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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 pra@ags.
culture practice is on the rise within the Kenyan waters with nixaaircages 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 fat &td total nitrogen

(TN) which are believed to be geated from decomposition of excess fedissults 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 ad from the catchment. Fluctuations in abundance and composition are reflections of
prevailing environmental conditions in the different ecological nichies.low diversities of the
zooplankton within the study sites were attributed to predation to pyadatiorganisms higher

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

macroinvertebrate studies shows levels of pollution are within recommendable ranges.

Key words:Ecology, cage culture, Kadimo bay, fisies.
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1. Introduct ion

Growing of fish in cages has become a common practice in many parts of thelwetéddrastic

decline in capture fisheriest 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
(MwebazaNdawula et al., 2013). §l culture in cages also providg®ater production rates in
comparison to yield in ponds or aguaponics systems. In the EastrAfegion, cage fish farming

has not been widely embraced despite a large market and preference for fish, and the potentiality
of practicing it in the regiorAlthough the cage culture practice has not been fully embraced in
Kenya, Victory cage fish famn in Southern part of Lake Victoria has shogreat potentialn

improvingnational food security.

The greatest challenge in cage fish culture practice is its impact on ecological sustainability
(Mangalisoet al, 2011; Diast al, 2011) The practice hma negative impact on the water quality
and biological structure and abundances. Phytoplankton, zooplankton andimacebrates
structure and abundance have been impacted by the cage culture piraljitgdankton are vital

and important organismas they act as primary phocers andlirect food source fotertiary
aguatic animalsTheyprovide a base in the aquatic food web which is the most important factor
for production of orgaie matter in aquatic ecosysteRhytoplankton structure can be usedio

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 maciiavertebrates. They consist of diverss@mblage 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 pattiar habitat.

Macrainvertebrates areertiarybenthic dwelling organism3 hey feed on plankton and are food
to fish in higher food chairnlhere structure and abundances can also be usediaslibators of

environmental integrity.
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The overall objectivef this study was therefore to assess and evaluate the possible impacts of
cage fish culture on water quality and biological communities within KadBaoin northern side

of Lake Victori a, Kenya. The speciibninfluence sear c
key physicalc h e mi c al par ameters of t h inpactsadn ealga?, o , i D
zooplanktonand maclbe nt hos communi ties within and arour

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, Uwalfdsigu), and Oele sites that have varying cage culture
practices (Figure 1). Anyanga consisted of intensive culture pratiweyia 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 thosetspwithin each site for chemical,
phytoplankton, zooplankton and ma¢nvertebrate 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
2.2.1Chemical analyses

Scoop water samples were collected and preserved for onward laboratory analyses. Chemical
analyses of nutrients were carried out inl#i®ratory using photometric methods. The analysed
nutrient compounds were reactive phosphorus (soluble reactive phosphorus (SRP); @l
phosphorus (TP), nitratd (NOzs), nitrite-N (NO), total ammoniaN and total nitrogen (TN).

Samples foSRRP Nitrate and Nitritesvere filteredusing 0.45%¢ m me mb r a nhefiltfate | t er s .
for SRP wassubsequently analysed using the ascorbic acid method. TP concentrations were
analysed by hydrolysing the unfiltered samples with potassium persulphate, undandheat
pressure, to orthophosphate, which was subsequently analysed using the ascorbic acid method.
Nitrite was analysed by diazotising the samples with sulphanilamide aidnaphthyl)
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ethylenediamine as a coupling reagent. The coloured azo compound evasn#dasured
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 hydrolysilgams 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 HealAssociation (APHA, 2005).

2.2.2Phytoplankton analyses

Samples for phytoplankton analyses were collected usWanalorn water sampleA portion of

the sample (25 mls) was preserved usisangpleaci di c
was placed in an Utermohl 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 vieve weunted for the very

abundant coccoid cyanobacteria and a 12.42 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 wetentified using the methods bifuberi Pestalozzi

(1968)as well as some publications on East African lgkascquytet al, 1993).Phytoplankton

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

or filamens.

2.2.3Zooplankton analyses

Samples were collected in triplicates with a 1 m long comN@adsen plankton net with mesh size

of 60 um, mouth diameter 0.30 m towed vertically through the water column (Mwalokzda

1994). In the laboratory, each sample was made to a known voluoneughly shaken for
uniform distribution and a sabample 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 taxononkevel 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 weer was calculated from the count data, taking into account, the volume of the
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sample, number of organisms in the salmple, volume of the lake water filtered by the vertical
haul derived from the depth of the haul (Mwabéidaula 1994).

