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Abstract In rubber plantations, tree holes are one of the
major types of breeding habitats of Aedes mosquitoes which
transmit dengue and chikungunya. A mermithid nematode,
Romanomermis iyengari, was evaluated in tree holes for its
efficacy in controlling Aedes albopictus. Infection of mosqui-
to larvae by the nematode was determined through microscop-
ic examination on the next day of application, and evaluation
of immature density of mosquito was done on the seventh day.
After application of the infective stage of the nematode in a
host—parasite ratio of 1:3 or 1:4, the infection rates on the
different larval instars of mosquito were similar, 85.7-95.8 %
in first to third instars and 79.3 % in fourth instar larvae or 100
and 92.9 %, respectively. Parasite burden varied from 1.1 to
2.4, respectively, among first and third instar larvae applied at
1:3. At 1:4, the parasite burden was between 1.6 (fourth instar)
and 4 (second instar). The increase in parasite burden due to
parasite density was significant in all the larval instars (P<
0.05). High parasite burden is detrimental to parasite recycling
as it can cause premature mortality of the host. Hence, the
dosage of 1:3 could be considered as suitable for rubber tree
hole habitats. In the nematode-applied tree holes, there was a
significant level (P<0.05) of reduction in the immature den-
sity of A. albopictus, especially late instars and pupae, con-
firming the efficacy of R. iyengari in infecting the mosquito
and controlling pupal emergence.
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Introduction

Kerala state, India, with the largest area of rubber plantation in
the country, was the worst affected by chikungunya fever during
2006-2010 and is still under the grip of dengue fever. Plantation
practices, along with climatic factors, resulted in the prolifera-
tion of the most predominant Aedes albopictus species of mos-
quitoes in rubber plantation areas (Kumar et al. 2011). During
the rainy season, water collected in the unused latex collection
cups and tree holes become the major habitats for breeding of A.
albopictus. Hence, an effective and appropriate environmentally
safe method for the control of the vector mosquito is the need of
the hour (Maheswaran and Ignacimuthu 2012). Mosquito con-
trol strategies, alternative to chemical insecticides, which are
harmless to nontarget organisms as well as humans, are being
advocated and developed by many workers (Amer and
Mehlhorn 2006; Arjunan et al. 2012).

Control methods using sustainable pathogens, parasites, or
predators as biocontrol agents are highly promising due to
their advantages over chemical control. The use of entomo-
philic mermithid nematodes, especially Romanomermis iyen-
gari and Romanomermis culicivorax, has been attempted for
the control of mosquitoes breeding in different types of hab-
itats (Keiser et al. 2005; Platzer 2007). R. culicivorax is a
temperate-zone species and was found effective in rice fields,
lakes, and ponds (Petersen et al. 1978; Westerdahl et al. 1982;
Rojas et al. 1987; Santamarina and Perez 1997). R. iyengari is
a tropical species indigenous to India (Gajanana et al. 1978)
and is successful in controlling mosquitoes breeding in rice
field, grassland, and other natural habitats (Paily et al. 1991,
1994; Santamarina et al. 1999; Santamarina and Bellini 2000;
Pérez et al. 2005). These nematodes parasitize mosquito lar-
vae and kill them before their maturation into adults. Larvae
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Table 1 Level of infection and burden of R. iyengari on larvae of A. albopictus after the application of pre-parasites at two different dosages (host—
parasite ratio) on three different occasions (n represents the number of tree holes applied with the nematode)

Number of Dosage of application Number of mosquito Percent infection on Mean number of
applications (host/parasite) larvae examined mosquito larvae (range) parasites/larva (range)
I (n=20) 1:4 100 96.8 (80.0-100) 2.8 (1-17)

II (n=10) 1:3 77 85.5 (61.5-100) 1.15 (1-3)

I (n=15) 1:3 90 88.9 (57.1-100) 2.7 (1-6)

are killed through mechanical rupture of their integument by
the emerging parasitic life completed nematodes, and hence,
there is no chance of resistance development by the host. They
are aquatic, easy to mass produce in the laboratory, safe to
nontarget organisms including humans, and are very specific
to mosquitoes (Gajanana et al. 1978).

