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Editorial

Pantomime: The mask effect!

Pan-pandemic pandemonium
has sen a wave ofbedlam across the
globe like horrendous waves of the
oceans. The waves weretsunamic in
scale indeed, and stalled every
routine- mundane or otherwise. As |
write  this, limited travel and
businesses have begun. As we breathe
a partial respite, there's news of
another wave! Talking of waves, the
media have umpteen stories on

waves, mutants, variants, vax types,

oxygen concentrators, black fungus (this never made much news in the first wave)
intervals between vax-doses etc. The year is now filled with newer normal that man is
adapting to lifestyles t hat makes him look queerer (with a mask and a vizor ). Have you
ever wondered what our animalia- dogs and cats donkeys and goats think of our

| ooks? Thatds i f t helgoksvbeforet Srange bedam indebd! The f
mask effect has seen less talk and more pantomime!

The first quarter of the year 2021 seemed like a roll back to normal.
Entomologists were on expeditions, seminars with physical participation seemed
restorative, award functions begin to chime, farmers' fares and exhibitions were being
held and calls for interviews , board exams etc. began to revive. It seemed like weaning
and quits from on-lines. Alas, these were ephemeral joys. We were all told of an
imminent lockdown and advisory for restricted movements w ere sounded. All of us
retracted to our homes and were pinned down to our systems much like the pinned
insects in our museums. Amidst such gory scenario, our entomology authors have done
well. We kept receiving very interesting notes and blogs and we had to say ¢odto a few
decrepit articles which had no updated currency. We however, appreciate essays on
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modern themes though especially from students as IE is a builder and encourager of,
young insect-friends and authors.

We are not as finicky as certain @ollar 6 (corporate) journals. While we eye for
originality and truth we do not pretend to be fastidious peer -reviewers! We firmly
believe all peers are not 'experts of all' and many may not accept an out-of-the-box
revelation or idea. We do not always swing with pe er contention but look beyond at the
substance in the articles. Therefore our reviewers (who also double-in as mentors) are
carefully selected top-notch entomologists with an eye for the natural history and the
unusual. And, isn't the insect world always throwing up the unusual or the less
obvious?And i sndét | E capturing them all?

While insects as food is gaining much ground in the West and South East Asia,
isn't it interesting to know that at least in some parts of India insects are a delicacy. So
look out for the article by Dr. Badal Bhattacharyya in this issue.

Diet patterns in many insects are changing and are becoming more and more
obvious. When | was aB. Sc Agri graduate student, | was taught that the tea mosquito
bug Helopelis spp. was a pest on tea. Then, ve learnt it would come also on cashew and
guava and now | seethat it is a grave pest on cocoa and drumstick. Now in this issue
you will read Dr . Srikumar's article with many more host records from Indonesia . The
little bug is becoming a poly host creature and we are glad we are capturing the host
ramifications of Helopeltisspp in this issue for you. Incidentally there are more than a
dozen Helopeltisspp in the Oriental alone.

| am sure many entomologists are seized with the news that has been in the air,
of the decline of insect numbers. This is not of species extinction but a dwindling of
numbers spatially and temporally. Funny as it seems, man blames man- destruction of
habitats, forests, air pollution, agri -expansion and one group thumbs all these up to
account for conservation failures and faunistic declines. Even more funny is school
students holding placards that depict clichés like @&onserve natured @rotect
environment etc. and sloganeering on roads or standing on pavements in the hot sun.
For to who are these messages mesat to be? Well, as someone put it, itmakes no harm
to make some noise Yes indeed, but the point we are making is, that measures being
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taken by the Government are in consonance with conservation. These must be
appreciated and taught to children and entomologists. Most of us know for example,
how difficult it is to set up a n innocuous malaise trap in a conserved sanctuary. Then
the Government much against industrial lobby has been banning several pesticides that
are harmful to bees, butterflies and even birds. 70% of India's agriculture has no access
to fertilizers and pesticides. Yes 70% are nearly organic.All these should augur well in
insect conservation. So in my opinion man and Government cannot always be entirely
blamed!

Contextually, | relate an interesting insect decline story here. Elizabeth Pennisi
writing fo r Sciencg4 May 2021 highlights about ALAN - artificial light at night . Lights
on bridges close to rivers and water bodies attract emerging short-lived adults of
mayflies which even before ensuring next generation (its progeny) are killed. Should we
then have theselights? Come to think of it , the same must behappening in our urban,
peri-urban and rural envir ons. Electrification is certainly a symbol of progress but may
be a death knell to many insects. ALAN effect is yet to be properly documented in Asia.
In this issue there is an interesting articleby Rakesh Dason decline of bees foraging on
sweetmeats they get stuck or swatted!

Insect taxonomy is complete only when integrated with natural history - the
biosystematics- which brings in a lot of life into Entomolog y. Should issues on
economical or ecological arise, conferring with taxonomists is highly essential . The best
model to emulate would be the ICAR - National Bureau of Agricultural Insect Resources
where biosystematics biotechnology, bioecology and biocontrol all converge. In the last
issue, the article on Thrips occidentalidy R. R. Rachna was appreciated by many for it
breathed economic entomology through the lens and pen of a Thysanopteran
taxonomist. In this issue there is another very interesting and similar article by S. Salini
et al on Scutellarids. We have dso our editorial advisor, Dr Romen o Faleiro, FAO
expert, turning on his experience on economic insect study in a special editorial.

From litterto light -t hat 6 s hisawce bektle has lbeen storming into homes
in Kerala. Read this interesting article by Dr Sabu Thomas. In spite of his busy schedule
as the Principal of St Josephs College, Calicut, he took time off to wrie for IE.
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Documenting diversity is crucial as indic ated by S N Pawaraet alon hawkmoths
in Maharashtra and diversity studies by Devi Thangam and her students in Bangalore.

Insect Environment celebrated World Bee Day on 20" May, World Biodiversity

Day on 220d May and World E nvironment Day on 5" Junethrough poster s and virtual
presentations. These prompted many students to send small notes and poems to us We

would advise students to get their write -ups vetted by their teachers mainly for
authenticity and clarity . Our team will support with grammar a nd prose logistics; one

such we publish in this issue. | am sure you will be touched by an undergraduate
student, Pooj ads aITheilE teeam als® Extenalanfreea suppoet eta 6
undergraduate students in learning Entomology. In this issue we featur e such an
endeavour at St Josephds Coll ege, Bangal or e.

Small is big. Insignificant is significant . Therearealway s O bet weensd bet\
research lines. These hold well in bi ological research too. Insect Eivironment would
like to capture thesesmalls,insi gni f i beween®d!and 0O

Many novel and crazy ideas that spark 'eurekaresponses are not peer accepted!
But at IE we nurture them. Of course we look into the research validity, photographs,
and correctnessof scientific names etc. Today's odd behaviour and uncommon events
on insects may evolve to tomorrow's common behaviour. It is important we wa tch
insects and document the segmental natural history however small.

In this issue we publish an article on insectivorous birds including an omnivore,
the common crow Corvus splendensvhich is a plough/tractor -follower, devouring
grubs raked up in the soil. I n cities it seems to be declining, at least in urban Bangalore,
an IT and BT hub in south India. The early morning deafening cawsby flocks of crows
flying from their roost sites are not heard much in cities these days Certainly this is a
matter for orn ithologist and economic entomologists to investigate.

Lockdown had slowed down our team for most o f April. Our teams are still on
physical restrictions and movements. Hope things will open up . It is our endeavour to
release this issueof June 2@®1 on schedule by 30th June
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WFH - writing from home: A uthors (and Lens contributors) of IE run this journal.
Therefore, we consider IE asan atmanirbharinitiative by Indian entomologists for global
entomology. | compliment our photographers; your pictures make insect science
pleasing as well as making pictorial documention of species in different geographical
locations. In the years to come these photographs will have lots of ecological,
biodiversitical and conservational values.

We stand by our objective to popularise insect science through information
dissemination. Our blogs (indexed in this issue) are highly informative and popular.

