
This article was downloaded by: [OARE Consortium]
On: 24 March 2014, At: 00:53
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Aquatic Ecosystem Health & Management
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/uaem20

Management of Lake Victoria fishery:
Are we looking for easy solutions?
M. Njiru a , M. Van der Knaap b , A. Taabu-Munyaho c , C. S.
Nyamweya d , R. J. Kayanda e & B. E. Marshall f
a Department of Fisheries and Aquatic Sciences , University of
Eldoret , P.O. Box 1125, Eldoret , Kenya
b Lake Tanganyika Authority , B.P. 4910, Ngagara , Bujumbura ,
Burundi
c The National Fisheries Resources Research Institute , P.O. Box 343,
Jinja , Uganda
d Kenya Marine and Fisheries Research Institute , P.O. Box 1881,
Kisumu , Kenya
e Tanzania Fisheries Research Institute , P.O. Box 475, Mwanza ,
Tanzania
f 9/4074 Great North Road, Auckland , 0602 , New Zealand
Published online: 18 Mar 2014.

To cite this article: M. Njiru , M. Van der Knaap , A. Taabu-Munyaho , C. S. Nyamweya , R. J. Kayanda
& B. E. Marshall (2014) Management of Lake Victoria fishery: Are we looking for easy solutions?,
Aquatic Ecosystem Health & Management, 17:1, 70-79

To link to this article:  http://dx.doi.org/10.1080/14634988.2014.881220

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,
and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.

http://www.tandfonline.com/loi/uaem20
http://dx.doi.org/10.1080/14634988.2014.881220


This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &
Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions

D
ow

nl
oa

de
d 

by
 [

O
A

R
E

 C
on

so
rt

iu
m

] 
at

 0
0:

53
 2

4 
M

ar
ch

 2
01

4 

http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Management of Lake Victoria fishery:
Are we looking for easy solutions?

M. Njiru,1,∗ M. Van der Knaap,2 A. Taabu-Munyaho,3 C. S. Nyamweya,4

R. J. Kayanda,5 and B. E. Marshall6
1Department of Fisheries and Aquatic Sciences, University of Eldoret, P.O. Box 1125, Eldoret, Kenya

2Lake Tanganyika Authority, B.P. 4910, Ngagara, Bujumbura, Burundi
3The National Fisheries Resources Research Institute, P.O. Box 343, Jinja, Uganda

4Kenya Marine and Fisheries Research Institute, P.O. Box 1881, Kisumu, Kenya
5Tanzania Fisheries Research Institute, P.O. Box 475, Mwanza, Tanzania

69/4074 Great North Road, Auckland 0602, New Zealand
∗Corresponding author: rmnjiru2002@yahoo.com

Lake Victoria, East Africa, supports a fishery that yields about one million tonnes per annum consisting
predominantly of three species, Nile Perch (Lates niloticus), Nile Tilapia (Oreochromis niloticus) and
a native sardine-like cyprinid called Dagaa (Rastrineobola argentea). The non-native Nile Perch is the
most valuable of these species and supports an important commercial export industry; there are fears
that overfishing, due to the growth of fishing capacity, is threatening the Nile Perch fishery. Based on
its economic importance and the notion that overfishing is threatening the resource, the current fishery
management system was developed to control fishing capacity and effort. This system, using the concepts of
co-management, where fishing communities and stakeholders participate through community organizations
called Beach Management Units (BMUs) to actively manage the fishery in partnership with the central
government, has been criticized that it is “fishery-based,” focusing on a single species and taking no
account of ecological conditions in the lake, nor other species. A more “holistic” approach, which
places a greater emphasis on changing nutrient concentrations and primary productivity as drivers of fish
populations, has been proposed. Though fishery biologists and managers on Lake Victoria recognize that
ecological conditions affect fishery populations, there appears to be two major challenges hindering the
implementation of such approaches: first, the lack of a coherent objective of the Lake Victoria fishery, and
second, the challenges associated with incorporating and implementing concepts of nutrient information
and multiple species into a practical fishery management program.

This article describes the current fishery co-management program to determine the feasibility of imple-
menting a holistic approach on Lake Victoria. It is concluded that whether a management system should be
“holistic” or “fishery-based” is of little importance; what is needed on Lake Victoria are clear objectives
and a management plan that will enable those objectives to be achieved, utilizing both ecological and
fisheries data where appropriate.

