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Abstract

Nile perch were secretly introduced into Lake Victoria in the 1950s, and officially in the 1960s, amid unresolved contro-
versy. Proponents were of the view that the introduction would improve fisheries production and sport fishing. Although
the former objective was achieved, the side effects were dire, including extinction of many native species, especially the
ecologically important haplochromines, because of predation. The introduction also changed the habitat, trophic dynam-
ics and water clarity. The change in water clarity is thought to be responsible for hybridization of haplochromines, fur-
ther contributing to the loss of species diversity among cichlids. The establishment and expansion of the Nile perch also
altered the fishery and socio-economic settings characterizing the lake. A local economy which, until the early 1980s, was
based on native fish species has been replaced by an export-oriented exotic fish processing industry that destroyed the
once-cherished traditional resource. Other socio-economic issues associated with Nile perch include the high HIV/AIDS
prevalence among fishers, and border conflicts attributable to the migratory and transboundary nature of the fishery
resource. Conservation measures for the fishery should include establishment of co-management units that have so far
registered both successes and challenges. Other efforts include establishment of the Nile perch Fisheries Management
Plans that focus on curbing overfishing and eradicating illegal fishing.
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INTRODUCTION
Nile perch, Lates niloticus (Linnaeus, 1758), is a preda-
tory fish of high commercial and recreational value.
Being indigenous to the Ethiopian eco-region of Africa, it
can grow to a length of 2 m, weigh up to 200 kg and live
up to 16 years. It occurs in the Congo, Niger, Volta and
Senegal Rivers, and in Lakes Chad and Turkana. It also
occurs throughout the Nile system as far as Lake Albert,
although it was prevented from reaching Lake Victoria
by Murchison Falls (Froese & Pauly 2016). The vora-
cious predator was introduced into lakes Kyoga, Nabu-
gabo and Victoria in Uganda from Lake Albert during the
1950s and early 1960s (Hamblyn 1961). Nile perch was
introduced secretively in 1954 in the Ugandan side of
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Lake Victoria. Official introductions, however, were done
about a decade later, in 1963, by authorities in Uganda
and Kenya. It took >20 years for the species to establish
and expand, replacing most indigenous species in fish
catches (Downing et al. 2013).

Introduction of the species sparked considerable con-
troversy (Fryer 1960; Anderson 1961; Lowe-McConnell
1994). Proponents argued that, by consuming the abun-
dant and less-exploited haplochromine cichlids, Nile
perch would be providing Lake Victoria with an important
new fishery. The huge size of the perch made it a sport-
fishing target that could attract tourists to the lake
region. Archaeological evidence near Lake Victoria sug-
gested an ancestor of the Nile perch was native to the
Miocene predecessor of Lake Victoria (i.e. Lake Kar-
unga), and it was argued that the perch could become a
native fish once again (Lowe-McConnell 1994).
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Opponents found little ecological sense with this argu-
ment, claiming that a top predator such as Nile perch
would do little to improve the overall ecological efficiency
and the preferred introduction of an herbivore or detriti-
vore (Fryer 1960). Further, the antagonists contended
that it was wishful thinking that introduced Nile perch
would feed exclusively on haplochromines, it being
impossible to predict what might happen in a complex
tropical ecosystem like Lake Victoria.

After its introduction in Ugandan waters, the perch
steadily dispersed in a generally ‘clockwise’ (east-south—
west-north) movement around the lakeshore. By the
early 1970s (i.e. within just one decade), Nile perch was
observed to have colonized the Nyanza Gulf in Kenya,
establishing itself as a major fishery. Further to the
south in Tanzanian waters, a few Nile perch were
caught as early as 1964 (Gee 1965), although the
catches remained incidental to the main fish species
around Musoma and Mwanza through the 1970s. By the
early 1980s, however, Nile perch was a commonly
occurring fish in fish catches along the southern lake-
shore (Acere 1985; HEST 1986).

Nile perch generally occupy almost all realms of the
lake (Ochumba 1987), with exception of a few rocky lit-
toral habitats (Witte et al., 1992a). Studies indicated high-
est abundances occurred between 16 and 50 m in
Tanzania waters (Goudswaard & Witte 1985), and at
depths between 4 and 20 m in Kenyan waters, but
declined in numbers at depths below 50 m. The decline
in numbers with depth is in contrast to earlier observa-
tions (1969/70) (Kudhogania & Cordone 1974), when the
decline in abundance was below 70 m deep, a phe-
nomenon attributed to environmental changes over the
last two decades and the presence of a hypoxic layer
below 50 m (Hecky et al. 1994; Ochumba, 1995). Other
than abiotic factors, there are several other factors that
determine the distribution of Nile perch, including food
availability, the presence of predators and the habitat of
the parental fish (Wootton 1998).

