
iii

FOODCOMPOSITIONANDSELECTIVITYINDICESOFLabeobarbusaltianalis

(BOULINGER,1900)INRIVERKUJABASIN,KENYA.

CHEPKIRUIEMMYSIGEI

BSc,(FisheriesandAquaticScience-UniversityofEldoret)

ATHESISSUBMITTEDTOTHESCHOOLOFPOSTGRADUATESTUDIESINPARTIAL

FULFILLMENTOFTHEREQUIREMENTSFORTHEAWARDOFAMASTERSDEGREEIN

FISHERIES,FACULTYOFAGRICULTUREANDNATURALRESOURCESMANAGEMENT,

DEPARTMENTOFAQUATICANDFISHERYSCIENCES,KISIIUNIVERSITY.

JULY,2019



i

DECLARATIONANDRECOMMENDATION

DeclarationbytheCandidate

Ideclarethatthisthesisismyoriginalworkandhasnotbeenpresentedinany

university.

ChepkiruiEmmySigei Signature….…………….Date:…………

MAN25/50007/15

RECOMMENDATIONBYTHESUPERVISORS

ThisthesishasbeensubmittedforlibrarybindingwithourapprovalastheUniversity

supervisors:

1.Prof.AlbertGetabu,PhD Signature…….………………Date…………………

DepartmentofFisheryandAquaticSciences

KisiiUniversity

2.Prof.JamesNjiru,PhD

KenyaMarineandFisheriesResearchInstitute Signature….…………...Date………......



ii

COPYRIGHT

Allrightsarereserved. Nopartofthisthesis/projectorinformationhereinmaybe

reproduced,storedinaretrievalsystem ortransmittedinanyform orbyanymeans

electronic,mechanical,photocopying,recordingorotherwise,withoutthepriorwritten

permissionoftheauthororKisiiUniversityonthatbehalf.

©2019,ChepkiruiEmmySigei



iii

DEDICATION

IdedicatethisthesistoHopeRotichwhohasbeensupportiveandmyparentsMr.

RichardSigeiandAngelaSigeiwhoalwaysencouragedmewhenIfeltIcouldnotmake

it.



iv

ACKNOWLEDGEMENTS

IwouldliketothankProfAlbertGetabuforguidingmeduringresearchperiodandthe

KenyaMarineandFisheriesResearchInstitute(KMFRI)DirectorProfJamesNjirufor

thebigsupportheofferedfrom thebeginningofmystudies,youreffortshallnotbein

vain.IalsothanktheKMFRIstaffwhosupportedusinthefieldworkandlaboratorywork.

Iam sogratefultoGodforthegoodhealthandknowledge.

ABSTRACT

Studieson food itemsoccurrence,composition and selectivityin riverinecyprinid
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speciesinRiverKujabasinhavenotbeenadequatelyaddressedtowardshabitatquality

assessmentforLakeVictoriabasin.Inparticularliteratureonfooditemsselectivityand

compositionbyweightforLabeobarbusaltianalisisscanty.Therefore,astudywas

conductedonthedistribution,abundanceandthediversityoffooditemsinthehabitat,

occurrence,compositionandselectivityinthegutsofL.altianalisintheKuja-Migori

RiverbetweenNovember2016andAugust2017.Fivestationswerechosenbasedon

longitudinaloccurrence(Kegati,Ogembo,Kanga,Gogo dam and WathOnger)and

sampledduringtherainyseason(NovembertoMarch)anddryseason(ApriltoAugust).

JulyandAugustexperiencedlongrains.Stomachcontentsof1032specimenswere

collectedbyelectrofisherandanalysed.Themajordietoffish<5cm totallengthwas

foundtobeinsects,zooplanktonandalgae,biggerfishfedonwiderangeoffooditems

includingplantmatterandinsects.Detritus,macrophytesandinsectswerefoundtobe

thedominantfooditemsinallsizeclasses,whereasthecontributionsoffishscales,

zooplanktonandphytoplanktonwerelow.Ivlev̀sofelectivity(E)indicatedthatthemost

preferredfooditemsintheuppersectionoftheriverduringthedryseasonwereDiptera

(E=+0.64)andEphemeroptera(E=+0.63),inthelowersectionthemostpreferredwere

Diptera(E=+0.72)andDecapoda(E=+0.60).Comparatively,duringthewetseasonin

theuppersectionofRiverKujabasinthemostpreferredfooditemswasOdonata(E=

+0.72)whilePulmonataandHirudiniaweremostlyavoided(E=-1).Basedontheresults

itcanbeconcludedthatLabeobarbusaltianalisisomnivorousinitsfeedinghabitsin

RiverKujaBasin.
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CHAPTERONE

INTRODUCTION

1.1Backgroundinformation

Thisstudyfocusedonthefoodcompositionandselectivityindicesofthecyprinidfish

LabeobarbusaltianalisinRiverKujathatdrainsintoLakeVictoriainSouthWestKenya.

Selectivityindicesaremeasuresoftheutilizationofdifferentfooditemsbyfish.They

indicatethemostpreferredfooditems,theoneswhicharenotpreferredandtheone

thatarerandomlyselectedwhenthemostpreferredonesarenotavailable.Therefore

inawaytheycanassistintheformulationoffishfeedifthespeciesinquestionisto

becultured.Theindicescanbeusedtostudythedistributionoffishasthelattertend

tobeconcentratedwheretheirmostpreferredfooditemsareavailable(Stergiou&

Karpouzi,2002).

Studiesonthefoodandfeedinghabitsofdifferentfishesworldwideincludingthatof

cyprinidspecieshasbeenconductedbymanyresearcherssince1943,(Manon &

Hossain,2011).These studies have onlyconcentrated on food occurrence and

compositioninthegutsoffishbutpaidlittleattentiontofoodselectionandenergy

transferathighertropiclevels(Wetherbee& Cortes,2004).Inparticularfeeding

ecologyofcyprinidfishspeciesinSouthEastAsiahastosomeextentpaidattention

to theuseofthefeedingbiologyofthefishesforuseinselectingspeciesfor

aquaculture(Manon&Hossain,2011).

Fishdietcompositionplayamajorroleforresearchonmanyimportantecological
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issuesamongthem -resourcepartitioningduetospeciescompetition,preyselection,

predator-preysizerelationships,ontogenicdietshifts,habitatselectionandtesting

modelsonforagingonprey(Stergiou&Karpouzi,2002).

Fish food provides the majorsource ofenergythatplays an importantrole in

determiningthepopulationdynamicssuchasrateofgrowthandconditionoffishes

(Begum etal.,2008).Thesuccessongoodfisheriesmanagementoffishspecies

dependsontheknowledgeoftheirbiologicalaspectsinwhichinformationonfood

andfeedinghabitsincludeavaluableandsignificantcontribution(Sarkar&Deepak,

2009).Further,studiesonthefeedingecologyoffishesareimportantinfishery

biologyandmanagement.Fishfoodorganism providestheenergythatfuelstheir

internalandexternalbodyactivitiessuchasgrowth,metabolism andreproduction

(Sandipan&Banerjee,2013).Labeobarbusaltianalis(Figure1)belongstoagroupof

fishknownascypriniformes(carps)-rayfinnedfishes.InEastAfricaitscommonname

isRiponfallsbarbel.Amongthelocalcommunities,it’sknownasOdhadhointheLuo

communityofKenya,KasinjainTanzania,EnzunguliinUgandaandRiponfallsbarbin

Rwanda(Froese&Pauly.,2018).
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Figure1:Labeobarbusaltianalisfrom RiverKuja,Kenya(Phototakenbyme)

Labeobarbusaltianalisisalargefreshwatercyprinidfishwhosepopulationhasbeen

andisstillthreatenedbyoverfishingandclimatechange.Ithasalsobeenreported

thatthedeclineofthespeciesnaturalstockshave beenattributedtoecological

changesthathavetakenplaceinLakeVictoriabasininadditiontointensefishing

pressureandpoorwaterqualityassociatedwiththereleaseofuntreatedsewageinto

thelake(Ogutu-Ohwayo,1990).

ThisstudyfocusesonthefeedingecologyofL.altianalis;inparticularitconcentrateson

factorsthataffectthedistributionofitsfooditems,foodcompositionandselection.

1.2Statementoftheproblem

Labeobarbusaltianalisisoneofthethreatenedspeciesandyetithasneverreceived

adequate attention by researchers and conservationist in the region.Under

InternationalUnionofconservationofnature(IUCN),thespeciesislistedasoneof
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theleastconcernduetolackofreliableinformation(Ntakimazi,2006).Thereislackof

information on feeding ecologyofL.altianalisand conservation ofriverinefish

species.Theagriculturalactivitiespracticedcontributemajorlyto degradationof

riversandextinctionoffishspeciesduetodepositionofsiltandenrichmentofrivers

withnutrients(eutrophication)aswellasintroductionofpollutants.Constructionsof

bridgesacrossriversdestroyfeedingandbreedinghabitatsoffishandalsohinderor

inhibitfish migration.This research willthus provide information on fish food

distribution,occurrence,compositionandselectivityandalsofurtherinformationon

theeffectsofselectedwaterqualityparametersonthedistributionandabundanceof

fish food organismsaswellason the fish itselfin the RiverKuja Basin.The

informationthatwillaccruefrom thisstudywillbeusefulintheformulationof

conservationandfisheriesmanagementmeasuresforL.altianalisintheRiverKuja

Basin.

1.3Justification

Thereisneedtoknowmoreonfeedingecologyandfoodselectionofafishspecies

asthesedetermineitsdistributionintheaquaticenvironment.Thedistributionand

abundanceoffooditemsfurtherdeterminefishsurvivalwhichinturnsaffectsgrowth,

recruitment,maturityandreproductioninriverinehabitathoweverlittleisknownon

distribution,abundanceoffooditems,foodcompositionandselectionbyfishinthe

KujaRiverBasin.

It’sthereforeimportanttoknowecologicalinformationforformulatingmanagement

measuresfortheconservationofthespeciessoastoavoiditsextinctionintheLake
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VictoriaBasin.Thefactthatthereislittleinformationonthebiologyofthesefish

speciesintheLakeVictoriaBasinmakesitsconservationdifficult.Mostfishfood

studiesintheLakeVictoriaBasinareonlydescriptivegivinglistontheoccurrenceand

foodcompositionofitemsonwhichfishfeedon.Furthermore,therehasbeenno

attempttoconductstudiesonfoodselectivityandforagingbyfish.

ForRiverKuja,thesituationisevenworsebecausenostudyhaseverbeenconducted

on feeding ecology ofL.altianalis and the effects ofphysicaland chemical

parametersonthedistributionoffishfooditems.

Thisstudythereforefocusedonthefooditem occurrence,abundance,composition

andselectivityofthespecies.Thiswillhelpgenerateinformationforpolicymakers

concerningconservationofthespeciesL.altianalisanditsenvironment.
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1.4Objectivesofthestudy

1.4.1Generalobjective

ThisstudyaimedatconductinginvestigationsonthefeedingecologyofLabeobarbus

altianalisinRiverKujaBasin.

1.4.2Specificobjectives

1. TodeterminethedistributionpatternsoffooditemsofL.altianalisinRiver

KujaBasin.

2. To determine food item occurrence and composition in the guts ofL.

altianalisinRiverKujaBasin.

3. Todeterminefooditem selectivitybyL.altianalisintheRiverKujaBasin.

4. TocorrelatethedistributionofthefooditemsofL.altianaliswithselected

physicochemicalparametersoftheRiverKujaBasin.



7

1.5Hypothesis

HO:ThereisnosignificancedifferenceinthenumberoffooditemsofL.altianalisin

thedifferentsamplingpointsinRiverKujaBasin.

HO:Thereisnosignificantdifferenceinfooditemsoccurrenceandcompositioninthe

gutsofL.altianalis.

HO:ThereisnosignificantdifferenceinfooditemsselectivityofL.altianalisinthe

RiverKujaBasin.

HO:Thereisnocorrelationbetweenphysicochemicalparameterswiththedistribution

offishfooditemsofL.altianalisintheRiverKujaBasin.
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CHAPTERTWO

2.0LITERATUREREVIEW

2.1Introduction

Fishinthewild(aquaticecosystems)feedonagreatdiversityoffoodorganism

(items)forexamplealgae,zooplankton(cladocera,copepodand rotifera)benthic

andnon-benthicmacroandmicroinvertebrates,benthicdeposits,otherfishesand

aquaticsubmergeandemergentmacrophytes,(Chemoiwa,2018).Understandingthe

knowledgeonthetypesofnaturalfoodsafishfeedsonhelpsintheformulationof

fishfeedrequirementforthosespeciesthatarefarmedinextensiveandintensive

aquaculture.Thisalsohelpstoascertainonwhetherthepopulationstructureoffish

intheecosystem isinproperrelationoriswellsupportedbyfoodenergyresources

thatareavailabletoit(Begum etal.,2008).

InLakeVictoria,mostofthefishfoodstudieshaveconcentratedmainlyonfood

occurrenceandcompositioninthegutsoffishessuchastheNileperch,Lates

niloticus,(Katunzi,VanDensen,Wanink&Witte,2006),thesiluroidcatfishes-Synodontis

victoriaeandSynodontisafrofischeri,Bagrusdocmac,andthesmallbodiedcyprinid,

Rastrineobola argentea (Yongo,Manyala,Kito,Matsushita,Outa & Njiru,2016),

catfishes,Clariasgariepinus(Ogari,1988).OtherresearchconductedinLakeVictoria

basinaboutL.altianalisonlyfocusedonbiologyofthespecies(Chemoiwa,Abila,

Macdonald,Lamb,Njenga &Barasa,2013;Chemoiwa,Abila,Njenga,&Barasa,2017;

Witte&DeWinter,1995).Thefoodoccurrence,compositionandselectionstudies

haveonlybeenconductedononlyonespecies,theNiletilapia(Oreochromisniloticus)

intheNyanzaGulfofLakeVictoriabyGetabu(1994),Njiru,Okeyo-Owuor,Muchiriand
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Cowx(2004)andOuta,Kitaka&Njiru(2014).

ArecentstudyconductedalongRiverNyandobyChemoiwa(2018)onspatialvariation

infoodselection,feedinghabitsandontogenicdietshiftofLabeobarbusaltianalis

indicatedthatthespeciesarecapableofchangingtheirfooditemsdependingonthe

habitatandavailability.Thestudyfurtherfoundoutthatrotifersandcopepodswere

avoidedbythisspecieswhileinsectremainsandDipterawerethedominantfood

items.Thetwowerethusselectedasfoodduetotheiravailabilityintheenvironment.

PreliminarystudiesbyearlierscientistsuchasCorbet(1961)andBalirwa(1979)

showedthatthecyprinidL.altianalisfeedsonbenthicinvertebrates,macrophytes,

algaeandzooplantkton.TheyalsofoundthatthejuvenileL.altianalisfedondetritus

andplantmatterwhilethematureoneswerefoundtohaveconsumedfish,annelids

andevenfruitsliketheguavas.Thisthereforedemonstrateanontogenicshiftindiet

wheretheyoungonesofL.altianalistransistfrom juveniletoadultstage.

LittleinformationexistsonfoodselectivityofL.altianalis;onlyworkdoneison

gonadalrecrudescenceandinducedspawninginL.altianalisbyRutaisire,Berta,

Cassiusand Constantine(2013).A studybyKembenya (2015),tested thefood

preferenceofbothnaturalandartificialfeedsofasimilarcyprinid,Labeovictorianus

andfoundoutthattherewasnodifferenceongrowthperformanceofjuvenilesfedon

artificialandnaturaldietsincaptivity(laboratory).