Do go to our website and re-browse them! You can contribute to our blogs for
that super speed publication dall within a week. Blogs should be about 150 words, one
relevant photograph, catchy title, worthy of popular lay read ing too.

We are too delighted to put a cover picture of the snout syrphid sent by Dr
Sevgan Subramanian from Kenya. We profusely thank him and look forward to more!
OQur speci al thanks to Dr D N Nagraj whose pic
cover f or t he ©past i ssues. Photographs are mini
insect, enveloped in aesthetics, as a bonuslE therefore promotes them.

Our special welcome to Dr Badal Bhattacharyya and Dr. M. Jayashankar to the
editorial te am. Both areactive biologists, writer s and conservationists.

Be safel

Dr. Abraham Verghese

Editor -in-Chief
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Special Editorial

Insect Environment: In Service to

the Plant Health Community

Insect Environment is
unique Journal covering divers
aspects of insect science in
distinctive style where the focus i
delivering the most through shor

crisp and informative articles. | fed

A\ Food and Agriculture
Organization of the

honored to pen this editorial for thi | . \5 jJ |
§ N5/ United Nations

issue of Insect Erronment at a time®
when invasive insect species are being widely reported from diverse@mpgstems in India

and the world overClimate change due to global warming coupled with intensive farming
practices that often rely on monoculture cropping systeatong with rapid modern
transportation means is impacting flora and fauna the world over at a pace like never before.
This, combined with the current pandemic of Ceifl has made insect pest control a
challenging task. The red palm weeWhynchophoruderrugineus (Olivier) is a classical
example as how a pest with its home in South Asia on coconut has rapidly spread its
geographical and host range since the-h@80s and adapted to palm based @&gmsystems in

the MiddleEast, North Africa, Europe andatin America, leading to wide spread damage to
date palm and the Canary Island palm. The pandemic has only worsened local and global efforts

to control this pest.

National, regional and international plant protection organizations are faced with difficul
task of dealing with evolving pest problems, which is compounded in these difficult times of the
pandemic. Under the present circumstances where lockdowns and restrictions orargavel
becoming common, local capacities both in terms of human and rhaésgarrces need to be
strengthened and augmented to enable appropriate delivery of desired IPM practices. Information

technology is another vital link in the chain of effective management of the pandemic and also in
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dealing with growing pest problems. T to the global web, sharing of information through

webinars, gournals and other digital resources is the norm of the day.

In these challenging times it is heartening and refreshing to see Insect Environment
making an impressive comeback, providingthbse interested in the study of insect science a
platform to publistrecent developments in the field of entomology, through popular and semi
technical research article$he journal serves as a valuable documentetxhers farmers,
students, researebs and policy makers.

Dr Jose Romeno Faleiro
FAO Expert (Red Palm Weevil)
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Research Articles

New host plants forHelopeltis theivoraand Ragwelellussp. (Hemiptera: Miridae) in

Eucalyptusplantations of Indonesia

K. K. Srikumar, M. Tarigan, ?D.N. Harish Kumar, IN. G. H. Sinulingga,'W. de S.
Tavares and*A. Duran
Asia Pacific Resources International Holdings Ltd. (APRIL), PT. Riau Andalan Pulp and Paper
(RAPP), 28300, Pangkalan Kerinci, Riau, Sumatra, Indonesia

?Pt. Itci HutaniManunggal SepakuEast Kalimantan 76134, Indonesia
Corresponding author: sreeku08@gmail.com

Abstract

Helopeltis theivoraVaterhouse, 1886 ariRlagwelellussp. Odhiambo, 196ZHemiptera:
Miridae) are polyphagous sucking insects identified as important pedtucaalyptusL'Hér.
(Myrtaceae) plantations in Indonesia. Damage signs and symptoms were determined and insects
were sampled on seven species of planBSuoalyptusplantations of which oneonstitute new
plant associations foH. theivoraand three forRagwelellussp. The plant speciesriadica
cochinchinensi&our. (Euphorbiaceages for the first time mentioned as host plant infesteéi by
theivora This is additionallya first documentatin of host plantsMikania micranthaKunth
(Asteraceae),T. cochinchinensiand Melastoma malabathricuni. (Melastomataceae) for
Ragwelellusp.

Keywords: hosts,Eucalyptusplantations, mirid bugs, polyphagous

Introduction

The genudHelopeltis Signoret, 185&elongs to the tribe Dicyphini, that is prominent
from other groups of Bryocorinae by way of the elongate, cylindrical body shape, the structure of
the pretarsus, the reduced numbers of meso and metafemoral trichobothria, with strongly
tuberculate bothria and vague trichomae, the metathoracic scent efferent system lacking
developed ostiole and evaporative area on metaepisternum, and the eggs with respiratory horns
(Schuh, 1976)Helopeltisis outstanding from other members of the tribe veal#nge, spine like

process on the scutellum and by using traits of the male and female genitalia, mainly the
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structure of the genital chamber of the female (Stonedahl, 1B8Beotropical distribution of
Helopeltishas been reported, extending froviest Africa to New Guinea and northern Australia
(Stonedahl, 1991).

Wide-ranging reviews (Schmitz, 1968988; Stonedahl, 1991, Stonedahlal, 1995;
Sundararaju and Sundarababu, 1999) repdhedccurrence of 41 recognized species of which
26 are resicted to Africa and 15 prevalent in Asia and Pacific region (Seral, 2016).
Helopeltisspp.has been recorded from a vast number of plants in the Oriental and Australasian
Region (Stonedahl, 1998undararaju and Sundarababu 199®lopeltisspp. are most serious
pests of some of the economically important plants such as cashefrteeardium occidentale
L., Anacardiacege cocoa tree Theobroma cacad.., Malvaceae), common guav&didium
guajaval., Myrtaceae), tea planCamellia sinensi¢L.) Kuntze, Theaceae), heedzadirachta
indica A. Juss., Meliaceae), black peppd®iper nigrum L., Piperaceae), and eucalyptus

(Eucalyptud_'Hér. spp., Myrtaceae).

RagwelellusOdhiambo, 1962s similar toHelopeltisin structure, except for absence of a
scutellar spine that is feature for both subgenerbadbpeltis(Namyatova and Cassis, 2013).
Characterized by the spot of clavus and by the color of scutellum. Scutellum with general
coloraton shining reddish brown to purple with light yellow to lutescent areas: head dark brown
with a light median spot, neck red lateralRagwelellussp. andRagwelellus festivu@Miller,

1954) are recorded as important pestatalyptusplantations of Indoasia Srikumaret al,
2020).

Materials and M ethods

Surveys inEucalyptusplantations in Riau Province, Sumatra, and East Kalimantan,
Indonesia were carried out irregularly, from January 2018 to December 2020. Survey focused on
plant species located in and arouBdcalyptusplantations having the damage signs and
symptoms andife stages (egg, nymph and adult) of mirids damagingalyptus(H. theivora
andRagwelellusspp.). Sampled life stages of miridere placed in 1 liter plastic containers and
brought to theEntomology Laboratory of Riau Andalan Pulp and Paper (RAPP) mgkaéan
Kerinci, Riau, where they were kept at 26 + 2 °C, 75 £ 15% RH and 14:10 (L:D) h photoperiod.
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Mirids have been identified based totally on morphology and genitalia examination (Stonedahl,
1991; Srikumaet al., 2020).

