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ABSTRACT 

Malaria in sub-Saharan Africa is transmitted mainly by Anopheles gambiae Complex 

mosquitoes. One way of controlling these vectors is by targeting their aquatic stages, 

which is anticipated to cause significant reduction in adult vectors, hence in malaria 

transmission. Use of insect growth regulator, Pyriproxyfen, is one potential way of 

controlling malaria vectors.  This study set out to determine the nymphocidal activity of 

Pyriproxyfen on non-target aquatic dragonfly nymphs during its application to control 

malaria vectors in western Kenya highlands. In this study, validation of dragonfly 

nymphs as predators of malaria vectors was done and impact of Pyriproxyfen on these 

nymphs was determined in Mahanga Village of Vihiga County in western Kenya 

highlands.  One hundred dragonfly nymphs were exposed to third instar larvae of A. 

gambiae to determine their predation efficiency by counting the number of larvae 

remaining after predation. Eighty 5th instar dragonfly nymphs were exposed to 

Pyriproxyfen (Sumilarv0.5 G) at concentrations of 0.01ppm, 0.05ppm, 0.1ppm, and 

filtered tap water as control. The experiment was replicated four times and repeated in 

ten rounds in the laboratory. Observations were made at 24 hour intervals and data 

collected on mortality of dragonfly nymphs. One gram of Pyriproxyfen was applied in 

the 10 randomly selected mosquito breeding habitats at Mahanga once every month.  

Control experiments in An. gambiae breeding habitats were done at Muluhoro study site 

located 10Km away from Mahanga to avoid contamination by Pyriproxyfen (Sumilarv 

0.5G). Percentage predation of 95% was obtained in 24 hours of exposure of An. 

gambiae larvae indicating that the dragonfly nymphs are efficient predators of A. 

gambiae. The insect growth regulator Pyriproxyfen (Sumilarv 0.5G) had nymphocidal 

activity on the dragonfly nymphs at a concentration of 0.05ppm and 0.1ppm in 

laboratory assays. Abundance of dragonfly nymphs in An. gambiae breeding habitat 

was determined by comparing the abundance of dragonfly nymphs in the intervention 

sites at Mahanga and non intervention site at Muluhoro. The results indicated that the 

dragonfly nymphs were present in both sites over the 11month period. Analysis using 

Generalized Estimation Equations (GEE) showed that the abundance of dragonfly 

nymphs was significantly different (p<0.01) and there was insignificant nymphocidal 

activity of Pyriproxyfen (Sumilarv 0.5G) on the dragonfly nymphs in both the 

intervention and non intervention (p>0.05). The findings of this study have shown that 

Pyriproxyfen (Sumilarv 0.5G) had insignificant nymphocidal activity on dragonfly 

nymph when used as a larvicide at lower concentrations of 0.05ppm (p>0.05). The 

study recommends that dragonfly nymphs should be included in mosquito control 

programs as they are predators of mosquito larvae. Additionally, Pyriproxyfen should 

not be used at higher dosages of more than 0.05ppm as it affects non target dragonfly 

nymphs. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background information. 

 Malaria poses a tremendous public health problem worldwide. In 2013, there were 3.4 

billion malaria episodes, leading to approximately 627,000 deaths (WHO, 2013). 

According to WHO (2007 and 2013), more than 2.4 billion of  world’s population 

residing in 100 countries is at risk of malaria and this results in an estimated 300-500 

million clinical cases each year, 90% of which occur in sub- Saharan Africa.  In Kenya, 

it threatens lives of 25 million out of the country’s total population of 39 million people 

(Pascaline et al., 2010). In Western Kenya malaria is prevalent in Kisii, Nyamira, 

Nandi, Bomet, Kakamega, Vihiga, Kisumu, and Homabay Counties with many clinical 

cases reported (Hay, 2002). 

Malaria is transmitted by the Anopheles gambiae mosquitoes which can be controlled 

using insecticide treated bed nets, residual sprays, and application of larvicides. 

Irrespective of these control methods, malaria still remains a problem in many areas 

within the Sub Saharan Africa (Bogitish and Thomas, 1990). Larvicides in use have the 

potential to control the immature stages of mosquitoes. The continued uses of larvicides 

however have setbacks in that some are harmful to aquatic arthropods that co-exist with 

mosquitoes in their natural breeding habitats (Hanafi–Bajd et al ., 2006).  In aquatic 

ecosystems mosquito larvae coexist with a number of aquatic insects such as dragonfly 

nymphs (Annax imperator) backswimmers (Notonecta unifasciata) and water beetles 

(Dytiscus marginalis) (Blaustein and Jonathan, 2009). Most of these insects are 
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predators of mosquito larvae and are beneficial. Consequently they should not be 

affected by the application of larvicides in the natural habitats. Previous studies have 

shown that diving beetles are predators of mosquito larvae and hence can be used to 

reduce mosquito populations (Lundkvist et al., 2003). 

 

 Pyriproxyfen (Sumilarv 0.5G) (Sumitomo chemical Co. Ltd., Japan), molecular 

formula C20H19NO3  and chemical name 4-Phenoxyphenyl(RS)-2-(2-Pyridyloxy) 

Propylether, is a broad–spectrum Insect Growth Regulator of insecticidal activity 

against public health insect pests and  agricultural pests (FAO/WHO, 1999; 

Yapabandara, 2005). It is recommended at the dosage of 0.01mg/l for controlling 

mosquitoes in drinking water containers (WHO, 2007). Pyriproxyfen affects the 

physiology of morphogenesis, reproduction and embryogenesis of insects by interfering 

with hormonal control of mosquito growth and development (Kawada et al., 1988, 

Invest and Lucas 2008, and Yapabandara, 2005). Pyriproxyfen is a new generation of 

IGR. It functions as an insecticide by overloading hormonal systems of the target insect, 

ultimately affecting its egg production, brood care and other social interactions, and 

inhibiting its growth. Pyriproxyfen is reported to exhibit 95% inhibition of the 

emergence of mosquito larvae and its effects on mosquito larvae having lasted for two 

months after application (Chen et al., 2008; Mbare et al., 2013). Although the treated 

mosquito larvae continue to pupate, their emergence is inhibited by the action of 

pyriproxyfen. The main effect of IGRs is the inhibition of adult emergence, 

reproduction and ecdysteroid production failure in surviving females (Lee, 2002). 
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 In their study in North America, Quiroz- Martinez and Aradna (2007) observed that 

many aquatic insects such as dragonflies, backswimmers, damselflies, and water beetles 

feed on mosquito larvae. In a pilot study conducted at Iguhu in Kakamega County, 

research findings confirmed that backswimmers are predators of Anopheles gambiae 

larvae (Munga et al., 2006). From these results it is evident that aquatic arthropods are 

important components in aquatic ecosystems and thus need to be protected from any 

adverse effects of broad spectrum larvicides aimed at controlling mosquito larvae.  

Field surveys conducted in the western Kenya highlands documented that dragonfly 

nymphs were found in large proportions within western Kenya highlands (Ndenga et 

al., 2011). The present research work investigated predation efficiency of dragonfly 

nymphs on Anopheles gambiae larvae. Furthermore, nymphocidal activity of insect 

growth regulator Pyriproxyfen (Sumilarv 0.5G) on dragonfly nymphs in laboratory 

bioassays and mosquito breeding habitats at Mahanga in Vihiga County, Western 

Kenya, was investigated. 

1.2 Statement of the problem  

           Pyriproxyfen (Sumilarv 0.5G), an Insect Growth Regulators (IGR), applied in aquatic 

habitats to control mosquito larvae has the potential of affecting dragonfly nymphs 

which are predators of mosquito larvae. Pyriproxyfen (Sumilarv 0.5G) is being used 

mostly in the control of Aedes mosquitoes (Invest and Lucas, 2008, Lee et al., 2005). 

Currently, there is increasing need to evaluate its potential to control malaria vectors. 

Hence, it is important to evaluate its impact on non-target organisms within aquatic 

habitats in the field. Therefore, this study aimed to evaluate the nymphocidal activity of 
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Pyriproxyfen (Sumilarv 0.5G) against one non-target organism commonly found in 

aquatic habitats in western Kenya, the dragonfly nymphs.   

