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Abstract

An understanding of mosquito biting behavior is essential for effectively controlling mosquito
populations and designing appropriate vector control strategies to prevent mosquito-borne diseases in
communities. This study examines the distribution, species composition, and biting behavior of adult
Culex mosquitoes in Badeggi, Niger State, Nigeria. A total of 2,848 adult Culex mosquitoes were
collected using baited CDC light traps from January to December 2020, excluding April, May, and
June due to COVID-19 movement restrictions. CDC LT was assembled 1.5 metres above the floor level
using a support, close to the legs of sleeping bait under a non-treated bed-net and collection cups were
labelled (on hourly basis for collections between 1800 to 0600 hours) prior to collection. Morphological
identification of the mosquitoes, based on a standard pictorial key, revealed five species: Culex
quinquefasciatus (52%), Culex salinarius (24%), Culex tritaeniorhynchus (17%), Culex
restuans (5%), and Culex nigripalpus (2%). Low biting activity was observed between 6-7 PM and
5-6 AM, with the peak biting period occurring between 7-9 PM. Biting behavior varied in terms of
timing and location between January-March and November-December, but remained consistent during
the months of July-October. Culex quinquefasciatus was identified as the predominant Culex species
in the area. The understanding of mosquito species distribution and their active biting periods in this
rural area is crucial for guiding the implementation of effective vector control measures.
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INTRODUCTION

Data on species distribution and biting patterns is crucial for developing effective mosquito
control strategies in rural areas. Mosquitoes are slender, biting insects of the order Diptera,
suborder Nematocera, and family Culicidae, characterized by their long antennae and a
nearly global distribution, with the exception of Antarctica. This classification highlights their
unique morphology and diverse habitat preferences. Their ability to adapt to various
environments demonstrates their global resilience, although the extreme cold of Antarctica
prevents their survival. This widespread distribution underscores their ecological importance
and their critical role as vectors of disease.

Mosquitoes are significant transmitters of human pathogens, responsible for spreading
diseases such as yellow fever (YFV), chikungunya virus (CHIKV), Zika virus (ZIKV), dengue
virus (DENV), Rift Valley fever virus (RVFV), West Nile virus (WNV), as well as malaria and
lymphatic filariasis. These diseases, predominantly affecting tropical regions, present
substantial public health challenges to human populations (WHO, 2024). Research further
emphasizes that mosquito activity patterns can vary greatly, even within the same
geographical area, due to environmental and biological factors (Ebube et al., 2018).

Mosquito Biting Rate (MBR) refers to the density of mosquitoes actively engaging in biting
behaviour, which plays a critical role in facilitating human-vector contact and, consequently,
the transmission of vector-borne diseases. Mosquitoes exhibit variations in host preference,
biting patterns, and circadian rhythms, which are significantly influenced by local weather
conditions such as temperature, humidity, and rainfall. These environmental factors directly
affect the abundance and activity of specific mosquito species. According to Eleanor and Ryan,
(2023), differences in mosquito feeding patterns significantly influence disease transmission
dynamics among various hosts across different seasons. Rapid ecological changes, driven by
factors such as global warming, unplanned urbanization, deforestation, evolving human
behaviours, and host availability, impact mosquito behaviour and enhance the transmission
of vector-borne pathogens.

Culex mosquitoes are of significant public and veterinary health importance, ranking
alongside the genera Amnopheles and Aedes in their role as vectors of epidemiologically
significant diseases. In addition to their role as disease vectors, they are also widespread
nuisance biters found globally (Rueda et al., 2023). Members of the subfamily Culicinae have
been implicated in the transmission of a wide range of arboviruses affecting humans. These
mosquitoes thrive in diverse habitats and adapt to various environments, with some species,
such as Culex quinquefasciatus, successfully colonizing urban areas. This species, a vector of
filarial worms, West Nile virus (WNV), and a secondary vector of Rift Valley fever virus
(RVFV), is known to breed in organically polluted water, drainage canals, and sewage systems
(Nchoutpouen et al., 2019).