The aforementioned factors are also essential determi-
nants of reproductive strategies and the reproductive biol-
ogy of Nile perch. The latter is particularly key to
understanding the ecology, life history and population
dynamics of the species. Several studies on the reproduc-
tive biology of L. niloticus have been conducted (Asila &
Ogari 1987; Ligtvoet & Mkumbo 1990; Ogari & Asila
1992; Mkumbo 2002; Njiru et al. 2008). The size at 50%
maturity has been decreasing over time (Table 1), a situ-
ation that generally attributed to increased fishing pres-
sures, changes in food availability and the lake
environment.
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Table 1. Total length (TL) of Nile perch in Lake Victoria at 50%
maturity

Male Female

Date (cm TL)  (cm TL) Region/lake Source
1979-1983 74 100 Winam Gulf  Asila & Ogari
(1987)
1988-1989 60 110 Mwanza Gulf  Ligtvoet &
Mkumbo
(1990)
1985-1989 55 85 Lake Victoria,  Ogari & Asila
Kenya (1992)
1998-2001 54 76 Mwanza Gulf ~ Mkumbo
(2002)
2004-2005 54 62 Lake Victoria,  Njiru et al.
Kenya (2008)

According to the IUCN’s Invasive Species Specialist
Group, the Nile perch is considered one of the world’s
100 worst invasive species (Lowe et al. 2000). However,
the introduction of Nile perch has had significant benefi-
cial effects on the fisheries of Lake Victoria, on the other
hand, a catastrophic effect on the ecosystem (Aloo 2009).
Nonetheless, controversy over the role of Lates in the
lake has continued. Lines of argument are usually divided
between those who regard the Nile perch introduction as
a great calamity, and those who assert that the fish is a
blessing to the fishery. To this end, this study highlights
the ecology, economy and conservation of Nile perch in
Lake Victoria since its introduction.

ECOLOGICAL IMPACTS OF NILE PERCH

Loss of Species
Lake Victoria was once considered a habitat of a distinc-
tive multispecies fishery dominated by the tilapiines (Ore-
ochromis esculentus and O. variabilis), and more than 500
species of haplochromine cichlids (Ogutu-Ohwayo 1990;
Witte ef al. 1999). An important subsidiary fishery
existed, based on >20 genera of non-cichlids fishes,
including Protopterus aethiopicus, Bagrus docmak, Clarias
gariepinus, Schilbe intermedius, Labeo victorianus, Alestes
spp, Mormyrus kannume, Barbus altianalis, Synodontis vic-
toriae and S. afrofischeri (Kudhogania & Cordone 1974;
Ogutu-Ohwayo 1990). Catch assessments and exploratory
bottom trawl surveys conducted between 1968 and 1970
indicated that, although the lake was dominated by the
haplochromines (Fig. 1), the most important commercial
species were B. docmak, O. esculentus, C. gariepinus and
P. aethiopicus. Haplochromine species are relatively small
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and bony, and not generally favoured in catches. By the
late 1980s and early 1990s, Nile perch dominated the
catches, with the native species hardly being caught in
trawl surveys. Predation by the introduced Nile perch
has been associated with the extinction of at least 200
haplochromine species, and virtual elimination of several
endemic fish species (O. esculentus; O. variabilis; B. doc-
mak, Alestes spp; Barbus spp; mormyrids; Witte ef al.
1992a,b). The decline in the fish species in Lake Victoria
is the largest documented loss of biodiversity in an
ecosystem caused by humans (Witte ef al. 1999). The
decline of the haplochromines and other species after the
early 1980s is attributed to predation by the booming Nile
perch, habitat degradation, pollution, competition by the
Nile tilapia and overfishing. The perch biomass in the
lake started to decline by 1990, due largely to the exhaus-
tion of its prey, and intense fishing pressure driven by an
emergent lucrative export market (Nyamweya et al.
2016). There has been a resurgence of the native species
in the recent past, being attributed among other factors
to the decline in the predatory Nile perch (Fig. 1). One
noteworthy item is that the resurgent fish are smaller in
both maximum size and size at first maturity than those
caught in the period before establishment of Nile perch,
being an adaptation to survive in a changed environment
(Witte et al. 2013).

