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ABSTRACT 

Mosquitoes are important vector of parasitic diseases. This study was conducted in Awka South 

LGA, Anambra State, between October 2017 and September 2018to determine the effects of 

rainfall, temperature, and relative humidity on mosquito species abundance and diversity. 

Outdoor and indoor adult mosquitoes were collected using the Centers for Disease Control light 

traps and pyrethrum spray catch methods, respectively. Line graphs were used to show the 

response of monthly rainfall, temperature, and relative humidity to the abundance of mosquito 

population. Pearson correlation were used to determine the relationships between rainfall, 

temperature, relative humidity, and the abundance of the adult mosquitoes. Shannon-Wiener 

diversity index and Simpson’s dominance indices was calculated for all mosquito species 

collected. Seven mosquito species, composed of 2,663 adult mosquitoes were collected. 

Anopheles gambiae, An. funestus, Aedes aegypti, Ae. albopictus and Culex quinquefasciatus 

were collected both indoors and outdoors while C. annulioris and Eretmapodites chrysogaster 

were collected outdoors. At the onset of wet season, adult mosquito population increased rapidly 

from 279 in April to507 September when the temperature was least at 26.0ºC with outdoor 

relative humidity of 90%.Adult mosquito population was positively and strongly correlated with 

rainfall (r=0.897) and relative humidity (r=0.700) but negatively correlated with temperature 

(r=-0.775).Culex quinquefasciatus had the highest Shannon-Wiener diversity index(0.107), and 

Simpson’s dominance index(0.495). Rainfall, temperature, and relative humidity patterns 

influenced the abundance of mosquitoes and should be considered during control interventions. 
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INTRODUCTION 

Mosquitoes are insects with piercing and 

sucking mouthparts but only the females 

feed on blood, and many species are vectors 

of parasitic and viral diseases (Ezihe et al., 

2017; Onyido et al., 2016)such as filariasis, 

dengue, yellow fever and malaria(Simon-

Oke and Olofintoye, 2015). Mosquitoes’ 

ability to adapt and expand their territories 

increases the spread of mosquito-borne 

diseases (Drakou et al., 2020). Mosquitoes 

are widespread, their distribution being 

largely dependent on climatic factors such as 

rainfall pattern, temperature, and relative 

humidity (Asgarian et al., 2021).In warm 

and tropical regions, climatic factors have 

also been associated with relative mosquito 

abundance and transmission of mosquito-

borne infections(Simon-Oke and Olofintoye, 

2015). 

Rainfall creates breeding sites for 

mosquitoes and larval development, but high 

volume of rainfall may decrease mosquito 

populations(Asgarian et al., 2021). It has 

been observed that rainfall generally brings 

new opportunistic mosquito breeding sites 

though rainfall can also destroy existing 

breeding sites (Onyido et al., 2006) by 

changing breeding pools into streams, 

impeding development of mosquito eggs or 

larvae or by simply flushing eggs or larvae 

out of the pools.  

Service (2008) also observed that mosquito 

population declines in the dry season due to 

high temperatures and lack of breeding 

places. Environmental temperature between 

16oC and 36oCfavours survival of mosquito 

population which peaks at a temperature 

range of 28oC to 32oC but can decline 

rapidly at temperature above the range 

(Craig et al., 1999).Increase in temperature 

may facilitate larval development, enhance 

vector survivorship and reproductive fitness, 

as well as increase its blood feeding 

frequency and parasite sporogonic 

development rate in previously cooler areas 

(Ezihe et al., 2017). 

Relative humidity (RH) affects longevity, 

blood feeding behavior, mating, dispersal 

and oviposition of mosquitoes (Rogers and 

Randolph, 2006;Simon-Oke and Olofintoye, 

2015;Drakouet al., 2020).It has been noted 

that relative humidity is one of the vital 

factors affecting the survival of mosquitoes, 

and RH between 50-55% is the most 

appropriate condition for peak abundance of 

mosquito species, although adult mosquitoes 

could still survive relative humidity range of 

80–85% (Thu et al., 1998).  

An effective mosquito control intervention 

plan should be based on the knowledge of 

the vector’s abundance, and how they 

respond to rainfall, temperature, and RH in 

an area. This study investigated the seasonal 

distribution and climatic factors that 

influenced abundance of mosquito vectors in 

Awka South Local Government Area (LGA) 

of Anambra State. 

MATERIALS AND METHODS 

Study area 

The study was conducted in Awka South 

LGA (Longitude 7004'E and Latitude 

6010'N) of Anambra State, Nigeria. The area 

is in the tropical rainforest zone of Nigeria 

which experiences about eight months of 

wet season between March and October, 

followed by about four months of dry season 

between November and February. The 

temperature range is generally 27-30℃ 

between June and December but rises to 32-

34℃ between January and April. The RH is 

about 70% in the dry season, reaching 80% 

during the wet season while the annual 

rainfall ranges between 2000-3000mm. The 

LGA, with an estimated population of 

189,049 (NPC, 2006) comprises nine 

communities of Amawbia, Awka, Ezinato, 
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Isiagu, Mbaukwu, Nibo, Nise, Okpuno and 

Umuawulu.  

