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Introduction

Mosquitoes (Diptera: Culicidae) are an 
important part of aquatic and aerial ecosystem, 

maintaining the balance of an aquatic ecosystem, 
they serve as food and predator in aquatic systems. 
Immature stages of mosquitoes become the food of 
fishes and odonata as, these are packages of protein 
and nutrients and as a predator, they feed on different 

microorganisms. Adult mosquitoes live in different 
types of habitats depending on the suitability for 
different species (Roberts et al., 1996). Mosquitoes 
show a preference for some particular host (Burkett-
Cadena et al., 2011). 

Different environmental factors affect the spatial 
distribution of mosquitoes. These factors include 
the availability of blood hosts (Kuntz et al., 1982), 
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vegetation (Service, 1981), the resting place (Harwood 
and Halfhill, 1960; McCrae et al., 1976), artificial 
resting places (Gillies, 1955; Chandler et al., 1975) 
and the oviposition sites (Meek and Olson, 1976). 

Feeding behavior provides information regarding 
the hosts like birds, animals, and humans so the 
habitat. Different species of mosquitoes prefer 
different types of habitat (D’Antonio and Spielman, 
2002). 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 (Suleman et 
al., 1993) are cool as transpiration of water vapors is 
high. Humidity and temperature remain changing in 
houses due to the activities of humans (Mehmood et 
al., 2021). Precipitation directly affects the population 
of mosquitoes and the oviposition as precipitation 
creates the habitat for egg laying as well as habitat 
for their larvae to grow (Aniedu, 1992; Vandyk and 
Rowley, 1995; Dhileepan, 1996; Lindblade et al., 
1999; Webb and Russell, 1999). 

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, making the control practices much easier.

Materials and Methods

The study was conducted during 2014-16 in Jhelum 
District of Pothwar region, Punjab, Pakistan. 
Microhabitats, including animal shed, houses, 
graveyards, parks, streams, crops, and forest areas were 
specified for qualitative and quantitative analysis.

With the help of aerial net and different traps, 
including dry ice trap and light trap mosquitoes were 
captured: these were killed in killing bottle containing 
potassium cyanide in it and preserved in wooden 
boxes for identification (Mehmood et al., 2016), 
which was done under the CZM6 microscope using 
available literature and inventories including Barraud 
(1934), Tyagi et al. (2015), Qasim et al. (2014).

The mosquitoes collected from different habitats were 
placed separately for proper sorting quantitively and 

qualitatively. 

The quantitative data was used to construct 
quantitative habitat webs, while PAST software 4.0 
was used to determine diversity indices.

Results and Discussion

The web (Figure 1) shows diversity of 21 mosquito 
species belonging to Culex (9), Anopheles (6), Lutzia 
(2), Aedes (2) and Armigeres (2), comprising of 365 
specimens indifferent habitats. Anopheles maculatus 
was collected from two habitats, including animal 
sheds and streams. High abundance was found in 
animal sheds, while low abundance was found in 
streams. A. annularis was collected from three habitats, 
including animal sheds, residential areas, and streams. 
High abundances were founded from animal sheds 
and residential areas, while the low abundance was 
found from streams. 

Figure 1: Quantitative habitat web of mosquitoes found in Jhelum 
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: Ae. aegypti; 2: Ae. albopictus; 3: An. maculatus; 4: An. tesselatus; 
5: An. theobaldi; 6: Cx. seniori; 7: Cx. pluvialis; 8: Cx. tenuipalpis; 
9: An. stephensi; 10: An. annularis; 11: An. culicifacies; 12: Cx. 
vishnui; 13: Cx. malayi; 14: Lu. vorax; 15: Lu. raptor; 16: Cx. 
cornutus; 17: Ar. kuchingensis; 18: Cx. vagans; 19: Cx. edwardsi; 
20: Cx. fuscitarsis; 21: Ar. obturbans.

Culex vagans was collected from four habitats, 
including animal sheds, graveyard, parks and crop 
area. High abundances were found in animal sheds 
graveyard yard, while the lowest abundance was 
found in crop areas. C. edwardsi was collected from 
four habitats, including animal sheds, scrapyards, 
graveyards, and crop areas. The highest abundance 
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was found in scrapyards, while the lowest abundance 
was found in animal sheds. C. vishnui was collected 
from three habitats, including scrap yard, graveyard, 
and crop area. The highest abundance found was from 
graveyard, while the lowest abundance was found in 
crop areas. C. malayi was collected from three habitats, 
including animal sheds, scrapyards, and parks. The 
high abundance was found from scrapyards, while 
low abundance was found from both animal sheds 
and parks. 

