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ABSTRACT

Benthic macroinvertebrates play a unique role in aquatic ecosydignacting as processors of
nutriens and organic energy from allochthonous and autochthonous sources. Mt. Elgatchimeent

areafor the drainage systems ofake Victoria, is experiencinganthropogenicinfluences of
deforestation and expansion of agttural lands. These actions impdwet integrity of streams through
degradation ohabitat andvater quality This study investigated the shifts in structural and functional
composition of macroinvertebrate communities influenced by changes in landthiseMt. Elgon
catchment. A total of 21 sampling sites in 12 streaetswithin forested areas and eleven withi
agricultural aregswere sampled for physiechemical water parameters, substrate distribution and
macroinvertebrate community compositiongrgficant (@ < 0.05) spatial variation was observed in

total suspended soliq3 SS) total dissolved solidéTDS) and electrical conductivityEC) between
forested and agricultural areas with higher values recorded in agricultural streams. Simuliidae and
Baetidae taxa were the most abundant and widely distributed within the investafatedent. Higher
taxarichness, biomass and abundance occurred in forested streams than in agricultural streams. Non
Metric Multidimensional Scaling and Hierarchical Clrsfnalysis of macroinvertebrate communities
showed a clear separation between {asd types and altitudinal zon&¥ater temperaturd&C, TSS,

TDS and sediment size distributiowere significantly associated withthe structure of
macroinvertebrate commities. Land use change from forest to agriculture was seen to be a major
driver of dvanges in physicohemical water parameters and habitat quality, which significantly
influenced the diversity and distribution of macroinvertebrate taxa. This work hitghtigh need to
conserve forested areamd riparian zone$o preservesustainably the ecologicalintegrity and

functioning ofstreamawithin Mt Elgon catchmerdind the linked aquatic biodiversity.

Keywords:Land use, macroinvertebrates, functional comipms;j bioindication, afretropical

streams, Nzoia river basin
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CHAPTER ONE
1.0INTRODUCTION
1.1 Background information

A recurring theme in the study of freshwater systems has been a focusimpaleesof land use
changeandoverexploitationof freshwater resourceshich hasattraced scientific and management
interestgylobally (Duboiset al, 2017). Anthropogenic adificationsin aquatic systensave resulted

in the unanticipatedand unprecedented changes in the physical, cbamand biotic shifts in
interactions in th system (Cooper, 20138treams in watershetisive beersubjecedto changes in
biogeochemistry, habitat simplification, increased pollution, canopy opening, and hydrological
alterations (Allan, 2004). These ciges in habitat conditions haredified streamspeciesliversity

and abundancea many regions of the world (Minay al.,2013).

Biodiversity in tropical streams has often been considered as diverse due to the availability of multiple
habitats and climée conditions (Cairns and Pratt, 1993). Tdawacity of organisms to adapt to the
conditions in these streams coupled with their tolerance to a wide range of environmental conditions
has served a big role in maintaining the diversity of aquatic communkggiatic biodiversity serve

a big role inthe functioning of streams due to their roles in organic matter processing, facilitating
food web interactions and pollution control. Among the diverse biodiversity in streams are the benthic
invertebrates whiclmave been used in developing biotic and othdices used for biomonitoring
ecological condition of streams and rivers (Masssa.,2009 Dickens & Graham, 2002

Benthic macroinvertebrates are lafggtom dwelling invertebrates lackingbeckbonefound in
aquatic ecosystem@arr, 1999) They exist in different habitats ranginffom fast flowing
mountainous streants slow-flowing muddy watergDallas, 200}. These organisms utilize rocks

and stones, logsegetationand soft sediments iraquatic systems as their habitats (Barbetual.,

1999) Benthic invertebrates represent a dynamic component of streams due to the evolution of
species depending on their requirements and tr@ilss (et al., 2009. Thus,they serve as good
candidates in studies of dynamic aspects of streams attributedh toumofin and natural occurrences
These organisms are valuable indicators of ecosystem health due to theirdreh#@dentanyature

which rendergshem unable to migrate away from emmvimental stresB@rbouret al.,1999. The

many species with diffent adaptations enable them to react differently to environmental stressors of
pollution, sediment loading and habitat changes. Their use as biological indicators is also

complimented bytheir ability to detect the dynamic changes in water quality and ghvirsg a
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cumulative effect of environmental stress, unlike the use of phgbiemicalparametersyhich only

reflect immediate effects of environmental disturbamabi¢hii et al.,2007).

Benthic macroinvertebratedso play an important ecological rafeaquatieterrestrial systems by
acting as subsidies of aquaterrestrialfood chains (lRharsonet al, 20H4) therefore forming an
important link between basal resources and higinganisms in thee systemsThey alsoact as

processors of organic tegial of bothallochthonousind autochthonous origin aguatic ecosystems.

Macroinvertebrates occur in distinct units with physical uniformity referred to as habitats. These
habitats form unique patches that offeriform environmental conditions providj a living space

for specific assemblage of organisms (Gibbins, 20H8hitatsstrongly influence stream ecosystem
biotic assemblages as they comprise environmental factors of hydnatwgicochemical and
substrate characteristics that govecologial interactionsn these system®allas, 2007). ldbitats

are often associalewith specific flow velocities and depth profiles which in turn influence the

benthic macroinvertebrates found in these habitats.

Benthic macroinvertebratdsave evolved life hisry strategies primarily in direct response to the
natural flow regimes anadvailable habitat§Dallas, 2007)Their greatness in diversity and capacity
to colonize differenhabitatsgives them an important role being used as biological indicators in
assessinghe ecological condition of aquatic ecosystems (Raisd., 2015). These organisms gre
however strongly influenced byhe availability of habitatan the aquatic ecosystems which governs
their utility as indicators of water quality and ecotmgihealth.

Habitats in these stream systems are however threatened bwydancdhanges in surrounding
catchments. These changes in land use are often associated with disturbances that lead to soil erosion,
sedimentation, nutrient enrichment, and inputasic substances to aquatic habitats and biological
communities (Imre, 2000)Land use changes in the riparian land to riverine ecosystems through
activities such as deforestation can directly influence stream benthic macroinvertebrates through

changes imesource availability, habitat quality, hydrological alterations (Tanaka &&ntos, 2017).

Mt Elgon is one of the five major water towers in Kenya, and a key water catchmentfydtakes

Victoria, Kyoga and Turkana. Among tieanyrivers draining MtElgon is the Nzoia River which

flows south and serves 123 slalgations in Kenya and approximately 3.5 million people, as per the
Kenyan 2019 population census. The mountainous landscape and its environs are experiencing a

multitude of uman induced modifations, including deforestation for agriculture and degradation



of rivers due to increased sedimentation resulting from poor agricultural practices and clearance of

riparian forests for cultivatioMugaggaet al, 2013.

1.2 Problemstatement and Jusification

Population growth in Kenya annually increases by 3% which conjointly occurs with an increase in
agricultural land by 55% (United Nations Educational, Scientific and Cultural Organization, 2011).
This increase in the populatiorezts pressure dhe natural resources in the region. Rapid population
growth in the catchment area of the Nzoia River, has increased anthropogenic modifications such as
deforestation, expansion of agricultural fields, and intensification in the useaflagal fertilizers

and pesticides. Human disturbances in catchment areas of streams and rivers increases their
susceptibility to negative impacts in several ways. Among these impacts are the habitat modifications
and loss, negatively impacting theira@lability and suiability for aquatic communities. This is likely

to impact on the integrity of stream communities through changes in habitat quality, hydraulic and
hydrological dynamics. It has been noted that external disturbances at broad scaleSeaftem
ecosystm at the local scale of individual habitats. Interaction among the natural features of depth,
substrate type and flow velocity with anthropogenic factors such as pollution and deforestation often

result in a set of characteristics thtips habitats otheir uniqgueness (Imre, 2000).

Activities such as deforestation and agriculture for example have led to erosion and increased flow
velocities in streams (Pigget al, 2015). This causes increased hydraulic roughness and the rate of
sedirment deposition, with in turn alters the community composition through the elimination of some
species from the community. Goet al (2001) illustratd how a change in the channel flow
characteristics can predict the change in the density and distniboftitotic speciesand more
specifically the availability of usable habitats for these species. Dudgeon (2010)asede &
McClain (2012) further describe how anthropogenic changes in the riparian corridor alter the
functional composition of benthic matnvertebrates bynodifying the supply of food resources and
producing changes in habitat structure and qualigsessing thesanthropogenic disturbances on
streams relies mostly on monitoring metrics of aquatic communities and water ptiysmstry
(Barbouret al.,199).

There are limited studieoon diversity, distribution and habitat requirements of benthic
macroinvertebrateis upland streams of the Nzoia River basin, especially those draining Mt Elgon.

These streams are characterized by endemic taxa (CumberliQigek&2010), but have been poorly
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studied and with the current increase in population and land use chandeshithts and diversity

of benthic invertebrates in these streams may change.

This study is important in identifying and documenting the ditseisi benthic macroinvertebrates

of streams draining Mt Elgon. The study is also importantditermining the structural and
functional responses of these macroinvertebrate communities to changes in land use along altitudinal
and longitudinal gradient3he study presestlatathatcontributes to the egoingdevelopment of a
macroinvertebrat®ased biotic index for Kenya. The data alsaforms management decisions of
water catchment areas in Kenya, including the Nzoia River basin. Previous studiss Afriean
catchments with intense land cover conversion have documented alterations tdfloatuesglimes,
degradation of habitats, loss of biota and changes in ecosystem fuMaese and McClaiz012

Maseseet al, 2009; Mathookp2001).

1.3 Objectives
1.3.1 General Objective

To investigate the influence of land use patterns orsthestural and functional composition of
macroinvertebrate communities through its influence on habitat and ploysogcal water

parameters in Mt Elgon catchmengen§/a.
1.3.2 Specific Objectives

1. To determine the influence of forested agdicultural land use types on physidoemical water
quality parameters and substrate composition in Mt Elgon streams of the Nzoia River basin, Kenya.

2. To document the divetgi composition and distribution of macroinvertebrates in the selected

streams

3. To determinghe impact of land use changa the structural and functional composition of

macroinvertebrates ithe selected streams.

4. To determine habitat (depth, substrand velocity) suitability of selecteshcroinvertebrateaxa

(Perlidae, Qboneuriidae, Potamonautidae) in theoia River basin.



CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Streams as integrator®f catchment influences

Streams are important ecosystemppsuting a rich biodiversity. Whereas tropical montane cloud
forests are rankkamong the most important ecosystems for sustaining life in tropical regions (Bubb
et al.,2004) a high number of its biodiversity is still undocumented (Tomarmd\a.,2006) These
streamsareoften dynamic in naturandare influenced by factors both in theachandcatchment

scale. Catchmerdcale influences are responsible for the characterization of substrate composition,
channel morphology and water quality in streafitee ceoccurrence of catchmestale activities

such as urbanization, forestry and agricultwigh reachscale activities such as riparian area
managemerninfluence habitat conditiona streams (Richards and Host, 1994).

In the recent past, human actieg in the catchmerarea of streams have intsified. In the East

Africa region, only28% of its original forest cover remaif§lartin, 1991) Most Afro-montane
forests and agrecological zonebavelost theirextensive areas of native vegetation totexorests,
farming, settlement and grazing (Mati al., 200§ Kasangakiet al, 2007. In the region, forest
conversion rates of 0:4.5% per year (FAQR005) presents a worrying case with East Afatine
predicted to lose u 95% of its forest arday 2040 according to Barn®d990) predictive model.

