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Abstract: Both barvest rates and food web interactions may be altered through use of different gill net mesh
sizes in the fisheries of Lake Victoria, East Africa. Thus, conservation of the native ichthyofauna is intimately
linked to patterns of exploitation in the fisheries. We used bioenergetics modeling to estimate the barvest rates
of introduced Nile perch (Lates cf. niloticus) and changes in their predation rates on other important fishes
that would result from the implementation of various restrictions on gill net mesh size. Total mass of bar-
vested Nile perch was predicted to vary more than three-fold over the range of minimum gill net mesh size
Jrom 3 to 16 inches. Maximum barvest is expected to result from minimum mesb size restrictions between 6
and 10 inches. Predation rates on all prey fishes would increase with all increases in minimum mesh size.
Universal enforcement of a 5-inch minimum mesh size would reduce both Nile perch cannibalism and preda-
tion on other important fishes, such as tilapiines, baplochromine cichlids, and Rastrineobola argentea by as
much as 44%, with little decrease (10%) in Nile perch yield. But, if fishers respond to a 5-inch minimum mesh
size by concentrating all fishing effort on the smallest gill nets (5- and 6-inch mesh), a substantially larger re-
duction in predation on native baplochromines will result, but at the expense of large (~35%) decreases in
Nile perch barvest. Our analyses demonstrate that fisheries in Lake Victoria will play an active role in the res-
toration of a diverse fish community and fishery resource, thus benefiting both many native fish species and
the sustainability of the fishery.

Consecuencias Ecologicas de Pesquerias de Redes Agalleras Alternativas para la Perca del Nilo en el Lago Victoria

Resumen: Tanto las tasas de cosecha como las interacciones de la cadena alimenticia pueden ser alteradas medi-
ante el uso de diferentes tamarios de luz de malla de las redes agalleras en las pesquerias del lago Victoria, en el
este de Africa. Por lo tanto, la conservacion de la ictiofauna nativa esta intimamente ligada a los patrones de ex-
Pplotacion de las pesquerias. Utilizamos un modelado bioenergético para estimar las tasa de cosecha de la
perca del Nilo introducida (Lates cf. niloticus) y los cambios en sus tasas de depredacion sobre otras especies de
peces importantes, mismos que podrian resultar de la implementacion de varias restricciones en el tamarvio de la
luz de malla de redes agalleras. Se predijo que la masa total cosechada de perca del Nilo variard mas de tres
veces sobre un rango minimo de luz de malla de entre 3 y 16 pulgadas. Las cosechas mdximas se esperan
como resultado de restricciones en el tamaiio minimo de luz de malla entre 6 y 10 pulgadas. Las tasas de
depredacion en todas las presas de peces podria incrementarse con todos los incrementos en el tamaiio de luz
de malla. La aplicacion estricta de un minimo de luz de malla de 5 pulgadas podria reducir tanto el canibalismo
de la perca del Nilo asi como su depredacion sobre otras especies importantes de peces, como son las tilapias,
los ciclidos baplocrominos y Rastrineobola argenta por basta un 44%, con una pequesia disminucion (10%) en
la cosecha de la perca. Sin embargo, si los pescadores responden a un tamario minimo de luz de malla de 5 pul-
gadas al concentrar todo el esfuerzo pesquero en las redes mas pequefias (i.e., 5y 6 pulgadas de luz de malla),
podpria obtenerse una reduccion sustancialmente grande en la depredacion de los peces baplocrominos, pero a ex-
pensas de un disminucion considerable (~35%) en la cosecha de la perca. Nuestro andlisis demuestra que las
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Ppesquerias del lago Victoria jugardn un papel activo en la restauracion de la comunidad diversa de peces y
recursos pesqueros,beneficiando tanto a varias especies nativas de peces, como a la sustentabilidad de la

pesqueria.

