



The spatial and temporal distribution pattern of Culex mosquitoes in Gazipur, Bangladesh

Abstract: In recent years, Culex mosquitoes have become a significant nuisance and public health concern in urban areas. Existing control measures often fail due to a lack of ecological understanding of their breeding habits and population growth patterns. To address this, a year-long longitudinal study was conducted throughout 2022 in Ward 35 of the Gazipur City Corporation to identify breeding habitats and quantify population fluctuations. Larval collections revealed four genera: Aedes, Culex, Mansonia, and Armigeres, with Culex larvae constituting over 99% of all specimens. Twelve distinct breeding habitat types have been identified. Six of which are permanent and highly productive: permanent and temporary wetlands, manholes, katcha drains, pucca drains, and derelict ponds. Among these, manholes and katcha drains are classified as critical reservoir habitats, supporting year-round larval production. Population density varied highly in different months (df=11, F=2.17, P=0.020). It peaked in March and reached its lowest point in August, with a 114-fold increase between these months. A sharp population decline followed the peak after April, correlated with increased rainfall and higher temperatures. These findings indicate that effective control requires structural modification of these key reservoir habitats. Furthermore, management interventions should be initiated at the onset of the population acceleration phase in September to prevent the characteristic resurgence observed from December through April.
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INTRODUCTION

The southern house mosquito, Culex quinquefasciatus Say (Diptera: Culicidae), is a globally significant urban pest and vector species. Within Bangladesh, the Culicinae subfamily is highly diverse, comprising 79 of the country's 123 documented mosquito species. Among these culicines, ten species dominate the population during dry months, with Cx. quinquefasciatus often becomes overwhelmingly prevalent, sometimes constituting up to 95% of the total mosquito population in urban settings (Ahmed 1996; Islam et al. 2022). This species is a severe nuisance due to its prolific biting behavior and its role as a primary vector for several pathogens. It is a known vector of lymphatic filariasis, caused by the nematode Wuchereria bancrofti (Vythilingam et al., 2005), for which it serves as the vector in northern regions of Bangladesh. It is also a competent vector for numerous arboviruses, including Japanese encephalitis, West Nile virus, St. Louis encephalitis, and Rift Valley fever (Vinogradova, 2000; Turell et al., 2005). Rapid and unplanned urbanization across Bangladesh has facilitated the expansion of Cx. quinquefasciatus into new territories, colonizing areas that were previously free of this vector (Chavasse et al., 1995). 

In many Bangladeshi cities, from February onwards, Culex mosquitoes emerge as a major public health burden. While city authorities implement control programs, their efficacy remains limited, failing to provide adequate relief to residents. This failure is largely attributed to a lack of precise knowledge regarding key breeding habitats and optimal intervention timing. The effectiveness of any control program is contingent upon reliable data on species-specific breeding sites (Ferede et al., 2018). Understanding the spatial and temporal distribution of mosquitoes across different environments is therefore critical. Identifying and treating larval breeding sites proactively can prevent the emergence of adult mosquitoes, thereby reducing the reliance on costly and less efficient adulticide spraying (WHO, 2020). Mapping population build-up trends is a fundamental first step in establishing an effective vector monitoring and control system, a step that is notably absent in the newly formed Gazipur City Corporation (GCC).

Gazipur City Corporation (GCC), the 11th and largest city corporation in Bangladesh by area (329.53 km²), borders the northern extent of the capital, Dhaka. It is a rapidly industrializing and densely populated zone with over 3.5 million inhabitants. The growth of its industrial sector, particularly the garment industry, has triggered significant migration from surrounding districts. This influx has accelerated unplanned urbanization, characterized by the construction of informal settlements (slums) on the area's naturally marshy land, often without proper drainage infrastructure. This development pattern is reducing marshland and clogging natural water systems, concurrently creating an abundance of stagnant, polluted water bodies that serve as ideal breeding habitats for Cx. quinquefasciatus (Noori et al. 2015, Arana-Guardia et al. 2014, Chaves et al. 2009 and 2010).

