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Abstract 
The Lake Victoria Catchment (Kenya) harbours six 
species of tilapia. Two species Oreochromis variabilis (L) 
and Oreochromis esculentus (L) are endemic while four 
species Oreochromis niloticus, Oreochromis leucostictus, 
Tilapia zillii(Gervais) and Tilapia rendalli(Gervais) were 
variously introduced in 1950s and early 1960s. The 
existence of six tilapia species in the same geographical 
range has had significant ecological and economical 
implications. 

The study investigated the ecological impacts by 
determining species diversity, distribution, association 
(allopatric, sympatric and parapatric) and habitata 
preferences for the six-tilapia species. Shannon-wiener 
index was used to determine diversity, while species 
distribution was evaluated on the basis of 39 habitats 
(dams and satellite lakes) within the catchment. Species 
associations were determined using Cole’s Cab index. 
The Shannon Weiner function values of 2.44-2.7 indicate 
relatively high species diversity in 15% of 33 habitats 
where Tilapia were resident. 

Cole’s Cab indices showed significant relationships in O. 
esculentus X O. variabilis, O.leucostictus X O. esculentus, 
O. niloticus X O. variabilis and O. niloticus X O. 
leucostictus at P < 0.05. Habitat preference for the six 
species is provided. 
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Introduction 
The tilapiine inventory of the lake Victoria catchment 
, Kenya, consists of four Oreochromis and two 
Tilapia species. The existence of these tilapiine 
species in the Lake Victoria basin (Kenya) has 
significant ecological and economical implications. 
Two of the endemic tilapiines (O. esculentus and O. 
variabilis), which once dominated the fishery, are 
now relegated to the periphery. Their impact on the 
ecology and fishery economy is now insignificant. 
Dominance of two introduced tilapiines 
(Oreochromis niloticus and O. leucostictus, is now a 
reality, with O. niloticus contributing up-to 90% of the 
tilapiine catches (Fisheries statistics, 2003). 

Establishment of viable populations by the six 
tilapiines within the Lake Victoria basin (K) is 
unknown, yet it is appreciated that O. niloticus is 
widespread and has swamped and dominated the 
other tilapiine species. Lake Victoria Environmental 
Management Project (LVEMP reports, 2000) 
surveys have established that extanct populations of 
the endemic tilapiines still exist. These isolated 
extanct populations living in different habitats 

associate sympatrically, parapatrically or 
allopatrically with other tilapiine species. 
Interbreeding amongst tilapiines has been reported 
severally (Lowe, 1958; Jembe et. al., 1998) thus 
raising the possibility of a changing genetic status of 
the different populations. The introductions of alien 
species were intended to cover gaps in the 
ecological niches of Lake Victoria. O. niloticus and 
O. leucostictus are omnivorous (Greenwood, 1966; 
Witte and Van Densen, 1995) while Tilapia zillii is 
herbivorous (Lowe, 1958). They were all introduced 
during the 1950’s to improve the fishery. The 
introduced tilapiines were once said to have similar 
ecological requirements to native tilapiines (Fryer, 
1961). O. niloticus seems to have competitive 
advantage over all the other tilapiines and this 
seems to have contributed to its success. It grows to 
a larger size, has faster growth rate, is more fecund, 
has a longer life span and wider food spectrum, and 
is less habitat restricted (Lungayia, 1991). Further 
evidence on inter-specific competition is reported by 
Fryer (1961) between O. variabilis and T. zillii. With 
competition, the distribution and association of 
tilapiines in the various water bodies in Lake Victoria 
is expected to conform to niche characteristics and 
optimal species combination. In these combinations, 
optimal utilization of resources is achieved through 
resource partitioning. Trophic representation in 
many other species aim to achieve this objective. In 
tilapiines, stocks of herbivores, omnivores and 
phytoplanktivores achieve the partitioning of 
resources. While O. niloticus is an omnivore, T. zillii 
and O. leucotictus are herbivores (Greenwood, 
1966, Witte and Van Densen, 1995). O.esculentus 
and O.variabilis are phytoplanktivores. The food of T 
.rendalli consists of macrophytes and detritus.  

