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ABSTRACT: During three cruises, carried out in March 1991, October 1991, and January 1992 off 
the Iberian Peninsula and Morocco, the abundant  calanoid copepod Calanus helgolandicus (Claus) 
was collected from a depth of 1000 m to the surface. Differences in depth preference were correla- 
ted with the life stage and geographically differing vertical salinity structures. In autumn and win- 
ter, only stage V copepodids (CV) and adults were found, in spring also younger copepodid stages. 
Within the range of the Mediterranean outflow water (MOW), a sharp decline of abundances of all 
stages was evident during all cruises. In autumn 1991, the bulk of the population was recorded south 
of the MOW; in winter 1992 north of it. During winter, numbers had declined by 70 %, supporting 
the idea that winter individuals represent  the same generation as was encountered in autumn, and 
that they had been  transported northwards. CV stages preferred the depth layer 400-800 m, in 
autumn and winter. Adults were found in autumn at the same depth south of the MOW, while they 
preferred the 0-400 m layers north of it. In winter, the abundance of adults increased, males prefer- 
red the 400-600 m depth layer, while females stayed at 200-400 m. In spring 1991, stages younger 
than CV were found in high densities, all stages concentrating in the upper 200 m. During the cross- 
slope survey in spring off Portugal, an absolute abundance maximum of females was found. In con- 
trast, offshore densities were very low. On the basis of these findings, the hypothesis of a Mediter- 
ranean centre of distribution and dispersal into the Atlantic is questioned. It is suggested that a se- 
parate, reproductively active population of C. helgolandicus exists off NW. Africa. 

I N T R O D U C T I O N  

A su rvey  of t he  u n d e r c u r r e n t  off t he  Ibe r i an  P e n i n s u l a  a n d  M o r o c c o  w a s  ca r r i ed  out; 

one  b io log ica l  s u b p r o j e c t  w a s  b a s e d  on  t h e  ca l ano id  c o p e p o d  s p e c i e s  Calanoides carina- 
tus (Kroyer) (St6hr  e t  al., in prep.) .  Du r ing  this  s tudy  the  c lose ly  r e l a t e d  s p e c i e s  Calanus 
helgolandicus (Claus,  1863) w a s  co l l ec t ed  as well .  Its d i s t r ibu t iona l  r a n g e  cove r s  t he  t e m -  

p e r a t e  At lan t i c  f rom off e a s t e r n  N. A m e r i c a  to t he  e a s t e r n  b o u n d a r y  c u r r e n t  s y s t e m  off 

E u r o p e  a n d  NW. Africa,  a n d  the  n o r t h e r n  M e d i t e r r a n e a n  ( F l e m i n g e r  & H f i l s e m a n n ,  1977; 

Conover ,  1988). Vertically,  C. helgolandicus s p a n s  the  d e p t h  r a n g e  f rom 2000 m (Sa rgasso  

Sea) to t h e  su r f ace  ( D e e v e y  & Brooks,  1977). In spr ing ,  r e p r o d u c i n g  adu l t s  a n d  y o u n g  life 
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Fig. 1. Locations of sampling stations of "Heincke" cruises H09, H17, H20. Stations of the north-south 
transect along the 2000 m isobath indicated by "x" and numbers I 2-I 34, of the cross-slope 

transect off Portugal by horizontal line and C 1-C 11 

stages dwell at subsurface depth (Williams & Conway, 1988; Green  et al., 1993). The over- 
winter ing copepodid stage CV is found below 400 m (Brenning, 1981; Williams & Con- 
way, 1988). F leminger  & Hi i l semann  (1977) proposed up to three reproduct ively active 
populat ions of C. helgolandicus in the Atlantic: off temperate  NE. America, in the North 
Sea and  off NW. Africa, the latter to a certain degree  in exchange  with Med i t e r r anean  
stocks by means  of a subsurface outflow from the Medi te r ranean  Sea and  surface inflow 
from the Atlantic. 

