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Abstract

This study investigated how the seasons affect the development sites of Aedes larvae in three topographical
areas: mangrove, rice paddy fields and mountainous areas. We examined how the number of Aedes
larvae varied in different types of water containers. Water containers were categorized into the following
groups: indoor/outdoor containers, artificial/natural containers, earthen/plastic containers, containers
with/without lids and dark/light-coloured containers. Samples were collected from 300 households in
both the wet and dry seasons from three topographical areas in Nakhon Si Thammarat province with
100 households per topographical area. The results showed that in the wet season, there were higher
numbers of Ae. aegypti and Ae. albopictus larvae than in the dry season. Moreover, the number of Ae.
albopictus larvae was higher in mountainous areas than in mangrove and rice paddy areas, in both the
wet and dry seasons. The number of positive containers was higher in outdoor containers than in
indoor containers, higher in artificial containers than natural containers, higher in earthen containers
than plastic containers, higher in containers without lids than containers with lids, and higher in the
dark-coloured containers than light-coloured containers in the three topographical areas in both wet
and dry seasons. The number of positive earthen containers was higher in mangrove areas than in rice
paddy and mountainous areas. The number of positive plastic containers was higher in rice paddy
areas than mountainous and mangrove areas.
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Introduction

Dengue fever is caused by dengue viruses of
the family Flaviviridae, transmitted principally
by Aedes aegypti, and, possibly Ae. albopictus,
in the tropical and subtropical regions of the
world.[1,2] Two clinical features, namely, dengue
haemorrhagic fever (DHF) and dengue shock
syndrome (DSS) may lead to death.[3,4] No
effective vaccine or chemotherapy is currently
available for the prevention or treatment of

dengue fever; therefore, prevention and control
of the disease depend on vector surveillance
and control measures.[5] Transmission cycles of
the dengue virus depend on the
interrelationship between the virus and its
mosquito vector, which is influenced by
environmental conditions.[6] Adult female Aedes
mosquitoes acquire the dengue virus by biting
infected humans during the viremic phase,
which usually lasts for 4–5 days, although it
may last up to 12 days. The virus is transmitted
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to other persons via bites from infected
mosquitoes.[7] The mosquitoes that adversely
affect people in southern Thailand are primarily
Ae. aegypti L. and Ae. albopictus Skuse.[8-12]

An epidemic of DHF occurred in the Samui
Islands in 1966 and 1967[13] where Ae. aegypti
and Ae. albopictus were abundant, and were
responsible for the transmission of the dengue
virus.[14-16] Ae. aegypti breeds in a wide
assortment of domestic containers, whereas
Ae. albopictus is more likely to be found in
natural containers, such as bamboo stumps and
coconut shells, or in artificial containers outside
the houses such as tyres, opened cans and
plastic bottles.[12,17-19] In southern Thailand, Ae.
aegypti and Ae. albopictus have been found in
forested habitats as well as in a variety of other
habitats in rural and suburban areas.[11-12,18-19]

Since most Thai households store water
for cooking and bathing in a variety of jars and

cisterns, Ae. aegypti is a more important threat
for DHF.[20] Ae. albopictus is encountered in
the peripheral areas of towns where it replaces
Ae. aegypti populations.[21]

This study investigated the number of
mosquito larvae (i.e. Ae. aegypti and Ae.
albopictus) in different types of containers (i.e.
indoor/outdoor containers, artificial/natural
containers, earthen/plastic containers,
containers with/without lids and dark/light
coloured containers) in the wet and dry seasons
in three topographical areas in Nakhon Si
Thammarat, Thailand.

Materials and methods

Data collection

The mosquito larval survey was conducted in
Nakhon Si Thammarat province (8° 32' 16.5"

Figure 1: (a) Map of Thailand; (b) Map of three topographical areas of study
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N latitude, 99° 56' 50.7" E longitude) in two
seasons: (i) dry season (March-April 2006) and
(ii) wet season (October-November 2006). We
conducted the mosquito larval survey in three
topographical areas: mangrove, rice paddy and
mountainous areas (Figure 1). People in these
three topographical areas differed in terms of
their main occupations. In the mangrove areas,
the main occupations of the people are fishing
and aquaculture, while in the rice paddy and
mountainous areas, the main occupations are
mostly agriculture and farm-related.

