi que nous avons saisi l’opportunité de cette conférence pour
renouer avec une tradition qui alliait I’ Art et la Science 3 1'époque des grandes découvertes,
en faisant réaliser une oeuvre d’art représentant un poisson.

Cette oeuvre d’art est un vélin, c’est-a-dire une aquarelle dessinée sur un support
précieux: de la peau de veau mort-né. Le poisson sélectionné pour ce vélin est le
“mythique” Coelacanthe, découvert en 1938 alors que I'on croyait le groupe éteint depuis
le secondaire. Ce “fossile vivant”, comme l'usage le qualifie, a donc traversé les eres
géologiques, mais sa survie est fortement menacée du fait de la cupidité de certains hom-
mes. Le vélin qui le représente a été déposé dans la collection du Muséum de Paris qui en
compte pres de 7000. Des reproductions seront diffusées au cours de la conférence.

A propos de grandes découvertes, je voudrais vous proposer un projet qui va vous
paraitre sans doute utopique, mais I’Histoire nous apprend que ce sont les utopies qui sont
sources de progres humain !

Dans moins de trois ans, nous changerons de millénaire ! A cette occasion, de
nombreuses manifestations auront lieu dans le monde entier pour célébrer cet événement.
Des sommes importantes vont &tre consacrées a des projets plus ou moins futiles.

Alors, dans le cadre de ce passage au troisiéme millénaire, pourquoi ne pas envisa-
ger un grand projet scientifique fédérant les pays de bonne volonté, pour organiser une
grande campagne océanographique internationale, dans [’esprit du voyage autour du monde
du “Challenger” a la fin du siécle dernier (1873-1876) qui marqua le début de
I’oc€anographie moderne. Le but de ce projet, que I'on pourrait appeler “Challenger
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20007, serait |'exploration des grandes profondeurs marines de 1'Indo-Ouest-Pacifique qui
sont encore largement méconnues.

En effet, nous envoyons des sondes spatiales pour savoir s’il y a de la vie sur la
planéte Mars, mais nous ne connaissons pas encore, ou a peine, nos ‘“voisins” des abys-
ses | Et la “Mer de la Tranquillité” sur la Lune est sans doute mieux connue que la “Fosse
des Mariannes” ! Pour ce projet, je pense particulierement a la zone indo-ouest-pacifique,
véritable “triangle d’or” de la biodiversité marine ! En effet, c’est Ia zone la plus riche de
la “planéte Mer” et c’est probablement la moins étudiée. Quel paradoxe ! Alors que depuis
la conférence de Rio en 1992, la biodiversité figure souvent dans les discours politiques !
Voici 1'occasion de concrétiser les bonnes résolutions prises a Rio. Au-dela de la connais-
sance scientifique “pure”, un tel projet ambitieux serait susceptible de rapprocher les
hommes, en mobilisant les énergies pour une oeuvre commune. Quand le premier homme a
marché sur la Lune, nous avions la sensation d’étre a sa place: ¢’était I’humanité dans toute
sa diversité qui était présente sur la Lune avec I’astronaute Niels Amstrong !

Alors, ce projet “Challenger 2000” est-il une utopie 7 A vous de le dire ...
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EUROPEAN EXPLORATION OF THE INDO-PACIFIC OCEAN
by

Marie-Louise BAUCHOT (1)

« The Grande Galerie of the Muséum national d’histoire naturelle in Paris has re-
cently been renovated and opened to the public. [ts exhibitions represent some of the
accumulated scientific knowledge of the natural history of our planet. The displays are
based mainly on specimens collected over the past 360 years, some of which have their
origin in that vast body of water we know as the Indo-Pacific Ocean.

In contrast and juxtaposed to this monumental testimony to scientific endeavour,
there is a small display outside the main entrance to the Grande Galerie. It contains a
Micronesian navigational “chart”, which shows the positions of the Marshall Islands
(represented by small cowry shells) and the currents which relate to these islands
(represented by an interlaced system of wooden strips). Such precise geographic and hy-
drographic details were known to the early Micronesian, Polynesian, Melanesian and
Maori peoples. They mastered navigation by means of voyaging canoes and thanks to the
changes in direction of the heavy swell on the open sea, as it meets with atolls, they were
able to recognise a land even if it was out of sight, and determine their position in relation
to the other islands.

Therefore at this, the 5th Indo-Pacific Fish Conference, | offer a challenge to al)
my colleagues, especially those from Pacific rim countries. [ will take a totally Euro-
centric stance in presenting my paper on the history of exploration of the Indo-Pacific by
my Northern and Western Hemisphere antecedents. My challenge is that each one of you
should examine your own histories of science and exploration, so that in the end we may
be able to amalgamate these and eventually tell a story which will represent the many
facets of a complex and often intriguing whole. Thereby it may be closer to the truth. I
hope that my address will inspire you in your search. »

The middle of the XVIIIth Century used to be considered as the beginning of the
great scientific maritime expeditions. At this time, sailors and scientists were convinced
of the existence of a Southern Continent, but this Terra Australia Incognita - thought to be
necessary to balance the mass of the continents of the Northern Hemisphere and thus
ensure the stability of the globe - had not yet been discovered.

Before reviewing this era of great scientific expeditions, I should not ignore the
explorers, who were curious to know what might exist beyond the known world. Thus I
will briefly sketch the history of the discovery of the Indo-Pacific region.

(1) Muséum national d’histoire naturelle, Laboratoire d'lchyologie générale et appliquée, 43 rue Cu-
vier, 75231 Pans cedex 05, FRANCE..
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XIVth AND XVth CENTURIES

In the XIVth Century, the “Great Ocean”. which would later be called the Pacific,
was a legend. If the populating stages in the Pacific ocean from South China and Java are
now known (from 4,000 B.C. in New Guinea to 700-1,000 A.D. in New Zealand), modern
historians are not sure whether European or Asiatic explorers actually reached it. Accord-
ing to some, Vikings had sailed as far as Polynesia, according to others the Chinese had
explored the Mexican coasts before the Xllth century.

The extent of the known world was considerably enlarged by two men during the
XVth Century. Christopher Columbus discovered the New World in 1492, and since he
sailed near the narrow strip of Panama missed the discovery of the Pacific Ocean by a
hair’s breadth. The Portuguese navigator Vasco da Gama, who by taking the eastern
route via the Cape of Good Hope in 1497 (reached earlier by his compatriot Diaz in
1488), reached the East Indies and established the basis of an empire that would eventually
extend as far as the Moluccas or Spice Istands.

In 1493 a series of papal edicts, especially the bull “Inter Caetera”, put an end to
the Hispano-Portuguese strife. because the Pope had drawn an imaginary line one hundred
leagues west of the Cabo Verde Islands to divide the World into two parts: in the west the
discovered land was to be Spanish; in the east Portuguese. In fact, the King of Portugal
was displeased with this arrangement and. at the Treaty of Tordesillas (1494), had the line
moved to 370 leagues west of the Cabo Verde [slands, so that the most eastern tip of Bra-
21l became Portuguese.

XVith CENTURY

At the beginning of the XVIth Century, the islands in the southern Indian Ocean,
Madagascar (1500), Mauritius (1503) and Réunion (1528) were sighted by the Portuguese,
among whom were Petro Alvares Cabral, Alfonso de Albuquerque, Tristao da
Cunba, Francisco Almeida and Pedro de Mascarenhas.

The Moluccas, the famous Spice Islands. remained coveted by all. Fernando de
Magalhaes, known in French and English as Magellan, claimed that he could reach
them via the western route and by way of a southern ocean recently discovered by the
Spanish navigator Vasco Nunez de Balboa. The latter had been able to cross the [sthmus
of Panama overland in 1513. Rebuffed by the King of Portugal, Magellan obtained the
necessary authorization from Charles the Fifth to launch his expedition (Fig. 1). On 20
September 1519, he set sail with five ships. The cosmopolitan crew was the cause of a
bloody mutiny. In November 1520 and in spite of trying conditions - bad food. illness,
ruthless discipline and inaccurate, and therefore dangerous navigational methods - Mag-
ellan succeeded in crossing the strait that bears his name and entered the Pacific Ocean.
He reached the Marianas in March 1521 and then the Philippines. However, in the course
of a battle between the natives of two islands opposite Cebu, he was killed by a poisoned
arrow. Juan Sebastian El Cano took matters in hand and reached the Moluccas. Then, in
conditions even worse than those that had prevailed during the Pacific crossing, he dis-
covered the St Paul and Amsterdam Islands. He passed the Cape of Good Hope in May
1522, and sailed via the Cabo Verde Islands back to Spain, where he was awarded the hon-
ours that were due to Magellan.
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The Venetian, Antonio Pigafetta, the chronicler of the voyage, did some obser-
vations of the natural history. He mentioned: « les poissons qui volent » (Fig.2) and
added « nous en vimes en une si grande quantité ensemble qu’il semblait que ce fut une Tle
€n mer ».

Magellan was the originator of voyages of circumnavigation around the globe.
This success sharpened Hispano-Portuguese rivalry for the conquest of the World and
mastery of the sea routes to the spice producers. This led to numerous expeditions moti-
vated by political, commercial and religious concerns. These expeditions resulted in the
discovery of New Guinea (1526) by the Portuguese Garcia de Loyasa and Jorge de Me-
neses. In 1528, the Spanish explorer Alvar de Saavedra touched the northern tip of
New Guinea and landed at Eniwetok in the Marshall archipelago. Later (1568), the Span-
iard Alvar de Mendana discovered the Solomons (Fig. 3) - rediscovered only two centu-
ries later. On a second voyage (1595), Mendana and his pilot, the Portuguese Pedro
Quiroz, landed at the Marquesas and Santa Cruz, an island of the New Hebrides (Fig. 4).
Quiroz sailed once more in 1606 and discovered the Tuamotu and the island of Spiritu
Santo in the New Hebrides.

XVIIth CENTURY

From the beginning of the XVIth Century, the Dutch also launched numerous ex-
peditions to source spices. Between 1598 and 1603, twelve expeditions were undertaken
by the Dutch. The foundation of the Dutch East Indian Company (VOC) in 1602 threatened
the supremacy of Spain and Portugal, who had shared the World. The search for a southern
continent also gave new impetus to numerous sea voyages and explorations. In 1616.
Jacob Lemaire and the brothers Willem and Jan Schouten, Dutch merchants wishing to
challenge the monopoly of the VOC, rounded Cape Horn on 29 February, reached Tonga
and Java, and drew an approximate outline map of the New Guinea coast. Between 1616
and 1629, several Dutch navigators, among whom were Dirks Hatichs, Pieter Nuyts and
de Witts, reconnoitered several parts of a large island which they called New Holland.
The Governor of the VOC, Anthony van Dieman, entrusted Abel J. Tasman with the
mission of exploring scientifically the southern Pacific. In 1642, Tasman sailed close
to south Autralian coast, convinced it was an island. He did discover Tasmania (which he
called Van Dieman’s Land in honour of the Governor of Batavia) and New Zealand, as
well as several Tonga and Viti islands (later called Fiji, their name in the Tonga language),
before reaching Batavia via the north coast of New Guinea. Later (1664), Tasman would
explore the Gulf of Carpentaria and the Arnheim region.

The 1berian monopoly, already mentioned, was also attacked by the English. Fran-
cis Drake was the first Englishman to sail around the World between 1577 and 1580, an
achievement duplicated by Thomas Cavendish between 1586 and 1588. One century
later, and from 1683 onwards, a privateer named William Dampier undertook several
extensive voyages. In 1688 and 1699, he was the first Englishman to explore in detail the
little-known regions of Australia, and in 1700 to pass through the straits between New
Guinea and New Britain. This was the time when the story of a Scots sailor, who was aban-
doned by mutineers in 1702 with three of his mates on an island of the Juan Fernandez
archipelago and who was the only survivor rescued by Dampier in 1708, caused deep emo-
tion in England. Daniel Defoe’s famous Robinson Crusoe. published in 1719, was in-
spired by this adventure.
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XVIIlth CENTURY

In spite of the efforts made during the two centuries following Magellan, the
knowledge of the Indian and Pacific Oceans remained fragmentary and scattered. All the
navigators were hampered by the technical inadequacies of their ships and instruments,
deficiencies the next period would overcome step-by-step.

At this time, a Dutchman, Jacob Roggeveen set sail in search of the Southern
Continent. Starting from Texel Island in Holland, he reconnoitered Easter Island on April
14, 1722 and reached, via Tuamotu and Bora Bora, Samoa and Batavia in the same year.

I must also mention the English captain George Anson, who became First Lord of
Admiralty and was considered to be the “Father of the Navy”. After war had been declared
on Spain, he set sail in 1740 to capture the galleons bringing back gold and silver from
the American Colonies. He returned in 1744, having sighted no new land. He brought
back gold and silver plundered on the coast of Peru, but of the 1,955 sailors manning his
six ships, 1,051 had died of scurvy. Perhaps because of this disastrous loss of life, the
story of his voyage. Anson’s journal, met with considerable success. It gave rise to
research on the methods to fight scurvy and to improve technical and human conditions
during sea voyages.

A new era then begins in this history of discoveries - that of scientific expedi-
tions. From 1763 onwards, France and England became ardent rivals. Governments be-
came more and more interested in scientific developments, and learned academies and
societies were created. At that time, science knew no frontiers, with scholars and scien-
tists corresponding across the length and breadth of Europe. In France, Georges Louis
Leclerc de Buffon’s encyclopaedia (33 volumes published from 1749 onwards) com-
prised an inventory of scientific and technical knowledge. In Sweden, Carl Linnaeus
devised a rational classification of nature. Cabinets of natural history became the fashion.
Charles de Brosse, President of the Parliament of Burgundy and Buffon’s childhood
friend, published in 1756 L’Histoire de la Navigation aux Terres Australes, which met with
considerable success. It was translated into several languages. It was he who coined the
word “Polynesia”. Shipbuilding improved dramatically. The first school for engineers in
shipbuilding opened in Paris in 1765. Naval officers took scientific courses, so that those
who led the expeditions were both excellent sailors and learned astronomers and cartogra-
phers capable of drawing reliable maps. In order to solve the fundamental problem of
longitude, two methods were evolved: reckoning by lunar distance; and chronometers.
These were real scientific break-throughs. Care was also taken with the quality of food and
basic hygiene. Finally, no sea voyage was imaginable without the participation of groups
of specialists in particular disciplines (astronomy, cartography and all the various
branches of natural history), together with painters and draughtsmen.

Gradually this ideal system became the norm, in France thanks to Louis Comte de
Bougainville and in England mostly to Captain James Cook, who set an example to
be followed by their successors (Fig. 5).

Still with a view to the discovery of the Southern Continent, let me mention John
Byron’s voyage (1764-1766) (Fig. 6). He took possession of the Falklands and beat the
record for crossing the Pacific Ocean, but did not discover any new islands. Samuel Wal-
lis aboard the Dauphin (1766-1768) and Philip Carteret aboard the Swallow (1766-
1769), after passing the Magellan Straits, went their separate ways. Wallis reached
Tahiti and discovered numerous islands in the Tuamotu and Wallis archipelagoes, while
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Carteret discovered Pitcairn on 2 July 1767 and several New Britain and Admiralty is-
lands. On his way home, his path crossed with that of Bougainville., who had also
sailed round the World.

Louis Antoine de Bougainville, a brilliant officer of noble birth, was admitted
at the early age of 27 years to membership of the Royal Society of London, on the
strength of his Treatise on Integral Calculus. He served under Montcalm in Canada. As a
secretary in the French Embassy in London in 1754, he had the opportunity to exchange
ideas with Anson. He set sail aboard the frigate La Boudeuse, which was closely followed
by the store ship L’Etoile headed by Chesnard de la Giraudais. The expedition has
been carefully prepared with the support of the Secretary of State for the Navy, the Duc de
Praslin, and the help of de Brosse and Buffon. Bougainville had enlisted as spe-
cialists the astronomer Pierre Antoine Véron and the botanist Philibert Commerson,
who was assisted by Prince Charles Othon de Nassau. The latter was fleeing from his
creditors. After calling at the Malouines where he had established a colony in 1763 and
which was given back later to the English under protest, Bougainville sailed through
the Magellan Straits at the end of 1767. He reached Tahiti, which had been discovered in
1606 by the Spaniard Quiroz. He left us an idyllic description of the island. As he did not
know that the Englishman Wallis had been there a few months earlier in 1767, he took
possession of it in the name of Louis XV. It was there that the natives immediately recog-
nized the true sex of Commerson’s faithful valet, Jeanne Baré. After Tahiti and in
1768, the ships reached Samoa and a few of the islands in the archipelago which Cook
would call the New Hebrides: Espiritu Santo Islands, Louisade Archipelago, Solomons,
New Ireland, Moluccas and lle de France. They were back in Saint Malo on 16 March 1769.

Commerson landed on lle de France in December 1768 to study its natural his-
tory. It must be said that owing to « a hot-headed and violent disposition extreme in all
things », he found it hard to bear the promiscuity of life on board « this bawdy house
where hate, rebellion, dishonesty, banditry, cruelty and all sorts of disorders was the
norm » (according to his own words). Returning from a voyage to Madagascar with Son-
nerat, Poivre’s nephew, he died from pneumonia on Ile de France on 13 March 1773.
His notes and more than 1,500 drawings done with Jossigny’s help were sent to Buf-
fon, who made use of them to describe some birds. Lacepéde used them to describe the
fishes. The Jardin du Roi received 34 boxes of plants collected by Commerson (5,000
species, 3,000 of them new to science) and numerous dried fishes (Fig. 7). These were
later discovered by Cuvier, who together with Valenciennes, described them in their
Histoire Naturelle des Poissons. They are in the collections of the Muséum national
d’histoire naturelle in Paris to this day.

James Cook was an exceptional man of modest birth. He was a self-taught sailor,
having studied mathematics, geography and astronomy on his own. He was chosen by the
Admiralty to lead an expedition with a dual purpose:

- to observe the passage of Venus in front of the sun, an eclipse which according to
the great astronomer Edmond Halley’s calculations was to occur on 3 June, 1769. Tahiti
was identified as one of the most favourable vantage points to enable calculation of the
distance of the earth from the sun;

- to reconnoiter the austral regions.

At the outset. nothing suggested that during his three voyages Cook was to be-
come the greatest explorer of the Pacific Ocean (Fig. 8).
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On 26 August 1768, he set sail on the Endeavour with 97 crew, among whom were
several civilians: an astronomer, a natural history draughtsman - Sidney Parkinson, and
two naturalists - Daniel Solander, a pupil of Linnaeus and Joseph Banks, an ex-
iremely wealthy young aristocrat who had a passion for natural history. The latter trav-
elled with a number of servants and two greyhounds. Cook returned in July 1771, the
voyage having proved an unqualified success. After calling at Tahiti in April 1769 to
witness the passage of Venus, Cook’s first mission was fulfilled. On 6 October 1769, he
arrived in sight of a land that he took to be the Southern Continent. It was in fact New
Zealand and he reconnoitered the whole coastline. Then on his way home he explored the
eastern coast of New Holland (Australia).

From this first journey he brought back valuable geographic observations on the
Pacific and rich collections for the naturalists: dried plants and seeds, mineralogical
specimens; zoological collections with countless insects; bird and mammal skins; more
than 500 fishes which were in alcohol; and 1.300 drawings (Figs 9, 10, 11) by Parkin-
son (who had died at the beginning of 1771). Several fishes given to Marie Auguste
Broussonet by Banks himself are still today kept in the Muséum national d’histoire
naturelle (Paris).

Cook had only spent a year on land when he undertook a second expedition with
the Resolution and the Adventure. Banks refused to reduce the size of his team, twice as
many as on the first voyage, and did not accompany him. The naturalists were Johan
Rheinold Forster, a German living in London who had just translated Bougainville’s
voyage, and his 18 year-old son Johan Georg Forster, a remarkable artist who left us 78
drawings of fishes. The former was most unpopular because of his bad temper.

The idea of a legendary Southern Continent, which had been promoted for two cen-
turies, was difficult to abandon. Therefore on leaving England in July 1772, Cook steered
due south towards the Antarctic Ocean. In January 1773, he crossed the Polar Circle at
67°S, but due to the ice barrier he turned and steered a course towards New Zealand, the
Society Islands and finally Tonga Tabou. Then he returned to New Zealand and sailed as far
south as 71°S. He reached Easter Island in March 1774, followed by the Marquesas, Tonga
Tabou, the New Hebrides (which he mapped) and finally on 4 September 1774 reached New
Caledonia. He called one of the islands Pine Island because of its 200 feet-high conifers.
In fact these giant pine-like trees are araucarias. He returned once more to New Zealand and
was back in England on 29 July 1775 having sailed by way of the Cape of Good Hope and
St Helena. In 3 years and 18 days he had travelled some 70,000 nautical miles and had lost
only four men. His botanical, zoological and ethnographic harvest was considerable.

Cook came back convinced that if the Southern Continent existed, it was not
within the reach of man. However, he was bent on solving another problem, namely the
discovery of a passage between the Atlantic and Pacific Oceans to the north of America.
This was the aim of his third expedition, which was to last 4 years and 2 months, on board
the Resolution and the Discovery. There were no professional naturalists this time, but
the Ship’s Surgeon William Andersen was entrusted with the observations on natural
history. Following the Cape of Good Hope route, Cook reached the Crozet and Kerguelen
Islands. He then sailed towards the north via Tasmania, New Zealand, Tonga Tabou and
Tahiti. In January 1779, he discovered an archipelago that no European had sighted previ-
ously, the Sandwich Islands (Hawaii). Here he was welcomed as a god. From Hawaii and via
Alaska and the Aleutian [slands. which had been discovered by a Russian expedition in
1770-1771, he steered towards the straits reconnoitered in 1728 by Vitus Jonassen Be-
hring, a Dane in the service of the Tsar. Andersen died in the Behring Straits. worn out
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by consumption. Cook returned to Hawaii, where because of his ignorance of native
customs and taboos he made mistakes that were to cost him his life. A punitive expedition
against the natives of the large island took a bad turn, and he was killed with several of his
men. The two ships once more tried to cross the Behring Straits but were eventually forced
to sail back to England by hugging the coasts of Asia.

This genius Cook, as excellent an ethnographer as he was a sailor, had destroyed
the two myths which had misled scientists and navigators for so long: the existence of a
Southern Continent overflowing with riches: and a navigable northern passage between
the Atlantic and the Pacific. Most important of all, he was the first to draw a precise map
of the Pacific, which would prove to be essential (o the success of all future expeditions.

As regards the history of the collections brought back by Cook, I suggest that Pe-
ter Whitehead’s book (1968) should be consulted. Whitehead has published 40 draw-
ings (37 for the first time) of fishes made by the artists of the three expeditions and has
written the history of the collections, the manuscripts and the 262 drawings of fishes,
some of which are now housed in The Natural History Museum (London).

King Louis XVI was among those who wcre enthusiastic about Cook’s voyages
and he wished that France could emulate these achievements. Unfortunately after
Bougainville’s half successful expedition on the scientific point of view, another [ed
by Jean Frangois de Surville in 1769 to New Zealand had been totally catastrophic.
Marc Joseph Marion Dufresne and Julien Marie Crozet in 177] led an expedition and
on 23 January 1772 landed on two islands which they called “lles de la Caserne”, and were
later (1776) renamed Marion and Crozet by Cook. Their venture ended the next year when
the Maori people of New Zealand staughtcred Marion Dufresne and sixteen of his
colleagues. Finally, Yves Joseph Kerguelen de Trémarec (1771-1772) discovered a
small island in the southern Indian Ocean on 12 February 1772 (Kerguelen Island). This
was not the Southern Continent he believed it to be.

After the Treaty of Versailles in 1783, which recognized the independence of
America, France decided to challenge Great Britain at sea by continuing with the voyages
of discovery and by commercial exploitation of the known regions.

With these two objectives in mind, a mission was extremely well planned by Char-
les-Pierre Claret de Fleurieu, Inspecteur au Service des Cartes et Plans de la Marine.
Leadership was entrusted to Jean Frangois de Galaup, Comte de La Pérouse (Fig. 12),
who left Brest on 1 August 1785 on board the frigate La Boussole, accompanied by
L’Astrolabe under Paul Fleuriot de Langle. This expedition brought together a com-
prehensive team of scientists equipped with the necessary sophisticated instruments
required to fulfill a considerable scientific programme. Political and commercial interests
were not neglected.

They sailed (Fig. 13) via Cape Horn. Easter Island and the Sandwich Islands to
reach the coast of Alaska. Here 21 sailors died when their boats were smashed by the
breakers. They then sailed to California and crossed the Pacific Ocean on their way to
Macao and the Philippines. They explored the China and Japan Seas, Sakhalin. the Kuriel
[slands and the Kamtchatka. which had been reconnoitered by the Russian Khmiteff-
skoi. From there Barthélémy de Lesseps set out for Paris across Siberia to deliver the
documents and journals of the expedition. The ships steered due south to reach Samoa,
where de Langle and 12 men were killed by the natives on 11 September 1787, a tragedy
all the more unfortunate since La Pérouse. as a worthy heir to the philosophy of the
Enlightenment. out of respect for the freedom of the encountered peoples, always refused
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to take possession, in the name of the King of France, of lands which had not been ex-
plored yet. They landed at Botany Bay in Australia, from which they sailed on 10 March
1788 in a northerly direction. They were never seen again. Forty years later, remains of
their wreck were identified by de Lesseps, who was the only crew member still alive.

Owing to the disruption caused by the French Revolution, it was only in 1791 that
Joseph Antoine Raymond, Chevalier de Bruny d’Entrecasteaux and Jean Michel Huon
de Kermadec on board La Recherche and L’Espérance, were commissioned to look for
La Pérouse’s remains among the hundreds of islands in the south-eastern Pacific. They
did a remarkable job, exploring numerous coastlines particularly those of New Holland,
New Caledonia (1792), New Britain and New Guinea. During the voyage they discovered
an island which did not appear on any map and called it Research Island (Fig. 13). It was
in fact Vanikoro, where La Pérouse had been shipwrecked. But d’Entrecasteaux went
further in search of La Pérouse’s remains to the Solomon and Louisade archipelagos.
The two commanders responsible for the expedition and several sailors died at sea in
1793. The rest of the crew, consisting of Royalists and Republicans clashed violently.
They were taken prisoner by the Dutch and returned to France in 1796. Some only returned
in 1797. Even if the expedition did not solve the mystery of La Pérouse’s disappear-
ance, it brought back a great wealth of scientific documentation. Due to the hostility of
Holland and Great Britain towards France, all of these had been transferred to Great Brit-
ain. However, thanks to Sir Joseph Banks’ intervention, they were eventually restored
to France and the collection entrusted to the Muséum national d’histoire naturelle in Paris.
It should be noted that the British Admiralty used the opportunity to copy all the maps.

XIXth CENTURY

Against the background of continuing Anglo-French rivalry, further expeditions
were undertaken. The French did not want the English to be the only settlers in Australia,
and the Enghsh were afraid that France might establish a colony on Van Dieman’s Land.
In France, Nicolas Baudin's voyage (1800-1804) was organized (Fig. 14), and in Eng-
land, that of Matthew Flinders (1801-1803). Officially these missions were scientifi-
cally and not politically motivated.

Baudin’s expedition on board the corvette La Géographe was remarkably well
prepared by a commission presided over by First Consul Bonaparte, and included such
eminent personalitics as Bougainville, Lacepéde, Cuvier and Jussieu. Baudin
was accompanied by Emmanuel Hamelin on the store ship Le Naturaliste. Both ships
were to suffer numerous mishaps. There were clashes between the authoritarian Baudin
and several inept officers and the 24 scientists which the Institut and Muséum had fois-
tered on the expedition. Baudin failed to comply with naval regulations and dozens
abandoned ship at lle de France. To make matters worse, there was much illness and many
deaths during the 3 years and 5 months spent at sea. Thirty-two of the company died,
including Baudin. But in spite of this, the scientists who took part in the venture were
extremely successful in their mission. Who can ignore the names of the zoologist
Frangois Péron and the future artist and naturalist Charles Lesueur ? The latter, who had
signed on as a gunner’s mate before his talent as a painter was recognized, and Nicolas
Petit, who had studied academic art in David’s studio, executed more than 1,500 draw-
ings and paintings relating to natural history. Péron brought priceless collections back
to the Muséum - according to Jussieu and Cuvier these included 100,000 specimens,
amongst which were 2,500 undescribed species, including more than 200 fishes.



T AV AL TERNITAS
YA e et rerevo 28

Fig 1. - Magellan’s expedition. Old map from “Atlas antique”, Agnese, 1543. Map reprinted from Jacques Brosse “Les tours du Monde des explorateurs” © Bordas,
Paris, 1983. Fig. 2. - Painting done after Pigafetta’s description during Magellan’s voyage; he reports on « fish that fly », « we saw such a great amount that it looks
like an island ». Reprinted from Taillemite, © Gallimard, Paris 1995. Fig. 3. - Abraham Ortelius’s map of the world, from the great Atlas of 1570. Reprinted from
Taillemite, © Gallimard, Paris 1995.
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Also in 1801, Flinders set sail aboard the /nvestigator to explore the greatest
part of the New Holland coasts. He had received financial assistance from Sir Joseph
Banks, who had personally chosen a group of naturalists. Amongst these were the bota-
nist Robert Brown and the draughtsman Brauer. The hydrographic work was much more
precise than Baudin’s. However, this voyage became a succession of dramas, what with
the loss of several sailors, damage to the ships when sailing in the Great Barrier Reef
region, and Flinders’ arbitrary confinement on Ile de France for 6 years. Nevertheless,
Brown brought back a considerable herbarium, which enabled him to publish the first
work of the New Holland flora.

RUSSIAN EXPLORATIONS

The great Russian explorations must also be mentioned. Peter the Great and his
successors wanted to end Russia’s isolation and transform it into a modern power, pos-
sessing an army and a navy capable of playing a role in the world. In 1725 and in the year
that he died, Peter the Great launched an expedition to try to establish whether Siberia
and North America were separated by sea. In 1728, Behring mapped the straits named
after him, and in 1740-1741 he explored Alaska and the Aleutian Islands. By 1739, Rus-
sian ships had reached the coasts of Japan. In 1743, Khmiteffskoi reconnoitered the
coastal regions of Siberia as far as Kamitchatka.

At the beginning of the XIXth Century Alexander the First wished to improve
the fur trade with North-west America and to lead a Russian delegation to Japan for politi-
cal objectives. He therefore organized a maritime expedition under Krusenstern (1803-
1806) (Fig. 15). The Tsar took care in enlisting scientists such as Wilhelm Gottlieb
Tilesius von Tilenau and Georg Heinrich Baron von Langsdorff, both of whom he
recruited at German universities. Von Langsdorff left the expedition in Kamtchatka and
returned to St Petersburg on foot and by horse. The Nadjedjeda and the Neva, two strong
ships built in England, sailed from Cronstadt in August 1803 and returned 3 years and 12
days later without having lost a single man. This proved that the Russians could compete
with their powerful British and French rivals. The naturalists brought back a rich harvest
of valuable information on the tlora and fauna ot the countries that they had visited. Prior
to an un-edited contribution by Tilesius, little was known about life in the oceans.
Thanks to him, several species of Gadidae and Blenniidae from the Sea of Okhotsk were
described. Krusenstern published an excellent atlas of the Pacific following another
voyage of exploration to the Behring Straits in 1815.

Subsequent Russian expeditions bring to mind the one made by Otto
Levstafievitch Kotzebue aboard the Rurik (1815-1818). On board were the naturalist and
poet Chamisso and the painter Louis Choris, who illustrated many of the fishes during
the exploration of the East Caroline Islands. We remember especially Fedor Petrovitch
Lutke’s expedition on the Seniavine (1826-1829) and his careful exploration of the
Caroline Archipelago. On board were Alexander Postel, artist and mineralogist, the
ornithologist Baron Kittlitz and the naturalist Karl Heinrich Mertens. They examined
numerous fishes and painted 1,300 remarkably accurate water-colours of which 254
painted by Postel represented the 300 fish species that were caught. The drawings were
identified by Cuvier during a visit that Kittlitz and Postel paid to him in Paris.



Fig. 4. - Voyages of Mendana (1567), Quiros (1606), Mendana-Quiros (1595), Lemaire et Schouten (1616). Reprinted from Scemla, 1994. Fig. 5. - Portraits of
Bougainville and Cook. Photo and Coll.: Bibliotheque du Muséum national d’histoire naturelle, Paris. Fig. 6. - Voyages of Byron (1764-1769) (in green), Wallis
(1766-1768) (in yellow), Carteret (1766-1769) (in violet), Bougainville (1766-1769) (in black). Map reprinted from Jacques Brosse “Les tours du Monde des explo-
rateurs” © Bordas, Pars, 1983. Fig. 7. - Fish from Bougainville’s expedition. a: Original drawing by Commerson, Skipjack. b: two fish “en herbier”, Halichoeres
centriquadra. Photo and Coll.: Bibliothéque du Muséum national d’histoire naturelle, Paris.
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Fig. 8. - The three voyages of Captain Cook: 1768-1771 (in yellow); 1772-1775 (in green); 1776-1780 (in violet). Map reprinted from Jacques Brosse “Lgs tours du
Monde des explorateurs” © Bordas, Paris, 1983. Fig. 9. - Parkinson’s drawing of Megaprotodon strigangulus (Cuvier, 1831), described by Cuvier in the genus
Chaetodon from Parkinson’s drawing, and a description of a specimen of 120 mm from Otahite made by Solander. Reprinted from Whitehead, 1969. Fig. 10. -
Parkinson’s drawing of Prerois radiata (Cuvier, 1829), described by Cuvier in the genus Scorpaena from Parkinson’s drawing of fish collected at Otahite. Reprinted
from Whitehead, 1969. Fig. 11. - Parkinson’s drawing done in 1768 from a fish of 435 mm collected at Quenne Charlotte Sound (Cook Straight, between the two
islands of New Zealand) and named Sciaena mulloides. It is a specimen of Aripis trutta (Bloch & Schneider, 1801). Reprinted from Whitehead, 1969.
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THE NATURALISTS

At the beginning of the XIXth Century. the general configuration of the Pacific
was well known, but many details remained unknown. The exact position of the numerous
islands and thousands of nautical miles of coastline still had to be established; precise
maps still had to be drawn; and observations and studies in all scientific disciplines still
had to be completed.

With the end of the Napoleonic Wars which had ravaged Europe, scientists and
navigators enjoyed more favourable circumstances. A long period of peace enabled the
great European and American powers to promote the advancement of science, and to or-
ganize several marine expeditions for this purpose.

They are too numerous for me to mention, but table | provides a summary. A few
years ago and in a French journal (now translated into English), I listed the French expedi-
tions in which the great naturalists, who considerably enriched the ichthyological collec-
tions of the Muséum national d’histoire naturelle (Paris), had taken part. I think particu-
larly of Jean René Constant Quoy and Paul Gaimard, who took part in the voyages of
Louis Claude Desaulces de Freycinet on the Uranie (Fig. 16) and Jean Sébastien

Table 1. - Oceanic expeditions in the Indo-Pacific posterior 1o 1815. d = antist.

Dates Ships Captains Naturalists and artists
France
1817-1820 | L'Uranie & La Physicienne L.C. de Freycinet J.R. Quoy; J.P. Gaimard; J. Arago (d)
1819-1821 } Le Rhéne & La Durance P.H. Philibert G.S. Perottet
1822-1825 | La Coquille L.I. Duperrey P. Garnot; R.P. Lesson; Lejeune (d)
1824-1826 | La Thétis H. de Bougainville L. Busseuil
h “ L'Espérance N. Nourquer du Camper
1826-1829 | L'Asirolabe J.S.C. Dumont d'Urville |J.R. Quoy; J.P. Gaimard- de Sainson (d)
1827-1828 | La Chevrette Th. Fabré A. Reynaud
1830-1832 | La Favorite P.Th. Laplace F.T. Eydoux
1836-1837 | La Bonite A.N. Vaillant F.T. Eydoux; L.F. Souleyet
1836-1839 | La Vénus A.A. Dupetit-Thouars A. Neboux; Ch.R. Leclancher
1837-1840 | L'Astrolabe J.S.C. Dumont d'Urville |J.B. Hombron; H. Jacquinot
“ " La Z&lée Ch.H. Jacquinat EJ.F. Le Guillou; J. Grange
1842-1846 | Le Rhin A. Bérard L. Arnoux; J. Verreaux; Ch. Maryon (d)
1816-1840 | Le Buffon & Le Georges Cuvier| J.-J. Dussumier
England
1825-1828 | Blossom F.W. Beechey G.T. Lay
1831-1836 | Beagle R. Fitz-Roy Ch. Darwin; A. Earle; C. Mertens (d)
1835-1842 | Sulphur F.W. Beachey, E. Belcher | Hinds
Russia
1815-1818 | Rurik 0. von Kotzebue J.F. Echscholtz; A. von Chamisso;
L. Choris (d)
1823-1826 | Predpriarte O. von Kotzebue J.F. Echscholiz; L. Choris (d)
1826-1829 | Seniavine F.P. Lutke K.H. Mertens; Von Kittlitz; A. Postels (d)




Fig. 12. - Portraits of La Pérouse and Baudin. Photo and Coll.: Bibliothéque du Muséum national d’histoire naturelle. Fig. 13. - Voyages of La Pérouse (1785-1788)
(in yellow) and of d’Entrecasteaux (1791-1794) (in green). Map reprinted from Jacques Brosse “Les tours du Monde des explorateurs” © Bordas, Paris, 1983.
Fig. 14. - Voyages of Baudin (1800-1804) (in green) and of Flinders (1801-1803) (in yellow). Map reprinted from Jacques Brosse “Les tours du Monde des explo-
rateurs” © Bordas, Paris, 1983. Fig. 15. - Voyages of Kruszenstern (1803-1806) (in violet), of Kotzebue (1816-1818) (in yellow) and of Lutke (1820-1829) (in
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green). Map reprinted from Jacques Brosse “Les tours du Monde des explorateurs” © Bordas, Paris. 1983.



European exploration of the Indo-Pacific Ocean

César Dumont d’Urville on the Astrolabe. In a work published in 1994, 1 studied
Quoy’s 281 manuscript pages. All of these were devoted to the fishes from the Astrolabe
voyage (1826-1829) and are now kept in the library of the Muséum national d’histoire
naturelle in Paris, together with 2 notebooks of drawings and 114 unpublished plates. 1
have been able to identify 996 specimens representing 449 species brought back by this
one expedition. Some 211 species were described and illustrated, and an additional 42 were
either described or figured by Quoy and Gaimard, or by Cuvier and Valenciennes, or
by later authors who had ignored the original manuscript descriptions and illustrations. I
also think of René Primevére Lesson and Prosper Garnot, who brought back 288 fish
species from the La Coquille voyage; of Auguste Adolphe Marc Reynaud, whose harvest
numbered more than 300 fishes; and of Joseph Fortuné Théodore Eydoux, who with
Louis Frangois Auguste Souleyet, collected more than 200 species.

The naturalists on the English expeditions were also making their contribution.
On board the Blossom (1825-1827), Frederick William Beechey (Fig. 17), himself a
competent geographer, draughtsman and zoologist, was assisted by the botanist Georg
Tradescant Lay. He explored islands of the Gambier group and described numerous species
of butterflyfish in the waters of Tuamotu. On board the Beagle and the Adventure, and
under Robert Fitz-Roy (Fig. 17), the naturalist was a young 22 year-old student. He had
replaced the botanist John Stevens Henslow who, being unable to sail, was to write « |
do not consider you as a fully fledged naturalist, but | know that you are able to collect and
to note what is worthy ot being recorded in natural history ». The young naturalist, Char-
les Darwin, would later write that this expedition was the most important event in his
life, and that it determined his whole career. With the curiosity and enthusiasm of an ama-
teur, he studies the adaptation of species to their environment, the relations between
animals and plants, and the interdependence of species, all of which would become the
major themes of his future works - his theories on speciation and natural selection. Let me
also mention the long voyage of the Sulphur, during which Edward Belcher (Fig. 17)
made a vast collection, including more than 200 fishes from New Guinea.

In spite of all this progress, the problem of the Southern Continent remained unre-
solved and still stirred the curiosity of scientists and navigators (Table II). In 1819, two
Russians, Fabian Gottlieb von Bellinghausen and M. Lazareff, reached 69°S and

Table 1l. - Post 1815 oceanic expeditions looking for the Antarctic continent.

Countries Dates Ships Captains Areas

Raussia 1819-1821 | Vostok; F. Bellinghausen; 69° S et 91°W. Iles Pierre- le-Grand
Mirny M. Lazareff et Alexandre ler

England 1819 Williams W. Smith 62°30' S. Nouvelle-Bretagne du Sud

England 1820 Andromache | E. Bransfield 64°30' S. Shetland du Sud

U.S.A. 1820-1821 | Hero N.B. Palmer 62° S. Pointe Palmer

England 1823 Jane J. Weddell Orcades du Sud et 74° S.

England 1831 Tula; J. Biscoe; 68° S. Terres d'Enderby et de Graham
Lively G. Avery

France 1837-1840 | Astrolabe; |J.S.C. Dumom d'Urville; | 67°S. Terre-Adélie
Zblée Ch.H. Jacquinot

U.S.A. 1836-1842 | Vincennes; | Ch. Wilkes; 69° S. Terre de Wilkes
Flying Fish | W.M. Walkers

England 1839-1843 | Erébus; J.C. Ross; 76° S. Ile Franklin - 78° S. Ile Ross;
Terror F. Crozier Volcans Erebus & Terror
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Fig. 16. - Voyages of Freycinet (1817-1820) (in violet), of Duperrey (1822-1825) (in green) and of Dumont d’ Urville (1826-1829) (in yellow). Map reprinted from
Jacques Brosse “Les tours du Monde des explorateurs” © Bordas, Paris, 1983. Fig. 17. - Voyages of Bechey (1825-1828) (in violet), of Fitz-Roy (1831-1836) (in
yellow) and of Belcher (1836-1842) (in green). Map reprinted from Jacques Brosse “Les tours du Monde des explorateurs” © Bordas, Paris, 1983. Fig. 18. - Portrait

of Dumont d'Urville. Photo and Coll.: Bibliotheque du Muséum national d’histoire naturelle, Paris.
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Fig. 19. - Voyages of Dumont d’Urville (1837-1840) (in yellow), of Wilkes (1838-1842) (in violet) and
of Ross (1839-1843) (in green). Map reprinted from Jacques Brosse “Les tours du Monde des explora-
teurs” © Bordas, Paris, 1983.

were probably the first men to see the Antarctic Continent when they discovered Peter the
Great and Alexander the First Islands. In the same year, the Englishman William Smith
rounded Cape Horn and discovered an unknown land he called South New Britain. In 1820,
a countryman of his, Edward Bransfield, reconnoitered the neighbouring South New
Shetland Islands. In 1820-1821, an American, Nathaniel Brown Palmer, sighted a long
mountainous point but could not land. It was the Palmer Peninsula. In 1823, James Wed-
dell, another Englishman, reached 74°S and discovered the South Orkneys. In 1831, John
Briscoe and George Avery plotted the positions of Enderbyland and Grahamland.

In the search for the Antarctic Continent, one person who stands out is Dumont
d’Urville (Fig. 18). He completed his first voyage round the World as Second-in-
Command under Louis Isidore Duperrey aboard La Coquille. During his second voyage
(1826-1829) in command of L’Astrolabe, he took bearings of more than 2,500 nautical
miles of often unknown or inaccurately sited coasts, and discovered or rectified the exact
positions of more than 150 istands. Thanks to the information obtained from the Eng-
lishman Peter Dillon in Tukopia in 1826, he had also found La Pérouse’s trail in
Vanikoro. Finally, he gathered an enormous amount of ethnographic, zoological and
botanical data.

Moved by a passion for discovery, as Cook had been before him, and in spite of
his poor health, Dumont d’Urville offered his services for an expedition organized to
discover the South Pole. He sailed once more in 1837 on board L'Astrolabe and La Zélée
(Fig. 19). On 19 January 1840, he discovered the coasts of the Antarctic Continent,
which he called Terre-Adélie in honour of his wife. He was also able to determine the ap-
proximate position of the magnetic pole. When he came back to Toulon in November
1840, he had successfully completed the most astonishing of all the voyages of discovery
ever attempted under the French flag. During his voyage he had drawn more than 100 sea
charts, the quality of which was so remarkable that they remained unaltered until after the
Second World War. The natural history collections he brought back were the richest ever
gathered by a single expedition. They include among other things, more than 400 fishes.
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During his circumnavigation Dumont d’Urville had passed Charles Wilkes’
expedition (1838-1842) (Fig. 19). The American, with 6 ships and 12 scientists, had
been instructed to assert American rights in the Southern Hemisphere. But the venture had
been badly prepared and when it ended, three of the six ships and 124 men had been lost.

Although the English were the last to start their exploration of Antarctica, their
voyage was much better prepared. On board the Erebus and Terror and during the years
between 1839 and 1843, James Clark Ross, who had become an accomplished zoologist,
sailed round the greater part of the Antarctic Continent and explored its coasts (Fig. 19).
He landed on Franklin Island at 76°S, then on Ross Island at 78.4°S and named the two
volcanoes Erebus and Terror. He also took the first abyssal sounding (4,850 m) and noted
the temperatures at different depths. In short, this work was the forerunner to the science
of oceanography. He also brought back, thanks to McCormick’s and Robertson’s
help, more than 300 fish species. At that time, none were known from farther south than
50°S.

The time of the great maritime explorations in the Pacific Ocean virmally ends
with Dumont d’Urville, Wilkes and Ross. Efforts spanning three centuries had been
necessary to explore the |argest ocean in the World and to determine the extent and rich-
ness of its natural resources. The publications based on all these expeditions enable us to
appreciate their scientific value. Between 1815 and 1850, the French published 85 vol-
umes of observations (not including the atlases). Forty-two of these were devoted solely
to Dumont d’Urville’s voyages. The Russians published 17 works, the English 13 and
the Americans 9.

These great expeditions, during which science was never forgotten, have had long-
term consequences because they were the foundation on which great syntheses and all-
embracing theories, like Darwin’s, were developed. They could never have been achieved
without the patient labour of naturalists who, at the risk of life and limb, continued to
collect, describe and illustrate. Not only was the Indo-Pacific area explored and its human
populations encountered, but its flora and fauna were made known to science.

Acknowledgements. - [ would like to thank Butch and Jane Hulley warmly for the English translation of
this lecture presented in French at the Conference.
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ZOOGEOGRAPHY OF CORAL REEF FISHES OF THE
INDO-PACIFIC REGION

by
John E. RANDALL (1)

The vast tropical and subtropical Indo-Pacific region extends from the Red Sea and
east coast of Africa to the Hawaiian Islands and Easter Island. Within the Indo Pacific,
clearly the richest fish fauna is found in the Indo-Malayan region (southeast Asia, East
Indies, and northern Australia). Within this area, Indonesia and the Philippines are esti-
mated to have 2,900 species of reef and shore fishes. One reason for the rich diversity of
species is the stability of the region with respect to temperature during an ice age. Extinc-
tion rates were high in the higher latitudes and on the eastern side of the three oceans with
tropical biota where cool currents compress the tropical zone. By contrast, the west side
with a broader tropical zone, was affected less by ice age temperature drop.

Another reason is the result of a barrier to east-west dispersal of a large percentage
of reef and shore fishes during an ice age. Over the last 700,000 years there have been at
least three (but perhaps as many as six) glacial periods capable of lowering the sea level
enough to close the Torres Strait, the Malacca Strait, and the Sunda Strait (between Suma-
tra and Java). However, there was not a total east-west land barrier. What made it a total
barrier to east-west dispersal of purely marine species was the low salinity and high tur-
bidity resulting from discharge of large rivers in the area, coupled with postulated upwel-
ling of cooler water from the larger land masses. Thus we have the potential, with each ice
age (the last was 18,000 years ago) to double the number of species in the area, hence a
scenario comparable to the land barrier that occurred in Panama during the last glacial
period that produced the geminate fish species of Jordan (i.e., closely related Caribbean
and eastern Pacific species pairs). When an interglacial period followed and sea level rose,
the isolated faunas could intermix. Some incipient species merged, whereas others re-
mained as distinct sister species. Many examples of such species pairs are known, such as
Chaetodon lineolatus and C. oxycephalus (P1. 1A, B), Amphiprion percula and A. ocel-
laris (P1.1C, D), and Siganus doliatus and S. virgatus (Pl. 11A, B), but perhaps there are
others that may have differentiated ecologically, behaviourly, or physiologically, but not
enough morphologically for us to readily detect.

Springer and Williams (1990) provided examples of species with distributions in
the Pacific and Indian Oceans but without any records for the Indo-Malayan region. They
postulated that such species may have become extinct in the Indo-Malayan region during a
glacial period and not been able to reinvade later. Perhaps these are species for which
some ecological requirement is needed to complete their life history, such as clear oceanic
water for the development of larvae. Or in this richest area there may now be 0o much
competition for them to resume their niche. Or perhaps there are now predators, parasites,
or diseases which preclude their recolonization.

(1) 45-1033 Pahuwai Pl., Kaneohe, Hawaii, 96744, USA. [jackr@vision.net]



Plate I. - Examples of pairs of sister species. A: Chaetodon lineolatus (Fanning Is.); B: Chaetodon oxycephalus, 150 mm (Palau); C: Amphiprion percula, 75 mm
(d’Entrecasteaux Is., Papua New Guinea); D: Amphiprion ocellaris, 50 mm (Stephanie Is., Indonesia)
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Plate 11. - Examples of pairs of sister species. A: Siganus doliatus, 170 mm (Heron Is.); B: Siganus virgatus (Sri Lanka); C: Chaetodon fremblii (Oahu); D: Cirrhitops
fasciatus (Oahu).
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We also have north-south disjunct populations in the western Pacific termed anti-
tropical and antiequatorial. The same explanations could apply as the east-west disloca-
tions, plus the obvious possibility of these being species adapted to subtropical tempera-
tures, hence unable to survive in low latitudes during interglacial periods.

The principal Indo-Pacific areas of endemism other than the Indo-Malayan region
are the Red Sea; Natal; Madagascar, Réunion and Mauritius; southern Oman; Andaman Sea;
western Australia; southern Japan, southeastern Australia; Lord Howe Island and Norfolk
Island; Hawaiian Islands; Marquesas [slands; Pitcairn Group and Rapa; and Easter Island.
Of these, the reef and shore fishes of the Hawaiian Islands have the highest percentage of
endemism, 23.1%, but closely followed by Easter Istand with 22.2%. These percentages
change as our knowledge of the faunas increases. Gosline and Brock (1960) determined the
endemism for reef fishes in Hawaii as 34%. The discovery of alleged Hawaiian endemics
elsewhere and the reporting of new records of wide-ranging Indo-Pacific species to Hawaii
(some apparently only as waifs) have lowered the number of endemic species.

Some authors believe that speciation can only be the result of a vicariant event,
such as the separation of the western Atlantic and eastern Pacific marine biota with the
emergence of a land barrier in Panama during a glacial period. However, it seems clear for
the highly isolated islands, such as those of the Hawaiian Islands and Easter Island, that
speciation has occurred as a result of the chance colonization by larvae, followed by a
long period of little or no gene flow. No vicariant event is needed. A successful spawning
by the progenitor stock, coupled with just the right current pattern (such as entering a
gyre at just the right time) could result in a pulse of larvae to an area not reached before and
not likely to be attained again in the near future.

The sister species of some of the Hawaiian and Easter IsJand endemics can be readily iden-
tified. Others are clearly relics for which no closely related species are known. Examples
are the scorpionfish Pterois sphex, the grouper Epinephelus quernus, the butterflyfish
Chaetodon fremblii (P1. 11C), the angelfishes Centropyge potteri and Genicanthus per-
sonatus, the wrasse Coris flavovittatus, and the parrotfish Chlorurus perspicillatus. The
Hawaiian Islands have been forming intermittently over a fixed volcanic site in the Pa-
cific Plate for at least 70 million years, so there has been ample time for a species to
become extinct except in Hawaii where the cause of extinction elsewhere, such as more
efficient predatory or competitor species, did not happen. A unique example of a relic
species is the hawkfish Cirrhitops fasciatus (Pl. [ID) known only from the Hawaiian
Islands, Mauritius, Réunion and Madagascar.

REFERENCES
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COMMENTS ON SOME NEW CALEDONIAN
FRESHWATER FISHES OF
ECONOMICAL AND BIOGEOGRAPHICAL INTEREST

by

Gérard MARQUET & Nathalie MARY (1)

ABSTRACT. - Since 1991, regular surveys of the New Caledonian freshwater fishes have been car-
ried out in order to better understand the ecology of this insular fishfauna. A number of these fishes
have some economical impogtance, such as the eels (Anguillidae), the flagtails (Kuhliidae) and the
mullets (Mugilidae). Other fishes present great biogeographical interest such as the relic species
(Galaxias neocaledonicus) and somne gobies (Gobiidae) which are the most successful invaders of
freshwaters of the Indo-Pacific islands.

RESUME. - Remarques sur quelques poissons d'eau douce de Nouvelle-Calédonie présentant un
intérét économique ou biogéographique.

Depuis 1991, des missions réguliéres ont été effectuées pour micux comprendre 1'écologie des
poissons d’eau douce de Nouvelle-Calédonie. Certains de ces poissons ont une impostance ¢conomique,
tels que les anguilles (Anguillidae), les “carpes” ou doules (Kuhliidae) et les mulets (Mugilidae).
D’autres poissons présentent un grand intérét biogéographique, tels le poisson relique, Galaxias neo-
caledonicus, et certains gobies ou lochons (Gobiidae) qui sont les envahisseurs dominants dans les eaux
douces des iles indo-pacifiques.

Key-words. - Anguillidae, Galaxiidae, Gobiidae, Kuhliidae, Mugilidae, New Caledonia, Freshwater,
Biogeography, Inventory.

New Caledonia (Fig. 1) extends between 164°-168°E and 20°- 23°S with an area of
19,500 km? comprising 8 islands, with the largest, New Caledonia, locally called “La
Grande Terre” . Freshwater fishes of New Caledonia were first studied by Weber and de
Beaufort in 1915 who recorded 30 species belonging to 11 families. Catala (1950) re-
ported on a number of fishes with some economical interest. In 1991, a two month fresh-
water survey of “La Grande Terre” (PEDCAL Project) was conducted from September to
October (Séret, 1992). As a result of this survey, descriptions of new species (Dingerkus
and Séret, 1992b, 1992¢), new records (Dingerkus and Séret, 1992a), and inventories
(Marquet, 1996; Marquet er al., 1997; Séret, 1997) have been published.

Further collections were made in 1996-97, to investigate the ecology of this fish-
fauna, in conjunction with a study on biotic indices (Mary, 1996). As a result of the past
and recent field studies, 64 sites located on 33 rivers and one lake were sampled (Fig. 1).
These studies allowed to complete the inventory and today about 80 species, representing
33 families, have been recorded in New Caledonian fresh waters (Marquet et al., 1997).

(1) Universit€ frangaise du Pacifique, LERVEM, BP 4477, Nouméa, NEW CALEDONIA.
[mary @ufp.ufp.nc]
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Fig. 1. - Map of New Caledonia showing the survey sites and the corresponding rivers.

Some of these fishes having some economical importance and/or biogeographical inter-
est are herein presented.

MATERIALS AND METHODS

The fish were mainly collected by electrotishing equipment. and occasionally ro-
tenone was also used. The sampling sites of the different surveys are listed in Appendix 1
and shown on figure 1.

PEDCAL is the acronym for “Poissons d’Eau Douce de Nouvelle-Calédonie », and
designes the program of researches carried out in 1991 (Séret, 1992).

The specimens have mainly been deposited in the collections of the Muséum na-
tional d’histoire naturelle, Paris (MNHN).

RESULTS

Fishes of economical interest

Fishes of the 3 following families, Anguillidae, Kuhliidae and Mugilidae, are tradi-
tionnally consumed by local people (Catala, 1950) and they still have some commercial
and recreational importance (Séret, 1992).
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Fig. 2. - Distribution of Anguilla marmorata in New Caledonia.

Anguillidae (Eels)

Five species of eels occur in New Caledonia (Marquet. 1996): Anguilla australis
schmidti Philipps. 1925. A. marmorata Quoy & Gaimard, 1824; A. megastoma Kaup,
1856, A. obscura Giinther, 1871, and A. reinhardtii Steindachner, 1867.

A. marmorata (Fig. 2) and A. reinhardtii (Fig. 3) are ubiquitous. their range ex-
tending from the upper to the lower reaches, in flowing waters. Large specimens of the
former are often found on the east coast and the latter on the west coast.

A. obscura and A. megastoma are less abundant than the above mentioned species
(Fig. 4). A. obscura is represented mainly by small specimens. Marquet (1996) has re-
corded two small specimens in Tiwaka river (Stations PEDCAL 43 and 44). The species is
widespread present only in lower reaches of rivers. A. megastoma is usually represented
by large specimens and is found only in middle and upper reaches of rivers.

A. australis schmidti (Fig. 5) is widely spread but only small specimens have been
captured. Marquet (1996) lists two small specimens from Tiwaka river (Station PEDCAL
43) and La Foa river (Station PEDCAL 23). The tish appear to occur in still waters; possi-
bly larger specimens may occur in swamps as may larger specimens of A. obscura as this
is the case in French Polynesia (Marquet and Galzin, 199]).

Kuhliidae (Flagtails)

Three species of flagtails occur in New Caledonia: Kuhlia mnarginata (Cuvier,
1829), K. munda (De Vis, 1885) and K. rupestris (Lacepéde, 1802). K. munda is widespread
in the territory but is restricted to brackish water. K. marginata (Fig. 6), locally named
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Fig. 3. - Distribution of Anguilla reinhardtii in New Caledonia.
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Fig. 4. - Distribution of Anguilla obscura and A. megastoma in New Caledonia.
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Fig. 5. - Distribution of Anguilla australis schmidii in New Caledonia.
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Fig. 6. - Distribution of Ku/lia marginaia and K. rupestris in New Caledonia.
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Fig. 7. - Distribution of Cestraeus oxyritynchus and C. plicatilis in New Caledonia.

“Queue rouge” (redtail), is confined to the lower reaches of rivers of the east coast. The
most commun, K. rupestris, locally named “Carpe », is found in the lower and middle
reaches of most rivers, where it is sometimes abundant.

Mugilidae (Mullets)

Two species of mullets are present in New Caledonia: Cestracus oxyrhynchus
Bleeker, 1855 and C. plicatilis Valenciennes. 1836. They are locally named “‘Mulets
noirs” (black mullets) and strongly appreciated. These two phytophagous species occur
from the middle to lower reaches of flowing rivers. because they are unable to climb water-
falls. Both species are uncommon and have onty been found in three rivers (Fig. 7).

Fishes of biogeographical interest

Most galaxiids are confined to temperate and cold temperate freshwaters of south-
ern hemisphere, except tor the most tropical which occurs in New Caledonia: Galaxias
neocaledonicus Weber & de Beaufort. 1913. This species is considered an indicator of
affinities between the ichthyofauna of New Zealand and New Caledonia (Mc Dowall, 1990)
or Australia and New Caledonia (Séret. 1997). G. neocaledonicus was known to be con-
fined to “Lac en huit” (Eight-shaped lake) and “Grand Lac” (Great lake) in southern New
Caledonia, but it has recently been found in rivers close to “Lac de Yaté” (Yaté lake): i.e.
“Riviere bleue” (Blue river), “Riviere du mois de mai” (River of May), “Riviere des lacs”
(River of lakes) and “Riviére blanche” (White river), also in southern New Caledonia
(Fig. 8).
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Fig. 9. - Distribution of Awaous guamensis in New Caledonia.
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Fig. 10. - Distribution of Sicyopterus taeniurus and S. sarasini in New Caledonia.

Invaders

Al least 18 species (24.6%) of gobiids occur in New Caledonian waters from the
lower to the upper courses of rivers (Marquet et al., 1997). The success of gobies in colo-
nising the Indo-Pacific islands has been mentioned by Ryan (1991). The distribution of
three of them is herein commented.

Awaous guamensis (Valenciennes, 1837) is by far the most common species along
the entire length of most rivers (Fig. 9); a typical distribution for this species is reported
by Watson (1992). This goby preys on insects of the families Simuliidae, Hydropsychi-
dae and Leptophlebiidae (NM, pers. obs.. 1997) which are ubiquitous and may explain
why this goby is widespread in New Caledonian streams.

Two species of Sicyopterus are sympatric: Sicyopterus taeniurus (Giinther, 1877)
and S. sarasini Weber & de Beaufort, 1915. They occur from the upper to the lower
reaches, in flowing waters. S. taeniurus is the most common (Fig. 10) and §. sarasini is
endemic and has only been found in five rivers (Fig. 10).

CONCLUSION

The ichthyological survey is going on, in conjunction with a study on the distri-
bution of macro-invertebrates (mainly insects and crustaceans) and on an evaluation of the
biotic indices. The results of these studies should lead to a better understanding of the
ecology of the New Caledonian freshwaters.
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Appendix . - List of selected species of Anguillidae, Kuhliidae, Gobiidae, Mugilidae
and Galaxiidae, by sampling sites, collected during the freshwater surveys in New Caledo-
nia (PEDCAL, 1991 and field studies of 1996-97).

Rivers | Stn [Altitude Date Species
Amoss - Om |22 Sep. 1991 | Anguilla marmorata, Kuhlia marginata. K. rupestris.
1 Sm | 14 Sep. 1991 | Anguilla marmorata, A. reinhardiii, Kuhlia rupesiris.
Bi 2 140 m | 14 Sep. 1991 | Anguilla marmorata, A. reinhardlii, Awaous guamensis.
Balade - 30 m | 22 Sep. 1991 | Cestraeus plicatilis, Kuhlia marginata, K. rupestris.
Boghen 1 15 m ) 07 Jul. 1996 | Anguilla australis schmidti, A. marmorata, A.reinhardtii, Kuhlia
rupestris, Awaous guamensis, Sicyopterus taeniurus.
2 80 m [ O7 Jul. 1996 | Anguilla marmorata, Awaous guamensis, Sicyopterus taeniurus,
S. sarasini.
3 45 m | 06 Jul. 1996 | Anguilla marmoraia, A. australis schmidti, A. reinhardtii, Kuhlia

rupestris, Awaous guantensis, Sicyopterus taeniurus.
4 250 m | 06 Jul. 1996 | Anguilla marmorata, Awaous guamensis.

Caricouié - 22m | Ol Oct 1991 | Anguilla reinhardtii, Awaous guamensis, Kuhlia rupestris.
Diahot 1 40 m | 21 Sep. 1991 | Anguilla marmorata, A. reinhardtii, Kuhlia rupestris, Awaous
guaniensis.
2 60 m |21 Sep. 1991 | Anguilla australis schmidii, Kuhlia rupestris.
Dothio ! 20 m | 27 Sep. 1991 | Kuhlia rupestris.
2 140 m | 28 Jul. 1996 | Anguilla marmorata, Kuhlia rupesiris, Awaous guamensis,

Sicyopterus taeniurus.
3 580 m | 27 Sep. 1991 | Anguilla megastoma, A. reinhardtii.

Dumbéa i 40 m | 08 Jun. 1996 | Anguilla marmorata, A. obscura, A. reinhardiii, Kuhlia rupestris,
Awaous guamensis, Sicyopterus taeniurus, S. sarasini.

2 340 m | 13 Sep. 1991 | Anguilla australis schmidti, A. reinharditi.
3 150 m | 07 Sep. 1991 | Anguilla reinhardtii.

Hienghene 1 25 m |24 Sep. 1991 | Anguilla marmorata, A. reinhardtii, Kuhlia rupestris,
Awaous guamensis.

2 45 m | 24 Sep. 1991 | Anguilla reinhardyii.
Koné 1 80 m | 25 Sep. 1991 | Anguilla reinharduii.
2 105 m | 25 Sep. 1991 | Anguilla reinhardtii, Awaous guamensis.
La Coulée 1 20 m | 30 Jun. 1996 | Anguilla marmorata, A. reinhardtii, Kuhlia rupestris,
Cestraeus plicatilis.
2 50m | 15 Jun. 1996 | Anguilla marmorara, A. reinhardtii, Kuhlia rupesiris,
Awaous guamensis, Sicyopterus taeniurus, S. sarasini.
La Foa 1 60 m | 11 Sep. 1991 | Anguilla marmorata, A. reinhardtii, Awaous guamensis.
2 300 m | 11 Sep. 1991 [ Awaous guamensis.
3 50 m | 06 Sep. 1991 | Anguilla marmorata, A. reinhardiii, A. obscura, Kuhlia marginata,
Awaous guamensis, Sicyopterus taeniurus.
Lac en huit - 260 m | 17 Sep. 1991 | Galaxias neocaledonicus.
Napoémien 1 Om | 15 Sep. 1991 | Anguilla marmorata, A. reinhardii, Kuhlia marginata, K. rupestris,
Awaous guamensis.
2 200 m | 15 Sep. 1991 | Anguilla marmorata, A. megastoma.
Nassirah - 125 m | 10 Jun. 1997 | Anguilla marmnorata, A. megastoma, Awaous guanensis.
Negropo - 50m | 11 Sep. 1991 | Anguilla obscura, A. reinhardtii, Kuhlia rupestris,
Awaous guamensis.
Ouai¢me - 250 m |24 Sep. 1991 | Awaous guamensis.
Oueiep - 5m |22 Sep. 1991 | Anguilla marmorata, A. obscura, Kuhlia marginata, K. rupestris.,

Awaous guamensis, Cestraeus oxyrhynchus, C. plicatilis
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Appendix 1. - (Continued).

Rivers | Stn |Altitude Date Species
Ouenghi 1 S5m | 27 Jul. 1996 | Anguilla reinhardrii, Kuhlia rupestris, Awaous guaniensis
2 20 m | 29 Jun. 1996 | Anguilla marmorata, A.reinhardtii, Kuhlia marginata, K. rupestris,
Awaous guamensis, Sicyopierus taeniurus.
3 60 m | 29 Jun. 1996 | Anguilla australis schmidti, A. reinhardiii, Kuhlia rupestris,
Awaous guaniensis.
Que - 5m |23 Sep. 1991 | Anguilla marmorata, Kuhlia marginata, K. rupestris.
Thaboua
Padyéém - 200 m | 09 Oct. 1996 | Anguilla marmorata, Awaous guamensis, Sicyopterus taeniuru,
S. sarasini.
Pouébo - 30 m |22 Sep. 1991 | Anguilla marmorata, A. reinhardtii, Kuhlia marginata, K. rupestris,
Awaous guamensis.
Pouembout | 1 10 m | 29 May 1996 | Anguilla australis schmidii, A. marmorata, A. reinhardiii,
Awaous guamensis, Sicyopterus taeniurus.
2 40 m | 29 May 1996 | Anguilla marmorata, A. reinhardtii, Awaous guamensis.
3 100 m | 06 Oct. 1996 | Anguilla reinhardtii, Awaous guamensis.
4 110 m | 05 Oct. 1996 | Anguilla marmorata, A. reinhardtii, Kuhlia rupestris,
Awaous guamensis, Sicyopterus taeniurus, S. sarasini.
5 490 m | 28 May 1996 | Anguilla marmoraia, A. reinhardrii.
Rividre - 180 m | 03 Oct. 1991 | Anguilla megastoma, Galaxias neocaledonicus.
blanche
Riviere - 180 m | 05 Sep. 1991 | Galaxias neocaledonicus.
bleue
Rivitre des 1 Sm | 02 Oct. 1991 | Anguilla australis schmidti, A. obscura, Kullia rupestris,
Pirogues Awaous guamensis.
2 180 m | 11 Jun 1997 | Anguilla marmorata, A. megastoma.
Rivi¢re des - 245 m | 17 Sep. 1991 | Galaxias neocaledonicus.
lacs
Riviere du - 180 m [ 05 Sep. 1991 | Anguilla marmorata, Galaxias neocaledonicus.
mois de mai
Tamoa 1 50m | 09 Sep. 1991 | Anguilla reinhardrii.
2 400 m | 14 Jun. 1997 | Anguilla australis schmidti, A. marmorata, A. megastoma,
A. reinhardiii.
Tchamba 1 20 m | 31 May 1996 | Anguilla marmorata, A. reinhardtii, Awaous guamensis.
2 70 m | 08 Oct. 1996 | Anguilla marmorata, A. obscura, A. reinhardii, Kuhlia rupestris,
Sicyopterus taeniurus.
3 40 m | 08 Oct. 1996 | Anguilla marmorata, A. reinhardtii, Awaous guaniensis.
Thio 1 35m | 28 Jul. 1996 | Anguilla marmorata, A. reinhardtii, Kuhlia marginata,
Awaous guamensis, Sicyopterus taeniurus.
2 S50 m | 27 Jul. 1996 | Anguilla marmorata, A. reinhardtii, Sicyopterus taeniurus,
3 140 m | 27 Jul. 1996 | Anguilla marmorata, A. reinhardiii, Kuhlia rupestris.
Tite - 80 m | 23 Sep. 1991 | Anguilla marmorata, A. megastoma, Kuhlia marginata,
K. rupesiris, Awaous guamensis.
Tiwaka 1 Om | Ol Jun. 1996 | Anguilla marmorata, Kuhlia rupestris, Awaous guamensis,
Sicyopierus taeniurus.
2 40 m | 30 May 1996 | Anguilla marmorata, Kuhlia marginata, K. rupestris,
Awaous guamensis.
3 170 m | 06 Oct. 1996 | Anguilla marmorata, A. reinhardtii, Sicyopterus 1aeniurns.
4 300 m | Ol Jun. 1996 | Anguilla reinhardiii.
Voh - O m | 20 Sep. 1991 | Anguilla marmorata, Kuhlia rupestris, Awaous guamensis.
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COMMENTS ON THE FRESHWATER FISHFAUNA
OF FRENCH POLYNESIA

by

Gérard MARQUET (1), Nathalie MARY (1) & Ronald WATSON (2)

ABSTRACT. - The compilation of the data of past and recent surveys allowed 1o record 37 species of
freshwater fish in French Polynesia. The inventory is given and completed with remarks on some fish
presenting biogeographical or economical interests. As a result. 10 species of gobies are endemic,
belonging o the genera: Lentipes. Sicyopterus. Sicyopus, Stenogobius and Stiphodon. The juveniles of

v

1wo species of Sicyopirerus are commercially exploited and marketed as “ina’a”.

RESUME. - Remarques sur 'inventaire des poissons d’eau douce de Polynésie.

La compilation des données des récoltes anciennes et actuelles a permis de recenser 37 espe-
ces de poissons dans les eaux douces de Polynésie frangaise. La liste de ces espéces est complétée par
des commentaires sur certaines d’entre elles qui présentent un intérét biogéographique ou économique.
Ainsi, dix espéces de gobies sont endémiques de Polynésie; elles appartiennent aux genres Lentipes,
Sicyopterus, Sicyopus, Stenogobius et Stiphodon. Les juvéniles de deux especes de gobies du genre
Sicyopierus sont exploités et commercialisés sous le nom de “ina’a”.

Key-words. - Gobiidae. French Polynesia, Ichthyofauna, Freshwater, Endemic species.

French Polynesia covers a vast oceanic region located near the eastern limit of the
Indo-Pacific Province (Fig. 1), comprising 136 islands, with 35 highly volcanic and 83
low coral islands or atolls. The islands have a total area of 4,000 km?®, scattered over
2.5x10° km? of ocean, and consist of five archipelagoes dispersed along a general north-
west-southeast axis, i.e., Austral Is., Gambier Is., Marquesas Is., Society [s. and the
Tuamotu Archipelago.

The freshwater fishes ot French Polynesia have been neglecied for a long time.
Fowler (1932) gives a preliminary inventory for the Marquesas and Society ls. More
regular surveys and studies started with Marquet (1988), followed by Watson (1991),
Marquet and Galzin (1992). Maugé et al. (1992) and Watson (1995a, 1995b). Until re-
cently, 32 species of fish were known from French Polynesia.

Recent surveys allowed to increase the inventory which is herein presented, and
remarks on some species of gobies are given due to their biogeographical or economical
insterest.

(1) Université  frangaise du Pacifique. LERVEM. BP 4477 Nouméa. NEW CALEDONIA.
[mary @ufp.ufp.nc]
(2) Ichthyologie I.. Forschunginstitut Senckenberg. Senckenberganlage 25. D-60325 Frankfurt am
Main, GERMANY.
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Fig. 1. - General map of French Polynesia showing the position of the nine relevant islands.

MATERIALS AND METHODS

For the surveys, nine islands (Fig. |) were chosen because of their accessibility
and available logistic support provided by the Department of Rural Economy. These are
Rurutu and Tubuai in the Austral Is., Mangareva in the Gambier Is., Hiva-Oa, Nuku-
Hiva,Ua-Huka and Ua Pou in the Marquesas Is., Moorea and Tahiti in the Society ls.

The fish were mainly collected by electrofishing equipment, and occasionally ro-
tenone was used.

RESULTS

Inventory

Table [ gives the list of the 37 species of freshwater fish recorded in French Poly-
nesia. The gobies are the most diverse with 14 species of 6 genera.

There are 10 endemic species belonging to the family Gobiidae: Lentipes rubrofas-
ciatus Maugé et al.. 1992, Sicyopterus marquesensis Fowler, 1932 (= S. caudimaculatus
Maugé er al., 1992, according to Watson, pers. comm.), Sicyopus bitaeniatus Maugé et
al., 1992, Stenogobius caudimaculosus Watson, 1991, S. genivintarus (Valenciennes,
1837), S. marqueti Watson, 1991, S. randalli Watson, 1991, S. squamosus Watson, 1991,
Stiphodon discotorquatus Watson, 1995 and §. ruivi Watson. 1995. Table1 gives the
Polynesian localities for these endemic species.
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Geographical distribution

Awaous ocellaris (Broussonnet, 1782), originally described from Tahiti, is now
known from the Society and Austral archipelagoes westward to the Solomon Islands
(Watson, 1992). Stenogobius genivittatus (Valenciennes, 1837), also originally de-
scribed from Tahiti, is now considered as an endemic species of the Society Archipelago
(Watson, 1991), Stiphodon elegans, described from Society Is. by Steindachner in 1880,

Table I. - Species of freshwater fishes recorded in French Polynesia with their distribution. A: Austral
Islands; E: Endemic species; G: Gambier Islands; M: Marquesas Islands; S: Society Islands.

Families Species Islands

Anguillidae Anguilla marmorata A, G M, S

A. megastoma A: Ruruty, G, S

A. obscura A G S
Moringuidae Moringua sp. S
Ophichthyidae |Lamnostoma orientalis S: Tahiu

L. polyophtalma M: Nuku-Hiva
Poeciliidae Poecilia reticulata A: Tubuai, §

P. mexicana S: Tahid
Syngnathidae Microphis brachyrus S

M. argulus M
Kuhliidae Kuhlia marginata A, S

K. mugil A: Tubuai, S: Tahiti
Carangidae Caranx melampygus A, S

C. papuensis M

C. sexfasciatus A, S
Lutjanidae Lutjanus fulvus A: Rurutu, §: Moorea
Cichlidae Oreochromis mossambica A: Tubuai, G, §
Mugilidae Chaenomugil leuciscus A: Tubuai

Liza alata M

Mugil cephalus A, G, S

Valamugil engeli A: Rurutu, §
Eleotrididae Eleotris fusca A G MS
Gobiidae Awaous ocellaris A S

Lentipes rubrofasciatus M: Ua-Huka (E)

Sicyopierus marquesensis M (E)

S. pugnans S

S. taeniurus A. G, M: Ua-Pou, Hiva-Oa, S

Sicyopus bitaeniatus M: Hiva-Oa, Ua-Pou (E)

Stenogobius caudimaculosus M: Nuku-Hiva, Ua-Huka (E)

S. genivittatus S: Moorea, Tahiti (E)

S. marqueti M: Hiva-Oa (E)

S. randalli A: Tubuai (E)

S. squamosus M. Ua-Pou (E)

Stiphodon discotorquatus A: Rurutu, Tubuai (E)

S. elegans A: Rurupy, S

S. tuivi M (E)
Siganidae Siganus spinus S
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is a wide ranging species in the Central Pacific that is currently known from the Austral
and Society archipelagoes in French Polynesia and the Samoa islands (Watson, 1995a).
Anguilla megasioma described from Mangereva by Kaup (1856), is known from the Solo-
mon islands to Pitcaim Is. (Ege, 1939) and from Rurutu and Gambier Archipelago (Marquet
and Galzin, 1991).

“Ina7a7,

Juvenile stages of Sicyoprerus taeniurus and S. pugnans are termed “ina’a” in
French Polynesia and are considered a delicacy in this part of the world. These species are
fished in river mouths and have to support a strong fishing effort. Ricard (1986) estimates
that 3,500 kg of “ina’a” are taken annually, but Plessis (1976) evaluates the catch to be
between 5 and 10 thousand kg per year. “Ina’a” are usually served as fritters.

CONCLUSION

Some freshwater fishes of the French Polynesian have economic and/or
biogeographic interest. Preservation measures should be taken to 1imit the many negative
impacts they are subjected to, namely the growing urbanisation of valleys, the massive
pig farming and the building of new dams.

Acknowledgements. - Sincere thanks are due to Walter [vanstsoff (Macquarie University) for his
meaningful comments and to Bernard Séret (ORSTOM) for his help in preparing the manuscript.
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SHORT-TERM MOVEMENTS OF FRESHWATER FISHES
IN SABAH, MALAYSIA

by

Keith MARTIN-SMITH (I, 2), Luke BULLOUGH (1) & Lindsay LAIRD (])

ABSTRACT. - The short-term and short-distance movements of some freshwater fishes from Sabah,
East Malaysia were determined by mark-release-recapture experiments. Fishes were captured by
multiple pass electro-fishing, batch marked with visible implant elastomer tags in a variety of head and
body positions and released at the point of capture. Recaptures were made at the original marking site
and at representative sites up to 250 m up- and down-stream, at intervals from four days to onc month
after tagging. Pool-dwelling cyprinids such as Garra borneensis, Lobocheilos bo and Osteochilus chini
showed high rates of movement over short time scales; for example, marked fish were recaptured up to
180 m from the tag site within 10 days. In contrast, the riffle-dwelling balitorids Gastromyzon danumen-
sis and Homaloprera stephensoni were highly site-specific with up to 80% of recaptures occurring in the
original tag location. However Gustromyzon lepidoguster was far more mobile with a substantial pro-
portion of fish recaptured at different locations. Most movements of balitorids were small (< 30 m) but
some individuals moved up to 165 m within 17 days. All species showed significant differences in the
direction of mmovement with the majority showing significantly greater upstream displacement. These
inovements may be explained in terms of relative stability of the habitat and swimming ability of the
fishes.

RESUME. - Mouvements  court terme de poissons d’eau douce 2 Sabah, Malaisie.

Les inouvements a court terme et a courte distance de quelques poissons d’eau douce de Sa-
bah, Est Malaisie, ont é1é déterminés par la méthode de marquage et recapture. Les poissons ont été
capturés par péche électrique et marqués sur le site de capture avec des implants en élastomere dans
différentes parties du corps et de |a t€te. Les recaptures ont i€ faites sur le site de marquage et 250 m
en amont et aval, a des intervalles de quatre jours a un mois. Les Cyprinidae des cuvettes profondes
comme Garra borneensis, Lobocheilos bo et Osteochilus chini ont montré des taux élevés de mouve-
ments sur des périodes courtes. Par exemple, les poissons marqués ont é1€ repris jusqu’a 180 m du site
de capture original dans les 10 jours. En revanche, les Balitoridae des zones peu profondes a eaux
vives, coinme Gastromyzon danumensis et Homaloptera stephensoni, étaient trés localisés: environ 80%
des recaptures ont é1€ faites sur le site original. Cependant, Gastromyzon lepidogasier est beaucoup plus
mobile avec une proportion notable des poissons repris a des sites différents. La plupart des mouve-
ments de Balitoridae ont éié réduits (< 30 m) mais certains individus se sont déplacés de 165 m en 17
jours. Toutes les especes ont montré des différences significatives dans la direction des mouvements, la
plupart montrant nettement une préférence pour les déplacements en amont. Ces mouvements peuvent
étre expliqués par la stabilité relative de I’habitat et la capacité de nage des poissons.

Key-words. - Cyprinidae, Balitoridae, Malaysia, Segama River, Movement, Site-fidelity, Tagging.
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SCOTLAND.

(2) Address for correspondence: University of Glasgow, Department of Environmental and Evolutiona-
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Community organisation in fishes is strongly influenced by the individual move-
ment patterns of the component species. Species which occupy a restricted home range
generally show strong interactions with other species, often displaying territoriality
(Jenkins, 1969; Hughes, 1992). 1f removed or displaced from their home ranges, repopu-
lation may take some time (Armstrong ef al., 1994). Conversely, “opportunistic” species
that display little site fidelity and wide-ranging exploratory movements may colonise
new habitats quickly (Peterson and Bayley, 1993; Sheldon and Meffe, 1995). Both types
of behaviour may be manifest within the same species; the population consisting of a
proportion of site-associated individuals along with a number of itinerants (Saunders and
Gee, 1964; Kennedy, 1981).

Recovery from habitat disturbance will be strongly dependent on the patterns of
movement of fish species (Armstrong er al., 1994). Timber extraction (logging) is one
anthropogenic activity that can affect physical, chemical and biological characteristics of
streams and rivers (see review by Campbell and Doeg, 1989). Populations of fishes can be
severely reduced or become locally extinct if habitat disturbance is severe (Graynoth,
1979, Garman and Moring, 1993). Re-establishment of fish communities will, to a large
extent, depend upon movements of fishes from unaffected areas (Meffe and Sheldon, 1990,
Sheldon and Meffe, 1995).

The present paper is part of a larger study investigating the effects of selective
logging on tropical fish communities in Sabah, Malaysia (Martin-Smith, in press). This
study addresses current concerns over the maintenance of biodiversity and sustainable
management of tropical rainforests (Marsh, 1995; Kottelat and Whitten, 1996).

Methods for the quantification of fish movements include direct observation,
mark-recapture and radio-telemetry (e.g., Moyle and Baltz, 1985; Freeman, 1995;
Matheney and Rabeni, 1995). Direct observation is often preferable since it causes less
disruption but can be difficult to implement. Radio-telemetry can give precise information
about movement but is normally restricted to only a few individuals because of cost.
Mark-recapture inevitably involves disturbance to the fish community with possible
effects on mortality and behaviour patterns but is often the only feasible method. Mark-
recapture was used in the current study because of stream turbidity, large numbers of indi-
viduals and the time span of the planned experiments.

The aim of this paper was to quantify the movements of some abundant species of
fish in Sabah over the time scale of days-weeks and the spatial scalc of tens to hundreds of
metres. The temporal and spatial scales were constrained by the limitations of the mark-
ing technique and logistics of sampling.

MATERIAL AND METHODS

This study was carried out in five streams in the vicinity of Danum Valley Field
Centre, Sabah (4°57°N, 117°40’E). All these streams are in the catchment of the Segama
River and are described and mapped in Martin-Smith (1998). Streams are heterogeneous
with “pool-and-riffle” geomorphology. Fish assemblages in pools are dominated by
Cyprinidae, whereas Balitoridae (hillstream loaches) are abundant and speciose in riffles
(Martin-Smith, 1998). The species which were chosen for study were Garra borneensis,
Lobocheilos bo and Osteochilus chini (Cyprinidae) and Gastromyzon danumensis, G.
lepidogaster and Homaloptera stephensoni (Balitoridae). These species were chosen be-
cause of their high abundance, maximising the numbers of individuals which could be
marked and thus increasing the possibility of recapture.
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Fish were batch-marked with Visible Implant Elastomer (VIE) tags (Northwest Ma-
rine Technology, Shaw Island, Washington); a two-part polymer which is mixed, injected
into unpigmented tissue and allowed to cure into a flexible solid. Initial studies were con-
ducted on suitable body locations for implanting tags, the effects of handling and tagging
and tag loss over time (Bullough 1996; Martin-Smith unpubl. data). The most suitable
location for tagging cyprinids was in the pre-opercular groove although there was signifi-
cant tag loss over time from this location, restricting the length of study to < 50 days
(Bullough, 1996). For balitorids, tags were located in the ventral adipose tissue between
the pectoral and pelvic fins for Gastromyzon species and on the ventral thoracic surface
for H. stephensoni; tag loss was negligible from these locations (Martin-Smith, unpub-
lished data). All species showed no significant mortality due to handling or tagging
(Bullough, 1996).

Three mark-recapture experiments on pool species were conducted between 31 May
and 15 July 1996 (Table 1). Pools were selected after visual inspection for the presence of
target species. Source pools were isolated at the top and bottom with stop nets (5 mm
mesh) and fish were captured by multiple-pass electrofishing (3 or 4 passes). Fish were
held in holding buckets, lightly anaesthetised in 0.12 g I-1 benzocaine solution, tagged,
measured and returned to an aerated recovery bucket. Following complete recovery of all
tagged fishes (approx. 30 min) they were returned to the middle of the source pool and the
stop nets removed. Fish were recaptured by single-pass electrofishing on three occasions
for each experiment, between 4 and 25 days after tagging. The source pool was fished on
two of the three recaptures; in addition sites 0-250 m up- and downstream were fished,
further sites being fished at later sampling dates. The exact location and dates of recap-
tures were dependent on logistics and weather and therefore varied between experiments,
but equal effort was apportioned to upstream and downstream recaptures. All captured fish
of the study species were examined for the presence of a tag, measured and returned.

Two mark-recapture experiments were performed on riffle-dwelling balitorids be-
tween 21 September 1996 and 11 July 1997 (Table 1I). Capture and tagging were done in a
similar manner as described for cyprinids above. In the first experiment fish were captured
at three different tagging sites (T1, T2, T3) with a distance of 30 m between T'[ and T2 and
165 m between T2 and T3. Fish were batch-marked with a different tag colour or position
at each location. Recaptures were made at 4, 18, 32, 164 and 292 days after tagging at the
original tag sites and at five other riffle locations (A1-5) variously located along the
stream (Fig. 1). Only data for recaptures at 4, 18 and 32 days are reported here, since
these time points are on a comparable time scale to the cyprinid mark-recapture experi-
ments. [n the second experiment fish were batch-marked at two locations 23 m apart and
one recapture event undertaken at 28 days at the tag sites only.

Data from the cyprinid mark-recapture experiments were standardised to percentage
recapture of estimated remaining tagged fish using retention data from Bullough (1996);
data from the balitorid experiments were left unmanipulated. In order to undertake paramet-
ric analyses, recapture data were combined from all time points for each set of experiments
to ensure large enough sample sizes, giving total number of tagged fish for each species
(Nt) and the total number of recaptures (Nr). For each species, the number of individuals
recaptured at the original location (“static” individuals - Ns) was compared with the num-
ber moving (Nm) using the %2 statistic with one degree of freedom. The number of indi-
viduals moving upstream (Nu) was compared with the number of individuals moving dow-
stream (Nd) also using the ¥2 statistic with one degree of freedom. Recapture data for all
the species of Balitoridae were combined because of the low value of Nm.
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Table 1. - Summary of experimental procedure and number of fish tagged for cyprinid mark-recapture

eXperiments.
Number of fish tagged Recapture events
, . . Max. Max. distance
Dates | River Garra ) Lobo;hetlos Osteof‘h'xlu: Time distance downstream
borneensis /] chini (days) upstream (m (m)
31 May
3 415,17, 24 220 130
23 Jun. 96 LON 52 69 28
ISJun. - oo 12 71 57 415,10, 17 125 120
02 Jul. 96
2tdun. | gy 130 90 0 5/6. 8, 25 100 15
14 Jul. 96

Table I1. - Summary of experimental procedure and number of fish tagged for balitorid mark-recapture
experiments.

Table I1I. - Summary of recaptures for all species. See text for details of abbreviations.

Number of fish tagged Recapture events
Dates River | Site | Gastromyzon | Gastromyzon | Homaloptera Time (days)
danumensis | lepidogaster | stephensoni
22 Sep. 96- PTA Tl 51 46 17 4, 18, 32, 164, 292
12 Jul. 97 T2 27 43 8
T3 35 40 12
13 Jun. 97- BO. | BRTI 62 4 9 28
11 Jul. 97 BRT2 70 5 4

ns

significant at p = 0.05; * = significant at 0.05 > p > 0.01; *** = significant at p < 0.001.

Number of Comparison of static vs. | Comparison of upstream vs,
tagged and moving fish downstream movement
recapture fish
Species Nt Nc Ns Nm x2(df) Nu Nd x2ldf)
Garra bomeensis | 194 39 2 17 1.60™ 4 13 4.76%
Lobocheilos bo 230 86 59 27 29,770 22 5 10.70%**
Osteochilus chini 340 65 52 15 51.08*%* 12 3 5.40*
Gastronnzon 275 43 40 g | 5333w 7 I 12,5744+
danumensis
Gastromyzon 138 28 17 1 129" 1 0 | (all species
lepidogaster combined)
Homaloplerg 50 17 13 4 5 40% 2 2 (all species
stephensoni combined)

not
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RESULTS

All three species of cyprinid showed considerable movement during the experi-
ments (Figs 2-4). The numbers of Lobocheilos bo tagged were fairly similar in each ex-
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periment but numbers of Garra borneensis and Osteochilus chini varied considerably
(Table I). Recaptures of all species were made at all time points, but absolute numbers of
recaptures were quite small. G. borneensis was the most mobile of the cyprinids, with no
significant difference between the number of static and moving individuals (Table [11).
There were significantly more downstream than upstream movements for G. borneensis
(Table 11I). The maximum distance of recapture was 180 m upstream (day 10 at site CSR)
and 90 m downstream (day 5 at site LON). L. bo showed the highest proportion of recap-
tures (37%) with significantly more static than moving individuals (Table I1I). Direction-
ality of movement was also apparent with significantly more individuals captured up-
stream than downstream (Table 111). The maximum distance of recapture was 180 m up-
stream (day 10 at site CSR) and 90 m downstream (day 5 at site LON). O. chini was the
most site-associated of the cyprinids, with a highly significantly proportion of static
individuals; moving individuals did so primarily in an upstream direction (Table 11T). The
amplitude of movement was similar to the other cyprinids; maximum upstream movement
180 m (day 10 at site CSR), maximum downstream movement 60 m (day 5 at site LON).
For all species and all experiments downstream recaptures were only made on the first
sampling date, while upstream recaptures were made at later time points.
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There were quite different recapture patterns between the different species of bali-
torids, especially the congeneric Gastromyzon danumensis and G. lepidogaster (Figs 5, 6;
Table 111). Gastromyzon danumensis was the most site-associated of all the balitorids,
with few recaptures of moving fish. The number of static fish was significantly greater
than the number of moving fish (Table I11). In contrast, G. lepidogaster showed no sig-
nificant difference between the number of static and moving fish (Table III). Homaloptera
stephensoni appeared to be quite site-associated but unfortunately numbers of tagged fish
were low. When data for all balitorids that moved were combined there were significantly
more individuals that moved upstream than downstream (Table I1I). In experiment [, there
were no downstream movements, while there were upstream movements of G. danumensis
of 30 m (day 18), G. lepidogaster up to 165 m (day 18) and H. stephensoni up to 90 m
(day 32). The only downstream movements that were observed were in experiment 2,
where one G. danumensis and two H. stephensoni moved 23 m downstream.
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DISCUSSION

The fishes in this study showed substantial differences in their mobility over a
spatial scale of tens-hundreds of metres and a temporal scale of days-weeks. In general,
cyprinids were more mobile than balitorids, although there were static and moving indi-
viduals in all species. For those individuals that moved, there was a greater tendency
towards upstream movement, especially among the balitorids. However, it must be em-
phasised that the experimental design used is heavily biased towards the detection of
static individuals and those moving relatively short distances (Gowan and Fausch, 1996).
Fish making rapid, long-distance movements are generally missed and this may give a
misleading view of a population consisting of individuals with small, restricted home
ranges. Over 80% of cyprinids were not recaptured; all of these fishes could have moved
out of the study area (i.e., > 250 m in either direction). Longer distance movements can
only be quantified by sampling at more remote locations and/or the use of fish traps but
both options are logistically demanding and fish traps are ineffective with highly vari-
able water levels as are found in Sabah streams (Martin-Smith, in press).

