



A Checklist and Analysis of Mosquito Species (Diptera: Culicidae) Diversity and Distribution Patterns in Thanjavur District, Tamil Nadu, India
Abstract

A comprehensive entomological survey was conducted to document the mosquito fauna and its distribution patterns across the varied ecological zones of Thanjavur District, Tamil Nadu, India. Standard sampling techniques using dippers and aspirators were employed to collect larvae and adult mosquitoes from permanent and temporary breeding habitats, including paddy fields, irrigation channels, domestic containers, 
and overhead tanks, from January to December 2022. The collected specimens were morphologically identified using taxonomic keys. A total of 21 species across 6 genera (Aedes, Anopheles, Culex, Mansonia, Mimomyia and Armigeres) were identified and catalogued. The genus Culex was the most speciose with 7 representatives, followed by Anopheles (6 species), Aedes (4 species), Mansonia (2 species), Mimomyia (1 species) and Armigeres (1 species). The analysis revealed distinct spatial and temporal distribution patterns influenced by seasonal precipitation, agricultural practices (particularly rice cultivation), and the availability of urban and peri-domestic container habitats
. The presence of major vector species, including Anopheles stephensi, Aedes aegypti, Culex quinquefasciatus, and Mansonia species, underscores the region's potential for the transmission of malaria, dengue, lymphatic filariasis, and other arboviral diseases. This study provides a critical baseline checklist of the Culicidae in the Cauvery delta region, highlighting the significant diversity and the need for targeted, species-specific vector control strategies to mitigate disease risk in this densely populated and agriculturally important district
.
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Introduction

Mosquitoes (Diptera: Culicidae) represent one of the most significant groups of arthropods impacting human and animal health on a global scale. They are not merely nuisance biters but serve as efficient vectors for a plethora of devastating pathogens, including malaria parasites, dengue, chikungunya, and Zika viruses, yellow fever virus, and filarial worms (WHO, 2022). The burden of mosquito-borne diseases (MBDs) is immense, particularly in tropical and subtropical regions of the developing world, where they contribute significantly to mortality, morbidity, and economic hardship (Gubler, 2012). In India, diseases like malaria, dengue, and lymphatic filariasis remain persistent public health challenges, with transmission dynamics intricately linked to the local abundance and distribution of specific vector species (Dev & Manguin, 2016).

The foundation of any effective vector control and disease management program lies in precise entomological intelligence. A critical first step is the development of a comprehensive checklist of the local mosquito fauna. Understanding which species are present, their relative abundance, and their spatio-temporal distribution patterns is paramount (Becker et al., 2020). This knowledge allows public health officials to predict disease outbreaks, identify potential transmission hotspots, and tailor intervention strategies such as insecticide spraying, larval source management, and community awareness campaigns to target specific vector species effectively. Without this baseline data, control efforts are often generalized, less efficient, and prone to failure.

The study of mosquito biodiversity is not static. Ecological factors, including climate change, urbanization, water storage practices, and changes in agricultural patterns, are continuously altering the distribution and proliferation of mosquito species (Reisen, 2010). Invasive species like Aedes albopictus can displace native populations and introduce new transmission cycles. Furthermore, the distribution of mosquito species is profoundly heterogeneous, even within a small geographical area. It is influenced by a complex interplay of abiotic factors (e.g., temperature, rainfall, humidity) and biotic factors (e.g., predator-prey relationships, availability of breeding sites and blood-meal hosts) (Barrera et al., 2019). Therefore, localized faunal surveys are not just academic exercises but are essential for generating region-specific data that reflects these dynamic and unique ecological niches.

Thanjavur District, located in the eastern part of Tamil Nadu, India, presents a compelling and critical region for such an entomological investigation. Historically known as the "Rice Bowl of Tamil Nadu," the district is characterized by its unique agrarian economy centred on extensive paddy cultivation. This agricultural landscape is sustained by a vast and intricate network of irrigation channels, tanks, and reservoirs, primarily fed by the Cauvery River system. While vital for food security, these aquatic ecosystems create perennial and semi-permanent breeding habitats for a variety of mosquito species, particularly those of the genera Anopheles and Culex (Sivagnaname, 2009). The constant saturation of fields and the presence of stagnant water in canals provide ideal conditions for larval development.

