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A B ST R A C T: T h e  v e r t i c a l  d i s t r i b u t io n  of m e s o z o o p l a n k t o n  h a s  b e e n  s t u d i e d  in th e  c e n t r a l  R e d  S e a  to 
d e t e r m i n e  its r e l a t i o n s h ip  to d i s c re te  h a b i t a t  z o n e s  d e f i n e d  a c c o r d in g  to d e n s i ty ,  o x y g e n  a n d  n u t r ie n t  
c o n c e n t r a t io n s ,  se s to n ,  a n d  p h y t o p l a n k t o n  profi les .  A d i s p r o p o r t io n a te ly  l a r g e  a m o u n t  of t h e  300 pm 
n e t  p l a n k t o n  o c c u rs  b o th  d a y  a n d  n ig h t  in th e  e p i p e l a g i c  zo n e ,  w h ic h  o c c u p ie s  t h e  u p p e r  w a t e r  l a y e r  
a b o v e  th e  a b r u p t  t h e r m o h a lo c l in e  at  a b o u t  100 m. In co n tras t ,  in  th e  lo w e r  b a t h y p e l a g i c  zo n e ,  a la y e r  
b e t w e e n  1,050 a n d  2  1,850 m, t h e  n u m e r i c a l  a b u n d a n c e  a n d  b io m a s s  of th e  Z o o p la n k to n  (0.2 s p e c i m e n s  
a n d  < 0 . 0 5  m g  w e t  w e i g h t  m - 3 ) c o r re s p o n d  to v a lu e s  e n c o u n t e r e d  in  o th e r  o l i g o t ro p h ic  r e g io n s  in 
t ro p ic a l  o c e a n s  b e lo w  a  d e p t h  of 4 ,000 to 6 ,000 m. T h e  s u b s u r f a c e  Z o o p la n k to n  m a x i m u m  is s i t u a t e d  in 
th e  core  of th e  o x y g e n  m i n i m u m  layer ,  w h ic h  is lo c a t e d  in  th e  m e s o p e l a g i c  z o n e  (100 to 7 5 0 m ) .  
M i n i m u m  o x y g e n  v a lu e s  a t  ca.  400 m d e l im i t  th e  u p p e r  a n d  lo w e r  i n te r z o n a l  ( m e s o p e la g ic )  a s s e m b 
lages .  T h e  u n u s u a l  p l a n k to n  d is t r ib u t io n ,  th e  p r e d o m i n a n c e  of a f ew  s p e c i e s  a n d  th e  o n t o g e n e t i c  
s e g r e g a t i o n  of th e  i n te r z o n a l  s p e c i e s  a re  r e l a t e d  to th e  a b n o r m a l ly  h ig h  t e m p e r a t u r e  (> 2 1 .5 ° )  a n d  
sa l in i ty  ( 2  40.5%« S) in  th e  s u b s u r f a c e  w a te r s ,  c o u p le d  w i th  a d e p l e t e d  o x y g e n  c o n t e n t  in th e  
m e s o p e la g i c  z o n e  a n d  lack  of food in th e  b a t h y p e l a g i c  zone .  V e r t i c a l  t r a n s p o r t  of o r g a n i c  m a t t e r  is 
a c h i e v e d  by  th e  l a d d e r  of m ig ra t io n s ' ,  i n v o lv in g  a few  in te r z o n a l  s p e c i e s  t h a t  d e s c e n d  in to  th e  u p p e r  
b a th y p e l a g i c  z o n e  b u t  r e m a in  a b o v e  ca. 1,100 m. T ra n s p o r t  of o r g a n ic  d e b r i s  b e lo w  th is  d e p t h  by 
s in k in g  is in e f fe c t iv e  b e c a u s e  its d e c a y  is too rap id .

INTRODUCTION

In contrast to that of the Gulf of A qaba  (Kimor and 
Golandsky, 1977; K linker et al., 1978; Levanon- 
Spanier  et al., 1979; W inter et  al., 1979), the p lanktonic  
com m unity  of the Red Sea p roper has not yet b ee n  well 
investiga ted  ecologically. Most of the information 
ava ilab le  on the p lanktonic  biota concerns primarily  
the morphological,  systematic and  b iogeograph ic  
aspects (inter alia: Casanova et al., 1973; Ducret, 1973, 
1974; Godeaux, 1974; W eigm ann, 1974; Por, 1978). 
H alim  (1969) rev iew ed the older literature. Q u an t i ta 
tive stud ies  had  b ee n  restricted to prim ary production 
m easu rem en ts  (Khmeleva, 1970), gene ra l  numerical 
ana lyses  of phy top lank ton  (Sukhanova, 1969), and 
determ inations of total volumes and  wet w eigh ts  of 
Zooplankton in the u p p e r  1,000m (Delalo, 1966; 
Ponomareva, 1968; Gordeyeva, 1970). Nevertheless,  
the quantity  of p lank ton  in this sea cannot yet be

reliably  es tim ated  (Kimor, 1973). The p resen t k n o w 
ledge  about the p lank ton ic  com m unity  in the Red Sea 
proper, inc lud ing  prelim inary  quan t i ta t ive  inlormation 
on seasonal s tructural ch anges  in the Zooplankton, has  
been  sum m arized  by W eikert  (in press). Like the  p re 
sent paper, this sum m ary  is b ased  on results  ob ta ined  
from an ecological study of the pe lag ic  zone in the 
central Red Sea that is b e in g  con t inued  u n d e r  the 
superv is ion  of the author. The study  is par t  of the 
M etalliferous Sed im ents  D eve lopm en t  P rogram m e 
Atlantis II Deep (MESEDA), in it ia ted  by the  Saudi- 
S u d an ese  Red Sea Jo in t  Commission, Je d d ah .

The first synoptic study of the p la n k to n  and  its e n v i
ronm ent was conducted  aboa rd  the  R.V. 'Sonne ' from 
October 30 to N ovem ber  14, 1977, above an d  in the 
vicinity of the Atlantis II D eep  (Fig. 1). F ind ings con 
cern ing  the ecological s ign ificance of the  oxygen  
m in im um  layer in  this area  and  considerat ions on 
adap tive  m echan ism s of some of its most conspicuous
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Zooplankton species  have  b e e n  pu b l ish ed  recently  
(Weikert, 1980). The objectives of the p resen t study 
w ere  the  assessm ent of Zooplankton s tand ing  stock 
a n d  composition, its distribution  accord ing  to hab i ta t  
zones, and  its d iel vertical migrations. A g ene ra l  p ic 
ture  of the  se quence  of vertical m igra tion  in the central 
Red Sea is given, and  com m ents  are m a d e  on the 
e n e rg y  flux in the  w ate r  column.

MATERIAL AND METHODS

Zooplank ton  w as collected at 11 stations in the  area 
of the  Atlantis  II Deep. T hree  addit iona l  s tations were  
located  n e a r  the S ud an ese  ree f  region (Fig. 1). There 
w ere  no s ignificant d ifferences in total Zooplankton 
ab u n d a n c e  and  vertical d is tr ibution  of species, so the 
sam ples  from the  d ifferent locations are not considered  
se p a ra te ly  in this study.

T he  collecting  device w as  an  im proved  Bé open ing  
an d  c losing n e t  (MCN) e q u ip p e d  w ith  a p ressu re  meter  
(W eikert and  John, 1981). T em p era tu re  an d  conductiv-
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Fig .  1. S i tes  of p l a n k t o n  s a m p l i n g  in  t h e  R e d  S ea ,  N o v e m b e r  
1977. E n la r g e d  se c t io n  of m a p  s h o w s  p o s i t io n  of s ta t io n s  

a b o v e  A t l a n t i s  II D e e p

ity w ere  recorded im m edia te ly  before or after the M CN 
tows with  a bathysonde. The five 300 um nets of the 
M C N  (mouth open ing  0.5 x  0.5 m) are opera ted  via a 
one-conductor  cable in a w ay that closing one net 
opens the next one in the sequence.  The stratified 
vertical tows w ere  conducted  to 1,850 (1,900) m; thus, 
they  com m enced  abou t 100 m from the surface of the 
hot sa line brines tha t fill the bas in  (Bäcker and  Schoell, 
1972). The sequence  of dep th  in tervals was every 50m  
from 0 to 450 m, every 150 m from 450 to 1,050 m, and 
every  200 m from 1,050 to 1,850 m. During daylight,  the 
dee p es t  sam ples  w ere  ta k en  from 1,450 to 1,700 m. In 3 
cases, the 450 to 600 m layer w as sam pled  at 50 m 
intervals. The total of 207 sam ples  w ere  ta k en  at 8 
stations a round  m idday  and  6 stations at abou t m id 
n igh t at a towing speed  of 1 m s -1 . D uring these 
periods, diel m igrants  are genera lly  though t  to rem ain  
at constant dep th  levels. An indication  of this is the 
position of the deep  scatter ing  layer, DSL (Weikert, in 
press), which show ed no change  dur ing  the  4 to 5 h  
dayt im e collecting period. Nevertheless,  some vertical 
m ovem ent of an im als  has  to b e  expected  (Roe, 1974).

