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Recent ecological changes in of Lake Sare, western Kenya 
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Abstract 
Studies on the ecology of Lake Sare were carried out to 
provide baseline information on the ecological conditions 
before a major wetland reclamation projectwas started 
upstream of the lake. Results indicated that maximum 
depth had decreased by 0.9 m while Secchi depth 
readings had decreased by 0.1 m compared to historical 
values. This implies that the lake was undergoing siltation. 
pH values had  increased from 6.80 to 7.58 reflecting 
increased primary production. Conductivity had increased 
from 106 – 137 2 µS/cm. NO3- N and PO4-P had 
significantly increased from 0.8µg N l-1 and 0.14 µg P l-1 to 
23.90.8µg N l-1 and 34.80.8µg P l-1 respectively while 
chlorophyll a values reached 34.8 µgl-1. The macrophyte 
environment was dominated by Cyperus papyrus, 
Eichhornia crassipes, Phragmites australis, Typha 
domingensis, and  Vossia cuspidata. The invasion of the 
lake by Eichhornia crassipes is reported here for the first 
time. The study further observed macrophyte succession 
where the floating plants Eichhornia crassipes and Pistia 
stratiotes were gradually giving way to Vossia cuspidata in 
the Sare lagoon. The phytoplankton community was 
dominated by Pediastrum sp., Pseudoanabaena, Synedra 
sp. and Cyclindospermopsis sp. Cyclindospermopsis sp. 
has the potential to secrete a  toxin Cylindropermopsin 
which can affects the liver and to some extent the kidney. 
Zooplankton communities encountered were from the 
Copepoda, Cladocera and Rotifera genera. The fish 
community was dominated by Lates niloticus and 
Haplochromine sp which coexist in this ecosystem. 

Lake Sare is a high priority ecological site for conservation 
and management of the resources of Lake Victoria basin. 
It has direct link with Lake Victoria. Fish populations 
stocked in the Lake Sare are likely to find their way to 
Lake Victoria. In view of this the lake can be used as a 
launch site for restocking Lake Victoria with juveniles of 
endangered fish species.  

Key words: Eutrophication, species diversity, endangered 
species, restocking 

Introduction 
Lake Victoria is endowed with various habitats in the 
form of littoral areas, deep water areas, satellite 
lakes, dams, rivers and swamps. Each of the 
habitats is characterized by different ecological 
conditions that distinguish and thus harboring 
specially adapted organisms. The main satellite 
lakes within the Lake Victoria basin are; Lake Simbi, 
Lake Kanyaboli, Lake Namboyo and Lake Sare.  

Lake Victoria provides an important livelihood for 
over 30 million people living in the basin in Kenya , 
Uganda, Tanzania, Rwanda and Burundi. Fish 
production data indicates that the fish yields from 
Lake Victoria have declined. This is decline can be 

associated with fisheries over-exploitation using 
small mesh size gears, pollution and predation by 
introduced predatory species (Bugenyi and Balirwa 
1989; Hecky and Bugenyi 1992; Ogutu-ohwayo 
1990 a, b, 1992; Lowe-McConnel et al., 1992; 
Lipiatou et al. 1996; Ogutu-Ohwayo et al. 1996; 
Hecky and Bugenyi 1992; Hecky 1993; Lipiatou et 
al. 1996; Lehman et al. 1998). The decline in fish 
yields has prompted researchers to focus on 
alternative solutions to improve fish yields in order to 
cater for the ever increasing demand due to human 
population growth and increasing number of fish 
industries which process fish for export. In this 
respect, research has shifted to the satellite lakes 
and dams within the Lake Victoria basin which are 
believed to have a unique fish fauna which can be 
compared to the species composition of the Lake 
Victoria in 1960s and thus have served as refugia for 
the endangered fish species of L. Victoria. 

Lake Sare lies within the greater Yala swamp 
complex and together with Lake Kanyaboli and the 
surrounding Yala swamp wetland in western Kenya 
have been recognized as important biodiversity 
hotspots (Maithya, 1988). Recent population genetic 
and phylogenetic studies confirm the evolutionary 
importance of Lake Kanyaboli and Lake Sare in 
preserving the cichlid fish fauna of Lake Victoria 
(Abila et al. 2004). Lake Sare has a unique 
advantage of having a direct link with Lake Victoria. 
The adjoining Yala swamp harbours the endangered 
swamp antelope species Sitatunga (Tragelaphus 
spekeii) and several papyrus endemic birds. The 
lake and adjoining swamp play a critical role in the 
livelihood of the local communities, who heavily 
depend on the adjoining wetland resources. 

