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Abstract 

Lake Victoria, the second largest lake in the world, has undergone successive dramatic changes 
since the 1920's. Intensive non-selective fisheries; extreme changes in the drainage basin of 
vegetation, industrialization, agricultural developments, dams. introduction and invasion of exotic 
fish species that led to the destruction of the native and endemic components followed by a 
progressive build-up of physical and chemical changes in Lake Victoria have identified substantial 
increases in chlorophyll concentration and primary productivity as well as decreases in silica 
compared to values measured 30 years ago. Present sulphate concentration (0.1 mgk) are bwer 
than the lowest values reported from other large lakes in the world. There has been a shift in the 
phytoplankton community towards dominance of blue-greens. The -plankton densities are 
relatively low and the body sizes of the organisms are small. Anoxic watershave recently been found 
at shallower depths than previously reported in the lake suggesting significant increases of oxygen 
demand in the seasonally formed hypolimnion. Algal blooms have also been enhanced in the lake. 
Fisheries management has led to a shift in the fishery from amuki-species (40&500fishes including 
haplchromids) to only two major exotic species Lates niloticus and Oreochmmis nibticus and the 
endemic species Rastrineobola argentea. The present practices of lake management have not 
resulted in the improvement of water quality. 



Introduction 

Lake Victoria (1 OOm maximum depth), 
located in the Syrian-African Rift Valley 
was created after tectonic activity that 
ponded westward flowing rivers in the 
lake basin (Talling 1966; Serruya & 
Pollingher 1983; Bugenyi & Balirwa 1989). 
The catchment area (193.000/Km2) (Fig. 
1) and the wet drainage basin is covered by 
grassland savanna, agricultural crops and 
forested mountains of Rwanda and 
Burundi. The Kagera and Nzoia are the 

main inflowing rivers and the out flow is 
the River Nile. The lake is the second 
largest in the world and a major source of 
protein for ten million people in Kenya, 
(Ochumba 1984). It is seasonally stratified, 
(Fish 1957). Wind is the major factor that 
determines the annual thermal cycle and 
water column mixing, (Talling 1969; 
Newel1 1960). The long water residence 
time (23.4 years) increases vulnerability to 
long term changes caused by environmental 
modification in the catchment area. 

Lake Victoria has undergone successive 
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Fig. 1. The Kenya portion of Lake Victoria showing drainage area, sampling stations and sources of nutrients 
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disruptions since the early 1920's. Major 
changes in the ecosystem are: intensive 
non-selective fisheries, modificationofthe 
vegetation in the drainage basin, 
introduction of the exotic fish species such 
as Nile perch (Lutes niloticus) and the 
exotic tilapias and the progressive 
formation of physical and chemicalchanges 
such as the development of a seasonal and 
lake-wide anaerobic hypolimnion which 
now threatens the integrity and biodiversity 
of the lake. The endemic fish community 
of haplochromids has undergone reduction 
in abundance and species diversity. The 
exotic Nile perch currently dominates the 
commercial catch together with exotic 
Oreochromis niloticus and the tiny endemic 
cyprinid, Rmtrineobola argentea. Periodic 
fish kills raised serious concern about the 
environment in the lake and the impacts of 
development activities in the lake bash, 
(Ochurnba 1987). Pollution from industrial, 
agricultural and urban sources was 
significantly enhanced and physical 
alteration of the lake shores through 
construction are proposed. 

Changes of Fish Community and 
Fisheries 

7 
Thenearshore fisheries altered in terms 

of species composition and reduction of 
fish stocks since 1920. At the beginning of 
the century, fishng efforts weredetennined 
by subsistence requirements using 
traditional gears, (Acere 1988) which were 
replaced by introduction of nylon, cotton 
and multifilament gillnets. The Lake 
Victoria fisheries as presented by Graham 
(1929), Fryer & Iles (1972) described 
Oreochromis esculentus and 0 .  variabilis, 
over 250 species of haplochromine species, 
mormyrids, catfish and cyprinids as major 
contributors to the commercial landings. 
Introduction of gill nets resulted in a drop 

in the catch per unit effort but initiated 
overfishing conditions (Acere, 1988). It 
was accompanied by introduction of 6 
species of exotic tilapiines, Tilapia zillii, 
Oreochromis niloticus, 0 .  leucostictus and 
0 .  mossambicus. The objectives of these 
introductions were to increase fish 
production. Nevertheless, since then the 
fishery has highly fluctuated and unstable 
values of catch per unit effort have been 
recorded, (Garrod 196 1). 