The Zooplankton w as preserved  in 4 % form aldehyd 
seaw ater  solution buffered w ith  hexam ethy lene-  
te tram ine .  The total n u m b e r  of organism s w as d e te r 
m ined, exc lud ing  exoskele tons or an im als  tha t w ere  
obviously dead  prior to collection. The non-living 
specim ens, w hich  w ere  almost exclusively copepods, 
w ere  d is t inguished  according to the  criteria of W heeler
(1967) and  W eikert  (1977). W hen it s e em e d  necessary  
for a clearer p resen ta t ion  of the results,  counts of sam 
ples  from be low  1,050 m w ere  g iven  w ith  corrections 
for contaminants,  toge ther  with  the orig ina l values. 
The contam ination  es tim ates  (Weikert and  John, 1981) 
w ere  corroborated by recen t investigations com paring 
vertical and  horizontal tows, the la tter  y ie ld ing  m a rk 
edly  sm aller  proportions of the following taxa: A p p en 
dicularia; G astropoda (veligers); certain  Pteropoda 
Euthecosomata , and  C opepoda.  O rganism s m ay have 
en te red  m  shallow  w ate r  while  the closed nets were  
b e in g  retrieved, or they  may not have b ee n  removed 
w h en  the  nets  w ere  w ashed  dow n after the  p reced ing  
haul (Bernhard et ah, 1973). Wet w e igh t  w as m easured  
by the  m ethod of T ran te r  (1962) after rem oval of occa
sional coe len tera tes  and  salps la rger  than  0.5 cm.

The dep th  ranges  in w hich  at least 50, 75 and  97.5 % 
of the  individuals  be long ing  to a g iven taxon occurred 
w ere  de term ined  by ad d ing  percen tages  from layers 
w hich  conta ined  the  la rgest proportions of specimens. 
In general,  there  was a s teady  decrease  in num bers  
from the layer of m ax im um  occurrence. The 50 % of the 
popu la tion  nea res t  the d is tribution centre  is referred to 
as the  popula tion  core. No in terpolations w ere  made. 
Therefore, in par t icu la r  in the case of ca lculations to 
locate 75%  of the popula tions, the dep th  range  given
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often inc ludes even  more than  75% . The actual p e r 
cen tages  are g iven separa te ly  in the  figures. Instead of 
ca lcu la t ing  the dep th  range  for 100% of the p o p u la 
tion, 97.5% was used  to com pensa te  for the  ca. 2.5% 
contam ination  factor (Weikert and  John, 1981).

The phy top lank ton-nu tr ien t  com plex was investi
ga ted  in w ater  sam ples  taken  w ith  5 1 N iskin  samplers 
at 5, 15, 30, 50, 75, 100, 150, 200, 250, and  300m. A 
w ate r  volume of 3 1 s a m p le -1 was used  for the  im m ed i
ate chlorophyll a determ ination ,  the data of which are 
be in g  p ub lished  separa te ly  (Weikert,  in  press). The 
rem a in d er  of the  w ate r  was ana lyzed  for phosphate  
and  silicate by the  m ethods of Koroleff (Grasshoff, 
1976) and  for oxygen by the W inkler  method.

W ater  for the de term ina tion  of seston was ta k e n  by 
regu la r  hydrocasts  from 5 m, 15 m; every 50 m from 
dep ths  of 50 to 1,100 m; and  every 100 m from 1,250 to 
1,850 m. From the 5 1 N iskin samplers,  3 1 of w ate r  were 
filtered th rough a 2.5 mm d iam ete r  glass fibre filter 
(W hatman GF/C), dry frozen and  stored u n d e r  silica 
gel in plastic petri dishes. The dry w eigh ts  of the 
seston, o rganic substance  content, and  ash  (inorganic 
substance) were  d e te rm in ed  ashore by the  m ethods of 
Postma (1954) and  Lenz (1971). The rem a in in g  w ater  
was ana lyzed  for nutr ients  and  oxygen (see above).

RESULTS 

The A biotic Environment

The discrete hab i ta t  zones in the w ater  column of the 
Atlantis II Deep area  can be recogn ized  in Figs. 2, 3, 
and  4.

The Red Sea is an  ex traord inary  2-layer sea with 
e leva ted  tem pera tu re s  of abou t 21.5° to 22.0 °C at 
depths g rea te r  than  150 to 200 m (Morcos, 1970). In
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Fig. 2. Profiles of mean dissolved oxygen, temperature and 
salinity in the area of the Atlantis II Deep. T and S redrawn 
from bathysonde computations. Circle around a point denotes 

an uncertain mean concentration

N ovem ber  1977, in the  a rea  of the Atlantis  II Deep, 
sharp  te m pera tu re  an d  salinity g rad ien ts  (Fig. 2) 
b e tw e e n  abou t 75 and  180 m sep ara ted  a sha llow  zone 
of extrem ely  w arm  surface w ate r  (27.7 °C and  39 .73%o 
S) from the  iso therm al an d  isohaline  d ee p  w ate r  body 
(21.7 °C and  40 .67%„ S).

W ithin  the narrow  surface zone, 2 m ax im a of 
chlorophyll a occurred, one at abou t 5 m and  the  other 
from 50 to 75 m (Weikert,  1981, in press, in  prep.). This 
m eans  tha t  the subsurface m ax im um  of photosynthetic  
p igm en ts  was close to or w ith in  the  u p p e r  part of the 
discontinuity  layer. W ith in  the  surface layer, the h ig h 
est oxygen concentra tions (x =  4.44 ml 0 21-1) w ere  
found  at a dep th  of 50 m, ind ica t ing  tha t the re  was a 
b io log ica l supply  of oxygen  from photosyn thes is  and  
th a t  at least par t  of the  subsurface chlorophyll a was 
con ta ined  in  active cells. S imilar subsurface  m ax im um  
concentra tions of oxygen  in the  Red Sea w ere  reported  
by  Grasshoff (1969).

The bottom of the  eupho tic  layer inc ludes  the  top of 
the  therm ohaloc line .  Ju d g in g  from Secchi disc r e a d 
ings  (Dm), tha t var ied  from 28 to 31.5 m, the 1 % level of 
surface ligh t in tensity  ra n g e d  from app rox im ate ly  75 to 
85 m, as sum ing  an extinction  coefficient of k =  1.7 
(Dm)-1 (Smith, 1976). T he  photic  layer, approx im ate ly  
the  u p p e r  90 m, w as  sam p led  by the M C N  at two 50 m 
intervals.  This som ew hat  arbitrary  100 m layer  is ca lled  
the  ep ipe lag ic  zone (Vinogradov, 1968).

Following V inogradov 's  schem e of b io log ica l zo n a 
tion, the ad jacen t  100 to 750 m layer  is ca lled  the 
m esope lag ic  zone. U nlike  in the com m on terminology, 
the  d iscontinuity  layer  is inc luded  since it exhibits  
env ironm en ta l  and  zooplanktonic  fea tures  tha t  are typ 
ical for the  m esopelag ic  zone.

The m esope lag ic  zone  is charac ter ized  by 
rem inera liza t ion  processes. As ind ica ted  by the  oxy
g en  and  nu tr ien t  profiles (Fig. 3) most decom position
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Fig. 3. Profiles of mean concentrations of phosphate, silicate 
and oxygen in the area of the Atlantis II Deep. Circle around a 

point denotes an uncertain concentration
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of o rganic  m ater ia l  takes  p lace  in the 100 to 250 m 
layer. The result is a sharp  decrease  in oxygen  content 
from >  4 ml 0 21-1 to 1 .6ml 0 21-1 at a dep th  of 250 m, 
associa ted  with  the  dec line  in par t icu la te  o rganic  m a t
te r  (POM), as show n in Fig. 4. The ave rage  POM  values  
dec rease  from 0.157 m g l -1 (67% of the  seston) in the 
u p p e r  5 0 m  to 0.120 m g l -1 (57% of the  seston) in the 
oxycline.

