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INTRODUCTION

Dengue fever (DF) and the severe forms,
dengue hemorrhagic fever (DHF)/dengue shock
syndrome (DSS) are major causes of morbidity
and mortality in Southeast Asia (WHO, 1966,
2000). It is also a growing public health problem
in many other parts of the world, especially for
those countries situated in tropical and subtropi-
cal regions where there is intense dengue virus
transmission. Both DF and DHF/DSS are caused
by infection with any of  four closely related den-
gue virus serotypes: dengue-1, dengue-2, den-
gue-3, and dengue-4, which show extensive
cross-reactivity in serological tests but do not
provide cross-protection (Monath, 1990).

Dengue viruses are transmitted by female
Aedes species of mosquitoes, such as Aedes
aegypti, Ae. albopictus, Ae. polynesiensis, and
several species of the Ae. scutellaris complex.
Both Ae. aegypti and Ae. albopictus are found
in Malaysia, though Ae. aegypti is not the indig-
enous species (Rudnick et al, 1965). In Malay-
sia and also in other Southeast Asian countries,
Ae. aegypti is regarded as the principal urban
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vector for the transmission of dengue virus. It is
considered a highly domesticated mosquito;
highly adapted to living with man, preferring to
rest indoors and to feed on humans during day-
light hours in an unobtrusive and often undetec-
ted manner (Gubler and Meltzer, 1999). The adult
female mosquitoes prefer to lay eggs in artificial
water containers commonly found in urban ar-
eas of tropics and subtropics (Gubler and
Meltzer, 1999). Containers found in and around
the home, such as those used for water stor-
age, flower vases, old tires, buckets and vari-
ous plastic containers, and other receptacles
that collect rainwater are some of the examples.

A study in Singapore showed that Ae.
aegypti and Ae. albopictus breed in a wide vari-
ety of habitats, with 99% of their habitats being
artificial and 0.6% natural. Of the artificial habi-
tats, 95% were domestic containers, such as ant
traps, earthenware jars, bowls, tanks, tin cans
and rubber tries (Chan et al, 1971a). Thus, rapid
industrial and economic development in most of
these Southeast Asian countries over the last
two decades has brought about massive
infrastructural changes and created a man-made
environment conducive for breeding  Aedes mos-
quitoes. This is reflected by the finding of most
cases of DF and DHF among the urban popula-
tion (70-80%) with the highest incidence in the
working and school going age groups which
correlates with the relatively high Aedes Index in
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construction sites, factories and schools (Gubler
and Meltzer, 1999)

This study is a part of an on-going prospec-
tive study on the ovipositing behavior of Aedes
female mosquitoes in a typical urban environ-
ment (Chua et al, 2004). This study reports a
differential preference of gravid Aedes female
mosquitoes to breed in habitats placed in differ-
ent environments.

MATERIALS AND METHODS

Place and duration

This on-going project began on the 1st of
March 2002. The study was carried out in an
established residential housing estate in the city
of Petaling Jaya, peninsular Malaysia (GPS co-
ordinate: 03º 05.649N, 101º 37.045E; Elevation:
62M).

Planning and selection of sites for ovitrapping
of immature Aedes mosquitoes

The study consists of two parts. The first

part was to establish any differential preference
of gravid female mosquitoes to oviposit their
eggs between ovitraps placed inside the house
and those in the outdoor garden (Fig 1, House
1). The second part was to compare the field
efficiency of oviposition rate by gravid Aedes
female mosquitoes in ovitraps placed on the pa-
tio versus the same type and number of ovitraps
placed in the garden (Fig 1, House 2). For the
first part, a pair of ovitraps (one with a leaflet of
dried Ptychosterma macathurii palm leave and
another with a plastic strip) were placed at a
selected permanent site inside a house (Fig 2a)
directly under a window and a similar pair of
ovitraps were placed at a distance 7 meters
away, in the outdoor garden under the shade of
a cluster of Ptychosterma macathurii palm trees
(Fig 2b).  For the second part, another house
was selected (Fig 1, House 2). Three permanent
sites within the garden and three permanent sites
on the patio were chosen for setting up the
ovitraps. A pair of ovitraps (one white in color
and the other painted black; Fig 2c and Fig 2d),

