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ABSTRACT

Vecor-borne diseases are becoming major healthlggrolamong communities living within
major rivers of Africa. The major objective of th&gudy was to determine the presence,
abundance and distribution of mosquito larvae enNara River Basin, Kenya and Tanzania.
The specific objectives were, 1) to determine ttesence, abundance and distribution of malaria
and non-malaria transmiting mosquito larvae onNaga River, 2) to determine the presence,
abundance and distribution of mosquito larvae pgmedaand their relationship with mosquito
larvae abundance and distribution on the Mara RB)eto characterize different mosquito larvae
habitats and determine how mosquito larvae and pinedators prefer these habitats on the Mara
River, 4) to determine the relationship betweenewathysico-chemical parameters and the
abundance of mosquito larvae and predators on t@ MRiver. In this cross-sectional survey,
each identified habitats was dipped 20 times usitagdard dipper. Water physico-chemical
parameters were determined using a multi-paramé&¢meter, while a D-frame sampler was
used to sample predators. The collected mosquitag¢zand their predators were identified using
standard keys. Mean mosquito larvae and predatershabitat types were compared using
ANOVA, while relationship between mosquito larvapredators, and physico-chemical
parameters was evaluated using Generalized LineadeM(GLM). In total, 4,001 mosquito
larvae were capturedAn. arabiensis(25.9%) andAn. gambiaes.s (24.3%) were the most
dominant. Of the 297 predators captured, 54.2%hemtwere Hemiptera, 22.9% Odonata and
22.9% Coleoptera. Drying stream contained majaftynosquito larvae and their predators. A
relationship between Dissolved Oxygen (DO) [Z=334).001], temperature (Z=2.7p<0.001),
turbidity, Z =-3.65,p<0.001) and mosquito larvae (Z=6.4p<0.001) and predators were
observed. Presence, abundance and distributionosfjuito larvae along the Mara River were
confirmed. The three predator Orders; Hemipterapr@ath and Coleoptera were captured in
different habitats. Drying stream accounted forarity of mosquito larvae and their predators.
A relationship between DO, temperature, turbiditypsquito larvae and their predators was
observed. Presence of vectors and non-vectors erMdra River calls for their immediate
control and education to help curtail the insurgeftvector-borne diseases in the area.
Identification of indigenous predators is important local vector control. Vector control
program should be emphasized during dry period.otibifactors play significant roles in
abundance and distribution of larval mosquitoes thed predators and should be manipulated
to enable effective design for integrated vectorticd program within the Mara River basin.
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CHAPTER ONE: INTRODUCTION
1.1. Background
Malaria and other mosquito-borne diseases are noajar health problem among communities
living along major rivers of Africa, among them thtara River (Bussmanet al.,2006). About
219 million malarial cases were reported in 20hal(with an uncertainty range of 154 million
to 289 million) and an estimated 660,000 deathgh(vain uncertainty range of 490,000 to
836,000), mostly among African children (World MadaReport, 2012). Children are the most

affected, with up to 90% of all deaths occurringhia sub-Saharan Africa.

Malaria is a vector-borne disease caused by pratotdhe genu®lasmodiumThe parasite is
transmitted by mosquito species of the geAunspheles Acoording to WHO, there are five
species ofPlasmodiumthat causes malari®lasmodium falciparumPlasmodium malariae
Plasmodium ovale, Plasmodium vivaxd most recentli?lasmodium knowlensAmong the five
speciesP. falciparumis the species that accounts for the most sevataria infections in the
world (World Malaria Report, 2012). Clinically, naala is characterized by fever, which is often
periodic with varying degrees of anaemia, spleniagement and various syndromes resulting
from the physiological and pathological involvemetcertain organs including the brain, the

liver, and the kidneys (Brabin, 1983; Gretual.,1986; Duartest al.,2006).

The main malaria vectors in sub-Saharan Africaameal mosquitoes of th&nopheles gambiae
and Anopheles funestumplex (Gimniget al., 1999). Anopheles gambiasensu stricto, (s.S)
andAn. arabiensisare the primary malaria vectors, whi@opheles funestuss andAnopheles

rivulorum are the most important secondary vectors, espg@atiund the Lake Victoria basin



region (Tayloret al.,1990; Kawadaet al.,2012). HoweverAn. gambiaes.s. andAn. arabiensis
are the most efficient malaria vectors in the wdtldvineet al.,2004), because of their marked
preference for human environments and for humanfica$és and also due to their rapid
adaptation to changes in their environment induneduman habitation and agricultuiRatzet

al., 2000).

In the Lake Victoria basin, most cases of mala@gmission have been reported around the
shores of the lake (Noat al.,2009). Malaria is reported as the leading causaarbidity and
mortality among children in many districts withimet Lake Victoria basin, including parts of the
Mara River basin of Kenya and Tanzania. BesidesMhasai Mara game reserve is classified as
low to moderate malaria epidemic area in East Afr{8chlagenhauf-lawlor & Scott, 2001).
According to the Serengeti Mara Camp Fact she@0&B, the famous Serengeti National Park

in Tanzania also falls within a malaria endemicezon

Studies have also shown that malaria cases in@egie decreasing distance to the shores of
large water bodies such as lakes, rivers and damgzeet al.,2007; Yewhalawet al., 2009).
Similarly, mosquito density inside houses decreasil increasing distance to the nearby
breeding site (Minakawat al., 1999; Minakaweet al.,2002). A previous study indicated that
communities living in East and Central Africa arestly concentrated around the shoreline of
large water bodies (Moonest al., 2010; Warburget al.,2011). The primary malaria vectors in
these areas are then. gambiaes.s.,An. arabiensisandAn. funestus.s. BothAn. gambiaes.s.
andAn. arabiensielong to theAn. gambiaecomplex An. gambiaes.l.), a group considered as

among the most important malaria vectors in Af(Basset al., 2010). Anopheles gambiag.s



feeds preferentially indoors on humans and is drieeomost competent malaria vectors known
(Gillies & Coetzee, 1987)Anopheles arabiensien the other hand, is regarded as zoophagic
(and exophagic), whose major blood source is maiatyle, but also feeds on humans indoors
(Mahandeet al., 2007; lwashiteet al.,2014). TheAn. gambiaecomplex larvae are known to be
sympatric, with immature stages inhabiting sumslitallow and temporary bodies of fresh water
such as ground depressions, puddles, artificialtabogrs, swamps, pools and hoof-prints

(Minakawaet al.,2005; Mutukuet al.,2006; Imbahalet al.,2011).

It is logical to assume that the environment asdedi with any ecosystem can maintain a high
number of malaria vectors. A recent study reportedes of malaria vectors breeding in
elongated stagnant water pools (lagoons) sepafiatedthe lake by sand bars (Minakaeftaal.,
2008). This implies that mosquitoes can also brieetsolated pools in river tributaries and
streams, especially during dry seasons; which needstigations. Also, due to climate
variability, drying of streams may result in creatiof pockets of water, which are ideal breeding
sites for the vectors. If large numbers of malagators breed in such habitats, their contribution
to local transmission would be substantial. Somesinthese changes occur in areas where

malaria disease was previously absent.

Malaria cases in the Mara River basin have beeicetbfor a decade now (Noet al.,2009). It

is not clear whether these cases were introduced fhe nearby lowland or resulted from local
transmission because no record of larval mosquiédesg the Mara River has been reported.
According to Bomet and Kericho counties report, arial cases have increased from 5-10%
between 2008 and 2011 and in Transmara, the Malesiapositivity rate was reported to be

higher, to ranging between 10-30.1% in 2012 al®=z&ingo County is classified as endemic for



malaria, while cases of Rift Valley Fever outbreales reported in the past (2006-2007) causing
high mortalities among small ruminant which accofantabout 3.41 million of total livestock
population, with 117 humans having been affectedlifeg to 3 deaths (WHO, 2007). It was
therefore imperative to determine which speciesmafsquitoes are responsible for disease
transmission in the area, especially along the MRirger and and its tributaries in order to
establish their contribution to local disease tmaissions in the area and epidemic risk

assessment of malaria among both local residedtsoamists visiting the Mara River basin.

Presence of disease transmiting mosquitoes alomdgvidra River and its tributaries, smaller
streams and the adjacent terrestrial habitats neaymy pose a health challenge to the local
residents who may have lower resistance to magmrasite infection, but also present serious
risk to tourists visiting the region. According ttee Mara travel information Fact Sheet (2010),
each year about 1-2 million tourists from variowsmte of the world visit the Maasai Mara
National Reserve in Kenya and Serengeti Nationak fa Tanzania and stay in the area for
several days and malaria is thus ranked as thtectirscern for traveler’s health in these tourist
areas. The Mara River being transboundary is diquéar importance to the inhabitants of the
basin. However, since Mara region is largely knderbe a moderate transmission zone, the
immunity of inhabitants could be low, thus incre@stheir vulnerablility to malaria infection.
This coupled with the currect degradation beingnessed along the Mara River, creates
numerous microhibats that are potential vector dirgghabitats, thus making them an area of

particular imp[ortance to study.



Mosquito-borne diseases, such as malaria, arbowdngs Zika viruses, among others, have
initiated an interest in understanding the factibrgt drive or constrict mosquito production
(Ohbaet al., 2011; Warburget al., 2011). One major part of understanding influenoas
mosquito abundance is to look at the influence obquito predators. Predators can strongly
influence populations of mosquitoes both by dishgbtheir development rate and also by
consuming mosquito larvae and adults (Tugtoal., 2007). Aquatic insects in the Orders
Coleoptera, Hemiptera, Odonata, Diptera and fidresalso known to play a crucial role in
mosquito control and have proven to be highly caemteand widely used in putting into check
the mosquito populations (Shaalan & Canyon, 2088)dies in Kenya have reported higher
predation capabilities of these orders mainly icerirrigation schemes (Mwangangt al.,
2008a), in wetlands around Lake Victoria where memlof theAn. gambiaes.l. dominate
(Ohbaet al.,2010) and in Mwea in the then Central ProvincKehya (Muturiet al.,2008). The
relationship between prey and predator is a classaenple of how nature works to regulate the
increase and decrease of species. These relapisrasta what keep many ecosystems in balance.
Understanding which predators play a key role srttosquito lifecycle along the Mara River is

therefore important.

Tunoet al. (2007) noted that biological control will give anlg lasting effect if the biological
agents can survive and recycle. This can only leessful if the agent is locally identified and
used because of easier adaptability. Federici (186&ed that although many biological agents
including predators, parasites and microbial agbate been assessed in the laboratory as bio-

control, few have been used because these agenisteoduced into unfamiliar areas. Thus,



there was need to establish the most appropri@@afor that can be used to control mosquito

larvae at the local setting.

Mosquitoes breed in varied habitats and differeebhega have shown specific habitat and
breeding preferences, for examphknophelesspp. are associated with fresh water habitats,
whereasCulex spp. may also be found in polluted conditionsudaig septic tanks andledes
species breeds in peri-domestic and other smalerwesllections including desert coolers
(Parthiban and David, 2007). To comprehend thisrethvas need to establish where and which
mosquito species breed within the Mara River balhs study was particularly informed by the
previous studies in Western Kenya which showed thalfiaria vectors larvae inhabit lagoons
along Lake Victoria (Minakawat al., 2008; Minakawaet al., 2012) when the lake water
recedes during dry spells, a situation which cao alccur when water volumes reduce due to
climatic conditions and/or as a result of destarctof catchments along the river such us the

Mara.

Evaluation of larval habitat for mosquitoes in terof species composition and resources can
help in understanding the bio-ecology and relateotrol measures of larval mosquitoes more
appropriately (Adityaet al., 2006). Knowledge of larval vector ecology is a Kagtor in risk
assessment and establishment of effective contealsores, because the most effective method
for controlling vector populations is to controktltarvae in their aquatic habitats before they
emerge as adults. A knowledge on where mosquitcesdband why they prefer certain water
bodies over others is very important for sound mdsgcontrol strategies (ljumba & Lindsay,

2001). However, the understanding of mosquito laeealogy is limited, and the knowledge is



insufficient to achieve effective vector controtdbgh the means of larval control (Fillinger &
Lindsay, 2011). For example, it is unknown whatsesuvector abundance and distribution, and
how the mosquito larval abundance is regulatedhéndiverse aquatic habitats. Focusing efforts
to larvae, however, requires sound knowledge ofldical situation and the behavior of the
available mosquito population. A basic understagaihthe aquatic stages of mosquitoes would

be extremely relevant for disease vector contrahenMara River basin.

Even though describing larval habitats in more galnerms only tells a part of the tale, it may
still give valuable insight on the suitability offférent habitats for mosquito larvae. According
to Keneaet al. (2011), the densities of total Anopheline larvae An. squamosus natural
habitats were higher but lower f8n. pharoensisHabitat permanence is another factor that has
been studied, classifying habitats as temporanynaeent or on a scale in between. Gimgtigl.
(1999) showed thaAn. gambiaeand An. arabiensiswere both associated with temporary
habitats whileAn. funestus.s was associated with semi-permanent bodiesatdrwHowever,
Keneaet al. (2011) showed a negative correlation between &@lpermanence and total
Anophelines, and a positive correlation with. arabiensisas opposed to Gimnggt al. (1999).
Habitat classification has been shown to give gpoedictive power for some species of
Anopheline larvae, especially during dry seasonjnfl@ekovaet al.,, 2013). Thus, it was
important to characterize habitat for larval mosogs during the dry period along the Mara

River in order to inform intervention policies.

Currently, the Mara River basin has been impactedtly by the wanton destruction of the Mau

forest at the upper catchment region. This hasdete fluctuation of Mara River water volume,



and subsequent changes in the physico-chemicampéees and hydrological characteristics
(Defershaet al., 2012; Matancet al., 2015). However, it is not clear how and to whateak
these factors influence the presence and distabutif larval mosquitoes and their predators
within the Mara River basin. Changes in the physicemical and biotic characteristics of
surface water habitats may create conditions eitneyurable or unfavourable to the breeding
success of mosquitoes depending on the rangeteddnce or adaptability of different species to
these habitats (Herrel etl., 2001; Mwangangiet al., 2008). This can have implications for
vector-borne diseases, because habitat changefatoatlr breeding of potential vector species
can ultimately lead to increased rates of parasifgathogen transmission. In areas around Lake
Victoria basin, Anopheline control strategy is whseainly on Indoor Residual Spraying (IRS)
and the distribution of Long Lasting Insecticidale@ted Nets (LLITNSs), targeting the main

malaria vectoAnopheles gambiaeomplex (Nooet al.,2009; Stellet al., 2013).

Previous studies reported conflicting informatiam tbhe physico-chemical conditions, as either
favourable or unfavourable to the breeding sucoé$arval mosquitoes. For intance, a study on
malaria vector control in Ethiopia (Dejenet al., 2011) showed that almost all their study
habitats were alkaline (pH>7.0) and both Anophaled Culex larvae were positively associated
with this high pH. Paaijmanst al., (2008), established temperature and dissolved exxys
important for larval mosquito development. Howewilinakawaet al., (1999) argue that a
combined effect of physico-chemical can influenaesquito abundance. Since previous studies
found conflicting information on influence of phgeichemical parameters on mosquito

distribution and abundance, the current study éstedul the physico-chemical characteristics of



the different habitats and its relationship to pnesence and abundance of larval mosquitoes and

their predators in the Mara River basin.

1.2. Statement of the Problem

Although mosquito-borne diseases are major healtlsern worldwide, and larval control can be
an important component of disease control progrbitte is known about the ecology of
mosquitolarvae. Usually, the description of mosquito lanvebitats has been given in more
general terms such as permanent/temporary or Wataramade habitats. More studies, such as
those of (Mungeet al., 2005; Fillinger & Lindsay, 2011; Kwekat al., 2012), are however,
starting to focus on finding what factors are iefliging the occurrence and abundance of
Anopheline larvae. Destruction of forests and iasesl agricultural activities along the river
may create suitable mosquito breeding micro-hadhitdtus increasing the risk of disease
transmission. This may in turn influence communityalth patterns and affect household

incomes (Kioko, 2013).

Even though no such studies have been carriedrotvers, water level fluctuation in lakes and
large dams has been associated with increase drimatectors, their survival rates and
longevity, which could result in increased mosquiemsities in Africa (Minakawat al., 2008).

It is therefore important to establish the avallgbiand suitability of mosquito and predator
breeding habitats along the Mara River in orderptedict their role in the plasmodia

transmission in the area.



Furthermore, most previous studies on abundancestatds of disease vectors in the Lake
Victoria were limited to the detection of specifiisease transmitting vectors and at times
considered the role of only few or none of the destthat may influence mosquito abundance
(Minakawaet al.,1999; Muturiet al.,2008). In addition, most of these studies didestablish
the status of predators even as they shared the kabitats. In situations where predators were
considered, their relationship with mosquito andvhtbey are influenced by other ecosystem
factors such as the physico-chemical parameters wetr considered (Minakawet al., 1999;
Muturi et al., 2008). Little research has focused on the assedsofig¢he available predators’
local ecology to establish their impact on mosqpitgpulation. Particularly, the abundance and
distribution of these mosquito predators and themtionship with mosquito larvae abundance
and distribution within the Mara River basin remainestablished, possibly because of the
difficulties in identifying and quantifying the inapt of the most common predators in the natural

environment.

Predatory insects and their larvae (e.g. DystisgitNotonectidae and Odonata) do not only prey on
mosquito larvae, but also prevent adult mosquifo@s oviposition (Fincke, Yanoviak, & Hanschu,
1997; Stav and Blaustein, 2000; Lundkwstal.,2003; Fischeet al.,2012). However, difficulties in
colonization and management of insect predatorsyedisas, a lack of synchrony between predator
and prey life cycle, impeded their deployment (Abdo& Richardson, 2012). Both mosquito-fish
and insect predators occur mainly in large, permapends, while most mosquito species prefer
temporary ponds as breeding sites (Chumehahl., 2016). Furthermore, little is known on the

predation of larval mosquitoes from rivers andatme in Kenya.
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According to the East Africa trans-boundary reg@€08), application of fertilizer especially to
tea, coffee, and sugarcane plantations, as welhasased pollutants like sewage and waste
water discharge into the Mara River, also signiftbacontributes a considerabe proportion of
nutrient load into adjacent rivers that ultimateligcharge into Lake Victoria (Mataret al.,
2013; Anyoneet al., 2014). These may impact negatively on water qualitooth medium and
long-term and affect its biota and the subsequbBahges in mosquito larvae density and the
subsequent disease transmission. This study, trerafso sought to establish the link between
water physico-chemical parameters in the Mara Riitsrtributaries and adjacent terrestrial

water bodies with the presence and distributiolasal mosquitoes and their predators.

1.3. Significance of the Study

This study inform formulation of sound and effeetivector control strategies, aimed at reducing
human mosquito contact and thus decrease in diseasamission within the Mara River basin.
For current vector control efforts to achieve maghil reduction in malaria transmission, it is
important for control programme officers to haveess to adequate information on the local
malaria and non-malaria mosquito’s ecology, distitn and transmission patterns as well as
factors affecting their abundance such as the ablail predators. Understanding species
interactions such as competition and predationsscemvironmental gradients may also provide
useful insight into how assemblages of mosquitoest@uctured. Such information is critical for

proper application of biological control measures.
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1.4. Study Objectives

1.4.1.

Broad Objective

To determine presence, abundance and distributfomadaria and non-malaria transmiting

mosquito larvae and their predators on the Mar@Rkenya and Tanzania.

1.4.2.

Specific Objectives

To determine the presence, abundance and distibuwif malaria and non-malaria
transmitting mosquito larvae on the Mara River bakenya and Tanzania.

To determine the presence, abundance and distibofi mosquito larvae predators and
their relationship with mosquito larvae abundannd distribution on the Mara River
basin, Kenya and Tanzania.

To characterize different mosquito breeding habi(@ the main river, its tributaries,
streams, rock pools, puddles, swamps, and rives dedng low flows) and determine
how the mosquito larvae and their predators prétese habitats on the Mara River Basin,
Kenya and Tanzania.

To determine the relationship between water physhemmical parameters and the
abundance of mosquito larvae and their predatortherMara River basin, Kenya and

Tanzania.

1.5. Research Questions

1.

What are presence, abundance and distribution tdriasand non-malaria transmitting

mosquito larvae on the Mara River basin, KenyaBamakzania?
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2. What are the presence, abundance and distributiotosquito larvae predators and their
relationship with mosquito larvae abundance anttibigion on the Mara River basin,
Kenya and Tanzania?

3. What are the different mosquito breeding habitatstije main river, its tributaries,
streams, rock pools, puddles, swamps, and rives Hadng low flows) and how do the
mosquito larvae and their predators prefer theb@dta on the Mara River basin, Kenya
and Tanzania?

4. What is the relationship between water physico-dbaimparameters and presence,
distribution and abundance of mosquito larvae dralr tpredators on the Mara River

basin, Kenya and Tanzania?

1.6. Scope of the Study
This study covered a few purposively selected goatbng the Mara River, its tributaries and
associated aquatic microhabitats within its basiiKénya and Tanzania. The study focused on

potential mosquito breeding habitats.
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CHAPTER TWO: LITERATURE REVIEW
2.1. The Lake Victoria Basin
The Lake Victoria Basin (LVB) is one of Africa’s rigest trans-boundary water resources
covering 180,950 kfin surface area and surrounding the second lafigesst water lake in the
world (68,800 km?), with the largest fresh watshBry resources (Odadaal.,2003). A map of
the Lake Victoria Basin showing the catcment ared #towns within the basin is shown in

Figure 2.1.
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Figure 2.1: Map of Lake Victoria Basin(LVBC & WWF-ESARPO, 2010)
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The Lake Victoria watershed is shared among fiagestin the following proportions; Tanzania
44% (85,448 ki), Kenya 22% (42,724 kijy Uganda 16% (31,072 K Rwanda 11% (21,362
km?) and Burundi 7% (13,594 Kin The Lake is shared among three of the five parstates of
the East African Community (EAC), i.e. Kenya, Uganand Tanzania, with a shoreline of

approximately 3,450 km long, demarcated amongigiaian countries (Odadz al.,2003).

2.1.1. Lake Victoria Basin Climate

The Lake Victoria Basin falls under the equatohat and humid climate with a bi-annual
rainfall pattern, where the long rains are expegehfrom March to May and short rains from
October to December (Kizzat al., 2009). July is the coolest month of the year wiiie
warmest fluctuates around October to February. Ating to the Regional Trans-boundary
Diagnostic Analysis for East Africa (Bootsnet al., 2003; Tungaraz&t al., 2012), rainfall
varies considerably from one part of the Basin notler. The highest rainfall is normally
reported in Uganda with Ssese Island recording @®@®0 mm annually, while Tanzania and
Kenya receive between 1,350 and 2,447 mm annuBliyundi and Rwanda get an average
rainfall of about 1800 mm annually. On the Northarmd Western shores, the effects of rainfall
do not extend more than 40 km inland. Rainfall anmtdncreases from east to west, ranging
between 600 to 2,800 mm annually. The temperatar¢ghé Lake Victoria Basin reaches
maximum in February, just before the March equimdyle the minimum is recorded in July
after the June equinox. The maximum temperaturgesbetween 28.6°C and 28.7°C, while the
minimum ranges between 14.7°C and 18.2°C. Compaon$temperature records for the period
1950-2000 and 2001-2005 shows that maximum tempesahave increased by an average of

4°C (Miller, 2009).
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2.1.2. Streams, Rivers and River Mouths

Streams and rivers affluent to Lake Victoria cdnite about 20% of the water into the lake
(Oteyoet al., 2014). Since these streams and rivers flow thrdagmlands, towns and human
settlements, they transport much of the commoruaits produced in these areas by human
activities, loading the lake with heavy metals,i@agtural chemicals, silt among other pollutants
(Matano et al., 2015). These lotic ecosystems therefore influendgysipo-chemical
characteristics of the lake waters. At the poiriterdry into the lake (river mouths) they present

a water environment different from the rest of ldiee.

The principal tributary of Lake Victoria is the Karg River, which enters the lake along its
western shore, draining the highlands of Burundil &wanda. The Mara River traverses
different land use types including forests, farmsnopen lands, urban centers, game reserves
and conservancy before flowing into Lake Victohaough the Mara Swamp at Musoma Bay in

the lower Mara basin (Hughes & Hughes, 1992).

