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Snoek and their prey - interrelationships in the Benguela 
upwelling system 

R.J.M. Crawford and G. de Villiers 

Sea Fisheries Research Institute, Private Bag X2, Rogge Bay 8012, South Africa. 

Snoek, Thyrsites atun, exhibit well-defined migratory 
pal/ems. They occur in the northern port oj the Benguela 
upwelling region during the austral spring and summer, 
move south in autumn and winter, and return north in 
spring. The southward movement takes place near the 
coast, but that towards the north jurther ojjshore. The 
movements are related to seasonal pol/ems oj the availabili
ty oj prey, and the bulk oj the catches oj snoek are made 
in regions supporting large purse-seine fisheries based on 
prey species. The perjormances oj snoek jisheries have in 
a number oj instances been related to the abundance oj 
prey species or oj other predators exploiting the same 
jorage. Indices oj the natural mortality rate oj anchovies, 
Engraulis capensis, compiled jrom the diet and handline 
catches oj snoek, exhibit considerable inter-annual varia
tion and are positively related to anchovy biomass. Mor
tality indices were relatively low immediately bejore an in
crease in anchovy biomass. 

Snoek, Thyrsites atun, vertoon goed ontwikkelde 
trek patrone. In die suidelike lente en somer kom hulle 
in die noordelike deel van die Benguela-opwellingsgebied 
voor, in die herjs en winter beweeg hulle suidwaarts, en 
in die lente weer noord. Die suidwaartse trek geskied na 
aan die kus, maar die in noordelike rigting verder weg. 
Hul beweging hang saam met die seisoensbeskikbaarheid 
van prooi. Die grootste snoekvangste word dan ook 
gemaak in gebiede waar groot saknetvisserye op die vang 
van proOispesies staat maak. Die vangste van snoek
visserye is in 'n aantal gevalle in verband gebring met die 
voorkoms van prooispesies oj van ander roojvis wat 
diese/jde voedselbronne benut. Die indekse vir die nor-

male sterjtesyjer van ansjovis, Engraulis capensis, wat 
uit die dieet en handlynvangste van snoek saamgestel is, 
vertoon heel party wisselings tussen jare en hou positiej 
met die ansjovisbiomassa verband. Die sterjte-indekse was 
betreklik laag onmiddellik voor 'n toename in die 
ansjovisbiomassa. 

Introduction 
The snoek, Thyrsites atu'l Eupmasen, is an important fish 

predator in the Benguela upwelling system. I·] Preliminary 
estimates suggest that snoek consume 300 ()()() tonnes of an
chovies, Engraulis capensis, off the west coast of South Africa 
annually, almost half the loss to natural predators.4 Off South 
Africa, snoek are commercially exploited both by inshore handline 
fishermen~·6 and by demersal trawlers operating at depths 
shallower than about 400 m.7 The handline catch of snoek off 
the western Cape coast in 1982 (4085 t) amounted to 85% of 
the total handline catch for the area and had a landed value of 
R3 .3 million, 80070 of the overall value for the fishery .8 The 
landed value of snoek caught by South African demersal trawlers 
in 1982 was R2.3 million.8 Overall catches of snoek in the 
Southeast Atlantic rose from 5462 t in 1972 to 81 676 tin 1978, 
but then declined to 49 187 t in 1980 (fable I). 

Off Southern Africa, snoek exhibit distinct seasonal patterns 
of availability in certain areas. 1.2 These patterns are believed to 
be related to the distribution of prey species.~ We explore this 
thesis here in the light of documented information on patterns 
of availability and distribution of these species, and also review 
the consequences of trends in the behaviour of prey species: for 
the snoek fisheries. Furthermore, we examine the possibility· that 
predation by snoek may be an important cause of variability 
amongst prey populations. MacCall9 has cited MethotlO as con-
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Table 1. Catches (tons) of moek, Thyrsiles atun, in the Southeast Atlantic by different countries, 1972 - 1980 (from ICSEAF Statistical Bulletins 2 - 10). 