Flowered branches of alterngtéant hosts were collected, placed in brown paper bags

and taken to a laboratory of RAPP, where they were analyzed and identified

Results and Discussion

Helopeltis theivora(Figure l1la) was documented related with four plant families
(Asteraceae, Euphorbiaceae, Melastomataceae and Solanaceae). The plant species recorded were
Chromolaena odoratgL.) R.M. King & H. Rob, Mikania micranthaKunth (Asteraceae)
Macaranga peltata Roxb) Mueller, Triadica cochinchinensisour. (Euphorbiaceag)Clidemia
hirta (L.) D. Don, Melastoma malabathricunL. (Melastomataceae) an8olanumL. sp.
(Solanaceae) (Table 1 and Figure 2). These plant species are generally recorded as weeds in
Eucalyptusplantations. It is noteworthy given thdn cochinchinensis reported for the first
time as host plant far. theivora Reportedhost plants foH. theivoraare C. sinensigMann,
1902 1907), CinchonalL. sp., Mussaenda frondosh. (Rubiaceae)Ochlandra travancorica
(Bedd.) Benth. ex Gamble (Poaced®)guajavaand Solanunspp. (Anstead and Ballard, 1922);
Cinnamomum camphordlL.) J. Presl. (Lauraceaekrythrina L. sp., Tephrosia Pers. sp.
(FabaceaeMelia azdarach L. (Meliaceae)MaesaForssk. sp. (Primulacea®olygonuniL. sp.
(Polygonaceae), jacl(tocarpus heterophyllusam.) (Moraceae)JasminunL. sp. (Oleaceae),
ornamentaCamelliaL. sp. (Theaceaefoffeal. sp. (RubiaceaeBidens pilosd.. (Asteraceae),
Ipomoea batataglL.) Lam. (ConvolvulaceaeMangiferal. sp. (Anacardiaceae),. cacaoand
PassifloraL. sp. (Passifloraceae) (Rel®70);M. malabathricumMaesa ramentace@roxb.) A.
DC., Eurya acuminataDC. (PentaphylacaceaejJasminum scandenfRetz.) Vahl. andM.
micrantha(Das, 1984)SimilaxL. sp. (Smilacaceae) athlogacanthudNees sp. (Acanthaceae)
(Somchoudhuryet al, 1993); C. adorata (Srikumar and Bhat, 2013)Duranta repensL.
(VerbenaceaeRhlogacanthus thyrsifloru@Roxb.) NeesPiper L. sp. (PiperaceaelsicusL. sp.
(Moraceae) Sida cordifoliaL. (Malvaceae)Persea bombycin&ing ex Hook. f. (Lauraceae),
Cannabis sativaL. (Cannabaceae)xora L. sp. (Rubiaceae)\l. micrantha AcalyphalL. sp.
(Euphorbiaceae)]. scandensOxalis acetoselld.. (Oxalidaceae)E. acuminataMorus L. sp.

(Moraceae)Neolamarckia cadambéRoxb.) Bosser (Rubiaceae§yzygium cuminiL.) Skeels.
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(Myrtaceae),Cordia dichotomaG. Forst. (Boraginaceae) artdibiscus L. sp. (Malvaceae)
(Tocklai, 2010); Acalypha wilkesianaMull. Arg., Annona squamosh. (Annonaceae)C. hirta,

Cyclea Arn. ex. Wight sp. (Menispermacead)joscoreal. sp. (Dioscoeaceae)ludwigia

peruviana(L.) H. Hara (OnagraceaelMalvaviscusFabr. sp. (MalvaceaeRentas lanceolata
(Forssk.) Deflers (Rubiaceae), aRtkctranthus amboiniculsour. (Lamiaceae) (Srikumaat al.,

2016).

It is usually difficult to assess if a plant speci@s reality represents a host plant
considering thecomplex courting among plants and mirids (Wheeler, 20@gcasional
occurrences of adults on various plants might constitute as site visitors or suggest thas they us
the plant as an opportunity feeding aid. Foitheivorathe plants species such@sodorata M.
micranthg T. cochinchinensjsC. hirta and M. malabathricuncan be considered as host plants

because we consistently collected eggs and nymphs on these pl

Table 1. Plant association dfielopeltis theivoraand Ragwelellussp. (Hemiptera: Miridae) in

Indonesia

Mirid species

Family Plant species recorded

Stages of pest recorded

Chromolaena odoratdL.) H. theivora

R.M. King & H. Rol3 Eggs, nymphs and aduli

H. theivora and

Asteraceae Mikania micranthakKunth? A
Ragwelellussp!

Eggs, nymphs and aduli

Macaranga peltata

(Roxb.)Mueller H. theivora Adults

Triadica cochinchinensis H. theivord and

Euphorbiaceae '~ Ragwelellusp?

Eggs, nymphs and adull

gg‘:ﬁm'a hirta (L) D. H. theivora Eggs, nymphs and adull

Melastomatacea
Melastoma malabathricur H. theivord and

L.~ Ragwelellusp?  £99S: nymphs and adul

Solanaceae Solanumnsp. H. theivora Adults

Species with? indicates important weed plant irEucalyptusplantations; species with indicates new plant

association foH. theivoraandRagwelellusp.
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Ragwelellussp. (Figure 1b) was recorded from three families of plant species consisting
of M. micrantha T. cochinchinesiandM. malabathricumAll these plants were first time report
for Ragwelellussp. Host plant species mentioned feagwelellus horvath{Poppius, 1912) is
Cinchonasp. and cardamomAfnomumRoxb. sp., Zingiberaceae) from Papua New Guinea
(Smith, 1977; Carvalho, 1981). The adults and nymphs feed on leaves of cardamom leaving clear

empty cells between the veins inflicting excessive damage.

Figure 2. Plant species with damage symptomsHslopeltis theivoraand Ragwelellussp.
(Hemiptera: Miridae). aMikania micrantha b. Chromolaena odorat§Asteraceae),
c. Melastoma malabathricuniMelastomataceag). Solanumsp. (Solanaceae) e.
Triadica cochinchinensjsf. Macaranga peltata(Euphorbiaceaepnd g.Clidemia
hirta (Melastomataceae) recordeddncalyptugMyrtaceae) plantations.
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Abstract

Phyllanthus acidugL.) Skeels is one of the minor and underutilized fruit crops, was
found infested by the scutellerid bu@sutellera perplexdWestw.) andChrysocoris stockerus
(Linn.). Of these Chrysocoris stockeruis recorded for the first time feeding on this crop. Both
the speies were morphologically characterized along with the description of male and female

genitalia. Besides, a brief note on the nature of damage caused by these bugs is also given.

Key words: Phyllanthus male and female genitalia, brown sp@hrysocoris Scutellera

Introduction

Phyllanthus aciduglL.) Skeels belonging to family Phyllanthaceae, is a small deciduous
tree, known for its dense clusters of berries (Fig. 20) hanging from the branches. The berries are
light green colored, smooth, juicy withtaste of sweet and sour ideal for pickling and many a
times a dietary especially in villages of India. This is a minor fruit tree and act as a host for only

a few insect pests like whiteflies, mealybugs and fruit flies (CABI, 2021).

Among the various ect pests reported, the scutellerid b&gutellera perplexa
(Westwood) is an important pest, which was reported®?omcidus(reported asPhyllanthus
distichusHook. & Arn., a synonym oPhyllanthus acidusby Kavadiaet al, 1971. These bugs
are common called as jewel bugs and are known to feedatropha curcad.. (Parveeret al.,

2010), Buchanania cochinchinens{tour.) M. R. Almeida (Onkar and Nerlekar, 2015)fis

vinifera L. (Singh and Kaur, 2015) arlziphus mauritiand.am. (Singhet al.,2014). Besides,

they are known as pests of several cultivated crops including horticultural crops and crops of
industrial importance (Parveen, 2011). This paper deals with the taxonomy and nature of damage
by S. perplexaandC. stockerugLinn.) on Star goos®erry, P. acidu3. The latter is recorded as

a pest of Star gooseberry for the first time from India.
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Material and Methods

Star gooseberry grown indtlonal Bureau ofAgriultural InsectResourcesAttur farm,
Yelahanka, Bengalurul8.1068° N, 77.5621° )BEwvas surveyed for insect pests during August,
2020 to October, 2020. The pests were collected by using sweep net and killed using ethyl
acetate. The pests were later brought to laboratory and sortedrdwie bugs. The separated
bugs were pinned through the scutellum at right of the median axis of body. The procedure to
dissect the male and female genitalia was as detailed by Salini (2016). Photographs were made
using Leica DFC 420 camera mounted oneich M205A sterozoom microscope and by using
the software Automontafe(LAS). Photographs were edited using Adobe Photoshop CS
(Version 8.0). The field images were taken using Canon EOS 77D DSLR cdreeranology
of general morphology, male and femalaitgia follows Tsaiet al (2011) and those associated

with metathoracic scent glands follow Kment & Vilimovéa (2010).

