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Background: The importance of mosquito-borne diseases can be aggravated when there is an occurrence of
mixed infestation between the mosquitoes in a habitat. However, there is limited available information on mixed
infestation behavior among Malaysian mosquitoes.
Objective: We elucidated the nature of co-occurrence among mosquito species from residential areas in Malaysia.
Methods: Entomological investigation was carried out by using a previously described larval dipping method
in 20 residential areas across 11 states and a federal territory (i.e., Kuala Lumpur) in Peninsular Malaysia as well
as two states in East Malaysia.
Results: Of 20 study sites, eight study sites exhibited co-occurrence of mosquito larvae, ranging from 1.28% to
50.00%. Culex quinquefasciatus was able to breed simultaneously with Cx. gelidus (10.00%–50.00%), Lutzia
fuscanus (2.94%–13.33%), Cx. vishnui (5.00%) and Armigeres subalbatus (1.28%–3.77%). On the other hand,
Cx. vishnui was able to breed simultaneously with Cx. gelidus (20.00%) and Lu. fuscanus (3.33%).
Conclusion: The findings of this study have implications for the development of a better understanding of
their mixed infestation behavior and prevention of vector-borne disease transmission from these study sites.
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To date, 442 species of mosquito representing
20 genera have been recorded in Malaysia [1].
Despite the importance of these mosquitoes in the
potential for disease transmission, little is known about
their mixed infestation behavior. In recent years,
several studies have reported co-occurrence among
Aedes larvae [2, 3] and co-occurrence between
Anopheline and Culicine larvae [4]. However, no
report has surfaced thus far pertaining to the mixed
infestation behavior among Culex sp., Lutzia sp. and
Armigeres sp. in stagnant water in residential areas
in Malaysia.

The co-occurrence of more than one species in
a habitat implies that they are sharing the same
environmental conditions. However, different species

of mosquitoes might spread different kinds of
mosquito-borne diseases and certain diseases can be
transmitted by more than one species of mosquito [1].
The importance of mosquito-borne diseases can be
aggravated when there is an occurrence of mixed
infestation between the mosquitoes in a habitat. It could
be a serious problem in the attempt to assess their
roles as vector-borne diseases during the outbreak
of disease transmission. Besides, over-reliance of
insecticide often causes resistant strains to evolve and
different species of mosquitoes might have different
rates of resistance development towards various
classes of insecticides [5].

The present study focuses on the distribution and
the incidence of co-occurrence among mosquito
species from the residential areas in Malaysia. The
findings of this study have implication for the
development of a better understanding of their mixed
infestation behavior and prevention of vector-borne
disease transmission from these study sites.
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Materials and methods
Entomological investigation was performed using

a standardized larval dipping method in 20 residential
areas in Malaysia. It has been confirmed that the
surveillance period was free from the influence of
northeast and northwest monsoon seasons. Mosquito
larvae were dipped from stagnant water by using a
330 ml capacity dipper. Standardization of the number
of dips in accordance with the surface area of the
water body was conducted as follows: number of dips,
water surface area (m2): 1, < 0.25; 2, 0.26–1.0; 3,
1.1–3.0; 4, 3.1–5.0; 5, 5.1–7.0; 6, 7.1–9.0, and so on,
as developed by Mendoza et al. [6]. Dips were taken
gently with a 2–3 minute pause, to allow the mosquito
larvae move freely in the air-water interface. Field-
collected larvae were transported to the laboratory
and were reared to adulthood for identification.
Moribund and dead larvae were subsequently
mounted for identification. The mosquito larvae and
adults were identified according to taxonomic keys
[7, 8].

Results
The percentage of co-occurrence of mosquito

larvae obtained from larvae surveillance in Malaysia
is demonstrated in Table 1. Eight study sites exhibited

co-occurrence of mosquito larvae, namely Central
Malacca (Malacca), Kota Bharu (Kelantan), Kuching
(Sarawak), Ranau (Sabah), Senawang (Negeri
Sembilan), Segamat (Johore), Shah Alam (Selangor)
and Tuaran (Sabah).

The percentage of co-occurrence according to
mosquito species is presented in Table 2. Culex
quinquefasciatus was able to breed simultaneously
with Cx. gelidus (10.00%–50.00%), Lu. fuscanus
(2.94%–13.33%), Cx. vishnui (5.00%) and Ar.
subalbatus (1.28%–3.77%). Meanwhile, Cx. vishnui
was able to breed simultaneously with Cx. gelidus
(20.00%) and Lu. fuscanus (3.33%).

The ratio of mosquito species recorded from
co-occurrence dips is presented in Table 3. Generally,
Cx. quinquefasciatus is the dominant species in the
majority of dips conducted in Central Malacca
(Malacca), Kota Bharu (Kelantan), Segamat (Johore)
and Shah Alam (Selangor) by 1.50–10.00-fold.
However, Cx. vishnui was the dominant species in
dips conducted in Tuaran (Sabah) and Kuching
(Sarawak) by 1.67–19.00-fold. It is of interest that
the drains in Tuaran (Sabah) were inhabited by Cx.
vishnui, Cx. gelidus and Cx. quinquefasciatus but
the ratio of mixed infestation of these species were
low (< 2).