Prior to the introduction of Nile perch 
in the early 1960s, haplochromine fishes 
were the economic basis of the fishery as 
well as the dominant protein resource for 
human consumption. Detritivorous and 
planktivorous fishes were major prey 
species for the piscivore Nile perch, (Fryer 
1973; Ogari & Dadzie 1988). In 1976,only 
0.5% ofthe chmercial  catch in the Kenya 
waters of Lake Victoria was Nile perch 
and by 1983 it rose to 67.7%. 
Haplochromines in the catches varied 
between 21.6-36.8% during 1968-1979 
and 0.8% in 1985 (Table 1) (Ogutu- 
Ohwayo, 1985). The landings of other 
native near-shore genera like Tilapia, 
Protopterus and Clarias declined as well, 
(Okemwa, 198 1). The present drastic 
reductions of non-predatory commercial 
fishes (Table 1) predictively will be 
accompanied by adecline of the Nile perch 
fishery, (Ssentongo & Welcomme 1985) , 
due to its cannibalistic bahaviour, (Bare1 et 
a/., 1985; Ogari, 1985). 

Trawl surveys during the 1970s inLake 
Victoria, (Kudhongania & Cordone, 1974; 
Benda, 1981; Muller & Benda, 1981) 
indicated large stocks of haplochromines 
and several endemic fishes in nearshore 
and offshore waters (Table 2). Trawl fishing 
during the 1980s (Asila & Ogari, 1988; 
Okemwa 1984) indicated that endemic 
cyprinids, catfishes, lungfishes, and 
mormyrids were too scarce to contribute 



Table 1: Catch composition of major fish speaes and total landings (tonnes' 10) in the Kenyan part of Lake 
Victoria (Getabu. 1987; FA0 fish. R ~ D .  388 1987) 

Year Tilapine Calrias Hapochromis Bargus R. argenta Protopterus L. niloticus Total 
domae 

1968 14.8 10.6 22.8 7.0 4.5 17.2 ,O.O 16 
1969 26.6 7.6 36.8 5.5 2.9 9.3 0.1 17 
1970 27.5 9.7 12.5 6.7 3.2 11.0 0.2 16 
1971 21.1 12.5 17.0 7.1 5.1 12.8 0.3 15 
1972 14.3 17.0 15.7 5.4 7.8 12.7 0.2 16 
1973 10.1 15.7 12.9 8.6 10.5 13.0 0.9 17 
1974 5.6 12.9 15.6 6.4 21.8 8.6 0.5 17 
1975 3.9 15.6 13.0 8.4 27.4 1.1 0.1 17 
1976 5.4 13.0 9.1 5.5 30.3 5.0 0.5 19 
1977 7.4 9.1 7.2 6.0 34.7 4.0 1.1 19 
1978 10.9 7.2 10.0 5.9 36.5 2.6 4.5 24 
1979 9.0 10.0 4.5 5.8 30.5 1.5 14.0 3 1 
1980 18.6 4.5 2.6 2.4 35.1 1.4 16.0 27 
1981 10.2 2.6 3.4 1.1 20.4 0.5 59.7 46 
1982 7.3 3.4 4.2 4.2 17.1 0.4 54.4 6 1 
1983 5.5 2.7 0.8 3.1 21.1 0.3 67.7 77 
1984 10.4 1.1 0.0 0.1 27.1 0.1 57.5 72 
1965 10.7 0.6 0.0 0.1 29.2 0.2 56.5 90 
1986 2.7 0.6 0.6 0.1 30.5 0.2 63.5 103 
1987 2.8 0.6 0.3 0.1 24.5 0.1 69.1 118 
1988 2.4 0.6 0.3 0.0 36.5 0.1 59.3 1 30 
1989 2.3 1.4 1.5 0.0 38.5 0.1 54.3 137 

Table 2: Bottom trawl catches (g/ha) of dominant fish species (1969-1990) (Asila and Ogari 1987) 

Species 1969-70 1975 1977 1982-83 1989-90 
(1 9 hauls) (69 hauls) (1 67 hauls) (54 hauls) (4 1 hauls) 

8. docmac 117 
C. gariepinus 3.3 
Haplochromis spp. 35.8 
L. victorianus 0.1 
L. nilotiws 0 
P. aelhiopiws 3.7 
S. mystus 0.03 
Synodontis spp. 2.1 
0. variabilis 0.03 
L. nilotiws (%) 0.01 

(-) not recorded 
(0) catch densities less than 0.01 gha. 

significantly to the fishery (Table 2). 
Consequen~ly, it was concluded that both 
haplochromincs and tilapiincs in the lake 
were massively extinct, (Balon & Bruton. 
1986; Ribbink 1987; Les Kaufman, 
personal communication). The decline of 
haplochromine and tilapiine fishes resulled 
not only in a reduction in commercial 

catches but also in the disruptionof trophic 
dynamics in the lake ecosystem. These 
fishes were consumers of the dominant 
andlor bloom forming algae and detritus 
and their high feeding capacity prevented 
water quality deterioration. Thcir absence 
is partly responsible for algal blooms 
(Ochumba & Kibaara, 1989), dctritus 



accumulation in the deep layers and 
enhancement of anoxia. 