Fig 1–A sketch map (approximately proportional to scale) of two semi-detached houses with their respective adjoining gardens
where the field study was conducted. Paired blacked dots (ID, OD, G1, G2, G3, P1, P2, P3) represent the locations
where the ovitraps were placed for House 1 (ID = indoor, OD = outdoor) and House 2 (G = garden, P = patio) respec-
tively.
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Fig 2–A composite photograph showing respective types of ovitraps used for this field
study. Fig 2a and 2b show the type of ovitraps that were respectively placed in the
garden (outdoor) and inside the house (indoor) of House 1. Fig 2c and 2d shows
the types of ovitraps that were respectively placed in the patio and garden of House
2.

each containing a leaflet of dried Ptychosterma
macathurii palm leaves, was placed at each site.
For both parts, the process of ovitrapping in the
garden was discontinued after completing a cer-
tain number of cycles of ovitrapping, while the
respective cycles of ovitrapping in the house and
patio were continued as usual until the end of
the study.

Ovitrapping approach for immature Aedes mos-
quitoes

The clean ovitraps were each filled with 1.5
liters of clear rainwater and placed in the respec-
tive studied sites as described. Examination of
ovitraps for the presence of mosquito larvae was
carried out daily. The end-point for harvesting
the immature mosquitoes (larvae and pupae)
from the ovitraps occured whenever an early
mosquito pupa was noted in any of the contain-
ers. The larvae in each trapping container were

respectively transferred
into a smaller transparent
plastic container fitted with
a perforated screw-cap for
ventilation and enumerated
accordingly. The larvae in
the transparent containers
were fed with fish pellets
(Azoo Co, Malaysia) until
mature adult mosquitoes
emerged. Preliminary iden-
tification for the species of
the collected larvae was
made based on the mor-
phological characteristics
of the larvae. Final identifi-
cation for the species of
mosquitoes collected was
based on the morphologi-
cal characteristics of the
adult mosquitoes. Though
both Ae. aegypti and Ae.
albopictus were collected
in this study, no attempt
was made to count them
separately. They were all
counted together as Aedes
species.

After each cycle of
ovitrapping, the containers
were thoroughly washed

and scrubbed with mild detergent, especially the
inner surface, to ensure no residual eggs adher-
ing to the surface were carried forward to the
next cycle of study. The containers were then
rinsed with clean rain or tap water and subse-
quently refil led with rainwater before being
placed back in their respective locations but at
a different orientation to reduce possible bias due
to relative position of the containers with each
other.  For statistical analysis, the number of
immature mosquitoes collected in each cycle of
ovitrapping from both types of ovitraps placed
in each site were pooled together and enumer-
ated as the total of immature mosquitoes col-
lected for that specific site.

Statistical analysis

The derived data were tabulated in appro-
priate worksheets using the Microsoft Excel pro-
gram and evaluated by chi-square test, paired
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t-test (Mann-Whitney test) using the Statistical
Program for Social Science (SPSS) and Epi Info
6 (Center for Disease Control and Prevention,
Atlanta) free computer program for any statisti-
cally significant association. A probability (p)
value of 0.05 or less was taken as the level of
significant association for each ordinal variable
with the relevant adjusting variables. In the analy-
sis, the immature mosquitoes included larvae of
all stages of development and the pupae.

RESULTS

This component of an on-going prospec-
tive study took place from the 1st of January 2003
to the 31st of September 2004 involving two
neighboring semi-detached residential homes in
the city of Petaling Jaya. A sketched map repre-
senting the layout plan of both houses with lo-
cations of major garden trees and sites of
ovitraps is shown in Fig 2.