Below the  zone of sharp  oxygen  g rad ien ts  (> 250 m), 
the  core of the  oxygen  m in im um  layer ex tends  app rox 
im ate ly  from 300 m to 650 m (Fig. 3). The average  
oxygen  concentra tions of 1.3 to 0.9 ml 0 21-1 w ith in  the 
core are  clearly  d is t ingu ishab le  from values  above 
250 m (one-way analysis  of variance, p = 0 .0 1 ,  
W eikert,  1980). This is p a ra l le led  by the d ifferences in 
PO M  (one-way analysis  of variance, p =  0.05). The 
lowest oxygen  concentra t ions  coincide w ith  m in im um  
POM  concentra tions of 0.80 m g l “ ' at 5 5 0 m  to 0.90 
m g I- ' a t  400 m. A bout 54 % of the  seston is POM  (Fig. 
4). An abso lu te  inc rease  in  POM, w hich  inc reases  to 
64 % of the  seston n ea r  the  bottom of the  oxygen 
m in im u m  core at 650 m, could not be  verified statisti
cally.
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Fig. 4. Profiles of mean oxygen and particulate matter (seston) 
concentrations in the area of the Atlantis II Deep. Seston (A), 
POM (B), ash (C), oxygen (D). Circle around a point denotes 

an uncertain concentration

T he decom position  of o rganic  m atte r  be low  100 m 
leads  to an  inc rease  in ino rgan ic  nu tr ien ts  w ith  depth. 
P h o sp h a te  increases  from 0.3 pg at I-1 in  the  surface 
layer  to a m ax im um  of 1.5 pg a t l -1 in  the  core of the 
oxygen  m in im um  layer  (Fig. 3). The co rresponding  
va lues  for sil icate are  1.3 pg a t l “ 1 and  12.4 pg a t l -1 .

Below  the  core of the  oxygen m in im um  layer 
(> 6 5 0 m ) ,  th e re  is a s ligh t increase  in oxygen  and 
nu tr ien t  concentra tions.  A lthough  the  sign ificance of 
these  f ind ings is re d u c e d  b ecause  of the  relatively 
small da ta  set (see enc irc led  points in Fig. 3), there  are

sim ilarities w ith  f indings from earlier  investigations 
(Morcos, 1970). As docum ented  in the  presen t paper, 
the w ate r  below  750 m is d is t ingu ished  by a strongly 
reduced  Zooplankton activity. Thus, it exhibits a fea
ture typical of the ba thype lag ic  zone (Hedgepeth , 
1957; Vinogradov, 1968).

Vertical D istribution and Abundance of M esozoo- 
plankton

C oncentra tion  and  S tand ing  Stock of Total Zoo
plank ton

The vertical distribution  of the  m esozooplankton  and 
its b iom ass (Fig. 5) corresponds to the divisions of the
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environm ent.  Most of the Zooplankton was concen
trated  in the up p er  100 m, the  ep ipe lag ic  zone. The 
a b u n d a n ce  and  biomass ave raged  from com bined val
ues  for both day and  n igh t am ounted  to 200 
s p e c im e n s m -3 and 27 mg wet w e ig h t m -3 Such low 
values  are characteristic  of oligotrophic environm ents  
(Vinogradov, 1968).

There was a strong p lanktocline  from abou t 100 to 
150 m tha t tends to coincide with the the rm ocline  and 
the oxycline. This sharp  dec line  may be a charac ter is 
tic of the central Red Sea that d is t inguishes the region 
from other oligotrophic, tropical regions. Significant 
num erical and  biomass ratios be tw een  the u p p e r  100 m 
and  under ly ing  layer at 100 to 200 m am ounting  to 
abou t 7 :1 were found, during  day and  n igh t (Table 1). 
Data ava ilab le  for 65 pm net Zooplankton collected at a 
single station in the sam e area  (Gordeyeva, 1970) 
y ie lded  similar ratios, 8.7 :1 for num bers  and  5.4 :1 for 
biomass. In contrast,  ratios of values for mesozooplank- 
ton b iomass reported  from the tropical Indo-Pacific 
Region (Vinogradov, 1968) and  the Sargasso Sea 
(Yashnov, 1961; O rtner  et al., 1978) ran g e  be tw e en  
3 .4:1 and  0.7:1.

T a b l e  1. C e n t r a l  R e d  S ea .  R a tios of w e t  w e i g h t  a n d  in d iv id u a l  
n u m b e r s  of m e s o z o o p la n k to n  in th e  u p p e r  100 m to th o se  in 
t h e  100 to 200 m  layer .  C o m p a r a t i v e  v a lu e s  for o l ig o t ro p h ic  
p a r t s  of th e  I n d o p a c i f i c  R e g io n  p r o v id e d  by  V in o g ra d o v  

(1968, T ab s .  18, 20)

N u m b e r s B io m ass
M e a n R a n g e M e a n R a n g e

Red  Sea
Day 7 .0:1 4 .7 :1 - 1 3 .4 :1 7.9:1 4 .0 :1 - 1 5 .8 :1
N ig h t 7.9:1 5.2 :1 -11 .7 :1 6.6:1 4 .8 :1 - 1 7 .3 :1

Pac if ic  O c e a n - - 1.9:1 1 .2 : 1 -  3 .4 :1
In d ia n  O c e a n - - 1.8:1 0 . 7 : 1 -  2.8:1

A secondary  concentra tion  of Zooplankton occurred 
in the m esopelag ic  zone, in the core of the oxygen 
m in im um  layer. M axim um  num bers, ave rag ing  20 
s p e c im e n s m -3 w ere  congregated  in the 250 to 300m  
layer, w hereas  the m ax im um  biomass of 5 m g m -3 was 
found in the 350 to 600 m layer. The disjunction  of 
num erical  and  biomass m axim a is a t tr ibu ted  to the 
la rger  m ean  size of the species living in the  lower part 
of the  m esopelag ic  zone, from w hich  strongest sound 
scatter ing  has  b ee n  recorded  (Weikert,  in  press). 
Faecal m ateria l of the an im als  in this zone m ay have 
b ee n  the source of the concentra tion  p e a k  of POM at 
650 m (Fig. 4).

Organism s w ere  extrem ely  scarce in the b a th y 
pe lag ic  zone, especially  below  1,050m (Fig. 5). The 
average  sam ple  contained  about 0.05 m g w et w eigh t

T a b l e  2. C e n t r a l  Red S ea .  S t a n d i n g  s to c k  of 300  pm n e t  
Z o o p la n k to n  (m e s o z o o p la n k to n )  a t  d i f fe r e n t  d e p th s

D e p th  (m) N u m b e r s  m  2 W e t  w e i g h t  (g m 2)

0 -  100 19,864 2.72
1 0 0 -  750 8,860 2.35
7 5 0 -1 8 5 0 1,156 0.21

To ta l 29 ,880 5.28

and  0.4 s p e c im e n s m -3 . A m in im um  concen tra t ion  of 
0.2 spec im ens  and  less than  0.04 mg biom ass m -3 were 
found in the 1,450 to 1,850 m layer.

T ab le  2 shows tha t 66%  of the  m esozooplanktonic  
organism s live in the  u p p e r  100 m. About 96%  of the 
total net p lank ton  and  a similar proportion  of b iomass 
w ere  collec ted from the  u p p e r  750 m of the  w ater  
column. However, due  to the  la rge  size of subsurface 
species, the am ount of b iom ass m -2 in the m esopelag ic  
zone was almost the sam e as in the ep ipelag ic .  Of the 
rem a in ing  4 % confined to the b a th y p e la g ic  zone, 75 % 
of the  ind iv iduals  and  86%  of the b iom ass w ere  col
lected  from the top 750 to 1,050 m. The exclusion of 
contam inants  from sam ples  d e e p e r  th a n  1,050 m 
resu lted  in an  ave rag e  concen tra t ion  of 0.2 
spec im ens  m -3 , only 0.4 % of the s tand ing  stock in the 
en tire  w a te r  column.

S tand ing  Stocks and  A b u n d an c es  of M ajor Groups

In contrast to o ther  d e e p -se a  regions, no one major 
taxonom ic group w as found to be  a b u n d a n t  in the 
Zooplankton below  7 5 0 m  (Table 3). T he  Zooplankton 
groups in the central Red Sea d isp layed  a strong affin
ity for the 100 m ep ip e la g ic  layer, the p e rc en ta g es  of 
the  total stocks in the  w ate r  colum n gene ra l ly  rang ing  
b e tw e e n  71%  and  99% . Sm aller  proportions of the 
ostracods (48%), cha e to g n a th s  (56%), copepods 
(59 %), euphaus iid s  (61 %), and  p te ropods  (61 %) occur
red in the surface layer. All of these  w ere  also collected 
in  rela tively  la rge nu m b e rs  of the  m esope lag ic  zone. 
T he  term in terzonal ',  as in troduced  by V inogradov
(1968), is app l ied  to species  living there.