The main objective of this study was to characterize 
species diversity of both flora and fauna and to 
provide information on the ecological conditions 
before a major wetland reclamation project in the 
upstream of this lacustrine environment was 
implimented. 

Materials and methods 
Study area 

Lake Sare is located 0º 02’ 25’’S; 034º 03’ 42’’E and 
lies at an altitude of 1140 m.a.s.l within the greater 
Yala swamp complex (Figure 1). The lake has a 
surface area of 5 km2 and forms part of the outlet of 
Yala river into L. Victoria. It is surrounded by 
papyrus swamps which merge with the Yala swamp. 
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Figure 1. A map of Lake Sare showing its locationin relation to the greater Yala swamp complex in Weatern 
Kenya. 

 

In total, 4 sampling design were sampled for water 
physico-chemical characteristics, plant and animal 
species (Figure 1). The sites were, Yala river mouth 
(00° 01’ 54’’S, 034° 03’ 03’’E), Goye causeway (00° 
03’ 40’’S, 034° 02’ 37’’E), Midlake (00° 02’ 25’’S, 
034° 03’ 42’’E) and Sare lagoon (00° 02’ 50’’S, 034° 
02’ 57’’E). Insitu measurements were made for  
temperature, dissolved oxygen, conductivity, pH 
automatically using a Hydrolab Surveyor II 
connected to an SVR 2- DU display and a 401 - CA 
circulator assembly. Light penetration was estimated 
with a 20-cm diameter, black and white Secchi disk. 
Water samples were collected with a 3-litre Van 
Dorn sampler. A portion of the water samples (50 
ml) wwasanalyzed for total alkalinity and total 
hardness by titration with 0.02 N HCl to final pH of 
4.5 using methyl indicator and with 0.02 N EDTA 
respectively as outlined in GEMS (1992). 
Spectrophotometric methods were employed to 
determine the soluble reactive phosphorous (PO4-P) 
and nitrate nitrogen (NO3-N) as outlined by 
Mackereth et al (1978) and soluble reactive silica 
(SiO2-Si) according to APHA (1985). For 
phytoplankton analysis, 250 ml of the water was 
placed in polyethylene bottle and fixed immediately 
with Lugol’s iodine solution. After 48 hours 
decantation, the lower layer (20-25 ml) containing 
the sedimented algae was put in a glass vial and 
stored in a dark cool box. The known volume of the 
concentrated sample was used for the identification 
and counting of the phytoplankton under an inverted 
microscope. Phytoplankton species were identified 

using the methods of Huber –Pestalozzi (1968) as 
well as some publications on East African lakes (see 
the references in the checklist of Cocquyt et al. 
1993). Phytoplankton densities (individual’s l-1) were 
estimated by counting all the individuals whether 
these organisms were single cells, colonies or 
filaments. Zooplankton samples were collected 
using a Nansen type plankton net of 60 µm mesh 
size and 30 cm mouth opening diameter. Three 
hauls were taken from each sampling site. The net 
was lowered as close to the bottom as possible 
without disturbing the sediment. Samples were 
preserved in 5% formaldehyde solution. In the 
laboratory, samples were diluted to a known volume 
and sub samples of known volume taken and placed 
in a 6x6x1cm counting chamber. Estimates of 
abundance of zooplankton were made from counts 
of sub samples under a Leica dissection microscope 
(x25). Copepods were grouped into immature 
Copepoda (nauplii and early copepodite stages). 
Cyclopoida and Calanoida. Cladocerans were 
identified to species level using identification keys of 
Smirnov (1996) and Korovchinsky (1992). With 
regard to macrophytes, plant parts with diagnostic 
features such as flowers, fruits, shoots and rhizomes 
were collected and correctly pressed and labeled to 
reveal their site of collection, a brief habitat 
description and associated taxa. Identification was 
carried out by use of keys of Cook et al. (1974), 
Kokwaro & Johns (1998) and Sainty & Jacobs 
(1994). Fish samples were collected using a gang of 
monofilament gill nets with ten different mesh sizes 
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(30 mm, 38 mm, 48 mm, 60 mm, 77 mm, 97 mm, 
124 mm, 157 mm, 199 mm and 255 mm). The fish 
ata obtained was used to compute size distribution. 

Results 
Physical and chemical parameters 

The results of the physical and chemical parameters 
are displayed in Table 1.  