The accelerating rates of forest conversion and degradation have implications on surrounding
catchments; stream ecosystems included. This is dueettatt thathie extent of most freshwater
systemss not confined to the wetted perimeter, but includes the catchment from which water and

material are drawn (Hynes, 1975

Developing landscapes to meet human needs has altered surface water hydrotagyplgdogy
and physicechemistry, impacting the eamy of streams (Allan, 2004; Dudgea al., 2006;
Vorosmartyet al.,2010) Clearing of forests within stream catchments has letidngesn; resource
base, flow and channel characteristics, sedimegitire and producing homogeneity in habitditse
as®ciatedincrease irsurface runoff and river sediment lodussled to habitat alterations such as
smothering of littoral habitats, clogging of river bottoamslfloodplain aggradation (Dudge@nal.,
2006). Chapman & Chapmd20@3) in their work have shavn adramatic increase isedimentation

in rivers following deforestatianThis is due to the fact that forests provideiraportant linkage
between terrestrial ecosystems and aquatic ecosysteaibg as buffers to materials exchanged

between the twoystems. Their roots which act as a mat holding soil particles together minimize soil
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deposition within aquatic ecosystems, while their canopy cover reduces flooding while increasing
seepage and thefore minimizing the effects of high rainfall events. Theaves supply organic
matter which serve as an important food resource base for biodiversity living in s(Mbaka et

al., 2015)

2.2 Stream habitats

A variety of habitats exist in stream ecosystems. Habdfen result from a balance between
hydradynamic parameters and geomagdieatures ostreams. These hydrodynamic and geomorphic
factors influence the habitat typein streams and riversnhabited by diverse benthic

macroinvertebrate communiti€@allas, 2007).

Streams vary substantially as yhprogress from headwaters towards mouth, with the variations
occurring in the width, depth, gradient, discharge and water tempeRivee flowpaths respond to
awide range of factors such as flooding, bed topography and sediment comp&&itionteet al.,
1980)which are often subsets of what is happening in their catchment sySieatisl and temporal
heterogeneity of surface andbssurface flows in rifflepool sequences often lead to mosaic of
depositional and erosional areas characterized lgrihff grain size distribution (Boulton & Stanley,
1995). Patterns and sediment deposition directly influence the structure and campoésiti
invertebrate communities (Dallas, 2007)c@4ain et al (2014) points to the variability of flows in
river a systm as a major variable controlling riverine structure and function and regulates river
biogeochemistry. Vegetatidmabitatsare other important habitats in streams and rivers which are
shaped by flow conditions (Kart999). Vegetation along the marginsteams provides attachment
points for filterfeeding macroinvertebrates, refuge from current and fish predation, congtlgat
structure and food for a variety of herbivores and detritivores and exit points for emerging insects

with aerial adult stages.

Streambed sediment siz® a major factor governing macroinvertebrate richness and abundance
(Bryce et al., 2010). Fine sediments fill interstices among coarse gravel and cobble surfaces to
interfere with the anchoring, feeding, and respiration of bemtmacroinvertebrates and larval
amphibians (Wood and Armitag&997. Stream substrates are other habitats in streams often
influenced by currents in riverine ecosystems. High currents initiate high drift densities of most
species habiting below these suates (Tanaka ardosSantos, 2017)0n the other handoWw flows

enhance siltation, change the composition of aquatic vegetation, alter channel shape and affect water

chemistry.With receding water levels transcend thresholds between critical habitstng new
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environmental conditions for aquatic macroinvertebrates thus may result in a shift of these
organismgPiggotet al, 2015). The loss of current eliminates many taxa, prevents drift as a means
of recolonisation and ideterioration ofvaterquality.

The loss of stream habitats that are often associated metbaised flows and shear stress which
reduce the availability of adequate habitats for some species while increasing habitat availability for
others (Bunn & Arningthon, 2013Jhese chages in habitat dynamics often affects functionality of
community structure and foedeb structure which in turn can result in the elimination of some
species in the community (Brussen & Prantf19 and the imminent reduction of the bio

indicative roleof these organisms.

In this study thesubstrate compdgn and distributiorwereinvestigate in each of thestudysites

Their composition and distribution in agricultural and forested sregedeterminedand corelated

with macroinvertebrate assemipds occurring at théhesesites.The information genated adds to

the discussion on how change in land use influences macroinvertebrate communities and the role of

these communities as bioindicators to land use chiargfeeam catchments

2.3 Land useinfluences onstream habitat quality and availability

As integrators of the effects of laide practices within their catchments, streams and rivers can help
in the diagnosis of the environmental health of the landscapes that they drain (Dallas, 220ygsCh
anywhere on th landscape that influence rivers are reflected in the composition of resident biota.
Their functional and structural composition varies, both spatially and temporally, in relation to
environmental factors (Karr, 1999). These factorslude discharge, ssbrate type, dissolved
substances, turbidity, riparian vegetation, land use, temperature, altitude and latitude. However,
human activities influence the effects of these factors, which in turn affect the composition and

distribution ofmacroinvertebrates

Agricultural activities along rivers and streams have increased the degradation of forests in recent
decades (Dalla2007). Land use is often associated with disturbances that lead to soil erosion,
sedimentation, nutrient enrichmentdainput of toxic shstances to aquatic habitats and biological
communities(Gonzalezet al., 2001) Riparian zong are very importantor the maintenance and
regulation of the aquatic environment. Riparian vegetation influences the structure and functioning
of stream macroinvertebrate communities through the provision of organic matter and by shading the
stream (Allan, 2004). Anthropogec changes in the riparian corridor may subsequently alter the

functional feeding group composition of macroinvertebrates by modifying the supply of food
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resources and producing changes in habitat structure and quality (Dudgeon;TB@Q@esence of
riparian vegetation acts as a barrier to sediment input and thus performing a hydrological role and
assisting in water quality maintenané@restcover reducgrunoff of water, sediments, nutrients,
maintain stable flows, water temperauand channahnorphologies and to supply coarse organic
material and debris to provide food and habitat for aquatic life. Anthropogenic disturbance of the
riparian vegetation ro the other hanehcreases runoff; destabilizes flow, temperature and channel
morphology andeduces the supply of coarse organic material (\éhrady, 1997).

Deforestation can directly influence stream macroinvertebrates through changes in resource
availability, habitat quality, hydrological alterations (Tanaka &s[3antos, 2017)Hydrological
dterations can interact with langse changes to determine community dynamics at local scales. Land
use changes for agriculture has large impacts on rural landscapes, with strongly influence on stream

ecosystem functioningvater quality andjuality (Allan, 2004).

Sedimentation in streasrand rives is a function of land use shift from dominance of riparian
vegetationto agriculture, ands often accompanied by deterioration in water quality, reduced light
penetration, a ritthl spabes in Hehthid sobgtratesf andiimegri¢y rofstheir physical
environments (Karet al, 1999; Graf, 20055edimentatioror siltation is widely acknowledged as a
major cause of degradation of instream habitats (VWbadl,2005) with Increased sedentdelivery

loads have been widely documented as a major cause of degradation to freshwater ecosystems

Clearingof ri parian vegetation for tilling increas
lead to high concentrations of nutrients and egiple increases in algal growth in aquatic ecosystems.

When natural riparian vegetation is removed for agricaltuses, the water temperature, nutrient
concentration and sediment input tend to increase in streams, causing negative effects to the
ecologi@l integrity of aquatic ecosystems (Allan, 2004).

Based on this objective, the study seeksotatribute to theliscussioron shifts in macroinvertebrate
communities that result from changes in land use in river catchmiémstudy alspresent cases

of human influence ohabitatavailability andsuitability for somespecific macroinvertebrataxa

This can bericorporated in ecological explanations on prevailing water quality conditions in riverine

ecosystems.



24 Benthic macroinvertebrates asindich or s of stream systemsod integ

Benthic macroinvertebrammmunities have been popularized in their bioindicative role in streams

as they are sensitive to environmental disturbance, integrating as well as reflecting the effects of
stress, both naturaihd human induced, over extended periods of time (Rosembent, 2008;
Barbouret al, 1999). The distribution, composition and abundance of these groups of orgaaiems

an indicative role on thehanging ecological conditions that alter ecosystemtimmag, degrade

water quality and overall ecological intéy. Benthic macroinvertebrate communities have been long

used as bioindicators of stream conditions and environmental ingheet® the capacity of these
macroinvertebrate communitiésexhibit clear responses to human disturbances (Buak, 2002)

and present a large diversity of traits to these conditions as well as copwity diferential resource
availability (Lange, 2014Most of these organisms exist in narrow range as of hydidiphysical
conditions and thus their capacity to aceassystem surrogates will be limited if their habitats will

be interfered with. Gore (1978) documents large shifts in benthic invertebrate abundance,
composition and distribution associated withafinshanges in their habitats. With these arguments,
benthc macroinvertebrates have been established gobd indicators of assessing the effects of
environmental stressors on aquatic ecosystems. This has been achieved through careful analysis of
biological and ecological responses along gradients of humaarlshsice, the identification of
indicator assemblages and species among assemblages with known responses to human alterations
and thedentification of driving variables acting on aquatic ecosyst@uboiset al, 2017).

2.5 Adaptations of benthic macroinvertebrates to environmental conditions

Benthic macroinvertebrates in streams and rivers are either sessile, move around actively or are
passively moved around by current (TanakB@&s Santos, 20)7Stream metrics, biotic @nabiotic

factors, water quality and the riparian environment do affect the diversity, richness and distribution
of macroinvertebrates communitig3allas 2007) Streamhabitats areftenassociated with specific

flow velocities. Differenceswithin mesohhbitat communities are determined by flow fluctuations
producing physical changes aoyglthe type of substrate present which often prodseasonal shifts

in speciesomposition (Townsend, 1997)

River flows (floods, pulses andaseflows) serve differenfunctions in moulding the available
physical habitat and therefore dictate life history stages of riverine orgafisms & Arningthon,
2002).Habitat preferences of mayflies can be based on their feeding strategies durinigriredi

9



stageswhile grazes and scrapers prefégeding on materials attached limfilms. Shredders and
gathereron the other handccur in substrates containing decomposiogrse and fine particulate
organic matter (Mases al, 2014)

Pardo & Armtage (1996) found collector gathering organisms burrowingegdimentsunder low
flow conditionswhile streamside vegetatiowith silted beds were inhabited byrpowers and
sedimentsurfaceorganisms, collectegatherers and shreddeallas(2007)alsonoted that in South

African rivers, stone biotopes had higher number of taxa relative to vegetation and sand samples

This suggests that changes in the availability of different biotopes might influence community
structureand informs the neetbr this sty which will focus on investigating the community
structure of macroinvertebrate communities with changing habitats along land use, altitude and

longitudinal gradient.
From the above literatureview, the following hypotheses were developed:
2.6 Hypotheses

Ho1: Physicochemical water quality parametdi&SS, TDS, temperature, DO, pH, EC and salinity)
display higher levels streamsn agricultural areas than in streams in forested areas.

Hoz2: The substrate sizes in streams within agricultaeithmentsare smaller in comparison with

streams within forested catchments.

Hos: The diversity, abundance and biomass of macroinvertebrates is higher in streams within forested

catchments than in streams within agricultural catchments.

Hos: A shiftin landuse fromforested to agricultural will result in a reductionbaththe abundance

and biomassf shredders
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CHAPTER THREE
3.0 MATERIALS AND METHODS
3.1 Description of study area and study sites
3.1.1 Study area location

The study was conductedhift. Elgonstreamsn NzoiaRiver basindraining into L. VictoriaKenya

(Figure 1) Mt. Elgon catchment area located in TrE®ia and Bungoma counties in western Kenya

has a size of 72,874 hectares lying between latitQts7 6 N°5ardd NO and 9A3émdi t ud
and 344 5 6TBe NzoiaRiver hasa length of 257kmandflows south and west of Mt. Elgon and

into LakeVictoria discharging approximately 118fs of its water making it the second biggest river

in Kenya by discargeand the largesiver basinin Kenya's Lake Victoridasin.The river is forested

in the upper reaches in the Mt. Elgon National park and flows into floodplain zones in the lower

reaches.

3.1.2 Topography and drainage

Mt. Elgon catchment is charadteed by a high topographic relief \uisteep slops The elevation
ranges from 878m.s.l.to 4304m a.s.l.at its peak The upper reaches dft. Elgonis coveredn
protected afranontane forests (Musaat al.,2014). The climate of the area is mainly tropical humid,
with mean annual rainfabf 1400 1800mm and an average temperature of 24 °C, though both
climate parameters vary strongly with elevatiblean temperature is lowest in June to September
(Githu et al.,2009). These climatic parameters also vasasonally The annual rainfalpattern is
bimodal, with long rains between March and June, and short rains from September to NoUeenber.
southeast of the mountaiis the wettestwindward side, whilehte northeast is the leeward side.
Flooding is experienced in the basin duringuyeains attributed to reduction in forest cover with

the intensive agricultural activities in the area.

