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Abstract. Mosquitoes are principal vectors of major vector-borne diseases. They are widely
found throughout urban and rural areas in Malaysia. They are responsible for various vector-
borne diseases such as dengue, malaria, filariasis and encephalitis. A total of 158 mosquito
larvae specimens were collected from the National Zoo, Malaysia, from 11 types of breeding
habitats during the study period from end of May 2007 to July 2007. Aedes albopictus was the
predominant species (35.4%), followed by Tripteroides aranoides (26.6%), Lutzia halifaxii

(11.4%), Aedes alboscutellatus (10.1%), Aedes caecus (8.9%), Armigeres spp. (4.4%), Malaya

genurostris (2.5%) and Culex vishnui (0.6%). It is important to have a mosquito free
environment in a public place like the zoo. Routine larval surveillance should be implemented
for an effective mosquito control program in order to reduce mosquito population.

Zoo, a public recreational park acts as the
preservation and conservation centre for
different groups of animals (i.e., carnivores,
omnivores, amphibians, birds, reptiles and
herbivores) for exhibition purposes. In 2001,
59 seriously ill people including 7 deaths
were reported during an outbreak of West Nile
virus caused by infected Culex pipiens in the
zoo at New York City, along with dead horses,
birds and cats (James, 2001). Therefore,
zoo could be a place where there is high
opportunity for mosquito borne diseases to
spread to humans.

Although mosquito surveillance for adults
and larvae has been regularly conducted
in the country, there is however limited
information on the presence of mosquito
species in biological gardens (i.e., zoo). Thus,
this study was a first attempt to determine
and to detect the presence of mosquitoes in

various breeding sites that were present
throughout the zoo area.

The National Zoo with over 90% of its
animals kept in a spacious exhibition park
with a natural landscape, has been
transformed to an open concept zoo. It is
located at 31o2’35"N and 101o45’28’’E,
covered by a land area of 110 acres. Situated
13 km northeast of Kuala Lumpur, it is located
at Taman Melawati, Ulu Kelang in Selangor
state. The area surrounding the zoo was
formerly covered with thick vegetation
before it was developed and turned into a
well-planned residential area. The zoo is
home to 5137 specimens from 479 species of
animals.

Larvae were collected from end of May
2007 to July 2007. A total of 24 water samples
were collected from different breeding
locations. All the samples were labeled (i.e.,
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date and location of breeding sites) and were
transferred into containers with 50 ml tap
water and maintained until they reached the
fourth instar larval stage while the pupae
were maintained until they emerged as adult
mosquitoes. At the fourth instar stage, larvae
were killed by placing into 60oC hot water
and then preserved in 70-80% alcohol
subsequent to species identification using a
binocular compound microscope.

Aedes albopictus was the predominant
species (35.4%, 56/158). A total of 56 larvae
of Ae. albopictus were collected from
different breeding sites including containers
(22 larvae), rock holes (19 larvae), tires (5
larvae), food stall sites (5 larvae), drains (3
larvae) and tanks (2 larvae). The study also
showed that 26.6% (42/158) of larvae were
identified as Tripteroides aranoides which
were collected from bamboos (36 larvae) and
rock holes (6 larvae). The presence of Lutzia

halifaxii was also detected in the study. Out
of a total of 18 (11.4%) Lutzia halifaxii, 10
larvae were collected from wallow with the
remaining collected in both drains (7 larvae)
and tank (1 larva). In addition, the study also
found the presence of Aedes alboscutellatus

in artificial mud holes (10.1%, 16/158). Aedes

(Aedimorphus) caecus (8.9%, 14/158) was
obtained from animal foot prints and artificial
mud holes. The other mosquito larvae
identified in this study were Armigeres

spp. (4.4%, 7/158), Malaya genurostris (2.5%,
4/158) and Culex (Culex) vishnui (0.6%,
1/158) with all larvae of each species found

in containers, leaf axils and animal foot
prints, respectively.

In general, mosquitoes can serve as
vectors for many arthropod-borne diseases
which may cause several clinical
manifestations in humans. In the present
study, of the 8 species of mosquitoes found
only Ae. albopictus, Cx. vishnui and
Armigeres spp. have been documented as
important vectors for diseases such as
chikungunya (Tesh et al., 1976), Japanese
encephalitis (Vythilingam et al., 1993;
Service, 2002) and filariasis (Cheong et al.,
1981; Das et al., 1983), respectively.