R. iyengari has been shown to be infectious to A. albopictus
and recycled in the tree hole habitat for a season (Paily et al.
1991). However, its effectiveness in controlling mosquitoes
breeding in rubber tree holes, with the specific type of organic
pollution and localized pattern of rainfall, is yet to be studied.
Therefore, a field trial of R. iyengari was carried out by intro-
ducing its infective stage and monitoring for level of infection
and mosquito density.

Materials and methods
Study area

The study area is located at Aicompu village of Kottayam
district in Kerala, where plantations with 12- to 15-year-old
rubber trees were plenty. These rubber trees provided the tree
hole habitats with 4. albopictus breeding for evaluation of the
mosquitocidal efficacy of the nematode. The tree holes were
situated at about 2.5 to 3.5 m above the ground level and their
sizes were in the range of 175 to 200 cm?. The evaluation was
done on three occasions, viz., during the months of April-
May (pre-southwest monsoon), August (post-southwest mon-
soon), and October—November (northeast monsoon) 2011.
The period of southwest monsoon was not included because
of heavy rain and overflowing of habitats. The number of tree
holes with mosquito breeding available for the application

Fig. 1 Parasitic stage

of R. iyengari (indicated

with an arrow) in A. albopictus
collected from tree holes on
the second day of application
(x100). a In an intact mosquito
larva. b Dissected out from a
mosquito larva
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was 20, 10, and 15, respectively, with equal numbers of
control without application.

Pre-application evaluation for mosquito density,
any existing parasitism, and water quality

Data on immature density of the vector in each of the habitat
were collected 1 day prior to application of the nematode
through standard measurement methods (Service 1976).
Briefly, the method involved siphoning out of the entire water
into an enamel tray held below the tree hole and counting
various stages (first instar to pupa) of the mosquito. After
counting, the entire water with the immatures of the mosquito
was returned to the same tree hole. However, 5-10 larvae of
different instars were examined in the laboratory for any exist-
ing natural parasitism by entomophilic nematodes (Paily et al.
1991). This was done for both applied and unapplied control
groups of tree holes. Water samples from five randomly select-
ed tree holes were pooled and analyzed for dissolved oxygen,
pH, and suspended and dissolved solids (Theroux et al. 1943).

Application with the infective stage pre-parasitic stage
of R. iyengari

The required quantity of R. iyengari was obtained from a
cyclic colony maintained at the Vector Control Research
Centre, Pondicherry, India, following the method of Petersen
and Willis (1972). Infective stages of the nematode, known as
pre-parasitic nematodes (PPN), hatched from eggs by flood-
ing of 2-month-old culture trays were applied as water sus-
pension. The dosage (PPN density) for the first application
was 1:4 host—parasite ratio. Whereas for the second and third
applications, it was 1:3 as the first application was found to
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kill most of the larvae prematurely through heavy parasite
burden. The application was done by pouring measured quan-
tity of the PPN water suspension.

Post-application evaluation of parasitism and mosquito
density

Depending upon their availability, 5-10 mosquito larvae (dif-
ferent instars) per tree hole were collected on the next day of
PPN application and brought to the laboratory. Status of
infection by R. iyengari was determined through dissection
and microscopic examination of the larvae. For this, each
larva was placed individually on a microslide with a drop of
0.9 % saline and gently teased with dissection needles. The
slides were examined under a compound microscope (x40)
for the presence as well as number of the parasite. Number of
mosquito larvae positive for nematode infection and number
of parasite present in each positive larva was recorded. From
this data, percentage parasitism of the nematode on different
larval instars of the mosquito and instar-wise parasite burden
per larva (total number of parasites present/total number of
larvae positive for parasite) was computed (Paily and
Balaraman 2000). Evaluation of immature density of mosqui-
to was done both in PPN applied and unapplied control tree
holes on the seventh day after application as it was done for

Fig. 3 Parasite density 10.0 4

(burden) (mean+SD) in 9.0 -

different larval instars of 4. 8.0 -

albopictus applied with oy 20 |
two different dosages of g U

pre-parasites of R. iyengari S 6.0

(results of two applications with 9 5.0 -

1:3 dosage are shown together) E 4.0

& 304

2.0 4

1.0 4

0.0 +

1} 1l v
Larval instars

MmHost:parasite=1:3 [ Host:parasite=1:4

evaluation before application. Mean density was computed for
each larval instar.

