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Abstract

Aim: The study was conducted to find out the susceptible stage of tasar silkworm larvae to predation by stink bug and stage dependent feeding potential
of stink bug over different instars of tasar silkworm.

Methodology: Susceptibility of silkworms was studied by recording the daily larval mortality of all silkworm stages (1% to 5" instar) due to predation by E.
furcellata. Stage specific predatory potential was estimated by recording the number of larvae required to complete each developmental stages (2-5"
Nymphalinstars and adult male and female).

Results: Experimental results revealed that 1" and 2" instar
silkworms were most susceptible towards the attack of both
nymphal and adult stages of stink bug whereas 3“ instar silkworms
were moderately susceptible, however, third instar onwards
susceptibility of tasar silkworm towards E. furcellata was negligible.
Further stage specific cumulative predatory potential revealed that
adult females of predatory bug were significantly more damaging to
first instar silkworms (F= 125.20; df=5, 24; P= < 0.0001) as
compared to other stages by recording more larval consumption.
Observations were also made on the second instar silkworms and it
was observed that female adults were again superior over other
stages of predatory stink bug (F= 135.30; df=5, 24; P= < 0.0001).
Similar trend of feeding potential was also recorded on 3" instar
silkworms; however, the rate of feeding was comparatively lesser
than the firstand second instar silkworms.

Interpretation: Early instar silkworms were less defensive to
predators attack, and were highly vulnerable to stink bug, however, as
silkworm reached third instar, larvae started depending themselves by rapid head/thoracic movement to ward off the stink bugs. Significant difference in the
feeding potential between different developmental stages was observed and adults being superior in feeding indicates their higher nutritional requirements as
they need to be fit for reproductive performance to continue their progeny.
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Introduction

Antheraea mylitta (Drury) (Lepidoptera: Saturniidae)
known for a unique quality of wild silk is generally referred as
“Tasar” or “Kosa” silk. Tasar silkworm is considered as a
commercially important silk-producing insect. Tasar sericulture is
being practiced traditionally as well as commercially in the tropical
regions of India as a source of silk in textile industry to produce
exquisite textiles and dress materials (Barsagade, 2017). Also,
tasar sericulture provides livelihood to many tribal communities
besides contributing to the Indian economy (Ojha et al., 2009;
Gathalkar and Barsagade, 2016). Unlike mulberry sericulture,
tasar sericulture is an outdoor activity and silkworms are reared
outdoor on the forest plantation and block plantation as a result
they are exposed to range of biotic and abiotic factors including
attack by large number of parasitoids and predators causing
nearly 40-45% loss (Singh and Maheshwari, 2002).

The pests of tasar silkworm are generally categorized as
predators and parasitoids. Among the parasitoids, Xanthopimpla
predator and Blepharipa zebina are recognized as major pupal
and larval-parasitoids of tasar silkworm, respectively.
Consequently, among the predators, Eocanthecona furcellata is
considered as a major and most commonly occurring predator of
A. mylitta (Sivakumar and Shamitha, 2013; Gathalkar and
Barsagade, 2016). In addition to E. furcellata, Sycanus collaris,
Hierodula bipapilla, Vespa orientalis, Oecophylla smaragdina
and Myrmicaria brunnea are other minor predators of tasar
silkworm. E. furcellata is a native generalist predator, In India, itis
considered as an important polyphagous predator on several
important lepidopteran pests in agricultural, horticultural and
forest plants (Chang, 2002; Ray and Khan, 2011; Halder et al.,
2020). Contrastingly, the carnivorous stink bug E. furcellata is
considered as a predatory pest of vanya silkworms viz., A.
mylitta, A. assamensis, A. proylei and A. roylei (Bawaskar et al.,
2022; Khune and Ganvir, 2015; Kumar and Rajkhowa, 2012;
Singhetal., 2019).

Both the nymphs and adults attack the early stages of
tasar silkworm, causing high rate of larval mortality (Singh et al.,
1992; Gathalkar and Barsagade 2016). Singh et al. (2002)
reported that individual E. furcellata consumes 130 to 220
silkworm larvae to complete its life cycle. However, information
on stage specific predatory potential is scanty. Since information
on host instar susceptibility and stage specific predatory
potential allows us to take timely silkworm protection strategies
and it also assist to judge which stages of silkworms requires
more care against predatory bugs. Hence, the present study was
undertaken to elucidate stage specific predatory potential of E.
furcellata and host instar vulnerability towards this predatory
stink bug.