Introduction

Changes in the food web of Lake Victoria (East Africa)
during the last 40 years are among the most dramatic
known to ecology (Kaufman 1992; Lowe-McConnell
1994). Nile perch (Lates cf. niloticus, Centropomidae)
and several tilapia species (especially Nile tilapia—Oreo-
chromis niloticus, Cichlidae) were introduced to Lake
Victoria from neighboring sources in the 1950s (Ogutu-
Ohwayo 1990a), and their populations have subsequently
shown exponential growth. Rapid increase of the pisciv-
orous Nile perch was accompanied by an equally spec-
tacular decline in the diversity and abundance of the en-
demic haplochromine cichlid species (Barel et al. 1985;
Witte et al. 1992), an event considered the most rapid
vertebrate mass extinction in recent history (Kaufman
1992). The loss of many endemic species appears related
primarily to Nile perch predation, although other factors—
including overfishing with fine-mesh nets, eutrophication
and associated hypoxia, and extreme fluctuations in lake
level—have also contributed to the decline of the native
ichthyofauna (Kaufman 1992; Kaufman & Ochumba 1993).

The Lake Victoria fisheries have also changed radically
from a focus on native species before 1970 to current
dominance by catches of Nile perch, introduced tilapi-
ines, and the native pelagic cyprinid Rastrineobola ar-
gentea (Cyprinidae) (Ogutu-Ohwayo 19900, 1994). To-
tal fishery yield has increased at least four-fold during
this time and currently supports a prosperous industry
based largely on gill net fishing for Nile perch and Nile
tilapia (Greboval 1990). Because gill nets are highly size-
selective, changes in fishery practices are likely to alter
the predatory effects of Nile perch on the remnant na-
tive species by altering both total Nile perch biomass
and the population size-structure (Kitchell et al. 1997).
Thus, humans are currently a dominant component of
the Lake Victoria food web, and fisheries have the po-
tential to further alter community structure and dynam-
ics. Means for conserving the remaining haplochromine
species in the context of the changing fishery are not
well understood (Bruton 1990).

Growing concern that the current gill net fisheries in
Lake Victoria might lead to overexploitation and potential
collapse of the commercially important stocks (Ogutu-
Ohwayo et al. 1997) has prompted management propos-
als that seek to sustain both the Nile perch and Nile tilapia
populations. The fisheries of Lake Victoria could be regu-
lated in at least two distinct ways. One option is to con-

trol fishing effort as a means to regulate exploitation, but,
this would be difficult to implement given that no effec-
tive mechanism exists to regulate fishing effort from the
riparian communities of Uganda, Tanzania, and Kenya.
The fisheries have always been managed with an open ac-
cess policy that is typically the predecessor of overexploi-
tation (Hilborn et al. 1995). An alternative to regulating to-
tal effort is to regulate the allocation of effort through
gear restrictions—particularly enforcement of allowable
gill net mesh sizes (Greboval 1990; Ogutu-Ohwayo et al.
1997). Through restrictions on retail distribution of gill
nets and confiscation of nets outside allowable size
ranges, successful implementation of gill net mesh size
regulations may be possible with adequate funding for en-
forcement. Although the realized success of such a strat-
egy is likely to be the most acceptable and enforceable
from a management standpoint, its potential ecological
consequences on both the target species and the endan-
gered haplochromine cichlids remain unexplored.

Ogutu-Ohwayo et al. (1998) compared the size at ma-
turity of Nile perch and Nile tilapia with vulnerability to
gill nets. They recommended that a minimum gill net
mesh size be enforced at 5 inches (127 mm, stretched
mesh) in Lake Victoria and in other nearby lakes (Kyoga
and Nabugabo) where these species have also been intro-
duced. This management strategy has unexplored conse-
quences for potential Nile perch harvest, for its effects
on Nile perch predation rates on other commercially im-
portant stocks, and consequently for the remnant haplo-
chromine species that are prey of Nile perch and the fo-
cus of conservation goals (Kitchell et al. 1997). We
combined a bioenergetics model of Nile perch growth
and predation rates with a simple population model. We
estimated the likely changes in Nile perch predation and
harvest that would result from various scenarios of gill
net mesh size regulation. We showed that the potential
effects of Nile perch predation in the Lake Victoria food
web are sensitive to the way in which fishing effort is al-
located in future gill net fisheries.