3.1.3 Geology and soils

Mt Elgon is an extinct volcano estimated to be 24 million years old thiaicegedon the border
betweerKenya and Ugand&.he western sector dfit. Elgonis overlaid bygranitegneiss rocks of
the central African craton while the eastern side contains-seelian@ts of Neoproterozoic origin
(Roger,2017). The host rock on the region is the pyroclastic rock, a sediamagglonerate

(McFarlane & Lundberg, 2006). These rocks are rich in Apatite and Zircon components of alkaline
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composition. Caves found within tlaeea occur in pyroclastic rocks rich in sodium, often utilized by

wild animals. The region is also reported to hawdiés of carbonatite (Woolley, 2001) with some

basins dominated by Miocene age sedimentary rocks. Nutrient rich soils at the base faih@ vo

are as a result of weathering processes at the lower slopes often causing severe landslides. The soils
in the onstitute of clay, loamy and sandy types with the lowlands dominated by the clayey soils at
77% (Ngaina & Opere, 2017)

3.1.4 Social econonaiand livelihood activities

Approximatdy 3.5 million people live within the NzoiRiver basin High population desities exist

in the basin with the average population density beingpE®8ons/ kii(WKIEMP report, 2004).

Areas around the base of tuntain are densely populated with communities utilizing the deeply

rich volcanic soils for agriculture. Agriculturei t he | i veli hood for a | arg
population. Communities practise farming of maize, onions, cabbages, potatossabesell as

keeping of livestock. The farmlands range between &aldier intensive farmg medium scale
semtintensve farming activitiesWater from the basin plays an important economic role and serves

many purposesncludingdomestic use, wateriranimals, irrigation, industrial purposes, aquaculture

and culturabnd spirituakervices.

3.1.5Sampling design and dscription of the sampling sites

Field samplingwas done irMt Elgon streams between " Dctober 2019 and ¥ONovember 2019

(Table 2) Streams were chosen based on accessibility and were distributed on th€upp@dm

a.s.l.) mid (18501950m a.s.l.and downstreanf16001700m a.s.l.preas of the catchment. These

sites were targeted to be in forested (reference sites) and in the agricultural land uses (disturbed sites).
A total of 21 sitesn 12 streams ranging in altitude from 1624m a.s.l. to 243Srhwere sampled

for macroinvertbrates and associated physitcabitatconditions(Table1). Tributarysectiors of 4

streams Teremi, Kimurio, Kapkateny and Kibjsin the upstream secti@nd2 streams; Kapkateny

and Kibisi (site codes; 2 & 9) were saenh on a longitudinal scale.
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Table 1: Sites, distances from source, coordinates, altitude and dominant substraige. For site codes,
numbers represent different streams while letters represent longitudinal gradient from upstream to
downstream sites within a stream. CPOM = coarse particulate organic matter

Site name Site  Distance Coordinates Altitude(m) Dominant
code from substrate
source (%)
(km)
Latitude Longitude
Chemugumiet 1A 1.36 00°546 25 34A 356 2317 80% Microlithal
Teremi upstream 2A 1.96 00°5406 46 34A 3606 2407 70% Macrolithal
Teremi Trl 2B 057 0O0A 5406 34A ®B®OE 2380 85% CPOM
Kimurio Upstream 3A 126 00°536 28 34A 356 2239 65% Macrolithal
Kimurio Trl 3B 0.63 O0A 546 34A 356 2435 55% Akal, 45%
Macrophytes
Kimurio Tr2 3C 1.8 O0A 536 34A 356 2347 60% Macrolithal
Kapkately Upstream 4A 4.19 00°536 45 34A 356 2293 85% Macrolithal
Kapkateny Trl 4B 0.3 O0A 5406 34A 3606 2350 50%Macrolithal,
40% Detritus
Kapkateny 4C 10.33 00°4906 57 34A 370 1896 85% Akal
Midstream (3 MHS)
Kapkateny 4D  10.33 00°496 57 34A 3706 1896 75%Macrolithal
Midstream(2¢MHS)
Kapkateny downstrean 4E  12.43 00°486 51 34A 376 1660 90% Macrolithal
Chebich 5A 5.46 00°496 17 34A 356 1950 40% Microlithal
Kapkasobei 6A 8.2 00°496 28 34A 366 1881 80% Macrolithal
Chebirbei 7TA  4.49 00°496 28 34A 366 1878 85% Akal
Kibingei 8A 153 00°476 37 34A 406 1633 45% Akal
Kibisi Trl 9A 0.26 0O0AO034BCc34A 366 2246 50% woody dbris
Kibisi Upstream 9B 22.75 O0A 5406 34A 370 2298 60% Macrolithal
Kibisi downstream 9C 30.2 00°476 50 34A 386 1624 70% Mesolithal
Cheptilieny 10A 1.47 00°5006 90 34A 446 1701 85% Akal
Masindeti 11A  7.47 00°496 35 34A 446 : 1676 70% Earth(hardpan)
Namboani 12A 7 00°4906 50 34A 450 1662 50% Akal, 35%

Microlithal

Table 2: Site codes, sampling dates, number ®fulti -habitat samples (MHS) taken and
number of sampling unitsper site

Site Name Site code Sampling Date MHS Numt_)er of
samples units
Chemugumiet 1A 13.10.2019 1 20
Teremi upstream 2A 13.10.2019 1 20
Teremi Tr 1 2B 13.10.2019 1 20
Kimurio 3A 11.10.2019 1 20
Kimurio Tr 1 3B 08.11.2019 1 20
Kimurio Tr 2 3C 08.112019 1 20
Kapkateny upstream 4A 11.10.2019 1 20
Kapkateny Tr 1 4B 08.11.2019 1 20
Kapkateny Midstreafis MHS) 4C 12.10.2019 1 20
Kapkateny Midstrea2" MHS) 4D 12.10.2019 1 20
KapkatenyDownstream 4E 14.10.2019 1 20
Chebich 5A 12.10.2019 1 20
Kapkasobei 6A 12.10.2019 1 20
Chebirbei A 12.10.2019 1 20
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Kibingei 8A 14.10.2019 1 20
Kibisi Tr 1 9A 09.11.2019 1 20
Kibisi Upstream 9B 09.11.2019 1 20
Kibisi downstream 9C 14.10.2019 1 20
Cheptilieny 10A 15.10.2019 1 20
Masindeti 11A 15.10.2019 1 10
Namboani 12A 15.10.2019 1 20
Chemugumiet (1A)

This site sampled on $®ct 2019 is locatedithin the coordinates 0 0 A 5 4N03 A . BH®D 38 . 7
E) andat an altitude of 231 a.s.|.Steep slopes were a characteristic feature in thiditeolithal

and sand were the main substriggges Woody substrate was alpoesentn this site.The site had

an average wetted width was 1.5 average depth of 0.07 m and an average velocity of 0.24 m/s.

The site wasused asa livestock watering pointandwas characterized by grazing fields on both

banks.Upstream of this site were however forested area with a canopy cover of 40%.

Figure 2: (a) Chemugumietsite (1A); (b) Grazing fields on both banks of Chemugumie{1A)

Teremi upstream (2A)

This site was sampled on 13.10.2019, and is I|o
E) at an altitude 2407 m asl. Located upstream within a forested reach, the site was characterized by
forested banks and steep slofg®ny substrate domited the site. The major substrate sampled at

the site was macrolithal. Macrophytes were also present at this site. The average wetted width 6 m,
average water depth was 0.2 m and average water velocity was 0.86 m/s. The colowatdrtia¢

this site waglear. Canopy cover at the site was around 60% with the surrounding vegetation being

natural.
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Figure 3: (a) Teremi upstream site (2A); (b) Forested reach within Teremi upstream (2A)

Teremitributary (2B)

This site was samplezh 13.10.201%sfound wi t hin the coNBdANB8®BES 00D
E) andat an altitude of 238t a.s.| Thesite was characterized by the abundance of detritus substrate

with muddy substrate underneatiine average wetted width in this site was 1m, average water depth

of 0.06 m and an average water velocity of 0.24 m/s. The colour of water in the site was clear. Canopy

cover was approximately 9&
Kimurio upstream (3A)

The sitesampled on 11.10.20i8found wi t hin the cooM,di hW4aA e35df 21
E) andat an altitude of 2239ra.s.l. The left bank was characterized bymaaize plantation within

30m riparian width while the right bank was a grazing fi€hte sitedominated by rifflegonstituted

of 90% stony substrat@oulders, cobbles and pebbleEhe main sampled substrate in the site was
macrolithal Instream and mgmal vegetation weralso presentmaking nacrophytes the other

sampled substrate in this site. The average wettethwidhin the reach was 11m, average water

depth 0f0.36 m and average water velocity of 0.88s. Colour of the water in this site wasanl.

The canopy cover at this site wasproximately 40% with forested area located in within a 100 m.

This site serveé as cattle crossing point
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Figure 4: (a) Kimurio upstream site (3A); (b) Substratetypes in Kimurio upstream (3A)

Kimurio tributary 1 (3B)

This site sampled on 08.11.2019 oM, fDAUAHEBSS tHhi
and at an altitude of 243% a.s.|. The site which is a tributary system of the main Kimurio channel

had its right bank utilized as a grazing field while its left bank was foreBtedsampled substrates

within this site were akal amacrophytes. This site had an average wetted widttbain]l average

water depth of 0.13 m and average water velocity of 0.4 m/s. The water colour in this site was clear.
Canopy cover at the site was 80%. This site also served as cattle drinking point.

Kimurio tributary 2 (3C)

This sitesampled on 08.11.20i8found wi t hin the cobyrdBAAt 85060f6
and at an altitude of 2347 a.s.l. The site consisted of steep banks withthbbanksbeingforested.

Riffles dominaed the sitewith the major substrate type comgrig of macrolithal subséate. The

average wetted width was 6 m, average water depth was 0.2 m and average water velocity was 0.61

m/s. The water at this site was clear and canopy cover was 80%.

Figure 5: (a) Kimurio tributary 2 site (3C); (b) Water clarity and riffle section in Kimurio tributary 2 (3C)
17



Kapkateny upstream (4A)

This site sampled on 11.12.2019 | ocated within the ®o¢orRdiAn a&3t5eds
56. 280 b haltitualenofl 2233 a.sdLocated upstream, the site had a forested left lndmilie

the right bank wasindera maize plantation. The slopes in this site were steep characterized by
erosional activities on the right bamkhere the agriculture was prevale@obbles and boulders
dominated the site. Thaverage wettewidth was3.2 m while the average depth was 0.28 m. The

average water velocity at the site was 0.67 niifse water colour was clear and canopy cover was <

5%. However, forested area was lelsart 20 m upstream.

Figure 6: (a) Channel section in Kapkateny upstream (4A); (b) Steep slopes with eroded right
bank in Kapkateny upstream (4A)

Kapkateny tributary 1 (4B)

This sitesampled on 08.11.2019 locatedwithinthe coor di nat ebd, 084 A0BA650
and an altitude of 235@ a.s.| The sitewhich is a tributary system of Kapkateny main charmael

gently sloping banks. Thight bank was a grazing field while the left bank and upstream of this site

was brested. Thenain substrate types in the weracrolithal anccoarse particulate organic matter.

The wetted width in the site was 1m, average water depth of 0.1 m andrageawater velocity of

0.37 m/s. The water colour in this site was cl@&e sitewhich was less thatOm from the nearest

foresthad a canopy cover of 90%
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Kapkateny midstream (4C, D)

This site was sampled on 12.10.204%ocatedwithinthec o or di nat es oN, (3040AA 347960
2 4. 34 0atdnpltitede ad 18961 a.s.l Two Multi-Habitat Samples (MHS were takéom this
stream The first MHS was sampled immediately after the bridge which was a cattle watering point
and subject talisturbances from the animals drinking from the site. The second MHS sample was
taken a few meés away from the bridge in a site surrounded by planted Eucalymsi®trés right
bank.The main substrate in sampled in tHeMHS was psammal while theodhinating substrate in

the 29 MHS was macrolithal substrafehe average wetted width withihi$ reach was 5m, average
water depth was 0.19 m and average water velocity was 1.Gevisrally, the water in this site was
brown in colourand bothbanks wee characterized by maize plantatioBsnopy cover in the"®

MHS site was 70% provided by tpéated Eucalyptus trees while the canopy in fhMHS site was

open. Erosional activities were evident in the banks wheretMHB was taken.

