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ABSTRACT. This paper provides empirical data of anchovy egg mortality caused by cannibalism and 
sardine predation. Rates of anchovy egg mortality during the period 1986 to 1988 averaged ca 0.01 h-I, 
representing a survival rate of about 55 % over the 60 h incubation period. Some 56 % of 3325 anchovy 
stomachs and some 88 % of 1225 sardine stomachs in samples collected during the period 1986 to 1988 
contained anchovy eggs. Of 750 sardines and anchovies caught in co-habited areas during this period, 
67 % of the anchovy and 87 % of the sardine had anchovy eggs in their stomachs. Mean numbers of 
eggs observed in stomachs per kg of fish mass of the co-occurrent collections were 24 in anchovies and 
2117 in sardines. It was estimated that up to 56 % of the total anchovy egg mortality was the result of 
sardine predation and up to 6 % was the result of anchovy cannibalism Fluctuations in anchovy 
recruitment and cycles in the abundance of clupeoid species in the Benguela system are hkely to be 
attributable at least in part to these 2 mechanisms. 

INTRODUCTION 

A guild of planktivorous clupeoid species comprising 
the Cape anchovy Engraulis capensis and the South 
African pilchard or sardine Sardinops ocellatus is 
harvested by the South African purse-seine fishery. 
The 2 species combined yielded more than 2 million 
tons from 1984 to 1988. The fishery has been charac- 
terized by a 'boom and bust' phenomenon of shifts in 
the distribution of both guild species over the years 
(Shannon et al. 1988), as has happened with similar 
clupeoid species in similar ecosystems around the 
world (Lasker & MacCall 1983). 

Species interactions involving predation are a major 
topic of discussion in fisheries. Predator-prey inter- 
dependence has been postulated as a possible cause of 
'cycles' in abundance in guild species (Walters et al. 
1986, Polls et al. 1989). Cannibalism has been pro- 
posed as a mechanism providing an upper limit to pop- 
ulation density (Ricker 1958, 1973, Hunter & Kimbrell 
1980, MacCall 1981, Alheit 1987, Valdes et al. 1987) 
of filter-feeding, pelagic-spawning, schooling coastal 
pelagic fish such as clupeoids. In other words, canni- 
balism can cause population self-regulation. On the 
other hand, predation by guild species may 'regulate' 
the total biomass of competing species (Fox 1975). 
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Population stabilization through compensating 
cannibalism is possible if predator abundance is 
constant and they have a sigmoid (Type 111) functional 
response to prey density (Holling 1959, Murdoch 1969, 
Peterman & Gatto 1978). Increasing mortality may 
result if prey density increases and prey switching 
behaviour and/or numerical response increases 
(Murdoch 1969, Murdoch et al. 1975). 

In theory, density-dependent regulation might occur 
at any stage, including the egg (MacCall 1981, Vald6s 
et al. 1987). However, density-independent factors 
tend to mask the relatively weak density-dependent 
influences (MacCall198 1, Welch 1986). 

In this paper it is postulated that if cannibalism 
occurs together with intraguild predation, both may 
cause a synergistic effect reinforcing the possibility of 
long-term shifts in the relative abundance of sardine 
and anchovy in the Benguela system. In this open 
system, nonequilibrium behaviour (i.e. cyclical varia- 
tions in the stock sizes of both species) may persist for 
long periods (Caswell 1978). 

This paper provides empirical evidence on anchovy 
cannibalism and sardine predation and shows that 
anchovy egg mortality rates may change as a result of 
mteractions between the guild species. Several para- 
meters which may interact to determine rate of intra- 
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specific or interspecific predation on anchovy eggs 
from 1986 to 1988 will be considered. 

MATERIALS AND METHODS 

Fish and plankton samples were collected off the 
South African coast during research cruises of the 
Sea Fisheries Research Institute's (SFRI) RS 'Africana' 
in November 1986, 1987 and 1988. Survey design 
has been described and illustrated in Armstrong et 
al. (1988), and therefore only a brief account is given 
here. 