Other potential artifacts include over-estimation of static fish through multiple re-
capture and alteration of behaviour patterns by capture and tagging disturbance (Gatz et
al.. 1987). Finally, recaptures can provide information about endpoints only- intervening
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movements are unrecorded. Thus the data from this study cannot be necessarily extrapo-
lated to the whole population but do indicate that at least a proportion of all the species
studied showed restricted or short-distance movement. Given the paucity of information
on movements in tropical freshwater fish even an incomplete data set such as this is valu-
able.

Whether fish are considered to be mobile or static depends to a large extent on the
definition of the spatial scale used- for example Funk (1957) considered fish that moved
less than 1.6 km as “static” while Hill and Grossman (1987) used 50 m as the minimum
criterion for movement. Freeman (1995) recaptured two species in a stream over 18
months and found the majority of recaptures within 33 m of the original capture location:
she considered movements > 33 m to be “long-distance”. In the current study fishes
were marked within a recognisable, distinct geomorphological unit (i.e., a particular pool
or a riffle). Since most of the studied species showed distinct habitat preferences (Martin-
Smith, 1998), recapture in another location meant that an individual had crossed a differ-
ent habitat area of low preference. This represents a directed behavioural response suffi-
cient to be considered a distinct movement.

Little is known about the movement of tropical freshwater fishes (Yap and Furtado,
1980) but similar patterns of movement have been found in temperate species- for exam-
ple, populations of juvenile trout consisted of static and mobile components with mobile
individuals moving mostly in an upstream direction (Bridcut and Giller, 1995), while two
thirds of recaptures of five species of Centrarchidae in Tennessee were less than 100 m
from the previous capture site (Gatz and Adams, 1994). Freeman (1995) recaptured the
majority of two stream fishes within 33 m of the original capture location; longer dis-
tance movements occurred in both upstream and downstream directions.

A range of movement patterns has been shown for temperate cyprinids, from re-
stricted home ranges for yellowfin shiners (Goforth and Foltz, 1998) to high mobility for
a number of large river species (Linfield, 1985) or a mixture of static and moving indi-
viduals in the minnow (Kennedy, 1981). A mixture of static and moving individuals may
represent the outcome of different strategies of optimal foraging and patch exploration
(Stephens and Krebs, 1986). G. borneensis and smaller L. bo are generally seen in large
schools which may explain high proportions of moving individuals, since single pools
may not provide enough resources to support a large school of fish for an extended period.
However, O. chini is also found in large schools yet appears to be more site associated.
Further work on O. clini in a larger river has confirmed the static nature of most individu-
als of this species (Lewis and Martin-Smith, unpubl. data). Yap and Furtado (1980) found
that a tagged population of Osteochilus hasselti in peninsular Malaysia showed limited
movements (average distance 15 m) and that most movements were in an upstream direc-
tion.

This study is the first reported investigation of the movements of balitorids. These
fish have been assumed to be sedentary and site-associated due to their specialised body
morphology (Inger and Chin, 1962), but this assumption has not been explicitly tested.
Although G. danumensis and H. stephensoni showed a high proportion of static individu-
als, G. lepidogaster showed equal numbers of moving and static fish. All movements that
were observed were upstream and some were of considerable distance (165 m in 18 days).
Gastromyzon lepidogaster attains a considerably greater size (up to 105 mm SL) than G.
danumensis (40 mm SL) which may explain the difference between the species. Further
work involving tagging of > 1200 individuals of three Gastromyzon spp. has contirmed
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that most individuals (> 90%) remain in the same riffle for periods up to two months
(Lewis and Martin-Smith, unpubl. data).

The significance of upstream versus downstream movement is unclear. Rapid
changes in water level are common in the streams of Danum Valley Field Centre which
may displace fish downstream. Directed upstream movements may compensate for such
displacement. However, balitorids are adapted to adhere to rock surfaces in high flow
conditions and have been recaptured in the original locations immediately following
flood events (Martin-Smith et al., unpubl. data). Directed upstream movements in bali-
torid species may be an evolutionary strategy to fully exploit and colonise hillstreams,
especially those with erratic flow regimes.

Given that the distances moved by fishes in this study are minimum movements,
the potential tor recovery of communities following disturbance is high, if there is free
movement of fish from undisturbed areas. Cyprinids should be the first species to recolo-
nise given their greater proportion of moving individuals and that they moved both up-
stream and downstream. Recolonisation of adult balitorids will occur primarily from up-
stream movement; thus upstream barriers could potentially affect balitorid colonisation
dynamics.
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ESTUARINE FISHES OF THE THA-CHIN RIVER,
SAMUT SAKORN, THAILAND
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ABSTRACT. - A survey of the estuarine fishes of the Tha-Chin River in the Gulf of Thailand near
Bangkok was carried out in May and July 1997 using a bamboo beam net (6.5 m wide, 16.0 m long and
1.5 ¢cm codend). Abiotic factors including depth, temperature, salinity, pH and distance from shoreline
were recorded. As a result, 55 species of fish were obtained from 7 stations (both day and night collec-
tions), representing 39 genera and 26 families. Most of the fishes were relatively small and immature.
The most abundant species were Ambassis gymnocephala (Ambassidae) in number and Eleutheronema
tetradactylum (Polynemidae) in biomass. Slight differences were observed in fish diversity between
night and day collections. Several species are economically important, e.g., Stolephorus commersonii
and Mugil subviridis. The recent development of human activities (pollution, urbanization, shrimp
farming) caused the reduction of the mangrove areas and consequently that of the fish populations.

RESUME. - Les poissons estuariens de la riviere Tha-Chin, Samut Sakorn, Thailande.

Un inventaire écologique des poissons estuariens de la riviere Tha-Chin, se jetant prés de
Bangkok dans le Golfe de Thailande, a été effectué en mai et juillet 1997, en utilisant un chalut & per-
che en bambou (6,5 m d’ouverture, 16,0 m de long et 1.5 cm de maille de cul). Les paramétres physico-
chimiques suivants ont été mesurés: la profondeur, la température, la salinité, le pH et la distance a la
cote. Au total, 55 especes de poissons ont été récoltées dans 7 stations. de jour comme de nuit; elles
représentent 39 genres et 26 familles. La plupart des poissons récoltés étaient petils et immatures.
L’espece la plus abondante en nombre était Ambassis gymnocephala (Ambassidae), et Eleutheronema
tetradactylum (Polynemidae) la plus abondante en biomasse. De légeres différences ont été observées
entre les récoltes de jour et de nuit. Plusieurs especes sont commercialement importantes comme Sto-
lephorus commersonii et Mugil subviridis. Le développement récent des activités humaines (pollutions,
urbanisation, fermes aquacoles a crevettes) dans |’estuaire a provoqué la réduction de la mangrove et
par conséquent celle des populations de poissons.

Key-words. - Estuarine fishes, ISEW. Thailand, Mangrove, Monitoring.

Estuaries are known to be among the most complicated ecosystems. Physical and
chemical parameters such as salinity are not stable, organisms living there must be
adapted to survive in such changing habitat. In the tropics, banks of estuaries often have
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Fig. 1. - Aerial view of the estuary of the Tha-Chin river (Samut Sakorn, Thailand) showing the 7
stations sampled.

mangroves that serve as nursery grounds for many aquatic organisms including economi-
cally important fish and prawn species. In Thailand, especially on shoreline around the
Gulf of Thailand, there were extensive areas of mangrove forests which are now severely
diminished by invasion of human communities, shrimp farming and other impacts.

The Tha-Chin river, a side channel of the Chaophraya River, reaches the sea at Sa-
mut Sakorn province. Along its 325 km length, the Tha-Chin passes several large towns
including Supanburi, Nakorn Pathom and Samut Sakorn. Many pollutants are discharged
from sewage, sugar mills and other industries in the river so its water quality is poor. As a
result of these human activities, the mangrove areas are rapidly decreasing.

As part of a general program of reforestation, a survey of the fish fauna was under-
taken in the Tha-Chin river estuary. The objectives of this survey were: 1) to inventory
the fish species of the estuary, 2) to establish baselines to monitor fish resources in pol-
luted and destroyed mangrove area, and 3) to gain basic knowledge for further research
such as building databases and fishery management, in estuarine habitats of Thailand.

MATERIALS AND METHODS

The survey took place in May and in July 1997 in the estuary of the Tha-Chin river
and consisted of 7 stations: 6 within the remaining patches of mangrove and one in the
middle of the bay (Fig. 1). Fishes were collected with a bamboo beam net (6.5 m wide,
16.0 m long and 1.5 cm codend) towed at | knot by a 33 HP engine boat of 8.5 m long.
Day hauls lasted 10 min and 5 min by night. In the field, the fishes were sorted by family,
counted and weighted. Samples were preserved in 10% formaldehyde solution and depos-
ited at the laboratory ot zoology, Kasetsart University, for species identification.

The water quality parameters at each sample sites are given in table I.
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RESULTS

In the Tha-Chin estuary, 55 species were collected, representing 39 genera (27
were recorded by Wattachai, 1979) and 26 families (Table II). Herrings (Clupeidae) are the
most diversified with 7 species, followed by the croakers (Sciaenidae) with 5 species and
the carangids with 4 species. Some of freshwater fishes such as the snakehead (Channa
striata) and the swamp eel (Fluta alba) accidentally occurred during day time. Mudskippers
(Periophthalmus spp.) have been observed but could not be collected with the gears used
during the survey. Migratory fishes occurred in the estuary such as some carangids which
are found near shore during daytime but off shore at night. Some freshwater fishes, such as
Channa striata, Fluta alba and Anabas testudineus, enter the estuary during flood at day
time when the salinity is around 4-7%eo.

Tables III and IV give the numbers and the weights of the fishes collected in May
and July 1997 respectively.

In May, 3857 fishes were collected for a total weight of 11,298 g (Table III).
Fishes of the following families: Polynemidae, Mugilidae, Scatophagidae and Engrauli-
dae, represented about 60% of the biomass. In number of fishes, the Clupeidae were the
most numerous, then the Ambassidae, Leiognathidae and Polynemidae; the fishes of these
4 families represented about 62% of the total catch.

In July, 8659 fishes were collected for a total weight of 16,717 g (Table IV).
Fishes of the following families: Ambassidae, Polynemidae, Leiognathidae and Clupeidae
represented 72% of the biomass. In number, fishes of these families represented 80% of
the total catch.

Polynemids are among the most important fishes in the estuary, since they are
abundant in biomass and in number during the two months of the survey, with the most
common species: Eleutheronema tetradactylum. Ambassids, namely Ambassis gymno-
cephalus, represents also an important component of the fish fauna in the estuary.

DISCUSSION

The fish diversity of Tha-Chin river observed during our survey is somewhat lower
than that reported by Dolar er al. (1991), Leh and Sasekumar (1991), Martosewojo and
Soedibjo (1991), Janekarn (1993), Monkolprasit (1994) and UNDP/UNESSCO (1991).

Table L. - Average of some water quality parameters for the 7 field stations in the Tha-Chin river, in
May and July 1997.

Parameters

Station pH Salinity (ppt.) | Temperature (*C) Depth (m)

May July May July May July May July
1 8.0 8.5 16.4 24.8 323 284 1.00 1.30
2 7.2 8.4 74 22.9 331 293 2.00 1.40
3 7.6 83 6.7 15.7 335 30.4 1.00 1.40
4 7.5 7.7 4.6 15.8 334 30.5 0.85 1.25
5 75 8 4 14.8 335 30.8 1.20 0.90
6 7.6 8.1 5.7 16.2 344 30.3 1.20 1.00
7 7.8 8.3 9.1 18.2 325 29.9 475 3.10
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This may result of pollutions and overfishing in the river. However, the dominant groups
are the same as those reported in southern Thailand (Monkolprasit, 1983) and in Malaysia
(Chong et al, 1991). Catfishes (Ariidae and Bagridae) are rather rare, compared

Table 1. - List of fishes found in the estuary of the Tha-Chin river in May and July 1997.

Family Scientific name May July

Clupeidae Anodontosoma chacunda - +
Clupea kamagurta - +

Clupeiodes lile + +

Clupeoides hypselosoma - +

Corica laciniata + +

Harengula dispilonotus + +

Sardinella melanurus + -

Engraulidae Stolephorus commersonii + +
Stolephorus tri - +

Ariidae Arius sagor - +
Plotosidae Plotosus canius + -
Belonidae’ Tvlosurus anulatus + -
Hemirhamphidae | Hemirhamphus gaimardi + +
Hemirhamphus marginatus + -

Mugilidae Mugil dussumieri - +
Mugil oligolepis - +

Mugil subviridis + +

Mugil 1roscheli + +

Mugil borneensis + +

Atherinidae Atherina valenciennei - +
Polynemidae Eleutheronema tetradactylum + +
Channidae Channa striata + -
Flutiidae Fluta alba + -
Symbranchidae Macrotrema caligans - +
Abassidae Ambassis gymnocephala + +
Theraponidae Therapon jarbua + +
Sillaginidae Sillago sihama + +
Carangidae Atule mate - +
Selar kalla + +

Chorinenus [ysan - +

Chorinemus tala + +

Leiognathidae Leiognuathus brevirosiris + +
Secutor insidiator + +

Gerreidae Gerres ovena + -
Gerres abbreviatus + +

Sciaenidae Johnius novaehollandiae - +
Johnius jabutus + +

Johnius melanobrachium + +

Johnius dussumieri + +

Orolithoides argenteus + +

Pama peramata + -

Sciaena dussumieri + +

Drepanidae Drepane punciata + +
Scatophagidae Scatophagus argus + +
Anabantidae Anabas testudineus + -
Eleotridae Prionobutis koilomatodon + +
Gobiidae Crenogobius cxclindriceps + +
Crenogobius criniger + +

Glossogobius giuris + +

Macgregorella moroana + +

Tripauchen vagina + +

Periopthalmidae Scanelaos viridis + +
Cynoglossidae Cynoglossus puncticeps - +
Cynoglossus monopus + +

Cvnoglossus oligolepis + -




Table III. - Numbers (n°) and wet weight (W, in grams) of the fishes collected in the Tha-Chin river in May 1997 (D = day time, N = night time).

Station| 1D IN ) 2N 3D 3N 4D 4N 5D 5N 6D 6N 7D 7N ‘;re"i'gal:t Total
Family W one|lw ne|lw ne|w ne|[w ne|w one|w n{wla|Ww ne|lWw ne|W n°|w no|W ne|lw pe| (grams) |number
Polynemidae 276] 50( 16 | 2 [346] 46| 47| 9 |e40]183] 65 [ 23 {210[ 72| 0 [ 0 | 60| 18]232] 32 [338] 641247 18 [102] 10] 95 ] 6 2551 533
Mugilidae 286| 48 36| 2 |437| 34| 13 ] 2 |135] 60| 104] 13 |122| 41| 1t | 2 |239) 95(220] 25| 71| 37 1a7| 17 |246] 26| 0 | 0 2057 411
Scatophagidae [ 84| 1 45| 2 [mf2s| 0| o |s4] 2] 0 olofjofo|s[t{o]ofoflo}ofo]mf7]|e]4 1120 43
Engraulidae 108 42| 20| 6 |1s2| 42| 151 3 [177| 73| 35 143 44| 0 |0 [73| 20| 265 235 62|21 |5 | 18] 4|6 |1 1029 309
Clupeidae 61|70 6361|8754 36|51 154|105 23|20 [1361124| 3 | 6 1103] 62|77 |84 ]| 46| 30| 39| 24| 14 15| 33| 14 875 729
Ambassidae 86| 63| 26|17 (127 95|28 | 15| 24| 19] 20 7|15 14| 70|23 | 67] 55|95 |65]| 67| 5a|s3|42|73]51]54]3s 805 565
Sciaenidae 2575715996l 1o]2t|18] 1 [32]40|42] s 17|e3|1s| 2|30(7 | 1|1 ]s8)10]117|28]|s87]19 549 269
Leiognathidae | S4[(1(( 15 (33( 9 (11| 8 (169 (10(32(6s|17( 9 |10d41|55(30(23 64|10 4| 14[20]41|s68]97]76 394 559
Gobiidae 334 2|oflo|7|s|26]4|7 |3 eals| 1|1 ]s]|1|ses|s]|oflofas]s]|o]|al]tzaf2a 369 65
Carangidae 92138 1|1 |sef12{oloflo]ofojoflo]lo|lo|lo|s]|2]ofo]|4|[10]0)o|o2|23]a0]s 336 95
Gerreidae olo|le|3]|oflo|la]i|{olole]|7]|0]|ofda4]|e6|as|ro]32]36]|tt|ttfro|] 3] |z 236 123
Channidae olofofofo]o|lofo]ojo|ofo|oflo|]o]o|x2el1]|ojo|lo|o]o]|ofo|lo]|o]|o 226 !
Periopthalmidae | 0 | 0 ] 13]3)olo)47)ufo|ofa]o]2ar]s|31]s]24]7]efl2)0ojo]o)o]o]ofo]o (82 45
Hemirhamphidae | 7 | 3 | 0 o |28 8| oo |41|8]o]o|3s]m|o]o|l22l6[o0]olis|s|o|lo]|oflo]lo]o 151 43
Cynoglossidae 0ojojofojo0o]jo|63|1J]O]|JOf47|l1]JOfO)JO|JOfjO]|O]lO|OfjO]Of[OyO|O|OfI12]] 122 3
Anabantidae ololoflo]Jolojo|oliozf1]olo]olofo]|oflo|jo|o|lo|o|o|lo]o|o]|o|lo]o 102 !
Belonidae olol1|tfoflo|sl4aflololir|a|ololololo|o|3|72|ofofla]1]ofo] 3] 66 17
Theraponidae olofofojoJo|lofo|s|lalw|[s]|s|e| 1 |v|a|l1]|3]|t|s5]2]lo]lo|oflo]10]2 54 18
Sillaginidae olofofojo|oflofo 422262143 |10]S5|[0|0o[a]s5[ofo|lof[ofo0]0 40 19
Drepanidae 2| 1{o8l2]|o|lojolo|o|lofos|{i|oflo|ofo|ojo|loJo]ololo|ofjo|lo]|o]o 33 4
Synbranchidae |0l o|lo]o|ojo|lo|o|o]|o|oflo|2s]t]{o|lo|o|lojofofo]lo]lofo|o|lo]|o]|oO 25 1
Plotosidaee olofofofo]ofozf1 ]3|ttt |1]o|lojo]o|o|lo]o]o|lo]o|lo|lo]|o|lo]o]o 4.2 3
Ariidae oJofofJofo]Jolofo]2a[1]ofo]lofo]Jo]Jo|loflo]Jo]Jolo]ofloflo]olo]o]o 2 ]
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Table [V. - Numbers (n°) and wet weight (W, in grams) of the fishes collected in the Tha-Chin river in July 1997 (D = day time, N = night time).

Station| 1D IN 2D 2N D 3N 4D 4N 5D 5N 6D 6N 7D 7N \;reoitgal:t Total

Family W n° (W n°|W n°f{W n°|W n°|W n°{W n°|W n°(W n°(W n°|W n°[W n°|W n°|W n°[(grams)|number
Ambassidae 2730|1412|375{201| 30 | 16| 106| 63 | 47 [ 31| 10| 5 | 80 | 69 | 20| 11]390| 28 {520]348(110] 98 (380|259 | 17| 9 | 70| 25| 4885 2575
Clupeidae 100 [ 68 [ 90| 3015 16] 15] 6 |701]|815] 5| 1 | 706 | 853 2401465208 |to] 1 [3]1]95]50] 180 1900
{Leiognathidae 240 70 | 25| 1335 8101|2552 1 10| o]30f26(8451479| 5| 2 [1065| 573 |[110]| 44 [165]104] 2556 1339
Polynemidae 65| 8 |20 1 |so] 11| of o siof193] o] o [i890]863] 5 | 1 |70|23|20] 4 |20] 3 35| 7 |25]3]|15| 1| 2835 1118
Gerreidae 106 [o]owo|to]o|of40|d40|20] 13|30 | 28|20]21|4a0]78(290[291]65[114|275]264] 0 0] 51 805 866
Engraulidae 4121109 10| 1 [70] 17| 0|0 245|670 | 0|8 |195|]o|ojiof2]lo]olo]lo|lo]|] o ]oflo]|ss|is| 882 230
Mugilidae 15032 15| 6|78 20[17] 6 |90]50{15|] 8 |245] 74 | 10| 1 |50[ 6 [155] 4 | 30| 6 |100| 5 |7 | 1| 7]1 969 220
Sciaenidae 312 vwl2 2|1 |3|w|of3]i1s]18fofofs]7]1[1]oflo]lo]o|3]) 5 ]|5]|1]|ns 70| 244 126
Theraponidac 202 o|o|3s5(69|0f|0o]|2|4]0o]ofofofo]o]s]t1t]oflo]lojo|lo]|]o]o|lo]o]|o]f 40 76
Gobiidae 711 4|08 14fl10] 4|1 [1]|25]a|a]| s [35]8]|2|5]|25]2]10]2]15]1]0o|0o]10]s5 321 62
Sillaginidae 0] 0 0120]13]5]2127125/0]0] 0| 0(f1]1]5]3]0]0]0|J0]|]0O0]O0]0}JO]O]O 58 44
Periophthalmidae| 0 | 0 [50| 9 |0 | o ]i00j20[{0o]o|ofo|o|[ofo]o]Jo|lo|lojJo]Jo]Jo|o|o|o|]o|]ofoO 150 29
Carangidae 25| 8 |loflo]Jololo]Jo|lo]Jof[o|lo]o]o]Joflo]loJo|s|t|lo]lofo]|] o]iof2]20]S:5 60 16
Hemirhamphidae | 24 | 6 |10l 1 |o]Jo|ofo]ofo|5|1{ofofo]Jolo|lo]Jof[olo]lo|lo]o|o|lo]o]oO 39 8
Cynoglossidae oo fis|2]o]o]is|3frw]2]|50[3|0o]ofiof4]1]1|oflo]o]lo]o| o [oflo]o]|oO 101 15
Scatophagidae 250/ 10]olojo]Jolofo]oflolo]Jolo|o|o]Jo]JoloJofo]z0f2]|0] o0 ]70]l2]0f]0] 55 14
Atherinidae s|l4]olofloJolofo]2|3]lo]Jo|lo|o|oJoft1t]2]ofJo]l1t|2]o0]|o0o]|o]o]tof2 19 13
Belonidae olof{ololotolwlt{sl3atololololojofolojolojlofolofololofolo 15 4
Drepanidae oJo|olofw]i1]ofjo]1r|1]Jo]Jo|lo[o]ojofJo]Joflo|o]JofloJo|o]|o]Jofo]|oO 1 2
Eleotridae olo|ofloflo]Jo|loloys|1|]o]lofo|o|o]Jo]Jo]lo]J]ofo|lo|lo]o]|o|[o]o]o]oO 5 |
Synbranchidae olo|olofJo]Jo|loJolofJo]Jo]Jolo|ofo]JoloJo]JoJo]Jofo]tw|1|{o]o]ofo 10 |
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to previous investigations by Monkolprasit (1994); this declin probably results from
pollution as catfishes, being bottom dwellers, are sensitive to pollution.

Most of the fishes collected are small, and a number of them are at juvenile stage,
such as Scatophagus argus, Sillago sihama and Drepane punctata, for which mangroves are
nursery grounds (Bell et al., 1984).

Human activities contribute to the reduction of fishes populations in the Tha-Chin
estuary, namely the urbanization. The growth and settlements of fisherman villages,
resorts and shrimp farms scattered around river mouth cause the destruction of mangrove
areas every year, consequently the nursery grounds for many aquatic animals are regularly
disappearing. Although a number of farms have been abandoned due to shrimp diseases,
the mangrove has not recovered yet where these farms were situated.

Overfishing is another factor, as illegal fishing gears, such as purse seines and
pushing nets, are currently used by fishermen. These gears are non-selective, and species
with low commercial value, such as Mugil spp. and Eleutheronema are caught and used for
animal meal.

Our preliminary survey of the Tha-Chin estuarine fish fauna should be completed
and more quantitative data should be obtained to provide the necessary information for
monitoring and management of the Tha-Chin mangrove and its biota.

Acknowledgement. - This project is part of funding research of Dr. Sanit Aksornkaew supported by the
Thailand Research Fund. We would like to thanks our colleagues form the Department of Marine
Sciences, Chulalongkomn University, who kindly assisted us during the field survey, and those of the
Kasetsart University (IPF4) particularly Prof. Supap Monkolprasit for providing a special grant to attend
the Sth Indo-Pacific Fish Confernce in Noumea.
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DESCRIPTION OF A NEW SPECIES OF ACANTOPSIS
(CYPRINIFORMES: COBITIDAE) FROM THAILAND

by

Suebsin SONTIRAT (1)

ABSTRACT. - The genus Acantopsis is so far known from Thailand by a single species, A. choirorhyn-
chos, which exhibits various color patterns possibly due to ecological variations. The new species,
Acantopsis thiemmedhi, is described from the Huey Mae Preeg (Lampang province), Huey Nam Khoon
and Huey Song Thang, tributaries of Huey Thab Salao, Huey Kha Khaeng Wildlife Sanctuary (Uthai
Thani province) and Chao Phraya river at Tambon Tha Nam Oi (Nakorn Sawan province). The new
species differs from A. choirorhynchos by having larger spots on the lateral line, dark saddle-like
paiches along the back and a row of dark blotches or wavy lines in between, and one dark and large
oblong patch on each caudal lobe. The number of gill rakers is 16-18 versus more than 20 in A. choiror-
hynchos.

RESUME. - Une nouvelle espece d’Acantopsis (Cypriniformes: Cobitidae) de Thailande.

Le genre Acanitopsis ne comptait jusqu’a présent qu’une seule espece en Thailande, A. choi-
rorhiynchos, laquelle présente de nombreux patrons de colorations, probablement dus 4 des adaptations
écologiques. Nous décrivons une nouvelle espece, Acantopsis thiemmedhi, provenant de Huey Mae
Preeg (province de Lampang), Huey Nam Khoon et Huey Song Thang, affluents de Huey Thab Salao,
de Huey Kha Khaeng (province de Uthai Thani) et de la riviere Chao Phraya a Tambon Tha Nam Oi
(province de Nakorn Sawan). Cette espece se distingue de A. choirorhynchos par sa coloration, des
taches plus grandes au niveau de la ligne latérale, et foncées sur le dos, une rangée de lignes ondulées
entre les deux, ainsi que de grandes taches foncées sur chaque lobe caudal. Le nombre de branchiospi-
nes varie de 16 a 18, contre plus de 20 chez A. choirorfiynchos.

Key-words. - Cobitidae, Acantopsis choirorhynchos, A. thiemmedhi, Thailand, New species.

Although Smith (1945) mentions unique coloration for fishes of the genus Acan-
topsis, they have different color patterns which may be due to habitat variation and be-
havior (Fowler, 1935, 1937, 1939). So far, a single species of Acantopsis has been re-
corded from Thailand by Boulenger (1903): A. choirorhynchos (Bleeker, 1854) primarily
described from Sumatra. A new species of Acantopsis trom Thailand is herein described.

MATERIALS AND METHODS

The materials examined are preserved in the collection of the Kasetsart University
Museum of Fisheries (KUMF). The list of type specimens is given below. The 21 speci-
mens collected by the author were compared to 180 specimens of A. choirorhynchos.

(1) Kasetsart University, Faculty of Fisheries, Bangkok, 10903, THAILAND. [ffissss @ nontri.ku.ac.th]
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0o 1 2 3 4 5 6 7 8 9 10 11 12

Fig. 1. - Holotype of Acantopsis thiemmedhi n.sp., 117.6 mm SL (KUMF 3131) from Huey Nam Khoon,
Uthai Thani province.

Counts and morphometric characters were taken according to Hubbs and Lagler (1964).
Morphometrics were expressed as percentage of standard length (SL) and head length (HL).

ACANTOPSIS THIEMMEDHI N. SP.
(Fig. 1, TableI)

Acantopsis choirorhynchos: Fowler, 1935: 35-42; 1937: 152; 1939: 59. Smith,
1945: 296-297.

Material examined

Holotype. - KUMF-3131, 11.76 cm SL, Huey Nam Khoon, Huey Kha Khaeng
wildlife Sanctuary, Amphur Lan Sak, Uthai Thani province, captured by the author and
team, at the altitude 200 m, on 10 Aug. 1996, by cyanide poisoning and net.

Paratypes. - 20 specimens. KUMF 3132 (16 spms), 4.67-11.46 cm SL, Huey
Mae Preeg, Tambon Mae Preeg, Amphur Mae Preeg, Lampang province, captured by the
author and team, at the altitude 250 m, on 10 Oct. 1996, by cyanide poisoning and net.
KUMF 3133 (2 spms), 11.63-12.28 cm SL, Huey Song Thang, Huey Kha Khaeng Wildlife
Sanctuary, Amphur Lan Sak, Uthai Thani province, captured by the author and team, at the
altitude 160 m, on 11 Aug. 1996, by cyanide poisoning and net. KUMF 3134 (2 spms)
6.18-8.55 ¢cm SL, Chao Phraya river at Tambon Tha Nam Oi, Amphur Payuhakiri, Nakorn
Sawan province, captured by local fishermen, at the altitude of about 50 m, on 25 Sep.
1996, by net.

Diagnosis

A species of the genus Acantopsis with the following characters: 16-18 gill rak-
ers;, 8-9 dark saddle-like bars on back; 8-9 irregular dark blotches or wavy lines above the
lateral line and 8-9 irregular and/or large dark round spots along the lateral line; a row of
large oblong dark longitudinal spots near the rim of the dorsal fin and another dark spot
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on the middle part of the first three front dorsal-fin rays; one large oblong dark bar on the
middle part of each caudal lobe; a row of smaller vertical oblong dark spots in the middle
part of the caudal fin and two or three dark spots on the caudal base; posterior pelvic rims
dark.

Description

Table | gives the main meristic and morphometric characters of the 21 specimens
of the type series.

A small Acantopsis loach (maximum known size: 132 mm SL) with an elongate
and slightly compressed body, covered with minute scales; origin of the dorsal fin in front
of that of the pelvic fin, the latter being opposite to the 5th or 6th dorsal-fin ray (5th in
holotype); origin of the pectoral fin in front of gill opening; caudal fin bilobed.

Coloration. - 8-9 (8 in holotype) dark saddle-like bars along the back; 8-9 (8 in
holotype) irregular dark blotches or wavy lines above the lateral line; 8-9 (8 in holotype)
irregular and large round dark spots along the lateral line; a row of oblong dark blotches
near the dorsal-fin rim; a dark spot on the middle part of the first three dorsal- fin rays; one
large oblong dark bar near the middle part of each caudal lobe; a row of small oblong dark

Table 1. - Meristic and morphometric characters of Acantopsis thiemmedhi n. sp. and Acantopsis choi-
rorhynchos expressed in percentage of standard length (SL) or head length (HL).

Acantopsis thiemmedhi n. sp. Acantopsis
choirorhynchos
Holotype 21 paratypes 180 specimens
Range Mean Range Mean
Meristic characters
Dorsal-fin rays ii+9 ii+9-10 ii+9 i1+9-10 ii+9.2
Pectoral-fin rays i+12 i+10-12 i+12 i+9-10 i+9.4
Pelvic-fin rays i+5 i+6 i+6 i+5-6 i+5
Anal-fin rays ii+5 ii+5-6 ii+5 ii+6-7 ii+6.3
Gill rakers 16 16-18 16.5 21-27 228
Vertebrae 39 39-41 40 40-44 43
Morphometric characters

Body depth (% SL) 13.5 12.3-15.2 13.5 9.8-13.0 11.8
Head depth (% SL) 535 53.0-59.5 58.0 ]39.146.8 45.0
Head length (% SL) 26.1 23.4-26.1 249 |24.4-274 25.6
Eye (% SL) 14.1 13.7-16.6 14.9 11.0-15.3 13.6
Snout (% SL) 63.4 57.9-64.1 624 |[57.7-67.6 63.5
Postorbital length (% SL) 26.7 22.2-29.7 258 (208-312 25.2
Interorbital length (% SL) 8.3 8.3-12.2 10.5 6.4-11.8 85
Predorsal length (% SL) 50.5 47.1-53.0 509 |48.6-54.3 51.9
Prepectoral length (% SL) 27.8 20.4-27.8 224 21.9-25.2 235
Prepelvic length (% SL) 56.4 54.1-58.5 563 |54.5-59.2 57.8
Preanal length (% SL) 827 78.8-83.4 799 |72.2-86.6 81.2
Dorsal-fin base (% SL) 154 14.2-154 14.3 12.7-16.1 14.4
Anal-fin base (% SL) 10.5 5.5-10.5 1.9 6.0-9.6 8.1
Pectoral-fin length (% SL) 20.5 14.3-20.5 16.7 10.8-15.6 13.5
Pelvic-fin length (% SL) 14.5 8.5-14.5 9.5 7.6-11.1 9.3
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spots along the middle part of caudal fin and two or three (3 in holotype) dark spots along
the caudal-fin base; other fins hyaline.

Distribution and ecology

Acantopsis thiemmedhi is known from the Mae Preeg stream of Lampang prov-
ince, in the Huey Nam Khoon and Huey Song Thang; tributaries of Huey Tab Salao within
the Huey Kha Khaeng Wildlife Sanctuary, Uthai Thani province and Chao Phraya river in
Tambon Tha Nam Oi, Amphur Payuhakiri of Nakorn Sawan province. [t is rarer than A.
choirorhynchos, but both are found in mountain streams and the upper part of rivers with
sandy bottoms where clear running water is present.

Etymology

This new species is named in honor of Professor Jinda Thiemmedh, the former dean
of the Faculty of Fisheries, Kasetsart University, who was my first teacher in the field of
Ichthyology.

Remarks

Acantopsis thiemmedhi differs from related species in having 16-18 gill rakers in-
stead of more than 20 in other species of this genus. In addition, the color pattern is quite
different, in that it has dark blotches or spots on caudal and dorsal fins, while A. choi-
rorhynchos does not exhibit such markings. However, small dark lateral spots and/or
blotches on the sides and back as well as three rows of small dark spots on the dorsal fin
may or may not be present in small specimens of A. choirorhynchos.

The Thai name for A. choirorhynchos and other related species is « Pla Chon
Sai » which refers to its habitat as well as its behavior, as it means fish that prefers to
live and/or penetrate underneath the sand. This fish species also inhabits in between
gravel and coarse sand.

Acknowledgements. - [ would like to thank Mr. Aphinun Suwanaraksa for photographing the holotype
specimen, Mr. Thongchai Champasri for drawing the figure and all my colleagues who helped in col-
lecting specimens and preparing this manuscript.
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GENERIC RELATIONSHIPS OF THE INTERNALLY-FERTILIZED
SOUTHEAST ASIAN HALFBEAKS
(HEMIRAMPHIDAE: ZENARCHOPTERINAE)

by

Amy Downing MEISNER (1) & Bruce B. COLLETTE (2)

ABSTRACT. - There is strong suppost for a monophyietic group, here recognized as the subfamily
Zenarchopterinae Fowler, 1934, containing all five genera of internally-fertilized halfbeaks. Three
genera, Hemirhamphodon, Nomorhamphus, and Dermogenys, are known to be internally fertilized and
viviparous. Zenarchopterus (with about 20 species) and the monotypic genus Tondanichthys also appear
to be internally fertilized but are apparently oviparous. A sister-group relationship between Der-
mogenys and Nomorhamphus is supporied by modifications of the anal fin in males. Support is also
strong for a sister-group relationship between Hemirhamphodon and (Dermogenys + Nomorhamphus).
Monophyly of (Dermogenys + Nomorhamphus) is also well supporied. Dermogenys, as currently con-
stituted, appears to be paraphyletic. Within the group comprised of (Dermogenys + Nomorhamphus),
two monophyletic groups are supported by new characters of sperm bundle morphology and modifica-
tions associated with viviparity. One clade comprises nine species of Dermogenys. including the type
species, D. pusilla, and five undescribed species, and the other clade seven species of Dermogenys and
four species of Nomorhamphus, including the type species, N. celebensis, and four undescribed species.

RESUME. - Relations phylétiques des demi-becs (Hemiramphidae: Zenarchopterinae) 2 fécondation
intene du Sud-Est Asiatique.

Plusieurs observations sont en faveur de la monophylie du groupe formé par les cinq genres de
demi-becs a fécondation interne. Ils sont regroupés dans la sous-famille des Zenarchopterinae. Trois
genres, Hemirhamphodon, Nomorhamphus et Dermogenys recourent a la fécondation interne et sont
vivipares. Zenarchopterus (composé de pres de 20 especes) et le genre monotypique Tondanichthys sont
aussi a fécondation interne, mais sont apparemment ovipares. La modification de la nageoire anale des
males supporte I'hypothése que Dermogenys et Nomorhamphus forment deux groupes freres. Hemi-
rhamphodon est le groupe frére de (Dermogenys+ Nomorhamphus). La monophylie de
(Dermogenys + Nomorhamphus) est vraisemblable. Dermogenys tel qu'il est congu semble &ire para-
phylétique mais au sein du groupe (Dermogenys + Nomorhamphus) on observe deux groupes mono-
phylétiques caractérisés par la morphologie des spermatozeugmes et les modifications associées a la
viviparité. Un clade comprend neuf espéces de Dermogenys, y compris I'espece-type, D. pusilla, et
cing espéces nouvelles. L'autre clade comprend sept espéces de Dermogenys et quatre espéces de
Nomorhamphus, y compns I'espece-type, N. celebensis, et quatre especes nouvelles.

Key-words. - Hemiramphidae, Zenarchopterinae, Viviparous halfbeaks, Internal fertilization, Phy-
logeny.
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Fig. |. - Previous hypothesis of relationships for the genera of internally-fertilized halfbeaks using

Hyporhamphus as the outgroup. See Collette (1995) for characters.

The purpose of this paper is to outline relationships among the five genera of in-
ternally-fertilized halfbeaks herein defined as the subfamily Zenarchopterinae. The family
Hemiramphidae contains 13 genera and more than 100 species of atherinomorph fishes
commonly known as halfbeaks (Collette and Parin, 1998). Fowler (1934) described sev-
eral new subfamilies of Hemiramphidae, including the Zenarchopterinae, composed of
Zenarchopterus, Hemirhamphodon, Arrhamphus, and Melapedalion. Arrhamphus and
Melapedalion are externally-fertilized, short-jawed monotypic genera of Hemiramphinae.
Fowler also described the Dermogenyinae for Dermogenys and Nomorhamphus, but we
consider these genera to be part of the Zenarchopterinae. Monophyly of the subfamily, as

the Zenarchopterus-group, was hypothesized by Collette (1995) based on five synapo-
morphies: 1) some anal-fin rays modified in males; 2) reduced nasal fossa; 3) an elongate
nasal barbel that projects well out of the nasal fossa; 4) reduced number of vertebrae (38-
51); and, presumably 5) internal fertilization. Characters in spermatozoal ultrastructure
were used by Jamieson and Grier (1993) to support monophyly of the group, which they
recognized as the family Zenarchopteridae. Within the subfamily, three genera are inter-
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Fig. 2. - Revised hypothesis of relationships for the genera of Zenarchopterinae. Only the type species
of Dermogenys and Nomorhamphus are labelled.

nally fertilized and viviparous: Hemirhamphodon, Dermogenys, and Nomorhamphus.
Monophyly of Hemirhamphodon was supported in a revision by Anderson and Collette
(1991) who also proposed a tentative phylogeny for the Zenarchopterus species group.
Subsequently, Collette (1995) described the monotypic Tondanichthys kottelati and
proposed a revised phylogenetic hypothesis (Fig. 1) for the viviparous genera using
Zenarchopterus and Hyporhamphus as outgroups. Tondanichthys was described from
immature individuals and was hypothesized to be viviparous based on this preliminary
phylogeny.

In an effort to clarify relationships within the subfamily Zenarchopterinae, we in-
tegrate Collette’s previous research on the three plesiomorphous genera with Meisner’s
(1998) research on Dermogenys and Nomorhamphus. Her research started when she was an
undergraduate summer intern with the second author in 1992 studying a species group of
Dermogenys and then expanded to include all the species placed in Dermogenys and No-
morhamphus. A systematic revision of Dermogenys and Nomorhamphus is in preparation
by the first author.
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Fig. 3. - Diagrammatic representation of the modified anal-fin rays (andropodium) of Dermogenys sp.
USNM 345500, 28.5 mm SL (from Meisner and Collette, in press). Middle radials absent and ossified;
distal radials not illustrated; cartilage not illustrated; bone stippled. (Drawing by Keiko Hiratsuka
Moore.)

PHYLOGENY

When morphological and histological characters are combined to form an hy-
pothesis of relationships (Fig. 2), Tondanichthys forms an unresolved trichotomy with
Zenarchopterus and Dermogenys + Nomorhamphus, suggesting that it may not be vi-
viparous.  Hemirhamphodon is now placed as the sister-group to  Der-
mogenys + Nomorhamphus. Monophyly of Zenarchopterus, Tondanichthys, and
Hemirhamphodon is not controversial. However, species and generic definitions for two
genera of southeast Asian fresh and brackish water species, Dermogenys and Nomorham-
phus have been vague for many years. Part of the reason for this is that, in the past, no
adequate defining characters had been proposed for either Dermogenys or Nomorhamphus.
Consequently, if a new species in this group was discovered, it was described as a No-
morhamphus if it lacked an elongate lower jaw or as a Dermogenys if it had an elongate
lower jaw. However, when all species are examined, it is clear that there is a continuum of
jaw lengths making it difficult to define generic limits.

A character used by Collette (1995) to distinguish Dermogenys from Nomorham-
phus was the supposed lack of true gill rakers on the first gill arch. This character is more
widely distributed among the viviparous halfbeaks and is not diagnostic of either Der-
mogenys or Nomorhamphus. Further complicating the taxonomy of these genera is the
fact that most species of both nominal genera have been described on the basis of over-
lapping meristic and morphometric characters (Brembach, 1991).

Histological characters suggest that within this last group, two clades are sup-
ported. One contains only nominal species of Dermogenys and is defined by the presence
of large sperm bundles and intrafollicular development. The second clade contains nomi-
nal species of both Dermogenys and Nomorhamphus and is defined by small sperm bun-
dles and a long period of intraluminal development (Downing and Burns, 1995; Meisner
and Burns, 1997a).
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C

Fig. 4. - Diagrammatic representation of the caudal skeleton. EP, epurals; HY, hypurals; PHY, parhypu-
ral; UN, uroneural. A: Hyporhamphus unifasciatus, USNM 196819, 74.5 mm. B: Zenarchopterus rasori,
USNM 263456 female, 64.0 mm. C: Tondanichthys kottelati, ZSM/CMK 7980 male, 61.5 mm. D: Hemi-
rhamphodon kuekenthali, USNM 330828 male, 50.0 mm. E: Nomorhamphus viviparus, CAS 137829
male, 34.0 mm. ¥: Nomorhamphus ebrardiii, ZMH 7150 male, 50.0 mm. Cartilage not illustrated; bone is
stippled.

Preliminary conclusions are that Dermogenys as currently constituted is para-
phyletic. Dermogenys should be restricted to nine small species, including the type spe-
cies, D. pusilla, and five undescribed species (Fig. 2). Nomorhamphus (type species N.
celebensis), should be expanded to include the 13 larger species, some of which have been
previously classified as Dermogenys, and four of which are undescribed.

One character supporting monophyly of the Zenarchopterinae is modification of
the anal fin in males. Anal-fin modifications vary at both the generic and species levels.
Some combination of anal-fin rays 5-7 are modified in Zenarchopterus (Collette, 1985).
Brembach (1976, 1991) termed the modified anal fin of males of the viviparous genera an
andropodium. The modified part of the anal fin in Hemirhamphodon is in the middle or
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Fig. 5. - Ventral view of the right and left pelvic bones. A: representation of the condition observed in
Hyporhamphus, Hemiramphus, Tondanichthys, and Zenarchopierus (Hyporhamphus unifasciatus,
USNM 196819, 74.5 mm); B: Hemirhamphodon kuekenthali, USNM 330828 male, 50.0 mm; C: repre-
sentation of the condition observed in Dermogenys and Nomorhamphus (Nomorhamphus sp. (Sulawesi)
USNM 338490, female, 44.0 mm). Bone stippled; anterior towards the top.

posterior part of the fin (rays 4, 5, and 8 or just 5 and 8). The andropodium in species of
Dermogenys (Fig. 3) and Nomorhamphus is essentially identical: the anterior 1-7 rays
are thickened and curved posteriorly and the first anal-fin pterygiophore is enlarged.
Previous revisions of Dermogenys and Nomorhamphus, utilized, to some extent, charac-
ters of the andropodium in defining species (Mohr, 1936; Brembach, 1976, 1991) but
taxonomy of Dermogenys and Nomorhamphus has remained confused.

To understand ontogenetic changes in the anal fin of Dermogenys and Nomorham-
phus, specimens of aquarium-raised Dermogenys siamensis were sacrificed at different
stages of development (Meisner and Burns, 1997a). After reaching maturity, no further
changes take place in the andropodium, so characters found in the andropodia of mature
males can be used to differentiate species. Detailed descriptions of the anal fins and rela-
tionships among the species will be presented in the systematic revision by the first
author.

Several characters unite the three viviparous genera, Hemirhamphodon, Der-
mogenys, and Nomorhamphus. These three genera share development of a wide cytoplas-
mic periaxonemal sheath on the sperm (Jamieson and Grier, 1993). Osteological charac-
ters involve a reduction in both the size and number of skeletal elements that may be
correlated with an overall reduction in body size (Meisner, 1998).

For example, informative reductive characters are found in the caudal skeleton
(Fig. 4). In Hemiramphus and Hyporhamphus, hypurals 1 + 2 are completely fused and
are widely separated from completely fused hypurals 3 + 4. In Zenarchopterus and Ton-
danichthys (Fig. 4B-C), hypurals 3-5 are partially fused but free for most of their length.
The bony mass of the caudal skeleton is reduced in Hemirhamphodon, Dermogenys, and
Nomorhamphus (Fig. 4D-F); there are dorsal and ventral hypural plates, and the parhypu-
ral 1s fused to the ventral hypural plate.

A character that may be correlated with viviparity is found in the pelvic girdle. The
viviparous genera have the pelvic bones widely separated (Fig. 5B, C) whereas the pelvic
bones are close together in Hemiramphus, Hyporhamphus, Zenarchopterus, and Ton-
danichthys (Fig. 5A). In the viviparous genera, there is a lateral reorientation so that the
pelvic bones lie along the anterior-posterior axis instead of having the anterior tips
angled towards the midline.

Additional characters bearing on the phylogeny of the internally-fertilized half-
beaks are present in the gonads (Grier and Collette, 1987; Downing and Burns, 1995;
Meisner and Burns, 1997b) and sperm morphology (Jamieson and Grier, 1993). Mono-
phyly of Zenarchopterus is supported by the presence of a bipartite testis structure, as well
as the method of spermatozeugma formation (Grier and Collette, 1987). Monophyly of
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Dermogenys + Nomorhamphus is supported by having only a single very elongate
mitochondrion in the sperm (Jamieson and Grier, 1993), and the even distribution of
spermatid nuclei around the periphery of the spermatocysts during spermatogenesis
(Downing and Burns, 1995). Within that clade, two sperm bundle morphologies have
been described, each suggesting a more inclusive group of species (Downing and Burns,
1995). Species of Dermogenys (sensu stricto) have large sperm bundles; species of No-
morhamphus have small sperm bundles.

Viviparity of the three most derived genera is one reason for their popularity as
aquarium fishes. In some species superfetation, multiple broods developing simultane-
ously, is present. In Dermogenys and Nomorhamphus, five types of viviparity have been
described, each unique to a more inclusive clade (Meisner and Burns, 1997b). Species of
Dermogenys (sensu stricto) have intrafollicular development; species of Nomorhamphus
have intraluminal development. The implications of these characters to the phylogeny of
these genera will be included in the comprehensive revision of the genera by the first
author.

CONCLUSIONS

The relationships within the subfamily Zenarchopterinae, of five genera presumed
to be internally fertilized, are clarified. Different types of characters are informative at
different levels of analysis. Osteological characters are important in defining generic
relationships within the Zenarchopterinae, clarifying the phylogenetic position of Ton-
danichthys, and showing that Hemirhamphodon is 1he sister-group of Der-
mogenys + Nomorhamphus. The taxonomy of the species of Dermogenys and No-
morhamphus has been in a state of confusion for over a century. Histological characters of
the gonads provide the first unambiguous characters to separate Dermogenys from No-
morhamphus.
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SUBSPECIES, GEOGRAPHIC FORMS AND
WIDESPREAD INDO-PACIFIC CORAL-REEF FISH SPECIES:
A CALL FOR CHANGE IN TAXONOMIC PRACTICE

by

Anthony C. GILL (1)

ABSTRACT. - Many apparently widespread Indo-Pacific coral-reef fish species can be divided into
well-diagnosed, geographic forms, but these have been recognised as subspecies and geographic
varieties. Criteria for recognising such forms at an intraspecific rather than specific level are shown to
be unjustified. It is also argued that such allocation of geographic forms to intraspecific ranking implies
phylogenetic and biogeographic relationships that may be unsupported by evidence, and may lead to
unstable nomenclature. Moreover, because intraspecific forms are rarely distinguished in subsequent
literature, information on their biology, morphology and distribution does not accumulate. Full specific
status should therefore be awarded to well-diagnosed, geographic forms.

RESUME. - Catégorie taxinomique des poissons récifaux: espéces a large répartition géographique,
sous-especes ou formes géographiques ? Invitation a un changement dans la pratique de la Taxinomie.

La diagnose de nombreuses espéces de poissons récifaux indo-pacifiques aboutit a leur subdi-
vision en sous-espéces et variétés géographiques. Cette étude montre que les critéres utilisés pour
reconnaitre ces formes au niveau intraspécifique piutdt qu'au niveau spécifique ne sont pas justifiés.
Attribuer des rangs intraspécifiques a ces formes géographiques implique des hypotheses de relations
phylogénétiques et biogéographiques sous-jacentes qui, éventuellement, ne sont pas prouvées, aboutis-
sant ainsi & une nomenclature instable. De plus. les informations concernant la biologie, la morphologie
et la répartition sont rarement rapportées A ces formes intraspécifiques dans la littérature. Un statut
d'espece devrait par conséquent étre attribué aux formes géographiques dont la diagnose est suffisa-
ment conforée.

Key-words. - Coral-reef fish, Geographic variation, Species, Subspecies, Taxonomy.

Indo-Pacific coral-reef fish species vary considerably in the size of their geo-
graphic distributions. Some species, such as most pseudochromids (Winterbottom, 1986;
Gill, 1990, unpubl. data) and many blenniids (e.g., Ecsenius species; Springer, 1988),
have restricted distributions, while other species range widely across the region.

At present, the majority of Indo-Pacific fish species are regarded as widespread
(i.e., with distributions spanning the Indo-West Pacific or greater); recent checklists give
values for widespread species at between about 45 and 85% of total shorefishes, depending
on locality (e.g., Russell, 1983; Gill and Reader, 1992; Winterbottom and Anderson,
1997). It seems, then, that species with narrow dijstributions are exceptional. However, a
review of systematic literature on Indo-Pacific coral-reef fishes indicates that many appar-
ent widespread distributions are artificial and reflect inconsistent application of criteria

(1) The Natural History Museum, Department of Zoology, Cromwell Road, London SW7 5BD,
UNITED KINGDOM. [t.gill@nhim.ac.uk]
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for species diagnosis. The purposes of this paper are to draw attention to these inconsis-
tencies, and to make suggestions for future taxonomic practice. Attention js drawn, in
particular, to problems associated with the use of intraspecific groupings for geographic
entities within so-called widespread species.

Criteria for intraspecific versus specific groupings

Many widespread species show geographic variation that has been well docu-
mented, but this variation has been attributed to an intraspecific level, and either recog-
nised formally as subspecies or simply as geographic varieties. So why have workers used
intraspecific categories for geographic entities rather than assigning them to separate
species ? Several attributes are common to most justifications for recognising variation
at an intraspecific rather than specific rank. These are: 1) complete or nearly complete
allopatry; 2) low degree of difference; 3) nature of the characters distinguishing forms; and
4) presence of presumed hybrids. These criteria apparently have their roots in the follow-
ing assumptions: that complete or partial allopatry of populations normally precedes
speciation; that geographic varieties and subspecies are allopatric populations in various
stages of the process of speciation; and that the stage that they are at in this process can
be inferred from the level of morphological divergence between populations and from the
populations’ ability to interbreed with each other.

Allopatry

Allopatry does not serve well as a criterion for distinguishing intraspecific forms
from full species. Even a superficial perusal of systematic literature will reveal many pairs
or groups of related species with allopatric distributions. For example, the sister species
Pseudochromis sankeyi and P. fridmani are allopatrically distributed in the Red Sea
(Lubbock, 1975; Gill, 1990, unpubl. data). The integrity of these two species has never
been questioned. Allopatry alone is not, therefore, evidence for intraspecific rank.

Low degree of difference

How about the second criterion, Jow degree of difference ? The first thing that
comes to mind is, « How much difference is a low degree ? » Some authors have sug-
gested various measures, such as the ability to correctly classify some percentage of indi-
viduals in a sample (e.g., the « 75 percent rule », see Mayr, 1969: 190). This approach
does not appear to be particularly meaningful. Firstly, and most importantly, the critical
percentage values are entirely arbitrary, and it does not seem reasonable to argue that the
ability to correctly classify some percentage (e.g., 75%) of individuals indicates subspe-
cies, but some higher value (e.g., 80%) indicates full species. Secondly, it may not be
meaningful to equate ability to correctly classify some percentage of a population with
degree of divergence. Consider, for example, members of the Pseudochromis tapeinosoma
group, a clade of species that are diagnosed primarily by coloration characters (Gill and
Allen, 1996). Males of the five included species have highly divergent colour patterns and
are easily identified, whereas females and juveniles of all species are generally brown to
grey and difficult to separate from each other, particularly once preserved. Juveniles and
females far outnumber males in museum samples, possibly as a result of protogynous
hermaphroditism. Therefore, the percentage of correctly classified specimens using the
primary character, male coloration, is low. There seems little doubt that the species are
distinct. They are mostly allopatric or nearly allopatric, but two species, P. cyanotaenia
and P. tapeinosoma, are broadly sympatric, although perhaps not syntopic, with no evi-
dence of intergrades or hybrids.
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It seems that ichthyologists generally have appreciated these difficulties in meas-
uring degree of divergence with arbitrary measures. In any case, my literature review indi-
cates that most marine Indo-Pacific fish subspecies and geographic varieties have been
diagnosed by non-overlapping or at most weakly overlapping characters. Low degree of
divergence has been replaced by the related third criterion, nature of the characters distin-
guishing the forms.

Nature of characters

The view that certain characters are informative about species and others are not is
widely believed by ichthyologists. For example, throughout my training and career I have
been told 10 not recognise species solely on the basis of coloration. More recently, I have
heard concern about the sole use of morphological characters, that there is a need to check
morphology with molecular characters. Such preconceived claims about the special nature
or variability of certain characters over others are unfounded. There is no way of accurately
predicting the hierarchical position or variability of any character type. For example,
many phylogenetic studies of fish taxa have revealed large clades that are diagnosed by
coloration characters. A huge clade consisting of all African cichlids except Hetero-
chromis and Tylochromis is diagnosed by two synapomorphies, one of which is a colora-
tion character: well-developed, strongly pigmented opercular spot (Stiassny, 1991]).
Conversely, externally similar species may differ in osteological characters, such as the
three species in the pseudochromid genus Ogilbyina, which differ widely in the pattern of
insertion of dorsal-fin pterygiophores between anterior neural spines (Gill, 1990). This
contrasts with the prevailing notion that osteological features are conservative, and vary
only among distant relatives.

The members of an undescribed pseudochromid genus provide an interesting exam-
ple. The genus includes six more-or-less allopatrically distributed species, which are
mainly distinguished only by coloration. Five of the species are described (and currentiy
placed in the genus Pseudochromis). “P.” aurifrons (New Guinea), “P.” diadema (South
China Sea, western and southern Sulu Sea), “P.” ephippiatus (Papua New Guinea and north-
ern Sulawesi), “P.” paccagnellae (Timor Sea, eastern Indonesia, New Guinea and the Solo-
mon Islands) and “P.” porphyreus (northeastern Indonesia, eastern Philippines, Taiwan,
southern Japan and Melanesia to the Marshall Islands and Samoa). The integrity of these
species, some of which are well-known aquarium fishes, has never been questioned. The
final species in the genus is undescribed and known from the Great Barrier Reef and New
Caledonia. It is unusual in that it differs from congeners in non-coloration characters,
particularly in having relatively high numbers of scales in Jateral series (Table ). How-

Table L. - Frequency distribution of bilateral counts of scales in lateral series for species within an
undescribed pseudochromid genus.

31(32(33|34|35(36|37|38(39|40(41|42| n | mean| S.D.
sp. - - - -] 1 4 1111291241 12] 9] 90 396 1.3
aurifrons - - - 2 - - - - - 2] 36.0 0.0
diadema t{2(21819 |9 4] - - - - - 35] 349 1.5
ephippiatus - - - - 1 1 20 - - - - - 4] 36.3 1.5
paccagnellae - .| 6 | 11|29 |47 27|13 3 - - - | 136 359 1.3
porphyreus - - 1 8| 142325111 1 - - 84| 36.3 1.3
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ever, | have encountered concern (and anticipate to encounter further concern) from ich-
thyologists about the validity of the species. This concern stems from the similarity in
live coloration between the new species and “P.” paccagnellae; both species are bright
pink anteriorly and bright yellow posteriorly. [Compare figures of the new species
(misidentified as paccagnellae) in Power (1969), Coleman (1981) and Gill (1993: 50),
with figures of paccagnellae in Axelrod (1973), Lubbock and Randall (1978), Kuiter
(1992), Gill (1993: 53), and Kuiter and Debelius (1994).] This reaction is ironic, as,
given the usual response to coloration characters, one would anticipate concern about the
validity of the species that are distinguished only by coloration.

The similarities in live coloration are irrelevant to the question of whether the pu-
tative new species and “P.” paccagnellae are conspecific. Similarity in one character
(coloration) does not overrule difference observed in another character (scales in lateral
series). The only data that have any bearing on the apparent difference in the scale-count
character are those that would lead to a different understanding of that character (e.g., from
additional samples indicating a lack of significant difference in the scale count frequen-
cies). Moreover, there is some evidence that the pink and yellow bicoloration is primitive
within pseudochromjds, and therefore uninformative of a close relationship between the
two species. My analyses indicate that the undescribed genus is the sister group of a clade
consisting of all other pseudochromids (Gill, 1990, unpubl. data). I have been unable to
unequivocally relate pseudochromids to any other families, but some characters suggest a
close relationship with the West Atlantic family Grammatidae (Gill and Mooi, 1993). The
Grammatidae includes two genera, Lipograinma and Gramma, and the basalmost species in
each genus (L. klayi, G. loreto and G. sp.) have pink and yellow bicoloration (Gill and
Mooi, unpubl. data). This coloration is remarkably similar to that of the new species and
“P.” paccagnellae, suggesting that it is primitive within the Pseudochromidae.

Hybrids

This brings us to the final criterion, the presence of presumed hybrids. Various
workers have relied on this criterion for making decisions about intraspecific versus
specific classifications. For example, Randall and Heemstra (1991), synonymised the
nominal allopatric species Cephalopholis wurodeta (Pacific Ocean) and C. nigripinnis
(Indian Ocean) partly because of the discovery of four probable hybrids at Christmas
Isiand in the eastern Indian Ocean. (They also cite the lack of non-coloration characters as
justification for not recognising full species.) The hybridization criterion has its roots in
the biological species concept, which contends that the ability of individuals to reproduce
with each other is the primary test of a species. Space constraints do not allow adequate
discussion of species concepts, and the issues | want to raise in this paper are concerned
with practices that are largely independent of species concepts. Nevertheless, I believe
the biological species concept has been convincingly dismissed by others, in particular
by Rosen (1979). Rosen argued that the ability for individuals to reproduce with each
other is a primitive attribute (symplesiomorphy) and not indicative of close relationship
let alone a test of species. Rosen provided examples of natural hybridization between
various unrelated poeciliid fish species.

There are relatively few reported cases of natural hybridization in marine fishes
(Slastenenko, 1957; Schwartz, 1972, 1981), and those that have been reported do not
necessarily involve closely related parent species. For example, 12 probable hybrid
crossings have been reported for the family Chaetodontidae: Chaetodon aureofasciatus x
C. rainfordi, C. auriga x C. ephippium, C. auriga x C. fasciatus, C. auriga x C. lunula, C.
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ephippium x C. semeion, C. ephippium x C. xanthocephalus, C. kleini x C. unimaculatus,
C. meyeri x C. ornatissimus, C. milliaris x C. multicinctus, C. milliaris x C. tinkeri, C.
ocellatus x C. striatus and C. pelewensis x C. punctatofasciatus (Burgess, 1974, 1978§;
Randall er al., 1977, Allen, 1981; Randall and Fridman, 1981; Clavijo, 1985). Of these
pairings, only five (C. aureofasciatus x C. rainfordi, C. ephippium x C. xanthocephalus,
C. meyeri x C. ornatissimus, C. ocellatus x C. striatus and C. pelewensis x C. punctato-
Sfasciatus) probably involve sister parent species (determined from the classification in
Blum, 1989: Table I). Similarly, in cases from other marine fish families, natural puta-
tive hybrids have involved parent species from different genera [e.g., Cephalopholis
fulva x Paranthias furcifer (Serranidae), Smith, 1966, Thompson and Munro, 1978; Liop-
setta putmani X Pseudopleuronectes americanus (Pleuronectidae), Hoornbeek and Klein-
Macphee, 1987; Lutjanus synagris x Ocyurus chrysurus (Lutjanidae), Loftus, 1992;
Lutjanus griseus x Ocyurus chrysurus (Lutjanidae), Domeier and Clarke, 1992; Paracen-
tropyge multifasciatus x Sumiereyakko venustus (Pomacanthidae), Krupp and Debelius,
1990 (however, see Pyle and Randall, 1992, for justification for the classification of both
parent species in Centropyge)]. Clearly, hybridization is not a valid criterion for distin-
guishing between specific and intraspecific forms.

In short, none of the criteria currently used for distinguishing intraspecific forms
from full species is justified.

Additional reasons for rejecting intraspecific groupings

There are several additional reasons for objecting to the use of intraspecific cate-
gories. These pertain to 1) the subsequent usage of such categories, 2) the phylogenetic
relationships that are implied by the groupings, and 3) the influence of the groupings on
nomenclatural stability.

Subsequent usage of intraspecific groupings

One of the primary reasons for objecting to the use of intraspecific categories is
that they are rarely cited in literature on Indo-Pacific fishes. For example, Burgess (1978)
recognised three butterflyfish species with allopatrically distributed subspecies: Chae-
todon trifasciatus, with subspecies (rifasciatus (Indian Ocean) and lunulatus (Pacific
Ocean; recently recognised as a separate species by Kuiter, 1994); C. unimaculatus, with
subspecies unimaculatus (Pacific Ocean) and interruptus (Indian Ocean); and C. vagabun-
dus, with subspecies vagabundus (Indo-Pacific except southern Arabia) and pictus
(southern Arabia). Numbers of references to these species in a selected survey of literature
(mainly checklists and field guides; full reference list available on request) are given in
table I1. Subspecific categories are indicated in only 10 out of 82 total references to the
species (12%). Therefore, new information on the morphology, biology and distribution

Table [1. - Numbers of references to Chaetodon subspecies proposed by Burgess (1978) based on a
review of 30 publications (mainly checklists and field guides).

trifasciatus | unimaculatus | vagabundus Totals

Tolal- number of references to 28 27 7 82
species

References that differentiate

subspecies (% of total) 5a® 339 x0) 10412)
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Fig. 1. - Distribution of the butterflyfishes Chaetodon decussatus (dots), C. vagabundus pictus (stars) and
C. v. vagabundus (hatched area).

of these forms has not accumulated. Surprisingly, references that do not distinguish sub-
specific forms include Allen’s (1981) popular review of chaetodontids and pomacanthids
and Blum’s (1989) important biogeographical analysis of the Chaetodontidae.

The situation is even worse for informal intraspecific categories such as
“geographic varieties”. For example, Burgess (1976) reported on two widespread species
with different colour forms in the Pacific and the Indian Ocean, one of which was the trig-
gerfish Balistapus undulatus. Pacific and eastern Indian Ocean specimens of B. undulatus
are readily distinguished from western and central Indian Ocean specimens by coloration
of the caudal fin (yellow to orange, dark on upper and lower margins, with undulating blue
to grey stripes extending from base of fin, versus without undulating stripes) and caudal
peduncle (large black blotch surrounding peduncular spines, versus black stripe along
each row of spines). Despite the fact that the two forms of Balistapus are well diagnosed, [
have been unable to locate any subsequent references that differentiate between them.

Implications of intraspecific hierarchy

Another difficulty with the use of intraspecific groupings is that they imply phy-
logenetic (and associated biogeographic) relationships that may be unsupported by avail-
able evidence (i.e., synapomorphies). Consider, for example, the above-mentioned sub-
species of Chaetodon vagabundus, pictus from southern Arabia and vagabundus from
elsewhere in the Indo-Pacific (Fig. 1). Burgess (1978) hypothesised a close relationship
between C. vagabundus and the central-eastern Indian Ocean species C. decussatus, and
Blum (1988) included the two species and C. auriga in the subgenus Rabdophorus as sole
members of his C. auriga group. Burgess distinguished the two subspecies of C. vagabun-
dus primarily on the basis of coloration characters, most notably the presence of mostly
black dorsal-fin spines in pictus (compare figures of pictus provided by Burgess, 1978:
416, and Randall, 1995: 252, with those of vagabundus provided by Burgess, 1978: 412-
413, and Steene, 1978 52). However, C. decussatus also has mostly black dorsal-fin
spines (see Burgess, 1978: 416-417, and Allen, 1981: 178-179); C. auriga, the remaining
species in the C. auriga group, lacks mostly black spines, as do most of the 27 species
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recognised in the subgenus Rabdophorus (exceptions include C. auripes, C. collare, C.
dialeucos, C. fasciatus, C. flavirostris, C. lunula, C. mesoleucos, C. nigropunctatus and C.
wiebeli). Therefore, mostly black spines may be interpreted as a synapomorphy between
pictus and decussatus, a relationship predicted by biogeographic patterns shown by some
other taxa in the region (such as Pseudochromis persicus and its relatives; Gili, 1990,
unpubl. data).

Nomenclatural stability

I believe that the use of subspecific categories will generally lead to instability of
nomenclature. This is because different studies may support different relationships among
taxa. Consider, for example, the above case involving the nominal Chaetodon species,
decussatus, pictus and vagabundus. It is conceivable that some authors may elect to in-
clude pictus as a subspecies of decussatus, while others may retain it with vagabundus.
Given current practice, the species would then be reported as either C. decussatus, C. d.
pictus, C. vagabundus or C. v. pictus ! This instability would be avoided if pictus (and
other intraspecific forms) were elevated to full species.

CONCLUSIONS

As a concluding remark, [ would like to comment on the prevailing notion among
ichthyologists that, for the most part, Indo-Pacific fish species and their distributions are
fairly well known. I believe that this notion is false. In particular there is a need for care-
ful reevaluation of the numerous so-called widespread species. I anticipate that this
“careful reevaluation” will dominate future systematic research in the region. The task is
far from simple, and may exceed previous systematic progress in required effort and degree
of difficulty. Sadly, it comes at a time when, despite political interests in biodiversity,
funding support for systematics, particularly morphology based systematics, is reducing
on a global scale. Nevertheless, | believe that recognition of well-diagnosed geographic
forms as full species rather than subspecies or geographic varieties will be an important
first step in the task of dealing with widespread species. Clearly, the current practice of
arbitrarily allocating geographic forms to intraspecific ranks is both unjustified and
misleading.

Acknowledgements. - In preparing this paper | have bencefitted from discussions with others, including
R. Bruce, K. Carpenter, M. de Carvalho, J. Kemp, R.D. Mooi, T. Munroe, G. Nelson, J.E. Randall, D.J.
Siebert, V.G. Springer and J.T. Williams; the views expressed, however, remain my own. Drafts of the
manuscript were improved from comments by N. Merrett, R.D. Mooi, D.J. Siebert and R. Winterbottom.

REFERENCES

ALLEN G.R., 1981. - Butterfly and Angelfishes of the World. Vol. 2, pp. 145-352. Melle: Mergus.

AXELROD H.R., 1973. - A colorful new beauty from the coral reefs of Indonesia. Trop. Fish Hobbyist,
21(8): 5-6, 9-10.

BLUM S.D, 1989. - Biogeography of the Chaetodontidae: an analysis of allopatry among closely
related species. Envir. Biol. Fish., 25:9-31.

BURGESS W.E,, 1974. - Une forme atypique de Chaetodon de Ceylan. Rev. fr. Aquariol., 2: 37-40.

BURGESS W.E., 1976. - Salts from the seven seas. Trop. Fish Hobbyist, 24(11): 37-40, 42-44.



86 GuL

BURGESS W E., 1978. - Butterflyfishes of the World. 832 p. Neptune City: T.F.H. Publ.

CLAVIIO LE., 1985. - A probable hybrid butterflyfish from the Western Atlantic. Copeia, 1985(1):
235-238.

COLEMAN N., 198]. - Australian Sea Fishes North of 30°S. 297 p. Lane Cove: Doubleday Australia.

DOMEIER M.L. & M.E. CLARKE, 1992. - A laboratory produced hybrd between Lutjanus synagris
and Ocyurus chrysurus and a probable hybrid between L. griseus and O. chrysurus
(Perciformes: Lutjanidae). Bull. Mar. Sci., 50: 501-507.

GILL A.C.. 1990. - A taxonomic revision of the fish subfamily Pseudochrominae (Perciformes:
Pseudochromidae). Unpubl. Ph.D. thesis, 497 p. Univ. of New England, Armidale, New South
Wales, Australia.

GILL A.C., 1993. - Dottybacks for the marine aquarium. Trop. Fish Hobbyist, 42(3): 30, 32, 34, 39-4],
44, 46, 48, 50, 52-53.

GILL A.C. & G.R. ALLEN, 1996. - Pseudochromis viridis, a new species of dottyback from Christmas
Island, Indian Ocean (Telcostei: Perciformes: Pscudochromidae). Rev. fr. Aquariol., 23: 33-38.

GILL A.C. & R.D. MOOI, 1993. - Monophyly of the Grammatidae and of the Notograptidae, with
evidence for their phylogenetic positions among perciforms. Bull. Mar. Sci., 52: 327-350.

GILL A.C. & S.E. READER, 1992. - Fishes. In: The Australian Museum, Sydney. Reef Biology. A
Survey of Elizabeth and Middleton Reefs, South Pacific. Kowari, 3: 90-93, 193- 228.

HOORNBEEK FK. & G. KLEIN-MACPHEE, 1987. - Intergeneric flounder hybndization. Schr.
Bundesforsch.anst. Fisch Hamburg, 2: 79-85.

KRUPPF. & H. DEBELIUS, 1990. - The hybrid of Centropyge multifasciatus x Holacanthus venustus
from the Philippines and notes on aberrant colour forms of Centropyge multispinus from the
Maldives and the Red Sea. Rev. fr. Aquariol., 17: 53-56.

KUITER R.H., 1992. - Tropical Reef-Fishes of the western Pacific. Indonesia and adjacent Waters.
314 p. Jakarta: PT Gramedia Pustaka Utama.

KUITER R.H, 1994. - Chaetodon lunulatus, a sibling species of C. trifasciatus, with observations on
other sibling species of butterflyfish (Chaetodontidae). Rev. fr. Aquariol., 21: 105-106.

KUITER R.H. & H. DEBELIUS, 1994. - Southeast Asia tropical Fish Guide. 321 p. Frankfurt: IKAN-
Unterwasserarchiv.

LOFTUS W.F., 1992. - Lutjanus ambiguus (Poey), a natura} intergeneric hybrid of Ocyurus chrysurus
(Bloch) and Lutjanus synagris (Linnaeus). Bull. Mar. Sci., 50: 489- 500.

LUBBOCK R., 1975. - Fishes of the family Pseudochromidae (Perciformes) in the northwest Indian
Ocean and Red Sea. J. Zool. (Lond.), 176: 115-157.

LUBBOCK R. & J.E. RANDALL, 1978. - Pseudochromis diadema, a new basslet (Teleostei:
Pseudochromidae) from Malaysia and the Philippine [slands. Rev. fr. Aquariol., 2: 37-40.

MAYR E., 1969. - Principles of Systematic Zoology. 428 p. New York: McGraw-Hill.

POWER A., 1969. - The Great Barrier Reef. 145 p. Dee Why West: Paul Hamlyn.

PYLE RL. & JJE. RANDALL, 1993. - A new species of Centropyge from the Cook Islands, with a
redescaption of Centropyge boylei. Rev. fr. Aquariol., 19: 115-124.

RANDALL J.E., 1995. - Coastal Fishes of Oman. 439 p. Bathurst: Crawford House Publishing.
RANDALL J.E., ALLEN GR. & R.C. STEENE, 1977. - Five probable hybrid butterflyfishes of the
genus Chaetodon from the central and western Pacific. Rec. West. Austr. Mus., 6: 3-26.
RANDALL J.E. & D. FRIDMAN, 1981.- Chaetodon auriga x Chaetodon fasciatus, a hybrd

butterflyfish from the Red Sea. Rev. fr. Aquariol., 7: 113-116.

RANDALL JE. & P.C. HEEMSTRA, 1991. - Revision of the Indo-Pacific Groupers (Perciformes:
Serranidae: Epinephelinae), with descriptions of five new species. Indo-Pac. Fish., 20: 1-332.

ROSEN D.E., 1979. - Fishes fromn the uplands and intermontane basins of Guatemala: revisionary
studies and comparative geography. Bull. Amer. Mus. Nat. Hist.. 162: 267-376.

RUSSELL B.C.,, 1983. - Annotated checklist of the coral reef fishes in the Capricorn-Bunker Group,
Great Barrier Reef, Australia. Grear Barrier Reef Mar. Park Author. Spec. Publ., 1: 1-184,

SCHWARTZ FE.T, 1972, - World literature to fish hybrids with an analysis by family, species, and
hybrid. Publ. Gulf Coast Res. Lab. Mus., 3: 1-328.



Fish species and subspecies: A call for change in taxonomic practice 87

SCHWARTZ F.T, 1981. - World literature to fish hybrids with an analysis by family, species, and
hybrid: Supplement 1. NOAA Techn. Rep., NMES SSRF 750: 1-507.

SLASTENENKO E.P., 1957. - A list of natural fish hybrids of the world. Hidrobiologi, (B)4: 76-97.

SMITH C.L., 1966. - Menephorus Poey, a serranid genus based on two hybrids of Cephalopholis fulva
and Paranthias furcifer. Amer. Mus. Novitates, 2276: 1-11.

SPRINGER V.G., 1988. - The Indo-Pacific blenniid fish genus Ecsenius. Smithson. Contr. Zool., 465: 1-

134,
STEENE R.C., 1978. - Butterfly and Angelfishes of the World. Vol. 1. Australia. 144 p. Sydney: AH. &
AW, Reed.

STIASSNY M.L.J., 1991. - Phylogenetic intrarelationships of the family Cichlidae: An overview. /n.
Cichlid Fishes. Behaviour, Ecology and Evolution (M.H.A. Keenleyside, ed.), pp. 1-35. London:
Chapman & Hall.

THOMPSON R. & J.L. MUNRO, 1978. - Aspects of the biology and ecology of Caribbean reef fishes:
Serranidae (hinds and groupers). J. Fish Biol., 12: 115-146.

WINTERBOTTOM R, 1986. - Revision and vicariance biogeography of the subfamily Congrogadinae
(Pisces: Perciformes: Pseudochromidae). Indo-Pac. Fish., 9: 1-34. [1985]

WINTERBOTTOM R. & R.C. ANDERSON, 1997.- A revised checklist of the epipelagic and
shorefishes of the Chagos Archipelago, central Indian Ocean. Ichthyol Bull. J.L.B. Smith Inst.
Ichthyol., 66: 1-28.






Proc. 5th Indo-Pac. Fish Conf., Nouméa, 1997
Séret B. & J.-Y. Sire, eds
Paris: Soc. Fr. Ichryol., 1999: 89-97

PRELIMINARY STUDY OF THE MORPHOLOGY OF
THE HEAD IN POMACENTRIDAE:
ADDUCTOR MANDIBULAE ORGANIZATION IN
DASCYLLUS ARUANUS (TELEOSTEI: PERCIFORMES)
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ABSTRACT. - The family Pomacentridae contains a great number of species, living mosty on coral
reefs. This diversity could be explained by the vanation of ecological characteristics. There are few
differences in external morphology that could explain this richness among damselfishes. One way to
approach this problem is to look for differences in the organization of internal structures. We chose to
start the study with the examination of the adductor mandibulae of Dascyllus aruanus, species widely
distributed in tropical and sub-tropical waters of the Indo-Pacific. This muscle exhibits a remarkable
complexity, more so than the variation previously described for the perciforms. With the different
sections (Al, A2, A3 and Aw), D. aruanus shows many original subdivisions, mainly in A2 and A3 and
their insertions.

RESUME. - Etude préliminaire de la morphologie de la téle des Pomacentridae: |'organisation de
I’adductor mandibulae chez Dascyllus aruanus (Teleostei: Perciformes).

La famille des Pomacentridae comprend un grand nombre d’especes qui vivent pour la plupart
dans les récifs coralliens. Cette biodiversité pourrait étre expliquée par la grande variabilité des niches
écologiques. 1l existe trés peu de différences dans la morphologie externe qui pourraient étre le reflet
de la richesse spécifique. Le but de cette étude est d’examiner les différences dans 1'organisation des
structures morphologiques liées a la prise de nourriture. Nous avons choisi de commencer ce travail par
I’observation du muscle adducteur de la mandibule chez Dascyllus aruanus, une espéce largement
répandue dans les eaux tropicales et sub-tropicales de la zone indo-pacifique. Ce muscle montre une
complexité remarquable, plus importante que celle qui a été décrite jusqu’a présent chez les Percifor-
mes. On retrouve d'une part les différentes sections habituellement décrites, & savoir Al, A2, A3 et Aw,
et d’autre part de nombreuses originalités, notamment dans la division en sous-faisceaux de A2 et A3.

Key-words. - Pomacentridae. Dascyllus aruanus, Morphology, Adductor mandibulae.

Among the higher teleost fishes, especially perciforms, the division of the adduc-
tor mandibulae muscle is variable, going from two divisions to the individualization of
four main divisions Al, A2, A3 and Aw, themselves sometimes being divided (Gosline,
1971; Winterbottom, 1974). This partitioning is observed in the Cichlidae (Chardon and
Vandewalle, 1971; Vandewalle, 1972; Liem and Osse, 1975; Liem, 1978, 1979; Stiassny,
1981), Embiotocidae (Stiassny, 1981) and Labridae (Van Hasselt, 1978, 1979a, 1979b;

(1) Université de Liege. Institut de Zoologie. Laboratoire de Morphologie fonctionnelle et évolutive, 22
quai Van Beneden. B-4020 Li¢ge, BELGIUM. {I.Gluckmann@ulg.ac.be]
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Stiassny, 1981; Westneat, 1990) and also in the Pomacentridae following Ciardelli
(1967) and Stiassny (1981).

The variability of the origins and insertions of different divisions is frequently
used to support hypotheses about phyletic relations (Rosen and Patterson, 1969; Gould
and Elderedge, 1977; Stiassny, 1981; Gosline, 1986). It is also used in ecomorphological
studies that tend to focus on the relations between structure and function (Osse, 1969;
Liem and Osse, 1975; Liem, 1978, 1979; Gosline, 1981, 1987, Motta, 1982; Dutta,
1987, Turingan, 1994). A precise description of this musculature can be useful for the
comprehension of diet diversity (Schaeffer and Rosen, 1961; Ciardelli, 1967; Elshoud-
Oldenhave, 1979; Liem, 1978, 1979).

The Pomacentridae contains at least 320 species found mostly in tropical and sub-
tropical waters (Allen, 1975, 1991). All these species show a similar external morphol-
ogy that contrasts with the diversity of habits and diet (Randall, 1967; Emery, 1973,
Allen, 1975, 1991; Coates, 1980; Montgomery, 1980). Thus, it seems interesting to
study the skeleton and muscle morphology of the feeding apparatus. It is in this way that
the present work on the adductor mandibulae is realized. This completes the first observa-
tions of the head osteology of Dascyllus aruanus (Gluckmann and Vandewalle, in press).

We chose D. aruanus (Linnaeus, 1758) (Pomacentridae, Chrominae) because it is
omnivorous, mainly feeding on small pelagic prey (Randall, 1967; Allen, 1991). This
species is widely distributed in tropical and sub-tropical waters and is already studied from
an ecological (Sweatman, 1983; Sikkel, 1995) and genetic perspective (Planes et al.,
1993).

The nomenclature of the adductor mandibulae is based upon Liem (1970), Winter-
bottom (1974) and Stiassny (1981).

MATERIAL AND METHODS

The specimens of D. aruanus (21 to 42 mm long) were collected on Laing’s Island
(Bismarck Sea, Papua New-Guinea) and in the lagoon of the north coast of Moorea
(Society Islands, French Polynesia).

Anatomical descriptions were made from observations of specimens fixed in 5%
formalin, and stored in 75% ethyl alcohol and dissected under a binocular WILD M5 mij-
croscope. Drawings were made with the aid of a camera lucida.

RESULTS

The adductor mandibulae is divided in four main divisions and nine subdivisions.

Al originates from the vertical limb of the preopercular and the hyomandibular.
Fibers, originally parallel, converge to a tendon (tAl) inserting on the medial face of the
maxilla, just under its premaxillary process (Fig. 1).

A2 is composed of two triangular shaped subdivisions. A2¢, the most lateral part,
originates from the crescentic zone of the horizontal limb of the preopercular, the quadrate
and the symplectic (Fig. 1). The deeper A2 arises from the quadrate (Fig. 2A). The ten-
dons that extend from those two parts merge and pass laterally to the angulo-articular
which fits to the lateral face of the coronoid process of the dentary (Fig. 1).
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Ala

Fig. 1. - Left lateral view of the neurocranium, suspensorium and adductor mandibulae muscles of
Dascyllus aruanus. A1-A3[2: portions of the adductor mandibulae, BASPH: basisphenoid, BOC: basioc-
cipital, EPOT: epiotic, EXOC: exoccipital, F: frontal, 10: interopercular, LETHM: lateral ethmoid, NA:
nasal, O: opercular, PA: parietal, PASPH: parasphenoid, PLSPH: pleurosphenoid, POP: preopercular,
PROT: prootic, PTOT: pterotic, SO: subopercular, SOC: supraoccipital, SPOT: sphenotic, tAl-tA3aa:
tendon of the adductor mandibulaec-Al-A3a, VO: vomer.

A3 is composed of two divisions. A3P is subdivided. A3 is thin and appears be-
tween A) and A2 (Figs 1, 2A,B). It extends from the preopercular and the hyomandibular
to the anterior aponeurosis. Its fibers are parallel from the origin to this aponeurosis. On
that spot, dorsal fibers extend in a thin tendon (tA3aa) that merges with tAl (Fig. 1),
while ventral fibers extend downwards into a tendon (tA3ab) that first merges with tA3p,
then separates from it and passes along the medial tace of the angulo-articular (Figs 2B,
4). The most inner fibers mix with those of the subdivision A3B1. The tA3ab is extended
by the Aw2 division that arises from the internal face of the angulo-articular and the den-
tary (Fig. 4). A3a and Aw2 form a two headed muscle intervened by a tendon.
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ECPT ENPT A3p3

Fig. 2. - Left lateral view of the suspensorium and adductor mandibulae muscles of Dascyllus aruanus.
A. After removal of Al and A2c. B. After removal of Al, A2c and A2B. C. After removal of Al,
A20, A2B and A3c.. A2B- A3B3: portions of the adductor mandibulae, ANG: angulo-articular, DENT:
dentary, ECPT: ectopterygoid, ENPT: entopterygoid, HM: hyomandibular, MAX: maxillar, PAL: pala-
tine, PMAX: premaxillar, POP: preopercular, Q: quadrate, RAR: retroarticular, tA3ab: tendon of the
adductor mandibulae-A30.

The subdivisions of A3[ are recognizable by their fiber orientation. They all in-
sert on the developed tA3B (Figs 2C, 3). The fibers of the most lateral subdivisions A3[1
arise from the symplectic, the quadrate, the metapterygoid, the hyomandibular, the preop-
ercular and insert on the external side of tA3B. Some of the fibers situated under A3o mix
with this one. The subdivision A3B2 originates from the dorsal part of the hyomandibular
and the preopercular. Those fibers converge to attach themselves to the extremity of
tA3P. The most median section, A3B3, arises from the metapterygoid and the ventral part
of the hyomandibular flange. It inserts on the inner side of tA3B, near the insertion of
dorsal division A3B1. The tA3[ inserts on the medial face of the lower jaw, on the coro-
nomeckelien (Fig. 4).
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Fig. 3. - Left lateral view of the suspensorium and adductor mandibulae muscles of Dascyllus aruanus.
A. After removal of Al, A2a, A2B, A3c and A3BIL. B. After removal of Al, A20. and A2B. C. After
removal of A1, A2a, A2B, A3a, A3P1 and A3P2. A3B2-A3PB3: portions of the adductor mandibulae,
MEPT: metapterygoid, SY: symplectic. tA3p: tendon of the adductor mandibulae-A30.

Fig. 4. - A. Medial view of the lower jaw of Dascyllus aruanus. B. After removal of Awl. Awl- An2:
portions of the adductor mandibulae, ANG: angulo-articular, DENT: dentary, LMC: mandibulo-
ceratohyal ligament, T: teeth, tA302-tA3B-tAw!: tendon of the adductor mandibulae-A3a2-A3B-Awt.

Awm]! originates on the medial face of the angulo-articular. It partially covers Aw2
and tA3. Its fibers converge posteriorly in a tendon tAwl, which inserts on the medial
face of the quadrate and the preopercular (Fig. 4A).

DISCUSSION

The variability of the different divisions of the adductor mandibulae in perciforms
is a character often used in a taxonomy to establish the relationship between the different
groups (Rosen and Patterson, 1969; Gould and Elderedge, 1977; Stiassny, 1981, Gosline,
1986). The only constant fact is the partitioning of the adductor into two divisions, the
most developed one constituting the cheek muscles (Al, A2, A3) and a smaller part, situ-
ated on the medial face of the lower jaw (Aw) (Winterbottom, 1974; Gosline, 1986). Indi-



94 GLUCKMANN ET AL.

vidual variation among species is associated with the evolution of jaws protrusion in
acanthopterygian fishes (Osse, 1969). The multiplicity of these divisions could be bound
to the various possibilities of modulation in the mouth opening in higher perciforms
(Liem, 1993).

The lower perciforms, such as the nandid Polycentrus schomburgkii, show only
one division AM inserted on the maxilla and the medial face of the lower jaw, and the
division Aw (Liem, 1970).

In the higher perciforms, derived taxa have progressively more divisions. In some
Serranidae (Alexander, 1967; Stiassny, 1981; Benmouna et al., 1984a; Vandewalle et al.,
1986), Embiotocidae (Stiassny, 1981), Mullidae (Vandewalle er al., 1986), two divisions
are clearly separated anteriorly. The dorsal division inserts on the maxilla and the ventral
division on the lower jaw. The dorsal part is named Al and the ventral one, A2,3. In other
species, as the nandid Nandus nebulosus (following Liem, 1970) and some chaetodontids
(Motta, 1982), there is a lateral division inserting on the maxilla and the lower jaw, and a
medial division inserting only on the lower jaw. The lateral part is named AlA2, and the
medial one, A3.

In the Percidae (Osse, 1969; Elshoud-Oldenhave, 1979) and Centracanthidae
(Vandewalle et al., 1986), the distinction between A2 and A3 becomes clearer. In Cichli-
dae (Chardon and Vandewalle, 1971; Liem and Osse, 1975; Liem, 1978, 1979; Stiassny,
1981; Vandewalle, 1972), Labridae (Stiassny, 1981; Van Hasselt, 1978, 1979a, 1979b;
Westneat, 1990) and the Sparidae (Vandewalle et al., 1995; Hernandez and Motta, 1997),
the divisions Al, A2 and A3 are clearly separated.

