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ABSTRACT

Water resources plays a key role in the s@donomic development and hence contribute
immensely to realization of food and nutritional security. However, since the onset of
anthropogenic activities, increasing human population createcasimdreasing demands in
agricultural lands, water and with expanding settlements efergingmicro pollutantsand
environmental stressors, all contribute to the multiple environmental pressures which threatens
the water quality in lakes, resulting ingtadation of fish andther flora and faundiabitats,
increasingvulnerability of endangered species, risks to public healthligatihoods. This
pushed for rapping and monitoringf themajor point sources of pollutiomithin the identified
sampling sites for the protection of ecosystem services andrugederstanithg any effects

on fish ecology.In-situ measurement of key water quality parametess made at eight
sampling sites, each having three points using a HANIN9829 multiparameter meter.
Ekman grab was used to collect triplicate hauls of benthic macroinvertebrates, nutrients and
biotic samples wrecollected and analyzed following standard methods of analsen £SD
concentrations obissolved oxygentemperaturepH, Oxidation ReductionPotential Total
nitrogen Total phosphorous, Conductivity,SS TDS varied from4.93+1.11and6.01+1.26

mg/L, 26. 94N1. 02 a nQl 6.92#0).45F 7aNd0 7790575-183.19+57.87 and
57.93+61.56mV, 194.65+65.49 and60.75+867.8Ag/L, 147.84+115.02 and 204.84+69.60
Hg/L, 162.25+53.47 and 176.62+32.9%4 S /,c1Mm86+13.60 and 93.19+146.78g L ET ,
110.77+£21.74 and56.44+52.58ng/L respectively Thus an indication of hypoxic, acidic,

toxic and eutrophienvironmenbf 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
concentrationof 83.19+£78.67 and 97.02+114.92 pg/Lthus an indication of intense
eutrophicationCynophytes were the most dominant group, contributing an average of 65 %
and 55% in the survey§yanobacteriaMicrocystisspp. andAnabaenaspp. were the most
abundant in some sitégerismopedia spp, Chroococ¢®ylindrospermopsiandMicrocystiswere

the most common genera in all sitésoplanktondominated by the taxonomic group Copepoda
(>59.4%), followed by Cladocera (13.5%) and finally rotifers (9.83#glopoida contributed

upto 44.3 % of the total copepod population while Calanoida contributed 5.3 % on the average.
Zooplanktonwere relatively more abundant at Kisklippo pointand Homa Bay sewerage
discharge pointsMacroinvertebrates hatll orders representing 20 familiesda21l genera
wereidentified the highest number of genera were recorded at Hippu123,Homa bay 83.

Majority of the species encountered during sampling had high tolerance values indicative of
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hostile environmental conditions374 fish specimens comprised of 13 species were
encountered during sampling, size range especiall\L familoticus indicative of negative
allometric growth where fish become slimmer with increase in length an indication of water
quality conditions deteri@ting 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 managemerita&é Victoria aquatic ecosystem for

harnessing thblue economic growth.

Keywords: Point sourceNutrients, PytoplanktonZooplanktonPollution,
Macroinvertebrates, Ecologlake Victoria
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Introduction

Water resources plays a key role in the s@oonomic development and hence contribute
immensely to realization of food and nutritional security. However, since the onset of
O0Ant hropocened (ca. 1950, AWG 2019incredagqda et
human population created similar increasing demands in agricultural lands, food, water and
with expanding settlements. The changing climatic conditions and fluctuating precipitation,
legacy and emerginguicro pollutants and pathogengnvironmental 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 taiplic health and consumers and their livelihoods.

The Kenyan Lake Victoria (water surface area of 4,106)kiatchment area extends from an
altitude of 1134 m.a.s.| to theigh-altitude highlands areas drained by small and large
tributaries of major rivera/hich discharge into the Winam gulf (R. Nyando, R. Santiriu,

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 bgdard pollution sources,
andillegal, 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 irdege(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 tkteresive 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 [ates nilotics), Nile Tilapia Oreochromis niloticusandRastrineobola argentea

(native speciesgs 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,
aguaculture contributes to food security directly and indirectly through consumption and as a
source of income respectively (Anderson et al., 2017; FAO 2018) and tdR€Cai et al.,

2 019 ;082018).ATo increase fish production, the new fish cage culture technology has
continued to expand in Lake Victoria since its onset in 2005U M} al., 2018). However, both
diffuse and point pollution sources are of concerrnighe 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 wasteater treatment facilities (Wang et al. 2013), are cited as significant
contributors to water pollution. Nutrient ovenrichment (WRI 2009) of freshwater and coastal
ecosystems is a rapidly growing environmental crisis. Organic pollutants from pootisanita
uncontrolled disposal of liquid and solid wastes, and plastics wastes conteamast of the

urban riverssurface and underground water. Lake Victoria ecosystera hiah biodiversity,

with over 500 recorded Cichlid fish species (LeMeConnel 187; Witte et al., 1992), with
notable fish introductions (OgutDhwayo 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 infation 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 lighansparency 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, highercyanobacteriabiomass and microcystin toxins are often encountered in lake

gulfs and bays (Olokotum et al., 2020) than the main lake areas. However, studies elsewhere