Methods

General Approach

Quantitative measures of Nile perch abundance and pop-
ulation size-structure do not exist for Lake Victoria. Popu-
lation dynamics can only be inferred from records of fish-
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ery landings whose dynamics have largely been driven by
the development of the fishery itself (Pitcher & Bundy
1993; Ogutu-Ohwayo 1994). Our approach was to esti-
mate the relative changes in predation and harvest that
would result from gill net mesh size regulation by simu-
lating the dynamics of an initial population (z = 10%) of
juvenile fish over a reasonable extent of the cohort’s
lifespan (Stewart et al. 1981). We used a bioenergetics
model (Hewett & Johnson 1992) with parameters de-
rived for Nile perch (Kitchell et al. 1997) to estimate the
predatory impact of an average fish as it grows through a
characteristic 10-year life span. Effects of population
level were estimated by linking the bioenergetics model
predictions of per capita predation rates to a simple pop-
ulation model that accounts for natural mortality and al-
ternative rates of harvest by the fisheries.

Model of Growth and Predation Rates

Kitchell et al. (1997) developed a detailed bioenergetics
model of Nile perch growth, prey consumption, and me-
tabolism from information about Nile perch thermal tol-
erance (Thompson et al. 1977) and previous models for
warmwater piscivores (Hewett & Johnson 1992). Ac-
cordingly, only a brief description of the model is pre-
sented here. The bioenergetics model is simply a mass
balance of energy that is allocated to growth and loss
processes according to

consumption = growth + respiration + egestion + ¢))
excretion + SDA + gonads,

where SDA is specific dynamic action (the energy re-
quired for digestion). To determine a daily balance of en-
ergy, all mass units of predator and prey were converted
to caloric values (Kitchell et al. 1997). Daily respiration
rates (grams/grams/day) were modeled as a function of
body mass (grams) according to
respiration = 0.0086 x mass . @
This allometric function accounts for active metabolism
and is corrected for a nearly constant 25°C thermal envi-
ronment characteristic of Lake Victoria (Hecky et al.
1994; Kitchell et al. 1997). The allometric effect on max-
imum consumption rate was accounted for by
consumption,,,, = 0.282 x mass °%, 3
which is also corrected for by a 25°C thermal environ-
ment. Excretion, egestion, and SDA were estimated as 6%,
10%, and 16% of consumed energy, respectively (Kitchell
et al. 1997). Production of gametes was set at 2% of body
mass per year, and individuals matured halfway through
their third year of life (Ogutu-Ohwayo 1994). Using
growth as input, the software of Hewett and Johnson
(1992) iteratively estimates the prey consumption rates
that satisfy equation 1. Predation rates were determined
by apportioning total consumption to prey categories de-
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Figure 1. Diet composition, as percentage of wet mass,
of four size classes of Nile perch from Lake Victoria be-
tween 1988 and 1992. The “otber” category accounts
Jor a mixture of fishes not characterized by the alter-
native diet categories. Data from Ogutu-Obwayo

(1994).

termined from extensive size-specific diet analyses of Nile

perch from Lake Victoria (Ogutu-Ohwayo 1994; Fig.1).
We used the growth curve of Hughes (1992) to esti-
mate Nile perch length-at-age from day 118 in the first
year of growth (age 0+) through the end of the tenth year
(10+4). Length-at-age estimates were converted to mass

(grams) estimates according to Ogutu-Ohwayo (1994):
mass = 0.0079 x TL>*, 4

where TL is total length in centimeters.

Gill Net Selectivity and Mortality Schedules

We determined the average size of Nile perch vulnerable
to various gill net sizes according to

TL = 8.9xmeshsize+ 2, ©))

where TL is the total length of the average Nile perch re-
tained by nets with a stretched mesh size equal to mesh-
size in inches (Ligtvoet & Mkumbo 1990). We report
mesh sizes in inches because nets are sold in these units
and, therefore, management decisions will be formu-
lated on the basis of imperial net sizes.

We determined the age of vulnerability to certain fishery
restrictions based on the growth curve of Hughes (1992,
Fig. 2) and the mean vulnerable size calculated from equa-
tion 5. We assumed that annual, natural mortality of Nile
perch was 75% in their first year of life and 30% for all
older ages (Pitcher & Bundy 1993; Kitchell et al. 1997).