2.2. The Mara River and its Watershed
The Mara River and its basin is an important fremewecosystem for Kenya and Tanzania. The
river has a catchment area of 13,504*kmith 65% of the basin being in Kenya and 35% in

Tanzania (Figure 2.2).
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Figure 2.2: Location and Relief of Mara River Basin(LVBC & WWF-ESARPO, 2010)

Mara River originates from the Mau Escarpment & Kenyan highlands, and flows for about
395 km draining into Lake Victoria at Kirumi swanmp Tanzania. Where forests still remain,
rainwater percolates through the dense canopytih@acsoil and ultimately seeps into the Mara

River tributaries with some forming springs thagidrinto Nyangores and Amala tributaries.

17



These rivers exit the forest and descend over 19@h the southern slope of the escarpment,
supporting farmers, pastoralists, and the growirgm centers in the region. As the Mara River
continues into the protected areas of Maasai MatoNal Reserve and across the Tanzanian
border into the Serengeti National Park, it is ¢oirby the Talek and Sand Rivers (Mamgal.,

2011).

The Mara River provides food, important plantstiersoils, and critical habitat to people and
wildlife. However, in such a system, the many dedsafor these resources are sometimes
incompatible. Clearing of forests and increasedivatlion in the upper catchment is believed to
have increased sediment loads and altered the d¢mapio of the river (Odadat al., 2003).
Without the dense forest to moderate the flow ofewanto the system, both seasonal floods and
droughts are becoming more extreme. Further doeausty increase in the area under irrigated
agriculture and industrial activities such as minirave led to higher rates of water abstraction.
In addition, the river provides the primary domestvater source for nearby towns and
settlements, many of which lack sewage or wastemisgatment facilities (Nyairet al.,2015).

By the time the Mara River reaches the protectsérues, it has passed through hundreds of
kilometers inhabited by thousands of Kenyans, amtlreds of thousands of Tanzanians await

the river’'s waters downstream of Serengeti Natidteak (Mangcet al.,2011).

In order to cope with this high pressure, thereehbeen, and continue to be, ongoing changes
and regulations in land and water-use patternhienMara River basin (Onyando, 2013). The
degradation of natural vegetation cover and saiddmns has led to changes in rainfall-runoff

characteristics of the basin, which consequentlgnges the river flow regimes. Major
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environmental changes resulting from the basinaserfmodifications observed in Mara River
basin include high-peak stream flows, reduced Bawss, enlarged river channels, and silt build-
up along the river bed (Manga al.,2011). This creates microhabitats that are s@tbgeding

habitats for mosquito vectors increasing the riskalaria among the inhabitants of the basin.

2.3. Diseases in the Lake Victoria Basin

A number of water-associated pathogens of viratidsal and parasitic origin are endemic to
the Lake Victoria basin including the Mara Riversioa(Mutie et al., 2006). Viral infections
include: rotavirus, vector-borne encephalitis antyomg-nyong fever; bacterial infections
include: Escherichia coli, Salmonelland Vibrio cholerg while parasitic infections include
unicellular protozoans, which cause diseases sacimaaria, amoebiasis, and giardiasis, and
also the multi-cellular metazoan helminthes: thsetages, trematodes and nematodes which
cause taeniasis, fascioliasis, schistosomiasshitiwsis and filariasis in humans and animals
(Harley et al., 2001). Arthropod vectors like mosquitoesnppheles, Aedes, Culexnd black
flies (Simuliun), which are known disease transmitters may braesuch water pools, which
need investigation. It is therefore important ttablsh the specific mosquito species that breed

along the Mara River in order to quantify theirgmtial in disease transmission.

Malaria is transmitted by a range Ahophelesnosquitoes and the risk of disease varies greatly
across the continent (Kelly-Hopet al., 2009). The vector groups for both human malaria
(Anophelesmosquitoes) and other diseases such Yellow Fé&ika, virus Culex mosquitoes,
Culex quinquefasciatuand Aedesspecies) demonstrate complexity of diseseas vegecies

abundance. The Mara River transverses urban aregewbmmercial activities are predominant,
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anthropological activities such as open drainaggtesy and littering of environments with
various peridomestic containers encourage the brged mosquitoes and consequently increase
mosquito-borne diseases in the area. Therefordudy f the biology of mosquitoes and
physico-chemical parameters of the breeding sites @ssential to determine their influence on

mosquito distribution, abundance and diversity.

It has been emphasized that vector control coulthbenly means of eradication of the disease
from the endemic regions, and has evidently cutvéetor-human contact and reduced malaria
incidences in some countries (Eziefelaal.,2012; Kaneko, 2010). Nevertheless, in many areas
of the Lake Victoria basin, including Mara Rivehetvector still remains the key link in the

transmission of the disease, and this oviates #oegssity of carrying out research to establish
which species breed in the river catchment in otderdentify the most appropriate control

method for the area. Infact, a biological contruatls as use of indegenious predators could be the
only available tool as attempts to employ otheatstgies have failed due to numerous reasons
such as the development of resistance to the &laithugs and insecticides by the vectors, and

also due to lack of knowledge on the behavior efuéctors.

2.3.1. Epidemiology of Malaria — Global and Geogralpic Distribution of Malaria

The World Health Organization (WHO) estimated thAbut 219 million malaria cases and
about 660,000 people died, mostly children, esfigdia sub-Saharan Africa and Asia (Duchet
et al.,2012). In Kenya, malaria accounts for 30% of otigpd attendance and 19% of hospital
admissions. A six-year surveillance across Kenyaezhout from 2003 to 2009, indicated that

out of the 166,632 paediatric admissions, [whicbluded 78,530 (47%) admission due to
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malaria cases], western Kenya reported the highases of malaria (70%), followed by

highlands areas of Rift Valley (45%) and along kemyan coast (22%) (Okiret al.,2010).

2.3.2. Parameters used to Measure Malaria Transmiss

Malaria endemicity historically has been definedterms of rates of parasitemia or palpable-
spleen rates in children 2-15 years of age as mgmmic (<10%), mesoendemic (11-50%),
hyperendemic (51-75%), and holoendemic (>75%) (B&aat al., 2010). While there are
seasonal and geographic differences between ane&dR of <10 per year is a low transmission
area, 10 — 49 per year is intermediate transmissioth >50 per year is high transmission (Kelly-

Hope and McKenzie, 2009).

Constant, frequent, year-round infection is terragdtable transmission; generally in areas with
EIRs of >100 per year. In stable transmission aremst adults experience malarial infections
that are asymptomatic, while in low or sporadicnsraission areas, complete protective
immunity is not acquired and symptomatic diseasg mecur at all ages that may result in
epidemics in such areas (Shauégaal.,2010). An epidemic can develop when there are gdmn
in environmental, economic, or social conditions¢cls as heavy rains following drought or
migrations (usually among refugees or internallypthced people [IDPs] (Opondo, 2013;
Spenceeet al.,2004), from a non-malarious region to an areaigt transmission; a breakdown
in malaria control and prevention services cannsifg epidemic conditions which usually
results in considerable morbidity and mortality amgoall age groups (Kiszewski and

Teklehaimanot, 2004).
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2.3.3. Malaria in Africa

Present epidemiologic findings show that Africa usdergoing a reduction in malaria
transmission which has been attributed to effectarge scale malaria control programmes
(Kariuki et al., 2013). Interventions such as the use of effecin@-malarial therapeutics and
insecticide treated bed nets (ITNs) have resuheckduction of both the burden of malaria and
its associated mortality in Africa. For instancedespread use of ITNs in Kenya resulted in a
44% reduction in mortality in children below 5 ysawer a two year period (Eisedeal.,2010).
The combined use of ITNs and artemisinin-based aoatbn therapy (ACT) in Zanzibar
reduced mortality by 52% in under-fives over a tywar period (Bhattaraet al., 2007).
Regardles, in Africa, the problem of malaria conéis to present a big challenge, as not all
households are able to afford ITNs or other alt&raanalaria control options. This affects the

socio-economic development of the continent.

While previous studies indicatékh. gambiaes.| as the primary malaria vector (Omungical.,
1998; Koekemoetret al., 2002; Ernstet al., 2009), their main role in malaria transmission
sustainability throughout the year is questionablsome places and during some periods of the
year. For instance, Minakaved al. (2008), highlighted the central role of vectoresgion in
localized malaria-risk area when they examined tiosv1.5m drop in the water level of Lake
Victoria affected the vector populations. The stuldyind that on newly emerged land,
An.funestugroup benefited from new breeding sites duringtigs water period, being better
able to reproduce during flooded conditionAn.gambiaes.l. on the other hand was
disadvantaged during the low-water level periodanse it is far more sensitive to the drying out

of habitats during the dry season. The drop in whieel so far shifted the composition of
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mosquito populations, and moreover, malaria tragsiom towardsAn. funestusgroup.
Therefore, the previous study demonstrated the oaty of relationships between water,
vector populations, and malaria transmission inte&resKenya (Minakawat al., 2008). It was
therefore imperative to investigate the presencmadquitoe larvae during the dry period along

the Mara River in order to inform policy for locadid vector-borne disease control in the area.

2. 4. Malarious Regions in Kenya and Tanzania

Figure 2.3 depicts the historical distribution cdlaria in Kenya and Tanzania. In both countries,
malaria endemicity is largely dependent on threxofa; (1) the type of mosquito vector in an
area, (2) the parasite species and (3) the clif@teumboet al., 1998). These factors generally
determine the intensity and length of transmissibmalaria and the high malaria incidences in
sub-Saharan Africa are attributed to these factbing. malarious regions in Kenya have been
classified into various zones based on the trarssamsntensity. The various zones (Western and
Nyanza regions), are endemic zones, with high sitis of malaria transmission. The
transmission is continuous over many successivesy&ademic areas primarily exist in tropical
Africa, except in highland areas and at the cdagsnhalaria endemic zones, children are the most
vulnerable to the attack, as adults acquire a @egfrémmunity through continued exposure. In
zones of less intense transmission, particularlepidemic areas, a larger proportion of the

population is likely to be non-immune and all areisk of infection (DFID, 2010).

In Tanzania, malaria is the single most signifiadisease causing economic burden to health and
economy of its 40 million inhabitants (projectioinem the population census of 2002). Similar

to Kenya, the population groups most vulnerablentdaria are children under five years and
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pregnant women. It is estimated that 90% of ab@uidlion people in Tanzania are at risk of

malaria infection resulting into 11 million clinicenalaria cases per annum (Mboetaal.,2013).

The disease is responsible for more than one-tifidkaths among children under the age of 5
years and for up to one-fifth of deaths among pragmvomen (Selemait al.,2015). Malaria
contributes 39.4% and 48% of all outpatients laas &5 years of age and aged 5 years and above,
respectively (Mwanzivaet al., 2011; Selemanet al., 2015). In terms of hospital admissions,
malaria accounts for 33.4% of children under the afj5 years and 42.1% in children aged 5
years and above (MOH Tanzania, 2010). In Tanzamist of the malaria attributable cases and

deaths occur in rural villages away from effectiv@gnostic or treatment facilities.

Malaria poses many societal and economic burdensTanzania, ranging from school
absenteeism to low productivity in the workplagethe short term, widespread malaria reduces
agricultural production and other economic outpédditionally, the cumulative effect in the
long term may leade to a decrease in national enmnoapacity and development (Lowasia

al., 2012; Mboereet al.,2007).

The main focus of malaria control measures in Taizancludes case management (early
diagnosis and prompt treatment with effective dyugector control using insecticides treated
mosquito nets (ITNs), malaria intermittent treatinen pregnant women, malaria epidemics
prevention and control, information, education ammmunication, and operational research
(Mboeraet al.,2013). Despite these strategies, malaria casedeattis have been increasing in

the country, mainly due to injudicious use of arlimal drugs, delayed health-seeking
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behaviour, and reliance on the clinical judgemeithout laboratory confirmation in most of the
peripheral health facilities (Mlozt al.,2015). Furthermore, most of the information onamal
cases are health facility-based; which is inconeplethile ecological data are untimely and
unreliable (Monitoring & Change, 2015). The lackrefiable data on the magnitude of malaria
and the vectors responsible for its transmissidis dar investigation. On the Kenyan side,
Western and Nyanza regions are endemic zones, whilanzania, high intensities of malaria
transmission risk zones are near the coast, bugrtdemicity covers almost every zone in the

country (Omumbeet al.,1998) (Figure 2.3).
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Figure 2.3: Historical Malaria Transmission in Kenya and Tanzania
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2. 5. Malaria Control Strategies

2.5.1. Early Diagnosis and Treatment

Malaria is the leading cause of morbidity and mgtan Kenya. It accounts for 16% of all
outpatient attendance (Kenya Malaria Indicator 8yn\2015) and 15% of all admissions to
health facilities are based on passive case repiiis survey is designed to obtain national and
epidemiological zone representative population-ha&stimates of malaria programme indicators
to inform strategic planning and evaluation of vel® malaria control interventions. The
greatest challenge to malaria control in the sw@#taBan region is proper diagnosis and treatment.
Ensuring proper treatment adherence is challengededtf-medication and poor quality of
treatment, particularly in the unregulated privagetor (Karunamoorthi, 2014). In Kenya, for
instance, there is a high prevalence of counteafadt sub-standard antimalarial medicines, which
can cause death, reduce confidence in malariantezdf and increase drug resistance. Early
diagnosis and treatment of patients as well asrabaot malaria vectors constitute key measures
in mitigation of the disease and reduction in #iees and deaths related to malaria as well as
easing the socio-economic burden caused by thegs#ise The main objective of the Kenya
Malaria Indicator Survey (KMIS) 2015 was to measgpregress achieved in key malaria
indicators. Rapid diagnostic test (RDT) on site andlaria blood slide examination at a

reference laboratory is conducted on children 6thmto 14 years proved to be effective.

2.5.2. Chemotherapy of Malaria

Antimalarial drugs are designed to prevent or cuegaria. Two types of antimalarial drugs are
availabe, one taken as a preventive measure; qaitgzhylactic drugs, and the other taken after
the infection has already occured; called therapeditugs (Andrewset al., 2014). Current

recommended treatment regimens in Kenya are ACTatqfahet al., 2012; Watsierah &
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Ouma, 2014). Antimalarial combination chemotherapywidely advocated for delaying the
development of resistance to the remaining armaoofryeffective drugs. The concept of
combination therapy is based on the synergistiadalitive potential of two or more drugs, with
independent modes of action and different biochamtargets in the parasite (Enato &

Okhamafe, 2005).

2.5.3. Vector Control

One of the most common strategies used to eradimataria is the use of various chemicals
including insecticides. Currently, vector contrslfocused on the use of insecticide treated bed-
nets (ITNs). Although ITNs have proved efficaciansreducing severe malaria morbidity and
mortality among children, concerns have emerged the2r sustainability and long-term effects
on the development of malaria immunity, couplechviiicreased insecticide resistant mosquitoes
(Okiro et al.,2010; Snow and Marsh, 2005). Insecticide use ladsahnegative impact on non-
target organisms and the environment. Studies ABeeshown that some of the chemicals used
kill natural mosquito predators more effectivelyarththe target mosquitoes and over time,
predators such as fish and insects die out whilsquitoes develop resistance, multiplying in
ever larger numbers in a losing battle often reféro as “the pesticide treadmill” (Wilson &
Tisdell, 2001). Moreover, the application of inseide strategies has also failed due to the
development of insecticide resistance and lacknofntedge about the behavior of the vectors.
However, there are hopes as other alternatve claéniz be incorporated in bed nets are being
evaluated (Kawadat al.,2014). The non-selective nature and use of pdssciherefore leaves
biological control of mosquito larvae as among best and most environmentally friendly

option for the control of mosquitoes.
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Previous studies on the abundance and distribuifolarval mosquitoes and their predators
focused mostly on wetlands, shallow lakes, and sirath ornamental pools in different parts of
the world. However, information on the presencenosquito larvae and their predators in most
rivers are lacking. Information on larval mosqugaand their predators in the Mara River and its
tributaries is important and necessary since sdntieese predatory species have been evaluated
as bio-control agents in the worldwide campaigodotrol malaria vectors. The identification of
indigenous predator populations is recommendeddmadie due to their adaptability and may
therefore help curtail the insurgent of the diseasd non-disease vectors in the Mara River
basin if a predator propagation program can beated. Currently, little is known about the
ecology of larval mosquitoes and their predatorsmost rivers of Kenya. Furthermore,
researches on indigenous mosquito predators argciydarly scarce, making it crucial to
determine the impacts of their abundance and icierain ecosystems such as the Mara, which

formed the basis for the current study.

Interest in formulating non-chemical approaches lesn growing over the past four decades
because of the limitations of chemical use, inclgdimosquitoes’ insecticide resistance,
disturbances to the ecosystem, and the healthfosksiman and domestic animals (Yasuoka &
Levins, 2007). Current biological control tools tttzae considered most promising for malaria
prevention include fungi, bacteria, larvivorous hfisparasites, viruses, and nematodes
(Kamareddine, 2012). Among these, the most commaslyd biological control agents is

larvivorous fish, which are introduced to aquatabitats for larval mosquitoes. The challenge,

however, has been the adaptability of such foréigoontrol agents to the local settings. It is
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thus important to evaluate the locally availabledator candidates along the Mara River that can

effectively suppress Anopheline larval population.

2.5.4. Malaria Vector Control using Insecticides

Malaria vector control remains key and most impurigart of the global malaria eradication
strategy and is still the most effective approamhtiie prevention and control of malaria. While
mosquitoes can be controlled by use of insecticitesdangers presented by use of insecticides
of chlorinated or organophosphate origin in the tadnof mosquitoes are numerous.
Organophosphate larvicides are used infrequentbalme of their negative impacts on non-
target organisms and the environment. Currentlystmumalaria endemic countries, in addition to
bed nets, have opted for indoor residual sprayiR§] (Hightoweret al.,2010). Indoor Residual
Spraying (IRS) application reduced malaria casescessfully in Bioko Island, Equatorial
Guinea (Kleinschmideét al.,2013), as its importance was previously eviderihendecades long
campaign in South Africa (Mabast al.,2004). Insecticide treated nets (ITNs) act by lteyze

or killing the mosquitoes (Wilsoet al.,2014). Currently, Long Lasting Insecticide Net&Ifils)
have proved successful in reducing malaria monpaiitd mortality in most countries across sub-
Saharan Africa (Tambet al.,2012). As per the WHO (2010) guidelines, only piyreids can be
used in treated nets and applied as IRS (Kawetdal., 2014). Nevertheless, widespread
resistance to these tools have been reported (@ledirad,, 2011; Kawadaet al.,2011; Mulamba
et al.,2014) supporting the argument that ecological robrf malaria vector could be the most

ideal control strategy.
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2.5.5. Biological Control of Malaria Vectors

The biological control effort of malaria vectorsshaainly used mosquito larval predators such
as fish and tadpoles (Peckarsky, 2006), while sthave tried entomopathogenic bacteria such
as Bacillus thuringiensigBti) and some species of fungudetarhizium(Scholte and Takken,

2008; Scholtest al.,2004)

Biological control will give a long-lasting effedtthe biological agents can survive and recycle.
This can only be successful if the agent is locatlgntified and used because of easier
adaptability. Many biological agents including paats, parasites and microbial agents have
been assessed in the laboratory as bio-controlt@gen mosquitoes and other urban pests
(Federici, 1995). However, the only bio-agents tn& in operational use are bacteBecillus
thuringiensisH-14 andBacillus sphaericu22362 (Romercet al., 2001). In addition, specific
microbial agents are targeted for certain pestispeonly (e.g.Bacillus thuringiensis The
obvious reason is that these agents are introditedunfamiliar areas leading to enormous
challenges in vectors control worldwide. It is thogportant to identify indigenous predators
within the Mara River basin that can be used ascbidrol agents locally as opposed to use of

insecticides.

2.5.5.1. Predators

The role of predatory aquatic insects in the nattegulation of mosquito larvae has been
reported. The mosquito-fistGambusia affinis has been used for mosquito since the early
decades (Kroegest al., 2013). However, mosquito-fish was found to affeat only mosquito

larval populations, but also reduce or even digplather native species (Miuet al., 1984;
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Pyke, 2008; Leoparceet al., 2013). In addition, mosquito-fish sometimes failed control
mosquito larval populations, most likely due toueiibn of other natural antagonists (Blaustein
et al.,2004).Predatory insects and their larvae (e.g. Dystisitlmtonectidae, and Odonata) do not
only prey on mosquito larvae, but also prevent tathalsquitoes from oviposition (Fincke, Yanoviak,
& Hanschu, 1997; Stav and Blaustein, 2000; Lundketsal., 2003; Fischeet al.,2012). However,
difficulties in colonization and management of ictspredators, as well as a lack of synchrony
between predator and prey life cycle, impeded teployment (Atwood & Richardson, 2012). As
stated previously, both mosquito-fish and inseedptors occur mainly in large, permanent ponds,
while most mosquito species prefer temporary pagidreeding sites (Chumchet al., 2016).
Therefore, their impact on natural mosquito langpulations could be over-estimated.
Particularly, the abundance and distribution ofsthenosquito predators and their relationship
with mosquito larvae abundance and distributionhinitthe Mara River basin remained

undetermined.

2.5.6. Other Mosquito Vector Control Methods

Curently, genetically modified mosquitoes are beegloited as mosquito control agents. This
has been tested through genetic engineering thasformsPlasmodiumsusceptible strain of
mosquito to a more refractory form that cannotrirainPlasmodiunm(Beerntseret al., 2000; Ito

et al.,2002; James, 2003). Other methods include usefiaatory genes that can be driven into
the wild populations by using symbionts (Dotson @&whrd, 2009). More recently, malaria
vector control using the sterile insect techniggd ) (Pates and Curtis, 2005), is in the pipeline.
This employs laboratory male mosquitoes that arespecific and compatible with the target
population (Alphey and Alphey, 2014), which arertmeleased to mate with the wild population.
Interestingly, this method has not succeeded imlysimg any meaningful result because the
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laboratory reared mosquitoes have not shown arponssve trait and also the released males
become weaker in the field (Reewssal., 2012). Larval mosquitoes can also be targetedgusin
source reduction, such as elimination of mosquéotar breeding sites, usually reffered to as
source reduction of the breeding sites. Howeveg, demerit of this is that most of the breeding
sites are small, dispersed and transient, makirgyeh more complicated for effective vector

control (Pates and Curtis, 2005).

2.5.7. Malaria: The Disease, Symptomatology and lefCycle

Species belonging to the gen&asmodiumnamely Plasmodium falciparum, P. vivax, P.
malariae P. ovaleand the recently reportd?l knowlescause malaria in humans (Ndouo, 2009).
Among these, the species that causes the grelitesisiand death in Africa B. falciparum
(Ndouo, 2009)Plasmodium falciparunmccurs in most malaria-affected areas of the wa.d
tropical Africa and Asia. Up to 85-90% of malariases are due t®. falciparum Plasmodium
vivaxis uncommon in sub Saharan Africa (Md Idris et2014), but common in South Asia and
Central America, and is predominant in South Angeri8imilarly,P. ovaleis found mainly in
tropical Africa, in West and South Africa, with spadic reports from other continents, e.g. the
South Pacific island®?. malariaeis the least common species of malaria to infechdns, and

is infrequent all over the world (Moresby, 1998)alstia symptoms may appear and disappear in
phases and may come and go at various time fraiese cyclic symptoms of malaria are
caused by the life cycle of the parasites - as tleselop, mature, reproduce and are once again
released into the blood stream to infect more blaadi liver cells. Fever is the main symptom of
malaria (Odagat al.,2014). A high swinging fever can develop when tfappens, with marked

shivering and intense perspiration.
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Furthermore, serious complication involving theibrand kidneys can then develop leading to
delirium and coma. The most severe manifestatioms@rebral malaria (mainly in children and
persons without immunity), anaemia (mainly in cheld and pregnant women), kidney and other
organ dysfunction (e.g. respiratory distress) (@arti & Zammarchi, 2012; Newtoet al.,2000).
Persons repeatedly infected with malaria will uguatquire a considerable degree of clinical

immunity, which provides them with protection agdifuture infections (Bairdt al.,1995).

