
1 
 

ABUNDANCE OF MOSQUITO SPECIES WITHIN SOKOTO 

METROPOLIS 

 

 

 

BY 

 

TOCHUKWU JOHN EMEKAEKWUE 

ADM. NO. 1011302034 

 

 

 

 

A PROJECT REPORT SUBMITTED TO 

 

 

 

  

 

DEPARTMENT OF BIOLOGICAL SCIENCE, FACULTY OF SCIENCE, 

USMANU DANFODIO UNIVERSITY, SOKOTO, IN FULFILLMENT OF 

THE REQUIREMENTS FOR THE AWARD OF DEGREE IN BACHELOR 

OF SCIENCE (B.SC) IN BIOLOGY. 

 

 

 

DECEMBER, 2015 

 

  



2 
 

APPROVAL PAGE 

This research project titled:“Abundance of mosquito species within Sokoto 

metropolis” byTochukwu John EmekaekwuewithAdmission Number 1011302034, 

has been read and approved by the undersigned as meeting the Requirement for 

Award of Bachelor of Science (Hons) Degree in Biology in Department of 

Biological Sciences, UsmanuDanfodiyo University, Sokoto. 

 

 

 

________________       ______________ 

Dr. Sani Ibrahim        Date 

External Examiner 

  

 

 

________________       ______________ 

Dr. A. Y. Bala        Date 

Project Supervisor 

 

 

 

________________       ______________ 

Dr. KasimShehu        Date 

Head of Department 

 

 

 

 



3 
 

DEDICATION 

This project is dedicated to my wonderful mother and siblings for their financial 

and moralsupport, as well as their prayers and good advice throughout my study 

period. I pray thatGod Almighty will continue to bless them and to guide and 

protect them for me(Amen). 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



4 
 

ACKNOWLEDGEMENT 

All praise and thanks be to God Almighty, the beginning and end of everything, 

who has given me the courage, strength, guidance and protection throughout my 

study. I wish to express my profound gratitude to my project supervisor Dr. A. Y. 

Bala, who in-spite of hisusually busy schedules stillfound the time to go through 

my work and always giving his constructive criticisms and offer useful suggestions 

at every stage of this project work, may God bless him and his family (Amen).  

My special thanks go to the H.O.D Biological Sciences Dr. KasimShehu and 

the entire members of staff of the department every other person who has 

contributed in one way or the other directly or indirectly to the successful 

completion of this research. I also want to sincerely appreciate my course mates 

who have been to there through the good times as well as through the trying and 

challenging moments.  

Finally my deepest gratitude goes to my mother Mrs. M. U. Emekaekwue, 

for her moral and financial support, which has really been of great help and 

encouragement throughout my study. My sincere gratitude to my siblings also for 

their support in various ways, may God bless and reward them (Amen).  



5 
 

TABLE OF CONTENTS 

Content           Pages 

Title Page  …………………………………………………………. i 

Certification  …………………………………………………………. ii 

Dedication  …………………………………………………………. iii 

Acknowledgement …………………………………………………………. iv 

Table of content …………………………………………………………. v 

List of tables …………………………………………………………. vii 

Abstract  …………………………………………………………. viii 

CHAPTER ONE  

1.0 Introduction…………………………………………………………. 1 

1.1 Statement of the research problem………………………………….. 3  

1.2 Significance of the research………………………………………… 4 

1.3 Aim and objectives of the research ……………………………….. 5 

CHAPTER TWO 

2.0 Review of literature………………………………………………… 6 

2.1 Classification of mosquitoes………………………………………... 6  

2.2 Morphology of mosquitoes…………………………………………. 7 

2.3 General life cycle of mosquito……………………………………… 10 

2.4 Feeding habits of mosquitoes………………………………………. 14 



6 
 

2.5 Economic importance of mosquitoes………………………………… 17 

2.6 Control of mosquitoes ……………………………………………. 18 

CHAPTER THREE 

3.0 Materials and method ……………………………………………. 23 

3.1 Study area …………………………………………………………. 23 

3.2 Mosquito collection …………………………………………… 24 

3.3 Identification …………………………………………………… 24 

3.4 Statistical analysis …………………………………………………… 27 

CHAPTER FOUR 

4.0 Results………………………………………………………………… 28 

4.1 General results …………………………………………………….28 

4.2 Results of mosquitoes collected by location ………………………… 33 

CHAPTER FIVE 

5.0 Discussion ………………………………………………………….. 38 

5.1 Conclusion ………………………………………………………….. 40 

5.2 Recommendation …………………………………………………… 41 

REFERENCES ………………………………………………………….. 42 

  



7 
 

LIST OF TABLES 

Table 1: Data for total number of Mosquitoes collected. 

Table 2: Total number of male and female Mosquitoes collected. 

Table 3: Total number of engorged/not engorged mosquitoes collected.  

Table 4: Mosquito data for Danbuwa Area (DangeShuni Local Government Area). 

Table 5: Mosquito data for Gobirawa Area (Sokoto South Local Government Area) 

Table 6: Mosquito data for GidanIgwai Area (Sokoto North Local Government 

Area) 

  

 

  



8 
 

ABSTRACT 

The study was conducted to determine the abundance of mosquito species within 

Sokoto metropolis. Three (3) locations, which are Danbuwa, Gobirawa and GidanIgwai, 

in three (3) Local Government Areas, namely; DangeShuni, Sokoto South and Sokoto 

North Local Government Areas respectively, were sampled out of the five (5) Local 

Government Areas that make up Sokoto Metropolis were sampled. A total of 341 

Mosquitoes species belonging to two genera were collected. The genera identified are 

Anopheles and Culex. The number of Culex and Anopheles were 213(62.5%) and 

128(37.5%) respectively, showing a significant difference between the two genera. The 

total number of males was 194, representing 56.9% of the sample and a total number of 

females was 147, representing 43.1% of the total sample, showing a significant difference 

between the gender (P >0.05) 

The total number of the engorged Mosquitoes collected were 57, representing 39% 

of the total sample, while the total number of the not engorged mosquitoes collected were 

90, representing 61% of the total sample collected. There was no significant difference 

between the engorged and the not engorged mosquitoes P <0.05. The number of males 

recorded in Danbuwa area was more than the number of females. In Gobirawa area also, 

more males than females were recorded. Also in GidanIgwai area, the number of males 

recorded was more than the number of females. However, these values were insignificant 

(p<0.05). 

