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Abstract

Many cruises of the German r/v "A.v.Humboldt" operating from Rostock were carried out in the
upwelling regions off West Africa since 1970. Zooplankton studics focussed on quantitative,
metabolic, taxonomic, and parasitological aspects. Biomass studics covered scales ranging in time from
minutes to several years and in space from hundreds of meters to several thousands of kilometres. The
epipelagic mesozooplankton of these upwelling arcas mainly consists of calanoids with developmental
times of about 20 to 23 days. In that time zooplankton dry mass pikes after an upwelling cvent, with a
double dry mass. The upwelling phenomenon shows scasonality in most of the investigated arcas.
Typical time and space scales were described. There is a relationship between the duration of scasonal
upwelling, that means the numbers of single upwelling events, and the cumulative growth of biomass.
This net growth rate of zooplankton biomass is most pronounced at the shelf break, the arca with the
highest fish biomass, and in the upper 25 m. The large scale zooplankton biomass pattcrns arc
superimposed by mesoscale phenomenons, originated by e.g. long coastal parallel waves and eddies.
Water masses, including upwelling source water, are to identify by indicator species, e¢.g. chactognaths
and calanoids. Comparisons of transport velocities and developmental rates of calanoids allows to
explain the current regime as a suitable maintenance mechanism for this taxonomic group in the near

coastal arca.
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Introduction

Economical rcasons, relating particularly to fishcrics and marine geology, cnhanced upwelling
rescarch in the Canary and Benguela Current since thé beginning of the seventics. At least duringv
the CINECA programme (Cooperative_Investigation of the Northern Part of the Eastern Central
Atlantxc), which was carricd out under the umbrella of ICES 14 countrics participated at about
" 100 cxpcdmons between 1970 and 1977 (Smcd 1982). This included: 8 cruiscs of the German
r/v"A.v.Humboldt" opcrating from Rostock. These studics of the Warnemiinde Institute of Marine
Rescarch and Rostock University were sporadically. continued  up to now and extended i!x;lo
Namibian waters and the central part of the Atlantic. ‘Mcasurcmcnts covered time scales ranging

from mmutcs to several ycars and  space scales from hundrcds of mcters to scveral thousandi of

kxlomclrcs This rescarch included studics on physical, chemical, and biological occanography.

Zooplankton studics focussed on the followmg: S

quantitative aspects
- 2 D scasonal pattcrns
- continental shelf wave patterns
- patterns influcnced by submarine cafions
- boundary (upwelling) arca versus
central gyre arca
- extension of upwelling cffects
- effect of an average upwelling cvent,
-3 D scasonal patterns and -
- nct growth rates
- links to fishery
metabolic aspects
- feeding activity of Branchiostoma scnegalcnsc
- growth of Branchiostoma senegalense
-ROSSBY wavec patterns,
cyanobacteria
in relation to mctabolic activity
taxonomic and ccological aspects
- chactognaths

- thaliaccans

- calanoids

- Branchiostoma larvac

parasitological aspects
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The two aims of this paper arc to draw attention to these unique data scts and  to rousc interest
in such arcas again, wherc ccosystem devclopment can be observed from an carly to an cquilibrium
stage with all the ccological conscquences over rclative short distances. This contribution will

revicw and sum up the results of some of the above mentioned papers.

Mkalcrial and Mcthods

In the seventics large scale observations were carricd out in the upwelling arca off the coast of
Northwest Africa (NWA), between Bahia de Garncet (25° N) and Cabo Roxo (10° N), from the r;clar
coastal arca to the 21°W mcridizjn. Further studics were performed on a scction along the 30° W
mcridian,‘ from 2° S to 15° N. It was a rcference area in comparison to the coastal zonc with‘out
EKMAN upwelling and  with ccological cquilibrium conditions (Fig. 1). In 1989 an arca was
investigated between 32° N and 10° N, from the Middle Atlantic Ridgc to about 21° W to study the

transition  between the boundary part of the North Atlantic Central Gyrc, which is influcnced by

coastal upwelling, and its centre. Mesoscale upwelling processes were studicd, mostly off Cape

Blanc / Capc Barbas, oflf Nouakchott (NWA) and off South(i-cst Africa (SWA) at 21° S, in the
Namibian rcgion (Fig.1). A limited number of small scale studics were carricd out ofl Cape Blanc

(NWA).

Samples were collected, mostly at four depth levels, from 200 to 0 m, from 200 to 75m, from 75to

25 m, and from 25 to the sca surface, using the WP-2-nct, which is rccommended by UNESCO»

(Tranter, 1968). According to this author, this cquipment quantitatively retains  plankton between

0.2 10 10 mm sizc .

