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ABSTRACT 

Water resources plays a key role in the socio-economic development and hence contribute 

immensely to realization of food and nutritional security. However, since the onset of 

anthropogenic activities, increasing human population created similar increasing demands in 

agricultural lands, water and with expanding settlements. The emerging micro pollutants and 

environmental stressors, all contribute to the multiple environmental pressures which threatens 

the water quality in lakes, resulting in degradation of fish and other flora and faunal habitats, 

increasing vulnerability of endangered species, risks to public health and livelihoods. This 

pushed for mapping and monitoring of the major point sources of pollution within the identified 

sampling sites for the protection of ecosystem services and uses in understanding any effects 

on fish ecology. In-situ measurement of key water quality parameters was made at eight 

sampling sites, each having three points using a HANNA HI9829 multi-parameter meter. 

Ekman grab was used to collect triplicate hauls of benthic macroinvertebrates, nutrients and 

biotic samples were collected and analyzed following standard methods of analysis. Mean ±SD 

concentrations of Dissolved oxygen, temperature, pH, Oxidation Reduction Potential, Total 

nitrogen, Total phosphorous, Conductivity, TSS, TDS varied from 4.93±1.11 and 6.01±1.26 

mg/L, 26.94±1.02 and 26.97±0.95 ⁰C, 6.94±0.457 and 77±0.75, -183.19±57.87 and 

57.93±61.56 mV, 194.65±65.49 and 760.75±867.86µg/L, 147.84±115.02 and 204.84±69.60 

µg/L, 162.25±53.47 and 176.62±32.94 μS/cm, 16.86±13.60 and 93.19±146.73 mgLˉ¹, 

110.77±21.74 and 156.44±52.58 mg/L respectively. Thus an indication of hypoxic, acidic, 

toxic and eutrophic environment of pollutants in increased concentrations and lots of dead and 

decaying material in the water column that cannot be easily cleared or decomposed. 

Chlorophyll- a as primary productivity and algal biomass indicator tool, recorded a 

concentration of 83.19±78.67 and 97.02±114.92 µg/L thus an indication of intense 

eutrophication. Cynophytes were the most dominant group, contributing an average of 65 % 

and 55% in the surveys, Cyanobacteria, Microcystis spp. and Anabaena spp. were the most 

abundant in some sites. Merismopedia spp, Chroococcus, Cylindrospermopsis and Microcystis were 

the most common genera in all sites. Zooplankton dominated by the taxonomic group Copepoda 

(>59.4%), followed by Cladocera (13.5%) and finally rotifers (9.6 %) Cyclopoida contributed 

up to 44.3 % of the total copepod population while Calanoida contributed 5.3 % on the average. 

Zooplankton were relatively more abundant at Kisat, Hippo point and Homa Bay sewerage 

discharge points. Macroinvertebrates had 11 orders representing 20 families and 21 genera 

were identified, the highest number of genera were recorded at Hippo Point 123, Homa bay 83. 

Majority of the species encountered during sampling had high tolerance values indicative of 
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hostile environmental conditions. 374 fish specimens comprised of 13 species were 

encountered during sampling, size range especially for L. niloticus indicative of negative 

allometric growth where fish become slimmer with increase in length an indication of water 

quality conditions deteriorating. Waste water planning and management, long term monitoring 

needs to be sustained to guide on expanding urban development, anthropogenic pressures, 

impact of climate change and better management of Lake Victoria aquatic ecosystem for 

harnessing the blue economic growth.  

Keywords: Point source, Nutrients, Phytoplankton, Zooplankton, Pollution, 

Macroinvertebrates, Ecology, Lake Victoria.  

 

 

 

 

 

 

 

 

 

 

 

 

 



12 
 

Introduction 

Water resources plays a key role in the socio-economic development and hence contribute 

immensely to realization of food and nutritional security. However, since the onset of 

‘Anthropocene’ (ca. 1950, AWG 2019; Odada et al., 2020) anthropogenic activities, increasing 

human population created similar increasing demands in agricultural lands, food, water and 

with expanding settlements. The changing climatic conditions and fluctuating precipitation, 

legacy and emerging micro pollutants; and pathogens, environmental stressors, all contribute 

to the multiple environmental pressures which threatens the water quality in lakes, resulting in 

degradation of fish and other flora and faunal habitats; increasing vulnerability of endangered 

species, and risks to public health and consumers and their livelihoods. 

The Kenyan Lake Victoria (water surface area of 4,100 Km2) catchment area extends from an 

altitude of 1134 m.a.s.l to the high-altitude highlands areas drained by small and large 

tributaries of major rivers which discharge into the Winam gulf (R. Nyando, R. Sondu – Miriu, 

R, Awach, R. Nyamasaria, R, Oluchi) and the main lake (R. Nzoia, R. Yala, R. Sio, R. Kuja). 

River mouths and shallow bays are the mostly impacted zones by land-based pollution sources, 

and illegal, unregulated and unreported fishing methods, yet they are recognized as important 

critical habitats for fish breeding and nursery grounds (Aura et al., 2018). Within Kisumu area, 

rivers Kisat and Kisian are both under urban and agricultural influences (Kobingi et al., 2009), 

and discharge at Kisumu and Usoma bays respectively. There are significant changes in the 

human population in the major shoreline urban areas of Kisumu, Homa bay and Mbita, besides 

other medium and large urban areas within the extensive hinterland. The lake supports 

important ecosystem services and is relied on by over 40 million people in the lake basin, who 

derive livelihoods from the water resources and both the artisanal and commercial fishery, with 

Nile perch (Lates niloticus), Nile Tilapia (Oreochromis niloticus) and Rastrineobola argentea 

(native species) as the main commercial fish species. Previous ecological consequences of Nile 
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perch introductions on reduction of haplochromis species were revisited by Marshall (2018) 

who stressed the role of the perch in lake ecological changes. In developing countries, 

aquaculture contributes to food security directly and indirectly through consumption and as a 

source of income respectively (Anderson et al., 2017; FAO 2018) and to the GDP (Cai et al., 

2019;’ FAO 2018). To increase fish production, the new fish cage culture technology has 

continued to expand in Lake Victoria since its onset in 2005 (Njiru et al., 2018). However, both 

diffuse and point pollution sources are of concerns to lake managers as untreated or partially 

treated waste discharges degrades the water quality and fish habitats with potential effects on 

the lake biodiversity and loss of ecosystem services. In Africa, poor sewerage collection and 

lack of conventional wastewater treatment facilities (Wang et al. 2013), are cited as significant 

contributors to water pollution. Nutrient over-enrichment (WRI 2009) of freshwater and coastal 

ecosystems is a rapidly growing environmental crisis. Organic pollutants from poor sanitation, 

uncontrolled disposal of liquid and solid wastes, and plastics wastes contaminates most of the 

urban rivers, surface and underground water. Lake Victoria ecosystem has a high biodiversity, 

with over 500 recorded Cichlid fish species (Lowe-McConnel 1987; Witte et al., 1992), with 

notable fish introductions (Ogutu-Ohwayo 1990) and now among the important commercially 

exploited species (such as Nile tilapia, Nile perch). Other more recent studies report 

comparatively the lack of detailed diversity information on riverine fish species which were 

found to occur in comparatively low numbers and biomass (Masese et al., 2020), a sign of 

changing environmental conditions and increasing threats to fish populations. A century of 

events identified decreasing light transparency in the lake (Nyamweya et al., 2020). Excessive 

(N and P) nutrients loading contributes proliferation of algal blooms in lakes causing water 

quality deterioration, presence of toxin producing cyanobacteria and fish kills. In Lake 

Victoria, higher cyanobacterial biomass and microcystin toxins are often encountered in lake 

gulfs and bays (Olokotum et al., 2020) than the main lake areas. However, studies elsewhere 
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in the Great Lakes region, (Smith et al., 2019; Dodds et al. 2009) have also provided an 

indication of the potential economic damages and costs. which are still lacking in most cases. 

Past studies on organic pollution loadings are limited (Cheruiyot and Muhandiki 2014; Zhou 

et al., 2014) and show variable (but more non-point than point loads) pollution loads estimates 

of N and P pollution from point and non-point sources (Scheren et al., 2010; COWI 2002; 

Calamari et al., 1995), but databases require more inputs and refining of atmospheric inputs. 

Zhou et al., (2014) estimates provide human induced assessment of reactive N (nitrite, nitrate, 

and ammonium) budget for Lake Victoria basin, using the net anthropogenic N inputs approach 

and suggests that soil mining as a main sources of N into Lake Victoria basin. Thus, increasing 

lake water nutrient concentrations (Kundu et al., 2017; Juma et al., 2014; Misiko et al., 2014; 

Gikuma –Njuru and Hecky 2005), are also linked to watershed activities which contribute to 

increasing mineral turbidity. Such evidence is being sought using the nitrogen and oxygen 

isotopes of nitrate (δ15N and δ18O) and other isotopes to trace anthropogenic sources of nitrate 

(Nyilitya et al., 2020; Divers et al., 2014; Kendall et al., 2007;) into groundwater. 

Increasing concentration of nutrients also supports the resilient invasive floating Water 

hyacinth (Eichhornia crassipes) in L. Victoria first entry around 1988. Its subsequent spread 

and association with other macrophytes within the Nyanza gulf, has led to its frequent re-

appearance 2016 to 2019 and fluctuating coverage of the inner shallow bays and river mouth 

areas, which contributes to both socio-economic and ecological impacts. Surveys show higher 

coverage of macrophytes within the inner gulf as compared to the main lake areas (Ongore et 

al., 2018), with effects on some fish species such as O. niloticus, which needs to be monitored 

for better understanding of under-water ecological effects. 

