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New Record of Carinostigmus Tsuneki (Hymenoptera: Crabronidae: Pemphredoninae) 
species in India and identity of its species using DNA barcoding

ABSTRACT: Specimens of the aphid hunting wasp Carinostigmus Tsuneki (Hymenoptera: Crabronidae: Pemphredoninae) were collected 
from South India. Morphological identification revealed three species, and one of them, C. griphus Krombein, is new for India. Identification 
of the species is supported through COI partial gene-DNA Barcoding.

INTRODUCTION

The Aphid hunting wasp genus Carinostigmus 
Tsuneki 1954 belongs to the family Crabronidae, subfamily 
Pemphredoninae, tribe Pemphredonini, subtribe Stigmina. 
Species in the Stigmina are among the smallest within 
Crabronidae, with the adults of Carinostigmus varying 
from 4.0 to 6. 5 mm in length, apart from Ammoplanus and 
Spilomena of subtribes Ammoplanina and Spilomenina, 
respectively. The females of Carinostigmus prey mainly on 
small insects like aphids and leaf hoppers. The adults feed on 
nectar from generalized flowering plants, and the larvae feed 
on aphids provided by the mother. The nest is normally built 
within a burrow made in dried twigs or wooden logs. The 
nesting pattern of this genus was studied by Green (1903) 
and Iwata (1964); they found out that the adult female builds 
the nest by excavating the soft pith of the grass stem or dead 
slander twigs or sometimes even establishing the nest in 
wooden logs. The wasp makes a series of cells provisioned 
with aphids. 

Carinostigmus, first proposed by Tsuneki (1954) as 
a subgenus, was raised to the genus level by Bohart & 
Menke (1976). It is characterized by the presence of the 
median ridge on the frons; the absence of the acetabular 
carinae; and the hindwing media diverging much beyond the 
cubito - anal cross vein. The genus was first recorded from 
India by Bingham (1897) based on specimens from Sikkim, 
as Stigmus congruus and Stigmus niger; the latter name was 
synonymized with S. congruous by Kohl (1885). Krombein 

(1984) revised the species of Carinostigmus from Sri Lanka 
(Ceylon) and provided a key for species identification. He 
described two new species, C. costatus and C. griphus.  
C. costatus was alsoreported from South India. His 
descriptions are based on male and female characters; 
however, the females of C. congruus and C. griphus are 
morphologically difficult to distinguish.

In this study, the authors reports the occurrence of 
Carinostigmus griphus Krombein in India for the first 
time and demonstrate the utility of using DNA barcodes 
in diagnosing females of the species that are not easily 
distinguished by morphology.

MATERIALS AND METHODS

Specimens were collected from 11 localities in the states 
of Karnataka and Tamil Nadu (Table 1) by sweep net and 
yellow pan traps and were processed, mounted and labeled 
as per standard protocol (Aguiar, 2012). Imaging was done 
using Leica Wild M10 stereo trinocular microscope and 
slight touch up made in Adobe Photoshop 7. The genus and 
species were identified using the keys provided by Bohart and 
Menke (1976) and Krombein (1984), respectively.

DNA isolation and partial COI gene sequencing

DNA was isolated from the hind leg of individual wasp 
using Qiagen DNeasy Blood and Tissue kit method following 
the manufacturer’s protocol. PCR amplification of partial 
gene sequences of mitochondrial COI gene was done by 
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using the universal COI primers (Hebert et al., 2004). PCR 
amplification was performed for a total volume of 30 μL, 
containing 2 μl DNA extract (20 ng), 1 μl (2mol) of each 
primer, 1 μl dNTP mixture (2.5 mmol for each), 2.5 μL 10 x  
Taq PCR reaction buffer, 3 μL 25 mM MgCl

2
+, and 1 unit of 

Taq DNA polymerase using a thermal cycler (BioRadiCyler) 
with the PCR cycle  as follows, initial step at 940C for 1 
minute and 35 cycles of the following: Denaturing 950C 
for 30 seconds, annealing 510C for 30 seconds, extension 
at 720C for 45 seconds and 40C forever (Ball and Amstrong, 
2008). The PCR products size varied from 650 to 680 bp, 
the amplified products were confirmed by running on 1.5% 
agarose gel with 250bp ladder and visualized in INGENIUS3 
gel dock. The amplified products were purified using 
Qiagen PCR purification Kit by following the manufacture’s 
instruction and the purified samples were sequenced using 
Sanger’s method at M/S. Eurofins Pvt. Ltd, Bangalore, 
India. The sequences were annotated using NCBI Blast 
tools and submitted to NCBI GenBank Database as well as 
BOLD database and were assigned with accession number  
(Table 2). Using NCBI Blast, the more closely related 
sequences belong to two species of Crabronidae were 
retrieved from NCBI GenBank database and were included 
in the phylogeny analysis as outgroup.

