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Abstract
A mosquito survey was carried out for 8 months between October 2009 and May 2010 in 12 

randomly selected urban (6) and semi-urban (6) areas in the Colombo District o f Sri Lanka. Thirty 
eight mosquito species were identified from which Anopheles interruptus, An. pseudojamesii, Aedes 
stevensoni. Ae. edwardsi, Ae. vittatus. Culex barraudi, Cx. fatigans. Cx. univittatus, Cx. aculeatus, 
Cx. purplexus, Cx. spiculosus, Cx. quadripalpis, Cx. halifaxi, Uranotaenia atra, Ur. unguiculata 
were new findings that were not recorded during a previous survey conducted in 1981-1982 in the 
same locations. Rainfall had a direct relationship (/?=0.000) with the distribution and the density of 
mosquitoes. Unplanned urbanization, anthropogenic activities and irregular or non-disposal of 
domestic waste products may have led to population replacement o f the mosquito fauna in these 
locations.
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1. Introduction
Mosquitoes are insects of the Order Diptera and Family Culicidae (Service, 2004). There are 

about 4,000 known mosquito species distributed worldwide (WHO, 2007). However, less than 10% 
are regarded as efficient vectors of diseases which directly or indirectly cause a severe impact on 
human health and welfare. Anopheles culicifacies is the major vector o f malaria in Sri Lanka while 
An. subpictus, under favourable ecological conditions acts as a secondary vector. Several other 
Anophelines including An. annularis. An. barbirostris, An. jamesii, An. nigerrimus, An. 
pediiaeniatus, An. tessellatus and An. vanina occur in the island and several o f them can be 
regarded as potential vectors of malaria (Perera et al., 2008). Both Aedes aegypti and Ae. albopictus 
are vectors of dengue, dengue haemorrhagic fever and chickungunya. Culex trilaeniorhynchus, Cx. 
gelidus transmit the Japanese encephalitis virus. Urban filariasis is transmitted by Cx. 
quinquefasciatus while rural filariasis is transmitted by Mansonia annulifera, Ma. Indiana and Ma. 
uniformis (Service, 2004). Armigeres subalbatus is a vector o f dirofilaria for domestic cats and 
dogs. Chelliah et al. (1986) and Chelliah and Jayasekara (1981) listed 131 species o f mosquitoes 
belonging to 16 genera recorded from Sri Lanka. Chelliah et al. (1986) subsequently reported 45 
species in surveys carried out in the Colombo District during the period 1981-1982. During the
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period of 1982-2009 there has been a shift in the environmental conditions in the Colombo District. 
Internal migrations due to rapid development of industries, education and increased school 
attendance, garment factories, occupational distribution, decrease of agricultural lands, increase of 
slum areas, urbanization and establishment of head offices of ministries and widening of the 
parliament complex and office quarters in Colombo had caused severe impacts on the environment. 
All such changes may have indirectly resulted in climatic change leading to a changing of breeding 
habitats o f mosquitoes. Amerasinghe et al. in 1994 conducted a study in the area of the Mahaweli 
project in order to check and compare breeding patterns of ground water mosquitoes before and 
after irrigation according to the changing o f breeding habitats. The present study focused on 
assessing changes in the mosquito fauna in the localities previously surveyed in the Colombo 
District, Sri Lanka by Chelliah et al. (1986).

2. Materials and Methods

2.1 The study area

Investigations were carried out in 12 randomly selected semi-urbanized areas namely, 
Beddagana, Battaramulla, Madiwela, Pelawatte, Thalapathpitiya, Thalawathugoda, and urbanized 
areas namely, Ethulkotte, Kotte, Nawala, Nugegoda, Pitakotte, Welikada in the Colombo District of 
Sri Lanka.

Figure 1: Townships and villages o f the study area in the Colombo District. 
Star denotes the Parliamentary Complex.

'*r Parliament Complex
;;;;; Marshy land

Diyawanna Oya +++
+& Paddy field

2.2 Mosquito surveys
Mosquito surveys were carried out fortnightly during the period October 2009 to May 2010. 

Both adult and larval collections were made. A total of 30 houses and the surroundings were 
investigated between 05.00-21.00 hours. Adults were gathered by cattle-baited net-trap and exit/inlet
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window trap collections. Resting mosquitoes were also collected from vegetation with Hand Nets 
and from domestic animals using aspirators. Larval collections were made using earthenware Pot- 
traps and Ovitraps. Larvae from streams were collected by dipping with a standard Ladle and larvae 
breeding in artificial containers were gathered using a dropper. Representative sample of adults, 
third and fourth stage larvae were identified using morphotaxonomic keys o f Amerasinghe et al. 
0992) and Col and Sewel (1933, 1934). The first and second stage larvae were reared in the 
labora.ory to third and fourth stages and pupae to adults respectively which were then identified 
morphologically.