OutsidetheLakeVictoriabasin,somestudieshavebeendoneonfoodandfeeding

habitsofLabeobarbusintermediusinLakeKokainEthiopia.Further,variousauthors

havestudiedfoodandfeedinghabitofthesamespecies,(Admassu&Dadebo,1997;

Sibbing,1998;De Graaf,2003;Assaminew,2005;Desta,Børgstrøm,Rosseland &
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Zinabu,2006;Mengesha,2009;Deribeetal.,2011).AdmassuandDadebo(1997)

studiedthedietcomposition,length-weightrelationshipandconditionfactorofL.

intermediusinLakeHawassainEthiopiaandfoundthatthedietcompositionofthe

speciescomprisedofphytoplankton,insects,detritus,macrophytes,gastropodsand

fish.Dadebo,Tesfahun,andTeklegiorgis(2013)studiedfoodandfeedinghabitsof

theAfricanbigbarbLabeobarbusintermediusinLakeKoka,Ethiopiaandreportedan

ontogenicdietshiftandomnivoroustropiclevelexhibitedthespecies.

A studyconductedwithinIranianfreshwaterdrainagesbyMotamedi,Madjdzadeh,

Teimori,EsmaeiliandMohsenzadeh(2014)onlyconcentratedonthemorphological

andmolecularaspectsongeographicaldifferentiationofBarbuspopulation.Their

findings presented remarkable variation on their morphometric and meristic

characteristicsduetogeographicaldifferencesbroughtbythevariedenvironmental

drainagesystems.

ArecentstudyconductedinRiverKuja(Orina,Getabu,Omondi&Sigei2018)showed

thattheriverisinhabitedbydifferentfishspecies.Atotalof12families(Cyprinidae,

Mastacembelidae, Cichlidae, Alestidae, Schilbeidae, Protopteridae, Poeciliidae,

Mochokidae,Amphillidae,Claridae,MormyridaeandLatidae)comprisingof27species

were identified.The identified fish species had a diverse tropic levels namely

carnivores,omnivoresanddetivores.

2.2Biologyofthespecies

Labeobarbusaltianaliscanbeidentifiedbythefollowingfeatures;ithas3spinesand

9-11softraysonthedorsalfins,2-3analspinesand5-6softraysontheanalfin.

Theanteriorbarbelreachesthemiddleoftheeyebutingeneralitsveryshortand
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doesnotreachtheanteriorpartoftheeye,whiletheposteriorbarbelalwaysextend

beyond the anteriorpartofthe eye.Ithas welldeveloped lips and occasional

outgrowthispresentonthesnout(DeVos&ThysVandenAudenaerde1990).The

fishgrowstoamaximum sizeof90cm totallength(Boulinger1900;quotedby

Greenwood,1966).

Thefishisknowntomatureatdifferentsizesindifferentaquatichabitats.Inthe

Sondu-MiriuRiverinKenya,L.altianaliswasfoundtomatureat(Lm50)of7.0cm

(Standardlength);intheLakesEdwardandGeorgeinUganda,maleswere found to

matureat(Lm50)of36.0cm (SL)whileanotherstudy,femaleswerefoundtomature

at(Lm50)of54.0cm (SL),(DeVos& ThysVandenAudenaerde,1990).L.altianalisis

knowntofeedongastropods,mollusc,insects,plants,fishesandcrustacean(Corbet,

1961,Witte&Winter,1995).

InformationonthebiologyandecologyofL.altianalisintheRiverKujaisscanty

thoughitsreportedasanomnivorousspeciesandthetypesoffooditem consumed

dependsonpreyavailability,seasonandhabitatdifferencesandsizeofthefish

(Dadeboetal.,2013;Sibbing&Nagelkerke,2001;Destaetal.,2006).Balirwa(1979)

workingon foodofsixcyprinidfishesinthreeareasoftheLakeVictoriaBasin

indicatedthat, L.altianalisisanomnivorousfishwhosedietisassociatedwith

detritusdominated byalgae,plantmaterial,molluscs,chironomidsand caddisfly

larvae.

2.3Taxonomyofthespecies

ThesystematicsofBarbusaltianalishasbeenasubjectofmuchmorerecentrevision
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byfishtaxonomists.ThegenusBarbusisrestrictedtoasmallnumberofspecies

inhabitingtheEuropeanichthyographicregionincludingNortheastAfrica.Mostofthe

AfricanBarbusspeciescurrentlyincludedinthegenus,taxonomicallyarenotclosely

relatedtotheBarbus(Seegers,DeVos&Okeyo,2003).

TheAfricanBarbusarefurtherdividedintotwomajorgroups,namelythelarge-size

hexaploidspeciesandthesmall-sizeonesthatarediploid(Berrebi,Kottelat,Skelton&

Ráb,1996). Theformerhavesincebeenplacedinthegenus Labeobarbus,(Skelton

2001,Berrebi& Tsigenopoulos,2003).Banyankimbona,Vreven,Ntakimaziand

Snoeks(2012)thereforetransferredthelarge-sizehexaploid'Barbus' altianalis tothe

genus Labeobarbus.

Previouslythreesubspecieswererecognised:BarbusaltianalisaltianalisintheLake

VictoriaBasin;B.altianaliseduardianus;andB.altianalisradcliffii.Currently,those

subspeciesareconsideredinvalid(DeVos&ThysvandenAudenaerde1990).

2.4Ecologyofthespecies

Worldwide,thespeciesisknowntobedistributedinthemarine-neriticandmarine

oceanichabitats,brackishwaterandfreshwatersmainlyinlakes,pondsandrivers

(Witte&Winter,1995).Itshumanusesmainlyconstituteoffisheriesandsportfishing

(Froese&Pauly2018).

InlakesEdwardandGeorge,thefishinhabitsshallowwater(Greenwood,1966)while

intheRusizisystems,itmigratestosmallupstream riverstospawn(Marlier,1953).

Thefishisoviparous(Breder&Rosen,1966)andisafoodfishforhumans(Robbins,

Bailey,Bond,Brooker,Lachner& Scott,1991)butnotofmajorcommercial

significance(Greenwood1966,Devos& ThysVandenAudenaerde,1990).
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IntheLakeVictoriabasin,itiscommonlyfoundininshorewatersanditsaffluent

rivers.ThemajoronesconsistingofRiverNzoia,Yala,Nyando,Sondu-miriu,Kujaand

Migori,(Greenwood,1966&VanOijen.,1995).ThejuvenilesofL.altianalisoccurin

shoals(Copley,1958)intheriverinehabitatswhileadultsoccurinbothriverineand

lacustrinehabitats,thefishispotamodromous-itswimsupstream tospawnprobably

inswiftrockyupperreachesofrivers(Witte&Winter,1995).

Labeobarbusaltianalisisbenthopelagicmeaningitoccursinthebenthicandpelagic

zonesintheaquaticenvironment.L.altianalisoccursnaturallyinmanywaterbodies

withintheLakeVictoriabasinanditsaffluentrivers(Greenwood,1966).Itismigratory

and often exploitslacustrine -riverine interconnectivityto spawn and grow (De

Stefano&DeGraaf,2003).Thespeciesisdistributedmostlyinthedepthrangeof0-

50m intropicalfreshwatersandiszoogeographicallyendemicinEthiopiaandis

nativetoLakeEdward,LakeTanganyika,LakeVictoria,LakeKivuandtheRusiziRivers.

Italsooccurs inthemiddleAkagerawhichdrainsintolakeVictoria,Lake kyoga

drainages and northern partLake Tanganyika (De Vos & Thys Van den

Audenaerde,1990,Snoeks,Kaningini,Masilya,Nyinza-Wamwiza&Guillard,2012).

Thespeciesisrelishedasafooditem amongthefishingcommunitiesintheLake

VictoriabasinandwasonceasignificantcomponentoftheLakeVictoriafisheries

beforeitspopulationsdrasticallydeclined(Witte,Gouwdswaard,Katunzi,Mkumbo,

Seehausen&Wanink,1999).

Labeobarbusaltianalisisathreatenedspecies(Ntakimazi,2006)andthusthereis

needtoknowaboutitsecologyandinparticularfoodsandfeedinghabits,toobtain

informationthatcanbeuseforitconservationandmanagement.Conservationofthe
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species in future willdepend on thorough knowledge on feeding ecology,their

distributionandfactorswhichaffectfeedingoffish.Thepurposeofthisstudywas

therefore,toinvestigatefoodcompositionandselectivityindexofL.altianalisand

factorsthataffectthedistributionofitsfooditemsinRiverKuja.

CHAPTERTHREE

3.0MATERIALSANDMETHODS

3.1Background

Thischapterpresentsthegeographicaldescriptionofthestudyarea,researchdesign,

data collection procedures (sample and sampling techniques),methods ofdata

processingandanalysis.

3.2Geographicaldescriptionofthestudyarea

TheRiverKujaMigoriBasinisa

vastexpansiveriverbasinthatconsistsoftworiversystem;RiversKujaandMigori

Systems.ThesetworiversmergeataconfluenceinSangoareainCentralKadem

LocationinNyatikedistricttobecomethewideRiverKuja-Migori.Theriverthereafter
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flowsandpoursitswaterinLakeVictoria.RiverKujahasitssourceinNyamiraCounty

intheKisiihighlandswhileRiverMigorihasitssourceinMauforestNarokCounty.

Thetotalareaofthecatchmentis2196km2.RiverKujaisamongthetributariesofthe

greaterKuja-MigoriRiverwhosetotaldrainageareais5180km2 (Ojany&Ogendo,

1986).ConsideringtheKuja-MigoriRiversystem asawhole,theKujacatchment

constitutesapproximately42% ofthetotalcatchmentareaoftheKuja-MigoriRiver

system (Ojany&Ogendo,1986).Itliesbetweenlongitude34º37'00"and35º01'00"East

andlatitude00º24'00"and00º59'00"South,whilethealtitudeoftheareaslies

between900m and2000m abovethemeansealevel.Itexperiencestworainfall

seasonswithintheyeari.e.shortrainsthatrunfrom SeptembertoNovemberandlong

rainsthatoccurinFebruarytoJunewhiletemperaturesrangefrom 16ºCinwetto

27ºCdry.

Theareaischaracterizedbyhighlandsandopenplainsuitableforcultivationof

agriculturalcropsliketea,coffee,maizeandsugarcaneplantation.Mostfarming

occursalongtheRiverandeucalyptustreesarethemajortreesalongtheriver.The

RiverBasinisinhabitedbyvarietyofriverinespecieswhichincludecyprinidae;Labeo

species,characidae:Prycinus jacksonii,siluroid catfishes dominated by Clarias

species,Synodontisspecies,schilbeid;Schilbeintermedius.

RiverKujaBasinactsasanimportantsourceofwaterandseveralutilitiestothe

communitieslivingalongtheriver.Theriverthereforeattractspeopleforworkand

newsettlementduetowateravailabilityforirrigation,treesforbuildingpurposesand

sugarplantationispracticedinthelowerpartoftheriver.Thefactoriesrelease

untreatedsewagetotheriverposingabigthreattofishsurvival.Duetoitsseveral
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uses more ofthe riparian zones which could have been conserved have been

encroachandputintoseveralagriculturalactivitieswhichposeabigtreattotherivers,

rainfallpatternsandthediversityoforganismsintheriver.Muyodi,Mwanuziand

Kapiyo (2011)in theirstudyon environmentalqualityand fish communities in

selected catchments ofLake Victoria,argued thatchanges in population size,

consumptionpatternsandutilizationofthenaturalresourceswillcompromisewith

theenvironmentalqualityifmanagementmeasuresarenotobservedwhichsimilarly

appliestoRiverKuja.

PartofMigoriRiveralsohasalotofgoldminingtakingplacedownstream,(Macalder

goldmininginNyatikeDistrictandinNyokalbridgenearAwendo).Thesugarandtea

plantationeffluentscontainfertilizersandpesticideswhichmaycausepollutionand

contributetobiodiversitylossoffishandmacroinvertebrate.
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Figure2:MapofLakeVictoriaBasinwithsamplingpointsindicatedalongRiverKujasystems.(Source:

Adaptedfrom Googlemaps)

3.3Researchdesign

RiverKujaBasinwasdividedintotwosections,namelytheupperandthelowerKuja.

TheupperRiverKujastartedfrom thesourcearoundKiabonyoruMountaininNyamira

countyuptoOgembotowninKisiiCountywhilethelowerKujastartedfrom Ogembo

townallthewayuptotheRivermouthinNyatikeSub-countyofMigoriCounty.

Atotaloffivesamplingstationswereselectedalongthefulllengthoftheriver.The

geographicalpositionsofallthesamplingstationsweremarkedusingaGPSsystem,

(GARMIN,GPSMAP78s).
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Station1(Kegati)waslocatedinNyamiracounty,ithasalongitudeof34.821817̊E,

latitudeof0.711408̊S andanaltitudeof1760m abovesealevel.Theuppersiteof

thestationhasalotofreedsgrowinginstagnantwater;awatertreatmentplantis

alsoconstructedintheuppersectionofthestation. Ithasabridgeconstructed

acrosstheriverandalotofagriculturalactivities;teaplantation,maizefarmingand

animalgrazingnexttotheriver.

Station2(Ogembobridge)waslocatedinOgembotownatalongitudeof34.974980̊E

andalatitudeof0.609960̊S.Theareaischaracterizedbyagriculturalactivities,the

riparianzoneshasalotofeucalyptustreesandanimalgrazingalongtheriver.The

sitewasaffectedbydumpingofwastefrom thetradingcentreandcarwashactivities.

Station3(Kanga)issituatedatalongitudeof34.587100̊Eandlatitudeof0.833480̊S.

Thesitehasalotofagriculturalactivitiesandhumansettlement.Sugarfarmingisone

ofthemajoragriculturalactivitiesinthearea.Itischaracterizedwithabundanceof

fishandfishfooditems,rockysubstratum andsomesectioncoveredwithmud.

Station4(Gogo)waslocatedatalongitudeof34.349540̊Eandlatitudeof0.908027̊S.

ItissituatedinthelowersectionoftheRiverKujaBasin.Thesitehasalotofreeds

growing along the river;ithas a hydroelectric powergeneration plant,human

settlementandagriculturalactivities.Theupperpartofthestation(Nyokal)hasgold

miningactivitiestakingplacenexttotheriver.

Station5(WathOnger)hasalongitudeof34.210316̊Eandalatitudeof0.951535̊S,

locatedinthelowerpartofRiverKujaBasin.Thesitehashumansettlementalongthe

river,animalgrazingandlaundryactivitiesnexttotheriver.Itwascharacterizedbylow

abundancefishandfishfoodorganisms.Ithaslittlevegetationalongtheriparian
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sectionascomparedtoupstream stations.

Samplingwasconductedforaperiodofeightmonthsintheselectedstationsandat

eachsamplingreplicatedsamplewasobtainedforfurtherlaboratoryanalysis.

3.4Datacollectionprocedures

Theprocedurescoveredundersectioninvolvedthoseofphysicochemicalparameters

namelydissolvedoxygenconcentration,temperature,pH,turbidity,Totalsuspended

solids,conductivityandchlorophyllaconcentration,samplingmethodsofbenthic

invertebrates,fishsamplingandgutcontentanalysis.

