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Abstract 

The Catch Per Unit Effort (CPUE) has drastically reduced with many fishermen now reverting to 

fish cage culture practices for alternative livelihood, without good husbandry practices. Cage 

culture practice is on the rise within the Kenyan waters with majority of cages sited within inshore 

areas of bays, where farmers believe the cages and attendants are safe from strong waves and 

currents. Water nutrients were within recommendable ranges except for NH4
+ and total nitrogen 

(TN) which are believed to be generated from decomposition of excess feeds. Results of this study 

showed temporal changes of phytoplankton community structure which is an important tool in 

diagnosis of environmental conditions influenced by anthropogenic inputs of nutrient from the 

cages and from the catchment. Fluctuations in abundance and composition are reflections of 

prevailing environmental conditions in the different ecological niches. The low diversities of the 

zooplankton within the study sites were attributed to predation to predation by organisms higher 

in the food chain and not environmental degradation. The water quality as indicated by HBI from 

macro-invertebrate studies shows levels of pollution are within recommendable ranges. 

Key words: Ecology, cage culture, Kadimo bay, fisheries. 

 

 

 

 

 

 

 

 



v | P a g e  
 

Table of Contents 
DOCUMENT CERTIFICATION ...................................................................................................... i 

Acknowledgement ....................................................................................................................................... iii 

Abstract ........................................................................................................................................................ iv 

1. Introduction .............................................................................................................................................. 1 

2. Materials and Methods ............................................................................................................................. 2 

2.1 Study site ............................................................................................................................................ 2 

2.2 Ecological assessments ...................................................................................................................... 3 

2.2.1 Chemical analyses........................................................................................................................ 3 

2.2.2 Phytoplankton analyses ................................................................................................................ 4 

2.2.3 Zooplankton analyses ................................................................................................................... 4 

2.2.4 Macro-invertebrate analyses ....................................................................................................... 5 

3. Results ....................................................................................................................................................... 5 

3.1 Water quality ..................................................................................................................................... 5 

3.2 Phytoplankton ................................................................................................................................. 10 

3.3 Zooplankton..................................................................................................................................... 14 

3.4 Macro-invertebrates ....................................................................................................................... 18 

4. Discussion ................................................................................................................................................ 20 

Conclusions ................................................................................................................................................. 23 

Recommendations ...................................................................................................................................... 23 

Challenges ................................................................................................................................................... 23 

References .................................................................................................................................................. 24 

Paper Trail ...................................................................................................... Error! Bookmark not defined. 

Appendix 1. Submission letter of the technical report to the Director KMFRI .............................. 26 

Appendix 2. Field requisition approval letter .................................................................................... 27 

Appendix 3. Minutes for the field survey protocol meeting. ............................................................. 30 

Appendix 4. Attendance register during the field survey. ................................................................. 37 

Appendix 5. Sensitization of cage fish farmers during the survey ................................................... 39 

Appendix 6. KMFRI Scientists working during the survey .............................................................. 44 

Appendix 7. Work ticket ...................................................................................................................... 45 

Appendix 8. Letter from the DD to the Director. ............................................................................... 47 

Appendix 9. Letter from the Director. ................................................................................................ 48 



vi | P a g e  
 

Appendix 10. Ecological status of cage culture in relation to wild fisheries in Lake Victoria-Fact 

Sheet. ...................................................................................................................................................... 49 

Appendix 11. Dissemination ................................................................................................................. 55 

 

  



1 | P a g e  
 

1. Introduction 

Growing of fish in cages has become a common practice in many parts of the world due to drastic 

decline in capture fisheries. It has notably become a popular fish farming practice in Africa 

specifically, Ghana, Kenya, Malawi, Uganda, Zambia, and Zimbabwe (Blow and Leonard, 2007). 

In comparison to pond culture system, cage fish culture technology has earned an advantage of the 

possibility of growing a larger amount of fish in a relatively small volume or area of water 

(Mwebaza-Ndawula et al., 2013).  Fish culture in cages also provides greater production rates in 

comparison to yield in ponds or aquaponics systems.  In the East African region, cage fish farming 

has not been widely embraced despite a large market and preference for fish, and the potentiality 

of practicing it in the region. Although the cage culture practice has not been fully embraced in 

Kenya, Victory cage fish farm in Southern part of Lake Victoria has shown great potential in 

improving national food security.  