Specimens studied for this research work are deposited in the Indian Council of
Agricultural Research National Bureau of Agricultural nsect Resources (ICARBAIR),

Bangalore, Karnataka, India.

Taxonomy
Chrysocoris stockerué_innaeus)

Colouration: Metallic green bugs with (whole dorsum centrally with golden yellow sheen in
freshly collected specimens) blue markings as follows: one central spot at head disc posteriorly,
a row of three spots behind anterior pronotal margin, five on posterior proisztgtwo each as

one above the other on lateral side and one centrally), six on scutellum (three each in vertical
rows laterally) and one narrow, longitudinal spot centrally on anterior half of scutellar disc.
Antennae black except scape (I) (proximalf hafl scape ochraceous and distal half metallic
green). Lateral margins of head, pronotum and hemelytra blue coloured. Ventral side of body
metallic bluish green with pale markings as follows: basal margin of head on ventral side, all
legs with proximal 3/th femora, coxa, trochanter, acetabula, sublateral spots on either side of
ventrite Il and IV, central half of ventrite V and VI.
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Structure: Head declivous, broader than long with mandibular plates a little shorter than
clypeus; antennae with antennomere lla much short and 1/5th of segment Ilb; pronotum with
anterolateral margins oblique and posterior margin straight; humeri not producenlsdaha

base of scutellar disc with central region transversely gibbous; body glabrous; connexivum not
exposed; bacculae shorter than labiomere I, labium reaching posterior margin of ventrite IlI;
peritreme modified into peritremal disc, reaching middien@tapleuron; ventrites convex

medially, smooth, lacking spine or tubercle or sulcus.

Male genitalia: Genital capsule subrectangular in depasterior vew; dorsal rim (dr)
emarginated and slightly concave at middle and ventral rim (vr) convex, 1+1 sketedgpatches

(dsp) laterally placed inner to dorsal rim, ventral setal patches (vsp) fused centrally. Paramere
with stem (st) stout and columnar, neck distinct, crown (cr) fiigerwith lateral flange bearing

hairs. Phallus with phallotheca not solized, three pairs of conjunctival processes, conjunctival
process | (Cq) simple, sclerotized with apex hodike, conjunctival process Il (Gj) with

apex membranous and the remaining parts sclerotized, conjunctival processlll) (Qgb-like,

elorgate, sclerotized except extreme base, acutely pointed at apex. Aedeagus with a dorso apical
lump occupied by a voluminous inner chamber, aedeagus (ae) sharply narrowed towards apex

and the distal apex pointed helike.

Female genitalia Valvifers VIII (vf VIII) subtriangular, valvifers IX (vf IX) thin, transverse
platelike, shorter than laterotergite 1X (It 1X), laterotergite VIII (It VIII) fused along with tergite

VIII along a transverse edge. Spermtheca with proximal and distal spermathecal dyct short
proximal invagination much thicker than distal invagination, apical receptacle (ar) with proximal
flange (pf) shorter than distal flange (df); apical receptacle (ar) elongate, basal half narrower than

distal half and distal half globular.

Scutellera perfexa (Westwood)

Colouration: Body above metallic green with bluish sheen, dorsum with markings as follows:
disc of head with two thin, parallel, black longitudinal rows at middle, running from base to
apex. Anterior 1/3rd of pronotal disc with 1+1 blackrkiags, 1+1 small, sublateral spots at

posterior half of pronotum, a central longitudinal line at pronotal disc black. Antennae black,

lateral margins of pronotum and antéateral margins of hemelytra reddish orange. The thin,
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black line at the centre afcutellum gradually fading towards posterior end. A vertical row of
three black spots on either side of the central longitudinal black line on scutellum. Ventral side
orange red including legs and peritreme with the following markings: all tibiae aatiapsix of

all femora metallic green; all tarsi including claws black; labium mostly black. Ventral side of
head, thoracic pleura and sterna, whole lateral region of whole ventrites fiMH lHicluding

spiracles metallic green with blue sheen.

Structure: Head nearly as long as wide, convex above, slightly declivous, mandibular plates a
little shorter than clypeus and clypeus slightly prominent. Antennae five segmented with second
segment shortest. Pronotum with anterolateral margins slightly sinuateddle,mdisc of
pronotum convex above, a transverse impression at anterior H8rderi not produced,
subangular.Scutellum completely covering the abdomen till the posterior end with apex of
membrane exposed. Body pilose. Connexivum not exposed. Vadeabfshead with bucculae
shorter than labiomere [; labium reaching middle of ventrite IV. Thoracic sterna centrally with
longitudinal narrow groove. Peritreme modified into peritremal disc, nearly semicircular shaped,
extending well beyond 23 of metapleuron width, but not reaching lateral margins of
metapleuron. Abdomen centrally with narrow, longitudinal groove, gradually fading towards

ventrite VII.

Male genitalia: Genital capsule subrectangular with 1+1 blunt lateral tubercles, ventral rim
convex, medially flattened with 1+1 submedian denticles, dorsal rim deeply concave with dorsal
setal patches bordering dorsal sinus. Paramere sclerotized, stem (st) elongate, columnar, neck
absent, crown (cr) short, sickle shaped with a lateral flangeingeaetae. Phallus with
phallotheca stout, short and barsblaped, two pairs of conjunctival processes-iGmd Cp

ll), symmetrical, Cpll bipartite and sclerotized, Cp1 lobe-like of lateral position, Cl> of
sublateral position (enclosed by -@p) with a small, pointed tooth like heavily sclerotized
apically, Cplll heavily sclerotized and irregularly rdike. Aedeagus (ae) sclerotized with apex

truncate and bent upwards.

Female genitalia Valvifers VIII (vf VIII) enlarged triangular platdike sclerite with mesial and
posterior margins straight. Valvifers IX (vf IX) fused and slightly sclerotized, with a median

longitudinal keel. Laterotergite IX (It IX) obliquely placed, laterotergite VIII ( It VIII) fused with
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tergite VIl to form a single sefite. Spermatheca with proximal duct long, tubular and longer
than distal duct, proximal (pf) and distal flange (df) nearly of equal size; apical receptacle (ar)

elongate with distinct globose apex.

Nature of Damage Both adults and nymphs of both of thbove described species was found

to be sucking the juice particularly from the berries. Tho8ghtellera perplexgwWestwood)

had been reported to feed Bnacidus Chrysocoris stockerusas found feeding on this crop for

the first time. The bugs pierce the berries using their labium and the labrum acts as a supporting
structure for sucking the juice (Figs.-22). Initial symptoms appear as small brown specks or

pin hole like puncturesrothe surface of the berries which later enlarge in size along with the
increase in size of the berry and appear water soakeslunken lesions (Figs. Z8). Later on,

these punctures serve as entry point for secondary infections like fungheesian colour
changes to black, which not only affects the aesthetic appearance, but also reduces the quality of
the berries (Fig. 21). Moreover, the damage leads to berry drop. It was observed that >20
punctures made in a single berry when the population gfvias high. Severe shedding of
berries was observed in gardens with high population of these bugs. These scutellerids can
become a future threat to the production of this minor fruit crop and hence they are considered to

be potential pests.
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|

Figures 1-10. Chrysocoris stockerus (Linn.). 1, habitus (dorsal); 2, habitus (ventral); 3, genital capsule (dorsal);
4, genital capsule (ventral); 5, genital capsule (caudal); 6-7, parameres (different planes); 8, phallus 9,
terminalia; 10, spermatheca.