3.4.1Measurementsofphysicochemicalparameters

Replicatesamplesofphysicochemicalparameters,namelyDO(mgL-1),conductivity

(µS cm-)l, turbidity (NTU), TDS (mg L-1), temperature (̊C), chlorophyll a

concentration(µgL-1)andpHweremeasuredin-situ ateachsamplingstationfora

periodofeightmonthsusingYSIhydrolabmodel650MDSbeforefishingtoavoid

disturbanceofthewaterquality.Theequipmentwascalibratedwithstandardsfor

eachparameterbeforecommencementofthemeasurementsoftheparameters.

Duringthemeasurements,theYSIhydrolabmodel650MDSwasloweredtothe

middleofthewatercolumnintheriver(Halfwaybetweenthesurfaceandbottom of

theriver)andlefttostaystillfor5minutesbeforeitsretrieval.Afterretrieving,the

recordeddatawasdownloadedonalaptopandsavedinafilefolderwhichwaslater

analyzed.Watertransparencywasmeasuredusinga12.0cm diameterblackand

white secchidisc which was lowered on a shaded partofthe riverto avoid

interference ofany surface scattering lightwhich would otherwise affectthe
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estimationofthelevelofwatertransparency.

3.4.2Samplingmethodsofinvertebrates

Replicates samples ofinvertebrates and otherbenthic materials were obtained

monthlyforaperiodofeightmonthsusingakicksamplerwiththenettingof250µm.

Akicksamplerwaspositionedintheriverbedagainstthewatercurrent.Thekick

samplerwasdeployedintheriverforaperiodof30minutesafterwhichitcontents

werepouredintowhiteplastictrays.Followingthis,individualinvertebrateswere

pickedusingforcepsandplacedinsamplingbottlesof200mlcontaining5%formalin.

Eachsamplingbottlewasmarkedwiththesamplenumberandthenameofthe

samplingstation.Wherepossiblethedifferenttypesofinvertebratescollectedfrom

thesamplewereidentifiedusingkeysbyJung(2004)andcounted.Recordsofthe

invertebratescollectedwerekeptforfurtheranalysis.Otherbenthicmaterialwhich

includeddetritus,benthicalgae,plantmaterialandwatercolumnplanktonobtainedby

thekicksamplerwereidentifiedandrecorded.Itwasnotpossibletosortoutdetritus,

benthicalgaeandplantmaterialbecauseitwasintermingledwithzooplanktonand

consistedofawiderangeofsizesasitalsoincludedsomesilt.

3.4.3Fishsamplingandgutcontentanalysis

Fishingwasdonemonthlyateachsamplingsitetoobtainreplicatesamplesfora

durationof30minutesusingelectrofisher(Electrafishmodel-SAMUS 1000)and

electronic GX240 Honda 8.0 generatorFerguson powerEastAfrica limited that

producesacurrentof400Vand16A.Immediatelyaftercapture,fishwerecollected

usingplasticcontainersandsortedoutaccordingtospecies.SpecimenofL.altianalis
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wereseparatedandusedforgutcontentanalysis.Thesewerepreservedin500ml

plasticsamplingbottlescontaining5%formalin.Alternatively,whenfishsampleswere

few,thetotallengthsoffishweremeasuredusingameasuringboardtothenearest

0.1cm totallengthandweighedtothenearest1.0gusinganelectronicbalance

(MettlerToledo,AG204).

Bothinthelaboratoryandinthefieldthefishweredissectedandtheirgutsremoved.

SinceL.altianalisisastomachlessfishthegutswereremoveduptothefirstbendof

theintestineandthenpreservedin500mlplasticsamplebottlescontaining5%

formalin.

Inthelaboratory,thegutswereremovedfrom thesamplebottles,dissectedandtheir

contentspouredtowhiteenameldishes.Visualexaminationwasusedtoidentify

largerfood items,buta dissecting microscope (LEICA X20)and a compound

microscope(LEICAX200-1000)wasusedtoidentifymicroscopicfooditems.

ThegutcontentswereanalyzedusingamodifiedpointmethodaccordingtoHynes

(1950)asreviewedbyHyslop(1980).Eachstomachwasawardedanindexoffullness

from 0to20;emptystomachscored0;aquarterfull5;halffull10;threequarterfull15

andfull20.Eachcategorywasassignedanumberofpointsproportionaltothe

estimatedcontribution.Theimportanceofeachfoodcategorywasexpressedasa

percentagebydividingthetotalpointsawardedtoallfoodtypesintonumberofpoints

awardedtothefoodtypeinquestion.Stomachcontentsforeach5cm lengthclass

wereassessedseparately.

ThelargermacroinvertebratesfoundinthegutsofL.altianalisweresortedoutinthe
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petridishidentifiedusingkeysbyJung(2004)andLizeth(2001)respectivelyforthe

calculationoftheStraussLinearindexandcountedforuseinestimatingelectivity

indices.

3.4.4Dataanalysis

Alldataanalysisinthisstudywereconductedusingtheexcelspreadsheetand

StatisticalPackageforSocialSciencesSoftware(SPSS)programs.

Themeansofphysicalchemicalparameterswerecalculatedandtheirtemporaland

spatialpatternswereplottedandpresentedgraphically.Similarlythedataonsamples

offooditemscollectedintheenvironmentweretreatedandpresentedintablesand

figures.Thepercentageoccurrencesoffooditem intheenvironmentwerecalculated

usingtheformula:

Percentageoccurrence =(numberofoccurrencesofafooditem atthesampling

sites/totalnumberofsamplingsites)×100

(Equation1)

Themethod onlygiveswhattheorganismsfed on howeverit doesnotgives

informationonquantitiesofthefooditem consumedandthosewhichcouldnotbe

digested.

Thepercentagecompositionofafooditem ateachsamplingsitewascalculatedas:

Percentagecomposition = (Abundance in numbers ofthe food item/total

abundanceofallfooditems)×100

(Equation2)
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Thepercentageoccurrenceofafooditem infishwascomputedbydividingthe

numberoffishinwhichthefooditem appeareddividedbythetotalnumberoffish

analyzedmultipliedbyahundred(100),whilethepercentagecompositionofthefood

item wascalculatedbydividingtheabundanceoffooditemsinthegutsoffish

dividedbythetotalabundanceofallfooditems.

RiverKujawasdividedintotwosectionsnamelytheupperandlowerRiverKuja

sectionsrespectivelyandtheelectivityindiceswereestimatedseparatelyforthetwo

sections.The upperRiverKuja sampling stations included;Kegatiand Ogembo

samplingpointswhilethelowersamplingpointsincludedKanga,GogofallsandWath

Onger,Figure1(map).SincetherewasnoL.altianalisgotattheRiverKujamouth

samplingpoint,noelectivityindiceswereestimatedforthesame.

Twotypesoffishfoodelectivityindiceswereestimated;theIvlev’sindexofelectivity

(E)andthelinearfoodindex(L).TheIvlev̀sindexofelectivityrangesfrom -1,

indicatingstrongestavoidanceofafishfooditemsto+1indicatingthestrongest

preferenceofafooditem byafish.AnIvlev̀sindexofzero(0)indicatesnopreference

orrandom selectionofafooditem,meaningthatallfooditemswiththisvaluehavea

lessequalchanceofbeingselectedasfishfooditem byfish.Similarlythelinearfood

indexhasthesamecharacteristicasIvlev̀sindexofelectivitybutrepresentsamore

accurateestimationoffishfoodselectivityrelativetotheIvlev̀sindex.

TheIvlev̀sindexwasusedtostudyfoodselectivitybyL.altianalis,wherebyIvlev̀s

index

E=(ri-pi)/(ri+pi) (Equation3)
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Whereriequalsconcentrationoffooditemsinthestomachandpiconcentrationof

fooditemsintheenvironment.

ThelinearfoodindexwascomputedusingtheformulaasinGetabu(1994)and

Strauss(1979).

L=ri–pi (Equation4)

Where:

riistheproportionofpreytaxoninthegutsofL.altianalisandpiistheproportionof

thesametaxonintheenvironment.Themeansofriandpiweighedbythenumberof

preyineachsamplewereusedtocalculateLi.

Theforageratioisthelogarithm oftheproportionofafooditem inthestomachorgut

divided bythe logarithm ofthe concentration ofthe food item in the aquatic

environment.Itrangesfrom 0topositiveinfinity,Low valuesindicatepoorforaging

whilehighvaluesindicateacceptanceofafood item byfish.Forageratio was

computedas:

logpi/logri (Equation5)

Changesofthefooditemsconsumedwererelatedtochangesinfishsizetostudy

ontogenicshiftindiet.Therespectivefishclassusedinthestudyhadanintervalof0

–5cm.Atotalof1032ofL.altianaliswereanalyzedforstomachfullnessindex.The

lengthandweightrangeofthefishspecimenswere0.5cm totallengthto45.0cm

and0.1gto752.8gtotalweight.

Outofthis425wereanalyzedduringthedryseasonrepresenting41.18%,while607
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wereanalyzedduringthewetseasonrepresenting58.82%.Themeannumbersof

fooditemswerecomputedforeachsamplingsites,thedistributionoffooditemsin

thehabitatweretestedforsignificanceusingchi-squaretest.

Thecorrelationbetweenfooddistribution,occurrence,composition,andselectivity

withphysicochemicalparameterswasanalyzedusingthespearmanrankcorrelation

analysis.Thecorrelationwasusedtoestimatetherelationshipbetweennumberof

food items and values ofphysicochemicalmeasurements togetherwith the L.

altianalis.Stomachfullnesswasvisuallychecked.

CHAPTERFOUR

4.0RESULTS

4.1Background

Thischapterpresentsresultsonhabitatcharacteristicsofthesamplingpointswhich

include:descriptionontheirphysicalandchemicalcharacteristics,occurrenceoffood

itemsofL.altianalis,percentagecomposition,foodselectivityindicesandforage

ratios.Acomparisonismadebetweenoccurrenceandpercentagecompositionof

fooditemsbasedonthepointmethodandonthedirectcountsofthefooditem that

couldbeenumerated.Theresultsincludeseasonalpatternsfordryandwetseason

and correlation between abundance offish food organism and physicochemical

parameters.
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4.2THEPHYSICOCHEMICALANDBIOLOGIALCHARACTERISTICOFTHERIVERKUJA

ENVIRONMENT

4.2.1Dissolvedoxygenconcentration

Theoveralldissolvedoxygenconcentrationvariedfrom 0.4mgL-1 atGogofallsin

February2017to 7.36mgL-1 atOgembo andKegatiinJuneandAugust2017

respectively.Themonthlymeanoxygenconcentrationsvariedfrom 3.64±1.39mgL-1

atWathOngerinDecember2016to6.67±0.89mgL-1 atOgemboinAugust2017

(Appendix1&2).Dissolvedoxygenconcentrationdecreaseddownstream.Theblack

verticalerrorbarsrepresentsstandarddeviations.

Figure3:Temporalvariationsofdissolved oxygen concentration in RiverKujaduring theperiod

November2016-August2017.
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4.2.2Temperature

Temperatureshowedawidevariationof16.050CatKegatistationinJuly2017to

26.660CAugust2017atWathOngerrespectively(Appendix3).Temperaturesinthe

dryseason(Nov2016-Dec2017)weregenerallyhigherthanthoseofwetseason,

(April–Aug2017Figure4).Thelowestmeantemperaturewas20.370CatOgemboin

May2017duringthewetseasonwhileitwashighest(24.260C)atWathOngerin

December2016.

Figure4:TemporalvariationsoftemperatureinRiverKujaduringtheperiodNovember2016-August

2017.

Temperatureincreaseddownstream from KegatitoWathOngerduringthesampling

period(Appendix3).

4.2.3Turbidity

TurbidityintheRiverKujashowedhighvariabilityrangingfrom 20.64NTUatKegatiin
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March2017duringthedryseasonto280.56NTUatWathOngerstationinJuneand

August2017duringthewetseason,(Appendix5).Themeanturbidityvaluesalso

exhibitedawidevariationrangingfrom 50.07NTUinMarch2017to138.38NTUin

June,(Figure5).

Figure5:TemporalvariationsofturbidityinRiverKujaduringtheperiodNovember2016-August2017.

Inthewetseason(April–Aug2017)whentheturbiditywashigh,waterintheriver

wasobservedtobebrownincolour.Inthedryseasonthewaterintheriverwas

reducedinvolumeandwasclearerthaninthewetseason.

4.2.4Chlorophyllaconcentration

Thechlorophyllaconcentrationsweregenerallylow.Theywerehigherduringdry

seasoncomparedtothewetseason.Theyrangedfrom 0.40µgl-1 atKegatiand

OgembostationsinMay2017duringthewetseasonto16.0µgl-latWathOngerin

December2016.Thetemporalandspatialtrendofchlorophylladuringthestudy

periodispresentedinFigure6andAppendix7.
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Figure6:Temporalvariationsofchlorophyllaconcentration(µgl–l)inRiverKujaduringtheperiod

November2016-August2017.
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4.2.5pH

ThetemporalandspatialvariationofpH intheriverispresentedinFigure7and

Appendix9.

Figure7:TemporalvariationsofpHinRiverKujaduringtheperiodNovember2016-August2017.

ThepH wasgenerallyhigher(8.8±0.37)duringdryseasoncomparedtothewet

season(5.23±0.34).

4.2.6Totaldissolvedsolids

TheTDSinRiverKujaexhibitedmixedvariabilityduringthedryandwetseason(Figure

8).Thespatialvariationsshowedanincreasingtrendfrom KegatistationtoWath

Onger,(Appendix1).
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Figure8:TemporalvariationsofTDSinRiverKujaduringtheperiodNovember2016-August2017.

ThemeanTDSconcentrationsrangedfrom 56±12mgL-1atKegatito65.8±12.98

mgL-1 inFebruaryandJanuaryrespectively.ThemeanTDSvalueswerewithinthe

rangevaryingfrom 52.08±5.9mgL-latKangato71.0±10.57mgL-1atWathOngerin

JuneandJuly2017respectively.GogofallsandWathOngerstationshadalmost

equallevelsofTDS,(Appendix1).

4.4Foodoccurrence

4.4.1Foodoccurrenceindryandwetseason

ThepercentageoccurrenceoffooditemsinRiverKujaduringthedryandwetseason

is presented in Table 1.Onlyone orderhad an occurrence ofmore than 20%

(Hemiptera)whilethreeordersnamelyHirudinida,HaplotaxidaandHecapodahadan

occurrenceoflessthan5%.
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Table1:PercentageoccurrenceoffooditemsinRiverKujaduringthedryseason

Order SUM (N) %occurrence

Diptera 45 14.61

Ephemeroptera 35 11.36

Hemiptera 74 24.02

Hirudinida 8 2.59

Odonata 37 12.01

Pulmonata 31 10.06

Coleoptera 27 8.76

Decapoda 12 3.89

Unionida 31 10.06

Haplotaxida 8 2.59

4.4.2Foodoccurrenceinwetseason

ThepercentageoccurrenceoffooditemsinRiverKujaduringwetseasonispresented

inTable2.Therewereatotalof8ordersoutofwhichonlyDipterahadapercentage

occurrenceabove20%.OnlyoneorderDecapodahadanoccurrenceoflessthan5%.
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Table2:PercentageoccurrenceoffooditemsinRiverKujaduringthewetseason

ORDER SUM (N) %occurrence

Diptera 43 25.90

Ephemeroptera 12 7.22

Hemiptera 18 10.84

Hirudinida 12 7.22

Odonata 31 18.67

Pulmonata 13 7.83

Coleoptera 29 17.47

Decapoda 8 4.82

Dipterawasthemostwidelydistributed,Decapodabeingtheleastwidelydistributed

duringthewetseasonwhilehaplotaxidaandhirudinidaweretheleastdistributedin

thedryseason.
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4.3ABUNDANCEOFFOOD

4.3.1Abundanceoffooditemsduringdrymonths.

