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ABSTRACT

Vectored malaria, a major cause of morbidity and mortality in Africa South of the

Sahara presently still prevails in highland areas. Malaria was eradicated from highland

areas in the late 1950s using DDT against mosquitoes. In the 1980s malaria resurgence

was recorded in highland regions where it spread from 3 districts to 13 in Western Kenya.

The objectives of this study were to elucidate the ecological factors that attribute to

increased malaria transmission in highland regions of Western Kenya and to test the

hypotheses that have been proposed to be the cause of increased malaria epidemic.

Survey of larval breeding sites was done to determine spatial distribution of

breeding habitats of immature vectors. Adult mosquito vector distribution was done using

the spray catch method at highland (Marani) and lowland (Kombewa) areas in Western

Kenya. Larval breeding habitats were characterized. The following variables were

determined; land cover types, habitat type, presence of larvae, surface area (rrr'), height

above sea level (m), canopy coverage (%), algae coverage (%), grass coverage (%) and

debris coverage (%). Vector productivity in natural and semi natural environments was

determined using emergent traps and a comparison made between the two sites.

Survivorship of aquatic stages of An. gambiae in the two habitat types was

determined. Cohorts of two-hours old Instar one larvae of F 1 An. gambiae were put on

plastic basins and placed under cultivated and natural swamp conditions. They were

observed through emergence and the dead scored daily. Survivorship, reproductive rates,

fecundity, generation time and intrinsic growth rate of adult An. gambiae at both lowland

and highland sites were determined. Adult F 1 females and males were put in a cage and

suspended in four randomly selected houses at Marani and Kombewa. Mosquitoes were
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counted daily, the number dead noted and eggs laid counted and recorded.

The results showed that An. gambiae s. s. larval populations were higher during

both dry and rainy (12.0% and 84.7% respectively) seasons than for An. funestus (1.1 %

and 2.2%) at the highland site. The study also established that at the high topography, a

100m distance from the nearest river, cultivatable land and land plant cover change

determine occurrence of 87.3% breeding habitats of the malaria vectors. About 86% of

the positive breeding sites were located at altitude below 1600 meters above sea level.

Altitude significantly influenced occurrence of anopheline larval breeding habitats (X2 =

4.2, df= 1, P < 0.05). Of the land cover types surveyed, cultivated swamps and farmland

comprised the highest percentage of positive breeding habitats (41.0% and 33.8%

respectively) while natural swamps, pasture and river had 8.2%, 10.1% and 4.2%

respectively. Forest and road land use had the least proportions (1.9% and 0.9%

respectively) of positive breeding habitats. At the low topography, land use type and

distance from the nearest river had no significant influence on occurrence of mosquito

breeding habitats (X2 = 5.4, df= 7, P > 0.05) during the rainy season. Whereas in the dry

season, elevation. and distance of breeding sites from the nearest river had effect on

occurrence of anopheline larvae (X2 = 9.4, df= 3, P < 0.05). The study demonstrated that

Anopheles gambiae s. s., the principal malaria vector also breeds in semi-permanent open

sunlit water pools.

Immature stage development time was significantly longer at the highland site.

Swamp cultivation improved food availability and microclimate thus increased

survivorship of immature stages of the malaria vectors. Survival rate of pupa in cultivated

swamp was 35% higher than in natural swamp. Swamp drainage also had effect
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of reducing the development time of the vectors by 1.7 days. The mean minimum and

mean maximum temperature of cultivated swamp varied by O.SOCand 2.0°C respectively

between Kombewa and Marani. Vector productivity in the natural swamp environment

was very low.

It was evident that during the long rain season mosquitoes survived longer thus

increased risk of malaria transmission. Associations were established between occurrence

of anopheline mosquitoes and grass coverage, ammonium phosphate ion, pH, surface

area of breeding sites and elevation.

In conclusion, the study has demonstrated that land use change (cultivation of

natural swamp) increases water temperatures and improves habitat quality accelerating

development of aquatic stages of An. gambiae. Development time of the mosquito is

shortened and survivorship increased that can likely cause localised epidemic.

It is highly recommended that conversion of natural to cultivated swamps due to

food production be accompanied by chemical, biological and integrated control of aquatic

stages of mosquitoes. Constarit indoor residual spraying against mosquitoes be

encouraged in epidemic prone highland regions. Information generated can be used to

forecast malaria out break in heterogeneous environments and for formulating sound

environmental management policies.
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CHAPTER ONE

1. 1 Introduction

Malaria is the leading cause of morbidity and mortality world wide, especially in

pregnant women and children particularly in tropical Africa (WHO, 2000; WHO, 2003a;

WHO, 2004; Ilona et aI., 2005; AIDE, 2005). Malaria kills 1.1 to 2.7 million people per

year worldwide (WHO, 2000; WHO, 2005a; WHO & UNICEF, 2004) accounting for

90% of all malaria related deaths in Sub-Saharan Africa (Murphy et aI., 2003). A child

under five years dies every 30 seconds (AIDE, 2005). Clinical cases of malaria yearly

range between 300- 500 million people, 90% occur in Sub Saharan Africa (Snow et ai.,

1999; Ilona et aI., 2005; AIDE, 2005). Malaria represents 10% of the continent's overall

disease burden. Between 30-50% of inpatients admissions and 50% of out patient visits

are attributed to malaria yearly (WHO-TDR, 2005). Malaria weakens the immune system

making the individual highly vulnerable to infectious diseases and reduces productivity

(AIDE, 2005). In pregnancy, malaria reduces a woman's immunity making her more

susceptible to infection and increases risk of illness, severe anaemia and death. For the

unborn child, maternal malaria increases the risk for spontaneous abortion, stillbirth,

premature delivery and low birth weight that is a leading cause of child mortality.

Malaria may cause mental and physical disabilities to children recovering from it and it is

a major cause of anaemia both in adults and children (WHO, 2005b).

Until the First World War, malaria was absent from most areas in Kenya above

1500m above sea level (Garnham, 1948). Malaria transmission increased rapidly between

1920 and 1940. DDT and anti-malarial drugs were used for intervention between 1950
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and 1960, which brought about successful control of malaria in the highland regions. In

the early 1980s malaria re-emerged causing epidemics in 15 districts of Western Kenya

and other highlands in Eastern Africa (Matola et al., 1987; Hay et aI., 2001; Some, 1994;

Malakooti et al., 1998; Snow et aI., 1999; Githeko et al., 2000; Lindblade et al., 2000a).

1.2 Statement of the problem

Despite considerable efforts to control malaria over the past decade, the disease

still remains a serious problem. DDT was used in Kericho in 1948 (Cox et aI., 1999)

where malaria was brought under control. Currently, the control methods include: case

treatment of infected people with anti-malaria drugs (Cox et aI., 1999) to kill parasites

and vector control to reduce human-mosquito contact. According to Buckling et al.

(1999), drugs do not reduce the production of Plasmodium gametocytes that initiate

infection in mosquitoes. These control methods are not effective due to the inadequate

understanding of the biology of malaria transmission in Africa.

Much research has been carried out on mosquito vectors and malaria but these

have been piecemeal and uni-disciplinary. Malaria transmission involves a complex

interaction between Plasmodium parasites, anopheline mosquitoes, humans and human

environments. For effective control, the transmission mechanism should clearly be

understood. Therefore, this study was undertaken to determine how land use change

affects mosquito microclimate and habitats in both highland (Kisii-district) and lowland
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(Kombewa- Kisumu district) regions of Western Kenya. The study also investigated how

microclimate changes in mosquito habitats affect potential transmission of malaria. This

information will be used to forecast malaria out break in heterogeneous environments and

for formulating sound environmental management policies.

1. 3 Research justification

Population growth in Western Kenya is very high resulting in a high pressure on

land. This has led to clearing of forests (Brooks et al., 1999) to create land for

settlement (Whitmore, 1997) and increase agricultural production to cope up with the

food demands. Forest products like wood and timber have a high demand to provide

energy and construction material respectively. Natural swamps have been drained to

improve land productivity. These activities have opened up forests hence increased

light penetration that increases the temperature. Draining of natural swamps may

create breeding habitats which include: vegetable gardens; foot prints; wheel ruts and

semi-permanent pools. Globally EI Nino Southern Oscillation (ENS 0), climate

change and global warming have led to increased malaria outbreaks (Githeko et ai.,

2000; Githeko & Ndegwa, 2001; Kilian et al., 1999). Land-use changes may also lead

to malaria outbreak locally. Alteration of the breeding habitat microclimate has a

great influence on the larval development hence population dynamics of the vector

that will influence the success of the parasite and its development.

3



1. 4 Vectorial capacities of mosquitoes

Epidemic malaria is a term used to describe Plasmodium ja/ciparum malaria

transmissions characteristic of highland regions of East Africa and the Horn of Africa

(Shanks et al., 2005). It is synonymous with highland malaria (Hay et al., 2002) or

malaria that occurs in highland regions (Cox et al., 1999) of altitude above IS00m above

sea level (Githeko and Ndegwa, 2001). Epidemic malaria occurs at the fringes of

endemic areas, among communities at the southernmost latitudes, across the arid regions

of North Africa, and among the highlands of East, central, and Horn of Africa (Cox et al.,

1999; Hay et al., 2001). It is thought that epidemic malaria transmission in highland

regions is limited by low ambient temperature. Thus small changes in temperature may

provide suitable conditions for unstable transmission within populations that have little

functional immunity due to non-exposure (Gamham, 1948; Lindsay & Martens, 1998;

Hay et aI., 2002).

. Malaria is caused by four species of Plasmodium viz; P. jalciparum, P. vivax, P.

ovate and P. malariae. P. falciparum is the most life threatening accounting for majority

of deaths in developing world (WHO, RBM www.who.int). Malaria disease is dependent

on transmission between people by mosquitoes. A single bite from an infected mosquito

can lead to malaria. After a bite a parasite travels to the liver within 30 minutes and starts

to multiply asexually forming merozoites rapidly. Other parasitic forms (microgametes

and macrogametes) undergo multiple fission producing biflagellate that emerge from

infected host cells. Microgametes fertilize macro gametes to form zygote called oocyst.

Zygote undergoes meiosis, resulting cell undergo mitosis (in red blood cells) forming
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sporozoites. Multiplication continues causing the red blood cells to rapture releasing the

parasites into the blood that infect other red blood cells. Direct action of parasites and the

body's response cause symptoms of malaria that include fever, shivering, headache,

repeated vomiting, diarrhea, generalized convulsions, pains in the joints and backache

(WHO www.who.int). Reproduction may take 5- 16 days. Other parasites lie dormant in

the liver and may become active years later.

Seven sibling species have been characterized within Anopheles gambiae Giles (An.

gambiae s. s, An. arabiensis, An. merus, An. mal as, An. bwambae, An. quadriannulatus

Species A and B). The primary vectors of human malaria parasites in Sub-Saharan Africa

are An. gambiae s. s. Giles, An. arabiesis Patton and An. funestus Giles. Of the three

species, An. gambiae s.s. is the most efficient transmitter of P. falciparum. An. gambiae

Giles and An. funestus Giles are highly synanthropic. An. gambiae is both anthropophagic

and endophilic (Gillies & De Meillon, 1968~ Service et al., 1978~ Githeko et al., 1994)

whereas An. arabiensis is anthropophagic and zoophilic (Githeko et al., 1994). Both

species are sympatric although An. arabiensis is broadly distributed in arid areas (White,

1974~Lindsay et al., 1998~ Coetzee et al., 2000). Gimnig et al. (2001) observed that An.

gambiae and An. arabiensis occupied habitats with similar characteristics, which are

smallopen temporary sun lit with clear or turbid water. An. funestus on the other hand

inhabits permanent or semi-permanent water.
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.1. 5 Objectives

1. 5. 1 General objective
To determine the impact of land-use changes on mosquito microclimate,

microhabitat, population dynamics and the potential malaria transmission in

Western Kenya highlands.

1.5.2 Specific objectives

l.5.2.1 Determine mosquito larval habitat availability, suitability, productivity and

microclimate changes associated with land-use changes and altitude.

l.5.2.2 Determine the effects of swamp cultivation on habitat quality, abundance,

immature development time and survivorship of both immature stages and adults

under low and high altitude.

l.5.2.3 Investigate the effects of microclimatic changes associated with land-use

changes on the mosquito indoor - resting behavior.

l.5.2.4 To determine survivorship of adult An. gambiae s.s. males and females under

different feeding status.

l.5.2.5 To determine the reproductive rates, generation time and intrinsic rate of natural

increase of An. gambiae s. s. in lowland and highland environments.

l.5.2.6 To determine gonotrophic duration at both highland and lowland sites.
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1.6 Hypotheses

1.6.1 Land use changes; agriculture and human dwelling construction have altered the

habitats and microclimate conditions of mosquito larvae and adults in a way that

enhance malaria transmission.

1.6.2Land use change has no effect on availability of anopheline larval habitat.

1.6.3 Seasons have no effect on availability of anopheline larval habitat.

1.6.4Land use change has no association to occurrence of anopheline larvae.

1.6.5 Distance from the nearest river/ stream has no effect on occurrence of larval

habitats

1.6.6 Anopheline larval and adult survivorship IS sufficiently high to allow mosquito

populations to thrive in the highlands.
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CHAPTER TWO

2.0 Literature Review

2.1 Historical perspective

Highland regions of East Africa were regarded as malaria free regions before the

First World War (James, 1929; Matson, 1957; Garnham, 1948). Malaria epidemics

became common in the highlands after the First World War. This was attributed to influx

of infected migrants from the lake region and a proliferation of new breeding habitats

created by the building of Kenya-Uganda railway (Campbell, 1929; Chat away, 1928).

Nairobi and areas around Eldoret were first affected before the epidemics spread to other

parts of highland regions (Cox et ai., 1999).

Malaria was absent in the Western Kenya highlands up to 1901 (Matson, 1957).

Completion of a railway from Kenyan coast to lake Victoria and increased road transport

facilitated the gradual spread of infective mosquitoes into the highlands from hyper

endemic low-lying areas (Garnham, 1948). Establishments of tea estates and agriculture

accompanied by clearing of forest in the highlands provided suitable breeding habitats.

Importation of infected laborers aggravated malaria transmission in the highland regions.

The first epidemic to be reported was in 1918-1919 when first soldiers returned back

from Tanzania after the First World War (Matson, 1957; Snow et ai., 1999). Two

epidemics were recorded in 1920s and four in 1930s (Garnham, 1948). The number of

epidemics continued increasing until late 1950s when malaria was seemingly eradicated

using DDT (Snow et al., 1999). Western highlands were considered malaria free through

1960s.
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In the late 1980s, malaria re-emerged in areas where it was previously controlled

(0100 et al., 1996; Mouchet et al., 1997; Malakooti et ai., 1998; Nchinda, 1998),

especiallyhighlands that were regarded as areas of little or no malaria transmission. This

has been attributed to the negative effects of low environmental temperatures on parasite

sporogony and vector development. Githeko and Ndegwa (2001) for example, reported

the spread of malaria epidemics from 3 districts to 15 in the late 1980s causing high

morbidity and mortality. Epidemics strike suddenly thus health facilities are not able to

cope up with the high number of people infected (Kigitho, 1997).

2. 2 Present malaria state

Areas are classified into stable and unstable categories based on the nature of

disease transmission (Snow et al., 1999). The two are end points in a continuum of

different epidemiological scenarios. Where malaria is stable (measurable transmission

and incidence every year), the prevalence of disease is very high and endemicity is

relatively insensitive to environmental changes (Molineaux, 1998). In such areas,

variation in transmission over years is minimal though seasonal fluctuations may occur.

Transmission occurs continuously even with very few vectors. Thus, the population

develops functional immunity against the disease due to continued exposure

(MacDonald, 1956; John et al., 2004).

Endemic malaria can be divided into four categories; hypoendemic,

mesoendemic, hyperendemic and holoendemic based on spleen rates (Metselaar & Van

Theil, 1959) of parasite ratio. Parasite ratio (PR) is the percentage of subjects found

positive for malaria parasites. This parameter relates to the intensity of transmission.
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Hypoendemic: PR in 2-9 year olds < 10%

Mesoendemic:PR in 2-9 year olds 11 to SO%

Hyperendemic: PR in 2-9 year olds constantly> SO%

Holoendemic: PR in infants constantly> 7S%

Stablemalaria exists in areas where basic reproductive rate or number of malaria exceeds

unity(1) (MacDonald, 19S7).

Unstable malaria (occasional malaria outbreaks in normally malaria-free regions;

a particularly severe malaria season in a normally low-risk area) on the other hand is

characterized by great variability in space and time. Human population has low or no

functional immunity hence a propensity for epidemics to occur (John et aI., 2002). The

disease is characterized by recession, recurrence and periods when disease incidence is

low alternating irregularly with high incidence periods (Gilles & Warrell, 1993).

MacDonald (19S7) defined epidemics as "an acute exacerbation of disease out of

proportion to the normal to which the community is subject. ... They only occur in zones

of unstable malaria, where very slight modifications of transmission factors may

completely upset the equilibrium and where restraining influence of immunity may be

negligibleor absent, and thereby show a very marked geographical distribution".

Epidemic malaria is a term also used to describe Plasmodium Jalciparum transmission

characteristic of highland regions of East Africa and the Horn of Africa (Shanks et al.,

200S). The areas are fringe regions between stable and unstable transmission and are

affected by variation in rainfall and low temperatures. Today the term epidemic is applied

to malaria in the Kenyan highlands. It is also used for occurrence of cases in excess of

normal (Shanks et al., 200S).
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Kenya is located between 3° Nand 5° S latitude and between 34° and 41° E longitude.

The country falls into two distinct regions i.e., highland (uplands) and lowland (Ojany &

Ogendo, 1988). Highland regions prone to epidemic malaria have altitude between 1500

-2200 meters above sea level (Githeko & Ndegwa, 2001).

The following districts are malaria epidemic prone districts in Kenya as defined by the

ministryof health: Mandera, Wajir, Garissa, Isiolo, Samburu, Turkana, Tana River, Kitui,

Narok, Bomet, Kisii, Nyamira, Gucha, Trans Nzoia, Uasin Gishu, Kericho, Nandi, Trans

Mara, Kakamega, Vihiga and West Pokot (Snow et al., 1999).

Kenya has varied climate, which impact distribution of malaria vectors.

Temperature affects transmission cycle, sporogonic duration and mosquito survival

(Onori& Grab, 1980). Snow et ai., (1999) reported that temperature below 18°C does not

favour transmission of malaria because few adults (0.28%) (Jepson et al., 1947) survive

the 56 days (Mcdonald, 1957) required for sporogony at that temperature and also

mosquito abundance is limited by long larval durations. Thus, temperature below 18°C is

unsuitable while between 22°C and 32°C is suitable for stable malaria transmission

(Snow et aI., 1999; Bayoh & Lindsay, 2003).

Relationship between mosquito abundance and rainfall is complex. Studies done

have demonstrated an association between An. gambiae s. I. abundance and rainfall

(Charlwood et aI., 1995) but not a direct relationship. This is due to various reasons such

as time lag between rainfall and adult mosquito abundance. Altitude on the other hand

generated a lot of debate of the exact elevation for unstable malaria (Lindsay & Martens,

1998; Garnham, 1948; Rees, 1994; 0100 et aI., 1996). It is however intrinsically linked to

temperature because for every 100 meters rise, temperature decreases by 0.5 "C.
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Western Kenya in 1999 had 20 sites in 15 districts with malaria outbreak (WHO,

1999). Other reasons that increased the outbreaks include: high cost of malaria

surveillance; repeated failures to maintain periodic epidemics; relaxation of surveillance;

uncontrolled transmission with children having nearly 100% transmission hence high

infant mortality with adults having slightly high immunity (WHO, 1986); frequent

contact of man with very efficient adult vectors producing mean parasite inoculation rates

exceeding 31 bites per person per year (ib/p/yr) in Western Kenya (Ndenga et aI., 2006)

and high parasite rates (Collins & Besansky, 1994). Drug resistance resulted from:

uncontrolled available drugs commercially; lack of adequate guidance on appropriate

dose and inadequate logistic support. Pl. falciparum is the most pathogenic malaria

parasite and its most anthropophilic vector An. gambiae, has its breeding favored by man-

made ecological changes, that is agriculture, deforestation practices and irrigation.

2. 3 Larval and adult survivorship

2. 3. 1 Life table studies

Understanding vector ecology and biology is of paramount importance in

elucidating their role in disease epidemiology and in formulating control strategies. Life

tables provide a summary of mortality and reproductive schedules and can help explain

why certain species proliferate in particular environments. There are two types of life

tables, horizontal and vertical. Horizontal life tables are age specific and provide a

concise tabular summary of mortality and survival schedule. Horizontal life table
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methods are best suited for distinct (or isolated) cohorts that can be followed through

time (Reisen & Siddiqui, 1979). When constructed under field simulated insectary

conditions, with the requisites of growth and development continually available,

horizontal life tables produced may approach the maximum expression of a species

genetic potential. They may also be used to study the inherent differences in the

survivorship and reproductive strategies of populations evolving under different

ecologicalregimes (Maharaj, 2003).

Vertical life table methods are best applied to populations with completely

overlapping generations and an age distribution that remains relatively stationary for the

duration of the sampling period. In both methods, individuals can accurately be grouped

into age classes (Reisen & Siddiqui, 1979). Service carried out many studies on

mosquitoes in the lowland region using this method (Service 1973; 1977; 1982; 1989).

Grieco et al. (2003) proposed that the potential of any anopheline species to be a

competent malaria vector depends on physical and physiological components associated

with the mosquito. Survivorship and reproductive strategies have been extensively

studied in culicine mosquitoes (Reisen & Siddiqui, 1979; Lee & Lowley, 2000).

The following are the common life table characteristics studied in mosquito life

histories: gonotrophic cycles, egg hatchability rates, mean male and female lifespan,

reproductive rate, the intrinsic rate of increase, generation times, larval survivorship, and

larval development time. As a result studies have been carried out to elucidate factors that

regulate population size. Service (1973) reported that high larval mortality occurred

among fourth instar larvae of An. gambiae s. I. due to; infections by nematodes and

predators (spiders, Diptera, Coleoptera and amphibians) in small temporary pools. These
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observations nullified a previous report that predators reduced larval populations only in

permanent and larger habitats but were absent in small and temporary habitats (Gillies

and De Meillon, 1968). In another study (Lakhani & Service, 1974), Aedes can tans

(Mg.) life tables were constructed. Due to the difficulty in estimating mortality rates in

different immature stages that occur simultaneously, a generalized exponential

survivorshipmodel was constructed. Service (1977) carried out a study on An. gambiae s.

l. in which he constructed time-specific life tables from frequencies of age distribution of

age classes. He observed that mortality from egg hatching to adult emergence was about

93% in both rice fields and small temporary habitats. However, mortality in rice fields

was constant whereas in temporary habitats, percentage mortality was higher in older

than younger instars.

A study by Reisen & Siddiqui (1979) determined larval survivorship and

development of Culex tritaeniorhynchus breeding in a pond. Effects of density and

seasonality were determined. The results showed that increased density delayed

development and decreased survivorship. Mogi et al. (1984) reported that addition of

food to habitat shortened the fourth instar larval period but had no influence on survival

of Culex vishnui or Anopheles peditaeniatus. They observed that in predator free

environment, survival from larval hatch to adult emergence was 50.0-88.8 %. In natural

populations exposed to predators survival was as low as 0.0-1.8 % for Culex and 1.1-4.7

% for Anopheles. Predators were found to cause high larval mortality (48.7-87 %). In

another study, Mukiama and Mwangi (1989) found that pupal productivity of Anopheles

arabiensis in Mwea field rice was about 1 % of the total immature population. They also

observed that larval presence was seasonal, it corresponded to rainy season and flooding
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phase of the rice cycle. Survivorship of An. gambiae larvae and pupae was carried out in

which stage-specific and age-specific survivorship of immature stages was determined.

The result showed that survivorship from first instar to adult emergence was 0.085 (91.5

%) during the rainy season and 100 % mortality during the dry season (Aniedu et aI.,

1993).

Other studies were carried out in which optimal conditions of Anopheles sergentii

(malaria vector in Egypt) were determined under laboratory conditions (Beier et aI.,

1987). Larval survival rates averaged 85 % at optimum conditions. Mean life expectancy

at emergence was 23.3 days. Net reproductive rate, mean generation time and

instantaneous rate of increase were 45.8 females per female per generation, 29.7 days and

0.127 respectively. This species had a daily survival rate of 0.95. Mahmood (1997)

carried out a study on life table attributes of Anopheles albimanus in which he reported

that adult emergence occurred on day eight, emergence success was 91% and females

took one blood meal and laid eggs two days later. Life expectancy at emergence was 14.1

days and 18.8 days for males and females respectively. Daily survivorship of females at

emergence, net reproductive rate, instantaneous rate of increase and mean generation

time were 0.97, 309.2, 0.319, and 18 days respectively.

In another study, comparative life table studies for An. albimanus and Anopheles

vestitipennis were conducted under controlled conditions. Mean time of larval

development for An. albimanus was 10.8 days and 11.7 days for males and females

respectively. Mean times for An. vestitipennis larval development were 11.3 days for

males and 13.5 days for females. Survivorship rates from egg to adult emergence were

92% and 82% for An. albimanus and An. vestitipennis respectively. Adult males lived for
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an average of 13.6 days and females 2l.2 days. The adult An. vestitipennis males lived

for a mean of 14.8 days while females 25.6 days. The reproductive rates were 287 and

302for An. albimanus and An. vestitipennis respectively (Grieco et aI., 2003).

Some study by Maharaj (2003) on An. arabiensis life history traits showed that

immaturedevelopment was fastest in summer (11 days) compared with winter (32 days),

resultingin less robust adults. Mean female lifespans were greater than those of the males

and also increased with decreasing temperatures. From the age-specific survivorship

curve and the gonotrophic cycles, females were found to lay large numbers of eggs

especially during spring and summer. Edillo et al. (2004) observed survivorship and

distribution of larvae and pupae of An. gambiae s. I. Giles in three habitats (rock pool,

swamp and puddle). Results showed a great day-to-day variation for age class

composition within habitats across days. They found unstable age distributions in the

swamp and puddles. More individuals were observed in the later age classes than in

earlier ones. Exponential decay models were used to determine daily survival estimates

that were 0.807,0.899 and 0.818 in rock pools, swamp and puddles respectively.

Studies have been carried out to determine other factors affecting survivorship

and development. For example Kitthawee et aI., (1990) observed that higher densities of

larvae of Anopheles dirus produced smaller adults with lower survivorship. They also

found out that larger females took larger blood meals cultured with P. falciparum hence

developed significantly more oocysts. Three factors affecting larval growth and

development rates, survivorship and adult size of Anopheles quadrimaculatus were tested

in a natural population (Wallace & Merritt, 1999). The results showed that development

rates, survivorship and adult size were higher in algal clump environment. Minimum
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water surface temperature was greater in open water habitat indicating that surface water

microclimateand enhanced food resources can be used to predict the species distribution.

In recent studies under artificial conditions, Gimnig et al. (2002) demonstrated that larval

densityof An. gambiae responded to increasing densities by extending their development

time and by emerging as smaller adults. Survivorship was however not affected. Bayoh &

Lindsay (2004) determined effect of temperature on survivorship of larval stages and

subsequent adult production of An. gambiae s. s. under laboratory conditions. They

observed that larvae developed to adult at temperature range of 16-34°C. Larval survival

was shortest « 7 days) at 10-12°C, and 38-40°C and longest (>30 days) at 14-20°C.