C opepods  formed the  bu lk  of the m esozooplankton  
bo th  in the  surface and  d e e p  w ate r  h ab i ta ts  (Table 4). 
As in the case of ostracods and  decapods ,  their  rela tive 
ab u n d a n c e  in  the  p la n k to n  in c reased  w ith  dep th ,  i.e. 
from 48%  in the surface layer  to m ore th a n  60%  in the 
m esopelag ic  and  b a th y p e la g ic  zones. T hese  p e rc e n 
tages  are abou t 20%  less th a n  those reported  for sa m 
ples  from the nor thern  Sargasso  Sea o b ta in ed  with  202 
and  363 pm nets (Deevey an d  Brooks, 1977).

Calanoids,  in general,  com prised  64%  to 68%  of the
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T a b l e  3. D i s t r i b u t io n  of s t a n d in g  s to c k  of m a jo r  m e s o z o o p l a n k t o n  ta x a  a c c o r d in g  to  h a b i t a t  zo n es .  A b u n d a n c e s  in  e a c h  z o n e  
e x p r e s s e d  a s  p e r c e n t a g e s  of to ta l  i n d i v i d u a l s  in  t h e  e n t i r e  w a t e r  c o lu m n

T a x o n E p ip e la g ic  
z o n e  (I) 

0 - 1 0 0  m

I a n d  m e s o p e l a g i c  
z o n e  (II) 
0 - 7 5 0  m

I, II a n d  u p p e r  
b a t h y p e l a g i c  z o n e  

0 - 1 0 5 0  m

A v e r a g e  
No. (0.25 m 2) ' 1

F o ra m in i f e r a 91 99 99 1140
S ip h o n o p h o ra 82 97 100 202
C o e le n te r a t e s ,  o th e r s 83 99 100 209
C l a d o c e r a 100 3
O s t r a c o d a 48 92 99 474
C i r r ip e d ia 100 2
C o p e p o d a 59 95 99 4067
A m p h i p o d a 71 100 42
Is o p o d a * * 2
M y s i d a c e a * * * * 2
E u p h a u s i a c e a 61 100 70
D e c a p o d a 94 100 22
P te r o p o d a 61 98 100 108
H e t e r o p o d a 86 100 10
M o l lu s c a ,  o th e r s 80 100 * 40
P o ly c h a e t a 75 95 100 117
C h a e t o g n a t h a 56 97 98 535
A p p e n d i c u l a r i a 88 100 215
T h a l i a c e a 99 100 208

'  C o n t a m i n a n t s ;  so l i t a ry  f i n d in g s

T a b l e  4. R e la t iv e  a b u n d a n c e s  of m a jo r  m e s o p la n k to n  g r o u p s  in  d i f f e r e n t  h a b i t a t  z o n e s  ( N u m b e r s  e x p r e s s e d  a s  a p e r c e n t  of to tal
i n d i v i d u a l s  100 m -3 w i t h i n  e a c h  zone)

T a x a E p ip e l a g i c  zo n e  

0 - 1 0 0  m

M e s o p e l a g i c  zo n e  

1 0 0 -7 5 0  m

B a th y p e la g ic  z o n e  
u p p e r  lo w e r  

7 5 0 -1 0 5 0  m  1 0 5 0 -1 8 5 0  m

F o ra m in i f e r a 20.7 4.3 3.6 10.0
S i p h o n o p h o r a 3.3 1.2 2.9 0.0
C o e le n te r a t e s ,  o th e r s 3.5 1.5 0.7 0.6
C l a d o c e r a 0.05 0.01 0.0 0.0
O s tr a c o d a 3.9 6.5 17.3 7.0
C i r r ip e d ia 0.03 0.04 0.0 0.0
C o p e p o d a 48.3 69.5 66.2 63.8
A m p h i p o d a 0.6 0.6 0.2 0.6
I so p o d a 0.02 0.1 0.0 0.0
M y s id a c e a 0.03 0.01 0.0 0.6
E u p h a u s i a c e a 0.9 1.1 0.4 0.0
D e c a p o d a 0.5 0.2 0.9 1.3
P te r o p o d a 1.3 2.1 0.7 0.0
H e t e r o p o d a 0.2 0.1 0.2 0.0
M o l lu sc a ,  o th e r s 0.7 0.3 0.2 0 .6 '
P o ly c h a e t a 1.8 1.0 2.0 0.6
C h a e t o g n a t h a 6.0 10.7 5.4 11,3
A p p e n d i c u l a r i a 3.8 1.1 0.9 0 .6 '
T h a l i a c e a 4.1 0.2 0.0 0.0

T o ta l  p l a n k t e r s  100 m -3 19 980 1656 278 40

' C o n t a m i n a n t s

copepods  in the  u p p e r  300 m. At g rea te r  depths ,  this If O ithona  specim ens, w hich comprise abou t 7% of the
p e rc e n ta g e  inc reased  to 89 % in the  750 to 900 m layer. total copepods, are exc luded  as contam inants,  the per-
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cen tage  of calanoids at g rea ter  dep ths  reaches  100%. 
The relative a b u n d a n ce  of the harpacticoids (M ac
rosetella  gracilis) increased  from about 0.4 % in the 
ep ipe lag ic  zone to an average  of 3%  in the 100 to
1,050 m layer.

About 70% of the cyclopoids b e longed  to Oithona-, 
the rem a inder  w ere  corycaeids, oncaeids and  sap- 
phirinids. O ithona  specim ens formed a significant 
fraction of the m esozooplankton  s tand ing  stock (11 %).

Foraminifera were  conspicuous in surface waters, 
con tributing 21 % to the  total ep izooplankton  (Table 4). 
Large individuals  of 0.5-0.8 mm  w ere  predom inant.  
Gordeyeva (1970) who used  65 pm nets, reported  a 
rela tive abun d a n ce  of only 1.4 % in the total Zooplank
ton, bu t the concentra tions m ~ 3 w ere  nearly  the same 
in the u p p e r  100 m: 36.4 spec im ens  in O ctober 1970 as 
com pared  to 41.4 specim ens in N ovem ber  1977. Based 
on these  concentra tions and  the size distribution 
observed, it seem s likely tha t the g rea t ab u n d a n ce  of 
foraminiferans in the 300 pm sam ples  is not a transitory 
b loom but ra ther  a feature typical of the  mesozoo
p lank ton  in au tum n. O ther  ab u n d a n t  groups in the

ep ipe lag ic  zone w ere  coelenterates,  ch a e togna ths  and  
tunicates.

In the m esopelag ic  and  ba th y p e la g ic  zones, 
chae togna th s  (10.7%) and  ostracods (6.5%) followed 
the  copepods in order of relative ab u n dance .

Distribution of C a lano id  Copepod  and  Euthecosom a- 
tous Pteropod Populations

For a b e t te r  u n d e rs ta n d in g  of com m on fea tures  in the 
vertical structure of the  cen tra l Red S ea Zooplankton 
community, the a b u n d a n c e  and  occurrence of the most 
num erous  group, the  calanoids, w as  inves tiga ted  
(Table 5, Fig. 6). T he  eu thecosom atous  p te ropods  were  
inc luded  for com parison  (Table 6).

In the central Red Sea, p red o m in an ce  of s ing le  
species  w as a conspicuous feature of the  Zooplankton. 
A m ong the ca lanoid  copepods, 3 taxa w ere  p re d o m i
nant,  com pris ing  50 % of the total s ta n d in g  stock in  the 
w ate r  colum n (55% in the oceanic  samples).  They are 
C lausocalanus  spp., H alop tilu s longicornis, and

T a b l e  5. C a l a n o id  c o p e p o d s .  M i d d a y  c o n c e n t r a t i o n s  of s p e c ie s  100 m  3 in  v a r io u s  h a b i t a t  zo n es .  P a r e n th e s e s :  p e r c e n t a g e s  of to ta l  
c o n c e n t r a t i o n  in a  layer .  St: S t a n d i n g  stock ,  a v e r a g e d  a b s o lu te  a n d  r e l a t i v e  n u m b e r s  p e r  h a u l  in th e  0 to 1700 m  w a t e r  c o lu m n

Species Epipe lag ic M esope lag ic  zone B a thype lag ic  zone
zone Oxycline 0 2-Min layer

Upper Lower U pper Lower St No
0 - 100 m 100--250 m 250—450 m 450- 750 m 750- 1050 m 1050--1700 m (0.25 m 2)- ' ; (% )