During the 1960s, there were occasional reportacofdental infections witf. cynomolgiP.

inui andP. knowlesin humans, a known primate malaria species; suiggestat some primates
might act as reservoirs for human malaria, thougippeared that the chances of such naturally
acquired infections were very remote (Cogswell,2)9Blowever, it is now apparent that humans
are at risk from infection witl?. knowlesi a malaria parasite with a 24 hour erythrocyticley
found especially in Southeast Asia where its nathsts are macaque and leaf monkeys
(Jongwutiweset al.,2004). Until 1971, there had only been two auticated cases of naturally
acquired human infections with. knowlesiboth in peninsular Malaysia. No other cases were
recorded until 2004 when a focus of human infectioras identified in Sarawak, Malaysian
Borneo (Singh & Daneshvar, 2013). Since then thexree been several hundred reports of
human infections in the region and there is nownelielming evidence thd®. knowlesiis a
zoonosis involving macaqu&lacacaspp.) and leaf monkey®(esbytisspp.) as reservoir hosts
with mosquitoes belonging to the Leucosphyrus grofiAnophelesas the vectors, mainly
distributed in Malaysia and other countries in $east Asia (Vythilingam, 2012). Retrospective
examination of blood films and the application lné polymerase chain reaction (PCR) and other

molecular techniques revealed that a number of naakases previously attributed .
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malariaein Malaysia were misidentified and that they warall probability due td. knowlesi

(Cox, 2010).

The life cycle ofPlasmodiunspecies is shown in Figure 2Rlasmodiumhave both human and
mosquito cycles. Human infection with malaria igiated when the femal@&nophelednjects
into the human host saliva containing plasmodiarepoites during feeding. Sporozoites enter
the human blood circulation system and rapidly ezitenter hepatocytes or are cleared
(Yamauchi, Coppi, Snounou, & Sinnis, 2007). Withire hepatocytes, sporozoites reproduce
asexually (known as schizogony, forming hepaticdzwsits). This stage is asymptomatic and
reflects the primary incubation period. The perladts on average from 5 to 6 days for
falciparum,and 10 to 14 days fd?. vivax.Occasionally it may take much longer (approximately
1 month), on average, fét. malariae At the completion of this stage, hepatic schigampture
and release plasmodial merozoites into the ciraulaP. vivaxand P. ovalehypnozoites may
remain dormant for prolonged periods of time. Whiese leave dormancy and enter
schizogony, they may cause the characteristic sekapssociated with these plasmodial forms. A
proportion of merozoites released into the circalatievelop into male and female gametocytes.
When taken up by femakenophelesn a blood meal, gametocytes develop into microgasiam

the mosquito stomach, fuse to form a zygote, ulidyapenetrating the mosquito stomach to
form an oocyst. Within the oocyst, motile sporoesitievelop ultimately bursting the oocyst and
migrating to the salivary glands, from which theyllbe injected into the next host at the

mosquito’s next blood meal (Derg al.,2014).
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Figure 2.4: Life Cycle of Malaria Parasite

(Source, CDChttp://http://mwmw.cdc.gov/malaria/about/biology/)

The malaria parasite life cycle involves two hoddsiring a blood meal, a malaria-infected
female Anophelesmosquito inoculates sporozoites into the human®@os$porozoites infect
liver cells®and mature into schizo¥ which rupture and release merozc®=4Of note, inP.
vivaxand P. ovalea dormant stage [hypnozoites] can persist in ther land cause relapses by
invading the bloodstream weeks, or even years.)afdter this initial replication in the liver
(exo-erythrocytic schizogold)), the parasites undergo asexual multiplicatioth@erythrocytes
(erythrocytic schizogorl:!). Merozoites infect red blood cef%s The ring stage trophozoites

mature into schizonts, which rupture releasing meites<?>. Some parasites differentiate into

35



sexual erythrocytic stages (gametocy“sBlood stage parasites are responsible for timecali
manifestations of the disease. The gametocytes,e nfalicrogametocytes) and female
(macrogametocytes) are ingested by Amophelesmosquito during a blood me@. The
parasites’ multiplication in the mosquito is knows the sporogonic cyd®. While in the
mosquito's stomach, the microgametes penetratenti@ogametes generating zyg®esThe
zygotes in turn become motile and elongated (oa&&)Pwhich invade the midgut wall of the
mosquito where they develop into oocy®s The oocysts grow, rupture, and release
sporozoite®, which make their way to the mosquito's salivatgngs. Inoculation of the

sporozoitedinto a new human host perpetuates the malariayifée.

2.5.8. Malaria Situation in the Lake Victoria Basin

In the Lake Victoria basin, malaria transmissionniense and is also affected by climate and
geography, and often coincides with the rainy sesg¢blashizumet al.,2012). Studies showed
increased incidence of malaria in the Lake Victaggion as early as 1980s (Imbahateal.,
2011). This prompted a wake-up call to researchacs communities within the Lake Victoria
region to consider the potential impacts of climatel health issues on their vulnerability and
coping strategies. Although rural communities aegtipularly affected, urban areas are not
spared either, because of the close link betweleanumalaria and migration, as well as drainage
set-ups found within cities due to unplanned dgwalent (Siriet al.,2010). Poorly planned and
poorly drained informal settlements in cities andns create the potential for an increase in
malaria linked to rapid urbanization. According Moor et al. (2009), malaria constituted
approximately 32% of the total outpatient casedNyanza and Western provinces in Kenya,

followed by upper respiratory tract infections,rskiseases and diarrhea.
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Epidemics of the disease frequently occur in higtiéa Lake Victoria basin and coastal regions
with the following districts cited as being mostresk: West Pokot, Trans Nzoia, Uasin Gishu,
Kericho, Nandi, Bureti, Kisii, Nyamira, Gucha, Teanara and Nyando-almost three quarters of
which falls within the Mara River basin catchmehKenya (Kenya Malaria Fact Sheet, 2014).
According to Bomet and Kericho counties report, arial cases have increased from 5-10%
between 2008 and 2011 and in Transmara, the mdksiapositivity rate was reported to be
higher, and ranging between 10-30.1% in 2012 alBaeingo County is classified as endemic
for malaria, while cases of Rift Valley Fever owgthks was reported in the past (2006-2007)
causing high mortalities among small ruminant whédtount for about 3.41 million of total
livestock population, with 117 humans having be#acted leading to 3 deaths (WHO, 2007). It
was therefore imperative to determine which specfesiosquitoes are responsible for disease

transmission along the Mara River and and its taibes.

The most vulnerable groups to malaria in the pdparaare children and pregnant women. For
instance, a longitudinal cohort project undertaketween 1992 and 1994 in Asembo Bay of
Western Kenya, reported malaria parasite prevalembe 83% in 1-4 year olds and 60% in 10-
14 year olds (Blolanet al., 1999). Anaemia was reported in the same studyetodmsistently
associated with high-density infection of malamachildren under the age of 10 years of age.
More than half of all pregnant women had hemogldbirels of <11.0 g/dl, with up to 40%

having a Hb of <8.0 g/dl in the peak of malariassera

Malaria control involves a number of different apgeches. These include protection against

infection through prophylaxis, control of developthef the disease in infected individuals,
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personal protection through protective clothingpetients, bed-nets, community/population
protection through insecticide spraying, and enwimental management (Girgt al., 2008).
Meanwhile, previous studies reported the effectasn of insecticide-treated bed-nets in
reducing morbidity and mortality from malaria haseh documented in many studies (Gétoal.,
1995; Abdullaet al., 2001; Binkaet al., 2007;; Eiseleet al., 2010). This has been exploited
comprehensively in the fight against the diseasewdVer vector resistance often impedes
progress in the fight against the diseases withénliake Victoria basin region (Kawaeéaal.,

2011a; Kawadegt al.,2011b).

2.6. Malaria Vectors and their Predators in the Lale Victoria Basin

Breeding of mosquitoes in aquatic habitats cannflagnced by both abiotic and biotic factors
some of which are dependent on certain locationsngidbldet al.,2011; Gouagnat al.,2012).
The main abiotic factors that influence breedingitads of mosquito larvae include water
temperature, its chemical composition, water pHbtldend turbidity, while the biotic factors are
mainly the predators, bacteria, fungi, and aqua#iots (Minakawaet al.,1999; Ohbaet al.,2012).
More importantly, habitat location is crucial besaut can be influenced by local factors such as
weather conditions (rainfall patterns, temperatuseyl physico-chemical parameters such as pH,

alkalinity and turbidity.

Other important habitat factors include land usd degradation patterns (e.g. soil erosion,
chemical pollutants) as well as land use and gemdbgonditions (Matanet al.,2014). Species
assemblages and abundance in specific locationalsarbe influenced by historical factors and

population dynamics, mainly previous colonization ron colonization of the area by the
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particular species, and how population increasgearease is dependent on local environmental
pressures (Kenawst al.,2013). Therefore, mosquito larval habitat locatonl ecology becomes
important in determining larval densities and spe@ssemblage which in turn influences malaria

transmission in an area.

The mosquitoes that transmit malaria belong toAth@phelegroup However, not alAnopheles
mosquitoes are vectors of malaria. For examplegthee more than 200 speciesAsfopheles
mosquitoes worldwide, but only four of these motaps are known to carry malaria parasite
(Carter & Mendis, 2002). In the sub-Saharan Afritb@Anopheles gambiasomplex consists of
six confirmed species, one unnamed species andaséveipient ones (Maureen Coetzeteal.,
2013). The six species afe. gambiae sensu strigtAn. arabiensiAn. merus, An. melas, An.
guadrianmnulatugnd An. bwambaeMore recently, the previously known formsAxfi. gambie
s.s have evolved into tAn. coluzziand An. gambiaes.s species based on molecular forms (M
and S) have been identified that appear to be dejtively isolated (Fossogt al., 2015). The
‘S’ form is distributed widely throughout then. gambiaespecies range, whereas the ‘M’ form
is commonly restricted to western parts of Afriaad hybridization between them is rare in most
areas of sympatry. The complex varies in theiritgbib transmit malaria and other diseases.
Interestingly, due to climate change, otierophelesspecies which are found outside Africa,
and are known trammitters of various diseases baea reported to spatially exist in the area
(Didaet al.,2015), albeit the unknown species of disease v@that may exist within the Mara

River basin which needs investigation.
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Overal, there are four larval stages, namefy, 2l% 3% and 4" instars, respectively, of larval
mosquitoes (Schaper & Herndndez-chavarria, 200&).morphological distinctive feature of the
Anopheledarvae is its ability to lie parallel to the suréaof the water, unlik€ulexlarvae which
lies perpendicular to the water surface (Schapéte®énandez-chavarria, 2006). They breathe air
via small caudal openings (spiracles). This surfaasition makes them susceptible to chemicals,
which float on water. Yet larvae can also take Mpgen dissolved in the water but to a limited
extent. This means therefore that an oil film witbchanical protection is only of limited benefit.
The larvae are filter-feeders and have oral tufthar. They feed on all kinds of microscopic

organisms (Ohbat al.,2012).

Culex spptogether withAnopheles gambiasomplex andAnopheles funestus s.are the most
important vector in sub-Saharan Afrid@ulex mosquitoes can breed easily in polluted water
(drainage canals, septic pits, etc). The vectaigdh better under urban conditions of poverty,
poor water drainage and pollution (De Silva and $¥atl, 2012). In the mosquito genus
Mansoniathere are two subgeneMansoniaandMansonoidesTheir larvae breathe air through a
siphon via the roots and stems of water pldPitia spp., water hyacintiEfchhornig) and marsh

grass Isachn@ are the principal host plants (Ghasthal.,2006).

Mosquito breeding in aquatic habitats is also Igrgefluenced by the presence of predators
(Gouagnaet al., 2012). Mosquito predators and most of the otheratig insects, which are
associated with wetlands are, however, not welllisti(Gouagna et al.2012). Yanoet al.
(1983) listed 117 species of aquatic coleopterand,4 families from rice fields worldwide.

Majority of these have since been implicated as quibs predators (Bambaradeniya &
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Amarasinghe, 2004). A study in the rice-cultivatiagea of Malaysia showed that the orders
Diptera (Families: Chironomidae and Culicidae), ébpitera (Family Hydrophilidae), Hemiptera
(Families: Dytiscidae, Corixidae, Pleidae, Nepiddgglostomatidae), Odonata (Families:
Libellulidae, Coenagrionidae), and Ephemeropteramify Baetidae) comprised the major
aquatic insect fauna. The dominant aquatic insease from the families Chironomidae,
Dytiscidae, Corixidae and Belostomatidae (Bambargde& Amarasinghe, 2004), of which the
aquatic representatives of the Coleoptera, Hen@ipterd Odonata were the most predatory

insects in the aquatic ecosystem.

Nevertheless, predation of larvae by larvivorowgh f(Chandraet al., 2008) and cannibalism
among larvae (Soleimani-Ahmaeti al.,2014) also influence the population dynamics ofquito
larvae and are factors that play a major role isgndo population size. Some of the larvivorous

fish have also shown potential as bio-control agantice fields (Chandret al.,2008).

The larvivorous nature dDreochromis niloticusvas also reported, whereby zooplankton and
insects form, including larval mosquitoes were shadwbe their main food component in all the
seasons; long dry, short dry, short rainy and Iangy seasons (Wijesinghe, Wickramasinghe,
Kusumawathie, Jayasooriya, & De Silva, 2008Marias gariepinusfingerlings have also been
reported to feed on insects including mosquitodafgupae and act as biological control agents
(Ofulla et al., 2010). A similar study also reported that Haplochines (astatotilapia) feeds
primarily on larval and adult insects, further fencing the role that fish species can play in

controlling mosquito populations in aquatic halstddayet al.,2015).
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Although no single approach to mosquito controfpgpropriate for all locations, emphasis on
natural control of mosquito larvae by their natuypaddators should be an important element
worth considering in the long-term planning of maisg control. Since the predators have a
significant effect on overall mosquito populatiortbeir role should be considered when
implementing habitat management, mosquito contnol @when modeling mosquito population
dynamics. However, it should also be noted thatlevttiere are various organisms known to
prey on mosquito larvae, such as copepods, inseadsfish, information on their presence,
abundance and distribution are limited (Kumar & Hga2006). This is because many predators
that have been shown to be highly successful miedting target prey have been experimented

in the laboratory. However, their relationship attural habitats remains unexploited.

Various organisms, known as natural biological mmnagents, can be utilized to control
mosquito populations along the Mara River, avoidimguse of chemicals that can cause harm to
human and environment. The efficient selection fféative natural enemies has become
increasingly important for the success of biologamntrol programs. Control of mosquito larvae
with biological agents like competitors and predsaie more convenient and alleviates the need
for frequent chemical applications. The selectibbiological control agents should be based on
their potential for unintended impacts, self-regliog capacity, climatic compatibility, and their
capability to maintain very close interactions wistnget prey populations (Kluge, 2000). They
eliminate certain prey and sustain such environmérg., as when prey is introduced, they eat
the prey) for long periods thereafter (Kumar & Hwgar2006). However, this will only be
possible if the predator possesses extraordinangiseefficiency irrespective of the illumination

situation in response to the emergence of preysTime current study was designed to establish
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the predator-prey relationships, and particularlythwreference to existence of other

environmental parameter such as habitat types ael\whysico-chemical parameters.

2.7. Influence of Physico-Chemical Parameters on ¢hAquatic Habitats of Larval

mosquitoes and their Predators

Invasion of the aquatic habitats by organisms iiclg disease vectors can be influenced by
abiotic and biotic factors (Gouagred al., 2012), some of which are dependent on certain
locations. Habitat location is important becauseaih be influenced by local factors such as
weather conditions (rainfall patterns, temperatusayl even physio-chemical parameters such as
pH, alkalinity and turbidity; most of which depemh adjacent land use practices and are
influenced by the adjacent land degradation stat soil or geological conditions. Species
assemblages and abundance in specific locationalsarbe influenced by historical factors and
population dynamics such as previous colonizationom-colonization of the location or area by
the particular species and how population increaskecrease depending on local environmental
pressures. This can also be true for differenttaindance of mosquito species in different

locations (Mutuket al.,2006).

The main abiotic factors that can influence bregdiabitats of mosquito larvae include water
temperature, conductivity, salinity, water pH, depind turbidity (Norkute, 2014). Studies in
Ethiopia, showed that conditions which favoufad arabiensidarvae in their breeding habitats
were temperature greater than 27°C, water deptigsefthan 40cm, high carbonate concentration,
high water pH, and presence of water lettuce (Atmkst & Fadlelmola, 2009)An. merusand

An. melaspoth members oAn. gambiaecomplex, breed in salt water with a pH greaten th®
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(Gillies & Coetzee, 1987). However, in Mbita pointestern Kenya, water pH was shown not to
determine the occurrence of Anopheline larval maegs (Minakaweet al.,1999). Turbidity of
water has been reported to have an effect on lamadlations by influencing adult oviposition
behaviour. Adult females o&n. gambiaes.s. were shown to prefer ovipositing on clearewat

rather than on turbid water (Parhatnal.,2012).

The physico-chemical microclimate is an importasypext trying to characterize larval habitats.
Water temperature, is widely regarded to have atipescorrelation with the densities of
Anopheline larvae (Mungat al.,2005; Muturiet al.,2007; Keneaet al.,2011). This is likely
connected with Anopheline larvae being more frequeress shaded waters, which naturally
should be warmer than those in the shade. Dissaxgden and pH have been shown to have a
positive correlation with distribution and abundanaf both Anopheline and Culicine larvae
(Adeboteet al., 2008). Other physico-chemical variables positivedyrelated with Anopheline
larvae are concentration of nutrients phosphatgr{&ekovaet al., 2013) and nitrate (Norkute,
2014). Dejenieet al. (2011) in a study on malaria vector control ini&phha showed that almost
all their study habitats were alkaline (pH>7.0) amoth Anopheles and Culex larvae were
positively associated with this high pH. Paaijmagisal. (2008) and Courett al. (2014),
established temperature and dissolved oxygen agsriar for larval mosquitoes development.
However, Minakawaet al. (1999) argue that a combined physico-chemicakeffan influence

mosquito abundance.

Chemical composition of water influences mosquétvédl species and their population and can

also influence the abundance of predators. Sineeiévious studies found that various aquatic
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microhabitats tend to have different sets of plysicemical parameters that influence the
occurrence of the malaria vectors and their predatib was thus necessary to establish the
physico-chemical characteristics of the differemtbitats and relate it to the presence and

abundance of larval mosquitoes on the Mara River.

2.8. Conceptual Framework

The invasion of the aquatic habitat by both lamakquitoes and predators along the Mara River
can be presented as an interlay of four importaotofs: larval mosquitoes, predator, habitat
types and the physico-chemical parameters. Howewttrer confounding factors such as

destruction of forest, human settlement; irrigatoa urbanization, are also major driving forces
that can influence ecological change favourable rfarsquaito breeding. Moreover, use of

mechanized farming and application of ferterlizerghe surrounding catchment may alter water
chemistry, which can eventually either influencénmder the invasion of the river channel or its

tributatries and the adjacent habitats by bothalamosquitoes and predators. The sustainability
of this interplay can lead to the existence of mialaectors capable of transmitting the disease.
The main goal of establishing whether larval mosms have invaded aquatic habitats is to
safeguard human health. However, this goal can belyachieved through factual and reliable
data on the existence of these larval mosquitodgteeir influencers. It was, therefore, important
to determine the presence of larval mosquitoes thed predators and the influence of the

physico-chemical parameters on their breeding aebdlong the Mara River and its tributaries
that may contribute to their abundance. Figure @ves a flow chart of the conceptual

framework.
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Figure 2.5: Conceptual Framework.Source: Researcher (2014).

46



CHAPTER THREE: MATERIALS AND METHODS
3.1. Study Area
This cross-sectional study was conducted alondréms-boundary Mara River basin which lies
between Longitudes 387’E and 3847'E and Latitudes %28'S and 152'S, traversing Kenya
and Tanzania, in East Africa (Mutet al.,2006). This study was conducted at the upper-, mid-
and and lower-Mara River Basin (South W. of Kengd &lorth Eastern part of Tanzania) and
it's two perennial tributaries of Amala and Nyang®rin the upper Mara River catchment area.
Other smaller streams draining into the Mara Rimerthe Kenyan and Tanzanian side of the
basin were also included. Several streams from tirdourth order (Strahler system) feed the
Amala and Nyangores tributaries in the upper ca&tinirhe Mara River is a sixth order stream

at the junction of these two tributaries (Figurg)3.
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Figure 3.1: Map of Mara River basin showing Nyangoes and Amala tributaries

(Source: Hoffman, 2007).

The upper catchment of the Mara River basin haavamage precipitation of about 1400 mm

annually but varies among years. The evapotrarigpires around 1,090 mm per year (Margo

al., 2011), temperature varies between 10.5°C and IB€.study area has two large towns on

the Kenya side, Mulot and Bomet, and smaller townt@s, which include Silibwet, Sierra
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Leone, Tenwek, Tegat, Kembu and Mugango. On thedraa side, the main town centres are
Kwebuse, Morito and Musoma. The main land uses iwithe basin are agropastoralism,
livestock keeping, large scale and small scalgation agriculture, wildlife conservation, urban

centres and human settlement (M@tiel.,2006).

3.2 Sampling Sites Selection and Description

Before the start of the sampling process, a GI8 IS) tool was used to demarcate boundaries
and sampling sites within the Mara River basin. Sékection of the sites was purposive aimed at
covering both sub-catchments of Amala and Nyangutibkstaries and lower catchments with
their smaller feeder rivers, and the other sitegrdiream. The location of each of the sampling
points was marked using GPS equipment (AppendipOl).these points, mosquito-breeding
habitats were identified within a 100m stretch. fB@ main Mara River channel on the Kenyan
side, the sites sampled included: Kapkimolwa, Nigeeel, Lower Ngerende, Kabosom Bridge,
Twenwek falls, Chemosit Bridge, Mara Bridge (sife Blong the Mara River tributaries, the
sites sampled included: Silibwet, Kapkimolwa, Katros Isei Bridge, Chepterer and Chemosit
Bridge. On the Tanzanian side of the Mara Rivemas were collected from 5 sampling sites,
namely: the new Mara Bridge at the Kenya —Tanz&ueder, Nyahenda Bridge, Tarime
Serengeti Bridge, Morito Bridge at Kwebuse, Mowittage and Kirumi wetland at the point of
entry into Lake Victoria. Specific mosquito breeglsites such as river beds, swamps, drainages,
open sunlit puddles and rock pools were all magpetiincluded in the study. Figure 3.1 shows
geo-referenced location and distribution of thes@gnpling sites identified and sampled for the

presence of mosquito larvae and their predatofsmihe Mara River Basin.
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3.3. Sample Size Determination

The technique used in determining sample sizesifiiic factors was non-statistical due to the
infinite nature of target populations (water phgsahemical parameters, larval mosquitoes,
macro-ivertebrates and fish). According to Kirkwoaad Sterne (2006), purposive sampling is
the method of choice for studies in which certaartipipant characteristics are desirable because
of how well they match the goals of the researchfok this study, the selection of the sites were
purposive because whenever a suitable and safeatweg the Mara River (free of hippos,
crocodiles and other hazards) was reached, thena®aearched for potential mosquito breeding
sites and their predators sampled. Therefore, Hrapkng sites were decided upon after
assessing the prevailing field conditions withopplging any approved mathematical formula.
The sample size for biotic and abiotic factorshis tstudy was however guided by the previous

work of Fillinger & Lindsay (2011).

3.4. Study Design and Data Collection Methods

The study employed a purposive research desigrhiohwsampling of selected sites along the
Mara River basin and its tributaries were done. ddaes of the sampling sites were given based
on the point of sampling. The points were strat@@iicchosen and described based on available
structure such as a bridge. For example, the sagpite on each side of the bridge was labeled
based on the point of sampling relative to thedeidnd direction of flow of the river by use of
the first letters of upper and downstream sect{oes URS1-10 and DRS1-10) respectively, for
the main river. For instance, URS 1-10 meant thatstmpling site was located at the upper part
of the main river or either of its tributaries befaa bridge, while DRS 1-10 were located on

lower side of the river after the bridge. Site®2]13, etc, were given to any identified breeding
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terrestrial habitat adjacent to the main rivertsrsurrounding with the nature and/or name of the
habitat also described in detail. This kind of lalpwas used for ease of recording the findings
and to facilitate analysis of the specimen. At slaenpling site, local assistance was sought to
help navigate the area and explain the nature efsthdy area and the dangers that might be

present.

3.4.1. Desription of the Sampling Procedures
In each of the selected sampling point, potentigetling habitats for larval mosquitoes
identified in a 10m stretch along the Mara Rivesibavere sampled and the larval mosquitoes

and predators captured recorded as per the chieatthshed (Appendix II).