The greatest challenge in cage fish culture practice is its impact on ecological sustainability 

(Mangaliso et al., 2011; Dias et al., 2011). The practice has a negative impact on the water quality 

and biological structure and abundances. Phytoplankton, zooplankton and macro-invertebrates 

structure and abundance have been impacted by the cage culture practices. Phytoplankton are vital 

and important organisms as they act as primary producers and direct food source for tertiary 

aquatic animals. They provide a base in the aquatic food web which is the most important factor 

for production of organic matter in aquatic ecosystem. Phytoplankton structure can be used as bio-

indicator of environmental perturbations for better management practices and policy making.  

Zooplankton are secondary producers and thus affects higher trophic levels by providing 

nutritional bases for macro-invertebrates. They consist of diverse assemblage of major taxonomic 

groups. Many of these forms have different environmental and physiological assemblage. The 

number, type and distribution of these organisms present in cages provide a clue on the 

environmental condition prevailing in that particular habitat. 

Macro-invertebrates are tertiary benthic dwelling organisms. They feed on plankton and are food 

to fish in higher food chain. There structure and abundances can also be used as bio-indicators of 

environmental integrity. 
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The overall objective of this study was therefore to assess and evaluate the possible impacts of 

cage fish culture on water quality and biological communities within Kadimo-Bay in northern side 

of Lake Victoria, Kenya. The specific research questions were: “Do cage fish operation influence 

key physical-chemical parameters of the water?”, “Do fish cages have impacts on algal, 

zooplankton and macro-benthos communities within and around the cage operation areas?” 

2. Materials and Methods  

2.1 Study site  

The study was conducted at Kadimo Bay with varying intensities of cage culture practices. At  

Kadimo Bay there are Anyanga, Uwaria (Usigu), and Oele sites that have varying cage culture 

practices (Figure 1). Anyanga consisted of intensive culture practice, Uwaria had medium 

practice while Oele had less intensive practice.  Cage practices were compared only for sites 

within Kadimo Bay in order to limit influences from exogenous sources. Duplicate sampling of 

both water and sediments were conducted at three points within each site for chemical, 

phytoplankton, zooplankton and macro-invertebrate analyses. In some analyses, the samples were 

composited to minimize sample loads while in others they were analyzed in isolation.  
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Figure 1. Map of Kadimo Bay in Lake Victoria showing sampled sites.  

2.2 Ecological assessments  

2.2.1 Chemical analyses  

Scoop water samples were collected and preserved for onward laboratory analyses. Chemical 

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

nutrient compounds were reactive phosphorus (soluble reactive phosphorus (SRP); PO4
--P), total 

phosphorus (TP), nitrate-N (NO3
-), nitrite-N (NO2

-), total ammonia-N and total nitrogen (TN).  

Samples for SRP, Nitrate and Nitrites were filtered using 0.45-μm membrane filters. The filtrate 

for SRP was subsequently analysed using the ascorbic acid method. TP concentrations were 

analysed by hydrolysing the unfiltered samples with potassium persulphate, under heat and 

pressure, to orthophosphate, which was subsequently analysed using the ascorbic acid method. 

Nitrite was analysed by diazotising the samples with sulphanilamide and N-(1-naphthyl) 
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ethylenediamine as a coupling reagent. The coloured azo compound was then measured 

photometrically. Nitrate was reduced to nitrite using cadmium filings treated with copper 

sulphate. The resultant nitrite solution was analysed photometrically, using the method outlined 

above for nitrite. TN was measured by first hydrolysing all forms of nitrogen to nitrate, using 

potassium persulphate, before adopting the cadmium reduction method. Ammonium and silica 

were analysed using phenate and heteropoly blue methods, respectively. All these methods were 

adopted from American Public Health Association (APHA, 2005).   

2.2.2 Phytoplankton analyses 

Samples for phytoplankton analyses were collected using a Van-dorn water sampler. A portion of 

the sample (25 mls) 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 

was estimated by counting all the individuals whether these organisms were single cells, colonies 

or filaments. 

2.2.3 Zooplankton analyses 

Samples were collected in triplicates with a 1 m long conical-Nansen plankton net with mesh size 

of 60 µm, mouth diameter 0.30 m towed vertically through the water column (Mwabeza-Ndaula 

1994).  In the laboratory, each sample was made to a known volume, thoroughly shaken for 

uniform distribution and a sub-sample taken, placed in a counting chamber and examined under 

inverted microscope at X100 magnification for taxonomic determination, and at X40 for counting. 

Zooplankton was identified to possible taxonomic level using published identification keys 

(Pennak, 1991). The group copepod was only identified to group level as nauplii, cyclopoda and 

calanoida while the other two groups were identified to species level. The number of individuals 

per litre of lake water was calculated from the count data, taking into account, the volume of the 
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sample, number of organisms in the sub-sample, volume of the lake water filtered by the vertical 

haul derived from the depth of the haul (Mwabeza-Ndaula 1994). 

