



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

Abstract: In recent years, Culex quinquefasciatus 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 dynamics. To address this, a year-long longitudinal study was conducted throughout 2022 in the Ward 35 of the Gazipur City Corporation to identify breeding habitats and quantify population fluctuations. Larval collections identified four genera, namely Aedes, Culex, Mansonia, and Armigeres, with over 99% of Culex quinquefasciatus immature. The study recognized 12 different types of breeding habitats, with significantly varying immature productivity (df=11, F=15.645, P=0.000). There were six permanent and highly productive habitats. The highest contributor (25% of collected immature) was katcha drains followed by permanent wetlands (24%), pucca drains (22%), derelict ponds (10%), temporary wetlands, and manholes. Manholes and katcha drains were classified as critical reservoir habitats by supporting year-round immature production. Immature population density varied significantly across months (df=11, F=2.17, P=0.020). It peaked in March (1428/dip) and reached its lowest point in August (194/dip). A sharp population decline was observed from May (510/dip) onwards because of increased rainfall and higher temperatures. These findings suggest that effective Culex mosquito management practice should be initiated at the onset of the population acceleration phase in September in an integrated manner by including structural modification of kacca and pacca drains, routine application of biological agents, and biocides in wetlands and manholes, as well as operating community-based source reduction strategies to prevent the characteristic resurgence of the adult mosquito population during the peak season. 
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1. INTRODUCTION

In Bangladesh, the Culicinae subfamily is highly diverse, comprising 79 of the country's 123 documented mosquito species. Among the culicines, the population of ten species dominate during dry months but Cx. quinquefasciatus is identified as the predominant species in  the city areas [1,2]. This species is known as the southern house mosquito and globally significant urban pest as severe nuisance and vector species for several pathogens. It is a known vector of lymphatic filariasis, caused by the nematode Wuchereria bancrofti  documented vector in the northern regions of Bangladesh [3]. It is also a competent vector for numerous arboviruses, including Japanese encephalitis, West Nile virus, St. Louis encephalitis, and Rift Valley fever [4,5]. Rapid and unplanned urbanization across Bangladesh has facilitated the expansion and colonization of Cx. quinquefasciatus into new territories or areas [6], which is not properly monitored and recorded. 

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 the city dwellers. 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 [7]. 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 [8]. 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 municipality in Bangladesh by area (329.53 km²), borders the northern extent of the capital, Dhaka. It is a rapidly industrializing and densely populated 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). A large portion of this municipality belongs to the natural marshy land. The acceleration of recent development is reducing this marshland and clogging natural water systems due to the lack of proper drainage infrastructure even in the urban and sub urban areas. Therefore, creating enormous stagnant polluted water bodies that serve as ideal breeding habitats for nuisance mosquito population [9,10,11,12].

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.

2. MATERIALS AND METHODS
2.1. Study Site: Ward 35 of the Gazipur City Corporation (GCC) is a suburban area characterized by approximately 40% marshland and 10% poorly cultivated land. It is undergoing rapid development, partly driven by the presence of four nationally and internationally recognized educational institutions: the International Islamic University of Technology (IIUT), the National University (NU), the Bangladesh Open University (BOU), and the Madrasha Teachers Training Institute (MTTI). The IIUT hosts students from nearly 55 countries, while the other three institutions serve approximately 4 million students nationwide. To study the breeding habitats of the urban nuisance mosquito in this rapidly urbanizing landscape, the ward was divided into four study sites (Figure 1) using a cross-sectional division suitable for sampling.
2.2. Experimental Work: Almost all water having and suspected mosquito breeding habitats of each site were visited and categorized according to their nature and types. Twenty percent of mosquito breeding habitats from each category were sampled monthly at each site. Mosquito larvae were collected using the standard dipping method [13]. The most commonly used simple scoop technique was applied to collect mosquito immature from the breeding habitats. The number of dips was in accordance with the surface area of the water bodies [14]. Samples were taken randomly from every 10-meter distance for long drains and large water bodies with a standard long-handled dipper of 350ml [15]. Collected larval samples were put in a plastic pot with a 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 [16]. 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 [17,18]. Finally, they were recorded for further statistical analysis.
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Figure 1. Map of the study area (study sites have been marked with numbers 1-4)