Trophic dynamics
In the pre-Nile perch invasion period, Lake Victoria
exhibited a diverse food web, with Clarias spp., B. doc-
mak and P. aethiopicus as the top predators (Witte & Van
Densen 1995; Njiru et al. 2005). At least five trophic
groups were common in the lake in the 1970s to mid-
1980s, including piscivores, zooplantivores, molluscivores
and detritivores/phytoplanktivores (Fig. 2; Witte ef al.
1999, 2013; Njiru et al. 2005). During the peak of Nile
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perch in the late 1980s and early 1990s, the trophic
groups were dominated by zooplantivores and detriti-
vores/phytoplanktivores. With the decline of Nile perch
in the mid-1990s and late 1990s, the trophic groups
became more diverse. The decline of haplochromines
and their subsequent resurgence mirrors the diet of Nile
perch (Fig. 3). Studies on the lake between the late
1960s and late 1970s indicated the diet of Nile perch con-
sisted mainly of haplochromines, being the most pre-
ferred prey. Due to the decline in the haplochromine
stocks, the perch diet of the 1980s was mostly perch
juveniles and R. argentea. The late 1990s and 2000s saw
the dominance of Caridina nilotica and haplochromines
in the diet, the reason being that Nile perch predation on
R. argentea was reduced when their preferred prey (hap-
lochromines) are plentiful (Nyamweya ef al. 2017).
Increased haplochromines in perch diet are attributed to
a resurgence of the species after the decline of Nile
perch, although the dominance of C. nilotica in their diet
could be attributed to increased hypoxia in the lake. C.
nilotica have been observed to thrive in hypoxic condi-
tions (Mugidde et al. 2005).

By the end of the 1980s, detritivores and phytoplankti-
vores, which previously comprised more than 50% of the
bottom-dwelling ichthyofauna, had drastically declined,
being replaced by C. nilotica. Nile perch predation was
attributed to extinction of about 60% of the haplochromine
species, especially the algae-feeding haplochromines
(Witte et al. 1992a,b). In Tanzania, for example, a drastic
reduction in some groups of haplochromines was
observed soon after the Nile perch peak in 1986-1987
(Witte et al. 1992b). In shallow areas, however, which had
relatively low Nile perch densities and contained struc-
tured bottoms (e.g. rocky shores), haplochromines were
less affected (Witte et al. 1992b; Seehausen et al. 1997).
Studies by Witte ef al. (1999) also reported the pelagic-

Catch (%)

84 —%— L. niloticus == 0. niloticus
* -—+- Haplochromines —8— Clarias

—a—  Protopterus
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Fig. 1. Catch composition of bottom
trawl surveys conducted in Lake Victo-
ria, 1970-2016. (the ‘others’ category
includes B. docmak, O. esculentus, C.
gariepinus and P. aethiopicus, data

sources: Njiru et al. 2005, Kenya Mar-
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dwelling cyprinid, R. argentea, which feed on zooplankton
and insect larvae, replaced the surface-living zooplanktivo-
rous/insectivorous haplochromines. Further, after Nile
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Fig. 2. Total number of species per trophic group in bottom
trawl catches in Mwanza Gulf, Tanzania (Mollusc, molluscivores;
Pisciv, piscivores; Rest, unknown and other groups; adapted from

Witte et al. 1999; Njiru et al. 2005).
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perch became established, with a subsequent reduction of
the haplochromines in the lake, R. argentea exhibited a
50% decline in generation time to exploit the new niche
(Wanink 1998). Studies by Sharpe et al. (2012) indicated
fisheries-induced phenotypic changes in R. argentea,
including decreased body size, maturation at smaller sizes
and increased reproductive effort.

Altered habitats

Biodiversity loss caused an imbalance in the lake’s
ecosystem, including alterations in floral and faunal com-
position leading to water quality changes. Frequent algal
blooms observed in the lake are partly attributed to a
top-down effect caused by a decline in cichlid herbivores
and detritus feeders by Nile perch predation (Hecky &
Bugenyi 1992; Kaufman 1992). It was further suggested
that reduced grazing pressures were responsible for the
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2013 ® 2016

Fig. 3. Diet of L. niloticus in Lake
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increased phytobiomass, with the subsequent microbial
breakdown reducing the dissolved oxygen levels in the
lake (Fig. 4). Further, increased hypoxia conditions ren-
dered a large volume of the lake unusable by aerobic
organisms, including fish (Mugidde et al. 2005). Trawl
catches reveal a relationship between dissolved oxygen
concentrations and fish catches (Fig.5). Nile perch,
which require a minimum dissolved oxygen (DO) con-
centration of 3 mg L™! to survive, had its distribution lim-
ited by hypoxic waters (Kaufman 1992). In water with
low dissolved oxygen concentrations, perch are forced to
move upward in the water column above the oxycline, or
to migrate to more oxygenated shallow waters (Taabu-
Munyaho et al. 2013; Cornelissen et al. 2015). This move-
ment to upper waters makes the perch more vulnerable
to fishing. Other fish species are also more exposed to
Nile predation because of this close association.