Model Simulations

We simulated two possible fishery scenarios to estimate
the potential effects of gill net mesh size regulations on
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Figure 2. Length-at-age curve for Nile perch from Lake
Victoria (from Hugbes 1992) and associated average
size and age vulnerable to gill nets of various mesh
sizes ranging from 3 to 16 inches ().

Nile perch harvest and predation rates. The first scenario
evaluated Nile perch harvest and predation rates in re-
sponse to changes in the minimum allowable gill net
mesh size in the fishery. The second scenario investigated
how a concentration of fishing effort on small mesh sizes
would alter harvest and predation rates. For each scenario
we altered harvest rates and size of vulnerability accord-
ing to the management option to be simulated; all other
parameters were held constant across simulations.

Our first analysis simulated a fishery where regulation
only limited the minimum mesh size of gill nets and
where Nile perch were harvested at a constant annual
rate after reaching the minimum vulnerable size. The
maximum gill net mesh size currently used is about 16
inches (Ligtvoet & Mkumbo 1990), which we set as our
maximum mesh size in the fishery. We set annual har-
vest rates for all vulnerable sizes of fish at 30%, which is
equal to our assumed background natural mortality rate
(Gulland 1971). Total harvest of Nile perch and their preda-
tion on tilapiines, other Nile perch, Rastrineobola, and
haplochromines were determined for minimum mesh sizes
setat 3,4,5,06,7,8,10, 12, 14, and 16 inches (Fig. 3a).

In the simulations described above we assumed that
fishers would continue to allocate fishing effort across
the range of mesh sizes from the enforced minimum up
to 16 inches. But, total effort in the fishery is not likely to
decline with decreases in the range of allowable mesh
sizes. Instead, we should expect that fishers will concen-
trate their effort with smaller mesh gill nets and no
longer use the largest mesh sizes (Ligtvoet & Mkumbo
1991). Therefore, we expect that the harvest rates on
Nile perch of vulnerable sizes will be inversely related to
the overall range of mesh sizes used in the fishery. Specif-
ically, if a 5-inch minimum mesh size were enforced
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Figure 3. Age distributions of Nile perch caught under
various gill net mesb size restrictions in Lake Victoria:
the maximum mesh size is set at 16 inches, and
catches are shown for minimum mesb sizes set at 3, 4,
5,6, 8 10, 12, 14, and 16 inches (a); the minimum
mesh size is set at 5 inches and the maximum mesh
size is set at 6, 8, 10, 12, 14, and 16 inches (b). In (b)
the exploitation rate is inversely related to the length
of time Nile perch are vulnerable to the fishery.

(Ogutu-Ohwayo et al. 1997), a possible fisher response
would be to concentrate fishing effort on smaller mesh
sizes down to the enforced minimum of 5 inches. We
simulated this potential response by holding the total
number of fish harvested constant at a value equal to the
number harvested with the entire suite of 5- to 16-inch
gill nets being employed at an annual harvest rate of 30%.
We then held the minimum gill net size at 5 inches and
varied the maximum mesh size from 16 down to 6
inches. Harvest rates were altered to account for the vari-
ation in time that fish were vulnerable to the fishery, de-
pending on the range of mesh sizes used (Fig. 3b).

Results

Responses to Changes in Minimum Gill Net Mesh Size

We estimated that regulation of minimum gill net mesh
size will cause the biomass of Nile perch harvested to
change as much as three-fold and as a uni-modal function
of minimum mesh size (Fig. 4a). Harvest was maximized
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Figure 4. Estimated total barvest as mass (solid line)
and number of individuals (dashed line) of an initial
cobort of 10° Nile perch subjected to various mini-
mum gill net mesb size restrictions (a), and estimated
total predation on four dominant fish prey that result
JSrom each of these management strategies (b). Maxi-
mum gill net mesh size was beld constant at 16 inches.
Annual barvest rates are 30% for all fish greater than
or equal to the minimum vulnerable size.

by fishing with a minimum gill net mesh size between 6
and 10 inches, with little or no change in yield over this
range. The number of Nile perch harvested declined expo-
nentially as a function of the minimum mesh size (Fig. 4a).