TheabundanceoffooditemsatdifferentsitesofRiverKujaduringdrymonths

showedthattherewerehighnumbersoffooditemsatKegatistation(302)and

Ogembohadthelowestamountoffooditems(154)asshowninTable3.

Table3:AbundanceoffooditemsinRiverKujaatsamplingstationsduringdrymonths.

(SD=StandardDeviation,SE=StandardError,N=Totalnumberoffooditemsatthe

samplingsites,CI=95%Confidencelevel).

Kegati Ogembo Kanga Gogofalls WathOnger

Mean 1.84 0.94 1.20 1.68 1.66

SE 0.27 0.14 0.32 0.38 0.31

SD 3.47 1.79 4.06 4.81 3.94

SUM(N) 302 154 197 275 272

CI(95%) 0.53 0.28 0.63 0.74 0.61
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The abundance offood item ofL.altianalis significantly differed (χ2
0.05 df,

20=63.9˃31.14)amongthefivedifferentsamplingstations.

4.3.2Abundanceoffooditemsduringwetmonths.

TheabundanceoffooditemsatthedifferentsitesofRiverKujaisdepictedinTable4.

Thefooditemsoccurredinlownumbersandhadlowvariationasindicatedbysmall

standarddeviations.However,WathOngerhadhighestnumberoffooditems(267)

whileKangahadthelowestabundance(112).

Table4:AbundanceoffooditemsinRiverKujaatsamplingstationsduringwetmonths

(SD=StandardDeviation,SE=StandardError,N=Totalnumberoffooditemsatthe

samplingsites,CI=95%Confidencelevel).

Kegati Ogembo Kanga Gogofalls WathOnger

Mean 0.98 0.78 0.59 0.61 1.41

SE 0.17 0.09 0.09 0.14 0.20

SD 2.32 1.26 1.20 1.90 2.72

SUM(N) 184 149 112 115 267

CI(95%) 0.33 0.18 0.17 0.27 0.39

Theabundanceoffooditem ofL.altianalissignificantlydiffered(χ2
0.05 df,20=
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98.81˃31.14)amongthefivedifferentsamplingstations.Thetotalnumberoffood

itemsforallthesamplingsiteswashigherduringthedryseason(N=1200)thanin

thewetseason(N=827),yetthesamplingeffortwaskeptconstant.

4.5COMPOSITIONOFFOODITEMSINTHEENVIRONMENT

4.5.1Fooditemsduringdryseason

ThepercentagecompositionoffooditemsinRiverKujaduringthedryseasonis

presentedinTable5.Therewere10ordersrepresentedbythefooditems,outof

whichtwoorderswereabove20%(DipteraandDecapoda)whilethreeorders hada

percentagecompositionlessthan5%(Odonata,PulmonataandHaplotaxida).

Table5:PercentagecompositionoffooditemsinRiverKujaduringthedryseason

ORDER Sum (N) %COMPOSITION

Diptera 220 21.83

Ephemeroptera 96 9.52

Hemiptera 117 11.61

Hirudinida 65 6.45

Odonata 37 3.70

Pulmonata 32 3.2

Coleoptera 98 9.72

Decapoda 212 21.03
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Unionida 92 9.13

Haplotaxida 39 3.87

DespitethefactthattheorderHemipterahadthehighestpercentageoccurrence,its

percentagecompositionwaslowerthanthatofDipteraandDecapoda,meaningthat

thelatertwoordersweremoreabundancethantheformer.

4.5.2Fooditemsduringwetseason.

ThepercentagecompositionoffooditemsinRiverKujaduringthewetseasonis

presentedinTable6.Therewerenineordersrepresentedbythefooditems,outof

whichonefooditem (Diptera)hadapercentagecompositionofabove20%whilethe

orderHirudinidahadapercentagecompositionoflessthan5%.

Table6:PercentagecompositionoffooditemsinRiverKujaduringthewetseason

ORDER Sum (N) %COMPOSITION

Diptera 134 26.59

Ephemeroptera 59 11.7

Hemiptera 36 7.14

Hirudinida 16 3.17

Odonata 61 12.10

Oligochaeta 29 5.73
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Pulmonata 29 5.73

Decapoda 68 13.49

Coleoptera 72 14.29

Asobservedabove,theconcentrationoffooditemsduringthewetseasonwasmuch

lowerthanduringthedryseason,Tables5and6.Themostabundantorderswere

DipteraandDecapodasimilartotheobservationmadeontheabundanceoforganism

duringthedryseasonthoughatalowerconcentration.

4.6Stomachfullnessindex

Atotalof31gutswerefoundtobeemptyduringthedryseasonrepresenting7.29%.

Duringthewetseason,56gutsrepresenting9.23% werealsofoundtobeempty.It

wasnotedthat,fewL.altianalis(31)hadtheirstomachemptyduringthedryseason

comparedtothewetseasonwhereatotalof56L.altianaliswerefoundtohavenot

fedduringsampling.

4.6.1Stomachfullnessduringthedryseason.

TheresultsoftheanalysisarepresentedinFigure9.Labeobarbusaltianaliswith

threequarterfullgutshadthehighestrepresentation(42.59%),halffullguts(32.47%),

fullguts(24.47%),quarterfullguts(16.71%)andemptyguts(7.29%)respectively.
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Figure9:StomachfullnessindexofL.altianalisinRiverKujaduringthedryseason.

It’sapparentthatover50%offishhadstomachfullnessofhalffulltocompletelyfull.

4.6.2StomachfullnessindexofLabeobarbusaltianalisinRiverKujaduringthewet

season

A totalof607L.altianalisweresampledforgutcontentanalysisduringthewet

season.75% hadapercentagefullnessofequalorgreaterthanhalffullwhilefish

withemptystomachconstitutedonly56(9.23%).Inthewetseasonthemajorityofthe

fish(89%)hadalreadyfedbythetimesamplingstarted,(Figure10).
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Figure10:StomachfullnessindexofL.altianalisinRiverKujaduringthewetseason.

Thestomachfullnessinthelowerrangeofemptytohalffullfollowedthesimilartrend

inbothdryandwetseasonhoweverthethreequarterlevelfullnesswashigherduring

dryseason(42.59%)comparedtothewetseason(17.63%).

4.7Fooditemsoccurrence

4.7.1GutcontentanalysisonthefoodofL.altianalisinRiverKuja

Inthissection,gutcontentanalysiswasconductedfor1032specimens,atotalof87

gutswereemptyand945gutshadfoodcontentonthem.Thetypesoffooditems

which were encountered included,detritus,algae,zooplanktons,plantmatter,

termitesandinvertebratesincludedintheordersofDiptera,Decapoda,Coleoptera,

EphemeropteraUnionidaandOdonata.Duetoawidevarietyoffooditems,itwas

decidedthatthefooditemsdetritus,algae,zooplanktonandplantmatterbeanalyzed

onlyfortheirpercentageoccurrenceintheaquaticenvironmentofRiverKujaandin

thegutsofL.altianalis.Thesefooditemsposedagreatchallengeonfurtheranalysis
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toproducefoodselectivityindicesandforageratiosbecausetheycouldnotbeeasily

quantified forexample detritus and plantmaterial.The mixing ofdetritus with

zooplankton and algaein thegutsofL.altianalisand thefactthattherewere

numerousspeciestobeconsideredinthestudymadeitnotpossibletoconduct

detailedanalysisforfoodelectivityindicesandforageratiothusfurtheranalysison

theseaspectsfocusedonthosefooditemswhichcouldeasilybequantifysuchas

Diptera,Coleoptera,Decapoda,Ephemeroptera,Hemiptera,Odonata,Haplotaxida,

HirudinidaandUnionida.HencetheIvlev̀sindexofelectivity,linearfoodindexand

forageratioisestimatedrelativetotheabundanceofthelaterfooditems.

4.7.2Occurrenceoffooditemsingutsduringthedryseason

Duringthedryseason,atotalof394L.altianaliswereanalyzedforpercentage

occurrenceoffooditemsintheirguts,theresultsoftheanalysisarepresentedin

Table7.Theanalysisrevealedthatdespitethefactthatmostfooditemshadwider

occurrenceintheriver,theiroccurrencesinthegutsofL.altianaliswereverylow,

Ephemeroptera(0.83%)andDecapoda(1.41%).

Table7:FoodpercentageoccurrenceingutsofL.altianalisduringthedryseason
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Fooditem

(order)

Occurrence

(n)

Occurrence

(%)

Diptera 74 20.44

Ephemeroptera 3 0.83

Decapoda 6 1.41

Zooplankton 23 6.35

Algae 72 19.89

Plantmatter 28 7.73

ThetwofooditemswiththehighestoccurrencewereDiptera(20.44%)andalgae

(19.89%).Thepercentageoccurrenceswereingenerallowforalltheorganismswith

nonehavingoccurrencesgreaterthan25%.Thisshowsthatthedistributionofthe

fooditem intheriverwasnotuniform.Theresultofχ2
0.05 df,24=143.43˃36.42

indicatedthattheoccurrenceoffooditemsinthegutsofL.altianalisduringthedry

seasonsignificantlydifferedfrom fishtofishatthedifferentsamplingstations.

4.7.3OccurrenceoffooditemsinthegutsofLabeobarbusaltianalisinRiverKuja

duringthewetseason

Duringthewetseason551specimensofL.altianalisinRiverKujawereanalyzedfor

percentageoccurrenceoffooditemsintheirguts.Theresultsoftheanalysisare

presented in table8.Algaeand Diptera had thehighestpercentageoccurrence

(24.11%)and (22.17%)respectively while Decapoda (0.3%),Coleoptera (0.7%),
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zooplankton (3.87%) and Ephemeroptera (2.23%) had the lowest percentage

occurrence.

Table8:FoodpercentageoccurrenceingutsofL.altianalisduringthewetseason

Fooditem

(order)

Occurrence

(n)

Occurrence

(%)

Diptera 149 22.17

Ephemeroptera 15 2.23

Decapoda 2 0.30

Zooplankton 26 3.87

Algae 162 24.11

Plantmatter 108 16.07

Coleoptera 5 0.7

Theoccurrencesofthefooditemsasinthedryseasonweregenerallylow.

From thetwoseasonsitcanbeconcludedthat,algaehadthehighestpercentage

occurrenceof24.11%inthegutsofL.altianalisduringthedryseasoncomparedto

thewetseason(19.89%).Theresultofχ2
0.05 df,28=447.0˃41.34indicatedthatthe

occurrenceoffooditemsinthegutsofL.altianalisduringthewetseasonsignificantly

differedfrom fishtofishatthedifferentsamplingstations.
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4.8Percentagecompositionoffooditemsintheguts

4.8.1PercentagecompositionofthefooditemsingutsofL.altianalisduringthedry

season

The computations ofthe percentage composition offood items in both the

environmentandthegutsofL.altianalisfacedanumberofchallenges.Itwasdifficult

tousethevolumetricmethodbecausealgae,finedetritus,silt,zooplanktonandplant

matterwereintermingledtotheextentthatitwasdifficulttodeterminetheactual

volumesofeachofthisfooditems.Thereforethepercentagecompositionwas

computedforthosefooditemswhichcouldbecompletelyisolatedfrom therestof

the“debris”hencethepercentagecompositionofinsectsandotherinvertebrate

larvaewerepossibletocomputebecausethesefooditemscouldbeeasilyidentified

andquantified.Figure11thereforepresentstherelativepercentagecompositionof

insectsandotherinvertebratesfooditemsinthegutsofL.altianalisduringdry

season.
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Figure11:RelativepercentagecompositionsoffooditemsinthegutsofL.altianalisinRiverKuja

duringthedryseason

Therewerefourmajorinvertebrates’fooditems:thelarvaeofDiptera,Coleoptera,

Ephemeropteraanddecapods,shrimpCaridinaniloticainthegutsofL.altianalis

duringthedryseason.Thesmallestsizerangeoffishof0–5cm TLconsumedthe

lowestpercentageofDiptera(30.83%)whiletherestconsumedDipteraof50% or

more.TherewasnoclearpatternonthepercentagecompositionofColeopteran

larvaeconsumedbyL.altianalisintheriverduringthedryseasonastheserangefrom

16.72% to22.72%.Theconsumptionofthedecapods,shrimps(Caridinanilotica)

indicatedanincreaseinpercentageinthegutsofL.altianaliswithincreaseinfishsize.

Thesmallestsizerangeof0–5cm TLhadthelowestpercentagecompositionof

16.03% whiletheseincreasedto68.03% inthesizerangeof35– 40cm TLand

slightlydecreased to 56.03% TL in the size range of40 -45 cm TL.Forthe
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Ephemeroptera larvae there was no clearpattern as percentages composition

fluctuatedwithincreaseinfishsize.From Figure11above,thefooditem which

exhibitedthehighestpercentagecompositionwereDipteraandDecapoda.

4.8.2PercentagecompositionofthefooditemsingutsofLabeobarbusaltianalis

duringthewetseason

ThepercentagecompositionsoffooditemsconsumedbyL.altianalisinRiverKuja

duringthewetseasonarepresentedinFigure12.Asinthedryseason,themajorfood

items during the wetseason constituted ofthe larvae ofDiptera,Coleoptera,

Ephemeropteraandthedecapodsfreshwatershrimp,Caridinanilotica.

Figure12:FoodpercentagecompositioningutsofL.altianalisduringthewetseason
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ThelarvaeofDipteraexhibitedrelativelyhigherpercentagecompositioncomparedto

those of other food items.Decapoda generally had the lowest percentage

compositionofallfooditemsduringthedryseasoncomparedtothoseconsumed

duringthewetseason.ThepercentageofColeopteraandEphemeropterawerelow

duringthedryseasonthanthewetseason.

4.8.3Ontogenicdietaryshift

Theanalysisofthepercentagecompositionoffishfooditemsforbothseason

showedthatdifferentsizesoffishconsumeddifferentpercentagecompositionofthe

differentfooditems.Thisistheonlyontogenicpatternthatcouldbededucedforthe

fishfooditemsduringbothseasons.Below,acomparisonismadebetweenthe

percentagecompositionoffooditemsconsumedbasedonthepercentagesderived

from thepointmethodandthoseobtainedusingdirectcountsofthefishfooditems

intheguts.Aslightdifferenceisintroducedduetothepointscoringofphytoplankton,

zooplankton,chironomids,insectsremains,molluscs,crustaceansandplantmatter

whoseenumerationwasnotpossibleduetotheinterminglingofthisfooditemswith

detritusofallsizes,siltandotherbenthicmaterial.Howeverthereisaclearpatternof

ontogenicshiftofthefooditemsconsumedbysmallerfishcomparedwithbigfish

duringbothseason.TheontogenicdietaryshiftispresentedinFigure13.
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Figure13:OntogenicshiftonthefeedingofL.altianalisinRiverKujaduringthestudyperiod.

Detritus,plantmatterandinsectremainswerethemostdominantfooditem forallthe

sizeranges(Figure13).Thecontributionoffishscales,molluscsandcrustaceans

wereverylowacrossallthesizeclassranges.SmallerL.altianalisconsumedlower

percentagecompositionsofchironomids,molluscsandcrustaceanscomparedtobig

fish.In size class 5 -9.9 cm TL specifically,the percentage contribution of

chironomids,molluscsandcrustaceanswere2.29%,1.88%,and2.92% respectively.

Molluscsandcrustaceansdidnotcontributedfullytothesizerange25-39.9cm TL

and40-44.9cm TL.