Resultant demographic changes in tilapia 
populations have great consequences on catches, 
genetics and sustainability. Between 2001 and 2003 
tilapiine distribution was sampled on eight occasions 
and mapped. The study provided data on site 
characteristics and an assessment of species 
composition, spatial distribution, diversity and 
associations. Factors affecting distribution of the six 
tilapiines is also discussed. 

Materials and methods 
Study area 

The study area showing sampled dams and lakes is 
given in figure 2. Their sizes, hydrological conditions 
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and origin vary. Sizes range from 6,000 m2, 
(Kamasawa) to 25,000 m2 (Koketch) (LVEMP 
reports, 2000). While seasonal streams drain some 
dams, the water budget of others is solely 
dependent on surface run-offs. Some dams such as 
Kamasawa are replenished by springs. Most of the 
dams are man-made with an exception of a few 
which are natural entrapments of water. Some of the 
dams are temporary and were not included in the 
sampling regime. Dams short-listed for this study 
were 39 some of which are shown in figure 2 below. 

Sampled areas in Lake Victoria to determine 
distribution of tilapiine species are also provided in 
figure 2. The selection covered littoral areas, 
(including river mouths), deep-water areas (>5 m), 
open water areas and sheltered bays. Other 
ecotones sampled included those with mud, gravel, 
rocky or sandy substratum. Areas with rocky 
outcrops were also included.  

Four satellite lakes were sampled in this study; 
Lakes Kanyaboli, Sare, Simbi and Nyamboyo. 

 

 
Figure 1. Map of Lake Victoria showing study area and sampled habitats. 

Sampling 

Each of the 39 dams and 3 satellite lakes was 
sampled twice during the study period. Sampling 
was done once during the wet and once during the 
dry season so as to accommodate physico-chemical 
attributes. Lake Victoria sites were sampled four 

times during the study period. All proposed ecotones 
were sampled. 

Trawling was carried out in the deeper ecotones of 
L.Victoria while gillnetting was done in shallow areas 
and rocky outcrops. Catches from fishermen were 
also assayed to accommodate composition missed 
out during the experimental gillnetting and trawling 



 

 212

exercises. While gillnetting was the main method of 
sampling dams and satellite lakes, seining was 
occasionally carried out whenever conditions 
permitted, as was the case with Lake Victoria. 
Identification tilapias was on a key by Greenwood 
(1966). Total length (TL) to the nearest 0.1 cm of 
each fish was recorded. A note was also made of 
aquatic and semi-aquatic plants for description and 
comparisons of tilapiine habitats.  

Data analysis 

The geographical location of each habitat sampled 
was identified using a (Geographic Positioning 
System (GPS) coordinates. Counts of individuals in 
each species were used to tabulate diversity while 
frequencies for each species were obtained from 
occurrence. Spatial distribution for allopatric, 
sympatric and parapatric populations was 
determined by plotting their positions on a map. 

The occurrence of associated tilapiine species was 
analysed following the method of Mountford (1962) 
and expressed in the form of a three-dimensional 
diagram. Data for length frequency analysis was 
pooled from trawl and gillnet catches. Length 
frequency distribution was used to express 
community population structure in the various 
habitats. Habitat evaluation was based on 
substratum and macrophyte types. 

Results 
Lake Victoria had two tillapiine species, 
Oreochromis niloticus and Tilapia rendalii. Three 

satellite lakes (Kanyaboli, Nyamboyo and Sare) had 
three species, O. Niloticus, Orechromis esculentus 
and Tilapia zillii in varied combinations. Lake Simbi 
had no fish. 32 of the 39 dams sampled were 
inhabited by tilapiines. All the six species were 
variously represented. 

Of the 39 dams sampled, 32 were inhabited by 
tilapiines, 5 were inhabited by non-tilapiines, while 3 
had no fish. Three of the satellite lakes had tilapiines 
and other fish taxa, while one (Lake Simbi) had no 
fish. All six tilapiine species variedly inhabited the 
satellite lakes and dams. Lake Victoria had only two 
tilapiine species. The distribution patterns of other 
taxa per habitat category revealed a total of 15 
families represented by 26 genera in the non-cichlid 
category. In the cichlid family category, the total 
genera were 19.  