Keywords: Nile Perch, management plans, holistic management, fishing effort, fishing capacity
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Introduction

Lake Victoria is the second largest freshwater
lake in the world and the largest in Africa, having a
surface area of about 68,800 km2. It is located in a
tectonic basin between the western and eastern arms
of the Great Rift Valley in Eastern Africa. The lake
is 1134 m above sea level and is relatively shallow,
with a mean depth of 40 m (Johnson et al., 2000).
The lake’s ecosystem underwent dramatic ecolog-
ical changes that were realized around 1980 with
the rapid population explosion of the non-native
Nile Perch, Lates niloticus (Kaufman, 1992), which
was introduced in the 1950s and 1960s. The Nile
Perch was introduced to utilize the 500+ species of
endemic haplochromines (Cichlidae) which domi-
nated the fish biomass in the lake and were con-
sidered to be of little economic value (Anderson,
1961).

The population explosion of the Nile Perch led
to the apparent extirpation of most haplochromine
species by the early 1980s (Witte et al., 1992a). This
was followed by a series of further dramatic ecolog-
ical changes associated with rapid eutrophication,
which included the occurrence of algal blooms, fish
kills and an outbreak of Water Hyacinth (Ochumba
and Kibaara, 1989; Ochumba, 1990, 1995; Albright
et al., 2004). There is evidence that the lake was
becoming eutrophic even before the Nile Perch ex-
plosion (Stager et al., 2009), but the ecological dis-
ruptions that followed the virtually instantaneous
loss of most of the fish biomass (Witte et al., 1992b)
must have accelerated the process of eutrophication.
While these ecological disruptions caused a great
deal of concern, there was a remarkable increase in
fisheries productivity with the total catch rising from
around 100,000 t per annum in the 1970s to about
one million tonnes in 2010 (Marshall and Mkumbo,
2011). The dramatic increase in catch was mainly
attributed to Nile Perch feeding on the numerous
and abundant haplochromine species.

The current fisheries of Lake Victoria are of
crucial economic importance to the region as they
support around 200,000 fishermen (LVFO, 2013)
as well as around 3 million people who are involved
in fisheries activities including fish processing, fish
trade, and net and boat construction (EAC, 2006),
all of which represent a significant contribution to
the national gross domestic product (GDP) and the
local economies of the riparian states (Odongkara
et al., 2009). Around 75% of the Nile Perch catch
is exported to Europe, the US and the Middle East

with 91,000 t of fillets, valued at USD 319 million,
being exported in 2008 and 81,000 t valued at USD
310 million being exported in 2009 (Odongkara
et al., 2009); these earnings are a major contribution
to economic growth; exports of Nile Perch average
USD 350 million per annum.

The state of Lake Victoria’s fisheries is a matter of
great concern to management authorities, with the
state of the Nile Perch fishery being of particular
concern because of its high value and subsequent
economic importance and its population decline.
If the Nile Perch’s population decline continues,
it could be a serious threat to the GDP and local
economies of each of Lake Victoria’s partner coun-
tries. Declining fishery yields could lead to reduced
GDP of each country and to the reduced livelihood
security of the fishers around the lake. Indirect ef-
fects of the declining Nile Perch populations could
result in conflicts on the lake, as already demon-
strated by the ownership dispute of the rich fishery
resources of Migingo Island, an island situated on
the borders of Kenya and Uganda in the lake’s waters
(Howden, 2009). Other species of critical impor-
tance to fishers’ livelihoods are the introduced Nile
Tilapia and endemic Dagaa. The importance of the
native haplochromines in the lake decreased after
the Nile Perch population explosion but some hap-
lochromine stocks have recovered and these species
may be re-emerging as an important fishery, now
contributing about 100,000 t, or about 10%, of the
total annual catch (Marshall and Mkumbo, 2011).