Figure 7: (a) Kapkateny midstream 1st MHS site (4C); (b) Kapkateny midstram 2nd MHS site
(4D)

Kapkateny downstream (4E)

This sitesampled on 14.10.20Masl ocat ed wi thin coNydBAAt8Fo6(R0DA
andatan altitude of 166tn a.s.l The site characterized by agricuilpractice®on both of its banks
wasdominated by rapids and riffles with boulders and cobbles being the dominant sulbteate.

average wetted width in this sieas 5.5 m, average water depth was 0.3 m and the average water
velocity was high (1.5n/s). The water at this site wamscolour. Planted Eucalyptus trees were part

of the left bankproviding a canopy cover of approximately 50%. A waterfall was locat&@ im

upstream of this site.
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Figure 8: Coffee crop in Kapkateny downstream (4E); (b) Channel widthand substrate in
Kapkateny downstream (4E)

Chebich (5A)

This sitewas sampled on 12.10.206d ocat ed wi t hi n c o d\r, Bi4ra t36H (4@Q .
E) andat an altitude of 1950n a.s.l.Both of its bankavere characterized by agricultalr practces
(banana and maize plantationf)e dominant substrate sampled at this site was macrolithal substrate.
The substrate in this site was heavily embedded with fine loamy sand sedifihenéserage width

of the river in this site was 1.2 m, avgeawaterdepth was 0.17 m and average water velocity was
0.7 m/s.The water in this site was brown in colour. Eucalyptus trees were found few metres upstream
of the sampling siteCanopy cover at the site was approximately 38%me parts in this site were

also utlized forwashing clothes

Figure 9: (a) Channel size and riparian characteristics in Kibingei site (5A); (b) Riparian
vegetation in Kibingei (6A)
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Kapkasobei (6A)

This site was sampled dr2.10.2019s located withinthecoa di nat es of N(G@A 8866
28 . 00 atap altitudedf 188In a.s.l. The site had gently slopes with its right bank utilized for
agriculture (Banana, Onions & Maize plantagpwhile theleft bank wasnaturally forested with

little agricultural activities Substrate composition constituted of 70% boulders and bedrock as the
main substrate. Cobbles formed 30% of the substrate while the 10% was sand substrate embedded on
the main substrateThe average with in the site wasf, averagevater c&epth was 0.26 m and
average water velocity was 0.53 m/s. The water colourbr@sn indicative of erosial activities

at the siteCanopy cover was approximately 30% within the sampled r@&hehsitealso served as

livestock watering poinfFigure 10)

Figure 10: (a) Disturbance from animals drinking from Kapkasobei site (6A); (b) substrate
types in Kapkasobei (6A)

Chebirbei (7A)

This sitewas sampled o£2.10.201%ndisl ocat ed within the. CHRB8f di nat
3606 5 3. 3aBaoaltikujle ofal&7@n a.s.l.Its right bank was utilized for agriculture (crops and
livestock) while the right bank had planted Eucalyptus trEles.main substrateampledn the site

was akal Average wetted width in thisite was 2.8 m, average water depth was 0.17 m and average
velocity was 0.44 m/9 hestreamocatedn an agricultural catchment was characterized by erosional
activitieson itsbanks with a lotof sedimentatiorevident(Figure 11) The water in this si was

brown in colourCanopy cover in this site < 5%.
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Figure 11: (a) Livestock grazing on the right bank of Chebirbei (7A); (b)Section of the eroded
banks and sedimentation processes in Chebirbei (7A)

Kibingei (8A)

Thissitewassampled on 14.10.20Ehdisl ocat ed wi thin the cHNGB84di nat e
4006 5 3. 4aba0 altifujle 0A163Bn a.s.| Its bankswere gently sloping and wesairrounded

by planted Eucalyptus trees while upstream comprised ofcmgaand banana plantations. Sampling

in this sitewas done below a bridge. The main substrgie at this site waakal. The other substrate

typesin this site were mesolithal and macrolithal substrates. The average wetted width of the sampled
reach wa$ m, average water depth was OrB&nd average water velocity was Or64. The water

colour in this site was brown. The canopy cover at this s 0% with the shading comprising of

planted eucalyptus trees on its banks.

Figure 12 (a) Kibingei site (8A) below the bridge; (b) Kibingei site (8A) above the bridge
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Kibisi tributary 1 (9A)

Thissitewas ampl ed on 09.11.2019. It is | NgatBdd WBi6HO
540 E) and amasllThisisitelochied alate@iu2 adfdBested area was characterized

by forested banksvith main substrate in the stream bewgody debris.Other sampled substrates

included pelal and macrophytd$e stream was smaiiith an average water depth 008 m,average

wetted width of 1.5 m and average water velocity of 0.32 m/s. The water colour in this site was clear

and had a canopy eer of 90%(Figure 13)

F

Figure 13: (a) Kibisi triburaty 1 site (9A); (b) Canopy cover at Kibisi tributary 1 site (9A)

Kibisi upstream (9B)

This site sampled on 09.11.208% c at ed wi thin the NB384ABVOABOSEDT
atan altitude of 229&n a.s.|.The site was located within a forestatchment with both of its banks

being surrounded by a natural foreBhe slopes of the river in this site were steBpe site was
dominated by stony substrate majorly comprising of boulders and cobbles. The main substrate
sampled was macrolithal. Insama vegetation were also present within the site. The average width of

the river within the sampled reach was 5 m, averagter depth was 0.28 m and the average water
velocity was 0.93 m/sThe water in this site was clear. Canopy cover in this site9@#s(Figure

14).
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Figure 14: (a) Riparian character in Kibisi upstream (9B) site; (b) Forested reaches of
Kibisi upstream site (9B)

Kibisi downstream(9C)

This sitewas sampled on 14.10.2048d islocated within the coordinae s of (N®AA4F 8650
4 4B) and an altitude of 162# a.s.| Located downstream, the slopes of the river were géitiis.

site surrounded by agricultural activities both banks/as dominated by cobldeThe main substrate

sampled in this sitevas mesolithal. The other substrate sampled in this site was maaeing

average wetted width in the site was 4.5 m, average water depth was 0.7 m and average water velocity
was 0.93 m/s. The water colour in this site was brown. Canopy cover irethevas approximately

5%. This siteacted as a cattle watering pofRtgure 15)

Figure 15 (a) Sampling Kibisi downstream site (9C);(b) Cattle drinking from Kibisi
downstream site (9C)
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Cheptilieny (10A)

The site sampledn 15.10.201%s located within the coordinates of (M0 6N 924 A 4 4ndl 240 FE
atan altitude of 170in a.s.| The site which was a cattle watering point had agricultural activities of

maize and sugarcane plantations on both of its b@figsre 16) The major substrates sampled in

this site akal. The avage wetted width in this site was 1.5 m, average water depth was 0.09 m and
average water velocity was 0.63 niffie stream which was seasomahaturehad water brown in
colour.Canopy cover in tlsi site was approximately 5% with the shading being peaviny planted

trees along its banks.

Figure 16: Cheptilieny site (10A)

Masindeti (11A)

This site wasampled on 15.10.2018ndislocat ed wi t hin t he3Xx.oB84&i nat e
4406 30. 7akmaltitide ofd 676ha.s.l.This site characterized bynaeanderinggdeep incised

(up to 2 m) and narrow chanrtedd its banks surrounded by sugarcane plantations, livegtazing

sitesand smakscale agricultural actities (Figure 17) The main substrate in this site was hardpan

The average wetted width within this site was 2.5 m, average water depth was 0.7 m and average
water velocity of 1.0 m/s. The colour of the watethis site was brown. This site hadanopy cover

of approximately 40%.
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Figure 17: (a) Sugar cane plantations on the bank®f Masindeti (11A); b) Deep incised banks

Namboani (12A)

This sitesampled on 15.10.2018located withinth& o or di nat es N, 0BM4AA 449580 5405..

E) andatan altitude of 1662n a.s.l. Both banks in this site were utilized for agriculture. The major
substraten the site was mixture of akal and microlithaverage wetted width in thisite was 1.5
m, average water depth of 0.16 m an average water velocity of 0.84 n@xolour of the water in
this site was browr{Figure 18) This site which is surrounded by planted Eucalyptus trees and

sugarcane plantatisinad acanopy cover of 40%.

Figure 18: Namboani site (12A)
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3.2 Field methods
3.21. Physico-chemical parameters

At each sampling siteyater qualityphysicechemical parametergere measureih situ using aY Sl
(Professional Plysnultiprobe wateiquality meter These includedlissolved oxygemoncentration
(DO, mglL), temperatur€’C), electricalconductivity(EC, us/cm), total dissolved solids (TD&gL)
and pH Known volumes of water samples widtered through precombustedVhatman GF/F Glass
filters of 0.42mm thickness, 0.7 um pore size and 47mm diar({feigure 19) These filters were
thereafter transported to the University of Eldoret laboratorydé&ermination ototal suspended
solids (TSS) andparticulate organic matter (POM). At each site measurements ofiater depth
velocity and width were taken using a meter rule and a velocity plank. Disehasgbercalculated

from the velocity and depth measurements followkggschy (1995).

Figure 19: Filtering of water for total suspended solid determination

3.22 Substrate composition

Substrate characterization in the sampling sites was done by identifying the substrate types that
constituted more than 5% coveragiethe streambedHabitat characterization was based on the
classification by Moog(1999 and adaptetly Grafet al (2017) as presented in TableRBercentages

were assigned to these substrates depending on their distribution.
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Table 3: Characterization of habitats (Moog,1999.

Mineral habitat Particle size class

Megalithal >40 cm; largecobbles, boulder, blocks, bedrock

Macrolithal 20cm40cm; coarse blocks, head sized cobbles with variable
percentage of cobbles, gravel and sand

Mesolithal 6cm-20cm fist to hand sized cobbles with variable percentage of
gravel and sand

Microlithal 2cm6cm coarse gravel size of pigeon egg to child fist with variabl
percentages of Medium to fine gravel.

Akal 0.2cm-2cm fine to medium sized grave

Psammal 6um -2mmsand

Psammolpelal Mixture of sand with mud

Pelal 6um mud/organic mud ansludge

Argyllal Silt; loam, clay(inorganic)

Organic habitat

CPOM Deposits of particulate organic mattevarseparticulateorganic

matter, like fallen leaves
Submerged macroptes  Totally immersed macrophytes, including water mosses, water fer

and algae

FPOM Deposition of particulate organic matténe particulateorganic
matter

Woody debris Fallen dead trees and remains of large branches

Table4 presentshe substratetypes occurring athe sampled sites depending on their distribution
within a representativeeach that i$00 mlong. Most of the sites had between two and five major
substratéypessampled. Some sit¢2B, 3A, 3B, 4A, 4D, 4E, 9C and 1)Avere only limted to two
majorsubstrate types while some sit88(5A) had up to five substrate typétardpan was the major

substrate type in Masind€li1lA). CPOM in the Table 4 comprises of both woody debris and detritus.
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Table 4: Distribution of substrate types. CPOM= Coarse Particulate Organic Matter (woody
debris and detrital substrate).