Samples were collected in households in
all sub-districts in the nine districts comprising
the study area using the stratified simple
random sampling technique. Nine districts
were divided into three categories: mangrove,
rice paddy and mountainous areas. The
mangrove areas included Khanom, Sichon and
Pakpanang districts; the rice paddy areas
included Praprom, Chalermprakiet and Huasai
districts; and the mountainous areas included
Thungyai, Bangkhan and Thungsong districts
(Figures 1a, 1b). One hundred sampling units
were assigned to each topographical area. The
topographical areas were assigned as stratums,
one collected household identified as a sample
unit. A structured questionnaire was constructed
to obtain the information by personal interview.
There were a total of 300 households sampled
in the dry season. The same 300 households
were re-sampled in the wet season in order to
compare the difference in the number of Aedes
larvae in various water containers between the
two seasons.

Entomological studies

We collected all mosquito larvae from both
indoor and outdoor containers using fine-
meshed fishnets. The outdoor larval surveys
were conducted within 15 m of the
houses.[10,12,18-19] Very small water containers
were emptied out through the fishnet. Larger
water containers were sampled by dipping the

net in the water, starting at the top of the
container and continuing to the bottom in a
swirling motion that sampled all edges of the
container[12,18-19,22]. All live mosquito larvae were
collected in plastic bags, taken to the 11.2
Vector-Borne Disease Control Centre
laboratory, Nakhon Si Thammarat. All mosquito
larvae were preserved and identified up to the
species level using Rattanarithikul and
Panthusiri’s[23] keys. In this study, the first and
second instars and pupae were discarded
because immature mosquitoes at these stages
could not be identified.

There were a total of 29 container
categories in this study. Water containers were
categorized into the following groups: indoor/
outdoor containers, artificial/natural containers,
earthen/plastic containers, containers with/
without lids and dark/light-coloured containers.
Indoor containers were all containers inside the
house that held some water such as earthen
jars, cement tanks, plastic containers, flower
vases, ant guards, ornamental pots and
refrigerators with plates. Outdoor containers
were all containers within 15 m of the house,
such as earthen jars, cement tanks, plastic
containers, ornamental pots and natural
containers. Artificial containers included earthen
jars, flower vases, used cans, discarded tyres,
metal boxes, preserved areca jars and foam
containers. The preserved areca jars were
earthen jars used to preserve areca nuts. Natural
containers were composed of areca/coconut
husks, banana trees, coconut shells, tree holes
and bamboo clumps. Earthen containers were
composed of small/large earthen jars, cement
tanks, plant pot saucers, plant pots and
preserved areca jars. Plastic containers were
composed of plastic containers, plastic bottles
and plastic buckets. Lids were made of cement,
plastic, wood and metal. The dark-coloured
containers were containers that were black,
brown, dark grey, deep green, deep blue and
red. On the other hand, the light coloured
containers were containers that were white, light
pink, light blue and yellow.
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Aedes larval index: Container Index (CI) was
worked out as per standard WHO guidelines.
The CI was defined as the percentage of water-
filled containers positive for Aedes breeding.

Statistical analysis

The number of Ae. aegypti and Ae. albopictus
larvae in different types of water containers,
both indoor and outdoor, were analysed using
independent sample t–tests. Chi-square tests
were used to test the differences between the
following factors: (i) indoor/outdoor containers;
(ii) artificial/natural containers; (iii) earthen/
plastic containers; (iv) containers with lids and
without lids; and (v) dark/light-coloured
containers in all three topographical areas, two
seasons and their interactional terms. All
significant tests were two-tailed.

Results

Aedes larvae and container types

Aedes larvae were found in 15 out of 29 types
of water containers in all three topographical
areas (Figures 2a-f). There were no Aedes
larvae found in two types of indoor containers
in mountainous areas (Figures 2a-f). Ae. aegypti

larvae were found in 11 out of 29 types of
water containers (Figures 2a-f). From 11 out of
29 containers, Ae. aegypti larvae were found
in two types of indoor containers (i.e. cement
tanks and ant guards) and nine types of outdoor
containers (i.e. small jars, large jars, plastic
tanks, used cans, tyres, metal boxes, plant pots,
animal pans and preserved areca jars) (Figures
2a-f). Ae. albopictus larvae were found in 10
out of 29 types of water containers. All 10 out
of the 29 water container types where Ae.
albopictus was found were outdoor containers
(i.e. small jars, large jars, cement tanks, plastic
tanks, used cans, tyres, metal boxes, animal
pans, preserved areca jars and coconut shells
(Figures 2a-f). The number of Ae. albopictus
larvae in metal boxes was higher than Ae.
aegypti larvae in both mangrove and
mountainous areas in the dry season (mangrove
area: t98 = –2.372, P<0.05; mountainous area:
t117 = –2.919, P<0.01, Figures 2b, f).

