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BIOLOGY, BEHAVIOR, FUNCTIONAL RESPONSE AND
MOLECULAR CHARACTERIZATION OF RIHIRBUS

TROCHANTERICUS STAL VAR. LUTEOUS (HEMIPTERA:
REDUVIIDAE: HARPACTORINAE) A POTENTIAL

PREDATOR OF HELOPELTIS SPP.
(HEMIPTERA: MIRIDAE)1

P. S. Bhat,2 K. K. Srikumar,2,3 T. N. Raviprasad,2 K. Vanitha,2 K. B. Rebijith,4 and R. Asokan4

ABSTRACT: Reduviid species are recorded as indigenous natural enemies of tea mosquito bug
(Helopeltis spp.), which is one of the major economically important pests of cashew. Rihirbus
trochantericus laid eggs singly as well as in groups of up to 26 eggs in 3 to 7 clusters per female. The
incubation period was 13.00 ± 0.69 days. The stadial durations of I, II, III, IV and V nymphs were
12.39 ± 1.13, 7.00 ± 0.39, 7.56 ± 0.35, 9.28 ± 0.64 and 12.78 ± 1.27 days, respectively. Adult males
and females survived for 107.13 ± 2.70 and 117.9 ± 3.83 days, respectively and their sex ratio was
1: 0.7. The sequential acts of predation as well as mating conform to those of Harpactorine reduvi-
ids. R. trochantericus exhibited Holling’s type II functional response. The molecular characterization
of R. trochantericus will be highly useful in confirming the identity of the species in any of its life
stages.

KEYWORDS: R. trochantericus, biological parameters, functional response, barcode, cashew 

INTRODUCTION

Several insect pests have been recorded on cashew (Anacardium occidentale
L.) in India (Sundararaju, 1993), prominent among which is the tea mosquito bug
(TMB), Helopeltis spp. (Hemiptera: Miridae). Reduviidae constitute an impor-
tant group of predatory insects that could be most successfully harnessed as
effective biological control agents. 

Naik and Sundararaju (1982) recorded Endochus inornatus Stal as a predator
of H. antonii Sign. Sundararaju (1984) also reported five species of Reduviidae:
Sycanus collaris F., Sphedanolestes signatus Dist., Endochus inornatus Stal,
Irantha armipes Stal and Occamus typicus Dist., as predators of H. antonii on
cashew in India. All these predators were capable of devouring 1 to 5 TMB
nymphs or adults in a day. Attempts to mass-rear these reduviids under laborato-
ry conditions revealed that their mass culture is amenable if nymphal mortality
could be reduced to a minimum. S. signatus is an alate, entomophagous reduvi-
id found in the scrub jungles and agroecosystems of southern India (Distant,
1904). It is also found as a potential biocontrol agent on the cashew pest,
H. antonii (Sundararaju, 1984; Vennison and Ambrose, 1990). Reduviids should
be conserved and augmented to be effectively utilized in Integrated Pest Manage -
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ment (IPM) programs (Ambrose, 1999; Ambrose, 2000; Ambrose, 2003; Am -
brose et al., 2000; Ambrose et al., 2006). 

R. trochantericus Stal var. luteous (Hemiptera: Reduviidae: Harpactorinae) is
one of the common predators recorded in the cashew ecosystem. The subfamily
Harpactorinae is the largest but most poorly studied subfamily of the Reduviidae
(Cai and Tomokuni, 2003). More than 300 genera and 2000 species are known
(Putshkov and Putshkov, 1985; Maldonado, 1990). Most of the Oriental species
of this subfamily are listed in the work of Stal (1874), Distant (1904) and Miller
(1940). Though the biology of a few species of Oriental reduviids is known
(Ambrose and Livingstone, 1979; Vennison and Ambrose, 1990), our knowledge
of the natural history of Oriental reduviids is scanty. Biological parameters are
reported for Rhynocoris kumarii Ambrose and Livingstone (Ambrose, 2000), S.
minusculus Berg. (Ambrose et al., 2006), E. migratorius Dist. (Ambrose et al.,
2007), S. himalayensis Dist., S. signatus Dist. (Vennison and Ambrose, 1990),
and S. variabilis Dist. (Ambrose et al., 2009), but still there is no such docu-
mentation for R. trochantericus even though it is reported in the checklist of
Indian assassin bugs (Ambrose, 2006; Biswas et al., 1994; Biswas et al., 2010). 