2.3. Data Collection and Analysis: Mosquito immature was collected from four study sites within Ward 35 of the Gazipur City Corporation (GCC). Locations where larvae were found were recorded as positive breeding sites. Fluctuations in mosquito population density were analyzed in relation to habitat types and environmental factors. Among the habitat types 'Katcha drain' is defined as the earthen drain, while a 'Pucca drain' is brick-built. Data on larval population patterns, habitat productivity, and monthly population distribution were calculated as percentages. A one-way ANOVA was performed to determine if there were significant differences in larval productivity among the different habitat types across the study months.
3.  RESULTS 
3.1. 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

3.2. 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). 
In terms of absolute immature number, pacca drains and permanent wetlands were the most productive, together accounting for over 50% of all positive breeding sites. Permanent wetlands, manholes, and kacca 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.
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. 
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Figure 3. Different types of Culex breeding habitats in the study area

3.3. 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
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 Figure 5. Seasonal flucuations of mosquito breeding in different habitats

3.4. 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
4. 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 studies in Dhaka City, where 10 species had been recorded across three genera from larval sampling [2] and three genera from adult trapping [19]. Similarly, a survey of drains in Moulvibazar district reported three larval genera [20]. This pattern of low genus and species richness, dominated by one or two highly adaptive species, is characteristic of urban environments worldwide [21], even in extreme habitat conditions [22,23], a trend often driven by invasive species like Cx. quinquefasciatus [24,25].

The current study observed over 99% of Cx. quinquefasciatus immatures in the annual collection 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 [1], including recent reports of 88.4% in Moulvibazar [20] and 94.51% in Dhaka [2]. 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 [19]. 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. It is aligned with the condition that temperatures above 32°C are known to reduce Cx. quinquefasciatus populations [27], and larval mortality increases sharply above 35°C [28]. In addition, evening winds common in May (>15 km/h) limit flight, host-seeking, and mating but, urban structures, however, create sheltered microhabitats that mitigate wind effects, allowing a range of populations to persist [31]. Whereas the rainy season offers congenial temperatures (24-28°C) for larval development [26], but frequent rains likely cause flushing, prevent population build-up. Bangladesh's mild winters allow adult females to survive, facilitating the rapid population surge from mid-February onward, when the temperature become ideal. Optimal temperatures shorten gonotrophic cycles, increasing reproduction rates [29,30], which explains the explosive growth in March and April. 

Cx. quinquefasciatus exhibits remarkable ecological plasticity, exploiting a wide range of breeding habitats facilitated by human activity [4]. Its high adaptability has enabled a global invasion [32,33]. 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 [34,35], their shallow, debris-clogged shores create ideal pockets for Culex breeding, as previously observed [11]. Pathways or water extraction channels in these wetlands accumulate waste, forming predator-free hubs for immature development. It is difficult to manage these sites due to a part of large water body and far from localities. They are the main source of nuisance mosquitoes for city dwellers. 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 [36]. 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 are very productive Cx. quinquefaciatus breeding habitats. Especially, when they are poorly maintained and become stagnant, mainly in dry months [37]. Kacca drain is fewer, but they are the most productive habitat. Numerous water-holding pockets, rich organic content, and perennial moisture make them ideal, year-round breeding sources [38,39]. Drains are always connected with manholes. They are though small in size but significant reservoirs due to their constant water supply from connected drains and sewage lines with high organic waste that support continuous larval production [40,41] throughout the year. The older and rustier manholes are particularly more attractive for Culex breeding [11].

Construction sites are stagnant water holding sites. They provide ideal, predator-free conditions with abundant organic debris from waste, facilitating excessive mosquito population growth [38]. They contribute in mosquito production, particularly during infrastructure projects or building roads and highways [42]. Temporarily damaged and older roads become waterlogged. Then, they also serve as short-term breeding sites. This diverse habitat exploitation highlights the species' high adaptive flexibility and ecological plasticity [43,44].

