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and its Effect on Predicted Yields
of Sardine Fisheries in Lake Kariba
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Abstract

There is an unusual relationship between catch per unit effort and
effort in the Lake Kariba sardine fishery. This is apparently a result of
ecological changes in the lake following the decline of the Salvinia
mats that existed there until 1973. Predictive models based on the
entiredata set (1974-89) are of limited valuebecause they areinfluenced
by the rapid decline in catch per unit effort that tock place from 1974
to 1978. A model based on the 1980-89 data indicates that the current
catch could be increased substantially. Some empirical models and
features of the sardine’s biology suggest that it is a realistic model.

Introduction

The relationships between fish catches and the effort
needed to achieve them are of fundamental importance
in the management of fisheries. These data are of special
significance because they constitute the history of fished
species and, ultimately, provide the best index of what
has happened to it.

It seems, however, that thereisa decreasing interestin
studying catch-and-effort data in fisheries research for
most developing countries. One reason is that thesc data
are difficult and expensive to collect, especially if a

the following year. This is most clearly illustrated by the
variations in sardine abundance in relation to river flow
(Marshall 1982, 1988a, 1988b).

Fishing for the sardine Limnothrissa miodon in Lake
Kariba began in 1974 and is well documented because
catch-and-effort statistics have been collected from the
beginning. In addition, ecological work hasbeendoneon
the lake since it was created in 1958 (Marshall 1984) and
the view that catch-and-effort statistics backed up by
ecological datacan playamajor rolein fisheriesmanagement
is examined in this paper.

Catch and Effort in the Kariba Sardine Fisheries

The relationship between effort and catch per unit
effort in this fishery is an extraordinary one (Fig. 1).
Catch per unit effort (C/f) fell rapidly from 1.56 t/night
in 1974 to 0.42 t/nightin 1979, while effort rose from 313
to 11,511 nights per year.This sharp decline suggested
that fishing was having a major effect on the stocks, and
models based on the catch-and-effort data then available
led early workers to predict that the maximum sustainable

fisheries site has many widely scattered fishers
usinga variety of gears whichmeans thatestimates
of effort cannot be standardized. Also, advances
in computer software have made it relatively
easy to investigate growth and mortality and use
these data in fisheries management. Thisis borne
out by a rough analysis of the papers in the first
seven volumes of Fishbyte, articles on aspects of
growth and mortality are about 3.5 times more
frequent than those on catch and effort.

Lake Kariba is a large reservoir (5,400 km?),
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and has a large outflow (50-65 km®year!) relative
toits volume (160km?). This isimportantbecause
it means that significant amounts of nutrients are
lost ecach year. Consequently, the quantity of
nutrients brought in by the Zambesi and other
inflowing rivers during therainy season (November-
April) determines the productivity of the lake in

Fig. 1. The relationship between fishing effort (f) and catch per unit
effort (C/f) in the Lake Kariba sardine fishery, 1974-78 (Zimbabwean and
Zambian data combined). Based on Zimbabwean data in Marshall (1987a)
and Sanyanga et al. (1990) Zambian data; Zambia Fisheries Department
and Scholz and Mweetwa (1990). Estimates of effort were not available for
the Zambian fisheries in 1988 and 1989 so this was estimated by assum-
ing that C/t for those years was equal to the mean for the two preceding
years (1986-87).
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Fig. 1. Framework used to structure the available
Information on the life history of hilsa In Bangladesh,
illustrated by ways of the “main stock” (adapted from
Fig. 1 In Bakun et al, 1982).

with ELEFAN. These suggested for a value of TL_ = 60
cm, a range of K = 0.8-1.0/year for hilsa in Bangladesh as
a whole. Also, gill net selection curves were applied to
the available length-frequency samplesand catch curves
were then constructed. These confirmed that the mortality
experienced by hilsain Bangladesh is extremely high. On

the other hand, stock identifications, as mentioned before,
remainanopenissueand morphometricand electrophoretic
studies are still required to resolve this. The results may
change the stock definitions presented in Fig. 2, but will
not affect the usefulness of the matrix approach we
adopted.
The major research gap that was identified for all
stocks and stages (except eggs/larvae) is the nced to
obtainand analyze catch-and-effort data. These, analyzed
by stock, and using a length-based version of virtual
population analysis, will tell us which of the gears used
to exploit hilsa has the most deleterious effects for the
fishery asa whole, and what mix of gears would maximize
ields.
¢ We expect to obtain these results in 1993. They will be
presented, along with the supportive evidence, in a
publication on the freshwater resources of Bangladesh.
In the meantime, we conclude this with the suggestion
of four measures which, if implemented, would alread
lead to higher overall catches: :
i) reduceefforton “jatka” in nursery grounds, especially
in March/ April;