Estimates of Genetic Divergence between species

Estimation of genetic distance between the species 
using their COI gene sequences was performed using MEGA 
6 software. The numbers of base substitutions per site from 
between sequences are shown in Table 3. Analyses were 
conducted using the Maximum Composite Likelihood model 
(Tamura et al., 2004). The differences in the composition 
bias among sequences were considered in evolutionary 
comparisons (Tamura and Kumar, 2002). The analysis 
involved 7 nucleotide sequences and was used 1st Codon 
positions for analysis. All ambiguous positions were removed 
for each sequence pair. There were a total of 224 positions in 
the final dataset. Genetic Divergence analysis was conducted 
in MEGA6 software (Tamura et al., 2013).

Construction of phylogeny

The sequences were converted into FASTA and 
consensuses were generated by Clustal-W multiple sequence 
alignment with default setting using MEGA 6 software. The 
tree was constructed using Neighbor Joining (NJ) method 
based on K-2 Parameter distance with the uniform rate of 
substitution, and the evolutionary pattern was inferred using 
boot strap of 1000 replicates with the Jukes Cantor model 
(Tamura et al., 2013). Sequences of related species retrieved 

Table 1. Collection details of Carinostigmus

Sl. No. States of India
Place of collection  
with Date

Geo Reference Mode of collection Name of the collector

Karnataka

Hebbal, 18.x.2014 N13003’E77035’
Yellow pan traps, 
Sweep Net

R. G. Gracy

2.
GKVK, 
18.ii.2015

N13004’E77035’
Yellow pan traps, 
Sweep Net

R. G. Gracy

3.
Yelahanka
6.ii.2015

N13006’E77035’
Yellow pan traps, Sweep 
Net

R. G. Gracy

4.
Kunigal
16.x.2014

N13040’E78006’ Yellow pan traps Veenakumari. K

5.
Nandi Hills
18.ix.2014

N13038’E77070’ Yellow pan traps R. G. Gracy

6.
Srirangapatna
20.x.2014

N23041’E76069’ Yellow pan traps R. G. Gracy

7.
Kanakapura
29.xi.2014

N120550E77.410 Yellow pan traps R. G. Gracy

8.
Magadi
15.x.2014

N12.95°E77.22° Yellow pan traps R. G. Gracy

9.
Mallur
6.viii.2014

N13.00°E 77.94° Yellow pan traps R. G. Gracy

10.

Tamil Nadu

Yercaud, 6.viii.2014 N11077’E78020’ Yellow pan traps Ramesh Kumar. A

11.
Valparai
4.vii.2014

N10031’E78095’ Yellow pan traps Ramesh Kumar. A
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from NCBI GenBank viz., Stigmus sp. (ALF68393) and 
Crabronidae (AMY29664) were used to root the tree.

Taxonomy

Genus Carinostigmus Tsuneki

 CarinostigmusTsuneki, 1954. Type species: Stigmus 
congruus Walker, 1860, by original designation. 

CarinostigmusTsuneki. - Bohart and Menke, 1976.

 Perissostigmus Krombein, 1984, as subgenus of 
Carinostigmus Tsuneki. 

 Type species: Carinostigmus bucheilus Krombein, by 
original designation and monotypy. 

 Revision: Tsuneki, 1954 (Southeast Asia); Krombein, 
1984 (Sri Lanka); Budrys, 1987 (Russian Far East).

  Key to species: Krombein, 1984 (India and Sri Lanka); 
Tsuneki, Nozaka, Tano, Kurokawa, and Murota, 1992 
(Philippines); L. Ma, X.X. Chen and Q. Li, 2012 
(China).