Recent studies have continued to shed light on the behaviour and ecological adaptations of
Culex mosquitoes. For instance, research by Smith et al. (2024) highlights the impact of
urbanization on the breeding patterns of Culex species in rapidly expanding cities, where
stagnant water bodies serve as ideal breeding grounds. Similarly, Thompson and Hernandez
(2024) demonstrated that rising global temperatures have extended the geographic range of
several Culex species, increasing the risk of disease outbreaks in previously unaffected
regions. Furthermore, Lee et al. (2024) explored the genetic diversity of Culex populations,
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revealing the role of adaptive traits in surviving extreme environmental conditions. Another
significant contribution by Patel et al. (2024) focused on the role of integrated vector
management (IVM) strategies in controlling Culex populations and reducing disease
transmission.

This study on mosquito biting behaviour is essential for understanding the biting cycles of
vector species. According to Mponzi et al. (2022), insights into vector biting behaviour are
critical for designing effective personal protection measures to reduce human-mosquito
contact. The importance of such studies is underscored by factors predominantly associated
with vector species, including the ubiquitous distribution of disease vectors (which increases
human-vector interactions), their remarkable ability to thrive in diverse habitats (Olayemi et
al., 2014), and varying levels of anthropogenic activities that create numerous oviposition sites
for adults and suitable habitats for larval development. Additionally, the favourable
Afrotropical climate accelerates the development of both vectors and parasites, while genetic
variability enhances vector adaptability (Ukubuiwe et al., 2016).

Culex mosquitoes exhibit distinct biting patterns that are influenced by various environmental
and biological factors. For example, biting periodicity is often linked to temperature and
humidity levels, which affect the activity and feeding behaviour of these vectors. Studies have
demonstrated that Culex quinquefasciatus, the predominant species in urban settings, exhibits
peak biting activity during the early evening and late night, aligning with human outdoor
activities (Patel et al., 2024). This behavioural pattern underscores the importance of targeted
interventions during peak biting periods to minimize human-vector interactions and reduce
disease transmission risks.

The relationship between mosquito behaviour and environmental changes is further
supported by studies examining climate-induced shifts in vector habitats. According to Smith
et al. (2024), deforestation and urban sprawl have significantly altered the natural habitats of
Culex mosquitoes, forcing them to adapt to artificial environments such as drainage systems
and water storage containers. These adaptive behaviors have implications for vector control
strategies, particularly in regions experiencing rapid urban development. Integrated vector
management (IVM) approaches have gained attention as a sustainable solution to managing
mosquito populations. Patel et al. (2024) emphasized the importance of combining chemical,
biological, and environmental control methods to achieve long-term reductions in vector
populations. This holistic approach not only minimizes the reliance on chemical insecticides
but also addresses the root causes of vector proliferation, such as poor waste management
and water stagnation.

Habitat alteration, driven by factors such as urbanization, agricultural expansion,
deforestation, and climate change, can profoundly affect the composition and behavior of
mosquito populations. Changes in land use often disrupt the ecological balance either creating
new breeding sites or eliminating existing ones, which can shift the abundance and
distribution of mosquito species. These alterations influence not only mosquito diversity but
also their feeding habits, host preferences, and capacity to transmit diseases, thereby,
highlighting the critical need to investigate how such changes impact mosquito populations.
Understanding of these dynamics is essential for predicting shifts in disease transmission
patterns and designing effective control measures.

Monitoring mosquito biting behavior and identifying their peak activity periods are
particularly important for refining disease prevention strategies. Mosquitoes, as vectors of
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various pathogens, exhibit species-specific behaviors, including their preference for biting at
specific times of the day or night. Understanding these temporal patterns enables the
implementation of targeted interventions, such as bed net distribution, using repellents, or
community education campaigns, at times when the risk of human-vector contact is highest.
Furthermore, studying the periodicity of mosquito activity provides valuable insights for
optimizing the timing of insecticide applications or the release of biological control agents,
such as larvivorous fish or sterile insect techniques. Such precision reduces operational costs,
enhances control efficiency, and minimizes unintended environmental consequences, such as
harm to non-target organisms.