Optimal survival temperatures were lower than the temperatures at which development

was quickest.

Studies to determine effect of aquatic macrophyte cover on survival of Anopheles

larvae showed that macrophyte provide suitable microhabitat and refuge from predation.

It was observed that larval survivorship was lowest in treatments with low plant cover

and high fish density but highest in treatments with high plant cover and no fish (Orr &

Resh, 1989). Campos and Sy (2003) carried out a study in which life tables were

constructed for six cohorts of immature stages of floodwater mosquito, Ochlerotatus

albifasciatus (Macquart). Mortality due to parasitic nematode Strelkovimermis spculatus

was determined. They found that parasite prevalence was 86.9 % in the fall and lowest in

spring but parasitism occurred during all seasons. Survivorship varied with seasons.

Munga et al. (2006) investigated pupation rate of An. gambiae under three land cover

types; farmland, natual swamp and forest. The results showed that pupation rate was

highest in farmlands than natural swamp and forest. Mwangangi et al. (2006) determined
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survivorship and distribution of An. arabiensis larvae in a rice agroecosystem, Mwea

Irrigation Scheme (Kenya). They found out that mortality rate during transplanting was

99.9% while at tillering it was 96.6%. They also demonstrated that survivorship of An.

arabiensisbetween paddies was different.

2. 3. 2 Gonotrophic cycle, oviposition, egg hatchability and habitat suitability

Work done on mosquito egg hatch show that some factors may inhibit egg hatch.

For example in Aedes mosquito, if the habitat is crowded with older larval stages, egg

hatch may fail (Livdahl et al., 1984; Livdahl & Edgerly, 1987). Eggs of An. gambiae

have been known to remain viable for 12-16 days under dry conditions (Beier et aI.,

1990; Holstein, 1954) and egg dormancy is a short-time mechanism for survival in this

species.An. gambiae eggs hatch in water, which is the natural habitat, but it has also been

known to hatch on moist soil (Koenraadt & Takken, 2003; Minakawa et aI., 2001).

Minakawa et al. (2001) demonstrated that An. gambiae eggs in a lowland region survived

during the dry season in soil and hatched after exposure to water within 3-5 days. He

proposed that An. gambiae survive dry season by embryo dormancy. This result

elucidated the phenomenon of rapid population build-up just after the onset of rains

preceding a dry season. Carvalho et al. (2002) determined the effects of temperature on

embryo development of Anopheles albitarsis and An. aquasalis. The findings showed

that temperature had greater effect on An. albitarsis embryo than An. aquasalis. In a

recent study by Sumba et al. (2004), substrate preference was determined and the results

showed that An. gambiae s. I. preferred to lay eggs in An. gambiae s. I. habitats to

culicinehabitats. The study also showed that peak ovipostion time was regulated by light-
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dark cycle. They suggested that the number of eggs laid at peak ovipositon time was

affected by the suitability of the habitat. Many oviposition studies have been done on

non-anopheline mosquitoes (Allan & Kline 1998; Williams et al., 1999; Collins &

Blackwell,2000; Eitam et al., 2002; Madeira et al., 2002; Poonam et al., 2002; Navarro

et al., 2003; Geetha et al., 2003; Sunish et aI., 2003; Trexler et al., 2003; Relskind & Wil

son,2004). Few studies have been done on anopheline mosquitoes (Rejmankova et al., 1

996;Foley & Bryan, 1999) and An. gambiae (McCrae, 1984). Afrane et al. (2005)

reported that deforestation reduced the gonotrophic cycle duration in Western Kenya.

2. 4 Spatial distribution of larvae and adults

Knowledge of spatial and temporal distribution of malaria vectors is important in

determining vector abundance and disease prevalence. For targeted cost effective control

strategies to be designed, spatial distribution of the vector is a prerequisite. Malaria as a

disease has high transmission in countries with meagre resources thus the blanket control

method is non-economical. New tools have been designed that are used in the mapping of

disease vectors. Such devices include geographical information systems and remote

sensing. Using distribution data, mapping of malaria risk zones is done. Several studies

have been carried out to determine spatial distribution of malaria vectors (Ribeiro et al.,

1996;Lindsay et al., 1998; Craig et al., 1999; Chadee & Kitron, 1999; Minakawa et al.,

1999; Onyabe & Conn, 2001; Minakawa et al., 2002; Shililu et al., 2003; Mbogo et al.,

2003; Okogun et al., 2005).

Geographical information systems have been used to map, analyze and integrate

systems for studying spatial patterns and processes (Kitron, 1998; Omumbo et al., 1998;
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Booman et aI., 2000). Remote sensmg IS used in identifying mosquito habitats,

investigating malaria epidemiology and assisting malaria control (Anno et al., 2000).

Remote sensing data is useful in assessing relative abundance from large water bodies

(Hayet ai., 2002; Anno et aI., 2000). It is also used to show relationships between vector

abundance and landscape element proportionally. Remote sensed data can be integrated

with GIS capabilities to identify villages with high vector-human contact risk (Sharma &

Srivastava, 1997).

2. 5 Population dynamics of adults

Adult vector population dynamics is important because it gives an indicator of

transmission risk of the disease (Lindblade et al., 2000b; Ijumba et aI., 2002; Dia et aI.,

2003; Shililu et al., 2003). Through monitoring the abundance of adult malaria vectors,

data can be stored that indicate the threshold of indoor density in cases of outbreak of

epidemics. Because epidemics do build up, monitoring adult vector population in

epidemic prone regions is useful in models that detect likelihood of epidemic and

therefore early warning system. This information can be used to put in place both

curative and control measures to counter the epidemic (Depinay et al., 2004; Fillinger et

aI.,2004; Ndenga et aI., 2006;).

2. 6 Habitat characterization

Larval abundance affects adult vector abundance. Fluctuations in the former

directly affect population dynamics of the latter thus knowledge of factors affecting larval

occurrence is important. A few studies have been carried out to determine factors that
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affect mosquito larvae occurrence. In a lowland region, Girnnig et al. (2001) found an

association between algae and anopheline positive habitats. An. gambiae and An.

arabiensis were associated with small temporary habitats with little or no aquatic

vegetation (Sattler et al., 2005). An. funestus on the other hand was associated with large

semi-permanentwater bodies with aquatic vegetation. In a recent study, Minakawa et al.

(2004) in a highland region found an association between occurrences of An. gambiae

larvaewith habitat size and vegetation type.

2. 7 Malaria control strategies up to date

Malaria eradication requires a multidimensional approach that involves curative

treatment of confirmed cases, vector control, insecticide spraying and treatment of bed

nets (Raccurt, 1997). The first approach is limited because of the development of

resistant strains of Plasmodium to the drugs (Korenromp et al., 2003; Marsh, 1998).

Indoor insecticide spraying alone is also not effective due to the outdoor breeding

habitats that allow the aquatic stages to mature. Gorbel et al. (2002) reported that

insecticides belonging to the class Pyrethroid are the only compounds currently available

for control of mosquitoes, but some malaria vectors species have developed resistance to

pyrethroids and the lack of alternative chemical categories is posing a great concern

(Hemingway et al., 2002). However Kamau and Vulule (2006) carried out a research on

insecticide susceptibility in An. arabiensis and An. gambiae. The results were intriguing

as they refuted earlier reports of resistance of malaria vectors to insecticides. It is now

necessary for the control of malaria to embrace vector control biologically and by

environmental management. With this approach, the relationships between the habitats,
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environmental factors and occurrence of mosquito larvae is essential for application of

controlmethods. Control measures should be continued indefinitely.

Various biological methods that have been used to control malaria include larval

control by: fungus Coeiomomyces punctatus (Apperson et ai., 1992); bacteria of

Bacillus thuringiensis (Shakoori et aI., 1999: Su & Mulla, 1999; Fillinger et ai., 2003)

andB. sphaericus (Karch et al., 1992). Mosquito larvae of genus Toxorhynchites feed on

the larvae of other mosquitoes but as adults, they feed on nectar (Focks & Boston, 1979;

Focks et ai., 1983; Focks et ai., 1987). This method has been used successfully in

artificial containers and tree holes. Other biological control agents are predaceous

beetles, Odonata that cannot be used commercially due to the difficulty of rearing them

in large numbers (Walton et ai., 1990). Planaria (platyhelminthes: Turbellaria) have

potential in biological control of immature stages of mosquitoes, egg to pupa (Legner &

Medved, 1972; Legner & Medved, 1974; Legner & Tsai, 1978; Levy & Miller, 1978;

Mulla & Tsai, 1978). Copepods of genera Mesocyclops and Macrocyclops are predators

of mosquito larvae (Marten, 1984; Marten et aI., 1989; Mian et ai., 1986; Riviera et aI.,

1987). Gambusia holbrokii fish are predators of mosquito larvae of fresh water

therefore can be used in swimming pools and small water bodies (Coykendall, 1977;

Davey & Meisch, 1977; Reddy et ai., 1977; Stewart & Miura, 1985; Stewart et ai.,

1983). Other fish genera that are used for biological control include Poecilia, Tilapia,

Gasterosteus and Notobranchius either alone or with Gambusia. These have been used

in experimental not operational conditions (Bay & Self, 1972; Middaugh et ai., 1985).

Bats are also predators of adult mosquitoes (Storer, 1926).

Despite the efforts made to control malaria using the biocontrol methods, it
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remains the most prevalent and devastating disease. New tools have to be designed to

assist in the vector control. The Geographical Information System (GIS), Global

Positioning System (GPS) and remote sensing are the new tools used to analyse and

integrate the spatial components in epidemiology of vector borne diseases in to research,

surveillance and control programs based on landscape structure, ecosystems, spatial

heterogeneity of abiotic and biotic components (Kitron, 1998). These tools can be used to

understand malaria transmission dynamics at local level, for example, remote sensing on

mosquito production in the surrounding areas. Mapping of vector breeding habitats

facilitatethe assessment of the risk of contracting the disease and also assist in its control

(Kitron et al., 1994; Pope et aI., 1994; Dale et al., 1998; Hay et al., 1998; 2000; Jeanne,

2000; Boulos et aI., 2001; Kistemann et aI., 2002). Land use change is a likely cause of

malaria epidemics. This can be monitored through remote sensing system (Zhao et al.,

2000). In this research, the GIS, GPS and remote sensing have been integrated in to the

ecology of malaria vectors to determine the effects of land use changes on microclimate

and microhabitat of the mosquitoes. Studies in the lowland Lake Victoria basin and

Kenyan coast found out that mosquitoes generally rest indoors overnight by attaching to

the house roofs and leave in the morning (Githeko et aI., 1996; Mbogo et aI., 1993). In

highland areas, mosquitoes stay longer due to low ambient temperatures that induce

mortality.
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CHAPTER THREE

3. 0 Methodology

3. 1 Study site

The study was conducted in Marani (34°48' East and 00° 35'South) location of

Kisii district in western Kenya where health records revealed incidences of malaria

epidemics.Marani is a highland area with an altitude between 1508 and 1703 meters

abovesea level. It is located 17 Km North east ofKisii town (Fig. 3.1) on undulating land

(Fig.3.2) drained by several permanent rivers and streams. The area is characterized by

springsduring the long rain season. The area studied covered 16 knr'. Marani is a densely

populatedarea that has undergone land-use changes over a long period of time. The

majorland-use changes include: conversion of forest land to crop-farming, mainly tea

growing;conversion of grassland into sugarcane or maize growing; draining of natural

swampsand settlement in the former natural forests and grassland areas. Artificial forests

of Eucalyptus trees (Fig.3.3) located along river valleys are used for timber production.

Mainfarming activities include maize, millet, banana, tea and coffee, vegetable growing

anddairy farming. The area has two rainy seasons that are not well defined and one dry

season. Average monthly rainfall was 221.4 mm while mean maximum and mean

minimumtemperatures were 26.7 °C and 14.4 °C respectively.

Kombewa is a low-lying region situated about twenty kilometers from Kenya

MedicalResearch Institute- Kisumu with an area of 16 Km2. It is located within the Lake

Victoriabasin. Altitude ranges between 1100 and 1300 meters above sea level. It IS

located34°30' East and 00° 07' South. Main farming activities are maize, mango and
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sorghumgrowing and animal keeping. The area has one permanent and several ·.;easonal

rivers. Kombewa has two rainy seasons and one dry season. Human population of

Kombewa is lower than Kisii. Average monthly rainfall was about 120.7 mm; mean

minimum and mean maximum temperatures were I8.5°C and 29.3°C respectively.

Kombewahas endemic malaria.
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Figure 3.1 The map of Kenya showing relative positions of study sites (Kombewa and
Marani)
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Figure 3.2 Undulating topography of Kisii
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Figure 3.3 Eucalyptus tree stands by riverbank at river Marani
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3.2 Interrelationship between lanopheline larvae and habitat topography

3.2.1Anopheline larval habitat spatial distribution

3. 2. 1.1 Land use types

Land use and land cover types in the area studied were categorized as follows:

farmlandrefers to an area under cultivation with well drained soils; cultivated swamps,

area under cultivation with poor drainage, characterized by drainage ditches and water

logging; natural swamp, land that is naturally fallow with water logging and

characterized by presence of emergent aquatic plants; pasture, area with grass or some

timesmixed with shrubs for animal grazing; river, area around the river bank or . iver bed

exclusiveof running water; road, hard weather roads and paths; and forest which in this

context refers to an area with either indigenous or exotic tree stands with above 80%

canopycover. A multispectral one-meter ground resolution Ikonos image was taken in

2003.Each land cover type was visually digitized using geographical information system

(GIS) software package ArcView 3.3 (Environmental Systems Research Institute,

Redlands,CA). The digitized land cover types were validated by ground truthing. Larval

breedinghabitats were categorized as follows: drainage ditches; foot prints (human and

animal foot prints); manmade pools; tyre ruts; natural pools; springs; ponds; tree holes;

roadsideditches and rock pools.

3. 2. 1.2 Larval habitat spatial distribution survey

All aquatic habitats with standing water within the study areas were examined and

sampledfor mosquito larvae. Depending on the amount of water in a habitat, a maximum
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of fortydips were drawn from the habitat, sieved through a plastic mesh (200~) and put

on a white tray. A standard plastic dipper of 350-cm3 volume was used. Pre~ence of

culicineand anopheline larvae was noted depending on the resting position of the each

genus. In 2003, only presence or absence of larvae was recorded. Observations were

enteredin a data sheet. Data was entered on a spreadsheet. In 2004, anopheline larvae in

the sieved water were counted; number recorded and collected using a pippette. The

larvaewere put in vials and transported to the Laboratory at Kenya Medical Research

Institute(Kisumu) for identification. If no larvae was observed in the forty dips of water,

then the breeding habitat was considered to be negative for larvae whether culicine or

anopheline. Anopheline larvae were cleaned and preserved in 96% ethanol for

identification. Identification of anopheline larvae to species level was done

morphologically using the keys by Gillies (1968). Anopheles gambiae s.1. larvae were

further identified by rDNA using polymerase chain reaction (Pf.R) method. For each

habitat,the following variables were recorded; land use and land cover type, habitat type,

numberof water dips taken, length (em) and width (cm). Location and elevation of each

habitat were recorded using the global positioning system in differential mode

(Hightoweret al., 1998). Distance to the nearest river / stream was calculated using the

Geographical Information System (GIS). Sampling was done during the months of

February,May, August, and November 2003 and 2004 at Marani while at Kombewa in

2004only.

3.2. 2 Larval habitat characterization

In addition to protocols of the preceded study in section 3.2.1.2, the following
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variables of the anopheline larval breeding sites were determined: canopy coverage (%),

algae coverage (%), grass coverage (%) and debris coverage (%). In February (dry

season) 2004, 182 breeding sites were characterized for the above variables. Chemical

composition of 42 breeding sites with respect to the following ions was analysed,

concentrations of ammonium (NH4 +) and Phosphate (P04 2-), turbidity of water and pH.

In May (rainy season), in addition to the above ion concentrations, nitrates (N03-) were

determined.

3. 2.3 Malaria vector habitat productivity

Ten breeding sites were randomly selected in each habitat type (natural and

cultivated swamps). Ten emergent traps (Fig. 3. 4) of 1m2 and 0.5m2 were constructed

and placed in cultivated swamp (Fig. 3.5 and 3.6) and ten others in a natural swamp (Fig.

3.7 and 3.8). The position of traps was changed daily to avoid the trap effect on

mosquitoes (hinder female mosquitoes from laying eggs). For seven consecutive days

monthly for eighteen months, the traps were examined for emerging mosquitoes.

Mosquitoes were aspirated, killed using chloroform, classified to genera morphologically

and counted. Anopheline mosquitoes were packed in collecting bottles and transported to

the laboratory. Mosquitoes were classified further under a light microscope to species

level according to Gillies and De Millon (1968). Anopheles gambiae s. l. were packed in

vials and stored at _4DC for further processing with rDNA to determine the species. The

following variables were determined for each breeding habitat; temperature, length,

width, depth of water, canopy coverage, grass coverage, algae coverage and debris

coverage.

30



Figure 3.4 Emergent trap of0.5m2 in a cultivated swamp at Kombewa.
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Figure 3.5 Cultivated swamp chraracterized by drainage ditches (arrow) with emergent

traps at Kombewa
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Figure 3.6 Cultivated swamp showing drainage ditch at Marani
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FigUre 3.7 Natural swamp constituting reeds and trees at Marani
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Figure 3.8 Natural swamp constituting reeds at Marani
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.3 dult malaria vector distribution and dynamics in Western Kenya highlands

.3. 1Spatial distribution of Anopheles gambiae and An. funestus

All houses within the two study sites were mapped from which one hundred serru-

permanenthouses (Fig. 3.9) were randomly selected at either site. Indoor resting

mosquitoeswere collected from using the knockdown and kill of pyrethrum spray catch

methodand put in petri dishes lined with wet cotton wool and Whatman filter ;;apers to

protect them from desiccation (WHO, 1975). Mosquitoes were transported to the

laboratoryat Kenya Medical Research Center- Kisurnu where they were identified

morphologicallyaccording to Gillies and De Meillon (1968) to species level using a light

microscope.For each house sampled, the following information was recorded; site, house

number,genus, sex of mosquitoes and the number, number of sleepers of the previous

night,their age groups and the geographical position using hand-held navigational system

(GeographicalPositioning System; Garmin International, Inc., Olathe, KS). Female

anophelinemosquitoes were classified microscopically as unfed (empty), blood-fed, half

gravid,and gravid (Gillies and Coetzee, 1987). Anopheles gambiae s. l. were packed in

vialsand preserved in refrigerator at -4 DC for further identification using polymerase

chainreaction(Scott et al., 1993).

At Marani, sampling begun in May 2003 while at Kombewa in August of the

sameyearand was completed by November 2004. Sampling was done during the months

of February,May, August and November. To show the distribution of malaria vectors,

mapswereconstructed.
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Figure 3.9 Semi permanent iron-roofed house at Marani
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3.3. 2 Population dynamics of Anopheles gambiae and An. / unestus

Thirty houses were randomly selected at either Marani or Kombewa. Among the

thirtyhouses at each site, ten houses were further randomly selected where weather

stationswere constructed (Stevenson's screens). Weather stations were built ten feet from

main houses to avoid reflection of light. Hobos to detect temperature and relative

humiditywere placed both inside houses and outside for ambient temperature. Similar

protocolsto preceded study (See 3.3.1) were used. The number of human sleepers in the

houseof the previous night was also noted. For female malaria vectors gonotrophic status

were determined, mosquitoes put in vials and stored in refrigerator for species

determination with peR. ELISA was done to determine sporozoite rates and

entomologicalinoculation rates were also determined. Sampling was carried out monthly

fromFebruary 2003 to February 2005 at Marani and June 2003 to January 2005 at

Kombewa.

3. 3. 3 Anopheles gambiae species identification using polymerase chain reaction

technique

The polymerase chain reaction (Pf.R) is a method for oligonucleotide pnmer

directedenzymatic amplification of a specific DNA sequence of interest. Primers specific

to An. gambiae and An. arabiensis were used for An. gambiae sibling species

identification.This technique is capable of amplifying a sequence 105 to 106-101d from

nanogramamounts of template DNA within a large background of irrelevant sequences.

A prerequisitefor amplifying a sequence using peR is to have known, unique sequences

flankingthe segment of DNA to be amplified so that specific oligonucleotides can be

obtained.The peR product is amplified from the DNA template using a heat-stable DNA
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polymerase from Thermus aquaticus (Taq DNA polymerase) and using an automated

thennal cycler (Perkin-Elmer/Cetus) to put the reaction through 30 or more cycles of

denaturing, annealing of primers, and polymerization. After amplification by PCR, the

products are separated by agarose gel electrophoresis and directly visualized after

staining with ethidium bromide. Before PCR is done, DNA is extracted ~..om the

orgamsm.

3.3.3. 1 DNA extraction

Mosquito abdomen was separated from the rest of body using sharp blade. Each

abdomen was placed in an autoclaved 1.5 micro centrifuge tube. 100 urn of mixed buffer

(grinding buffer) was added to each tube and left to stand for ten minutes. The mixed

buffer comprised: homogenizing buffer, which constituted 0.1 M sodium chloride, 0.2 M

ucrose solution, 0.01 M EDTA and 0.03 M Trizma Base at pH 8.0 (total volume of 100

ml); Lysis buffer constituted 0.25 M EDTA, 2.5% W.V. SDS and 0.5 M Trizma base at

pH 9.2. Mixing 4 parts of homogenizing buffer and 1 part of lysis buffer constituted the

grindingbuffer.

Mosquito abdomen was ground in grinding buffer using a pestle. This process allowed

suspension of cells for lysis; DNA was activated and frozen from nucleus into solution.

The lysates were incubated in a water bath at 65°C for 30 minutes. 14 fll of 8M

potassium acetate was added to each tube for protein precipitation. The tubes were

vortexed and cooled on ice for 30 minutes. The tubes were then centrifuged for 10

minutes at 10000 rpm. The supernatant was saved into sterile similarly labeled J.5 ml

micro centrifuge tubes. It contained nucleic acids. 200 ul 95% ethanol was added into
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eachtubeof the new set. The tubes were cooled for 20 minutes at -20°C and spun at

10000 rpm for 20 minutes (alcohol precipitation process). Spinning resulted in pellet

formation(DNA). The 95% ethanol was replaced with 200 ul 70% ethanol, which was

pouredoff and further replaced by 200 ul 95% ethanol. The final ethanol was discarded

andtubesdried at room temperature. The pellet (DNA) was suspended in 100 ul sterile

di tilledwater and refrigerated .

•3. 3. 2 peR master mix preparation

The master mix for one sample constituted the following: water (11.9 ul); lOx

PCRBuffer without Magnesium chloride (2 ul); dNTP mix (10Mm each dATP, dTTP,

dCTPand dGTP). The equal amounts of nucleotides prevent mismatching of bases.

Magnesiumchloride, 25mM (0.8f.-l.1);primers 25 f.-l.Meach, Anopheles gambiae (O.4fll),

Anopheles arabiensis (O.4fll), universal (O.4fll) and Taq polymerase enzyme (0.5 ul). The

totalnumber of samples to be tested was multiplied by the above volumes of unknown

An. gambiae s. l. and 2 samples added as controls in which tubes An. gambiae s. s. DNA

wasput.After making the mixture, 18 ul was aliquot into each labeled PCR tube and 2 ul

of mosquito DNA template samples added using a different pipette for each. Oligo

primersfor An. gambiae (control) were included in the master mix. The tubes were

closedand put in PCR machine and amplified. Amplification program consisted of

denaturationat 94°C for 15 seconds, annealing at 60°C for 15 minutes and extension at

74°Cfor 15 seconds. The cycle was repeated 30 times.
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.3.3.3 Electrophoresis

Three percent agarose solution (LOuml) in 1 x TBE buffer was prepared, mixed

andmicrowaved for 2 minutes until boiling. Agarose solution was cooled on the bench

to 50°C,3 III of Ethidium bromide was added and mixed. The agarose gel solution was

pouredinto the gel mould with combs in place and allowed to set for 40 minutes. After

thegelhad set, it was transferred with its base to the electrophoresis tank. One times TBE
i.

bufferwas added to the tank until the gel was completely covered. The combs were then

removedand each amplified sample loaded into each well of the electrophoresis gel using

loadingdye. Covering the electrophoresis tank placed the electrodes on. The power pack

wasset to 200V and switched on to run.

3.3.3.4 Gel visualization and photography

After the DNA had been separated by electrophoresis for 30 minutes, the power

packwas switched off and electrophoresis gel removed with its base. The electrophoresis

gel was placed on UV Trans illuminator, UV light switched on and DNA bands

visualized.A photo of the gel was taken using Polaroid instant camera system for a

permanentrecord.

3.3. 4 Enzyme linked immunosorbent assay (ELISA)

The traditional method of incriminating vectors requires the dissection of the

salivaryglands of individual mosquitoes to look for sporozoites. But this approach has

twomajor disadvantages: in areas where vectors have low sporozoite rates (less than

0.1%)it is necessary to dissect many mosquitoes to establish a sporozoite rate and it is
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not possibleto identify the species of malaria parasite involved. Not only is it impossible

to distinguishbetween the four species of human malaria parasites, but they also cannot

bedifferentiatedfrom Plasmodium species infecting birds or reptiles.

An immunological method based on detection of a specific antigen on the

sporozoitesurface, the circumsporozoite protein (CSPl) was used in an ELISA capture

testusingmonoclonal antibodies to CSPI (Engvall et al., 1975). This method allows not

onlya quantification of the number of sporozoites present, but it also allows a precise

speciesidentification. The limitation of the method is that it does not distinguish between

infected and infectious mosquitoes. Since the CSP 1 molecule is also present in

sporozoitesinside oocysts, which have not yet made their way to the salivary glands, the

sporozoiterate determined in this way is an over-estimate by up to 50%.

