
After an initial, localized decline in rock lobster
Jasus lalandii growth rates recorded during male
moulting in November 1988, reductions in lobster
growth became a coastwide phenomenon during sub-
sequent seasons. The period between 1990 and 1993
became known as El Niño years, during which time
severe droughts were experienced over most parts of
southern Africa, indicative of widespread anomalies
in weather patterns associated with a prolonged El
Niño – Southern Oscillation (ENSO) event in the
Pacific Ocean. In the southern Benguela, the most
obvious signature of this ENSO was the reduced fre-
quency and intensity of southerly, upwelling-inducing
winds, with a concomitant increase in westerly
winds.

This study attempts to relate the reduction in lobster
growth and productivity to environmental factors which
prevailed in the southern Benguela during the late
1980s and early 1990s. The reduction in growth had
a severe effect on the production and yields from the
lobster resource. As shown in Table I, the Total
Allowable Catch (TAC) could not be filled in the
1989/90 and 1990/91 seasons, and a series of major

reductions in TAC took place during ensuing years,
with serious impacts on the economics of the fishery.
This situation was not alleviated by a reduction in the
minimum size limit from 89 to 75 mm carapace
length in 1993 (Castilla et al. 1994, Cockcroft and
Payne 1997).

The reason for the collapse in productivity of the
Cape west coast rock lobster resource, which began
in 1988 and continued throughout the early 1990s, is
still not thoroughly understood. This paper docu-
ments the series of events associated with this pheno-
menon, information that may provide a better under-
standing of the role of the environment in influencing
possible future anomalous changes in the growth rate
and productivity of rock lobster. 

CHRONOLOGICAL SUMMARY OF EVENTS
IN THE SOUTHERN BENGUELA, 1988–1995

Shannon et al. (1992) first drew attention to a series
of environmental anomalies in the Benguela system
during the late 1980s and early 1990s. They high-
lighted a number of dramatic changes in various 
marine resources during that period, but they lacked
the necessary data to link pelagic and benthic ecosystem
changes quantitatively. The following summarizes
the events in the Benguela system from 1988 to
1995, thereby updating the account of Shannon et al.
(1992).

1988. Growth increments of male rock lobsters
moulting in November/December 1988 declined 
notably at Elands Bay and Donkins Bay (Fig. 1), but
not on the fishing grounds farther south (Table II).
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Table I: TACs and landings of Jasus lalandii on the Cape
west coast, 1988–1996

Season TAC (tons) Landings (tons)

1988/89
1989/90
1990/91
1991/92
1992/93
1993/94
1994/95
1995/96  

4 000
3 900
3 790
2 400
2 200
2 200
2 000
1 500

4 000
3 491
2 996
2 480
2 176
2 177
1 958
1 518



Shelf waters cooled markedly in 1988, and anoma-
lous environmental conditions in the pelagic environ-
ment were reflected in the low anchovy oil yields
recorded for that year (Anon. 1991, Schülein et al.
1995).
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Fig. 1: The west coast of South Africa showing the places
and localities mentioned in the text

Table II: Annual growth increments (negative moult incre-
ments included) for two size-classes of male Jasus
lalandii in four areas on the east coast of South
Africa (modified from Goosen and Cockcroft 1995

and Cockcroft and Goosen 1995)

Growth increment (mm) per size-class

70.0–79.9 (mm) 80.0–89.9 (mm)

n Mean SD n Mean SD

Cape Peninsula (Olifantsbos)
1968
1969
1970
1971
1982
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995

Dassen Island
1969
1970
1971
1980
1983
1987
1988
1989
1990
1991
1992
1993
1994
1995