C. fuscitarsis was collected from four habitats, including 
animal sheds, scrapyards, graveyards, and residential 
areas. High abundance was found in animal sheds, 
graveyards, and residential areas, while low abundance 
was found in scrapyards. 

Culex cornotus was collected from three habitats, 
including scrap yard, graveyard, and park. The highest 
abundance was found in scrapyard, while the lowest 
abundance was found in graveyard. Culex seniori was 
collected from two habitats, including graveyards and 
parks. The abundances found in these habitats were the 
same. Culex pluvialis was collected from two habitats, 
including scrap yard and crop area. High abundance 
was present in scrapyard, while low abundance was 
found in crop areas. Culex tenuipalpis was collected 
from two habitats, including scrap yard and crop area. 
High abundance was found in scrapyards, while low 
abundance was found in crop areas.

Lutzia raptor was collected from three habitats, 
including scrap yard, crop area, and residential area. 
The highest abundance was found in residential areas, 
while the lowest abundance was found in crop areas. 
L. vorax was collected from three habitats, including 
scrapyard, graveyard, and residential area. The 
abundances found in these habitats were all the same.

Aedes aegypti was recorded from six habitats, including 
stream, park, forest area, residential area, graveyard 
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.

A. albopictus was present in the highest abundance in 
parks, while the lowest was presescrapyardsapyard. 
Our results are in accordance with Rajput and Singh 
(1990), Bareera et al. (2011), Ilahi and Salman (2013), 
and Poveda et al. (1999). A. albopictus was recorded 

from the graveyard, forest area, residential area, park, 
stream, and scrap yard. Our results are in accordance 
with Fakoorziba and Vijayan (2008).

A. stephensi was collected from three habitats, 
including animal sheds, residential areas and streams. 
High abundance was found in animal sheds and 
residential areas, while low abundance was found in 
streams. The results coincides with the findings of Ali 
et al. (2013, 2015).

A. culicifacies and A. tesselatus shared the same habitats, 
including animal sheds, residentiareasrea, and streams. 
High abundances of A. culicifacies were found from 
animal sheds and streams, while low abundance was 
found from residential areas. A. tesselatus specimens 
were found in equal abundances from these habitats. 
Our findings regarding A. culicifacies are in partial 
accordance with Ali et al. (2013), Pal and Dutta (1992), 
and Fakoorziba and Vijayan (2008) as in addition to 
other habitats we also collected A. culicifacies from 
animal shed, which depicts the zoophilic nature of 
his mosquito. We collected A. splendidus from houses 
and animal sheds, while Ilahi and Salman (2013) had 
collected from rice fields.

A. theobaldi was collected from two habitats, including 
animal sheds and residential areas. The abundances 
found from these habitats were the same.

Armigeres obturbans was collected from four habitats, 
including animal sheds, scrapyard, park, and forest 
area. The highest abundance was found in forest 
area, while the lowest was found in animal sheds. A. 
kuchingensis was present in forest areas, parks, and 
standing water in almost the same abundance.

A. kuchingensis was recorded from different habitats, 
including parks, forest areas, residential areas, and 
streams, our results are in conformity with Tyagi et 
al. (2015).

A. obturbans was recorded from seven different 
habitats, including Park, forest area, stream, animal 
shed, scrap yard, and crop area. Our results are in 
accordance with Rajput and Kulkarni (1990), Rajput 
and Singh (1990), Ilahi and Salman (2013). Our 
results are in partial accordance with Ali et al. (2015) 
as we have not found any A. obturbans from houses. 
This may be due to the preference of high vegetation 
and humidity in the residential areas of this region.
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Table 1: Diversity indices of mosquitoes in different habitats of district Jhelum.
Diversity indices Habitats

Animal shed Scrap yard Graveyard Park Forest area Crop area Residential area Stream
Simpson index 0.87 0.89 0.85 0.72 0.36 0.66 0.84 0.73
Shannon index 2.20 2.27 1.93 1.45 0.55 1.49 1.93 1.60
Evenness 0.82 0.97 0.98 0.85 0.86 0.63 0.86 0.71

