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ABSTRACT: Since the beg inn ing  of the 'seventies,  upwelling research has become increasingly 
popular in the pa th  of the Canary and Benguela  Current, because  of economic consideration, 
particularly in relation to fisheries and marine geology. Many expeditions were carried out be tween 
1970 and 1977, including 8 cruises of the German  R.V. "A. v. Humboldt" operating from Rostock. 
Measuremen t s  covered scales ranging in time from minutes  to several years and  in space from 
hundreds  of metres  to several  thousands  of kilometres. Zooplankton studies focussed on quanti ta-  
tive, metabolic, taxonomic, and parasitological aspects. Plankton was collected with a WP-2- 
UNESCO standard net  to a max imum depth of 200 m. The epipelagic mesozooplankton consists 
mainly of copepods, especially calanoids with developmental  times of about 20 to 23 days. After an 
upwetl ing event, zooplankton is able to double its biomass. This typical biomass  increase is 
independen t  of coastal distance and depth. The upwetl ing response lasts about 3 weeks  in near- 
surface waters, and 6 to 8 weeks  in depths below 75 m. A relationship was observed be tween  the 
duration of seasonal  upwell ing (that means  the numbers  of single upwelling events) and the 
cumulative increase of biomass. This net  growth rate of zooplankton biomass is most  p ronounced  at 
the shelf break, the area with the highest  fish biomass, and in the upper  25 m. Differences be tween  
the expected and  the real rate values in conjunction with the known amount  of nutritive de ma nds  of 
fishes allow the estimation of the fish biomass in a given area. The near  coastal Ekman  upwelling, 
which is an event  in the time scale of about two weeks,  also shows seasonality in some areas. Off 
Northwest  Africa the largest  expansion was recorded in the first half of the year, ex tending  from 10 ~ 
N to 24 ~ N, more than 400 km offshore and at least  down to 200 ml It contracts in the second half of 
the year to an area be tween  20 ~ N and 22 ~ N, 100 to 200 km off the coast and in an average  depth  of 
25 m. These  zooplankton biomass patterns are super imposed by mesoscale phenomena ,  originated 
by other than  Ekman upwell ing events. Those are, for example,  long coastal parallel waves,  
producing cells of intensified upwell ing and downwelling, and eddies, caused by instabilities in a 
frontal zone parallel to the coast. Different water  masses  can be dist inguished by indicator species, 
species combinations or the significant absence  of species. This was demonst ra ted  for chaetognaths .  
The calanoid Calanus helgolandicus (Claus, 1863), a typical species of the North Atlantic, indicates 
North Atlantic Central  Water, whereas  Calanoides car/natus (Kroyer,1849) is an indicator of South 
Atlantic Central Water. Finally, comparisons of near  coastal current regimes, t ransport  velocities, 
and developmenta l  rates of calanoids allow one to conclude that a suitable mechan i sm is present  to 
maintain plankton in the coastal environment.  

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

E c o n o m i c  r e a s o n s ,  r e l a t i n g  p a r t i c u l a r l y  to f i she r i e s  a n d  m a r i n e  g e o l o g y ,  e n c o u r a g e d  

u p w e U i n g  r e s e a r c h  in  t h e  C a n a r y  a n d  B e n g u e l a  C u r r e n t  f r om the  b e g i n n i n g  of t h e  

' s e v e n t i e s .  At  l e a s t  d u r i n g  t he  C I N E C A  p r o g r a m m e  ( C o o p e r a t i v e  I n v e s t i g a t i o n  of t h e  

N o r t h e r n  Par t  of t h e  E a s t e r n  C e n t r a l  At lan t ic ) ,  w h i c h  w a s  c a r r i e d  ou t  u n d e r  t h e  u m b r e l l a  
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of ICES, 14 countries participated in about 100 expedit ions be tween  1970 and 1977 

(Smed, i982). This included 8 crmses of the German  R.V. "A. v. Humboldt"  operat ing 

from Rostock. These  studies of the WarnemOnde Institute of Marine Research and 

Rostock University have been  sporadically cont inued up to now and ex tended  into 

Namibian waters  and the central  part of the Atlantic. Measurements  covered  t ime scales 

ranging from minutes to several years and horizontal space scales from hundreds  of 
metres  to several  thousands of kilometres. This research included studies in physical, 

chemical,  and biological  oceanography.  Zooplankton studies focussed on the following: 

Q u a n t i t a t i v e  a s p e c t s  

- 2-D seasonal patterns 
- continental  shelf wave  patterns 

- patterns inf luenced by submanne  cations 

- conditions of boundary (upwelling} area versus 

that of central  gyre area 

- extension of upwel l ing  effects 
- effect of an ave rage  upwell ing event,  

- 3-D seasonal  patterns and 

- net growth rates 

- links to fishery 

Arndt & Brenning, 1977 
Postel, 1982 

Postel, 1987 

Kaiser & Postel, 1978 

Postel. 1985 

Postel, 1990 
Weil~ & Postel, 1991 

M e t a b o l i c  a s p e c t s  

feeding activity of Branchios toma s e n e g a l e n s e  Gosselck et al. 1978 

growth of Branch ios toma s e n e g a l e n s e  Gosselck & Spittler, 1979 
metabohc activity in relation to ROSSBY wave  

patterns and cyanobacter ia  distribution Hern&ndez-Le6n et al . 1992 

- chaetognaths  

- thaliaceans 

- calanoids 

- Branch ios toma la rvae  

T a x o n o m i c  a n d  e c o l o g i c a l  a s p e c t s  

K611er et al., 1976 

Arndt & K611er 1977 
Arndt  & Wranik 1977 

Wranik & Arndt 1978 

Brenning & Fadschild, 1979 

Brenning, 1980, 1981a, b, 1982a, b, 

1983. 1984, 1985a b, 
1986 

Chagouri ,  1989 

Gosselck, 1975 

Gosselck & Kfihner, 1973 
Gosselck & Hagen ,  1973 
Flood et al., 1978, 1982 
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P a r a s i t o l o g i c a l  a s p e c t s  

R e i m e r  e t  al., 1975 

Reimer ,  1977 

T h e  two a i m s  of th i s  p a p e r  a re  to d r a w  a t t e n t i o n  to t h e s e  u n i q u e  d a t a  se t s  a n d  to 

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

a n  ea r ly  to a n  e q u i l i b r i u m  s t a g e  w i t h  all  t h e  e c o l o g i c a l  c o n s e q u e n c e s  ove r  r e l a t i v e l y  sho r t  

d i s t a n c e s .  