Fish species, phytoplankton and zooplankton community are also useful indicators of changes 

in water quality. However, the lake fishery has also changed overtime due to the effects of the 

introduced Nile tilapia and non - native tilapines (O. niloticus, O. leucostictus, Tilapia zilli) 
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that performed better than native species (O. variabilis and O. esculentus), invasive water 

hyacinth, use of illegal gears and fishing methods and intensification of the fishery exploitation. 

Habitat structure and water quality conditions can influence distribution of hypoxic non-

tolerant fish species (Chapman et al., 2002). Oreochromis niloticus is able to survive in a wide 

range of pH, resist low levels of D.O and feeds on a variety of food items (Agembe Njiru et 

al., 2007; Njiru 2003; Balirwa 1998; 1992). Within the Nyanza gulf changing biological 

characteristics and shifts in diets of dominant species (Njiru et al., 2007; Ojwang et al., 2014; 

Agembe et al., 2019), have significant ecological consequences and the links to prevailing 

environmental conditions needs to be understood better. The increasing nutrient enrichments 

from point and non-point sources, and current fish species distribution and interactions amid 

the deployment of O. niloticus culture cages from 2005 needs to be understood especially 

within the shallow gulf areas of the lake.  

Exploitation, competition for space and trophic interrelationships, environmental factors, 

affect the fish species survival. Therefore, traditional fish surveys (electrofishing; gill netting, 

and trawl) for biodiversity, and both abiotic and biotic factors have provided vital information 

on fish distribution and composition, necessary for the continued sustainable fisheries 

management. Anthropogenic impacts and increasing eutrophication (Nyamweya et al., 2020; 

Hecky et al., 2010; Sitoki et al., 2010; Verschuren et al., 2002; Hecky 1993), is associated 

with frequent cyanobacterial blooms, with detection of the presence of microcystins in water 

and small fish species (Roegner et al., 2020; Onyango et al. 2020; Simiyu et al., 2018). 

However, there is increasing need to better understand phytoplankton and nutrient dynamics, 

cyanobacterial bloom formation, cyanotoxins characterization and its consequences to lake 

management. Environmental DNA barcoding (complimentary e – DNA barcoding and meta 

barcoding) can be applied in ecological studies (Yoccoz 2012; Tarbelet et al., 2012) as early 

warning strategies in control of biological introductions, and used as in water and sediments 
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(as proxies) to provide more information on fish communities. Information gaps in 

understanding the less dominant species (endangered and rare) in un-accessible habitats, can 

be addressed, by coupling e-DNA with traditional surveys and capture methods for 

monitoring biodiversity. Extents of recent and past fluctuating and extreme conditions of 

water level rising, shoreline flooding and subsequent drawdown (water level receding); on 

littoral and fish productive areas is not well established. Point sources of pollution are easy to 

monitor and understand as compared to diverse diffuse pollution sources. Wastewater are 

sources of micro plastics and pathogens in to receiving waters, but there is need for such 

information to inform technological investments in wastewater treatment on the need for eco-

friendly management of wastewaters to promote resource recovery (nutrients and water) and 

a greater shift to a circular economy. Despite the documented data on water quality changes, 

there is still need to clearly understand increasing presence of organic pollution and micro 

pollutants, micro plastics and pathogens effect on the fish ecology, considering the fact that 

the fish recruitment relies on littoral areas usually habitats for fish refugia, breeding and 

nursery grounds. The objectives of this study were to develop a map of key sources of point 

pollution, to determine the influence of the point sources of pollution on the key water quality 

parameters (nutrients, Temperature, conductivity, salinity alkalinity, hardness, pH, DO, 

chlorophyll-a, turbidity, TDS and REDOX) to determine the influence of the point sources of 

pollution on composition and distribution of key indicator organisms (Fish, benthic, 

phytoplankton and zooplankton).and assess the effects on the fish species ecology. 

Wastewater planning and management, and long-term monitoring needs to be sustained to 

guide on expanding urban developments and anthropogenic pressures; impacts of climate 

change and better management of the lake environment and sustainable fisheries. 

Objectives 

i. To develop a map of key sources of point pollution. 
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ii. To determine the influence of the point sources of pollution on the key water 

quality parameters (nutrients, Temperature, conductivity, salinity alkalinity, 

hardness, pH, DO, chlorophyll-a, turbidity, TDS and REDOX. 

iii. To determine the influence of the point sources of pollution on composition 

abundance and distribution of key indicator organisms (Fish, benthic, 

phytoplankton and zooplankton). 

Indicators of pollution 

i. Physico - chemical parameters  

ii.  Phytoplankton  

iii.  Zooplankton (microinvertebrates)  

iv. Macroinvertebrates 

v.  Fish 
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2.0 Materials and Methods  

2.1. Study Area  

The study was conducted in Lake Victoria where the 8 sampling stations were identified, 

mapped and sampled namely Hippo- point discharge, Kisat RM, Coca-Cola discharge, 

Kodiaga RM/Molasses, Nyamasaria RM, Nyando RM, Sondu Miriu RM and Homabay 

sewage discharge of which measurements of all indicator parameters followed a longitudinal 

transect. Global Positioning System (GPS) location coordinates were marked using hand held 

General Packet Radio Service (GPRS) receiver as other attributes of the station were 

recorded prior to sampling. In each study site three sampling points were done as upstream, 

point of effluent discharge into the lake and the control where there is minimal influence of 

the discharge where possible in Lake Victoria Kenya (Fig 1.). The points were selected 

following the establishment of possible point sources of pollution by industrial, municipal 

and domestic discharges into the lake which influences anthropogenic. The information from 

the study will be useful to relevant authorities in controlling the pollution menace in the lake. 

 

Fig 1. Sampling Map of major point pollution study sites in Lake Victoria Kenya 

 



19 
 

2.2 Sampling and sample processing 

2.2.1. Physico-chemical parameters  

Standard methods were used for in-situ data collection and sampling (APHA, 2005). Portable 

electronic water quality meters were used to collect data on the physical and chemical 

parameters. The main physical and chemical parameters measured electronically were; 

temperature (oC), dissolved oxygen (mg L-1), conductivity (μS cm-1), pH and Total 

Dissolved Solids (TDS). Secchi depth was measured with a standard Secchi disk of 20 cm 

diameter, with quadrants painted in black and white. The Secchi depth is derived as the 

average of the depth at disappearance and that of reappearance of the disk in water. General 

environmental observations about the stations like the maximum depth of the sampling site, 

time of sampling, weather conditions and station features, were noted.  

Water samples for nutrient fractions, total suspended solids (TSS) and chlorophyll-a, were 

collected directly from the river using pre-treated 1 Litre polyethylene sample bottles. The 

bottles were labelled, filled, preserved using sulphuric acid and stored in cooler boxes at 

temperatures of about 40C, for further laboratory analysis of dissolved nutrient and TSS 

according to APHA (2005) standard methods. The analyzed nutrient compounds were nitrates 

– N (NO3 – N), Ammonium – N (NH4 – N), Nitrites-N (NO2 – N), soluble reactive 

phosphorous (SRP) and silicates. Water samples for total nitrogen (TN) and total Phosphorus 

(TP) were contained without controlled preservation and were analyzed following the same 

standard methods. Water samples for chlorophyll-a were filtered using Whatman® GF/C 

filters, wrapped in aluminum foil and stored in a desiccator for onward seston solvent 

extraction and spectrophotometric analyses using methods described by Sasaki et al. (2005). 

Chemical analyses of nutrients were carried out in the laboratory using photometric methods. 

Total alkalinity was measured by measuring the amount of acid needed to bring the sample to 

a pH of 4.5. Measurement of total hardness followed the same method using 0.02 N EDTA as 
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titer. TSS was determined by filtration of a volume of the river water through pre-weighed 

GF/C, which was then oven dried and final weights taken to determine the difference as the 

TSS weight per unit volume of sample. 

2.2.2 Phytoplankton   

Samples for phytoplankton analyses were collected from the surface. A portion of the sample 

(25 mL) was preserved using acidic Lugol’s solution. A 2 mL phytoplankton sub-sample was 

placed in an Utermöhl sedimentation chamber and left to settle for at least three hours. 

Phytoplankton species identification and enumeration were done using a Zeiss Axioinvert 35 

Inverted Microscope at 400x magnification. At least, ten fields of view were counted for the 

very abundant coccoid cyanobacteria and a 12.42 mm2 transect was counted for the abundant 

and large algae. The whole bottom area of the chamber was examined for the big and rare 

taxa under low (100x) magnification. Phytoplankton taxa were identified using the methods 

of (Huber –Pestalozzi 1968) as well as some publications on East African lakes (Cocquyt et 

al., 1993). Phytoplankton were estimated by counting all the individuals whether these 

organisms were single cells, colonies or filaments.  

 

2.2.3 Zooplankton  

Zooplankton samples were collected using a 1.0 m long Nansen type plankton net of 60 μm 

mesh size and mouth opening measuring 30 cm diameter. The net was hauled vertically 

through the water column noting the depth of the site. The zooplankton samples were 

preserved using 5% formalin. In the laboratory each sample was made to a known volume, 

thoroughly shaken for uniform distribution and a sub-sample taken and placed in a counting 

chamber. Identification of the zooplankton was done using relevant identification keys. 

Estimates of abundance of zooplankton species were made from counts of sub-samples under 

a Leica dissection microscope, at a magnification of x 25. The number of individuals per 
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Litre of the sample was determined by taking into account, Volume of the sample, number of 

organisms in the sub-sample, volume of the lake water filtered.  

 

2.2.4 Aquatic macroinvertebrates  

An Ekman grab was used to collect the replicate sediment samples that were then 

composited, sieved through 500 µm pore size sieve into a tray with a white background. The 

specimens that were not identified at the field, were sorted, placed in clean labelled sample 

bottle sorted live in a white tray and preserved in 70% ethanol. The samples were then 

transported to the laboratory, sorted, observed and counted under light microscope and 

identified to genus level with the aid of different keys (Merritt and Cummins, 2006; Gerber 

and Gabriel, 2002; Samways, 2008). The organisms were further examined for feeding guild 

where it was assigned according to Gerber and Gabriel (2002) and Chesire et al. (2005). 