The investigation encompassed the spawning 
grounds of anchovy off South Africa on an intensive 
grid of plankton stations normally spaced 9.3 km apart. 
At each station anchovy eggs were sampled by means 
of vertical hauls of a CalVETnet (Smith et al. 1985) from 
200 m deep or, when the bottom depth was < 200 m, 
from as near the sea bed as possible. Temperature and 
depth profiles were obtained by means of a temper- 
ature probe and depth sensor attached below the 
CalVET net. Egg abundance was converted to number 
per m2 at sea surface. It was assumed that this was 
directly proportional to the number per m3 because 
Shelton (1986) showed the vertical distribution of 
anchovy eggs to be fairly uniform within the region of 
the upper mixed layer inhabited by anchovy. The 
design of the CalVET net makes clogging unlikely 
within a tow (Smith et al. 1985). Thus, the use of a 
flowmeter was not required to verify the constant 
filtration of water per unit depth. In areas of zero egg 
abundance, the distance between stations was 
frequently increased to 18.6 km. 

Immediately after the completion of each tow, the 
plankton sample was fixed in 4 % buffered form- 
aldehyde in seawater. In the laboratory, anchovy eggs 
were removed from the plankton samples under a 
binocular dissecting microscope at 20 x magnification. 
Based on the degree of embryonic development, and 
following the method of Moser & Alhstrom (1985), eggs 
were assigned to 11 stages as described by Valdes et 
al. (1987). The abundance per m2 of each stage in the 
samples was calculated. Peak spawning time was 
determined from the time of day at which newly 
fertilized eggs appeared in the egg collection and from 
observations of the occurrence of hydrated eggs in the 
ovaries of adult fish. The age of the eggs was deter- 
mined to permit calculation of egg mortality and 
production rates. Methods used are fully described in 
Armstrong et al. (1988). 

Adult anchovy and sardine were caught by means of 
a midwater trawl deployed, whenever possible, irnme- 
diately preceding or following the CalVET net dip. A 
total of 182 trawl samples were analysed over the 3 

years and 25 fish of each species (sardine and anchovy) 
were taken from each trawl sample and immediately 
blast-frozen (a total of 4550 fish, 3325 anchovy and 
1225 sardine). In the laboratory, all fish were weighed, 
their stomachs removed and the number of anchovy 
eggs in each stomach determined. 

RESULTS 

Anchovy were caught in 60 and sardine in 47 of the 
68 midwater trawls taken in 1986, anchovy in 62 and 
sardine in 46 of the 72 trawls in 1987, andanchovy m 
41 and sardine in 28 of the 63 trawls in 1988. Of the 
3325 anchovy analysed for presence and number of 
anchovy eggs in their stomachs, 950 were caught in 
1986, 1550 in 1987 and 825 in 1988. On average 56 YO 
of the anchovy samples contained anchovy eggs. Of 
the 1225 sardine stomachs analysed (500 from 1986, 
350 from 1987 and 375 from 1988), an average 88 % 
contained anchovy eggs. Further, from the total num- 
ber of trawl samples available for this study, only 14 
trawls for 1986, 7 trawls for 1987 and 9 trawls for 1988 
were found in which anchovy and sardine occurred 
together. In those samples, 67 % of the anchovy and 
87 % of the sardine had anchovy eggs in their 
stomachs (Table 1). 

The number of anchovy eggs found in anchovy 
stomachs during 1986, taken to be an index of canni- 
balism on their own eggs, is shown in Fig. la.  The 
same figure also shows anchovy egg distribution, 
monitored by plankton sampling. Fig. l b  shows 
anchovy distribution, determined by acoustics and 
validated by midwater trawling. Fig. 2 contains simi- 
lar data for the sardme: Fig. 2a shows the anchovy 
egg distribution monitored by CalVET net sampling 
and intensity of cannibalism. Fig. 2b shows the distri- 
bution of adult sardine monitored by acoustics. Figs. 
1 & 2 both suggest that the degree of predation can 
be directly related to the degree of overlapping 
between the distributions of the fish and the eggs. 
Figs. 1 & 2 also suggest that predation is highest 
when fish distribution overlaps the areas of greatest 
egg abundance. 