Smallerfishconsumed higherpercentagesofphytoplanktoncompared to big L.

altianalis.Sizeclass0-4.9cm,5-9.9cm,10-14.9cm and15-19.9cm the

percentagecontributionofphytoplanktonwere27.11%,22.50%,20.70% and14.81%

respectively.Thisshowsadecreasingtrendasthefishmovesfrom juveniletoadult
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fish,itreducestheconsumptionofphytoplankton.

Similarlythesmallerfishfedonhigherpercentageofzooplanktonthanthebiggerfish.

Sizeclass0-4.9cm TL,theyconsumed9.9%ofthezooplanktonwhilesizerangeof

35-39.9cm TL,totallyavoidedzooplanktonsintheirenvironment

4.2.7Compositionoffishfooditemsbasedonpointmethod

ThepercentagecompositionoffooditemsconsumedbyL.altianalisbasedonpoint

methodispresentedinTable9.Thecompositionwasalsocalculatedbasedonfish

sizeclassesofapproximately5cm TL.

Table9:CompositionoffooditemsconsumedbyL.altianalisbasedonpointmethod

Size class

length

TL(cm)

Plant

matter

Detritus Insect

remains

Molluscs Zooplanktons Phytoplankton

0-4.9 5.25 33.53 17.2 1.75 12.83 27.11

5-9.9 8.54 32.50 21.04 1.88 11.67 22.50

10-14.9 8.28 34.08 22.61 2.55 9.87 20.70

15-19.9 11.11 29.63 31.69 2.88 6.17 14.81

20-24.9 13.33 27.78 37.78 3.33 5.55 10.00

25-29.9 6.67 33.33 46.66 0.00 13.33 0.00

30-34.9 21.74 39.13 26.09 0.00 4.35 8.7
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35-39.9 18.75 31.25 31.25 6.25 0.00 12.5

40-44.9 25.00 18.75 31.25 6.25 12.5 6.25

Food itemswhich had thehighestpercentagecomposition weredetritus,insect

remains,plantmatterand phytoplankton,while those with the leastpercentage

compositionwerefishscales,chironomidsandcrustaceans.Thereisanapparent

ontogenicshiftinthedifferenttypeoffooditemsconsumedbythespecies.For

instance,thepercentagecompositionofdetritusingesteddecreasedwithanincrease

insizeofL.altianaliswhilethatofinsectsremainsincreasedwithfishsize.Similarly

thepercentagecompositionofphytoplanktondecreasedwithincreaseinfishsize

whileplantmatterincreasewithincreaseinfishsize.Smallsizesoffishconsumed

crustaceansandmolluscs;thesefooditemswereabsentinbigfish.

4.9Fishfoodselection

4.9.0Electivityindices

4.9.1Ivlev’selectivityindicesduringthedryandwetseason

TheIvlev’selectivityindicesoffooditemsconsumedbyL.altianalisduringthedryand

wetseasonsarepresentedinTable10and11,respectively.
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Table10:Ivlev’selectivityindicesoffooditemsofL.altianalisinthelowerRiverKujasectionduringthe

dryseason.

Key:DPT=Diptera,EPT=Ephemeroptera,CPT=Coleoptera,OGT=Oligochaeta,HPT

=Hemiptera,DPD=Decapoda,ODT=Odonata,PLT=Pulmonata,HDT=Hirudinada

Fish

size

range

TL(cm)

Class

midpoint(cm)

Sample

size

DPT EPT CPT OGT HPT DPD

0-5 2.5 14 +0.22 -1 -1 -1 -1 -0.22

5-10 7.5 35 +0.64 -1 -1 -1 -1 -0.22

10-15 12.5 28 +0.65 -1 -1 -1 -1 -1

15-20 17.5 9 +0.56 -1 -1 -1 -1 -1

20-25 22.5 2 +0.72 -1 -1 -1 -1 -1

25-30 27.5 4 +0.72 -1 -1 -1 -1 +0.43

30-35 32.5 4 +0.63 -1 -1 -1 -1 +0.58

35-40 37.5 6 -1 -1 +0.11 -1 -1 +0.60

40-45 42.5 3 +0.72 -1 -1 -1 -1 +0.52

Inthedryseason,thefooditemswithpositiveelectivityindicesincluded;Diptera
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(+0.72,+0.63,+0.65,+0.64,+ 0.22),Ephemeroptera (+0.6,+0.58,+0.52,+0.43),

Coleoptera (+0.11).During thedryseason somefood itemsexhibited strongest

avoidancebyfishandhadanIvlev̀sindexof-1,theseincludedOligochaeta(-1),

Hemiptera (-1).Some fish food items indicated size dependentselectivity.For

example,L.altianalisofsizerange0-35cm TLindicatedpositiveselectivityforthe

fooditem DipteraandDecapodarepresentedbythefreshwatershrimp,Caridina

niloticashowednegativeselectivityinthesizerange0-25cm TLandpositive

selectivityinthesizerange25–45cm TLforthedecapodes,Caridinanilotica.Forthe

Coleopterafooditem smallerfishsizesintherange0-35cm TLexhibitednegative

selectivitywhilelargerfishsizesinthesizerange35-40cm TLexhibitedpositive

selectivity.

TheIvlev’sindexofelectivityoffishfooditemsofL.altianalisintheupperRiverKuja

sectionduringthedryseasonispresentedinTable13.OnlyDipteraexhibitedpositive

electivityindiceswhileOligochaeta,Hemipteraexhibitedstrongnegativeelectivity

indices.Ephemeropteraexhibitedmixedelectivity(positiveandnegativeelectivity

indices).Forthesefooditemsfishinthesizeranges5–10cm TLand15–20cm TL

exhibitedpositiveselectivityforthefooditem whiletherestofthesizeranges

exhibitednegativeelectivity.
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Table11:Ivlev’selectivityindicesoffooditemsofL.altianalisintheupperRiverKujasectionduringthe

dryseason

Fish

size

range

TL(cm)

Class

midpoint(cm)

Sample

size

DPT EPT CPT OGT HPT

0-5 2.5 9 +0.52 -1 -1 -1 -1

5-10 7.5 61 +0.53 +0.63 -1 -1 -1

10-15 12.5 44 +0.61 -1 -1 -1 -1

15-20 17.5 41 +0.42 +0.37 -1 -1 -1

20-25 22.5 10 +0.51 -1 -1 -1 -1

25-30 27.5 2 +0.64 -1 -1 -1 -1

30-35 32.5 6 +0.49 -1 -1 -1 -1

4.9.2Ivlev’selectivityindicesoffooditemsofLabeobarbusaltianalisinthelower

RiverKujasectionduringthewetseason

TheelectivityindicesoffooditemsofL.altianalisinthelowerKujasectionduringthe

wetseasonarepresentedinTable12.
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Table12:Ivlev’selectivityindicesoffooditemsofL.altianalisinthelowerRiverKujasectionduringthe

wetseason

Fish

size

range

TL(cm)

Class

midpoint(cm)

Sample

size

DPT EPT CPT OGT HPT PLT ODT

0-5 2.5 3 -1 -1 -1 -1 -1 -1 -1

5-10 7.5 43 +0.23 -1 -1 -1 -1 -1 -1

10-15 12.5 39 +0.30 -1 -1 -1 -1 -1 -1

15-20 17.5 23 +0.52 -1 -1 -1 -1 -1 +0.89

20-25 22.5 10 +0.54 -1 -1 -1 -1 -1 -1

Labeobarbusaltianalisinthesizerange0-5cm TLexhibitednegativeelectivityfor

Dipterawhiletherestofthesizerangeexhibitedpositiveelectivityforthefooditem.

ForOdonata,L.altianalisexhibitedpositiveelectivityinthesizerange15-20cm TL,

whiletherestofthesizerangesexhibitednegativeelectivityforthefooditem.Allthe

otherfooditems(Coleoptera,Oligochaeta,HemipteraandPulmonata)hadnegative

electivityindices.
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4.9.3Ivlev’selectivityindicesoffooditemsofLabeobarbusaltianalisintheupper

RiverKujasectionduringthewetseason

TheIvlev’selectivityindicesofL.altianalisfordifferentfooditemsintheupperKuja

RiversectionduringthewetseasonarepresentedinTable13.Asintheotherperiods

L.altianalisexhibitedmixedelectivityindicesfordifferentfooditemsintheriver.

Table13:Ivlev’selectivityindicesoffooditemsofLabeobarbusaltianalisintheupperRiverKuja

sectionduringthewetseason

Fish

size

range

TL(cm)

Class

midpoint(cm)

Sample

size

EPT DPT CPT ODT PLT HDD

0-5 2.5 0 -1 -1 -1 -1 -1 -1

5-10 7.5 25 +0.71 +0.47 +0.57 -1 -1 -1

10-15 12.5 35 +0.71 +0.43 +0.57 +0.72 -1 -1

15-20 17.5 52 +0.68 +0.47 +0.57 +0.72 -1 -1

20-25 22.5 18 +0.4 +0.44 -1 -1 -1 -1

25-30 27.5 1 -0.04 -1 -1 -1 -1 -1

30-35 32.5 1 -1 -1 -1 -1 -1 -1

35-40 37.5 0 -1 -1 -1 -1 -1 -1

40-45 42.5 0 -1 -1 -1 -1 -1 -1
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Labeobarbusaltianalisinthesizerange0-5exhibitednegativeelectivityfordiptera,

whilethemiddlesizeranges(5–25cm TL)exhibitedpositiveelectivity;oldersize

rangesabove25cm TLexhibitednegativeelectivityforDiptera.Similarly,smallerL.

altianalisinthesizerange0-5showednegativeelectivityforEphemeropterawhile

themiddlesizerangesfrom 5-30cm TLshowedpositiveelectivityforEphemeroptera.

Biggersizerangeof30-45cm TLshowednegativeelectivityforfooditem.For

Coleoptera,smallerfishsizeranges(5-20cm TL)showedpositiveelectivitywhile

biggersize ranges (20 -45cm TL)showed negative electivity indices.These

observations are differentfrom whathas been observed above and therefore

indicatingsomeseasonaldependenceoffoodselectionbyL.altianalis.Fooditem

electivityforOdonataindicatedsizedependencewherebysmallerL.altianalis(0-

10cm TL)indicatednegativeelectivitywhile10-20cm TLindicatedpositiveelectivity

and those above 10cm TL indicated negative electivity.The otherfood items

(PulmonataandHirudinida)exhibitedstrongnegativeelectivityindices.Thusinthe

upperRiverKuja section during the wetseason,there were size and seasonal

dependenceoffoodelectivitybyL.altianalis.

4.9.4Thelinearfoodindex

a)LinearfoodindicesoffishfooditemsofLabeobarbusaltianalisinthelower

RiverKujaduringthedryseason

ThelinearfoodindicesofdifferentfooditemsinthelowerRiverKujaduringthedry

seasonarepresentedinTable14.
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Table14:LinearfoodindicesoffishfooditemsofLabeobarbusaltianalisinthelowerRiverKujaduring

thedryseason

Fish size

range

TL(cm)

Class

midpoint(cm)

Samplesize

(n)

Diptera Coleoptera Decapoda

0-5 2.5 14 0.09 0.07 -0.05

5-10 7.5 35 0.57 0.07 -0.05

10-15 12.5 28 0.34 0.07 0.15

15-20 17.5 9 0.40 0.07 0.16

20-25 22.5 2 0.84 0.07 O.15

25-30 27.5 4 0.84 0.07 0.25
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30-35 32.5 4 0.54 0.07 0.45

35-40 37.5 6 -0.16 0.13 0.47

40-45 42.5 3 0.84 0.07 0.35

Therewasnosizedependenceoftheelectivityoffooditem DipterabyL.altianalis,

sincealmostallthesizerangesexceptoneof35–40cm TLhadpositivelinearfood

indices.SimilarlyColeopterahadallpositivelinearfoodindicesinitfullsizerange(0–

45cm TL).Howeverofallthethreefooditemsindicatedsizedependenceoffood

electivitybyL.altianalis.Fishinthesizerange0-10indicatednegativelinearfood

indicesforDecapodawhilefishabovethissizeindicatedpositivelinearfoodindices.

b)LinearfoodindicesoffishfooditemsofLabeobarbusaltianalisintheupper

RiverKujaduringthedryseason

ThelinearfoodindicesoffishfooditemsofL.altianalisintheupperRiverKuja

sectionduringthedryseasonispresentedinTable15below.

Table15:LinearfoodindicesoffishfooditemsofLabeobarbusaltianalisintheupperRiverKujaduring

thedryseason

Fish size

range

TL(cm)

Class

midpoint(cm

)

Sample

size

(n)

Diptera Ephemeropter

a
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0-5 2.5 9 0.34 -0.16

5-10 7.5 61 0.52 0.24

10-15 12.5 44 0.50 -0.15

15-20 17.5 41 0.54 0.04

20-25 22.5 10 0.27 -0.16

25-30 27.5 2 0.39 -0.16

30-35 32.5 6 0.34 -0.15

Thefooditem Dipteradidnotexhibitanysizedependenceonfooditemssinceall

linearfoodindiceswerepositive.Howeverthefooditem Ephemeropteraindicated

mixedselectivityfordifferentsizesofL.altianalis.

c)LinearfoodindicesoffishfooditemsofL.altianalisinthelowerRiverKuja

duringthewetseason

TheLinearfoodindicesoffishfooditemsofL.altianalisinthelowerRiverKuja

sectionduringthewetseasonarepresented(Table16).Linearfoodindicesoftwo

fooditemsnamely,DipteraandDecapodaareindicated.

Table16:LinearfoodindicesoffishfooditemsofLabeobarbusaltianalisinthelowerRiverKujaduring
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thewetseason.

Fishsizerange

TL(cm)

Class

midpoint(cm)

Samplesize

(n)

Diptera Decapoda

0-5 2.5 3 -0.21 -0.32

5-10 7.5 43 0.13 -0.32

10-15 12.5 39 0.18 -0.32

15-20 17.5 23 0.17 0.68

20-25 22.5 10 0.49 -0.32

The linearfood indices ofDiptera were generallypositive,indicating little size

dependence.Thefooditem Decapodaindicatedsizedependenceofthelowerfood

indiceswithsizerange0-15cm TLshowingnegativelinearfoodindiceswhilefishof

sizerange15-20cm TLshowingpositiveindex.

d) LinearfoodindicesoffishfooditemsofL.altianalisintheupperRiverKuja

duringthewetseason.

TheLinearfoodindicesoffishfooditemsofL.altianalisintheupperRiverKuja

sectionduringthewetseasonarepresentedinTable17.Linearfoodindicesoffour
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fooditemsnamely;Diptera,Ephemeroptera,ColeopteraandDecapodaareindicated.

Table17:LinearfoodindicesoffishfooditemsofLabeobarbusaltianalisintheupperRiverKujaduring

thewetseason.

Fish

size

range

TL(cm)

Class

midpoint(cm

)

Sample

size

(n)

Diptera Ephemeropter

a

Coleopter

a

Decapod

a

0-5 2.5 0 -0.21 -0.9 -0.11 -0.32

5-10 7.5 25 0.28 0.46 0.29 -0.32

10-15 12.5 35 0.31 0.45 0.29 -0.02

15-20 17.5 52 0.36 0.39 0.28 -0.02

20-25 22.5 18 0.33 0.16 -0.11 -0.32

25-30 27.5 1 -0.20 0.11 -0.11 -0.32

30-35 32.5 1 -0.21 -0.09 -0.11 -0.32

Dipteraindicatedsizedependenceonitslinearfoodindices.Fishinthesizerange0-

5cm TLhadnegativelinearfoodindices,whilethoseintherange5-25cm TLhad

positivelinearfoodindices.Thoseabove25cm TLhadnegativelinearfoodindices.