Substrate
Site
Code Megalithal Macrolithal Mesolithal Microlithal Akal Psammal Pelal Hardpan CPOM Macrophytes
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

1A - - - 80 - 5 - - 15 -
2A - 70 - 10 - 5 - - - 15
2B - - - - - - 15 - 85 -
3A - 65 - - - - - - - 35
3B - - - - 55 - - - - 45
3C - 60 20 - - 20 - - - -
4A - 85 - - - - - - - 15
4B - 40 - 5 - - - - 55 -
4C* - 5 - 10 85 - - - - -
4D* - 75 - - - 10 - - - 15
4E 10 90 - - - - - - - -
5A 20 15 15 40 - 10 - - - -
6A 5 80 - 15 - - - - - -
7A - 5 - 10 85 - - - - -
8A - 25 20 - 45 - 5 - - 5
9A - - - 10 - 15 10 - 50 15
9B 10 60 20 - - - - - - 10
9C - - 70 5 - - - - - 25
10A - - - - 85 - - - - 15
11A - - - - 30 - - 70 - -
12A - - 15 35 50 - - - - -

3.23 Sampling macroinvertebrates

A multi-habitat sampling technique was employkaing samplingof macroinvertebrates from the
sites Grafet al, 20I7; AQEM sampling manuaR002. The smpling of habitatslepenédon the
proportion of their presence within a sampling reaheach site, a total &0 sampling units were
collected from substrate types with more than 5% coverage wittéprasentativeeachthat was
100mlong. Theseletion of defined habitatwas based on the principle that each habitat is colonized
by auniqueassemblagef macroinvertebrate@Rosenberg & ResH,993) The poportion of each
substrateypeper site determined the number of uaiisong th0 MHS samples that were collected
from that particular substrateype Therefore, initial identification of the substrate types and
percentageoverage of the streambmschecessary. The 20 sampling ufiiten the differensubstrate
typesconstitute one MultHahtat Sample (MHS).

Sampling of macroinvertebrates was done by disturbing the substrates using a brush and collecting
the dislodged organisms using a milbitat sampling ng€tL000 microns meshze) (Figure 20a)

An areaof 0.0625m? was sampled for eacsampling unitinspection of organisms attached to the
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substrates was done by scrubbing the substrate with a brush and washing the organisms into the net.

Sampling was done from downstream tottgem within a reach to minimize drift.

Adult caddisfliesvere trapped and collected at dusk with a ligap placed on tray with water treated
with a detergenfFigure 20b). This was domme Kimurio Upstream(8/11/2019), Kapkateny Upstream
(11/10/2019)nd Kibingei(14/10/2019kites

Macroinvertebrateamplesvere preserved in 98%ihyl ethanobrin 4% formalin solution, packaged
and stored in coelboxesfor transport to théaboratory for further processing. Sorting, identification
and weighing of taxa were done at Theiversity of Eldoret and Universitf Life Sciences, Vienna
(BOKU).

Figure 20: (a) Scrubbing of macrolithal substrate; (b) Adult caddisflies light trap setup

3.2.4Determination of habitats of selected macroinvertebrate taxa

To determire habitatpreferencesf Potamonautidae, Perlidae and Oligoneuriidae famgesipling

was doneusing a multihabitat samplingapproach inan area of 0.062&? using a dipnet (1000

microns mesh size). The macroinvertebrates were scrufb&dm the substrate using a brushad
thereafter collected in thmacroinvertebrataet. Thereafter, the subate where the organisms were
scrubbed off was noted, the water depth measured using a meter rule or velocity plank and the velocity
at that point measured using a velocity planke Tnumber of Perlidae, Potamonautidae and
Oligoneuriidaaeverecounted andecorded. Thes@acronvertebrates are large and can be easily seen
with the naked eyeAfter counting is done, the animals were put back into the stream.
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3.25 Land use characteriation

The land use in the ar@ascharacterized by forested uplands and intensive agricultural activities in

the lower reaches. Theewas a high (> 60%) canopy cover in tiparian section in the forested sites

while in the agricultural areas, some stnsavere completely strippedfadf the riparian zones. The

land use patterns included natural vegetation, agricultural crops and grass/shrublands. Landcover data
within 1500m buffer of the sampled sites were generated form satellite imagery and pereesitages
calculated Table §. Siteswere targeted to be in forested (reference sites) and in the agricultural land
uses (disturbed sitesjhe distance of these sites to the nearest forest was calculated from Google

earth.

Figure 21: Land usetypes within the sampled reaches; (a) forested uplands with strips
grassland, (b) agricultural land use
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Figure 22: Google-Earth image of Mt. Elgon showing the extensiveness of the aftoopical
montane forestgdark green) and agricultural land use (Light green). Circled area shows region
where the investigated streams were distributed.

3.3 Laboratory procedures
3.31 Total suspended solids and Particulate organic matter determination

The GF/F filtesfrom thefield that had been folded and neatly stored in known weights of aluminium
foils were dried in an oven at 6C for 72 hours and weighed using a sensitive weighing scale. The
dry filters werereweighed anglaced in a muffle furnacat 450 °C for 5 hoursfor ashing and
thereaftereweighedagain These weights were used to calculatal suspended solids (TSS)dn
particulate organic matter (POM) in the water colwmsimg the following equations:

TSS (mg/L) = ((AB)7V) *10°

POM(mg/L) = ((GB)ZV) *108

Where: A= Weight of filter (g) + residue
B= Weight of precombusted filter without residue(g)
C = Weight of ashed filter (g)
V= Volume of water filtered (ml

Coarse particulate organic matter samples fronfi¢ihe were dried in an oven for 72 hours af®0

and their dry weights recorded.
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3.32 Sorting, identification and weighing of macroinvertebrates

Macroinvertebrate samples were washed in a series \afssisnder flowing water to remove the
preservative and for easier sorting procedures. Sorting was done with different taxa placed in separate
petrirdishes for ease of identification, counting and weighing. Complex and large samples were sub
sampled into sailer fractions for easier and thordugorting. This was done by dividing the larger
samples into equivalent fractions @ift, pFthpZy) and working on each fraction at a time. The

samples were thereafter preserved in 75% ethyl ethanol for archiving

Identification was done under a dissegtimicroscope to the genus level with the aid of keys in
several guides (Gerber & Gabriel, 2002; Bsyal, 2002, Stals and de Moor 2007, Mersttal,
2008). Most of the identification was done with the help of Véoif Graf (BOKU University).
Individual taxa in different samples from different sites were weighed using a sensitive weighing
scale (4 decimal places) and weights recordégicroinvertebratesvere then assignefdinctional
feeding goups (FFGs]Table 5)following Cumminset al (2008) and Maseset al.(2014)

Table 5: Functional feeding group (FFG) assignment of macroinvertebrates. CG=collector
gatherers, CF= collector filterers, SHR= shredders, PRD= predators, SCR= scrapeascording
to Cummins et al (2008) and Maseset al(2014)

Family FFG
Baetidae CG
Caenidae CG
Calamoceratidae SHR
Ceratopogonidae PRD
Coenagrionidae PRD
Dixidae PRD
Dolichopodidae PRD
Dytiscidae PRD
Elmidae SCR
Empididae PRD
Gerridae PRD
Glossiphonidae PRD
Gomphidae PRD
Gyrinidae PRD
Heptageniidae SCR
Hydrophilidae PRD
Hydropsychidae CF
Hydroptilidae SCR
Lepidostomatidae SHR
Leptoceridaelrichosetodes CG
(Oecetis) PRD
(Adicella, Triaenodes) SHR
Leptophlebiidae SCR/CG
Libellulidae/Corduliidae PRD
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Limoniidae SHR

Mesoveliidae PRD
Muscidae PRD
Oligochaeta CG

Oligoneuriidae CF

Perlidae PRD
Philopotamidae CF

Physidae SCR
Pisuliidae SHR
Planariidae PRD
Planorbidae SCR
Polycentropodidae PRD
Paamonautidae SHR
Psychomyiidae SCR
Scirtidae SCR
Simuliidae CF

Sphaeriidae CF

Stratiomydae SCR
Tabanidae PRD
Tipulidae SHR
Tricorythidae CG

Figure 23: (a) Analysis of samples in the laboratory; (b) Sorted organies in separate petri
dishes
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3.4 Data Analysis

Descriptive statistics were applied in the analysis of water quality parameters. The parameters were
expressed as the mea&rSE. Pearson correlation was applied to test the strength and significance of
the rehtionship between water quality parameters thedpercentages of landcover in the sampled
sites.TheKolmogorov+Smirnov test in SPSS software was performed on water quality variables. The
dataset was thereafter analysed \ilign nonparametrid<ruskalWallis test for significance between

forested anagricultural land use types.

Substrate compositions between sites were expressed as percentages and comparisons between
forested and agricultural land use types presented in excel using bar @ateranalysesbased
on abiotic variables of physiethemical water parameters, habitahditions(depth, width, velocity,
discharge) and substrate percentagaeperformed in PEORD 5.33 softwar@icCune & Mefford,
2006)usi ng War ds 0 nCuitishdstdncenmeasare. Brresulys were presentedas

dendrograms usinignd use type and altitude classssoverlays

Comparisons of the abundanb&massdiversity and richness of the macroinvertebrates among sites
and between land use types was done in essiey) bar graph®ata was logathmically transformed
to minimize instances where huge variations existed in the abundance betweeShsitesn
diversity (Shannon, 1949 nd evennessadiceswereusedas a measure diversityand dominance,

respectivey, of macroinvertebratgsersite.

Habitat suitability curves for the families Perlidae, Potamonautidae and Oligoneuriidae were drawn
in excel with the habitat suitability index expressed as a proportion of animals occurring in a specific
velocity/ depthclassto the maximum number of organisms sampled. The highest number of
individuals sampled in depth and velocity classes was taken to lpeeteeredfor that particular

taxon.

The distribution ofmacroinvertebrate functional feeding groups (FF&spngsitesand between

land use types were presented in bar graphs in excel. Pearson correlation was performed to test the
strength and significance of the relationship betwee@s and ecosystem attributes of landcover and
organic mattebiomassSites were fttherclassified as upstream, midstream and downstream based

on altitude classes of (22&500m, 185@1950m, and 166A700m a.s.l.) respectively generated from

histograms in excel and were used to portray the longitudinal trends in the distribution of FFGs

The taxonomic similarity between sites was then investigayecluster analysessingtheWa r d 6 s

method and Braurtis distance measur€he logtransformedmacroinvertebratabundances were
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used to reduce the variation brought in by mass occurrexeent some sitesThe results are

presented as dendrograms using land use type and altitude classes as overlays

Indicator species analysis wealculated to identify the most discriminant taxa famd use and
altitude classesThe statistical signifiagace of the indicatospeciesvalues was evaluated using a
monte Carlo testandomization procedungith 4,999 permutationDufrene and Legendre, 189

These tests were done in PCORD 5 software

Non-multidimensional Scaling (NMDJS ordination using BrayCurtis distance measure was
performedwith the logtransformed macroinvertebrate abundance asitegabiotic dataas overlays

to investigate the grouping of sites and identify the direction and magnitude of the dissimilarity.