The Al section always inserts on the maxilla, by one or more tendon (t). In many
species, tAl attaches on the medial face of this bone. We found this situation in the
Nandidae (Liem, 1970), the Chaetodontidae (Motta, 1982), the Embiotocidae (Stiassny,
1981), the Centracanthidae (Vandewalle er al., 1986), the Pomacentridae (Ciardelli, 1967;
Stiassny, 1981) and the Cichlidae (Chardon and Vandewalle, 1971; Vandewalle, 1972;
Liem and Osse, 1975; Liem, 1978, 1979; Stiassny, 1981). Westneat (1990) described the
same type of insertion in the Labridae. Otherwise, Stiassny (1981) described an insertion
on the edge of the premaxillary process of the maxilla, which she interprets as a synapo-
morphy of the family. In the Percidae (Osse, 1969; Elshoud-oldenhave, 1979), Al inserts
on the lateral face of the maxilla, whereas, in the Serranidae (Alexander, 1967; Stiassny,
1981; Benmouna et al., 1984a) and the Sparidae Diplodus sargus (Vandewalle et al., 1986;
Vandewalle er al., 1995), it inserts on the lateral and the medial face of this bone. Usually,
Al does not only insert on the maxilla. In the Cichlidae (Chardon and Vandewalle, 1971;
Vandewalle, 1972; Liem and Osse, 1975; Liem, 1978, 1979; Stiassny, 1981), a tendon
attaches to the medial face of the Jower jaw. In some mullids (Vandewalle et al., 1986),
percids (Osse. 1969; Elshoud-oldenhave, 1979), serranids (Alexander, 1967, Stiassny,
1981, Benmouna et al., 1984a), centracanthids (Vandewalle et al., 1986), labrids (Van
Hasselt, 1978, 1979a, 1979b; Stiassny, 1981; Westneat, 1990) and the sparid D. sargus
(Vandewalle et al., 1986; Vandewalle et al., 1993), a tendon arises from Al to tA3. In the
sparid Archosargus probatocephalus, a tendon arises from Al to tA2 (Hernandez and
Motta, 1997). Following Stiassny (1981), fibers of ventral portion of Al insert aponeu-
rotically on the lateral face of the dentary in labrids.

In many species, A2 inserts on the medial face of the ascending process of the an-
gulo-articular. This situation is not common. In the Sparidae D. sargus (Vandewalle e! al.,
1995), A2 inserts on the medial face of the angulo-articular and the dentary. In the Labri-
dae (Van Hasselt, 1978, 1979a, 1979b;, Stiassny, 1981; Westneat, 1990) and the
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Pomacentridae (Ciardelli, 1967; Stiassny, 1981), this division inserts on the lateral face
of the coronoid process of the dentary. Stiassny (1981) determined it to be A1f. The
medial division then being named A2,3. It seems to be more usual to name this division
A2. The deeper one is named A3, following Winterbottom (1974) and Van Hasselt (1978,
1979a, 1979b). In D. sargus. A2 has a tendon directly attached on the maxillary
(Vandewalle et al., 1995). This situation is not described in the sparid A. probatocephalus
(Hernandez and Motta, 1997).

In many perciforms, A3 inserts at least on the coronomeckelien, except in the
Nandidae. In these fishes, AM in P. scomburgkii and A3 in N. nebulosus converge into a
tendon extending past A® (Liem, 1970). In many perciforms, A3 inserts on the coro-
nomeckelien and is connected with Aw (Serranidae (Alexander, 1967; Stiassny, 1981,
Benmouna et al., 1984a), Mullidae (Vandewalle er al., 1986), Sparidae (Vandewalle et al.,
1986; Vandewalle er al., 1995), Embiotocidae (Stiassny, 1981), Ceniracanthidae
(Vandewalle er al., 1986), Labridae (Van Hasselt, 1978, 1979a, 1979b; Stiassny, 1981;
Westneal, 1990) and Pomacentridae (Ciardelli, 1967, Stiassny, 1981)). In the Chaetodon-
tidae (Motta, 1982), the Cichlidae (Chardon and Vandewalle, 1971, Vandewalle, 1972,
Liem and Osse, 1975; Liem, 1978, 1979; Stiassny, 1981) and the Percidae (Osse, 1969;
Elshoud-oldenhave, 1979). there is no connection between A3 and Aw. In D. sargus
(Vandewalle er al., 1995), a tendon arises from A3 and inserts on the maxilla.

Aw is often formed by a single division, which covers a large part of the dentary
and angulo-articular medial faces. However, it can be less extensive: in the Nandidae N.
nebulosus, it only covers the dentary (Liem, 1970), and in the Sparidae (Vandewalle er al.,
1986) and the Pomacentridae (Ciardelli, 1967, Stiassny, 1981), it only inserts on the
angulo-articular. Moreover, in D. sargus, it is divided into two subdivisions, Aw and Aw’
(called A3’ in Vandewalle er al., 1995). Aw is related to the medial face of the quadrate and
AW’ is related to tA3.

The adductor mandibulae in D. aruanus shows is more complex than those described
until now in other perciforms. With the different divisions described (A1, A2, A3 and Aw),
D. aruanus shows many novelties in the divisions, mainly in A2 and A3 and in their inser-
tions. A good careful examination of the complexity of the cranial musculature, and more
particularly of the adductor mandibulae, could explain how the remarkable adaptive radia-
tion of the Pomacentridae has been formed.
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BIOGEOGRAPHY OF THE NEARSHORE MARINE FISH FAUNA
OF THE KIMBERLEY, WESTERN AUSTRALIA

by

J. Barry HUTCHINS (1)

ABSTRACT. - The marine fauna of the Kimberley, Western Australia, was surveyed on four occa-
sions during the years 1991-1996. This produced a total of 469 species, 70% of which have ranges
exiending well outside the Australian region. Species shared with the remainder of tropical Australia
accounted for 8% of the total, while 5% are species shared between Western Australia and the North-
ern Territory. Endemic Western Australian species accounted for 3%, and only 1% are confined to the
Kimberley. Although many areas still remain to be visited, the results of these surveys indicate that
coastal waters of the Kimberley can be divided into three faunal zones: South-west Kimberley, North
Kimberley and North-east Kimberley. The south-western portion is inhabited by a fauna which shares
many species with the Pilbara region to the south, whereas the north-eastern portion supports some
species that are nore characteristic of the Northern Territory than Western Australia. The northern
portion contains all of the species that are endemic to the Kimberley, and its fauna is probably the most
representative of the Kimberley area.

RESUME. - Biogéographie de la faune ichtyologique des cotes du Kimberley. Australie occidentale.

La région du Kimberley a é1é prospectée quatre fois entre 1991 et 1996. Parmi les 469 espéces
de poissons recensées, 70% ont une répartition qui va bien au-dela de la région Australienne, 8% sont
présentes dans toute la zone tropicale (dont fait partie le Kimberley), 5% sont observées aussi dans le
Territoire du Nord, 3% sont endémiques pour I’ Australie occidentale et 1% sont confinées a la région
du Kimberley. Bien que plusieurs zones n’aient pas encore été prospectées, la région du Kimberley
peut étre subdivisée en trois aires faunistiques: Sud-Ouest, Nord et Nord-Est. La faune du Sud-Ouest est
treés proche de celle de la région de Pilbara au Sud. Les especes de la zone du Nord-Est sont apparem-
ment plus typiques du Territoire du Nord. Les esp¢ces endémiques de la région se trouvent dans la
portion Nord du Kimberley.

Key-words. - Ichthyofauna, ISW, Western Australia, Kimberley, Biogeography, Biodiversity, Inven-
tory.

The Kimberley coast of Western Australia (Fig. 1) is one of the most isolated and
under-populated areas of Australia. Morphologically, it ranges from rugged uplifted pla-
teaux that have been heavily eroded to river deltas with extensive networks of mangal.
Until recently, investigations of its nearshore fauna had been minimal because of the
difficulty of reaching much of the region, and the inhospital nature of its environment.
Furthermore, 4-5 months of the year are usually unsuitable for fieldwork due to possibility
of cyclonic weather conditions. In 1991, the Western Australian Museum conducted sur-
veys in the region between Wyndham and Broome using a chartered vessel (Morgan,

(1) Western Australian Museum, Department of Aquatic Zoology, Francis St, Perth, Western Australia
6000, AUSTRALIA. [hutchb@museum.wa.gov.au]



100 HUTCHINS

- 15°8

1. Cai levegl:e

2. Bonoparte Archipekago

3. Cape Londonderry Rowley

4. Cape Rulhieres Shoats_ ©

5. m George River :

6. eley River [ ] .
Waters of moderate -

B o high turbidity A

Fig. 1. - Map of tropical Western Australia showing the Kimberley and adjacent regions.

1992). This was followed by three more cruises organised jointly by the Western Austra-
lian Museum, the University of Western Australia and the Northern Territory Museum
(Wells er al., 1995, Walker er al., 1996; Walker, 1997). The fishes collected and observed
on these expeditions (Allen, 1992; Hutchins, 1995, 1996b; Morrison and Hutchins,
1997) have added greatly to our knowledge of the Kimberley’s marine fauna. Even though
many areas still remain unexplored, these data indicate that the nearshore Kimberley is
inhabited by a fauna that generally has much in common with other nearshore areas of
tropical Australia. Nevertheless some unique species assemblages help distinguish the
Kimberley from its neighbours, and also aid in the division of its coastal waters into
several apparent biogeographical zones (Fig. 1). The purposes of this paper are 1) to pre-
sent a preliminary account of the distribution and diversity of the nearshore fishes of the
Kimberley, 2) to contrast this with other areas of tropical Western Australia, and 3) brie-
fly to compare the fishes of north-western Australia with those of north-eastern Australia.

The coastal waters of northern Australia can be broadly divided into two catego-
ries: 1) waters which are turbid for much of the year, and 2) waters which are usually of
good clarity. The former are found inshore where rivers, mangroves and large tidal fluctua-
tions contribute to the turbidity. Waters of good clarity occur offshore although these may
be nearshore where river outflow is minimal. In Western Australia, the whole coastline
from Exmouth Gulf northwards is bathed in waters of moderate to high turbidity (Wilson,
1994) (Fig. 1). Offshore the waters are of good clarity, although these conditions are also
found inshore along the mainland coast to the south of Exmouth Gulf where river outflow
is generally low. The nearshore region of the Kimberley has the highest turbidity, particu-
larly in the vicinity of the two largest bodies of semi-enclosed waters, King Sound and
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Cambridge Gulf (Brooke, 1995, 1997). Both of these areas are fed by large rivers and
possess tidal fluctuations of up to 11 m. Enormous areas of tidal mud flats and mangroves
are the source of much of the silt affecting these waters (Semeniuk, 1981).

The nearshore fish fauna of the Kimberley, based on collections and visual surveys
made by both terrestrial and underwaler observers - the latter to depths of 35 m - is briefly
summarised in table I. Wide-ranging species predominate, comprising almost 70% of the
469 species recorded. The next highest category consists of species found only in tropical
Australia (sometimes also ranging along the southern coastline of Papua New Guinea)
with 8% of the total number. Western Australian endemics make up about 3% and are listed
in table II (less than 1% are endemic to the Kimberley); this number could change as there
is still considerable work to be done in some families. The families with the highest
numbers of species were the Gobiidae (approx. 66 species), Labridae (34), Pomacentridae
(31), Apogonidae (20), Serranidae (18), and Blenniidae (18). The majority of species
recorded were associated with hard substrates (rocky/coral reefs and intertidal rockpools),
although samples were taken from soft bottom habitats, and small epipelagic fishes were
collected - often at night - using dipnets.

Most of the 469 species are able to tolerate waters of moderate turbidity and strong
tidal currents. Many range south to Exmouth Gulf (only 75 species have not been found
south of the Kimberley, see table II[) and also eastwards across the Northern Territory to
Queensland. However, the fauna is depauperate in comparison with the number recorded for
the nearby offshore atolls of Rowley Shoals, Scott and Seringapatam Reefs, and Ashmore
Reef (approx. 1,000 species [Done ef al., 1994]).

Table 1. - Biogeographical Analysis of Kimberley Fishes.

Distribution Number of species
Wide-ranging 320
WA, NT, Qid (sometimes to PNG) 39
WA and NT 22
WA and South-East Asia 19
WA only 15
Northern Australia and South-East Asia 10
Uncertain 44
Total species 469

Table II. - Endemic species of Western Australia recorded during this study. *: known only from the
Kimberley.

Family Species Family Species
Muraenidae Gymnothorax sp.* Apogonidae Pseudaniia sp.
Batrachoididae Barrachomoeus dahli Prerapogon mirifica
Atherinidae Crarerocephalus pauciradiarus || Sparidae Acanthopagrus palmaris
Serranidae Epinephelus bilobatus Lethrinidae Lethrinus sp.
Pseudochromidae | Assiculoides desmonorus* Pomacanthidae | Chaetodontoplus personifer

Labracinus lineatus Scaridae Scarus sp.
Notograptidae Notograptus sp.* Blenniidae Cirripectes alleni*
Monacanthidae | Cofurodontis paxmani
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Evidence suggests that the nearshore fishes are not distributed evenly throughout
the Kimberley. While the majority of species occur on the central Kimberley coast, some
species were found only in the south-west, and others only in the north-east. Analysis of
these distributions allows the Kimberley coast to be divided into three zones (Fig.
South-west Kimberley, North Kimberley, and North-east Kimberley.

Table 1. - Species not or rarely found south of the Kimberley.

1):

Family Species Family Species
Muraenidae Gymnothorax longinquus Labridae Bodianus mesothorax
Gyninothorax pseudothrysoideus Diproctacanthus xanthurus
Gymnothorax sp. Halichoeres melanurus
Uropterygius sp. Halichoeres purpurescens
Ophichthidae Muraenichthys macropterus Pseudocheilinus hexataenia
Ophichthus sp. Opistognathidae | Opistognathus reticulatus
Clupeidae Dussumieria elopsoides Pholidichthyidae [ Pholidichthys anguis
Engraulididae Encrasicholina devisi Blenniidae Cirripectes alleni
Stolephorus indicus Ecsenius lividinalis
Stolephorus sp. Omobranchus ferox
Plotosidae Paraplotosus muelleri Omobranchus lineolatus
Hemirhamphidae | Rhynchorhamphus georgii Gobiidae Amblyeleotris gymnocephalus
Zenarchopterus gilli Amblygobius nocturnus
Platycephalidae Papilloculiceps bosschei Amova madrasparensis
Serranidae Cephalopholis leopardus Boleophthalmus caerul ularus
Epinephelus ongus Butis amboinensis
Pseudochromidae | Assiculoides desmonotus Cryprocentroides insignis
Labracinus cyclopthalmus Cryprocentrus cinclus
Notograptidae Notograpius sp. Cryprocentrus strigilliceps
Apogonidae Apogon lareralis Drombus mriangularis
Apogon unicolor Favonigobius melanobranchus
Gymnapogon urospilotus Glossogobius circumspectus
Pseudamia nigra Gobiopsis aporia
Leiognathidae Gazza achlamys Macrodontogobius wilburi
Lutjanidae Lutjanus johnit Pandaka lidwilli
Haemulidae Plectorhinchus gibbosus Paragobiodon xanthosonus
Chaetodontidae Chaerodon vagabundus Pleurosicva fringilla
Chelimon muelleri Prionobutis microps
Pomacanthidae Chaetodontoplus mesoleucus Microdestidae Parioglossus palustris
Pomacentridae Acanthochromis polvacanthus Parioglossus philippinus
Amblivglyphidodon barunai Siganidae Siganus vulpinus
Amphiprion ocellaris Soleidae Aseraggodes klunzingeri
Chrysiprera rollandi Rendahlia jaubertensis
Dischistodus darwiniensis Tetraodontidae Arothron nigropuncrarus
Hemiglyphidodon plagiomeropon Chelonodon patoca
Pomacentrus adelus Marilyna darwinii
Pomacenirus littoralis Diodontidae Cvclichthys orbicularis
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The fishes inhabiting the south-western portion are a continuation of the fauna
found along the Pilbara coast to the south, i.e., from Exmouth Gulf to near Broome. This
zone is characterized by an arid to semi-arid climate and bas few large rivers flowing into
the sea. Numerous species occur no further north than Cape Leveque, whereas others that
are present in moderate numbers south of Cape Leveque were found only in small numbers
to the north (Table V). This suggests that some environmental conditions in the Cape
Leveque area are preventing these species from ranging further northwards. One barrier to
dispersal would appear to be water quality as turbidity increases greatly in the King Sound
area just to the north of Cape Leveque. In addition, a coastal morphological zone boundary
(Wright, 1964; Brooke, 1995) and botanical zone boundary (Semeniuk et al., 1978;
Beard, 1990) are known to exist at Cape Leveque.

The North-east Kimberley includes Cambridge Gulf with its large river deltas. [t
has a moderate to heavy rainfall during the summer causing a heavy outflow from its riv-
ers. The waters in Cambridge Gulf are exceptionally turbid, a condition which extends
north-west along the coast. Furthermore, there are two large rivers to the west, the King
George and the Berkley, which contribute to this turbidity. This region possesses fish
species that are more typical of the Northern Territory (Table V). Some of these range at
least to the mouth of the King George River but are absent from areas further to the west.
For example, intertidal rock pools in the North-east Kimberley contain the chaetodontid
Chelmon muelleri, whereas those in the North and South-west Kimberley contain C. mar-
ginalis. In addition, only one endemic Western Australian species - Acanthopagrus pal-
maris - was recorded to the east of the mouth of the King George River, and this was on
the basis of only a single specimen. A coastal morphological zone boundary (Brooke,
1995) and apparent botanical boundary (Semeniuk et al., 1978) exist in the region of

Table IV. - Species not or rarely recorded north of Cape Leveque.

Family Species Family Species
Serranidae Epinephelus bilobatus Sphyraenidae Sphyraena obtusaia
Epinephelus multinotatus Labridae Choerodon cauteroma
Grammistidae Diploprion bifasciarum Coris aygula
Pseudochromidae | Assiculus puncratus Coris caudimacula
Labracinus linearus Coris picloides
Apogonidae Apogon cavitiensis Trypterygiidae Helcogramma striatus
Lethrinidae Lethrinus sp. Blenniidae Petroscirtes breviceps
Nemipteridae Pentapodus emeryii Gobiidae Valenciennea alleni
Scolopsis taeniopterus Acanthuridae Cienochaetus striatus
Kyphosidae Kvphosus vaigiensis Monacanthidae Colurodontis paxmani
Chaetodontidae Coradion chrysozonus Ostraciidae Rhynchostracion rhinorhynchus
Pomacanthidae Chaetodontoplus personifer Tetraodontidae Arothron stellatus
Pomaceniridae Pomacenirus nagasakiensis Diodontidae Diodon liturosus
Family Species Table V. - Spgcies not or rz}rely recorded to the
- - west of the King George River.
Hemiramphidae Rhynchorhamphus georgii
Apogonidae Apogon lateralis
Pseudania nigra
Chaetodontidae Chelmon muelleri
Tetraodontidae Chelonodon patoca
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Cape Rulhieres near the King George River mouth, so this area may also represent a bar-
rier to dispersal for some species of fish. However, only a small number of fish surveys
have been done along this portion of the coastline, so insufficient information is cur-
rently available to test this hypothesis.

The North Kimberley receives the highest rainfall of the three zones (up to
1,600 mm per wet season) and also has waters with some of the highest turbidity. How-
ever, some of its outer islands, particularly in the Bonaparte Archipelago (Fig. 1), are
surrounded by waters of low to moderate turbidity only. Its coastal morphology is also
diverse, and for this reason attracted most of the survey activity (430 species recorded)
during the present study. The individual sites with the highest diversities were in the outer
islands where up to 75 species per dive were recorded. However, one mainland site near
Cape Londonderry - the northernmost point of mainland Western Australia - produced 72
species which was exceptional (inshore surveys usually produced totals of only 20-30
species per site). Table VI lists some of the species found commonly in this zone but not
or rarely in the other two. A number of the species recorded from the outer islands were
transients from the offshore atolls, and were present in low numbers only.

In order to compare the fishes of the Kimberley with those of other regions of
Western Australia’s northern half, the following analysis concentrates on the composi-
tion of four families, the Chaetodontidae, the Pomacentridae, the Labridae, and the Acan-
thuridae. These families were selected because each is well known taxonomically, the
distributions of their species in Western Australia have been extensively documented, and
all are readily visible to divers. An examination of their diversity in each region is a good

Table VI. - Species commonly recorded in the North Kimberley, but not or rarely found in the South-
west and North-east Kimberley.

Family Species Family Species
Muraenidae Gymnothorax sp. Pomacentridae Acanthochromis polvacanthus
Plotosidae Paraplotosus muelleri Amblyglyphidodon batunai
Serranidae Epinephelus ongus Pomacentrus adelus
Pseudochromidae | Assiculoides desmonotus Labridae Halichoeres melanurus

Labracinus cylophthalmus Opistognathidae Opistognathus reticularus
Notograptidae Notograptus sp. Blenniidae Cirripectes alleni
Pomacanthidae Chaetodontoplus mesoleucus

Table VII. - Numbers of tropical species of four families occurring in various regions of northern
Western Australia (abbreviations: Ningal - Ningaloo Reef; Monteb - Monte Bello Islands; Damp -
Dampier Archipelago; Kimb - Kimberley; Rowley - Rowley Shoals; Scott/S - Scott and Seringapatam
Reefs; Ashmor - Ashmore Reef, N WA - northern Western Australia) (sources: Allen, 1991, 1992,
1993a, 1993b, 1996; Allen and Hutchins, unpubl. data; Allen and Russell, 1986; Hutchins, 1978, 1994,
1995, 1996a, 1996b; Hutchins et al.. 1995).

Ningal | Monteb | Damp | Kimb | Rowley | Scott/S| Ashmor | N WA
Chaetodontidae 24 17 18 13 25 31 30 42
Pomacentridae 40 7 32 3t 49 60 72 93
Labridae 59 37 40 34 58 63 59 100
Acanthuridae 22 It 9 6 20 23 27 32
Totals 145 102 99 84 152 177 188 267
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indicator to the richness of other families there, especially those that are not as well
known. This in turn can be used to produce a reasonably simple method to quickly assess
the relative diversity of the fishes inhabiting each region (Done et al., 1994).

Table VII shows the number of tropical species in each family in seven regions of
Western Australia. The Jast column gives the total number of species known for each
family in the northern half of Western Australia (excluding trawl-caught and deepwater
species). This comparison indicates that the lowest diversity occurs in the nearshore
waters of the Kimberley, followed by the Dampier Archipelago and the Monte Bello Is-
lands. Ningaloo Reef and the Rowley shoals are similar in species numbers, being only a
little lower than Scott and Seringapatam Reefs, with Ashmore Reef having the highest
diversity. The regions possessing high diversities all occur in areas of good water visibil-
ity while those with low diversities are located in areas with turbid waters. One exception
is the offshore Monte Bello Islands which has a fish fauna more similar to that of the
inshore Dampier Archipelago. Perhaps the location of the Monte Bello Islands well to the
east of the 200 m contour line (Fig. 1) indicates that conditions there are less oceanic
than at Ningaloo Reef which is located on the mainland coast but close to this depth con-
tour. Certainly the turbidity of the waters surrounding the Monte Bello Islands can in-
crease dramatically following a cyclonic weather disturbance (Hutchins, pers. obs.). The
effect of a heavy outflow of silt-laden waters from the many rivers along the Pilbara coast
can be seen many kilometres out to sea. Nevertheless, the Monte Bello Islands and Dam-
pier Archipelago generally have less turbid waters than the Kimberley, and as a direct
result, have comparatively higher fish diversities.

The ten most abundant reef species, based on visual surveys, for the nearshore
Kimberley are shown in table VII1, together with the ten most abundant from the Dampier
Archipelago, Ningaloo Reef and the offshore atolls for comparison. The Kimberley and
Dampier Archipelago species lists are almost identical, the most notable difference being
the pomacentrid Acanthochromis polyacanthus which does not occur to the south of the
Kimberley. As expected, the list for the offshore atolls generally has little in common
with those from either the nearshore Kimberley or Ningaloo Reef. This suggests that the
turbid water fauna along the coastline of Western Australia’s northern half is more consis-
tent in species composition than the fauna of non-turbid water areas. Furthermore, at least
five of the Kimberley and Dampier Archipelago specics are also abundant in inshore wa-

Table VI - Ten most abundant species at four areas in northern Western Australia (listed in decreas-
ing order of abundance).

Kimberley Dampier Archipelago Ningaloo Reef Offshore Atolls
(Abudefduf bengalensis Pomacentrus milleri Thalassoma lunare Dascyllus aruanus
Pomacentrus milleri Neopomacentus azysron | Thalassoma lutescens Pomacenirus adelus
Choerodon cyanodus Halichoeres nigrescens Chromis atripectoralis Amblyglyphidodon curacao
Acanthurus grammoptilus Abudefdif bengalensis Pomacentrus vaiuli Ctenochaetus striatus
Lutjanus carponotatus Thalassoma lunare Pomacenirus moluccensis Chromis viridis
Halichoeres nigrescens Chaetodon aureofasciatus | Abudefduf sexfasciarus Chrysiptera hemicyanea
Dischistodus darwiniensis Lutjanus carponotatus Pomacentrus coelestis Chroniis ternatensis
Neopomacentrus azysron Acanthurus grammoptilus | Pomacentrus millert Pomacentrus lepidogenys
Acanthochromis polyacanthus | Caesio cuning Scarus sordidus Scarus sordidus
Chaetodon aureofasciatus Choerodon cyanodus Plectroglyphidodon lacrymatus | Hipposcarus longiceps
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ters of Queensland. Finally, not one Western Australian endemic is included in these lists
of most abundant species (by contrast, endemic species in subtropical and temperate
waters of Western Australian comprise the majority of the most often sighted species, see
Hutchins, 1994).

Table IX presents a comparison of offshore and inshore fish numbers for the four
families mentioned above between northern Western Australia and Queensland. Published
species lists for nearshore waters of Queensland were not available, but the results of
numerous years of sampling at Orpheus Is. by James Cook University (Bellwood, unpubl.
data) show some similarity in species numbers to those of the Kimberley. Orpheus Is.,
which is located a few kilometres off the Queensland coast just to the north of Townsville,
is at about the same latitude as Broome in the southern Kimberley. Species diversity at
Orpheus Island is comparatively low due to the moderate turbidity of the surrounding
waters. The offshore Coral Sea islands have a much higher species diversity which is
comparable to those at the offshore atolls in Western Australia. Interestingly, total spe-
cies numbers for north-western reefs of Western Australia and those of the Great Barrier
Reef also show little difference. The unexpected richness of the former reefs is probably
due to the close proximity of the rich Indonesian faunal region.

CONCLUSION

In conclusion, the nearshore marine fish fauna of the Kimberley, which at present
totals 469 species, is apparently typical of other turbid water areas of northern Australia.
A proportion of its fauna (3%) is endemic to Western Australia which provides a small but
distinctive component (only 1% is endemic to the Kimberley). Whereas the south-western
portion of the Kimberley supports species more typical of the Pilbara region to the south,
the north-eastern portion is inhabited by species apparently more representative of the
Northern Territory. The northern portion contains a majority of species that typify the
Kimberley. These preliminary findings suggests that the Kimberley should be divided into
three faunal zones, a south-western, a northern and a north-eastern one.

Table 1X. - Numbers of tropical species of four families occurring in various areas of north-western
and north-eastern Australia (abbreviation: Rowley, Scott, Ash - Rowley Shoals, Scott and Seringapatam
Reefs, and Ashmore Reef) (sources: Allen, 1988; Randall et al., 1990; Bellwood, unpubl. data: see also
references listed for table VII).

Western Australia Queensland
North-western Rowley, Kimberley | Orpheus | Coral Sea | Great Barrier

reefs Scott, Ash Island islands Reef

Chaetodontidae 42 36 13 17 31 43
Pomacentridae 93 78 31 38 67 92
Labridae 100 78 34 33 70 105
Acanthuridae 32 29 6 5 31 33
Totals 267 221 84 93 199 273




Nearshore marine ichthyofauna of the Kimberley, Western Australia 107

Acknowledgements. - | wish to thank my co-workers on the Kimberley fish surveys, G.R. Allen and
S.M. Morrison for allowing me to use their data. I would also like to acknowledge one of the organisers,
F.E. Wells (Western Australian Museum), for inviting me to participate in this study. [ am particularly
grateful 10 the following specialists for help with identifications: G.R.Allen, Westen Australian Museum
(Apogonidae and Pomacentridae), A.C. Gill, Natural History Museum (Pseudochromidae), and H.
Larson, Northern Territory Museum (Gobiidae, Microdesmidae and Pholidichthyidae). D.R. Bellwood,
James Cook University, kindly sent me portions of a preliminary fish list for Orpheus Island, while A,
Thompson, Australian Institute of Marine Science, made available information on the fishes of northern
Queensland. Finally S.M. Morrison provided much help with the onerous task of identification and
curation of the Kimberley collections.

REFERENCES

ALLEN G.R,, 1988. - The Fishes of the Coral Sea. Unpubl. rep. [S1 p. Canberra: Australian National
Parks and Wildlife Service.

ALLEN G.R,, 199]. - Damselfishes of the World. 271 p. Melle (Germany): Mergus.

ALLEN G.R,, 1992. - Fishes. In: Survey of the aquatic Fauna of the Kimberley Islands and Reefs,
Western Australia (Morgan G.J., ed.), pp. 62-74. Unpubl. rep. Perth: West. Aust. Mus.

ALLEN G.R., 1993a. - Fishes of Ashmore Reef and Cartier Island. /n: Marine faunal Survey of
Ashmore Reef and Cartier Island, North-western Australia (Berry P.F, ed.). Rec. West. Aust.
Mus., Suppl. 44: 67-91.

ALLEN G .R., 1993b. - Fishes. In: A Survey of marine Fauna and Habitats of the Monte Bello Islands
(Berry P.F., ed.). pp. 85-104. Unpubl. rep. Perth: West. Aust. Mus..

ALLEN G.R., 1996. - New records of reef and shore fishes from north-western Australia. Rec. West.
Aust. Mus., 18: 109-112.

ALLEN G.R. & B.C. Russell, 1986. - Fishes. In: Faunal Surveys of the Rowley Shoals, Scott Reef, and
Seringapatam Reef, North-western Australia (Berry P.F., ed.). Rec. West. Aust. Mus., Suppl. 25:
79-103.

BEARD J.S,, 1990. - Plant Life of Western Australia. 319 p. Sydney: Kangaroo Press.

BROOKE B.P, 1995. - Geomorphology. /n: Survey of the marine Biota of the southern Kimberley
Islands (Wells F.E., Hanley J.R. & D.1. Walker, eds), pp. 21-57. Unpubl. rep. Perth: West. Aust.
Mus.

BROOKE B.P., 1997. - Geomorphology of the northern Kimberley coast. /n: Survey of the marine Biota
of the eastern Kimberley, Western Australia (Walker D1, Wells FE. & J.R. Hanley, eds),
pp. 1 1-35. Unpubl. rep. Perth: Univ. West. Aust.

DONE T.J., WILLIAMS D. McB., SPEARE P., TURAK E., DAVIDSON J.. DE VANTIER LM,
NEWMAN SJ. & J.B. HUTCHINS, 1994. - Surveys of coral and fish communities at Scoft
Reef and Rowiey Shoals. Unpubl. rep. 124 p. Townsville: Aust. Inst. Mar. Sci.

HUTCHINS J.B., 1978. - The report of a reef fish survey conducted in the Dampier Archipelago during
August, 1978. /n: Report on the marine Fauna and Flora of the Dampier Archipelago (Hutchins
J.B.. Slacksmith S.M. & L.M. Marsh, eds), pp. 1-51. Unpubl. rep. Perth: West. Aust. Mus.

HUTCHINS J.B.. 1994, - A survey of the nearshore reef fish fauna of Western Australia’s west and
south coasts - the Leeuwin Province. Rec. West. Aust. Mus., Suppl. 46: 1-66.

HUTCHINS J.B., 1995. - Fishes. In: Survey of the marine Biota of the southern Kimberley Islands
(Wells FE., Hanley J.R. & D.I. Walker, eds). pp. 137-149. Unpubl. rep. Perth: West. Aust
Mus.

HUTCHINS J.B., 1996a. - Fishes. /n: Marine biological Survey of the Muiron Islands and the eastern
Shore of Exmouth Gulf (Hutchins J.B., ed.), pp. 112-135. Unpubl. rep. Perth: West. Aust. Mus.

HUTCHINS J.B., 1996b. - Fishes. /n: Survey of the marine biota of the eastern Kimberley, Western
Australia (Walker D.I, Wells FE. & JR. Hanley, eds), pp. 75-84. Unpubl. rep. Perth: Univ.
West. Aust.



108 HUTCHINS

HUTCHINS ).B., WILLIAMS D.McB., NEWMAN SJ., CAPPO M. & P. SPEARE, 1995. - New
records of fishes for the Rowley Shoals and Scott/Seringapatam Reefs, off north-western
Australia. Rec. West, Aust. Mus., 17: 119-123.

MORGAN G.). (ed.), 1992. - Survey of the aquatic Fauna of the Kimberley Isiands and Reefs, Western
Australia. 113 p. Unpubl. rep. Perth: West. Aust. Mus.

MORRISON S M. & J.B. HUTCHINS, 1997. - Fishes. /n: Marine biological Survey of the central
Kimberley Coast (Walker D.1., ed.), pp. 67-76. Unpubl. rep. Perth: Univ. West. Aust.

RANDALL JE., ALLEN GR. & R.C. STEENE, 1990. - Fishes of the Great Barrier Reef and Coral
Sea. 507 p. Bathurst: Crawford House Press.

SEMENIUK V., 1981. - Long-term erosion of the tidal flats, King Sound, North-western Australia. Mar.
Geol., 43:21-48.

SEMENIUK V., KENNEALLY K.F. & P.G. WILSON, 1978. - Mangroves of Western Australia. 92 p.
Perth; Western Australian Naturalists Club (No. 12).

WALKER D.1. (ed.), 1997. - Marine biological Survey of the central Kimberley Coast. 95 p. Unpubl.
rep. Perth: Univ. West. Aust.

WALKER D.I., WELLS FE. & J.R. HANLEY (eds). 1996. - Survey of the marine Biota of the eastern
Kimberley, Western Austrahia. 84 p. Unpubl. rep. Perth: Univ, West. Aust.

WELLS FE., HANLEY J.R. & D.1. WALKER (eds), 1995. - Survey of the marine Biota of the southem
Kimberley Islands, Western Australia. 153 p. Unpubl. rep. Perth: West. Aust. Mus.

WILSON B.R.W. (ed.), 1994. - A representative marine reserve system for Western Australia. Report
of the marine Parks and Reserves Selection working Group. 282 p. Perth: Department of
Conservation and Land Management.

WRIGHT R.L, 1964. - Geomorphology of the west Kimberley area. CSIRO Land Res. Serv., 9: 103-
118.



Proc. 5th Indo-Pac. Fish Conf.. Nouméa, 1997
Séret B. & J.-Y. Sire, eds
Paris: Soc. Fr. Iclhuyol., 1999: 109-116

THE STRUCTURE OF THE OUTER COMPONENTS OF THE
SCALES OF LATIMERIA CHALUMNAE (SARCOPTERYGII:
ACTINISTIA: COELACANTHIDAE) REVISITED USING
SCANNING AND TRANSMISSION ELECTRON MICROSCOPY

by

Frangois J. MEUNIER (1, 2) & Louise ZYLBERBERG (2)

ABSTRACT. - SEM (scanning electron microscopy) and TEM (transmission electron microscopy)
studies confirmed that the scales of Latimeria chalumnae can be considered as elasmoid scales because
of their organization. The external layer 1s made of thin collagen fibrils (about 30 nm in diameter)
organized in a loose network which contains an abundant extrafibrillar matrix rich in mucosubstances.
Its ultrastructural aspect resembles that of the external layer of teleost elasmoid scales. Globular cor-
puscles are found in the isopedine closest to the external layer. Their mineralization is inotropic as in the
Mandl's corpuscles of teleost elasmoid scales. The odontodes set on the outer ridges are made of mi-
neralized tissues similar to those described in the teeth of the coelacanth. The ultrastructural study of
Latimeria scales revealed the presence of mineralized tissues the structure of which is similar to that
found 1in the teleostean elasmoid scales and is considered as a specific characteristic of this type of
scale.

RESUME. -La structure des composants superficiels des écailles de Latimeriu chalumnae
(Sarcopterygii: Actinistia: Coelacanthidae) revue grice au microscope électronique a balayage et a
transinission.

L’organisation générale des écailles de Latimeria chalumnae avait conduit a assimiler ces der-
nieres a des écailles élasimoides, ce que confirme notre étude ultrastructurale. En surface, une couche
limnitante externe n'a pas pu &tre mise en évidence. mais la couche exierne présente un aspect ul-
trastructural semblable a celui des écailles élasmoides des Téléostéens. Elle est constituée par une
trame lache de fines fibrilles de collagene (d’environ 30 nim de diamétre) entre lesquelles se trouve une
matrice extrafibrillaire riche en mucosubstances. Des corpuscules minéralisés sphériques sont observés
dans ["isopédine, a la limite de la couche externe. Leur minéralisation est inotropique comme pour les
corpuscules de Mandl des ¢cailles élasmoides des Téléostéens. Les odontodes qui sont disposés a la
surface des crétes externes sont constitués des mémes tissus minéralisés que ceux qui ont é1é décrils
pour les dents du Coelacanthe. L’analyse ultrastructurale révéle donc la présence dans les écailles
¢lasmotdes de Latimeria dc tissus minéralisés dont la structure est celle qui a été observée dans les
écaitles élasmoides des Téléostéens.

Key-words. - Coelacanthidae, Latimeria chalumnae, Scales, External layer, Odontodes, SEM, TEM.
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The coelacanth (Latimeria chalumnae), the only extant fish of the important group
of Paleozoic “Crossopterygii”, shows a body covered with numerous large imbricated
scales (Millot and Anthony, 1958; Locket, 1980) which agree with the concept of elas-
moid scales (Smith et al., 1972; Castanet et al., 1975; Meunier, 1980; 1984) as defined
by Bertin (1944) in the Teleostei. Indeed, the scales of the coelacanth are 1) thin and
flexible plates; 2) imbricated, their anterior part is deeply inserted within the dermis and
their posterior part overlaps the lateral and the anterior fields of the neighbouring scales;
3) composed of two parts: a thin mineralized ornamented superficial Jayer topping a thick
basal plate made of cellular isopedine which is almost entirely unmineralized. In the coe-
lacanth, the isopedine is made of thick collagen fibrils (from 100 to 130 nm in diameter)
(Castanet et al., 1975; Giraud ef al., 1978a; Meunier, 1980). The collagen fibrils form
bundles (Giraud ef al., 1978a) which are arranged in a twisted plywood fashion and the
progressive rotation of the fibril directions is right-handed (Giraud er al., 1978a, 1978b).
However, the coelacanth elasmoid scale differs from that of the Teleostei within which
isopedine does not show collagen fibrils arranged in bundles and the rotation direction is
left-handed (Meunier and Castanet, 1982; Meunier, 1987-88). Moreover, the presence of
numerous odontodes scattered on the radial ridges of the posterior field (Smith er al.,
1972; Castanet et al., 1975; Smith, 1979) is characteristic of the coelacanth scales since,
up to now, odontodes or similar superficial ornamentations were not found on the surface
of teleostean elasmoid scales except on the scales of Denticeps clupeoides, a clupeomorph
fish (Sire et al., 1998).

Coelacanthids and Teleostei belong to two different osteichthyan lineages, respec-
tively Sarcopterygii and Actinopterygii. Sarcopterygii were characterized by the presence
of cosmoid scales which are known only in fossils whereas ganoid scales, characteristic
of primitive Actinopterygii, are found not only in extinct representatives of this group
but also in extant Polypteridae and Lepisosteidae (Goodrich, 1907; Schultze, 1977; Jan-
vier, 1996). Although these two primitive types of scales have evolved apart, neverthe-
less, they have reached a similar derived (elasmoid) state respectively in Coela-
canth + Dipnoi (Castanet et al., 1975; Meunier and Frangois, 1980) and Teleostei (Sire
and Meunier, 1981; Meunier, 1984; Meunier, 1997, inter alia). The elasmoid scale is
characterized by a reduction of thickness and mineralization (Schultze, 1977, 1996) and
by the presence of peculiar mineralized tissues which differ from typical bony tissues of
the endoskeleton (Zylberberg er al., 1992). Ultrastructural analyses of the mineralized
tissues were carried out on the ganoid scales of extant Actinopterygii (Sire er al., 1987;
Sire, 1989, 1990, 1994) and on elasmoid scales of Teleostei (review in Zylberberg et al.,
1992). Ultrastructural studies on the coelacanth scales concern the organization of the
isopedine (Giraud er al., 1978a, 1978b) but a few ultrastructural data are available to char-
acterize accurately the tissues constituting the superficial layers of the scale and of the
odontodes (Smith et al., 1972). The present report on the ultrastructural organization of
the external layer and of the odontodes of Latimeria chalumnae scales lead to an examina-
tion of possible homologies between the components of elasmoid scales in both taxa: the
Coelacanthidae and the Teleostei.
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MATERIAL AND METHODS

Material

Several scales overlaying the basis of the pelvic fin of Latimeria chalumnae
(female N°67, 78 kg, 163 cm) have been fixed in neutral formalin and kept in ethanol
70° for light microscopic studies. The formalin fixation which ensure a structural preser-
vation allowing SEM and even TEM observations was achieved by treatments usually used
for SEM and TEM (see below).

Methods

For the SEM observations, the scales were steeped in 6 or 12% sodium hypochlo-
ride solution at room temperature to strip the surface of the scales, to destroy the unminer-
alized collagenous fibers and to clean the mineralizing front of the basal plate. Then the
scales were washed in distilled water, dehydrated in absolute ethanol, air-dried, glued and
coated with evaporated gold. The upper and deep surfaces of the scales were examined in a
JEOL-SEM-35 scanning electron microcope.

For TEM, small pieces from the anterior and posterior fields of scales were fixed in
a mixture of 2.5% glutaraldehyde and 2% paraformaldehyde in 0.1 M cacodylate buffer pH
7.4. Some samples were decalcified using 0.} M EDTA added to the fixative solution. All
the samples were placed in 1% osmium tetroxide in the cacodylate buffer, then dehydrated
and embedded in Epon. Thick sections (thickness = | um) were stained with buffered
toluidine blue solution for light microscopic examination. Ultrathin sections of selected
areas were double stained with uranyl acetate and lead citrate and viewed at 80 kV in a
Philips 201 transmission electron microscope.

RESULTS

SEM examination shows that the whole outer surface of the scale is ornamented
with radial ridges. These ridges are present on the surface of the anterior field (Fig. 1)
which is inserted within the dermis and covered by the neighbouring scales as well as on
the surface of the uncovered posterior field where odontodes are located. The TEM exami-
nation of vertical sections of the ridges in the anterior field revealed that they are consti-
tuted by elevations of the external layer (Fig. 2). This layer contains thin collagen fibrils
(about 30 nm in diameter) organized in a loose network (Fig. 3) within which electron-
opaque granules could represent mucosubstances involved in the nucleation of the mineral
deposit. At the scale margin, the external layer is first deposited and the basal plate is
subsequently formed as in the teleostean elasmoid scales (see Sire and Géraudie, 1983).

The odontodes are restricted to the posterior field of the scales and are isolated
(Fig. 4) or associated to form odonto-complexes (Fig. 5). An isolated odontode is com-
posed of two parts: a spiny denticle made of dental tissues and overlying a star-like basis
which is made of a bony tissue; it is in close contact with the ridges of the scale surface
(Figs 5-7). Holes scattered on the surface of the bony basis are the openings of vascular
canals crossing this bony tissue (Fig.4). A vascular network is associated with the
odonto-complexes: it is composed of vascular cavities and canals which are located in the
bony basis of the odontode. Some vascular canals cross the inner part of the scale and
open on the innermost surface of the basal plate in the posterior part of the scale
(Figs &, 9).
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The top of the odontodes is covered by a thin layer of enamel and it is partially
covered by the epidermis (Fig. 6). The odontodes are surrounded by the loose superficial
dermis (Figs 5, 6). A thick basement membrane separates the epidermis from the dermis.
Orthodentine surrounds the pulp cavity (Figs 5, 6) and dentine with a globular aspect is
observed in the basal part of the odontode in contact with the bony base. Ultrastructural
observations show parallel odontoblastic canaliculi in the circumpulpar dentine
(Fig. 10).

The bony basal star-like pad anchors the odontode to the underlying external layer
(Figs 4, 6). This tissue shows a lamellar or a pseudolamellar organization. A thin cement-
ing line is present between this bony tissue and the underlying external layer (Fig. L)
and between the older odontodes and the more superficial new-formed ones which form the
odonto-complexes. Thick cementing lines are also observed within the bony tissue where
they show a laminate aspect (Fig. 11). All these cementing lines look like those de-
scribed in normal bone (Castaner, 1981).

The basal plate is composed of thick collagen fibrils as previously described else-
where (Giraud er al., 1978b). It is almost entirely unmineralized. Mineral is only depos-
ited within a thin layer close to the external layer. There the mineralization front is orna-
mented with numerous spherical mineralized corpuscies (Figs 7, 12). These 1-2 pm width
corpuscles are located ahead of the mineralizing front (Fig. 7). Their mineralization is
inotropic (Fig. 13) iike the mineralization of the external layer. The corpuscles become
imbedded within the mineralized part of the basal plate when the mineral deposit invades
the deeper parts of the isopedine.

Figs 1-3. - Anterior field of a scale of Latimeriu chalumnae.

Fig. I. - SEM. The anterior field is ornamented with parallel ndges (r) which are radially oriented.
Fig. 2. - TEM. Vertical section of the scalc showing a ridge transversally sectionned. The ridge is an
elevation of the external layer (el) which covers the basal plate (bp). Fig. 3. - TEM. Detail of external
layer showing the loose arrangement of the thin collagen fibrils (arrows) within the exiraceltular matrix.

Figs 4-13. - Posterior field ornamented with odontodes in the scale of Latimeria chalumnae.

Fig. 4. - SEM. An isolated odontode located at the scale surface. The central sharp-pointed part of the
odontode shows dental tissues (details in Figs 5, 6, 8) and the marginal flat part is made of a bony tissue
(see Fig. 7). Holes (arrows) indicate the openings of vascular canals. Fig. 5. - Semi-thin section stained
with buffered toluidine blue. Vertical section of odontodes showing the central pulp cavity (p) limited by
a layer of dentine (dl) next to bone (b) and surrounded by the dermis (d). Fig. 6. - Semi-thin section
stained with buffered toluidine blue. Detail of an odontode showing the pulp cavity surrounded by the
orthodentine (dl) crossed by cell processes (arrows). At the outer surface, a thin layer of enamel ap-
pears a light space (x). The dermis (d) and epidermis (ep) cover the outer surface of the odontode. The
odontode lie on the simall ridges (arrowheads) of the outer surface of the scale. b: bony tissue. Fig. 7. -
Semi-thin section stained with buffered toluidine blue. Detail of the margin of an odontode. The bony
tissue (b) contains osteocyte lacunae (arrows). It covers the small ridges of the outer surface of the
scale (r). Mandl’s corpuscules (arrowheads) are forward of the mineralization front (fm) which is
located in the basal plate in the vicinity of the external layer. Fig. 8. - SEM. Deep surface of the poste-
rior arca of the scale showing the openings of vascular canals. Fig. 9. - SEM. Detail of an opening in the
same area showing the helicoidal arrangement of bundles of collagen fibrils. Fig. 10. - TEM. Section
through the dentine layer crossed by cell processes (arrows). Fig. |1. - TEM. Section through the bony
basis (b) of the odontode. The bony tissue which contains osteocytes (0) shows a thick cementing line
(arrowhead) and it is separated from the external layer (el) by a thin cementing line (arrows). Fig. 12, -
SEM. The mineralizing front is ornamented with abundant Mandl's corpuscles. Fig. 13. - TEM. Section
of a MandlI’s corpuscle within the basal plate (bp) showing the mineral deposited in the collagen fibrils.
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DISCUSSION

The present ultrastructural data support the contention that the scales of the extant
sarcopterygian fish Latimeria chalumnae exhibit features similar to those of the elasmoid
scales of the Teleostei which belong to the Actinopterygyan lineage. The general organi-
zation of the coelacanth scales was already considered to be consistent with the view of a
basic structural organization in the elasmoid scales which consist of a basal plate made of
a more or less mineralized collagen network (= isopedine of Meunier, 1984) arranged in a
regular plywood-like structure and a well-mineralized superficial layer composed of het-
erogeneous mineralized tissues (Zylberberg et al., 1992). The mineralized corpuscles of
the isopedine can be considered as Mandl's corpuscles even if, in Latimeria, they keep a
spherical shape contrary to the various polymorphic shapes of Mandl’s corpuscles in
Teleostei (Schonborner er al., 1981; Zylberberg er al., 1992).

The radial ridges ornementing the whole surface of the scales are made of a mineral-
ized tissue which shows a structure similar to that described in the external layer of the
elasmoid scale in Teleostei (Zylberberg and Nicolas, 1982; Sire, 1985). In Latimeria, the
external layer is probably the first layer deposited during the ontogenic development of
the scale as in the teleost elasmoid scales (Maekawa and Yamada, 1970; Sire and Géraudie,
1983; Sire et al., 1997). The present ultrastructural analysis supports the hypothesis that
both external layers could be homologous in the elasmoid scales of Latimeria and Teleo-
stei.

On the posterior field of the coelacanth scales, the odontodes lie on the external
layer as already shown by Smith et al. (1972). The surface of the scales do not show any
outer layer which could be compared to the outer limiting layer described in the elasmoid
scale of the Teleostei (Schonborner er al., 1979; Sire, 1985), and characterized by the
lacking of collagen fibrils and the abundance of mucosubstances (Zylberberg and Nicolas,
1982). An outer limiting layer similar to that of the teleostean elasmoid scales was not
found in the dipnoan scales (Zylberberg, 1988) which are also considered as elasmoid
scales (Meunier and Frangois, 1980). It is noteworthy that the elasmoid scales of the
extant Sarcopterygii (Protopterus and Latimeria) lack a layer similar to the outer limiting
layer of the teleostean scales. The outer limiting layer could be a specific structure re-
stricted to the actinopterygian lineage.

The odontodes of the posterior field of Latimeria scales appear as poorly developed
homologs of the extensive odonto-complexes that constituted the cosmine of cosmoid
scales (@rvig, 1968, 1969, 1977, Thomson, 1975). They contribute to the thickening of
the posterior part of the scale and their sharp head could facilitate the anchoring of the
scale within the integument. It could be hypothesized that in the actinopterygian lineage,
the absence of odontodes in the great majority of teleosts has been balanced by the devel-
opment of specific structures such as various ornamentations constituted by the outer
limiting layer and/or the ctenii in ctenoid scales (see Roberts, 1993) which contribute to
thicken the posterior field and to anchor the scale within the integument.

Aknowledgements. - We are grateful to Frangoise Allizard and Christiane Chancogne for their techni-
cal assistance, respectively for TEM and SEM.
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HISTOLOGICAL STRUCTURE OF THE CAUDAL SPINE OF
THE SURGEONFISH CTENOCHAETUS STRIATUS
(TELEOSTEI: ACANTHURIDAE)

by

Frangois J. MEUNIER (1, 2) & Hélene FRANCILLON-VIEILLOT (2)

ABSTRACT. - The caudal spines ( ="scalpel-like spines”) of the surgeonfish are considered to be
specialized scales. In Crenochaetus striatus caudal spines consist of acellular bone. They are divided in
two parts: a central one, the medulla, made of spongy bone; it is surrounded by the second part made up
of cortical primary avascular bone. This cortical bone shows concentric growth marks that indicate an
appositional growth. Medullar bone is clearly less mineralized than cortical bone and numerous cemen-
ting lines can be seen. This means that the medulla is the result of a remodeling phenomenon of primary
bone. The relationships between the components of the caudal spine and those of scales are discussed.

RESUML. - Structure histologique des épines caudales chez le poisson-chirurgien Clenochaetus striatus
(Teleoster: Acanthuridae).

Les épines caudales (= “lancettes™) des poissons chirurgiens sont considérées comme des
écailles spécialisées. Chez Crenochaetus striatus, ces épines sont constituées d’os acellulaire. Le corps
de I'épine se divise en deux parties: une zone centrale. la médulla, constituée d’os spongieux; elle est
entourée par la seconde, un cortex fait d’un os primaire avasculaire. Cet os cortical présente des mar-
ques de croissance concentriques ce qui indique une croissance appositionnelle. L'os médullaire, riche
en lignes cimentantes, est nettement moins minéralisé que I’os cortical. Ceci indique que la médulla est
le résultat d’un processus de remaniement de Pos primaire. Les relations entre les différents compo-
sants de I’épine et ceux d’une €caille sont discutées.

Key-words. - Acanthuridae, Ctenochaetus striatus, Caudal spine. Histology, Bone.

Acanthuridae or surgeonfishes are tropical marine fishes that five in shaillow wa-
ters surrounding coral reefs. They are characterized by one to several caudal spines which
arc considered as modified scales by the authors. In Acanthurus and Ctenochaetus, which
are sister groups (Winterbottom, 1993; Winterbottom and McLennan, 1993), there is
only one sharp, movable scalpel-like caudal spine (Fig. 1), anchored on each side of the
caudal peduncle (Guiasu and Winterbottom, 1993). The sharp apical extremity is anteri-
orly orientated and can provoke serious injuries (or wound) (Randall, 1959; Winterbot-
tom, 1971). The basal part of this caudal spine is attached to the subjacent vertebra by a
ligament (Fig. 2; Winterbottom. 1971). In Ctenochaetus (as in Acanthurus) the spiny
scale folds back into a deep groove in the skin (Souché, 1935; Winterbottom, 1971).
There are no muscles to move the caudal spines. In fact, both spines would be alternately

(1) Muséum national d’histoire naturelle, Laboratoire d’lchtyologie générale et appliquée, 43 rue
Cuvier, 75231 Paris cedex 05, FRANCE. [imcunier @mnhn.fr]

(2) URA CNRS 1137, Laboratoire d’ Anatomie comparée, Université D. Diderot (Paris 7), case 7077, 2
place Jussieu, 75251 Paris cedex 05, FRANCE.
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ligament

Fig. |. - Lateral and dorsal views of the caudal spine of Acanthurus monroviae (after Monod, 1959). a,
b and ¢ localize aproximately the transverse sections of figures 3 to 5. Bar = 2 mm.

Fig. 2. - Anticulation of the left spine and vertebra of Acanthurus lineatus (dorsal view) (after Winter-
bottoin, 1971). Bar =2 mm.

exposed for each oscillation of the caudal peduncle during swimming (Winterbottom,
1971). According to Monod (1959), the caudal spine has the same constitution as a scale,
more precisely as the homogeneous distal layer, in other words the external layer. Never-
theless, the skeletal tissue of the proximal half of the spine has a spongy texture (Monod,
1959) with numerous canals and/or cavities. This kind of structure is uncommon in elas-
moid scales. According to Monod (1959), the membranous groove which contains the
spine could be considered as the scale pocket.

The aim of this work is to specify the structure of the caudal spine in Ctenochaetus
striatus with the histological study of undemineralized material.

MATERIAL AND METHODS

Material

We have studied the histological structure of caudal spines in specimens of Cteno-
chaetus striatus donated to us by Dr. R, Galzin. Six specimens (192 to 236 mm TL; 117 to
170 g) caught in Moorea atoll (French Polynesia) were fixed in neutral formaline.

Ctenochaetus larvae were not available, but some larvae of Acanthurus sp.
(1.19729.039) from the Australian Museum in Sydney have been studied with the aim of
performing developmental studies. One larva (lI mm SL) of Acanthurus sp.
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Figs 3, 4, 5. - Crenochaetus striatus (microradiograph). Transversal ground section in proximal (Fig. 3),
mid (Fig. 4) and distal (Fig. 5) levels (see Fig. 1, respectively a, b and ¢) of a caudal spine. The center
of the spine is made of vascular secondary bone (arrowheads) whereas cortical bone is avascular
primary bone (stars). (ve = vascular cavity). Bar = 100 pm.

Fig. 6. - Ctenochaetus striatus (microradiograph). Detail of a transversal ground section showing avas-

cular primary bone (pb) and the less mineralized secondary bone (sb). Arrows point to cementing lines.
(ve = vascular cavity). Bar =40 um.



120 MEUNIER & FRANCILLON-VIEILLOT




Structure of the caudal spine of Ctenochaetus striatus (Acanthuridae) 121

(1.25355.10), and three larvae (9.2, 11 and 7.5 mm SL) of Naso sp. (1.24548.009) have
been stained (alcian blue - alizarine red S) and the flesh has been cleared with glycerine,
following Simons and Van Horn technics (1970/71).

Methods

Caudal spines were dissected with the surrounding skin, dehydrated, then embedded
in stratyl resin (Chronolite 2060). Sections were made with a sawing machine (Isomet).
These sections about 200 wm thick were microradiographed (SO 643 film) and grounded
until they reached a thickness of 80 m. Observations were made with a light microscope
in natural and polarized transmitted light.

One caudal spine was cleaned with 6% sodium hypochloride solution at room tem-
perature for a few minutes, washed in distilled water, dehydrated in absolute ethanol, dried
and coated with evaporated gold, and observed in a JEOL-SEM-35 apparatus.

RESULTS

Histological structure of the caudal spine

The morphology of caudal spines of surgeonfish is similar to that described by
Monod (1959} in Acanthurus monroviae. In Ctenochaetus striatus, the caudal spines are
constituted of acellular bone.

The body of the spine is divided in two parts: the first one, peripheral, is consti-
tuted of cortical, primary, avascular bone (Figs 3-5) and the second one, more central, the
medulla, is made up of secondary vascularized bone (Fig. 6). The medullar bone is clearly
less mineralized than the cortical bone and numerous cementing lines are seen. This
means that the medulla is constituted of secondary bone that results from remodeling of
primary bone (Fig. 7). The cortical bone shows concentric growth marks (Fig. 7) that
indicate an appositional growth of the caudal spine. This bone is crossed by osteoblastic
canaliculi (Fig. 8) some of them being branched. A SEM study of the surface of the caudal
spine shows regularly distributed tiny holes (Fig. 9) which are 0.5 to 1.5 lm in diame-
ter. These holes are the apertures where the cytoplasmic prolongations of the osteoblasts
penetrate primary bony tissues {see Meunier, 1983; Meuntier and Frangois, 1992).

Even without quantitative measurements (quantitative microradiography), we can
assume that mineralization of primary bone is normal and probably similar to mineraliza-
tion of the marine acellular bone.

Fig. 7. - Crenochaetus striatus. a) natural light, b) polarized light. Ground sections showing growth lines
(arrows) in cortical bone and some secondary osteones (black and white arrowheads). Bar = 25 um.
Fig. 8. - Crenochaetus striatus. Ground section, natural light. Detail showing ramified canaliculi (arrows)
that house osteoblastic processes. Bony tissue of secondary osteons that are demarcated by cementing
lines (arrowheads) is deprived of osteoblastic processes. Bar = 25 um.

Fig. 9. - Crenochaerus striatus. MEB. Mid anterior region. Numerous holes (arrows) are seen at the
surface of bone. Bar = 10 um.

Fig. 10. - Crenochaetus striams. Microradiograph. Caudal skin. Transversal ground section. Arrows
point to cteni of scales. Bar = 100 um.
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Appearance of the caudal spines during ontogeny

On the stained Acanthurus larva (11 mm long) the caudal spine is already present.
It is a tiny spine inserted on a round base. The surrounding scales are oval-shaped ctenoid
scales and they show one “‘stout” ctenius on their posterior margin. The same observa-
tions have been made on the unstained shorter larva (5 mm SL). Thus, the differentiation
of the caudal spine, as well normal scales, is already in progress at this stage. Similar
results have been obtained on the three Naze larvae.

DISCUSSION

Our histological observations show that the caudal spines in Ctenochaetus striatus
are constituted of typical bony acellular bone, i.e., bone lacking true osteocytes (Kolli-
ker, 1859; Stephan, 1900; Moss, 1961a, 1961b, 1963, 1965; Weiss and Watabe, 1979;
Parenti, 1986; Meunier, 1987). These mineralized tissues show various structural indica-
tions characterizing a living bony tissue: growth marks, remodeling (Francillon-Vieillot
et al., 1990; Ricqlés et al., 1991). However, primary bone tissue houses cytoplasmic
processes but not secondary bone. The lack of cellular processes in secondary bone was
already mentioned in the spiny rays of Lethrinus nebulosus, another perciform (Meunier,
1983). Therefore the caudal spine of the surgeonfish can be considered as a true bony
structure.

To compare caudal spine structure with the various parts of an elasmoid scale we
now present the main characteristics of scales of Ctenochaetus striatus (Meunier, in prep.)
The structure of the scales shows the two typical layers of the elasmoid scales: an outer
ornamented layer which is relatively homogeneous, overlaying a stratified basal plate. A
limiting layer that frequently overlies the outer layer in various teleosts scales seems to
be lacking, but this must be checked at the ultrastructural level. The outer layer is thick in
the posterior area especially at the level of the ctenii (Fig. 10). The anterior area is orna-
mented by more or less concentric ridges. Scales of C. striatus are ctenoid, i.e., their post-
erior margin shows a row of spines caudally oriented. These spines are regularly replaced
by new ones inserted between the older ones which loose their apical spine, probably
because of an osteoclastic activity. They have the same structure as the ornamented layer
and, in cross sections of ctenii, some scarce osteoblastic canaliculi are observed. The
basal plate of the scales is constituted of isopedine (see Meunier, 1984), partly mineral-
ized, but before the mineralizing front, Mandl’s corpuscles are small or lacking.

In the adult fish the strict homology between a normal scale and a caudal spine is
not visible. Moreover the caudal spine, as the scales, differentiates early during the onto-
geny, probably after the acronurus stage, during the metamorphosis (Randall, 1961). In
Naso the caudal spine would form from existing scales in opposition to Acanthurus where
it would form directly without an unspecialized stage (Leis and Richards, 1984). If the
caudal spine is a modified scale in Ctenochaetus striatus, which we do not dispute if we
refer to the present study, the ontogenetical signals probably start rather early during
ontogeny. The hypothesis we want to propose is that the caudal spine could be equivalent
to the first ctenius that forms on the posterior margin of the young scales. It could differ-
entiate into a specialized structure, the other parts of a scale remaining undifferentiated or
disappearing quickly during the ontogeny of the caudal spine. Thus, it means that this
problem should be solved by studying comparatively the scales and the caudal spine on-
togeny in surgeontish larvae, at least from the acronurus stage, especially with transmis-
sion electron miscroscopy.
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SOME MORPHOLOGICAL AND HISTOLOGICAL ASPECTS OF
HYPEROSTOSIS IN THE EASTERN PACIFIC MARINE FISH
PRIONOTUS STEPHANOPHRYS LOCKINGTON, 1880 (TRIGLIDAE)

by

Francois J. MEUNIER (1, 2), Philippe BEAREZ (1) & Hélene FRANCILLON-VIEILLOT (2)

ABSTRACT. - All the fish studied show the same hyperostotic bones: both frontals, the ethmoid com-
plex, both operculars and one or two caudal vertebrac. Hyperostosis was always found in the 2lst
vertebra and sometimes in the 20th and 22nd. The cranial bones show a typical and regular thickening.
On the contrary, in the case of the vertebrae, this thickenning concerns each side of the centrum only.
The swelling of all these bones is the result of an active osteogenesis associated with resorbing proces-
ses resulting in the deposition of spongy acellular bone. This cancellous bone is surrounded by a thin
cortical primary bone. Thus, the histological characteristics of the swollen bones of Prionotus siephano-
phrys are the same as those already described in the majority of other hyperostotic species, regardiess
of the bones involved. The causality and the biological signification of the hyperostotic phenomenon in
P. stephanophrys seem unclear in the current state of knowledge but, given the particularly specific
vertebral swelling of this species, this fish could represent an interesting model to study the etiology of
hyperostosis.

RESUME. - Quelques caracteres morphologiques et histologiques de |'hyperosiose chez un poisson
marin du Pacifique Est, Prionotus stephanophrys Lockington, 1880 (Triglidae).

Tous les spécimens éludiés montrent les mémes hyperostoses: les deux frontaux, le complexe
ethmoidien, les deux operculaires et une ou deux vertebres caudales. C'est la 2iéme vertébre qui est
hyperostosée ainsi que la précédente ou la suivante dans certains cas. Les os criniens présentent un
dpaississement caractéristique et pour les verieébres ¢’est seuleinent le centrum qui est hyperostosé.
L’épaississement de tous ces os est le résultat d’une ostéogentse active associée a des processus
d’érosion qui produisent de I'os spongieux acellulaire. Cet os spongieux est entouré d'une fine corticale
d’os primaire. Les caractéristiques histologiques des hyperostoses de Prionotus stephanophirys sont donc
lcs mémes que celles de la majorité des autres espeéces déja étudiées quels que soient les os hyperosto-
sés. Les causes et la signification biologique du phénoméne hyperostosant chez Prionoius stephanophrys
ne sont pas claires en I'état actuel des connaissances: mais comple tenu de son développement particu-
lier sur les vertebres caudales cettc espéce apparait comme un modele intéressant pour unc étude
étiologique de I'hyperostose.

Key-words. - Triglidae. Prionotus stephanophrys. Bone, Hyperostosis.

The lumptail searobin (Prionotus stephanophrys) is a common triglid of the east-
ern Pacific from California to Peru and sometimes as far as Chile (Samamé er al., 1983;
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Huidobro-Campos and Schmitter-Soto, 1993; Schmitter-Soto and Castro-Aguirre, 1996;
Béarez, 1996a). This fish, which attains in average 35 cm, but was recorded 43 cm (TL)
(Franke and Acero, 1996), lives on the continental plate between 20 and 150 m deep
(Schmitter-Soto and Castro-Aguirre, 1996). About fifteen years ago, numerous dead
specimens were found on the shore of the Peruvian coast, probably as a result of an EI
Nifio phenomenon. One peculiarity of these fishes was the presence of hyperostotic ver-
tebrae (C. de Muizon, pers. com.). Hyperostosis had already been noticed in triglids
(Korschelt, 1940; Smith-Vaniz et al., 1995) and they are also known in two species from
the western Pacific: Pterygotrigla hemisticta and P. ryukyuensis (Richards, pers. com.);
the latter species shows tremendous swellings of the head bones and first dorsal fin spines
whereas the swellings are less severe in P. hemisticta and restricted to head bones
(Richards, pers. com.). But none of these triglids have been studied in detail so far.

Recently, one of us collected several specimens on the Ecuadorian coast (Béarez,
1996b). All the specimens exhibited hyperostosis and this gave us the opportunity to
study their morphological and histological characters and to compare them with other
well known hyperostotic species: carangids, haemulids, sciaenids, sparids, etc. (e.g.,
Chabanaud, 1926; Desse et al., 1981; Gauldie and Czochanska, 1990; Meunier and Desse,
1994; Smith-Vaniz et al., 1995; inter alia). Such comparative studies may lead to a better
understanding of the causality of this phenomenon in Teleostei as the etiology of hy-
perostotic phenomenon being unclear in fishes so far.

MATERIEL AND METHODS

Material
We have studied 11 specimens from 208 to 329 mm total length (weight: 92 to
360 g).

Methods

Two specimens (MNHN 1997-4082) were radiographed in a Faxitron apparatus.
The skeleton of the remaining fish were cleaned after boiling and then dried. Ethmoid bo-
nes, operculars and various vertebrae (the 2lst, the partly hyperostotic 20th and non
hyper-ostotic ones) were embedded in stratyl resin (Chronolite 2060). Sections were
performed with a sawing machine (Isomet). These sections, about 200 pm thick, were
microradio-graphed (SO 643 film) and then grounded until they reached a thickness of
80 um. Observations were made with a light microscope in natural and polarized trans-
mitted light.

RESULTS

Morphology

All the 11 specimens exhibited the same hyperostotic bones on both radiographs
(Fig. 1) and dry skeletons (Figs 2, 3): the two frontals, the ethmoid complex, the two
operculars and one or two caudal vertebrae. The 21st vertebra always showed hyperostosis
as a swelling of the centrum only, while the neural and hemal arches and spines were nor-
mal. In some cases the 22nd vertebra, sometimes the 20th, showed a tiny swelling of the
half centrum nearest (Fig. 3). The cranial bones (frontal and ethmoid) show a typical
thickening of their whole part but for the opercular bones the swelling affects essentially
the internal (concave) face.



Figs 1-4. - Prionotus stephanophrys. Fig. 1. - “Negative” radiograph (mineralized parts in black); specimen MNHN 1997-4082. Arrows point to swollen bones.
Bar = | cm. Fig. 2. - Neurocranium. A) Lateral view: B) ventral view. Bar = | cm. Fig. 3. - Vertebrae 20 to 22. A) lateral view; B) ventral view. Bar= | cm.
Fig. 4. - Opercular. Ground sections (“Negative” microradiograph). A) Anterior level; B) mid level. In the center of the opercule the thin compact bony initium
(arrowheads) on which spongy bone has been deposited, can be seen. Bar =2 mm.
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Histology

In P. stephanophrys, the general structure of all these swollen bones looks strik-
ingly similar, namely a great development of spongy bone (Figs 4-7). This spongy bone
is surrounded by a rather thin layer of avascular bone that constitutes cortical bone. Never-
theless, cortical bone is lacking in hyperostotic operculars (Fig. 4). Hyperostotic as well
as non-hyperostotic bone is acellular, in other words osteocytes are lacking in the bony
tissue.

On sections of the hyperostotic vertebrae, the vascular bone that surrounds the
chordal canal is crossed by bony radial arches, the bony tissue of which is avascular
(Fig. 5). In fact, these arches constitute, with one or two pairs of horizontal (or septal)
arches, the main part of a normal vertebra where they all sustain patches of vascular bone
(Fig. 7). In hyperostotic veriebrae the radial arches have been embedded in a bulk of
vascular bone; the septal arches have disappeared replaced by cancellous bone, probably
because of remodeling (Fig. 8). The growth of these hyperostotic bony tissues is the
result of the hyperactivity of osteoblasts.

The hyperostotic neurocranial bones (ethmoid complex and frontals) are particu-
larly thick because of spongy acellular bone (Fig. 9).

The swelling of all these bones is the result of an active periostic osteogenesis
that deposits primary pseudolamellar avascular bone. This cortical bone is progressively
resorbed and it is replaced by cancellous bone (Fig. 10). In any case, a part of the cortical
bone can be preserved from the resorption and this thin layer of avascular bone looks like
growth marks (Figs 6. 9). The presence of Howship’s lacunae on the walls of erosive
bays indicates that the resorption is due to osteoclastic activity (Fig. 11). In the case of
the operculars, primary bone is of the vascular type but local remodeling may also occur.

DISCUSSION

As in numerous other hyperostotic teleostean fishes, P. stephanophrys develops
hyperostoses on specific bones, the neurocranium and the 21st vertebra (see Desse et al.,
1981; Gauldie and Czochanska, 1990; Meunier and Desse, 1994; Smith-Vaniz et al.,
1995). The localization of the hyperostotic bones in the present species deserves some
comment. Firstly, the neurocranium shows several swollen bones. It is generally the

Figs. 5-11. - Prionotus stephanophrys.

Fig. 5. - Vertebra 21. Ground section (“Negative” microradiograph). Cross section. Arrowheads point
to the radial arches of the native vertebra; compare with figure 7. Bar =2 mm. Fig. 6. - Vertebra 21.
Ground section (“Negative” microradiograph). Longitudinal section. The centrum is filled with spongy
bone. The arrows indicate the region shown in figure 10. Bar = 2 mm. Fig. 7. - Non-hyperostotic caudal
vertebra. Ground section (“Negative” microradiograph). Cross section. The arrowheads and the arrows
point respectively to the radial arches and to the horizontal arches of the centrum. Bar =2 mm. Fig. 8. -
Partly hyperostotic caudal vertebra. Ground section (“Negative” microradiograph). Cross section.
Hyperostosis has developped on the right side (arrowheads) of the centrum, the horizontal arch of
which has disappeared. On the contrary, on the left side, the horizontal arch is always present (arrow).
Bar = 2 mm. Fig. 9. - Hyperostotic ethmoid complex. Ground section. Spongy bone is widely prevalent
but some deep avascular bone layers are seen (arrows). Bar =2 mm. Fig. 10. - Vertebra 21. Longitudi-
nal ground section. A) transmitted natural light; B) polarized light. Detail showing remodeling of verte-
bral bone. Arrowheads point 1o the cementing lines between primary (pb) and secondary (sb) bone.
Bar = 50 um. Fig. 11. - Vertebra 21. Longitudinal ground section (transmitted natural fight). Arrows
point to Howship's lacunae (b. = bone; ve. = vascular cavity). Bar =25 pm.
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occipital crest of the cranium which is affected, the other bones being unmodified:
Carangidae (Desse ef al., 1981; Smith-Vaniz et al., 1995; see also Driesch, 1994). How-
ever other species develop spectacular hyperostoses in cranial bones, for example in
various Haemulidae (for example Pomadasys hasta of the Indian Ocean), the large neuro-
cranium of which is so strong that it is found in archeological sites (Meunier and Desse,
1994). Secondly, it is noteworthy that the strict localization of hyperostosis is on the
same caudal vertebra, i.e., the 21st, with a possible extension to the two nearest ones
(20th and 22nd). The questions are: why do some bones constantly develop hyperostosis
and some do not in a given species ? Why is this development species-specific ? Our
studies confirm the taxonomic aspect of the hyperostotic phenomenon because it always
affects the same bones in a given species (Driesch, 1994) but the phenomenon differs
from one species to another. This suggests that hyperostosis seems to have a genetic
origin.

The histological characteristics of the swollen bones of P. stephanophrys are
similar to those already described in other hyperostotic extant species, and are indepen-
dant of the anatomical localization of the hyperostotic bones. The spectacular swelling of
the bones results from an activation of osteogenesis that yields primary spongy bone
directly, or after an associated remodeling (Fierstine, 1968; Desse er al., 1981; Gauldie
and Czochanska, 1990; Meunier and Desse, 1994; Smith-Vaniz et al., 1995). Hy-
perostotic bones show mostly a spongy structure (Kaiser, 1960; Fierstine, 1968; Desse et
al., 1981; Gauldie and Czochanska, 1990), except in the fossil cyprinodontid Aphanius
crassicaudus, which has swollen avascular bones (Meunier and Gaudant, 1987), but a small
length not more than 5 to 6 cm (TL).

Dealing with the question of the causality and the biclogical significance of the
hyperostotic phenomenon in P. stephanophrys as in other fish, there are no clear and
satisfactory explanations yet for any hyperostotic case recorded so far, but we can discuss
some hypotheses thanks to our current knowledge. Various hypotheses have been indeed
proposed to explain the development of these bones: aid in fin erection, aid in neutral
buoyancy, ageing action on bone, reaction to high temperatures, metabolic abnormality,
pathogenic phenomenon, genetic factors, etc. (see review in Meunier and Desse, 1986).

Do hyperostotic bones correspond to pathological features ? Except for Bhatt and
Murti (1960) the authors agree that hyperostosis are not pathological formations (Olsen,
1971; Desse et al., 1981; Gauldie and Czochanska, 1990). It also appears that fishes with
such swollen bones show a normal behaviour (Johnson, 1973). For example, hy-
perostotic processes seem inescapable in the jack mackerel, Trachurus trachurus
(Carangidae), since a high number of individuals show swollen bones at the end of their
life (Desse er al., 1981). As these fishes do not show abnormal behaviour, we can consider
that the phenomenon is not pathologic, at least in this species and, possibly, in the
whole carangid family. We think that it is the same in P. stephanophrys. In a more gen-
eral way, the etiology of the hyperostotic phenomenon in fishes is poorly known. Pres-
ently, this phenomenon occurs mainly among marine species and in the majority, among
species with acellular bone (Desse et al., 198]; Meunier and Desse, 1986). However,
hyperostotic bones may have been recorded in some less highly evolved species: for
example the marine Pacific catfish: Bagre pinnimaculatus, B. panamaensis (Ariidae) and
Cynoponticus coniceps (Muraenesocidae) (Meunier and Béarez, unpubl. data). These three
species have cellular bone. Hyperostosis was also described in a fossil Clupeidae of the
Miocene (Gaudant and Meunier, 1996), the bony tissue of which shows osteocytes.
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The hyperostotic bones increase in size (possibly in number for some species)
along with the growth of the fish (Desse ef al., 1981; Meunier and Gaudant, (987, Gauldie
and Czochanska, 1990), but the correlation between these factors is low (Gauldie and
Czochanska, 1990). The more intensive analytical studies have been made on Trachurus
trachurus, T. mediterrancus (Desse et al., 1981; Laroche et al., 1982) and Chrysophrys
auratus (Gauldie and Czochanska, 1990). These studies have failed to show significant
differences between normal and hyperostotic bones. For example, there was no difference
in fatty acid composition between the hyperostotic and normal vertebrae in Chrysophrys
awratus (Gauldie and Czochanska, 1990) whereas Breder (1952) had suspected that fat in
bones may play an important function. In the same way, there was nejther significant
variations of the calcemy, of the phosphatemy and of the calcitonin content, nor of the
physical characteristics ot the bony mineral between hyperostotic and normal Trachurus
trachurus (Desse et al., 1981; Laroche et al., 1982).

In the case of a hydrodynamic hypothesis an unresolved questton is the fact that
the hyperostotic phenomenon affects fish that show strikingly different morphologies:
for example the carangids Caranx, Trachurus, the triglid Prionotus, and the anguilliform
muraenesocid Cynoponticus are mophologically different and it can be assumed that their
swimming processes are also quite distinct (Lindsey, 1978; Webb, 1978; Ramzu, 1994).

For the species where the hyperostotic process seems to be a “normal” condition,
as in numerous carangids, or as in Prionotus stephanophrys, a hydromechanical function
during ageing is favoured (Desse et al., 1981). To test this hypothesis we need quantita-
tive studies on the modification of the fish shape during their life. There might be close
correlations between genetic factors (mainly highly derived teleost species with acellular
bone are affected), physiological factors (mechanical and physiological constraints of
bone tissues) and external factors (physico-chemical parameters of sea water). We also
think that bones in fish that develop hyperostosis may give an unvarying structural re-
sponse of bony tissues to variable causal constraints.

CONCLUSION

Whereas the morphology and the histological structure of hyperostosis look very
similar to those of other species studied in that regard, the causality and the biological
significances of the hyperostotic phenomenon in P. stephanophrys, as in other hy-
perostotic fishes, seem unclear. However, the specific localization of vertebral hy-
perostosis in P. spephanophrys and the availablity of this species suggest it offers a
suitable model to study the etiology of this phenomenon.
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MORPHOLOGICAL PARTICULARITIES OF THE HEAD
IN FOUR CARAPIDAE (OPHIDIIFORMES)

by
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ABSTRACT. - A study of the skull and the musculature of the oral and pharyngeal region of four adult
Carapidae species (Encheliophis boraborensis, E. homei, E. gracilis and Carapus acus) has been un-
dertaken to compare it with the diet related characters. The cephalic organization of E. boraborensis
and E. gracilis seems related to diet (mainly fishes and shrimps for the first one and holothurian tissues
for the other): these species are respectively commensal and parasitic. Although the feeding characters
of E. homei and C. acus are closely similar to those of E. boraborensis, there are sparse observations of
holothurian tissues in their stomach contents. It is suggested that these fishes are commensal when they
are adults and have parasitic tendency when they are juveniles.

RESUME. - Particularités morphologiques de la téte chez quatre Carapidae (Ophidiiformes).

Une étude du squelette et de la musculature des régions orale et pharyngienne de quatre espe-
ces adultes de Carapidae (Encheliophis boraborensis, E. homei, E. gracilis and Carapus acus) a €té
réalisée afin de les comparer avec le régime alimentaire. L’organisation céphalique de E. boraborensis
et E. gracilis semble &tre le reflet de leur alimentation (composée principalement de crustacés et de
poissons pour le premier et de tissus d’holothuries pour le second): ils sont respectivement commensal et
parasite. Bien que les caracteres en relation avec la prise de nourriture d'E. homei et C. acus soient tres
semblables a ceux de E. boraborensis, quelques données ponctuelles rapportent la présence de tissus
d’holothuries dans leurs contenus stomacaux. Ces poissons seraient des commensaux a l'état adulte et
auraicnt des tendances parasitaires lorsqu’ils sont juvéniles.

Key-words. - Carapidae, Carapus acus, Encheliophis boraborensis, Encheliophis homei, Encheliophis
gracilis, Cephalic morphology, Diet, Commensalisim, Parasitism.

Most species of the Carapidae family have commensal or parasitic relationships
either with an invertebrate echinoderm (Holothuroid or Asteroid) and/or a mollusc host
(Markle and Olney, 1990). Stomach contents examination reveals their carnivorous life-
style (Smith, 1964; Hipeau-Jacquotte, 1967; Trott, 1970; Dawson, 1971; Trott and Trott,
1972; Seymour, 1974; Gustato, 1976; Meyer-Rochow, 1977; Gustato et al., 1979; Van
Den Spiegel and Jangoux, 1989). Using a morphological approach, our aim is to contrib-
ute to the comprehension of carapids / holothurian host relationship. By studying the
skeleton and the musculature of the oral and pharyngeal jaws in four carapids
(Encheliophis boraborensis, E. homei, E. gracilis and Carapus acus), it is possible to
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confirm the diet and if a species is commensal or parasitic. Our choice was based on the
availability of these four species and on their essentially similar behaviour towards their
host. Moreover the three Encheliophis species are found inside the same holothurian
species (Bohadschia argus). E. boraborensis is believed to eat mainly crustaceans and
fishes (Trott, 1970; Van Den Spiegel and Jangoux, 1989), E. homei and C. acus, are
thought to additionally consume the gonads, viscera, and respiratory trees of their host
(Arnold, 1953; Smith, 1964; Hipeau-Jacquotte, 1967; Trott, 1970; Trott and Trott, 1972;
Van Den Spiegel and Jangoux, 1989), and E. gracilis to feed solely on parts of the host
(Strasburg, 1961; Smith, 1964; Branch, 1969; Trott, 1970; Van Den Spiegel and Jan-
goux, 1989).

MATERIALS AND METHODS

Twelve Encheliophis boraborensis (TL: 13 to 30 cm), 13 E. homei (TL: 8 to
17 cm), and S5 E. gracilis (TL: 16 to 24 cm) adult specimens were collected in Hansa bay
(Bismarck’sea, North of Papua New Guinea). They were found inside specimens of Bohad-
schia argus (a holothurian). The 8 specimens of Carapus acus (TL: 7 to 15 cm) were found
in Holothuria forskali from the Mediterranean sea (S.T.A.R.E.S.O. station, Calvi, Cor-
sica).

The carapids were preserved in 5% formaline or frozen at -20°C. Three individuals
of each species were stained with Alizarin and Alcian blue according to Taylor and Van
Dijk (1985) to reveal the skeletal structures. All fish were dissected and examined with a
Wild M 10 binocular coupled with a camera lucida.

Abbreviations

A : adductor mandibulae A A, : adductor mandibulae A, A, : adductor mandibulae A,

A, : adductor mandibulae A, A, : adductor mandibulae A, A, : adductor mandibulae A,

A, adductor mandibulae A, AA : articuloangular art.pro.mx.: articular process of the
maxillary

asc.pro.pmx : ascending process of BBR 1-4 : basibranchial 1 to 4 BH : basihyal

the premaxillary

CBR 1-5 : ceratobranchial | to 5 DE : dentary EBR 1-5 : epibranchial 1 to 4

HBR 1-3 : hypobranchial 1 to 3 HM : hyomandibular HM pos. : Hyomandibular position

INEL : interarcual element O : interoperculum lat.pro.pmx : lateral process of the
premaxillary

LEAP : levator arcus palatini LETH : lateral ethmoid LEXT 1-4 : levator externus | to 4

Li. : ligament LINT 2 : levator internus 2 LINT 4 : levator internus 4

MESO : mesopterygoid META : metapterygoid MX : maxillary

NCR: neurocranium O : operculum PA : palatine

PBR 1 : pharyngobranchial 1 PBR 2-4 : pharyngobranchial 2 to 4 | PMX : premaxillary

PO: preoperculum pa. pro : palatine process Q : quadrate

R: nb RC : rostral cantilage RD : retractor dorsalis

SB : swim bladder SCAP : pectoral girdle SO : suboperculum

SOP : primary sound-producing muscle [ SYMP : symplectic I, I1, I, IV : vertebra
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Fig. I. - Lateral view of the cephalic skull in Encheliophis homei (A) and E. gracilis (B).

RESULTS

Skull of the oral region

In all four species, the premaxillary bears a row of external cardiform teeth
(Fig. 1) and an additional two or three rows of conical internal teeth in Encheliophis
boraborensis, E. homei and Carapus acus. The premaxillary of E. gracilis is also distinc-
tive from the three other species by its close ascending and lateral processes (Fig. 1B).
The articular process of the maxillary articulates on the anterior process of the palatine
and caps the premaxillary. The ethmoid region of the four species has two ligaments
(Li. 1 and 2) in common (Fig. 2). Li. I divides into two branches: the first branch at-
taches on the mesethmoid and on the base of the maxillary articular process and the sec-
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Fig. 2. - Lateral view of the adductor mandibulae muscles and of the levator arcus palatini muscle in
Encheliophis homei (A) and E. gracilis (B).

ond branch originates on the first branch and runs to the opposite premaxillary ascending
process. Li. 2 joins the anterior process of the palatine and the upper part of the maxil-
lary. In addition there are two other common ligaments in E. boraborensis, E. homei and
C. acus: the first one (Li. 3) attaches on the maxillary articular process and on the rostral
cartilage; the second one (Li. 4) is fixed below the Li. 3 and attaches to the articulo-
angular (Fig. 2A). The latter two are missing in E. gracilis. On the other hand, E. gracilis
possesses short connective fibres (Li. 5) spread along the maxillary and premaxillary
length that do not permit a separation between the upper jaw elements.

The dentaries are robust and toothed. Encheliophis boraborensis, E. homei
(Fig. 1A) and Carapus acus possess a row of large external, incurved conical teeth and
several smaller internal teeth; £. gracilis possesses only external teeth (Fig. 1B). Pro-
portionately, the lower jaws of the latter are slender (less thick and the coronoid processes
less developed).
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Fig. 3. - Lateral view of the adductor mandibulae muscles and of the levaior arcus palatini in Enchelio-
phis homei (A) and E. gracilis (B) when A, bundles are removed.

In all four species the major characteristic of the suspensorium is in the large and
reinforced hyomandibular. It articulates with the neurocranium along the otic region and
displays two articular condyles: one on the sphenotic and the second on the pterotic. Both
condyles are extended by thickenings that converge toward a third extending toward the
symplectic. The quadrate shows a thickening in the continuation of the symplectic.

Musculature of the oral region

The adductor mandibulae muscle of the examined species has six bundles. Adductor
A, is the most external and is separated in two bundles: A,o and A, (Fig. 2). These mus-
cles extend from the inner side of the dentary coronoid process to the pterotic and
hyomandibular respectively. Adductor A, lies under A, and is divided in two bundles



140 PARMENTIER ET AL.

Fig. 4. - Dorsal view of the branchial basket in Encheliophis boraborensis. Grey surfaces represent the
teeth positions and hatched surfaces the cartilage.

(Figs 2, 3). The first one (A,0) inserts dorsally on the sphenotic and is ventrally in con-
tact with A adductor and the second one (A,B) inserts on the central part on the suspenso-
rium (hyomandibular, metapterygoid and symplectic) and on A.

A new major difference appears with the disposition of the A, bundles (A & and
A B) between E. gracilis and the three other species (Figs 2, 3). In E. boraborensis, E.
homei and C. acus, A0 inserts on the metapterygoid posteriorly and on ligament 4
(Li. 4) anteriorly. A, extends from the mesopterygoid to the inner face of the maxillary.
In E. gracilis, insertions on the suspensorium are similar but none anterior, the two bun-
dles insert along most of the length of the maxillary.

Functional features of the oral region

In Encheliophis boraborensis, E. homei and Carapus acus, the mouth opening
shows a forward projection of the upper part of the premaxillary when the dentary is low-
ered. In addition to this movement, the posterior parts of the upper jaws move laterally. In
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NCR
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Fig. 6. - Lateral view of the upper pharyngeal muscles and of the sound-producing muscles in E. homei.

E. gracilis, there is no projection of the premaxillaries upon mouth opening and the
mouth opens less widely. Furthermore, the premaxillaries and maxillaries do not show
interdependent movements.

Skull of the pharyngeal region (Fig. 4)

The disposition and the form of the fifth ceratobranchials (=lower pharyngeal
Jjaws, LPJ) differ between the four species examined. Generally speaking, in Encheliophis
boraborensis, E. homei and Carapus acus, the 5th ceratobranchials are robust, their upper
surface has big teeth on the inner side and small teeth on the outer side (Fig. 5A). These
teeth are conical and are directed toward the back of the buccopharyngeal cavity. In E.
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gracilis, the 5th ceratobranchials are flattened and separated from each other posteriorly.
From a dorsal view, they slope laterally and have only cardiform teeth on their inner
dorsal surfaces (Fig. 5B). In these four species, a membrane joins the right and left cera-
tobranchials.

In all four species, the 2nd, 3rd and 4th pharyngobranchials form the upper pha-
ryngeal jaws (UPJ). Carapus acus has the largest 2nd pharyngobranchials. This element is
smaller in E. boraborensis and E. homei, and E. gracilis has greatly reduced 2nd pharyn-
gobranchials. In E. gracilis, the 4th pharyngobranchials are larger compared to the other
species. Teeth are more numerous and more tapered in E. gracilis.

In all examined species, there are two characteristics (Fig. 4): (A) the Ist epibran-
chial does not connect with the 2nd pharyngobranchial. This role is assumed by an inter-
arcual element (Allis, 1915) articulated on the one hand on the Ist epibranchial and on the
other hand on the 2nd pharyngobranchial; (B) the 1st pharyngobranchial does not con-
nect the neurocranium but is reduced and lost in conjunctive tissue.

Note: E. boraborensis and C. acus also have teeth on the 3rd basibranchial and on
the 3rd hypobranchials, whereas E. homei only has teeth on the 3rd basibranchial. These
teeth are missing in E. gracilis.

Musculature of the pharyngeal region (Fig. 6)

The ventral musculature of the branchial basket is that usually encountered in the
Teleostei and is not described here. However, it is important to note that (A) the levator
interni and externi originate on the inner side of the hyomandibular (except some fibres of
the 3rd levator internus that attach to the neurocranium); (B) there is no levator posterior
and (C) the retractores dorsalis muscles run obliquely between the primary sound-
producing muscles and are attached posteriorly to the lower surface of the 2nd and 3rd
vertebrae.