 The presence of Cx. vishnui in the zoo
or any biological gardens should alert the
management of the zoo as well as the public
to take precautionary measures in order to
avoid getting bitten by the species. According
to Vythilingam et al. (1993) and Service
(2002), Cx. vishnui is involved in the
transmission of Japanese encephalitis (JE)
virus. JE can cause brain infection in children
below 10 years of age, with the greater risk
in boys than in girls. In fact, most of the
infected humans may suffer from encephalitis
with 25-50% mortality for hospitalized cases
and 50% manifesting neurological disorders
in survivors of the disease (Sinniah, 2000).

Recently, Ar. subalbatus was incriminated
as a vector of Brugia pahangi in humans
(Aliota et al., 2010; Muslim et al., 2013).
Brugia pahangi is primarily an animal
parasite. Armigeres subalbatus has been
observed in the zoo previously by one of us,

Table 1. Summary of mosquito’s larval habitat in the National Zoo Malaysia according to species

Habitats N
Aedes Culex Armigeres Aedes Lutzia Aedes Tripteroides Malaya

albopictus vishnui spp. caecus halifaxii alboscutellatus aranoides genurostris

Drains 10 3 0 0 0 7 0 0 0

Bamboos 36 0 0 0 0 0 0 36 0

Rock Holes 25 19 0 0 0 0 0 6 0

Wallow 10 0 0 0 0 10 0 0 0

Tanks 3 2 0 0 0 1 0 0 0

Artificialmud holes 19 0 0 0 3 0 16 0 0

Food stall sites 5 5 0 0 0 0 0 0 0

Animal foot prints 12 0 1 0 11 0 0 0 0

Containers 29 22 0 7 0 0 0 0 0

Leaf axils 4 0 0 0 0 0 0 0 4

Tires 5 5 0 0 0 0 0 0 0

Total (%) 158 (100) 56 (35.4) 1 (0.6) 7 (4.4) 14 (8.9) 18 (11.4) 16 (10.1) 42 (26.6) 4 (2.5)

N = total number of larvae in respective habitats
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and is an avid biter of human mainly before
dusk. Domestic animals such as cats that are
present in the zoo can be the host for B.

pahangi. Rohela et al. (2006) and Tan et al.
(2011) reported the occurrence of B. pahangi

microfilariae in cats from Kuala Lumpur city,
Malaysia. Armigeres spp. found in the zoo
can be considered as potential natural
transmitters of B. pahangi from animals to
humans. In addition, if animals in the zoo
harbour B. pahangi, transmission to humans
is possible.

The abundance of mosquito species
found in the National Zoo is also associated
with meteorological conditions such as
high rainfall and temperature which are
often referred as the precipitating factors for
epidemics. The presence of ponds in the zoo
environment serves as source for some of the
species to oviposit. Although there is a natural
source of running water from Kemensah and
Pandang Rivers situated inside the zoo, no
mosquito larvae were detected due to the
presence of fish and tadpoles which feed on
the larvae (Blaustein & Kotler, 1993).

Control activities including fogging and
larviciding have been employed by the
management of the National Zoo. However,
both methods have limitations. As fogging was
done once a week, it may not be sensitive
enough to control the mosquito population.
Meanwhile, larviciding using abate is only
effective and sensitive for Aedes spp. and
Anopheles spp. and not for Culex spp. and
Mansonia spp. (Yap et al., 1988). Abate can
be replaced by fenitrothion, permethrin or
cyfluthrin as these larvicides are useful for
any conditions of water (i.e., clean, clear and
polluted) (Yap & Foo, 1984). Surveillance
using ovitrap should be considered by the
management of the National Zoo as it can be
used consistently in detecting and monitoring
the distribution and abundance of mosquito
population (Tham, 2000).

In conclusion, the presence of discarded
plastic bags, containers, tires, animal foot
prints and bamboo stumps contribute to the
breeding sites resulting in the increased
mosquito population in National Zoo.
Mosquito borne infections have been under
control in many countries, but the danger of

new and devastating outbreaks is always
present as the pathogens carried by
mosquitoes are able to develop resistance
to chemical pesticides and drugs. Hence,
continuous surveillance is necessary with the
incorporation of integrated control measures
including physical, chemical, biological and
social measures to prevent and reduce the
risk of mosquito-borne diseases among
human population.

Acknowledgements. This work was
supported by the University of Malaya
Research Grant (Grant No. RG132/11SUS).
The authors are very grateful to the former
Director of Zoo Negara, Malaysia, Dr
Mohamad Ngah for giving permission to
collect larvae samples from various mosquito
breeding sites within the zoo.