The current fishery management practices on
Lake Victoria focus primarily on a “fisheries” ap-
proach that manages fishing effort and catch of spe-
cific species, such as the Nile Perch and Nile Tilapia.
It has been suggested that this approach is too
narrow and that a more holistic, ecosystem-based
approach, which takes into account ecological fac-
tors that affect all fish populations, would be more
appropriate (Kolding et al., 2009). Furthermore,
current management actions are seemingly ineffec-
tive, as fishing effort, legal and illegal, appears to
be rising again after a period of apparent decline
between 2006 and 2010 (LVFO, 2013). Although
a co-management system, with all fishermen orga-
nized into Beach Management Units (BMUs) has
been adopted (Ogwang et al., 2009), BMU members
are often unable to conduct effective fishery man-
agement due to unclear relationships with higher
levels of government (Lawrence, 2013). Also, the
fishery on Lake Victoria remains open-access,
allowing unfettered access to the fishery; some fish
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stocks have declined as a result (Van der Knaap,
2013a,b). Additionally, Nile Perch, Nile Tilapia and
Dagaa are exhibiting the effects of intensive fishing,
such as changes in mean length and length at first
maturity (Njiru et al., 2007; Sharpe et al., 2012).

Other effects include increased pollution from
towns and cities, and mines and industries, along
with the impacts of climate change which are cur-
rently unpredictable. Recent climate models suggest
that East Africa will experience increased wet sea-
son rainfall with more river runoff and fresh water
availability (Doherty et al., 2010), however benefi-
cial this seems for inland fisheries, increased rainfall
together with increased deforestation, land clear-
ance, and agriculture, could lead to severe problems
of erosion, siltation, and nutrient runoff and cancel
out the benefit of increased rainfall.

Fish stocks in Lake Victoria

The fisheries of Lake Victoria have a history
of changing fishing pressures. Commercial fish-
ing began early in the 20th century and stocks of
the most important species, the endemic tilapias
Oreochromis esculentus and O. variabilis, had col-
lapsed by 1940 because of overfishing (Kudhonga-
nia and Chitamwebwa, 1995). Attempts were made
in the 1950s and 1960s to rehabilitate Lake Vic-
toria’s fisheries by introducing non-native Tilapia
species such as the Nile Tilapia, Oreochromis niloti-
cus, O. leucostictus and Tilapia zillii (Welcomme,
1966), but only Nile Tilapia became sufficiently
abundant to support a fishery. The piscivorous Nile
Perch were also introduced into the lake to exploit
the haplochromines (Anderson, 1961), which were
perceived as “trash fish” by the colonial govern-
ment, into an internationally viable commercial fish-
ery. The Nile Perch virtually extirpated many of
the 500+ haplochromine species, while most other
native species populations also declined (Ogutu-
Ohwayo, 1990). Since 1980 the commercial fishery
of Lake Victoria has been based on Nile Perch, Nile
Tilapia and Dagaa which together make up 85–90%
of the catch; a major shift from previous observa-
tions of 80% haplochromine catches.

After the population explosion of Nile Perch
in the early 1980s, international demand for this
species also increased. Fisheries infrastructure, such
as roads, airports, and processing plants were cre-
ated to carry the Nile Perch to international markets.
The high demand, subsequent high value, and new

infrastructure allowed the increasing human popu-
lations to increase fishing pressure on this species.
This led to decreasing populations of this economi-
cally important species.

During the time period 1999 to 2011 a num-
ber of fish population and relative fish biomass
changes were observed using hydro-acoustic sur-
veys (Figure 1): the relative biomass of Nile Perch
declined from 1.3 million t in 1999 to 0.8 mil-
lion t in 2010–2011 while that of Dagaa rose from
245,000 t (10% of the total) to 477,000 t (23%)
between 1991 and 2001, and over 1 million t dur-
ing 2005–2008 constituting 50% of the lake’s total
biomass (Kayanda et al., 2009). The biomass of Nile
Tilapia could not be estimated by hydro-acoustics
because it mostly occurs in water less than 10 m
deep, which could not be effectively sampled dur-
ing hydro-acoustic cruises but catch data indicate
the stock has declined. Other species, most of which
were haplochromines, accounted for about 24% of
the total biomass in 2010–2011, which reflects their
resurgence over the last two decades (Witte et al.,
2007).

