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Abstract

Mosquito-borne diseases such as dengue, chikungunya and malaria are of public health importance in Jaffna dis-
trict. The use of larvivorousfish is perceived as an environmentally sound measure to control mosquitoes. A pilot
study in the laboratory and field using Oreochromis mossambicus was carried out to evaluate its potentiality to con-
trol Aedes and Anopheles larvae. In the laboratory studies, O. mossambicus showed a greater feeding affinity for
Aedes than either Anopheles or artificial fish diet, with a predatory index of 239.7 for Aedes, the fish having 2.9 g
body weight. In the field tria, the introduction of O. mossambicus into water storage tanks proved to be effective

in eliminating Aedes larvae within 3 days.
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INTRODUCTION

Chikungunya, dengue and malaria are serious health
problems in Jaffna, a district located in the dry zone of
northern Sri Lanka. The ongoing civil war has severely cur-
tailed mosquito control measures in Jaffna. These are now
limited to irregular and infrequent use of one or more of the
following - indoor residual spraying against Anopheles vec-
tors of maaria, fogging to target Aedes mosquitoes and
larviciding in endemic localities. In the period from No-
vember 2006 to January 2007, the Jaffna district, having an
estimated population of 0.3 million, experienced an epi-
demic of chikungunya where more than 11,000 individuals
were treated in Government Hospitals (personal communi-
cation from the Office of the Deputy Provincia Director for
Health Services). Since many persons in Jaffna seek treat-
ment in private clinics, the incidence of chikungunya is
likely to be higher. The outbreak highlights the need for
more effective mosquito control measures in Jaffna.  Aedes
aegypti and Ae. albopictus, the potential vectors of dengue
and chikungunya, are present throughout the year in popu-
lated areas of Jaffna. Human-made habitats constitute the
main breeding sites for Aedes mosquitoes. The Aedes
breeding sources are domestic storage tanks found in most

houses in Jaffna as well as water accumulated in small con-
tainersand drains[1]. In addition, the frequent interruption
to the electricity supply in Jaffna due to the civil war has
compelled many rice mills to install diesel generators with
attendant water cooling systems. Water storage tanks for
this purpose are placed close to rice mills. Such water stor-
age tanks are often poorly maintained and become breeding
sources for Aedes and Anopheles mosguitoes.

Introducing larvivorous fish to eliminate mosquito lar-
vae is considered to be an environmentally friendly method
of control [2-4]. Aedes larvae breeding in water storage
tanks are reported to be controlled using larvivorous fish in
Mexico [2]. We performed a pilot laboratory and field
study to evaluate the potential of a larvivorous fish, Oreo-
chromis mossambicus (tilapia), to eliminate Aedes and
Anopheles larvae from water storage tanks in Jaffna.

MATERIALSAND METHODS

Laboratory experiments
(i) Feeding preference

Laboratory experiments were carried out to determine
the comparative feeding preference of O. mossambicus on
3rd and 4th instar larvae of laboratory reared Ae. aegypti
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and Anopheles subpictus. Oreochromis mossambicus spe-
cies with a body length of 6.0-7.5 cm were collected from
domestic wells and were maintained in the aquarium of the
Department of Zoology, University of Jaffna. For experi-
ments, selected fish were kept in separate glass tanks con-
taining 2.5 L of dechlorinated water to acclimatize them to
laboratory conditions (29+ 2°C and natural day-night) for
24 h before commencing experimentation. They were also
not fed overnight before experiments. Ten 3rd and 4th in-
star Ae. aegypti and An. subpictus larvae apiece were intro-
duced simultaneously into the tanks and the remaining lar-
vae were counted after 5 min, 10 min, 20 min, 30 min, 1 h
and 24 h. The experiment was conducted in 3 replicates.
Two similar experiments were carried out to determine the
feeding preference of O. mossambicus on 3rd and 4th instar
larvae of both Ae. aegypti and An. subpictus and commer-
cialy available fish pellets (New Lion®, Thailand). In each
experiment, 10 larvae and 10 fish pellets (= 0.8 mg/pellet)
were introduced initially. Statistical analysis using Stu-
dent’s t-test was performed to determine feeding preference
at different time points.

(ii) Predatory index

In a separate experiment under the same laboratory
conditions, a single O. mossambicus with a body length of
6.2 cm was used to determine the predatory index for Aedes
larvae. The predatory index was determined as the number
of larvae consumed by the fish per gram body weight per
day [5]. A sufficient number of 3rd and 4th instar field col-
lected Aedes larvae were released into the same kind of
container under the same laboratory conditions. The num-
ber of larvae consumed by the fish per day was calculated
and the experiment was continued for 3 days.

Field trial

A field trial was carried out during the dry season from
April to May 2007. Five water storage tanks with 15-20 L
capacity were selected in Chunnakam town (9.44 N: 80.18
E), where 2031 individuals were treated in the Government
Dispensary for suspected CHIK infection from November
to December 2006. These tanks, which contain clear water
with a few fallen leaves and other debris, were situated
within 500 m of two rice mills and contained 8-10 L of
water. One tank was selected as a control and the rest for
experimentation. Two O. mossambicus ranging from 6.5 to
7.5 cm in body length were introduced into each experi-
mental tank. Aedes (3rd and 4th instars, and pupae) densi-
ties were determined as averages of 5 dips per tank using a
250 ml capacity dipper at 0d, 1d, 3d, 7d, 14d, 21d and 28d
intervals. The percentage reduction in density was calcu-
lated using Mulla's formula as cited by Chand and Yadav

[6] giving due weightage to densities in the control tank.

