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Abstract

An investigation was undertaken to evaluate the biocontrol potential of a mosquito predator, Diplonychus 
indicus, against the immatures of dengue vectors breeding in used tyres. Two gardens were selected 
and ten tyres each filled with water were kept in different sites of both gardens. One was considered 
as “control” where no predator was used, whereas in the tyres kept in the “experimental” garden, two 
second instars of D. indicus were released into each tyre. The absolute density of larvae, pupae and 
man-landing rate of dengue vector were monitored at weekly intervals. After one year, the predators 
released in the tyres in the experimental garden were removed and it became the control garden 
whereas two second instars predators were released into the tyres kept in the control garden which 
then became the experimental garden. When D. indicus was introduced into the tyres kept in the 
experimental garden, a drastic reduction of 95% and 98% respectively of late instars and pupae of Ae. 
aegypti was observed. But there was no reduction in the tyres kept in the control garden. The density 
of early instars of Ae. aegypti fluctuated in the tyres kept in both the gardens during different months 
of the year. There were significant differences between the densities of early, late instars and pupae of 
Ae. aegypti in experimental and control gardens (early: p<0.0001; late: p<0.0001; pupae: p<0.0001; 
df=47). A similar trend was observed even when experimental and control gardens were interchanged 
during the second round (early: p<0.1; late: p<0.0001; pupae: p<0.0001; df=47). This field trial 
indicated that D. indicus can be used successfully in reducing the immature stages of Ae. aegypti followed 
by suppression in adult emergence. This is the first report on the utility of this mosquito predator against 
dengue vectors in the field. 
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Introduction

Aedes aegypti is the proven and efficient vector 
of dreadful viral diseases such as dengue and 
dengue haemorrhagic fever.[1-2] According 
to a new estimate, 3.6 billion (55% of the 
world’s population) are at risk of dengue in 
124 endemic countries with an estimated 
21 000 deaths every year.[3] In the absence of 
a vaccine and effective drugs, vector control 
has been considered an important tool in 
the prevention and control of these diseases. 
Ae. aegypti breeds in a variety of habitats such 
as cement tanks, cisterns, tree holes, tyres, mud 
pots, drums, disposed plastic cups, coconut 
shells, etc., many of which are inaccessible 
for larviciding by chemical means.[4-6] Control 
of the adult vector mosquito is also difficult 
because of inadequate understanding of its 
resting behaviour.[7]

The operational utility of biological 
control methods using bacterial pathogens 
such as Bacillus thuringiengis var. israelensis 
and B. sphaericus is not considered for the 
containment of Aedes immatures because of 
the high costs involved due to the frequent 
treatments that are necessary.[8] Other biocontrol 
agents such as larvivorous fish could be used in 
wells, water storage containers and cisterns, but 
their release is unacceptable to the inhabitants 
and the fish also die due to chlorination during 
cholera outbreaks.[9] At present, there are no 
promising biological control agents specific to 
Ae. aegypti and Ae. albopictus though there are 
certain instances of successful field trials with 
cyclopoid copepods.[10-12]

In recent years, the “attract-and-kill 
method” has drawn attention elsewhere 
for the control of dengue vectors.[12-17] The 
rationale is to divert ovipositing females of 
Ae. aegypti to artificial habitats and destroy 
the larvae either by emptying, or stocking 
a predator. It has been well-demonstrated 

that Ae. aegypti prefers automobile tyres to 
any other container for ovipositioning.[6,18-21] 
Though different species of Toxorhynchites 
were considered as efficient predators and 
were exploited for the control of Ae. aegypti, 
their use in control programmes had met 
with many setbacks. Several physical and 
biological factors in nature, variation in the 
age distribution of the predator and the 
prey within the habitat and other structural 
complexities in nature affect the predator-prey 
interactions.[8,22] Hence, a potential alternative 
for the control of immatures of Ae. aegypti by 
biological means is being envisaged. 