M A T E R I A L  A N D  M E T H O D S  

In t he  ' s e v e n t i e s ,  l a r g e  sca le  o b s e r v a t i o n s  w e r e  ca r r i ed  ou t  in  t he  u p w e l l i n g  a r e a  off 

t h e  coas t  of N o r t h w e s t  Af r ica  (NWA),  b e t w e e n  B a h i a  de  G a r n e t  (25 ~ N) a n d  C a b o  Roxo 

(10 ~ N), f rom t h e  n e a r  coas t a l  a r e a  to t he  21 ~ W m e r i d i a n .  F u r t h e r  s t ud i e s  w e r e  p e r f o r m e d  

o n  a s ec t ion  a l o n g  t h e  30 ~ W m e r i d i a n ,  f rom 2 ~ S to 15 ~ N, a r e f e r e n c e  a r e a  in  c o m p a r i s o n  

to t he  coas ta l  z o n e  w i t h o u t  E k m a n  u p w e l l i n g  a n d  w i t h  eco log i ca l  e q u i l i b r i u m  c o n d i t i o n s  

(Fig. 1). In 1989 a n  a r e a  w a s  i n v e s t i g a t e d  b e t w e e n  32 ~ N a n d  10 ~ N, f rom t h e  M i d d l e  

A t l a n t i c  R idge  to a b o u t  21 ~ W, to s t u d y  t h e  t r a n s i t i o n  b e t w e e n  t h e  b o u n d a r y  p a r t  of the  

N o r t h  A t l an t i c  C e n t r a l  Gyre ,  w h i c h  is i n f l u e n c e d  b y  coas ta l  u p w e l l i n g ,  a n d  its cen t r e .  

M e s o s c a l e  u p w e l l i n g  p r o c e s s e s  w e r e  s t u d i e d ,  m o s t l y  off C a p e  B l a n c / C a p e  B a r b a s ,  off 

N o u a k c h o t t  (NWA) a n d  off S o u t h w e s t  Afr ica  (SWA) at  21 ~ S, in  t h e  N a m i b i a n  r e g i o n  (Fig. 

1). A l imi t ed  n u m b e r  of s m a l l  s c a l e  s t u d i e s  w e r e  c a r r i e d  ou t  off C a p e  B l a n c  (NWA).  

S a m p l e s  w e r e  co l l ec ted ,  m o s t l y  in  four  d e p t h  r a n g e s ,  f rom 200 to 0 m, f rom 200 to 

�9 

A t l a n t i c  

O c e a n  

Fig. 1. Areas studied by R.V. "A. v. Humboldt"  in the Atlantic Ocean: a large, seasonal s tudy site off 
Northwest  Africa (NWA), a reference area at 30 ~ W without Ekman uDwelling, and a mesocale 

transect  off Namibia  (SWA) 
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75 m; from 75 to 25 m; and from 25 to the sea surface, using the WP-2-net,  which is 
recommended  by UNESCO {Tranter, 1968). According to this author, this equ ipment  
quanti tat ively retains p lankton be tween  0.2 to 10 mm size. 

On the basis of various literature sources and data, it was estimated by Postel (1990) 
that p lankton of this size range represents  (in terms of dry mass) about  one third of the 
total p lankton in the euphotic zone of an upwel l ing area. This part consists of almost 
similar proportions of fine filter feeders (like meroplankton,  appendicular ians,  doliolids, 
and small calanoids), of coarse filter feeders (e:g. medium-sized calanoids, and  juveni le  
euphausids),  and of predators (like cyclopoids, large calanoids, coelenterates,  and  
polychaetes). Their developmental  times range from 25 to 40 days. This p lank ton  fraction 
is of nutritive relevance for fishes of commercial  value, like Scomber  cofias (70 %), 
Trachurus sp. ( 6 0 % ) a n d  Sardinella sp. (50 %). 

Dry mass was determined according to Lovegrove (1966). During different cruises, 
slight modifications in the field and  in the laboratory procedures occurred, which 
sometimes caused remarkable  inf luence on the data. The sum of methodical  errors 
produced underes t imat ions  of 15 to 65 %, which were considered dur ing a data valida- 
tion procedure. The largest overestimation was represented by 21% from using wire 
length instead of flow meters to calculate the filtrated water  volume. Losses of about  48 % 
occurred when  samples were frozen before oven drying (Postel, 1990). 

For details of the taxonomic identification procedures, the reader is referred to the 
publications ment ioned  above under  taxonomical  and ecological aspects. 

RESULTS AND DISCUSSION 

Eco log i ca l  c o n s e q u e n c e s  of a n  a v e r a g e  coas t a l  u p w e l l i n g  e v e n t  

The results originate from a programme off Namibia  which lasted three weeks 
during the upwel l ing season in October 1979. It consisted of a transect, perpendicular  to 
the coast, from 30 km to 170 km. The distance be tween  the stations was 10 km, the 
measurements  were carried out every 1.5 days. Figure 2 presents the geographical  
situation (2a), and the successive progress of ecosystem development  from the near  shore 
upwell ing centre to offshore conditions (2b to 2m) in terms of averages of 15 measure-  
ments. The diagrams should be studied from the right, the African coast line to the left 

The sea level increases, indicat ing that winds favourable for upwel l ing  shift the near  
shore surface water  in an  offshore direction (2b). Cold, low saline, oxygen poor. and  
nutr ient  rich water from deeper  layers replaces it (2c to 2g). With mcreas ing  distance to 
the upwell ing centre, temperature  rises by solar radiation and the salinity increases by 
evaporation. Oxygen content  starts to increase and successively to decrease due to 
changing importance of the balance be tween  primary production and respiration losses. 
Nutrients are affected in the same manner .  Chlorophyll-a content  as indicator for 
phytoplankton biomass reaches a max imum at about 30 km down stream of the upwel-  
l ing site (2h). With increasing distance to the shore the ecosystem is increasingly 
stabilized. The decreasing dominance  index m conjunct ion with the increas ing diversity 
index is an indicat ion of this p h e n o m e n o n  (21; 2m) in the same way as the n u m b e r  of 
zooplankton groups, which increases from 16 at 30 km to 25 at 170 km offshore. The 
development  of the m e a n  abundances  in the dominant  taxonomic groups under l ine  this 
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e c o s y s t e m  z o n a t i o n :  t he  o p t i m u m  of n a u p l i a  is f o l l owed  by  t h e  sma l l  a n d  b y  t he  m e d i u m  

s ized  c a l a n o i d s  f a r t h e r  offshore ,  a n d  is f ina l ly  f o l l o w e d  b y  t he  t h a l i a c e a n s ,  a g r o u p  w h i c h  

is d o m i n a n t  far  a w a y  f rom t he  u p w e l l i n g  c e n t r e  (2k). T h e  z o o p l a n k t o n  dry  m a s s  p a t t e r n  in 

two  d e p t h  l eve l s  on  t r a n s e c t s  p e r p e n d i c u l a r  to  t he  coas t  (2i; 2j) c o r r e s p o n d s  w i t h  the  

c a l a n o i d  a b u n d a n c e s  in  F i g u r e  2k. T h e  h i g h e s t  v a l u e s  of b i o m a s s  a n d  a b u n d a n c e s  w e r e  

e n c o u n t e r e d  b e t w e e n  130 a n d  160 k m  offshore .  