Therefore, this study is designed to address this critical knowledge gap. The primary objectives of this research are: (1) to conduct a systematic entomological survey across the diverse ecological zones (urban, rural, agricultural) of Thanjavur District; (2) to create a definitive checklist of mosquito species present in the district, identified through morphological taxonomic keys; (3) to analyse the diversity, relative abundance, and distribution patterns of these species; and (4) to correlate the occurrence of key vector species with specific breeding habitat types and seasonal variations. It is hypothesized that the unique agro-urban ecosystem of Thanjavur District supports a high diversity of mosquito species, with distinct assemblages found in agricultural versus urban settings, and that major disease vectors will be widespread and abundant.

The findings of this study will provide an indispensable baseline database for the Culicidae fauna of the region. This information is expected to be of immense value to epidemiologists, entomologists, and public health policymakers in designing targeted and sustainable surveillance and control programs, ultimately contributing to the reduction of the burden of mosquito-borne diseases in the Thanjavur District.
Materials and Methods
Study Area
Thanjavur District, situated between 9°50' and 11°25' North latitude and 78°45' and 79°25' East longitude in Tamil Nadu, India, was selected for this study. The district is part of the Cauvery Delta region, characterized by a flat topography and a complex network of rivers, canals, and tanks supporting extensive paddy cultivation. The climate is tropical, with four distinct seasonal variations: Winter, spring, summer and autumn. To ensure a representative sample, the district was stratified into three major ecological zones: 

Urban Zone: Areas within Thanjavur, Kumbakonam, and Pattukkottai municipalities, characterized by high human population density, artificial containers, and drainage systems.
Rural Agrozones: Villages surrounded by paddy fields, with abundant irrigation channels, ponds, and rain-fed pools.
Peri-urban Zone: Transitional areas between urban and rural settings, featuring mixed breeding habitats.

From these zones, 30 fixed sampling sites (10 from each zone) were selected using a random stratified sampling method.

Mosquito Collection

A longitudinal entomological survey was conducted over a 12-month period from January to December 2022, covering all four seasons. Mosquitoes were collected using standard entomological techniques targeting adult stages.

Adult Collection
Adult mosquitoes were collected once a week using, Resting Collection: Aspiration using a battery-powered aspirator from dark, cool resting sites such as cattle sheds, human dwellings, indoor bathrooms, and culverts for 15 minutes per site. 
CDC Light Traps: Light traps were set overnight near cattle sheds and human dwellings to collect nocturnally active species. Collected adults were killed using ethyl acetate vapor in a killing jar. All collected specimens (reared larvae and adults) 
were preserved in properly labelled vials for morphological identification.

Species Identification

Mosquito specimens were identified to the species level using established morphological taxonomic keys under stereo zoom microscopes (Magnification: 10X - 40X). Standard keys by Barraud (1934), Christophers (1933), and Das et al., (1990) were used for identification. The identification was based on key morphological characteristics such as wing venation, colour patterns on the body (legs, thorax, abdomen), and the morphology of the head (proboscis, palps, antennae) and terminalia for confirmed species diagnosis. The taxonomic status and nomenclature were verified against the Mosquito Taxonomic Inventory website
.

Data Analysis

Species Checklist and Relative Abundance, A comprehensive checklist of all identified mosquito species was compiled. The relative abundance (RA) of each species was calculated as:

RA (%) = (Number of individuals of a species / Total number of mosquitoes collected) × 100
Diversity Indices:
Alpha diversity indices were calculated using the collected data to understand the community structure at the district level.

Species Richness (S): The total number of species observed.

Shannon-Wiener Index (H'): Measures species diversity, considering both richness and evenness.

H' = -Σ (pi * ln(pi)) where pi is the proportion of individuals of species *i*.

Simpson's Index (D): Measures dominance, giving more weight to common species.

D = Σ (pi²)
Pielou’s Evenness Index (J'): Measures how evenly individuals are distributed among the species.

J' = H' / ln(S)
These indices were calculated using the ‘vegan’ package in R software (version 4.2.1).

Distribution Pattern Analysis
The distribution of species across the three ecological zones (Urban, Rural, Peri-urban) was analysed and compared using the diversity indices mentioned above. A Chi-square test was used to determine if the differences in species composition among the zones were statistically significant (p<0.05).