In light of these considerations, this study was conducted to evaluate the species composition,
biting behavior, periodicity, and preferences for indoor and outdoor biting locations of adult
Culex mosquitoes in Badeggi, Niger State, Nigeria. Badeggi, a rural area characterized by its
agricultural activities and close interaction between human populations and the environment,
presents a unique setting for studying mosquito ecology and behavior. By investigating the
ecological and behavioral characteristics of Culex mosquitoes in this context, the study aims
to provide evidence-based data to guide the development of targeted vector control strategies.
These strategies aim to align with the local environmental conditions and socio-economic
realities, thereby enhancing their sustainability and effectiveness in reducing the burden of
mosquito-borne diseases in the region.

MATERIALS AND METHODS

Description of Study Area

The study was conducted in the Badeggi Community, located in the Katcha Local
Government Area of Niger State, Nigeria. This community is situated 94 kilometers from
Minna, the administrative and economic capital of the state. Badeggi is home to the National
Cereal Research Institute (NCRI). It is geographically positioned at a latitude of 9°3'0" N and
a longitude of 6°9'0" E, with a population of 71,657 people (figure 1). The climate of Badeggi
is typically tropical, characterized by two distinct seasons: the rainy season, which spans from
May to October, and the dry season, which lasts from November to April. The nearest weather
data available for Badeggi are those of Minna, which record a mean annual temperature of
30.2°C, a relative humidity of 61%, and an annual rainfall of 1,334 mm. The community's
primary economic activities include business ownership and farming. Farmers in Badeggi are
particularly renowned for their expertise in fishing and the production of rice, sugarcane, and
soybeans (Wikipedia, 2024).
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Figure 1: Map of the Study Area
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Adult Culex Mosquito Collection:

Procedure for indoor and outdoor adult mosquito collection

Centre for Disease Control Light Trap (CDC LT) was used for adult mosquito collection.
Similar procedure was used to collect adult mosquitos although, for the outdoor collection,
sleeping bait was made to sleep outside the house in an open/ uncovered space under bed-
net. The CDC LT was assembled 1.5 metres above the floor level using a support, close to the
legs of sleeping bait under a non-treated bed-net. The collection cups were labelled (on hourly
basis for collections between 1800 to 0600 hours) prior to collection. The CDC LT was
connected and switched on at exactly 1800 hours, and collection was made on hourly basis.
Collected mosquitoes were extracted using an aspirator and placed in the pre-labelled cup
corresponding to the hour of collection. Collected samples were sorted and kept free from
destruction by ants by placing them in field boxes (CDC, 2010).

Procedure for adult mosquitoes’ preservation and transportation to the laboratory:

For preservation of adult mosquitoes, 1.5 ml Eppendorf tubes were half-filled with self-
indicating blue silica gel and covered with white paper. Each collected mosquito was put in a
tube, using forceps and the lid of the tube covered. The tubes were labelled legibly with
marker to include time and date of collection. Based on time of collection, the well-labelled
Eppendorf tubes (containing mosquito samples) were packaged in Zip-lock bag (containing
silica gel). Preserved specimens were then transported to the laboratory for identification.

Morphological Identification of Culex Mosquitoes
The Culex mosquito species collected were identified using reference text by (Littig and
Stojanovich, 1969) and were sorted out.

Data Analysis

Data collected from the field and those generated in the laboratory studies were processed
into means and standard deviation using Microsoft Office Excel 2010.The species composition
and relative abundance of the mosquitoes was represented in percentages and Pie chart.
Statistical analysis was at p<0.05 level of significance.

