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Abstract A survey was conducted to isolate indigenous

EPN, specifically from the northeastern part of India, a

biodiversity hotspot region, to record the occurrence and

their further use as biological control agent. The morpho-

logical and molecular analysis (ITS rDNA for Steinernema

and 16S rRNA for Xenorhabdus) revealed that the ento-

mopathogenic nematodes isolated from four different

habitats and its symbiotic bacteria are conspecific with

Steinernema sangi and Xenorhabdus vietnamensis respec-

tively. The phylogenetic analysis based on maximum par-

simony (MP) revealed that Steinernema sangi belongs to

feltiae-kraussei-oregonense group. The study constitutes

the first report of Steinernema sangi and its symbiotic

bacteria Xenorhabdus vietnamensis outside the type local-

ity, Vietnam, and in particular from India.
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Introduction

Due to a growing concern over the resistance developed by

certain insect pests to chemical pesticides and serious

threats pose to public health, a search for alternative bio-

logical control agents is necessitated. Entomopathogenic

nematodes (EPNS) are a good candidate to be integrated in

insect pest management due to their potential in killing a

wide range of insects. EPNs, belonging to the families

Steinernematidae and Heterorhabditae in particular, are

parasites of various insects, and have been employed for

biological control of many insect pests (Kaya et al. 2006).

The unique characteristic of EPN is that they are symbi-

otically associated with bacteria, viz. Xenorhabdus spp. in

steinernematids and Photorhabdus spp. in heterorhabditids,

in their digestive tract (Boemare 2002). The nematodes

after entering the insects’ body release the associated

bacteria, which rapidly multiply and kill the host by

inducing septicaemia within 24–72 h. The nematodes ini-

tiate its development, then feed on the bacterial cells and

the host tissues until the food resources in the host cadaver

are depleted. Finally, they emerge as a new generation of

infective juveniles (IJs) in the soil in search of new hosts

(Hazir et al. 2003).

For EPN to be an effective biological pesticide, it is

essential to identify naturally-adapted species in a specific

area (Stock et al. 1999). Surveys revealed that these nema-

todes have a world-wide distribution with the exception of

Antarctica (Campos-Herrera et al. 2012). Currently, there

are 95 and 16 valid species of Steinernema and

Heterorhabditis respectively (Hunt and Subbotin 2016), and

the work on species description is still continuing.

In India, the works on entomopathogenic nematodes was

initiated using exotic species/strains of Steinernema car-

pocapsae, S. glaseri, S. feltiae and Heterorhabditis bacte-

riophora. But the results were highly inconsistent due to

poor adaptability of the nematodes in an alien environment

(Kaya et al. 2006). Since then, surveys have been focussed

to indigenous species resulting in the recovery of several

species and strains. Currently, ten species of valid ento-

mopathogenic nematodes viz. Heterorhabditis indica, H.

bacteriophora, S. abbasi (=S. thermophilum), S. bicornu-

tum, S. carpocapsae (=S. meghalayense), S. glaseri, S.
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hermaphroditum (=S. dharanai), S. riobrave, S. siamkayai

and S. surkhetense have been documented from different

parts of the country (Lalramliana and Yadav 2010; Hus-

saini et al. 2001; Ganguly and Singh 2000; Ganguly et al.

2002, 2011; Kulkarni et al. 2012; Bhat et al. 2017). The

objective of this study is to isolate indigenous EPN from

the northeastern part of India, a biodiversity hotspot region,

to record the occurrence and their further use as biological

control agent.

Materials and methods

Nematode isolation and identification

Soil samples were collected at a depth of 10–15 cm

covering an area about 1 sq. m from different spots in

Mizoram, northeastern India during 2014–2016 (Fig. 1).

It was pooled and made up to 400–500 grams in poly-

ethylene bags and transported to laboratory. All the

sampling information relating to date, location and soil

type were recorded. Isolation of the nematodes was done

using baiting techniques (Bedding and Akhurst 1975).

