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Abstract

Culex mosquitoes are nuisance bitters and vectors of public and veterinary health importance. Information

on the abundance and distribution of this species is critical in understanding the risk factors associated with

the diseases transmitted by these vectors. A longitudinal survey was conducted from May 2015 to October

2016 to determine the abundance, distribution and species diversity of Culex mosquitoes in water drainage

channels in Kosofe, Ojo, Epe and Eti-Osa Local Government Areas (LGAs) of Lagos State. Culex larvae

were collected using standard dipper, counted and reared to adults. Samples collected were identified

morphologically while members of Culex pipiens complex were further identified into subspecies using

Polymerase Chain Reaction (PCR) assays. A total of 12,367 Culex larvae were collected, of which 64.4%

and 35.6% were collected in canals and gutters respectively.  Culex larvae were predominant at the end of

wet season and beginning of the dry season with the highest population recorded in November. Kosofe LGA

had the highest number of Culex immature stages (34.47%) followed by Ojo (31.13%), Eti-Osa (18.56%)

and Epe (15.84%). Six species; Culex pipiens sensu lato (49.35%),   Cx nebulosus Theobald (20.71%), Cx

moucheti Evans (6.89%), Cx cinereus Theobald (10.43%), Cx decens Theobald (8.75%) and Cx tigripes

Grandpre and Charmoy (3.87%) were identified. The abundance of members of Cx pipiens complex was

significantly higher than that of the other five species (F = 7.760; df = 5; P<0.05). PCR assays of Cx. pipiens

complex revealed the presence of Cx. pipiens quinquefasciatus as the only member of the group. Species

dominance structure showed Cx quinquefasciatus as the only eudominant species in all the study locations.

Diversity indices for the study areas varied from 1.220 to 1.643 for Shannon-Weiner (H’) and from 0.2104

to 0.4132 for the Simpson index (D).The wide range of Culex species encountered highlight the need for the

mosquito surveillance and control in Lagos state because of their potential role in disease transmission.
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INTRODUCTION

Culex mosquitoes are nuisance bitters that cause

sleeplessness and allergic reactions in sensitive

persons (Vinogradova, 2000). They also serve as

vectors of various encephalitides (particularly Rift

valley fever, West Nile fever, and Equine

encephalitis), avian pox, avian malaria and

Lymphatic filariasis (Farajollahi et al., 2011). Of

these, bancroftian filariasis caused by Wuchereria

bancrofti, is the most predominant disease with

106 million people at risk in Nigeria (Hotez et al.,

2012). The disease is found in all the states of the

country with human prevalence ranging from 10-

23% (FMoH, 2012). Various virological and
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metres above sea level and occupies an area of

3,577 square kilometres. Lagos has a tropical wet

and dry season climate. It has two episodes of

wet season with the heaviest rain falling from April

to July and a weaker rainy season from September

to October. The state experiences a longer dry

season from November to March and a short one

in August. It has a mean annual temperature of

27.50C and total annual rainfall of about 1817mm.

The average Relative Humidity is 86% (BNRCC,

2012). Lagos State has a population of 9,013,534

people (NPC, 2006). Four Local Government

Areas (LGAs) Epe, Eti-Osa, Kosofe and Ojo

were chosen for the study (Figure 1).

Eti-Osa LGA is a narrow coastal lowland

located at the southeastern part of Lagos State

on latitude 60	27’N and longitude 30	36’ E. The

LGA which is completely surrounded by water

occupies an area of 129.5 km² and has an

elevation of –2m to25 m above sea level. It has

an average temperature of 270C and an average

annual rainfall of 1,647.26mm.The area has a

swamp forest vegetation. Eti-Osa has a total

population of 287,785 (NPC, 2006) persons.

Apart from fishing and farming, Eti-Osa has

now become one of Nigeria’s busiest centres

of banking and commerce.

Epe is situated at the northeastern part of the

Figure 1: Map of Lagos State showing the study

areas

serological evidences suggest the presence and

circulation of equine encephalitis (Adeyefa et

al., 1996), West Nile Fever (Olaleye et al.,

1990; Baba et al, 2013, Sule and Oluwayelu,

2016; Sule et al., 2015 and Adesina et al., 2017)

and Rift Valley Fever (Adeyeye et al., 2011;

Tomori, 1980 and Tomori et al., 1988) viruses

in Nigeria.