Fishery management
on Lake Victoria

The first attempts to manage the fisheries of Lake
Victoria began in the 1930s following recommen-
dations made by Graham (1929) who proposed a
minimum mesh size of 5 inches (125 mm) in or-
der to protect the endemic Tilapia stocks. The rec-
ommendation and implementation of the 5 inches
minimum mesh size did not control overfishing, be-
cause fishing capacity increased, leading to decline
in number and size of fish caught. By 1955 catches
were so low that fishermen were illegally shifting
to smaller and smaller mesh sizes, thus catching
juveniles and disrupting recruitment (Kudhongania
and Chitamwebwa, 1995). Larger-meshed nets (5
inches) were once again used on the lake after the
Nile Perch population exploded in the 1980s to cap-
ture the larger sized perch which fetched higher
prices. The high value of the Nile Perch fishery
created incentives for an increase in fishing effort
on Lake Victoria and therefore a need for stronger
fishery management programs.

Recognizing that the “top-down” (i.e. dictated to
the fishermen by government officials) management
system was failing, the authorities in Lake Victoria’s
three countries agreed to standardize management
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Figure 1. Trends in fitted density (t. km−2) of the major fish taxa estimated through acoustic surveys conducted in February–March
(stratified) and August–September (mixed) seasons from 1999–2011 as estimated by the 3 main strata (deep, coastal and inshore).
Arrows indicate trends. (Adapted from Taabu-Munyaho et al., 2014.)

on a lake-wide basis with the Lake Victoria Fish-
eries Organization as the coordinating body. The
first output was the Lake Victoria Fisheries Research
Project (LVFRP), from 1992 to 2002, which trained
fishery scientists, coordinated fishery research in
the three countries, and produced a fishery man-
agement plan (Bwathondi et al., 2001). The LVFRP
reviewed the management issues on the lake in 2001
and discussed various options including ecosystem,
adaptive, precautionary and holistic management. It
established a framework for fisheries management
on the lake and set out six strategic goals:

(1) regulate fishing effort within an adaptive
management approach;

(2) harmonise and strengthen the institutional
environment for fisheries;

(3) enable local communities to participate in
managing the fisheries;

(4) adopt a Code of Conduct for Responsible
Fisheries that recognises the complexities of
the fishery;

(5) strengthen capacity building and the institu-
tions for management and research; and

(6) develop improved post-harvest methods and
infrastructure.

Perhaps the most ambitious and significant of these
was strategic goal (3), which led to the establishment
of Beach Management Units (BMUs) around the
lake. In a subsequent project called the Implemen-
tation of the Fisheries Management Plan (IFMP),
2004–2008, more than 1000 BMUs were created,
where all the fishermen on the lake were included
into the fishery co-management program. These
BMUs were organized on a community basis with
the intent that all fishery stakeholders be involved
and represented (Ogwang et al., 2009). The intention
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was to develop a partnership between government
and fishery stakeholders with, ultimately, the role of
the BMUs as primary management entities and the
fisheries departments becoming secondary and sup-
portive. To achieve stakeholder participation, fish-
ermen had to be made aware of issues and problems
concerning fishery populations and the possible so-
lutions that were being implemented to address these
problems. The IFMP made a considerable invest-
ment in training stakeholders and developing the
institutional framework (the development of fishing
rules and the structure of fishery stakeholder in-
volvement of each BMU) needed for the BMUs to
function.

The IFMP also produced a new fisheries man-
agement plan for the period 2009–2014, which was
focused more on fisheries management rather than
institutional development (LVFO, 2008a). This plan
set out “species-specific” management plans that
were, in some respects, more suited to industrial
marine fisheries rather than artisanal fisheries on an
African lake. The requirements for biological refer-
ence points (e.g. defined changes in mortality rates
or biomass) and decision rules (specified actions
that would be taken once certain biological refer-
ence points had been reached) would be difficult to
implement since they require very detailed biolog-
ical and fisheries data. The data that are currently
available from the Lake Victoria fisheries are not
sufficiently comprehensive and this aspect of the
fisheries plan will have to be re-examined when the
current plan ends in 2014 and a new one will have
to be prepared.

