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Taxonomic studies on the genus Glyphodes Guenee
(Lepidoptera: Crambidae: Spilomelinae)
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ABSTRACT: The specimens collected and reared to an adult stage on their respective hosts utilized
to characterize the species of the genus Glyphodes based on morphological and genital characters
of adults, revealed three species of the genus Glyphodes and were documented from Karnataka viz.,
Glyphodes caesalis Walker, Glyphodes pulverulentalis Hampson and Glyphodes vertumnalis Guenee
on jack-fruit, mulberry and jasmine, respectively. These three species differ morphologically in having
entire body green colour in G. vertumnalis, abdomen with oblique lateral stripes in G pulverulentalis
wherein, G caesalis having sub-marginal black edged patch on costa with four spots. In genitalia,
uncus greatly curved and beak shaped in G vertumnalis, uncus slim and slightly curved in G
caesalis, whereas in G. pulverulentalis uncus long, narrow and slightly curved with short setae at
apex. © 2019 Association for Advancement of Entomology

KEY WORDS: Taxonomy, three species, Glyphodes, Genitalia

INTRODUCTION

The genus Glyphodes was established by Guenee
in 1854. This genus is more varied, omnipresent
and comprises of 187 species throughout the world.
It is one of the most economically important genera
comprising fruit borers, shoot borers, leaf webbers,
leaf rollers etc. Twenty-five species have been
recorded in the Southeast Asia and seventeen
species in Australia (Robinson et al., 1994; Shaffer
et al., 1996). In India, so far 22 species of the genus
Glyphodes have been reported (Nuss et al., 2003-
2019). In Tamil Nadu, three species namely
G. bivitralis, G. caesalis and G. canthusalis were

* Author for correspondence

© 2019 Association for Advancement of Entomology

recorded by Fletcher (1914) and Nair (1970).
Recently, Rathikannu and Chitra (2017) reported 6
species of Glyphodes viz., G. bivitralis, G.
caesalis, G. canthusalis, G. onychinalis, G.
pulverulentalis and G. stolalis from Tamil Nadu
by relying on light trap collection. They have
provided taxonomic description of genitalia with line
diagram and a key. Above studies indicate that in
India, the taxonomic studies on the genus
Glyphodes were carried out by the researchers
predominantly based on light trap collections and
none of them made any efforts to associate
Glyphodes species with their host plants. Hence,
the description of a species reared from actual hosts
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is the need of the hour for accurate identification
and authentication of its host. In this context, in the
present investigation, an attempt was made to study
the host-based taxonomy of the genus Glyphodes,
which were collected and reared on their actual
hosts. In the current paper, synonyms and taxonomic
descriptions for the species of Glyphodes are
provided with photographic illustrations of genitalia,
wing venation and adult habitus. Further, an
illustrated key is provided for easy identification of
the species.

MATERIALS AND METHODS

To study the adult morphological and genital
characters, the specimens already collected
(Karnataka) and reared from their host plants at
the Department of Agricultural Entomology, College
of Agriculture, Bheemarayanagudi, University of
Agricultural Sciences, Raichur 584-104, Karnataka,
India were utilized. The morphological as well as
genital characters of the adult Spilomelinae were
studied following Hampson (1896), Clark (1941),
Robinson (1976), Thomas (2007) and Nagaraj
(2014) with the necessary modifications. Before
dissection of genitalia, adult specimens were
photographed. Adult structures such as forewing
and hindwing, palpi and genitalia were photographed
using Trinocular microscope with auto-montage
(Leica M 205C).

RESULTS

Genus Glyphodes Guenee, 1854; type species:
Glyphodes stolalis Guenee, 1854

= Caloptychia Hubner, 1825; type species:
Phalaena chrysialis Stoll, 1790

= Calliptychia Agassiz, 1847; type species:
Phalaena luciferalis Snellen, 1780

= Morocosma Lederer, 1863; type species:
Phalaena margaritaria Clerck, 1764

Diagnosis: Labial palpi inverted, the 2™ joint
broadly scaled in front, the 3™ porrect and lying
along the hair on the 2™ joint; maxillary palpi
triangularly scaled; frons rounded; tibiae with inner
spur twice the length of the outer spur; tuft of hairs
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in forewing of the male; costa much arched towards
apex.

Wing venation similar in almost all the Glyphodes
species, but the external markings on wings of each
species differs. So, wing venation of each species
not discussed here, instead general venation for all
the species is given below.

Wing venation: Fore wing with vein R marginally
approaching to R, ; M arises close towards vein
R, M, M, arising from angle of cell; Cu,, from
below the angle of cell, Cu, before angle of cell;
hind wing with vein Rs stalked with Sc+R; M,
and M, closely approximated for short distance;

Cu,, before angle of cell.

Glyphodes caesalis walker, 1859; type locality:
Sri Lanka (Fig. 1 A-H)

= Glyphodes assimilis Rothschild, 1915; type
locality: Indonesia, Papua

Description: Head brown; labial palpi white;
abdomen dark brown with white at side; forewing
yellowish brown; an oblique ante medial fuscous
line; a large fuscous edged iridescent white patch
in and below end of cell; fuscous disco-cellular
edged iridescent scales below lower angle of cell;
hindwing ground colour, iridescent white with a
broad marginal band with fuscous line on its inner
edge; fringe yellowish mixed with brown.

Male genitalia: Uncus long, slim, curved, dentate
and hooked at apex with hairs; valva broad with
hairs; costa sclerotized; harpe thorn-shaped and
straight; sacculus half the length of valva, inner
surface granulated and thick; saccus triangular and
slender, pointed at apex; aedeagus short and stout
with cornuti inside vesica at apex.

Female genitalia: Ovipositor slit cut open; anal
papillae thick; both the apophyses short, posterior
apophysis half the length of anterior apophysis; sub-
genital plate small; ductus bursae fairly long and
stout; corpus bursae spherical with a scar like
signum on the anterior apex.

Materials examined: India: Karnataka: Bellary,
18, 07.iii.2017, reared on jackfruit, S. Murthy;
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Figure 1. Genital and morphological characters of adult Glyphodes caesalis Walker
(A. male; B. female; male genitalia, C._ventral view; D. dorsal view; E. aedeagus; F. female
genitalia; G. sub-marginal black edged patch on outer margin with four spots; H. wing venation)
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Figure 2. Genital and morphological characters of adult Glypheodes pulverulentalis Hampson
(A.male; B. female; male genitalia, C. ventral view; D. dorsal view; E. aedeagus; F. female gemtalia;
G. abdomen with oblique lateral stripes; H. wing venation)
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Figure 3. Genital and morphological characters of adult Glyphedes vertumnalis Guenee
{ A male; B. female; male genitalia, C. ventral view; D. dorsal view; E. aesdeagus; F. female genitalia;
G. male lund tibia with tuft of hairs on outer extreme region; H. wing venation)
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Bellary, 13, 19, 06.iii.2017, reared on jackfruit, S.
Murthy; Bellary, 1 &, 28, 15. Vi. 2012, reared on
jack fruit, S. Murthy; Bellary, 23, 19, 17.vi. 2012,
reared on jack fruit, S. Murthy.

Remarks: It feeds on jack fruit as a fruit borer.
Externally, this can be easily discriminated from
other species by the presence of a large sub-
triangular medial black edged patch with black
below it on inner margin, a post medial band formed
of two irregular black edged patches with their inner
and outer edged indented and sub-marginal black
edged patch on costa with four spots on black
suffusion extending from it to inner margin.

Glyphodes pulverulentalis Hampson 1896; type
locality: India (Fig. 2 A-H)

Description: General body thickly irrorated,
striated with black; abdomen with oblique lateral
stripes; anal tuft black with brown middle; forewing
with all the markings obscured by the spots and
striae, the antemedial, medial and post-medial bands
broader and less irregular, the 2™ vein without
disco-cellular spot on it, the 3™ with series of pale
specks on its outer edge from vein 4 to inner margin;
hindwing thickly striated, oblique black edged brown
post-medial and sub-marginal bands almost meeting
at a point near anal angle; cilia of both wings
fuscous, with fulvous and brown lines at base.

Male genitalia: Uncus long and narrow, anterior
tip enlarged and pointed, beak-shaped dorsally with
short setae; tegumen longer than wide, sclerotized
and arched; vinculum long, sclerotized; saccus long,
U-shaped; valva long, membranous, apex broadly
rounded; costa weakly sclerotized, dorsally fringed
with long hairs; juxta narrow, sclerotized, arrow-
like; phallus almost straight, vesica with long
sclerotized bar with lateral spine-like projection;
curved sclerotized hook-like cornutus.

Female genitalia: Ovipositor slit swollen; anal
papillae thick; both the apophyses short, thin and
tapering, posterior apophysis half the extent of
anterior apophysis; ductus bursae fairly short and
thick; corpus bursae spherical with a scar like
signum.

P. Maheswara Reddy and M. Shankara Murthy

Materials examined: India: Karnataka: Bellary,
28, 10.x.2017, reared on mulberry, Manjunath;
Bellary, 18, 19, 06.x.2016, reared on mulberry,
Manjunath; Bellary, 1&, 01.x.2017, reared on

mulberry, Manjunath; Bellary, 1&,2.x.2017, reared
on mulberry; Manjunath.

Remarks: This is one of the leaf-webber species
which sustains on mulberry. Morphologically, this
can be easily differentiated from other species of
Glyphodes by the presence of oblique lateral
stripes on the abdomen.

Glyphodes vertumnalis Guenee, 1854; type
locality: India (Fig. 3 A-H)

= Enchocnemi diafuscitibia Warren, 1896; type
locality: Indonesia, Maluku, Tanimbar Islands

= Margaronia herbidalis Walker, 1866; type
locality: Indonesia, Maluku, Seram

= Margaronia melanuralis Walker, 1866; type
locality: Indonesia, Flores

= Margaronia morvusalis Walker, 1859; type
locality: Malaysia, Borneo, Sarawak

= Margaronia phryneusalis Walker, 1859; type
locality: North India

= Margaronia proximalis Walker, 1866; type
locality: Indonesia, Maluku, Makian; Sulawesi

= Pachyarches tibialis Moore, 1877; type locality:
India, South Andamans

Description: Body green, neither of the wings
fulvous; marginal specks often obsolescent; cilia
fulvous; abdomen small and profuse; male having
black anal tuft of hairs; female devoid of anal tuft
of hairs on hind tibiae; male with black tuft of hairs
on hind tibiae at outer margin and extremity;
hindwing of male with the inward area compactly
clothed below with clumps of yellowish hair.