DISCUSSION

Several characters are indicative of a carnivorous lifestyle in all four species. (1)
There are major sets of conical teeth on the vomer (Arnold, 1953; Trott, 1970; Williams,
1984) palatines and jaws (Fig. 1); (2) There is a wide-split mouth with robust dentaries;
and (3) A,and A, form a very powerful set of muscles inserting on the suspensorium, as in
most teleosts (Liem, 1970; Lauder and Liem, 1981; Vandewalle er al., 1995), but also with
fibres on the neurocranium (Fig. 2). Vandewalle er al. (1982) suppose that such inser-
tions are indicative of a prey catching by grasping. In addition, the powerful adduciores
mandibulae are associated with hyomandibular thickenings that are believed to be neces-
sary to prevent bone deformation (Osse, 1969; Dutta, 1975; Vandewalle, 1978). The
bisector of the angle formed by thickenings 1 and 3 points toward the coronoid processes
of the dentary (short and near the quadrate); its position varies little during mouth opening
(Fig. 7). The direction of this bisector is thus probably that of the force exerted on the
hyomandibular and mandible by contraction of A, and A,. If so, the | and 3 thickenings
might a response 1o the stress imposed by these muscles. The hypothesis that the force
exerted by A,and A, is in the direction of the above-mentioned bisector is supported by
the fact that the latter is also practically parallel to the quadrate thickening. It seems more
difficult to explain thickening 2. Its presence probably reflects the added effects not only
of A,and A, muscle contraction and the contraction of levator arcus palatini, and adductor
palatini.
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Fig. 7. - Simplified lateral view of the head in Carapus acus. Numbers | to 4 indicate the suspensorium
thickenings; the grey surface represents the position of the A,-A; muscles. The bold line is the bisector
of the angle formed by O and P; R is the parallel to the bisector running through the quadrate-dentary
joint.

Among these four species, anatomical characters seem related to their way of life.
Carnivorous features are more pronounced in Encheliophis boraborensis, whose muscula-
ture, jaws, and suspensorium are the best developed, allowing the capture of “tough” prey,
such as fishes and crustaceans. This is in keeping with stomach contents analyses of this
species. Although these characters are somewhat less developped in Carapus acus and E.
homet, they should be able to feed on prey with an endo-and/or exoskeleton. On the other
hand, E. gracilis has thin buccal parts, uniserial set of teeth on the jaws and palatines, and
maxillary ending in a spine (Fig. 1B). This morphology suits the diet which consists of
soft food (holothurian tissues). These diet differences among species also relate to the
mouth opening. The fact that E. boraborensis, E. homei and C. acus can protrude their
upper jaw allows them to have a wide mouth opening. This protrusion is possible because
the buccal parts are quite independent (Schaeffer and Rosen, 1961; Alexander, 1967;
Lauder and Liem, 1981). On the other hand, E. gracilis displays no protrusion and no wide
opening mouth. The most important factor of this feature seems to be the lack of mobility
between maxillaries and premaxillaries: they are joined by dense connective tissues
(Li. 5) along their entire length. In addition, the upper jaws do not have much mobility
because the A, bundles are inserted along the entire maxillary length and not on a liga-
ment (Li. 4) and because they are concealed and confined by skin.

A wide mouth opening with a small protrusion is found in the three species that eat
crustaceans and fishes. It permits the capture and retention of larger prey. On the other
hand, a wide mouth opening is not necessary in the case of E. gracilis: in the host (and
victim), there is no probability to lose the gonad or the viscera of the holothuroid. In
addition the more numerous cardiform teeth of £. gracilis could consist in a sawing system
that cuts soft tissue.

The four species possess two sound-producing muscles (Courtenay and McKittrick,
1970) that originate on the orbital roof, run ventrally alongside the neurocranium and
attach to the swim bladder (Fig. 6). The topographic situation of the muscles could have
two consequences at the branchial basket level. (1) It could indicate that the Ist pharyn-
gobranchials are not involved in the suspension of the upper pharyngeal elements which
do not have rigid suspension; (2) the remarkable origin sites of the levatores on the inner
side of the hyomandibular and not on the neurocranium as is the case in all Teleosteans
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known from this point of view (Holstvoogd, 1965; Nelson, 1967; Lauder, 1983; Liem and
Sanderson, 1986; Claes and De Vree, 1992; Vandewalle er al., 1995) is also probably
linked to the presence of the sound-producing muscles. Their insertion on a mobile ele-
ment could have functional implications. Encheliophis boraborensis, E. homei and C.
acus all have the upper jaw teeth directed toward the rear and the inside, the strength of 5th
ceratobranchials which have close-set sharp teeth, the thinness of the 4th levator interni,
the presence of the retractores dorsalis on the one hand and the possible presence of entire
prey in the stomach contents on the other hand suggest that the pharyngeal jaws are only
able to transport food. In E. gracilis, weaker and more widely spread lower pharyngeal
jaws with cardiform teeth as opposed to the longer teeth of the upper pharyngeal jaws
could be related to cutting soft prey in addition to the transport movements.

All the E. gracilis stomach contents showed the exclusive presence of holothurian
tissue as already reported in the literature (Strasburg, 1961; Smith, 1964; Branch, 1969;
Trott, 1970; Van Den Spiegel and Jangoux, 1989). This is in accordance with our cephalic
morphological study that shows poorly developed and somewhat different oral and pha-
ryngeal carnivorous features in comparison with the three other species.

Encheliophis boraborensis has the most highly developed carnivorous characters
and feeds only on non-holothurian tissues caught by grasping (Trott, 1970; Van Den
Spiegel and Jangoux, 1989). Most authors have established that C. acus and E. homei feed
on crustaceans or fishes (including cannibalism) (Arnold, 1956; Smith, 1964; Hipeau-
Jacquotte, 1967, Trott, 1970; Trott and Trott, 1972; Van Den Spiegel and Jangoux,
1989). However, Arnold (1953) and Hipeau-Jacquotte (1967) mention the presence of
holothurian tissues in, respectively, C. acus and E. homei, but these authors have com-
bined data from juvenile and adult exemplars. It seems that young individuals feed on
holothurian tissues then modification of the diet occurs in the adult stage when non-
holothurian tissues are the principal source of food. Our cephalic examinations support
this hypothesis because these fishes have morphological features closely similar to those
of L. boraborensis: set of teeth on the dentaries, protrusion ability, muscular organiza-
tion, etc. It would be interesting to know the diet of young E. boraborensis in order to see
if they feed on holothurian tissues. If so, E. boraborensis, E. homei and C. acus have three
ways of life during their life. They are free living and planktivorous (Williams, pers.
com.) during their pelagic larval stage; they enter Holothuroid and are parasitic during
their juvenile stage; they continue to enter Holothuroid during their adult stage but the
host is used as a shelter. Encheliophis gracilis has lost this third way of life and is adapted
to the parasitism.
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MACKERELS, MOLECULES, AND MORPHOLOGY
by

Bruce B. COLLETTE (1)

ABSTRACT. - Current classification of the Scombridae, based largely on morphology, is compared
with recent molecular studies in nine cases. 1. The wahoo, Acanthocybium solandri, is confirmed as a
scombrid, not a billfish. II. Relationships within the Thunnini are confirmed with Auxis the sister-group
of the rest of the tribe, and then Euthynnus, Katsuwonus, and finally, Thunnus. 111. Monophyly of the
genus Thunnus is confirmed. IV. Monophyly of the subgenus Neothunnus of the genus Thunnus is con-
firmed but monophyly of the subgenus Thunnus is problematical. V. North Atlantic and North Pacific
subspecies of the bluefin tuna, Thunnus thynnus, are better considered as full species, T. thynnus and T.
orientalis. V1. The yellowfin tuna, Thunnus albacares is a single worldwide panmictic species.
VII. North Atantic Scomber scombrus shows a sharp divergence from Pacific S. australasicus and the
wide-spread anti-tropical S. japonicus, supporting recognition of two subgenera, Scomber for S. scom-
brus, and Pneumatophorus for the other species. VIIIL. Differentiation of chub mackerel supports rec-
ognition of two species, Scomber colias in the Atlantic and S. japonicus in the Indo-Pacific. 1X. Nuclear
and mitochondrial DNA confirms monophyly of the Scomberomorus regalis group of Spanish mackerels
but produces a slightly different phylogeny than does morphological data.

RESUME. - Maquereaux, molécules et morphologie.

La classification actuelle des Scombridae, fondée sur la morphologie, est comparée aux résul-
tats moléculaires récents dans neuf cas. 1. Le thazard batard, Acanthocybium solandri, est bien un
Scombridae, et non un Xiphioidea. If. Les relations phylogénétiques des Thunnini sont confirmées, avec
Auxis, puis Euthynnus, Katsuwonus et enfin Thunnus respectivement les groupes-fréres des taxa restants.
III. La monophylie du genre Thunnus est confirmée. IV. Au sein du genre Thunnus, la monophylie du
sous-genre Neothunnus est confirmée, mais celle du sous-genre Thunnus reste problématique. V. Les
sous-espéces nord-atlantique et nord-pacifique de Thunnus thynnus sont considérées comme des espe-
ces distinctes: Thunnus thynnus et Thunnus orientalis. V1. Le thon albacore, Thunnus albacares, est une
espece panmictique. VI1. Upe forte divergence existe entre Scomber scombrus de I’ Atlantique Nord, S.
australasicus du Pacifique et S. japonicus 2 large distribution antitropicale. Ces résultats conduisent 2
reconnaitre deux sous-genres, Scomber pour S. scombrus et Pneumatophorus pour les autres espéces.
VIII. De la méme fagon, le “maquereau espagnol” comprend deux espéces: Scomber colius dans
I’ Atlantique et S. japonicus dans 1'Indo-Pacifique. IX. L’étude de I'ADN nucléaire et mitochondrial
confirme la monophylie du groupe Scomberomorus regalis (thazard atlantique), mais la phylogénic est
légerement différente de celle qui a été obtenue par la morphologie.

Key-words. - Scombridae, Thunnini, Tunas, Mackerels, Spanish mackerels, Taxonomy.

The currently accepted classification {Collette and Nauen, 1983; Collettc er al.,
1984) of the mackerels and tunas (family Scombridae) within the suborder Scombroidei
(Fig. 1) is largely based on classical morphological studies of Kishinouye (1923), Godsil

(1) National Marine Fisheries Service Systematics Laboratory, National Museum of Natural History,
Washington DC, 20560-0153, USA. [mnhvz017 @sivm.si.edu]
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Fig. 1. - Subfamilies, tribes, and genera (with numbers of included species) of the family Scombridae.
(From Collette and Russo, 1985a: fig. 1.)

and co-workers (e.g., Godsil and Byers, 1944; Godsil, 1954) and my research with a series
of co-workers starting in the 1960s (e.g., Gibbs and Collette, 1967; Collette and Chao,
1975; Collette and Russo, 1985b; Carpenter et al., 1995).

Recently, a number of investigators have begun to test portions of this classifica-
tion with modern molecular methods using both nuclear and mitochondrial DNA (mtDNA).
How well does the morphology-based classification stand up ? Are changes needed in the
current classification ? Let us look at several recent studies and compare their molecular
results with morphology-based classifications in nine cases.

I. Is the wahoo (Acanthocybium) more closely related to Spanish mackerels
(Fig. 2B) as hypothesized by Collette et al. (1984) and Collette and Russo (1985a) or to
the billfishes (Fig. 2A) as postulated by Johnson (1986) ? A study (Finnerty and Block,
1995) of a 590 base pair region of the mitochondrial cytochrome b provides an hypothe-
sis of relationships among Spanish mackerels (Scomberomorus), Acanthocybium, and
billfishes (Xiphiidae and Istiophoridae). Parsimony analysis of both nucleotide and
amino acid sequences places the wahoo within a monophyletic Scombridae, Gempylidae,
Trichiuridae clade while the billfishes are consistently placed as a sister group to this
clade and not just to Acanthocybium. Billfishes are genetically distant from other scom-
broids, perhaps constituting a separate suborder (Finnerty and Block, 1995). Parsimony
analysis of the mitochondria] ATPase 6 gene (using both nucleotide and amino acid se-
quences) also confirms monophyly of the billfishes (Alvarado Bremer, 1994).
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Fig. 2. - Two phylogenetic hypotheses for scombroid fishes based on morphological evidence. A: John-
son (1986). B: Collette et al. (1984). (From Finnerty and Block, 1995: fig. 1.)

Il. Relationships within the higher turas, Thunnini. The cytochrome b gene se-
quence provides a good resolution of relationships within the Thunnini (Finnerty and
Block, 1995). Recent correspondance from Jaime Alvarado Bremer (pers. comm.) indi-
cates that his molecular data supports the relationships of the Thunnini outlined here
(Fig. 1) based on morphology, skipjack (Katsuwonus), is the sister-group to the tunas
(Thunnus), then the little tunnies (Euthynnus), and the frigate tunas (Auxis). A manuscript
by Graham and Dickson (pers. comm.) presents additional morphological support for the
position of Allothunnus (a species not examined by Finnerty and Block, 1995) as the
most primitive member of the Thunnini.

II1. The genus Thunnus. Thirty years ago Gibbs and Collette (1967) published a re-
vision of the tunas (Thunnus), placing the nominal genera Parathunnus (for bigeye),
Neothunnus and Semathunnus (for yellowfin), Germo (for albacore), and Kishinoella (for
longtail) in the synonymy of Thunnus (based on bluefin). We recognized seven species in
the genus and considered the North Atlantic and North Pacific populations of bluefin tunas
as subspecies, Thunnus thynnus thynnus and T. 1. orientalis. Allozymes (Elliott and Ward,
1995) and the cytochrome b gene sequence (Finnerty and Block, 1995) provide robust
support for monophyly of Thunnus, although material of two of the tropical species,
blackfin (T. atlanticus) and longtail (T. tonggol) was not available for these studies.
When all species of Thunnus were included (Chow and Kishino, 1995), the number of
nucleotide substitutions between the outgroup, skipjack tuna (Katsuwonus pelamis), and
species of Thunnus was large compared with those between species of Thunnus, ranging
from 35-42 nucleotide substitutions (12.0-14.4%) for a 292-base pair cytochrome b frag-
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Fig. 3. - Bootstrap analysis of mtDNA data on tunas, genus Thunnus. Values attached to the branches
are percentages of 500 bootstrap replications. BLKFIN = blackfin; YFT = yellowfin, LTAIL = longtail,
BE = bigeye, SB = southern bluefin, AtIBF = Atlantic bluefin, PacBF = Pacific bluefin, ALB = albacore,
SKIJ = skipjack. (From Alvarado Bremer er al., 1997: fig. 3.)

ment and 58-69 (14.5-17.3%) tor a 400-bp ATPase fragment. Between species of Thun-
nus, there were 0-10 substitutions for cytochrome b and 3-30 for ATPase.

IV, Subgenera of Thunnus. In 1979, I divided the genus into two subgenera, Thun-
nus for the coldwater clade, bluefin, southern bluefin, and albacore, and Neothunnus for
the tropical tunas, yellowfin, blackfin, and longtail (Collette, 1979). This classification
was based largely on morphological differences in the adaptations for endothermy such as
liver morphology, vascularization, position of the cutaneous artery, and size of ventro-
lateral vertebral foramina. Species of the subgenus Neothunnus possess both central and
lateral heat-exchangers, although the lateral retia are relatively small. Members of the
subgenus Thunnus have their lateral retia highly developed but the central heat-exchanger
has been lost or reduced and this group also has additional retia which function to elevate
the temperature of their viscera, eyes, and brains. | placed the bigeye in the subgenus
Thunnus with some hesitation because it shows some characters of both subgenera.

There seems to be little question that the members of the subgenus Neothunnus
form a monophyletic group (Chow and Kishino, 1995; Alvarade Bremer ef al., 1997) but
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Fig. 4. - Consensus tree from bootstap analysis using PAUP excluding four hypervariable segments of
mtDNA data on tunas, genus Thunnus. Abbreviations as in figure 3. (From Alvarado Bremer e! al.,
1997: fig. 4.)

there is less support for monophyly of the subgenus Thunnus. Several recent studies
(Elliott and Ward, 1995; Finnerty and Block, 1995; Chow and Kishino, 1995) suggest
that the albacore, T. alalunga, is the most divergent species in the genus. This has led to
an alternative hypothesis that albacore and bigeye represent the most primitive species
and yellowfin the most advanced (Block er al., 1997). This seems unlikely, particularly
since all species of the family spawn in tropical waters, and it is only the members of the
subgenus Thunnus that have been able to extend their feeding ranges into cold waters. The
most recent analysis of mtDNA from all species of Thunnus (Alvarado Bremer et al., 1997)
supports monophyly of both subgenera (Fig. 3): Neothunnus (BLKFIN, YFT, and LTAIL)
at the top of the figure, Thunnus (SBT, AtIBF, PacBF, and ALB) in the middle. As with the
morphological analysis, the bigeye tuna (BE) is problematical, with this tree supporting
a closer relationship to the subgenus Neothunnus than to the subgenus Thunnus.

V. Species of Thunnus. All four studies show a suprisingly close relationship be-
tween albacore (ALB) and Pacific bluefin (PacBFT). For example, the consensus tree from
bootstrap analysis using PAUP (Alvarado Bremer et al., 1997) shows this relationship
(Fig. 4) and also a relationship between southern bluefin (SBT) and Atlantic bluefin
(AtIBFT). Chow and Kishino (1995) explain the sequence similarity between albacore and
Pacific bluefin by interspecific transfer of mtDNA, with albacore mtDNA introduced by
hybridization replacing most of the original mitochondrial lineages in the Pacific blue-
fin. Whether this is the correct explanation or not, there is a more practical problem
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Fig. 7. - Majority rule consensus of 2 equally parsimonious trees using cytochrome b sequence. Num-
bers at nodes indicate % of times the node was supported in 1,000 bootstrap replications. (From Scoles
et al, 1998: fig. 5.)

involving the status of the Atlantic and Pacific bluefins. If this explanation is correct, it
1s a case of horizontal rather than vertical evolution and should not be the deciding factor
in deciding taxonomic status. Gibbs and Collette (1967) felt that the differences between
southern bluefin on the one hand (first ventrally directed parapophysis on the 9th verte-
brae, yellow caudal keels) and Atlantic and Pacific bluefins on the other (first ventrally
directed parapophysis on the 10th vertebrae, dark caudal keels) were best expressed by
considering Atlantic and Pacific bluefins as subspecies, 7. thynnus thynnus and T. thyn-
nus orientalis, respectively. However, the morphological differences between Atlantic
and Pacific bluefins (shape of the dorsal wall of the body cavity in large specimens and
numbers of gill rakers) coupled with the molecular data suggests separation of these blue-
fins as separate species, T. thynnus and T. orientalis, rather than subspecies.

VI. Yellowfin tuna populations. The yellowfin tuna, Thunnus albacares, is the
most wide-spread of the tropical tunas, extending around the tip of South Africa, at least
during the southern summer (Fig. 5). Based on morphology, Gibbs and Collette (1967)
became convinced that there was but one world-wide species of yellowfin tuna and that all
38 nominal species should be combined under the name Thunnus albacares. Spawning
occurs across the Indian, Pacific, and Atlantic oceans in warm waters. They thought there
should be significant mixing around the tip of South Africa. Scoles and Graves (1993)
tested this hypothesis using mtDNA from samples of yellowfin from five Pacific and one
western Atlantic localities. They found a total of 34 different genotypes but the geco-
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Fig. 8. - Percent nucleotide sequence divergence of populations of Scomber japonicus (J) and S. aus-
tralasicus (A). (From Scoles, 1994.)

graphic distributions of the different mtDNA genotypes were similar among the six sam-
ples. Two genotypes were dominant in all samples, Pacific and Atlantic, accounting for
more than half the variation. They concluded that there was sufficient gene flow between
the Atlantic and Pacific to prevent the accumulation of significant genetic differentiation.

VII. Genera of mackerels, Scombrini. Currently, two genera of mackerels are rec-
ognized, Scomber and Rastrelliger, each with three species (Matsui, 1967). Scomber
scombrus is restricted to the North Atlantic, with populations in both western and eastern
North Atlantic (Fig. 6). Scomber australasicus has been considered as restricted to the
Pacific Ocean and southeast Indian Ocean, with major populations in the northwestern
Pacific - Japan, Taiwan, Philippines, and southwestern Pacific - Australia and New Zealand
plus a small population in the Revillagigedo Islands off the coast of Mexico In the eastern
Pacific. Scomber japonicus is the most wide-spread species in the genus. It is sympatric
with S. scombrus in the North Atlantic and with S. australasicus in the northwestern Pa-
cific. It is found, anti-tropically, in separate populations in all oceans. This clearly was
an ideal species to compare’ with the wide-spread yellowfin tuna using mtDNA (Scoles et
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Fig. 9. - Cladogram of Spanish mackerels, Scomberomorus based on morphology. (From Collette and
Russo, 1985b: fig. 70.)

al., 1998). Most populations have been named as species or subspecies: japonicus Hout-
tuyn, 1782 from Japan; colias Gmelin, 1789 from the eastern Atlantic, grex Mitchill,
1815 from the western Atlantic; diego Ayres, 1857 from the northeastern Pacific; pe-
ruanus Jordan & Hubbs, 1925 from the southeastern Pacific; and marplatensis Lopez,
1935 from Argentina.

How many genera of mackerels are there 7 A majority rule consensus of two
equally parsimonious trees using cytochrome b with Rastrelliger kanagurta as the out-
group shows that Scomber scombrus is different from S. japonicus and S. australasicus
(Fig. 7). The generic name Pneumatophorus Jordan & Gilbert, 1883, meaning
swim-bladder bearer, is available for S. japonicus and S. australasicus and has been used
for them. Scomber scombrus has lost its swim-bladder, has 13 + 18 wvertebrae instead of
14 4+ 17, has the first haemal spine anterior to the first interhaemal bone, has more
heavily ossified bones (Matsui, 1967: table 5), and has a different otolith morphology
(Fitch and Craig, 1964). Thus, both morphological and molecular data support division of
Scomber into two genera or subgenera.

VIII. How many species of Scomber are there ? On the right in figure 7, there are
four groups: 1. S. scombrus; 2. S. japonicus from the eastern Atlantic (Italy);, 3. S. aus-
tralasicus from the Red Sea; and 4. Pacific S. japonicus plus S. australasicus. Or, moving
further to the right, there are five groups, separating Pacific S. japonicus from the two
lineages of S. australasicus.

Omitting Scomber scombrus, cluster analysis of percent nucleotide sequence di-
vergence by restriction site analysis shows two groups at 1.2% divergence (Fig. 8), but
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Fig. 10. - Cladogram and distribution of Spanish mackerels of the Scomberomorus regalis species-group.

these groups are Pacific japonicus (JPN, Japan; TWN, Taiwan; and CAL, California) and
australasicus plus the Atlantic populations of japonicus. At 1.0% divergence, there are
three groups: Pacific japonicus, Atantic japonicus (FLA, Florida; ARG, Argentina; IRS,
Israel; IVC, lvory Coast; and SAF, South Africa) and two lineages of australasicus. This
differentiation supports recognition of the Atlantic populations as a separate species,
Scomber colias. There is also morphological support for this (Matsui, 1967: table 7),
with Pacific populations being unmarked or only slightly marked on the belly compared
to the strong markings present in Atlantic populations and the mandibular and premaxil-
lary teeth only lightly crenulated in Pacitic populations versus strongly crenulated in
Atlantic populations.

When this analysis was first run (Scoles, 1994), the population of mackerels in
the Red Sea was considered to be Scomber japonicus. The unpredicted relationships of Red
Sea “japonicus™ with australasicus led Erin Baker and me (Baker and Collette, 1998) to
re-examine the mackerel population in the northern Indian Ocean and Red Sea which has
been historically identified as japonicus. This population has 30-33 interneural bones
under the first and second dorsal fins instead of only 26-29 and so it is NOT japonicus but
australasicus, hitherto considered to be restricted to the Pacific Ocean and southeastern
Indian Ocean.

IX. Spanish mackerels, Scomberomorus. There are 18 species of Spanish macker-
els (Collette and Russo, 1985b). One well-defined monophyletic group of species within
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Fig. 11. - Clustering of host species of the Scomberomorus regalis species-group based on hypothesized parasite relationships of their parasitic copepods. (Based on

Collette and Russo, 1985a: fig. 14.)
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the genus (Fig. 9) is the regalis-group. This group is defined by the presence of nasal
denticles, teeth in the nose, at node 5. Characters of the anterior arterial system, pelvic
girdle, and skull define nodes 1-4 (Fig. 9) within the regalis-group. The phylogeny con-
structed from morphological characters can be compared with the distributions of the
species (Fig. 10).

Host-parasite relationships of parasitic copepods were then utilized to provide an
independent assessment of relationships of Spanish mackerels of the Scomberomorus
regalis species-group (Collette and Russo, 1985a). Clustering of the hosts based on hy-
pothesized parasite relationships resulted in a slightly different tree (Fig. 11), with the
two eastern Pacific species, concolor and sierra showing closer relationships than in the
morphology-based tree.

In an effort to determine which tree better approximates phylogeny, Banford et al.
(in press) re-examined the relationships of the regalis group using both nuclear and mito-
chondrial DNA with the Indo-Pacific S. guttatus as outgroup. The regalis-group is mono-
phyletic and the Gulf of Guinea species, S. tritor, is confirmed as the plesiomorphic sis-
ter-species to the five American species (Fig. 12). The Atlantic Spanish mackerel, S.
maculatus, could not be distinguished from S. regalis on the basis of their mtDNA se-
quences (Fig. 12A) due to mitochondrial introgression (Banford et al., in press). Nuclear
encoded aldolase sequence strongly supported the distinctiveness of S. maculatus and S.
regalis (Fig. 12B), and the basal position of S. maculatus within the New World species.
The two eastern Pacific species, concolor and sierra appear closely related to each other,
more similar to the hypothesis generated from the parasite data (Fig. 11) than from that
of the morphological data (Fig. 9).

Opening of the Atlantic Ocean was a major vicariant event that divided popula-
tions in the eastern Atlantic (§. tritor) from those in the western Atlantic (Fig. 13). The
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molecular data indicate a preisthmian divergence for the western Atlantic S. maculatus,
followed by divergence of the common ancestors of the western Atlantic (S. brasiliensis
and S. regalis) and eastern Pacific (S. concolor and S. sierra).

CONCLUSIONS

I conclude that finding a well-corroborated and stable phylogenetic hypothesis is
still a process of reciprocal enlightenment. This requires careful examination of morphol-
ogy, formulation of phylogenetic hypotheses, testing these hypotheses with other meth-
odologies, such as molecular methods, and then going back to re-examine problem areas.
Molecular studies will not replace morphological studies, rather they will augment them
to produce a better picture of phylogeny. In all but one of the cases considered here, mo-
lecular data either support the current classification or can do so with relatively slight
modification of the classification. Consideration of recent molecular data along with
morphological data leads to three recommendations for changes in the current classifica-
tion of the Scombridae:

1. Raise Atlantic and Pacific bluefin subspecies to species, Thuinus thynnus
(Linnaeus, 1758) and T. orientalis (Temminck & Schlegel, 1844), respectively.

2. Recognize Atlantic and Pacific populations of chub mackerels as separate spe-
cies, Scomber japonicus (Houttuyn, 1782) in the Indo-Pacific, and S. colias (Gmelin,
1789) in the Atlantic.

3. Recognize two subgenera within Scomber, the subgenus Scomber Linnaeus for
S. scombrus and the subgenus Pneumatophorus Jordan & Gilbert for the other three spe-
cies in the genus, S. australasicus, S. colias, and S. japonicus.

Phylogeny within Thunnus remains a problem with one molecular study (Alvarado
Bremer et al., 1997) supporting the morphological hypothesis and several other studies
coming to different conclusions.
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FURTHER SPECIMENS OF AGROSTICHTHYS PARKERI
(TELEOSTEIL: REGALECIDAE),
WITH NATURAL HISTORY NOTES

by

Robert M. MCDOWALL (1) & Andrew L. STEWART (2)

ABSTRACT. - Agrostichthys parkeri, originally described from New Zealand, and hitherto known from
only a few specimens in the southwestern Pacific and southern Atlantic, is reporied widely in the New
Zealand region, including two recently beach-cast specimens. One of these, at 307 cm long, is the
largest known, and was a running-ripe female collected in October; the other, probably the most com-
plete specimen known, was 53 cm long, and had an extraordinarily elongated dorsal fin filament that
extended 80% of body length. This specimen, when bandled by those who discovered it still alive,
appears o have emitted an electric discharge.

RESUME. - Notes d’histoire naturelle sur quelques spécimens d’Agrostichthys parkeri (Teleostei:
Regalecidae).

L'espece Agrostichthys parkeri, décrite de Nouvelle-Zélande. n'était jusqu'a présent connue que
par un nombre restreint de spécimens provenant du Pacifique Sud-Ouest et de I'Atlantique Sud. Parmi
les nombreux individus récemment signalés dans la région, deux avaient échoué sur des plages: une
femelle mature de 307 cm de long a été récoltée en octobre ainsi qu'un individu de 53 cm présentant un
tres long filament a la nageoire dorsale (80% de la longeur du corps). Ce dernier a ¢té trouvé vivant et
il semble qu'il ait émis une décharge électrique.

Key-words. - Regalecidae, Agrostichthys parkeri, PSE, New Zealand, Electric fishes.

The genus Agrostichthys, established by Phillipps (1924) for Regalecus parkeri
Benham, 1904, was first recorded from a specimen beached at Deborah Bay, southern New
Zealand, and is known in New Zealand as ribbonfish (Paulin er al., 1989), though it was
called streamerfish by Nelson (1994). It belongs to the lampridiform family Regalecidae,
which comprises just two apparently monotypic genera of highly aberrant, extremely
slender, compressed, and very elongated fishes; Regalecus glesne and Agrostichthys
parkeri (see Walters and Fitch, 1960). R. glesne is perhaps the longest known teleost,
reportedly reaching lengths exceeding 17 m and weights of over 300 kg, and is attrib-
uted with generating stories of “sea serpents” (Dybas, 1993). A. parkeri appears to be
much smaller, but reaches at least 307 cm TL. The biology of both species is poorly
known, particularly A. parkeri about which virtually nothing has been written. In addition
to his holotype, Benham (1904) reported a specimen of A. parkeri from Stewart Island, at
the southern end of New Zealand. Phillipps (1924) obtained a third specimen, beached at

(1) National Institute of Water and Atmospheric Research, P.O. Box 8602, Christchurch, NEW
ZEALAND. [r.mcdowall@niwa.cri.nz]

(2) Museum of New Zealand, P.O. Box 467, Wellington, NEW ZEALAND.
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Fig. 1. - Agrostichthys parkeri, drawing based primarily on the specimen 530 mm TL, NMNZ P, 34476,
beach-cast at Kauaurau Bay, Pelorus Sound, July 1995 (drawn by Erica Mackay, from preserved
specimen, but restoring the length of the dorsal fin filament to that prior to shrinkage during preserva-
tion, with detail augmented by another specimen in Museum of New Zealand collections, of similar
size).

Cape Palliser on the southern coast of the North [sland, New Zealand, only the head and
caudal regions of which were retained. Scott (1934) described A. benhami from Tasmania,
but this was provisionally treated as a synonym of A. parkeri by Paxton ef al. (1989) and,
presumably as a result, Nelson (1994) described the genus as monotypic. Trunov (1982)
discussed a further three specimens from the southern Atlantic, one of which was near
complete, the others comprising only the head and anterior trunk. Heemstra (1986) knew
of “7 known specimens... only | intact”; Olney et al. (1993) refer to a further specimen
from the collections of the Institut fiir Seefischerei, Universitat Hamburg, Germany. These
seem to comprise all of the few published records of A. parkeri. Gomon et al. (1994) knew
of no records from the southern coastal seas of the Australian mainland, and the only
Australian record is that by Scott (1934) from Tasmania (according to Paxton et al.,
1989). Bauchot (1984) mentioned it as not occurring in the western Indian Ocean, but she
surmised that it may be present there, though perhaps rare. Thus, there have been very few
published reports of A. parkeri, and few of the fish taken have been intact, though there
'seems an expectation that it may be widespread.
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This note is prompted by recent findings of two further nearly intact specimens,
and discusses numerous additional specimens in the holdings of the Museum of New Zea-
land.

MATERIAL EXAMINED

A specimen of A. parkeri was found in the shallows of the sea in Kauaurau Bay,
Marlborough Sounds, at the northern tip of New Zealand’s South Island, in July, 1995 by
Jason McKenzie (Animal Sciences Department, Lincoln University, Christchurch, New
Zealand). Kauaurau Bay is towards the outer end of Pelorus Sound, and although an inside-
facing embayment within the sound, is close to the open sea of Cook Strait. The fish was
alive when found, though moving only weakly. The specimen (Fig. 1, Museum of New
Zealand no. P. 34476) is nearly intact, and is 53 cm long—the caudal peduncie tapers to a
very fine tip, so that it seems unlikely that much has been lost apart, perhaps, from the
caudal fin itself. The other specimen was beached, alive, at Napier, on the mid-east coast
of the North Island, and was recovered by Clinton Duffy of the Department of Conserva-
tion, on 6 October, 1993 (NMNZ P. 30830 - only the head and caudal regions, and ova-
ries, were preserved). It was still alive, though weakened probably through prolonged
rolling in the surf before being retrieved. It also was nearly intact, though it retained no
elongated rays in the dorsal fin and there is no caudal fin, only a well-healed stump (but
see below).

In view of the paucity of records, the opportunity is taken to report 40 additional
specimens in the fish collection of the Museum of New Zealand. Most of them were
trawled, but eight adults and one juvenile were retrieved as beached (the adult specimens
often broken and partly eaten by sea birds). Two specimens were speared by scuba divers
in shallow water, one of which was reported to have been swimming strongly amongst
kelp.

AGROSTICHTHYS PARKERI (BENHAM, 1904)

Identification and characteristics

We refrain from detailed redescription of the species since previous authors
(Benham, 1904; Phillipps, 1924; Scott, 1934 - especially; Trunov, 1982) describe their
specimens, at length and in detail. However, some features of the latest specimens warrant
detailed discussion, especially where they differ from previous accounts.

The specimens key to family Regalecidae in Paulin er al. (1989), and conform to
previous descriptions of Agrostichthys parkeri in most respects (Benham, 1904; Phil-
lipps, 1924; Scott, 1934). A. parkeri is greatly compressed as well as extraordinarily
elongated (Pi. 1, Fig. 1). The body depth of the Kauaurau Bay specimen, which is great-
est immediately behind the head, is c. 11 mm, or <2.1% of body length (taken to the tip
of the specimen, this distance referred to hereafter as “body length” owing to uncertainty
that it equates to standard length). The body tapers slowly to almost a point at the poste-
rior tip. The anus is well forward on the trunk (length to vent 150 mm, or ¢. 28% of body
length). The mouth is oblique with much enlarged flattened maxillae overlying the ex-
tremely protrusible mouth. There are no scales, but the body is covered with small almost
horny nodules in irregular, longitudinal rows (see Pl. | A, immediately behind head). The
lateral line follows the ventral body profile for most of the body length.
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The dorsal fin originates above the head a little behind the eyes and is in two
parts—anteriorly a small triangular fin and behind it a very long low fin with many rays
of about equal length. The first and second rays in the dorsal fin of the Kauaurau Bay
specimen, especially the second, are greatly elongated, extending as single, free fila-
ments. These filaments shrank considerably following preservation (Jason McKenzie,
pers. comm.). The specimen was preserved in methanol, the only available preservative at
the remote location where it was found, which resulted in considerable dehydration and
shrinkage of the dorsal fin filaments. However, their length in life can be estimated from a
photograph of the fish taken by Mr. McKenzie. From this we estimate that the second
filament was naturally 466 mm long, or 88% of body length (Fig. 1). In preservative it
is ¢. 376 mm long, indicating shrinkage of 20%. The first ray in the dorsal fin which is
.separate from the second ray along most of its length, measures about 125 mm in pre-
servative. If we assume similar shrinkage to that indicated above for the second ray, the
first may originally have been c. 16 cm long, or 30% of body length and thus longer than
the single filament illustrated by Trunov (1982), which we estimate as about 20% of body
length. This difference between the Kauaurau Bay specimen, and Trunov’s illustrated
specimen seerns unlikely to be due to allometric growth, since Trunov’s specimen was
579 mm SL, and thus little longer than ours. We conclude that Trunov’s specimen was
probably incomplete (note that two of his three specimens were so badly mutilated in
capture that only the head and anterior trunk were recovered—it seems that his capture
techniques were damaging to small, delicate fishes). As most of the Museum of New Zea-
land juvenile specimens were trawled, they also have been damaged, including breaking
and loss of the elongated rays.

The Kauaurau Bay specimen is unique in being apparently complete, apart from the
lack of a caudal fin. Most large specimens in the Museum of New Zealand's collections of
A. parkeri, including the very large example found at Napier, have no caudal fin, but just
an apparently well-healed stub (Pl. 1). A radiograph of partial specimen NMNZ P503
shows that the vertebral column ends in a complete vertebra with no hypural skeleton, in
this instance confirming loss of part of the caudal region. Judging by specimens avail-
able, this sort of damage may be common, both in nature, and when specimens are cap-
tured. One specimen about 70 cm long (NMNZ P. 13400 - taken on the southern slopes of
the Chatham Rise, in a high-opening bottom trawl fishing at > 900 m depth) has two
greatly elongated caudal filaments, one 55 mm the other 75 mm long; there is, of course,
no assurance that these filaments are complete.

Both elongated dorsal fin rays have paired rows of uniform, tiny, hard, closely-
spaced spinules along the postero-lateral edges of the proximal part of the rays. These
spinules seem to disappear distally, where the rays are invested in loose skin which has
shrunk onto the fin ray within, on preservation. Before preservation, therefore, the fila-
ments may have been several millimetres in diameter with a relatively significant space
between the fin ray and the surrounding skin that is now shrunk onto the fin ray. There is
no anal fin. Pelvic fins are reduced to short spikes that may have been attached to the
abdomen by membrane, but their original form is uncertain, and they may have been badly
eroded or damaged.

Trunov (1982) mentioned a “dermal protuberance in the form of an uvula” beneath
the dentary symphysis. This description is apt for specimens of A. parkeri in collections
of the Museum of New Zealand, including the Kauaurau Bay and Napier beached fishes, in
which the structure is quite large and obvious, being darkly pigmented. With the mouth
closed it lies within the lateral covering of the dentaries, and is attached to the skin along
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Fig. 2. - Change in shape of vertebrae in Agrostichthys parkeri, derived from radiograph of specimen
NMNZ P 13400 (figures of vertebrae, drawn from the radiograph, are inset at the approximately ap-
propriate distance along vertebral column - vertebrae # 3 and # 140).

most of its length. The mouth of A. parkeri is clearly highly protrusible (Pl. 1B) and, on
full extension, forms an elongated and tubular opening with distinct antero-ventral orien-
tation. This results from only the upper jaw protruding, such that, in plate 1C, the dis-
tance between the eye and the tip of the lower jaw does not change with protrusion.

Vertebral count is estimated at ¢. 175-180 (from two fish, NMNZ P13340 and P
25012). These are best estimates from radiographs which were difficult to read in places,
undoubtedly owing to light ossification in these fish, and this was not helped by the fact
that the fish were fragmented. Of some interest is the fact that the shape of the vertebrae
changes markedly along the length of the fish. Vertebra length and diameter were deter-
mined using a digital display micrometer that reads to 0.01 mm, under a dissecting micro-
scope. Just behind the head (Fig. 2), vertebrae are about as long as their diameter (see
arrowed inset a), but both size and proportions change, with diameter declining steadily
along the vertebral column while length increases markedly up to about vertebra 50 before
beginning a steady decline in vertebra length towards the tail; these changes result in mid-
length to posterior vertebrae becoming shaped like slender spindles (Fig. 2, arrowed
inset a).

Colouration

When encountered alive, the Kauvaurau Bay specimen’s body was shimmering sil-
ver, with indistinct vertical dusky bands, these most intensely coloured on the back and
belly, fading mid-laterally. The longest dorsal fin filament was bright pink, interrupted
by numerous dark bands. In preservative the fish is white with about 14 grey/black hour-
glass-shaped bands across sides, darkest and broadest at dorsal and ventral body profiles,
paling and narrowing towards mid-lateral trunk. The large specimen beach-cast at Napier
was also bright silver, with indistinct dusky grey banding, much of the head reddish, and
the fringes of the long, low dorsal fin dusky.
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Fig. 3. - Distribution of Agrostichthys parkeri in the New Zealand region (* Museum of New Zealand
records; * type locality), with 500 and 1000 m contour lines. Some points represent more than one
specimen.

Size

Although not reaching the size of Regalecus glesne, Agrostichthys parkeri never-
theless reaches a considerable length. One of Benham’s (1904) specimens was 191 c¢cm
long, while Phillipps” (1924) measured more than 274 cm. Scott’s (1934) specimen
measured 81 cm. The six largest examples in the Museum of New Zealand collections are
246-307 cm TL, the largest being that beach-cast at Napier.

Distribution

A. parkeri previously has been recorded from around New Zealand, off northern
Tasmania (Australia; Scott, 1934) and in the southeastern Atlantic (Trunov, 1982). There
is a clear, but still unfulfilled, expectation that the species will be found to occur more
widely (Bauchot, 1984; Heemstra, 1986, Paxton et al., 1989, Gomon et al., 1994). New
Zealand specimens have been taken within or south of the sub-tropical convergence
(Fig. 3), and mostly since about 1980. The northernmost records are from around 39°N,
off the east coast of the North Island of New Zealand. The southernmost records are six
adults from the Campbell Plateau, including one specimen beached on Adams Island, the
southernmost of the Auckland Islands (Fig. 3). No juveniles have been taken south of
42°S. Eleven records are from the Cook Strait/Wellington region, possibly reflecting its
proximity to deep water and the vigorous ocean currents moving through the strait. Cap-
tures around New Zealand are associated partly with research mid-water trawling by the
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former Fisheries Research Division of the New Zealand Ministry of Agriculture and Fisher-
ies (now part of the National Institute of Water and Atmospheric Research), e.g. on one
research cruise in March 1995 the GRV Tangaroa took six juveniles (< 250 mm TL)in
fine mesh trawls fishing between 12 and 108 m, over 4,350-5,000 m; more frequent
captures also relate partly to the intensive development of deep-water commercial fisher-
ies around the region.

The New Zealand captures indicate that, at least in the southwestern Pacific Ocean,
A. parkeri is widespread and perhaps not uncommon. Specimens captured by trawling
typically were taken in water of moderate to great depths, often over 500 m and up to
5,000 m, but sometimes as shallow as 100 m or less. Possibly it is a pelagic mid/surface
water species, unaffected by the actual water depth over which it is living.

Natural history notes

The small Kauaurau Bay specimen showed no obvious signs of gonad development
and may be immature. The very large Napier specimen, however, was shedding ovulated
eggs freely when recovered, and so was clearly ripe. The eggs were a pale amber colour and
about 4 mm in diameter. A capture date of 6 October indicates spring spawning.

How protrusion of the mouth is exploited in feeding is not known. Typically a
down-turned mouth opening is indicative of bottom-feeding (Keast and Webb, 1966;
Wootton, 1991), but this seems highly implausible for A. parkeri given its usual capture
at upper-mid depths over often deep water. Possibly, the fish hangs obliquely in the water
column so that the margins of the protruded mouth opening provide a vertical opening for
engulfing food. The mechanics of protrusion, in terms of Motta’s (1984) classification,
are unknown and a likely source of interest, especially given the apparently unusual dis-
tinctly antero-ventral orientation of the oral aperture, relative to the long body axis of the
fish, after protrusion.

DISCUSSION

Jason McKenzie reported that when he picked up the fish, and was holding it by
the caudal end with the dorsal fin filament draped over his hand, the fish wriggling gently,
he experienced what he described as mild but quite distinct pulsed electric shocks that
passed up through his hand into the forearm at intervals of about 10s. A companion who
independently held the fish reported the same sensation. Whether the sensation was truly
an electrical discharge needs to be confirmed by use of appropriate electrical testing
equipment should specimens be available. However, given that the fish is so rarely col-
lected and, when collected, is usually dead and/or badly damaged, this confirmation is
going to depend heavily on chance. Whether the shocks experienced the collectors of the
Kauaurau Bay fish were of reduced intensity as a consequence of the fish’s enfeebled condi-
tion is unknown but this seems likely (trawl-caught electric rays are observed to have
discharged their electric capacity during the trauma of capture), but no electric discharges
by the Napier specimen were reported, although it was also handied alive.

Electric discharges have long been recognised or suggested for a variety of fish
groups, including several marine skates and rays (Rajidae and Torpedinidae: Rajiformes),
the African freshwater elephant fishes (Mormyridae) and gymnarchids (Gymnarchidae:
Osteoglossiformes), South American electrophorid electric eels (Electrophoridae,
Sternopygidae and Rhamphichthyidae: Gymnotiformes), the electric catfishes (Malapteru-
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Plate 1. - A: Agrostichthys parkeri, 307 mm TL, from Napier, 6 October 1993 (NMNZ P.30830);
B: Head with mouth closed; C: Mouth protruding (photos: Clinton Duffy).
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ridae: Siluriformes), and a few species of marine stargazers (Uranoscopidae: Perciformes)
(Bennett, 1971; Marshall, 1971; Moller, 1995). More recently another catfish family
(Mochokidae) has been described as weakly electric (Hagedorn et al., 1990). The ability to
generate electricity has thus clearly evolved several times within divergent groups of
cartilaginous and bony fishes.

There have not to our knowledge, however, been suggestions that any of the mor-
phologically bizarre fishes of the Order Lampridiformes have this ability. A. parkeri has
been collected so rarely, and when collected is so often dead and/or badly mutilated during
capture, that it is perhaps not surprising that its apparent ability to generate electricity
has not hitherto been reported. The nature of the phenomenon, the origin of any electric
discharges, and their function, are at present matters only for speculation, pending the
recording of an electrical discharge and anatomical investigations that may identify where
any electric current originates. The peculiar, uvula-like structure beneath the lower jaw
may be implicated. The reports of mild shocks experienced by the individuals who col-
lected the Kauaurau Bay fish, implicate the tail region of the fish and the extraordinarily
elongated dorsal fin filament, since these are the parts of the fish with which they were in
direct contact.

Bennett (1971) distinguished between strong and weak electrical discharges. The
former he presumed to function in either defence or in securing prey, while the latter func-
tion as a part of the electrosensory system, enabling the fish to detect objects by the
distortion they cause in the field established by the electric organ. If the elongated dorsal
fin filament is implicated in generating a field, it could perhaps be some form of “electric
fishing” organ for securing prey. This perhaps seems bizarre, but fish have an extraordi-
nary ability to evolve structures and habits that almost defy the human imagination.
Marshall (1971) speculated that fish that use electric discharges to sense prey or predators
may need to keep the receiving organ (lateral line) from undulating laterally while swim-
ming (hence gymnotids swim rippling the elongated anal fin). If this should be true of
Agrostichthys, perhaps its elongated filament provides this capacity by streaming behind
the fish while its body does undulate during swimming. A live oarfish, Regalecus glesne,
has been observed swimming, perhaps hanging, vertically, undulating the long dorsal fin
for propulsion (C.D. Paulin, Museum of New Zealand, pers. obs., 1979). A photograph of
an oarfish positioned in vertical orientation was recently published (National Geo-
graphic, December 1996), in which the elongated dorsal fin rays were splayed vertically
in front (above) the snout of the fish, and the elongated pelvic rays projected laterally.
Fishes of the related lampridiform family Trachipteridae have also been recorded oriented
vertically with elongated fin rays displayed in this fashion (Heemstra and Kannemeyer,
1984). Possibly, A. parkeri also adopts a similar vertical orientation, but where its ex-
tremely elongated dorsal fin filaments project is unknown.

Alternatively, electric discharges may be some kind of protective mechanism for a
far from robust fish. Greatly elongated fin filaments are present in other lampridiform
fishes of several families, variously involving the dorsal and/or pelvic and/or caudal fins
(Walters and Fitch, 1960; Nelson, 1994; Stewart, 1995); these are of unknown function
and we suggest that examination of other lampridiform fishes for the ability to generate
electric current might be worthwhile.
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DENTEX FOURMANOIRI, A NEW SPECIES OF SEA BREAM
(SPARIDAE: DENTICINAE) FROM OFF NEW CALEDONIA

by

Masato AKAZAKI (1) & Bernard SERET (2)

ABSTRACT. - A new species of sea bream, Dentex foumanoiri is described from 16 specimens caught
in deep water off New Caledonia. It is distinguishable from other species of Dentex by the number of
dorsal fin rays (XIII +9), a more acute snout angle, a greater eye, and the bright yellow margins of the
dorsal and caudal fins.

RESUME. - Dentex fourmanoiri, une espéce nouvelle de denté (Sparidae, Denticinae) de Nouvelle-
Calédonie.

Une nouvelle espece de denté, Dentex fourmanoiri est décrite a partir de 16 spécimens récoltés
dans les eaux profondes de Nouvelle-Calédonie. Eile differe des autres espéces de Dentex par le
nombre de rayons & la nageoire dorsale (XIII + 9), un museau plus aigu, un oeil plus grand, et les bords
des nageoires dorsales et caudale jaune vif.

Key-words. - Sparidae, Denticinae, Dentex fourmanoiri, ISEW, New Caledonia, New species, Taxon-
omy.

The genus Dentex includes 10 species but there are only two recorded species of
yellow sea bream in the West Pacific, both known from Japan (Akazaki in Masuda et al.,
1984). These are Dentex sp. and Dentex tumifrons (Temminck and Schlegel, 1843) origi-
nally described from Nagasaki, Japan. The latter is also reported from north-western Aus-
tralia (Gloerfelt-Tarp and Kailola, 1984; Sainsbury et al., 1985), and from the South
China Sea (Lee, 1983).

In the 1970s, P. Fourmanoir, former ichthyologist in ORSTOM (Institut de recher-
che scientifique pour le développement en coopération), collected a specimen of a prob-
able new species of a yellow sea bream from off New Caledonia, and sent it to the first
author (MA) who reported on this discovery during the XIth annual meeting of the Ichthy-
ological Society of Japan (21 March - Ist April, 1978), as mentionned in vol. 25, n° 1 of
the Japanese Journal of Ichthyology (p. 75). Unfortunately, the specimen was lost and the
description could not be completed.

In the course of the exploratory cruises performed by ORSTOM in the economic
zone of New Caledonia to investigate the bathyal fauna and new resources (Séret, 1997),
16 specimens of this new sea bream were collected and are herein described.

(1) Akazaki Ichthyological Institute, 1158 Mutata, Shimokikata, Miyazaki 880-0035, JAPAN.
[akazagyo @mnet.ne.jp]

(2) Muséum national d’histoire naturelle, Laboratoire d’Ichtyologie, Antenne ORSTOM, 43 rue Cuvier,
75231 Paris cedex 05, FRANCE. [seret@mnhn.fr)



Fig. 1. - Holotype of Dentex fourmanoiri n. sp. (MNHN 1998-301), 226 mm SL, from Chesterfield
[slands.

Fig. 2. - Paratype of Dentex fourmanoiri n. sp. (MNHN 1998-302), 178 mm SL, from northern New
Caledonia.

MATERIALS AND METHODS

The 16 specimens of the new species are listed in the type series below. The new
species was compared to closely related species: 42 specimens of Dentex tumifrons from
Japan and East and South China seas, and 42 specimens of Dentex sp. from Okinawa and
the Ogasawara Islands.

Methods for taking measurements and meristic data follow Akazaki (1962); counts
were made on radiographs. An analysis of covariance was done on selected morphometric

_ratios.

The specimens are deposited in the Muséum national d’histoire naturelle, Paris

(MNHN), the National Science Museum, Tokyo (NSMT) and Miyazaki University (MU).
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DENTEX FOURMANOIRI N. SP.
(Figs 1, 2, Table I)

Type series

Holotype. - MNHN 1998-301, 1 specimen (226 mm SL), R.V. “Coriolis”,
CORAIL 2, CP 130, 19°27'S, 158°34’E (east of Chesterfield Islands), beam trawl, 217 m
depth, Jul. 1988.

Pararypes. - MNHN  1997-4140, 3 specimens (164-190-215 mm SL), R.V.
“Coriolis”, CORAIL 2, stn. 131, 19°25’S, 158°37'E (east of Chesterfields Islands), beam
trawl, 217 m depth, 29 Aug. 1988, MNHN 1997-4141, 2 spms (103-190 mm SL), R.V.
“Alis”, BATHUS 1, stn. 712, 21°44’S, 166°35’E, beam trawl, 210 m depth, 9 Mar. 1993,
col. B. Richer de Forges; MNHN 1997-4142, 2 spms (190-205 mm SL), R.V.
“Alis”"BERYX 4, stn. 3, 22°44’S, 167°1TE, longline, 260 m depth, 23 Jan. 1992, col. R.
Grandperrin; MNHN 1998-302, S spms (113-178 mm SL), R.V. “Vauban”, MUSORSTOM
4, stn. CC 173, 19°02’S, 163°18’E, bottom trawl, 250-290 m depth, 17 Sep. 1985, col.
B. Séret; NSMT-P 54577, | spm 165 mm SL, same data as MNHN 1998-302; MUFS
14874, 1 spm 155 mm SL, same data as MNHN 1998-302; MUFS 14775, 1 spm dissected
137 mm SL, same data as MNHN 1998-302.

Diagnosis

A yellow sea bream of the genus Dentex characterized by: XIII + 9 dorsal fin rays;
snout acute (70°-83°); eye diameter 2.40-3.35 times in head length; distal margins of
dorsal and caudal fins bright yellow.

Description

Selected measurements and meristics are given in table L

A yellow sea bream of the genus Dentex with an oval and compressed body; head
large with anterior profile nearly evenly sloping, steeper in front of eye in large speci-
mens; snout angle acute, 70° (holotype) and 70-83° (paratypes); snout and suborbital
region naked; cheeks, opercle scaly; preopercle scaly except at its posterior margin;
mouth low, slightly oblique; a single row of sharp, conical teeth along sides of each jaw,
with 4 anterior canine-like teeth in upper jaw and 4-6 in Jower jaw (character of Dentici-
nae); interorbital slightly round and scaly; caudal fin forked.

Gillrakers on first arch 7 + 10 (holotype), 4-7 + 10-11 (paratypes); dorsal fin
with 13 spines and 9 soft rays; the spines increasing in length up to the fourth or fifth,
and subequal thereafter; anal fin with 3 spines and 8 soft rays; pelvic fin with | spine and
5 soft rays; pectoral fins with 15 soft rays (14 for 3 specimens); scales along lateral line
47 (holotype), 47-50 (paratypes); scales on transverse series 5 + 14 (holotype), S-
6 + 12-15 (paratypes).

Colour (in fresh specimens) (Fig. 2). - Body rosy to light red with silvery reflec-
tions; some specimens with purplish shades; dorsal and caudal fins pale yellowish with
distal margin bright yellow; pectoral, pelvic and anal fins pale; base of pectoral fin pink-
ish; eye silver with some yellowish tint, iris black.

Etymology
The new species is named in honor of Pierre Fourmanoir, former ichthyologist in
ORSTOM, who first collected this new sea bream in New Caledonian waters.
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Distribution
Known from Chesterfield Islands and New Caledonia from 210 to 290 m depth.

COMPARISONS WITH OTHER SPECIES
(Figs 3, 4, Tables 11, 111)

The analysis of covariance performed on selected morphometric characters showed
significant differences in some ratios (Table IT).

Table [. - Selected measurements expressed as ratios of standard length (SL) and head length (HL) and
merisistic data of 3 Indo-Pacific species of Dentex.

Species| Dentex fourmanoiri |Dentex tumifrons Dentex sp.
Locality New Caledonia Japan + China Seas | Okinawa + Ogasawara
Specimens examined| Holotype + 15 Paratypes 42 specimens 42 specimens
Standard length (mm) 226 (103-215) 68.5-247 205-316
RATIOS Holotype (Range) Mean Mean (Range) Mean (Range)
SL / head length 2.94 (2.53-2.98) 2.77 2.82 (2.69-3.10) 2.94 (2.74-3.06)
SL / body depth 2.17 (2.04-2.26) 2.13 2.08 (1.97-2.88) 2.17 (2.00-2.36)

SL / body width

SL / pectoral fin length

HL / 1st dorsal spine length
HL / 2nd dorsal spine length
HL / 3rd dorsal spine length
HL / 1st anal spine length
HL / 2nd anal spine length
HL / 3rd anal spine length
HL / pelvic spine length
HL / pelvic fin ray length
HL / snout length

HL / upper jaw length

HL / interorbital width

HL / eye diameter

HL / suborbital width

6.65 (5.15-7.63) 6.00
2.69 (2.46-2.97) 2.70
5.13 (4.24-6.15) 5.02
3.21 (2.83-4.13) 3.28
2.37 (2.00-3.15) 2.43
4.28 (3.40-4.20) 3.74
2.66 (1.89-2.59) 2.30
3.35(2.57-3.50) 2.93
1.97 (1.80-2.38) 1.72
1.51 (1.29-1.70) 1.47
2.57 (2.12-2.65) 2.49
2.48 (2.25-2.93) 2.61
3.21 (3.14-3.85) 3.46
3.08 (2.40-3.35)2.78
4.05 (3.88-5.57) 4.62

5.46 (5.20-6.68)
2.66 (2.36-3.00)
4.40 (3.70-6.33)
2.82 (2.45-3.62)
2.18 (1.95-2.71)
4.35 (3.63-5.33)
2.74 (2.37-3.20)
3.00 (2.52-3.53)
2.18 (1.93-2.47)
1.46 (1.33-1.74)
2.47 (1.85-2.97)
2.55(2.32-2.78)
3.44 (3.00-4.08)
3.38 (2.84-4.40)
3.91 (3.31-4.91)

6.04 (4.63-7.50)
2.72(2.50-3.14)
4.69 (3.96-5.94)
2.96 (2.43-4.05)
2.26 (1.84-2.68)
4.05 (3.68-4.59)
2.54 (2.26-3.10)
3.02 (2.36-3.73)
2.06 (1.83-2.36)
1.43 (1.31-1.64)
2.47 (2.26-3.21)
2.52(2.28-2.79)
3.19 (2.93-4.04)
3.66 (3.09-4.09)
4.12 (3.64-4.85)

MERISTICS Holotype (Range) Mean Mean (Range) Mean (Range)
Lateral line scales 47 (47-50) 48.1 48.3 (46-50) 48.5 (47-50)
Transverse series: upper/under|5+14 (5-6+12-15) 5.5+13 | 5.4+14 (5-7+13-15) | 5.8+14 (5-6+13-15)
Under 4th dorsal spine 5 5 5
Dorsal fin spines/rays XII+9 XH+10 X1+10
Anal fin spines/rays m+8 m+8 m+8
Pelvic fin spines/rays 1+5 I+5 I+5
Pectoral fin rays 15 15 15
Gill rakers 7+10 (4-7+10-11) 7-8+11-13 T+11-12
Snout angle 70° (70°-83°) 76°9 82°9 (82°-88°) 80°8 (80°-83°)




Table 11. - Main characteristics of the 10 known species of Dentex. DF = number of dorsal fin spines and rays; AF=number of anal fin spines and rays;
PF = number of pectoral fin rays; SL =standard length; HL = head length; BD =body depth; SOW = suborbital width; LL = number of lateral line scales;
TSL = number of transverse series of scales above the lateral line.

Dentex species DF AF PF SL/HL SL/BD :HL/SOW LL TSL Locality
Atlantic
D. angolensis X0-10 ¢ II-8 15-16 | 2.4-2.8 2.3-25 5.3-5.9 46-47 4 North-west African coast
D. barnardi X0-10 -8 16 2.9 2.5 4.1 61 6 West African coast
D. canariensis X0-10 -8 16 2.9-3.1 2.4-3.0 31-42 58-63 56 North-west African coast
D. congoensis X1-10 m-8 15 29 2.6 7.2 46 4 North-west African coast
D. dentex XI-11 m-8 15 28 2.6 4.0 60 8 England, France, Mediterranean, Morocco
D. macrophthalmus | XIO-10 : T0-8 16 2.5-2.7 2.7-28 § 9498 53-56 56 Portugal, Medit., Morocco, Mauritania
D. maroccanus X1-10 @ OI-8 16 2.7 23 | 5265 48 4 North-west African coast
Pacific
D. tumifrons Xn-10 M-8 15 2.7-3.1 20-23 i 3547 46-50 5 Japan, East and South China Seas
D. fourmanoiri X1-9 m-8 15 2.6-3.0 2.1-2.2 4.1-5.6 45-50 56 New Caledonia
Dentex sp. X[-10 M-8 15 2.7-3.1 2.0-23 3.6-49 47-50 56 Okinawa, Ogasawara

Table I1I. - Results of the covaniance analysis on selected morphometric characters. HL = head length; BD = body depth; PL = pectoral fin length; 3DS = 3rd dorsal
fin spine length; 3AS = 3rd anal fin spine length; SnL =snout length; SOW =suborbital width; ED =eye diameter; - = not significant. * = significant at 5%;
** = significant at 1% level.

Covariance analysis g:r“:;':t’e‘:: SL/HL i SL/BD i SL/PL | HL/3DS i HL/3AS i HL/SnL | HL/ED | HL/SOW
@ Between Slope 0.2104 0.4303 0.983 4.5786 18.377 12.889 11.397 2.3829
D. fourmanoiri Adjusted mean 0.0118 5.1501 6.1451 0.1056 5.9339 6.6139 132.99 58.051
& D. tumifrons Significant 5% - - i - * ** . * . -

Significant 1% . T . . . I
@ Between Slope 0.0419 5.1064 0.0079 1.592 1.621 5.621 2.4258 0.0555
D. fourmanoiri Adjusted mean 49378 4.569- 21396 i 7.5096 3.0111 0.5323 20.608 0.4457
& Dentex sp. Significant 5% - * - - - . - -
(Okinawa + Ogasawara) | Significant 1% * * - bl - - . -
@ Between Slope 0.0497 7.046 1.1454 0.1941 0.4946 0.448 0.4215 1.0448
D. tumifrons Adjusted mean 19.651 1.16 3.5297 1.8556 20.85 34.191 13.61 59.923
& Dentex sp. Significant 5% - .. - - - . - .
(Okinawa + Ogasawara) | Significant 1% * - - - * * * * . x * *
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Fig. 3. - Regressions between head length and snout length in 3 Indo-Pacific species of Dentex.
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Fig. 4. - Regressions between head length and eye diameter for 3 Indo-Pacific species of Dentex.

Dentex fourmanoiri is mainly distinguishable from Dentex tumifrons by the num-
ber of dorsal fin rays (XIII + 9 versus X11 + 10); snout angle more acute, 70°-83° versus
about 78°-87°5; a larger eye, its diameter 2.40-3.35 (2.78) times in head length versus
2.84-4.40 (mean: 3.38) (Fig. 3); general colouration light red with silvery reflections
versus silvery red with golden sheen; dorsal and caudal fins with bright yellow margin
versus fins orange-yellow to reddish; no blotches versus 3 large yellow blotches on body
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below base of dorsal fin in D. tumifrons. Furthermore, D. fourmanoiri tends to have a
shorter snout, its length contained 2.12-2.65 (mean: 2.49) times in head length versus
1.85-2.97 (mean: 2.47) (Fig. 4).

Dentex fourmanoiri is mainly distinguishable from an undescribed species from
Japan, Dentex sp. (Akazaki in Masuda et al., 1984) by number of dorsal fin rays (XIII +9
versus XII + 10); a larger eye, its diameter 2.40-3.35 (mean: 2.78) times in head versus
3.09-4.09 (mean: 3.66) (Fig.3); body without spots versus scattered with numerous
small blue spots; dorsal fin with bright yellow margin versus dorsal bright yellow; pelvic
and anal fins pale versus bright yellow in Dentex sp. Furthermore, D. fourmanoiri tends to
have a snout angle somewhat more acute, 70°-83° versus about 80°-83°; a snout shorter,
2.12-2.65 (mean: 2.49) times in head versus 2.26-3.21 (mean: 2.47) (Fig. 4).

Dentex fourmanoiri is easily distinguishable from the 7 Atlantic species of Dentex
by its number of dorsal fin rays: XIII +9 versus XI-XII + 10-11 (Table I1I).

Acknowledgements. - Sincere appreciations go to the late Tokiharu Abe for offering specimens from
the Ogasawara Islands, to Hiroshi Kohno for assistance in covariance analysis, to Jacques Rivaton,
Bertrand Richer de Forges and René Grandperrin from the ORSTOM Centre in Noumea for collecting
some of the specimens.
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DEEP-SEA DEMERSAL ICHTHYOFAUNA
OFF THE ST-PAUL AND AMSTERDAM ISLANDS
(CENTRAL SOUTHERN INDIAN OCEAN)

by

Guy DUHAMEL (1)

ABSTRACT. - An oceanographic cruise (R.V. “Marion-Dufresne”, July 1986) and an experimental
fishing cruise (F.V. “Austral”, July 1996) investigated the ichthyofauna of the deep-sea zone (350-
3075 m and 400-980 m respectively) off the St-Paul and Amsterdam islands, a poorly known area in the
central southern Indian Ocean. Forty-eight species belonging to 21 families were recorded. Macrouri-
dae was the richest family in species, but in terms of abundance and biomass, Berycidae and Oreoso-
matidae seemed to be dominant in depths less than 1000 m. The ichthyofauna is compared to those from
other areas of the temperate/subtropical belt in the southern hemisphere.

RESUME. - L'ichtyofaune démersale profonde des iles St-Paul et Amsterdam (Océan Indien Sud).

Une campagne océanographique (N.O. “Marion-Dufresne”, juillet 1986) et une campagne de
péche expérimentale (chalutier “Austral”, juillet 1996) ont permis d’étudier I'ichtyofaune en zone
profonde (respectivement 350-3075 m et 400-980 m) au large des iles St-Paul et Amsterdam, un secteur
peu connu de la partie centrale sud de ’océan Indien. Quarante hui espéces apparienant a vingt et une
familles ont été répertoriées. La famille des Macrouridae comporte le plus d’especes, mais il semble
qu’en terme d’abondance et de biomasse celles des Berycidae et des Oreosomatidae soient dominantes
a des profondeurs inférieures 4 1000 m. L’ichtyofaune est comparée a celles d’autres secteurs de la
ceinture tempérée-subtropicale de I’hémisphere sud.

Key-words. - Deep-sea fish, ISW, St-Paul and Amsterdam Is., Inventory.

The volcanic St-Paul and Amsterdam islands are the only emergences of the south
Indian mid-oceanic ridge branchs. Their positions are located at mid-distance between the
tips of southern Africa and Australia. The shallow-water ichthyofauna, first investigated
by Kner (1865), has been recently revised (Duhamel, 1989). In terms of biogeographic
affinities it belongs to the so-called “West Wind Drift Islands” province (Collette and
Parin, 1991) which includes every island or seamount from the subtropical-temperate belt
of the southern hemisphere. The mesopelagic ichthyofauna has also been investigated
(Hulley, 1989; Hulley and Duhamel, 1990), but only preliminary data are reported
(Duhamel, 1990) or summarized (Duhamel, 1997) for the deep-sea demersal fishes. Urgent
knowledge of the deep-sea demersal ichthyofauna is needed because of the spreading of the
deep-sea fisheries. Recent major surveys have conducted to advance in the ecological
studies (Merrett and Marshall, 1981; Pearcy er al., 1982; Gordon and Duncan, 1985, Mer-
rett and Domanski, 1985) in Atlantic and Pacific Oceans but the central southern Indian

(1) Muséum national d’histoire naturelle, Laboratoire d'Ichtyologie générale et appliquée, 43 rue
Cuvier, 75231 Paris cedex 05, FRANCE. [duhamel @mnhn. fr]
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Fig. |. - Position of the deep-sea scientific beam trawls (dots) and exploratory-fishing bottom trawls
(triangles) conducted off the St-Paul and Amsterdam islands (SP and A at the tip of the arrow on the up
per chart) during 1986 and 1996 respectively (N.B.: dashed lines on the upper chart indicate the mid-
oceanic ridges).
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Ocean still needs a first check-list. Recent trawling investigations allow advancement in
the knowledge of this fauna.

MATERIAL AND METHODS

The fish were collected during two cruises. The first was an oceanographic cruise
(MDSO/JASUS) of the R.V. “Marion-Dufresne” conducted during July 1986 (Arnaud,
1990). A series of 24 stations using a beam trawl (opening: one (height) x five (width) m;
10 mm mesh size in the codend) was carried out around the islands from the upper slope
(350 m) to continental rise depths (3100 m) in a rectangled area ranging from 37°40’-
39°00°S to 77°20’-78°00’E (Fig. 1). All the fish (104 specimens) collected were fixed on
board, and later identified, registered, and stored in the MNHN collections. Some by-catch
(five specimens) from dredges samples (three Charcot-Picard and one boulder dredges
retrievals) from the same cruise and two catches of previous deep-sea baited-pot trials were
also included in the study. The second cruise was an exploratory trawl survey of F.V.
“Austral” conducted during July 1996 from 400 to 980 m on nearby seamounts in the
same geographical area (Fig. 1). A commercial otter trawl (33.70 m of headline, 50 mm
mesh size in the codend) was used for nine bottom trawlings (400-978 m). Information
on the total catches was registered on a logbook. A fishery observer collected fish be-
longing to every species and labelled the specimens before storage in a deepfreezer.
Catches were sometimes dominated by one to three species, in terms of number or weight,
so sub-samples for collection purposes were necessary. One specimen of a shark (Deania
calcea) was not retained, but photographs were taken for later identification. The bathy-
pelagic species (n= 39) have been excluded from the present study, but the specimens
were collected. Additionally benthopelagic fishes of one midwater traw] (75.4 x 59.4 m;
vertical opening: 16 m) conducted close (six meters) to the bottom (824 m) were in-
cluded in the analysis. The fish were fixed at the laboratory, identified, registered and
lodged in the collection of the MNHN.

RESULTS

A total of 48 demersal deep-sea species belonging to 21 families and 41 genera has
been identified. The beam trawl catches, obtained from 18 positive hauls, and by-catch of
pots and dredges include 30 species. The commercial bottom trawl (eight positive hauls)
and the midwater trawl conducted close to the bottom contributed in the catches of 27
species. Details of the taxonomic identifications are given in table [. Some of these
(Caelorinchus, Etmopterus, Hydrolagus, Tubbia) are still to the generic level because the
need of further study. Damaged specimen (Physiculus ?rhodopinnis) does not allow to use
fully a recent key (Paulin, 1989). The Macrouridae is the richest family in species (12
species) followed by Moridae (5 species). The other families are mainly represented by
one or two species. The depth occurrence of the species from the results of the cruises
(Table IT) allows investigation of the depth distribution of the species.

Logbooks’ data indicate that all the exploratory trawlings were stopped (winch
alarm) before the end of the expected time because of rough bottom. Nevertheless, the
relative catches were always dominated by two species: the spiky oreo, Neocyttus rhom-
boidalis, and the alfonsino, Beryx splendens.
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Table I. - Identification of deep-sea species collected during the scientific (1986) and exploratory
fishing (1996) cruises off St-Paul and Amsterdam islands (south Indian Ocean). The values indicate the
number of collected specimens during the cruises. In case of partial sampling of the catch the number
of collected specimens was expressed between brackets. *: collected with pot.; **: collected with mid-
water net trawled close to the bottom.; ***: shallow-water species in their deeper bathymetric range.

Vessel R.V."MARION-DUFRESNE" F.V. "AUSTRAL"
Period July 1986 July 1996
Depth (m) 350 - 3100 400 - 978
Family Species n Species n
Squalidae Ermopterus granulosus 5 | Emmopterus granulosus 1
Etmopterus sp. sensu Bass, 1 | Deania calcea 1
Compagno & Heemstra, 1986
Scymnodon macrocanthus* 1| Scymnodon macrocanthus 1
Chimaeridae Hvdrolagus sp. sensu 1
Compagno, 1986
Synaphobranchidae Diastobranchus capensis 1
Hlyophis blachei 1
Halosauridae Halosauropsis macrochir 6 | Halosaurus pectoralis 1
Moridae Antimora rostrata 4 | Physiculus ?rhodopinnis** 1
Tripterophycis gilchristi 3 | Tripterophycis gilchristi 4
Lepidion capensis 3 | Mora moro** 1
Macrouridae Caelorinchus karrerae 7 | Malacocephalus laevis 4
Caelorinchus sp. sensu 2 | Caelorinchus sp. sensu Iwamoto 1
Iwamoto & Anderson, 1994 & Anderson, 1994
Cetonurus globiceps 1| Odontomacrurus murrayi** 1
Corvphaenoides mcmillani I5 | Mesobius antipodum** 4
C. serrulatus 2
C. carapinus 1
C.7 mediterraneus 1
Nezumia propinqua 1
Ventrifossa cf. ori 2
Ophidiidae Spectrunculus grandis 4
Bythididae Diplacanthopoma cf. nigripinnis 1
Chaunacidae Chaunax pictus 2
Berycidae Beryx splendens ®
Trachichthyidae Hoplostethus atlanticus 2 | Hoplostethus atlanticus 3
Hoplostethus mediterraneus 4
Diretmidae Diretmordes parini** 1
Zeidae Cyitus traversi (03]
Oreosomatidae Allocyttus verrucosus** 1
Neocyitus rhomboidalis [€)]
Oreosoma atlanticum** 1
Macroramphosidae Centriscops humerosus*** 1 | Centriscops humerosus*** 15
Notopogon xenosoma*** 1
Scorpaenidae Helicolenus mouchezi*** 30 | Helicolenus mouchezi*** 5
Neomerinthe bauchotae*** 4
Sebastolobinae Trachyscorpia capensis 3
Epigonidae Epigonus robustus 1 | Epigonus robustus V3]
E. lenimen 4
Uranoscopidae Pleuroscopus pseudodorsalis* 1 | Pleuroscopus pseudodorsalis 3
Stromateidae Tubbia sp. 1
Schedophilus maculatus 1
Callionymidae Synchiropus phasis*** - 1
Total deep-sea species / cruise n=30 n=27
Total deep-sea species n=48
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DISCUSSION

The present results give a still-incomplete list of the species occurring in the deep-
sea environment off the islands, because the low number of successful trawls (26) in rela-
tion to the high number of damaged nets (five broken beams and falled nets; all bottom
trawls stopped after less than ten minutes) reduced the positive catches. The topography
of this area just on the top of ridge (Fig. 1) is the major cause of difficulty in sampling
the deep-sea fish fauna with classical gear. In addjtion, comparison of cruise results is
impossible due to the different selectivities and efficiencies of the two gear types used
(mouth opening, mesh size, etc.).

Analysis of the catches on the upper-slope shows that some shallow-water species
(Centriscops humerosus, Helicolenus mouchezi, Neomerinthe bauchotae, Synchiropus
phasis) are at the lower limit of their depth distribution. The deep-sea ichthyofauna ap-
pears at 400 m with the first species of Macrouridae and Moridae (Ventrifossa cf. ori,
Physiculus ?rhodopinnis, Tripterophycis gilchristi, Caelorinchus sp. sensu Iwamoto and
Anderson, 1994). The most numerous species (33) are recorded from the upper slope off
the islands or seamounts to about 1100 m. These species ar® also noted in other parts of
the southern hemisphere in similar habitats such as off southern Africa (Smith and Heem-
stra, 1986; Bianchi ef al., 1993; Iwamoto and Anderson, 1994) (91% in common), south-
ern Australia and New Zealand (Ayling and Cox, 1982; Last ef al., 1983; May and Max-
well, 1986; Amaoka er al., 1990; Roberts, 1991; Gomon et al., 1994; Williams et al.,
1996) (82% in common) but few (12%) in South America (Nakamura er al., 1986; Pequeno,
1997). The typical families are Epigonidae, Berycidae, Oreosomatidae, Stromateidae,
Trachichthyidae and Zeidae. Similarity with the thalassobathyal fish fauna of subtropical
waters in the Indian Ocean is evident when the fauna is compared with those of the Mada-
gascar Ridge/Walters Shoals, Mozambique Ridge, seamounts of the south-western and
south-eastern Indian Ocean Ridge, Naturalist Plateau (Filatova, 1985; Shcherbachev,
1987; Pavlov and Andrianov, 1986; Parin et al., 1993) (76% of the species in common),
and Broken Ridge (P. Last, pers. comm.). A last group of nine species, recorded from
about 1500 m and deeper, mainly belonging to families Macrouridae, Ophidiidae, Mori-
dae and Halosauridae are worldwide in the bathyal depths. Haedrich and Merrett (1990)
contend that no faunal zonation or communities occur in such deep-sea environments.

Noteworthy in the analysis of the catches is the apparent absence of two groups of
fishes normally common in the deep-sea: the skates and the Alepocephalidae. The selec-
tivity of the gear or the absence of suitable grounds for these near-bottom species could be
an explanation for the absence of skates. However the hypothesis is not acceptable for
Alepocephalidae which is abundant, for example, at the same latitude on the continental
slope off western Australia (Williams e al., 1996) and on the seamount slopes of the
southern Indian Ocean (Shcherbachev, 1987). It is probable that the low number of trawls
at appropriate depths (800-1200 m) of occurrence of the family is the reason for no repre-
sentatives of the family having been taken.

The scientific beam trawi survey does not give the opportunity to know the domi-
nance of species on the slope and at bathyal depths because of the scarce catches, which is
related to the limited mouth opening of the gear. The survey of the seamount slopes is
more interesting even if the low number of trawls or the short period of investigation
(early winter) limit the conclusions. Three depth strata (400, 640-720, 980 m) were
investigated. The first stratum provided mainly some specimens of the shallow-water
ichthyofauna. Two species form the bulk of the catches in the second stratum: the spiky



Table II. - Depth range distribution of species collected during the scientific (1986) and exploratory fishing (1996) cruises off St-Paul and Amsterdam islands
(southern Indian Ocean). Lighter greyish bars indicates the probable wider bathymetric range because trawling covered a very large depth interval.
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Table I1. - (Continued).

Depth (m)

Species
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oreo, Neocyttus rhomboidalis, and the alfonsino, Beryx splendens, with dominance of the
first species at 650 m and the second at 715 m. Adult oreos are known to form large
shoals over rough ground near pinnacles in Australia (Kailola et al., 1993) a condition
which seems presently to occur also off the St-Paul and Amsterdam islands. Alfonsino is a
common targeted species on the seamounts of the nearby south-west branch of the mid-
oceanic ridge (Fischer and Bianchi, 1984; Duhamel, pers. obs.) and its occurrence in this
area is not surprising. An increase of the mean length with depth is clear for Beryx
splendens (400 m: 25 to 35 cm in total length; 650-715m: 25 to 60cm, n = 450,
mean = 38.1 cm; 980 m: few specimens from 57 to 60 cm) with diurnal migration in
the open waters (results of the pelagic-trawl observations in the same area during the 1996
experimental cruise) as observed in other similar underwater rises (Vinnichenko, 1997).
By-catch of large (15 to 35 cm) Epigonidae (Epigonus robustus) appears to be relatively
common. Finally it appears that the orange roughy, Hoplostethus atlanticus, a species
targeted by fisheries in southern Australia (Kailola er al., 1993) and New-Zealand (Clark,
1996), is present in the deepest range of the bottom-trawl survey, but nothing about the
abundance can be supported. Other species such as sharks (Etmopterus, Deania) and large-
size Beryx occur also at these depths.

A more detailed survey of the area seems promising and could offer, in the near fu-
ture, the opportunity to conduct an analysis of the deep-water fish assemblages from
southern Africa to New Zealand similar to the studies of Merrett er al. (1991a, 1991b),
Gordon er al. (1996) in the eastern North Atlantic, Stefanescu er al. (1993) in western
Mediterranean, Newton and Klaer (1991), Koslow er al. (1994) in southern Australia and
as initiated by Williams et al. (1996) in western Australia.
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THE SANDFISH, GONORYNCHUS FORSTERI
(GONORYNCHIDAE), FROM BATHYAL DEPTHS OFF NEW
CALEDONIA, WITH NOTES ON NEW ZEALAND SPECIMENS

by

Clive D. ROBERTS (1) & Terry C. GRANDE (2)

ABSTRACT. - The Australasian sandfish, Gonorynchus forsteri Ogilby, is recorded for the first time
from the New Caledonian Exclusive Economic Zone (EEZ). The record is based on two adult speci-
mens, one running ripe female and one spent or resting male, captured at 960-1233 m depth on the
Loyalty Island Ridge and Lord Howe Rise. Their presence in bathyal depths over 700 nautical miles
from the nearest known populations is discussed and compared with the occurrence of the species in
New Zealand waters. It is hypothesized that adult sandfish migrate along oceanic ridges to spawn in
southern New Caledonian waters.

RESUME. - Le “sandfish”, Gonorynchus forsteri (Gonorynchidae), des eaux profondes de Nouvelle-
Calédonie et remarques sur des spécimens de Nouvelle-Zélande.

Gonorynchus forsteri Ogilby, d’ Australasie, est signalé pour la premiere fois dans la Zone Eco-
nomique Exclusive (ZEE) de Nouvelle-Calédonie. L’ observation est basée sur la capture de deux spé-
cimens adultes, une femelle préte 4 pondre et un méle en repos sexuel, par 960-1233 m de profondeur
sur les rides des fles Loyautés et Lord Howe. Leur présence a des profondeurs bathyales, a plus de 700
milles nautiques des populations les plus proches, est discutée et comparée a la distribution de I’espéce
autour de la Nouvelle-Zélande. Nous émettons I”hypothese que les “sandfish” adultes migrent le Jong de
rides océaniques pour se reproduire dans la partie méridionale de la ZEE de Nouvelle-Calédonie.

Key-words. - Gonorynchidae, Gonorynchus forsteri, Sandfish, ISEW, New Caledonia, New record,
Migration, Spawning.

Fishes in the genus Gonorynchus Scopoli, 1777 (family Gonorynchidae) are
widely known in New Zealand as sandfish or sandeels because they live in coastal sandy
habitats and have an elongate eel-like body. Sandfish are nocturnal, inhabiting shallow
sandy bays and estuaries where they remain buried during the day (Graham, 1956; Ayling
and Cox, 1982; Last et al, 1983, Gomon, 1994; CDR, pers. obs.). However, they also
occur in deeper water on the continental shelf (Ayling and Cox, 1982); for example, Last
et al. (1983) recorded sandfish to 160 m depth off Tasmania, and Aizawa (1990) recorded
sandfish at 104-678 m depth on the Chatham Rise and Challenger Plateau off New Zea-
land.

Sandfish in New Zealand waters, known variously as G. gonorynchus (L.), G. greyi
(Richardson), or G. forsteri Ogilby, are recorded as common around both the North and
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South Islands, but are also known from the Kermadec Islands (Waite, 1910; Graham,
1956; Paulin and Stewart, 1985, Paulin e al., 1989). Similarly, sandfish in eastern Aus-
tralian waters, where they are known as G. greyi (Richardson), are recorded from coastal
Tasmania to southern Queensland (Last et al., 1983; Paxton and Hanley, 1989) and off-
shore at Lord Howe Island (Ogilby, 1889) and Norfolk Island (Francis, 1991), but are more
common in cool southern areas (Gomon, 1994).

Although quite a common fish locally in Australasian waters, there has been little
work on the biology and life history of sandfish. They are thought to breed in deep water,
and the young are transparent with a long pelagic postlarval stage (Last et al., 1983;
Smith, 1986). Off Japan, larval sandfish are epipelagic for several months, becoming
benthic at 74-85 mm SL (Tsukamoto and Okiyama, 1993). Off New Zealand, juvenile
sandfish are pelagic until a similar size (and presumably also age). Thus, a long pelagic
stage in the life cycle allows wide dispersal of juveniles.

The type species of the genus, Gonorynchus gonorynchus (Linnaeus, 1766),
originally described from the Cape of Good Hope, has been recorded widely in the cooler
parts of the Indo-Pacific region (Nelson, 1984), including New Zealand (Waite, 1907) and
Chile in the South Pacific and St. Helena in the South Atlantic (Smith, 1986).

Nominal species of Gonorynchus include: G. abbreviatus (Temminck & Schlegel,
1846) from southern Japan; G. moseleyi Jordan & Snyder, 1923, from Hawaii; G. greyi
(Richardson, 1845) from southwest Australia; G. parvimanus Ogilby, 1911 from eastern
Australia; and G. forsteri Ogilby, 1911 from New Zealand (Fowler, 1941; Whitley, 1968;
Last er al., 1983; Aizawa, 1990; Gomon, 1994). The original descriptions of these spe-
cies are problematic, and the nominal species are poorly distinguished, being separated
primarily on geographic location, overlapping morphometric characters and variable
colour differences which change during development. The genus is currently being revised
by the second author (Grande, in press).

Gonorynchus (type and only living genus of the family Gonorynchidae) is a basal
ostariophysan, and one of the few exclusively marine groups within the predominantly
freshwater superorder. Sandfishes share with other gonorynchids (i.e., T Notogoneus from
Eocene freshwater deposits of North America, Europe and Australia, and t Charitosomus
from Cretaceous marine deposits of the Middle East and Germany) the presence of conical
teeth on the endopterygoids and basibranchial 2, as well as a distinctive caudal skeletal
morphology (Grande, 1996). A minimum age of the Late Cretaceous for the Gonorynchi-
dae indicates that the group is ancient, predating the breakup of Gondwana (Smith and
Briden, 1977). According to Fink and Fink (1981, 1996) and Grande (1994, 1996) the
Gonorynchidae is most closely related to a small group of African freshwater fishes
(Knerioidei) with no known fossil record.

Gonorynchus exhibits many distinctive morphological specializations which are
most likely habitat adaptations. The two newly discovered bathyal specimens described
herein clearly belong to Gonorynchus in having the following diagnostic characters:
long cylindrical body, conical head with a protrusible ventral mouth, large eye (about
20% of head length) covered by transparent tissue, median sensory barbel on the ventral
side of the snout, a sensory barbel within the mouth extending from the roof, epibranchial
organ present, long fleshy pectoral and pelvic axils, posterior placement of the dorsal,
pelvic and anal fins, a lateral line that extends past the hypural plate ending on the caudal
fin rays, absence of a swimbladder (Fowler, 1936; Nelson, 1984; Grande, 1996), and
strong peripheral ctenoid scales (Roberts, 1993).
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The present paper reports the occurrence of sandfish for the first time from remote
bathyal depths in the southwest Pacific Ocean, thereby being a new record for the New
Caledonian fish fauna. Voucher specimens, collected during the French exploratory cruise
“HALIPRO 2” and held in the Muséum national d’histoire naturelle, Paris (MNHN), verify
this record. These important specimens are described and compared with conspecifics in
the collection of the Museum of New Zealand (NMNZ) (acronyms used for institutions
follow the international standards set by Leviton er al., 1985), and we suggest reasons
why Gonorynchus forsteri is present on the Loyalty Island Ridge and Lord Howe Rise.

GONORYNCHUS FORSTERI OGILBY, 1911
(Pl. 1, Table )

Material examined

New Caledonia: MNHN 1997-727, 463 mm SL, female, R.V. *“Tangaroa”, cruise
“HALIPRO 27, station BT 28, seamount “Loyalty South” (25°23.65'S, 170°29.86’E to
25°24.47°S, 170°30.46’E), Loyalty Island Ridge, 960-1011 m depth, sea surface tem-
perature 22.2°C, bottom temperature 5.9°C, orange roughy bottom trawl, 11 Nov. 1996,
10:35-10:52 h, bottom time 17 min, distance trawled 0.98 nautical miles. MNHN 1997-
728, 389 mm SL, male, R.V. “Tangaroa”, cruise “HALIPRO 27, station BT 95, Lord Howe
“flat” (23°56.86°S, 162°7.57’E to 23°59.80’S, 162°08.21" E), Lord Howe Rise, 1224 m
depth, sea surface temperature 24.2°C, bottom temperature 4.2°C, orange roughy bottom
trawl, 25 Nov. 1996, 13:10-14:11 h, bottom time 61 min, distance trawled 3.0 nautical
mijles.

New Zealand: 63 specimens, 65-545 mm SL (Appendix | and NMNZ unpubl.).

Diagnosis

The New Caledonian Gonorynchus specimens described in this paper are identified
as G. forsteri, which differs from all other nominal Gonorynchus species in the total
number of vertebrae, number of lateral line scales, and the pattern of lateral line scales. G.
forsteri is defined by having counts of total vertebrae of 64-66, caudal vertebrae
(= preural caudal vertebrae + ural caudal vertebrae) 12 + I, total lateral line scales 240-
256, and lateral line scale pattern of 2:2:2 (i.e., two scales: pore, two scales: pore, etc.)
(Grande, in press). Meristic and measurement data for the two New Caledonian specimens
are summarized in table I.

Diagnostic vertebral counts (taken from radiographs) of 64 (n =22 specimens),
65 (34) and 66 (7) confirm that most New Zealand sandfish specimens held in NMNZ are
G. forsteri, the same species found off New Caledonia. A few specimens from northern
New Zealand, inciuding those from the Kermadec Islands, belong to another species with
60 vertebrae, probably G. greyi which is found predominantly off Australia (Grande, in
press).

Colour pattern

Fresh specimens. - Female, 463 mm SL (Pl. lA): body countershaded, brown
dorsally and pale pink ventrally; pupil blue-black, iris golden with dusky flecks; fins dark
grey, without marked white or black blotches, base of paired fins orange-brown.

Male, 389 mm SL (PL. 1B): body sandy-brown dorsally, pale salmon-pink ven-
trally but not strongly countershaded; fins dark grey, caudal fin with two large dusky
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blotches. New Zealand male, 430 mm SL, (Pl. 1C): body countershaded, brown dorsally
and salmon-pink ventrally; pupil blue-black; fins orange-brown basally with dark grey
bands distally, caudal with pale angles.

Preserved specimens. - Female: marked contrast in pigmentation between the
dorsal 2/3 of the fish, which is very dark, almost black, and the ventral 1/3 which is a
light cream colour; fins heavily pigmented; base of paired fins orange/rust colour.

Male: specimen darker over all, dorsal 2/3 darker than ventral 1/3, but not as sharp
a contrast as seen in the other specimen; fins heavily pigmented. New Zealand male:
countershaded, dorsal 2/3 brown, ventral 1/3 orange-tan; fins orange-tan basally, black
distally; dorsal fin with pale posterior angle, pectoral with pale margin, pelvic and anal
with pale anterior margin and angle, caudal with pale median patch and angles.