On the basis of various litcraturc sourccs and data it was cstimated by Postel (1990), that plankton

of this sizc range rcpresents in terms of dry mass about 1/3 of the total plankton in the cuphotic
zonc of an upwelling arca. This third consists of about similar proportions of fine filter feeders
(like mcroplankton, appendicularians, doliolids, and small calanoids), of coarsc filter feeders (c.g.

medium - sized calanoids, and juvenile cuphausids), and of predators (like cyciopoids, large

calanoids, coclenterates, and polycliactcs). Their developmental time ranges from 25 to 40 days.

This plankton fraction is of nutritive rclevance for fishes of commercial value, like Scomber colias

(70%), Trachurus spec. (60 %) and Sardinella spec. (50 %).
P

Dry mass was deicrmined according to Lovegrove (1966). During different cruiscs sligth
modifications in the ficld and in the laboratory proccdurcs occured, which somctimes caused
remarkable influcnce on the data.  Regular crrors produced total underestimates of 15 to 65 %,
which were considered during a data validation procedure. The largest overestimates arose with 21

% by usi;lg wire length instead of flow mecters to calculate the filtrated water volume. In contrast

¢
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losscs of about 48 % occurcd after defreezing of storcd samplcs to dry them in an oven  (Postcl,
1990). ’
For dctails of the taxonomic identification procedures, the reader is referred to the publications

mentioncd above .

Results and Discussion
Figure 1 presents the main study areas: (i) the onc off Northwest Africa (NWA), with large scale
and mcsoscale studics, (ii) the rcference arca on the 30° W meridian, and (iti) the mesoscale

rescarch sitc off Namibia (SWA). f ‘ |

Ecological Conscquences of an Average Coastal Ui)wclling Event

The results stem from a  programme which lasted three wecks during the upwelling season in
October 1979, It consisted of a transcd off Namibia, which was perpendicular to the coas(, from 30
km to 170 km . The distance between the stations was 10 km, the mcasurements werc carricd out
cvery 1.5 day. Fig. 2 presents the geographical situation (2.1), and the successive 'progrcss of
ccosystem development from the ncar shore upwelling centre to offshore conditions (2.2. to 2.13)
in terms of avcfagcs of 15 mcasurcments. The diagrams should be studicd  from the right, the

African coast ling, to the left.

So, the sca level increascs, ixldicatixlg that upwelling favourable winds shift the ncar shore surface
water in offshore dircction (2.2). Cold, low saline, oxygen poor, and nutrient rich water from dceper
laycrs replaces it (2.3 - 2.7). With increasing distance to the upwelling centre, lc'mpcmturc riscs by
solar radiation and the salinity increascs by cvaporation. Oxygen content starts to increasc and
successively to decrcase due to changing importance of the balance between primary production and
respiration losscs. Nutrients arc aflected in the same manner., Chlorophyll-a content as indicator for
phytoplankton biomass shows an optimum surplus at about 30 km down strecam of the upwelling sitc
(2.8). With increasing distance to the shore the ccosystem is increasingly stabiliscd. Thé dccreasing
dominance index in conjunction with the incrcasing diversity index, calculated for different
zooplankton groups is a qualitative indicator of this phcnomenon (2.12; 2.13). Even the numbers of
these zooplankton groups incrcasc from 16 at 30 km to 25 at l70; km offshore. The development of
the mean abundances of the most dominant taxonomic groups underline this ccosystem zonation:
first the optimum of nauplia, followed by the small, and by the medium sized calanoids farther

offshore, and finally followed by the thaliaccans, a group which is dominant far away from the



upwelling centre (2.11). The zooplankton dry mass pattern in two depth levels on transsects

perpendicular to the coast (2.9; 2. 10) corresponds very well with the calanoid abundances in Fig.

2.11. The hlghest \alues of blomass and abundances were encountered between 130 and 160 km -

offshore. .

Offshore transport velocity was estimated in three different ways in the upper 60 m (EKMAN layer),
based on (i) wind drift, (ii) current measurements, and (iii) the calculated development rates of
copepods, which are temperature related. The results showed that a distance of tqn kilometres was
covered within two days. All these data led to the conclusion, that maximum phytoplankton biomass
occured about two day, and that of copepods between 20 and 23 days after an upwelling event..