Predation by Nile perch declined with reduction in
minimum gill net mesh size (Fig. 4b). The strongest re-
sponses were for predation on Nile perch (i.e., cannibal-
ism) and on tilapiines. Total predation on Rastrineobola
did not change with minimum mesh sizes set at 8 inches
or greater (Fig. 4b), largely because of its reduced impor-
tance in the diets of the largest class of predators (Fig.
1). Although the native haplochromines constitute a
small component of current Nile perch diets, larger min-
imum mesh sizes always produced higher rates of preda-
tion on these fishes.

Effects of Enforcing a 5-Inch Minimum Mesh Size

Fishers targeting Nile perch in Lake Victoria currently
employ a range (3-16 inches) of gill net mesh sizes with
a strong mode at 8 inches (Ligtvoet & Mkumbo 1990).
The 5-inch minimum mesh size recommended by Ogutu-
Ohwayo et al. (1997) is intended to minimize Nile perch
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Figure 5. Estimated total barvest as mass (solid line)
and number of individuals (dashed line) (a) and pre-
dation by an initial cobort of 1 0° Nile perch (b) when
the minimum gill net mesh size is set at 5 inches and
the maximum mesbh size is varied between 6 and 16
inches. Harvest rates are inversely related to the range
of mesb sizes used (i.e., barvest rate is bighest when the
fishery only uses 5- and 6-inch gill nets). These simula-
tions reflect a concentration of fishing effort dependent
on the total range of mesb sizes used in the fisbery.

predation on other commercially important fishes (espe-
cially Rastrineobola and tilapia) and the endemic haplo-
chromine cichlids without compromising Nile perch har-
vest. By initiating harvest with 5-inch mesh nets instead
of 8-inch mesh nets, we estimate that predation rates by
Nile perch will decrease substantially, relative to esti-
mates of current conditions. The largest decreases in pre-
dation rates were predicted for prey that dominate the di-
ets of the largest Nile perch, tilapiines (44%) and juvenile
Nile perch (40%). Predation by Nile perch on haplo-
chromine cichlids and Rastrineobola were estimated to
decrease by 38% and 31%, respectively. Change from
current conditions to a minimum gill net mesh size of 5
inches resulted in less than a 10% reduction in harvest of
Nile perch.

Effects of Changing Maximum Gill Net Size with a
5-Inch Minimum

When we simulated harvest rates as a function of the
range of mesh sizes used above the minimum of 5 inches,
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Figure 6. Percentage of the original cobort of 1 0° Nile
perch that would survive to maturity (85 cm length) if
the minimum mesh size was set at 5 inches and the

maximum mesh size varied between 6 and 16 inches.

harvest of Nile perch increased asymptotically as larger
mesh sizes were included in the fishery (Fig. 5a). Preda-
tion rates on all important fishes increased as the range of
mesh sizes was increased (Fig. 5b). For example, we esti-
mate that Nile perch predation rates on haplochromines
would be three times higher when gill nets spanning the
range from 5 to 16 inches are used than when only 5- and
6-inch gill nets are included in the fishery.

We also investigated how the range of mesh sizes
would affect the number of Nile perch that survive to a
length of 85 cm—the size at which females become re-
productively mature (Ogutu-Ohwayo 1994). The per-
centage of Nile perch reaching 85 cm decreased rapidly
(Fig. 6) with reductions in the maximum mesh size in
the fishery. If all fishing effort was concentrated on
mesh sizes between 5 and 6 inches, we estimate that
about 1% of the initial cohort would survive from day
118 of life to sexual maturity.