Of f sho re  t r a n s p o r t  ve loc i ty  w a s  e s t i m a t e d  in  t h r e e  d i f f e r e n t  w a y s  in t h e  u p p e r  60 m 

( E k m a n  layer) ,  b a s e d  o n  w i n d  drift, c u r r e n t  m e a s u r e m e n t s ,  a n d  t he  c a l c u l a t e d  d e v e l o p -  

m e n t  r a t e s  of c o p e p o d s ,  w h i c h  a re  t e m p e r a t u r e  r e l a t ed .  T h e  re su l t s  s h o w e d  t h a t  a 

d i s t a n c e  of t e n  k i l o m e t r e s  w a s  c o v e r e d  w i t h i n  two  days .  All  t h e s e  d a t a  l ed  to t he  

conc lus ion ,  t h a t  t h e  m a x i m u m  of p h y t o p l a n k t o n  b i o m a s s  o c c u r r e d  in a b o u t  two  days ,  a n d  

t h a t  of c o p e p o d s  b e t w e e n  20 a n d  23 d a y s  a f t e r  a n  u p w e l l i n g  even t .  

T h e  d o u b l i n g  of z o o p l a n k t o n  b i o m a s s  a f t e r  a s i n g l e  m e a n  u p w e l l i n g  e v e n t  is 

r e m a r k a b l e .  Th i s  c a n  also b e  o b s e r v e d  in  t h e  fo l l owing  e x a m p l e ;  w h e r e  a m e a s u r i n g  

a p p r o a c h  w a s  used ,  w h i c h  w a s  d e s i g n e d  v e r y  d i f fe ren t ly .  

S e a s o n a l  p a t t e r n s  

S e v e n  c ru i se s  w e r e  ca r r i ed  ou t  d u r i n g  d i f f e r e n t  s e a s o n s  off N W A  b e t w e e n  25 ~ N a n d  

10 ~ N on  7 t r a n s e c t s  w h i c h  w e r e  p e r p e n d i c u l a r  to t he  coas t  up  to a b o u t  21 ~ W (Fig. 3); 

a 
12 ~ 13~ 

, \ \  \ \ 

\ 

20 ~ 
S 

2 1  a 

Pig. 2. Position of the cross-shelf measur ing profile, which was repeated  every 36 hours from October 
16th to November  l l t h  1979 off Dune Point. Namibia  (2a), and the temporal averaged  cross-shore 
distribution (including confidence ranges, p<0 .05)  of the sea level difference be tween  the sea 
surface and the 100 m reference plane (2b), the temperature  (2c) and salinity (2d), the oxygen- (2e), 
phosphate-  (2f), sihcate- (2g), and chlorophyll-a-concentration (2hi at the sea surface, the zooplank- 
ton dry mass in the upper  30 m {2i), the zooplankton dry mass be tween  30 and 75 m depth  (2j), the 
zooplankton abundance  12k), the dominance index, according to Simpson {1949), cited by Odum 
(1980) (21), and diversity index, according to Shannon  & Weaver  (1949), cited by Odum {1980}, for 

meso-zooptankton in the upper  30 m. {2m}; (Hagen et al.. 1981; Postel, 1990} 
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obse rva t ions  w e r e  d o n e  in d i f ferent  years  of s imilar  u p w e l l i n g  in tens i t ies  (Arfi, 1985). The  
a m o u n t  of da ta  was  suff ic ient  to carry out  the  s ea sona l  analys is  on the  basis  of m e a n  

v a l u e s  o b t a i n e d  o v e r  the  shelf  the shelf  b reak ,  and  the  offshore  area.  f rom the  sea  sur face  
d o w n  to the  bo t tom or to a m a x i m u m  dep th  of 200 m In the  la t te r  region,  ve r t i ca l  

subd iv i s ions  into the  u p p e r  25 m layer ,  t he  i n t e r m e d i a t e  one  d o w n  to 75 m, a n d  a 

s u b l a y e r  f rom 75 to 200 m. w e r e  poss ib le  (Postel, 1990). 

To f ind the  typ ica l  z o o p l a n k t o n  b iomass  r e s p o n s e  to u p w e l h n g ,  the s e a s o n a l  course  

of the  sea  sur face  t e m p e r a t u r e  d i f fe rence  b e t w e e n  n e a r  coasta l  s ta t ions and  the  offshore  
area,  c a l cu l a t ed  by  Spe th  et al. (1978), was  c o m p a r e d  wi th  the  z o o p l a n k t o n  pa t te rn .  The  

s i tua t ion  off the  shelf  b reak  in the  u p p e r  200 m is s h o w n  as an  e x a m p l e  in F igure  4. 

C o i n c i d e n c e  of phys i ca l  and  z o o p l a n k t o n  pa t te rns  was  o b s e r v e d  south  of 23 ~ N. A r o u n d  
20 ~ N, u p w e l l i n g  and a c o r r e s p o n d e n t  h i g h e r  b iomass  is p r o n o u n c e d  all the  y e a r  round.  

Sou th  of it, a n e g a t i v e  dev ia t ion  of s ea  sur face  t e m p e r a t u r e  a n d  a h ighe r  z o o p l a n k t o n  

b iomass  are  r e c o r d e d  du r ing  the  first half  of the  year .  A s imilar  re la t ionsh ip ,  b u t  wi th  
oppos i t e  sign, also ho lds  for the  s e c o n d  half  of the  year .  In the  offshore  reg ion ,  no r th  of 23 ~ 

N, u p w e l I i n g  was  not r e f l ec t ed  in the  c h a n g e s  of z o o p l a n k t o n  biomass ,  b e c a u s e  nu t r i en t  
poor  Nor th  At lan t ic  Cen t r a l  W a t e r  (NACW) preva i l s  in the  upwel l inc l  source  wate r .  

i n s t ead  of the  nu t r i en t  r ich South  Atlant ic  Cen t r a l  W a t e r  (SACW). 
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Fig. 3, Standard profiles off Northwest Africa, where zooplankton was sampled in August/Sep- 
tember 1970. October/November 1970. June/July 1972. December 1972/January I973, February/ 

March 1973, May 1975. and partly in February 1976 
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Fig. 4. Mean zooplankton biomass density in the 200 m surface layer of the oceanic region off 
Northwest Africa (water depth  > 200 m, longitude < 20 ~ W) as a function of latitude and season, in 
comparison with the seasonal variation in the difference of sea surface temperature of the same 
latitude (A SST/K) be tween  the central  Atlantic and coastal regions, averaged be tween  1969 and 

1976 (after Speth et al., 1978) 

T h e  z o o p l a n k t o n  dry  m a s s  p a t t e r n  in  F i g u r e  4, w h i c h  c o r r e s p o n d s  w i t h  t h e  u p w e l l i n g  

i n d i c a t e d  by  t he  p a t t e r n  of t e m p e r a t u r e  d i f f e r e n c e s  at  t h e  sur face ,  is b o u n d e d  b y  t he  

20 m g  �9 m -3 i so l ine .  T h e  m e a n  d ry  m a s s  in  t h e  u p p e r  200 m of t he  r e f e r e n c e  a r e a  at  30 ~ W 

(Fig. 1), w h i c h  is f ree  of u p w e l l i n g ,  is 10 m g � 9  m -3.  T h e  c o m p a r i s o n  s h o w s  t h a t  t h e  

d o u b l i n g  of b i o m a s s  is t h e  t yp i ca l  r e s p o n s e  to a s i n g l e  u p w e l l i n g  e v e n t .  Th i s  is in  

a c c o r d a n c e  w i t h  the  o b s e r v a t i o n  off N a m i b i a  (see  above) .  T h e  s a m e  h o l d s  t r ue  for the  

d i f f e r en t  s t r a t a  - a b o v e  25 m, b e t w e e n  25 a n d  75 m a n d  f rom 75 to 200 m. T h e  s e a s o n a l  

s i g n a l  is s t r o n g e s t  of fshore .  