In this paper, we document for the first time the biology and behavior of R.
trochantericus. Functional response was examined to determine the intake rate
of prey. The mitochondrial cytochrome c oxidase (mtCOI) gene of all develop-
mental stages was also characterized. The current study is a prerequisite for its
utilization as a biological control agent.

MATERIALS AND METHODS

BIOLOGY 
The nymphs of R. trochantericus were collected from cashew plantations of

the Directorate of Cashew Research, Puttur (12.45° N latitude, 75.4° E longitude
and 90 m above MSL) in the Karnataka State of Southern India. They were
brought to the laboratory and reared during September to December, 2012 (tem-
perature 26-28°C; relative humidity 89-94%) in separate glass bottles (500 ml
capacity) using larvae of the wax moth, Galleria mellonella L. (Lepidoptera:
Pyralidae). 

The males and females that emerged were allowed to mate in the glass rearing
bottles. The containers were carefully examined at regular intervals to record the
number of eggs laid. Ejection of spermatophore capsules by mated females con-
firmed successful copulation. The eggs were allowed to hatch in the same bot-
tles, kept over wet cotton swabs for maintaining optimum humidity (85%). The
cotton swabs were changed periodically in order to prevent fungal infestation.
Mated females were maintained individually in order to record the number of
batches of eggs and the number of eggs in each batch. Subsequently, incubation
period, stadial period, nymphal mortality, fecundity, longevity and sex ratio for
two generations were recorded. 
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BEHAVIOR
The mating and predatory behaviors of R. trochantericus were studied under

laboratory conditions by direct observation. Predatory behavior consists of stim-
ulus-response mediated sequences of events, initiated by moving prey. 

FUNCTIONAL RESPONSE
The functional response of R. trochantericus was assessed separately at six dif-

ferent prey densities: 1, 2, 4, 6, 8 and 10 prey/predator of both wax moth larvae
and its natural prey (TMB) for 5 days in glass rearing bottles. Five replicates
were maintained for each category. At 24 h intervals the number of prey killed
was recorded and the prey number was maintained at a constant level by the
introduction of fresh prey throughout the experiment. 

In the present study the ‘disc’ equation of Holling (1959) was used to describe
the functional response of R. trochantericus. 

The following parameters were used for obtaining the ‘disc’ equation: 
x = prey density
y = total number of prey killed in given period of time (Tt)
y/x = attack ratio
Tt = total time in days when prey was exposed to the predator
b = time spent handling each prey by the predator (Tt / k) 
a = rate of discovery per unit of searching time [(y/x)/Ts] 

The handling time ‘b’ was estimated as the time spent for pursuing, subduing
and feeding on each prey. The maximum predation was represented by the ‘k’
value and it was restricted to the higher prey density. 

Another parameter ‘a’, the rate of discovery, was defined as the proportion of
the prey attacked successfully by the predator per unit of searching time.
Assuming that the predatory efficiency is proportional to the prey density and to
the time spent by the predator in searching the prey (Ts), the expression of rela-
tionship is: 

y = a Ts x (1)
Since time available for searching is not a constant, it is deducted from the

total time (Tt) by the time spent for handling the prey. If one presumes that each
prey item requires a constant amount of time ‘b’ for consumption, then

Ts = Tt - by (2)

Substituting (2) in (1), Holling’s ‘disc’ equation is
y = a (Tt - by) x (3)

The data were subjected to linear regression analysis (Daniel, 1987).
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MOLECULAR CHARACTERIZATION
The molecular identification of R. trochantericus was based on the core prin-

ciple of generating DNA barcode using mitochondrial cytochrome c oxidase 1
(mtCOI) gene. Total DNA was isolated from individual R. trochantericus in var-
ious life stages (egg, nymphal instars and adult) using a part by modified CTAB
method (Saghai Maroof et al., 1984). The rest of the specimen was used as the
specimen voucher and deposited in National Pusa Collection (NPC), New Delhi.
A part of the specimen was ground with 1ml of 2% cetyl trimethyl ammonium
bromide (CTAB), 100mM Tris-HCl (pH-8.0), 1.4 M sodium chloride, 20mM
EDTA and 2% of 2-mercaptoethanol. The suspension was incubated at 65°C for
1-2 hours and then an equal volume of chloroform: isoamyl alcohol (24:1) solu-
tion was added. The suspension was centrifuged at 6000 rpm for 15 minutes. The
aqueous layer was transferred to a fresh 2ml micro centrifuge tube taking care
not to disturb the middle protein interface. DNA was precipitated by the addition
of 20µl of 0.3 M sodium acetate and equal volume of ice-cold 95% ethyl alco-
hol. The precipitated DNA was spun at 8000 rpm for 10 minutes and the result-
ant DNA pellet was washed with 70% ethyl alcohol. This was centrifuged at
8000 rpm for 10 minutes and finally the pellet was dissolved in 50µl DNase,
RNase free molecular biology water. The genomic DNA was visualized using
1% agarose gel and diluted with sterile water to get a working solution of 20-
25ng/µl. 

