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ABSTRACT 

Vecor-borne diseases are becoming major health problem among communities living within 
major rivers of Africa. The major objective of this study was to determine the presence, 
abundance and distribution of mosquito larvae on the Mara River Basin, Kenya and Tanzania. 
The specific objectives were, 1) to determine the presence, abundance and distribution of malaria 
and non-malaria transmiting mosquito larvae on the Mara River, 2) to determine the presence, 
abundance and distribution of mosquito larvae predators and their relationship with mosquito 
larvae abundance and distribution on the Mara River, 3) to characterize different mosquito larvae 
habitats and determine how mosquito larvae and their predators prefer these habitats on the Mara 
River, 4) to determine the relationship between water physico-chemical parameters and the 
abundance of mosquito larvae and predators on the Mara River. In this cross-sectional survey, 
each identified habitats was dipped 20 times using standard dipper. Water physico-chemical 
parameters were determined using a multi-parameter-YSI meter, while a D-frame sampler was 
used to sample predators. The collected mosquito larvae and their predators were identified using 
standard keys. Mean mosquito larvae and predators per habitat types were compared using 
ANOVA, while relationship between mosquito larvae, predators, and physico-chemical 
parameters was evaluated using Generalized Linear Model (GLM). In total, 4,001 mosquito 
larvae were captured. An. arabiensis (25.9%) and An. gambiae s.s (24.3%) were the most 
dominant. Of the 297 predators captured, 54.2% of them were Hemiptera, 22.9% Odonata and 
22.9% Coleoptera. Drying stream contained majority of mosquito larvae and their predators. A 
relationship between Dissolved Oxygen (DO) [Z=3.34, p≤0.001], temperature (Z=2.75, p≤0.001), 
turbidity, Z =-3.65, p≤0.001) and mosquito larvae (Z=6.49, p≤0.001) and predators were 
observed. Presence, abundance and distribution of mosquito larvae along the Mara River were 
confirmed. The three predator Orders; Hemiptera, Odonata and Coleoptera were captured in 
different habitats. Drying stream accounted for majority of mosquito larvae and their predators. 
A relationship between DO, temperature, turbidity, mosquito larvae and their predators was 
observed. Presence of vectors and non-vectors on the Mara River calls for their immediate 
control and education to help curtail the insurgent of vector-borne diseases in the area. 
Identification of indigenous predators is important in local vector control. Vector control 
program should be emphasized during dry period. Abiotic factors play significant roles in 
abundance and distribution of larval mosquitoes and their predators and should be manipulated 
to enable effective design for integrated vector control program within the Mara River basin. 
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CHAPTER ONE: INTRODUCTION 

1.1. Background 

Malaria and other mosquito-borne diseases are now a major health problem among communities 

living along major rivers of Africa, among them the Mara River (Bussmann et al., 2006). About 

219 million malarial cases were reported in 2010 alone (with an uncertainty range of 154 million 

to 289 million) and an estimated 660,000 deaths (with an uncertainty range of 490,000 to 

836,000), mostly among African children (World Malaria Report, 2012). Children are the most 

affected, with up to 90% of all deaths occurring in the sub-Saharan Africa.  

 

Malaria is a vector-borne disease caused by protozoa of the genus Plasmodium. The parasite is 

transmitted by mosquito species of the genus Anopheles. Acoording to WHO, there are five 

species of Plasmodium that causes malaria: Plasmodium falciparum, Plasmodium malariae, 

Plasmodium ovale, Plasmodium vivax and most recently Plasmodium knowlensi. Among the five 

species, P. falciparum is the species that accounts for the most severe malaria infections in the 

world (World Malaria Report, 2012). Clinically, malaria is characterized by fever, which is often 

periodic with varying degrees of anaemia, splenic enlargement and various syndromes resulting 

from the physiological and pathological involvement of certain organs including the brain, the 

liver, and the kidneys (Brabin, 1983; Grau et al., 1986; Duarte et al., 2006). 

 

The main malaria vectors in sub-Saharan Africa are larval mosquitoes of the Anopheles gambiae 

and Anopheles funestus complex (Gimnig et al., 1999).  Anopheles gambiae sensu stricto, (s.s) 

and An. arabiensis are the primary malaria vectors, while Anopheles funestus s.s and Anopheles 

rivulorum are the most important secondary vectors, especially around the Lake Victoria basin 
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region (Taylor et al., 1990; Kawada et al., 2012). However, An. gambiae s.s. and An. arabiensis 

are the most efficient malaria vectors in the world (Levine et al., 2004), because of their marked 

preference for human environments and for humans as hosts and also due to their rapid 

adaptation to changes in their environment induced by human habitation and agriculture (Patz et 

al., 2000). 

 

In the Lake Victoria basin, most cases of malaria transmission have been reported around the 

shores of the lake (Noor et al., 2009). Malaria is reported as the leading cause of morbidity and 

mortality among children in many districts within the Lake Victoria basin, including parts of the 

Mara River basin of Kenya and Tanzania. Besides, the Maasai Mara game reserve is classified as 

low to moderate malaria epidemic area in East Africa (Schlagenhauf-lawlor & Scott, 2001). 

According to the Serengeti Mara Camp Fact sheet of 2013, the famous Serengeti National Park 

in Tanzania also falls within a malaria endemic zone. 

 

Studies have also shown that malaria cases increases with decreasing distance to the shores of 

large water bodies such as lakes, rivers and dams (Lautze et al., 2007; Yewhalaw et al., 2009). 

Similarly, mosquito density inside houses decreases with increasing distance to the nearby 

breeding site (Minakawa et al., 1999; Minakawa et al., 2002). A previous study indicated that 

communities living in East and Central Africa are mostly concentrated around the shoreline of 

large water bodies (Moonen et al., 2010; Warburg et al., 2011). The primary malaria vectors in 

these areas are the An. gambiae s.s., An. arabiensis, and An. funestus s.s. Both An. gambiae s.s. 

and An. arabiensis belong to the An. gambiae complex (An. gambiae s.l.), a group considered as 

among the most important malaria vectors in Africa (Bass et al., 2010). Anopheles gambiae s.s 
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feeds preferentially indoors on humans and is one of the most competent malaria vectors known 

(Gillies & Coetzee, 1987). Anopheles arabiensis on the other hand, is regarded as zoophagic 

(and exophagic), whose major blood source is mainly cattle, but also feeds on humans indoors 

(Mahande et al., 2007; Iwashita et al., 2014). The An. gambiae complex larvae are known to be 

sympatric, with immature stages inhabiting sunlit, shallow and temporary bodies of fresh water 

such as ground depressions, puddles, artificial containers, swamps, pools and hoof-prints 

(Minakawa et al., 2005; Mutuku et al., 2006; Imbahale et al., 2011). 

 

It is logical to assume that the environment associated with any ecosystem can maintain a high 

number of malaria vectors. A recent study reported cases of malaria vectors breeding in 

elongated stagnant water pools (lagoons) separated from the lake by sand bars (Minakawa et al., 

2008). This implies that mosquitoes can also breed in isolated pools in river tributaries and 

streams, especially during dry seasons; which need investigations. Also, due to climate 

variability, drying of streams may result in creation of pockets of water, which are ideal breeding 

sites for the vectors. If large numbers of malaria vectors breed in such habitats, their contribution 

to local transmission would be substantial. Sometimes, these changes occur in areas where 

malaria disease was previously absent.  

 

Malaria cases in the Mara River basin have been noticed for a decade now (Noor et al., 2009). It 

is not clear whether these cases were introduced from the nearby lowland or resulted from local 

transmission because no record of larval mosquitoes along the Mara River has been reported. 

According to Bomet and Kericho counties report, malaria cases have increased from 5-10% 

between 2008 and 2011 and in Transmara, the Malaria test positivity rate was reported to be 

higher, to ranging between 10-30.1% in 2012 alone. Baringo County is classified as endemic for 
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malaria, while cases of Rift Valley Fever outbreaks was reported in the past (2006-2007) causing 

high mortalities among small ruminant which account for about 3.41 million of total livestock 

population, with 117 humans having been affected leading to 3 deaths (WHO, 2007). It was 

therefore imperative to determine which species of mosquitoes are responsible for disease 

transmission in the area, especially along the Mara River and and its tributaries in order to 

establish their contribution to local disease transmissions in the area and epidemic risk 

assessment of malaria among both local residents and tourists visiting the Mara River basin. 

 

Presence of disease transmiting mosquitoes along the Mara River and its tributaries, smaller 

streams and the adjacent terrestrial habitats may not only pose a health challenge to the local 

residents who may have lower resistance to malaria parasite infection, but also present serious 

risk to tourists visiting the region. According to the Mara travel information Fact Sheet (2010), 

each year about 1-2 million tourists from various parts of the world visit the Maasai Mara 

National Reserve in Kenya and Serengeti National Park in Tanzania and stay in the area for 

several days and malaria is thus ranked as the first concern for traveler’s health in these tourist 

areas. The Mara River being transboundary is of particular importance to the inhabitants of the 

basin. However, since Mara region is largely known to be a moderate transmission zone, the 

immunity of inhabitants could be low, thus increasing their vulnerablility to malaria infection. 

This coupled with the currect degradation being witnessed along the Mara River, creates 

numerous microhibats that are potential vector breeding habitats, thus making them an area of 

particular imp[ortance to study. 
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Mosquito-borne diseases, such as malaria, arbovirus and Zika viruses, among others, have 

initiated an interest in understanding the factors that drive or constrict mosquito production 

(Ohba et al., 2011; Warburg et al., 2011). One major part of understanding influences on 

mosquito abundance is to look at the influence of mosquito predators. Predators can strongly 

influence populations of mosquitoes both by disturbing their development rate and also by 

consuming mosquito larvae and adults (Tuno et al., 2007). Aquatic insects in the Orders 

Coleoptera, Hemiptera, Odonata, Diptera and fishes are also known to play a crucial role in 

mosquito control and have proven to be highly competent and widely used in putting into check 

the mosquito populations (Shaalan & Canyon, 2009). Studies in Kenya have reported higher 

predation capabilities of these orders mainly in rice irrigation schemes (Mwangangi et al., 

2008a), in wetlands around Lake Victoria where members of the An. gambiae s.l. dominate 

(Ohba et al., 2010) and in Mwea in the then Central Province of Kenya (Muturi et al., 2008). The 

relationship between prey and predator is a classic example of how nature works to regulate the 

increase and decrease of species. These relationships are what keep many ecosystems in balance. 

Understanding which predators play a key role in the mosquito lifecycle along the Mara River is 

therefore important.  

 

Tuno et al. (2007) noted that biological control will give a long lasting effect if the biological 

agents can survive and recycle. This can only be successful if the agent is locally identified and 

used because of easier adaptability. Federici (1995) noted that although many biological agents 

including predators, parasites and microbial agents have been assessed in the laboratory as bio-

control, few have been used because these agents are introduced into unfamiliar areas. Thus, 
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there was need to establish the most appropriate predator that can be used to control mosquito 

larvae at the local setting. 

 

Mosquitoes breed in varied habitats and different genera have shown specific habitat and 

breeding preferences, for example, Anopheles spp. are associated with fresh water habitats, 

whereas Culex spp. may also be found in polluted conditions including septic tanks and Aedes 

species breeds in peri-domestic and other small water collections including desert coolers 

(Parthiban and David, 2007). To comprehend this, there was need to establish where and which 

mosquito species breed within the Mara River basin. This study was particularly informed by the 

previous studies in Western Kenya which showed that malaria vectors larvae inhabit lagoons 

along Lake Victoria (Minakawa et al., 2008; Minakawa et al., 2012)  when the lake water 

recedes during dry spells, a situation which can also occur when water volumes reduce due to 

climatic conditions and/or as a result of destruction of catchments along the river such us the 

Mara. 

  

Evaluation of larval habitat for mosquitoes in terms of species composition and resources can 

help in understanding the bio-ecology and related control measures of larval mosquitoes more 

appropriately (Aditya et al., 2006). Knowledge of larval vector ecology is a key factor in risk 

assessment and establishment of effective control measures, because the most effective method 

for controlling vector populations is to control the larvae in their aquatic habitats before they 

emerge as adults. A knowledge on where mosquitoes breed and why they prefer certain water 

bodies over others is very important for sound mosquito control strategies (Ijumba & Lindsay, 

2001). However, the understanding of mosquito larval ecology is limited, and the knowledge is 
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insufficient to achieve effective vector control through the means of larval control (Fillinger & 

Lindsay, 2011). For example, it is unknown what causes vector abundance and distribution, and 

how the mosquito larval abundance is regulated in the diverse aquatic habitats. Focusing efforts 

to larvae, however, requires sound knowledge of the local situation and the behavior of the 

available mosquito population. A basic understanding of the aquatic stages of mosquitoes would 

be extremely relevant for disease vector control on the Mara River basin.  

 

Even though describing larval habitats in more general terms only tells a part of the tale, it may 

still give valuable insight on the suitability of different habitats for mosquito larvae. According 

to Kenea et al. (2011), the densities of total Anopheline larvae and An. squamosus in natural 

habitats were higher but lower for An. pharoensis. Habitat permanence is another factor that has 

been studied, classifying habitats as temporary, permanent or on a scale in between. Gimnig et al. 

(1999) showed that An. gambiae and An. arabiensis were both associated with temporary 

habitats while An. funestus s.s was associated with semi-permanent bodies of water. However, 

Kenea et al. (2011) showed a negative correlation between habitat permanence and total 

Anophelines, and a positive correlation with An. arabiensis, as opposed to Gimnig et al. (1999). 

Habitat classification has been shown to give good predictive power for some species of 

Anopheline larvae, especially during dry season (Rejmánková et al., 2013). Thus, it was 

important to characterize habitat for larval mosquitoes during the dry period along the Mara 

River in order to inform intervention policies.   

 

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

forest at the upper catchment region. This has led to the fluctuation of Mara River water volume, 
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and subsequent changes in the physico-chemical parameters and hydrological characteristics 

(Defersha et al., 2012; Matano et al., 2015). However, it is not clear how and to what extent 

these factors influence the presence and distribution of larval mosquitoes and their predators 

within the Mara River basin. Changes in the physico-chemical and biotic characteristics of 

surface water habitats may create conditions either favourable or unfavourable to the breeding 

success of mosquitoes depending on the ranges of tolerance or adaptability of different species to 

these habitats (Herrel et al., 2001; Mwangangi et al., 2008). This can have implications for 

vector-borne diseases, because habitat changes that favour breeding of potential vector species 

can ultimately lead to increased rates of parasite or pathogen transmission. In areas around Lake 

Victoria basin, Anopheline control strategy is based mainly on Indoor Residual Spraying (IRS) 

and the distribution of Long Lasting Insecticidal Treated Nets (LLITNs), targeting the main 

malaria vector Anopheles gambiae complex (Noor et al., 2009; Stell et al.,  2013). 

 

Previous studies reported conflicting information on the physico-chemical conditions, as either 

favourable or unfavourable to the breeding success of larval mosquitoes. For intance, a study on 

malaria vector control in Ethiopia (Dejenie et al., 2011) showed that almost all their study 

habitats were alkaline (pH>7.0) and both Anopheles and Culex larvae were positively associated 

with this high pH.  Paaijmans et al., (2008), established temperature and dissolved oxygen as 

important for larval mosquito development. However, Minakawa et al., (1999) argue that a 

combined effect of physico-chemical can influence mosquito abundance. Since previous studies 

found conflicting information on influence of physico-chemical parameters on mosquito 

distribution and abundance, the current study established the physico-chemical characteristics of 
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the different habitats and its relationship to the presence 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 health concern worldwide, and larval control can be 

an important component of disease control program, little is known about the ecology of 

mosquito larvae. Usually, the description of mosquito larvae habitats has been given in more 

general terms such as permanent/temporary or natural/man-made habitats. More studies, such as 

those of (Munga et al., 2005; Fillinger & Lindsay, 2011; Kweka et al., 2012), are however, 

starting to focus on finding what factors are influencing the occurrence and abundance of 

Anopheline larvae. Destruction of forests and increased agricultural activities along the river 

may create suitable mosquito breeding micro-habitats, thus increasing the risk of disease 

transmission. This may in turn influence community health patterns and affect household 

incomes (Kioko, 2013).  

 

Even though no such studies have been carried out on rivers, water level fluctuation in lakes and 

large dams has been associated with increase of malaria vectors, their survival rates and 

longevity, which could result in increased mosquito densities in Africa (Minakawa et al., 2008). 

It is therefore important to establish the availability and suitability of mosquito and predator 

breeding habitats along the Mara River in order to predict their role in the plasmodia 

transmission in the area. 
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Furthermore, most previous studies on abundance and status of disease vectors in the Lake 

Victoria were limited to the detection of specific disease transmitting vectors and at times 

considered the role of only few or none of the factors that may influence mosquito abundance 

(Minakawa et al., 1999; Muturi et al., 2008).  In addition, most of these studies did not establish 

the status of predators even as they shared the same habitats. In situations where predators were 

considered, their relationship with mosquito and how they are influenced by other ecosystem 

factors such as the physico-chemical parameters were not considered (Minakawa et al., 1999; 

Muturi et al., 2008). Little research has focused on the assessment of the available predators’ 

local ecology to establish their impact on mosquito population. Particularly, the abundance and 

distribution of these mosquito predators and their relationship with mosquito larvae abundance 

and distribution within the Mara River basin remain unestablished, possibly because of the 

difficulties in identifying and quantifying the impact of the most common predators in the natural 

environment. 

 

Predatory insects and their larvae (e.g. Dystiscidae, Notonectidae and Odonata) do not only prey on 

mosquito larvae, but also prevent adult mosquitoes from oviposition (Fincke, Yanoviak, & Hanschu, 

1997; Stav and Blaustein, 2000; Lundkvist et al., 2003; Fischer et al., 2012). However, difficulties in 

colonization and management of insect predators, as well as, a lack of synchrony between predator 

and prey life cycle, impeded their deployment (Atwood & Richardson, 2012). Both mosquito-fish 

and insect predators occur mainly in large, permanent ponds, while most mosquito species prefer 

temporary ponds as breeding sites (Chumchal et al., 2016). Furthermore, little is known on the 

predation of larval mosquitoes from rivers and streams in Kenya. 
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According to the East Africa trans-boundary report (2008), application of fertilizer especially to 

tea, coffee, and sugarcane plantations, as well as increased pollutants like sewage and waste 

water discharge into the Mara River, also significantly contributes a considerabe proportion of 

nutrient load into adjacent rivers that ultimately discharge into Lake Victoria (Matano et al., 

2013; Anyona et al., 2014). These may impact negatively on water quality in both medium and 

long-term and affect its biota and the subsequent changes in mosquito larvae density and the 

subsequent disease transmission. This study, therefore also sought to establish the link between 

water physico-chemical parameters in the Mara River, its tributaries and adjacent terrestrial 

water bodies with the presence and distribution of larval mosquitoes and their predators. 

 

1.3. Significance of the Study  

This study inform formulation of sound and effective vector control strategies, aimed at reducing 

human mosquito contact and thus decrease in disease transmission within the Mara River basin. 

For current vector control efforts to achieve meaningful reduction in malaria transmission, it is 

important for control programme officers to have access to adequate information on the local 

malaria and non-malaria mosquito’s ecology, distribution and transmission patterns as well as 

factors affecting their abundance such as the available predators. Understanding species 

interactions such as competition and predation across environmental gradients may also provide 

useful insight into how assemblages of mosquitoes are structured. 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 distribution of malaria and non-malaria transmiting 

mosquito larvae and their predators on the Mara River, Kenya and Tanzania. 

 

1.4.2. Specific Objectives 

1. To determine the presence, abundance and distribution of malaria and non-malaria 

transmitting mosquito larvae on the Mara River basin, Kenya and Tanzania. 

2. To determine the presence, abundance and distribution of mosquito larvae predators and 

their relationship with mosquito larvae abundance and distribution on the Mara River 

basin, Kenya and Tanzania. 

3. To characterize different mosquito breeding habitats (in the main river, its tributaries, 

streams, rock pools, puddles, swamps, and river beds during low flows) and determine 

how the mosquito larvae and their predators prefer these habitats on the Mara River Basin, 

Kenya and Tanzania. 

4. To determine the relationship between water physico-chemical parameters and the 

abundance of mosquito larvae and their predators on the Mara River basin, Kenya and 

Tanzania. 

 

1.5. Research Questions 

1. What are presence, abundance and distribution of malaria and non-malaria transmitting 

mosquito larvae on the Mara River basin, Kenya and Tanzania? 
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2. What are the presence, abundance and distribution of mosquito larvae predators and their 

relationship with mosquito larvae abundance and distribution on the Mara River basin, 

Kenya and Tanzania? 

3. What are the different mosquito breeding habitats (in the main river, its tributaries, 

streams, rock pools, puddles, swamps, and river beds during low flows) and how do the 

mosquito larvae and their predators prefer these habitats on the Mara River basin, Kenya 

and Tanzania? 

4. What is the relationship between water physico-chemical parameters and presence, 

distribution and abundance of mosquito larvae and their predators on the Mara River 

basin, Kenya and Tanzania? 

 

1.6. Scope of the Study 

This study covered a few purposively selected points along the Mara River, its tributaries and 

associated aquatic microhabitats within its basin in Kenya 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 largest trans-boundary water resources 

covering 180,950 km2 in surface area and surrounding the second largest fresh water lake in the 

world (68,800 km²), with the largest fresh water fishery resources (Odada et al., 2003). A map of 

the Lake Victoria Basin showing the catcment area and towns within the basin is shown in 

Figure 2.1. 

 

 

Figure 2.1: Map of Lake Victoria Basin (LVBC & WWF-ESARPO, 2010) 
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The Lake Victoria watershed is shared among five states in the following proportions; Tanzania 

44% (85,448 km2), Kenya 22% (42,724 km2), Uganda 16% (31,072 km2), Rwanda 11% (21,362 

km2) and Burundi 7% (13,594 km2). The Lake is shared among three of the five partner states of 

the East African Community (EAC), i.e. Kenya, Uganda and Tanzania, with a shoreline of 

approximately 3,450 km long, demarcated among the riparian countries (Odada et al., 2003).  

