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ESTIMATES OF STANDING STOCK, PRODUCTION AND CONSUMPTION OF 
MESO- AND MACROZOOPLANKTON IN THE BENGUELA ECOSYSTEM 

L. HUTCHINGS*, S .  C.  PILLAR * and H. M .  VERHEYE* 

Attempts are made to consolidate current information on estimates of standing stock, production and consump- 
tion of meso- and macrozooplankton from the shelf region of the west and south coasts of southern Africa for 
inclusion in a network analysis of carbon flow in the Benguela system. The meso- and macrozooplankton com- 
munities consist chiefly of copepods and euphausiids respectively. Although geographic and seasonal differences 
in standing stock are reasonably well described for the inner shelf (<200 m). knowledge of production and rate 
processes affecting standing stock is limited, and extrapolation to the whole shelf area (<S00 m) provides only 
a crude appraisal of the real situation. Despite the uncertainties. direct measurements have improved on esti- 
mates previously inferred. It seems likely that grazing by meso- and macrozooplankton plays a minor role in 
phytoplankton losses in the Benguela system. However, it would appear that predation by macrozooplankton, 
particularly under swarming conditions, has an appreciable impact on mesozooplankton biomass. 

'n Poging word aangewend om bestaande inligting oor skattings van die bestand, produksie en verbruik van 
meso- en makroso6plankton in die vastelandsplatstreek van die wes- en suidkus van Suider-Afrika saam te voeg 
in 'n netwerkontleding van koolstofvloei in die Benguelastelsel. Die meso- en makmotiplanktongem~n~appe 
bestaan grootliks uit kopepodes en eufausi'ides onderskeidelik. Ofskoon geograf~ese en seisoensverskille in be- 
~tand redelik goed beskryf is vir die binneste vastelandsplat (<200 m), is die kemis beperk oor produksie en pros- 
esse wat met tempo te doen het en die bestand,&, en ekstrapolering na die hele platgebied (<S00 m) verskaf 
maaf, 'n ruwe taksering van die werklike situasie. Die onsekerhede ten spyt, het regstnekse metings die vorige 
skatt~ngs wat dew afle~dings verkry is, verbeter. Dit lyk waarskynlik dat beweiding deur meso- en makrom6- 
Plankton 'n ondergeskikte rol in fitoplanktonverliese in die Benguelastelsel speel. Dit wil egter voorkv of roqf- 
bedrywighede deur makroso6plankton. veral onder swermvomingstoestande, 'n aansienlike uitwerklng op die 
biomassa van dle mesosotiplankton uitafen. 

estimates of the real situation. It is not the intention of 
this paper to give a detailed account of copepod and 
euphausiid ecology, &cause current knowledge of 
their community structure, life history strategies and 
trophodynamics have recently been reviewed compre- 
hensively for publication by Verheye et al. (in press) 
and Pillar et al. (in press). This paper rather serves as a 
preliminary attempt at deriving estimates from direct 
measurements of the rate processes underlying zoo- 
plankton abundance, production and consumption, 
values which have previously been inferred in budget 
studies of the Benguela system (e.g. Bergh et al. 1985, 
Shannon and Field 1985). 

I 

DATA SOURCE AND METHODS 

The objective of this paper is to provide more-realistic 
estimates of standing stock, consumption rates and 
production of zooplankton for inclusion in a network 
analysis of carbon flow through the foodweb of the 
Benguela system (Field et al. in prep.). Zooplankton 
covers a size range spanning several o d e s  of magnitude, 
but only two size groups, meso- and macrozooplankton, 
are considered in the present paper. Both groups, col- 
lectively referred to as net zooplankton, are retained 
by a 200 pm mesh net, but only macrozooplankton are 
retained by a net of 1 600 pm mesh. These categories 
are empirically derived by the most commonly used 
screens and sieves employed to separate the two size 
fractions of zooplankton collected in the Benguela 
system and do not pretend to aspire to universal accep- 
tance. 

The most common organisms contributing to meso- 
and macrozooplankton are copepods and euphausiids 
respectively, which together share >90 per cent of the 
standing stock in terms of dry mass of net zooplankton 
in the Benguela system (Fearon et al. 1986, Pillar 
1986). It must be emphasized that small-sized cope- 
pods, particularly cyclopoids and copepodite stages, 
pass through the plankton nets used commonly (Pillar 
1984b). Therefore, estimates of standing stock of net 
mesozooplankton must be considered as W i g  under- 

Study area 

For the purpose of the network analysis, the area 
defined as the Benguela system is considered as 
shorewards of the 500 m isobath and extending 
from approximately 17"s to 27OE (Fig. 1). For com- 
parative purposes the area is divided into northern 
(179 000 km2) and southern (220 000 km2) regions. 
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The southern Benguela is further subdivided into West 
(104 000 km2) and South (116 000 km2) coasts. The 
South Coast encompasses the Agulhas Bank region. 