1.3 Justification of the study  

Pyriproxyfen (Sumilarv 0.5G) is an insect growth regulator which affects the insect 

growth processes and can be combined with other existing mosquito control tools to 

reduce malaria vectors. The study targeted the dragonfly nymphs because they undergo 

the same developmental stages like the mosquito during the aquatic phase. Earlier 

studies on mosquitoes revealed that Pyriproxyfen had an inhibition of emergence of 

98% at 0.1ppm but its effect on dragonflies was not investigated. This study therefore 

was done to address the non target effects of Pyriproxyfen (Sumilarv 0.5G) on 

dragonfly nymphs which are predators of mosquito larvae.  

       1.4 Research questions   

a) What predation activity does dragonfly nymphs have on third instar An. gambiae 

larvae reared in the laboratory? 

 b) What nymphocidal activity do different concentrations of insect growth regulator 

Pyriproxyfen (Sumilarv 0.5G) have on dragonfly nymphs in laboratory 

bioassays? 

c)  What are the effects of applying insect growth regulator Pyriproxyfen (Sumilarv 

0.5G) on dragonfly nymphs in An. gambiae breeding habitats at Mahanga? 

 

1.5 Hypotheses 
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a) Dragonfly nymphs have no predation activity on third instar An. gambiae larvae 

reared in laboratory. 

b) The application of different concentrations of insect growth regulator 

Pyriproxyfen (Sumilarv 0.5G) has no nymphocidal activity on dragonfly 

nymphs in laboratory bioassays.  

c) The application of insect growth regulator Pyriproxyfen (Sumilarv 0.5G) has no 

effect on abundance of dragonfly nymphs in An. gambiae breeding habitats at 

Mahanga. 

 

1.6 Objectives of the study 

1.6.1 General objective  

To determine the effect of insect growth regulator Pyriproxyfen on dragonfly nymphs as 

predators of An. gambiae in mosquito breeding habitats at Mahanga Vihiga County, 

Kenya. 

1.6.2 Specific objectives 

a) Determine predation activity of dragonfly nymphs on third instar An. gambiae 

larvae reared in the laboratory.  

b) Determine nymphocidal activity of different concentrations of 

Pyriproxyfen(Sumilarv 0.5G)  application on  dragonfly nymphs in the 

laboratory 
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c) Determine effects of insect growth regulator Pyriproxyfen (Sumilarv 0.5G) on 

abundance of dragonfly nymphs in An.  gambiae  breeding habitats at Mahanga. 

1.7 Significance and anticipated output. 

Increased incidences of malaria parasites developing resistance to majority of existing 

drugs calls for alternative effective approaches that can be integrated with existing ones 

to reduce mosquito populations. Use of predators has potential as these are able to reach 

vectors in habitats that may be difficult to control with other measures. Among the 

major mosquito predators are dragonfly nymphs which should be protected from 

adverse effects of insect growth regulators by applying effective dose rates. Insect 

growth regulators have greater persistence and could affect beneficial predators that co-

exist with mosquitoes if its effective levels and specificity are not determined.  This 

study determined nymphocidal activity of insect growth regulator Pyriproxyfen 

(Sumilarv 0.5G) on dragonfly nymphs at Mahanga in Western Kenya. The predation 

efficiency of dragonfly nymphs that could reduce Anopheles mosquito populations in 

their habitat was also determined.  Findings of this study will be used to recommend 

Pyriproxyfen (Sumilarv 0.5G) dosages that have no toxic effects on dragonfly nymphs. 

Additionally, predatory efficiency of dragonfly nymphs on Anopheles larvae will 

provide understanding on the ecological interactions of dragonflies and mosquitoes to 

guide conservation programmes.   
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Malaria transmission and control 

Malaria transmission is influenced by climatic conditions which often coincide with the 

rainy season when breeding sites are available with high numbers of anopheline 

mosquitoes (Craig et al., 1999). Malaria is a life threatening disease in SSA with more 

than 90% deaths (WHO, 2007). Control measures have been put in place and they 

include chemotherapy, chemoprophylaxis, vector control and development of a vaccine 

(Bogitish and Thomas, 1990). 

 

2.1.1 Malaria vectors 

There are about 430 species of Anopheles and only 30-50 transmit malaria (Clements, 

1999). Principal malaria vector in the SSA is Anopheles gambiae complex (Howell et 

al., 1998).  There are seven sibling species of this complex which include Anopheles 

arabiensis, Anopheles bwambae, Anopheles quadriannulatus species A and Anopheles 

quandriannalatus species B (yet to be assigned a scientific name), Anopheles 

comorensis and salt-water tolerant coastal species Anopheles melas and Anopheles 

merus (Obbard et al., 2009). Malaria in western Kenya highlands is transmitted 

primarily by Anopheles gambiae sensu stricto and Anopheles funestus (Minakawa et al., 

2002).  In order to reduce malaria incidences, the primary option is to control these 
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vectors. Vector control strategies include chemical control, biological control and 

physical control. 

2.2. Life cycle of Anopheles mosquitoes 

Anopheles mosquitoes have four distinct stages in their life cycle: egg, larvae, pupa and 

adult. The adult Anopheles mosquito is an active flying insect while the other stages are 

aquatic. Mosquitoes mate during flight and female searches for a blood meal.  Female 

mosquito then seeks out a resting place to digest her meal.  Eggs are laid on surface of 

water and when freshly laid are white, changing to brown or black and are boat shaped. 

Viable eggs hatch into larvae within 2-3 days in the tropics and 4-7 days or longer in 

cooler temperatures (Clements, 1999). The first instar larva breaks egg shell and 

becomes free in water. Resulting larva lies parallel to water surface and is essentially a 

surface feeder.  

 

Larva undergoes four moults within 6-9 days to reach pupa stage. Pupa lasts 2-3 days 

depending on the temperature (Clements, 1999). Pupae do not feed but are capable of 

active movements by using their abdominal muscles and the paddles. Pupa has conical 

shape and a distinctive characteristic of Anopheles pupa is presence of short peg like 

spines situated laterally near the distal margins of abdominal segments. Adults emerge 

after the pupa skin splits dorsally during late evening and are able to fly within minutes. 

Newly emerged adult inflates its wings, separates and grooms its head appendages 

before flying away (Kettle, 1992).  Female Anopheles mosquito is a malaria vector. 

Both male and female mosquitoes feed on nectar and damaged fruits, but only females 

feed on animal’s blood to provide proteins for their eggs. Adult mosquito survives for 
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between one week (in natural habitat) and one month in captivity. Despite its wide 

range and variable ecology, a combination of traits allows it to maintain its position as 

an efficient vector in Sub-Saharan Africa.  

                       

2.2.1 Anopheline breeding sites 

Anopheles gambiae and Anopheles funestus are common vectors of human malaria in 

SSA. Productions of adults occur in small temporary sunlit, turbid pools of water 

(Fillinger and Lindsay, 2006). Habitats are often created by human or animal activity 

where larvae are found in small depressions such as foot or hoof prints, edges of bore 

holes, burrow pits, roadside puddles formed by tyre tracks, irrigation ditches, ponds, 

and drainage channels in valley bottoms. In western Kenya highlands majority of the 

Anopheline habitats are confined to valley bottoms where there is continuous flow of 

water throught the year. Homesteads are not far away from breeding habitats thus 

humans provide a ready blood meal to female Anopheles mosquitoes.  

 

2.2.2 Mosquito larval source management 

Larval source management involves use of a combination of techniques aimed at 

reducing mosquito larvae in the breeding habitats. Larval source management has been 

used to control the immature stages of mosquitoes (Walker and Lindsay, 2007). Larval 

source management is currently being undertaken by many countries in Africa where 

malaria is endemic (Fillinger et al., 2009). Recent field evaluations under various eco-
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epidemiological conditions showed that larviciding reduced exposure to malaria 

transmission by 70-90% in sites where breeding habitats were well defined (Fillinger 

and Lindsay, 2006). Vector control programmes are being encouraged to develop 

integrated vector management strategies for the control of malaria (WHO, 2007). 