Chi-square test was applied to test the significance of
differences in percentage of infections as well as parasite
burden in mosquito larvae applied with both the parasite
dosages, 1:3 and 1:4 host—parasite ratio. Student’s ¢ indepen-
dent test was applied to test the difference in mean number of
mosquito larvae between control and the PPN applied hab-
itats. Similarly, Student’s ¢ paired test was used to test the
difference in mean number of larvae between pre-application
and post-application evaluation. For all the statistical tests,
level of significance was taken as P<0.05.

Results

Mosquito larvae collected from tree holes, prior to the appli-
cation of R. iyengari pre-parasites, were examined for any
existing natural parasitism by entomophilic nematodes. None
of'the larvae was positive for any parasitic nematodes, proving
that natural infection with entomophilic nematodes was not
existing among the mosquitoes breeding in the rubber tree
hole habitat. Analysis of water samples collected from the
PPN applied tree holes showed level of dissolved oxygen at
2.8-6.4 mg/L, suspended solids at 3.5-5.1 mg/L, dissolved

Larval instars

B Host:parasite=1:3 [ Host:parasite=1:4
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solids at 1.5-2.8 mg/L, total solids at 5.00-7.5 mg/L, and
pH 6.5-7.8.

Parasitological evaluation for R. iyengari on larvae applied
at the dosage of 1:4 host—parasite ratio showed 97 % infection
on the next day (Table 1). Almost 70 % of the infected larvae
showed multiple parasitism and the number of parasites ranged
from 1 to 17, with a mean parasite burden of 2.8 per larva. At
1:3 dosage, the first application showed a parasitism of 85.5 %.
Multiple parasitism was limited due to the low dosage of
application and the maximum number of parasites observed
in a single larva was 3. During the second application with the
same dosage (1:3), the level of parasitism was 89 % and the
mean parasite burden was 2.7 per larva (range, 1-6). Parasites
in their early stage of development could be seen within the
hemocoel of the mosquito larvae, even without dissection
under a compound microscope (Fig. 1a). It could be seen wrig-
gling in the head, thorax, abdomen, or caudal region of the
infected larva. When the larvae were dissected, all the infected
parasites were found to be released onto the slide (Fig. 1b).

While parasite dosage was 1:3, the percentage of infected
mosquito larvae varied between 85.7 and 95.8 % among early
instars (first to third) and 79.3 % in late instar (fourth). There
seemed to be an increase in the percentage of infection on
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larvae (instar-wise) when parasite density was 1:4. In the early
instars, all larvae were infected, and in the fourth instar,
92.9 % were infected. However, the difference in the level
of infection due to different parasite dosages was not signifi-
cant (chi-square=3.84; P>0.05). Parasite burden varied from
1.1 (first instar) to 2.4 (third instar) among the mosquito larvae
applied with the parasite density of 1:3 (Fig. 2). Among the
larvae applied with the parasite density of 1:4, parasite burden
was between 1.6 (fourth instar) and 4 (second instar). There
was a significant (r=2.88; P<0.05) increase in the parasite
burden due to the parasite dosage of 1:4 in all stages of
mosquito larvae compared to that of parasite dosage of 1:3
(Fig. 3).