Lagos State has network of water drainage

systems including canals and gutters

constructed to drain surface water runoffs

during heavy rainfall and to safely dispose

effluents from various sources into the Lagos

lagoon. However, increased rural migration and

resettlement of people have resulted in over-

crowding, poor sanitation and poor waste

management, thus exerting tremendous

pressure on these water channels (Castro et al.,

2010). The clogging of these drainage channels

through the outright dumping of plastics and

domestic waste prevent the flow of water

resulting in the formation of stagnant pools and

ideal breeding sites for mosquitoes.

Anthropogenic activities of man, urbaniza-

tion, global warming and climate change play

some role in altering seasonality of mosquito

borne diseases. High temperature have been

demonstrated to shorten mosquito life cycle and

increase rate of egg maturation and hatching

which consequently increase the risk of

transmission of mosquito borne diseases. This

study therefore, investigated the abundance and

diversity of Culex mosquitoes in water drainage

systems in Lagos State with a goal of documenting

changes in transmission pattern and to proffer

appropriate control interventions using available

tool.

Study Area

Lagos State is located in the southwestern part

of Nigeria lying approximately between latitude

60 22’N and 60	42’N and longitude 20 42’E and

40	15’E. The state has an average elevation of 15
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state on latitude 60	 35’  N and longitude

30	59’ E. It is a riverine area that has a slight

elevation of 30-60 metres above sea level and

covers a total land mass of 965 km². The area

mean annual maximum temperature of 300C.

The LGA area has a swamp forest and lowland

rainforest vegetation. It has about 181,409

(NPC, 2006) people. Epe is rural in nature and

its economy is dominated by faming, fishing

and lumbering.

Ojo LGA lies to the western part of the state

on latitude 60	27’ N and longitude 30	13’ E and

occupies a total land mass of 180 km². The LGA

has an elevation of 41 metres above sea level.

The area has an average temperature of 270C

and rainfall annual average of 1,532 mm. The

vegetation consists of swamp forest and dry

lowland rain forest. Ojo has a population of

507,693 people (NPC, 2006). The major human

activities include farming, fishing and

commerce.

Kosofe LGA is located in the northern part

of the state situated on latitude 60	33’ N and

longitude 30	23’ E. The area covers about

178.85 km² and has an elevation of 12m above

sea level. It has a mean annual rainfall of

1524mm and the swamp forest vegetation

cover. There are about 682,772 (NPC, 2006)

persons living in the area whose major

occupations are farming, fishing and trading.

Study Design

Two study sites were randomly selected from

each of the four Local Government Areas. Two

mosquito breeding sites (a canal and a gutter)

were selected, based on previous reports of their

high productivity (Adeleke et al., 2008; Muturi

et al., 2007, Mgbemena and Ebe, 2012) from

each study site and used for larval sampling.

Culex mosquito larvae were collected monthly

for 18 months from May 2015 - October 2016.

Collections were done in the mornings between

8 am-12 noon in each of the 16 selected mosquito

breeding sites in the state. Sampling was made

using standard (350 ml) WHO dipper. An interval

of 2-3 minutes was maintained between

subsequent dips to allow larvae return to the surface

(Adeleke et al., 2008). Twenty dips were taken

per habitat in different locations where mosquito

larvae were expected. Contents of dippers were

emptied into well labeled plastic containers with

lids and carefully transported to the Nigerian

Institute of Medical Research (NIMR) Lagos for

rearing and identification.

Morphological Identification

Larvae of the genus Culex were identified using

hand lens and morphological keys (Hopkins,

1952). Adults reared from larval collection were

killed using chloroform, identified into species

level with the aid of dissecting microscope and

morphological keys (Edwards, 1941; Harbach,

1985) and mosquitoes belonging to the Cx

pipiens complex were stored on silica in

Eppendorf tubes for further molecular

identification.