Elands Bay
1975
1976
1981
1982
1987
1988
1989
1990
1991
1992
1994
1995

Port Nolloth (Obeep Bay)
1987
1988
1989
1990
1991
1992
1993
1994
1995 

1.96
1.98
1.37
1.55
1.98
1.25
1.51
1.76
1.75
1.61
1.55
1.17
1.63
1.90
1.16

1.56
1.86
2.08
2.03
1.92
1.59
1.62
2.32
1.42
1.16
1.76
2.01
1.57
2.20

1.97
1.64
1.83
1.72
3.19
1.73
2.46
1.41
1.77
2.20
1.42
1.80

1.58
1.53
1.66
0.95
1.86
1.31
1.53
0.93
1.35

2.9
3.7
3.4
3.4
3.3
1.7
2.2
1.8
2.2
1.3
0.9
1.1
0.8
1.4
1.0

4.4
4.6
5.7
3.7
3.4
4.3
4.6
3.0
1.4
0.7
1.1
2.5
2.5
3.6

5.3
4.2
4.7
4.7
4.8
3.6
2.1
0.9
3.3
2.1
2.2
1.4

1.4
1.7
1.4
0.3
0.3
0.9
1.1
0.2
1.1

054
075
017
016
197
010
088
122
096
042
149
295
074
053
049

053
034
051
458
087
047
054
055
036
063
092
053
043
034

053
028
221
028
009
033
014
015
107
139
094
035

072
041
021
066
056
057
147
047
066

1.52
1.67

1.45
1.55
1.93
1.11

1.38
1.90
2.30

1.60
2.45
1.99
1.80

2.06
2.01
2.30

1.75
1.57
2.20
1.10
1.96
1.65
1.78
0.94
1.25

4.3
4.7

2.2
1.3
1.8
1.7

5.3
4.1
5.9

1.8
3.6
2.8
3.8

2.5
3.0
2.7

2.5
2.7
1.8
0.5
1.2
1.2
1.1
0.3
1.2

054
012

177
067
063
099

020
035
029

079
037
091
041

036
076
097

038
026
018
056
031
031
058
053
055

Moulting
season

(November)



1989. Although shelf waters remained cool in
January and February, there were surface intrusions
of very warm water along the Cape west coast, illus-
trated by a retraction in the offshore position of the
16°C isotherm at 31°S (Fig. 2). During that period,
surface waters were oligotrophic, with very low values
of chlorophyll-a content. By June, it was apparent
that anchovy Engraulis capensis recruitment had
failed, and growth rates of 0-year olds were slower
than in 1986. Anchovy oil content was also low
(Schülein et al. 1995), reflecting poor feeding condi-
tions in the pelagic zone. A sharp reduction in male
lobster growth rates at moulting in November/
December 1989 was recorded at Donkins Bay,

Elands Bay and Dassen Island fishing grounds in the
north (Table II), whereas farther south, along the
Cape Peninsula, lobster growth rates remained unaf-
fected.

1990. The year marked the start of a period in
which the Benguela system was affected by the
anomalies associated with the ENSO event in the
Pacific (Fig. 3). The most obvious signal in the
southern Benguela was the reduction in southerly,
upwelling-inducing winds and concomitant increase in
westerly winds (Fig. 4). Also, summer (November-
March) atmospheric pressures were lower than aver-
age between 1990/91 and 1992/93 (Fig. 5). It is note-
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Fig. 2: Monthly average position of the 16°C isotherm (distance from the coast) at 31°S, off the west coast of
South Africa. Data have been normalized and smoothed with a three-month running mean
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Fig. 3: Monthly Southern Oscillation Index values from 1981 to 1996, smoothed with a three-month running
mean. Data obtained from the Climate Analysis Center, NOAA, USA



worthy that the index also indicated the 1982/83 and
1986/87 ENSO anomalies (Fig. 5). The summer of
1989/90 was characterized by a high incidence of red
tides, which included the toxic dinoflagellate
Gonyaulax catanella that causes paralytic shellfish
poisoning. Early autumn storms, especially in April
1990, caused large wash-outs and mortalities of
black mussels, which had probably been weakened
by exposure to toxic red tides during the preceding
summer and autumn. Farther north, in Namaqualand,
heavy winter rains, driven by north-westerly gales,
caused extensive flooding of the Berg River and the
rivers entering Lambert’s Bay and Elands Bay
(Verlorenvlei). Evidence of extensive silting and
sanding-over of shallow reefs was observed during
diving surveys along that coastline during December
1990.

By May 1990, anchovy recruitment was again ex-
ceptionally poor. At the moulting of males in
November/December 1990, lobster growth rates
were extremely low on all fishing grounds along the
West Coast, extending even as far south as the Cape
Peninsula and the adjoining rock lobster sanctuary at
Hout Bay (Tables II, III). Shelf waters were still un-
usually cold during 1990, which was reflected in a
prolongation of the normal incubation period (the
berried lobster phase; normally from June to late
October) of female lobsters. However, in 1990/91 
females were still in berry during December and
some even into January 1991. Brood sizes of females
were also smaller in 1990, coincident with the retarded
growth rates of males recorded in November/
December of that year (Melville-Smith et al. 1995).

It is noteworthy that, during diving surveys in 1990
and 1991, high densities of newly-settled lobsters
were observed on the inshore reefs (PCG pers. obs.).
This phenomenon may have been related to enhanced
onshore transport of offshore surface waters as a result
of persistent westerly winds. Such conditions would be

expected to concentrate late-stage phyllosoma larvae at
the shelf-break and facilitate the cross-shelf migration of
the puerulus stage, thereby enhancing recruitment.