Polymerase chain reaction (PCR) was carried out in a thermal cycler (AB- Ap -
plied Biosystems) with the following cycling parameters: 94°C for 4 minutes as
initial denaturation followed by 35 cycles of 94°C for 30 seconds, 47°C for 45
seconds, 72°C for 45 seconds and 72°C for 20 minutes as a final extension. The
universal primer specific to mitochondrial cytochrome oxidase I (mtCOI) used
for the amplification resulted in an approximately 700 bp fragment. PCR was per -
formed in 25µl reaction volume containing 20 picomoles of each primer, 10mM
Tris-HCl (pH-8.3), 50mM KCl, 2.5mM MgCl2, 0.25 mM of each dNTP and 0.5
U of Taq DNA polymerase (Fermentas Life Sciences). The amplified product was
resolved in 1% agarose gel and the remaining PCR product was eluted using
Nucleospin Extract II according to the manufacturers protocol (MN, Ger many)
which is sequenced in an automated sequencer (ABI Prism 310; Ap plied Bio -
systems, USA) using M13 universal primer both in forward and reverse direction.

RESULTS AND DISCUSSION

R. trochantericus laid elongately oval dark brown eggs (67.50 ± 15.01) with
flower-like opercular architecture and glued basally to the substratum. Females
laid eggs singly as well as in groups of up to 26 eggs in 3 to 7 clusters per female
as observed in Harpactorines (Ambrose, 1999; Ambrose et al., 2006) (Fig. 1).
The fecundity was higher than in other Harpactorines like Sphedanolestes spp.
(15.33 ± 6.41 eggs) (Vennison and Ambrose, 1990) but lower than that of R. mar-
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Table 1. Biological parameters of R. trochantericus fed on wax moth larvae
under laboratory condition (n = 47; x ± SE)

Parameters (in days)

Incubation period (days) 13.00 ± 0.69
Stadial period (days)

I instar 12.39 ± 1.13
II instar 7.00 ± 0.39
III instar 7.56 ± 0.35
IV instar 9.28 ± 0.64
V instar 12.78 ± 1.27
I -V instars 49.00 ± 2.48

Total stadial period (days)
Male 46.13 ± 2.35
Female 51.30 ± 4.02

Fecundity/female (no.) 67.50 ± 15.01
Hatchability (%) 78.89
Survival rate (I-V) (%) 40.00
Sex ratio (female: male) 1:0.7
Preoviposition period (days) 17.88 ± 0.72
Oviposition period (days) 34.62 ± 3.49
Postoviposition period (days) 9.75 ± 0.70
Adult longevity (days)

Male 61.00 ± 3.12
Female 66.60 ± 5.73

Total longevity (days)
Male 107.13 ± 2.70
Female 117.90 ± 3.83

ginatus Fab. (208.3 ± 3.9 eggs) (Sahayaraj and Sathiamoorthi, 2002). The fertil-
ized egg did not show any color change prior to hatching whereas the unfertil-
ized eggs became shrunken.

The preoviposition period of R. trochantericus was shorter (17.88 ± 0.72 days)
than that of R. marginatus (33.3 days) and R. kumarii (26.0 days), and closer to
R. fuscipes Fab. (19.0 days). The eggs hatched in 13.00 ± 0.69 days and mean per
cent egg hatchability was 78.89. A higher hatching percentage is a diagnostic fea-
ture of Harpactorines (Ambrose, 1999; Ambrose et al., 2006). 

The incubation period of R. trochantericus was longer than C. spiniscutis Ber -
g roth (4.66 ± 0.77 days) (Claver and Reegan, 2010), S. signatus (9.6 ± 0.86 days)
(Ven nison and Ambrose, 1990) and Sycanus collaris Fab. (15.0 days) but shorter
than Panthous bimaculatus Dist. (21.0 days) (Sahayaraj, 2012). The eclosion last-
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ed for about 3 to 4 minutes. The newly hatched nymphal instars started feeding 6
to 7 hrs after eclosion, showing a preference for small and sluggish prey.