Therefore, the diversity/composition and abundance of macroinvertebrates in a given locality 

can be used in the monitoring or determination of water quality. It is in this regard that 

benthic macroinvertebrates are a critical component in the monitoring of the environment 

2.2.5 Fish  

Two monofilament fleets of mesh sizes 0.5 – 2 inch were set parallel and one fleet running 

perpendicular to the shoreline. The nets were left to soak for two hours before retrieval after 

which the fish were sorted into species level, individual fish isolated from the catch using 

morphological examination. The fish specimens were immediately tagged and stomach 

content extracted for laboratory examination while sex, maturity status of fish were also 

determined and biological measurements done according to standard operating procedures for 

biological monitoring.  
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3. Results and Discussions 

3.1. Physico - chemical characteristics 

The results of the physical and chemical measurements mean ±SD showed that, DO had 

values of 4.93±1.11 and 6.01±1.26 mg/L with a range of 5.36 and 4.58 mg/L during the first 

and second surveys respectively. Hippo point A and Kisat B in the first and second sampling 

had the lowest average value an indication of anoxic environment well as Kisat B and 

Homabay B in the first and second sampling had the highest average value a sign of a well 

aerated water column. Temperature had values of 26.97±0.95 and 26.94±1.02 ⁰C with a range 

of 3.50 and 3.72 ⁰C in the periods monitored where Kisat A and Homabay C had the lowest 

average values in both periods while Kodiaga B and Nyamasaria B exhibited the highest 

average value. The sampling sites had the pH mean values of 7.77±0.75 and 6.94±0.45 in 

first and second sampling, average values are within the WARMA effluent standards 

discharge into environment an indication of good buffering capacity of the water. The 

average values ranged from 6.02 – 8.82 and 6.08 – 7.76 in both surveys, except for Hippo 

point A, B and Kodiaga A, Cocacola C and Nyando A in the first and second surveys 

respectively which had the lowest values below the WARMA effluent standards of 6.5 – 8.5 

pH values.  Thus an indication of acidic environment due to the discharge from the sprawling 

slums and the Municipal sewage of Nyalenda lagoons including other industrial effluents into 

the lake. 

Conductivity had mean values of 162.25±53.47 and 176.62±32.94 μS/cm with a range of 

253.1 and 164 μS/cm respectively. where in both surveys Sondu miriu had the lowest average 

value while Kisat A had the highest average value an indication there is more ionic 

compounds discharged through the Kisat municipal treatment plant and the surrounding 

domestic effluents. In the ORP the mean was -183.19±57.87 and 57.93±61.56 mV with a 

range of 257.7 and 268.4 mV in the two seasons. Meaning that all sampling sites in both in 

both periods had low ORP values an indication of toxicity of certain metals and contaminants 

in increased concentrations and there are lots of dead and decaying material in the water 

column that cannot be easily cleared or decomposed. This is obviously not a healthy 

environment for fish or other aquatic organisms and its expected in waters that receive 

domestic, municipal sewage and industrial waste inputs. Kisat A had the lowest ORP average 
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value well as Hippo point A and C exhibited the highest average values during the sampling 

period. All stations in the first sampling had negative values an indication that bacteria are 

more inactive but in the second however low values changes of organic was decomposing 

(Fig 2a, b, c, d, Fig 4i, j, k, l) 

 

Fig. 2: (a) Parameters comparisons of pH, Total Alkalinity (mg/L), Total Hardness 

(mg/L) and Conductivity(μS/cm) in the first (b) the second sampling (c) pH, Depth (M), 

Conductivity(μS/cm) and Oxidation Reduction Potential (mV) in the first and (d) in the 

second sampling during the mapping and monitoring. 
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Fig. 3: (e) Parameters comparisons of Soluble reactive phosphorous (μg/L), Silicates 

(mg/L), TN: TP ratio and Total phosphorous (μg/L) in the first and (f) the second 

sampling (g) Ammonium (μg/L), Nitrites (μg/L), Nitrates (μg/L), TN:TP ratio and Total 

Nitrogen (μg/L) in the first and (h) in the second sampling during the mapping and 

monitoring activity.  

 

Nitrogen and its oxidative and reductive derivatives were analyzed and exhibited the following 

means: Nitrites had values of 10.46±7.24 and 10.06±9.16µg/L, where Nyando A and Homabay 

A, B, C had the lowest average values as compared to Coca Cola B, C had the highest average 

values. Nitrates had values of 39.27±31.76 and 13.50±9.88 µg/L with a range of 124.55 and 

41.35 µg/L in both periods, where Nyando C and Homabay A, B had the lowest average values 

as compared to Kodiaga A and Cocacola that had the highest average values showing a possible 

interconversion of nitrogen species. Ammonium being the reduced species of nitrogen, may 

interchange depending on the available conditions in the waterbody. In this study it had a mean 

of 28.76±18.54 and 23.15±21.29 µg/L with a range values of 54.38 and 66.92 µg/L. Where 

Sondu miriu, Nyando A, B C, Nyamasaria B, C had the lowest average values in both periods, 

while Homabay A, B and Kisat A, Kodiaga C had the highest average values in both surveys 

respectively. When the oxidative property is very strong, there is an interchange of ammonium 

to ammonia that is more lethal to aquatic organisms. Total nitrogen had a mean values of 

194.65±65.49 and 760.75±867.86 µg/L with a range of 235.26 and 2615 respectively in the 

two seasons. Nyando B and Sondu miriu C had the lowest average values as compared to Kisat 

B and Homabay A which had the highest average value followed by Kisat A and Homabay B 

an indication of highly eutrophication in this sites (Fig 3g, h).   

According to WARMA, total suspended solids should not exceed 30mg/L but according to 

the surveys taken during the monitoring activity some sites including the control points had 

concentrations far beyond the required limit namely as follows: control points includes Kisat, 

Cocacola, Kodiaga and Sondu miriu. Other sampling stations are Hippo point A, Cocacola B, 

Kisat B, Kodiaga A, B, Nyamasaria B, Nyando A and Homabay A, B this was aggravated by 

the wet season where there is extensive runoff from the catchment bare areas (Fig. 5m, n). 
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Fig. 4: (i) The parameters comparisons of Dissolved oxygen (D.O) (mg/L), Secchi depth 

(m), Temperature(⁰C) and Turbidity (NTU) in the first and (j) the second sampling (k) 

pH, Secchi depth (m), Oxidation Reduction Potential (mV)and Chlorophyll-a (μg/L) in 

the first and (l) in the second sampling during the mapping and monitoring activity. 

Phosphorous and its derivative were also analyzed where in both surveys soluble reactive 

phosphorous recorded a mean of 82.71±71.13 and 46.07±16.96 µg/L with a range of 266.67 

and 69 µg/L in the surveys, where Nyando A, B and Nyamasaria B had the lowest values as 

compared to Kisat A, B and Cocacola B had the highest values. Total phosphorous exhibited 

an average of 147.84±115.02 and 204.84±69.60 µg/L with a range of 370 and 307.86 µg/L 

respectively, where Nyando A and Nyamasaria B had the lowest values while Kisat A and 

Kodiaga B had the highest values an indication of hypertrophic condition hence high 

eutrophication forming algal blooming which decomposes and lead to anoxic environment to 

aquatic organisms (Fig. 3e, f). The presence of chlorophyll- a pronounces the waterbody has 

a high primary production due to high biomass of algae. Due to this chlorophyll- a in the 

surveys recorded an average values of 83.19±78.67 and 97.02±114.92 µg/L with a range of 

285.79 and 446.66µg/L, where Hippo Point C and Cocacola C had the lowest concentrations 

while Coca Cola B and Kodiaga B had the highest concentrations indicating high content of 

algae biomass (Fig 4k, l).  TN:TP ratio determines the limiting nutrient in the waterbody, 

during this study all stations exhibited nitrogen limitation because the ratio of all the sites was 

below required standard of < 15 except for Homabay A which exhibited raised ratio. 

Transparence of water was not good enough because the turbidity was very high making the 
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secchi depth to be 0.40±0.15 and 0.34±0.06 (M) this leads to water column’s productivity to 

be reduced. (Fig 3e, f, Fig 4k, l) 

 

 

Fig. 5: (m) Parameters comparisons of Total Suspended Solids (mg/L), Secchi depth 

(M), Total Dissolved Solids (mg/L) and Turbidity (NTU) in the first and (n) the second 

sampling during the mapping and monitoring activity. 

 

3.2 Phytoplankton composition and diversity 

There was a moderate mix of different phytoplankton taxa in the sampled sites during both 

surveys (Fig 6 and Fig 7). Cynophytes were the most dominant group, contributing an average 

of 65 % in first and 55% in the second surveys to the total phytoplankton biovolume in most 

of the stations monitored. There were higher cynophytes identified except Nyamasaria R.M 

had 36%, in the second sampling Kodiaga C, Kisat C, Sondu Miriu were below 7% 

respectively. Fewer diatom species, Ampora spp, Cymbella spp, Aulacoseira and Cyclotella 

taxa were clearly the dominant in most of the stations in both surveys, whereas Nitzschia and 

Synedra were more abundant taxa in Hippo point in the first and second monitoring period. 

Within the Cyanobacteria, Microcystis spp. and Anabaena spp. were the most abundant in 

almost all stations in both surveys. 
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Fig. 6: Percentage phytoplankton composition (mm3 l-1) assigned to phytoplankton classes 

or families as recorded at different sites during the first monitoring period 
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Fig. 7: Percentage phytoplankton composition (mm3 l-1) assigned to phytoplankton classes or 

families as recorded at different sites in the second monitoring period. 