2.2.4Macro-invertebrate analyses

Macroinvertebrates sediment samples were collected usingkaran gré, at each station
triplicate samples were collected then compo$ad.composited samples were washed with sieve

of 500um, sorted live in a white tray and preserved in eth@®8b). The samples were then
transported to the laboratory, sorted, observed and counted under dissecting microscope and
identified to genus levavith the aid of different keygMerritt and Cummins, 20Q85erber and

Gabriel, 2002; Samways, 2008; ahtlp://extension.usu.edu/water qualiacro invertebrate

community structure and functional composition was described in terms of number of genera per
station, relative abundance, numerical abundance, evenness, dominance, dispesi®s
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 subjeciestriptive 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 compartxdthe control site (D) (Figure, 2). The concentrations were low

at Site A (Anyanga) which had the highest number of cages, moderately high atl$weria)

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 &gBp
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Figure 2. Graph showing the concentrations of Soluble Reactive Phosphorus (SRP) and Total
Phosphorus (TP) across the sampled stations.

Ammonium (NH") species of nitrogen and Total Nitrogen (TN) were higher in the cage sites
than within thecontrol site (Figure, 3). Site BJ{varia) had the least concentration of NH
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 TNyah®oage

culture sites
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Figure 3. Graph showing concentrations of ammonium ¢Nkind Total Nitrogen (TN).

The high TN concentrations in site B were concomitant with the high chloreghyglhcentrations
at the same site (Figure, 4). The high chlorophydit site A like in the TN, was followed by site

C. Site B had the least concentration among cage cultie® §lontrol site exhibited the least
concentration.
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Figure 4. Chlorophylta concentrations across the sampled stations.

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

The Dissolved Oxygen (DO) levels variedween4.4 and 7.4 mg/l (Figure) 5The 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
chlorophylla concentations (Figure b This implies that the DO concentrations are majorly
driven by algal photosynthetic processBse chlorophyHa concentrations ranged between 18.1

and 35.2 ug/l. The averaged depth profile temperature data ranged between 26.5°end28.3
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.Qa@bAductivity varied between 135.3

and 158.0 uS/cm. Conductivity were lowest at Uwaria cage culture sites and highest at Oele cage
culture sites. Turbidity, like chlorophy#l measurements increased monotonically from the SW

end of the bay at Anyangaes 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 chloropkg/lconcentrations across the study
area.

Kadimo waters range between eutrophic to hypertrophic with Soluble ReadatispHdrus (SRP)
varying between 23.4 and 82.4 ug/l and Total Phosphorus (TP) ranging between 124.2 and 232.5
pg/l (Figure §. Uwaria cage sites exhibited the lowest concentrations of SRP but with nearly the
highest concentration of TP. Cage culture sixslated higher concentrationsin both SRP and TP
concentrations as compared to Control site with no cages which manifisstetbwest
concentrations (Figure) 6
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Figure 6. Concentrations of soluble reactive phosphorus (SRP) and total phosphorus (Ti#®) with
the study area.
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The soluble fractions of nitrogen species of ammoniums{NMitrites (NQ°) and Nitrates (N@

) exhibited the lowest concentrations within Uwaria cage culture ¢Regure 7. The
concentrations were highest at Oele cage culture sitesionium concentrations ranged between

8.8 and 50.3 pug/l. Nitrite concentrations ranged between 4.5 and 36.8 ug/l while Nitrate
concentrations ranged between 13.2 and 42.9 ug/l. Control site with no cage culture practice
exhibited equally low concentratis 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.
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Figure 7. Concentrations of nitrogen specafsutrients across the study sites.

3.2Phytoplankton

There were differences in phytoplanktaxain the sampled sites (Figure). ®iatoms were the
most dominant grougpontributing an average 35 %tbk total phytofankton biovoluméollowed

by Cyanophytes with 23%. There were fewerld@Zblophytes with all stations recordingo
biovolumes A few other species likecenedesmp., coelomoron and monoraphidiutaxa were
clearly the most dominant in most sampling stations especially Anyanga@ede@ and Conbl.
Diatom populations were represented\bizschia paleaSynedra cunningtoniSurillella sp and
Fragillaria sppand were mosabundant taxa in the littoral zones and towards to the open lake.
Within the Cyanobacteridphanocapsa&pp, Chroococcusspp and Anabaenaspecies were th
most abundant in Anyanga A, B, Oele A, B,C and Control stations. Cyanobactexasnever
recorded alwariaA butthere was general low diversity observeatross the study sites and this

may be attributed teeduced mineral turbidity arqghosphorus enrichmefrom thelittoral zones.
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Figure 8. Percentag@hytoplankton composition (mhir!) assigned to phytoplankton classes or

