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TABLE 3.
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Optimum mixes of fishing gear (if each type of fish were managed to maximize production of it alone) and the

yields to be expected under optimum harvesting compared with current yields.

Optimum gear densities (per km)

Yields (Kg-km™-d~1)

3.8-5.1-cm 6.4-9.5-cm

10~12-cm  13-20-cm Current Multiple
Gillnets Gillnets Gillnets Gillnets Hooks Seines Optimum average correlation?
Current average 90 12 100 68 1240 0.65
Maximum occurring 383 120 400 240 2420 7.72
Optimum for each kind :
of fish
Tilapia 0 0 450 0 2300 O 240 40 0.85
Bagrus 0 0 400 0 0 0 96 33 0.74
Clarias 0 0 0 150 3700 0 150 40 0.89
Protopterus 0 0 0 0 6800 0 390 70 0.87
Haplochromis 0 0 0 0 8100 4.2 300 58 0.88
Synodontis 400 120 0 0 0 0 81 5.8 0.83

aThis pertains to the regression equation used for optimization.

T. esculenta (native)
Y= —22Xsu + 2.4X: + 2.5X5 — 0.56X% + 9.6Xx
+ 1.3X% + 7.1Xsp — 0.7X%z — 1.0X1X5

T. variabilis (native)
Y = —6.4Xsu + 14Xy + — 3.5X* + 1.84X. + 6.2Xx
—0.6X°% + 3.1Xsr — 0.7X%c — 0.5XsuX1r — 0.8XsuXsp

T. nilotica (introduced)
Y = —2.5 + 40Xt 4+ 3.2Xs + 6.7X5— 64X’y — 8.3Xsz

T. zillii (introduced)
Y = —0.56Xsx + 13Xy — 0.3X%x + 4.5Xu
—0.5X%*% — 06X sp.

The equations for T. nilotica and T. zillii must be
interpreted with caution because both species are still
spreading around the lake. Tilapia esculenta also de-
mands caution because it is in the process of disappear-
ing from the lake.

Nonetheless, the major features of the equations de-
serve consideration. Small gillnets make a negative con-
tribution in all cases. Medium gillnets are significant
for T. variabilis and T. zillii but give a diminished re-
turn above 50 nets/km. Large gillnets are significant for
T. esculenta, T. variabilis, and T. nilotica and inter-
estingly show no indication of saturation (i.e. no nega-
tive quadratic term) over the range of net densities
occurring in Lake Victoria. Seines have a negative effect
on T. nilotica and T. zillii. Although seines have a
positive effect for T. esculenta and T. variabilis, the
contribution declines above 3 seines/km in the case
of T. esculenta and 1 seine/km in the case of T. varia-
bilis. The most surprising result is the positive con-
tribution of hooks in all cases, particularly since hooks
seldom catch Tilapia.

The equation for all Tilapia grouped together is

Y = —4.8Xsu + 62X, + 0.8X% + 8.8Xx 4 0.4X%
+ 29Xuy— 3.2X°H — 0.7X%r — 2X:X1 — 0.2Xsu X1
— 0.4XsuXsp — 0.4X5Xsp.

The equation indicates that small gillnets and seines
are depressing Tilapia yields. Consulting Table 3,
Tilapia yields could be 6 times the present average if
they were fished intensely by only large gillnets at
slightly greater than the maximum density of gillnets
now occurring in Lake Victoria, supplemented by hooks
near their present maximum density. This gear mix
is quite similar to that for optimum total weight yield
in Table 1.

The regression equation for weight yield of Haplo-
chromis is

Y = 21Xsw — 1.0X%%m — 9.6Xx + 9.6X*»x — 20Xz + 8.8Xy
— .26X% + 124Xsr — 9.0X%p — 5.6 XsuXsz-

Small gillnets and seines make the largest contribu-
tion to Haplochromis catches, with a strong negative
interaction between the two. Medium gillnets do not
make nearly so large a contribution, but the positive
sign for the square term indicates continually increasing
returns over the range of medium gillnets now in use.
Hooks, which do not themselves catch many Haplo-
chromis, have a positive effect. From Table 3, the
optimum would have seines at about half the maximum
level now in use, supported by the heavy use of hooks.
The maximum yield of 300 kg-km~1.d-1 for Haplo-
chromis is 5 times the current average on Lake Victoria
and corresponds to the highest Haplochromis yields
now being obtained.