Estimates of standing stock 

A comprehensive account of early distributional 
studies of zooplankton abundance in the Benguela 
system is given by Shannon and Pillar (1986); it in- 
cludes details of some of the sampling grids referred 
to in the text. The following gives an account of more- 
recent sources of information relevant to the assess- 
ment of zooplankton standing stock. 

NORTHERN BENGUELA 

During the 1970s and 1980s. plankton was sampled 
quantitatively with 300-pm mesh, 57-cm diameter 
paired Bongo nets towed obliquely in the upper 50 m. 
Sampling extended 65 miles offshore during the 
South West African Pelagic Egg and Larva Surveys 
(SWAPELS), which were conducted during summer 
(November- March). Data for one month (January 
1985) were broken down into wet masses of principal 
groups (copepods, euphausiids, chaetognaths and 
arnphipods) to provide size-differentiated data (Fearon 
et al. 1986). Collections from nine SWAPELS cruises 
between September 1982 and March 1984 formed the 
basis of a study of the euphausiid community structure 
of Namibian waters (Barange 1991, Barange and Stuart 
199 1, Barange and Pillar in press). 

In July 1984 and 1985, 58 tows were made with 
300-pm mesh Bongo nets in the upper 200 m during 
the Spanish Benguela V and Benguela V11 cruises 
between Walvis Bay (23's) and the mouth of the 
Orange River (28'30's). These collections provided 
material for further size-differentiated studies (Barange 
1991). In September 1985 and April 1986. additional 
data were collected at 55 and 95 stations respectively 
during the Spanish Namibian Environmental Cruises 
(SNEC) with a multiple openingclosing net of 200 pm 
mesh and a mouth area of 1 mZ (RMT-1x6) towed 
obliquely in the upper 200 m. Data were categorized 
into major taxonomic groups by numbers of individ- 
uals (Olivar and Barange 1990). 

SOUTHERN BENGUELA 

Andrews and Hutchings (1980) reported on inter- 
annual (197113). seasonal (monthly) and short-term 
changes in mesozooplankton standin stock (in terms 
of dry mass) collected with a vertiAy hauled WP-2 
net (200 pm) off the Cape Peninsula. With a similar 
net, Hutchings (1988) reported on seasonal (quarterly) 

changes in mesozooplankton off the West Coast 
between Cape Point and Cape Columbiie in 1974. 

During the Cape Egg and Larva Programme (CELp) 
in 197718, a grid of 120 stations along the coast of the 
South-Western Cape was sampled monthly in the 
upper 100 m with an obliquely towed 57-cm diameter 
Bongo net with 300-pm mesh. Pillar (1986) used the 
night-time hauls from this data set to analyse seasonal 
and spatial differences in copepod and euphausiid 
standing stock (dry mass). A further 23 RMT- 1x6 
tows and 11 vertical Bongo net tows (both 200 pm 
mesh) were made in May 1983 between the mouth of 
the Orange River and Cape Agulhas (Verheye and 
Hutchings 1988). They provided an estimate of zoo- 
plankton abundance intermediate between the summer 
maximum and the winter/spring minimum. A further 
20 hauls were made with the RMT-1x6 net between 
Cape Point and Port Elizabeth in November 1983 
(HMV unpublished). 

Although these RMT-1x6 data are scanty, they do 
provide the best estimates of meso- and macrozoo- 
plankton by combining a large mouth area (to reduce 
avoidance) with a fine mesh (to reduce escapement). 
Peterson and Hutchings (1989) used a vertically towed 
bridle-free Bongo net (200 pm mesh) from the bottom 
to the surface to estimate zooplankton abundance on 
the Agulhas Bank during November 1988. Verheye 
(1991) used similar gear during a 27-day Anchor 
Station time-series in St Helena Bay in 1987, as well 
as samples pumped from 5 or 6 different depths and 
filtered through 200- and 37-pm mesh nets. 