The samples were baited with ten numbers of the baiting

agent, larvae of Galleria mellonella, in a plastic container

(ca 500 ml). The containers were sealed with a lid, turned

upside down and kept at room temperature. Larval mor-

tality was observed daily for ten days. The observed dead

or infected larvae were transferred to modified White

traps (Kaya and Stock 1997). The extracted nematodes

were re-infected to the last instar larvae of G. mellonella

at 23 ± 3 �C, and the infective juveniles of the nematodes

produced were stored with aerated water in an incubator

at 12–15 �C.
For morphological and morphometric analysis of the

nematodes, thirty each of first-generation females, males

and IJs were randomly selected. The nematodes were

transferred to Ringer’s solution and killed at 60 �C. It was
then placed in tri-ethanolamine–formalin (TAF) fixative

(Kaya and Stock 1997) and processed to anhydrous glyc-

erine following Seinhorst (1959). Observations were made

using an Olympus CX41 microscope.

For molecular characterization of the nematodes, DNA

was extracted from a single adult female nematodes (5

replicates) using QIAamp DNA mini kit (Qiagen). The

primers used for ITS amplification were primer TW81 (50-
GTTTCCGTAGGTGAACCTGC-30) forward and AB28

(50-ATATGCTTAAGTTCAGCGGGT-30) reverse as

described by Joyce et al. (1994). The amplification was

done using a ProFlexTM 3 9 32-Well PCR System (Ap-

plied Biosystems) and the conditions were: 1 cycle of

94 �C for 1 min followed by 35 cycles at 94 �C for 60 s;

55 �C for 60 s; and 72 �C for 2 min. The last step was 1

cycle at 72 �C for 10 min. The PCR products were directly

sequenced in both directions at Scigenom, Kochi, Kerala,

India.

Bacteria isolation and identification

The bacteria associated with the EPN were isolated fol-

lowing Emelianoff et al. (2008). The genomic DNA was

extracted using QIAamp DNA mini kit (Qiagen) and the

16S rRNA gene was amplified following Tailliez et al.

(2006) using primers 16SP1 (50-GAAGAGTTTGA
TCATGGCTC-30) forward and 16SP2 (50-AAGGAGGT-
GATCCAGCCGCA-30) reverse. The conditions applied for
the amplification of the gene were: 94 �C for 2 min fol-

lowed by 35 cycles of 30 s at 95 �C, 30 s at 63 �C and

1 min at 72 �C, followed by 7 min at 72 �C. The PCR

products were directly sequenced at Scigenom Kochi,

Kerala, India.
Fig. 1 Map of Mizoram, northeastern India showing collection

locality (filled circle) of Steinernema sangi

1124 J Parasit Dis (Oct-Dec 2017) 41(4):1123–1131

123



Sequence alignment and analysis

The resulting sequences were edited using FinchTV 1.4.0

software packages (Geospiza, Inc.; Seattle, WA, USA;

http://www.geospiza.com) and aligned using Clus-

tal X 1.64 (Thompson et al. 1997). The phylogenetic

relationships were established using Maximum Parsimony

(MP), in MEGA 5 (Tamura et al. 2011) with the selected

species sequences of the genera Steinernema and

Xenorhabdus retrieved from GenBank. Bootstrap analysis

was carried out with 1000 datasets. Heterorhabditis indica

(AY321483) and Photorhabdus luminescens (AY594267)

obtained from the GenBank were used as the outgroup

taxon for Steinernema spp. and Xenorhabdus spp.

respectively.

Results

Nematode Identification

Morphological Identification

The nematodes were recovered from 4 localities out of the

76 villages surveyed. The analysis reveals that the mor-

phometric and morphology of the IJs, females, and males

of the isolates (Table 1) fall within the range of the original

description of Steinernema sangi (Phan et al. 2001) from

Vietnam. All the measurements including the D % (dis-

tance of excretory pore from anterior end/distance of

oesophagous length 9 100), E % (distance of excretory

pore from anterior end/tail length 9 100), ratios (A, B, C)

and the morphological characters viz. the shape and length

of spicule and gubernaculum in male, the absence of

epiptygma and the presence of mucron in female

undoubtedly indicate that the isolated nematodes is con-

specific to Steinernema sangi.

Nucleotide Analysis and Molecular identification

The generated sequence of ITS1 ? 5.8S ? ITS2 ? 28S

partial sequence region of the nematode isolate is 759 bp

long, with ITS1 = 255 bp, 5.8S = 157 bp, ITS2 = 308 bp

and 28S = 38 bp. The developed sequences have been

deposited in GenBank (under the accession number

KY861069–KY861072). The average base composition

[Thymine (T); Cytosine (C); Adenine (A) and Guanine

(G)] were T = 34.0%, C = 19.4%, A = 23.6%

G = 23.0%, which showed ITS gene of developed

sequences of Steinernema sangi were A ? T rich (57.0%).