In the first part of this study, 18 cycles of
ovitrapping (indoor and outdoor ovitrapping run-
ning concurrently) were carried out from 9/2/
2003 to 5/10/2003. Following which, outdoor
ovitrapping in the garden was discontinued while
the indoor ovitrapping process continued as
usual for a further 27 cycles extending from 7/
10/2003 to 1/9/2004. The number of ovitraps
found to have immature Aedes mosquitoes and
the total number of immature mosquitoes col-
lected in ovitraps placed at each site in each
ovitrapping cycle are shown in Table 1. With in-
door and outdoor ovitrapping running concur-
rently, immature Aedes mosquitoes were col-
lected in only one ovitrapping cycle out of a to-
tal of 18 cycles, whereas the immature mosqui-
toes were collected in 16 of the 18 ovitrapping
cycles. There was a statistically significant dif-
ference in gravid female Aedes mosquitoes to
preferentially deposit their eggs in similar types
of ovitraps placed in the outdoor garden (χ2 =
21.85, p<0.0001). As for the number of ovitraps
found to have immature Aedes mosquitoes, the
immature mosquitoes were collected in only one
ovitrap placed indoors, whereas immature mos-
quitoes were found in 26 ovitraps out of a total
of 36 ovitraps set in each site throughout the
period. Statistically, gravid female Aedes mos-
quitoes had a significant preference to oviposit
eggs in ovitraps placed in the outdoor garden

(χ2 = 34.3, p<0.0001). During the same period,
a total of 13 immature Aedes mosquitoes were
collected in ovitraps placed indoors, whereas
613 were collected in ovitraps placed outdoors
(Table 1). These findings support the preference
of gravid female Aedes mosquitoes to breed in
outdoor conta iners (Mann-Whitney test:
Z=4.795, p<0.0001).

During the period when the outdoor ovitrap-
ping was discontinued, immature Aedes mos-
quitoes were collected in ovitraps in 14 out of a
total of 27 ovitrapping cycles (Table 1). Compar-
ing the indoor ovitrapping cycles with the indoor
and outdoor ovitrapping running concurrently,
there was a significant difference in the positive
immature mosquito collection rates (χ2=8.44,
p=0.0037). There was also a significantly higher
positive rate of getting gravid female Aedes
mosquitoes to deposit their eggs in ovitraps
placed indoors without the presence of outdoor
ovitraps (χ2=10.34, p=0.0013). In terms of the
mean number of immature Aedes mosquitoes
collected, there was also a significantly higher
mean number of immature Aedes mosquitoes
collected in the ovitraps in the absence of out-
door ovitrapping running concurrently (Mann-
Whitney test: Z=3.135, p=0.0020).

In the second part of the study, 22 cycles
of ovitrapping were carried out with ovitrapping
running concurrently with the patio and garden
from 2/1/2003 to 5/10/2003. Following which,
ovitrapping in the garden was discontinued,
while the ovitrapping in the patio was continued
as usual for a further 27 cycles extending from
7/10/2003 to 1/9/2004. The number ovitraps
with immature Aedes mosquitoes and the total
number of immature mosquitoes collected in
ovitraps placed on the patio versus those in the
garden in each ovitrapping cycle is shown in
Table 2. With patio and garden ovitrapping run-
ning concurrently, immature Aedes mosquitoes
were found in ovitraps placed on the patio in 15
of the 22 total ovitrapping cycles, whereas the
immature mosquitoes were found in ovitraps
placed in the garden in all 22 ovitrapping cycles.
There was a statistically significant difference in
gravid female Aedes mosquitoes to preferentially
deposit their eggs in similar types of ovitraps
placed in the garden (Fisher’s exact, p=0.0089).
As for the number of ovitraps with immature
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Table 1
Comparative numbers of immature Aedes mosquitoes collected in ovitraps placed inside the

house versus those in the outdoor garden.

Date interval Indoor Outdoor Date interval Indoor

9/2- 22/2/03 0 5 (1) 7/10- 18/10/03 2 (1)
23/2- 5/3/03 0 16 (1) 20/10- 31/10/03 2 (1)
11/3- 22/3/03 0 22 (2) 31/10- 10/11/03 5 (1)

2/4- 11/4/03 0 67 (2) 14/11- 24/11/03 39 (2)
13/4- 23/4/03 0 99 (2) 25/11- 5/12/03 3 (1)
26/4- 4/5/03 0 27 (2) 6/12- 17/12/03 8 (2)

6/5- 15/5/03 0 17 (2) 19/12- 30/12/03 0
17/5- 26/5/03 0 0 1/1- 12/1/04 0
30/5- 10/6/03 0 20 (2) 14/1- 27/1/04 0
15/6- 26/6/03 0 3 (2) 28/1- 8/2/04 8 (1)
28/6- 8/7/03 0 17 (1) 9/2- 19/2/04 0
11/7- 20/7/03 0 0 19/2- 29/2/04 0
22/7- 1/8/03 0 12 (1) 1/3- 11/3/04 28 (1)