Table 1. Percentage of co-occurrence of mosquito larvae in residential areas in Peninsular and East Malaysia

Study site *Number of dip    Positive dip                      Co-occurrence found
     conducted     in positive dip

n % n %

Kota Bharu, Kelantan 121 56 46.28 2 3.57
Kuala Terengganu, Terengganu 197 59 29.95 0 0.00
Kuantan, Pahang 167 19 11.38 0 0.00
Padang Besar, Perlis 123 11 8.94 0 0.00
Kuala Kedah, Kedah 144 17 11.81 0 0.00
Bayan Lepas, Penang 212 10 4.72 0 0.00
Sitiawan, Perak 196 81 41.33 0 0.00
Shah Alam, Selangor 187 34 18.18 1 2.94
Kepong, Kuala Lumpur 162 31 19.14 0 0.00
Senawang, Negeri Sembilan 331 15 4.53 2 13.33
Central Malacca, Malacca 131 53 40.46 2 3.77
Segamat, Johore 267 78 29.21 1 1.28
Kuching, Sarawak 218 30 13.76 1 3.33
Bau, Sarawak 86 5 5.81 0 0.00
Samarahan 1, Sarawak 103 10 9.71 0 0.00
Samarahan 2, Sarawak 113 3 2.65 0 0.00
Tuaran, Sabah 46 20 43.48 7 35.00
Likas, Sabah 162 8 4.94 0 0.00
Ranau, Sabah 53 2 3.77 1 50.00
Kota Kinabalu, Sabah 98 5 5.1 0 0.00
Total 3117 547 17.55 17 3.11

*Details on larval surveillance have been produced in our previous study [23].
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Discussion
The co-occurrence of mosquito species

regardless of their distribution frequency might be
caused by several factors. Interspecific competition
between species was the obvious hypothesis tested
and has been studied intensively [9-11]. However,
several studies have failed to document clear evidence
for interspecific competition [12, 13]. It has been
suggested that mixed infestation between species
might be caused by temporal and spatial variation,
rapid and extensive urbanization, difference in
fecundity between species, and difference in life-cycle
duration between species [12, 14]. It is not surprising
to note that Cx. quinquefasciatus was able to breed
simultaneously with another four species of mosquito
in this study as their co-occurrence with another
mosquito species have been well-documented
around the world. Mixed infestation between Cx.
quinquefasciatus and Aedes mosquitoes has been
reported from Malaysia [2] and Brazil [15]. Inversely,
co-occurrence of Cx. quinquefasciatus with Cx.
nigripalpus in Florida [16] and Cx. dolosus affinis
in Brazil [15] has also been elucidated. In Kenya, Cx.
quinquefasciatus also co-occur with Anopheles
gambiae [17] and An. arabiensis [18]. In the present
study, Cx. vishnui was found to be able to breed
simultaneously with Cx. quinquefasciatus, Cx.
gelidus and Lu. fuscanus. It has been reported that
Cx. vishnui also co-occurs with Cx. brevipalpis and
Cx. vishnui complex in India and Southeast Asia
regions, respectively [19-20].

The finding of this study demonstrated
that Ar. subalbatus only co-occurs with Cx.
quinquefasciatus. However, previous study has
pointed out that Ar. subalbatus was also able to breed

simultaneously with a large group of mosquitoes
(i.e., Ae. krombeini, Ae. albolpictus, Cx. uniformis,
An. elegans, Toxorhynchites splendens  and
Tripteroides aranoides) in Sri Lanka [21].

Co-occurrence of Lu. fuscanus with Cx.
quinquefasciatus and Cx. vishnui was recorded in
the present study. A previous study found that this
species acts as the predator when they co-occurred
with Ae. albopictus, An. sinensis, Cx. sitiens, Cx.
quinquefasciatus, and Cx. vagans in China [22].
However, the presence of Lu. fuscanus, which
occurred in a very low frequency in the present
study, did not seemed to be a predator of Cx.
quinquefasciatus or Cx. vishnui.

Conclusion
Although we acknowledge that the present data

is insufficient to interpret the mixed population of
mosquitoes resulting from factors mentioned in
the discussion; nevertheless, the present study has
provided the first documented data on the co-
occurrence of mosquito larvae among Culex sp.,
Lutzia sp. and Armigeres sp. in residential areas in
Malaysia. The findings of this study indicate that
preventive and control measures should be considered
proactive when there is an occurrence of mixed
infestation between the mosquito species. We certainly
do not want to wait till the outbreak of disease
transmission that might be spread by different species
of mosquitoes. By then, it will be too late to instill
remedial action. A more comprehensive study is needed
and routine monitoring of vector-borne disease is
indispensable in assisting local authorities to improve
vector control strategies currently practiced in
Malaysia.

Table 3. Ratio of mosquito species recorded from co-occurrence dips

Study site CQ : LF CQ : AS CQ : CV CQ : CG CV : LF CV : CG

Kota Bharu, Kelantan 3.33 : 1.00 0 0        0        0        0
Shah Alam, Selangor 10.00 : 1.00 0 0        0        0        0
Senawang, Negeri Sembilan 3.25 : 1.00 0 0        0        0        0
Central Malacca, Malacca        0                 3.50 : 1.00 0        0        0        0
Segamat, Johore        0                 1.50 : 1.00 0        0        0        0
Kuching, Sarawak        0 0 0        0                 19.00 : 1.00        0
Tuaran, Sabah 0 0 1.00 : 1.67 1.22 : 1.00        0 1.00 : 1.51
Ranau, Sabah 0 0         0 1.00 : 1.25        0        0

CQ = Cx. quinquefasciatus, CV = Cx. vishnui, CG = Cx. gelidus, AS = Ar. subalbatus, LF = Lu. fuscanus
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