2.2.4 Macro-invertebrate analyses 

Macro-invertebrates sediment samples were collected using an Ekman grab, at each station 

triplicate samples were collected then composed. The composited samples were washed with sieve 

of 500um, sorted live in a white tray and preserved in ethanol (70%).  The samples were then 

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

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

Gabriel, 2002; Samways, 2008; and http://extension.usu.edu/water quality).Macro invertebrate 

community structure and functional composition was described in terms of number of genera per 

station, relative abundance, numerical abundance, evenness, dominance, diversity, species 

richness, and functional feeding guilds of all taxa.  The ratios of the various FFGs were calculated 

based on numerical abundance. The results were represented in tables and graphs. 

Data collected from various aspects of the study were subjected to descriptive statistics. Biotic 

indices were used to characterize the sites based on their status. 

3. Results  

3.1 Water quality  

Soluble Reactive Phosphorus (SRP) and Total Phosphorus (TP) were high within the cage culture 

sites (A, B, and C) as compared to the control site (D) (Figure, 2). The concentrations were low 

at Site A (Anyanga) which had the highest number of cages, moderately high at site B (Uwaria) 

with moderate cages and highest in site C (Oele) with the least number of cages. Site A was 

closest to the channel connecting Kadimo Bay to the open lake (Figure, 1). Stations on the 

offshore side of the cages exhibited the least concentration of phosphorus nutrients. The trophic 

status of the water was eutrophic (TP almost equal to 50 μg/l).  

 

 

 

http://extension.usu.edu/water%20quality
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Figure 2. Graph showing the concentrations of Soluble Reactive Phosphorus (SRP) and Total 

Phosphorus (TP) across the sampled stations.  

 Ammonium (NH4
+) species of nitrogen and Total Nitrogen (TN) were higher in the cage sites 

than within the control site (Figure, 3). Site B (Uwaria) had the least concentration of NH4
+ 

followed by site A (Anyanga) while Oele (Site C) exhibited the highest concentration. TN was 

highest at site C, followed by site A. Site B had the least concentration of TN among the cage 

culture sites  
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Figure 3. Graph showing concentrations of ammonium (NH4
+) and Total Nitrogen (TN).  

 

The high TN concentrations in site B were concomitant with the high chlorophyll-a concentrations 

at the same site (Figure, 4). The high chlorophyll-a at site A like in the TN, was followed by site 

C. Site B had the least concentration among cage culture sites. Control site exhibited the least 

concentration.                                           
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Figure 4. Chlorophyll-a concentrations across the sampled stations.  

Water Quality variables (20/Apr./2021). 

The Dissolved Oxygen (DO) levels varied between 4.4 and 7.4 mg/l (Figure 5). The oxygen levels 

increased from Anyanga cage site near the bay mouth to Oele cage site at the extreme end of the 

bay. The increase was concomitant with a similar increase in algal productivity as seen in 

chlorophyll-a concentrations (Figure 5). This implies that the DO concentrations are majorly 

driven by algal photosynthetic processes. The chlorophyll-a concentrations ranged between 18.1 

and 35.2 µg/l. The averaged depth profile temperature data ranged between 26.5 and 28.30C. The 

temperatures were lowest at Anyanga cage sites and increased monotonically to the NE corner at 

Oele cage culture sites. The pH also increased from SW part at Anyanga to the NE corner at Oele 

cage culture sites and the readings ranged between 7.9 and 9.0. Conductivity varied between 135.3 

and 158.0 µS/cm. Conductivity were lowest at Uwaria cage culture sites and highest at Oele cage 

culture sites. Turbidity, like chlorophyll-a measurements increased monotonically from the SW 

end of the bay at Anyanga sites to the NE end at Oele sites. Turbidity ranged between 3.4 and 8.6 

NTU. 
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Figure 5. Variation in dissolved oxygen (DO) and chlorophyll-a concentrations across the study 

area. 

Kadimo waters range between eutrophic to hypertrophic with Soluble Reactive Phosphorus (SRP) 

varying between 23.4 and 82.4 µg/l and Total Phosphorus (TP) ranging between 124.2 and 232.5 

µg/l (Figure 6). Uwaria cage sites exhibited the lowest concentrations of SRP but with nearly the 

highest concentration of TP. Cage culture sites exhibited higher concentrationsin both SRP and TP 

concentrations as compared to Control site with no cages which manifested the lowest 

concentrations (Figure 6). 