Species richness 

There were 61 and 69 species of algae identified in the first and second pollution monitoring 

respectively. Of the total species, 18 were the cyanophytes in the first survey and 17 encountered in 

the second monitoring. Merismopedia spp, Chroococcus, Cylindrospermopsis and Microcystis were 

the most common genera in both surveys. Similalry, there were 17 species of chlorophytes in both 

surveys encountered of which Scenedesmus, Coelastrum and Botryococcus were the most frequently 

encountered genera. One species of dinoflagellates were encountered, Glenoridinium were 

encountered in both periods Kisat, Hippo point, Kodiaga, Homabay A, B, C. There were 17 different 

species of diatoms in the first sampling and 19 species in the subsequent sampling, mainly represented 

by Nitzschia, Synedra and Cyclotella genera. The 5th major algal group encountered was the 

euglenophytes which were represented by 3 genera with 5 different species in both monitoring periods. 

Of which the dominant one are Phacus spp, and Euglena spp. The Zygnematophyceae family had only 

one species represented as Closterium Navicula 
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Fig. 8: Phytoplankton composition and absolute phytoplankton biovolume (mm3 l-1) as 

recorded at different sites of the lake 
 

 

Fig. 9: Phytoplankton composition and absolute phytoplankton biovolume (mm3 l-1) as recorded 

at different sites of the lake 

Phytoplankton biovolume showed its maxima at Kodiaga >150 mm3 l-1 i, In November 2020 and 

whereas March 2021 had 100 mm3 l-1 i, other stations had (< 20 mm3 l-1) in both periods. In addition, 

there were lower values generally recorded hence showing low diversity but stations like Homabay A, 

B, C. and Cocacola had more than 50 mm3 l-1 i (Fig. 9) 

Discussion 

According to results it shows there is influence from the catchment hence changes the water 

quality especially phosphorous and nitrogen affects the structure of phytoplankton. They are 

an integral component of the aquatic community and form the basis of primary production on 

which all organisms in higher aquatic trophic levels depend on. Reports of frequent and 

increased algal blooms as a result progressive nutrients enrichments into Lake Victoria have 
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been made with far reaching consequences (Lung’aiyia et al 2001, Sitoki et al 2012, Babu et 

al.2015). Both studies showed that despite sampling during both periods when cyanobacteria 

are the most dominant by over 65% in both surveys, diatoms and other algal groups were well 

represented. This outcome is perhaps better explained by the sampling strategy that was used; 

an integrated water sample gives a more comprehensive picture of the algal community in the 

water column as opposed to the surface of sub-surface sample. 

It is crucial to note that limnological conditions of a water body have been identified as important factors 

in influencing the structuring of fish assemblages in the ecosystem. Thus, physiochemical parameters 

such as temperature, dissolved oxygen, lake depth and size affect the abundance, species composition, 

stability, productivity, and physiological condition of indigenous populations of aquatic organisms. 

Thus, the nature and health of aquatic communities is an expression of the limnological status of a water 

body. Changes in these water quality variables bring about changes in phytoplankton communities and 

consequently affect the quantity and quality of food items available for invertebrates as well as fish, 

thus, affecting fish production in the lake. Some algal species, for example, Microcystis are unpalatable 

and even toxic to fish. Limnology and the study of phytoplankton therefore forms an important area of 

aquatic ecology studies for Lake Victoria in mapping and monitoring of major point sources of pollution 

for protection and sustainable utilization of the aquatic resources for the development of mankind.  

 

3.3 Zooplankton abundance composition 

Zooplankton abundance  

Total zooplankton densities recorded at the 8 stations sampled are presented in the spatial 

variations in abundance, distribution and diversity. Total zooplankton abundance ranged from 

120.8 ± 29.9 to 306.7 ± 32.5 ind. L-1 at Kodiaga B and Kisat C respectively. There was 

comparatively low abundance of zooplankton at Hippo point sites (122.0 ± 20.4 to 133.1 ± 14.8 

indivL-1 and off Sondu Miriu River mouth (159. 2 ± 11.9 ind. L-1) compared to other sites. The 

relative higher abundance at other sites such as Kisat (204.7 ± 20.7 to 306.7 ± 33.3 ind. L-1), 

Coca cola (210.1 ± 22.5 to 243.2 ± 32.5 indiv. L-1), Nyamasaria (219.8 ± 11.0 to 235.3 ± 16.8 

indiv. L-1) and Homa Bay sewage discharge 212.3 ± 25.1 to 255.4 ± 35.0 indiv. L-1 in the first 

survey, 171.0 ± 15.0 at Homa Bay sewerage site C to 396.0 ± 58.3 ind. L-1 at Kisat C. Relative 

high zooplankton abundance was also recorded at Kodiaga Rm (334.7 ± 71.2 in the second 

sampling. This was likely due to high productivity resulting from nutrient inputs from the urban 
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centers or from the points discharges into the lake. Zooplankton were relatively more abundant 

at Kisat and Homa Bay sewerage discharge points more specifically at C and B respectively 

(Fig. 10 a, b). 

 

Fig. 10. (a) Comparisons of mean total zooplankton abundance in first and (b) second 

sampling during the mapping and monitoring activity of the major point sources of 

pollution. 

 

Fig. 11. (c) Comparisons of mean abundance zooplankton groups in first and (d) second 

sampling during the mapping and monitoring activity of the major point sources of 

pollution. 

Copepod abundance ranged from 85.6 ± 4.2 to 308.6 ± 39.9 indiv. L-1 at Kodiaga Rm A and 

Kisat C in the first survey and ranged from 84.3 ± 4.2 to 241.6 ± 20.6 at Hippo point A and 

Kisat C in the second survey. Cladocera on the other hand ranged from 6.9 ± 3.6 indiv. L-1 at 

Sondu Miriu C to 55.4 ± 6.3 indiv. L-1 at Kodiaga A with rotifers ranging from 18.1 ± 8.4 indiv. 

L-1 at Nyamasaria B to 95.6 indiv. L-1 at Kodiaga B whereas in the second survey Cladocera 
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ranged from 13.8 ± 3.4 indiv. L-1 at Homa Bay sewerage B to 50.3 ± 5.0 indiv. L-1 at Kodiaga 

B with rotifers ranging from 5.1 ± 2.9 indiv. L-1 at Hippo Point C to >70 indiv. L-1 at Homa 

Bay Sewerage A and B (Fig.11c, d). 

 Zooplankton composition  

The zooplankton community in Lake Victoria is largely dominated by the taxonomic group 

Copepoda (>59.4%), followed by Cladocera (13.5%) and finally rotifers (9.6 %) with exception 

at Homa Bay sewerage site where with the latter was more abundant (fig.13e, f).  

 

Fig. 12. (e) Percentage composition of zooplankton in the first and (f) in the second 

sampling during the mapping and monitoring activity of the major point sources of 

pollution. 

Nauplii (Immature copepods) and cyclopoid Copepoda occurred in more or less similar 

magnitude or abundance with the former progressively increasing from Kodiaga to Kisat and 

Homa Bay sewerage. Nauplii were in lowest proportions at Nyamasaria stations and off Sondu 

Miriu and were highest at Kodiaga and Homa Bay sewerage sites. There were spatial variations 

in the distribution and percentage composition of the different copepod groups. Copepoda 

nauplii (64.5%) Cyclopoida contributed up to 33.1 % of the total copepod population while 

Calanoida contributed 2.4 % on the average. In general, Copepoda group was dominated by 

the young nauplii (Fig.13g, h). 
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Fig. 13. (g)Comparisons of percentage composition of copepods in the first and (h) in 

the second sampling during the mapping and monitoring activity of the major point 

sources of pollution.  

There were spatial variations in the distribution and percentage composition of the different 

copepod groups. Cyclopoida contributed up to 44.3 % of the total copepod population while 

Calanoida contributed 5.3 % on the average. Copepoda were dominated by the young, nauplii 

which accounted for between 34.3 % (Hippo point A) and 68.2 % (Homa Bay Sewerage B) of 

the total copepods. Calanoida, ranged from 1.9 % at 7.7% at the latter and the former sampling 

sites respectively. 

Species distribution and diversity 

A total of 7 Cladocera and 12 Rotiferan species were recorded from the study sites. Nyamasaria 

had the highest number of both cladoceran (7) and rotifer (7) species, followed by Nyando in 

the first survey and 8 Cladocera and 11 Rotiferan species were recorded in the second survey. 