The BLAST search of GenBank showed that our nematode

has a high similarity (99%) with that sequence available for

S. sangi (AY355441). Other closely related species

includes Steinernema sp. (GU395631) with 98% similarity,

S. cholashanense (GQ377419) with 90% similarity, S.

kraussei (KM016394) and S. oregonense with 88% simi-

larity, S. xueshanense, S. texanum and S. akhursti with 87%

and S. weiseri, S. litorale and S. feltiae with 86%. The

sequences of all other identified Steinernema species

available in GenBank showed B86% similarity. The K2P

distance reveals that the four developed sequences and a

single database sequence (AY355441) of Steinernema

sangi exhibit an average intraspecies distance of

0.1 ± 0.1% (0.0–0.3%) and an average interspecies dis-

tance of 23.7 ± 2.7% (1.0–49.0%) with respect to all other

species analysed. The closest species is Steinernema sp.

YNd37 (GU395631) with a distance of 1.0–1.3%. The

phylogenetic relationships between Steinernema sangi

from India and another 39 species of Steinernema acquired

from the GenBank are presented in Fig. 2 (tree

length = 1082, CI 0.5186, RI 0.7996). The present study

constitutes the first report of Steinernema sangi in India.

Bacterial Identification

The symbiotic bacteria isolate is identified through

1192 bp long sequence of 16S rRNA gene. The developed

sequences have been deposited in GenBank under the

accession number KY859768–KY859770. The BLAST

search of GenBank showed that our bacterial isolate has a

high similarity (99% with only 1 bp difference) with the

two data base sequences of Xenorhabdus vietnamensis

(DQ205447 and NR_115713). Other closely related species

exhibiting higher similarity were Xenorhabdus japonica

(DQ202310) (99% with 16 bp difference); X. khoisanae

(JX623972) and X. koppenhoeferi (NR_043637) (98%); X.

doucetiae (NR_043642), X. ehlersii (DQ202312), X.

hominickii (DQ205449) and X. kozodoii (EU190977)

(97%); X. indica (GU480966), X. bovienii (DQ205455) and

X. budapestensis (DQ211714) (96%). The sequences of

other Xenorhabdus species available in GenBank showed

B96% similarity. The K2P distance reveals that the dis-

tance between the developed sequences and the two data-

base sequences of Xenorhabdus vietnamensis is 0.00%,

ascertaining the similarity, whereas the interspecies dis-

tance between its closest species X. japonica is only 0.7%.

Moreover, the distance between the developed sequence

and data base sequence of Xenorhabdus vietnamensis

(GU480991) is 3.4% indicating that they are not con-

specific, and furthermore, the distance between the data

base sequence of X. vietnamensis (GU480991) and X.

ishibashi is only 0.4%. The phylogenetic relationships

between Xenorhabdus vietnamensis from India and another

19 species of Xenorhabdus acquired from the GenBank are

presented in Fig. 3 (tree length = 288, CI 0.4550, RI

0.6171).
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Discussion

Since isolates of EPNs from different geographical area

exhibit differences in their behavioural and physiological

adaptations, identification and documentation of locally-

adapted species of a particular region is required for the

successful use of EPN as a biological control agent (Stock

et al. 1999). Furthermore, accurate identification is very

important in understanding the geographical distribution

and biodiversity of steinernematids (Kerry and Hominick

Table 1 Comparative morphometrics of Steinernema sangi. Measurements are in lm, and data are expressed in the form of mean ± SD (range)

Character Infective

juvenile

After Phan et al.

(2001)

1st generation

female

After Phan et al.

(2001)

1st generation

male

After Phan et al.