 

 

Figure 6. Concentrations of soluble reactive phosphorus (SRP) and total phosphorus (TP) within 

the study area. 
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The soluble fractions of nitrogen species of ammonium (NH4
+), Nitrites (NO2

-) and Nitrates (NO3
-

) exhibited the lowest concentrations within Uwaria cage culture sites (Figure 7). The 

concentrations were highest at Oele cage culture sites. Ammonium concentrations ranged between 

8.8 and 50.3 µg/l. Nitrite concentrations ranged between 4.5 and 36.8 µg/l while Nitrate 

concentrations ranged between 13.2 and 42.9 µg/l. Control site with no cage culture practice 

exhibited equally low concentrations of nitrogen nutrient species. Total Nitrogen (TN) were 

highest within Uwaria cage culture sites. Cage culture sites were relatively high in nitrogen species 

of nutrients as compared to Control site. 

 

Figure 7. Concentrations of nitrogen species of nutrients across the study sites. 

3.2 Phytoplankton 

There were differences in phytoplankton taxa in the sampled sites (Figure, 8). Diatoms were the 

most dominant group, contributing an average 35 % of the total phytoplankton biovolume followed 

by Cyanophytes with 23%. There were fewer Chlorolophytes with all stations recording 4% 

biovolumes. A few other species like Scenedesmus sp., coelomoron and monoraphidium  taxa were 

clearly the most dominant in most sampling stations especially Anyanga A and Oele C and Control. 

Diatom populations were represented by Nitzschia palea, Synedra cunningtonii, Surillella sp and 

Fragillaria spp and were most abundant taxa in the littoral zones and towards to the open lake. 

Within the Cyanobacteria, Aphanocapsa spp, Chroococcus spp and Anabaena species were the 

most abundant in Anyanga A, B, C, Oele A, B, C and Control stations.  Cyanobacteria was never 

recorded at Uwaria A but there was a general low diversity observed across the study sites and this 

may be attributed to reduced mineral turbidity and phosphorus enrichment from the littoral zones. 
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Figure 8. Percentage phytoplankton composition (mm3 l-1) assigned to phytoplankton classes or 

families as recorded at different sites of the cages in Victoria, Kenya. 

 

Species richness recorded a total of 73 phytoplanton species identified. They were represented by 

Diatoms, Cyanophytes, Euglenophytes, Zygnematophyceae, Chlorophytes during the study. Of 

the 20 different species of diatom were encountered, Nitzschia palea, Synedra cunningtonii, 

Fragillaria spp, and Surillela spp were the most common genera. Similarly, there were 19 species 

of Chlorophytes encountered of which, Tetraedron arthromisforme,Tetraedron inflatum 

Ankistrodesmus spp, Tetraedron and Scenedesmus spp  were the most frequently encountered 

genera. The Zygnematophyceae family was represented by 7 taxa represented by Cosmarium spp 

and crucigenia spp. Euglenophytes which were represented by 8 genera and were represented by 

Euglena acus, Phacus longicauda ,Euglena Virids, Strombomonous spp,Trachelemous spp. 

Cyanobacteria were represented Planktolyngbya taringii, Anabaena flos-Aquae, Anabaena 

limnetica, Cylindrospermopsis sp and Romeria elegans. 
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Figure 9. Percentage phytoplankton composition (mm3 l-1) assigned to phytoplankton classes or 

families as recorded at different sites of the cages in Victoria, Kenya. 

 

Phytoplankton biovolume showed its maxima at Anyanga B with >30 mm3 l-1, whereas, Anyanga 

A, Anyanga C, Oele A, Oele B, Oele C  recorded the lowest (< 10 mm3 l-1). In addition, there were 

moderate high values generally recorded in Uwaria B and Control (< 20 mm3 l-1) towards mid 

cages. Similarity to biovolume measurements exhibited higher phytoplankton cells in the mid 

cages than in the littoral, in particular Oele, Anyanga and Uwaria, all the sites had > 100 x 106 

cells per litre (Figure 9). 

 

Phytoplankton (20/April/2021). 

 

In all the sampled fish cage sites, Microcystis species was the most dominant and evenly 

distributed while Merismopedia, Tetraedon, and Scenedesmus spp were only in Anyanga A2, Oele 

C1 and Anyanga A1 respectively. In both sampled fish cages, Microcystis was the most abundant, 

contributing between 40% to 97% of total phytoplankton abundance (Figure 11). Ankistrodesmus 

species were present in both cage sites but occurred in higher composition in Anyanga A1. 
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Generally, phytoplankton abundance was higher in Oele C3 and Anyanga A1, while the highest 

diverse site was Anyanga A1 (Figure 10).  

