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Laboratory observations on the use of  Diplonychus
rusticus as a potential biological control  agent  for
Japanese encephalitis vector*

Abstract
Introduction   This study explored the practical use of the local aquatic bug Diplonychus rusticus in
the laboratory as a potential biological control agent for the larvae of the vectors of Japanese
encephalitis, Culex tritaeniorhynchus and Culex vishnui, which are commonly found in rice fields.
Methods Diplonychus rusticus was reared in the laboratory and its reproductive behavior and
longevity were observed. Single predators consisting of III instar and adult female, respectively, were
each placed in two containers with 100 Culex vishnui instars each as prey. The water bugs' feeding
patterns were observed for 24 hours.
Results Diplonychus rusticus underwent five nymphal instar stages with an average developmental
period of 50 days from egg to adult.  The adult female laid six egg batches with 30 to 65 eggs per batch.
The adult female lived up to 80 days while the adult male lasted 103 days.  With 100 III instar and
IV instar larvae of Culex vishnui given as prey, the III instar nymph of Diplonychus rusticus consumed
98% of the prey in 24 hours while the adult female consumed 96% of the prey in 12 hours and 100%
at the end of 24 hours.
Conclusion Diplonychus rusticus is a potential biological control agent for the mosquito vector of
Japanese encephalitis Culex vishnui.
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apanese encephalitis  virus is  known to produce
     debilitating disease in young children in Southeast
Asian and Western Pacific countries l ike the
Philippines.  In the past decade there has been an

J increasing incidence of  Japanese encephalitis in
geographic areas where it was not previously
documented to occur.   Reversing the trend of
emerging vector-borne diseases such as Japanese
encephalitis is a major challenge.  In the Philippines,
the more important mosquito vectors of  the Japanese
encephalitis virus are Culex tritaeniorhynchus and Culex
vishnui.

Mosquito vector control has been identified as
one method of controlling the spread of the mosquito-
borne flavivirus diseases such as dengue fever, yellow
fever and Japanese encephalitis.  However, measures
involving the use of  chemicals, such as spraying
insecticides to kill the adult mosquito population,
pose a threat to the health and well-being of the
people, since mosquitoes reside and breed near or
within human habitats. Similarly, the application of
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chemical larvicides in the breeding sites of mosquitoes
contaminates the environment. With the growing
vigilance against the harmful effects of these methods
on human health and the environment, not to
mention the widespread problem of insecticide
resistance, the search for an effective alternative
method has become increasingly necessary.

With the advent of ecological and sustainable
measures for vector control, WHO  advocates the
principles of  integrated management,1 which favor
environment management, biological control and
personal protection. In 1994, Lacey and Orr2 presented
a comprehensive approach to integrated vector control
that included biological control agents for mosquitoes
such as plants, predators, pathogens, and parasites as
shown in Figure 1.

Figure 1.  Diagram showing the potential components of
integrated vector control, which include biological methods
(Lacey & Orr, 1994).

The use of biological control is an acceptable
alternative since compared to chemical insecticides;
it  involves reduced or no costs of  labor and
specialized equipment. In addition, it poses no threat
to the safety of the surrounding human population
and can help in restoring natural ecological
conditions that have been destroyed by pollution of
the environment. The WHO Manual on
Environmenal Management for Mosquito Control3

mentions several biological methods including the
release of  invertebrate predators. A review article by
Kumar and Huwang4 recommends biocontrol agents

that are naturally found in the local environment,
safe for people, and economical in their propagation.

Shalaan and Canyon5 emphasized the renewed
interest in biological control agents, particularly
aquatic predaceous insects that control the number
of mosquito larva in different aquatic habitats.
Sivagnaname conducted a field trial in South India
and found that an aquatic hemipteran bug
Diplonychus indicus, was an efficient predator of
dengue vectors in tires.6 A recent study in the
Philippines showed the predatory capability of a
common rice field aquatic water bug, Diplonychus
rusticus, on mosquito wrigglers, particularly Aedes
aegypti,7 an efficient vector of the dengue virus.
Hemipteran bugs of  the family Belostomatidae,
particularly Diplonychus rusticus, can also be found
in the Philippines specifically in rice paddies and
marshes.8 This aquatic bug is a known predator of
Culex quinquefasciatus larva.5