Head and thorax of 1775 female mosquitoes (649 An. gambiae s. l. and 1055 An.

funestus) were removed from abdomen and tested for the presence of Plasmodium

circumsporozoiteantigen (CSPl). Each was placed in 1.5ml eppendorff micro-centrifuge

tube,50 III blocking buffer was added and left to stay for 60minutes. The contents were

groundwith a pestle attached to a motor driven grinder. The pestle was rinsed in a tube

withlOO1l1 volumes of blocking after a final volume of 250111(Wirtz et al. 1987; Beier et

al., 1987; 1990; Shililu et al., 1998). To avoid contamination between mosquitoes by

pestle,the pestle was rinsed outside the tube using PBS- Tween twice and dried. Ground

materialwas stored overnight at -20°C. 50111of monoclonal antibody (MAb) solution was

addedto each well of the ELISA plate, covered and incubated for 30 minutes at room

temperature.Paper towels were used to dump MAb solution in the wells and each well

filledagain with 200lli blocking buffer and incubated for 60 minutes. The MAb
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lutionwas dumped again. 50fll of mosquito triturate was loaded in the wells. Positive

andnegativecontrols were introduced and samples incubated for 2 hours. The mosquito

trituratewas dumped and wells washed twice with 200 ul PBS- Tween. 50 ul of MAb-

peroxidaseconjugate solution (0.05flg 150fll blocking buffer for P. falciparumi was put

inwellsand incubated for 1 hour. MAb-peroxidase conjugate was then dumped and wells

washedfour times with PBS- Tween. 1OOfllof peroxidase substrate was put in each well

andincubated for 30 minutes. Results were read at 414 nm in a computer program for

porozoiteELISA and data stored

3.3.5 Entomological inoculation rates (EIR)

Malaria transmission risk can be measured by two approaches, directly by

entomological inoculation rates (EIR) and indirectly by vectorial capacity. EIR is

determinedby multiplying mosquito-biting rate by the proportion of mosquitoes. carrying

porozoitesin their salivary glands. EIR are expressed in terms of average numbers of

infectivebites per person per unit time. Activity of anopheline vector provide basis for

calculatingEIR, h', the daily number of infective mosquito bites received per person

(MacDonald, 1957). Alphabetically, h '= mas where m is the anopheline density in

relationto humans, a is the average number of persons bitten by one mosquito in a day

ands is the proportion of mosquitoes with sporozoites in their salivary glands (H1Y et al.,

as expected number of new infections per infective case per day, assuming that all

anophelinebiting that day become 2000). Annual EIR is usually used. Human blood

index(HBI) is the proportion of human blood fed female mosquitoes per night.
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Vectorial capacity IS defined infected (Lee et al., 200 I). Determination of

vectorialcapacity requires measurements of man mosquito contact, vector survivorship

and mosquito density. Vectorial capacity can be defined by a mathematical formula, all

the parametersof which are theoretically measurable. C = (ma). (P/F).exp (-nlE).E

C = Vectorialcapacity

m= relativevector density (i.e. number of vectors per man). This parameter is difficult to

measure

a = human-biting frequency (i.e. number of blood meals per vector per day). For many

pecies,this is the same as the frequency of oviposition.

(ma)is the number of bites per person per day. This is usually measured by collecting

mosquitoesduring an entire night using human bait.

P is the human blood index (HBI), i.e. the proportion of meals taken on man F is the

intervalbetween meals

n is the length in days, of the latent period of the parasite in the mosquito, known as the

"extrinsicincubation cycle"

Eisthe life expectancy of the female mosquito.

Inthisstudy, entomological inoculation rates (EIR) were calculated directly to r'ctermine

malariatransmission risk.

EIR= Man biting rate x Sporozoite rate (%)/ 100 (WHO, 2003b)

However,indirect calculation of man biting rate from spray sheet collections was used.

Man bitingrate (per night) is obtained by dividing the total number of fed mosquitoes by

thetotalnumber of occupants who spend the night in the houses used for collection.
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M F
w

Where,

F = the total number of freshly fed mosquitoes of the particular species and

w = total number of occupants in the houses used for collection

Theabove estimation of man biting rate makes two implicit assumptions;

I All fed mosquitoes found in the houses used for collections took their blood meals

fromthe occupants of the same houses (Githeko et al., 2000; WHO, 2003b) and

2 No fed mosquitoes left the houses after taking their blood meals until the time of

collection (WHO, 2003b).

3. 4Anopheles gambiae survivorship

Vector abundance is important in determining the risk of disease transmission.

Epidemics occur once the Anopheles densities exceed the critical levels and the

conditions favor transmission. Lindblade et al., (2000a) proposed that the density of adult

Anopheles determines malaria transmission. Lowland areas have stable and endemic

malaria. People in these areas have been exposed to the parasites that their bodies have

developed functional immunity. Highland regions have unstable malaria and are prone to

epidemics if temperatures temporarily increase. High altitude human population has little

or no functional immunity, thus the explosive outbreaks when density and weather

conditions favour transmission. Western Kenya has high human population

(Nyamwange, 1995). Thus, the health facilities in place are not sufficient to cope up with

the demands.
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Humanpopulation increase in the recent past in Western Kenya has led to .draining

andcultivation of natural swamps probably to cope up with food production. Cultivation

of swamps may alter the local ambient temperatures hence the microhabitat

environmentalconditions are made suitable for breeding of the vector mosquitoes in

areasthat were originally unsuitable. Developmental period and survival of immature

stagesof the vector mosquitoes dictate the production of adults hence the risk of disease

transmission. The survival of immature aquatic stages determines how many c.:Jults are

presentin a particular location, which is used to determine the human biting rate. Adult

An. gambiae are highly anthropophilic and endophilic (Service, 1982), this phenomenon

increasesthe man-vector contact that affect malaria transmission. Various factors affect

developmental period and survivorship of the aquatic stages thus influence adult

emergence,vector abundance, reproductive fitness, intrinsic rate of population growth

andgeneration time. It is of necessity that the effects of temperature be studied under

naturalconditions where climatic conditions fluctuate seasonally and diurnally to provide

betterinformation for accurate forecasting of epidemics.

3. 4. 1 Effect of land use / land cover change, density and temperature on larval

developmentand survivorship

In April 2004, five hundred blood-fed An. gambiae s. s. Giles were aspirated from

housesat the highland site, put in paper cups with 10% sucrose solution and transferred

to cages in the insectary. Mosquitoes were fed on the rabbit blood daily and provided

with10% sugar on cotton pad suspended on the cage. Petri dishes with wet filter papers

wereprovided as oviposition substrates from which eggs were collected. Eggs were

washedin water for hatching on the day larvae were transported to the sites. At either site
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plasticbasins (40 em in diameter and 15 em deep) were placed in cultivated (Fig 3.10)

andnatural swamp (Fig. 3.11) environments with 2 kg dried soil from each habitat and

sieved water from the specific habitat or rain water added a day before larval

introduction.Water temperature was monitored using Hobo H 8 data logger submerged

inwater(Fig. 3.12). Cohorts of two-hour old larvae were introduced in to the basins and

coveredby a mosquito-proof material (1mm screen mesh) to prevent entry of predators

and female mosquitoes from ovipositing in eggs. Three levels of larval density were

introducedat 20, 60 and 100 per basin in three replicates. Those placed in the natural

swampswere covered by grass as is the case of natural swamps. Water was added after

twodaysbecause of water loss due to evaporation.

Waterproof paper was used to protect habitats against disturbance by raindrops.

Larvaewere counted daily from 0900 hours and scored to instar stage until they all

pupatedor died. At pupation, the habitats were inspected twice at 0900hrs and 1600hrs.

Pupaewere counted, put in paper caps and taken to an insectary, put in cages (fig. 3.13)

wherethey were allowed to emerge. On emergence, males and females were scored, for

each larval density, the first 5 males and females were preserved by freezing for

measuringwing length in mm and 50 of those that emerged later were preserved for

measuringthe dry weight in mg per density. The study was repeated in September 2004

andFebruary2005 at both sites.
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Figure 3.10 Triplicate of basins covered by a mosquito proof material In cultivated

swamp at Marani
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Figure 3.11 Triplicate of basins in natural swamp at Marani
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Figure 3.12 Hobo data logger submerged in water for monitoring temperature ~uring

survivorshipexperiments
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'gore 3.13 Cages in an insectary for emergence of An. gambiae
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.2 Effect of food source on adult survivorship

In raising corhorts of adult mosquitoes, eggs were collected for a week and

hedto generate a cohort of Fl. Two hundred larvae were put in each washbasin with

rainwaterand provided with half a tablet of yeast daily for food nutrients. Water was

changedafter two days to prevent growth of algae and contamination. Pupae were

llectedand put in cages (Fig. 3.13) for emergence.

Newly emerged F I were counted and their sex determined. Fifty males

put in a cage (30cm x 30cm x 30cm), 50 females in another and provided with 10%
"

sugaras food source. Another group of 50 females were fed on the rabbit blood on the

fourthday after emergence and put in a metal-framed cage covered with nylon netting.

Eachset of cages with mosquitoes was replicated four times and taken to four randomly

lectediron-roofed houses in each of the study sites. The cages were mounted 2 m above

Petrolium jelly was applied to the string to prevent ants from

The blood-fed mosquitoes were fed daily on rabbit blood and provided with 10%

sugar.The cotton pads with sugar solution were changed daily to prevent sugar

fermentation.Wet filter papers (7 em in diameter) were put in each cage on Petri dishes

as ovipositionsubstrate. The cages were observed daily until all mosquitoes died. Eggs

laidwere collected and counted. The eggs were used to determine fecundity. Dead

mosquitoeswere counted and collected daily for determination of survivorship. Net

reproductiverate, generation time and intrinsic rate of natural increase were computed.

Housetemperatures were determined using temperature data loggas that were each

placedon the cage.
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Figure 3.14 Metal cage with mosquitoes suspended in an iron-roofed house
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Figure 3.15 Hobo data logger for monitoring house temperature
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.4.3 Anopheles gambiae determination of duration of gonotrophic cycle

FI femaleswere raised and allowed to mate. On the fourth day after hatching, the F I

femaleswere blood fed on rabbit and one hundred females transported to either

Kombewaor Marani. Four houses were randomly selected at each site. One Uiood-fed

mosquitowas placed in a paper cup and covered with mesh material. In each house,

twenty-fivepaper cups were placed on a plastic basin and suspended half a meter below

theeaves.Each paper cup was examined daily for eggs. After eggs were laid, the date of

lyingwas recorded, eggs counted under a sterio microscope and number recorded. The

femalemosquito was fed again and the same procedure repeated to determine the number

ofgonotrophiccycles and eggs laid with aging during its lifetime.

3.5 Temperature data

House temperatures and relative humidity were monitored using Hobo data

loggers(Fig. 3.15). Hobo H8 data loggers placed in the larval habitats and houses were

downloadedto a computer. Daily maximum, minimum and mean temperatures were

calculated.Hourly temperature was also calculated. Graphs were drawn to show the

trendsfor the different habitats and sites.

3.6Data analysis

3.6.1Anopheline larvae and habitat topography

Data was analyzed for distribution using JMP SAS software. Incase data was not
"

normallydistributed (distance to nearest river! stream) natural log transformation was

performed.Generalized linear model was used to determine variables associated
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with occurrence (presence and absence) of An. gambiae larvae for the following months;

February,May, August and November at both sites.

To determine the effect of seasonality, ANOV A test was done using generalized

linear model for dry and long rain seasons at either site. Occurrence was used as

dependentvariable. Differences between sites as revealed by generalized linear model

weredetermined by logistic regression. Multiple comparisons using Tukey-Krarner HSD

testsweredone to show statistical differences of positive breeding sites between different

land use /land cover types within the same month. However, no comparisons were done

in cases where the sample size was 10 and below. Because there was no statistical

differencebetween the climate data of same month over two years, the data for 2003 and

2004 for the same month were pooled together before analysis.

Associations between occurrence of anopheline larvae and physicochemical

variableswas determined by the Chi-square test. Associations between physicochemical

variablesand occurrence of larvae of malaria vector species were determined using the

Chi-Squaretest (X2
).

X2 = Sum of (observed - expected habitatsi
expected number of habitats

A difference in mean distances between positive and negative breeding sites was

determinedby two-tailed -1- test.

t = difference in sample means
Standard error of difference of sample means
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Analysisof variance was performed to determine factors that influenced occurrence of

anopelinepositive habitats.

3.6.2 Adult population dynamics

Descriptive statistics of means were calculated to determine house densities. Non-

parametricanalyses were done using one-way analysis of variance by Wilcoxon I

Kruskal-Wallis Tests (Rank Sums) to determine the effect of month on mosquito density.

Differencesin mosquito density between months were determined by comparisons for all

pairsusing Tukey-Kramer HSD. Two-tailed t-test assuming unequal variances was used

to determinedifferences between mean distances of positive and negative houses from

the neareststream Iriver.

3.6.3 Survivorship experiments

Distributions, descriptive statistics of arithmetic means were determined by SAS

JMPsoftware. Analysis of variance (3-way ANOVA) was done to determine the effects

of location, land use type and initial density on total developmental period, instar

durationand stage specific survivorship, time to pupation, sex ratio and male al,j female

emergence. Chi Square analysis was used to determine differences in the daily

survivorshipbetween sites, land use type and density. Log-rank tests were used to

comparesurvival curves in the different land cover types. One-way ANOV A tests were

carriedout to determine effect of seasonality on total development time and survival rates

ofimmatureAn. gambiae. Total development time is defined as the total time in days that

firstinstars take to become adults; survival rate is defined as the number of adults over
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the initialnumber of larvae.

urvivaltime was calculated as

Total survival time

Total number alive

Survivalfunction (S (tj), which is the probability of an individual in the population

survivingbeyond time t, was calculated as

S(t)= Number of individuals surviving longer than time t

Total number of individuals in population

Mediansurvival time is time at which half the population is alive and half dead.

For adult An. gambiae longevity, the mosquitoes were grouped into three

categories;blood and sugar fed females, sugar fed only females and sugar fed only males.

Meansurvival time for each category was determined at each site. The effects of

temperature,category (sex) and season were determined using a 3- way ANOV A. Dry

andrainy seasons were used and not short rainy season because of overlap with long

rainyseason. Fecundity was determined for blood and sugar fed females only because the

sugarfed only females did not lay eggs. Non-parametric test, Wilcoxon test was used to

determinethe differences of fecundity between sites and between different seasons. The

followinglife table (derived from life history studies) characteristics were determined;

netreproductive rate (Rs), which is the average number of female (eggs) born at age 0,

Ro= L lxmx

WhereIx is survival probabilities and m, is the age specific fecundity per mosquito (age

specificbirth rate)
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veragegeneration time (GT), the average age of female An. gambiae when f..ley first

laid theeggs,

GT= (2: Lrn, x)/ Ro

Wherex is the age in days.

r istheintrinsic rate of increase, which is the potential for growth rate in a population,

r = In (Ro)/GT.This equation is derived from the formula derived by Leonhha~d Eular;

LIxmxe-r2 = 1 which states that growth of a population is the sum of survivorship times

femaleproductivity (lxmx) times the exponential e-x of r multiplied by age (x) (Smith,

1974).Doubling time in days (Td), is the time required by a population growing

exponentiallywithout limit to double in size when increasing at a given intrinsic rate of

naturalincrease (r),

Td= In (2)/r (Service, 1993; Costero et al., 1998; Irvin et al., 2004)

To determine whether mosquito mortality rate is higher in an old-age group than

ina young-age group, age-dependent mortality was tested using the Gompertz model, Ilx

= aebxwhere Ilx is mortality rate at age x, a is baseline mortality, and b represents the rate

ofchangein mortality with age (Promislow et al., 1996). If b is significantly large than

0,thenmosquito mortality rate increases with aging.
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Distribution of anopheline larval habitats in Western Kenya highlands

An understanding of fluctuations in adult population of vectors is, in part

determinedby factors that affect larval abundance. Larval habitats are an important

determinantfor adult abundance and distribution. In lowland areas due to low elevation,

withmost of the surface almost flat, water collects on the ground surface in flood plains,

man-madeor natural pools, man and animal footprints on farms. Stagnant water in these

habitatsprovides breeding sites for malaria vectors. An. gambiae s. l. is an r- strategist

thatbreedsvery fast thus population increases rapidly within a short time. In the ~lighland

regionon the other hand, the topography is undulating sometimes with many valleys and

plateau.The soils are well drained thus water does not easily collect in pools unless

directed.Due to pressure on land for agricultural production and human settlement land

thatwas initially natural swamps has been drained for crop production. This may increase

theavailablebreeding habitats for malaria vectors that may directly influence the density

ofadultvectors.

In the past, most control measures have been directed at the adult stages. But

source reduction through modification of larval habitats was the key to malaria

eradicationin United States, Israel and Italy (Kitron, 1989). For any effective control

throughsource reduction, an understanding of the dynamics of the larval habitats and

theircharacterics is required if efforts to model and predict adult abundance is to succeed.
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4. 1. 1 Species composition in highland and lowland sites

Marani

A total of 786 anopheline larvae were collected from Marani during February,

May,August and November 2004. Larvae collected consisted of An. gambiae (16.2%),

An.funestus (6.6%), An. marshallii (60.6%), An. coustani (16.4%) and An. rufipes (0.3%)

(Table4.1). Proportions of anopheline larvae varied in different land use / land cover

types.Malaria vector species, An. gambiae and An. funestus were most abundant in the

cultivatedswamps (Fig. 4.1).

Table 4.1 Anopheline species at Marani

Anophelesspecies Number (Prop %)
An. gambiae 127 (16.2%)
An. funestus 52 (6.6%)
An. marshalli 476 (60.6%)
An. coustani 129 (16.4%)
An. rufipes 2 (0.3%)

Anopheles marshallii, a non vectorspecies far surpassed the vector species and

wasabundant in both cultivated swamps and farmland. Anopheles coustani was abundant

onfarmlandwhile An. rufipes was seldom found in the study area. Forest, natural swamp,

river,road and pasture land use / land cover types had low proportions of anopheline

larvae(Fig. 4.1).
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Figure 4.1 Proportions of anopheline mosquitoes under different land cover types at

Marani
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(51.7%) was high in the drainage ditch habitat type. An. coustani occurred 1:'lostly in

manrnadepools (43.4%). Very few larvae were found in footprints, ponds, rock pool and

spring.Only An. marshalli was found in ponds though in very few numbers. No larva

waspresent in tyre ruts and tree holes (Table 4.2).
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ble 4. 2 Anopheline species present (proportion %) III different habitat types at

Marani

Drainage Foot Manmade Natural Pond Rock Sprinp Tree Tyre
ditch prints pool pool pool hole ruts

80 (63.0) 6 (4.7) 23(18.1) 5 (3.9) o (00) 2 (16) 11 (8.7) 0(0.0) 0(0.0)
44 (84.6) 1 (1.9) 3 (5.7) 1 (1.9) a (0.0) 1 (1.9) 2 (3.9) 0(0.0) 0(0.0)
246(51.7) 14 (2.9) 83 (17.4) 107(22.5) 2 (0.4) 4 (0.8) 20 (4.2) 0(0.0) o (00)
43 (33.3) o (0.0) 56 (43.4) 23 (17.8) o (0.0) 1 (0.8) 6 (4.7) 0(0.0) 0(0.0)
0(0.0) o (0.0) o (0.0) 1 (50.0) o (0.0) o (0.0) 1 (50.0) 0(0.0) 0(0.0)

Species abundance was low in Marani (4 species, ie An. gambiae, An. [unestus,

An. coustani and An. marshalli) during both rainy and dry seasons. However, the

proportionsof vector species An. gambiae were high in the rainy season in cultivated

swampsand farmland (Table 4.3). An. gambiae was absent in forest and river land use /

land cover types. Proportions of An. Junestus were generally low but it was slightly

higherduring the dry season. An. funestus was only found on farmland. Proportions of

An. marshallii in different land use types were high and this mosquito species colonized

allthepossible land use / land cover types during rainy season. However, during the dry

season,An. marshallii was absent in natural swamps and road land use / land cover types.
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Table 4.3 Abundance (proportions %) of anopheline species in different land u}e / land

covertypesduring rainy and dry season in Marani

Anopheles Cultivate Natural
Season Spp d swamp Farmland Forest swamp Pasture River Road
Rainy
season An. gambiae 66 (14.5) 77 (16.9) o (0.0) 3 (0.7) 5 (11) 0(00) 4 (09)

An. funestus 0(0.0) 4 (0.9) o (0.0) o (0.0) 0(0.0) 0(0.0) 0(00)
An. marshalli 57 (12.5) 113 (24.8) 9 (2.0) 12 (2.6) 50(11.0) 1 (0.2) 2 (04)
An. coustani 3 (0.7) 32 (7.0) 0(0.0) o (0.0) 16 (3.5) 1 (0.2) 0(0.0)

Dry
season An. gambiae 10 (10.0) 4 (5.3) 3 (4.0) 0(00) o (0.0) ':3 (6.7) 0(0.0)

An.funestus o (0.0) 2 (2.7) o (0.0) o (0.0) 0(0.0) 0(00) 0(0.0)
An. marshalli 27 (36.0) 6 (8.0) 2 (2.7) o (0.0) 5 (6.7) 1 (1.3) o (00)
An. coustani 7 (9.3) o (0.0) 0(00) 0(00) 3 (40) 0(0.0) 0(0.0)

An. coustani was present in cultivated swamps, farmland, pasture and river in rainy

season.In dry season it was present only in cultivated swamps and pastures (Table 4.3).

Kombewa

In total, 899 anopheline larvae were collected from Kombewa. This comprised of

50.9 % An. gambiae s. t., 33.8 % An. funestus, 0.7 % An. marshalli, 5.3 % An. cowl/ani.

0.4 % An. pharoensis and 8.8 % An. rujipes. In all land use / land cover types, An.

gambiae s. l. proportions were higher than the other anopheline species. Malaria vector

species(An. gambiae s. l. and An. funestus) were found to colonize all land use / land

covertypes in Kombewa (Table 4.4). Of the An. gambiae s. I. 74 larvae for rainy season

weretested with peR. The results showed that 55% were An. arabiensis and 45% were

An. gambiae s. s.

Species abundance was high (An. gambiae s. I., An. funestus, An. coustani.

marshalli and An. pharoensis) during the rainy season with some species occurring
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sympatrically especially An. gambiae s. l. and An. Junestus. High species abundance and

proportions were observed in farmland and pasture during the rainy season (Table 4.5).

An. gambiae s. l. and An. Junestus were found to colonize all land use / land cover types

at Kombewa. However, An. coustani inhabited all except road land use type.

Table 4. 4 Abundance (proportions %) of anoheline species in different land use / land

covertypes

at Kombewa

Cultivated Natural
Anopheles spp swamp Farm swamp Pasture River Road
An. gambiae s. I. 22 (2.4) 93 (10.3) 9 (1.0) 102 (11.3) 209 (23.2) 12 (2.6)
An. funestus 12 (1.3) 26 (2.9) 6 (0.7) 94 (10.5) 161 (17.9) 5 (0.6)
An. marshalli o (0.0) 4 (0.4) 0(0.0) 2 (0.2) 0(00) 0(0.0)
An. coustani 2 (0.2) 11 (1.2) 1 (0.1) 15(1.7) 19 (2.1) .~ (0.0)
An. pharoensis o (0.0) 1 (0.1) 0(0.0) 3 (0.3) o (0.0) 0(00)
An. rufipes o (0.0) o (0.0) 7 (0.8) o (0.0) 72 (8.0) o (0.0)

Anophelesmarshallii and An. pharoensis were found to inhabit farmland and pastures

only.An. rujipes was obtained from natural swamps and river bottom only.

During the rainy season, proportions of An. gambiae s. l. were high in farmland

and pastures (23.7 % and 22.7 % respectively). A high proportion of An. funestus was

foundin pastures (20.8 %). Proportions of An. marshallii, An. pharoensis and An. rufipes

werevery low (Table 4.5). An. gambiae s. l. was found in all land use / land cover types

(cultivated swamp, farmland, natural swamps, pasture and road) except the river during

rainyseason.

A reduction in anopheline species abundance was observed during the dry season

(Table 4. 5). An. marshallii and An. pharo ens is were not found in any of the land use /

land cover types whereas An. rufipes which was absent during rainy season was found
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inhabitingnatural swamp and river land use / land cover types only. Proportions of

malariavector species (An. gambiae s. I. and An. Junestus) were high on the .riverbed

(Table4.5). In dry season, river land cover type had the highest proportions and

abundanceof anopheline species (An. gambiae s. I., An. Junestus, An. coustani and An.

rufipes).

Table4.5 Abundance (proportions %) of anopheline species in different land use /Iand

covertypesduring rainy and dry seasons at Kombewa

Cultivated Natural
Season Anopheles spp swamp Farmlands swamp Pasture River Road
Rainy An. gambiae 17(5.4) 75 (23.7) 9 (2.8) 66 (22.7) 0(0.0) 19(60)

An. funestus a (0.0) 17(5.4) a (0.0) 66 (20.8) 6 (1.9) 5 (1.6)
An.marshalli 0(0.0) 4 (1.3) 0(0.0) 1 (0.3) a (00) 0(0.0)
An. coustani 2 (0.6) 9 (2.8) a (0.0) 11 (3.5) o (0.0) 0(0.0)
An. pharoensis a (0.0) 1 (0.3) 0(0.0) 3 (0.9) 0(0.0) 0(0.0)

Dry An. gambiae a (0.0) 0(0.0) 0(0.0) 13(3.3) 140 (35.1) 0(0.0)
An. funestus a (0.0) a (0.0) 6 (1.5) 26 (6.5) 121 (30.3) 0(0.0)
An.coustani a (0.0) a (0.0) 2 (0.3) 2 (0.5) 11 (2 8) 0(0.0)
An. rufipes o (0.0) o (0.0) 72 (1.8) o (0.0) 72 (18) 0(0.0)

4.1.2 Anopheline larval habitats

Marani

In total, 1585 breeding sites were sampled and 547 sites found positive with

anophelinelarvae. Of all land use / land cover types, cultivated swamps and rarrnland

comprisedhigh proportions of both potential and positive breeding sites (Fig. 4.2).

However,of the positive breeding sites, cultivated swamp and farmland had the highest

proportions(Table 4.6). Forest and road land use/ land cover environments had the least
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proportionsof positive breeding habitats. Shrub land cover type had no anopheline

larvae.Natural swamps, pasture and river had low proportions of less than 10% positive

breedingsites. In February, May, August and November, most positive breeding sites

werefoundin cultivated swamps (47.9%, 44.0%, 37.6% and 39.5% respectively).

25.0

~ 20.0
~-§ 15.0:e
8. 10.0
2

CL 5.0

0.0
'0
Q) 0.

m E> co
E 3::
:::J en
o

• Positive

D Negative

E
"-CIl

LL

- co 0. Q) "- '0en
E "- Q) coQ) "-

"- :::J :::J > 0
0 - co (j) 0:: 0:::

LL CIl 3:: CIlZ en o,

land use type

Figure 4.2 Anopheline occurrence in different land use/ land cover types at Marani

Table 4. 6 Proportions (%) of positive breeding sites in different land use/ land cover

types at Marani

Land use type Proportion (%)
Cultivated swamp
Farmland
Forest
Natural swamp
Pasture
River
Road

37.3
37.5
2.0
8.2
9.7
4.4
0.9

The Chi-square test revealed that III February, May and August there was
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significantdifference in the occurrence of breeding sites in different land use/ land cover

typeswhichwere X2 = 13.2, df= 4, P < 0.05; X2 = 13.2, df= 5, P < 0.05) and X2 = 41.7, df

= 6, p < 0.05 respectively. However in November, there was no significant difference in

occurrenceof breeding sites in all the different land use types (X2 = 9.2, df = 5, P > 0.05

(Table4.7) meaning that, February and November were the drier months when the

availablebreeding habitats were generally few. While during the long (May) and short

(August)rain seasons, increased human activities on farmland, pastures and cultivated

swampsincreased the number of breeding habitats.

Breeding sites were observed in different habitat types; drainage ditches, ponds,

manmadepools, natural pools, rock pools, foot prints, hoof prints, springs, road side pool,

tree holes and tyre ruts. Overall, drainage ditch habitat characteristic of cultivated

swampshad the highest proportion of positive breeding sites followed by natural pool

andmanmade pool habitat types. Fishpond, spring, footprints, riverside pool, roadside

pooland rock pool had less than 5% of positive proportions each. Tree hole, tyre ruts and

hoofprints had no anopheline larvae (Table 4.8) present.