 

2.1.1. Lake Victoria Basin Climate 

The Lake Victoria Basin falls under the equatorial hot and humid climate with a bi-annual 

rainfall pattern, where the long rains are experienced from March to May and short rains from 

October to December (Kizza et al., 2009). July is the coolest month of the year while the 

warmest fluctuates around October to February. According to the Regional Trans-boundary 

Diagnostic Analysis for East Africa (Bootsma et al., 2003; Tungaraza et al., 2012), rainfall 

varies considerably from one part of the Basin to another. The highest rainfall is normally 

reported in Uganda with Ssese Island recording about 2,400 mm annually, while Tanzania and 

Kenya receive between 1,350 and 2,447 mm annually. Burundi and Rwanda get an average 

rainfall of about 1800 mm annually. On the Northern and Western shores, the effects of rainfall 

do not extend more than 40 km inland. Rainfall amount increases from east to west, ranging 

between 600 to 2,800 mm annually. The temperature in the Lake Victoria Basin reaches 

maximum in February, just before the March equinox while the minimum is recorded in July 

after the June equinox. The maximum temperature ranges between 28.6˚C and 28.7˚C, while the 

minimum ranges between 14.7˚C and 18.2˚C. Comparison of temperature records for the period 

1950-2000 and 2001-2005 shows that maximum temperatures have 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 contribute about 20% of the water into the lake 

(Oteyo et al., 2014). Since these streams and rivers flow through farmlands, towns and human 

settlements, they transport much of the common pollutants produced in these areas by human 

activities, loading the lake with heavy metals, agricultural chemicals, silt among other pollutants 

(Matano et al., 2015). These lotic ecosystems therefore influence physico-chemical 

characteristics of the lake waters. At the points of entry into the lake (river mouths) they present 

a water environment different from the rest of the lake. 

 

The principal tributary of Lake Victoria is the Kagera River, which enters the lake along its 

western shore, draining the highlands of Burundi and Rwanda. The Mara River traverses 

different land use types including forests, farmlands, open lands, urban centers, game reserves 

and conservancy before flowing into Lake Victoria through 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 freshwater ecosystem for Kenya and Tanzania. The 

river has a catchment area of 13,504 km2, with 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 in the Kenyan highlands, and flows for about 

395 km draining into Lake Victoria at Kirumi swamp in Tanzania. Where forests still remain, 

rainwater percolates through the dense canopy into the soil and ultimately seeps into the Mara 

River tributaries with some forming springs that drain into Nyangores and Amala tributaries. 
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These rivers exit the forest and descend over 1000 m on the southern slope of the escarpment, 

supporting farmers, pastoralists, and the growing urban centers in the region. As the Mara River 

continues into the protected areas of Maasai Mara National Reserve and across the Tanzanian 

border into the Serengeti National Park, it is joined by the Talek and Sand Rivers (Mango et al., 

2011). 

 

The Mara River provides food, important plants, fertile soils, and critical habitat to people and 

wildlife. However, in such a system, the many demands for these resources are sometimes 

incompatible. Clearing of forests and increased cultivation in the upper catchment is believed to 

have increased sediment loads and altered the hydrograph of the river (Odada et al., 2003). 

Without the dense forest to moderate the flow of water into the system, both seasonal floods and 

droughts are becoming more extreme. Further downstream, increase in the area under irrigated 

agriculture and industrial activities such as mining have led to higher rates of water abstraction. 

In addition, the river provides the primary domestic water source for nearby towns and 

settlements, many of which lack sewage or waste water treatment facilities (Nyairo et al., 2015). 

By the time the Mara River reaches the protected reserves, it has passed through hundreds of 

kilometers inhabited by thousands of Kenyans, and hundreds of thousands of Tanzanians await 

the river’s waters downstream of Serengeti National Park (Mango et al., 2011). 

 

In order to cope with this high pressure, there have been, and continue to be, ongoing changes 

and regulations in land and water-use patterns in the Mara River basin (Onyando, 2013). The 

degradation of natural vegetation cover and soil conditions has led to changes in rainfall-runoff 

characteristics of the basin, which consequently changes the river flow regimes. Major 
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environmental changes resulting from the basin surface modifications observed in Mara River 

basin include high-peak stream flows, reduced base flows, enlarged river channels, and silt build-

up along the river bed (Mango et al., 2011). This creates microhabitats that are suitable breeding 

habitats for mosquito vectors increasing the risk of malaria among the inhabitants of the basin.  

 

2.3. Diseases in the Lake Victoria Basin 

A number of water-associated pathogens of viral, bacterial and parasitic origin are endemic to 

the Lake Victoria basin including the Mara River basin (Mutie et al., 2006). Viral infections 

include: rotavirus, vector-borne encephalitis and onyong-nyong fever; bacterial infections 

include: Escherichia coli, Salmonella and Vibrio cholera; while parasitic infections include 

unicellular protozoans, which cause diseases such as malaria, amoebiasis, and giardiasis, and 

also the multi-cellular metazoan helminthes: the cestodes, trematodes and nematodes which 

cause taeniasis, fascioliasis, schistosomiasis, trichinosis and filariasis in humans and animals 

(Harley et al., 2001). Arthropod vectors like mosquitoes (Anopheles, Aedes, Culex), and black 

flies (Simulium), which are known disease transmitters may breed in such water pools, which 

need investigation. It is therefore important to establish the specific mosquito species that breed 

along the Mara River in order to quantify their potential in disease transmission. 

 

Malaria is transmitted by a range of Anopheles mosquitoes and the risk of disease varies greatly 

across the continent (Kelly-Hope et al., 2009). The vector groups for both human malaria 

(Anopheles mosquitoes) and other diseases such Yellow Fever, Zika virus (Culex mosquitoes, 

Culex quinquefasciatus and Aedes species) demonstrate complexity of diseseas vector species 

abundance. The Mara River transverses urban area where commercial activities are predominant, 
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anthropological activities such as open drainage system and littering of environments with 

various peridomestic containers encourage the breeding of mosquitoes and consequently increase 

mosquito-borne diseases in the area. Therefore, a study of the biology of mosquitoes and 

physico-chemical parameters of the breeding sites was essential to determine their influence on 

mosquito distribution, abundance and diversity. 

 

It has been emphasized that vector control could be the only means of eradication of the disease 

from the endemic regions, and has evidently cut the vector-human contact and reduced malaria 

incidences in some countries (Eziefula et al., 2012; Kaneko, 2010). Nevertheless, in many areas 

of the Lake Victoria basin, including Mara River, the vector still remains the key link in the 

transmission of the disease, and this oviates the necessity of carrying out research to establish 

which species breed in the river catchment in order to identify the most appropriate control 

method for the area. Infact, a biological control such as use of indegenious predators could be the 

only available tool as attempts to employ other strategies have failed due to numerous reasons 

such as the development of resistance to the available drugs and insecticides by the vectors, and 

also due to lack of knowledge on the behavior of the vectors. 

 

2.3.1. Epidemiology of Malaria – Global and Geographic Distribution of Malaria 

The World Health Organization (WHO) estimated that about 219 million malaria cases and 

about 660,000 people died, mostly children, especially in sub-Saharan Africa and Asia (Duchet 

et al., 2012). In Kenya, malaria accounts for 30% of outpatient attendance and 19% of hospital 

admissions. A six-year surveillance across Kenya-carried out from 2003 to 2009, indicated that 

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

highlands areas of Rift Valley (45%) and along the Kenyan coast (22%) (Okiro et al., 2010).  

 

2.3.2. Parameters used to Measure Malaria Transmission 

Malaria endemicity historically has been defined in terms of rates of parasitemia or palpable-

spleen rates in children 2-15 years of age as hypoendemic (<10%), mesoendemic (11-50%), 

hyperendemic (51-75%), and holoendemic (>75%) (Shaukat et al., 2010). While there are 

seasonal and geographic differences between areas, an EIR of <10 per year is a low transmission 

area, 10 – 49 per year is intermediate transmission, and >50 per year is high transmission (Kelly-

Hope and McKenzie, 2009).  

 

Constant, frequent, year-round infection is termed as stable transmission; generally in areas with 

EIRs of >100 per year. In stable transmission areas, most adults experience malarial infections 

that are asymptomatic, while in low or sporadic transmission areas, complete protective 

immunity is not acquired and symptomatic disease may occur at all ages that may result in 

epidemics in such areas (Shaukat et al., 2010). An epidemic can develop when there are changes 

in environmental, economic, or social conditions, such as heavy rains following drought or 

migrations (usually among refugees or internally-displaced people [IDPs] (Opondo, 2013; 

Spencer et al., 2004), from a non-malarious region to an area of high transmission; a breakdown 

in malaria control and prevention services can intensify epidemic conditions which usually 

results in considerable morbidity and mortality among all age groups (Kiszewski and 

Teklehaimanot, 2004). 
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2.3.3. Malaria in Africa 

Present epidemiologic findings show that Africa is undergoing a reduction in malaria 

transmission which has been attributed to effective large scale malaria control programmes 

(Kariuki et al., 2013). Interventions such as the use of effective anti-malarial therapeutics and 

insecticide treated bed nets (ITNs) have resulted in reduction of both the burden of malaria and 

its associated mortality in Africa. For instance, widespread use of ITNs in Kenya resulted in a 

44% reduction in mortality in children below 5 years over a two year period (Eisele et al., 2010). 

The combined use of ITNs and artemisinin-based combination therapy (ACT) in Zanzibar 

reduced mortality by 52% in under-fives over a two year period (Bhattarai et al., 2007). 

Regardles, in Africa, the problem of malaria continues to present a big challenge, as not all 

households are able to afford ITNs or other alternative malaria control options. This affects the 

socio-economic development of the continent. 

 

While previous studies indicated An. gambiae s.l as the primary malaria vector (Omumbo et al., 

1998; Koekemoer et al., 2002; Ernst et al., 2009), their main role in malaria transmission 

sustainability throughout the year is questionable in some places and during some periods of the 

year.  For instance, Minakawa et al. (2008), highlighted the central role of vector-selection in 

localized malaria-risk area when they examined how the 1.5m drop in the water level of Lake 

Victoria affected the vector populations. The study found that on newly emerged land, 

An.funestus group benefited from new breeding sites during the high water period, being better 

able to reproduce during flooded conditions. An.gambiae s.l. on the other hand was 

disadvantaged during the low-water level period because it is far more sensitive to the drying out 

of habitats during the dry season. The drop in water level so far shifted the composition of 
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mosquito populations, and moreover, malaria transmission towards An. funestus group. 

Therefore, the previous study demonstrated the complexity of relationships between water, 

vector populations, and malaria transmission in western Kenya (Minakawa et al., 2008). It was 

therefore imperative to investigate the presence of mosquitoe larvae during the dry period along 

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

 

2. 4. Malarious Regions in Kenya and Tanzania 

Figure 2.3 depicts the historical distribution of malaria in Kenya and Tanzania. In both countries, 

malaria endemicity is largely dependent on three factors; (1) the type of mosquito vector in an 

area, (2) the parasite species and (3) the climate (Omumbo et al., 1998). These factors generally 

determine the intensity and length of transmission of malaria and the high malaria incidences in 

sub-Saharan Africa are attributed to these factors. The malarious regions in Kenya have been 

classified into various zones based on the transmission intensity. The various zones (Western and 

Nyanza regions), are endemic zones, with high intensities of malaria transmission. The 

transmission is continuous over many successive years. Endemic areas primarily exist in tropical 

Africa, except in highland areas and at the coast. In malaria endemic zones, children are the most 

vulnerable to the attack, as adults acquire a degree of immunity through continued exposure. In 

zones of less intense transmission, particularly in epidemic areas, a larger proportion of the 

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

 

In Tanzania, malaria is the single most significant disease causing economic burden to health and 

economy of its 40 million inhabitants (projections from the population census of 2002). Similar 

to Kenya, the population groups most vulnerable to malaria are children under five years and 
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pregnant women. It is estimated that 90% of about 40 million people in Tanzania are at risk of 

malaria infection resulting into 11 million clinical malaria cases per annum (Mboera et al., 2013).  

 

The disease is responsible for more than one-third of deaths among children under the age of 5 

years and for up to one-fifth of deaths among pregnant women (Selemani et al., 2015). Malaria 

contributes 39.4% and 48% of all outpatients less than 5 years of age and aged 5 years and above, 

respectively (Mwanziva et al., 2011; Selemani et al., 2015). In terms of hospital admissions, 

malaria accounts for 33.4% of children under the age of 5 years and 42.1% in children aged 5 

years and above (MOH Tanzania, 2010). In Tanzania, most of the malaria attributable cases and 

deaths occur in rural villages away from effective diagnostic or treatment facilities.  

 

Malaria poses many societal and economic burdens in Tanzania, ranging from school 

absenteeism to low productivity in the workplace. In the short term, widespread malaria reduces 

agricultural production and other economic outputs. Additionally, the cumulative effect in the 

long term may leade to a decrease in national economic capacity and development (Lowassa et 

al., 2012; Mboera et al., 2007). 

 

The main focus of malaria control measures in Tanzania includes case management (early 

diagnosis and prompt treatment with effective drugs), vector control using insecticides treated 

mosquito nets (ITNs), malaria intermittent treatment in pregnant women, malaria epidemics 

prevention and control, information, education and communication, and operational research 

(Mboera et al., 2013). Despite these strategies, malaria cases and deaths have been increasing in 

the country, mainly due to injudicious use of antmalarial drugs, delayed health-seeking 
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behaviour, and reliance on the clinical judgement without laboratory confirmation in most of the 

peripheral health facilities (Mlozi et al., 2015). Furthermore, most of the information on malaria 

cases are health facility-based; which is incomplete, while ecological data are untimely and 

unreliable (Monitoring & Change, 2015). The lack of reliable data on the magnitude of malaria 

and the vectors responsible for its transmission calls for investigation. On the Kenyan side, 

Western and Nyanza regions are endemic zones, while in Tanzania, high intensities of malaria 

transmission risk zones are near the coast, but the endemicity covers almost every zone in the 

country (Omumbo et al., 1998) (Figure 2.3).  

 

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 mortality in Kenya. It accounts for 16% of all 

outpatient attendance (Kenya Malaria Indicator Survey, 2015) and 15% of all admissions to 

health facilities are based on passive case reports. This survey is designed to obtain national and 

epidemiological zone representative population-based estimates of malaria programme indicators 

to inform strategic planning and evaluation of relevant malaria control interventions. The 

greatest challenge to malaria control in the sub- Saharan region is proper diagnosis and treatment. 

Ensuring proper treatment adherence is challenged by self-medication and poor quality of 

treatment, particularly in the unregulated private sector (Karunamoorthi, 2014). In Kenya, for 

instance, there is a high prevalence of counterfeit and sub-standard antimalarial medicines, which 

can cause death, reduce confidence in malaria treatment, and increase drug resistance. Early 

diagnosis and treatment of patients as well as control of malaria vectors constitute key measures 

in mitigation of the disease and reduction in illnesses and deaths related to malaria as well as 

easing the socio-economic burden caused by the diseases. The main objective of the Kenya 

Malaria Indicator Survey (KMIS) 2015 was to measure progress achieved in key malaria 

indicators. Rapid diagnostic test (RDT) on site and malaria blood slide examination at a 

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

 
2.5.2. Chemotherapy of Malaria  

Antimalarial drugs are designed to prevent or cure malaria. Two types of antimalarial drugs are 

availabe, one taken as a preventive measure; called prophylactic drugs, and the other taken after 

the infection has already occured; called therapeutic drugs (Andrews et al., 2014). Current 

recommended treatment regimens in Kenya are ACTs (Watsierah et al., 2012; Watsierah & 
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Ouma, 2014). Antimalarial combination chemotherapy is widely advocated for delaying the 

development of resistance to the remaining armoury of effective drugs. The concept of 

combination therapy is based on the synergistic or additive potential of two or more drugs, with 

independent modes of action and different biochemical targets in the parasite (Enato & 

Okhamafe, 2005). 

 

2.5.3. Vector Control 

One of the most common strategies used to eradicate malaria is the use of various chemicals 

including insecticides. Currently, vector control is focused on the use of insecticide treated bed-

nets (ITNs). Although ITNs have proved efficacious in reducing severe malaria morbidity and 

mortality among children, concerns have emerged over their sustainability and long-term effects 

on the development of malaria immunity, coupled with increased insecticide resistant mosquitoes 

(Okiro et al., 2010; Snow and Marsh, 2005). Insecticide use has had a negative impact on non-

target organisms and the environment. Studies have also shown that some of the chemicals used 

kill natural mosquito predators more effectively than the target mosquitoes and over time, 

predators such as fish and insects die out while mosquitoes develop resistance, multiplying in 

ever larger numbers in a losing battle often referred to as “the pesticide treadmill” (Wilson & 

Tisdell, 2001). Moreover, the application of insecticide strategies has also failed due to the 

development of insecticide resistance and lack of knowledge about the behavior of the vectors. 

However, there are hopes as other alternatve chemicals to be incorporated in bed nets are being 

evaluated (Kawada et al., 2014). The non-selective nature and use of pesticides therefore leaves 

biological control of mosquito larvae as among the best and most environmentally friendly 

option for the control of mosquitoes.  
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Previous studies on the abundance and distribution of larval mosquitoes and their predators 

focused mostly on wetlands, shallow lakes, and almost all ornamental pools in different parts of 

the world. However, information on the presence of mosquito larvae and their predators in most 

rivers are lacking. Information on larval mosquitoes and their predators in the Mara River and its 

tributaries is important and necessary since some of these predatory species have been evaluated 

as bio-control agents in the worldwide campaign to control malaria vectors. The identification of 

indigenous predator populations is recommended worldwide due to their adaptability and may 

therefore help curtail the insurgent of the disease and non-disease vectors in the Mara River 

basin if a predator propagation program can be initiated. Currently, little is known about the 

ecology of larval mosquitoes and their predators in most rivers of Kenya. Furthermore, 

researches on indigenous mosquito predators are particularly scarce, making it crucial to 

determine the impacts of their abundance and interaction in ecosystems such as the Mara, which 

formed the basis for the current study. 

 

Interest in formulating non-chemical approaches has been growing over the past four decades 

because of the limitations of chemical use, including mosquitoes’ insecticide resistance, 

disturbances to the ecosystem, and the health risks for human and domestic animals (Yasuoka & 

Levins, 2007). Current biological control tools that are considered most promising for malaria 

prevention include fungi, bacteria, larvivorous fish, parasites, viruses, and nematodes 

(Kamareddine, 2012). Among these, the most commonly used biological control agents is 

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

however, has been the adaptability of such foreign bi-control agents to the local settings. It is 
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thus important to evaluate the locally available predator 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 important part of the global malaria eradication 

strategy and is still the most effective approach for the prevention and control of malaria. While 

mosquitoes can be controlled by use of insecticides, the dangers presented by use of insecticides 

of chlorinated or organophosphate origin in the control of mosquitoes are numerous. 

Organophosphate larvicides are used infrequently because of their negative impacts on non-

target organisms and the environment. Currently, most malaria endemic countries, in addition to 

bed nets, have opted for indoor residual spraying [IRS] (Hightower et al., 2010). Indoor Residual 

Spraying (IRS) application reduced malaria cases successfully in Bioko Island, Equatorial 

Guinea (Kleinschmidt et al., 2013), as its importance was previously evident in the decades long 

campaign in South Africa (Mabaso et al., 2004). Insecticide treated nets (ITNs) act by repelling 

or killing the mosquitoes (Wilson et al., 2014). Currently, Long Lasting Insecticide Nets (LLINs) 

have proved successful in reducing malaria morbidity and mortality in most countries across sub-

Saharan Africa (Tambo et al., 2012). As per the WHO (2010) guidelines, only pyrethroids can be 

used in treated nets and applied as IRS (Kawada et al., 2014). Nevertheless, widespread 

resistance to these tools have been reported (Chanda et al., 2011; Kawada et al., 2011; Mulamba 

et al., 2014) supporting the argument that ecological control of 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 vectors has mainly used mosquito larval predators such 

as fish and tadpoles (Peckarsky, 2006), while others have tried entomopathogenic bacteria such 

as Bacillus thuringiensis (Bti) and some species of fungus, Metarhizium (Scholte and Takken, 

2008; Scholte et al., 2004).  

 

Biological control will give a long-lasting effect if the biological agents can survive and recycle. 

This can only be successful if the agent is locally identified and used because of easier 

adaptability. Many biological agents including predators, parasites and microbial agents have 

been assessed in the laboratory as bio-control agents for mosquitoes and other urban pests 

(Federici, 1995). However, the only bio-agents that are in operational use are bacteria Bacillus 

thuringiensis H-14 and Bacillus sphaericus 2362 (Romero et al., 2001). In addition, specific 

microbial agents are targeted for certain pest species only (e.g. Bacillus thuringiensis). The 

obvious reason is that these agents are introduced into unfamiliar areas leading to enormous 

challenges in vectors control worldwide. It is thus important to identify indigenous predators 

within the Mara River basin that can be used as bio-control agents locally as opposed to use of 

insecticides. 

 

2. 5.5.1. Predators 

The role of predatory aquatic insects in the natural regulation of mosquito larvae has been 

reported. The mosquito-fish, Gambusia affinis, has been used for mosquito since the early 

decades (Kroeger et al., 2013). However, mosquito-fish was found to affect not only mosquito 

larval populations, but also reduce or even displace other native species (Miura et al., 1984;  
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Pyke, 2008; Leopard et al., 2013). In addition, mosquito-fish sometimes failed to control 

mosquito larval populations, most likely due to reduction of other natural antagonists (Blaustein 

et al., 2004). Predatory insects and their larvae (e.g. Dystiscidae, Notonectidae, and Odonata) do not 

only prey on mosquito larvae, but also prevent adult mosquitoes from oviposition (Fincke, Yanoviak, 

& Hanschu, 1997; Stav and Blaustein, 2000; Lundkvist et al., 2003; Fischer et al., 2012). However, 

difficulties in colonization and management of insect predators, as well as a lack of synchrony 

between predator and prey life cycle, impeded their deployment (Atwood & Richardson, 2012). As 

stated previously, both mosquito-fish and insect predators occur mainly in large, permanent ponds, 

while most mosquito species prefer temporary ponds as breeding sites (Chumchal et al., 2016).  

Therefore, their impact on natural mosquito larval populations could be over-estimated. 

Particularly, the abundance and distribution of these mosquito predators and their relationship 

with mosquito larvae abundance and distribution within the Mara River basin remained 

undetermined. 

 

2.5.6. Other Mosquito Vector Control Methods 

Curently, genetically modified mosquitoes are being exploited as mosquito control agents. This 

has been tested through genetic engineering that transforms Plasmodium susceptible strain of 

mosquito to a more refractory form that cannot tranmsit Plasmodium (Beerntsen et al., 2000; Ito 

et al., 2002; James, 2003). Other methods include use of refractory genes that can be driven into 

the wild populations by using symbionts (Dotson and Beard, 2009). More recently, malaria 

vector control using the sterile insect technique (SIT) (Pates and Curtis, 2005), is in the pipeline. 

This employs laboratory male mosquitoes that are conspecific and compatible with the target 

population (Alphey and Alphey, 2014), which are then released to mate with the wild population. 

Interestingly, this method has not succeeded in producing any meaningful result because the 
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laboratory reared mosquitoes have not shown any responsive trait and also the released males 

become weaker in the field (Reeves et al., 2012). Larval mosquitoes can also be targeted using 

source reduction, such as elimination of mosquito vector breeding sites, usually reffered to as 

source reduction of the breeding sites. However, one demerit of this is that most of the breeding 

sites are small, dispersed and transient, making it even more complicated for effective vector 

control (Pates and Curtis, 2005). 