3.4.2. Larval and Predators Sampling

Sampling of mosquito larvae were conducted usingtamdard mosquito dipper (350 ml;
BioQuip Products, Rancho Dominguez, California, Y$& determine presence or absence of
larval mosquitoes and to estimate their abundaklirakawaet al.,2012). Each sampling site
was geo-recorded using handheld Global PositioSiygjem (GPS) and their coordinates taken.
A maximum of 20 dips were done on each site, tisted across the defined area at suitable
places for Anopheline and Culicine larvae.

The habitats were categorized as main river wabitéts, drying streams, swamps, rock pools,
hippo hoof-prints and puddles. The habitats wereegmized by the vegetation cover and
characteristics as short grass (short vegetatidai$)grass (tall vegetations) [see Appendix Il1]

and open sunlit puddles depending on the presenabsence of different vegetation types. The
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open habitat was a distinct area larger thaf. Time captured mosquito larvae were immediately

preserved in 90% ethanol for later identificationl @nalysis.

A D-frame dip net sampler of 0.3m width attache@tong pole and with a cone shaped bag for
capturing the mosquito larvae predators was usachpng was done from downstream end of
the river to upstream. A total of three jabs werdmat each sampling point, with a single jab

consisting of a forceful thrust of the sampler itite sediment for a linear distance of 0.5m.

3.4.3. Determination of Water Physico-Chemical Pamaeters in Breeding Sites

The physico-chemical parameters were measursdu with a handheld multi-parameter meter,
YSI Professional Plus (YSI Integrated Systems amwvi€es, St. Petersburg, FL 33716, USA).
Prior to the readings at the sampling site, the W& dipped in water for 3 minutes to stabilize,

and then the parameters recorded after the statioolizof values was noted.

3.5. Laboratory Identification and Analysis of Larval mosquitoes and their Predators

In the laboratory, all the collected larval mosqag& were identified microscopically using
standard taxonomic keys. Then. gambiaes.l. andAn. funestugyroup larvae were further
identified to species level by use of PCR as fofiblach individual larva was put into 1.5ml
vial then dried in anhydrous Calcium Sulphate kefoeing kept for analysis. The desiccation
process was aimed at preventing the rotting ofispats, since rotting of specimens could cause
degradation of DNA. During desiccation, uncorkedlwvicontaining the specimens were put in a
container with anhydrous Calcium Sulphate, whichensealed and kept for three days for water

to be absorbed from the specimens.
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During the sampling process, the relatively largecro-invertebrate such @siisops wakefieldi
(back-swimmers), Rhantus larvae (diving beetles) @nychohydrus hookerfwater beetles)
were visually observed, classified and counted.séhbat could not be identified to species level
in the field were preserved for further identificat using appropriate keys. The total number of

mosquito larvae predators were counted and totgledr each habitat sampled.

3.5.1.Anopheles gambiae Complex DNA Extraction

An extraction method as described by Karaaal., (1998) was used to evaluate mosquito larvae
species (Appendix I). Individual mosquito larvaerevput into a 1.5ml vial and 1QDof ground
buffer (0.08M NaCl, 0.16M sucrose, 0.06M EDTA, 0.Ivis-HCI and 0.05% SDS) added. A
pestle was used to grind the larvae until homogengsate was formed. The lysate was then
incubated for 30 minutes in a water bath & &3hen 14l of 8M Potassium Acetate added and
the mixture vortexed. The mixture was then incuthateice for 30 minutes and then centrifuged
for 10 minutes at 10,000 rpm. Supernatant was picgeat into fresh 1.5ml vial and 2@0of
90% ethanol added. This mixture was then kept 8t C2for at least 20 minutes after which it
was centrifuged at 10,000rpm for 20 minutes. Th# @®hanol was then discarded and replaced
with 70% ethanol, which was then poured off andaegd with 90% ethanol again. The 90%
ethanol was then poured off and the tubes driedriad on blotting paper overnight at room
temperature. The following day the pellet DNA waspgended in 1Q0 sterile distilled water

and kept at -2 until it was needed for analysis.
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3.5.2.Anopheles Sibling Species Identification

The Anopheles gambiagnd Anopheles arabiensbling species were identified by Polymerase
Chain Reaction (PCR) and electrophoresis technidiree PCR was done using PERKIN
ELMER™ GeneAmp PCR System 9600 machine (LabX Company/akij ON, Canada),
using the ribosomal DNA based technique of Corndl @ollins (1996). During the rDNA-PCR,
each reaction mixture of fubcontained, 10X PCR buffer (10mM Tris (pH 8.3),n3@ KCI,
1.5mM (1.8MgC}), 25mM MgCh, 10mM dNTPs, (N=adenine, guanine, cytosine, agthihe),
0.5U Taq polymerase, 10pmol of each primerand DNA template: universal 20-mer primer
(UN) = GTG TGC CCC TTC CTC GAT GTAn. gambiaeprimer (GA) = CTG GTT TGG TCG
GCA CGT TT;An. arabiensigprimer (AR) = AAG TGT CCT TCT CCA TCC TA. The cycling
conditions were as follows: pre-cycle denaturaor20 s at 95C, 30 s at 55C, and 30 s at
72°C, the cycle was repeated 30 times and a finalneida at 72C for 5 minutes. After the
polymerase chain reaction (PCR), the amplified potgl were analysed by electrophoresis. The
master mix protocol foAn. gambiaes.s,An. arabiensisand the resulting bands is as shown

shown in Appendix IV (Figure 1 and 2).

The amplified DNA was loaded onto a 15% agarose igethe electrophoresis tank (E-C
Apparatus Corporation, St. Petersburg, Florida) ameelectric field applied. The 15% agarose
gel contained @ of ethidium bromide, which enabled the separ#tads to be visualized under
UV transillumination. The bands were photographed fliture reference. Sample within the
Anopheles gambiaeomplex that were not identified using PCR methedse marked as
unknownAnopheles gambiagpecies. All unused specimens were preserved% &Banol for

future reference.
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The species within thAn. funestugroup were identified by DNA-based techniques. DINA
extraction was done as described by Colkbsal. (1987) [Appendix Il]. Preparation of DNA
extraction solutions and protocol is as describedppendix Il. Species-specific identification
of An. funestussiblings was performed according to the cocktaiRP&say of Koekemoer,
Kamau, Hunt, & Coetzee, (2002). The primers spec¢diAn. funestus.s,An. rivulurum An.

veneediniandAn. parensisvere available for the PCR.

3.6. Statistical Analysis

3.6.1. Data Exploration

The first step in data analysis involved evaluating quality of data collected. Each individual
set of variables was first checked for their dmttion and homogeneity of variance using
histograms and dot charts. Multiple logistic regres assumes that the variables have normal
distributions as non-normally distributed varialgheghly skewed or kurtotic or variables with
substantial outlier) can distort relationships amghificant tests. In this analysis, the data sets
were found to be non-normally distributed, thus @stion of analysis was chosen. Since
transformation did not improve data quality, théadat was analysed as per Soediono, (1989),
using both Generalized Linear Model (GLM) and Caocan Correlation Analysis-CCA

(Appendix V).

The GLMs extend the linear modeling capability ofdRscenarios that involve non-normal error
distributions or heteroscedasticity (Zietral.,2009). In this aspect, all other classic assumptio
(particularly independent observations) still appder this concept, the linear functions of the

predictor variables are obtained by transforming tight side of the equation (f(x)) by a link
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function. The data is then fitted in this transfednscale (using an iterative routine based on
least squares), but the expected variance is eadclilon the original scale of the predictor

variables.

3.6.2. Deternination of differences in mosquito Larae Species and their Predators

Mean differences in mosquito and predator’'s abuoelgrer habitat types and among species
were compared using one-way analysis of varian®OMA). Chi-square 2 test) and student’s
t-test were used to determine differnces in prapatiof mosquito spp. and their predators, and
differences in mosquito larvae abundance betweditatatypes. Shannon-Wiener diversity
index (H’) was calculated to determine the variatio the larval mosquito diversity between the
terrestrial and river environment. The river engireent was within 30m, while distance between
terrestrial was estimated as additional 70m (Mimaka&t al., 2008). This was important in
determining species abundance, distribution arfthass (Kolleret al., 1996; Magurran, 2004)
since it is the most preferred index among the rotheersity indices in ecology, providing
values between 0.0 — 5.0. Results are generalydest 1.5 —3.5, and can exceed 4.5 very rarely.
The values above 3.0 indicate that the habitatttre is stable and balanced; the values under

1.0 indicate that there is pollution and degradatbhabitat structure.

Differences in changes of the physico-chemical patars were identified and analysis of

variance (ANOVA) used to test if the magnitude loé thanges were different between habitat

types.
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3.6.3. Determination of the relationship between war Physico-Chemical Parameters on
Mosquito Larvae and Predators Abundance

All variables were first explored for their distution and the homogeneity of variance checked
using histograms and dot charts after which thetrappropriate link function was chosen.
Multicolinearity was assessed by means of Varidnfiation Factor (VIF), with a VIF above 2.5
considered to have a problem (Running, Ligon, &Kitiglu, 1999). A Chi-square test was used
to establish the differences in the proportionadtespecies of larval mosquitoes between habitat
types. A negative binomial Generalized Linear Modeb-GLM) was used to assess the
relationship between abundance of the mosquit@éaperdators (see the full model in output in
Appendix VI) with mosquito larvae and the physideemical parameters. The response variable
was the total number of larval mosquitoes (whicbluded both totalCulex spp. and total

Anophelespp.).

The predictor variables were mosquito predators thedphysico-chemical parameters, which
included: pH, conductivity, dissolved oxygen, temgbere, turbidity, alkalinity, hardness and
salinity. In a separate model, the explanatoryaldeis were used to assess the suitability of the
breeding habitats to botulexspp. and thé&nophelespp.larval mosquitoes. In similarity with
mosquito model, the influence of physico-chemicatgmeters and total larval mosquitoes on
predators’ abundance was built as follows: (pregatbundance) ~ pH + Cond. + DO + Temp
+ Turb + Alk + Salinity + Total larval mosquitoe€flex and Anopheles species), (family = nb-
GLM, data = Ecol.data). However, the two unidentifRedesspp. sampled were not included in

the above model because their identities were tinoer
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Mean range of water physico-chemical parameterginements by both mosquito larvae and
their predators in the same habitats was evaluaed) Canonical Correlation Analysis (CCA)
[see explanation on application in Appendix VIl],hike the overall relationship between
mosquito larvae, their predators and the physi@mtbal parameters in the shared habitats was

determined using GLM and Ordination Analysis (OA).

3.6.4. Mosquito Diversity between Terresterial and\quatic Environments

To compare the diversity and abundance of larvadquitoes between terrestrial and river edge
habitats, Shannon-Weiner diversity index was use@dt the degree of dispersion of the micro-
invertebrates between the habitats. Since the ptipol of mosquito predators were few, the

diversity index was only opted for the mosquitovése samples.

Biodiversity Indices: Larval mosquito diversity was evaluated using Sloarweiner diversity
index (H’) to assess the degree of biodiversityveen the river edge and the adjacent terrestrial
habitats. The Shannon-Weiner (H’) Diversity indexd&hannon evenness index (Kokral.,
1996) was worked out as follows:
Shannon - Weinner Diversity Indebd! = -= [(n; / N) x (In ny / N)]
Where: H': Shannon Diversity Index

ni: Number of individuals belonging to i species

N: Total number of individuals
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Shannon Evenness Inddx:= H/log(S)
Where: E: Evenness index
H: Shannon Diversity Index
S: Species number
All statistical analyses were performed using Rsiar 3.0 (The R Foundation for Statistical

Computing, 2013). An alpha value<0.05) was consisdered statistically significant.

3.7. Ethical Consideration

Academic authority to conduct the research was [sofrgm the School of Graduate Studies
(SGS) of Maseno University (Appendix VIII). Priouthority to conduct the field study was
obtained from the District Commissioner’s offices all the areas surveyed. District officers,
area chiefs, and other stakeholders were also ttedslAlso consents were obtained from
landowners when larval mosquitoes were collectedthair lands. This field study did not

involve endangered or protected species.
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CHAPTER FOUR: RESULTS

4.1. Description of some study sites in relation thlosquito Larvae Breeding
Sampling sites for mosquito larvae and their predadlong the Mara River and its tributaries

are as shown in Figure 4.1 below.

Figure 4.1: Sampling Sites along the Mara River am Its Tributaries in Kenya and

Tanzania (n = 39)

Kapkimolwa Bridge: URS 1-10 and DRS 1-10
This sampling site was located on a small streath winarrow width ranging between 0.30 to
0.60m and meanders before draining into Amala taityu The stream was occasionally

disturbed by livestock grazing along its banks. v the bridge human activities such as
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collection of drinking water and washing of utessilere also on-going. The stream bed and
banks were covered with sharp rocks some of whidhtryde above the water surface; this
hindered the free flow of water, in the processting natural breeding micro-habitats for larval

mosquitoes and their predators.

Ngerende: URS 1-10 and DRS 1-10

These sampling sites were situated near Ngeremal®di€amp and were located on the main
Mara River after the confluence with a continuotesady stream flow. Site (i) comprised of
rocky outcrops protruding above the river watervebal mosquito-breeding habitats were
identified on the Rocky River banks (Plate 4.1).this area, increased human activities were
witnessed and the site also served as a waterimg foo cattle and other livestock. Site (ii) &
(iif) were located approximately 100m from the mairer. The site was swampy, characterized
by Typha domingensisegetation and surrounded by bushes. Sectiondhiefstvamp were

exposed to sunlight thus creating suitable breedaimtats for larval mosquitoes.
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Plate 4.1: Habitat types along Mara River at Ngerede area showing Rock Pools of

Mosquito Breeding Habitats (see arrow) (July to Augst, 2011).
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Plate 4.2: Habitat types along Mara River at Ngerede area showing Vegetated Pools of

Mosquito Breeding Habitats (see arrow) (July to Augst, 2011).

Ngerende site was located by the roadside, aboOmlfrom the main river and was

characterized by several hippo hoof-prints, puditainages and open sunlit pools suitable for
mosquito larvae development (Plates 4.2 and Zl8¥ site was located opposite a large swamp
by the Nile cabbage and with a width that rangetivben 0.65m to 0.75m. The puddles and

swamps served as wild animal watering points ane \Weghly potential for mosquito breeding.
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Plate 4.3A: Ngerende sampling point site comprisingf vegetated pools (shown by arrow)

(July to August, 2011).
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Plate 4.3B: Ngerende sampling point site showing ep sunlit puddles (July to August,

2011).

Kabosom Bridge: URS 1-10 and DRS 1-10

Kabosom sampling site was located in a wide stréahformed natural meanders of constant
width ranging between 0.70m and 0.95m. The site sdésved as a water collection point for the

locals living in the area. The site had severak qpools, vegetated pools and puddles suitable for

mosquito breeding. This sampling site was locatadaoslow moving stream with a width
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ranging between 0.5m and 0.6m and discharges tsrsvanto Nyangores tributary. It had little
disturbances from animals and humans. The siteahsitip of vegetated swamps at its banks,

which made it an ideal breeding site for larval mo®es.

Olchoro Hot & Cold Spring: URS 1-10 and DRS 1-10

These sampling sites were located close to eadr oth the upper ridges of Mara River. The
lower site (DRS 1-10) was located at a hot springi¢h was designated as a men’s bathing
point) and also used as a domestic animal watgmg while the cold spring was located a few
meters from the hot spring and was mainly used @an@estic water collection point (Plates 4.4
and 4.5). Adjacent the men bathing place was aileirdot spring used as a bathing point for
women. These sampling sites were highly disturbetidoman activities. The surrounding area
had several man made puddles and drainages, whaoh ideal habitats fohnophelesspecies

breeding. Several sampling points were recordehisnarea.
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Plate 4.4: Drainage with Slow Moving Water (showrby arrow) at Olchoro Sampling Site

(July to August, 2011)
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Plate 4.5: Hot and Cold Spring at Olchoro Samplingsite (July to August, 2011)

Upper Nyangores Tributaries: URS 1-10 and DRS 1-10.
This sampling site was located along the Nyangtilestary and had a width of approximately
13m. It was characterized by a high diversity otnoinabitats along the banks among them,

muddy drainages with cattle and hippo hoof-printsieg from occasional disturbance by
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livestock and humans. A high presence of filamestgreen algae were observed; a probable

indicator of mosquito presence.

Tenwek Falls: URS 1-10 and DRS 1-10
This sampling site was located in a river of vaealidth of approximately 14m (Plates 4.6 and
4.7). The site had a wide variety of microhabitzdsticularly at the lower edge characterized by

a tunnel for generating electricity. Beside it weexeral rock pools.

Plate 4.6: Open Puddle (shown by arrow) at Tenwe8ampling Point along the Mara River

(July to August, 2011).
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Plate 4.7: Swamp Pool at Tenwek Sampling Point alg the Mara River (July to August,

2011).

Silibwet Bridge: URS 1-10 and DRS 1-10

This sampling site was located in a small streawaofble width ranging from 0.55m to 0.67m
(Plates 4.8 and 4.9). It was disturbed by livestaict human activities, though some parts were
vegetated. At this site a high presence of filamestgreen algae was found; which indicates
signs of mosquito presence. The habitat had sedtwrort grass with open puddles, suitable for

anophelene breeding.
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Aionet Spring (URS 1-10 and DRS 1-10)

This is one of the springs draining into Nyangamdsutary and surrounded by tea and maize
plantation. It appeared to be the main human wsdarce, but with signs of livestock watering
on its lower sections. On the drainage were seveuddles formed as a result of several
meanders and slow moving water pools. This samgiitegwas located on a slow moving stream
with width that ranged from 0.65m to 0.71m. A Iéthaman activities took place here, including
bathing and animal watering among other domestiviaes. The area was surrounded by
vegetation including grassland, maize and tea alemis. There was high presence of

filamentous green algae indicative of possible gmes of larval mosquitoes.

Ise Bridge: URS 1-10 and DRS 1-10

This sampling site was located in a small streamamnfable width ranging between 0.45m and

0.60m that drains into Amala tributary. It is aldsturbed by livestock grazing and human

activities, such as washing of vehicles. There vagen sunlit pools by the stream side about 2m

from the river. Some parts were vegetated.

Chepterer Bridge (Simwaga): URS 1-10 and DRS 1-10
This sampling site was located in a wide strean fitvans natural meanders. The site acts as a
water collection point for communities living closg for domestic purposes. Beside it were

several rock pools suitable for mosquito breeding.
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Ngito River (A Tributary of Amala River): URS 1-10 and DRS 1-10
This sampling site was located in a small streamaofable width that ranged from 0.50m to
0.65m. The site was also disturbed by livestock hathan activities. Some parts were also

vegetated.

Mulot Water Pan
This sampling site was located at a large open dampunded by vegetation including water
Lillies, few Nile cabbages and few water hyacinthiBe dam was used as a watering point for

livestock. This site was potential for badinopeles and Culespp. breeding.

Trans Mara - Narok Brdge: Site 1-4 (URS 1-10 and DR 1-10)

This sampling site was located in a large streamaofable width that ranged from 10 to 12m

and formed natural meanders. The habitats weraldeitor forAn. funestugroup breeding.
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Plate 4.8: Trans Mara Bridge Sampling Site showing Swamp along the Mara River (July

to August, 2011).
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Plate 4.9: Trans Mara Bridge Sampling Site showingpen paddle along the Mara River

(July to August, 2011).

New Mara Bridge: Site 1-3

This sampling site was located at a large strearanéble width ranging from 10 to 12m that
formed natural meanders at the Kenya-Tanzania baifftkr the expansive game reserve. It was
located at the end of the Mara game reserve angaikeazed with increased tourist activities.
Wild animals including hippos and crocodiles weresent at some points along the Mara River.
The site provided good breeding habitats for ghes/ of mosquito species, especially on the

several rocks pools, the puddles and swampy areas.
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Kichwa Tembo Bridge: (URS 1-10 and DRS 1-10)

This sampling site was located in a small streawaofable width that ranged between 0.90 and
1.10m (Plates 4.10 and 4.11). It had some occdsitistarbance especially from livestock. The
targeted breeding habitats were open sunlit isdla®ols, arising from a riverbed. The water

flow was relatively slow creating suitable conditsofor the anopheles mosquito breeding.

Plate 4.10: Kichwa Tembo Bridge Sampling Site Chareterized by a large drying stream
(July to August, 2011).




Plate 4.11: Kichwa Tembo Bridge Sampling Site Chargerized by a large Open Puddle

(July to August, 2011).

4.2. Presence, Abundance and Distribution of Malaa and Non-Malaria Transmitting

Larval mosquitoes

The number of mosquito larvae collected per sitendguthis survey is shown in Table 4.1. A
total of 4,001 mosquito larvae were captured anentiled from 1,600 individual dips
Anopheles gambiags.,An. ArabiensiandAn. funestugruop.; the three most potent vectors of
malaria in sub-Saharan Africa, together with otAeophelesspp. were the most dominant
mosquito species (57.7%), followed Byx. quinquefasciatuand Cx. pipienscomplex (42.3%).
Small proportions (0.3%) oAedesspp. were also recorded though they were not ifilethtio
species level Anopheles pharoensisonstituted 12.0% of the 1,338n. gambiaecomplex
subjected to PCR analysis, 60.7% wAr®pheles gambiags. while 39.3% wera&n. arabiensis
Sibling species of thén. funestusomprised 1.5% (Table 4.1). ThWe. funestuspecies that
failed to aplify were generally claffied akh. funestugroup. Sites with altitudes below 1,700,
especially those that were located on the Tanzasidm of the study were favourable Am.
arabiensis while those above 1,900 were particularly favbleao An. gambiaeSpecies of the
An. funestugroup and other Anophelines were few, thus thisiridution could not be clearly
depicted (Figure 4.2). The mosquito larvae wereniyiatollected in drying streams, swamps,
vegetated puddles and open water pools. The majeas collected in drying streams where

predators were also dominant.
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An. gambie s.dominated the upper part of Mara River in KenyailevAn. arabiensisshowed
dominance from the upper side of Tanzania precégebwer elevationCulexcomplex spp.
were evenly distributed across the study sites. thhee species were sparsely distributed, with
An. gambiae s.species dominating upper part of the Mara Rivdfenya, whileAn. arabiensis
showed a similar trend towards Tanzamaopheles funestugomplex) were few but evenly

distributed along the Mara River in Kenya and Taiea
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Figure 4.2: Distribution of Intensity of Three Main Malaria Vectors alogn the Mara River:
The red dot refers to An. arabiensis, blue dot to An. gambiae s.s. and green dots toAn.
funestus group larvae.

Overall, the specifidanophelesandCulexspp. includedin. arabiensis(25.9%) followed byAn.

gambiae s.5(24.3%), Culex quinquefasciatu$19.0%), Cx. pipiens complex10.5%), An.
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coustani complex8.0%) andAn. maculpalpis(3.6%). Others that were identified though in
relatively smaller numbers includedn. rivulorum, An. azamiae, An. pharoensis, Aneasils
An. faini An. hamoniand An. sergetiall of which combined accounted for about 8.6% (&ab

4.1).
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Table 4.1: Mosquito Species, their Numbers and Peeatage Composition along the Mara

River

Mosquito species No. of larval mosquitoes % Compii®n
An. arabiensis 1038 25.9
An. gambiae s.s 973 24.3
Cx. quinquefasciatus 761 19.0
Cx. pipiens complex 420 10.5
An. coustani complex 321 8.0
An. maculpalpis 145 3.6
UnidentifiedAn. funestus group 140 3.5
An. frivulorum 50 1.3
An. azamiae 45 11
An. pharoensis 44 11
An. hamoni 28 0.7
An. funestus s.s 15 0.4
An. christyi 12 0.3
Aedes spp. 5 0.1
An. ardensis 2 0.05
An. faini 1 0.02
An.sergeti 1 0.02
Total 4001 100.0
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4.3. Presence, Abundance and Distribution of Mosqta Larvae predators and Their
Relationship with Mosquito Larvae Abundance and Digribution along the Mara River.