Biotic indices of streams uginTanzanian River scoring systdMARISS), Ethiopian invertebrate
scoring systenfETH-bios), South African Invertebrate Scoring syst$ASS) and thdiological
Monitoring Working Party (BMWP) were calculated for each of thaetes based on the
macroinvertbrate assemblages presenassess stream ecological integifiigch taxon was assigned
a tolerance/sensitivity scofeom these bioticindicesand summed up to provide tosaores for the
indices Average score per taxon®RT) waslsocalculatel by dividing the total score by the number

of taxa.
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CHAPTER FOUR

4.0 RESULTS
4.1 Land useclassification

Tensites(1A, 2A, 2B, 3A, 3B, 3C, 4A, 4B, 9A, 9Byere classified under forested land use while
elevensites(4C, 4D, 4E, 5A, 6A, 7A, 8A, 9C, 10A,1A, 12A)were classified under agricultural
land use. Figur@4 shows the land cover percentages in the sampled sites. Sites with more than 60%

vegetation wer considered forested while thoagth more than 60% cropland were considered
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Figure 24: Landcover percentageswithin 1500 m buffer in the sampled sites. On the-axis are
the sampling sitesNumbers represent different streams while letters represerihe longitudinal
gradient from upstream to downstream within a stream

Table 6: Percentage vegetation, shrub and crop cover in the sampled sites
% Vegetation % Shrub % Crop

Site Site code cover cover cover
Chemugumiet 1A 75 0 25
Teremi upstream 2A 100 0 0
Teremi Trl 2B 100 0 0
Kimurio Upstream 3A 89,19 0 10,8
Kimurio Trl 3B 96,8 0 3,13
Kimurio Tr2 3C 100 0 0
Kapkateny upstream  4A 84,86 0 15,15
Kapkateny Trl 4B 93,75 0 6,25
Kapkateny Midstream

(IS*MHS) 4C 21,21 0 78,0
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Kapkateny Midstream

(2" MHS) 4D
Kapkaeny downstream 4E
Chebich 5A
Kapkasobei 6A
Chebirbei 7A
Kibingei 8A
Kibisi Tr 1 9A
Kibisi Upstream 9B
Kibisi downstream 9C
Cheptilieny 10A
Masindeti 11A
Namboani 12A

21,21 0 78,0
12,90 3,22 83,87
15,63 6,25 78,12
25,80 0 74,19
24,24 3,03 72,72
0 0 100
96,97 0 3,03
100 0 0
0 0 100
0 0 100
0 0 100
12,5 0 87,5

Table 7: Sampled sites under agricultural and forested land use types

Forested sites

Agricultural sites

Chemugumiet
Teremi upstream
Terem Trl

Kimurio Upstream
Kimurio Trl

Kimurio Tr2
Kapkateny upstream
Kapkateny Trl

Kibisi Tr 1

Kibisi Upstream

Kapkateny Midstream
Kapkateny Midstream
Kapkatenydownstream
Chebich

Kapkasobei

Chebirbei

Kibingei

Kibisi downstream
Cheptilieny

Masindeti

Namboani

4.1.1 Physicochemical waterquality parameters and land use patterns

The mean ahabsolute values of physiathemical water quality parameters in the sampled sites are

presented ifTable8). The highest temperature of 20&8was recorded in Cheptilieri$0A) while

the lowest tempature of 13.48C was recorded in Kibisi upstreg®B). Highest dissolvedoxygen

concentration 5.32 mgl) was recorded at Kimurio Ir(3B) while the lowest(7.25 mgL) was
recorded in Kibisi tribtary (9A) and Kapkateny upstrea(A). pH ranged betwee$.96 8.04 with

the lowest recorded in Kapkateny T(@B) and the highest recorded in Kimurio T{3B). Salinity
was recorded lowest of 0.03 (ppt) @A, 3B, 3C, 9B & 9A and highest of 0.1{ppt) in Kibingei
(8A). Total Dissolved Solids ranged betweenl@@AL - 0.14mg/L with the lowest TDS recorded in
Kibisi downstream(9C) and highest in Kibinge(8A). Electrical conductivity ranged between-56

224 uS/cm. The lowest electrical conductivity wasaeded in Kimurio TrA3C) and the highest in
Kibingei (8A). Total suspended solid$SS) ranged between 3m2g/. and 450mg/L. The lowest
being recorded in Kibisi Tr{9A) while Kibingei(8A) recorded the highest TSS quantity.
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Table 8: Physicochemical parameters. TSS values expressexd mean+ SEM while other
parameters expressed as absolute values. Temp = Temperature, TDS = Total Digso solids,
EC = Electrical Conductivity, DO = Dissolved Oxygen, TSS =Total suspended Solids.

Site name Site Temp TDS Salinity EC D.O PH TSS

Code (°C) (mg/L) (ppt) (uS/cm) (mg/L) (mg/L)
Chemugumiet 1A 16.09 0.052 0.04 81 8.23 7.03 89.4+9.4
TeremiUpstream 2A 14.31 0.039 0.03 59 7.99 7.07 31.9+3.3
Kimurio upstream 3A 1556 0.055 0.04 86 8.08 6.99 20.4+4.6
Kimurio Trl 3B 15.25 0.047 0.03 72 15.32 8.04 21.4+3.4
Kimurio Tr2 3C 1456 0.036 0.03 56 11.89 7.86 43.6+2.0
Kapkateny Upstream 4A  15.47 0.057 0.04 87 725 6.97 43.2+3.0
Kapkateny Trl 4B 15.11 0.06 0.04 93 10.82 6.96 29.2+3.0
Kapkateny Midstrm
(15'? MHS{ 4C 1879 0.083 0.06 127 837 7.1 213.3+306
Kapkateny Midstrm
(Zn% MHSE’) 4D 1875 0.083 0.06 127 837 7.1 213.3+30.6
Kapkateny 4E  17.66 0.091 0.07 142  10.63 7.04 264.4+155
Downstream
Chebich 5A 18.77 0.112 0.08 172 11.37 7.07 301.2+45.6
Kapkasobei 6A 19.61 0.1 0.07 155 8.33 7.06 147.7+21.2
Chebirbei TA 20.21 0.126 0.09 193 8.94 7.05 397.6+29.1
Kibingei 8A 19.74 0.14 0.11 224 10.51 7.09 450+31.9
Kibisi Trl 9A 15.64 0.048 0.03 73 7.25 751 3.2+1.6
Kibisi Upstream 9B 13.48 0.047 0.03 72 8.71 7.62 13.9+0.9
Kibisi Downstream 9C 16.3 0.011 0.06 127 10.79 7.12 79+12.2
Cheptilieny 10A 20.38 0.119 0.09 183 1057 7.01 46.7+7.2
Masindeti 11A 19.37 0.131 0.1 202 11.37 7.06 176+6.5
Namboani 12A 19.04 0.096 0.07 148 10.96 7.04 181.7+9.2

Percentagerop cover was significantly positively correlatedivthe variables of temperature, TDS,
TSS, ECand salinity Percentagerop cover was however significantly negatively correlated with
pH. Percentageegetation cover was significantly negatively correlated with temperature, TDS, EC,
salinity and TSS. vas however significantly positively correlated with pFable 9). Altitude was
strongly correlated with landse percentages. Vegetated areas were strongly significantly positively
correlated with altitude.Temperature, total dissolved solids, total susigel solids, salinity,
conductivity showed a negative corteda with altitude Percentage landcover valyased to assign

landuse classesvere used to run the correlation.
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Table 9: Pearson correlation bi-plot; Physicochemical variables altitude and landcover
percentages in the investigated stream$1€20). Values in bold indicate significant (p<0.05)
correlations. Temp = Temperature, DO = Dissolved Oxygen, TDS = Total Dissolved Solids, EC
= Electrical conductivity, Sal = sdinity, TSS = Total Supended Solids

Variables

% Veg % Crop  Altitude Temp DO TDS EC Salinity TSS

cover cover (m) (°C) (mg/L) pH (mg/L) (us/cm)  (ppt) (mglL)
% Veg covel -.999" 910" -857" -104 .539 -.656° -.845" -.858" -.680"
% Crop -.999" 1 -911" 854" .099 -538 .648" .840° .854" .666"
cover
Altitude (m) .910" -911" 1 -818" -121 473 -.642° -.857" -.865° -.650"
Temp(°C) -.857" .854" -.818" 1 .059 -489 876" 915" 907" 736"
DO (mglL) -.104 .099 -.121 .059 1 476 .092 162 .168 .070
pH .539 -.538 A73 -489 476 1 -420 -.487 -.493 -.358
TDS (mg/L) -.656" .648" -.642" 876"  .092 -420 1 .900" .894" 761"
EC (us/cm) -.845" .840" -.857" 915"  .162 -487 900" 1 .995" 796"
Sal(ppt) -.858"  .854" -.865" 907" 168  -493 894" 995" 1 793"
TSS(mglL) -.680°  .666" -.650" 736" 070 -358 761" .796" 793 1

** Correlation is significant at the 0.01 levelt@led).
*, Correlation is significant at the 0.05 ley2itailed).

The means of physiechemical water quality parameters in forested and agricultural land use types
showedthat agricultural land use recorded the highestuesfor TSS, Temp, DO, EC, salinity and
TDS. Agricultural land use however hiadver pH valies than forested land use (Tabl The non
parametridKruskatWallis test showedignificart (p < 0.05)differencedor the variables TSS,DS,
salinity, EC and temperature between agricultural and forested land uséTgblesl 0). Sites with

>60% cop coverwere classified undeaasagricultural landusewhile sites with> 60% Vegetation

coverwere classifiegsforested landise
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Table 10: Kruskal -Wallis test for significance ofphysico-chemical parameters among the two
land use types, agricultural and Forestedrn(=21). Physicechemical parameters expressed as
mean+ SE. Values in bold indicatesignificance p<0.05

Land use type

Physicachemical Agriculture Forested p*
parameters

TSS (mgll) 222+ 30.7 32.9+27.4 0.000
Temperature(°C) 18.9+0.5 15.1+0.5 0.000
pH 7.1+0.1 7.3+0.1 0.704
DO (mg/L) 10.2+ 0.5 9.5+ 0.5 0.183
EC (uS/cm) 168.6+ 13.5 67.4+13.9 0.000
Salinity 0.1+0.01 0.03+0.01 0.000
TDS (mg/L) 0.1+0.01 0.05+ 0.01 0.002

P* Significance < 0.005

4.1.2 Land useand substrate composition

Substrate distribution between the two land use types shoeelbthinance of macrolithalibstrate

in streams withiriorestedareasvhile akalsubstratelominated in streams within agriculturalareas.
CPOM (which comprised of detritus and woody debasyl macrophytes substrate types were also
higher in forested sites than in agricultural s{tégure25). Hardpan was found only in agricultural
areas. Percentage of fine substrate (substrate gzmny was higher in agricultural streams than in

forested streams.
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Figure 25. Mean Percentage of substrates per land use (agricultural, forested). Error bars
represent 95% confidence interval.

4.2 Land use, abiotic parametersand altitudinal patterns.

Cluster analysis performeoin catchment scale characteristics of altitude, -lasel and substrate
composition among sites was done to determine the habitat conditions of the sites that could be used
predictively to determine whiitmacroinvertebrate taxa will be occurring in the dted sites. The
analysisshowed the aggregation of sites into two major clugtégaire26 & Figure 27. An overlay

matrix based on altitud@-igure 26)and land uséFigure 27)clusters showed thalé two clusters

were a function of both land use aritkade gradient. Sites above 200@ns.l.clustered together and

apart from sites below 2000ans.| The clustering was also based on land use with sites in agricultural

land use aggregating togeth&ray and apart frorthose in forestethnd use
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4.3 Macroinvertebrates taxa list

A total of 281,024pecimendrom 12 orders and 46 families veesampledt 21 sites in 12 streams
within Mt. Elgon region (Tabld.1). Order Dipterahad thehighestnumber of familiegepresented
with a total of 12 families. Trichoptera was representedibgfamilies, Ephemeroptera wigeven
families, Coleoptera wh five families, Plecoptera bgne family andgenus(Perlidae:Neoperl3,
Decapoda byne family andgenus(Potamonautide: Potamonautés Mollusca bythreefamilies,
Odonata byfour families, Hemiptera bywo families, Hirudinea, Tricladida and Oligocltaesach
were represented lgnefamily. There werdhree genera anfive taxa groups identified from the
family Hydropsytidae Cheumatopsych&, B & C, HydropsychandDiplectrona(Appendix1) for
differences in the head structure and the front clypewsrian margin). Baetidae family was
represented bihreetaxa groupsBaetis& typeB - 3-tailedandtype C- 2-tailed) basen their tail
and body structureKimurio tributaryl (3B) had the highest abundance of specime1(2
individuals/nf) while the lowest abundancewas recorded in Chebirbdi7A) and Kapkateny
midstream I MHS (4C) both with 304 individuals/fKimurio upstream (3A) and Kibisi tributary
(9A) had the highedaxa richness (30 taxa) while the lowest number of taxa was recorded in (4C)
Kapkateny midstream™MHS (7 taxa).
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Table 11: Macroinvertebrate taxa composition, functional feeding types (accordingp Meritt et al.,2008; Maseseet al.,2014) and
abundance (ind/n?) in the Nzoia river basin streams.