Results for 2004 data revealed that in February, occurrence of breeding sites in

differenthabitat types was not statistically different (X2 =2.1, df = 3, p > 0.05). The

numberof breeding sites was almost the same.
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Table 4.7 Occurrence of breeding sites in February, May, August and November 2004 at Marani

Habitat Cultivated Natural
Month status swamp Farmland Forest swamp Pasture River Road Shrub
Feb Positive (%) 34 (32.4)a 22 (37.9)a 2 (40.0) 5 (26.3) 3(10.7) 5 (12.2) 0(0.0) 0(0.0)

Negative (%) 71 (67.6) 36 (62.1) 3 (60.0) 14 (73.7) 25 (89.3) 36 (87.8) 4 (100.0) 0(0.0)
Total (%) 105 (100.0) 58 (100.0) 5 (100) 19 (100) 28 (100) 41 (100) 4 (100.0) 0(0.0)

May Positive (%) 51 (43.6)a 42 (23.3)ab 0(0.0) 7 (12.7) 13 (26.0)b 1 (5.0) 2 (14.3) 0(0.0)
Negative (%) 66 (56.4) 138 (76.7) 4 (100) 48 (87.3) 37 (74.0) 19 (95.0) 12 (85.7) 6 (100)
Total (%) 117 (100.0) 180 (100.0) 4 (100) 55 (100) 50 (100) 20 (100) 14 (100) 6 (l00)

Aug Positive (%) 65 (40.9)b 63 (52.5)a 5 (35.7) 21 (30.9)c 11 (21.2) 7 (16.3) 1 (3.6) 0(0.0)
Negative (%) 94 (59.1) 57 (47.5) 9 (64.3) 47 (69.1) 41 (78.8) 36 (83.7) 27 (96.4) 3 (100)
Total (%) 159 (100.0) 120 (100.0) 14 (100) 68 (100.0) 52 (100) 42 (100) 28 (100) 3 (100)

Nov Positive (%) 66 (44.6)a 51 (46.4)a 3 (42.9) 10 (52.6)a 26 (42.6)a 9 (25.0) 2 (18.2) 0(0.0)
Negative (%) 82 (55.4) 59 (53.6) 4(57.1) 9 (47.4) 35 (57.4) 27 (75.0) 9 (81.8) 0(0.0)
Total (%) 148 (100.0) 110(100.0) 7 (100) 19 (100) 61 (100.0) 36 (100) 11 (100) 0(0.0)

* Letters following positive proportions show results of Tukey multiple comparison tests. Value with different letters were
significantly different at the P = 0.05 level.
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portions (%) of breeding sites positive for anopheline larvae in different

'sons were done in cases where the sample size was less th~n 10. In

ignificant difference in occurrence of breeding sites in different habitat

o df = 3, p < 0.05). Also significantly different were positive breeding

pools and natural pools (Table 4.9). In August, occurrence of breeding

cantly different for all habitats except between manmade pools and

2 = 18.11, df = 5, P < 0.05). During November occurrence of breeding

t habitat types was significantly different (X2 =18.9, df = 6, p < "0.05). In

(May and August), more water collects in drainage ditches most of

rary, open and sunlit thus preferable for the anophelines oviposition. The

the number of breeding sites in drainage ditches was higher. During dry

r of breeding sites in the different habitat type was not different.
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· Table 4.9 Occurrence of anopheline larvae in different habitat types in February, May, August and November 2004 at Marani

Drainage Fish Hoof Manmade Natural Roadside Riverside Rock
h Status ditch pond Foot prints prints pool pool pool pool pool Spring Tyre rut

Positive sites 34 (31.2)a 0(0.0) 6 (23.1) 0(0.0) 7 (20.0) 18 (26.1)a 0(0.0) 0(0.0) 1 (10.0) 5 (55.6) 0(0.0)
Negative sites 75 (68.8) 0(0.0) 20 (76.9) 2 (100) 28 (80.0) 51 (73.9) 0(0.0) 0(0.0) 9 (90.0) 4 (44.4) 0(0.0)

Positive sites 32 (39.5)a 3 (60.0) 7 (30.4) 0(0.0) 18 (27.7)ab 34 (19.9)b 1 (16.7) 0(0.0) 0(0.0) 1 (100.0) 0(0.0)
Negative sites 49 (60.5) 2 (40.0) 16 (69.6) 0(0.0) 47 (72.3) 137 (80.1) 5 (83.3) 0(0.0) 7 (100) 0(0.0) 4 (100)

Positive sites 71 (38.8)a o (0.0) 7 (23.3) 0(0.0) 50 (44.2)a 41 (33.0)ab 0(0.0) 0(0.0) 4 (20.0) 0(0.0) 0(0.0)
Negative sites 112 (61.2) 0(0.0) 23 (76.7) 0(0.0) 63 (55.8) 80 (66.1) 3 (100.0) 0(0.0) 16 (80.0) 0(0.0) 17 (100)

Positive sites 88 (47.6)a 6 (42.9) 15 (28.8)a 0(0.0) 16 (26.7)a 44 (41.9)a 1(14.3) 1 (20.0) 1 (7.1) 15 (48.4)a 0(0.0)
Negative sites 97 (52.4) 8 (57.1) 37 (71.2) 0(0.0) 44 (73.3) 61 (58.1) 6 (85.7) 4 (80.0) 13 (92.9) 16 (51.6) 1 (100)

* Letters following positive proportions show results of Tukey multiple comparison test. Value with different letters were significantly
different at the P = 0.05 level.
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The effect of altitude and distance on occurrence of anopheline larvae per

samplingperiod was determined using two-way ANOV A. The results revealed that

altitudeand distance significantly influenced occurrence of anopheline larvae in February

(x2= 9.6, df= 2, P < 0.05), May ('l = 8.8, df= 2, p < 0.05) and August (X2 = 19.1, df= 2,

p < 0.05). However in November, altitude had no effect on occurrence of anopheline

larvalhabitats (X2=3.7, df=2, p > 0.05) (Table 4.10). The average elevation of presence

ofanopheline larvae in February 2004 was 1571.2 meters, SE = 3.7, n = 48. In May, it

was1572,SE = 2.6, n =122. During August, average elevation of presence of anopheline

larvaewas 1571, SE = 2.6, n = 83. In November the average elevation was 1573.3, SE =

2.4, n = 91. In February and August, average elevation of negative breeding sites was

higherthan that of positive breeding sites while in May and November, it was lower

(Table.4.10) breeding sites.

In February 2004, 90% of positive breeding sites were located below 1600 meters.

DuringMay, 74% of positive breeding sites were found at an altitude below 1600 meters

abovesea level. In August, 91% of positive breeding sites were found at a height below

1600meters. In November 2004, 89% of breeding sites were located below 1600 meters

abovesea level (Fig. 4.3). Most potential (84.3%) and positive habitats (87.3%) were

locatedwithin a distance of 100m from the nearest river (Fig. 4.4).
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Table 4.10 Effect of average distance (t) from the nearest stream and elevation (X2) on

the occurrence of anopheline larvae at Marani

Month Presence Absence X21 t DF P value
February Elevation (m) (1571.2 ± 3.7)b (1581.2 ± 2.1)a 9.6 2 < 0.05

Distance (m) (50.8 ± 10.0)a (70.2 ± 6.7)a 1.4 '70 > 0.05
Habitats 48 (26.4) 134 (73.6)

May Elevation (m) (1572 ± 2.6)a 1567 ± 1.7 8.8 2 < 005
Distance (m) (53.7 ± 11.7)b (112.2 ± 21.6)a 2.4 233 < 005
Habitats 122 (44.9) 150(55.1)

August Elevation (m) 1571.4 ± 2.6 1585 ± 2.5 19.1 2 < 005
Distance (m) (102.6± 16.9t (113.0 ± 17.7t 0.2 103 >005
Habitats 83 (41.7) 116 (58.3)

November Elevation (m) 1573.3 ± 2.4 1569.9 ± 2.0 3.7 2 > 0.05
Distance (m) (235.0 ± 34.7)a (162 ± 23.4)a 1.7 166 > 0.05
Habitats 91 (38.9) 143 (61.1)

Values for elevation and distance are means ± SE, Values for habitats are numbers (%) and
different letters following values are significantly different horizontally at P = 0.05 level
(Tukey-Kramer HSD test)
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The average distance of anopheline larval breeding sites from the nearest nver III

Februarywas significantly shorter than for May, August and November.

The average distance of positive anopheline larval breeding sites was shorter than

forthe negative breeding sites in February, May and August (Table 4.10). However, the

averagedistance of positive breeding sites for May was significantly shorter than for

negativebreeding sites (Table 4.10). The Tukey honest significantly different Test to

compareoccurrence of anopheline larvae between four experimental months showed that

timewhen surveys were done significantly (p < 0.05) influenced presence of anopheline

larvae.

To determine the effect of seasonality on occurrence (absence or presence) of

anopheline mosquitoes, data for February and May 2004 (dry and rainy seasons

respectively)were used. During the dry season, cultivated swamp land use type had the

highestproportion of potential (50.5 %) and positive breeding sites (17.0). Forest and

roadland use/ land cover types had the least proportion of potential breeding sites of less

than5 %. The total number of potential breeding sites was low (178). In the rainy season,

farmlandshad high proportion (18%) of positive breeding habitats followed by cultivated

swampland cover type. Natural swamp, pasture, river and road had less than 5 % each.

Forestland cover type had no anopheline larvae (Table 4.11).
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Table 4.11 Proportion (%) of breeding sites in different land use/ land cover types
~

duringdry and rainy season at Marani

Status Cultivated Farmlard Forest Natural Pasture River Road
Swamp Swamp

Dry season Positive 31 (17.0)a 10 (5.5)6 1 (0.5) o (0.0) 1 (0.5) 2 (1.1) 0(0.0)
Negative 61 (33.5) 26 (14.3) 4 (2.2) 8 (4A) 19 (10A) 15 (8.2) 4 (22)
Total 92 (50.5) 36 (19.8) 5 (2.7) 8 (4A) 20 (10.9) 17 (93) 4 (22)

Rainyseason Positive 45 (16.5)a 49 (180)a 0(0.0) 7 (2.6) 13 (48)b 1 (OA) 2 (07)
Negative 40 (14.7) 61 (22A) 4 (1.5) 24 (8.8) 19(7.0) 7 (2.6) 0(00)
Total 85 (31.2) 110 (40A) 4 (1.5) 31 (11A) 32(11.8) 8 (3.0) 2 (0.7)

*Differentletters following numbers are significantly different horizontally at P = 0.05

level(Tukey-Kramer HSD test)

There was statistical difference between occurrences of anopheline larvae for the

twoseasons (X2 = 19.2, df = 1, p < 0.05). Presence of anopheline larvae was higher during

rainyseason than dry season. There was statistical difference of occurrence anopheline

larvaein different land use / land cover types during the dry season (X2 = 9.1df = 3, P <

0.05). There was a significant difference in occurrence of anopheline breeding sites

duringrainy season (X2 = 8.7, df = 3, p < 0.05). For each season, presence of anopheline

larvaewas higher in cultivated swamp and farmland than the other land use/ land cover

types. Potential breeding sites in farmland, natural swamp and pasture increased

drasticallyin the rainy season, thrice as much for the two former land use types (',.;1dabout

oneand a half for the later.

Logistic regression analysis showed that elevation, distance of breeding sites from

thenearest river/ stream, season and land use I land cover types influenced occurrence of

anopheline larvae (X2
= 49.4, df = 9, p < 0.05). However, elevation and distance of
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breedingsites from the nearest river/ stream were not statistically significant but season

andlanduse type were (Table 4.12). Elevation of breeding sites was negatively related to

occurrenceof anopheline larvae.

Logistic regression was further carried out for each season to determine if

elevationand distance of breeding sites from the nearest river / stream had effect on

occurrenceof anopheline larvae. The results were significant, X2 = 8.2, df = 2, P < 0.05.

Elevationgreatly influenced occurrence of anopheline breeding sites in the dry season (X2

=6.1, df= 1, P < 0.05). However distance of breeding site to the nearest river / stream (X2

= 2.1, df = 1, P > 0.05) had no effect. In the rainy season, elevation and distance of

breedingsites from the nearest river had significant (X2 = 8.8, df = 2, P < 0.05) effect on

occurrenceof anopheline larval habitats.

Table 4.12 Effect of distance from stream, elevation, season and land use on occurrence

ofanopheline larvae in Marani

Presence Absence P value
93.0 ± 12.1 < 0.05
1574.86±1.3 < 0.05

< 0.05
139 (78.0) < 0.05
152 (57.7)
291

< 0.05
105(59.3) < 0.05

Distance (m)
Elevation (m)

52.8 ± 9.0
1572.7± 2.3

Season
Dry
Rainy

Total habitats
Land use
Cultivated swamp

38 (22.0)
116 (42.3)
154

72 (40.7)

Values of distance and elevation are mean ± Standard Error. Values for season are

numberof habitats (%)
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During the dry season, 65% of positive habitats were located within a distance of

50metersfrom the river / stream while 87 % at a distance of one hundred meters. In the

rainyseason, 72 % of positive breeding sites were located within a distance< of fifty

meterswhereas 93 % within one hundred (Fig 4.5). The average distance of positive

anophelinebreeding sites to the nearest river / stream in dry season (mean = 50.9 meters,

SE= 9.9) was not significantly different from that in the rainy season (mean = 53.4

meters,SE = 1l.6) (Table 4.l3). The average elevation of the positive breeding sites

duringthe dry season (mean = 1572.7 meters, SE = 4.2) was not statistically different

fromthat of the rainy season (Fig. 4.6)

Most anopheline larvae breeding sites were located at the valley bottom.

However,few breeding sites were observed by the roadside during the rainy seasons

(Mayand August). Due to water collecting, springs develop during the long rain season

creatingfew breeding sites away from the river valley (Fig. 4.7).

Table 4.13 Means (SE) of distances from nearest river / stream to breeding sites

andheight above sea level during dry and rainy seasons in Marani

Presence Absence P value
Distance (m)

Dry 50.8 ± 10.0 70.2 ± 6.7 < 0.05
Rainy 53.7±11.7 112.2±21.6 > 0.05

Elevation (m)
Dry 1572.7±4.1 1582.7±2.0 < 005
Rainy 1572.8 ± 2.8 1567.6 ± 1.6 > 0.05
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Kombewa

A total of six land use / land cover types were identified namely; cultivated

swamps, farmland, natural swamps, pasture, river and road. In total 307 sites were

surveyed in a period of four months. Breeding sites positive for anopheline larvae

amounted to 241 (78.5%). River land use / land cover type had the highest proportion of

49.8% (153) potential breeding sites followed by pasture with 27% (83). Farmlands had

less than 20% potential breeding sites whereas natural swamps, river and road each had

less than 10% of the (Fig 4.8). The trend of positive breeding sites was similar to that of

potential breeding habitats (Fig. 4.9).

The number of land use / land cover types with potential breeding sites varied

with months when survey was done. February had the least number of land LI;e / land

cover types (pasture and river) with potential breeding sites. During the month of May.

potential breeding sites were present in all the land cover/ land use types. The number

reduced to five in August (cultivated swamps, farmland, pasture, river and road) and

threein November (natural swamp, pasture and river), (Table. 4.14).

ForFebruary, August and November, river land use / land cover had the highest positive

breeding sites (97.8% (44), 9l.7 % (33) and 63.8 %, (30) respectively). Pasture land use /

land cover type had the highest positive breeding sites (91.7 %, 33) in May. Multiple

comparisons using Tukey tests were done for each month to determine significant

differences in occurrence of breeding sites in different land use types. In February, land

use types with potential breeding sites reduced to only two. There was a significant

difference (X2 = 8.4, df = 1, p < 0.05) in potential sites in the land use types.
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For May, though the number of land use / land cover types with potential

breedingsites was high (6), there was however no significant difference (X2 = 0.5, df = 1,

p> 0.05) in occurrence of positive breeding sites within them. Proportions of positive

sitesfor farmland and pasture differed slightly. Occurrence of positive breeding sites

differentland use types was significantly different in August (X2 = 10.7, df = 2, P <

0.05).There was no statistical difference (X2 = 0.1, df = 1, p > 0.05) in occurrence of

positive breeding sites in November (Table 4.14). Most of breeding sites were

concentratedon the river bottom.

Table 4.14 Proportion (%) of anopheline larval breeding sites and significant differences

in occurrence of anopheline habitats in different land use types within same month at

Kombewa

Cultivate Natural
Month Status dswamp Faimland swamp Pasture River Road
Feb Positive 0(0.0) 0(0.0) 0(0.0) 8 (72.7) 44 (97.8) 0(0.0)

Negative 0(0.0) 0(0.0) 0(0.0) 3 (27.3) 1 (2.2) 0(0.0)
May Positive 3 (75.0) 25 (86.2)a 2 (100.0) 33 (91.7)a :3 (75.0) 4 (100.0)

Negative 1 (25.0) 4 (13.8) 0(0.0) 3 (8.3) 1 (25.0) 0(0.0)
August Positive 5 (62.5) 8 (61.5) 0(0.0) 5 (22.7) 30 (63.8)3 3 (37.5)

Negative 3 (37.3) 5 (38.5) 0(0.0) 17 (77.3) 17 (36.2) 5 (62.5)
Novemb
er Positive 0(0.0) 0(0.0) 3 (100.0) 12 (85.7)a 53 (S'-J.0)3 0(0.0)

Negative 0(0.0) 0(0.0) 0(0.0) 2 (14.3) 4 (7.0) 0(0.0)

* Lettersuperscript is results of tukey test. Values with same letter are not significantly

differentat p = 0.05 level

Anopheline larvae were found to inhabit the following habitat types; drainage

ditches,footprints, manmade pools, natural pools, ponds, roadside pools, tyre ruts and
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rockpools. Proportions of positive breeding sites however varied in each habitat type

dependingon the month of sampling. In February, natural pool habitat had the highest

proportionof breeding sites whereas footprint and pond had the least. Drainage ditch,

manmadepools, roadside pools, rock pools and tyre ruts did not have any potential

breedinghabitat. In May, natural pool habitat type had the highest proportion of breeding

sitesfollowed by manmade pools. There was however no statistical difference (X2= 0.3,

df= 2, P > 0.05) in occurrence of breeding sites in the two habitat types. No anopheline

larvaewere found in footprints, ponds and rock pool. For August, occurrence of breeding

sitesin natural pool habitat type was highest followed by manmade pools. The pond

habitattype did not have any anopheline larvae. In November, only two habitat, (natural

poolsand pond) types were positive with anopheline larvae (Table 4.15).

In relation to height above sea level and distance of breeding sites from the

nearestriver, two-way ANOV A showed that these environmental factors had effect ( F =

3.8,df = 2, p < 0.05) on occurrence of anopheline larvae in February. About 90 % or

positivebreeding sites were located at a distance less than 120 meters from rivers /

streams.The average height above sea level of anopheline larvae present W3,; 1197.4

meters(SE = 4.7, N = 52). Average distance from the nearest river to the positive

breedingsites of anopheline larvae was 103.5 meters (SE = 23.3). In May occurrence or

anophelinelarvae was not associated to elevation and distance of breeding sites from the

nearestriver (X2 = 1.85, df = 2, P > 0.05). During this month, 82 % of positive breeding

siteswere located within a distance of 800 meters from the nearest river /stream. The

averageheight above sea level of anopheline larvae present was 1191.3 meters ('.'E = 3.7,

= 70).
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Table 4.15 Proportion (%) of breeding sites in different habitat types at Kornbevva

Drainag Foot Manmade Natural Roadside Rock
Month Status e ditch prints pool pool Pond pool pool Tyre ruts
August Positive 6 (46.2) 3 (75.0) 10(50.0) 29 (53.7) 0(0.0) 0(0.0) 1 (50.0) 2 (50.0)

Negative 7 (53.8) 1 (25.0) 10 (50.0) 25 (46.3) 0(0.0) 1 (100.0) 1 (50.0) 2 (50.0)
Feb Positive 0(0.0) 1 (l00.0) 0(0.0) 46 (97.9) 5 (62.5) 0(0.0) 0(0.0) 0(0.0)

Negative 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
May Positive 9 (90.0) 0(0.0) 27 (84.4) 31 (9l.2) 0(0.0) 1 (l00.0) 0(0.0) 2 (l00.0)

Negative 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Nov Positive 0(0.0) 0(0.0) 0(0.0) 64 (91.4) 4 (100.0) 0(0.0) 0(0.0) 0(0.0)

Negative 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
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Average distance from breeding sites to the nearest river was 489.1 meters (SE =

23). For August, elevation had effect on occurrence of anopheline larvae (X2 = 5.3, P <

0.05).Elevation was negatively related to occurrence of anopheline larvae. Distance from

thenearest river did not influence occurrence of anopheline larvae (X2 = 1, P > 0.05). The

averageheight above sea level of larval breeding sites was 1200.8 meters (SE = 2.7, N =

51) (Fig. 4.10). Average distance of breeding sites from the nearest river \A.-dS 150.9

meters (SE = 26.3). In November, elevation and distance of breeding sites from the

nearestriver had no effect (X2 = 2.7, df= 2, p> 0.05) on occurrence of anopheline larvae.

In August and November, 92% and 84% respectively of positive breeding sites were

located at a distance less than 120 meters from the nearest river / stream (Fig. 4.11). In

November, the average height above sea level of anopheline present breeding sites was

1200.7 meters (SE = 4.6, N = 68). Average distance from larval breeding sites to the

nearestriver was 110.4 meters (SE = 17.0).

Logistic regression analysis was done to determine effect of elevation, distance of

breedingsites from the nearest river/ stream, season and land use / land cover types on

occurrence of anopheline larvae in general. Occurrence of anopheline larvae was not

affected by these environmental variables. Analysis to determine the effects of elevation,

distance of breeding sites from the nearest river and land use for each season on

anopheline larval occurrence was done. The results showed that for the rainy season

(Apriland August), land use, elevation and distance of breeding sites did not affect (X2 =

SA, df = 7, p > 0.05) occurrence of anopheline larvae. During dry season (February and

November), land use, elevation and distance of breeding sites from the nearest river had
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effecton occurrence of anopheline larvae (X2 = 9.4, df = 3, p < 0.05).

Mostanopheline breeding sites were aggregated along the river in February, August and

ovember. In May, most breeding sites were aggregated along the roads (Fig. 4.12).

With reference to malaria vectors, An. gambiae complex was mostly found 'in river,

followedby pastures and farmland (48 (42.1), 30 (26.3) and 23 (20.2) respectively) land

use / land cover types (Tab. 4.16). Occurrence of An. gambiae s. l. was not associated

withelevation of breeding sites and the land use I land cover type (X2 = 8.71, df = 6, p >

0.05).An. funestus was mainly found in the riverbed followed by pasture (39 (54.9%) and

17(23.9%) respectively). Its occurrence was not influenced by elevation of breeding site

orland use I land cover type (X2= 9.0, df= 6, p> 0.05).
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Figure 4.12 Map of distribution of anopheline larval breeding sites at Kombewa
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Table 4.16 Occurrence of Anopheles gambiae s. I. and An. Junestus in

differentland cover types at Kombewa

Cultivated Natural
swamp Farmlands swamp Pasture River Road

An. gambiae s. I. 6 (5.3)a 23 (20.2)a 1 (0.9) a 30 (26.3) a 48 (42.1) a
An.funestus 3(42)ab 9(12.7)ab 2 (2.8)ab 17(239)ab 39(549)a
Totalhabitats 12 42 5 72 108

6 (5.3) a

1 (14)b
12

Differetsuperscript letter significantly different at P = 0.05 level (Tukey-Kramer HSD)

Surface area was a factor influencing availability of positive breeding sites in the

highlandsite only during the dry season. Distribution of breeding sites also varied

significantlybetween Marani and Kombewa in May. At Marani, it was confined to the

valleybottoms whereas in Kombewa it was it was aggregated along the road.

4.1. 3 Larval habitat characterization

Marani

The average elevation of breeding sites for the road land cover type was

significantlyhigher than the other land cover types during both dry and rainy seasons

(Tab4.17 and 4.18). The average surface area of habitats in natural swamps was the

largest.Proportions of habitats with filamentous algae were significantly higher in the

cultivatedswamp (50.3 %) than farmlands (19.7 %) and pasture (10.9 %) durin ; the dry

season.There was no significant difference in the average debris coverage, pl-I, turbidity

andAmmonium ion concentration of breeding sites in different land use types. However,

theaverage concentration of phosphate ion varied significantly between breeding sites

locatedin the river land cover and cultivated swamps, pasture and farmlands (Table
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4.17).The concentration was higher in the river land use type than in cultivated swamp

and farmland.

Duringthe rainy season, there was no difference in mean height, canopy coverage, debris

coverage,pH, turbidity, Ammonium nitrogen, Nitrates and Orthophosphate ions of larval

habitatsin all land cover types.
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Table 4.17 Characteristics of aquatic habitats in different land use / land cover types during dry season at Marani

Elevation (m)
Surface area (m2)
Canopy coverage (%)
Grass coverage (%)
Habitat with algae (%)
Debris coverage (%)
pH
Turbidity (NTU)
Amm. Nitrogen (mg/L)
P04 -3 (mg/L)
Total number of
habitats

Cultivated
swamp Farmlands Forest Natural Swamp Pasture River

1575.7 ± 7.25

1.6 ± 0.6b
46.7 ± 5.2b
2.9 ± 1.0b
9.3 ± 0.1b
17.6±5.7a
6.6 ± 0.1a
177.5 ± 60.0a

0.4 ± O.Oa

3.2 ± 1.0a

17

Road
1617.5 ± 12.1a
2.0 ± i.o"
15.5 ± 2.5b

27.5 ± 17.0ab
2.2 ± O.Ob
17.5 ± 4.8a

6.8 ± 0.3a

4

1575.1 ± 2.4b 1586.7 ± s.c= ·-1576.0--±4.3a5--1588~6±3.8ab

4.6 ± 0.5b 7.6 ± 3.4b 3.1 ± o.e= 22.4 ± 12.3a

37.1 ± 2.4b 38.9 ± 3.8b 82.1 ± 5.5a 24.8 ± 5.0b

31.0 ± 3.3a 23.8 ± s.s" 11.0 ± 9.8ab 43.1 ± 10.6a

50.3 ± O.Oa 19.7 ± 0.1b 2.7 ± 0.2b 4.4 ± O.Ob
24.3 ± 2.6a 16.9 ± 4.0a 12.0 ± 7.2a 30.0 ± 9.0a

6.5 ± 0.1a 6.2 ± 0.2a 6.8 ± 0.2a 6.5 ± 0.2a
186.8 ± 50.0a 113.5 ± 55.8a 25.0 ± 15.0a

0.6 ± 0.2a 0.8 ± 0.2a 0.2 ± 0.1a

0.3 ± 0.2b 0.2 ± 0.1 b 0.0 ± O.Ob

1570.9 ± 6.35

2.8 ± 1.0b
30.4 ± 3.9b

11.8 ± s.e=
10.9±0.1b

15.8 ± 4.5a

6.5 ± 0.2a

*Values are mean ± SE except proportions for habitat with filamentous algae (%). NTU = nephelometric turbidity units. The
letters following numerical value indicate a Turkey-type multiple comparison tests. The values with the same letter are not
significantly different at the P = 0.05 level horizontally.