(2001)

Body length 748.8 ± 6.2

(697.5–797.5)

753 ± 18

(704–784)

5959.6 ± 147.6

(4580–7120)

6030 ± 679.8

(4830–7200)

1585 ± 51.0

(1322.5–2192.5)

1674 ± 220.5

(1440–2325)

Body width 32.5 ± 0.3

(27.5–35)

35 ± 2.3

(30–40)

321 ± 4.02

(270–360)

336 ± 22.9

(270–360)

156.3 ± 4.2

(127.5–202.5)

159 ± 27.8

(120–225)

EP 48.8 ± 0.6

(42.5–52.5)

51 ± 1.8

(46–54)

98.4 ± 1.6

(77.5–115)

101 ± 10.4

(80–121)

76.3 ± 1.2

(67.5–92.5)

82 ± 9.2

(67–99)

NR 95 ± 0.7

(87.5–100)

91 ± 3

(78–97)

154.4 ± 1.0

(140–165)

158 ± 8.2

(140–170)

127.5 ± 3.5

(105–167.5)

126 ± 13

(109–166)

Oesophagus length 125 ± 1.3

(107.5–140)

127 ± 3.9

(120–138)

221.5 ± 2.9

(200–250)

229 ± 7.8

(216–240)

165 ± 1.5

(152.5–182.5)

166 ± 15

(150–221

Tail length 77.5 ± 0.7

(72.5–87.5)

81 ± 3

(76–89)

48.8 ± 1.0

(37.5–60)

49 ± 7.3

(36–62)

33.8 ± 0.8

(27.5–43.8)

32 ± 3.9

(27–42)

Anal body width 17.5 ± 0.3

(15–20)

18 ± 0.6

(17–19)

107.8 ± 2.2

(87.5–137.5)

111 ± 13.6

(84–140)

41.3 ± 0.7

(35–47.5)

43 ± 2.6

(40–50)

Mucron length – – 5.7 ± 0.3

(5–7.5)

6 ± 1.2

(5–8)

– Opaque

Spicule Length – – – 60 ± 0.7

(55–72.5)

63 ± 4.4

(58–80

Spicule width – – – 12.5 ± 0.3

(10–15)

12 ± 1.1

(10–14)

Gubernaculum

length

– – – 37.5 ± 0.8

(30–45)

40 ± 3.1

(34–46)

Gubernaculum

width

– – – 5 ± 12.2

(43–53)

7.5 ± 0.2

(5–10)

7 ± 0.8

(5–9)

V % = V/BL

9100

– – 48.8 ± 0.6

(38.6–53.7)

–

A 23.3 ± 0.2

(21.5–25.8)

22 ± 1.3

(19–25)

18.5 ± 0.3

(15–21.7)

18 ± 2

(14–21)

10.2 ± 0.1

(8.9–13.3)

10.6 ± 1.2

(8.7–12.5)

B 5.9 ± 0.1

(5.4–6.7)

5.9 ± 0.2

(5.6–6.3)

26.6 ± 0.6

(20.5–31.6)

26 ± 2.9

(20–31)

9.9 ± 0.2

(8.2–12)

10.1 ± 1

(8.8–12.0)

C 9.6 ± 0.1

(8.4–10.4)

9.3 ± 0.3

(8.7–10.2)

123.2 ± 3.1

(95.6–165.1)

125 ± 18.9

(99–170)

49.5 ± 1.1

(39.1–70.1)

52 ± 7.7

(40–75)

D % = EP/ES 9

100

38.8 ± 0.6

(32.1–44.2)

40 ± 1.7

(36–44)

44 ± 0.5

(36.9–48.9)

44 ± 4.7

(35–51)

45.6 ± 0.6

(40–52.3)

49 ± 5.8

(42–63)

E % = EP/

TL 9 100

62.9 ± 0.9

(54.3–70)

62 ± 3.1

(56–70)

203.7 ± 4.3

(154.1–258.8)

209 ± 23.9

(162–249)

232.2 ± 5.2

(187.5–318.2)

255 ± 31.5

(209–341)

SW = SPL/ABW – – – 1.5 ± 0.0

(1.3–1.7)

1.5 ± 0.1

(1.2–1.6)

GS = GL/SPL – – – 0.6 ± 0.0

(0.5–0.7)

0.6 ± 0.04

(0.5–0.7)

EP distance of excretory pore from anterior end; NR distance of nerve ring position from anterior end; V distance of vulva position from anterior

end; A body length/body width; B Body length/oesophagus length; C Body length/tail length
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S. ashiunense DQ354694

