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Abstract

The comparative oviposition preferences of Aedes aegypti to water from storm-water drains* and seasoned
tap water were evaluated in the laboratory. The sample was collected from concrete storm-water drains
with stagnant clear water in a dengue-endemic site, Taman Samudera, Selangor. Ae. aegypti adults were
given a blood meal and released into the cage. Gravid females were given a choice between drain water
and seasoned tap water for egg deposition. In a no-choice test, there was no significant difference in the
numbers of eggs, larvae, pupae and adults colonized from the drain water and seasoned tap water
(p>0.05), indicating that Ae. aegypti oviposit their eggs on a substrate which is readily available. In a
choice test, the number of eggs laid by Ae. aegypti in drain water (1630.67 ± 204.26) was significantly
more than that in seasoned tap water (221.33 ± 53.18) (p<0.05). The number of eggs was 6-fold higher
in the drain water compared to seasoned tap water. The oviposition activity index was 0.71, indicating
that the drain water was more attractive compared to seasoned tap water as an oviposition substrate. The
pH and biochemical oxygen demand (BOD) values of both drain water and seasoned tap water were not
significantly different (p>0.05), indicating that water from the drain did not contain high organic content.
Significant water conductivity (p<0.05) and the presence of bacteria could have contributed to the site
selection for egg laying by Ae. aegypti. The drain water successfully supported the colonization of the
immatures, with the emergence of 824.33 ± 13.96 adult mosquitoes. The ratio of male and female
mosquitoes was 1:1. This study concluded that the concrete drainage system with clear stagnant water
provides a suitable medium for the colonization of dengue vector Ae. aegypti.
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*Water from storm-water drains will be mentioned as ‘drain water’ throughout the text.

Introduction

During the 19th century, dengue was considered
a sporadic disease, causing epidemics at long
intervals. However, dramatic changes in this
pattern have occurred and currently, dengue

ranks as the most important mosquito-borne
viral disease in the world. In the past 50 years,
its incidence has increased 30-fold, with large
outbreaks occurring in five of the six World
Health Organization (WHO) regions. At
present, dengue is endemic in 112 countries
in the world.[1]
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Dengue has remained endemic in Malaysia
since the first case was documented in 1901–
1902.[2] The disease was made notifiable in
1973.[3]

Aedes aegypti is a domestic mosquito while
Aedes albopictus is semi-domestic in urban areas.
Ae. aegypti breeds exclusively in artificial
containers such as earthen jars and plastic
containers which contain relatively clean water
in and around houses.[4] The typical habitats of
Ae. albopictus are artificial containers, tree holes
and bamboo stumps near human dwellings.[5]

The ability of gravid mosquito females to
distinguish among potential oviposition sites that
will or will not support the growth, development
and survival of their offspring is critical for the
maintenance of the mosquito population. Once
the blood meal large enough to initiate ovarian
development has been obtained and the
temperature-dependent egg maturation period
has been completed, mosquitoes must locate
suitable oviposition sites.[6]

In Malaysia, rapid urbanization has resulted
in the creation of suitable habitats for Ae.
aegypti. The present study was conducted to
examine the suitability of drain water for the
breeding of Ae. aegypti mosquitoes.

Materials and Methods

Mosquito colony

Ae. aegypti mosquitoes** (F 967) used in this
study came from the colony maintained in the
insectarium of the Medical Entomology Unit,
Institute for Medical Research, Kuala Lumpur,
Malaysia. The colony, established 30 years ago,
produced test mosquitoes that are pathogen-
free and homogenous.

Collection of drain water from
study site

The drain water was collected from Taman
Samudera (N03°13.987’, E101°41.918’),
Selangor state, Malaysia, which is a dengue-
endemic area, located 16 km from Kuala
Lumpur city centre. Taman Samudera covers 30
ha of land which consists of approximately 400
double storey terrace brick houses.

The ovitrap surveillance conducted in a
previous study by Chen et al.[7] indicated that
Ae. aegypti was the principal mosquito, both
indoors and outdoors, as reflected by ovitrap
collections.

Taman Samudera is an urban residential
site, generally clean. This site had minimum
artificial larval habitats such as containers and
tyres. The major larval habitat appeared to be
the concrete drain with clear stagnant water.
The drain water was collected from five
different drains in Taman Samudera for this
study. All samples of the drain water were
pooled together for colonization.

Preparation of seasoned tap water

Seasoned tap water (de-chlorinated water) was
prepared by collecting the tap water directly
from pipe into a plastic container and seasoned
for several days.