Finally, only Danbuwa had more number of engorged females than the not 

engorged, the other two areas had lesser number of engorged than the not engorged. The 

values were, however, also insignificant (p<0.05). 

The results of the study is  of  Public  Health  concern  as the  species  of 

mosquitoes  encountered  have  been  known for the transmission of one form of disease 

or the other. 

  

 



9 
 

CHAPTER ONE 

1.0  INTRODUCTION 

Mosquitoes are slender and relatively small insects, usually measuringabout 3–

6 mm in length. Some species, however, can be as small as 2 mmwhile others may 

be as long as 19 mm (Service, 2008). The long antennae have numerous whorls of 

hair, short in the female and long and bushy in the male. In most species of 

mosquitoes, the mouthparts of the female are long, adapted for piercing and for 

sucking blood. The male, which feeds on nectar and water, has rudimentary 

mouthparts. Females of this group prefer the blood of warm-blooded animals. 

When they bite, they inject some of their salivary fluid into the wound, causing 

swelling and irritation. Many inject infectious microorganisms and thus transmit 

such diseases as malaria, yellow fever, dengue, and filariasis (Patel et al, 2012). 

There are some 3300 species of mosquitoes belonging to 41 genera, all 

contained in the family Culicidae (Service, 2008). This family is divided into three 

subfamilies: Toxorhynchitinae, Anophelinae (anophelines) and Culicinae 

(culicines). Mosquitoes have a worldwide distribution; they occur throughout the 

tropical and temperate regions and extend their range northwards into the Arctic 

Circle. The only areas from which they are absent are Antarctica, and a few 

islands. They are found at elevations of 5500mand down mines at depths of 1250m 

below sea level (Service, 2008). 
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The most important pest and vector species belong to the genera Anopheles, 

Culex, Aedes, Ochlerotatus, Psorophora, Haemagogus and 

Sabethes.Anophelesspecies, as well as transmitting malaria, are vectors of 

Filariasis (Wuchereriabancrofti, Brugiamalayi and Brugiatimori) and a few 

arboviruses. Certain Culexspecies transmit Wuchereriabancrofti and a variety of 

arboviruses. Aedes species are important vectors of yellow fever, dengue, 

encephalitis viruses and many other arboviruses, and in a few restricted areas they 

are also vectors of Wuchereriabancrofti and Brugiamalayi. Species in the very 

closely related genus Ochlerotatus also transmitfilariasis and encephalitis viruses.  

Mansonia species transmit Brugiamalayi and sometimes 

Wuchereriabancrofti and a few arboviruses. Haemagogus and Sabethes 

mosquitoes are vectors of yellow fever and a few other arboviruses in Central and 

South America, while the genus Psorophora contains some troublesome pest 

species in North and South America, as well as a few transmitting arboviruses 

(Service, 2008). 

Many species, although not carriers of any disease, can nevertheless be 

troublesome because of the serious biting nuisances they cause. 

The mosquito is one of the insects that have come to be known by man 

especially in homes for their bites which elicits the formation of antibodies. This is 

due to the venom that contains toxic protein, which may be inoculated as a result of 
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these bites. It can also cause sharp-pains with some allergic tendencies. Although it 

does not only bite, but can also serve as nuisance by causing discomfort to their 

hosts (especially higher vertebrates) as a result of their sounds(Richard, 1993). 

Mosquitoes are also widely spread due to their high adaptability, higher 

reproductive rate, wings, which makes them long distance travellers. Mosquitoes lay 

their eggs in places where stagnant waters are found. For example pools, ditches, 

gutters, rivers, streams and other places (Patel et al., 2012) 

Although some species of mosquitoes do not bite people, rather they prefer 

birds or amphibians hosts. Certain mosquito species prefers to feed during the 

daytime, while others feed at night (Ilahi,2013). Various mosquito species have 

evolved to seek out and lay their eggs in specific locations (Patriciaet al., 2014). 

Female mosquitoes lay their eggs only in water; some species lay their eggs 

in running water, others in woodland pools, marshes, swamps, estuaries, or in 

containers such as rain barrels (Service, 2008). 

1.1  STATEMENT OF THE RESEARCH PROBLEM  

Mosquitoes are vicious biters and their bites constitute biting nuisance, 

allergic reactions, skin irritations, scratching, restlessness and sleepless nights 

(Onyidoet al., 2009). Some biteduring the day while others bite during the night or 

at both night and day periods. Through their blood sucking habits, they act as 

vectors of a variety of human pathogens including viruses, bacteria, protozoa and 
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helminthic diseases. They transmit to man such deadly diseases as malaria, yellow 

fever, filariasis,dengue and various forms of viral encephalitis (Ukpaiand Ajoku, 

2003).  

The anopheles mosquitoes especially, Anophelesgambiae, transmit malaria 

and filariasis. The Aedesmosquitoes particularly  Aedesaegypti, A. albopictus, A. 

africanus, A. luteocephalusand  A. simpsoni, transmit yellow fever, dengue, 

haemorrhagic fevers and various forms of viral encephalitis. The Culexmosquitoes 

particularly Culex quinquefasciatus are very important transmitters of filarial 

worms especially Wuchereriabancrofti which causes elephantiasis. They also 

transmit various forms of viral encephalitis (Onyidoet al., 2009). 

Mosquitoes also bite livestock and transmit some animal diseases like fowl 

pox disease of poultry, myxomatosis of rabbits, rift valley fever of sheep, 

encephalitis of horses and heartworm disease of dogs (Service, 1980). 

All these diseases cause high death toll on both human and animal 

populations and lead to poor socio-economic development of many countries. 

1.2 SIGNIFICANCE OF THE RESEARCH  

 The mosquitoes remain a major vector of killer diseases in every part of the 

world, and Nigeria is not an exception. They also cause nuisance by the sound they 

make. But they serve as a vital ecological function in that their larvae, pupae, and 
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adults are important food source for fishes, birds, bats, frogs and insects (Patricia et 

al., 2014). 