Study design and selection of sampled 

areas 

The study was a longitudinal survey of man-

biting adult mosquitoes conducted between 

October, 2017 and September, 2018. Six 

communities Amawbia, Awka, Okpuno, 

Nibo, Nise, and Mbaukwu were 

judgmentally selected to represent urban, 

sub-urban and rural areas in the LGA 

(Onuoha et al., 2011). The representative 

communities are Amawbia and Awka 

(Urban),Okpuno and Nibo (Sub-urban) 

while Mbaukwu and Nise are rural 

communities. 

Advocacy visits and community 

sensitisation 

Community members were sensitized 

through meetings organized with the 

cooperation of community opinion leaders. 

At these meetings, the intent and importance 

of the study were explained to them after 

which informed consent was obtained for 

the study in the communities. 

Collection of indoor-biting adult 

mosquitoes 

Indoor-biting and resting adult mosquitoes 

were collected from collected using 

pyrethrum spray catch method (Onyido et 

al., 2016) from living rooms where people 

slept the previous night. Briefly, a 

pyrethroid-based insecticide aerosol 

(Baygon®) was sprayed in the rooms. At 20 

minutes interval after spraying, the white 

cloth sheets earlier laid on the floor were 

folded to ensure that no knocked down 

mosquito escaped. The folded sheets were 

taken outside the rooms and spread out to 

collect the knocked-down mosquitoes, with 

a pair of entomological forceps, into a 

damped petri dish. 

Collection of outdoor-biting mosquitoes 

Outdoor-biting mosquitoes were collected 

using Centers for Disease Control (CDC) 

light trap as described by Mboera et 

al.(1998). Mosquitoes were collected at 

hourly intervals between 6.00pm-6.00am 

local time. 

Morphological Identification of 

mosquitoes 

All the mosquitoes collected were properly 

labeled and sent to the Entomology 

Laboratory of the Department of 

Parasitology and Entomology, Nnamdi 

Azikiwe University for identification using 

the gross morphology of the species 

according to standard keys (Gillies and De 

Meillon, 1968; Gillet, 1972;Gillies and 

Coetzee, 1987).  

Collection of meteorological data 

Monthly outdoor temperature, relative 

humidity and rainfall data for the study 

period were obtained from Weather Atlas 

website. Monthly means of rainfall, 

maximum and minimum temperatures, and 

relative humidity were also obtained for wet 

and dry seasons of the study period. 

Data analyses 

Data were analysed using the statistical 

package for social sciences (SPSS) version 

2.10. The analysis of variance (ANOVA) 

and line graphs in Excel were used to show 

the responses of mean monthly rainfall, 

temperature, and relative humidity to the 

abundance of mosquitoes while Pearson 

correlation was used to determine their 

relationships. Shannon-Wiener diversity 

index (H) was calculated for all mosquito 

species as: , where ni is 

the abundance and N, the total number of 

individuals in the species (Ogbeibu, 2005). 

Also, Simpson’s dominance index (C) which 

evaluated the prevalence of each individual 

species and measures the probability of 

picking two organisms at random that are of 

different species was computed , 

where ni is the number of individuals of nth 
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species, Nis the total number of individuals 

for all species (Krebs, 1972). 

RESULTS 

A total of 2,663 adult mosquitoes 

comprising of seven species namely, 

Anopheles gambiae, An. funestus, Aedes 

aegypti, Ae. albopictus and Culex 

quinquefasciatus were collected both 

indoors and outdoors while C. annulioris 

and Eretmapodites chrysogaster were only 

collected outdoors. The adult mosquito 

population followed rainfall pattern (Figure 

1).At the onset of the rainy season, mosquito 

population increased rapidly from 279 in 

April and reached peaked at 464 in July. It 

then declined slightly to 337 in August 

before it and rose to its highest peak of 507 

in September. It declined rapidly from 219 

in October until 18 in December  to2 in 

February at the height of the dry season. 

Adult mosquito population had a positive 

significant relationship with rainfall 

(r=0.897). 

 

 

Figure 1:  Response of adult mosquitoes to rainfall patterns 

Adult mosquitoes were collected between 

the mean temperature ranges of 26.0ºC-29ºC 

(Fig. 2). Highest numbers of mosquitoes 

numbering 507 were collected in September 

when the temperature was least at 26.0ºC. 

The least number of 2 mosquitoes was 

collected in February when the temperature 

was highest at 29.0ºC. Adult mosquito 

population had a significant negative 

relationship with temperature (r=-0.775). 
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Figure 2: Response of adult mosquitoes to temperature 

Adult mosquitoes were collected between 

relative humidity of 83%-92% (Figure 

3).Highest numbers of mosquitoes (n= 507) 

were collected in September when outdoor 

relative humidity was at 90%. The least 

number of mosquitoes (n=2) was collected 

in February when outdoor relative humidity 

was least at 83%. Adult mosquito population 

had a significant positive relationship with 

relative humidity (r=0.700). 