In a d d i t i o n  to t he  d e v e l o p m e n t a l  t i m e  of t h e  m e s o z o o p l a n k t o n ,  w h i c h  las ts  20 to 

23 d a y s  in t he  u p p e r  75 m a f t e r  a n  u p w e l l i n g  e v e n t  off N a m i b i a ,  a n  u p w e l l i n g  r e s p o n s e  of 

6 to 8 w e e k s  is o b s e r v e d  in  d e p t h s  g r e a t e r  t h a n  75 m off N W A  (Postel,  1990). 

A s i g n i f i c a n t  r e l a t i o n s h i p  w a s  o b s e r v e d  b e t w e e n  t he  d u r a t i o n  of s e a s o n a l  u p w e l l i n g  

( tha t  m e a n s  t h e  n u m b e r s  of s i n g l e  u p w e l l i n g  e v e n t s  w i t h  t y p i c a l  t ime  sca l e s  of a b o u t  two  

w e e k s )  a n d  t h e  c u m u l a t i v e  i n c r e a s e  of b i o m a s s  in  t h e  n e a r  c o a s t a l  a rea .  t h e  she l f  b r e a k  

a n d  t h e  o f f shore  r e g i o n  (Fig. 5). Th i s  r e l a t i o n s h i p  r e f l ec t s  t h e  n e t  g r o w t h  r a t e  of z o o p l a n k -  

t on  b i o m a s s ,  w h i c h  is mos t  p r o n o u n c e d  a t  t h e  she l f  b r e a k  (Fig. 5b), t h e  a r e a  w i t h  t h e  

l a r g e s t  f ish b i o m a s s ,  a n d  in  t h e  u p p e r  25 m (Fig. 5a), a c c o r d i n g  to Pos te l  (1990). 

D i f f e r e n c e s  of t h e  e x p e c t e d  a n d  t h e  r e a l  r a t e  v a l u e s  in  c o n j u n c t i o n  w i t h  t h e  k n o w n  

a m o u n t  of n u t r i t i v e  d e m a n d s  of f i shes  a l l ow  t h e  e s t i m a t i o n  of t h e  f ish b i o m a s s  in  a g i v e n  

a r e a  (WeiB & Poste l .  199I).  

W h e n  t h e  t yp i ca l  " r e s p o n s e "  b i o m a s s  of t h e  u p p e r  25 m is t a k e n  as  t h e  bas i s  t h e  
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Fig, 5. Relationship between the duration of upwelling season (months) and the highest zooplankton 
dry mass during this time (mg. m -3) due to a cumulative biomass increase from event to event, in the 

upper  200 m 
5a: in the three defined sublayers of the 200 m surface layer in the oceanic region (water depth H 

> 200 m); 
5b: separately for the whole layer down to a depth of 200 m in the oceamc {H> 200 m), shelf edge  

(200 > H > 75 m), and near  shore regions (H < 75 m) 

s e a s o n a l  e x t e n s i o n  of t h e  area ,  i n f l u e n c e d  by  coas ta l  u p w e l l i n g ,  w a s  l a r g e s t  in  t h e  first  

hal f  of t h e  year ,  f rom 10 ~ N to 24 ~ N, m o r e  t h a n  400 k m  of f shore  a n d  d o w n  to  a d e p t h  of 

m o r e  t h a n  200 m. It s h r i n k s  in  t he  s e c o n d  half  of t he  y e a r  to an  a r ea  b e t w e e n  20 ~ N a n d  

22 ~ N, ~ t h a  coas ta l  d i s t a n c e  of 100 to 200 k m  a n d  a m e a n  d e p t h  of  25 m (Postel ,  1990)~ 
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M e s o s c a l e  d i s t u r b a n c e s  

Eddies 

The area b e t w e e n  18 ~ N and 22 ~ N off N W A  is a region with a high potential  eddy 
energy  (Dantzler, 1977). Here, the variability of large scale zooplankton patterns is 
remarkable throughout the year (Postel, 1990). Eddies with diameters of several  tens of 

j i 

zoop lank ton  b iomass  / 
mg/m 3 

/ / 1 0  

L .\ . 

10 ~ I? Q 18 ~ 17 e 

I // 
zooplankton biomass 

2-- 

�9 

I C 81an t  

18 o 

? 
? 

17 ~ 

Z2 �9 

Fig. 6. Zooplankton biomass during three eddy resolving plankton surveys, conducted between Cap 
Barbas and CaD Blanc {Northwest AfriCa} every five days during June 1974 
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k i l ome t r e s  w e r e  o b s e r v e d  du r ing  s o m e  w e e k s  (Tomzcak,  1973; H a g e n ,  1977). To record  

this p h e n o m e n o n ,  m e s o s c a l e  s tudies  w e r e  car r ied  out  in this area.  A grid was  u s e d  wi th  

d i s t ances  b e t w e e n  the  s tat ions f rom 18 k m  to 37 km (Fig. 6). The  ex t ens ions  of the  grid 
w e r e  abou t  100 • 200 kin. S a m p l e s  w e r e  co l l ec ted  in the  u p p e r  25 m e v e r y  third day at 

t he  s a m e  posi t ion.  T h e  m e a n  b iomass  du r ing  the  total  s a m p l i n g  p e r i o d  was  abou t  30 m g .  

m -3. A z o o p l a n k t o n  pa t ch  wi th  a dry b iomass  l a rge r  t han  the  a v e r a g e  was  sh i f ted  from 

s o u t h w e s t  to n o r t h e a s t  du r ing  the  pe r iod  u n d e r  inves t iga t ion .  It cor re la tes  w i th  a cyclonic  

eddy.  In its cent re ,  a l ower  b iomass  was  obse rved ,  w h i c h  can  ind ica te  n e w  u p w e l l e d  

wate r .  The  phys i ca l  s t ruc ture  is d e s c r i b e d  by  S c h e m a i n d a  & Schulz  (1976). 

C o n t i n e n t a l  s h e l f  w a v e s  

F igure  7 shows  e x a m p l e s  of t e m p o r a l  and  spa t i a l - t empora l  var iab i l i ty  of oceano -  
g r a p h i c a l  p roper t i es ,  e spec ia l ly  z o o p l a n k t o n  dry mass,  wi th  typical  t ime sca les  of seve ra l  

days,  c a u s e d  by  long  coastal  pa ra l l e l  waves ,  p r o p a g a t i n g  p o l e w a r d  at the  shel f  edge .  The  

h y d r o g r a p h i c a l  b a c k g r o u n d  is d e s c r i b e d  by M y s a k  (1980), H a g e n  et  al. (1981) and  others.  

F igure  7a p r e s e n t s  a t ime  ser ies  of 11 days  dura t ion  wi th  p l ank ton  ca t ches  eve ry  
3 hours  in the  u p p e r  30 m layer,  ca r r ied  out  on the  shelf  off N a m i b i a  in N o v e m b e r  1976. 