Spatial distribution of tilapiine species  

Introduced species were represented by four 
populations of T. zillii, seven of T. rendalli, sixteen of 
O. leucostictus and eighteen of O. niloticus. 
Populations of endemics were nine for O. esculentus 
and sixteen of O. variabilis. The least commonly 
occurring tilapiine was T. zillii which occurred in 
Lake Sare, Kalenjuok (4), Ochot(32) and Kitaru (33). 
T. rendalli was more diverse found in Lake Victoria, 
Ochillo (1), Gesebei (35), Kokech (23), Kijauri (36) 
and Mamboleo (25). The percentage occurrence of 
each of these species is given in Figure 3

 

 

 
Figure 2. Spatial distribution of tilapiines in the Lake Victoria basin and catchment (Kenya). 
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Fig. 3. % Occurrenceof Tilapiines in the Lake Victoria Basin
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Species associations 

The distribution of tilapiines showed most habitats 
accommodating more than a single species. Twenty 
two habitats had two or more species living 
sympatrically. O. niloticus lives sympatrically with O. 
leucostictus and O. variabilis in eight habitats; and 
with Tilapia zillii in only one habitat. Eleven 
populations of O. variabilis and O.leucostictus lived 
sympatrically while O. leucostictus and O esculentus 
occurred in five habitats. These associations were 
all significant at P<0.05 (Figure 4). The associations 
between O. variabilis and T. zillii, T. zillii and O. 
leucostictus, O. niloticus and O. esculentus were 
only significant at P<0.1. Other associations were 
not significant. Various associations included. 

 
Figure 4. Species associations illustrated in the form 
of a three dimensional diagram. It was constructed 
using Cole’s CAB indices and the significance of 
association determined from values of the 2 x 2 
contingency tables used to calculate CAB. 

 
Table 2. Gives a summary of the existing species combinations in Lake Victoria basin (K) 

Species associations (sympatric/ parapatric) Number of popopulations 
O. niloticus / O. leucostictus / T. rendalli / O .esculentus 1  
O. niloticus / O. leucostictus / O. variabilis / T. zillii  2  
O. niloticus / O. leucostictus / O. variabilis / T. rendalli  1 
O. niloticus / O. leucostictus / O. variabilis 4  
O. esculentus / O. leucostictus / O. variabilis  2 
O. vaiabilis / O. leucostictus / O .esculentus 2 
O. niloticus / O. leucostictus / O .variabilis 2 
O. niloticus / O. variabilis/ O .esculentus 1 
O. niloticus / T. rendallii 1 
O. niloticus/ O. leucostictus 4 
O. esculentus / O. leucostictus 1 
O. esculentus/ O. variabils 1 
O. niloticus/ O. variabilis 2 
O. variabilis /O. leucostictus 1 
O. leucostictus  2 
O. niloticus 2 
O. esculentus 1 

  
Discussion 
Spatial distribution of tilapiine species in L.Victoria 

It is evident that tilapiine species are well 
represented outside of Lake Victoria. The 



 

 214

occurrence of Tilapia rendalli in close proximity to L. 
Victoria is only reflected amongst the tilapiine 
species. While distant established populations T. 
rendalli would mean determined efforts by man to 
benefit from the species, those close to L. Victoria 
may be accidental. Purposeful introductions were 
reflected in distribution of O. leucostictus and O. 
niloticus species where distant populations were to 
be found. However, since populations close to rivers 
or linked by perennial or seasonal streams were 
most widely distributed, such contributions cannot 
be ignored. This supposition conforms to the fact 
that indeed tilapiine species since their introduction 
have not remained where they are but have been 
redistributed through natural phenomena or man. 
Distribution can however be restricted within a 
geographical range as was the case of populations 
in Oki-37, Mamboleo-25, Gesebei-35, Kitaru-33 and 
Kijauri-36; and also Ugege-2, Kalenjuok-4, Ufinya-5, 
Ulanda-7, Futro-11, Mwer-10 and Lake Kanyaboli. 
Most of the dams were far detached from others and 
did not contain any tilapiine species; or had 
allopatric populations (Ochot-32, Achuna-18, 
Nyodegro-27, Olasi-26, Komondi-15, Uranga-6 / 16, 
Oyombe-17, Achuna-18, Kobondo-20, Kwabwai-21, 
Achuna Rangwe-24, Maranda-31). Therefore the 
occurrence of concentrations of multiple species in 
some areas reflected anthropogenic efforts in the 
dispersal of tilapiine species. Earlier, annual reports 
of the Kenyan Game and Fisheries Department 
outline the progress of stocking in various water 
bodies in the Lake Victoria catchment and Basin 
(Kenya). These records attest to the fact that most of 
the lakes and dams, which have been stocked with 
fish, had no fish until these species were introduced 
into Lake Victoria.  