Given GCC's rapid growth phase, a thorough investigation into the breeding ecology and population dynamics of Culex mosquitoes is essential for developing a targeted management framework and piloting a successful Integrated Vector Management (IVM) strategy. To address this knowledge gap, this study was conducted in Ward-35 of GCC to ascertain the local breeding sites, population patterns, and seasonal trends of Culex mosquitoes.

3. MATERIALS and METHODS
Study Sites: The administrative Ward 35 of GCC is a suburban area with about 40% of marshy land. It is developing rapidly due to having four international and nationally recognized educational institutions. They are International Islamic University of Technology (IIUT), National University (NU), Bangladesh Open University (BOU) and Madrasha Teachers Training Institute (MTTI) of Bangladesh. Almost the students from 55 countries study and visits the IIUT. Besides a huge number of students and teaches visits other three institutes from all over the country round the year, since they are the only institute and their campus spreads throughout the country. Furthermore, many industrial, health and business organizations have been developed in this area. Therefore, the Ward-35 is developing and urbanizing very fast. However, to study the main urban nuisance mosquito, Culex breeding habitats, it was divided into four study sites (Figure 1) by cross sectioning for sampling suitability. 
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Figure 1. Map of the study area (study sites have been marked with number 1-4)

Experimental Work: Almost all water having and suspected mosquito breeding habitats of each site were visited and categorized or classified according to their nature and types. Twenty percent mosquito breeding habitats from each category were sampled monthly from each site. Mosquito larvae were collected using the standard dipping method (O’Malley, 1989). The most commonly used simple scoop technique was applied to collect mosquito immature from the breeding habitats. Numbers of dip in accordance with the surface area of the water bodies were according to Mendoza et al. (2008). Samples were taken randomly from every 10-meter distance for long drains and large water bodies with a standard long-handled dipper of 350ml according to Service (1993). Collected larval samples were put in a plastic pot with proper label before transportation to the University laboratory. Third and fourth instar larvae were identified immediately in the laboratory, whereas the first and second instar larvae were allowed to develop in later stages before identification. Larvae were identified at the genus level based on established morphological characteristics (Pratt, 1993). Approximately twenty per cent of larvae were reared up to the adult stage and then identified; the associated larval and pupal exuviae were also used for species identification by following standard taxonomic keys (DuBose and Curtin, 1965; Darsie and Samanidou, 1997). Finally, they were recorded for further statistical analysis.
Data collection and analysis: Data of mosquito immature were collected from four study sites of the Ward No 35 of GCC. Mosquito immature having sites were considered as the positive breeding sites. The mosquito population burden and its increasing and decreasing patterns have been correlated with habitat types, water quality, water amount, vegetation, and environmental factors. “Katcha drain" refers to a drain made of unlined, unpaved earth or soil. “Pucca Drains” refers are lined drains made of concrete, brick, or cement. Larval population patterns, habitat types and population in different months were calculated as percentage. One-way ANOVA was conducted to reveal the immature productivity differences among habitat types in different months.
4.  RESULTS 
1. Types of Mosquitoes: Mosquito larval sampling across various breeding sites in Ward 35 of the Gazipur City Corporation (GCC) revealed the presence of four genera. The southern house mosquito, Culex quinquefasciatus (Say), a notorious urban biter, was overwhelmingly dominant, constituting over 99% of all collected specimens. The second most prevalent genus was Armigeres, followed by Aedes and Mansonia (Figure 2).
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Figure 2. Availability of mosquito population in study area

2. Characterization of Breeding Habitats: Mosquito breeding habitats were classified into 12 distinct types (Table 1; Figure 3). A one-way ANOVA revealed that these habitat types produced significantly different numbers of immature mosquitoes (df=11, F=15.645, P=0.000). 
Table 1. Duncan MRT shows the significance level among different Culex positive breeding sites and in different months.
	Mosquito Breeding Site
	Mean No. of Immature Culex 
	Month
	Mean No. of Immature Culex