92 36 5 8 20
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Table 4.18 Characteristics of aquatic habitats in different land use / land cover types during rainy season at Marani

Cultivated Natural
swamp Farmland Forest swamp Pasture Road

Elevation (rn) 1565.8 ± 2.8a 1570.6 ± 2.3a 1596 ± 18.8a 1571.4 ± 4a 1571.1 ± 4a

Surface area (m2) 5.1± 1.0b 9.0 ± z.z" 4.1 ± 2 86 ± 10a 9.0 ± s.o=
Canopycoverage(%} 47.7±3.3a 42.7±2.1a 71.1±11a 47.1±3.7a 43.9±4.1a
Grass coverage (%) 36.7 ± 3.5b 26.4 ± 3b 8.8 ± 4.2b 67.9 ± 5.3a 32.7 ± 5.9b

Habitat with algae (%) 5.1 3.7 0.4 0 3.3
Debris coverage (%) 32.7 ± 2.7a 25.7 ± 2.5a 13.8 ± 5.5a 36.1 ± 4.8a 27.0 ± 4.5a

pH 6.2 ± O.Oa 6.2 ± O.Oa 6.0 ± O.Oa 6.3 ± 0.1a 6.3 ± 0.2a
Turbidity (NTU) 115.1± 45.6a 217.8 ± 39.4a - 36.5 ± 13.5a 232.5 ± 82.4a 84.0 ± 46.0a -
Amm. Nitrogen (mg/L) 1.0 ± 0.3a 0.7 ± 0.1a - 0.8 ± 0.2a 1.1 ± 0.2a 0.9 ± 0.7a

P04 -3 (mg/L) 0.0 ± O.Oa 0.0 ± O.Oa - 0.0 ± O.Oa 0.0 ± O.Oa 0.0 ± O.Oa

N03-(mg/L} 0.1±0.Oa 0.2±0.Oa - 0.1±0.1a 0.2±0.1a 0.1±0.1a
Total numberofhabitats 85 110 4 31 32 8 2

"Values are mean ± SE except proportions for habitat with filamentous algae (%). NTU = nephelometric turbidity units. The letters
following numerical value indicate a Turkey-type multiple comparison tests. The values with the same letter are not significantly
different at the P = 0.05 level horizontally
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1566.6±10a
4 ± 2ab

54 ± 9a

19.4±5.4b

1610.5 ± 0.5a

0.3 ± 0.1
29.1 ± 5.6a

0.0 ± 0.0

41.9 ±11a 40.0 ± 10a



Table 4.19 Association of physicochemical variables on occurrence of anopheline

larvaeand critical values during dry and rainy seasons at Marani

Variable
Dry
Chi-square Critical value

Rainy
Chi-square Critical value

Surface area (m2)
Elevation (m)
Distance (m)
Canopy coverage (%) 3.6
Algae coverage (%) 6.8*
Algae presence (%) -
Grass coverage (%) 1 .9
Debris coverage (%) 1.1
pH 0.4
Turbidity (NTU) 0.3

NH4+ (mg/l) 1.2

Po4·2(mg/l) 4.9*
N03.

4.9* 10.3
4* 1550

5

1.2
4.4*

3.9*
3.1
1.9

1580
100

0.2

4.3* 68
6* 50
2.5
1.1

2.5

3.2

0.03

.*Valueswere statistically significant at the P = 0.05 level

Table4.20 Average values of variables and their differences between anopheline
positiveand negative sites during dry and rainy seasons at Marani

Dry Rainy
Variable Averages t value df Averages t value df.'
Surface area (m2) 5.4 ± 12.6 2* 167 16.4 ± 130.0 128
Elevation (m) 1578.6 ± 25.0 2.3* 80 1569.8 ± 24.8 1.7* 209
Distance (rn) 66.4 ± 75.0 1.4 74 87.5 ± 200.0 2.4* 233
Canopy coverage (%) 37.8 ± 22.9 2.3* 76 45.5 ± 25.3 20* 226
Algae coverage (%) 7.5±21.3 1.5 67 69 ± 210 13 225
Algae presence (%) 2.6* 67 1.4 234
Grass coverage (%) 24.7 ± 30.0 0.1 82 34.4 ± 33.0 2.2* 268
Debris coverage (%) 20.1 ± 23.0 0.9 75 29.4 ± 26.2 2.5* 269
pH 6.4 ± 0.8 1.6 104 6.1 ± 0.2 0.03 52
Turbidity (NTU) 160.6 ± 200 0.5 28 189.8 ± 200 07 34

NH4+ (mg/I) 0.6 ± 0.7 0.2 34 0.9 ± 0.6 0.3 35

P04·2(mg/I) 0.4 ± 0.3 2.2* 25 0.02 ± 0.07 1.6* 30
N03. 0.2 ± 0.2 0.2 21

*Values were statistically significant at the P = 0.05 level, ± = Standard deviation
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The mean surface area of cultivated swamps was the least while for natural swamp was

the largest.Habitats within the natural swamp had the highest mean percentage or grass

coverage(Table 4.18).

Nominal logistic regression analysis showed that there was statistical significance

betweenanopheline larval occurrence and the environmental variables (X2 = 12.3, df = 7.

P< 0.05).Height above sea level (X2 = 4.08, df = 1, P < 0.05) and surface area (X2 = 3.64,

df= I, P < 0.05) were associated with occurrence of breeding sites of anopheline larvae.

Duringthe dry season, the following physicochemical variables of breeding sr.es were

associatedwith occurrence of anopheline larvae; surface area, elevation, algae coverage,

and orthophosphate ion (Table 4.19). Critical values were 10.3 m2
, 1550 m, 5% and 0.2

mg/l for surface area, elevation, algae coverage and phosphate ion respectively (Table

4.19).There was a significant difference between the means (surface area, elevation,

canopycoverage algae coverage and phosphate ion) of positive and negative breeding

habitats(Table 4.20).

During the rainy season, there was a significant difference in the means or

positiveand negative habitats for the following variables; elevation, distance, canopy

coverage,grass coverage, debris coverage and phosphate ion (Table 4.20). There was

howeveran association between occurrence of anopheline larvae and the following

variables;elevation, distance, grass coverage and debris coverage (Table 4.19). Analysis

of variance test showed that canopy, grass, debris, algae coverage, pH, and elevation

significantlyinfluenced the occurrence of anopheline larvae (F = 3.3, df = 6, p < 0.05).

Grass coverage, canopy coverage and debris coverage were negatively related to

occurrenceof anopheline larvae. Elevation of breeding sites, algae coverage and surface
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area were positively related to occurrence of anopheline larvae. Ammonium, phosphate,

nitrateion concentrations, turbidity and pH had no influence on occurrence of anopheline

larvae(F = 0.5, df= 5, p > 0.05).

The results show that during the dry season, the proportion of An. gambiae in

cultivated swamps was not statistically different from that of farmlands. In the rainy

season, cultivated swamps had a high proportion of breeding sites with An. 'gambiae

larvaefollowed by farmlands (Table 4.21). Further analysis showed that the following

variableswere associated with An. gambiae occurrence during dry season, surface area,

distancefrom the nearest stream, grass coverage, debris coverage, pH and phosphate ion

concentration (Table 4.22). In the rainy season, An. gambiae occurrence was associated

withdistance from the nearest stream and nitrate ion concentration. No associations were

determined between variables and An. Junestus because the sample identified' was too

smallto be used.

Table 4.21 Occurrence of An. gambiae by proportion (number of habitats) in

Maraniduring dry and rainy season

Cultivated
SeasonSpecies Swamp Farmland Forest

Natural
swamp Pasture River Road

Dry An. gambiae S.s 4.3(4) 5.6 (2) 20 (1)
Total habitats 92 36 5

0.0 (0.0)
8

0.0 (0.0)
20

11.8 (2) 0.0 (0.0)
17 4

Rainy An. gambiae s.s 11.8 (10) 7.3 (8)
Total habitats 85 110

0.0 (0.0)
4

3.2 (1)
31

12.5 (4)
32

0.0 (0.0) 50 (1)
8 2
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Table 4.22 Association of"physicochemical variables to malaria vector occurrence during dry and rainy seasons

at Kombewa and Marani

Surface Algae Grass Debris
Site Season Species n Area Elevation Distance Canopy Presence Coverage Coverage Turbidity pH NH4 +

2-P04 N03

Kombewa Dry An. gambiae 0.4 1 1.9* 0.7 0.6 0.4 2.2* 0.9 0.5
An. funestus 0.6 0.3 1 0.5 0.7 0.6 2.1* 0.8 0.2

1.5
0.7

1.4
1.4

Rainy An. gambiae 1.8* 1.7* 1.7* 0.5 1.1 2.7* 0.7 0.4 1.1 1.8* 0.8 0.8
An. funestus 1.6 0.7 0.6 0.5 0.9 0.9 0.9 2.3* 1.4 0.9 1.2 2.3*

Marani Dry An. gambiae 1.7* 0.3 4.7* 0.1 0.9 9.2* 7.5* 0.8 4.4* 0.01 2.2*
Rainy An. gambiae 1.3 0.9 2.6* 1 1 0.1 0.6 0.1 1.4 0.4 0.7 1.9*

*Association was statistically significant at P value 0.05 level using X.?test
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ombewa
>

Table 4.23 shows the average values of different variables at Kombewa. Although

theaverage surface area of breeding sites in pasture cover type was large, it was not

significantlydifferent from that of other habitats in the rest of land covers during rai ny

season.Elevation of farmlands was significantly higher (P < 0.05) than the other land

covertypes. Average turbidity of breeding sites in farmlands was higher (P < 0.05) than

that of sites from pastureland cover type There was however no significant difference (P

> 0.05) in average values of the following variables under different land cover types;

surfacearea, distance from the nearest stream, algae coverage, canopy coverage, grass

coverage,debris coverage, pH, ammonium ion concentration, phosphate ion and nitrate

ion concentration. During the dry season, the number of land cover types reduced greatly.

Analysiswas done using X2 test to determine association of physicochemical variables to

occurrenceof anopheline larvae. The results showed that during both dry season and

rainyseasons, there was no variable associated with the presence of anopheline larvae

(Table4.24). However there was a significant difference in the mean values of grass

coveragebetween positive and negative habitats. During the rainy season, mean values

betweenpositive and negative habitats were significantly different for surface area,

elevation,pH and ammonium ion concentration (Table 4. 25).

Duringdry season, An. funestus was found in high proportions in the swamps followed

by An. gambiae s. 1. In the rainy season, the proportion of An. gambiae s. 1. was high in

pasturesfollowed by farmland cover type. An. funestus was mainly found in pastures

(Tab.4.26).
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Table 4.23 Average values of physicochemical variables of anoheline breeding sites in different land cover types

during dry and rainy season at Kombewa

Rainy Dry
Variables Farmlands Pasture Road Swamp Farmlands Pasture Swamp

Surface area (rn") 9.4 ± 1.9a 28.2 ± 10.3a 12.7 ± 5.9a 15.8 ± 4.1 a
Elevation (m) 1208.2 ± 6.5 a 1188.3 ± 5.1 b1192.0 ± 7.0 ab1209.8 ± 8.2 ab
Distance (m) 503.5 ± 65 a 388.4 ± 56.7 a377.5 ± 47 a 996.4 ± 60 a
Canopy coverage (%) 14.5 ± 3.9a 12.9 ± 4.4 a 17.0 ± 3.9a 28.8 ± 8.0a

Algae coverage (%) 3.8 ± 3.2 a 5.8 ± 3.1 a 20.0 ± 20.0 a 0.0 ± 0.0 a
Algae presence (%) 6.9 15.4 50 0
Grass coverage (%) 21.0 ± 5.1 a 45.6 ± 5.4 a 5.0 ± 5.0a 48.3 ± 13.5a

Debris coverage (%) 21.2 ± 3.9a 29.2 ± 4.9a 27.5 ± 22.5a 33.3 ± 8.0a

pH 6.4 ± O.Oa 6.3 ± O.Oa 6.5 ± O.Oa 6.5 ± O.Oa
Turbidity (NTU) 393.7 ± 53.4 a21 0.5 ± 32.8 b155.0 ± 65.0 ab216.7 ± 69.7 ab

NH4+(mg/l) 0.3±0.1a 0.4±0.1a 0.7±0.5a 0.2±0.1a

P04 -2 (mg/l) 0.0 ± 0.0 a 0.0 ± 0.0 a 0.0 ± 0.0 a 0.0 ± 0.0 a

N03 - 0.0 ± 0.0 a 0.1 ± 0.0 a 0.1 ± 0.1 a 0.1 ± 0.0 a
Total habitats 29 26 2 6

18.6 8 36.8 ± 7.6
1210 1170 1195.3 ± 2.8
822.4 502 131.9 ± 48
4.8 1 34.6 ± 4.8
25 0 30.2 ± 6.6
50 0 56
2.5 0 28.6 ± 6.1
15 10 22.4 ± 5.0
8 8.4 8.2 ± 0.1
52.5 400 171.5 ± 58.8

0.3 1.4 0.8 ± 0.1

0.3 0 0.1 ± 0.1

2 1 25

*Values with the same letter following values are not significantly different horizontally at the P = 0.05 level using Turkey- Kramer
HSD test.
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The results showed that in the dry season An. gambiae s. t. occurrence was

affected by distance from the nearest stream and debris coverage. An. Junestus was

affected by debris coverage only. During the rainy season, occurrence of An. gambiae s.

/. was affected by the following variables; surface area, elevation, distance from the

neareststream, grass coverage and ammonium ion concentration (Table 4.21).

Table 4.24 Association of physicochemical variables to occurrence of anopheline larvae

andtheir critical values during dry and rainy seasons at Kombewa

Dry Rainy
Chi-

Variable Chi-square square
Surfacearea (rrr')
Elevation (m)
Distance (m)
Canopy coverage
(%) 1
Algaecoverage (%) 0.7
Algaepresence (%) -
Grasscoverage (%) 1.6
Debris coverage
(%) 0.7 2.1
pH 0.7 2.7
Turbidity (NTU) 0.3 0.7
NH4+ (rng/l) 0.2 3.2
P04 -2 (mg/l) 0.2 0.2
No} - 0

0.4

0.2
0.7

3.5
2.8
0.2

0.4

0.3

0.5

"Values were statistically significant at the P = 0.05 level
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Table 4.25 Average values of variables and their differences between anopheline"

positiveand negative sites during dry and rainy seasons at Kombewa

Dry Rainy

t value
Variable Averages t value df Averages df
Surfacearea (rrr') 34.5 ± 36.0 0 1 17.9 ± 22.7 l.8* 32
Elevation (m) 1195.4± 15.4 0.4 1 199.6 ± 30.9 2.0* 6
Distance (m) 194.4 ± 300.0 l.9 12 482.1 ± 413.0 0.3 9
Canopycoverage (%) 3l.3 ± 26.2 0.8 1 15.3±21.4 0.5 '6
Algaecoverage (%) 28.8 ± 32.0 0.4 1 4.8 ± 15.0 0.3 9
Algaepresence (%) 0.1 1 0.4 5
Grasscoverage (%) 25.7 ± 30.0 2.8* 6 33.3 ± 30.0 0.1 6
Debriscoverage (%) 21.4±23.0 0.4 1 25.9 ± 22.7 0.2 6
pH 8.2 ± 0.5 0.7 15 6.4 ± 0.2 5.9* 72
Turbidity (NTU) 171.2 ± 282.0 l.1 3 293.7 ± 244.0 0.3 5
NH4+ (mg/l) 0.8 ± 0.5 0.04 1 0.3 ± 0.4 2.6* 23
P04 ·2 (mg/l) 0.07 ± 0.2 1.3 25 0.01 ± 0.03 1.2 72
No3· 0.1±0.1 O. I 6

*Values were statistically significant at the P = 0.05 level, ± = Standard deviation

Table 4.26 Occurrence of malaria vector species in different land cover types

during dry and rainy seasons at Kombewa

Season
Anopheline.
species Farmland Pasture Swamp Road

Dry An. gambiae s.l50 (1) 100 (1)
An. funestus 50 (1) 0
Total habitats 2 1

28.0 (7) -
64.0 (16) -
25

Rainy An. gambiae s.l60.6 (20) 61.1 (22) 16.7 (1) 75.0 (3)
An.funestus 12.11 (4) 27.8 (10) 33.3 (2) 25.0 (1)
Total habitats 33 36 6 4
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4.1. 4 Adult malaria vector productivity at Marani

Ten anopheline species were trapped from cultivated swamps (Table 4.27). Since

mostemergent traps did not have mosquitoes tAn.gambiae, An. Junestus and Culicine

10.9%,3.9% and 85.2% respectively), occurrence was used for analysis in some cases

insteadof numbers. Malaria vectors only emerged from cultivated swamp land use land

covertype with An. gambiae being the most abundant accounting for 57.1 % of all

anophelinefemale mosquitoes collected. Anopheles Junestus obtained was less than hal f

An.gambiae.

Table 4.27 Number (proportion %) of anopheline mosquitoes collected

Species No. Collected Proportion (%)
An.gambiae(Giles) 176 57.1
An. funestus (Giles) 83 26.9
An. squamosus (Theobald) 12 3.9
An. pretoriensis (Theobald) 4 1.3
An. christyi (Newstead & Carter) 4 13
An. macu/ipa/pis (Giles) 12 3.9
An. imp/ex us (Theobald) 6 1.9
An. coustani (Laveran) 4 1.3
An. marshallii (Theobald) 6 1.9
An. pharoensis (Theobald) 1 0.3

Occurrence of An. gambiae in cultivated swamps was affected by the following;

presenceof filamentous algae, debris coverage, canopy coverage and depth of habitats.

AnophelesJunestus on the other hand was influenced by; canopy coverage, surface area

anddepth (Table 4.28).
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Table 4.28 Average (SE) and t- values to show differences in mean of variables between
presenceand absence of An.gambiae and Anfunestus in cultivated swamps

An.
Variable Averages gambiae An. funestus
Algaepresence 3.8 *
Algaecoverage 5.9 ± 1.8 -
Grasscoverage 26.4 ± 3.20.9
Debriscoverage 28.1 ±2.73.6*
Canopycoverage 38.2 ± 2.02.8*
Surfacearea 0.5 ± 0.0 1.1
Depth 0.1 ± 0.0 4.8*

0.8

0.5
0.3
3.5*
1.8*
2.0*

* = Values significant at the 0.05 level

Mean values of the following environmental variables were significantly di'Ierent (p

< 0.05) in the three land cover types (Cultivated swamp, Natural swamp and forest).

algae coverage, canopy coverage and surface area. Mean grass coverage of natural

swamphabitat type was significantly higher (p < 0.05) than that of cultivated swamp and

forest cover types. Average debris coverage in cultivated swamps was much less (p <

0.05)than for natural swamps and forest. There was no difference in depth of water for

habitats found in the three land cover types (Table 4.29).

Table 4.29 Average values of variables in each land use Iland cover type

Habita
t Algae coverage Grass coverage Debris coverage Canopy coverage Depth Surface area
CS 6.1 ± 16.4b

NS 8.1 ± 16.8a

NS-AF 1.6 ± 7.2c

26.8 ± 24.2b
36.9 ± 19.6a

28.3 ± 19.0b

27.8 ± 18.4b 37.4 ± 19.0c

31.6±16.5a 42.5±17.9b

33.7 ± 32.0a 65.4 ± 18.4a

0.1 ± 0.2a
0.1 ± 0.1 a
0.1 ± 0.2a

0.5 ± OSC
0.8 0.5a

0.6 ± 0.3b

± Standard deviation; CS =Cultivated Swamp; NS = Natural Swamp; NS-AF = Artificial
forest in natural swamp. Different superscript letters following values horizontally
significantly different at P = 0.05 level (Tukey-Kramer HSD)
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Grass coverage, canopy coverage and surface area were negatively correlated to

An. gambiae productivity. Canopy coverage, debris coverage and surface area were the

mostimportant variables that influenced the productivity of An. gambiae. Grass coverage

anddebris coverage were negatively correlated to An. funestus productivity. There was

howeverno variable that determined productivity of An. Junestus (Table 4.30).

Table 4.30 Variables that are correlated with the malaria vector species

Variable
An. gambiae An. funestus

Mean Estimate F Estimate F
Algaecoverage (%) S.9 ± 1.8 0 1.2 0 0.3
Grasscoverage(%) 26.4±3.2 -0.0004 2.8 -0.0003 1.7
Canopycoverage (%) 38.2 ± 2.7 -0.0006 6.3* 0 0.2
Debriscoverage (%) 28.1 ± 2.0 0.0007 7.6* -0.0003 1.9
Depth(ern) 0.1±0.0 0 1.S 0.4 1.9
Surfacearea (m") O.S ± 0.0 -0.04 13.1* 0 0.3

* Statisticallysignificant correlation at P = O.OS level; DF = 1 in all cases

Aquatichabitat temperatures were as follows; cultivated swamp; mean Mean, 20.9°C,

meanMaximum, 27.SoC and mean Minimum, 17.0°C. In natural swamp habitats; mean

Mean,19.3°C, mean Maximum, 22.6°C and mean Minimum IS.6°C.

4. 1. 5 Discussion

The study has demonstrated that in highland regions, land use / land cover and

topographicfeatures are important in determining spatial distribution of anopheline larval

breedinghabitats. In highland area of Marani, larval breeding sites were mainly confined

tothe valley bottom. This phenomenon is due to the fact that Marani is hiliy; therefore,
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surface r~n-off water is directed from hilltops to low altitude areas where it collects

providing breeding grounds for anopheline mosquitoes. Breeding sites along the roads

lastedas long as the rains and were unstable. These habitats though not permanent, may

last long enough to enable the anopheline larvae complete their development. An.

gambiae s. s. larvae were collected from habitats in forest and natural swamps during the

rainy season because of the washing effect though these areas are not their natural

habitats. These two land use types have unsuitable conditions for development of

anopheline mosquitoes; for example the temperatures are low (19°C), though slightly

abovethe lower critical temperature (Bayoh & Lindsay 2003; 2004). Munga et al., (2006)

observed that no larvae pupated under natural conditions in the forest environment. In

this study, larval survivorship of An. gambiae s. s. under semi-natural conditions in the

naturalswamp was minimal (0.00-0.02%) due to low temperatures.

During the dry season, most temporary breeding sites dry up because the water

table is much deeper and there is no run-off water to collect. It results in relatively few

breeding sites. Cultivated swamp environment yielded a higher proportion of potential

andpositive breeding sites. This confirms the hypothesis that land use change alters the

mosquito-microhabitat microclimate making it suitable for their development. Cultivation

of natural swamps increases the number of available potential breeding sites and

improves the temperature and nutrient conditions for malaria vector species. It implies

that the risk for malaria transmission is increased especially during the long rain season

(May). Although the highest proportion of positive breeding sites was found in the

cultivated swamps in August and November, other work done on survivorship of

immature An. gambiae s. s. showed that rate of development and survivorship of aquatic
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stageswas low in August and November. Few adults emerged. Marani has rainfall most

oftheyear thus it is expected that vector species thrive highly throughout the year, but

thatwas not observed. This phenomenon can be elucidated by species succession that

maybeinduced by slight change in environmental variables.

Drainage ditches in cultivated swamps provided semi permanent breeding sites

formosquitoes. Due to presence of water during both dry and rainy season, An. gambiae

s. s. breeds continuously throughout the year although the breeding sites in the dry season

are fewer. Malaria transmission occurs throughout the year with varying intensities

dependingon the season. This study demonstrates that An. gambiae s. s., the principal

malariavector in the highland area is capable of breeding in semi permanent water

(drainageditches). Previous studies showed that An. gambiae s. s. breeds in small

temporarypools (Gillies & De Millon, 1968; Gillies & Coetzee, 1987; Hunt et al., 1998;

Minakawaet al., 1999; Minakawa et al., 2004; Gimnig et al., 200 I) thus a new finding.

Draining of natural swamps improves the habitat conditions. For example,

penetratingsunlight maintains high water temperature and nutrients for anopheline larvae

arelikely to be available as a result of opening up the swamps. An. gambiae s. 5., though

presentduring the four sampling months, its relative abundance was highest in May and

lowestin February. It is quite interesting to note that though Marani has rain most of the

yearround, yet occurrence of An. gambiae s. s. breeding sites was not high throughout.

Otherfactors such as food availability, light penetration, canopy coverage, vegetation of

emergentplants and temperature may elucidate this observation. Most farmlands and

cultivatedswamps are tilled therefore the breeding grounds are sunlit in May. In August,

bothland cover types are under cultivation with maize hence no light penetration to the
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habitatas a result; water temperatures are lower than for May and November. The

temperaturesincrease by November due to; the start of a dry spell; harvesting of maize

fromfarmlands and cultivated swamps make most habitats to be exposed thus the relative

abundanceof An. gambiae s. s. start picking up.

An. Junestus was present during both seasons but its proportion was much lower

thanfor An. gambiae s. s. An. Junestus colonize semi-permanent or permanent (Gillies &

DeMeillon, 1968; Takken et al., 1998; Gimnig et al., 2001; Minakawa et al., 2002)

breedinghabitats which were present but it breeds in shaded areas, temperatures are

muchlower in highland areas thus low relative abundance of positive breeding sites in

thedry season. Both malaria vector larval relative numbers are low as observed in a

highlandarea (Bedker et al., 2003). An. Junestus has been known to be most abundant

duringdry season but in Marani, An. gambiae s. s. larval proportions were high during

bothdry and rainy season. Larval breeding habitats proportions were higher for An

gambiae than for An. Junestus.

The study found that topography determines the formation of larval habitats. At

thehighland site, most larval breeding sites were located in the valley bottom during both

dryand wet seasons. At the lowland site, topography was important during dry season

becauseof water recession via everporation.

This study also found a correlation between occurrence of anopheline larvae and

thefollowing variables during the dry season; land use, habitat type, elevation, canopy

coverage, algae coverage, and phosphate ion concentration. While during the rainy

season,correlation occurred between anopheline occurrence and habitat type, canopy

coverage, grass coverage, debris coverage and algae coverage. In previous studies,
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Minakawaet al., (1999) found no correlation between occurrence of anopheline larvae

and habitat variables however Gimnig et al., (2001) found a correlation between

anophelineoccurrence and algae whereas, Minakawa et al., (2005) showed a significant

correlationbetween anopheline occurrence and altitude and season.

An association was found between occurrences of An. gambiae s. s. and the

following;algae coverage, grass coverage, debris coverage, pH and turbidity during dry

season.In the rainy season, an association was present between An. gambiae s. s. and pH.

Somestudies done in a highland area did show an association between An. gambiae s. s.

andsurface area and vegetation type (Minakawa et al., 2004). Anopheles funestus on the

otherhand had a significant association between its occurrence and canopy coverage and

grasscoverage during dry season. In the rainy season, a significant association was found

betweenits occurrence and elevation. Water collects in man-made habitats during rainy

season.