Incidental massive fish Kills, especially large-sized Nile
perch, in Nyanza Gulf and in the Mwanza Gulf in the
1980s was attributed to upwelling of anoxic water and
increased noxious algal blooms (Ochumba 1990; Kauf-
man 1992; Wanink ef al. 2001). Large-sized Nile perch
are generally affected more by low oxygen concentrations
than small-sized Nile perch because of their smaller gill
surface area to biomass ratio (Njiru et al. 2012). Addition-
ally, hypoxia also affects the size class distribution of fish,
because it can limit physical growth and reproduction,
resulting in a reduction in maximum fish size and length
at maturity (Pauly 1984). The death of larger fish, limited
growth and reproduction, coupled with overfishing, could
jeopardize recruitment of the fish in a lake that already
has very few large perch individuals. Recent estimates of
Nile perch population structure from measurement of
specimens retained by net hauls indicate the population
was skewed to the juveniles. More than 97% of Nile perch
caught are juveniles, while 3% lies are within the recom-
mended slot size (50-85 cm TL), with a negligible num-
ber above slot size (Fig. 6). Very few fish are more than
50 cm TL (minimum legal size). The figure reveals a pop-
ulation dominated by juvenile fish (17-24 cm, TL; Taabu
2004). Such a situation could imply an adequate recruit-
ment, despite intense fishing pressure.

Other environmental issues associated with Nile perch
introduction include firewood demands for processing
the fish (Njiru et al. 2005). The abundant haplochromines
were mainly grass smoked. With the increase in the Nile
perch, the need to deep fry or smoke them required fire-
wood (Riedmiller 1994). At Wichlum Beach (Kenya), for
example, the number of smoking kilns increased from 10
to over 50 between 1984 and 1991 (Riedmiller 1994). Fish
trade was also associated with extensive harvesting of
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Fig. 4. Oxygen profiles in different locations in Lake Victoria taken
during 2008 lake-wide acoustic survey (shaded region indicate oxy-
gen concentrations below 3 mg L~" above which most fish in Lake
Victoria fish populations survive best; data source: LVFO).

forestry resources for boat building, house construction,
brick making and charcoal production (Yongo ef al.
2005). An estimated 68 000 m® of wood was used annu-
ally to process fish, with wood for building boats increas-
ing from 15236 m® in 1998 to 60 000 m® in 2002
(Jambiya & Sosovele 2002; Yongo et al. 2005). Accord-
ingly, the boom in the Nile perch aggravated deforesta-
tion around the lake, contributing to increased soil
erosion, siltation and lake eutrophication.

Hybridization of Haplochromines

Lake Victoria has been described as natural museum of
cichlids because of a remarkable radiation of cichlid
fishes that has given rise to several hundred endemic
species within a very short evolutionary period. With over
500 species of haplochromines, Lake Victoria had one of
the most diverse fish environments on earth at one time
(Coulter et al. 1986). This speciation is threatened, how-
ever, by eutrophication and resultant water turbidity.
Changes in water clarity in the lake are attributed to a
number of factors, including predation of haplochromines
by Nile perch, subsequent resultant increased algal pro-
ductivity and changes in water transparency. Reduced
water clarity has caused a loss of genetic and ecological
differentiation among haplochromine species, contribut-
ing to the loss of species diversity among cichlids (See-
hausen et al. 1997).

Cichlids are frequently found to mate by colour, both
in nature (Elmer et al. 2009; Wagner et al. 2012) and in
experimental settings (Pauers ef al. 2012). Many other
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traits, however, may also influence mate choice, including
acoustic cues, olfactory cues and male territory character-
istics (Maan & Sefc 2013). Laboratory studies have
demonstrated that females mate with other males when
conspecific males are not available (Crapon de Caprona
& Fritzsch 1984). As reduced water clarity is thought to
make haplochromines unable to identify their conspecific
mates, increased turbidity has reduced the effectiveness
of colour signals between breeding mates, leading to a
collapse of reproductive barriers and ensuing attrition of
cichlid species diversity in the lake (Seehausen et al.
1997). The loss of these haplochromine fishes, often
before their biology and systematics have been eluci-
dated, is a major loss to scientists (Coulter et al. 1986).
Nevertheless, there is no clear-cut relationship
between the Nile perch upsurge, impacts on hap-
lochromine cichlids and lake eutrophication. Some stud-
ies suggest increased eutrophication of the lake began as
early as in the 1920s, becoming more pronounced in the
1960s and early 1980s. Further evidence from the sedi-
ments and water column indicated widespread water

10
Dissolved oxygen [mg L™]

Slot size 50-85 cm

n = 1289325

..................

Length (cm, TL)

quality deterioration related to intense anthropogenic
activities and local or global climate change (Hecky &
Bugenyi 1992; Hecky 1993). Witte (2009) argues this
early eutrophication of the lake had a negative impact on
haplochromines, thereby providing an opportunity for the
establishment of Nile perch. As ecological, biological and
systematic information on haplochromines was not col-
lected until 1969/70 and 1978 (Kudhogania & Cordone
1974), it may not be possible to clearly establish the num-
ber of haplochromines that were lost or declined.