Sites
Order Family Genus 1A 2A 2B 3A 3B 3C 4A 4B 4C 4D 4E 5A  6A 7TA  BA  9A 9B 9C 10A 11A 12A FFG
Oligochaeta Oligochaeta Oligochaeta 1200 16 112 48 96 - 16 6352 16 48 128 80 96 32 16 1296 16 32 160 - - CG
Tricladida Planariidae Planaria - 32 96 240 496 256 80 176 - 128 48 48 - - - 208 - 16 48 - - PRD
Hirudinea Glossiphoniidae  Glossiphoniidae - - - 16 352 - - - - - - - - - - 800 - - - - - PRD
Gastropoda Physidae Physidae - - 32 - - - - - - - - - - - - 32 - - - - - SCR
Planorbidae Plandbidae 16 - - - - - - - - - - - - - 32 - - - 32 32 - SCR
Bivalvia Sphaeriidae Pisidium 288 96 256 1536 992 96 400 736 - 16 48 32 - 16 48 6048 64 - 16 32 - CF
Decapoda Potamonautidae Potamonautes 16 272 16 32 - 96 480 528 - 96 - - - - - 80 368 16 - - - SHR
Ephemeroptere Baetidae Baetig3-ailed) - 2752 1840 3792 4896 4768 8960 3856 112 1952 912 1040 3056 80 352 4448 5728 640 3696 3456 400 CG
Type B (gailed) 96 480 48 224 240 896 464 480 - 144 16 32 448 - 96 144 352 16 192 896 32 CG
Type C ¢ikd) - - - 16 - 288 - - 16 416 96 - 272 - - - 112 - - 32 16 CG
Caenidae Afrocaenis - - 80 - 96 - 16 - - - - - - - - 80 - - - - - CG
Caenis 256 128 1136 32 1424 - 688 16 - 48 - - 32 16 32 992 48 224 32 2112 48 CG
Heptageniidae  Afronurus 96 720 - 656 480 800 576 32 80 352 528 16 - - 576 - 1200 576 32 1696 560 SCR
Leptophlebiidae  Euthraulus - - - - - - - - - - - - - - - - 16 - - - - SCRI/CG
Leptophlebiidae - - 16 - - 16 - - - - - - - - - - - - - - - SCRI/CG
Oligoneuriidae Oligoneuriopsis 544 - 176 - 752 144 - 16 112 32 - - - - - 240 - - - - CF
Prosopistomatida Prosopistoma - 16 - - - - 128 - - - - - - - - - - - - - - PRD
Tricorythidae Tricorythus - - - - - - - - - - - - - - 32 - - 16 - - - CG
Odonota Coenagrionidae  Coenagrionidae - - - - - - - - - 16 - 16 - - - 144 32 736 48 160 - PRD
Gomphidae Gomphidae - - - 32 - - - - - - - - - - - - - - - - - PRD
Libellulidae/ Libellulidae/ - - - - - - - - - - 16 - - - 64 - - - - - - PRD
Corduliidae Corduliidae
Plecoptera Perlidae Neoperla - 656 - 384 - 480 32 - - - - - - - - - 224 - - - - PRD
Hemiptera Gerridae Gerridae - - - - - - - - - - - - - - - - - - - 32 - PRD
Mesoveliidae Mesoveliidae - - - - - - - - - - - - - - - - - - - 64 - PRD
Coleoptera Dytiscidae Dytiscidae - - - - 16 - - - - - - - - - - 176 - - - - - PRD
Elmidae Elmidae - - - 16 - - - - - 160 - - - 16 - - - - 16 - - SCR
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Gyrinidae Gyrinidae - - - 176 - 16 - - - 16 - 16 16 - - - - - 48 32 - PRD

Hydrophilidae Hydrophilidae - 16 - - - - - 16 - - - - - - 16 32 - - - - - PRD
Scirtida Scirtidae - 128 336 - 240 - - 224 - - - - - - 16 832 16 - - - - SCR
Trichoptera Calamoceratidae Anisocentropus - - 112 32 - - - 208 - - 16 - - - - 64 - - - 96 - SHR
Hydropsychidae Cheumatopsyche - 240 - - - - - - - - - - 32 - - - 80 - - - - CF
CheumatopsyetB - - - 32 - - - - - 32 - - - - 160 16 208 - 80 160 48 CF
Cheumatopsycie - 672 32 288 - 240 144 - - 1728 2464 160 320 - - - 80 304 80 - - CF
Diplectrona 912 304 - 64 272 80 48 720 - 144 16 - 64 - 48 208 - - 64 - - CF
Hydropsyche - - - - - 16 - - - 512 - - - - - - - - 32 - - CF
Hydroptilidae Orthothrichia - 16 - - - - - - - - - - 32 - - - - - 16 - - SCR
Lepidostomatidae Lepidostoma 256 32 304 96 1712 16 64 560 - 16 64 - 16 - 48 208 - 448 - 960 16 SHR
Leptoceridae Adicella - - - - - - - - - - - - - - 32 - - 32 - - - SHR
Oecetis - - - 48 - - 16 64 - - - - 16 - - - - - - 64 16 PRD
Triaenodes - 240 - 128 1200 80 80 240 - - - - - - - 96 48 96 - - - SHR
Trichosetodes - - - - 32 16 - - - - - - - - - - - - - - - CG
Philopotaitae Wormaldia - - - - 48 - 64 96 - - - - - - - 912 - - - - - CF
Pisuliidae Pisuliidae - - - - - - - - - - - - - - - 80 - - - - - SHR
Polycentropodida Polycentropus - - - 48 - 144 432 - - - - - 48 16 - 560 - - - - - PRD
Psychomyiidae  Tinodes 32 64 192 48 128 128 16 80 - - - - - - - 144 48 - - - - SCR
Diptera Ceratopogonidae Ceratopogonidae - - 32 - - - - - - - - - - 16 - 16 - - - - - PRD/SCR
Chironomidae Chironomidae 160 112 160 352 1152 - 144 1312 32 448 368 - 224 - 160 1648 160 112 48 96 16 |
Dixidae Dixidae - - 16 - - - - - - - - - - - - - - - - - - PRD
Dolichopodidae  Dolichopodidae - 32 - 16 64 - - 208 - - - - - - - - - - - - - PRD
Empididae Empididae - - - - - - - - - - - - - - - - - - 16 - - PRD
Ephydridae Ephydridae 16 32 - - - - - - - - - - - 16 - - 16 - - - - SHR/COL
Limoniidae Limoniidae 16 48 160 128 32 - 16 272 - - - - - - - 32 - 32 - - - SHR
Muscidae Muscidae 16 - - 32 16 64 - - - - 48 - 32 - - 16 - - - 32 - PRD
Simuliidae Simuliidae 2560 1504 448 3056 28064 10304 7168 1832 32 32016 15072 960 7888 80 48 6416 464 144 224 - 192 CF
Stratiomydae Stratiomglae - - - - - - - 64 - - 32 - - - - - - - 16 32 - SCR
Tabanidae Tabanidae 16 - - - - - - 720 - - - - - - - 48 - - - - - PPR
Tipulidae Tipulidae 16 - 64 32 64 16 - 368 - 48 32 16 16 16 - 128 - 16 16 32 - SHR
No.of taxa 17 25 21 30 23 22 23 24 7 21 18 11 17 10 17 30 21 17 21 19 10
Total(indv/ni) 5968 9152 5488 11776 42112 19568 20176 35840 304 38448 19936 2416 12608 304 1776 25904 9520 3456 4912 10016 1344 281024
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4.3.1Similarity of macroinvertebrate communities, land use patterns and altitudinal distribution

Two major clusters were observed from the hierarchical clustering of sites based on macroinvertebrate
communities present.Simuliidae, Cheumatopsyche Oligochaeta, Sphaeriidae, Chironomidae,
Lepidostomatidaddiplectrong Baetidae Tipulidae,Caenidae andfronuruswere the most commabn
occurringtaxa in most of the sites (Figue8 & 29). Adicella, Trycorythidae, Libellulidae/Cordulidae

and Empididae werdimited to agricultural streams and an altitude range of < 2000 m a.s.l.
LeptophlebiidaeAfrocaenis Physidae, Dixidae, Pisuliidae, Wormaldia, Glossiphoniidae, Gomphidae,
TrichosetodesProsopisimatidae Neoperlaand Dolichopodidae were limited to foredtstreams in
altitudes > 2000 m a.s.l. Planorbida@modesand Tabanidae were found at altitudes > 2000 m a.s.| but
also occurred in agricultural streams. Scirtidae, LimoniidaaenodesandPotamonautesvere highly

occurring in forested streams thougére found in some agricultural streams.
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Figure 28: Two-way cluster dendrogram of macroinvertebrate distribution (presence and absence
data; overlay: forested and agicultural areas).
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4.4 Macroinvertebrate community structure

4.4.1 Abundance and richness

The highest number of individuals was recorded in site 3B (Kimurio Trlgwhel lowest abundance

was recorded in sites 4C (Kapkateny midstre&ivIS) and 7A (ChebirbeiDiptera was the most

abundant order among sites withe highestDiptera abundanceecorded in4D (Kapkateny

midstream 2 MHS). Highest number of taxa

(Kibisi upstream) (Figure30). Ephemeroptera,

wereaorded in 3A (Kimurio upstream) and 9B

Trichoptera and Diptera had higher taxa richness

across the sitefFigure 30) Ephemeroptera and Diptera were the dominant taxa acrosddbe si

Relative taxa richnesgmss sites was dominated by Diptera, Ephemeroptera and Trichijatgena

31). Sites in forested areas recorded higher taxa richness and abundance than those in agricultural

areas (Figure 32).

a) Major Groups
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Figure 30: Abundance (left) and richness (right) of different macroinvertebrate orders. Sites labelled
with * indicate same sites with different MHS samples. Sites denoted with green inaxis are in
forested areas while those in red aren agricultural areas.
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Figure 31 Dominance (%) in abundance (left) and in taxa richness (right) of macroinvertebrate
orders. Sites labelled with * indicate same site with different MHS samples. Sites denoted with green
in x-axis are in forested areas whileltose in red are in agriculture areas.
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forested land use types
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b) Ephemeroptera

The order Ephemeroptera wagepresented bysewen families (Baetidae, Heptageniidae,
Oligoneuriidae;Tricorythidae, Caenidae, Leptophlebiidae and ProsopistomatBaefidae was the
mostabundant fenily across sites (Figure3p Highest Ephemeroptera abundance and richness was
recorded in 4A Kapkately upstream while the bwest was in 7A (Chebirbei). Ephemeroptera
richness was equally high in 9A (Kibisi tributary) as in 4A (Kapkateny upstream). Caenidae
dominated in site 1A (Chemugumiet) while Heptageniidae dominated in sites 8A (Kibingei) and 12A
(Namboani). Baetidae anda@nidae families had the highest relative richness across sites (Figure
34). Abundance and richness of Ephemeroptera was higher in forested streams than in agricultural

streams (Figure33.
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Figure 33 Abundance (left) andrichness (right) of Ephemeroptera families. Sites labelled with *
indicate same sites with different MHS samples. Sites denoted with green iraxis are in forested
areas while those in red are in agricultural areas.
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Figure 35: Abundance (left) and richness (right) of Ephemeroptera in forested and
agricultural land use types
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c) Trichoptera

The order Trichoptera was represented rge families (Calamoceratidad,epidostomatidae,
Pisuliidae, Polycentropodidae, Leptoceridae, Hydropsychidae, Hydroptilidae, Philopotamidae and
Pychomyiidae). Hydropsychidae was the common family distributed aahosges (Figure ).
Lepidostomatidae waalso distributedacross mosof the sites except in Chebich (5A), Chebirbei
(7A) and Cheptilieny (10A). There were no Trichoptera recorded in site 4C (Kapkateny midstream
15t MHS). Highest Trichoptera abundana@s recorded in Kimurio Tr1(3B). Highest Trichoptera
diversity was recorde in Kimurio upstream(3A) and Kibisi tributarf®A). Lowest Trichoptera
diversity was recorded in sites Chebich (5A) and Chebirbei (ydropsychidae was the dominant
taxa across ost sites (Figure 3. Polycentropodidae was the only Trichoptera in Cifoei(7A)

while Hydropsychidae was the only taxa in Chebich (5A). Philopotamidae occurred only in streams
in forested areas and was the dominant taxa in Kiligistary(9A). Trichoptera diversity and

richness was higher in forested streams than in dgnialistreams (Figure 38).