The impetus for the current management
program on Lake Victoria was the increasing
importance of Nile Perch, especially as an export
commodity. The Council of Ministers (composed
of fisheries ministers from Kenya, Tanzania and
Uganda) has given priority to this fishery and main-
taining its productivity is the principal management
objective on the lake (LVFO, 2008b). Because of
concerns that the Nile Perch stocks might become
depleted, the three states around the lake agreed
that only fish of slot size between 50 and 85 cm
total length (TL) could be caught in order to protect
juveniles and large reproducing females (Njiru
et al., 2009). The Council of Ministers also agreed
that the minimum stretched mesh size for gill nets
would be 5 inches (125 mm) but this has created
two major problems. The first problem associated
with a minimum mesh size concerns the overlap
of methods used to catch other species on Lake
Victoria and the second problem concerns the peak

selectivity in 5 inches nets was at 49 cm (Asila et al.,
2000) which meant that >50% of the fish caught
in these (legal) nets were smaller than the 50 cm
(and therefore illegal). Subsequently the Council
of Ministers, in 2009, adjusted the minimum mesh
size for Nile Perch gillnets to 7 inches (175 mm).

The problem associated with minimum
mesh size and overlapping methods

Gill nets are used to catch Nile Tilapia, and fish-
ermen often resort to illegal nets with a mesh size
smaller than 5 inches in order to maintain their
catches, as they did in the 1950s and 1960s when
Tilapia stocks were declining (Fryer, 1972; Kud-
hongania and Chitamwebwa, 1995). Fishermen who
target this species will inevitably catch under-sized
Nile Perch. Similarly, the fishers targeting Dagaa use
nets with a legally mandated mesh size of 10 mm
(although smaller meshes are commonly, illegally
used) and also inevitably catch under-sized Nile
Perch; there have been proposals to reduce the mesh
size to 5 mm (LVFO, 2007a). The Dagaa nets may
also catch the juveniles of other species and the fear
that Nile Perch and Nile Tilapia will be caught in Da-
gaa nets has led to proposals to control Dagaa fishing
in inshore waters. A closed season for Dagaa is en-
forced in the Kenyan part of the lake from 1 April
to 31 August which appears to be its peak breed-
ing season (Njiru et al., 2005). The effectiveness of
this closure has not been assessed but Dagaa is in-
creasing throughout the lake (Kayanda et al., 2009)
and it would be interesting to know if the closed
season is contributing to this increase. However, the
closure may be more important in protecting juve-
niles of other species that may be caught incidentally
in the Dagaa nets. Finally, those fishers who target
haplochromines often use beach seines, which are
illegal because they cause damage to fish breeding
grounds and are usually small meshed-sized, and in-
discriminately catch species other than the targeted
haplochromines. Nonetheless, beach seines are still
in use around the lake in great numbers. With the in-
creasing importance of the haplochromine fishery,
it will be necessary to determine what impacts it
might have on other species, such as small tilapias
and Nile Perch.

The problem associated with minimum
mesh size and peak selectivity

The peak selectivity in 5 inches gillnets, which
also leads to capture of immature fish, was rather
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contradictory (Asila et al., 2000). This approach
made it very difficult to separate legal from illegal
fish, and data from factories in Kenya and Uganda in
2008 showed that up to 70% of Nile Perch processed
were below the legal slot size. In Tanzania, more
than 80% of the Nile Perch caught in 5-inch gill
nets were below 50 cm (Msuku et al., 2011). These
findings demonstrate that the slot size is not strictly
adhered to by either the fishers or the processors
(Njiru et al., 2009).

Two problems associated with minimum mesh
size and overlapping methods of the Nile Tilapia,
Dagaa, and haplochromine fisheries highlight the
need of a comprehensive fishery management pro-
gram, where other fisheries are considered in the
management of individual species; the Nile Perch
stock cannot be managed without taking other
species and their specific rules into account. In
this regard, the fisheries management plan for
2009–2014 will need to be revised to include a thor-
ough consideration of what kind of fishery should
exist on Lake Victoria.