Maximum Simpson index (0.89) was recorded in 
scrapyard, while the least (0.36) in forest area, followed 
by crop area (0.66), park (0.72), stream (0.73), 
residential area (0.84), graveyard (0.85), and animal 
shed (0.87), respectively. Shanon index was recorded 
maximum (2.27) in scrapyard, while the least (0.55) in 
forest area, park (1.45), crop area (1.49), stream (1.60), 
graveyard (1.93), residential area (1.93), and animal 
shed (2.20), respectively. Evenness was recorded 
maximum (0.98) in graveyard, while the least (0.63) 
in crop area, followed by stream (0.71), animal shed 
(0.82), park (0.85), forest area (0.86), residential area 
(0.86) and scrap yard (0.97), respectively (Table 1).
 
Acknowledgments

I offer special thanks to Pir Mehr Ali Shah, Arid 
Agriculture University Rawalpindi, and Pakistan 
Science Foundation for supporting and providing 
funds and infrastructure.

Novelty Statement

From this specific area mosquitoes were not explored 
before. The Habitat Web Structure has been intro-
duced for the first time to demonstrate hotspots.

Author’s Contribution

Arif Mehmood: Conceived the idea, conducted the 
research, analysis of data and overall management of 
article.
Muhammad Naeem: Coneived the idea, analysis of 
data and technical input at every step.
Abu Bakar Muhammad Raza: Technical inputs, data 
analysis.
Muhammad Asam Riaz:  Technical inputs and con-
clusion.
Muhammad Zeeshan Majeed: Technical inputs and, 
results and discussion.
Nadra Khan: Overall management of article and ref-
erences.
Waqas Raza: Overall management of article and 

methodology.

Conflict of interest
The authors have declared no conflict of interest.

References

Ali, N., K. Khan and A. Kausar. 2013. Study on 
mosquitoes of Swat Ranizai sub division of 
Malakand. Pak. J. Zool., 45(2): 503-510.

Ali, N., S. Noreen, K. Khan, and S. Wahid. 2015. 
Population dynamics of mosquitoes and malaria 
vector incrimination in district Charsadda, 
Khyber Pakhtunkhwa (KP) Pakistan. Acta 
Trop., 141: 25-31. https://doi.org/10.1016/j.
actatropica.2014.08.020

Aniedu, I., 1992. A comparative study of the 
distribution and seasonal abundance of 
malaria vectors in 3 ecologically distinct 
habitats in Baringo District, Kenya. J. Appl. 
Entomol., 114(1-5): 268-274. https://doi.
org/10.1111/j.1439-0418.1992.tb01126.x

Barraud, P.J., 1934. The fauna of British India, 
including cylone and burma. Diptera, Family 
Culicidae. Tribe Megarhinini and Culicini. 
Taylor and Francis, London, pp. 455.

Barrera, R., M. Amador, and A.J. MacKay. 2011. 
Population dynamics of Aedes aegypti and 
dengue as influenced by weather and human 
behavior in San Juan, Puerto Rico. PLoS Negl. 
Trop. Dis., 5(12): 1-9. https://doi.org/10.1371/
journal.pntd.0001378

Burkett-Cadena, N.D., C.J.W. McClure, R.A. 
Ligon, S.P. Graham, C. Guyer, G.E. Hill, 
S.S. Ditchkoff, M.D. Eubanks, H.K. Hassan, 
and T.R. Unnasch. 2011. Host reproductive 
phenology drives seasonal patterns of host use 
in mosquitoes. PLoS One, 6(3): 1-7. https://
doi.org/10.1371/journal.pone.0017681

Chandler, J.A., R.B. Highton, and M.N. Hill. 1975. 
Mosquitoes of the Kano Plain, Kenya. II. Results 
of outdoor collections in irrigated and non-
irrigated areas using human and animal bait 

https://doi.org/10.1016/j.actatropica.2014.08.020
https://doi.org/10.1016/j.actatropica.2014.08.020
https://doi.org/10.1111/j.1439-0418.1992.tb01126.x
https://doi.org/10.1111/j.1439-0418.1992.tb01126.x
https://doi.org/10.1371/journal.pntd.0001378
https://doi.org/10.1371/journal.pntd.0001378
https://doi.org/10.1371/journal.pone.0017681
https://doi.org/10.1371/journal.pone.0017681


Diversity of Mosquitoes (Diptera: Culicidae) in District Jhelum (Punjab, Pakistan)

September 2022 | Volume 35 | Issue 3 | Page 512	

and light traps. J. Med. Entomol., 13 (2): 202-
207. https://doi.org/10.1093/jmedent/13.2.202

D’Antonio, M. and A. Spielman. 2002. Mosquito. 
Faber and Faber, London, 96(1): 95.

