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ABSTRACT

Land use change from natural forests to crop land has changed catchments worldwide. The world
growing population that needs more space for economic and industrial development is a key driver
to this change. The massive deforestation in the recent yeagordy to acquire productive land

for crop production, to meet the nutritional needs of the growing population. Yet these changes in
land use have impacts on environment especially the aquatic ecosystems and their related biota.
This study in three tribaties of the Nzoia system in Mt Elgon western Kenya, aimed at
investigating the influence of the shift from forested to agricultural land use on stream functioning
in relation to water quality, bacterial abundances, diversity and their responsesstiystiethe

changed land use.

Parameters ( Temperature, discharge, dissolved oxygen, electrical conductivity and pH) of the
streams (Kapkateny, Kimurio and Teremi) sampled sites, where measured insitu and 60 water
samples were collected for analysisnofrient properties, (SRP;P, TN, NHs, NO2, NOs and
chlorophylla). Sediment samples were collected for analysis of, sediment grain size distribution
(30 samples), (160) samples for microbial oxygen consumption rate, system productivity,
bacteriaabundanceand functional group diversity. Sediment grain size distribution within the
streams was classified and grain size mth was considered as fines. Microbial oxygen
consumption rate and primary production were measured as a change in oxygematmrcant
incubated chambers subjected to dark and light conditions at room temperature for respiration
and primary production processes. Bacteria abundances were investigated using the fluorescent

staining method and functional group diversity was asdassiag cabon substrate utilization.

Several limnological parameters were significantly different between the agricultural and
forested stream sectignaith high nutrient concentrations and more fine sediment accumulation
recorded in agricultural streagections as well ashigh oxygen consumption ratesystem

primary productivityand kacterial abundanceslowever,functional group diversityvas low in

agricultural streamsections | t 6s worth noting that agricultur
use, heaVy, negatively influences high nutrients concentratjaiters microbial activities (

respiration rate)affects biota numbers and diversityaguatic ecosystem.



CHAPTER ONE

1.0INTRODUCTION

Pronounced clearing and consien of forests to other lanase typedias highly impacted aquatic
ecosystems biota as well as their functionautrient recycling and distribution (Qu et,&017).

Up tothe early 1980dandtransformation was mainly for industry and infrastructure development
(Vitousek et al 1997). By the 1990s, the tropical forest loss was estimated at 15.2 rhéltares
(FAO 2013) due to socioeconomic pressure (Rounsevell.e2@D3).Currently,therapid changes

in land usas as result oagriculturewith about @million square kilaneters of forest and grass lands
being converted yearlyo crop production fieldsleading to aglobal extincion (Ramankuttyand
Foley,1999;Tsai, 2019)A f r i donairarstecosystems and the mountainous lalsone of those
facing rapid conversion asresult offastgrowing population and need for more crop production
units (Chenje200Q Lambin et al, 2003, Ramankutty and Fole}999) These conversionshave
disproportionate impact on aquatic ecosystems functioning and their(Mg&as et al, 2000;
Underwood et al 2009) As well asa changein environmental patterns and its capacity to retain
soil, nutrients, water, organic matt@and seHpurification especially in rivers and streams

(Permatasari et aR017).

Denudeland cover predisposeassturbances to soil surface, loosening its cohesive and adhesive
structure, redung water retention capacity, thereby accelerating soilwdmsvn and deposition
into aquatic systems during rain ev&fidaviesColley et al, 2015).The changed land coviirrther
increags systempollution, contamination and biodiversity loss (Pienkoweskd Beaufoy, 2002
Xiaolan, 2009)together withalteration of stream flows, habitant loBg;reasedvater temperature,
and increased terrestrial inpyBurdon et al., 203). Many studies havehswn clear correlation
betweenagricultural land use andooor water quality (Holden,et al, 2015), because most
agricultural irputs including nitrogen and phosphorogst intothe aquatic system througsurface
run off (Ferrier etal.,, 2001). Sedimens and pollutants depositipmutrients and organic matter
loading, from agricultural sitetead to oxygen depletiongeutrophication, habitat degradation,
increased habitat loss, impairment of microbiota ecological functioning anditn&aker, 2006
Burdon et al., 2013, Zhange, 2015

In East Africa, Kenya is one of the countriggose larger population entirely depends on natural
systenslike streams, rivexand lakes for domestic and agricultural productioet there is a limite
number of such resourcesnd the available ones amecreasindy faced with anthropogenic
disturbances such as catchment degradation through agrictieh directly increass high
nutrient loading, sedimentation in streams and alteration dfyiihelogical patternsmorphologcal
structuresand functioning Thoughstudies have been carriedt in most aquatic systesin Kenya

( Nadir et al, 2012;Tengeet al, 2015;Achiengand shikuku, 2019, focuswas limited towater
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column changesLittle attenton hasbeen given to sedimearty microbial functional groups and

their processes

1.1 Problem Statement

Rapid population growth is highly being experienced in Africa. Currently, the growth rate is at 3%
annually and projections have beeade that by 2@the African population will be 1.5 billion at
19%increase The increasesihighly observed among the youth (Uirary 2019). East Africa is
equally faced with the same challenge as other countries within the continent. The popwatibn gr
rate betwee 20132017 was at 6.7%. Though the region is experiencing rapid economic growth
challengs such as unemploymenstill persists(Paul et al 2017), leaving societies with no
economic option rathahan high exploitation of natural resoes@nd engagenert in agriculture

for livelinhood.

Mt Elgon catchmentatural forests are one of those that Hawgely been converted to agricultural
fields. The acquisition of the land is either through massive forest logging or burning. The land is
deeply ploughed tcemove the tree root remains. The opened gardens are cultivated thrahghout
yearmajorly for maize, cabbage, onion and Irish potstayrowing The farmers in the area use
chemicas and fertilizes for pest and disease control aswll fertility maintenaceto boost high
yields. The farmers have little or no knowledge of saibsioncontrol measws and the area

experiences high surface run,offhich has noticeably increased soil erosion

In response to some of the probkassociaté with the negative impact of these anthropogenic
activities scholars have carried out more studies in aquatic systems but mainly focugieg on
water column, which apparently has been well understood by many scigdtsisver, less
attention has begpaid to sedimerdiry processes anahicrobial functions,despte the fact that
sedimens are habitat for microbial organissnand they provide a matfor major microbial
processes that enswgeological healtlandstabilizationof aquatic ecosystesthrough carbon and
nutrient recycling, nutrient flow to higherophic levelsprganic mattedecomposition and whole
river respiration (HalandMeyer, 1998 Hieberand Gessner, 2002 herefore, the goal of this
study was to assess the impact of land use on microbial functesmEbnsesnd diversity in

stream ecosystems

1.2 General objective.
To assess influences of land use change ornséldémentmicrobial compositionand their

functional responsein three streamwithin Nzoia catchmentMt. Elgon area.
1.3 Specific objectves.

i.  To determine thenfluence ofland use on water quality and sediment composition.
ii.  To assess variation of sediment microlmaygen consumption rat@nd primary production
along thestreamcontinuum in relation to forest and agricultural landsuse
11



iii. To determinestream microbial respiration responsasd primary productionto nitrogen
addition

Iv.  To compare microbiahbundanceand functional groupgliversity in sedimentgxposed to
different land use practices.