Genus description (Krombein, 1984) 

The wasps belonging to Carinostigmus are small in 
size, varying from 4 to 6.5 mm, with predominantly black 
glossy integument as in three species discussed below; frons 
with median carina, with T-like projection at base; antenna 
12-segmented in female, 13-segmented in male, in male with 
short erect fringe-like setae beneath the segments. Mandible 
bidentate (male) or tridentate (female) apically in subgenus 
Carinostigmus, butbidentate in subgenus Perissostigmus; 
clypeus in most species without dense silvery setae; labrum 
varying from subtriangular to narrowly rounded at apex; 
maxillary palpus with 6 segments; labial palpus with 4 
segments;  eyes separated and having narrow grooves along 
orbits; ocelli normal; occipital carina and hypostomal carina 
present; notauli developed, parapsidal lines present; pronotal 
lobe conically produced, white to ivory; omaulus present, 
acetabular carina absent; female fore tarsus without rake; 
hind tibia without series of posterior spines; stigma enlarged, 
as long as first submarginal cell, two submarginal and two 
discoidal cells present; hind wing cu-a positioned about half 
way from the wing base to origin of  media;  petiole long, 
slender, much longer than twice its diameter; and longer than 
hind coxa; female pygidial plate present, oval to teardrop-
shaped in outline.

Species descriptions

Carinostigmus (Carinostigmus) congruus (Walker)

Male maxillary palpi normal; underside of head with 
a few weak rugae, a large median area with moderately 
close punctures more smoother space laterally towards eye 
margin; labrum honey colour; clypeal lobe glossy, convex, 

produced in front and bidentate; antenna, all  trochanters, 
fore and mid tibiae and tarsi, and mandibles testaceous to 
light yellowish brown; interocular distance at anterior ocellus 
1.4 × that at antennal insertions; vertical rugae  absent or 
evanescent,irregular rugae present on declivous surface of  
pronotum anterior to transverse ridge; pronotal lobe ivory; 
pronotal ridge weaker laterally, not emarginated mesally.

Carinostigmus (Carinostigmus) griphus Krombein

Male maxillary palpi normal; underside of head with 
vertical rugae mesally in smalarea, smooth and moderately 
punctate laterally; clypeal lobe strongly shagreened in 
male and less so in female, less convex than C. congruus, 
not well produced; palpi, underside of scape, underside of 
pedicel, mandible, trochanters and fore tarsi testaceous;  
interocular distance at anterior ocellus 1.7 × that at antennal 
insertions; anterior pronotal ridge prominent but weaker than 
in C. costatus, slightly emarginated mesally in male, lateral 
angles more predominant laterallydeclivous slope anterior to 
pronotal ridge with vertical ridges.

Carinostigmus (Carinostigmus) costatus Krombein

Underside of head with close longitudinal ridges; female 
maxillary palpi normal, in males conspicuously elongated, 
flattened, fringed on the inner margin with long curled setae 
and extending up to fore coxa; female mandible with ivory 
streak; trochanters black or dark; anterior pronotal ridge more 
prominently produced laterally and emarginated mesally.

RESULTS AND DISCUSSION

A study of specimens of Carinostigmus collected in 
Karnataka and Tamil Nadu revealed that three species, 
Carinostigmus (Carinostigmus) congruus (Walker), 
Carinostigmus (Carinostigmus) costatus Krombein, and 
Carinostigmus (Carinostigmus) griphus Krombein (Fig. 1). 
This constitutes the first record of C. griphus for India.

Since no male C. congruous has been collected, the 
author used a molecular approach (Hebert et al., 2004) to 
establish the female identity of C. congruous as it is difficult to 
identify them based on morphological character as mentioned 
by Krombein, 1984. The DNA barcoding of three species 
using partial mitochondrial COI gene was carried out and 
the sequences from respective males and female specimens 
were analyzed Table 2. This analysis revealed that the gene 
sequence from male and female of the same species matches 
100% with each other. Based on the sequence similarity, the 
females of C. griphus and C. congruous were distinguished 
from each other. The pairwise genetic divergence between 
and within (male vs female) the species was estimated using 
MEGA6. software. The result clearly showed that the genetic 
distance within species (male and female) was 0.004, wherein 
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it was higher between species and varied from 0.07 to 0.09. 
The distance between genera (outgroups) varied from 0.16 
to 0.11 Table 3. The females of C. congruus and C. griphus 
had the genetic distance varying from 0.033 to 0.028. This 
shows these two species were more closely related than each 
of them was to C. costatus.