3. Results
Thirty eight species o f mosquitoes belonging to seven genera and 11 sub-genera were 

collected during the study period, o f which 18 species are medically important (Tables 1 and 2). 
Twenty-three species of mosquitoes were commonly recorded both in the previous and the present 
surveys in the same localities (Table 1). Mosquito species totaling 15 in the present study were not 
recorded in the previous survey while 21 species collected in the previous survey were not found in 
the present survey (Table 2). Culex quinquefascialits was the predominant species, constituting 
22.58% (Table 3) and was particularly dense in the urbanised areas in the Colombo District. During 
the study period the ambient temperature and humidity ranged from 27.59°C-29.04°C and 66%-86%, 
respectively (Figure 2). P-values obtained using MINITAB 14 for mosquito percentage in relation to 
rainfall, humidity and temperature amounted to p=0.000, 0.076 and 0.678 respectively.

Table 1: Mosquito species commonly found in previous (1981-1982) and present (2009-2010) 
surveys in Colombo District.

1. Anopheles(Ano) 
barbirostris *

2..An. (Ano) nigerrimits *
3. An. (Ano) peditaeniatus
4. An. (Cel) jamesii*
5. An. (Cel) metadatas*
6. An. (Cel) pallidas
1. An. (Cel) sabpictas*
8. Aedes (Stg) aegypti*

9. Ae. (Stg) albopictus*

10. Annigeres (Ann)subalbatus * 
1!. Culex (Cux) fuscocephala *
12. Cx. (Earn) brevipalpis
13. Cx. (Lop) infantulus
14. C.v. (Lop) minutissimus
15. C.v. (Cux) gelidas *
16. C.v. (Cux) quinquefascialits*

17. Cx. (Cux) sit tens*

18. Cx. (Ciix)tritaeniorliynclnis*
19. Cx. (Cux) whitmorei
20. Ficalbia minima
2 1. Mansonia (Mnd)annulifera *
22. Ma. (Mnd) indiana*
23. Ma. (Mnd) uniformis*

* Medically important species

Table 2: Replacement of mosquito species found in the Colombo District during 1981-1982 survey 
and 2009-2010 (present) survey.
Mosquito species exclusively 
recorded in 1981-1982 survey

1. Anopheles (Cel) tessellatus
2. An. (Cel) vagus
3. Aedes (Fin) gubernaloris
4. Ae. (Adm) pipersalatus
5. Ae. (Adm) vexans
6. Ae. (Neo) lineatopennis
7. Ae. (Ver) pseudomediofcisciatus
8. Coquilleitidia (Coq) crassipes

Mosquito species recorded exclusively in 
2009-2010 survey

1. An. (Ano) interruptus
2. An. (Cel) pseudojamesii
3. Ae. (Fin) stevensoni
4. Ae. (Stg) edwardsi*
5. Ae. (Stg) vittalus
6. Cx. (Lut) halifaxi
7. C.v. (Lop )aculeatus
8. Cx. (Lop) spiculosus
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9. Culex (Lut) fuscanus
10. Cx. (Cui) nigropunctatus
11. Cx. (Cui) pallidothorax
12. Cx (Cui) spathifurca
13. Cx. (Cux) infula
14. Cx. (Cux) pseudovishnui
15. Cx. (Cux) sinensis
16. Mimomyia (Mint) hybrida
17. Mi. (Eto) luzonensis
18. Malaya genurostris
19. Toxorhynchites (Tox) splendens
20. Uranotaenia (Ura) lateralis
21. Ur.(Pfc) bicolor_____________

9. Cx (Lop) quadripalpis
10. Cx (Cux) barraudi
11. Cx (Cux) fatigans
12. Cx (Cux) purplexus
13. Cx (Cux) univittatus*
14. Ur. (Ura) atra
15. Ur. (Ura) unguiculata

(Adm) - Sub Genus Aedimorphus 
(Arm) - Sub Genus Armigeres 
(Coq) - Sub Genus Coquillettidia 
(Cux) - Sub Genus Culex 
(Eum) - Sub Genus Eumelanomyia 
(Lop) - Sub Genus Lophoceratomyia 
(Mim) - Sub Genus Mimomyia 
(Neo) - Sub Genus Neomelaniconio 
(Stg) - Sub Genus Stegomvia 
(Ura) - Sub Genus Uranotaenia

(Ano) - Sub Genus Anopheles
(Cel) - Sub Genus Cellia 

(Cui) - Sub Genus Culieiomyia 
(Eto) - Sub Genus Etorleptiomyia 
(Fin) - Sub Genus Finlaya