In both surveys Cladocera were represented by six genera comprising seven species, 

Diaphanasoma exiscum, Moina micrura, Bosmina longirostris, Ceriodaphnia cornuta, 

Daphnia lumholtzi, Daphnia barbata, and Chydorus sp. Diaphanosoma exiscum was the most 

abundance cladoceran in all the sites had a wide distribution. Moina micrura and Daphnia 

barbata were also widespread but in relatively lower abundance, Daphnia lumhortzi, Bosmina 

longirostris, Ceriodaphnia cornuta and Chydorus spp were sparse in the first survey. Whereas 

second survey was relatively high in abundance at Kodiaga A & B and Cocacola C, but in 

negligible in the remaining sites  

Rotifers were the most diverse group with thirteen species and widely distributed in the first 

survey and eleven species were identified with a wide spatial distribution in the second. Family 



34 
 

Brachionidae dominated with 3 species such as Brachionus angularis, B. calyciflorus and B. 

falcatus where the first two species occurred in abundance at most of the sites except at 

Cocacola while the last occurred only at Nyamasaria, Nyando C and Sondu miriu. Other 

rotifera species encountered included Polyarthra spp, Euchlanis spp, Keratella tropica, 

Polyarthra spp, Euchlanis spp, Asplanchna spp, Hexarthra spp, Trichocerca spp and Filinia 

spp. Keratella tropica occurred all sites with exception of Kisat C and Homa Bay Sewerage A, 

while Euchlanis species was widespread at various sites (Hippo point, Kisat, Kodiaga, and 

Coca cola) in the first survey. In the second survey, family Brachionidae dominated with 4 

species such as Brachionus angularis, B.calyciflorus, B.patulus and B.falcatus where  the first 

species occurred in abundance at most of the sites except at Kisat A, B. calyciflorus was 

reported Kodiaga , A & B, all Kisat sites , Nyamasaria B and Homa Bay sewerage sites B and 

C. B. falcatus was in all other sites except at Kodiaga A & B, all Kisat Rm sites, Sondu Rm B 

and Homa Bay sewerage C. B. patulus was relatively high in abundance at Kodiaga  A (10.6 

indiv.L-1) B (7.5 indiv.L-1). Other rotifera species encountered included Polyarthra spp, 

Euchlanis spp, Keratella tropica, Asplanchna spp, Hexarthra spp, Trichocerca spp and Filinia 

spp. Keratella tropica occurred all sites with exception of Kisat B and Nyamasaria B, while 

Euchlanis species was not widespread and but occurred at various sites (Kodiaga Rm A & B 

(17.6 indiv. L-1), Kisat (10.1 indiv. L-1), Sondu miriu A (10.8 indiv. L-1) and Homa bay 

sewerage A & B. 25.2 and 13.2 indiv. L-1) respectively (Fig. 12e, f).  

  

 

Fig. 14. (i) The Shannon wiener index and Simpson index in the first survey and (j) in 

the second survey during the mapping and monitoring activity. 
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The Shannon wiener index and Simpson index varied from 1.3 at Cocacola, Nyamasaria to 

1.9 at Kodiaga, and ranged between 0.6 and 0.8 in the first survey, and from 1.3 at Cocacola, 

Kisat B to 2.2 at Kodiaga A and ranged between 0.6 and 0.9 at various sites and Kodiaga A 

respectively in the second survey. (Fig 14i, j).  

 

Discussion on zooplankton 

According to the results, the zooplankton community of Lake Victoria (Nyanza Gulf) is typical 

of a eutrophic environment. Many species cited by Gannon and Stemberger (1978) as 

indicators of eutrophication occurred sampled sites. Examples of them were 

rotifers Brachionus angularis, B. calyciflorous, Keratella tropica, Filinia longiseta, Polyarthra 

spp, Trichocerca spp and the cladocerans Bosmina longirostris and Ceriodaphnia spp. 

Furthermore, the calanoid copepods: total planktonic crustaceans’ low ratio, proposed as a 

useful indicator of the trophic state, points to the same conclusion, since only one calanoid 

species though they were not identified to species level but were likely represented within 

planktonic crustaceans. 

Densities were relatively low for most zooplankton populations. Nilssen (1984) has addressed 

that zooplankton communities could be very simplified in the tropics, and very low densities 

are not infrequent in tropical lakes. In Lake Victoria, for instance, Gophen et al (1993) found 

only five species of copepods with densities from 3 to 106 ind. l-1, six species of cladocerans 

and 10 species of rotifers, with 0 to 50 ind. l-1. In turn, in Lake Naivasha (Kenya), a lake 

characterized by the absence of vertebrate zooplanktivores and the virtual absence of 

invertebrate predators, Mavuti and Litterick (1981) found three species of copepods, 11 

cladocerans and 12 rotifers, and a total zooplankton density that fluctuated between 250 to 60 

ind. l-1 throughout the year. The low density of the zooplankton in Lake Victoria cannot be 

considered a symptom of food limitation because phytoplankton is very rich and, though not 

all phytoplankton species are edible, there is enough biomass to support much more 

zooplankton than that which is actually found. The explanation for these low densities must 

thus lie in ecological relationships, like competition, predation and to some extent on the 

interactions with the prevailing physical environment.  

The abundance of the zooplankton community showed a spatial pattern of variation that 

correlates inversely with Secchi disk transparency. Thus, since transparency is a good indicator 

of phytoplankton and organic matter abundance in a lake (Jose’ de Paggi 1993), this 

relationship is seen as a response of zooplanktic populations to an increase in food availability. 
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The shift of the physical and chemical features of the lake towards eutrophy can also be related 

with the observed changes in zooplankton community composition. In lakes where 

planktivores abound, though, it can be difficult to distinguish which of these changes come as 

a result of predation, eutrophication or both (Gannon and Stemberger 1978).  

Mean values of the diversity and Simpson indexes as well as species richness calculated for 

this study were rather low and typical of eutrophic waters (Carrillo et al. 1987). Also, the small 

body size of zooplanktonic species, the presence of an important number of indicator species, 

the Calanoida copepods: other planktonic crustaceans low ratio, and the low densities observed, 

are all indicators of eutrophy. Furthermore, it is very evident that the eutrophication process of 

Lake Victoria is progressing rapidly; such a tendency that has been observed over last 3 

decades. Evidences of this are the progressive decrease of transparency and the substitution 

of large sized zooplankters with the small sized individuals. 

3.4 Aquatic macro-invertebrates  

3.4.1 Taxonomic composition and distribution 

During the survey, a total of 11 orders representing 20 families and 21 genera were identified 

in the study sites, the highest number of genera were recorded at Hippo Point A with total 

collection of 123, Homa bay A sediments had the highest genera with total collection 83 

tubificid were highest 143. During the study period, the orders Hemiptera (Ambrysus mormon), 

146 Haplotaxida tubificid 139 recorded the highest no. of genera respectively. The lowest 

genera recorded were Hirudinida one and Coleoptera one. Five functional feeding groups were 

recognized i.e. Scrapers, predators, collector-gatherer, shredder, and collector filterer. Taxa 

richness for all the sites sampled was less than 8 which is synonymous with poor water quality 

conditions. Shredders were highest in the Kisat shoreline (18.5), Nyamasaria (B)and Miriu 

shoreline and least in and (0) in almost all sediment samples, Predators were highest in Nyando 

A, C, Cocacola B, C and Miriu C. Deposit collectors were highest in Nyamasaria B Miriu A 

(100) and Kodiaga C (99.45) and lowest in Kisat A and Homabay C (0) Respectively. Filter 

collectors were highest in Kisat shore (18.5) Hippo point shore (0.8400 lowest in almost all 

sediment samples, crabbers were highest in Kisat A (100), Nyamasaria B (100) and lowest in 

Cocacola B, C Hippo point all B, C Kodiaga B, C and Nyamasaria B, C all with (0) the 

measured were in percentages. 

12 macroinvertebrate species were encountered in the sampling sites. In terms of relative 

abundance, Tubifex tubifex which falls under collector gatherers was dominant in five out of 



37 
 

the 8 sampling stations namely: Cocacola (100%), Hippo point (95%), Kisat (95%), Homa bay 

(83%), Kodiaga (75%) (Fig.15). The species has a high tolerance value tolerance of 9 (Fig 16) 

indicating that they can survive in low dissolved oxygen and even in physical and chemical 

instability. Moreover, Tubifex tubifex and members of the Tubificidae family have been 

documented as indicators of organically polluted waters, capable of increasing in capacity with 

increase in level of organic pollution thereby replacing other benthic macroinvertebrates that 

are less tolerant for the condition (Schenková and Helešic, 2006); (Martins et al., 2008). This 

explains the dominance experienced in the five mentioned sampling sites.  

Chironomus species and Anadonta cygneae were the dominant species in the remaining two 

sites i.e Nyando and Sondu RM at 57% and 60% respectively. Both have a tolerance value of 

9 indicating that they can survive in adverse environmental conditions.  Species such as 

Anadonta cygneae have been reported to bio accumulate heavy metals in their tissues and can 

therefore be used as an indicator of chemical pollution (Falfushynska et al., 2010), Khan et al., 

2018). 

  

 

 

Fig. 15: Relative abundance of the various functional feeding groups across the sampling 

sites.  
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Fig. 16: Macroinvertebrates species encountered during sampling period and their 

respective tolerance values 

Tolerance values give a measure an organism’s ability to withstand a certain amount of 

anthropogenic disturbances. They are based upon a (0-10) scale categorized as low (1-4), 

moderate (4-6). High (6-8) and very high (8-10).  Organisms with a low tolerance value need 

a stable aquatic environment with minimal or no disturbance in terms of physical and chemical 

properties i.e Dissolved oxygen, temperature. Whereas those with a high tolerance value can 

endure for a period of time in a disturbed environment with poor water quality, generally one 

or two groups may dominate the whole community 

(https://dep.wv.gov/WWE/getinvolved/sos/Pages/Tolerance.aspx) 

 Majority of the species encountered during sampling had high tolerance values indicative of 

hostile environmental conditions. Taxa richness was high in Kodiaga shoreline (1.3626) and 

Nyando shoreline (0.857), and lowest in Kisat A, C (0), Hippo point B, C (0) and Kodiaga B 

(0) respectively. These metrics decrease in response to disturbance however, though high taxa 

richness is generally associated with good water quality, low taxa richness does not necessarily 

indicate poor water quality, nor does high richness always indicate good water quality. 

In the first survey Shannon index value across all the sites sampled was less than one (˂ 1). 

This index usually ranges from 1.5 – 3.5 with a value of less than one indicating very low 

diversity which is characteristic of a polluted habitat (Gray, 2000).  