The douBling of zooblankloh biomass afier a single mean upwelling cvent is remarkable. This can
also be observed in the following exarﬁple,.\i'hcrc a mcasuring approach was used, which was

designed very differently.
Scasonal Patterns

Seven cruises were carricd out at  different seasons off NWA bcm'ecn 25 °N and 10° N on 7

transects which were perpendicular to the coast up to about 21° W (Fig.3). The observations are

" from different years of similar upwelling intensities. The amount of data was sufficient to carry out

the scasonal analysis on the basis of mcan values obtained over the shelf, the shelf break, and the
offshore arca, from the sea surface down to the bottom or to a maximum depth of 200m. In the latter
regipn, a vertical subdivision into the upper 25 m layer, the intermediate one down to 75 m, and a
sublayer from 75 to 200 m were possible (Postel, 1990). ‘

To find the typical zooplankton biomass response to upwelling, the scasonal course of the sea

surface temperature difference between near coastal stations and the offshore area, as shown by

Speth et al. (1978), was compared with the zooplankton pattern. The situation off the shelf break in-

the upper 200 m is shown as an example in Figure 4. Coincidence of physical and zodpiankton
paitéms was observed south of 23° N. Down to 20° N, upwelling and a correspondent higher
biomass is pronounced all year round. Soutl; of it, a' negative deviation of sea surface temperaiuré
and a higher zooplankton biomass are recorded during the first half of the year. The same
relauonshxp also holds for the sécond half of the year. In the offshore region north of 23° N,
upwelling was not reﬂectcd in the clnngcs of 7ooplank(on bnom':ss because of the properties of the
upwcllmg source water, In this area, nutrient poor North Atlamlc Central Water (NACW)
prev ails, instead of the nutrient rich Soulh Atlantic Central W'ltcr (SACW) south of 21° N.

When the two paltems in Figure 4 are compared, it becomes obvious, that the zooplankton pattern is
characterized by the isoline at 20 mg * m™® of dry mass. The mean dry mass in the upper 200m of
the reference area at 30° W (Fi'g'.l), which is free of upwelling, is 10 mg * m™, That means, the

doubling of biomass is the typical response to a single upwelling event. This is in accordance with



the observation off Namibia (see above). The same holds true for the different strata, above of 25m,
between 25 and 75 m and from 75 to 200 m .

The seasonal signal is strongest offshore.

In addition to the developmental time of the mesozooplankton which lasts 20 to 23 days in the
upper 75 m after an upwelling event off Namibia , a shift of the upwelling response of 6 to 8 weeks
is observed in depths larger than 75 m off NWA (Postel, 1990).

A significant relationship was observed between the duration of seasonal upwelling, that means the
numbers of single upwelling events with typical time scales of about two weeks, and the cumulative
increase of biomass in the ncar coastal area, the shelf break and the offshorc region (Fig. 5). This
relationship reflects the net growth rate of zooplankton biomass, which is most pronounced at the
shelf break (Fig. 5.2), the area with the largest fish biomass, and in the upper 25 m (Fig. 5.1) ,
according to Postel (1990). Differences of the expected and the real rate values in conjunction with
the known amount of nutritive demands of fishes allow the estimation of the fish biomass in a

given area (WeiB and Postel, 1991).

When the typical "response” biomass of the upper 25 m is taken as the basis, the seasonal extension
was largest in the first half of the year, from 10° N to 24° N, more than 400 km offshore and down
to a depth of more than 200 m. It contracts in the second half of the year to an area between 20° N

and 22° N, with a coastal distance of 100 to 200 km and a mean depth of 25 m (Postel, 1990).
Mesoscale Disturbances
Eddies

The area between 18° N and 22° N off NWA 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 kilometres were
observed during some weeks (Tomzcak, 1973; Hagen, 1977). To record this phenomenon,
mesoscale studies were carried out in this area. A grid was used with distances between the stations
from 18 km to 37 km (Fig. 6). The extensions of the grid were about 100 x 200 km. Samples were
collected in the upper 25 m every third day at the same position. The mean biomass during the
total sampling period was about 30 mg * m=3. A biomass pattern with dry mass larger than the
average was shifted from south-west to north-east during the period under investigation. It
correlates with a cyclonic eddy. In its centre, a lower biomass was observed, which indicates new

upwelled water. The physical structure is described by Schemainda and Schulz (1976).