The regression equation for weight yield of Bagrus is

Y = 6.4Xsy — 0.2X%y + 20X, — 0.6X%
— 9.0Xsz — 0.8 XsxX;.

Small and large gillnets contribute significantly to
Bagrus catches. Seines, which are known to catch large
numbers of juveniles, have a negative effect. From Table
3, the overall Bagrus yield could be more or less tripled
if small gillnets and seines were not in use and large
gillnets were used at the maximum density now occur-
ring in Lake Victoria.
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The regression equation for weight yield of Clarias is

Y = 8.4Xsy — 0.7X%y — 6.0X. 4+ 19X5 — 2.2X%
+ 9.6Xy — 1 XeuXe + 1 XsuXn + 3XeXy — 2XsuXse.

Small gillnets make a contribution but quickly reach
diminishing returns. Hooks harvest Clarias without
diminishing returns over the full range of hooks now in
use. The optimum is a mix of hooks and extra large
gillnets, but it cannot be calculated because it lies above
the range of the data. Setting hooks and extra large
gillnets at the present maximum, the optimum (Table
3) would yield at least 4 times the present average
catch of Clarias.

The regression equation for weight yield of Synodontis
is
Y = 3.2X5 — 0.1X%y + 5.2Xy 4 3.4X°» — 2Xz — 33X

+ 0.3X% + 2.8Xss — 0.1X%z — 0.2XsuXss.

Beach seines and small and medium gillnets con-
tribute positively to Synodontis yield. Medium gillnets
make the largest contribution and show no sign of
diminishing returns. The exact coefficients must be
taken with caution because there are not many data on
medium gillnets, and the coefficients for medium gill-
nets have large errors. The optimum for Synodontis
would include small and medium gillnets, but it cannot
be calculated because it lies above the limits of the
data. The value entered for the optimum in Table 3 is
at the maximum numbers of small and medium gillnets
now used in Lake Victoria, more than 10 times the
present yield.

The regression equation for weight
Protopterus is

Y = —9.6Xox—28Xy + 1.8X%+4 66Xz —2.6X"x— 55Xsz.

yield of

Seines and small and medium gillnets make a nega-
tive contribution. The optimum number of hooks is
greater than the maximum now in use. It is not pos-
sible to calculate the optimum number of extra large
gillnets because it lies above the range of the data.
Setting extra large gillnets at the maximum now in
use, the maximum possible yield for Protopterus (Table
3) is at least 5 times the present average yield.

Summarizing the regression equations for individual
genera, seines have emerged as particularly destructive
to the yields of the larger genera of fish, making a
negative contribution in nearly all cases. Medivm gill-
nets make a nil or negative contribution to the catches
of the larger genera. Although small gillnets have a
negative effect on Tilapia and Protopterus yields, they
are positive for the large catfish Bagrus and Clarias
(but with quickly diminishing returns).

For nearly every genus there is one type of gear
that makes a large positive contribution and shows little
diminishing returns over the range of use now existing
in the fishery. In other words, most kinds of fish have
some kind of gear for which they can sustain increasing
yields under increasing fishing effort over the range now
existing in the fishery.
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Discussion
PoiNTs oF CAUTION

The regression approach used here has some risks
that deserve mention. First of all, the results can be
biased by unknown factors that are correlated with the
measured variables. For example, variations in biological
productivity in different regions of Lake Victoria could
lead to variations in yields. This could lead to more
favorable regression coefficients for those types of gear
that predominate in areas of high yields due to high
biological productivity. A similar bias could arise from
the fact that the data come from four different record-
ing systems in four regions of Lake Victoria. If the
reporting from one of the recording systems is too high,
it could favorably bias the coefficients for the gear pre-
dominating in that area.

Perhaps the most serious limitation of the analysis is
that it supposes fish catches in the vicinity of each land-
ing to be the consequence of long-term effects of the
densities of various fishing gear in use in the area. In
other words, fish catches are assumed to be in approxi-
mate equilibrium, despite any changes in gear that may
have taken place during recent years. A decline in T.
esculenta catches from 1972 to 1973 indicates this is
not the case for this species at many landings. Catches
of the other kinds of fish are reassuringly similar for
both years, although it is known that in recent years in
Kenya and some parts of Tanzania there has been a
consistent decline in Tilapia and a slow but equally con-
sistent increase in large predator catches (Kudhongania
and Cordone 1974; Marten 1975a).