Diplonychus indicus ,  an aquat ic 
hemipteran bug, has been reported to be an 
efficient predator of mosquito immature in 
many laboratory studies.[23-26] The advantage 
of D. indicus over cyclopoid copepods and 
other mosquito predators is its preferential 
selection for larger prey, its availability in many 
of the aquatic habitats, and its tolerance to 
chlorination, insecticides and biocides.[27-30] 
Recently, in Australia, the predatorial capacity 
of Diplonychus sp. has been reported in 
the natural habitats of An. annulirostris.[31] 
Though there have been several studies on 
the predatory potential of D. indicus, there 
has been no information on the use of this 
biocontrol agent in the field. The present 
trial was carried out to explore the utility 
of D. indicus for the control of Ae. aegypti 
by introducing it into tyre traps in field 
conditions.

Materials and methods

Description of study area

A field trial was carried out in Puducherry 
(formerly known as Pondicherry), a coastal 
town in South India. It is located between 
11° 46’N and 12° 15’N latitude and between 
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79° 36’E and 79° 53’E longitude. This region is 
a flat terrain of an average elevation of about 
15 metres above the mean sea level. Tropical 
climatic conditions without drastic fluctuations 
in temperature prevail in this region. 

Ae. aegypti, the vector of many arboviral 
diseases including dengue, has been reported 
to breed in relatively clean rain water collected 
in containers, cement cisterns, tyre dumps, 
tree holes, wells, etc.[4,32] It is also reported 
to breed in septic tanks containing highly 
polluted water.[33]*1 The dengue vectors have 
been frequently observed to breed in a variety 
of other peridomestic habitats such as coconut 
shells, mud pots and undestroyed disposable 
plastic cups in and around houses and other 
places of human agglomeration, especially 
during the post-monsoon season, which results 
in difficulties in designing an appropriate 
control strategy against them. 

Study design

The study period lasted for 28 months 
from September 1994 to December 1996. 
Preliminary testing for homogeneity between 
the two selected gardens lasted for four 
monsoon months (Sept.–Dec. 1994). These 
gardens were selected to identify the natural 
breeding habitats of Ae. aegypti. One garden 
(12 acres) is situated in Uppalam, 0.5 km 
away from Puducherry town and the other 
garden (10 acres) is located in Natesan Nagar, 
which is about 1.5 km away. In both gardens, 
the major vegetations were mango, papaya, 
sappotta (edible-fruit yielding) and coconut 
trees surrounded by human dwellings. 
These gardens belong to the Aurobindo 
Ashram, Puducherry, where different kinds 
of vegetables, flowers and paddy are also 
cultivated. 

* This is an example of extreme ecological compulsion 
– Editor.

All the breeding sources of this vector such 
as tree holes, containers, cement tanks, coconut 
shells and other sources such as disposed plastic 
cups, broken mud pots, etc., were screened 
during the rainy months (Sept.–Nov.). The 
water content of the discarded containers and 
coconut shells was poured directly into an 
enamel tray. A siphon was used to collect water 
from tree holes. An enamel dipper of 300 ml 
capacity was used to sample water in cement 
tanks. A strainer and muslin cloth (pore size 
<0.5 mm) were used to strain the mosquito 
immatures collected from these habitats. The 
total of immature stages (larvae + pupae) of 
dengue vectors were counted and recorded. 
Sampling was done at weekly intervals for 
a period of three months from Sept.–Dec. 
1994. Samples of pupae were brought to the 
laboratory to identify the species (n=10).