 

 

 
 

       

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

         Figure 10. Sampled phytoplankton species by sites 

 

Anyanga A1 accounted for the majority of Euglena species (35) and anabaena species (35) 

abundance among the sampled fish cage sites. Uwaria B3 had noticeably higher Planktolyngbya 

species (31) . Oele C3 accounted for the highest number of Microcystis species (260), while Oele 

C2 had Synedra species being the highest (62) amongst the sampled fish cage site (Figure 10). 
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Figure 11. Sampled percentage phytoplankton species by sites 

 

Control and Oele C3 accounted for the highest percentage (97% and 78% respectively) of 

Microcystis from all the sampled sites. Oele C2 had notably higher Synedra percentage (38%). 

While Anyanga A1 had higher percentages from Euglena (20%) and Anabaena (18%) (Figure 11). 

 

3.3 Zooplankton 

Total zooplankton densities recorded at the 10 stations sampled are presented below (Figure 12). 

There were spatial variations in abundance, distribution and composition. Zooplankton abundance 

(individuals/Lit.) were recorded in the 10 stations as follows Anyanga C 293.7, Control 288.9, 

Anyanga B 256, Uwaria B 247.5, Oele C 248.6;. Comparatively low abundance was recorded at 

Anyanga A which is toward the littoral sampling stations than in the once like Anyanga C which 

had high abundance and is toward the open Lake.  
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Figure 12. Total zooplankton abundance at the 10 stations in Lake Victoria 

The three main groups of Zooplankton: Copepods, Cladocera and Rotifera were represented in the 

samples collected from the 10 stations (Figure 13). Copepods were grouped into naupii, 

Cyclopoida and calonoida. Cladocera were represented by seven species, Diaphanosoma excisum, 

Moina micrura, Ceriodaphnia cornuta, Daphnia barbata, Daphnia lumhortzi, Daphnia 

longispina, and Bosmina longirostris. Some 13 species of Rotifers were identified which included; 

Brachionus   calyciflorus, Brachionus angularis, Brachionus falcatus, Brachionus caudatus, 

Kerattela tropica, Filinia sp, Asplanchna spp, Lecane spp., Polyarthra and Euclanis spp. 

Ostracoida  Hexarthra sp.  Copepods dominated all the sampling stations as follows; Copepods 

dominated at uwaria with (68.95%).  The least found were Rotifers which were found at Anyanga 

C (6.8%). 
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Figure 13. Percentage compositions of different groups of zooplanktons 

The zooplankton group, Copepoda was dominated by Cyclopoid nauplii in all the10 sampling 

stations. This was followed respectively by Cyclopoida and Calanoida in that order (Figure 13). 

The highest abundance of Cyclopoid nauplii was recorded in Oele C sampling station whereas the 

lowest was noted within control sampling station. Calanoida and Cyclopoida recorded the least 

percentage below 10% in all sampling the stations.  
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Zooplankton (20th/April/2021) 

Total zooplankton densities recorded at the 10 stations sampled are presented below (Figure 14). 

There were spatial variations in abundance, distribution and composition. Figure 14 shows the 

zooplankton abundances (Ind. L-1) compared across the 10 sampled stations.   Uharia recorded the 

lowest counts of zooplankton compared with the other sites.  

 

 

Figure 14. Total zooplankton abundance at the 10 stations in Lake Victoria 

The three main groups of Zooplankton: Copepods, Cladocera and Rotifera were represented in the 

samples collected from the 10 stations (Figure 15). Copepods were grouped into naupii, 

Cyclopoida and calonoida. Cladocera were represented by four species, Diaphanosoma excisum, 

Moina micrura, Daphnia lumhortzi, and Bosmina longirostris. Some 8 species of Rotifers were 

identified which included; Brachionus   calyciflorus, Brachionus angularis, Brachionus falcatus, 

Brachionus caudatus, Kerattela tropica, Filinia sp, Asplanchna spp, and Euclanis spp.  Copepods 

dominated all the sampling stations at percentages above 79%.  

The least found were Rotifers with the highest recorded percent abundance of 5 at Uharia C. 
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Figure 15 Percentage compositions of different groups of zooplankton 

The zooplankton group, Copepoda dominated by Cyclopoid nauplii and Cyclopoida recorded the 

highest abundances in all the10 sampling stations. While Cyclopoid nauplii dominated in Anyanga 

A, Anyanga B, Oele A and Olele B at 53.1, 53.6, 57.8 and 57.0, respectively, Cyclopoida 

dominated in Anyanga C, Uharia A, Uharia B, Uharia C, Oele C and the Control (Figure 15). 