While the populat ion dynamics  and  biology of C. helgolandicus in the nor the rn  part 
of the range  of the species a round the British Isles have b e e n  studied comparat ively well 
(WilLiams, 1985; Williams & Conway, 1988; Green  et al., 1993), data for the southern  part  
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Table I. Geographical positions of the standard isobath-parallel stations shown in Figure 1. Stations 
at which the plankton samples utilized were collected during the individual cruises indicated by "x" 

Project: EBC 1 EBC 3 EBC 4 
Cruise: Heincke  09 Heincke 17 Heincke  20 
Date: March 1991 Oct. 1991 Jan.  1992 

Iso.- Position 
Sta. Lati tude Longitude 

1 2 43~ 09~ x x 
1 3 43~ 09~ x x 
I 4 42~ 09~ x x 
I 5 42~ 09~ x x 
I 6 41~ 09~ x x 
I 7 41~ 09~ x x 
I 8 40~ 09~ x x 
I 9 40~ 09~ x x 
I 10 39~ 09~ x x 
I 11 39~ 10~ x x x 
I 12 39~ 10~ x x x 
[ 13 38~ t0~ x x x 
I 14 38~ 09~ x x x 
I 15 37~ 09~ x x x 
I 16 37~ 09~ x x x 
I 17 36~ 09~ x x 
I 18 36~ 09~ x x 
I 19 36~ 08~ x x 
I 20 35~ 08~ x x 
I 21 35~ 08~ x x 
1 22 35~ 07~ x x 
I 23 34~ 07~ x x 
I 24 34~ 07~ x x 
I 25 34~ 08~ x x 
I 26 33~ 08~ x x 
I 27 33~ 09029'W x x 
I 28 33~ 09~ x x 
I 29 32~ 09~ x x 
I 30 32~ 10~ x x 
I 31 32~ 10~ x x 
I 32 31~ 11~ x x 
I 33 31~ 11~ x 
1 34 30~ 12~ x 

of t h e  r a n g e  a r e  s c a r c e .  F u r t h e r m o r e ,  m o s t  of t h e  e a r l i e r  s t u d i e s  w e r e  r e s t r i c t e d  to t h e  u p -  

p e r  200 m of t h e  w a t e r  c o l u m n  or  e v e n  s h a l l o w e r ,  w h e r e a s  d u r i n g  th i s  s u r v e y  a d e p t h  of 

1000 m w a s  s a m p l e d  in  d i s c r e t e  l a y e r s .  T h e  s p e c i a l  e n v i r o n m e n t a l  c o n d i t i o n s  g i v e n  b y  

t h e  o u t f l o w  of M e d i t e r r a n e a n  h i g h - s a l i n i t y  w a t e r  i n t o  t h e  E a s t  A t l a n t i c  O c e a n  t h r o u g h  

t h e  S t ra i t  of G i b r a l t a r  (sill d e p t h  ca  2 0 0 - 3 2 0  m)  p r o v i d e  a n  o p p o r t u n i t y  to s t u d y  t h e  eco* 

l o g i c a l  r e a c t i o n  of  C. helffolandicus a n d  to r e c o g n i z e  p o s s i b l e  w a y s  of t r a n s p o r t  a n d  dis-  

t r i b u t i o n .  S e a s o n a l  c h a n g e s  in  t h e  a g e  C o m p o s i t i o n  of  t h e  p o p u l a t i o n  of fe r  c l u e s  to t h e  u n -  

d e r s t a n d i n g  of a n n u a l  p o p u l a t i o n  d y n a m i c s .  
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Table 2. The cross-slope stations of project EBC 1 (Heincke 09, March 199l), shown in Figure 1. Bot- 
tom depth equals fishing depth at stations C1-C6; at C7-C11 maximum depth sampled was 1000 m 

Cross- Position Bottom 
slope depth 
station Latitude Longitude [m] 

C 1 40~ 08~ 24 
C 2 40~ 08~ 41 
C 3 40~ 08~ 60 
C 4 40~ 09~ 103 
C 5 40~ 09~ 136 
C 6 40~ 09~ 209 
C 7 40~ 09~ 1448 
C 8 40~ 09~ 2652 
C 9 40~ 09~ 3038 
C 10 40~ 09~ 3302 
C 11 40~ 10~ 3620 