These findings are interesting because the association of variables to anophel ine

occurrencechange with seasons. Thus the great need to understand the malaria vector

biology.All positive breeding sites were located only in the river bottoms during dry

seasonthus occurrence associated with elevation whereas in rainy season, valley. bottoms

werea substantial source of breeding sites although other high elevated areas were also

important.Habitat characterization revealed that An. gambiae prefers to colonize habitats

thathave clear water to those with debris during dry season. This phenomenon can be

elucidatedby the fact the An. gambiae s. s. prefer open habitats for oviposition (Bentley

& Day, 1988). In rainy season, breeding sites are not stable due to flush effect thus there

wasnegative correlation between An. gambiae occurrence and debris coverage.
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In Marani due to increased human population, natural swamps are being drained

to give way for agricultural productivity. Conversion of natural swamp to cultivated

swampdisturbs a previously existing ecological equilibrium of vector and parasite

populations.This study has demonstrated that conversion of natural swamps to cultivated

wampsincrease the available breeding sites and improves habitat conditions for malaria

vectors,hence the risk of local malaria transmission in the area.

In lowland area of Kombewa, breeding sites were located randomly in the whole

studyarea during rainy season. This is because the land is generally flat hence water

collectson the ground providing breeding grounds for anopheline mosquitoes. There was

asignificantassociation between occurrence of An. gambiae s. l. and land use type during

dryseason. In rainy season, a significant correlation was found between An. gambiae s. l.

andelevation and grass coverage.

For An. funestus, there was no significant association between its occurrence and

environmentalvariables during dry season. However for rainy season there was some

significantassociation between An. funestus occurrence and surface area of bree.iing site,

turbidity,ammonium and nitrate ion concentrations.

In highland area, mosquito- species composition was lower than in the lowland

area.This could be attributed to the low temperatures of the highland areas that maybe

unfavourable to growth and development of some species. The number of species

remainedthe same during both dry and wet seasons at Marani. To better understand the

associationbetween An. gambiae and An. funestus larval occurrence and physicochemical

variables,further research should examine in details the effects of variables especially

duringrainy season when malaria epidemics are likely to occur.
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An. gambiae is an opportunistic species and an r-strategist, colonize both highland and

lowlandenvironments and breeds very fast thus population increase is rapid within a

shorttime. Its ecology crystallizes why in the highland, An. gambiae abundance is higher

thanother anopheline species. An. arabiensis is known to inhabit arid lowland areas only

(Githekoet al., 1996). Surface area, canopy coverage and debris coverage were the key

environmental factors that affected abundance of An. gambiae in cultivated swamps.

Habitat conditions in natural swamp and forest were not conducive for arophclinc

development and growth. Though the mean temperature was slightly above the low

threshold (Bayoh & Lindsay, 2003), the minimum (1 6°C) temperature was less. Exposure

of larvae to temperatures less than the lower threshold for longer periods does not

promotegrowth and development of anopheline mosquitoes.

4.2 Adult malaria vector distribution and dynamics in Western Kenya highlands

The increase in area prone to unstable malaria has been attributed to both man

made and natural factors. They operate by modifying the environment, which may

increase the capacity for the vectors to thrive and parasites to transmit the disease. For

example, some epidemics were associated with El Nino Southern Oscillation event in

/997-1998 that caused heavy rainfall and flooding in eastern Africa (WMO, 1999) that

was preceded by a large anomaly in mean monthly maximum temperature (Githeko &

Ndegwa, 2001).

To be able to design monitoring tools, spatial distribution of adult vectors is of

paramount importance. Malaria vector distribution may be heterogeneous within a

geographical area. Therefore, there is need for accurate information on vector
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dynamics.Spatial distribution is also important in providing insight into the population

dynamicsof the malaria vectors and malaria transmission thus needed for vector control.

Factorsthat affect the spatial distribution are a major guide in designing models for early

warningsystems for predicting malaria epidemics and for planning control measures.

4.2. 1. Mosquito vector species composition and abundance

Marani

In total, 3342 female mosquitoes were collected from houses during the eight-

monthsampling period, 3.6% (120) anopheline mosquitoes and 96.4% (3222) culicines.

Ofthe malaria vectors collected, An. gambiae s.s. was the most abundant (79.8%) species

followedby An. Junestus (20.2%). Average indoor mosquito densities were 0.12 and 0.03

forAn. gambiae s. s. and An. Junestus respectively. House densities were expressed as

the number of female mosquitoes per house. Only 15.7% of the houses sampled were

infested with An. gambiae s. s. and 3.7 % with An. Junestus. There was a significant

difference in mean density of An. gambiae s. s. between sampling months (X2 = 65.7, df =

3, p < 0.05). The highest house density of An. gambiae s. s. was found in May (Fig. 4.13).

No significant difference in mean density of An. funestus was found between months cl
=4.7, df= 3, p < 0.20).
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Figure 4.13 Mean house density of female mosquito vectors in houses at Marani

Kombewa

A total of 6409 female mosquitoes were collected from houses, 54.8% (3512)

anophelinesand 45.2% (2897) culicines. Of the malaria vectors, An. funestus (60.5 %)

wasthe most abundant followed by An. gambiae s. l. (39.5%). Average indoor .nosquito

densitieswere 2.3 and 3.5 for An. gambiae s. l. and An. funestus respectively. Of the

housessampled, 39.3% were infested with An. gambiae s. l. and 54.7% with An. [unestus.

Mixedinfestation was observed. One-way analysis of variance of An. gambiae s. l. by

monthsusing Wilcoxon /Kruskal- Wallies tests showed significant difference of indoor

densities(l = 196.2, df = 3, P < 0.05). Indoor densities of An. funestus were significantly

differentbetween the sampling months (l = 87.3, df = 3, p < 0.05). The trend f indoor

housedensities of the four sampling months for both malaria vectors was the same (Fig.

4.14).However, the density of An. gambiae s. l. in May was the highest. An. gambiae s.
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indoor density increased 8A-fold in the main transmission season (May) over the dry

n (February). During the long rainy season, An. funestus increased 3-fold over the
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Figure 4.14 Mean house density of female mosquito vectors in houses at Kombewa in

4.2.2 Analysis of An. gambiae s. I. sibling species by peR

ToidentifyAn. gambiae s. l. species present, 95 specimens from Marani were analyzed.

Allthe mosquitoes analyzed from Marani were An. gambiae s. s. Bands for Anopheles

gambiaeincluded in the samples acted as reference point. An. gambiae s. s has more base

pairs than An. arabiensis thus bands for the former are closer to the wells whereas for the

latterspecies are further from the wells.

inetyadult An. gambiae s. l. from Kombewa were tested with peR. The results showed

that36.7% (33) were An. gambiae s. s., 53.3% (48) An. arabiensis and 10.0% (9) failed

toamplify(Fig. 4.15).

116



Lane 1 ~

Lane 2 •

Lane 3
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Figure 4.15 The PCR bands for An. gambiae and An. arabiensis
An agarose gel (2%w/v) showing samples 1-93 in well numbers 4-40 of each lane. Wells 1-3 are the molecular weight marker
(lOObp), An. gambiae and An. arabiensis positive controls respectively, in each lane.
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4.2.3 Plasmodium falciparum sporozoite rate

Marani

Of the 79 female anopheline mosquitoes tested, only 1 was positive for P.

Jalciparum circumsporozoite antigen yielding a sporozoite rate of 1.3 %. The porozoite

rateduring the transmission season (long rain) was 1.5 %. No sporozoites were detected

duringthe dry season. No sporozoites were detected in An. gambiae during both. dry and

ramyseason.

Kombewa

A total of 1685 female vector mosquitoes were tested for Plasmodium falciparum

sporozoites,of which 33 were found positive. The general sporozoite rate was 2.0%.

Sporozoite rate for An. gambiae was half that of An. funestus (1.2% and 2.41 %

respectively)and was statistically insignificant (l = 3.1, df = 1, P > 0.05). Di.ring the

rainyseason, the sporozoite rate was 2.1% while in the dry season it doubled to 4%,

whichwere significantly different (F =11.0, df = 1, P < 0.05). During the transmission

season,the sporozoite rate of An. gambiae and An. funestus were about the same (0.91

and0.85). There was no significant difference between the sporozoite rates of the two

vectorspecies during the transmission season (l = 0.01, df = 1, p> 0.05). The sporozoite

rateofAn. funestus in the dry season was 3.8 fold that of An. gambiae.
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4.2. 4 Spatial variations of Anopheles densities

One-way ANOV A showed that Anopheles gambiae s. s. abundance was not

affected by distance from the nearest river/ stream (F = 3.5, df = 1, P > 0.05) in general.

However in February (dry season), there was a difference in mean distance from the

nearest stream between positive and negative houses for An. gambiae (t = 2.6, p < 0.05).

o association (l = 4.7, df = 3, p > 0.05) was found for An. funetus. In May, there was

noassociation for An. gambiae (p> 0.05). In August and November samples for malaria

vector presence were too small for analysis. The average distance of houses from the

nearest river/stream was 337.2 ± 13.1 meters (Fig 4.16). During the different sampling

months, the mean distance varied but the variation was statistically insignificant (Table

4.31). Two-way ANOVA showed that the density of An. gambiae s. s. sampled for the

fourmonths was significantly different (F = 7.1, df = 3, p < 0.05). Tukey-Kramer HSD

test of comparisons of means revealed that there was no difference in mean density for

the following months; February, August and November. May house density was however

significantly (p < 0.05) higher than for the three months (Table 4.31).

Theaverage elevation of houses where Anopheles gambiae s. s. females were collected in

Marani was 1598.5 ± 4.9 meters (Fig. 4.17). There was no significant difference (p >

0.05) in the mean elevation for the four sampling months (Table 4.31).

Table 4.32 shows the density of different gonotrophic stages of female vectors. Of the

An. gambiae s. s. resting indoors, 59.6% comprised of blood fed females. Wilcoxon!

Kruskal-Wallis test showed that sampling month did not have any effect on the d.ensity of

An.funestus (X2 = 4.8, df= 3, p> 0.05).

119



9

8

51 7
5 6.c
'0 5
~ 4c:
~ 30-
~ 2u,

~ -111,.,11,11,11,.,.,11,11,11,11,11,11,11,11,11,11,11, ,II, ,II, , , , ,II,
oco
N

o
(0
(")

ovv
o
NLO

oo
(0

oco
(0

o
(0
I'-

ovco
o
NOl

ooo~
Distance (m)

9

8
UI

:ll 7
::J
o 6.c
'0 5
~ 4c
~ 3
0-

£ ~ U,lillmlJ,ll.lWJ,li,l1,il,ll,lJ,-,l--YJL,-,-~~

ov o
N~

oo
N

o 0 000 0 0 0 0 000 0 0v N 0 <Xl(0 v N 0 ro (0 ~ N 0 roN N (") ~ LO (0 (0 I'- ro moo

Distance (m)

February

o Absence

• Presence

ocoo

August

o Absence
• Presence

12
May

II> 10
Q)
II>
:::l
~ 8
'0
>- 6oc
CIl5- 4
~u. 2

O~~~~~~~~~~~li,~~~,u~~
o 0 000 000 0v N 0 <Xl(0 v N 0 <XlN N (") v LO (0 (0

00000
(0 v N 0 <XlI'-<XlOl 0 0~

Distance (m)

9

8
UI

:ll 7
~ 6.c
'0 5

~ 4c:
~ 3
0-
~ 2u,

~m]]llWW~~~~~~~~~
~

o 0 0 0 0 000 0 0 0 000~ N 0 ro (0 ~ N 0 ro (0 v N 0 roN N (")~ LO (0 (0 I'- ro moo

Distance (m)

Figure 4.16 Distribution of adult An gambiae s.s. with respect to distance from the nearest river! stream at Marani

120

o Absence

• Presence

November

o Absence
• Presence

~



Table 4.31 Vector mosquito abundance, house densities, average altitude and distance

per sampling period at Marani in 2004

Anopheles Spp
abundance (%) Mean house density
An. An. An. An. Average distance

Month gambiae funestus gambiae funestus Mean altitude (m) (t'n)
Feb 6(5.0) 2 (1.7) 0.03b 0.01a (1615.5 ± 36)a (339.4 ± 255)a
May 75 (62.5) 1 (0.8) 0.38a 0.01a (1616.2 ± 4.2t (339.1 ± 28.0)a
August 8 (6.7) 11 (9.2) 0.04b 0.06a (1615 ± 3.8)a (325.8 ± 257)a

November 6 (5.0) 11 (9.2) 0.03b 0.06a (1616.4 ± 37t (3447 ± 258t

*Levelsnot connected by same letter horizontally are significantly different at P < 0.05
levelfor multiple comparisons using Tukey-Kramer HSD test. ± Standard error

Elevationof houses did not affect the occurrence and density of An. funestus (F = 0.1, df

= I, p > 0.05 and F = 0.2, df= 1, p > 0.05 respectively). The proportion of blood fed An.

Junestus caught in houses was of 60%.
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Table 4.32 Proportion (number) of infested houses, mosquito house densities of females, empty, fed, half gravid and gravid
mosquitoes at Marani

Month Abundance House density Gonotrophic stages
An.
gambiae An. funestus An. gambiae An. funestus GamEmpty GamFed GamH-gravid GamGravid FunEmpty FunFed FunH-gravid FunGravid

May-03 0.27 (27) 0.01 (1) 0.54 (54) .0.01(1) 0.01 (1) 0.3 (30) 0.1 (1) 0.13(13) 0(0) 0(0) 0.01 (1) 0(0)
Aug-03 0.04 (4) 0.06 (6) 0.07 (7) 0.09 (9) 0(0) 0.07 (7) 0 (0) 0(0) 0(0) 0.06 (6) 0(0) 0.03 (3)
Nov-03 0.04 (4) 0.01 (1) 0.05 (5) 0.01(1) 0.01 (1) 0.02 (2) 0.02 (2) o (0) 0(0) 0.01 (1) 0(0) 0(0)
Feb-04 0.04 (4) 0.02 (2) 0.05 (5) 0.02 (2) 0.02 (2) 0.03 (3) 0 (0) o (0) o (0) 0(0) 0.02 (2) 0(0)
May-04 0.13(13) 0(0) 0:21 (21) 0(0) 0(0) 0.13 (13) 0.01 (1) 0.07 (7) 0(0) o (0) 0(0) 0(0)
Aug-04 001 (1) 0.01 (1) 0.01(1) 0.02 (2) 0(0) 0.01(1) 0(0) 0(0) 0(0) 0.02 (2) 0(0) 0(0)
Nov-04 0.01 (1) 0.03 (3) 0.01 (1) 0.1 (10) 0.01 (1) 0(0) o (0) o (0) 0(0) 0.06 (6) o (0) 0.04 (4)
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Kombewa

There was a significant difference in mean distance of positive and negative

housesfrom the nearest stream /river for An. gambiae (t = 2.6, df = 79, p < 0.05) during

thedry season (February). For An. Junestus, there was a difference in the mean distance

fromthe nearest stream of positive and negative houses (t =3.1, df = 60, P < 0.05). For

both malaria vectors, mean distance of houses positive for the vectors was significantly

shorterthan for those without. No difference was found between mean distance from the

neareststream of positive and negative houses for An. gambiae and An. Junestus ((t = 1.2,

df=87, p > 0.05; t = 1, df = 16, P > 0.05 respectively) in May. In November, there was a

significantdifference (t = 2.1, df = 54, P < 0.05) in mean distance from the nearest stream

ofpositive and negative houses of An. gambiae. The mean distance of presence of An.

gambiaewas significantly shorter than for absence. There was however no difference (t =

1.9, df = 37, p > 0.05) between mean distances from nearest stream of positive and

negativehouses for An. Junestus. There was no association between occurrence of both

An. gambiae and An. Junestus ((l = 0.04, p > 0.05; l = 1.1, P > 0.05 respectively) and

distancein May (long rain season). No association of An. gambiae and An. fune.tus (X2
=

OJ, p > 0.05; X2 = 3.4, P > 0.05 respectively) occurrence was found to distance from the

neareststream! river. An association (X2 = 3.7, P = 0.05) was found between occurrence

ofAn. gambiae and distance from the nearest river/ stream in November. However, no

association (l = 0.1, p > 0.05) was found between An. funestus and distance to the

nearestriver/ stream.

One-way ANOVA showed that distance from the nearest stream to the house had no

effecton abundance of vectors in houses (February, An. gambiae, F = 0.5, df = 1, P >
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O.05,An.junestus, F = 0.8, df= 1, P > 0.05; May, An. gambiae, F = 0.5, df= I, p> 0.05,

An.funestus, F = 0.7, df = 1, p > 0.05; Nov, An. gambiae F = 0.5, df = 1, p> 0.05, An.

funestus,F = 0.3, df = 1, p > 0.05). Mean distance was 542.2 ± 86.5. Mean distance from

the nearestriver for February, May and November were not significantly different (Table

4.33).

Table 4.33 Proportion of houses infested with malaria vectors, indoor house densities,

averagealtitude and distance of houses from the nearest river to houses at Kornbcwa

Abundance House density Average
__ An. gambiae An. funestus An. gambiae An. funestus Distance (m)

Feb 43.0 (51)c 51.0 (51)b 1.1 (106)b 3.0 (300)b 552.6 ± 141.7a

May 87.0 (87)a 83.0 (83)a 9.2 (920)a 9.0 (895)a 532.1 ± 141 Aa

Nov 64.0 (64)b 77.0 (77)a 3.1 (305)b 4.5 (451)b 543.5 ± 1472a
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Gonotrophicstages are shown in table 4.34. Blood fed An. gambiae (62.8%) and An.

fimestus (55.5%) comprised the highest proportions of female mosquitoes resting indoors.

Itwas quite interesting to note that in May there was a comparatively high density of

gravidvectors in houses (Table 4.34). In February, 61% of houses were infested with

malariavectors. During long rain season, infestation of houses increased to 94%. In

Augustinfestation of houses by vectors dropped to 36%. Malaria vector infestation of

housesincreased to 82% in November. Mixed infestation was a common phenomenon.
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Table 4.34 Percentage of infested houses, mosquito house densities of females, empty, fed, half gravid and gravid mosquitoes at
Kombewa

Abundance
An. An.
gambiae funestus

House density
An. An.
gambiae funestus

Gonotrophic stages
GamH- FunH-

GamEmpty GamFed gravid GamGravid FunEmpty FunFed gravid FunGravid
Aug 2003 21.0 (21) 43.0 (43)
Nov 2003 9.0 (9) 42.0 (42)
Feb 2004 43.0 (51) 51.0 (51)
May 2004 87.0 (87) 83.0 (83)
Aug 2004 11.0 (11) 32.0 (32)
Nov 2004 64.0 (64) 77.0 (77)

0.3 (32) 1.3(126)
0.1(10) 2.3(225)
1.1 (106) 3.0 (300)
9.2 (920) 9.0 (895)
0.1 (14) 1.3 (128)
3.1 (305) 4.5 (451)

0.03 (3) 0.2 (17) 0.03 (3) 0.09 (9) 0.09 (9) 0.6 (57) 0.2 (20)
0.0 (0) 0.04 (4) 0.03 (3) 0.03 (3) 0.1 (13) 1.0 (104) 0.3 (31)
0.08 (8) 0.6 (60) 0.05 (5) 0.3 (33) 0.3 (28) 1.4 (142) 0.4 (41)
0.7 (71) 5.7 (567) 0.5 (49) 2.2 (217) 0.8 (81) 5.2 (521) 0.7 (70)
0.02 (2) 0.09 (9) 0.0 (0) 0.03 (3) 0.03 (3) 0.9 (92) 0.08 (8)
0.2 (17) 2.1 (214) 0.2 (16) 0.6 (63) 0.4 (37) 2.6 (263) 0.2 (21)
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4.2.5 Distribution of anopheline mosquitoes

The distribution of An. gambiae varied greatly during different sampling time. In

May2003, houses along the river valleys had high indoor density of 5-8 An. gambiae s. s.

(Fig.4.18 A). In August and November, very few houses were positive for indoor resting

An.gambiae s. s. The few with mosquitoes were randomly distributed (Fig. 4.18 Band

C) and with low density. In February 2004, high density of An. gambiae s. s. was found

ina house near the river valley (Fig. 4.18 D). In May, there were many houses mainly

alongthe valley with An. gambiae s. s. in high density. There was also clustering of

houseswith the malaria vector (Fig. 4.18 E). In August and November 2004, only one

housewas each positive for An. gambiae (Fig.4.18 F and G).

o An. funestus was captured in May 2003 (Fig. 4.19 A). In August, very few were

caughtin the river valley (Fig 4.19 B). In November, occurrence of An. funestus was

muchlower (Fig 4.19 C). Occurrence increased in February 2004 in houses near the

valleys(Fig. 4.19 D). No aggregation was observed for An. funestus during all the

128



·G

Figure 4.18 Seasonal distribution of indoor An. gambiae s. s. at Marani
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Figure 4.19 Seasonal distribution of indoor An. funestus at Marani

130

N

A

Key
An.funestu
Per house

• 0
• 1
• 2
• 3 -,
• 5 -,

NRivl/VRoa



4.2.6 Adult malaria vector population dynamics

Marani

Anopheles gambiae s. s was more abundant than An. funestus in Marani (Fig.

4.20). An. gambiae indoor density was highest in June. The density was generally low «

0.02)for the rest of the months. No An. gambiaes s. s. was collected during some

months.One peak was attained in June 2003, with density of 1.5 females per house.

Therewas a significant difference in An. gambiae indoor population (F = 12.3, df= 24, P

< 0.05).The indoor population of June 2003 was significantly different from the rest of

themonths (t = 16, P < 0.05). The number of indoor An. gambiae was highest during the

monthof June 2003. Over 70% of houses sampled in June 2003 had An. gambiae s. s

(Fig.4.21). There was a significant difference in the number of houses positive with An.

gambiae s. s. over months (F = 12.6, df = 24, p < 0.05). The numbers of houses with An.

gambiae s. s. for the following months were significantly different from the rest;

February,May and June 2003 (t = 4.5, p < 0.05, t = 3.6, p < 0.05 and t = 15. 3

respectively). June 2003 had the highest number of houses followed by February and

May2003.
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Figure 4.20 Malaria vector population dynamics at Marani

The indoor density of An. Junestus was generally low for the whole sampling

period.No peak was observed (Fig 4.20). There was no significant difference in

populationof An. Junestus over different months (F = 1.1, df = 24, p> 0.05). The highest

percentageof houses with An. Junestus was 13.3%. There was a significant difference in

thenumber of houses infested with An. Junestus over months (F = 1.6, df = 24, P < 0.05).

Thenumber of positive houses for February and April 2003 (t = 2.7, P < 0.05; t = 3.9, p<

0.05respectively) were significantly higher than the rest.
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Figure 4.21 Abundance of houses with malaria vectors at Marani

The proportion of blood fed malaria vectors was found to be higher in houses than

theother gonotrophic status (Fig. 4.22). The proportion for empty vectors found in

houseswas the least. For An. gambiae s. s. empty, there was a significant difference in

theindoor density over different months (F = 1.9, df = 24, P < 0.05). June 2003 and May

2004had the population of empty females significantly different (t = 4.2, P < 0.05 each)

fromthe rest of the months. The density of empty females was high during the two

months.For blood fed An. gambiae s. s. there was a significant difference (F = 6.2, df =

24,P < 0.05) in the density over months. May, June 2003 and June 2004 had the number

ofblood fed mosquitoes significantly different (t = 3.4, P < 0.05; t = 10.9, p < 0.05

respectively) from the rest. Mean densities were high, 0.2, 0.5 and 0.3 for May, June
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2003 and June 2004 respectively.
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Figure 4.22 Proportion of gonotrophic status of malaria vectors at Marani

Half gravid female population was significantly different over months (F = 7.2, df

= 24, P < 0.05). February and June 2003 had the numbers of half gravid females

significantlydifferent from the rest (t = 2.5, P < 0.05; t = 12.4, P < 0.05 respectively). The

densityof half gravid was high during Feruary and June 2003.There was a significant

differencein the population of gravid females over different months (F = 5.5, df= 24, P <

0.05). May and June 2003 had the population of gravid females significantly different

from the other months (t = 2.2, P < 0.05; t = lO.4, P < 0.05 respectively). The density of

gravidfemales was high during May and June 2003.

An. funestus empty female population was not significantly different (F = 0.9, df

= 24, p > 0.05) over the months, however for March 2003 and May 2004 it was
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significantly different (t = 2.0, P < 0.05; t = 4.2, P < 0.05 respectively). The population of

emptyAn. funestus was high for the two months. For blood fed mosquitoes, no statistical

significance was found between months (F = 0.8, df = 24, P > 0.05). However the

population for September 2003 and August 2004 were ssignificantly higher than the other

months(t = 2.5, p < 0.05; t = 2.3, p < 0.05 respectively). An. funestus half gravid female

population was statistically different over different months (F = 1.7, df = 24, P < 0.05).

DuringFebruary and April 2003, half gravid population was significantly higher (t = 4.2.

P< 0.05 each) than the rest of the months. Gravid population over months was not

significantly different (F = 0.8, df = 24, p > 0.05). Gravid female population for May

2004was however significantly higher (t = 2.9, p < 0.05) than the other months.

Figure 4.23 shows the monthly rainfall; mean relative humidity, indoor mean

temperatures. Marani received rain most months although February, March 2003 and

March2004 were the driest months. There was no direct association between rainfall and

indoorvector density (Fig. 4.24). The mean relative humidity was well over 65%. indoor

meantemperature was 21.4°C. Indoor and out door temperatures were generally low at

Marani(Table 4.35).
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Table 4.35 Mean indoor and out door temperatures and relative humidity

atMaraniand Kombewa

Mean temp
CC) RH (%)

Indoor
Out door
Indoor
Out door

21.4
19.9
23.5

22.8

59.9
73.6
65.6
67.8

Regressionanalysis showed that there was an association between An gambiae s. s.

abundanceand relative humidity of the same month and one month earlier (Tab. 4.36).

Table 4.36 Association between vector species abundance and minimum, maximum

relativetemperature, relative humidity and rainfall at Marani

Period Species Min temp Max temp RH Rainfall
Same month An. gambiaeO.3

An. funestus 1 .7
1monthearlierAn. gambiaeO.3

An. funestus 1.7

2.7
0.0
2.7

o

9.4*
1.3
9.4*
1.2

0.1
0.0
o
0.2

* Fvalues significant association at P = 0.05 level of regression analysis

Peaksof rainfall anomalies were observed in March, November 2003 and July 2004

(FigA .25).
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Figure 4.25 Rainfall anomaly from the mean at Marani

Kombewa

Indoor house densities of the malaria vectors were generally high at Kombewa.

AnophelesJunestus was more abundant than An. gambiae (s. I.) at Kombewa (Fig. 4.26).
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Figure 4.26 Malaria vector indoor density at Kombewa

An.gambiaets. I) indoor density was high in June 2003 and May 2004. An. gambiae s. f.

attainedtwo peaks. The population of An. gambiaeis. I.) for June 2003, April and May

2004was significantly higher (t = 9.5, p < 0.05; t = 6.7, P < 0.05 and t = 8.6,0 < 0.05

respectively)than the rest of the months. The highest peak was attained in June 2003 with

meanindoor density of 8.1. Indoor density was significantly different over the months.

Over80% of houses sampled in June 2003, April and May 2004 had An. gambiae s.

present(Fig. 4.27).
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Figure 4.27 Malaria vector abundance in houses at Kombewa

Number of houses positive for An. gambiae (s. I.) was significantly different over

the sampling period (F =11.9, df = 19, P < 0.05). For June, July, August, October,

ovember 2003, March, April, May, July, August and December 2004, the number of

houseswith An. gambiae (s. I.) were significantly higher than the rest (t = 6.7, P < 0.05; t

= 3.3, p < 0.05; t = 2.8, p < 0.05; t = 3.3, p < 0.05; t = 3.2, P < 0.05; t = 2.5, p < 0.05; t =

6.9, p < 0.05; t = 6.8, p < 0.05; t = 3.7, P < 0.05; t = 4.2, P < 0.05 and t = 3.2, P < 0.05

respectively).