 

2.5.7. Malaria: The Disease, Symptomatology and Life Cycle 

Species belonging to the genus Plasmodium namely Plasmodium falciparum, P. vivax, P. 

malariae, P. ovale, and the recently reported P. knowlesi cause malaria in humans (Ndouo, 2009). 

Among these, the species that causes the greatest illness and death in Africa is P. falciparum 

(Ndouo, 2009). Plasmodium falciparum occurs in most malaria-affected areas of the world, i.e. 

tropical Africa and Asia. Up to 85-90% of malaria cases are due to P. falciparum. Plasmodium 

vivax is uncommon in sub Saharan Africa (Md Idris et al., 2014), but common in South Asia and 

Central America, and is predominant in South America. Similarly, P. ovale is found mainly in 

tropical Africa, in West and South Africa, with sporadic reports from other continents, e.g. the 

South Pacific islands. P. malariae is the least common species of malaria to infect humans, and 

is infrequent all over the world (Moresby, 1998). Malaria symptoms may appear and disappear in 

phases and may come and go at various time frames. These cyclic symptoms of malaria are 

caused by the life cycle of the parasites - as they develop, mature, reproduce and are once again 

released into the blood stream to infect more blood and liver cells. Fever is the main symptom of 

malaria (Odaga et al., 2014). A high swinging fever can develop when this happens, with marked 

shivering and intense perspiration. 
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Furthermore, serious complication involving the brain and kidneys can then develop leading to 

delirium and coma. The most severe manifestations are cerebral malaria (mainly in children and 

persons without immunity), anaemia (mainly in children and pregnant women), kidney and other 

organ dysfunction (e.g. respiratory distress) (Bartoloni & Zammarchi, 2012; Newton et al., 2000). 

Persons repeatedly infected with malaria will usually acquire a considerable degree of clinical 

immunity, which provides them with protection against future infections (Baird et al., 1995). 

 

During the 1960s, there were occasional reports of accidental infections with P. cynomolgi, P. 

inui and P. knowlesi in humans, a known primate malaria species; suggesting that some primates 

might act as reservoirs for human malaria, though it appeared that the chances of such naturally 

acquired infections were very remote (Cogswell, 1992). However, it is now apparent that humans 

are at risk from infection with P. knowlesi, a malaria parasite with a 24 hour erythrocytic cycle, 

found especially in Southeast Asia where its natural hosts are macaque and leaf monkeys 

(Jongwutiwes et al., 2004). Until 1971, there had only been two authenticated cases of naturally 

acquired human infections with P. knowlesi both in peninsular Malaysia. No other cases were 

recorded until 2004 when a focus of human infections was identified in Sarawak, Malaysian 

Borneo (Singh & Daneshvar, 2013). Since then there have been several hundred reports of 

human infections in the region and there is now overwhelming evidence that P. knowlesi is a 

zoonosis involving macaque (Macaca spp.) and leaf monkeys (Presbytis spp.) as reservoir hosts 

with mosquitoes belonging to the Leucosphyrus group of Anopheles as the vectors, mainly 

distributed in Malaysia and other countries in Southeast Asia (Vythilingam, 2012). Retrospective 

examination of blood films and the application of the polymerase chain reaction (PCR) and other 

molecular techniques revealed that a number of malaria cases previously attributed to P. 
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malariae in Malaysia were misidentified and that they were in all probability due to P. knowlesi 

(Cox, 2010). 

 

The life cycle of Plasmodium species is shown in Figure 2.4. Plasmodium have both human and 

mosquito cycles. Human infection with malaria is initiated when the female Anopheles injects 

into the human host saliva containing plasmodial sporozoites during feeding. Sporozoites enter 

the human blood circulation system and rapidly either enter hepatocytes or are cleared 

(Yamauchi, Coppi, Snounou, & Sinnis, 2007). Within the hepatocytes, sporozoites reproduce 

asexually (known as schizogony, forming hepatic schizonts). This stage is asymptomatic and 

reflects the primary incubation period. The period lasts on average from 5 to 6 days for P. 

falciparum, and 10 to 14 days for P. vivax. Occasionally it may take much longer (approximately 

1 month), on average, for P. malariae. At the completion of this stage, hepatic schizonts rupture 

and release plasmodial merozoites into the circulation. P. vivax and P. ovale hypnozoites may 

remain dormant for prolonged periods of time. When these leave dormancy and enter 

schizogony, they may cause the characteristic relapses associated with these plasmodial forms. A 

proportion of merozoites released into the circulation develop into male and female gametocytes. 

When taken up by female Anopheles in a blood meal, gametocytes develop into microgametes in 

the mosquito stomach, fuse to form a zygote, ultimately penetrating the mosquito stomach to 

form an oocyst. Within the oocyst, motile sporozoites develop ultimately bursting the oocyst and 

migrating to the salivary glands, from which they will be injected into the next host at the 

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

(Source, CDC: http://http://www.cdc.gov/malaria/about/biology/) 

 

The malaria parasite life cycle involves two hosts. During a blood meal, a malaria-infected 

female Anopheles mosquito inoculates sporozoites into the human host. Sporozoites infect 

liver cells and mature into schizonts, which rupture and release merozoites. (Of note, in P. 

vivax and P. ovale a dormant stage [hypnozoites] can persist in the liver and cause relapses by 

invading the bloodstream weeks, or even years later.) After this initial replication in the liver 

(exo-erythrocytic schizogony), the parasites undergo asexual multiplication in the erythrocytes 

(erythrocytic schizogony ). Merozoites infect red blood cells. The ring stage trophozoites 

mature into schizonts, which rupture releasing merozoites . Some parasites differentiate into 
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sexual erythrocytic stages (gametocytes). Blood stage parasites are responsible for the clinical 

manifestations of the disease. The gametocytes, male (microgametocytes) and female 

(macrogametocytes) are ingested by an Anopheles mosquito during a blood meal . The 

parasites’ multiplication in the mosquito is known as the sporogonic cycle. While in the 

mosquito's stomach, the microgametes penetrate the macrogametes generating zygotes. The 

zygotes in turn become motile and elongated (ookinetes) which invade the midgut wall of the 

mosquito where they develop into oocysts. The oocysts grow, rupture, and release 

sporozoites , which make their way to the mosquito's salivary glands. Inoculation of the 

sporozoites into a new human host perpetuates the malaria life cycle. 

 

2.5.8. Malaria Situation in the Lake Victoria Basin 

In the Lake Victoria basin, malaria transmission is intense and is also affected by climate and 

geography, and often coincides with the rainy seasons (Hashizume et al., 2012). Studies showed 

increased incidence of malaria in the Lake Victoria region as early as 1980s (Imbahale et al., 

2011). This prompted a wake-up call to researchers and communities within the Lake Victoria 

region to consider the potential impacts of climate and health issues on their vulnerability and 

coping strategies. Although rural communities are particularly affected, urban areas are not 

spared either, because of the close link between urban malaria and migration, as well as drainage 

set-ups found within cities due to unplanned development (Siri et al., 2010). Poorly planned and 

poorly drained informal settlements in cities and towns create the potential for an increase in 

malaria linked to rapid urbanization. According to Noor et al. (2009), malaria constituted 

approximately 32% of the total outpatient cases in Nyanza and Western provinces in Kenya, 

followed by upper respiratory tract infections, skin diseases and diarrhea.  
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Epidemics of the disease frequently occur in highlands, Lake Victoria basin and coastal regions 

with the following districts cited as being most at risk: West Pokot, Trans Nzoia, Uasin Gishu, 

Kericho, Nandi, Bureti, Kisii, Nyamira, Gucha, Transmara and Nyando-almost three quarters of 

which falls within the Mara River basin catchment of Kenya (Kenya Malaria Fact Sheet, 2014). 

According to Bomet and Kericho counties report, malaria cases have increased from 5-10% 

between 2008 and 2011 and in Transmara, the malaria test positivity rate was reported to be 

higher, and ranging between 10-30.1% in 2012 alone. Baringo County is classified as endemic 

for malaria, while cases of Rift Valley Fever outbreaks was reported in the past (2006-2007) 

causing high mortalities among small ruminant which account for about 3.41 million of total 

livestock population, with 117 humans having been affected leading to 3 deaths (WHO, 2007). It 

was therefore imperative to determine which species of mosquitoes are responsible for disease 

transmission along the Mara River and and its tributaries.   

 

The most vulnerable groups to malaria in the population are children and pregnant women. For 

instance, a longitudinal cohort project undertaken between 1992 and 1994 in Asembo Bay of 

Western Kenya, reported malaria parasite prevalence to be 83% in 1-4 year olds and 60% in 10-

14 year olds (Bloland et al., 1999). Anaemia was reported in the same study to be consistently 

associated with high-density infection of malaria in children under the age of 10 years of age. 

More than half of all pregnant women had hemoglobin levels of <11.0 g/dl, with up to 40% 

having a Hb of <8.0 g/dl in the peak of malaria season.  

 

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

infection through prophylaxis, control of development of the disease in infected individuals, 
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personal protection through protective clothing, repellents, bed-nets, community/population 

protection through insecticide spraying, and environmental management (Ginn et al., 2008). 

Meanwhile, previous studies reported the effectiveness of insecticide-treated bed-nets in 

reducing morbidity and mortality from malaria has been documented in many studies (Choi et al., 

1995; Abdulla et al., 2001; Binka et al., 2007;; Eisele et al., 2010). This has been exploited 

comprehensively in the fight against the disease. However vector resistance often impedes 

progress in the fight against the diseases within the Lake Victoria basin region (Kawada et al., 

2011a; Kawada, et al., 2011b). 

 

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

Breeding of mosquitoes in aquatic habitats can be influenced by both abiotic and biotic factors 

some of which are dependent on certain locations (Wambold et al., 2011; Gouagna et al., 2012). 

The main abiotic factors that influence breeding habitats of mosquito larvae include water 

temperature, its chemical composition, water pH, depth and turbidity, while the biotic factors are 

mainly the predators, bacteria, fungi, and aquatic plants (Minakawa et al., 1999; Ohba et al., 2012). 

More importantly, habitat location is crucial because it can be influenced by local factors such as 

weather conditions (rainfall patterns, temperature), and physico-chemical parameters such as pH, 

alkalinity and turbidity.  

 

Other important habitat factors include land use and degradation patterns (e.g. soil erosion, 

chemical pollutants) as well as land use and geological conditions (Matano et al., 2014). Species 

assemblages and abundance in specific locations can also be influenced by historical factors and 

population dynamics, mainly previous colonization or non colonization of the area by the 
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particular species, and how population increase or decrease is dependent on local environmental 

pressures (Kenawy et al., 2013). Therefore, mosquito larval habitat location and ecology becomes 

important in determining larval densities and species assemblage which in turn influences malaria 

transmission in an area.  

 

The mosquitoes that transmit malaria belong to the Anopheles group. However, not all Anopheles 

mosquitoes are vectors of malaria. For example, there are more than 200 species of Anopheles 

mosquitoes worldwide, but only four of these mosquitoes are known to carry malaria parasite 

(Carter & Mendis, 2002). In the sub-Saharan Africa, the Anopheles gambiae complex consists of 

six confirmed species, one unnamed species and several incipient ones (Maureen Coetzee et al., 

2013). The six species are An. gambiae sensu stricto, An. arabiensi, An. merus, An. melas, An. 

quadrianmnulatus and An. bwambae. More recently, the previously known forms of An. gambie 

s.s have evolved into to An. coluzzi and An. gambiae s.s species based on molecular forms (M 

and S) have been identified that appear to be reproductively isolated (Fossog et al., 2015). The 

‘S’ form is distributed widely throughout the An. gambiae species range, whereas the ‘M’ form 

is commonly restricted to western parts of Africa, and hybridization between them is rare in most 

areas of sympatry. The complex varies in their ability to transmit malaria and other diseases. 

Interestingly, due to climate change, other Anopheles species which are found outside Africa, 

and are known trammitters of various diseases have been reported to spatially exist in the area 

(Dida et al., 2015), albeit the unknown species of disease vectors that may exist within the Mara 

River basin which needs investigation.  
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Overal, there are four larval stages, namely, 1st, 2nd, 3rd and 4th instars, respectively, of larval 

mosquitoes (Schaper & Hernández-chavarría, 2006). The morphological distinctive feature of the 

Anopheles larvae is its ability to lie parallel to the surface of the water, unlike Culex larvae which 

lies perpendicular to the water surface (Schaper & Hernández-chavarría, 2006). They breathe air 

via small caudal openings (spiracles). This surface position makes them susceptible to chemicals, 

which float on water. Yet larvae can also take up oxygen dissolved in the water but to a limited 

extent. This means therefore that an oil film with mechanical protection is only of limited benefit. 

The larvae are filter-feeders and have oral tufts of hair. They feed on all kinds of microscopic 

organisms (Ohba et al., 2012). 

 

Culex spp, together with Anopheles gambiae complex and Anopheles funestus s.s., are the most 

important vector in sub-Saharan Africa. Culex mosquitoes can breed easily in polluted water 

(drainage canals, septic pits, etc). The vectors thrives better under urban conditions of poverty, 

poor water drainage and pollution (De Silva and Marshall, 2012). In the mosquito genus 

Mansonia, there are two subgenera: Mansonia and Mansonoides. Their larvae breathe air through a 

siphon via the roots and stems of water plants. Pistia spp., water hyacinth (Eichhornia) and marsh 

grass (Isachne) are the principal host plants (Ghosh et al., 2006).  

 

Mosquito breeding in aquatic habitats is also largely influenced by the presence of predators 

(Gouagna et al., 2012). Mosquito predators and most of the other aquatic insects, which are 

associated with wetlands are, however, not well studied (Gouagna et al., 2012). Yano et al. 

(1983) listed 117 species of aquatic coleopterans, in 14 families from rice fields worldwide. 

Majority of these have since been implicated as mosquito predators (Bambaradeniya & 
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Amarasinghe, 2004). A study in the rice-cultivating area of Malaysia showed that the orders 

Diptera (Families: Chironomidae and Culicidae), Coleoptera (Family Hydrophilidae), Hemiptera 

(Families: Dytiscidae, Corixidae, Pleidae, Nepidae, Belostomatidae), Odonata (Families: 

Libellulidae, Coenagrionidae), and Ephemeroptera (Family Baetidae) comprised the major 

aquatic insect fauna. The dominant aquatic insects were from the families Chironomidae, 

Dytiscidae, Corixidae and Belostomatidae (Bambaradeniya & Amarasinghe, 2004), of which the 

aquatic representatives of the Coleoptera, Hemiptera and Odonata were the most predatory 

insects in the aquatic ecosystem.  

 

Nevertheless, predation of larvae by larvivorous fish (Chandra et al., 2008) and cannibalism 

among larvae (Soleimani-Ahmadi et al., 2014) also influence the population dynamics of mosquito 

larvae and are factors that play a major role in mosquito population size. Some of the larvivorous 

fish have also shown potential as bio-control agents in rice fields (Chandra et al., 2008). 

 

The larvivorous nature of Oreochromis niloticus was also reported, whereby zooplankton and 

insects form, including larval mosquitoes were shown to be their main food component in all the 

seasons; long dry, short dry, short rainy and long rainy seasons (Wijesinghe, Wickramasinghe, 

Kusumawathie, Jayasooriya, & De Silva, 2009). Clarias gariepinus fingerlings have also been 

reported to feed on insects including mosquito larvae/pupae and act as biological control agents 

(Ofulla et al., 2010). A similar study also reported that Haplochromines (astatotilapia) feeds 

primarily on larval and adult insects, further reinforcing the role that fish species can play in 

controlling mosquito populations in aquatic habitats (Day et al., 2015).  
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Although no single approach to mosquito control is appropriate for all locations, emphasis on 

natural control of mosquito larvae by their natural predators should be an important element 

worth considering in the long-term planning of mosquito control. Since the predators have a 

significant effect on overall mosquito populations, their role should be considered when 

implementing habitat management, mosquito control and when modeling mosquito population 

dynamics. However, it should also be noted that while there are various organisms known to 

prey on mosquito larvae, such as copepods, insects and fish, information on their presence, 

abundance and distribution are limited (Kumar & Hwang, 2006). This is because many predators 

that have been shown to be highly successful in eliminating target prey have been experimented 

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

 

Various organisms, known as natural biological control agents, can be utilized to control 

mosquito populations along the Mara River, avoiding the use of chemicals that can cause harm to 

human and environment. The efficient selection of effective natural enemies has become 

increasingly important for the success of biological control programs. Control of mosquito larvae 

with biological agents like competitors and predators is more convenient and alleviates the need 

for frequent chemical applications. The selection of biological control agents should be based on 

their potential for unintended impacts, self-replicating capacity, climatic compatibility, and their 

capability to maintain very close interactions with target prey populations (Kluge, 2000). They 

eliminate certain prey and sustain such environments (i.e., as when prey is introduced, they eat 

the prey) for long periods thereafter (Kumar & Hwang, 2006). However, this will only be 

possible if the predator possesses extraordinary search efficiency irrespective of the illumination 

situation in response to the emergence of prey. Thus, the current study was designed to establish 
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the predator-prey relationships, and particularly with reference to existence of other 

environmental parameter such as habitat types and water physico-chemical parameters.  

 

2.7. Influence of Physico-Chemical Parameters on the Aquatic Habitats of Larval 

mosquitoes and their Predators 

Invasion of the aquatic habitats by organisms including disease vectors can be influenced by 

abiotic and biotic factors (Gouagna et al., 2012), some of which are dependent on certain 

locations. Habitat location is important because it can be influenced by local factors such as 

weather conditions (rainfall patterns, temperature), and even physio-chemical parameters such as 

pH, alkalinity and turbidity; most of which depend on adjacent land use practices and are 

influenced by the adjacent land degradation status and soil or geological conditions. Species 

assemblages and abundance in specific locations can also be influenced by historical factors and 

population dynamics such as previous colonization or non-colonization of the location or area by 

the particular species and how population increase or decrease depending on local environmental 

pressures. This can also be true for differential abundance of mosquito species in different 

locations (Mutuku et al., 2006). 

 

The main abiotic factors that can influence breeding habitats of mosquito larvae include water 

temperature, conductivity, salinity, water pH, depth and turbidity (Norkute, 2014). Studies in 

Ethiopia, showed that conditions which favoured An. arabiensis larvae in their breeding habitats 

were temperature greater than 27°C, water depth of less than 40cm, high carbonate concentration, 

high water pH, and presence of water lettuce (Abdelbasit & Fadlelmola, 2009). An. merus and 

An. melas, both members of An. gambiae complex, breed in salt water with a pH greater than 7.0 
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(Gillies & Coetzee, 1987). However, in Mbita point, western Kenya, water pH was shown not to 

determine the occurrence of Anopheline larval mosquitoes (Minakawa et al., 1999). Turbidity of 

water has been reported to have an effect on larval populations by influencing adult oviposition 

behaviour. Adult females of An. gambiae s.s. were shown to prefer ovipositing on clear water 

rather than on turbid water (Parham et al., 2012). 

 

The physico-chemical microclimate is an important aspect trying to characterize larval habitats. 

Water temperature, is widely regarded to have a positive correlation with the densities of 

Anopheline larvae (Munga et al., 2005;  Muturi et al., 2007; Kenea et al., 2011). This is likely 

connected with Anopheline larvae being more frequent in less shaded waters, which naturally 

should be warmer than those in the shade. Dissolved oxygen and pH have been shown to have a 

positive correlation with distribution and abundance of both Anopheline and Culicine larvae 

(Adebote et al., 2008). Other physico-chemical variables positively correlated with Anopheline 

larvae are concentration of nutrients phosphate (Rejmánková et al., 2013) and nitrate (Norkute, 

2014). Dejenie et al.  (2011) in a study on malaria vector control in Ethiopia showed that almost 

all their study habitats were alkaline (pH>7.0) and both Anopheles and Culex larvae were 

positively associated with this high pH. Paaijmans et al. (2008) and Couret et al. (2014), 

established temperature and dissolved oxygen as important for larval mosquitoes development. 

However, Minakawa et al. (1999) argue that a combined physico-chemical effect can influence 

mosquito abundance.  

  

Chemical composition of water influences mosquito larval species and their population and can 

also influence the abundance of predators. Since the previous studies found that various aquatic 
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microhabitats tend to have different sets of physico-chemical parameters that influence the 

occurrence of the malaria vectors and their predators, it was thus necessary to establish the 

physico-chemical characteristics of the different habitats 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 larval mosquitoes and predators along the Mara River 

can be presented as an interlay of four important factors: larval mosquitoes, predator, habitat 

types and the physico-chemical parameters. However, other confounding factors such as 

destruction of forest, human settlement; irrigation and urbanization, are also major driving forces 

that can influence ecological change favourable for mosquaito breeding. Moreover, use of 

mechanized farming and application of ferterlizers in the surrounding catchment may alter water 

chemistry, which can eventually either influence or hinder the invasion of the river channel or its 

tributatries and the adjacent habitats by both larval mosquitoes and predators. The sustainability 

of this interplay can lead to the existence of malaria vectors capable of transmitting the disease. 

The main goal of establishing whether larval mosquitoes have invaded aquatic habitats is to 

safeguard human health. However, this goal can only be achieved through factual and reliable 

data on the existence of these larval mosquitoes and their influencers. It was, therefore, important 

to determine the presence of larval mosquitoes and their predators and the influence of the 

physico-chemical parameters on their breeding habitats along the Mara River and its tributaries 

that may contribute to their abundance. Figure 2.5 gives a flow chart of the conceptual 

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

 

DRIVING FORCES:  
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CHAPTER THREE: MATERIALS AND METHODS 

3.1. Study Area 

This cross-sectional study was conducted along the trans-boundary Mara River basin which lies 

between Longitudes 33047’E and 35047’E and Latitudes 0028’S and 1052’S, traversing Kenya 

and Tanzania, in East Africa (Mutie et al., 2006). This study was conducted at the upper-, mid- 

and and lower-Mara River Basin (South W. of Kenya and North Eastern part of Tanzania) and 

it’s two perennial tributaries of Amala and Nyangores, in the upper Mara River catchment area. 

Other smaller streams draining into the Mara River on the Kenyan and Tanzanian side of the 

basin were also included. Several streams from first to fourth order (Strahler system) feed the 

Amala and Nyangores tributaries in the upper catchment. The Mara River is a sixth order stream 

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

(Source: Hoffman, 2007). 