MATERIAL AND METHODS 

Sampl ing  was carried out during three cruises of RV "Heincke"  in March  1991 (H09), 

October  1991 (H17), and January  1992 (H20) as part of a multidisciplinary research pro- 
ject  within the World Ocean  Circulation Exper iment  (WOCE). Tables 1 and 2 present  the 

s tandardized station numbers  for the three cruises, station locations and dates. Figure 1 

shows the "Isobath" stations 1 2 - 1 34 following approximate ly  the 2000 m isobath along 
the slopes of the Iberian Peninsula and northern Morocco, and the cross-slope stations 

C 1 - C 11 off northern Portugal (in spring of 1991). Except  at the shallow shelf stations 

(Table 2), p lankton was sampled vertically from 1000 m to the surface in 200 m steps using 
a mul t ip le-opening-c los ing net  (MUV) of 300 Bm mesh size, hauled  vert ical ly (Weikert & 

John, 1981). Addit ional  sampling was carried out with a neuston net (NEU) of the same 
mesh size (Hempel  & Weikert, 1972), roughly filtering the upper  25 cm of the water  co- 

lumn (upper and lower nets combined).  At each station a vertical  tow of five stratified 
hauls and a neuston tow were  made. The samples were  preserved  in 4 % buffered For- 

ma ldehyde  solution immedia te ly  after capture  and complete ly  sorted for Calanus helgo- 
landicus, separat ing both sexes (according to F leminger  & Hfilsemann, 1977) and the co- 

pepodid  stages V, IV and _~ III. Since early copepodids  (_~ CIV) of C. helgolandicus can- 

not be dis t inguished from those of Calanus finmarchicus by morphological  characterist ics 
alone, young  copepodids  of the former species were  considered only from those stations 

at which no C. finmarchicus (CV or adult) were  found. Nevertheless ,  some doubts remain  

about the exact  identification of the early stages, particularly at the isobath stations off 
northern Portugal  where  almost certainly CIV of both species co-occurred.  These  early 
stages were  therefore exc luded  from the analysis. 

The numbers  of individuals of each sex or s tage per  200 m stratum or per  neuston 
sample  were  quantif ied to abundance  values  n / l m  2 (MUV) or rg l000  m 2 (NEU) respec-  
tively, closest to the actually sampled  areas (on ave rage  0.26 m 2 [0.02 SD] and 574.5 m 2 

[43.7 SD], for 384 MUV samples and 83 NEU tows, respectively),  admit t ing some correc- 
tions for wire  angle  deviations. (Readers who are more familiar with n /m 3 may  divide our 
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Fig. 2. Temperature (~ top) and salinity (S, bottom) conditions during "Heincke" cruise H17 in au- 
tumn 1991, north-south transect with north to the right, station numbers indicated on top of the plots 

MUV data by 200.) Abundance  values calculated for the isobath transects were smoothed 
by moving averages over 3 values, since p lankton data are inadvertent ly noisy, possibly 
due to patchiness. However, species abundances  of the cross-slope transect were not aver- 
aged because hydrographical  conditions and  bottom depth differed substantially be tween  
stations, thus possibly affecting the plankton distribution to a considerable extent. 

RESULTS 

The data are presented  here in the natura l  sequence  of the seasons rather  than  in the 
sequence  of the cruises. Detailed descriptions of the hydrographic condit ions will be 
given by Stbhr et al. (in prep.). The most interest ing feature of the hydrographic data in 
this region is the range  and  spreading of Medi te r ranean  outflow water (MOW) into the 
eastern Atlantic. During all cruises, recorded numbers  of individuals  were not  correlated 
with the hour  of capture. 
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Fig. 4. Surface numbers of adult males and females, and copepodids V of Calanus helgolandicus in 
winter 1991 during "Heincke" cruise H17, north-south transect 

A u t u m n  

Vertical ha uls 

In au tumn I99 t  (Cruise H17) the range  of MOW in the Atlantic extended southward 
as far as station I 27 (Fig. 2) at depths of 800-1000 m, with temperatures  around 10 ~ 
and salinities (S) up to 35.8. However, the main  current  of MOW stretched northwards,  
reaching a depth of approximately 500 m at station I 17, with temperatures  up to 12 ~ 
and S = 36.3, down to the deepest  layer sampled. 