13



in the Great Lakes region, (Smith et al., 2019; Dodds et al. 2009) have also ¢ramide
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-pomt than point lads) pollution loads estimates

of N and P pollution from point and nguoint 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 hunmatuced 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 Hassincreasing

lake water nutent concentrations (Kundu et al., 2017; Juma et al., 2014; Misiko et al., 2014;
Gikumai Njuru and Hecky 2005), are also linked to watershed activities which contribute to
increasing mineral turbidity. Suatvidence is being sought usitige nitrogen and»ygen

i sot opes ™ f aff@)tarnd atherisotopes to trace anthropogenic sources of nitrate

(Nyilitya et al., 2020; Divers et al., 2014; Kendall et al., 2D8%o groundwater.

Increasing concentration of nutrients also supports the resilsaisive floating Water
hyacinth Eichhornia crassipésin 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 coveodgiee inner shallow bays and river mouth
areas, which contributes to both seemnomic 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 see fish species such &s niloticus,which needs to be monitored

for better understanding of undemater ecological effects.

Fish species, phytoplankton and zooplankton community are also useful indicators of changes
in water quality. However, the laKishery has also changed overtime due to the effects of the
introduced Nile tilapia and nonnative tilapines @. niloticus, O. leucostictus, Tilapia zilli)
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that performed better than native speci®s VYariabilis and O. esculentys invasive water
hyacirth, 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., 2002gochromisiiloticusis alde 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 gm@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 no#point souces, and current fish species distribution and interactions amid
the deployment oD. niloticusculture cages from 2005 needs to be understood especially

within the shallow gulf areas of the lake.

Exploitation, competition for space and trophic intetrefeships, 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 andomposition, 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 nut@emicdyn
cyanobacterial bloom formation, cyanotoxins characterization and its consequences to lake
management. Environmental DNA barcoding (complimentar{p&lA barcoding and meta
barcoding) can be applied in ecological studies (Yoccoz 2012; Tarbelet2§11d#l) 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 nam@cicessible habitats, can

be addressed, by couplingD®A 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 subsequesvdown (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 ofnicro plasticsaand patlegens 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 shiftat a circular economy. Despite the documented data on water quality changes,
there is still need to clearly understand increasing presence of organic pollutimicend
pollutants micro plasticseand pathogens effect on the fish ecology, considering théhat

the fish recruitment relies on littoral areas usually habitats for fish refugia, breeding and
nursery grounds. The objectives of this stuglyeto develop a map of key sources of point
pollution, to determine the influence of the point sourcgmbifition on the key water quality
parameters (nutrients, Temperature, conductivity, salinity alkalinity, hardness, pH, DO,
chlorophylta, turbidity, TDS and REDOMo determine the influence of the point sources of
pollution on composition and distributiof key indicator organisms (Fish, benthic,
phytoplankton and zooplanktoaipd assess the effects on the fish species ecology.
Wastewater planning and management, and-terrg monitoring needs to be sustained to
guide on expanding urban developments amtiropogenic 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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To determine the influence of the point sources of pollution okdfievater
quality parameters (nutrients, Temperature, conductivity, salinity alkalinity,
hardness, pH, DO, chlorophd| turbidity, TDS and REDOX.

To determine the influence of the point sources of pollution on composition
abundanceand distribution of ke indicator organisms (Fish, benthic,

phytoplankton and zooplankton).

Indicators of pollution

17
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2.0 Materials and Methods

2.1. Study Area
The study was conducted luake Victoria where th8 sampling stationaereidentified,

mapped andamplechamely Hippe pointdischargeKisat RM, CocaColadischarge

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 dand hel
General Packet Radio Servig@PRS) receiver as other attributes of the station were

recorded prior to sampling. In eastudysitethreesampling pointsvere done as upstream,

point of effluent discharge into the lake and the control where there isnaimfluence 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 influencesapubenic. The information from

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

SUOAY — . ETHIOMA

SOMALM

@® Water Hyacinth & Other Macrophytes_Sites
@ Pollution Point Sources_Gulf
[ Lake Victoria_Kenya

(1} 7.5 15 225 30 km
N j=——-| ]

Fig 1. Sampling Map of major point pollution study sites in Lake Victoria Kenya
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2.2 Sampling and sample processing

2.2.1.Physicachemical parameters

Standard methods were usedifesitu 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 paesemeasured electronically were;
temperature®C), dissolved oxygen(mg-L ) , conduc-l)pdantd fotall € S cm
Dissolved Solids (TDS). Secchi depth was measured with a standard Secchi disk of 20 cm
diameter, with quadrants painted in black and wHite 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 conditioasd station features, were noted.