Continental Shelf Waves
Figure 7 shows-examples of temporal and spatial - temporal paitcrns of oceanographical propertics,
especially zooplank'ton dry mass, with iime scales of several days, caused by long coastal parallel
waves. v )
Figure 7.1 presents a time series of 11 days duration with plankton catches every 3 hours in the
upper 30 m layer, carried out on the shelf off Namibia in November 1976. The dotted line
indicatesa 5.5 dn):s co-sinus oscillation to illustrate the most pronounced period.
léigure 7.2 demonstrates the entropy spectrum of the samg time series, with encrgy accumulations in
the range of daily variability ( T = 24 h) and others. Tl{c highcst amount is in the range of 5 and
more days, which corresponds to the scalc of contincntai shelf waves, propagating poleward at the
shelf edge (c.f. Postel 1982). | , | ) |
Figure 7.3 shows the spaliai - temporal pattern of zooplankton biomass residuums in the iayer
between 30 and 75 m.  Residuums were calculated by subtraction of a trend from the original
data. Trend estimation was done by lincar regrcssidn Bcl\\'cex\ the actual biomass datzi and the
distance to the coast. The hatched arca rcbrcschl; lhé' positive anomaly. The measurements were
carricd out cvery 36 hours, bciwccn 30 km and 176 km on a tyanscct'which was perpendicular to
the Namibian cohst, from an upwciling centre to offshore condilio;is, in October 1979 (Figure 2.1).
The trend of these data inclgldés mainly the signal of ccosystem succession downstream, of the
upwelling centre. The residual biomass pattern is superimposcdlbn it. The residual pattern is caused
by hydrographic features, mainly by long coastal parallel’ waves, which \\"'eré propagated poleward.
The "chess board like" structure in Figure 7.3 isthe proo‘f of such a relationship (cf. Hagen et al.,
1981). The 'rcason for tlic'zooplanklon biomass variability depending on these feal’u‘res may be the
vertical shift of water maSse§ due to these wave phenomena, 'wh'ich produce up- and down-wellings,
and / or the vertical oscillation of water masses of different plani(ton concentrations.
The influence of continental shelf ,w:ives on patterns of oceanographic properties is underlined by
Figure 7.4. Here the detrended course of sca level vz;rialio'ris (hlo/ 600 m} ), caused by
. . continental shelf waves, corrclates with temperature anomalics T (60 m). Cold water means more
intense upwelling, Both patterns Ecoincide with the zooplzinkton biomass deviation  (from the long
scale trend) and that of the hourly catch effort of fishermen. The co-sinus osciildlions illdslrat¢ the
~dominant 5 days period. The results in Fig: 7.4 are based on the same programme described above
(Fig. 2.1.; 7.3). The trend elimination was done in time, using the data mcasured and averaged over’

the first 30 km. The trend is caused by hydrographic features larger than continental shelf waves.



Water Masses

Water masses are  distinguished by different characteristics. From the physical point of view,
salinity and temperature are the most usual parameters (Sverdrup et al., 1942; Tomczak and Hughes,
1980; Wolf and Kaiser, 1978). In the case of upwelling research, the nutrient content is a further
suitable tool for classification (e.g. Tomczak and Large, 1989; Klein 1992). To search for indicator
species is the methodological task of biologists. Koller and Arndt (in prep.) e.g. 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 e.g. nutrient poor NACW in general. Additional differences in species combinations
subdivide surface and upwelled NACW. Further results with respect to upwelled SACW, tropical
surface water, and tropical coastal water arc given in Table 1, which also includes a rough
distributional 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).

Table 1: Distribution of chactognaths off Northwest Africa ( ab. = abundance [ind * m‘3], fre. =
frequency [%] ), according to Koller & Arndt (in prep.); bold letters mean indicator species, absent

species are listed in lowest part of the table.

ab. fre. - ab. fre.

ab. fre.
S. tasmanica 5.6 22.5
S. decipiens 0.4 2.2
Sfriderici 8.8 354
Stasmanica 56 225
S minima 53 213
Eukrohna 21 85

S. enflata
P. draco, K. mutabbii

no

Sminima 122 659
S.serrato-

dentata 34 184

S.lyra 06 32
S.hexaptera 04 22
P .draco 04 19
S. regularis

S. minima 12.9 68.5
Srminima 129 8.5

S.serrato-

dentata 18 98
Stasmanica 08 42
S friderici 07 37

S. regularis

North Atlantic Central upwelled North Atlantic Central
water (low nutrient level)  water (low nutrient level)

abh. fre.
S.enflata 5.8 52.6
K mutahbii 0.4 3.6
Senflata 58 526

S serrato-
dentata 18 163

S.subtilis 09 78
S hispida 07 &3

S. regularis

S. tasmanica

ab. fre.
S. hispida 120.1 47.6

Shispida 1201 47.6
Sfriderici 1072 42.5
Senflata 167 6.6
S. tasmanica
S. hexaptera