C alanus tenuicornis 43 (0.8) 10 (0.9) 0.3 (<0.1) - - 15 (0.5)
N a n noca lanus m in o r 203 (3.6) 3 (0.3) 0.4 (<0.1) (<0.1) o . i - (<0.1) - 53 (1.9)
C alanus p a u p er 1 (<0.1) - - - - - 0.4 (0.1)
U ndinula vulgaris 282 (4.8) 0.2 (<0.1) - - - - 69 (2.4)
E ucalanus  spp. 15 (0.3) - 2 (0.2) - - - 5 (0.2)
R hinca lanus nasu tus - - 6 (0.5) 32 (7.5) 0.4 (0.3) - 27 (0.9)
M ecynocera  clausi 483 (8.5) 22 (2.1) 18 (1.6) 7 (1.6) 2 (1.3) 0.9 ' (5.2) 146 (5.1)
C alocalanus  spp. 202 (3.5) 4 (0.4) 3 (0.3) 0.3 (0.1) 0 .4 ' (0.3) 0.1 ' (0.6) 54 (1.9)
Cia usocalan  us spp. 1909 (33.5) 63 (5.9) 16 (1.4) 3 (0.7) 4 ' (2.5) 2 * (11.5) 554 (19.3)
E uchaeta  spp. 34 (0.6) 15 (1.4) 19 (1.7) 6 (1.4) 0.5 (0.3) 0.8 ' (4.6) 29 (1.0)
Sco lec ithridae - 0.4 (<0.1) 106 (9.5) 72 (16.8) 55 (34.8) 2 (11.5) 152 (5.3)
Tem oropia  m a yu m b a en s is 3 (0.1) 32 (3.2) 137 (12.3) 0.9 (0.2) 0.9 (0.6) 0.3 ' (1.7) 81 (2.8)
P leurom am m a indica 136 (2.4) 93 (8.7) 541 (48.4) 204 (47.7) 47 (29.7) 5 (28.7) 535 (18.7)
C entropages  spp. 432 (7.6) 4 (0.4) 4 (0.4) 0.7 (0.2) 0.2- (0.1) - 109 (3.8)
L ucicutia  spp. 312 (5.5) 53 (5.0) 26 (2.3) 3 (0.7) 2 (1.3) - 30 (1.1)
L. p a ra d a  usi - - 3 (0.3) 21 (4.9) 16 (10.1) 0.8 (4.6) 114 (4.0)
H a lop tilu s acutifrons - 0.2 (<0.1) 26 (2.3) 45 (10.5) 5 (3.2) 0.2 (1.2) 357 (12.5)
H. long icorn is 225 (3.9) 686 (64.5) 67 (6.0) 7 (1.6) 5 (3.2) 0.6 ' (3.2) 11 (0.4)
H. ornatus - 5 (0.5) 15 (1.3) 1 (0.2) 0.7 (0.4) - 33 (1.2)
E u a ugap tilu s hec ticu s - 3 (0.3) 4 (0.4) - - - 3 (0.1)
C and ac i id ae  (mainly 336 (5.9) 11 (1.0) 9 (0.8) 1 (0.2) 1 (0.6) 0.6- (3.5) 95 (3.3)

P. truncata, C. catula)
P onte llina  p lu m a ta  s.l. 20 (0.4) 0.4 (<0.1) 0.4 (<0.1) - - - 5 (0.2)
C alanopia  sp. 24 (0.4) 5 (0.5) - - - - 8 (0.3)
Acart i idae 490 (8.6) 7 (0.7) 6 (0.5) 2 (0.5) 2 ' (1.3) o . i - (0.6) 133 (4.6)
U nidentif ied 557 (9.8) 45 (4.2) 109 (9.8) 22 (5.1) 16 (10.1) 4 (23.4) 246 (8.6)

Total 5707 (100.3) 1064 (100.0) 1118 (100.0) 428 (100.0) 158.5 (100.1) 17.5 (100.2) 2864 (100.1)

' C oncen tra t ion  values  for species that ap p e a re d  in hau ls as p robab le  con tam inan ts
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T a b l e  6. R e la t iv e  d i s t r i b u t io n  of e u t h e c o s o m a t o u s  p t e r o p o d  s t a n d in g  s to c k  a c c o rd in g  to th e  v a r io u s  h a b i t a t  zones .  N o rm a l  type:  
m i d d a y  d i s t r ib u t io n .  Ita l ics:  m i d n i g h t  d i s t r ib u t io n .  P a r e n th e s e s :  p e r c e n t a g e  a b u n d a n c e s  of th e  to tal  c o n c e n t r a t i o n  in  a layer .  St:

S t a n d in g  s to c k  ( m e a n  n u m b e r s )  in  th e  0 to 1700 m  w a t e r  c o lu m n

S p e c ie s E p ip e la g ic
zo n e

0 -1 0 0  m

O x y c l in e  

1 0 0 -2 5 0  m

V leso p e lag ic  z o n e
0 7-M in .  la y e r  

U p p e r  L ow er  
250—450 m 4 5 0 - 7 5 0  m

B a th y p e la g ic  zo n e

U p p e r  L o w er  St: No 
7 5 0 - 1 0 5 0  m  1 0 5 0 -1 7 0 0  m (0.25 m 2) " 1

L im a c in a  in fla ta 1.2 (3) 5.0 (64) 91.6  (85) 1.6 (83) 0.6 (50) - 56.7
95.1 0 .5 2 .3 1.0 1.1 -

L. tro c h ifo rm is 92.7 (58) 6.0 (14) - - 1.3- (30) - 16.8
9 9 .2 0 .8 - - - -

C r e se is  a. a c icu la 71.1 (9) 0.0 (0) 17.2 (2) 6.3 (17) 5.4- (20) - 3.5
9 7 .5 2 .5 - - - -

Cr. v. v irg u la 62.2 (5) 17.1 (7) 20.7 (1) - - - 1.9
9 6 .9 3.1 - - - -

Cr. sp p .  f o rm a e 100 (8) - - - - - 2.1
t o o - - - - -

C lio  p y r a m id a ta 15.4 (5) 3.8 (15) 80.8  (11) - - - 8.7
79.3 8 .0 2 .0 2.3 4.4 -

C a v o lin ia  in f le x a 100 (8) - - - - - 2.2
100 - - - - -

C av. spp . , 100 (6) - - - - - 1.4
D ia cria  q u a d r id e n ta ta , 100 - - - - -
D ia cr ia  sp.

T o ta l  No. 100  m “3 110 14 119 1.5 0.5 - 93.3

‘ P e r c e n t a g e s  of sp e c i e s th a t  a p p e a r e d  in h a u l s  a s  p r o b a b l e  c o n t a m i n a n t s

P leurom am m a indica. The most a b u n d a n t  p teropods 
w ere  Lim acina  trochiform is  and  L. inflata, which  con
tr ibu te  18% and  61% , respectively, to the  E u th e 
cosom ata  stock.

During  daylight,  the  princ ipa l  spec ies  w ere  s e g re 
g a ted  from each  other in different hab i ta t  zones or in 
subzones.  The rela tive a b u n d a n c e  of the  C lauso
ca lanus  species  group, w hich  prim arily  inhabits  the 
ep ip e la g ic  zone, was less than  tha t of the  in terzonal 
species, H alop tilu s  long icorn is  and  P leurom am m a  
indica, in their  respective  habitats .  Similarly, am ong 
the  pteropods, Lim acina trochiform is  com prised  58% 
of the surface dw ell ing  she ll -bea r ing  species, w hereas  
L. in fla ta  form ed 85 % of a s im ilar a s sem b lag e  in h a b i t 
ing  the m esopelag ic  zone.

T he  inc rease  in  d o m inance  of p r inc ipa l  species 
be low  100 m is coupled with an  unusua lly  low num ber  
of in te rzonal calanoids. A lthough all ca lano ids  have 
not yet b e e n  iden tif ied  to species, the  total n u m b e r  of 
ca lano id  species  in the w a te r  column ap p a ren t ly  shows 
a g ene ra l  d ec rease  with  depth , as in the  case of the 
eu thecosom atous  p teropods.

T he  d is tribution  of popu la tions  of in te rzonal species, 
concen tra ted  in a w ell-s tra tif ied  reg ion  of ab u n d a n c e  
b e tw e e n  250 and  750 m, w here  the w ate r  is isohaline 
an d  isothermal, fitted C ooper 's  (1967) concep t tha t the 
vertical ran g e s  of spec ie s  in  the d ee p  ocean  rem ain

w ith in  uniform habitats .  However, a pecu lia ri ty  is that 
the  result ing  secondary  m axim a in diversity, b iomass 
and  ind iv idual num bers  all lie in the core of the  oxy
gen  m in im um  layer.

In the  oxycline (100 to 250m), the u p p e r  5 0 m  of 
w hich  is character ized by sharp  g rad ien ts  of te m p e ra 
ture and salinity, popula tions of ca lanoids and 
pteropods seem  to avoid the discontinuity. The only 
exception  was H alop tilu s longicornis, which consti
tu ted  65 % of the total ca lanoid  num bers  and  30 % of 
the total 300 pm net p lank ton  in this par t  of the 
m esopelag ic  zone.