Although the occurrence of various species of mosquitoes may be seen to 

vary from one location to another, the result obtained in this study would high-light 

some important information on the diversity and distribution of mosquitoes as well 

as help in designing an effective control   measure.    

1.3 AIM AND OBJECTIVES OF THE RESEARCH 

 The aim of the research is to determine the relative abundance and 

distribution of mosquito species within Sokoto Metropolis. 

 The objectives of this research are to: 

 Identify the species within the areas under study. 

 Determine the most abundant species within the area. 

 Determine the distribution of mosquito species within the study areas based 

on area of collection, sex and feeding state. 
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CHAPTER TWO 

2.0 REVIEW OF LITERATURE 

2.1 CLASSIFICATION OF MOSQUITOES 

There    are   more than 3000 different   species   of   mosquitoes all contained 

in the familyCulicidae. This family is divided into three subfamilies (Service, 2008) 

Scientific classification of mosquito (as adopted from Standfast, 2002) 

Kingdom  Animalia 

Phylum  Arthropoda 

Class   Insecta 

Subclass  Pterysota 

Order   Diptera. 

Suborder  Eudintera 

Family  Culicidae 

Subfamily  Toxorhynchitinae,Anophelinae, Culicinae 

Genera  Toxorhychities, Anopheles, Culex, Aedes, Mansonia 

Mosquitoes have been around for about 170 million years (Standfast, 

2002). The family Culicidae belongs to the order Dipteraand contains about 

3300 species in about 41 genera including Anopheles, 

Culex,Psorophora,Ochlerotatus,Aedes,Sabethes,Wyeomyia,Culistella and 

Haemagoggus (Service, 2008). 
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Mosquito is a Spanish or Portuguese word meaning little fly and its use 

date back to about 1583 (Richard, 1993). 

The female mosquito (in many common species) suck the blood of their 

host including human, horses and other vertebrates, which is commonly referred 

to as bite. Mosquito bites often swell up in hoursafter happening, causing a red ringed 

white hump about a centimetre in diameter. This bump can itch for days and 

over itching the bite can also cause it to bleed. Mosquito bite can transmit 

diseases such as Malaria and West Nile Virus; so many areas take measure to 

reduce mosquito population through pesticides or application of some other means. 

An easy way to reduce mosquito population in a residential area is the removal of 

stagnant water (where mosquito breed) and the use of repellents (Standfast, 2002). 

The earliest study of mosquito in Nigeria was in relation tothetransmission 

of yellow fever and arboviruses. The mosquito specie Mansoniaafricana was said 

to be very common in Ibadan and represents about 60% of the total mosquitoes 

that feed on man (Caryon, 1998).  

2.2 MORPHOLOGY OF MOSQUITOES 

Mosquitoes are the members of the family Culicidae. These insects have a 

pair of scaled wings, a pair of halteres, a slender body, and long legs (Standfast, 

2002). The female of most mosquito species suck blood from other animals. Their 

size varies but is rarely greater than 15mm (0.6 inch). Mosquitoes weigh only 
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about 2 to 2.5mg (0.03 - 0.04g). They can fly at about 1.5 to 2.5km/h (0.9 to 

1.6mph). 

Mosquitoes possess only one pair of functional wings, the fore-wings.The 

hind-wings are represented by a pair of small, knob-like halters (Service, 

2008).Mosquitoes are distinguished from other flies of a somewhat similar 

shapeand size by: (1) the possession of a conspicuous forward-projecting 

proboscis; (2) the presence of numerous appressed scales on the thorax, 

legs,abdomen and wing veins; and (3) a fringe of scales along the posteriormargin 

of the wings (Service, 2008).  

Mosquitoes are slender and relatively small insects, usually measuringabout 

3–6 mm in length. Some species, however, can be as small as 2 mmwhile others 

may be as long as 19 mm. The body is distinctly divided intoa head, thorax and 

abdomen.The head has a conspicuous pair of kidney-shaped compound 

eyes.Between the eyes arises a pair of filamentous and segmented antennae. 

Infemales the antennae have whorls of short hairs (that is pilose antennae),but in 

males, with a few exceptions in genera of no medical importance,the antennae 

have many long hairs giving them a feathery or plumoseappearance. Mosquitoes 

can thus be conveniently sexed by examinationof theantennae: individuals with 

feathery antennae are males, whereasthose with only short and rather 

inconspicuous antennal hairs are females (Standfast, 2002). 
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Just belowtheantennae is apair ofpalpswhichmaybe longor short and dilated 

or pointed at their tips, depending on the sex of theadults and whether they are 

anophelines or culicines (Richard, 1993). Arisingbetween the palps is the single 

elongated proboscis, which contains thepiercing mouthparts of the mosquito. In 

mosquitoes the proboscis characteristically projects forwards. The thorax is 

covered, dorsally and laterally, with scales which may bedull or shiny, white, 

brown, black or almost any colour. It is the arrangement of black and white, or 

coloured, scales on the dorsal surface of thethorax that gives many species 

(especially those of the generaAedesandOchlerotatus) distinctive patterns. 

Thewings are long and relatively narrow, and the number and arrangement of the 

wing veins is virtually the same for all mosquito species. Theveins are coveredwith 

scaleswhichareusuallybrown, black,white or creamy yellow, but more brightly 

coloured scales may occasionally be present (Service, 2008). The shape of the 

scales and the pattern they form differsconsiderably between both genera and 

species of mosquitoes. Scales alsoproject as a fringe along the posterior border of 

thewings. In life thewingsof resting mosquitoes are placed across each other over 

the abdomen inthe fashion of a closed pair of scissors. The legs of mosquitoes are 

longand slender and are covered with scales which are usually brown, blackor 

white and may be arranged in patterns, often in the form of rings. The tarsus 

usually terminates in a pair of toothed or simpleclaws. Some genera, such asCulex, 
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have a pair of small fleshy pulvillibetween the claws (Service, 2008).Theabdomen 

is composedof 10segmentsbut onlythefirst sevenoreightare visible. In mosquitoes 

of the subfamily Culicinae, the abdomen is usually covereddorsally 

andventrallywith mostly brown, blackish orwhitishscales. In the Anophelinae, 

however, the abdomen is almost, or entirely,devoid of scales. The last abdominal 

segment of the female mosquito terminates in a pair of small finger-like cerci, 

whereas in the males a pair of prominent claspers, comprising part of the male 

external genitalia, arepresent (Standfast, 2002). 