	
	1
	2
	3
	
	1
	2

	Rice field
	.8
	
	
	August
	194.2
	 

	Lake
	2.4
	
	
	July
	220.4
	 

	Underwater Rd
	64.9
	
	
	September 
	284.7
	 

	UC Pillar H
	114.2
	
	
	June
	296.8
	 

	Pond
	210.0
	210.0
	
	May
	510.2
	510.2

	UC Rd Cave
	251.8
	251.8
	
	January
	567.0
	567.0

	Ditch
	315.2
	315.2
	
	February
	751.8
	751.8

	Manhole
	628.8
	628.8
	
	October
	906.1
	906.1

	Wetland T
	
	830.4
	
	November
	907.5
	907.5

	P Drain
	
	
	1835.9
	December
	959.5
	959.5

	Wetland P
	
	
	2028.0
	April
	 
	1350.9

	K Drain
	
	
	2094.8
	March
	 
	1428.3

	Sig
	.068
	.059
	.41
	Sig.
	.120
	.055


Subset for alpha = 0.05; Means for groups in homogeneous subsets are displayed. 

In terms of absolute immature number, pacca (concrete) drains and permanent wetlands were the most productive, together accounting for over 50% of all positive breeding sites. Permanent wetlands, manholes, and kacca (earthen) drains supported mosquito immature stages year-round and were identified as reservoir breeding sites (Figure 5). In contrast, rice fields, lakes, waterlogged roads, and construction sites were categorized as very temporary habitats.
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Figure 3. Different types of Culex breeding habitats in the study area

3. Mosquito Immature Density in Different Habitats: Kacca drains yielded the highest density of mosquito immatures, followed by permanent wetlands and pacca drains. These three habitat types collectively produced more than 70% of all mosquito immatures. Temporary wetlands and manholes also contributed a significant number of immatures (Figure 4).
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Figure 4. Mosquito immature production situation in different breeding habitats

[image: image5.png]5000

4500

4000

b
3
8

8
8
8

2000

1500

No of Mosquito Larvae/Month
b
3
g

1000

500

= Pond mmm Rice Field . Sinked Rd mmmm UC Piller
s Pond D e Drain Lake e Manhole
e P Drain U C Rd —Vetland P —Wetland T

Jan  Feb Mar Apr  May June July Aug Sept Oct Nov  Dec




Figure 5. Seasonal flucuations of mosquito breeding in different habitats
4. Seasonal Population Dynamics of Culex spp.: The population density of Culex immatures varied significantly across months (df=11, F=2.17, P=0.020; Table 1). The population was lowest in August, sharply increased until October, and remained at a steady level through December. A slight reduction occurred in January, followed by a sharp increase that peaked in March. Populations remained high and stable in April, with the densities in these final two months being significantly higher than all others (Table 1). Subsequently, the population decreased rapidly and maintained a low, steady level from May through August, coinciding with periods of higher temperature and increased rainfall (Figure 6). 
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Figure 6. Changes of mosquito immature population with temperature and rainfall in different months
DISCUSSIONS

The present study documented only four genera comprising seven mosquito species, a low diversity compared to the 123 species known in Bangladesh. This finding aligns with previous urban entomological surveys. Studies in Dhaka City, where 10 species had been recorded across three genera from larval sampling (Islam et al., 2022) and three genera from adult trapping (Sharower et al., 2020). Similarly, a survey of drains in Moulvibazar district reported three larval genera (Bagum et al., 2024). This pattern of low genus and species richness, dominated by one or two highly adaptive species, is characteristic of urban environments worldwide (Wilke et al., 2021), even in extreme habitat conditions (Dieng et al., 2012; Wilke et al., 2019), a trend often driven by invasive species like Cx. quinquefasciatus (Wilke et al., 2017; Multini et al., 2019).