Grazing and production studies 

V i a l l y  all estimates of zooplankton grazing and 
production have been made in a limited area on the 
inner shelf in newly upwelled or maturing upwelled 
waters between Cape Point and Lambert's Bay. The 
exception was the study of Peterson and Hutchings 
(1989). who measured copepod production across the 
Agulhas Bank. Olivieri (1985) made estimates of the 
fraction of phytoplankton grazed by copepods on four 
occasions in maturing upwelled waters off the Cape 
Peninsula. She used a Coulter counter to measure 
changes in total cell volume in parallel plant growth 
and grazing experiments. Borchers and Hutchings 
(1986). using data from Hutchings (1979), estimated 
grazing impact and production on the basis of cope- 
pod biomass, generation length and turnover times. 
Thek as~~nptions On ecological efficiency and relation- 
ships between production and standing stock were de- 
rived from the literature. 

Cartel' et al. ( 1986) estimated Zooplankton consump- 
tion relative to phytqlankton production on the a t e m  
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Agulhas Bank on the basis of relationshi~s between 
respiration, production and consumpt ion .~~utch i~~  
(1979, 1988) estimated net mesozooplankton produc- 
tion along a transect of stations extending across the 
shelf off the Cape Peninsula on the basis of copepod 
biomass measured over 33 months, together with litera- 
ture-derived values of turnover times for copepods. 
Peterson et al. (1990b) estimated the in situ grazing 
impact of copepods on the shelf north of Cape Colum- 
bine in October 1987, using gut fluorescence and 
evacuation rates, together with rates of egg production 
for selected copepods. 

Measurements of egg production and grazing rates 
were determined in a series of laboratory experiments 
on dominant copepod species by Attwood and Peterson 
(1989), Petgson et al. (19%) and Petemon and Painting 
(1990). Field-based estimates of copepod biomass, 
egg production and moulting rates were reported by 
Painting and Huggett (1989) and Peterson and 
Hutchings (1989). Armstrong et al. (1991) used both 
direct and indirect methods to estimate rates of egg 
production by Calanoides carinatus during the Anchor 
Station in St Helena Bay. During the same study, 
Verheye (1989, 1991) derived estimates of copepod 
grazing and production from field data on the abun- 
dance and vertical distribution of different stages of 
the lifecycle of C. carinutw combined with 1-W- 
derived estimates of development time at different 
temperatures (Borchers and Hutchings 1986, Peterson 
andpainting 1990). 

Quantitative estimates of growth, production and 
feeding of macrozooplankton are confined to those of 
euphausiids. From laboratory-derived growth rates 
documented by Pillar (1984a) and cohort analysis 
from field data, Stuart and Pillar (1988) estimated pro- 
duction and PIB ratios of Euphausia lucens in the 
southern Benguela. The data for that analysis were 
collected monthly at WO transezts extending offshore 
between St Helena Bay and Lambert's Bay. Measure- 
ments of grazing and trophic behaviour of euphausiids 
were determined from laboratory (Stuart 1986, 1989) 
and field-based studies (Pillar &d Stuart 1988, Stuart 
and Pillar 1988, Gibbons et al. 1991a, b. Barange et 
al. 1991). 

I 11 RESULTS AND DISCUSSION 

Estimates of standing stock of rneso- and macro- 
zooplankton in the Benguela and on the South Coast 
are summarized in Table I. In most cases only single 

* + I  cruises, with a liited number of collections and usually 
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standing stock and, as such, extrapolation from these 
data to the whole shelf area should be viewed with 
caution. More-comprehensive temporal and spatial 
coverage is provided by Andrews and Hutchings 
(1980) and Pillar (1986), but their methods of sam- 
pling place certain limitations on the merit of these 
estimates. Quantitative information on macrozoo- 
plankton is lacking in Andrews and Hutchings (op. 
cit.) owing to net-avoidance by the more motile organ- 
isms. Also, estimates of standing stock by Pillar (op. 
cit.) needed adjusting to account for losses of small 
copepods through the meshes. Estimates of standing 
stock based on sampling by the KMT-1x6 net are con- 
sidered to be the best available and these are supported 
by the more detailed data just described. 

MESOZOOPLANKTON 

Estimates of standing stock reported for the northern 
Benguela range between 0,l and 1,0 gC-m-? (Table I). 
Although Fearon et al. (1986) found biomass to be at 
its highest north of Walvis Ray, Olivar and BarangC 
(1 990) noted a decrease to the north of this region. An 
intrusion of warm Angolan water from the north 
appeared to limit mesozooplankton standing stock 
during that study. Maximum values were in the mid- 
shelf region (Fig. 2). for which a mean value of 
1,O g C . m ~ '  was reported by Olivar and Rarangd. (op. 
cit.). This value represents almost the entire shelf area 
(80-400 m isobaths), and therefore a best estimate of 
1,0 gC . m-' is considered for mesozooplankton stand- 
ing stock in the northern Renguela. 