1.4. Hypothesis.
There are significant dfferences in streamsedimentcomposition and nutrientoncentrations
between agricultural and forestland useswith high fine sediment and nutrient accumulation in

agricultural stream sections

There isasignificanty higher sedimentary microbiadxygen consumptiomateandstreamprimary
productivity in stream sections undeagricultural land usecompared to sections with dominant

forested land use

Stream ecosystesedimentarpxygen consumption rate apdmaryproducton will increase with

nutrient additionin both agricultural and forested stream sections

Functional group diversity and microbial abundances will signiflgabehigher in stream sections
underagricultural lancuse than iforested land uses.

1.5 Justification of the study.

The fastgrowing population inEast Africa is faced with a challenge of food scarcity due to
dependence on rafed agricultureand exhaustion of the limited available cultivatable area. Other
options such as fisheries have been considered to bridge thbugdfe state of the food basket
remains alarming. This pressure ed toencroacmentand destiction of natural environments
such as grass land and natural forests to create space for agricultural production.

In East Africa, Mt Elgon region forestedeas is rapidly being converted to agricultural production
units, yet the arednas importancstreams and riverthat are major water supply sousde both
Ugandan ané&enyan communities. Society needs to understamdthese changes may impact on
aquatc ecosysternfunctionsandeffects they have on thelatedmicroorganismswhich play a key
role in maintaining the river system health. Therefore, this research seeks to inoceaséanthg

of how land use change can impagers/streanmsystems andurther provide evidence for better

policy making,need forrestoration and management of such important resources.

12



CHAPTER TWO

2.0.LITERATURE REVIEW

2.1 Effect ofland usechangeon stream water quality

Land use is an anthropogenic act of continuatesraction of man and environmemthile using

and altering the natural resources and available space for agricultural production, economic
development, conservation and recreatiBaul and Rashid, 201). The different land use types

have been noted ttave impacts on aquatic systems (WWZ217)

Agriculture productiorbeing one of the common land use type, has baemlong timenoted for

water abstractiorfBharati et al., 2002 Recently it has beerrecognized a®ne of thebiggest
contributorsof inland water contamination with about 70 percent pollutants emanating from such
land use (UNEP2016). The observation has been made in both, developing and developed countries
(WWAP, 2017). In European water bodie88 percent of the freshwater pollutiaa from
agricultural activities (WWAP2017), the same trend has been observed invés systems (US

EPA, 2016) and in China, water nitrogen pollution is mainly from agricultural land use, #NQ3).

Agriculture production in theecentyears has shiéd from conventional methods taensification

of cropping and livestock systems with high levels of cleahinputuse,so asto meet the food
gap faced by the increasing populatitat thishas put more pressure on water qualignd
general aquatitealth (FAO, 2013). The increased use of new agricultural chemicals such as
hormones(growth promotos), vacines, antibiotics and pesticidbave come a long with the
intensification of the systeifi,ambinet al.,2003.Theresiduedrom these intensivagicultural
productionunitsfinally get drained into adjacent water bodieough nonpoint or poirgathways
(StonestromandZhang, 2009; Yt al, 2013).

The intensifiedagricultural practiceswhich have led to clearing of land vegetation cover to
increase production unit®r specific crops (mainly produced by mono croppingith high
fertilizers and chemicalise(Angima et al., 2003)do not take into account soil erosion control
measuregBlanco and Lal 2008) thus increasingurface runoff alter hydrological patterns
increasesedimentpesticides and pathogemi@adinginto aquatic system®afziger, 2009). These
accumulations affect the oxygen concentrations, temperature, agpgainisms and general water
quality (Malone, 2009).

Theseagricutural residuesespecially phosphorous, nitrogen and their forms may result into toxic
organisms like toxic algal blooms and bactéHalden et al., 2015}hatdisruptthe functioning

of aquatic organisms arttbterioratavater quality (Tsegayet al, 2006; Zhange etlg 2012). A
survey carried out byBricker et al, 2008, reportedthat most of the national esties
eutrophication was a result of nutrient input from agricultural argscultural crop residues,

13



animal manureand pesticides where dad to bepersistentwith long residence period in the

Midwest and Mississippi river (Goolsby et,dl999).

The accumulated agricultural residuebich may includeminerals and dissolved salts for
exampleseleniumeached from agricultural productiamputs as observed the southern plains
of pacific, cause biological effect and deformation of body parts of aquatic orgamdraffect
thar performance of nutrientecycling and system purificatiomhich impacts the system water
quality (Lenat and Cravdrd, 19%; Boéchat et al., 2011;yautey et al.2015)

Large quantiesof terrestrial soil depositiohave equally been noted to be higher in agricultural
areas and have been reportedausehigh suspended soligdsurbidity (Davies et al., 2001, 2015;
De-stigter et al 2007)and limit light penetrationtherefoe affecting photosynthesis and other
proesses (Giri, 20,3016 Haygarth et a] 2002 Meyers andleranes, 2002)These deposits
and other terrestrial inpsiormallyget into aquatic systeméth biologically active soluteshich
causehigh biological oxygen demand (BODgarnier et al., 1999, 2@Pand chemical oxygen
demand (COD) (Uriarte et.#011,Lee, 203, 2009, whichlead to anoxic conditisboth in the

water and sediment colum(i3roppo et al., 2009)

Otherpractices such adearing of forested areas for agricultural productater hydrological
patterns(Odira et al., 2010), increaseirface runoffwhich affects the rives drainage design,
increase riverbank erosiofgcilitates increased downstreasedment loading Kolden et al.,
2015).Cleared catchmentxpo® stream and river watets direct solar heahus increasing the
water temperaturand alter systerchemical compositianThese coupled with high turbidity
affect @as solubility and reduces gaconcentrations held in the system, especially dissolved
oxygenwhich is important for system processes like decompogitimiden et al 2015 Bailey

et al, 2000) A survey carried out byFAO, 2013) between foresd and agicultural land uses,
showed thatthe root network, under growth and leaf litter within the forested areas offer effective
soil erosiorcontrol,filtering and retention potential terrestrialpollutants, reducsurfacerunoff

and prolongretenton time, which allows uptake, break down and utilization of elements like

potassium, nitrogen and phosphorus (BroadmeadwiNisbet, 2004Gundersen, 2007)

2.2 Influence of land use orsediment composition andunctions.

Sedimeng are an important part of thequatic environment. Their heterogeneous composition
provides various ecological niches to microlbe@sl microbial activitiegZhangRanand Chen,
2015).According to Brenner and Mondok, 1995urian 2002) land useypes suh asagriculture

do not affectonly water quality, but equally alters the sediment budgéas (Rompaey et al.,
2001;Angima et al., 2003yalentin et al., 2008) byncreaing fine sedimentatiorand alteling

fluvial grain size distribution

14



Ultimate grain size distribution is vital nverbedstabilization, habitant provisioning, regulating
water physicochemical properties and aquatic proceg¢Begkar et al, 2008) Clogging of
interstitial spacg, burial ofcoarsebed materia(Bailey et al, 2003) reducesubstratesurfacefor
periphyton and microorganism attachment.