Year South Africa Japan Poland Portugal Spain Romania USSR Total 

1972 5462 5462 
1973 7935 626 8561 
1974 9777 312 10089 
1975 10020 7 10027 
1976 16273 194 16467 
1977 18724 22 414 142 182 19484 
1978 17 161 17 177 4 6 64 311 81 676 
1979 7104 13 18601 25718 
1980 11 071 2 3642 34472 49187 

Table 2. Catches (tons) of snoek, Thyrsites atun, in the different ICSEAF Divisions, 1972 - 1980 (from ICSEAF Statistical Bulletins 2 - 10). 

ICSEAF division 

Subarea 1 
Year 1.1 1.2 1.3 1.4 1.5 1.6 2.1 2.2 4 8.6 undefmed Undefined 

1972 1 360 2606 1496 
1973 419 142 2 4976 26 31 6 2959 
1974 227 28 1566 8211 54 3 
1975 I 270 63 6150 5 2 2537 
1976 3221 145 12602 458 41 
1977 415 3270 5690 9156 808 3 142 
1978 31 454 34 578 31403 3021 10 503 1668 14 4 
1979 11 10 865 7660 1 154 2542 3470 16 
1980 19084 15388 2463 4052 4556 2 3642 

Total 677 635 64 942 65 138 12538 60796 11 045 110 2 6 2679 8 101 
07. .30 .28 28.65 28.74 5.53 26.82 4.87 .05 .00 .00 1.18 3.57 

Table 3. Occurrence of anchovies, Engraulis cape"sis, in stomachs of snoek, Thyrsiles atun, handline catch of snoek off the western Cape. biomass 
of anchovies and index of consumption of anchovies by moek. 1958 -1981. 

07. frequency of occurrence of Handline-.catch of snoek 
Number of anchovies in stomachs of (millionS) (updated from Anchovy bio-

snoek snoekl •11 Nepgen') Index of mass (updated Index of 
stomachs consumption from Davies natural 

containing 3-year moving 3-year moving of anchovies el al. ll) mortality 
Year food Annual value average Annual value average by snoek (x 103 t) rate 

1958 186 0 .8 
1959 48 
1960 32 11.5 
1961 33 1.94 
1962 6 2.6 1.15 
1963 56 2.0 
1964 310 
1965 44 42.5 310 
1966 83 10.6 290 
1967 95 35.6 343 
1968) 

19 10.3 
250 

1969) 12.9 1.42 1.49 19.27 290 .07 
1970 215 15.5 10.3 1.57 1.44 14.84 323 .05 
1971 83 5.1 11.7 1.33 1.27 14.86 283 .05 
1972 94 14.5 21.5 .91 1.34 28.79 260 .11 
1973 85 45.0 28.6 1.78 1.64 47.01 370 .13 
1974 96 26.3 35.7 2.25 2.08 74.31 460 .16 
1975 2.22 483 
1976 4.67 SOO 
1977 2.30 520 
1978 2.39 544 
1979) 

1068 89.0 
89.0 1.37 1.48 131.75 610 .22 

1980) 89.0 .68 .98 86.78 520 .17 
.88 440 
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1.1 

WESTERN CAPE 

2(ll--H--+..lf/f!~ 
18" 19" 20 E 

Fig. I. Map of the Southeast Atlantic, show
ing the ICSEAF divisions, the main areas of 
purse-seine operations off South Africa and 
Namibia,l' seasonal patterns of availability of 
snoek Thyrsites a/un (modified from Davies') 
and migrations of Sardinella Spp.'8 Inset 
depicts aspects of movements of Engraulis 
capensis, Sardinops ocel/ata, Etrumeus teres 
and Scomber japonicus in the southern 
Benguela region (modified from Crawford22). 