Estimates of mesozooplankton standing stock in the 
southern Renguela range between 0,2 and 2.5 gC. m ?. 

Andrews and Hutchings (1980) estimated an annual 
mean of 0.9 gC.m ? and showed a fourfold seasonal 
variation, with maximum values during the upwelling 
period. Considerable monthly variation is evident. 
(Fig. 3). If the values of standing stock recorded by 
Pillar (1986) are ad.justed to account for the losses of 
small copepods through the 300-pm mesh net (Pillar 
19X4b), a mean estimate of standing stock similar to 
that of Andrews and Hutchings (op. cit.) is obtained 
(Table I). 

The distribution of mean standing stock of meso- 
zooplankton in the southern Renguela from monthly 
collections taken between August 1977 and August 
1978 is presented in Figure 4. Pillar (1986) showed 
that standing stock was higher on the West Coast than 
over the western Agulhas Rank and that seasonal vari- 
ations were only marked between Cape Point and 
Cape Columbine, where there were summer maxima 
and winter minima. Results for the nearshore zone 
were highly variable, with coefficients of variation of 
1 ,S-2.0. decreasing offshore. Verheye (1 90 1 ) showed 
that daily fluctilations in mesozooplankton standing 
stock were not pronounced at a fixed station in St 
Helena Bay and that changes were not coupled to the 
upwelling cycle. A high mean standing stock o f  
2,s gC.m ' was recorded over the 27-day study pe r id ,  
which reflects typically high secondary production, 3 
result of the benefits of the substantial phytoplankton 
food resource available in St Helena Ray (Brown ct 
a / .  1991). From the values presented in Table I, it is 
considered that the best estimate of mesozooplankton 
biomass for the shelf region of the southern Renguela 
is (1.8 gC.rn-', within the range 0.2-2.0 gC.m -'. 

Peterson and Hutchings (1989) recorded copepod 
standing stocks of  0.2-2.0 g C - m  ' on the South 
Coast. increasing from west to cast, and with an over- 
all mean of I ..? gC. m '. Analysis of unpublished data 
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of mesozooplankton in the southern Benguela and over 
the western Agulhas Bank. Data were collected with 
Bongo nets (300 pm mesh) during CELP surveys be- I ~f dry mass, euphausiids form the major 
been ~ugus t  1977 and August 1978 (after P~llar 1987) por macrozooplankton in the Benguela system 



506 South Afl-ican Journal qf Marine Science / I  199/ 

(Pillar 1986, Olivar and BarangC 1990). Therefore, the 
estimates of standing stock presented in Table I may 
be considered as being representative of that compo- 
nent of the zooplankton only. On the basis that, on 
average, the ratio of meso- to macrozooplankton is 
60: 40 in the northern Benguela, Olivar and RarangC 
(1990) estimated the mean standing stock over the 
shelf region to be 0,6 gC. m-2. About half of this value 
was considered to be average for the neritic and 
oceanic regions. However, more-detailed analysis of 
the euphausiid community of Namibian waters by 
Barange (1991) and Barange and Stuart (1991) re- 
vealed the biomass to peak in the neritic zone, as a 
result of the abundance of large swarms of Nyctiphanes 
capensis. The mean standing stock of euphausiids 
over the shelf region of the northern Benguela was 
estimated to be 0,8 gC. m". Euphausiid biomass over 
the slope region approximates an order of magnitude 
lower than in or over the shelf region, and extrapolation 
to include that portion of the population would indi- 
cate a mean standing stock of 0.6 gC.m-', within the 
range 0.1-1,0 gC.m 2 .  

Pillar (1986) demonstrated that mean standing stock 
of macrozooplankton ir, the southern Renguela was si4- 
nificantly higher north of Cape Columbine (0,s gC.m -) 
than off the South-Western Cape (0,2 gC.m-?) and 
over the western Agulhas Bank (0,l gC.m-'). This 
decrease in standing stock at higher latitude is clearly 
shown in Figure 5. Verheye and Hutchings (1988) 
confirmed this trend by showing that estimates of 
standing stock based on RMT - 1 X 6 net collections 
ranged from 0,8 gC. m-2 in the north to 0,l gC. m-' in 
the south. Despite considerable monthly variability in 
standing stock, especially off the West Coast, no season- 
ality was apparent in the southern Benguela (Pillar op. 
cit.). Standing stock was generally highest over the 
shelf off the West Coast, with a marked decrease beyond 
the slope. No appreciable inshore-offshore gradients 
of standing stock were found over the Agulhas Rank. 
Unfortunately, few studies on macrozooplankton are 
available for the eastern Agulhas Rank, but it appears 
that dense swarms of euphausiids are found along the 
East Coast (Cornew et al. 1992). The average standing 
stock off the West Coast is assumed to be 0,s gC.m ., 
within the range 0,l-1,0 gC-m-?, whereas a lower 
value of 0,l is considered appropriate for the 
Agulhas Rank. 