4/8- 14/8/03 0 15 (1) 12/3- 23/3/04 0
17/8- 28/8/03 13 (1) 61 (1) 23/3- 3/4/04 0
29/8- 10/9/03 0 137 (2) 3/4- 13/4/04 0
13/9- 23/9/03 0 57 (2) 15/4- 25/4/04 22 (1)
24/9- 5/10/03 0 38 (2) 26/4- 7/5/04 0

10/5- 22/5/04 0
24/5- 1/6/04 17 (2)

3/6- 14/6/04 0
17/6- 29/6/04 0

1/7- 10/7/04 0
11/7- 21/7/04 15 (1)
23/7- 3/8/04 18 (1)
10/8- 19/8/04 17 (1)
21/8- 1/9/04 40 (2)

Total 13 (1) 613 (26)    Total 224 (18)

aImmature Aedes (N) = Combined number of immature Aedes mosquitoes collected in both ovitraps placed inside
the house without any ovitrap placed outside the same house (N= number of ovitraps with immature Aedes mos-
quitoes).

Immature Aedes (N) aImmature Aedes (N)

Aedes mosquitoes, the immature mosquitoes
were found in ovitraps placed on the patio in 35
of the 132 total ovitraps set up throughout the
period, whereas immature mosquitoes were
found in ovitraps placed in the garden in 102 of
the 132 total ovitraps set up during the same
period. Statistically, gravid female Aedes mos-
quitoes had a significant preference to oviposit
eggs in ovitraps placed in the garden (χ2 = 74.59,
p<0.0001). During the same period, a total of
472 immature Aedes mosquitoes were collected
in ovitraps placed on the patio, whereas 2,373
were collected in ovitraps placed from the gar-

den (Table 2). These findings support the prefer-
ence of gravid female Aedes mosquitoes to
breed in man-made containers placed in the
garden over those on the patio (Mann-Whitney
test: Z=4.869, p<0.0001).

During the period when the ovitrapping in
the garden was discontinued, immature Aedes
mosquitoes were collected in ovitraps placed on
the patio in 26 of a total of 27 ovitrapping cycles
(Table 2). Comparing the patio ovitrapping cycles
with the patio and garden ovitrapping running
concurrently, there was a significant difference
in the positive immature mosquito collection
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rates on the patio without the garden ovitrapping
(Fisher exact, p=0.0158). There was also a sig-
nificantly higher positive rate for gravid female
Aedes mosquitoes to deposit eggs in ovitraps
placed on the patio without the presence of
ovitraps in the garden (χ2=21.98, p<0.0001). In
terms of the mean number of immature Aedes
mosquitoes collected, there was also a signifi-
cant higher mean number of immature Aedes
mosquitoes collected on the ovitraps placed on
the patio without the presence of ovitraps in the
garden (Mann-Whitney test: Z=2.771, p=0.0060).

DISCUSSION

Oviposition is an important component of
most mosquito-borne diseases (Wallis, 1954;
Bentley and Day, 1989). A tremendous amount
has been written concerning the oviposition of
mosquitoes, including the Aedes species (Bates,
1940; Angerilli, 1980; Bailey, 1981). Selection of
oviposition sites by gravid female mosquitoes is
a crucial event for the survival of their species.
In the past, insects, such as Aedes mosquitoes,
used spaces in living or dead terrestrial plants

Table 2
Comparative number of immature Aedes mosquitoes collected in ovitraps placed on the patio of

a house versus those in the garden.

Date Interval Patio Garden Date Interval Patio

2/1- 11/1/03 54 (5) 88 (6) 7/10- 18/10/03 24 (2)
12/1- 22/1/03 104 (4) 45 (4) 20/10- 31/10/03 39 (5)
26/1- 5/2/03 47 (2) 56 (5) 31/10- 10/11/03 90 (5)

9/2- 19/2/03 115 (5) 70 (6) 14/11- 24/11/03 130 (6)
21/2- 2/3/03 18 (2) 77 (4) 25/11- 5/12/03 56 (4)

6/3- 16/3/03 36 (2) 137 (6) 6/12- 17/12/03 42 (4)
17/3- 29/3/03 0 141 (6) 19/12- 30/12/03 6 (2)
2/4- 11/4/03 0 140 (5) 1/1- 12/1/04 14 (1)