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

Species richness recorded a total of 73 phytoplanton species ideftifeydvererepresented by
Diatoms, Cyanophytes, Eglenophytes, Zygnematophyce#&&hlorophytes during the study. Of

the 20 different spcies of diatom were encounterédifzschia paleaSynedra cunningtonii
Fragillaria spp, andSurillelaspp were the most common genera. Similarly, there were 19 species
of Chlorophytes encountered of whjciretraedron arthromisforme,Tetraedron inflatum
Ankistrodesmuspp, Tetraedron and Scenedesnmspp were the most frequently encountered
generaThe Zygnematophyceae family was represented by 7 taxa represe@edrbgriunmspp
andcrucigeniaspp. Euglenophytes which were represented by 8 genera and were represented by
Euglena acusPhacuslongicauda ,Euglena Virids, StrombomonosigpTrachelemousspp.
Cyanobacteria were represent&anktolyngbya taringii, Anabaena flésquae, Anabaena

limnetica, Cylindrospermopsispand Romeria elegans.
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Figure 9 Percentage phytoplankton composition (firf) assigned to phytoplankton classes or
families as recorded at different sites of the cages in Victoria, Kenya.

Phytoplankton biovolume showed itsaxima at Anyanga B with >30 niti!, whereas, Anyanga

A, Anyanga C, Oele A, Oele B, Oele C recorded the lowest (< 130 ®nin addition, there were
moderate high values generally recordedlimaria B and Control (< 20 ml™?) towards mid
cages. Similarity to biovolume measurements exhibited higher phytoplankton cells in the mid

cages than in the littoral, in particular Oele, Anyanga awdria, all the sites had 200x 10°
cells per litre (Figure

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 Al respectively. In both sampled fish cages, d¢§&tre was the most abundant,
contributing between 40% to 97% of topdlytoplankton abundance (Figure) 1Ankistrodesmus

species were present in both cage sites but occurred in higher composition in Anyanga Al.

12| Page



Generally, phytoplankton abundance was argh Oele C3 and Anyanga Al, while the highest

diverse site was Anyanga Al (Figure)10

PHYTOPLANKTON SPECIES ABUNDANCE IN FISH CAGES SI
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Figure 10. Sampled phytoplankton species by sites

Anyanga Al 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 accountedthe highest number of Microcystis species (260), while Oele

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

Control and Oele C3 accounted ftive highest percentage (97% and 78% respectively) of
Microcystis from all the sampled sites. Oele C2 had notably higher Synedra percentage (38%).
While Anyanga Al had higher percentages from Euglena (20%) and AnabaendRIR¥e) 1).

3.3Zooplankton

Total zooplankton densities recorded at the 10 stations sampled are presentdéFigel@l?.
There were spatial variations in abundance, distributiorcamgbosition Zooplankton abundance
(individualdLit.) wererecorded in the 10 stations as folloksyanga C 293.7, Control 288.9,
Anyanga B 256, Uwaria B47.5, Oele C 248.6;. Comparatively low abundance was recatded
Anyanga Awhich is toward the littoradampling 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 Rotifereepresented in the
samples collected from the I1€tations (Figure 13 Copepods were grouped into naupii,
Cyclopoida and calonoida. Cladocera were represented by seven dpagihanosoma excisum,
Moina micrurg Ceriodaphnia cornuta,Daphnia barbata, Daphnia lumhortzi, Daphnia
longispina,andBosmina longirostrisSome 13 species of Rotifers were identified which included;
Brachionus calyciflorus, Brachionus angularis, Brachionus falcatus, Brachionus caudatus,
Kerattela tropica, Filinia sp, Asplanchnapp Lecanespp., Polyarthra and Euclanis spp.
OstracoidaHexarthrasp. Copepods dominated all the sampling stationobews; Copepods
dominated at uwariwith (68.95%). The least found wergotiferswhichwere found aAnyanga

C (6.8%)

15| Page



100.0

80.0 -
= 60.0 -
S
7
<
g
S
&)
<
° 400 4
20.0 A
0.0 -
s ¥ O T > C A # < &
& & & & & & & & &
0\“ 0\‘\ 0\“ {b .%'3 {b O . O C
G A
Samplingsites

mCopepod #Cladocera # Rotifera

Figure 13.Percentage compositions of different groups of zooplanktons

The zooplankton groug;opepodawas dominated byyclopoidnauplii in all thel0 sampling
stations. This was followed respectively Byclopoidaand Calanoidain that order(Figure 13.