S. robustispiculum AY355442

S. monticolum AF122017

S. kushidai AB243440

S. akhursti DQ375757

S. cholashanense GQ377419

S. xueshanense FJ666052 

S. oregonense AF122019

S. kraussei AB243442

S. hebeiense DQ105794

S. feltiae AF121050

S. litorale AB243441

Steinernema sp. YNd37 GU395631

S. sangi AY355441 

S. sangi PUCStK1 KY861072

S. sangi PUCStL1 KY861070

S. sangi PUCStC1 KY861071

S. sangi PUCStR1 KY861069

S. hermaphroditum JQ687355

S. lamjungense HM000101

S. guangdongense AY170341

S. longicaudum AY170337

S. glaseri AF122015

S. arenarium DQ314288

S. aciari AY787660

S. loci AY355443

S. thanhi AY355444

S. pakistanense AY230181

S. bicornutum EU598238

S. abbasi AY248749

S. thermophilum KF312236

S. backanense AY487918

S. sasonense AY487919

S. nepalense HQ190044

S. surkhetense HQ190042

S. carpocapsae KC571265

S. eapokense AY487921

S. siamkayai AF331917

S. cumgarense AY487920

S. huense KF857581

S. tami AY171280

S. minutum GU647156

S. beddingi AY603397

S. sichuanense DQ884965

H. indica AY321483
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100

100
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Fig. 2 Phylogenetic

relationship of Steinernema

sangi with other Steinernema

spp. based on analysis of the

ITS rDNA regions. Numbers

indicated at the nodes represents

bootstrap proportion values

(50% or more, 1000 replicates).

Numbers after each species and

isolate indicate the GenBank

Accession numbers
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2002). However, the identification of Steinernema to the

species level based solely on morphological analysis might

be risky (Spiridonov et al. 2004). The aim of the study,

therefore, was to isolate locally-adapted species and iden-

tify to a species level through a combination of morpho-

metric and molecular analysis for future use as an effective

biological control agent.

The morphometric measurements falls within the ranges

of Steinernema sangi described by Phan et al. (2001) with a

slight, but negligible, variation in morphometric measure-

ment. These differences may be attributed to both

intraspecific genetic variations and environmental (Rolston

et al. 2009; Bolnick et al. 2011). Steinernema sangi have

been described originally from the forest of Xuanmy,

Thuongxuan, Thanhhoa province, Vietnam (Phan et al.

2001) and never been reported elsewhere. The Indian iso-

late of Steinernema sangi was also collected from the forest

soil of Mizoram, northeast India. The relationship between

habitat and abundance of entomopathogenic nematodes

had been reported by a number of workers. The high rate of

occurrence is reported in disturbed habitat with high human

impacts like agricultural fields (Campos-Herrera et al.

2007; de Brida et al. 2017), whereas, it is higher in natural

habitats (Stock et al. 2008; Valadas et al. 2014). It is thus

obvious that the occurrence of EPNs relative to the habitat

type varied among the species, and also depending on the

geographical areas. However, we strongly agreed to the

remarks of Stock et al. (1999) and Stock and Gress (2006)

that the natural habitats offered a high chance of finding

native EPN species compare to human modified areas

because they are more likely uncontaminated by introduced

nematodes.

The phylogenetic analysis inferred from ITS rDNA

region indicated that Steinernema sangi is a species

belonging to the feltiae-kraussei-oregonense (Clade III)

group of Spiridonov et al. (2004) forming a monophyletic

group with S. feltiae, S. litorale, S. hebeiense, S. kraussei,

S. oregonense, S. xueshanense, S. cholashanense and

Steinernema sp. YNd37. Within this group, the isolated

Steinernema sangi formed a cluster with Steinernema sp.

YNd37 and did not cluster with other species supporting

the report of Nguyen et al. (2007, 2008). Among the group,

Steinernema kushidai and S. akhursti form a monophyletic

group; and similarly S. monticolum, S. ashiunense and S.

X. vietnamensis PUCXe1A KY859768

X. vietnamensis NR115713

X. vietnamensis PUCXe1B KY859769

X. vietnamensis PUCXe1C KY859770

X. vietnamensis DQ205447

X. japonica DQ202310

X. nematophila D78009

X. doucetiae NR043642

X. koppenhoeferi NR043637

X. khoisanae JX623972

X. hominickii DQ205449

X. kozodoii EU190977

X. ehlersii DQ202312

X. innexi NR042325

X. budapestensis DQ211714

X. bovienii DQ205455

X. szentirmaii NR042328

X. indica GU480966

X. ishibashii AB243427

X. vietnamensis GU480991

X. griffiniae DQ211710

X. stockiae DQ202309

P. luminescens AY594267

100
100

100

100

100

81

81

81

81

72

81

81

81
81

81

81

72

10

Fig. 3 Phylogenetic

relationship of Xenorhabdus

vietnamensis with other

Xenorhabdus spp. based on

analysis of the 16S rRNA

regions. Numbers indicated at

the nodes represents bootstrap

proportion values (50% or more,

1000 replicates). Numbers after

each species and isolate indicate

the GenBank Accession

numbers
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robustipiculum form another monophyletic group. The tree

inferred from the present study highly support mono-

phyletic clades which are in agreement with other phylo-

genetic studies of the genus Steinernema (Nguyen et al.