Although this study found tilapiines in the Lake 
Victoria basin and catchment existing in small, more 
or less isolated, sub-populations or races, unit 
stocks in Lake Victoria have adopted an aggregated 
type of spacing. Aggregations may have been due to 
influences of habitat characteristics such as 
abundance of food, depth, substratum type and 
vegetation. Distribution of T. rendalli in Lake Victoria 
was restricted to specific areas. O. leucostictus was 
found in the littoral areas, especially river mouths, 
while O. niloticus in the main lake was found to have 
a wide distribution, existing in all sampled habitats. 
Fryer and Iles (1972) attributed the dominance of 
Nile tilapia to its omnivorous food habits, extended 
spawning periods and fast growth rates. Getabu 
(1992) estimated growth of Nile tilapia in Lake 
Victoria at K=0.65 and Njiru (2003) at K=0.43 in the 
same environment indicating its resilience and 
capacity to flourish. While other tilapiines are unable 
to digest blue-greens, Moriarty and Moriarty (1973) 
demonstrated the capacity by O. niloticus to digest 
blue-greens albeit at a low pH of 1.4 in it’s stomach. 
Njiru (2003) has attributed the low densities of O. 
niloticus in the open waters to low algal 
densities.This may explain the predominance of 
blue-greens in the dams that may favour the 

dominance of O. niloticus while being restrictive to 
other tilapiine species. The occurrence of tilapiines 
may also be instigated by breeding behaviour.  

Tilapiines differ in their ability to establish 
themselves in the small water bodies as well as in 
feeding and breeding habits. This data indicated the 
distribution of O. niloticus and O. leucostictus in the 
lake basin to be widespread. Since both species 
were introduced, initially into Lake Victoria, their 
existence in other isolated water bodies infers 
transfers, introduction and possible re-introductions. 
O. niloticus populations living in Lake Victoria are 
however not separated by any geographical barrier. 
However, distance and differences in microhabitats 
characteristics may play a role in limiting migration. 
O. niloticus inhabited all the varied habitats of 
L.Victoria. It was found in exposed shores, muddy 
bays and lagoons to the more open sandy shores. 
Juvenile O. niloticus were found in shallow sheltered 
nurseries that were usually well oxygenated. Such 
niches are the ideal breeding sites for O.niloticus 
and are usually 40 to 300 cm of water in L.Victoria. 

Lowe (1957) noted that O. leucostictus is generally a 
lagoon fish. It’s preferred habitat was in the lagoons 
and near papyrus fringes in the shallow muddy bays 
and inlets of the lake. Current niches it occupies in 
the dams are much similar to this description i.e. 
muddy bottomed, shallow, and deoxygenated 
swamp. Populations of O. leucostictus also exist in 
rivers Sio, Awach and Sondu-Miriu especially in 
areas of lateral flooding (LVEMP reports). 

The satellite lakes are connected by streams and / 
or rivers, therefore reducing possibility of isolation 
mechanisms and increasing possibilities of 
commonness of species. Dams were similarly linked 
through overflow streams that serve to transfer both 
nutrient loads and biological elements. With the 
advent of the water hyacinth over the last decade 
comes a resurgence of species, which were until 
then known to be under great extinction pressure. 
These changes in species richness have been 
attributed to reduced fishing pressure, safe habitat 
and less predation from Nile perch (L. niloticus). 

Local riparian communities have for long used 
traditional fishing methods in obtaining fish from all 
water bodies. Most of these methods have been 
abandoned in favour of advanced techniques in 
fishing resulting in over-fishing and sometimes 
destructive fishing. However, through sensitization 
campaigns and legislation efforts, the fisheries of 
this region seem to be under less pressure and are 
recovering. One such example was noted for Lake 
Kanyaboli where community based enforcement and 
conservation units are in place. Here, species such 
as O. esculentus, Lipochromis maxillaris and 
phytophagus which are not found anywhere else find 
a safe haven. In Lake Nyamboyo, conservation is 
effected through strong traditional beliefs whereby 
the lake and its immediate surroundings are used for 
rituals, thus limiting establishment of commercial 
fisheries. The last effort is by the Government and 
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other quasi government agencies to establish 
sanctuaries and other form of protected areas for 
endangered species. 