(Lut) - Sub genus Lutzia 
(Mnd) - Sub Genus Mansonioides 
(Pfc) - Sub Genus Pseudoficalbia 
(Tox) - Sub Genus Toxorhynchites 
(Ver) - Sub Genus Verratlina

Table 3: Total numbers and percentages o f adults and larvae of each mosquito species collected from the 
Colombo District in the present survey ( 2 0 0 9 - 2 0 1 0 ) ,_______________________________

Species
Total adults 

and larvae (%) Species Total adults 
and larvae (%)

1 .An. (Ano) barbirostris 8 0.02 20. Cx. (Lop) aculeatus 2 0.006
2. An. (Ano) nigerrimus '783 2.57 21. C.y. (Lop) spiculosus 1 0.003
3. An. (Ano)peditaeniatus 11 0.03 22. Cx. (Lop) quadripalpis 1 0.003
4. An.(Ano) interruptus 859 2.82 23. C x (Cux) fuscocephala 1 0.003
5. An.(Cel) jamesii 10 0.03 24. C.y. (Cux) gelidus 4,851 15.94
6. An.(Cel) maculatus 60 0.19 25. Cx. (Cux)quinquefasciatus 6,780 22.58
7. An.(Cel) pallidus 112 0.36 26. C.y. (Cux )sitiens 2 0.006
8. An. (Cel) subpictus 4 0.01 27. Cx.(Cux)tritaeniorhynchus 4,335 14.25
9. An.(Cel)pseudojamesii 90 0.29 28. C x ( Cux) whitmorei 21 0.06

10. Ae.(Fin) stevensoni 2 0.006 29. C.y. (Cux) barraudi 17 0.05
11. Ae.(Stg) aegypti 508 1.67 30. C.Y. (Cux) fatigans 4 0.01
12. Ae.(Stg) albopictus 5,740 18.87 31. C.y. (Cux) purplexus 2 0.006
13. Ae.(Stg) edwardsi 7 0.02 32. Cx (Cux) univittatus 23 0.07
14. Ae.(Stg) vittatus 15 0.04 33. Fi. minima 5 0.01
15. Ar.(Arm) subalbatus 3,781 12.43 34. Ma. (Mnd) annulifera 299 0.98
16. C x (Lut) halifaxi 7 0.02 35. Ma. (Mnd) indiana 415 1.36
17. Cx.(Eum) brevipalpis 1 0.003 36. Ma. (Mnd) uniformis 1,510 4.96
18. Cx .(Lop)infantulus 23 0.07 37. Ur. atra S 0.02
19. Cx. (Lop)mimttissimus 27 0.08 38. Ur. unguiculata

Total
j

30,418
0.009

too
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Table 4: Larval habitats of mosquito species collected in the present survey (2009-2010).

Larval species

o. Larval/pupal habitats
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Anopheles interniptus X X

An. nigerrimus X X

Aedes aegypti X X X X X X

Ae. albopictus X X X X X X X X

Ae. edwardsi X

Ae. stevensoni X

Ae. vittatus X X X

Armigeres subalbatus X X

Culex aculeatus X

Cx. barraudi X

Cx. brevipalpis X X

Cx. fatigans X

C.r. fuscocephala X

Cx. gelidus X X X X X X X

Cx. halifaxi X

Cx. infantulus X X X

Cx. minutissimus X X X

Cx. quinquefasciatus X X X

Cx. sitiens X X
Cx. spiculosus X X X X
Cx. tritaeniorhynchus X X X X
Cx. univittatus X X
Cx. whitmorei X X
Ficalbia minima X
Mansonia annulifera X
Ma. indiana X
Ma. uniformis X
Uranotaenia atra X
Ur. unguiculata X



Figure 2: T le impact of Temperature, Rainfall and Humidity on the percentage of mosquitoes 
collected monthly during the current study period 2009-2010.

4. Discussion

The present mosquito survey was carried out in the same areas previously surveyed by 
Chelliah et al. (1986), during which a total of 44 species representing nine genera were detected. In 
the previous survey (1981-1982), some of these areas were considered rural, some semi-urban 
while some were identified as urban. The categories of urbanized, semi-urbanized and rural areas 
used in the current study were based on the official classification specified by the respective 
Municipal or the Urban Council. During the present study, all the study areas were found to be 
semi-urban or urban to a greater or fcsser extent according to the official classification. The present 
study covered a total of 30 houses in the same areas while the previous study had investigated a 
total o f 15 houses at each visit. The highest percentage of mosquito species amounting to 22.58% 
was formed by Culex quinquefasciatus breeding in polluted waters. Such suitable habitats for 
profuse breeding of this mosquito species have been created due to disposal of toilet and kitchen 
waters by the residents of areas in to branches of the “Diyawanna oya”, that flow through these 
areas. Cx. gelidus and Cx. tritaeniorhynchus, which breed more or less under similar conditions 
formed 15.94% and 14.25% respectively Cx. quinquefasciatus, Cx. tritaeniorhynchus and Cx. 
gelidus were found in higher number in urban areas than in semi-urban areas as the water was 
polluted due to stagnant water bodies in blocked drains and uncovered dilapidated toilet pits. Ar. 
suhalbatus being a zoophilic, outdoor mosquito was detected in garbage channels and artificial 
containers in domestic environments as its main targets are domestic animals such as cats and dogs.