The stocking of exotic species in thc 
lake increased the total catch, (Welcomme, 
1966; Fryer. 1973) with negative impacts 
on the lakeecology. The increase of stocked 
species populations and catches caused a 
decline of haplochromine, tilapiine and 
catfish landings (Table 1) wilh whom 
several of the exotic species competed for 
food resources. We know of no previous 
comprehensive thorough study of impacts 
of exotic fish introductions on the 
ecosystem of Lake Victoria (Fryer, 1973). 
Environmental changes caused by 
introduction of exotic species were 
observed in several lakes after the 
occurrence of irreversible changes in the 
food webas reported from LaurentianGreat 
Lakes. (Smith, 1968; 1972); various 
ScandinavianLakes (Svardson 1976). Lake 
Tohae (Morgan et al., 1978) and Lake 
Kinneret (Gophcn, et al., 1983). 

Changes in the Catchment Area 

Changes intheLake Victoriacatchment 
(Bugenyi & Balirwa, 1989; Kendal, 1969) 
were: the construction of drainage system 
vegetation rcmoval, soil erosion, increased 
livestock, recreational and induslrial 
developments (Table 3).  The most severe 
Lhrcat is vegetation remov~il by cutting 
down trees, (Hanking, 1987) for 
agricultural lnnd development, charcoal 
and firewood production. The Kenyan pan 
of the calchment area is populated by 42% 
of the counlry's populalion and drained by 
several rivers. Pollutants and wastes from 
urban centers, industries and agricultural 
farmland (Table 3 and Fig. 1) (Ochumba. 
1984) flow (Allabaster 198 1) into the lake 
via rivers and direct run off. 

Natural conditions in the catchment 
provide a high river discharge therefore 

the pollutant impacts on aquatic 
communities in the rivers and the lake 
itself are effectively prevented, (LBDA, 
1984). The degree to which these pollutants 
might be harmful cannot be adequately 
assessed because of the absence of long 
term water quality data record. There are 
several localized parts of Lake Victoria 
where pollution impacts are significant 
and fish kills as well as algal blooms were 
recorded. (Ochumba & Kibaara, 1989; 
Ochumba 1990). Chabeda (1982) pointed 
out Lhat loads of drained pollutants from 
wheat ficlds contain higher levels of 
nutrients compared to sugar areas. River 
studies, (LBDA, 1984) indicated ageneral 
decrease of water quality from the upper 
catchment areas to downstream sections. 
The average annualnutrient input from the 
catchment of the Kenyan part is 20 kg/ 
km21yr for total phosphorus and 400 kg/ 
km21yr for total nitrogen. 

The present Kenyan legislations of 
water management are administered by 
several governmental institutions (Moore 
& Christy, 1978) with relatively low level 
of coordination: 

1 )  The ministry of water development 
controls water use permits and 
pollulion prevention; 

2) The ministry of health is responsible 
for lraditional nuisance abatement, 
watersupply protection and pesticide 
control; 

3) The ministry of agriculture is 
responsible for soil erosion control, 
provision for food and chemical and 
toxic substances utilization; 

4) The chiefs authority co ordinate the 
local administrations to issue 
instructions for prevention of stream 
p o l l u t i o n  and  r e f o r e s t a t i o n  
programme; 



Table 3: Pollution sources in Uganda part of Lake Victoria catchment. The major human activities in and around 
cities and consequent pollution are indicated (Bugenyi and Balima, 1989) 

- - - - 

Masaka Kampala Jinja Other towns Rural area 
(commercial (commercial 8 mainly (mainly (agriculture) 
town) ind. city) town) indust. indust.) 

Domestic Domestic .. Domestic Domestic Faecal pollution: 
sewage sewage sewage sewage Bacterial Viral 

parasitic diseases. 

Coffee processing Textiles Textiles 

Others Soap factories Soap factories 
Oil mills Oil mills 

Breweries Breweries 

Dairy products Paper & 
packing 

Coffee Steel 
rolling 
mills 

Others Starch & 
others 

Flour mills 

Tannery 
Pharrnacenticals 

Others 

Textiles 

Sisal Beer 8 Pesticides 
soft drinks Insecticides 

weedcides, 
herbicides. 
molluscides. 