The Simpson diversity index (1-D) usually ranges from 0 to 1 therefore the greater the value 

the greater the sample diversity.  The value of 1-D for all sites was less than 1 with some sites 

having more diversity than others i.e Homabay B (0.71) Kodiaga (0.5) and Hippo point (0.47). 
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Simpsons (1-D) was highest in Nyando shoreline (0.857) and Hippo point (0.719) lowest in 

Kisat A, C (0) Cocacocla C (0) and Hippo Point B, C (0) second survey. Taxa richness was 

highest in Kisat shoreline and Miriu shoreline (9) each., Macroinvertebrate community 

consisting of many taxa of even distribution (relative abundance) is considered more natural 

than a simple community dominated by one or few taxa 

 

3.5. Fish composition and abundance 

A total number of 374 specimens comprised of 13 species were encountered at the nets, size 

range especially for L. niloticus divulge that all the specimens of this species were immature 

and diverge from documented length at maturity of 74 cm TL by Witte and Winter, (1995). 

However as for the rest of the species were found to be mature for their length i.e stage 3 – 5 

and were encounter at the river mouths probably to spawn (Table 1).  

 

Table 1: Mean total length and body weight standard error (±SE) 

 

  

S. victorae was encountered in majority of the stations since it is a hardy species that can 

tolerate low levels of water quality (Wairimu and Yongo 2018) in addition majority were found 

to be mature and ready to spawn i.e Stages 3-5 and most in the river mouths.  However, L. 

niloticus are documented to be sensitive to low oxygen levels and requires an optimum of 5 

mg/l of DO to survive (Wanink et al., 2001), hence their high occurrence in Nyamasaria (7.35 
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±0.00 mg/l) and Kodiaga (5.06 ±0.96 mg/l) which accounts for 87% and 68% respectively. A 

combination of factors including water quality might have influenced the absence or lack of 

encounter of fish within the gears in other sites such as Kisat and Coca cola in which no fish 

were encountered. The monofilament mesh size ranged from 1 – 4” which is not representative. 

Additionally, there is a possibility that respiration of aquatic plants during the night may have 

resulted in hypoxic conditions driving a way the fish since nets were mostly set early in the 

morning before sunrise and field observations indicate that algae macrophytes were mostly 

floating on the surface. 

 

Fig. 17: Relative abundances of species in the stations sampled 

 

Simple linear regression performed on log-transformed length and weight data for of L. 

niloticus (n = 113) and S. victorae (n = 97) showed that the length weight relationship of these 

species can be best described by the following equations (Fig 18): 

Log W = 2.89 Log TL - 1.80 (n = 113, r2 0.96, p < 0.05) 

for L. niloticus 

Log W = 2.65 Log TL - 1.64 (n = 97, r2 0.84, p < 0.05) 

for S. victorae 

The relative mean condition factor (Kn) L. niloticus ranged from 0.48 to 2.21 with a mean 0f 

1.01 (±0.03) while that of S. victorae ranged from 0.45 to 1.68 with a mean 0f 1.02 (±0.02 
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The b values for both L. niloticus (2.89) and S. victorae (2.65) were significantly less than 3 (t 

= -11.9 and t = -34.65, p < 0.05) which is the hypothetical value upon performance of a one 

sample t-test. This indicative of negative allometric growth i.e the fish become slimmer with 

increase in length (Riedel et al., 2007). Letourneur et al. (1998). The Kn for both species shows 

that they are in good physiological shape with a mean of 1.01 and 1.02 for L. niloticus and S. 

victorae respectively. This mirrors that currently they are in moderately good feeding condition 

(Le Cren, 1951), however this could be slowly changing and water quality conditions continue 

to deteriorate since the species are showing negative allometric growth. 

 

 

 

 

 

Figure 18: (a) Length weight relationship of L. niloticus and (b) S. victoriae  

Spearman rank order correlation performed to detect any relationship between water quality 

parameters and fish species abundance indicted that there was no significant relationship 

between the two (table 2). However, more data is needed as the fish were not present in other 

stations and the sample size was rather small, continuous monitoring is desirable.  
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Table 2: Correlation between fish species counts and water quality parameters in the 

stations sampled 
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4.0 Conclusions 

Physical and chemical characteristics 

The results of the physical and chemical measurements mean ±SD showed that, DO had 

values of 4.93±1.11 and 6.01±1.26 mg/L during the surveys. Hippo point A and Kisat B in 

the first and second sampling had the lowest average value an indication of anoxic 

environment well as Kisat B and Homabay B in the first and second sampling had the highest 

average value a sign of a well aerated water column. Temperature had values of 26.97±0.95 

and 26.94±1.02 ⁰C where Kisat A and Homabay C had the lowest average values in both 

periods while Kodiaga B and Nyamasaria B exhibited the highest average value. The 

sampling sites had the pH mean values of 7.77±0.75 and 6.94±0.45 in first and second 

sampling, average values are within the WARMA effluent standards discharge into the 

environment an indication of good buffering capacity of the water column. The average 

values ranged from 6.02 – 8.82 and 6.08 – 7.76 in both surveys, except for Hippo point A, B 

and Kodiaga A, Cocacola C and Nyando A in the first and second surveys respectively which 

had the lowest values below the WARMA effluent standards of 6.5 – 8.5 pH values.  Thus an 

indication of acidic environment due to the discharge from the sprawling slums and the 

Municipal sewage of Nyalenda lagoons including other industrial effluents into the lake. 

Nitrogen and its oxidative and reductive derivatives were analyzed and exhibited the 

following means: Nitrites had values of 10.46±7.24 and 10.06±9.16µg/L, where Nyando A 

and Homabay A, B, C had the lowest average values as compared to Coca Cola B, C had the 

highest average values. Nitrates had values of 39.27±31.76 and 13.50±9.88 µg/L where 

Nyando C and Homabay A, B had the lowest average values as compared to Kodiaga A and 

Cocacola that had the highest average values showing a possible interconversion of nitrogen 

species. Ammonium being the reduced species of nitrogen, may interchange depending on 

the available conditions in the water column.  Mean of 28.76±18.54 and 23.15±21.29 µg/L 

Where Sondu miriu, Nyando A, B C, Nyamasaria B, C had the lowest average values in both 

periods, while Homabay A, B and Kisat A, Kodiaga C had the highest average values in both 

surveys respectively. When the oxidative property is very strong, there is an interchange of 

ammonium to ammonia that is more lethal to aquatic organisms. Total nitrogen means were 

194.65±65.49 and 760.75±867.86 µg/L Nyando B and Sondu miriu C had the lowest average 

values as compared to Kisat B and Homabay A which had the highest average value followed 

by Kisat A and Homabay B an indication of highly eutrophication in this sites. According to 

WARMA, total suspended solids should not exceed 30mg/L but according to the surveys 
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taken during the monitoring activity some sites including the control points had 

concentrations far beyond the required limit namely as follows: control points includes Kisat, 

Cocacola, Kodiaga and Sondu miriu. Other sampling stations are Hippo point A, Cocacola B, 

Kisat B, Kodiaga A, B, Nyamasaria B, Nyando A and Homabay A, B this was aggravated by 

the wet season where there is extensive runoff from the catchment bare areas 

Phosphorous and its derivative were also analyzed where soluble reactive phosphorous had a 

mean of 82.71±71.13 and 46.07±16.96 µg/L where Nyando A, B and Nyamasaria B had the 

lowest values as compared to Kisat A, B and Cocacola B had the highest values. Total 

phosphorous exhibited an average of 147.84±115.02 and 204.84±69.60 µg/L where Nyando 

A and Nyamasaria B had the lowest values while Kisat A and Kodiaga B had the highest 

values an indication of hypertrophic condition hence high eutrophication forming algal 

blooming which decomposes and lead to anoxic environment to aquatic organisms The 

presence of chlorophyll- a pronounces the waterbody has a high primary production due to 

high biomass of algae. Chlorophyll- a average values of 83.19±78.67 and 97.02±114.92 µg/L 

where Hippo Point C and Cocacola C had the lowest concentrations while Coca Cola B and 

Kodiaga B had the highest concentrations indicating high content of algae biomass.  TN:TP 

ratio determines the limiting nutrient in the waterbody, during this study all stations exhibited 

nitrogen limitation because the ratio of all the sites was below required standard of < 15 

except for Homabay A which exhibited raised ratio. Transparence of water was reduced 

because of turbidity being very high making the secchi depth to be 0.40±0.15 and 0.34±0.06 

(M) this leads to water column’s productivity to be reduced. 

Phytoplankton  

The results showed that There were 130 species of algae identified Cynophytes were the most 

dominant group, contributing an average of 65 % in the surveys. There were higher 

cynophytes identified except Nyamasaria R.M had 36%, in Kodiaga C, Kisat C, Sondu Miriu 

were below 7%. One species of dinoflagellates were encountered, Glenoridinium were 

encountered in both periods Kisat, Hippo point, Kodiaga, Homabay A, B, C. The 5th major 

algal group encountered was the euglenophytes which were represented by 3 genera with 5 

different species in both monitoring periods. Of which the dominant one are Phacus spp, and 

Euglena spp. The Zygnematophyceae family had only one species represented as Closterium 

Navicula 

Fewer diatom species, Ampora spp, Cymbella spp, Aulacoseira and Cyclotella taxa were 

clearly the dominant in most of the stations in both surveys, Nitzschia and Synedra were more 
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abundant taxa in Hippo point. Cyanobacteria, Microcystis spp. and Anabaena spp. were the 

most abundant in almost all stations in both surveys. 

Zooplankton 

Lake Victoria is largely dominated by the taxonomic group Copepoda (>59.4%), followed by 

Cladocera (13.5%) and finally rotifers (9.6 %), total zooplankton abundance ranged from 

120.8 ± 29.9 to 306.7 ± 32.5 ind. L-1 at Kodiaga B and Kisat C respectively. There was 

comparatively low abundance of zooplankton at Hippo point sites (122.0 ± 20.4 to 133.1 ± 

14.8 indivL-1 and off Sondu Miriu River mouth (159. 2 ± 11.9 ind. L-1) compared to other 

sites. The relative higher abundance at other sites such as Kisat (204.7 ± 20.7 to 306.7 ± 33.3 

ind. L-1), Coca cola (210.1 ± 22.5 to 243.2 ± 32.5 indiv. L-1), Nyamasaria (219.8 ± 11.0 to 

235.3 ± 16.8 indiv. L-1) and Homa Bay sewage discharge 212.3 ± 25.1 to 255.4 ± 35.0 indiv. 