The populat ion of Calanus helgolandicus consisted mainly of stage V copepodids 
(CV), besides few male  and  female adults (Fig. 3). CV numbers  increased northwards 
with maximum concentrat ions up to 4500 ind . /m 2 (stations 1 27-29). From station I 26 on- 
wards, numbers  decreased substantially, with min imum values at station I 16, amoun t ing  
to less than 5 % of the maximum. Northwards, abundances  rose again but  only slightly. 
This significant numer ica l  min imum was also true for adults of both sexes and  coincided 
with the area inf luenced  by the MOW. Late copepodids as well as males and  females 
were found to dwell  mainly  in the 400-600 m layer, with near ly 50 % of the CV popula-  
tion occurring at this depth. South of the area inf luenced by the MOW near ly  all adults 
occurred below 400 m; no males and  only a few females were found in the area of the 
MOW. Adult a b u n d a n c e  increased aga in  north of the MOW, the depth preference shif- 
t ing to the upper  200 m for ca 30-50 % of the males and  70 % of the females. For this 
cruise the sex ratio of adults was 2:1 slightly in favour of females. 

Neuston hauls 

At the surface, numbers  of C. helgolandicus were very low (Fig. 4). More than  50 % 
of the specimens consisted of females, most of the rest of CV. Copepodid stages III and  
smaller were absent  from the neus ton  layer. Males and  CIV were collected only in single 
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Fig. 5. Temperature (~ top) and salinity (S, bottom) conditions during "Heincke" cruise H20 in win- 
ter 1992, north-south transect with north to the right, station numbers indicated on top of the plots 

numbers .  Almost the entire populat ion occurred at the southernmost  stations l 32 and 
I 33. In the area inf luenced by the MOW, C. helgolandicus was not found  at all. 

W i n t e r  

Vertical ha uls 

In winter  1992 (Cruise H20) the MOW remained  below 600 m (Fig. 5). In the deepest  
layer sampled, its intrusion was traceable up to the nor thernmost  stations. Average num-  
bers of CV were only ca 11% of au tumn maxima, whereas numbers  of adults  had  doub- 
led (Fig. 6). The area of m in imum abundances  was considerably restricted, compared to 
the autumn,  and  not as sharply pronounced.  Approximately from station 123 to 1 20, num-  
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Fig. 7. Surface numbers of adult and copepodid stages of Ca]anus helgotandicus in winter 1992 
during "Heincke" cruise H20, north-south transect 

bers were  distinctly low. Minimum values  of CV (sta. I 20) were  only about  20 % of those 

of the southern max imum (sta. I 25). Northwards,  abundances  of CV and adults increa- 

sed again, reaching  higher  densities than in the south. The depth distribution showed a 
pre fe rence  of CV for the 400-600 m layer at the southern stations up to about  station I 14. 

In the north the CV populat ion was distributed with equal  proportions b e t w e e n  400 m 

and 1000 m; about  70 % of the populat ion were  found deeper  than 600 m. Males  prefer- 
red the layer of 400-600 m at all locations. Their  numbers  dropped p ronounced ly  north 

of station I 6. Females  were  distributed mainly from 0 to 600 m depth with at least  70 % 
of them in the upper  400 m. At stations I 7 to I 5 ca 70 % of them were  found in the up- 

per  200 m. At the nor th-western edge  of the Iberian Peninsula  (stations 14, 13) abundance  

values  dec l ined  to a further minimum. During the entire winter  cruise, the sex ratio of 
adults was almost  ba lanced at 1:1. 

Neuston hauls 

At the surface, contrary to the vert ical  hauls, considerable  numbers  of C. helgolandi- 

cus were  found only in the north (stations 1 4 - I 7, Fig. 7). Females  were  most abundant  
with CV following close second. Young copepodids  were  scarce and males  almost  absent.  