2.2.3 Insecticides  

Insecticides play an important role in reducing malaria vector populations. Some 

insecticides have been used and good results obtained though with serious 

environmental setbacks (Hanafi-Bajd et al., 2006). Malathion is an organophosphate 

that is globally applied and a frequently used insecticide for controlling agricultural 

pests and mosquitoes (Kesavaraju et al., 2010). (Kalysnasundaram et al., 2002) reported 

that organophosphates such as Durban and Redden were used to control mosquitoes. 

The Organophosphates were applied in larval habitats by spraying a diluted solution of 

1000ppm. Reldan was effective in causing more than 80% reduction in larval density 

while Durban caused 90% reduction in larval density of Culex quinquefasciatus 

(Kesavaraju et al., 2010). Despite the good results of the two organophosphates they 

have been associated with serious ecological impacts such as causing severe illnesses, 

death due to acute poisoning of humans and animals. Indoor residual spray using 

lambda-cyhalothrin insecticide has been carried out in targeted houses, in Iguhu village, 

Kakamega district of western Kenya (Zhou et al., 2010).  Larvicides have also been 

used to control immature stages of mosquitoes; they include Aquatain Monomolecular 

film and Spinosad (Bukhari et al., 2011). 
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2.2.3.1 Personal protection 

Personal protection involves the use of methods which are aimed at repelling the adult 

mosquitoes away from an individual. Insecticide treated bed nets (ITNS) are mosquito 

control tools which are erected and covered fully on beds. They have been impregnated 

with insecticides to prevent mosquitoes reaching their hosts (Zhou et al., 2010). To date 

use of ITNS alongside other control interventions has reduced malaria significantly. In 

Kenya, the government has initiated a mass distribution of nets to pregnant mothers and 

children below age of five years. Use of bednets reduced malaria incidences from 

78.1% in 2004 to 67.3% in 2006 in malaria endemic areas in Kenya. The combination 

of the insecticides and irritant effect of the Pyrethroids with the physical barrier of the 

bed net was found to reduce vector density, sporozite rates and malaria parasite 

prevalence (Lindblade et al., 2015). Insecticide-treated mosquito nets (ITNs) used for 

protection against mosquito bites are practically, highly effective, and cost-effective 

intervention against malaria. Evidence of public health impact of ITNs, supporting their 

wide-scale use in Africa, is drawn from areas of stable malaria transmission where 

Plasmodium falciparum infection prevalence in communities is often over 40%. 

Community-based randomized controlled trials (RCT) in these regions have 

documented average reductions of 20% in all causes of mortality in children under 5 

years old (Atieli et al., 2010).   
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Although ITN distribution has been massively expanded in most parts of malaria 

endemic African countries , there is limited information on community based actual use 

of nets owned, area specific reasons for non-use, and  possible impact of the variations 

in use on malaria vector densities and transmission in the Kenyan highlands. Despite the 

campaign and the sensitization on the use of ITNs, there is low utilisation of ITNs 

among pregnant women in Kilifi County which is an endemic malaria zone (Onyango et 

al., 2013). Long lasting insecticidal nets have been impregnated with Olyset to control 

malaria vectors and are being used worldwide (Atieli et al., 2010; Lindblade, 2006; 

Geissbuhler et al., 2009; N`guessan et al., 2010). Mass distribution of free ITNs has 

resulted in universal household ownership, but use of bed nets is still very poor. Proper 

health education is required to encourage consistent use of bednets, even during hot 

nights, with low mosquito activity.  

 

2.2.3.2 Physical measures 

Researchers have been searching for physical methods which are environmentally safe 

and to which no resistance will appear. Among these acoustic devices, some of which 

have been designed as attractants and others as repellers for mosquitoes (Dugassa et al., 

2013). Another form of using acoustic waves for controlling haemetophagous 

mosquitoes is the use of simple electronic circuit that generates a frequency between 

2000 and 2500Hz. This signal emitted by a loud speaker was used to elicit repulsion in 

mosquito females. Electric devices and traps have also been used to trap gravid female 

Anopheles gambiae in their breeding habitats. (Dougasa et al., 2014) 
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2.2.3.3 Environmental management 

Environmental management are measures aiming to create a permanent or long-lasting 

effect on land, water, or vegetation to reduce vector habitats. The installation and 

maintenance of drains has been done to destroy mosquito breeding sites (Kibe et al., 

2006). Communities within western Kenya highlands brick making is an income 

generating activity that leaves big pits which are  filled with water. The local 

communities are being encouraged to rehabilitate these pits by refilling or planting trees 

to prevent stagnant water which are breeding grounds for mosquitoes.  Simple 

modifications of typical rural house designs can be effective and relatively 

inexexpensive method of reducing indoor mosquito densities and consequently 

decreasing malaria transmission (Atieli et al., 2009). 

 

2.2.4 Biological vector control 

Biological control involves the use of living organisms to control mosquitoes. 

Biological vector controls are efficient and sustainable methods. There is growing 

interest in attacking the aquatic stages of malaria vectors with microbial larvicides 

(Dickman 2000; Merrit et al., 2005; Fillinger and Lindsay, 2006; Poopathi and Abidha, 

2010; Carquet et al., 2011). Water dispersible and granule formulations of the 

commercial strains of Bacillus thuringiensis var israelensis was applied in western 

Kenya highlands (Fillinger et al., 2009). Larviciding using Bti has also been evaluated 

in urban areas of Tanzania and it was found that malaria dropped from 17.6 % to 7.1% 

(Geissbuhler et al., 2009). The fish Poecilia reticulate has been successfully used in the 

control of Culex quinquefasciatus and Anopheles gambiae in rivers and lakes in Cuba, 
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Sri Lanka and French Polynesia (Lima et al., 2011). Use of fish Gambusia affins was 

evaluated as a potential predator of Anopheles gambiae at Iguhu in Kakamega County 

(Kweka et al., 2011). In another study larvivorous fish Oreochromis nilotica was 

introduced in Ponds in Kisii County and assessment of mosquito larval and pupal 

densities was done. It was recorded that ponds which had Oreochromis nilotica had low 

larval densities, than those that did not.  Benefits of larvivorous fish is that  mosquito 

larvae cannot build up physiological resistance and also fish populations are self 

sustaining and do not depend on the presence of larvae. The use of spiders to predate on 

mosquitoes has been evaluated and the results documented that spider webs should not 

be destroyed as they trap outdoor and indoor mosquitoes which are later eaten by the 

spiders (Berticat et al., 2004). Spider species such as Tegenaria domestica, Neoscona 

oaxascencis and Tetragnatha elongate have been reported to predate adult mosquitoes 

(Quiroz-Martinez et al., 2007).  

 

2.2.4.1 Biotechnology in Mosquito control 

The potential for the use of genetics against mosquito-borne infection has recently been 

considered in vector control programs (Kumar and Jiang, 2005). Recent techniques to 

modify genes of mosquitoes are believed to be an appropriate interventional remedy 

against malaria and dengue fever. Their main purpose is to produce a genetically 

modified strain of mosquito in the laboratory which does not serve as a carrier of 

disease and which is competitively superior in natural habitats such that wild 

mosquitoes will eventually be replaced after the release of genetically altered 
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mosquitoes in nature (Kumar and Jiang, 2005). However, there are several problems 

with this approach, such that it is taking time to turn the prospects of this technology 

into practical tools. 

 

2.3 Predators in mosquito control 

There are diverse natural enemies of mosquitoes and each has played a significant role 

in regulating mosquito densities (Kumar and Jiang, 2005). Many aquatic insects 

belonging to orders Coleoptera, Diptera, Hemiptera and Odonata prey upon mosquito 

larvae (Shallan and Canyon, 2009). Mosquito predators feed on many species 

(polyphagous), while some feed on only one species (monophagous). Majority of 

documented mosquito predators are polyphagous (Shallan and Canyon, 2006).  

Problems associated with resistant mosquitoes and effects of non target species by 

chemicals evoke a reason to find alternative methods to control mosquitoes like use of 

natural predators. Studies on mosquito predators have demonstrated availability of 

potential biological resources for controlling malaria vectors (Kweka et al., 2011).  