Continuous sediment deposition and accumulation alters the intrinsic properties of the sediment
structures, hydraulics amdorphology of the rivers and streams (Di Stefano and Ferro 2002). The
high enrichment of siltrad clays from the agricultural runoff is equally a source of pollutants
(Rhoton et al., 2011) and this affect the fining process downstream. The type andideaghit
sediment fluxes into river systems directly impacts aquatic hal@yait¢ki et al., 206) and

facilitates biodiversity extinctions (Watson et al., 2000).

High depositon increases nutrient retention and occasimglspesion of pollutants in thwater
column(Newcombe& MacDonald 1991), thus increasingurbidity (Wood and Armitage 1997)

and affecting growth and functional ability ofmicrobial communities(Newcombe and
MacDonald, 1991 Zaidi et al., 1999 According to Likens 1995 Angima et al, 2003 soll
erosion and soil delivery into river and streams was reduced under the cofieersedand grass

land but high in agricultural areas. Other studies suggested that reintroduction or conversion of
agricultural land to perennial getation has been recorded to influence delayed and reduce
delivery of sediment, water and pollutantsil{, 1996; Bharati et al 2002;Lee et al., 2003;
Schultz et al., 2008Randal) et al.,2013. Foresedland cover minimizes erosion and sediment
transportation into river systems, reducing the effects of turbidity and alteration of sediment
(Brown and Bikley,1994;Seitzinger etla, 2010).Furtherstudies by(Adhikari et al., 2002; Sikka

and Selvi, 2005Nainar et al., 20l)7noted that minimal human interferences reduce adverse

effects on the water quality, due to limited seding@position andhflow into water bodies

2.3.Impact of land use change oniver system primary production and respiration

Primary production and respiration aréasis of river health. The ratio between the two is used
to characterize the ecological functioning in the rismed stream continuund balance between
production (autotrophic metabolisrahd respiratin (heterotrophic metabolisn@nsue system
health stability(Vords,andPadisak,1991; Hill et g12002).

In naturalundisturbed streasystems, production to resgiion ratio P/R varielongitudinally, in
forestedhead waters a value <1 has befserved and P/R>1 in the mid reaches followed by
adown stream decrease with the P/R being <1(Vannote, 980 Vo6ros,andPadisak, 1991).
Obsenations by (Garnier et aJ 1999), reveathat in low order streams with less human
perturbation, more hatatrophic activity is observed due to less growth of algae and macrophytes
as a result of less light penetration but rather allochthonous organic matter inpus and it
brekdown leading to high oxygen thus P/R<1(Garnier g28D1). A similar trend is observed

in the lower reaches, but this is mainly due to high influx of particulate material that increase
15



system turbidity and limit light penetration. In the mid reachedystion to respiration is greater
than 1Gtout 2003).

Primary production directly relates to the amount of organic matter produced at sgrfase
area (Cloern et al2014) and its majorly carried out by phytoplankton and regulated by the
availability of nutrients (phosphorous and nitrogen). Photosynthesassimallextentis carried

out by some autotrophs in the category of benthic autotrophs and to a larger éytent
photosynthetic bacteriecyanobacterip blue greeralgaeand macrovascular phnts (Wetzel,
2007, Thomas et al., 2005The quality, quantity of organic matter and nutrierecyclkd and
availedby microorganisms$or primary production ardependenbn catchment land use type and
inputs(Malcoln and Stanley 1982; Ward et al., 1990).

A direct effect of land use change on streeater nutrients, light penetration and oxygen amounts
held in the systemare transformed to primary production resource alteration . Nutrient
concentrations normallgeterminesystem biomass althougither stream system factors such as
oxygen, temperaturand lightalsoplay a big roé (Opdykeet al., 2006; Church, 2006; Allan
Cadillo, 2007;Schiller et al., 200)7 System productivity may shift from heterotrophic production
to autotrophic when nutrient conceatiorns exceedthresholdlevels (iboriussen and Jeppesen
2002; Sabater et al 2011pandstream carbon processing of both bound and particulate forms
entirelydoneby microbial metabolisnmay be affecte@utman et al 2016).

Systenrespirationike othe aquatic processis veryimportantespeciallyin the break dowand
distribution of materia, energyflow in streamsregulation ofdissolved organic carboand
organic mattein sediment (Seiki et al1994; Caldwell and Doyle, 1995; Pascoal et &0
Cloern, et al 2014) This process is influenced lsgdiment structure and particle sizes (Kaplan
and Bott 1985; Santmire and Leff, 200@¢causeexliments structunerovidecolonizationsurface

for microorganism and givebed mat to facilitate therganic particle breakdawmPetersen et al.,
1989;Vance and Chapin, 200Thequality of the sediment structure and its distribution in stream

is highly dependent on land use type from which the different inputs with diverse chemical
composition are relsed(Qu et al; 2017; Sumel et al., 2007; Silvdunior et al., 2014)

2.4Influence of land use change on microbiaunctional diversity and abundancies.

Microbial diversity is of great importancgue to their assation with energy and organic matter
transformation. Clear knowledge about their community structures and diversity with an insight
of the relationship between environmental factors like perturbation, pollution, global changes and
the eosystem functiomeed to be well understoddorsvik et al., 1996)Stream sediment
microorganisms play a very important role in nutrient and organic matter recgslimgell as
ecosystem stabilityfunctionality and energy flow through different procesasathin the systa

(Singh et al 2011) They nobilize organic or chemical energy source and meckemental

fluxes (Orcutte et al, 2011) Other processesuch asdenitrification nitrification and
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remineralization of organic matter with electracceptorsare equally carried out by

microorganismgThamdrump and Dalsgaards 2008&pzik et al., 201

Degradation of organic phosphorous to soluble forms)A@rogen cyclingBernot et al., 2010)
degradation of dissolved and particulate organic matter that have anfiigince on the nutrient
balance in the water column (GachaexdMeyer, 1993) are done by microbial communiti@ther
important role played by microorganissim aquatic ecosystem structures and processystem
purification Silva-Junior et al 2014;Mrozik et al., 2014Bernot et al., 2010 The microorganisms
also facilitateoxygen exchange between the watedimentsnter phasgDaviesColley et al.,
2015).Fundamentally, their extracellular enzymatic activity within the system provides etiorm
about the source and amount of organic matter available in the system (B@suhRappenberg,
1998).

However, their distribution composition and diversity are endangered bectnesenicrobial
habitat is highlydegradedxs large amounts of s@hd plant residuesom agricultural areas are
deposited and stored in sediments and can cause clogging (Kolted@@3). The lost terrestrial

soils deposited in river systems result into sediment addition, accumulation and alteration of its
structurd composition, degradation of the habitat quality for invertebrates and microorganisms
(Lenatand Crawford, 1994)A shift or disturbance of theihabitat andcompositional structure
effects the entire ecosystem functionangd heir functional diversityZhange 2015) Sediment
accumulation affects microbial nutritional mat quality and biofilms composition which affects

their diversity and distribution in system (Boéchat et al., 2012014).