RESULTS

A total of 2,848 adult Culex mosquitoes were collected using the baited CDC light trap method
during the study period, which spanned from January to December 2020. Data collection for
April, May, and June was omitted due to movement restrictions implemented during the
COVID-19 pandemic. The species composition and relative abundance of the Culex
mosquitoes are presented in Figure 2. Five distinct species were identified during the study:
Culex quinquefasciatus accounted for the highest proportion at 52%, followed by Culex
salinarius (24%), Culex tritaeniorhynchus (17%), Culex restuans (5%), and Culex nigripalpus,
which recorded the lowest abundance at 2%. The findings indicate that Culex quinquefasciatus
is the predominant Culex species in Badeggi, Niger State. Its relative abundance suggests that
this species plays a significant role in potential vector-borne disease transmission in the area,
warranting targeted vector control strategies to mitigate its impact.
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Figure 2: Composition and Relative Abundance of
Culex Mosquito Species in Badeggi, Niger State, Nigeria.

Biting Periodicity of Culex Mosquitoes in Badeggi, Niger State, Nigeria

The biting periodicity of Culex mosquitoes in Badeggi was analyzed for three specific periods:
January-March, July-September, and October-December. The results for these months are
depicted in Figures 3, 4, and 5, respectively. During January-March, biting activity was
minimal between 6-7 PM and 5-6 AM. The activity peaked between 7-9 PM, then slightly
declined between 9-10 PM. A subsequent increase in activity was observed from 10 PM to 1
AM, followed by another drop between 1-2 AM. Activity rose again before finally
plummeting after 5 AM. February recorded the highest number of biting mosquitoes,
followed by January, with March recording the least. In July-September, low biting activity
occurred between 6-7 PM. A significant increase was observed from 7-9 PM, followed by a
decline between 9-11 PM. Biting activity rose again from 11 PM to 2 AM before decreasing
gradually, with a sharp drop between 5-6 AM. Among the months in this period, August had
the highest number of biting mosquitoes, followed by July, while September recorded the
lowest numbers. During October-December, low biting activity was noted between 6-7 PM,
followed by a peak at 7-8 PM. Activity declined slightly between 8-10 PM but increased again
at 10-11 PM. Another drop was recorded between 12-1 AM, after which activity rose again
before sharply declining after 5 AM.
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Figure 3: Biting periodicity of Culex mosquitoes
in Badeggi Nigeria, January-March, 2020
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Figure 5: Biting periodicity of Culex mosquitoes
in Badeggi Nigeria, October -December, 2020

The biting location preferences of Culex mosquitoes in Badeggi were analyzed for indoor and
outdoor settings, as depicted in Figure 6. The results show distinct variations across different
months. During January-March, Culex mosquitoes exhibited a strong preference for outdoor
biting, with an average of 14 bites per night outdoors compared to 6 bites per night indoors.
Similarly, in July-October, outdoor biting was more frequent (13 bites per night), although
there was a notable increase in indoor biting activity, with an average of 11 bites per night
indoors. In contrast, during November-December, indoor biting activity surpassed outdoor
biting, with mosquitoes biting an average of 26 times per night indoors compared to 14 times
outdoors. Overall, the biting location preferences of Culex mosquitoes varied significantly
throughout the year. Outdoor biting predominated during January-March and August, as
well as in July, September, and October, even though a substantial number of mosquitoes also
bit indoors during these months. However, a shift in preference was observed in November
and December, when mosquitoes were predominantly encountered biting indoors.
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Figure 6: Biting Location Preferences of Culex mosquitoes in Badeggi, Niger State, Nigeria.

DISCUSSION

Culex mosquitoes have been widely documented across various regions in Nigeria, as
supported by numerous studies. This research aimed to examine the species composition and
relative abundance of adult Culex mosquitoes in Badeggi, Niger State. A total of 2,848 adult
Culex mosquitoes were collected, comprising five species: Culex nigripalpus, Culex
quinquefasciatus, Culex restuans, Culex salinarius, and Culex tritaeniorhynchus. Among these,
Culex quinquefasciatus was the most abundant species, accounting for approximately 52% of
the total.

This finding aligns with previous studies conducted in Niger State and other parts of Nigeria.
Auta et al. (2013), Haruna and Abdulhamid (2019), and Ibrahim et al. (2022) similarly
documented Culex quinquefasciatus as the dominant species in the region. Studies in other
regions, such as Ondo State (Olajire et al., 2017; Afolabi et al., 2019) and Benin City (Aigbodion
and Osariyekemwen, 2013), reported variations in Culex species composition, though Culex
quinquefasciatus remained a recurrent dominant species.