Das, B.P., R. Rajagopal, and J.  Akiyama. 1990. 
Pictorial key to the species of Indian anopheline 
mosquitoes. J. Pure Appl. Zool., 2(3): 131-162.

Dhileepan, K., 1996. Mosquito seasonality 
and arboviral disease incidence in Murray 
valley, southeast Australia. Med. Vet. 
Entomol., 10(4): 375-384. https://doi.
org/10.1111/j.1365-2915.1996.tb00760.x

Fakoorziba, M.R., and A. Vijayan. 2008. Breeding 
habitats of Culex tritaeniorhynchus (Diptera: 
Culicidae), a Japanese encephalitis vector, and 
associated mosquitoes in Mysore, India. J. 
Entomol. Res. Soc., 10(3): 1-9.

Gillies, M.T., 1955. The density of adult Anopheles 
in the neighborhood of an East African village. 
Am. J. Trop. Med. Hyg., 4(6): 1103-1113. 
https://doi.org/10.4269/ajtmh.1955.4.1103

Harwood, R.F. and J.E. Halfhill. 1960. Mammalian 
burrows and vegetation as summer resting sites 
of the mosquitoes Culex tarsalis and Anopheles 
freeborni. Mosq. News, 20: 174-178.

Ilahi, I., and M. Suleman. 2013. Species composition 
and relative abundance of mosquitoes in Swat, 
Pakistan. Int. J. Innov. Appl. Stud., 2(4): 454-
463.

Kuntz, K.J., J.K. Olson, and B.J. Rade. 1982. Role 
of domestic animals as hosts for blood-seeking 
females of Psorophora columbiae and other 
mosquito species in Texas rice lands. Mosq. 
News, 42(2): 202-210.

Lindblade, K.A., E.D. Walker, A.W. Onapa, J. 
Katungu and M.L. Wilson. 1999. Highland 
malaria in Uganda: Prospective analysis of an 
epidemic associated with El-Nino. Trans. R. 
Soc. Trop. Med. Hyg., 93(5): 480-487. https://
doi.org/10.1016/S0035-9203(99)90344-9

McCrae, A.W.R., P.F.L. Boreham and Y. 
Ssenkubuge. 1976. The behavioral ecology of 
host selection in Anopheles implexus, Thebold 
(Diptera: Culicidae). Bull. Entomol. Res., 
66(4): 587-631. https://doi.org/10.1017/
S0007485300010695

Meek, C.L. and J.K. Olson. 1976. Oviposition 
sites used by Psorophora columbiae (Diptera: 
Culicidae) in Texas rice lands. Mosq. News, 36: 
311-315.

Mehmood, A., M. Naeem, and A. Mohsin. 

2021. Seasonal occurrence and abundance of 
mosquitoes in Pothwar Plateau. Pak. J. Zool., 
54: 1-7. https://doi.org/10.17582/journal.
pjz/20180715070731

Mehmood, A., M. Naeem, I. Bodla, and A. Mohsin, 
2016. Systematics of Anopheles and Armigeres 
(Culidae: Diptera) in Pothwar Region, Punjab, 
Pakistan. Int. J. Mosq. Res., 3(5): 5-10.

Pal, T.K., and R.K. Dutta. 1992. Anophelines 
(Diptera: Culicidae) of three districts (East 
Kameng, Lower Subansiri and Upper Subansiri) 
of Arunachal Pradesh and their Perspective 
impact on Buman and Nonhuman hosts. Rec. 
Zool. Surv. Ind., 91(2): 189-202. https://doi.
org/10.26515/rzsi/v91/i2/1992/160941

Poveda, G., N.E. Graham, P.R. Epstein, W. Rojas, 
I.D. Velez, M.L. Quinones, and P. Martens. 
1999. Climate and ENSOvariability associated 
to malaria and dengue fever in Colombia. 
Proc. Symp. Glob. Change Stud. Boston Am. 
Meteorol. Soc., 10: 173-176.