Pesticides, heavy metals and other toxicants bound imdiltlay coming from agricultural land

end up polluting the system and affecting the mi@oloommunity compositionand their
activities Such pollutants are absorhiatb their bodiesand can cause damages and déatkel

et al, 2012). According t¢Allison and Martiny 2008 Sun et al, 2012), the most common threat

to ecological health o$treams is environmental sediments pollution because it influences the
functional diversity and abundance of microorgarsddtherobservatios on microbial diversy
decrease are made by {Wang et al., 20126Giri and Qiu, 2016; Kochling et al., 2017yho
reported thaenvironmentdl polluted tropical rives had limited microbialcommunitiesand
variancein water quality dissolved oxygen amountsi and water tempature that were

influenced by agricultural land usalso influenced their diversity

Accumulation of pesticides and other chenscaith long residenceime and degradation
processschange the structural community and microbial diversity in sedimeatst(al, 2016).
The accumulationmay lead to sysm eutrophication, resulting into ineffective and inefficient
breakdown of organic matter, high oxygen depletrdmich caugs anoxic conditios in the
sediment be@nd may result to microbial deatkuturi et al., 2017; Mrozik et al., 2014)hese

degradations and loss of quality habitant in ecosystesudts intaedued microbial growth and
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functioning which may later impact on théiversity (Karatayeet al, 2005; Heppand Santos,
2009 Nalepa 2007)

Studies have shown that, structural composition and diversity of aquatic microbiota can be
controlled by stochastic dispersal and recruitment of terrestrial sgeogse and Lindstrom,
2008;Battin et al., 2016Nifio-Garciaet al.,2016). Furthersuggestions were made by (Crump

and Hobbie2005; Widder et al 2014ifio-Garciaet al.,2016 ) that kidrological patternsstream

flows, and physicochemical properties that are infludhgeland use type may shape microbial

community structuring dispesal and habitation time
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CHAPTER THREE

3.0Material sand methods

3.1 Description of the study #e and land usepattern

The research was carried out in three third ovdedablestreamswith similar land use pattern
originating fromMt Elgon in Kenya The streamsKapkateny, Teremi and Kimurio are in the
western part of Kenyg@Figure 1)and the drain into the Nzoia rivehll the threestreamsare
located at an altitude between 1878m to 2239m above sea level dedlieer00°47 37.23 9-
00°53 7 8Nd,. 3and 3488 4373 "4 8990The Greabhas volcanic soils and receives
bimodal pattern of rain fall with over 1,270 mm annually. Minimum and maximum temperature
range between 1% and 25c. The upper reaches of #iree streambadover85% forestcover
with different treesshrubs herbs and grass speciebile the lower catchments have been
converted to settlement and agricultural production uimitstreams of the forested sections were
narrow with fallentreebranches, riffles, pools and shallow clear watdnile those inagricultural
stream sectiswhadhighly eroded banksyidened channs| plans and terrestrial residues, animal
droppings, poolsvith high suspended matter ahidhly turbid water.

ETHIOPIA

® Sampling Sites
— River
I Forest
Agriculture
[ Bungoma County
L 1 1 L ] [ catchment Boundary

T T T T
34°34'E 34°39’E 34°44'E 34°50'E

Figure 1. Map showing land use and sampled streams of the Nzoia catchment Mt Elgon
Kenya
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The sampled arsabasically had twodominatingland uses-: forested and agricultural. The
forested areas had a mixture of different treeisgeandgrasseswhile the agricultural areas were
dominated by poor agricultural methods such as continuous ploughing es, glopr soil erosion
control measuresgrodedfields, gullies rills (surface runoff passages), plyomanagd crop
residueshigh use & chemicals and fertilizersThe major crops grown in the mid and lower
catchments include Irish potatoes, onion, tomatoes, cabbage and witdizan integration of

cattle keeping and grazing

3.1.1 Sampling design.

Sampling of some samplesvas done omveekly basisn the month oNovermber(2019),at five

sites, three upstream (forested) and two down stream (agricultural land use) siegskateny,

Teremi and Kimurio Atotal of 60 measurements12 per sitewere dondor physco parametsr

and 12 water sampleswhere collected per sit®r nutriens andysis. A total of 160 sediment
samples, 32 per site, 8 per sampling time were collected for measurement of microbial oxygen
consumption rate angrimary production while for sediment grain size analys bacteria
abundancieand functional group diversity, sampl@ere collected are. A total of 30 sediment
samples6 per sitavere collecte@dlongastrean stretch o650 metes, at adepth ofLOcmfor grain

size and triplicatesamples were collecteat a depth of 5cmfor bacterialabundanciesand

functional group diversitgnalysis
3.2 Field measuremens and water samples collection for limnological parameters analysis.

The physicochemical parameters (Temperature, Dissolved oxygen, pH, Electndattbaty
weremeasured insitu using a multimeter pegplACH 40d) Stream width depth andlischarge
were measured using tape measdeep stickandflow meter(OTT MF Pre OTT Hydrometer)
respectivelyWater samplefor analysis of chemical paramet&rsrecollected using acid washed
(10%HSQy) bottles in triplicates and stored in the cool lhoxtransportation to the laboratory
for analysis. The samplesevefiltered immediatelyon arrivalwith GFF filters and analyzed for
total phosphorous (TP$oluble Reactive phosphorous (SRP), dissolved inorganic nitrogen (DIN),
according tdAPHA, 2005.

3.3. Nutrient analysis

Different nutrientswereanalyzed AmmoniumNitrogen (NH:-N), NitrateNitrogen (NQ-N) and
Nitrite-Nitrogen (NQ-N) concentrations weresterminedusing standard methods as described in
(APHA, 2005). The NH-N wasdeterminedhroughsodium salicylate method, where 2ri of
sodiumsalicylate solution and 2.5 ml of hypochloride solutioereadded to 25nl of filtered
water samples from thstuded streams. The sampleserve thenincubated in the dark for 90
minutes ater which, the absorbenciesvere read through scanning spectrophotometdr a
wavelength of 665m using a(GENESYS 10uv). NitrateNitrogen was determinedthrough
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sodiumsalicylate method, wheremi! of freshly prepred sodium salicylate solutioresadded to
20ml of filtered water sample. The processed samptgetiven placed in the oven evaporated