In unfed mosquitoes the abdomen is thin and slender, but after femaleshave 

bitten a suitable host and taken a blood-meal (only females bite) theabdomen 

becomes greatly distended and resembles an oval red balloon (Service, 

2008).When theabdomen is full ofdevelopingeggs it isalsodilated, but iswhitishand 

not red in appearance. 

2.3 GENERAL LIFE CYCLE OF MOSQUITO 

The mosquito has four distinct stages in its life cycle: Egg, larvae, 

pupae and adult. This is known as complete metamorphosis (Service, 2008). The 

adult mosquito is an active flying insect, while the larvae and pupae are 

aquatic and occur only in water. Depending on the species, eggs are laid either 

on the surface of water or are deposited on moist soil or other objects that 

will often be flooded. 
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2.3.1 Eggs 

One factor common to all mosquito species is that eggs are laid in association 

with free water or on moist surface. Eggs are white when first deposited, darkening to 

black or dark brown within 12 - 24 hours. Single or individual eggs are about 1/50 

inch (0.5mm) long and those of most species appear similar when seen by the 

naked eyes (one exception is the anopheles species, whose eggs have float 

attached to each side of the egg) (Standfast, 2002). Eggs are laid singly or 

individually by some species and others lay eggs together to form rafts.  

The incubation period (time between when eggs are laid and when they 

are hatched) may vary considerably among species. Eggs of permanent water 

mosquitoes where eggs are deposited on the surface of water may hatch in 1 - 3 

days depending on the temperature (Standfast, 2002). Flood water species deposit 

their eggs on moist soil or another wet substrate and have a wide variation in 

incubation period. These eggs will not hatch until submerged by rising water 

caused by rainfall, melting snow in the spring or other flood water (Service, 

2008). Depending on the species and condition, these eggs may hatch the next 

time they are flooded, as few as ten days or may not hatch until they are flooded a 

year or more (Standfast, 2002). 

2.3.2 Larvae 
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The larvae (Wrigglers) of all mosquitoes live in water and have four 

developmental periods of instars(Service,2008). These are called 1st, 2nd, 3rd and 4n 

instars, with each succeeding stage larger than the last. At the end of each instar, 

the larvae shed its skin by a process called molting. The larva is an active 

feeding stage. Larvae feed on organic materials in the water. The larvae of most 

species have a breathing tube, and most occasionally come to the surface of the 

water to get Oxygen. The total length of time that the larvae spend in the 

larval stage depends on the species and the water temperature. Some can 

develop in as little as 5 to 6 days. Upon maturing the 4th instar larvae molts intopupal 

stage (Standfast, 2002). 

2.3.3 Pupae 

Unlike most other insects, the mosquito pupa is very active, and like the 

larvae, lives in water. It differs greatly from the larvae in shape and appearance. The 

pupa has a comma-shaped body, divided into two distinct regions. The front 

region consists of the head and thorax (Cephalothorax) and is greatly enlarged. 

It bears a pair of respiratory trumpet on the upper surface. It must periodically come 

to the surface to get oxygen. The second region is the abdomen which has freely 

movable segments with a pair of paddle-like appendages at the tip. Feeding does 

not take place during the pupal stage (Standfast, 2002). The pupal stage only last 

for a few days and is the stage when all the larval tissues changes into adult 
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tissues. The adult emerges directly from the pupal case on the surface of the water 

(Standfast, 2002).  

2.3.4 Adult 

The adult mosquito is entirely terrestrial and is capable of flying long 

distances. Both females and males feed on nectars which they use for energy. Males 

and females mate during the first 3 to 5 days after they have emerged. Females 

mate only once (Service, 2008). 

Males generally live for only a week (Standfast, 2002). Only the female 

feed on bloods, which is what is occurring when they bite. Female evidently 

gain little nourishment from blood meals but needs them   in   order to develop 

their eggs.   Many mosquitoes feed on any warm-blooded mammal; however, 

some prefer cold-blooded animals.  Some species also prefer birds and 

seldom feed on mammals, which is the case with Culex species (Service, 

2008).Unfortunately many species feed on a wide range of warm blooded 

animals and human are often attacked.  

Once a female has completely engorged, she flies to a shaded environment 

until her eggs are completely developed, usually 3 to 5 days (Service,2008), once 

the eggs are developed, the female is called gravid female and she begins to 

search for a desirable place to lay her eggs. If a female survives her egg laying 

activities, she will very soon start to search for another blood meal after which 
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she will lay another batch of eggs. She does not need to mate a second time. 

Generally a female will only live long enough to lay 1 to 3 batches of eggs (Service, 

2008). 

2.4 FEEDING HABITS OF MOSQUITOES 

Typically, both male and female mosquitoes feed on nectar and plant juices, 

but in many species the mouthparts of the females are adapted for piercing the skin 

of animal hosts and sucking their blood as ectoparasites. In many species, the 

female needs to obtain nutrients from a blood meal before she can produce eggs, 

whereas in many other species, she can produce more eggs after a blood meal. A 

mosquito has a variety of ways of finding their prey, including chemical, visual, 

and heat sensors (Lehane, 2005). Both plant materials and blood are useful sources 

of energy in the form of sugars, and blood also supplies more concentrated 

nutrients, such as lipids, but the most important function of blood meals is to 

obtain proteins as materials for egg production. 

When a female reproduces without such parasitic meals, she is said to 

practice autogenous reproduction, as in Toxorhynchites; otherwise, the 

reproduction may be termedanautogenous, as occurs in mosquito species that serve 

as disease vectors, particularly Anopheles and some of the most important disease 

vectors in the genus Aedes(Service, 2008). In contrast, some mosquitoes, for 

example, many Culex , are partially anautogenous ; they do not need a blood meal 
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for their first cycle of egg production, which they produce autogenously; however, 

subsequent batches of eggs are produced anautogenously, at which point their 

disease vectoring activity becomes operative (Sawabe, 2000). 