Male genitalia: Uncus broad and greatly curved,
bending forward giving a beak like appearance;
gnathos equal to uncus and broad; base of the
gnathos and uncus darken laterally; vinculum wide
and V-shaped; coremata with long thick as well as
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finehair; valvae small, broad, fan-like having
chitinous hook-like clasper in the costal base;
phallus equally long,

Female Genitalia: Ovipositor slit swollen, wide
dorsally and tapered ventrally; anal papillae thick;
apophyses short; anterior apophysis twice the length
of posterior apophysis; sub-genital plate small,
ductus bursae fairly long and thick; corpus bursae
spherical with two triangular signa one on each side
near the apex.

Materials examined: India: Karnataka: Gulbarga,
Raddewadigi, 1<, 05.ii.2015, reared on jasmine,
Nagaharish; Gulbarga, Hattekuni, 1%, 12.viii.20135,
reared on jasmine, Nagaharish; Yadgir, Bgudi, 43,
20.1v.2013, at light, S. Murthy; Gulbarga,
Raddewadigi, 1&, 15.x.2015, reared on jasmne,
Nagaharish; Yadgir, B gudi, 53, 19, 03.xii.2012,
jasmine, S. Murthy; Yadgir, B gudi, 18, 4.ix.2012,
at light, S. Murthy; Yadgir, B gudi, 18, 16.vii.2012,
jasmine, S. Murthy; Yadgir, B gudi, 1J, 18.vii.2012,
jasmine, S. Murthy.

Remarks: Glyphodes vertumnalis Guenee
intently looks like G marginata Hampson. Both
are recognized by wing character. In G. marginata
Hampson, wings are fulvous; however, in G
vertumnalis Guenee wings are not fulvous.

An illustrated key to Glyphodes species

1. Moth green coloured, male hind tibia enclosed
with tuft of hairs on outer extreme margin, male
genitalia with hook like clasper at base of costa,
bursa copulatrix with two triangular signum near
the apex.. . . ...Glyphodes
vertumnahs Guenee (Flg 3 A B,C,D, E,
F & G)

- Moth straw-yellow coloured, male hind tibia
without tuft of hairs on the outer extreme
margin, male genitalia without clasper at base
of costa, bursa copulatrix without two triangular
signum near the apeX............cooevvuienninnnnn 2

2. Abdomen marked with lateral oblique stripes;
both apophysis small, phallus slim and long;
ductus bursae thin and narrow..........
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.......... Glyphodes pulverulentalis Hampson
(Fig. 2. C,D, E, F & G)

- Abdomen marked without lateral oblique stripes;
anterior apophysis larger than posterior
apophysis, phallus stout and short, ductus bursae
thick and wide ...Glyphodes caesalis walker
(Fig. 1. G, E, F & G)

In the present investigation, three species of the
genus Glyphodes were identified with G. caesalis
on jack fruit, G pulverulentalis on mulberry and
G. vertumnalis on jasmine. The taxonomic
descriptions for these species were provided with
photographic illustrations of genitalia, wing venation
and adult habitus. An illustrated key was also
provided for the same for easy identification of the
species. Further, current taxonomic status of each
species was given.
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Influence of spinosad on the reproductive potential of
Tribolium castaneum (Herbst), (Coleoptera: Tenebrionidae)
infesting wheat
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ABSTRACT: Spinodad of different concentrations were screened against Tribolium castaneum
(Herbst) reared on four local wheat varieties to observed the effects on reproductive potentials for
two successive generations. The lowest number of eggs laid was 119 (23.80+0.97) observed in Shatabdi-
21(S-21)in45dinF and 15 (3.00£0.71) in 15 d in F, generation when treated at 0.12ul/g of spinosad.
Spinosad at all concentration totally inhibited egg laying oroviposition rate on day 45 in all wheat
varieties except P-24 variety in F| generation.The lowest fertility was found in Shatabdi-21 variety as
12.61percent in F, and 6.67 percent in F, generation at 0.12ul/g.The latent effect of spinosad on
number of eggs, larva, pupa and adult obtained in Shatabdi-21 as 2.00+0.32,0.80+0.37, 0.40+0.40 and
0.20+0.20 at 0.12ul/g of spinosad in F, generation.There was no significant difference between the
number of males and females in F, generation wheat varieties. Spinosad ultimately reduced the
fecundity, fertility and decreased the egg to adult survivability in four wheat varieties compared to
control and F, and F, generations. Results of the research revealed that comparatively higher
concentrations of spinosad that used in this study would potentially control development and
reproductive potentiality of T. castaneum in wheat varieties.

© 2019 Association for Advancement of Entomology

INTRODUCTION immediate or indirect impact on the reproduction,
development rate, number of progeny and body
weight of T. castaneum (Longstaff, 1995; Assie et
al., 2008). Shukla and Upadhyay (2011) noticed

that the progeny production rate of 7. castaneum

In a recent post-harvest compendium 7. castaneum
is reported as most common secondary pest of all
plant commodities in store throughout the world

(Babarinde and Adeyemo, 2010; Stejskal ez al., 2014).
This external feeder pest makes serious damage on
flour and over whelms cereal particularly at larval and
adult stages (Baldwin and Fasulo, 2004) making it
unfit for human intake.This insect causes substantial
loss in storage because of its high reproductive
potential (Campbell and Runnion, 2003). Diet type
and initial population density may also have an

* Author for correspondence

© 2019 Association for Advancement of Entomology

was very excessive and the fourth instar larvae were
enormously energetic in rainy season causing very
excessive infestation where in adults could live for
2 years or greater in the course of duration the
female producing nearly 1000 eggs.

Spinosad is an insecticide product from Dow Agro
Sciences (Indianapolis, Indiana, USA) based on
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chemical compounds of a soil bacterium
Saccharopolyspora was discovered in 1985
(Mertz and Yao, 1990). Hertlein ez al. (2011) stated
that spinosad has an aggregation of high potency,
minimum mammalian toxicity, and secure
environmental profile which is unique among
existing products recently used for stored-grain
protection.The mode of action of spinosad is
characterized by involving the disruption of nicotinic
acetylcholine receptors and y-amino butiric acid
(GABA)-gated ion channels of insect nervous systems
(Salgado and Sparks, 2005; Kirst, 2010; Sparks et al.,
2012). Spinosad must be sprayed directly into the
eggs, but larvae and adults can be efficaciously
dosed through contact butit is most effective when
ingested (Cleveland et al., 2001). Spinosad is more
toxic through ingestion than via contact (Athanassiou
and Kavallieratos, 2014).

Wheat is the major and second staple food/
worldwide and Bangladesh respectively. Different
wheat varieties were developed in different
countries, among which the factors like pest
resistant and insecticide susceptible varieties gaining
importance from the point of view of reducing
infection stress during post-harvest storage. In this
research four local varieties of wheat were used
to screen out the variety that is susceptible to
spinosad treatment without leaving any hazardous
effect on human health. The objective of this
experiment was to evaluate the effect of different
concentrations of spinosad on the reproductive
potentials of 7. castaneum for two successive
generations as a result of contact action to eggs
and contact and gustatory effects on the adults of
T. castaneum in four wheat varieties local of
Bangladesh.

MATERIALS AND METHODS

Culturing of T. castaneum: T. castaneum beetles
were obtained from the stock culture maintained in
the control temperature (CT) room, at Entomology
and Insect Biotechnology Laboratory, Institute of
Biological Sciences, University of Rajshahi,
Bangladesh. The standard food medium, mixture
of whole wheat flour with powdered Brewer’s
Yeast (19:1) (Park and Frank, 1948; Park, 1962)
was used as a food medium throughout the mass

Umme Habiba et al.

culture of T. castaneum. Both flour and yeast were
previously passed through a 250um sieve sterilized
at 60°C for six hours in an oven, and kept at least
for 15 days before use, to equilibrate the moisture
content with the environment (Khan, 1981; Mondal,
1984).

Mass cultures were maintained in plastic containers
(2.5 liters) in a Control Temperature (CT) room at
30+1°C and 70+5% RH providing 250g of wheat
flour /container. About 500 adults of 7. castaneum
were introduced into each container. The cultures
were checked at regular intervals and eggs and
larvae were separated to avoid cannibalism. A
crumpled filter paper was placed inside each
container for easy movement of the beetles. Mouth
of the container was covered with muslin cloth using
arubber band, to prevent the possible contamination
and escape of insects (Mondal and Parween, 1997).
A series of stock culture were maintained for the
constant supply of these insects to conduct different
experiments.

Preparation of spinosad concentrations:

Spinosad is light grey to white in colour with slight
odour stale water. About 500ml of spinosad (PRN-
MAPP-12054, catno 20012-019, Lot No-3068404)
was obtained from Dow Agro Sciences, UK.
Concentration of spinosad was 120g a.i./l.

Spinosad measuring 0.72ul was pippetted in a glass
vial and added 6ml distilled water properly by using
2ml syringe. The vial was shaken vigorously for
thorough mixing of spinosad and water serving as
stock having 0.12ul spinosad/ml of other desired
concentrations of spinosad (0.06 and 0.03ul/g) were
prepared by serial dilution by taking 1 ml of solution
and adding 2 ml distilled water in each step.

Wheat varieties: Infestation free four wheat
varieties viz., BARI-26, BARI-28, Prodip-24 and
Shatabdi-21 (B-26, B-28, P-24 and S-21) were used
for the experiment. The grains were washed with
water and dried at room temperature before
adjusting their moisture content to 13.5 by adding
tap water, cleaned by sieving through 500
micrometer aperture sieve and sterilized in an oven
at 60°C for 8 h. After sterilization wheat grains were
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kept in separate plastic containers according to
variety.Grains were partially broken down by the
hand blender before further use.