Estima duction a nd rate ol 

Earlicl d t l c 1 , l p t h  IU L ~ I C U I ~ I ~ :  p r c n i u c t t u r l  anci rale u t  

turnover were based on crude estimates of abundance, 
growth rates and generation times. More recently, 
these estimates have been refined by hoth lahoratory- 

g dry rnass.m-? 
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m >1,5 

Fig. 5: Horizontal disrr~our~on or mean monrnly sranolng stock 
of macrozooplankton in the southern Benguela and 
over the western Agulhas Bank. Data were collected 
with Bongo nets (300 pm mesh) durlng CELP surveys 
between August 1977 and August 1978 (after Pillar 

1 QR6,1987) 

and field -based stu dies (Tabl es 11 and l 

Hutch~ngs ( IY  19. 1988) cruaely estlmatea annual 
production of mesozooplankton from the product of 
standing stock (0,92 gC-m-?)  and generation time 
(assumed to be 30 days). to arrive at an estimate of 
1 1  gC.m-*.year-'. Borchers and Hutchings (1986) de- 
termined generation times for Ca1~noidc.s carittutrrs at 
temperatures of 7- 18°C and, allowing for intermittent 
suboptimal feeding conditions, postulated a probable 
generation time of about 25 days at ambient tempera- 
tures of 13- 15°C. They modified Hutchings' earlier 
production estimate using Steele's ( 1074) observation 
that production in a generation is 2-3 times the stand- 
ing stock, wQich increased Hutchings' value to  
30-40 gC.m..-.year '. For mean mesozooplankton 
standing stock of I gC.m-', an annual P / / ?  ratio of 
a b u t  30-40 is implied. 

Peterson and Painting (1990) estimated develop- 
ment rates from egg to adult of two ahundant cope- 
pods, Ca1anoidr.s c.orinatrrs and Calanlrs a,q~tlltrnsis 
(De Decker rt al. 1991).  under excess food conditions 
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Table II: Estimates of annual production and turnover rate of mesozooplankton in the Benguela. The data were converted from esfi- 
mates of daily production and turnover rates (Verheye et al. in press) by multiplying by 365 days, assuming no seasonality 
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tively for C .  agrtlllensrs. Peterson and Hutchings 
(1989) reported production rates of the latter species 
of  between 22 and 770 mg dry mass .m-2.day- '  

3 - 1 12 gC . m-'.year-', assuming carbon content is 
pproximately 40% of dry mass; Parsons et al. 1984) 
cross the Agulhas Bank. Assuming small copepods 
row at the same rate as Calanlts C2 copepodites, 
)tal copepod production va teen 1 17 and 

JLI mg ary mass-m- 1 - 1 3 v g ~ . m - ~ .  yew') ,  
w~th  daily PIB ratios of 0.10-0,25 (36-91 annually). 
Verheye (199 1) estimated daily production of all cope- 
podite stages of Calannides during an Anchor Station 
time-series to be 1,7 mgC.m-'.day1, with PIB ratios 
varying between 0,110 and 0 ,234 .day1  (mean = 
0,167.day-') over the 27-day period. Extrapolation to 
the herbivorous, crustacean-dominated mesozooplank- 
ton community gave an average daily production of 
4,8 mgC.m-.'.A-*~-' rh7 an annual basis, this converts 
to 79 g C - m  with a P/ 
40-85. yea1 ning no I ~n 
growth. 

Based on r n  J , I ~ ,  ~llzasurernentn v r  r a t r n  ot eEg prn- 
duction of dominant calanoid copepods, Painting a 
Huggett (1989) calculated copepod production 310' 
the inshore region of the West Coast shelf during JU 
1988. Generally, production ranged between 0 al 
15 mgC. m-2. day-' (0-6 gC-m-'.year-)), but in Sor 
cases, it was in excess of 20 mgC.m-2.day-'. Valu 
were low in St Helena Bay because females there i 