Materials and Methods

Insect culture: The experiment was conducted at Central Tasar
Research and Training Institute, Ranchi. The adult males and

females of E. furcellata were collected from silkworm rearing
fields and kept in plastic boxes (30 x 25 cm) and allowed them for
mating. After mating, females were transferred to separate plastic
box and provides leaves of Terminelia arjuna as a substrate for
oviposition. Eggs deposited by females on the leaves were
separated and kept in plastic box and observed for a week for
hatching. Immediately after hatching, the first instar nymphs were
provided with moist cotton wads dipped in water as a water
source and also provided with tender leaves to suck the plant sap.
Excluding the first instar remaining four nymphal instars and
adults of the predator were used for the study.

Host instar susceptibility: Host instar susceptibility study
against each developmental stage of stink bug was carried out by
exposing all five instars of larvae against different developmental
stages (Il Ill, IV, V, adult female and male) of E. furcellata. During
the experiment individual nymphal instar of predatory bug viz., Il,
III, IV n=05 and V" & adult male and females n=01, were placed in
separate plastic container (30 x 25 cm) along with fixed number of
silkworms (n=201in 1" &2" instar, 10in 3" instarand 5in 4" &5"
instar) in five replications. Then the observation on larval
mortality (in Nos.) was recorded daily throughout different
nymphal developmental stages and in case of adults five days
cumulative feeding potential was recorded.

Stage specific predatory potential of Eocanthecona
furcellata: Stage wise predatory potential was estimated by
recording the number of larvae required to complete each
developmental stage of E. furcellata starting from I instar to
adult stages. Since predation of E. furcellata over 4" and 5" instar
silkworm was negligible, hence for stage specific predation study,
only early instar silkworms (1% to 3" instar) were taken into
consideration. Further data on the number of larvae consumed by
each nymphal instar were recorded daily, and fresh larvae were
provided for further feeding till the end of each instars (2*t0 5"). In
case of adults, only 5 days feeding potential was recorded due to
their prolonged longevity of 35-40 days (Aruna and Reema Devi,
2015). Idea behind considering only 5 days for adults is that each
of the selected silkworm instars roughly completes that particular
instar in five days’ time. Further due to variation in the duration of
each developmental stage, both daily and cumulative predatory
potential was estimated by recording the number of larvae
consumed by each stage of predatory stink bug daily and
throughout its developmental stage to know the influence of
developmental duration over the predatory capacity.

Statistical analyses: Statistical analysis was done using
Analysis of Variance and the means were compared with
Bonferroni post test by using Graph Pad Prism software (Ver. 5)
and significance level was judged at P value < 0.05.

Results and Discussion
Daily data on larval consumption by predatory stink bug

(different developmental stages) revealed that first and second
instar larvae were more susceptible to predation of E. furcellata.
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Fig. 1: Tasar silkworm susceptibility to the developmental stages of predatory stink bug.

Susceptibility towards early nymphal stages (2" and 3 instars) of
stink bug was negligible. Larval mortality due to 2" instar nymphs
was only 0.67, 0.62 and 0.15 on first, second and third instars of
silkworms, respectively, whereas no mortality was observed due
to predation by 2™ 3" and 4" nymphal instars over fourth and fifth
instar silkworm larvae, which indicates that fourth and fifth instar
larvae are not vulnerable to these nymphalinstars of E. furcellata.
However, results show that early instars (1*and 2" instars of tasar
silkworms were more susceptible against 4", 5" and adult stage
E. furcellata. The recorded mortality due to predation by 4" instar
nymphs was 4.84 and 3.08 on first and second instar larvae,
respectively. Similarly, 5" instar nymphs caused 9.05 and 5.05
larval mortality. Further, mortality of third instar silkworms due to
predation by 4" and 5" nymphal instars of E. furcellata was
relatively less (Fig. 1). Observations were also made on larval
susceptibility against adults of predatory stink bug and it was
found that tasar silkworms were more susceptible against
predation by adults, especially during first and second larval
stage. Mortality due to adult females on first, second and third
larvalinstars was 16.04, 5.92 and 3.52, respectively. Similar trend
of mortality was also recorded for adult males with some marginal
difference, however, larval susceptibility at fourth and fifth larval
stage was negligible and itranged between 0.20t0 0.60 (Fig.1).