The highest abundance of Cgpbidnauplii was recorded in Oele C sampling station whereas the
lowest was noteavithin control sarpling station.Calanoida and Cyclopoida recorded the least

percentage below 10% all sampling the stations
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Zooplankton (20" April/2021)

Total zooplankton densities recorded at the 10 stations edrapt presented below (Figure).14
There were spatial variations in abundance, distribution and composiiipme ¥ shows the
zooplankton abundances (Ind})lcompared across the 10 sampled statiddlsaria recorded the
lowest counts of zooplankton compared with the other sites.
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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 (Figdfg. Copepods were grouped into naupii,
Cyclopoida and calonoida. Cladocera were representéalibgpeciesDiaphanosoma excisum,

Moina micrurg Daphnia lumhortziand Bosmina longirostrisSome8 species of Rotifers were
identified which includedBrachionus calyciflorus, Brachionus angularis, Brachionus falcatus,
Brachionus caudatus, Kerattela tropica, Filinia sp, Asplanctipig and Euclanis sppCopepods
dominated all the sampling stationgatcentages above 79%.

The least found werRotiferswith 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 groufg;opepodadominated byCyclopoid naupliand Cyclopoida recorded the
highest abundancasall the10 sampling stationd/hile Cyclopoid nauplidominated 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, UhariaG@Je C and the Control (Figure)15

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

3.4Macro-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 wermrded at all Anyanga sample stations and Uwaria (A)
with total collection (5)each. During the study period, tbeders Haplotaxida had the highest
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number of genus while Trichoptera had the least number of gémeiganily tubificid dominated
with (126 Individuals)

Table 1,Showsthe Orders, families and genera of the maowertebrates studied.

Order Family Genus Speies
Prosobranchiata Hydrobidae  Cillias Cillia altilis
Thairidae Melanoides Melanoides tuberculat:
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)

-h""'-—.
Anyanga A Antyanga Anyanga cUwaria A UwariaB UwariaC OeleA OeleB OeleC  Control
Sum 10 38 21 38 3 7 23 54 36 3
Taxa 4 5 5 5 2 2 3 2 1 3
% scr 50 68.42105 66.66667 B81.57895 ] 0 30.43478 3.703704 0 33.33333
% prd 10 2.631579 4.761905 13.15789 33.33333 71.42857 ] ] ] ]
Yedpt 10 18.42105 33.33333 18.42105 100 100 69.56522 96.2963 100 66.66667
Yoshr 40 10.52632 14.28571 23.68421 ] ] ] ] ]
Y%mode 75 40 40 60 ] 0 66.66667 50 0 66.66667
Y%tole 25 60 60 40 100 100 33.33333 50 100 33.33333
Y%dominant 50 68.42105 47.61905 65.78947 606.66667 71.42857 69.56522 96.2963 100 ]
(H) 1.16828245 1.046988 1.279177 1.089248 0.636514 0.59827 0.739321 0.184083 0 1.098612
1-D 0.36 0.465398 0.333333 0466759 0.555556 0.591837 0.553875 0.927934 0 0.333333
HEI 0.37704918 0.15789%5 0.241611 0.140351 0.76385 0.273689 0.112903 0.0434 ] 0.15

Water quality ratings for HBI values (from Hilsenhoff 1987)

HB1 value Water quality rating Degree of organic pollutiol
O 3. 3 Excellent Non apparent
3.51:4.50 Very good Possible slight
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451550 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 Hilsenhoffodés I ndex, the wate

indicating excellent water quality.

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

only tubificidswerepresent.

Diversitymeasures
Diversity measurementas 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 AnyangaGullectorswere highest in Uwaria B; and OeleC (100)
lowest in Anyang#10), Predators were highest in Bua C (71.4) and lowest {Dele A,B, C and
control (0) Respectively. Scrabbers were highest in Anyanga (90) and lowest at Uviael®,
C (0) all were measured in percentages.

Dominancemeasures

Percentage dominance was highest in Nay20%)and lowest at the pier (0.21)he 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
aguatic ecosystems because of their high diversity and variable pollution tolerance levels
(Ferrington L.C. et,al. 2008)

4. Discussion

Measured ranges of physical chemical variableselected cage sites were generally within

acceptabléevels of NEMA There was no tangible evidence of impact of fish cages on any of the
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measured parameteResults exhibited higher NH and TN i n theintteage si
control sitesespecially 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 increadszt 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 wexkysically active This was attributed to dominance of
diatoms which are rel@ely photosynthetic and hawapacity to hirive towards the main lake.
Similar conditions were observed in Lake Victoria in the early 1960s (Talling, 1965; Sitoki 2012)
reported on thencreased water column stability in Lake Victoria and the possildetefdf higher