Introduction of predators and 
monitoring of immatures of  
Ae. aegypti in trap tyres 

During January 1995, two second instars of 
D. indicus were introduced into each tyre 
kept in the experimental garden (at Uppalam). 
A constant number of predators (2/tyre) was 
maintained throughout the study period and 
no additional predators were introduced even 
though certain tyres supported more density 
of mosquito immatures. Among the five stages 
of D. indicus, only the second-instars predator 
was selected owing to its high attack rate and 
short handling time.[34] Only two predators 
were released (instead of many) so as to 
avoid cannibalism and competition among 
the predators in such a confined artificial 
habitat like tyres. The duration required for the 
second instars of the bug to become an adult is 
about 50–60 days and so new predators were 
replenished once in two months as the adult 
bugs flew away for mating.[35,36] No predators 
were introduced into the tyres kept in the 
control garden. 
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In 1996, during early January, the 
predators kept in the experimental garden 
(at Uppalam) were removed and it became 
the control garden while two predators were 
introduced into each tyre kept in the control 
garden which now became the experimental 
garden. In this study, the tyres kept in the 
gardens were the real sampling units and 
not the gardens as such. The exchange of 
control and treatment (experimental) during 
the second year of the study did not have 
any residual effect in terms of immature and 
adult densities of Ae. aegypti. The tyres were 
cleaned out followed by the changing of water 
before the switching of gardens so as to avoid 
the chemical cues associated with predation. 
The effect of other natural mortality factors was 
ruled out in both the control and experimental 
gardens. During the whole study period, no 
other natural predators such as notonecta, 
damselfly nymphs, etc. or diseased mosquito 
larvae were encountered in the tyres. 

The absolute density of immature stages 
and man-landing rate of Ae. aegypti were 
monitored in both experimental and control 
gardens. The immatures were categorized as 
early (I and II instars), late (III and IV instars) 
and pupae. This was done to understand the 
feeding preference of the predator. Man-
landing collection of mosquitoes was also 
carried out for 15 minutes by partially exposing 
the hands and legs of the author of this study. 
The man-landing mosquitoes were carefully 
collected before they could bite by using a 
mechanical aspirator.

Statistical analysis
One-way ANOVA was performed by using 
SPSS (version -16) to find out the variations in 
the density of the immature stages and pupae 
of dengue vectors between the control and 
experimental gardens in different months of 
each year. Independent t-test was applied to 

find out the significant difference between 
the mean densities of mosquito early instars, 
late instars, pupae and landing rate of adult 
females of Ae. aegypti in the control and 
experimental gardens. The level of significance 
was taken as p<0.05.

Results 
The important mosquito species breeding in 
different habitats of the gardens were identified 
as Ae. aegypti (89%) and Ae. albopictus (11%) 
out of the 129 pupae kept for emergence. 
The major breeding habitats of these vector 
mosquitoes in both the gardens were tree 
holes, containers, cement tanks and coconut 
shells. There was a significant difference in the 
mean numbers of larvae and pupae in different 
breeding habitats between the two gardens 
(F=27.79; p<0.001). Some particular types of 
containers supported relatively high breeding 
of Ae. aegypti than the other breeding habitats 
(22–39 larvae/container/week) in both gardens 
(Table 1). 

The introduction of tyres in both gardens 
resulted in significant reduction in the densities 
of immatures in other natural habitats. The tyres 
received 2–3 times more ovipositing females of 
Ae. aegypti than the naturally available habitats 
during the field trial (Tables 2 and 3). In both 
gardens, the density of mosquito immatures 
in tyres was significantly higher than in other 
naturally available breeding habitats. (Garden 
1: F=36.41; p<0.0001, Garden 2: F=27.79; 
p<0.0001). 

When D. indicus was introduced into the 
tyres kept in the experimental garden in 1995, 
a drastic reduction (95%–98%) of late instars 
and pupae of Ae. aegypti was observed. But, 
there was no such reduction in the late and 
pupal stages of the vector mosquito in the tyres 
kept in the control garden (Figures 1a, 1b and 
1c). Though there was a significant reduction 
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of late instars and pupae in the tyres kept in 
the experimental garden, the early instars 
showed no such decline in both experimental 
and control gardens (Figure 1a). 

There were significant differences between 
and among the immature stages of Ae. aegypti in 
the control and experimental gardens (Table 4). 
The same trend was exhibited even when the 
experimental garden became the control garden 
in the subsequent year. Mean densities of early 
instars, late instars and pupae when the control 
and experimental gardens were interchanged 
are shown in Figures 2a, 2b and 2c.