Calanoida and Cyclopoida recorded the least percentage below 10% in all sampling the stations.  

3.4 Macro-invertebrates 

A total of (5) orders representing (7) families and (8) genera (Table 1) were found in the study 

sites, the highest number of genera were recorded at all Anyanga sample stations and Uwaria (A) 

with total collection (5) each. During the study period, the orders Haplotaxida had the highest 
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number of genus while Trichoptera had the least number of genus. The family tubificid dominated 

with (126 Individuals). 

Table 1, Shows the Orders, families and genera of the macro-invertebrates studied. 

Order Family Genus Species 

Prosobranchiata Hydrobidae Cillias Cillia altilis 

 Thairidae Melanoides Melanoides tuberculata 

Unionoida Unionoidae Anadonta Anadouta cygneae 

  Unio Uniopictorum 

Trichoptera Leptoceridae Antripsodes Antripsodes sp 

Haplotaxidae Tubificidae Tubifex Tubifex tubifex 

 Naididae Naids Naids sp 

 Lumbriculidae Lumbliculus Lumbriculus vanagalus 

 

 

Table 2, Calculation of the Hilsenhoff Biotic Indices (HBI) 

 

 

Water quality ratings for HBI values (from Hilsenhoff 1987) 

HB1 value Water quality rating Degree of organic pollution 

≤ 3.30 Excellent Non apparent 

3.51-4.50 Very good Possible slight 
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4.51-5.50 Good Some 

6.51-7.50 Fairly poor Significant 

7.51-8,50 Poor Very significant 

8.51-10.00 Very Poor Severe 
 

 

According to the Hilsenhoff’s Index, the water quality within the study sites were below 3.3 HBI 

indicating excellent water quality. 

Richness measures 

Taxa richness was high in Anyanga C (1.279) and the lowest diversity was at Oele C (0) in which 

only tubificids were present.  

 

Diversity measures 

Diversity measurement was high in Oele B (0.93) tubificids were dominant (52) organisms, and 

lowest in Oele C (0) with only tubificids (36) organisms respectively.  

 

Functional feeding classes 

Shredders were highest in Anyanga A. Collectors were highest in Uwaria B, C and Oele C (100) 

lowest in Anyanga (10), Predators were highest in Uwaria C (71.4) and lowest in Oele A, B, C and 

control (0) Respectively. Scrabbers were highest in Anyanga (90) and lowest at Uwaria B, C Oele 

C (0) all were measured in percentages.  

Dominance measures 

Percentage dominance was highest in Naya (1.20%) and lowest at the pier (0.21). The percentage 

of a dominant organism (irrespective of the identity) increases with increasing perturbation 

(Barbour et, al. 1996). Chironomids are useful in documenting water and habitat quality in many 

aquatic ecosystems because of their high diversity and variable pollution tolerance levels 

(Ferrington L.C. et,al. 2008) 

4. Discussion 

Measured ranges of physical chemical variables in selected cage sites were generally within 

acceptable levels of NEMA. There was no tangible evidence of impact of fish cages on any of the 
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measured parameters. Results exhibited higher NH4⁺ and TN in the cage sites than within the 

control sites especially in Anyanga and Uwaria. This could be probably due to increased number 

of cages in the two sites. Guo and Li (2003) working in Njushanhu Lake, China observed that most 

environmental impacts in cage fish farm areas are associated with increased number of cages.   

 

The results from the study demonstrated the important role of physical conditions in influencing 

phytoplankton productivity and assemblage in the cages. The phytoplankton community in the 

littoral and towards the open lake were physically active. This was attributed to dominance of 

diatoms which are relatively photosynthetic and have capacity to thrive towards the main lake. 

Similar conditions were observed in Lake Victoria in the early 1960s (Talling, 1965; Sitoki 2012) 

reported on the increased water column stability in Lake Victoria and the possible effects of higher 

TP concentration.  Light limitation of phytoplankton growth occurs when there is mixing in depth 

which  becomes greater than the photic depth hence phytoplankton are forced to spend more time 

in the photic zone or can occur under high light attenuation conditions in the upper water column, 

hence is caused by mineral or biogenic turbidity. Some phytoplankton species have photo 

physiological adaptation to low light availability by adjusting their capacity to capture and use the 

ability to adjust their position in low turbulence water columns through production of gas vesicles 

or mobility, and therefore giving them an advantage over other species when light availability is 

low (Walsby et al 1997; Brookes et al 1999). The present study observed along the transect are 

partly attributed to morphological differences between the wide and shallow littoral zones to the 

cages which is associated with physical processes thus influences nutrient cycling. This is 

correlated with the high physio-chemical parameters recorded in the present study and can be 

explained by high washing effect of the diatoms from the upper catchment but also input of 

nutrients especially Soluble reactive silicates (SRSi) for their growth. Species like Synedra spp 

and Aulacoseira nyassensis are also indicators of cultural eutrophication in lake ecosystem which 

are known to prevail in nutrient rich environment as observed by Wetzel (2000). The colonial 