Sordine"o 

Thyrsites 

lmporto nt areas of 
purseseine Fishing 

REPUBLIC OF SOUTH AFRICA 

1.6 

eluding that a high biomass of anchovies, E. mordax, off Califor
nia in the mid-! 970s was not simply the product of strong recruit
ment, but rather was due to a substantial decrease in the natural 
mortality rate. 

Methods 
Information on the seasonal distribution of catches of snoek 

in Divisions 1.1 to 1.5 of the convention area of the International 
Commission for the Southeast Atlantic Fisheries (ICSEAF) was 
extracted from ICSEAF Statistical Bulletins 2 to 10 covering the 
years 1972 - 1980. The information was scanty and was pooled 
for the entire period. No comparable information was available 
from the ICSEAF Statistical Bulletins for Division 1.6, but 
records of monthly catches of snoek by South African trawlers 
operating in ICSEAF Divisions 1.6 and 2.1 were available for 
the period 1979 - 1982.21 Annual catches recorded in each of the 
ICSEAF divisions for the period 1971 - 1980 were extracted from 
the ICSEAF Statistical Bulletins. 

B 

30° E 

An index of the annual consumption of anchovies by snoek 
was computed as the product of the frequency of occurrence of 
anchovies in the diet of, and the annual landing of, snoek caught 
by handline off the western Cape. The frequency of occurrence 
of prey items in the stomachs of snoek sampled mostly in the 
vicinity of the Cape Peninsula (Fig . I) was recorded for the period 
1958 - 1974, except for 1964,3 and in the stomachs of snoek 
sampled in False Bay, which is bounded on one side by the Cape 
Peninsula, in 1979 and 1980. 11 Sampling methods during the two 
studies were similar. 3o The number,s of stomachs that were ex
amined and contained food ranged from six to I 068 per annum 
with a mean of 140.3•11 To obviate the low sampling frequency 
of some years, three-year moving averages (two-year averages for 
years at the extremities of sampling periods) were employed in 
this study. Information on the handline catches of snoek off the 
western Cape< was treated similarly. The consumption index is 
based on the assumptions that the numbers of snoek preying on 
the western Cape anchovy population in any year are reflected 
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Fig. 2. Seasonal distribution of catches of snoek, Thyrsites atun, 
in seven ICSEAF divisions around the southwest African coast. 
Patterns for Divisions 1.6 and 2.1 are based on unpublished in
formation of the Sea Fisheries Research Institute for 1979 - 1982, 
and those for other divisions on ICSEAF Statistical Bulletins 
2 - 10 covering the period 1972 - 1980. 

by the handline catch of snoek in that year, and that the period 
during which snoek feed on anchovies remains constant from year 
to year. 

An index of the annual mortality rate of anchovies caused by 
snoek was derived by dividing the consumption rate by the vir
tual population (VPA) estimate of anchovy biomass for the ap
propriate year. The VPA estimates used were based on the 
assumption of a constant natural mortality rate of 0.8. 12 

Results 
The seasonal distributions of catches in the six divisions of 

ICSEAF Subarea I are illustrated in Fig. 2. Snoek were caught 
in the three northern divisions mainly from spring to early autumn 
(September - March). Almost 60070 of the catches from Divi
sion 1.4 were made between February and June, 26070 in 
December, and only small amounts in intervening months. 

South African Journal of Science Vol. 81 February 1985 

The December catch was attributable mainly to a harvest of 
11 938 t reported by the USSR for December 1980. Virtually all 
catches from Division 1_5 were made in late autumn or from late 
winter to early spring. Demersal catches by South African trawlers 
operating in Divisions 1.6 and 2.1 were highest in winter and early 
spring. Catches from Division 2.1 peaked later (August) than 
those from Division 1.6 (July). 

Divisions 1.3 and 1.4 each accounted for about 30070 of the 
catches of snoek in the Southeast Atlantic for the period 
1972 - 1980 (Table 2). Division 1_6 contributed 27070 and no other 
division more than six per cent. Snoek were not caught on the 
two northern grounds except during 1972 - 73 and 1978 -79. 