Dairy Prod. 

Others Soil erosion 
water siltation 

Irrigation, water 
vectored diseases: 
bilharzia, malaria, 
onchocerciasis etc. 

Deforestaion & 
Overgrazing 
resulted in soil 
erosion & water 
silt. 

Farm: sugar, coffee 
tea, intensive farm 
which use pesticides 
& fertilizers. 

5) The ministry of environment and 
natural resources is responsible for 
watershed management. Presently 
efforts are underway focusing on 
pollution control, provision achieving 
the statutory basis for environmental 
impact assessment. 

The influence of modifications in the 
catchment area on fish stocks in Lake 

Victoria is difficult to estimate. 
Nevertheless, these effects are apparently 
significant (Marten, 1979; Benda, 1979; 
Bare1 etal., 1985). Early studies show that 
potarnodromous fish species were more 
abundant in the rivers. Presently their 
densities'are thoroughly reduced. Ancient 
commercial fisheries of thc lake were based 
on migratory species that moved upstream 



to spawn during the rainy season when 
rivers were flooded, (Whitehead, 1958; 
1959; Corbel, 1961). The abundance of 
these fishes was recently decreased and 
destruction of their fisheries observed, 
(Whitehead, 1958; Balirwa & Begenyi, 
1980). Construction of dams, unrestricted 
dumping of industrial and agricultural 
wastes and other pollutants in the catchment 
area, reduced flows and increased sediment 
accumulation accompanied by 
deforestation, and draining ofmarshes and 
swamps enhanced fishery decline. Soil 
erosion and increased concentration of 
suspended matter reduced algal 
photosynthesis and consequently fish 
productivity, (Meadows, 1980). The stocks 
of riverine fish populations are at their 
lowest levels since the early 1960s (Rabuor, 
1989). Consequently fishing potential 
significantly declined accompanied by a 
direct negative impact on fishermens' 
families that rely on fisheries for their 
livelihood. There is an urgent need for 
effective operations aimed at conservation 
of the native fish communities, 
accompanied by stocking of endemic 
species, (Evans et al., 1988). 

Eutrophic Status of Lake Victoria 

Studies on the water quality of Lake 
Victoria reveal many uncertainties, 
(Ochumba 1987). The lake is acting as a 
sink for most of the imported contaminants 
by inflowing waters which accumulate in 
the ecosystem by increasing concentrations 
in the water, sediments and the biota, 
especially fish. About 85% of inflowing 
waters into the lake evaporates, (Talling, 
1966). Few comprehensive studies of water 
qualily were carried out some thirty years 
ago focusing on substances but not on 
organic matter and heavy metal 
contamination. Chemical composition of 
lakesand rivers in Africa are predominantly 

controlled by atmospheric conditions, 
(Kilham, 1919). The studies of Lake 
Victoria's trophic status are scarce and 
fishery biology research mostly in bays 
was better developed. Fish kill cases 
stimulated the direct attention to the 
possible enhancement ofeutrophication in 
the lake. 

Recent comparative studies on the 
limnology of Lake Victoria (Table 4) 
emphasized eutrophication processes, 
(Akiymana et al., 1977; Hecky & 
Mungoma, 1990; Ochumba & Kibaara, 
1989). We identified substantial increases 
in chlorophyll (x3-10) and primary 
productivity (x2-3) and substantial 
decreases in silica concentration (x5 -10). 
Sulphateconcentrations are x 10lower@an 
the lowest concentrations measured in large 
lakes in the world (O.lmg/l). There has 
been a shift in the phytoplankton 
community towards nitrogen fixing (blue- 
green species, fewer green algae and the 
diatomid Stephanodiscus), (Kitaka, 197 1). 
The zooplanktons community is presently 
dominated by small bodied species of 
copepods and cladocerans with low 
densities, (Gophen et al., 1983). 

Table 4 represents anoxic cases 
measured in Lake Victoria during 1985- 
1987 (see, also Fish, 1957). In Kenya, 
anoxic waters have recently been found at 
a shallowerdepth than before (Table 5 and 
6) suggesting an increase of oxygen 
demand in the hypolimnion. An 
eutrophication process whose causes needs 
to be determined is now indicative. 