Molecular Identification

One hundred and twenty morphologically

identified mosquitoes of Culex pipiens complex

(30 from each LGA) were subjected to PCR

analysis. DNAs were extracted from whole

mosquitoes using the Jena Bioscience DNA

Mini-prep kit (Germany) according to the

manufacturer’s instructions. PCR assay was

performed by amplifying the Acetylcho-

linesterase II (ACE II) gene as described by

Smith and Fonseca (2004) using the Techne TC

4000 cycler in the Molecular Entomology

Laboratory, Nigerian Medical Research

Institute (NIMR), Yaba, Lagos. 6ng of the

extracted genomic DNA, 0.15 mg/ml of Bovine

Serum Albumen (BSA), 0.2μ Μof ACEpip

(5’-GGAAACAACGACGTATGTACT-3’),

0.4μΜ ACEquin

(5’-CCTTCTTGAATGGCTGTGGCA-3’) and
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0.4μM B1246s

(5’-TGGAGCCTCCTCTTCACGG-3’)

primers were added to 20μl volume of reaction

mixtures. The amplification cycling involved

940C for 5mins, followed by 35 cycles of 940C

for 30 sec, 550C for 30sec, 720C for 1min and

one cycle at 720C for 5min. PCR products were

separated in 1.5% agarose gel stained with

ethidium bromide. The gel was visualized

under a UV illuminator and photographed using

gel documentation system (Clinix Science

Instrument Company Ltd).

Statistical Analysis

Variation in test mosquito abundance among

habitats, localities (LGAs) and seasons were

analyzed using Student t-test, one-way analysis

of variance (ANOVA) and Tukey tests using

the Statistical Package for Social Sciences

(IBM SPSS Statistics version 22). Species

dominance structure was evaluated using the

Heydemann’s classification, where species

making up >30% of all specimens are

eudominant, 10-30% are dominant, 5-10%

subdominant, 1-5% rare and<1% sub-rare.

Classical diversity indices including the

Shannon, Simpson, Margalef, Barger-Parker

and Pielou evenness indices were used to

estimate species diversity using the

Paleontological Statistics (PAST) version 3.18

software package.

RESULTS

Relative Abundance and Seasonal

Distribution

A total of 12,367 Culex larvae were collected

from the 16 sampling sites. All habitats were

found to be positive for Culex immature stages

throughout the study period. Majority (64.4%)

of the larvae were found in canals the remaining

(35.6%) were collected from gutters. The

overall abundance of Culex larvae did not vary

significantly (P>0.05) between the two habitat

types.

Culex larvae were found to be more

abundant from September to February with the

peak population in November. Population

decreased from March reaching its lowest peak

in June (Figure 2). There was a significant

difference (P < 0.05) in Culex larvae abundance

between the wet and dry seasons.

Figure 2: Dynamics of Culex larval breeding sites

in the four selected LGAs of Lagos state.

Kosofe LGA recorded the highest number

of Culex larvae 4,263 (34.47%) followed by

Ojo 3,849 (31.13%) and Eti-Osa 2,296

(18.56%) while Epe 2,075 (15.84%) recorded

the least mosquitoes (Figure 3). Statistical

analysis using one-way ANOVA showed

significant difference (F-value = 6.12: df = 3

P<0.05) in larval abundance in the four study

areas. The Tukey’s multiple comparison test

however revealed significant difference in

larval population between Kosofe and Epe,

Kosofe and Eti-Osa. There was also a

significant difference between the number of

larvae collected in Ojo and Epe and Ojo and

Eti-Osa (P<0.05). Larval population did not,

however, vary significantly between Kosofe and
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Ojo and Eti-Osa and Epe.

Species Composition

Morphological identification of 8,913 adults reared

from larval collection revealed the presence of six

Culex species: Cx quinquefasciatus 4,398

(49.34%), Cx nebulosus1846 (20.71%), Cx

cinereus 930 (10.43%), Cx moucheti 614

(6.89%), Cx tigripes 345 (3.87%) and Cx

decens 780 (8.75%). Cx quinquefasciatus had

the highest occurrence while Cx tigripes was the

least encountered (Figure 4). Tukey’s Post Hoc

analysis showed that Cx quinquefasciatus was

present in significantly (P<0.05) higher number

than the other five species. Evaluation of dominance

structure of species composition based on

Heydemann’s classification showed that the total

Culex mosquitoes in all the study areas comprises

one eudominant species, two dominant species,

two subdominant and one rare species. Dominance

structure of species in the individual study locations

is presented in Table 1. PCR analysis showed that

all morphologically identified members of the Cx

pipiens complex subjected to DNA probes

produced a 274 base pair fragment which is

characteristics of Cx pipiens quinquefasciatus

(Plate 1). Cx pipiens pipiens will produce a 610-

bp while their hybrids will show both bands (274

and 610 bps).