1991. The ENSO-related anomalous conditions per-
sisted during 1991, with many red tides being recorded
between January and May, when westerly winds
dominated (SFRI unpublished data). Shelf waters re-
mained cool. A diving survey conducted at Dassen
Island during February 1991 indicated that the pre-
viously abundant population of ribbed mussels Aula-
comya ater there had been largely annihilated, probably
as a result of adverse environmental conditions such
as red tides and storms of the previous year. Mussel
biomass at depths shallower than 20 m was about an
order of magnitude lower than that recorded during
earlier surveys in 1971. Fishermen reported that lobsters
were caught at greater depths than normal during the
1990/91 fishing season, suggesting that the deeper
areas were still relatively well oxygenated, even during
autumn, enabling the lobsters to forage in deeper, less
productive depths. Growth rates of male lobsters 
remained extremely low at the November/December
1991 moulting, a feature once again preceded by below
average female brood sizes recorded during June
1991 (Melville-Smith et al. 1995). The coastwide 
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Fig. 4: Progressive North-South and East-West wind 
displacement anomalies, computed from the Cape

Point lighthouse wind data, 1960–1993
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Fig. 5: Sea level atmopheric pressure difference, measured
southwards from Cape Agulhas (35°S, 20°E) to
40°S, 20°E. Data are presented for summer only
(November-March) for the period 1981–1994.
Positive indices indicate predominantly southerly
and easterly winds and negative values indicate
predominantly nor ther ly and wester ly winds.
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reduction in lobster growth rates indicated a wide-
spread anomaly in the southern Benguela system, as
postulated by Shannon et al. (1992). However, despite
a much reduced adult population of anchovy recorded
during November 1990, anchovy recruitment recovered
during 1991.

1992. The ENSO event and associated anomalous
westerly winds persisted in the southern Benguela
system. Growth rates of male lobsters remained low
on all West Coast fishing grounds (Table II). The
slow growth rates of males were coincident with
below-average brood sizes in females spawning during
winter (Melville-Smith et al. 1995).

1993. The ENSO event terminated towards the end
of the year and strong, south-easterly, upwelling-
favourable winds resumed in the summer of 1993/94.
However, growth of male lobsters at the November/
December 1993 moult remained low (Table II).

1994. Despite the resumption of more normal
southerly wind conditions in the summer of 1993/94,
during February 1994 the winds slacked off abruptly
and light onshore winds prevailed. These wind condi-
tions were responsible for concentrating an extensive
red tide along hundreds of kilometres of coastline.
Subsequent decay of the bloom caused severe oxygen
depletion, which resulted in the mortality of approxi-
mated 1 500 tons of fish and 60 tons of lobsters in St
Helena Bay (Matthews and Pitcher 1996). This so-
called “black-tide” event in March 1994 was the first
of its kind recorded in South Africa. Anoxic condi-
tions were associated with the formation of hydrogen
sulphide, which is highly toxic to marine life. The
impact of this event on the benthic environment and
its subsequent recovery is under investigation.

The summer of 1994/95 again showed a fairly
high incidence of upwelling, and the first sign of a
possible improvement in male lobster growth rates
was evident in the Hout Bay sanctuary area, where
the mean moult increment of males increased in
November 1994 (Table III). Elsewhere, growth rates
still remained depressed (Table II).

1995. Catches of rock lobsters began to improve
during the 1995/96 season, both along the Cape west
coast and farther north in Namibian waters. The sum-
mer of 1995/96 was characterized by a high inci-
dence of southerly to south-easterly winds, which
commenced as early as September/October 1995 and
continued intermittently until at least April 1996.

Growth rates of rock lobsters in the Hout Bay
sanctuary were once again high relative to the aver-
age growth during the 1990 –1993 El Niño years
(Table III). Average growth in 1995/96 increased at
Dassen Island and Port Nolloth, but remained low at
Elands Bay and at Olifantsbos in the Cape Peninsula.