The feeding preferences of mosquitoes include those with type O blood, 

heavy breathers, those with a lot of skin bacteria, people with a lot of body heat, 

and the pregnant (Shirai, 2004). Individuals' attractiveness to mosquitoes also has a 

heritable, genetically-controlled component (Shirai, 2004). In regard to host 

location, female mosquitoes hunt their blood host by detecting organic substances 

such asCarbon dioxide (CO2) and 1-octen-3-ol produced from the host, and 

through optical recognition. Mosquitoes prefer some people over others. The 

preferred victim's sweat simply smells better than others because of the proportions 

of the Carbon dioxide, Octenoland other compounds that make up body odor 

(Hallem, 2004). The most powerfulsemiochemical that triggers the keen sense of 

smell of Culexquinquefasciatus is Nonanal. Another compound identified in 

human blood that attracts mosquitoes isSulcatoneor 6-methyl-5-hepten-2-one, 

especially for Aedesaegypti mosquitoes with the odor receptor gene Or4. A large 

part of the mosquito’s sense of smell, or olfactory system, is devoted to sniffing 

out blood sources. Of 72 types of odor receptors on its antennae, at least 27 are 

tuned to detect chemicals found in perspiration. In Aedes, the search for a host 

takes place in two phases. First, the mosquito exhibits a nonspecific searching 
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behavior until the perception of host stimulants, then it follows a targeted 

approach(Estrada-Franco, 1995).  

Most mosquito species are crepuscular (dawn or dusk) feeders. During the heat of 

the day, most mosquitoes rest in a cool place and wait for the evenings, although 

they may still bite if disturbed (Wayne, 1989). 

Some species, such as the Asian tiger mosquito, are known to fly and feed 

during daytime.Prior to and during blood feeding, blood-sucking mosquitoes inject 

saliva into the bodies of their source(s) of blood. This saliva serves as an 

anticoagulant; without it one might expect the female mosquito's proboscis to 

become clogged with blood clots. The saliva also is the main route by which 

mosquito physiology offers passenger pathogens access to the hosts' interior. The 

salivary glands are a major target to most pathogens, by which they find their way 

into the host via the stream of saliva.The bump left on the victim's skin after a 

mosquito bites is called a wheal, which is caused by histamines trying to fight off 

the protein left by the attacking insect. Mosquitoes of the genus Toxorhynchites 

never drink blood.  This genus includes the largest extant mosquitoes, the larvae of 

which prey on the larvae of other mosquitoes. These mosquito eaters have been 

used in the past as mosquito control agents, with varying success (Shirai, 2004).  

Many, if not all, blood-sucking species of mosquitoes are fairly selective 

feeders that specialise in particular host species, though they often relax their 
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selectivity when they experience severe competition for food, defensive activity on 

the part of the hosts, or starvation (Service, 2008). Some species feed selectively 

on monkeys, while others prefer particular kinds of birds, but they become less 

selective as conditions become more difficult. For example,Culisetamelanura 

sucks the blood ofpasserine birds for preference and such birds are typically the 

main reservoir of the Eastern equine encephalitis virus (Caryon, 1998). Early in the 

season while mosquito numbers are low, they concentrate on passerine hosts, but 

as mosquito numbers rise and the birds are forced to defend themselves more 

vigorously, the mosquitoes become less selective in attacking their avian hosts. 

Soon the mosquitoes begin attacking mammals more readily, thereby becoming the 

major vector of the virus, and causing epidemics of the disease, most 

conspicuously in humans and horses (Lehane, 2005). 

2.5 ECONOMIC IMPORTANCE OF MOSQUITOES 

Mosquitoes are the most widely spread of the medically important insects 

(Service, 2008)). They are known to transmit diseases such as malaria, yellow 

fever, filariases, dengue etc. They cause much ill health and loss of human lives. 

Some mosquito genera responsible for such diseases includeAedes, Anopheles, 

Culex and Mansonia. Theses mosquitoes are mostly found around human 

dwellings (Patricia et al., 2014).  
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2.5.1 Major Mosquito Borne Diseases 

DISEASE HOST VECTOR SPECIES 

Malaria Man  Anopheles 

Filariasis Man  Anopheles, Culex  

Dengue Man  Aedes 

Australian Encephalitis 

(AE) 

Birds, mammals. Man is an 

occasional host 
Aedes, Culex 

Epidemic Polyarthritis 

(EPA) 

Mammals, particularly 

macropods;  man 
Aedes, Culex 

Yellow fever Man  Aedes 

(Standfast, 2002) 

 

2.6 CONTROL OF MOSQUITOES 

Control of mosquitoes is something of utmost importance in the present day 

with rising number of mosquito borne illnesses. Mosquitoes need to be 

exterminated using the right tools and with a little bit of effort. These blood thirsty 

beasts don’t care about boundaries and they can bite you if your neighborhoods are 

favourable to their breeding (Patel et al., 2012). So the mosquito control measures 

can be successful only if public mosquito programs are designed. The first and 

most important thing is to destroy the breeding areas of these mosquitoes. 
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Mosquitoes are horrific; they're highly aggressive, you can be bitten hundreds of 

times without protection, its torture, impossible to bear. Deforestation and 

industrialized farming are also two of the factors causing an alarming increase in 

the range of mosquitoes (Patel et al., 2012). 

The World Health Organization (WHO) says global warming is also 

expanding the range of mosquitoes that carry malaria, yellow fever, and dengue 

fever, putting millions more humans at risk. Malaria mosquitoes are appearing in 

upland areas where they've never been seen before. "The world's most dangerous 

animal is the mosquito," according to a BBC World Service health program: 

malaria now infects approximately 110 million people annually, causing 2-3 

million deaths, and with increasing drug resistance, the problem is worsening, 

while attempts to control the mosquitoes with pesticides have proved ineffective. 

Escaping from mosquito is nowadays a great necessitate in the world as they are 

posing much irritation and even throwing many to death. They are the carriers of 

many harmful diseases like West Nile Virus disease; Malaria, Dengue Fever, 

Chikungunya, Lyme disease etc (Patel et al., 2012).  Dengue Fever and Dengue 

Hemorrhagic Fever are the most common mosquito-borne viral diseases that affect 

a wide range of people in the world. It is caused due to the bite of an infected 

Aedes Mosquito. It is a threatening disease as there is no proper vaccine or 

treatment yet found. These diseases are caused only due to our carelessness. 
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Actually we our self are getting into the danger. The only way to get away from 

these diseases is by taking proper protection as soon as possible. There are number 

of things you should take care to avoid being bitten by mosquitoes. Wear long-

sleeved shirts and trousers tucked into socks while you are working outdoors. 