RESULTS

The results of the comparative feeding preference ex-
periments are shown in Table 1. Oreochromis mossambicus
exhibited a significantly greater feeding preference for Ae.
aegypti larvae that for either An. subpictus or artificial fish
diet. However the feeding tendency, in terms of time inter-
val, was observed to be dightly different when An. subpic-
tus and fish pellets were provided in combination. This
may be due to the fact that they were confined mainly to the
surface of the water. The feeding capacity results showed
that a 6.2 cm length O. mossambicus can consume 695 Ae.
aegypti larvae per day (Table 2). The predatory index of the
single species for Aedes larvae was found to be 239.7.

The results of the field experiments are given in Table
3. On average, a 49% larval reduction was achieved in the
experimental tanks after a single day and complete elimina-
tion in less than 3 days in all experimental tanks. Even the
presence of larvae could not be confirmed visudly in the
experimental tanks.

DISCUSSION

The laboratory investigations showed that O. mossam-
bicus preferred to feed on Ae. aegypti larvae than on An.
subpictus larvae. The significant preference for larval feed-
ing over an artificia fish diet is an indication of the high
carnivorocity of O. mossambicus. Yadav et a [5] reported a
predatory index of 475.6 and 188.5 for a 0.75 g (3.5 cm
body length) O. mossambicus feeding on Anopheles and
Culex larvae respectively (the study was not confined to
species level) and further suggested that smaller fish are
suitable for mosguito control. However, Chand and Yadav
[6] reported that the average consumption of 3rd and 4th in-
star larvae of Culex quiquefasciatus by a 6.0 cm length O.
mossambicus was 656.2 and further observed that the rate
of larval consumption increased with body length. The pre-
sent study shows that a similar size O. mossambicus can
consume 695 Aedes aegypti larvae per day with a predatory
index of 239.7.

The characteristics of a good larvivorous fish are: a
carnivorous nature; voracious surface feeding; tolerance for
temperature, pH fluctuations and common pollutants; resil-
ience to transportation and handling; low demand for hu-
man consumption; and high breeding potentia [5, 7, §].
Oreochromis mossambicus is reported to be able to with-
stand transportation and pollution [6] and to have voracious
mosquito larval feeding ability and high breeding potential
[5-7,9].



Table 1. Feeding preference of Oreochromis mossambicus in the laboratory

Time Accumulative predation
Experiment 1 Ae. Aegypti An. subpictus
5min 10+ 0 5.6+ 0.58 t=9.9, P<0.01
10 min 6.3+ 0.58
20 min 7+ 1
30 min ot 1
1h 10+ 0
24 h
Experiment 2 Ae. Aegypti Fish pellets
5min 10+ 0 0.3+ 0.58 t = 22.04, P<0.01
10 min 1.6+ 1.15
20 min 4.3+ 0.58
30 min 5.3+ 0.58
1h 9+ 1
24 h 10+ 0
Experiment 3 An. Subpictus Fish pellets
5min 6.6+ 0.58 1.3+ 1.53 t=5.3, P<0.05
10 min 7+ 0.58 1.6+ 1.15 t=6.7, P<0.05
20 min 8+ 1 31 t=6.1, P<0.05
30 min 10+ 0 4+ 1 t=10.4, P<0.01
1h 7+ 1
24 h 10+ 0

Table 2. Feeding potential of Oreochromis mossambicus on Aedes aegypti larvae in the laboratory

Length Weight of No of larvae Average  “Predatory

Number of 3rd and 4th

(cm) fish initially . number of index
© introduced instar s consumed/day larvae
consumed/
Dayl Day2 Day3 Fish/Day

6.2 29 1000 738 728 619 695 239.7
 No. of larvae consumed per gram body weight per day [5]

Table 3. Larvivorous potential of Oreochromis mossambicus in water stor-
age tanks

Density of 3rd and 4th instar and pupae
(average of 5 dips)

Timein days Control tank Experimental tanks % reduction
(average of 4 tanks)
0 76.3 52.4+ 13.6 -
1 74.5 27.3+ 8.9 49.25+ 4.7
3 64.3 0 100
7 475 0 100
14 34.6 0 100
21 20.0 0 100
28 30.8 0 100
Oreochromis mossambicus was introduced into fresh- though O. mossambicus is largely available in freshwater

water reservoirs in Sri Lanka from East Africa in 1952 in ponds and domestic wells in Jaffna, it is not a popular fish
order to increase inland fish yield [9]. It has now spread for eating. The widespread occurrence of this speciesin the
throughout the island up to an elevation of 1000 m. Al- Jaffna district also indicates its adaptability to the existing
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environmental conditions and suitability for implementation
in mosquito control.

Oreochromis mossambicus was successfully used to
control Culex larvae in cow dung pits in India [6]. The
feeding capacity of O. mossambicus on anopheline larvae
has been reported from Sri Lanka [7]. However there are
no reports on its potentia for controlling Aedes larvae. The
present pilot study showed that the introduction of O. mos-
sambicus can effectively reduce mosquitoe, especialy
Aedes aegypti, density in water storage tanks in Jaffnha and
suggests that this species may help to prevent epidemics
caused by mosqguito-borne diseases. Large-scale field inter-
ventions in Jaffna are warranted by these findings.
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