Indoor density of An. Junestus was generally high (Fig. 4.26) with two peaks. The

highestpeak was attained in June 2003 with indoor density of 17.3 female mosquitoes

perhouse. Population of An. Junestus was significantly different over sampling months (F

141



= 9.8, df = 19, p < 0.05). The population was significantly higher in June, August,

September2003, March, April, May, August and September 2004 (t = 10.7, p < 0.05; t =

2.4, p < 0.05; t = 2.2, p < 0.05; t = 2.1, P < 0.05; t = 2.3, p < 0.05; t = 5.5, p < 0.05; t =

2.4, P < 0.05 and t = 2.5, P < 0.05, respectively).

In June 2003, over 80% of the houses were infested with An. funestus (Fig. 4.27).

Over70% of the houses were infested in October 2003, May and December 2004

whereas in July 2003, 70% of the houses were infested. There was a significant

differencein the number of houses infested with An. funestus over the months (F = 4.1. df

= 19, p < 0.05). The following months had significantly high number of houses infested;

June, August, October 2003, May, August, September, October, Noven.oer and

December2004 (t = 4.0, p < 0.05; t = 2.6, p < 0.05; t = 2.2, P < 0.05, t = 2.8, p < 0.05, t =

2.6, p < 0.05; t = 3.1, p < 0.05; t = 2.6, p < 0.05; t = 2.6, p < 0.05 and t = 2.2, p < 0.05,

respectively).

Blood fed females comprised a higher proportion of the indoor females. Over

50% of An. gambiae (s. I.) were blood fed while empty females comprised of less than

10% (Fig 4.28). There was a significant difference between populations of empty females

overthe months (F = 5.9, df = 19, p < 0.05). Population of empty females for June 2003,

Apriland May 2004 was significantly higher than the rest of the months (t = 6.3. p <

0.05, t = 4.9, p < 0.05 and t = 5.0, p < 0.05 respectively). The trend was the same for

bloodfed females (F = 9.8, df= 19, p < 0.05; (t = 9.2, p < 0.05; t = 5.7, p < 0.05 and t =

6.9, p < 0.05) and half gravid females F = 5.4, df= 19, p < 0.05 (t = 5.3, p < 0.05; t = 2.4,

p<O.05; and t = 6.8, p < 0.05). For gravid females, F = 8.1, df= 19, p < 0.05; June 2003.

April and May 2004 (t = 5.3, p < 0.05, t = 7.1, p < 0.05 and t = 7.0, p < 0.05,
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Fig. 4.28 Proportion of malaria vector gonotrophic status at Kombewa

The proportion of An. funestus blood fed females was the highest (46%) followed

bygravid females (32.5%). Proportion for empty females was the least. The population of

emptyfemales in houses was significantly different over months (F = 4.9, df = 19, p <

0.05). June 2003, April and May 2004 had significantly high population (t =' 1.2, P <

0,05; t = 2.2, P < 0.05 and t = 4.6, p < 0.05, respectively). Population of blood fed An.

funestus was significantly different over months (F = 9.8, df = 19, p < 0.05). June,

August, September 2003, April, May and September 2004 had significantly high

population(t = 10.8, p < 0.05; t = 2.2, P < 0.05; t = 2.0, p < 0.05; t = 2.5 p = 0.05; t = 6.2,

p<O.05and t = 2.3, P < 0.05, respectively).

Figure4.29 shows the monthly rainfall, relative humidity, mean indoor temperatures at

Kombewa. Two rain peaks were attained that coincided with Maximum temperature.

Meanmonthly rainfall was 87.9 mm, rainfall anomalies from the mean were observed

(Fig.4.30).
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Figure 4.30 Rainfall anomaly (from 87.9mm) at Kombewa

Indoorand out door temperatures were high (Table 4.36). Average relative humidity was

above60%. Regression analysis showed that there was no association between minimum,

maximumtemperature, relative humidity and rainfall and the indoor density of malaria

vectorsfor the same month and one month after (Table 4.37).
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Table4.37 Association between Minimum, Maximum, relative humidity,

and rainfall and indoor density of malaria vectors at Kombewa

Time Species Min temp Max temp RH Rainfall
Same month

1month after

An. gambiae 0
An. funestus 1.3
An. gambiae 0.7
An. funestus 3.3

0.5
0.4
2.1
0.4

1
0.6
1.6
1.8

0.4
0.2
2.1
3.2

F valuesof regression analysis at p = 0.05 level

4.2.7 Plasmodiumfalciparum sporozoite rates and entomological inoculation rates

Marani

The mean sporozoite rate at Marani was 1.5% for An. gambiae and 5.6 for An.

fimestus. The entomological inoculation rate was 0.2 ibl pi yr (bitesl person! year) from

An.gambiae and 0.2 ibl pi yr from An. funestus. Combined EIR for both vector species

was0.4 ibl pi yr. Malaria transmission is likely to have been high during May when

mosquitowas found infected with the sporozoite.

Kombewa

The mean sporozoite rate was 3.4% of An. gambiae. For An. fnestus, the mean

sporozoiterate was 3.9%. High proportion of An. funestus (67.8%) was found infected

withthe sporozoites as compared to An. gambiae (32.8%). The entomological inoculation

ratewas 10.1 ibl pi yr (bites per person per year) from An gambiae and 21.0 ibl pi yr

fromAn. funestus. Combined EIR for both vector species was 31.1 ibl pi yr.
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4.2.8 Discussion

During the study period, two anopheline species were collected resting indoors at

bothKombewa and Marani. Anopheles gambiae s. s. (80.5%) was the most abundant

anopheline species at Marani while at Kombewa, An. funestus (71.2%) was the most

abundant. At Kombewa, the vector abundance was 24.8 folds that at Marani. Mean

indoordensity of An. gambiae increased 11.4 fold at Kombewa as compared to Marani

andAn. funestus, 122.4 folds. Each of the two sites has specific ecological conditions

arisingfrom the difference in elevation, temperature and rainfall. As a result of ecological

variability,malaria vector population was very low at Marani and high at Kombewa.

An. gambiae is an opportunistic species thus able to thrive in both ecological

conditions.An. Junestus thrives best in lowland conditions due to higher temperature that

enhanceits growth and development since this species takes a longer period to emerge.

Thelow temperatures in the highland lengthen the developmental period and most likely

affectlarval survival and emergence thus few adults.

The low sporozoite rates at Marani (1.5%) may indicate the low levels of

endemicity in highland regions. At Kombewa, the high (3.4%) sporozoite rate 'ndicates

theholoendemic status of the area. Marani is a hypoendemic area, which if microclimatic

conditions are changed, local epidemic may occur. The EIRs from An. gambiae and An.

fimestus of Marani were low (0.2 bites/ person! year). However, malaria transmission

increasesduring the long rain season (May). This may be due to more breeding habitats

madeavailable by the rains. Marani land cover /land use is dynamic. Natural swamps are

beingconverted into cultivated swamps by draining. Thus suitable conditions f r vector

growthand development are created. The main malaria vector was An. gambiae s. s. This
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speciesthrives best in sun-lit open temporary pools that are created by draining of the

naturalswamps.

EIR for Kombewa was high (31.1 ibl pI yr). Malaria transmission in Kombewa is

continuous throughout the year with peaks during the rainy season. The main malaria

vectorswere An. gambiae s. l. and An. Junestus. Vector populations were high most of the

monthsat Kombewa. Abundance of An. Junestus was higher than An. gambiae suggesting

thatthe former species is ecologically suited in lowland areas. This is because Kombewa

islocated within the lake basin where many permanent water bodies (ponds and rwamps)

and high temperatures provide suitable habitats for its breeding. Of the infected

mosquitoes, 32.8% comprised An. gambiae whereas 67.2% were An. funestus. Though

transmitted malaria, the latter one played a more important role at

During the transmission season, clustering of houses with vectors occurred near

thevalley in Marani. This phenomenon can be utilized in malaria control or mai.agement

wherebytargeted indoor spraying can be done instead of amorphous spraying. It was also

notedthat some houses were consistently with higher house density over the transmission

months.Thus such houses can be targeted.

Temporal population dynamics and abundance of the malaria vectors was

heterogeneous over time and space in both lowland and highland regions. This

knowledge is important and partly explains the occurrence of local malaria epidemics.

ince indoor vector density increase during the transmission season, target control

measuresbefore onset of rains can alleviate an otherwise severe epidemic. For designing

malariacontrol measures, such climate and entomological data are required to be used for
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forecasting epidemics hence early warmng systems. In cases of very low EIR it IS

indicativethat malaria can be managed for example through indoor spraying.

The proportion of female fed malaria vectors indoors was highest. Once female

malariavectors fed and become fully engorged, their flight ability reduces and they rest

indoors.Gravid females rest indoors until the eggs develop and are mature for laying then

theymove out early in the evening to look for appropriate breeding sites (Taxken and

Lindsay,2003). Unfed females leave the houses early in the morning to rest in nearby

bushes.

In conclusion, vector abundance and dynamics at the two sites showed great

variationsprobably due to the varied elevation, hence temperature and rainfall. Kombewa

experiences high temperatures since it is a low elevation area. Marani on the other hand

has lower temperatures because it is highly elevated. Temperatures affect' growth.

development and survival of the malaria vectors. Marani has high rainfall but its

topography favours good drainage thus vector breeding sites limited to lower areas in the

valleybottom which has been disturbed by man. The trend of population dynamics of

vectorspecies was different at the two sites. In Kombewa, population of An. funestus

remained relatively high whereas at Marani An. gambiae was the predominant species.

Thoughthe two species are sometime found sympatric, An. gambiae probably is more

habitatcondition specific. This study has shown that there are variations in abundance

andspatial dynamics of malaria vectors in lowland and highland regions of Western

Kenya.At the beginning of the study, the abundance of malaria vector species was high

atboth lowland and highland sites. At the end of the study period, the abundance had

drastically reduced at both sites suggesting that prolonged indoor spraying had effect on
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theabundance of the vector mosquitoes.

4.3Anopheles gambiae survivorship

4.3.1 Stage specific development time

Table 4.38 shows the stage development time. The results revealed that total

development time at Kombewa was significantly shorter (p < 0.05) than that at Marani

(Table4.39).

Table 4.39 Mean development time of An. gambiae aquatic stages at Kombewa and

Marani

Site L 1 L2 L3 L4 Pupa Adult Male Female

Kombewa 1.2b

Marani 1.7a
7.3b 12.5b

10.7a 17.0a

Valuesnot connected by same letter vertically are significantly different at 0.05 levels by

Tukey-Kramer HSD multiple comparison tests

Ingeneral, stage specific development time was shorter at Kombewa than Marani for all

stagesexcept pupa (Fig. 4.31).
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Table 4.38 1\I'Iean st.age developlTlent tirne under cult.ivat.ed and natural sVV'alTlp conditions at. Kornbevva and lVIarani

Site Habitat Density LI L2 L3 L4 Pupa Female
Marani CS Soil 20 1.9 ± 0.2 4.2 ± 0.3 6.7 ± 0.2 10.7 ± 0.5 12.6 ± 0.6

60 2.1 ± 0.2 5.3 ± 0.4 9.5 ± 0.7 14.2 ± 1.1 16.5 ± 1.2
100 2.3±0.2 5.9±0.4 10.2±0.7 15.5±1.0 18.0±1.0
20 1.1 ± 0.0 4.6 ± 0.2 9.8 ± 0.3 16.6 ± 0.6 21.1 ± 0.9
60 1.3 ± 0.1 5.9 ± 0.2 13.0 ± 0.6 21.5 ± 1.0 24.9 ± 1.3

100 1.6 ± 0.1 6.6 ± 0.2 14.9 ± 0.5 23.7 ± 0.8 29.8 ± 1.4
20 1.2 ± 0.1 3.0 ± 0.1 5.5 ± 0.2 8.8 ± 0.4 10.9 ± 0.5
60 1.1 ± 0.0 3.0 ± 0.2 6.0 ± 0.3 10.0 ± 0.5 12.4 ± 0.8

100 1.1 ±O.O 3.4±0.1 6.6±0.2 11.1 ±0.3 14.0±05
20 1.3 ± 0.1 3.6 ± 0.2 7.5 ± 0.5 14.5 ± 0.8 16.3 ± 0.9
601.3±0.1 3.9±0.3 8.8±0.9 15.4±0.7 17.4±1.1

100 1.3 ± 0.1 3.9 ± 0.3 9.0 ± 0.9 15.6 ± 1.0 17.6 ± 0.9

NS Soil

Kombewa CS Soil

NS Soil

Adult
15.7±0.8
20.0±1.3
21.4±1.0
25.3 ± 1.2
31.3 ± 1.7
32.4 ± 1.3
13.1±0.5
15.1±0.9
16.5 ± 0.5
20.5 ± 0.8
21.0±0.7
21.4±0.6

Male
15.6 ± 0.8
20.0 ± 1.3
21.4±1.0
24.8 ± 1.3
29.9 ± 1.3
32.5 ± 1.3
13.0 ± 0.5
15.1±0.9
16.5 ± 0.5
21.3 ± 0.6
20.8 ± 0.7
21.1±0.7

15.7 ± 0.9
20.0 ± 1.3
21.4±1.0
25.8 ± 1.2
31.9±1.7
33.8±1.8
13.2 ± 0.5
15.1 ± 0.9
16.5 ± 0.5
20.6 ± 0.8
22.0 ± 0.7
21.8±0.8

CS = Cultivated swamp, NS = Natural swamp
± = Standard Deviation
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Atthe same site, stage specific development time was significantly (p < 0.05) shorter

undercultivated swamp conditions than under natural swamp conditions (Fig. 4.32).

Densitylevel also had effect on the development time (Fig. 4.33). For stage I larvae, pupa

andadult males, density level had no significant (P > 0.05) influence on development

time. It however influenced development time of larval stages II, III, IV L1d adult

females(Table 4.40). Stage specific development was shortest in Kombewa cultivated

swamps,shorter in Marani cultivated swamps and short in Kombewa natural swamps and

longat Marani natural swamps (Fig. 4.34). Results showed that seasonality had effect on

stage specific development time. At Marani, stage specific development time was

significantly shorter during the rainy season for larval stages I, II and IV in cultivated

swamps,but for the rest of the stages there was no significant difference (Table 4'.4 1).
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Figure 4.31 Specific stage development time at Kombewa and Marani
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Under natural swamp conditions, statistical significance in stage specific

developmenttime was only observed in case of larval stage IV and adult males (Table

4.41). At Kombewa, instar I and II development time was significantly (p < 0.05) shorter

(1.1 and 1.4 days respectively) in dry season than rainy season. For larval stage IV, pupa

andadult male, development was significantly shorter (2.7, 1.7 and 1.9 days respectively)

inthe rainy season than dry season while for larval stage III and females; development

timewas almost the same under cultivated swamp conditions. Under natural swamp

conditions,seasonality had no effect on development time of larval stage IV and males.

Therest of the stages were however influenced (Table 4.41). Instar one larvae and pupae

tookthe shortest time (1.1 -1.3 days1.7 -2.1 days respectively) for development while

stagefour lasted longest (2.7 - 4.2 days).
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Figure 4.32 Development time of Anopheles gambiae in cultivated and natural swamps
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Table4.40 Stage development time of An. gambiae under three density levels

Density L1 L2 L3 L4 Pupa Adult male Adult female
20 1.3a 2.5a 3.4a 5.1a 3.0a 3.3a 3.5a
60 1.5a 2.9a 4.1b 6.2b 3.3a 3.9a 4.3b
100 1.5a 3.4b 4.8c 6.3b 3.5a 3.6a 4.1b
Valuesnot connected by same letter are significantly different at p = 0.05 levels
By Tukey-Kramer HSD multiple comparison tests

Table4.41 Stage specific development time in dry and rainy season under cultivated and

naturalswamp environments at Kombewa and Marani

CS NS
Sea SO Adult Adult Adult Adult

Site n L1 L2 L3 L4 Pupa male female L 1 L2 L3 L4 Pupa male female
Marani Dry 3.2a 2.6a 2.5a 4.2a 1.9a 3.1a 2.9a 1.2a 4.3a 6.8a 89b 6.6a 5.2a 5.7a

Rainy 1.4b 2.3b 3a 3.4b 2.0a 3.0a 3.2a 1.4a 3.9a 6.0a 61a 3.6a 25b 37a
KombewaDry 1.1b 1.4b 2.9a 4.2a 2.1a 2.6a 2.5a 1.2b 1.7b 3.6b 6.5a 4.5a 3.6a 3b

Rainy 1.3a 2.2a 2.7a 2.7b 1.7b 1.9b 2.1 a 1.7a 3.6a 7.2a 6.5a 2.0b 2.7a 6.7a

Valuesnot connected by same letter are significantly different at 0.05 levels by Tukey-
KramerHSD multiple comparison tests
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4.3 .2 Emergence time

At Marani, emergence time for the females and males ranged from 11.5 to 39.5

and11.4 to 42.0 days respectively. While at Kombewa, emergence for females and males

rangedfrom 8.2 to 24.7 and 8.0 to 27.5 days respectively. The mean emergencetime for

femalesand males at Marani was 19.6 and 18.7 days respectively. At Kombewa mean

emergence time wasl5.5 and 14.8 days respectively. Three-way ANOYA showed that

site,habitat type and initial density influenced emergence time of adult females and

malessignificantly (F = 66.7, df = 4, P < 0.05 and F = 60.2, df = 4, P < 0.05). Results

revealedthat, site (F = 80.7, df = 1 P < 0.05), habitat type (F =175.0, df = 1, P < 0.05)

anddensity (F = 17.8, df = 2, P < 0.05) for females and site (F = 76.1, df = 1, P < 0.05),

habitattype (F = 153.5, df = 1, P < 0.05) and density (F = 16.7, df = 2, P < 0.05) for
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males had a great effect on emergence time (Table 4.42). Emergence time was

significantly shorter at Kombewa than at Marani (Table 4.38). Emergence was higher in

Kombewa than Marani. However, emergence was 38.7% in cultivated swamp and 5.3%

in natural swamps at Marani. At Kombewa, there was 72.3% and 10.4% emergence in

cultivated and natural swamps, respectively.

Table 4. 42 Effects of site, habitat type and density on development time

Variable L1 L2 L3 L4 Pupa Adult male Adult female
Site 6.1* 11.8* 9.4* 4.3* 0.5 37* 4.2*
Habitat 3.6* 4.8* 9.1 * 12.2* 6.9* 6.5* 80*
Density 2* 4.9* 6.1* 4.2* 0.9 1.8 2.4*

*::: Statistically significant t values at P = 0.05 level

4.3.3 Mosquito weights and wing lengths

Although Kombewa had a high mean mosquito weight, it was not significantly

different from that of Marani (F = 2.2, df = 1, p > 0.05). There was no significant

differencein mean weights of mosquitoes bred under different habitat types (F = 2.0, df=

I,P> 0.05). The initial larval density significantly affected mosquito weights (F = 108.2.

dl= 2, P < 0.05). At Marani, the mean weights of mosquitoes that emerged from initial

densityof 20 larvae were significantly different (p < 0.05) from those from densities of

60and 100 larvae. The mean weight of mosquitoes that emerged from initial density 20

washigher than from initial density of 60 and 100. There was however no significant

difference(p > 0.05) between means of mosquitoes that emerged from initial densities of

60and100 larvae (Table 4.43).
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Table 4.43 Mean weights (mg) of An. gambiae under different climatic conditions

Site Weight (mg) Density Sex
20 60 100 Male Female

Marani

Kombewa

0.7a±0.1 0.8a±0.1 0.5b±0.1 OAb±O.l OAb±O.l
0.6a±0.1 0.7a±0.1 OAb±0.1 OAb±O.l OAb±O.1

0.8a ± 0.1
0.7a ± 0.1

* Same letter shows that weights are statistically insignificant at P = 0.05 level (

Tukey comparison tests, ± = standard error

Sex of emerging mosquitoes significantly affected the mean weight (F = 129.8. df

= 1, P < 0.05). Similarly at Kombewa, mean weights for female mosquitoes were

significantly higher than those of males (F = 44.8, df = 1, P < 0.05). Initial density of

larvae significantly influenced the mean weights of emerging mosquitoes (F = 11.0, df =

2, P < 0.05). Mean weights of mosquitoes emerging from initial density of 20 were

significantly higher than for density 60 and 100. There was no significant difference in

meanweight between emerging adults of density 60 and 100.

The mean wing length for females was 2.9mm while for males was 2.7mm.

ANOYA results showed that the variables significantly affected wing length (F -= 41. df r-

4, P < 0.05). Site and habitat type had no effect (F = 2.6, df = 1, p> 0.05 and F = 1.9, df =

I, P > 0.05, respectively) on the wing length. However, sex of mosquitoes and initial

densitysignificantly influenced the wing length (F = 101, df = I, P < 0.05 and F = 64. df

= 1, P < 0.05, respectively). Mean wing length for initial densities 20, 60, and 100 were

2.9 mm, 2.8 mm and 2.7, respectively.
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4.3. 4 Survival rates

4.3.4.1 Median time

Log-rank tests showed that at Marani in February, median time was 20 days for

density 20 and 24 days for densities 60 and 100. There was a significant difference in

survivorship of larvae at the three initial densities ("l = 8, df = 2, P < 0.05). Median times

according to habitat type are shown in table 4.44. In May, the difference between the

three initial densities was not significant (X2 = 5.3, df= 2, p> 0.05). The median time for

densities 20, 60, and 100 were 13, 10 and 8 days, respectively. In November, there was

statistical difference (X2 = 18.8, df = 2, P < 0.05) in survivorship of immatures Lr all the

threedensity levels. The median survival times for densities 20, 60 and 100 were 27 and

22 days for the later two density levels.

Table 4.44 Median time (days) and comparison of survival curves under three density

levels(20, 60, 100) in two habitat types during three sampling periods

Marani Kombewa

Median time (days) Median time (days)

Month Density CS NS
2

CS NS
2

X X
February 20 14 25 0.6 14 17 9.6*

60 19 22 0.5 14 18 44.8*

100 19 20 1.0 14 14 41.7*

May 20 12 20 5.5* 10 11 6.1 *

60 13 9 52.1* 13 9 513*

100 8 9 2.0 15 8 227.0*

November20 27 26 6.2* 15 19 0.0

60 25 9 17.4* 15 9 13.3*

100 26 11 75.7* 13 15 8.2*

* = Values significantly different at p = 0.05 level by Log rank test
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At Kombewa, habitat type significantly influenced survivorship of larvae during

all the experimental months at the three-density levels except in November at density 20.

Initial density level was statistically significant in February (X2 = 76, df = 2, p < 0.05) and

May (X2 =17.7, df= 2, P < 0.05). Median times werel2, ]0 and 10 days for densities 20.

60 and 100 respectively. In November the survivorship between the three densities was

significantly different (X2 =17.9, df = 2, p < 0.05). Median time for densities 20, 60 and

100were 18 and 14 days for the later two densities (Table 4.44).

4.3. 4.2 Stage specific survivorship

In general, survivorship of instars I and II at Marani were significantly (p < 0.05)

different from the same stages at Kombewa. For the rest of the stages, survivorship was

notsignificantly (p > 0.05) different between Kombewa and Marani (Fig. 4.35).
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Figure 4.35 Stage specific survivorship at Kombewa and Marani
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Survivorship of mosquito development stages was significantly (p < 0.05) higher

in cultivated swamps than natural swamps (Fig. 4.36).
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Figure 4.36 Survival rates of immature mosquitoes under cultivated and natural swamp

conditions

Survivorship was high at low initial density and lowest at the highest initial

density(Table 4.45).

Table 4.45 Mosquito larval stage survivorship at three density levels (20, 60 and 100)

Density L1 L2 L3 L4 Pupa
20 O.91a O.87a O.8a O.75a O.75a

60 O.87b O.76b O.76a O.71a O.59b

100 O:86b O.73b O.68b O.66a O.56b

Valuesnot connected by same letter are significantly different at p = 0.05 levels
by Tukey-Kramer HSD multiple comparison tests
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At the same site, results revealed significant (p < 0.05) difference in survival rates

between same developmental stages under different land cover type except instar I at

Kombewa (Fig. 4.37).
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Figure 4.37 Stage survival rates at Kombewa and Marani under cultivated and natural

swamp conditions

Data was analyzed to determine if seasonality had any effect on survival rates.

The results showed that at both Kombewa and Marani, developmental stage survival rates

were higher under cultivated swamp conditions during the rainy season than dry season

(Fig.4.38 and 4.39). The results also suggest that the dry season had a negative effect on

survival rate of pupae at both sites. Three-way ANOV A results showed that site

significantly (p < 0.05) influenced survival rates of instars I only. habitat type affected

survival rates of all An. gambiae developmental stages and initial density level affected
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all immature stages except fourth instars (Table 4.46).
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Table 4.46 Stage survivorship in different land cover types during dry and wet seasons
at Kombewa and Marani

Site Season
CS NS
L1 L2 L3 L4 Pupa L1 L2 L3 L4 Pupa

Marani Dry
Wet

Kombewa Dry
Wet

1a 0.95a 0.83a 0.90a 0.82b 0.94a O.77a 0.67a 0.6a 0.53a

0.84b 0.81b 0.89a 0.91a 1a 0.73b 0.61b 0.57a 0.49a 0.49a

0.97a 0.88a 0.88a 0.86b 0.59a 0.96a 0.82a 0.82a 0.66a 0.63a

0.87b 0.85a 0.92a 0.94a 0.95a 0.84b 0.35b 0.46b 0.11 b 0.08b

Values not connected by same letter are vertically significantly different at p = 0.05

levels by Tukey Kramer multiple comparison

4.3. 4. 3 Total survival rates

In general, survival rates of instars II and I were statistically different (ij < 0.05)

from each other at Kombewa and Marani. For instars III, IV, pupa, adult males and

females, there was no significant differences (p > 0.05) in survival rates between the two

sites (Table 4.47). Survival rates of An. gambiae under cultivated and natural swamp

conditions for the same developmental stages were significantly different for all stages at

Marani (Table 4.48).

Table4.47 Total survivorship of mosquito stages at Kombewa and Marani

L1 L2 L3 L4 Pupa Adult

Marani 0.94b

Kombewa 0.98a

Values not connected by same letter are vertically significantly different at p = 0.05
levels
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At Kombewa, the survival rates were different under different land cover types

except for the second instars. Total survival rates of all developmental stages of An.

gambiae under cultivated swamp conditions in Kombewa and Marani were not

significantly different (Table 4.49). Survival rates were however significantly different

for first and second instars in natural swamps at Kombewa and Marani (Table 4.49).

Total survival rates for all developmental stages were significantly higher for both

cultivated and natural swamp conditions during the dry season than rainy season at

Marani.