Table 1. Comparison of the physical chemical 
variables with other authors for Lake Sare 
ecosystem 

Parameter Okemwa (1981) This study

Maximum depth (m) 5.00 4.10 

Temperature (ºC) - 27.02 
Surface DO (mg/l) - 7.48 
pH 6.80 7.58 
Secchi depth (m) 1.00 0.91 
Conductivity (µS/cm) 106.00 137.20 

N03- N (µg N l-1) 0.80 44.80 
PO4-P (µg P l-1) 0.14 23.90 
Chlorophyll a (µg/l) - 34.80 

Results revealed significant changes in 
environmental parameters over a period of 24 years 
(Okemwa, 1981). Maximum depth had decreased by 
0.9 m. Water had decreased from 1 to 0.9 m. pH 
had increased from 6.80 to 7.58 which was 
associated with increased primary production. 

Conductivity had increased from 106 – 137 2 µS/cm. 
NO3- N and PO4-P had increased from 0.8µg N l-1 
and 0.14 µg P l-1 to 23.90.8µg N l-1 and 34.80.8µg P 
l-1 respectively. Chlorophyll a values were in the 
range of 34.8 µgl-1 which suggests that the lake 
currently exhibits the traditional symptoms of 
eutrophication.  

The fish and fishery of Lake Sare 

Fish species identified in Lake Sare are shown in 
Figure 2. The fish species were dominated by Lates 
niloticus and haplochromine spp. These species 
occupied almost every niche in the lake and 
constituted the highest propotion in terms of 
numbers and ichthyomass.  

The third most important species in both 
composition and biomass contribution is O. 
leucostictus. Studies on the diel feeding habits of the 
major species of the lake are displayed in Figures 3. 
L. niloticus was found to feed throughout the 24-hour 
period contrary to the belief that this fish feeds at 
night and not during daytime. The fish fed more at 
night and in the early hours of the morning. This 
feeding pattern is also the same for Haplochromis 
species, which form the main food item of L. 
niloticus. Very few specimens of O.niloticus were 
caught and their feeding profile may not convincingly 
represent that of the entire population in the lake. O. 
leucostictus has peak food ingestion periods at night 
and daytime. 
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Figure 2. Fish species composition identified in Lake Sare. 
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Figure 3. Diel feeding patterns of the major fish species identified in Lake Sare. 

Food consumption is rather a factor of its availability 
in the water. This situation is also applicable for 
Brycinus sadleri. Lake Sare has an elevated primary 
production as demonstrated by high levels of 
chlorophyll a. Phytoplanktivorous fish have a high 
concentration of algae to feed on but the algae 
present (ie the cyanophytes) are unpalatable due to 
their filamentous and colony forming properties. This 
could explain the continuous feeding strategy 
employed by most species, as they may 
continuously be in search of the more palatable food 
such as diatoms. The spatial distribution of the fish 
species the major lake niches is shown in Table 2. 
Results show that Lates niloticus has a lake-wide 
distribution, occurring in virtually every habitat. Boat 
surveys during this study revealed smaller size 
classes of the species that occupy only the entrance 
to the lagoon and not in the lagoon itself where O. 
leucostictus dominate over other species. Expanded 
Lates niloticus population concentrate along Yala 

River mouth, the Goye channel and midlake (Table 
2). The lagoon area was colonized by O. 
leucostictus. Other species were sporadically 
distributed in the entire lake ecosystem. The Goye 
causeway however harbourd the highest  number of 
fish  in the lake and has the highest fish biomass 
representing over 42% of the fish biomass in the 
lake (Table 2, Figure 4). Sare lagoon is the second 
most important ecological zone with regard to fish 
species richness The main fish species identified 
were mainly Haplochromines. Barbus species  were 
concentrated at the Yala River mouth while 
O.leucostictus was only present in the lagoon area. 
Spatial distribution and niche colonization are 
ecological events that result from availability of food 
and optimal environmental conditions. But apart 
from the lagoon, the whole lake area appears to be 
homogeneous (Table 2, Figure 4). This is probably 
due to the influence of river Yala. 

 

Table 2. Fish species richness in the main niches of Lake Sare. 
 

Niche Species richness % Iterative niche biomass contribution 
River Yala mouth 6 10.58 
Goye Causeway 12 42.77 
Midlake 5 17.41 
Lagoon Sare 9 29.2 
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Figure 4. Relative abundance of the fish species in the major niches of Lake Sare. 

Size distribution of Nile perch L. niloticus of Lake 
Sare is shown in Figure 5. Despite its wide 
distribution in the lake L.niloticus rarely reaches 
maturity in the waterbody. The biggest individual 
sampled was 29.2cm TL and weighed 224g at 
maturity stage 3. Mature specimens were not caught 
in all the niches sampled.  Due to the 
preponderance of the young fishes, Lake Sare can 
be described as a nursery for the major commercial 
fish species of Lake Victoria. We hypothesize that 
the young fish leave the main lake through the Goye 
causeway and enter Lake Sare where they are able 
to find nutrition and protection from currents and 
predators. After attainment of adulthood the fish 
move back into the deep waters of Lake Victoria. 