The index of the natural mortality rate for .anchovies derived 
from the diet and handline catches of snoek revealed considerable 
inter-annual variation, there being a steady increase during the 
1970s (Table 3). The highest index (1979) was more than four 
time greater than the smallest (1970, 1971). The mortality index 
was positively related (r2 = 0.81) to anchovy biomass (Fig. 3), 
as was the index of consumption of anvhovies by snoek (r2 
0.94). 

Discussion 
Influence of prey availability on distribution of snoek 

Seasonal patterns of availability of snoek to inshore handline 
fishermen operating along the west coast of Southern Africa have 
been described by several authors. U .5.13 From November to 
January snoek are caught in inshore waters off Namibia, but in 
autumn they migrate south and during April and May are ex
ploited by handline boats in the vicinity of Port Nolloth.1 Snoek 
continue to move south and in late autumn and winter are caught 
off St Helena Bay and the, Cape Peninsula.1.2 Historically, the 
availability of snoek to handline fishermen along the western Cape 
coast decreased sharply after July.1 However, more recently 
snoek have been relatively abundant east of the Cape Peninsula 
from June to October.5 From 1965 to 1977 the bulk of the 
handline catch of snoek at Gans Bay was made in June and 
July.6 Snoek were not permitted to be caught with handlines 
from August or October to November inclusive between the 1940s 
and 1980. 13 .1• 

All 19 recoveries of snoek tagged near Walvis Bay in November 
and December 1934 indicated a southward movement.2 Fourteen 
of these fish were recovered off South Africa, twelve between 
April and June.2 Nepgen5 reports the results of a tagging study 
conducted off the western Cape in 1973 and 1974. No long
distance movements were evident, the 18 recoveries all being off 
the western Cape. The majority (15 or 83070) were recovered bet
ween May and August, mostly in July .5 

The above patterns conform well with southward movements 
of snoek that may be inferred from the seasonal distributions 
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Fig. 3. The relationship between the biomass of anchovies, 
Engraulis capensis, off the western Cape" and an index of mor
tality calculated as being attributable to predation by snoek, 
Thyrsites atun. 
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Fig. 4. Trends in the guano harvest at Lambert's Bay and in catch rates of snoek T. atun and year class strength of 
pilchards, Sardinops ocellata, off the western Cape, 1897 -1972 (from Crawford et aPI). 

of catches in the different ICSEAF divisions (Figs 1 and 2), if 
the reasonable l5 assumption is made that catches are not in
fluenced to any great extent by changes in the deployment of 
fishing effort. During spring and summer snoek are caught mainly 
in the northern Benguela region (Divisions 1.1, 1.2 and 1.3). Cat
ches improve in the central region (Divisions 1.4 and 1.5) in 
autumn, and peak in the south (Divisions 1.6 and 2.1) in winter. 
As suggested by Davies,' a return northward movement appears 
to take place from August to October (Fig. 2). Snoek move away 
from the western Cape coast at the end of winter, and its believ
ed that the northward movement occurs in offshore waters.' 

The food of snoek caught inshore along the western Cape by 
hand lines is to a large extent made up of small shoaling pelagic 
fishes. l.I ' The main pelagic resources of the northern Benguela 
region are those of horsemackerel, Trachurus spp., and sar
dinellas, Sardinella spp., in Divisions 1.1, 1.2 and 1.3, and of 
anchovies and pilchards, Sardinops acel/ata, in Division 1.3. 16.17 

Seasonal trends in the distribution of sardinellas have been 
described by Baptista. ls In winter the most rewarding catches of 
sardinellas are made off the Congo, Zaire and northern Angola. 
In spring and summer, however, there is a southward shift in the 
distribution of sardinellas, catches off southern Angola improv
ing but those north of the Zaire river decreasing (Fig. 1). One
year-old pilchards occur off northern Namibia in summer. 19,20.l9 
The presence of snoek in the northern ICSEAF divisions cor
responds with both this availability of juvenile pilchards and the 
southward shift in the distribution of sardinellas. 