Stage specific predatory potential of Eocanthecona furcellata:
Based on 24 hr feeding data, the average daily feeding potential

of E. furcellata was recorded and analysed. Feeding assay
results indicated that adult females of predatory bug were
significantly more damaging to first instar silkworms (F=110.30;
df=5, 24; P= < 0.0001) as compared to other stages by
recording more larval feeding (Table 1). Bonferroni post test
revealed significant differences among different stages of
predatory stink bugs with respect to feeding potential (Fig. 2A).
Further, similar observations were recorded on the second
instar silkworms and it was observed that female adults were
again superior over other stages of predatory stink bug (F=
100.70; df=5, 24; P= < 0.0001) as far as predatory potential is
concerned. However, Bonferroni post test suggested that no
significant difference was observed between 5" instar nymphs and
adult females and males. Similar, results were observed between
2" and 3” instar nymphs of E. furcellata as no significant difference
was observed between them (Fig. 2B).

Almost similar trend of feeding potential was observed on
3" instar silkworms as well (Table 1). Multiple Comparison Test
also indicated earlier trend as observed on first and second instar
silkworms (Fig. 2C). Considering the number of larvae required
for completing each nymphal instars and 5 days feeding
requirements of adults, stage specific cumulative feeding
potential was estimated. Results suggested that developmental
stage is more influential over feeding potential rather than
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Fig. 2: Results of stage specific daily feeding potential (A) rate of feeding on firstinstar silkworm; (B) rate of feeding on second instar silkwormand (C) rate
of feeding on third instar silkworm. Stages of E. furcellatawith same alphabeticletter are not significantly differentat P = 0.05 as per Bonferroni post-test.
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Fig. 3: Results of stage specific cumulative feeding potential (A) rate of feeding on first instar silkworm; (B) rate of feeding on second instar silkworm and (C)
rate of feeding on third instar silkworm. Stages of E. furcellata with same alphabetic letter are not significantly different at P = 0.05 as per Bonferroni post-test.
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Table 1: Stage specific predation of tasar silkworm larvae by Eocanthecona furcellata

On 1% instar silkworm

Stages of Daily Cumulative
Eocanthecona
furcellata Mean SEM P value F value Mean SEM P value F value
II” instar 0.67 0.08 2.68 0.34
III” instar 1.78 0.25 5.36 0.76
IV" instar 4.84 0.09 < 0.0001 110.30 24.20 0.45 0.0001 125.20
V" instar 9.05 0.38 36.20 1.53
Adult female 16.04 1.08 80.20 541
Adult male 10.52 0.67 48.20 2.81
On 2" instar silkworm
[I” instar 0.62 0.08 248 0.34
III” instar 0.98 0.07 2.96 0.23
IV" instar 3.08 0.04 <0.0001 100.70 15.40 0.21 0.0001 135.30
V" instar 5.05 0.31 19.20 0.80
Adult female 5.92 0.21 29.60 1.07
Adult male 4.80 0.36 24.00 1.84
On 3 instar silkworm
[I” instar 0.15 0.029 1.24 0.24
1" instar 0.44 0.017 1.32 0.04
IV" instar 240 0.21 < 0.0001 47.57 12.00 1.22 0.0001 56.06
V" instar 2.90 0.36 11.60 1.47
Adult female 3.52 0.13 17.60 0.67
Adult male 2.76 0.17 13.80 0.86
Note: Feeding assay at all developmental stages replicated for five times with 5 nymphs each during I, lIl, IV instars and 01 nymph/adult in each

replication during V" instar and adult stage.

duration of the developmental stage. Because in the present
study, it was observed that in some nymphal instars, in spite of
having more developmental duration feeding potential was less
as compared to other stage of predator. In case of first instar
silkworms, it was observed that females were more voracious
feeders which consumed 80.20 larvae in 5 days in comparison
males that consumed 48.20 larvae. Among different nymphal
instars, 5" instar nymphs had higher feeding potential as
compared to 4", 3°, and 2" instar nymphs (Table 1). In support of
these results, Bonferroni post test indicated significant difference
among developmental stages of E. furcellata (Fig. 3A). Similar
observation on second instar silkworm showed contrasting trend
as compared to daily feeding potential.