Bioassay: The efficacy of spinosad against
reproductive potentiality of 7. canstaneum was
investigated by dietary exposure termed Treated
Food Method (TEM) (Talukder and Howse, 1994).
Newly emerged 50 pupae from culture were sexed
by the electric microscopic examination of the exo-
genital process. In female the structure of exo-
genital lobes are larger than male. The genital
papillae of females are pointy but male’s genital
papillae are stubby, conjoined. Female papillae
resemble fingers like 2 combined thumbs (Halstead
1963). After adult emergence, 20 male and females
were paired up to 15 days and collected about 350
numbers of freshly eggs with the help of
microscope. Two grams of each wheat variety was
soaked with different concentrations of spinosad
as treated wheat and 2gms of each wheat variety
was soaked with distilled water as for control or
untreated wheat. About 20 eggs were placed on
each petri-dish and provided with 2gms treated
wheat and untreated wheat of each variety which
was changed after every three days. The larvae
were checked regularly until they emerged as
pupae. Pupae from each treated concentration
were paired by microscopic examination of the exo-
genital process. After 48 h emerged adults were
paired and 5 pairs of beetles from each
concentration were placed in separate petri-dishes
and provided with 2gms of treated wheat of each
variety of different concentrations for egg
collection.

Eggs from each pair were collected after three days
up to a 45 day. Total number of eggs laid by each
pair up to 45 daywas recorded and daily egg
production/female was determined. Fertility of the
eggs was assessed by the how many larvae were
recovered from the total number of eggs up to 45
days of 5 pairs adults into 100 was recorded. The
ultimate effects of the spinosad were assessed by
recording the total number of larvae produced,
recoveries of total pupae and adults up to 45 d.
About fifty pupae were sexed and the males and
females were kept separately again.
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After emergence, adults were paired again (5 pairs)
and kept separately. Similarly, the total number of
eggs laid by each pair up to 15 days, fertility of
these eggs, the total number of larvae produced,
and recoveries of pupae and adults were recorded.
The second generation (larvae to adults) was
developed on untreated wheat. A similar set of
experiment was conducted with same number of
beetles in untreated wheat, as the control batch.
All the experiments were conducted at CT room
(30+1°C) and 75% RH and replicated thrice. Data
obtained from the experiments were analyzed using
the Analysis of variance (Factorial) using SPSS
version 20. Means were compared by Tukey's test,
accepting significant differences at P<0.05. Sex
ratios were determined by x> test (P>0.05).

RESULTS AND DISCUSSION

i) Effect on fecundity in two successive
generations

The total number of egg laid by 7. castaneum ranged
from 656 to 1125 in control and 119 to 761 in
treatments in F and 163 to 384 in control and 15 to
145 in treatments in F, generation. The lowest number
of eggs laid was 119 (23.80+0.97) observed in S-21
up to 45 days in F and 15 (3.00+0.71) up to 15 days
in F, generation at 0.12ul/g and the highest number
of egg was found in P-24 as 761 (152.20+2.60) in F|
and 145 (29.00+1.30) in F, generation at 0.03ul/g
concentration (Tables 1 and 2).

ii) Effect on fertility of the eggs in two
successive generations

Spinosad at all concentrations reduced fertility of
the laid eggs in a concentration- dependent manner
inF, and F, generations in all wheat varieties (Figure
1). The percentage of fertility of eggs ranged from
74.70 to 89.67 percent in untreated wheat and 12.61
to 64.91 percent in treatments in F, generation. The
lowest fertility was noted in S-21 variety as 12.61
percent at 0.12ul/g in F  generation. In F,
generation, the percentage of fertility ranged from
69.94 to 85.16 percent in untreated wheat and 6.67
to 45.52 percent in treatments. The same trend was
also observed in F, generation where the lowest
fertility was recorded in S-21 variety as 6.67
percent.
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iii) Latent effect of spinosad on the life stages
produced in second generations

The latent effect of different concentrations of
spinosad at different life stages and sex ratio of 7.
castaneum deviated from 1:1 in F, generation; the
effects were concentration-dependent and in all
wheat varieties (Table 2). The mean number of eggs
production ranged from 32.60+1.47 to 76.80+1.39
in control and 3.00+£0.71 to 29.00+1.30 in
treatments. Out of four wheat varieties, the lowest
number of eggs was produced in S-21 as 3.00+0.71
at 0.12ul/g of spinosad compared with control in F,
generation (Table 2).

Larval mortality was found to be very high
especially in spinosad at 0.12ul/g concentration. Few
larvae became black and shriveled, failed to shed
the old cuticle and died while hatching after 2-3
days. Larval survival ranged from 22.80+1.02 to
65.40+0.86 nos in control and 0.20+0.20 to
13.20+0.86 nos in treatments. The lowest number
of larva was recorded in S-21 as 0.20+0.20 at
0.12ul/g compared with the control and rest of other
concentrations (Table 2). The mean number of
pupal survival ranged from 20.80+1.02 to
50.20+1.80 nos in control and 0.00+0.00 to
9.00+0.711 nos in treatments. The lowest number
of pupa was recorded in S-21 as 0.00+0.00 at
0.12ul/g compared with the control and other
concentrations (Table 2).

The mean number of adult survival ranged from
17.80+0.86 to 41.60+1.50 nos in control and
0.00+0.00 to 5.60+0.40 nos in treatments. The
lowest number of adult was observed in S-21 as
0.00+0.00 at 0.12ul/g of spinosad compared with
the control and other concentrations. Few adults
became black and shriveled (Table 2). The sex
ratios for the treatment variables did not differ
significantly from each other in any generation as
judged by %2 test (P>0.05) (Table 3).

Results of the present experiments have
demonstrated that spinosad affected egg to adult
survivability and reproductive potentiality of 7.
castaneum in F (45 d) and F, (15 d) generations.
There was significant decrease in egg number of
T. castaneum laid on different wheat varieties. The
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lowest number of eggs laid (119) in 45 d was
observed in S-21 in F, generation; and that was 15
laid in 15 d in F, generation,; at highest concentration
0.12ul/g. Egg laying was decreased in all wheat
varieties and in F generation females laid small
number of eggs after 33 d; and at highest
concentration was totally failed in the later part of
oviposition period.

Spinosad at 0.12ul/g concentration totally inhibited
egg laying on day 45 in F, and day 15 in F,
generation in all wheat varieties. Absence of
adequate published literature on the spinosad toxicity
on the fecundity and oviposition rate of stored
product insects, make the present result quite
difficult to compare. Similarly fertility rate lowest
in S-21 variety as 12.61 percent in F, and 6.67
percent in F, generation at 0.12ul/g concentration.
Accordingly, lowest number of larva, pupa and adult
was recorded in S-21 at 0.12ul/g of spinosad in F,
generation.

Bajracharya et al. (2013) reported that spinosad
caused high mortality and complete progeny
suppression of Rhizopertha dominica at five
storage periods (2, 84, 168, 252, and 336 d) which
was in agreement with Bonjour et al. (2006) who
demonstrated that stored wheat treated with 1 ppm
of spinosad completely controlled R. dominica
adults and progeny production for all the post
treatment storage periods (28, 84, 182, 252, 336,
and 672 d). Subramanyam et al. (2012) reported
that complete suppression in R. dominica (0.0£0.0)
and near complete suppression of adult progeny in
T. castaneum (1.2+1.0 and 0.6+0.4) achieved on
spinosad-treated wheat (spinosad I and spinosad
II) after 42 days.The author additionally reported
that no Plodia interpunctella adults have been
found on liquid spinosad treated wheat after 42 days.
These findings are consistent with Huang et al.
(2004) who stated that spinosad was highly toxic
against P. interpunctella inhibiting larval
survivability and adult emergence on wheat and
maize. Adult mortality of Cryptolestes ferrugineus,
R. dominica, Oryzaephilus surinamensis, S.
oryzae, and S. zeamais was found as >98% at 1
and 2 mg of spinosad/kg on corn after 12 days.
Spinosad absolutely suppressed egg-to-larval
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Fig..1 Effect of spinosad on the fertility in F (A) and F, (B) generations of T. castaneum in wheat varieties.

survival at 20.5 mg/kg after 21 days and egg-to-
adult emergence of P. interpunctella after 49 days,
whereas 16 percent adults of 7. castaneum
survived at 1 mg of spinosad/kg of flour after 12
days. Spinosad at 1 or 2 mg/kg provided complete
or close to entire suppression of progeny production
and kernel damage of all species after 49 days
(Huang and Subramanyam, 2007).The present

findings are more or less consistent with above
results. There was no significant deviation was found
in sex ratios at any concentrations of spinosad,
wheat varieties and F generations.