Table 4.48 Mean total survivorship in cultivated and natural swamps at Kombewa and

Marani

Site Habitat L1 L2 L3 L4 Pupa Adult

Marani CS 0.98a 0.9a 0.83a 0.69a 0.61a 0.52a

NS 0.9b 0.73b 0.S3b 0.34b 0.22b 0.14b

Kombewa CS 0.99a 0.92a 0.82a 0.67a 0.57a OA5a

NS 0.96b 0.87a 0.59b OAb 0.26b 0.16b

Values not connected by same letter are significantly different at p = 0.05 levels l j

Tukey-Kramer multiple comparison test

Table 4.49 Total survival rates of An. gambiae in same habitat type at Kombewa

andMarani

L1 L2 L3 L4 Pupa Adult

Marani CS 0.98a 0.90a 0.83a 0.69a 0.61a 0.52a

Kombewa CS 0.99a 0.92a 0.83a 0.67a 0.57a OA5a

Marani NS 0.90b 0.73b 0.53a 036a 022a 0.14a

Kombewa NS 0.96a 0.87a 0.59a OAOa 0.26a 0.16a

Valuesnot connected by same letter are significantly different at p = 0.05 levels

by Tukey-Kramer multiple comparison test
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At Kombewa, survival rates were significantly higher under both land cover types

during the dry season except for fourth instars and pupae in cultivated swamps and first

instars in under natural swamp conditions (Table 4.S0).

Table 4.50 Total survivorship of Anopheles gambiae at Kombewa and Marani in

cultivated and natural swamps

CS NS
Site Season L1 L2 L3 L4 Pupa Adult L1 L2 L3 L4 Pupa _~du!1
Marani Dry 1a 1a 0.95a 0.79a 072a 0.6a 0.9Sa 0.92a O.72a 0.49a 032a 0.2a

Rainy 0.93b 0.79b 0.65b 0.5Sb 0.53b 0.53b 0.S2b 0.59b 0.37b 021b 0_11b O_OSb
Kombewa Dry 1a 0_94a 0.S3a 0.73a 0.65a 0.61a 0.96a 0_94a 0_7Sa 0_64a 0.42a 0_27a

Rainy 0_97b 0_S9b 0.74b 0_6Sa 0.63a 0_39b 0_93a 0_79b 0.29b 0_1b 0.01b 0_01b

Values not connected by same letter are vertically significantly different at p = O_OS
levels (Tukey-Kramer HSD)

4. 3. 5 Temperatures

The mean, minimum and maximum water temperatures at Kombewa were

significantly higher (p < O.OS) than Marani (Table 4.S1). At either site, water

temperatures in cultivated swamps were significantly higher than in natural swamps

(Table 4.S2). The mean and maximum water temperatures were significantly associated

with the study site. Minimum temperatures were however not associated to the study site.

Minimum, maximum and mean water temperatures were associated to the habitat type.
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Table 4.51 Average water minimum, maximum and mean temperatures

at Kombewa and Marani

Site Min temp Max temp Mean temp
Kombewa 17.4a

Marani 16.8b

Values not connected by same letter are vertically significantly different at p 0.05
(Tukey-Kramer HSD)

Table 4.52 Average daily minimum, mean and maximum water

temperatures (OC) in aquatic habitats at Marani and Kombewa

Site Habitat Min Temp Mean Temp Max Temp
Marani CS Soil 18.8 (0.3) 25 (0.3) 32.4 (0.3)

NS Soil 16.9 (0.2) 19.5 (0.2) 24.5 (0.2)
Kombewa CS Soil 19.3 (0.2) 25.1 (0.2) 34.4 (0.2)

NS Soil 18.0 (0.2) 20.6 (0.2) 27.3 (0.2)

Minimum, maximum and mean water temperatures were associated to the season

when the experiment was carried out (Table 4.53). There was a significant increase in

minimum and maximum water temperature during long rain (malaria transmission)

season under cultivated and natural swamp conditions. Maximum water temperatures in

natural swamps however decreased significantly during the same season (Fig. 4.40) at

Marani. In Kombewa, the maximum water temperature in natural swamps was higher

thanthe minimum water temperature in cultivated swamps (Fig. 4.41) during the malaria

transmission season.
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Table 4.53 Effect study site, habitat type and season on temperature

Variable F Mean temp Max temp Min temp DF
Study site 5.2* 21.1 * 20.6* 29 1
Habitat type 532* 116.5* 619.1* 460* 1
Season 10.8* 3.8* 22.8* 34.1* 2

*Fvalues significantly different at p = 0.05 level
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Figure 4.40 Trend of minimum and maximum water temperatures in cultivated and

naturalswamps during the dry and two rainy seasons at Marani
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Figure 4.41 Trend of minimum and maximum water temperatures in cultivated and

natural swamps during the dry and two rainy seasons at Kombewa

Table 4.54 shows the air temperatures at both Kombewa and Marani. Ambient

temperatures were higher at Kombewa than Marani; Indoor temperatures, F = 6.6, df = I.

p < 0.05 and outdoor, F = 604.5, df = 1, p < 0.05. Logistic regression showed that the

temperatures were associated with site (outdoor, X2 = 391.9, p< 0.05 and indoor X2 = 6.8.

df = 1,p < 0.05)

Table 4. 54 Mean minimum, mean and maximum indoor and outdoor

temperatures (0C) and mean relative humidity at Kombewa and Marani

Site Status Minimum Mean Maximum RH
Marani Indoor

Outdoor
KombewaIndoor

Outdoor

19.8 ± 3.622.6 ± 3.625.4 ± 3.6 59.9 ± 10
16.5 ± 1.419.9 ± 1.426.2 ± 1.4 66.0 ± 11.5
21.5 ± 1.023.3 ± 1.027.1 ± 1.066.4 ± 6.7
19.9 ± 1.122.6 ± 1.126.9 ± 1.1 67.8 ± 8.8

± Standarddeviation
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4. 3. 6 Anopheles gambiae longevity

Table 4.55 shows the results of mean survival time of adult mosquitoes at both

Marani and Kombewa. Although mean survival time was higher at Kombewa than

Marani (Fig. 4.42), Wilcoxon test showed that the difference was not significant (x2 =

2.5, df= 1, p > 0.05).

Table 4.55 Average survival time of An. gambiae during long rain,

short rains and dry seasons at Kombewa and Marani

Marani

Season BF------------------------------------------------
Kombewa

SF SM BF SF SM

FM 11.6±2.89.7±2.1 7.8±1.0 17.2±4.112.0±0.610.2±1.0

JJ 39.9 ± 6.2 26.2 ± 9.1 20.6 ± 9.041.8 ± 6.9 36.7 ± 6.1 25.1 ± 4.2

SO 33.9 ± 5.1 23.8 ± 1.7 19.9 ± 5.1 38.7 ± 8.325.9 ± 7.525.7 ± 5.0

± Standard deviation
FM= Dry season, JJ = long rainy season, SO = short rainy season
BF = Blood fed females, SF = Sugar fed only females, SM = Sugar fed only males
m, = eggs/female/day, Ro = net reproductive rate, GT = generation time and r = intrinsic
growth rate
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Figure 4.42 Mean survival time of adult An. gambiae at Kombewa and Marani
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Mean survival time for blood fed females, sugar fed females and sugar fed males

were 32.6, 24.9 and 20.3 days, respectively at Kombewa. The survival times were

significantly different (X2 = 6.3, df = 2, P < 0.05). At Marani, mean survival time for

blood fed females, sugar fed females and sugar fed males were 28.5, 19.9 and 16.1 days,

respectively and were significantly different (i = 7.2, df = 2, P < 0.05). A 3-way

ANOVA revealed that site, group and season (dry, long rainy) significantly (F = 7.4, df =

1, p < 0.05; F = 16.4, df = 2, P < 0.05 and F =148.0, df = 1, P < 0.05, respectively)

affected survival time of mosquitoes. At either site, blood fed females survived longest

followed by sugar fed females and least survival time was observed in the males (Fig

4.43).
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Figure 4.43 Comparison of mean survival time between sex and feeding habitats at

Kombewa and Marani

At both sites, survival time was longest during the long ratn season (malaria

transmission season) and shortest in the dry season (Figs. 4.44, 4.45 and 4.46).
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The results showed that there was a high correlation between aging and dying or

mosquitoes (Fig. 4.47 and 4.48)
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175



-1'>::=ia
1:: -2o
E
~ -3'iij
~
.E -4

Kombewa blood +suzar fed females
o I I I I I II I I,

R2 = 0.3999

P<O.05

-1
~
~ -2
~
~ -3'iij
~
.E -4

Marani blood +suzar fed females

o I I I If I I I I II I

R2 = 0.5511

-5

o 20 40 60 80
Age (days)

-5

o 20 40 60 80

Age (days)

Figure 4.47 shows In (daily mortality) in sugar fed males; sugar fed only females and bloodand sugar fed An. gambiae at Kombewa
and Marani during the dry season

176



Kombewa sugar fed males

2

1

~ 0 I-----~----~~----~------~--J
~ -1
o I

E -2 - •

:>.
i -3:E.
.5 -4

-5

-6
o

P<O.05

10 40 5020 30
Age (days)

Marani sugar fed males

°lr--~----~--~----~--~
-1

~
'ii -2
1::o
E -3
~! -4

.5 -5

-6
o 10 20 30

Age (days)

40 50

Figure 4.48 shows the natural log of daily mortality of An. gambiae during the long rainy season
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4.3. 7 Mosquito fecundity

Female mosquitoes in the lowland site had an increased daily fecundity by 39.3%

overthe daily fecundity at the highland site (Table 4.56).

Table 4. 56 Mean fecundity, net reproductive rate,

generation time, intrinsic rate of increase at Kombewa and Marani

Site rn, Ro GT
Marani 6.1 ± 5.8 102.7 ± 93.2 16 0 ± 7.0 0.2 ± 0.1
Kombewa 8.5 ± 4.3 185.6 ± 102.328.9 ± 6.4 0.2 ± 0.0

± = Standard deviation

There was a significant difference in daily fecundity at the two sites for all

experimental periods (X2 = 40.6, df = 1, P < 0.05; X2 = 24.1, df = 1, P < 0.05 and X2 =

19.6,df= 1, P < 0.05 for dry season, long rain season and short rain season respectively).

At both Kombewa and Marani, fecundity was significantly highest during long rain

season,high during short rain season and least in the dry season (Kornbewa, i = 8.6, df

= 2 P < 0.05 and Marani, X2 = 13.2, df = 2, P < 0.05). At Kombewa aging time did not

haveany significant effect on fecundity (F = 1.4, df = 1, P > 0.05) whereas at Marani it

significantlyaffected (F = 7.1, df= 1, P < 0.05) it (Figs. 4.49,4.50 and 4.51).
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4.3.8 Net reproductive rate, intrinsic increase in population

The net reproductive rate was significantly high at Kombewa than Marani (X2 =

5.1, df = 1, p< 0.05) (Table 4.56). There was a significant difference in the net

reproductive rate between the dry and long rainy seasons at both Kombewa and Marani

(F= 9.3, df = 2, P < 0.05 and F = 5.3, df = 2, P < 0.05, respectively). Between the sites

over same seasons, there was a significant difference in the net reproductive rate over dry

and short rain season (F = 8.4, df = 1, P < 0.05 and F = 8.2, df = 1, P < 0.05,

respectively). There was however no significant difference in the net reproductive rates

between Kombewa and Marani over the long rain season (F = 0.5, df = 1, P > 0.05)

(Table4.57).

Table 4.57 Mean fecundity, net reproductive rate, generation time, intrinsic rate of

increase at Kombewa and Marani

Reproductive parameters.

Site Seasons mx Ro GT
Marani FM 0.7bC 19.3c 8.2c 0.2a

JJ 3.1a 179.9a 210a 0.3a

SO 2.1b 108.9ab 18.9ab O.2a

Mean 2.0 102.7 16.0 0.2

Kombewa FM 3.5bC 74.4c 22.6c 0.2a

JJ 6.3a 220.2a 34a 0.2a

SO 4.7b 262.2ab 29.8bC 0.2a

Mean 4.8 185.6 28.8 0.2

JJ = Long rain season; FM = Dry season; SO = short rain season .
Ro = Net reproductive rate; GT = Generation time; r = intrinsic rate of increase; fix =
fecundity
* Superscript letter = Means vertically per site statistically significant if letters are
differentat p = 0.05 level
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The generation time was higher at Kombewa than Marani (F = 21, df = I, P <

0.05). Generation time was significantly different over seasons at both Marani and

Kombewa (F = 10.2, df = 2, P < 0.05 and F = 6.7, df = 2, P < 0.05 respectively).

Generation time was significantly different over the same season at both sites (dry

season, F = 20.6, df = 1, P < 0.05; long rain season, F = 11.7, df = I, P < 0.05; short rain

season, F = 32.4, df = 1, P < 0.05). The intrinsic rate of increase was not str.istically

different between the sites and seasons (Table 4.57).

4.3. 9 Mosquito mortality

Daily temperatures for Kombewa and Marani during the dry and rainy seasons are

shown on figure 4.52. Logistic regression analysis revealed some associations between

environmental factors and mortality of mosquitoes. Minimum, maximum temperatures

and relative humidity influenced mortality of mosquitoes significantly as shown on table

4.58.
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Table 4.58 Association of temperature and relative humidity (RH) on mortality and

fecundity of mosquitoes at the two sites

Kombewa Marani
Temperature Mean Minimum Maximum RH TemperatureMean Minimum Maximum RH

Season Statusmx gx gx gx gx mx gx gx gx gx
Dry BF 2.1 0.13 a 0 0.1 0.1 0.6 1A 23.7* 73*

SF 6.5* 6.2* 0.6 5.9* 3.7 4.6* 3.2 07
SM 3.9* 1.1 0.7 5.2* 0.1 2.1 OA 1.5

Long rain BF 2.1 9.8* 15.1 * 4.8* 28.9* 2.3 0.9 10.1 * 5A* 2.1
SF 0.9 1.7 OA 3.5 06 15 05 67*
SM 4.2* 2.8 a a 27 0 o 1 07

Short rain BF 6.9* 0.5 6.7* 6.3* 1.6 a 3.9* 8.2* 3.7* 5A*
SF 0.1 0.6 3.3 0.5 1A 26 2A 2
SM 0.6 4.0* 37 1990* 15.1 * 2.3 14.9* 148*

BF = Blood fed; SF = Sugar fed only females; SM = Sugar fed males; RH = Relative
humidity
qx = Daily mortality, mx = daily fecundity; *F values statistically significant at p = 0.05
level

4.3. 10 Gonotrophic cycle duration.

At Marani, 27.2% of Anopheles gambiae females laid eggs after feeding on only

oneblood meal. Mean duration of the first gonotrophic cycle was 4.0 days. At Kombewa,

58.8% of the females laid eggs after the first blood meal. Mean duration of the first

gonotrophic cycle was 2.0 days. There was a significant difference in the days for the

gonotrophic cycles at the two sites. Kombewa (lowland) had shorter gonotrophic duration

than Marani (highland). Mosquitoes were observed to take five blood meals at the

lowlandsite. The percentage of mosquitoes laying eggs after one blood meal was 33% at

Kombewa. The proportion of female mosquitoes laying eggs after the first gonotrphic

cycledecreased (52.5%) at Kombewa. The number of eggs decreased successfully with

eachpreceeding cycle. The second gonotrophic cycle duration decreased by 1.1 days at

Kombewa.At Marani, only 45% of female An. gambiae blood fed females laid eggs after
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the first gonotrophic cycle. It was observed that the female An. gambiae took a maximum

ofthree blood meals before dying. Multiple feeding before laying eggs was noted.

4.11 Discussion

This study has shown that land use Iland cover type and water temperature greatly

influence growth and survivorship of immature aquatic stages of Anopheles gambiae s. s.

which is the primary malaria vector in the highland region. Average minimum water

temperature in natural swamps was lower (17.8°C) than the lower critical temperature

required for development and growth by An. gambiae (Bayoh & Lindsay, 2004). Larval

mortality was highest in the highland natural swamps probably due to prolonged

exposure of larvae to minimum temperature and only short time to optimal temperature.

Growth of immature stages was longest in the natural swamps where the minimum

temperature was 16.9°C in the highland site. Since natural swamp environment is closed

up, inadequate food nutrients could also have contributed to high larval mortality in the

natural swamps. Predation was eliminated from the set up yet some of the larvae were

notaccounted for. This could have been attributed to cannibalism (Okogun, 2005; Edillo

et aI., 2004; Koenraadt & Takken, 2003). This finding is important in targeted larval

control since natural swamps had less than 5% productivity of An. gambiae, directing

larvicide in such areas can be uneconomical. At the lowland site, the minimum water

temperature was the same as the lower threshold temperature for development, yet

emergence was still low (11%). This suggests that other factors apart from temperature

are important for growth and development of An. gambiae. Since the natural swamp

environment is closed up, food may have been a limiting factor.
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In the cultivated swamps, temperatures were higher than the lower threshold

hence accelerated development and growth reducing the development period. Studies of

Bayoh & Lindsay (2004) under laboratory conditions, found that larval mortality was

high (70%) at temperature range 30-32°C. Under field conditions, though maximum

temperature may get over 32°C, the duration is short thus may have little effect on

mortality of larvae. Larvae were observed to stay on the substrate for prolonged time.

This is likely a mechanism by larvae to keep away from the water surface incase of

temperatures beyond the optimum. This behaviour was observed between 12:00 and

15:00 when ambient temperatures were highest. Development period was also reduced in

cultivated swamps because opening up of swamps allow penetration of sunlight which

has two effects; increased water temperature and proliferation of algae that is the main

sourceof food to An. gambiae aquatic immature stages.

Development time was shorter at Kombewa than Marani because of the higher

temperatures at Kombewa than Marani.Minimum temperatures increased by O.5°C at

Kombewa compared to Marani while maximum temperatures increased by 2.0°C in the

cultivated swamps. Productivity (adult emergence) in cultivated swamps was higher at

Kombewa than Marani. One of the hypotheses of malaria resurgence in the highland

regions of East Africa is climate change. Thus recent findings about global warming

indicatethat there is a temperature rise of O.soC over a period of 20 years (Pascual et al.,

2006). This result suggests that a slight increase in temperature may cause rapid

population growth of vector mosquitoes in the highland that is likely to cause an

epidemic.
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At both highland and lowland sites, productivity in cultivated swamps was higher

than natural swamps. Also immature stage development and survivorship was high in

cultivated swamps than natural swamps. Human activities such as swamp cultivation to

mcrease food production are likely to increase mosquito abundance. Cultivation of

swamps Increases the available breeding habitats, increases water temperature and

improves nutrient conditions of habitats making them more suitable for malara vector

development and growth. Swamp cultivation is likely to cause a local malaria epidemic

because of the increased productivity as compared to the natural swamp. These findings

explains the hypothesis that malaria resurgence is caused by land use / land cover change.

The finding of low productivity in highland area and long development time is as a result

of low temperatures and this result explains the observation of low vector abundance in

highland areas (Lindblade et a!., 2000b; Bodker et al., 2003). In the lowland area, the

temperatures are high and that is why lowland regions are holoendemic malaria regions.

Although other factors are of paramount importance for development and growth

of malaria vectors temperature plays a big role. The study showed that there was a

variation in temperatures during seasons. During the long rain season at the highland site,

the maximum temperatures were higher than during dry and short rain season. This

phenomenon explains why productivity was high in Marani during the long rain season.

In the lowland area, the dry season temperatures were highest but productivity was

highest during the long rain season. High productivity during the long rain season may

alsobe explained by the fact that immature aquatic stages of Anopheles mosquitoes have

been known to feed on maize pollen (Ye-Ebiyo et a!., 2000). Thus this season coincides

with the maize pollination period. Ye-Ebiyo et al., (2000) showed that Anopheles
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arabiensis larvae developed to pupal stage more rapidly, more frequently and produced

larger adults where maize pollen was abundant than those that had no access to pollen.

The study also showed that adult survivorship was short at the highland site but

long at the lowland site. This is attributed to the low temperatures at the highland site.

Low temperatures also reduce fecundity in the highland area. This in effect influences the

reproductive rate that was found to be low at the highland than at the lowland. Longer

adult survivorship during the transmission period is likely to increase rate of malaria

transmission due to more feeding times by the vectors.

Higher temperatures at Kombewa likely contributed to the blood meal being

digested faster at this site than at Marani. Having a shorter gonotrophic cycle at

Kombewa than at Marani evidenced this. Yaw et al. (2006) found out that the first

gonotrophic duration in deforested (2.9) area was shoter than in forested (4.6) areas. The

indoor temperature in the deforested area was o.soe higher than in the forested area.

Multiple feeding by An. gambiae may be a mechanism evolved to increase parasite

transmission fitness.

Wing lenth and body mass are normally used to estimate the fitness of the vectors.

One of the parameters is fecundity of the female malaria vectors. Armbruster and

Hutchinson (2002) found out that pupal weight and winglength of female Aedes

albopictus and Aedes geniculatus provided accurate indicators of fecundity. In this study

winglength and weight were significantly (p < 0.05) affected by initial larval density and

sex. Though fecundity of emerging adults was not determined but from other studies

already done, (Armbruster & Hutchinson, 2002) suggested that females emerging from

intial density of 20 would have a higher fecundity than those from densities 60 and 100.
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Reproductive success is also correlated with winglength (Lyimo and Takken, 1993). In

the natural, this is likely to confer to the vector the advertage of transmrniting the

parasites more due to the reproductive success.

The general body size of emerging females from initial density 20 was larger.

That may also have implication on their survivorship. Initial larval density determines

whether competition for food nutrients will be present. Incase of density 20, there was

less competition for nutrients hence the higher weight of resulting adults. In the natural

where other factors like predation and parasitism occur, mortality of immature stages

may be high. That may cause the resulting adults to have reproductive and survival

fitness.
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Conclusions and recommendations

In conclusion, the study has unraveled the fact that topography and land use Iland

cover change are important determinants of spatial distribution of breeding habitats of

malaria vectors in the highland regions of Western Kenya. In the highlands, the soils are

well drained thus runoff water collects in the low-lying areas of the valley bottoms

creating breeding sites for anopheline mosquitoes. Man also plays a big role in

encouraging malaria vector breeding by constructing pools for other purposes, which are

otherwise used by mosquitoes for breeding. Man-made pools for collecting water, fishing

andbrick making are such examples.

Farming creates breeding sites for Anopheles gambiae. An. gambiae breeds well

in temporary open sunlit pools. Footprints on farmlands create such conditions hence

enhance mosquito breeding. This research found 30% of the potential breeding sites

located on farmlands of which 38% were positive for anopheline larvae. This study also

foundAn. gambiae s. s. breeding in semi-permanent water pools at the highland site and

permanent pools at the lowland site during the dry season. Documented studies have

however shown that An. gambiae s. s. breeds in small temporary open sunlit water pools

(Minakawa et al., 1999, 2001; Gimnig et al., 2001).

Along rivers where naturals swamps tend to occur, conversion of natural swamps

to cultivated swamps enhances breeding of malaria vectors. Highest percentages (33.4%)

of potential breeding sites and positive habitats for anopheline larvae (40.8%) were

obtained in cultivated swamp. Originally closed land is opened up which cause the

microhabitat
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temperature to Increase. The microhabitat conditions also improve making habitats

suitable for mosquito breeding. Algae proliferate which is the main food source for the

aquatic stages of anopheline mosquitoes.

Riverside land cover had most breeding sites (54%) in the lowland region because

during the dry season much water evaporates and the river recedes in great volume. Little

patches of water pools are left on the riverbed that provides habitats for breeding of

malaria vectors. During the rainy season, pastures were a main location of hreeding sites.

Poor drainage leads to flooding that wash away most aquatic stages thus many habitats

found in raised land that comprise pastures and along the road. Malaria transmissions

occur all year round though at varying intensities.

From the study, seasonality had effect on the available breeding sites. During the

dry season, breeding sites though fewer but were more stable thus larval control is

recommended during this season.

During habitat characterization, high ammoruum IOn concentrations were

obtained in the river land cover type. This is elucidated by the fact that in the highland

area due to agricultural activities carried on, the farm fertilizers (ammonium

diaphosphate, ammonium nitrate, calcium ammonium phosphate) accumulate in the soil

and carried by water to the lower areas. The highland has rainfall most of the year: this

may also cause leaching of the ammonium ions thus high concentration by the riverside.

The finding on habitat productivity study is very important. No malaria vector emerged

from natural swamp. Thus during larval control in the highland site, control measures

should not be directed at land cover type as it would be uneconomical.
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At the highland site, house density of An. gambiae was high during both dry and

rainy seasons. Whereas at the lowland site, An. Junestus house density was high during

dry season and An. gambiae during the rainy season. This suggests that the most efficient

malaria vector (An. gambiae) is highly adapted to withstand low temperatures hence risk

to disease transmission in highland region. The study also suggests that spraying of

houses over a long time confers reduction in the vector abundance in the region At both

highland and lowland sites, initial indoor vector densities were high during the first year

of the study. With time, there was a general drop in the density at both sites with

successive years. This finding is very important because in malaria epidemic prone zones,

if indoor residual spraying can be kept constant, it can reduce the risk of an epidemic.

At the highland site during the transmission period, clustering of houses with high

indoor density occurred in the valley. This finding is very important for control ):,urposes.

Target areas for indoor spraying would be directed at instead of blanket control. During

dry season, An. gambiae was found in houses of distance less than 300 meters from the

stream or river while in rainy season at a distance of less than 700 meters.

The study found survivorship of aquatic stages of An. gambiae was highest under

cultivated swamp conditions (1.0, 0.9, 0.8, 0.7 and 0.6 for first, second, third, fourth

instars and pupa, respectively). Emergence of adult An. gambiae was highest under

cultivated swamp conditions (40%) and lowest in natural swamp conditions (1.8%). In

highland regions, swamp cultivation can be a source of local epidemic if other conditions

of temperature, rainfall and food are conducive. If temperatures increase by o.soe as

reported by Pascual et al., 2006, then that explains the recent increase in the number of

epidemics in highland region of Western Kenya. From this study. I advise that more
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control effects of aquatic stages should target cultivated swamp environments and

farmlands than natural swamps at the highland site.

High average mmimum water temperatures (21°C) at Kombewa reduced the

emergence time of An. gambiae s. s. High temperatures reduce developmen:: time of

various larval stages. Survival rate of aquatic immatures was the same at the two sites

(0.9,0.8, 0.7, 0.7 and 0.6 for L1, L2, L3, L4 and pupa respectively). Survival rate of pupa

of An. gambiae was higher (0.4) in natural swamps at Kombewa than at Marani (0.1) due

to increased temperature at the former. Cultivation of natural swamps has great influence

on water temperature of mosquito breeding sites in Marani. The conditions created at

Marani favour growth, development and survival of malaria vector during ~he main

transmission season. This new finding will be of great value in highland regions where

land use change is on the increase.

From the study, survivorship of adult An. gambiae was high during the

transmission season at both highland and lowland sites. This enhances malaria

transmission hence malaria risk. However the study found out that adult survivorship

was higher at the lowland than highland site.

From this study it is highly recommended that transformation of natural swamps

to cultivated swamps be coupled with malaria vector control of aquatic stages. The

control should be done during the dry season when breeding habitats are stable before the

onset of the rainy season.

Ministry of health should put in place constant indoor residual spraying against

malaria vectors in epidemic prone highland regions. More research should be carried out

to determine effects of ammonium ion on aquatic stages of malaria vectors.
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