Table 1 summarizes the number of anchovy eggs 
found per fish stomach in areas of co-occurrence of 
both species during 1986, 1987 and 1988, In order to 
correct for the different sizes of anchovy and sardine 
and to compare the data of the 2 species on a weight- 
to-weight basis, the average number of eggs in the fish 
stomachs was calculated per kg wet fish mass. For 
anchovy in 1986, each 1 kg of fish contained 18 
anchovy eggs, but 1 kg of sardine contained 2 orders of 
magnitude more eggs (i.e. 1988 eggs). During 1987, 
1 kg of anchovy and sardine contained 58 and 549 
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Table 1. Engraulis capensis. Mean number of anchovy eggs in stomachs of anchovy and sardine per 1 kg wet fish mass at 
trawl stations in November 1986, 1987 and 1988 where anchovy co-occurred with sardine 

1986 

Station Anchovy Sardine 

1987 1988 

Station Anchovy Sardine Station Anchovy Sardine 

01-03 
06-05 
07-03 
11-01 
14-01 
14-05 
15-06 
23-05 
27-12 
30-07 
32-07 
37-06 
38-07 
39-02 

Mean 

anchovy eggs respectively, and in 1988, each kg of 
anchovy and sardine contained 7 and 3189 anchovy 
eggs respectively in their stomachs. 

The number of anchovy eggs consumed cannibalisti- 
cally and by sardine predation was calculated 
according to the equation used by Hunter & Kimbrell 
(1980) for the northern anchovy Engraulis mordax, by 
Santander et al. (1983) and Alheit (1987) for the 
Peruvian anchovy E. ringens and by Vald6s et al. 
(1987) for the Cape anchovy. Thus, 

where C = mean number of eggs eaten per kg of fish 
during time t; EE = mean number of eggs observed per 
kg of predator stomach; t = duration of feeding (h) and 
g = gastric evacuation rate. 

Although Eq. (1) is derived assuming a steady state 
between ingestion and gastric evacuation during time 
t, and there was indeed an apparent trend in egg con- 
sumption with time (Armstrong et al. in press), it does 
provide a simple method for calculating the number of 
eggs eaten and allows comparison with estimated 
values found according to the same methodology in 
other ecosystems. Furthermore, although the anchovy 
die1 feeding cycle exhibits 2 peaks, one at dawn and 
one at dusk (Armstrong et al. in press), fewer fish 
caught during daylight were available for analysis 
than fish taken at night. Therefore, the average 
number of anchovy eggs determined per predator 
stomach over 24 h of sampling was used as an index for 
comparison. Santander et al. (1983) and Alheit (1987) 
also considered indices over 24 h of feeding and 
calculated the average consumption over this period 
despite the Peruvian anchovy having only a single 

feeding peak, at midnight (Jarre et al. 1991). The 
hourly instantaneous rate of gastric evacuation was 
assumed to be 0.701 h-I as estimated by Hunter & 
Kimbrell (1980) for northern anchovy feeding on 
anchovy eggs. 

Therefore, from the data on egg abundance per 1 kg 
of predators (mean egg consumption per kg of anchovy 
and sardine = 32.7, 1058; 42.8, 739; 15.3, 3537 for 1986, 
1987 and 1988, respectively) and the relationship 
given in Eq. (I) ,  the average daily consumption of 
anchovy eggs by 1 kg of adult anchovy was calculated 
as 550, 720 and 258 eggs for 1986, 1987 and 1988 
respectively (Table 2). Daily sardine predation on 
anchovy eggs was also estimated by means of Eq. (1) 
and assumed the same rate of gastric evacuation of 
anchovy eggs (i.e. 0.701 h l ) .  The average number of 
eggs eaten daily per kg of sardine was 17 800, 12433 
and 59516 eggs for 1986, 1987 and 1988, respectively 
(Table 2). 