2007, 2008; Qiu et al. 2011; Spiridonov et al. 2004; Stock

et al. 2001).

A mutualistic relationship between steinernematids and

their symbiotic bacteria, with the exception of few

Xenorhabdus spp., is species specific (Adams et al. 2006).

The symbiotic bacteria associated with Steinernema sangi

is Xenorhabdus vietnamensis (Tailliez et al. 2006). For

identification and phylogenetic analysis, the sequence of

16S rRNA gene is commonly employed. However, due to

the stringent functional constraints, the phylogenetic

information in the sequence of 16S rRNA is insufficient

(Tailliez et al. 2010). The insufficiency is also observed in

this study where the developed and data base sequences of

X. vietnamensis exhibit 99% nucleotide identity (K2P

distance of only 0.7%) with database sequence of X.

japonica. In spite of limitations in its application, 16S

rRNA still represents the most important target of study in

bacterial ecology (Větrovský and Baldrian 2013). The

phylogenetic analysis inferred from the 16S rRNA

sequence of the Indian Xenorhabdus vietnamensis reveals

that it forms a distinct clade with two data base sequences

of X. vietnamensis (K2P distance of 0.00% ascertaining the

conspecificity) and X. japonica (K2P distance of 0.7%).

However, the wide K2P distance (3.4%) between the

Indian Xenorhabdus vietnamensis (alongwith two database

sequences of X. vietnamensis) and X. vietnamensis

(GU480991) (Lee and Stock 2010) retrieved from Genbank

is not acceptable and needs to be resolved. It is apparent

that Xenorhabdus vietnamensis (GU480991) is a result of

misidentification of the bacteria and its host.

In India, a number of indigenous steinernematids and

heterorhabditids have been documented. However, works

on the EPNs in northeast India is very limited, and more-

over, less is known about their occurrence and potential in

the region. So far, five species of EPNs viz. Heterorhab-

ditis indica, H. bacteriophora, Steinernema glaseri, S.

abbasi (=S. thermophilum) and S. carpocapsae (=S.

meghalayense), have been documented from northeastern

India where the bioefficacy and ecological characters of

only some species have been studied (Lalramliana et al.

2005; Lalramliana and Yadav 2010, 2016; Ganguly et al.

2011; Yadav and Lalramliana 2012a, b, c; Devi et al.

2016). Among the isolated EPN species from India, several

species were claimed as species new to science,

viz. Heterorhabditis indica (Poinar et al. 1992), Stein-

ernema thermophilum (Ganguly and Singh 2000), S.

masoodi and S. seemae (Ali et al. 2005), S. mushtaqi

(Pervez et al. 2009), S. qazii (Ali et al. 2009), S. sayeedae

(Ali and Shaheen 2011), S. meghalayense (Ganguly et al.

2011) and S. dharanai (Kulkarni et al. 2012). However,

further studies treated Steinernema thermophilum as a

junior synonym of S. abbasi (Hunt 2007); S. meghalayense

and S. dharanai as a junior synonym of S. carpocapsae and

S. hermaphroditum respectively; S. masoodi, S. seemae, S.

qazii and S. sayeedae under species inquirendae and S.

mushtaqi as nomen nudum (Hunt and Subbotin 2016).

Therefore, with the isolation of Steinernema sangi from the

northeastern region, eleven valid EPN species are presently

known from India.

In conclusion, the present study enriched the diversity of

indigenous EPNs and provides information on the extended

distribution of Steinernema sangi and its symbiotic bacteria

in India. Moreover, the occurrence of this species in

Mizoram reveals the possibility of further distributional

range extension in other parts of northeastern India,

including Bangladesh and the eastern part of India. Further,

it opens up the prospect of investigating this particular

species for biocontrol capabilities against local insect pests.
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