S p r i n g  

Isoba th-parallel transect - vertical ha uls 

In spring 1991 (Cruise H09), the intrusion of M O W  was recognizable  in the south be- 
low 600 m; be low 800 m it reached  the nor thernmost  stations (Fig. 8). Young copepodids  

were  found in addit ion to CV and adults of both sexes (Fig. 9). Half of the populat ion of 

C. helgolandicus consisted of CItI, All stages r eached  their  abundance  m a x i m u m  south 
of station I 13 and almost the entire populat ion was found in the upper  200 m. At the nor- 
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Fig. 8. Temperature (~ top) and salinity (S, bottom) conditions during "Heincke" cruise H09 in 
spring 1991, north-south transect, north to the right, station numbers on top of the plots 

t he rn  stat ions,  only  f ema le s  w e r e  c a p t u r e d  in s igni f icant  numbers .  T h e  a b u n d a n c e s  of 
the  r ema in ing  stages,  inc lud ing  males,  w e r e  minimal .  N u m b e r s  of CIV and  CV each  
a m o u n t e d  to abou t  30 % of those  of CIII. T h e  sex  rat io of adul ts  was  2:1 in f avour  of fe- 
males .  

Isobath-parallel t ransec t -  neuston hauls 

T h e  n e u s t o n  ca t ches  (Fig. 10) s h o w e d  the  h i g h e s t  a b u n d a n c e s  of all s t a g e s  at the  sou-  

t h e r n m o s t  s tat ion,  I 15, but  m a x i m a  for f e m a l e s  at s ta t ions  I 9, I 10, and  I 11. A b u n d a n c e s  

of CIV w e r e  h i g h e r  t h a n  those  of CIII. A l m o s t  no ma le s  w e r e  found.  

Cross-slope transect - vertical ha uls 

A b o v e  the  con t inen t a l  shelf,  t e m p e r a t u r e s  d e c r e a s e d  s l ight ly  wi th  i n c r e a s i n g  d e p t h  

and  d i s t ance  f rom shore,  w h e r e a s  sa l in i ty  i n c r e a s e d  (Fig. 11). Wes twards  of t he  shelf  (sta. 

C 7 - C 11) the  w a t e r  was  we l l  s t ra t i f ied wi th  a sal ini ty  m a x i m u m  in the  600 - 1400 m layer; 
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represent ing the intrusion of MOW. Copepodid stages CIII -CV, as well as males and  fe- 
males occurred (Fig. 12). The highest  numbers  of all stages were observed above the 
shelf, with only minimal  numbers  towards the open  sea. Abundances  of females of all 
cruises peaked  above the shelf. The sex ratio of adults was 9:1 strongly in favour of fe- 
males. CV were caught  in higher numbers  than either CIV or CIII. 

Cross-slope transect - neuston hauls 

The neuston catches (Fig. 13) showed the same tendency as the vertical hauls with 

the bulk of the population occurring above the shelf. Here the highest abundances 
appeared above the deeper shelf at stations C 5 and C 6. Half of the population was com- 

posed of females. Almost no males were collected and CIII were likewise rare. Numbers 
of CV amounted to about 30 % of those of females and numbers of CIV to 50-70 % of 

those of CV. 

DISCUSSION 

In the Iberian-Moroccan region the changes  in age composition and  the populat ion 
fluctuation pat terns of C. helgolandicus correspond fairly well with the results of Green  
et al. (1993) obta ined in the English Channel .  There, peak  abundances  of this species in 
April corresponded with the onset of phytoplankton  growth. In the Medi te r ranean  Sea, 
Kouwenberg  (1993) found highest densities of C. helgolandicus during February. Off Por- 
tugal, peak densit ies in March might  represent  the highest  numerica l  values  of the local 
populat ion in the course of the year. 