SOCIO-ECONOMIC IMPACTS OF NILE PERCH

Economic boom
Up to the 1970s, the Lake Victoria fishery was primarily
driven by subsistence requirements and a limited regio-
nal market. With increasing catches of the Nile perch,
this fishery was transformed into a multimillion-dollar
commercial fishery, with Nile perch accounting for about
90% of the total fish export, in both volume and value
(Odongkara et al. 2005; Yongo et al. 2005). The foreign
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exchange earnings from Kenya fish exports increased
from US $0.4 million 1980 to US $66 million in 2003
(Yongo et al. 2005). Fish export earnings in Uganda
increased from less than US $30 m in 1995 to about US
$145 in 2011, with fish becoming the second most impor-
tant foreign exchange source after coffee.

Nile perch export and value from the three riparian
states have generally increased between 1992 and 2005,
declining thereafter (Fig. 7). The exports rose more or
less continuously from 1991, until reaching a peak of
around 110 000 t (whole fish equivalent) in 2005. The
value also rose to reach a maximum of US $321 million
in 2008. Thereafter until 2013, both the export volume
and value decreased, although not at corresponding rates
because of recent price increases in the international
market. The decline in exports correlates with the Nile
perch biomass trends, which have also been on the
decline since 2014 (LVFO, 2016). Despite a continued
decrease in the exports, however, a major increase of
about 220% of values was recorded from 2013 to 2014,
mainly from Tanzania. The Lake Victoria Fishery Organi-
zation (LVFO) reported the lake produces US $650 mil-
lion worth of fish annually. With the Nile perch boom,
the harvesting, processing and marketing sectors also
experienced transformations. The increased Nile perch
catches spurred the establishment of fish processing
plants along the shores of Lake Victoria, which produced
chilled and frozen fishery products for international mar-
kets. The first fish processing plants were established in

— Total exports
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the early 1980s in Kenya, and in the early 1990s in
Uganda and Tanzania. The number of factories increased
to 30 during the peak Nile perch boom of the 1990s
(Abila 2000; Ntiba et al. 2001).

The fishery boom included the creation of many new
jobs, especially in the processing industries and trade
sectors. There were 50 000 fishermen and 12 000 fishing
boats on Lake Victoria in the 1970s. Since the Nile perch
boom, the lake has exhibited an exponential increase in
fishers and boats targeting the newly found ‘jewel’. The
lake had over 200 000 fishers in 2014, using over 70 000
craft (Fig 8a), with more than 2000 new vessels appear-
ing every year (LVFO 2014). There was also a revolution
in fishing in the lake, whereby outboard motors and traw-
lers entered the fishery. There were 90 boats using
inboard in 2000, declining to 10 in 2014. The trawlers
have since been banned. Boats using outboard engines
increased from 4000 in 2000, to 22 000 in 2014. The long
lines, which mainly target Nile perch, increased from 3.5
million in 2012 to 14 million in 2014. Despite the increas-
ing effort, Nile perch catches have remained stable after
the Nile perch boom, indicating fishing pressure may not
be the only driver of the species’ abundance in Lake Vic-
toria (Nyamweya et al. 2017). The Food and Agricultural
Organisation (FAO) of the United Nations calculated that
the boom created 180,000 jobs in the fishing industry in
the 1980s alone. By the early 1990s, the number of fish-
ers and their dependents increased to about 480 000, and
to almost 3 million in the late 1990s (SEDAWOG 1999;
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Fig. 7. Temporal trends in exports tonnage and value from Lake Victoria (LVFO).
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Yongo et al. 2005). It is estimated that 35 million people
currently depend directly or indirectly on Lake Victoria
fisheries for their livelihood (Weston 2015). Among
others, the trade also stimulated the building sector, air
industry, net manufacturing and packing industry. Apart
from the fishers, there were fish driers, fish smokers,
fish fryers, fish buyers and sellers, net menders, boat
builders and boat repairers.