4.3.1. Mosquito Larvae Predator Distribution and Alundance

Table 4.2 shows the distribution of mosquito larpaedators in the sampling sites. A total of
297 predators belonging to 3 orders were identifre@9 sampling sites. The predators were
sparsely distributed in the habitats that were fbt;mbe colonized. Both larval mosquitoes and
predators dominated drying stream. The three ordeitected were: Hemiptera (54.2%),
Odonata (22.9%) and Coleoptera (22.9%) acrossattn@ling sites, (Figure 4.3). The differences
were however not signicant’e 1.0835, d.f = 2p = 0.2731). Order Hemiptera recorded a total
of 7 Families, with members of family Velidae anehgsRhagoveliabeing the most dominant.
Odonata recorded 3 Families dominated by Familyn@geonidae, while order Coleoptera had

2 families dominated by Family Dytiscidae.
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Figure 4.3: Distribution of Mosquito Larvae Predatars by Order along the Mara River
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Table 4.2: Distribution of Mosquito Larvae Predators along the Mara River

Order (N) Family Genus % Habitats colonized
Hemiptera (157) Gerridae Hynesionellg7) 2.4
Limnogonug13) 4.4
Hydrometridae Hydrometra(15) 5.1
Velidae Rhagovelia38) 12.8
Notonectidae Anisops(30) 10.1
Enithares(9) 3.0
Pleidae Plea(8) 2.7
Naucoridae Laccocoris(7) 2.4
Nepidae Ranatra(b) 1.7
Laccotrephesp 1 (17) 5.7
Laccotrephesp 2 (7) 2.4
Nepa(5) 1.7
Odonata (82) Lestidae Lesteq20) 6.7
Coenagrionidae  Enallagma(21) 7.0
Libellulidae Palpopleura(14) 4.7
Orthetrum(13) 4.4
Coleoptera (58) Hydrophilidae Hydrochara(8) 2.7
Dystiscidae Laccophilinisp. 1 (14) 4.7
Laccophilinisp. 2 (3) 1.0
Laccophilinisp. 3 (15) 5.1
Laccophilinisp. 4 (6) 2.0
Laccophilinisp. 5 (6) 2.0
Laccophilinisp. 6 (5) 1.7
Copelatug4) 1.3
Cybister(6) 2.0
Hydaticus(1) 0.3
Total (297) 100.0
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4.3.2. Canonical Correlation Analysis (CCA) betweemMosquito Larvae and Predators in
Shared Habitats along the Mara River

To establish the relationship between larval mdsgsi and predators in the habitats, a
regression matrix between the three variables vea®ldped. Data from some sites showed
inverse correlation between predators and prey @oittslarvae), suggesting effective predation.
However, there was no particular pattern of retetiop observed between the two variables,
simply because higher numbers of predators wertuiep in habitats with a few mosquitoe
numbers as shown in Figure 4.4. The strength ofealaionship in the regression analysis was
linear at y = -0.0026x2 + 1.6252x - 31.084, R2=(60.001. Data from some sites showed

inverse correlation between predators and prey doitslarvae), suggesting effective predation.
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Figure 4.4: Relationship between Larval Mosquitoesand Predators in Shared Habitats
along the Mara River (blue stars) and the mosquites ( absolute number) in shared habitat

along the Mara River Kenya and Tanzania. (n=39).
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4.4. Characterization of the Different Mosquito Breeding Habitats and their Preference to
these Habitats

4.4.1. The Anopheline and Culicine LarvaL Abundancen Habitats

The sampling points (n=39) were surveyed along Mera River and its tributaries. The
sampling points comprised of macro-habitats incigdiriver (n=25), drying stream (n=48),
swamps (n=18), open puddles (n=22), rock pools Th=dam sites (n=10), hoof-prints (n=20),
vegetated pools (n=26) and drainages (n=56). Mewpheles gambiagl larvae were higher in
the drying streamsu€53.3, SE=33.1) and swamps=@3.1, SE=13.6), followed by drainages

(1=15.0, SE=9.6).

The drainages were classified separately from queldles because they had unique vegetation
that partially covered them. Dam and vegetated byl the river and drainages recorded the
same mean o&n. gambiae slarvae(Table 4.3). Springs were however not classifieastats,
but their characteristics were noted and repo@ee: - way ANOVA indicated that the meAn.

gambiaes.| varied significantly among habitat types (n=&S 8.2374, d.f. =9, 2§<0.01).

Similarly, An. coustanicomplex was highest in drying streapx27.8, SE=10.2) and swamps
(v=26.5, SE=11.2). Apart from these, only vegetatedigp by the river, drainages and dam
contained the mosquito larvae. Open puddles, danddiwestock hoof-prints were not suitable
for An. coustani However, the main Mara River produced only onesguito. One-way
ANOVA indicated that the meamnopheles custancomplex varied significantly among
vegetation types (n=10, F=4.513, d.f.=9, @860.03). Anopheles funestugroup were found to

mainly occupy swampsu(= 15.3, SE = 8.7), vegetated pools=12.5, SE=3.7) and drying
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stream (=7.6, SE=2.1)An. maculpalpisnvere found in two habitats namely; open puddlea in
brick-making site ((=24.2, SE=16.4), where their numbers were highegtia vegetated pools
(uv=14.2, SE=5.0) of the terrestrial habitas.. pharoensisvere found mainly in drying streams
(u=14.0+4.0), swampsi€4.9, SE=2.8) and damg=2.1, SE=0.9). Their differences were found
to be statistically significant across the ten tatliypes, using ANOVA (n=10, F=4.222, d.f.=9,
26, p=0.04). Other Anophelines sudn. ardensis, An. faini, An. hamoni, An. sergeratiig
Aedesspp. populations were lower compared to populatafngther Anophelines sampled, and
were mainly found in drainages and open puddldsoih terrestrial water bodies and along the
Mara River basinCulicine spp. mainly dominated drying strans, open pudied artificial

containers among other habitats (Table 4.3).
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Table 4.3: Mean densities (+x SE) of Mosquito Larvag@er Habitat Type along the Mara

River
*Other
Drying habitat Open Vegetated Rock  Animal
Taxa streams  types puddles  pools pools  hoofprints Rivers
An. arabiensi 34423.¢ 12.31+6.. 29.1+2.0 22.8+1.0 4.3+0.C 4.145.1 0.C
An. gambiass.« 11.44(0) 10.3+5.( 14.2+4.. 9.1+ 3.¢ 0.C 2.141.5 0.C
Cx. pipiens 12.247.c 3.8£0.6  16.2+1. 5.1+0.¢ 0.C 4.6%1.f 0.C
An. coustar 20.349.° 7.3+6.¢ 1.0+0.« 11.0+4. 0.C 0.C 0.C
Cx.quinquefasciatt 20.2(0 7.2+0.z  18.1+8.( 2.1+0.7 0.3#0.2 0.1+0.] 0.C
An. funestus grot 0.9+1.2 0.C 0.C 5.6+1.F 0.C 0.C 0.C
An. pharoens 2.140.1 5.2+1.; 0.C 0.C 0.C 0.C 0.C
An. azamia 0.C 0.1+0.! 0.2+0.] <0.1 0.C 0.C 0.C
An. christy 0.3+0.1 0.310.1 0.C <0.1 0.C 0.C 0.C
An. maculipalpi 0.C <1.C 26.3+11. 0.140.] 0.C 0.C 0.C
An. ardeni 0.C 0.C 2.241.% 0.C 0.C 0.C 0.C
An. sergntii 1.440.¢ 2.3+0.1 0.1+0.1 0.C 0.C 0.C 0.C
An. fain 0.C 0.C 3.4+1.¢ 1.6+0.t 0.C 0.C 0.C
An. lessoi 0.C 0.C 0.C <0.1 0.C 0.C 0.C
Aedesspy. 0.C 0.C <0.1 0.C 0.C 0.C 0.C

*Thetable shows six representatives of types of habitas as classified along the Mara River, in thistable

therest were grouped as other habitat types.

The numbers of mosquito larvae were higher in dy@treams followed by isolated swamps by
the main river. Except for two specineAufi. coustanlarvae collected in the river environment,

no other mosquito larvae species were sampled thenlMara River.
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4.4.2. Mosquito Larvae Species Population in Operu8lit Pools and in different Vegetation
Types

The vegetation surveyed were mostly associated théhViara River and its tributaries (Amala
and Nyangores). Few open sunlit pools existed @sagta dry period. Puddles created as a result
of brick making accumulated water from the previcaisy season creating suitable habitats for
larval mosquitoes. Overall, a total of 220 macrbiteds were surveyed for presence of mosquito
larvae based on vegetation type with respect tetatign height (Table 4.4), as previously done
by Minakawaet al. (2012) [see picture in Appendix I]. On overall, thevere more larval
mosquitoes in habitats with short grass, followgdopen sunlit pools, and lowest in habitats
with tall grasses. Most mosquito species includkmppheles gambiae s.An. funestus groyp
An. pharoensisAn. ardensis, An. azamiae, An. christyi, An. maapip, An. hamonand An.
sergentiiwere more in habitats with short grass comparelatutats with tall grass and those
that were open and sunlit. OnGulexspp. andAn. fainiwere more in open sunlit pools than in

habitats with short grass and those with tall g(@sble 4.4).
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Table 4.4: Percent Composition of Mosquito Larvae gecies collected at various Habitat

types based on Vegetation Characteristics

Mosquito specie *Short grass Tall grass Open sunlit Total
(%) (%) (%) (%)
An. gambiaes.| 959 (60.7) 2 (0.13) 618 (37.6) 1579 (100)
An. funestu groug. 65 (81.3 13 (16.3 2(2.5 80 (100
An. coustan 299 (53.6 255 (45.7 4 (0.7 558 (100
An. pharoensi 40(62.5 22 (34.4 2(3.13 64 (100
Culexspp 620 (41.5 37(2.5 837 (56.0 1494 (100
An. ardensis 2 (66.7 1(33.3 0 (0.0 3 (100
An. azamia 40 (76.9 0(0.0 12 (23.1 52 (100
An. christy 8 (66.7 3(25.0 1(8.3 12 (100
An. maculipalpi 75 (57.5 0(0.0 55 (42.3 130 (100
An. hamori 15 (53.6 0(0.0 13 (46.4 28 (100
An. Sergentii 1(100) 0(0.0 0 (0.0 1 (100
An.faini 0 (0.0 0(0.0 1 (100 1 (100
Total 2124 333 1544 4001

*Habitats with short grass produced the highest number of larval mosquitoes followed by open sunlit

pools.

4.4.3. Terrestrial versus River Edge Habitats

Mosquito larvae were found inhabiting both the @etrial and river edge habitats. A total of
1,289 larval mosquitoes were collected from teri@staquatic habitats while 2,712 larval
mosquitoes were collected at the river edge habifdtver edge habitats had a total of 70
mosquito-breeding habitats. About 36 (51.4%) weoelp of slow moving water, while 20

(28.6%) were large swamps, the remaining 14 (20W&6e mainly rock pools and small patches
of pudlles. The result revealed that out of a tafaR,124 larval mosquitoes sampled in the

habitats with short vegatatior&nophelespp. were dominat (60.8%), ov€ulexspp. (39.2%),
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and the differences in the two species compositiaa statistically significant (t=12.667, df = 1,

p=0.03).

The terrestrial habitats mainly comprised of open k& pools. A total of 80 microhabitats were
sampled and found to habour different mosquito isged\everthelessCulex spp. were the

majority comprising of about 58.9% (n=759) of tlaevll mosquitoes sampled. The remaining
proportion (41.1%) comprised of tnophelespp., majority of which occupied habitats with
littered dry leaves or scattered short grass. Tpilation of both species were however similar

(t=5.618, df = 1p = 0.11).

Further the mosquito and predators habitats weassidied based on their location within the
river or stream continuum or in the terrestrial itetb. The terrestrial aquatic habitatas were
located approximately 50m away from the main rsteeams. The Shannon-Weiner (H’)
Diversity Index was slightly higher for river edgabitats (2.17) compared to terrestrial habitats
(1.43). However, the diversity index did not vastween the aquatic terrestrial habitat and river
edge habitats (t=0.3120, df5350.342). The Shannon evenness index was higheven edge
habitats (2.13) than in terrestrial aquatic habi{dt30) (Table 4.5), and significant differences
was observed between the two broad habitat typesl1@3, df=1,p=0.002). The findings
showed that as the number of mosquitoe increakeddiversity of larval mosquitoes became
linear, futher showing the diversity of larval magqes and species richness along the Mara

River.
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Table 4.5: Summary of the Diversity Indices of Mosgito Species Richness along the Mara

River, Kenya and Tanzania

Indices Terrestrial Riveredge Pr(>|z|)
Habitats Habitats

Species number 1289 2712 -

Species Richness 9 12 -

Shannon-Weinner Diversityl.438 2.1747 0.342

Index

Shannon Evenness Index 1.2640 2.1332 0.002

Predator numbers seemed to increase in vegetatds, gireams and swamps following increase

in mosquito population. For instanc€ulex spp. and theAnophelesmosquito larvae were

collected in temporary water pools and puddlesheas more of théAnophelesspp. were

observed to prefer aquatic environments such asnps/asiow flowing streams and vegetated

pools compared t&ulex spp. However, the highest numbers of predatorse waptured in

drying streams (40.1%), followed by swamps (20.284] other vegetated pools adjacent to the

river (17.8%). The least number of mosquito largeedators were recorded in rock pools (0.7%)

(Table 4.6). Figure 4.5 and 4.6, summarizes dgmdilarval mosquitoes and their predators

population in different habitats within the MaravRi basin. The findings further showed that

habitats favorable t@ulicine spp. were also preferred Byrophelesspp. but the occurrence of

the predators wher@ulicine spp. dominated remained low.
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Table 4.6: Habitat Preference by both Mosquito Lanae and Predators along the Mara

River
_ Mosquito Propotion Predators Proportion
Habitat
(n) (%) (n) (%)

Drying stream 1009 25.2 120 40.4
Swamps 830 20.7 92 31.0
Open puddle 524 13.1 4 1.4
Dams 510 12.8 13 4.4
Vegetated pools 455 11.4 45 15.2
Hoof-prints 250 6.3 4 1.4
Drainages 234 5.8 13 4.4
Rock pool 188 4.7 3 1.0
River 1 0.0 3 1.0
TOTAL(N) 4001 100 297 100
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Figure 4.5: Distribution of Mosquito Species and teir Predators in different Habitats

along the Mara River.
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Figure 4.6: Predator Order Distribution and Intensity along Mara River as shown by dots
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4.5. Relating Physico-chemical Parameters to Mosdui Larvae Abundance using GLM

In the final GLM model, three physico-chemical paeters (conductivity, dissolved oxygen,
temperature and alkalinity) were found to be thestmi@vorable factors for the immature
mosquito survival (Table 4.7). In a separate Poi<sbtM model, water temperature,
conductivity, dissolved oxygen, and alkalinity wagdictive for bothCulexspp. andAnopheles

spp. abundance (Tables 4.8 and 4.9).

Table 4.7: Generalized Linear Model relating Total Larval mosquitoes to Physico-

Chemical Parameters along the Mara River

Variable Estimate SE Z Pr(>|z|)
Dissolved oxygen 0.30 0.02 15.81 <0.00!
Temperature 0.30 0.01 10.23 <0.001
Turbidity -0.04 0.01 -13.16 <0.001

Table 4.8: Generalized Linear Model Relating Explaatory Variables (pH, Conductivity,
Dissolved Oxygen, Temperature, Alkalinity and Turbdity) to Culex spp. along the Mara

River

Variable Estimate SE Z Pr(>|z|)
pH 0.01 0.01 4.98 <0.001
Conductivity 0.02 0.01 5.22 <0.001
DO 0.25 0.03 9.68 <0.001
Temperature 0.25 0.02 7.65 <0.001
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Table 4.9: Generalized Linear Model Relating Explaatory Variables (pH, Conductivity,
Dissolved Oxygen, Temperature, Alkalinity and Turbdity) on Anophees spp. Larval

Mosquitoes along the Mara River

Variables Estimate SE z P-value
pH -0.02 0.01 -6.03 <0.001
Conductivity 0.01 0.01 16.77 <0.001
DO 0.33 0.03 11.56 <0.001
Temperature 0.15 0.02 7.48 <0.001

Alkalinity 0.04 0.01 8.00 <0.001

4.5.1. Physico-Chemical Parameters across Habitats

Table 4.10 shows the physico-chemical parameteedch of the eight different habitats. The
findings showed that DO was highest (6.4+0.7 mgf_)ivers and lowest (2.4+2.7 mg/L) in
swamps. Most habitats however had dissolved oxygéres ranging between 4.0 and 5.6 mg/L.
Conductivity levels across different habitats shdwede variations ranging between a mean of
144.5+97.6 uS/cm for the rivers and 368.0+125.cmSbor the rock pools. Dams and stream
habitats also recorded relatively high mean condygtlevels of 290+186.5 pS/cm and
269.8+£213.8 uS/cm, respectively. The pH levelsedaonly slightly between different habitats
ranging between 7.0 and 8.2. Only the swamp habrttorded a neutral (7.0£1.3) pH, while
other habitats recorded alkaline pH, slightly ab@w@ Turbidity levels like conductivity varied
highly between different habitats within the MaradR® basin, with the highest mean turbidity of
542.6£2.3 NTU recorded within rock pools and theidst mean turbidity of 95.2+131.9 NTU

recorded in dams. Mean alkalinity and hardness werth highest 400+282.8 mg/L and
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372+393.2 mg/L, respectively, in drainages. Howel@rest mean alkalinity (100+62.4 mg/L)
was recorded in dams while lowest mean hardnes5#%8.7 mg/L) was recorded in swamps.
There were slight variations in temperature betwdiéfarent habitats, ranging from 19.7+3C3

in the main river to 26.2+3.2C in rock pools. Only swamps recorded slight ssfiof 0.4mg/L
while all the other sites were zero (0). The physibemical parameters as measured on site are

summarized on Table 4.10.
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Table 4.10: Average Physico-Chemical Parameters different Habitats along Mara River Basin

Habitats DO (mg/l) pH Alkalinity (mg/l) Hardness (mg/l) Turbidity (NTU)  Conductivity (uS/cm) Temperature CC) Salinity (mg/l)
Dams 4.7+1.8 8.1+0.4 100+62.4 87.7+56.2 96.9+142.0 269.8+213.8 19.4+1.9 0.0+0.0
Streams 5.3£1.6 8.1+0.6 126.2+26.5 102.4+68.9 124.3+152.6 290+186.5 18.5+2.1 0.0+0.0
Swamps  2.4+2.7 7.0£1.3 244.5+274.6 58.5+46.7 142.2+108.5 174.3+59.2 20.2+4.9 0.4+0.0
Drainages 4.3+3.8 7.3£0.5 400+282.8 372+393.2 144.8+84.3 168.5+13.4 20.2+0.7 0.0+0.0
Rock pools 6.0+0.7 7.1+0.8 153+60.8 127+69.3 542.6+2.3 368.0+£125.9 21.2+3.4 0.0+0.0
Puddles 5.6+0.8 8.2+0.5 104+103.0 188+247.7 95.2+131.9 168.8+87.3 18.2+2.3 0.0+0.0
Springs 4.0+0.3 8.3+0.6 124+113.2 183+148.4 134.5+121.7 155.7+88.4 24.3+2.2 0.0+0.0
Rivers 6.4+0.7 7.3:0.4 100£199.2 178+228.8 135.2+142.4 144.5+97.6 19.742.3 0.0+0.0
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4.5.2. Influence of Physico-Chemical Parameters oMosquito larvae and Predator in
Shared Habitats along the Mara River

4.5.2.1. Acidity Level (pH)

The pH values were distributed differentially iretdifferent habitats, with the rivers showing a
more remarkable variation (Figure 4.7). The pH Haéde outlying values on dam, stream and
spring. The highest mean pH value (8.3+0.6) waerdsx in spring habitats, while the lowest
(7.0£1.3) was recorded at the swamps. Stream amdhdditats had almost the same variation
(8.1+0.6) and (8.110.4), respectively. Similarlyaishages and rivers showed similar trend of pH
values. However, springs, puddles, rivers and nockls had 8.3+0.6, 8.2+0.5, 7.1+0.8 and
7.31£0.4 respectively. One-way Anova indicated anificant difference in pH among the sites

(ANOVA, n=10, F=11.2418, d.f.=9, 26<0.01).
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Figure 4.7: Boxplot and Whisker plot of pH levels aross Different Habitat Types along the
Mara River (July-August 2011, n=39).
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In a correlation matrix to determine the directadpH in the shared habitats (Figure 4.8), there
was a positive correlation between larval mosgsitmad the predators (r=0.696,
<0.05) as well as pH and larval mosquitoes (r=0,p92.05) and a negative association between

pH and predators (r = -0.10830.05) in the shared habitats.

Figure 4.8: Correlation Matrix between Larval mosqutoes, Predators and pH Values in

Habitats along the Mara River (July-August 2011).

Further analysis to determine preferable level@mfductivity range requirement by both larval
mosquitoes and predators and predators in thedhat@tats indicated that, with values ranging
between 5.2 to 8.4, the most prefered range wagcket8.1 and 8.4 for both larval mosquitoes
and predators in the shared habitats along thea NRiver (Figure 4.8). However, some
mosquitoes had specific pH requirements. For itgtawhile some larval mosquitoes preferred

pH range of 6.7 to 7.0, others preferred a rangé4to 8.2 and 7.9 to 8.2. Nevertheless, all the
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larval mosquitoes and predators had specific rafgareferred values. There was a negative

correlation between pH and predators abundance.

4.5.2.2. Conductivity Level

Conductivity is a measure of the ability of waterdonduct electrical current. Drainages and
open sunlit puddles recorded almost same variatwih,a mean range of 168.5+13.4 uS/cm and
168.8+87.3 uS/cm, respectively. Swamps (174.3£5&2Zm), dams (290+186.5 uS/cm) and
streams (269.8+213.8 pS/cm) were also clustered at almost similar conductivity range.
Spring and river habitats recorded the lowest noeenductivity range of 155.7+88.4 uS/cm and
144.5+97.6 pS/cm, respectively (Figure 4.9). OngANOVA test indicated a significant
difference in electrical conductivity among the itabtypes (ANOVA, n=10, F=7.1433, d.f.= 9,

26,p<0.01).
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Figure 4.9: Boxplot and Whisker plot of Concentraion of Conductivity per Habitat type
along Mara River (July—August, 2011, n=39).

Further analysis to determine preferable condugtivenge requirement for both larval
mosquitoes and predators in the shared habitaitsabed that, with values between 109.9 uS/cm
and 382.6 uS/cm, a range between 162.9 uS/cm tqudsdn was most preferrable by both
larval mosquitoes and predators in the sharedtdtabalong the Mara River (Figure 4.10).
However, some larval mosquitoes had specific cotidtic requirements. For intance, while
some prefered conductivity range of between 108.9265.0 uS/cm, others prefered a range of

166.6 to 276.3 uS/cm.
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In a correlation matrix to determine the directminconductivity in the shared habitats (Figure
4.10), there was a positive, but non-significantrelation between larval mosquitoes and
predators (r=0.592p<0.05), conductivity and larval mosquitoes (r=0.174#0.05) and

conductivity and predators (r =0.1485>0.05), Figure (4.10).

Figure 4.10: Correlation Matrix between Larval mosaquitoes, Predators and Conductivity

Values in Shared Habitats along the Mara River Basi (July-August 2011).

4.5.2.3. Turbidity Level

The turbidity levels in each habitat type indicatkd level to which substances were suspended
in the habitats along the Mara River. Mean turieias lowest in dams (96.9+142.0 NTU) and
puddles (95.2+131.9 NTU) and the highest in rocklpg542.6+2.3 NTU). Springs and rivers
had an almost closer range of 135.2+142.4 NTU &#d5k121.7 NTU, respectively. Drainages,
swamps and streams had 144.8484.3 NTU, 142.2+108% and 124.3+152.6 NTU,

respectively. Rivers (135.2+142.4 NTU) and spri(if34.5+121.7 NTU) almost had a common
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range. A significant difference in turbidity wassaioved among the habitat types (one—-way
ANOVA, n=10, F=4.6597, d.f.=9, 2<0.05). Rock pools had the highest turbidity levels
Boxplot presentation for turbidity in the differentosquito and predator breeding sites are as

shown in Figure 4.11.
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Figure 4.11: Boxplot and Whisker Plot of Total Turhdity along Mara River (July-August

2011, n=39).
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Correlation matrix to determine the direction oflatenship bwetween turbidity, larval
mosquitoes and predators in the shared habitats ghown in Figure 4.12. There was a weak
positive, but non-significant correlation betwearvhl mosquitoes and predators in the presence
of turbidity (r=0.00396p>0.05), a positive correlation between turbidityl darval mosquitoes

(r=0.192) and a negative correlation between tupiand predators (r=-0.315>0.05) in the

shared habitat.
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Figure 4.12: Correlation Matrix between Larval mosquitoes, Predators and Turbidity in
shared Habitats along the Mara River Basin (July-Agust, 2011). Turbidity had a Negative

Corelation with Predators.