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 Cx. quinquefasciatus is not straightforward. The presence of biological control agents is a significant limiting factor in this ecosystem. It harbors a diverse community of aquatic predators, including larvivorous fish, predaceous insects, and macroinvertebrates that can exert substantial pressure on larval populations of mosquito [45,46]. 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 to breed, 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 [47]. Intermittent irrigation practices can also create stagnant, shallow pockets of water at the edges of fields [48], 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. They maintain 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 [49]. Their shallow, stagnant nature allows for rapid warming, accelerating larval development, while periodic drying conditions prevent the establishment of a diverse predator community, releasing larvae from population controls [50]. Consequently, these neglected habitats act as critical seasonal reservoirs and produce enormous adult mosquitoes, especially in drier months. 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 [4]. This combination of high nutrient availability, optimal temperatures, and reduced predation pressure makes abandoned shallow ponds potent seasonal reservoirs for Culex population amplification.

A very few mosquito larvae were found in the lakes. Though, they were large and permanent freshwater reservoir. It might be due to the presence of natural predators [46,50], continuous water movement and wave action [51]. But the shallow area near the shoreline was clogged with emergent vegetation that might pollute water by accumulating and spreading organic debris. In the dry season, it might attract adult gravid mosquitoes to lay their eggs and can be a suitable habitat for the immature mosquitoes [11]. 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.
5. CONCLUSIONS 
This one-year field study confirms the extreme dominance of Culex quinquefasciatus (>99% of immatures) in Ward 35 of GCC. There were 12 types of breeding habitats identified. Among them permanent wetlands, manholes, and kacca drains acted as key reservoir sites that sustain populations year-round. The population was the lowest in August, increased from September, remained high through winter, and peaked in March-April before declining with the onset of higher temperature and rainfall in May. Therefore, to manage this urban nuisance mosquito population, the management programs should be strategically timed and targeted. Control efforts must be focused on identifying reservoir habitats and operating proper management techniques, including structural modification of kacca and pacca drains, routine application of biological agents, and biocides in wetlands and manholes, as well as conducting community-based source reduction strategies.  
6. ACKNOWLEDGMENTS
Thanks to the National University authority for funding support and the city dwellers of the study areas for their assistance in sampling.
7. CONFLICTS OF INTEREST 
The authors report no conflicts of interest in this work. 
9. USE OF ARTIFICIAL INTELLIGENCE (AI)-ASSISTED TECHNOLOGY
The authors hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript.
REFERENCES

1. Ahmed TU. 1996. Mosquito problem in Bangladesh with special emphasis on urban mosquito situation and its control. Key note paper presented at the Third Biennial Conference of Bangladesh Entomological Society, Dhaka, October 3, 1996. Conference Souvenir. 1996;10-27.

2. Islam MA, Zohora FT, Rahman MN. Diversity, abundance, density and habitat characterization of mosquitoes in Dhaka, Bangladesh. Bangladesh J. Zool. 2022;50(3):337-352. https://doi.org/10.3329/bjz.v50i3.65540
3. Vythilingam I, Tan CH, Nazni WA. Transmis​sion potential of Wuchereria bancrofti by Culex quinquefasciatus in urban areas of Malaysia. Trop Biomed. 2005;22: 83-85. https://eprints.um.edu.my/4205/1/Research_Note_Transmission.pdf
4. Vinogradova EB. Culex pipiens pipiens mosquitoes: taxonomy, distribution, ecology, physiology, genetics, applied importance and control. Pensoft Series Parasitologica, 2000; Vol. 2, Pensoft Publishers, Sofia, Bulgaria. https://www.google.co.in/books/edition/Culex_Pipiens_Pipiens_Mosquitoes/770ImWlj3PsC?hl=en&gbpv=0
5. Turell MJ, Dohm DJ, Sardelis MR, Oguinn ML, Andreadis TG, Blow JA. An update on the potential of North American mosquitoes (Diptera: Culicidae) to transmit West Nile virus. J. Med. Entomol. 2005;42(1):57-62. https://doi.org/10.1093/jmedent/42.1.57