The proportion of egg mortality caused by intra- 
specific and interspecific predation by anchovy and 
sardine on anchovy eggs during the 60 h period prior 
to hatching was calculated according to the method 
given by Hunter & Kimbrell (1980), but including the 
modification introduced by MacCall (1981) and used 
by Santander et al. (1983) and Alheit (1987) for the 
Peruvian anchovy, and by Vald6s et al. (1987) for the 
Cape anchovy: 

where Zc = proportion of egg production consumed by 
cannibalism or sardine predation (Ct/Gt); Ct = daily 
total anchovy egg consumption by anchovy or sardine; 
Gt = total daily anchovy egg production; Zt = 
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Fig 2 (a) Engraulls capensis Anchovy egg distribution monitored by CalVET net sampling and places where predation 
occurred. (b) Sardmops ocellatus Distribution of sardine monitored by acoustics 
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Table 2. Parameters, their values and results of calculations to estimate daily predator egg consumption and percentage of total 
anchovy egg mortality due to egg cannibalism and sardine predation (values for W, R, S ,  B, Z i n  1986 are taken from Armstrong 

et al. (1988),  while those for 1987 and 1988 are taken from unpublished SFRI records) 

Parameter 1986 1987 1988 
Anchovy Sardine Anchovy Sardine Anchovy Sardine 

W = Average fish 
weight ( k g )  

F = Average no. of 
eggs spawned 
per female 

R = Sex ratio 

S = Average fraction 
of females 
spawning per day 

B = Biomass from 
acoustics ( k g )  

Z = Instantaneous 
mortahty rate 
for anchovy eggs 

C = Average anchovy 
eggs eaten daily 
per kg  of predator 

Cf = Total anchovy 
eggs eaten 
daily (C  X B) 

G = Total daily 
anchovy egg produc- 
tion per kg anchovy 
( F X  R X  S ) / W  

G ,  = Total daily 
anchovy egg pro- 
duction ( G  X B) 

Zc = Proportion of 
anchovy egg pro- 
duction consumed 
by cannibalism or 
sardine predation 
(C t /G t )  

PC = Proportion of 
anchovyegg 
mortality caused 
by anchovy or 
sardine predation 

"Range values depend on whether the value of Zfor 1986-87 or 1988 was used 

proportion of egg production lost due to all causes of 
mortality (1 - e t z ) ;  Z = hourly instantaneous rate of 
egg mortality; and t = 60 h. 

Results of calculations to estimate daily egg con- 
sumption by predators and percentage of total egg 
mortality inflicted by cannibalism and sardine pre- 
dation are given in Table 2. PC values for 1986 were 
also estimated empirically by Monte Carlo simulation 
using standard error of EE and also the standard error 

of Z as fully described in Valdhs et al. (1987). Both 
estimates (Table 2) and empirical values provided the 
same information: namely 12 % of the total anchovy 
egg mortality was caused by sardine predation and 
4 % by cannibalism (values were significantly differ- 
ent, p < 0.05). Results also indicated that whereas 
sardine predation caused only 12 % of the total 
anchovy egg mortality in 1986, this percentage 
increased to 56 % in 1988. 
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DISCUSSION 

The phenomenon of anchovy egg predation by a 
guild clupeoid species is not unique to the Benguela 
system. Santander et al. (1983) and Alheit (1987) 
reported that predation by Pacific sardine Sardinops 
saqax on anchovy eggs had a greater effect on egg 
mortality than did anchovy egg cannibalism itself. 

Hunter & Kimbrell (1980) estimated that 32.4 % of 
the egg mortahty of the northern anchovy could be 
attributed to egg cannibalism, although applying Mac- 
Call's (1981) modification the value would be 28 %. 
Alheit (1987) has calculated a similar percentage 
(i.e. 22 %) for the Peruvian anchovy. For the Benguela 
system, Valdes et al. (1987) estimated that egg canni- 
balism by anchovy could cause an average of 70 % of 
total anchovy egg mortality at specific sites of high egg 
density. Nevertheless, in this paper it was shown that, 
at stations where guild clupeoid species co-occur, sar- 
dine predation potentially accounts for more of the an- 
chovy egg mortality than cannibalism does. 