The stadial durations of I, II, III, IV and V nymphal instars were 12.39 ±1.13,
7.00 ± 0.39, 7.56 ± 0.35, 9.28 ± 0.64 and 12.78 ± 1.27 days, respectively (Table
1). 

The total developmental period of R. trochantericus from egg to adult was
49.00 ± 2.48 days. It was shorter than that of S. collaris (75.67 ± 9.06),
R. kumarii (88.30 ± 3.60) and Panthous bimaculatus Distant (101.12 ± 2.30)
(Sahayaraj, 2012). Abnormal hatching and molting caused 60% nymphal mor-
tality from I to V instars and thus the nymphal instars had a survival rate of 40
%. The nymphal mortality of R. trochantericus was lower when compared to
Sphedanolestes pubinotum Reuter (89.30%) and greater than that of S. minuscu-
lus Bergroth (21.06%) and S. himalayensis (13.0%) (Ambrose, 1999). The adult
male longevity and total male longevity were shorter (61.00 ± 3.12 and 107.13 ±
2.70 days) than that of the female (66.60 ± 5.73 and 117.9 ± 3.83 days). The pre-
oviposition and postoviposition periods were 17.88 ± 0.72 and 9.75 ± 0.70 days,
respectively. The oviposition period of R. trochantericus lasted for 34.62 ± 3.49
days. The laboratory-emerged adults exhibited female biased sex ratio (1:0.67).
Among harpactorines, the female biased sex ratio was also observed in S. col-
laris (1:0.67), R. kumarii (1: 0.50) and P. bimaculatus (1:0.60) (Sahayaraj, 2012).
Our laboratory breeding experiments indicated that R. trochantericus is a multi-
voltine species.

There exists distinct sexual dimorphism in R. trochantericus in size, shape and
color. Females are larger (19.2-20.1 mm length) and stout with a conical abdom-
inal base, whereas males are relatively small (13.2-15.1 mm), and lean with a
round abdominal base. In addition, there is a distinct coloration difference; fe -
males are uniformly black while males have dull brownish yellow in the rostrum,
thorax, pronotum, scutellum, anterior wings and legs up to the femur (Fig. 2). 

R. trochantericus attacked prey in a sequential pattern: arousal -approach -cap-
turing -probing -piercing and sucking (Fig. 3). The post-predatory cleaning was
also observed as in other nontibial pad harpactorine reduviids (Ambrose, 1999).

R. trochantericus mated in the laboratory in the following sequence: arousal-
approach-riding over-extension of genitalia-copulation, -ejection of sperma to -
phore capsule by the female, and post mating cleaning. The mating behavior of
R. trochantericus with the characteristic riding over phenomenon represented its
harpactorine character (Ambrose, 1999).

The reduviid responded to increasing prey density of wax moth larvae and
TMB by killing more prey than at lower prey densities (Table 2 and Table 3). It
exhibited a typical functional response and thus established the applicability of
the second model of Holling’s ‘disc’ equation. The type II functional response is
typical of most heteropteran predators (Cohen and Byrne, 1992). The number of
prey killed (y) by the individual predator increased as the prey density (x) in -
creased from one prey/predator (Fig. 4). This was further confirmed by the pos-
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itive correlation (r = 0.9867 for wax moth larvae and r = 0.9738 for TMB)
obtained between the prey density and prey killed. A similar result (positive cor-
relation between prey density and prey killed) was obtained by Claver et al.
(2004) and Ravichandran and Ambrose (2006).

Increase in the number of prey killed by an individual predator as a function
of increasing prey density confirmed earlier reports of Ambrose and Claver
(1997) and Ravichandran and Ambrose (2006). The maximum predation was
represented by ‘k’ value (r = 1.92 for wax moth larvae and r = 3.88 for TMB)

Fig. 2.  a. ♀ Rihirbus trochantericus,  b. ♂ R. trochantericus

Fig. 3.  R. trochantericus feeding on; a. on wax moth larva,  b. on TMB.

a b

a b

19.50 mm

14.50 mm
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Fig. 4. Linear regression between Prey density and Prey attacked (a) wax moth
larvae (b) TMB.