Thefooditem Ephemeropteraexhibitedalmostasimilartrendtothatofthefooditem

Diptera.Thesizerange0-5cm TLhadnegativelinearfoodindiceswhilesizerange5



63

-30cm TLpositivelinearfoodindicesandsizesabovethishadnegativeindices.

Hencelikeintheotherobservationsthisisacaseofmixedsizeddependenceoffood

selectionbyL.altianalis.Fooditem Coleopterahadmoreorlesssimilartrendoflinear

foodindicesasthatobservedinEphemeroptera(Table19).Decapodaintheupper

RiverKujasectionseemstopresentacaseofseasonaldependenceoffooditem

selectivitybyL.altianalis.Contrarytotheotherseasonallthelinearfoodindicesof

DecapodaintheupperRiverKujasectionduringthewetseasonwerenegative.

4.9.7FORAGERATIO

TherewereonlythreefooditemsfedoninthelowerRiverKujaduringthedryseason,

namely:Diptera,DecapodaandColeoptera.Amongthethree,themostforagedon

wastheDiptera followed byDecapoda whiletherewaslimited foraging on the

Coleoptera(Table18).
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Table18:ForageratiooffooditemsfedonbyLabeobarbusaltianalisinthelowerRiverKujasection

duringthedryseason.

Fishsizerange

TL(cm)

Class

midpoint(cm

)

Sample

size

Diptera Decapod

a

Coleoptera

0-5 2.5 14 0.76 0 0

5-10 7.5 35 0.18 1.21 0

10-15 12.5 28 0.33 0 0

15-20 17.5 9 0.40 0 0

20-25 22.5 2 0 0 0

25-30 27.5 4 0 0.48 0

30-35 32.5 4 0.19 0.27 0

35-40 37.5 6 0 0.26 0.61

40-45 42.5 3 0 0.37 0

Mostoftheforageratioswerebelow +1,indicatingpoorforagingonthethreefood

item.However,Dipterahadhigherforagingratioscomparedtothetwootherfood

items.ForagingonColeopterawashighlylimitedasonlyonesizerange,35-40cm TL

wasfoundtohavefedonthefooditem.
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a)Forageratiooffooditemsduringthedryseason.

TheresultsontheforageratiointheupperRiverKujasectionduringthedryseason

are presented in Table 19.In the upperRiverKuja section,only Diptera and

EphemeropterawereforagedonbyL.altianalisduringthedryseason.Mostofthe

forageratiosforthetwofooditemswerebelow0.5.

Table19:TheforageratiooffooditemsfedonbyLabeobarbusaltianalisintheupperRiverKuja

sectionduringthedryseason.

Fishsizerange

TL(cm)

Class

midpoint(cm)

Samplesize

(n)

Diptera Ephemeroptera

0-5 2.5 9 0.37 0

5-10 7.5 61 0.2 0.38

10-15 12.5 44 1.22 0

15-20 17.5 41 0.19 0.67

20-25 22.5 10 0.46 0

25-30 27.5 2 0.32 0

30-35 32.5 6 0.37 0

L.altianalisofsizerange10-15cm TLhadthehighestforagingratiointheriverof

1.22andthiswasonthefooditem Diptera.ThisunderlinestheimportanceofDiptera
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asamajorfooditem ofL.altianalisintheriver.

b)ForageratiooffishfooditemsfedonbyL.altianalisinthelowerRiverKuja

duringthewetseason

InthelowerRiverKujasection,thefooditemsforagedonwereDipteraandDecapoda

duringwetseason(Table20).

Table20:ForageratiooffishfooditemsfedonbyLabeobarbusaltianalisinthelowerRiverKujaduring

thewetseason.

Fishsizerange

TL(cm)

Class

midpoint(cm)

Samplesize

(n)

Diptera Decapoda

0-5 2.5 3 0 0

5-10 7.5 43 0.69 0

10-15 12.5 39 0.59 0

15-20 17.5 23 0.60 0.6

20-25 22.5 10 0.22 0

ThefishlargelyfedonDipteraandtoaverylimitedextentonDecapoda.

c)Forageratioduringthewetseason
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ThenumberoffooditemsforagedonbyL.altianalisintheupperRiverKujasection

duringthewetseasonwerefournamely;Diptrea,Ephemeroptera,Coleopteraand

Decapoda(Table21).

Table21:ForageratiooffishfooditemsintheupperRiverKujaduringthewetseason

Fish

size

range

TL(cm)

Class

midpoint(cm

)

Sample

size

(n)

Diptera Ephemeropter

a

Coleopter

a

Decapod

a

0-5 2.5 0 0 0 0 0

5-10 7.5 25 0.46 0.24 0.42 0

10-15 12.5 35 0.41 0.24 0.42 0.05

15-20 17.5 52 0.39 0.30 0.42 0.05

20-25 22.5 18 0.39 0.58 0 0.05
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25-30 27.5 1 0 0.67 0 0

SizedependenceonforagingbyL.altianaliswasexhibitedintwofooditems:Diptera

andEphemeroptera.ForDiptera,theforageratiodecreasedwithanincreaseinsizeof

thefishwhileinEphemeropteratheratioincreasedwithincreasingsizeoffish.No

feedingpatternwasexhibitedbytheforageratioinDecapodaandColeoptera.The

foragingratiosweregenerallylowforallthefooditemsthatareclosetozero.

4.9.8CORRELATIONBETWEENABUNDANCEOFFISHFOODORGANISM AND

PHYSICOCHEMICALPARAMETERS

4.9.8.1Turbidity

In this study,there was correlation offood abundance and distribution with

physicochemicalcharacteristicintheRiverKuja.Therelationshipbetweenfishfood

abundanceandturbidityshowedaninverserelationshipwithanegativegradient

(Figure14).
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Figure14:Therelationshipbetweenabundanceoffishfoodorganism andturbidityintheRiverKuja

duringthewetseason

Asturbidityincreases,thenumberoffishfoodorganism intheriverdecreased(R2=

0.62).Duringthedryseason,therelationshipwasalsoinverse(R2=0.96)whichis

muchstrongerandmoresignificantthanthatofthewetseason.
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Figure15:Therelationshipbetweenabundanceoffishfoodorganism andturbidityintheRiverKuja

duringthedryseason

4.9.8.2Chlorophyllaconcentration

Therelationshipbetweentheconcentrationofchlorophyllaandtheabundanceoffish

foodorganism inthewatercolumnduringthewetseasonisdepictedinFigure16.

Figure16:Therelationshipbetweenchlorophyllaconcentrationandabundanceoffishfoodorganism

inRiverKujaduringthewetseason.
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Figure17:Therelationshipbetweenchlorophyllaconcentrationandabundanceoffishfoodorganism

inRiverKujaduringthedryseason.

Therelationshipwasapositivegradientof23.89andacorrelationcoefficientR2=

0.94whichwassignificant.Forthewetseason,therelationshipbetweenchlorophylla

concentrationandfishfoodorganism issimilarwithapositivegradientof8.5andR2=

0.81.

4.9.8.3Temperature

Therelationshipbetweentemperatureandtheabundanceoffishfoodorganism in

RiverKujaduringthedryseasonisdepictedinFigure18.
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Figure18:TherelationshipbetweentemperatureandabundanceoffishfoodorganismsinRiverKuja

duringthedryseason.

Asthetemperatureincreasedtheabundanceoffishfoodorganism intheriveralso

increased.Therelationshipduringdryseasonhadapositivegradientof33.84andR2=

0.65whichissignificant.Similarobservationsbetweenthetwocharacteristicwere

madeduringthewetseason;therelationshipgaveapositivegradientof25.66andR2

=0.35
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Figure19:TherelationshipbetweentemperatureandabundanceoffishfoodorganismsinRiverKuja

duringthewetseason.

4.9.8.4Conductivity

Therelationshipofconductivityandfishfoodorganism duringthedryseasonis

depictedinFigure20.
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Figure20:TherelationshipbetweenconductivityandabundanceoffishfoodorganismsinRiverKuja

duringthedryseason.

Therelationship haspositivegradientof1.47 and R2 = 0.87,indicating thatas

conductivityincreases,thenumberoffishfoodorganism alsoincreases.
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TherelationshipbetweenconductivityandfishfoodorganismsinRiverKujaduring

thewetseasonisdepictedinFigure21.

Figure21:TherelationshipbetweenconductivityandabundanceoffishfoodorganismsinRiverKuja

duringthewetseason.

Therelationshipofconductivitywithabundanceoffoodduringwetseasonalso

showedapositivegradient.
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CHAPTERFIVE

5.0DISCUSSION

5.1Introduction

Thischapterdealswiththediscussiononfooditem occurrence,composition,and

selectionbyL.altianalis,thedistributionofthefishandfooditemsanditsrelationship

to thevariation oftheselected physicochemicalparameters:turbidity,dissolved

oxygenconcentration,chlorophyllaconcentration,temperature,pHandconductivityin

theRiverKujawhichdrainstoLakeVictoria.

Theabundanceanddistributionoffishfoodorganism intheaquaticenvironment

depends on the nature ofthe physicaland chemicalcharacteristic and natural

productivity.The availabilityofnutrients in the aquatic environmentensures its

continuityinmaintainingnaturalproductivity.Thusthedistributionoffishandtheir

foodorganismsisdirectlyaffectedbythephysicochemicalcharacteristicintheir

aquatic habitat.Itis therefore importantto maintain waterquality within the

recommendedlevelsofWorldHealthOrganization(WHO,2006).

5.2Physicochemicalparameters

In thisstudy,the occurrence and abundance offish food itemsin the aquatic

environmentwasfoundtoberelatedtotheoccurrenceandabundanceoffishaswell

as the physicaland chemicalcharacteristics.Studies on the distribution of(L.

altianalis)inEthiopianlakeswerefoundtoberelatedtotheabundanceoffishfood

itemsandtheirseasonalandspatialdifferences(Dadeboetal.,2013;Sibbing&

Nagelkerke,2001).
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5.2.1Dissolvedoxygen

Results from this study indicated thatthe physicochemicalcharacteristic from

different sampling points varied spatially and temporarily. Dissolved oxygen

concentrationvaried downstream andwerefoundtobeaffectedbypollutantinputs

at Gogofallssamplingstation,whereasugarfactoryeffluentdischargedintothe

river,reducingoxygenlevelstobelow 1.0mgL-1.Itwasnotedthatmeandissolved

oxygenconcentrationswerelowerduringthedryseason(November2016-March

2017)thanduringthewetseason(April-August2017).Variationsdownstream in

dissolvedoxygenconcentrationreducedfrom station1-5wereduetoagricultural

effluents which normallycontain a lotoforganic allochthonous materialwhich

consumesalotofdissolvedoxygenconcentrationduringitsdecompositionprocess

thusaffectingtheconcentrationofoxygenintheriver.

Thephysicalandchemicalenvironmentofafishhabitatisknowntobedeterminedby

spatialandtemporaldifferenceswhichinturnaffectthedistributionoffishfooditems.

StudiesonthefeedinghabitofBarbusspeciesinaSriLankanreservoirbyBalcombe,

Bunn,DaviesandSmith(2004)indicatedthatthespeciesconsumedmoredetritus

andfewerinsectsduringhighwaterlevel.Thisstudyfurtherindicatedthathighwater

levelswereregardedasresourcerichcomparedtolow waterlevelsinfishtropic

studies,andthatavailabilityoffooditemsvariesthroughouttheyearwithseasonand

feedinghabitsoffish.Contrarytothelatterobservations,thisstudyestablishedthat

theabundanceoffooditemsdecreasedduringtherainyseasonwhenwaterlevelin
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RiverKujawashigh.Thesedifferencescanbeattributedtothefactthattheformer

studyinSriLankawasconductedinareservoirwhilethisstudywasconductedina

riverineenvironment.

Aquaticorganismsrequireoptimalconditionsofdissolvedoxygenconcentrationfor

theirsurvival.The organisms also constitute the food offish in the aquatic

environment.Theythereforedeterminedtheabundanceoffishatdifferentlocalitiesin

theaquaticecosystem.Inthisstudy,theabundanceofL.altianaliswasfoundtovary

amongthesamplingstations.InRiverKujaverylow concentrationsoffishfood

organismswerefoundto correlatewithlow abundanceofL.altianalis.Thelow

abundanceoffishfoodorganismswasassociatedwithpoorwaterqualityresulting

from dischargeofagriculturalandurbaneffluentsintotheriver.

Whendissolvedoxygenconcentrationinthewatercolumnisnotoptimal,thiscanbe

stressfultotheorganismsorleadtothemigrationtoareaswherethedissolved

oxygenconcentrationisoptimal.Bonzemo,(2013)showedthatdissolvedoxygenis

importantinthesurvivalofaquaticorganismswhichwasalsoestablishedduringthis

study.Lowlevelsofdissolvedoxygenaffectthedistributionoffishinthelocalitiesor

habitatswherethedissolvedoxygenconcentrationisnotoptimal.Thismayleadtoa

reductionintheconcentrationsoffishandfishfoodorganismsintheareawhichis

affected.In RiverKuja,during the dryseason January2017,dissolved oxygen

concentrationwasaslowas0.4mgL-1.Normally,theminimum oxygenconcentration

requiredforoptimum growthofwarm waterfishspeciesis5mgL-1(PillayandKutty,

2005).InRiverKuja,thenumberoffishfoodorganism fedonbyL.altianaliswerevery

muchreducedtobetweentwoandthreeinboththeupperandlowersectionsduring
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thedryseason(Nov2016-March2017).Duringthewetseason(April-Aug2017),

oxygenconcentrationinbothlowerand uppersectionsoftheriverwerehigher

(Appendix2)andthereforeoptimalforsurvivaloffishandotheraquaticorganisms.

5.1.2Turbidity

TheturbidityinRiverKujashowedawidevariancefrom low values(20.64NTUin

March2017)duringthedryseasontohighvalues(280.56NTUinJuneandAugust

2017)during thewetseasoninboththeupperand lowersectionsoftheriver

(Appendix6).Muchfewerorganisms,onlytwotothreewereselectedbyL.altianalis

asfood(Diptera,ColeopteraandEphemeroptera)duringthewetseason.Theturbidity

ofwatercanaffectfishfeedingwhenit’sveryhigh.Omondi,YasindiandMagana

(2011)intheirfindingsonspatialandtemporalvariationsofzooplanktoninrelationto

environmentalfactorsinLakeBaringoreportedthat,turbidityreducesvisibilityofthe

predatorsandfeedingrhythmswhichisinagreementswiththeresultsofthisstudyin

RiverKujaBasin.