Edging out small-scale fish operators
Despite the economic expansion related to the Nile perch
boom, the earnings from the Lake Victoria fishery
involved only a small percentage of participants in the
fish industry (Abila 2000; Yongo et al. 2005; Geheb et al.
2007). At the beginning of the century, about 1.2 million
people were directly or indirectly dependent on the Lake
Victoria fishery for their livelihoods. In the pre-Nile perch
period, small-scale fish operators dominated the fish pro-
cessing and trading subsectors (Yongo et al. 2005),
mainly comprising women from communities surround-
ing the lake. They sold fresh fish and processed the sur-
plus using simple technology (e.g. smoking, salting and
sun drying) for later sale. There were hardly any whole-
salers or large processors.
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With the boom of Nile perch, employment chances in
traditional fish trading and processing sectors for Nile
perch and its products, previously the activity of women,
were integrated into the marketing chain for fish process-
ing and fish meal. This resulted in an equitable distribu-
tion of income from the fishery sector, with local
communities being disadvantaged. Commercialization of
the Nile perch fishery slowly edged local people out of
fish production, pricing, marketing and processing activi-
ties, with fish factories and their agents taking up most
of these activities (Abila 2000). Harvesting of Nile perch
was left in the hands of a few rich fishers, most not being
natives of the lake region (FAO 2003). Some factories
entered into agreements with selected fishers, whereby
they offered facilities such as boats and gears, on the
condition they supply fish to them. The arrangement fur-
ther alienated the poorer fishers, who found it more diffi-
cult to participate in this long-distance fishing than
fishers with access to more resources and superior boats
and gears. There were also reduced employment chances
in the processing and trading of Nile perch skeletons,
with the latter being sent to fishmeal factories (Abila
2000). It should be noted that the Nile perch skeletons
rejected by the factories were processed mainly by
women, forming a vibrant industry. Commercialization of
the Nile perch led to a serious imbalance in the social
sector, disadvantaging the small-scale fish operators, and
indirectly affecting the sustainability of the fish
resources. With the employment loss directly related to
the Nile perch fishing industry, more pressure was direc-
ted to the other commercial species of R. argentea and O.
niloticus (Geheb et al. 2007). This was accompanied by
an increase in the use of small seines and illegal gear
such as monofilaments nets and gillnets (<5 in. mesh
size), which targeted juveniles and young fish (Fig. 8b).
These types of illegal gears are efficient in capturing
undersize fish, which could lead to both growth and
recruitment overfishing. Native fish species, especially
haplochromines, which had shown signs of recovery,
were jeopardized by the increased fishing pressures
(Mkumbo 2002; Njiru et al. 2002). It should be noted that
Nile perch could grow up 200 kg, although this average
weight decreased to 50 kg in the 1980s and is currently
less than 10 kg, an indication of growth overfishing
resulting in reduced yield per recruit.

HIV/AIDS
The Nile perch migrates seasonally across the lake, fol-
lowing a pattern that seems to be related to rainfall distri-
bution (Harris et al. 1995). Fishers follow the fish on
these movements, as much as their boats and gears can
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allow them. The increased mobility of fishers has vast
implications not only on fisheries, but also on the human
population. Fishers may undertake fishing expeditions
across the lake for several weeks at a time and away
from their spouses (Harris et al. 1995). The fishers tend
to engage in high-risk sexual behaviour leading to con-
tracting of HIV/AIDS. High prevalence of HIV/AIDS
among the fishing communities is partially attributed to
this mobility.

Further, with diminishing catches from the lake,
women fishmongers formed sexual relationships with
fishermen to secure their fish (Kwena et al. 2012). The
women wishing to sell fish in the market secured the
rights to purchase the fish caught by the fishermen in
return for sexual favours. These women engage in a net-
work of these relationships, conducted in situations that
compromise their ability to practise safe sex, thereby
increasing the risk of contracting HIV. The overall HIV
prevalence among fishing communities in Uganda, for
example, increased 22% (Opio ef al. 2013). The preva-
lence in Kenya increased to 28% among fishing communi-
ties, compared to the value of about 6% in the general
population (Ondondo et al. 2014). Individual fishers and
fish workers with AIDS-related illnesses have a declining
ability to engage in physically demanding labour, such as
fishing (Abila 2000). Fishing households in which one or
more people are affected by AIDS have reduced incomes,
spend their savings on medical care, sell their productive
assets (e.g. fishing equipment) and withdraw their chil-
dren from school. Thus, their poverty deepens, their food
security decreases and their vulnerability increases. High
levels of illness undermine commitment to such collec-
tive, long-term goals as community fishery management
and conservation. Sick fishers are bound to fish near the
inshore waters, using illegal gears. These are the lake
waters that act as breeding and nursery grounds for most
fish in the lake, thereby comprising fish recruitment
(Njiru et al. 2005). In the Lake Victoria riparian countries,
some action has being taken to address different aspects
of the impacts of the AIDS epidemic. The interventions
encompass (i) prevention by provision of toolkits for HIV
prevention among fishermen to awareness campaigns to
trigger behaviour change; (ii) care by providing nutri-
tional and positive living support for orphans and people
living with HIV/AIDS; and (iii) mitigation by establishing
life schools for orphans and vulnerable children in fish-
ing/farming communities. These initiatives are done
mainly by united agencies such as FAO, fisheries and
health line ministries, NGOs and BMUs (Opio et al.
2013).
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Border conflicts

The Nile perch fishery has fundamentally transformed the
social and economic aspects on cross-border fishing and
fish trade since its emergence as a commercially exploited
species in the 1980s (Harris ef al. 1995). This situation
has resulted in occasional cross-border conflicts attributed
to the diminishing, but still lucrative, Nile perch fishery.
In 2008-2009, for example, the Ugandan and Kenyan gov-
ernments claimed a tiny (2000 m?) island (Migingo
Island) (https://en.wikipedia.org/wiki/Migingo_Island).
A joint re-demarcation survey by the two governments
(which diffused the tension) found the island was within
Kenya, while much of the waters near it were Ugandan.
This report, however, was not wholly accepted. To diffuse
any further tensions, the two governments in early 2016
again established a committee to review the Migingo
Island issue, with the report still being awaited.