TP concentrationLight limitation of phytoplankton growth occurs when there is mixing in depth
which becomes greater than the photic depth hence phytoplankton are¢daspedd more time

in the photic zone or can occur under high light attenuation conditions in the upper water, column
hence iscaused by mineral or biogenic turbidity. Some phytoplankton species have photo
physiological adaptation to low light availabyliby 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 studynadas along théransect are
partly attributed to morphological differences between the wide and shallow littoral zones to the
cages which is associated with physical processes thus influenttentnaycling. This is
correlated with the high physichemical 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 silicat8RSi) for their growth Species likeSynedraspp
andAulacoseiranyassensiare also indicators of cultural eutrophication in lake ecosystem which
are known to prevail in nutrient ricknvironmentas observed by Wetzel (2000)he colonial
Microcystis with their capacity to control buoyancy, dominate phytoplankton assemblages in the
cages isa clear indication of trophic status of the Lak&his finding is important for the
management of the cage water quality since an increase in P loading withteeaio high algal

biomass, mainly bloom forming and potentially toxic blue greens subkiascystissp, which
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are palatable to fish and other organisms in the cddese is need to protect and minimize the

number of cages hence may lead to determvaif 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 quandéihd quality of food items available for
invertebrates which in turn determine the abundance and composition of the plankton communities
in the environment. It ibelieved that the recent upsurge of cages would trigger the dynamics of
nutrient especiallyvith 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 preseibiketlage 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 feedsMerismopediasp. 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 dral. con
Branchionus spponditions 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 adjaceataphytes 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 pthamal
environment that determenlevels of primary production and plankton dynamics in aquatic

ecosystems.

The observed results indicat¢here is no pollution as indicated by the HBI results although
tubificid, which is highly tolerant to pollution and occasionally used asrgicata of pollution

were highly presentn relation to the 2019 studthere is redction inthe number of orderand
families across the study sites probable indication of enhanced pollution loddsn cage
activities. The taxa richness that was high atyAnga and lowest at Oele may not depict
environmental integrity or perturbation since even physical disturbance of a water column may

shift the ecological structuf@ownsend et, al. 1997).
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Conclusions

1 Although otherphysicachemical variables were withiacceptable ranges, the elevated
concentration of Nk and TN are believed to emanate from decomposition of excess feeds
from cage practices.

1 The phytoplankton community structure in the littoral zones towards to the open lake were
physically active and isattributed 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 (SRSifor their growth. Species likBynedraspp andAulacoseiranyassensiare
also indicators of cultural eutrophication in lake ecosystem which are known to prevail in
nutrient rich environment in the cages.

1 The low diversities of the zooplankton within theeidy sites were attributed to predation
to predation by organisms higher in the food chain and not environmental degradation.

1 The water quality as indicated by HBI from madmgertebrate studies shows levels of

pollution are within recommendable ranges.

Recommendations

1 Since the ecobical state is dynamic depending on the integrity of fish husbandry, there is
need for continuous monitoring for prompt intervention.

1 There is need to undertake further studies to establish the causative factors inflioencing
diversities of plankton communities.

1 The farmers needs further sensitization on proper husbandry techniques i.e. quality,
guantity and frequency of feeds and feeding regimes.

1 Relevant implementing institutions should enforce existing policies thah gkace to

guide the industry.
Challenges

1 The level of inding needs to be tgraled so that a greater majority of cage culture sites

along the Lake needs to be covered.
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Appendix 1. Submission letter of the techrgal report to the Director KMFRI

KENYA MARINE AND FISHERIES RESEARCH INSTITUTE

KISUMU CENTRE
P.0. BOX 1881
KISUMLU

KENYA

DATE: 16/06/2021

TELPHONE: KISUMU 254770567443
E - mail: kmikisumucentrea@vahoo.com
When replying please quote

Ref. No. KMF/RS202021/C8

If calling or telephoning ask

For: Dr. Aura

Please address your reply to

Ag. DIRECTOR

The Director General \\5\\'\-‘*
Kenya Marine and Fisheries Research Institute/ - \'\
Headquarter and Mombasa Centre 7

P.O. Box 81651 080100

MOMBASA

RE: SUBMISSION OF TECHNICAL REPORT FOR PC PERIOD 2020-21
The above refers,

KMFRI Freshwater systems (FWS) have successfully implemented the 2020-2021 PC on
“the ecological status of cage-culture in relation to wild fisheries in Lake Victoria.”

Herein attached is the technical report and fact sheet, which highlights activities involved.

We therefore submit this report and fact sheet for your perusal and dissemination to the
relevant stakeholders. Your support is highly appreciated. -y

Thank you.