A positive correlation (r=0.203<0.05) was observed between larval mosquitoes wanhddity,

but non-significant correation between predatois larval mosquitoes (r=0.004>0.05) in the

103



same habitat, while a negative correlation was mesebetween turbidity and predators in the
same habitat. This required further analysis usm@ more robust model, to establish the
relationship between individual parameters and ldhedance of larval mosquitoes and their

predators.

Analysis to determine preferable level of turbidigquirement by both larval mosquitoes and
predators in the shared habitat indicated thah walues ranging between 103.8 to 590.4 NTU, a
range between 143.2 NTU and 144.0 NTU was mosepexf by both larval mosquitoes and

predators in the shared habitats along the MararRiowever, some larval mosquitoes had no

specific turbidity requirement range.

4.5.2.4. Alkalinity

Alkalinity indicates the habitats’ ability to abgoracidic substance. The water condition
inhabited by larval mosquitoes and their predastoag the Mara River is shown in Figure 4.13.
Mean alkalinity was highest in drainages (400+282@/), followed by swamps (244+274.6
mg/L), while the lowest alkalinity was recordeddams (100+199.2 mg/L) and rivers (100+62.4
mg/L). Swamps produced a mean of 244+274.6 mg/lilewtock pools had 153+60.8 mg/L,
followed by streams (126.2+26.5 mg/L) and sprind24(5+113.2 mg/L). A significant
difference in alkalinity was observed among thdedént land uses (One—way ANOVA, n=10,
F=3.7219, d.f.=9, 26, p=0.02). Boxplot presentafionalkalinity in the different mosquito and

predators breeding sites are as shown in Figu& 4.1
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Figure 4.13: Boxplot and Whiskers of Average Alkakity across different Habitat types

along Mara River (July-August 2011, n=39).

Alkalinity level was highest in drainages followbyg swamps. Dams and puddles had the lowest
alkalinity level. Analysis by correlation matrix tetermine the direction of alkalinity in the
shared habitats is as shown in (Figure 4.14). Tivaea positive, but non-significant correlation
between larval mosquitoes and predators (r=0.00@¥Q,05), a positive correlation between
alkalinity and larval mosquitoes (r=0.128) as wadl predators (r=-0.059$>0.05) in the shared

habitat was also observed.
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Figure 4.14: Correlation Matrix between Larval Mosquitoes, Predators and Alkalinity in
Shared Habitats along the Mara River Basin (July-Agust 2011). Both Larval mosquitoes

and the Predators Showed a Positive Correlation wht Alkalinity.

Analysis to determine preferable level of alkajimange requirement by both larval mosquitoes
and predators in the shared habitat indicated thidh, values ranging between 6.4mg/L, and
406.1mg/L, only few larval mosquitoes and predafmefered a range between 131.2mg/L, and
144.4mg/L, others had a more wider requirement egangowever, some mosquito had no

specific alkalinity requirement range.
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4.5.2.5. Salinity

The distribution of organisms within habitats issome extend driven by salinity. Along the
Mara River most aquatic habitats had zero levelsabhity. Only swamps recorded salinity level
of 0.4 mg/L. Thus, the influence of salinity alottge Mara River could not be statistically
evaluated as a result of insufficient sample nusi\bdowever, in the Ordination Analysis, both

predators and mosquito larvae showed a positiatioakship with salinity (CCAp<0.05).

4.5.2.6. Dissolved Oxygen (DO)

As with other chemical parameters, dissolved oxytgemls were measured during sampling
along the Mara River in every habitat. A habitadtpiatic ecosystem requires a good supply of
oxygen in the water system. The boxplots below (f&g4.15) indicate results for the water
condition inhabited by larval mosquitoes and thaiedators along the Mara River. Mean
dissolved oxygen was highest in rivers (6.4+0.7 Ljpdibllowed by rock pools (6.0+0.7mg/L).
The lowest was recorded in swamps (2.4+2.7mg/L3s@lved oxygen in dams (4.7+1.8 mg/L),
drainages (4.3£3.8 mg/L), and springs (4.0£0.3 mg/aried slightly but were almost of the
same range. The mean dissolved oxygen in puddlewa0.8mg/L, while that of stream was
5.3£1.6mg/L. A significant difference in mean dissal oxygen was observed among the
different habitat types (One—-way ANOVA, n=10, F=263, d.f.=9, 26p=0.01). Oxygen level

was highest in rivers followed by rock pools. Swarhad the lowest oxygen levels.
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Figure 4.15: Boxplot and Whisker Plot of the Concetmation of Dissolved Oxygen across

Habitat Types along Mara River (July-August 2011, r39).

Analysis by correlation matrix to determine theediion of dissolved oxygen in the shared
habitats is as shown in (Figure 4.16). There wasositive, but non-significant correlation
between larval mosquitoes and predators in theepoesof oxygen (r=0.219>0.05), between
dissolved oxygen and larval mosquitoes (r=0.0328®.05) and dissolved oxygen and predators

(r=0.0436,p>0.05) in the shared habitat (Figure 4.16).
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Figure 4.16: Correlation Matrix between Larval Mosquitoes, Predators and Dissolved
Oxygen Values in Shared Habitats along the Mara Rer Basin (July-August, 2011). A
Posive Correlation was observed between larval mosijoes and Predators with Dissolved

Oxygen.

Analysis to determine preferable level of dissolh®eggen range requirement by both larval
mosquitoes and predators in the shared habitatdtedi that values ranging between 6.0mg/L
and 6.5mg/L were most preferable, however, someallamosquitoes and predators also
preferred a range of between 5.2mg/L and 5.3mgéw preferred dissolved oxygen levels of
between 5.3mg/L and 6.5mg/L, while others preferid levels of between 2.3mg/L and

6.1mg/L.
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4.5.2.7. Temperature

Temperature influences the rates of metabolism gmoevth of aquatic organisms. It is also
responsible for solubility of oxygen in river wat@nd neutralizes toxic materials. At a higher
temperature, organisms perspire and die fasterinigdbehind matter that requires oxygen for
decomposition. Along the Mara River, the highesam&mperature was recorded in the springs
(26.3+2.2C), followed by rock pools (26.2+CC) and puddles (25.2+2@3). The lowest
temperature was recorded in rivers (19.7%2)3 Dams (24.4+1°%€C) and drainages
(24.2+£0.7C) scored almost the same value, which differeg¢ shghtly. The mean temperature
recorded at the swamps and streams were 23.2348d 22.5+2.9C, respectively (Figure 4.17).
The temperature range of the Mara River as testeglden July and August was 19.7 to 26.3

A significant difference in mean temperature wasersbed among the different habitat types

(One—way ANOVA, n=10, F=5.3107, d.f.=9, 26;0.04).
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Figure 4.17: Boxplot and Whisker Plots of the Averge Temperature Values across Habitat

Types along the Mara River (July-August, 2011, n=9).

Temperature level was highest in rock pools follow®y dams. Streams and rivers had the
lowest temperature levels. A correlation matrixd&germine the direction of temperature in the
shared habitats is as shown in Figure 4.18. Tha® avpositive, but non-significant correlation

between larval mosquitoes and predators (r=0.096,05);i.e. between temperature and larval

mosquitoes (r=0.24%>0.05) and between temperature and predators {6£0p>0.05) in the

shared habitats.
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Figure 4.18: Correlation Matrix between Larval Mosquitoes, Predators and Temperature
in Habitats along the Mara River Basin (July-August 2011). A Positive Correlation

between Larval mosquitoes and Predators with Tempeature was observed.

Analysis to determine the preferable level of terapge range requirement by both larval
mosquitoes and predators in the shared habitatateti that values ranging between 16.and
20.6C were most preferred. However, some larval moegsitpreferred a temperature of

22.3C, though some larval mosquitoes preferred eveerddamperatures at i8.

4.5.2.8. Water Hardness

Hardness of surface water is usually as a resulihefpresence of multivalent metal from
minerals dissolved in the water. In the aquaticiremnent, ions result from abundance of
calcium and magnesium in water. Figure 4.19 shawaphacal distribution of hardness along the
Mara River. The highest mean hardness (372+39312nwgas recorded in the drainages while
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the lowest were recorded in dams and swamps (88.Zefg/L and 58.5+46.7 mglL,

respectively). Streams recorded a mean averag@2o#468.9 mg/L, while puddles, springs and
rivers recorded almost the same mean values ohbasd188+247.7 mg/L, 183+148.4 mg/L and
178+228.8 mg/L, respectively). Rock pool had therimediate value (178+228.8 mg/L). Mean
hardness differed significantly among different iketbtypes along the Mara River (One—-way

ANOVA, n =10, F=5.1004, d.f.= 9, 26<0.001).

350
1

300
|

250
|

}
i
{
{
1
{

%
%
%

—_— —_— —_—

50

T T T T T T T T
Dam Stream  Swamp Drainage Rockpool Puddles  Spring River

Vegetation type

Figure 4.19: Boxplot and Whisker Plot of Mean Hardress across Habitat Types along

Mara River (July-August, 2011, n = 39).

Hardness level was highest in rock pools followgatoeams. Swamps and rivers had the lowest
hardness levels. A correlation matrix to deterntireedirection of hardness in the shared habitats

is as shown in Figure 4.20. There was a positiveetadion between larval mosquitoes and

113



predators in the presence of hardness (r=0ps®.05), and between hardness and larval
mosquitoes (r=0.0592>0.05). However a negative correlation was obsebatdieen hardness

and predators (r=-0.249@4>0.05) in the shared habitats.

Figure 4.20: Correlation Matrix between Larval mosaquitoes, Predators and Hardness

Values in Shared Habitats along the Mara River basi (July-August 2011).
Analysis to determine the preferable level of has#nrange requirement by both larval

mosquitoes and predators in the shared habitatsated that, given values ranging between

58.5mg/L, to 372mg/L, both larval mosquitoes anedptors would have varied range of
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hardness requirements. This study found no spqmiéferences for hardness by mosquito larvae

and their predators.

4.6. Relating Physico-Chemical Parameters to Mosai Larvae Abundance using GLM

In the GLM model, the results established that dbendance of predators in habitats were
partially driven by the presence of mosquito lar(&e6.49,p<0.001), and the prevailing water
physico-chemical parameters (dissolved oxygen, F43p<0.001; temperature, Z=2.75,
p<0.001; and turbidity, Z=-3.659<0.001), based on the best model with the small&St(Aable

4.11).

Table 4.11: Negative Binomial-GLM Model for the Bidic and Abiotic Predictor Variables

that influence Mosquito Predators’ Abundance in Halitats along the Mara River

Physico-chemical parameters  Estimate Std. Error Z-glue Pr(>|z|)
Intercept -3.42 1.22 -2.83 <0.001
Dissolved Oxygen (DO) 0.38 0.11 3.34 <0.01
Temperature 0.07 0.03 2.74 <0.001
Turbidity -0.01 0.01 -3.65 <0.001
Total larval mosquitoes 0.01 0.01 6.49 <0.00

4.7. Canonical Correspondence Analysis (CCA) for # Individual Relationship between
the Physico-Chemical Parameters, Larval mosquitoesnd Predators
The Canonical Correspondence Analysis (CCA) to rdete the role of each independent

variables on the dependent variables (larval mosgsiand predators), hardness (negatively) and
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salinity, pH and conductivity (CCAp<0.05) positively influenced the abundance of both
mosquito and predators, while temperature, dissblegygen and turbidity significantly
influenced mosquito larvae and predators abundé@GA, p<0.01). Biplot from a CCA on
how variables correlated is presented. Quadrat®sept ugniueness of the variables such that
the more important variables are in the first gaatiand directly opposite their most important
correlates (Figure 4.21). The raw numbers indicateel random numbers generated by the

analysis on how the variables were added onto thakein
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Figure 4.21: RDA Ordination Biplot of the Overall Effect of Various Enviromental
Parameters Recorded Along the Mara River, (July toAugust, 2011, n=39). Dissolved

Oxygen and Temperature Correlated with Mosquito Lravae and their Predators.

Key: Sal = Salinity, Turb = Turbidity, PH = pH, Temp = Temperature, DO = Dissolved

Oxygen, Hard = Hardness, Alk = Alkalinity.
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The sum of all canonical Eigenvalues was 0.440sd®d oxygen and temperature were the
most important factors that positively and direatlyrrelated with both larval mosquitoes and
predators abundance based on quantrant reflectitreiordination analysis. Overall, the model

explained 99.8% of all the nine variables.

To evaluate the strength and pattern of relatigndl@tween mosquito larvae and predators, a

canonical correlation analysis was done. There avagong correlation between the predators

and mosquito larvae (r=0.7g0.001).
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CHAPTER FIVE: DISCUSSION
5.1. Presence, Abundance and Distribution of Malaa and Non-Malaria Transmitting
Vector Larval mosquitoes along the Mara River Basin
Several species, which includéhopheles gambiaeomplex, Anopheles funestugroup An.
pharoensis, An. maculipalpis, An. coustani compdexaeand few uncommon species such as
An. azamiae, An. christyi, An. hamamd An. sergetiwere present in few of the Mara River
habitats. Among thesé\n. pharoensis, An. coustaand An. azamiaehave been reported as
malaria vectors elsewhere. More specifically, coustanhave been implicated as a transmitter
of malaria parasite in Kenya, Ethiopia, Camerood dpper delta (Cohuet al.,2003; Massebo

et al.,2013; Mwanganet al.,2008).

Most mosquito larvae were found in isolated podisthe receding waters or in temporary
habitats near the main Mara River and along therpeal Mara River tributaries of Amala and
Nyangores. Most habitats found along the Mara Rwere characterized by various types of
vegetation, which in turn offered a variety of naleabitats for the larval mosquitoésmopheles
custanicomplex andAn. funestugroup were found mainly in swamps, river edge dndng
stream in higher densities. Previously, they haenlreported to mainly occupy vegetated areas
near the shore with large volume of unpolluted wélténakawaet al.,2012). However, several
patches of open sunlit pools adjacent to the maamaMRiver were dominated mainly #n.
gambiaes.l., Culexspp. andAn. maculipalpis For malaria transmitting vector&n. gambiaes.|
were the most dominant, especially in samples c@te from open sunlit pools. Studies by
Minakawaet al. (2002) suggested thain. gambiaes.l. tend to prefer open sunlit pools as was

also evident in the current study.
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Out of the 4001 larval mosquitoes collectAd, gambiaes.s. comprised 840 (25.9%), followed
by An. arabiensig24.3%) based on the results from the PCR technigtleerAnophelespecies
that did not belong tén. gambiaes.| also existed in the study sites as shown biela. These
species failed to amplify with primers specific fAn. gambiaes.s andAn. arabiensis The
specimens that failed to amplify after repeatedaldriand adjustments were initially
microscopically identified into otheAnophelesspecies and grouped. There was no further
identification done forCulex spp., except for the use of standard morphologa=tification
key. Future studies should therefore consider ifjemg all species that belong to the same
genus in the study area using oligo primers speddr all the different sibling species of
Anophiline and Culicine. The two species knwonramtsmit malariaAn. gambiaes.s andAn.
arabiensis)and Culex spp. were sparsely distributed, wiim. gambiaes.s species dominating
upper part of the Mara River in Kenya, whiA@. Arabiensisshowed a similar trend towards

Tanzania Culexspp. were evenly distributed among the sites.

In the Mara River basifn. funestugroup larvae were mostly found in swamps and fevock
pools, while,An. pharoensisAn. azamiagAn. christyi, An. maculipalpis, An. hamaamd An.
sergetidominated open sunlit puddles, hippo hoof-primd drainages. As with similarity to
other areasAn. gambiaes. I. were found in high abundance either on taemyosunlit pools or
open habitats with scattered short grass (Minakatval., 2002; Serneels & Lambin, 2001).
Insignificantly fewAn. funestugroup larvae were found in rock pools locatechatTrans-Mara
border site 4, Trans Mara bridge sites 2, 5 andn@, a site located at Kichwa Tembo Bridge
close to the border of the Mara Game Reserve, Meaaa Safari Club in Kenya in the current

study. Hardly have they been found inhabiting rpolol or open sunlit pools in other studies.
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Culexspp. andAn. gambiaes.l. dominated most habitats. The Mara River ieipeial, flowing

all year round, with levels of water fluctuatingrohg the dry and rainy. As a result, small pools
of water are present by the riverside during theyraeason, which dry as the amount of rainfall
decrease. On the contrary, stream water becomigle stiah reduced flow rate. The observation
that An. gambiaes.l. andAn. funestuggroup were abundant in drying stream tributarieghe
Amala and Nyangores rivers was a clear confirmatiat most malaria vector species prefer
breeding on stable waters with less disturbancelé&flows of the steam during dry period
appear to support more larval mosquitoes alongitlee basin than rainy period. This contradicts
earlier report that malaria transmitting vector plagion may only increase during rainy seasons
(Odongo-Aginyaet al., 2005); (Manikandan & Sevarkodiyone, 2014). Thisdgtalso showed
that Culexspp. larvae were the most abundant and widespreasduito larvae along the Mara
river basin. They were collected from different ials. This clearly indicates th&ulex spp.
larvae have great degree of adaptability to diffefebitats than other mosquitoes. The presence
and wide distribution of Anophelines within the MaRiver, the vector of human malaria
constitutes a major potential health problem. Ferrttudies on the vectorial capacity of these
disease pathogens vectors are required and eviery €iould be made to prevent their spread

along the Mara River.

At Transmara border site, the habitats were maimtk pools with stagnant water created by the
hydrologic effect of stream water, which hits tlreer banks and settles on pocket-like rock
habitats. The water in these habitats was cleashredded from direct sunlight. Consistent with
the current findings, previous study reported ttheg presence oAn. gambiaes.l. andAn.

funestuggroup in diverse natural aquatic habitats in trestfn Kenya highlands were inversely
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correlated to canopy cover (Minakavea al., 2002). Similarly, Minakawa et al (2008) and
Fillinger et al. (2004) studies indicated preference for open spoidls by theAn. gambiaes.|

and recommended that these habitats be closelytonediif the risk of malaria transmissions is
to be reduced among the riparian communities liahgng the lake. In both the current and
previuos studies, larval sampling has indicated $ixaamps and other potential habitas adjacent
to either a river or lake becomes more potentiabfith An. gambiaes.l andAn. funestugroup.
The Mara River is perennial, flowing all year roumdth levels of water fluctuating during the
dry and rainy seasons (Serneels & Lambin, 2001)a Assult, small pools of water are created
by the riverside and stream tributaries during tai@y season, which dry as the amount of
rainfall decreases (Serneels & Lambin, 2001), n@kimem stable with reduced flow rate

suitable forAnophelesnosquito breeding.

On terrestrial habitats, open sunlit puddles weyenél to harbour more larval mosquitoes
compared to roadside ponds with vegetated habitaasistent with the current findings, the
behavioural avoidance patterns of standing watbegacterized with vegetation by then.
gambiaes.| was also reported by Mutuket al. (2006). In the river habitats, more larval
mosquitoes were found in drying streams and riwdsheith little vegetation as compared to
open water, thus an indication that aquatic vegetatlays an important role in harbouring these
malaria-transmitting vectors. The stablility ofteeam during dry periods appear to support more
larval mosquitoes along the river tributary streahen in rainy periods. However, seasonality
studies may be required to determine trend andityethett may provide proof for comparison
purposes. This study has also shown @aexspp. were the most widespread mosquito larvae

along the Mara River basin as they were colleatechfa variety of habitats. This is an indication
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that Culex spp. larvae have a great degree of adaptabilityifferent habitats than any other

mosquito species.

The main Mara River, with riffles and pools and refederized with fast flowing waters had no
mosquitoes. However, large swamps with tall emdrgegetation adjacent to the Mara River
were found to be dominated By. coustaniThe many habitats adjacent to the main rivereeith
created through human activities such as brick ngakr animal activities especially at watering
points appeared to harbour most malaria transmittiactor, i.e. theAn. gambiaes.l. The
receding river and stream tributaries’ water lewaased by the destruction of forests, rock pools
which initially were below the water surface, espkg during dry spells, were the main
potential breeding micro- habitats fAn. gambiaes.| andAn. funestugroup. Therefore, these
conditions are potentially improving the habitavetsity for these vectors, which are good

indicators of the health risk posed by the commesiof the riverine ecosystem.

Open sunlit puddles, rock pools and drains, whicbdpced the highest numbers of larval
mosquitoes, were shallow, isolated and tendedmia predator access. Such habitats presented
perfect-breeding sites for potentially harmful maisg species some of which are known carriers
of malaria parasites and the viruses.

This study compared terrestrial water pools withsthadjacent to the river, because past studies
suggest that the pools along the lake shore are patential than their terrestrial counterparts
(Minakawaet al.,2002). Similarly, in this study the Shannon divieréndex was slightly higher

for river edge habitats (1.43) compared to teri@shabitats (1.17), though both were still low

considering that the typical value of the indexges from 1.5 (low species richness and
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evenness) to 3.5 (high species evenness and rghesgurran, 2005), although values beyond
these limits, up to a maximum of 5 may also be entered. Consequently, the evenness index
was also higher in river edge habitats (2.13) aspaved to the terrestrial aquatic habitats (1.23),
reflecting a variation in abundance of mosquitocggse between the two sites, along the Mara
River. This study has also revealed tBatex spp. were the most widespread mosquito larvae
along the Mara River basin as they were collectethfa variety of habitats. The presence and
wide distribution ofAnophelesspp., the vector of human malaria, constitutes pmpotential

health problem.

Considering that similar proportions of all sub-@pe give an evenness index of one, with
higher values reflecting very dissimilar proporsofsome rare and some common species), it is
apparent that mosquito sub-species were clearljnalisas reflected by the dominance of
Anopheles gambis.l andCulex spp. over other mosquito species in both habiftss is an
indication that some species are better adaptedetdabitats sampled than others as was also

observed in Western Kenya (Imbahateal.,2011).

Few uncommon species suchAas. pharoensisAn. faini An. hamoniand An. azamiaghave
been implicated in malaria transmission elsewheu&fiica (Cohuett al.,2003; Massebet al.,
2013). Although studies have been done on abumrdand distribution of larval mosquitoes in
Kenya previously (Kwekat al., 2013; Minakaweet al., 1999; Muturiet al., 2008), majority
were limited to the detection of known specificedise and non-disease transmiting mosquito
larvae as in the current study. Although their dess were low, they have to be regularly

monitored to avoid any future outbreak of diseagben their density explodes. However, the
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current study is consistent with that of Minakaetaal. (2002), Fillingeret al. (2004) and
Minakawaet al. (2012) who also reported diverse natural aquatistais for bothAn. gambiae

s.l. andAn. funestugroup in western Kenya.

5.2. Presence, Abundance and Distribution of Mosqta Larvae Predators and their
Relationship with Mosquito Larvae Abundance and Digribution along the Mara River

Basin

In the current study, the distribution of mosquiéovae predators along the Mara River was
sparse with a total of 297 predators belonging twdgrs identified in the 39 sites sampled. The
sparse distribution and particular dominance of tens of order Hemiptera over the other
orders could have been due to their broad toleremeewide range of environmental conditions
which probably enabled them to inhabit micro-habithat other predator species may not prefer.
Studies have also shown that throughout ontog@agias will likely experience different effects
of abiotic factors, depending on their developmiesttage, thus creating conducive habitats for

some species and not others (Eigtmal.,2002).

Overall, drying streams supported the greatest meusnibf both mosquito larvae and their
predators during this sampling period and may kpassible for increasing natural predation in
certain temporary habitats such as dams, open @sidaid vegetated pools. This possibility is
supported by the observation that certain teradsaquatic habitats had lower number of larval

mosquitoes and higher predator abundance.
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The relatively low mosquito and predator numberseobed in the ephemeral habitats as
compared to drying streams and swamps might hase thee to several reasons. As reported in
earlier studies, adult mosquito may have the gbtlit detect the presence of predators and
consequently avoid ovipositing in such habitatefgmring instead to inhabit areas with swamps
and grassy patches that can protect the immat@iesisteinet al., 2004). Previously, larval

mosquitoes of the specigSuliseta longiareolatawere reported to detect chemicals from
notonecta predators, and the instinct/cue can @xite habitat for up to a week or more after
their disappearance from the pool (Blaustetral.,2004) and folCulexspecies, a period as low

as two days have also been reported (BlausteinisBia, & Chase, 2005).