The inshore availability of snoek in Division 1.4 b-etween 
November and Januaryl coincides with a likely onshore, post
spawning movement of the older age classes of the Namibian 
pilchard stock in the same vicinity.21 

Further south, the appearance of snoek near Port Nolloth dur
ing April and Mayl corresponds with recruitment to the western 
Cape purse-seine fishery in the same region of shoals of juvenile 
anchovies and pilchards. 22 On the basis of tagging and genetic 

studies pilchard and anchovy stocks off the western Cape are 
regarded as distinct from those off Namibia.23·24 

Off the western Cape, juvenile anchovies and pilchards migrate 
southwards through St Helena Bay, and are encountered in the 
waters east of Cape Point in winter and spring.22 Snoek ap
parently follow these migrations (Fig- I), being caught off St 
Helena Bay and the Cape Peninsula during late autumn and 
winterl.2 and east of Cape Point from winter to spring.S.6 

The movement of snoek away from the coast of the western 
Cape at the end of winter'·2 may also relate to the availability 
of prey. Until the pilchard resource of the western Cape was 
depleted in the early 1960s, the older age classes were available 
to purse-seiners in the vicinity of St Helena Bay from late sum
mer to early winter,2S but towards the end of winter moved off
shore to spawn.22 Adult roundherrings, Etrumeus teres, similarly 
move away from the coast to spawn.22 In the same region the 
abundance of euphausiids increases markedly from early spring, 
particularly offshore.26 Roundherrings form a large part of the 
diet of snoek trawled off the western Cape between winter and 
early summer, as do euphausiids in springP In winter, juveniles 
of another predator, the chubmackerel, Scomber japonicus, move 
away from the western Cape,22 roundherrings and euphausiids 
being important in their diet. 28 

Snoek spawn off the western Cape from July to October,I .2.5 
their condition deteriorating in these months.5.14 Their move
ment in winter to offshore waters is believed to be a spawning 
migration.2 It is noteworthy that both predator and prey species 
undertake similar spawning migrations. 

The biomass of pelagic fish populations off the western Cape 
reaches a maximum in autumn and winter,29 following the 
recruitment of juveniles.22 Thereafter there is a rapid decrease 
in prey abundance,29 which may prompt the return northward 
migration of snoek. Off Namibia adult pilchards are believed to 
move away from the coast to spawn in later winter and early 
spring,21 so there would be an offshore availability of prey fur-
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ther north. The northward flowing Benguela Current is also ex
pected to transport the spawning products of snoek in a northerly 
direction. 

From the foregoing it is evident that the migrations and 
seasonal occurrence of snoek along the Southern African coast 
are strongly influenced by the availability of. prey, although 
spawning is also an important consideration. It is especially 
noteworthy that 90% of the overall catch of snoek in the 
Southeast A"tlantic from 1972 to 1980 was taken in the ICSEAF 
divisions sustaining the large Namibian (Divisions 1.3 and 1.4) 

. and South African (Divisions 1.6 and 2.1) purse-seine fisheries 
(Fig. 1). Only six per cent was taken from the intervening Divi
sion 1.5 (Tab.le 2), supporting ·the hypothesis that the Benguela 
upwelling region comprises at least two (northern and southern) 
subsystems.31 

Influence of prey abundance on trends in the snoek fisheries 
Three large increases in the availability of snoek to handline 

fishermen off the western Cape since the 1890s have each been 
related to the abundance of prey or of other predators of small 
shoaling pelagic fishes.31.32 Catch rates of snoek were high dur
ing the late 1890s, as were handline catches of snoek in the late 
1920s.s.32 Both these periods coincided with large peaks in the 
amount of guano collected from the seabird island at Lambert's 
Bay (Fig. 4), there being significant correlations between the 
indices for snoek and guano (r = 0.804, P < 0.02, n = 7 and 
r = 0.739, P < 0.001, n = 18 respectively). The guano is 
deposited by seabirds which prey primarily on small, shoaling 
pelagic fishes32 and the island at Lambert ' s Bay is situated at the 
centre of the recruitment grounds for anchovies, pilchards, round
herrings and horsemackerel off the western Cape.22 A third large 