: L
/ “ \.S/ \
fal P

O
Dr. Christopher M. Aura (PhD) \ /'/9\".'- ’)
Ag. Director - FWS X/ B
NV" Yo L
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Appendix 2. Field requisition approval letter
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INTERNAL MEMO

FROM: FREDRICK J. GUYA
TO: AG. DD/CD
SUBJECT:

DATE: 30"/0ct/2020

@S

REQUEST FOR LABORATORY ITEMS PROCURMENT

O

o"

7

I would hereby like to
procurements.
surveys. Attac

request for facilit
The items are to be used during

v of)

ation towards laboratory iten™
the 2020-2021 Ql and Q2 field

hed herein below, please find the itemized budget:

‘ Laboratory Purchases for GoK Seed Projects |
m Items Unit cost | Total
"1 | A4 plastic envelope document | Pcs 5 ‘
L | file 20000 |1,00000 |
‘—2' Aluminum foil Pcs 2 }
ey e 1,00000 [2,000.00
3 | Ammonium chloride 99.5% | 500 g 1 ,
| | AR/ACS : 9,050.00 19,050.00
'4 | Ammonium molybdate 99.3% 500 g 1 |
i |AR/ACS e 21,400.00 | 21,40000 |
5 | Batteries Packets 4
| =T . |Size'AA 500.00  |2,000.00
|6 | Biro pens Packet 1 .
] , 600.00 600.00
7 | Buckets 20 litres 5 |
150.00  |750.00 |
'8 | Chloride Exide Battery (For 035/12/NS | 1 1,
Electrofisher) - L 6,500.00 |6,500.00 |
9 | Coloured ruler(30cm) Pcs 4
A N T SMEREER R T T 3“()_'(,)9,..._4_1‘.2_():90‘._. _.,_;
10 | Conc Formaline Litres 20
. il PR 2,000.00 | 40,000.00 ___
11 | Cotton wool Kg 10 |
b L B 500.00 1500000
12 | Discecting kit ' executive .| 1 \
[T lasee0 (250000




.
14 | Duracell size AA batteries Quadruple |3
t 520.00 1,560.00
15 | Duracell size C batteries Pairs 6
e I e T
16 |Ethylene  Diamine Tetra | 500 g 1
Acetic Acid (EDTA)- 5,600.00 | 5,600.00
~ | Disodium salt AR/ACS '!
17 | Gas Catridge pes 1
- 500.00
18 | GFC Filters Pcs 2
_ 9,000.00 | 18,000.00
19| Guide facilitation 5
1,000.00 _5,000.00
20 | Hand Sanitizers pkts 3 :
il 1,800.00 5,400.00
21 | Hard cover 3quire A4 data | In pcs 2 "
book 35000 70000 |
22 | Hydrogen peroxide (AR) | Lts 1 |
(250ml) 2.500.00 . 2,500.00
23 | Liquid Soap (Lts) Lts 1
’ __—__d-————_._———
24 | Marker pens Staedtler |4
L0 e IS
25 | Masking tape 2" in Pc -
26 | Mouth Masks Pkts 2
1,800.00 | 3,600.00
27 | Media pads Pkt 1
L 12,500.00 | 12,500.00
28 | Membrane Filters Pcs 2
|- o 12,000.00 | 24,000.00
29 | Pencils Packet 1
22  |e00.00 |60000
30 | Photocopy Papers Rcams 2
iy ]  |500.00 |1,000.00
31 | Plastic tit droppers Pkt 2
_PO0.00 \ 1,000.00
1
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1,500.00 | 1,500.00
33 | Small Basins In pcs 10
120.00 1,200.00
34 | Sodium hydroxide 500g 1
4,200.00 |4,200.00
35 | Sorting trays Pcs - !
200.00 800.00
36 | Surgical blades pkt 1
1,000.00 | 1,000.00
37 | Table Clothe pcs 3
i . | 50.00 150.00
' 38 | Tape measure Pcs 2
200.00 400.00
39 | Tissue Rolls Two 10
one 300.00 3,000.00
40 | Tracing paper Roll 1
7,000.00 |7,000.00 |
|Tll Tri-Sodium citrate Dihydrate | 500 g 1
99% AR/ACS 7,120.00 |7,120.00
42 | Vasseline Jelly Gm 1 i
250.00 25000
43 | Wash bottle Pcs 2 ' '
- 600.00 1,200.00 i
. 208,210.00-1'

Yours Sincerely

:F' \4,‘ ,\_{'* '\J\ :

Fredrick Guya



- Ly g
INTERNAL MEMO
TO: Ag. Director (FWS)
FROM: Assistant Director (Limnology)
DATE: 13" April 2021

SUBJECT: PERFORMANCE CONTRACT (PC) FIELD WORKR

9
KMFRI Kisumu center is undertaking performance contracting (PC) activities for the 2020-2021

financial year. Most of the PC targets have already completed with technical reports under
various stages of completion. However, two PC activities still need beefing up of data for the
set-out deliverables to be achieved. Consequently, the field for the following targets is

required:
S i) Assessment of the ecological status of cage-culture in relation to wild fisheries in Lake
Victoria, and;
i) Mapping and monitoring major point sources of pollution and assess their effect on
. fish ecology in Lake Victoria.;

The activities will take three (3) days and are scheduled to begin on 19" April 2021. Participants
in activities will observe socio-distancing, wear masks, regularly hand sanitize and strictly
adhere with guidelines given by government to curb COVID-19.