Predation is recognized as an important factor in the organization of many ecological 

communities including aquatic communities. Predators may also not only indirectly 

affect their prey, but also the trophic level below their prey (Blaustein and Jonathan, 

2009). Mosquito ecologists have increasingly taken the approach that understanding 

how a predator , directly and indirectly affects community structure is also important for 

understanding under what set of environmental conditions  a predator will be effective 

in reducing mosquito populations. 
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2.3.1 Dragonflies as mosquito predators 

Dragonfly nymphs constitute a well known order of insects that are widely distributed 

all over the world (Arulprakash and Gunathilagaj, 2011). They are abundantly found in 

temporal water bodies particularly in tropical countries due to their dispersal ability. 

Dragonflies are found in the order Odonata which has three major suborders namely; 

Anisoptera, Zygoptera, and Anisozygoptera. Dragonflies Annax imperator are 

conspicuous predators of mosquitoes during both larval and adult stages (Quiroz-

Martinez et al., 2007). In community structure of fresh water ecosystems, the dragonfly 

nymphs are very important predators of mosquito larvae (Miura and Schaefer, 1998). 

Experiments carried out by Sebastian on the efficacy of dragonfly as mosquito control 

agents indicated that dragonflies are potential candidates in controlling mosquitoes 

(Sebastian et al., 1990). All odonates are predatory in all instars, mostly on organisms 

much smaller than themselves and are important natural control agents of mosquitoes 

and other aquatic insects.  

2.3.2 Predators of dragonflies 

In the aquatic nymphal stage the primary predators are ducks, amphibians such as toads 

and newts, fish and bigger damselflies. When predators clutch onto them, nymphs can 

escape by allowing their limbs to fall off. These limbs grow back during moulting 

(Dudgeon and Watt, 1986).  The adult dragonflies escape from predators by flying fast. 

Some species have skin that change to look like the environment to evade predation. 

Carnivorous plants such as sundew seize dragonflies then promptly digest then to take 

their nutrients. The plants retrieve dragonflies with the help of tentacles which are 
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equipped with glands that secrete a gooey substance that secures the dragonfly nymphs 

when they make their way onto the surface of plant leaves (Howell et al., 1998). 

Tentacles together with plant leave surround the trapped insects on all sides initiating 

the digestion process. 

2.3.3 Backswimmers as mosquito predators 

Backswimmers Notonecta glauca of the order Hemiptera have predatory habits 

(Gittelman, 1975, Quiroz-Martinez et al., 2007). In a study to evaluate the predatory 

activities of the backswimmers at Iguhu in Kakamega county, Munga et al (2006) 

showed that backswimmers are predators of mosquito larvae and thus important in 

regulating immature mosquito populations. 

2.3.4 Aquatic beetles as mosquito predators 

Aquatic beetles inhabit permanent and temporary ponds. Beetles of genera Dytiscus, 

Laccophilus, Agabus, and Rhantus have been reported as potential agents of biological 

control (Charles et al., 1998). Based on studies conducted by Culler and William, 2009) 

at Jacklane, U.S.A, several species of Dytiscidae and Hydrophilidae are considered 

good biological control agents due to their predation ability on mosquito larvae. Water 

beetles play an integral part of the biotic component of any water body or wetland. 

Aquatic beetles are a diverse group and are excellent indicators of habitat quality, age 

and naturalness. They are indicators of ecological diversity and habitat characteristics 

(Thakare and Zade, 2011). 
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2.4 Effects of larvicides on mosquito predators  

 A wide range of larvicides have been used to control the immature stages of 

mosquitoes. These larvicides have significantly lowered malaria vectors in the endemic 

areas. Continued uses of larvicides however have setbacks in that some are harmful to 

arthropods that co-exist with mosquitoes in their natural breeding habitats (Xue et al., 

2000; Hanafi–Bajd et al., 2006).  Dragonfly nymphs are predators of mosquito larvae 

and this makes them beneficial towards regulation of the vector population. However 

the non target effects of larvicides has not received much attention. 

2.5 Biology of dragonflies 

Life cycle of dragonflies includes an aquatic larval phase and an adult terrestrial phase 

(Dudgeon and Watt, 1986). Adults spend time away from water as they forage for 

insects. Both sexes are polygamous and males are able to remove sperm from previous 

matings before depositing their own sperm (Howell et al., 1998). To ensure sperm 

precedence, males of many dragonflies maintain the tandem position for long periods 

after insemination and in some species males remain in tandem until eggs have been 

deposited. Eggs are laid in or near water, larvae hatch from the eggs in less than a 

month. Dragonfl y nymphs oviposit endophytically and their eggs suffer low mortality 

(Resh and David, 1984). Larva or nymphs grow rapidly feeding on small aquatic 

organisms, other smaller dragonfly nymphs and mosquito larvae (Howell and 

Alexander, 1998). There are twelve nymphal stages which have a life span ranging from 

3-6months. Dragonfly nymphs move to surface of the pond water and start to breathe 

air. Nymphs climb up the stems of emergent vegetation and swallow air causing their 
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skin to split down the back and the adult emerges (Aruprakasha and Gunathilagaj, 

2011).  

2.5.1 Predator escape mechanisms in mosquitoes  

Many oviparous insects avoid breeding sites where there is a high risk of predation to 

their offspring. Mechanisms for predator detection by insects may involve tactile, visual 

or chemical cues (Kumar and Jiang, 2005). Anopheles gambiae actively selects habitats 

favourable for oviposition (Munga et al., 2007). Some mosquito species avoid 

ovipositing in habitats with predators and competitors. Understanding oviposition 

behavior of mosquitoes is a vital tool in targeting malaria vectors which can reduce the 

incidences of malaria in endemic areas.  

Proximate mechanisms that mediate avoidance behaviors are chemical exudates 

released by predators that are called kairomones. Chemically mediated avoidance is an 

adaptation used by prey to detect and evade predators (Kats and Dill, 1998). 

Kairomones or semiochemicals emitted from predators are normally used by prey to 

detect a predator’s presence in the environment, and prey can thereby minimize such 

encounters (Kerfoot and Sih, 1987). Responses to chemicals from predators include an 

increased use of refugia marked changes in intensity of movements (Chivers and Smith 

1998; Rebora and Piersanti, 2004), reduced foraging, reduced courtship behavior, 

predator avoidance, and increased expansion rates. Gravid females are known to spend 

some time flying around a water body apparently evaluating it as an oviposition site. 

Criteria in such a selection process are the presence of competitors, predators, and or 

kairomones (Blaustein and Kotler, 1995; Kumar and Jiang 2005) and container size. 
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Females of Culex spp, oviposit on mud or water surface after sampling the chemical 

composition of the substrate using receptors on the tarsi, antennae, and tips of the 

proboscis (Clements, 1999).  

 Bentley and Day, (1989) reported that mosquitoes use chemosensory information to 

assess several parameters that reflect habitat quality for the offspring, including the 

availability of nutrients, competitors and predators, and the overall quality and 

permanence of the water body. It has been reported that mosquitoes reduced ovipositing 

rates in experimental pools that contained caged sunfish (Lepomis) that were not visible 

to ovipositing females. Studies have shown that adult mosquitoes have the ability to 

sense the presence of Gambusia, and that mosquitoes reduce egg-laying rates in pools 

containing the odour of mosquito fish (Kumar and Jiang, 2005) 

2.5.2 Intraguild predation 

Intraguild predation is the consumption of one predator by another predator.  Intraguild 

predation has been found to diminish effectiveness of biological control by minimizing 

the top down effects (Muiruri et al., 2013). Elucidating the impact of a common 

predator that feeds across several trophic levels is essential for predicting the strength of 

top down forces and revealing the potential for the natural enemy to suppress pest 

population. Studies have shown that, attack rates of generalist predators on mosquito 

larvae may be changed by availability of alternative prey. Although predators lack prey 

specifity, they can exert substantial predation impact on a given prey group or prey 

species (Muiruri et al., 2013).  One important factor opposing this impact is the 

intraguild predation which includes cannibalism, predation, predator avoidance 
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behavior, and predator-predator competition. Intraguild predation can therefore lead to 

an enhancement of the concerned prey population due to predator –predator antagonism 

(Debora et al., 1988; Synder and Wise, 2001). On the other hand, combination of 

several predator species can also increase the overall negative impact on a given prey 

population. More information on multiple predators in regard to biological control is 

needed in order to separate the single and combined impacts of involved predators on 

the targeted pests (Andreas and Evans, 2004). 