The question of management approaches on
Lake Victoria must be further assessed as fish popu-
lations, and thus, efforts toward other species shift.
In Lake Victoria, the decline of Nile Perch has
been matched by an increase in Dagaa and hap-
lochromines; the removal of the top predator, there-
fore, may be having a positive ecological impact on
those species. The fishery, therefore, has shifted to-
wards one based on lower trophic levels, targeting
Tilapias and haplochromines, as described by Witte
et al. (1992a), and towards a “food security” fishery,
targeting Dagaa. These small fish are more produc-
tive than large predators and this is desirable because
it guarantees a more reliable source of protein and
so contributes to food security. But as these fish are
less valuable than Nile Perch, this development may
not be welcomed by fishermen who could see their
incomes reduced as their catches of Nile Perch are
reduced.

Sustainability of the Nile Perch
fishery

Recent data suggest that the biomass of Nile
Perch is stabilizing (Kayanda et al., 2009), but the
stock has declined to 50% of what it was in the
early 2000s and is now around 800,000 t. How far
this species can resist intensive fishing is unknown
and concern about this species is justified as top

predators are usually the first to decrease in most
fisheries. From an ecological point of view, man-
aging a fishery based on the top predator is ineffi-
cient because of energy lost while being transferred
from lower trophic levels. Many marine ecosystems
have been disrupted by the selective removal of top
predators (Heithaus et al., 2008; Palkovacs et al.,
2011). Examples of this include the predatory cat-
fishes in Lake Victoria in the pre-Nile Perch era
(Marten, 1979; Goudswaard et al., 1997), and the
endemic Lates spp. of Lake Tanganyika (Coulter,
1970). The presence of juvenile Nile Perch in the
population suggests that there is adequate recruit-
ment despite the intense fishing pressure (Taabu
et al., 2005), but it is unrealistic to imagine that
the fishery that existed in the 1980s, based almost
entirely on a top predator, is sustainable. Van der
Knaap and Ligtvoet (2010) estimated that the Nile
Perch fishery was sustainable at the beginning of
the millennium, in 2002, with the prevailing fishing
capacity at the time. Since then the fishing capacity
has increased sharply (LVFO, 2013), and the sus-
tainability of the fishery has come into question.

The dramatic increase of fishing effort, from
about 35,000 fishermen in 1972–1973 (Reynolds
et al., 1995) to more than 200,000 in 2012 (LVFO,
2013), raises the question: how have Nile Perch sus-
tained viable populations so far? The evolutionary
history and biological characteristics may contribute
to an explanation. Nile Perch inhabits and may have
evolved in highly seasonal river systems along the
southern fringes of the Sahara, such as the Senegal
and Niger Rivers, Lake Chad, the Chari-Logone sys-
tem and the Nile itself (Daget et al., 1986). These
are extreme environments which flood during the
rainy season, sometimes over very large floodplains,
and then shrink during the dry season until they are
sometimes reduced to little more than a series of
pools. The fish in these systems spawn prolifically
during the flood period to produce large numbers of
fry, most of which die as the river recedes and they
become exposed to predators (Welcomme, 1985).
Fish that inhabit these types of stressful systems,
such as Nile Perch, are therefore well-adapted to
withstand a changing environment and high mortal-
ity rates.

These attributes have probably enabled Nile
Perch to survive the increasingly intensive fishery
on Lake Victoria thus far but it is not clear for how
much longer they can do this. Evidence of over-
fishing, such as the loss of large individuals and a
consequent decline in biomass, is causing concern
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about the sustainability of the fishery and the social
and economic significances of a collapse.

Fishing capacity

Measuring fishing capacity on Lake Victoria is
difficult because of the complexity and diversity
of fishing approaches including operating different
gear for the exploitation of the same species. There
are multiple types of fishing vessels, some propelled
by paddles and therefore limited to inshore waters,
others with sails or outboard motors that can travel
further into offshore waters. These vessels carry a
wide variety of fishing gears, some of which target
particular species (e.g. hooks) while others might
be more general in their selectivity and catch more
than one species (e.g. fine meshed gill nets). As a
result, a standardized measure of effort in the Nile
Perch fishery remains elusive and attempts to es-
timate catch per unit effort and incorporate it into
fishery models have not been a success.