Discussion

Our analyses demonstrate that changing the gill net mesh
sizes in the Nile perch fishery of Lake Victoria will (1)
have direct implications for Nile perch harvest rates; (2)
alter predatory impact on other species, including the
remnant haplochromines; and (3) have major effects on
the abundance of mature Nile perch. By enforcing the
minimum gill net mesh size at 5 inches, we estimate that
total Nile perch harvest will decline by approximately
10% and that predation rates on other fishes will decline
between 30% and 40% from that of current conditions in
the fishery (Fig. 4). This estimate assumes that fishing ef-
fort will be allocated equally across all allowable sizes of
gill nets. If fishers respond to this minimum gill net size
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by allocating more effort to small-mesh gill nets (Ligtvoet
& Mkumbo 1991), the decrease in both harvest and pre-
dation rates will be accentuated. Harvest will decrease
by an additional 12% and total predation by an additional
38% from the rates estimated for the 5-inch minimum if
fishing effort changes to concentrate on gill nets up to
and including 10-inch nets. Because substantial de-
creases in predation by Nile perch should result, more ti-
lapiines and Rastrineobola should become available to
fisheries. From the standpoint of minimizing predation
impacts on cichlids, including both haplochromines and
commercially important tilapiines, the greater the focus
on small-mesh gill nets (as small as 5-inch mesh) in the
fishery, the greater the reduction of predation pressure
on the remnant cichlids (Fig. 5).

Assumptions of the Model

We estimated individual, size-specific predation rates by
Nile perch with a bioenergetic modeling approach that
has been applied to a variety of fishery problems (Ney
1993). This model has proven valuable in estimating the
effects of different management scenarios on the impact
of predatory fishes in aquatic food webs (Kitchell et al.
1977; Kitchell & Breck 1980; Stewart et al. 1981; Ruds-
tam et al. 1993; Hansson et al. 1996). When both allom-
etric scaling of respiration and consumption and ob-
served ontogenetic diet composition are accounted for,
the bioenergetics model can be used to estimate the
predatory impacts on specific prey taxa.

The general form of this model has undergone exten-
sive error and sensitivity analyses and has proven to be
generally robust (Kitchell et al. 1977; Rice & Cochran
1984; Bartell et al. 1986). An alternative approach would
have been to estimate total prey consumption based on
observed growth rates and a fixed assimilation efficiency
(Moreau et al. 1993). But, fish energy budgets can be dy-
namic because of variation in type and quality of prey
consumed and the allometric scaling of metabolism.
Therefore, assuming a constant assimilation efficiency is
likely to cause the differences in consumption rates be-
tween small and large fish to be underestimated. Because
different gill net mesh restrictions are likely to have large
effects on the size structure of the Nile perch population,
our approach is especially appropriate in that we explic-
itly account for the metabolic and diet changes that occur
as these fish change size through their lifetime.

We have assumed that the diet composition of Nile
perch will not change as a result of population changes
due to gill net mesh restrictions. Ogutu-Ohwayo (1994)
documented strong diet shifts in the Nile perch of Lake
Victoria between the early 1970s and the early 1990s,
which were largely a function of a changing prey re-
source base. Haplochromine prey dominated Nile perch
diets in the 1970s when they were abundant in Lake Vic-
toria. As the Nile perch populations increased, haplo-
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chromine abundances declined and cannibalism became
a dominant component of Nile perch feeding. There is
evidence for a recent resurgence of some populations of
cichlids and consequent increases in the importance of
cichlids in the diet of Nile perch, especially in nearby
Lake Kyoga (R. Ogutu-Ohwayo, personal observation).
Current increases in some cichlid species may indicate
overfishing of Nile perch and a resulting decrease in pre-
dation on cichlids. Nile perch diets in the future will be
a function of their numerical responses to a changing
fishery and their functional responses to changes in prey
availability. Management plans for the Nile perch fishery
must be adaptive in order to respond to the highly dy-
namic nature of this system.

The most liberal assumptions in our analysis involve
estimation of natural and harvest mortality rates of Nile
perch in Lake Victoria. Because these parameters are
poorly quantified, our interpretation remains fairly gen-
eral. We have stressed the relative differences between
possible management scenarios and estimated the likely
fishery responses. Better knowledge of the current pop-
ulation parameters and how these would be altered un-
der different fishery strategies would allow a refinement
of our analyses and more precise empirical conclusions.

We have not explicitly considered how recruitment
patterns might change with changes in the gill net fishery.
Intense harvest of juvenile Nile perch will decrease the
number of fish surviving to reproductive age (Fig. 6). This
result suggests that intense harvest of juveniles might in-
crease the risk of a critical reduction in the spawning
stock. This concern is argued forcefully by Pitcher and
Bundy (1993). But given the enormous fecundity of adult
Nile perch (adult females produce about 140 eggs/g body
mass; Ogutu-Ohwayo 1984), the stock is probably resil-
ient to large reductions in spawner biomass. The controls
on recruitment of Nile perch in Lake Victoria and the im-
plications of exploitation for recruitment are important
arenas for future research and management.