Lettering: ar-apical receptacle; CpI- conjunctival process I; CpII- conjunctival process II; CpIII- conjunctival
process III; cr- crown; df-distal flange; dr- dorsal rim; dsp-dorsal setal patches; It VIII- laterotergite VIII; It
IX- laterotergite IX; pf- proximal flange; st-stem; vr- ventral rim; vf VIII- valvifers VIII; vf IX- valvifers IX;
vsp-ventral setal patches.

226



Vol. 24 (2) (June) 2021 Insect Environment

Figures 11-19. Scutellera perplexa (Westw.). 11, dorsal (habitus); 12, ventral (habitus); 13, genital
capsule (ventral); 14, genital capsule (dorsal); 15-16, paramere(different planes); 17, phallus; 18,
terminalia; 19, spermatheca.

Lettering: ar-apical receptacle; Cpl- conjunctival process I; CplI- conjunctival process II; CpIII-
conjunctival process III; cr- crown; df-distal flange; It VIII- laterotergite VIII; It IX- laterotergite
IX; pf- proximal flange; st-stem; vf VIII- valvifers VIII; vf IX- valvifers IX
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Figures 20-30. Phyllanthus acidus. 20, healthy berries; 21, affected berries; 22-27, Scutellerid bugs

feeding on berries; 28-30, berries showing initial symptoms as brown punctures at the feeding site
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Abstract

Occurrence of invasive Neotropical palm infesting whitefyeurotrachelus atratus
(Hemiptera: Aleyrodidae) on coconu€dcos nuciferp was recorded for the first time in
Dharmapuri and Krishnagiri districts of Tamil Nadileurotrachelus atratug an olgophagous
pest, which prefer to feed on palm plants and is mostly distributed in tropical and subtropical
regions. The infestation level observed was low (less than ten live colony or adults /leaflet) to
moderate (1220 live colony or adults /leaflet). Tstudy also revealed the-egistence ofA.
atratus with an earlier invasive whitefliesviz., rugose spiralling whitefly Aleurodicus
rugioperculatus nesting whitefly Paraleyrodes mineia n d Bondar 06 S nest.
Paraleyrodes bondaron coconut. Thiguick dispersal is believed to be through transportation
of infested seedling from pest affected areas. The strict domestic quarantine and sensitization of
farmers and other stakeholders is to be advocated to avoid spread of this pest to other coconut

andother palms growing areas in the country.

Keywords: Coconut, invasive, Neotropical, natural enemies, oil palm, Tamil Nadu

Introduction

Invasive whitefliesviz., rugose spiralling whiteflyAleurodicus rugioperculatusluring
2016, Bondar 6 s n e Paraleyrgdesvbondarireedtimgywhitefly, Paraleyrodes minei
during 2018 and palm infesting whiteflxJeurotrachelus atratugluring 2019 invadedoconut
palms and raised biosecurity conceim$ndia (Selvaragt al.,, 2020).They prefer to colonize on
palm plants belonging to Arecaceae family. Dhigin of these invasive species was believed to
be Neotropical regions and their interception is likely through the importation of plant materials.

Both nymphs and adult whitefliesflict direct feeding injury on the host plants while sucking
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sap which leads to excessive drain of sap, necrosis and premature drying. Indirectly, the
honeydew which gets deposited on the upper even some times on lower surface of the infested
plants lead tahe growth of black sooty mould. This is the secondary infection arising out of the
whiteflies infestation which is believed to interfere with photosynthesis and yield parameters.

Among these whiteflies, neotropical palm infesting whitefligurotrachéus atratuswas
recorded for the first time in India during 2019 at Mandya district of Karnataka on coconut and
ornamental areca palrypsis lutescenqSelvarajet al.,2019). Subsequently, it spread rapidly
to adjoining districtsviz., Ramanagara, Myse, Bengaluru Rural, Bengaluru Urban, Hassan,
Chamrajnagar and Tumkur and extended its host ranges on aredsraus ¢atechuand oil
palm Elaeis guineensjs So far, this species was distributed in various coconut growing areas of
Karnataka. Itsapid spread and establishment could be due to high fecundity, high dispersal and
survival ability, voracious feeding, ability to withstand diverse environmental conditions and

benefits from mutual interaction with other insects.

This communication, confins the occurrence and spread of this species in Tamil Nadu
for the first time, natural enemies and its coexistence with other invasive whiteflies infesting

coconut.

Materials and Methods

Survey: Field surveys were conducted in Pennagaram (12.1348° N9Z8r.&) and Palakkodu
(12.2986° N, 78.0738° E) of Dharmapuri district and Hosur (12.7409° N, 77.8253° E) and
Bargur (12.5429° N, 78.3570° E) of Krishnagiri district of Tamil Nadu to assess the occurrence
and infestation of these invasive whiteflies onarag and other host plants. Infested coconut
leaf samples sent by farmers from Marandahalli village (12.3891° N, 78.0033° E) in Dharmapuri
district was also examined. Whitefy samples along with coconut leaves were collected in paper
covers for further smes confirmation. Whitefly species confirmation was based on
morphological characteristics which were achieved by permanent mounts of the puparium; the
best mounts were obtained from puparial cases from which adults had eniarged.survey,

the level @ infestation was assessed by visual inspection using a qualitative scale as follows, O
10 live egg spirals or adults/leaflet (low);-20 live egg spirals or adults/leaflet (moderate) and

> 21 live egg spirals or adults/leaflet (severe). To assess d@ndomly ten leaves/palm were

selected consisting of upper, medium and lower strata at each location.
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Field collected infested plants were sorted whitefly spewiee and placed in a separate
rearing jar (21x10 cm) and observed for the emergence of feadasipredators. The adult
parasitoids emerging from the species wase collected using aspirator and preserved in vials
containing 70% ethanol for further identification. Assessment of parasitism (%) was determined
based on the number of parasitized pupas against uparasitized pupae in the host leaves.

Identification of natural enemies such as predators was confirmed morphologically.

Results and Discussion

New distributional record: Present study revealed the presenceugbse spiralling whitefly
Aleurodicus rugioperculaty8 o nd ar 6 s n e Baraleyragles Wandatnesting whitefly,
Paraleyrodes mineand palm infesting whiteflyAleurotrachelus atratusn coconut. Occurrence

of A. rugioperculatugSundararagnd Selvaraj, 2017]. bondariandP. minei(Josephrajkumar

et al., 2020) in the state was reported earlier. The present study revealed the occurrence of
Neotropical palm infesting whiteflyA. atratusin Dharmapuri and Krishnagiri districts of Tamil

Nadu. The infestation ofA. atratuswas low (010= live egg spirals or adults/leaflet) to moderate
(11-20= live egg spirals or adults/leaflet) and it seems that pest was at initial stage of invasion
(Fig.1). This pest population may increase during dry mofMtasch to May) as experienced in
Karnataka. The pest might hawpread from Karnataka through transportation of infested

seedling from adjoining districtsz., Mandya and Mysore.