L-1 in the first survey, 171.0 ± 15.0 at Homa Bay sewerage site C to 396.0 ± 58.3 ind. L-1 at 

Kisat C. Relative high zooplankton abundance was also recorded at Kodiaga Rm (334.7 ± 

71.2. This was likely due to high productivity resulting from nutrient inputs from the urban 

centers or from the point discharges into the lake. Zooplankton were relatively more abundant 

at Kisat and Homa Bay sewerage discharge points more specifically at C and B respectively. 

The Shannon wiener index and Simpson index varied from 1.3 at Cocacola, Nyamasaria to 

1.9 at Kodiaga, and ranged between 0.6 and 0.8, and from 1.3 at Cocacola, Kisat B to 2.2 at 

Kodiaga A and ranged between 0.6 and 0.9 at various sites and Kodiaga A. 

Macroinvertebrates 

In macroinvertebrates a total of (11) orders representing (20) families and (21) genera were 

found in the study sites, the highest number of genera were recorded at Hippo point shoreline 

with total collection (123), Homa bay (A) sediments had the highest genera with total 

collection (83) tubificid were highest (143). During the study period, the orders Hemiptera 

(Ambrysus mormon), (146) Haplotaxida (tubificid (139) recorded the highest no. of genera 

respectively. The lowest genera recorded were Hirudinida (1) and Coleoptera (1) Majority of 

the species encountered during sampling had high tolerance values indicative of hostile 

environmental conditions. Taxa richness was high in Kodiaga shoreline (1.3626) and Nyando 

shoreline (0.857), and lowest in Kisat A, C (0), Hippo point B, C (0) and Kodiaga B (0) 

respectively. There was indication of severe organic pollution as indicated from the HBI 

results in some sampled stations like Sondu miriu (A) 9.25 and Kodiaga C (8.95) Kisat B, 

Cocacola B, Nyamasaria C, Nyando A, B, C and Miriu C all received above 7 meaning high 

organic pollution. The lowest HBI were recorded at Kisat C, Cocacola C, Nyando A, B, C all 

with (0), there was high counts of tubificids (sludge worms) at Kodiaga B (100) Kisat B 

(100) Kodiaga C100) Cocacola B (80), Chironomidae at Nyando B (75). Macroinvertebrates 

are food for fish and serve as vital biological indicators of the state of a given water body. 

The relative abundance of the functional groups reflects the anthropogenic impacts which is 

an indication of pollution. 
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Fish 

The results for fish recorded a total number of 374 specimens comprised of 13 species for L. 

niloticus species were immature high occurrence in Nyamasaria (7.35 ±0.00 mg/l) and 

Kodiaga (5.06 ±0.96 mg/l) which accounts for 87% and 68% respectively. b<3 indicative of 

negative allometric growth due to water quality conditions continue to deteriorate. 

It is crucial to note that limnological conditions of a water body have been identified as 

important factors in influencing the structuring of fish assemblages in the ecosystem. Thus, 

physico-chemical parameters such as temperature, dissolved oxygen (DO), lake depth and 

size affect the abundance, species composition, stability, productivity, and physiological 

condition of indigenous populations of aquatic organisms. Thus, the nature and health of 

aquatic communities is an expression of the limnological status of the water body. Changes in 

these water quality variables bring about changes in phytoplankton, zooplankton, 

macroinvertebrates and fish abundance, composition and distribution thus   affecting the 

quantity and quality of food items available for aquatic organisms consequently affecting the 

trophic structure. 

Recommendations 

 Compliance to wastewater, solid waste and effluents discharge guidelines needs 

reinforcement as the lake is the sink to most discharges either domestic, municipal or 

industrial to curb the problem of pollution 

 There should be continuous monitoring of the point sources of pollution to determine 

and quantify the extent of pollution for management purposes. 

 There is need to investigate the status of other environmental parameters such as algal 

toxins. 

 There is need to carryout experiment on primary production in future studies, this will 

enable managers to known the Gross and net productivity in a mapped site. 

 Human settlement near the lake should be controlled /discouraged to reduce 

anthropogenic activities which result in addition of nutrients into the water column  
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KENYA MARINE AND FISHERIES RESEARCH INSTITUTE 

FRESHWATER SYSTEMS 

TO: Ag. D/D Fresh Water Systems 

FROM: George Morara Basweti 

RE: FIELD WORK MATERIAL REQUEST 

Following the upcoming field trip that is scheduled to start on 1 8th March to 21 st March 

17, 2021, I hereby request the office to facilitate the team with the items as requested in 

the attached requisition form. 

Thanks 

Yours Faithfully 

 

George Morara Basweti 
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Executive summary 

Water resources plays a key role in the socio-economic development and contributes 

immensely to realization of food and nutritional security. However, since the onset of 

anthropogenic activities, increasing human population created similar increasing demands in 

agricultural lands, water and with expanding settlements. The emerging micro pollutants and 

environmental stressors, all contribute to the multiple environmental pressures which threatens 

the water quality in lakes, resulting in degradation of fish and other flora and faunal habitats, 

increasing vulnerability of endangered species, risks to public health and livelihoods. This 

study was conducted in Lake Victoria Kenya using the sampling points Kodiaga, Cocacola, 

Kisat, Hippo point, Nyamasaria, Nyando, Sondu miriu, and Homabay. In each site three 

sampling points were established in a longitudinal transect, upstream, interphase of discharge 

and the lake, and the control away from the influence of the discharge. The points were selected 

following the establishment of possible point sources of pollution by industrial, municipal and 

domestic discharges into the lake which influences anthropogenic. Where the main objectives 

was to develop a map of key sources of point pollution, to determine the influence of the point 

sources of pollution on the key water quality parameters (nutrients, Temperature, conductivity, 

salinity alkalinity, hardness, pH, DO, chlorophyll-a, turbidity, TDS and REDOX) to determine 

the influence of the point sources of pollution on composition and distribution of key indicator 

organisms (Fish, macroinvertebrates, phytoplankton and zooplankton) and assess the effects 

on the fish species ecology.  

Results of the nutrients, physical chemical attributes, indicators of water quality 

(phytoplankton, zooplankton, macroinvertebrates and fish) are documented for biodiversity 

conservation. Wastewater planning and management, long-term monitoring needs to be 

sustained to guide on expanding urban developments and anthropogenic pressures; impacts of 

climate change and better management of the lake environment and sustainable fisheries. 

 

Introduction 

Water resources plays a key role in the socio-economic development and hence contribute 

immensely to realization of food and nutritional security. However, since the onset of 

anthropogenic activities, increasing human population created similar increasing demands in 

agricultural lands, food, water and with expanding settlements. The changing climatic 

conditions and fluctuating precipitation, legacy and emerging micro pollutants; and pathogens, 
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environmental stressors, all contribute to the multiple environmental pressures which threatens 

the water quality in lakes, resulting in degradation of fish and other flora and faunal habitats, 

increasing vulnerability of endangered species, and risks to public health and consumers and 

their livelihoods. 

The Kenyan Lake Victoria catchment area extends from an altitude of 1134 m.a.s.l to the high-

altitude highlands areas drained by small and large tributaries of major rivers which discharge 

into the Winam gulf. River mouths and shallow bays are the mostly impacted zones by land-

based pollution sources, and illegal, unregulated and unreported fishing methods, yet they are 

recognized as important critical habitats for fish breeding and nursery grounds within Kisumu 

influents are both under urban and agricultural influences. There are significant changes in the 

human population in the major shoreline urban areas of Kisumu and Homa bay, besides other 

medium and large urban areas within the extensive hinterland. The lake supports important 

ecosystem services and is relied on by over 40 million people in the lake basin, who derive 

livelihoods from the water resources both the artisanal and commercial fishery. However, both 

diffuse and point pollution sources are of concerns to lake managers as untreated or partially 

treated waste discharges degrades the water quality and fish habitats with potential effects on 

the lake biodiversity and loss of ecosystem services. Poor sewerage collection and lack of 

conventional wastewater treatment facilities are cited as significant contributors to water 

pollution. Nutrient over-enrichment of freshwater ecosystems is a rapidly growing 

environmental crisis. Organic pollutants from poor sanitation, uncontrolled disposal of liquid 

and solid wastes, and plastics wastes contaminates most of the urban rivers, surface and 

underground water. Decreasing light transparency in the lake excessive (N and P) nutrients 

loading contributes proliferation of algal blooms in lakes causing water quality deterioration, 

presence of toxin producing cyanobacteria and fish kills. In Lake Victoria, higher 

cyanobacterial biomass and are often encountered in lake bays Thus, increasing lake water 

nutrient concentrations are also linked to watershed activities which contribute to increasing 

mineral turbidity. Fish species, phytoplankton and zooplankton community are also useful 

indicators of changes in water quality. Habitat structure and water quality conditions can 

influence distribution of hypoxic non-tolerant fish species which are able to survive in a wide 

range of pH, resist low levels of D.O and feeds on a variety of food items 
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 Results 

The results of the physical and chemical measurements mean ±SD showed that, DO had values 

of 4.93±1.11 and 6.01±1.26 mg/L during the surveys. Hippo point A and Kisat B in the first 

and second sampling had the lowest average value an indication of anoxic environment well 

as Kisat B and Homabay B in the first and second sampling had the highest average value a 

sign of a well aerated water column. Temperature had values of 26.97±0.95 and 26.94±1.02 ⁰C 

where Kisat A and Homabay C had the lowest average values in both periods while Kodiaga 

B and Nyamasaria B exhibited the highest average value. The sampling sites had the pH mean 

values of 7.77±0.75 and 6.94±0.45 in first and second sampling, average values are within the 

WARMA effluent standards discharge into the environment an indication of good buffering 

capacity of the water column. The average values ranged from 6.02 – 8.82 and 6.08 – 7.76 in 

both surveys, except for Hippo point A, B and Kodiaga A, Cocacola C and Nyando A in the 

first and second surveys respectively which had the lowest values below the WARMA effluent 

standards of 6.5 – 8.5 pH values.  Thus an indication of acidic environment due to the discharge 

from the sprawling slums and the Municipal sewage of Nyalenda lagoons including other 

industrial effluents into the lake. 