Data from the Peruvian system showed that whereas 
1 kg of anchovy had on average 335 eggs in the 
stomach, 1 kg of sardines contained more than double, 
757 eggs (Alheit 1987). Comparing this with data from 
the Benguela system (Table I ) ,  it is noticeable that the 
average number of anchovy eggs found per kg of adult 
anchovy is up to 2 orders of magnitude lower in the 
Benguela than in the Peruvian system, whereas pre- 
dation by sardines, as reflected by the number of eggs 
found in fish stomachs, is up to 1 order of magnitude 
higher m the Benguela. 

Both feeding periodicity and anchovy diet at 
spawning (Valdes et al. 1987, Armstrong et al. in press) 
suggest that anchovy eggs are a substantial source of 
food for Engraulis capensis. The rapid digestion rate of 
anchovy eggs by the northern anchovy (they become 
digested and unrecognizable at a rate of 50 % h-I; 
Hunter & Kmbrell 1980) emphasizes that even rela- 
tively small numbers of eggs recorded in the stomachs 
of a fish may represent a substantial daily egg 
consumption. However, the factor regulating egg 
consumption by anchovy would likely be the func- 
tional response to egg density at specific sites (Valdes 
et al. 1987). 

The functional relationship between egg density and 
egg consumption rate by individual anchovies, based 
on the work of Valdes (1986) and Valdes et al. (1987), is 
given in Fig. 3. Given the similar feeding behaviour of 
the sardine to the anchovy, the same relationship may 
also apply to the sardine. The relationship that 
emerges from comparing the stomach of midwater 
trawl samples of clupeoids and nearby plankton 
samples suggests an exponential relationship, as a part 
of an S-shaped curve, between the number of anchovy 

EGG DENSITY ( ~ 1 0 ~ 1  

Fig. 3 .  Engraulis capensis Functional relationship be tween  
anchovy egg  density and anchovy egg  consumption rate b y  

individual f ish (modif ied after Vald6s 1986) 

eggs in intraguild predator stomachs and the local 
density of eggs in the water column. 

This relationship shown in Fig. 3 was presented by 
Vald6s et al. (1987) in somewhat different form and 
was statistically tested to be a non-hear  function 
or density-dependent response. At an egg density 
higher than 12000 m 2  the egg consumption rate 
must eventually become limited by handling time 
and stomach evacuation rate (Peterman 1977). 
Therefore, the curve shown in Fig. 3 will eventually 
reach an asymptote to become similar to the sigmoid 
(Type 111) curve of Holling (1959). After the plateau 
is reached all response levels off because the pre- 
dator becomes satiated and/or runs out of time in 
which to eat more prey (Murdoch & Oaten 1975). 
The shape of the curve in Fig. 3 might vary (shift 
towards right or left) according to the relative den- 
sities of eggs and other planktonic food organisms, 
such as copepods, which make up the bulk of the 
diet of anchovy and possibly also sardine when 
available (James 1988). 

However, from dietary analyses performed on 
sardines caught during the peak spawning period of 
anchovy, when secondary production seems to be low, 
it was found that phytoplankton was more abundant 
than zooplankton in the sardines' stomachs, and its 
presence could be related to the presence of anchovy 
eggs (Valdes unpubl.). From Fig. 4 it is clear that 
densities of spawning anchovy tend to be highest over 
the mid-shelf region of the western Agulhas Bank. 
Nevertheless the abundance and production of 
copepods there are low because of deep thermoclines 
and the resultant low primary production. Hence, rates 
of cannibalism and predation on clupeoid eggs are 
likely to be highest in this region. Furthermore, 
because sardine filter larger volumes of seawater than 
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Fig. 4. Engraulis capensis. Anchovy density in the Benguela 
system and the availability of alternative prey items (modi- 

fied after Peterson & Hutchmgs 1989) 

anchovy, if their response is similar to that described 
by Hollings' (1959), their potential to prey on anchovy 
eggs in certain areas (i.e. over the western Agulhas 
Bank) is likely to cause greater mortality of anchovy 
eggs than cannibalism by anchovies. 