Conclusion 

Lake Victoria presently exhibits 
traditional symptoms of eutrophication 
including decreased water transparency, 
enhancement of blue-green algal blooms, 
elevated nutrient concentrations and 



hypolimnetic deoxygenation. Changes in 
the phytoplankton community altered 
availability of food sources to primary 
consumers but these grazers were 
considerably suppressed by higher trophic 
levels. Fish introduction modified the 
phytoplankton, zooplankton and fish 
assemblages in the lake that had the most 
intensive impact on water quality. The 
major fish species are threatened by the 
worsening conditions in the lake and from 
the rivers in the catchment area. It is 
suggested that urban, agricultural and 
industrial pollution and the introduction of 
predatory Nile perch and competitive 
tilapiine species are the major factors for 
the deterioration of Lake Victoria's - c 
ecosystem. Oreochromis esculentus is .- 

a 
almost extinct and many more 2 

m 
haplochromid species are endangered. a 0, 

Current fisheries legislation and operations E m 
L 

aimed at reduction of soil erosion and - 
m .- 

sedimentation in inflowing rivers in the L 

3 
0 

catchment area are insufficient for 5 
significant improvement of the prescnt 
deterioration of water quality. Localised 

3 
C 
0 

manual harvest of papyrus, shoreline S 
dredging and sandmining did not s 2 

m sufficiently improve lake conditions. 
2 I,Y 

It is recommended to intensify pressure 0 .- 
L m 

onalgal and dctrital matter by stocking b e  5 

E 
lake with large bodied cichlids. These - !? 
grazers are less vulnerable to Nile perch m - + 
predation and can probably reduce algal - a 

0 
and deuital densities. Further and long .- 

8 - 
term monitoring of 1he lake and the rivers 
flowing into it is requircd by adrninistralive E .- - 
agencies for decision making with regard .U 

to the conservation and management of the E 0 
Lake Victoria fisheries and waterrcsources. $ 

0 . . 
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Table 5: Anoxic cases (0.4mgIOJl) recorded in Kenyan part of Lake Victoria during 
November, 1985; 1986 and March, 1987 

Upper depths Total depth Number of anoxic 
of anoxic water (m) of station (m) cases recorded 

Table 6: Dissolved oxygen concentration (ppm) in bottom waters at open lake station in the Kenyan part of 
Lake Victoria in chronological order 

Monthlyear Location Depth Total DO Reference 
Sampled (m) Depth (m) (ppm) 

Jan, 1951 Deep north sta. 57-60 60 1-6 Talling, 1966 
Feb-May, 1954 Deep north sta. 750 - 0 Fish, 1957 
Feb, 1958 Lake transect 45-65 45-65 0.2-2.2 Newell, 1960 
Feb, 1961 Deep north sta. 5 7-60 60 0-4 Talling, 1966 
Feb, 1969 N-S Lake trans. 55-60 60 0 Kitaka. 1971 
Mar, 1961 Deep north sta 57-60 60 1-6 Talling. 1966 
Mar, 1968 N-S Lake trans. 55-60 55-60 0 Kitaka, 1971 
Mar, 1989 Station 32 30-44 44 0.8-0.3 NURP, 1989 
Mar, 1989 Station 33 33-34 34 0.7-0.02 NURP. 1989 
Mar. 1989 Station 100 40 40 3 NURP, 1989 
Mar. 1989 Station 103 43-47 4 7 0.1 NURP. 1989 
Apr. 1961 Deep north sta. 55-60 60 1 Talling, 1966 
May, 1961 Deep north sta. 57-60 60 1 -2 Talling, 1966 
May, 1986 Station 32 30 30 5 Ochurnba 8 

Kibaara, 1989 
Jun, 1961 Deep sta. 55-60 60 1-6 Talling, 1966 
Jun-May, 1984 Station 32 30 32 1-6 Ochumba, 1994 
Jun-Aug, 1984 Station 32 40 4 1 0-7 Ochumba, 1984 

Background information was provided by variations of plankton and physico-chemical 

Les Kaufman and W. Cooper. Funding conditions in MwanzaGulf.LakeVictoria. Bulletin 
Freshwafer Fishery Research Luboraory. 27: 49- 

was provided by USAID Gnnt N. DPE- 6 1 .  
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Rapporteur's Comments 

- The paper reported increases in cNorophyll concentration and primary productivity 
noting a decrease in silica and sulphate concentrations in comparison to other lakes. 

- Zooplankton densities are very low and the body sizes of the organisms are small. All 
areas below 40m depth is anoxic with scattered and isolated areas having Caridina 
nilotica. 

- Lake Victoria presently exhibits traditional symptoms of eutrophication. 
- The paper recommends the introduction of large bodied cichlids to utilise the algal 

detrital matter in order to reduce their densities. 
- TheSeminar recommended that the laboratories around Lake Victoria be equipped 

with necessary kits for the analysis of anoxic water and such a request be channeled 
to the sponsors of the seminar in view of the growing anoxic layer in Lake Victoria. 