During the "Heincke" cruises, C. helgolandlcus showed seasonal vertical migration. 
In a u t u m n  and winter  the preferred depth stratum of the C. helgolandicus populat ion (CV 
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and  adults) was 400-600 m south of the MOW and 400-800 m north of it. This is about 
200 m shallower than in the closely related species Calanoides carinatus (St6hr et al., in 
prep.), caught  simultaneously. This depth preference is in accordance with Williams & 
Conway (1988}, who found overwinter ing CV of C. helgolandicus below 400 m depth to 
the south-west  of the British Isles, whereas  in spring all life stages occurred main ly  in the 
upper  200 m. 

Brenning (1981) defined the salinity and  temperature  preferences of C. helgolandi- 
cus as be ing  within the range  of S = 35.6-36,87 and  15.75-20.2 ~ He character ized the 
species as adapted  to warm temperate  conditions, and as an  indicator species for the 
Canary  Current.  In addition, C. hetgolandicus shows high a b u n d a n c e  in  the Mediterra-  
n e a n  Sea in adaptat ion to the high salinity there (Roe, 1972). Correspondingly,  in the 
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south C. helgolandicus avoids the salinity min imum below 600 m. Within the range  of 
M O W  C. helgolandicus occurs deeper.  Its depth distribution coincides fairly well  with the 

range  of water  character ized by S -> 35.6. 
Near ly  the whole  au tumn populat ion and the bulk of the winter  populat ion consisted 

of CV. As in other  species of the family Calanidae,  the preadul t  CV stage of C. helgolan- 
dicus constitutes the overwintering resting stage, found primarily at a depth of 500-2000 m 
(Brenning, 1981). However ,  increasing numbers  of adults appear  in winter, indicat ing an 

early onset of maturat ion.  The abundance  maxima were  found to have  shifted northwards  

from autumn to winter, while individual  numbers  were  lower  by about  70 %, both 
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sugges t ing  t ransport  of one and  the same  popula t ion  by po leward  undercur ren ts .  Spr ing 
abundances  indicate  southward  t ranspor t  with surface currents  (e.g. the Po r tuga l /Cana ry  
Current).  The  p resence  of young  copepod id  s tages  CIII and  CIV indicates  tha t  reproduc-  
tion had  t a k e n  p lace  prior to the  spr ing survey, poss ibly  at the nor thernmos t  stations, be-  
cause  the females  showed re la t ively  h igh  a b u n d a n c e s  even at stations I 4-10. 

In spr ing  the CV consis ted p robab ly  of indiv iduals  of both old and  n e w  genera t ion .  
Their  overal l  condition, r ecogn ized  by  thei r  contents  of l ipid r e se rves  a n d  the p re sence  
of furcal and  an tenna l  setae,  sugges ts  that  CV col lected north of s tat ion I 13 and  p roba-  
bly  some of the d e e p e r  d is t r ibuted  indiv iduals  of stat ions I 13 - 15 b e l o n g e d  to the old, 
overwin te r ing  generat ion.  F leminger  & H01semann (1977) proved  the ex i s tence  of an in- 
dependen t ,  r eproduc ing  popula t ion  of C. helgolandicus in cont inenta l  waters  off 
N. America .  Previously, the M e d i t e r r a n e a n  was be l i eved  to be  the centre  of d ispersa l  for 
C. helgolandicus (Conover, 1988). Consequent ly ,  indiv iduals  found in ea s t e rn  b o u n d a r y  
currents  of the Atlantic could have  b e e n  t ranspor ted  there  from the M e d i t e r r a n e a n  Sea.  
Will iams (1985) descr ibed  an  overwin te r ing  popu la t ion  of C. helgolandicus in the Celtic 
Sea and  recorded  max imum a b u n d a n c e s  in Apri l /May.  According  to this author, the  
14 ~ thermocl ine  is the nor thern  b o u n d a r y  of the  geog raph ica l  range  of C. helgolandi- 
cus. It appea r s  to be  not  unl ike ly  that  a s epa ra t e  and  reproduc t ive ly  ac t ive  popula t ion  
exists off NW-Afr ica  as well. The numer ica l  contr ibut ion of the M e d i t e r r a n e a n  popula -  
t ion by indiv iduals  carr ied into the At lant ic  by  the outf lowing deep  w a t e r  remains  un-  
known.  Greze  et al. (1985) es t ima ted  the  p l ank ton  b iomass  carr ied out of the  Medi t e r ra -  
nean  as be ing  haft as high as that  car r ied  by  the  inf lowing Atlantic  surface water .  To con- 
fuse matters ,  our da ta  revea l  a p r o n o u n c e d  a b u n d a n c e  min imum for all  s tages  of 
C. helgolandicus in au tumn and  win te r  wi th in  the  r ange  of M O W  intrusion,  which  re- 
mains  l a rge ly  unexpla ined .  Possibly, the  At lant ic  p l ank ton  was d i sp laced  wes twards  by  