While indoors, stay in air-conditioned or screened areas or use bed nets. Avoid 

mosquito breeding by clearing stagnant water from drains. Another important 

method to break out from mosquitoes is by the usage of Repellent 

The major mosquito control methods include: 

• Chemical method 

• Non-chemical method (Mechanical and physical method) 

• Biological control 

• Genetic control 

• Integrated control 

2.6.1 Chemical Control Method 

This is the use of insecticides and other chemicals to control mosquitoes.  It also 

involves the use of plant extracts against adult mosquitoes or their developmental 

stages.The insecticides can be applied by spraying, rubbing in form of lotions, 

mosquito repellent candles, etc. 

Examples include DEET (N,N-diethyl-m-toluamide), permethrin, citronella plant, 

catnip oil, etc.  
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2.6.2 Non-Chemical Control Method 

This involves the use of physical as well as mechanical measures to kill 

mosquitoes or keep them away from humans.This can be achieved by practising 

regular sanitation and personal protection. 

Examples of this method include: 

• Windows and door screens to prevent mosquito entry 

• Mosquito nets (insecticide treated nets) 

• Mosquito traps 

• Electric mosquito zapper 

• Mosquito magnet 

2.6.3 Biological Control Method 

Biological control (Biocontrol) is the use of biological organisms (parasites and 

predators) to control pests, in this case mosquitoes are controlled. Parasite and 

predators are introduced to control the mosquitoesnaturally. 

Example, Gambusiaaffinis and other top Minnows feed on mosquito larvae. 

2.6.4 Genetic Control Method 

This involves manipulating the genes of mosquitoes as a way of controlling their 

population.Sterile insect technique is mostly used. 

Example, sterile males are produced by irradiation, released into the population 

and they compete with normal males hence population is reduced. 
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2.6.5 Integrated control method 

This is the use of diverse environmental measures in the control of mosquitoes. 

It utilizes the available mosquito control methods in combination to control 

mosquitoes.  

For example, insecticides can be used in combination with mosquito nets or sterile 

male technique can be combined with use of mosquito traps and magnets. 
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CHAPTER THREE 

3.0 MATERIALS AND METHOD 

3.1 STUDY AREA 

Sokoto is a state in the northwest region of Nigeria, bordering the Republic 

of Niger to the north and also shares boundaries with Kebbi state to the west and 

south, and Zamfara to the south and east. Sokoto state occupies an area of short-

grass savannah vegetation in the south and thorn scrub in the north. A generally 

arid region that gradually merges into the desert across the border in Niger 

republic, it has limited rainfall from mid-May to mid-September and is subjected to 

the Sahara’s harmattan (dry, dust-laden wind) from November to March. It is 

drained by the Sokoto (Kebbi) River and its tributaries, the Sokoto being itself a 

major tributary of the Niger River (Wikipedia, 2015). 

Sokoto is sparsely settled. The Fulani and the Hausa are the dominant ethnic 

groups in the state. However, other ethnic groups are also present, including the 

Ebira, Gbagyi, Idoma, Igala, Igbo, Kanuri, Nupe, Tiv, Yoruba and so many others 

in minority. The majority of the population are Muslims; Christians are the second 

largest group, with some other traditional religious worshippers. Sokoto town is the 

site of the UsmanuDanfodio University (founded in 1975). The state has a 

population of 4,854,741 (2015 population projection). The study will be conducted 

in Sokoto South, DangeShuni and Sokoto North Local Government Areas which 
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are three out of the five Local Government Areas that make up Sokoto Metropolis. 

The study sites include Gobirawa, Danbuwa and GidanIgwai areas in the three 

Local Government Areas respectively. 

3.2 MOSQUITO COLLECTION  

 Mosquitoes were collected indoors at dawn from Gobirawa, Danbuwa and 

GidanIgwai locations by spraying method (Ilahi, 2013). The spray-catch involves 

the use of insecticide (Rambo Pro) sprayed in the room and adult mosquitoes are 

collected 10 - 15 minutes later on a white cloth spread on the floor. 

Samples were collected from three areas, and the collected samples were 

placed in petri dishes which were labeled indicating the locations from which they 

were collected and brought to the laboratory for analysis. The mosquitoes were 

examined with the aid of a microscope and identified. Mosquitoes were preserved 

in a solution of 70% Ethanol. The specimens were placed on glass slide and 

viewed under the dissecting microscope. The sampleswere identified clearly based 

on their visible features of their morphology upto genera level. 

3.3 IDENTIFICATION 

Mosquitoes possess only one pair of functional wings, the fore-wings.The 

hind-wings are represented by a pair of small, knob-like halteres.Mosquitoes are 

distinguished from other flies of a somewhat similar shapeand size by: (1) the 

possession of a conspicuous forward-projecting prosboscis; (2) the presence of 
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numerous appressed scales on the thorax, legs,abdomen and wing veins; and (3) a 

fringe of scales along the posteriormargin of the wings (Service, 2008). 

3.3.1 External Morphology of Mosquitoes 

Mosquitoes are slender and relatively small insects, usually measuringabout 

3–6 mm in length (Service, 2008). Some species, however, can be as small as 2 

mmwhile others may be as long as 19 mm. The body is distinctly divided intoa 

head, thorax and abdomen.The head has a conspicuous pair of kidney-shaped 

compound eyes.Between the eyes arises a pair of filamentous and segmented 

antennae. Infemales the antennae have whorls of short hairs (that is 

piloseantennae),but in males, with a few exceptions in genera of no medical 

importance,the antennae have many long hairs giving them a feathery or 

plumoseappearance. Mosquitoes can thus be conveniently sexed by examinationof 

theantennae: individuals with feathery antennae are males, whereasthose with only 

short and rather inconspicuous antennal hairs are females. Just belowtheantennae is 

apair ofpalpswhichmaybe longor short and dilated or pointed at their tips, 

depending on the sex of theadults and whether they are anophelines or culicines. 