Studes also revealed theo-ocurrenceof Aleurotrachelus atratusvith other invasive
species such as rugose spiralling whitelipurodicus rugioperculatysnesting whitefliesP.
bondari and P. minei(Fig. 2). Among the specieg\leurodicus rugioperculatuandBond ar 6 s
nesting whitefly,Paraleyrodes bondanvas found to be dominant with moderate -2kt live
egg spirals or adults/leaflet) to severe (30= live egg spirals or adults/leaflet) infestation and major
portion of leaves infested terms of number of colonieShese whiteflies colonize on tldersal
surface of the leaflets in groups, rugioperculatusandA. atratushave higher damage potential,
production of intense white wax which often cover entire immature stages as compared to
nesting whiteflies which produce moderate loose w@x. the other had, the feeding damage
by the nesting whiteflies has not been as intense as tAatofioperculatusandA. atratuswith

minimum honey dew and sooty mould deposits observed on coconut.
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Fig.2. Co-occurring of palm infesting whitefly with rugose spiralling whitefly (a); nesting whitefly (b-c); Bondar’s nesting whitefly (d)
on coconut
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Occurrence of parasitidincarsia guadeloupa¥iggiani (Hymenoptea: Aphelinidaepn
Aleurodicus rugioperculatusvas recorded with natural parasitismthe extent of 458% on
coconut. Encarsia guadeloupais the potential dominant parasitoid #r rugioperculatusvith
62-82% natural parasitism on coconut and many other host plants (SelvataR016).In case
of Bondar 6s PR.éaentar negtingmwinitefty . imingiand palm infesting whitefly,
A. atratus,no parasitism observesb far under field @nditions. Similar observation was also
reported earlier in Karnataka (Selvaegjal.,2019). This shows that these invasineight have
entered into India without their natur al enem
outbreak situation inshort span of timeAmong pedators, only a generalist predator,
Pseudomallada astyiNeuroptera: Chrysopidae) was found to feeddoatratus, P. bondamnd
P. mineiduring survey. This quick dispersal is believed to be through transportation oédhfest
seedling from pest affected areas. The strict domestic quarantine and sensitization of farmers
and other stakeholders to be advocated to avoid spread of this pest to other coconut and other

palms growing areas in the country.
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Introduction

A massive outbreatar swarmingof medium sized (3-13mm) brown stink bugUdonga
montand was observed in the Vathikudy Panchayat (Idukki district, Kerala) during the current
year (June, 2021) causipgblic nuisance and panic among the farmers for its suspkectedf
feeding damageso crops like banana, coffee, black pepper etc. An emergency survey was
conducted to the locations to record the mass emergence along with the collection of specimens
for both morphometric studies, recording feeding prefereffi€esny) and to estimate op

damage potential.

Materials and methods

Adults of U. montanafrom the mass buildup sites of two locations in Vathikudiage
(9.5430°N, long 77.030°E: 730 m M.S.L, Idukki District, Kerala, South India; Figure 1) were
collected to confirm the identity and to conduct further studies to record their feeding potential
on the reported host planig., bamboo and horticultal crops like banana, coffee and pepper.
Specimens were collected randomly from these plastag insect net and transferred into large
containers, tagged and brought to entomology laboratory, Banana Research Station, Kannara,
Thrissur, Kerala. Some of the specimens were preserved in 70% ethanol and pinned as
repository. Live bugs collected wekept in insect cages and provided with tender shoots of
bamboo, Glyricidia, black pepper and banana seedlings (cv. Kadali and Pisang Linin) for

recording their feeding nature.
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Results and discussion

The bugs that exhibited mass builsts were identified aUdonga montangDistant)
(Hemiptera: Pentatomidae; Figure fB)m the field collected specimenSommonly known as
bamboo seed bug or bamboo sap suddemontanais recorded as a major pest of bamboo in
India, Bangladesh and Myanmar causing seriousaganto flower heads and seeds in the milky
stages (Varma and Sajeev, 1988). In India these bugs were recordeflskam, Karnataka,
Madhya Pradesh, Meghalaya, Tamil Nadu, Central Provirigaln{ and Virakthamath2015)
and Kerala (Mathew and Sudheerndnaar, 1992).

Large swarms of these bugs were recorded from various parts of south India especially
Karnataka $haranabasappa et al., 2018) in the cropped lands near forest ecosystems. The
massive buildups of these stink bugs in Kerala were first recatdedg 1991 and 199ih
Wayanad district and their affinity for feeding on developing bamboo seeds were recorded by
Mathew and Sudheendrakun{@92). They could also record heavy feeding and breedihg by
montanaresulting in devastation of the seed crops of bamboo, thus affecting and delaying their

flowering cycles.

At the present sites of outbreaks in Vathikudy Panchayat, hordleesaf bug were seen
swarming and congregating twrticultural crops like banana, coffee, black pepper, jackfruit;
shade trees like Glyricidia etc. The bugs exhibited short migration when disturbed and emitted
foul nauseating smell that hampered the workers fritem@ing to various cultural operations in
their cropped areas. The movement of these bugs into the nearby houses led to severe allergic
reactions to occupants. On enquiry, presence of large clumps of flowering bamboo plants inside
the forest lands adjoing the aggregation sites were confirmed, thus strengthening earlier

observations of 1992.

Drooping of foliages and branches due to the aggregation of the bugs lead to breaking of
soft branches and in some cases drying of growing shoots (Figure 3). Weemmildi traces of
feeding/probing on fingers of banana (cv. Pisang Lilin) and spikes of black pepper in the field
(Figure 4 & 5). Our observations confirm earlier record of bugs feeding on spikes of pepper by
Mathew and Sudheendrakumar (1998 could als record short bouts of probing on seedlings

of cv. Kadali and coffee leaves in the laboratory.
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With the previous confirmed reports of the bamboo seed bug from Kerala restricted to
Wayanad district in the year 1991 and 19®&athew and Sudheendrakumar, 29®rakasaret
al., 1992)the present outbreak may be considered as the third massive out break coinciding with
the flowering and seeding cycle of the bamboo in Kerala and in a new locality faraway from
previous congregation sites. Further studies are st taufill lacunae ints life cycle, host
preferences, and feeding/probing behawih special reference to agricultural important crops
near forest fringe areas and an analysis how the insect survives in the wild foo6ths of
their life cycle.
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Fig 1: Collection site Vathikudy (9.5430°N, long 77.030°E):730 m M.S.L, Idukki District, Kerala, South India. ( Sour
Google Earth : https://earth.google.com/web/)

Fig 2: Habitus of Udonga montanéDistant)
(Photo: Gavas Ragesh)

Fig 3: Drooping exhibited by Glyricdia spp.
(Photo: Gavas Ragesh)

Fig 4: banana bunch ( cv. Pisang Lilin) smothered by
U. montanawith feeding punctures (Photo: Gavas Rages

Fig 5: Drooping and traces of feeding exhibited by black

pepper (Photo: Gavas Ragesh)
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Watermelon Citrullus lanatusL.) is an important species of the Cucurbitaceae family.
The fruit isbotanically vegetable (cucurbit), but often sold d&si# and has a wide commercial
and nutritional importance. It is the best dessert fruit cherished by rich as well as poor.
Watermelons are grown in large area in Goa especially in South districtgDedonnaissance
surveys of watermelon field in the month of January, 2021, green to greyish blotches and
scraping of rind of watermelons were observed (Fig.1). During close inspection pale yellow
greencolored larvae were seen scraping and voraciousiygetite rind of watermelons causing

damage to fruits. Their frasses were also seen scattered on fruits.

The larvae were collected from watermelons and reared in laboratory for analysis and
identification. They were fed with watermelon fruits and allowedyow. The larvae (Fig.2)
started to construct loose silken structure, which served to shelter them in the daylight hours.
Latertwo sub dorsal white stripes extending the length of the larvae were seen developing on
their body. After eight days larvae d&d pupating and this stage lasted for ten days (Fig.3). The

adult moth emerged after completing pupal stage and they were alive for five to six days (Fig.4).

The eggs, larvae, pupae and adults of insect pest were sent for identification (Courtesy
Dr. Hussain Shaik, CCMBCenter for Cellular and Molecular Biology, Hyderaball and
confirmed that it was a cucumber mohaphania indica(Saunders) (Lepidoptera: Crambidae),
a polyphagous pest mostly infesting cucurbit. Its larvae mainly attack leavedsanflowers
and fruits, and cause considerable yield loss during epidemic (Nagaagpl., 2018 and §.
Larvae feed on the surface of the fswhusing scars on the surface of melons and eventually
burrow into the fruit (Bina Khanzada al, 2021)

Based on literature review, this seems to be the first report on natural incidence of

Diaphania indica(Saunders) owatermelon in the state of Goa.
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Fig. 2. Larvae constructing silken structure

Fig. 3.Pupa Fig. 4. AdultDiaphania indica

Photo Credi Suresh Kunkalikar and Rajan Shelke
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Luprops tristiscommonly referred to as darkling beetle (Coleoptera: Tenebrionidae), is a
litter dwelling detritivore beetle common in the rubber plantation belssuth India. Its home
invasion during the rainy season has led to its status as a notwimesnvading nuisance pest.