The predominance of Culex quinquefasciatus can be attributed to its behavioral adaptability
and ecological flexibility. As an opportunistic feeder, it exploits a wide range of hosts,
including humans, birds, and mammals, and thrives in diverse environments. Its high
reproductive capacity further contributes to its widespread distribution. These findings are
consistent with those of Abdulrasheed et al. (2016) in Bauchi State, Amao et al. (2018) in Lagos,
and Ibrahim et al. (2022) in selected local government areas of Niger State, all of whom
reported Culex quinquefasciatus as the most abundant species.

The observed variations in Culex species composition across different studies may result from
differences in ecological conditions, microclimates, sampling techniques, and anthropogenic
activities, as suggested by Onodua and Egwunyenga, (2020). The biting activity of Culex
mosquitoes in Badeggi exhibited distinct temporal and spatial patterns. Low biting activity
was recorded between 6-7 pm and 5-6 am, with peak activity occurring between 7-9 pm. This
pattern corroborates the findings of Chen et al. (2017), who reported that biting activity for
Culex species peaks between 8-10 pm, with nocturnal biting starting around 7 pm. Similarly,
Ikeh et al. (2024) observed peak biting density for Culex quinquefasciatus between 6-8 pm in
Chukwuemeka Odumegwu Ojukwu University Teaching Hospital Awka, South-Eastern
Anambra, Nigeria.
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However, this study contrasts with findings from other regions, where peak biting activity
occurred around midnight or later. For instance, a study conducted in Northwest Nigeria by
Lawal et al. (2020) reported that the peak biting time for Culex quinquefasciatus was between
11:00 PM and 12:00 AM. Similarly, Lawal et al. (2020) observed that peak biting activity of
Culex quinquefasciatus began biting after sunset, with peak activity occurring between 11:00
PM and 12:00 AM, After midnight, the biting density decreased gradually. These differences
may be influenced by local environmental factors, including variations in sunrise and sunset
times and light intensity, which Iliano et al. (2021) identified as critical determinants of
mosquito host-seeking behavior.

The study also revealed significant seasonal and spatial variations in biting activity. From
January to March, during the peak dry season, mosquitoes exhibited higher outdoor biting
activity. Conversely, in November and December, during the Harmattan season, indoor biting
activity predominated. The cooler, dry conditions of the Harmattan likely drive mosquitoes
indoors, where warmer and more humid conditions are conducive to their survival and host-
seeking behavior. This pattern aligns with observations from other tropical and subtropical
regions, where mosquitoes adjust their activity in response to seasonal weather conditions
(Manyi et al., 2017). The abundance, attractiveness, and availability of human hosts, coupled
with environmental factors such as reduced ventilation during cooler months, likely influence
these biting behaviors. These findings emphasize the importance of targeted interventions,
such as the use of insecticide-treated nets (ITNs) and improved housing conditions, to
mitigate the risk of mosquito bites in both indoor and outdoor settings during different
seasons.

CONCLUSION

This study investigated the species composition and abundance of Culex mosquitoes in
Badeggi, Niger State, Nigeria. A total of 2,848 mosquitoes were collected, identifying five
species: Culex nigripalpus, Culex quinquefasciatus, Culex restuans, Culex salinarius, and Culex
tritaeniorhynchus. The dominant species, Culex quinquefasciatus, accounted for 52% of the total,
consistent with its role as a key vector of mosquito-borne diseases. Seasonal variations in
biting activity and location were noted, with outdoor biting more prevalent in the dry season
and indoor biting dominant during cooler months. These findings highlight the importance
of public education on environmental factors that promote mosquito breeding and the
adoption of protective measures to reduce human-vector contact. Continuous monitoring of
mosquito populations is recommended to document seasonal trends and support effective
vector control strategies, contributing to improved public health in Niger State, Nigeria.
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