Turbidityinwaterdependsonamountofsuspendedanddissolvedmatterandwhenit

ishigh,fishcannotdetecttheirfoodorganism.Thisisbecauseoncertaininstances,

fishdependsonsighttoidentifyandpicktheirprey.Thisthereforeaffectsfish

selectionofanorganism asfood.Normally,highturbiditiesaremainlyexperienced

duringrainyseasonsastheseperiodsarecharacterizedbyhighratesofsoilerosion,

(Palamuleni,Simic,Simonovic,Cvijan,Subakov&Gacic,2001),whichisinagreement

withthefindingsofthisresearch.Duringthewetseason,theturbidityofthewater

wasveryhighasaresultofsiltationloadingfrom thecatchment,theriverwasflooded
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asthelargevolumeofwaterfrom heavyrainfallandthehighrateofflowdislodged

fishfoodorganism from theirhabitatsandsmotheredthebreedingareasoffishwith

silt(Wetzel,2001).Turbiditycanalsoincreasewatertemperaturesincesediments

tendtoobservemoresolarheatthanpurewaterdoes(Wetzel,2001).Underthis

conditionselectionoffishfoodorganism inthewatercolumnbyfishisgreatly

affectedsinceit’sdifficultforfishtostalktheirprey.Duringthewetseason,thewater

levelalsoincreasedandthisaffectedfeedinghabitofthespeciesatvariousdepthof

theriver.Dadeboetal.(2013),showedthatthemajorfactorsthatinfluencefishdiet

are fish size,maturity,condition,season (waterlevel),bottom,depth,latitude,

longitudeandhabitattypeswhichisalsotruetothefindingsofthisresearch.

Thepresenceofsiltinthewateralsoaffectsthefiltrationoffishfoodorganism from

thewatersinceit(silt)clogsthegillspreventingthem from filteringthefishfood

organismsfrom thewatercolumn.Inthedryseasonwaterintheriverwasmuch

clearerandunderthisconditionthefishcouldeasilydetecttheirpreyandtherefore

wereabletoselectthemostpreferredfooditem,whileavoidingthosetheydon’tfeed

on.Kotrschal,Brandstätter,Gomahr,Junger,Palzenbergerand Zaunreiter(1991)

arguedthat,intheopenpelagiczoneswherethereisadequatelightandunderclear

conditions,largeandcontrastingpreyisvulnerabletoprolonged,vision-guided

pursuit.

5.1.3Chlorophyllaconcentration

Chlorophyllaisameasureofthequantityofalgaeinthewatercolumn.Thehigheritis,

thehigherthenumberofalgalcells,coloniesorfilamentsinthewater.Itindicatesthe
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levelofprimaryproductivityinawatercolumn,higherconcentrationmeanshigher

primaryproductivity.Inthisstudy,chlorophyllaconcentrationexhibitedatemporal

distribution,wherebyitsconcentrationwerehigherduringthedryseasoncomparedto

thewetseason(Appendix8).Theabundanceoffishfoodorganismsgreatlydepends

onitsnaturalproductivity.ObservationsonthegutcontentsofL.altianalisindicated

thatitdoesfeedonalgaeindicatingthatit’safilterfeeder.Howeverthemeasured

levelsofchlorophyllaconcentrationsinthewatercolumnduringthewetseasonwere

toolowmeaningthatthequantityofalgaewaslowerthanduringthedryseason.This

isbecauseoftheincreasedsiltationwhichnormallysuffocatesbenthicorganisms

andsedimentsalgaefrom thewatercolumnthusreducingitsdensity(EPA,2012).In

thiswaythedensityandtheavailabilityofalgaeasafishfooditem ismuchreduced

hencethetemporaltrendofchlorophyllaconcentrationobserved.Thealgaealso

form themajorfoundationofthetropiclevelsaboveit(secondaryandtertiarylevels).

L.altianaliswasfoundtobeomnivorousindicatingthatitfeedsatprimary,secondary

andtertiarylevelsofthefoodwebs.Thusanyreductionintheabundanceofalgaecan

reducetheabundanceoffishfoodorganismsathighertropiclevelsandthatofthe

fishthemselves.

5.1.4pH

ThepH inRiverKujaexhibitedvariations;commonlyalkalineduringdryseasonat

WathOngerandmostlynearneutralduringthewetseasonattheupstream station

(KegatiandOgembo)(Appendix9and10).Contrarytothis,theoptimum pHforfish

survivalshouldbeapproximatelyneutral.Thevariationscanberelatedtothechanges
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of physicochemical characteristics particularly turbidity, dissolved oxygen

concentrationandchlorophyllaconcentrationwhichwerewithintherecommended

levelsformostfish(6.5-8.5)(WHO2015).pHisalsoaffectedbyagricultural,urban

andindustrialeffluentsfrom thecatchmentoftheriverorlake.Thesecanbelinkedto

distributionofcertainfishfoodorganism forexampletheconcentrationofalgaeas

indicatedbychlorophyllaconcentrationwhichwaslowerduringthewetseasonthan

inthedryseason.Algaesupportthesurvivalofcertainfishfoodorganismssuchas

zooplanktonandfilterfeedinginvertebratesonwhichL.altianalisfeedonintheriver.

HencethetemporalchangesinpHactthroughthephysicalchemicalstructureofthe

aquaticenvironmentwhichhaddirecteffectonthedistributionoffishfoodorganism

inwater.InastudyconductedbyMulanda(2008),itwasfoundthatthelevelofpHcan

haveadirecteffectonthephysiologyoftheaquaticorganisms,whichisalsothecase

forthisstudy.AnyslightchangeofpHintheriverineenvironmenthaddirectnegative

effectsontheaquaticorganisms.pHisastableparameterwherebyitchangesvery

littlewithsmallperturbations.Thereforeit’snotpossibletorelatethesmallchanges

inpHwithanychangesinthedistributionandabundanceoffishfooditemsandfish

themselves.However,duringverylargeperturbationsforexampleinGogofallsin

January2017whenalargeurbanagriculturaleffluentwasdischargedintotheriverled

toreductionintheabundanceoffishandtheirprey.ThisisduetotheshiftofpHfrom

7.2to8.1,however,thelevelsofpHatthesitewerestillwithintherecommendedpH

range(Chapmanetal.,1996,WHO2000)forcleandrinkingwater(pH:6.5-9.5).
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5.1.5Totaldissolvedsolids

Thetotaldissolvedsolids(TDS)representstheconcentrationoforganicandinorganic

ionsfrom compoundsdissolved inwater.Itsconcentrationiscloselyrelated to

conductivityofasolutionwherebytheconversionfactorofTDStoconductivityisby

multiplyingtheformerby0.65(Ali,Mo,&Kim,2012).It’safunctionofdissolved

organicmatteraswellasotherdissolvedchemicalcompoundsinthewatercolumn.

Thepresenceofbothaffectsvisibilityandwhentheirconcentrationsarehighfish

can’tbeabletotaketheirprey

InthewetseasonTDSwashigh(Appendix11)especiallyatdownstream stations

(GogofallsandWathOnger),thenumberanddiversityoffishpreyinthewater

columnwasmuchreducedthusfishfedonfewpreyswhichwereavailable.Thiscould

affecttheselectionoffishpreyasfoodduetothefactthattherewerefewchoicesfor

thefishtoselectfrom.

5.1.6Temperature

ThedistributionoffishfoodorganismsinRiverKujaappearedtofavorareaswithhigh

temperature.ComparedtoLakeVictoria;thetemperaturesinRiverKujaarelowerthan

thoseofthesurfacewatersoftheLake.TheopenwaterofLakeVictoriaismuch

exposedtosunlightasopposedtothatofRiverKujawheresomeriparianzonesofthe

riverwere covered with eucalyptus plantations especially atKegatiwhere low

temperaturewasrecorded(16.04oC).Observationsindicatedthatthetemperatures

increasedfrom theupstream ofRiverKuja(Appendix3)towardstheLakeasthe

vegetationcoveralongtheriverdecreased.
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Temperatureisanimportantphysicalparameterthatdeterminesthedistributionof

organismsintheaquaticenvironment.Differentorganismshavedifferentoptimal

temperaturesfortheirsurvival.AstudybyCollierandSmith(2000)foundoutthat

riparianvegetationplaysacrucialroleininfluencingwatertemperaturewhichinturns

affectssurvivalofmacroinvertebratecommunities.

Anyfluctuationsinwatertemperaturewillconsequentlyaffectsbehaviorchoicesof

aquaticorganisms;movingtowarmerorcoolerwaterafterfeeding,predator-prey

responsesandmigrationroutes, specieslikesharksandstingrayswillmoveto

warmerwaterswhenpregnant(Bennett&DiSanto,2011).It’sknownthatunderlow

temperaturefishfeedingandmobilityisadverselyaffected.StudybyLucasandBatley

(1996)showedthataftermultiplewinterfloods,adultbarbel(Barbusbarbus)were

foundseveralkilometersdownstream from theirwinteringhabitats,wheretheyhad

beenlargelyphysicallyinactive.Thiswassimplybecauseofthelow temperatures

experiencedduringwinterwhichmakefishinactiveandcannotfeednormally.This

findingsareinagreementwithfindingsofthisstudywhereL.altianaliswerefoundto

beactiveduringthedryseasonandhadmostoftheirgutsfullcomparedtothewet

season(lowtemperatures).

Temperaturehasbeenfoundtoalsoaffectfeedingrateofinvertebratesandfish,with

the feeding rate varying significantlyatdifferenttemperatures (Kishi,Murakami,

Nakano&Maekawa,2005).Suchlow temperaturesas16.04oCthatatcertaintimes

weremeasuredatKegatiinRiverKujawerenotconduciveforfishfeeding.Itwasalso

clearthatfishfoodorganism favorsareaswithoptimaltemperaturesfortheirsurvival.

Itcanbeconcludedthathigherabundanceoffishandfishfoodorganism observedat
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thesamplingsiteswereattributedtohighermeantemperatureatKangadownstream

closertoLakeVictoria(24.90±1.13oC)andGogofalls(25.60±0.29oC)duringthe

drymonthofFebruary.Temperaturealsoaffectsthedistributionoffish,inthiscaseL.

altianaliswherebyitconcentratesitselfinareasinwhichthedensityofthisfooditems

ishighwhoseitsdistributionthereisdeterminebytemperature.Watertemperature

greatlyaffectsgeographicdistributionofaspecies(Dallas,2008)andanyvariationsin

watertemperature maylead to structuralchanges in the abundance,biomass,

diversityandcompositionofaquaticcommunitieslikefish.

5.1.7Conductivity

Conductivityisthemeasureoftheelectricalactivityofdissolvedpositiveandnegative

ionsinasolution.It’sameasureoftheextenttowhichasolutioncanconductelectric

current;itismeasuredinµScm-1.Anysuddenincreaseordecreaseinconductivityina

waterbodyindicatespollution,agriculturalrunofforasewageleakagewillincrease

conductivityduetoanadditionalofchloride,phosphatesandnitrateions(EPA,2012).

Theresultsgenerallyshowedthatastheconductivityincreasestheamountoffish

food organism also increased.Although thereseemsto beaweakrelationship

betweenthelevelofconductivityanddistributionoffishfoodorganism,thelater

occurredinhighernumberswhereconductivitywashigher.Thisisbecausehigh

conductivitypositivelyenhancesprimaryproductivitywhichformstheenergybaseof

allotheraquaticorganism.Conductivitythereforeaffectsboththedistributionand

abundanceoffishandtheirfoodorganism intheaquaticenvironment.Thisiswhy

amongotherreasonsL.altianaliswasobservedtoconcentrateinareasofhigh
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conductivitywheremostofitfooditem weredistributed.Sincetotaldissolvedsolids

isdirectlyrelatedtoconductivitythedistributionofL.altianalisanditsfoodorganisms

seem to follow same pattern as thatexhibited byconductivitywherebyhigher

numbersoffishfoodorganism wasfoundinplaceswithhighTDS,L.altianalis

followedthesamepattern.

5.2DistributionoffishfooditemsalongRiverKuja

Itwasobservedthatthetotalnumberoffishfooditemsinmostofthesamplingsites

differedsignificantlybetweenthedryandthewetseason(Table3and4).Thedepth

ofwateratdifferentsampling stations is notthe same and also the natural

productivity.Duringthewetseasonmostofthefoodsitemsarewasheddownstream

byfloods.Theflowrateishigherduringwetseasonandalsothegeochemistryofthe

samplingsitesvariesfrom placetoplace.Siltationsedimentsomeofthefishfood

organismssuchasalgaemakingitinaccessibletofish.Further,thewaterflowregime

downstream samplingsitesisdifferentfrom theupstream samplingsites.Habitat

characteristicsofthesamplingsitesvariedfrom onesitetoanotherspatiallyand

temporallyhencethesefactorscontributestodifferencesinthenumberoffishfood

items atsampling sites.Itis also known thatdietcomposition offish varies

dependingontemporalandspatialconditionsandenvironmentalfactors(Tesfahun&

Temesgen,2018).

KegatiandGogofallssharedalmostthesamecharacteristic(reedsgrowingaroundit

banksandverylittledisturbancefrom humanactivities)andthusbothhadhighest

numberoffooditems.
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Kegatihadthehighestfooditemssinceit’sthefirstflow ofwater,italsohasa

stationarypointwithalotofreeds,sowatersettledthereforsometime beforebeing

dischargeddownstream.Thereedsactasahabitatformostfooditemsandalso

breedingareasforfish.TheriparianzoneforKegatiishighlyvegetatedandbushy

thusreasonsforhighnumberoffooditems.Ogemboontheotherhandhadthe

lowestnumberoffooditemswhichcanbeattributedtopollutionanddumpingof

wastefrom Ogembotown.ThesitewaslocatedjustnexttotheOgembotrading

centreandalotofwaterabstraction,dumpingofwaste,animalgrazing,carwashing,

farmingalongthebanksnotleavinganyriparianvegetationalongthesite.Allthese

activitiesmighthavecontributedtothelow numberoffooditemsatthesite.The

pollutionbroughtaroundbywastecoulddriveawaymostaquaticorganisms.The

reasonwhyKangahadthelowestfooditemswasobservedtobethefirstflow of

waterandalsosimilarobservationwasmadeatGogofallswhichhadsimilarwater

flowconditions.

Thereweresignificantdifferencesinthedistributionoffishfooditemsaswellasthe

fishthemselvesatthedifferentsamplingstationsinRiverKuja.TheabundanceofL.

altianalisduringwetanddryseasonsignificantlydifferedamongthefivedifferent

sampling stations (χ2
0.05 df,20=369.31˃31.14 and χ2

0.05 df,20=139.17˃31.14)

respectivelyfollowingasimilartrendoffooditemshencethenullhypothesisthat

therewerenosignificantdifferencesintheabundanceofL.altianalisatthedifferent

samplingstationsisrejectedandthealternatehypothesisaccepted.

Thedifferencesinthenumbersoffishfooditemsduringthedryandwetseason

explaintheobserveddifferencesintheoccurrence,compositionandselectivitybyL.
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altianalisinRiverKuja.

FewstudiesexistonthefoodcompositionoccurrenceandselectionofL.altianalisin

LakeVictoriaanditsbasin.Inthisstudythemajorfooditemsofthespecieswere

Diptera,detritus,algae,plantmatterandzooplanktonwhiletheminoroneswere

Ephemeroptera, Coleopteran, fish scales and Decapoda. The percentage

compositionsoffishscalesingutsoffishwereverylow.Thiscouldbeduetothefact

thatL.altianalisdoesnotdirectlyfeedonfishscales,inferringthatthescaleswere

probablypickedaccidentallywhilethefishwerefeedingonthebenthicmaterial.

AstudyconductedbyChemoiwa(2018)alongRiverNyandowithinLakeVictoriabasin,

KenyarevealedthatL.altianalisfedontendifferentfooditems;herbaceousplant

materials,algae,invertebrate classes mainlyEphemeroptera,Coleoptera,Diptera,

insects,gastropods,anddetritus.Thesefindingsrevealedsignificantvariationsinthe

proportion ofdifferentfood items atthe differentsampling sites which is in

agreementwiththefindingsofthisstudy.