 Living things exist within webs of interaction with other living creatures most 

important of which involves eating or being eaten (Huffaker and Gutierrez, 2004). 

Interactions between predators and their food produce a negative feedback at population 

level and hence important in stabilizing population dynamics. Predation is recognized as 

an important factor in organization of many ecological communities including aquatic 

communities. Mosquito ecologists have increasingly taken the approach that 

understanding how a predator directly or indirectly, affects a community structure is 

important for understanding under what set of environmental conditions a predator will 

be effective in reducing mosquito populations. Species sharing the same trophic levels 

as mosquito larvae affects predation intensity on mosquitoes (Chesson, 1989; Blaustein 

and Jonathan, 2009). Mosquito numbers are naturally regulated by a variety of factors, 

including adverse climatic conditions, limited food supply, competition, parasites or 

pathogens and predators.  Importance of any of these factors in different environments 

is poorly understood, thus affecting proper understanding of the factors that affect 

production of adult populations. Due to the fact that every form of biological control 

functions only under certain environmental conditions, it is necessary to devote 
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considerable attention to the ecological details of mosquito larvae and their predators in 

the aquatic ecosystem (Blaustein and Kotler, 1995).  

2.6 Insect growth regulators 

 Insect Growth Regulators (IGR) are third generation insecticides and are also effective 

tools for control of a variety of insect pests and disease vectors (Yapabandara, 2005). 

They show an exceptionally high level of activity against mosquitoes and several other 

groups of noxious and vector insects. Insect growth regulators in general have low 

mammalian toxicity, are quite safe to fish, birds and most non-target biota (Kono et al., 

1997). However, some IGRs have shown a high level of activity against some 

crustacean groups, inducing a variety of morphological changes. In mosquito control, 

most IGRs are evaluated and applied against the immature aquatic stages of mosquitoes. 

Mosquito larvae are ideal targets for IGRs, most of which have delayed activity, 

including mortality or morphogenetic anomalies in stages beyond the one treated. The 

insect growth regulators do not induce immediate mortality in the larval stage.  

 Insect growth regulators are selective insecticides and nontoxic to humans and other 

vertebrate. Insect growth regulators are chemical substances that may adversely affect 

insects by regulating or inhibiting specific biochemical pathways or processes essential 

for insect growth and development (Invest and Lucas 2008). Some insects exposed to 

such compounds may die due to abnormal regulation of hormone – mediated cell or 

organ development. Insect growth regulators therefore are promising tools in integrated 

pest and vector management and can be incorporated in mosquito control programmes 

(Mbare et al., 2013). 
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2.6.1 Diversity of insect growth regulators 

Use of insect growth regulators is gaining popularity with many insect control 

programmes. Some IGRs include Diflubenzuron, Methoprene, Chlorfluazuron and 

Diflubenzuron have been evaluated against Aedes aegypti and results indicated 

reduction in the reproductive potential of mosquito adults that emerged from these 

treatments (Mortimer and Heather, 1995). It was also reported that there was decrease 

in egg production of 25.5% for diflubenzuron (Thavara et al., 2007). These results shed 

light on the extended biological effects of IGRs on mosquitoes and encourage further 

testing of IGRs for wider use in the control of Ae. aegypti and other vectors. Insect 

growth regulators such as Chlorfluazuron, Methoprene, and juvenile hormone mimics 

or chitin synthesis inhibitors have been reported to be effective control agent for flea 

larvae (Kawada et al., 1988). Despite all the successes of insect growth regulators, their 

effects on aquatic mosquito predators need to be determined. Methoprene, which is a 

juvenile hormone analogue, is an effective additional tool of public health and 

veterinary importance for controlling pests and disease vectors (Pinkey et al., 2000; 

Kono et al., 2006). Methoprene is in granular or pellet form and is applied directly to 

the water where mosquito larvae are found. When mosquito larvae are exposed to 

methoprene, their life cycle is disrupted and they are prevented from reaching maturity 

or reproducing. In field studies, Methoprene has shown high level of activity against 

many species of mosquitoes and related groups (Butler et al., 2006). Dimilin is an insect 

growth regulator belonging to the benzoyl ureas class of insecticides that inhibits the 

synthesis of chitin and, interferes with molting; its active ingredient is Diflubenzuron, 

which is mainly a stomach poison and, to a lesser extent, a contact poison and acts by 
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disturbing the molting process of all stages of larvae instars of mosquitoes and other 

flies. Deviation from normal moulting process ultimately leads to the death of the larvae 

(Msangi et al., 2011). Dimilin  has very low toxicity to mammals, birds, fish, honey 

bees, and most aquatic invertebrates with the exception of small crustaceans (water 

fleas, and others), and, hence, its effect on the environment is minimal. Diflubenzuron 

has successfully passed the WHO’s pesticide evaluation scheme for mosquito 

larviciding and is one of the WHO recommended compounds for control of mosquito 

larvae (Najera and Zain 2002). Pyriproxyfen (Sumilarv 0.5G) acts by binding to 

juvenile hormone receptors in the immature form of an insect (Dell, 2003; Rachid et al., 

2009). However, it is of great significance to evaluate effects of IGR Pyriproxyfen on 

dragonfly nymphs that co-exist with mosquito larvae so as to ascertain the effectiveness 

and target specificity of the IGR.  
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 The study area  

Collection of dragonfly nymphs was conducted in two areas, Mahanga and Muluhoro, 

both in Vihiga County (Figure 3.1).  Pyriproxyfen was applied only at Mahanga, 

whereas Muluhoro, which is approximately 10 km away from Mahanga, was used as 

the non-intervention control site for comparison. These areas are characterized by flat 

bottomed valley with many swampy sections with flowing streams surrounded with 

hills (Ndenga et al., 2011). These areas were selected because of their rich Anopheline 

larval productivity and abundance of dragonfly nymphs (Ndenga et al., 2011). 

Laboratory experiment on predation efficiency and effect of the insect growth regulator 

Pyriproxyfen on dragonfly nymphs was carried out at KEMRI-CGHR at Kisian in 

Kisumu.  

 

3.1.2 Community of Mahanga. 

Mahanga village is found in Maragoli a sub-tribe of Luhya ethnic group. They are 

subsistence farmers and grow maize, tea, beans, sweet potatoes, and bananas. Their 

farms border the adjacent river valleys where the Anopheles gambiae breeding habitats 

are found. Their houses are semi permanent with mud walls and corrugated iron sheet 

roofs. There is one health centre and several clinics which local residents receive 

treatment for minor ailments. There are public and private schools which have large 

population of children who are at high risk of malaria. Muluhoro village is found in 
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Bunyore just neighbouring the Maragoli. Their main economic activity is Subsistance 

farming and small scale businesses. The area has many rivers, streams and ponds which 

makes it an ideal habitat for mosquito breeding. The area is densely populated with a 

large proportion being children below ten years. 

 

3.1.3 Mapping of the study areas 

Study sites were mapped at the beginning of the study. Coordinates (latitude and 

longitude) readings and altitude of aquatic habitats, houses, major roads and streams 

were taken in Mahanga and Muluhoro once using a Geographical Positioning Station 

(GPS) unit (GPS 12 XL, 15 meters accuracy, Garmin Ltd. 2003, Olathe, Kansas, USA). 

Coordinates were then imported into ArcMap in ArcGIS (Environmental Systems 

Research Institute (ESRI) Redlands, California, USA) where the maps were made.  
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Figure 3.1:  Map showing Anopheline breeding habitats in the study area. Source: 

(Environmental Systems Research Institute (ESRI) Redlands, California, USA) 

3.2 Collection of dragonfly nymphs 

Dragonfly nymphs were collected from selected mosquito breeding habitats at Mahanga 

within western Kenya highlands. Dragonfly nymphs were collected a day before 

laboratory bioassay then transported to KEMRI-Kisian. Collection of fifth instar 

dragonfly nymphs was done by sweeping the habitats with a pond net and contents of 

the pond net emptied onto a plastic basin (Figure 3.2). Live individuals of 5th instar 

dragonfly nymphs were removed using a sieve and placed in plastic jars containing 

water from mosquito breeding habitats. Plastic jars were covered with a net and 

transported to the laboratory the same day. On arrival at KEMRI-Kisian dragonfly 

Muluhoro

Mahanga
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nymphs were poured into a plastic tub half filled with water. Two hundred laboratory 

reared Anopheles gambiae third instar larvae were introduced in the tub using pipettes 

to provide food for dragonfly nymphs. This was done so as to have the dragonfly 

nymphs get used to the laboratory conditions. 