ii) reduce efforton spawning grounds during the peak
spawning season (September/October);

iii) ban “gara jal” (bamboo fencing) entirely blocking
rivers; and

iv) reduce catch of hilsa below 35 ¢cm
by restricting the use of small-meshed
nets.
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yield and optimum effort would be about 7,000 t and
25,000 nights, respectively (e.g., Marshall et al. 1982).
These predictions proved to be incorrect and the catch
and effort rose to around 25,000 t and 90,000 nights,
respectively. Despite a huge increase in fishing effort
there was nosignificant change in C/fbetween 1980 and
1989. Minor variations are attributed to changes inriver
flow following droughts (Marshall 1988a).

Whatthenistheexplanation for this unusual relationship?
The decline in C/f during the first years of the fisheries
is clearly unrelated to the level of fishing effort. If this
were not so, the decline would have continued into the
1980s but it did not. The answer seems to be that this is
a consequence of ecological changes in the lake during
the early 1970s.

During the first half of its existence, Lake Kariba was
dominated by extensive mats of the floating fern Salvinia
molesta. This plant reached its greatest extent in 1962
when it covered about 1,000 km?2 or 22% of the lake’s
surface. Coverage then decreased to 5% in 1973, 1% in
1978 and is now of negligible importance to the ecology
of the lake. It is not clear why this sudden decline took
place. Mitchell and Rose (1979) suggest that the weed
might have been controlled by a neotropical grasshopper
Paulinia acuminata which was introduced for this purpose.
On the other hand, Marshall and Junor (1981) suggest
that the weed lost in a competition for nutrients.

Whatever the explanation, the decline of S. molesta
seems to have had a major effect on fish populations (Fig.

2). This plant had played a significant role in retaining
nutrients (Mitchell 1973)and itsdecline evidently released
largequantitiesof nutrients which enabled fish populations
to increase. This increase was shortlived because of the
loss of nutrients through the outflow and all stocks began
to decline after 1974. This, of course, applics to the
sardine stocksas well and the trend in tigerfish abundance
(see Marshall 1987b). The situation appears to have
stabilized in 1980 when fish populationsstopped decreasing
and some increased slightly in subsequent years.

Predictive Models Using
Catch-and-Effort Data

The exponential model of Fox (1970) fits the entire data
set (1974-89) rather well (Table 1) and predicts that the
maximum sustainable yield is about 25,000 t while the
optimum effort would be about 110,000 nights (Fig. 3).
This is close to the current yield. This model behaves
exactly like earlier ones, with shorter time series, which
also suggested that the current levels of effort were
optimal (Table 2). A model based on the entire data set
seems, therefore, to be of little practical value.

The model based on the 1980-89 dataalone was strikingly
different(Table 1). The very small correlation coefficienty
shows that C/f did not change as effortincreased during
this period. Accordingly, it seems that increases in yield
and effort are still possible (Fig. 3).

Hydrocynus forskahki

Relotive abundance

Year

Fig. 2. Relative abundance of important organisms In
the eastern basin of Lake Karlba, 1960-85. Data from
Marshall and Junor (1981), Marshall (1984), Machena
(1980) and Lake Kariba Fisheries Research Institute
{unpublished data).
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Fig. 3. Predicted yield of the Kariba sardine tisheries based
on the models in Table 1. The points show the existing rela-
tionships between effort and yield (data points for 1974-76
have been left out for clarity).

Discussion

Itis clear that there are two periods in the fisheries: a)
prior to 1980 when the effects of the S. molesta decline
were still being felt; and b) post-1980 when the lake had
stabilized and was nolonger beinginfluenced by nutrients
released from the weed. Data from the first period exert
a strong influence on the data from the second and they
should be left out because they are a consequence of
conditions that no longer exist in the lake. The post-1980
data are probably a more realistic representation of what
has happened in the fisheries recently but the predictions
are so different that few fisheries managers are likely to
accept it uncritically.