T h e  do t t ed  l ine  ind ica tes  a 5.5 days  co-s inus  osci l la t ion to i l lus t ra te  the mos t  p r o n o u n c e d  

per iod .  
F igure  7b d e m o n s t r a t e s  the  en t ropy  s p e c t r u m  of the  s a m e  t ime  series.  T h e  spec t ra l  

ana lys is  m e t h o d  s e p a r a t e s  the  total  var iabi l i ty  into s ing le  con t r ibu t ing  amoun t s .  Peaks  of 

e n e r g y  dens i ty  are  s igns  of s igni f icant  pat terns .  In F igure  7b the  h ighes t  a m o u n t  is in the  
r a n g e  of 5 or m o r e  days,  wh ich  co r r e sponds  to the  pe r iod  scale  of con t inen ta l  shelf  waves ,  

(cf. Postel,  1982). T h e  r ea son  for thei r  i n f luence  on z o o p l a n k t o n  b iomass  m i g h t  be  the  

ver t i ca l  t ranspor t  veloci ty ,  w h i c h  is o r i en t a t ed  to the  su r face  in the  cres t  of t he  w a v e  
(upwel l ing)  a n d  v ice  versa,  in c o n n e c t i o n  wi th  ver t ica l  d i f f e rences  of p l a n k t o n  concen -  

t ra t ions  and  a l w a y s  the  s a m e  s a m p l i n g  dep th  

F igure  7c shows  the s p a t i a l - t e m p o r a l  pa t t e rn  of z o o p l a n k t o n  b iomass  r e s i d u u m s  in 

the layer  b e t w e e n  30 and  75 m. R e s i d u u m s  w e r e  ca l cu l a t ed  by sub t rac t ion  of a t r end  f rom 

Fig. 7 Examples of significant zooplankton dry mass variability in the time range of several days 
detected off Namibia: 

7a: during a time series of 11 days duration on the shelf off Namibia in November 1976 with plankton 
catches every 3 hours in the upper 30 m layer: 

7b: in the spectral energy density, estimated according the Maximum Entropy method, of the same 
time senes, m energy units; v [cph] means frequence in cycles per hour , T means period . = 1 / v ;  

(according to Postel, 1982}; 
7c: in the spatial-temporal pattern of zooplankton biomass residuums in the layer between 30 and 
75 m. The measurements were carried out between 30 km and 170 km on a transect which was 
perpendicular to the Namibian coast every 1.5 day in October 1979 (Fig. 2a). Residuums were 
calculated by subtraction of a trend f r o m  the original data ( see text). Hatched areas indicate the 

positive anomaly; 
7d: in comparison to the course of the residuums of temperature at the bottom of the Ekman layer, 
the sea level difference between the sea surface and the 600 m reference level, the zooplankton dry 
mass between 30 and 75 m of the hourly catch effort of fishing vessels in the area, and the 5 days co- 
sinus oscillation, which illustrates the most pronounced variability period: according to Hagen et al. 

(1981) 
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the original data. Trend estimation was done by l inear regression be tween  the actual 
biomass data and the distance to the coast. The hatched area represents the positive 
anomaly. The measurements  were carried out every 36 hours, be tween  30 km and 170 
km on a transect which was perpendicular  to the Namib ian  coast, from an upwel l ing  
centre to offshore conditions, in October 1979 (Fig. 2a). The trend of these data includes 
mainly the signal of ecosystem succession downst ream of the upwel l ing centre. The 
residual biomass pat tern is super imposed on it. This pattern is another  example of the 
influence of long coastal parallel waves on zooplankton concentrations, resolved in time 
and space. The "chess-board like" structure in Figure 7c is the proof of such a relation- 

ship (cf. Hagen  et al., 1981). 
The influence of continental  shelf waves  on patterns of oceanographic properties is 

additionally under l ined  by Figure 7d. Here the de- t rended course of the sea level 
difference be tween  the sea surface and the 600 m reference level (h [0/600 m]), caused by 
continental  shelf waves, correlates with temperature  anomalies T (60 m). Cold water 
means  more intense upwelling.  Both pat terns coincide with the zooplankton biomass 
deviation (from the long scale trend) and  that of the hourly catch effort of fishermen. The 
co-sinus oscillations illustrate the dominan t  5 day period. The results in Figure 7d are 
based on the same programme described above (Fig. 2a and 7c). The data are also 
residuals of a l inear trend. Such a t rend might  be caused by hydrographic features, with 
scales, which are larger than that, produced by continental  shelf waves. It was deter- 
mined by l inear  regression against  time, us ing  the data which were averaged over the 
first 30 km. 

W a t e r  m a s s e s  

Water masses are dist inguished by different characteristics. From the physical point 
of view, salinity and temperature  are the most usual  parameters  (Sverdrup et al., 1942; 
Tomczak & Hughes, 1980; Wolf & Kaiser, 1978). In the case of upwell ing research, the 
nutr ient  content  is a further suitable tool for classification [e.g. Tomczak & Large, 1989; 
Klein, 1992). To search for indicator species is the methodological tool of biologists. K611er 
& Arndt  (in prep.) tried to use chaetognaths  for that purpose. They found that different 
species combinations,  and sometimes the absence  of one or more species, indicate 
different water  masses (Table 1). So the lack of Sagitta regularis shows nutr ient-poor  
NACW in general.  Additional differences in species combinations subdivide surface and 
upwel led NACW. Further results with respect  to upwel led SACW. tropical surface water, 
and tropical coastal water  are given in Table  1, which also includes a rough distr ibutional  
map of these dominant  water  masses, typical for the second half of the year. 

Figure 8 shows the abundance  of two calanoids in the temperature  salinity diagram. 
Calanus helgolandicus (Claus, 1863), a typical species of the North Atlantic, is in the 
salinity range of NACW, whereas Calanoides carinatus (Kroyer, 1849) indicates  SACW 
(Brenning, 1980). 

R e p r o d u c t i o n  a n d  m a i n t e n a n c e  of c a l a n o i d s  i n  n e a r  coas ta l  a r e a s  

Chagouri  (1989) compared t empera tu re -dependen t  developmenta l  t imes of Calanus 
carinatus and  transport velocities of water  masses according to H a ge n  (1981) in  the 
coastal current  regime down to 200 m to prove ma in t enance  mechanisms  for these 



Zooplankton studies off West Africa 843 

Table 1. Distribution of chaetognaths off Northwest Africa (ab. = abundance [ind. �9 m - 3 ] ,  fre. = 
frequency [%]), according to K611er & Arndt (in prep.); bold letters mean indicator species, absent 

species are listed in lowest part of table 

ililililiiii[iiiiii!iii  iiii i!ili!i!iiiiiii!i!l 
ab. fre. 

S. m in ima  12.2 65.9 
S. serrato- 

dentata  3.4 18.4 
S. Iyra 0.6 3.2 
S. h exap  tera O. 4 2.2 
P. draco 0.4 1.9 

S. regularis  

North Atlantic Central water 
(low nutrient level) 

ab. ire. 
S. m i n i m a  12.9 68.5 

S. min ima 12.9 68.5 
S. serrato- 

dentata 1.8 9.6 
S. tasmanica 0.8 4.2 
S. friderici 0.7 3.7 

S. regularis 

upwelled North Atlantic 
Central water (low nutrient 
level) 

i 
ab. ire.  