The consequences of the conflict affect fisheries and
beyond. On a fundamental level, ‘infringing’ fishermen
suffer constant harassment and detention by police
(Shaka 2013). The primary dispute is over fishing rights
in Lake Victoria. If the situation escalates to a full-blown
war, the economies of the two countries will be seriously
damaged in regard to cross-border trade. The dreams of
East African Integration the East African Community is
working to realize might be thwarted by the Migingo
conflict. Trivial as it may seem, the Migingo issue should
not be underestimated, noting that people have gone to
war for far less substantial reasons all over the world
(Shaka 2013).

Food security

Traditionally, communities living around Lake Victoria
consumed much of the fish landed (Abila 2000; Odong-
kara et al. 2005; Njiru et al. 2008). Commercialization of
the fishery led to the development of a vibrant, export-
oriented industry. The relatively higher prices offered by
the processing factories made Nile perch unaffordable to
the local consumer. Further, the export market took the
big mature and good-quality Nile perch, although they
could not satisfy the market demand. Only juvenile Nile
perch, or those rejected by factories, plus the skeletons
of Nile perch, remained for local consumption, leading to
limited access to fish by the local communities. It also
caused food insecurity and reduced available nutrition
because of the export of substantial quantities of fish to
global markets, which would otherwise be available to
local consumers (Abila 2000; Odongkara et al. 2005).

Mushrooming of fishmeal industries also leads to
more direct losses of protein to the locals, and a
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reduction in employment opportunities (50%-60%) and
power of purchasing alternative food sources. About 60%
of Nile perch frame from factories went to fishmeal facto-
ries, as did 70% of the harvested ‘poor person food’ (R.
argentea) (Abila 2000). It is worth mentioning that all the
Nile perch skeletons were used for human consumption
up to the late 1980s. Further, all the R. argentea was con-
sumed by humans in the early 1990s (Abila 2000). The
protein produced using animal feeds (e.g. poultry, beef
and pork) is not as readily accessible to poor people as
fish because of their weakened purchasing power. To
bridge the gap in income reduction from fishery, the
communities embarked upon clearing wetlands in order
to facilitate the growth of horticultural cash crops.
Exploitation of wetlands degraded the surrounding envi-
ronment, reduced the wetland ability to protect the lake
from siltation and pollution, and interfered with aquatic
life in the lake, thereby threatening the sustainability of
the entire lake ecosystem (Njiru et al. 2007). The local
communities around Lake Victoria can be characterized
as being very insecure with regard to food, because of
the above dynamics (Abila 2000; Odongkara et al. 2005;
Geheb et al. 2007). Malnutrition among the lake commu-
nities is high, with one study estimating that 40.2% of the
children in fishing communities are stunted because of
the lack of a balanced diet (Geheb et al. 2007). Further,
about 5.7% of mothers were found to be chronically mal-
nourished at fish landing sites (Geheb et al. 2007).

CONSERVATION EFFORTS

Co-management

The riparian governments have, for a long time, made
decisions on the management of fisheries resources
in Lake Victoria with little or no input from the
resource users and stakeholders (Ogwang et al. 2009;
Nunan 2010). Fisheries co-management approaches
have been widely adopted internationally in response
to the ineffectiveness of government to prevent the
devastation of fish stocks occurring in many places
around the world (Nunan 2010). It is in this regard
that the three riparian governments around Lake Vic-
toria came to realize that improved effectiveness and
efficiency of fisheries management required the
involvement of stakeholders through co-management
of the resource.

Formation of co-management in Lake Victoria through
Beach Management Units (BMUs) was facilitated
through the Lake Victoria Fisheries Organization
(LVFO), being initially financed by the EU-funded Imple-
mentation of a Fisheries Management Plan (IFMP)
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project, 2003-2010. About 1069 BMUS located across
1400 landing sites were formed around Lake Victoria,
consisting of members of the fishing community, includ-
ing boat owners, boat crew, managers, fish processors,
fishmongers, local gear makers and dealers in fishing
equipment. The functions of the BMUs encompassed
both fisheries management and beach development
tasks, including keeping registers of fishers, boats, gears,
raising awareness about fisheries regulations, and work-
ing with government and police to increase compliance.

Co-management initially improved the effectiveness
and efficiency of Lake Victoria fisheries management.
Studies indicated the formation of BMUs improved rela-
tionships between fishing communities and fisheries staff,
although the experiences varied around the lake
(Luomba and Mhagana 2007; Odongkara et al. 2007).
Some empowerment and power sharing begun around
the lake through the BMUs (Nunan 2010). In 2007 and
2008 lake-wide surveys, many boat crew and women, pre-
viously more marginalized in fisheries management,
responded that they believed they had more voice in
decision-making since the formation of the BMUs. The
communities took an active role in eliminating illegal fish-
ing activities, being more involved in revenue collection
on behalf of the governments, and in decision-making
processes on fisheriesrelated issues.