bject to heavy predation by anchovy recruits. 
~uld  appear from the results of Painting and Hugp 
J. cit.) that, for June 1988 at least, only about 10 I 
nt of the shelf was suitable for moderate to hi 
es (> 10 mgC-m2.day-') of copepod production. 
erefore, in extrapolating production rates and PIB 
ios of mesozooplankton to the whole shelf, it must 
borne in mind that it is a matter of qualitative con- 

jecture as to what proportion of the shelf area is suit- 
able for maximum rate processes. Examination of the 
mean concentration of chlorophyll a (Brown et al. 
1991) shows that only approximately 30 per cent of 
the West Coast shelf has sufficiently high concentra- 
tions (>2 mg chl a.m-') to support rates of copepod 
egg production in excess of 50 per cent of laboratory- 

ried betn R of 61.y 
seasonal 

ear-' (ran 
variation 

able Ill: Mean annual production of flesh (Pg), moults (P,) 
and eggs (P,) of the euphausiid Euphaus~a lucensfor 
the inshore, intermed~ate and offshore r ions off St 
Helena Bay. RB rat~os are also givenTom Stuart 

and Pillar 1988) 
11CI 
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e concent: derived estimates. If thes~ rations are further 
size-fractionated into < 10 pm and > 10 pm (Peterson 
and Bellantoni 1987, Painting and Huggett op. cit., 
Peterson and Hutchings 1989, Armstrong et al. 1991), 
perhaps even a smaller proportion of the shelf area of 
the southern Benguela is suitable for near-maximum 
production rates. In Namibian waters, the concentra- 
tions of chlorophyll a are about double those in the 
southern Benguela, and assuming no differences in the 
C: chlorophyll a ratios or the palatability of the phyto- 
plankton, production of copepods may be higher in 
Namibian waters than in rhe southern Renguela. 
Tentative annual PIB values of 40 and 20 are adopted 
for the northern and southern Benguela respectively. 

Estimates of production/consumption ratios, or 
gross growth efficiencies, are from laboratory studies 
documented by Peterson et al. (1990a). They measured 
PIC ratios of 32-37 per cent for the copepod Calannidcs 
carinatus. A P/C ratio of about 30 per cent is widely 
accepted in the literature (Omori and lkeda 1984, 
Parsons et al. 1984), and this value is adopted for 
mesozooplankton. Respiration losses for crustacean 
zooplankton are quite high, varying between 40 and 
60 per cent (Omori and lkeda op. cit., Parsons ct al. 
op. cit.). A value of 50 Der cent is considered amro- 
priate. 

"#l, 

chaetc 
preda~ 
extren 

Pillar and Stuart (1988) demonstrated Euphausia 
Iucens to be reproductively active throughout the year 
in St Helena Ray, with the most intense spawning 
between August and October. Multiple spawning by 
females does occur, with the largest number of euphau- 
siids living inshore but higher proportions of gravid 
females being found offshore where concentrations of 
chlorophyll a are low. Stuart and Pillar (1988) estimated 
total production in terms of flesh, m o ~ ~ l t s  and eggs 
(Table 111) for inshore, intermediate and offshore areas, 
which ranged from 142 to 479 mg dry masssm '.year '. 
As only the upper 100 m were sampled in that study, 
these values are equivalent to 5,7-19.2 gC.m -.year '. 
Annual PIR ratios ranged from 10 to 16, with higher 
values offshore where there were large numbers of 
early larvae (calyptopes). These PlB values are rela- 
tively high compared with those reported for other 
euphausiids, owing in part to the consistently high 
food availability and mild temperatures experienccd 
perennially in the Renguel ual PlB ratio of 1.7 
is considered appropriatt I the northern and 
southcrn Renguela. 

I W e  is known of local I ' I ~ C ~  of production of 
~gna ths ,  hyperiid amphipods and gelatinous 
tors, and literature values for P/B ratios are 
iely scarce and highly variable. Reeve ancl Bilker 

la. ~n i n n  
: for both 

e Science 

:stimated . . .  . (1975) t the annual P/R ratio for the chaetog- 1 
nath Sag~tta hrspida in tropical waters to be 109, and 
Sameoto (1971) and McLaren (1969) estimated the 1 
annual PIB ratio for S .  ele~qans in cool temperate waters i 
of Nova Scotia to be between 1.0 and 2,l. An annual 
PIR ratio of 44 was reported by Reeve and Baker (op. I 

cit.) for the ctenophore Mtiemiopsis mccradyi, and 
Hirota (1974) estimated a daily PIU ratio of 0.02 for 
Plcrrrohrachia off California. However, as these macro- 
zooplankton groups form only a small portion of the 
macrozooplankton standing stock relative to euphausiids 
(Pillar 1986), their role as producers is likely to be reln- 
tively minor compared to that of copepods and euphau- 
siids. 

