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Introduction

Mosquitoes (Diptera: Culicidae) are the most 
lethal organisms found on earth. These trans-

mit lethal diseases in humans e.g. dengue, malaria, 
Zika virus, yellow fever, etc. Malaria causes 400,000 
deaths annually, while dengue causes 40,000 deaths 
worldwide (WHO, 2021). Mosquitoes show prefer-
ence for some particular hosts (Robert et al., 1996).

The population of mosquitoes is regulated by 

several factors, with ecological characteristics 
being particularly significant (Majeed et al., 
2019; Ranasinghi and Amarasinghe, 2021). These 
characteristics are closely tied to the habitat, which 
also yields crucial insights into the insect’s preferred 
host. The population and diversity of mosquitoes 
are intricately linked to the varied biotic and abiotic 
features of the habitat (Reisen, 2010). The type 
of vegetation or land cover plays a pivotal role in 
influencing mosquito diversity (Moncayo et al., 2000; 
Rochlin et al., 2008).
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The active periods for mosquitoes are dawn and dusk. 
Sunlight and the smokes from the kitchen make 
them fly from resting position (Dhimal et al., 2014).

Mosquitoes usually aggregate around the preferred 
host. It is not their habit to aggregate around the 
commonly available hosts. They prefer greater 
diversity of host, commonly the most prevalent 
species inhabited their habitats alone. Mosquitoes do 
not prefer to oviposit in shaded habitats (Banafshi et 
al., 2013; Reiskind et al., 2017). 

Different environmental factors affect the spatial 
distribution of mosquitoes. These factors include 
the availability of hosts (Mehmood et al., 2016), 
vegetation, the resting place and oviposition sites 
(Suleman et al., 1993). 

Feeding behavior provides information regarding 
the hosts like birds, animals, and humans. Different 
species of mosquitoes prefer different types of 
habitats. Each habitat has its own specific physical 
characteristics, e.g. graveyards have less vegetation, 
thus low humidity and raised temperature. Parks and 
forest areas have high humidity and low temperature 
due to surplus vegetation. Animal sheds have high 
humidity and high temperature due to respiration 
of animals. Surroundings of streams, are cool as 
transpiration of water vapors is high (Aneidu, 1992). 
Humidity and temperature remain changing in 
houses due to the activities of humans. Precipitation 
directly affects the population of mosquitoes and the 
oviposition as precipitation creates the habitat for 
egg laying (Mehmood et al., 2017) as well as habitat 
for their larvae to grow (Vandyk and Rowley, 1995; 
Dhileepan, 1996; Lindblade et al., 1999; Web and 
Russell, 1999).

Some mosquitoes prefer to live in flatwoods, new 
fields, and salt marshes with low vegetation, a few 
prefer forested habitats, others live in the ecotone 
habitats and a few live in woodlands (Mehmood et 
al., 2022a) but come to open areas during nocturnal, 
diurnal, and crepuscular activities (Almiron and 
Brewer, 1994).

The involvement of humans also decides the habitats 
of mosquitoes. Some mosquitoes are human-loving 
and prefer to live in the vicinity of humans; others 
prefer to live near animals and birds (Mehmood et al., 
2022b). 

As male mosquitoes feed on the nectar from trees and 
flowers, they have preference for plants. The type of 
nectar and its availability alter the habitat distribution 
of mosquitoes. Reduction in the habitats reduces the 
growth and development of mosquito population. 
Changes or disturbance in the habitats causes the 
population of mosquitoes to change (Mehmood et al., 
2022a).

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 hotspots of any mosquitoes in that 
region, making the control practices much easier.

Materials and Methods

The study area Chakwal is located in the southwest 
direction of capital city Islamabad, about 90 km 
away (Figure 1). Chakwal is mainly an agricultural 
area, but there are some cement factories present 
here. The microhabitats, which were specified for 
survey, included graveyards, scrap yards, parks, forest 
areas, crop areas, streams, houses, and animal sheds. 
The surveys were conducted on fortnightly basis. 
These habitats have different types of breeding 
places, including vegetation, water availability, scrap, 
discarded containers, bamboo stumps, tires, etc. 

Figure 1: Map of study area (Chakwal, Punjab, Pakistan).