Seasonal Variation
The collected data were pooled seasonally (Winter, Summer, SW Monsoon, NE Monsoon). The abundance of major species and the overall diversity indices were compared across the four seasons to analyse the impact of seasonal climatic changes on mosquito populations
. Graphical representations (bar charts, line graphs) 
were used to visualize these temporal patterns.
Results

Species Checklist, Composition, and Relative Abundance

A total of 16089 mosquito specimens were collected across the four seasons from the 30 sampling sites in Thanjavur District. Morphological identification revealed the presence of 21 species belonging to 5 genera: Culex (7 species), Anopheles (6 species), Aedes (4 species), Mansonia (2 species), and Armigeres and Mimomyia (1 species each).

The genus Culex was the most dominant, constituting 52.4% of the total collection, followed by Anopheles (24.8%) and Aedes (21.2%). Mansonia, Armigeres, and Mimomyia together accounted for less than 2% of the total fauna.

The most abundant species was Culex quinquefasciatus (1,927 specimens, 21.4% Relative Abundance), a known vector of lymphatic filariasis and West Nile virus
. This was closely followed by the major dengue vector Aedes aegypti (2,009 specimens, 22.4%) and the Japanese encephalitis vector Culex tritaeniorhynchus (1,272 specimens, 14.2%). The primary urban malaria vector, Anopheles stephensi, was also highly abundant (1,676 specimens, 18.7%).

Table 1: Seasonal Abundance of Mosquito Species in Thanjavur District
	Mosquito Species
	Winter
	Spring
	Summer
	Autumn

	Culex tritaeniorhynchus
	250
	350
	522
	150

	Culex gelidus
	100
	120
	130
	75

	Culex vishnui
	95
	125
	145
	66

	Culex infula
	115
	135
	156
	86

	Culex pseudovishnui
	105
	114
	123
	84

	Culex fuscocephala
	180
	210
	232
	135

	Culex quinquefasciatus
	356
	546
	725
	300

	Anopheles subpictus
	124
	155
	167
	100

	Anopheles stephensi
	345
	489
	587
	255

	Anopheles peditaeniatus
	67
	89
	123
	55

	Anopheles barbirostris
	98
	121
	132
	77

	Anopheles pallidus
	176
	199
	254
	153

	Anopheles tessellatus
	155
	200
	212
	125

	Aedes lineatopennis
	98
	102
	111
	85

	Aedes vexans
	80
	100
	123
	65

	Aedes aegypti
	421
	555
	657
	376

	Aedes vittatus
	400
	589
	632
	345

	Armigeres subalbatus
	67
	76
	85
	55

	Mansonia uniformis
	55
	67
	97
	43

	Mansonia annulifera
	45
	76
	89
	40

	Mimomyia luzonensis
	89
	98
	110
	70

	 Total
	3421
	4516
	5412
	2740


Seasonal Variations

Mosquito abundance demonstrated a clear and strong seasonal pattern (Table 1). The population was highest during the Summer season (5,412 specimens, 34.7%), followed by Spring (4,516, 28.0%). Abundance drastically declined during the Autumn (2,740, 17%) and Winter (3421, 21%) seasons (Figure 1).
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Figure 1: Mosquito Diversity 2022 (January to December) in Thanjavur District
During summer, all species peaked in abundance. The combination of high temperature and the residual water from irrigation created ideal conditions for prolific breeding. At spring, Populations were building up, with high numbers of all genera. Autumn & Winter, a significant reduction was observed in most species, particularly in the Culex vishnui group (Cx. tritaeniorhynchus, Cx. vishnui, Cx. gelidus) and Anopheles species, whose breeding in agricultural fields is hampered after harvest.
Diversity Indices

The overall diversity of the mosquito population in Thanjavur District was calculated. The high Shannon-Wiener index (H' = 2.58) indicates a relatively diverse mosquito population. However, the Simpson's Index (D = 0.84) also suggests a high degree of dominance, confirming that the community is dominated by a few highly abundant vector species (Cx. quinquefasciatus, Ae. aegypti, An. stephensi). The species richness (S) was 21, and Pielou's evenness index (J' = 0.85) indicates a moderately even distribution of individuals among the different species (Table 2).
Table 2: Diversity indices of mosquito species in Thanjavur District at four season