Estimates of growth efficiency of macrozooplank- 
ton are based on those derived for Elrpharrsia 1rcc.etis 
by Stuart ( 1986). A value of 41 per cent is assumed on 
the basis that assimilation efficiency approximates X0 per 
cent and that 39 per cent is lost as n rcsult of rcspirntion. 

Consur nption es1 timates 

system wt 
n..l,*,... 

In a I iere there appears tc 
p h y t o p l a l ~ ~ ~ ~ ~ ~ ~  \I)orchers and H U ~ C ~ I I I ~ ~  I X W I .  1lt.r- 

bivory is likely to be the dominant mode of feeding, 
particularly inshore. Most of the mesozooplankton is 
considered to be primarily herbivorous. whereas most 
of the macrozooplankton is typically omnivorous. 
Estimates of the impact of zooplankton grazing are 
few and confined to inshore areas (<ZOO m) of t h ~  
southern Benguela. Extrapolation to the rest of the 
shelf of the Renguela system therefore only provides a 
rough estimate of the portion of the phytoplankton 
standing crop likely to he conwmcd by zooplankton. 

.*,.A l.., 1 1 Olivieri (1985. ICL,IILUI,IICLJ estimated that 
copepods were removing 7 per cent (range 3-54 p r  
cent. SD = 10 per cent) of the daily available phyto- 
plankton (i.e. hiomass plus production) in newly 
upwelled water off the Cape l'eninsula. n i i s  constituted 
a daily ration of 13-40 pcr cent of body mass in terms 
of carhon. Peterson et 01.  (I9OOh) estimated that c o w -  
pods inshore north of Cape Columhine were consuming 
1-5 per cent of the phytoplanklon crop. Recnusc of  
some problems associ;~ted with the calculation of in- 
gedion and filtration rates. this cstim;~te could be to(, 
low by a factor of 2-4. This woul(i. however, still 
indicate that copepods wcrc not removing a large frnc- 
tion of the avail;~hlc standing crop ofphy~oplnnkton. 

Rorchcrs and llutching~ (19x61) madc indirect ral- 
culations of the grnzin!! impact o f  copcpodq. By 
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assuming a daily ration of 40 per cent of body mass in 
terms of carbon, a doubling of the biomass to account 
for undersampling of macrozooplankton by the WP-2 
net, that one-half of the zooplankton fed carnivorously, 
and an ecological efficiency of about 20 per cent, they 
estimated that, at most, h0 per cent of the primary 
production could be grazed in the nearshore region. 
Carter et al. (1986) estimated that zooplankton re- 
quirements were only about 5 per cent of the primary 
production on the eastern Xgulhas Rank during April 
1985. 

Verheye (1989) estimated that Calanoirlcs carinat~ts, 
which constituted 13 per cent of the mesozooplankton 
biomass in St I-lelena Ray, consumed 4 - 1 1 per cent of 
the daily primary production during a 27-day Anchor 
Station study. Assuming that halt' of the mesozoo- 
plankton was herbivorous and that other species also 
grazed at similar rates as Calatioides, an average of 
only 22 per cent of the phytoplankton production, or 8 
per cent of the phytoplankton biomass, would be re- 
movetl by grazing (Verheye 1991 ). 

Rations of herbivorous copepods vary in the litera- 
ture between 10 and 120 per cent of body mass (in 
terms of carbon) per day, smaller animals generally 
having a higher mass-specific ration (Parsons rt al. 
1969, Beers et al. 197 1, Herbland rt al. 1973, Parsons 
rt al. 1984). Rations for copepods in the southern 
Benguela have only been determined directly for 
female Ca1onoiclc.s in the laboratory (Peterson ct al. 

)90a). At TI~~lassio.~irn ~~cis.yf70,qii concentrations of 
500-8 o()O cells-! l, rations varied from 59 to 128 
:r cent in terms of carbon. Under field conditions, 

.,tions are likely to be substantially less. probably in 
the vicinity of 40-50 per cent (calculated from 
Armstrong er al. 199 1 and Verheye 190 1 ) 