Graveyards are mostly dry places having fewer trees 
and grass. Scrap yards are dry and mostly open places 
with junk and many hiding places. Parks have much 
vegetation and human movement. Forest areas have 
tall trees, grasses, wildlife, and less human movement 
and disturbance. The houses are mostly dry having 
some earthen pots, human and animal activities. 
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Animal sheds have animals, dung, human activities, 
and some water catchment area.

Both male and female specimens were captured 
using aerial net and dry ice traps (Mehmood et al., 
2022a, b; Batzer et al., 2020; Barraud, 1934). Further 
sorted quantitative and qualitative sorting was 
done at Biosystematics Laboratory, Department of 
Entomology, PMAS Arid Agriculture University, 
Rawalpindi. Identification was done under the 
binocular stereoscope (Labomed CZM6). Ali et al. 
(2013), Qasim et al. (2014) and Tyagi et al. (2015) were 
followed for taxonomic identification. A checklist of 
butterflies of Chakwal region has been provided also 
(Table 1).

The habitat distribution was documented using webs 
created in Coral Draw X6, alongside diversity indices 
that were determined by PAST software (Riaz et 
al., 2022). To create the webs, the scale used was 
determined by the following formula.

 

Results and Discussion

In this web (Figure 2), a total of 12 mosquito species 
belonging to genera Anopheles (6), Culex (3), Aedes (2), 
and Armigeres (1), comprising 580 specimens were 
recorded. 

Mosquito communities are affected by the type 
of habitats and the hosts available. These are also 

affected by the abundance of the hosts. Within an 
area mosquitoes gather around their preferred hosts 
(Robert et al., 1996). Dhimal et al. (2014) found that 
Culex prefers streams, water tank and seepage water 
drums for breeding, while Anopheles prefer paddy 
fields, seepage, tree holes, and water tanks, Aedes likes 
to breed in discarded tires, plastic drums, tree holes, 
stream and water tank (Dhimal et al., 2014).

Figure 2: Quantitative habitat web structure of mosquitoes found in 
Chakwal 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. annularis; 3: An. culicifacies; 4: 
An. Fluviatilis; 5: An. Tesselatus; 6: An. splendidus; 7: Cx. vagans;8: 
Cx. nilgiricus; 9: Lu. vorax; 10: Ar. obturbans; 11: Ae. aegypti; 12: 
Ae. albopictus.

In the district Chakwal, Culex vagans was in the highest 
percentage (20.79%), while the lowest percentage 
(1.86%) was shown by Armigeres kuchingensis followed 
by Culex tenuipalpis (2.1%), Culex theileri (3.03%), 
Culex pluvialis (3.03%), Armigeres obturbans (3.03%), 
Culex seniori (4.9%), Anopheles stephensi (6.54%), 
Aedes aegypti (6.54%), Aedes albopictus (6.77%), Culex 
cornotus (7.71%), Anopheles splendidus (9.11%), Culex 
quinquefasciatus (11.44%) and Culex nilgiricus (13.08%). 

Table 1: Checklist of mosquitoes found in Chakwal, Punjab, Pakistan during 2014-16 regarding habitat distribution.
Mosquito species Habitats

Animal shed Scrap yard Graveyard Park Forest area Crop area Residential area Stream
Anopheles splendidus + - - - - + - -
Anopheles culicifacies + + - - - + - -
Anopheles fluviatilis + - - - - + - +
Anopheles tesselatus + - - + - + - -
Armigeres obturbans - - - + + - - +
Anopheles stephensi + - - - + + - +
Anopheles annularis - - - + - + + +
Culex vagans - + - + + - + -
Culex nilgiricus - + - + + - + -
Lutzia vorax - + - + + + + -
Aedes aegypti - + + + + - + +
Aedes albopictus - + + + + - + +
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Table 2: Diversity indices of mosquitoes found in Chakwal, Punjab, Pakistan during 2014-16.
Diversity indices Habitats

Animal shed Scrap yard Graveyard Park Forest area Crop area Residential area Stream
Simpson index 0.72 0.79 0.48 0.85 0.84 0.84 0.80 0.75
Shannon index 1.42 1.65 0.68 2.0 1.90 1.9 1.69 1.53
Evenness 0.83 0.87 0.98 0.92 0.96 0.95 0.90 0.77