The massive aggregations of them in thatched sheds made of coconut and palm fronds, firewood
stocks, and woodwork supporting clay tile roofing in old buildings have led to the popular
vernacular namegOla prani, Ola chathanQtteruma, Oadu vandult is also known asMupli

vandu, after the first reporting of huge aggregations in the rubber estates at Muplium in central
Kerala during the 1970s. Fallen leaves of coddefbroma cacad,innaeus 1753and jackfruit
(ArtocarpusheterophyllusLamarck 1789) are the major alternate food sourcds dfistis in

rubber plantation belts (Salat al, 2012). Presence df. tristis infestation in nofrubber, non
jackfruit and norcocoa belts in many regions of south India (personarehtons) and the dry
eastern slope of treuthWestern Ghats (Satat al, 2007), invasion into the building of many
educational institutions with tree cover in Bangalore city and its generalist feeding nature (Sabu
et al, 2008) indicate that.. tristis can sustain on the leaf litter of many other plants and is not
confined to rubber belts aloneupropsHope, 1833, is found from tropical Africa, Asia, and
Papua New Guinea with eight species reported from the Indian subcontingmops tristis
distributed in India (Tamil Nadu, Kerala, Karnataka, Andhra Pradsstkim) as well as Sri

Lanka has reached the pest leivelndia, while there areno recordof it asa pest in Sri Lanka
(Sabuet al, 2007). The life cycle of the beetle in rubber litter is detailed out and the same pattern
can be seen with modifications related to the regional climate and phenology of the host plant in

nonrubber belts.

The life cycle ofLupropsinvolves larval, pupaland adult phases. Larval and pupal
stages are spent entirely in the rubber litter, and the adult phase is spent partially in the field as

active beetles and aggregation shelters in a dormant phase. Beetles, adapted for life in dry litter
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conditions, feednd breed in the plantation litter during Decemblgliay period. With the onset

of rains and wetting of rubber litter habitat in the region during ApMay months, the entire
population of adult beetles takes shelter in nearby residential buildirfgsh wemains their
dormancy home for-8 months till the return of dry conditions and the beginning of annual leaf
shedding by rubber trees in plantations by November. In addition to the residential buildings in
rubber plantation belts, the crevices behiock boulders are also selected as dormancy sites by
these beetles. Being a generalist detritivorous beetle, it feeds on the leaf litter of jackfruit, cocoa,
cassia, wild jack, arjuna, in addition to rubber. Replacement of native vegetation by rubber
plants and the availability of rubber leaf litter habitat in the vast stretches of rubber plantation

‘forests' has led to its establishment as a nuisance pest in the rubber plantation belts.

The invasion of the adultuprops population, which may number frotmousands to
millions of beetles, is triggered by the summer rains in the dormancy shelters iri Mpyil
Shelters selected are, in most cases, the residential buildings of plantation workers surrounding
the rubber plantations (Figurel). With their nootl activity, the beetles' attraction towards
light sources, the release of a phenolic defensive gland secretion causing skin burn, make human
life miserable inside these buildings. Volatile glandular secretion prevailing in the aggregation

sites is an eyirritant, often leading to a particular type of conjunctivitis reported in rubber belts.

Invaded Mupli beetles remain active only for32weeks in the dormancy shelters,
following which they settle down in huge aggregationsicf Byers deep in some ustlirbed
sites like the attics, thatched sheds, or firewood stocks in these buildings and enter into a state of
inactivity extending for ¥8 months without food. The selection of the same buildings as
aggregation sites every year forces people to abarftkin hHomes during the rainy season,
making Luprops a notorious nuisance pest in the belt. Attempts to control the beetles with
physical and mechanical means have not been successful due to the following reasons.
Residential buildings in rubber plantatioegrons are either titeoofed buildings with multiple
windows and doors or palm frotidatched sheds, and both types of structures have multiple
gaps allowing the entry of beetles into the buildings. The abundance of the aggregated beetles,
their swift moements, difficulty to reach the aggregation sites in the attics, and the release of

odorous secretion make manual collection impossible.
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Active predation of Weaver ants antristis during both nocturnal and diurnal conditions
and the nordeterrence by thgland secretions indicates that weaver ants have the potential to be
used as an effective bio control agent to regulate the populationupudL. tristis (Aswathi
and Sabu 201JAswathiet al, 2012). However, the lack of host plants for weaves @n the
monoculture rubber plantations and their aggressiveness, s$ithdentroduction of weaver ants
as an effective predator &f tristis anywhere. Recently, cosmopolitan scuttle fi§egaselia
scalarisLoew, 1866, has been found to be parasijzilormant, aggregated populationsLof
tristis and proved as the best potential biological control ageht tfistis ( Binshaet al, 2020.

Control of Mupli beetles in the rubber plantation litter habitat is impossible in the vast
stretches of rubber plantations where the beetles take shelter beneath the litter layers. However,
aggregation of the entire population of the beetles in specific buildings dhenget seasons
and their presence inside these buildings for a leBgnonth period in an inactive dormancy
phase is an opportunity for their eradication. In-naiober belts, litter removal towards the end
of the leaf shedding period will deprive the theg of feeding and breeding habitat. The
application of Cypermethrin based pesticides in residential buildings is proven to control the
home invaded beetles by sending them to an inactive knocked down state, where they can be
easily removed from indoorand killed by other means. Proper implementation of this
methodology by incorporating the collective effort from all the stakeholders in a specific region
will prevent the field return of the dormancy aroused aggregated beetles and will control the

develgpment of the next generation beetles.
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Curry leaves are important aromatic ingredient in Indian cuisine as they have high
contents of essential volatile oils. It is considered as a leafy spice and is an important medicinal

plant in traditional medicines.

Recently, curry leaves iseveral homesteads of Trivandrum and Kollam districts of
Kerala were found with dried leaves in spite of regular watering. The infested leaves had several
leaf spots on them. The spots on close observation showed clearance of chlorophyll. On
microscopic eamination, the underside of the leaves showed several mites feeding on them. Due
to their feeding from the underside of the leaves, greyish circular spots appeared on the upper
surface The entire leaf lamina was covered with cream coloured spots. Inesedestation
complete withering and dryingp of plant was also observed. Infested seedlings completely
dried up due to the same. The infestation was found, soon spreading to newly formed leaves of

the same plant and nearby plants.

The microscopicexamiration of the ventralsideof curry leaveswith symptomsshowed
yellowish globulareggsandgreenishyellow mites. The miteswereglobularto pyriform shaped
and they were actively moving. It was identified as Schizotetranychusbaltazari and was
originally described by Rimandol962 based on specimens collected famimusin the

Philippines.

Detailed investigation on the damage and management of theaqgeseeded. The
infestation of the mite in curry leaf from Karnataka was reported by Saggeh&rinivasain
2020.
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a. Mite egg and adult, b. Mite infestation initial symptoms

c. Mite infestation advanced symptoms
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Abstract

The proboscis ofetragonulairidipennis was shorter (1.30 mm) when comparedhe
corolla tube length of male flowers (6.14 mm) and female flowers (5.23 mm). Thus, in order to
reach the nectariesf Cucumis sativuslowers, beedhave to insert their head into the corolla
tube. Female flowersave shallow corolla tulsenda wider gap betweethe wall of thecorolla
andthe tip of thestigma compared to theamein male flowers. The head width of bees (1.74
mm), beingsmaller than the gap between corolla wall and stigma tip (1.91, mperfedly fit
for T. iridipennisforagers to reach nectaries at the base of female floleesmnale flowers have
bowl like rectarieswhich areobserved at the base of the stamghile in the case of female
flowers the nectariesurround the base of style formgi a trough for accumulation of nectar. This

position enables the pollinators for easy access to the nectar.