During the pre-application evaluation, instar-wise mean
larval density in the unapplied control tree holes varied from
2.0 (£2.2) to 8.1 (#4.3), respectively for the first and fourth
instars. The corresponding values in the PPN applied habitats
were 1.5 (+2.1) and 7.2 (£3.0). The difference in the instar-wise
mean larval density between control and applied habitats was
not significant (z values ranged between 0.34 and 1.2; P>0.05),
implying that larval density was almost the same in both
habitats. During post-application evaluation, in the control
habitats, there was a significant (¢ values ranged between 2.56

1l I v
Larval instar

X Pre-application (& Post-application

Pupae
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and 8.05; P<0.05) increase in the density of first to third instar
larvae and pupae from the pre-application level (Fig. 4).
However, among the PPN applied habitats, there was a signif-
icant level (¢ values ranged between 4.91 and 9.28; P<0.05) of
decrease in the density of larval instars, especially late instars
and pupae (Fig. 5). In these tree holes, reduction in the pupal
density was from a mean of 2.8 (£2.21) to 0 per tree hole,
compared to an increase from 4.0 (£3.1) to 6.3 (£1.6) in the
unapplied control tree holes.

Discussion

The natural habitat of R. iyengari is in rice fields and it exerts
natural control of mosquitoes breeding in such habitats
(Gajanana et al. 1978). In a survey conducted at Pondicherry,
India, 0.4-7.5 % of anophelines and 1.1-11.2 % of culicines
breeding in rice fields were found infected with this mermithid
parasite of mosquitoes (Chandrahas and Rajagopalan 1979). It
was very effective in reducing the density of Culex tritaenio-
rhynchus, Anopheles subpictus, Anopheles pseudopunctipen-
nis, Anopheles albitarsis, and Anopheles rondoni breeding in
habitats like grassland, rice fields, stagnant streams, and ditches
(Paily et al. 1994; Santamarina et al. 1999; Santamarina and
Bellini 2000; Pérez et al. 2005). Application of this nematode to
a limited number of tree holes (Poinciana regia) within a park
area in Bangalore, India infected A. albopictus larvae (Paily
etal. 1991). In the present study, it was evaluated for its habitat
suitability and mosquito control potential in rubber tree holes
present in plantation areas of Kerala, where they contribute to
significant proportion of Aedes mosquito breeding.

Though tree hole-breeding mosquito-specific nematodes
like Octomyomermis muspratti has been reported from
Africa (Muspratt 1945), there are no reports of tree hole-
colonizing mosquito-specific entomophilic nematodes in
India. Hence, the nematode parasitism observed in the mos-
quito larvae, after application, was the result of infection by R.
ivengari. Application of R. iyengari to tree holes caused
infection in the mosquito sufficient to reduce their density,
as the level of infection was above 80 %. The rate of infection
by the nematode on mosquito larvae will be the rate of
reduction in larval density, as none of the infected early instar
larvae survives to emerge into adult (Paily and Balaraman
2000). In this study, it has been proved by the final trial when
reduction of mosquito density was also evaluated. Reduction
in immature density of the mosquito was significant in PPN
applied tree holes compared to that in unapplied control tree
holes. The physical and chemical properties of the water were
within the favorable ranges and R. iyengari could infect mos-
quitoes in such types of habitats, where the water is not highly
polluted (Paily et al. 1991).

The dosage of 1:4 host—parasite ratio caused the highest
level of parasitism. However, the multiple parasitism and

high parasite burden per larva is detrimental to parasite
recycling, as it may cause premature mortality of the host
larvae. Moreover, it may lead to the production of more
numbers of males due to the density-dependent sex differ-
entiation commonly observed in mermithid nematodes
(Paily and Balaraman 1990). Considering these, the dosage
of 1:3 host—parasite ratio is ideal as it showed low levels of
parasite burden and substantial levels of parasitism.

This study confirmed the efficacy of R. iyengari in infect-
ing A. albopictus larvae and thereby controlling their emer-
gence into pupae from rubber tree holes present in plantation
areas of Kerala, which has its own water quality, because of
the organic pollutants and location-specific climatic factors.
However, as a biocontrol agent, establishment and recycling
of the nematode in the mosquito breeding habitat is expected.
This aspect is to be studied through large-scale application of
the parasite to tree hole habitats. Once it is proved to be
recycling, at least for a season, it can be introduced as a
biocontrol agent.
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