 

Figure3:  Response of adult mosquitoes to relative humidity 

From Table 1, it could be observed that 

Culex quinquefasciatus had the highest 

Shannon-Wiener diversity index of 0.107 

while C. annulioris and E. chrysogaster had 

the least 0.0000003 each. Others in 

ascending order were An. Funestus (0.057), 
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Ae. Albopictuss (0.077), An. Gambiae  

(0.089) and Ae. Aegypti (0.098). Culex 

quinquefasciatus also had the highest 

Simpson’s dominance index of 0.495 while 

C. annulioris and E. chrysogaster had the 

least 0.00000004 each. Others were An. 

Funestus (0.002), Ae. Albopictus (0.004), 

An. gambiae (0.007) and Ae. Aegypti 

(0.009).

 

Table 1: Species diversity and dominance indices of mosquitoes sampled 

 

 

DISCUSSION 

The seven mosquito species made up the 

2,663 mosquitoes collected from the study 

has all been reported by other studies in 

southeastern Nigeria (Irikannu et al., 2022; 

Ikpo et al., 2021a; Ikpo et al., 2021b; 

Irikannu et al., 2021;Onwuzulikeet al., 

2021a, Onwuzulike et al., 2021b;Irikannuet 

al., 2020;Egbucheet al.,2020;Irikannuet al., 

2019). This study identified associations 

between adult mosquito population and 

some climatic factors. There was a positive 

relationship between mosquito populations 

and rainfall (r=0.897). This was because 

rainfall provided breeding places for the 

mosquitoes (Onyido et al., 2006;Muteroet 

al. 2004). Adult mosquitoes declined in 

August before it peaked again in September. 

Rainfall was highest in August but reduced 

in September and the breeding water became 

more stagnant. Mosquito population 

increased constantly as soon as the rainy 

season arrives. Uttah et al. (2013) reported 

that repeated rainfall causes severe flooding, 

resulting in temporary flushing out of 

mosquito breeding places. Consequently, the 

breeding of a vector population is greatly 

reduced, but becomes, re-established when 

favourable conditions are restored. In 

February, there were almost no visible 

mosquito breeding sites due to low rainfall; 

thus, mosquito populations were least 

abundant.  

In this work, mosquito vectors were more 

abundant between the temperatures of 270C-

300C. Craig et al. (1999) reported that the 

highest proportion of vector surviving 

period is observed at temperature between 

28oC and 32oC. Their report overlaps with 

our findings., Paaijmans et al. 

(2010)reported that temperature directly 

affects mosquito behavior and survival. But 

in contrast, Ezihe et al. (2017) noted that 

they were not able to find any significant 

association with temperature with 

abundance mosquitoes in their study using 

the spearman’s rho correlation test. But in 

this study, adult mosquito populations had 

negative relationship to the mean 

environmental temperature(r=-0.775). 

Mosquito populations decreased as 

temperature increased. This observation 
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reveals that, although adult mosquitoes 

survive more in the tropics than in temperate 

regions of the world, their population may 

decline sharply if the temperatures are high 

above 30˚C. 

Adult mosquito populations had positive 

relationship with the mean relative 

humidity(r=0.700). Mosquito populations 

increased with increase in relative humidity 

within the ranges of 83%-92%. This shows 

that a certain quantity of water is required in 

the atmosphere for adult mosquito 

populations to thrive. Eziheet al. (2017) also 

noted that they were not able to find any 

significant association with relative 

humidity and abundance of mosquitoes. But 

the observations in this study, and some 

other previous findings reported that for 

adult mosquitoes to survive, they need at 

least 55% relative humidity (Bruce-Ch watt, 

1991;Thu et al. 1998). Higher levels of 

relative humidity lengthen the life span of 

the mosquitoes and enable them to infect 

more people. Also, Sara (1990) had 

observed that a constant low relative 

humidity led to drastic decline in the 

mosquitoes’ populations. 

Culex quinquefasciatus had the highest 

Shannon-Wiener diversity value (0.107) and 

the highest Simpson’s dominance index 

(0.495) compared with other mosquito 

species in the area. Okonkwo et al. (2014) 

made similar observation in Oba Anambra 

State, were C. quinquefasciatus had the 

highest Shannon-Wiener diversity value 

(0.159) and the highest Simpson’s 

dominance index (0.109) when compared 

with other mosquito species in their study 

area. The implication of these finding is that 

C. quinquefasciatus is the most predominant 

and most frequently encountered mosquito 

species in the study area. Also, the mosquito 

has been reported to be a vector filariasis in 

Nigeria (Umeanaeto et al., 2017; Irikannu 

and Chukwuekezie, 2015). Thus, the 

mosquito may be actively involved in the 

transmission of the parasite if infected 

people live in the area. 

CONCLUSION 

Findings from the study showed that 

different genera of mosquitoes namely 

Culex, Aedes and Anopheles were abundant 

in the study area, with C. quinquefasciatus, a 

vector of filariasis observed as the most 

dominant species. The other mosquito 

species are also known vectors of other 

parasitic and viral disease and can cause 

irritation and allergy to their victims by their 

bite. Also, rainfall, temperature and relative 

humidity influence their abundance. 

Mosquito control programmes that will take 

advantage of accurate timing, based on how 

these climatic factors influence the vectors 

abundance is recommended or efficient 

control. 
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