S. tasmanica  5.6 22.5 
S. dec ip i ens  0.4 2.2 

S. friderici 8.8 35.4 
S. tasmanica 5.6 22.5 
S. m in ima  5.3 21.3 
Eukrohna  2.1 8.5 

S. enf lata 
P. draco, 
K. mu tabb i i  

upwelled South Atlantic 
water (high nutrient level) 

ab. fre. 
S. enf lata 5.8 52.6 
K. m u t a b b i i  0.4 3.6 

S. enflata 5.8 52.6 
S. serrato- 

dentata  1.8 16.3 
S. subti l is  0.9 7.8 
S. hispida 0.7 6.3 

S. regularis  
S. tasmanica 

tropical surface water (low 
nutrient level) 

ab. ire. 
S. h ispida 120.1 47.6 

S. hispida 120.1 47.6 
S. f r idenci  107.2 42.5 
S. enflata 16.7 6.6 

S. tasmanica 
S. hexaptera  
Eukrohnia,  
S. dec ip iens  

tropical coastal water (high 
nutrient level) 

organisms in the near  coastal ecosystem. Subsequent ly ,  she des igned a diagram {Pig. 9). 

According to this, the deve lopment  starts with nauphus s tage I in the fresh upwel led  
water  of the near  coastal zone and continues up to the copepodite  IV stage just before 

reaching  a downwel l ing  area, which is connec ted  to a coastal parallel front. Subsequent  

transport probably occurs by recirculation in less than 100 m depth. Animals  will be  also 

t rapped by the coastal parallel  undercurrent ,  the origin of upweUing water. The net  result 
is a combination of zonal and meridional  transport components,  which are directed 

offshore and equatorwards  and vice versa. The  transport  would  last about 21 days, which 

corresponds with the above-ment ioned,  calculated deve lopmenta l  times for copepods  off 

Namibia .  A complete  hfe cycle takes place in such a current  regime, which can, therefore. 
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Fig. 9. Ten ta t i ve  d i a g r a m  to d e m o n s t r a t e  m a i n t e n a n c e  m e c h a n i s m s  of C a l a n u s  c a r i n a t u s  (Kreyer, 
1849) in the  n e a r  coas ta l  a r ea  off N o r t h w e s t  Africa by  a coup l ing  m e c h a n i s m  of the  d e v e l o p m e n t  and  
cur ren t  veloci t ies  in the  s y s t e m  of m a i n  cur ren ts  para l le l  and  p e r p e n d i c u l a r  to the  coas t  a cco rd ing  to 

C h a g o u r i  (1989) 

b e  c o n s i d e r e d  a s  a s u i t a b l e  m a i n t e n a n c e  m e c h a n i s m  for  t h i s  t a x o n o m i c a l  g r o u p  i n  t h e  

n e a r  c o a s t a l  a r e a .  

A c k n o w l e d g e m e n t s .  T h e  p a p e r  is ded i ca t ed  to the  t e ache r  of L. Postel,  Dr~ Alfred Schuber t ,  who  
ac t ed  as Ass i s t an t  for Oys te r  R e s e a r c h  at Biologische Ans ta l t  H e l g o t a n d  60 yea r s  ago.  W e  are 
gra te fu l  to Dr. J. Alhei t  for l inguis t ic  correct ions,  a n d  for the  cri t icism of two a n o n y m o u s  exper ts .  

L I T E R A T U R E  C I T E D  

Arndt ,  E. A. & Brenn ing ,  U., 1977. T h e  zoop l ank t on  b iomass  and  its re la t ion to abiot ic  a n d  biotic 
factors in the  u p p e r  200 m of the  u p w e l l i n g  r eg ion  off Nor th  Wes t  Africa.  - Wiss.  Z. Univ.  Rostock 
( M a t h . m a t  R.) 2 6  (2), 137-146.  

Arndt ,  E. A. & K611er, S., 1977. T h e  t a x o n o m y  a n d  eco logy  of the  C h a e t o g n a t h s  in the  ep ipe l ag i a l  of 
the  N W A  u p w e l l i n g  region.  - C.M./ICES,  L:24, 1 -4 .  

Arndt ,  E. A. & Wran ik ,  W. 1977. S tud ies  on the  t a x o n o m y  a n d  dis t r ibut ion of T h a l i a c e a n s  off NWA.  - 
C.M./ICES,  L:23,  1-4. 

Brenn ing ,  U., 1980. Zur  S t ruk tur  u n d  D y n a m i k  y o n  C a l a n o i d e n p o p u l a t i o n e n  (Crus tacea ,  C o p e p o d a )  
in d e n  A u f q u e l l g e b i e t e n  vor  Nordwes t -  u n d  Sf idwestafr ika .  - Habil .Schr . ,  Univ. Rostock,  394 pp. 

Brenn ing ,  U., 1981a. Beitr~ige zu r  C a l a n o i d e n f a u n a  (Crus tacea ,  Copepoda )  vor  N o r d w e s t -  u n d  
Sf idwestafr ika ,  I. Die Ver t re te r  der  Famil ie  C a l a n o i d a e .  - Wiss. Z. Univ.  Ros tock  (Math . -na t .  R.) 
30  (4/5), 1-12.  

Brenn ing ,  U., 1981b. Beitr/ ige zu r  C a l a n o i d e n f a u n a  (Crus tacea ,  Copepoda )  vor  N o r d w e s t -  u n d  
Sf idwestafr ika .  II. Die Ver t re te r  der  Famil ie  E u c a l a n i d a e .  - Wiss. Z. Univ.  Rostock ( M a t h . m a t .  R.) 
30  (4/5), I3 -21 .  

Brenn ing ,  U., 1982a. Beitr}ige zu r  C a l a n o i d e n f a u n a  (Crus tacea ,  Copepoda )  vor  N o r d w e s t -  u n d  
Sf idwestafr ika .  III. Die Ver t re te r  de r  Famil ie  P a r a c a l a n i d a e .  - Wiss,  Z~ Uniw Rostock  ( M a t h . - n a t  
R.) 31 (6), 1-9. 



8 4 6  L. P os t e l ,  E. A. A r n d t  & U.  B r e n n i n g  

Brenn ing ,  U., 1982b. Beitr~ige zur  C a l a n o i d e n f a u n a  (Crus tacea ,  Copepoda)  vor  Nordwes t -  u n d  
Si idwestaf r ika .  IV. Die Ver t re te r  der  Famil ie  Pseudocalanidae .  - Wiss. Z. Univ.  Ros tock  (Math.-  
nat.  R.) 3I  (6) 9-17.  

Brenn ing ,  U., 1983. Bei tr~ge zur  C a l a n o i d e n f a u n a  (Crus tacea ,  Copepoda)  vor  N o r d w e s t -  u n d  
S/.idwestafrika. V. Die Ver t re te r  der  Famil ie  Act i te idae .  - Wiss.  Z. Univ. Rostock (Math . -na t .  R.) 
32 (5), 1-8. 