to complete dryness at 95°C. The resulting residuere dissolved using 1mH>SQy acid,
followed by addition of @ ml of distilled water and I of potassiurmsodium hydroxiddartrate
solution respectivelyand their absorbenciesvere read at a wavelength of 42tm. Nitrite
Nitrogen was analyed through a reaction between sulfafemide and NNaphthyt(1)
ethylendiamindihydrochloride andabsorbenciesead at a wavelength of 548n. The final
concentrations of NFHN, NOz-N and NQ-N werecalculatedusingrespective equations generated
from their standard calibration curves (APH2005). Soluble Reactive Phosphorus (SRP3asw
analyed using the ascorbic acid method (APHA, 2005). The prepared reagents of ammonium
molybdate solution (A)Sulphuricacid (B), ascorbic acid (C) and potassium antimonyltartrate
solution (D) weremixed in aratio of A:B:C:D= 2:5:2:1 (ml). The resulting mixed solutioras
added to the filtered water sample at a ratio of 1:10 andhbkerbenciesvereread at 885 1m
wavelength using 6GENESYS 1Quv) scanning spectrophotometer after 15 minoferseaction
and oncentratios weredetermined from known concentrations of standard solutions (APHA
2005). Total phosphorus (TP)awdeterminedby persulphate digestion of unfiltered water to
reduce the formof phosphorus present into soluble reactive phosphates (P&REj). the
digestion, evaporated waterasreplaced, and TP as analyzed as SRP using ascorbic acid
method. The concentration of TRgdetermined from a similar process of known concentrations

of phosphorus standard solutions (APHA05).

3.4. Sedimentgrain size analysis by dry sieving method.

A total of 30 samples &re collectedwvith a representation of six replicates per site. Sediment
samples wrecollected using a shovel at abd@cm depth from forested and agricultustdeam
sectionsn all the thheestreamspacked in clean polythene bags for transportation to the laboratory
for analysis of sediment grain sizes. The samplesedried at 90C for 24 hours. The initial
weights of the dried samplesaverecorded, sampseveresieved througli2 mm, 10 mm, 8 mm,

6 mm, 4mm, 2mm, 1 mm, 0.5mm stack sieve and the retained weight in each sieveracorded.

The granular material that pashrough sieve siz2 mm wereconsidered as finesccording to

the standard classification of sediment grain skaggSingh and Miller, 2007)The relative
weight fractiors of different sediment sizesesedetermined followinghe equation belows%

retanedweights

/////////////////////////////

Where Wis the weight of sediment retainedarsieve size, \Ws the initial dry weight of thevhole

sediment sample.
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3.5. Assessingoxygen consumptionprimary productivity and systemresponses to nutrient
addition

The experiment @as performed with epipsammic and epilithic biofilm&.total of 160samples,
8replicates per site ave taken fromstream sections undéorested and agriculturdand uses.
Sediment samplesexecollecied at a depth of &m from depositional siteand sieved through a 4
mm sieve to ensure sedimelnbmogeneity The sievedsedimentsampleswere put in clean
containersand kept at 4C for transportation to the laboratory for analysis. In additepilithic
biofilms (stone$ with an approximate diameter && cm werecollectedfrom each siteand placed
in plastic beakers witinsitu water for transportation to the laboratory. Approxehaditters of

site water vascollected for epilithic and epipsammic biofilms replicatesubation

3.5.1 Experiment set upand laboratory analysis

A weight of 10 g of collected pipsammic films wasadded intoeachincubation tube with the
oxygen sensar(PreSen®xygen Sensor Spotshhe tubes wrefilled-up with a known amount of
insitu water of each site. €sewere measured by weighing the tubasd adding the required
amount of sedimd, and in situ watewastopped up with no space lethenclosed airtightThe
tubes veregently shakenandinitial oxygen comcentrationwithin the chamber was recorded. The
samples were theincubaed at constant room temperature in the darkfour hours Subsequent
temperature and oxygen concentratioerevmeasuredsing PreSens polymer optical fib&our
hours were considered basing on observation from earlier research results thad keppriow
oxygen consumption rates beyond that t{idil et al., 20@) For assessment of system response to
nutrient additiona solution of 50ml NEICI salt with a concentration 250 pgwas mixed within-
situ water before adiag to the incubatioriubes as it was done b{Beardall,2001). The samples
were incubated in the darkor four hoursat room temperature to measurgcrobial oxygen
consumptiomrate Then the same samplesaneexposed to light under sart@mperatureonditions

to measure primary productiofoxygen production)Oxygen measurementseve taken at an
interval ofanhour. After the final oxygen measurement, the watesdecanted carefully, sediment
wastransferredo aluminum pan for drying at 12C for 2 days, the ¢rd sedimensample weigls
wererecordedthenburnt at 550C for 3hous to obtain the final weights ash free dry weligs.
While for the epilithic biofilms, ®nes of about 3 ciwere collected anglaced into beakers with
oxygen sensay then filled upwith in-situ watedeaving no spacand closed airtighControls wee
set up with only in situ water and incubated in the same conditiongge@xcorentration
measurmentswere done as in the previous biofilrddter the experiment, the algal biofilmseve
scraped from a predeterminesurfacearea using a toothbrusinddistilled waterto detaclall algal
particles from the surfacdhe solution vas adjusted to a known volume for analysis of organic
matter and chlorophyt. The oxygen concentration change in the tubas approximatedas :-

/////////////////////////

WD O6Q 60Twnééééééééééééébdéééeéééédéé Eqa
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And consumption rates were computed argdressed as.

AR (A 0Q 007w WOwWe 6 ééeééeééeééeeééeéeéeééé. Eq3s
AR (A 6Q 60Twd e é é6ééééééééééééééééééé Eqis
WhereC; is the initial oxygen,Ciis the final oxygen concentration,s time,cm? is the surface
area from which the biomass was scraped DW is the dry weighfThe oxygen consumption

rate was approximated per dry weights or surface area and expessgefD,/g DW/h) for
epipsammic biofiims and (ug&Cm?/h) for epilithic biofilms.

3.52 Chlorophyll a analysis

The analysis wsdone with water samples, epilithic and epipsammic biofilms exstumsitng the
spectrophotometrimethod.Chlorophylla was extractedy acetone extraction method following
the (APHA 2005). Where 25ml of water samples, 28l of epilithic scraped biofilm suspension
were filtered through 7um GF/F Whatman filters using vacuum filtration unit The filter
papers weréolded andtranserred into a test tubéollowed byadditionof 5 ml of 90% acetone
and stored in the freezer overnight to allow extraction of chloropipityment. The filteppapers
in the tube wresliced, grinded at 500¢m for 1 minute to burst open the chloroplaytiell then
sample volume asadjusted to 10 ml wh acetone and incubated for B¢s.in the dark at 4TC.
while for epipsammic biofilms 10 ml of acetone wreadded to 1@ sediment then kept in the
freezer for 24nrs. All the samples &recentrifuged fo 10 minutes at 250€pm and a clarified
extract wvasdecanted into clean glass cuvette for optical density (OD) reading at weave length 750
nm and 663 nnusing OR 390G8Hach LangephotometerThereading at7/50 nm wavelengths
wasconsidered to correct toidity (Steinman et aP017). Chlorophyla concentration w&sthen

calculated according to (Talling and Driver, 1961).
COp@mME——2Zuwpeéeéeéceceée eéeéeéeéeéeéé. Eq35

Where: M is the volume of extract in ml,Ms the voume of the filtered water sample in liter, L
is the light path length of cuvette in cBysz andEzsoare the optical densiti€®D) of the sample

and 11.40 is the absorption coefficient for-anl i nt. ¢ g |

3.53 Organic Matter (OM) analysisin epilithic and epipsammicbiofilms.

The organic matter as analyzed by filtering 25 ml of the scrappeqlilithic biofilm suspension
through pre combusted weighed 0.7um GFF filters (Whatnaag),for epipsammibiofiim, 10g

of sediment was used. These were daed00 °c for 3 hoursto obtainsample dry weightthe
sampls were thencombustedn the marvel furnace at 558 for 3 hours, to obtain ash free dry

weight. The surface area of the biofilms was normalized torgsgeentimeters of the sand and stones
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surface as described by (Marxsen and Witzel ,1991)e organic matter contenasestimated as

a difference in the weightend was expressed in grams per squoargimeter

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

where W is the dry weigh after dry@ Wais the weight after burning (ash free dry weight).