P leurom am m a indica, the  principal species  in the 
250 to 750m  layer of the m esopelag ic  zone, contri
bu ted  48%  of the ca lanoid  spec im ens  and  28%  of the 
total m esozooplankters  in this layer (Weikert,  1980). A 
n u m b e r  of in terzonal species, however, w ere  distri
bu ted  only in the u pper  part of the oxygen m in im um  
layer  core, but d isappea red  or b ecam e rare below 
450 m. These inc lude the pteropod, Lim acina inflata, 
and  the calanoids E uca lanus  spp. (mainly E. a t
tenuatus), E uaugap tilus hecticus, Tem oropia m a y u m 
baensis, and  H alop tilus ornatus. In the d ee p e r  part of 
the  oxygen m in im um  layer, ex tend ing  from about 
450 m to be tw e en  650 and 750 m, p teropods, with the 
exception  of Clio pyram idata , had  d isappeared .  The 
stocks of the calanoid  copepods, H alop tilu s acutifrons,
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R hincalanus n asu tu s  and  Lucicutia  paraclausi, becom e 
conspicuous.

In the u pper  ba thype lag ic  zone (750 to 1,050m), a 
considerab le  part of the Lucicutia  paraclausi and  
scolecithriciid stock (ca. 35% each) was found. H o w 
ever, none of these species ach ieved  a clearly  dom i
nan t  position in  the Zooplankton of this layer  (scoleci- 
thrids, 38.8%; L. paralcausi, 10.1%), and  ne i the r  did 
any other species (P leurom am m a indica, 29.7 % ; Table
5). Below approxim ate ly  1,050m, the w ate r  column 
was frequen ted  by scattered  spec im ens  of these 
species and  of a still u ndescr ibed  (interzonal) ostracod

(Weikert,  in prep.), w h ich  formed the  'deep -sea '  p la n k 
ton of the cen tra l Red Sea.

Vertical S eg rega tion  an d  Diel M igra t ion  of C a lanoids  
and  P teropods

T here  w as a c lear separa tion  b e tw e e n  the  popu la tion  
cores of u p p e r  and  low er in te rzonal species  (Fig. 6). 
This border  w as located  at 400 m, w here  m in im um  
oxygen  va lues  occurred  (Fig. 2). T he  only exception 
w as the popu la tion  of P leurom am m a indica , w hich  
occup ied  bo th  sub-zones.
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W ithin  the  2 d is tribu tional groups, the popula tion  
cores of d ifferent species  show ed  cons iderab le  overlap. 
In part, th is  m ay be due  to the rela tive ly  low sam pling  
resolution, espec ia lly  w h e n  150 to 200 m th ick  layers 
h ad  b e e n  sam pled . For exam ple ,  in the 450 to 600 m 
layer, also sa m p le d  at 50 m in tervals  at 3 stations, 95 % 
of the  res t ing  R hinca lanus n a su tu s  popu la tion  resided  
in  the  450 to 550 m layer, ind ica t ing  a p re ference  for 
m in im u m  oxygen  concentra tions (Weikert,  1980). C o n 
g rega t ions  of ep ipe lag ic  species  are know n  to occur in 
layers 10 m th ick  or less (Cassie, 1963; Longhurst, 
1976; T imonin, 1976).

On the  o ther  hand , a less concen tra ted  d is tribution  of 
subsurface  ca lanoids is ev iden t  w h e n  Fig. 6 is com 
p a re d  with  Fig. 7, w h ich  i l lustra tes  the d is tribution  
pa t te rn  of copepod ite  and  adu l t  s tages be lo n g in g  to 
ind iv idua l species. The levels in w h ich  50%  of the 
popu la tions  of each  s tage  w ere  found are clearly  diffe
rent, su gges t ing  tha t intraspecific  com peti tion  m ay be 
g rea te r  th a n  interspecific  com peti tion  am ong  su b su r 
face calanoids.

In traspecific  seg rega tion  of life s tages  is also d is 
p la y ed  by the p teropod, L im acina  in fla ta  (Fig. 7). 
Ju v en ile s  te n d  to avoid m in im u m  oxygen  co ncen tra 
tions and  w ere  therefore collected  at sha llow er  dep ths  
in  the  oxygen  defic ient zone. Brinton (1979) descr ibed

a similar pat tern  for euphaus i id  popula tions in the 
oxygen m in im um  layer of the Eastern  Tropical Pacific 
Ocean. The fact tha t juvenile  and  adul t  L. paraclausi 
exh ib ited  a reversed  distribution  pa t te rn  does not p ro 
vide ev idence  aga inst  the causa tive  role of oxygen. 
Below the oxygen m in im um  layer, oxygen content 
increases continuously  to abou t 2.0 m i l -1 at 1,200m 
(Fig. 2).

The affinity of adolescen t stages for h ighe r  oxygen 
concentra tions is not ev iden t in  H alop tilus longicorn is  
and  H. acutifrons. A possible exp lana tion  is tha t adul t  
m ales  of the genus  w ere  counted  toge ther  with ado les 
cents. The preference of juven ile  P leurom am m a indica  
s tages  for a g rea ter  oxygen sa tura tion  than  the  adults  is 
ev iden t w h en  the concentra tion  p eaks  of both  age 
groups are cons idered  (Weikert,  1980). No information 
is ava ilab le  on the on togenetic  segre ta tion  in 
Tem oropia m ayum baensis , E uaugap tilu s hecticus, and 
R hinca lanus nasutus, since juveniles  w ere  rarely 
found.

T he  com pleteness  of separa tion  b e tw e en  the 
assem blages  of u p p e r  and  lower in terzonal calanoids 
rem a ined  unaffected  by diel, vertical migrations (Fig.
6). If species m igra te  vertically, they genera lly  cover 
only short d istances and  do not leave their  hab i ta t  
zones.
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Only a few in terzonal species m ade long vertical 
m igrations and  in teracted  with the ep ipe lag ic  a s sem b 
lage. At m idnight,  75% of the lower interzonal 
P leurom am m a ind ica  popu la tion  w as encoun te red  in 
the up p er  300 m. Within this layer, 50% of the in d i
v iduals w ere  ag g re g a te d  in the u pper  50 m, accom 
p an ied  by a rem arkab le  num ber  of scolecithriciids. 
M igrants  from the u pper  m esope lag ic  zone  inc lude 
L im acina inflata, also concen tra ted  in the u pper  50 m, 
and  Tem oropia m ayum baensis, tha t  preferred  the 50 to 
100 m layer.

A much la rger  n u m b e r  of calanoid  and  e u th e 
cosomatous species in the central Red Sea, however, 
under take  diel m igrations of abou t 100 m w ith in  the 
ep ipe lag ic  zone (Fig. 6). This is also genera lly  the case 
for the m esozooplankton  (Delalo, 1966). The average 
b iomass in the ep ipe lag ic  zone at n igh t (Fig. 5) did not 
exceed  the  value  during  day l igh t  by more than  23%. 
The num erical  increase at n igh t was even  less (13%). 
The difference in the p e rcen tages  is caused  by the 
la rger  size of m igra ting  'deep  w ater '  species, p a r t icu 
larly the very a b u n d a n t  P leurom am m a indica.

No significant diel vertical migrations could be 
de tec ted  in the  lower part of the  b a thype lag ic  zone due

to the Zooplankton dep le tion  at dep ths  g rea te r  than  
approxim ate ly  1,100m (Figs. 5 and  6). If the re  w ere  
migrations, they w ould  be  insign ifican t and  scarcely 
affect the mass transport.

SUMMARY AND DISCUSSION

According to the biological zonation  schem e p ro 
posed by V inogradov  (1968), the re  are 3 distinct 
h ab i ta t  zones in the  central Red Sea. T hese  are  d is t in 
gu ished  by the ir  physical, chem ical and  biological 
properties, and  are  corroborated  by recen t f indings 
(Weikert,  1981). In Fig. 8, a schem atic  illustration  is 
p resen ted  tha t inc ludes  an  ou tline  of the vertical m i
grations of m esozooplankton.  The hab i ta t  zones are  as 
follows:
(1) The nu tr ien t-poor  ep ipe lag ic  zone tha t  ex tends 

from the surface to abou t 100 m, the reby  inc lud ing  
the  top of the  therm ohaloc line .  Q uan ti ta t ive  a n a l 
yses prov ided  the following values: 11.3 mg
chlorophyll a m ~ 2 (Weikert,  in press); 12.7 g or
gan ic  m atte r  m ~2 (65% of the  seston); 2.7 g w et 
w e i g h t m - 2 ; and  19,880 spec im ens  m -2 for the
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300 pm net Zooplankton (mesozooplankton). Most 
of the  Zooplankton, inc lud ing  rep resen ta t ives  of 
most species, con g re g a te d  in the ep ipe lag ic  zone 
a n d  under took  diel, vertical m igrations w ith in  this 
layer.