The data given in Table 1 show that sardine pre- 
dation is more destructive to anchovy eggs than 
anchovy cannibalism at stations where both species 
co-occur. However, the overall impact of sardine pre- 
dation on anchovy eggs may depend on both anchovy 
egg density and the predator's numerical response 
(Murdoch 1969, Murdoch et al. 1975). 

The vulnerability of larvae of Cape anchovy and 
northern anchovy to cannibalism was investigated by 
Brownell (1985) and Folkvord & Hunter (1986) respec- 
tively and found to be an important source of mortality. 
Butler & Pickett (1988) discussed predation by adult 
northern anchovy on Pacific sardine larvae and its 
implication in recruitment variability. Adult Cape 
anchovy have also been found to prey on sardine eggs 
(Valdes unpubl.). The importance of such predation at 
times when the sardine biomass is higher than 
anchovy depends on whether compensatory mortality 
similar to anchovy cannibalism and sardine predation 
on anchovy eggs operates or not in the sardine. If 
intraguild predation by anchovy on sardine eggs is 
density-dependent and sardine cannibalism occurs 
and is also density-dependent, such compensatory 
mecahnisms in both species may explain long-term 
clupeoid fluctuations in the Benguela and similar 
ecosystems. 

However, quantitative information on anchovy pre- 
dation on sardine eggs and sardine cannibalism is 
difficult to obtain at present given the low biomass of 
sardine relative to anchovy, the more protracted 
spawning season of sardine (Le Clus 1979), and 
because during the months of November, when 
sampling was conducted for this study, spawning of 
sardine was not at its peak (Le Clus 1979, Shelton 
1986). Furthermore, there is as yet no information on 
egg production rates of the South African pilchard or 
sardine. Although fecundity of this sardine might be 
similar to that of the Namibian sardine (Le Clus 1979), 
there is no conclusive information currently available 
for number of spawnings of any of them. In addition, 
the larger size of sardine eggs relative to anchovy eggs 
might cause anchovy consumption by particulate 
feeding (James 1987). Consequently, a particulate 
feeding model rather than a filtration model would 
apply to predation of sardme eggs by anchovy and 
hence to a potential density-dependent mechanism of 
compensatory mortality. 

The overall consumption of anchovy eggs by 
sardines m 1986 was 3 times greater than by anchovy, 
even though sardine biomass was an order of magni- 
tude lower than anchovy biomass (Table 2). In 1987, 
the rate of anchovy canmbalism increased whereas 
that of sardine predation decreased. Then, in 1988, the 
proportion of the anchovy egg production consumed 
by sardines sharply increased whereas that by canni- 
balism dropped as shown in Table 2. Therefore, it 
seems that the frequencies of cannibalism and 
intraguild predation change according to the relative 
abundances of the predator and the prey species, their 
concentrations and the extent of their habitat overlap. 

Valdes Szeinfeld (1990) estimated the mdex of over- 
lapping between anchovy and sardine to be 0.70, 0.66 
and 0.58 for 1986, 1987 and 1988 respectively. 
Anchovy concentration was estimated by the same 
author as 1.19, 0.84 and 0.93 and the concentration of 
sardine as 1.27, 0.90 and 1 .OO for 1986, 1987 and 1988 
respectively. Accordingly, because in 1986 the index of 
overlapping was relatively high and the concentration 
of both species was also relatively higher than in 1987 
and 1988, it was expected that predation by sardine 
would predominate over anchovy cannibalism in 1986 
more than in 1987 and 1988. Estimates shown in 
Table 2 supported this expectation: namely 12 % of the 
total anchovy egg mortality was caused by sardine 
predation and 4 % by cannibalism in 1986. According 
to the concentration of both species, it was expected to 
find higher values of sardine predation on anchovy 
eggs where both species co-occurred in 1986 (because 
in these areas, sardine predation probably operates 
mainly as a compensatory mortality) than in 1987 or 
1988. The average number of anchovy eggs found per 
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k g  of sa rd ine  mass (1988 eggs)  w a s  i n d e e d  relatively 