Majority of insect predators recorded in the samgiabitats as already been mentioned were
mainly the order Hemiptera, as compared to therdihe aquatic insect orders; Odonata and
Coleoptera. The Order Hemiptera were widespreacsepting 7 families. The 7 families were
over-represented by Family Velidae and Genus Rhe@govOther predators of mosquito larvae
belonged to the Order Odonata (which recorded 3lissrdominated by family Coenagrionidae)
and Order Coleoptera (which recorded 2 families idated by Dytiscidae). Order Hemiptera
were the majority. A previous study also repottégh number of this Order in aquatic habitats
in Japan. This was related to the presence of pifeéerred food items such snails, in addition to
larval mosquitoes (Ohba & Nakasuji, 2006). In therent study, area snails were encountered
in the habitats for mosquito larvae and their pteda Gilbert & Burns (1999) concluded that
notonectid predators have the potential to altesqudo communities via direct or indirect
effects. Direct evidence of notonectid predatiomwsquito larvae was obtained and this further

confirmed their predominant role in mosquito laneaatrol (Kumar & Hwang, 2006). Most of
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the insects in the Order Hemiptera have also beelaimed as pollution tolerant (Josd#ti al.,

2014).

Evaluation of the effectiveness of the biologicahtrol of mosquito in nature is complicated by
the fact that some larval mosquitoes that are vabie to predators such Betonectaspp. and
Anisopsspp. avoid laying eggs in waters infested witrséhparticular, thus making their control
through biological means almost impossible (Blaunstet al.,, 2004; Eitamet al., 2002).
Simulation models suggest that mosquito speci€ub$eta longiareolatathough susceptible to
Notonecta maculatgredation, can be abundant owing to their stromgidance of waters
containing the predator (Warbugg al., 2011). However, a similar trend has not been tegor
with regards to malaria vector species. Studie® t@so shown that some predators especially
those of the genudotonectaoften show vertical migration, i.e. up and dowa thater column
implying thatNotonectacould be one of the most appropriate bio-contvol for Anophelesand
Culexlarvae, whereaBuenoa(Backswimmer) may be more effective #edesspp. larvae since
they prefer visiting artificial containers (Suar@mbio & Suarez, 2004). Notonectids generally
prefer mosquitoes to chironomids, ceratopogonidsiocerans, among other aquatic insects
(Blausteinet al., 2004; Eitamet al.,2002), but alternative prey may also be sought (&u#&
Hwang, 2006). Moreover, studies show that many gied prefer a particular developmental
stage of larval mosquitoes. For example, it hasnbeeported that while aquatic mites and
copepods attack early instar larvae of larval miaegs, backswimmers have been reported to

attack later instars (Fischet al.,2012).
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In the current study, it was established that thlg predator that could colonize hoof-prints and
manmade pools belong to the Order Hemiptera. Tuusessful colonization of isolated pools by
this group could most likely be associated with phedator mobility by flight and tolerance to a
wide range of environmental pressures (Sites, Ncl& Permkam, 1997). It is well known that
notonectids are largely mobile, voracious of mosxl@rvae and have the potential to alter
mosquito communities via direct or indirect effe(@sausteinet al.,2004), through a reduction
in oviposition by adult mosquitoes (Eitast al., 2002). The direct effects occur primarily
through predation. Laboratory and field experimedgmonstrated that notonectids may disrupt
mosquito egg rafts, though evidence of a reductibsubsequent hatching success was not
observed (Shaalan & Canyon, 2009). Notonectids dange on predation of mosquito larvae
has been largely appreciated. Unlike in other stdhe current study found Hemiptera invading
cattle hoof-prints. Studies by Service (1985), djoet al., (2005) and Coetzeet al., (2005)
reported that predators mainly visit swamps habwéth grassy patches which mosquito prefer
to oviposit to protect their immatures. It was show these studies that they avoid open sunlit

habitats.

Other studies have also shown that specié&etiidae and GerridaéMiura & Takahashi, 1988),

both of which are semi-aquatic, prey on mosquitgda on the water surface while some like
Belostomatidae, Naucoridae and Nepidae are cap#Ebfgeying on mosquito larvae in the
laboratory (Shahayaraj & Sathiamoorthi, 2002), rargj indicator that some of the predators

along the Mara River could actually be controllthg mosquito population.
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However, some ecological factors may also influetheeabundance of predator and mosquito
populations. For instance, a simulation study ohdvispeed was found to be particularly
important in the movement of mosquitoes in Papua Belinea. Wind speed of between 36 and
72 km/h were sufficient to carry mosquitoes fromwNE&uinea to the Northern Peninsula of
Australia (Ritchie & Rochester, 2001). However,uegdd wind velocity was also shown to be
important as it allowed female mosquitoes to depbsir eggs in artificial containers accurately

without disturbance (Service, 1971).

In the ordination analysis results, factoring ihthe variables showed that in shared habitats,
turbidity, conductivity and salinity had indirechfiluence on mosquito larvae and predator
abundance, while dissolved oxygen and temperatoelirect influence on mosquito larvae and
predator abundance, supporting the concept thaineiquatic habitats macro-invertebrates can
be sensitive to factors affecting water qualitye\lous studies reported that thermal pollution,
pesticides and organic compounds may alter thervdtgsico-chemical parameters and thus
interfere with aquatic invertebrate diversity amanposition (Zimmerman, 1993). This may also

partially explain the abundance of Hemiptera, asmared to the two other aquatic insect orders.

5.3. Characterization of the Different Mosquito Breeding Habitats and Determination of
their Preference by Larval mosquitoes

Mosquito larval habitats are the locations wherenynanportant mosquito life-cycle processes
like oviposition, larval development, and adult egence, resting, swarming and mating take
place (Karthikairaj, Ravichandran, & Sevarkodiyo2€13). Mosquito larvae were found in

isolated pools of the receding waters or in tempohabitats near the Mara River or along the
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perennial Mara River tributaries of Amala and Nyameg. Most habitats found along the Mara
River were characterized by various types of vdgetawhich in turn offered a variety of

microhabitats for the larval mosquitoes.

Vegetation type was an important factor for béthophelesand Culex larvae presence and
abundance in the respective habitats. Similar @lasen was reported foAn. gambiadarvae
(Mwangangiet al., 2008). The presence of vegetation could help dheaé to hide themselves
away from their predators. AbundancefafophelesandCulexlarvae were higher with presence
of aquatic fauna. However, existence of favoralleirenment for various aquatic fauna was
also observed. For instance, drying stream, opetdlps and drainages showed the highest
abundance o€ulexand Anophelespp. and the least with rock pools. Although sgiet may
also have effects on mosquito distribution and daaoe, it was not analyzed in this study,
however, both current and previous reports indec#itere could be variations in development of

Anopheledarvae based on soil types (Lindhal.,2015; Pfaehleet al.,2006).

Most mosquito larvae in the drying stream were tbimisolated pools of the receding water
body or in temporary habitats near the Mara Riveomw the drying sections of Amala and
Nyangores tributaries, which are the two main tabies of Mara River on the Kenyan side of
the basin. There were several patches of opentdwabitats adjacent the main Mara River in
which the An. gambiaes.l, Culexspp. andAn. maculipalpisdominated. However, in all the
cases of abundance, the malaria transmitting v&d@oilgambiaes.| was the most dominamn.
funestuslarvae dominated swamps and were few in rock paslsle, An. pharoensis, An.

azamiae, An. christyi, An. maculipalpis, An. hamami An. sergetiwere also recorded in open
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sunlit puddles and drainages. In other studies,gambiaes.l. have also been reported in high
numbers either on temporary sunlit pools or opdrtats with scattered short grass (Fillinger &

Lindsay, 2011; Minakawat al.,1999; Ofullaet al.,2013).

This variability in species abundance could beilatted to local ecological differences. For

instance, at site 4, the habitats were mainly pmis created as a result of water currents, which
hits the riverbanks and splashes out to fill theket-like rocks. The water in these habitats are
often clear and shielded from direct sunlight bgetations, and this could be the reason as to
why they were colonized by thn. funestugroup larvae. Such shaded micro-habitats withhstilt

water are preferred by the group (Minakaetaal., 2008). It is thus recommended that these
habitats be closely monitored if the risk of maatiansmissions is to be reduced among the

riparian communities within the Mara River basin.

In these areas, larval sampling indicated that qvgawere more potential habitats for béth.

gambiaes.l. andAn. funestugiroup. The Mara River is perennial and flows akrysound, with

levels of the water fluctuating during dry and saseasons (Serneels & Lambin, 2001). As a
result, small pools of water are present by thersie during the rainy season, which dry as the
amount of rainfall decreases. On the contraryastrevater of its tributaries becomes stable with
reduced flow rate, actually drying up. The staldefof the streams during dry period appears to
support more larval mosquitoes along the riverrb#san rainy period. However, this has never

been proved.
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Studies have established that mosquito colonizadfoa habit depends on a number of factors
and these factors may vary depending on mosquikcisR In West Africa, for example, a
closely related species 8ih. gambiaes.s (M and S form), initially orientating as saspecies,
were reported to inhabit completely different hatsit For instance, in Mali M form was found to
dominate open sunlit puddles while S form were hyaiound in swamps and long vegetated
pools (Edillo et al., 2006). Previous studies reported the presencéiradphelesspecies
concomitantly in open sunlit puddles, drainagesifical containers and many other open
habitats known to be free of predators (Coe&tesd.,2000; Service, 1985), and where the water
temperatures are ambient (Minakaetaal., 1999). An. funestugyroup on the other hand have
been reported to inhabit vegetated pools, mainiynpaent or semi-permanent habitats such as
rice irrigation schemes, wetlands, and river edgils short vegetation that can provide shade

(Fillinger et al.,2004; Minakaweet al.,2012).

Habitats that had clear water and were shieldea floect sunlight presented perfect breeding
grounds for larval mosquitoes as evidenced by thendance of larval mosquitoes in these
habitats. On terrestrial habitats, open sunlit pegldvere found to harbor more mosquitoes as
compared to roadside ponds with vegetated habi@tssistent with the current findings,
behavioral avoidance patterns of standing watessacierized with vegetation dn. gambie
were also reported by Mutulet al. (2006). In the river habitats, more larval mosoest were
found in slow flowing streams and river-beds wittld vegetation as compared to open water,
thus an indication that aquatic vegetation playsmportant role in harboring these malaria
transmitting vectors. The stable flows of the streduring dry period appear to support more

mosquitoes along the river tributary streams tharind the rainy seasons. However, more
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seasonality studies may be required to determeredtand density and to provide proof for this
speculation. This study has also shown tGatex spp. were the most widespread mosquito
larvae along the Mara River basin as they wereectdt from a variety of habitats. This is a
clear indication tha€Culicine spp. larvae have a great degree of adaptabilitifterent habitats
compared to other mosquitoes. The presence anddisttédution ofAnophelespp.; the vector

of human malaria constitutes a major potential theatoblem. Further studies on the vectorial
capacity of these disease pathogen vectors araredgand every effort should be made to
prevent their spread within the Mara River basine Tesults of this study also showed that most
mosquito larvae could survive well in neutral agislly alkaline aquatic habitats. Similar results

were also reported by Aframt al.(2006).

In the current study, the main Mara River, withfles and pools and characterized by fast
flowing waters had no mosquitoes. However, largarsps with tall emergent vegetation
adjacent the Mara River were found to habor @&y coustaniwhile short emergent vegetations
such as short grass and sedge harbaredjabbiaes.l., CulexandAn. funestugroup. The many
habitats adjacent to the main river either cretitedugh human activities such as brick making
or animal trampling especially at watering poinppeared to harbor most malaria transmitting
vector of theAnopheles gambiagl. andCulexspecies. The receding river and stream tributaries
water levels caused by the destruction of foreetss pools which initially were below the water
surface especially during dry spells, are beconpotential breeding micro habitats fén.
gambiaes.l. andAn. funestugroup Therefore, these conditions are potentially imprguhe
habitat diversity for these vectors, which are gowticators of the health of riverine ecosystem.

Open sunlit puddles, rock pools and drains, whiddpced high numbers of mosquitoes, were
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shallow, isolated and tended to limit predator asceSuch habitats then presented perfect-
breeding sites for potentially harmful mosquito @pe some of which are known carriers of

malaria parasites.

The Shannon diversity index was slightly higher tenrestrial habitats compared to river edge
habitats, though both were still low consideringttthe typical value of the index ranges from
1.5 (low species eveness and richness) to 3.5 @pglkies evenness and richness) (Magurran,
2005) however, values beyond these limits upto girmam of 5 may also be encountered. The
evenness index was higher in terrestrial habitets tiver edge habitats, reflecting a variation in
abundance of mosquito species between the twg sitesg the Mara River. Considering that
similar proportions of all sub-species give an eess index of one, with higher values
reflecting very dissimilar proportions (some rargl @ome common species), it is apparent that
mosquito sub species were clearly dismal as reiteby the dominance é&nopheles gambig.|

and Culex spp. over other mosquito species in both habifEts could be an indication that

some species are better adapted to the sampleatsahan others.

Overall, the indices of the mosquitoe species atbegVara River indicate diversity index value
(H) of 1.43 for terrestrial habitats while river g&d habitats had an index of 2.17 and the
differences were not statistically significant. §hvas not satisfactory since ‘H’ value above 3
indicates a better aquatic balance and stable stray(Kolleret al., 1996). However, evenness
aspect varied significantly suggesting that witbréasing sample size a population outburst is
imminent in the Mara River ecosystem. In additiansteady increase in the evenness as

mosquito density increase as shown in the cumeatigices suggests that the ecosystem can be
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a function of many hiden factors. Hagyal. (2011) reported that high variability of populatio

during sampling period can be a subject of maniofasuch as normal die off, hatching of eggs,
cannibalism, re-emergence, patterns of predatawal Inovements and uneven distribution, this
tentatively oviates the necessity of carrying odbregitudinal study to in order determine the

seasonal accumulative indices of these parameterdime.

Some organisms are more chemical-tolerant thanrgtleend aquatic insects are sensitive to
change of the environment. For instance, sprayigesticides in the agricultural fields along

the river channel has been reported by Gexetd. (2003). Another factor could be competitive

advantage, as some predators are more adaptiveothars. Analysis of the data established
significant differences between predators’ densityl habitat types. For instance, they were
more likely to be captured in drying streams, swsmyegetated pools and puddles. Such
relationships could be attributed to the fact the#se habitats harbored a high number of
different species as compered to other habitatsgzhmvere located in the terrestrial sites. The
terrestrial habitats mainly comprised open sunlidgies that contained mostly the order
Hemiptera and few Coleopterans, while habitats cadiiato the river contained many other
species. Also, habitats adjacent to the river ngagdmprised of vegetated habitats of which
some species colonized to avoid risk of competitgince they are unable to withstand
environmental instability (Sitest al., 1997). Furthermore, open habitats with water ard la

appeared to contain dirty water. Future studiesl nede carried out to establish the tolerability

of the aquatic predators to turbidity or water §@arency.
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Only members of Hemiptera were found in a few wrial habitats. Habitats on land are often
shallow and could only retain water for short pasi@f time and as such they exhibited different
patterns of population growth because of the effetdifferent environmental variables such as
temperature, water levels fluctuations and life leystrategies (Williams & Hynes, 1974).
Previous studies reported that thermal pollutiestigides and organic compounds may alter the
water physico-chemical parameters and thus inerf@th aquatic invertebrate diversity and
composition (Hilsenhoff, 1988). This may also pallyi explain the abundance of Hemiptera, as
compared to other two aquatic insect orders (Odoaatl Coleoptera). Most of the insects in the
Order Hemiptera have been acclaimed as pollutitaraot (Joshi, 2012), and their population
was found to be higher than any other order altegMara River. Other known sensitive taxa
such as Plecoptera were completely absent frothalkites along Mara River, suggesting that

the waters were polluted.

In the present study, it was observed that desp#eabundance of sunlit open water bodies,
predators’ density were low, especially in temiashabitats, whereas in the river fed pools with
vegetations, the insect density was much higheis $tggest that the temporary water pools
without vegetation might be the primary factor ugfhcing the population dynamics of aquatic

insects in all situations, especially for adventusrgroups like the Hemipterans.

Attempts were made to establish correlations batwaesal mosquitoes and predators in the
shared habitats using regression matrix, so tlateslot could deduce valuable information on
how the relationship between the two variables watdtmplement. There was no particular

pattern of relationship observed between the tw@kkes, however higher numbers of predators
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were captured in habitats with lower densities oquitoes. This suggests that predators might
have found these habitats suitable for them tokitkend feed on larval mosquitoes. Similarly,
Service, (1971), in their earlir studies also afiead to understand the differences in density of
larval mosquitoes against their predators, thesnpgared the voracity of various types of
predators by counting the number of larval mosasitoonsumed against the number of adults
that emerged, their overall aim was to try to difiarthe potential of aquatic predators of
mosquito larvae. They established that some masguédators feed more than others and even

prefer larger instars.

Furthermore, it was observed in the current sthdy habitats with higher numbers of predators
had larval mosquitoes of betweefl &nd 4" instars, while habitats with higher number of &rv
mosquitoes but low number of predators h¥tbd f'instar larval mosquitoes. Previous studies
experimental studies showed that many predatorfempee particular developmental stage of
larval mosquitoes. Our findings are thus consisterth that of Service (1971) who also
observed that'3and 4" instar larvae ofulex pipienss.| were preferred by predator of the order
Odonata. Similarlay, in the Mara River it was obsérthat backswimmers dominated habitats
with higher numbers of late instar larval mosqustoguggesting that could have been feeding on

the older instars of larval mosquitoes.
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5.4. Relationship between Water Physico-Chemical Pameters and the Presence,
Distribution and Abundance of Mosquito Larvae and teir Predators along the Mara River
Basin

Mosquito larvae and predators are aquatic, andh aft@re habitat with other species including
predators. However, it has never been clear onwatgr physico-chemical parameters regulate
mosquito and predator’s populations. Mosquito papoihs are declining globally due to many
factors including habitat destruction, intervenficaind climate change. It influences mosquito
survivorship, for example, by reducing the ratew&ich larval mosquitoes lay their eggs or
through direct predation of mosquito larvae, thée the role of water physico-chemical

parameters may decline or increase mosquito popofat

In the current study, most mosquito larvae werdect#d from water accumulations with
different degrees of turbidity. Post & Kwon (20CGjributed the favorable effect of sunlight on
mosquito larval population to the requirement afaa to sunlight. These algae are frequently
favorable as larval food and also aided in maimairthe balance of dissolved gases and in
utilizing organic materials unfavorable to the kev Gouagnat al. (2012) however reported
that turbidity had no significant effect d@ulex spp. larvae; though habitats that were shaded,

vegetated and had stagnant water were generafigrpge for mosquito breeding.

Culexspp. have been reported as having a wide rangealmfalh preference and can breed in
stagnated waters polluted or unpolluted. For ircgathey have been found to breed in toilets,
sewerages, containers, pits, ponds and many o#tietats known to be unsuitable for breeding

by the members ofAnopheleqVinogradovaet al., 2007). TheAn. gambiaecomplex andAn.
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funestuss.s prefer clean unpolluted waters and are nemandf in habitats contaminated with
faeces or containing dead plants and foul smellliéSi& Coetzee, 1987). However, both
AnophelesandCulexspp. are influenced by physical and chemical patara such as turbidity,
temperature, alkalinity, pH, dissolved oxygen, atiét hardness, water current and vegetation
types among others. All these actors have an dweffatt on the quality of breeding habitats;
though few are found to be important for specifpedes (Muirhead-Thomson, 1951). In a
review by Whiteet al. (2011) for instancein. arabiensisvas reported to breed in habitats with
alluvial deposits whileAn. gambiaes.s. was found in brackish waters with modesh#gliIn
Mali, Diuk-Wasseret al. (2007) found higher densities 8in. gambiaes.s in rice irrigation
scheme with moderate equivalent of light penetratind shade during the initial period of rice
germination, whilsAn. funestus.s. dominated area when the rice fully germinatadi provided
shade and thus overtaking the. gambiaggroup. This suggests that larval mosquitoes géiyera
prefer differing range of chemicals (Ye-Ebiy al.,, 2000) as well as site characteristics

(Fillinger et al.,2004; Minakaweet al.,2005).

The influence of vegetation on certain mosquitwdar species is debatable since the mosquito
larvae may also be influenced by other factors saghight penetration and water temperature
(Knight et al., 2003). A previous study (Ye-Ebiyet al., 2000) reported that invasion of
vegetation could also be due to availability of attpifood sources. Proximity to maize was
found to enhance developmentAxfi. arabiensisn Ethiopia, while in Kenya, Minakawet al.
(1999) and Fillingeret al. (2004) established that both artificial and ndtdrabitats were
preferred by the members of bofin. gambiaes.s andAn. arabiensisat equal measure.

Minakawa et al. (2005) on the other hand reported that member&rof gambiaemainly
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preferred breeding in burrows of farms and aninsigg lands whileAn. funestugpreferred
short-grass vegetated pools, swamps and grazimg l@viinakawaet al., 2005; 2012). These
results are also in line with the findings of (Kagaki et al., 2008), which reported that

clearance of forests was endangering freshwatesgstems in East Africa.

Removal of riparian vegetation has also been redaid modify stream hydraulics, substrate
features, light and thermal system, water chemistrngposition and organic matter contribution,
all of which affect the riverine communities (Pus&yArthington, 2003). Based on the findings
of this study, the two most important factors fowadnfluence the abundance and distribution of
different mosquito species within the Mara Rivesihawere habitat type and water chemistry.
Ecological disturbance resulting from altered lamsk at the highland regions was initially
reported as a possible cause for the puzzlingaserén highland malaria (Imbahaeal.,2011;
Mutie et al.,2006). Although larval abundance is only one fagtluencing subsequent vector-
biting rate and malaria transmission, reductionsialaria cases have been observed after large-

scale implementation of larval control initiativ@sllinger et al.,2004).

Both anopheline and culicine larvae were positisgociated with dissolved oxygen. Previous
reports also indicated similar association betwéarex quinquefasciatuand Anopheles
arabiensis larvae with dissolved oxygen (Minakawet al., 2005). Oyewoleet al. (2010),
concurred that optimum dissolved oxygen might hawgributed to the survival and breeding of
Anopheledarvae in the Mara River. It has also been obskthat dissolved oxygen saturation

decreases when the bed sediment changes from stdrsgratum to soft sediments. Human
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settlements, urbanization and other pressures bese reported to influence changes in water

chemistry as well as the reduction in dissolvedgexylevels (Ndaruget al.,2004).

The mosquitoe larvae sampled did show a signifiegsbciation with water turbidity. Consistent
with the current study findings, Kenavey al. (2013) also showed that some larval mosquitoes
prefer turbid water than clear water for ovipositicCritical to this study, the coeffient of
turbidity was negative indicating the larval mogqas and predators preferred clean water. For
the case of the previous study, this could be du¢hé fact that during the rainy season,
Anophelesspp. seem to inhabit turbid waters, but during ding season, when the water is
relatively clear they still exist in the clear watdhus an indication that they can survive in both
clear and turbid waters. However, in a separate Ghddel in the current studGulexspp. was
shown to be influenced by turbidity. Previous stgdnave reporte@Gulexspp. to survive better

in turbid waters than th&nophelespp. (Wang-Sattlest al.,2007).

The finding of this study also suggests that bathtid (flora and fauna) and abiotic (chemical
and physical) factors play a significant role invi habitat preference by bo@ulexspp and

Anophelesspp. Thus, such factors should be taken into dersiion when designing an
integrated vector control program. Further longiadl study of the aquatic mosquito larvae
breeding habitats and non-breeding habitats aeme®ended; including all biotic and abiotic
variables using accurate quantitative measuremAabtsidance oCulexspp andAnophelespp.

larval mosquitoes showed positive association withductivity. As conductivity is the measure
of the dissolved ions in water, there was no jigstifon as to why conductivity was positively

related with abundance of larval mosquitoes. Howeawaike in the current study, Dejera¢ al.
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(2011) reported a negative association betweenumivgty and Culex quinquefasciatularvae

presence in tigray microdams in Ethiopia.