Comments on coloration

Fresh sandfish have a distinctly countershaded body colour pattern, comprising
brown dorsally and orange-pink ventrally, and fins with dark grey-black blotches con-
trasting with pale patches and margins. This coloration is largely retained in preserva-
tive, except for the ventral body colour which becomes pale tan. The two New Caledonian
specimens exhibit this basic colour pattern, but its intensity is reduced or masked by dark
pigment when compared to New Zealand specimens (e.g., Pl. 1). For example, the female
had dark grey fins without marked black or white blotches, and the male was not strongly
countershaded (Pl. 1A, B). Possibly the intensity of colour pattern and amount of dark
masking pigment present are influenced by depth of habitat.

Table 1. - Diagnostic meristic and morphometric data from two New Caledonian specimens of the
sandfish Gonorynchus forsteri Ogilby. (*: Several posterior lateral line scales missing).

MNHN 1997-727 | MNHN 1997-728
« HALIPRO 2» | « HALIPRO 2 »
Stn BT 28 Stn BT 95
463 mm SL 389 mm SL

Counts

Dorsal fin'rays 10 10

Anal fin rays 7 7

Pectoral fin rays 10 10

Pelvic fin rays 9 9

Total ventebrae 65 65

Total cauda! vertebrae 12+1 12+1

Total lateral line scales 248* 256
% Standard length

Predorsal length 70.3 69.4

Pectoral to caudal peduncle 78.8 79.7

Pelvic to caudal peduncle 322 326

Anal to caudal peduncle 89 9.7

Head length 18.7 19.7
% Head length

Eye length 19.0 21.0
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Comments on capture

The two New Caledonian specimens were collected in a standard New Zealand or-
ange roughy bottom trawl which has the following characteristics: door spread 120 m,
distance between wing tips 75-80 m (but tower panel absent); headline length 38 m,
ground rope length 22 m, wing spread 25 m, mouth width 10 m, headline height above
ground line 5.5-7.5 m, cod end mesh 10 cm with (for bycatch research) liner and cover
with 4 cm mesh (stretched).

Although it is sometimes possible for fishes to be collected by bottom trawls dur-
ing their descent and ascent from the bottom, this is unlikely in the present case. When
setting this trawl there is little forward movement of the net; the vessel steams ahead
mainly to unwind the trawl warps. Without forward movement the trawl cannot fish effec-
tively. Once on the bottom, the trawl is towed at a speed of approximately 3 knots.

During cruise “HALIPRO 27, the tow at station BT 28 was stopped after a period of
17 min and a bottom distance of under 1 nautical mile because the trawl became stuck on
the rough bottom. Before it was freed from the bottom snag the net had become tangled
and twisted and could not have fished on the way up (Malcolm Clark, pers. comm.). There-
fore, it is reasonably certain that the first specimen of sandfish was in fact captured on the
bottom at a depth of 960-1011 m. In addition to fishes, the net sampled sponges and
corals, indicating it had successfully trawled the seabed.

The tow at station BT 95 was over flat hard ground for just over | hour without
mishap. As discussed above, it is unlikely that the second sandfish specimen could have
been caught during the descent of the net to the bottom. It could have been collected in
mid-water during the 20 min it took to haul the net to the surface. Nevertheless, based on
the duration of the tow, it seems most likely that the 405 mm SL specimen was captured
on the bottom at 1224-1233 m depth. Although no benthic invertebrates were captured,
the presence of benthic fishes, including a ray, an ogcocephalid and some synaphobran-
chid eels, indicated that the net was successfully fishing on the bottom.

After a short period of sorting on deck, the specimens were rapidly cooled in iced
water and photographed to record fresh coloration (Pl. 1A, B), before being fixed in 10%
formalin and preserved in 70% ethanol. Observations on the sandfishes made immediately
after capture showed the eyes to be clear and the gills to be bright red; conditions not seen
in old, frozen or preserved specimens. Therefore, there can be no doubt about the authen-
ticity of these fish as fresh specimens. They could not, for example, have been brought
into the area, accidentally or otherwise, on board the New Zealand R.V. “Tangaroa”.

Comment on maturity

The first and larger New Caledonian specimen was running ripe when picked up on
deck. Examination of its gonads showed the fish to be a ripe female with large ovaries full
of approximately 0.5 mm diameter white-coloured eggs (note swollen abdomen of speci-
men in Pl. [A). Many eggs were free in the ovary lumen and could be extruded from the
oviduct with gentle pressure on the abdomen. In addition, it was evident when handling
this specimen that the body muscles were flaccid and watery, being almost transparent
when viewed through an incision in the skin.

The second specimen was in better physical condition, the body being turgid and
the muscles solid and opaque gray-white in colour. It was a male in either a spent or rest-
ing state. If it had been spawning, there was no indication from gross gonad appearance or
somatic state that it had happened recently.
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Fig. 1. - The southwest Pacific region showing capture locations of the sandfish, Gonorynchus forsteri
Ogilby: two specimens caught during cruise “HALIPRO 2 held in MNHN Paris (%); and specimens of
benthic adults (@) and pelagic juveniles (@) held in NMNZ Wellington. Dashed line shows limit of
New Caledonian EEZ; bathymetry shown as 500 and 2000 m contours.

Comments on New Zealand Gonorynchus forsteri

In New Zealand waters, juveniles, 65-90 mm SL, have been captured by dip net at
the surface at night and in fine mesh trawls near the surface over deep water, off White
Island, East Cape, Kaikoura, and Chatham Island (Fig. 1). Benthic juveniles, 92-220 mm
SL, have been taken at 1-37 m depth by dredge, hand net and spear in east coast harbours,
estuaries, bays and off open beaches, between Auckland and Foveaux Strait.
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Subadults and adults, 280-545 mm SL, taken mostly by trawl, are generally more
abundant off southern coasts and have been collected off Great Barrier Island in the north
to as far south as the subantarctic Auckland and Campbell Island plateaus (Fig. 1). The
deepest-caught specimen (NMNZ P.30722, 512 mm SL) was trawled at 613-625 m depth
off Auckland Island; 24 other adults in 20 lots have been captured at depths between 20
and 470 m (mean depth 243 m, n=21 lots) (Appendix 1).

Thus, whilst juvenile, subadult and adult G. forsteri do occur in shallow coastal ar-
eas, as cited in the literature, adults also inhabit deep shelf and slope areas and isolated
offshore plateaus, and are presumably capable of moving between the two. However, none
of the New Zealand specimens were taken from habitats approaching the extreme depths of
the two New Caledonian specimens.

Comments on distribution of Gonorynchus forsteri

The present records of G. forsteri thus show a remarkable distribution, extending
from 23°57’S to 52°12’S, a distance of approximately 1,700 nautical miles (3,150 km),
crossing three broad climate zones (subtropical, temperate, and subantarctic), and two
biogeographic/hydrographic barriers (the tropical convergence and subtropical conver-
gence).

The two New Caledonian specimens were caught over 700 nautical miles away from
the nearest known resident population off New Zealand.

DISCUSSION

Gonorynchus species have not previously been recorded from New Caledonian
coastal waters (Rivaton er al., 1989) or from the adjacent waters of the Great Barrier Reef
and Coral Sea (Randall et al., 1990). The presence of sandfish in remote oceanic trawls
made at depths of 960 to 1233 m was, therefore, most surprising since the fish is familiar
to ichthyologists in New Zealand and Australasia where it is generally thought to be a
relatively shallow-living, coastal species.

It is probably significant that the first specimen collected was a running ripe fe-
male clearly in the act of spawning. The second specimen was a male, which although not
ripe, may have spawned sometime previously. Therefore, it is hypothesized that these two
captures form part of the tail end of an adult spawning migration from coastal Australasian
waters along oceanic ridges into southern New Caledonian waters (Fig. 1).

The long postlarval pelagic phase of sandfish would enable wide dispersal from a
deep spawning ground off New Caledonia. Recruitment of postlarval sandfish into coastal
New Zealand waters is theoretically possible because the tropical convergence zone south
of New Caledonia is weak or absent during the summer period (Stanton, 1969) and warm
subtropical water moves towards New Zealand, particularly during La Nifia periods of the
Southern Oscillation cycle (Francis and Evans, 1993).

Evidence in support of long distance recruitment of sandfish is (1) the apparent ab-
sence of larvae or small-sized postiarvae in New Zealand waters, (2) the capture of 16 large
pelagic postlarvae, 65-92 mm SL, in offshore New Zealand waters during summer months
(Fig. 1, NMNZ, unpubl. data), and (3) the observation that in some years large numbers
of benthic juvenile sandfish, 15 cm in length, occur seasonally during the spring and
summer months (Graham, 1956) suggesting periodic settlement of annual cohorts.
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Plate 1. - Fresh sandfish, Gonorynchus forsteri Ogilby. A: New Caledonian specimen 463 mm SL,
female (MNHN 1997-727), 960-1011 m depth, Loyalty Island Ridge (photo P. Laboute, ORSTOM
Nouméa). B: New Caledonian specimen 389 mm SL, male (MNHN 1997-728), 1224-1233 m depth,
Lord Howe Rise (photo C. Roberts, MNZTPT). C: New Zealand specimen 430 mm SL, male (NMNZ
P.33703), 51 m depth, Canterbury Bight (photo A. Stewart, MNZTPT).
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Corroboration of this hypothesis of a spawning migration of sandfish will require
the capture of G. forsteri larvae or spawning sandfish during future fish surveys in south-
em New Caledonian waters, particularly during the months of September and October. To
this end, it is notable that on the evening of 26 October 1991 a large aggregation of
unidentified fishes on the bottom at 1200-1500 m depth was observed on the echo
sounder by the first author on the westem side of the Loyalty Island Ridge during
ORSTOM research cruise “BERYX 2” (Grandperrin and Lehodey, 1992).

The reason for a spawning migration from Australasian waters into distant north-
em bathyal depths is not obvious. However, the reason may be historical rather than
ecological. Sandfish belong to a very old group of fishes and the bathymetric features of
the present northern Tasman Sea formed coastal and shelf areas of continental Gondwana
some 70 M years ago. Possibly sandfish today are following a similar spawning route to
that of their Gondwanan ancestors.
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Appendix 1. - Location and depth of adult specimens of the sandfish Gonorynchus
forsteri Ogilby, held in the Museum of New Zealand (NMNZ) fish collection. Listed by
increasing size.

NMNZ SL Location Position Depth Date
Reg. N° mm Lat. S | Long. E m
P.7406 385 | E. Chatham Rise 43°18.10" [174°55.50'| 220 11 Dec. 1977
P.31740 386 |off Cape Kidnappers  |39°37.31' [177%45.14'| 204 | 17 Jan. 1995
P.24206 400 [ N. Campbell Plateau [48°49.10° [166°47.50" | 159-165 | 29 Jan. 1989
P.34302-2 | 400-453 | off Banks Peninsula 44°10.13' |173°33.26' | 320-321 | 08 Jan. 1997
P.34300 414 | off Banks Peninsula 43°47.57 |174°04.34' | 387-391 | 16 Dec. 1996
P.5193-2 415-450 | off Hokitika 4392200 [169°22.00" | 315-348 | 03 Nov. 1970
P.31671 423 | E.of Auckland Island |50°48.00" [166°%7.00' [ 400-410 [ 01 Oct. 1994
P.33703 430 | Canterbury Bight 44905.81" | 17222.42" 51 07 Jun, 1996
P.24207 430 | Auckland Is. Rise 50°14.00" | 166°26.20' | 162-167 | 26 Jan. 1989
P.34303-3 | 436-493 | off Timaru 44°40.84' | 172°26.57" | 205-211 | 09 Jan. 1997
P.33397 443 | E. of Auckland Is. 51900.60" [166°29.60"| 18] 23 Feb. 1996
P.1145 445 | Wellington Hbr. 41°14.00' | 174°50.00' 20 07 Sep. 1952
P.31064 460 | Campbell Plateau 48°48.70° | 166°%42.90' | 200-234 [ 19 Feb. 1991
P.24891 465 | E. of Auckland Is. 50°03.50' | 167°50.40' | 260-279 | 23 Oct. 1989
P.26796 480 |N. Campbell Plateau  [49°58.00' [ 166°22.00' 180 29 Mar. 1991
P.5341 510 | Cook Strait 40°59.00' | 173906.00" | 24-28 | 10 Mar. 1971
P.33034 510 | E. Chatham Rise 43°10.00' | 175°44.00" | 430-470 Oct.1995
P.30722 512 | N. of Auckland Is. 49°30.31' | 166°12.70' ) 613-625 | 11 May 1993
P.33020 515 | Foveaux Strait 46°55.00" | 168°15.00' 53 02 Oct. 1995
P.26814 545 | Auckland Island Rise | 51900.20" | 166°30.30 180 28 Jan. 1988







Proc. 5th Indo-Pac. Fish Conf., Nouméa, 1997

Séret B. & J.-Y. Sire, eds
Paris: Soc. Fr. Ichtyol., 1999

Symposium 5

CHONDRICHTHYAN FISHES

Chairperson: Bernard SERET

HOMMA K., MARUYAMA T, ITOH T, ISHIHARA H. & S. UCHIDA. -
Biology of the manta ray, Manta birostris Walbaum, in the Indo-Pacific.

Biologie de la raie manta, Manta birostris Walbaum, dans !'Indo-
Pacifique.

BONFIL R. - Marine protected areas as a shark fisheries management tool.

Utilisation des zones marines protégées comme outil de gestion des
pécheries de requins.

CARVALHO M.R. de - A synopsis of the deep-sea genus Benthobatis Alcock,
with a redescription of the type species Benthobatis moresbyi Alcock,
1898 (Chondrichthyes, Torpediniformes, Narcinidae).

Révision du genre Benthobatis Alcock, et nouvelle description de son

espéce-type Benthobatis moresbyi Alcock, 1898 (Chondrichthyes, Tor-
pediniformes, Narcinidae).

FOWLER S.L., MANJAJI M.B., CAVANAGH R.D., COMPAGNO L.J.V., MY-
COCK S.G. & P.R. LAST. - Elasmobranch biodiversity, conservation
and management in Sabah (Malaysia).

Biodiversité, conservation et gestion des élasmobranches au Sabah
(Malaisie).

HAMLETT W.C., HYSELL M K., JEZIOR M., ROZYCKI T., BRUNETTE N. & K.
TUMILTY. - Fundamental zonation in elasmobranch oviducal glands.

Zonation fondamentale des glandes nidamentaires chez les élas-
mobranches.

209-216

217-230

231-255

257-269

271-280



208 Symposium 5: Chondrichthyan fishes

HAMLETT W.C, HYSELL M.K., ROZYCKI T., BRUNETTE N.. TUMILTY K.,
HENDERSON A. & J. DUNNE. - Sperm aggregation and spermatozeug-
mata formation in the male genital ducts in the clearnose skate, Raja
eglanteria.

Agrégation du sperme et formation de spermatozeugmes dans les conduits
génitaux males de la raie a nez blanc, Raja eglanteria.

LAST PR. & B. SERET. - Comparative biogeography of the chondrichthyan
faunas of the tropical south-east Indian and south-west Pacific Oceans.

Biogéographie comparée des faunes chondrichtyennes (ropicales de
I'Océan Indien tropical du sud-est et de I'Océan Pacifique du sud-ouest.

NAKAYA K. & K. SATO. - Species grouping within the genus Apristurus
(Elasmobranchii: Scyliorhinidae).

Groupements d’especes dans le genre Apristurus (Elasmobranchii,
Scyliorhinidae).

TANIUCHIT. & H. TACHIKAWA. - Geographical variation in age and growth
of Squalus mitsukurii (Elasmobranchii: Squalidae) in the North Pacific.

Variations géographiques de I'dge et de la croissance de Squalus mit-
sukurii (Elasmobranchii: Squalidae) dans le Pacifique Nord.

TESHIMA K., TODA M., KAMEI Y., UCHIDA S. & M. TAMAKI. -
Reproductive mode of the tawny nurse shark, Nebrius ferrugineus
(Elasmobranchii: Ginglymostomatidae) in Okinawa waters, with com-
ments on individuals lacking the second dorsal fin.

Mode de reproduction du requin-nourrice fauve, Nebrius ferrugineus
(Elasmobranchii: Ginglymostomatidae) dans les eaux d’Okinawa, el re-
marques sur des individus dépourvus de seconde nageoire dorsale.

YANO K., YABUMOTO Y., TANAKA S.. TSUKADA O. & M. FURUTA. -
Capture of a mature female megamouth shark, Megachasma pelagios,
from Mie, Japan.

Capture d’une femelle mature de requin grande gueule, Megachasma pela-
gios, au large de Mie, Japon.

YANO K. - Chondrichthyans of the Ryukyu Islands, Japan.
Chondrichtyens des iles Ryukyu, Japon.

281-291

293-306

307-320

321-328

329-333

335-349

351-365



Proc. 5th Indo-Pac. Fish Conf., Nouméa, 1997
Séret B. & J.-Y. Sire, eds
Paris: Soc. Fr. Ichtyol., 1999: 209-216

BIOLOGY OF THE MANTA RAY,
MANTA BIROSTRIS WALBAUM, IN THE INDO-PACIFIC

by

Kimiya HOMMA (1), Tamezo MARUYAMA (1), Takashi ITOH (2),
Hajime ISHIHARA (3) & Senzo UCHIDA (4)

ABSTRACT. - The systematics, biology, captive biology, color variations, fisheries, and conservation
of the manta rays are reviewed based on the literature and field observations of authors and other
sources. Only one species, Manta birostris, may exist in the genus Manta, in contrast to nine species in
the genus Mobula. Based on the identification using the variations in ventral color pattems and traces of
shark bite, biology of the rays have been clarified. Also, the observation of the rays in captivity in the
Okinawa Expo Aquarium provided significant information conceming their biology. Black rays appear
to be a color variant of the manta ray and are distributed widely in the whole Pacific Ocean, except for
the Yap, Palau and Hawaii Islands. Populations of manta rays due to heavy fishing on both coasts of the
Pacific Ocean have collapsed in Mexico and are now threatened in Philippines. To prevent collapse, it
is necessary to start the campaign of ecotourism for manta rays in developed countries in Asia.

RESUME. - Biologie de la raie manta, Manta birostris Walbaum, dans I' Indo-Pacifique.

La révision de Ia systématique, la biologie, la biologie en captivité, les variations de couleur, les
pécheries et la conservation des raies manta sont abordées en tenant compte de la littérature ainsi que
des observations de terrain par les auteurs et d’autres sources. Il existe apparemment une seule espéce
dans le genre Manta contre neuf pour le genre Mobula. La biologie des raies a pu étre clarifiée grace a
I'identification des individus en utilisant leur coloration ventrale et les traces des morsures de requins.
La biologie en captivité a pu étre €tudiée par I’observation des raies de I’Okinawa Expo Aquarium. Les
raies noires semblent étre une forme de raie manta et leur distribution s’étend sur tout I’Océan Pacifi-
que sauf pour les iles Yap, Palau et Hawaii. Les populations de raie manta ont chuté considérablement
au Mexique et sont menacées aux Philippines. II est nécessaire d'envisager des campagnes
d’écotourisme dans les pays développés en Asie afin d’éviter une chute irréversible des effectifs.

Key-words. - Myliobatididae, Manta birostris, Black manta, Indo-Pacific, Systematics, Biology, Captive
biology, Fisheries, Conservation.

The manta ray, Manta birostris is a circumtropical, large mobulid ray, considered
to be monospecific in the genus Manta, in contrast to nine species in the genus Mobula.
The former genus is distinctive from the latter by the terminal location of mouth and
absence of teeth in the upper jaw. The manta attains a size of at least 6.7 m in disc width
(DW) and a maximum size of 9.1 m DW (Last and Stevens, 1994). Although the ray is
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famous for its size, wide distribution, and peaceful behaviour, almost nothing has been
reported for its ecology except for small descriptions of the species by Michael (1993)
and Ishihara and Homma (1995). The population of the ray has collapsed or is threatened
in both coasts of the Pacific Ocean. We describe the systematics, biology, fisheries, and
conservation of the ray.

SYSTEMATICS

Recently Nishida (1990) included the genera Manta and Mobula in the family
Myliobatididae, but Nelson (1994) retained the subfamily Mobulinae in the family
Myliobatididae with two genera Mobula Rafinesque and Mania Bancroft. The genus
Mobula is distinct from the genus Manta by the ventral location of mouth and presence of
teeth on both jaws. The systematics of the genus Mobula was well studied by Notarbar-
tolo-di-Sciala (1987) who considered nine species to be valid. The genus Ceratobatis
Boulenger, which was described as lacking teeth on lower jaw, was synonymized with the
genus Mobula by Cappetta (1987). Also the genus Indomanta Whitley, whose mouth is
located terminal with teeth on both jaws, was considered to be congeneric with the genus
Mobula by Bigelow and Schroeder (1953).

Four species of the genus Mania have been described, i.e., Manta birostris
(Donndorff, 1798), M. americana (Bancroft, 1828), M. hamilitoni (Newman, 1849) and
M. alfredi (Krefft, 1868), but we agree with the opinion of Eschmeyer er al. (1983) who
regarded that there should be only one world-wide species, M. birostris. Randall er al.
(1997) considers Walbaum (1792) to have the priority with regard to the species name
birostris.

BIOLOGY

All the following information was obtained by Takashi Itoh, who has been living
in the Yaeyama Islands, based on the identification method unless otherwise stated.

Identification method

Concerning the biology of the species, identification is useful because every indi-
vidual of the species have unique features such as patterns of dark markings on the belly
and evidence of shark bites. Takashi Itoh has been successful in the identification of each
manta ray based on these features. He has identified about 185 individual manta rays near
the Yonara channel between the Iriomote and Obama Islands in the past twenty years until
summer of 1997. The same method has been employed by Bill Acker, who lives in the Yap
Island and operates the Manta Ray Hotel in the island. He has been successful in identify-
ing 54 individual manta rays near the island in the past seven years up to autumn 1997.
Staffs of the Kona Surf Resort (Manta ray village) on the Hawaii Island have also used the
same method, to identify the manta rays that migrate to shore at night because planktonic
crustacean swarms in the night illumination of the hotels. Other identification methods
has been employed by Charles Anderson (Ministry of Fisheries and Agriculture, Male) in
the Maldives Islands. He started the tagging survey for the manta rays of the area in Febru-
ary 1996.
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Fig. 1. - Three types of swimming style in the manta ray. a: omega-shaped; b: U-shaped; c: S-shaped.

Takashi Itoh named each manta ray due to its features, i.e. “Peace” (= V-shaped
dark mark), “Sakana” (= Fish-shaped mark) and “Mitsuboshi” (= tri-star mark), etc. and
he has taken photo of each of them. Bill Acker has also named each manta ray and taken
photos of them for the record.

Migration

During the day, manta rays migrate from feeding stations to cleaning stations. At
their feeding stations, manta rays swim slowly at the surface layer and are occupied in
feeding. At their cleaning stations, manta rays hover just above the bottom layer and wait
to be cleaned by a wrasse (Labroides dimidiatus) or small shrimps. While many manta rays
stay near the Yaeyama Islands all year round, some migrate annually to another island
such as Kerama Island, which is about 350 km east of the Yaeyama Islands.

In the Yap Island, manta rays are confined to the island and do not Jeave, which has
been ascertained by Bill Acker based on his 12 years of observations (pers. comm, B.
Acker, 1997). In the Maldives Island, Charles Anderson also noted that a manta ray tagged
at the end of one monsoon was resighted by a diver at the beginning of the same monsoon
the following year. He considered that the ray migrate from one plankton-rich side of the
islands to other and back again in phase with the seasonally changing monsoons (pers.
comm., C. Anderson, 1997).

According to Alava and Trono (in press), the Philippines fishermen set gill nets at
almost the same channel in order to catch manta rays through fishing season. The diving
instructors of Maldives Islands and Caroline Islands usually lead the divers who want to
watch manta rays to the same diving spot each time. Therefore, the daily migratory pass
of the manta rays seems to be somewhat regular.

Schooling

Schooling was commonly observed by Takashi Itoh, but the school size has re-
duced from 50 in number (17 years ago) and 30 in number (seven years ago) to at most 14
to 15 in number presently. It, however, does not mean that the total number of rays in the
area have decreased. Young rays and pregnant females also make up the same school, but
no other fish including other mobulids are involved.

Swimming style and jumping behaviour

S-shaped, U-shaped and omega-shaped swimming styles have been recorded
(Fig. 1). Jumping behaviour is often observed. It appears that the rays do this for fun, and
that this behaviour does not seem to relate to parturition or the removal of parasites and
remoras as Clark (1969) suspected. In order to remove remoras, they press their belly
against the rocks. Three types of jumping are observed: jumping forwards and landing
head first, jumping forwards and landing tail first, and backward somersaults.
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Mating behaviour

In the Yaeyama Islands, copulation has not been seen although mating behaviour
are often observed, i.e., male and female rays somersaulting vertically together in the
water column. This behaviour is observed in spring and autumn and lasts for as long as
one month. Since manta rays do not have teeth on the upper jaw and the teeth on lower jaw
are non-functional, it is believed that male manta ray is not capable of biting the pectoral
of females doing copulation.

Reproduction

One female called “Mitsuboshi” (= Tri-Star) was seen to bear a single pup three
times during a six to seven year period. Therefore, the pregnancy may last up to two or
three years. Parturition was not observed, although this has been recorded in the magazine
Skin Diving in a volume of about 1975 to 1977. Nursing behaviour was not evident, the
new-born pup was left alone in the water after birth. Age at maturity may be about six
years. Females with disc width from 4.3 m to 4.6 m contained an embryo in the uterus and
a male with disc width 3.5 m was immature (Bigelow and Schroeder, 1953).

Age and size

One male ray, which appeared to be some four to five years old when first sighted,
has been observed over 15 years. Therefore, it is considered that the rays life span is more
than 19-20 years. Individuals which attain the disc width of 4 m are commonly seen.
Maximum disc width of 6.7 m and weight of 1,361 kg was reported from the Bahama
Islands (Bigelow and Schroeder, 1953) and is said to attain disc width of 7.3 m with more
than 2 metric tons (Misra, 1969). In Japan, the largest individuals recorded were one from
Wakayama whose disc width was about 5 m (Yanagisawa, 1994) and one female collected
from Okinawa waters whose disc width was 4.65 m and 774 kg in weight (Uchida, 1994).
It seems that the female attains a larger size than the male. The minimum free-swimming
juvenile was 1.22 m DW and the maximum embryo was reported to be 1.27 m DW and
9.1 kg in weight and 1.14 m DW and 12.7 kg weight (Bigelow and Schroeder, 1953).
Therefore, the size of the manta ray at parturition might be from 1.1 mto 1.3 m DW.

Predator and parasite

Sharks may be the most common predator of manta rays, because marks from shark
bites are often seen. However, it is uncertain whether sharks eat the whole body of manta
rays. Killer whales are believed to be another predator of manta rays, but they are not seen
near the Yaeyama Island. In some manta rays, the traces of shark bites, which seem to be
caused by the cookie-cutter shark, were observed. Therefore, it is suspected that manta
rays often swim downwards to more than 100 m depth.

Though whitish parasites are sometimes observed on the dorsal side of manta rays,
they were not collected and thus not identified. It seems that this parasite is a pandarid
copepod similar to parasite that attaches to Mobula lucasana (Benz and Deets, 1986).
Remoras are regarded as a famous parasite to devil rays, but mantas sometimes try to re-
move them away by pressing their body to the rocks or sandy bottom.

Distribution in Japan
The northernmost record of the manta ray in Japan is from the Izu Peninsula (35°N)
on the Pacific coast and from Hagi, Yamaguchi prefecture (34.5°N) on the coast of the Sea
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Fig. 2. - Black manta ray in the Yaeyama Islands. Photo by Takashi Itoh.

of Japan (unpubl. data and Uchida, 1994). Misra (1969) reperted that the manta rays are
distributed in the waters where average water temperature would not decrease below 20°C.

MANTA RAYS IN CAPTIVITY

Okinawa Expo Aquarium

The Okinawa Expo Aquarium, the director of which is Senzo Uchida, was built in
1975 in the memory of the Okinawa Ocean Expo, and located in Motobu, Okinawa Island.
The aquarium is the only aquarium in the world that keeps manta rays. At present three
manta rays are living there in captivity. The first one is a female collected near le, Oki-
nawa on the 3rd November, 1988 and was 2.3 m DW when collected. The second one is a
male collected near Kanna, Okinawa on 25th May, 1992 and was 1.75 in DW when col-
lected. The third one is a male collected near Kanna on Sth May, 1993 and 2.1 m DW when
collected. The first one has been kept in the aquarium for nine years and the second and
third ones for five years and a half and four years and a half respectively.

Feeding

Foods for those manta rays are euphausids, Luphausia pacifica and E. superba and
sakura shrimp, Sergestes lucens. The weight of food consumed per week is 12.7% of the
total weight (Uchida, 1994). The foods of manta rays in nature are reported to be small
shrimps, crabs and small fishes (Bigelow and Schroeder, 1953).
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Color variant - Black manta ray

Manta rays whose ventral surface is dark are popularly called black mantas. Faint
white markings on the dorsal side are absent in the black manta, which makes them dis-
tinguished from a dorsal view. In the Pohnpei Island, about 30% of manta rays are “black”
(unpubl. field obs., Homma and Ishihara). The black mantas were first reported from the
Pacific coast of Panama by Barton (1948) and have since been reported from Yaeyama
Islands (unpubl. field obs., T. Itoh, Fig. 2), Sulu Sea (pers. comm., Michiyo Nishitani,
Ten knot Tours, 1995), Exmouth Gulf (pers. comm., Tony Medcraft, Whale shark Re-
search Center, 1997), New Caledonia (pers. comm., Claire Garrigue, ORSTOM, 1997),
Tahiti (pers. comm., Takeshi Iwato, South Sea Pearl, 1995), Hawaii Islands (pers. comm.,
Tim Clark, Texas A&M Univ., 1998) and Socorro Island (pers. comm., Akira Tateishi,
Marine Planning, 1995). They have not yet been reported from the Yap, and the Palau
Islands (pers. comm., B. Acker, Katsutoshi Itoh, 1995-1997) despite being observed over
most of the entire Pacific Ocean. In the Maldives Archipelago in the Indian Ocean, the
black manta has not yet been found (pers. comm., C. Anderson, 1993).

Since the black manta and normal manta are sympatric and no other morphological
characters was found except for coloration, they may belong to the same species. At
Pohnpei island, the black manta and normal manta rays were observed coupling together
(unpubl. field obs., Homma and Ishihara).

FISHERIES

Fishing activity

Fisheries for manta rays exist on both coasts of the Pacific Ocean, i.e., off Mexico
and the channels between islands of middle and southern Philippines. Also, relatively
large number of manta rays are taken in gillnet fisheries in Sri Lanka and India. Notarbar-
tolo-di-Sciara (1988) reported that fishing activity for mobulids exist in the village of the
southernmost part of the Gulf of California. Fisheries for whale shark and mobulids in
Philippines were reported by Alava and Trono (in press). According to their report, fisher-
ies exist in the Bohol Sea (Sulu Sea) near Visayas Islands and Mindanao Island. Using drift
nets (700 to 1,000 m long and 35 m height) and harpoons, fishermen of only one island
community (Pamilacan Island) caught more than about one thousand mobulids including
manta rays in only one fishing season (actually from December, 1995 to next May,
1996). The drift gill nets were set at the time of migratory passages of the mobulids. As
many as 50 manta rays were usually collected in a single gill net about 7 m below water
surface. The size of the manta rays taken ranged from 1.5 m to 6 m DW.

Price

Price of one manta ray with 4 m DW was $155 and 6 m DW $310, respectively. Af-
ter the meat is dried, it is sold at a price of $7 to $10 per kg. The liver was salted, divided
into six pieces and sold for $7.75 per 5 gallon container. The gill rakers were also dried
and sold for $7.75 per kg. Both liver and gill rakers are believed to be good for health and
processed into Chinese traditional medicine.

In 1997, an additional and more extensive survey was conducted by WWF, Philip-
pines and Silliman University, in which the manta ray and whale sharks catches were
obtained from 12 or more landing sites in the Pamilacan Island, Bohol; Catarman and
Sagay, Camiguin; and Talisayan, Misamis Oriental (Alava and Trono., in press).
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CONSERVATION

Manta rays now threatened in the Sulu Sea

Manta rays are easy to catch, because of their large size, slow swimming speed and
the lack of fear of humans. The collapse of the mobulid fishery in Mexico was already
reported by Notarbartolo-di-Sciara (1995). Populations of manta rays and whale sharks in
Bohol Sea are also threatened (Alava and Trono, in press). An estimated 12,000 mobulids
including manta rays are killed by fishermen every year (based on one thousand ray at each
of 12 landing sites). A Japanese amateur diver, Ms. Michiyo Nishitani (Ten knot tours)
who dives in the Palawan Island has suggested that the local population of manta rays has
fallen to one half to one third in the past seven years.

Ecotourism

A dead manta ray is worth $400, so the annual maximum income from fisheries
will be near $4,800,000 in Philippines. We suggest the divers of developed countries
encouraged to watch manta rays in the Philippines. If each diver spends $400 per person
in those islands, it means that the island may invite only 12,000 tourists to the islands
instead of catching manta rays.

We would like to propose a campaign to invite about 12,000 Japanese divers to
the Philippines who could pay money directly to the community of those islands. In this
way, the population of rays is maintained while still benefiting the local economy.

Acknowledgements. - Sincere thanks are extended to the following persons who provided us with
important information concerning the manta rays: Bill Acker, Charles Anderson, Claire Garrigue,
Katsutoshi Itoh, Takeshi Iwato, Issei Katayama and the staffs of Phoenix, Pohnpei, Mike McCoy, Tony
Medcraft, Michiyo Nishitani, Akira Tateishi. Romy Trono kindly sent us the Ms. for the manta rays
fishery in Philippines.
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MARINE PROTECTED AREAS
AS A SHARK FISHERIES MANAGEMENT TOOL

by

Ramén BONFIL (1)

ABSTRACT. - Marine protected areas (MPAs) can be classified into three broad categories according
to their main objectives: ecological (conservation of biodiversity and habitats), economic (fisheries
enhancement and protection), and social (tourism, education). In practice, many MPAs fulfill several or
all of these objectives at the same time. The utilisation of no-take marine reserves as a fisheries mana-
gement tool has been applied to a variety of resources, most commonly teleosts from tropical and tem-
perate waters. However, there is very limited experience in the usage of MPAs for the protection or
enhancement of shark stocks. This paper presents a review of worldwide information on the protection
status of sharks. The results indicate the existence of only one no-take marine reserve used as a fishe-
ries management tool for sharks. However, there are several de facto MPAs for sharks that have dif-
ferent objectives and which offer various degrees of protection. General criteria commonly utilised for
the design of MPAs are reviewed while attempting to evaluate their application and feasibility for the
implementation of MPAs for different kinds of sharks.

RESUME. - Utilisation des zones marines protégées comme outil de gestion des pécheries de requins.

Les zones marines protégées (MPAs) peuvent étre classées en trois grandes catégories selon
leur objectifs: écologiques (conservation de la biodiversité et des habitats), économiques (accroissement
des pécheries et de la protection), et sociales (tourisme, éducation). En pratique, la plupart des MPAs
ont plusieurs, sinon tous ces objectifs simultanément. L'utilisation des réserves marines totales (sans
aucun prélevement) comme outil de gestion des pécheries, a ét¢ appliquée a des ressources diverses,
mais le plus communément aux téléostéens des mers tropicales et tempérées. Il y a (rés peu
d’expérience d'utilisation des MPAs pour la protection et la reconstitution des populations de requins.
Le présent article est une revue mondiale de I'information disponible sur la protection des requins. I
montre qu’il n’existe qu’une seule réserve marine totale utilisée comme outil de gestion pour les popu-
lations de requins. Cependant, il existe de facio pour les requins plusieurs MPAs qui ont d’autres objec-
tifs et qui offrent des degrés variables de protection. Les caractéristiques principales utilisées pour
1"établissement de MPAs sont passées en revue, et un essai d’évaluation de leur application et de la
faisabilité de leur mise en oeuvre pour différentes especes de requins est présenté.

Key-words. - Sharks, Marine protected areas, Reserves, Fishery management.

Marine Protected Areas or MPAs can be classified broadly according to the objec-
tives they try to accomplish. Ecological objectives can be: conservation of biodiversity,
habitats or ecosystems, and the protection of endangered species. Examples of social
objectives are recreation, education and research. There can be also economic objectives
such as fisheries management, or protection of human settlements (as in the case of tour
ist facilities that depend on coral reefs for protection of the sandy beaches they rely on).

(1) University of British Columbia, Fisheries Centre, 2204 Main Mall, Vancouver, B.C. V6T 1Z4,
CANADA. [bonfil@fisheries.com]
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Limited Use

Recreation, Education,
Research _~
Closely Controlled

Commercial Exploitation

Fig. 1. - Zoning allows the achievement of multiple objectives in MPAs. (Modified from Salm and Clark,
1984).

When a zoning approach is chosen, MPAs can fulfil several objectives at the same time
(Fig. 1).

Marine protected areas can offer different levels of protection for species or eco-
systems. There are MPAs that allow limited harvesting of living resources, others that
donot allow any kind of harvest, and some that go even further by limiting other types of
human activity such as recreational uses (diving, boating, etc.).

To be effective for fisheries management, no-take MPAs are supposed to perform
two jobs: to provide refugia to prevent or relieve stock collapse, and to enhance and help
maintain fishery yields in nearby areas. Note that in order to perform these jobs, MPAs
must be able to sustain viable populations.

Table I lists the range of advantages and disadvantages offered by long-term
MPAs. This list includes some points of especial relevance to shark populations. Among
the advantages, MPAs can provide undisturbed spawning/breeding grounds, and sharks,
having internal fertilisation and being mostly live-bearers will probably benefit substan-
tially by having a safe place to mate and give birth to their extremely vulnerable juve-
niles. Marine protected areas also offer potential economic benefits through increased
tourism. With the emergence of shark diving as a growing popular activity, economic
benefits will become more and more relevant for shark protection. On the down side,
MPAs are not considered effective for highly migratory species. Also, to be effective they
are supposed to include all types of habitat occupied ontogenetically by the species. As
discussed below, these two aspects render MPAs difficult to apply. to many sharks.

In this paper 1 will first introduce the current state of shark protection through the
different types of MPAs, then I will outline the general principles for the design of no-
take MPAs. This will be followed by an evaluation of how these principles fit shark life
history characteristics using some hypothetical examples. Finally, I will summarise the
usefulness and limits of MPAs as fisheries management tools for elasmobranchs.

Global status of protection for sharks

Existing MPAs for sharks can be classified into 3 categories: a) virtual or de facto
MPAs, where governmental legislation has designated certain species as protected in
waters within their jurisdiction; b) official MPAs for sharks, which are areas designated
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specifically for protection of shark species and which are usually oriented towards eco-
logical goals; and ¢) no-take MPAs intended as a fisheries management tool for sharks.

By far, the most common are the first kind, the virtual MPAs which occur in sev-
eral parts of the world. Official MPAs for sharks occur only in two places, Florida and the
Maldives, and no-take MPAs for fisheries management only exist in Australia.

Protected shark species or “informal MPAs” for sharks

There are at least five elasmobranch species protected through specific legislation
(informal MPAs) around the world (Table {I). Due to its high profile and its vulnerability
to overexploitation, the white shark (Carcharodon carcharias) is the most commonly
protected shark species around the world. White sharks are protected in South Africa, in
California state waters, in all federal waters bordering the USA coasts of the Gulf of Mex-
ico and the Atlantic Ocean (5.5-370.5 km from shore except Texas and the West coast of
Florida where federal waters are those between 18.5-370.5 km from shore), and in most of
Australia (Tasmania, New South Wales, Queeensland, South Australia, Western Australia,
and all Commonwealth waters) with the exception of the state waters of Victoria. The
whale shark (Rhincodon typus), is protected in Florida state walters and all federal waters
of the USA coasts of the Gulf of Mexico and the Atlantic Ocean, in the Maldives, and in
Western Australia. However, it is questionable whether this provides sufficient protection
for whale shark populations because migratory routes are poorly known. The basking
shark (Cetorhinus maximus) is protected in waters of Florida, all federal waters of the USA

Table [. - Advantages and disadvantages of long-term Marine Protected Areas. (Modified from Plan
Development Team, 1990, after Russ er al. 1994). Italics denote points of special relevance for elasmo-
branchs.

Advantages Disadvantages

Lower chance of recruitment overfishing (criticalll Concentration of fishing effort on smaller portion of stock
spawning stock)

Increased or maintained yield in broad areas (larvalll Possible reduction of short term yields due to smaller
dispersion) available stock

Increased or maintained yield in adjacent areas by adult|| Benefits might become evident only in the long-term
fluxes

Undisturbed spawning/breeding ground Incentive for poaching

Maintenance of interspecific and intraspecific genetic(| Increased need for intensive surveillance
diversity
Unfished populatons for scientific research Strong local resistance in proposed areas

Reduced management costs (minimal information needed) || Uncertainty about size, location and number or reserves to
ensure persistence of the species

Economic benefits through tourism Long-term detailed research needed to justify sparial
closures

Concept easy to understand and accept by general public Not useful for highly migratory species

Simplified enforcement Resistance of managers to “new approaches*

Reduced temptation to violate laws by fishermen Should ideally include habitat for all life stages

Habitat protection
Areas for education use

Provides source of broodstock for possible restocking of]
depleted areas
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coasts of the Gulf of Mexico and the Atlantic Ocean, the Isle of Man, the Mediterranean
Sea, and New Zealand. The sandtiger shark (Carcharias taurus), is protected in New South
Wales, Queensland, and all Australian Commonwealth waters, and also in all federal waters
of the USA coasts of the Gulf of Mexico and the Atlantic Ocean. The big eye sandtiger
shark (Odontaspis noronhai) is protected in all federal waters of the USA coasts of the Gulf
of Mexico and the Atlantic Ocean. Other elasmobranchs protected in Florida state waters
are the sawshark (Pristiophorus schroederi), the spotted eagle ray (Aetobatus narinari),
and sawfish (Pristis spp.). Israel currently protects all chondrichthyan species but the
level of protection is unknown (no commercial or sport fisheries?). Finally, the Barce-
lona Convention includes protection for several species in the Mediterranean Sea, the
white shark. the basking shark and the giant devil ray (Mobula mobular), which are con-
sidered endangered or threatened. However, the levels of protection are unknown.

Formal MPAs for sharks

There are only two examples of formal MPAs specifically designated for the pro-
tection of sharks. These are the MPA for grey reef sharks (Carcharhinus amblyrhynchos)
in the 15 top diving sites of the Maldives, and the MPA of the Dry Tortugas, Florida, for
the protection of the nurse shark (Ginglymostoma cirratum) during its mating season from
May to August (Carrier and Pratt, 1996).

No-take MPAs as fisheries management tools for sharks

The only known no-take marine reserves for sharks used as fisheries management
tools are in Australia. The first, is an area closed to shark fishing that extends over a
significant portion of the coast of Western Australia (Shark Bay to North-West Cape).
This closed area is controlled through gear restrictions (no gillnets and no lines with
metal traces can be used). This does not eliminate the taking of sharks, but catches in the
region are minimal. Most of the catch occurs in trawls and consists of smaller bottom-
dwelling species. This MPA is designed to protect the breeding stock of larger species
such as dusky (Carcharhinus obscurus) and sandbar sharks (C. plumbeus) that form the
basis of the fishery in the southern part of the state. The second case are some selected
inshore areas around Tasmania and Victoria which are closed to the southern shark fishery
in order to protect breeding aggregations of school shark (Galeorhinus galeus) and gummy
sharks (Musrelus antarcticus).

Table II. - Shark and ray species protected by informal MPAs (legislation protecting species in jurisdic-
tional waters).

Species Location of informal MPAs

White shark South Africa, USA (California state waters, federal waters of Gulf of Mexico and Atlantic
coast), Australia (Tasmania, New South Wales, Queeensland, South Australia, Western
Australia, and all Commonwealth waters from 5.5 km to edge of EEZ)

Sandtiger shark Australia (NSW for 12 years, Queensland, and all Commonwealth waters from 5.5 km to
edge of EEZ), USA (all federal waters of Gulf of Mexico and Atlantic coast)

Big eye sandtiger shark USA federal waters of Gulf of Mexico and Atlantic coast

Whale shark Australia (Western Australia); Maldives; USA (Florida state Waters (6.6 km Gulf, 5.5 km
Atlantic), all federal waters of Gulf of Mexico and Atlantic coast)
Basking shark Isle of Man, Manx territorial waters (22.2 km); USA (Florida state Waters, all federal

waters of Gulf of Mexico and Atlantic coast )
Sawfish and sawshark Florida state waters

Spotted eagle ray Florida state waters
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The design of no-take MPAs

As a general principle, to be effective as stand-alone fisheries management tools,
tong-term MPAs must ideally include a good mix of suitable habitats that provide protec-
tion to all the life stages of the species in question. In other words, they must be able to
support viable populations. This is perhaps their most important characteristic and also
the most difficult to meet.

Geographic size is another important criterion in the design of marine reserves.
Because MPAs should be sufficiently large to support a viable population, in order to sel-
ect the appropriate size it becomes necessary to have information on home ranges, rates
of movement in and out of the reserve, migrations, etc. According to Ballantine (1991), a
rule of thumb for defining the size of an MPA is a few km® as minimum, while the max-
imum should be defined by practicality and spacing of replicate sites. The geometry of
the reserve is usually defined using easily identifiable special features to delimit the area.

Site selection must be within the distribution range of the species. An important
consideration is that generally, habitat suitability is higher towards the centre of distribu-
tion of the species (MacCall, 1990). Also, the proximity of the site to other important
areas such as fishing ports, heavily populated human settlements, or other reserves, needs
to be considered. It should be also acknowledged that the social acceptance of no take
MPAs will vary from country to country according to the cultural environment and the
traditions of natural resource ownership.

A complex problem for the design of natural reserves is the SLOSS question. This
problem arises from the debate over whether it is better to have, a Single Large Or Several
Small reserves? This point is not easy to resolve and there are different view points
among experts. Systems or networks of smaller MPAs seem to be favoured by some
authors who stress some advantages such as the provision of more robust systems and
simplified design (Ballantine, 1991). Large marine reserves are proposed by others who
argue that some species could not survive if large areas are not set aside for their protec-
tion (i.e., some hard corals; Salm and Clark, 1984). On the other hand, it has been sug-
gested that small interconnected MPAs of different habitats forming functional large
MPAs might be a viable solution to local resistance to form large MPAs in heavily popu-
lated areas.

Sharks and the design of MPAs

The first point to consider is that there is no such thing as “the” shark, the
“average” shark or the “typical” shark. The diversity of the 400 or so species of sharks
(Springer and Gold, 1989) includes a large array of sizes, life styles, and habitats that
presents a great challenge to the design of MPAs for their protection. This diversity is
illustrated in table IfI, which lists sharks of commercial importance occurring in the
southern Gulf of Mexico. Table IIl shows that sharks can range in length from only
100 cm in the case of the sharpnose shark (Rhizoprionodon terraenovae), to as large as
12 m in the case of the largest living fish, the whale shark. Population dynamics also
varies greatly among sharks. Growth rates can be relatively fast or slow depending on the
species: the dusky smoothhound (Mustelus canis) reaches sexual maturity at age two,
while dusky sharks take 20 years to mature. Fecundities range between about seven pups
per litter in the sharpnose shark, 40-80 in the tiger shark (Galeocerdo cuvier), and about
300 in the whale shark. Birth size, an important parameter for juvenile survival
(Branstetter, 1990), can be as small as 28 cm in the nurse shark or as large as | m in the
dusky shark. Clearly, it is not possible to tackle the design and monitoring of MPAs for
sharks without specifying which particular species of shark we are referring to.



Table I11. - Life history characteristics of commercially important sharks of the southern Gulf of Mexico. (Whale sharks are not commercially important but occur

in the area).
Sharks of the Southern | Maximum | Female age at Litter Birth
Gulf of Mexico total length [ 1st maturity . size Main references
size
(cm) (years) TL (cm)
Rhizoprionodon terraenovae 110 4 7 32 Parsons (1983, 1985), Branstetter (1987a).
Sphyrna tiburo 117 23 9-12 2540 | Parsons (1987, 1993a, b), Clark & von
) Schmidt (1965), Alvarez (1988).

Mustelus canis 152 2 20 19 Francis (1981), Compagno (1984), Pratt
& Casey (1990).

Carcharhinus acronotus 164 8 36 45.50 | Clark & von Schmidt (1965), Garrick
(1982), Schwartz (1984).

C. limbatus 212 7 10 60 Clark & von Schmidt (1965), Killam &
Parsons (1989), Branstetter (1987b).

C. brevipinna 225 7 6-8 60-70 Branstetter (1981, 1987b).

C. plumbeus 245 5 8-12 56-75 Casey et al. (1985), Springer (1960).
Casey & Natanson (1992).

Ginglymostoma cirratum 304 21-28 28 Compagno (1984), Pratt & Casey (1990).

Sphyrna lewini 309 15 30 49 Branstetier (1987¢), Klimley (1987), Prant
& Casey (1990), Chen er al. (1990).

. Branstetter & Stiles (1987), Thorson &

Carcharhinus leucas 324 18 12 60-75 | Lacey (1982), Garrick (1982), Pratt &
Casey (1990).

C. falciformis 330 12+ 12 76 Garrick (1982), Branstetter (1987¢), Bonfil
et al. (1993).

C. obscurus 365 20 14 100 Springer (1960), Clark & von Schmidt
(1965), Natanson et al. (1995).

Galeocerdo cuvier 550 10 43-82 51.85 | Kauffman (1950), Compagno (1984),
Branstetter ef af. (1987).

S. mokarran 560 2 40 50.70 | Castro (1983), Compagno (1984), Prant &
Casey (1990).

Rhincodon rypus 1200 ? 300 65 Compagno (1984), Joung er al. (1996).
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The life styles of sharks can be very specialised and diverse and will play an im-
portant role in the applicability of MPAs for management. Thus, the design of MPAs may
have to be purpose-tailored depending on the life style of sharks. Considering this, it
might be appropriate to classify sharks into functional groups. Here, 1 propose six major
functional groups of sharks based on life style and the relative size of the ranges of
movement of the species (Table 1V). This classification does not pretend to be exhaustive
and rigid. Indeed very different functional groups can perhaps be devised based on other
criteria (e.g., ecological and morphological characteristics (see Compagno, 1990), or
types of nursery areas). However, keeping in mind the management-oriented role of the
proposed grouping, it seems to be a suitable preliminary system for aiding in MPA im-
plementation. The six groups are: 1) bottom dwelling species with some site specificity
or short range of movements such as nurse, angel (Squatina spp.), and wobbegong
(Orectolobus spp.) sharks; 2) non-migratory, neritic sharks with short to medium ranges
of movement such as grey reef sharks, whitetip reet sharks (Triaenodon obesus), blacktip
reef sharks (C. melanopterus) and perhaps scalloped hammerhead sharks (Sphyrna lewini);
3) large, migratory neritic predatory sharks capable of making long-range movements
such as the dusky and sandbar sharks, and perhaps the shortfin mako (Isurus oxyrinchus)
whose habitat is both neritic and oceanic (Compagno, 1984); 4) deep-water sharks such as
sixgill sharks (Hexanchus spp.), gulper sharks (Centrophorus spp.), and sleeper sharks
(Somniosus spp.); 5) oceanic and highly migratory sharks like the blue shark (Prionace
glauca) and cookie-cutter shark (Isistius brasiliensis); and 6) gigantic, planktivorous and
long-ranging sharks like the whale, basking, and megamouth (Megachasma pelagios)
sharks. Clearly, groups 1-2 are better candidates for successful MPA implementation than
groups 3, 5 and 6. It is difficult to speculate about group 4 given the poor state of our
knowledge of deep water sharks in general.

Can we design effective no-take MPAs for sharks?

In this section I briefly illustrate the problems encountered in the implementation
of MPAs for sharks using three hypothetical examples. The first example is the blue
shark, which is a highly mobile and wide-ranging oceanic species. Figure 2, taken from
Nakano (1994), shows the generalised habitat utilisation of the North Pacific Ocean by
blue sharks. To protect this blue shark population through an MPA, we would have to set
aside a large proportion of the North Pacific (perhaps 1/4 or 1/5 of it) to be able to include
all the types of habitat needed for the blue shark throughout its life cycle. This is clearly
an impossible task from the practical point of view.

The blue shark is perhaps the most extreme case of space utilisation that can be
found among sharks. The second example, the spiny dogfish (Squalus acanthias) is a fairly
small demersal shark with shorter migrations; this is the most commercially harvested
elasmobranch species. This shark is caught commercially in many parts of the world but
in this paper [ will concentrate on the fishery off the east coast of North America. Figure 3
illustrates the migratory movements of the NW Atlantic spiny dogfish (Rago er al.,
1994). The stock moves from southern and deep waters in winter, towards shallower and
more northerly waters in the spring. By summer, most of the stock is quite far to the north
and during the autumn the cycle starts to reverse with the dogfish travelling back south
and into deeper waters. In this case, it is also difficult to think of closing the entire area to
fishing because other important fisheries occur there and use the same gear that catches
dogfish. What is the solution? If we only close one section of the distribution range,
which one should we choose? Inevitably, because of its mobility, most of the stock would



Table IV. - Major functional groups of sharks for management purposes, according to their life style and range of movement. Other criteria may be used for defi-
ning functional groups, i.e., habitat used as nursery area, or ecological and morphological characteristics (see Compagno, 1990).

Functional groups

Space utilization / Life style

Bottom-dwelling

With some site specificity and short range of movement (e.g., nurse,
angel, and wobbegong sharks)

Neritic, non-migratory

With short to medium ranges of movement (e.g., coral reef sharks,
scalloped hammerhead?)

Neritic, migratory

With long ranges of movement (e.g., dusky, sandbar, mako? sharks)

Deep-water

Medium ranges of movement? (e.g., sixgill. gulper, sleeper sharks)

Oceanic

Highly migratory with long ranges of movement (e.g., blue and
cookie-cutter sharks)

Gigantic/planktivorous

With long ranges of movement (e.g., whale, basking, and
megamouth sharks)
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Fig. 2. - Pattern of utilisation of the North Pacific Ocean by blue sharks (taken from Nakano, 1994).
Implementing an effective no-take MPA for this population would mean setting apart an unthinkably
large portion of the North Pacific.
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Winter

Summer

Fig. 3. - Seasonal distribution of spiny dogfish in the east coast of the USA and Canada (modified from
Rago er al., 1994). The black polygons show suggested rolling MPAs that could be used to protect part
of the stock from fishing year-round.

be vulnerable to fishing for a large portion of the year. Perhaps, the best solution would
be to place a dynamic or ’rolling” MPA that moves along with the dogfish stock during its
migration. In all likelihood, this is a very difficult if not impossible scenario to imple-
ment, not only because of the logistic challenges it presents for fishing and surveillance
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Nurseries BB Tegeing [ERE Recoveries

1 Carcharhinus acronotus 7 C. obscurus 13 Isurus oxyrinchus

2 C. altimus 8 C. perezi 14 Negaprion brevirostris

3 C. brevipinna 9 C. plumbeus 15 Rhizoprionodon terraenovae
4 C. falciformis 10 C. signatus 16 Sphyrna lewini

5 C. leucas 11 Galeocerdo cuvier 17 S. mokarran

6 C. limbatus 12 Ginglymostoma cirratum 18 S. tiburo

Fig. 4. - These four maps illustrate the complexity of MPA implementation for sharks in the southern
Gulf of Mexico. a: Nursery areas. Possible migration patterns can be inferred from recapture of tagged
sharks: b: Sharks tagged by the Instituto Nacional de la Pesca, Yucalpeten Lab Shark Tagging Program;
¢, d: Sharks tagged by NMFS Cooperative Shark Tagging Program. Numbers encircled in a, b and those
in the key to lines in ¢ and d correspond to the species listed on the bottom part of the figure. The num-
bers associated to lines in ¢ and d are number of sharks that were tagged (origin of arrows) or recove-
red (near head of arrows); arrows without numbers indicate a single shark. (From Bonfil, 1997).

operations but also because of the market and other social and economic factors this
measure would upset. This type of setup was unsuccessfully proposed in the southern shark
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fishery of Australia (Terry Walker, Marine and Freshwater Resources Institute, Victoria,
Australia, pers. comm. 1997). For a rolling MPA to be successful, managers and fisher-
men will have to work very tightly together in an unusually co-operative atmosphere.

The last example deals with the multispecies shark fisheries in the southern Gulf of
Mexico. Here, the complications of using MPAs for sharks are tremendous. There are up to
25 different species taken in the fishery (Bonfil, 1997) although only about 15 are illus-
trated in figure 4. Even trying to close identified nursery areas to protect the juveniles
implies a major task given that many coastal low-income communities depend on fishing
in those areas for subsistence. Also, the migratory routes of some of these species are
quite long as shown by the recaptures from the NMFS cooperative shark tagging pro-
gramme. It is almost impossible to design effective MPAs for fisheries management under
these circumstances.

DISCUSSION

The general principle of protecting all life-stage for an MPA to be effectlive
presents a problem for the successful implementation of MPAs for sharks. From this
point of view, the potential usefulness of MPAs as sole measure for most shark manage-
ment and protection issues is limited. This is specially true for species such as the bask-
ing, blue and whale sharks, which have extensive migrations. However, currently it also
seems difficult to implement successful MPAs as the main solution for the management of
most other shark species. Our knowledge of key aspects of shark biology and ecology
such as migratory routes, rates of movement, nursery areas, and space utilisation, are not
nearly enough to guarantee proper design of MPAs that would support viable populations
in most cases. A possible important exception to this rule of thumb is the implementa-
tion of MPAs for freshwater elasmobranchs. Most of these species are facing increasingly
threatening pressure from human development in their narrow and localised distribution
ranges and could benefit greatly from total protection in the mostly tropical river systems
where they occur.

While it is true that the benefits of no-take MPAs are not clearly evident for organ-
isms that have limited site specificity, such as the long-range migratory sharks, it is
possible that no-take MPAs can be an effective way to support and complement the con-
servation of some shark and ray species by providing a haven during key parts of their
life-cycles. Coastal nursery areas, mating grounds, and some specific feeding grounds
where species might congregate are excellent candidates for MPAs. Obviously, the effec-
tiveness of these sites will always depend on suitable complementary management and
protection measures such as controlled harvest regimes throughout the entire range of the
stock outside the MPA. If MPAs cannot alone be the solution for shark management, they
can surely be a very effective aid for management.

If we are to advance in the design of MPAs for sharks, research efforts should be di-
rected chiefly (but not exclusively) towards defining the size of home ranges, migratory
routes and timings, and the rates of movement inside and outside potential marine re-
serves. Several types of tagging studies will have to be implemented to achieve this.

The charismatic image that sharks are gaining in recent times can be very favour-
able for the political process involved in the instigation of MPAs. In this sense, species
such as the great white shark or the whale shark can become flag species that could posi-
tively impact a wide range of species from the extended benefits of the protection of entire
ecosystems.
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A SYNOPSIS OF THE DEEP-SEA GENUS BENTHOBATIS ALCOCK,
WITH A REDESCRIPTION OF THE TYPE SPECIES
BENTHOBATIS MORESBYI ALCOCK, 1898
(CHONDRICHTHYES, TORPEDINIFORMES, NARCINIDAE)

by

Marcelo R. de CARVALHO (1)

ABSTRACT. - The electric ray genus Benthobatis Alcock, 1898 is reviewed and found to contain four
continental slope species, two of which were previously described. Benthobatis moresbyi Alcock, 1898,
the type-species, is known from five specimens from both sides of the Arabian Sea (off southwestern
India and southern Yemen) and western Indian Ocean (continental slope of Somalia). Benthobatis
marcida Bean & Weed, 1909, of which B. cervina Bean & Weed, 1909 is a junior synonym, is known
from abundant material from the southeastern contincntal slope of the United States, northern Cuba and
the Bahamas. Two undescribed species of Benthobatis exist, one from the southwestern Atlantic ocean
(continental slope of southern Brazil) and one from the South China Sea (off southwestern Taiwan). B.
moresbyi is redescribed based on material from all currently known localities, and a lectotype is desig-
nated. B. moresbyi is diagnosed by a combination of characters, including its uniform dark brown dorsal
and ventral coloration, elongated snout area, highly oval disc, fleshy dorsal fins with long bases, very
small interdorsal distance, and low and elongated caudal fin positioned very close to the second dorsal
fin. All four species of Benthobatis are diagnosed and illustrated, and a key for their identification is
provided. Prior to this account, no new information on B. moresbyi has appeared in almost 90 years.

RESUME. - Révision du genre Benthobatis Alcock, et nouvelle description de son espéce-type Bentho-
batis moresbyi Alcock, 1898 (Chondrichthyes, Torpediniformes, Narcinidae).

La révision des raies électriques du genre Benthobatis a permis la reconnaissance de quatre
especes de la pente continentale, dont deux étaient déja décrites. L’espece-type Benthobatis moresbyi
Alcock. 1898 est connue par cinq spécimens qui proviennent du large de 1'Inde du sud-ouest et du
Yémen du sud ainsi que de I’Océan Indien Ouest (pente continentale de la Somalie). De nombreux
spécimens de Benthobatis marcida Bean & Weed, 1909, dont B. cervina est synonyme proviennent de la
pente continentale du sud-est des Etats-Unis, du nord de Cuba et dcs Bahamas. Il existe deux espéces
non décrites de Benthobatis, 'une provenant du sud-ouest de I'Océan Atlantique (pente continentale du
Brésil) et ’autre du sud de la mer de Chine (sud-ouest de Taiwan). B. moresbyi est redécrite sur la base
de matériel provenant de toutes les localités connues et un lectotype est désigné. La diagnose de Ben-
thobatis moresbyi se fonde sur la combinaison de plusieurs caracteres dont la coloration (dorsale et
ventrale) brun foncé, le museau allongé, un disque de forme nettement ovale, les nageoires dorsales 2
base allongée, une distance interdorsale trés petite, la nageoire caudale basse et allongée trés proche de
la deuxieme nageoire dorsale. La diagnose et l'illustration des quatre espéces de Benthobutis sont
présentées et une clé d’identification est proposée. Aucune information nouvelle concernant B. mores-
byi n’avait été publiée depuis pres de 90 ans.

Key-words. - Torpediniformes, Narcinidae, Benthobatis, B. moresbyi, B. marcida, Taxonomy, Lecto-
type, Electric rays, Continental slope.

(1) American Museum of Natural History, Department of [chthyology, Central Park West at 79th Street,
New York, NY 10024, USA. [marcelo @amnh.org)
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The electric ray genus Benthobatis was described by Alcock (1898) for the new
species B. moresbyi, based on three specimens trawled by the R.I.M.S. “Investigator” in
1897 from deep waters off the southwestern coast of India. Following the first illustration
of this species (Alcock, 1899a; reproduced here as Fig. 1), both Lloyd (1907) and Brauer
(1908) extended its range to include the western Arabian Sea (continental slope of Yemen)
and western Indian ocean (continental slope of Somalia), respectively. Specimens have
not been collected since 1906. Annandale (1909) briefly mentions Benthobatis and pro-
vides an illustration of its mouth and teeth based on material previously collected. No new
information has been published on B. moresbyi since.

Bean and Weed (1909) described the new species Benthobatis marcida and B. cerv-
ina on the basis of two specimens from deep waters of the western north Atlantic ocean
(continental slope of the eastern coast of Florida). B. cervina was subsequently
synonymized with B. marcida (Bigelow & Schroeder, 1953), which is now known to occur
in various localities in the western north Atlantic, Straits of Florida, off Cuba (Nicholas
and Old Bahama Channels) and the Bahamas, in depths of 274 to 923 m.

Benthobatis is a rare deep-sea genus that remains relatively poorly known, espe-
cially in the Indo-Pacific region. However, recent collecting efforts have increased its
range to include the southwestern Atlantic ocean'” and southwestern coast of Taiwan
(Chen and Chung, 19715 Shen, 1984a; Chen and Joung, 1993; Compagno et al., unpubl.
data). Both new occurrences constitute new species of Benthobatis, to be named else-
where. Given the paucity of information available for the type-species, B. moresbyi
Alcock, arevision of the genus was initiated in conjunction with revisionary studies
currently being undertaken on all torpediniform genera. As both new species are in the
process of being described, it is pertinent to have more information available for the
type-species, which is redescribed below. The following account includes all species of
Benthobatis, but focuses primarily on B. moresbyi. All available specimens of B. mores-
byi were examined (including one type-specimen, designated as lectotype below), with
the exception of two of Alcock's original specimens that remain in Calcutta.

MATERIAL AND METHODS

Abbreviations for the 43 measurements taken on specimens of B. moresbyi are as
follows (a more complete description of measurements can be found in an upcoming revi-
sion of Narcine): Total length (TL); disc width (DW); disc length (DL); preocular snout
length (PCSL); preoral snout length (POSL); prenasal snout length (PNSL); snout to
maximum disc width (SDW); interorbital distance (IOD); eye length (EL); interspiracular
distance (ISD); spiracle length (SL); spiracle width (SPW); mouth width (MW); upper
exposed tooth band width (UTBW); lower exposed tooth band width (LTBW); nasal curtain
width (NCW); nasal curtain length (NCL); distance between nostrils (DBN); distance be-
tween first gill openings (DFGO); distance between last gill openings (DLGO); branchial
basket length (BBL); pelvic fin length (PFL); pelvic fin width (PFW); length of anterior
lobe of pelvic fin (ALPF); length of posterior lobe of pelvic fin (PLPF); tail width (TW);
height of first dorsal fin (HFD); Iength of first dorsal fin (ILFD); height of second dorsal
fin (HSD); length of second dorsal fin (LSD); length of dorsal lobe of caudal fin (LDLC);
length of ventral lobe of caudal fin (LVLC); height of dorsal lobe of caudal fin (HDLC);

(2) This occurrence was originally reported by C. Vooren and G. Rincén in an abstract of the VI Re-
unido do Grupo de Trabalho sobre Pesca e Pesquisa de Tubardes ¢ Raias no Brasil (1993, p. 230).
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height of ventral lobe of caudal fin (HVLC); height of caudal fin (HC); distance between
first and second dorsal fins (DBD); distance between second dorsal and caudal fins (DSDC);
snout to cloaca length (SCL); cloaca to caudal fin tip (CLCF); snout to first dorsal length
(SFD); electric organ length (EOL), electric organ width (EOW); clasper length (CL). It
was not possible to take all measurements on all specimens of B. moresbyi, as specimens
were partially dissected previously, or distorted beyond accuracy for a particular measure-
ment™®. Measurements are only provided for specimens of B. moresbyi, as these are the
primary concern of this paper (Table I). Institutional abbreviations follow Leviton et al.
(1985). Material examined is listed separately for each species.

Meristic data for the three examined specimens of B. moresbyi are as follows
(summarized in Table II): number of propterygial radials (PROP); mesopterygial radials
(MESO); metapterygial radials (META); total pectoral radials (TPR = PROP + MESO +
META); pelvic radials (PR; first enlarged radial counted as one); first dorsal fin radials
(FDR); second dorsal fin radials (SDR); dorsal caudal fin radials (DCR); ventral caudal fin
radials (VCR); total caudal fin radials (TCR = DCR + VCR); upper exposed vertical
tooth rows (UTR); lower exposed vertical tooth rows (LTR); trunk vertebral centra (TC =
first distinguishable vertebral centrum in synarcual cartilage to anterior border of pelvic
girdle); precaudal centra (PC = centrum from anterior border of pelvic girdle to caudal fin
origin); caudal centra (CC = centrum from origin of caudal fin to last distinguishable
centrum in caudal fin tip); total vertebral centra (TV = TC + PC + CC); ribs (R).

The description of B. moresbyi is based on all examined specimens, not just the
lectotype herein designated, but special reference is made to a particular specimen when
appropriate. The brief account on B. marcida is based more on the type specimen. The sec-
tions “Referred specimens” list only non-type material examined. Terminology for the
anatomical description of B. moresbyi follows Miyake (1988), Nishida (1990) and Car-
valho (unpubl. data).

BENTHOBATIS ALCOCK

Benthobatis Alcock, 1898: 144 (original description, not figured); Garman, 1913:
294 (recognized as valid, description compiled); Fowler, 1941: 339 (description com-
piled); Bigelow and Schroeder, 1953: 126 (recognized as valid, compilation, partial revi-
sion); Misra, 1969: 216-218 (recognized as valid, description compiled); Compagno,
1973: 27 (recognized as valid, listed in a classification); Nelson, 1976: 43 (listed only);
Fechhelm and McEachran, 1982: 173, 200, 202- 203 (recognized as valid, anatomical
comparison and illustration); Nelson, 1984: 61 (listed only); Miyake, 1988 (accepted as
valid); Eschmeyer and Bailey, 1990: 57 (recognized as valid); Eschmeyer, 1990: 437
(listed in a classification); Nelson, 1994: 59 (listed only); McEachran et al., 1996: 80
(recognized as valid, listed in a classification); Eschmeyer and Bailey, 1998: 1862
(recognized as valid); Eschmeyer, 1998: 2451 (listed in a classification).

Synonymy. - None.

(3) Caution is necessary when using morphometric characters to identify species of Benthobatis, as
preserved specimens can easily be deformed from their original state. This is prumarily because electric
rays lack dermal hard structures, such as denticles and spines, which may help maintain body shape and
rigidity when preserved (in preservative, electric rays may have flabby skin which is easily detached
from underlying tissues, especially in Benthobatis). Also, Benthobaiis occurs in deep waters, so bloating
of the skin may happen as a result of dredging specimens from the ocean floor. Even with this con-
straint, positions of fins and relative proportions proved very useful in diagnosing species because there
are obvious differences among them.
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Type-species. - Benthobatis moresbyi Alcock, 1898, by original designation
and monotypy.

Diagnosis

Narcinid electric rays with elongated oval to rounded discs; snout greatly to moder-
ately elongated, supported by rostrum with great antero-lateral expansion; extremely
reduced and presumably non-functional eyes, not readily visible dorsally anterior to spira-
cles; a small pore dorsal to embedded eyes sometimes present; nostrils not subdivided in
two distinct apertures by stiff tissue; spiracles small, generally wider than long, with
smooth borders and without elevated rims; pelvic fins adjoining lateral aspect of tail
throughout entire length, not leaving free lobe posteriorly; seemingly encasing claspers
in immature specimens; pelvic fins contacting tail posterior to clasper extremities;
pelvics not united to each other posteriorly to form “apron”; anterior portion of pelvic
fins greatly to moderately expanded laterally; tail abruptly narrower than trunk; tail thin
and relatively long, longer than disc (tail measured from cloaca); lateral tail folds incon-
spicuous, in the form of barely noticeable small ridges; highly oval and elongated caudal
fin, lower margin of which is continuously curved, with very low inferior lobe; dorsal fins
moderately tall, with very long to moderate bases, and with posterior margins contacting
tail without leaving great prominent free lobe posteriorly; teeth in very few exposed
rows, rows faintly noticeable when mouth is closed, portion of exposed tooth band devoid
of teeth; electric organs only barely noticeable externally in dorsal or ventral views; skin
seemingly a bit loose and reduced superficial calcification of skeleton, accounting in part
for general flabbiness of body.

Included species

Benthobatis moresbyi Alcock, 1898 (Indo-Pacific), B. marcida Bean & Weed,
1909 (northwestern Atlantic), Benthobatis sp.1 (southwestern Atlantic), Benthobatis
sp.2 (South China Sea).

Remarks

Benthobatis is easily distinguished from genera of torpedinid (Torpedo Houttuyn,
1774), hypnid (Hypnos Duméril, 1865) and narkid (Narke Kaup, 1826; Heteronarce Re-
gan, 1921; Temera Gray, 1831; Typhlonarke Waite, 1909) electric rays by the combina-
tion of: a protractile but not widely distensible mouth; nasal curtain wider than long, not
intensely studded with sensory pores along most of its length; nostrils circular, not slit-
like; teeth with a single cusp and ovoid bases; tail relatively long, longer than disc or
more or less same length; presence of two dorsal fins of about same size. In addition,
Benthobatis presents a series of anatomical characters shared with other narcinids
(Narcine Henle, 1834; Discopyge Heckel, 1846, Diplobatis Bigelow & Schroeder, 1948),
that further separates it from non-narcinid torpediniform genera: broad, flattened trough-
shaped rostrum (much more antero-laterally expanded in all species of Benthobatis than in
any other narcinid thus far examined); elongated and relatively broad precerebral fontan-
elle, associated with the particular rostral morphology; laterally branching antorbital
cartilages (degree of branching variable among narcinid genera, and even within species
of Narcine); relatively straight orbital area (curving mesially in other torpediniform fami-
lies); at least two pairs of relatively strong labial cartilages; presence of triangular protu-
berances (nasal capsule “horns™) on dorsal aspect of nasal capsules.

The majority literature of records of Benthobatis are compilations from a few pri-
mary sources, such as the original species descriptions of Alcock (1898, and illustration
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of 1899a) and Bean and Weed (1909). The only additional information given for the genus
after these authors, and before the account of Bigelow and Schroeder (1953), are the range
extensions for B. moresbyi by Lloyd (1907) and Brauer (1908), for B. marcida by Chace
(1940), and an illustration of the mouth and teeth of B. moresbyi by Annandale (1909).
Bigelow and Schroeder (1953) provided much new information for B. marcida, but no new
information for B. moresbyi has appeared after Annandale (1909).

Benthobatis is a poorly known, deep-sea genus of electric ray, occurring in cold
waters of tropical and sub-temperate areas, in depths of 274 to 1071 m. No other genus of
Torpediniformes has been captured at depths of 1000 meters or more (however, not all
species of Benthobatis occur at this depth either). Hereronarce Regan, 1921, a narkid, has
been collected in areas close to where Benthobatis is known to occur (southwestern coast
of India, western Arabian Sea), but from waters not as deep (ranging from 80 to 305 m
only). The bathymetric distribution of Benthobatis, requiring special collecting efforts,
may account for the paucity of specimens of at least the type-species, Benthobatis mores-
byi. B. marcida, from the western North Atlantic, is more abundant in collections. B.
marcida has been collected from shallower waters (from 274 to 910 m) than B. moresbyi,
and many specimens are usually sampled together. This is also true for the undescribed
Brazilian species of Benthobatis (referred to here as Benthobatis sp.1).

Given that the species of Benthobatis are somewhat geographically restricted, that
they occur in deep waters and that specimens have been collected from distant localities,
the number of species may be higher than the four currently recognized.

Etymology
Bentho, from the Greek “benthos”, meaning depth of the sea or sea-bottom; batis,
a Greek word for skate or ray. Gender feminine.

Verpacular npames
Blind numbfishes, deep-sea numbfishes, blind electric rays.

Key to species of Benthobatis

1a.  Uniform light brown dorsally; white to yellowish-white ventrally; western North
AUANUC ..o Benthobatis marcida

1b.  Dark brown to blackish-brown dorsally; dark brown or white ventrally ........... 2

2a.  Caudal fin less than half length of tail as measured from posterior tips of pelvic
fins; dorsal fin length equal or subequal to dorsal fin height; ventrally white with
dark posterior outline to ventral margin of pelvic fins; western South Atlantic .....
................................................................................. Benthobatis sp.1
2b.  Caudal fin about half length of tail as measured from posterior tips of pelvic fins;
dorsal fins longer than tall; dorsal and ventral coloration very dark brown or
blackish-Drown ... ... 3

3a. Distance between dorsal fins less than length of their individual bases; dorsal fins
about twice as long as tall; Arabian Sea, western Indian ocean .........................
........................................................................... Benthobatis moresbhyi
3b. Distance between dorsal fins greater than length of their individual bases; dorsal
fin height about three-fourths in dorsal fin length; South China Sea ..................
................................................................................ Benthobatis sp.2
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Table L. - Measurements taken on specimens of Benthobatis moresbyi. Total length given in mm, all
other measurements expressed as percentages of total length. Abbreviations are explained in Material

and Methods.

Fig. 1. - Alcock’s (1899a) original outline ren-
dering of B. moresbyi, clearly depicting generic
and specific diagnostic characters such as lack
of eyes, elongated snout, shape and position of

dorsal fins, and elongated caudal fin.

BMNH BMNH | ZMB BMNH BMNH | ZMB

1898.7. 1909.7. | 17413 1898.7. 1909.7. | 17413

13.22 12.7 13.22 12.7

(lectotype) (lectotype)

1. TL (mm) 351.2 120.0 3924 |23. PFW 20.7 21.5 37.1
2. DW 38.4 36.1 379 |24. ALPF 10.7 11.6 1.0
3. DL 43.6 42.5 435 |25. PLPF 13.5 8.5 24.3
4. PCSL 17.4 17.4 13.6 |26. TW 13.9 15.2 217
5. POSL 15.6 15.6 12.7 |27. HFD 55 2.3 6.6
6. PNSL 15.8 13.4 9.7 28. LFD 9.8 7.5 8.9
7. SDW 32.0 27.4 29.6 |29. HSD 5.6 3.1 6.0
8. 10D 72 6.3 7.9 30. LSD 11.1 7.2 94
9. EL 0.5 - 04 31. LDLC 19.4 - 18.4
10. ISD 54 6.5 6.4 32. LVLC 20.1 - 18.5
11. SPL 2.1 1.8 2.3 33. HDLC 1.3 - 1.5
12. SPW 2.1 1.5 2.3 34. HVLC 2.3 - 1.1
13. MW 5.4 52 7.0 35. HC 5.6 - 54
14. UTBW 1.6 - 2.2 36. DBD 2.2 53 2.9
15. LTBW 1.2 - 1.7 37. DSDC 1.7 - 29
16. NCW - - 5.1 38. SCL 48.6 473 47.1
17. NCL 1.6 - 1.7 39. CLCF 49.8 50.8 49.7
18. DBN 53 4.6 4.6 40. SFD 544 57.2 50.0
19. DBFGO 11.0 10.8 14.0 |41. EOL 17.2 24.3 22.5
20. DBLGO 8.6 7.8 129 |42. EOW 8.9 74 7.0
21. BBL 8.6 9.8 10.8 |43, CL 11.2 7.0 -
22. PFL 15.6 12.0 19.9
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BENTHOBATIS MORESBYI ALCOCK
Figs 1-4A, 5; Tables I-11

Benthobatis moresbyi Alcock, 1898: 143 (name only), 145 (original description,
not figured; southwestern India); Alcock, 1899a: pl. 26, fig. 1 (outline illustration);
Alcock, 1899b: 18 (repeat of original description, almost verbatim; registration numbers
given); Alcock, 1899¢: 83 (name only), Lloyd, 1907: 4 (continental slope of Yemen);
Brauer, 1908: 9-10 (continental slope of Somalia); Annandale, 1909: 4, 46, pl. IlIA,
figs S, Sa (brief account; illustration of mouth and teeth); Lloyd, 1909: 145
(compilation); Bean and Weed, 1909: 677, 679, 680 (compilation); Garman, 1913: 294
(compilation); Fowler, 1941: 339 (compilation); Misra, 1949: 44 (compilation, synon-
ymy); Misra, 1952: 133 (compilation); Bigelow and Schroeder, 1953: 126, 127
(compilation); Misra and Menon, 1958: 78 (compilation); Menon and Yazdani, 1968: 98,
168, 180 (name only); Misra, 1969: 216-218 (description; illustration compiled); Menon
and Rama Rao, 1970: 377 (name only); Eschmeyer er al., 1998: 1121 (recognized as
valid, type-specimens indicated); Eschmeyer, 1998: 2182 (listed in a classification).

Type-specimens. - BMNH 1898.7.13.22 (lectotype, herein designated), off
Travancore coast, southwestern India (7°17'30”N, 76°54’30"E; coordinates from Esch-
meyer et al., 1998: 1121), 786.9 m, 351 mm TL adult male, collected 19 Oct. 1897 by
the RIMS “Investigator” (ex-Indian Museum specimen, Calcutta, formerly registered as
Z81 233/1); ZSI 232/1 and ZSI 234/1 (paralectotypes, not examined), collected with lecto-
type, adult male of approximately 350 mm TL and “young” specimen (sex and TL un-
known).

Table I1. - Counts of meristic features taken on specimens of Benthobatis moresbyi. Certain counts
could not be taken on available radiographs. Abbreviations are explained in the Material and Methods
section. For specimen ZMB 17413, no distinct mesopterygium and metapterygium were observed on
radiographs. However, nine radials were counted posterior to propterygium.

BMNH BMNH ZMB
1898.7.13.22 | 1909.7.12.7 17413
(lectotype)

1. PROP - - 10
2. MESO - - -
3. META - - -t
4. TPR - - 19
5. PVR 14 14 16
6. FDR - 5 6
7. SDR 8 S -
8. DCR - - 30
9. VCR 26 - 30
10. TCR - - 60
11. UTR 18 9 18
12. LTR 19 - 14
13. TC 19 19 19
14. PC 58 60 56
15. CC 38 36 38
16. TV 115 115 113
17. R - - 6
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Fig. 2. - Benthobaiis moresbyi Alcock, 1898. A and B: dorsal and ventral views, respectively, of lecto-
type (BMNH 1898.7.13.22, male 351 mm TL). C and D: dorsal and ventral views, respectively, of
BMNH 1909.7.12.7 (male 120 mm TL), from continental slope of Yemen.

Diagnosis
A species of Benthobatis distinguished from congeners by the combination of
dark brown dorsal and ventral surfaces; ventral surface entirely dark; elongated snout,
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usually more than one-third in disc length (preocular snout region 40% in disc length in
lectotype); disc oval, longer than wide; dorsal fins with long, fleshy bases, bases much
longer than height of dorsal fins (dorsal fin length 50 to 55% of fin height); origin of
first dorsal well anterior to posterior tip of pelvic fins, close to mid pelvic length; dorsal
fins close together, interdorsal space less than length of dorsal bases; distance between
second dorsal fin and caudal fin much smaller than length of base of second dorsal fin;
caudal fin extremely elongated, reaching almost one-half tail length as measured from
posterior tips of pelvic fins, caudal fin length 40.4% of distance between cloaca and cau-
dal fin tip.

Description

Measurements for examined specimens are given in table I, and meristi¢cs in ta-
ble II.

External morphology. - Skin seemingly very loose on body, giving specimens a
flabby, soft aspect. Disc length less than half in total length, disc widest at close to two-
thirds of disc length; disc oval, with greatly elongated snout (more pronounced in Jecto-
type), preocular snout region more than one-third in disc length (about 40% in lectotype);
snout region rounded to angular anteriorly; disc not overlapping pelvic fins posteriorly,
contacting trunk region more or less at same level of pelvics, and anterior to origin of
pelvics; eyes very minute, visible dorsally as eye “spots”, embedded within integument,
underlying skin and probably not functional; small pore of unknown depth and function
lying dorsal to eye; spiracles separated from eyes by a small distance; spiracles wider than
long, with circular posterior borders, and without distinct anterior margins; small pseu-
dobranch present within spiracles; interocular and interspiracular distance slightly less
than one-half preorbital distance.

Preorbital distance greater than prenasal distance, and more or less equal to preoral
distance; mouth width about one-seventh of disc length (less so in Somalian specimen,
which has a slightly distorted, shrunken disc); nostrils small and circular, not slit-like,
directly anterior to mouth corners; in ZMB 17413 nostrils with small projection extend-
ing posteriorly from anterior margins (Fig. 3C); internasal distance almost equal to
mouth width; nasal curtain much wider than long, extending posteriorly almost to mouth,
and not studded with pores posterior to nostrils; mouth greatly and artificially protruded in
lectotype (less so in BMNH 1909.7.12.7). Teeth in 18/19 total rows (exposed and not
exposed) in lectotype; 9 exposed upper rows in BMNH 1909.7.12.7 (lower tooth band
heavily damaged, but with as many as 11 total rows counting from radiograph); 18/14
exposed rows in specimen from off Somalia; teeth with wide, ovoid bases and only moder-
ately elongate and dull cusps; all teeth unicuspid, similar in upper and lower tooth bands;
middle rows of lower tooth band with teeth missing in lectotype; teeth in central, not
exposed, rows with longer cusps that still do not overlap teeth situated in next posterior
row; teeth set in quincunx arrangement. Gill openings small, semicircular; first gill slits
situated close to mid disc length ventrally, last gill slits at posterior one-fourth of disc,
close to coracoid bar; distance between first gill slits greater than distance between last
gill slits; distance between first and last gill slits about equal to one-fifth disc length.

Pelvic fins greatly expanded laterally at anterior portion, reaching up to same
width as disc when distended in Somalian specimen (disc is shrunken), but close to one-
half width of disc in specimen from off Yemen and lectotype; pelvic fins triangular in
outline, angular laterally, with more or less straight posterior margins that connect with
lateral aspect of tail throughout entire length leaving no free posterior lobe; pelvic fin
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Fig. 3. - Benthobatis moresbyi (female
392.4 mm TL) from continental slope of Soma-
lia (ZMB 17413). A: dorsal view. B: ventral
view. C: detail of mouth and nostrils (mouth less
protruded, shown in more natural position).

length more than one-third disc length; pelvic fins extend posteriorly dorsal to clasper in
lectotype and in specimen from off Yemen, and terminate posterior to clasper tip; poste-
rior margin of pelvics straight to slightly concave, continuing only as a slight ridge
towards posterior tip. Cloaca in lectotype highly expanded. Distance between clasper tip
and cloaca in adult male roughly one-fourth disc length; clasper groove curved towards
mid-line posteriorly at area of clasper glans; both pseudosiphon and pseudopera visible in
dorsal view.

Dorsal fins fleshy, more so at bases, with a loose skin covering. First dorsal fin
originates at close to one-half of pelvic fin length; dorsal fins rather low, with curved,
sloping anterior margins and posterior margins inflecting slightly anteriorly close to
tail; length of base of dorsal fins much greater than height (first dorsal almost twice as
long as high, second dorsal exactly twice as long as high); dorsal fins about equal in
height, but second dorsal has longer base; distance between dorsal fins very small (almost
equal to spiracle length); distance between second dorsal and caudal fin even smaller than
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Fig. 4. - Lateral view of tail region, demonstrating differences in position and configuration of dorsal
and caudal fins. A: Benthobatis moresbyi. B: B. marcida. C: Benthobatis sp.2.

distance between dorsals; dorsal fins with sub-triangular tips (except in lectotype, which
lacks the tip of first dorsal fin). Caudal fin long, close to 2.4% length of tail as measured
from cloaca to caudal fin tip; caudal fin low, its height when measured from superior to
inferior margins about equal to height of dorsal fins. Lateral tail ridges barely noticeable,
precise origin anteriorly difficult to discem. On lectotype, pores of lateral-line canal
extending posteriorly on lateral aspect of tail just ventral to dorsal fins, deflecting down-
wards posterior to second dorsal fin, and continuing beyond caudal peduncle towards tip of
caudal fin.

Coloration. - Dorsal and ventral coloration entirely dark brown, with patches of
darker brown on sides of disc, posterior region of ventral pelvic fins, tail and caudal fin.
Alcock (1898) describes Benthobatis moresbyi as being « purplish-black » and states
that on one specimen « part of the tips of the second dorsal and caudal fins are white »
(1898: 145). This specimen is presumably one of the paralectotypes that remain in the
ZSI, Calcutta, as the lectotype does not have fins with white tips. Alcock also mentions
the presence of small white pores (just smaller than eyes) scattered on the disc and disc
periphery (no longer visible on lectotype). Alcock probably examined the specimens
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before they were placed in preservative, as his account of their coloration seems to be
based on fresh material. B. moresbyi was « dredged since 1896 » (Alcock, 1898: 136),
therefore he had access to them shortly after collected.

Skeletal anatomy. - Skeletal calcification reduced, generally without clear areas
of reinforcing superficial calcification, except perhaps on jaws and synarcual cartilage.
Rostral portion of neurocranium wide anteriorly, tapering slightly from snout tip towards
nasal capsules. Morphology of anteriormost region of rostrum not clear in radiographs,
but rostral tip rounded anteriorly, without a large median notch which is present in some
specimens of B. marcida. Precerebral fontanelle very long, with highly curved posterior
border anterior to internasal space; difficult to discern if circular “rostral fontanelle”
(precerebral fontanelle of some authors) is present anterior to actual precerebral fontan-
elle. Fronto-parietal fontanelle beginning slightly posterior to precerebral fontanelle and
extending caudally to just anterior to origin of hyomandibulae. Post-rostral region of neu-
rocranium widest at nasal capsules. Nasal capsules wide and short, articulating with antor-
bital cartilages laterally. Antorbital cartilages thin (stouter on Somalian specimen), bran-
ching distally into two thin segments at about one-fourth distance from nasal capsules to
antero-lateral borders of disc; small, inconspicuous, posteriorly directed segment of an-
torbitals present close to articulation of antorbitals with nasal capsules; antorbitals ap-
parently not contacting lateral aspects of rostrum anteriorly. Interorbital distance small,
close to one-fourth length of neurocranium from occipital segment to nasal capsules.

Hyomandibulae stout at bases, originating from otic region of neurocranium, and
tapering distally to meet corners of lower jaws. Lower jaws much stouter than upper jaws;
upper jaws not contacting hyomandibulae; lower jaws thick posteriorly. Hyomandibulae
articulate with lower jaws for more than two-thirds of their length (both jaws and one
hyomandibula highly distorted in lectotype). At least two pairs of labial cartilages pres-
ent (one on each set of jaws). }

Synarcual cartilage almost as long as neurocranial distance between nasal capsules
and occipital segment; synarcual with well developed lateral stays, situated at approxi-
mately one-half length of synarcual; lateral stays with slanted anterior and straight poste-
rior margins, and about as wide as suprascapula; four and one-half to five and one-half
vertebrae embedded in synarcual anterior to suprascapula.

Propterygium subdivided into five segments, the posterior segment being the
longest and close to twice the length of the next longest segment; propterygium articulat-
ing with small procondyle of scapulocoracoid; meso- and metapterygium not visible in
radiographs and possibly not present, even though very faint radial elements that would
be contacting them are clearly visible (meristics are given in table I). Meso- and meta-
condyles are apparently lacking from scapulocoracoid of lectotype. Propterygium appar-
ently not articulating with antorbital cartilages anteriorly, reaching anteriorly to ap-
proximately one-half disc length only. Scapulocoracoid semi-circular in dorsal view,
contrasting with suprascapula that is posteriorly elongated. Scapular process laterally
stout, contrasting with relatively thin ventral coracoid bar, and dorsally triangular in
dorsal view where it articulates with suprascapular bar. Suprascapula appears as a complete
bar, extending to just posterior to synarcual cartilage. Fifth ceratobranchials articulate
with frontal aspect of scapulocoracoid.