Otherstudiesonthefood compositionand occurrencehavebeenconducted in

EthiopianLakes.DespitethefactthatthefoodofLabeobarbusspeciesissimilarin

differenttypesoflakesandaquatichabitatsofEastAfrica,therearesomesignificant

variationsofthefoodcompositionandoccurrenceindifferenthabitatsexists.In

addition,thenumberoffooditemsfedonbythespeciesvariesfrom localitytolocality.

ForinstancestudiesinLakeHawassabyDestaetal.(2006)onmajordifferencein

mercuryconcentrationsoftheAfricanbigbarb,Barbusintermediusduetoshiftsin

trophicpositionshowedthatthefishfedonmolluscs,fishpreyandaquaticinsects.In
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LakeKoka,Dadeboetal.(2013)foundthatthefishfedonmacrophytes,detritusand

aquaticinsects,whileinLakeTanastudiesbySibbings(1998)andDeGraaf(2003)

indicatedthatthefishfedonbenthicpreyspecificallyinsectslarvaeand detritus.

WitteandWinter(1995)reportedthatfishspeciesfedonthreecategoriesoffood

itemsduringpredatorystage(Juvenileandadult)including;plants,zoobenthosand

bonyfish.Thegeneralpicturethatemergesfrom allthesestudiesisthatthespecies

isomnivorousthoughthedietcompositionvariesfrom habitattohabitat.

5.3Ivlev̀selectivityindices

DecapodaandOdonatawasthemostubiquitousorganism inRiverKujaandtheyhad

thehighestpercentagecompositionofalltheinvertebrates.WhentheirIvlev’sindices

ofelectivityarecomparedwiththoseofotherorganism,itcanbededucedthatthey

are generallyhigher.Interestinglyenough therefore theyseem to be the most

preferredfooditemsbyL.altianalisintheRiver.

SomefooditemssuchasHemipterawerepresentintheRiverKujainsignificant

percentagecompositionyetL.altianalismostlyavoidedfeedingonthem astheir

Ivlev’sindicesofelectivityweremostlyasmuchas-1.Studiesneedtobeconducted

toestablishthereasonwhythefishavoidedHemipteraandotherorganismsinthe

river.Somefooditemswerepositivelyselectedasafooditem inoneseasonor

habitatwhiletheywereavoidedintheotherseasonsorhabitats.Thiscouldbedueto

thefactthattherewerenofooditemssothattheycouldbeselectedinoneseason,

whileinsomeinstancestheywereavoided,thiscouldbeduetopresenceofmore

preferredfooditems.Dipterahadthewidestdistributionintheriverduringthedry

season(Table5)whileHaplotaxidaandHirudinidaweretheleastwidelydistributed
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orderandhadtheleastdistributionduringthewetseason(Table6).Dipteraisa

pollutiontoleranttaxawhileEphemeropteraisapollutionintoleranttaxa,thishelpsto

explainwhyDipterawaswidelydistributedduringdryseasonwhileEphemeroptera

wasabsentespeciallyinthedownstream station,WathOnger.Margolis,Raeslyand

Shumway(2001)claimedthatchangesinassemblagesofbenthicmacroinvertebrateare

broughtaboutbydifferencesintheabilityofresidentgeneratotoleratetheenvironment

arounditbutnotchangesinthequalityandavailabilityoffooditem.

From thefindings,thereweredifferencesinthemostlywidelydistributedorganism in

theriverduringwetanddryseason.Inthewetseason(Table6),Hemipterawerethe

mostdistributedwhileDipterawerethemostwidelydistributedinthedryseason.

SomefooditemssuchasPulmonatawerestronglyavoidedwiththeirIvlev’selectivity

indicesbeingmostlyashighas-1(Table13,thesedonotconstitutedthefoodofL.

altianalis.Thenegativevaluesofelectivityshowedthattheyweremostlyavoided

becauseofthehardshellpossessedbymostofitsmemberswhichishardtohandle

anddigestbyfish.ThisimpliesthatL.altianialiscanbeabletodetectitspreyinwater

andit’sthereforeavisualfeeder.

TherewasanobservedsizedependenceoffooditemsbyfishwherebytheIvlev’s

indicesofelectivityforexampleofDipteraincreasedwiththeincreasedsizeofL.

altianalis(Table10).Thismeansthatolderfishhadmuchmorestrongelectivity

relativetosmallerfish.ThereasoncouldbethatsmallerL.altianalisarenotefficient

inhandlingtheDipterainvertebrateasfoodcomparedtothebiggerL.altianalis,thisis

becausethesmallerfishhaveasmallermouthgapeandthereforenotcapableof

ingestingthelargersizefooditemswhichmuchbiggerandolderfishwereableto.It
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couldbefurtherduetothefactthatsmallerfishesdofeedonothersimplerfood

itemssuchasalgaewhichareeasiertohandle.Studiesby(Dadeboetal.,2013)

showed thatthere is size dependence on the type and quantityoffood items

consumedbyfish.Forexample,fingerlingsofLabeobarbusinLakeKoka,Ethiopia

werefoundtofeedmainlyondetritusandinsectswhileadultswerefoundtofeedon

macrophytes,detritusandinsects.Howeverinsomecasesforotherfoodorganism

therewasnoobservedsizedependenceofelectivityoffooditems(Table14and15).

ThismeansthatbothsmallerandbiggerL.altianaliswereabletofeedonthesefood

categorieswithnodiscrimination.

Inamixedelectivitytherecouldhavebeenawidevarietyoffooditem whichmadethe

L.altianalistorandomlypickanyofthem asfood.Inthiscaseonecanexpectamixed

electivityofbothacceptanceandavoidanceoffooditem toexist.

ThepresenceoffishscalesinthegutsofL.altianalisisnotaclearindicationthatit

feedsonitssmallerfish,thepercentagecontributionwastoolow ascomparedto

otherfooditemswhichformedthebulkofthediet.IntheEthiopianlakes,some

studiesshowedthatfishweresomeofthemajorfooditemsofthespecies.For

exampleinLakeTana,Ethiopia,Negelkerke(1997)foundoutthatfiveoutofeightbig

barbswerefoundtobespecializedonfishasthemajorfooditems.Inthisstudy,fish

didnotconstituteamajorfooditemsinthegutsofL.altianalis,theonlyitem which

seemstoindicatethatthefishhadfedonfishwasthepresenceoffishscalesinthe

gutsthatwereanalyzed.It’snotclearthatthesescalescamefrom fishthatwerefed

onbythespecies.Alternatively,thesescalescouldhavebeenpickedfrom bottom

sedimentsordetritus.Itcouldhavealsooriginatedfrom deadfishthatcouldhave
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sanktothebottom oftheriverduetoanumberofreasons,forexample,deaddueto

diseases,naturalmortalityorscreededscalesbyotherfishsuchasClariasgariepinus,

SynodontisspeciesandNileperchthatpredominantlyfeedonfish.Feedingonfish

(piscivory)byfishofsimilargenerahasalsobeenobservedinEurope(Destaetal.,

2006).AlsoinAfricapiscivoryhasbeenobservedamongsimilargeneraofcyprinidae

(Dadeboetal.,2013).

CHAPTERSIX

6.0CONCLUSION

LabeobarbusaltianalisinRiverKujafeedsonawidervarietyoffooditem withage

beinganimportantfactoronselectivity.Thefooditemsthatwereidentifiedinthediet

ofL.altianalisincluded:algae,detritus,insects,zooplankton,phytoplankton,fish

scales,benthicmacroinvertebrates,andmacrophytes.Insectsanddetrituswerethe

mostimportantfooditem identifiedinthegutsduringthestudywhilealgae,fish

scalesandplantremainswerenotmajorlyfedonandthushadlowercontributionas

fooditems.

Duringthedryseason,numbersoffooditemswerehigherinthevariousstations

comparetothewetseasonwhichhadlowernumberoffooditems.Detritusand

insectsweremostlyconsumedbyyoungerfishandastheygrow older,theyvaried

theirdiettoinsects,detritus,phytoplankton,fishremainsandbivalves.

Riparianvegetationhighlyplayedanimportantroleinthelifeofafishbyactingas

sourcesoffood,nurserygroundsandahideoutfrom predators.Physicochemical
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parametersplayanimportantroleindeterminingtheavailabilityofafooditem inany

waterbody.

Labeobarbusaltianaliswasthereforefoundtobeanomnivorousfishfeedingmostly

oninsectsandmacrophytes.

6.1RECOMMENDATION

DuetovariedagriculturalactivitiestakingplacealongRiverKuja,farmersshouldbe

trainedmoreonpreservationofripariansiteswhichcouldleadtolossoffishbreeding

andnurserysitesandproperwastedisposalfrom factories.Stakeholdersshould

cometogetherandform lawsandregulationswhichguidesonfishinginrivers,this

willgreatlyimprovefishpopulationintheriverandsubsequentlyintheLakeVictoria.

Communityempowermentshouldbedonebyenhancingpovertyalleviationprograms

suchasmicro-financingonaquaculture,formationofcommunitybasedecosystem

management,provisionofinfrastructureandcleanwaterwhichwilleaseandreduce

fishing pressure and water abstraction in rivers and improve livelihoods of

communitieswhodependsmostlyonfishing.

LabeobarbusaltianalisisnotcategorizedasanendangeredspeciesbyIUCN but

insteadunderspeciesofleastconcernthisisduetolackofadequateinformation,

moreresearchondistributionandecologyofthespeciesshouldbeconductedto

generatemoreinformationwhichwillguideonconservation.
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Sincethespecieslivesindiversehabitats,awarenessonitssocialandeconomic

importanceshouldbemadebyresponsibleauthoritiessoastoavoidextinctionby

regulating erosion,deforestation and human settlementalong rivers which they

inhabit.

Infuturestudies,moretimeshouldbeallocatedsoastodealwithseveralaspectsof

feedingandcheckwhetherthefooditemsingestedisreallyincorporatedtothefish

somaticgrowth.

Therewouldbeneedtoconduct24hourssamplingonthefoodconsumptionofL.

altianalistoestimatestomachorgutevacuationrateswhichareusefulinestimating

thefoodconsumptionperunitbiomassoffish.Thisisimportantinestimatingenergy

efficiencytransferbetweenthedifferenttropiclevelsinwhichthespeciesisinvolved

andultimatelyinestimationoftheimpactofthefishonitspreypopulation.
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APPENDICES

Appendix1:Spatialvariationsofdissolvedoxygenconcentrationandtotaldissolved

solidsinRiverKujaduringtheperiodNovember2016-August2017

Theblackverticalerrorbarsrepresentstandarddeviations.
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Appendix 2:Temporalvariations ofdissolved oxygen concentration and total

dissolvedsolidsinRiverKujaduringtheperiodNovember2016-August2017

Month RANGE X SD SE CI(95%)



108

November 3.46-6.22 4.97 1.12 0.50 1.39

December 2.00-5.3 3.64 1.39 0.62 1.39

January 2.00-5.30 3.64 1.39 0.62 1.73

February 4.5-6.00 5.42 0.60 0.27 0.74

March 4.46-6.75 5.80 0.86 0.38 1.06

April 3.46-6.22 4.77 0.91 0.41 1.13

May 3.46-6.22 4.97 1.12 0.50 1.39

June 5.23-7.36 6.47 0.84 0.38 1.05

July 3.46-6.22 4.97 1.12 0.5 1.39

August 5.23-7.36 6.67 0.89 0.4 1.11

Appendix 3:Spatialvariations oftemperature in RiverKuja during the period

November2016-August2017
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Appendix 4:TemporalvariationsoftemperatureinRiverKujaduringtheperiod

November2016-August2017

Month RANGE X SD SE CI(95%)

November 16.5-26.66 20.7 4.08 1.82 5.06

December 19.4-26.5 24.60 2.83 1.26 3.51

January 20.0-23.0 22.26 1.13 0.52 1.41

February 19.4-25.9 24.16 2.69 1.20 3.34

March 16.90-25.66 20.94 3.49 1.54 4.29

April 16.06-26.66 21.51 4.25 1.9 5.28

May 19.7-21.25 20.37 0.65 0.29 0.81

June 21.1-24.00 22.5 1.08 0.49 1.35

July 16.05-26.66 20.61 4.2 1.88 5.21

August 16.64-22.62 10.88 2.53 1.13 3.14

Appendix5:SpatialvariationsofturbidityinRiverKujaduringtheperiodNovember
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2016-August2017

Appendix6:TemporalvariationsofturbidityinRiverKujaduringtheperiodNovember
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2016-August2017

Month RANGE X SD SE CI(95%)

November 29-136.75 53.55 46.55 20.82 57.8

December 46.2-150.4 73.76 44.69 19.99 55.49

January 22.5-129.6 51.41 44.36 19.84 55.08

February 22.8-123.00 50.26 41.52 18.57 51.55

March 20.64-130.75 50.07 45.56 20.37 56.57

April 27.30-136.75 53.58 46.70 20.9 58.02

May 29.7-136.75 53.55 46.55 20.81 57.79

June 48.2-280.56 138.38 89.86 40.18 111.58

July 29.64-136.75 53.55 46.55 20.81 57.79

August 48.2-280.56 138.37 89.87 40.19 111.59

Appendix7:SpatialchlorophyllaconcentrationsinRiverKujaduringtheperiod

November2016-August2017
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Appendix 8:TemporalchlorophyllaconcentrationsinRiverKujaduringtheperiod

November2016-August2017
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Month RANGE X SD SE CI(95%)

November 6.9-16.8 10.5 3.45 1.54 4.28

December 3.6-18.00 9.60 6.28 2.81 7.8

January 4.0-20.0 5.86 1.32 0.59 1.64

February 2.00-6.00 4.04 1.82 0.82 2.26

March 5.18-12.6 8.15 3.05 1.36 3.79

April 2.18-7.25 4.42 2.06 0.92 2.56

May 0.4-6.00 1.63 2.44 1.09 3.04

June 4.0-10.78 7.52 2.82 1.26 3.5

July 5.18-5.18 5.35 1.03 1.5 1.27

August 4.6-13.79 8.72 3.49 1.5 4.33
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Appendix 9:SpatialvariationsofPHinRiverKujaduringtheperiodNovember2016-

August2017
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Appendix10:TemporalvariationsofPHinRiverKujaduringtheperiodNovember

2016-August2017

Months Range X SD SE CI(95%)

Nov-16 7.33-7.65 7.5 0.13 0.06 0.16

Dec-16 5.8-7.20 6.3 0.65 0.29 0.81

Jan-17 8.00-9.00 8.36 0.42 0.19 0.53

Feb-17 8.00-10.00 8.8 0.83 0.37 1.03

Mar-17 7.15-7.65 7.41 0.18 0.08 0.23

Apr-17 7.33-7.65 7.5 0.13 0.05 0.16

May-17 7-7.62 7.27 0.26 0.12 0.33

Jun-17 5.23-7.36 6.52 0.83 0.37 1.03

Jul-17 7.33--7.65 7.5 0.13 0.06 0.16

Aug-17 6.52-8.65 7.73 0.76 0.34 0.95
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Appendix11:TemporalvariationsofTDSinRiverKujaduringtheperiodNovember

2016-August2017

Month RANGE X SD SE CI(95%)

50-98 71.2 23.63 10.57 29.34

November December 43-95 62.4 26.6 11.75 32.61

January 43-100 65.8 29.03 12.98 36.04

February 33-95 56 26.85 12 33.34

March 49-97 70 23.77 10.63 29.52

April 44-98 69 28.83 10.66 29.59

May 50-96 56 22.3 9.97 27.69

June 38.00-70.25 52.08 13.4 5.9 16.63

July 50.0-98.0 71.2 23.63 10.57 29.34

August 38.0-70.25 52.08 13.4 5.99 16.63