  

 

Figure 3.2:  Collection of dragonfly nymphs in Anopheles gambiae breeding 

habitats at Mahanga. 

3.3 Predation of dragonfly nymphs on Anopheles gambiae ss (Kisumu strain) 

larvae  

Laboratory experiments on predation used insectary reared third instar larvae of An. 

gambiae ss Kisumu strain.  Mosquito larvae were reared in rectangular tubs (diameter 

60cm long and 30cm wide) filled with(Figure 3.3) water 15cm high from Kajulu 
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springs. Mosquito larvae were fed with fish food (Tetramin © baby) twice daily. Third 

instar mosquito larvae were selected from different tubs so that larvae were of similar 

size in each test container. Mosquito larvae were reared in an insectary with average 

daily temperature of 28° C, natural light and average 76% relative humidy. Twenty 

plastic containers one litre capacity measuring 20cm length 15cm width and 12 cm 

height were filled with filtered tap water. One dragonfly nymph of the fifth instar 

developmental stage was placed in each container. Ten third instar larvae of An. 

gambiae were introduced in each container using a pipette. Third instar larvae were 

used since they are large and easily captured by predators.  

 

In this experiment ten third larval instars were used because from field surveys it was 

found that between 8-10 larvae were collected per habitat. Turfts of nut grass were 

introduced in each container to provide refugia for the dragonfly nymphs and the 

container covered with a net to prevent dragonfly nymphs from escaping. The number 

of An. gambiae larvae predated upon by dragonfly nymphs was counted after every 24 

hours after which new batches of  ten third instar larvae was added each day for three 

days. The experiment was repeated ten times. 
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Figure 3.3: The predation experiment design of dragonfly nymph on An. gambiae 

larvae. 

3.4 The effects of Pyriproxyfen (Sumilarv 0.5G) on the growth of dragonfly 

nymphs in the laboratory  

 Five grams of Pyriproxyfen (Sumilarv 0.5G) was weighed on an electric balance and 

crushed into fine powder using a mortar and pestle. Pyriproxyfen (Sumilarv 0.5G) 

powder was diluted in 500mls of filtered tap water to form a stock solution of 50ppm 

and was kept in a volumetric flask then covered using aluminum foil. This stock 

solution was agitated for one hour using a mechanical agitator and left overnight to 

allow active ingredients to diffuse in the solution since Pyriproxyfen (Sumilarv 0.5G) is 

a slow release formulation. Serial dilutions of 0.1ppm, 0.05ppm, and 0.01ppm were 

made from the stock solution.  Dilution of 10ppm was done by, measuring 200mls of 

the stock solution using a measuring cylinder and emptied in 800mls of filtered tap 
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water. Pyriproxyfen (Sumilarv 0.5G) concentration of 0.1ppm, 0.05 ppm and 0.01 ppm 

were prepared by measuring 100mls of 1ppm, 0.1ppm and 0.05ppm which was diluted 

in 900mls of water respectively. Laboratory bioassays were conducted using sixteen 

plastic containers measuring 20cm length and 15cm width and 12cm height. There were 

four experimental treatments and a control which was replicated four times. Control 

experiment was filtered tap water. Each container was filled with one litre of the diluted 

concentration of Pyriproxyfen (Sumilarv 0.5G). Twenty dragonfly nymphs of the 5
th

 

instar were introduced in each plastic container having the test concentrations by gently 

pouring. The dragonfly nymphs was introduced into the test containers starting from 

controls then followed by 0.01ppm, 0.05ppm and 0.1ppm.  One gram of brewer’s yeast 

was added in each container using a dip stick to provide feed for the dragonfly nymphs 

every day. 

Ten An. gambiae s.s. Kisumu strain in their second instar developmental stage was 

introduced to provide feed for the dragonfly nymphs in each container every day. A tuft 

of nut grass was immersed in the container to provide refugia for the dragonfly nymphs. 

The containers were covered using a net to prevent the dragonfly nymphs from crawling 

out of the container. Mortalities of the dragonfly nymphs were recorded daily for ten 

days after which a new set up of the experiment was repeated. This experiment was 

repeated ten times and in each set up fresh test solutions was made and a new batch of 

sixteen dragonfly nymphs was introduced. Sample size of sixteen was chosen basing on 

the size of the habitat and average number of dragonflies swept per habitat 
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3.5. The abundance of dragonfly nymphs in mosquito breeding habitats 

 Dragonfly nymphs were sampled weekly in ten randomly selected habitats four months 

after application of Pyriproxyfen (Sumilarv 0.5G) in the habitats at Mahanga.  Sampling 

was also done at Muluhoro which was used as a control site and was located 10km 

away to a void contamination by Pyriproxyfen (Sumilarv 0.5G).  Sampling involved 

dipping a pond net in the habitats then the contents were emptied on a white plastic 

basin. Counts were made on the numbers of dragonfly nymphs collected.  

3.6 Effects of Pyriproxyfen (Sumilarv 0.5G) on the abundance of dragonfly 

nymphs in mosquito breeding habitats at Mahanga 

The amount of Pyriproxyfen (Sumilarv 0.5G) to be applied in the aquatic habitats was 

determined before it was done in the field. The preparation of 0.05 ppm active 

ingredient (0.05 ppm a.i) was done as follows: 

0.05ppm a.i  =  0.05mg a.i /L =  5 mg a.i / 100L 

1m x 1m =1 m
2
 = 100L (assuming a water depth of 10cm)  

If 5 mg a.i /100L = 5 mg a.i / m
2
 

But Sumilarv 0.5G contains 0.5% active ingredient 

Hence 0.5 %  = 5 mg 

100% = (100/0.5) x 5mg 

= 1000 mg of Sumilarv (1 g Sumilarv 0.5G) 
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Therefore 5 mg a.i /m
2
 = 1 g Sumilarv 0.5G /m

2
. 

Hence, one gram of Sumilarv 0.5G was applied per one metre square of water surface 

area by broadcasting in the habitats. Sampling was done for four months before 

application, four months during the application of Pyriproxyfen in habitats and also 

continued for four months after Pyriproxyfen application was terminated. In the control 

habitats at Muluhoro no treatment of Pyriproxyfen was done and sampling continued. 

3.7 Data Management and analysis 

 Laboratory data on predation efficiency and mortalities of the dragonfly nymphs in 

each concentration was analysed using SPSS version 17. Data on the presence of the 

dragonfly nymphs in mosquito breeding habitats was analysed using Generalised 

Estimation Equation (GEE) basing on habitat type, site code and Pyriproxyfen 

application.  

 3.8 Ethical clearance  

Permission to use Pyriproxyfen for research purposes was obtained from the Pest 

Control Product Board of Kenya (PCPB) (Appendix i) and Kenyatta University 

authorised the research to be done (Appendix ii). 
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CHAPTER FOUR 

RESULTS 

4.1 Validation of dragonfly nymph predation on larvae  

Out of the 200 Anopheles gambiae 3
rd

 instar larvae that were exposed to predation by 

dragonfly nymphs, 181 (95.3%) were predated upon within 24 hours whereas 189 

(95.0%) were predated upon within 48hrs and 190 (95.0%) within 72 hours (Figure 

4.1).   

 

 

Figure 4.1:  Percentage predations on third instar Anopheles gambiae larvae. 
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4.2 Effects of Pyriproxyfen (Sumilarv 0.5G) concentrations on dragonfly nymph in 

the laboratory  

 On the 10
th 

day of treatment with 0.01ppm Pyriproxyfen (Sumilarv 0.5G), 1.25% 

mortality was observed among the dragonfly nymphs population (Figure 5). 

Pyriproxyfen (Sumilarv 0.5G) dosage of 0.05ppm, and 0.1 ppm had mortalities of 

8.75% and 15 % respectively. 