Calan us helgolandicus 473 

the MOW, which itself may have carried only very limited numbers  of C. helgolandicus, 
assuming a similar strategy of rest ing at greater  depths in the Mediterranean.  

In the cross-slope transect made  in March, maximum abundances  of C. helgolandi- 
cus were found above the cont inental  shelf. Here, females dominated the population,  fol- 
lowed by CV, which are presumed to be long to the overwintering generation,  judg ing  
from their general  appearance.  This suggests that spawning,  hatching, and early deve- 
lopment  occur primarily in the shallow shelf areas with high phytoplankton productivity. 
Compared with the isobath-parallel  transect, considerably higher numbers  of stages 
younger  than CV were found nearshore,  even  at the latitude of station I 8, where  almost 
no individuals were recorded offshore. However, the numerical  abundance  of males was 
surprisingly low, which probably indicates a more northerly located main  mat ing  region. 
It is suggested that C. helgolandicus off nor thern  Portugal prefers the highly productive 
(upwelling dur ing cruises H09 and H20) nearshore shelf region for early reproduction, 
while it migrates offshore farther south (high abundances  of CIII at stations I 13-15 in 
spring). During all cruises, males were extremely rare in the shallowest surface layer, jud-  
ging by their absence  from most of the neus ton  samples. 

The sex ratio for calanid copepods was often suggested to be in favour of females 
(Green et al., 1993; Kouwenberg,  1993). This seems to be partly due to the sampled depth 
range, and the geographical  region and the season of the surveys. Sampling over the con- 
t inental  shelf may provide results totally different from data obtained offshore, as was de- 
monstrated for the cross-slope cruise (sex ratio 9:1 in favour of females). We assume our 
data to be largely unb iased  and found only slightly higher numbers  of females in a u t u m n  
and spring at the stations of the north-south transect. In contrast to Calanoides carinatus 
(St6hr et al., in prep.), males of C. helgolandicus did not appear  prior to the females and  
their preference for deeper  water  strata is only slightly pronounced.  Thus, we assume that 
both species have developed different reproductive strategies. It is general ly assumed 
that males of calanid copepods moult earlier than females in order to use any opportuni ty 
to fertilize newly moulted females, thus maximizing their reproductive success (Kou- 
wenberg,  1993). While C. carinatus seems to follow this strategy, males of C. helgolandi- 
cus do not appear  to be as short-lived as has often been  suggested. In contrast, small num-  
bers of adults seem to moult  already dur ing the cold season but  do not appear  to repro- 
duce until  early spring. Overwinter ing of adults has not been  reported previously, 
therefore it is u n k n o w n  whether  these individuals  die without having reproduced or 
whether  they are capable of surviving until  spring. 

CONCLUSIONS 

Off the Iber ian-Moroccan slope a reproductively active populat ion of Calanus hel- 
golandicus exists. Probably, an exchange of individuals be tween  Medi te r ranean  and  At- 
lantic waters occurs to a certain degree. Because the Medi te r ranean  outflow into the E. 
Atlantic through the Strait of Gibraltar takes place at a depth of 150-300 m as a subsur-  
face current, mostly deeper  dwell ing older life stages (CIV, CV) may be carried into the 
Atlantic. Since younger  copepodids and  most adults prefer layers shallower than  200 m 
they are expected to be carried vice versa from the Atlantic into the Medi te r ranean  by 
the stronger inflow. However, we estimate the n u m b e r  of individuals thus exchanged  as 
be ing too low to explain alone the high abu nda nc e  of C. helgolandicus found in the 
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E, At l an t i c ,  p a r t i c u l a r l y  off Morocco .  I n s t e a d ,  a s t a b l e  p o p u l a t i o n  is s u g g e s t e d  to r ec i r cu -  