Nitrogen and its oxidative and reductive derivatives were analyzed and exhibited the following 

means: Nitrites had values of 10.46±7.24 and 10.06±9.16µg/L, where Nyando A and Homabay 

A, B, C had the lowest average values as compared to Coca Cola B, C had the highest average 

values. Nitrates had values of 39.27±31.76 and 13.50±9.88 µg/L where Nyando C and 

Homabay A, B had the lowest average values as compared to Kodiaga A and Cocacola that 

had the highest average values showing a possible interconversion of nitrogen species. 

Ammonium being the reduced species of nitrogen, may interchange depending on the available 

conditions in the water column.  Mean of 28.76±18.54 and 23.15±21.29 µg/L Where Sondu 

miriu, Nyando A, B C, Nyamasaria B, C had the lowest average values in both periods, while 

Homabay A, B and Kisat A, Kodiaga C had the highest average values in both surveys 

respectively. When the oxidative property is very strong, there is an interchange of ammonium 

to ammonia that is more lethal to aquatic organisms. Total nitrogen means were 194.65±65.49 

and 760.75±867.86 µg/L Nyando B and Sondu miriu C had the lowest average values as 

compared to Kisat B and Homabay A which had the highest average value followed by Kisat 

A and Homabay B an indication of highly eutrophication in this sites. According to WARMA, 

total suspended solids should not exceed 30mg/L but according to the surveys taken during the 

monitoring activity some sites including the control points had concentrations far beyond the 
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required limit namely as follows: control points includes Kisat, Cocacola, Kodiaga and Sondu 

miriu. Other sampling stations are Hippo point A, Cocacola B, Kisat B, Kodiaga A, B, 

Nyamasaria B, Nyando A and Homabay A, B this was aggravated by the wet season where 

there is extensive runoff from the catchment bare areas 

Phosphorous and its derivative were also analyzed where soluble reactive phosphorous had a 

mean of 82.71±71.13 and 46.07±16.96 µg/L where Nyando A, B and Nyamasaria B had the 

lowest values as compared to Kisat A, B and Cocacola B had the highest values. Total 

phosphorous exhibited an average of 147.84±115.02 and 204.84±69.60 µg/L where Nyando A 

and Nyamasaria B had the lowest values while Kisat A and Kodiaga B had the highest values 

an indication of hypertrophic condition hence high eutrophication forming algal blooming 

which decomposes and lead to anoxic environment to aquatic organisms The presence of 

chlorophyll- a pronounces the waterbody has a high primary production due to high biomass 

of algae. Chlorophyll- a average values of 83.19±78.67 and 97.02±114.92 µg/L where Hippo 

Point C and Cocacola C had the lowest concentrations while Coca Cola B and Kodiaga B had 

the highest concentrations indicating high content of algae biomass.  TN:TP ratio determines 

the limiting nutrient in the waterbody, during this study all stations exhibited nitrogen 

limitation because the ratio of all the sites was below required standard of < 15 except for 

Homabay A which exhibited raised ratio. Transparence of water was reduced because of 

turbidity being very high making the secchi depth to be 0.40±0.15 and 0.34±0.06 (M) this leads 

to water column’s productivity to be reduced. 
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Phytoplankton results showed that There were 130 species of algae identified Cynophytes 

were the most dominant group, contributing an average of 65 % in the surveys. There were 

higher cynophytes identified except Nyamasaria R.M had 36%, in Kodiaga C, Kisat C, Sondu 

Miriu were below 7%. One species of dinoflagellates were encountered, Glenoridinium were 

encountered in both periods Kisat, Hippo point, Kodiaga, Homabay A, B, C. The 5th major 

algal group encountered was the euglenophytes which were represented by 3 genera with 5 

different species in both monitoring periods. Of which the dominant one are Phacus spp, and 

Euglena spp. The Zygnematophyceae family had only one species represented as Closterium 

Navicula 

Fewer diatom species, Ampora spp, Cymbella spp, Aulacoseira and Cyclotella taxa were 

clearly the dominant in most of the stations in both surveys, Nitzschia and Synedra were more 

abundant taxa in Hippo point. Cyanobacteria, Microcystis spp. and Anabaena spp. were the 

most abundant in almost all stations in both surveys. 

Lake Victoria is largely dominated by the taxonomic group Copepoda (>59.4%), followed by 

Cladocera (13.5%) and finally rotifers (9.6 %), total zooplankton abundance ranged from 120.8 

± 29.9 to 306.7 ± 32.5 ind. L-1 at Kodiaga B and Kisat C respectively. There was comparatively 

low abundance of zooplankton at Hippo point sites (122.0 ± 20.4 to 133.1 ± 14.8 indivL-1 and 

off Sondu Miriu River mouth (159. 2 ± 11.9 ind. L-1) compared to other sites. The relative 

higher abundance at other sites such as Kisat (204.7 ± 20.7 to 306.7 ± 33.3 ind. L-1), Coca cola 

(210.1 ± 22.5 to 243.2 ± 32.5 indiv. L-1), Nyamasaria (219.8 ± 11.0 to 235.3 ± 16.8 indiv. L-1) 

and Homa Bay sewage discharge 212.3 ± 25.1 to 255.4 ± 35.0 indiv. L-1 in the first survey, 

171.0 ± 15.0 at Homa Bay sewerage site C to 396.0 ± 58.3 ind. L-1 at Kisat C. Relative high 

zooplankton abundance was also recorded at Kodiaga Rm (334.7 ± 71.2. This was likely due 

to high productivity resulting from nutrient inputs from the urban centers or from the point 

discharges into the lake. Zooplankton were relatively more abundant at Kisat and Homa Bay 

sewerage discharge points more specifically at C and B respectively. The Shannon wiener 

index and Simpson index varied from 1.3 at Cocacola, Nyamasaria to 1.9 at Kodiaga, and 

ranged between 0.6 and 0.8, and from 1.3 at Cocacola, Kisat B to 2.2 at Kodiaga A and ranged 

between 0.6 and 0.9 at various sites and Kodiaga A. 

In macroinvertebrate a total of (11) orders representing (20) families and (21) genera were 

found in the study sites, the highest number of genera were recorded at Hippo point shoreline 

with total collection (123), Homa bay (A) sediments had the highest genera with total collection 

(83) tubificid were highest (143). During the study period, the orders Hemiptera (Ambrysus 
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mormon), (146) Haplotaxida (tubificid (139) recorded the highest no. of genera respectively. 

The lowest genera recorded were Hirudinida (1) and Coleoptera (1) Majority of the species 

encountered during sampling had high tolerance values indicative of hostile environmental 

conditions. Taxa richness was high in Kodiaga shoreline (1.3626) and Nyando shoreline 

(0.857), and lowest in Kisat A, C (0), Hippo point B, C (0) and Kodiaga B (0) respectively. 

There was indication of severe organic pollution as indicated from the HBI results in some 

sampled stations like Sondu miriu (A) 9.25 and Kodiaga C (8.95) Kisat B, Cocacola B, 

Nyamasaria C, Nyando A, B, C and Miriu C all received above 7 meaning high organic 

pollution. The lowest HBI were recorded at Kisat C, Cocacola C, Nyando A, B, C all with (0), 

there was high counts of tubificids (sludge worms) at Kodiaga B (100) Kisat B (100) Kodiaga 

C100) Cocacola B (80), Chironomidae at Nyando B (75) which is an indication of pollution. 

The results for fish recorded a total number of 374 specimens comprised of 13 species for L. 

niloticus species were immature high occurrence in Nyamasaria (7.35 ±0.00 mg/l) and Kodiaga 

(5.06 ±0.96 mg/l) which accounts for 87% and 68% respectively. b<3 indicative of negative 

allometric growth due to water quality conditions continue to deteriorate. 

Conclusion 

It is crucial to note that limnological conditions of a water body have been identified as important factors 

in influencing the structuring of fish assemblages in the ecosystem. Thus, physico-chemical parameters 

such as temperature, dissolved oxygen, lake depth and size affect the abundance, species composition, 

stability, productivity, and physiological condition of indigenous populations of aquatic organisms. 

Thus, the nature and health of aquatic communities is an expression of the limnological status of the 

water body. Changes in these water quality variables bring about changes in phytoplankton, 

zooplankton, macroinvertebrates and fish abundance, composition and distribution thus   affecting the 

quantity and quality of food items available for aquatic organisms consequently affecting the trophic 

structure. 

 

Recommendations  

 Compliance to wastewater, solid waste and effluents discharge guidelines needs 

reinforcement as the lake is the sink to most discharges either domestic, municipal or 

industrial to curb the problem of pollution 

 There should be continuous monitoring of the point sources of pollution to determine 

and quantify the extent of pollution for management purposes. 
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 There is need to investigate the status of other environmental parameters such as algal 

toxins. 

 There is need to carryout experiment on primary production in future studies, this will 

enable managers to known the Gross and net productivity in a mapped site. 

 Human settlement near the lake should be controlled /discouraged to reduce 

anthropogenic activities which result in addition of nutrients into the water column  
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