In this study, Cx. quinquefasciatus immatures constituted over 99% of the total collection annually and nearly 100% during its peak season (March-April). This extreme dominance underscores its status as a primary urban pest, consistent with findings from other municipalities in Bangladesh (Ahmed, 1996), including recent reports of 88.4% in Moulvibazar (Bagum et al., 2024) and 94.51% in Dhaka (Islam et al., 2022). A study using adult traps in Dhaka households reported a different composition (highest Anopheles, followed by Aedes and Culex fatigans), likely due to sampling biasness in site selection (Sharower et al., 2020). Nevertheless, the larval data conclusively show that Culex populations are hyper-abundant in urban and suburban Bangladesh and must be a priority for management.

The population dynamics of Culex are heavily influenced by meteorological factors. Population growth commenced after the rainy season (August-October) and winter (March-April), during periods of low rainfall and moderate temperatures (20-30°C). The population crash in late April and May coincided with temperatures exceeding 35°C, sudden rainfall, and windy conditions. While the rainy season offers congenial temperatures (24-28°C) for larval development (Moser et al., 2023), frequent rains likely cause flushing, preventing population build-up. Temperatures above 32°C are known to reduce Cx. quinquefasciatus populations (Jibowu et al., 2024), and larval mortality increases sharply above 35°C (Datta Mudi et al., 2025). Bangladesh's mild winters allow adult females to survive, facilitating the rapid population surge from mid-February onward. Optimal temperatures shorten gonotrophic cycles, increasing reproduction rates (Saifur et al., 2012; Dieng et al., 2010), which explains the explosive growth in March and April. Evening winds common in May (>15 km/h) limit flight, host-seeking, and mating. Urban structures, however, create sheltered microhabitats that mitigate wind effects, allowing populations to persist (Rehbein et al., 2024).

Cx. quinquefasciatus exhibits remarkable ecological plasticity, exploiting a wide range of breeding habitats facilitated by human activity (Vinogradova, 2000). Its high adaptability has enabled a global invasion (Fonseca et al., 2006; Bataille et al., 2009). In our sub-urban study site, 12 habitat types were identified, with kacca drains and permanent wetlands being highly productive. Other breeding sites also contribute to uprise the population in different seasons and situations. Their specific contributions and limitation can be explored in the following discussions. 
Permanent wetlands serve as year-round reservoirs. While these water bodies host predators that prey on larvae (Onyeka, 1983; Mahenge et al., 2023), their shallow, debris-clogged shores create ideal pockets for Culex breeding, as previously observed (Chaves et al., 2009). Pathways or water extraction channels in these wetlands accumulate waste, forming predator-free hubs for immature development that source mosquitoes for distant human habitats, making control difficult. Among the wetlands, temporary wetlands also become potent breeding grounds as they dry and become polluted with wastewater at the end of the rainy season (Grech et al., 2013). Their significant contribution to the early-season mosquito population necessitates management from September onward to curb city-wide dispersal.

Drains are critical breeding habitats. Pacca drains were the most numerous types and, when poorly maintained and stagnant, were highly productive, especially in dry months (Unahara et al. 1998). Although fewer in number, kacca drains were the most productive habitat per unit. Their numerous water-holding pockets, rich organic content, and perennial moisture make them ideal, year-round breeding sources (Dibo et al., 2011; Hassan et al., 1993). Drains are always connected with manholes. They are though small, function as significant reservoirs due to their constant water supply from connected drains and sewage lines. Their consistently high organic pollution supports continuous larval production (Rodcharoen et al., 1997; Saifur, 2017), with older, rustier manholes being particularly productive (Chaves et al., 2009).

Construction sites provide ideal, predator-free conditions with abundant organic debris from waste, facilitating excessive mosquito population growth (Dibo et al., 2011), particularly during infrastructure projects (Chatterjee et al., 1988). Temporarily waterlogged roads also serve as short-term breeding sites. This diverse habitat exploitation highlights the species' high adaptive flexibility and ecological plasticity (Wilke et al., 2014; Karlekar et al., 2013).