(2) T he  m e sope lag ic  zone ex tends  from approxim ate ly  
100 to 750 m. It occupies  almost the  sam e dep th  as 
the  oxygen m in im um  layer  and  is character ized  by 
consp icuous g rad ien ts  in env ironm enta l  and  
bio logical param ete rs .  T he  s trongest shoaling  of 
iso lines occurred  in the u p p e r  50 m of the oxycline, 
w h ich  is the  100 to 250 m layer. The reduction  in 
the  a b u n d a n c e  of Zooplankton is so drastic tha t 
only 1/7 of the  n u m b e r  and  biomass in the 0 to 
100 m  layer  w as found b e tw e e n  100 and  200 m. 
T he  m ajority  of the  in te rzonal species congregate  
in the  core of the  oxygen  m in im um  layer (300 to 
650 m), as d e te rm in e d  in the  cases of calanoid  
copepods and  eu thecosom atous  pteropods. They 
p roduce  the  secondary  m ax im a of ind iv iduals  and 
b iom ass  tha t  are located  in  the  day t im e posit ion of 
the  DSL. The lower border  of the DSL is at 750 m 
(Weikert, in press), the  bottom  of the  m esopelag ic  
zone as here  defined.
T he  assem b lag e s  of u p p e r  and  low er  in te rzonal 
spec ies  are norm ally  sep ara ted  from each  other by 
a layer  of m in im um  oxygen  concentration, abou t 
20%  of saturation. Few  s trong diel m igran ts  are 
p re se n t  in the  two assem blages .  T he  m a in  ca lanoid  
an d  eu thecosom atous  species  in te rac t ing  w ith  the 
ep ip e la g ic  fauna  are  the  u p p e r  in terzonal L im aci
na in fla ta  and  Tem oropia  m ayum baensis , and  the 
so m e w h a t  d e e p e r  dw ell ing  Pleurom am m a indica.

(3) T he  b a th y p e la g ic  zone (750 to >  1,850 m) is a zone 
of strongly  r ed u c ed  Zooplankton a b u n d a n c e  and  
activity. Especia lly  be low  1,050 m, it is pop u la ted  
by only a few ind iv iduals  be long ing  to in terzonal 
species. No d ie l vertical m igra tions w ere  observed  
be low  this depth.

C opepods  are the most ab u n d a n t  group th roughou t the 
w ater  column. In the ep ipe lag ic  zone, foram im ferans 
are also conspicuous. The d ram atic  dec line in total 
Zooplankton below  100 m is followed in m esopelag ic  
w aters  by a m arkedly  reduced  diversity in ca lanoid  
copepods and  euthecosom atous pteropods. This is 
quite  un like  the 500 to 1,000 (1,500) m layer in the 
Sargasso Sea, w here  the m ax im um  num ber  of calanoid  
species  w ere  concentra ted  (Deevey and  Brooks, 1977). 
In general,  a large num ber  of species  is typical of deep- 
sea p lank ton  sam ples  (Wishner, 1980a).

Within the  m esopelag ic  zone, in the 200 to 250 m and  
400 to 450 m layers, 17.5% and  25.5%, respectively, of 
all the  copepod  m ateria l counted  consisted of carcasses 
or m oulted  skins, com pared  to only 3.5 to 12.0% in 
o ther layers b e tw e en  the  surface an d  750 m. The dep th  
ranges  of inc reased  copepod  debris  coincide fairly well 
w ith  the u p p e r  border  of the oxygen m in im um  layer 
core and  the  layer of m in im um  oxygen saturation. 
T hese  f indings can b e  in te rp re ted  as ev idence  of 
increased  environm enta l  stress tha t apparen tly  exists 
in the  entire  m esopelag ic  zone, judg ing  from the low 
n u m b e r  of species and  the  p redom inance  of one 
species  in each  association inhab it ing  the subzones of 
the  oxycline and  the  core of the oxygen m in im um  
layer.

No true d eep -sea  ca lanoid  copepod  fauna seem s to 
inhab it  the  ba thype lag ic  zone. Earlier  faunistic inves
tigations have  dem onstra ted  tha t there  are also no 
ba thype lag ic  chae tognaths  (Fumestin, 1958) or 
euphaus i id s  (Ponomareva, 1968; W eigm ann, 1974). 
Extraordinarily  low Zooplankton values  coincide with 
m ax im um  percen tages  of carcasses (Table 7). These 
facts ind icate  environm enta l  conditions extremely  
adverse  to Zooplankton survival. Even if app ly ing  a 
conversion factor of 4 to the  300 pm samples, as p ro 
posed  by D eevey (1971), who com pared  Zooplankton 
counts of sam ple  pairs  from the u p p e r  500 m ob ta ined  
using  202 pm and  363 pm mesh, the  Zooplankton in  the

T a b l e  7. N u m b e r s  a n d  p e r c e n t a g e s  of al l  d e a d  c o p e p o d s  a n d  e x o s k e l e t o n s  c o u n t e d  in  C e n t r a l  Red  S e a  (300 pm  nets )  a n d  S a r g a s s o  
S e a  (202 pm  n e ts ;  D e e v e y  a n d  Brooks,  1971). L iv in g  a n d  d e a d  c o p e p o d s  =  100 % . B: p e r c e n t a g e s  of c o p e p o d  d e b r i s  in  s a m p le s  
w h e n  c o n t a m i n a n t s  in th e  l iv in g  c o p e p o d  p o r t io n  h a v e  b e e n  o m i t t e d .  P a r e n th e s e s :  v a lu e s  for e a c h  l ay e r  e x p r e s s e d  in  % of th e

n u m b e r  a t  t h e  n e x t  h i g h e r  la y e r

D e p th
(m)

C e n t r a l  R e d  S e a  ( N o v e m b e r  m e a n s )  
% N o  m~3

S a r g a s s o  S e a  (A n n u a l  m e a n s )  
% N o '  m -3

D e p th
(m)

0 -  450 5.0 1.7 14.9 26.4 0 -  500
4 5 0 - 1 0 5 0 13.3 0.5 (29.4) 12.5 3.2 (12.2) 5 0 0 -1 0 0 0

1 0 5 0 -1 4 5 0 34.0 0.2 (40.0) 18.0 2.1 (65.6) 1000 -1 5 0 0
B 38.5

1 4 5 0 -1 8 5 0 32 .6 0.07 (35.0) 21.0 1.3 (61.9) 1500 -2 0 0 0
B 41.2

' C a l c u l a t e d  by  a u th o r
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1,050 to 1,850m layer of the central Red Sea am ounts  to 
only from 7  e to '/is of tha t in the Sargasso Sea (Table 8). 
T he corresponding  m ean  biom ass of 0.05 mg wet 
w eight m " 3 is com parab le  to values  below  depths of 
4,000 to 6,000 m reported  from the anticyclonic gyres in

T a b l e  8. S t a n d i n g  s to c k  of Z o o p la n k to n  ( in d iv id u a l s  nr-2) in 
C e n t r a l  Red S e a  (300 pm  nets)  a n d  n o r th e rn  S a rg a s s o  S e a  
(202 pm nets,- D e e v e y  a n d  Brooks, 1971). N u m b e r s  in  p a r e n 
th e s e s  c o r re c te d  to e l i m i n a t e  e r ro r s  a s s u m e d  to h a v e  b e e n  

c a u s e d  by  c o n ta m in a t io n

D e p th
(m)

C e n tr a l  
R ed  Sea  

(N o v e m b e r  
m e a n s )

S a r g a s s o
S ea

( A n n u a l
m e a n s )

D e p th
(m)

0 -  450 26,596 107,650 0 -  500
4 5 0 -1 0 5 0 3,020 13,950 5 0 0 -1 0 0 0

1 0 5 0 -1 4 5 0 228 (164) 5 ,670 1 0 0 0 -1 5 0 0
1 4 5 0 -1 8 5 0 92 ( 48) 2,750 1 5 0 0 -2 0 0 0

the Indian  and  Pacific O ceans (Vinogradov, 1968). This 
com parison is particularly  s ignificant since V ino
g radov 's  da ta  w ere  ob ta ined  us ing  380 pm nets.