Spinosad (Tracer®) showed powerful toxicity
against the adults of R. dominica and S. oryzae
and maximum mortality occurred at 250 and 80 ppm
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Table 1. Latent effects of spinosad on the life stages of F, generation of T. castaneum in different wheat varieties

(N=5 pairs).
Wheat Concentrations Total no. and Mean + SE
varieties (ul/g) Eggs Larvae Pupae Adults
B-26 Control 1075 964 839 655
215.00+1.30a 192.80+1.93a 167.80+3.32a 131.00+3.32a
0.03 579 359 314 205
115.80+1.69b 71.80+£2.31b 62.80+2.24b 41.00£1.18b
0.06 352 176 111 65
70.40+1.17c 35.20+231c 22.20+1.83c 13.00+1.10c
0.12 265 101 62 43
53.00+1.22d 20.20+2.15d 12.40+1.44d 8.60+1.17d
B-28 Control 761 593 424 328
152.20+2.01a 118.60+1.81a 84.80+3.57a 65.60+2.38a
0.03 380 23 14 76
76.00£1.41b 146.20+2.35b 929.80+2.84b 15.20+1.83b
0.06 174 58 39 17
34.80+2.18c 11.60+1.33¢ 7.80+1.16¢ 3.40+0.68¢c
0.12 130 26 14 3
26.00+0.89d 5.20+0.58d 2.80+0.37d 0.60+0.24d
P24 Control 1125 990 735 553
225.00+£2.21a 198.00+1.76a 147.00+£3.74a 110.60+3.59a
0.03 761 494 337 220
152.20+£2.60b 98.80+4.67b 67.40+6.19b 44.00+6.96b
0.06 405 219 141 80
81.00+0.45¢ 43.80+1.39¢ 28.20+2.11c 16.00+1.87¢c
0.12 300 120 (&) 52
60.00+1.58d 24.00£1.30d 13.80+0.73d 10.40+0.81d
S-21 Control 656 490 368 271
131.20+£3.92a 98.00+1.30a 73.60+3.39a 54.20+£3.22a
0.03 331 165 R 4
66.20+2.15b 33.00+1.70b 19.60+1.72b 8.80+1.07b
0.06 185 49 25 12
37.00£2.10c 9.80+0.37¢c 5.00+£0.55¢ 2.40+0.60c
0.12 119 15 10 2
23.80+£0.97d 3.00+0.32d 2.00+0.32d 0.40+0.24d
Source DF F Sig.* F Sig.* F Sig.* F Sig.*
Varieties 3 164.58***| 0.00 | 187.22%**| (0.00 | 146.68*** | 0.00 | 65.72%** | 0.00
Concentrations 3 1278.25%*% 0.00 | 1790.61%*% 0.00 [2120.40***| 0.00 |1117.38*** 0.00
Varieties *
Concentrations 9 50.95%*% [ 0.00 96.15%** | 0.00 | 72.95%%%* 0.00 | 39.84%** | 0.00

In a column means with same letter do not significantly differed from each other within varieties at 0.05% level (Tukey’s test).
Note: *Significant value, *** 0.001 = P < 0.001.
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Table 2. Latent effects of spinosad on the life stages of F, generation of T. castaneum in different wheat varieties

(N=5 pairs).
Total no. and Mean+SE
Wheat Concentrations
varieties (ul/g) Eggs Larvae Pupae Adults
B-26 Control 343 257 207 175
68.60+0.93a 51.40+1.63a 41.402+0.81a 35.00£1.00a
0.03 123 A 35 21
24.60+2.01b 10.8020.80b 7.00+£0.55b 4.20+0.37b
0.06 70 27 13 6
14.00+1.22¢ 5.40+0.40c 2.60+0.24¢ 1.20+0.37¢
0.12 28 4 3 2
5.60+0.51d 0.80+0.20d 0.60+0.24d 0.40+0.24¢
B-28 Control 211 151 138 109
42.20+1.77a 30.20x1.43a 27.60x1.17a 21.80+2.44a
0.03 123 52 30 18
24.60+2.24b 10.40«1.17b 6.0020.55b 3.60+0.51b
0.06 38 6 5 1
7.60+0.74c 1.20+0.20c 1.00+£0.32¢ 0.20+0.20c
0.12 20 2 0 0
4.00+0.83d 0.40+1.75d 0.00+0.00d 0.0020.00c
p-24 Control 384 327 251 208
76.80+1.39a 65.40+0.86a 50.20+1.80a 41.60+1.50a
0.03 145 66 45 28
29.00£1.30b 13.20+0.86b 9.00+0.71b 5.60+0.40b
0.06 88 29 16 8
17.60+0.81c 5.80+0.66¢ 3.20+0.37¢c 1.60+0.24¢
0.12 40 7 3 2
8.00+0.84d 1.40+0.40d 0.60+0.24d 0.4020.24¢
S-21 Control 163 114 104 89
32.60x1.47a 22.80+1.02a 20.80+1.02a 17.80+0.86a
0.03 100 36 18 12
20.00+0.95b 7.20+0.86b 3.60+0.40b 2.40+0.24b
0.06 285.60+0.40c 30.60+0.24c 10.20+0.45¢ 00.00+0.00c
0.12 15 1 0 0
3.00+0.71d 0.20+0.20d 0.0020.00d 0.0020.00c
Source DF F Sig * F Sig * F Sig.* F Sig.*
Varieties 3 164.58***| (0.00 | 187.22*** | (.00 | 146.68*** | 0.00 65.72%** |1 (0.00
Concentrations 3 [1278.25%%4 0.00 [1790.61%%%| 0.00 [2120.40%**| 0.00 | 1117.38**% 0.00
Varieties *
Concentrations 9 50.95%** | 0.00 | 96.15%** 0.00 | 72.95%** | 0.00 39.84*** | (.00

In a column means with same letter do not significantly differed from each other within varieties at 0.05% level (Tukey’s
test).Note: *Significant value, *** 0.001 = P < 0.001.
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Table 3. Effect of spinosad on the sex ratio of the 2™ generation of 7. castaneum in different wheat varieties (N=5

Umme Habiba et al.

pairs).
Wheat Concentrations Male Female Sex ratio
varieties (W/g) No. (%) No. (%) (Male: Female) +? value
B-26 Control 91(43.96) 116(56.04) 1:1.27 1.81
0.03 14(40.00) 21(60.00) 1:1.50 1.76™
0.06 9(69.23) 4(30.77) 1:044 3.61N
0.12 3(100.00) 0(0.0) 0:0.00 0.00™
B-28 Control 79(57.25) 59(42.75) 1:0.75 24288
0.03 14(46.67) 16(53.33) 1:1.14 2,11
0.06 4(80.00) 1(20.00) 1:0.25 0.00™
0.12 0(0.0) 0(0.0) 0:0.00 0.00™
P-24 Control 116(46.22) 135(53.78) 1:1.16 3,728
0.03 25(55.56) 20(44.44) 1:0.80 1.80N
0.06 10(62.50) 6(37.50) 1:0.60 2.84N8
0.12 2(66.67) 1(33.33) 1:0.50 0.00™
S-21 Control 53(50.96) 51(49.04) 1:0.96 1.45™
0.03 9(50.00) 9 (50.00) 1:1.00 2.20™
0.06 1(100.00) 0(0.0) 1:0.00 0.008
0.12 0(0.0) 0(0.0) 0:0.00 0.00™

Note: NS= Not significant at 5% level.

spinosad after 20 days exposure for R. dominica
and S. oryzae. These results inspired the usage of
Tracer® as an safe agent for insect pests’
management (Sadeghi and Ebadollahi, 2015).
Huang and Subramanyam (2007) reported that
progeny production was 28.0+4.2 in control
treatment after 49 days and decreased by 91
percent at 0.5 mg/kg and >96 percent at 1 and 2
mg/kg for T. castaneum. These consequences
certify our results that spinosad is powerful in
suppressing progeny production and there is an
inverse relationship between progeny production
and spinosad concentrations.

The present result revealed that higher
concentrations of spinosad were highly effective
against progeny production of 7. castaneum in all
wheat varieties in both generations. Among the
wheat varieties used S-21 was found to give best
result. So, it is revealed that spinosad inhibits the
potentiality of 7. castaneum at 0.12ul/g, and the

latent effect transmitted to the next generation. It
ultimately reduced the fecundity, fertility and
decreased the egg to adult survivability in four wheat
varieties in F, generations. So, it can be said that
effect of spinosad at higher concentrations could
effectively control development and reproductive
potentiality of 7. castaneum in stored wheat.
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ABSTRACT: A study was conducted to investigate the diurnal activity patterns of hymenopteran
pollinators in culinary melon and the dynamics of hymenopteran pollinators of five selected
cucurbitaceous vegetables viz.,culinary melon, bitter gourd, pumpkin and ridge gourd in 34 locations
of Kerala from 06:00 h to 18:00 h with a cone type hand net. The study revealed that Apis cerana
indica was dominant in culinary melon, pumpkin and ridgegourd and Tetragonula travancorica was
dominant in bitter gourd and ash gourd, A. cerana indica, T. travancorica and Halictus sp. recorded
highest foraging speed during 10:00 h to 11:00 h; Ceratina hieroglyphica and Lasioglossum sp.
recorded highest foraging speed during 09:00-10:00 h; T. travancorica, C. hieroglyphica and
Lasioglossum sp. recorded maximum foraging rate during 10:00 h to 11:00 h; A. cerana indica and

Halictus sp. recorded highest foraging rate during 11:00-12:00 h and 09:00-10:00 h.
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INTRODUCTION

Insect pollinators play an important role in effecting
optimum pollination of several crops and contribute
to the raise of their productivity and quality. Their
essentiality is more significant in crops like
cucurbitaceous vegetables. Among the vegetable
crops, cucurbits are cultivated extensively in India.
The cucurbitaceous family comprises of cucumber,
pumpkin, chow-chow, bitter gourd, bottle gourd,
ridge gourd, ash gourd, watermelon, muskmelon,
etc. Globally, the family cucurbitaceae comprises
of 118 genera and 825 species. At present in India,
cucurbits are cultivated in an area of 555,000 ha
with a productivity of 9,912,000 MT and in Kerala
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cucurbits are cultivated in an area of 2,970 ha with
a productivity of 41,610 MT (NHB, 2018). FAO
estimates show that, in India about 6% of the total
vegetables produced are from eight species of
cucurbitaceous vegetables. In India, studies have
been conducted on some of the important cucurbit
crops to record the insect visitors and to understand
the pollinators diurnal activity.

Cucurbits being monoecious, bearing male and
female flowers separately on the same plant,
depends mainly on insects for pollination and also,
their pollen grains being large and sticky, cannot be
blown away by the wind. Hence, pollination by
insects is essential to bear improved quality of fruits
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and seeds (Free, 1970; Mc Gregor, 1976). In
cucurbitaceous vegetables, among all the pollinating
insects, the honeybees are known to be the most
efficient. For maximizing the yield of cross pollinated
crops, utilization of pollinators especially honeybees
are considered as one of the cheapest and eco-
friendly approach (Free, 1970).