higher  t h a n  in 1987 (Table 1).  
In  1987, bo th  t h e  species overlap index  a n d  t h e  

concentration of e a c h  species decreased. Therefore,  

sardine predat ion was expec ted  to  b e  relatively less 
influential in comparison w i t h  anchovy cannibalism as 
a source of egg mortality t h a n  it was in 1986. The 
percen tages  of anchovy egg mortality caused  b y  

sardine predat ion a n d  anchovy cannibalism w e r e  8 
and 6 % respectively in 1987, as s h o w n  i n  Table  2. 

According to t h e  concentration of t h e  species, p reda-  

tion b y  sa rd ine  should h a v e  been lower  at places of 

co-occurrence in 1987 t h a n  in 1986. T h e  average  

n u m b e r  of anchovy eggs found  per k g  of sa rd ine  was 
549 (Table I),  almost 4 t imes lower t h a n  in 1986. 

In 1988, the index of overlapping was t h e  lowest of 
t h e  3 years ,  b u t  t h e r e  w a s  a h igher  concentration of 

both species t h a n  in 1987 (still lower t h a n  in 1986). I n  

1988 t h e r e  seems to h a v e  b e e n  an exponential  increase 
in sardine a b u n d a n c e  SFRI unpubl . ) .  Despite t h e  lower 

overlap, t h e  effect of t h e  concentration of predators  

in specific areas, considering t h e  probable density- 

dependent  n a t u r e  of sa rd ine  predat ion o n  anchovy 

eggs, means that h igher  values of sa rd ine  predat ion 
t h a n  in 1987 and 1986 w e r e  anticipated. T h e  per-  

cen tage  of total anchovy  egg mortality caused  b y  

sardines w a s  5 6  % (Table 2). Because a density- 
d e p e n d e n t  sardine preda t ion  response is inf luenced b y  

both increased density of prey  (i.e. anchovy eggs)  a n d  

density of predators  (i.e. sardine) ,  t h e  actual  n u m b e r  
of anchovy eggs p e r  k g  of sa rd ine  found  in 1988 
was h igher  t h a n  in ei ther  of t h e  previous 2 years  

(3189 eggs; Table  1).  T h e  percen tage  of anchovy egg 
production consumed b y  sardines in 1988 h a d  risen t o  
28 % compared  to 6 % a n d  4 % i n  1986 a n d  1987 

respectively (Table 2). 
In conclusion, results h a v e  indicated that ,  to  assist i n  

managing s u c h  dynamic  resources as t h e  sa rd ine  a n d  

t h e  anchovy, it  m a y  be appropriate  to  monitor t h e  diet  
of both species to assess t h e  survival of their respective 

embryonic s tages  w h e n  subjected to  sa rd ine  predat ion 
or anchovy cannibahsm. T h e  anchovy stock-recruit- 

ment  relationship m a y  b e  strongly dome-shaped  

because of cannibalism in s o m e  a reas  (Valdes e t  al. 

1987). However ,  cannibal ism alone cannot  be t h e  sole 
mechanism affecting a b u n d a n c e  of anchovy (Smith e t  

al. 1989), a n d  it m a y  be scarcely noticeable as a cause 
of variation in t h e  presence  of t h e  k n o w n  environ- 

mental  variability (MacCall 1983). With t h e  size of t h e  
sardine stock increasing, bo th  intraspecific a n d  inter- 

specific predat ion probably h a v e  a synergistic effect, 

causing fluctuations in anchovy recrui tment  a n d ,  

hence,  i n  anchovy stock size. Together, they  m a y  well  
b e  major causes of cycles i n  clupeoid abundances  in 
t h e  Benguela system. 
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