Implications for Management of the Lake Victoria Fishery

Adequate determinations of stock size, population struc-
ture, and mortality rates do not exist for Lake Victoria
fish stocks. As a result, estimating sustainable fishery
yields involves enormous uncertainty. Nevertheless, man-
agers need guidance regarding the potential costs and
benefits of management strategies for the regulation of
the multi-species fishery now dominated by Nile perch.
Pitcher and Bundy (1993) have estimated sustainable
yields of Nile perch at approximately 300,000 tons per
year based of analyses of surplus production and yield
per recruit analyses. Pitcher and Bundy (1993) also rec-
ommended that optimal harvest rates of Nile perch
would result if fish were not vulnerable to the fishery be-
fore reaching a minimum 3-5 years of age. Based on their
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growth curve, this would correspond to fish between
about 85 and 130 cm in length, which are vulnerable to
9- and 14-inch gill nets, respectively. Our analyses sug-
gest that Nile perch harvest will be maximized by begin-
ning to harvest with gill nets 6-10 inches. This result is
valid only if critical reductions in spawning stock do not
occur. We also demonstrate that predation by Nile perch
will increase with all increases in the minimum gill net
mesh size used in the fisheries. Our results indicate that
Nile perch harvest strategies commencing with gill nets
5-6 inches will provide relatively high fishery yields and
minimize predation rates on other important species.
The intensive stock assessments currently being carried
out will undoubtedly improve analyses such as ours and
those of Pitcher and Bundy (1993). But given the rates at
which the fisheries and the biota have changed in the past
(Kaufman 1992), the system is likely to show equally dy-
namic changes in the near future. Thus, management deci-
sions must be made promptly if reasonable goals are to be
achieved (Ludwig et al. 1993). Regulation of the allocation
of effort through gear restrictions (i.e., allowable gill net
mesh sizes) has been suggested as a possible management
alternative (Greboval 1990; Ogutu-Ohwayo et al. 1998). At
present, resources for enforcement are low and imple-
mentation of regulation is poor. Increased resources for
enforcement will undoubtedly increase the probability of
successful implementation of policy. Our analyses offer
some indication of the possible ecological effects of gill
net mesh size restrictions in the Lake Victoria fisheries.
The fisheries of Lake Victoria have undergone massive
changes in the past and will likely change in the future.
Environmental conditions are in flux (Mugidde 1993;
Hecky et al. 1994), fish populations and predator-prey
interactions are changing rapidly (Ogutu-Ohwayo 1990a,
1994), and humans continue to become more efficient
top predators in this ecosystem and their effects extend
beyond the lakeshores (Riedmiller 1994). For the more
than 30 million people who live in the Lake Victoria ba-
sin, many of whom are dependent on the fishery, man-
agement for a productive and sustainable harvest should
be a primary goal. Conserving the remnant species flock
of haplochromines depends in many ways on the suc-
cesses of the Nile perch fishery (Ribbink 1987; Kitchell
et al. 1997). Our analyses suggest that management
through gear regulation will have important conse-
quences for the Nile perch fishery and Nile perch prey.
If Nile perch are efficiently harvested at relatively small
sizes, predation rates on haplochromines will decrease
and their populations should begin to recover. This would
coincide, however, with some reduction in the sustain-
able harvest of Nile perch. Nile perch harvest, predation
pressure on other commercially important fishes (e.g.,
tilapia and Rastrineobola), and the dynamics of the na-
tive haplochromine fishes may be a function largely of
how humans respond to changing fishery regulations.
Although restoration of Lake Victoria’s biodiversity and
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its historic food web is impossible, fisheries manage-
ment can control exploitation in ways that should bene-
fit both the people that depend on the Nile perch fish-
ery for their livelihood and those that are concerned
with conserving and sustaining a diverse fish community
(Bruton 1990; Kitchell et al. 1997).
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