REFERENCES

Aliota, M.T., Fuchs, J.F., Rocheleau, T.A.,
Clark, A.K., Hillyer, J.F., Chen, C.C. &
Christensen, B.M. (2010). Mosquito
transcriptome profiles and filarial worm
susceptibility in Armigeres subalbatus.
PLoS Neglected Tropical Diseases 4:
e666.

Blaustein, L. & Kloter, B. (1993). Oviposition
habitat selection by the mosquito,
Culiseta longarealata: effect of
conspecities, food and green toad
tadpoles. Ecology Entomology 18: 104-
108.

Cheong, W.H., Mak, J.W., Naidu, S. &
Mahadevan, S. (1981). Armigeres

subalbatus incriminated as an important
vector of the dog heartworm Dirofilaria

immitis and the bird Cardiofilaria in
urban Kuala Lumpur. Southeast Asian

Journal of Tropical Medicine and

Public Health 12: 611-612.
Das, P., Bhattacharya, S., Palit, C.A., Das, S.,

Ghosh, K.K. & Hati, A.K. (1983). Diurnal
man-biting activity of Armigeres

subalbatus (Coquillet, 1898) in a village
in West Bengal. Indian Journal of

Medical Research 78: 794-798.



186

James, R. (2001). The control of mosquito
borne disease in New York City. Journal

of Urban Health 2(78): 359-364.
Muslim, A., Fong, M.Y., Mahmud, R., Lau, Y.L.

& Sivanandam, S. (2013). Armigeres

subalbatus incriminated as a vector of
zoonotic Brugia pahangi filariasis in
suburban Kuala Lumpur, Peninsular
Malaysia. Parasites and Vectors 6:
219.

Rohela, M., Jamaiah, I., Tai, P.Y. & Nurull, B.S.
(2006). Prevalence of microfilaria of
Brugia pahangi in domestic cats in
Kampung Awal and Kampung Kerinchi,
Kuala Lumpur, Malaysia. Journal of the

Malaysian Society of Health 23: 37-40.
Service, M.W. (2002). Medical entomology for

student (2nd edition). United Kingdom,
Cambridge University Press: 2.

Sinniah, M. (2000). Mosquito borne viral
diseases. In: Ng, F.S.P. & Yong, H.S. (eds).
Mosquito and Mosquito Borne Diseases.
Academy of Science Malaysia. Kuala
Lumpur, Malaysia. pp. 123-130.

Tan, L.H., Fong, M.Y., Mahmud, R., Muslim, A.,
Lau, Y.L. & Kamarulzaman, A. (2011).
Zoonotic Brugia pahangi filariasis in a
suburbia of Kuala Lumpur City, Malaysia.
Parasitology International 60(1): 111-
113.

Tesh, R.B., Gubler, D.J. & Rosen, L. (1976).
Variation among geographic strains of
Aedes albopictus in susceptibility to
infection with chikungunya virus.
American Journal of Tropical Medicine

and Hygiene 25: 326-335.
Tham, A.S. (2000). Biology, surveillance,

control, personal and public protection
measures. In: Ng, F.S.P. & Yong, H.S. (eds).
Mosquitoes and Mosquito Borne

Diseases. Academy of Sciences
Malaysia, Kuala Lumpur. pp. 167-183.

Vythilingam, I., Singh, K.I., Mahadevan, S.,
Zaridah, M.S., Ong, K.K. & Zainul Abidin,
M.H. (1993). Studies on Japanese
encephalitis vector mosquitoes in
Selangor, Malaysia. Journal of the

American Mosquito Control Associa-

tion 9(4): 467-469.
Yap, H.H. & Foo, A.E.S. (1984). Household pest

and household insecticides usage on
Penang island, Malaysia-A questionnaire
survey. Bulletin of Public Health Society

16: 2-8.
Yap, H.H., Khoo, T.C., Tan, H.T., Chung, K.K. &

Abdul, M.Y. (1988). Comparative
adulticidal and larvicidal effects of
thermal fogging formulations of Resigen
and malathion against Aedes aegypti

(Linnaeus) and Culex quinquefasciatus

(Say) in urban areas, Malaysia. Tropical

Biomedicine 5: 125-130.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Albertus-ExtraBold
    /Albertus-Medium
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Cambria
    /CambriaMath
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond-Antiqua
    /Garamond-Halbfett
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /HGGothicE
    /HGPGothicE
    /HGPSoeiKakugothicUB
    /HGSGothicE
    /HGSoeiKakugothicUB
    /HGSSoeiKakugothicUB
    /MicrosoftSansSerif
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [1728.000 5184.000]
>> setpagedevice