We observed no active commercial fishery in this 
lake. The fisheries resources are exploited solely by 
artisanal fishermen in an entirely open-access 
management strategy. Fishing activities consist 

mostly of long lining and gillnetting with about half  of 
the  fishing effort occuring within the macrophyte 
fringe areas of the lake. Sporadic fishing activities 
are carried out in the midlake using indiscriminate 
multifilament gill nets. Two fishermen foundf used 
rafts made from stalks of C.papyrus, Typha 
domingensis and Phragmites  australis as fishing 
boats. Fishermen set their nets in the evening for a 
night – long fishing, clearing such nets before dawn. 
But a significant amount of fishing effort occurs 
during the day, much of which is concentrated along 
the Lagoon and Goye channel areas and, around 
Usenge and Siaya beaches. Fishermen intercepted 
immediately after clearing their nets were able to 
show our survey team good catches of O.niloticus, 
weighing even more than 500g per individual fish. 
The current activities of this fishery are probably 
sustainable, but they lack coordinated management 
to regulate their long term sustainability. 

 



 

 345

0 5 10 15 20 25 30 3
0 5 10 15 20 25 30

Sare lagoon

 
Figure 5. Percentage length frequency distribution of Lates niloticus in the major ecological zones of Lake 
Sare.  

Phytoplankton community 

Lake Sare has a rich community of phytoplankton 
(Table 3). The phytoplankton community was 
dominated by blue-green algae followed by green 
algae. Only two  species of diatoms were identified. 
Of special interest was the existance of one algae 
species Cylindospermopsis africana, which has 
been shown to produce toxins known as 
Cylindrospermopsin. 

This toxin has the potential to cause eye and skin 
irritations, diarrhea, disorders of the nervous system, 
affects the liver and to some extent the kidney. It 
also has the potential to stimulate the growth of 
cancers. 

Table 3. The major phytoplankton species identified 
in Lake Sare. 
 
Cyanophyta (Blue green algae) 
Pseudoanabaena sp.  
Cyclindospermopsis africana 
Anabaenopsis sp. 
Planktolyngbya sp. 
Anabaena sp. 
Microcystis sp. 
Chlorophyta (Green algae) 
Pediastrum sp. 
Solastrum sp. 
Ankistrodesmus sp. 
Closterium sp. 
Closterium aciculare 
Coelastrum 
Coelomoron sp. 
Cosmarium sp. 
Bacillariophyta (Diatoms) 
Synedra sp. 
Nitzschia sp. 

 

Macrophyte community 

The macrophyte species were categorized into 
emergent and submerged species. The dominant 
emergent species Cyperus papyrus, Phragmites 
australis, Typha domingensis, Voacanga  thomasii, 
Hibiscus diversifolius,   and Vossia cuspidata. V. 
thomasii is a mangrove-like three which was 
observed to harbour several species of roosting 
birds. (Table 4). 

Table 4. The common macrophyte species  
identified at Lake Sare. 

Emergent plants 
Cyperus papyrus 
Phragmites australis 
Typha domengesis 
Voacanga thormarsii 
Hibiscus diversifolius 
Vossia cuspidate 
Ipomea rubens 
Cyperus pseudokylingoides 
Commelina sp 
Melanthera scanders 
Ludwiga stolonifea 
Sesbania sesban 
Sphaeranthus sp. 
Hygrophilla auriculeta 
Ipomea carica 
Polygonum setosulum 
Submerged and free floating plants 
Eicchornia crassipes 
Pistia stratiotes 
Nymphaea lotus 
Utricularia inflexa 

Free floating macrophytes were represented by 
Eichhornia crassipes (Water hyacinth) and Pistia 
stratiotes (Nile water cabbage) occurring mainly in 
the lagoon. The invasion of the lake by water 
hyacinth was  reported here for the first time and 
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was observed to decrease and its niche being taken 
over  by  Vossia cuspidata in the lagoon.  This 
ecological succession  affected other parts of the 
shores of neighbouring Lake Victoria.. A flourishing 
population of floating leafed Nymphaea lotus was 
recorded especially in the northern shores of the 
main lake. Ultriculia inflexa dominated the 
completely submerged macrophyte population. 