3.6 Functional diversity of microbial communities.

The functional group diversity was assessed usimgon sourcewith ecological meaning, built up
in (Biolog Ecoplate$. Extracts from biofilmsvere inoculated into the plates andicubated from
24 to 216 hours under room temperature as describ@@eiyl, 2017) and optical density reading
were doneevery 24 hoursTheeco plates comprigeof 96 wells with 31 individual carbon sources
with a defhed ecological meaning and one control containing water (Garland, 19%Wée
preferred because of the fast results and wide range of use by earbecthesgZhanget d, 2013
Nautiyal 2010.

3.6.1. Sample collectiomnd laboratory analysis

Samples verecollected in replicates from each sile3 g sediment and Bl of water samples
were collected into sterile ials, frozen and transporéd to the laboratory for further analysis.
Laboratory analysis was done under sterile conditiath presteilized equipment and reagents
Frozen samples evethawed at room temperature fod3hours and transferred to sterile 15ml
tubeswherel0ml of sterile sodiunpyrophosphate solutiomasadded to detach microorganisms
from the sediment. The samplegresonicated in the sonication both for 10 minutes and later
centrifugel for 1 minute at 800 rpm. Then 400 ug of the centrifuge suspensepipetted into
15ml tube followed by additioaf 10 ml sterile sodiunpyrophosphate solutidie have 1:100 end
dilution and 130ug of the suspensioasiyipetted and inoculated quickly into the eco plates. The
plates verethen incubated abom temperature2g°c) in thedarkfor 9 days with24-hourreading
using microplate read€karioskan FlashThermofisher Scientifi), at a wavelengtiof 590nm

The obtained optical density values were corrected by subtradtsgybancealues of the 31
wells from the control well. Values <0.0001 were corrected to 0 and the average well color
developmen{AWCD)wascalculated per pta and per time as

Where R $the ODy90nmo0f the control well and @s the OD value in the 31 carbon wells
and the Shannon diversity index was calculated for every 24hours time as

O B0MDat BQéecééécééeééeééeééeééeéeéééééééEqss
Where,0 ‘8 ODsgonm value irfQuell divided by meanODsgonm value of 31 wells.
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3.7 Analysis of bacteria abundancies in epipsammic and epilithic biofilms.
Samplegverecollected in triplicates at a depth5 cmfor the epipsammic biofilmand wersieved
through 4cm sievethen ~1.35 of sediment and 81l of unfiltered insitu water wvasadded The
samplswereimmediatelyfixed with 0.75 nhformalin (2% final concentrationyVhile for epilithic
biofilms, 3ml of scrappeduspensionveretransferred into vails and fixed immediately with 0.75
ml formalin (2% final concentration)All the samples weréept at 4°Cand transporéd to the
laboratoryfor analysis Laboratory analysis was dongsing fluorescent staining with DAPI (4,6
diamidino-2 phenylindole) methodA working solution vas prepared by diluting fug of Sybr
Green Il RNAgel stain in 995 pL oDimethyl Sulphoxide@9.5%. Pyrophosphate solutiqgd0 mM
pyrophospate},461g Tetrasodium pyrophobpte 10 vasdiluted to litre with filtered distilled
water (0,22 pm)Tween 80: 10% Tween 80 solutiorasdiluted with small amountef distilled
filtered water thenfiltered through0.22 umfilter and5 pul wereadded to the sam@gollowed by
1ml pyrophosphate solution andn sterile water The mixturewassonicated in water batht 14
rpom for 3 minuteswith intermittentshaking after every minute. The sangolerethen incubated
in icefor 15 minutesfollowed by centrifugationfor 1minute at 1400@pm. From the supernatant
2 ml weredrawn andiltered through 5um membrangthen50 pL of thefiltrate waspipetted into
15 ml tubes These werethen diluted byaddition of 995Qum of distilledwater, and 995ul of the
dilutedsample verepipettedinto separate tulseo obtairsampledor stainng with 5 ul staining of
solutionandthe unstainedThe resulting solutiomweremixed and kept in the dark (under tin foil)
at room temperature for at least 15 minutieen incubated at 7 in a water bath for 10 minutes.
The samples erethenanalyzed for bacteria counts usihgy cytomety methodfollowing (Porter
andFeig, 1980)rocedure

3.8. Data analysis

The obtainedlatawas organized and statasing the excel spread sheets atatistically analyzed
using the Rstatisticalprogram(version3.6.3)as applied byTufto andCavallini, 2005).Shapire
Wi | k O0wasuseel 0 texamine the data normalityen nonparametric te@ruskal Wallistes)
used taest for significant differencas parameterandWilcoxon rank sun tests compswns was

used to test significant diffences among the sitesieasured parameters

Descriptive statisticsvere used to present the variationwater quality variablegand nutrient
concentrationsBar grapls, box and whisker plots were used to presemsults on bacteria
abundancessediment grain size distribution, microbial oxygen consumption eatdsprimary
productionbetween forested and agricultural stream sect®nscipal component analysiBCA)
was used testablishmicrobial functional grougpin different sites and to obtain functional diversity

of the benthic microorganisms.

Linear correlation analysis was used to establish correlations between oxygen consumption rates,

primary production and bacteriabundanciewith selected water qualifyarametersandsediment
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grain size. Land use maps were developed uf@jS software (QGIS Development Team, 2015)
and CORINE landcover database (EEA, 2018)
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CHAPTER FOUR
4.0 RESULTS.
4.1. Land use.

Land use data anldnd map (Fig. 1) were extractewm Landsat TM images and land cover

data of Kenya environmental planning unit using QGIS 3.45 with Grass 7.6.0. The two
predominant kinds of land use types were forested and cultivated land. The land use image was
interpreted at of 1:10km and the overaiterpretation accuracy of the land use was at 90%
basing on the provided coordinates of the sampled areas. The sampled streams (Fig 1) and
stream basins were divided into three watersheds. The total sub water shedndreas a

proportions of each land use reecalculated (Table 1).