The molecular phylogeny tree was constructed using 
seven sequences of the closely related species by MEGA 
6. software. The tree clearly indicates the presence of three 
species as they are diverging and forming different clades, 
wherein the males and females of the same species are 
together in the tree (Fig. 2). The related Stigmus sp. forms 
a separate clade and is aligned with the outgroup from 
Crabronidae. C. griphus and C. congruus were grouped in 
the same clade, which confirmed that they are more closely 
related to each other than to C. costatus. The molecular 
phylogeny and genetic distance confirm the proximity of the 

C. griphus and C. congruus.

CONCLUSION

The females of Carinostigmus congruus and C. griphus 

Table 2. Sequence details of three species of Carinostigmus deposited in various databases.

Sl. No. Species GenBank accession numbers BOLD Accession Numbers

1. C. congruus ♀ KT070204 BOLD:ACD90874

2. C. griphus
♂ KT070205

BOLD:ACV20062
♀ KT070206

3. C. costatus
♂ KT070202

BOLD:ACV20072
♀ KT070203.1

Table 3. Pairwise genetic divergence among the three species of Carinostigmus

Species Sp. ID 1 2 3 4 5 6 7

Carinostigmus costatus_male 1 0.000

Carinostigmus costatus_female 2 0.004 0.000

Carinostigmus congruus_female 3 0.091 0.091 0.000

Carinostigmus griphus_male 4 0.076 0.077 0.028 0.000

Carinostigmus griphus_female 5 0.075 0.071 0.033 0.004 0.000

Stigmus_sp. {outgroup} 6 0.156 0.161 0.121 0.115 0.124 0.000

Carabronidae_{1} 7 0.149 0.154 0.121 0.110 0.119 0.019 0.000

Fig.1. Carinostigmus spp.

Fig. 2.  Molecular Phylogeny of Carinostigmus spp.
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differ only in the clypeus shiny and slightly more produced 
in the latter species. These characters are more subjective and 
there is a chance for the misidentification of the females. The 
present study clearly demonstrates the use of the molecular 
method in the identification.  The partial COI gene sequence 
comparison with their male counterpart yielded the proper 
identify that has been further confirmed with the help of the 
molecular phylogeny.

ACKNOWLEDGEMENT

The author is thankful to Dr. W. Pulawski, Curator 
Emeritus of Entomology, The California Academy of 
Sciences, San Francisco, California for his help and valuable 
suggestions for the identification of the specimens and editing 
of the manuscript. The first author expresses her gratitude 
to Dr. David Notton, Curator, NHM, London and Dr. Seán 
Brady, Chair and Research Entomologist, Department of 
Entomology, Smithsonian Institution National Museum of 
Natural History, USA for their help in sending pictures of type 
specimens of Carinostigmus. The author is also thankful to 
Dr. Chandish Ballal, Director, ICAR-NBAIR; Dr. J. Poorani, 
Principal Scientist, ICAR-NRCB; and Dr. A. Ramesh Kumar, 

Scientist, ZSI  for their support to conduct this study. 

REFERENCES

Aguiar A. P. 2012. A technique to dry mount Hymenoptera 
(Hexapoda) from alcohol in a few seconds, and its 
application to other insect orders. Zootaxa 3412: 53-61. 
https://doi.org/10.11646/zootaxa.3412.1.3

Ball, S. L. & Armstrong,K. F. 2008. Rapid, One-Step DNA 
Extraction for Insect. J Econ Entomol. 101(2): 523-532. 
https://doi.org/10.1093/jee/101.2.523 PMid:18459420 

Bingham, C. T. 1890. The Fauna of British India Including 
Ceylon and Burma: Hymenoptera, I (Wasps and Bees) 
London, 583pp.

Bohart, R. M. and Menke, A. S. 1976. Sphecid Wasps of the 
World: A Generic Revision. University of California 
Press, UAS, 695pp.

Burdrys ER. 1987. Roiushchie osy rodov Stigmus 
Panzer and Carinostigmus Tsunemi (Hymenoptera, 
Sphecidae) dal’nego Vostoka SSSR. pp. 49-56. 
In: Lehr PA and Storoshev (Eds). Novye Dannye 
po Sistematike Nasekomykh Dal’nego Vostoka 
Biological Pedological Institute, Far East Section, 
Academy of Science.