Grewal and Sidhu (1978) recorded that in Punjab,
the most frequent visitors of bittergourd flowers
were Apis florea F. and various species of
Anthophoridae and Halictidae with 28, 10 and 5.2
per-cent, respectively. In Vellayani, Kerala, on
sponge gourd the most abundant pollinator was
Tetragonula iridipennis Smith (Mohan, 2000).
Pateel and Sattagi (2007) observed that in
Karnataka, A. florea, Apis cerana F. and Apis
dorsata F. were the most abundant insect
pollinators visiting cucumber in Rabi season.

In Kannur, Kerala on ash gourd flowers, T.
iridipennis was the most frequent pollinator
followed by Halictus timidus Smith, A. cerana F.,
Ceratina hieroglyphica Smith, and
Halictus taprobanae Cameron (Leena and Nasser,
2015). Lalita and Yogesh (2015) observed that in
Hisar (Haryana), on pumpkin flowers, A. dorsata
was the most efficient pollinator followed by Apis
mellifera F., A. cerana and A. florea.

Table 1. Localities of sample collection
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Hence, keeping in view of the pollination
requirements of cucurbits, bee conservation
requires rapid and effective tools for identification
and delineation of species. For this purpose,
composition, relative abundance and diurnal activity
of hymenopteran pollinators is to be studied.

MATERIALS AND METHODS

The study was conducted during the year 2018 -
2019 on five selected cucurbitaceous vegetables
viz., culinary melon (Cucumis melo var. acidulus),
bitter gourd (Momordica charantia L.), ash gourd
(Benincasa hispida Thunb. and Cogn.), pumpkin
(Cucurbita moschata L.) and ridge gourd (Luffa
acutangula (Roxb.) L.). surveyed once in 34
locations in Thiruvananthapuram and four other
districts of Kerala viz., Kollam, Pathanamthitta,
Alappuzha and Kasaragod in the months of
September, October, November and December
during the year 2018 and in January, February and
March during the year 2019 from 06:00 h to 18:00
h of the day with a cone type hand net during the
blooming period. The four southern districts were
selected based on the mandate of the RARS
whereas the Kasaragod district was included to
represent north Kerala. The selected number of
locations covered in each district is mentioned in
the table 1.

District Localities covered Number of locations

Thiruvananthapuram Vellayani, Karamana, Kulathoor, Karyavattom, Karode,

Venkulam, Balaramapuram, Vellarada, Pangode,

Parassala, Idinjar, Pallichal, Mukkola, Oorutukaala,

Azhicode, Melvettoor, Kalliyoor, Muttakkad,

Venganoor, Vizhinjam, Athiyanoor, Pothencode,

Puliyancode, Vattiyoorkavu, Perumkadavila 25
Kollam Edamon, Kottarakkara, Karunagappally 3
Kasaragod Padannakkad, Nileshwar 2
Alappuzha Moncompu, Kavalam 2
Pathanamthitta Padam, Thiruvalla 2

Total R




Relative abundance and foraging activity of hymenopteran pollinators

The composition and relative abundance of the
different hymenopteran pollinators visiting flowers
of five selected cucurbitaceous vegetables from the
randomly marked one square meter area were
recorded from 06:00 h to 18:00 h of the day at an
hourly interval for 5 minutes during flowering period
and expressed as mean number of pollinators / m2/
5 min. Diurnal activity observations were recorded
from the flowers of one selected cucurbit viz.,
culinary melon in College of Agriculture, Vellayani
during October to December. Foraging speed (time
spent by the bee per flower) from landing till takeoff
was recorded by using a stop watch and was
expressed in seconds per flower, foraging rate
(number of flowers visited by bee per minute) of
bees were recorded. These observations were
recorded from 06:00 h to 18:00 h at an hourly interval
for 5 minutes during flowering period.

RESULTS AND DISCUSSION

A total of twenty-nine species of hymenopteran
pollinators were recorded from five cucurbitaceous
vegetables (Table 2).

The results on relative abundance (RA) and diurnal
activity are presented in tables 3 to 7 and figures 1
to 4. The study on composition and relative
abundance of hymenopteran pollinators from
Thiruvananthapuram and four other districts of
Kerala revealed that, A. cerana indica was the
dominant pollinator in culinary melon (42.51%),
pumpkin (38.76%) and ridgegourd (35.16%)
whereas, T. travancorica was the dominant
pollinator in bittergourd (31.86%) and ashgourd
(33.50%). During two seasons, the foraging speed
of A. cerana indica, T. travancorica and Halictus
sp. was found to be highest during 10:00-11:00 h.
The foraging speed of Ceratina hieroglyphica and
Lasioglossum sp. was found to be highest during
09:00-10:00 h. The foraging rate of T. travanco-
rica, C. hieroglyphica and Lasioglossum sp. was
found to be highest during 10:00-11:00 h. The
foraging rate of A. cerana indica and Halictus
sp. was found to be highest during 11:00-12:00 h
and 09:00-10:00 h respectively.
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Study of hymenopteran pollinators composition
and relative abundance in cucurbits

A. cerana indica was the most frequent pollinator
followed by T. travancorica. Jangaiah (2007)
reported that in Kerala, on culinary melon flowers,
A. cerana indica was the most dominant and
frequent floral visitor. T. travancorica (31.86 per
cent) was recorded as the dominant pollinator on
bitter gourd flowers followed by A. cerana indica
(29.90 per cent) and Ceratina sp. (11.76 per cent).
Subhakar et al. (2011) reported that, in Tirupathi
on bitter gourd flowers, 7. iridipennis (86.31 per
cent) was the most frequent visitor. The abundance
of bees depends on so many factors such as
anthesis, weather parameters, competing flora,
nectar concentration and its volume (Free, 1970).
At peak flowering, the availability of flowers is more
than commencement and cessation of flowering,
and maximum number of insects would visit the
crop during this period to increase the pollination
process. Therefore, the flower number clearly
influences the pollinator abundance, and in turn, the
level of pollination.

A. cerana indica (38.76 per cent) was the frequent
floral visitor followed by T. travancorica (24.03
per cent). Hemanthkumar (2006) and Mohapatra
and Sontakke (2012) observed that on pumpkin
flowers A. cerana was the most frequent and
dominant pollinator followed by A. dorsata. A.
cerana indica (35.16 per cent) was observed as
the most frequent floral visitor on ridge gourd
followed by Xylocopa verticals (18.68 per cent).
Kuberappa et al. (2008) and Lakshmi (2013) also
reported that on ridge gourd flowers A. cerana was
the most frequent and dominant pollinator. 7.
travancorica (33.50 per cent) was the most
dominant pollinator on ash gourd followed by A.
cerana indica (26.73 per cent). Leena and Nasser
(2015) reported that, on ash gourd flowers, T.
iridipennis was the most frequent pollinator
followed by H. timidus, A. cerana, C.
hieroglyphica and H. taprobanae in Kannur
(Kerala).
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Table 2. List of hymenopteran pollinators in cucurbitaceous vegetables

Common name Scientific name Family Vegetable
Indian bee Apis cerana indica F. Apidae Culinary melon, Bitter gourd,
Pumpkin, Ash gourd,
Ridge gourd
Rock bee Apis dorsata F. Culinary melon, Bitter gourd,
Pumpkin, Ash gourd,
Ridge gourd
Little bee Apis florea F. Culinary melon
Stingless bee Tetragonula travancorica Culinary melon, Bitter gourd,
Shanas and Faseeh Pumpkin, Ash gourd
Tetragonula sp. nov.1 Pumpkin
Small carpenter bee Ceratina hieroglyphica Smith, Culinary melon, Bitter gourd,
Ceratina simillima Smith, Pumpkin, Ash gourd,
Ceratina binghami Cockerell, Ridge gourd
Ceratina unimaculata javanica
van der Vecht
Blue- banded bee Amegilla zonata L. Culinary melon, Ridge gourd
Carpenter bee Xylocopa verticals Smith Culinary melon, Ridge gourd
Sweat bee Lasioglossum sp. Halictidae Culinary melon, Bitter gourd,
Pumpkin, Ash gourd
Halictus sp. 1, Halictus sp. 2, Culinary melon, Bitter gourd,
Halictus sp. 3 Pumpkin, Ash gourd,
Ridge gourd
Alkali bee Nomia eliotti Smith, Culinary melon, Ashgourd
Nomia westwoodi Gribodo
Nomia curvipes F., Nomia sp.
Leaf- cutter bee Megachile lanata F.,
Megachile disjuncta F. Megachilidae | Bitter gourd, Ash gourd
Paper wasp Ropalidia brevita Das &Gupta Vespidae Culinary melon, Ridge gourd
Potter wasp Eumenes sp. Ridge gourd
Anterhynchium abdominale
abdominale 1lliger Culinary melon
Mud dauber Sceliphron madraspatanum F. Sphecidae Culinary melon
Blue mud dauber Chalybion bengalense Dahlbom
Scoliid wasp Phalerimeris phalerata
phalerata de Saussure Scoliidae Ash gourd
Campsomeriella annulata
annulata F.
Mole cricket hunters | Larra maura F. Crabronidae Culinary melon
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Table 3. Composition and relative abundance of different hymenopteran pollinators in culinary melon

Pollinator Trivandrum | Kollam | Pathanam-| Alappu- Kasara- Total % RA
thitta zha god
Apis cerana indica 167 21 13 4 8 213 4251
Tetragonula
travancorica Tl 5 6 - 5 93 18.56
Ceratina Sp. 46 6 5 - - 57 11.38
Apis dorsata 4 2 4 - 1 51 10.18
Lasioglossum sp. 10 4 5 - 4 23 4.59
Nomia sp. 12 - - 5 2 19 3.79
Halictus sp. 5 3 3 3 - 14 2.79
Apis florea 7 1 2 - - 10 1.96
Xylocopa verticals 6 - - - 3 9 1.80
Amegilla zonata 5 - - 2 - 7 140
Wasps 3 - 1 1 - 5 1.00
Total 382 42 39 15 PA] 501 4251

No. of locations — 29
Total no. of pollinators collected - 501
% RA - mean number of pollinators/m*5 min

Table 4. Composition and relative abundance of different hymenopteran pollinators in bittergourd