. peak in the production of guano at Lambert's Bay during the 
1950s has been correlated (r = 0.783, P < 0.001, n = 20) with 
an eruption in the recruitment of pilchards off the western Cape 
at this time. l2 Unfortunately there are no records of the perfor
mance of the snoek fishery during the 1950s,s but snoek are 
reported to have been exceptionally abundant (J.P. Matthews in 
litt.). 

The biomass of the western Cape anchovy population doubl
ed as a result of favourable recruitment during the mid-1970s.12 

Handline catches of snoek off the western Cape closely follow
ed (r= 0.708, P < 0.02 n = 10) VPA estimates of anchovy 
biomass from 1969 to 1978.31 The relationship broke down in 
subsequent years (Fig. 5), but the catch of snoek off Southern 
Africa quadrupled between 1977 and 1978 (Table I), halving stock 
Size.40 Handline catches of snoek were exceptionally good in 
1976 (Fig. 5) and may have resulted from an unusually high 
availability of snoek to fishermen in that year. Purse-seine cat-

U) 
c: 
.9 
'0 

2 5 

- - - Engraulis. all ages: M = 1.06 
.. .... ... Engraulis. all ages: M = 0.80 I \ 

- .- .-Thyrsites I \ 4 
I \ 

3 

I 

I - \ 

-}. -, 2 
, , \ " 

.... ,. '. f /, ' 

, " ,_ ...... --- ..... -'..!<~ ..... . 
......................... .... .. .... .. . 

.............. ·r; ..... ~ .... , ... 
--. 

Year 

Fig. 5. Trends in the biomass of anchovies E. capensis, and 
handline catches of snoek, T. a/un, off the western Cape, 
1964-1982 (from Crawford e/ 0/.11). 

b 
x -.t: 
(J 

iii 
II 

South African Journal of Science Vol. 81 February 1985 

" II 

- Trachurus I I 
1 \ 

E . .... Engraulls 1 \ 
\ 

:J 80 - - SarrJinops I 
E \ ·x \ 

'" \ 

E \ 

'0 
I 

~ 60 I 
~ I 

.t: , I 
I 

0, 
, , , 

c: .. 
~ .. , , 
en " 
IJ) 40 
IJ) 

'" u 
:u \ 

\ ., \ 
>-
'0 20 

\ 

X \ ., \ 
~ \ 

.E . / ... "\, , 

0 .. 
1965 70 75 80 

Year 

Fig. 6. Relative year class strength of pilchards, S. ocel/ala, an
chovies, E. capensis, and horsemackerel, Trachurus Irachurus, 
off Namibia, 1965 -1982 (from Crawford el aPI). 

ches of pilchards off the western Cape were greater in 1976 than 
in any year since 196;- and 21h times the mean for the period 
1969-1982.31 

NepgenS highlighted the increased availability of snoek to 
handline fishermen operating east of cape Point from 1973 and 
ascribed it to a greater abundance of anchovies and pilchards in 
that vicinity. In the region between Cape Hangklip and Cape 
Agulhas there have also been Jarge increases recently in the abun
dance of two other predators of anchovies and pilchards, jackass 
penguins, Spheniscus demersus, and Cape cormorants, 
Phalacrocorax capensis. 33 •J4 A third seabird predator, the Cape 
gannet, Morus capensis, has increased in numbers off the 
southern Cape,3S and the fishing effort of the western Cape 
purse-seine fishery deployed east of Cape Point has grown 
substantially since 1974.36 