The total catchment area of the sampled sites ranged betwdmos®1.71 km?, with Kimurio
forested section covering the largest arda7@Bkm?) and Kapkateny agricultural sites having

the least (6846 km?). Teremi had a fullree vegatationcover (100%) in the forested stream
section and kimurio had the least tree cover in the forested stream section (89.19%).
TeremiKimurio had the largest areaverted toagricultural land use and Kapkatehad the

least area under agriculaddand usg€Table 1.)

Table 1. Total sampled site areas and percentages of land use type coverage

Site name Totalarea Vegetations Shrub cover Crop cover others
(km?) cover

Teremi forested 70.66 100 0 0 0

Kapkateny forested 70.66 93.75 0 6.25 0

Kimurio forested 81.71 89.19 0 10.81 0

Kapkateny Agric 68.46 7.90 3.23 83.88 5

Teremi/kimurio Agric 70.65 0 0 95.0 5

The studied streams were flowing throwaykas covered wittwo predominant land usgpes
(agriculture and forests) that had different vegetation caves.forested stream sections of
Teremi having (100%), Kapkateny (93.7 %) aikonurio (89.19%) tree dominanc&he
agriculturalstream section of Kapkateognsisted of (83.88%) open and cultecagricultural
land, (3.23%) shrub cover, (5% ) other lars®si such as homes and roads. Teremi/Kimurio

was (95 %) dominated by crop farming and (5%) other land use types ( Fig. 2).
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Figure 2. Graphical representation of sampled streamsatchment land use types.

4.2. Comparison of physicechemical parameéers between agricultural and forested

stream sections.

The limnological parameter data sets were not normally distributed, (Shapiro test, p<0.05).
Stream discharge varied amongeatn sections, with arrange between 0.068 = 0.12 to 3.66 +
0.29 n#/s andsignificantly higher discharge rates recorded in Teremi/kimurio agricultural
stream section (KruskaWallis test, df = 7.26, p<0.05). The mean temperatures in both forested
and agriculural streams sections ranged between 14.22 +1P1484 + 0.17C with
significantly lower temperatures recorded at Teremi forested stream section and highest in
Kapkateny agricultural section (Kruskélallis test, df =13, p<0.001). Dissolved oxygen (DO)
concentrations among the streams ranged between 6.07 + 0.18 to 8.@2ngd, with Teremi
forested stream section having significantly higher DO value compared to other stream sections
(KruskalWallis test, df=11.6, p < 0.05). Total phosphorous (TP )centrations ranged
between 57.51 + 3.69 to 203.79 £ 10.23 ug/l. Terémilrio agricultural stream section
registered significantly higher TP concentrations (Krudkallis test, df=8.41, p<0.001). For
Total nitrogen (TN), concentration ranged between *16.25 to 2.27 + 0.16 pg/l with
significantly higher values recoedin Teremi/Kimurio agricultural stream section compared
to others (KruskaWallis test, df=17.57, p<0.0001). Stream N® concentration ranged
between 0.78 = 0.11 to 5.28 + 0.06 pgilas noted to be higher in Kapkateny agricultural
stream section (KruskaWallis test, df=7.17, p<0.002). Nitrate (MQwvas significantly higher
in Teremi/Kimurio agricultural stream section (Krusk#allis test, df=7.69, p<0.0001) with
arrange betweed.15 + 0.06 to 387.59 +21.8 pg/btream conductivity ranged between 54.45
and 120.2 puS/cm. Significantly higher conductivity values were observed in Kapkateny
agricultural stream section (Kruskalallis test, df =10.42, p < 0.001). SRP concentrations
ranged between 15.37 + 0.97 to 20.19 + 0a8 chla 180.69 + 0.2 to 589 + 0.Qdg/l. Both
were significantly higher in Kimurio forested stream sections (p<0.05). The mean TDS and
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TSS ranged between 0.04 + 0i0Q@.14 £+ 0.01; 20.40 + 0.05 to 450 + 2.351 mgith streams
in agricultural land use recording significantly higher valties those in forested land use.
However, pH ranged between 7.1 to 7a8d NH:-N that ranged betwe&?8.96 + 7.09 to 30.49

+ 6.93 pg/l respectivelydid not show angignificantdifference among all sites (Table 2) and

a general representation betweeriadtural and forested land use is shown in figure 3.

Table 2. Mean (£ SE, N=12 per site ) measurements with KruskaWallis test results for

limnological parameters persites.$i t es denoted 6éad were not
Agricultural sites Forested sites

Parameter. Units Teremi/kimurio Kapkateny kimurio Teremi Kapkateny df p-value

TP pg/l 203.79+10.23 193.38+18.11  86.0846.15* 57.51+3.69 80.23+4.51° 8.41 0.0003

SRP pg/l 20.05£1.37 16.29+2.56 20.1940.45 17.44+0.98  15.3740.97 9.5 0.05

NOs-N pg/l 387.59£21.85 569.21+44.57  0.15+0.06® 0.15+0.06%  34.714£20.40 7.69 2.84E-05

NO;z-N pg/l 5.28+0.16 7.95+1.56 0.78+0.11 1.06+0.15 1.24+0.9 7.17 0.002

NH4-N pg/l 24.76%4.41 30.4916.93 22.29+6.37  26.0017.96 23.96+709 17.4 0.67

TN pg/l 2.27+0.16 2.24+0.10 1.15+£0.25%* 1.16+0.26% 1.176+40.25° 17.5 0.0002

Chla pg/l 415.25+0.05 252.240.02 589+0.10 180.69+0.02 224.15+0.02 18 0.06

DO mg/ 6.07+0.18 6.61+0.27 7.92+0.17 8.02+0.17 7.94+0.18 7.93 0.0001

TSS mg/I 450+23.51 265.38111.5 20.4040.05 31.94+0.04  43.1510.23 7.76 0.0004

TDS mg/I 0.14+0.01 0.05+0.01 0.06£0.01% 0.04+0.01 0.06+0.01°® 7.23 0.002

TEMP °C 21.44+0.17 21.7440.27 15.4+0.12® 14.22+0.46  15.4+0.04° 17.8 8.40E-05

EC pS/em 107.12+40.90 120.2+2.66 53.4+0.87% 51.86+32. 54.45+0.78° 10.4 0.0005

Discharge m3/s 3.66+0.29 0.68+0.12 0.85+0.04 0.69+0.08 0.3810.04 7.26 0.03

pH 7.31° 7.87° 7.19° 7.28° 7.21° 13.4 0.112

The streams watejuality parameters differed significantly between agriculture and forested
p<0.001). Total nitrates), (NO
nitrites(NQ), total nitrogen (TN), total suspended solids (TSS) and water temperature were

stream sections (Wilcoxon test, phosphorous (TP),

highly significantly different, with higher values recorded in the agricultural stream sections

(Wilcoxon test, p<0.001)soluble reactive phosphorous (SRR®REre equally higher in

agricultural sections at significant levéWilcoxon test p<0.05. Dissolved oygen (DO) was

significantly lowere in agricultural stream sectiowéhile, no significant differenceserenoted
s y st e msrboniaNH4)@and & (\Wilcdxdn test, p>0.05)Fig. 3).

in the
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Figure 3. Comparison of mean and standard deation values of different water quality
parameters between forested and agricultural land uses (N= 60).