Isitrealistic to suppose that efforts and yield could be
substantially increased? Some aspects of the sardine’s
biology suggest that this is possible. In 1981-83 the mean
biomass of the sardines was about 25,000 t but it is likely
to be rather higher than this at other times because 1982
and 1983 were years of poor rainfall and the sardine
biomass was considerably reduced (Marshall 1988¢).

Limnothrissa is a small, short-lived species with a very
high turnover as reflected in its high mortality rate of 4-
6/year (see Kolding et al., p. 39). This means, therefore,
that annual biological production might be in the order
of 125,000 t/year, of which a large fraction might be
harvestable.

Another way of testing thisidea is to see what potential
yields (Py) are predicted by some of the empirical models
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that are available for this purpose. One is Pauly’s (1982)
equation, in which

Py =23 W0% B

W =mean weight of individual fish (here about 1.0 g)and
B = mean biomass (25,000 t). The result is a predicted
yield of 57,500 t/year.

The second empirical model is Cadima’s modification
of Gulland’s equation (Sparre et al. 1989) in which

Py=05ZB

with all symbols as defined above. With Z < 5/year, the
result is a predicted yield of 62,500 t/year.

Thus, biological data and the performance of the fisheries
itself support the view that the fisheries in Kariba is
capable of further expansion. Obviously, this expansion
could not go on indefinitely and some safeguards would
be needed; for example, it might become necessary to
close the fisheries during part of the breeding season,
from September to April. Catches are, in any case, lowest
from November to February (Marshall 1988a) so this
might not be difficult to enforce.

The Lake Kariba fisheries were allowed to expand
relatively slowly at first because no one knew what the
sustainableyield would be (Marshall etal. 1982). Although
it was agreed that there was evidence of overfishing at
this stage (Machena and Mabaye 1987) this cautious
approach hasbeen continued and the expansion of fishing
effort has been slow in recent years. Perhaps fishing
effortcould beallowed toincrease progressively, provided
of course thataccurate catch-and-effort statistics continue

to be kept. .
O be kep @ﬂ
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Growth, Mortality, Maturity and Length-
Weight Parameters of Fishes in
Lake Kariba, Africa
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Abstract

This preliminary compilation presents vital parameters for 22 species
of freshwater fish from Lake Kariba. The majority of the growth
parameters arederived from tablesin Balon and Coche’s “Lake Kariba:
a man-made tropical ecosystem in central Africa”. The rest of the
parameters are compiled from more recent sources and unpublished
data.

Introduction

Lake Kariba (277 km long; 5,300 km?2; 29 m mean depth
and 120 m max. depth) was dammed in 1958 and filled in
1963. It is shared almost equally by the two riparian
countries, Zambia and Zimbabwe, and the fisheries yields
some 35,000 t/year. Despite the rather extensive present
- literature on various aspects of the lake ecosystem (e.g.,
Marshall 1984; Machena 1988), only few and scattered
estimates of von Bertalanffy growth parameters, length-
weight coefficients and size of maturity of the fish species
have been published. This contribution is an attempt to
assemble an array of important parameters of fishes
from Lake Kariba.

About 40 species of fish occur in the lake (Bell-Cross
and Minshull 1988; alsosee Torres, p.42). Vital parameters

OCTOBER 1992

from 22 of the most important and common species are
presented here, although four species of the commercially
exploited genera Distichodus and Labeo are missing due
to lack of data. The remaining species not included are
mainly small cyprinids and cichlids, notimportant to the
fisheries.

Materials and Methods

Nonlinear methods were used to fit the length-at-age
data in Balon and Coche (1974). The programs used were
the VONBER algorithmimplemented in the LFSA package
(Sparre 1987) and the simplex algorithm in the SYSTAT
(1990) statistical package (both programs provided identical
results). Because back calculated length-at-age of fish
from fish at different age classes were derived from
unequal sample sizes (Balon and Coche 1974), the data
were weighed by the sample size of each age group.
However, for some species (Brycinus lateralis, Serranochromis
codringtonii, Clarias gariepinus, Heterobranchus longifilis,
Labeo altivelis, Malapeterus electricus, Synodontis nebulosus
and S. zambezensis) the programs did notreach convergence
indicating that the data did not follow the von Bertalanffy
growth function (VBGF). Graphical plots of these data
showed nearly linear growth. In such cases, tentative
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from 22 of the most important and common species are
presented here, although four species of the commercially
exploited genera Distichodus and Labeo are missing due
to lack of data. The remaining species not included are
mainly small cyprinids and cichlids, notimportant to the
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