Species Richness and Diversity

Figure 3: Culex larvae distribution in the four

selected LGAs of Lagos State.

Figure 4: Culex species composition in Lagos

State.

Plate 1: Electrophoresis of PCR products of Culex pipiens complex showing the presence of Cx

quinquefasciatus with a 274 DNA base pair. Lane 1: Molecular marker, Lane 2: Positive control, Lane

3: Negative control, Lane 4-20: test samples

Positive 
control

(Culex 
quinque
fasciatus)

DNA

Ladder

274bp
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The calculated diversity indices for all the study

areas ranged from 1.220 to 1.643 for the Shannon

index and from 0.5868 to 0.7896 for Simpson

index (1-D) (Table 2). The degree of species

evenness and richness was observed to be highest

and lowest in Epe and Kosofe LGAs respectively.

Simpson’s dominance indices (Table 3) indicated

that Culex quinquefasciatus (D: 0.2435) strongly

dominated the rest of the species encountered in

the study locations.

DISCUSSION

Table 1: Heydemann’s classification showing dominance structure of Culex mosquitoes in the study

area

Species Kosofe % 

Rela-

tive 

Abun-

dance 

Domi-

nance 

Structure 

Ojo % 

Relative 

Abun-

dance 

Domi-

nance 

Structure 

Eti-

osa 

% 

Relative 

Abun-

dance 

Domi-

nance 

Structure 

Epe % 

Relative 

Abun-

dance 

Domi-

nance 

Structure 

Cx 

quinquefasciatus 

1951 60.57 Eudomi- 

nant 

1209 50.71 Eudomi- 

nant 

806 43.05 Eudomi-

nant 

432 30.08 Eudomi-

nant 

Cx nebulosus 584 18.13 Domi-

nant 

462 19.38 Domi-

nant 

486 25.96 Domi-

nant 

314 21.87 Domi-

nant 

 Cx cinereus 297 9.22 Subdomi-

nant 

233 9.78 Subdomi-

nant 

204 10.90 Domi-

nant 

196 13.65 Domi-

nant 

 Cx moucheti 113 3.51 Rare 195 8.18 Subdomi-

nant 

142 7.59 Domi-

nant 

164 11.42 Domi- 

nant 

Cx tigripes 128 3.97 Rare 101 4.42 Rare 71 3.79 Rare 45 3.13 Rare 

 Cx decens 148 4.59 Rare 184 7.22 Subdomi-

nant 

163 8.71 Domi-

nant 

285 19.85 Domi- 

nant 

Total 3221   2384   1872   1436   

 

Table 2: Biodiversity indices of Culex mosquitoes among the four study locations in Lagos State

Biodiversity indices Kosofe Ojo Eti-Osa Epe 

individuals 3221 2384 1872 1436 

Shannon (H’) 1.220 1.426 1.487 1.630 

Simpson (D) 0.4132 0.3187 0.2794 0.2104 

Simpson (1-D) 0.5868 0.6813 0.7206 0.7896 

Evenness (J’)  0.5647 0.6937 0.7371 0.8617 

Margalef (Dmg) 0.6190 0.6430 0.7206 0.6878 

Barger-Parker 0.6057 0.5067 0.4306 0.3008 

 

Table 3: Simpson dominance index for Culex species in the study areas

Culex mosquitoes Simpson index (D) 

Cx quinquefasciatus 0.2435 

Cx nebulosus 0.0429 

Cx cinereus 0.0109 

Cx moucheti 0.0047 

Cx tigripes 0.0015 

Cx decens 0.0077 
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Larvae of Culex mosquitoes were collected in

the canals and gutters throughout the year. This

result agrees with previous studies by Afolabi

et al., (2005); Muturi et al., (2007); Adebote et

al., (2008) Imbahale et al., (2011); David et al.,

(2012) Olayemi et al., (2012) and Farjana et al.,

(2015). Mafiana et al., (1998) on the other hand,

described gutters as short period breeding sites

for mosquitoes in Lagos. Poor larval population

reported by Akpan and Nwabueze (2016) in Port

Harcourt was attributed to the clean drainage

systems. The high productivity of the mosquito

breeding sites observed in survey may not be

unconnected to the continuous availability of steady

supply of nutrient rich water characteristics of the

blocked stagnant drainage systems.