 

The upper catchment of the Mara River basin has an average precipitation of about 1400 mm 

annually but varies among years. The evapotranspiration is around 1,090 mm per year (Mango et 

al., 2011), temperature varies between 10.5°C and 15°C. The study area has two large towns on 

the Kenya side, Mulot and Bomet, and smaller town centres, which include Silibwet, Sierra 
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Leone, Tenwek, Tegat, Kembu and Mugango. On the Tanzania side, the main town centres are 

Kwebuse, Morito and Musoma. The main land uses within the basin are agropastoralism, 

livestock keeping, large scale and small scale irrigation agriculture, wildlife conservation, urban 

centres and human settlement (Mutie et al., 2006).  

 

3.2 Sampling Sites Selection and Description 

Before the start of the sampling process, a GIS (Arc GIS) tool was used to demarcate boundaries 

and sampling sites within the Mara River basin. The selection of the sites was purposive aimed at 

covering both sub-catchments of Amala and Nyangores tributaries and lower catchments with 

their smaller feeder rivers, and the other sites downstream. The location of each of the sampling 

points was marked using GPS equipment (Appendix I). On these points, mosquito-breeding 

habitats were identified within a 100m stretch. On the main Mara River channel on the Kenyan 

side, the sites sampled included: Kapkimolwa, Ngerende 1, Lower Ngerende, Kabosom Bridge, 

Twenwek falls, Chemosit Bridge, Mara Bridge (site 3). Along the Mara River tributaries, the 

sites sampled included: Silibwet, Kapkimolwa, Kabosom, Isei Bridge, Chepterer and Chemosit 

Bridge. On the Tanzanian side of the Mara River, samples were collected from 5 sampling sites, 

namely: the new Mara Bridge at the Kenya –Tanzania border, Nyahenda Bridge, Tarime 

Serengeti Bridge, Morito Bridge at Kwebuse, Morito village and Kirumi wetland at the point of 

entry into Lake Victoria. Specific mosquito breeding sites such as river beds, swamps, drainages, 

open sunlit puddles and rock pools were all mapped and included in the study. Figure 3.1 shows 

geo-referenced location and distribution of the 39 sampling sites identified and sampled for the 

presence of mosquito larvae and their predators within the Mara River Basin. 
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3.3. Sample Size Determination 

The technique used in determining sample sizes for biotic factors was non-statistical due to the 

infinite nature of target populations (water physico-chemical parameters, larval mosquitoes, 

macro-ivertebrates and fish). According to Kirkwood and Sterne (2006), purposive sampling is 

the method of choice for studies in which certain participant characteristics are desirable because 

of how well they match the goals of the research. As for this study, the selection of the sites were 

purposive because whenever a suitable and safe area along the Mara River (free of hippos, 

crocodiles and other hazards) was reached, the area was searched for potential mosquito breeding 

sites and their predators sampled. Therefore, the sampling sites were decided upon after 

assessing the prevailing field conditions without applying any approved mathematical formula. 

The sample size for biotic and abiotic factors in this study 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 design in which sampling of selected sites along the 

Mara River basin and its tributaries were done. The codes of the sampling sites were given based 

on the point of sampling. The points were strategically chosen and described based on available 

structure such as a bridge. For example, the sampling site on each side of the bridge was labeled 

based on the point of sampling relative to the bridge and direction of flow of the river by use of 

the first letters of upper and downstream sections (i.e. URS1-10 and DRS1-10) respectively, for 

the main river. For instance, URS 1-10 meant that the sampling site was located at the upper part 

of the main river or either of its tributaries before a bridge, while DRS 1-10 were located on 

lower side of the river after the bridge. Sites 1, 2, 3, etc, were given to any identified breeding 
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terrestrial habitat adjacent to the main river or its surrounding with the nature and/or name of the 

habitat also described in detail. This kind of labeling was used for ease of recording the findings 

and to facilitate analysis of the specimen. At the sampling site, local assistance was sought to 

help navigate the area and explain the nature of the study area and the dangers that might be 

present.  

 

3.4.1. Desription of the Sampling Procedures  

In each of the selected sampling point, potential breeding habitats for larval mosquitoes 

identified in a 10m stretch along the Mara River basin were sampled and the larval mosquitoes 

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

 

3.4.2. Larval and Predators Sampling  

Sampling of mosquito larvae were conducted using a standard mosquito dipper (350 ml; 

BioQuip Products, Rancho Dominguez, California, USA) to determine presence or absence of 

larval mosquitoes and to estimate their abundance (Minakawa et al., 2012). Each sampling site 

was geo-recorded using handheld Global Positioning System (GPS) and their coordinates taken. 

A maximum of 20 dips were done on each site, distributed across the defined area at suitable 

places for Anopheline and Culicine larvae.  

The habitats were categorized as main river water habitats, drying streams, swamps, rock pools, 

hippo hoof-prints and puddles. The habitats were categorized by the vegetation cover and 

characteristics as short grass (short vegetations), tall grass (tall vegetations) [see Appendix III] 

and open sunlit puddles depending on the presence or absence of different vegetation types. The 
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open habitat was a distinct area larger than 1m2. The captured mosquito larvae were immediately 

preserved in 90% ethanol for later identification and analysis. 

 

A D-frame dip net sampler of 0.3m width attached to a long pole and with a cone shaped bag for 

capturing the mosquito larvae predators was used. Sampling was done from downstream end of 

the river to upstream. A total of three jabs were made at each sampling point, with a single jab 

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

 

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

The physico-chemical parameters were measured in situ with a handheld multi-parameter meter, 

YSI Professional Plus (YSI Integrated Systems and Services, St. Petersburg, FL 33716, USA). 

Prior to the readings at the sampling site, the YSI was dipped in water for 3 minutes to stabilize, 

and then the parameters recorded after the stabilization of values was noted. 

 

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

In the laboratory, all the collected larval mosquitoes were identified microscopically using 

standard taxonomic keys. The An. gambiae s.l. and An. funestus group larvae were further 

identified to species level by use of PCR as follows: Each individual larva was put into 1.5ml 

vial then dried in anhydrous Calcium Sulphate before being kept for analysis. The desiccation 

process was aimed at preventing the rotting of specimens, since rotting of specimens could cause 

degradation of DNA. During desiccation, uncorked vials containing the specimens were put in a 

container with anhydrous Calcium Sulphate, which were sealed and kept for three days for water 

to be absorbed from the specimens. 
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During the sampling process, the relatively large macro-invertebrate such as Anisops wakefieldi 

(back-swimmers), Rhantus larvae (diving beetles) and Onychohydrus hookeri (water beetles) 

were visually observed, classified and counted. Those that could not be identified to species level 

in the field were preserved for further identification using appropriate keys. The total number of 

mosquito larvae predators were counted and totaled up for each habitat sampled. 

 

3.5.1. Anopheles gambiae Complex DNA Extraction 

An extraction method as described by Kamau et al., (1998) was used to evaluate mosquito larvae 

species (Appendix I). Individual mosquito larvae were put into a 1.5ml vial and 100µl of ground 

buffer (0.08M NaCl, 0.16M sucrose, 0.06M EDTA, 0.1M Tris-HCl and 0.05% SDS) added. A 

pestle was used to grind the larvae until homogenous lysate was formed. The lysate was then 

incubated for 30 minutes in a water bath at 650 C then 14µl of 8M Potassium Acetate added and 

the mixture vortexed. The mixture was then incubated in ice for 30 minutes and then centrifuged 

for 10 minutes at 10,000 rpm. Supernatant was picked, put into fresh 1.5ml vial and 200µl of 

90% ethanol added. This mixture was then kept at –20° C for at least 20 minutes after which it 

was centrifuged at 10,000rpm for 20 minutes. The 90% ethanol was then discarded and replaced 

with 70% ethanol, which was then poured off and replaced with 90% ethanol again. The 90% 

ethanol was then poured off and the tubes dried inverted on blotting paper overnight at room 

temperature. The following day the pellet DNA was suspended in 100µl sterile distilled water 

and kept at –200C   until it was needed for analysis. 
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3.5.2. Anopheles Sibling Species Identification 

The Anopheles gambiae and Anopheles arabiensis sibling species were identified by Polymerase 

Chain Reaction (PCR) and electrophoresis technique. The PCR was done using PERKIN 

ELMERTM GeneAmp PCR System 9600 machine (LabX Company, Midland, ON, Canada), 

using the ribosomal DNA based technique of Cornel and Collins (1996). During the rDNA-PCR, 

each reaction mixture of 15µl contained, 10X PCR buffer (10mM Tris (pH 8.3), 50mM KCl, 

1.5mM (1.8MgCl2), 25mM MgCl2, 10mM dNTPs, (N=adenine, guanine, cytosine, and thymine), 

0.5U Taq polymerase, 10pmol of each primerand 1µl DNA template: universal 20-mer primer 

(UN) = GTG TGC CCC TTC CTC GAT GT; An. gambiae primer (GA) = CTG GTT TGG TCG 

GCA CGT TT; An. arabiensis primer (AR) = AAG TGT CCT TCT CCA TCC TA. The cycling 

conditions were as follows: pre-cycle denaturation at 20 s at 950 C, 30 s at 550 C, and 30 s at 

720C, the cycle was repeated 30 times and a final extension at 720C for 5 minutes. After the 

polymerase chain reaction (PCR), the amplified products were analysed by electrophoresis. The 

master mix protocol for An. gambiae s.s, An. arabiensis and the resulting bands is as shown 

shown in Appendix IV (Figure 1 and 2).  

 

The amplified DNA was loaded onto a 15% agarose gel in the electrophoresis tank (E-C 

Apparatus Corporation, St. Petersburg, Florida) and an electric field applied. The 15% agarose 

gel contained 3µl of ethidium bromide, which enabled the separated bands to be visualized under 

UV transillumination. The bands were photographed for future reference. Sample within the 

Anopheles gambiae complex that were not identified using PCR methods were marked as 

unknown Anopheles gambiae species. All unused specimens were preserved in 99% ethanol for 

future reference.  
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The species within the An. funestus group were identified by DNA-based techniques. The DNA 

extraction was done as described by Collins et al. (1987) [Appendix II]. Preparation of DNA 

extraction solutions and protocol is as described in Appendix II. Species-specific identification 

of An. funestus siblings was performed according to the cocktail PCR assay of Koekemoer, 

Kamau, Hunt, & Coetzee, (2002). The primers specific to An. funestus s.s, An. rivulurum, An. 

veneedini, and An. parensis were available for the PCR. 

 

3.6. Statistical Analysis 

3.6.1. Data Exploration 

The first step in data analysis involved evaluating the quality of data collected. Each individual 

set of variables was first checked for their distribution and homogeneity of variance using 

histograms and dot charts. Multiple logistic regression assumes that the variables have normal 

distributions as non-normally distributed variable (highly skewed or kurtotic or variables with 

substantial outlier) can distort relationships and significant tests. In this analysis, the data sets 

were found to be non-normally distributed, thus an option of analysis was chosen. Since 

transformation did not improve data quality, the dataset was analysed as per Soediono, (1989), 

using both Generalized Linear Model (GLM) and Canonical Correlation Analysis-CCA 

(Appendix  V). 

 

The GLMs extend the linear modeling capability of R to scenarios that involve non-normal error 

distributions or heteroscedasticity (Zuur et al., 2009). In this aspect, all other classic assumptions 

(particularly independent observations) still apply. Under this concept, the linear functions of the 

predictor variables are obtained by transforming the right side of the equation (f(x)) by a link 
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function. The data is then fitted in this transformed scale (using an iterative routine based on 

least squares), but the expected variance is calculated on the original scale of the predictor 

variables. 

 

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

Mean differences in mosquito and predator’s abundance per habitat types and among species 

were compared using one-way analysis of variance (ANOVA). Chi-square (χ2 test) and student’s 

t-test were used to determine differnces in propotions of mosquito spp. and their predators, and 

differences in mosquito larvae abundance between habitat types. Shannon-Wiener diversity 

index (H’) was calculated to determine the variation in the larval mosquito diversity between the 

terrestrial and river environment. The river environment was within 30m, while distance between 

terrestrial was estimated as additional 70m (Minakawa et al., 2008). This was important in 

determining species abundance, distribution and richness (Koller et al., 1996; Magurran, 2004) 

since it is the most preferred index among the other diversity indices in ecology, providing 

values between 0.0 – 5.0. Results are generally between 1.5 –3.5, and can exceed 4.5 very rarely. 

The values above 3.0 indicate that the habitat structure is stable and balanced; the values under 

1.0 indicate that there is pollution and degradation of habitat structure. 

 

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

variance (ANOVA) used to test if the magnitude of the changes were different between habitat 

types.  
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3.6.3. Determination of the relationship between water Physico-Chemical Parameters on 

Mosquito Larvae and Predators Abundance 

All variables were first explored for their distribution and the homogeneity of variance checked 

using histograms and dot charts after which the most appropriate link function was chosen. 

Multicolinearity was assessed by means of Variance Inflation Factor (VIF), with a VIF above 2.5 

considered to have a problem (Running, Ligon, & Miskioglu, 1999). A Chi-square test was used 

to establish the differences in the proportion of each species of larval mosquitoes between habitat 

types. A negative binomial Generalized Linear Model (nb-GLM) was used to assess the 

relationship between abundance of the mosquito larvae perdators (see the full model in output in 

Appendix VI) with mosquito larvae and the physico-chemical parameters. The response variable 

was the total number of larval mosquitoes (which included both total Culex spp. and total 

Anopheles spp.).  

 

The predictor variables were mosquito predators and the physico-chemical parameters, which 

included: pH, conductivity, dissolved oxygen, temperature, turbidity, alkalinity, hardness and 

salinity. In a separate model, the explanatory variables were used to assess the suitability of the 

breeding habitats to both Culex spp. and the Anopheles spp. larval mosquitoes. In similarity with 

mosquito model, the influence of physico-chemical parameters and total larval mosquitoes on 

predators’ abundance was built as follows: (predators’ abundance) ~ pH + Cond. + DO + Temp 

+ Turb + Alk + Salinity + Total larval mosquitoes (Culex and Anopheles species), (family = nb-

GLM, data = Ecol.data). However, the two unidentified Aedes spp. sampled were not included in 

the above model because their identities were uncertian. 
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Mean range of water physico-chemical parameters requirements by both mosquito larvae and 

their predators in the same habitats was evaluated using Canonical Correlation Analysis (CCA) 

[see explanation on application in Appendix VII], while the overall relationship between 

mosquito larvae, their predators and the physico-chemical parameters in the shared habitats was 

determined using GLM and Ordination Analysis (OA).  

 

 

3.6.4. Mosquito Diversity between Terresterial and Aquatic Environments 

To compare the diversity and abundance of larval mosquitoes between terrestrial and river edge 

habitats, Shannon-Weiner diversity index was used to test the degree of dispersion of the micro-

invertebrates between the habitats. Since the population of mosquito predators were few, the 

diversity index was only opted for the mosquito larvae samples. 

 

Biodiversity Indices: Larval mosquito diversity was evaluated using Shannon-Weiner diversity 

index (H’) to assess the degree of biodiversity between the river edge and the adjacent terrestrial 

habitats. The Shannon-Weiner (H’) Diversity index and Shannon evenness index (Koller et al., 

1996) was worked out as follows: 

Shannon - Weinner Diversity Index: H l = -Σ [(ni / N) x (ln ni / N)] 

Where:  H l: Shannon Diversity Index 

ni: Number of individuals belonging to i species 

N: Total number of individuals 
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Shannon Evenness Index: E = H/log(S) 

Where:  E: Evenness index 

  H: Shannon Diversity Index 

  S: Species number 

All statistical analyses were performed using R version 3.0 (The R Foundation for Statistical 

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

 

3.7. Ethical Consideration 

Academic authority to conduct the research was sought from the School of Graduate Studies 

(SGS) of Maseno University (Appendix VIII). Prior authority to conduct the field study was 

obtained from the District Commissioner’s offices in all the areas surveyed. District officers, 

area chiefs, and other stakeholders were also consulted. Also consents were obtained from 

landowners when larval mosquitoes were collected on their 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 to Mosquito Larvae Breeding  

Sampling sites for mosquito larvae and their predators along the Mara River and its tributaries 

are as shown in Figure 4.1 below. 

 

 
 

Figure 4.1:  Sampling Sites along the Mara River and 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 stream with a narrow width ranging between 0.30 to 

0.60m and meanders before draining into Amala tributary. The stream was occasionally 

disturbed by livestock grazing along its banks. Around the bridge human activities such as 
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collection of drinking water and washing of utensils were also on-going. The stream bed and 

banks were covered with sharp rocks some of which protrude above the water surface; this 

hindered the free flow of water, in the process creating natural breeding micro-habitats for larval 

mosquitoes and their predators. 

 

Ngerende: URS 1-10 and DRS 1-10  

These sampling sites were situated near Ngerende island camp and were located on the main 

Mara River after the confluence with a continuous steady stream flow. Site (i) comprised of 

rocky outcrops protruding above the river water. Several mosquito-breeding habitats were 

identified on the Rocky River banks (Plate 4.1). In this area, increased human activities were 

witnessed and the site also served as a watering point for cattle and other livestock. Site (ii) & 

(iii) were located approximately 100m from the main river. The site was swampy, characterized 

by Typha domingensis vegetation and surrounded by bushes. Sections of the swamp were 

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

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

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

 

Ngerende site was located by the roadside, about 110m from the main river and was 

characterized by several hippo hoof-prints, pudlles, drainages and open sunlit pools suitable for 

mosquito larvae development (Plates 4.2 and 4.3). This site was located opposite a large swamp 

by the Nile cabbage and with a width that ranged between 0.65m to 0.75m. The puddles and 

swamps served as wild animal watering points and were highly potential for mosquito breeding. 
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Plate 4.3A: Ngerende sampling point site comprising of vegetated pools (shown by arrow) 

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

2011). 

 

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

Kabosom sampling site was located in a wide stream that formed natural meanders of constant 

width ranging between 0.70m and 0.95m. The site also served as a water collection point for the 

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

mosquito breeding. This sampling site was located on a slow moving stream with a width 
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ranging between 0.5m and 0.6m and discharges its waters into Nyangores tributary. It had little 

disturbances from animals and humans. The site had a strip of vegetated swamps at its banks, 

which made it an ideal breeding site for larval mosquitoes.  

 

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

These sampling sites were located close to each other on the upper ridges of Mara River. The 

lower site (DRS 1-10) was located at a hot spring (which was designated as a men’s bathing 

point) and also used as a domestic animal watering point while the cold spring was located a few 

meters from the hot spring and was mainly used as a domestic water collection point (Plates 4.4 

and 4.5). Adjacent the men bathing place was a circular hot spring used as a bathing point for 

women. These sampling sites were highly disturbed by human activities. The surrounding area 

had several man made puddles and drainages, which were ideal habitats for Anopheles species 

breeding. Several sampling points were recorded in this area.  
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Plate 4.4:  Drainage with Slow Moving Water (shown by arrow) at Olchoro Sampling Site 

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

 

Upper Nyangores Tributaries: URS 1-10 and DRS 1-10. 

This sampling site was located along the Nyangores tributary and had a width of approximately 

13m. It was characterized by a high diversity of microhabitats along the banks among them, 

muddy drainages with cattle and hippo hoof-prints arising from occasional disturbance by 
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livestock and humans. A high presence of filamentous green 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 variable width of approximately 14m (Plates 4.6 and 

4.7). The site had a wide variety of microhabitats particularly at the lower edge characterized by 

a tunnel for generating electricity. Beside it were several rock pools.  

 

 

 

 

 

 

 

 

 

 

 

 

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

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

2011). 

 

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

This sampling site was located in a small stream of variable width ranging from 0.55m to 0.67m 

(Plates 4.8 and 4.9). It was disturbed by livestock and human activities, though some parts were 

vegetated. At this site a high presence of filamentous green algae was found; which indicates 

signs of mosquito presence. The habitat had scattered short 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 Nyangores tributary and surrounded by tea and maize 

plantation. It appeared to be the main human water source, but with signs of livestock watering 

on its lower sections. On the drainage were several puddles formed as a result of several 

meanders and slow moving water pools. This sampling site was located on a slow moving stream 

with width that ranged from 0.65m to 0.71m. A lot of human activities took place here, including 

bathing and animal watering among other domestic activities. The area was surrounded by 

vegetation including grassland, maize and tea plantations. There was high presence of 

filamentous green algae indicative of possible presence of larval mosquitoes.  

 

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

This sampling site was located in a small stream of variable width ranging between 0.45m and 

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

activities, such as washing of vehicles. There were open 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 stream that forms natural meanders. The site acts as a 

water collection point for communities living close by 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 stream of variable width that ranged from 0.50m to 

0.65m. The site was also disturbed by livestock and human activities. Some parts were also 

vegetated.  

 

Mulot Water Pan 

This sampling site was located at a large open dam, surrounded by vegetation including water 

Lillies, few Nile cabbages and few water hyacinths. The dam was used as a watering point for 

livestock. This site was potential for both Anopeles and Culex spp. breeding. 

 

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

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

and formed natural meanders. The habitats were suitable for for An. funestus group breeding.  
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Plate 4.8: Trans Mara Bridge Sampling Site showing a Swamp along the Mara River (July 

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

(July to August, 2011). 

 

New Mara Bridge: Site 1-3 

This sampling site was located at a large stream of variable width ranging from 10 to 12m that 

formed natural meanders at the Kenya-Tanzania border after the expansive game reserve. It was 

located at the end of the Mara game reserve and characterized with increased tourist activities. 

Wild animals including hippos and crocodiles were present at some points along the Mara River. 

The site provided good breeding habitats for all types 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 stream of variable width that ranged between 0.90 and 

1.10m (Plates 4.10 and 4.11). It had some occasional disturbance especially from livestock. The 

targeted breeding habitats were open sunlit isolated pools, arising from a riverbed. The water 

flow was relatively slow creating suitable conditions for the anopheles mosquito breeding. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

Plate 4.10: Kichwa Tembo Bridge Sampling Site Characterized by a large drying stream 

(July to August, 2011).  
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Plate 4.11: Kichwa Tembo Bridge Sampling Site Characterized by a large Open Puddle 

(July to August, 2011). 

 

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

Larval mosquitoes  

The number of mosquito larvae collected per site during this survey is shown in Table 4.1. A 

total of 4,001 mosquito larvae were captured and identified from 1,600 individual dips 

Anopheles gambiae s.s., An. Arabiensis and An. funestus gruop.; the three most potent vectors of 

malaria in sub-Saharan Africa, together with other Anopheles spp. were the most dominant 

mosquito species (57.7%), followed by Cx. quinquefasciatus and Cx. pipiens complex (42.3%). 

Small proportions (0.3%) of Aedes spp. were also recorded though they were not identified to 

species level. Anopheles pharoensis constituted 12.0% of the 1,336 An. gambiae complex 

subjected to PCR analysis, 60.7% were Anopheles gambiae s.s. while 39.3% were An. arabiensis. 