Water samples for nutrient fractions, total suspended solids (TSS) and chloaypingike

collected directly from the river using pteeated 1 Litre polyethylene sample bottles. The
bottles were labelled, filleghreserved using sulphuric acid and stored in cooler boxes at
temperatures of about@, for further laboratory analysis of dissolved nutrient and TSS
according to APHA (2005) standard methods. The analyzed nutrient compounds were nitrates
T N (NOszi N), Ammoniumi N (NHs1 N), NitritesN (NO27 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 methds. Water samples for chlorophyiwere filtered using Whatman® GF/C

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

extraction and spectrophotometric analyses using methods described by Sasaki et al. (2005).
Chemichanalyses 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 usihngEDDA as
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titer. TSS was determined by filtration of a volume of the river water througWwgighed
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

Sanples for phytoplankton analyses were collected from the surface. A portion of the sample
(25 mL) was preserved using aci di-samplewgso!l 6s s
placed in an Utermohl sedimentation chamber and left to settle for at legshturs.
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 traveecbunted 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 (Huberi Pestalozzi 1968) as well as some pedtions 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 usingal.0mdagn sen type pl ankton
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 eadhpdawas made to a known volume,
thoroughly shaken for uniform distribution and a-salnple taken and placed in a counting
chamber. Identification of the zooplankton was done using relevant identification keys.
Estimates of abundance of zooplankton sgewaiere made from counts of ssAmples 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 subample, viume 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 um pore size sieve into a tray with a white background. The
specimens that &e 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
idertified to genus level with the aid of different keys (Merritt and Cummins, 2006; Gerber
and Gabriel, 2002; Samways, 2008he organisms were further examined for feeding guild
where it was assigned according to Gerber and G4B06P and Chesire et a(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 imthr&toring of the environment

2.2.5 Fish

Two monofilament fleet®f mesh sizes 0.6 2 inchwereset parallel and one fleet running
perpendicular to the shorelinEhe nets were left to soak for two hours before retrieval after
which the fish were sortadto species level, individual fish isolated from the catch using
morphological examination. The fish specimens were immediately tagged and stomach
content extracted for labatory examination whileex, maturitystatus of fish were also
determined and biogical measurements done according to standard operating procedures for

biological monitoring.
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3. Resultsand Discussions

3.1. Physico chemical characteristics

The results of the physical and chemical measuremesas +SDshowedthat, DOhad

values of 4.93+1.11and6.01+1.26 mg/L with arangeof 5.36 and 4.58 mg/L during the first
and second surveys respectivéfdyppo point Aand Kisat B in the first and second sampling
had the lowest average value an indication of anoxic environment waa® and
Homabay B in the first and second samplirgl the highest average value a sign of a well
aerated water columifemperaturéad values 026.9740.95and26.94t1.02 C with arange
of 3.50 and 3.72 C i KisattAlhnel Hpmabay @ad the lawesh i t or e d
average valueis both periodsvhile KodiagaB and Nyamasaria Bxhibited the highest
average value. The sampling sites hadptHanearnvaluesof 7.77#0.75and6.94:0.45in

first and second samplingyerage valuearewithin the WARMA effluent standards
discharge into environmean indication of good buffering capacity of the water. The
average values rangéwm 6.027 8.82and 6.08 7.76 in both surveys, except for Hippo
point A, Band Kodiaga A, Cocacola C and NyanA in the first and second surveys
respectivelywhich had the lowest values below the WARMA effluent standards af 8.5

pH values. Thuan indication of acidienvironment du¢o the discharge from the sprawling
slums and the Municipalewage ofNyalenda lagoongcluding other industrial effluents into
the lake

Conductivity hadmean values af62.25%53.47and176.6232.94¢ S/ ¢ ma range off
253.1and 164 S/ ¢ m r e svipeeeio bothsueveyg Sondu miriu h#lte lowest average
value while Kisat Ahadthe highest average value an indication there is more ionic
compounds discharged through isat municipaltreatment planandthe surrounding
domestic effluents. In the ORP threean was183.1%57.87and 57.93+61.56 mV with a

range of 257.7 and 268.4 mV in the two seasbteaning thaall sampling sitegn both in

both period$ad low ORP values an indication of toxicity of certain metals and contaminants
in increaseatoncentrationsind therarelots of dead and decaying material in the water
column that cannot be easily cleared or decomposed. Tdliwisusly not a health
environment for fish or othexquaticorganisms and its expected in waters that receive
domesticmunicipalsewage and indusaliwaste inputs. Kisat A had the lowest ORP average
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value well as Hippo point And Cexhibited the highest average values during the sampling
period. All stationsn the first sampling hadegative valuean indication that bacteria are
more inactivebutin the second however low values changes of organic was decomposing

(Fig 2a,b, ¢, d, Fig 4i, j, k, I)
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monitoring activity .