Fig. 5. Linear regression between Prey density and Attack ratio (a) wax moth
larvae (b) TMB.

Fig. 6.  Linear regression between Prey density and searching days (a) wax moth
larvae (b) TMB.



which was always found restricted to the higher prey densities. The highest
attack ratio was observed at the density of 1 and 2 prey /predator and the lowest
attack ratio was found at the density of 10 prey/predator. Hence, the attack ratio
decreased as the prey density increased (r = -0.9818 for wax moth larvae and r =
-0.9019 for TMB) (Fig. 5). An indirectly proportional relationship was found
between the attack ratio and the prey density which is similar to the observations
of Ambrose et al. (2009) in S. variabilis. It is presumed that the predator took less
time on nonsearching activities, which in return might have caused a perceptive
decline in the attack rate until hunger was established (Claver et al., 2004). This
type of searching time was also observed in R. marginatus to Clavigralla gib-
bosa Spi nola and Hieroglyphus banian (F.) (Ambrose et al., 2000). Hassell et al.
(1976) stated that the attack rate decreased with increasing prey density with
predators having a type II functional response. A negative correlation was ob -
tained be tween prey density and searching time (r = -0.9867 for wax moth larvae
and r = -0.9738 for TMB) of the predator at all prey densities (Fig. 6). At a den-
sity of six TMB, the searching efficacy and rate of consumption were at their
maximum. Thus it can be estimated that R. trochantericus released at a ratio of
1:6 (predator-prey) may be optimal to realize the biological control potential of
this predator in the cashew ecosystem. 

Mitochondrial COI gene was sequenced successfully from all the different life
stages (Fig. 7). A comparison of the sequences for all the life stages of R.
trochantericus showed no differences or mismatches, indicating that the barcode
developed was unique without sequencing errors. A total fragment size of 658 bp
DNA sequence was deposited in NCBI-GenBank database with accession num-
ber KC 834736. Sequences were confirmed by similarity search in GenBank
Blastn. Since the Folmer region primers (LCO-1490 and HCO-2198) (Hebert et
al., 2003a, b) are highly conserved, the same applied to R. trochantericus. Evi -
dence of nuclear copies was not observed which was supported by the ab sence
of stop codons within the sequences and the base composition was similar with
no indels across various life stages. Thus the present studies indicate that the bar-
code developed will be useful in confirming the identity of the species in any of
its life stages.

This is the first description of the biology and behavior of R. trochantericus.
The molecular characterization made of R. trochantericus will be highly useful
in confirming the identity of the species in any of its life stages. The findings may
help to improve the future IPM strategies against Helopeltis in cashew.

ACKNOWLEDGEMENTS
The senior author is grateful to the Indian Council of Agricultural Research, Government of India,

for financial assistance (OPR on management of sucking pests of horticultural crops). The authors
are grateful to the Director, Directorate of Cashew Research, for institutional facilities. Our thanks
are due to Dr. Dunston P. Ambrose, Entomology Research Unit, St. Xavier’s College, Palayamkottai,
for morphologically identifying R. trochantericus.

274 ENTOMOLOGICAL NEWS



LITERATURE CITED

Ambrose, D. P. 1999. Assassin bugs. New Hampshire, USA: Science publishers and New Delhi,
India: Oxford and IBH Publishing Co. Pvt. Ltd. pp. 337.

Ambrose, D. P. 2000. Substrata impact on mass rearing of the reduviid predator Rhynocoris
kumarii Ambrose and Livingstone (Heteroptera: Reduviidae). Journal of Entomological Research
24: 337-342.

Ambrose, D. P. 2003. Biocontrol potential of assassin bugs (Hemiptera: Re duviidae). Journal of
Experimental Zoology 6: 1-44.

Ambrose D. P. 2006. A checklist of Indian assassin bugs (Insecta: Hemiptera: Reduviidae) with
taxonomic status, distribution and diagnostic morphological characteristics. Zoos Print Journal 21:
2388-2406.

Ambrose, D. P. and D. Livingstone. 1979. On the bioecology of Lopho ce phala guerini Laporte.
(Reduviidae: Harpactorinae) a coprophagous reduviid from Palghat gap. Journal of Natural
History 13: 581-588.

Volume 123, Number 4, November and December 2013 275

Fig. 7. Consensus sequence of 658 bp from the mitochondrial cytochrome oxidase I
(mtCOI) gene for the R. trochantericus in their various life stages viz. egg, different instars
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