Here also females were more damaging to silkworms with
the larval consumption of 29.60, followed by males with 24.00
larval consumption. Trend of feeding potential of nymphal instars
was as similar as observed over first instar silkworm (Table 1).
Further Bonferroni post test to compare means among the
different developmental stages revealed that female and males
were significantly different with each other but statistically on par
with 5" nymphalinstar (Fig 3B). Similar observation with respectto
stage specific predation was observed over 3” instar silkworms

(Table 1), however, the consumption rate was less as compared to
1*and 2" instar silkworms (Fig 3C). Regarding the susceptibility of
tasar silkworms, 1% and 2" instar silkworms were more susceptible
against all stages of E. furcellata and 3” instar silkworms were
moderately susceptible, whereas fourth and fifth instar silkworms
were least susceptible to E. furcellata attack (Fig. 3). Third instar
onwards silkworms are comparatively bigger in size and
become more defensive as they ward off the predators by rapid
head movements. Similar size based defensive behaviour was
observed in brown marmorated stinkbug against Euthyrhinchus
floridanus (Arellano et al., 2019). Despite defensive behaviour
of tasar silkworm, certain level of mortality occurs due to
predation by E. furcellata at third, fourth and fifth larval instars,
especially when they are at moulting and spinning stage.
However, third instar onwards damage due to E. furcellata is
negligible (Selavraj et al, 2020; Barsagade and Gathalkar,
2016). Similar to the results of the present study, Pillai et al.
(2013) and Kumar et al. (2001) reported that the rate of
predation is influenced by the stage of host insect as they had
observed significant difference in feeding potential of different
instars of E. furcellata over Maruca vitrata and Spilarctia
obliqua. Arellano et al. (2019) also reported that feeding
response of E. floridanus known to be affected by
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developmental stage of Halyomorpha halys. The present study
is in confirmation with the reports of Ahmad et al. (1996) who has
reported the influence of Clostera cupreata larval instar over
feeding rate of E. furcellata.

With respect to stage specific feeding potential among
different developmental stages of E. furcellata, adults (female
and male) are known to have a better feeding potential. This
might be due to the fact that they prepare themselves for
reproductive performance and longevity at adult stage. Similar
opinion was given by Sravika et al. (2020), as they observed that
among different developmental stages adults found to be superior
in the feeding potential. In adults, usually females feed more in
order to prepare for egg production and to have more longevity at
adult stage. During the study, it was observed that feeding
potential increased gradually as the development progressed.
This stage wise increased feeding may be due to stage specific
nutritional requirements. Higher feeding potential at adult stage
might be because of higher nutritional requirement in mature
stages of E. furcellata, as reported by Sarkar et al., (2020) on
larvae of Hyposidra talaca. Similar feeding trend of E. furcellata
was reported by Nebupare et al. (2011) and Tuan et al. (2016) on
M. vitrata, Spodoptera litura and Plutella xylostella. Keerthi et al.
(2020) also reported similar results in case of predation by E.
furcellata over fall armyworm, as they observed stage wise (Il
instar nymphs to adult stages) gradual increase in the feeding
potential over 2%, 4" and 5" instar larvae of Spodoptera
frugiperda. Further, Tiwari et al. (2017) likewise noticed
increasing trend of predation by E. furcellata as they develop from
2" to 5" nymphal instars. However, they observed comparatively
lower rate of predation by adults, which is not in agreement with
the present findings.

Difference in the rate of predation by adults might be due
to the difference in the host insects used. Collective findings of
present investigation suggest that early instars of tasar silkworm
especially first and second instar silkworms are more susceptible
to predation by predatory stink bug. The present study also
revealed that adults and 5" nymphal instars are more damaging.
The study thus helps us to plan strategic management of E.
furcellata in tasar sericulture considering the silkworm stage and
population dynamics and developmental stages of stink bug.
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