Pelvic girdle with long and thin lateral pre-pelvic processes, reaching close to
posterior tips of propterygium; on radiographs, no noticeable flat, expanded areas on
distal tips of pre-pelvic processes as in B. marcida (these seldomly appear in radio-
graphs); antedor and posterior surfaces of pelvic girdle faintly curved in dorso-ventral
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view (surfaces slightly straighter in Somalian specimen); moderately developed, triangu-
lar ischiac processes present on posterior surface of pelvic girdle, reaching posteriorly to
level of second or third radial element. Stout, slightly curved and not long sub-triangular
iliac processes projecting postero-laterally. Radials subdivided only distally
(subdivisions not visible in lectotype); first radial grcatly enlarged, about twice as thick,
and longer than other radials. Basipterygium relatively thin and weakly curved towards
mid-line. At least two moderately large obturator foramina present on each side of pelvic
girdle; the outer-most foramen is larger. Claspers of adult male (lectotype) with somewhat
stout shaft and at least three terminal cartilages, but probably more present; ventral mar-
ginal cartilage with thin, pointed segment projecting anteriorly; intermediate clasper
segments not visible on radiographs.

Vertebrae less calcified compared to other narcinids (vertebral counts in table II).
Vertebral column broken in lectotype at centrum number 12. Anatomy of dorsal and caudal
fins not discernible from radiographs as radial elements are weakly calcified.

Remarks

Although the remaining type-specimens (now paralectotypes) have not been ex-
amined, there is little doubt that Alcock’s original three specimens are congeneric. How-
ever, it cannot be certain that these specimens belong to the same species, even though
highly probable, until they can be examined in detail.

Benthobatis moresbyi was not illustrated in the original description (Alcock,
1898), but an outline depiction of it appeared shortly thereafter (Alcock, 1899a; Fig. 1
here). This outline clearly illustrates diagnostic features of the species, such as the elon-
gated snout region, almost imperceptible eyes, very long dorsal fin bases, and low, elon-
gated caudal fin. Alcock (1898) mistakenly described B. moresbyi as not having lateral
tail ridges or folds, and used this as a character to separate Benthobatis from other narcinid
genera. This has misled subsequent authors who have compiled accounts on the genus,
almost always without examining specimens. B. moresbyi clearly has a low, albeit in-
conspicuous, lateral tail ridge. Alcock (1898: 143) believed Benthobatis was closely
related to Discopyge, perhaps on the basis of similarities in their teeth (1898: 144).

The three examined specimens of B. moresbyi differ slightly in their relative
length of snout (Figs 1-3), although all specimens have a snout longer than in B. marcida
or Benthobatis sp.1. The amount of post-mortem distortion is not precisely known, but
seems greater in the specimens from the western Arabian Sea and Indian Ocean, especially
BMNH 1909.7.12.7. The snout region, pelvic, dorsal and caudal fins of this specimen are
particularly distorted and shrunken compared to the lectotype, but still clearly identify the
specimen as B. moresbyi. The examined specimens also differ in coloration, as the So-
malian specimen has lost most of its original color. The concealed riples and folded areas
of the disc, especially on the ventral snout area, are still dark brown, indicating that the
color was originally similar to the other specimens of B. moresbyi.

The Somalian specimen (ZMB 17413; Fig. 3) further differs from the other two
examined specimens of B. moresbyi in the configuration of its nostrils, greater lateral
expansion of pelvic fins, slightly less elongated snout (in part due to preservation),
stouter antorbital cartilages, and in tooth morphology. The nostrils of this specimen
have posteriorly directed processes originating from its anterior margins (Fig. 3C).
These projections reach close to one-half in nostril length, and were not observed on the
lectotype, but a small process originating from the anterior margins of the nostrils seems
to be present in BMNH 1909.7.12.7. However, as the nostrils are highly distorted from
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Fig. 5. - Map showing distribution of Indo-Pacific species of Benthobatis. All localities are shown. @:
Benthobatis moresbyi. A: Benthobatis sp.2. Type-locality for B. moresbyi is continental slope off
southwestern coast of India.

their original shape, it is not known whether this represents the same condition as for the
Somalian specimen. Compared to the lectotype, the teeth in ZMB 17413 have relatively
longer cusps that overlap the bases of teeth situated in the adjacent, inner row. Also the
teeth seem more closely packed together. Brauer (1908) considered this specimen as indis-
tinct from the type-specimens of B. moresbyi, which he did not examine. Given the few
specimens available, this specimen is best identified as B. moresbyi, with which it agrees
in many features of external and internal morphology, including meristics (Table II).
More specimens from northeastern Africa are needed for further comparisons.

Little is known about the anatomy of B. moresbyi, as none of the five known
specimens were available for dissection. The description of its skeleton given above is
based on radiographs of three specimens, including the lectotype, but does not allow for a
thorough comparison with other species of Benthobatis, especially B. marcida, for which
cleared and stained and material tor dissection is available. However, B. moresbyi seems
similar to B. marcida and both undescribed species in several aspects (e.g., the degree of
antero-lateral expansion of the rostrum), suggesting that the genus is monophyletic.

There is no information concerning the general biology or reproduction of this
species as well. Of the five known specimens, three are male, one is female and one is an
immature specimen (not examined, deposited in the ZSI, Calcutta), referred to only as
« young » by Alcock (1898, 1899b, 1899¢c). Two of the males are adults as judged from
the firmness of the claspers of the lectotype (the other adult male, deposited in the ZSI,
was not examined, but its total length was given as 14 inches, roughly equivalent to the
examined lectotype). The examined immature male is only 120 mm in TL, so maturity is
reached between 120 and 350 mm TL. The female specimen examined (ZMB 17413) is
presumably adult judging from its size.
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Etymology

moresbyi, a patronym named by Alcock « in memory of Capt. Moresby, of the
Indian Navy, whose surveys (1834-1838) in the seas where this curious fish is found are
known to all readers of Darwin’s “Coral-Reefs” (1898: 145).

Distribution

Known from five specimens collected from both sides of the Arabian Sea and west-
ern Indian Ocean area (Fig. 5). All specimens of the type-series were collected together,
and the specimen from off Somalia (ZMB 17413) was the fourth collected, even though it
was officially reported after Lloyd’s (1907) account of the fifth collected specimen
(Brauer, 1908). Depths of capture range from approximately 787 to 1071 m.

Condition of Jlectotype

The lectotype (BMNH 1898.7.13.22; Fig. 2A, B) is in poor condition, having
been dissected on its right dorsal surface from mid-snout area to posterior disc margin. A
long ventral slit is also present. A small degree of deformity due to preservation is also
noticeable (slight distortion of proportions, expanded cloaca, brittle tips of dorsal and
caudal fins), and the mouth is excessively protruded (Fig. 1B). Condition of paralecto-
types unknown.

Referred specimens

BMNH 1909.7.12.7 (Fig. 2C, D), off Yemen, western Arabian Sea (15°55°30”N,
52°38'30”E), 1071 m, 120 mm TL immature male, sta. 358, collected in 1906 by
R.I.M.S. “Investigator”, bottom temperature approx. 8.6°C, bottom composed of green
sandy mud according to Lloyd (1907) (ex-ZSI 1315/1); ZMB 17413 (Fig. 3), off Somalia,
western Indian Ocean (4°41°9”N, 48°38°9”E), 823 m, 390 mm TL female, collected 29
Mar. 1899 by the R.V. “Valdivia”.

BENTHOBATIS MARCIDA BEAN & WEED
Figs 4B, 6,7, 9

Benthobatis marcida Bean & Weed, 1909: 677 (original description, illustrated;
eastern Florida); Garman, 1913: 294-296 (compilation); Chace, 1940 (Cuba); Bigelow
and Schroeder 1953: 126-132 (description; South Carolina); Daiber, 1959: 74 (North
Carolina); Springer and Bullis, 1956: 43 (listed; Cuba); Bullis and Thompson, 1965: 19
(listed; Florida, Cuba); Miyake, 1988 (anatomical descriptions; numerous pages); Clark
and Kristof, 1990: 282 (Bahamas); Eschmeyer er al., 1998: 1015 (listed, recognized as
valid); Eschmeyer, 1998 2182 (listed in a classification).

Benthobatis cervina Bean & Weed, 1909: 3 (original description, not illustrated;
eastern Florida); Garman, 1913: 294-296 (compilation); Bigelow and Schroeder, 1953:
127-132 (placed in synonymy of B. marcida), Eschmeyer er al., 1998: 354 (listed); Esch-
meyer, 1998: 2182 (listed in a classification).

Type-specimens. - USNM 62916 (holotype of B. marcida), off eastern coast of
Florida (28°40’N, 78°46’W), 922 m, 485 mm TL, adult female, R.V. “Albatross”, sta.
2660, 03 May 1886; USNM 62917 (holotype of B. cervina), off eastern coast of Florida
(29°41’N, 79°55’W), 683 m, approximatively 285 mm TL, adult female, R.V.
“Albatross”, sta. 2664, 04 May 1886.
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Fig. 6. - Holotype of Benthobatis marcida (USNM 62916, female 485 mm TL). A: dorsal view. B:
ventral view.

Diagnosis

A western north Atlantic species distinguished from congeners by having a light
brown to yellowish-brown dorsal color pattern; white to yellowish-white ventral color
pattern, sometimes with distict yellow markings on posterior ventral disc surface, ventral
pelvic fin area, and around mouth; caudal fin length much less than one-half length of tail,
roughly equal to one-fifth length of tail; caudal fin with relatively more pronounced upper
and lower lobes, lower lobe strongly convex; distance between second dorsal and caudal
fins about equal to distance between first and second dorsal fins; snout relatively short,
generally less than one-third in disc length (24% of disc length in 435 mm TL female,
29% in 485 mm TL female), but never much greater than one-third as in B. moresbyi
(about 40% in lectotype); disc more rounded, not as elongated as in B. moresbyi and Ben-
thobatis sp.2.

Remarks

Bean and Weed (1909) did not give precise locality data for the holotype of B.
marcida. Their only reference is to « Albatross sta. 2660 » which according 10 Bigelow
and Schroeder (1953: 128) corresponds to the coordinates given above. This is close to
the type locality of B. cervina, which was specified by Bean and Weed (1909). The holo-
type of B. cervina is in poor condition (Fig. 7), and reliable measurements are not possi-
ble. However, I confirm that B. cervina is a junior synonym of B. marcida, following
Bigelow and Schroeder (1953). Both type specimens are similar in general proportions
(even though these cannot be precisely measured), dorsal and ventral coloration, and
shape and position of dorsal and caudal fins. The only characteristic given by Bean and
Weed (1909) to separate both species is the relative size of the eyes: B. cervina was con-
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Fig. 7. - Holotype of Benthobaiis cervina (USNM 62917, female approximately 285 mm TL). A: dorsal
view. B: ventral view.

sidered to have “less reduced” eyes compared to B. marcida, but this cannot be substanti-
ated from examination of the types or large series of specimens from throughout its range.

One examined specimen (AMNH 56011) is distinct from typical specimens of B.
marcida because it has more caudal centra (some 52 compared to an average of 31). This
specimen (from Florida) also has a correspondingly longer tail, with dorsal fins farther
apart. Presently it is identified as B. marcida pending further comparisons.

The only available information concerning the reproductive biology of this spe-
cies is given by Daiber (1959), who reported that a 435 mm TL female had both ovaries
functional, approximately 20 mm in diameter, with numerous small eggs of about 2 mm
each. Both uteri were functional as each contained one large egg mass (probably com-
posed of fused individual eggs), and the uterine walls were thin and transparent. This re-
sembles the general condition found in many electric rays. Bigelow and Schroeder (1953)
report length at birth at being less than 81-87 mm TL.

Specimens observed in situ prior to being collected were reported by Clark and
Kristof (1990) from off the island of Grand Bahama (3.5 miles south of Freeport). The
three specimens observed (two were collected) were reported to be lying on the sand at a
depth of 524 m. This constitutes the only observation of Benthobatis specimens in their
natural habitat.

Condition of type-specimens .
The holotype of B. marcida (Fig. 6) is slightly distorted from its original shape.
The disc, pelvic, dorsal and caudal fins are shrunken as if from dehydration, and the colora-
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Fig. 8. - Benthobatis sp.] (ZMH-ISH 1989-1968, male 192 mm TL), from off the continental stope of
Parand state, Brazil. A: dorsal view. B: ventral view. C: radiograph showing developed claspers indica-
tive of sexual maturity.

tion is slightly faded. The holotype of B. cervina (Fig. 7) is in much worse shape, having
decomposed to the point where just touching it will cause it to dismantle further. [t had to
be “assembled” in order to be photographed and examined. However, certain anatomical
features are easily observed, such as the precerebral fontanelle, pattern of the superficial
ventral gill arch muscles and eyes.

Etymology
From the Latin marcidus, meaning withered or wasted, in reference to its loose skin

and soft aspect, « lacking substance » (Bean and Weed, 1909: 679).
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Fig. 9. - Map showing known distribution of Atlantic species of Benthobaris. Shaded region in north
Atlantic is B. marcida (asterisk indicates type-locality). @ is Benthobatis sp.1 (all localities shown for
this species).

Distribution

An offshore, continental slope species, apparently abundant in certain localities,
known from off southern North Carolina (Daiber, 1959), South Carolina (Bigelow and
Schroeder, 1953; Daiber, 1959), Georgia (USNM 37886), eastern and southern Florida
(Bean and Weed, 1909; Bullis and Thompson, 1965), the Bahamas (Clark and Kristof,
1990; USNM 197142) and northern and northwestern continental slope of Cuba (Chace,
1940; Bigelow and Schroeder, 1953; Springer and Bullis, 1956; Bullis and Thompson,
1965) (Fig. 9). Possesses a great bathymetric distribution, occurring in depths of ap-
proximately 274 to 923 m.

Referred specimens
(More data available on request; not all lots examined.) AMNH 56011 (Florida),
FMNH 66138 (Cuba); FMNH 65734 (Cuba); MCZ 36984 (Cuba), MCZ 36999 (Florida):
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Fig. 10. - Benthobatis sp.2 (NTUM 01712, female 257 mm TL), from the southwestern coast of Taiwan.
A: dorsal view. B: ventral view.

MCZ 37108 (Cuba); MCZ 37109 (Cuba); MCZ 37110 (Cuba); MCZ 37111 (Cuba); MCZ
37112 (Cuba); MCZ 37113 (Cuba); MCZ 37114 (Cuba); MCZ 37115 (Cuba); MCZ 37116
(Cuba); MCZ 37117 (Cuba); MCZ 37118 (Cuba); MCZ 37119 (Cuba); MCZ 37120 (Cuba);
MCZ 37121 (Cuba); MCZ 37122 (Cuba); MCZ 37123 (Cuba); MCZ 37124 (Cuba); MCZ
37125 (Cuba); MCZ 37126 (Cuba); MCZ 37127 (Cuba); MCZ 37128 (Cuba); MCZ 37129
(Cuba); MCZ 37130 (Cuba); MCZ 37131 (Cuba); MCZ 37132 (Cuba); MCZ 37133 (Cuba);
MCZ 37134 (Cuba); MCZ 39920 (Florida); MCZ 39921 (Florida); MCZ 40095 (Bahamas);
MCZ 40103 (Straits of Florida); MCZ 40133 (Straits of Florida); MCZ 41117 (Cuba);
MCZ 41161 (Cuba); MCZ 41169 (Cuba); MCZ 41171 (Cuba); MCZ 41831 (Florida); MCZ
41932 (Cuba); MCZ 41979 (Cuba); MCZ 41987 (Bahamas); MCZ 41989 (Straits of Flor-
ida); MCZ 42001 (Bahamas), MCZ 42005 (Straits of Florida); MCZ 48989 (Florida);
USNM 37886 (Georgia); USNM 76582 (South Carolina); USNM 157984 (Grand Bahama
Is.); USNM 186428 (Cuba); USNM 197114 (Florida); USNM 197142 (Grand Bahama Is.);
USNM 222426 (Cuba); USNM 222429 (Cuba).
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BENTHOBATIS SP. 1
Figs 8, 9

Diagnosis

A small species of Benthobatis distinguished from B. marcida by its much darker
dorsal color pattern (dark, purplish-brown compared to light brown in B. marcida); pelvic
fins originating posterior to disc (disc slightly overlapping pelvics in well preserved
specimens of B. marcida); first dorsal fin originating over posterior tips of pelvic fins
(originating anterior to posterior tips of pelvics in B. marcida); dorsal fins low, with
bases about three-fourths in dorsal fin height; caudal fin very low and relatively long;
smaller size at maturity (examined mature male of 192 mm TL with well developed clas-
pers [Fig. 8C], compared to males of B. marcida which still have rudimentary claspers at
220 mm TL). Benthobatis sp.l can be separated from B. moresbyi by its white to yel-
lowish-white ventral color pattern, shorter snout length, and position and shape of dorsal
and caudal fins (dorsal fins not longer than tall, and not as stout and close together as
those of B. moresbyi; in Benthobatis sp.] second dorsal fin is closer to caudal fin than to
first dorsal fin, and the first dorsal fin is positioned further back on the body. posterior to
pelvic fins).

Remarks

Only recently reported, this species may be the smallest of the four known species
of Benthobatis. The original report™ was based on specimens collected in three sets of
otter trawls in September and October of 1991. The first collected specimens, however,
date from 1967 and were collected by the “Walther Herwig” from the continental slope off
the coast of Parand state (Brazil). This species is locally abundant as 148 specimens were
sampled together from the three localities of 1991. A female of 233 mm TL and a male of
180 mm TL are reported to be adults. Benthobatis specimens may be present in the Museo
Argentino de Ciencias Naturales “Bernadino Rivadavia” (G. Chiaramonte, pers. comm.),
but this remains uanconfirmed.

Distribution

Known only from the southwestern Atlantic (Fig. 9) from four distinct localities
(ranging from 26°30’S to 29°47.63’S and 46°11°W to 47°48.01W), off the continental
slope of the Brazilian states of Parand, Santa Catarina and Rio Grande do Sul, from depths
of 470 to 524 m.

Referred specimens
ISH-ZMH 1989-1968, off southwestern Brazil, Parand state (26°30°S, 46°11'W),
485 m, collected by the F.F.S. “Walther Herwig”, sta. 116-68, 12 Mar. 1967.

(4) C. Vooren and G. Rincén, abstract (see footnote 1). Localily data and sexual maturity for females
given in this paragraph is largely extracted from their abstract. This species is presently being described
by these authors along with M. Stehmann.
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BENTHOBATIS SP.2
Figs 4C, 5, 10

Benthobatis moresbyi: Chen and Chung, 1971: 5-6, fig. 3 (misidentification, de-
scription, illustration); Shen, 1984a: S5, pl. 5 (misidentification; brief description, pho-
tograph; southwestern Taiwan);, Shen, 1984b: 40 (name only; misidentification); Yu,
1988: 9 (listed); Chen and Joung, 1993: 79, 621, pl. 11 (misidentification; brief descrip-
tion, photograph; southwestern Taiwan).

Benthobatis sp.: Carvalho er al., in press (identification, brief description).

Diagnosis

Distinguished from other species of Benthobatis by the combination of: dark
brown to blackish-brown dorsal and ventral coloration, marked with small areas of lighter
pigment lateral to ventral snout region, anterior to pelvic fins dorsally and ventrally,
under tail posterior to pelvic fins, and on sides of tail and pelvic fin area; mouth width
approximately one-ninth to one-tenth in disc width, compared to one-seventh in B.
moresbyi; first dorsal fin originates over posterior one-third of pelvic fins; disc not over-
lapping pelvic fin origins; pelvic fins without prominent lateral lobe anteriorly; first
dorsal fin triangular in outline, with straight anterior margin at more or less 45° angle to
tail, and posterior margin contacting tail without lecaving free lobe; second dorsal tin
more rounded in outline compared to first dorsal fin, with highly curved anterior margin,
rounded upper aspect, and convex posterior margin leaving slight free lobe posteriorly;
dorsal fins with length slightly greater than height (bases close to twice as long as high
in B. moresbyi); second dorsal fin slightly closer to caudal {in than to first dorsal fin;
suprascapula very straight across vertebral column, not curved posteriorly as in other
species of Benthobatis; pelvic girdle with distinct posteriorly directed triangular proc-
esses on posterior margin, mesial to ischiac processes; greater number of caudal fin verte-
brae (43 compared to 38 in lectotype of B. moresbyi); greater number of caudal fin ventral
radial elements (40 compared to some 26 in lectotype of B. moresbyi).

Remarks

Chen and Chung (1971) provide the first occurrence of Benthobatis from the Pa-
cific ocean. Their material consisted of 15 specimens ranging from 135 to 316 mm in
total length, however they do not state if both males and females were present in their
sample. The material apparently was part of the ichthyological collection of Tunghai
University (Taichung, Taiwan), but no further details concerning their capture or locality
are given in their account. One specimen, perhaps a female, was illustrated by the junior
author, providing indications that their specimens differed from B. moresbyi at least in
proportions of the dorsal and caudal fins. Their description clearly states that a low lateral
tail fold or ridge is present, along with rudimentary but visible eyes, 10 rows of teeth, and
a purplish-black dorsal coloration with scattered white pores on disc and white blotches
on tips of second dorsal and caudal fins. However, their method of counting teeth is not
described, prohibiting further comparisons.

Shen (1984a) and Chen and Joung (1993) recorded and figured two different speci-
mens of this undescribed species. The specimen in figure 10 is the one shown in Shen
(1984a). A female specimen of about 171 mm TL, similar to the one in figure 10 and also
from southwestern Taiwan, was collected from depths of probably less than 300 m
(L.J.V. Compagno, pers. comm.). Three specimens from the same area were found in the
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collections of the Scripps Institute of Oceanography (165 to 215 mm TL, all males). On
the basis of these three specimens, sexual maturity for males must occur at around
195 mm TL. Twenty specimens have been recorded so far (at least six of which are extant
in collections), and the four examined specimens are similar in external morphology and
coloration. This species is presently being described®.

Benthobatis sp.2 is most similar to B. moresbyi. Both species have dark brown
ventral coloration patterns, elongated snouts (preorbital distance more than one-third in
disc length), long caudal fins (one-half or more length of tail as measured from posterior
margins of pelvic fins), and dorsal fins with long, fleshy bases (base length greater than
dorsal fin height). These species differ in counts of vertebrae, ventral caudal fin radial
elements, and in relative size and position of dorsal fins, as Benthobatis sp.2 has propor-
tionally smaller dorsal fins and a much longer interdorsal distance, as well as a greater
distance between second dorsal and caudal fins. Benthobatis sp.2 further differs from the
Somalian specimen of B. moresbyi, and to some degree from the lectotype, in having
cusps that do not overlap teeth in adjacent inner rows, and teeth with wider bases and
shorter cusps.

Distribution

Collected only from southwestern Taiwan (Fig. 5). Precise bathymetric distribu-
tion unknown, but one female specimen of 171 mm TL, collected by a shrimp trawler, is
believed to be from less than 300 m (found in the fish market of Tung-Kang, Taiwan;
L.J.V. Compagno, pers. comm.).

Referred specimens

NTUM 01712, 257 mm TL, female, off southwestern Taiwan, « 1972, 11, 13 »
(no further information available); SIO 70-274, 3 male specimens, 165 to 215 mm TL,
Tung-Kang, Taiwan, collected by L. Chen, 30 Jun 1970.
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ELASMOBRANCH BIODIVERSITY, CONSERVATION AND
MANAGEMENT IN SABAH (MALAYSIA)

by

Sarah L. FOWLER (1), Mabel B. MANJAJT (2), Rachel D. CAVANAGH (3),
Leonard J.V. COMPAGNO (4), Scott G. MYCOCK (5) & Peter R. LAST (6)

ABSTRACT. - The first detailed study of shark and ray (elasmobranch) biodiversity in Sabah, East
Malaysia is presented. A large number of species (34 sharks and 35 rays) were identified during fish
market visits and field surveys, 23 of which were new records for Sabah. including an undescribed
river shark Glyphis sp. Several other species. some of which are probably also undescribed, could only
be identified 10 genus Jevel. New records were made throughout the study period, and the species list is
certainly still incomplete. Information was also gathered on the geographical and seasonal distribution
and abundance of several elasmobranchs. Of particular interest were the new records of elas-
mobranchs from some of the largest rivers, representing just some of the freshwater species confidently
described by local fishermen. A reference collection is now available in Sabah to support future taxo-
nomic studies and related research work. The project also 1) examined the socio-economic importance
of elasmobranchs in subsistence and commercial fisheries; 2) provided educational materials to in-
crease the local community's awareness of sharks and rays: 3) considered problems and opportunities
for conservation and management (particularly conceming fisheries and habitat issues); and
4) concluded with an international workshop to develop recommendations for the conservation and
management of elasmobranch populations and their critical habitats. The final workshop was also used
to disseminate more widely both the results of the Sabah project and that of other elasmobranch re-
search underway in the region. These data should provide the information needed by decision-makers
to begin to advance elasmobranch conservation and management in Sabah and Malaysia, provide a
sound basis for future taxonomic and ecological research 1n the region. and stimulate future studies in
Sabah and other Malaysian States and nearby countries.

RESUME. - Biodiversité, conservation et gestion des élasmobranches au Sabah (Malaisie).

La premiére étude détaillée sur la biodiversité des requins et des raies (€lasmobranches) au
Sabah (Malaisie orientale) est présentée. Un nombre €élevé d’especes (34 requins et 35 raies) ont été
identifiées durant les missions sur le terrain et sur les marchés locaux. et 23 d’entre elles sont des nou-
veaux signalements pour le Sabah, dont une nouvelle espéce de requin du genre Glyphis. Plusieurs
autres espéces, certaines probablement nouvelles. n’ont pu étre identifiées qu’au niveau du genre. Tout
au long de I’étude, de nouveaux signalements ont ét€ notés, si bien que la liste actuelle est certainement
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incompléte. Des données sur les répartitions géographique et saisonniere, et |'abondance de plusieurs
espéces d'élasmobranches, ont également été collectées. Les nouveaux signalements d’élasmobranches
dans les grandes riviéres sont particuliérement remarquables; ils représentent seulement quelques-unes
des espeéces qui ont été mentionnées par les pécheurs locaux. Une collection de référence est mainte-
nant disponible au Sabah pour des €tudes taxinomiques et d'autres recherches. Le projet 1) a évalué
I"imponance socio-économique des élasmobranches dans les pécheries de subsistance et commerciales;
2) a fourni du matériel éducatif pour sensibiliser davantage les communautés locales aux problémes des
requins et des raies; 3) a déterminé les problemes et les opportunités de conservation et de gestion
(concernant notamment les pécheries et les habitats); et 4) s'est achevé par la tenue d’un atelier inter-
national qui a proposé des recommandations pour la conservation et la gestion des populations
d’élasmobranches et de leurs habitats menacés. L’atelier a aussi permis de diffuser plus Jargement les
résultats du projet et ceux d’autres recherches sur les élasmobranches en cours dans la région. Ces
données devraient fournir aux décideurs |'information nécessaire pour assurer la conservation et la
gestion des élasmobranches du Sabah et de Malaisie, et disposer d’une base solide pour entreprendre
des recherches taxinomiques et écologiques, et pour induire d’autres recherches au Sabah et dans les
autres états de Malaisie, ainsi que dans les pays limitrophes.

Key-words. - Elasmobranchii, Malaysia, Sabah, Biodiversity, Conservation, Freshwater, Management,
Market surveys.

The conservation problems faced by f{reshwater and marine elasmobranchs in
Southeast Asia were the subject of discussion by IUCN Shark Specialist Group members
during and after the 4" International Indo-Pacific Fish Conference in Bangkok, Thailand,
1994, Although there were no records of freshwater elasmobranchs in published literature
for Sabah, East Malaysia, (Inger and Chin, 1962; Lim and Wong, 1994), they are recorded
elsewhere in Borneo (e.g., Roberts, 1989). In 1995, the senior author spent a few days on
the largest river in Sabah, the Kinabatangan, where Orang Sungei (river people) fishermen
reported that they fairly regularly caught at Jeast two species of ray over 200 km from the
sea, and very rarely sharks and sawfishes (Fowler and Payne, 1995). There was also a
diverse range of sharks and rays on sale in the larger fish markets ot Sabah, despite re-
ports of falling elasmobranch catches and biodiversity levels elsewhere in Southeast
Asia. Further study of this area appeared to be timely. The Shark Specialist Group applied
for grant-aid from the UK Darwin Project for the Survival of Species for an 18 month study
of the biodiversity, conservation and management of sharks and rays in Sabah.

The project was carried out from early 1996 to mid 1997, in collaboration with the
Department of Fisheries (DoF) Sabah and with assistance from WWF Malaysia. [t aimed to
undertake the first dedicated study on the biodiversity of elasmobranchs (sharks and rays)
in the region; to examine their socio-economic importance in commercial fisheries and
for subsistence communities; to consider the problems and opportunities for conservation

Log 3 Number Table I. - Logarithmic abundance categories
Abundance category of fishes used to estimate the abundance of numerically-
| I dominant species in fish markets in Sabah, East
Malaysia.
2 2-3 Y
3 49
4 10-27
5 28-8)
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Fig. 1. - Location of main study areas in Sabah, East Malaysia.

and management (particularly fisheries and habitat issues); to provide educational materi-
als for local communities and increase their awareness of sharks and rays; and to develop
recommendations for the management of shark and ray populations and their critical
habitats. It was intended that data obtained during the study would begin to provide the
information required by decision-makers to advance elasmobranch conservation in Sabah
and Malaysia.

MATERIAL AND METHODS

The Darwin project team consisted of a part time UK-based Project Leader (the sen-
ior author), a full time Sabahan Project Officer (the second author), a few long term volun-
teers (usually based in Sabah for two month periods), and occasional visiting experts from
the Shark Specialist Group. The local team was based in Kota Kinabalu, where the DoF
provided accommodation and office facilities. The Department also supplied additional
vehicles, boats and support staff for some field surveys and nominated a Fishery Officer
for project liaison. The project grant covered travel and subsistence expenses during
fieldwork, and the purchase of a small project vehicle and other minor capital equipment
and consumables, including temporary containers for the large reference collection.

The study was mainly carried out by a combination of regular fish market visits,
river surveys, and visits to river and coastal kampungs (villages) where villagers could be
interviewed. Additional information was obtained from DoF records and experienced Fish-
eries and WWF staff.
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Biodiversity study

A programme of regular visits to all the main fish markets in Sabah was under-
taken, supplemented by occasional visits to markets in neighbouring states and countries
in Borneo (Fig. 1). A checklist of elasmobranchs was produced (Table II), supported
where possible by specimens collected for the reference collection, or (for larger fish) by
photographs and written records. Species identification was mainly carried out with Com-
pagno (1984) and Last and Stevens (1996). The study was hampered by the lack of a key to
batoids for the region, and much of the species identification work would not have been
possible without the expertise of visiting taxonomists. Single use cameras were issued (o
several villagers and Fisheries Officers so that unusual landings could be recorded, and
additional information was obtained from photographs sent in to the project team. Initial
proposals to carry out diving surveys were abandoned because this methodology was
considered expensive and unlikely to yield more than a few records of relatively common
species. Records were also made during DoF surveys and occasional trips on fishing ves-
sels.

Towards the end of the project, market survey methodology was refined to include
rapid log, estimates of abundance (see Table 1). This helped to provide a semi-quantified
indication of variations in seasonal abundance for some species, and comparisons of the
abundance of different species. Tissue samples were also collected for genetic analysis.

The survey team carried out regular freshwater sampling using long lines and gill
nets in the Kinabatangan and Segama rivers and oxbow lakes. Methodology is described
in more detail by Manjaji (in press, a). The project team’s elasmobranch sampling efforts
were generally unsuccessful, largely due to high river levels and the rarity of the target
species, which are only caught infrequently by full time fishermen. However, an agree-
ment was reached with some fishermen along the Kinabatangan that they would save
specimens of freshwater sharks and rays taken as bycatch (they were asked not to target
these rare species for the project) using the same fishing methods. Three families were
supplied with lockable poly-ethylene tanks filled with 70% formalin, in which to pre-
serve any small specimens caught, and single use cameras were left with key individuals
so that photographs could be taken of larger fish landed. The current market price was paid
for all elasmobranchs kept.

Socio-economic study

Two kampongs in eastern Sabah, Kg. Pulau Tetabuan (on an estuary) and Kg. Pulau
Mabul (on a reef island), were studied during a two week pilot socio-economic study. In-
terviews were carried out in both villages to gather information on fish species, catches,
prices, and human nutrition. Data gathered were entered in a survey form based on method-
ology developed for similar projects in Asia and Africa (Almada-Villela in press). Villag-
ers were also questioned about traditional uses of sharks and rays.

Education and training for local people

This was an important component of the Darwin project. Informal training was
provided to the Sabahan Project Officer by visiting experts throughout the project. Other
DoF staff and volunteers also benefited in this way. Discussions and interviews with local
fishermen and villagers, including village heads and elders, enabled two-way flow of
information and ideas and provided opportunities for the team to discuss fisheries and
conservation issues with community leaders and obtain their support for the project while
acquiring information on past and present elasmobranch catches. Finally, the Darwin
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Table [I. - Checklist of elasmobranchs recorded from Sabah and elsewhere in Borneo. (1). Recorded
from Sabah during project survey period (January 1996-June 1997); (2). First record from Sabah; (3).
Recorded elsewhere in Borneo, not yet recorded from Sabah (Cook and Compagno, 1996); (4). Min,
northern Sarawak (July 1996) (p: photo only); (5). Samarinda, east Kalimantan (November 1996) (p:
photo only; s: specimen saved); (6). Bandar Seri Begawan, Brunei (January 1997) (s: specimen saved).

SHARKS 1{2([3]4([5]6

Order Carcharhiniformes (Ground sharks)

Family Carcharhinidae (Requiem sharks

Carcharhinus amblvrhynchoides (Whitley, 1934). Graceful shark. X
Carcharhinus ambivrhvnchos (Bleeker, 1856). Grey reef shark. x| x
Carcharhinus borneensis (Bleeker, 1859). Bomeo shark. X
Carcharhinus brevipinna (Miiller & Henle. 1839). Spinner shark. b3
Carcharhinus dussumieri (Valenciennes, in Miiller & Henle, 1839). Whitecheek shark. X
Carcharhinus falciformis (Bibron, 1839). Silky shark. x| x
Carcharhinus leucas (Valenciennes, in Miiller & Henle, 1839). Bull shark. X
Carcharhinus limbatus (Valenciennes, in Miiller & Henle, 1839). Blacktip shark. X
Carcharhinus melanopterus (Quoy & Gaimard, 1824). Blacktip reef shark. X
Carcharhinus sealei (Pietschmann, 1916). Blackspot shark. X
Carcharhinus sorrah (Valenciennes, in Miiller & Henle, 1839). Spot-tail shark. b3
Carcharhinus sp. [Compagno, 1988]. False smalltail shark. X
Carcharhinus plumbeus (Nardo, 1827). Sandbar shark. X
Galeocerdo cuvier (Péron & LeSueur, 1822). Tiger shark. X
Glyphis sp.B [Compagno, Mycock, Cavanagh, Manjaji & Fowler] Borneo river shark. X | x
Lamiopsis temmincki (Miiller & Henle, 1839). Broadfin shark. X
Loxodon macrorhinus Miiller & Henle, 1839. Sliteye shark. X | X
Rhizoprionodon acutus (Riippell, 1837). Milk shark. x
Rhizoprionodon oligolinx Springer, 1964. Grey sharpnose shark. X | X
Scoliodon laticaudus Miiller & Henle, 1838. Spadenose shark. x x
Triaenodon obesus (Riippell, 1837). Whitetip reef shark. b3

Family Hemigaleidae (Weasel sharks)
Chaenogaleus macrostoma (Bleeker, 1852). Hooktooth shark. X
Hemigaleus microstoma Bleeker, 1852. Sicklefin weasel shark. X
Henmipristis elongata (Klunzinger, 1871). Snaggletooth shark. X

Family Scyliorhinidae (Cat sharks)
Apristurus sibogae (Weber, 1913). Pale catshark. x
Apristurus verwevi (Fowler, 1934). Bomeo catshark. X
Atelomycierus marmoratus (Bennett, 1830). Coral catshark. X | X

Family Sphyrnidae (Hammerhead sharks)

Eusphyra blochii (Cuvier, 1817), Winghead shark. x | x

Sphyrna lewini (Griffith & Smith. in Cuvier, Griffith & Smith, 1834). Scalloped hammerhead. | x

Sphyrma mokarran (Riippell, 1837). Great hammerhead. x| x
Family Triakidae (Hound sharks)

Mustelus sp.1 [Compagno.] Sabah white-spotied smoothhound. x| x

Mustelus sp. 2. Grey smoothhound. x| x

Order Heterodontiformes (Bullhead sharks)
Family Heterodontidae (Bullhead sharks)
Heterodontus zebra (Gray, 1831). Zebra bulthead shark. x| x
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Table 11.- Continued.

SHARKS

Order Orectolobiformes (Carpet Sharks)

Family Hemiscylliidae (Longtailed carpet sharks)
Chiloscyllium hasselti Bleeker. 1852. Indonesian bambooshark.
Chiloscyllium plagiosum (Bennett, 1830). Whitespotted bambooshark.
Chiloscylliunm punciarum Miiller & Henle, 1838, Brownbanded bambooshark.

Family Orectolobidae (Wobbegongs)
Orectolobus sp. [Last, Manjaji. & Fowler]. Borneo wobbegong.

Family Rhincodontidae (Whale shark)
Rhincodon rypus Smith. 1829. Whale shark.

Family Stegostomatidae (Zebra shark)
Stegostoma fasciarum (Hermann. 1783). Zebra shark.

Order Squaliformes (Dogfish sharks)
Family Squalidae (Dogfish sharks)
Centrophorus moluccensis Bleeker. 1860. Smallfin gulper shark.

BATOIDS (RAYS)

Order Myliobatiformes (Stingrays)

Family Dasyatidae (Whiptail stingrays)
Dasxyatis kuhiii (Milller & Henle, 1841). Bluespotted maskray.
Dasvyaiis microps (Annandale, 1909). Smalleye stingray.
Dasvaris zugei (Miiller & Henle, 1841). Pale-edged stingray.
Himantura chaophrava Monkolprasit & Roberts. 1990. Giant freshwater stingray.
Himantura fai Jordan & Seale. 1906. Pink whipray.
Himantura fava (Annandale. 1909). Honeycomb whipray.
Himantura gerrardi (Gray, 1851). Sharpnose stingray/ Whitespot whipray.
Himannra jenkinsii (Annandale, 1909). Jenkins whipray/ Golden whipray.
Himantura pastinacoides (Bleeker. 1852). Round whipray.
Himantura signifer Compagno & Roberts, 1982. White-edged freshwater whipray.
Himantra uarmacoides (Bleeker, 1852). White-nosed whipray.
Himantura warnak Forsskal, 1775. Reticulate whipray.
Himantura undulura (Bleeker. 1852). Leopard whipray.
Himanwura walga (Miiller & Henle. 1841). Dwarf whipray.
Pustinachus sephen (Forsskal, 1775). Cowrail stingray.
Pastinachus sp. [Last.] Roughnose stingray.
Taeniura Iymma (Forsskal, 1775). Bluesported fantail ray.
Taeniura meveni Miiller & Henle, 1841. Bloiched fantail ray.
Urogymnus usperrimus (Bloch & Schneider, 1801). Porcupine ray.

Family Gymnuridae (Butterfly rays)
Aetoplarea zonura Bleeker, 1852. Zonetail butterfly ray.
Gymnura poecilura (Shaw, 1804). Longtail butterfly ray.

Family Mobulidae (Devilrays)
Manta birostris (Donndorff. 1798). Manta ray.
Mobula eregoodooienkee (Cuvier. 1829). Pygmy devilray.
Mobula jupanica (Miiller & Henle, 1841). Japanese devilray.
Mobula thursioni (Lloyd, 1908). Bentfin devilray.
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Table II. - Continued 2.

BATOIDS (RAYS) 112 |3 [|4]|5]6
Family Myliobatidae (Eaglerays)
Aetobatus narinari (Euphrasen, 1790). Spotted eagle ray. X
Aetomylaeus maculatus (Gray, 1832). Motiled eagle ray. x
Aetomylaeus nichofii (Schneider, 1801). Banded eagle ray. X
Aetonivlaeus vespertilio (Bleeker, 1852). Ornate eagle ray. x| x

Family Rhinopteridae (Cownose rays)

Rhinoptera javanica Miiller & Henle, 1841. Javanese cownose ray. X

Order Rajiformes (Skates)
Family Anacanthobatidae (Legskates)

Anacanthobaiis borneensis Chan, 1965. Borneo legskate. x

Order Rhinobatiformes (Guitarfishes)

Family Rhinobatidae (Guitarfishes)
Rhinobatos granularus Cuvier, 1829. Sharpnose guitarfish. X
Rhinobatos thouin (Anonymous, 1798). Clubnose guitarfish. s
Rhinobasos rypus Bennett, 1830. Giant shovelnose ray. X

Order Rhiniformes (Sharkfin guitarfishes or wedgefishes)
Family Rhinidae (Sharkfin guitarfishes or Wedgefishes)

Rhina ancyclostoma Bloch & Schneider, 1801. Sharkray. x| x
Rhvnchobatus sp. 2 [Compagno & Last-WPLC]. Broadnose wedgefish. X
Rhxnchobatus australiae Whitley, 1939. White-spotted wedgefish (WPHC). X

Order Torpediniformes (Electric rays)
Family Narkidae (Shortnose electric rays)
Narke diptervgia (Bloch & Schneider, 1801). Spottail electric ray. X

Order Pristiformes (Sawfishes)

Family Pristidae (Modern sawfishes)

Anoxypristis cuspidatus (Latham, 1794). Narrow sawfish. X | x

Pristis microdon Latham, 1794. Greattooth or freshwater sawfish. X

Pristis zijsron Bleeker, 1851. Green sawfish. X
CHIMAERAS:

Order Chimaeriformes (Chimaeras)

Family Chimaeridae (Shortnose Chimaeridae)

Chimaera sp. [Didier]. Borneo chimaera. X

project funded the production of leaflets and posters about the conservation of Sabah’s
rivers and the importance of their wildlife, including sharks and rays. These were printed
in English and Malay and distributed by the project team and WWF staff to communities
and schools along the rivers, to help raise the awareness of local people about these con-
servation issues.

Interpational seminar and workshop

The Darwin Initiative and World Bank Small Grants Program funded an interna-
tional seminar and workshop to disseminate the results of the project and other work on
elasmobranchs throughout the region. Participants attended from [3 countries, with over
30 papers presented. The workshop sessions were used to discuss conservation and man-
agement issues in Sabah and elsewhere in the region, and a number of important recom-
mendations were made.
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RESULTS

The workshop proceedings and project report (Fowler, in press) will include sev-
eral papers presenting more detailed information on the results of the project. Only a brief
summary is presented here.

Biodiversity study

Prior to this project, there had been no dedicated detailed study of sharks and rays
in Sabah or elsewhere around Borneo or in Malaysia. Some 47 elasmobranch species
records were found in the published or unpublished literature reviewed, including some
records from the beginning of the century (Manjaji, in press b). There were certainly no
published records of freshwater species from Sabah, and only two species of freshwater ray
had been recorded in literature from the whole of Bomeo. Indeed, most DoF and WWF staff
had been unaware that any freshwater elasmobranchs occurred in Sabah.

Regular market surveys very quickly began to yield new records. For example, a
Mustelus sp. recorded during the first few days of the project was not only a new species
record for Sabah, but also the first record of this genus in the state (this and another
Mustelus species may prove to be undescribed once the genus has been revised). Some
problems were encountered with the identification of species in fish markets, because
large specimens were quickly cut up and sharks were usually finned before being put on
sale. It was particularly difficult to identify large carcharinids to species level when only a
head or a photograph of a large finned shark was available for reference. Large numbers of
newborns were often seen; some of these and the discarded foetuses whose fins and teeth
were not fully developed were also difficult to identify. Several batoid species obtained in
markets are identified in table II by ‘resurrected’ names, based on concurrent studies by
Last, Compagno, and Manjaji (e.g., Himantura pastinacoides, H. uarnacoides). In addi-
tion, several others (i.e., H. gerrardi, H. uarnak, Pastinachus seplhen) appear to form spe-
cies complexes which still need to be resolved.

Almost all records were of inshore, coastal species; only one record of a deepwater
shark was made (there are no registered deep-water fishing vessels operating in the study
area, although depths reach 2,000 m fairly close to the coast). One oceanic species,
Carcharhinus falciformis, was only observed during visits to an offshore island (Mabul)
where a seasonal long-line fishery targeted sharks. Although abundant in landings there,
it was not recorded in mainland market surveys. Some coastal species were only obtained
from the catches of the Bajau Laut, sea gypsies, subsistence fisher folk who only visit
land to trade. They may use different methods and target different habitats from the com-
mercial vessels that regularly land catches for sale in markets.

All freshwater species records were first obtained from Orang Sungei fishermen on
the Kinabatangan River, who saved small specimens of the giant freshwater stingray
Himantura chaophraya (Fig. 2) and several juveniles of an undescribed species of river
shark Glyphis sp. (Fig. 3, provisionally named the Kinabatangan River shark) for the
survey team. The survey team subsequently obtained one newborn river shark from the
location indicated by the villagers. Photographs were provided of a juvenile freshwater
sawfish Pristis microdon and the specimen’s rostrum and fins were saved for the project
team. Villagers also donated several dried saws of Pristis microdon and the green sawfish
Pristis zijsron to the collection. It is obvious from fishermen’s descriptions that the
project did not obtain photographs or specimens of all the freshwater and estuarine rays
recently reported in the Kinabatangan River. There is at least one other stingray present
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15cm

Fig. 2. - Giant freshwater stingray, Himantura chaophraya Monkolprasit & Roberts, 1990, from Sabah.
East Malaysia. Photo: Mabel Manjaji.
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Fig. 3. - Borneo River shark, Glyphis sp.B [Compagno. Mycock, Cavanagh, Manjaji & Fowler] from
Sabah, East Malaysia. Photo: Scott Mycock and Rachel Cavanagh.

upriver over 200 km from the sea. Other species occur near the river mouth, and very
large guitarfish (possibly Rhinobatos rypus the giant shovelnose ray) are reported to
have been caught occasionally over 100 km upstream,
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15cm

Fig. 4. - Borneo wobbegong, Orectolobus sp. [Last, Manjaji & Fowler], from Sabah, East Malaysia.
Photo: Thor Carter.

After eighteen months, 69 species had been recorded; 34 sharks and 35 rays.
Twenty-three of these species (14 sharks and 19 rays) were new records for Sabah. At least
one species collected was undescribed, the river shark Glyphis sp. (Fig. 3), and possibly
the Borneo wobbegong (Fig. 4, known only from a mutilated, sun-dried specimen). Sev-
eral other sharks determined only to genus may also prove to be undescribed, and three
rays were found to have more than one morphological form, possibly including some new
species. A few species are apparently rare or restricted in range to around Borneo. Some of
these may be particularly vulnerable to fisheries. Not all of the 47 species previously
recorded in the region had been reconfirmed at the close of the study. However, new spe-
cies records for Sabah were made throughout the study, including during the last month of
the project, and it is likely that more of these missing species and other species not pre-
viously recorded from the state will be reported in future. It was recognised that elas-
mobranch biodiversity in the region was particularly high, having exceeded researchers’
expectations during the short study.

An extensive reference collection of sharks and rays was collected and curated, and
will be maintained by the Sabah State Museum. Duplicate specimens are being sent to
some major fish collections abroad.

The full species list produced (Table II) will be combined with a chondrichthyan
fish list for the whole South China Sea area and published as a technical report. Species
data from the Darwin Project, including photographs, will also be incorporated in
ICLARM’s FishBase, thus made more widely available.
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Socio-economic study

The two villages studied were predominantly made up of subsistence fishers, with
fresh fish being a major component of the diet and few other occupations being available
to the villagers. A few fishermen target elasmobranchs, particularly at certain seasons,
but almost all catch sharks and rays as bycatch. Surplus ray meat and some shark mear is
dried, with fresh meat eaten by the fishermen’s families. Lower value shark meat is usually
discarded in season, but the fins are very valuable. The white-spotted wedgefish or guitar-
fish Rhynchobatus sp(p). and sawfishes are also targeted for their high value fins. These
products and other saleable fish catches are usually taken to fish traders in the village,
who transport them to Sandakan for resale. Fish traders also act as money lenders and may
supply fishermen with boats and other gear, repaid with a portion of their catches. The
study was hampered by the lack of written records in the villages on catch weights. and
poor recall by fishermen on details of their catches (Almada-Villela, in press).

Education and training

The Sabahan Project Officer (M. Manjaji, one of the authors) received valuable ‘on
the job’ training from visiting taxonomic and fisheries experts. She is now continuing
her research (undertaking an MSc thesis at the University of Tasmania on ray taxonomy)
and will return to a post as tutor at the University Malaysia Sabah’s Borneo Marine Re-
search Unit (BMRU), thereby continuing the education of undergraduates and related re-
search work through the BMRU in future years.

Several local fishermen and villagers spent a lot of time with the project team, be-
coming particularly interested in and supportive of the project and its conservation aims.
This was helped by the media interest in the project, particularly the “discovery” of the
river shark, in state, national papers and international magazines. Key village heads and
elders were familiarised with the project and distribution of leaflets and posters will help
to maintain and extend this interest, particularly through the continued work of WWF and
the DoF in the lower Kinabatangan region.

International seminar and workshop

The final workshop produced a detailed set of conclusions and recommendations,
to be published with the proceedings. The State Minister for Agriculture and Fisheries
expressed support for the work undertaken by the project, and for follow-up work by the
Department of Fisheries and the University Malaysia Sabah in collaboration with local
research institutions and the international scientific community.

DISCUSSION

The Darwin Elasmobranch biodiversity project in Sabah is an example of how a
collaborative project can call on the expertise of an international network of specialists
to provide a considerable boost to local, regional and international knowledge of and
interest in a taxonomic group.

Prior to commencement of the project, there was only limited appreciation of the
particular life history characteristics and hence management requirements of elas-
mobranchs in fisheries in Sabah and elsewhere in Malaysia. Information on landings and
trade was. in common with most countries, recorded only as ‘sharks’ or ‘rays’ rather than
at any more detailed taxonomic level, and elasmobranchs had only received superficial



268 FOWLER ET AL

attention during marine resource surveys. The value and uses of sharks and rays by local
subsistence fishing communities had not been assessed, neither were elasmobranchs
being considered when formulating marine or freshwater fisheries or nature conservation
management objectives, or in the context of their importance for the significant dive-
tourism industry in parts of Sabah.

By the end of the project, there was a high level of awareness of the special nature
of shark and ray populations and their conservation and management requirements among
fisheries managers, researchers, non-governmental organisations and the local commu-
nity, and considerable media coverage had been obtained for the project. Detailed informa-
tion had been extracted from DoF records (Biusing, unpubl. data) to describe elasmobranch
fisheries in the State. There was heightened enthusiasm for continuing to build on the
results of the project, for example by continuing to record unusual species and developing
new elasmobranch research proposals. The importance of maintaining rescarch and refer-
ence collections and improving taxonomic training was understood.

An important issue highlighted was how poorly known were many species of
elasmobranchs present, particularly the rays. There are obviously numerous taxonomic
problems still to be resolved before all species present could be identified. Many genera
require detailed review, and the preparation of a catalogue of batoids of the world is of high
priority. In the absence of this publication, it will be extremely difficult for researchers
and fisheries managers to undertake similar studies elsewhere in Southeast Asian and the
Indo-Pacific Region without considerable input from overseas taxonomic experts. This is
unfortunate, as rays could be an important indicator of mixed species fishery health
(because of their susceptibility to overfishing) and of inshore and freshwater habitat
quality. There are likely to be several regional endemics present, including inshore spe-
cies and the deepwater chondrichthyans, which had not been studied during the project.
Some of these species are likely already to have been overfished elsewhere in the Indo-
Pacific region.

Freshwater elasmobranchs in Southeast Asia and elsewhere are imperfectly known,
very restricted in distribution, and particularly vulnerable to habitat degradation and de-
struction (Compagno and Cook, 1995). The Kinabatangan River is unusual in that a size-
able amount of its catchment is protected by wildlife conservation legislation. This
should provide a key foundation for conservation of the river’s freshwater elasmobranchs
(Payne and Andau, in press), while the existence of “flagship” species such as the river
shark Glyphis sp. and sawfish Pristis microdon should help to support future conservation
initiatives for the whole catchment.

The project has highlighted the value of working closely with local fishermen and
other villagers to obtain specimens of rare or unusual species, while at the same time
involving the community in conservation and management issues and increasing their
awareness of the international significance of freshwater elasmobranchs and their envi-
ronment. Care was taken not to create an artificial market for rarities during the study.
Fishermen were asked not to target them for collection, but only to keep those specimens
for the project which were found as dead bycatch, which would otherwise have been dis-
carded or used for food.

Finally, the funding for a final international seminar and workshop and for publi-
cation of the proceedings was essential to enable the results of the project to be widely
disseminated and allowing participants to reach a consensus over priorities for future
research, conservation and management efforts.
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FUNDAMENTAL ZONATION IN
ELASMOBRANCH OVIDUCAL GLANDS

by

William C. HAMLETT (1), Matthew K. HYSELL (2), Matthew JEZIOR (3),
Todd ROZYCKI (1), Nicole BRUNETTE (1) & Kelly TUMILTY (2)

ABSTRACT. - Oviducal glands (OG) in elasmobranchs, variously termed shell or nidamental glands,
are specialized regions of the anterior oviduct modified to perform the following functions: 1) lubrica-
tion to facilitate transmission of the egg, 2) generation of ciliary beating to assist in moving the egg; 3)
production of a jelly coat around the egg, 4) production of the various egg investments, in species that
have coverings, and 5) serve as a sperm receptacle. Previous terminology applied to OG have inferred
function, such as albumen, mucous and shell zone. In the case of the jelly coats that envelope the egg,
the term albumen is not appropriate since the precise composition of the jelly coats is unknown. Similar
uncertainty exists regarding the elaborations of the “‘mucous” zone. In our study of OG from elas-
mobranchs with various modes of reproduction, we have identified a constant pattern of morphology
that exists across reproductive modes. In order to facilitate discussion of OG across reproductive types
and to be able to distinguish similar zones among different species, we have established terminology
based on the appearance of the epithelium when viewed in longitudinal section. The OG has similar
zonation, i.e., 1) club zone, 2) papillary zone, 3) baffle zone, and 4) terminal zone. All species thus far
studied have the same fundamental organization with the exception of the yellow spotted stingray,
Urolophus jamaicensis, which is aplacental with trophonemata and is unusual in that it does not forin any
type of egg covering except for mucous and jelly and lacks a baffle zone. In oviparous speccies such as
Raju eglanteria. a hard, permanent egg case is produced that is deposited externally. In aplacental yolk
sac species such as Squalus acanthias, a transient, flexible “candle” case is produced and retained in
utero until it disintegrates. In placental species such as Mustelus canis, a pliable egg envelope is formed
that is maintained throughout gestation and is incorporated into the placenta. Species that produce an
egg case, candle case and egg envelope all share similar design features of the baffle zone or egg
investment zone, e.g., a blown extrusion die complex that manipulates liquid crystal secretions of gland
tubules in a spinneret region of the baffle zone to form complex lamellated structures. Secretory units
eject their products into transverse grooves that extend across the width of the gland. Adjacent secre-
tory units thus form a part of each subsequent layer of the covering. Species differences in OG archi-
tecture are noted.

RESUME. - Zonation fondamentale des glandes nidamentaires chez les élasmobranches.

Les glandes de I'oviducte (OG) des €lasmobranches, aussi nommées glandes nidamentaires,
sont des organes spécialis€s ayant plusieurs fonctions: 1) la lubrification pour faciliter 1a transmission de
I’oeuf, 2) la production du batiement ciliaire qui aide au mouvement de |'ceuf, 3) la production d’un
revétement gélatineux autour de I'oeuf, 4) la production des enveloppes de 1'oeuf (chez quelques
espéces). et 5) servir de réceptacle pour le sperme. Jusqu'a présent, la terminologie utilisée pour les
OG se référait aux fonctions. comme par exemple, I’albumen, les zones A mucus et la capsule ovigére.
Dans le cas du revétement gélatineux. le terme d'albumen n’est pas adapté puisque la composition de
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cette gélatine reste inconnue. Le terme de zone A “mucus” releve de la méme incertitude. Lors de nos
études sur des élasmobranches dont les modes de reproduction sont variés, nous avons remarqué une
constance dans 1’organisation structurale. Pour pouvoir comparer les différentes espéces, nous avons
établi une terminologie fondée sur 1’apparence de I’épithélium en coupe longitudinale. Les OG ont une
zonation similaire: 1) une “zone club”, 2) une zone papillaire, 3) une “zone baffle” (zone de recou-
vrement), et 4) une zone terminale. Toutes les especes étudiées jusqu’a présent ont une organisation
fondamentalement sumilaire sauf Urolophus jamaicensis qui ne produit autour de I’oeuf qu’un revéte-
ment gélatineux et des couches de lubrification. Chez les especes ovipares comme Raja eglanteria, une
enveloppe solide et permanente est produite et déposée a I'extérieur. Chez les espéces aplacentaires 2
sac vitellin comme Squalus acanthias, une membrane souple, en forme de bougie, est formée et mainte-
nue in ntero jusqu’a sa désintégration. Chez les espéces placentaires comme Mustelus canis, une enve-
loppe souple est formée, maintenue pendant toute la gestation et incorporée dans le placenta. Urolophus
Jjamaicensis, qui est aplacentaire avec formation de trophonemata (villosités utérines), est inhabituel car
il ne forme aucune sorte de recouvrement de |’oeuf mis a part le mucus et la gélatine, et ne possede pas
de “zone baffle”. Les espéces qui produisent des enveloppes, partagent des structures semblables au
niveau de la “zone baffle”; celle-ci comporte une matrice complexe d’extrusions turgescentes qui
forment des structures lamellaires complexes avec les sécrétions cristallines liquides produites par des
tubules glandulaires situés dans une région réticulée de la “zone baffle”. Les unités sécrétrices émetrent
leurs produits dans des rainures transversales qui s'étendent sur toute la largeur de la glande. Les unités
adjacentes forment les couches suivantes de 'enveloppe. Les différences spéeifiques de 1'architecture
des OG sont données.

Key-words. - Elasmobranchii, Oviducal glands, Shell, Egg case, Candle, Egg envelope, Oviduct.

Sharks, skates, and stingrays constitute the elasmobranch fish. These cartilagi-
nous fishes display a varied array of reproductive strategies ranging from oviparity to
several modes of viviparity (Hamlett, 1987, 1989; Hamlett et al., 1993). All employ
internal fertilization and have a typical repertoire of vertebrate hormones that mediate
sexual cycles and gonadal maturation. Oviparous species such as the clearnose skate, Raja
eglanteria, release egg cases containing fertilized eggs into the sea where they will de-
velop at the expense of yolk sequestered in their yolk sac. Viviparous species have a
variety of methods for nourishing their young. Some sharks such as the aplacental spiny
dogfish, Squalus acanthias, are completely dependent for nutrition upon the yolk seques-
tered by the mother in the egg. In the smooth dogfish, Mustelus canis, initial develop-
ment relies on yolk sac contents. After this yolk dependent phase, the yolk sac becomes
modified into a yolk sac placenta that provides for nutrient and respiratory exchange
during the remainder of gestation (Hamlett er al., 1985a, 1985b, 1985¢c; Hamlett, 1987,
1989; Hamlett ef al., 1993a, 1993b, 1993c, 1993d). Other modes of viviparity include
uterine villi known as trophonemata in stingrays that secrete histotroph, also known as
“uterine milk” which the developing embryos ingest (Hamlett er al., 1985e; Hamlett et
al., 1996a, 1996b) and the practice of oophagy by several large sharks such as the por-
beagle shark, Lamna nasus. Throughout pregnancy, the mother continues to ovulate eggs
which the young ingest. In addition to oophagy, the sandtiger, Carcharias taurus, prac-
tices intra-uterine embryonic cannibalism in which more developmentally advanced em-
bryos feed on immature siblings (Gilmore, 1993; Hamlett er al., 1993b).

Historically the terms shell, nidamental and oviducal gland have been used impre-
cisely and interchangeably. The region of the oviduct that produces a tough egg case that
is deposited to the exterior in oviparous species is correctiy termed the shell gland since
this term denotes its function. A shell is defined as a hard, outer covering, hence the des-
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ignation. The term nidamental gland is best used to refer to the thin egg coverings of
viviparous species. The term nidamental is derived from nidus (L.) for nest. In many pla-
cental species each embryo is surrounded by its own egg covering, and the embryo and its
coverings develop in their own uterine compariment, hence the nest. Neither of the previ-
ous terms can be correctly applied to the gland when referring to the region of the oviduct
in some rays where no egg covering is produced. To establish a consistent terminology,
we have chosen not to use the terms shell or nidamental but to use only the term oviducal
gland (OG) to refer to any of the aforementioned glands since they are all derived from the
oviduct.

Early descriptions of OG in elasmobranchs were given by Borcea (1906), Widak-
owich (1906), Filhol and Garrault (1938), Nalini (1940), and Prasad (1945, 1948). The
vast majority of the work on elucidating the structure and function of elasmobranch OG
has centered on the oviparous dogfish, Scyliorhinus canicula. Metten (1939) described the
structure of the gland and several authors considered its histochemical characteristics
(Threadgold, 1957; Rusaouén 1976a, 1978). Krishnan (1959) added information on the
histochemistry of the OG in Chiloscyllium griseus. The formation and nature of the com-
ponents of the egg capsule of S. canicula has been well studied (Knight and Hunt, 1976;
Rusaouén 1976b, 1986; Rusaouén-Innocent, 1985, 1989, 1990; Hunt, 1985; Feng and
Knight, 1992, 1994a; Knight et al., 1993; Knight and Feng, 1992, 1994b; Hepworth et
al., 1994; Knight, 1996). Thomason et al. (1994) have investigated the antifouling prop-
erties of the egg case and Koob and Cox (1993) have reported on tanning of the egg cap-
sule in the little skate, Raja erinacea. Pratt (1993) has discussed sperm storage in the OG
of some elasmobranchs.

MATERIAL AND METHODS

Female clearnose skates (Raja eglanteria), spiny dogfish (Squalus acanthias), and
smooth dogfish (Mustelus canis) were obtained via long line from shallow waters in the
Chesapeake Bay. Female yellow spotted stingrays (Urolophus jamaicensis) were obtained
via handnets in shallow waters off Long Key, Florida. Females were anesthetized with MS
222, humanely sacrificed by cervical transection and pithing, and opened by a longitudi-
nal ventral incision and the oviducal glands (OGs) isolated. Glands were fixed in 10%
neutral buffered formalin. Samples were dehydrated through a graded series of alcohols and
embedded in JB-4 glycol methacrylate (Polysciences). Two micrometer thick sections
were cut with glass knives and affixed to glass slides. Sections were stained with either
toluidine blue, periodic acid-Schiff, or methylene blue-basic fuchsin. Sections were pho-
tographed on a Nikon Optiphot-2 light microscope equipped with a Microflex AFX-DX
photomicrographic attachment.

RESULTS

The elasmobranch oviducal gland (OG) is a specialized swelling in the anterior
oviduct ranging in size from the small Squalus gland which is | cm wide and 1.5 cm long
to the larger Raja gland which is 4 cm wide and 2.5 cm long. In oviparous species, in-
cluding Scyliorhinus canicula, Raja eglanteria and R. erinacea the gland is roughly heart-
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oviduct

club

papillary

baffle
Fig. 1. - Composite line drawing of a “generic”
elasmobranch OG. The oviduct leads to the

terminal gland which have fundamental zones comnmon
to all species thus far studied: the club, papil-

lary, baffle and terminal zones.

shaped with the upper wings extending toward the ovary and the base of the heart directed
toward the posterior oviduct. In Squalus acanthias, a viviparous aplacental yolk sac type,
and Urolophus jamaicensis, a viviparous aplacental with trophonemata, the gland is small
and barrel-shaped. In viviparous placental species, including Mustelus canis, the superior
wings of the gland are extended and wind like a ram’s horn.

Four histologically recognizable zones are common to all elasmobranch OG
(Fig. 1). Even in species that do not produce and an egg investment except for the jelly
coat and mucous, i.e., U. jamaicensis, the same zone equivalents are maintained, albeit in
a modified form. The specializations of the gland in U. jamaicensis will be dealt with in a
separate study. Previous descriptions of the zonation in S. canicula have reported five to
nine zones depending on the author and the means of analysis, i.e., histochemistry, mor-
phology via scanning electron microscopy, etc. (Threadgold, 1957; Rusaouén 1976a,
1978). They have generally been designated A, B, C, etc. From our survey we recognize
four fundamental zones present in all species. Additional sub-zones occur in some particu-
lar species but the fundamental zonation is maintained. We have chosen to designate the
basic zones on the basis of the histological appearance of the surface layer. This is purely
descriptive and is not intendcd to suggest function. By adopting a uniform terminology
that can be applied to all OG, regardless of the type of reproduction, we can easily distin-
guish equivalent zones between species. This classification may be modified later as

Fig. 2. - Club zone of R. eglanteria. Pyriform sustentacular cells with cilia (arrowhead) are interspersed
with granulated secretory cells (s) in the process of secretion (circle). 600x.

Fig. 3. - Baffle zone of R. eglanteria. Gland tubules (g) lead to the secretory duct (sd) which is conflu-
ent with the spinneret region (double headed arrow) with baffle plates (bp). Secretory material is then
delivered to transverse grooves (tg). 600x.

Fig. 4. - Gland tubule from baffle zone of R. eglanteria. Pyriform ciliated sustentacular cells (arrow)
alternate with columnar secretory cells with apical secretory vesicles (circle). Indivigual sperm
(arrowhead) are occastonally present in the gland lumen. 600x.

Fig. 5. - Terminal zone of M. canis. Thin columnar sustentacular cells alternate with engorged secretory
cells (s). Sperm bundles (asterisk) occur in the gland lumen, 600x.
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particular functions are more precisely elucidated for each zone. We will give a description
here of a “generic” OG and comment on the variability of the zones in different species.

In all species thus far studied, the anterior oviduct is composed of longitudinal
folds which extend to the top of the gland. The ciliated columnar epithelium helps move
the egg into the OG proper. This is effected by the action of the two cell types present,
i.e., mucous and ciliated. Mucous cells have the general appearance of typical goblet
cells. Secretory material engorges the cell apex while the nucleus is basal. Ciliated cells
are interspersed with mucous cells but mucous cells predominate in the crypt between folds
where they are PAS-. Ciliated cells are pyriform and their nuclei are located toward to
lumen. PAS+ secretory granules occur in many of the columnar cells of the surface epithe-
lium.

The club and papillary zones comprise what has previously been called the albu-
men zone (Prasad, 1945). The club zone is characterized by squarish surface folds of the
epithelium which in cross section are club shaped. Surface epithelium of the club is cili-
ated, simple columnar. Gland tubules are confluent with the grooves between adjacent
folds. The tubules are characterized by two types of cells, i.e., secretory and sustentacular
(supportive). Secretory cells are columnar with basal nuclei. They contain secretory vesi-
cles which have a dense core granule surrounded by a light halo (Fig. 2). The granule is
generally PAS+ while the halo is PAS-. This makes the entire zone appear to be very
PAS+. Small triangular shaped ciliated sustentacular cells also occur. Their nuclei are
pyriform and located toward the lumen. The number of club zone rows in R. eglanteria, S.
acanthias and M. canis is given in table I.

Oviducal glands are devoid of smooth muscle. The papillary zone, in R. eglanteria,
is characterized by low relief conical projections. The surface epithelium is simple colum-
nar with cilia. Simple tubular glands empty their secretions in the groove between adja-
cent papillae. Secretory cells are simple columnar with homogeneous secretory vesicles.
The vesicles are PAS+ but are less PAS+ than those of the club zone. While it might ap-
pear that the papillary zone is simply a gradual change from the club zone this is not the
case. In Raja there is a definite change in the staining characteristics of the tubules of the
respective zones. Sub-zones of the papillary region occur in both Squalus and Mustelus,
based on staining affinity with various dyes. These differences will be elucidated in forth-
coming publications dealing with individual species. Alternating with the secretory cells
are pyriform ciliated cells. The number of rows in the papillary zone of R. eglanteria, §.
acanthias and M. canis is given in table .

The baffle zone is distinctive (Fig. 3). Apically flattened surface plateaus alternate
with transverse grooves that extend across the gland. Simple tubular glands, composed of
secretory and ciliated sustentacular cells, are confluent with secretory ducts composed
exclusively of ciliated columnar cells. Secretory granules in gland tubules are entirely
PAS-. There is no halo associated with the regularly shaped dense core granules (Fig. 4).
Secretory material from the glands are passed to the spinneret region of the baffle zone. In
S. canicula, each spinneret is composed of two baffle plates (Knight and Feng, 1992)

Table . - Number of rows per zone in oviducal glands (OGs).

Club | Papillary | Baffle Terminal
Raja eglanteria 12 21 27 Sparse and shallow
Squatus acanthias 13 14 27 Extensive
Mustelus canis 2 16 12 Few and deep
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which project into the base of each transverse groove on either side of the opening of the
secretory duct. The same arrangement occurs in both R. erinacea and R. eglanteria
(Fig. 3). Baffle plates are flattened when viewed from the side and are composed of
densely ciliated columnar epithelium. Baffle plates orient the secretory products going
into the transverse grooves, such that the layers of the egg covering are laid down at
angles (Knight, 1996b).

There are species differences in the anterior tubule layers in this zone. For exam-
ple, in Squalus the first four to five layers of tubules stain heavily with both toluidine blue
and methylene blue-basic fuchsin. These tubules represent a thin whitish band that is
visible on the gland’s outside surface when viewed grossly. In Mustelus, the first layer of
tubules has different staining affinity for methylene blue-basic fuchsin than the next two
to three tubules, which in turn are different from the bulk of the zone. The particular details
of OG organization in both Squalus and Mustelus will be presented elsewhere.

Occasionally individual sperm are seen in the tubules of the baffle zone in Raja
(Fig. 4) and Mustelus. These sperm, however, are isolated and are not associated in bun-
dles. These appear to be incidentally present and do not represent sperm storage per se in
this zone.

The terminal zone shows some of the greatest variation amongst the elas-
mobranchs but there are many shared features. In contrast to earlier zones with abundant
tubules, the terminal zone is primarily connective tissue with few shallow, simple tubular
glands extending into the connective tissue. Blood sinuses are present beneath the co-
lumnar cells which make up the epithelium. Secretory tubules are more common immedi-
ately after the baffle zone but quickly become increasingly rare. These tubules are com-
posed of two cell types. First, and most common, are PAS- secretory cells. There are also
darker staining cells that resemble those of the baffle zone. In Mustelus, terminal zone
tubules extend more deeply into the connective tissue than in the other species studied and
ordered aggregations of sperm are observed in the gland tubules far distant from the lumen
(Fig. 5). In Raja the terminal zone has what appear to be mucous and seromucous secre-
tory cells. In Squalus the terminal zone extends all the way to the uterus. This segment has
been described as the posterior oviduct but we feel this is more properly thought of as a
prolongation of the OG. Columnar secretory cells have frothy secretions that are mildly
PAS+.

DISCUSSION

Adaptations of the female reproductive tract allow varied modes of reproduction in
elasmobranchs. The oviducal gland of elasmobranch fish is a complex structure formed as
a hypertrophied region of the anterior oviduct. It generally consists of two identical dor-
sal-ventral halves with flattened luminal surfaces. The gland is generally constructed from
a large number of unbranched tubular glands which lead to secretory ducts. The club and
papillary zones add material to coat the egg such as mucous and various components of the
egg jelly. Secretory material in the baffle zone is then passed to the spinneret region
where paired baffle plates manipulate the secretion to produce the various layers or lamel-
lae of the egg investment. A series of transverse grooves extend across the gland lumen
and receive secretory material from the spinneret region. Each transverse groove in the
baffle zone is responsible for the elaboration of each individual layer of the egg covering
(Borcea, 1906).
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The OG of elasmobranchs which produce egg coverings is highly conserved.
Variation in what is being secreted by the tubules and the relative length of the various
zones seems to be the primary way that different elasmobranchs produce different egg
coverings. In Raja, the baffle zone dominates the gland while the club zone tubules are
much longer than the papillary zone tubules. In contrast Squalus and Mustelus have
shorter baffle zones while the papillary zone is approximately twice as large as the club
zone. Differences such as these may allow Raja erinacea to produce a hard egg case with
six types of protein in the egg case wall (Koob and Cox, 1993) while Squalus produces a
thin, transient, flexible case which forms a “candle” around the developing embryos.
Mustelus produces a thin plaited egg envelope which will be drawn around the embryo as it
develops and will accommodate the placenta. The blue shark, Prionace glauca, is also
placental and its gland (Pratt, 1979) closely resembles that of Mustelus. In Mustelus, the
club zone is much shorter than the papillary zone, the baffle zone has relatively short
tubules compared to Raja, and the terminal zone is similar both in the organization of the
connective tissue and the presence of blood sinuses beneath the epithelium. Baffle plates,
previously termed zottehan (Widakowich, 1906), oblique plates (Metten, 1939), and tufts
(Prasad, 1945), are absent in the yellow spotted stingray Urolophus jamaicensis. This
stingray does not produce an egg covering except for the jelly coat and mucous.

Efforts to further characterize the various functions of OG in elasmobranchs is cur-
rently underway in our laboratory. We are extending our investigations to include OG from
oophagous animals and stingrays that do form egg coverings. A comprehensive compara-
tive synthesis of OG structure and function in elasmobranchs of varying reproductive
modes is the goal. We are interested in the fate of sperm in the female reproductive tract,
especially in light of the simultaneous functions occurring including fertilization, produc-
tion of jelly coats to invest the egg and production of various types of egg coverings, as
well as sperm motility, viability and storage.
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SPERM AGGREGATION AND SPERMATOZEUGMATA
FORMATION IN THE MALE GENITAL DUCTS IN THE
CLEARNOSE SKATE, RAJA EGLANTERIA

by

William C. HAMLETT (1), Matthew K. HYSELL (2), Todd ROZYCKI (1),
Nicole BRUNETTE (1), Kelly TUMILTY (2), Aaron HENDERSON (3) & James DUNNE (3)

ABSTRACT. - The process of spermatogenesis in elasmobranchs yields a spermatocyst composed of a
Sertoli cell and its cohort of associated spermatozoa laterally bundled and embedded in the apical end
of the Sertoli cell. When the liberated Sertoli cell and the spermatozoa reach the first major segment of
the extratesticular duct system, the proximal epididymis, the sperm have disaggregated and are present
as individual sperm surrounded by a heterogeneous suspension consisting of: 1) membrane limited
vesicles derived from Sertoli cells (Sertoli cell bodies), 2) Sertoli cell cytoplasts which are remnants of
Sertoli cells exclusive of Sertoli cell bodies, 3) large Leydig gland bodies, and 4) secretions and/or cell
fragments of epithelial cells of the genital ducts. The principal extratesticular genital ducts of male Raja
eglanteria consist of the paired: 1) epididymes, 2) ductus deferens, and 3) seminal vesicles. In concert,
they function to: 1) transport spermatozoa, 2) contribute to the seminal fluid, and 3) effect sperm aggre-
gation. The epididymes and ductus deferens receive secretions from the Leydig gland (Leydig gland
bodies) which are considered the primary source of seminal fluid. The epididymis is composed of
ciliated columnar cells. Cranially, luminal contents of the epididymis include sperin laterally aligned
head-to-head in groups of 2-12. In the middle epididymis, large aggregations of laterally aligned sperm
are embedded head-first in a homogeneous extracellular mass. Epithelial folds project into the duct
lumen and decrease in size in the ductus deferens. Epithelium of the ductus deferens is simple colum-
nar. Leydig secretions here consist of small secretory vesicles. The lumen of the seminal vesicle is
massive when compared with the epididymis and ductus deferens. Epithelial shelves of simple columnar
ciliated cells project into the tumen and smooth muscle is a component of the vesicle walls. Secretory
activity of seminal vesicle epithelium may contribute to the surrounding matrix. Sperm are present as
definitive simple spermatozeugmata.

RESUME. - Agrégation du sperme et formation de spermatozeugmes dans les conduits génitaux males
de la raie a nez blanc, Raja eglanteria.

La spermatogenése des élasmobranches aboutit a un spermatocyste composé d'une cellule de
Sertoli et d’une cohorte de spermatozoides accumulés latéralement et regroupés au niveau apical de la
cellule de Sertoli. Lorsque cet ensemble atteint le premier segment du systéme tubulaire extratesticu-
laire, I’épididyme proximal, le sperme s’est désagrégé. Les spermatozoides sont indépendants et bai-
gnent dans une suspension constituée: 1) de vésicules bordées d’une membrane provenant des cellules
de Sertoli (organites des cellules de Sertoli), 2) du contenu cytoplasmique des cellules de Sertoli (autre
que les organites), 3) de grandes glandes de Leydig, et 4) de sécrétions et/ou de fragments des cellules
épithéliales des conduits génitaux. Le syst¢me tubulaire extratesticulaire du méle de Raja eglanieria se
compose de structures paires: 1) les épididymes, 2) les canaux déférents, 3) les vésicules séminales.
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Leurs rdles sont: 1) le transport des spermatozoides, 2) la contribution a former le liquide séminal, et 3)
"accomplissement de 1’agrégation du sperme. Les épididymes et le canal déférent regoivent les sécré-
tions des glandes de Leydig. Ces sécrétions sont considérées comme la composante majoritaire liquide
séminal. Les cellules épithéliales de I'épididyme sont ciliées. Au niveau proximal, le contenu de la
lumiere de 1'épididyme consiste en de larges agrégations de spermatozoides, agglutinés latéralement
par la téte par groupes de 2 & 12 dans une masse extracellulaire homogene. Des replis €pithéliaux se
projettent dans la lumiére du conduit. La taille de ces replis décroit dans le canal déférent. L’épithélium
du canal déférent est simple et columnaire. Les sécrétions de Leydig, a ce niveau, proviennent de
petites vésicules sécrétrices. La lumiere de la vésicule séminale est massive par rapport a celle de
’épididyme et du canal déférent. Les parois de la vésicule séminale consistent en un épithélium qui
présente des invaginations de cellules cili¢es simples dans la lumiére et de muscle lisse. Ll est possible
que les sécrétions de I’épithélium de la vésicule séminale contribuent a la matrice entourant les sper-
matozoides, lesquels sont présents en tant que simples spermatozeugmes.

Key-words. - Rajidae, Raja eglanteria, Sperm aggregation, Spermatozeugmata, Epididymis, Ductus
deferens, Seminal vesicle.

Sperm storage in male elasmobranchs has previously been described (Matthews,
1950; Botte er al., 1963; Stanley, 1983; Mann, 1984; Pratt and Tanaka, 1994) but no
discussion of the process of sperm aggregation in the male genital ducts has been pre-
sented. This brief note describes the process of sperm aggregation utilizing light micros-
copy. A detailed presentation of the process using scanning and transmission electron
microscopy will appear in a subsequent publication.

Variation exists regarding terminology applied to the genital ducts of elas-
mobranchs (Borcea, 1906; Matthews, 1950; Botte et al., 1963; Stanley, 1963). From the
testis, spermatozoa and Sertoli cell fragments move through the efferent ductules located
in the anterior end of the mesorchium. The efferent ductules are single in skates and num-
ber four in Squalus acanthias (Callard, 1988).

Most authors refer to the highly coiled and convoluted, small diameter initial seg-
ment of the extratesticular ducts as the epididymis. This segment is continuous with the
broader diameter, sinuous but straighter ductus deferens, also called the vas deferens or
Wolffian duct. The ductus deferens is continuous with the folded and large diameter seminal
vesicle also referred to as the ampulla of the ductus deferens. Jones and Jones (1982),
Jones er al. (1984), and Jones and Lin (1993) refer to the derivative of the mesonephric
duct as the ductus epididymis rather than the ductus deferens, the term used by most
authors.

We have chosen to use the most widely held terminology, e.g., epididymis, ductus
deferens and seminal vesicle. Both the epididymis and ductus deferens receive a viscous
fluid produced by the adjacent Leydig gland. The two broad seminal vesicles receive no
ducts from the Leydig. Each seminal vesicle has a lateral dilation termed the sperm sac.
This is a misnomer because these structures do not store sperm but are Marshall’s alkaline
gland. The semina!l vesicles unite to form the single urogenital sinus that ends as the
urogenital papilla emptying into the cloaca. Luminal contents of the ductal system in-
clude Sertoli cell bodies, Sertoli cell cytoplasts and Leydig gland bodies.

Male elasmobranchs commonly form sperm aggregates as sperm and genital duct
secretions are moved down the genital tract. The clearnose skate Raja eglanteria conforms
to this model. Leydig gland secretions contribute to the matrix material in the epididymis
and ductus deferens. Other components of the matrix are cell fragments from testicular
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Sertoli cells and genital duct cells. The changing components of the matrix may play a
role in sperm aggregation as they are moved down the tract.

MATERIALS AND METHODS

Male clearnose skates, Raja eglanteria, were obtained via long line from shallow
waters in the Chesapeake Bay. Males were anesthetized with MS 222, humanely sacrificed
by cervical transection and pithing, and opened by a longitudinal ventral incision and the
testes and genital ducts isolated. They were placed in 10% neutral buffered formalin and
dehydrated through a graded series of alcohols and embedded in JB-4 glycol methacrylate
(Polysciences). Two micrometer thick sections were cut with glass knives and affixed to
glass slides. Sections were stained with either toluidine blue, periodic acid-Schiff, or
methylene blue-basic fuchsin. Sections were photographed on a Nikon Optiphot-2 light
microscope equipped with a Microflex AFX-DX photomicrographic attachment.

RESULTS

The male genital system in Raja eglanteria consists of a paired set of organs which
lie dorsally in the body cavity. Proximally the genital ducts lie on the Leydig gland and
distally are supported by the kidneys (Fig. 1). Sperm and other materials from the testes
reach the genital ducts via an efferent duct which leads to the proximal epididymis. The
epididymis is a highly convoluted tubule with a small lumen. The ducts gradually become
less convoluted and increase in luminal area as they move posteriorly. The ductus deferens
is larger in diameter than the epididymis and follows a sinuous rather than convoluted
course. The seminal vesicle is the terminal portion of the duct system. It has up to four
folds and the terminal portion rests on the alkaline gland.

Leydig glands are a series of branched tubular glands that secrete into the
epididymis and ductus deferens (Fig. 2). The Leydig gland is the modified anterior section
of the mesonephros that produces and transmits a milky secretion via apical secretory
vesicles of the epithelium that congeals into retractile bodies following fixation in for-
malin (Fig. 2). In immature males urine is formed by these tubules. In R. eglanteria, the
epithelium is simple columnar. Some of the cells are ciliated while others are secretory.

In R. eglanteria, the proximal ductus epididymis is narrow, convoluted and unpig-
mented when viewed grossly. It has a pseudostratified columnar epithelium with both cilia
and microvilli and individual spermatozoa are randomly scattered in the lumen (Fig. 3).
No sperm aggregation occurs. Sertoli cell bodies, Sertoli cytoplasts, Leydig gland bodies,
and epididymal secretions are present in the matrix surrounding the sperm.

In the distal epididymis, the appearance of the tubules changes slightly as they be-
come Jarger in diameter. The tubules are separated by less connective tissue and are lined
by simple columnar epithelium (Fig. 4). Some of the cells are ciliated with microvilli and
others are characterized by apical secretory vesicles. In the distal epididymis sperm ag-
gregates form as groups of two to twelve sperm with their heads laterally aligned (Figs 4,
5). Luminal matrix contents continue to include epididymal cell components, Sertoli cell
bodies, Sertoli cell cytoplasts and Leydig gland bodies (Fig. 5). The role these compo-
nents may play in sperm aggregation or maintenance is unknown.
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In R. eglanteria, the epithelium of the ductus deferens is uniformly simple ciliated
columnar with microvilli. Sperm associate laterally. They are joined at their heads to form
larger aggregates. Matrix material provides the nidus for further sperm aggregation. The
source of the matrix material includes residual Sertoli cell bodies, Sertoli cell cytoplasts,
Leydig gland bodies, secretory material from the epididymis and/or ductus deferens and as
yet unidentified components. In the proximal ductus deferens, large folds and ridges of the
epithelium and subjacent mucosa extend into the lumen. The tubule is no longer highly
convoluted and is much wider than in the epididymis. Resorption of fluid starts to occur as
there is less matrix material in the lumen.

The seminal vesicle is characterized by low, simple columnar to cuboidal epithe-
lium with cilia and microvilli (Fig. 6). Grossly discernable thin walled partitions occur in

Fig. 2. - Raja eglanteria. Cross section of a Leydig gland depicting columnar cells (arrow) with apical
secretion vesicles (circle) and aggregations of secretory product in the lumen. Secretory vesicle prod-
ucts form circular masses in the lumen (asterisk) which in turn form larger luminal secretory masses (s).
600X.

Fig. 3. - Pseudostratified epithelium of the proximal portion of the epididymis have both cilia and mi-
crovilli. Sperm are present as individuals (arrow) and are not aggregated. The matrix suspension (m)
includes epididymal secretions, Sertoli cell bodies and Leydig gland bodies. 600X.
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Fig. 4. - Secretory activity (circle) of the epithelium in the distal epithelium is prominent. Sperm align
laterally head-to-head to form sperm aggregates (arrow). Asterisk = Leydig gland body. 600X.
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the seminal vesicle. Some end blindly in the lumen while others connect to the vesicle
wall to produce blind ending bays. Masses of matrix material concentrates in the lumen
and associate with individual and previously aggregated sperm to produce spermatozeug-
mata. Spermatozeugmata enlarge as matrix masses and sperm clumps continue to associate
(Fig. 7).

DISCUSSION

Sperm are present in the seminal vesicle of elasmobranchs in various configura-
tions, either as laterally aligned masses of sperm in an extracellular suspension, as line-
arly aligned clumps of sperm completely surrounded by an extracellular matrix
(spermatophores) or as clumps of sperm that are surrounded by matrix but with the tails of
the peripherally located sperm projecting out from the matrix into the luminal fluid of the
seminal vesicle (spermatozeugmata) (Pratt and Tanaka, 1994). Edwards (1842) used the
term spermatophore to describe masses of sperm surrounded by a “capsule” in cephalopods
and Ballowitz (1890) suggested the term spermatozeugmata for the sperm structures in
insects, in which groups of sperm are held together without being enclosed by a
“capsule.” Ballowitz (1895) also used the abbreviated term spermozeugma. Spermatozoa
are said to be adherent to each other by a sticky substance which permeates the sperma-
tozeugmata. Nielsen et al. (1968) point out that many authors have confused spermato-
phores and spermatozeugmata and that most spermatophores described in fish are actually
spermatozeugmata. The use of such terms as “capsule” is unfortunate. The term capsule (L.
little box) is defined as a surrounding sheath or a structure in which something is enclosed
and implies a separate entity such as a membrane or connective tissue investiture. The
term “mass” has also been used. Mass is defined as a quantity of matter that forms a body
of indefinite shape or size, usually a relatively large size. The term “aggregate” has been
used and is defined as a massing of materials to form a “clump.” We prefer to refer to later-
ally aligned sperm as “sperm aggregates” associated with an extracellular matrix. Matrix
1s defined in anatomy as any nonliving, intercellular substance in which living cells are
embedded. Hence, extracellular matrices of various cellular origins constitute the material
that is responsible for the various sperm structures seen in elasmobranchs, i.e., sperma-
tophores and spermatozeugmata. The term *‘capsule” should not be used when referring to a
peripheral layer of matrix.

Pratt and Tanaka (1994) surveyed and described the various types of sperm associa-
tions in elasmobranchs. A “naked sperm” is an individual sperm with no surrounding
matrix but this must be questioned as the luminal fluid suspension constitutes a matrix. A
sperm ‘‘aggregate” is a generic term that can be applied to any cohesive mass composed of
matrix and sperm, regardiess of the way in which the sperm are arrayed in the matrix.
Spermatophores are sperm aggregates of linearly aligned sperm surrounded by an eosino-
philic matrix. The important point is that no part of the sperm projects past the perimeter
of the matrix. Spermatozeugmata are fundamentally sperm aggregates in a matrix in which

Fig. 5. - Raja eglanteria. The lumen of the distal epididymis contains prominent sperm aggregates
(arrow) and Leydig gland bodies (asterisk). 600X.

Fig. 6. - The proximal seminal vesicle epithelium shows secretory activity (circle) and sperm aggregates
(arrow). 600X.

Fig. 7. - Definitive spermatozeugmata are present in the distal seminal vesicle. Arrow = sperm heads,
m = matrix. 600X
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the peripheral most sperm are arrayed with their tails projecting past the perimeter of the
matrix and, thereby, present a fuzzy appearance.

Spermatozeugmata have been further categorized according to the way in which
sperm are arrayed and the size of the spermatozeugmata (Pratt and Tanaka, 1994): a) clump
type, b) single-layered and c) compound or multilayered. Clump type spermatozeugmata
occur in Squalus acanthias where the sperm are aligned laterally head to head with no ma-
trix (Pratt and Tanaka, 1994) (note earlier comment on absence of a matrix). In Hydro-
lagus collei the aligned sperm combine with matrix to form spermatozeugmata in which
aligned sperm occupy the center of the matrix and peripherally located sperm have their
tails projecting outwardly from the matrix. It is possible that the array seen in S. acan-
thias is a transitional stage prior to or during the elaboration of matrix but before defini-
tive spermatozeugmata as such have formed. H. collei may demonstrate the terminal situa-
tion in which matrix has been elaborated and have associated with previously aligned
sperm.

Single layered spermatozeugmata occur in Carcharhinus falciformis, C. limbatus,
C. obscurus, C. plumbeus, C. porosus and Raja eglanteria (Pratt and Tanaka, 1994). In this
configuration sperm are located only at the periphery of the matrix where their tails proj-
ect from the matrix.

Compound or multilayered spermatozeugmata are characteristic of Prionace glauca,
R. terraenovae and Sphyrna lewini (Pratt and Tanaka, 1994). Peripheral clumps of sperm
have their tails protruding from the matrix while inner sperm clumps form irregular pro-
jections or layers. The inner sperm have their tails pointing towards the center of the
matrix.