Pollinator Trivandrum | Kollam | Pathanam-| Alappu- Kasara- Total % RA
thitta zha god

Tetragonula

travancorica 34 7 8 10 65 31.86
Apis cerana indica 39 6 7 4 5 61 29.90
Ceratina sp. 19 - 2 3 - 24 11.76
Megachile sp. 5 4 4 - 2 15 735
Lasioglossum sp. 8 2 - 1 3 14 6.86
Apis dorsata 7 2 - 3 1 13 6.37
Halictus sp. 6 3 1 2 - 12 5.88
Total 118 24 2 19 21 24

No. of locations — 27
Total no. of pollinators collected - 204
% RA - mean number of pollinators/m?5 min

Foraging Behavior of Bees foraging speed during 10:00 h to 11:00 h. C.

hieroglyphica and Lasioglossum sp. recorded
On culinary melon flowers, A. cerana indica, T.  highest foraging speed during 09:00 to 10:00 h.
travancorica and Halictus sp. recorded maximum 7. travancorica, C. hieroglyphica and Lasioglossum
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Table 5. Composition and relative abundance of different hymenopteran pollinators in Pumpkin

Pollinator Trivandrum | Kollam | Pathanam-| Alappu- Kasara- Total % RA
thitta zha god

Apis cerana indica 2 7 6 5 4 50 38.76
Tetragonula

travancorica 15 4 4 3 5 31 24.03
Ceratina sp. 8 3 - - 3 14 10.85
Apis dorsata 7 - 1 3 2 13 10.08
Lasiog lossum sp. 2 5 2 1 1 11 8.53
Halictus sp. 5 1 2 2 - 10 7.75
Total 65 20 15 14 15 129

No. of locations — 19

Total no. of pollinators collected — 129

% RA - mean number of pollinators/m%>5 min

Table 6. Composition and relative abundance of different hymenopteran pollinators in ash gourd
Pollinator Trivandrum | Kollam | Pathanam-| Alappu- Kasara- Total % RA

thitta zha god

Tetragonula

travancorica 43 6 7 4 6 66 33.50
Apis cerana indica 39 4 5 4 A 2741
Ceratina sp. 10 - 4 - 3 17 8.62
Halictus sp. 8 3 - 5 - 16 8.12
Nomia sp. 7 2 2 - 2 13 6.59
Wasps - 5 2 4 - 11 5.58
Lasioglossum sp. 6 - 2 - 1 9 4.56
Apis dorsata 6 1 - - - 7 3.55
Megachile sp. 4 - - - - 4 203
Total 123 21 2 15 16 197

No. of locations — 24
Total no. of pollinators collected — 197
% RA - mean number of pollinators/m?5 min

sp. recorded the highest foraging rate during 10:00
h to 11:00 h. While A. cerana indica and Halictus
sp. were observed to have maximum foraging rate
during 11:00 to 12:00 h and 09:00 to 10:00 h. Rapp
(1981) reported that, on cucumber flowers, honey
bees started foraging at 06:00 h and their activity
was maximum from 09:00 to 12:00 h and was found
decreasing in the afternoon hours. The peak

foraging activity during morning hours can be
correlated with the abundant availability of pollen
and nectar during this period.

In the present study the maximum time was spent
by T. travancorica (11.23 sec and 11.46 sec) for
pollen collection, followed by Lasioglossum sp.
(11.06 sec and 11.30 sec), A. cerana indica (10.61
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Fig. 1. Foraging speed (seconds) of hymenopteran pollinators during season I (October to November)
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Fig. 2. Foraging speed (seconds) of hymenopteran pollinators during season II (November to December)

sec and 10.63 sec), Halictus sp. (10.26 sec and A. florea (13.49 sec), followed by T. iridipennis
10.40 sec) and C. hieroglyphica (9.02 sec and (11.44 sec), A. cerana (9.65 sec), A. mellifera
9.11 sec) during two seasons. Prakash (2002) (8.74 sec) and the least in A. dorsata (7.22 sec).
reported that in cucumber, among the honey bees,  The difference in the foraging speed of bee species,
maximum time was spent for pollen collection, by = may be due to different climatic conditions, type of



266

Erra Harisha and S. Shanas

= Vegetable - Culinary melon
12

E # A.cerana indica = T.travancorica 7t C.hieroglyphica ® Halictus sp. W Lasioglossum sp.
o 10

) =

0] =
o 2 = =
= = =

2 = =

5 6 I =
B = = 5 = = z
E ¢ - ENHEIE . E E OE O£ .
k. — - - § = - — — - - —

@ 2 = =18 =13 = = = = = =
'; g: :i‘ Zj%m =t § :1 = - - — g:
= = = =T% = == - = = = = -

> Lk B dwaEl BB EnE & E E &
=h ]

z X o X X x> > X X A > X \
S PO T N N N I
& S TR SR A R A
5 S Y &y TSN &N &

: & N $° o S N W3 R % el Gl 4%

ZO Q Q Q Q N ~ N b ~ N N N

Time (h)

Fig. 3. Foraging rate of hymenopteran pollinators during season I (October to November)
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Fig. 4. Foraging rate of hymenopteran pollinators during season II (November to December)

crop, geographic location and species specific
differences and variation in the availability of
foraging source.

In culinary melon flowers, the mean foraging rate
was found highest in A. cerana indica (10.60 &

10.88 flowers/min) followed by T. travancorica
(9.16 and 9.23 flowers/min), C. hieroglyphica
(5.01 and 5.10 flowers/min), Lasioglossum sp. (4.83
and 4.85 flowers/min) and Halictus sp. (4.03 and
4.13 flowers/min) during the two seasons. In Hisar,
the data on the foraging activity of insect visitors in



Relative abundance and foraging activity of hymenopteran pollinators 267
Table 7. Composition and relative abundance of different hymenopteran pollinators in ridge gourd
Pollinator Trivandrum | Kollam | Pathanam-| Alappu- Kasara- Total % RA
thitta zha god

Apis cerana indica 11 6 5 4 6 32 35.16
Xylocopa verticals 5 5 - 6 1 17 18.68
Wasps 5 - 4 3 2 14 15.38
Apis dorsata 3 4 1 - 4 12 13.19
Lasioglossum sp. 3 - - 2 4 9 9.89
Amegilla zonata 1 3 3 - - 7 7.69
Total 2 18 13 15 17 91

No. of locations — 13
Total no. of pollinators collected — 91
% RA - mean number of pollinators/m?/5 min

cucumber hybrids, viz., Evergreen, NBH-Manu,
Damini and Rani showed that the mean foraging
rate irrespective of different day hours was highest
in A. dorsata (8.63 flowers/min.) followed by C.
sexmaculata (5.03 flowers/min.), and it was lowest
in Halictus sp. (4.38 flowers/min.) (Hanh et al.,
2014). Fluctuation in visits of insect pollinators on
culinary melon flowers reveals that the visits were
low at the time of commencement and cessation
of flowering but these remained high during mid
flowering period. This difference might be due to
variation in the floral density during the span of
blooming and changes in climatic conditions.
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ABSTRACT: Neoceratobaeus Rajmohana (Hymenoptera: Scelionidae) was described from India as
a monotypic genus. The present paper describes and illustrates the second species N. dwitiyus sp.
nov. from West Bengal, India. Morphological affinities with the known species are discussed.
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INTRODUCTION

Neoceratobaeus Rajmohana 2014, (Hymenoptera:
Scelionidae) with type species Neoceratobaeus
gibbus Rajmohana, 2014, has been a monotypic
genus, described from India. With 7 segmented
antenna ending in a large unsegmented clava in
females, forewing rather spoon shaped distally and
T1 having a large, backward directed and laterally
compressed horn, the genus is easily diagnosed. It
belongs to subfamily Scelioninae and tribe Baeini,
Members of the tribe Baeini are unique among
Scelonidae since they attack spider eggs (Austin
et al, 2004; Carey et al. 2006). Majority of the
Baeini species fall under 4 genera with 433 species
known globally. Ceratobaeus Ashmead (165
species), Idris Forster (160 species), Odontacolus
Kieffer (55 species), and Baeus Haliday (53
species). In India Baeini comprises 47 species under
five genera - Baeus Haliday (1 species),
Ceratobaeus Ashmead (12 species), Idris Forster
(31species), Neoceratobaeus Rajmohana
(1species) and Odontacolus Kieffer (2 species)
(Johnson 1992, Johnson et al. 2018). In this paper
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Neoceratobaeus dwitiyus sp. nov. collected from
West Bengal, India, the second species of the genus
is described and illustrated. Morphological affinities
with N. gibbus are discussed.

MATERIALS AND METHODS

Specimens were collected using yellow pan traps,
set in a vegetable garden. 30 traps were kept for
10 hours. The collected specimens were preserved
in 70% ethanol and later mounted on point-card
tips. Descriptions and images were prepared using
Leica M205-A stereomicroscope, with 1X objective
and Leica DFC-500 digital camera and processed
with LAS version 3.6 extended focus software.
Morphological terminology follows Masner (1976),
Austin and Field (1997) and Miké et al. (2007,
2010).

Abbreviations used in the description are as
follows: F1 to F4- Funicular Segments; L-Length;
W-Width; H-Height; 10S- Inter Occipital Space;
HW-Head Width, HH- Head Height; stgv- Stigmal
vein; mv-Marginal vein; pmv- Post marginal vein;
T1-T7-Metasomal tergites 1 to 7.
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Both the holotype and paratype of N. dwitiyus sp.
nov. are deposited in the National Zoological
Collection, Zoological Survey of India, Kolkata.

Neoceratobaeus dwitiyus sp. nov. Holotype
Female (Figs. 1-6)

urn:lsid:zoobank.org:act:C43ADC42-B34D-42C4-B2CB-D2FBF2E86286

DESCRIPTION

Holotype Female. Length = 1.02 mm. Head and
mesosoma black, metasoma yellow, contrasting in
colour with rest of body, horn on T1 concolorus
with metasoma, blackish brown only towards tip
and; legs pale; eyes silvery; mandibles as well as
base of antennal clava yellowish brown; wings
clear and hyaline; veins brown (Figs 1, 2).