Measurement of water parameters

The pH, conductivity and biochemical oxygen
demand (BOD) of the drain and seasoned tap
waters were determined. The bacterial fauna of
the waters were determined by plating the water
sample on Nutrient Agar. Each bacteria colony
was isolated and identified at the Bacteriology
Unit, Institute for Medical Research.**Test insects were from a 30-years-old colony and as

such may not necessarily reflect behaviour patterns that
are comparable to those of field populations – Editor
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Laboratory evaluation of oviposition
preference

Preparation of ovitrap

Ovitrap as described by Lee[8] was used in this
study. Each ovitrap consisted of a 300 ml plastic
container with straight, slightly tapered sides.
A filter paper in cone shape was placed in the
ovitrap to serve as a resting and oviposition
site. Each ovitrap was filled with drain water or
seasoned tap water to a level of 5.5 cm.

No-choice test

The ovitrap described as above was filled with
drain water and placed into a cage (30 cm X 30
cm X 30 cm). A total of 30 laboratory-bred 5-
days-old Ae. aegypti were given a blood meal
by feeding on a guinea pig. The gravid females
were released into the cage and left for a week.
For all tests, 10% sugar solution was provided.
At the end of the week, the ovitrap was
removed. The filter paper was dried and the
eggs were counted. The filter paper was then
placed into a tray holding drain water for the
eggs to hatch. The larvae, pupae and adult
emergence were counted and recorded. Three
replicates were conducted. The same procedure
was repeated by using seasoned tap water.

Choice test

Two ovitraps each holding drain water and
seasoned tap water were placed in a cage (30
cm X 30 cm X 30 cm). The experimental
procedure was then carried out according to
the no-choice test.

Data analysis

The relative attractiveness of test sample was
expressed as an oviposition activity index (OAI)
calculated according to Kramer and Mulla,[9]

where

Oviposition Activity Index (OAI) =

[NT denotes the number of eggs laid on test water
(drain water) and NS denotes the number of eggs laid
in control water (seasoned tap water). Index values
range from +1 to –1. Positive values indicate that
more eggs were deposited in the test water than in
the control water, and that the test water was
attractive. On the other hand, if more eggs were
deposited in the control water than in the test water,
negative index values will be obtained indicating that
the test water acted as repellent]

Statistical analysis

T-test analysis (SPSS v.10) was used to
determine the significant difference of the
physical measures and the number of eggs,
larvae, pupae and adult obtained between
drain water and seasoned tap water. All levels
of statistical significance were determined at
p<0.05. The hatchability and emergence rate
of Ae. aegypti in drain water and seasoned tap
water were also calculated.

Results and discussion

The oviposition preference of Ae. aegypti to drain
water and seasoned tap water from the no-
choice test (Table 1) shows that there was no
significant difference in the numbers of eggs,
larvae, pupae and adults colonized from drain
water and seasoned tap water (p>0.05),
indicating that Ae. aegypti oviposit their eggs on
a substrate which is readily available. However,
in the choice test (Table 2), the number of eggs
laid by Ae. aegypti in drain water (1630.67 ±
204.26) was significantly more than in seasoned
tap water (221.33 ± 53.18) (p<0.05). The
number of eggs was 6-fold higher in drain water
compared to seasoned tap water. Furthermore,
the oviposition activity index (OAI) was 0.71,
indicating that drain water was more attractive
compared to seasoned tap water as an
oviposition substrate.

NT–NS
NT+NS
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The hatchability and emergence rates of Ae.
aegypti in drain water and seasoned tap water
(Figure) indicated that there was no complete
hatchability and emergence in all the preferred
water. The majority of eggs placed in drain water
and seasoned tap water did hatch, with 69.0–
82.0% hatchability in drain water and 63.0–
74.0% in seasoned tap water. In both choice
and no-choice studies, drain water and seasoned
tap water successfully supported the colonization
of Ae. aegypti immatures. In the choice test, a
total of 824.33 ± 13.96 adult mosquitoes
emerged from the population that was colonized
in the drain water; and a total of 125.67 ± 44.95
adult mosquitoes emerged from the colony in
the seasoned water (Tables 1 and 2).

Figure: Hatchability rate and emergence
rate of Ae. aegypti in drain water and

seasoned tap water
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Table 1: Mean numbers of eggs, larvae, pupae and adult obtained from 30 gravid female
Ae. aegypti in no-choice test

Table 2: Mean numbers of egg, larvae, pupae and adult obtained from 30 gravid female
Ae. aegypti in choice test

p<0.05 = Significant; p>0.05 = Not significant; SE = Standard error

* = p<0.05 (Significant); ** = p<0.01 (Highly significant); SE = Standard error
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There was no significant difference in the
ratio of males and females colonized from both
types of water (p>0.05). The ratio of males
and females obtained from the drain water
and seasoned tap water was 1:1 (Tables 1 and
2).