Three main types of particulate material have been identified as occupying the
male genital ducts in Heterodontus portusjacksoni, namely Sertoli cell bodies, Sertoli cell
cytoplasts and Leydig gland bodies. Sertoli cell bodies originate in the supranuclear re-
gion of Sertoli cells just prior to spermiation. They have previously been termed Sertoli
bodies (Simpson and Wardle, 1967) and problematic bodies (Holstein, 1969; Collenot
and Damas, 1980). They arc large, oval membrane bound, eosinophilic bodies. In Squalus,
they have been recovered from the epididymis and cytochemical techniques reveal that
their proteins are rich in lysine, cysteine and tryptophan (Pudney and Callard, 1986;
Collenot and Damas, 1975). Sertoli cell cytoplasts (Pudney and Callard, 1986) have also
been referred to as “small eosinophilic particles” (Jones and Jones, 1982) and
“cytoplasmic bodies” (Jones et al., 1984). Sertoli cell cytoplasts are remnants of Sertoli
cells exclusive of the Sertoli cell bodies (Callard et al., 1989). They are membrane bound
structures containing mitochondria, ribosomes, lipid and endoplasmic reticulum. Since
Sertoli cells may be a source of testicular steroids in elasmobranchs (Pudney and Callard,
1986; Callard et al., 1989) and Sertoli cell cytoplasts contain organelles appropriate for
steroid synthesis, it is possible they are responsible for the steroidogenic activity of
shark semen (Simpson er al., 1963; Simpson et al., 1964a, 1964b). This may provide the
mechanism for local control of extragonadal sperm duct activity.

Leydig gland bodies are large, eosinophilic, nonmembrane bound secretions of
Leydig glands. Jones and Lin (1993) conclude that Leydig gland secretions are the main
source of the increase in protein concentration of the lumenal fluid in the ductus deferens
in H. portusjacksoni.

In H. portusjacksoni, the efferent ductules are lined by ciliated columnar epithe-
lium and numerous intraepithelial leukocytes. These cells may be removing particulate
cellular debris from the lumen (Jones and Lin, 1993). Micropuncture studies also indicate
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that there is little or no net fluid resorption in the efferent ductules (Jones et al., 1984).
The efferent ductules were not examined in this study.

In H. portusjacksoni, ultrastructural characteristics of epididymal cells suggest
that their main function is protein secretion, however, micropuncture studies did not
demonstrate an increase in lumenal protein concentration. It is interpreted that protein
associates with individual spermatozoa in the lumen immediately upon secretion (Jones et
al., 1984). It is possible that the sperm associated protein may play a role in sperm ag-
gregation in the epididymis and into the ductus deferens and seminal vesicle. Net fluid
transport was not detected in Heterodontus, yet a net resorption of sodium occurred in this
region (Jones et al., 1984).

The distal segment of the ductus deferens is wider than the proximal segment and
contains columnar secretory epithelium with cilia and microvilli. In H. portusjacksoni the
ciliated cells seem to be involved in heterophagic digestion, as the apical cytoplasm
contains numerous vacuoles and dense bodies (Jones and Lin, 1992). Sertoli cell bodies
are not present, suggesting they either disintegrate or are resorbed in the epididymis.
Sertoli cell bodies were present in the ductus of R. eglanteria. Micropuncture studies in H.
portusjacksoni reveal that 60% of testicular fluid is resorbed in the ductus deferens and
there appears to be no net resorption of sodium from the lumen (Jones er al., 1984).

The source of the matrical material is as previously detailed but other contributions
cannot be ruled out, e.g., transudate from subjacent vascular beds, or other as yet undeter-
mined sources. Changes in lumenal ionic composition may also occur.

Based on the micropuncture studies of Jones et al. (1984), it is concluded that the
luminal fluids of efferent ducts and the epididymis when compared to blood plasma showed
higher levels of sodium, potassium, protein and had a greater osmolarity. Spermatocrit
samples from the epididymis and ductus deferens reveals that virtually all fluid is resorbed.
The per cent sperm motility increased when testicular (9%) samples were compared with
epididymal samples (96%}) despite any ultrastructural change. These data suggest that the
epididymis and Leydig gland secretions play important roles in ion and water transport,
protein secretion and maturation of spermatozoa. The nature of the sperm matrix from
various segments of the male genital tract and their relation to sperm disaggregation and
reaggregation is currently being analyzed (Koob and Hamlett, unpubl. data). In H. portus-
Jjacksoni, only the seminal vesicle has a muscular tunic, all other segments of the duct
system convey sperm via ciliary activity (Jones and Lin, 1993). In R. eglanteria, the
seminal vesicle has an inner circular and outer longitudinal tunic of smooth muscle.

The factors that mediate lateral sperm alignment without the involvement of ma-
trix is unknown. Potential candidates include nonjunctional contacts. Cells migrating in
vertebrate embryos generally do not involve organized intercellular junctional com-
plexes. Yet the interacting plasmalemmae often come within [0-20 nm. As several
known transmembrane proteins extend above the plasmalemma by 10-20 nm, two cell
surface proteins could interact directly to mediate adhesion.

Substances that bind sperm clumps to matrix may include integrins. Integrins are
transmembrane heterodimers. Some integrins bind to only one matrix molecule while
others bind to more than one. Binding of integrins to ligands depends on extracellular
divalent cations Ca™ or Mg™, depending on the integrin. The relationship between sperm-
matrix binding and sperm motility has yet to be investigated.

Spermatozoa form spherical bundles as they pass through the seminal vesicle in
the Port Jackson shark (Jones and Jones, 1982; Jones et al., 1984). Bundle formation has
also been described in other species including Spinax niger, Squalus acanthias, Scylio-
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rhinus stellaris, Chimaera monstrosa, Torpedo marmorata and T. torpedo (Redenz and
Belonschkin, 1929; Botte et al., 1963).

Various suggestions have been as to why sperm aggregation in male elas-
mobranchs may be advantageous. Matthews (1950) suggested that spermatophores in the
basking shark helped to prevent loss of semen during copulation when the semen must
traverse the clasper to the female tract. A turgid spermatophore may be more hydraulically
suited to passage to the female without undue loss than a fluid semen. Pratt and Tanaka
(1994) mention that spermatozeugmata of carcharhinids and sphyrids are porous and may
provide a mechanism to insure adequate nourishment reaching the sperm while still pack-
aging them for transport at copulation.

The folds found in the seminal vesicles may increase surface area for nutrient ex-
change and for physical support (Pratt and Tanaka, 1994). Matthews (1950) thought that
the septa may play a role in spermatophore formation. He believed that epithelial secre-
tions of the epididymis, ductus deferens and the Leydig gland mix with spermatozoa. In
the upper portion of the seminal vesicle secretions form globules by action of ciiia in the
septal bays. The “tumbling mill” action increases the size of spermatophores. Pratt and
Tanaka (1994) point out that sperm aggregates occur throughout the seminal vesicle in
the short fin mako and doubt the “tumbling mill” theory is active in this species.

Sperm and the various luminal contents of the male genital ducts in R. eglanteria
exhibit morphological changes as they progress through the various segments of the duct
system. Spermatocysts are disrupted as sperm and the various other components are deliv-
ered to the efferent ducts. Sperm are released from Sertoli cells as aligned bundles associ-
ated with individual Sertoli cells. The sperm are dispersed as individual sperm in the
proximal epididymis. Sperm, Sertoli bodies and Sertoli cytoplasts mingle with Leydig
gland bodies in the epididymis. During transit through the epididymis, sperm begin to
associate and reaggregate with their heads in lateral register. By the time the sperm arrive
in the ductus deferens masses of laterally aligned sperm are present as sperm aggregates.
In the seminal vesicle definitive spermatozeugmata are formed.

The role played by the matrix in which sperm are carried when the sperm is deliv-
ered to the female is unknown. Analysis of the sperm matrix is needed to ascertain its role
beyond that of simply serving as a transport medium. How does the matrix and the sperm
interact with the female tract and its secretions ? What is the role of the male matrix in
sperm activation, motility, nutrition, etc. ? These and other questions remain to be an-
swered.
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ABSTRACT. - The tropical Australasian region, which includes Australia, New Caledonia, New
Guinea, and the eastern sector of the Indonesian Archipelago, breaches two major ocean basins. Its
complex palaeohistory is strongly reflected in the size and structure of its chondrichthyan fauna where
almost a third of the world’s fauna (more than 300 species) occurs. The western (Indian Ocean) and
eastern sectors (Pacific Ocean) each display surprisingly high levels of intraregional endemicity. De-
spite poorer sampling effort off Indonesia, diversity was found to be significantly greater in the Indian
Ocean than in the Pacific reflecting a strong regional influence of the mega-diverse Indo-West Pacific
biota. The strength of widely distributed Indian Ocean elements diminishes from west to east across the
region but it is still relatively stronger off New Caledonia than the Pacific component reflecting the
comparatively low biodiversity of the Pacific Plate. Tropical Australian subregions in both oceans are
penetrated substantially by components from temperate areas to the south of which about half of the
species are endemic to their respective oceans. Greatest biodiversity exists within demersal habitats
with the continental slopes being slightly richer in species than the shelves adjacent. Slope habitats also
exhibit higher levels of endemicity than shallow water habitats challenging the generality of the depth-
dispersal paradigm. Recent French and Australian deepwater surveys of the region have provided new
insights into the composition, structure and origins of this fauna.

RESUME. - Biogéographie comparée des faunes chondrichtyennes tropicales de 'Océan Indien
tropical du sud-est et de I'Océan Pacifique du sud-ouest..

La région tropicale australo-asiatique, qui comprend |'Australie, la Nouvelle-Calédonie, la
Nouvelle-Guinée et la partie orientale de I'archipel indonésien, met en communication deux bassins
océaniques importants. Son histoire géologique complexe se refléte dans la composition de la faune
chondrichtyenne qui compte presque un tiers de la faune mondiale (plus de 300 especes). Les parties
occidentale (Océan Indien) et omentale (Océan Pacifique) ont chacune de surprenants taux
d’endémicité qui apparaissent aux niveaux régional et sous-régional. Malgré le manque
d’échantillonnage en Indonésie, la diversité s’avérc significativement plus élevée dans la région in-
dienne que dans la région pacifique; ceci est le résultat de 'influence de la région indo-ouest-pacifique
4 tres forte diversité biotique. L’ impact des éléments distribués largement dans I’Océan Indien diminue
d’ouest en est dans toute la région, mais il est encore trés marqué en Nouvelle-Calédonie et plus fort
que I'impact des éléments pacifiques. traduisant en cela la relativement faible biodiversité de la “plaque
Pacifique”. Les sous-régions tropicales de part et d’autre de I’ Australie sont notablement colonisées par
des éléments provenant de zones tempérées; environ la moitié de ces éléments est constituée d’espéces
endémiques de leur océan respectif. La plus grande biodiversité s’observe dans les habitats benthiques,
les pentes continentales étant 1égerement plus diversifiées que les plateaux adjacents. Les pentes mon-
trent parfois des taux d’endémicité plus élevés que ceux des habitats moins profonds, contredisant ainsi
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I’hypothése habituelle de la dispersion vers les profondeurs. Les récentes campagnes exploratoires
effectuées par la France et |’ Australie dans cette région ont apporté de nouvelles données et concep-
tions sur la composition, la structure et |'origine de cette faune.

Key-words. - Chondrichthyes, ISEW, SE Indian Ocean, ISEW, SW Pacific Ocean, Biogeography.

The tropical Australasian geographic region incorporates eastern Indonesia, Aus-
tralia, New Guinea and New Caledonia, south to the tropic of Capricorn (Fig. ). The
following study is an investigation of the bijogeographic patterns of the chondrichthyan
fishes of this region based on a comparison of the faunas of its four major subregions:
eastern Indonesia (including the western Arafura, Banda and Seram Seas); northwestern
Australia; northeastern Australia (including the Great Barrier Reef and adjacent plateaus
and slopes of the western Coral Sea); and New Caledonia (inshore islands and steep slopes
of New Caledonia and Vanuatu, and the northern Norfolk Ridge). The westerly limits of
this bioregion are defined by the Wallace line in the eastern Indian Ocean. Its easterly
limits are the eastern Coral Sea in the south-west Pacific. It breaches two deep oceans
basins, the Pacific and Indian Oceans, which are separated from each other by the shallow
Arafura Sea. and the land masses of New Guinea and continental Australia. The region has
an extremely complex plate tectonic history (Oosterzee, 1997) and the bathymetry and
oceanography of the contemporary environment is equally complex. Its sea floor is heav-
ily textured, its habitat diversity is high, and its marine fauna is one of the richest on
earth with a high level of endemism.

The chondrichthyan fauna of the entire region is poorly documented, although
those of the Australian subregions are best described (e.g., Whitley, 1940; Last and Ste-
vens. 1994). Much of the fauna is undescribed and revisionary studies by the authors and
several colleagues (i.e., Carvalho, Compagno, McEachran, Stehmann, Stevens, Yearsley)
are in progress. Knowledge of its inshore communities are attributed largely to the efforts
of 19th and carly 20th C naturalists (e.g.. Bleeker, 1852; Annandale, 1909) and collators
(e.g.. McCulloch, 1929; Fowler, 1941) whereas information on the deepwater component
has been acquired more recently from trawl surveys, mostly in search of new fishery re-
sources (e.g., Gloerfelt-Tarp and Kailola, 1984; Sainsbury er al., 1985; Williams et al.,
1996). These include the cruises of the fishery research vessels «Bawal Putih 2»,
«Jurong», «Karubar» (eastern Indonesia), «Courageous», «Soela» and «Southern Sur-
veyor» (northern Australia), and «Alis», «Capricorne», and «Vauban» (eastern Coral Sea),
which within the last two decades, have variably surveyed continental shelves and slopes
of the region to depths of about 1000 m. Much of the data from these cruises is yet to be
published but initial studies of the deepwater communities have identified high levels of
diversity and sibling speciation (Séret and Last. unpubl.)

The following study describes and assesses key structural features of this fauna
such as its relative size, levels of endemism and faunal similarity, and identifies
biogeographic patterns across the region. Preliminary hypotheses are proposed to ex-
plain the likely origin and derivation of this fauna.
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Fig. 1. - Australasian region. INDO: Indonesian subregion; NC: New Caledonian subregion; NE: north-
eastern Australian subregion; NW: northwestern Australian subregion.

METHODS

Species lists for each subregion were compiled from multiple sources including a
large body of unpublished data held by the authors which is being summarised in a sepa-
rate document (Séret and Last, in prep.). Species were classified into one of the distribu-
tional groups listed below based on information from the published literature (e.g., Chen,
1963; Masuda er al., 1984; Monkolprasit, 1984; Compagno 1984, 1988; Compagno et
al., 1989) as well as several key regional references that are currently in press such as
sharks of the South China Sea (Compagno, in press), rays of the South China Sea (Last
and Compagno, in press), and FAO identification sheets to sharks and rays of the western
Central Pacific (Compagno et al., in press). The Australasian fauna consists of 5 primary
biogeographic components and 23 secondary elements: 1. Subregional endemics (5 ele-
ments), endemic species confined to each of the four subregions or New Guinea; 2. Ex-
traregional temperate component (2 elements), New Zealand species, or Australian tem-
perate species that either have a primary distribution in the southwestern (Flindersian) or
southeastern (Peronian) Australian Provinces, or have a widespread distribution around the
southern coast (sensu Whitley, 1932; Thackway and Cresswell, 1997); 3. Australasian
regional component (3 elements), Coral Sea species (Australian/New Caledonian
endemics or species confined to the south-west Pacific), east Indian Ocean species
(confined to eastern Indonesja and tropical Australia), and tropical Australasian species
(species occurring only off tropical Australia or extending more broadly across
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Fig. 2. - Proportional composition of primary chondrichthyan groups by region. INDO: Indonesian
subregion; NC: New Caledonian subregion; NE: northeastern Australian subregion: NW: northwestern
Australian subregion.

the Australasian region); 4. Indo-Pacific component (8 elements), widespread Pacific
species, Indo-Malay endemics, Indo-NW Pacific species (Asian species not penetrating
Australian seas or westward beyond the Indo-Malay Archipelago), Indian Ocean species
(in the Indo-Malay Archipelago but not found off Australia or well into the North Pacific),
western Indo-Australian species (wide-ranging in the Indian Ocean to Australia but with
minimal penetration of the NW Pacific), northern Indo-Australian species (wide-ranging
in the NW pacific to Australia but with minimal penetration of the Indian Ocean), wide-
spread temperate Indo-Pacific species (distribution centred in band across temperate Indo-
Pacific), and widespread tropical Indo-Pacific species (distributed widely across the tropi-
cal Indo-Pacific); S. Ubiquitous component (5 elements), extremely wide-ranging species
that have anti-tropical, circumtropical, and cosmopolitan distributions, or with species
found in the Indo-Atlantic or Pacific-Atlantic basins. Intra-regional faunal similarity was
investigated using Sorensen’s coefficient (sensu Pielou, 1979).

RESULTS

The regional fauna

Size and structure

Some 313 or so chondrichthyan species, almost a third of the world’s fauna, occur
in this region. However, this figure is likely to be conservative. The taxonomy of some
groups remains unresolved and the region has not been fully explored. We expect the
number of species known from the region to increase significantly when remote areas,
such as the slopes and basins of eastern Indonesia, have been surveyed and all available
material has been examined. Nevertheless, current information is considered to be ade-
quate to gain an understanding of the major faunal patterns within the region.
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Of the faunas of the four subregions, the northwestern Australian assemblage (178
species) is the most species rich and the New Caledonian assemblage least diverse (92
species) (Fig. 2). The relative proportion of sharks, rays and chimaeras was identical in
the two Australian subregions despite being in different oceans and differing slightly in
species richness. Sharks are about 20% more diverse than rays off tropical Australia but
exhibit an even greater relative dominance off New Caledonia (almost three-quarters of the
species). The absence of several bottom-dwelling shark groups (e.g., hemiscylliids,
heterodontids, squatinids or pristiophorids) and lower ray diversity of the New Caledonian
subregion may be related to the lack of suitable habitat rather than patterns of evolution.
In contrast, the numbers of sharks and rays in the eastern Indonesian subregion are about
equal. Here the greater relative diversity of rays and benthic sharks may be due to higher
inshore habitat diversity and more pronounced influence of the large Asian fish fauna. The
absence of chimaeras in the eastern Indonesian assemblage is likely to reflect the inade-
quacy of deep sea survey coverage of the subregion.

The ordinal level structures of the eastern and western tropical Australian shark
faunas are also extremely similar despite there being only 60% overlap in species compo-
sition (Table I). About half of shark species in the northwestern Australia, northeastern
Australia and New Caledonian subregions belong to the order Carcharhiniformes, of which
the whaler sharks (carcharhinids) are the dominant group. In the Indonesian subregion,
almost three-quarters of the species belong to this order and a massive 43% of them are
whaler sharks. Once again, fewer dogfishes in eastern Indonesia may be linked to the
relative paucity of material from deepwater. In comparison, the continental slope chon-
drichthyans of New Caledonia are better known. Here, the dominance of dogfishes (33%)
and the absence of the shark orders Pristiophoriformes, Squatiniformes, and Heterodonti-
formes and the ray order Pristiformes off New Caledonia may be habitat related.

The order Myliobatiformes, which includes the eagie and stingrays, is the domi-
nant ray group throughout the region (Table I1). Once again, the northwestern Australian
and northeastern Australian assemblages are similar in their ordinal level structure but the
greater relative importance of urolophids to dasyatids in the east is likely to be an exam-
ple of ecological replacement. Stingrays are relatively more diverse in both western
subregions (30-31% of Indian species versus 25-26% of Pacific species) whereas stinga-

Table I. - Proportional species richness of shark groups within each subregion.

E. Indo. | NW Aust.| N.E. Aust. | New Cal.

Order (%) (%) (%) (%)
Hexanchiformes 2 3 3 4
Squaliformes 8 21 17 33
Pristiophoriformes 1
Squatiniformes 2 1
Heterodontiformes 2 2
Orectolobiformes 11 12 14
Lamniformes 6 9
Carcharhiniformes 71 51 53 49

Fam. Carcharhinidae 43 27 28 19
Fam. Scyliorhinidae 17 13 13 20
Other families I I 13 10

Total species 63 105 96 69
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rees are relatively more diverse in the eastern subregions (13-21% of Pacific species ver-
sus 3-7% of Indian species). These observations are supported by their relative levels of
abundance in catches (Last, unpubl. data). Of the other ray groups, skates were the next
most diverse group comprising about a fifth of the ray species found off tropical Australia.
Once again, smaller skate assemblages off New Caledonia are likely to be related to a
paucity of sedimentary habitats and off eastern Indonesia to the lower levels of deepwater
exploration. The proportion of shovelnose rays (10-12%) was remarkably similar across
the region.

Faunal similarity

The species compositions in each of the subregions differs substantially from each
other. Also, the relative levels of faunal overlap of the eastern Indonesian assemblage
diminish from west to east (Table III). However, the nearby northwestern Australian
assemblage is more similar in composition to the northeastern Australian assemblage
(sharing about 62% of its species) rather than the eastern Indonesian assemblage (sharing
about 43% of its species). Similarly, the northeastern Australian assemblage exhibited
much greater relative overlap with the northwestern Australian assemblage than with the
neighbouring New Caledonian assemblage. Relative similarity between the New Caledo-
nian assemblage to the assemblages of the other subregions (19-22%) is due both to its
uniqueness and its lower relative diversity. Only about half of the New Caledonian species
were found off Australia. The strong similarity of the two Australian assemblages is due to
the presence of a pronounced widespread Australian element in the fauna.

Biomic diversity
The representation of chondrichthyan diversity within primary aquatic ecosystem

complexes (or biomes) is extremely similar off eastern and western Australia (Table V).

Table II. - Proportional species richness of ray groups within each subregion.

E. Indo.|N.W. Aust.| N.E. Aust. |[New cal

Order (%) (%) (%) (%)
Pristiformes 8 7 6
Rhinobatiformes 12 10 10 11
Torpediniformes 3 9 8 5
Rajiformes 17 21 21 16
Myliobatiformes 60 52 56 68
Fam. Dasyatidae 30 31 25 26
Fam. Urolophidae 3 7 13 21
Other families 27 13 17 21

Total species 60 67 . 63 19

Table [IL. - Sorensen’s indices of faunal similarity between subregions.

Subregion E. Indo. ([N.W. Aust.[ N.E. Aust. [ New cal.
East Indonesia 1
N.W. Australia 0,51 1
N.E. Australia 0.42 0,64 1

New Caledonia 0,31 0,33 0,38 1




Chondrichthyan faunas of the tropical SE Indian and SW Pacific Oceans 299

The biomic structures of these subregions are more alike than structures observed within
subregional pairs from the same ocean basin. Within those subregions having the great-
est variety of inshore habitats (i.e., eastern Indonesia, northwestern Australia, northeast-
ern Australia) the shelf assemblages (61-70% of species) were more species rich than
those offshore. However, off New Caledonia most species live demersally on the conti-
nental slope with only 30% of species identified as belonging to a shelf assemblage. The
freshwater/estuarine assemblage is absent in New Caledonia and tends to be small gener-
ally throughout the region (uniformly 2% elsewhere). Meso/bathypelagic communities of
the eastern Indonesian subregion have not been well surveyed so this assemblage remains
unknown.

Biogeographic patterns

Regional structure

Strong biogeographic patterns emerge from a comparison of the four subregions
based on the relative influence of the 7 major distributional components (Table V). A
half or slightly less of the Australian and New Caledonian chondrichthyans, but only
about a quarter of those from the eastern Indonesian subregion, are confined to the Aus-
tralasian region. Once again, the faunas of two Australian subregions were very similar to
each other in structure and quite different from the subregions adjacent. Levels of intrare-
gional endemism are reasonably high (12-18% in eastern Indonesian, northwestern Aus-
tralian, and northeastern Australian subregions) and very high off New Caledonia (32%).
Endemism is almost exclusively of demersal species (Table VI). It is most pronounced on

Table IV. - Proportional species richness for primary biomes within each subregion.

E. Indo. |[N.W. Aust.[N.E. Aust.| New Cal
Biome (%) (%) (%) (%)
Estuarine/freshwater 2 2 2
Shelf-demersal 43 44 41 15
Shelf-pelagic 25 15 18 15
Slope-demersal 25 30 32 57
Epipelagic 5 5 6 8
Meso/bathypelagic 4 1 5
Total species 123 178 164 92

Table V. - Biogeographic structure of tropical Australasian chondrichthyans.

E. Indo. [N.W. Aust.| NE. Aust.} New Cal.
Component (%) (%) (%) (%)
Subregional endemic 12 15 18 32
Extraregional temperate 12 15 3
East Indian Ocean 7 4
Coral Sea 3 5
Tropical Australasian 2 14 14 2
Indo-Pacific 59 32 2 25
Ubiquitous 20 23 23 33
Total species 123 178 164 92
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the continental slope (rather than inshore) in all subregions except northwestern Austra-
lia where more than 60% of the endemics are demersal shelf species.

The northern incursions of Australian temperates are significant along both Aus-
tralian seaboards (12-15%) and differ markedly in species composition in each ocean. The
bulk of these species are temperate endemics from either the south-east (Peronian) or the
south-west (Flindersian) Australian faunal provinces that stray into adjacent tropical
waters. The New Caledonian subregion is penetrated by a small temperate element from
New Zealand but no Australian species. No Australian temperate chondrichthyans occur in
the seas of the eastern Indonesian subregion. A small east Indian element (4-7%) was
identified along with an equivalent small Coral Sea element (3-5%). A significant tropical
Australian element (14% off each seaboard) is rudimentary within the eastern Indonesian
and New Caledonian subregions (2%).

The two major groups of widespread elements include those species with an Indo-
Pacific distribution and an assemblage of ubiquitous species. The eastern Indonesian fauna
is dominated by a large assemblage (almost 60%) of species that also occur more widely
throughout the Indo-Pacific. This element is also prominent in the other subregions but
declines slightly from west to east. [t is important to note that this element is more pro-
nounced than any equivalent Pacific element which is consistent with a regional fauna
whose primary origins are Indo-West Pacific based rather than derived in the Pacific
Ocean. Most of the ubiquitous species were found across the region and these consisted of
between a third and a fifth of the species in each subregion.

Indo-Pacific component

Careful examination of the substructure of the Indo-Pacific component provides
insight to the likely biogeographic history of the region. The total number of Indo-
Pacific species (including those with both Pacific and Indian Ocean distributions) also
declines from west to east (Table VII). Similarly, the configuration of the Indo-Pacific
components are remarkably similar off eastern and western Australia despite them being
in different oceans. Also, the substructure off New Caledonia is more similar to Australian
shores than to eastern Indonesia. It appears as if the Australian-New Caledonian region
has been penetrated from the west by a strong but relatively uniform Indo-Pacific assem-
blage.

A large tropical Asian assemblage, consisting of species found only in the Indo-
Malay Archipelago (3%), westward into the central Indian Ocean (26%), or northward to
Japan (11%) penetrates eastern Indonesia but none of its species reaches further eastward
to Australia or New Caledonia. The combined proportion of Indian Ocean based Indo-West
Pacific species off eastern Indonesia is 44% versus 39% for those that extend into the
north-west Pacific. Consequently, the faunal structure in the region to the east of Indone-

Table VI. - Distribution of subregional endemics in environments.

Eavironment E. Indo. | NNW. Aust. | N.E. Aust.| New Cal.

Demersal 15 (100%) 26 (100%) 27 (93%) 28 (97%)
Shelf-demersal 2(13%) 16 (62%) 7 (24%) | (3%)
Slope-demersal 13 (87%) 10 (38%) 22 (16%) 28 (97%)

Pelagic 2 (1%) 1 (3%)

Total species 15 26 29 29
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sia is also likely to be dominated by Indian Ocean elements. Instead, these assemblages
are dominated by Indo-West Pacific species (44-48%) that extend from the south-west
Pacific to well north off south-east Asia but which do not penetrate far into the Indian
Ocean. A much smaller suite of species (23%) extends from the south-west Pacific well
into the Indian Ocean but not far into the north-west Pacific.

The relative strength of the widespread Indo-Pacific element increases within the
region from west to east due to a decline in strength of more restricted Indo-Pacifics from
west to east. However, the number of widespread Indo-Pacifics, varying between 10-14
species, is reasonably even across the region. In comparison, the widespread Pacific
element is very small with 9% of the New Caledonian species, represented as trace ele-
ments (2-4%) off Australia, and absent from the eastern Indonesian subregion.

Ubiquitous component

The ubiquitous component, which consists of 25-41 species across the region, is
dominated by cosmopolitan elements (comprised of 49-60% species) (Table VIII). Once
again, these species are more closely linked to the Indian Ocean than to the Pacific Ocean.
Only 3-8% of the ubiquitous Australian and New Caledonian species have a Pacific-

Table VII. - Biogeographic structure of the Indo-Pacific chondrichthyan components.

E. Indo. [N.W. Aust.| N.E. Aust.| New Cal.

Element (%) (%) (%) (%)
Widespread Pacific 4 2 9
Indo-West Pacific (to Indonesia)

Indo-Malay endemic 3
Indo-NW Pacific 11
Indian Ocean 26

Indo-West Pacific (to Australia)
northernt Indo- Australian 28 48 44 27
western Lodo- Ausiralian 18 23 23 9

Widespread Indo-Pacific

temperate element 3 9 11 18
tropical element Il 16 20 37
Total species 71 56 44 23

Table VIII. - Biogeographic structure of the ubiquitous chondrichthyan components.

E. Indo. | NW. Aust. | N.E. Aust. | New Cal.

Element (%) (%) (%) (%)
Indo-Atlantic 28 24 i8 10
Pacific-Atlantic 5 8 3
Antitropical 2 7
Circumtropical 20 20 24 20
Cosmopolitan 52 49 50 60
Total species 25 41 38 30
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Atlantic distribution whereas 10-18% of the Indo-Atlantic species occur in the Pacific
subregions. Pacific-Atlantic species are absent from the eastern Indonesian subregion but
28% of its ubiquitous component is found throughout the Indo-Atlantic. The distribution
of these Indo-Atlantic species follows the pattern exhibited by more restricted Indo-
Pacifics in decreasing in richness from west to east across the region. The anti-tropical
element is small to non-existent but the circumtropical element is well defined and consis-
tent within all subregions (20-24%).

Faunal origins

Wilson and Allen (1987) have attempted to provide an explanation for the origin
of Australia’s fish fauna. The modern Indian and western Pacific Oceans are considered
remnants of a once larger Tethys Sea (Oosterzee, 1997). A pan-tropical Tethyan fauna is
thought to have dominated northern Australasian seas since the Tertiary. Some of these
Indo-Pacific groups were able to radiate across the Tethyan Sea to colonise the broader
region as well as the precursor of the Atlantic Ocean. These elements are evident within
the chondrichthyan fauna as widespread components. The Tethyan fauna speciated greatly
during the formation of shallow basins (i.e., Indo-Malay Archipelago) created by the
partial separation of these oceans when the Australian shield impinged upon the Asian
Plate. Most of the ancestral forms of the present fauna are presumed to have been derived
before and during this period of fragmentation in the early Tertiary. Westward circulation
between the Pacific and Indian Oceans is thought to have virtually ceased but biological
dispersal into the Tethyan basins persisted providing the evolutionary ingredients for the
modern marine megabiota, the richest of any region (Briggs, 1974). Chondrichthyan
species diversity is significantly greater in the Indian Ocean than the Pacific despite
poorer sampling efforts off Indonesia. Similarly, the influence of Indian Ocean elements
in the Australasian region is substantially greater than that of Pacific elements.

The extant chondrichthyan fauna of the region is the product of several periods of
faunal mixing and isolation. The deepwater fauna occurring along the most likely con-
temporary tropical dispersal route (i.e., along the northern coast of New Guinea) is almost
unknown so we are unable to even speculate as to its affinities. Also, this pathway is
likely to have changed greatly since the existence of a Tethyan Sea as islands to Austra-
lia’s north are geological composites formed by plate tectonic rifts and collisions
(Parenti, 1991). However, given that many extant species occur only in deepwater and
cannot pass through the shallow aperture between northern Australia and New Guinea, this
pathway is likely to be important for dispersal and is the most plausible corridor for the
high proportion of north-west Pacific species occurring in the Coral Sea. Continuous
deepwater around the southern coast of Australia links both ocean basins but the contem-
porary temperate fauna is strikingly different in composition to those of the north (Last
and Stevens, 1994) and is unlikely to have been an important Quaternary pathway. Conti-
nental shelf chondrichthyans are likely to be less constrained in recent times by an east-
west intraregional barrier. The shallow water components were able to coalesce with the
opening of Torres Strait during the flooding of the shelf area between Australia and New
Guinea in the Pleistocene (Wilson and Allen, 1987).

Some evidence exists to suggest that the regional was penetrated by elements from
the Indian and north-west Pacific during separate events and at differing levels of impact.
The absence off Australia of suites of Indian Ocean genera and species found off eastern
Indonesia (e.g., Chaenogaleus, Scoliodon, and Lamniopsis) is suggestive of either a
speciation event with a barrier between most of Australia and Indonesia, or of an Indian
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Ocean origin with the new assemblage unable to subsequently disperse east across the
region. Either way the southern pathway from the Indian Ocean appears to have been
interrupted at some stage.

Similarly, the deep trenches and seas that separate parts of the Australasian region
are likely to have acted as historical barriers that have affected the composition of the
extant fauna. The high respective levels of intraregional endemism are indicative of
lengthy isolation periods of at least some of these elements. Some benthic chondrichthy-
ans (e.g., skates and stingarees), whose distributions are heavily constrained by depth
related barriers (such as the deep ocean trenches and basins), are good biogeographic
indicators. For example, islands of New Caledonia and New Zealand are partially con-
nected across the deep south-west Pacific im via the Norfolk Ridge. However, despite
these submarine ridges acting as the likely pathways for the dispersal of several eury-
bathic teleost groups and some chondrichthyans (e.g., Mustelus and Squalus) no stinga-
rees occur off New Zealand. Pavorajine skates species appear to have been isolated simi-
larly in the Coral Sea.

Knowledge of the biogeographic structure and faunal origins within any region is
only a good as the groups selected for its appraisal. When available. informative groups
should be used to interpret biogeographic patterns rather than uninformative groups. The
most informative groups tend to be genera or families that are medium to highly speciose
and whose members mostly have restricted ranges. Small groups with predominantly
wide-ranging species are typically less informative. Some sharks and rays, by the nature
of their life history (e.g., low fecundity, narrow home range, short breeding period and
poor juvenile dispersal) can be used as indictors to determine biogeographic patterns
within realms. Possibly the most useful groups in this region include stingarees
(Urolophus and  Trygonoptera), stingrays (Dasyatis and Himantura) skates
(Anacanthobatus, Dipturus, Irolita and Pavoraja), catsharks (Asymbolus, Cephaloscyl-
lium and Galeus) and shovelnose rays (Aptychotrema and Rhinobatos). The family Urolo-
phidae, which has mostly narrow-ranging species, occurs off both Australian coasts, New
Caledonia, and along the northern New Guinea pathway to Japan. Based on centre of ori-
gin theory (Pielou, 1979) and the high level of speciation in the Australian region (28+
species versus only | species west of Australasia), it is most likely that the evolutionary
pathway of this group extended from Australia rather than to it from the North Pacific. A
similar argument probably can be applied to several other groups (e.g., Pristiophorus,
orectolobids, Cephaloscyllium, and skates of the Notoraja complex).

An important feature of the Australian fauna is its structural similarity (based on
the levels of representation of the three main chondrichthyan groups, their orders, their
biomic structure, levels of endemism, and similarity to the more widely ranging Indo-
Pacific fauna) despite sharing only about two-thirds of its species across oceans. These
subfaunas are more similar to each other than they are to those of nearby regions in the
same ocean. Interestingly, 11 genera (comprising 62% of the endemic species) of 30
regional endemic genera occur in both Australian subregions. The most diverse genera
include Squalus, Narcine, Pavoraja, Dipturus, and Urolophus. The high level of sibling
speciation across the region is indicative of one or more vicariance events, which based
on the groups involved, may have occurred after the formation of barriers across both
northern and southern Australian distributional pathways. The pathways would seem at
Jeast partially disjunct at their northern extremities as there seems to be limited spill over
into adjacent subregions within the same ocean. In the south, vicariance speciation is
thought to be due largely to rises and fall in sea level in the Pleistocene (Wilson and Al-
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len, 1987). Species within some groups, such as Trygonoptera, Aptychotrema, and
probably Asymbolus and Pavoraja, are likely to have arisen this way. These groups,
which are most diverse in temperate seas, have unique sister species off either side of
tropical Australia that are likely to have dispersed into these regions from the south.
Similarly there are groups that are likely to be linked to a northern pathway (e.g.,
Atelomycterus, Narcine, Insentiraja, and Anacanthobatis). The association of the faunas
of both ocean basins, presumably via a northern pathway in recent times is probably best
demonstrated through the genus Galeus. Sibling species, G. gracilis (Indian Ocean) and
Galeus sp. (Pacific Ocean) are so similar in morphology that the females are virtually
indistinguishable. However, the external clasper morphologies of mature males differ so
greatly from each other that they could be considered to be generically distinct.

The uniform infraregional structure of the contemporary Australian fauna at the su-
praspecific level means that similar ecomorphotypes will be represented off each region
despite differences in the species mix. However, some differences in structure found in
adjacent subregions may be attributed to habitat availability. New Caledonia is compara-
tively simple in habitat diversity inshore and this is reflected in the structure of its chon-
drichthyan fauna. Several soft-bottom groups are absent from this subregion. Conversely,
the fauna of eastern Indonesia is relatively richer in soft-bottom elements found in south-
east Asia. These habitats are particularly diverse across the Indo-Malay Archipelago.
Wilson and Allen (1987) explained differences in the relative dominance of inshore con-
tinental to coral reef fishes between tropical oceans off Australia as an example. Conti-
nental fishes are dominant off northwestern Australia (where coral reef habitat is compara-
tively limited) and coral reef fishes are more diverse off eastern Australia (where coral reef
habitats are more diverse).

In summary, the chondrichthyan fauna of the region is likely to be derived primar-
ily of ancestral groups that evolved in the Indo-West Pacific but which are penetrated by
derivatives of an older widespread Tethyan fauna and more recent post Gondwanan ele-
ments from temperate southern Australia. The influence of central and eastern Pacific
elements is minimal. Habitat availability and diversity is a likely determinant of contem-
porary composition within the region. This research also highlights the need for explora-
tion of remote zones such as the New Guinean slope and parts of Indonesia to obtain a
better picture of the biodiversity of the region.
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SPECIES GROUPING WITHIN THE GENUS APRISTURUS
(ELASMOBRANCHII: SCYLIORHINIDAE)

by

Kazuhiro NAKAYA & Keiichi SATO (1)

ABSTRACT. - Thirty two species are currently recognized in the genus Apristurus, which is one of the
most taxonomically confusing taxon among sharks. Based on the examination of nearly four hundred
specimens from the Pacific, Indian and Atlantic oceans, the species are divided into three species
groups. The first group (longicephalus group), consisting of Apristurus herklotsi and A. longicephalus, is
characterized by an extremely long snout. Remaining 30 species with a short snout are grouped into
brunneus and spongiceps groups. The species of the brunneus group have higher spiral valve counts
(14-22), longer upper labial furrows than the lower ones, and discontinuous supraorbital sensory canals.
The species of the spongiceps group have lower spiral valve counts (7-12), upper labial furrows sube-
qual to or shorter than the lower ones, and continuous supraorbital canals. The former group contains 20
species Apristurus acanutus, A. atlanticus, A. brunneus, A. canutus, A. gibbosus, A. indicus, A. internatus,
A. investigatoris. A. japonicus, A. laurussonii, A. macrorhynchus, A. macrostomus, A. micropterygeus, A.
nasutus, A. parvipinnis, A. platyrhynchus, A. saldanha, A. sibogae, A. sinensis and A. verweyi. The latter
group consists of 10 species Apristurus aphyodes, A. fedorovi, A. kampae. A. manis, A. microps, A.
pinguis, A. profundorum. A. riveri, A. spongiceps and A. stenseni.

RESUME. - Groupements d’espéces dans le genre Apristurus (Elasmobranchii, Scyliorhinidae).

Trente deux espéces sont actuellement reconnues dans le genre Apristurus, qui est I'un des taxa
les plus confus chez les requins. Une étude basée sur I’examen de pres de 400 spécimens provenant des
océans Pacifique, Indien et Atlantique. a permis de séparer ces especes en (rois groupes. Le premier
(groupe-longicephalus) inclut Apristurus herklotsi et A. longicephalus, et se caractérise par un museau
extrémement long. Les 30 autres espéces avec un museau court se¢ séparent en deux groupes: le
groupe-brunneus et le groupe-spongiceps. Les espéces du groupe-brunneus ont un nombre élevé de
spires A la valvule spirale (14-22), des sillons labiaux supéricurs plus longs que les inférieurs, et des
canaux sensoriels supraorbitaires discontinus. Les espéces du groupe-spongiceps ont un nombre moins
éleveé de spires a la valvule (7-12), des sillons labiaux supérieurs aussi longs ou bien plus courts que les
inférieurs, et des canaux sensoriels supraorbitaires continus. Le premier groupe comprend 20 espéces:
Apristurus acanutus, A. atlanticus, A. brunneus, A. canutus, A. gibbosus, A. indicus, A. internaius, A.
investigatoris, A. japonicus, A. laurussonii, A. macrorhynchus. A. macrostomus, A. micropterygeus, A.
nasutus, A. parvipinnis, A. platyrhynchus, A. saldanha, A. sibogae, A. sinensis el A. verweyi. Le
deuxiéme groupe comprend 10 especes: Apristurus aphyodes. A. fedorovi, A. kampae. A. manis, A.
microps, A. pinguis, A. profundorum, A. riveri, A. spongiceps €t A. stenseni.

Key-words. - Scyliorhinidae, Apristurus, Spiral valves, Labial furrows, Sensory canal. Grouping, Tax-
onomy.

Sharks of the genus Apristurus are a group of deep water catsharks that mainly in-
habit continental slopes and submarine ridges below 500 m. They are characterized by a
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large anal fin, which is separated from the lower caudal fin lobe by only a notch, a flat
snout and absence of distinct crest-like dermal denticles along the upper margin of the
caudal fin.

Taxonomy of this genus has been studied by Springer (1966, 1979), Nakaya
(1975), Cadenat and Blache (1981), and Compagno (1984). Since then, many species
have been described (Zhu et al., 1981, 1986; Deng et al., 1983, 1985, 1988; Dolganov,
1985; Meng et al.,1985). As a result of these studies, the number of nominal species rea-
ched 37 by 1988. However, as noted by Compagno (1988), none of the studies critically
compared the species to assess the number of valid taxa, and he included some undescribed
species in his list of Apristurus, suggesting the presence of further more undescribed
species. Paulin er al. (1989) listed five species from New Zealand, but they did not name
them. Nakaya (1991) reviewed the long snouted Apristurus and synonymized five nominal
species with A. herklotsi. Last and Stevens (1994) recognized eight species from Austra-
lia, but could identify only A. longicephalus, leaving the other seven species as Apristu-
rus spp. Recently, Nakaya and Stehmann (1998) described A. aphyodes from eastern North
Atlantic, but Nakaya and Sato (1998) placed A. maderensis under synonymy of A. laurus-
sonii. According to B. Séret (MNHN, Paris, pers. comm.), there are also several unknown
species in the waters of New Caledonia. Some of these species from the south Pacific and
Australia may be conspecific each other, but some of them are apparently undescribed
species. To summarize number of the species in the genus, 32 species are currently recog-
nized as distinct, but the number will increase by the description of those unnamed spe-
cies.

The genus Apristurus is now one of the most confusing groups among sharks, and
its taxonomy is getting more difficult with increase of the number of species. In fact, the
identification is almost impossible in some areas, as mentioned above. Compagno
(1988) proposed ten species groups in the genus Apristurus, based on a combination of
various characters. For the actual taxonomic purposes, it is quite helpful to subdivide the
genus into some species groups, but Compagno’s groups are not clearly separable because
most of the characters he used are subjective, or largely overlapping. Here, we made a
morphological investigation of the entire genus, and we recognized three distinct species
groups in the genus by some objective characters.

MATERIALS AND METHODS

A total of 413 specimens, representing all the 38 nominal species of the genus,
were studied, and they are given below in the list of specimens examined. The type speci-
mens of 33 species were examined, but those of A. saldanha, A. microps, A. nasutus and
A. plaryrhynchus were unavailable, because they are missing. We could not get access to
the type specimens of A. fedorovi. Identification of A. microps and A. saldanha follows
Compagno (1984) and Bass et al. (1975), respectively. Method of measurements follows
Nakaya (1991). Institutional acronyms follow Leviton et al. (1985) unless otherwise
noted.

RESULTS
We examined various morphological characters, and the following four characters

were found to be consistent and useful in objectively distinguishing the groups within the
genus Apristurus.
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A

Fig. 1. - Three morphs of Apristurus. A: Apristurus herklotsi, BSKU 23110, female, 316 mm TL; B: A.
fedorovi, HUMZ 72871, male, 649 mm TL; C: A. brunneus, HUMZ 105610, male, 609 mm TL. Black

and white arrows indicate beginning points of upper and lower labial furrows, respectively. Scale
bars = 10 mun,

Snout length

As shown in figure |, the length of snout before nostril is quite different among
species. For example, Apristurus herklotsi (Fig. 1A) has unusuaily Jong snout before
nostril, while the snout is short in A. fedorovi (Fig. 1B) and A. brunneus (Fig. 1C).
Figure 2 shows the relationships between snout length before nostril and interorbital
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width in the all species of the genus, and this clearly indicates presence of two different
groups, i.e., one (solid circles) with a longer prenostril snout length than interorbital
width and the other (open circles) with a shorter prenostril snout. The former group con-
tains A. herklotsi and A. longicephalus, and all the remaining species are included in the
latter group.

Spiral valves

The number of spiral turns in the valvular intestine, which is counted as spiral
valve counts, is one of a few reliable meristic characters for the elasmobranch fishes.
However, valve counts are not always given in the taxonomic papers on sharks.

We examined 262 specimens in 25 species (Table I). The spiral valve counts
ranged from 7 to 22 for the genus, and one species has a narrow range with a maximum of

Table 1. - Frequency distribution of spiral valve counts.

Spiral valve counts

Apristurus species| 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

aphyodes 8 9 1

atlanticus 1
brunneus [ 9 20 12 4
canulus 2 1 6 2

. fedorovi 8 10 4 1

gibbosus l 1§ L
herklotsi 4 5

indicus 1

. Jjapounicus 34 2
. kampae 4 8 4 2
taurussonii 1 1 2

longicephalus 1 1 2 1 1

manis 1 2 7 3
microps 1 7 !
nasutus 4 2 I

parvipinnis 5 5 5 6 1

A

A

A

A

A

A

A

A

A

A

A

A

A. macrorhynchus 1 2
A

A

A

A

A. pinguis I 3 2 1 1

A. platyrhynchus 2 2 5 10 S
A. profundorum 1

A. riveri 2 10 3

A. saldanha 1
A. spongiceps 1

A. stenseni 1 3 4

A

verweyi ]

Total (specimens) 1 5 35 49 27 6 1 3 8 22 30 27 25 16 6 1
Total (species) 1 2 8§ 11 8 3 | 2 4 7 9 6 6 S 1 1
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Fig. 2. - Relation of snout length before nostril and interorbital width. @ Long-snouted species; O short-
snouted species.

5 valves. For example, A. fedorovi is characterized by having 9-12 spiral valves, A.
plaryrhynchus by 16-20 valves, and A. parvipinnis by 18-22 valves. In addition, as indi-
cated by the number of total species (Table I), there exist two modes (10 and 17) in the
number of spiral valve counts, and the groups represented by those modes are composed of
different species. The group with lower spiral valve counts is composed of 11 species,
such as Apristurus aphyodes, A. fedorovi, A. herklotsi, A. kampae, A. manis, A. microps,
A. pinguis, A. profundorum, A. riveri, A. spongiceps and A. stenseni, and the group with
higher counts is represented by 14 species, like A. atlanticus, A. brunneus, A. canutus, A.
gibbosus, A. indicus, A. japonicus, A. laurussonii, A. longicephalus. A. macrorhynchus.,
A. nasutus, A. parvipinnis, A. platyrhynchus, A. saldanha and A. verweyi.

Labial furrows

Species of Apristurus have distinct upper and lower labial furrows around the corner
of the mouth (Fig. 1). The upper labial furrow extends anteriorly from the mouth corner to
the nostril, and the lower furrow runs medially along the mouth cleft. Although the lower
labial furrows are similar in all the species, the length of the upper labial furrow differs
among species.

Some species have long upper labial furrows reaching beyond midway to the nos-
tril, and the lengths of the upper labial furrows are longer than the lower ones (Fig. 1 A,
C). Others have short upper labial furrows, which are subequal to, or shorter, than the
lower furrows (Fig. 1B). The former group includes Apristurus acanutus. A. atlanticus, A.
brunneus, A. canutus, A. gibbosus, A. herklotsi, A. indicus, A. internatus, A. invesiiga-
toris, A. japonicus, A. laurussonii, A. longicephalus, A. macrorhynchus, A. mac-
rostomus, A. microplerygeus, A. nasutus, A. parvipinnis, A. platyrhynchus, A. saldanha,
A. sinensis and A. verweyi. The latter group contains Apristurus aphyodes, A. fedorovi,
A. kampae, A. manis, A. microps, A. pinguis, A. profundorum, A. riveri, A. spongiceps
and A. stenseni.
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Fig. 3. - Supraorbital sensory canal in Apristurus herkloisi (A), A. fedorovi (B) and A. brunneus (C).
Scale bars = 10 mm.

Cephalic sensory canal

We examined the cephalic sensory canal system in 17 species, and two types were
recognized in the patterns of the supraorbital canal. One is a continuous type (Fig. 3A,
B), in which the supraorbital canal runs continuously from postorbital region to the snout
tip. The other one is a discontinuous type, where the canal from the postorbital region and
the canal on the snout are separated above the nasal area (Fig. 3C). The continuous type
is seen in Apristurus aphyodes, A. fedorovi, A. herklotsi, A. kampae, A. longicephalus,
A. manis, A. microps and A. pinguis, while the discontinuous type is found in A.
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Fig. 4. - Species number histogram by spiral valve counts for short-snouted species.

brunneus, A. canutus, A. gibbosus, A. japonicus, A. laurussonii, A. macrorhynchus, A.
nasutus, A. parvipinnis and A. platyrhynchus.

DISCUSSION

The four characters adopted in this study divide the species of Apristurus into three
groups. The relationships between length of snout before nostrils and interorbital width
(Fig. 2) indicates that Apristurus herklotsi and A. longicephalus are quite distinct, and are
easily separable from the short-snouted species. The short-snouted species include 30
species, but they are further divided into two species groups by the spiral valve counts in
the intestine, labial furrows, and shape of the cephalic sensory canal. Spiral valve counts
varied widely from 7 to 22, but the figure 4 clearly indicates two groups for the short-
snouted species, one with lower spiral valve counts (7-12) and one with higher counts
(14-22). The short-snouted species possess either long or short upper labial furrows
(Fig. 1). Two types of patterns were recognized in the supraorbital sensory canal
(Fig. 3). These three characters could not be obtained for A. sibogae because of the poor
condition of the type specimen, which is the only existing specimen of the species, but
as discussed below, the type specimen has additional characters which are commonly
possessed by the short-snouted species. Nakaya (1989) also considered A. sibogae to be a
species close to A. platyrhynchus, and here we follow Nakaya (1989) in the treatment of
the species.

Figure 5 shows a combination of labial furrow lengths and spiral valve counts for
the short-snouted species, and this result indicates an obvious correlation that the species
with higher spiral valve counts (open dots) have long upper labial furrows, and those with
lower spiral valve counts (solid dots) have short labial furrows.

Figure 6 is a combination of all the four characters mentioned above. The species
with higher spiral valve counts and long upper labial furrows (indicated by open symbols)
have consistently discontinuous (marked “D” in Fig. 6) supraorbital canals. On the other
hand, the species with lower valve counts and short upper labial furrows (solid symbols)
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Fig. 6. - Combination of snout lengths, labial furrows, spirat valve counts and supraorbital sensory canal.
O: Species of brunneus group. @: species of spongiceps group; stippled symbols: species of
longicephalus group; C: species with continuous supraorbital canal; D: species with discontinuous su-
praorbital canal. Vertical bar: mean; horizontal bar: range; square: standard deviation.
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have always continuous (“C”) supraorbital canals. For example, Apristurus fedorovi which
possesses a short upper labial furrow (Fig. 1B) has only 9-12 spiral valves (Table I) and
a continuous supraorbital canal (Fig. 3B). A. brunneus with a long upper labial furrow
(Fig. 1C) has 15 -19 spiral valves (Tablel) and a discontinuous supraorbital canal
(Fig. 3C). Almost perfect coincidence of three independent characters appears to justify
the two groups in the short-snouted species.

In addition to the above characters, other characters correspond to the two groups.
The species with low spiral valve counts tend to have a stout body, sparse distribution of
dermal denticles, small pectoral fin, high anal fin, rounded pectoral and anal fins, and
high dorsal fins. On the other hand, the species with high valve counts tend to have a
slender body, close distribution of dermal denticles, large and angular pectoral fin, low
anal fin, and slender dorsal fins.

Two long-snouted species (stippled symbols in Fig. 6) do not fit for the rule de-
duced from short-snouted species. They have long upper labial furrows but continuous
supraorbital canals. Further, Apristurus herklotsi has lower spiral valve counts (10-11),
while A. longicephalus has higher counts (13-17). However, A. longicephalus is quite
unique among species of Apristurus in having an unusually long duodenum and a consid-
erably short spiral intestine (Nakaya, 1991, fig. 8). The length of the spiral intestine in
A. longicephalus is almost half of that of the same sized specimens in other Apristurus
species. Therefore, it seems probable that the spiral valve counts increased secondarily to
compensate shortened intestine in A. longicephalus. At any rate, A. herklotsi and A.
longicephalus are unique species, separated from the short-snouted species by unusually
long snout.

Based on the discussion above, we recognize three morphological groups in the
genus Apristurus, i.e., long-snouted species group (longicephalus group), and two short-
snouted groups (brunneus group with higher spiral valve counts, long upper labial furrows
and discontinuous supraorbital sensory canal; spongiceps group with lower spiral counts,
short upper labial furrows and continuous supraorbital canal). Compagno (1988) used the
above three group names, but our brunneus and spongiceps groups are completely differ-
ent from those of Compagno (1988), though our longicephalus group is almost equal to
his longicephalus group.

As shown above, the spiral valve counts range from 7 to 22 in this genus, but the
range of variation (16) seems to be too large for one genus. Variation in one genus is
usually less than 6 in the Carcharhiniformes (Compagno, 1988). The largest variation (9)
is seen in a scyliorhinid genus, Galeus. The spiral valve counts in the triakid genus Muste-
lus, which is one of the largest genera with at Jeast 15 species, range only 6. In addition,
the persistent coincidence of independent characters within brunneus group and also
within spongiceps group may suggest certain genealogical implication of such groups.
Although these facts may imply some taxonomic changes are required within the genus,
we refrain from changing taxonomic status of the genus Apristurus, or giving taxonomic
ranks to these groups, until their phylogenetic relationships are fully clarified.

Definition of the species groups
longicephalus group

Snout narrow and long; length before anterior nostrils longer than 6.4% TL, dis-
tinctly greater than interorbital width (1.02-1.46 times the latter). Species: herklots: and
longicephalus,
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brunneus group

Snout wide and short; length before anterior nostrils usually less than 6.0% TL,
much less than interorbital width (0.36-0.94 times the latter). Spiral valves 13-22; upper
labial furrows apparently longer than lower furrows; supraorbital sensory canal discon-
tinuous. Species: acanutus, atlanticus, brunneus, canutus, gibbosus, indicus, internatus,
investigatoris, japonicus, laurussonii, macrorhynchus, macrostomus, micropterygeus,
nasutus, parvipinnis, platyrhynchus, saldanha, sibogae, sinensis and verweyi,

spongiceps group

Snout wide and short; length before anterior nostrils usually less than 6.0% TL,
much less than interorbital width (0.36-0.94 times the latter). Spiral valves in the intes-
tine 7-12; upper labial furrows subequal to, or shorter than, lower furrows; supraorbital
sensory canal continuous. Species: aphyodes, fedorovi, kampae, manis, microps, pin-
guis, profundorum, riveri, spongiceps and stenseni.

List of specimens examined

Apristurus abbreviatus Deng, Xiong & Zhan, 1985: Holotype. - ECSFI (East
China Sea Fisheries Institute, Shanghai) E-1547, 430 mm TL, male, East China Sea,
Paratypes. - ECSFI E-1000, ECSFI E-1001, ECSFI E-1417, ECSFI 1548, ECSFI E-1597,
311-407 mm TL, 2 males and 3 females, East China Sea.

Apristurus acanutus Chu, Meng & Li, 1985: Holotype. - SCSFRI (South China
Sea Fisheries Research Institute, Guangzhau) D-172, 522 mm TL, female, South China
Sea; Paratype. - SFC (Shanghai Fisheries College) D161, 520 mm TL, female, South
China Sea.

Apristurus aphyodes Nakaya & Stehmann, 1998: Holotype. - ISH 71-1981,
538 mm TL, male, Lousy Bank, Eastern North Atlantic; Paratypes. - [SH 807-1974, ISH
807-1974, 1SH 24-1981, ISH 36-1981, ISH 49-1981, ISH 84-1981, ISH 124-1981, ISH
184-1983, ISH 187-1983, HUMZ 152330, USNM 347837, ZIN NS51551, BMNH
1998.1.22.1, 209.2-540.0 mm TL, 8 males and 9 females, eastern North Atlantic.

Apristurus atlanticus (Koefoed, 1927): Holotype. - ZMUB 3203, 247 mm TL,
male, eastern Atlantic near Canary Islands.

Apristurus brevicaudatus Chu, Meng & Li, 1985: Holotype. - SCSFRI D-1125,
397 mm TL, male, South China Sea; Paratypes. - SFC D-32, SFC D-1126, 412-419 mm
TL, 2 males, South China Sea.

Apristutrus brunneus (Gilbert, 1891): Holotype. - USNM 51708, 478 mm TL,
male, off La Jolla, California; 69 other specimens, CAS 13425, CAS 15323, CAS 15323-
3, CAS 15323-4, CAS 15325-1, CAS 15325-2, CAS 40240, CAS 40241, CAS 40242,
CAS 40243 (2 spms), CAS 40252 (4 spms), CAS 56248 (4 spms), CAS 58920, FSFL 568-
1, FSFL 568-2, FSFL 568-3, FSFL 568-4, FSFL 568-5, FSFL 568-6, HUMZ 105584,
HUMZ 105585, HUMZ 105586, HUMZ 105587, HUMZ 105588, HUMZ 105589, HUMZ
105590, HUMZ 105592, HUMZ 105593, HUMZ 105594, HUMZ 105595, HUMZ
105598, HUMZ 105599, HUMZ 105600, HUMZ 105610, HUMZ 105611, HUMZ
110327, HUMZ 30696, HUMZ 30697, HUMZ 30710, LACM W53-4, LACM WS53-4(5),
LACM 30378-1, LACM 30797-2 (2 spms), LACM 30803-1, LACM 30806-1 (2 spms),
LACM 30808-1, LACM 31881-1, LACM 38257-1, LACM 39105-0, LACM 53-4, SIO 81-
3, S10 83-97, USNM 188033 (2 spms), 130-648 mm TL, 43 males and 26 females, Cali-
fornian waters.
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Apristurus canutus Springer & Heemstra, 1979: Holotype. - USNM 206176, fe-
male, 451 mm TL, Lesser Antilles; Paratypes. - USNM 206180, 3 males and 1 female,
318-433 mm TL, Lesser Antilles; 9 other spms, USNM 221293, 221294 (2 spms),
USNM 221295, USNM 221297, USNM 221299, USNM 221454, ZMB 31556, 208-
436 mm TL, 4 males and 5 females, Caribbean Sea.

Apristurus fedorovi Dolganov, 1985: 28 spms, HUMZ 40074, HUMZ 69163,
HUMZ 72690, HUMZ 72716, HUMZ 72871, HUMZ 73037, HUMZ 74628, HUMZ 78038,
HUMZ 78052, HUMZ 78064, HUMZ 78071, HUMZ 78100, HUMZ 78101, HUMZ 78105,
HUMZ 78140, HUMZ 78174, HUMZ 78195, HUMZ 78196, HUMZ 78260, HUMZ 78276,
HUMZ 78281, HUMZ 78316, HUMZ 78318, HUMZ 78333, HUMZ 78334, HUMZ 78374,
HUMZ 78454, HUMZ 85087, 320-683 mm TL, |5 males and 13 females, northern Japa-
nese waters.

Apristurus gibbosus Meng, Chu & Li, 1985: Holotype. - SCSFRI DI121,
425 mm TL, female, South China Sea; Paratypes. - SFC D-84, SEC D-1133, 375-
390 mm TL, 2 females, South China Sea; 10 other spms, SFU D-0094, SFU E-1800097,
SFU D-0300, SFU D-2268, SFU D-0339, SFU E-0174, SFU D-0700, HUMZ 145164,
HUMZ 145166, HUMZ 145171, 309-542 mm TL, 7 males and 3 females, East China Sea.

Apristurus herklotsi (Fowler, 1933): Holotype. - USNM 93134, 326 mm TL,
female, Cagayan Isiand, Jolo Sea, Philippines; 22 other spms, BSKU 23109, BSKU
23110, BSKU 26647, BSKU 27598, BSKU 27882, ZIUT 10142, ZIUT 10143, ZIUT
10144, 311-485 mm TL, 3 males and 5 females, Japanese waters.

Apristurus indicus (Brauer, 1906): Lectotype - ZMB 22424, 364 mm TL, female,
western Indian Ocean off Somalia; Paralectotype - ZMB 17411, female, western Indian
Ocean off Somalia.

Apristurus internatus Deng, Xiong & Zhan, 1988: Holotype. - ECSFI SH80D-
0316, 419 mm TL, female, East China Sea; Paratype. - ECSFI E-1226, 403 mm TL,
male, East China Sea.

Apristurus investigatoris (Misra, 1959): Holotype. - ZSI Fi 627/2, 243 mm TL,
female, Andaman Sea.

Apristurus japonicus Nakaya, 1975. Holotype. - HUMZ 40082, 697 mm TL,
male, Choshi, Japan; Paratypes. - HUMZ 39961, HUMZ 40075, HUMZ 40076, HUMZ
40077, HUMZ 40078, HUMZ 40079, HUMZ 40080, HUMZ 40081, 626-711 mm TL, 7
males and | female, Choshi, Japan; 8 other spms (no catalog number given at HUMZ),
457-705 mm TL, 6 males and 2 females, Choshi, Japan.

Apristurus. kampae Taylor, 1972: Holotype. - SIO 70-248-5, 348 mm TL, fe-
male, Gulf of California; 31 other spms, CAS 38287, CAS 57935, HUMZ 105601, HUMZ
105603, HUMZ 105604, HUMZ 105608, HUMZ 110317, HUMZ 110318, HUMZ
110319, HUMZ 110320, HUMZ 110321, HUMZ 110322, HUMZ 110323, HUMZ
110324, HUMZ 110325, HUMZ 110326, HUMZ 110330, HUMZ 110331, HUMZ
110332, HUMZ 110333, HUMZ 110334, HUMZ 110335, HUMZ 110336, HUMZ
110337, LACM 37499-1, SIO 70-299, SIO 71-190, SIO 88-100, SIO 88-98, SIO 99-99,
198-584 mm TL, 16 males and 15 females, Californian waters and Galapagos Islands.

Apristurus laurussonii (Saemundsson. 1922): Holotype. - NHMR (no catalog
number given), 663 mm TL, female, Icelandic waters; 4 other spms, ISH 51-1965, ISH
23-1981 (2 spms), ISH 109-1981, 592-719 mm TL, eastern North Atlantic.

Apristurus longianalis Chu, Meng & Li, 1986: Holotype. - SCSFI S$-6530,
366 mm TL, female, South China Sea; Paratype. - SFC D-571, 359 mm TL, female,
South China Sea.
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Apristurus longicaudatus Li, Meng & Chu, 1986: Holotype. - SCSFI D-811,
324 mm TL, male, South China Sea; Paratype. - SFC 564, 330 mm TL, male, South
China Sea.

Apristurus longicephalus Nakaya, 1975: Holotype. - HUMZ 42399, 367 mm TL,
maie, Tosa Bay, Japan; 25 other spms, BSKU 26867, BSKU 26512, BSKU 28166, BSKU
26648, BSKU 26455, BSKU 22338, BSKU 28096, BSKU 33999, BSKU 28097, BSKU
26651, BSKU 33520, BSKU 33519, BSKU 26868, BSKU 34000, BSKU 27596, BSKU
23012, BSKU 33518, BSKU 26649, BSKU 26650, 6 spms of P.P. Shirshov Inst.
(uncatalogued), 253-595 mm TL, 22 males and 3 females, southern Japanese waters and
southwest Indian Ocean.

Apristurus macrorhynchus (Tanaka, 1909): Holotype. - ZUMT 2153, 444 mm
TL, male, Misaki, Japan; 5 other spms, BSKU 26574, BSKU 32566, ZIUT 3467, HUMZ
168185, 142-674 mm TL, 2 males and 3 females, southern Japanese waters.

Apristurus macrostomus Chu, Meng & Li, 1985: Holotype. - SCSFI D-807,
389 mm TL, male, South China Sea.

Apristurus maderensis Cadenat & Maul, 1966: Holotype. - MMF (Museu Munici-
pal do Funchal, Madeira, Portugal) 18750, 665 mm TL, female, Madeira.

Apristurus manis (Springer, 1979). Holotype. - MCZ 38299, 390 mm TL, fe-
male, waters off Massachusetts; Paratypes. - MCZ 37416 (2 spms), MCZ 37512, MCZ
37535, 227-255 mm TL, 3 males and 1 female, waters off Massachusetts; 11 other spms,
ARC 8601097, ARC 8602997, ISH [54-1974a, ISH 154-1974b, [SH 3412-1979, ISH
3449-1979, ISH 3712-1979, ISH 3713-1979(2 spms), MCZ 37407, | spm of P.P. Shir-
shov Inst. (uncatalogued), 183.2-852.1 mm TL, 4 males and 7 females, North Atlantic.

Apristurus microps (Gilchrist, 1922): MCZ 58434, ISH 943-1973, ISH 944-1973,
ISH 698-1974 (2 spms), ISH 697-1974, ISH 49-1981, ISH 945-1973, ISH 195-1967 (2
spms), 259.3-730 mm TL, 4 males and 7 females, North Atlantic and South African wa-
ters.

Apristurus micropterygeus Meng, Chu & Li, 1986: Holotype. - SCSFI E-1128,
381 mm TL, male, South China Sea.

Apristurus nasutus Buen, 1959: 13 spms, MNHNC-P 6502, MNHNC-P 6503 (2
spms), MNHNC-P 6504, MNHNC-P 6505, MNHNC-P 6506 (2 spms), MNHNC-P 6507,
MNHNC-P 6508, MNHNC-P 6509, MNHNC-P 6510, MNHNC-P 6512, USNM 221516,
171-557 mm TL, 6 males and 7 females, Chilean waters.

Apristurus parvipinnis Springer & Heemstra, 1979: Holotype. - USNM 206178,
472 mm TL, male, Gulf of Mexico; Paratypes. - USNM 206179, USNM 200969, 403-
466 mm TL, 2 females, Gulf of Mexico; 25 other spms, MCZ 40249, UF 27946, 39943
(2 spms), 4523] (2 spms), USNM 165557, USNM 201906 (2 spms), USNM 221451,
USNM 221487, USNM 221488, USNM 221489, USNM 221490, USNM 221496, USNM
221500, USNM 221502, USNM 221508 (2 spms), USNM 221537, USNM 221639,
USNM 221640 (3 spms), ZMB 31555, 258-520 mm TL, 12 males and 13 females, Carib-
bean and Gulf of Mexico.

Apristurus pinguis Deng, Xiong & Zhan, 1983: Holotype. - ECSFI SH80D-312,
558 mm TL, male, East China Sea; 8 other spms, HUMZ 145143, HUMZ 145144, HUMZ
145145, HUMZ 145146, HUMZ 145147, HUMZ 145148, HUMZ 145149, HUMZ
145150, 278-548 mm TL, 5 males and 3 females, East China Sea.

Apristurus platyrhynchus (Tanaka, 1909). 31 spms, BSKU 22337, BSKU 22788,
BSKU 26866, BSKU 27062, BSKU 27063, BSKU 27065, BSKU 27595 (2 spms), BSKU
27597, BSKU 27964, BSKU 33521, BSKU 33522, BSKU 33523, BSKU 33524, BSKU
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33525, BSKU 33972, BSKU 43664, HUMZ 103699, HUMZ 103700, HUMZ 105984,
HUMZ 105985, TMFE 21, TMFE 22, TMFE 23, TMFE 40, TMFE 286, TMFE 287, TMFE
520, TMFE 591, TMFE 592, ZIUT 3424, 280-739 mm TL, 13 males and 18 females,
Japanese waters.

Apristurus profundorum (Goode & Bean, 1895): Holotype. - USNM 35646,
510 mm TL, male, off Delaware Bay.

Apristurus riveri Bigelow & Schroeder, 1944: Holotype. - MCZ 36092, 413 mm
TL, female, waters off north of Cuba; 16 other spms, USNM 199395, USNM 199396,
USNM 201760 (2 spms), USNM 221526 (2 spms), USNM 221528, USNM 221530,
USNM 221531, USNM 221533 (2 spms), USNM 221535, USNM 221536 (2 spms),USNM
221760(2 spms), 298-470 mm TL, 7 males and 9 females, Caribbean and Gulf of Mexico.

Apristurus saldanha (Barnard, 1925): 2 spms, BMNH 1935.5.2.56-58, 451-
408 mm TL, 1 male and | female, off the south-western Cape, South Africa.

Apristurus sibogae (Weber, 1913): Holotype. - ZMA 111.076, 228 mm TL, fe-
male, Makassar Strait, Indonesia.

Apristurus sinensis Chu & Hu, 1981: Holotype. - SCSFI 99, 426 mm TL, male,
South China Sea.

Apristurus spongiceps (Gilbert, 1905): Holotype. - USNM 51590, 514 mm TL,
female, Hawaii.

Apristurus stenseni (Springer, 1979): Holotype. - ZMUC-P 6146, 185 mm TL,
male, eastern Pacific in Gulf of Panama; Paratypes. - ZMUC-P 6147, ZMUC-P 6148,
ZMUC-P 6159, ZMUC-P 6162, ZMUC-P 6164, ZMUC-P 6166, ZMUC-P 6173, ZMUC-P
6182, ZMUC-P 6189, HUMZ 138785, HUMZ 138786, 118-228 mm TL, 5 males, S fe-
males and 1 spm of unknown sex, eastern Pacific in Gulf of Panama.

Apristurus verweyi (Fowler, 1933): Holotype. - USNM 93135, 303 mm TL,
male, Sibuko Bay, Borneo.

Apristurus xenolepis Meng, Chu & Li, 1985: Holotype. - SCSFRI D-42,
415 mm TL, female, South China Sea.

Acknowledgements. - We wish to express our sincere gratitude to the following persons. Dr. K.
Amaoka gave advice and encouragements during the research. Drs. M.-L. Bauchot, E. Bertelsen, M.J.
Biscoito, G.H. Burgess, I. Brykjedal, R. Daley, S.M. Deng, J.A.F. Garrick, A. Graham, K.E. Hartel, G.
Langhelle, P. Last, S. Li, G.E. Maul, R. Meléndez C., Q.W. Meng, N.R. Merrett, R. Mufios-Chapuli, J.
Nielsen, H.-J. Paepke, N.V. Parin, C. Paulin, G. Pequefio, A. Petersen, P. Pethon, C.D. Roberts, B. Séret,
K. Suluk, V.G. Springer, M. Stehmann, J.D. Stevens, A. Stewart, S. Tanaka, T. Taniuchi, A. Wheeler,
H.L. Wu, G.Q. Xiong, and H.G. Zhan gave us permission to examine the types and other specimens in
their institution and helped us in many ways.



320 NAKAYA & SATO

REFERENCES

BASS AJ., D’AUBREY J.D. & N. KISTNASAMY, 1975. - Sharks of the east coast of southern Africa.
11. The families Scyliorhinidae and Pseudotriakidae. Oeanogr. Res. inst. Durban, Invest. Rep.,
37: 1-63.

CADENAT J. & J. BLACHE, 1981. - Requins de Méditerranée et d’Atlantique (plus particulierement
de la Cote Occidentale d’Afrique). Faune Trop., ORSTOM, Paris, 21: 1-330.

COMPAGNO LJ.V, 1984. - FAO Species Catalogue. Vol. 4, Sharks of the World. An annoted and
illustrated catalogue of shark species known to date. Part 2. Carcharhiniformes. FAO Fish.
Synopsis, 125 (Vol. 4) Pt. 2: 251-655.

COMPAGNO L.J.V., 1988. - Sharks of the order Carcharhiniformes. 486 p. Princeton (New Jersey):
Princeton Univ. Press.

DENG S.M., XIONG G.Q. & H.X. ZHAN, 1983, - Description of three species of elasmobranchiate
fishes from deep waters of the East China Sea. Oceanol. Limnol. Sinica, 14: 64-70.

DENG S.M., XIONG G.Q. & H.X. ZHAN, 198S. - Two new species of deep water sharks from the
East China Sea. Acta. Zootaxonom. Sinica, 10: 102-106.

DENG S.M., XIONG G.Q. & H.X. ZHAN, 1988. - The deep Water Fishes of the East China Sea. 356 p.
Xue Lin Publishing House, China.

DOLGANOV V.N. 1985. - A new species of shark from the North-West Pacific Ocean. Biol. Morya,
3:64-65.

LAST P.R. & )J.D. STEVENS, 1994. - Sharks and Rays of Australia. 513 p. CSIRO, Australia.

LEVITON AE., GIBBS RH. Jr, HEAL E. & C.E. DAWSON, 1985. - Standards in herpetology and
ichthyology: Part 1. Standards symbolic cords for institutional resource collections in
herpetology and ichthyology. Copeia, 1985: 802-832.

MENG Q.W., CHU Y.T.& S. L1, 1985. - Description of four new species of Scyliorhinidae from depths
of the South China Sea. Oceanol. Limnol. Sinica, 16: 43-50.

NAKAYA K. 1975 - Taxonomy, comparative anatomy and phylogeny of Japanese -catsharks,
Scyliorhinidae. Mem. Fac. Fish. Hokkaido Univ., 23: 1-94.

NAKAYA K., 1989 - Redescription of Apristurus sibogae, and its taxonomic relationships
(Lamniformes, Scyliorhinidae). Japan. J. ichthyol., 36: 200-207.

NAKAYA K., 1991.- A review of the long-snouted species of Apristurus (Chondrichthyes,
Scyliorhinidae). Copeia, 1991: 992-1002.

NAKAYA K. & K. SATO, 1998. - Taxonomic review of Apristurus laurussonii (Saemundsson, 1922)
from the eastern North Adantic (Elasmobranchii: Scyliorhinidae). Cybium, 22: 149-157.
NAKAYA K. & M. STEHMANN, 1998. - A new species of deep-water catshark, Apristurus aphyodes
n. sp., from the eastern North Atlantic (Chondrichthyes: Carcharhiniformes: Scyliorhinidae).

Arch. Fish. Mar. Res., 46; 77-90.

PAULIN C., ROBERTS C., STEWART A. & P. MCMILLAN, 1989. - New Zealand Fish. A complete
guide. 279 p. Wellington: National Museum of New Zealand.

SPRINGER S, 1966. - A review of western Atlantic catsharks, Scyliorhinidae, with descriptions of a
new genus and five new species. U.S. Fish. Wildl. Serv., Fish. Bull., 65: 581-624.

SPRINGER S., 1979. - A revision of the catsharks, family Scyliorhinidae. NOAA Tech. Rep. NMFS,
Circ.,422: 1-152.

ZHU Y.D., MENG Q.W., HU A, & S. LI, 1981. - Description of four new species, a new genus and a
new family of elasmobranchiate fishes from deep sea of the South China Sea. Oceanol. Limnol.
Sinica, 12: 103-116.

ZHU Y.D., MENG QW. & S. LI, 1986. - Description of four new species of the genus Apristurus
(Scyliorhinidae) from deep waters of the South China Sea. Oceanol. Limnol. Sinica, 17: 269-
275.



Proc. 5th Indo-Pac. Fish Conf., Nouméa, 1997
Séret B. & J.-Y. Sire, eds
Paris: Soc. Fr. [chtyol., [999: 32[-328

GEOGRAPHICAL VARIATION IN AGE AND GROWTH OF
SQUALUS MITSUKURII (ELASMOBRANCHII: SQUALIDAE)
IN THE NORTH PACIFIC

by

Toru TANIUCHI (1) & Hiroyuki TACHIKAWA (2)

ABSTRACT. - Estimates of age and growth of three North Pacific populations of Squalus mitsukurii
were compared, i.e., that of Choshi (appr. 36°N, 141°E, n = 38 females, 85 males), that situated near
Ogasawara Islands (appr. 27°N, 142°E, n = 130 females, 54 males), and that in the southeast of the
Hancock Seamount (appr. 30°N, 180°E, n = 36 females, 28 males). Annuli in the second dorsal spine
were used to provide age estimates. Annuli were assumed to be formed once a year according to the
former researches conducted for several species of Squalus. Von Benalanffy growth equations were
calculated based on a mean total length for each age. Asymptotic lengths for females were larger than
for males in each locality, and growth coefficients are smaller for males than for females. These two
growth parameters showed geographical variations. The asymptotic length, in both sexes, tended to be
largest for the Choshi population and smallest for that of the Hancock Seamount. On the contrary, the
growth coefficient of males tended to be highest for the Hancock Seamount population and lowest for
that of Choshi; for the females this coefficient was highest for the Hancock Seamount population, and
lowest for that of Ogasawara Islands. Age at sexual maturity for the females was estimated to be about
age 19-20 for the Choshi population, age 15-17 for that of Ogasawara, and 14-16 for that of SE Han-
cock Seamount; the maturiry for males were age 10-11 for the Choshi population, age 9-10 for that of
Ogasawara, and 6-7 for that of the Hancock Seamount.

RESUME. - Variations géographiques de I’dge et de la croissance de Squalus mitsukurii
(Elasmobranchii: Squalidae) dans le Pacifique Nord.

Les estimations de I'dge et de la croissance de trois populations de Squalus mitsukurii du Pacifi-
que Nord ont été comparées; celle de Choshi (environ 36°N, 141°E, n =38 femelles, 85 males), celle
qui est située  proximité des lles Ogasawara (environ 27°N, 142°E, n = 130 femelles, 54 males), et
celle du versant sud-est du mont sous-marin Hancock (environ 30°N, 180°E, n = 36 femelles, 28 males).
Les annuli de la seconde épine dorsale ont été utilisés pour estimer 1'dge. Ces annuli se forment appa-
remment un fois par an, selon les résultats des recherches antérieures menées sur diverses espéces de
Squalus. Les équations de von Bertalanffy ont été établies a partir des tailles moyennes de chaque
classe d’dge. Les tailles asymplotiques des femelles sont généralement plus grandes que celles des
mdles, et les taux de croissance sont plus faibles pour les méles que pour les femelles. Ces deux para-
metres de croissance variaient en fonction de 1'origine géographique de la population étudiée. Pour les
deux sexes, les tailles asymptotiques sont généralement plus grandes dans la population de Choshi et plus
petites pour celle du mont sous-marin Hancock. A I'opposé, les taux de croissance des méles tendent 2
&ure plus €lévés dans la population du mont sous-marin Hancock et plus faibles dans celle de Choshi;
pour les femelles, ces taux sont plus élevés dans la population du mont sous-marin Hancock et plus
faibles dans celle des les Ogasawara. Chez les femelles, la maturité sexuelle est atteinte pour la classe
d’4ge 19-20 dans la poppulation de Choshi, la classe d’4ge 15-17 pour celle d’Ogasawara, et la classe
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d’4ge 14-16 pour celle du mont sous-marin Hancock; pour Jes miles, les classes d’ages respectives sont
10-11 (Choshi), 9-10 (Ogasawara) et 6-7 (Mont sous-marin Hancock).

Key-words. - Squalidae, Squalus mirsukurii, North Pacific, Age, Growth, Geographical variation.

In a number of local areas, some elasmobranch stocks have been reported to be re-
duced to a level of extinction by overfishing. However, stock assessments have rarely
been attempted for elasmobranchs, partly because they usually are not targeted by com-
mercial fisheries and partly because their basic biological information is poorly known.
In stock assessment, age and growth studies are necessary for yield per recruit model and
catch-at-age analysis. However, age determination of elasmobranchs was regarded to be
difficult in the past because there were no appropriate age characters such as scales and
otoliths as found in teleostean fishes. Recently great strides in the development of age
techniques for elasmobranchs, particularly for sharks, have been made and a number of age
and growth studies have been published in recent years (see Cailliet, 1990, for review).
There are two primary hard parts used in elasmobranchs, i.e., the vertebrae and dorsal
spines. For dogfish sharks of the family Squalidae. vertebral centra generally have been
found unsuitable for age determination because of their calcification pattern, although a
recent paper reported success of age determination of Squalus blainvillei using this ap-
proach (Cannizaro et al., 1995). The preferred approach has therefore used dorsal spine.

At least five species of the genus Squalus occurred around Japan. Among these, S.
mitsukurii is most widely distributed from Hokkaido through Honshu to Kyushu and abun-
dant when compared with other Squalus species except S. acanthias, which is easy distin-
guished from all other congeners in diagnostic external characters and distribution. In
taxonomic review of the Japanese dogfish (Chen et al.,, 1979), the occurrence of this
species at NE Hancock Seamount in the North Pacific was confirmed. However, we
strongly feel that a new world-wide review of the genus Squalus is needed because of sev-
eral unidentified species found even around Japan since that initial review. Munoz-Chapuli
and Ramos (1989) have also questioned the validity of S. mitsukurii. For the present
manuscript we follow the classification of Chen ef al. (1979).

Several biological studies on S. mitsukurii have been published over the years,
e.g., Chen (1977) for age, growth, reproduction and food habits, Taniuchi es al. (1993) for
some aspects of reproduction and by Litvinov (1990) and Wilson and Seki (1994) for
growth, reproduction and population characteristics. Taniuchi et al. (1993) reported that
there are distinct geographical variations in size at maturity and fecundity among four
regions in the North Pacific, using the same materials collected from the same regions in
this study. The purpose of this study is to describe age and growth for three populations of
S. mitsukurii and to compare the geographical changes in growth parameters between
them.

MATERIALS AND METHODS

The locality and the number of specimens of S. mitsukurii examined in this study
are shown in figure |. Depth ranges were 100-300 m in Choshi, 75-700 m in
Ogasawara, and 263-290 m on the SE Hancock Seamount. Sampling gear was mainly
trawl in Choshi and SE Hancock Seamount, and pole and line in Ogasawara. The speci-
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Fig. I. - Sampling locality of Squalus mirsukurii in this study. The numerals in brackets indicate the
number of specimens examined for age and growth study,

mens were collected in different periods, i.e., March 1973 for those of the Hancock
Seamount, from June 1982 to December, 1983 for those of Choshi, and March 1982 to
January 1985 for those of Ogasawara Isl.

When yearly differences in growth occurred within the same locality, direct com-
parison for growth between localities was not possible. For this study, we assumed that
there was no remarkable change in growth between the years 1973 and 1985.

The second dorsal spine was used to obtain age estimates according to Holden and
Meadows (1962), Ketchen (1975), and Chen (1977). The number of dark rings observed
on the surface of the spine was counted for each specimen. At the time of reading, aring
which seemed to be false was subjectively rejected. However, interpretation of whether
two closely spaced bands represented true annuli was dependent on the reader. Spines with
two of three identical readings were adopted. No firm criteria were established for readings
of the band pattern as described by Ketchen (1975), although Holden and Meadows (1962)
established a number of criteria for their readings. To validate formation of annulus, we
followed the method conducted by Holden and Meadows (1962) for Squalus acanthias. who
classified the spine base into three types, dark, light, and wide light (Fig. 2), Each type
was expressed as percent occurrence by month.

Data were fitted to von Bertalanffy growth equation, which commonly has been
used in modeling for fish growth. Growth parameters were obtained from mean length at
each age.

RESULTS

For the Ogasawara material, where specimens were sampled over several months,
no well-defined peak was detected for any basal type probably because of bias of sampling
months. Therefore, we failed to conclude dark bands as annuli. Instead, we followed the
result of validation of annulus conducted by Chen (1977) for Squalus japonicus, which
belongs to the same species group as S. mitsukurii (Chen et al., 1979). Chen (1977)
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Fig. 2. - Three types of base of second dorsal spine in Squalus mitsukurii.

demonstrated that three types showed their peak occurrence in specified months. Also,
McFarlane and Beamish (1987) succeeded in the validation of age in S. acanthias. There-
fore, we tentatively considered dark bands as annuli in this study.

Percentage of agreement of readings was 67.4% in Choshi, 52.1% in Ogasawara,
and 60.8% in Hancock Seamount. Low percent agreement in Ogasawara relative to Choshi
and Hancock specimens may be attributed to the large size of animals, as was the case in
older fishes in general. The real age was estimated as the number of dark rings less one
because one dark band already formed before birth. This is the case in most viviparous
sharks.

The von Bertalanffy growth equations by sex were obtained for the three localities
as described below, where t = age in years and LT = total length in mm at age t:

Choshi population

females: LT = 1628(] - g 20«32y
males;: LT = 1093(] - e %% *3%)

Ogasawara Islands population
females: LT
males: LT

Hancock Seamount population
females: LT = 831(] - g >® 029
males: LT = 645(1 - *¥2¢ 04

l l 12(1 ~ e-(),()Sl(HS.lZ))
880(1 _e-0.060((¢5,57))
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Fig. 3. - Von Bertalanffy growth curves of Squalus mitsukurii for three localities by sex. Solid
line = female; dotted line = male.

The equations by sex are depicted in figure 3 for the three localities. There are dif-
ferences in growth parameters between sexes. Males tended to have higher growth coeffi-
cients than females in all localities. On the other hand, females seemed to possess larger
asymptotic lengths than males. The difference in the asymptotic length between sexes
was largest in Choshi.

We compared parameters related with age and growth between Jocalities. As a re-
sult, we found geographical variation in two growth parameters. The asymptotic size in
total length tended to be largest in Choshi whereas the smallest at SE Hancock Seamount
for both sexes. Maximum observed lengths were 125 cm for females and 92 cm for males
in Choshi, 96 ¢cm for females and 77 cm for males in Ogasawara, and 73 cm for females
and 63 cm for males at SE Hanck Seamount. On the contrary, the growth coefficient ap-
peared to be highest at SE Hancock Seamount whereas the lowest in Choshi for males, but
it was highest at SE Hancock Seamount whereas the lowest in Ogasawara for females. The
maximum age observed was 21 for females and 20 for males in Choshi, 27 for females and
2] for males in Ogasawara, and 17 for females and 12 on the Hancock Seamount.

Table I. - Size and age at maturity for each locality in Squalus mitsukurii. Size range of maturity was
cited from Taniuchi ef al. (1993). n = number of specimens.

Females Males
Size range Size range
A
(mm) ge n (mm) Age n
Choshi 1,000-1,039 | 19-20 | 38 680-719 10-11 85
Ogasawara 720-759 15-17 130 520-559 9-10 54
SE Hancock Seamount 680-719 14-16 | 36 480-519 6-7 28
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DISCUSSION

Geographical variations have been frequently reported not only in morphological
characteristics but also in life-history traits in sharks. In the case of the genus Squalus,
particularly in S. acanthias, several subspecies were proposed based upon pectoral fin
length (Lindberg and Lezega, 1957). However, subspecies status of S. acanthias is now
invalid for the reason that the difference in the pectoral fin length is caused by intraspeci-
fic variation (Garrick, 1960; Forrester, 1972). Several stocks of S. acanthias, which
suggest the existence of some geographical variations in morphology, life history, and
genetics, are believed to occupy the British Columbia waters (Ketchen, 1986). Geo-
graphical variations in reproductive parameters were also reported in S. acanthias by
Ketchen (1986), S. japonicus by Chen et al. (1981) and S. mitsukurii by Taniuchi et al.
(1993). Taniuchi et al. (1993) showed that a common linear relationship between total
length and number of progeny in S. mitsukurii among the three localities and they con-
cluded that this shark has a common reproductive strategy regarding fecundity within the
species, but that each population shows a characteristic fecundity schedule probably
influenced by local abiotic and/or biotic environments. The similar patterns and strategy
were observed in S. japonicus (Chen ef al., 1981; Taniuchi, 1991). Litvinov (1990) sug-
gested the existence of reproductively isolated subpopulations around southeastern Pacific
Ocean.

Age and growth estimates of S. mitsukurii have been previously reported from
Choshi (Chen, 1977), southeastern Pacific (Litvinov, 1990), and central North Pacific
(Wilson and Seki, 1994). These studies also failed to validate annulus formation primarily
because of sampling bias and / or the small number of specimens examined. Comparison
of growth parameters in Choshi between Chen’s and our studies revealed that both the
growth coefficient and asymptotic length showed a slightly higher values in the present
study than Chen’s (1977). The difference was attributable to the reading method rather
than to difference in the duration of collecting material because there were only 7-8 years
in time difference between the two studies.

Litvinov (1990) stated there was definite sexual dimorphism in the relationship
between the number of bands or rings and body length; i.e., more variability in the num-
ber of marks in males and less in females. The maximum age for males was 14 years and 16
years for females. Since he did not present any growth formula, a direct comparison of
growth cannot be undertaken. Wilson and Seki (1994) presented von Bertalanffy growth
equations at the Hancock Seamount based on second dorsal spines from 102 males and 105
females. Asymptotic length was 107 cm for females (much larger than 83 cm in our
study) and 66 cm for males (equivalent to 65 cm in our study). The growth coefficient was
0.041 (0.103 in our study) for females and 0.155 (0.252 in our study) for males. Growth
parameters obtained by Wilson and Seki (1994) produced longer observed life span (27
years) than in our study (17 years), even though we took into consideration that our larg-
est specimen was 72.5 cm (80 cm in their study). The difference in growth parameters
might be attributable to the reading pattern. Cailliet er al. (1990) pointed out that the
population and/or environmental effects cannot be confidently accounted for the sug-
gested difference in growth curves among populations. It is important to establish firm
criteria in reading bands.