Head : (L: W): 35: 6 transverse dorsally, slightly
wider than mesosoma; in anterior view
subtriangular; vertex straight, upper frons, frons,
vertex and occiput with coarse granulations; with
fine and dense setigerous punctate; frons entirely,
face and gena entirely sculptured except for a large
smooth and glabrous speculum(Fig 4) , on antennal
scrobe, extending upto three fourth eye level on
frons medially; cheeks with fine radiating striae,
lacking granulations in between striae, and gradually
merging with granulations near lower margin of
eyes, pilosity scanty; I0S : HW to HH =22 :35:
14 (in front view); eyes densely pubescent;
mandibles with three pointed and equal teeth; central
keel distinct, complete and expending till anterior
ocelli; lateral ocelli contiguous with orbital margin;
hyper-occipital carina complete; occipital carina
distinct, striate-scrobiculate; temples coarsely
granulate, without any striae; antennae with 7
segments, 4 funicular segments; clava large
(Figs. 3, 6), segmentation indistinct; length and width
of F1 a little less than that of pedicel, F1 longest, >
2x length of F2; F3 and F4 much transverse; clava
large, 4 segmented, segmentation indistinct. L: W
ratio of antennal segments being 17: 3; 7: 2; 1: 2;
1:2;1:2;1:2; 1:1; 14:8.

Mesosoma : (L : W = 31 : 33); narrower than
head dorsally (Fig. 1); surface with granulations as
on vertex; mesoscutum with dense pubescence;
notauli distinct as a short strip, but visible only till
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0.2 of mesoscutum, trans scutellar sulcus not
crenulated; mesoscutellum moderately convex (Fig.
1), surface with granulations as on mesoscutum,
pilosity scattered; posterior margin of mesoscutellum
feebly excavate, a row stiff setae present on
posterior border; metascutellum with an arched row
of horizontal foveolae; propodeum feebly hairy,
drawn into pointed spines at lower corners;
propodeal lamellae and flanges on either sides of
metasomal horn developed into spines laterally;
pronotum laterally striate longitudinally and with
rough rugosity, mesopleural carina distinct (Figs. 5),
bordered, though not continuous, with longitudinal
striae; acetabular carina, flanked by irregular
punctate and irregular longitudinal elements; lower,
stem of forewing emarginated inwards, fitting to
curvature of metasomal horn when at rest; L : W
=61 : 17; pmv longer than stgv; (mv : stgv : pmv = 2:
7 :8), pmv with 5-6 large setae; marginal fringe
short; hindwing wider than usual, width of hindwing:
forewing = 14 : 23; basal vein absent (Fig. 2).

Metasoma : (L : W =58 : 34); T3 is widest among
all the tergites ; all tergites transverse, T2 onwards
with fine pubescence laterally; metasomal horn in
dorsal view extending backwards, upto anterior
half of T2, horn dorsally with closely placed
concentric striae; median suture between T1 and
T2 distended downwards; T1 longest among
tergites; proportions of width to length of T1toT7
medially being 23: 14; 31: 8; 34: 11; 27: 6;22: 2; 14:
1; 8: 8 T1 and T2 with similar sculpture, weak and
wavy longitudinal striae, T3 onwards with dense
and fine irregular reticulate sculpture; anterior
margin of T3 with a narrow smooth band; posterior
margins of T3-T6 with a narrow smooth band;
T7 entirely sculptured, with sparse long hairs
(Fig. 1); ovipositor extended.

Male: Unknown.

Etymology: The species is named ‘dwitiyus’, this
being the second species under the genus (‘Dwitiya’
in Sanskrit = second)

Material examined: Holotype. Female (20678/
H3). India: West Bengal: Sagar Island, Phulbari
(N21°51°43.94", E088° 07° 46.32"); Coll: Sunita;
21.1i1.2018; yellow pan trap.
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Fig. 3 Fig. 4

Fig. 5

Figs. 1-6. Neoceratobaeus dwitiyus sp. nov. Holotype, female
1) Dorsal view; 2) Lateral view; 3) Wings; 4) Head front view (Speculum indicated); 5) Head with Mesopleuron;
6) Head with antenna
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Fig.7
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0.1 mm

Fig. 8

Figs. 7-8. Female Neoceratobaeus gibbus Rajmohana
7) Head frontal view (Speculum indicated); 8) Forewing

Paratype: 1 female (20679/H3). India: West Bengal:
Sagar Island: Gangasagar Island, Bharat Seva
Ashram Campus (N21° 38” 22.05", E088° 04’
48.32"); Coll: Sunita; 23.iii.2018; yellow pan trap.

Diagnosis:

Neoceratobaeus dwitiyus sp. nov. is very similar
to N. gibbus, but the former can be identified by
the smooth, shiny and glabrous speculum on
antennal scrobe, which is very conspicuous. In N.
gibbus, speculum is not smooth (Fig. 7), instead
with impressions or traces of coriaceous sculpture.
In N. dwitiyus, forewing is comparatively longer,
3.5X as long as wide, with distal margin slantingly
convex. In N. gibbus, forewing is wider, only 2.5X
as long as wide, with a more rounded distal margin
(Fig. 8). Both the species differ largely in the shape
and size of the forewing (Figs. 3, 8).

Comments:

Genus Neoceratobaeus has been known by
females only. The metasomal horn on T1, serve as
a recess for the internally retracted ovipositor and
the horn length is correlated to ovipositor length
(Austin et al, 2004). The prominent metasomal
horn of N. dwitiyus gives a clue of the length of
the ovipositor and also that the eggs of the host

spider would have a thick sac. Since only one
specimen each was trapped, in both the collecting
events, this indicates the rarity of the species.
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INTRODUCTION

The stingless bees (Hymenoptera, Apidae,
Meliponini) are the most diverse eusocial bees in
the tropical regions of the world. They are 60 times
more speciose than the Apis bees. Nesting habits
and nest architecture vary greatly not only among
genera but also among species within this genus.
The nesting habitats of stingless bees vary widely
from cracks and crevices, walls, tree hollows, the
base of trees, bird nests, underground structures,
limestones etc. According to Roubik (2006) the nest
entrance is normally associated with physio-
chemical regulation, maintenance of microclimate
inside the nest, foraging activity and defence of a
colony and it is the check point at which the
individual stingless bees entering the nest are
recognized. He also mentioned the possibility of
occurrence of innovations in the nest architecture
within a taxon.

Attributes of nest structure and nesting habits can
be used as a tool for ecological, phylogenetic and

* Author for correspondence
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taxonomical studies (Rasmussen and Camerago,
2008; Lima et al., 2013). Kelly et al. (2014)
observed that the nest entrance of stingless bees
differs with genus. Most of the studies were
concentrated on ecology, biology, morphology and
pollination of these bees (Vijayakumar 2014). They
use the waxy secretion from their dorsal body along
with resins collected from plants for construction
of nests (Virkar, 2014). Only limited information is
available on the nesting behaviour of stingless bees
in India (Roopa et al., 2015; Patel and Pastagia,
2016).

Shanas and Faseeh (2019) described three new
species of stingless bees from south India and
provided keys to the species of Tetragonula of the
Indian subcontinent. They also established that, 7.
iridipennis (Smith, 1854) does not occur in India
and Tetragonula iridipennis, mentioned in
publications from south India most probably refers
to T. travancorica Shanas & Faseeh. Multiple nest
entrance in Tetragonula travancorica from Kerala
is described and its significance discussed here.
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MATERIALS AND METHODS

The study was conducted during 2017-2018 in
Kerala, India. Stingless bees were collected from
different geographical regions in the state. The
colonies were located at Manakkadavu, Kannur
District (12°13°12.21"N 75°30°07.29"E, altitude 223
m), Peechi, Thrissur District (10°30°56.06"N
76°21°31°°.35"E, altitude 115 m), Vellayani,
Thiruvananthapuram District (8°25°40.85"N
76°59°05.68"E, altitude 29 m), Kadannamanna,
Malappuram District (11°01°53.58"N 76°10°07.90"
E, altitude 55 m), Ambanad, Kollam District
(9°00°50.99"N 77°05°21.88"E, altitude 362 m),
Thenmala, Kollam District (8°57°45.58"N
77°03°53.38"E, altitude 153 m). A total of 207
colonies were located during the study. The colonies
with more than one entrance were recorded with
the number of guard bees, shape of entrance mouth,
length and width of entrance mouth, number of
entrance tubes, length of each entrance tube,
number of active entrances, height from the ground
level and nest habitat. Each nest entrance was
photographed with a 55mm macro lens mounted
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on a Nikon D80 camera. Latitude, longitude, and
altitude of each colony were noted with the help of
Google earth pro app.

Transparent bottles of 15-20 cm height were kept
covering the mouth of the entrance and gently
tapped around the nearby areas of nest which
resulted in bees getting trapped inside the bottle.
An average of 20 stingless bees was collected from
each colony and no colonies were harmed during
the entire collection. Collected bees were killed
using ethyl acetate and preserved in 70% ethyl
alcohol, few of which were pinned, dried and stored
in insect boxes for further studies.

RESULTS AND DISCUSSION

The samples were collected from various locations
in Kerala (comprising all geographical regions such
as coastal areas, planes, and hills). Out of the 207
colonies, six colonies had multiple nest entrance
openings, of which four were from the hill tracts
and two were from the plains. The shape of
entrance tubes identified were either round, oval
or slit. Three of the nest entrances were oval and

Table 1. Nest entrance characters of colonies with more than one entrance

Location*
Character M P v T A K
No of entrance tubes 2 2 2 2 5
No of active entrance
tubes 2 1 1 2 2 5
Shape of entrance Round Oval Oval Round Slit Round
No of guard bees 545 5 6 444 7+7 4+1+1+1+1
Length of entrance
mouth (cm) 12 12 2.1 1 25
Length of each entrance
tube (cm) 1 21 7.6 54 7 043
2 38
3 23
4 54
5 54
Height from ground
level (cm) 34 67 287 254 138 7.8
Nest habitat Stone wall Stone wall | Stone wall | Stone wall | Building wall| Stone wall

*(M-Manakkadavu, P-Peechi, V-Vellayani, T-Thenmala, A-Ambanad, K-Kadannamanna)
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Fig. 3 Manakadavu

Plate 1. Multiple entrances recorded in Tetragonula travancorica
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Fig. 6 Ambanad

Plate 1. Multiple entrances recorded in Tetragonula travancorica
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Fig.7 Arrows indicate the openings in the entrance tube at Thachampara, Palakkad (Host: Fig tree)

two of them were round and one was slit in shape.
It was also observed that the shape of entrance
mouth was similar for all entrance tubes of the same
colony.