DISCUSSION

Given the strong correlation between the reduction
in male rock lobster moult increments and brood sizes
of females recorded during the period 1987–1992
(Melville-Smith et al. 1995), it is likely that the under-
lying cause of the slower growth rate in rock lobster
was related to a diminished food supply and/or a decline
in food quality. Food energy requirements affect both
moult increments and female brood sizes in J. lalandii
(Beyers and Goosen 1987, Melville-Smith et al.
1995, Pollock 1995). Therefore, it is not surprising
that both indices of production declined simulta-
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Table III: Mean growth increments for six size-classes of male Jasus lalandii at the Hout Bay Sanctuary, 1984–1995

Growth increment (mm) per size-class

70–79 (mm) 80–89 (mm) 90–99 (mm) 100–109 (mm) 110–119 (mm) 120–129 (mm)

Mean n Mean n Mean n Mean n Mean n Mean n

1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995

43
03
03

–0.5
–1.0
–0.0

14
61
46
40

3.0
1.4
0.2
0.8

047
015
059
182
043
003
006
010
002

4.1
2.3
0.8
1.9
1.3
1.0
0.3
1.4
0.5

052
016
056
250
054
016
023
073
090
020
037
071

4.5
3.9
1.9
3.6
3.4
2.6
0.4
1.4
1.3
1.1
2.7
2.2

017
023
003
041
007
010
003
022
170
048
130
180

4.7
4.2
3.7
5.0
3.6
3.4
0.3
1.8
1.7
1.4
3.2
3.3

11

50
30
72
63

3.8

2.0
2.0
4.2
3.5

Moulting
season

(November)



neously. What is unexpected, however, is the protracted
nature and the widespread extent of the reduction,
which suggests that the phenomenon was a result of
a large-scale environmental perturbation in the
Benguela system.

A plausible explanation for the reduction in rock
lobster growth rate is a collapse of their most impor-
tant food source, the ribbed mussel A. ater, which
would effectively force them to switch to alternative,
less abundant and/or less nutritious food sources. J.
lalandii are omnivorous, but primarily carnivorous
(Pollock 1979), and they can subsist on a wide variety
of food items (Barkai et al. 1996). They are also able
to survive lengthy periods of starvation (Cockcroft
and Goosen 1995). It is noteworthy that those authors
reported that between 13 and 25% of tagged male
lobsters recaptured between 1990 and 1993 exhibited
a shrinkage in body size. This phenomenon highlights
the severity of the dietary deficiency, supporting the
belief that a large, overall decline in the benthic pro-
ductivity of the southern Benguela system may have
had a detrimental impact on the health of the West
Coast lobster resource.

This hypothesis does not explain why lobster growth
rates started to decline as early as 1988, before the
observed mortality of mussels in 1990. It is noteworthy
that shelf waters cooled markedly in 1988, and
anomalous conditions in the pelagic environment
were reflected in the low anchovy oil yields and reduced
anchovy recruitment reported for 1989 (Shannon et
al. 1992). Although several studies have highlighted the
importance of kelp bed detritus in fueling the energy
requirements of detritivores and filter-feeders in the
intertidal zone of the West Coast (Bustamente and
Branch 1980), there is published (Pollock 1976,
Field et al. 1980) as well as much anecdotal evidence
that the large biomass of filter-feeders (especially
ribbed mussel Aulacomya ater) in depths of 10–50 m
on the West Coast rely largely on the rich phyto-
plankton-based food supply. This would imply that
pelagic productivity in parts of the southern Benguela
began to decline as early as 1988, but decreased still
further and became more widespread during the
1990–1993 El Niño event. Shannon et al. (1992) noted
low primary production in the southern Benguela
in1988 and 1989.

Another possible explanation for the poor feeding
conditions and subsequent reduction in lobster growth
rates after 1989 is the effect of toxic dinoflagellate
blooms on the physiology of mussels and other benthic
filter-feeders. Toxicity of such important food items
during summer and autumn, when lobsters lay down
their food reserves (Cockroft and Goosen 1995),
could have a detrimental effect on their growth-at-
moulting later in the year. It is tempting to speculate

that toxic red tides may be an important factor 
responsible for some of the interannual fluctuations
in growth rates of the Cape west coast lobster during
past decades.

Only when primary productivity in the Benguela
system can be adequately assessed in a quantative
manner, for example, by means the SeaWiFs ocean
colour sensor, will it be possible to test the hypotheses
presented here.

The present occurrences of high densities of small
lobsters (possibly as a result of enhanced puerulus
settlement during the El Niño years) feeding on
newly settled mussels and other sessile organisms may
impede the recovery to normal growth in the lobsters.
This effect would likely be most pronounced in areas
such as Elands Bay, and Olifantsbos in the Cape
Peninsula, where the densities of sublegal lobsters are
particularly high. If that is the case, the fishery will
likely remain depressed until those lobsters have grown
into the legal size range. Given that it takes approxi-
mately 7–8 years for males to reach the legal minimum
size limit of 75 mm carapace length, the 1990–1993
year-classes would attain legal size by between 1997
and 2000.
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