The zonation pattern from water to land  in this 
lacustrine environment was represented by 
Utricularza inflexa, Nymphaea lotus, Eichhornia 
crassipes, and Vossia cuspidata. Much of the 
shoreline had only H. diversifolious and C. papyrus 
with climbing species (Ipomea rubens, and I. carica. 
Traditional traps made from Phragmites australis 
used to trap fish at the Goye Causeway reduced 
water velocity and hence increasing the growth of 
floating plants..  

Zooplankton and benthic community 

A checklist of the zooplankton and benthic species 
identified is shown in Table 5. The propotional 
distribution of abundance (%) is shown in Figure 5. 
The zooplankton community was dominated by 
copepods (Thermocyclops spp.),a few cladocerans 
and rotifers (Brachionus spp.). The cladoceran 
densities were possibly low due to predation by fish 
(Figure 6). Cladoceran, are much larger than the 
copepods and  are therefore preferred by fish more 
than the smaller and faster copepods and rotifers. 

Table 5. Major species of zooplankton and benthic 
community found in Lake Sare 

Copepoda 
Calanoida 
Cyclopoida  
Nauplii of several species 
 
Cladocera  
Moina micrura 
Bosmina longirostris 
D.lumholtzi 
Ceriodaphnia cornuta 
Diaphanosoma exiscum 
 
Rotifera 
Brachionus.calyciflorus  
B.angularis 
B.falcatus 
B.caudatus 
Platyias patulus 
Trichocerca spp. 
Keratella tropica 
Epiphanes sp. 
Proales sp 
Lecane sp. 
Asplanchna sp. 
 
Benthic 
Chironomid larvae 

 

Figure 6. Abundance (%) of the zooplankton 
community in Lake Sare. 

Discussion 
Lake Sare is a high priority site for the conservation 
and management of the fisheries resources of Lake 
Victoria basin. The lake has several interacting 
freshwater ecosystems i.e. River Yala system, Lake 
Victoria system, a lagoon system and adjacent 
terrestrial ecosystem. All these systems carry a 
unique aggregation of organisms only differing in 
species origin. Lake Sare has direct link with Lake 
Victoria. Fish populations stocked in Lake Sare are 
likely to find their way to Lake Victoria.  

Results obtained in this study show that there is a 
preponderance of juvenile Nile perch in this 
ecosystem. The shallowness of this ecosystem 
(depths < 5m) may not be conducive for large size 
Nile perch. Therefore, we hypothesize that the 
juveniles of Nile perch are driven by currents into 
Lake Sare via the Goye causeway. Lake Sare, the 
ecosystem is rich in nutrients from the adjacent 
wetland and river inputs (Mavuti, 1989). When the 
Nile perch has grown to full size, they then head 
back to the deeper waters through the Goye 
causeway and into Lake Victoria. In view of this 
Lake Sare functions as a nursery ground for the 
main commercial fish species of Lake Victoria.  

Future management and conservation programmes 
in Lake Victoria should consider the associated 
ecosystems. For instance, the lake can be used as a 
launch site for restocking Lake Victoria with juveniles 
of endangered fish species. If this could be possible, 
then Lake Sare will have to be made a protected 
area or national park for sustainability of the 
restocking program.  

Lake Sare and the greater Yala swamp are 
however, currently undergoing very uncertain 
changes, ecologically and socio-economically. A 
large scale reclamation venture that will reclaim upto 
40.% of the swamp is already underway (Lake Basin 
Development Authority and Dominion Group of 
Companies, Undated Report). This project has been 
approved to improve food security in the area. The 
short and long term ecological and socio–economic 
costs of such an undertaking will be enormous. 
Coupled with this is the accelerated population 
growth in the region and increased fishing activities. 
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The changes taking place within and in the vicinity of 
the lake, threaten the ecological integrity and 
functioning the lake ecosystem and is a likely cause 
of conflict between the ‘developers’, the local 
communities and the ‘conservationists’. It is 
therefore imperative that proper management and 
conservation measures be put in place to protect 
Lake Sare and the associated Yala swamp wetland. 
This study recommends that ; the existing 
regulations pertaining to release of agriculture and 
domestic effluents into Lake Sare need to be 
enforced to reduce on the rate of eutrophication and 

pollution and therefore avert potential dangerous 
impacts to aquatic biota. Secondly, there is need  to 
subject all the development activities in the 
upstream areas of the lake to rigorous EIA before 
they are approved for implementation. Thirdly, Lake 
Sare is a critical habitat for fish survival  and thus 
fisheries activities should be regulated in this 
ecosystem to allow fish recruitment. Fourthly, an all 
inclusive management plan for the whole Yala 
swamp complex is crucial to prevent further 
degradation of the ecosystem. 
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