Culex abundance was highest at the end of

the late wet season and beginning of the dry

season between the months of September to

November with the population peaking in

November. Culex larval occurrence was found

to be poor during the early and heavier wet

season (May-July) with the least population

recorded in the wettest month of June. The late

wet season population was found to be about

10 folds more than that of the early rainy season.

Previous workers, Muturi et al. (2007), Akpan

and Nwabueze (2010), Mgbemena and Ebe

(2012), Manyi et al. (2014) and Okorie et al

(2014) reported significant negative association

between rainfall and Culex larval abundance

which is similar to the findings of this study.

On the other hand, the preponderance in

mosquito larvae population during wet season

has been previously reported in Nigeria

(Adeleke et al., 2008; Olayemi et al., 2008;

Aigbodion and Uyi, 2013; Aigbodion et al., 2013;

Aribodor et al., 2013; Uttah et al., 2013). The

fewer larvae collected during the wet season during

this study was due to heavy precipitation that

characterized the season which led to flooding that

destroys mosquito breeding sites and washed away

immature stages and eggs. Rainfall has been

reported to have a severe effect on the abundance

and occurrence of mosquito immature stages

(Simeon-Oki and Olofintoye, 2015).

Kosofe LGA had the highest Culex mosquito

abundance when compared with other study

locations. This may not be unconnected with it high

population density which results in high

anthropogenic activities which has been considered

to be responsible for the establishment of majority

of aquatic habitat used by these mosquitoes

(O’Meara, 1997). The association between high

Culex larvae abundance and high human

population density has also been reported by

Mgbemene and Ebe (2012) in Imo State, Nigeria.

The low population size of Epe, on the other hand,

may have been responsible for the low mosquito

density encountered. The disparity in Culex larval

abundance and distribution in the different localities

could also be attributed to different environmental

conditions and variation in their microclimate.

Cx. quinquefasciatus was the most common

and abundant species in all locations examined.

This is not surprising because Cx

quinquefasciatus is the most widely distributed

mosquito in the tropical and sub-tropical

regions of the world usually near human

dwelling (Subra, 1980). Cx tigripes was the least

encountered. Similar findings were reported by

Odo et al. (2015) and Muturi et al. (2007). This

present finding, however, disagrees with the result

of Aribodor et al. (2013) where Cx tigripes was

reported to have the highest occurrence. The low

population may be due to the fact that Cx tigripes

is not usually associated with drainage systems.

The measure of diversity indices (Shannon,

Simpson, Pielou and Margalef) showed the

variation in diversity that prevailed in the study

areas. According to these indices, Kosofe had the

lowest species diversity. This may be attributed to

it urban setting and population which supported

the presence and dominance of the highly

anthropogenic Cx quinquefasciatus thus

decreasing species evenness in the area. The
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highest level of Culex species diversity witness in

Epe, on the other hand, may be due to its low

population and lower human activities leading to

lower species dominance and more evenness.

Lower biodiversity has been linked to higher

disease transmission (Keesing et al., 2010). These

workers suggested that reduced diversity of host

vectors will lead to the efficient spreading of

pathogens and parasites as there are fewer

encounters with other species. Low species

diversity usually results in the loss of the

buffering effect of infectious diseases to

humans (Pongsiri et al., 2009) leading to faster

rate of emergence and re-emergence of vector

borne infectious diseases (Nikookar et al.,

2015; Rueda, 2008; Peixoto and Abramson,

2006). High biodiversity, on the other hand, has

been reported to result in reduced risk of vector

borne diseases (Ezenwa et al., 2006).

CONCLUSION

The large number of Culex mosquitoes

encountered in the present study should be a

source of concern to residents and the Lagos

State Government. Apart from Cx tigripes

which is a very large mosquito whose larvae

are predatory and feed on the larvae of other

mosquitoes and could be exploited and used

as a biological control agent (Umaru et al.,

2007), the remaining five species identified

here are known to be efficient vectors of

medical importance. Residents should be

enlightened about the dangers of dumping

refuse and sewage into drainage systems.

Cleaning of already exiting drainages and good

construction practices of new ones by both the

state and local governments may help to make

these water ways unsuitable as mosquito breeding

habitats. It is suggested that massive larvae control

interventions in these gutters and canals should be

carried out especially in the dry seasons.
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