There were significant differences between 
the densities of early, late instars and pupae 
of Ae. aegypti in experimental and control 
gardens (Tables 4 and 5). The absolute density 
of pupae in the tyres kept in the experimental 
garden began to decline immediately within 
a week following the introduction of the 
predators. But there was no such reduction 
in the tyres kept in the control garden where 
the predators were not introduced. However, 
the early immature populations fluctuated in 
all the tyres kept in both experimental and 
control gardens during different months of 
the year.

Table 1: Mean density (±SE) of immatures of Ae. aegypti and per cent availability of  
different breeding habitats before the introduction of tyres (n=10)

Habitats Uppalam 
Garden 1 % availability Natesan Nagar  

Garden 2 % availability

Tree holes 23.64±2.86 25.3 14.7±2.39 20.5

Containers 22.03±2.91 37.8 39.3±3.99 38.6

Cement tanks 16.40±2.19 16.4 11.6±2.15 18.4

Coconut shells 10.42±1.23 12.7 7.9±1.42 13.9

Other sources 5.30±1.28 18.8 10.9±2.09 8.6

Table 2: Mean density (±SE) of immatures of Ae. aegypti in different breeding habitats after 
introduction of tyres in Garden 2 at Uppalam (n=10)

Habitats Mean±SE Comparison T

Tree holes 10.0±0.69 1x6 6.26*

Containers 9.8±0.96 2x6 5.93*

Cement tank 6.7±1.41 3x6 6.47*

Coconut shells 5.5±1.27 4x6 6.81*

Other sources 3.4±0.87 5x6 7.46*

Tyre 35.3±4.18

*Significant
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Discussion

Source reduction and non-chemical means 
are the well-known methods advocated for 
the control of Ae. aegypti through community 
participation.[36] However, during the rainy 
season when there is an increase in the number 
of containers in and around human dwellings, 
it is difficult to go for source reduction and it 
would be cumbersome for frequent emptying of 
tyres and other innumerable breeding sources 
of Ae. aegypti and Ae. albopictus.[37] Further, 
there is evidence of failure of source reduction 
practices for controlling this container breeder 
due to the reluctance of some householders 
to discard the most potential mosquito-
producing containers. [38] Attracting the 
ovipositing females of Ae. aegypti to a particular 

habitat and controlling them by introducing a 
biocontrol agent has been attempted in such 
situations.[9,39-40]

D. indicus is considered an efficient 
predator even at high density, unlike the 
backswimmers, Notonecta undualta and 
Anisops bouverii, where the predation rate 
is known to diminish from low- to high-prey 
density. The predator came to the level of 
satiation only after consuming a large number 
of mosquito larvae (10–56/hour) unlike 
the other aquatic predators like Notonecta 
undulata and Anisops bouverii which consume 
only 10–20 prey/hour.[41-42]

D. indicus is more efficient than copepods 
that are currently advocated for the control 

Table 3: Mean density (±SE) of immature of Ae. aegypti in different breeding habitats after 
introduction of tyres in Garden 2 at Natesan Nagar (n=10)

Habitats Mean±SE Comparison T

Tree holes 9.8±1.28 1x6 5.58*

Containers 14.5±1.69 2x6 4.69*

Cement tank 6.1±2.04 3x6 5.99*

Coconut shells 6.3±1.43 4x6 6.14*

Other sources 4.3±1.32 5x6 6.51*

Tyre 42.5±5.72

*Significant

Table 4: Comparison of mean density of immature stages of Ae. aegypti between control and 
experimental gardens during 1995 and their significance

Immature stages
Mean (±SE)

F Significance
Control Experimental

Early instars 38.98±2.23 21.61±1.18 47.57 0.000

Late instars 16.47±0.83 3.55±0.34 209.94 0.000

Pupae 13.09±0.54 0.36±0.06 554.33 0.000
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Figure 1: Monthly mean densities of immature in control and experimental  
gardens during 1995