In this study, temperatures, dissolved oxygen amtbidity were found to be important
determinants of predator abundance. The temperaggerded in the current study ranged
between 18.TC and 26.3C, thus can be described as warm and more likebupport most of
the predators especially the notonectids. Earliadies showed that thermal conditions are
especially important in predator—prey survival agoaquatic organisms (Bertram, 1996),
especially those that are involved in size-depengesdation. However, while much research
has quantified the physiological effects of tempeeon specific organisms, few studies have
been conducted to evaluate the effect of temperainrspecies interactions in field conditions.
In support of the current study, Paaijimiaal. (2008) and Courett al.,(2014) agree that indeed
temperature and dissolved oxygen are importantaoral mosquito development. However,
Minakawaet al. (1999) argue that only combined effects of thesatorchemical parameters can

influence mosquito abundance.

The pH was largely basic in all habitat types exéepthe swamps, which had near neutral pH.
Alkalinity levels were equally high ranging betwe®d0 and 400 mg/L. This pH range has been
reported as optimal for most aquatic biota inclgdmosquito larvae predators. Nevertheless,
other findings agree with the positive associabbrmosquito larvae and other aquatic insects
under a wide range of pH values (pH 5.86 — 9.8%)effoteet al., 2008). Earlier studies have

also established correlations between temperatum@pH (Opoku & Amoako, 2002).
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Mosquito larvae and predators share the same kwmbital establishing the role the pH plays in
the regulation of colonization is critical. Everotlgh there was a range in pH requirement by
mosquito larvae and predators in shared habitat¥, imosquito larvae and predators were not
affected by pH in a GLM model. This suggests thatlar the prevailing environmental

conditions, both insects could tolerate a wide eand pH. Further analyses to determine
preferable pH range requirement by both mosquiteata and predators established that values
between 5.2 and 8.4 were tolerable while valuewdset 8.1 and 8.4 were most preferred, as

evidenced by the highest number of both mosquitai&and predators.

Similarly, a study by Dejeniet al. (2011) on malaria vector control in Ethiopia shdvibat
almost all their study habitats were alkaline (pH and both Anopheline and Culicine larvae
were positively associated with this high (>7.0). AlHe current study thus is in agreement with
the study of Dejeniet al.(2011) but do not support the findings of Adebetal. (2008), which

reported the preference of Anopheline speciesvwngddl values.

Along the Mara River, the mean turbidity was highasrock pools, while the lowest level was

recorded in swamps and drainages. The findings stidhat turbidity levels across all sampled
sites were exceedingly high. This scenario coulchde result of increased particulate matter
such as clay, silt, organic matter, plankton artteoimicroscopic organisms, which have been
reported to interfere with the passage of lightotigh water (Sadar, 2004). The increased
particulate matter could have been contributedrifirapogenic activities such as deforestation,
riverbank cultivation, soil erosion (due to ovemirg among others), all occurring in the

watershed. In addition, urbanization facilitatesnsportation of waste into the river channel
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through increased run-offs, while livestock tramglieffect at watering points and along the
riverbanks also contributes significantly to higirhidity levels of surface waters. All these
activities can create suitable habitats for larw@squitoes as was previously reported by

Klinkenberget al.,(2008).

A habitable aquatic ecosystem requires a good gugipdlissolved oxygen in the water system
(Hsiehet al., 2015). Along the Mara River basin, the mean dismbloxygen was highest in the
river followed by rock pools, while the lowest wasorded in swamps. A significant difference
in mean dissolved oxygen was observed among tHerelit habitat types. Faster flowing
sections of rivers and drying stream and sectibias flow through riffles or small waterfalls
have better oxygenated waters than slow flowingi@es of rivers or rivers that have been
modified as straight channels. Dissolved oxygenceaotrations in water are dependent on
physical, chemical, biological and microbial pras®s Low dissolved oxygen concentrations
(<3mg/L) in fresh water ecosystems are indicatiivaigh pollution levels (Okbalet al., 2013).
However, in the current study, some aquatic habitatcorded dissolved oxygen levels
insufficient to support aquatic life. Analysis tetdrmine preferable level of dissolved oxygen
range required by both mosquito larvae and predatothe shared habitat indicated that, values
ranging between 6.0 mg/L, and 6.5 mg/L were mostegored. However, some mosquito larvae
were found in water samples with dissolved oxygemcentration a low as 2.3 mg/L. The most
common cause of low oxygen levels was the off-loadrganic material into the water system
(such as agricultural run-offs). Nevertheless, moresquito larvae were collected in slow-
flowing drying stream and swamps where the meamgenyvas relatively low. This may suggest

that some predators could be less likely to surinyeolluted waters without sufficient oxygen.
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The majority ofAnophelesand Culex spp. larvae were found inhabiting pools adjacenth&
Mara River created by receding river waters, sorhevioich had relatively high dissolved
oxygen levels. These findings were consistent whibse of Dejenieet al. (2011) which also
reported that both Anopheline and Culicine larvagravpositively associated with dissolved
oxygen. Studies by Muturi et al. (2008) also intecasimilar association oAnophelesspp.
larvae and other mosquito larvae with dissolvedgexy Likewise, Oyewolest al., (2010)
emphasized that optimum dissolved oxygen is sujpezléo the survival of thAnopheledarvae.
Water hardness is usually a result of the presehoeultivalent metal from minerals dissolved
in the water. In the aquatic environment, ions ltefsom abundance of Calcium and Magnesium
in water. The highest mean hardness was recordeteirdrainages, while the lowest were
recorded in dams and swamps. A correlation matstaldished that there was a positive
correlation between mosquito larvae and predatorthé presence of hardness. However, a
negative correlation was observed between hardaess predators in the shared habitats

suggesting that most predators require lower wedesness levels to survive in the habitat.

Analysis to determine the preferable level of hasinrange requirement by both mosquito
larvae and predators in the shared habitats ireticttat values ranging between 58.5mg/L and
372.0mg/L, were favorable. The wide range of wdaiardness observed could be due to
differences in buffering capacity of the watersogsrhabitat types, as hardness values are not
consistent across the basin. Elevated values i swgas could be due to sewer supply from the
nearby towns or spills of fertilizer from the neafiarms. Other established sources could be the
local geology (Lawrence, 2007). However, CCA resultvealed that insects would prefer a

varied range in hardness. Few insects showed preferfor specific hardness values. It was also
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of interest to note that along the Mara River, naagtatic habitats had meagre detectable level of
salinity. Only swamps recorded salinity level ofifag/L. However, the influence of salinity
along the Mara River could not be statistically laaged as a result of insufficient sample

numbers.

In the current study, rock pools, dams and dryingasn recorded the highest mean conductivity,
while swamps and drainages had the lowest condiyctiglues. For both mosquito larvae and
predators, a perfect linear requirement with cotiditl in the same habitat was demonstrated
within the ranges of between 162.9uS/cm tol166u3ignboth mosquito larvae and predator
residing in the same habitats. The high levels wduwe to elevated dissolved solids and
contaminants especially electrolytes. Potentiaksesiof these contaminants are destruction of
the forest cover (which in the process, increaselitters) and human activities experienced
along the river channel (that creates drainagespaots suitable for mosquito breeding). Mutie
et al., (2006) reported an increased destruction of th@eugatchment of the Mau forest and
elevated level of pollution, attributable to higkvéls of wastewater discharged into the river

from different origins.

Previously, dissolved oxygen, temperature and ccindty were reported to positively correlate
with community structure as a whole (Spieles & Mits1999). In the current study, no direct
relationship was detected between conductivity pretator abundance in the GLM model,
however, there was a positive insignificant relagiop between conductivity, predators and
mosquito population in the ordination analysis,npiog to the direction of the establishe result

that limited range of conductivity levels is pretible by the mosquito and predators’ population.
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The conductivity of a river or stream should remaiithin a specified range to allow for a
succesful biologically functional system. Changasconductivity are often used as water
pollution indicator. Urban run-offs and industripbllution are often characterized by high

conductivity.

The rate at which a mosquito larva develops alguedéents on the prevailing temperature,
development oAn. gambiaes.l. mosquito larvae ceases at temperatures bBE6G® and below

14°C they die. Paaijmaret al., (2008) and Courett al., (2014) also reported that temperature
affects the rate of larval development, while Tuf2®05) reported that high temperatures
influence pupation rates as well as larval sunatage. Larval-to-adult survivorship and larval-to-
adult development time were also reported to bkiented by temperature by Afrane et al

(2006).

In a canonical correspondence analysis, which ssdabe contribution, it was noted that each
of the response variables with the physico-chempeabmeters, (conductivity, pH, hardness,
salinity and turbidity) were less likely to influem predators’ abundance while temperature,
dissolved oxygen and presence of mosquito larvae aleown to be the predictors of predators’
abundance. The ordination results from canonicakspondence analysis revealed the strongest
variables that influenced the existence of predatod mosquito larvae in shared habitat that
may aid in the effective biological control of latvmosquitoes. Anderson (2001), concur that
ordination primarily endeavours to represent sangpld species relationships as faithfully as
possible in order to choose precisely which toolnecessary for immediate use. Predator

abundance was strongly positively correlated wlid increasing number of larval mosquitoes,
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suggesting that carefully selected predators may @ noble role in controlling larval
mosquitoes as compared to the water chemical paeasnd®issolved oxygen and conductivity
were also reported to correlate positively with caumnity structure as a whole (Spieles & Mitsch,
1999). In the current study, no relationship wateded between conductivity and predator
abundance in the GLM model, but a positive cori@tatinalysis suggested that conductivity
may or may not be an important factor for mosqupitedator population depending on range
requirement by specific group or orders of the ptecs. Previous studies have also established

correlations with temperature and pH (Adebettal.,2008).

Nevertheless, more larval mosquitoes were colleictestbw flowing streams and swamps where
the mean oxygen was relatively low (2.4+2.7 mgAyggesting that some predators could be
less likely to survive in polluted waters withoutfficient oxygen. The majority of insects

recorded in these habitats were mainly of order idesra. It was established that turbidity had
an effect on predator abundance in the currentystddwever, in the ordination analysis results
factoring in all the variables showed that in sbahabitats with both larval mosquitoes and
predators’ turbidity, conductivity and salinity haah indirect influence over the larval

mosquitoes and predators’ abundance, while disdobseygen and temperature had a direct
influence. This further proves that in any aqudtabitats, invertebrates can be sensitive to
factors affecting water quality. Previous studieparted that thermal pollution, pesticides and
organic compounds may alter the water physio-chanparameters and thus interfere with
aquatic invertebrate diversity and composition ¢#am & Dimick, 2005). This may also

partially explain the abundance of Hemipteransc@®pared to the other two aquatic insect

orders; Odonata and Coleoptera.
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Most of the insects in the order Hemiptera havenbeeclaimed as pollution tolerant
(Mahavidyalaya, 2012), and their population foundbé higher than any other order in the Mara
River basin. Besides, other known sensitive taxéa s1$ Plecoptera were completely absent from

all the sites along the Mara River, which may ssgtfeat the waters were polluted.

In the current study, a significant proportionAriophelesspp. and other mosquito larvae were
found inhabiting pools adjacent the Mara River tgédy receding Mara River waters some of
which had relatively high dissolved oxygen levdlkese findings were consistent with those of
Dejenie et al. (2011) which also reported that both anophelind anlicine larvae were
positively associated with dissolved oxygen. Steiddy (Muturi et al.,, 2008) also indicated
similar association oAnophelespp. larvae and other larval mosquitoes with dissbloxygen.
Likewise Oyewoleet al., (2010) supported the idea that optimum dissolveggen might have

contributed to the survival and breedingfofopheledarvae.

The relatively low predator numbers in mosquitoiteb observed in the current study indicated
that, as earlier reported, adult larval mosquitoey have the ability to detect the presence of
predators and consequently avoid ovipositing imshabitats preferring instead to inhabit areas
free of predators (Ohba, 2011). Previously, mosgsitof the genu€uliseta longireolatavere
reported to detect chemicals from Notonecta predatand the instinct/cue can exist in the
habitat for up to a week or more after their dissggpnce from the pool (Blausteshal.,2004)
and forCulexspp., this period was as low as two days (Blansteal., 2005). Furthermore, it
was expected that with increasing predator dessitiee concentration of kairomones would
increase and this may result in reduced ovipositptarval mosquitoes (Blausteat al.,2004).

However, in the current study, we reliably notecur multi-correlation matrix that majority of
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predators were bonded to where there were lowesities of larval mosquitoes, suggesting in
addition to the already known theory of predataridance and the presence of kairomones, that
higher number of predators and less larval mosgsitoould also be as a result of direct
predation. It was therefore reasonable to expesst l@rval mosquitoes in habitats with higher
number of predators and vice versa. Other factmashave previously been reported to play an
important role in habitat selection by various s$pecof larval mosquitoes are volatile
compounds produced by microbial population in threeting sites (Sumbat al., 2014),
chlorophyll-a content in the breeding sites (Mwargjaet al., 2008) or the presence of

conspecific larvae or aquatic predators (Minakatval.,2005).

5.4.1. Biplot on the Overall Effects of Physico-Chmical Parameters and Larval mosquitoes

on Predators’ Abundance

Multivariate ordinations generally described corivity among parameters in the Mara River.
The results of ordination analyses of all the Jaldes from canonical correspondence analysis
(CCA) indicated the strong variables that influethtlee existence of predators as a factor that
may aid in the effective biological control of lalvmosquitoes. As explained by Clarke (1992),
ordination primarily endeavors to represent sangmd species relationships as faithfully as
possible in order to choose pricely which tool Ecessary for immediate use. Predators’
abundance was strongly positively correlated whth increasing numbers of larval mosquitoes;
suggesting that predators may play a noble roirirolling larval mosquitoes, therefore future

studies should consider them.
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CHAPTER SIX: SUMMARY OF FINDINGS, CONCLUSIONS AND
RECOMMENDATIONS

6.1. Summary of Findings
The findings reported herein provide new informatan the presence of mosquito larvae and
their predators within the Mara River and its ttdmes. Some of these predatory species have
been evaluated as bio-control agents in the woddwiampaign to control mosquito larvae. The
results of this study have shown that mosquitodaref different species are widely distributed
in the Mara River, and more interestingly, they sarnvive in either neutral or slightly alkaline

water habitats.

The main river, with open water bodies, steep edtpst flowing water and little emergent
vegetation had no larval mosquitoes. The many atbédjacent to the main river either created
through human activities such as brick making dmah watering points appeared to harbor
most mosquito larvael. The receding river watenjpoalised by the destruction of forests leaves
bare rocks which initially were below the waterfaae, becoming potential breeding habitats for
both and Anophiline and Culicine sppherefore, these conditions are potentially imprgwthe
habitat diversity for these larvae which are goodidators of the health of riverine ecosystem.
The current study confirmed that several breediibgs soccur along the Mara River basin.
Among these sites, drying streams harbour a vaoketyicrohabitats and large number mosquito

larvae.
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6.2. Conclusions

1. Presence, abundance and distribution of malarian@mdmalaria transmitting mosquito
larvae, were confirmed in the study area.

2. The three Orders; Hemiptera, Odonata and Coleoptena present and uniformly
distributed, with the Order Hemiptera were domimgiihe Mara River basin.

3. Drying stream accounted for the majority of mosgjlgirvae and their predators.

4. Relationship between Dissolved Oxygen (DO), tentpeea turbidity and mosquito

larvae and their predators was observed in MararRigsin.

6.3. Recommendations from Current Study

1. Presence of malaria and non-malaria mosqaiteaé on the Mara River calls for their
immediate control and education among the locad$ tan help curtail the insurgent of
vector-borne diseases within the Mara River Basin.

2. Identification of mosquito larvae predatorghivi the Mara River is an important finding
since some of these predatory species have be&rmamaas bio-control agents worldwide
in campaign to control malaria vectors and may befull locally for control the larval
mosquitoes.

3. Vector control program should be emphasizedndudry period, targeting drying streams,
shown to produce high number of larval mosquitoes.

4. Findings suggest that specific abiotic factolesys a significant role in the abundance and

distribution of larval mosquitoes and their predstdhese factors could be manipulated to

enable effective design of a biolocally integratedtor control program with the Mara River

basin.
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6.4. Recomendations for Future Research

1. There is need to map out mosquito larvae hotspdtsnsthe Mara River basin so as to
inform policy on vecorborne diseases eradicatimg@mme on the areas that need to be
targeted most for effective mosquito control.

2. There is need to carry out a longitudinal studynowsquito larvae and their predators
within the Mara River basin so as to elucidatevifwgations with respect to seasonality.

3. There is need for longitudinal study that can fertelucidate the relationship between
mosquito larvae, their predators and phyco-chenpesbmers. This would reveal the
temperal abundance and distribution of mosquiteaarand their predators, crucial for

disease vector control on the Mara River.
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APPENDICES

Appendix |: Location and Site Characteristics Quesbnnaire for the Mara River basin

River/stream/sampling point Name: GPS point:

Date

Time: Area ID #:

GPS location: Lat. long. UTM: E
N Elevation:

Conductivity: DO: Salinity: Hardness

Temp: __ Turbidity: pH:
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Appendix II: Mosquito Larvae and predators Checklist

Mosquito larvae and predators habitats, characteriics and estimation of mosquito larvae,
and predators densities, data collection form

SECTION A (Site/Area identification information)

1. Habitat area ID/Name-----------==-==-==-mmmmm o Date----------------

2. Habitat No.--------

3. Time of collection----- -- oo

SECTION B (Habitat characteristics information)

1. Habitat type/manmade or natural: (a) Puddles (b)dP@) Stream/spring (d) Swamp (e)

Rock pool

Presence of vegetation, in/around: (a) Grass (ppypeeeds (c) Shrubs (d) water lilies
Presence of predators: (a)Dragonfly (b) waterlbge} water scorpion (d)others
Light conditions: (a) Open and sunlight (b) Shafsbrt grass, tall grass)

o~ w0

Water quality: (a) Foul smell (b) Clear (c) Turbid
SECTION C (Larvae species and abundance information

1. Anopheline larvae species :(a) Present (b) Absent

2. Anopheline larvae stage found: () ibstars (b) 2 instars (c) ¥ instars (d) ¥ instars (e)
total # S —

3. Number of dips done : --------------

4. Culicine larvae species :(a) Present (b) Absentofe) count ----------------------m-om---

5. Other species--- S—
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Appendix llI: Description of habitats based on plart height

LR RS L T R T N LR R L R e I T Lm|l.;ml'ﬂﬂ|'|t
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Appendix IV: The Reaction Mixture for Species Identfication. The Amount and

Concentration is for Amplification of one Specimen.

PCR 1: Species identification ofAn. gambiae complex (Larvae)

Component Volume for one sample

1 Distilled sterile water 8.8ul
2 10X PCR buffer 1.5
3 dNTP mix 1.14ul
4 Primers (GA, AR, UN) @ 0.7ul
5 MgCl2 1.8ul
6 Taq polymerase 0.06ul
7 DNA template 1ul

Total 15ul

The primer sequences to be used are indicated below

Universal 20-mer primer (UN) GTG TGC CCC TTC CTATGGT
An. gambiagrimer (GA) CTGGTTTGG TCG GCACGTTT
An. arabiensiprimer (AR) AAG TGT CCT TCT CCATCC TA
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Figure 1: A plate for agarose gel. Shows haw gambiaeandAn. arabiensidand fragments
appear in the agarose gel after electrophoresis.

Positive . An. Arabiensis
contro- An. An. Gambiae ss. 300bp

$s.400bp

Gene Ladder. Bp range
from 100-2000
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|. DNA Extraction

(1) Prepare ice and MilliQ water

(2) Switch ON the Thermo Block at 45

(3) Put a sample (legs of adult) into 1.5mL reactigbe

(4) DNA Extraction (REDExtract-N-Amp' Tissue PCR Kit)

1) Mix Extraction Solution (20L) + Tissue Preparation Solution £3.)
2) Add the above mix solution into 1.5mL reactiabé (3)

3) Homogenize the sample

4) Wait for 10 min. at room conditions

5) Heat the tube at 86 for 3 min.

6) Add the Neutralization Solution (20L)

Preparation of Reaction mix Reaction volume : 5 pl/tube
Number of samples 1 8 12 | 16 | 24 | 32 40 48 56 64
= ddw 3.2 32 45 58 83 112 | 138 163 189 214
= |REDEXtractN-- o o Vs L 1s |26 | 35 | a3 | 51 | 50 | &7
£ |Amp ReadyMix
5 Primer. UNF 0.1 1 1 2 3 4 4 5 6 7
@ FUN 0.1 1 1 2 3 4 4 5 6 7
= RIV 01 | 1 1 2 3 4 4 5 6 7
Total master mix (ul) 4.5 45 63 81 117 | 158 | 194 230 266 302
DNA template (pl/tube) 0.5
* Two or 3-sample volume is added in excess (except 1)
1.
PCR
9£C 2 min
Denature 9% 30sec
Anealing 40C 30 sec 35 cycles
Extension 72C 40 sec An. vanedeeni 587 bp
Last Extension7ZC 5 min An. funestus 505 bp
An. rivulorum 411 bp
4°C oo An. parensis 252 bp

An. leesoni 146 bp

iii. Electrophoresis
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Marker  4uL
Blue Juice AL Use sl
TAE 3L
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Appendix V: Full GLM model of the abiotic and biotic factors influence on mosquito
predators abundance

Variable Estimate Std. Error z value Pr(>|z|)
Intercept -4.800802 3.349237 -1.433 0.151743
Total larval mosquitoes 0.014561 0.002213 6.579 4.75e-11 ***
Ph 0.166317 0.340036 0.489 0.624760
Conductivity -0.004049 0.002680 -1.511 0.130842
Dissolved Oxygen (DO) 0.369071 0.112360 3.285 0.001021 **
Temperature 0.071721 0.026257 2.732 0.006304 **
Turbidity -0.006546 0.001969  -3.325 0.000885 ***
Alkalinity -0.003624 0.002075 -1.747 0.08669
Hardness 0.003582 0.003037 1.179 0.238203
Salinity -0.434812 0.314544 -1.382 0.166862

Signif. codes: 0 **** 0.001 ** 0.01 ' 0.05‘70.1°"1

(Dispersion parameter for Negative Binomial (0.9&80ily taken to be 1)

Null deviance: 102.674 on 37 degrees of freedom

Residual deviance: 43.745 on 28 degrees of freedom

AIC: 311.58

Number of Fisher Scoring iterations: 1
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Appendix VI: Method description of Generalized Linear Models and output for logistic

regression model

Method description of Generalized Linear Models

Generalized linear models (GLMs) is auseful matherahextensions of linear models that
provide a less restrictive form than classic midtipegressions by providing error distribution
for the dependent variable other than normal andaomstant variance functions. They are also
based on an assumed relationship called a linktifimdetween the mean of the response

variable and the linear combination of the predigtariables (Zuuet al.,2009).

Generalized linear models was developed in R (@2r8i15.1, The R Foundation for Statistical
Computing, 2012) to determine which environmeni@bt{c and abiotic) variables significantly
explained the occurrence and abundance of anoghalivae. For my case, prior to the modeling,
| tested for collinearity among all predictor védalies using Pearson correlation coefficient. If
variables were highly correlated, one of both wamoved (r > 0.7). Outliers were removed as
well based on visual dot plots according to Zuur at (2009). We used negative
binomialregression (log link function) to model thdundance of of larval mosquitoes and
predators. We started with a full model includinf \ariables in the model. The forward—
backward stepwise model selection method using keksiinformation criteria (AIC) was used
to select the most appropriate (significant) mo@&lur et al.,2009). Homogeneity was checked
by plotting residuals of every model against itspextive predictors (also, see results of

appendix V).
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Appendix VII: Canonical Correlation Analysis (CCA)
Canonical-Correlation Analysis (CCA) is a way ofkimg sense of cross-covariance matrices. If
we have two vectors X = (X1, ..., Xn) and Y = (Y1, Ym) of random variables, and there are
correlations among the variables, then canonicaktation analysis will find linear
combinations of the Xi and Yj which have maximunrretation with each other. All of the
commonly encountered parametric tests of signiiecagan be treated as special cases of
canonical-correlation analysis, which is the gehpracedure for investigating the relationships
between two sets of variables (Dattalo, 2014). Trethod was first introduced by Harold
Hotelling in 1936.
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