Eukrohnia
S. decipiens

upwelled South Atlantic
water Chigh nutrient level)

tropical surface water
(low nutrient level)

tropical coastal water
(high nutrient level)



Reproduction and Mainténance of Calanoids in Near Coastal Arcas

Chagouri (1989) compared témperatur dependent developmental times of Calanoids and transport

w:idcﬁieé of water masses according to Hagen ( 1981) in the coastal curfent regime down to 200m to
prme maintenance mechanisms for these organisms in the near coastal ecosyslcm Subscquen(ly,
she dcsugncd a dlagram (Flgure 9). Accordmg to thls the de\elopmem starts mth nauplius stage lin
the fresh upwelled water of lhc near coastal zone and continucs up to the copepodite 1V stage just
before reaching a downwelling area, which is connected 1o a coastal parallel front. Subsequent
transport occurs prob'lbly by recirculation in less than 100 m dcpth Ammals will be also lrapped by
the coastal parallel undcrcurrenl the ongm of up\\cllmg water. The net result lS a combm'mon of
zonal and meridional tmnspon components, which arc dlrcclcd oITshorc and cqmlon\ard, and vice
versa. The lr'msport would last about 21 d'lys which i 1s in coincidence with the above mcnuoned
calcultated dev clopmcnml times for copcpods off Namibia. A complctc life cycle takes place in such
a current regime, which can therefore be considered as a suitable maintenance mechanism for this

taxonomical group in the near coastal arca.
Snihihiinfy

Since the bcgmnmg of the scv cntlcs up\\cllmg rescarch became mcrc'lsmgly popular i in the path of
the Canary and Bcngucla Current, because of cconomxc'xl cons:dcr'mon particularly in relation to
fishcrics :md marine geology. Many C\pCdlllOl\S \\crc carricd out between 1970 and 1977, including
the 8 cruiscs of the German v A, Humboldl" opcmlmg from Rostock.

Measurements coxercd smles nngmg in time from minutes to scveral years and in spacc from
hundreds of meters to scveral lhous:mds of kilometres.

Zoopl'mk(on studics focussed on quantitative, mcl'lbohc taxonomic, and p'xmsﬂologlcql aspects.
Plankton was collected with a WP-2-UNESCO standard nct to a maximum depth of 200 m.

The | epipclagic mcso7ooplanklon m'nnly consists of copcpods especially c'ﬂzmonds with -

dev clopmcnml times of about 20 to 23 days. During this three weeks 7ooplankton dry mass peaks
after an up“cllmg event, doubling its biomass. This typical bxomass increase is indcpendent  of
coastal distance and depth. In depths below 75 m, the up\\ellmg rcsponsc lasts 6 to 8 weceks.

A rclzmonshlp was observed between the duration of scasonal up\\clhng that means the numbcrs
of single upwelling events, and the cumulative increase of biomass. This net growth rate of
7oophnkton bxomass is most pronounccd at the shelf break, the arca with the lnghcst fish bxom'lss

and inthe uppcr 25 m. Differences between the expected and the real rate values in conJuncuon
with the known amount of nutritive demands of fishes allow the estimationof the fish biomass in a
given area.

The near coastal EKMAN up“cllmg \\thh is an cvent in lhc tlmc scale of about l\\o weeks, also
shows scasonality in some arcas. Off NWA the largest extension was recorded in the first half of
the year, from 10° N to 24°N, more lh'm 400 kin offshorc and at least below 200 m. 1t contracts in
lhc second half of the )c'lr to an arca bcl\\ccn 20° N and 22° N, 100 to 200 km off lhc co1st and in
an a\cngc depth of 25 m.

These 7oophnkton biomass patterns are supcnmposed by mesoscale phcnomcm ongxmtcd by other
than EKMAN up\\cllmg events. Those are e.g. long coastal parallel waves, producmg cclls of
intensified upwelling and downwelling, and eddics, causcd by instabilities in a frontal zone parallel
to the coast.