The purpose of this memo is to request for facilitation (KES 496,180) to undertake the
aforementioned activities as detailed in the attached budget.

Your support will be highly appreciated.

&

Yours Si’ncerely,

Dr. Chrispine Nyamweya (PhD)
~ AD Limnology.

tzz\/)/

et T
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Activity budget

PC TARGET Description
Assess the ecological status of cage-culture in relation to wild fisheries in Lake Victoria,
prepare a technical report and share the findings by 30th June, 2021 (100%).
Item description Qty No. | Rate Cost
Dr. Christopher Aura 3 12,600 37,800 L"Jﬂ;"
Fredrick Guya 3 8,400 25,200 —
Horace Owiti 3 8,400 25,200
Veronica Ombwa 3 8,400 25,200 |
Collins Ongore 3 8.400 25200 |]U™
John Ouko 3 8,400 25,200
Michael Onyango 3 8,400 25,200
i Omwamba Basweti 3 8.400 25,200
" | Dismas Koscieny 3 4,900 14,700
Driver (Venzwa Wandera) 3 4,900 14,700
Fuel for vehicle 120 1 112 13,440 —?{é’)
Boat hire 2 3.000 6.000  Cothhmedr
Subtotal 263,040
Map and monitor major point sources of pollution and assess their effect on
fish ecology in Lake Victoria.
Item description Qty No. | Rate Cost
Dr. Chrisphine Nyamweya 3 10,500 31,500
George Basweti 3 8,400 25,200
Joyce Abaga 3 4,900 14,700 [
Fredrick Okello 3 8.400 25,200
Evans Akama 3 8,400 25.200
James Omollo 3| Speaser U’-’QMO (écsu[ T>
~ Pamela Olela X 3 4,900 14700 |
James Nyangute 3 4,900 14,700
Daudi Ndere 3 4,900 14,700
Driver (Paul Odhach) 3 4,900 14,700 | .
Fuel for vehicle 120 1 112 13,440~ Lk
Boat hire 2 3,000 6,000 M
Senior Accountanty Pt <781 1 8,400 8.400 e
Admistration costs : 1 10,000 10,000 /CwA,-
Subtotal 233,140
GRAND TOTAL 496,180 |
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Appendix 3. Minutes for the field survey protocol meeting.

~

PROTOCOL MEETING HELD ON 05™ NOVEMBER 2020 AT THE CONFERENCE
HALL FOR THE GoK 2020-2021 PC TARGETS

Agenda:

1. Protocol meeting for Performance Contracting Targets for FY: 2020-2021
2. AOB

Attendance:
e Attendance list attached. (Appendix 1)
Absent with an apology:

e Horace Owiti
e Megan Kinara

Meeting started at 0910hrs with opening remarks from Mr. Fred Guya and word of prayer
from Mr. Zablon Awuonda. The chairman invited the DD-FWS, Dr Christopher Aura, to
chair the meeting.

MIN 1/05/11/2020: PC TARGETS PROTOCOL MEETING

The chairman highlighted the limitations caused by Covid-19 pandemic on the budget
allocation and called on all members to keep calm and be understanding of the situation.
Members were called upon to keep time and the DD-FWS stressed on the need to observe
time and always be punctual in meetings. The chair instructed that all absent members
without an apology were to be excluded from undertaking on this activity unless they present
a valid reason for absconding the meeting.

The chairman called upon the team-leaders to always ensure that all team members per group
observed the laid-out Ministry of Health protocols in regards to Covid-19 spread control and
personnel safety. Team leaders were called upon to make their protocol presentations:

i.  PC Target 1: Monitoring of the point sources of pollution in Lake Victoria for
protection of ecosystem services and use. This team will be led by Mr. George
Basweti. The team will undertake sampling of water from major rivers, river mouths
and other point sources and this data will be crucial as this are the same point sources
monitored by KIWASCO.

ii.  PC Target 2: Undertake continued bi-annual monitoring and mapping of water
hyacinth and other macrophytes in Lake Victoria, Kenya for improved lake
surveillance to inform lake users. This team will be led by Mr. Joseph Nyaundi. The
team undertaking Target | and Target 2 will be undertaking their activities
concurrently and thus had synchronized schedule and sampling places. The activity
was pointed out to be a validation exercise and thus the team was tasked to come up
with a correlation showing the water hyacinth locations as sampled vis a vis the
macrophyte locations shown by the satellite imagery.
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iii.

Vi.

Vii.