Basic studies done in the laboratory can generate
insights on natural predators.  The findings on natural
predators of  mosquitoes, such as the Diplonychus
rusticus in rice paddies, and the presence of  vectors
of  Japanese encephalitis like Culex tritaeniorhynchus
and Culex vishnui  in rice fields highlight the
significance of  doing this study.  No studies have been
done on Diplonychus rusticus as predator of the vectors
of  Japanese encephalitis (as prey).  This study supports
the concept that natural enemies should play an
important role in the biological control of mosquitoes
in a rice field system as a part of an integrated vector
control program.  A natural environmental and
integrated approach in the control of mosquitoes and
the diseases they transmit is a more cost-efficient and
sustainable program to use in developing countries
like the Philippines. This study explored the practical
use of this local aquatic bug in the laboratory as a
potential biological control agent for the larvae of
the vectors of  Japanese encephalitis Culex
tritaeniorhynchus and Culex vishnui.

Methods
This experimental study examined the biological
characteristics and behavior of  the aquatic predator
bug Diplonychus rusticus, at both immature and adult
stages, in the presence of  Culex vishnui larvae as prey,
and measured its feeding capacity under laboratory
conditions. The study used constant dimensions of
larval containers and room temperature. The
dependent variable was the population prey with
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exposure to predator as the independent variable at
constant predator population.

Materials and maintenance of specimens

Adults and nymphs of the water bug Diplonychus
rusticus Fabricus were collected from rice fields with
plenty of pistia (“quiapo”) in Laguna in November
2012 and propagated in a rearing laboratory. From
the propagated population in the Laguna laboratory,
the starting population of water bugs was transported
to the study laboratory in plastic containers and
consisted of 43 first instar larvae and a pair of adult
female and male water bugs.

The study used a mass rearing method described
by Sivagnaname9 and Chandramohan.10 The water
bugs were maintained in 1,500cm3 transparent plastic
containers measuring 5cm x 20cm x 15cm filled with
1L of aged tap water up to 3cm in height.  The
containers were covered with mosquito nets to prevent
oviposition of mosquitoes and other insect predators
for one week prior to the start of  the procedure. The
aquatic bugs were provided with prey as food and
some specimens of pistia. The prey was reared in the
laboratory using wrigglers of Culex quinquefasciatus9

and Aedes spp.  The water in the plastic containers
was changed every other day to avoid fouling.10

Different stages of the predator were reared in separate
transparent plastic containers to prevent cannibalism
of the smaller nymphs or immature forms.9 The
predators were fed to satiation and then starved for
24 hours before being used for the study. This was
done to standardize the hunger level of  the predator.

The IV instar mosquito larvae were collected
from rice fields in Bataan where migratory birds flock
and where ducks and pigs are raised. These were kept
in plastic containers with aerated water, and covered
with mosquito nets to prevent oviposition of other
mosquitoes and insect predators. The larvae were
reared in the laboratory up to maturity for proper
species identification. These were fed with 2g of
commercial aquarium fish food to facilitate growth.
The containers were cleaned regularly and the water
was changed every 2 to 3 days.  All larvae were reared
to their adult stage.  The identified adult Culex vishnui
were reared in the laboratory for breeding and
propagation. Laboratory-reared Culex vishnui larvae
were fed with fish food. The culture of the adult Culex
vishnui and subsequent rearing of the larvae were
maintained to get a ready stock of sufficient number

of III and IV instar larvae throughout the study
period.

Observation of biology of Diplonychus indicus

The longevity and description of the different
stages undergone by Diplonychus rusticus was done
using acquired I instar nymphs and hatched I instar
nymphs from the eggs laid by the adult female.  The
reproductive behavior of  the adults was also observed
using a pair of male and female water bugs.

Experimental method on predatory consumption

The experiment set consisted of a single predator
from the III instar and adult female stages,
respectively, which were released separately into round
plastic containers 10cm in diameter and 4cm deep
with 150ml of  aged tap water.  In each container
with the water bug, 100 Culex vishnui III and IV instars
were offered as prey.  Every two hours starting from
the first hour until the 12th hour, the number of  eaten
prey was obtained by subtracting the remaining live
prey from the beginning count of live prey from the
previous two hours. On the 12th hour, the water bugs
were left in the dark to continue preying and on the
24th hour, the final count of  the remaining live prey
was done. The predation experiment was conducted
with three replicates on three separate days, seven days
apart.  A control set up using round plastic containers
with 100 Culex vishnui III and IV instars and was
done every replicate. The predation experiment
commenced at six o’clock in the morning and
completed at six o’clock the next morning to observe
the daily feeding rate.  The duration of  the lights-on
phase was simulated by exposing the experimental
set-up containers to an open window, maintaining a
temperature of 30 ± 2°C; the lights-off phase was
done in synchrony with the dark phase of the night
by turning off  tube fluorescent lights in the laboratory.