While successes were recorded in all three riparian
countries, there were also new challenges to be
addressed as the new institutions grow. Many of the chal-
lenges related mostly to management and governance
issues, and an inability to enforce the BMU bylaws (due
in part to an ineffectual scheme of penalties). Such short-
falls resulted in ongoing illegal fishing activities, non-pay-
ment of catch levies or permits, and conflicts between
outsiders and resident fishermen. These challenges can
be addressed by enhancing the ability of the BMUs to
implement and enforce their bylaws. Other recommenda-
tions include developing business plans to increase rev-
enue generation, improving the role of the BMUs in data
collection and monitoring, and offering opportunities to
increase offshore fishing. They must also collaborate with
other BMUs, as well as with government agencies and
other stakeholder groups, a goal that can be achieved
through the formation of effective BMU networks. Con-
cerns have been raised on the limited involvement of
community members in monitoring, control and surveil-
lance activities of government, and the lack of opportuni-
ties for fishing communities to participate in government
planning, leading to old vices such as illegal fishing and
use of banned gears finding their way back to the lake
site.
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Nunan (2010) argued that the co-management struc-
tures and systems in place on Lake Victoria have the capac-
ity to be more responsive and flexible, but also require
more technical and financial support, as well as adoption of
adaptive governance. She further contends that co-man-
agement is a process, rather than a static arrangement
designed to yield immediate results. Thus, the co-manage-
ment process is dynamic and can only evolve in practice
over time with the support of stakeholders and the govern-
ment. Going forward to solve the problem of ‘unlimited
access to the fishery’, the stakeholders must define prop-
erty ownership rights with alternatives offered to BMUs or
fishers that may be ‘denied’ access, even if they previously
depended on the fishery for their livelihoods.

Fishery management plan for Nile perch
The LVFO has thus far developed two management plans
for Nile perch in Lake Victoria. The first Nile perch Fish-
ery Management Plan for Nile Perch (NPFMP1) covered
the period 2009-2014. The top priority of this plan was to
reverse overfishing, using a group of measure, including
reduced fishing efforts via such approaches as closed sea-
sons and closed areas. The plan also emphasized the need
to eradicate the illegal trade in undersized, immature fish
and the most harmful illegal fishing practices, including
beach seining and the use of undersize gillnets. The
NPFMP1 was adopted by the LVFO Council of Ministers
(LVFO-CoM) in June 2009. The main aim of the plan was
to optimize sustainable fish production; maximize contri-
butions to macro-economic growth through foreign
exchange generated by exports of fish products; and max-
imize net income of participating artisanal fishers.

The NPFMP1 was revised through the EU-financed
ACP Fish II project, giving rise to NPFMP2. The
NPFMP2 furthered the previous objective of reducing the
overall fishing effort through closed seasons. NPFMP2
also emphasized on the need for stronger enforcement of
existing regulations to combat illegal unregulated and
unreported (IUU) fishing.

CONCLUSIONS AND RECOMMENDATIONS
The controversial introduction of Nile perch in Lake Vic-
toria upsets the existing ecological balance, setting the
stage for the extirpation of many haplochromine cichlids.
The reduced abundance and diversity of the haplochromi-
nes had ‘knock-on effects’ on other ecosystem compo-
nents. The haplochromine destruction, for example,
disrupted the complex food webs existing prior to the
Nile perch introduction. This altered floral and faunal
composition leads to changes in water quality. The preva-
lent algal blooms observed in the lake are attributable
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partly to the decline of herbivorous cichlids and detritus
feeders, attributed to Nile perch predation. The change
in water clarity is thought to be responsible for hybridiza-
tion of haplochromines, further contributing to the
reduced species diversity among cichlids.

The establishment and eventual expansion of Nile
perch changed the socio-economic setting for Lake Victo-
ria. About 35 million people currently depend directly or
indirectly on its fisheries for a living. The commercializa-
tion of the fishery, however, concentrated the export
earnings to a small percentage of participants. Other
socio-economic issues associated with Nile perch include
the high HIV/AIDS prevalence among fishers, and bor-
der conflicts attributable to the migratory and trans-
boundary nature of the fishery resource.

With support from its development partners, the LVFO
established co-management units (BMUSs) for Lake Victo-
ria. Although successes were recorded, there were also
challenges that suggested the institutions must be
strengthened or restructured to be effective and efficient.
Other conservation efforts include establishment of the
Nile perch Fisheries Management Plans focusing on curb-
ing overfishing and eradicating illegal fishing activities in
the lake. In view of the complex nature of the Lake Victoria
ecosystem, however, a whole ecosystem approach to man-
agement that takes care of the biophysical resource and
the socio-economic aspects into account is advocated.
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