Sibling species of the An. funestus comprised 1.5% (Table 4.1). The An. funestus species that 

failed to aplify were generally claffied and An. funestus group. Sites with altitudes below 1,700, 

especially those that were located on the Tanzanian side of the study were favourable to An. 

arabiensis, while those above 1,900 were particularly favourable to An. gambiae. Species of the 

An. funestus group and other Anophelines were few, thus their distribution could not be clearly 

depicted (Figure 4.2). The mosquito larvae were mainly collected in drying streams, swamps, 

vegetated puddles and open water pools. The majority was collected in drying streams where 

predators were also dominant.  
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An. gambie s.s dominated the upper part of Mara River in Kenya, while An. arabiensis showed 

dominance from the upper side of Tanzania preceded by lower elevation. Culex complex spp. 

were evenly distributed across the study sites. The three species were sparsely distributed, with 

An. gambiae s.s species dominating upper part of the Mara River in Kenya, while An. arabiensis 

showed a similar trend towards Tanzania. Anopheles funestus (complex) were few but evenly 

distributed along the Mara River in Kenya and Tanzania. 

 

 
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 to An. 

funestus group larvae.  

 
Overall, the specific Anopheles and Culex spp. included An. arabiensis. (25.9%) followed by An. 

gambiae s.s (24.3%), Culex quinquefasciatus (19.0%), Cx. pipiens complex (10.5%), An. 
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coustani complex (8.0%) and An. maculpalpis (3.6%). Others that were identified though in 

relatively smaller numbers included: An. rivulorum, An. azamiae, An. pharoensis, An. ardensis, 

An. faini, An. hamoni and An. sergeti; all of which combined accounted for about 8.6% (Table 

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

River  

Mosquito species  No. of larval mosquitoes % Composition 

An. arabiensis 

An. gambiae s.s 

Cx. quinquefasciatus 

Cx. pipiens complex 

1038 

973 

761 

420 

25.9 

24.3 

19.0 

10.5 

An. coustani complex 321 8.0 

An. maculpalpis 145 3.6 

Unidentified An. funestus group 

An. frivulorum 

140 

50 

3.5 

1.3 

An. azamiae  45 1.1 

An. pharoensis 44 1.1 

An. hamoni 

An. funestus s.s 

28 

15 

0.7 

0.4 

An. christyi  

Aedes spp. 

12 

5 

0.3 

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 Mosquito Larvae predators and Their 

Relationship with Mosquito Larvae Abundance and Distribution along the Mara River. 

4.3.1. Mosquito Larvae Predator Distribution and Abundance 

Table 4.2 shows the distribution of mosquito larvae predators in the sampling sites. A total of 

297 predators belonging to 3 orders were identified in 39 sampling sites. The predators were 

sparsely distributed in the habitats that were found to be colonized. Both larval mosquitoes and 

predators dominated drying stream. The three orders collected were: Hemiptera (54.2%), 

Odonata (22.9%) and Coleoptera (22.9%) across the sampling sites, (Figure 4.3). The differences 

were however not signicant (χ2 = 1.0835, d.f = 2, p = 0.2731). Order Hemiptera recorded a total 

of 7 Families, with members of family Velidae and genus Rhagovelia being the most dominant. 

Odonata recorded 3 Families dominated by Family Coenagrionidae, while order Coleoptera had 

2 families dominated by Family Dytiscidae. 
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Figure 4.3: Distribution of Mosquito Larvae Predators 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 Hynesionella (7) 2.4 

  Limnogonus (13) 4.4 

 Hydrometridae Hydrometra (15) 5.1 

 Velidae Rhagovelia (38) 12.8 

 Notonectidae Anisops (30) 10.1 

  Enithares (9) 3.0 

 Pleidae Plea (8) 2.7 

 Naucoridae Laccocoris (7) 2.4 

 Nepidae Ranatra (5) 1.7 

  Laccotrephes sp 1 (17) 5.7 

  Laccotrephes sp 2 (7) 2.4 

  Nepa (5) 1.7 

Odonata (82) Lestidae Lestes (20) 6.7 

 Coenagrionidae Enallagma (21) 7.0 

 Libellulidae Palpopleura (14) 4.7 

  Orthetrum (13) 4.4 

Coleoptera (58) Hydrophilidae Hydrochara (8) 2.7 

 Dystiscidae Laccophilini sp. 1 (14) 4.7 

  Laccophilini sp. 2 (3) 1.0 

  Laccophilini sp. 3 (15) 5.1 

  Laccophilini sp. 4 (6) 2.0 

  Laccophilini sp. 5 (6) 2.0 

  Laccophilini sp. 6 (5) 1.7 

  Copelatus (4) 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) between Mosquito Larvae and  Predators in 

Shared Habitats along the Mara River 

To establish the relationship between larval mosquitoes and predators in the habitats, a 

regression matrix between the three variables was developed. Data from some sites showed 

inverse correlation between predators and prey (mosquito larvae), suggesting effective predation. 

However, there was no particular pattern of relationship observed between the two variables, 

simply because higher numbers of predators were captured in habitats with a few mosquitoe 

numbers as shown in Figure 4.4. The strength of the relationship in the regression analysis was 

linear at y = -0.0026x2 + 1.6252x - 31.084, R²=0.6, p<0.001. Data from some sites showed 

inverse correlation between predators and prey (mosquito larvae), suggesting effective predation. 

 

Figure 4.4: Relationship between Larval Mosquitoes and Predators in Shared Habitats 

along the Mara River  (blue stars) and the mosquitoes ( 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 Abundance in Habitats 

The sampling points (n=39) were surveyed along the Mara River and its tributaries. The 

sampling points comprised of macro-habitats including: river (n=25), drying stream (n=48), 

swamps (n=18), open puddles (n=22), rock pools (n=17), dam sites (n=10), hoof-prints (n=20), 

vegetated pools (n=26) and drainages (n=56). Mean Anopheles gambiae s.l larvae were higher in 

the drying streams (µ=53.3, SE=33.1) and swamps (µ=23.1, SE=13.6), followed by drainages 

(µ=15.0, SE=9.6).  

 

The drainages were classified separately from open puddles because they had unique vegetation 

that partially covered them. Dam and vegetated pools by the river and drainages recorded the 

same mean of An. gambiae s.l larvae (Table 4.3). Springs were however not classified as habitats, 

but their characteristics were noted and reported. One - way ANOVA indicated that the mean An. 

gambiae s.l varied significantly among habitat types (n=10, F= 8.2374, d.f. =9, 26, p≤0.01). 

 

Similarly, An. coustani complex was highest in drying stream (µ=27.8, SE=10.2) and swamps 

(µ=26.5, SE=11.2). Apart from these, only vegetated pools by the river, drainages and dam 

contained the mosquito larvae. Open puddles, dams and livestock hoof-prints were not suitable 

for An. coustani. However, the main Mara River produced only one mosquito. One-way 

ANOVA indicated that the mean Anopheles custani complex varied significantly among 

vegetation types (n=10, F=4.513, d.f.=9, 26, p=0.03). Anopheles funestus group were found to 

mainly occupy swamps (µ = 15.3, SE = 8.7), vegetated pools (µ=12.5, SE=3.7) and drying 
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stream (µ=7.6, SE=2.1). An. maculpalpis were found in two habitats namely; open puddles in a 

brick-making site (µ=24.2, SE=16.4), where their numbers were highest and in vegetated pools 

(µ=14.2, SE=5.0) of the terrestrial habitats. An. pharoensis were found mainly in drying streams 

(µ=14.0±4.0), swamps (µ=4.9, SE=2.8) and dams (µ=2.1, SE=0.9). Their differences were found 

to be statistically significant across the ten habitat types, using ANOVA (n=10, F=4.222, d.f.=9, 

26, p=0.04). Other Anophelines such An. ardensis, An. faini, An. hamoni, An. sergentii, and 

Aedes spp. populations were lower compared to populations of other Anophelines sampled, and 

were mainly found in drainages and open puddles in both terrestrial water bodies and along the 

Mara River basin. Culicine spp. mainly dominated drying strans, open pudlles and artificial 

containers among other habitats (Table 4.3). 

 



86 
 

Table 4.3: Mean densities (± SE) of Mosquito Larvae per Habitat Type along the Mara 

River 

Taxa 

Drying 

streams 

*Other 

habitat 

types 

Open 

puddles 

Vegetated 

pools 

Rock 

pools 

Animal 

hoofprints Rivers 

An. arabiensis 34±23.8 12.31±6.4 29.1±2.1 22.8±1.3 4.3±0.2 4.1±5.1    0.0 

An. gambiae s.s 11.4± (0) 10.3± 5.0 14.2±4.1 9.1± 3.6     0.0 2.1±1.3    0.0 

Cx. pipiens  12.2±7.4 3.8±0.8  16.2±1.4 5.1±0.9     0.0 4.6±1.5    0.0 

An. coustani 20.3±9.7 7.3±6.6    1.0±0.4 11.0±4.4     0.0     0.0 0.0 

Cx.quinquefasciatus 20.2(0) 7.2±0.2 18.1±8.0 2.1±0.1 0.3±0.2 0.1±0.1    0.0 

An. funestus group 0.9±1.2 0.0      0.0 5.6±1.5 0.0     0. 0    0.0 

An. pharoensis 2.1±0.1 5.2±1.2      0.0     0.0     0.0      0.0    0.0 

An. azamiae    0.0 0.1±0.1   0.2±0.1 <0.1       0.0      0.0    0.0 

An. christyi 0.3±0.1 0.3±0.1       0.0 <0.1     0.0      0.0    0.0 

An. maculipalpis     0.0 <1.0 26.3±11.4 0.1±0.1     0.0      0.0    0.0 

An. ardenis     0.0     0.0 2.2±1.3     0.0     0.0      0.0    0.0 

An. sergentii  1.4±0.4 2.3±0.1 0.1±0.1     0.0     0.0      0.0    0.0 

An. faini     0.0     0.0  3.4±1.4 1.6±0.5 0.0      0.0    0.0 

An. lessoni  0.0     0.0    0.0 <0.1     0.0      0.0    0.0 

Aedes spp.   0.0     0.0 < 0.1     0.0     0.0      0.0    0.0 

*The table shows six representatives of types of habitas as classified along the Mara River, in this table 

the rest were grouped as other habitat types. 

 

The numbers of mosquito larvae were higher in drying streams followed by isolated swamps by 

the main river. Except for two specine of An. coustani larvae collected in the river environment, 

no other mosquito larvae species were sampled from the Mara River. 
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4.4.2. Mosquito Larvae Species Population in Open Sunlit Pools and in different Vegetation 

Types 

The vegetation surveyed were mostly associated with the Mara River and its tributaries (Amala 

and Nyangores). Few open sunlit pools existed as it was a dry period. Puddles created as a result 

of brick making accumulated water from the previous rainy season creating suitable habitats for 

larval mosquitoes. Overall, a total of 220 macro-habitats were surveyed for presence of mosquito 

larvae based on vegetation type with respect to vegetation height (Table 4.4), as previously done 

by Minakawa et al. (2012) [see picture in Appendix I]. On overall, there were more larval 

mosquitoes in habitats with short grass, followed by open sunlit pools, and lowest in habitats 

with tall grasses. Most mosquito species including Anopheles gambiae s.l., An. funestus group, 

An. pharoensis, An. ardensis, An. azamiae, An. christyi, An. maculpalpis, An. hamoni and An. 

sergentii were more in habitats with short grass compared to habitats with tall grass and those 

that were open and sunlit. Only Culex spp. and An. faini were more in open sunlit pools than in 

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

types based on Vegetation Characteristics 

Mosquito species *Short grass  

(%) 

Tall grass 

(%) 

Open sunlit 

(%) 

Total  

(%) 

An. gambiaes.l 959 (60.7) 2 (0.13) 618 (37.6) 1579 (100) 

An. funestus group 65 (81.3) 13 (16.3) 2(2.5) 80 (100) 

An. coustani 299 (53.6) 255 (45.7) 4 (0.7) 558 (100) 

An. pharoensis 40(62.5) 22 (34.4) 2 (3.13) 64 (100) 

Culex spp. 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. azamiae 40 (76.9) 0(0.0) 12 (23.1) 52 (100) 

An. christyi 8 (66.7) 3(25.0) 1 (8.3) 12 (100) 

An. maculipalpis 75 (57.5) 0(0.0) 55 (42.3) 130 (100) 

An. hamoni 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 terrestrial and river edge habitats. A total of 

1,289 larval mosquitoes were collected from terrestrial aquatic habitats while 2,712 larval 

mosquitoes were collected at the river edge habitats. River edge habitats had a total of 70 

mosquito-breeding habitats. About 36 (51.4%) were pools of slow moving water, while 20 

(28.6%) were large swamps, the remaining 14 (20.0%) were mainly rock pools and small patches 

of pudlles. The result revealed that out of a total of 2,124 larval mosquitoes sampled in the 

habitats with short vegatations, Anopheles spp. were dominat (60.8%), over Culex spp. (39.2%), 
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and the differences in the two species composition was statistically significant (t=12.667, df = 1, 

p=0.03). 

 

The terrestrial habitats mainly comprised of open sun lit pools. A total of 80 microhabitats were 

sampled and found to habour different mosquito species. Nevertheless, Culex spp. were the 

majority comprising of about 58.9% (n=759) of the larval mosquitoes sampled. The remaining 

proportion (41.1%) comprised of the Anopheles spp., majority of which occupied habitats with 

littered dry leaves or scattered short grass. The population of both species were however similar 

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

 

Further the mosquito and predators habitats were classified based on their location within the 

river or stream continuum or in the terrestrial habitats. The terrestrial aquatic habitatas were 

located approximately 50m away from the main river/streams. The Shannon-Weiner (H’) 

Diversity Index was slightly higher for river edge habitats (2.17) compared to terrestrial habitats 

(1.43). However, the diversity index did not vary between the aquatic terrestrial habitat and river 

edge habitats (t=0.3120, df=1, p=0.342). The Shannon evenness index was higher in river edge 

habitats (2.13) than in terrestrial aquatic habitats (1.30) (Table 4.5), and significant differences 

was observed between the two broad habitat types (t=7.123, df=1, p=0.002). The findings 

showed that as the number of mosquitoe increased, the diversity of larval mosquitoes became 

linear, futher showing the diversity of larval mosquitoes and species richness along the Mara 

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

River, Kenya and Tanzania 

Indices Terrestrial  

Habitats 

Riveredge    

Habitats 

Pr(>|z|) 

 

Species number 1289 2712 - 

Species Richness 9 12 - 

Shannon-Weinner Diversity 

Index 

1.438 2.1747 0.342 

Shannon Evenness Index 1.2640 2.1332 0.002 

 

Predator numbers seemed to increase in vegetated pools, streams and swamps following increase 

in mosquito population. For instance, Culex spp. and the Anopheles mosquito larvae were 

collected in temporary water pools and puddles, even as more of the Anopheles spp. were 

observed to prefer aquatic environments such as swamps, slow flowing streams and vegetated 

pools compared to Culex spp. However, the highest numbers of predators were captured in 

drying streams (40.1%), followed by swamps (20.2%) and other vegetated pools adjacent to the 

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

(Table  4.6). Figure 4.5 and 4.6, summarizes density of larval mosquitoes and their predators 

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

habitats favorable to Culicine spp. were also preferred by Anopheles spp. but the occurrence of 

the predators where Culicine spp. dominated remained low.  
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Table 4.6: Habitat Preference by both Mosquito Larvae and Predators along the Mara 

River  

Habitat 
Mosquito             Propotion 

    ( n)                       (% ) 

      Predators              Proportion 

          (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 

 

 

Figure 4.5: Distribution of Mosquito Species and their 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 

of different sizes and colors (n = 39). 
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4.5. Relating Physico-chemical Parameters to Mosquito Larvae Abundance using GLM 

In the final GLM model, three physico-chemical parameters (conductivity, dissolved oxygen, 

temperature and alkalinity) were found to be the most favorable factors for the immature 

mosquito survival (Table 4.7). In a separate Poisson-GLM model, water temperature, 

conductivity, dissolved oxygen, and alkalinity was predictive for both Culex spp. and Anopheles 

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    <0.001 

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 Explanatory Variables (pH, Conductivity, 

Dissolved Oxygen, Temperature, Alkalinity and Turbidity) 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 Explanatory Variables (pH, Conductivity, 

Dissolved Oxygen, Temperature, Alkalinity and Turbidity) on Anopheles 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 parameter for each of the eight different habitats. The 

findings showed that DO was highest (6.4±0.7 mg/L) in rivers and lowest (2.4±2.7 mg/L) in 

swamps. Most habitats however had dissolved oxygen values ranging between 4.0 and 5.6 mg/L. 

Conductivity levels across different habitats showed wide variations ranging between a mean of 

144.5±97.6 µS/cm for the rivers and 368.0±125.9 µS/cm for the rock pools. Dams and stream 

habitats also recorded relatively high mean conductivity levels of 290±186.5 µS/cm and 

269.8±213.8 µS/cm, respectively. The pH levels varied only slightly between different habitats 

ranging between 7.0 and 8.2. Only the swamp habitats recorded a neutral (7.0±1.3) pH, while 

other habitats recorded alkaline pH, slightly above 7.0. Turbidity levels like conductivity varied 

highly between different habitats within the Mara River basin, with the highest mean turbidity of 

542.6±2.3 NTU recorded within rock pools and the lowest mean turbidity of 95.2±131.9 NTU 

recorded in dams. Mean alkalinity and hardness were both highest 400±282.8 mg/L and 
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372±393.2 mg/L, respectively, in drainages. However, lowest mean alkalinity (100±62.4 mg/L) 

was recorded in dams while lowest mean hardness (58.5±46.7 mg/L) was recorded in swamps. 

There were slight variations in temperature between different habitats, ranging from 19.7±2.30C 

in the main river to 26.2±3.4 0C in rock pools. Only swamps recorded slight salinity of 0.4mg/L 

while all the other sites were zero (0). The physico-chemical parameters as measured on site are 

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

 

 

Habitats DO (mg/l) pH Alkalinity (mg/l) Hardness (mg/l) Turbidity (NTU) Conductivity (µS/cm) Temperature (0C) 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 19.7±2.3 0.0±0.0 
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4.5.2. Influence of Physico-Chemical Parameters on Mosquito larvae and Predator in  

Shared Habitats along the Mara River 

4.5.2.1. Acidity Level (pH) 

The pH values were distributed differentially in the different habitats, with the rivers showing a 

more remarkable variation (Figure 4.7). The pH had three outlying values on dam, stream and 

spring. The highest mean pH value (8.3±0.6) was recorded in spring habitats, while the lowest 

(7.0±1.3) was recorded at the swamps. Stream and dam habitats had almost the same variation 

(8.1±0.6) and (8.1±0.4), respectively. Similarly, drainages and rivers showed similar trend of pH 

values. However, springs, puddles, rivers and rock pools had 8.3±0.6, 8.2±0.5, 7.1±0.8 and 

7.3±0.4 respectively. One-way Anova indicated a significant difference in pH among the sites 

(ANOVA, n=10, F=11.2418, d.f.=9, 26, p<0.01). 

 

Figure 4.7: Boxplot and Whisker plot of pH levels across Different Habitat Types along the 

Mara River (July-August 2011, n=39).  
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In a correlation matrix to determine the direction of pH in the shared habitats (Figure 4.8), there 

was a positive correlation between larval mosquitoes and the predators (r=0.696, p  

<0.05) as well as pH and larval mosquitoes (r=0.192, p>0.05) and a negative association between 

pH and predators (r = -0.104, p>0.05) in the shared habitats. 

 

 

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

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

 

Further analysis to determine preferable level of conductivity range requirement by both larval 

mosquitoes and predators and predators in the shared habitats indicated that, with values ranging 

between 5.2 to 8.4, the most prefered range was between 8.1 and 8.4 for both larval mosquitoes 

and  predators in the shared habitats along the Mara River (Figure 4.8). However, some 

mosquitoes had specific pH requirements. For instance, while some larval mosquitoes preferred 

pH range of 6.7 to 7.0, others preferred a range of 7.4 to 8.2 and 7.9 to 8.2. Nevertheless, all the 
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larval mosquitoes and predators had specific range of preferred 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 water to conduct electrical current. Drainages and 

open sunlit puddles recorded almost same variation, with a mean range of 168.5±13.4 µS/cm and 

168.8±87.3 µS/cm, respectively. Swamps (174.3±59.2 µS/cm), dams (290±186.5 µS/cm) and 

streams (269.8±213.8 µS/cm) were also clustered with an almost similar conductivity range. 

Spring and river habitats recorded the lowest mean conductivity range of 155.7±88.4 µS/cm and 

144.5±97.6 µS/cm, respectively (Figure 4.9). One-wayANOVA test indicated a significant 

difference in electrical conductivity among the habitat types (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 Concentration of Conductivity per Habitat type 

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

 

Further analysis to determine preferable conductivity range requirement for both larval 

mosquitoes and predators in the shared habitats indicated that, with values between 109.9 µS/cm 

and 382.6 µS/cm, a range between 162.9 µS/cm to 166 µS/cm was most preferrable by both 

larval mosquitoes and  predators in the shared habitats along the Mara River (Figure 4.10). 

However, some larval mosquitoes had specific conductivity requirements. For intance, while 

some prefered conductivity range of between 109.9 to 165.0 µS/cm, others prefered a range of 

166.6 to 276.3 µS/cm.  
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In a correlation matrix to determine the direction of conductivity in the shared habitats (Figure 

4.10), there was a positive, but non-significant correlation between larval mosquitoes and 

predators (r=0.592, p<0.05), conductivity and larval mosquitoes (r=0.174, p>0.05) and 

conductivity and predators (r =0.148, p=>0.05), Figure (4.10).  

 

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

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

 

4.5.2.3. Turbidity Level 

The turbidity levels in each habitat type indicated the level to which substances were suspended 

in the habitats along the Mara River. Mean turbidity was lowest in dams (96.9±142.0 NTU) and 

puddles (95.2±131.9 NTU) and the highest in rock pools (542.6±2.3 NTU). Springs and rivers 

had an almost closer range of 135.2±142.4 NTU and 134.5±121.7 NTU, respectively. Drainages, 

swamps and streams had 144.8±84.3 NTU, 142.2±108.5 NTU and 124.3±152.6 NTU, 

respectively. Rivers (135.2±142.4 NTU) and springs (134.5±121.7 NTU) almost had a common 
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range. A significant difference in turbidity was observed among the habitat types (one–way 

ANOVA, n=10, F=4.6597, d.f.=9, 26, p<0.05). Rock pools had the highest turbidity levels. 

Boxplot presentation for turbidity in the different mosquito and predator breeding sites are as 

shown in Figure 4.11. 

 

Figure 4.11: Boxplot and Whisker Plot of Total Turbidity along Mara River (July-August 

2011, n=39).  