13/4- 23/4/03 0 78 (3) 14/1- 27/1/04 40 (3)
26/4- 4/5/03 0 189 (6) 28/1- 8/2/04 30 (3)

6/5- 15/5/03 21 (3) 75 (4) 9/2- 19/2/04 8 (2)
17/5- 26/5/03 2 (1) 35 (3) 19/2- 29/2/04 36 (3)
30/5- 10/6/03 19 (2) 185 (5) 1/3- 11/3/04 15 (2)
15/6- 26/6/03 0 185 (6) 12/3- 23/3/04 1 (1)
28/6- 8/7/03 2 (1) 102 (6) 23/3- 3/4/04 9 (2)
11/7- 20/7/03 0 56 (4) 3/4- 13/4/04 0
22/7- 1/8/03 9 (3) 152 (6) 15/4- 25/4/04 124 (4)

4/8- 14/8/03 14 (2) 236 (5) 26/4- 7/5/04 42 (3)
17/8- 28/8/03 17 (1) 62 (3) 10/5- 22/5/04 53 (5)
29/8- 10/9/03 8 (1) 42 (4) 24/5- 1/6/04 18 (3)
13/9- 23/9/03 0 37 (3) 3/6- 14/6/04 52 (6)
24/9- 5/10/03 6 (1) 185 (6) 17/6- 29/6/04 12 (2)

1/7- 10/7/04 40 (3)
11/7- 21/7/04 32 (3)
23/7- 3/8/04 130 (6)
10/8- 19/8/04 93 (6)
21/8- 1/9/04 40 (2)

Total 472 (35) 2,373 (106) Total 1,176 (88)

aImmature Aedes (N) = Combined number of immature Aedes mosquitoes collected in both ovitraps placed on the
patio of the same house without any ovitraps placed in the nearby garden (N= number of ovitraps with immature
Aedes mosquitoes).

Immature Aedes (N) aImmature Aedes (N)
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which held water, termed phytotelmata, as
breeding habitats (Mogi, 2000). With urbaniza-
tion and reduction of these natural habitats, the
Aedes mosquitoes, especially Ae. aegypti, have
become highly adapted to living with man. Con-
tainers found in and around the home, such as
those used for water storage, flower vases, old
tires, buckets, various plastic containers, and
other receptacles that collect rainwater have
become the usual breeding habitats. A study in
Singapore showed that Ae. aegypti and Ae.
albopictus bred in a great variety of habitats, with
99% of their habitats being artificial types and
0.6% natural types. Of the artificial containers,
not all types are equally preferred by Aedes
mosquitoes for breeding. Our earlier study
showed that certain types of artificial containers
were preferred by Aedes mosquitoes to oviposit
(Chua et al, 2004).

It was a previously accepted notion that
female Aedes mosquitoes in an urban environ-
ment prefer to rest and breed indoors. The no-
tion was mainly based on the ability to capture
these adult mosquitoes indoors and their imma-
ture forms were found in indoor man-made con-
tainers (Chan et al, 1971a, b). This notion may
not necessarily be true. In an urban environment,
with the reduction of its natural breeding habi-
tats, Aedes mosquitoes have adapted to man-
made breeding habitats. The findings of this
study show that gravid female Aedes mosqui-
toes still prefer to breed in containers found in
the outdoor garden, rather than those placed on
the patio or inside the house. The findings also
show that if the breeding habitat in the garden
is removed, they prefer the breeding habitats
found on the patio or inside the house.

An incidental interesting finding in this study
shows that whenever there was ultra-low vol-
ume fogging of insecticides being carried out by
the city municipality using vehicle-mounted
equipment, immature Aedes mosquitoes could
be found in the ovitraps placed indoors (Table
1, period of ovitrapping cycle in bold). During
the first part of the study when indoor and out-
door ovitrapping was running concurrently, the
only ovitrapping cycle that immature Aedes mos-
quitoes were found in the indoor ovitrap was
during the period when chemical fogging took
place. Further study is needed to investigate

whether ultra-low fogging of insecticides outside
the house actually promotes female Aedes mos-
quitoes to enter the house to feed and breed.
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