4.3. Land use influenceon sediment grain size distribution in streams.

The stream sediment grain sizes were grouped into three textual classesigdodgdls, Q50

and Q75 of their particle distribution. For this study, grain size particles < 2mm were considered
as fines, those2 mm were considered as a mixture of pebbles, gravel and coBplesific

site representation of sediment grain distribui®ishown in (Fig.4 a). Teremi/kimurio and
Kapkateny agricultural sections have ahigher dominance of grain sizes belowAZyemeral
overview of the distribution pattern between the forestedagnitultural stream sectionis,
represerdgd by the(medianQ50) shown in (Fig.4 b), which revealed a highly significant
variation in grain size distribution between the two land use types (Wilcoxon test, p<0.001),
with a large dominance of grain particleslow 2mm in agricultural stream sections and®

mm in the forested stream sectiofi$ie influence of land use in fine sediment deposition and
accumulation in stream systems, a general representation of fine sediment accummulation in
stream sections beeen the two land use types (Fig.4 c) was tested. Thetstaltiresults
reavealed a highly significant contribution of agricultural land use to fine sediments deposition
(wilkcoxon test, p<0.001), with over 40 % of the total sediment structure in steetions

under agricultural land use being dominated bgdi(Fig.4 d).
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Figure 4. Boxplots with median (Q50) grain size proportions, 25% and 75% quartiles, with
whiskers representing the lowest and highestalues per site (Fig. 4 a), with a general
representation of median Q50 variation between f@sted and agricultural stream section
(Fig. 4 b). Fine sediment (<2mm) accumulation in respective sites (Fig. 4 ¢) and general
overview of variation between agricltural and forested stream sections (Fig. 4 d). (N=30).

4.4. Impact of Land use on epipsamnai biofilm oxygen consumption rate and their
response to nutrient additions.

Oxygen consumption rate was different between the sBamificant higher oxygen
consumption was noted in agricultural stream sections andclomsumption ratein forested

strean sectiong Fig. 5 a), (Wilcoxon test, P<0.00Bystem response to nutrient addition was
done by addition of NKCI salt solution. The obtained results showed different responses in
both stream sections (Fig. 5 b). Highly significant increase in congumgate in forested
section was noted (Wilcoxon test, P<0.005). While no significant response was shown by
agricdtural stream sections (Wilcoxon test, p>0.5).
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Figure 5. A representation of boxplots with the median values, 25% and 75% quatrtiles, thi
whiskers representing the lowest and maximum values of streams epipsammic biofilm
oxygen consumption rates beteen agricultural and forested stream sections (Fig.5a) and a
representation of variations in systems responses to nutrient addition ( Fig. 5b)N=160).
Those denoted with same letter showed no significant differences.

4.4.1. Influence of land use on epipsnmic biofilm primary productivity and their

responses to nutrient addition.

Stream primary production was measured by the amount of oxygéugad. The epipsammic
biofilm production in the agricultural section was significantly higtiem the foresteskections
(Fig.6.a), (Wilcoxon test, p< 0.05). In assessment of their response to nutrient addition, opposite
responses were shown for the eifint stream sections. The epipsammic biofilm primary
production of the forested section significantly increasid addition of nutrients (Wilcoxon

test, p<0.001,) while a highly significant reduction was noted in the agricultural section

(Wilcoxon testp<0.0001 in agricultural sectioiiBig. 6 b).

32



!

Primary production
(O2ngDOW/h)
Primary production
(O ng/MWih)

§
o

Agriculture Forest Agriculture  Agric +NH4CL  Forest  Forest +NH4CL

land use type (Treatments)

Figure 6. A representation ofvariations in median values, 25% and 75% quartiles, with
whiskers representing the lowest and maximum values of streams epipsammic biofilm
primary production between agricultural and forested stream sections (Fig. 6 a) and a
representation of their varying responses to nutrient addition (Fig. 6 b), (N=160).

4.4.2. Variation in stream epilithic biofilm oxygen consumption rate between agricultural

and forested stream sections ahtheir responses to nutrient addition.

The observed results in (Figla) showeddifferences in the epilithic biofilm oxygen
consumption rates between agricultural and forested stream sections. A highly significant
difference (Wilcoxon test, p=0.003), beten the two land use types was observed with higher
respiration rates noted iorested stream sections. A response to nutrient addition (Fig. 7 b)
showed significant increases in oxygen consumption rates in the forested sections {Kruskal
Wallis, p<0.001),While no response was observed in agricultural sections with nutrient

additions (KruskalWallis test, p>0.05).
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Figure 7. Comparison of median values, 25% and 75% quartiles, with whiskers representing
the lowest and maximum values of streams dphic biofilm oxygen consumption rates
between agricultural and forested stream sections (Fig. 7 a) and a representation of their
responses to nutrient addition.(Fig. 7 b) (N=160).

4.4 .3. Epilithic biofilm primary production and response to nutrient additions.

Epilithic autotrophic biofilm productivity was different stream sections under different land
uses, with significantly higher productivity recorded in epilithic biofilms from forested stream
section (Fig. 8 a), (Kruskalvallis test, p < 0.001). Ananipulation of the system with nutrient
addition did not show ansignificant difference (Kruskalvallis test, p>0.05) in agricultural
stream sections, but a highly significant increase in primary productivity was noted in forested
stream section (Kruskaallis test, P<0.001), (Fig. 8 b).
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Figure 8. Comparing median values, 25% and 75% quartiles, with whiskers representing
the lowest and maximum values of agricultural and forested stream section epilithic biofilm
primary production (Fig. 8 a) and a representation of their responses to nutrient addition
(Fig. 8b), (N=160).
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4.5. Bacteria abundances

Bacteria abundances were analysed in both epipsammic and epilithic biofilm of the agricultural
and forested stream sectiofifie mean values ranged betm (65+7.5 to 200+11.8fll cn? in

the epipsamic biofilms an(20.5+0.8 to 68.5+6)3cell cn? in the epilithicbiofilms. Significant
differences KruskalWalis test p<0.001) in abundances between the biofilm type observed,

with epipsammic biofilms &wving higher abundances than the epilithic biofilms. Variation in
bacterial abundances between agricultural and forested stream sections show significantly higher
abundancies in epipsammic biofilms from agricultural astresections (KruskalVallis test,
p<0.001) and significantly lower in epilithic biofilmswilcoxon test revealed significant
differences between epipsammic biofilmsagfricultural sites (Kapkateny and Teremi/Kimurio
p<0.05) with Teremi/Kimurio having higin abundance. While for the forestatés (Kimurio and
Teremi p<0.001), higher abundances were recorded in Kimurio. Further differences in epilithic
biofiims of the agricultural sites Teremi/Kimurio and Kapkateny P<0.001) revealed low

abundancies for Temg/Kimurio (Fig. 9).

Figure 9. A representation of mean values and standard deviation of bacterial abundancies
in epipsammic and epilithic biofilms from forested and agricultural stream sections. (N=30)
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