In the northern Benguela region powerful year classes of pelagic 
or mesopelagic stocks were formed during 1972 - 73 and 1977 - 78 
(Fig. 6), and it is interesting that a northward extension in the 
distribution of snoek catches followed in both instances (Table 
2). One-year-old pilchards occur off northern Namibia and along 
the Angolan coast as far north as the southern portion of ICSEAF 
Division 1.1.'9.20.39 

Thus trends in the performances of snoek fisheries have in a 
number of instances reflected variations in the abundance of prey 
species. It may be concluded that successful snoek fisheries de
pend on prey populations being maintained at reasonable levels. 

Influence of predation by snoek on prey variability 
Snoek is believed to be the most important predator on the 

western Cape anchovy resource, currently accounting for almost 
half the loss to natural predators .' The regular seasonal occur
rence of snoek at different localities along the coast of Southern 
Africa l 2.S.6 lends confidence to the assumption that the period 
during which snoek prey on anchovies off the western Cape re
mains relatively constant from year to year. Similarly, the close 
relationship between handline catches of snoek and VP A 
estimates of anchovy biomass (Fig. 5) suggests that in most years 
the handline catch of snoek is a valid measure of the numbers 
of snoek preying on anchovy. If these assumptions are correct, 
the mortality indices for anchovies estimated to result from preda
tion by snoek reveal considerable inter-annual variation (Table 
3, Fig. 3), Such variation would invalidate previous uses of con
stant natural mortality rates in VP A to estimate trends in the 
abundance of anchovies. 

Available information suggests that the mortality rate inflicted 
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by snoek on anchovies was greater when the biomass levels of 
anchovies were high (Fig. 3). As biomass was computed assum
ing constant natural mortality,I2 it is unlikely that Fig. 3 reflects 
the real situation. The relationship should probably be skewed 
downward to the right, decreasing the variability of the mortali
ty index but enhancing discrepancies between high and low 
biomass levels. Off the western Cape, therefore, the biomass of 
anchovies in recent years probably approximated that of pilchards 
prior to the collapse of the pilchard resource more closely than 
was initially thought. The possibility of the replacement of 
pilchards by anchovies off the western Cape has been discussed 
more fully by Crawford el a/. JI There is evidence that food 
availability may be limiting the productivity of the mixed-species 
pelagic resource in the southern Benguela region.J7 For Califor
nian waters, DaanJ8 concluded that, in view of the time lag bet
ween the initial decrease of the sardine, S. caeru/ea, and a subse
quent increase of anchovies, the sardine stock had not collapsed 
as a result of direct competition from anchovies. 

Off the w~stem Cape the anchovy biomass peaked in 1979, 
20 years after the highest pilchard biomass was recorded and 13 
years after the pilchard biomass had decreased to less than 121170 
of its maximum value. The delay in replacement may be at
tributable to an increased natural mortality rate for all small 
shoaling pelagic fishes following the collapse of the pilchard 
stock.JI This would have been especially likely if inshore 
availability of snoek increased during the late 195Os, following 
a major eruption of the pilchard population (Fig. 4). Anchovies 
became considerably more important in the diet of snoek im
mediately after the collapse of the pilchard resource.J Unfor
tunately, data are insufficient to permit computation of the mor
tality indices for anchovies as a result of predation by snoek dur
ing the early and mid-1960s. However, it is noteworthy that mor
tality indices were relatively low during the period (1969 - 1972) 
immediately prior to the increase of the anchovy resource (Figs 
3 and 5). We support MacCall's9 conclusion that changes in 
natural mortality rate may be an important cause of variability 
of pelagic fish stocks. 

We are grateful to J .0. Field and C.S de V. Nepgen for com
menting on the manuscript, to T. Ford for typing it, to A.P. van 
Dalsen for the diagrams and to N. de Kock for making available 
information on the diet of snoek caught in demersal trawls off 
the western Cape. 
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