	 Indices
	Winter
	Spring
	Summer
	Autumn

	Taxa_S
	21
	21
	21
	21

	Individuals
	3421
	4516
	5412
	2740

	Dominance_D
	0.0717
	0.07807
	0.07986
	0.07478

	Simpson_1-D
	0.9283
	0.9219
	0.9201
	0.9252

	Shannon_H
	2.822
	2.773
	2.757
	2.805

	Evenness_e^H/S
	0.8008
	0.7619
	0.7498
	0.7869

	Brillouin
	2.803
	2.758
	2.744
	2.782

	Menhinick
	0.359
	0.3125
	0.2855
	0.4012

	Margalef
	2.458
	2.377
	2.327
	2.527

	Equitability_J
	0.927
	0.9107
	0.9054
	0.9213

	Fisher_alpha
	2.98
	2.85
	2.771
	3.094

	Berger-Parker
	0.1231
	0.1304
	0.134
	0.1372

	Chao-1
	21
	21
	21
	21


Distribution Patterns across Ecological Zones

The distribution of species was strongly influenced by habitat type:

· Urban Zones: Dominated by Culex quinquefasciatus (breeding in polluted drain water) and Aedes aegypti (breeding in artificial containers). Anopheles stephensi was also highly prevalent.

· Rural Agro-zones: Characterized by the high abundance of the Culex vishnui group (Cx. tritaeniorhynchus, Cx. vishnui, Cx. gelidus) and Anopheles species like An. subpictus and An. peditaeniatus, which breed extensively in rice fields and irrigation channels.

· Peri-urban Zones: Exhibited a mixed fauna, with species from both urban and rural zones present.

Discussion

This study provides the first comprehensive checklist and analysis of mosquito fauna in Thanjavur District, highlighting a significant diversity of 21 species and a clear predominance of medically important vectors.

The high relative abundance of Culex quinquefasciatus is a major public health concern, as it is the primary vector for lymphatic filariasis, which is endemic in Tamil Nadu (Sabesan et al., 2012). 
Its prevalence is directly linked to the widespread problem of urban drainage stagnation and open sewage systems in the district's towns. The equally high density of Aedes aegypti and the significant presence of Aedes vittatus explains the recurring annual dengue and chikungunya outbreaks in the region (Vijayakumar et al., 2019). Their adaptation to artificial container breeding in human dwellings makes them a perennial threat.

The abundance of Anopheles stephensi, a highly efficient urban malaria vector, is particularly alarming
. Its adaptation to breed in overhead tanks, wells, and construction sites poses a serious challenge to malaria elimination efforts. Furthermore, the abundance of the Culex vishnui subgroup (Cx. tritaeniorhynchus, Cx. vishnui) underscores the endemicity of Japanese encephalitis (JE) in this agrarian district.
 The extensive rice cultivation provides an unbroken chain of breeding habitats, and the presence of piggeries (amplifying hosts for JE virus) in rural areas completes the transmission cycle (Dev & Manguin, 2016).

The observed seasonal variation is consistent with the tropical climate of the region. The peak in mosquito populations during summer, despite being the hottest season, can be attributed to the intensive irrigation practices in the "Rice Bowl of Tamil Nadu
." While rainfall is low, the vast network of canals and flooded paddy fields provides ample breeding grounds, a phenomenon noted by Sivagnaname (2009). The post-monsoon (Autumn) decline aligns with the harvesting of crops, which eliminates large swathes of breeding habitat.

The distinct distribution pattern between urban and rural zones emphasizes the need for targeted vector control strategies. A one-size-fits-all approach will be ineffective. Urban areas require focused management of solid waste (to eliminate containers) and improved drainage systems. In contrast, rural areas need integrated vector management strategies for rice fields, such as intermittent irrigation and larvivorous fish, alongside zooprophylaxis (using cattle to divert vectors).

Conclusion
The Thanjavur District harbors a rich and abundant mosquito fauna overwhelmingly composed of potent disease vectors. Their distribution is driven by a combination of agricultural practices, urban mismanagement, and seasonal climate. This checklist and analysis serve as a critical baseline. The findings urgently call for enhanced, species-specific, and habitat-targeted surveillance and control measures to mitigate the significant risk of mosquito-borne disease transmission in this densely populated region.
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