Outdoor mosquitoes, Aedes aegypti and Ae. albopictus, formed 1.67% and 18.87% 
respectively. Human activities in these areas had created artificial container habitats suitable for 
breeding of these two species despite massive campaigns of source reduction been conducted by 
Municipal councils and other government institutions.

64



Priyangika et at. /Journal o f Tropical Forestry and Environment Vol. 4. No 01 (2014) 59-66

A total of 2,250 of medically important adult female mosquitoes were collected from human 
dwellings within 12 months in 1981-1982 period which had drastically reduced to a value of 1,603 
during eight months study period of the current study, within the same area after 27 years.

Rainfall is a major climatic factor that creates habitats for mosquito breeding. The current 
study clearly indicated a significant relationship (/?=0.000) between mosquito density and rainfall. 
Mean monthly rainfall for 1981-1982 and 2009-2010 periods were 156.3 mm (Climatic Data, 1981- 
1982- Department of Meteorology, Sri Lanka) and 264.1mm (Climatic Data, 2009-2010: 
Department of Meteorology, Sri Lanka), respectively. Mean rainfall o f the study area had much 
increased within the past 27 years. The respective p  values for humidity and temperature with 
mosquito density, /?-0.076 and 0.678 respectively showed no relationship and hence they could not 
be considered as significant climatic factor changes accounting for mosquito density, within the 
study area during the study period. It is noteworthy that a study conducted in Saudi Arabia 
(AJshehri, 2013) has shown that there is a strong correlation between Ae. aegypti mosquito density 
and climatic factors o f temperature and relative humidity.

Comparison of the mosquito population compositions o f the two surveys clearly shows the 
changes taken place of mosquito species in the Colombo District within a span of 27 years. It seems 
to have been caused by changes in the environment leading to creation of suitable breeding habitats 
for some mosquito species. Human population in the Colombo District had increased to 788,759 
from 1981 to 2009 due to internal migration (Sri Lanka, Ministry of Finance and Planning, 
Department of Census and Statistics, 2009). Even though the recent development projects 
spearheaded by the government (from 2009), (“Maga Neguma”- Road development, “Gama 
Neguma”- build houses and home gardens, “Diwi Neguma” - Agriculture etc.) have improved the 
quality of life to some extent, the results of the present study are indicative that unplanned 
urbanization, town development, destruction o f vegetation, filling marshes, irregular or non­
disposal of house-hold waste products such as artificial containers, polythene bags, yoghurt cups 
etc. are major contributory factors for breeding of vector mosquito species o f serious human 
diseases. Breeding habitats formed due to these activities for non-vector mosquitoes too would form 
a health problem as their bites affect humans physically and mentally.

Similar studies conducted elsewhere (Rejmankova et al., 2010) have indicated that in 
marshes, the replacement of a certain mosquito by another can be due to changes in vegetations 
caused by increasing of nutrients from agricultural practices. The human induced changes in 

• wetland habitats combined with habitat selection by mosquito females can lead to replacement o f a 
less efficient disease vector by a more efficient one.

The present study confirms that the mosquito replacement detected in the study area after 27 
years of time is due to environmental change caused by urbanization in the form of increased 
mosquito breeding habitats.

5. Conclusion
Thirty eight mosquito species were identified o f which Anopheles interrupts. An. 

pseudojamesii, Aedes stevensoni, Ae. edwardsi, Ae. vittatus, Culex barraudi, Cx. fatigans, Cx. 
univittatus, Cx. aculeatus, Cx. purplexus, Cx. spiculosus, Cx. quadripalpis, Cx. halifaxi, 
Uranotaenia atra and Ur. unguiculata were not recorded previously in the period 1981-1982 from 
the same locations. Twenty one species which were recorded in the previous study (1981-1982) 
were not recorded in this survey. This mosquito replacement may be a result of human activities
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which include unplanned urbanization together with creation of unattended stagnant water bodies 
and discarded receptacles which spontaneously become mosquito breeding habitats. There were 18 
medically important vector mosquitoes recorded reiterating 16 previous records in the study area 
indicating that attention should be paid for stringent measures adopted to control vector mosquitoes 
in the Colombo District.
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