Arisingbetween the palps is the single elongated proboscis, which contains 

thepiercing mouthparts of the mosquito. In mosquitoes the proboscis 

characteristically projects forwards (Service, 2008). 
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The thorax is covered, dorsally and laterally, with scales which may bedull 

or shiny, white, brown, black or almost any colour. It is the arrangement of black 

and white, or coloured, scales on the dorsal surface of thethorax that gives many 

species (especially those of the generaAedesandOchlerotatus) distinctive patterns. 

Thewings are long and relatively narrow, and the number and arrangement 

of the wing veins is virtually the same for all mosquito species. Theveins are 

coveredwith scaleswhichareusuallybrown, black,white or creamy yellow, but more 

brightly coloured scales may occasionally be present. The shape of the scales and 

the pattern they form differsconsiderably between both genera and species of 

mosquitoes. Scales alsoproject as a fringe along the posterior border of thewings. 

In life thewingsof resting mosquitoes are placed across each other over the 

abdomen inthe fashion of a closed pair of scissors. The legs of mosquitoes are 

longand slender and are covered with scales which are usually brown, blackor 

white and may be arranged in patterns, often in the form of rings. The tarsus 

usually terminates in a pair of toothed or simpleclaws. Some genera, such asCulex, 

have a pair of small fleshy pulvillibetween the claws (Service, 2008). 

Theabdomen is composedof 10segmentsbut onlythefirst sevenoreightare 

visible. In mosquitoes of the subfamily Culicinae, the abdomen is usually 

covereddorsally andventrallywith mostly brown, blackish orwhitishscales. In the 

Anophelinae, however, the abdomen is almost, or entirely,devoid of scales. The 
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last abdominal segment of the female mosquito terminates in a pair of small finger-

like cerci, whereas in the males a pairof prominent claspers, comprising part of the 

male external genitalia, arepresent. 

In unfed mosquitoes the abdomen is thin and slender, but after femaleshave 

bitten a suitable host and taken a blood-meal (only females bite) theabdomen 

becomes greatly distended and resembles an oval red balloon.When theabdomen is 

full ofdevelopingeggs it isalsodilated, but iswhitishand not red in appearance 

(Service, 2008). 

3.4 STATISTICAL ANALYSIS 

 The samples collected were identified and separated based on Species, 

gender, fed/unfed, and site of collection. 

The results so obtained were analyzed using the Chi Square Test, which was 

used to determine the level of significance between the observed and the expected 

data at >0.05 level of significance.  
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CHAPTER FOUR 

4.0 RESULTS 

4.1 GENERAL RESULTS 

 A total of 341 mosquitoes belonging to two genera were collected within the 

three locations. The genera identified were Anopheles and Culex. The total number 

of males was 194, representing 56.9% of the sample and a total number of females 

was 147, representing 43.1% of the total sample. The 194 males collected included 

138 Culex, representing 40.5% of the males and 56 Anopheles, representing 16.4% 

of the males collected. The 147 females collected included 75 Culex, representing 

22% of the females and 72 Anopheles, representing 21.1% of the total females 

collected showing significant difference between the genera P >0.05 as shown in 

table 1. 

The total number of the male mosquitoes collected were 194, representing 

56.9% of the total sample, while the total number of the female mosquitoes 

collected were 147, representing 43.1% of the total sample collected. There was no 

significant difference between the male and the female mosquitoes P <0.05 as 

shown in table 2. 

The total number of the engorged mosquitoes collected were 57, 

representing 38.7% of the total sample, while the total number of the not engorged 

mosquitoes collected were 90, representing 61.3% of the total sample collected. 
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There was no significant difference between the engorged and the not engorged 

mosquitoes P <0.05 as shown in table 3. 
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Table 1: Total number of Mosquitoes collected. 

Gender Culex (%) Anopheles (%) Total (%) 

Male 138 40.5% 56 16.4% 194 56.9% 

Female 75 22% 72 21.1% 147 43.1% 

Total 213 62.5% 128 37.5% 341 100% 

 X2=14.419  X2tab=3.841 P>0.05 
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Table 2: Total number of male and female Mosquitoescollected. 

Gender Dambuwa Gobirawa GidanIgwai Total 

Male 64(18.7%) 60(17.6%) 70(20.5%) 194(56.8%) 

Female 63(18.5%) 36(10.6%) 48(14.1%) 147(43.2%) 

Total 127(37.2%) 96(28.2%) 118(34.6%) 341(100%) 

X2=4.643  X2tab=5.991 P<0.05 
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Table 3: Total number of engorged/not engorged mosquitoes collected.  

State Dambuwa Gobirawa GidanIgwai Total 

Engorged 28(19.0%) 11(7.5%) 18(12.2%) 57(38.7%) 

Not engorged 35(23.8%) 25(17.0%) 30(20.4%) 90(61.3%) 

Total 63(42.8%) 36(24.5%) 48(32.6%) 147(100%) 

X2=2.628  X2tab=5.991 P<0.05 
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4.2 RESULTS OF MOSQUITOES COLLECTED BY LOCATION  

The total number of mosquitoes collected from Danbuwa location was 127. 

The total number of males collected was 64, representing 50.4% of the mosquito 

samples collected. The number of females collected was 63, representing 49.6% of 

the mosquito samples collected. There were 15 Anopheles representing 11.8% and 

49 Culex representing 38.6% of the total male mosquitoes collected. There were 32 

Anopheles representing 25.2% and 31 Culex representing 24.4% of the total female 

mosquitoes collected, showing significant difference between the Genera (P >0.05) 

as shown in table 4. 

 The total number of mosquitoes collected from Gobirawa location 

was 96. The total number of males collected was 60, representing 62.5% of the 

mosquito samples collected. The number of females collected was 36, representing 

37.5% of the mosquito samples collected. There were 21 Anopheles representing 

21.9% and 39 Culex representing 40.6% of the total male mosquitoes collected. 

There were 21 Anopheles representing 21.9% and 15 Culex representing 15.6% of 

the total female mosquitoes collected, showing significant difference between the 

Genera (P >0.05) as shown in table 5. 