Data analysis

The fraction of prey eaten per developmental stage
of the predator was subjected to an independent
t-test.  One-way analysis of  variance (ANOVA) was
used on the data on the predatorial capacity of the
two stages of Diplonychus rusticus.
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Results

Rearing of water bugs: observation of the biology of
Diplonychus rusticus

From the starting population of 43 I instar larva,
only one survived to adult stage. The larval
development included five instars and lasted 54 days.
The female oviposited during the night.  During its
80-day lifespan, it was able to lay six batches of eggs.
The eggs were laid on the dorsum of the male with
30 to 65 eggs per pad.  Brooding behavior of  the
male lasted from 6 to 7 days until all the eggs were
hatched and the I instar nymphs emerged. The eggs
hatched in 1 to 3 days.  The incubation period ranged

from 7 to 10 days as shown in Table 1.  After all the
eggs had hatched, the male dropped the egg pad from
its back.  From each batch of  eggs, 23 to 53 I instar
nymphs emerged.  Sixteen to 33 survivors of the first
stage developed to become II instar nymphs. An
average of  8.4 III instar nymphs emerged from the
first to the fifth batches of  eggs. An average of  four
IV instar nymphs emerged from the first to the fourth
batches of eggs.  Only the first three batches of eggs
laid completed their development to the adult stage.
An average of  1.6 adults emerged from three to four
V instar nymphs. Among the different developmental
stages, the early instars were observed to have a higher
mortality as seen in Table 2. The male survived longer
than the female.

Table 1.  Summary of duration of each developmental stage of Diplonychus  rusticus.

Developmental Stages 1st batch 2nd batch 3rd batch 4th batch 5th batch 6th batch Mean
of Diplonychus rusticus of eggs of eggs of eggs of eggs of eggs of eggs

Dec 4 Jan 5 Jan 25 Jan 31 Feb 14 Feb 21

Days of egg incubation   7   8   7   9 10 8   8.1

Duration to  I instar   6   6   5   6   7 6   6

Duration  to II instar   7   7   8   5   6 7   6.66

Duration to III instar   8   7   8   8   6 ongoing   7.4

Duration to IV instar 10   9 10 11 ongoing 10

Duration to  V instar 12 13 11 ongoing 12

Days from egg to adult 52 50 49 50.33

Table 2.  Summary of the mortality rate of Diplonychus indicus from one developmental stage to the next stage

Developmental stages 1st batch 2nd batch 3rd batch 4th batch 5th batch 6th batch Mean
of Diplonychus rusticus of eggs of eggs of eggs of eggs of eggs of eggs

Dec 4 Jan 5 Jan 25 Jan 31 Feb 14 Feb 21

Number of eggs laid 30 53 57 35 65 41 46.83

Number survived to I instar
(% mortality of eggs) 23 (23.33) 49 (7.54) 50 (12.28) 32 (8.57) 53 (22.64) 28 (31.17) 39.16 (17.58)

Number survived to II instar
(% mortality of I instar) 16 (30.43) 20 (59.18) 33 (34.00) 22 (33.33) 29 (45.28) 10 (64.28) 21.66 (49.48)

Number survived to III instar
(% mortality of II instar)   7 (56.25)   9 (55.00) 10 (69.69) 11 (50.00)   5 (82.75) ongoing   8.4 (62.74)

Number survived to IV instar
(% mortality of III instar)   4 (42.86)   3 (66.66)   5 (50.00)   4 (63.63) ongoing   4 (55.79)

Number survived to V instar
(% mortality of IV instar)   2 (50.00)   3 (0)   2 (60.00) ongoing   2.333 (36.66)

Number survived to adults
(% mortality of V instar)   1 (50.00)   2 (33.33)   2 (0)   1.66 (27.77)
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Predatory Behavior of Diplonychus rusticus

The Diplonychus rusticus preyed on the available
live wrigglers when offered Culex vishnui III and IV
instar larvae as shown in Figures 2 and 3. The number
of  live prey available to the adult female water bug
decreased every two hours and was nearly totally
consumed after 24 hours.  The III instar nymph
consumed 98 wrigglers, whereas the adult female
which consumed all of  the 100 wrigglers, in the 24-
hour observation period. For hour 2 and hour 4, the
adult female predator consumed more prey than the
III instar nymph.  However for hour 6 and hour 8,
the III instar nymph consumed more prey than the
adult female and the difference was significant.  For
hour 10 to hour 12, both adult and nymph consumed
a comparable number of  prey.