The number of Ae. aegypti larvae was
higher in the wet season than in the dry season,
this did not differ among the three
topographical areas, and there was some
interaction between topographical areas and
seasons (Table 1). The number of Ae. albopictus
larvae were higher in the wet season than in
the dry season, higher in mountainous areas
than in mangrove and rice paddy areas in both

Table 1: The number of Ae. aegypti and Ae. albopictus larvae in three topographical areas in the
wet and dry seasons
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Figure 2. Ae. aegypti ( ) and Ae. albopictus ( ) larval occurrence in three topographical
areas: (a)-(b) mangrove areas, (c)-(d) rice paddy areas, and (e)-(f) mountainous areas in the

wet and dry season.
Indoor containers: CTI = cement tanks, AG = ant guards.  Outdoor containers:

SJO = small jars, LJO = large jars, CTO = cement tanks, PTO = plastic tanks, UC = used cans,
T = tyres, MB = metal boxes, PP = plant pots, AP = animal pans, PAJ = preserved areca jars,

PC = plastic containers, AH = areca husks, CS = coconut shells.
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(a) Mangrove area in wet season

(b) Mangrove area in dry season
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(c) Rice paddy area in wet season
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(d) Rice paddy area in dry season
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(e) Mountainous area in wet season
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(f) Mountainous area in dry season
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the wet and dry seasons, and there was some
interaction between topographical areas and
seasons (Table 1).

Positive indoor and outdoor
containers

There were more outdoor containers that were
positive than indoor containers, more positive
containers in the dry season than in the wet
season, no interaction between indoor/outdoor
containers and season, no differences in
indoor/outdoor containers among the three

Table 3: Container Index (CI) and the number of positive artificial and natural containers in three
topographical areas in the wet and dry seasons

Table 2: Container Index (CI) and the number of positive indoor and outdoor containers in three
topographical areas in the wet and dry seasons

topographical areas, and no interaction
between indoor/outdoor containers and
topographical areas (Table 2).

Positive artificial and natural
containers

There were more artificial containers that were
positive than natural containers (Table 3). There
were some differences between the number
of positive artificial and natural containers in
the wet and dry seasons (Table 3). There was
some interaction between artificial/natural
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containers and season (Table 3). There were
no differences in artificial/natural containers
among the three topographical areas and no
interaction between artificial/natural containers
and topographical areas (Table 3).

Positive earthen and plastic
containers

There were more positive containers among
earthen containers than plastic containers and
no differences in earthen/plastic containers
between the wet and dry seasons, (Table 4).

Table 5: Container Index (CI) and the number of positive containers with and without lid in three
topographical areas in the wet and dry seasons

Table 4: Container Index (CI) and the number of positive earthen and plastic containers in three
topographical areas in the wet and dry seasons

There were more positive earthen containers
in mangrove areas than in rice paddy and
mountainous areas, more positive plastic
containers in rice paddy areas than mountainous
and mangrove areas (Table 4).

Positive containers with and
without lids

There were more positive containers among
containers without lids than containers with lids,
more positive containers with lids and without
lids in the dry season than the wet season. No
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differences were observed in containers with/
without lids among three topographical areas
(Table 5).

Positive dark- and light-coloured
containers

There were more positive containers among
dark-coloured containers than light-coloured
containers. There were no differences in dark/
light-coloured containers among three
topographical areas (Table 6).

Discussion

Aedes larvae and container types

Our results showed that Ae. albopictus larvae
were found only in outdoor containers but Ae.
aegypti were found in both indoor and outdoor
containers. This indicates that Ae. aegypti and
Ae. albopictus have different preferred
development sites that slightly overlap.[10,24]

Many studies[9-10,19,25] have shown that Ae.
albopictus prefers to lay eggs in outdoor natural
containers and Ae. aegypti tends to lay eggs in
artificial indoor water containers that are

regularly filled with water even during the dry
season. With increasing housing development,
good tap water systems, and effective solid-
waste management that do not necessitate
water-catching natural containers and solid-
waste to accumulate on the premises, the
breeding potential for Ae. albopictus may
decline in the future. In highly urbanized areas
in Thailand such as Bangkok, Ae. aegypti has
replaced Ae. albopictus.[10,26]

This study clearly demonstrates that the
number of Aedes larvae was higher in the wet
season than in the dry season. Many studies
have reported the same findings in many
countries such as Thailand,[10,27] Fiji[28] and the
U.S.[29] Long rainy seasons, with peculiar water-
use patterns of the residents, create favourable
conditions leading to a high number of Aedes
larvae in the rainy season. People living in
Nakhon Si Thammarat prefer rain- and well-
water to piped water for drinking and cooking
purposes, and, for this reason, rain- and well-
water are always stored in water containers in
and around the house.