 

 

 Habitat type 
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Correlation matrix to determine the direction of relationship bwetween turbidity, larval 

mosquitoes and predators in the shared habitats is as shown in Figure 4.12. There was a weak 

positive, but non-significant correlation between larval mosquitoes and predators in the presence 

of turbidity (r=0.00396, p>0.05), a positive correlation between turbidity and larval mosquitoes 

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

shared habitat. 

 

 

Figure 4.12: Correlation Matrix between Larval mosquitoes, Predators and Turbidity in 

shared Habitats along the Mara River Basin (July-August, 2011). Turbidity had a Negative 

Corelation with Predators. 

 

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

but non-significant correation between predators and larval mosquitoes (r=0.004, p>0.05) in the 
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same habitat, while a negative correlation was observed between turbidity and predators in the 

same habitat. This required further analysis using in a more robust model, to establish the 

relationship between individual parameters and the bundance of larval mosquitoes and their 

predators. 

 

Analysis to determine preferable level of turbidity requirement by both larval mosquitoes and 

predators in the shared habitat indicated that, with values ranging between 103.8 to 590.4 NTU, a 

range between 143.2 NTU and 144.0 NTU was most preferred by both larval mosquitoes and 

predators in the shared habitats along the Mara River. However, some larval mosquitoes had no 

specific turbidity requirement range.  

 

4.5.2.4. Alkalinity  

Alkalinity indicates the habitats’ ability to absorb acidic substance. The water condition 

inhabited by larval mosquitoes and their predators along the Mara River is shown in Figure 4.13. 

Mean alkalinity was highest in drainages (400±282.8 mg/l), followed by swamps (244±274.6 

mg/L), while the lowest alkalinity was recorded in dams (100±199.2 mg/L) and rivers (100±62.4 

mg/L). Swamps produced a mean of 244±274.6 mg/L, while rock pools had 153±60.8 mg/L, 

followed by streams (126.2±26.5 mg/L) and springs (124.5±113.2 mg/L). A significant 

difference in alkalinity was observed among the different land uses (One–way ANOVA, n=10, 

F=3.7219, d.f.=9, 26, p=0.02). Boxplot presentation for alkalinity in the different mosquito and 

predators breeding sites are as shown in Figure 4.13. 
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Figure 4.13: Boxplot and Whiskers of Average Alkalinity across different Habitat types 

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

 

Alkalinity level was highest in drainages followed by swamps. Dams and puddles had the lowest 

alkalinity level. Analysis by correlation matrix to determine the direction of alkalinity in the 

shared habitats is as shown in (Figure 4.14). There was a positive, but non-significant correlation 

between larval mosquitoes and predators (r=0.00171, p>0.05), a positive correlation between 

alkalinity and larval mosquitoes (r=0.128) as well as predators (r=-0.059, p>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-August 2011). Both Larval mosquitoes 

and the Predators Showed a Positive Correlation with Alkalinity. 

 

Analysis to determine preferable level of alkalinity range requirement by both larval mosquitoes 

and predators in the shared habitat indicated that, with values ranging between 6.4mg/L, and 

406.1mg/L, only few larval mosquitoes and  predators prefered a range between 131.2mg/L, and 

144.4mg/L, others had a more wider requirement range  However, some mosquito had no 

specific alkalinity requirement range.  
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4.5.2.5. Salinity 

The distribution of organisms within habitats is to some extend driven by salinity. Along the 

Mara River most aquatic habitats had zero levels of salinity. Only swamps recorded salinity level 

of 0.4 mg/L. Thus, the influence of salinity along the Mara River could not be statistically 

evaluated as a result of insufficient sample numbers. However, in the Ordination Analysis, both 

predators and mosquito larvae showed a positive relationship with salinity (CCA, p<0.05).  

 

4.5.2.6. Dissolved Oxygen (DO) 

As with other chemical parameters, dissolved oxygen levels were measured during sampling 

along the Mara River in every habitat. A habitable aquatic ecosystem requires a good supply of 

oxygen in the water system. The boxplots below (Figure 4.15) indicate results for the water 

condition inhabited by larval mosquitoes and their predators along the Mara River. Mean 

dissolved oxygen was highest in rivers (6.4±0.7 mg/L), followed by rock pools (6.0±0.7mg/L). 

The lowest was recorded in swamps (2.4±2.7mg/L). Dissolved oxygen in dams (4.7±1.8 mg/L), 

drainages (4.3±3.8 mg/L), and springs (4.0±0.3 mg/L) varied slightly but were almost of the 

same range. The mean dissolved oxygen in puddles was 5.6±0.8mg/L, while that of stream was 

5.3±1.6mg/L. A significant difference in mean dissolved oxygen was observed among the 

different habitat types (One–way ANOVA, n=10, F=4.3261, d.f.=9, 26, p=0.01). Oxygen level 

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

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

 

Analysis by correlation matrix to determine the direction of dissolved oxygen in the shared 

habitats is as shown in (Figure 4.16). There was a positive, but non-significant correlation 

between larval mosquitoes and predators in the presence of oxygen (r=0.219, p>0.05), between 

dissolved oxygen and larval mosquitoes (r=0.0379, p>0.05) 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 River Basin (July-August, 2011). A 

Posive Correlation was observed between larval mosquitoes and Predators with Dissolved 

Oxygen. 

 

Analysis to determine preferable level of dissolved oxygen range requirement by both larval 

mosquitoes and predators in the shared habitat indicated that values ranging between 6.0mg/L 

and 6.5mg/L were most preferable, however, some larval mosquitoes and predators also 

preferred a range of between 5.2mg/L and 5.3mg/L. Few preferred dissolved oxygen levels of 

between 5.3mg/L and 6.5mg/L, while others preferred DO 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 and growth of aquatic organisms. It is also 

responsible for solubility of oxygen in river water, and neutralizes toxic materials. At a higher 

temperature, organisms perspire and die faster, leaving behind matter that requires oxygen for 

decomposition. Along the Mara River, the highest mean temperature was recorded in the springs 

(26.3±2.2°C), followed by rock pools (26.2±0.7°C) and puddles (25.2±2.3°C). The lowest 

temperature was recorded in rivers (19.7±2.3°C). Dams (24.4±1.9°C) and drainages 

(24.2±0.7°C) scored almost the same value, which differed only slightly. The mean temperature 

recorded at the swamps and streams were 23.2±4.9°C and 22.5±2.1°C, respectively (Figure 4.17). 

The temperature range of the Mara River as tested between July and August was 19.7 to 26.3°C. 

A significant difference in mean temperature was observed among the different habitat types 

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

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

 

Temperature level was highest in rock pools followed by dams. Streams and rivers had the 

lowest temperature levels. A correlation matrix to determine the direction of temperature in the 

shared habitats is as shown in Figure 4.18. There was a positive, but non-significant correlation 

between larval mosquitoes and predators (r=0.195, p>0.05); i.e. between temperature and larval 

mosquitoes (r=0.249, p>0.05) and between temperature and predators (r=-0.161, p>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 Temperature was observed. 

 

Analysis to determine the preferable level of temperature range requirement by both larval 

mosquitoes and predators in the shared habitat indicated that values ranging between 19.3°C and 

20.6°C were most preferred. However, some larval mosquitoes preferred a temperature of 

22.3°C, though some larval mosquitoes preferred even lower temperatures at 18°C.  

 

4.5.2.8. Water Hardness 

Hardness of surface water is usually as a result of the presence of multivalent metal from 

minerals dissolved in the water. In the aquatic environment, ions result from abundance of 

calcium and magnesium in water. Figure 4.19 shows graphical distribution of hardness along the 

Mara River. The highest mean hardness (372±393.2mg/L) was recorded in the drainages while 
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the lowest were recorded in dams and swamps (87.7±56.2mg/L and 58.5±46.7 mg/L, 

respectively). Streams recorded a mean average of 102.4±68.9 mg/L, while puddles, springs and 

rivers recorded almost the same mean values of hardness (188±247.7 mg/L, 183±148.4 mg/L and 

178±228.8 mg/L, respectively). Rock pool had the intermediate value (178±228.8 mg/L). Mean 

hardness differed significantly among different habitat types along the Mara River (One–way 

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

 

 

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

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

 

Hardness level was highest in rock pools followed by streams. Swamps and rivers had the lowest 

hardness levels. A correlation matrix to determine the direction of hardness in the shared habitats 

is as shown in Figure 4.20. There was a positive correlation between larval mosquitoes and 
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predators in the presence of hardness (r=0.56, p<0.05), and between hardness and larval 

mosquitoes (r=0.0592, p>0.05). However a negative correlation was observed between hardness 

and predators (r=-0.2491, p>0.05) in the shared habitats.  

 

 

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

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

 

Analysis to determine the preferable level of hardness range requirement by both larval 

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

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

and their predators.  

 

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

In the GLM model, the results established that the abundance of predators in habitats were 

partially driven by the presence of mosquito larvae (Z=6.49, p≤0.001), and the prevailing water 

physico-chemical parameters (dissolved oxygen, Z=3.34, p≤0.001; temperature, Z=2.75, 

p≤0.001; and turbidity, Z=-3.65, p≤0.001), based on the best model with the smallest AIC (Table 

4.11).  

 

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

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

Physico-chemical parameters Estimate Std. Error Z-value 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  <0.001 

 

4.7. Canonical Correspondence Analysis (CCA) for the Individual Relationship between 

the Physico-Chemical Parameters, Larval mosquitoes and Predators  

The Canonical Correspondence Analysis (CCA) to determine the role of each independent 

variables on the dependent variables (larval mosquitoes and predators), hardness (negatively) and 
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salinity, pH and conductivity (CCA, p≤0.05) positively influenced the abundance of both 

mosquito and predators, while temperature, dissolved oxygen and turbidity significantly 

influenced mosquito larvae and predators abundance (CCA, p≤0.01).  Biplot from a CCA on 

how variables correlated is presented. Quadrats represent uqniueness of the variables such that 

the more important variables are in the first quadrant and directly opposite their most important 

correlates (Figure 4.21). The raw numbers indicated are random numbers generated by the 

analysis on how the variables were added onto the model. 

 
Figure 4.21: RDA Ordination Biplot of the Overall Effect of Various Enviromental 

Parameters Recorded Along the Mara River, (July to August, 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 0.440. Dissolved oxygen and temperature were the 

most important factors that positively and directly correlated with both larval mosquitoes and 

predators abundance based on quantrant reflection in the ordination analysis. Overall, the model 

explained 99.8% of all the nine variables. 

 

To evaluate the strength and pattern of relationship between mosquito larvae and predators, a 

canonical correlation analysis was done. There was a strong correlation between the predators 

and mosquito larvae (r=0.72, p≤0.001).  
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CHAPTER FIVE: DISCUSSION 

5.1. Presence, Abundance and Distribution of Malaria and Non-Malaria Transmitting 

Vector Larval mosquitoes along the Mara River Basin 

Several species, which included Anopheles gambiae complex, Anopheles funestus group An. 

pharoensis, An. maculipalpis, An. coustani complex larvae and few uncommon species such as 

An. azamiae, An. christyi, An. hamoni and An. sergeti were present in few of the Mara River 

habitats. Among these, An. pharoensis, An. coustani and An. azamiae have been reported as 

malaria vectors elsewhere. More specifically, An. coustani have been implicated as a transmitter 

of malaria parasite in Kenya, Ethiopia, Cameroon and Upper delta (Cohuet et al., 2003; Massebo 

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

 
Most mosquito larvae were found in isolated pools of the receding waters or in temporary 

habitats near the main Mara River and along the perennial Mara River tributaries of Amala and 

Nyangores. Most habitats found along the Mara River were characterized by various types of 

vegetation, which in turn offered a variety of microhabitats for the larval mosquitoes. Anopheles 

custani complex and An. funestus group were found mainly in swamps, river edge and drying 

stream in higher densities. Previously, they have been reported to mainly occupy vegetated areas 

near the shore with large volume of unpolluted water (Minakawa et al., 2012). However, several 

patches of open sunlit pools adjacent to the main Mara River were dominated mainly by An. 

gambiae s.l., Culex spp. and An. maculipalpis. For malaria transmitting vectors, An. gambiae s.l 

were the most dominant, especially in samples collected from open sunlit pools. Studies by 

Minakawa et al. (2002) suggested that An. gambiae s.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 collected, An. gambiae s.s. comprised 840 (25.9%), followed 

by An. arabiensis (24.3%) based on the results from the PCR technique. Other Anopheles species 

that did not belong to An. gambiae s.l also existed in the study sites as shown in Table 2. These 

species failed to amplify with primers specific for An. gambiae s.s and An. arabiensis. The 

specimens that failed to amplify after repeated trials and adjustments were initially 

microscopically identified into other Anopheles species and grouped. There was no further 

identification done for Culex spp., except for the use of standard morphological identification 

key. Future studies should therefore consider identifying all species that belong to the same 

genus in the study area using oligo primers specific for all the different sibling species of 

Anophiline and Culicine. The two species knwon to tramsmit malaria (An. gambiae s.s and An. 

arabiensis) and Culex spp. were sparsely distributed, with An. gambiae s.s species dominating 

upper part of the Mara River in Kenya, while An. Arabiensis showed a similar trend towards 

Tanzania.  Culex spp. were evenly distributed among the sites. 

 

In the Mara River basin, An. funestus group larvae were mostly found in swamps and few in rock 

pools, while, An. pharoensis, An. azamiae, An. christyi, An. maculipalpis, An. hamoni and An. 

sergeti dominated open sunlit puddles, hippo hoof-prints and drainages. As with similarity to 

other areas, An. gambiae s. l. were found in high abundance either on temporary sunlit pools or 

open habitats with scattered short grass (Minakawa et al., 2002; Serneels & Lambin, 2001). 

Insignificantly few An. funestus group larvae were found in rock pools located at the Trans-Mara 

border site 4, Trans Mara bridge sites 2, 5 and 6, and a site located at Kichwa Tembo Bridge 

close to the border of the Mara Game Reserve, near Mara Safari Club in Kenya in the current 

study. Hardly have they been found inhabiting rock pool or open sunlit pools in other studies. 
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Culex spp. and An. gambiae s.l. dominated most habitats. The Mara River is perennial, flowing 

all year round, with levels of water fluctuating during the dry and rainy. As a result, small pools 

of water are present by the riverside during the rainy season, which dry as the amount of rainfall 

decrease. On the contrary, stream water becomes stable with reduced flow rate. The observation 

that An. gambiae s.l. and An. funestus group were abundant in drying stream tributaries of the 

Amala and Nyangores rivers was a clear confirmation that most malaria vector species prefer 

breeding on stable waters with less disturbances. Stable flows of the steam during dry period 

appear to support more larval mosquitoes along the river basin than rainy period. This contradicts 

earlier report that malaria transmitting vector population may only increase during rainy seasons 

(Odongo-Aginya et al., 2005); (Manikandan & Sevarkodiyone, 2014). This study also showed 

that Culex spp. larvae were the most abundant and widespread mosquito larvae along the Mara 

river basin. They were collected from different habitats. This clearly indicates that Culex spp. 

larvae have great degree of adaptability to different habitats than other mosquitoes. The presence 

and wide distribution of Anophelines within the Mara River, the vector of human malaria 

constitutes a major potential health problem. Further studies on the vectorial capacity of these 

disease pathogens vectors are required and every effort should be made to prevent their spread 

along the Mara River.  

 

At Transmara border site, the habitats were mainly rock pools with stagnant water created by the 

hydrologic effect of stream water, which hits the river banks and settles on pocket-like rock 

habitats. The water in these habitats was clear and shielded from direct sunlight. Consistent with 

the current findings, previous study reported that the presence of An. gambiae s.l. and An. 

funestus group in diverse natural aquatic habitats in the Western Kenya highlands were inversely 
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correlated to canopy cover (Minakawa et al., 2002). Similarly, Minakawa et al (2008) and 

Fillinger et al. (2004) studies indicated preference for open sunlit pools by the An. gambiae s.l 

and recommended that these habitats be closely monitored if the risk of malaria transmissions is 

to be reduced among the riparian communities living along the lake. In both the current and 

previuos studies, larval sampling has indicated that swamps and other potential habitas adjacent 

to either a river or lake becomes more potential for both An. gambiae s.l and An. funestus group. 

The Mara River is perennial, flowing all year round, with levels of water fluctuating during the 

dry and rainy seasons (Serneels & Lambin, 2001). As a result, small pools of water are created 

by the riverside and stream tributaries during the rainy season, which dry as the amount of 

rainfall decreases (Serneels & Lambin, 2001), making them stable with reduced flow rate 

suitable for Anopheles mosquito breeding.  

 

On terrestrial habitats, open sunlit puddles were found to harbour more larval mosquitoes 

compared to roadside ponds with vegetated habitats. Consistent with the current findings, the 

behavioural avoidance patterns of standing waters characterized with vegetation by the An. 

gambiae s.l was also reported by Mutuku et al. (2006). In the river habitats, more larval 

mosquitoes were found in drying streams and riverbeds with little vegetation as compared to 

open water, thus an indication that aquatic vegetation plays an important role in harbouring these 

malaria-transmitting vectors. The stablility of a stream during dry periods appear to support more 

larval mosquitoes along the river tributary streams than in rainy periods. However, seasonality 

studies may be required to determine trend and density that may provide proof for comparison 

purposes. This study has also shown that Culex spp. were the most widespread mosquito larvae 

along the Mara River basin as they were collected from a variety of habitats. This is an indication 
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that Culex spp. larvae have a great degree of adaptability to different habitats than any other 

mosquito species.  

  

The main Mara River, with riffles and pools and characterized with fast flowing waters had no 

mosquitoes. However, large swamps with tall emergent vegetation adjacent to the Mara River 

were found to be dominated by An. coustani. The many habitats adjacent to the main river either 

created through human activities such as brick making or animal activities especially at watering 

points appeared to harbour most malaria transmitting vector, i.e. the An. gambiae s.l. The 

receding river and stream tributaries’ water levels caused by the destruction of forests, rock pools 

which initially were below the water surface, especially during dry spells, were the main 

potential breeding micro- habitats for An. gambiae s.l and An. funestus group. Therefore, these 

conditions are potentially improving the habitat diversity for these vectors, which are good 

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

 

Open sunlit puddles, rock pools and drains, which produced the highest numbers of larval 

mosquitoes, were shallow, isolated and tended to limit predator access. Such habitats presented 

perfect-breeding sites for potentially harmful mosquito species some of which are known carriers 

of malaria parasites and the viruses. 

This study compared terrestrial water pools with those adjacent to the river, because past studies 

suggest that the pools along the lake shore are more potential than their terrestrial counterparts 

(Minakawa et al., 2002). Similarly, in this study the Shannon diversity index was slightly higher 

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

considering that the typical value of the index ranges from 1.5 (low species richness and 
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evenness) to 3.5 (high species evenness and richness), (Magurran, 2005), although values beyond 

these limits, up to a maximum of 5 may also be encountered. Consequently, the evenness index 

was also higher in river edge habitats (2.13) as compared to the terrestrial aquatic habitats (1.23), 

reflecting a variation in abundance of mosquito species between the two sites, along the Mara 

River. This study has also revealed that Culex spp. were the most widespread mosquito larvae 

along the Mara River basin as they were collected from a variety of habitats. The presence and 

wide distribution of Anopheles spp., the vector of human malaria, constitutes a major potential 

health problem.  

 

Considering that similar proportions of all sub-species give an evenness index of one, with 

higher values reflecting very dissimilar proportions (some rare and some common species), it is 

apparent that mosquito sub-species were clearly dismal as reflected by the dominance of 

Anopheles gambie s.l and Culex spp. over other mosquito species in both habitats. This is an 

indication that some species are better adapted to the habitats sampled than others as was also 

observed in Western Kenya (Imbahale et al., 2011).  

 

Few uncommon species such as An. pharoensis, An. faini, An. hamoni and An. azamiae, have 

been implicated in malaria transmission elsewhere in Africa (Cohuet et al., 2003; Massebo et al., 

2013).  Although studies have been done on abundance and distribution of larval mosquitoes in 

Kenya previously (Kweka et al., 2013; Minakawa et al., 1999; Muturi et al., 2008), majority 

were limited to the detection of known specific disease and non-disease transmiting mosquito 

larvae as in the current study. Although their densities were low, they have to be regularly 

monitored to avoid any future outbreak of diseases when their density explodes. However, the 
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current study is consistent with that of Minakawa et al. (2002), Fillinger et al. (2004) and 

Minakawa et al. (2012) who also reported diverse natural aquatic habitats for both An. gambiae 

s.l. and An. funestus group in western Kenya. 

 

5.2. Presence, Abundance and Distribution of Mosquito Larvae Predators and their 

Relationship with Mosquito Larvae Abundance and Distribution along the Mara River 

Basin 

In the current study, the distribution of mosquito larvae predators along the Mara River was 

sparse with a total of 297 predators belonging to 3 orders identified in the 39 sites sampled. The 

sparse distribution and particular dominance of members of order Hemiptera over the other 

orders could have been due to their broad tolerance to a wide range of environmental conditions 

which probably enabled them to inhabit micro-habitats that other predator species may not prefer. 

Studies have also shown that throughout ontogeny, species will likely experience different effects 

of abiotic factors, depending on their developmental stage, thus creating conducive habitats for 

some species and not others (Eitam et al., 2002).  

 

Overall, drying streams supported the greatest numbers of both mosquito larvae and their 

predators during this sampling period and may be responsible for increasing natural predation in 

certain temporary habitats such as dams, open puddles and vegetated pools. This possibility is 

supported by the observation that certain terrestrial aquatic habitats had lower number of larval 

mosquitoes and higher predator abundance.  
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The relatively low mosquito and predator numbers observed in the ephemeral habitats as 

compared to drying streams and swamps might have been due to several reasons. As reported in 

earlier studies, adult mosquito may have the ability to detect the presence of predators and 

consequently avoid ovipositing in such habitats, preferring instead to inhabit areas with swamps 

and grassy patches that can protect the immatures (Blaustein et al., 2004). Previously, larval 

mosquitoes of the species Culiseta longiareolata were reported to detect chemicals from 

notonecta predators, and the instinct/cue can exist in the habitat for up to a week or more after 

their disappearance from the pool (Blaustein et al., 2004) and for Culex species, a period as low 

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

 

Majority of insect predators recorded in the sampled habitats as already been mentioned were 

mainly the order Hemiptera, as compared to the other two aquatic insect orders; Odonata and 

Coleoptera. The Order Hemiptera were widespread representing 7 families.  The 7 families were 

over-represented by Family Velidae and Genus Rhagovelia. Other predators of mosquito larvae 

belonged to the Order Odonata (which recorded 3 families dominated by family Coenagrionidae) 

and Order Coleoptera (which recorded 2 families dominated by Dytiscidae). Order Hemiptera 

were the majority.  A previous study also reported high number of this Order in aquatic habitats 

in Japan. This was related to the presence of other preferred food items such snails, in addition to 

larval mosquitoes (Ohba & Nakasuji, 2006).  In the current study, area snails were encountered 

in the habitats for mosquito larvae and their predators. Gilbert & Burns (1999) concluded that 

notonectid predators have the potential to alter mosquito communities via direct or indirect 

effects. Direct evidence of notonectid predation on mosquito larvae was obtained and this further 

confirmed their predominant role in mosquito larvae control (Kumar & Hwang, 2006). Most of 
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the insects in the Order Hemiptera have also been acclaimed as pollution tolerant (Joshi et al., 

2014). 