Discussion
The female Diplonychus rusticus was able to lay six
batches of  eggs during its lifespan of  80 days,
exceeding the observations made by Sivagnaname
that female Diplonychus indicus could lay four to five
times only in its lifetime.9 This is an indication that
Diplonychus rusticus has a better reproductive potential.
Having a high reproductive capacity is a good attribute
of an effective biological control agent. The
production of more offspring by a single female in
several egg-laying batches would allow self-
propagation in the field by the predator and limit
reintroduction or continuous application.  These are
the disadvantages of other biological control agents
for mosquitoes that are currently used or have been
used in the past.  Only a pair of reproductive adult
water bugs was used.  More accurate observations
on the life cycle and reproductive capabilities could
have been done if  more subjects had been observed.

The adult female in this study survived for 80
days and laid six egg batches; the adult male was
still alive on the 103rd day. The longevity of  the adults
is comparable to that of Diplonychus indicus studied
by Sivagnaname.9 As a biological control agent,
longevity is a crucial factor for the maintenance of
the predatory population in the field as well as in its
use for developing a mass rearing technique in the
laboratory.

This study noted a high mortality among early
stages, particularly I and II instar, attributed to
cannibalism, similar to the observations by
Sivagnaname.9 Cannibalism is observed especially in

an environment where there is limited number of  prey
available.  Moreover, cannibalism also occurs in the
older stages, but to a lesser degree and among newly
molted individuals, and likewise occurs in an
environment with limited availability of  prey.
Cannibalism in this species limits the size of the
predator population in the field especially when
heterogenous stages of development coexist in the
natural habitat like rice fields and marshes. On the
other hand, cannibalism is a desirable characteristic
of a predator for this allows natural selection of the
species and control of the population in the wild.

In this study, Diplonychus rusticus  was
documented to prey on III and IV instar larvae of
Culex vishnui, a known vector of  Japanese encephalitis.
It is evident that III instar nymph and adult female
water bug can kill a good number of older and larger
Culex vishnui larvae.  The rate of  predation depends
on factors such as the age of the predator and the
density of  the prey.11 The adult water bug can kill
more than the younger III instar nymph.

The adult female Diplonychus rusticus, consumed less
prey per hour after the fourth hour because by that time
there was less prey available as shown in Figure 2.
Another possible explanation for this is that the female
water bug may have been satiated immediately after
the fourth hour, after consuming almost 75% of  the
total available prey.  On the other hand, the III instar
nymph reached satiety after the eighth hour when it
had already consumed 71% of  the prey.  The adult
female consumed all the prey by the 24th hour and may
have still been able to consume more prey if  these were
available.  The III instar nymph had more prey to
consume within the remaining 12 hours compared with
the adult (Figure 3).

Figure 2.  Mean number of  III and IV instar larvae of Culex
vishnui consumed by the adult female and III nymphal instar of
Diplonychus rusticus.
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Figure 3.  Cumulative number of III and IV instar larvae of Culex
vishnui consumed by the adult female and III nymphal instar of
Diplonychus rusticus.

The finding that the nymphal and adult stages
preyed on mosquito larvae strengthens the premise
that Diplonychus rusticus may be a promising
biological control agent.  Because of its preference
for larger larvae, it prevents wrigglers from pupating
and becoming adults, thereby decreasing the mosquito
vector population. The study also showed some of
the desirable characteristics of the water bug such as
its longevity and reproductive capability.

The presence of  Diplonychus rusticus, a natural
predator of  a vector of  Japanese encephalitis, in rice
fields and semi-permanent water habitats in the
Philippines opens a new possibility for its use in
controlling mosquitoes, such as the Japanese
encephalitis vector Culex vishnui, found in rice fields.
Diplonychus rusticus was observed to be long-lived,
exhibited a high reproductive capacity and was a
voracious feeder of Culex vishnui wrigglers.  These
are important attributes of an efficient biological
control agent of mosquito-borne diseases such as
Japanese encephalitis. However further studies on its
characteristics as a predator, such as the functional
response and frequency-dependent prey selection,9

need to be further established to determine the
efficiency of the water bug as a biological control
agent. Ultimately, field studies are needed to explore
its practical application as part of an integrated vector
control program.
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