Previous studies[12,19] have shown that the
number of Ae. aegypti and Ae. albopictus varies
depending on topography. This could be due

Table 6: Container Index (CI) and the number of positive dark- and light-coloured containers in
three topographical areas in the wet and dry seasons
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to the different needs for water-storage
containers in topographic types. There was no
tap water available in mangrove areas; people
in this area have to store water for drinking
and washing in large water containers, especially
in the dry season. Our results showed that
there were more Aedes larvae in the mangrove
areas than in other areas in the dry season.
However, our results showed that there were
higher numbers of Aedes larvae in mountainous
areas than in other areas in the wet season.
This could be because there was a higher
amount of rainfall in mountainous areas during
the wet season. Waste products such as cans,
bottles, tyres, etc., might collect rain-water
creating many suitable larval development sites
for Aedes larvae in the area. In addition, there
were many rubber plantations around the
human dwellings in the mountainous areas. It
is a common practice to suspend tapping
temporarily in rubber plantations leading to
accumulation of rainwater in sap-collecting
containers and small shallow ponds between
rows of rubber trees.[30] Therefore, these
would provide an ideal developmental site for
Aedes mosquitoes, especially Ae. albopictus.
Sumodan’s[31] study showed that Ae. albopictus
laid eggs in sap-collecting containers and their
eggs could fully develop into mature adults
during that period.

Positive indoor and outdoor
containers

Our results support previous findings in
Khonkean, Thailand,[32] and Pattani, Thailand,[11]

that the number of positive containers was
higher in outdoor than indoor containers.
However, Kittayapong and Strickman[33] found
that containers placed inside houses had more
larvae than those placed outdoors and under
eaves or in the bathroom. Most indoor water-
storage containers are cleaned regularly one
to three times per week. This kind of routine

cleaning practice helps to eliminate Aedes
larvae in the indoor containers, especially Ae.
aegypti larvae.

Positive earthen and plastic
containers

Our results showed that the number of
positive containers was higher among earthen
containers than among plastic containers. This
result supports Luemoh et al.’s[11] study that
there were a lower number of Aedes larvae in
plastic water containers, both with lids and
without lids than clay or cement containers.
This could be for two possible reasons. First,
people in Nakhon Si Thammarat prefer to store
their water in earthen containers than plastic
containers. This may lead to mosquitoes that
prefer to oviposit eggs in earthen water
containers over time. Second, previous studies
show that female mosquitoes prefer to oviposit
in darker coloured and less transparent
containers over lighter coloured and more
opaque containers. Earthen containers usually
are dark brown colour and completely dark,
while plastic containers are more often light
coloured and transmit light. Third, temperatures
in earthen containers tend to vary less than in
plastic containers. This might promote full
mosquito larval development more than in
highly variable temperatures.

Positive containers with and
without lids

Our results support previous findings[11,27,34] that
the number of positive containers was higher
in containers without lids than containers with
lids. This could be for two possible reasons.
First, lids could prevent gravid mosquito
females from ovipositing in water storage
containers. From a behavioural study,[27] Ae.
aegypti females actively sought the narrow gaps
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between the lid and the lip of the water
containers to reach oviposition sites, although
the number of eggs deposited was less in
containers with lids. Second, lids may prevent
leaf litter, insects and organic materials falling
into the water containers. These water
containers with lids will have fewer nutrients
available. High nutrient water is a signal of good
food in terms of quality and quantity known to
attract ovipositioning females.[35-37] Therefore,
water containers with lids might attract less
ovipositioning females due to less nutrients
being available for mosquito larvae required
during larval development.

Positive dark- and light-coloured
containers

A significant amount of research has been done
on colour cues for oviposition behaviour in
mosquitoes.[38] For example, Toxorhynchites r.
septentroinalis, Tx. r. rutilus, Tx. moctezuma and
Tx. Amboinensis prefer to oviposit in black rather
than white containers.[38-41] In addition,
Yonoviak’s[42] study investigated how the colour
of water containers affects mosquito diversity
and abundance and found that black- and red-

coloured artificial treeholes attracted higher
mosquito species diversity and abundance than
green-coloured artificial containers. Our results
support previous findings that the number of
Aedes larvae was higher in dark-coloured
containers. Therefore, in order to minimize the
number of Aedes larvae in water storage
containers, people might use light-coloured
water storage containers in their houses.
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