Maximum Simpson index (0.85) was recorded in 
park, while the least (0.48) was recorded in graveyard, 
followed by animal shed (0.72), stream (0.75), scrap 
yard (0.79), residential area (0.80), crop area (0.84) 
and forest area (0.84) respectively. These results are 
supported by Mehmood et al. (2022a). Shanon index 
was recorded maximum (2.0) in park, while the least 
(0.68) in graveyard, followed by animal shed (1.47), 
stream (1.53), scrap yard (1.65), residential area (1.69), 
crop area (1.9), and forest area (1.9), respectively. 
Maximum evenness (0.98) was recorded in graveyard, 
while the least (0.77) in stream, followed by animal 
shed (0.83), scrap yard (0.87), residential area (0.90), 
park (0.92), crop area (0.95) and forest area (0.96) 
respectively (Table 2).

Anopheles annularis was recorded in habitats, including 
parks, crops, residential area and stream. The highest 
abundance was found in crop area, while the lowest 
in stream. Findings from this study are supported by 
the findings of Ilahi and Salman (2013) and Pal and 
Dutta (1992). Ilahi and Salman, Ali et al. (2013) and 
Lewanowski in 2013 had collected A. annularus from 
the river margins, springs and irrigation channels, 
which is similar to this study (Pal and Dutta, 1992; 
Fakoorziba and Vijayan, 2008).

Anopheles culicifacies was found in animal sheds, 
scrap yard and crop area. The highest abundance was 
observed in animal sheds, while the lowest in crop 
area. Findings are in partial accordance with Ali et 
al. (2013), and Pal and Dutta (1992). In addition to 
other habitats A. culicifacies was captured from animal 
sheds also, which depicts the zoophilic nature of his 
mosquito. 

Anopheles fluviatilis was collected from animal sheds, 
crop area and stream. High abundance was recorded 
in crop area. Anopheles tesselatus was recorded in 
animal sheds, park and crop area. The low abundance 
was found in crop area. Anopheles splendidus was found 
in animal sheds and crop area. In this study, Anopheles 
splendidus was collected from houses and animal 

sheds, while Ilahi and Salman (2013) had collected 
from rice fields. The 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 vagans and Culex nilgiricus shared the same 
habitats, including scrap yard, park, forest area and 
residential areas. The abundance of Culex vagans was 
same in all the habitats. Culex nilgiricus was recorded 
in high abundance in scrap yard and forest area, while 
the low abundance was recorded in parks as was 
reported by Ali et al. (2013, 2015).

Lutzia vorax was recorded in scrap yard, park, forest 
area, crop area, and residential area. The low abundance 
was recorded in crop area; abundance was the same in 
the remaining habitats, which is in concordance with 
the findings of Tyagi et al. (2015).

Armigeres obturbans was recorded from seven different 
habitats, including Park, forest area, stream, animal 
shed, scrap yard and crop area. The results are in 
accordance with Rajput and Kulkarni (1990), Rajput 
and Singh (1990), Ilahi and Salman (2013). Partial 
accordance with Ali et al. (2015) was present as Ar. 
obturbans was not collected from houses, which may 
be due to the preference of high vegetation and 
humidity.

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. The results are in accordance 
with Rajput and Singh (1990), Barreera et al. (2011), 
Ilahi and Salman (2013) and Poveda et al. (1999). 

Aedes albopictus was recorded from the graveyard, 
forest area, residential area, park, stream and scrap 
yard. The results are in concordance with Fakoorziba 
and Vijayan (2008) and Westby et al. (2021). A. 
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albopictus was recorded in all the habitats observed 
except animal sheds and crop area. There was low 
abundance in stream, remaining habitats were having 
the same abundances. Fakoorziba and Vijayan (2008) 
had the same findings, but A. albopictus was found in 
residential areas and crops also due to the adaptive 
nature of A. albopictus.

Novelty Statement

District Chakwal has not been explored before this 
study for diversity and systematics of mosquitoes. 
This is the first study done for the exploration of the 
species distribution of mosquitoes. :
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