ToTtAL FISHING EFFORT

Because human population growth will most likely
lead to increasing fishing pressure throughout Lake
Victoria in the future, the question of overfishing is an
important one. Referring to Fig. 3, where on the aver-
age the highest yields occur at the highest fishing in-
tensities, there is not a problem of overfishing in the
sense of too many fishermen. In fact, the density of
fishermen on Lake Victoria is not high compared with
many other African lakes (Henderson and Welcomme
1974). '

The flat peak at high fishing intensities in Fig. 3
might well be expected. Experience with other fisheries
indicates a typical consequence of heavy fishing is a
succession of species, some dropping out as fishing in-
creases while others take their place in the ecological
vacuum. Yields remain high as long as fishermen adapt
their techniques to the changing species composition
of the fishery (Henderson and Welcomme 1974).

There is evidence of this tendency in the Lake Vic-
toria fishery. Each species shows a peak yield at some
intermediate boat density, but the peaks of the different
species occur at different boat densities. For example,
T. esculenta and T. variabilis peak at about 7 boats/km
of shoreline (Fig. 4a), whereas Clarias and Protopterus
peak at 12 boats/km (Fig. 4b). When the curves of
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F16. 4. Daily catches of (a) Tilapia variabilis and (b)
Clarias.

all the different species in the lake are added together,
the curve for the yield of all species combined is much
flatter across the top than the curve for any one species.

Although overall fishing intensity in itself has a minor
effect on total weight yield at heavy fishing intensities,
gear composition has a major effect at all intensities. It
appears that gear composition is in fact a major source
of the variation of points for total yield vs. boat density
in Fig. 3. This is strongly suggested by the regression
equation for total weight yield, whose optimum (Table
1) is equivalent to 14 boats/km at present rates of gear
usage, well above the present average density of 9 boats/
km on Lake Victoria. Landings now below 14 boats/km
can expect to increase their total weight yield as boat
densities increase, provided they use appropriate gear.
Although we do not have much information concerning
fishing intensities above 14 boats/km, the available data
suggest (through the regression equation for total weight
yield) that yields could be sustained close to the

J. FISH. RES. BOARD CAN.,, VOL. 36, 1979

optimum level, even at fishing intensities as high as 25
boats/km, conditional upon the proper mix of gear
(hooks and large gillnets).

RoOLE OoF DIFFERENT FISHING GEAR

Small gillnets can make a significant contribution at
low fishing intensities because they take advantage of
the extensive Haplochromis and Synodontis stocks.
Furthermore, considering the high predation experi-
enced by juveniles of the larger fish species (Marten et
al. 1979), small gillnets are probably an effective way
to crop even the larger species under light fishing con-
ditions where the survival of an adequate spawning stock
is not a problem. Cropping the larger species as young
as possible brings a larger share of fish to the fishermen
rather than to fish-eating predators.

The maximum potential harvest with small gillnets
appears to be limited, however. Despite the numerous
species and general abundance of Haplochromis, inshore
Haplochromis in the heavier fished areas of Lake Vic-
toria already seem to be cropped at the limits of their
potential. This is suggested by the observation that
Haplochromis lengths have been declining rapidly in
heavily fished areas in and around the Kavirondo Gulf
during the past decade, with the result that average
lengths in heavily fished areas are less than half those
in lightly fished areas (Wanjala and Marten 1975;
Marten et al. 1979). This implies the virtual disappear-
ance of the larger Haplochromis species from the heavily
fished areas. Haplochromis may have a lower potential
yield than larger predators, because the large predators
do not themselves experience much natural predation
while they are at fishable sizes. The great quantity of
natural predation experienced by Haplochromis due to
the large predators (Chilvers and Gee 1974) means a
relatively small share of Haplochromis is available to
fishermen, such that stocks cannot sustain the double
burden of heavy fishing and natural predation.

The harmful effects from small nets and seines have
been most conspicuous and unfortunate under the
heaviest fishing conditions. The spiral of smaller nets,
smaller fish, and smaller fish stocks that has often ac-
companied heavy fishing appears also to generate a
species succession from Tilapia to large predator “trash”
fish. This may be a consequence of the fact that local
tribal tastes generally consider at least one of the large
predator species unfit for human consumption. Un-
palatable large predators, which are particularly lightly
fished when large gillnets pass out of use with the decline
in Tilapia, are allowed to increase in abundance and
probably accelerate the decline of Tilapia on which
they feed.

I would hypothesize that the succession from Tilapia
to large predators is accompanied by a fundamental
“switch” in the ecological pathways between photo-
synthesis and human consumption (Fig. 1), which
further accelerates the succession and diminishes the
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