Green, E. E. 1903. On the nesting habits of Trypoxylon 
intrudens and Stigmus niger. Spolia Zeylan. 1: 68-70.

Hebert, P. D. N., Penton, E. H., Burns, J. M., Janzen, D. 
H. & Hallwachs, W. 2004. Ten species in one: DNA 
Barcoding reveals cryptic species in the Neotropical 
Skipper Butterfly Astraptes fulgerator. Proc Natl Acad 
Sci USA 101(41): 14812-14817. https://doi.org/10.1073/
pnas.0406166101

Iwata, K. 1964. Bionomics of non-social wasps in Thailand. 
Nature Life Southeast Asia 3: 323-383.

Khol, F. F. 1885. ZurSynonymie der Hymenoptera aculeata. 
Entomol Nachr Ber. 11: 161-165. http://biodiversitylibrary.
org/page/10435649

Krombein, K.V. 1984. Biosystematic Studies of Ceylonese 
Wasps, XIV: A Revision of Carinostigmus Tsuneki 
(Hymenoptera: Sphecoidea: Pemphredonidae). 
Smithsonian Contributions to Zoology, 396, Smithsonian 
Institution Press, City of Washington, 38 pp. https://doi.
org/10.5479/si.00810282.396

Ma L., Chen X.X. and LI Q. 2012. The genus Carinostigmus 
Tsuneki (Hymenoptera: Crabronidae) with two newly 
recorded species from China. Entomotaxonomia 34: 
475-481.

Mandakini Singla, Neha Goyal, Sobti RC and Sharma VL. 
2015. Estimating molecular phylogeny of some Indian 
termites combining partial COI sequences. J Entomol 
Zool Studies 3(6): 213-218.

Tamura K. and Kumar S. 2002. Evolutionary distance 
estimation under heterogeneous substitution pattern 
among lineages. Mol Biol Evol. 19: 1727-1736. https://
doi.org/10.1093/oxfordjournals.molbev.a003995 
PMid:12270899 

Tamura K, Nei M and Kumar S. 2004. Prospects for inferring 
very large phylogenies by using the neighbor-joining 
method. Proc Natl Acad Sci USA 101: 11030-11035. 
https://doi.org/10.1073/pnas.0404206101

Tamura K, Glen Stecher, Daniel Peterson, Alan Filipski and Sudhir 
Kumar. 2013. MEGA6: Molecular Evolutionary Genetics 
Analysis Version 6.0. Mol Biol Evol.. 30(12): 2725-2729. 
https://doi.org/10.1093/molbev/mst197 PMid:24132122 
PMCid:PMC3840312

Tsuneki K. 1954. The Genus Stigmus Panzer of Europe 
and Asia with Descriptions of Eight New Species 
(Hymenoptera: Sphecidae). Memoirs of the Faculty 
of Liberal Arts, Fukui University, Series II (Natural 
Science), 3: 1-38.

https://doi.org/10.11646/zootaxa.3412.1.3
https://doi.org/10.1093/jee/101.2.523
https://doi.org/10.1073/pnas.0406166101
https://doi.org/10.1073/pnas.0406166101
http://biodiversitylibrary.org/page/10435649
http://biodiversitylibrary.org/page/10435649
https://doi.org/10.5479/si.00810282.396
https://doi.org/10.5479/si.00810282.396
https://doi.org/10.1093/oxfordjournals.molbev.a003995
https://doi.org/10.1093/oxfordjournals.molbev.a003995
https://doi.org/10.1073/pnas.0404206101
https://doi.org/10.1093/molbev/mst197


GANDHI GRACY et al.

75

Tsuneki K, Nozaka C, Tano T, Kurokawa H and Murota 
T. 1992. Studies on the Philippine Sphecoidea. 
Hymenoptera. III. Special Publications of the Japan 
Hymenopterists Association. 40:1-86.

Turner R.E. 1917. On a collection of Sphecoidea sent 
by the Agricultural Research Institute, Pusa, Bihar. 

Memoirs of the Department of Agriculture in India, 
173-205.

Walker F. 1860. Characters of some apparently undescribed 
Ceylon insects. Ann Mag Nat Hist. (Third Series)  
6: 357-360. https://doi.org/10.1080/00222936008697340

https://doi.org/10.1080/00222936008697340