The exposure of dragonfly nymphs to Pyriproxyfen (Sumilarv 0.5G) at different 

concentrations had mortalities recorded. At 0.1ppm, 15% of the dragonflies died after 

an exposure of 10days. The concentration had the highest mortality. A concentration of 

0.05ppm recorded dragonfly nymphal mortality of 8.75% while 0.01ppm recorded 

mortality of 1.25% of the dragonfly nymphs (Figure 4.2).  

 

Figure 4.2:  Percentage mortality of dragonfly nymphs at different concentrations 

of pyriproxyfen  in parts per million. 
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4.3 Effects of Pyriproxyfen (Sumilarv 0.5G) on dragonfly nymph abundance under 

field conditions based on the habitat types  

Habitat types in Mahanga where Pyriproxyfen was applied were burrow pits, open 

drains and natural swamps (Table 4.1). A total of 1,060 sampling visits for dragonfly 

nymphs were made during the entire study period. These were: 187 (17.6%) from 

burrow pits, 865 (81.6%) from open drains and 8 (0.8%) from natural swamps. Mean 

abundance of the dragonfly nymphs ranged from 1.0 - 1.5 per habitat in all the three 

habitat types (Table 1). The abundance of the dragonfly nymphs was 1.2 times higher 

but not statistically significant in open drains compared to the natural swamps (Table 

4.1). Similarly, the abundance of the dragonfly nymphs was 1.5 times higher but not 

statistically significant in burrow pits compared to the natural swamps (Table 4.1). 

Table 4.1: Summary of abundance of dragonfly nymphs on the basis of habitat 

type 

Parameter Occasions Mean (95% CI) OR (95% CI) P 

Burrow pits 187 1.5 (0.9 - 2.6) 1.5 (0.5 - 4.5) 0.465 

Open drains 865 1.3 (1.1 - 1.5) 1.2 (0.4 -3.6) 0.682 

Natural swamps 8 1.0 (0.4 - 2.8) 1.0  

  

4.3.1 Comparison on the abundance of dragonfly at Mahanga and Muluhoro. 

Mean abundance of dragonfly nymphs at Mahanga was 1.2(1.0- 1.4) while Muluhoro 

was 1.4(1.1 – 1.9) (Table 4.2). Mahanga was the intervention site and was compared to 

Muluhoro which was the non intervention site. The means between Mahanga and 
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Muluhoro was not statistically significant p> 0.35. The mean abundance of dragonfly 

nymphs in aquatic habitats at Mahanga (the intervention site) was 0.8 times lower but 

not significantly different (P= 0.350) compared to Muluhoro (the non-intervention site).  

Table 4.2: Comparisons of the abundance of dragonfly nymphs at Muluhoro and 

Mahanga. 

Parameter Occasions Mean (95% CI) OR (95% CI) P – value 

Mahanga 530 1.2 (1.0 - 1.4) 0.8 (0.6 - 1.2) 0.350 

Muluhoro 530 1.4 (1.1 - 1.9) 1.0  

 

4.3.2 Comparison on the abundance of dragonfly nymphs based on Pyriproxyfen 

application  

The reference point was 1.0 which was pre-application period. In comparing the 

application period (March –June 2012) to pre application period (November 2011-

February 2012), the chances of finding dragonfly nymphs   were 1.2 times higher but 

not statistically significant while the post application period(July- October 2012) was 

1.7 times higher (Table 4.3). The odds ratio during the pre application period was 1.0 

and during application it was 1.2 therefore the chances of finding dragonfly nymphs 

after application of Pyriproxyfen was higher.  When comparing the application period 

and post application period the odds ratio were 1.2 and 1.7 respectively. This implies 

that the chances of finding dragonfly nymphs after pyriproxyfen application were 
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higher. The sampling during the post application period shows that abundance of 

dragonfly nymphs was statistically significant p<0.001. 

 

Table 4.3: Comparisons between Pyriproxyfen pre-application, application and 

post- application period. 

Parameter Occasions  Mean (95% CI) OR (95% CI) P - value 

Post-application period  360 (34.0) 1.7 (1.4 - 2.0) 1.6 (1.2 - 2.0) <0.001 

Application period 340 (32.0) 1.2 (0.8 - 1.8) 1.2 (0.8 - 1.7) 0.480 

Pre-application period 360 (34.0) 1.0 (0.8 - 1.3) 1.0  

CI =95% Confidence interval 

 

 

 

 

 

 

 

 

 



39 

 

 

 

CHAPTER FIVE 

DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS 

5.1 Discussion 

This study was envisaged to determine predation efficiency of dragonfly on mosquito 

larvae. Predation experiment demonstrated that dragonfly nymphs are efficient 

predators of An. gambiae larvae.  Dragonfly nymphs are found in swamps characterized 

with grasses such as nut grass, papyrus, with slow moving to still water. The Predation 

percentages of more than 90% indicate that dragonfly nymphs can consume mosquito 

larvae thus reducing the immature vectors of malaria. In search for alternatives in   

mosquito control, biological control could provide ecologically acceptable reductions if 

suitable biocontrol agents become available (Quiroz-Martinez et al., 2007). Previous 

studies on mosquito predators have demonstrated that species sharing same trophic 

level as mosquitoes may strongly influence mosquito populations either alone or 

interacting other predators (Blaustein and Jonathan, 2009). Results on the abundance of 

dragonfly nymphs indicated that the dragonfly nymphs were present at both Mahanga 

and Muluhoro.  

The mean abundance were Mahanga 1.2 while Muluhoro 1.4. Dragonfly nymphs are 

generalists and voracious predators that detect their prey using visual cues and 

mechanoreceptors; they suddenly capture their prey with the labium or palps. 

Mechanical stimuli have a predominant role in predation thus enabling the predator 

consume more of prey thereby regulating the prey densities. In the study the dragonfly 

nymphs consumed large proportions of mosquito larvae within 24 hour period.  Adult 



40 

 

 

 

dragonfly nymphs actively pursue adult mosquito and voraciously feed on them.  

Dragonfly nymphs are efficient predators; they capture prey by rapidly extending the 

labium and seizing prey between two movable hooks at its tip. They are thus useful by 

consuming large numbers of mosquito larvae and are excellent indicators of fresh water 

quality (Blaustein and Kotler, 1995). Third instar larvae of An. gambiae were easily 

detected hence captured with ease. Individuals of smaller body size are more, 

vulnerable to predation by larger larval Odonates (Giacomini et al., 2008).  

The findings of the present study suggest the use of dragonfly nymphs can be a 

potential biological resource in regulating larval populations of An. gambiae. Mosquito 

ecologists have increasingly taken the approach that understanding how predator , 

directly or indirectly , affects a community structure is important for understanding 

under what set of environmental conditions a predator will be effective in reducing 

mosquito populations (Blaustein and Jonathan, 2009). Predators are important 

organizers of community structure. Mortality of dragonfly nymphs might have been 

caused by the interaction between the dragonfly nymphs and mosquito larvae. Mortality 

of immature stages of Anopheles mosquitoes has been shown to be caused by a variety 

of factors including adverse climatic conditions, limited food supply, competition, 

parasites and pathogens, but predation is probably the most limiting factor causing high 

level of mortality (Muiruri et al., 2013). Apart from the natural regulation of mosquito 

numbers, predators and pathogens have raised interest due to their potential for 

manipulation for biological control as part of integrated pest management.  Use of 

dragonfly nymph can be integrated in Biological control efforts as they are efficient 
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predators. Alternative predators like the dragonfly nymphs can be explored for use as 

biological resources for controlling Anopheline larval stages.  

Laboratory assays conducted with different concentrations of Pyriproxyfen thus 

0.01ppm, 0.05ppm, and 0.1ppm indicated that at concentration of 0.01ppm, only 1.25% 

dragonfly mortality was recorded, while 0.05ppm, 8.75% mortality was recorded while 

0.1ppm 15% mortality was recorded. The results of the present study showed that 

Pyriproxyfen had nymphocidal activity at 0.01ppm and 0.05ppm but higher 

nymphocidal activity was felt at 0.1ppm after ten day exposure. This implies that at 

dosage rates of 0.01ppm and 0.05ppm are safe to use as they had less than 10% 

mortality of dragonfly nymphs. Pyriproxyfen had very low mortality of 8.75% on the 

population of dragonfly nymphs at concentration of 0.05ppm when applied in mosquito 

breeding habitats. 