l a t e  w i t h i n  a m o r e  or l ess  c l o s e d  m a i n t e n a n c e  s y s t e m  by  w a y  of s o u t h w a r d  s u r f a c e  a n d  

u n d e r c u r r e n t s ,  r e s p e c t i v e l y  ( P e t e r s o n  e t  al., 1979;  W r o b l e w s k i ,  1982; V e r h e y e  e t  al., 

1992). In a u t u m n ,  C V  off NW. Afr ica  m i g r a t e  to t h e  d e e p e r  s t r a t a  b e l o w  4 0 0  m a n d  e n t e r  

a s t a t e  of d o r m a n c y  to ou t l a s t  w i n t e r  cond i t i ons .  T h e n  f e e d i n g  a n d  a n y  a c t i v i t y  a r e  r e d u -  

c e d  to a m i n i m u m .  In th i s  s t a t e  t h e y  a r e  c a r r i e d  n o r t h w a r d s  b o t h  by  m e a n s  of u n d e r c u r -  

r e n t s  a n d  M O W .  W h e n  t h e y  f ina l ly  r e a c h  n o r t h e r n  P o r t u g a l  in  ea r ly  sp r i ng ,  t h e y  r i se  in to  

t h e  s u r f a c e  l a y e r  a g a i n ,  moul t ,  a n d  m a t u r e  in to  adu l t s .  T h e  r e l a t i ve ly  h i g h  a b u n d a n c e s  of 

a d u l t s  f o u n d  in  t h e  s t u d y  a r e a  d u r i n g  a u t u m n  a n d  w i n t e r  i n d i c a t e  the  p o s s i b i l i t y  t h a t  a d u l t  

s p e c i m e n s ,  too, a r e  c a p a b l e  of o v e r w i n t e r i n g  at  t h e s e  l a t i tudes ,  c o n t r a s t i n g  p r e v i o u s  re-  

por t s  f rom n o r t h e r n  local i t ies .  T h e  s o u t h e r n  b u l k  of C V  o b s e r v e d  in  a u t u m n  a p p e a r s  to 

su f fe r  s e v e r e  r e d u c t i o n  on  its w a y  n o r t h  a n d  to r e p r e s e n t  t h e  w i n t e r  m a x i m u m  a t  t h e  nor -  

t h e r n  s t a t ions .  

M a t i n g ,  a n d  p o s s i b l y  r e p r o d u c t i o n ,  of C. h e l g o l a n d i c u s  s e e m s  to t a k e  p l a c e  in  t h e  sur -  

f ace  l a y e r  of t h e  she l f  r eg ion .  It a p p e a r s  t h a t  d u r i n g  m a t u r a t i o n  y o u n g  life s t a g e s  a r e  car-  

r i ed  b a c k  s o u t h  w i t h  s u r f ace  c u r r e n t s .  P robab ly ,  t h e  life cycle  is p a s s e d  t h r o u g h  s e v e r a l  

t i m e s  - u p  to 3 t i m e s  in t e m p e r a t e  w a t e r s  (Conover ,  1988); 5 - 6  t imes  in  t h e  M e d i t e r r a -  

n e a n  d u r i n g  s u m m e r  ( K o u w e n b e r g ,  1993), un t i l  t h e  s o u t h e r n  d i s t r i b u t i o n a l  b o u n d a r y  of 

th i s  s p e c i e s  is r e a c h e d  a n d  t he  a n n u a l  cyc le  c o m p l e t e d  w i t h  t he  o n s e t  of w i n t e r  c o n d i -  

t ions ,  w h e n  C V  s i n k s  in to  d e e p e r  l ayers .  
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