Different water masses can also be found by mdlcator specics, spccxcs combinations or thc
sngmﬁcant absence of specics. This was dcmons(nlcd for chactognaths. The calanoid = Calanus

helgolandicus (Claus, 1863), a typical species of the North Atlantic, indicates North Atlantic Central



Water, whereas Calanoides carinatus (Kroyer,1849) is an indicator of = South Atlantic Central
Water. .
Comparisons of near coastal current regimes, transport velocities, and developmental rates of
calanoids finally allow to conclude that a suitable mechanism is present to maintain plankton in the
coastal environment . :
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Fig.1:  Arcas studicd by r./v. "A.v.Humboldt" in the Atlantic Occan:
a large, scasonal study sitc off Northwest Africa (NWA),
a relerence arca at 30° W without EKMAN upwelling, and

amesocale transcct off Namibia (SWA).
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Fig. 2:  Position of the cross - shelf mcasuring profilc, which was repeated cvery 36 hours Irom
October 16th to November 11th in 1979 off Dunc Point, Namibia (2. 1), and the
temporal averaged cross - shore distribution (including confidence ranges, p < 0.05) of

the sca Ievel difference h (07100 m) (2. 2) , the temperature (2. 3) and salinity (2. 4) at

the sca surface, the oxygen - (2.5), phosphatc - (2. 6), silicate - (2. 7), and chlorophyli-
a - concentration (2. 8) at the sca surface, the zooplankton dry mass in the upper 30 m

(2. 9), the zooplankton dry mass between 30 and 75 m depth (2. 10), the zooplankton
abundance (2.11), the dominancc index (2.12), and diversity index for mcsozooplanklbn

in the upper 30 m (2.13); (according to Hagen ct al,, 1981, and Postcl, 1990).
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Fig. 3:  Standard profilcs off Northwest Africa, where zooplankton was sampled in August /

Scptember 1970, October / November 1970, Junc / July 1972, December 1972 / January
1973, February / March 1973, May 1975, and partly in February 1976, |
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Fig. 4:  Mecan cross - shorc zooplankton biomass density in the 200m surface layer of the

occanic region off Northwest Africa (Watcer depth > 200m, longitude < 20°W) as a
function of latitude and scason in comparison with the scasonal variation in the
difference of sca surface temperature of the same latitude (SST /K) between the central

Atlantic and coastal regions , averaged between 1969 and 1976 (aficr Speth ct al., 1976).
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Fig. 5:  Rclationship between the duration of upwelling scason (months), which is cqual to the

number of upwelling cvents, and the highest zooplankton dry mass during this time

(mgs«m-3) duc 0 a cumulative biomass incrcasc from cvent to cvend, in the upper 200 m

5.1: in the three defined sublayers of the 200 m surface layer in the occanic region
('water depth H> 200 m) and

S.2: scparalcly for the wholc layer down 1o a depth of 200 m in the occanic (H > 200 m),

shelf edge (200 > H> 75 m) , and ncar shore regions (H <75 m).
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Fig. 7:  Examples of significant zooplankton dry mass variability in the time range of several
days, originated by long coastal parallcl waves (c.g. continental shelf waves) detected off
Namibia:

7. 1: during a time scrics of 11 days duration on the shelf off Namibia in November

1976 with plankton catches cvery 3 hours in the upper 30 m layer

7. 2 in the spectral energy density, estimated according the Maximum Entropy method,

of the samc time serics, in cnergy ("Encrgic") uxﬁts / cycles per hour {cph]
(according to Postcl, 1982),

7. 3: in the spatial - temporal pattern of zooplankton biomass rcsiduums in the layer
between 30 and 75 m. The measurements were carricd out between 30 km and 170
km on a transcct which was perpendicular to the Namibian coast cvery 1.5 day in
Oclobcf 1979 (Figurc 2.1). Residuums werc calculated by subtraction of a trend
from the original data ( scc text). Hatched arca indicates the positive anomaly.

7. 4: in the comparison of the  course of the residuums of tcmperature at the bottom of
the EKMAN laycr, of the sca level difference between the sca surface and the 600 m
reference level, the zooplankton dry mass between 30 and 75 m of the hourly catch
cffort of [fishing vesscls in the arca ("Fang"), and of a 5 days co-sinus oscillation,
which illustrates the most pronounced variability period ; according to Hagen ct al,
(1981). |
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Tentative diagram to demonstralc

maintcnance mechanisms of  Calanus carinalus

(Kroycr, 1849) in the ncar coastal arca off Northwest Africa by a coupling mechanism of

the devclopment and current velocitics
perpendicular to the coast according to Ch

current dircctions, "Bewegungsrichtungen

undercurrent, F = upwelling front, *Kiistenentfernung"

in the systcm of main currcnts parallcl and
agouri (1989), *Stromungsrichtungen” means
" = ransport dircction of calanoids, U =

= distance to thc shorc .