The scarcity of p lank ton  in the  deep  central Red Sea 
rem ains rela tively  constant th roughou t the year, a lbeit

QDl 100

100

soc-

1 000- -

RS /1500 f- X MS NPO

1850 —

2000 -  -

Fig. 9. V e r t ica l  d i s t r i b u t io n  of m e s o z o o p la n k to n  b io m a s s  
( m g m -3 ) in o l ig o t ro p h ic  r e g io n s  of th e  t ro p ic a l  o c e a n  (sem i-  
l o g a r i th m ic  sca le) .  RS: C e n t r a l  R e d  Sea ,  m e a n  v a lu e s  (bars  
d e n o te  r a n g e s  of v a l u e s  in  d e e p  w a te r ) ;  M S: e a s t e r n  M e d i t e r 
r a n e a n  Sea,  s i n g l e  s t a t io n  in  th e  Io n ia n  S e a  (G reze ,  1963. A n  
a d d i t i o n a l  d e e p  to w  y i e l d e d  < 0 . 1  m g m -3 for th e  1,500 to 
2 ,0 0 0 m  layer);  N P O :  N o r th  Pacif ic  O c e a n ,  s in g le  s t a t io n  at  

19°57 'N  172°37 'E  (V in o g rad o v ,  1968)

w ea k  seasonal f luctuations w ere  de tec ted  in the 1,050 
to 1 ,450m layer  (Weikert,  1981). Thus, the ab rup t  
b rea k  in the  Zooplankton curve at abou t 1,050 m is 
obviously u n iq u e  am ong  the  kn o w n  dis tribution p a t 
terns in the oceans, ind ica t ing  'd ese r t - l ik e ’ conditions 
in the ba th y p e la g ic  zone (Fig. 9).

T he vertical d is tr ibution  of Zooplankton in the c e n 
tral Red Sea exhibits  fea tures  to som e ex ten t sim ilar to 
those ascr ibed  by V inogradov  (1968) to other partia lly  
land locked  m arine  basins. A m ong these, the eas te rn  
M ed ite rran e an  Sea is no ted  for its scarcity of p lank ton  
in the d ee p -sea  (Fig. 9). Except for the  Red Sea, its 
d ee p  w ate rs  h ave  the  h ig h es t  te m p era tu re  (>13.3°; 
Wüst, 1961), an d  the  h yd rog raphy  (Oren, 1957) and  
p lanktonic  b io ta (Kimor and  Wood, 1975) of its o l igo 
trophic surface zone are  som ew hat  sim ilar to those in 
tropical seas. However, the physical,  chem ica l  and  
p lankto log ical  fea tures  are ex trem e in the Red Sea 
since it is com plete ly  iso lated  from the  circulat ion  of 
cold, d ee p  ocean  water.  Its geog raph ic  isolation in the 
hot, arid  climatic  zone leads  to u n iq u e  'hea ting '  of the  
w ate r  body, even  be low  the  m a rk e d  therm ohaloc line ,  
to 22.0° at the  g rea tes t  depths, and  evaporation  causes 
h igh  salin ity  (>40.0%o) to prevail  th roughou t  the  su b 
surface water.  Such an env ironm en t  is un favourab le  to 
the  d eep -sea  Zooplankton species  tha t are a d a p te d  to 
oxygena ted  w aters  at low te m p era tu re  and  ‘n o rm a l’ 
salinity (Weikert,  1980).

For in te rzonal species, however, be t te r  abiotic con 
ditions seem  to exist below  1,050 m than  in the ir  
m esopelag ic  habitats ,  due  to the  h ig h e r  oxygen  values. 
P leurom am m a indica, the dom inan t  in terzonal 
calanoid  copepod  in the  cen tra l  Red Sea, is reported  to 
be  a b u n d a n t  in the A rab ian  Sea an d  the  nor thern  par t  
of the Indian  O cean  as deep  as 1,400 to 1,600 m  (Vino
gradov and  Voronina, 1961 ; H aq  et al., 1973). Lucicutia  
paraclausi h ad  previously  b e e n  found only in the 
Atlantic O cean  at dep ths  b e tw e e n  100 and  500 m (Park, 
1970). The ac tua l d is tribu tion  of this species, however, 
is unce r ta in  b ecause  ea r l ie r  investiga tions did not d is 
t inguish  it from L. clausi. N evertheless ,  in the cen tra l 
Red Sea, in te rzonal species  are  obviously u n ab le  to 
survive in significant n u m bers  in the lower b a th y 
pe lag ic  niches, p e rh a p s  due  to a lack  of food.

Ultimately, a lack  of food in the  w aters  be low  the 
therm ohaloc line  m ay be  the  l im iting  factor tha t  forces 
the bu lk  of the  subsurface  p lan k to n  be low  the  eupho tic  
zone and  d iscontinuity  layer  into the  (upper par t  of the) 
oxygen m in im u m  layer  core. This s ituation  is not com 
mon in the  World O cean  (Fleminger, pers. comm.).

The schem e of vertical ene rgy  transfer  in the u p p e r  
1,100 m in the  cen tra l  Red S ea seem s sim ilar to th a t  in 
the oceans. The par t icu la te  m ate r ia l  p roduced  in  the 
ep ipe lag ic  zone m ay reach  d e e p e r  layers only w h en  
incorporated  into the  re la t ive ly  la rge  an im als  from the
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m e so p e lag ic  zone. P lankton  debr is  collected in the 
layers be low  1,050 m o r ig ina ted  most exclusively  from 
trans i t iona l organisms, particu larly  the  low er in te r 
zonal copepods  P leurom am m a ind ica  and L ucicu tia  
paraclausi, an d  scolecithrid  species. A p red o m in an ce  
of exoskele tons  from d ee p  dw ell ing  copepods w as 
repo r ted  by W ishner  (1980a) at sa m p lin g  sites in the 
'norm al '  cold, d ee p  w ate r  of the  tropical Eas tern  Pacific 
an d  the  tem p era te  N orth-east  A tlantic  Oceans.

H ow ever,  in the cen tra l Red Sea, the re  seem s to be  
no sign ifican t dow nw ard  transport of o rgan ic  m atte r  by 
the  ' lad d e r  of m igrations ' (Vinogradov, 1953) d ee p e r  
th a n  app rox im ate ly  1,100 m. D ue to the  acce le ra ted  
d eg ra d a t io n  of o rganic  partic les  at h igh  tem p era tu re s  
(Harding, 1973; Honjo and  Roman, 1978), d iscussed  by 
Thiel (1979) and  W ishner  (1980b) re la t ive  to the  p e c u l
iar en v iro n m en t  of the  Red Sea, few of these  partic les  
reach  the  d ee p  w aters  by grav ita t iona l  sinking.  C om 
p a re d  w ith  the Sargasso Sea, the  am o u n t  of copepod  
debris  in  the  central Red Sea tends  to d ec rease  more 
sharp ly  at dep th s  below  1,050m  (Table 7).

The red u c ed  vertical transport of o rgan ic  m atte r  
be low  ab o u t  1,100 m m ay exp la in  the  s ignificantly  
sm alle r  s tand ing  stocks of b en th o p e la g ic  p lank ton  
(Wishner, 1980b) and  b en th ic  fauna  (Thiel, 1979) in 
the  cen tra l Red Sea trough co m pared  to s im ilar dep ths  
in o ther  seas charac te r ized  by low productivity.

A c k n p w le d g e m e n ts .  I w i s h  to  e x p r e s s  m y  t h a n k s  to m a n y  
c o l l e a g u e s  for v a r io u s  k in d s  of a s s i s t a n c e .  Dr. H .-C .  J o h n ,  
T a x o n o m is c h e  A r b e i t s g r u p p e  a n  d e r  B io lo g i s c h e n  A n s ta l t  
H e l g o l a n d  (BAH) in H a m b u r g ,  s a c r i f i c e d  h is  v a c a t io n  to a s s is t  
in  t h e  Z o o p la n k to n  s a m p l in g .  Dr. H. B ä c k e r  f rom  P r e u s s a g  A G  
in  H a n n o v e r ,  t h e  c ru ise  l e a d e r ,  m a d e  th e  s u c c e s s  of th is  
in v e s t i g a t i o n  p o s s ib l e  t h r o u g h  h is  g r e a t  c o m p e t e n c e  a n d  
d e d ic a t io n .  Mr. G. K l in g e b ie l  (P re u s sa g )  c a r r i e d  o u t  t h e  n u t 
r i e n t  a n d  o x y g e n  d e t e r m in a t io n s ,  a n d  M r. J . Post  (P reu ssag )  
p r o v i d e d  th e  b a t h y s o n d e  p ro f i le s .  T h e  w o r k  a t  s e a  w a s  f a c i l i 
t a t e d  t h r o u g h  th e  c o n s id e r a t e  a n d  h e lp f u l  c o l l a b o r a t io n  of th e  
o f f ice rs  a n d  c r e w  a b o a r d  R. V. 'S o n n e ' .  Dr. K. H ü l s e m a n n  
(BAH), c o n f i rm e d  th e  i d e n t i f i c a t io n s  of a  n u m b e r  of d e e p  
w a t e r  c o p e p o d s .  Dr C. H e c k m a n  d e v o t e d  m u c h  effo r t  to 
im p r o v e  th e  E n g l i s h  text .  Í a m  g r a t e f u l  to t h e  S a u d i - S u d a n e s e  
R e d  S e a  J o i n t  C o m m is s io n ,  J e d d a h ,  for f u n d i n g  th e  i n v e s t i g a 
t ions .
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