6. Chavasse DC, Lines JD, Ichimori K, Marijani J. Mosquito control in Dar es Salaam. I. Assessment of Culex quinquefasciatus breeding sites prior to intervention. Med. Vet. Entomol. 1995;9:141–46. https://resjournals.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2915.1995.tb00170.x
7. Ferede G, Tiruneh M, Abate E, Kassa WJ, Wondimeneh Y, Damtie D, Tessema B. Distribution and larval breeding habitats of Aedes mosquito species in residential areas of northwest Ethiopia. Epidemiol Health. 2018;23:40, e2018015. https://doi.org/10.4178/epih.e2018015
8. World Health Organization (2020). Manual for monitoring insecticide resistance in mosquito vectors and selecting appropriate interventions.
9. Noori N, Lockaby BG, Kalin L. Larval development of Culex quinquefasciatus in water with low to moderate pollution levels. J Vector Ecol. 2015;40(2):208-20. https://doi.org/10.1111/jvec.12156
10. Arana-Guardia R, Baak-Baak CM, Loroño-Pino MA, Machain-Williams C, Beaty BJ, Eisen L, García-Rejón JE. Stormwater drains and catch basins as sources for production of Aedes aegypti and Culex quinquefasciatus. Acta Trop. 2014;134:33-42. https://doi.org/10.1016/j.actatropica.2014.01.011
11. Chaves LF, Keogh C, Vazquez-Prokopec GM, Kitron UD. Combined sewage overflow enhances oviposition of Culex quinquefasciatus (Diptera: Culicidae) in urban areas. J. Med. Entomol. 2009;46:220-226. https://academic.oup.com/jme/article/46/2/220/875956
12. Chaves LF, Keogh CL, Nguyen AM, Decker GM, Vazquez-Prokopec GM, Kitron UD. Combined sewage overflow accelerates immature development and increases body size in the urban mosquito Culex quinquefasciatus. J. Appl. Entomol. 2010;135:611–620. https://doi.org/10.1111/j.1439-0418.2010.01580.x
13. O’Malley C. Guidelines for larval surveillance. Proc. 76th Annual Meeting New Jersey Mosquito Control Assoc., Inc. 1989; pp. 45-55. https://www.johnwhock.com/wp-content/uploads/2018/12/guidelines-for-larval-surveillance.pdf
14. Mendoza F, Ibáñez-Bernal S, Cabrero-Sañudo FJ. A standardized sampling method to estimate mosquito richness and abundance for research and public health surveillance programmes. Bull. Entomol. Res. 2008;98:323–332. https://doi.org/10.1017/S0007485308005701
15. Service MW. Sampling the Larval Population. In: Mosquito Ecology. Springer, Dordrecht. 1993. https://doi.org/10.1007/978-94-011-1868-2_2
16. Pratt HD. Mosquitoes: Pictorial key to U.S. genera of larvae. U.S. Department of Health and Human Services, Centre for Disease Control and Prevention. 1993; pp.138.
17. Dubose WP, Curtin TJ. Identification keys to the adult and larval mosquitoes of the Mediterranean area. J. Med. Ent. 1965;1(4):349-355. https://apps.dtic.mil/sti/html/tr/AD0621415/
18. Darsie RF, Samanidou A. Keys for the Identification of the Mosquitoes of Greece. J. Am. Mosq. Cont. Assoc. 1997;13(3):247-254. https://www.biodiversitylibrary.org/content/part/JAMCA/JAMCA_V13_N3_P247-254.pdf
19. Sharower MG, Latif MA, Uddin SM. Temporal distribution and abundance of mosquito vectors in Dhaka city. J. Asiat. Soc. Bangladesh, Sci. 2020; 46(1):27-35 https://doi.org/10.3329/jasbs.v46i1.54226
20. Bagum MA, Chowdhury MAK, Saifur RGM. Mosquito breeding status in drains of Moulvibazar municipality area, Sylhet, Bangladesh. Bangladesh J. Zool. 2025;52(3):247–267. https://doi.org/10.3329/bjz.v52i3.80785
21. Wilke ABB, Vasquez C, Carvajal A, Moreno M, Fuller DO, Cardens G, Petrie WD, Beier JC. Urbanization favors the proliferation of Aedes aegypti and Culex quinquefasciatus in urban areas of Miami-Dade County, Florida. Sci Rep. 2021;11:22989. https://doi.org/10.1038/s41598-021-02061-0
22. Dieng H, Saifur RGM, Hassan AA, Salmah MRC, Boots M, Satho T, Jaal Z, Abu Bakar S. Unusual developing sites of dengue vectors and potential epidemiological implications. Asian Pac. J. Trop. Biomed. 2012; 2:228-232. https://www.cabidigitallibrary.org/doi/full/10.5555/20123133675