This study shows that during the eleven month application period of Pyriproxyfen 

(Sumilarv 0.5G) the mortality of dragonfly nymphs was low at dosages of 0.05ppm. 

The abundance of the dragonfly nymphs at Mahanga which was the intervention site 

had mean abundance of 1.2, while compared to Muluhoro the non intervention site was 

1.4. The results indicate that Pyriproxyfen had insignificant nymphocidal activity on 

dragonfly nymphs. Pyriproxyfen (Sumilarv 0.5G) has delayed effects and prevents the 

insect from moulting from one stage to another. Additionally Pyriproxyfen has long 

residual effects which if applied in high doses can kill the beneficial predators such as 

the dragonfly nymphs (Mbare et al., 2013). Experiments using Pyriproxyfen (Sumilarv 

0.5G)  to control mosquito larvae, offered a very good efficacy against Culex 
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quinquefasciatus (Mbare et al., 2013). One ecological interest in mosquito control 

programs is for control agents to be sufficiently target specific that they do not cause 

damage to non target species or food webs. The result of the experiments show that 

Pyriproxyfen (Sumilarv 0.5G) had insignificant toxic effects on predatory dragonfly 

nymphs except when applied at a very high concentration of 0.1ppm. The low 

nymphocidal activity of Pyriproxyfen (Sumilarv 0.5G) to dragonfly nymphs makes the 

juvenile hormone a safe larvicide to use at Mahanga where malaria is endemic.  

The dragonfly nymphs are ideal aquatic predators for testing using IGR since they are 

still undergoing developmental stages just like the mosquito larvae.  From earlier 

experiments, it was proved that dragonfly nymphs are efficient predators of mosquito 

larvae and can thus be used in mosquito control programs (Kweka et al., 2011). Results 

of this study, are evident that pyriproxyfen (Sumilarv 0.5G) has no effects when applied 

at recommended dosages of 0.01ppm in water.  Previous studies done on the effects of 

Pyriproxyfen on third instar larvae of An. gambiae and An. arabiensis  at ICIPE-Mbita 

showed that there was 98% and 96% inhibition of emergence respectively (Mbare  et al 

., 2013). From these reports, Pyriproxyfen (Sumilarv 0.5G) significantly inhibits 

emergence mosquito larvae at 0.01ppm thus reducing malaria vectors. When 

Pyriproxyfen was evaluated on mosquito predator the dragonfly nymph, at 0.01ppm 

only 1.25% mortality was recorded. Field evaluation on the nymphocidal activity of 

pyriproxyfen on dragonfly nymphs’ showed that the IGR had no significant impact on 

dragonfly nymphs. In all the habitats where sampling and collection was done, it was 

found that the numbers of live dragonfly nymphs was high in intervention site and 

control site. In comparison to earlier studies by Invest and Lucas (2008) they 
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recommended that at 0.01ppm Pyriproxyfen is applied in water tanks to control 

mosquito larvae. Therefore pyriproxyfen (Sumilarv 0.5G) is safe to humans and plants 

at very low dose rates.  

The study had targeted time of four months sampling before application and eight 

months after application. When comparisons were made it showed that population of 

dragonfly nymphs did not reduce even after Pyriproxyfen (Sumilarv 0.5G) application 

in the targeted eight months. The results showed that the mean of dragonfly nymphs 

was high after Pyriproxyfen application meaning that there was rapid buildup of 

dragonfly nymphs after Pyriproxyfen application Therefore Pyriproxyfen (Sumilarv 

0.5G) had insignificant effect on the dragonfly nymphs in mosquito breeding habitats at 

Mahanga. The insect growth regulator Pyriproxyfen (Sumilarv 0.5G) is a novel 

larvicide which does not kill insects directly but affects their development. The use of 

insect growth regulators which are also third generation insecticides is not wide spread 

in Kenya. Most vector control strategies have been using Organophosphate insecticides, 

and organochlorides (Kesavaraju et al., 2010). From this study Pyriproxyfen is a 

larvicide which can be used in combination with other methods like use of nets, 

repellents, and trapping to bring down malaria in the western Kenya highlands. A good 

larvicide should be selective, and attack the intended vector but have no activity on non-

target organisms. The outcomes show that Pyriproxyfen (Sumilarv 0.5G) has 

insignificant nymphocidal activity on dragonfly nymphs at a concentration of 0.05ppm 

in mosquito breeding habitats and at the same time persists in the environment thus 

inhibiting mosquito larvae emerging to the pupal stage.  
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The results of this study indicate that IGR Pyriproxyfen (Sumilarv 0.5G) has 

insignificant impact on non target dragonfly nymphs at concentrations of 0.01ppm and 

0.05 ppm. This is an indicator that Pyriproxyfen (Sumilarv 0.5G) is a safe compound to 

use as a larvicide. The activity of IGR shows delayed effects in the development of 

insects (Lee, 2002). It is anticipated that when Pyriproxyfen is applied, the dragonfly 

larvae will not emerge into adults. During sampling period large proportion of 

dragonfly nymphs were collected from burrow pits. The burrow pits had good 

conditions that favoured growth of dragonfly nymphs as they had more water and were 

more permanent throughout unlike the drains and natural swamps. Shallan and Canyon, 

2009) documented that dragonfly nymphs prefer fresh water ecosystems. The drains had 

passing water therefore during heavy rains the dragonfly nymphs were swept thus 

lowering their population. The swamps had lowest abundance due to their seasonality 

and human interference paving way for cultivation.   

Dragonfly nymphs colonize natural habitats which also are good breeding grounds for 

Anopheles gambiae that transmit malaria. Similarly abundance of dragonfly nymphs 

was same before Pyriproxyfen application and after Pyriproxyfen (Sumilarv 0.5G) 

application at Mahanga. These results imply that the insect growth regulator 

Pyriproxyfen had statistically significant impact on dragonfly nymphs in intervention 

site p<0.001. Dragonfly nymphs have long aquatic life and this makes them successful 

predators of mosquito larvae and more susceptible to larvicides which have long 

residual effect. Pyriproxyfen (Sumilarv 0.5G)   has long residual effects of more than 

three weeks (Invest and Lucas 2008; Mbare et al., 2013).  
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5.2. Conclusions  

i. The dragonfly nymph is an efficient predator of An. gambiae. The use of natural 

enemies is an important component for use in integrated vector management. 

Dragonfly nymphs can thus be integrated into other existing biological mosquito 

control measures.  

ii. The insect growth regulator Pyriproxyfen (Sumilarv 0.5G) had insignificant 

nymphocidal  effect on dragonfly nymph in mosquito breeding habitats at 

Mahanga at a concentration of 0.05 ppm The abundance of dragonfly nymphs 

after application of the larvicide was high and this showed that the larvicide was 

ideal for controlling mosquito larvae without affecting the non target dragonfly 

nymphs. 

 5.1.3 Recommendations 

 This study therefore recommends the following. 

i. Researchers should integrate the use of dragonfly nymphs as biological 

resources for reducing An. gambiae populations which leads to a subsequent 

reduction in malaria transmission.  

ii. The use of IGR Pyriproxyfen (Sumilarv 0.5G) should be applied at dosage 

rates of below 0,05ppm in mosquito breeding habitats. 
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5.1.4 Limitations of the research study. 

i. The laboratory rearing conditions were different from the conditions in the 

natural mosquito breeding habitats hence could have contributed to the 

mortality of dragonfly nymphs. 

ii. Dilutions of the pyriproxyfen by rain water could have had an impact on the 

concentration of Pyriproxyfen in mosquito breeding habitats thus could have 

led to increase in the abundance of dragonfly nymphs. 

 

5.1.5 Suggestions for further research 

i.  Further research using insect growth regulator   Pyriproxyfen should be done on 

other non target organisms such as beetles, backswimmers, fish, frogs and its 

effect on plants. 

ii. Research should be done on mass rearing of dragonfly nymphs in insectaries and 

releasing them in mosquito breeding habitats then monitor their predation 

activity. 
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