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			Abstract | Hotspot information leads to precision in the application of control strategies. Mosquitoes inhabit diverse types of habitats depending upon host preference, biotic and abiotic characteristics of the habitats. This study mainly targeted the collection, identification, and sorting of mosquitoes habitat-wise in the Attock district of Pothwar region. Collection of specimens was done from specified habitats during 2014-16. A total of fourteen species belonging to four genera were collected from eight different habitats. The most abundant habitats were recreational parks, followed by residential areas and forests, while the least abundant habitats were graveyards. Maximum Simpson index (0.90) and Shanon Index (2.45) was observed in residential area, while maximum evenness (0.97) was recorded in streams. Quantitative habitat web structures were used for the first time to present habitat distribution graphically. These webs and diversity indices provide hotspot information, and hotspot information is always an efficient tool in precise control of mosquitoes in the form of epidemic occurrence.
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			Introduction

			Mosquitoes (Diptera: Culicidae) cause annoyance and transmit lethal diseases in humans and animals. These flies are present all over the world, including tropical regions and temperate regions (Sami-ur-Rehman et al., 2017). Mosquitoes transfer many lethal diseases in humans, like malaria, dengue, yellow fever, Zika Virus, Eastern Equine Encephalitis Virus, etc. Malaria causes almost 400,000 deaths every year, while dengue causes almost 40,000 deaths each year (Batzer et al., 2020).

			Several factors regulate the population of mosquitoes; ecological characteristics are the most important. These characteristics are mainly related to the habitat. Habitats also provide important information about the specific insect like preferred host of the insect (Carpenter and LaCasse, 1955). The population and diversity of mosquitoes are highly dependent on different biotic and abiotic characteristics of the habitat (Reisen, 2010; Mehmood et al., 2021). The human-loving mosquitoes usually prefer natural and undisturbed habitats (Burkett-Cadena et al., 2013).

			Mosquitoes usually aggregate around the preferred host. It is not their habit to aggregate around the commonly available host. They like greater diversity of hosts (Burkett-Cadena et al., 2011). They also have the tendency to adopt different environments.

			The microhabitats, where usually the problem of waste disposal, drainage, and poor water supply exists are the most abundant habitats of mosquitoes, as these find hiding and breeding places in these habitats frequently than clean and better drainage containing habitats (Opoku et al., 2007). Microhabitats which contain slow running water, hoof prints, and vegetation are preferred by mosquitoes (Dida et al., 2018). 

			Habitat distribution of mosquitoes provides a map of the mosquitoes in relation to their habitats, thus in case of any epidemic spread in an area, this map gives the information of hotspot of any mosquitoes in that region, so by associating emergence of vector borne diseases with the vector and their hotspots, this study make the application of control practices much easier and precise.

			Materials and Methods

			This study was conducted during 2014-16, which covered Attock district of Pothwar region. The microhabitats included graveyard, scrap yard, park, forest area, crop area, streams, houses and animal sheds. Surveys of these microhabitats were made on fortnightly basis.

			Mosquitoes were collected with the help of aerial net, mouth operated aspirator and light traps in early morning and evening. Mosquito specimens collected from the said habitats were sorted quantitatively and qualitatively in PMAS Arid Agriculture University, Rawalpindi, Department of Entomology, Biosystematics laboratory. Identification was done under the Labomed microscope CZM6 using taxonomic keys, including Barraud (1936), Tyagi et al. (2015) and Qasim et al. (2014). The identified specimens were preserved in wooden boxes and deposited in the museum of Biosystematics Laboratory of Pir Mehr Ali Shah Arid Agriculture University.

			The habitat distribution was represented by webs made in Coral Draw X6, while diversity indices were determined by PAST (4.0) software. To draw the webs, the scale used was determined by the following formula.
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			Results and Discussion

			Pothwar region, Punjab, Pakistan covers four districts, including Attock, Jhelum, Rawalpindi and Chakwal. In this study, Attock district was chosen for exploration of mosquito fauna. Quantification of species-habitat linkage through a web structure is newly introduced; provide a more robust description of this linkage.

			Simpson, Shanon, and evenness indices, which show richness, abundance, and evenness respectively, were recorded for the microhabitats in this area of Pothwar. The diversity information tell about the preferred niche of mosquito population (Leal-santos et al., 2017). Maximum Simpson index (0.90) was recorded in residential areas, while the least Simpson index (0.44) was recorded in graveyard, followed by crop area (0.67), animal shed (0.73), stream (0.73), scrapyard (0.78), forest area (0.87), and park (0.90) respectively. Maximum Shanon index (2.45) was recorded in residential area, while the least (0.63) was recorded in graveyard, followed by crop area (1.20), animal shed (1.35), stream (1.35), scrap yard (1.64), forest area (2.11), park (2.40) and residential area (2.45) respectively. Maximum evenness (0.97) was recorded in stream, while the least (0.83) in crop area, followed by scrap yard (0.85), residential area (0.89), forest area (0.91), graveyard (0.94), and animal shed (0.96) respectively (Table 1). 