Biannual frame surveys, however, have been car-
ried out on the lake since 2000 and indicate that
fishing effort reached a peak in 2006, declined until
2010 but has begun to increase again. The num-
ber of fishermen on the lake rose from 129,000,
with 43,000 boats, in 2000 to 200,000 fishermen
with 70,000 boats in 2012 (LVFO, 2013). Over
the same period, the total number of legal gill-
nets (≥5 inch mesh) rose from 537,000 in 2000
to a peak of 1,100,000 in 2004 but then declin-
ing to 832,000 in 2012. These values may not be a
good indication of effort since fishermen often join
gillnets together, either longitudinally or vertically
and these might not be enumerated separately (at-
tempts to do so may partly explain the increase in
gillnet numbers in the 2012 frame survey [LVFO,
2013]). Finally, long lines with hooks, baited with
haplochromines or small African catfish, Clarias
gariepinus, are the only gear that specifically target
Nile Perch (Mkumbo and Mlaponi, 2007). Hook
sizes are graded according to size, with size 1 be-
ing the largest and size 15 the smallest; the smallest
hooks (sizes 10–15) are illegal. The total number
of all-sized hooks on Lake Victoria increased from
3.5 million in 2000 to 13.3 million in 2012 (LVFO,
2013) representing a 300% increase in fishing effort
targeting Nile Perch. Additionally there has been a
shift towards smaller, illegal-sized hooks, sized >10
increasing from 37% of total hooks in 2006 to 65%
of total hooks 2012. This may reflect the fact that
the proportion of large Nile Perch has decreased

and fishermen are forced to use small-sized hooks
in order to maintain their catches of smaller fish,
many of them below the legal slot size of 50–85 cm
TL. The number of illegal nets (<5 inch mesh) fol-
lowed a similar trend, rising from 113,000 in 2000 to
215,000 in 2006 before falling to 159,000 in 2010
but then rising again to 200,000 in 2012; the rea-
sons for this are unclear but may relate to more
effective enforcement between 2006 and 2010, or it
may reflect the fact that illegal nets are, for obvi-
ous reasons, much harder to count accurately. Other
illegal gears, such as beach seines, cast nets and
monofilament gillnets, are still widely used on the
lake.

“Holistic” versus “fishery-based”
management

Fisheries management that is based on the regu-
lation of harvests of an individual species is recog-
nised as insufficient because of the interactions of
species within a system, a holistic management
approach, therefore, is advocated (Fowler et al.,
2013). A holistic approach should include the crit-
ical principles of an “ecosystem-based fisheries
management” program. An ecosystem-based ap-
proach should include food webs, trophic struc-
ture, complex population dynamics, and numerous
predatory and competitive interactions, along with
processes and interactions that involve evolution,
co-evolution, extinction, and interactions among
species, including extinction and its selectivity, and
their contributions to the structure and functioning
of ecosystems (Fowler et al., 2013). The current
fisheries management system on Lake Victoria has
been criticized by Kolding et al. (2009) that fish-
eries management was “based purely on classical
fisheries theory, with effort as the only driver”. Kold-
ing et al. (2009) asserted that fishery managers had
paid little attention to the work done by limnolo-
gists and ecologists and that, (a) all changes in the
fish stocks were driven by “bottom-up” processes
(i.e. changes in nutrient concentrations and primary
productivity) and (b) there was no evidence of over-
fishing in the lake. These claims seem unfounded
since most fishery biologists are well aware of the
ecological processes on the lake and no one would
deny that nutrients and primary productivity influ-
ence fisheries. But to imagine that 200,000 fisher-
men, employing one million gill nets, 13 million
hooks, 15,000 Dagaa nets, 4,400 beach seines and
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35,000 monofilament nets to remove 1 million t of
fish per annum, have little impact on the stocks, is
surely unrealistic.

Kolding et al. (2009) concluded: “It is apparent
that . . . environmental and fisheries research and
management activities need integration, and that
a holistic Ecosystem Approach to Fisheries (EAF)
management is adopted.” This was certainly one of
the objectives of the fisheries plan drawn up in 2001
and the fisheries departments in each country em-
ployed limnologists and recognized the importance
of limnological data. The challenge, however, is how
can limnological and ecological data be incorpo-
rated into a fishery management plan? Managing
conditions external to the fishery which cause eco-
logical changes to the lake (e.g. agricultural runoff,
industrial runoff, invasive species) is a major chal-
lenge in fisheries management approaches; even if
the ecological processes are known and understood,
they are not easily managed. Proponents of the eco-
logical approach, such as Kolding et al. (2009), have
simply called for more data, better integration, and
the development of a wider array of ecological in-
dicators, but they have not provided any practical or
implementable proposals for fishery management
that address the reduction in fish biomass due to
ecological disturbances.