Microcystis, with their capacity to control buoyancy, dominate phytoplankton assemblages in the 

cages is a clear indication of trophic status of the Lake.  This finding is important for the 

management of the cage water quality since an increase in P loading will translate to high algal 

biomass, mainly bloom forming and potentially toxic blue greens such as Microcystis sp, which 
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are palatable to fish and other organisms in the cages. There is need to protect and minimize the 

number of cages hence may lead to deterioration of water quality.  

Zooplankton studies revealed low species diversity which is attributed to changes of plankton 

community structure. Changes in the water quality variables bring about changes in plankton 

communities and consequently affect the quantity and quality of food items available for 

invertebrates which in turn determine the abundance and composition of the plankton communities 

in the environment. It is believed that the recent upsurge of cages would trigger the dynamics of 

nutrient especially with feeding regimes and bring a visible change in the species diversity and 

species abundance in the bay. The present data as well as the historical data accrued does not show 

any visible change since the traditional species that have been present in the Lake are still the ones 

present in the previous pattern of abundance and diversity.   However, the low diversity may be 

attributed predation pressure from Zooplanktvorous fish as well as the carnivorous Zooplankton 

which feeds Merismopedia sp. The dominant algae like Microcystis which were abundant are 

palatable and not easily digested by Zooplankton due to its fibrous nature and colonial formations. 

This impacts the Zooplankton community species especially rotifers found at Uwaria and  control. 

Branchionus spp conditions only favour predation species on the large bodied Zooplankters. 

Occurrence of lecane genus is known to inhabit littoral areas but appeared in Uwaria A, and could 

have a risen from sweeping effect of water through adjacent macrophytes and   algal bloom which 

is reported in this survey. The latter is a new finding in the lake cages, there is need to focus on 

the same in future sampling activities for temporal and spatial scales of the physico-chemical 

environment that determine levels of primary production and plankton dynamics in aquatic 

ecosystems. 

The observed results indicates there is no pollution as indicated by the HBI results although 

tubificid, which is highly tolerant to pollution and occasionally used as bio-indicator of pollution 

were highly present. In relation to the 2019 study, there is reduction in the number of orders and 

families across the study sites, a probable indication of enhanced pollution loads from cage 

activities. The taxa richness that was high at Anyanga and lowest at Oele may not depict 

environmental integrity or perturbation since even physical disturbance of a water column may 

shift the ecological structure (Townsend et, al. 1997). 
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Conclusions  

 Although other physico-chemical variables were within acceptable ranges, the elevated 

concentration of NH4
+ and TN are believed to emanate from decomposition of excess feeds 

from cage practices. 

 The phytoplankton community structure in the littoral zones towards to the open lake were 

physically active and is attributed to dominance of diatoms which are relatively 

photosynthetic and have capacity to thrive towards the main lake hence high washing effect  

of diatoms from the upper catchment but also input of nutrients especially Soluble reactive 

silicates (SRSi) for their growth. Species like Synedra spp and Aulacoseira nyassensis are 

also indicators of cultural eutrophication in lake ecosystem which are known to prevail in 

nutrient rich environment in the cages. 

 The low diversities of the zooplankton within the study sites were attributed to predation 

to predation by organisms higher in the food chain and not environmental degradation. 

 The water quality as indicated by HBI from macro-invertebrate studies shows levels of 

pollution are within recommendable ranges. 

Recommendations 

 Since the ecological state is dynamic depending on the integrity of fish husbandry, there is 

need for continuous monitoring for prompt intervention. 

 There is need to undertake further studies to establish the causative factors influencing low 

diversities of plankton communities. 

 The farmers needs further sensitization on proper husbandry techniques i.e. quality, 

quantity and frequency of feeds and feeding regimes. 

 Relevant implementing institutions should enforce existing policies that are in place to 

guide the industry. 

Challenges 

 The level of finding needs to be up-scaled so that a greater majority of cage culture sites 

along the Lake needs to be covered. 

 



24 | P a g e  
 

 

 

 

 

 

References 

APHA, (2005). Standard Methods for the Examination of Water and Wastewater. American 

Public Health Association, Washington, D.C.  