23. Wilke ABB, Caban-Martinez AJ, Ajelli M, Vasquez C, Petrie W, Beier JC. Mosquito adaptation to the extreme habitats of urban construction sites. Trends Parasitol. 2019;35(8):607-614. https://www.cell.com/trends/parasitology/fulltext/S1471-4922(19)30118-7
24. Wilke ABB, de Carvalho GC, Marrelli MT. Microgeographic population structuring of Culex quinquefasciatus (Diptera: Culicidae) From São Paulo, Brazil. J. Med. Entomol. 2017;54: 1582–1588. https://academic.oup.com/jme/article-abstract/54/6/1582/4158417
25. Multini LC, de Souza AL, Marrelli MT, Wilke ABB. Population structuring of the invasive mosquito Aedes albopictus (Diptera: Culicidae) on a microgeographic scale. PLoS ONE. 2019; 14:e0220773. https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0220773
26. Moser SK, Barnard M, Frantz RM, Spencer JA, Rodarte KA, Crooker IK, Bartlow AW, Romero‑Severson E, Manore CA. Scoping review of Culex mosquito life history trait heteroge​neity in response to temperature. Parasit Vectors. 2023;16:200. https://doi.org/10.1186/s13071-023-05792-3 
27. Jibowu M, Nolan MS, Ramphul R, Essigmann HT, Oluyomi OA, Brown EL, Vigilant M, Gunter SM. Spatial dynamics of Culex quinquefasciatus abundance: geostatistical insights from Harris County, Texas. Int J Health Geogr. 2024;23:26. https://doi.org/10.1186/s12942-024-00385-4
28. Datta Mudi S, Paul P, Sarkar S, Saha GK, Aditya G. Density and temperature effects on the larval development of Culex tritaeniorhynchus Giles, 1901 (Diptera: Culicidae): validating using ecological models. Invertebr. Reprod. Dev. 2025;69(2):119–133. https://doi.org/10.1080/07924259.2025.2513368
29. Saifur RGM, Dieng H, Hassan AA, Salmah MRC, Satho T, Miake F, Hamdan A. Changing domesticity of Aedes aegypti in northern peninsular Malaysia: reproductive consequences and potential epidemiological implications. PLoS ONE. 2012;7(2):e30919. https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0030919
30. Dieng H., Saifur RGM, Hassan AA, Salmah MRC, Boots M, Satho T, Jaal Z, Abu Bakar S. Indoor-Breeding of Aedes albopictus in Northern Peninsular Malaysia and its potential epidemiological implications. PLoS ONE. 2010;5:e11790. https://doi.org/10.1371/journal.pone.0011790
31. Rehbein MM, Viadero JR, Hunt JR, Miller C. The role of temperature, wind speed, and precipitation on the abundance of Culex species and West Nile virus infection rate in rural West‐Central Illinois. Am. J. Mosq. Cont. Assoc. 2024;40(1):1–10. https://jamca.kglmeridian.com/view/journals/moco/40/1/article-p1.xml
32. Fonseca DM, Smith JL, Wilkerson RC, Fleischer RC. Pathways of expansion and multiple introductions illustrated by large genetic differentiation among worldwide populations of the southern house mosquito. Am J Trop Med Hyg. 2006;74(2):284-289. https://apps.dtic.mil/sti/html/tr/ADA505579/
33. Bataille A, Cunningham AA, Cedeño V, Cruz M, Eastwood G, Fonseca DM, Causton CE, Azuero R, Loayza J, Martinez JDC, Goodman SJ. Evidence for regular ongoing introductions of mosquito disease vectors into the Galápagos Islands. Proceedings of the Royal Society of London. Series B, Biological Sciences. 2009;276(1674):3769-3775. https://doi.org/10.1098/rspb.2009.0998
34. Onyeka JOA. Studies on the natural predators of Culex pipiens L. and C. torrentium martini (Diptera: Culicidae) in England. Bull. Entomol. Res. 1983;73(2):185-194. https://doi.org/10.1017/S0007485300008798
35. Mahenge HH, Muyaga LL, Nkya JD, Kifungo KS,  Kahamba NF, Ngowo HS, Kaindoa EW. Common predators and factors influencing their abundance in Anopheles funestus aquatic habitats in rural south-eastern Tanzania. PLoS ONE. 2023;18(6):e0287655. https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0287655