Nitrogen and its oxidative and reductive derivas were analyzed and exhibitbe following
meansNitrites hadvalues 0f10.46t7.24and10.06£9.16.49/L, where Nyando A&and Homabay
A, B, Chad the lowest average vades compared to Coczola B C had the highest average
values. Nitrates had/alues 0f39.27A31.76and 13.5Gt9.88 ug/L with a rangeof 124.55 and
41.35pg/L in both periodswhere Nyando @nd Homabay A, Bad the lowest average vatue
as compared to Kodiagaahd Cocacola th&tad the highest averagalues showing a possible
interconversion of nitrogen specigsmmonium being the reduced speciesidfogen, may
interchange depending on the available conditions in the waterbody. In this $tadyaimean
of 28.76:18.54and 23.15:21.29ug/L with arangevalues of 54.38 and 6& ug/L. Where
Sondumiriu, Nyando A, B C, Nyamasaria B,ltad the lowest average vatui@ both periods,
while HomabayA, B and Kisat A, Kodiaga @ad the highest average vatua both surveys
respectivelyWhen the oxidative property is very strongrthis an interchange of ammonium
to ammonia thais more lethal to aquatic organismEotal nitrogen had anean values of
194.65:65.49and 760.75:867.86ug/L with arange 0f235.26 and 2615 respectively in the
two seasons$\yando Band Sondu miriu @adthe lowest average valsias compared to Kisat
B and Homabay A which hatie highest average value followed by Kisaad Homabay B
an indication ohighly eutrophication in thisites(Fig 3g, .

According to WARMA, totakuspended solidshould 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 folloasstrol points includes Kisat,
Cocacola, Kodiaga and Saunmiriu. 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 bar@-ayeas, n)
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pH, Secchi depth (m), Qidation Reduction Potential (mV)and Chlorophyll-a ( €ig / L)
the first and (I) in the secondsampling during the mapping and monitoring activity .

Phosphorous and its derivative were also analyzed vilnéeh surveysoluble reactive
phosphorous recordedmean 082.7171.13and46.0A16.96pg/L with arangeof 266.67
and 69ug/L in the surveyswhere Nyando AB and Nyamasaria Bad the lowest values as
compared to Kisat AB and Cocacola B hatle highest valuge Total phosphorous exhibited
an average af47.84:115.02and204.84:69.60ug/L with arange of370 and 307.8¢g/L
respectivelywhere Nyando Aand Nyamasaria Bad the lowest valgavhile Kisat Aand
Kodiaga Bhad the highest valsan indication ohypertrophic condition hence high
eutrophication forming algal blooming which decomposes and leatbtacaenvironment to
aguatic organisms (Fige, . The presence of chlorophydl pronounces the waterbody has
a high primary production due to high biomass of alfae to this chlorophylain the
surveysrecorded a averagevalues of 83.19+78.67 and 97.02+114.92 ug/L witarege of
285.79 and 446.64)/L, where Hippo Point @nd Cocacola @ad the lowest concentrat®n
while Coca Cold@8 and Kodiaga Bhvad the highest concentratgindicating high content of
algae biomasgrig 4k, ). 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 < #xcept forHomabayA 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 b@.40+0.15and0.34+0.06M)t hi s | eads to water col
bereduced (Fig 3¢ f, Fig 4k, I)

Fig. 5: (m) Parameters comparisonf Total SuspendedSolids (mg/L), Secchi depth
(M), Total DissolvedSolids (mg/L) and Turbidity (NTU) in the first and (n) the second
sampling during the mapping and monitoring activity .

3.2 Phytoplanktoncomposition and diversity
There was a moderate mix of different phytoplankton taxa in the sampled sitesluhiting

surveygFig 6 and Fig7). Cynophytes were the most dominant group, contributing an average
of 65 % infirst and 55%in the second surveys the total phytoplanktohiovolume in most

of the stationsnonitored There were higher cynophytes identified except Nyamasaria R.M
had 36%,in the secondsampling Kodiaga C, Kisat C, Sondu Miriu were below 7%
respectively. Fewer diatom specidsnpora spp, Cymbella spp, Aulacaaeand Cyclotella

taxa were clearly the dominant in most of the stations in both suwbgseadNitzschiaand
Synedrawere more abundant taxa in Hippo pointhe firstandsecond monitoring period
Within the Cyanobacteridylicrocystisspp. andAnabae spp. were the most abundant in

almost all stations in both surveys.
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