Blow, P. and Leonard, S. (2007). A review of cage aquaculture: sub-Saharan Africa. In: Halwart, 

M., Soto, D. and Arthur, J.R. (Eds.). Cage aquaculture – Regional reviews and global 

overview. Rome, Italy.  FAO Fisheries Technical paper No. 498. Rome, 241 pp. 

Brookes, J. D.,  Ganf, G. G., Green, D. & Whittington, J. (1999). "The influence of light and 

nutrients on buoyancy, filament aggregation and floatation of Anabaena circinalis", 

Journal of Plankton Research, 21(2):327-341. 

Cocquyt, C., Vyverman, W., Compere, P. (1993). A check-list of the algal flora of the East 

African Great Lakes (Malawi, Tanganyika and Victoria). Meise: National Botanic 

Garden of Belgium. 

Dias, J. D., Takahashi, E. M., Santana, N. F. & Bonecker, C. C. (2011). Impact of fish cage-

culture on the community structure of zooplankton in a tropical reservoir. Iheringia Serie 

Zoologia, 101:75 - 84. 

Guo, L. & Li, Z. (2003). Effects of nitrogen and phosphorus from fish cage culture on the 

communities along a shallow lake in middle Yangtze River basin of China.  Aquaculture 

226:201-212. 

Huber-Pestalozzi, G., (1942). Das Phytoplankton des Su¨sswassers, 2. Teil (2. Ha¨lfte) pp. I–X ? 

367–549. Schweizerbart’sche Verlagsbuchhandlung, Stuttgart  

Mangaliso, J. S., Guilford, S .J. & Hecky, R. E. (2011). Physical-chemical measurements in the 

water column along a transect through a tilapia cage fish farm in Lake Malawi, Africa. 

Journal of Great Lakes Research 37: 102-113.  



25 | P a g e  
 

Mwabeza-Ndaula, L. (1994). Changes in relative abundance in zooplankton in northern Lake 

Victoria, East Africa. In H. J. Dumont, J. Green, and H. Masundire (eds), Studies 

on the Ecology of Tropical Zooplankton. Hydrobiologia 272: 259 – 264 

Mwebaza-Ndawula, L, Kiggundu, V., Magezi, G., Naluwayiro, J., Gandhi-Pabire, W. & Ocaya, 

H. (2013). Effects of cage fish culture on water quality and selected biological 

communities in northern Lake Victoria, Uganda. Journal of Agricultural Sciences, 14 

(2): 61 – 75.  

Pennak, R.W., 1991 Freshwater invertebrates of the United States, 3rd,  ed, John Willey and Sons, 

New York. 

Sitoki, L., R. Kurmayer, R. & Rott, E. (2012). Spatial variation of phytoplankton composition, 

biovolume, and resulting microcystin concentrations in the Nyanza Gulf (Lake 

Victoria, Kenya). Hydrobiologia, 691(1): 109-122 

Talling, J. F. (1966). "The annual cycle of stratification and phytoplankton growth in Lake Victoria 

(E. Africa)", Internationale Revue der Gesamten Hydrobiologie und Hydrographie, 

51:545-621. 

Walsby, A. E., Hayes, P. K., Boje, R. & Stal, L. J. (1997). "The selective advantage of buoyancy 

provided by gas vesicles for planktonic cyanobacteria in the Baltic Sea." New 

Phytologist, 136:407-417. 

Wetzel, R. G. & Likens, G. E. (2000). Limnological Analyses, 3rd Edn. Springer-verlag New York, 

Inc. 73. 

Zanatta, A.S., Paerbiche-Neves, G., Ventura, R., Ramos, I. P. & Carvalho, E., D. (2010).  Effects 

of a small fish cage farm on zooplankton assemblages (Cladocera and Copepoda: 

Crustacea) in a sub-tropical reservoir (SE Brazil). Pan-American.  Journal of Aquatic 

Sciences 5:530 - 539. 

 

 

 

 

 

 



26 | P a g e  
 

Appendix 1. Submission letter of the technical report to the Director KMFRI 
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Appendix 2. Field requisition approval letter 
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Appendix 3. Minutes for the field survey protocol meeting. 
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Appendix 4. Attendance register during the field survey. 
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Appendix 5. Sensitization of cage fish farmers during the survey 

(a) Oele Beach 
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(b) Usenge Beach 
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Appendix 6. KMFRI Scientists working during the survey 
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Appendix 7. Work ticket 
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Appendix 8. Letter from the DD to the Director. 
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Appendix 9. Letter from the Director. 
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Appendix 10. Ecological status of cage culture in relation to wild fisheries in Lake Victoria-

Fact Sheet. 
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Appendix 11. Dissemination 

 