Rice fields create temporary aquatic habitats of numerous mosquito species. While often associated with Anophelines due to the accumulation of clear rain water. The role of rice fields as breeding grounds for Culex quinquefasciatus is not straightforward. The presence of biological control agents is a significant limiting factor in rice field ecosystems. It harbors a diverse community of aquatic predators, including larvivorous fish, predaceous insects), and macroinvertebrates that can exert substantial pressure on mosquito larval populations (Kumar and Hwang 2006, Shaalan and Canyon 2009). The high density and diversity of these predators in a well-established rice field can effectively suppress Culex breeding, making these fields ecological sinks rather than sources. But adjacent to human settlements, it often receives runoff contaminated with sewage, animal waste, and fertilizers. This influx of organic matter can create the eutrophic conditions that favor Cx. quinquefasciatus, since its larval abundance is positively correlated with levels of organic nitrogen and other pollutants. In addition, fields fertilized with organic manure can similarly become more attractive to ovipositing Culex females (Sunish and Reuben, 2001). Intermittent irrigation practices can also create stagnant, shallow pockets of water at the edges of fields (Coulibaly et al., 2025), which is preferred microhabitats for Cx. quinquefasciatus that shelter the immature from wave action and predators. 

The present study found derelict ponds are exceptionally productive breeding sites because they perfectly embody the ideal conditions of breeding Culex quinquefasciatus by accumulating organic debris, leading to bacterial blooms that attract ovipositing females and provide ample food for larvae (Mwingira et al., 2020). Their shallow, stagnant nature allows for rapid warming, accelerating larval development, while periodic drying or anoxic conditions prevent the establishment of a diverse predator community, releasing larvae from population controls (Blaustein and Chase, 2007). Consequently, these neglected habitats function as critical seasonal reservoirs, amplifying Culex populations, especially in drier months, and underscoring the need for their inclusion in targeted mosquito management strategies as seen in the present study as well. Similarly, abandoned shallow ponds become ideal Culex breeding place for a few months due to a confluence of ideal ecological conditions. Their shallow depth allows for rapid solar warming, which accelerates larval development rates, while their stagnant nature, resulting from a lack of inflow/outflow, provides the stable aquatic environment necessary for immature stages (Vinogradova, 2000). This combination of high nutrient availability, optimal temperatures, and reduced predation pressure makes abandoned shallow ponds potent seasonal reservoirs for Culex population amplification.

This investigation also observed lakes as unproductive mosquito breeding source. It was large, permanent freshwater bodies. It would provide ample opportunity for mosquito breeding. However, their role as productive habitats for Culex species, particularly the ubiquitous Culex quinquefasciatus, is highly variable and often limited by a suite of ecological and physical factors. The common finding that lakes are not primary breeding grounds for these mosquitoes, due to the presence of natural predators (Blaustein and Chase, 2007; Shaalan and Canyon, 2009), water movement and wave action (Bhowmick et al. 2025). But the shallow area near the shoreline is clogged with emergent vegetation that might deteriorate water quality by accumulating organic debris and become a suitable shelter for immature mosquitoes (Chaves et al., 2009). 

Management strategies aimed at reducing mosquito breeding around lakes, water bodies and permanent wetlands should therefore focus on shoreline maintenance, including removing floating debris, managing aquatic vegetation to minimize stagnant pockets, and promoting conditions that favor larvivorous fish populations.
6. CONCLUSIONS and RECOMMENDATIONS

This one-year field study confirms the extreme dominance of Culex quinquefasciatus (>99% of immatures) in Ward 35 of GCC. We identified 12 types of breeding habitats, with permanent wetlands, manholes, and kacca drains acting as key reservoir sites that sustain populations year-round. The population was lowest in August, increased from September, remained high through winter, and peaked in March-April before declining with the onset of high temperatures and rainfall in May. Therefore, mosquito management programs should be strategically timed and targeted. Control efforts must focus on the identified reservoir habitats throughout the year and be intensified from September onwards to prevent the post-winter population surge. 
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