PC Target 3: Assess the ecological status of cage culture in relation to wild fisheries
in Lake Victoria. This team will be led by Mr. Fred Guya. The team will undertake
sampling and plans to use a plankton net to collect the zooplankton which will be
preserved under formalin. This team was also tasked to collect samples on
macroinvertebrates.

PC Target 4: Undertake mapping of Omena in comparison with Caridina fisheries for
quality and safety assessment along the value chain in Lake Victoria to identify
critical points for intervention. This team will be led by Monica Owili. The team will
undertake the activity using a Focus Group Discussion protocol approach.

PC Target 5: Assessment of the socioeconomic effect of illegal fishing in Lake
Victoria. The team will be led by Mr. Patrick Otuo with the proposed protocols to be
used being: Key Informant Questionnaire and Focused Group Discussions. Both
Target 4 & 5 deploy a socioeconomic approach, on the FGDs, and were called to
observe social distancing during the discussions. The team will undertake on
understanding the major illegal fishing gears and their percentage contribution
towards fishing illegality. Also, the team will undertake on understanding the local
names of the fishing gears and also new and upcoming illegal fishing ways.

PC Target 6: Conducting an Economic and Financial Impact Assessment (EFIA) of

Lake Victoria fisheries in Kenya and make recommendations for management. This
will be a workshop held in Vihiga County, with the team already equipped with data
collected from an LVFO sponsored project. The team will be led by Hilda Nyaboke.
Part of the project data collection had already been done by July 2020 from funding

by GIZ and the team will undertake to develop a report for the PC Target.

PC Target 7: Roll-out the revamped EFMIS application for increased fisheries data
dissemination for blue growth. The team will be led by Eric Odari under supervision
from Horace Owiti. The chairman noted that this was a roll-out action for an
application and thus the reporting should be able to show the roll-out success.

MIN 2/05/11/2020: A.O.B

¢ Time observation was called upon by the chairman whilst respecting colleagues and

other personnel in the field. This was to apply to all members, whether going to the
field or attending the workshop.

Also, timely surrender after the field work was advocated for to ensure effective and
timely accountability. All members were called upon to carry out splendid and
outstanding research work that reflects the quality of the institute.

® All members were called upon to be very serious about the Balanced Score Card.

Having no any other business, the meeting was adjourned by the DD-FWS with a word of
prayer from Mr. Joseph Nyaundi at 1110hrs.

Minutes confirmed

by:
Secretary: .......... N‘:@ .................
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Appendix 4. Attendance register during the field survey.

KENYA MARINE AND FISHERIES RESEARCH INSTITUTE

Assessment of the ecological status of cage-culture in relation to wild fisheries in Lake Victoria.

Dates 9" - 12" November 2020
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Assessment of the ecological status of cage-culture in relation to wild fisheries in Lake Victoria.

Dates 9" — 12" November 2020
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Appendix 5. Sensitization of cage fish farmers during the survey

(a)Oele Beach

KENYA MARINE AND FISHERIES RESEARCH INSTITUTE

Sensitization workshop on the impact of unsustainable fish cage culture practices to aquatic environment.

Dates 9" - 12'" November 2020
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KENYA MARINE AND FISHERIES RESEARCH INSTITUTE

Sensitization workshop on the impact of unsustainable fish cage culture practices to aquatic environment.

Dates 9" — 12" November 2020

ATTENDANCE REGISTER

No. | Names Institution | Contacts 9" Nov. 10" Nov. | 11" Nov. | 12" Nov.
L Email/phone | 2020 2020 2020 2020

16 |BBAD AR OHNAUSO UmPr | 6728640 @&V?

t Davs hyaeTo imER s |0 T01 T Tip| Py~L -

2 | Joared  Mimes | lem | 012098050 o

2 e~ \Gaava | Moo | O w6325

41| Page



(b)Usenge Beach

KENYA MARINE AND FISHERIES RESEARCH INSTITUTE

Sensitization workshop on the impact of unsustainable fish cage culture practices to aquatic environment.

Dates 9" - 12" November 2020
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KENYA MARINE AND FISHERIES RESEARCH INSTITUTE

Sensitization workshop on the impact of unsustainable fish cage culture practices to aquatic environment.

Dates 9'" — 12" November 2020
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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.

enva 7030

KENYA MARINE AND FISHERIES RESEARCH
INSTITUTE

FACT SHEET

TARGET: KMF/RS/2021/C8

A technical report on the ecological status of cage-culture in relation to wild

fisheries in Lake Victoria

JUNE, 2021

Authors: Guya, F; Ombwa, V; Ogwai, C; Babu, J; Aura, M.C., Nyamweya, C.,
Mwanchi, J; Akama, E. & Abaga, J.

Kenya Marine & Fisheries Research Institute
Kisumu Station
P. O. Box 1881 — 40100
KISUMU
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