Our study enables us to make a direct comparison of age and growth between locali-
ties because we read bands based on our own criteria. We found geographical variation in
growth parameters among the three localkies, Choshi, Ogasawara and SE Hancock
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Seamount. The separation of the populations was suggested from Taniuchi ef al. (1993)
from the viewpoint of a reproductive strategy.

The combination of reproduction and growth studies revealed that age at maturity
was also different among localities. Taniuchi er al. (1993) reported that sizes at maturity
were the 960-999 mm class interval for females and 680-719 mm for males in Choshi,
equivalent to ages 19-20 and 10-11 respectively when we converted lengths to ages ac-
cording to growth equations. Sizes at maturity were reported to be 720-759 mm class
interval for females and 520-559 mm for males in Ogasawara, equivalent to ages 15-17
and 9-10 respectively. Sizes at maturity was estimated to be 680-719 mm for females and
520-559 mm for males in SE Hancock Seamount, equivalent to ages 14-16 and 6-7 re-
spectively, although the number of mature specimens was very few. In conclusion, ages at
maturity in Choshi were older than in the remaining two localities for both sexes among
the three by 3-5 years. The reason why Choshi specimens reached at maturity at older ages
may be caused by their northerly habitat.

Large differences in reproduction and growth may warrant the separation of the
population in three localities. The existence of subpopulations was also suggested in
southeastern Pacific Ocean by Litvinov (1990). However, more specimens exhibited by
time series are needed to confirm the independence of each population. It is also needed to
refine reading methods of rings and growth pattern analysis.
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REPRODUCTIVE MODE OF THE TAWNY NURSE SHARK,
NEBRIUS FERRUGINEUS
(ELASMOBRANCHII: GINGLYMOSTOMATIDAE)

IN OKINAWA WATERS, WITH COMMENTS ON
INDIVIDUALS LACKING THE SECOND DORSAL FIN

by

Kazuyuki TESHIMA (1), Minoru TODA (2), Yoshiaki KAMEI (2),
Senzo UCHIDA (2) & Mamoru TAMAKI (3)

In August 1995, a gravid female of the tawny nurse shark, Nebrius ferrugineus
(Lesson, 1830) (= N. concelor Riippell, 1837) was caught off Ishigaki Island in the Oki-
nawa archipelago. The right ovary had numerous mature eggs measuring 25-30 mm di-
ameter (Fig. 1A). The left uterus of this female contained two embryos, female 33.8 cm
TL and male 29.7 cm TL, and an egg capsule (Fig. 1B). No trace of yolk (umbilical) stalk
was found on its abdomen and no placental connection was formed. The abdomen of the
33.8 cm TL embryo was quite distended and that of the smaller embryo was slender
(Fig. 1B); during embryonic development the smaller embryo might have failed to feed
efficiently. These observations were reported by Teshima er al. (1995) who suggested that
the reproductive mode for the tawny nurse shark is oophagy. Furthermore, the ovary with
numerous mature ova for this species ressembled that of an oophagous lamnid in egg
production (Gilmore, 1983; Pratt, 1988).

The Okinawa gravid female had no second dorsal fin, but the embryos were normal.
Teng (1958) was the first to report the lack of the second dorsal fin in N. ferrugineus.
Descriptions of individuals lacking the second dorsal fin were given by Yoshino et al.
(1981), Yanagisawa (1983), and Taniuchi and Yanagisawa (1987).

In 1995-1996, twelve other specimens of N. ferrugineus were caught with
longlines, also in the Okinawa waters, around Ishigaki, Iriomote and Miyako islands
(Fig. 1C, D, E). Six of them were found missing the second dorsal fin (Table ) with five
caught near Ishigaki island. Thus, with the previous records, a total of 13 tawny nurse
sharks have been reported lacking their second dorsal fin (Table ), with 11 found in the
waters of southwestern Japan (Fig. 2) from Miyako Island to northern Taiwan. The re-
maining two specimens were caught in waters off Wakayama Prefecture in 1981 and 1986,
about 1,500 km far northeast of the Ishigaki Island. These two specimens might origi-
nate from Okinawa and could have used the Kuroshio Current to migrate from the subtropi-
cal Okinawa waters northward at a period when this current was stronger (Yanagisawa,
1983).

(1) Tohoku National Fisheries Research Institute, Fisheries Agency of Japan, Shiogama, Miyagi 985-
0001, JAPAN [kt01029 @myg.affrc.go.jp]

(2) Okinawa Expo Aquarium, Motobu, Okinawa 905-0206, JAPAN.
(3) Fisheries Section, Ishigaki City Government, Ishigaki, Okinawa 907-0012, JAPAN.
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Abnormal tawny nurse sharks seem not rare in the Okinawa waters. Indeed, fisher-
men of Yaeyama arees (Ishigaki and Iriomote islands) reported us that tawny nurse sharks
with a single dorsal fin are regularly encountered in coral reef areas where they dive for
octopus. The tawny nurse shark is a “competitor” for these fishermen who called it the
“octopus-eater”.

RESUME. - Mode de reproduction du requin-nourrice fauve, Nebrius
ferrugineus (Elasmobranchii: Ginglymostomatidae) dans les eaux
d’Okinawa, et remarques sur des individus dépourvus de seconde
nageoire dorsale.

En aoiit 1995, une femelle gravide de requin-nourrice fauve, Nebrius ferrugineus
(Lesson, 1830) (=N. concolor Riippel, 1837) a été capturée au large de I'ile d’Ishigaki dans
I’archipel d’Okinawa. L’ovaire droit contenait de nombreux oeufs matures de 25 2 30 mm
de diameétre (Fig. 1 A). L’utérus gauche abritait deux embryons, une femelle de 33,8 cm LT
et un male de 29,7cm LT, ainsi qu'une capsule ovigere (Fig. |B). L’abdomen de
I‘embryon de 33,8 cm LT était tres distendu alors que celui de ’embryon plus petit était
plat. Aucune trace de cordon ombilical n’a été trouvée sur I’abdomen et aucune connection
placentaire n’était formée; durant le développement embryonnaire, le plus petit embryon
n’a sans doute pas réussi A se nourrir correctement. Ces observations ont été rapportées
par Teshima et al. (1995) et elles suggerent que le mode de développement des embryons
de ce requin nourrice se fait par oophagie. De plus, 'ovaire de cetle femelle portant de
nombreux oeufs a maturité ressemblait a celui d’'un Lamnidae oophage (Gilmore, 1983;
Prat, 1988).

La femelle gravide d’Okinawa n’avait pas de seconde nageoire dorsale, mais ses
deux embryons étaient normaux. Teng (1958) a été le premier 2 signaler I’absence de cette
seconde nageoire chez N. ferrugineus. D’autres spécimens sans seconde nageoire dosale
ont été décrits par Yoshino et al. (1981), Yanagisawa (1983) et Taniuchi et Yanaisawa
(1987).

En 1995-1996, douze autres spécimens de N. ferrugineus ont été capturés avec des
palangres, également dans les eaux d’Okinawa, autour des iles Ishigaki, Iriomote et Miya-
ko (Fig. 1C, D, E). Six d’entre eux n’avaient pas de seconde nageoire dorsale (Tableau I,
et cing provenaient de I'fle Ishigaki. En incluant les données de la littérature, 13 requins-
nourrices fauves ont été signalés sans seconde nageoire dorsale (Tableau I), dont 11 pro-
venant des eaux méridionales du Japon (Fig. 2) entre ’lle de Miyako et le nord de Taiwan.
Les deux autres spécimens ont été capturés au Jarge de la Préfecture de Wakayama, en 1981
et 1986, a environ 1 500 km dans le nord-est de 1'ile Ishigaki. Ces deux spécimens pour-
raient provenir d’Okinawa, en ayant utilisé le courant Kuroshio pour migrer vers le nord, a
une période ol ce courant était plus fort (Yanagisawa, 1983).

Les requins-nourrices fauves présentant une anomalie de leurs nageoires dorsales ne
semblent pas rares dans les eaux d’Okinawa. En effet, des pécheurs de la région de Yaeyama
(fles Ishigaki et Iriomote) nous ont signalé qu'ils rencontraient régulierement des indivi-
dus sans seconde nageoire dorsale dans les zones coralliennes dans lesquelles ils plongent
pour rechercher les poulpes. Le requin-nourrice fauve est un “compétiteur” pour ces pé-
cheurs de poulpes qui ’ont surnommé “le mangeur de poulpes”.



Fig. 1. - A: Ovary of the 270 cm TL female captured off Ishigaki Island, Okinawa, on 10 August 1995. B: The two embryos and the egg capsule (Ec) found in the
left uterus. C: Some sharks caught off Ishigaki Is., Okinawa, with three tawny nurse sharks without second dorsal fin: the first and third specimens from front of the
picture. D: Male of 289 cm TL of tawny nurse shark, Nebrius ferrugineus, lacking its second dorsal fin, caught off Miyako Is., Okinawa, on 26 July 1996. E: Male of
268 cm TL without second dorsal fin, caught off Ishigaki Is., Okinawa, on 30 August 1996.

SI3)em BMBUDQO Ul Snau8niiaf sniiqap 10 apowl aA1onpoIday

1€¢



332 TESHIMA & ET AL

ERLl

East China Sea

< Pacific Ocean
L}

o

%Okinawa Is.

\\BMiyako ks,

5 Ishigaki Is.
Iriomote [s.\

20°N 150 ,;',0 |;0'E
Fig. 2. - Locations of the 13 specimens of Nebrius ferrugineus caught in the Japanese waters without
second dorsal fin, with the date of record shown in the outlined sharks.

Table I. - Specimens of tawny nurse shark, Nebrius ferrugineus, lacking the second dorsal fin, reported
in the literature and in the present study.

Authors Date Locality (’:’I‘j) Sex :Z .rl;osr[):al/
Teng, 1958 1956 Keelung 248 M 171
Yoshino er al., 1981 1979 Ishigaki 106 F 1/3
Yanagisawa, 1983 1981 Wakayama 282 M 1/1
| Taniuchi and Yanagisawa, 1987 1986 Wakayaroa 290 M 171
Teshima er al., 1995 Oct. 1994 Ishigaki 272 F gravid 1/2
“ “ Nov. 1994 Ishigaki 276 M 2/3
N " Nov. 1994 Ishigaki 177 F -
Current study 7 Aug. 1995 Ishigaki 278 F 1/4
“ “ 10 Aug. 1995 Ishigaki 237 M 214
N “ 10 Aug. 1995 Ishigaki 238 M -
“ “ 20 Aug. 1995 Ishigaki 297 M 1/2
“ “ 26 Jul. 1996 Miyako 289 M 1
“ “ 30 Aug. 1996 Ishigaki 268 M 1
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CAPTURE OF A MATURE FEMALE MEGAMOUTH SHARK,
MEGACHASMA PELAGIOS, FROM MIE, JAPAN

by

Kazunari YANO (1), Yoshitaka YABUMOTO (2), Sho TANAKA (3),
Osamu TSUKADA (4) & Masami FURUTA (4)

ABSTRACT. - A mature female megamouth shark, Megachasma pelagios, was collected by purse
seining 12 nautical miles south from Mikizaki, Owase City (33°46’N, 136°16’E) at 11:40 P.M., 30 April,
1997. The specimen was caught between the surface and 150 m. This is the tenth record of a me-
gamouth shark and the largest specimen of this species yet recorded. The total length is 5.44 m and the
weight is 1,040 kg. The external morphology and measurements as well as the anatomy of selected
viscera are described. The pharyngeal region has processes, 10-20 mm in length, covered with triden-
tate dermal denticles. The processes of the region are described for the first time from the present
specimen. The total number of tooth rows are 55 in the upper jaw and 75 in the lower jaw. The verte-
bral numbers are 151 in total, 64 in precaudal, and 87 in caudal. The ileum has a ring-type spiral valve
with 23 turns. The stomach contained a dark-red chyme with many fragments of carapaces, eyes, and
eye stalks of euphausiids. Mating scars were observed on the trunk, head, and first dorsal fin. The right
ovary possessed a large number of whitish yellow oocytes, about 5-10 mm in diameter. The expanded
uteri measured 260 mm in width. The specimen was mature.

RESUME. - Capture d'une femelle mature de requin grande gueule, Megachasma pelagios, au large
de Mie, Japon.

Le 30 avril 1997, a 23h40, une femelle mature de requin grande gueule a été capturée a 12
milles nautiques au sud de Mikizaki, Owase (33°46’N, 136°16’E) a une profondeur comprise entre la
surface et 150 m. Sa longueur totale était de 5,44 m pour un poids de 1 040 kg; ce spécimen est le
10&me et le plus grand des requins grande gueule signalés a ce jour. Sa morphologie externe est décrite,
ainsi que |'anatomie de certains organes internes. Sa région pharyngienne porte des papilles d’une
longueur de 10 & 20 mim, et est recouverte de denticules cutanés tricuspides. Ces papilles sont décrites
ici pour la premiere fois. La michoire supérieure porte 55 rangées de dents et l’inférieure 75. Le
nombre total de vertebres est de 151, dont 64 précaudales et 87 caudales. La valvule spirale, annulaire,
compte 23 spires. Le contenu stomacal était constitué d’une bouillic rouge foncé contenant de nom-
breux fragments de carapaces, des yeux et des pédoncules oculaires d’euphausiacés. Ce spécimen
présentait des cicatrices d’accouplement sur le tronc, la téte et sur la premiére nageoire dorsale.
L’ovaire droit contenait un grand nombre d’ovocytes jaundtres d'un diamétre de 5 a 10 mm. La largeur
de I’utérus dilaté atreignait 260 mm.

Key-words. - Megachasma pelagios, Megamouth shark, INW, Japan, Mikizaki, Morphology, Mature
female, Mating scar, Record.
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The first megamouth shark was a 4.46 m TL male captured on 15 November 1976
from 42 km northeast of Oahu, Hawaii by naval research vessel AFB-14 (Taylor et al.,
1983). The second specimen, 4.49 m TL mature male, was captured off California in
November 1984 (Lavenberg and Seigel, 1985). The third specimen, 5.15 m TL mature
male, was recorded in August 1988 from western Australia (Berra and Hutchins, 1990). The
fourth megamouth shark, ca. 4 m TL mature male, was stranded on a beach in Hamamatsu,
Japan in January 1989 (Nakaya, 1989). The fifth specimen, ca. 4.9 m TL, was caught off
Yaizu, Japan in June 1989 (Miya et al., 1992). The sixth specimen, 4.9 m TL mature
male, was caught off California in October 1990 and was released alive for a telemetric
study (Nelson et al., 1997). The seventh specimen, 4.71 m TL, was stranded on a tidal flat
near Gannosu, Fukuoka, Japan in November, 1994 and it was the first female of the spe-
cies examined by scientists (Takada et al., 1997b). The eighth specimen, ca. 1.8 m TL
immature male, was captured off Senegal on May 1995 (Séret, 1995). The ninth specimen,
1.9 m TL immature male, was caught in Brazilian waters in September 1995 (Amorim et
al., 1995) (Fig. 1).

A mature female megamouth shark, Megachasma pelagios, was captured from
Mikizaki, Mie, Japan. This is the tenth record of a megamouth shark. This study describes
the capture and its external morphology, viscera, and the stomach and intestinal contents,

MATERIAL AND METHODS

The specimen was a mature female collected by purse seining (ring net) from Miki-
zaki, Owase City, on 30 April, 1997. The fishing vessel (Seiyo Maru n°l) was 135 tons
and 37 m in length. The purse seine net (knotless net) was 255 m in height, 1,200 m in
circumference, and about 382 m in diameter when encircles the fish with netting gear. The
material of the net was polyester (Tetron) with about 1.4 cm in mesh size.

The specimen was carried by conveyance vessel (Seiyo Maru n°38, 260 tons,
43 m) to the Nayaura Port and it arrived early morning of | May, 1997. The freshly dead
specimen was carried into the freezing warehouse and the freezing process was started
immediately at -30°C. The specimen was frozen from | May to | June, 1997. The body
was covered with plastic sheets to protect it from direct contact with the chilling air.

Thawing required 11 days, from 12:00 P.M., 1 June to 7:00 A.M., 12 June at the
refrigerator warehouse. The temperature of the refrigerator was about 3 to 5°C (Fig. 2).
The body temperature {(musculature 20 cm under the skin) of the specimen was measured at
the trunk below the Ist dorsal fin base that recorded at least 2 times per day (morning and
afternoon) (Fig. 2). On | June, the body temperature was -28.7°C. From 2 to 12 June, the
body temperature increased by about 1°C daily for three days and 0.1-0.5°C for the other
days. The body temperature was held at about -3 to -5°C until dissection of the shark.
During the thawing process, little wrinkles appeared on the body surface due to dehydra-
tion, but no other substantial effect has been observed. It was confirmed that the internal
organ and muscles were thawed uniformly and with a high degree of freshness.

Takada et al. (1997a) reported that thawing of the megamouth shark n°7 from
Fukuoka required nine days. Their frozen specimen was suspended on a stretcher in the
half-strength sea water tank during thawing. The Fukuoka megamouth shark thawing
method and our thawing method seemed to be successful.

The external morphology and measurements as well as the anatomy of selected vis-
cera and the contents of the stomach and intestine were examined. Measurements follow
Yano and Musick (1992), with addition of the some measurements of Compagno (1984).
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Fig. 1. - Records of the Megachasma pelagios (n°1-10) from the world. % : Present specimen; @: Speci-
mens were collected; O: Specimens were released or only photographied.

RESULTS AND DISCUSSION

Locality and depth preference

The specimen collected by commercial purse seining of mackerel at 12 nautical
miles south from Mikizaki (33°46'N, 136°16’E), Owase City, Mie, Japan (Fig. 3). The
megamouth shark was captured by fishing vessel at night, 11:40 P.M., of 30 April, 1997
with five tons of mackerel (Scomber japonicus). This finding suggests that megamouth
sharks swim with §. japonicus and feed on the same prey animals (i.e., euphausiid
shrimps). The net was set from the surface to 150 m where the sea was more than
1,500 m deep. Sea condition was calm and the surface water temperature was 18.1°C. The
current was 0.5 knot to the north.

The first specimen of megamouth shark entangled two large parachutes as sea an-
chors at a depth of about 165 m in water with a bottom depth of approximately 4,600 m
(Taylor et al., 1983). The second specimen was collected by a commercial drift net operat-
ing off the Californian coast at a depth of 38 m (Lavenberg and Seigel, 1985). The fifth
megamouth shark was captured by set net between surface and 40 m depth in Suruga Bay,
Japan (Miya er al., 1992). Miya et al. (1992) reported that nearly every moming the
fishermen hauled the trap net to examine their catches. The megamouth shark was found in
their catches along with coastal fishes (Engraulis japonicus, Trachurus japonicus and
Scomber japonicus). The sixth specimen was captured by drift nets just past midnight off
Dana Point in the California, and it was entangled the nets at a depth of about 23 m
(Lavenberg, 1991). The eighth specimen was caught by French tuna purse seine off Sene-
gal (Séret, 1995). The ninth specimens was caught by tuna longlines (Amorim et al.,
1995). The setting depth of tuna longlines is usually shallower than about 200 m (Yano




338

YANO ET AL

fe
® 8
A
c %
O
E &
0Z:L 04/9 S E
[+]
g -
g o X
ovi9l 6/9 S
00'e} 6/9 + +

0¢'6 6/9

ot¥l 8/9

0tz 9/9

6Z:6 8/9

0€8 L/9

0091 9/9

62:01 9/9

00°L} §/9

0521 6/9

Ot¥ +/9

6691 £/9

§6°Z1 £/9

00:L3 2/9

0G'€1 2/9

0601 2/9

066 2/9

w
—
|

-20
-25
-30

(O,) @imeiedwa |

Fig. 2. - Variation of the body temperature of the Megachasma pelagios and the air temperature of the warehouse during thawing process.
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Fig. 3. - The megamouth shark, Megachasma pelagios, collected by commercial purse seine at 12 miles
south from Mikizaki, Mie, Japan.

and Abe, 1998). The capture depths of all these megamouth sharks are recorded from the
surface to 200 m. In the ultrasonic telemetry of the sixth specimen, the shark had spent
the daylight hours at a depth of 120-166 m ( x = 149 m), and at dusk had ascended to
around 12-25m ( x = 17) below the surface where it remained throughout the night
(Nelson et al.,, 1997). The capture depths and swimming depths recorded by telemetry have
suggested that the megamouth shark usually swims near the surface at nighttime and in
mid-water (shallower than 200 m) at daytime. Hutchins (1992) stated that this vertical
migration is obviously triggered by light changes, but may also be a response to the
movement of the planktonic animals on which it feeds. Nelson et al. (1997) reported that
the four twilight depth-change events were distinct and always spanned the times of sunset
or sunrise. They suggested that the depth chosen by the megamouth sharks was to a large
degree determined by light levels.

Measurements and morphology

Measurements of the specimen are given in table 1. The total length is 5.44 m
and the body weight is 1,040 kg. Body is tadpole-like with larger head and tapering trunk
and tail. Snout is short and broadly rounded in dorsal view. Mouth is terminal and large.
Body is blackish brown dorsally, gradually becoming paler ventrally, abruptly white
below the level of the pectoral and pelvic fins. The mouth roof is silvery on the dorsal and
lateral parts, oral membrane silvery. The “tongue” (hyoid) is purplish brown with slight
silvery tint dorsally and ventrally. A narrow transverse bright white band is present just
above the black area of the upper jaw between the right and left nostrils. The distal webs
of upper surfaces of pectoral and pelvic fins have conspicuous dark wavy lines, often
parallel, which are channels of bare skin between areas of denticulate skin.
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Table I. - Measurements of a female megamouth shark, Megachasma pelagios, from Mie, Japan.
*: methods of measurements follow Compagno (1984).

Measurements (cm)| % of TL|Measurements (cm)| % of TL
Total length 544 Eye: horizontal diameter 6 1.10
Snout tip to: vertical diameter 5.5 1.01
outer nostrils 26 478 |lInterorbital width 63 11.58
eye 46 8.46 [l 1st dorsal fin: overall length 55 10.11
spiracle 70 12.87 length base 45 8.27
mouth length ant. margin* 46 8.46
Ist gill opening 113 20.77 length post. margin 32 5.88
2nd gill opening 123 22.61 length inner margin* 9 1.65
3rd gill opening 136 25.00 height 27 4.96
4th gill opening 147 27.02 |2nd dorsal fin: overall length 375 6.89
Sth gill opening 156 28.68 length base 30 5.51
pectoral origin 157 28.86 length ant. margin* 27 4.96
pectoral axilla 183 33.64 length post. margin 16 2.94
pectoral end when laid back 263 48.35 length inper margin* 8.5 1.56
pelvic origin 304 55.88 height 14 2.57
pelvic axilla 317 58.27 |[Anal fin: overall length 21 3.86
cloaca 306 56.25 length base 14 2.57
Ist dorsal origin 186 34.19 length post.margin 1} 2.02
Ist dorsal axilla 239 43.93 height 10 1.84
2nd dorsal origin 297 54.60 [ Pectoral fin: length base 37 6.80
2nd dorsal axilla 326 59.93 length ant. margin 106 19.49
anal fin origin 342 62.87 length distal margin 24 4.4]
anal fin axilla 358 65.81 length post. margin 79 14.52
upper caudal origin 382 70.22 height* 94 17.28
lower caudal origin 383 70.40 [ Pelvic fin: overall length 38 6.99
Distance between bases: length base 26 4.78
Ist and 2nd dorsal 58 10.66 length ant. margin 37 6.80
2nd dorsal and caudal 54 9.93 length post. margin* 29 5.33
pectoral and pelvic 122 2243 length distal margin 10 1.84
pelvic and anal 30 5.51 Caudal fin: length dorsal lobe 166 30.51
anal and caudal 25 4.60 length ventral lobe 78 14.34
Distance between insertions: dorsal tip to notch 13 239
pectoral and pelvic 143 27.21 depth notch 7 1.29
Nostrils: length terminal dorsal lobe* 17 313
distance between inper corners 45 8.27 length upper postventral caudal margin* | 120 22.06
Prenarial length* 34 6.25 length lower postventral caudal margin* | 45 8.27
Mouth: width - 70 12.87 caudal fork length* 60 11.03
length 64 11.76 caudal fork width* 55 10.11
Gill opening lengths: Ist 25 4.60 ||Head height* 84 15.44
2nd 25 460 |[|Trunk height* 82 15.07
3rd 27 496 ||Abdomen height* 70 12.87
4th 24 4.41 Tail height* 48 8.82
5th 20 3.68 ||Caudal peduncle height* 29 5.33
Spiracle 2 0.37
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Fig. 4. - Gill raker papillae (A) and pharyngeal processes (B) of the megamouth shark, Megachasma
pelagios.

The external morphology and coloration of this specimen are similar to other
specimens described in detail by Taylor et al. (1983) and Nakaya et al. (1997). A circular
crater-like wound was found on the abdomen between the pectoral and pelvic fins. The size
of the wound was 52.4 mm x 32.1 mm. This wound could have been caused by a cookie-
cutter shark, Isistius brasiliensis. Among the other specimens of the megamouth shark,
similar wounds by cookie-cutter shark were reported on the specimen n°l from Hawaii
(Taylor et al., 1983), specimen n°3 from Western Australia (Berra and Huchins, 1990,
1991) and specimen n°7 from Fukuoka, Japan (Yamaguchi and Nakaya, 1997).
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Teeth are small (about 5 mm in height) and numerous. The lower teeth are larger
than the upper ones. The shape of the teeth of this specimen is similar to the shape of the
megamouth n°7 teeth described by Yabumoto et al. (1997). There are 27 rows in the right
upper jaw, 28 rows in the left upper jaw, 37 rows in the right lower jaw and 38 rows in the
left lower jaw. The total number of tooth rows is 55 in the upper jaw and 75 in the lower
jaw. There are four functional teeth on each jaw. Average width between teeth of the right
upper jaw is [1.43 mm (8.00-19.30 mm, SD =2.684) and the right lower jaw is
11.14 mm (7.30-18.30 mm, SD =2.720). The symphysial toothless spaces are
190 mm in the upper jaw and 70 mm in lower jaw. The number of tooth rows in the ma-
ture female specimen are fewer than those in the male and the immature female. The male
holotype has 108 tooth rows in the upper jaw and 128 in the lower jaw (Taylor et al.,
1983), and the immature female from Fukuoka has 83 tooth rows in the upper jaw and 97
in the lower jaw (Yabumoto et al., 1997).

Dermal denticles on the trunk, abdomen, head, and fin regions are small (about
0.5 mm in crown length) and flattened, giving the skin a smooth texture. Mucous denti-
cles on the rear and center of the palate are loosely spaced, not closely imbricated. The
shapes of the dermal and mucous denticles of this specimen are similar to the shape of the
megamouth n°7 described by Yano et al. (1997a).

Gill raker and pharyngeal process

Gill raker papillae are small, about 10-20 mm in length, densely packed, slender,
and tapering to a blunt point (Fig. 4A). Dermal denticles of the gill rakers are closely
imbricated, leaf-shaped and tridentate, with the tips of the denticles pointing toward to the
buccal cavity. The shape of the gill raker of our specimen is the same as in the specimens
n°l and n°7 described by Taylor et al. (1983) and Yano et al. (1997a). The pharyngeal
region has processes, 10-20 mm in length (Fig. 4B), covered with dermal denticles. The
denticles are closely imbricated, leaf-shaped and tridentate, and their shape is similar to
the denticles of the gill rakers. In the present report, the processes of the pharyngeal
region are the first described for the megamouth shark. We think that these processes are
used for the feeding in the same way as the gill rakers.

Table II. - Weight and percent of body weight (BW) for selected viscera of the megamouth shark,
Megachasma pelagios, collected from Mie, Japan, )

Viscera Weight (g) Percent of BW
Liver 26650 2.563
Gall bladder 1000 0.096
Stomach 6150 0.591
Intestine 8750 0.841
Spleen 1350 0.130
Pancreas 300 0.029
Rectal gland 150 0.014
Heart 1100 0.106
Ovary 2150 0.207
Epigonal organ 1350 0.096
Uterus (left) 7950 0.764
Uterus (right) 8150 0.784
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Viscera and vertebral numbers

The weight of each organs and these percent of the body weight are given in ta-
ble I1. The shape and color patterns of the viscera of this specimen are similar to those of
megamouth shark n°7 described in detail by Yano er al. (1997b). The liver is the largest
organ and the ratio is 2.6% of the body weight. It is smaller than that (4.2% of body
weight) of the immature female specimen from Fukuoka, Japan, reported by Yano et al.
(1997). The ileum has a ring-type spiral valve with 23 turns. The number of turns of spiral
valve is almost the same as the number of turns (24) of the Fukuoka megamouth (Yano e?
al., 1997b).

The ovary is found on the right side at the anterior end of the body cavity
(Fig. 5B). The epigonal organ is found on the left side at the anterior end of the body
cavity. Both the ovary and the epigonal organ (1,350 g) are attached by the mesovarium
to the body wall and ostium. The ovary is 410 mm long and 220 mm wide, and its weight
is 2,150 g. On its dorsal surface there is a funnel-like fold (59.5 mm in diameter) which
connects into the lumen of the ovary through several openings. The ovary possess a large
number of whitish yellow oocytes containing yolk, about 5-10 mm in diameter
(Fig. 5A). Castro ef al. (1997) reported that the oocytes of the megamouth shark n°7
measured 1.1-2.7 mm. Tanaka and Yano (1997) observed histologically that a 600 pm
oocyte contained a large number of very fine yolk granules. They suggested that this
specimen was close to maturity. The type of ovary suggests that megamouth embryos are
oophagous (Castro et al., 1997; Tanaka and Yano, 1997).

The ostium is developed and measures 52 mm x 28 mm in size. The nidamental
glands are developed and are 32 mm (width) x 75 mm (length) in left and 35 mm x
85 mm in right. The expanded uteri measure 260 mm (width) x 745 mm (length) in left
and 260 x 790 mm in right (Fig. 5A). Castro ef al. (1997) reported that the nidamental
glands of megamouth shark n°7 were poorly developed, 22 mm in width, and the flaccid
uteri measured 110 mm in width.

The reproductive organs of the specimen are mature. Because the ovary has whitish
yellow oocytes containing yolk, developed nidamental glands, and expanded uteri. The
basic structure and shape of the reproductive organs are similar to the organs of the imma-
ture specimen of the megamouth shark reported by Castro ef al. (1997).

The vertebral numbers are 151 in total, 64 in precaudal, and 87 in caudal. Yano et
al. (1997c) reported vertebral number of the megamouth shark observed by X-ray, and
they could count 125 vertebrae from the tip of the dorsal lobe of the caudal fin to beyond
the origin of the first dorsal fin with certainty. The caudal vertebral number was 82 in their
report but they reported that there were difficulties to examine all vertebrae in large me-
gamouth sharks via X-radiography. The total vertebral number of the megamouth shark in
the present study is the first certain count for this species.

Stomach and intestinal contents

The stomach contents consisted of dark-red chyme containing many fragments of
carapaces, eyes, and eye stalks of euphausiids. We could not identify the euphausiid con-
tents to the species level. The stomach was relatively full of chyme and weighted
14,950 g (1.44% of body weight). The intestinal contents were reddish in color and
weighted 1,450 g (0.14% of body weight).

Taylor et al. (1983) reported that the stomach contents of the first megamouth
specimen were a thick, reddish soup containing the euphausiid shrimp, Thysanopoda




Fig. 5. - Mature female megamouth shark, Megachasma pelagios. A: Reproductive tract, scale bar = 300 mm. B: the ova in the ovary, scale bar = 10 mm. C: Funnel-
like fold of the ovary, scale bar = 50 mm.
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Fig. 6. - Position of twenty-three mating scars on the mature female megamouth shark Megachasma
pelagios.

pectinata. The stomach contents of the second specimen included fragments of euphausi-
ids, copepods, and the jellyfish Atolla vanhaeffeni (Berra and Hutchins, 1990). Yano et
al. (1997b) suggested that the euphausiids found in the megamouth shark n°7 from
Fukuoka, Japan were Euphausia nana. The stomach contents of the present specimen are
similar to the stomach contents of the Fukuoka specimen and are probably closely related
species of Euphausiids (E. nana) of Fukuoka specimen. Compagno (1990) suggested that
the megamouth shark probably swam slowly through aggregations of euphausiids and
other prey with its mouth open.

Mating scars

Twenty-three mating scars are found on the trunk, head, and first dorsal fin
(Figs 6, 7). Fresh tooth slashes are appeared as parallel straight or curved cuts (Fig. 6).
Size of the scars, number of the slashes, and width between slashes (i.e., width between
teeth male shark) are shown in table IIl. Average width between slashes are 5.75-
9.94 mm. There are slightly narrower than the space between teeth of the present speci-
men (11.43 mm in the upper jaw and 11.14 mm in the lower jaw). However, we think
that the space between teeth of smaller individuals of male megamouth shark are probably
narrower than the present female, because the number of teeth in males is larger than that
in females (Yabumoto er al., 1997). Mating scars by males were often found on the bodies
of mature female shark in other species. Thus, we think that the tooth slashes on the
female specimen are mating scars by males. Fresh semi-circular jaw impressions showing
continuous tooth marks are observed on the abdomen between pectoral and pelvic fins
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Fig. 7. - Mating scars of the megamouth shark, Megachasma pelagios. A: First dorsal fin (n°15 in Fig. 6);
B: Abdomen between pectoral and pelvic fins (n°19, 18, 20 in Fig. 6).

(n°10, 11, 18, 19 in Fig. 6), the left and right lateral trunk below the first dorsal fin (n°4,
5, 16, 17 in Fig. 6), and the right lateral trunk between the pelvic and caudal fins (n°22,
23 in Fig. 6). No mark spaces were found between the semi-circular jaw impressions
(Fig. 7). The spaces between marks are 78.2 mm in n°4 and 5; 78 mm in n°l0 and 11;
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300 mm in n°16 and 17; 215 mm in n°18 and 19, and 80 mm in n°22 and 23. Both jaw
of the megamouth shark have symphyseal toothless space (190 mm in upper jaw and
70 mm in lower jaw). Yabumoto et al. (1997) reported that the symphyseal toothless
space of the megamouth shark n°7 is 180 mm in upper jaw and 80 mm in lower jaw. We
think that the semi-circular marks (n°4, 5, 10, 11, 22, 23) on the trunk of the mature
female are mating scars by lower jaw of male megamouth sharks, and the marks (n°16, 17,
18, 19) are mating scars by upper jaw of the males.

Acknowledgements. - We express our sincere thanks to M. Shimizu, Seiyo Suisan, and captain and
crew of “Seiyo maru n°l and n°38”, for providing the specimen of the megamouth shark. We also thank
to H. Nakamura, T. Kataoka, K. Yamamoto, K. Suzuki and staff members of Toba Aquarium for their
valuable cooperation during handling and dissection of the specimen.

Table L. - Sizes of wounds and slashes of mating scars of the megamouth shark, Megachasma pela-
gios, collected from Mie, Japan.

N° in | Width of Max. N° of Average width | Min. width | Max. width
Fig. 4 | wound length of | ¢1aghes |Detween slashes between between SD
(mm) slash (mm) (mm) stashes (mm)|stashes (mm)

1 140.0 113.0 14 9.03 7.30 10.80 1.151
2 119.0 310.0 16 7.37 5.00 12.00 1.796
3 129.0 61.0 21 9.94 5.60 27.30 4.715
4 114.6 78.2 12 8.74 7.30 10.40 0915
5 320.0 78.2 34 9.58 6.20 12.50 1.651
7 69.0 128.0 11 8.42 6.40 14.20 2.191
8 320 114.6 7 5.75 4.70 6.60 0.797
9 105.0 136.8 12 8.75 6.60 10.90 1.428
10 292.0 - - - - - -
11 188.0 - - - - -
12 330.0 - - - - - -
13 530.0 - - - - - -
14 48.0 244.0 7 7.87 6.00 11.00 1.806
15 213.0 - 27 8.62 6.50 11.20 1.289
16 221.0 - 21 8.8l 7.50 12.20 1.262
17 151.0 - 23 7.83 6.70 9.40 0.869
18 209.1 - 28 8.60 5.00 11.40 1.846
19 148.3 - 17 8.28 6.60 9.00 0.882
20 45.0 148.0 8 9.00 6.60 11.00 1.584
21 133.0 195.0 19 7.78 5.40 13.20 2.044
22 71.0 - 11 8.93 7.00 10.80 1.300
23 550.0 - 45 8.00 5.00 12.00 1.702
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CHONDRICHTHYANS OF THE RYUKYU ISLANDS, JAPAN
by

Kazunani YANO (1)

ABSTRACT. - The Ryukyu Islands are located on subtropical habitats of the southern Japan. The
distribution and species composition of chondrichthyans of Ryukyu Is. were studied. Thirty-four families
and 110 species were recorded among which 22 families and 77 species were sharks, 10 families and
28 species were skates and rays, and 2 families and 5 species were chimaera. Juveniles of Neguprion
acutidens and Carcharhinus limbatus, and mature-sized Triaenodon obesus and Nebrius ferrugineus
were collected in the lagoon habitats. In the coral reef slope and off shore habitats, carcharhinid sharks,
Galeocerdo cuvier, Carcharhinus albimarginatus, C. plumbeus and C. brachyurus were mainly col-
lected. Sphyrna lewini, Manta birostris and Aetobatus narinari were also present in these habitats. In the
epipelagic areas, the dominant species were Prionace glauca and Dasyatis violacea. Isurus oxyrinchus,
Alopias pelagicus, A. superciliosus and Carcharhinus falciformis were also present in these habitats. The
dominant genera in the deep sea habitats were Squalus, Centrophorus, Etmopterus and Galeus. The
blackgill catshark, Parmaturus melanobranchius, was collected from the deep sea habitats and this is the
first record from the waters around Japan. Differences in faunal ecology among locations are also
discussed.

RESUME. - Chondrichtyens des fles Ryukyu, Japon.

Nous avons étudié la distribution et la composition spécifique des chondrichtyens des iles
Ryukyu, situées en zone subtropicale, au sud du Japon. Au total, 110 especes de 34 familles ont été
répertoriées, comprenant 77 especes de 22 familles de requins, 28 especes de 10 familles de raies et 5
espéces de 2 familles de chiméres. Dans les lagons, des juvéniles de Negaprion acutidens et de Car-
charhinus limbatus ont été capturés ainsi que des adultes de Triaenodon obesus et de Nebrius ferrugi-
neus. Sur la pente récifale et en haute mer, les Carcharhinidae dominent: Guleocerdo cuvier, Car-
charhinus albimarginatus, C. plumbeus et C. brachyurus. Dans ces mémes habitats, Sphyrna lewini,
Manta birostris et Aetobatus narinari sont également présentes. En zone épipélagique, les deux espéces
dominantes sont Prionace glauca et Dasyaiis violacea; sont aussi présentes Isurus oxyrinchus, Alopias
pelagicus, A. superciliosus et Carcharhinus falciformis. En zone pélagique profonde, les genres domi-
nants sont Squalus, Centrophorus, Eunopterus and Galeus. La holbiche 2 joues noires, Parmaturus
melanobranchius, est signalée pour la premiére fois dans les eaux profondes du Japon. Les différences
écologiques observées entre les sites étudiés sont discutées.

Key-words. - Parmaturus melanobranchius, Chondrichthyans, PSW, Japan, Ryukyu Is., Faunal ecology,
First record, Inventory.

The Ryukyu Islands are located on subtropical habitats of the southern Japan. The
islands develop coral reef areas. The chondrichthyan fishes of the waters around the
Ryukyu Is. were reported by Uchida (1982). Yano and Kugai (1993b) reported deep-sea
chondrichthyans collected from the waters around the islands by bottom longlines.

(1) Seikai National Fisheries Research Institute, Ishigaki Tropical Station, Fisheries Agency of Japan,
148-446 Fukai Ota, Ishigaki, Okinawa 907-0451, JAPAN. [sharkky @snf-its.affrc.go.jp]
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Fig. 1. - Fishing grounds of chondrichthyan fishes around Ryukyu Islands, Japan.

Nakaya and Shirai (1992) presented the fauna of deep-benthic chondrichthyans collected
from the Okinawa Trough. However, the occurrence of species and the distributional pat-
terns among the Jocations, lagoon habitats, coral reef slope and off shore habitats,
epipelagic habitats, and deep sea habitats, were poorly known.

The purposes of this report were to summarize the occurrence of the chondrichthy-
ans among the locations of the waters around the Ryukyu [s. In addition, it provides the
first record of the blackgill catshark, Parmaturus melanobranchius, from the waters around
the Ryukyu Is., Japan.

MATERIALS AND METHODS

The chondrichthyans were collected from the waters around the Ryukyu Is. (Fig. 1)
by bottom longline (BL), bottom drop line (vertical longline, D), shark longline (SL),
tuna longline (TL), rod and reel (RR), trap net (TN), and gill net (G). The specimens were
collected by several surveys of the waters around the Ryukyu Is. from 1983 to 1997. The
specimens of the lagoon habitats, the coral reef slope and offshore habitats were mainly
collected from the waters around the Yaeyama Is. (Ishigaki Is., Taketomi Is., Kohama Is.,
Aragusuku Is., Hateruma Is., and Iriomote Is.). The specimens of the epipelagic habitats
were collected from the southern parts of the Okinawa Is. to the Yonaguni Is. by tuna
longlines operating in the areas between 30 and 100 nautical miles (55.6-185.2 km)
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from the islands. The specimens of the deep sea habitats were collected from the northern
parts of the Okinawa Is. to the Yonaguni Is. by bottom longlines and bottom drop lines
operating at the depth from 200 m to 1,500 m. Several species of the lagoon and the
coral reef slope were observed by SCUBA diving and were photographed underwater.

The lagoon habitats are inside from reef edge, and the depths are usually shallower
than 10 m. The fishing gears in the lagoon areas were mainly used by rod and reel, gill
nets, and bottom drop lines. The coral reef slope and offshore habitats are outside from the
reef edge. The depths of these areas are shallower than 200 m. The fishing gears in the
coral reef slope and offshore habitats were mainly used by bottom longlines, bottom drop
lines, shark longlines, and trap nets. The epipelagic habitats are over 30 nautical miles
off shore from the islands, and depths are deeper than 2,000 m. The fishing gears in the
epipelagic habitats were used by tuna longlines. The deep sea habitats are out of the coral
reef slope and offshore habitats, and they are deeper than 200 m. The fishing gears in the
deep sea areas were used by bottom longlines and bottom drop lines.

In addition to these data, I used list or catch information of the chondrichthyans
from the waters around the Ryukyu Is. presented by Fukuda (1975), Uchida (1982, [988),
Ui er al. (1987), Nakaya and Shirai (1992) and Ishihara ef al. (1997). Nakaya and Shirai
(1992) reported specimens caught with bottom trawl nets from below 200 m to 1180 m
at the Okinawa Trough.

Measurements follow Yano and Musick (1992). The vertebral counts were made ac-
cording to the method of Springer and Garrick (1964).

Part of these specimens were deposited in the National Science Museum, Tokyo,
(NSMT-P), the Kitakyushu Museum of Natural History (KMNH VR), the Natural History
Museum and Institute, Chiba (CBM), and School of Marine Science and Technology,
Tokai University (TMFE).

RESULTS AND DISCUSSION

The total number of chondrichthyans of the Ryukyu Is. recorded was 34 families
and 110 species among which 22 families and 77 species were sharks, 10 families and 28
species were skates and rays, and 2 families and 5 species were Chimaeroidei (Table I). In
the present study, at least 73 species from 25 families were represented by 2682 speci-
mens. The most varied composition, with many species of Squalidae and Scyliorhinidae,
occurred at the deep sea habitats (Fig. 2). The secondary varied composition, with many
species of Carcharhinidae, occurred at the reef slope and off shore habitats (Fig. 2). Dif-
ferences in faunal ecology were found among habitats, lagoon, reef slope and off shore,
epipelagic, and deep sea.

Nakaya and Shirai (1992) reported that 15 families and 37 species were recorded
from the deep sea habitats of the Okinawa Trough. They stated that the Okinawa Trough
has the most varied composition, with many species of Squalidae, Scyliorhinidae, and
Rajidae. Uchida (1982) reported 19 families and 59 species from the waters around the
Ryukyu Is. Chiu (1994) reported that 114 species of chondrichthyans were recorded from
the Taiwan Strait. In the present study, the waters around the Ryukyu Is. were suggested to
to have a varied composition, with many species of the chondrichthyans.
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Table 1. - List, number of specimens by areas, and fishing gears of the chondrichthyans collected
around the Ryukyu Islands. *: reference information, **: first record from Japan, S: sight observation by
SCUBA diving, P: photograph observation. Fishing gears - BL: boftom longline, D: bottom dropline, G:
gillnet, RR: rod and reel, SL: shark longline, ST: stranding, T: trawl net, TL: tuna longline TN: trap net,

O: others.
Lagoon Reef slope Epi- | Deep | Fishing References
and off shore| pelagic| sea gears

Chlamydoselachidae*

Chlamydoselachus anguineus* + T Nakaya and Shirai (1992)
Hexanchidae

Heptranchias perlo 28 BL,D

Hexanchus griseus 7 BL
Squalidae

Etmopterus pusillus 108 BL

Etmopterus lucifer 19 BL.D

Etmopterus brachyurus 130 BL

Etmopterus molleri 32 BL

Centroscyllium kamoharar* + T Nakaya and Shirai (1992)

Centroscymnus owstonii 4 BL

Zameus squamulosus 46 BL

Somniosus longus 1 BL

Isistius brasiliensis 1 (0]

Centrophorus niaukang 60 BL

Centrophorus tessellatus 93 BL

Centrophorus moluccensis 179 BL

Centrophorus acus 268 BL,D

Centrophorus squamosus 355 BL

Deania calcea 29 BL

Cirrhigaleus barbifer 3 BL

Squalus mitsukurii 189 BL

Squalus blainvillei 2 BL,D

Squalus japonicus 217 BL

Squalus megalops 2 BL

Squaliolus lasicaudus* + T Nakaya and Shirai (1992)
Pristiophoridae

Pristiophorus japonicus 1 3 BL
Squatinidae*

Squatina nebulosa* + BL, T Uchida (1982), Nakaya

and Shirai (1992)

Heterodontidae*

Heterodonius japonicus* G Uchida (1982)
Parascyllidae*

Cirrhoscyllium expolitum* TN Uchida (1982)
Orectolobidae

Orectolobus japonicus 12 SL
Hemiscyllidae

Chiloscyllium puncitatum 1 BL
Stegostomatidae

Stegostoma fasciatum S, P
Ginglymostomatidae

Nebrius ferrugineus 5 8 SL, TN
Rhincodontidae

Rhincodon rvpus P
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Table I. - (continued)
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Lagoon Reef slope | Epi- | Deep | Fishing References
and off shore| pelagic| sea gears
Odontaspidae
Odontaspis ferox 5 BL
Alopiidae
Alopias pelagicus 1 TL
Alopias superciliosus 3 TL
Cetorhinidae*
Cetorhinus maxintus* ST Uchida (1988)
Lamnidae
Carcharodon carcharias P
Isurus oxyrinchus 6 TL
Isurus paucus 1 TL
Scyliorhinidae
Cephaloscvllium isabellum 25 BL
Galeus nipponensis 2 BL
Galeus eastmani 128 BL
Galeus sauteri* TN Uchida (1982)
Parmaturus pilosus 15 BL
Parmaturus melanobranchius** 7 BL
Apristurus plaryrhnchus 2 BL
Aprisutrus japonicus* + T Nakaya and Shirai (1992)
Apristurus macrorhynchus* + T Nakaya and Shirai (1992)
Apristurus longicephalus* + T Nakaya and Shirai (1992)
Scyliorhinus torazame* G Uchida (1988)
Scyliorhinus sp.* TN Uchida (1982)
Halaelurus buergeri* TN Uchida (1982)
Proscylliidae
Proscyllium venustum 5 D
Proscyllium habereri 43 TN
Pseudotriakidae
Pseudotriakis microdon 22 BL
Triakididae
Mustelus manazo 13 BL
Mustelus griseus* BL Uchida (1982)
Hemitriakis japonica 17 BL
Carcharhinidae
Carcharhinus albimarginatus 4 SL
Carcharhinus alrimus* SL Uchida (1982, 1988)
Carcharhinus brachyurus 2 SL
Carcharhinus falcifornis 3 TL
Carcharhinus galapagensis 2 SL
Carcharhinus leucas 1 SL
Carcharhinus limbatus 11 6 SL, D, RR
Carcharhinus longimanus S, P
Carcharhinus obscurus* SL Uchida (1982, 1988)
Carcharhinus plumbeus 24 SL
Carcharhinus sorrah* TN Uchida (1982, 1988)
Galeocerdo cuvier 150, S SL
Loxodon macrorhinus t BL
Negaprion acutidens 3 5 SL, RR
Prionace glauca 156 TL
Triaenodon obesus 1 S, P BL
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Table I. - {(continued 2)

Reef slope
and off shore

Epi-
pelagic

Deep
sea

Fishing
gears

Lagoon References

Sphyrnidae
S, P
Sphyma zvgaena 1

Sphvrna lewini
SL

Pristidae *
Pristis microdon* ? Fukuda (1975), Ui er al.

(1987), Ishihara et al. (1997)

Rhinobatidae
Rhina ancylostoma 1 SL
Rhynchobatus djiddensis 4 SL

Rhinobatos schlegelii* + T Nakaya and Shirai (1992)

Rajidae
Raja kwangrungensis

Raja macrocauda*
Raja gigas*

Notoraja tobitukai*
Bathyraja isotrachys*

+ + + + =

4344

Nakaya and Shirai (1992)
Nakaya and Shirai (1992)
Nakaya and Shirai (1992)
Nakaya and Shirai (1992)

Anacanthobatididae*
Anacanthobatis borneensis™ +

—

Nakaya and Shirai (1992)

Dasyatididae
Taeniura meyeni 7
Dasyatis violacea 67

Dasyatis sephen 1

Dasyatis akajei 4

Dasyatis ushiei*

Dasyatis bennenti*

Dasyaris kuhlii*

Himantura uamak*

Uchida (1988)

Uchida (1982, 1988)
Uchida (1982, 1988)
Uchida (1982, 1988)

Fddzmpede

Urolophidae
Urolophus aurantiacus*
Urotrvgon daviesi 4

—

Nakaya and Shirai (1992)

Hexatrygonidae*
Hexatrvgon longirostra* +

—

Nakaya and Shiraj (1992)

Rhinopteridae
Rhinoptera javanica

Mpyliobatididae
Myliobaiis 10bijei P
Aetobarus narinari S, P

Mobulidae
Mobula japonica*
Mobula diabolus*
Mobula tarapacana™
Manta birostris S, P S, P S

Uchida (1982, 1988)
Uchida (1982, 1988)
Uchida (1982, 1988)

233

Chimaeridae
Chimaera phantasma 12 BL
Hydrolagus purpurescens 3 BL

Hvdrolagus mitsukurii* + T Nakaya and Shirai (1992)

Rhinochimaeridae*
Rhinochimaera pacifica* + T
Harriona raleighana* + T

Nakaya and Shirai (1992)
Nakaya and Shirai (1992)

Total 318 237 2106 Overall =2682
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Fig. 2. - Number of species occurring in lagoonal, reef slope and off shore, epipelagic, and deep sea habitats of the Ryukyu . Japan.
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ig. 3. - Parmarturus melanobranchius (A; CBMS5149) and P. pilosus (B; KMNH VR 01314) collected off Yonaguni Island, Japan. Scales indicate 100 m
, . m.
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In the lagoon habitats, 6 species from 4 families were represented (Table ). The
juveniles of Negaprion acutidens and Carcharhinus limbatus were collected in the lagoon
and the mouth of rivers. However, adults of these species were collected from the coral reef
slopes. I think that C. limbatus occurs widely in Japanese waters but is commonly misi-
dentified as C. melanopterus. Therefore, it is suggested that C. limbatus, and not C.
melanopterus, is the “blacktip shark” usually captured in Japanese waters. Five mature-
sized specimens of Nebrius ferrugineus were caught at the depth of about 5 m of the habi-
tats. Four out of 13 specimens (including specimens collected from the coral reef habitats)
lacked the second dorsal fins. [ observed other specimens of N. ferrugineus that were col-
lected from the Kumano-nada. Specimens with the first dorsal fin only appear to be com-
mon in this species. Manta birostris was observed sometimes in these habitats.

In the coral reef slope and off shore habitats, 29 species from 15 families were rep-
resented (Table [). The carcharhinid sharks, Galeocerdo cuvier, Carcharhinus albimargi-
natus, C. plumbeus and C. brachyurus, were mainly collected from juveniles to adults.
Several specimens of the species were pregnant females. Sphyrna lewini, Manta birostris
and Aetobatus narinari were also present. Large schools (over 20 individuals) of the scal-
loped hammerhead shark, S. lewini, were observed at the Yonaguni Is. at the winter season
(mainly from November to March). I observed that manta rays, M. birostris, migrate
between the Ishigaki Is. and the Miyako Is. (about 120 km) by individual photo-
identification of the black marks of the abdomen and scars of the body.

In the epipelagic habitats, 8 species from 5 families were represented (Table 1).
Dominant species included Prionace glauca and Dasyatis violacea. Isurus oxyrinchus,
Alopias pelagicus, A. superciliosus and Carcharhinus falciformis were also present.
Eighty-nine out of 109 specimens (81.7%) of P. glauca collected in the present study were

pregnant females (186-325 cm TL, x =233.58 cm), and all the mature females (204-
266 cm TL) had mating scars. Thirty-four males (189-279 cm TL, x =237.24 cm) of
P. glauca were mature.

In the deep sea habitats, 37 species from 11 families were represented (Table I).
The family Squalidae was dominant, contributing with 19 species to over 90% of all chon-
drichthyans captured. Dominant genera were Squalus, Centrophorus, Etmopterus and
Galeus. Taiwan gulper shark, Centrophorus niaukang, was reported from the Ryukyu I[s.
(Yano and Kugai, 1993a), and other five species have occurred in the waters around the
Ryukyu Is. The rare species, Somniosus longus, was collected from off the Okinawa Is. at
the depth of 1116 m.

Parmaturus melanobranchius

Seven specimens of the blackgill catshark, Parmaturus melanobranchius, were col-
lected from the deep sea habitats of the Ryukyu Is. (Fig. 3). Part of the specimens were
deposited in the museums (CBM 5149-5152). This species was known to be distributed in
the South China Sea (Chen, 1966; Compagno, 1984). This is the first record of this spe-
cies from the waters around Japan.

Proportional dimensions in percentage of TL of P. melanobranchius are shown in
table II. In addition, measurements of the related species of the genus including type
specimens are also given for comparison (Table ll). Parmaturus pilosus was measured
from Ryukyu [s. (KMNH VRO01308, 01314, 01331, 01355, 01372 and 01376) and Suruga
Bay (TMFE, 2016, 34°21'N - 138°24’E, 358-750 m in depth) specimens. Proportional
dimensions in percentage of total length of the Ryukyu Is. specimens are slightly differ-
ent from the measurements of the type specimen of P. melanobranchius (Tables 11, 11I;
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Table II. - Proportional dimensions, in percentage of TL, of Parmaturus melanobranchius collected
from the Ryukyu Is. (5 males, 639-781 mm TL and 2 females, 692-730 mm TL) and of P. pilosus col-
lected from the Ryukyu Is. (5 females. 502-638 TL) and Suruga Bay (453 mm TL). SD: standard devia-
tion.

Parmaturus melanobranchius Parmaturus pilosus
Range Mean SD Range Mean SD
Total length 639 781 697.86 |51.976 453 638 533.67 |62.260
Snout tip to:
outer nostrils 260 | 424 | 341 0.602 2.00 3.28 2.76 0.450
eye 493 | 680 [ 5954 0.579 4.36 5.74 5.11 0.576
spiracle 10.14 [12.04 [10.86 [0.727 9.85 11.15 11043 0.538
mouth 493 | 649 | 541 0.542 4.86 5.30 5.16 0.170
1st gill opening 13.84 [16.62 [ 1594 0978 14.13 1569 |15.13 0.662
3rd gill opening 14.52 [18.55 [17.55 1.382 16.11 1843 |17.12 0.761
5th gill opening 17.26 |20.11 |19.33 0.979 17.88 |2055 |19.67 0.984
pectoral origin 16.99 (20.40 |18.80 1.014 17.22  [20.07 |1923 1.050
pelvic origin 46.68 |49.77 |48.22 1.093 44,15 |47.65 [46.21 1.450
cloaca 4942 |52.74 | 5136 1.170 47.02 [50.47 {45.17 1.309
Ist dorsal origin 5248 15415 15329 0.521 4437 14873 14694 1.561
2nd dorsal origin 67.82 69.45 | 68.59 0.644 63.13 |65.83 |64.66 0.942
anal fin origin 59.97 [61.64 |61.05 0.582 5430 |58.18 |56.90 1.615
upper caudal orgin 78.50 |80.20 | 79.49 [0.592 69.76 [73.27 |71.63 1.376
lower caudal origin 72.33 180.78 | 7422 2936 68.65 |72.26 |70.71 1.343
Distance between bases:
Ist and 2nd dorsal 821 | 989 | 934 0.559 10.04 12.35 [11.38 1.025
2nd dorsal and caudal 1.80 | 309 | 2.39 0.494 1.20 2.0l 1.65 0.299
pectoral and pelvic 23.41 [29.45 | 2591 2.184 14.05 |2491 |21.93 3.978
pelvic and anal 704 | 850 | 7.92 0.505 3.64 6.62 4.63 1.067
anal and caudal 0.55 1.79 1.14 0417 0.54 1.64 1.39 0.267
Distance between
insertions of :
pectoral and pelvic 27.51 [33.56 |30.18 2.062 2693 2947 |28.28 1.002
Nostrils:
distance berween inner corners | 2.05 | 2.47 2.29 0.147 [.10 2.92 2.38 0.655
Mouth:
width 9.27 10.96 | 10.02 0.542 8.83 1155 [10.18 0.964
length 301 (406 |36l 0.473 3.62 3.84 3.75 0322
Labial furrow lengths:
upper 1.45 1.95 1.68 0.210 0.98 1.20 1.10 0.120
lower 1.64 [1.95 1.82 0.134 1.85 2.00 1.99 0.113
Gill opening lengths:
1st 1.08 [1.92 1.54 0.278 1.57 2.54 1.99 0.388
3rd 1.37 [2.33 1.73 0.354 1.32 2.73 2.14 0.487
Sth 068 |1.55 1.12 0.280 0.66 1.45 0.96 0.269
Spiracle: 031 ]0.68 ]0.50 0.154 0.39 0.91 0.69 0.194
Eye:
horizontal diammeter 423 |520 |4.76 0.310 4.64 7.48 5.30 1.088
vertical diameter 090 |1.24 1.03 0.115 091 1.82 1.41 0.323
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Table II. - (continued)

Parmaturus Parmaturus
melanobranchius pilosus
Range Mean SD Range Mean SD

Interorbital width: 6.03 | 7.11 6.53 0.386 596 | 7.28 6.64 0.545
1st dorsal fin:

overall length 671 | 7.94 7.33 0.536 785 | 1038 | 9.29 0.996

length base 5.10 | 7.11 5.92 0.784 6.18 | 691 6.36 0.278

length post. margin 1.72 | 3.42 2.85 0.647 439 | 547 4.78 0.425

height 346 | 3.91 3.63 0.176 5.1 1 5.82 5.38 0.270
2nd dorsal fin:

overall length 7.73 | 11.56 | 10.03 1.174 839 | 9.27 8.86 0.320

length base 6.65 | 10.55 8.84 1.213 5.18 6.39 5.80 0.420

length post. margin 4.10 | 534 4.64 0.373 3.82 | 5.08 4.12 0.480

height 438 | 5.62 5.03 0.475 464 | 584 5.23 0.490
Anal fin:

overall length 11.56 | 1259 | 12.17 0418 13.48 | 1479 | 1393 0.469

length base 10.40 | 1204 | 1136 0.612 12,18 | 13.91 | 12.69 0.645

length post. margin 479 | 753 6.35 0.886 7.48 | 8.83 8.08 0.437

height 2.46 | 464 377 0.663 456 | 558 5.11 0.399
Pectoral fin:

length base 4.64 | 5.63 5.04 0.320 552 | 6.36 5.97 0.308

length ant. margin 731 | 927 8.40 0.687 8.61 | 10.00 | 9.27 0.505

length distal margin 217 411 3.17 0.776 420 | 549 475 0.464

length post. margin 479 | 7.23 6.59 0.821 6.84 | 8.96 8.17 0.755
Pelvic fin:

overall length 8.61 | 10,12 | 9.24 0.553 9.05 | 1066 | 9.88 0.644

length base 587 | 795 6.56 0.828 6.62 | 893 7.55 0.810

length ant. margin 588 | 7.23 6.46 0.560 508 | 7.44 6.20 1.008

length distal margin 1.20 | 2.88 1.89 0.597 219 | 3.52 2.88 0.516

length clasper 782 | 9.27 8.49 0.522 - - -

length clasper (outer) 417 | 5.01 4.65 0.310 - - -
Capdal fin:

length dorsal lobe 19.32 | 20.95 | 20.27 0.678 | 25.86 | 29.36 | 27.48 1.386

length ventral lobe 12.83 | 1642 | 14.90 1.261 9.93 | 11.86 | 11.27 0.743

dorsal tip to notch 3.83 | 4.66 4.28 0.284 4.18 | 598 4.83 0.607

depth notch 315 | 383 3.42 0.245 3.64 | 4.86 4.47 0.454
Trunk at pectoral origin:

width 10.82 | 13.56 | 12.68 0.959 | 11.04 | 13.64 | 12.32 0.897

height 782 | 11.10 | 9.08 1.101 896 | 11.91 | 10.52 1.344

holotype, BMNH1965.8.11.6, 20°05’N - 115°03'E, 546 m in depth). However, I think
that the type specimen is a small immature specimen and differences between the holotype
and the Ryukyu Is. specimens are only ontogenetic variations. In both specimens, the
origin of the first dorsal fin is more posteriorly located than the origin of the pelvic fins.
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Table II1. - Proportional dimensions, in percentage of TL, of the type specimens of Parmaturus
melanobranchius, P. pilosus, P. campechiensis and P. xaniurus.

Parmaturus Parmaturus Parmaturus Parmaturus
melanobranchius pilosus campechiensis| xaniurus
BMNH 1965.8.11.6 MCZ 11078 USNM 206184 | USNM 46719
Holotype Holotype Holotype Lectotype
Female Male Female Female
Total length (mm): 220 435 155 545
Snout tip to:
outer nostrils 3.18 2.30 323 2.39
eye 7.73 4.14 7.10 5.14
spiracle 12.73 10.11 12.26 9.91
mouth 6.82 4.83 5.81 4.04
Ist gill opening 17.27 14.94 16.13 17.25
3rd gill opening 18.64 17.01 17.42 21.65
Sth gill opening 21.36 18.85 19.35 26.06
pectoral origin 20.45 18.39 18.71 24.22
pelvic origin 38.18 41.84 39.35 45.14
cloaca 39.09 46.21 51.61 48.99
Ist dorsal origin 45.00 4391 39.35 46.97
2nd dorsal origin 58.64 61.61 54.84 65.32
apal fin origin 5091 54.25 51.61 6147
upper caudal origin 72.27 68.97 64.52 75.96
lower caudal origin 65.45 69.20 60.65 75.41
Distance between bases:
tst and 2nd dorsal 10.91 10.34 9.68 11.56
2nd dorsal and caudal 2.73 1.38 1.94 2.57
pectoral and pelvic 15.00 18.39 16.77 17.43
pelvic and anal 591 598 3.23 7.89
anal and caudal 4.55 2.07 0.65 2.57
Distance between insertions of:
pectoral and pelvic 20.45 2322 20.65 21.83
Nostrils:
distance between inner corners 2.27 2.07 323 1.65
Mouth:
width 8.18 8.74 9.03 10.64
length 318 322 1.94 4.59
Gill opening lengths:
Lst 1.36 1.84 2.58 2.02
3rd 0.91 1.15 1.29 2.75
Sth 091 0.69 0.65 2.02
Spiracle: 0.45 0.69 0.65 0.55
Eye:
horizontal diameter 3.18 4.83 4.52 4.40
vertical diameter 1.36 0.69 1.29 0.92
Interorbital width: 7.2 7.36 6.45 7.7t
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Table . - (continued).

Parmaturus Parmaturus Parmaturus Parmaturus
melanobranchius pilosus campechiensis xaniurus
BMNH 1965.8.11.6 MCZ 11078 USNM 206184 USNM 46719
Holotype Holotype Holotype Lectotype
Female Male Female Female

1st dorsal fin:

overall length 9.09 11.26 10.97 9.17

length base 591 8.05 6.45 6.06

length post. margin 2.27 391 3.87 349

height 2.73 437 323 3.67
2nd dorsal fin:

overall length 11.36 10.11 12.26 10.09

length base 10.00 6.90 8.39 6.79

length post. margin 3.18 4.14 3.23 3.30

height 3.64 4.37 3.23 3.67
Anal fin:

overall length 14.14 14.71 12.26 11.74

length base 12.87 12.64 10.32 9.91

length post. margin 6.22 8.74 3.87 6.61

height 4.61 5.06 3.87 4.59
Pectoral fin:

length base 4.55 5.52 581 4.40

length ant. margin 9.55 9.20 9.03 11.19

length distal margin 5.91 6.44 5.81 7.71

length post. margin 6.36 7.59 5.16 6.97
Pelvic fin:

overall length 11.36 10.57 7.74 11.56

length base 5.91 7.13 5.81 8.26

length ant. margin 4.55 7.13 3.23 5.87

length distal margin 2.73 2.07 1.29 4.40

length clasper - 5.06 -

length clasper (outer) - 2.30 - -
Caudal fin:

length dorsal lobe 2545 29.43 33.55 25.50

length ventral lobe 12.27 11.49 12.90 8.99

dorsal tip to notch 2.73 437 323 349

depth notch 4.55 5.06 6.45 4.59
Trunk at pectoral
origin:

width 11.36 10.80 12.90 13.03

height 8.18 10.80 9.03 7.34

This character clearly distinguishes P. melanobranchius from the other species of the
genus. As a result, the specimens of the Ryukyu Is. are identified to P. melanobranchius.
This is the second species of Parmaturus recorded from Japan.
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Number of turns in the spiral valve ranged from 10-11 (; =10.14, n=7) for P.
melanobranchius and from 7-9 ( x =7.80, n=15) for P. pilosus. Total, monospondy-
lous, caudal and precaudal vertebral numbers for P. melanobranchius ranged from 149-151
(x=150.00, n=3), 4647 (x=46.33), 57-61 (x=59.33), and 89-93
(X =90.67), respectively. Total, monospondylous, caudal and precaudal vertebral num-
bers for P. pilosus ranged from 131-142 ( x = 136.80, n=35), 40-43 ( x=41.60), 59-
65 ( x = 62.8), and 72-78 ( x = 74.00), respectively.

Pannamgrus melanobranchius differs from the Japanese species, P. pilosus
(holotype, MCZ 11078, 34°59’N-139°31'E, Garman, 1906), in having a more posteriorly
located dorsal fins (Fig. 3), large numbers of spiral valves and vertebrae, and larger ma-
turity sizes. P. melanobranchius is also distinguishable from P. campechiensis from Gulf
of Mexico (Springer, 1979; holotype, USNM 206184, 21°33°'N-96°48'W), P. macmillani
from New Zealand (Hardy, 1985), and P. xaniurus from Central California to Gulf of Cali-
fornia, Mexico (Gilbert, 1892, lectotype, USNM 46719, 33°55'N-120°28'W) by having
the more posteriorly located first dorsal fin (Table III). Last and Stevens (1994) reported
Pannaturus sp. A from the Saumarez Plateau off northeastern Australia. This species has
more posteriorly located dorsal fins as in P. melanobranchius. 1 think that the present
specimens are P. melanobranchius, not the Last and Stevens’ Parmaturus sp. A, because
the localities of the present specimens are close to the type locality of P. melanobran-
chius.

The blackgill catshark, P. melanobranchius, was described by Chen (1966) trom
the South China Sea. Chu er al. (1983) described a new species, Figaro piceus, from the
South China Sea. Compagno (1984) stated that F. piceus is a synonym of P. melanobran-
chius. Nakaya er al. (pers. com.) suggested that P. melanobranchius (their tentative Japa-
nese name is Koshinagaimori-zame) was collected from the Okinawa (abstract of the An-
nual Meeting of the Ichthyological Society of Japan, 1985). I collected specimens of
Parmaturus sp. during the 1984 surveys of the Okinawa Prefectural Fisheries Experiment
Station around the Ryukyu Is., and it was identified as P. melanobranchius. Yano and
Kugai (1993b) reported that two species, P. pilosus and Parmaturus sp. occur in the waters
around the Ryukyu Is. The specimens of Parmaturus sp. of Yano and Kugai (1993b) are P.
melanobranchius. However, no other material exists from the waters around Japan. In the
present report, at least, P. melanobranchius and P. pilosus are both distributed around the
Ryukyu Is., Japan.

Parmaturus melanobranchius was captured from off of the Hateruma Is. (24°09’N-
123°58’E and 24°05°N-123°18’E), of the Yonaguni Is. (24°03'N-122°59’E and 24°29'N-
123°06’E), and of the Minna Is. (24°50'N-124°26’E) at the depth from 540 m to 835 m.
Around the Ryukyu Is., P. pilosus was collected from off the Ishigaki Is. (24°43’N-
124°26’E and 24°09’N-124°10'E) and the Yonaguni Is. (24°29'N-122°56’E and 24°11°N-
122°38’E) at the depth from 520 m to 895 m.
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ASPECTS OF THE BIOLOGY OF THE ENDANGERED SPOTTED
HANDFISH, BRACHIONICHTHYS HIRSUTUS (LOPHIIFORMES:
BRACHIONICHTHYIDAE) OFF SOUTHERN AUSTRALIA

by

Barry D. BRUCE, Mark A. GREEN & Peter R. LAST (1)

ABSTRACT. - The Brachionichthyidae (handfishes) is a little known lophiiform family endemic to SE
Australia. Some of the inshore species have extremely restricted distributions, a feature that makes their
populations highly vulnerable to disturbance. The spotted handfish (Brachionichthys hirsutus) is endemic
10 a small area of SE Tasmania and was common throughout the lower Derwent estuary and adjoining
bays prior to the mid 1980’s. It has since suffered a serious decline in distribution and abundance. In
June 1996, a study of B. hirsutus commenced to establish a biological profile for developing appropriate
conservation strategies for the species. B. hirsutus is a small, benthic, slow moving, species that is easily
approached and measured underwater. individuals may be identified by their unique markings, which
enables individual growth trajectories and movement patterns to be mapped. Growth rates of female B.
hirsutus suggest that maturity is reached after 2-3 years at a size of 75-80 mm. Small numbers (80-250)
of large eggs are deposited in an interconnected egg mass that is structurally unique amongst antenna-
rioids and is wrapped around a vertical object on the bottom. The female guards the eggs which take 7-
8 weeks to hatch. Handfish lack a dispersive larval stage and hatch as well-formed juveniles (6-7 mm in
length) that settle immediately to the bottom. Consequently, the ability for handfish to repopulate areas
from which they have been removed is expected to be low. The cause of the decline in B. hirsutus has
yet to be determined. Suggested reasons include predation or habitat disturbance by a recently introdu-
ced asteroid and/or habitat modification through rural. industrial and urban development..

RESUME. - Eléments de la biologie du poisson-crapaud tacheté, Brachionichthys hirsutus
(Lophiiformes: Brachionichthyidae), espece en danger des cbtes méridionales d’ Australie.

Les Brachionichthidae constituent une petite famille de poissons-crapauds endémiques des c6-
tes sud-est de I’ Australie. Certaines espeéces littorales ont une distribution extrémement réduite et sont
tres vulnérables aux perturbations de leur milieu. Ainsi, le poisson-crapaud tacheté. Brachionichthys
hirsutus, a une distribution limitée A une petite zone de la cdte sud-est de la Tasmanie, alors qu’il était
commun dans toute la partie inférieure de I’estuaire de la riviere Derwent et dans les baies adjacentes
avant le milieu des années 1980. Depuis, cette espece a subi un déclin prononcé de sa distribution et de
son abondance. En juin 1996. sa biologie a été étudiée pour déterminer la meilleure stratégie de conser-
vation. B. hirsutus est une petite espéce benthique. indolente, que les plongeurs peuvent approcher
faciiement pour {’observer. Les individus peuvent étre identifiés par leur patron de coloration, aussi est-
it possible de suivre leur croissance et de cartographier leurs mouvements. Les taux de croissance des
femelles suggerent que la maturité est atteinte au bout de 2 a 3 ans pour une taille variant de 75 & 80 mm
LT. Un petit nombre (80-250) de gros oeufs est déposé en une masse unique de structure particuliére,
qui est enroulée autour d'un support vertical sur le fond. Les femelles gardent les ocufs qui éclosent au
bout de 7 4 8 semaines. Il n’y a pas de phase larvaire de dispersion: & I'éclosion, les jeunes poissons-
crapauds tachetés ont 6-7 mm LT et s’installent immédiatement sur le fond. De ce fait, la capacité de
ces poissons-crapauds a repeupler les zones ou ils ont été décimés est trés faible. Mais la véritable
raison de leur déclin n’est pas encore clairement établie. Parmi les causes possibles, on peut évoquer la

(1) CSIRO Division of Marine Research, GPO Box 1538, Hobart Tasmania, 7001, AUSTRALIA.
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prédation et la modification de leur habitat par I’invasion récente d’étoiles de mer et/ou par le dévelop-
pement rural, industriel et urbain.

Key-words. - Brachionichthyidae, Brachionichthys hirsutus, PSE, Southern Australia, Tasmania, Hand-
fish, Reproduction, Endangered species, Conservation.

The lophiiform family Brachionichthyidae (handfishes) is the most speciose of
marine fish families that are endemic to Australia. Some representatives of the family
have among the narrowest ranges of any of the 4300, or so, marine fish known from the
region (Last er al., 1983; Yearsley et al., 1997). Five of the eight currently identified
species are endemic to Tasmania and Bass Strait (Last et al., 1983). The red handfish
(Sympterichthys politus) and an undescribed species (Ziebell’s handfish, Sympterichthys
sp.) appear to be confined to a few restricted, shallow reef habitats in south-eastern Tas-
mania. The spotted handfish (Brachionichthys hirsutus) is endemic to the lower Derwent
River estuary and adjoining bays and channels (Edgar er al., 1982; Last et al., 1983).

The small population sizes and highly restricted distributions of all the inshore
endemic Tasmanian handfishes make them vulnerable to disturbance. However, only the
spotted handfish is known to have suffered a serious, recent, population decline (Barrett e?
al., 1996). The species has been listing as « endangered » and « critically endangered »
under the Australian Endangered Species Act and [UCN Red List respectively, but the cause
of the decline is unknown. Suggested reasons have included predation on egg masses or
disturbance of benthic communities by the recently introduced northern Pacific seastar,
Asterias amurensis, habitat modification through increased siltation, heavy metal con-
tamination and urban effluent (Last and Bruce, 1997; Bruce et al., 1998).

The biology of brachionichthyids is poorly documented, apart from aspects of
their morphology, osteology and distribution (see Pietsch, 1981; Edgar et al., 1982; Last
et al., 1983; Gomon et al., 1994). They are small, colourful, slow moving benthic fishes
that are easily approached and photographed. Last er al. (1983) reported that B. hirsutus
attached its eggs to solid objects on the bottom via thin threads and that its diet consisted
of small shellfish, shrimps and polychaete worms. Whitley (1949) described an adult
female B. hirsutus with eggs extruding from the body and a 14 mm juvenile Sympterich-
thys verrucosus. The lack of information about the biology, population dynamics and
habitat requirements has proved the major impediment to identifying the cause of the
decline in the size of the population of B. hirsutus, in further defining the conservation
status of the group in general and in establishing appropriate conservation strategies.

In June 1996 we commenced a study of Brachionichthys hirsutus in order to estab-
lish a biological profile for developing appropriate conservation strategies for the spe-
cies. The study involved concurrent field and laboratory components, the latter to further
detail both biological and behavioural aspects, as well as establishing captive husbandry
techniques. This paper describes our field observations on age, growth and reproduction of
a population within the lower Derwent Estuary over the period June 1996 - November
1997.
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Fig. 1. - The study area in south eastern Tasmania which approximates the previous known range of

Brachionichthys hirsutus. The survey area in the lower reaches of the Derwent River estuary is not
identified to ensure the security of the population.

MATERIAL AND METHODS

Study area

The study site was located in a shallow bay of the lower Derwent estuary near Ho-
bart Tasmania (Fig. 1). The precise location of the site has not been shown to maintain
the security of the population. The site was selected on the basis of surveys in 1996 and
early 1997 covering the previous known distribution of the species (Barrett et al., 1996;
Bruce et al.,, 1997). The core survey area was approximately 70 m x 70 m, bounded by
the 6 and 8 m depth contours. The substrate was primarily medium to coarse sand and silt
with occasional, isolated, low relief rocks and numerous shallow shell-lined depressions.
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Fig. 2. - Brachionichthys hirsutus, 64 mm TL.

This area was monitored approximately monthly between June and August 1996 and be-
tween January and October 1997. The area was monitored more frequently (approximately
fortnightly) during the 1996 spawning and hatching period (September - December).
Additional surveys were conducted on an extended area of the bay (500 m x approximately
120 m, centred on the core area and bounded by the 5 and 10 m depth contours) in 1997
to provide an index of population size, population fecundity, monitor recruitment and
record extended movement patterns. Results reported herein refer primarily to field obser-
vations within the core survey area, although data on growth includes that collected on the
extended area surveys and some observations on reproductive behaviour and early life
history are included from laboratory rearing. Data on patterns of movement, population
indices, population dynamics and recruitment will be covered in a subsequent publication.

Monitoring methods

The site was searched via SCUBA for handfish during each dive. The location of in-
dividuals was initially marked, for future reference, by numbered steel stakes, 40 cm in
length, that were driven approximately 10 cm into the substrate. In subsequent dives, the
position of located individuals was plotted based on their distance and direction from the
nearest stake. If an existing stake could not be found, a new stake was positioned adjacent
to the fish.

For each fish, total length (measured with vernier callipers), adjacent substrate
type and proximity to any bottom features (e.g., shell-lined depressions, low relief rocks)
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were recorded. A search of the surrounding area for egg masses was also made. Total length
was recorded in preference to standard length as the latter was extremely difficult to meas-
ure in situ.

The hypothesized role of Asterias amurensis in the decline of B. hirsutus prompted
us to monitor densities of the seastar in the sample area. Densities were initially estimated
from two 50 m transects (2 m width) and then from four tracks of 100 m length in 1997.

Identification of individuals

B. hirsutus have individually recognisable patterns of spots that do not change
with season, substrate type or behaviour (Fig. 2). As a reference for their identification,
the left side of each fish observed was photographed, in situ. Some changes in pattern
occur with growth (e.g., a streak may break into two or more spots), however these
changes are easily traced. The ability to easily measure specimens in situ, and identify
individual fish allowed us to verify growth rate data and plot movement patterns.

RESULTS

A total of 130 individuals of Brachionichthys hirsutus (excluding newly hatched
juveniles < 10.0 mm) were photographed and registered during the study period in the
combined core and extended survey areas. Ninety-five individuals were recorded within the
core study area. This reflected the higher survey effort in the core area compared to that in
the extended survey area.

Resightings

Twenty-eight fish (21% of the total observed) were resighted during the study pe-
riod, most resightings occurring in the core area. The time intervals between successive
resightings ranged from 2 to 329 days. The most frequently resighted fish (excluding
those monitored with eggs) was recorded on 5 separate dates spanning a 145 day period
between July and December 1996.

Reproduction

Four egg masses were observed in the core area during 1996, on 30 September, 15
October (two masses) and 5 November. No egg masses were observed in the core area in
1997, although two egg masses were recorded in the extended survey area on 8 and 9 Octo-
ber.

In each case, egg masses of 60-100 eggs were wrapped around the base of a stalked
ascidian, Sycozoa sp. Each egg was separately housed in an elliptical, membranous, flask-
shaped structure, the neck of which had a prominent cup-shaped central pore, as well as a
thin tendril and a larger diameter tubule on opposing sides (Fig. 3). The surface of each
flask was covered with short, papillose, projections, each approximately 0.2 mm in
length. Tendrils, which were individual non-branching structures that formed a tangled
web within and around the egg mass, probably assisted in anchoring it to the substrate.
Tubules, however, formed a continuous branching system that linked each flask and held
the egg mass together. Both tendrils and tubules appeared to be hollow. Flasks and eggs
with full term embryos were approximately 5.5-6.0 mm length (4.2-4.3 mm width) and
3.9-4.2 mm length (2.8-3.0 mm width) respectively.

Three of the egg masses located in 1996 were revisited, and the development ol
two of them was followed in detail. The same adult was present immediately adjacent to its
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Fig. 3. - Structure of Brachionichthys hirsutus egg mass. Cp: central pore; Td: tendril; Tb: interconnec-
ting branched tubule. Scale bar = 2 mm.

Fig. 4. - Newly hatched Brachionichthys hirsutus, 5.2 mm SL, 6.8 mm TL.

respective egg mass on each occasion visited. One of the adults, specimen B23, was ob-
served with a notably distended abdomen 32 days prior to being sighted next to an egg
mass. Based on these field observations and the spawning and subsequent guarding behav-
iour of three captive females, we conclude that only the female guards the egg mass.
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Fig. 5. - Growth rate of Brachionichthys hirsutus within Derwent estuary. A: Growth of resighted fish.
Lines denote growth records for resighted fish. (B: Population growth rates inferred from monthly
length data.

Specimen B23 was first observed with eggs on 30 September. Eggs were relatively
clean, with little epiphytic growth. The external surface of the eggs gradually became
discoloured with algae and detritus during the period of development. Embryos were first
noticed on 28 October, at which time eyes were well-developed and pectoral fins were
visible. The egg mass was still intact on 5 November with no sign of hatching. Poor
visibility and bad weather prevented us from revisiting the site until 18 November, at
which time hatching was almost complete with only three embryos still in eggs. A search
of the surrounding area located 6 juveniles (7.9-9.1 mm in length) at distances ranging
between 1.5-3.2 m from the remains of the egg mass. Based on growth rates observed in
the laboratory, we estimate these individuals to have hatched 5-7 days earlier. The female
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was also observed away from the egg mass for the first time since spawning and was lo-
cated at a distance of 3 m.

Specimen B39 was first observed adjacent to an egg mass on 15 October, with
eggs that were noticeably discoloured on the external surfaces and no embryos visible.
Embryos were visible on the subsequent visit (28 October). On 5 November, embryos
were Jarge and well developed. A search of the surrounding substrate located a single
7 mm juvenile. Hatching of this egg mass had completed by 18 November. Only a single
juvenile was observed on that date, 5 m from the remains of the egg mass. The adult, B39,
was not resighted.

Juveniles

In the laboratory, B. hirsutus hatched at 6.7-6.9 mm TL (5.2-5.5 mm SL). Newly
hatched fish were well developed with full fin complements (including the illicium), func-
tional eyes and functional mouth (Fig. 4). A large, internal, yolk reserve was present at
hatching and diminished over the following few days. Newly hatched juveniles were pre-
dominantly white. Melanophores were present over the anterior-most and posterior-most
7-8 rays of the second dorsal fin, in both cases extending laterally down the body surface
to form two broad bands. The posterior band extended onto the caudal peduncle and ven-
trally over the posterior-most 5-6 rays of the anal fin. Melanophores were also present in
a broad band over the distal margin of the caudal fin and scattered over the head (primarily
around the orbit). Some melanophores were present internally around the otic capsule and
above the gut.

Age and growth

Based on the recorded lengths during surveys, B. hirsutus grew at a relatively con-
stant rate between November and May, increasing in size from 6-7 mm at hatching to 20-
30 mm (Fig. 6). By October-November, this mode could be traced to a size of 35-50 mm
which we assume to represent the size at age ). This mode was subsequently traced to
approximately 55-65 mm by May and then links to 65-80 mm in the October - Novem-
ber series, presumably representing size at year 2. Growth rates between age | and age 2
(1 + fish) were corroborated by the lengths of resighted juveniles (Fig. 5a).
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Growth rates appeared to slow dramatically after approximately 70-80 mm and it
was not possible to discern year classes after this point from length data. Again this was
corroborated by length measurements on resighted individuals (Fig. 5a).

Asterias amurensis

The density of A. amurensis remained relatively stable between July 1996 and July
1997 at approximately | per 10 m’. A significant increase in abundance was recorded
during October 1997 reaching a peak value of 8 per 10 m* (Fig. 6).

DISCUSSION

The ability to identify individual Brachionichthys hirsutus based on their unique
pigment patterns provided an ideal opportunity to examine growth, movement and as-
pects of reproductive dynamics that would otherwise be extremely difficult (or destruc-
tive). Unlike the changes observed in colousr patterns of antennariids (Pietsch and
Grobecker, 1987), we found no evidence that pigment patterns vary diurnally or in re-
sponse to substrate type or behaviour. All captive individuals maintained their unique
patterns and resighted individuals were readily identified based on photographic records up
to 329 days after first being sighted.

Reproduction

B. hirsutus has a complex egg mass that is unique among the antennarioids. Ten-
drils and interconnecting tubules between egg flasks assist in attaching the egg mass to
the substrate and maintaining the integrity of the egg mass during the incubation period.
Whether tubules serve any other function after spawning or if they are just remnant struc-
tures derived from the ovary is unknown. The large, cup-shaped central pore located at the
top of the egg flask may provide an entry point for sperm during fertilisation and the flask
itself may protect eggs from predation and abrasion. As we have observed similar egg
masses for both the red handfish (Sympterichthys politus) and Ziebell’s handfish
(Sympterichthys sp.), it is likely that such egg mass structures are characteristic of
brachionichthyids.

Large, benthic eggs, low fecundity and parental care are unusual in lophiiform
fishes and have only been reported in a few species of antennarioids (Pietsch and
Grobecker, 1987, Kuiter, 1993; Pietsch, 1997, pers. comm.). Of these species, 5 are
known to either carry eggs attached to the body (i.e., Lophiocharon trisignatus, L. lithi-
nostomus, Tetrabrachium ocellatum) or as a cluster held in a pocket formed by folding the
pectoral and caudal fins against the body (i.e., Histiophryne cryptacanthus, H. bogain-
villi) (Pietsch and Grobecker, 1987). Only two species (i.e., Rhycherus filamentosus and
Echinophyrne crassispina) are reported to attach eggs to the substrate (Kuiter, 1993). In
all cases, eggs were reported to be attached to each other, usually by single or double-
stranded aceliular filaments or within mucoid sheaths. Eggs attached to common branched
filaments have only been reported for Tetrabrachium ocellatum (Pietsch and Grobecker,
1987).

Egg masses of B. hirsutus were only located around the base of the stalked ascidian
Sycozoa sp. in the survey area, although egg masses have recently been observed around
other vertical objects at a site outside the Derwent estuary (J. Ross, Univ. Tasmany, 1997,
pers. comm.). Individuals will spawn around rigid vertical structures in aquaria. Similarly,
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we have only observed egg masses of S. politus around vertical structures (Caulerpa sim-
pliciuscula), while eggs of Sympterichthys sp. have been observed wrapped around a
vertical sponge (K. Gowlett-Holmes, 1996, pers. comm.). The similarity between species
of both genera in egg mass structure and the orientation of spawning substraie suggests
that brachionicthyids prefer to attach their egg masses to isolated vertical structures dur-
ing spawning.

Age and growth

This study provides the first preliminary information on age and growth for an an-
tennarioid, apart from observations on developmental rates of larval and early juveniles
stages of Histrio histrio (see Dooley, 1972; Martin and Drewry, 1978; and references
within). Based on observed length frequencies, resighted individuals and the minimum
size of females observed with egg masses, maturity in female B. hirsutus is attained within
the Derwent population after 2-3 years of age, at a size of about 75-80 mm. The growth
rate appears to slow dramatically thereafter to only a few millimetres per year. Size at
maturity for males is yet to be established as we are unable to differentiate between sexes
using external characters. However, the smallest male to fertilize eggs in our captive
rearing program was 87 mm TL. Although Barrett er al. (1996) reported a 117 mm
specimen from the Derwent and we sighted a 105 mm individual during our surveys, lon-
gevity is yet to be determined.

Causes of decline

Both the cause of the decline in B. hirsutus and the period over which it has oc-
curred is unclear. Annecdotal records suggest a relatively rapid decline in abundance oc-
curred in the mid to late 1980’s, at least in the vicinity of Hobart. Bruce er al. (1998)
suggested causes may include predation on egg masses or disturbance of benthic communi-
ties by the recently introduced northern Pacific seastar (Asterias amurensis), habitat modi-
fication through increased siltation, heavy metal contamination or urban effluent. The
Derwent is a heavily impacted estuary receiving contaminant inputs from a variety of
sources including sewage treatment works, large industries (e.g., a paper mill and zinc
refinery) and urban runoff. Sedimentation rates are high in certain localised areas within
the estuary, particularly upstream of Hobart (Coughanowr, 1997). However, changes to
sediment type within habitats previously occupied by B. hirsutus have not been investi-
gated. Improvements have been documented in both heavy metal levels in biota within
the Derwent over the last 20 years (Dineen and Noller, 1995) and in water quality over the
last 10 years (Coughanowr, 1997) both as a result of decreased emissions from sewerage
treatment plants and industries. However, heavy metal contamination within the estuary
still remains a significant problem (Coughanowr, 1997) and the impact of this on B.
hirsutus 1s unknown.

The possible role of Asterias amurensis in the decline of B. hirsutus has not yet
been established, although the timing of its discovery and subsequent increase in abun-
dance matches the mid to late 1980’s period of decline in B. hirsutus. A. amurensis is now
abundant in many areas where B. hirsutus was previously common. Small numbers of A.
amurensis were present throughout the study area in 1996, but densities increased signifi-
cantly in 1997. We did not observe any predatory loss of eggs during the study period,
although only two (1996) egg masses were followed in detail. Although direct predation
on egg masses was not observed, A. amurensis was observed feedi