Brenn ing ,  U., 1984. Beitr~ige zur  C a l a n o i d e n f a u n a  (Crus tacea ,  Copepoda )  vor  N o r d w e s t -  u n d  
S[ idwestafr ika .  VI. Die Ver t re te r  der  Fami l ie  Euchae t idae ,  P h a e n n i d a e  u n d  Scoleci thric idae.  - 
Wiss. Z. Univ.  Rostock (Math . -na t .  R.) 33 (6), 1-9. 

Brenn ing ,  U., 1985a. Beitr~ige zur  C a l a n o i d e n f a u n a  (Crus tacea ,  Copepoda)  vor  Nordwes to  u n d  
Si idwestaf r ika .  VII. Die Ver t re te r  der  Fami l ie  Cent ropag idae  u n d  Temoridea.  - Wiss.  Z. Univ. 
Rostock (Math . -na t .  R.) 34 (6), 5 -16 .  

Brenn ing ,  U., 1985b. S t ruc ture  a n d  d e v e l o p m e n t  of Ca l ano id  popu la t ions  (Crus tacea ,  Copepoda )  in 
the  u p w e U i n g  r eg i ons  off Nor th  a n d  Sou th  W e s t  Africa.  - Beitr. Meeresk .  52, 3 -33 .  

Brenn ing ,  U., 1986. Bei tr~ge zur  C a l a n o i d e n f a u n a  (Crus tacea ,  Copepoda)  vor  N o r d w e s t -  u n d  
S~idwestafrika.  VIII. Die Ver t re te r  der  Famil ie  Nletndi idae ,  Lucicuti idae,  Fle terorhabdid idae ,  
A u g a p t i l i d a e  u n d  Arietel l idae.  - Wiss.  Z. Univ.  Rostock (Math . -na t .  R.) 35 (5), 5 -16 .  

Brenn ing ,  U. & Fadschi ld ,  K., 1979. U n t e r s u c h u n g e n  / iber die C a l a n o i d e n p o p u l a t i o n  (Crus tacea ,  
Copepoda )  au f  e ine r  Dauer s t a t ion  vor C a p  Blanc (NWA) im  M~rz 1973. - Wiss.  Z. Univ.  Rostock 
(Math . -na t ,  R.) 35 (6), 515-524.  

Chagour i ,  G., 1989. U n t e r s u c h u n g e n  i iber d e n  Z u s a m m e n h a n g  z w i s c h e n  A u f q u e l l v o r g ~ n g e n  u n d  
der  E n t w i c k l u n g  von  Calanus  carinatus (Kroyer, 1849), (Copepoda ,  Ca lano idea )  im S e e g e b i e t  
vor Nordwes t -Afr ika .  - Diss. Univ.  Rostock. 173 pp. 

Dantzler .  H. L.. 1977. Potent ia l  e n e r g y  m a x i m a  m the  tropical  a n d  subt ropica l  Nor th  Atlantic.  - J. 
phys .  Oceanog r .  7. 512-519.  

Flood. P. R.. Gosse lck ,  F. & Braun.  J. G., 1982. Branchios toma larvae in the  u p w e l l i n g  a rea  off 
N o r t h w e s t  Africa.  - Rapp.  P.-v Reun.  Cons .  int. Explor. M e t  i80, 3 0 7 - 3 1 4  

Gosse lck .  F., 1975. T he  dis t r ibut ion of Branchios toma s e n e g a l e n s e  (Acrania.  8 r a n c h i o s t o m i d a e l  m 
the  offshore  shel f  r eg ion  off Nor th  W e s t  Africa. - Int. R e v u e  ges .  Hydrobiol .  60 199-207.  

Gosse lck .  F. & H a g e n .  E. 1973. V o r k o m m e n  und  Verb re i t ung  der  Larven  von  Branchios toma 
s e n e g a l e n s e  {Acrania. Branch ios tomidae)  vor  N W  Afrika.  - Fisch.-Forsch.  I I. 101-106.  

Gosse lck .  F.. Kell. V. & Spittler. P.. 1978. F e e d i n g  of Branchios toma s e n e g a l e n s e  (Acrania.  Bran-  
c h i o s t o m i d a e h -  Mar. Biol. 46. 175-181.  

G o s s e l c k  F. & K~ihner. E.. 1973. Inves t iqa t ions  on  the  b io logy of Branchios toma s e n e g a l e n s e  l a rvae  
off Nor twes t  Afr ican coast .  - Mar. Biol. 22. 67-73.  

G o s s e l c k  F. & Spittler. P. 1979. A g e  s t ruc ture ,  g r o w t h  a n d  w e i g h t  of Branct~os toma s e n e g a l e n s e  
(Acrania.  Branch ios tomidae )  off N W  Africa.  - Int. R e v u e  ges .  HydrobioL 64 541-550.  

H a g e n ,  E.. [977. Zur  P rob lema t ik  m e s o s k a l e r  V e r w i r b l u n g e n  m d e n  Sche l fgeb i e t en  de s  k i i s t enna -  
h e n  Ka l twasse rauf t r i ebs .  - Beitr. M e e r e s k .  39. 61-87.  

H a g e n .  E., 1981. M e s o s c a l e  upwe l l i ng  va r ia t ions  off the  W e s t  African coast.  In: Coas ta l  a n d  
e s tua r i ne  ser ies  1. Coas ta l  upwe l l i ng .  Ed. by  F. A. Richards .  A m e r i c a n  G e o p h y s i c a l  Union.  
W a s h i n g t o n ,  72-78.  

H a g e n .  E., S c h e m a i n d a ,  R.. Miche l chen ,  N., Postel ,  L.. Schulz ,  S. & Below, M., 1981. Zur  k i i s t e n s e n k -  
r e c h t e n  S t ruk tu r  des  Ka i twasse rau f t r i ebs  vor de r  Kiiste Namib i a s ,  - Geod.  g e o p h y s .  Ver6ff. 
(Reihe 4) 36, 1-99.  

H e r n ~ n d e z - L e 6 n ,  S., Pos t e l  L., Ar is tegui ,  J., G6mez ,  M.. Monte ro ,  M .  Tortes ,  S., A lme ida .  C.. 
Kfihner,  E., Brenning ,  U. & H a g e n .  E., 1992. La rge  sca le  and  m e s o s c a l e  p a t t e r n s  of me tabo l i c  
act ivi ty of ep ipe lag lc  micro  a n d  m e s o p l a n k t o n  m the  n o r t h e a s t e r n  Cen t r a l  At lan t i c  at  21 ~ N. - 
C.M./ ICES L:20, 1-11.  