The number of guard bees varied between colonies,
however, the number of guard bees were same in
each active entrance tube of the same colony,
except in the case of a single colony where in, out
of five active entrance tubes, one entrance tube
had 4 guard bees and the remaining entrance tubes
were guarded by a single bee (Fig. 4).

The number of entrance tubes was two for colonies
identified from Vellayani (Fig. 1), Thenmala (Fig.
2), Manakkadavu (Fig. 3), Peechi (Fig. 5), and
Ambanad (Fig. 6) whereas five entrance tubes were
found in a single colony from Kadannamanna (Fig.
4). The number of active entrances differed in each
colony. Colonies from Thenmala, Ambanad and
Manakkadavu had two active entrances, whereas
colonies from Vellayani and Peechi were with only
one entrance tube which was active and the other
one was closed entirely or joined with the active
entrance tube mouth (Vellayani). A colony from
Kadannamanna had five entrance tubes (Fig.4) and
all of them were active.

The length and width of entrance mouth were almost
same for different entrance tubes in a single colony.
Length of entrance mouth varied from 1.0to 2.5cm
and width varied from 0.2 to 1.2 cm in different
locations. The height of colony from ground level
varied in different locations. All colonies were
located at a height of less than 50cm, except the
ones in Ambanad (138 c¢cm) and Peechi (67 cm).
Five colonies were found associated with
foundations of buildings made of stones, and one
colony was observed inside the wall of a building.

All the five colonies were having the entrance tubes
one above the other presenting an overall look of
vertical arrangement of entrance tubes. In one
colony, the five entrances were arranged in a
different manner: two pairs of entrance tubes
arranged vertically (one below to the other) and
the fifth, in line with the upper entrance tubes (three
tubes were in one line and two tubes were in
another line) (Fig.4).

In addition to these six colonies with multiple
entrances, one more colony was identified from
Thachampara (Palakkad dist) with multiple nest
entrance openings. Three to four small openings
were observed in the entrance tube, in addition to
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opening on the apex. Except for the apex, all
openings were non-functional and without any guard
bees. The main entrance was guarded by 4-5 bees
and the colony was located 186¢cm above the ground
level on a fig tree (Fig.7).

Wille and Michener (1973) reported two species
of stingless bees Tetragonisca angustula and
Trigona fulviventris, those rarely form nests with
two or three entrances. Roubik (2006) stated the
existence of multiple entrances in some genera such
as Lepidotrigona, Scaptotrigona, Plebia,
Tetragona, and Hypotrigona and these multiple
entrances cannot be considered as a consistent
character in these genera. Benziger and Benziger
(2010) observed two exceptional nests of minute
stingless bees, Lisotrigona cacciae and L. furva
having two nest entrances for a single colony. The
nest entrances of Pariotrigona klossi obtained
from calcareous rocks were having several tubelets
(highest reported were with 300 tublets) arranged
on interconnected clumps (Benziger, 2011). Such
clumps were observed only in one of the five
colonies (colony which had five entrance tubes
originating from a clump) in the current study. The
nests with two entrances had no clumps, however,
each tube was very closely constructed or merged
partially at the base. This may enhance the stability
of the nest entrances as the number of entrance
tubes increases. Divya et al. (2016) observed two
nests of Tetragonula iridipennis, each with two
entrances, from Poojappura and Tholicode in
Kerala. Jose (2015) observed two separate
entrance funnels in a 7. iridipennis nest.

This behaviour of constructing multiple entrances
can be considered as a defensive strategy of the
stingless bees or to avoid the huge foraging traffic
in the strong colonies. The building of a large, single
entrance may result in variation in the microclimate
of the bee nest, which may adversely affect the
colony. This could be a plausible for the construction
of multiple entrance holes instead of one big
entrance. It is also difficult to manage the intruders
as the size of the nest entrance increases and at
the same time, an efficient distribution of guard bees
can be done by dividing the nest entrance, and thus
fortify the defence. All the nests mentioned in the
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current study were obtained inside stone walls of
the foundations of buildings and all of them were
free from harsh weather and other disturbances.
Benziger et al. (2011) stated, in order to construct
complex nest entrances they need to be protected
well and the nests of Pariotrigona klossi obtained
from crevices of limestones were protected by
overhanging rocks.

Multiple exit holes and platforms were observed in
Tetragona clavipes and the species also varied
with broad and lamellate nest entrances (Roubik,
1979). Roubik (2006) reported construction of
tubercles or hollow tubes around the nest entrance
of Lestrimelitta and occurrence of dual entrances
in colonies of Meliponula ferrugenia and
Lepidotrigona ventralis. Jose (2015) reported two
openings in a single entrance tube of an artificial
hive in T. iridipennis, in which both the openings
were guarded by bees. In the current study, we
observed single entrance tube with multiple openings
in a natural habitat (in feral colonies) however, none
of them were functional except the opening at the
apex of the tube (Fig.7).

The shape of nest entrance of 7. iridipennis varied
from slit-like, circular, oval, funnel-shaped and feral
colonies are dominant with slit and circular nest
entrance apex (Pavithra et al., 2013; Jose, 2015).
The shape of entrance apex was similar with in a
colony while it varied between colonies such as
slit-like, oval or circular. The reported nest entrance
length in T. iridipennis varies from 6 to 18 mm
(Roopa et al.,2015), 10.6 to 102.6 mm (Jose, 2015)
and 5 to 90mm (Ramya et al., 2015). Tetragonula
colonies without an entrance tube were also reported
from Kerala (Jose, 2015). The length of the entrance
tube varied from 2.1 cm to 7.6 cm and among them,
one colony was without a nest entrance tube and
was with a slit-like opening. In addition to
environmental cues, the pheromone-regulated nest
mate interaction also acts as a stimulus for nest
building, when these stimuli become more complex
and vigorous, it changes the nest building behaviour
and results in the formation of novel building action
(Pavithra et al., 2013).

The behaviour of Tetragonula travancorica in
constructing nests with multiple entrance is
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prevalent in different regions of Kerala, however,
its frequency is low (2.3%). The factors behind
this behaviour or instinct are not known. The
knowledge on nesting and nesting site can be a
useful tool for designing stingless beehives and their
conservation for honey as well as pollination
purpose.
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Influence of wind direction on parasitization
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ABSTRACT: Investigations were carried out to assess the impact of wind direction on parasitization
behaviour of Trichogramma chilonis Ishii on brinjal shoot and fruit borer Leucinodes orbonalis
Guenee indicated maximum number of parasitization in windward direction. Findings indicate
importance of air stream in the parasitization behaviour of T. chilonis in field condition.
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Trichogrammatids are the most widely used egg
parasitoids against lepidopterous pests on a wide
range of agricultural and forest crops across the
world for more than 70 years (Li, 1994) as
inundative releases. More than 25 species reported
in India, Trichogramma chilonis Ishii occurs
widely all over the country throughout the year.
Farmers in Tamil Nadu are known to use
Trichogramma egg parasitoid for shoot and fruit
borer Leucinodes orbonalis management. It is
well known that movement activity of
Trichogramma species may depend on
environmental conditions, primarily temperature
(Fournier and Boivin, 2000), host density, release
rates (Singh and Jalali, 1992), host plant density,
wing size (Kolliker- Ott et al., 2004) and sex
(Canto-Silva et al., 2006). This study was

* Author for correspondence
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conducted to understand the orientation behaviour
of T. chilonis influenced by wind direction to decide
on parasitoid release points in an inundative release
during wind influence situation for the management
of brinjal shoot and fruit borer (BSFB) in brinjal
ecosystem.

Orientation behaviour of 7. chilonis in
brinjal field

1. Sentinel Egg Card Technique

A field trial conducted kharif 2017 in Agricultural
College and Research Institute, Killikulam in
Thoothukudi district using brinjal variety KKM 1.
The experiment was conducted in supervisory trial.
The experiment was organized on brinjal crop in
vegetative stage 25 DAT having shoot damage
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caused by L. orbonalis to the extent of more than
10 per cent. T. chilonis orientation behaviour study
conducted adopting sentinel egg card technique
(Niranjana, 2015). Corcyra egg card having
approximately 0.0625 cc parasitized eggs fixed in
centre surrounded by each 0.0125 cc unparasitized
Corcyra egg placed in 60 cm and 120 cm distance
in all four directions constituted an experimental
unit. Five such units were arranged randomly in
half acre of the cropped area. A minimum of more
than five meter distance was maintained between
the experimental units. After three days of parasitoid
release, the baited cards were brought to the
laboratory and the parasitized eggs (blackened eggs)
were counted. Data was compared based on the
number of parasitized eggs in each bait cards.
Weather data viz., wind direction and wind speed
corresponding to the experimental period recorded
in Meteorological unit of Agricultural College and
Research Institute, Killikulam was used for further
interpretation. Experiment was repeated eight times
and the data were compared observation week wise
with wind direction that previlled.

2. On field host L. orbonalis egg in brinjal crop

To understand the parasitization behaviour of T
chilonis on the field host L. orbonalis eggs insitu
in field condition, the parasitoid was released at the
rate of lcc per hectare in brinjal crop in the
vegetative stage having a shoot damage caused by
L. orbonalis. The extent of damage observed was
more than 20 per cent. The L. orbonalis eggs (10
eggs) were located by using hand lens and tagged