36. Grech M, SartorP, Estallo E, Ludueña-Almeida F, Almirón W. Characterisation of Culex quinquefasciatus (Diptera: Culicidae) larval habitats at ground level and temporal fluctuations of larval abundance in Córdoba, Argentina. Mem Inst Oswaldo Cruz. 2013;108(6):772-7. https://doi.org/10.1590/0074-0276108062013014
37. Unahara T, Motoyoshi M, Selomo M. Factors limiting the density of Culex quinquefasciatus Say immature in open drains in an urban area of South Sulawesi, Indonesia. Med. Entomol. Zool. 1998;49: 93–98. https://www.jstage.jst.go.jp/article/mez/49/2/49_KJ00000825002/_pdf
38. Dibo MR, Menezes RM, Ghirardelli CP, Mendonça AL, Chiaravalloti NF. The presence of Culicidae species in medium-sized cities in the state of São Paulo, Brazil and the risk of West Nile fever and other arbovirus infection. Rev. Soc. Bras. Med. Trop. 2011; 44:496-503. DOI:10.1590/S0037-86822011000400019
39. Hassan AA., Narayanan V, Salmah MRC. Observations on the physico-chemical factors of the breeding habitats of Culex quinquefasciatus Say, 1823 (Diptera: Culicidae) in towns of north western peninsular Malaysia. Annals Med. Entomol. 1993;2: 1-5. https://www.cabidigitallibrary.org/doi/full/10.5555/19950506191
40. Rodcharoen J, Mulla MS, Chaney JD. Organic enrichment of breeding sources for sustained productivity of mosquitoes (Diptera: Culicidae). J. Vector Ecol. 1997;22: 30-35. https://europepmc.org/article/med/9221736
41. Saifur RGM. Manholes as important breeding sites for Culex mosquitoes in Gazipur City Corporation, Bangladesh. Bangladesh J. Zool. 2017;45(2):139-148. https://doi.org/10.3329/bjz.v45i2.35709
42. Chatterjee KK, Biswas D, Chandra G, Bhattacharyya A, Ghosh A, Hati AK. A longitudinal survey on mosquito larvae in relation to metro rail construction in Calcutta. Indian Med. Gaz. 1988;62(2):56-59. https://doi.org/10.1146/annurev.ento.52.110405.091431
43. Wilke ABB, Vidal PO, Suesdek L, Marrelli MT. Population genetics of Neotropical Culex quinquefasciatus (Diptera: Culicidae). Parasit Vectors. 2014;7: 468.
44. Karlekar SR, Deshpande MM, Andrew RJ. Present susceptibility status of Culex quinquefasciatus, Say to three insecticides in Nagpur district of India. Ind. J Sci Res and Tech. 2013;1(2):12-14.
45. Kumar R, Hwang JS. Larvicidal efficiency of aquatic predators: a perspective for mosquito biocontrol. Zoological Studies, 2006;45(4):447-466. file:///C:/Users/Editor-05/Downloads/447.pdf
46. Shaalan EA, Canyon DV. Aquatic insect predators and mosquito control. Trop Biomed. 2009; 26(3):223-261. https://researchonline.jcu.edu.au/11515/
47. Sunish IP, Reuben R. Factors influencing the abundance of Japanese encephalitis vectors in rice fields in India. Med. Vet. Entomol. 2001;15(4):381-392. https://doi.org/10.1046/j.0269-283x.2001.00324.x
48. Coulibaly B, Coulibaly YZ, Diallo M, Sylla D, Sanogo LZ, Yaro SA. Characterization of mosquito larval habitats and larval abundance in Banambani: a Sudanian savanna area of Mali. J. Basic Appl. Zool. 2025;86: 52 https://doi.org/10.1186/s41936-025-00474-1
49. Mwingira V, Mboera LEG, Dicke M, Takken W. Exploiting the chemical ecology of mosquito oviposition behavior in mosquito surveillance and control: a review. J Vector Ecol. 2020;45(2):155-179. https://onlinelibrary.wiley.com/doi/full/10.1111/jvec.12387
50. Blaustein L, Chase JM. Interactions between mosquito larvae and species that share the same trophic level. Annu. Rev. Entomol. 2007;52:489-507.
51. Bhowmick S, Irwin P, Lopez K, Fritz ML, Smith RL. A weather-driven mathematical model of Culex population abundance and the impact of vector control interventions. Ecol. Inform. 2025;89:103163https://doi.org/10.1016/j.ecoinf.2025.103163
31