			In this web, a total of 14 species comprising of 257 specimens belonging to genus Culex (8), Anopheles (2), Armigeres (2) and Aedes (2) in an interaction with different habitats was shown (Figure 1). 

			Table 1: Diversity Indices of mosquitoes found in Attock district during 2014-16.
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			Figure 1: Quantitative habitat web of mosquitoes found in Attock district during 2014-16

			A: Animal sheds; S: Scrap yard; G: Graveyard; P: Park; F: Forest area; C: Crop area; R: Residential Area; S: Stream.

			1: An. stephensi; 2: An. splendidus; 3: Cx. seniori; 4: Cx. tenuipalpis; 5: Ar. obturbans; 6: Cx. cornutus; 7: Cx. vagans; 8: Cx. pluvialis; 9: Ar. kuchingensis; 10: Cx. nilgiricus; 11: Cx. fatigans; 12: Cx. theileri;  13: Ae. aegypti; 14: Ae. albopictus.

			Anopheles stephensi and Anopheles splendidus shared the same habitats, including animal sheds and residential area. High abundance of Anopheles stephensi and Anopheles splendidus was observed in animal sheds. We collected Anopheles splendidus from houses and animal sheds, while Ilahi and Salman (2013) had collected from rice fields. Our results are not in accordance with the findings of Ilahi and Salman (2013) it is because Anopheles splendidus like human and animal activity areas.

			Culex cornotus was collected from four habitats, including animal sheds, crops, park and residential area. The highest abundance was found from animal sheds and the lowest abundance was recorded from residential area and crop area. Our findings are in partial accordance with Tyagi et al. (2015).

			Culex nilgiricus was collected from the habitats, including scrap yard, park, forest area, crop area and residential area. Culex nilgiricus specimens were found in the same abundance from all the habitats. Our results are in concordance with Khan et al. (2015) and Tyagi et al. (2015). Culex theileri was collected from five habitats, including scrap yard, park, forest area, crop area and residential area. The abundances found from these habitats were the same. Banafshi et al. (2013), Ilahi and Salman (2013), collected Culex theileri from stagnant water, seepage pools, field crops. We have collected Culex theileri from these habitats as well as from scrapyard, park, forest area and houses. This shows that Culex theileri likes the places with high vegetation and human activity.

			Culex vagans was collected from four habitats, including scrap yard, park, forest area and residential area. The abundances found from these habitats were the same. Culex vagans was found from scrap yard, park, crop area, forest area, houses, graveyard and animal shed. We collected Anopheles stephensi from houses, animal sheds and streams as was reported by Ali et al. (2013) and (2015).

			Culex seniori and Culex tenuipalpis were found in the same habitats, including park and residential area. The abundances found from these habitats were the same. Culex pluvialis was collected from four habitats, including animal sheds, park, forest area and residential area. The abundances found from these habitats were the same. The findings of this study are in partial accordance with Tyagi et al. (2015).

			Armigeres obturbans was collected from three habitats, including parks, forest area and stream. The highest abundance was observed in parks and the lowest abundance was found in both forest area and stream. Our results are in accordance with Rajput and Kulkarni (1991), Rajput and Singh (1990), Ilahi and Salman (2013) and Mehmood et al. (2016). Our results are in partial accordance with Ali et al. (2015) as we have not found any Armigeres obturbans from houses. This may be due to the preference of high vegetation and humidity. 

			Armigeres kuchingensis was collected from four habitats, including parks, forest area, stream and residential area. The abundances found from these habitats were the same. Our results are in conformity with Tyagi et al. (2015).

			Aedes aegypti and Aedes albopictus shared the same habitats, including scrap yard, graveyard, parks, residential area, forest area and streams. Aedes albopictus specimens were equally abundant in all the habitats while Aedes aegypti was present in high abundances in parks, forest area, residential area and streams and in the low abundance in scrap yard and graveyard. Aedes aegypti was recorded from six habitats, including stream, park, forest area, residential area, grave yard and scrap yard the abundance was found low in graveyard and scrap yard, where the humidity was low, vegetation was less and the human movement and activities were less. Fakoorziba and Vijayan (2008) had the same findings as ours, but we collected Aedes albopictus from residential areas and crops also, which he had not, this is because Aedes albopictus is much more adaptive in nature.
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Introduction

Mosquitoes (Diptera: Culicidae) cause annoy-
ance and transmit lethal diseases in humans
and animals. These flies are present all over the world,
including tropical regions and temperate regions
(Sami-ur-Rehman ez al., 2017). Mosquitoes transfer
many lethal diseases in humans, like malaria, dengue,
yellow fever, Zika Virus, Eastern Equine Encephali-
tis Virus, etc. Malaria causes almost 400,000 deaths
every year, while dengue causes almost 40,000 deaths

each year (Batzer ez al., 2020).

Several factors regulate the population of mosqui-
toes; ecological characteristics are the most impor-
tant. These characteristics are mainly related to the
habitat. Habitats also provide important information
about the specific insect like preferred host of the in-
sect (Carpenter and LaCasse, 1955). The population
and diversity of mosquitoes are highly dependent
on different biotic and abiotic characteristics of the
habitat (Reisen, 2010; Mehmood ez al., 2021). The
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