MACROZOOPLANKTON 

Stuart and Pillar (1990) estimated that 15-60 per 
cent of total carbon ingested by the euphausiid E ~ p l i a / , . ~ i ~  
lllcens was in the form of phytoplankton and the re- 
mainder as copepod prey. Carnivory was important 
when chlorophyll levels were low. but it still con- 
tributed up to 40 per cent of the total ingested carbon 
at high concentrations of phytoplankton. The impact 
on phytoplankton stocks in the southern Benguela is 
low, however, of the order of 1,O per cent of the avail- 
able phytoplankton (Stuart and Pillar op. cit.). Rations 
vary between 0.7 and 8,4 per cent and between 2.5 
and 5,6 per cent of body carbon per day when feeding 
on phytoplankton or copepods respectively. Patchiness 
of phytoplankton and copepods and the swarming 
behaviour of euphausiids make calculations of mean 
annual rates of consumption difficult for the whole 
shelf region, because selection and diet depend on the 
vertical migratory habits of the euphausiids and the 
relative abundance and size of the prey organisms 
encountered (Gibbons et al. 199 1 a). The potential 
predatory impact of euphausiids was estimated at 
approximately 2-7 per cent of the available copepod 
density, but at higher concentrations of predators, typi- 
cal of swarm conditions, up to 60 per cent of the cope- 
pods could be removed per day (Stuart and Pillar op. 
cit.). At a nearshore station off the Olifants River 
mouth, which was sampled intensively for 72 h during 
Febuary 1991, a swarm averaging approximiltely 300 
adult euphausiids per m was capable of consuming up 
to 00 per cent of the copepod population per day (Sea 
Fisheries Research Institute unoublished data). 

Other groups, such a :riid arnphi- 
pods and ctenophores rtion of the 

laths, hyp~  
?all propo 
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macrozooplankton community in terms of carbon 
(Pillar 1986), and estimate5 of their predatory impact 
are extremely limited. Gibbons et al. (in press) calcu- 
lated the predatory impact of the chaetognath Sagitfa 
serratodentata tasmanic.a on medium-sized copepods 
as 1-3 per cent per day on the shelf region off St 
Helena Bay in October 1987. Stuart and Verheye 
(199 1)  estimated the grazing impact of Sagitta frid~rici 
to be similar ( l -5%) off  the Cape Peninsula. As 
chaetognath concentrations decline rapidly in a sea- 
ward direction, being perhaps only 10 per cent as 
abundant in the mid- and outer-shelf regions, predatory 
impact over the whole shelf is probably of the order of 
1-2 per cent per day, with a selection for medium or 
small copepods. If copepod generation time is about 
25 days, chaetognath predation could be quite severe 
at low rates of copepod production. 
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Recent information on the consumption and produc- 
tion of copepods and e~rphausiids has, in conjunction 
with studies on life history strategies of the dominant 
species and on feeding selectivity of largely zooplank- 
tivorous pelagic fish such as anchovy, greatly im- 
proved understanding of the dynamics of zooplankton 
in the Benguela. Irregular pulsing of the upwelling 
system, combined with seasonal appearance of pelagic 
fish recruits along South Africa's west coast during 
winter, has resulted in a highly dynamic and variable 
balance between food availability for transfer to fish 
and replenishment of zooplankton following losses 
due to predation or advection. The values listed in 
Table IV are currently the most realistic estimates of 
the parameters discussed in this paper. 

For the purpose of the network ;inalysis (Field et al. 
in prep.), estimates of meso- and macrozooplankton 
biomass, production and consumption have heen cal- 
culated for each region (Tahle V) .  These are very 
broad generalizations based on limited data and the 
estimates presented will be subject to future re-inter- 
pretation. We are still at a very preliminary stage in 
deriving measurements of dynamic processes in zoo- 
plankton and there are major gaps in the data set 
which require attention before bcttcr assessments can 
be made. In particular, the role played by gelatinous 
filter-feeders such as salps and doliolids, which often 
swarm over the Agulhas Bank ancl off the coast of the 
South-Western Cape, has heen ignored. The use of dry 
mass or carhon as a measure of standing stock has 
minimized the impact of gelatinous organisms in gen- 
eral. Another important omission is the role of micro- 

~ zooplankton in the trophic scheme of the Renguela. 
Despite their potential significance to the standing 
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stock, few measurements are available (Armstrong et 
al. 1987). Most of the production and consumption 
estimates along the West Coast are limited to the inner 
shelf, where phytoplankton biomass and productivity 
are higher than between the 200 and 500 m isobaths. 
Therefore, most of the measurements of dynamic pro- 
cesses have been made in the zone where production 
exceeds consumption and extrapolation to the outer 
shelf and shelf-break on an annual basis is likely to 
provide little more than a point of deps 

We thank Drs M. Rarange (Instituto de Ciencias del 
Mar, Barcelona. Spain) and M. J. Gibbons (University 
of Cape Town) for their comments on the manuscript. 
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