 

Evaluation of the effectiveness of the biological control of mosquito in nature is complicated by 

the fact that some larval mosquitoes that are vulnerable to predators such as Notonecta spp. and 

Anisops spp. avoid laying eggs in waters infested with these particular, thus making their control 

through biological means almost impossible (Blaustein et al., 2004; Eitam et al., 2002). 

Simulation models suggest that mosquito species of Culiseta longiareolata, though susceptible to 

Notonecta maculata predation, can be abundant owing to their strong avoidance of waters 

containing the predator (Warburg et al., 2011). However, a similar trend has not been reported 

with regards to malaria vector species. Studies have also shown that some predators especially 

those of the genus Notonecta often show vertical migration, i.e. up and down the water column 

implying that Notonecta could be one of the most appropriate bio-control tool for Anopheles and 

Culex larvae, whereas Buenoa (Backswimmer) may be more effective for Aedes spp. larvae since 

they prefer visiting artificial containers (Suárez-Rubio & Suárez, 2004). Notonectids generally 

prefer mosquitoes to chironomids, ceratopogonids, cladocerans, among other aquatic insects 

(Blaustein et al., 2004; Eitam et al., 2002), but alternative prey may also be sought (Kumar & 

Hwang, 2006). Moreover, studies show that many predators prefer a particular developmental 

stage of larval mosquitoes.  For example, it has been reported that while aquatic mites and 

copepods attack early instar larvae of larval mosquitoes, backswimmers have been reported to 

attack later instars (Fischer et al., 2012).  
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In the current study, it was established that the only predator that could colonize hoof-prints and 

manmade pools belong to the Order Hemiptera. This successful colonization of isolated pools by 

this group could most likely be associated with the predator mobility by flight and tolerance to a 

wide range of environmental pressures (Sites, Nichols, & Permkam, 1997). It is well known that 

notonectids are largely mobile, voracious of mosquito larvae and have the potential to alter 

mosquito communities via direct or indirect effects (Blaustein et al., 2004), through a reduction 

in oviposition by adult mosquitoes (Eitam et al., 2002). The direct effects occur primarily 

through predation. Laboratory and field experiments demonstrated that notonectids may disrupt 

mosquito egg rafts, though evidence of a reduction in subsequent hatching success was not 

observed (Shaalan & Canyon, 2009). Notonectids dominance on predation of mosquito larvae 

has been largely appreciated. Unlike in other studies, the current study found Hemiptera invading 

cattle hoof-prints.  Studies by Service (1985), Wondji et al., (2005) and Coetzee et al., (2005) 

reported that predators mainly visit swamps habitats with grassy patches which mosquito prefer 

to oviposit to protect their immatures. It was shown in these studies that they avoid open sunlit 

habitats.  

 

Other studies have also shown that species of Vellidae and Gerridae (Miura & Takahashi, 1988), 

both of which are semi-aquatic, prey on mosquito larvae on the water surface while some like 

Belostomatidae, Naucoridae and Nepidae are capable of preying on mosquito larvae in the 

laboratory (Shahayaraj & Sathiamoorthi, 2002), a strong indicator that some of the predators 

along the Mara River could actually be controlling the mosquito population.  
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However, some ecological factors may also influence the abundance of predator and mosquito 

populations. For instance, a simulation study of wind speed was found to be particularly 

important in the movement of mosquitoes in Papua New Guinea. Wind speed of between 36 and 

72 km/h were sufficient to carry mosquitoes from New Guinea to the Northern Peninsula of 

Australia (Ritchie & Rochester, 2001). However, reduced wind velocity was also shown to be 

important as it allowed female mosquitoes to deposit their eggs in artificial containers accurately 

without disturbance (Service, 1971). 

 

In the ordination analysis results, factoring in all the variables showed that in shared habitats, 

turbidity, conductivity and salinity had indirect influence on mosquito larvae and predator 

abundance, while dissolved oxygen and temperature had direct influence on mosquito larvae and 

predator abundance, supporting the concept that within aquatic habitats macro-invertebrates can 

be sensitive to factors affecting water quality. Previous studies reported that thermal pollution, 

pesticides and organic compounds may alter the water physico-chemical parameters and thus 

interfere with aquatic invertebrate diversity and composition (Zimmerman, 1993). This may also 

partially explain the abundance of Hemiptera, as compared 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 where many important mosquito life-cycle processes 

like oviposition, larval development, and adult emergence, resting, swarming and mating take 

place (Karthikairaj, Ravichandran, & Sevarkodiyone, 2013). Mosquito larvae were found in 

isolated pools of the receding waters or in temporary habitats near the Mara River or along the 
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perennial Mara River tributaries of Amala and Nyangores. Most habitats found along the Mara 

River were characterized by various types of vegetation, which in turn offered a variety of 

microhabitats for the larval mosquitoes.  

 

Vegetation type was an important factor for both Anopheles and Culex larvae presence and 

abundance in the respective habitats. Similar observation was reported for An. gambiae larvae 

(Mwangangi et al., 2008). The presence of vegetation could help the larvae to hide themselves 

away from their predators. Abundance of Anopheles and Culex larvae were higher with presence 

of aquatic fauna. However, existence of favorable environment for various aquatic fauna was 

also observed. For instance, drying stream, open puddles and drainages showed the highest 

abundance of Culex and Anopheles spp. and the least with rock pools. Although soil type may 

also have effects on mosquito distribution and abundance, it was not analyzed in this study, 

however, both current and previous reports indicated there could be variations in development of 

Anopheles larvae based on soil types (Lindh et al., 2015; Pfaehler et al., 2006).  

 

Most mosquito larvae in the drying stream were found in isolated pools of the receding water 

body or in temporary habitats near the Mara River or on the drying sections of Amala and 

Nyangores tributaries, which are the two main tributaries of Mara River on the Kenyan side of 

the basin. There were several patches of open sunlit habitats adjacent the main Mara River in 

which the An. gambiae s.l., Culex spp. and An. maculipalpis dominated. However, in all the 

cases of abundance, the malaria transmitting vectors, A. gambiae s.l was the most dominant. An. 

funestus larvae dominated swamps and were few in rock pools, while, An. pharoensis, An. 

azamiae, An. christyi, An. maculipalpis, An. hamoni and An. sergeti were also recorded in open 
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sunlit puddles and drainages. In other studies, An. gambiae s.l. have also been reported in high 

numbers either on temporary sunlit pools or open habitats with scattered short grass (Fillinger & 

Lindsay, 2011; Minakawa et al., 1999; Ofulla et al., 2013).  

 

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

instance, at site 4, the habitats were mainly rock pools created as a result of water currents, which 

hits the riverbanks and splashes out to fill the pocket-like rocks. The water in these habitats are 

often clear and shielded from direct sunlight by vegetations, and this could be the reason as to 

why they were colonized by the An. funestus group larvae. Such shaded micro-habitats with stilth 

water are preferred by the group (Minakawa et al., 2008). It is thus recommended that these 

habitats be closely monitored if the risk of malaria transmissions is to be reduced among the 

riparian communities within the Mara River basin.  

 

In these areas, larval sampling indicated that swamps were more potential habitats for both An. 

gambiae s.l. and An. funestus group. The Mara River is perennial and flows all year round, with 

levels of the water fluctuating during dry and rainy seasons (Serneels & Lambin, 2001). As a 

result, small pools of water are present by the riverside during the rainy season, which dry as the 

amount of rainfall decreases. On the contrary, stream water of its tributaries becomes stable with 

reduced flow rate, actually drying up. The stable flow of the streams during dry period appears to 

support more larval mosquitoes along the river basin than rainy period. However, this has never 

been proved. 
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Studies have established that mosquito colonization of a habit depends on a number of factors 

and these factors may vary depending on mosquito species. In West Africa, for example, a 

closely related species of An. gambiae s.s (M and S form), initially orientating as same species, 

were reported to inhabit completely different habitats. For instance, in Mali M form was found to 

dominate open sunlit puddles while S form were mainly found in swamps and long vegetated 

pools (Edillo et al., 2006). Previous studies reported the presence of Anopheles species 

concomitantly in open sunlit puddles, drainages, artificial containers and many other open 

habitats known to be free of  predators (Coetzee et al., 2000; Service, 1985), and where the water 

temperatures are ambient (Minakawa et al., 1999). An. funestus group on the other hand have 

been reported to inhabit vegetated pools, mainly permanent or semi-permanent habitats such as 

rice irrigation schemes, wetlands, and river edges with short vegetation that can provide shade 

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

 

Habitats that had clear water and were shielded from direct sunlight presented perfect breeding 

grounds for larval mosquitoes as evidenced by the abundance of larval mosquitoes in these 

habitats. On terrestrial habitats, open sunlit puddles were found to harbor more mosquitoes as 

compared to roadside ponds with vegetated habitats. Consistent with the current findings, 

behavioral avoidance patterns of standing waters characterized with vegetation by An. gambie 

were also reported by Mutuku et al. (2006). In the river habitats, more larval mosquitoes were 

found in slow flowing streams and river-beds with little vegetation as compared to open water, 

thus an indication that aquatic vegetation plays an important role in harboring these malaria 

transmitting vectors. The stable flows of the stream during dry period appear to support more 

mosquitoes along the river tributary streams than during the rainy seasons. However, more 
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seasonality studies may be required to determine trend and density and to provide proof for this 

speculation. This study has also shown that Culex spp. were the most widespread mosquito 

larvae along the Mara River basin as they were collected from a variety of habitats. This is a 

clear indication that Culicine spp. larvae have a great degree of adaptability to different habitats 

compared to other mosquitoes. The presence and wide distribution of Anopheles spp.; the vector 

of human malaria constitutes a major potential health problem. Further studies on the vectorial 

capacity of these disease pathogen vectors are required and every effort should be made to 

prevent their spread within the Mara River basin. The results of this study also showed that most 

mosquito larvae could survive well in neutral or slightly alkaline aquatic habitats. Similar results 

were also reported by Afrane et al. (2006).  

 

In the current study, the main Mara River, with riffles and pools and characterized by fast 

flowing waters had no mosquitoes. However, large swamps with tall emergent vegetation 

adjacent the Mara River were found to habor only An. coustani, while short emergent vegetations 

such as short grass and sedge harbored An. gabbiae s.l., Culex and An. funestus group. The many 

habitats adjacent to the main river either created through human activities such as brick making 

or animal trampling especially at watering points appeared to harbor most malaria transmitting 

vector of the Anopheles gambiae s.l. and Culex species. The receding river and stream tributaries 

water levels caused by the destruction of forests, rock pools which initially were below the water 

surface especially during dry spells, are becoming potential breeding micro habitats for An. 

gambiae s.l. and An. funestus group. Therefore, these conditions are potentially improving the 

habitat diversity for these vectors, which are good indicators of the health of riverine ecosystem. 

Open sunlit puddles, rock pools and drains, which produced high numbers of mosquitoes, were 
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shallow, isolated and tended to limit predator access. Such habitats then presented perfect-

breeding sites for potentially harmful mosquito species some of which are known carriers of 

malaria parasites.  

 

The Shannon diversity index was slightly higher for terrestrial habitats compared to river edge 

habitats, though both were still low considering that the typical value of the index ranges from 

1.5 (low species eveness and richness) to 3.5 (high species evenness and richness) (Magurran, 

2005) however, values beyond these limits upto a maximum of 5 may also be encountered. The 

evenness index was higher in terrestrial habitats than river edge habitats, reflecting a variation in 

abundance of mosquito species between the two sites, along the Mara River. Considering that 

similar proportions of all sub-species give an evenness index of one, with higher values 

reflecting very dissimilar proportions (some rare and some common species), it is apparent that 

mosquito sub species were clearly dismal as reflected by the dominance of Anopheles gambie s.l 

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

some species are better adapted to the sampled habitats than others. 

 

Overall, the indices of the mosquitoe species along the Mara River indicate diversity index value 

(H) of 1.43 for terrestrial habitats while river edge habitats had an index of 2.17 and the 

differences were not statistically significant. This was not satisfactory since ‘H’ value above 3 

indicates a better aquatic balance and stable ecosystem (Koller et al., 1996). However, evenness 

aspect varied significantly suggesting that with increasing sample size a population outburst is 

imminent in the Mara River ecosystem. In addition, a steady increase in the evenness as 

mosquito density increase as shown in the cumulative indices suggests that the ecosystem can be 
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a function of many hiden factors. Hagy et al. (2011) reported that high variability of population 

during sampling period can be a subject of many factors such as normal die off, hatching of eggs, 

cannibalism, re-emergence, patterns of predation, local movements and uneven distribution, this 

tentatively oviates the necessity of carrying out a longitudinal study to in order determine the 

seasonal accumulative indices of these parameters over time.  

 

Some organisms are more chemical-tolerant than others, and aquatic insects are sensitive to 

change of the environment. For instance, spraying of pesticides in the agricultural fields along 

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

advantage, as some predators are more adaptive than others. Analysis of the data established 

significant differences between predators’ density and habitat types. For instance, they were 

more likely to be captured in drying streams, swamps, vegetated pools and puddles. Such 

relationships could be attributed to the fact that these habitats harbored a high number of 

different species as compered to other habitats, which were located in the terrestrial sites. The 

terrestrial habitats mainly comprised open sunlit puddles that contained mostly the order 

Hemiptera and few Coleopterans, while habitats adjacent to the river contained many other 

species. Also, habitats adjacent to the river mainly comprised of vegetated habitats of which 

some species colonized to avoid risk of competition since they are unable to withstand 

environmental instability (Sites et al., 1997). Furthermore, open habitats with water on land 

appeared to contain dirty water. Future studies need to be carried out to establish the tolerability 

of the aquatic predators to turbidity or water transparency.  
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Only members of Hemiptera were found in a few terrestrial habitats. Habitats on land are often 

shallow and could only retain water for short periods of time and as such they exhibited different 

patterns of population growth because of the effects of different environmental variables such as 

temperature, water levels fluctuations and life cycle strategies (Williams & Hynes, 1974). 

Previous studies reported that thermal pollution, pesticides and organic compounds may alter the 

water physico-chemical parameters and thus interfere with aquatic invertebrate diversity and 

composition (Hilsenhoff, 1988). This may also partially explain the abundance of Hemiptera, as 

compared to other two aquatic insect orders (Odonata and Coleoptera). Most of the insects in the 

Order Hemiptera have been acclaimed as pollution-tolerant (Joshi, 2012), and their population 

was found to be higher than any other order along the Mara River. Other known sensitive taxa 

such as Plecoptera were completely absent from all the sites along Mara River, suggesting that 

the waters were polluted.  

 

In the present study, it was observed that despite the abundance of sunlit open water bodies, 

predators’ density were low, especially  in terrestrial habitats, whereas in the river fed pools with 

vegetations, the insect density was much higher. This suggest that the temporary water pools 

without vegetation might be the primary factor influencing the population dynamics of aquatic 

insects in all situations, especially for adventurous groups like the Hemipterans. 

 

Attempts were made to establish correlations between larval mosquitoes and predators in the 

shared habitats using regression matrix, so that scatter plot could deduce valuable information on 

how the relationship between the two variables would complement. There was no particular 

pattern of relationship observed between the two variables, however higher numbers of predators 
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were captured in habitats with lower densities of mosquitoes. This suggests that predators might 

have found these habitats suitable for them to inhabit and feed on larval mosquitoes. Similarly, 

Service, (1971), in their earlir studies also attempted to understand the differences in density of 

larval mosquitoes against their  predators, they compared the voracity of various types of  

predators by counting the number of larval mosquitoes consumed against the number of adults 

that emerged, their overall aim  was to try to quantify the potential of aquatic  predators of 

mosquito larvae. They established that some mosquito predators feed more than others and even 

prefer larger instars.  

 

Furthermore, it was observed in the current study that habitats with higher numbers of predators 

had larval mosquitoes of between 3rd and 4th instars, while habitats with higher number of larval 

mosquitoes but low number of predators had 2nd and 1st instar larval mosquitoes. Previous studies 

experimental studies showed that many predators prefer a particular developmental stage of 

larval mosquitoes. Our findings are thus consistent with that of Service (1971) who also 

observed that 3rd and 4th instar larvae of Culex pipiens s.l were preferred by predator of the order 

Odonata. Similarlay, in the Mara River it was observed that backswimmers dominated habitats 

with higher numbers of late instar larval mosquitoes, suggesting that could have been feeding on 

the older instars of larval mosquitoes. 
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5.4. Relationship between Water Physico-Chemical Parameters and the Presence, 

Distribution and Abundance of Mosquito Larvae and their Predators along the Mara River 

Basin 

Mosquito larvae and predators are aquatic, and often share habitat with other species including 

predators. However, it has never been clear on how water physico-chemical parameters regulate 

mosquito and predator’s populations. Mosquito populations are declining globally due to many 

factors including habitat destruction, interventions and climate change. It influences mosquito 

survivorship, for example, by reducing the rate at which larval mosquitoes lay their eggs or 

through direct predation of mosquito larvae, then the the role of water physico-chemical 

parameters may decline or increase mosquito populations.  

 

In the current study, most mosquito larvae were collected from water accumulations with 

different degrees of turbidity. Post & Kwon (2000) attributed the favorable effect of sunlight on 

mosquito larval population to the requirement of algae to sunlight. These algae are frequently 

favorable as larval food and also aided in maintaining the balance of dissolved gases and in 

utilizing organic materials unfavorable to the larvae. Gouagna et al. (2012) however reported 

that turbidity had no significant effect on Culex spp. larvae; though habitats that were shaded, 

vegetated and had stagnant water were generally preferred for mosquito breeding.  

 

Culex spp. have been reported as having a wide range of habitat preference and can breed in 

stagnated waters polluted or unpolluted. For instance, they have been found to breed in toilets, 

sewerages, containers, pits, ponds and many other habitats known to be unsuitable for breeding 

by the members of Anopheles (Vinogradova et al., 2007). The An. gambiae complex and An. 
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funestus s.s prefer clean unpolluted waters and are never found in habitats contaminated with 

faeces or containing dead plants and foul smell (Gillies & Coetzee, 1987). However, both 

Anopheles and Culex spp. are influenced by physical and chemical parameters such as turbidity, 

temperature, alkalinity, pH, dissolved oxygen, nitrate, hardness, water current and vegetation 

types among others. All these actors have an overall effect on the quality of breeding habitats; 

though few are found to be important for specific species (Muirhead-Thomson, 1951). In a 

review by White et al. (2011) for instance, An. arabiensis was reported to breed in habitats with 

alluvial deposits while An. gambiae s.s. was found in brackish waters with modest salinity. In 

Mali, Diuk-Wasser et al. (2007) found higher densities of An. gambiae s.s in rice irrigation 

scheme with moderate equivalent of light penetration and shade during the initial period of rice 

germination, whilst An. funestus s.s. dominated area when the rice fully germinated and provided 

shade and thus overtaking the An. gambiae group. This suggests that larval mosquitoes generally 

prefer differing range of chemicals (Ye-Ebiyo et al., 2000) as well as site characteristics 

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

 

The influence of vegetation on certain mosquito larvae species is debatable since the mosquito 

larvae may also be influenced by other factors such as light penetration and water temperature 

(Knight et al., 2003). A previous study (Ye-Ebiyo et al., 2000) reported that invasion of 

vegetation could also be due to availability of aquatic food sources. Proximity to maize was 

found to enhance development of An. arabiensis in Ethiopia, while in Kenya, Minakawa et al. 

(1999) and Fillinger et al. (2004) established that both artificial and natural habitats were 

preferred by the members of both An. gambiae s.s and An. arabiensis at equal measure. 

Minakawa et al. (2005) on the other hand reported that members of An. gambiae mainly 
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preferred breeding in burrows of farms and animal gazing lands while, An. funestus preferred 

short-grass vegetated pools, swamps and grazing lands (Minakawa et al., 2005; 2012). These 

results are also in line with the findings of (Kasangaki et al., 2008), which reported that 

clearance of forests was endangering freshwater eco-systems in East Africa. 

 

Removal of riparian vegetation has also been reported to modify stream hydraulics, substrate 

features, light and thermal system, water chemistry composition and organic matter contribution, 

all of which affect the riverine communities (Pusey & Arthington, 2003). Based on the findings 

of this study, the two most important factors found to influence the abundance and distribution of 

different mosquito species within the Mara River basin were habitat type and water chemistry. 

Ecological disturbance resulting from altered land use at the highland regions was initially 

reported as a possible cause for the puzzling increase in highland malaria (Imbahale et al., 2011; 

Mutie et al., 2006). Although larval abundance is only one factor influencing subsequent vector-

biting rate and malaria transmission, reductions in malaria cases have been observed after large-

scale implementation of larval control initiatives (Fillinger et al., 2004).  

 

Both anopheline and culicine larvae were positively associated with dissolved oxygen. Previous 

reports also indicated similar association between Culex quinquefasciatus and Anopheles 

arabiensis larvae with dissolved oxygen (Minakawa et al., 2005). Oyewole et al. (2010), 

concurred that optimum dissolved oxygen might have contributed to the survival and breeding of 

Anopheles larvae in the Mara River. It has also been observed that dissolved oxygen saturation 

decreases when the bed sediment changes from stony substratum to soft sediments. Human 
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settlements, urbanization and other pressures have been reported to influence changes in water 

chemistry as well as the reduction in dissolved oxygen levels (Ndaruga et al., 2004). 

 

The mosquitoe larvae sampled did show a significant association with water turbidity. Consistent 

with the current study findings, Kenawy et al. (2013) also showed that some larval mosquitoes 

prefer turbid water than clear water for oviposition. Critical to this study, the coeffient of 

turbidity was negative indicating the larval mosquitoes and predators preferred clean water. For 

the case of the previous study, this could be due to the fact that during the rainy season, 

Anopheles spp. seem to inhabit turbid waters, but during the dry season, when the water is 

relatively clear they still exist in the clear water, thus an indication that they can survive in both 

clear and turbid waters. However, in a separate GLM model in the current study, Culex spp. was 

shown to be influenced by turbidity. Previous studies have reported Culex spp. to survive better 

in turbid waters than the Anopheles spp. (Wang-Sattler et al., 2007). 