The physical measurement of drain water
and seasoned tap water is as shown in Table
3. The pH and BOD values of both waters
were not significantly different (p>0.05),
indicating that water from the drain did not
contain high organic content, i.e. the water
was clean and clear.

Conductivity is a measure of the flow of
electrical current, made possible in the water
by ions in solution. The conductivity value
obtained for drain water was 0.33 ± 0.06 and

was significantly higher than seasoned tap water
(0.08 ± 0.00) by four-fold (p<0.05), indicating
that conductivity may play a role in mosquito
oviposition preference.

Paradise and Dunson[10] reported that high
concentration of Na+ in the solution may serve
as a nutrient for the growth of microbial
populations, thus increased microbial
production, in part, through the food chain,
leading to the support of larger numbers of
mosquito larvae. Paradise and Dunson[10] also
reported that in addition to direct uptake via
anal papillae, mosquitoes may acquire Na+

through filter-feeding on microbes and may
grow faster under condition of high
concentration of Na+ due to decreased
allocation of energy toward acquiring Na+ or
increased production of food sources.

Table 3: Physical measure for drain water and seasoned tap water

p<0.05 = Significant; p>0.05 = Not significant; SE = Standard error

Table 4: Bacteria isolated from drain water and seasoned tap water
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Microbacterial examination from drain
water and seasoned tap water is presented in
Table 4. A total of 9 bacteria were found in 5
different drain water samples collected from
Taman Samudera. In the seasoned tap water,
no bacteria were found growing on the
Nutrient Agar.

Since bacteria are important as nutrients
for Ae. aegypti,[11] it is reasonable that microbes
and microbial metabolites influence site
selection for egg laying.[12] Certain species of
bacteria have been shown to influence
oviposition behaviour. Trexler et al.[13] found
that water containing Psychrobacter immobilis
(from larval-rearing water), Sphingobacterium
multivorum (from soil-contaminated cotton
towels) and an undetermined Bacillus species
(from oak leaf infusion) elicited significantly
higher oviposition than control water without
bacteria. Benzon and Apperson[14] reported that
two dominant species of bacteria, Acinetobacter
calcoaceticus and Enterobacter cloacae, were
identified in holding water, which contributed
to the oviposition response of gravid Ae.
aegypti. Hazard et al.[15] also reported isolating
bacterial species from an infusion of alfalfa hay
that produced chemical stimulants of
oviposition in Ae. aegypti and Culex
quinquefasciatus.

Ikeshoji et al.[16] isolated Pseudomonas
aeruginosa and found that it produced an
oviposition stimulant or attractant for Ae. aegypti
and Cx. pipens molestus Forskal in vitro from
decanoic acid. Two bacteria of the family
Pseudomonadaceae were isolated in this study,
i.e. Pseudomonas gladialli and Pseudomonas
alcaligenes. In studies by Ikeshoji et al.,[16] it
was shown that Ae. aegypti preferred water
which had this family of bacteria.

Trexler et al.[13] also reported that a
combination of the bacterial species would elicit
a stronger oviposition response, increasing the
percentage of eggs that are deposited in the
test containers.

Larvae of many mosquito species eat
bacteria or depend on them to condition organic
matter into suitable food.[11] Our study indicates
that at least 9 species of bacteria were isolated
from the drain water; however, the species
that commonly attract Ae. aegypti to oviposit
their eggs have not been studied. The survival
rates of offspring might be increased if an
ovipositing female has the ability to discriminate
among habitats based on bacterial quantity and
species composition. Thus, further studies are
required to explain this phenomenon.

Vythilingam et al.[17] also reported that Ae.
aegypti in the field is able to lay eggs in outdoor
drain water. Hence, dengue vector control
measures should now target the concrete drain
system as well, being a potential source of Aedes
breeding. In this study, we did attempt to detect
the presence of Aedes breeding in the drains
under field conditions but it was not possible
because most portion of the drainage system
was covered with concrete slabs. In Singapore,
preventive dengue control measures include
larviciding of drains in the residential sites, as
Ae. aegypti and Ae. albopictus have been
consistently found breeding in the drains (Rama
Chandramogan, SWRO–NEA, per. comm.).
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