4000

10
: 3500 . 9
< 3000 8 I
o
c c 7
= x
< 2500 X6 | |
2 2000 S5
© o
21500 z4
S _ -
2 1000 | ‘ I
. ||I- -|_|I|III [ |
1A 2A 2B 3A 3B 3C 4A 4B 4(: 4D 4E 5A 6A 7A 8A 9A 9B 9C10A 1A2A 1A 2A 2B 3A 3B 3C4A 4B 4D 4C 4E 5A 6A 7A 8A 9A 9B 9C10AL1A2A
Sites Sites
= Calamoceratidae m Hydropsychidae m Calamoceratidae m Hydropsychidae
® Hydroptilidae Lepidostomatidae ® Hydroptilidae Lepidostomatidae
H Leptoceridae Philopotamidae u | eptoceridae Philopotamidae
= Pisuliidae m Polycentropodidae m Pisuliidae m Polycentropodidae
m Psychomyiidae m Psychomyiidae

Figure 36. Abundance (left) and richness (right) of Trichoptera families. Sites denoted with green in
x-axis are in forested areas while those in red are in agricultural areas.
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Figure 37: Dominance(%) in abundance (left) and in taxa richness (right) of Trichoptera families.
Sites denoted with green in saxis are in forested areas while those in red are in agriculture areas.
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Figure 38 Abundance (left) and richness (righj of Trichoptera in forested and agricultural land use types

54



d) Diptera

The orderDiptera was represented by 12 families with Simuliibeeng the most abundant family

(Figure ®@). Kapkateny midstream (4Dhad the kghest Diptera abundance. Chemugumiet (1A),
Kapkateny Trl (4B) and Kibisi upstream (9B) had the highest diversity of Diptera families (Fyure 3
Simuliidae and Chironomidae were the dominant Diptera taxa across the sites 4B)g&ienuliidae,
Chironomdae ad Tipuliidae had the highest relative richness across the investigated sites. Diptera
abundance and richness was higher in streams in forested areas than in streams in agricultural areas
(Figure 4).
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Figure 39: Abundance (lett) and richness (right) of Diptera families. Sites labelled with * indicate
same sites with different MHS samples. Sites denoted with green irexis are in forested areas
while those in red are in agricultural areas.
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Figure 40: Dominance(%) in abundance (left) and in taxa richness (right) of Diptera families. Sites
labelled with * indicate same site with different MHS samples. Sites denoted with green irexis
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e) Coleoptera

Coleoptera were represented fiye families (Dytiscidae, Gyrinidae, Scirtidae, Elmidae and
Hydrophilidae).This order was limited to some sites and was aleesites 4A4C, 4E,9C and 12A.

Kibisi upstream(9B) had the highest number @oleoptera taxa compromising mostly of Scirtidae
(Figure £). HighestColeoptera diversity was also found in Ksbupstream (9B). The occurrence of
Coleoptera families were generally low across sites with most sites containing one or two families. The
highest number ofoleoptera families occurring insite Kibisi upstream (9B) with onlthreefamilies

(Figure 8). The number of taxa was the same in agricultural and forested it abundance of

Coleoptera families were however higher in forested driggire 44).
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Figure 42: Abundance (left) and richness (right) of Coleoptera fenilies. Sites labelled with * indicate
same sites with different MHS samples. Sites denoted with green iraxis are in forested areas while
those in red are in agricultural areas.
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Figure 43: Dominance (%) in abundance (left) and in taxa richness (right) of Coleoptera families.
Sites labelled with * indicate same site with different MHS samples. Sites denoted with green in x
axis are in forested areas while those in red are in agriculture areas.
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EPT abundance (indjm

f) EPT taxa distribution

Ephemeroptera were timost abundant andominant taxa among the EPT taxa distributed across all
sites.Highest EPT abundaneasd diversity was recorded in 4A (Kapkateny upstream) while the lowest
abundance and diversity was recorde@hebirbei(7A). Kimurio upstream (3A) also recorded as high
EPT diversity as in Kapkateny upstream (Figusg Rlecoptera represented by thegeNeoperlahad
theleastdiversity and abundan@mong the EPT taxa only limited streams in forested are&ste 4C
(Kapkateny midstream®IMHS) was represented by lgrone EPT taxa (Ephemeropterdhere was
higher diversity and richness of EPT tarastreams in forested areas than in streams in agricultural
areas (Figure 3). Richness of EPT taxa across sites were dominated by Trithoptera and

Ephemeroptera families (Figure 46).

18
12000 I 16
10000 14
I 12
8000 n S
310
kS
6000 I I o8
z
4000 6
4
2000
| ; |
, A 1
1A 2A 2B 3A 3B 3C 4A 4BACHD*AE 5A 6A 7A 8A 9A 9B 9C10AL1A2A 1A 2A 2B 3A 3B 3C 4A 4BACHD*AE 5A 6A 7A 8A 9A 9B 9C10AL1A2A
Sites Sites
® Ephemeroptera  Plecoptera ® Trichoptera m Ephemeroptera  Plecoptera ® Trichoptera

Figure 45. Abundance (left) and richness (right) of Ephemeroptera, Trichoptera and Plecoptera
(EPT) taxa. Sites labelled with * indicate same sites with different MHS samples. Sites marked hwvit
green in xaxis are in forested areas while those in red are in agricultural areas.
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Figure 46. Dominance (%) in abundance (left) and in taxa richness (right) of Ephemeroptera,
Trichoptera and Plecoptera (EPT)taxa. Sites labelled with * indicate same site with different MHS
samples. Sites denoted with green inaxis are inforested areas while those in red ar agriculture
areas.

4.4.2 Functionalfeedinggroups (FFGs)diversity and richness among sites

Filtering-collectors andyatheringcollectorswere the most abundant addminantFFGsdistributed
across all sitegFigure 4 & 48). Predators and shredders were the least abukd&s Lowest FFG
abundance and richness was recorded in Kapkaf@MHIS (4C) and Chebirbei (7A). The low FFG

abundance and richness correspond to the low taxa abundance in these two sites.
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Figure 47: Abundance (left) and richness(right) of functional feeding groups. Sites labelled with *
indicate same sites with different MHS samples. Sites denoted with green iraxis are in forested
areas while those in red aran agricultural areas (CF=collector-filterers, CG=collector-gatherers,
SCR=scrapers, SHR=shredders)
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Figure 48 Dominance (%) in abundance (left) and in taxa richness (right) of functional feeding
groups. Sites labelled wi * indicate same site with different MHS samples. Sites denoted with
green in xaxis are in forested areas while those in red are in agriculture areas. CEsllector-
filterers, CG=collector-gatherers, SCR=scrapers, SHR=shredders
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Biomass (g/A)

4.43 Biomassof Functional FeedingGroups

Kapkateny tributary (4B) recorded the highest biomass wKdpkateny midstreamsIMHS (4C)
recorded the lowest bioma&hredder biomassas high(contributed majorly by shreddesjross sites
with the highest being recorded Kapkateny tributary (4B)There were however no scrapers recorded
in this site.There were no shredderssite 4C(Kapkateny midstream®MHS). In this site, scrapers
were the dominant functional feeding group. In Cheptilieny (18#9,biomass focollecta-gatherers
dominakd the other feeding guildshile in Kapkateny downstream (4E)ollectorfilterers biomass

dominagd (Figure 9).
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Figure 49: Total Biomass (left) anddominance(%) of biomass (right) offunctional feeding graups.
CF=collector-filterers, CG=collector-gatherers, SCR=scrapers, SHR=shredders

4.5 Land usepatterns and macroinvertebrate composition

Forested land usiype had a higheabundance of macroinvertebratean agricultural land ustype
(Figure 50). Order Diptera(contributed significantly by Simuliida@yas the most abundant in both
forested and agricultural land uses. Ephemeropfecatributed significantly by Baetidaegnd
Trichopteracontributed sigificantly by Hydropsychidaeyere also recordkin high abundances in the
two land use types. Order Plecoptera was not found in streams in agricultural land use. Order Trichoptera
had the highest taxa richness in forested land use while Ephemeapddigterahad the highetaxa
richness in agrictiiral land use (FigurBl). Total biomass and total abundance of functional feeding

groups was higher in forested than in agricultural land use type (Figure 5
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Figure 50: Mean abundance of macroinvertebrate groups across agnidtural and forested
land use types.
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Figure 51: Dominance(%) in total abundance (left) and in total taxa richness (right) of orders across
forested and agricultural land usetypes.
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Figure 52 Abundance (ind/m?) (left) and biomass(g/m?) (right) of macroinvertebrate taxain
forested and agricultural land use types

Among the Trichoptera families Philopotamidae and Psychomyiidae faund only streams in
forested land use (Figus3). Leptghlebiidae and Prosopistomatidae in Ephemeroptera fangitg w
limited to streamsn forestedsites Dixidae, Dolichopodidae and Tabanidae were limited to forested
land use while Psychodidae and Empididae were limited to sregmgricultural land use. Eh

Hydropsychidae were distributed in both agricultural and forested land use types
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Figure 53. Distribution of Trichoptera (a), Ephemeroptera (b), Diptera (c) and Hydropsychidae
(d) taxa in streams in agricultural andforested land use types.

4.5.2 Land use patterns and functional feedingroups

Biomass of functionaleedinggroups(FFGs)was significantly higher in streams within forested land

use than in streams within agricultural land uge) & -1.92, p= 0.00J). Although not significantthere

was also a higher abundance recorded in forested streams than in agricultural $igam$4).
Collectors were the most abund&mGin streams within the two land use types with filtering collectors
being the most duainant functional group ithe two land use typg&igure %). Collectorgatheres,
shredders and predator dominance were higher in forested streams than in streams within agricultural
land use. Comparison between streams in the two land use types osmagdishowed thahredder

biomass contributed significant{p<0.05)in the streams within forested land use.
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Figure 54: Abundance (left) and biomass(right) of macroinvertebrate FFGs in forested and
agricultural land use types. CF= collector-filterers, CG = collector-gatherers, SCR= scrapers,
SHR = shredders
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Figure 55: Dominance (%) inabundance(left) and in richness(right) of macroinvertebrate FFGs
in agricultural and forested land usetypes.CF = collector-filterers, CG = collector-gatherers, SCR
= scrapers, SHR= shredders
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The biomass ofollectorfiltering wasdominant(42.3%)in agricultural streams while the biomass of
shredders were dominaKif3.9%) in forestedstreams(Figure 56). Scraper biomass wabe least

dominantin forested streams.
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Figure 56: Dominance (%) in biomass of macroinvertebrate FFGs in agricultural and forested land
use typesCF=collector-filterers, CG=collector-gatherers, SCR=scapers, SHR=shredders

Cluster analysis performed on the grouping of sites basédnational feeding groups showed streams
within agricultural and forested land use grouping apart (Figta¢. Similarly, the groupings were also
a function of altituchal gradient with the streams forming two major clusters; between 18200m
a.s.l.and above 220t a.s.| (Figure57b)
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Figure 57. Cluster dendrogram of site groupings on logarithmic transformed abundance of
macroinvertebrates based on functional groups overlays: (a) Land use types, (b) Different altitudinal
gradients

There was significant negative correlatidretweero crop coveand all macroinvertebrate functional
feeding guildsgredators, scrapers, shreddé&itterersand gathesrs) Coarse particulat@rganic matter

was also significantly negatively correlated with percentage crop cover. Vegetation cover was
significantly positively correlated with collectgathererspredators, shreddemadfilterers.CPOM was
strongly andsignificantly correlated with the abundances of collector gatherers, scrapers, predators and
shredder communities (TablR). Percentage landcover valyesed to assign land use classesre

used to run the correlation.
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Table 12: Pearson correlation on percentage of land cover, CPOM, densifindv/m?) and biomass
(9/m?) of macroinvertebrate functional feeding groupgn=21, P<0.05). CPOM= Coarse particulate
organic matter.

**_Correlation issignificant athe 0.01 level (2ailed).
*. Correlation is significant at the 0.05 leveli@led).

Abiotic variables and macroinvertebrate communities

The joint plot of the NMDS analysigor macroinvertebrate assemblagbsws separated clesgparation

of the sites nto forested and agricultural areas (FiguB. Streams in drested sites were majorly
characterized by high vegetation cover, altitude and CPOM quantity. These sites were separated from
the sites within agricultural land ussrrelating with the parameate discharge, velocity, depth,

temperature, salinity, conductivity, TSE)S, % of akal and crop cover.
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