(1a)

(1b)
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(1c)

Figure 2: Monthly mean densities of immature in control and experimental 
gardens during 1996

(2a)
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(2b)

(2c)
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of Ae. aegypti and Ae. albopictus breeding in 
phytotelmata including discarded automobile 
tyres. Cyclops prefer only newly-hatched 
mosquito larvae and their relative predatory 
efficiency was less in terms of reduction in 
immature density of dengue vectors.[43-44] 
Mean number of Ae. aegypti larvae predated 
by Mesocyclops leukarti was only 10–15/24 
hours[41] when compared with 10–56/hour by 
D. indicus (VCRC, unpublished report). 

In Viet Nam, a Mesocyclops spp. has been 
reported to devour 16–41 Ae. aegypti larvae/
day,[45] but D. indicus could kill >200 larvae/
day (VCRC, unpublished report). Killing of 
more prey could be possible by D. indicus 
as it feeds on only the soft tissues (not the 
whole prey) by injecting digestive enzymes 
into the prey. Further, it could have a high 
attack rate and less handling time resulting in 
a high predation rate when compared with 
other aquatic predators such as predatory 
fish and Toxorhynchites splendens.[46] More 
importantly, the cyclopoid copepods seldom 
predate on larger instars of prey and this may 
result in pupation followed by emergence of 
vector mosquitoes.[12] 

A study on the biocontrol potential of 
Macrocyclops albidus revealed that nearly 
two months were required for the control 
of immatures of Ae. albopictus in tyre 
piles.[13] But the release of D. indicus in tyres 
resulted in a drastic decline in the pupation 
of Ae. aegypti within a week’s time, with 
subsequent reduction in adult emergence. 
Leaf litter in tyres did not affect the predatory 
potential of D. indicus because of its active 
foraging behaviour, both on the surface and 
within the water medium in tyres. The duration 
of time required for the second instars of the 
bug to become an adult is about 50–60 days.   

The natural habitats of many mosquito 
predators including D. indicus do not overlap 

largely in the field, especially with respect 
to Ae. aegypti.[47] But the present field trial 
with D. indicus has indicated that it could be 
exploited for the control of dengue vectors in 
tyres though the natural home of this mosquito 
predator is different. This finding corroborates 
with the findings related to the biocontrol 
potential of dragonfly nymphs, Crocothemis 
servilia, against Ae. aegypti breeding in 
different types of containers in and around 
domestic locations which offered a positive 
impulse on the utility of this mosquito predator 
though it has different natural homes.[48-49] It 
also seems to be more ethical as this “new 
association approach” is helpful for the control 
of dengue vectors.[47] Further, it has been rightly 
pointed out that “for artificial containers and 
some other habitats lacking predators, artificial 
introduction of local predators can be an 
option in mosquito control”.[50]

As D. indicus preferred predominantly 
late instars of the prey population, the 
emergence of pupae can be easily prevented, 
which would subsequently reduce the 
biting density.[29] The present study is an 
evidence for 98% reduction in pupal density 
of Ae. aegypti due to the introduction of 
D. indicus in tyres. This specific reduction may 
be due to the preferential feeding behaviour of 
D. indicus against late instars of mosquito prey 
as supported by certain laboratory studies.[29,51] 
Similar reduction of Aedes larvae has also 
been obtained in containers containing most 
effective species of Cyclops.[11] 

Conclusion
In conclusion, the results of this trial have 
demonstrated the predatory potential of 
D. indicus in controlling the dengue vectors 
using tyres. Further study should also be 
undertaken to assess its efficacy in urban 
situations where the elimination of the breeding 
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sources of the dengue vector is problematic. 
Health education and demonstration of 
its efficacy can also attract the awareness 
and enthusiastic participation of the local 
community to use this predator against dengue 
vectors. 
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