Tilapiine associations  
Habitats occupied by O. niloticus and O. leucostictus 
populations; show various types of associations that 
include O. esculentus and O. variabilis in the 
L.Victoria basin. Allopatric populations are only O. 
niloticus, probably due to over-dominance. 
Sympatric populations include the following 
combinations; O. niloticus / O. variabilis, O. niloticus 
/ O. esculentus, O. niloticus / O. leucostictus, and O. 
niloticus / O. esculentus. A possible consequence of 
such associations is the occurrence of hybrids and 
subsequent changes in the genetic structure of both 
or either of the species. Such changes are achieved 
through natural selection pressures. The observed 
changes are reflected as genetic changes in the 
populations. 

Ecological preferences by the tilapiine 
species 
Each tlapiine has a habitat preference to maximize 
efficiency in feeding, reproduction and growth. 
Accordingly, the distribution of tilapiines is subject to 
prevailing ecological conditions and may result in 
endemism or migration.  

O. niloticus is primarily a phytoplankton feeder and 
is especially dominant in areas of dense algal stocks 
such as Nyanza Gulf. It also feeds by grazing from 
muddy surfaces, rocks and macrophytes. 
Phytoplankton densities in the main lake are 
insufficient and cannot support O. niloticus directly, 
causing it to move long distances to feed. Breeding 
O. niloticus have been found over all types of 
surface bottom, but principally over sand in shallow 
water between 10 and 30 feet deep.  

O. esculentus in Lake Victoria occurs in sheltered 
bays, where the bottom consists of algal mud (Lowe, 
1955). Though a phytoplanktivore, it occasionally 
feeds on zooplankton and insect larvae. According 
to Greenwood (1953), diatoms are the most 
important food elements of the phytoplankton, 
particularly the filamentous Melosira. Consequently, 
O. esculentus prefers habitats with living layers of 
diatoms in bottom deposits. Both O. niloticus and O. 
esculentus are reported to have a black and red 
male breeding dress, unlike that of any other known 
tilapia. The breeding dress is almost identical in the 

two species. This supports the view that these 
geographical replacement species are closely 
related as well as ecological counterparts in their 
respective 

T. zillii had the most clearly defined habitat 
preferences. It prefers the rocky outcrops and rocky 
shores where it scrapes on epilithic algae. It also 
ingested gravel and sand particles, bearing algal or 
bacterial floras. Small populations were recorded in 
vicinity of extensive Potamogeton beds where 
epiphytic growths provided a suitable food source. 

Conclusion  
Most of the species live in sympatric associations. 
O. niloticus and O. leucostictus rae the most 
dominant of all the tilapiine species and seem to 
tolerate most of the habitats where environmental 
conditions may be unfavourable for the other 
tilapiine species. Feeding habits may have played a 
major role in the survival of these two species which 
have a wide food spectrum. The dispersal of O. 
niloticus has been infuenced by anthropogenic 
activities and overflows where such connections 
exist while that of O. leucostictus may be through 
the efferent outflows since it is not a targeted 
commercial fish. O. variabilis is alsowidely 
distributed may be due to its increased resilience to 
harsh environmental conditions. The low distribution 
of the other species can be attributed to their 
inability to tolerate harsh environmental conditions 
such as turbidity, pH, low dissolved oxygen and high 
total alkalinity.  

The partitioning of resources seems to lend 
credence to the species associations. This is 
reflected in the partitioning of the various resources 
in each habitat by accommodating omnivores, 
phytoplanktivores and herbivores. The associations 
between O. niloticus, O. variabilis, T. zillii and O. 
leucostictus, O. niloticus / O. leucostictus / T. rendalli 
/ O .esculentus, O. niloticus / O. leucostictus / O. 
variabilis / T. zillii, O. niloticus / O. leucostictus / O. 
variabilis / T. rendalli lends credence to this 
hypothesis. 
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