 

The finding of this study also suggests that both biotic (flora and fauna) and abiotic (chemical 

and physical) factors play a significant role in larval habitat preference by both Culex spp. and 

Anopheles spp. Thus, such factors should be taken into consideration when designing an 

integrated vector control program. Further longitudinal study of the aquatic mosquito larvae 

breeding habitats and non-breeding habitats are recommended; including all biotic and abiotic 

variables using accurate quantitative measurements. Abundance of Culex spp. and Anopheles spp. 

larval mosquitoes showed positive association with conductivity. As conductivity is the measure 

of the dissolved ions in water, there was no justification as to why conductivity was positively 

related with abundance of larval mosquitoes. However, unlike in the current study, Dejenie et al. 
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(2011) reported a negative association between conductivity and Culex quinquefasciatus larvae 

presence in tigray microdams in Ethiopia. 

 

In this study, temperatures, dissolved oxygen and turbidity were found to be important 

determinants of predator abundance. The temperature recorded in the current study ranged 

between 18.0°C and 26.3°C, thus can be described as warm and more likely to support most of 

the predators especially the notonectids. Earlier studies showed that thermal conditions are 

especially important in predator–prey survival among aquatic organisms (Bertram, 1996), 

especially those that are involved in size-dependent predation. However, while much research 

has quantified the physiological effects of temperature on specific organisms, few studies have 

been conducted to evaluate the effect of temperature on species interactions in field conditions. 

In support of the current study, Paaijima et al. (2008) and Couret et al., (2014) agree that indeed 

temperature and dissolved oxygen are important for larval mosquito development. However, 

Minakawa et al. (1999) argue that only combined effects of the physico-chemical parameters can 

influence mosquito abundance. 

 

The pH was largely basic in all habitat types except for the swamps, which had near neutral pH. 

Alkalinity levels were equally high ranging between 100 and 400 mg/L. This pH range has been 

reported as optimal for most aquatic biota including mosquito larvae predators. Nevertheless, 

other findings agree with the positive association of mosquito larvae and other aquatic insects 

under a wide range of pH values (pH 5.86 – 9.85) (Adebote et al., 2008). Earlier studies have 

also established correlations between temperatures and pH (Opoku & Amoako, 2002).  
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Mosquito larvae and predators share the same habitats and establishing the role the pH plays in 

the regulation of colonization is critical. Even though there was a range in pH requirement by 

mosquito larvae and predators in shared habitats, both mosquito larvae and predators were not 

affected by pH in a GLM model. This suggests that under the prevailing environmental 

conditions, both insects could tolerate a wide range of pH.  Further analyses to determine 

preferable pH range requirement by both mosquito larvae and predators established that values 

between 5.2 and 8.4 were tolerable while values between 8.1 and 8.4 were most preferred, as 

evidenced by the highest number of both mosquito larvae and predators.  

 

Similarly, a study by Dejenie et al. (2011) on malaria vector control in Ethiopia showed that 

almost all their study habitats were alkaline (pH >7) and both Anopheline and Culicine larvae 

were positively associated with this high (>7.0) pH. The current study thus is in agreement with 

the study of Dejenie et al. (2011) but do not support the findings of Adebote et al. (2008), which 

reported the preference of Anopheline species in low pH values.  

 

Along the Mara River, the mean turbidity was highest in rock pools, while the lowest level was 

recorded in swamps and drainages. The findings showed that turbidity levels across all sampled 

sites were exceedingly high. This scenario could be as a result of increased particulate matter 

such as clay, silt, organic matter, plankton and other microscopic organisms, which have been 

reported to interfere with the passage of light through water (Sadar, 2004). The increased 

particulate matter could have been contributed by anthropogenic activities such as deforestation, 

riverbank cultivation, soil erosion (due to overgrazing among others), all occurring in the 

watershed. In addition, urbanization facilitates transportation of waste into the river channel 
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through increased run-offs, while livestock trampling effect at watering points and along the 

riverbanks also contributes significantly to high turbidity levels of surface waters. All these 

activities can create suitable habitats for larval mosquitoes as was previously reported by 

Klinkenberg et al., (2008).  

 

A habitable aquatic ecosystem requires a good supply of dissolved oxygen in the water system 

(Hsieh et al., 2015). Along the Mara River basin, the mean dissolved oxygen was highest in the 

river followed by rock pools, while the lowest was recorded in swamps. A significant difference 

in mean dissolved oxygen was observed among the different habitat types. Faster flowing 

sections of rivers and drying stream and sections that flow through riffles or small waterfalls 

have better oxygenated waters than slow flowing sections of rivers or rivers that have been 

modified as straight channels. Dissolved oxygen concentrations in water are dependent on 

physical, chemical, biological and microbial processes. Low dissolved oxygen concentrations 

(<3mg/L) in fresh water ecosystems are indicative of high pollution levels (Okbah et al., 2013). 

However, in the current study, some aquatic habitats recorded dissolved oxygen levels 

insufficient to support aquatic life. Analysis to determine preferable level of dissolved oxygen 

range required by both mosquito larvae and predators in the shared habitat indicated that, values 

ranging between 6.0 mg/L, and 6.5 mg/L were most preferred. However, some mosquito larvae 

were found in water samples with dissolved oxygen concentration a low as 2.3 mg/L. The most 

common cause of low oxygen levels was the off-load of organic material into the water system 

(such as agricultural run-offs). Nevertheless, more mosquito larvae were collected in slow-

flowing drying stream and swamps where the mean oxygen was relatively low. This may suggest 

that some predators could be less likely to survive in polluted waters without sufficient oxygen.  
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The majority of Anopheles and Culex spp. larvae were found inhabiting pools adjacent to the 

Mara River created by receding river waters, some of which had relatively high dissolved 

oxygen levels. These findings were consistent with those of Dejenie et al. (2011) which also 

reported that both Anopheline and Culicine larvae were positively associated with dissolved 

oxygen. Studies by Muturi et al. (2008) also indicated similar association of Anopheles spp. 

larvae and other mosquito larvae with dissolved oxygen. Likewise, Oyewole et al., (2010) 

emphasized that optimum dissolved oxygen is superlative to the survival of the Anopheles larvae. 

Water hardness is usually a result of the presence of multivalent metal from minerals dissolved 

in the water. In the aquatic environment, ions result from abundance of Calcium and Magnesium 

in water. The highest mean hardness was recorded in the drainages, while the lowest were 

recorded in dams and swamps. A correlation matrix established that there was a positive 

correlation between mosquito larvae and predators in the presence of hardness. However, a 

negative correlation was observed between hardness and predators in the shared habitats 

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

 

Analysis to determine the preferable level of hardness range requirement by both mosquito 

larvae and predators in the shared habitats indicated that values ranging between 58.5mg/L and 

372.0mg/L, were favorable. The wide range of water hardness observed could be due to 

differences in buffering capacity of the waters across habitat types, as hardness values are not 

consistent across the basin. Elevated values in some areas could be due to sewer supply from the 

nearby towns or spills of fertilizer from the nearby farms. Other established sources could be the 

local geology (Lawrence, 2007). However, CCA results revealed that insects would prefer a 

varied range in hardness. Few insects showed preference for specific hardness values. It was also 
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of interest to note that along the Mara River, most aquatic habitats had meagre detectable level of 

salinity. Only swamps recorded salinity level of 0.4mg/L. However, the influence of salinity 

along the Mara River could not be statistically evaluated as a result of insufficient sample 

numbers. 

 

In the current study, rock pools, dams and drying stream recorded the highest mean conductivity, 

while swamps and drainages had the lowest conductivity values. For both mosquito larvae and 

predators, a perfect linear requirement with conductivity in the same habitat was demonstrated 

within the ranges of between 162.9µS/cm to166µS/cm by both mosquito larvae and predator 

residing in the same habitats. The high levels were due to elevated dissolved solids and 

contaminants especially electrolytes. Potential sources of these contaminants are destruction of 

the forest cover (which in the process, increase the litters) and human activities experienced 

along the river channel (that creates drainages and pools suitable for mosquito breeding). Mutie 

et al., (2006) reported an increased destruction of the upper catchment of the Mau forest and 

elevated level of pollution, attributable to high levels of wastewater discharged into the river 

from different origins.  

 

Previously, dissolved oxygen, temperature and conductivity were reported to positively correlate 

with community structure as a whole (Spieles & Mitsch, 1999). In the current study, no direct 

relationship was detected between conductivity and predator abundance in the GLM model, 

however, there was a positive insignificant relationship between conductivity, predators and 

mosquito population in the ordination analysis, pointing to the direction of the establishe result 

that limited range of conductivity levels is prefferable by the mosquito and predators’ population. 
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The conductivity of a river or stream should remain within a specified range to allow for a 

succesful biologically functional system. Changes in conductivity are often used as water 

pollution indicator. Urban run-offs and industrial pollution are often characterized by high 

conductivity. 

 

The rate at which a mosquito larva develops also dependents on the prevailing temperature, 

development of An. gambiae s.l. mosquito larvae ceases at temperatures below 16°C and below 

14°C they die. Paaijmans et al., (2008) and Couret et al., (2014) also reported that temperature 

affects the rate of larval development, while Tuno (2005) reported that high temperatures 

influence pupation rates as well as larval survivorship. Larval-to-adult survivorship and larval-to- 

adult development time were also reported to be influenced by temperature by Afrane et al 

(2006). 

 

In a canonical correspondence analysis, which assessed the contribution, it was noted that each 

of the response variables with the physico-chemical parameters, (conductivity, pH, hardness, 

salinity and turbidity) were less likely to influence predators’ abundance while temperature, 

dissolved oxygen and presence of mosquito larvae were shown to be the predictors of predators’ 

abundance. The ordination results from canonical correspondence analysis revealed the strongest 

variables that influenced the existence of predators and mosquito larvae in shared habitat that 

may aid in the effective biological control of larval mosquitoes. Anderson (2001), concur that 

ordination primarily endeavours to represent sample and species relationships as faithfully as 

possible in order to choose precisely which tool is necessary for immediate use. Predator 

abundance was strongly positively correlated with the increasing number of larval mosquitoes, 



147 
 

suggesting that carefully selected predators may play a noble role in controlling larval 

mosquitoes as compared to the water chemical parameters. Dissolved oxygen and conductivity 

were also reported to correlate positively with community structure as a whole (Spieles & Mitsch, 

1999). In the current study, no relationship was detected between conductivity and predator 

abundance in the GLM model, but a positive correlation analysis suggested that conductivity 

may or may not be an important factor for mosquito predator population depending on range 

requirement by specific group or orders of the predators. Previous studies have also established 

correlations with temperature and pH (Adebote et al., 2008).  

 

Nevertheless, more larval mosquitoes were collected in slow flowing streams and swamps where 

the mean oxygen was relatively low (2.4±2.7 mg/L), suggesting that some predators could be 

less likely to survive in polluted waters without sufficient oxygen. The majority of insects 

recorded in these habitats were mainly of order Hemiptera. It was established that turbidity had 

an effect on predator abundance in the current study. However, in the ordination analysis results 

factoring in all the variables showed that in shared habitats with both larval mosquitoes and 

predators’ turbidity, conductivity and salinity had an indirect influence over the larval 

mosquitoes and predators’ abundance, while dissolved oxygen and temperature had a direct 

influence. This further proves that in any aquatic habitats, invertebrates can be sensitive to 

factors affecting water quality. Previous studies reported that thermal pollution, pesticides and 

organic compounds may alter the water physio-chemical parameters and thus interfere with 

aquatic invertebrate diversity and composition (Szczytko & Dimick, 2005). This may also 

partially explain the abundance of Hemipterans, as compared to the other two aquatic insect 

orders; Odonata and Coleoptera.  
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Most of the insects in the order Hemiptera have been acclaimed as pollution tolerant 

(Mahavidyalaya, 2012), and their population found to be higher than any other order in the Mara 

River basin. Besides, other known sensitive taxa such as Plecoptera were completely absent from 

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

 

In the current study, a significant proportion of Anopheles spp. and other mosquito larvae were 

found inhabiting pools adjacent the Mara River created by receding Mara River waters some of 

which had relatively high dissolved oxygen levels. These findings were consistent with those of 

Dejenie et al. (2011) which also reported that both anopheline and culicine larvae were 

positively associated with dissolved oxygen. Studies by (Muturi et al., 2008) also indicated 

similar association of Anopheles spp. larvae and other larval mosquitoes with dissolved oxygen. 

Likewise Oyewole et al., (2010) supported the idea that optimum dissolved oxygen might have 

contributed to the survival and breeding of Anopheles larvae.  

 

The relatively low predator numbers in mosquito habitats observed in the current study indicated 

that, as earlier reported, adult larval mosquitoes may have the ability to detect the presence of 

predators and consequently avoid ovipositing in such habitats preferring instead to inhabit areas 

free of predators (Ohba, 2011). Previously, mosquitoes of the genus Culiseta longireolata were 

reported to detect chemicals from Notonecta predators, and the instinct/cue can exist in the 

habitat for up to a week or more after their disappearance from the pool (Blaustein et al., 2004) 

and for Culex spp., this period was as low as two days (Blaustein et al., 2005). Furthermore, it 

was expected that with increasing predator densities, the concentration of kairomones would 

increase and this may result in reduced oviposition by larval mosquitoes (Blaustein et al., 2004). 

However, in the current study, we reliably noted in our multi-correlation matrix that majority of 
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predators were bonded to where there were lower densities of larval mosquitoes, suggesting in 

addition to the already known theory of predator avoidance and the presence of kairomones, that 

higher number of predators and less larval mosquitoes could also be as a result of direct 

predation. It was therefore reasonable to expect less larval mosquitoes in habitats with higher 

number of predators and vice versa. Other factors that have previously been reported to play an 

important role in habitat selection by various species of larval mosquitoes are volatile 

compounds produced by microbial population in the breeding sites (Sumba et al., 2014), 

chlorophyll-a content in the breeding sites (Mwangangi et al., 2008) or the presence of 

conspecific larvae or aquatic predators (Minakawa et al., 2005). 

 

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

on Predators’ Abundance 

Multivariate ordinations generally described connectivity among parameters in the Mara River. 

The results of ordination analyses of all the 9 variables from canonical correspondence analysis 

(CCA) indicated the strong variables that influenced the existence of predators as a factor that 

may aid in the effective biological control of larval mosquitoes. As explained by Clarke (1992), 

ordination primarily endeavors to represent sample and species relationships as faithfully as 

possible in order to choose pricely which tool is necessary for immediate use.  Predators’ 

abundance was strongly positively correlated with the increasing numbers of larval mosquitoes; 

suggesting that predators may play a noble role in controlling 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 information on the presence of mosquito larvae and 

their predators within the Mara River and its tributaries. Some of these predatory species have 

been evaluated as bio-control agents in the worldwide campaign to control mosquito larvae. The 

results of this study have shown that mosquito larvae of different species are widely distributed 

in the Mara River, and more interestingly, they can survive in either neutral or slightly alkaline 

water habitats.  

 

The main river, with open water bodies, steep edges, fast flowing water and little emergent 

vegetation had no larval mosquitoes. The many habitats adjacent to the main river either created 

through human activities such as brick making or animal watering points appeared to harbor 

most mosquito larvael. The receding river water body caused by the destruction of forests leaves 

bare rocks which initially were below the water surface, becoming potential breeding habitats for 

both and Anophiline and Culicine spp. Therefore, these conditions are potentially improving the 

habitat diversity for these larvae which are good indicators of the health of riverine ecosystem. 

The current study confirmed that several breeding sites occur along the Mara River basin. 

Among these sites, drying streams harbour a variety of microhabitats and large number mosquito 

larvae.  
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6.2. Conclusions  

1. Presence, abundance and distribution of malaria and non-malaria transmitting mosquito 

larvae, were confirmed in the study area.  

2. The three Orders; Hemiptera, Odonata and Coleoptera were present and uniformly 

distributed, with the Order Hemiptera were dominating the Mara River basin. 

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

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

larvae and their predators was observed in Mara River basin. 

 

6.3. Recommendations from Current Study  

  1. Presence of malaria and non-malaria mosquito larvae on the Mara River calls for their   

immediate control and education among the locals that can help curtail the insurgent of 

vector-borne diseases within the Mara River Basin. 

  2. Identification of mosquito larvae predators within the Mara River is an important finding 

since some of these predatory species have been evaluated as bio-control agents worldwide 

in campaign to control malaria vectors and may be usefull locally for control the larval 

mosquitoes. 

3.  Vector control program should be emphasized during dry period, targeting drying streams, 

shown to produce high number of larval mosquitoes. 

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

distribution of larval mosquitoes and their predators, these factors could be manipulated to 

enable effective design of a biolocally integrated vector 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 hotspots within the Mara River basin so as to 

inform policy on vecorborne diseases eradication programme on the areas that need to be 

targeted most for effective mosquito control. 

2. There is need to carry out a longitudinal study on mosquito larvae and their  predators 

within the Mara River basin so as to elucidate the variations with respect to seasonality.  

3. There is need for longitudinal study that can further elucidate the relationship between 

mosquito larvae, their predators and phyco-chemical paramers. This would reveal the 

temperal abundance and distribution of mosquito larvae and their predators, crucial for 

disease vector control on the Mara River. 
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APPENDICES 

Appendix I: Location and Site Characteristics Questionnaire 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, characteristics and estimation of mosquito larvae, 

and predators densities, data collection form 

SECTION A (Site/Area identification information) 

1. Habitat area ID/Name----------------------------------------------Date---------------- 

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

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

SECTION B (Habitat characteristics information) 

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

Rock pool 

2. Presence of vegetation, in/around: (a) Grass (b) pappy reeds (c) Shrubs (d) water lilies 

3. Presence of  predators: (a)Dragonfly (b) water beetle (c) water scorpion (d)others 

4. Light conditions: (a) Open and sunlight (b) Shaded (short grass, tall grass) 

5. 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: (a) 1st instars (b) 2nd instars (c) 3rd instars (d) 4th instars (e) 

total # ----------------------------- 

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

4. Culicine larvae species :(a) Present (b) Absent (c) total count ----------------------------- 

5. Other species---------------------------- 
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Appendix III: Description of habitats based on plant height 
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Appendix IV: The Reaction Mixture for Species Identification. The Amount and 

Concentration is for Amplification of one Specimen. 

 

PCR 1: Species identification of An. gambiae complex (Larvae) 

 Component Volume for one sample 

1 Distilled sterile water 8.8µl 

2 10X PCR buffer 1.5µl 

3 dNTP mix 1.14µl 

4 Primers (GA, AR, UN) @ 0.7µl 

5 MgCl2 1.8µl 

6 Taq polymerase 0.06µl 

7 DNA template 1µl 

 Total 15µl 

 

 

The primer sequences to be used are indicated below:  

Universal 20-mer primer (UN)  GTG TGC CCC TTC CTC GAT GT 

An. gambiae primer (GA)  CTG GTT TGG TCG GCA CGT TT 

An. arabiensis primer (AR)  AAG TGT CCT TCT CCA TCC TA 
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Figure 1: A plate for agarose gel. Shows how An. gambiae and An. arabiensis band fragments 
appear in the agarose gel after electrophoresis.   
 

I

 
 

 

An. Gambiae 
ss.400bp 

Positive 
control- An. 

An. Arabiensis 
ss. 300bp 

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

(1) Prepare ice and MilliQ water 

(2) Switch ON the Thermo Block at 95oC 

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

(4) DNA Extraction (REDExtract-N-AmpTM Tissue PCR Kit) 

1) Mix Extraction Solution (20µL) + Tissue Preparation Solution (5μL) 

2) Add the above mix solution into 1.5mL reaction tube (3) 

3) Homogenize the sample 

4) Wait for 10 min. at room conditions 

5) Heat the tube at 95oC for 3 min. 

6) Add the Neutralization Solution (20μL) 

Preparation of Reaction mix Reaction volume : 5 µl/tube

1 8 12 16 24 32 40 48 56 64
ddw 3.2 32 45 58 83 112 138 163 189 214

1.0 10 14 18 26 35 43 51 59 67

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 0.1 1 1 2 3 4 4 5 6 7

4.5 45 63 81 117 158 194 230 266 302

* Two or 3-sample volume is added in excess (except 1)

Number of samples

REDExtract-N-
Amp ReadyMix

0.5
Total master mix (µl)

DNA template (µl/tube)

M
as

te
r 

m
ix

 (
µ

l)

II. 

PCR 

   94oC 2 min 

 Denature  94oC  30 sec 

 Anealing  40oC 30 sec   35 cycles 

 Extension  72 oC 40 sec 

 Last Extension 72 oC  5 min 

   

  4 oC ∞ 

 

iii. Electrophoresis  

 

An. vanedeeni 587 bp 

An. funestus 505 bp 

An. rivulorum 411 bp 

An. parensis 252 bp 

An. leesoni 146 bp 
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Marker  4µL 

Blue Juice  5µL                  Use 5µL 

TAE  32µL 
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Appendix V: Full GLM model of the abiotic and biotic factors influence on mosquito 
predators abundance 

 

 

 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 

(Dispersion parameter for Negative Binomial (0.998) family 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

Variable Estimate Std. Error z value Pr(>|z|) 

Intercept 

Total larval mosquitoes 

-4.800802    

0.014561    

3.349237 

0.002213    

-1.433 

6.579 

 0.151743     

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   0.080698  .   

Hardness 

Salinity 

0.003582  

-0.434812      

0.003037   

0.314544    

1.179 

-1.382 

  0.238203 

  0.166862         
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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 mathematical extensions of linear models that 

provide a less restrictive form than classic multiple regressions by providing error distribution 

for the dependent variable other than normal and non-constant variance functions. They are also 

based on an assumed relationship called a link function between the mean of the response 

variable and the linear combination of the predictor variables (Zuur et al., 2009). 

 

Generalized linear models was developed in R (version 3.15.1, The R Foundation for Statistical 

Computing, 2012) to determine which environmental (biotic and abiotic) variables significantly 

explained the occurrence and abundance of anopheline larvae. For my case, prior to the modeling, 

I tested for collinearity among all predictor variables using Pearson correlation coefficient. If 

variables were highly correlated, one of both was removed (r > 0.7). Outliers were removed as 

well based on visual dot plots according to Zuur et al (2009). We used negative 

binomialregression (log link function) to model the abundance of of larval mosquitoes and 

predators. We started with a full model including all variables in the model. The forward–

backward stepwise model selection method using Akaike’s information criteria (AIC) was used 

to select the most appropriate (significant) model, (Zuur et al., 2009). Homogeneity was checked 

by plotting residuals of every model against its respective predictors (also, see results of 

appendix IV).   
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Appendix VII:  Canonical Correlation Analysis (CCA) 

Canonical-Correlation Analysis (CCA) is a way of making 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 canonical-correlation analysis will find linear 

combinations of the Xi and Yj which have maximum correlation with each other. All of the 

commonly encountered parametric tests of significance can be treated as special cases of 

canonical-correlation analysis, which is the general procedure for investigating the relationships 

between two sets of variables (Dattalo, 2014). The method was first introduced by Harold 

Hotelling in 1936. 
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Appendix VIII: Copy of Research Authorization Letter 

            