Kaiser .  W. & Postel.  L., 1979. T h e  i m p o r t a n c e  of t he  ver t ica l  n u t r i e n t  f lux for t he  b io logical  p roduc t ion  
in the  Equa tor ia l  U n d e r c u r r e n t  r eg ion  a t  30 ~ W. - Mar.  BioL 55, 23-27_ 

Klein,  B,, 1992. Die K a p v e r d e n  - F r o n t a l z o n e . -  Ber. Inst.  M e e r e s k . ,  Klel 227, 1-191.  
K611er, S.. Breuel,  G. & Arndt ,  E. A .  1976. U n t e r s u c h u n g e n  zur  g e o g r a p h i s c h e n  V e r b r e i t u n g  u n d  

Okologie  de r  C h a e t o g n a t h e n  vor  N o r d w e s t a f r i k a  u n t e r  b e s o n d e r e r  Be r i i cks i ch t i gung  ihrer  
[ndikatorar ten .  - W i s s .  Z. Univ.  Rostock (Math . -na t .  R.) 25  [3), 239-247.  

Lovegrove ,  T., 1966. T he  d e t e r m i n a t i o n  of dry w e i g h t  of p l a n k t o n  a n d  the  effect  of va r ious  factors on 



Z o o p l a n k t o n  s t u d i e s  off W e s t  A f r i c a  847  

Lovegrove ,  T., 1966. The  de t e rmi na t i on  of dry w e i g h t  of p l ank ton  and  the  effect of var ious  factors on 
the  va lues  ob ta ined .  In: Some  c o n t e m p o r a r y  s tud ies  in ma r ine  science.  Ed. by  H. Barnes .  Al len  & 
Unwin ,  London,  462-467.  

Postel,  L., 1982. M esosca l e  inves t iga t ions  on s p a c e - t e m p o r a l  variabi l i ty of the  zoop l ank ton  b i o m a s s  
in the  upwe l l i ng  r eg ions  off N o r t h w e s t  a n d  S o u t h w e s t  Africa. - Rapp.  P.-v. R~un.  Cons .  int. 
Explor. Mer  180, 274-279.  

Postel,  L., 1985. T he  pe lag ic  cross-shel f  a n d  a l ongsho re  b o u n d a r i e s  of the  Nor th  Wes t  Afr ican  
upwe l l i ng  r eg ion  a n d  their  a n n u a l  var iabi l i ty  in t e rms  of zoop lank ton  b iomass .  In: S impos io  
in t e rnac iona l  sobre  ~ireas de a f lo ramien to  m/is impor t an t e s  del  O afr icano (Cabo Blunco y 
Bengueta) .  Ed. by  C. Bas, R. M a r g a l e f  & P. Rubies.  Inst i tuto de Inves t i gac iones  Pesque ra s ,  
Barcelona,  1, 479-487.  

Postel,  L., 1987. Einflul~ des  N o u a k c h o t t - C a f i o n s  (Maure tan ien )  auf  ozeano log i s che  Feldver-  
t e i l u n g e n  im M/irz 1984. 6. Z o o p l a n k t o n b i o m a s s e .  - Beitr. Meeresk .  57, 85-94.  

Postel,  L., 1990. T he  m e s o z o o p l a n k t o n  r e s p o n s e  to coasta l  upwe l l i ng  off Wes t  Africa wi th  par t icu lar  
r ega rd  to b iomass .  - Meereswis s .  Ber. 1, 1-127.  

Reimer,  L. W., 1977. Larval  ces todes  in p l a n k t o n  inve r t eb ra t e s  of the  Atlant ic  n e a r  the  shore  of Nor th  
W e s t  Africa. - Parazi tologi ja  1 I, 309-315 .  

Reimer,  L. W., Hna t iuk ,  S. & Rochner ,  J., 1975. M e t a c e r c a r i e n  in P l ank ton t i e r en  des  mi t t l e ren  
A t l a n t i k . -  Wiss.  Z. p/idag. Hochsch .  G~istrow (Math . -na t .  Fak.) 2, 239-258.  

S c h e m a i n d a ,  R. & Schulz,  S., 1976. Inves t iga t ions  on s p a c e - t e m p o r a l  var ia t ions  of oceano log ica l  
f ields and  their  effect  on p r imary  p roduc t ion  in the  upwe l l i ng  reg ion  off Cap  Blanc from 1971 to 
1974. - Geod.  geophys .  Ver6ff. (Reihe 4) 18, 4-54.  

Smed ,  J.,1982. The  o c e a n o g r a p h i c  da ta  b a s e  for the  C I N E C A  region.  - Rapp. P.-v. Reun.  Cons .  int. 
Explor. Mer  180, 11-28. 

Speth ,  P., Det lefsen,  H. & Sierts, H. W., 1978. Meteoro log ica l  i n f luence  on upwe l l i ng  off N o r t h w e s t  
Africa. - Dt. hydrogr .  Z. 31, 95-104.  

Sverdrup ,  H. U., Johnson ,  M. W. & F leming ,  R. H., 1942. The  oceans ,  their  physics ,  chemis t ry  a n d  
gene ra l  biology. Prent ice  Hall, E n g l e w o o d  Cliffs, 1087 pp. 

Tomczak ,  M., 1973. An  inves t iga t ion  into the  occu rence  a n d  d e v e l o p m e n t  of cold wa t e r  p a t c h e s  in 
the  upwe l l i ng  reg ion  off N W  Africa, "Meteo r "  cruise No. 19. - "Meteor"  Forsch .Ergebn .  (Reihe 
A) I3, 1-42. 

Tomczak ,  M. & H u g h e s ,  P., 1980. T h r e e - d i m e n s i o n a l  var iabi l i ty  of wa te r  m a s s e s  a n d  cur ren t s  in the  
C a n a r y  Cur ren t  upwe l l i ng  region.  - M e t eo r -F o r sch .E rgebn .  (Reihe A) 21, 1-24. 

Tomczak ,  M. & Large,  D. G. B.; 1989. O p t i m u m  m u I t i p a r a m e t e r  ana lys i s  of mix ing  in the  t he rmoc l ine  
of Eas te rn  Ind ian  Ocean .  - J. geophys .  Res. (Reihe C) 94, 16141-16149.  

Tranter ,  D. J. (Ed.), 1968. M o n o g r a p h s  on o c e a n o g r a p h i c  m e t h o d o l o g y  2: Z o o p l a n k t o n  sampl ing .  
Unesco ,  Paris, 174 pp.  

Weig,  R. & Postel, L., 1991. Re la t ionsh ips  b e t w e e n  the  m e s o z o o p l a n k t o n  ne t  g r o w t h  a n d  the  C h u b  
Macke re l  s tock off N o r t h w e s t  Africa. - C .M. / ICES L:14. 

Wolf, G. & Kaiser,  W., 1978. Ube r  d e n  J a h r e s z y k l u s  der  T - S - E i g e n s c h a f t e n  q u a s i p e r m a n e n t e r  
W a s s e r a r t e n  u n d  Var ia t ionen  p roduk t i onsb i o l og i s che r  P a r a m e t e r  auf  d e m  Schel f  vor  C a p  Blanc. 
- Geod.  geophys .  Ver6ff. (Reihe 4) 24, 1-81.  

Wranik ,  W. & Arndt ,  E. A., I978. U n t e r s u c h u n g e n  zur  Sys t ema t ik  u n d  V e r b r e i t u n g  der  T h a l i a c e e n  
vor  Nordwes ta f r ika .  - Wiss.  Z. Univ. Ros tock  (Math . -na t .  R.) 27 (4), 381-388.  