The question of whether a “holistic” or “fishery-
based management” program should be imple-
mented may be the wrong question; a more real-
istic question might be, “What are the objectives
of the Lake Victoria fisheries, and what has to be
done to achieve those objectives?” Once fishery
planners and stakeholders can agree on this, they
may be better able to draw up a plan that could in-
clude both fishery-based and ecological approaches,
whichever would be most effective in achieving the
objective(s).

Conclusions

Lake Victoria supports one of the world’s largest
inland fisheries and is a major contributor to the
economies of the riparian countries’ GDPs and to
the development of the communities who rely on the
fisheries. Maintaining the productivity of this fish-
ery is of vital importance, but accomplishing this is
a major challenge owing to the size of the lake, the
increasing number of fishermen and increasing ca-
pacity, the variety of gears in use, and environmental
conditions—ecological changes—which affect fish
populations and growth. Additionally, managing a

fishery is complicated by social and political vari-
ables. For example, it is widely accepted that fishing
effort will need to be reduced if the Nile Perch stocks
are to recover (LVFO, 2007b); however, many meth-
ods suggested for decreasing effort, such as reduc-
ing the number of fishing boats or gear, changing net
and hook sizes, or establishing quotas, closed sea-
sons or closed areas, will have a serious effect on the
incomes of many fishermen. In case the Nile Perch
stocks collapse, the fishermen will tend to change to
other fishing gears and methods to exploit the com-
mercially less attractive Dagaa and as a result the
fishermen will lose part of their incomes. Inhibiting
a fisher’s livelihood often reduces his ability to fol-
low the rules and therefore it is expected that the use
of illegal fishing gears and methods will continue.

Effort reduction can only be achieved with the
cooperation of the fishing community and the
establishment of the BMUs within Lake Victoria’s
fishery co-management program, was meant to
overcome failures of past top-down management
programs. One objective of the BMUs was to keep
the fishermen informed of fishery problems and
enable them to contribute to their solution. How-
ever, the BMUs have experienced many problems,
including obstruction by various government agen-
cies, and have not yet been able to play a substantial
part in fisheries management (Lawrence, 2013). It is
essential that the BMUs be more effective if the co-
management programme is to succeed and national
governments should commit themselves more fully
to the BMUs, for instance, by clearly defining
their authority and responsibilities and ensuring
that obstructive behaviour of some government
agencies (Lawrence, 2013) is controlled.

The management of the fisheries will become in-
creasingly difficult because of the growth of the hu-
man population; the combined population of Kenya,
Tanzania and Uganda was estimated to be 126.3
million in 2012 and is projected to reach 303.4 mil-
lion in 2050 (Population Reference Bureau [PRB],
2012). The impacts of this on freshwater resources
will be especially dire as access to clean water and
their resources become limited. This enormous in-
crease in population will also increase the demand
for fish and the management problems currently be-
ing experienced are likely to be greatly magnified.
The need to redefine the objectives of Lake Vic-
toria’s fishery management approach is necessary
to address the oncoming challenges of higher hu-
man populations and the environmental and other
anthropogenic forces they will have on the fisheries.
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The direct impacts of higher human populations
will likely result in the increased demand for fish,
also driving an increase in the numbers of people
seeking to make a living from fishing. Failure to
make a living from agriculture could drive more
people to seek a living from fishing thereby increas-
ing fishing effort even further. There is an urgent
need, therefore, for a robust and effective fisheries
management system that can deal with current and
future problems. Whether this is called a ‘holistic’
or ‘fishery-based’ system it will not be easy to im-
plement. The reasons for the lack of implementation
vary and include a lack of resources, political will,
or often, the impracticability of certain approaches
(e.g. nutrient information). The size of the lake and
the number of fishermen means that it is difficult
to successfully implement Monitoring Control and
Surveillance strategies and here the BMUs should
play an important role. Ineffective regulations are
no better than no regulations and without political
and financial support the fishery administrations and
BMUs will be unable to implement any management
plans.
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