Qasim, M., M. Naeem and I. Bodlah. 2014. 
Mosquito (Diptera: Culicidae) of Murree Hills, 
Punjab, Pakistan. Pak. J. Zool., 46(2): 523-529.

Rajput, K.B., and T.K. Singh. 1990. Records 
of Anopheline mosquitoes collected from 
Manipur with ecological notes. Rec. Zool. Sur. 
Ind., 87(3): 197-206. https://doi.org/10.26515/
rzsi/v87/i3/1990/161398

Rajput, K.B., S.M. Kulkarni. 1990. Records of 
culicine mosquitoes from Bastar district 
(Madhya Pradesh) India (Diptera: Culicidae), 
Part I genus toxorhynchites, tripteroides, 
uranotaenia and orthopodomyia. Rec. Zool. Sur. 
Ind., 87(1): 83-88. https://doi.org/10.26515/
rzsi/v87/i1/1990/161456

Roberts, D.R., J.F. Paris, S. Manguin, R.E. 
Harbach, R. Woodruff, E. Rejmankova, J. 
Polanco, B. Wulls-chleger, and L.J. Legters. 
1996. Predictions of malaria vector distribution 
in Belize based on multispectral satellite data. 
Am. J. Trop. Med. Hyg., 4(3): 304-308. https://
doi.org/10.4269/ajtmh.1996.54.304

Service, M.W., 1981. Effects of wind on the 
behaviour and distribution of mosquitoes and 
blackflies. Int. J. Biometeorol., 24(4): 347-353. 
https://doi.org/10.1007/BF02250577

Suleman, M., K. Khan and S. Khan. 1993. Ecology 
of mosquitoes in Peshawar valley and adjoining 
areas: Species composition and relative 
abundance. Pak. J. Zool., 25(4): 321-328.

https://doi.org/10.1093/jmedent/13.2.202
https://doi.org/10.1111/j.1365-2915.1996.tb00760.x
https://doi.org/10.1111/j.1365-2915.1996.tb00760.x
https://doi.org/10.4269/ajtmh.1955.4.1103
https://doi.org/10.1016/S0035-9203(99)90344-9
https://doi.org/10.1016/S0035-9203(99)90344-9
https://doi.org/10.1017/S0007485300010695
https://doi.org/10.1017/S0007485300010695
https://doi.org/10.17582/journal.pjz/20180715070731
https://doi.org/10.17582/journal.pjz/20180715070731
https://doi.org/10.26515/rzsi/v91/i2/1992/160941
https://doi.org/10.26515/rzsi/v91/i2/1992/160941
https://doi.org/10.26515/rzsi/v87/i3/1990/161398
https://doi.org/10.26515/rzsi/v87/i3/1990/161398
https://doi.org/10.26515/rzsi/v87/i1/1990/161456
https://doi.org/10.26515/rzsi/v87/i1/1990/161456
https://doi.org/10.4269/ajtmh.1996.54.304
https://doi.org/10.4269/ajtmh.1996.54.304
https://doi.org/10.1007/BF02250577


Diversity of Mosquitoes (Diptera: Culicidae) in District Jhelum (Punjab, Pakistan)

September 2022 | Volume 35 | Issue 3 | Page 513	

Tyagi, B.K., A. Munirathinam, and A. Venkatesh. 
2015. A catalogue of Indian mosquitoes. Int. J. 
Mosq. Res., 2(2): 50-97.

Vandyk, J.K. and W.A. Rowley. 1995. Response 
of Iowa mosquito populations to unusual 
precipitation patterns as measured by New 
Jersey light trap collections. J. Am. Mosq. 
Contr., 11(2): 200-205.

Webb, C.E. and R.C. Russell. 1999. Towards 
management of mosquitoes at Homebush 
Bay, Sydney, Australia. I. Seasonal activity and 
relative abundance of adults of Aedes vigilax, 
Culex sitiens, and other salt-marsh species, 
1993-94 through 1997–98. J. Am. Mosq. 
Contr., 15(2): 242-249.