 The total number of mosquitoes collected from GidanIgwai location was 

118. The total number of males collected was 70, representing 59.3%of the 

mosquito samples collected. The number of females collected was 48, representing 
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41.7 % of the mosquito samples collected. There were 20 Anopheles representing 

16.9% and 50 Culex representing 42.4 % of the total male mosquitoes collected. 

There were 19 Anopheles representing 16.1% and 29 Culex representing 24.6% of 

the total female mosquitoes collected, showing no significant difference between 

the Genera (P <0.05) as shown in table 6. 
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Table 4: Mosquito data for Danbuwa Area (DangeShuni Local Government 

Area)  

Species Male (%) Female (%) Total (%) 

Anopheles 15 11.8% 32 25.2% 47 37% 

Culex 49 38.6% 31 24.4% 80 63% 

Total 64 50.4% 63 49.6% 127 100% 

X2=10.223  X2tab=3.841 P>0.05 
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Table 5: Mosquito data for Gobirawa Area (Sokoto South Local Government 

Area) 

Species Male (%) Female (%) Total (%) 

Anopheles 21 21.9% 21 21.9% 42 43.8% 

Culex 39 40.6% 15 15.6% 54 56.2% 

Total 60 62.5% 36 37.5% 96 100% 

X2=5.075  X2tab=3.841 P>0.05 
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Table 6: Mosquito data for GidanIgwai Area (Sokoto North Local 

Government Area) 

Species Male (%) Female (%) Total (%) 

Anopheles 20 16.9% 19 16.1% 39 33% 

Culex 50 42.4% 29 24.6% 79 67% 

Total 70 59.3% 48 41.7% 118 100% 

X2=1.525  X2tab=3.841 P<0.05 
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CHAPTER FIVE 

5.0 DISCUSSION 

The findingsshowed that Anopheles and Culexare abundant within Sokoto 

metropolis. This  is  in  line  with  the observation  made  by  Onyido  et  al  (2009) 

and Patricia et al (2014)  on  the  co-existence of these two species in a particular 

site or area.The data collected showed that there were more Culex(62.5%) than 

Anophelesmosquitoes (37.5%), showinga significant difference between the two 

Genera (p>0.05).The variation in the abundance of Anopheles and Culex 

mosquitoes can be attributed to the difference intheir breeding requirements. 

Anopheles mosquitoes breed in transient habitats such as shallow sun lit fresh 

water pools or human made habitats, hoof prints and tyre tracks. Culex are known 

to breed in polluted water bodies including open drains, open or cracked septic 

tanks, flooded pit latrines (Patricia et al., 2014). 

The total number of the male mosquitoes collected were 194, representing 

56.8% of the total sample, while the total number of the female mosquitoes 

collected were 147, representing 43.2% of the total sample collected. This finding 

was supported by the works of other authors. For instance Afolabi and Ndams 

(2010) stated that female mosquitoes preferred a lower water temperature range. 

This result also concurred with the findings of Adeboteet al. (2006) and Afolabiet 

al. (2010).  
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The total number of the engorged mosquitoes collected were 57, 

representing 39% of the total sample, while the total number of the not engorged 

mosquitoes collected were 90, representing 61% of the total sample collected, 

showing no significant difference between the engorged and the not engorged 

(P<0.05).This high proportion of the unfed females could be due the use of 

protective clothing during the night. It may also be influenced by some host-

seeking factors; these mosquitoesmay have been trapped indoors while searching 

for a blood meal after their emergence from the breeding sites and could also be 

due to the fact that a greater percentage of the mosquitoes collected were males 

which do not require blood meal (Patricia et al.,2014). 

In Danbuwa area, there were more female Anopheles than male Anopheles, 

while more Culex males were recorded; in Gobirawa area, equal number of 

Anopheles species were recorded; and finally in GidanIgwai area, more female 

Anopheles were observed and also the number of male Culex recorded was more 

than female Culex. The Chi-Square analysis of the recorded data for male and 

female species was however insignificant (p<0.05). 

Also, in Danbuwa area, the number of engorged female Anopheles was more 

than the number of not engorged. Still in the same area, there were fewer engorged 

Culexthan the not engorged; Gobirawa area had less number of engorged 

Anopheles compared to the not engorged. Similarly, there were also fewer 
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engorged Culex than the not engorged; finally, in GidanIgwai area, the number of 

engorged Anopheles was more than the number of the not engorged. Similarly, 

there was a lesser number of engorged Culex than the number of not engorged. The 

Chi-Square analysis of the data for the engorged and not engorged was also 

insignificant (p<0.05), therefore there is no significant difference between the 

observed and the expected data for the various areas sampled. 

5.1 CONCLUSION 

In conclusion, Culex mosquito species had the highest population among the 

areas sampled. Also, Danbuwa area in DangeShuni Local Government area had the 

highest mosquito population (p>0.05). This is could be as a result of stagnant pools 

of water and indiscriminate dumping of refuse which serve a breeding ground for 

these vectors (Patricia et al., 2014). 

The number of males recorded in Danbuwa area was more than the number 

of females. In Gobirawa area also, more males than females were recorded. Also in 

GidanIgwai area, the number of males recorded was more than the number of 

females. However, these values were insignificant (p<0.05). 

Finally, only Danbuwa had more number of engorged females than the not 

engorged, the other two areas had lesser number of engorged than the not 

engorged. The values were, however, also insignificant (p<0.05). 
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The results of the study is  of  Public  Health  concern  as the  species  

ofmosquitoes  encountered  have  been  known for thetransmission of one form of 

disease or the other. 

5.2 RECOMMEDATION 

1. In respect to this study, it is necessary to develop an efficient mosquito 

control strategies by the Government to control the population of these 

vectors and also regular sanitation and precaution should be taken on the 

part of the people occupying the areas. 

2. Adequate drainage system should be constructed by the Government and the 

individuals’ gutters should not be left stagnant.   

3. Health  education  of  individuals  and  proper  refuse  disposal should  also  

be  promoted by Government and Non-Governmental Organisations (NGOs) 

along  with  campaigns  to  avoid mosquito breeding in the area. 

4. It is also essential for the individuals in these areas to avoid stagnant pools 

and poor environment condition, which encourage the breading of mosquito. 

5. The Government should allocate more funds which can be used for proper 

vector controlprogrammes. 
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