Keywords: Stingless beeCucumis sativudloral biology

Introduction

Bess and flowers have -@volved since millions of yearsand their relationship is a
mutual success. They evolved behavioral and physiological adaptations to gather and transport
pollen more efficiently. They possess branched body hairs that are densely packed. These
specialized hair groups (brushes, combs,samdpers) help in extraction of hidden pollen and are
important in the acquisition of pollen from flowers. Thgoom themselveand concreteghe
pollen loadsn the specialized transport structures (corbicula) (Thorp, 2000; Shietizal,

2014). There xasts acomplex relationship between tongue lengtid probosci®f bees and
flower choice. While seeking nectar from flowers, bees preferentially visit plant species with
corolla depths which approximately match its own tongue length. Short tonguedabeteke

nectar from open shallow corollas or from longer corollas at certain times of day when they are
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very full. But small bees can crawl right into the corolla tube because of their small body size
(Willmer, 2011).

Most of the bees are pollen generalistapable of foraging on many plant species.
Stingless bees from the tribe Meliponini are true generalists. According to Primack (1987), the
type of flower and amount of rewards offered by the flowers select the type of pollinators.
Nunessilva et al. (2013) suggested while selecting a pollinator for a particular crop, the foraging

activity should overlap with the floral receptivity for a successful crop production.

Cucumber Cucumis sativysflowers are unisexual, pentamerous and axillate. Staminate
flowers borne in clusters and pistillate ones are usually borne solitary on a stout peduncle. The
pistillate flower is easily recognized by the large ovary at the base of the flower. The staminate
flowers produce three stamens. The pistillate flower has gtrgma lobes and a short broad
style (Heimlich, 1927). The staminate flowers appear about 10 days before pistillate flowers
appear. The ratio of male to female flowers is ten to one in monoecious cultivars (Kohli and
Vikram, 2005).Studies on the adaptaticof bees in relation to flower biology is scanty. The
present inveggation on floral biology of cucumber and morphology of stingless bee was

conducted to asseiee adaptation of bees in relation to flower biology.

Materials and Methods

Floral biology of both male and femaleucumber flowerswere studied in detail
Morphological characters of stingless lveere also recorded to analyse the extent to which they

are adapted for nectar collection and thus enabling successful pollination.

Floral biology

Ten male and female flowers each were tagged at the time of flower bud initiation and
observations on the number of days taken from sowing up to flower bud formation as well as to
the flowering was recorded separately. For measuring flower digntetemale and female
flowers each were selected randomly. Flower diameter was measured as the distance between
end points of diagonally opposite petals using meter scale. Ten male and female flowers each
were selected, petals were excised and stameghlédistance from style end to top surface of

stigma) and style length (intelistance between ovary and stigma) was measured by using image
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analyzing software. Petals of cucumber flowers were fused at the base forming a corolla tube.
The length of cord¢d tube of both male and female flomgasmeasured in order to assess their
relation with pollinator biology. Apart from these, the gap between corolla tube and stamen tip in
the male flower and the gap between corolla tube and stigma tip in female l@asealso
measured. Ovary of cucumber plant, the minor fruit like structure visible at the base of female

flowers, was measured using a meter scale.

Morphology of the stingless bee

Morphology of ten worker bees Of. iridipennis was observed under stereoom
microscope and the required characters were measured by using image analyzing software. The
collected bees were killed and the length of the excised proboscis was meashesdistance
from the mentum to flabellum. Total length of the body, lengtid widthof head of worker

stingless bee was also measured.

Collected data on floral biology and bee morphology were analysed by taking arithmetic
mean of 10 observations. Standard deviation and coefficient of variation were also calculated.

Results andDiscussion

The ecology and floral biology reveals the entomophilous nature of cucumber plant. The
flowers are bright yellow colour, bracteate, pedicellate, radially symmetrical, unisexual,
pentamerus, epigynous, five sepals united, often deeply lobegdiats united to form a tube,
often deeply lobed and are produced in axes of leaves (Table 1.). Staminate demexaly
born in clusters in leaf axils, while pistillate flowers are born singly in independent leaf axils at
less frequent intervals thanales. Staminate flowers usually appear 8 to 10 days prior to that of
pistillate flowers. The pollen grainvseresticky. This observation was in accordance with that of
Mc Gregor (1976); Ruffner and Hall (197@6ho reported that the flowdiology ensurs the

pollination requirement in cucumber.

Pollen and nectar are usually considered as floral rewards for pollinatingRietes 1)
For plants, the pollen deposition in stigma is the prerequisite of pollination, while for bees it is
the essential food fothe proper growth of their larvae. Accordingly, there should be a

competition for pollen and the coevolution of plant and pollinators shows a mutual exploitation.
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Although pollination is happening, nectar serves an important role (Sakai, 1993; Westerkamp,
1996) which is the primary source of energy and water and is hidden at a greater depth within a
flower (Nicolsonet al., 2007). The present study showed that the nectaries are bowl like
structure observed at the base of the stamen in male flowers, wheseasunds the base of

style forming a trough for accumulation of nectar in female flowPtate 2.) This position

enables the pollinators for easy access to the female nectar.

The proboscis of. iridipenniswas shorter (1.30 mm) compared to thatofolla tube
length. The average length of corolla tube of male flowers was 6.14 mm and that of female
flowers was of 5.23 mm (Table 2.). In order to reach the nectaries, bees have to insert their head
into the corolla tube. According to evolutionary capicenectar depth always has to exceed
tongue (proboscis) length to maintain floral fitness in terms of fruit set (Nilsson, 1988). The
deeper positioning of nectaries, not only prevent nectar desiccation but also forces bees to go

deeper into the flower. Tfinally results in an exact positioning of pollen in stigmatic surface.

In the present study, average body length of bee is 3.69 mm, length and width of the head
is 1.39 mm and 1.74 mmespectively The gap between corolla tube and stamen tip was
recoded as 1.35 mm while the gap between corolla tube and stigma tip was 1.91 mm (Table 3.).
It has been observed that the head width of bees (1.74 mm) is smaller than the gap between
corolla wall and stigma tip (1.91 mm) andagerfect fit for T. iridipenns foragers to reach

nectaries at the base of female cucumber flowers.
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Table 1 Flower biology of @cumis sativus.

Insect Environment

Plant and flower parameters Mean
Location of flower Leaf axil
Days to flower bud | Male 25 DAS
initiation Female 34 DAS
Days taken to Male 31 DAS
flowering Female 39 DAS
Flower colour Yellow
Calyx: Sepals 5.00
Corolla : Petals 5.00
No. of stamens 5.00
No. of stigma 6.00
Location of nectarine Male Base of the stamen
in flower Female Base of the style
Forage available Male Pollen and nectar

Female Nectar
Flower duration (day) 1

Table 2 Morphological adaptations dftragonula iridipennisn relation to flower biology.

*Corolla *Corolla *Gap *Gap
tube between | between , * *
length | tube lengt I Ila | ‘Proboscis| *Body | *Head| *Head
Paramete engt (female corofa | corota length | length | length| width
(male | g en | tubeand| tube and 9 9
flower) stamen tig stigma tip (mm) (mm) | (mm) | (mm)
(mm) (mm) (mm) (mm)
\'\/"a"i‘a‘;m“m 7.70 6.04 2.00 2.55 137 | 4. 0 150 | 1.80
\'\/";{L';““m 4.50 4.80 0.88 1.45 119 | 3. 0/ 1.30| 1.70
SD 0.86 0.47 0.43 0.38 0.07 0.06 | 0.03
Mean 6.14 5.23 1.35 1.91 1.30 1.39 | 1.74
Ccv 14.00 9.08 31.66 20.22 5.49 449 | 1.89

*Mean of 10 observations
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Table 3. Floral biology ofCucumis sativis

Insect Environment

*Flower *Flower *Stamen | *Stigma | *Style *Ovary

Parameter diameter; diameter; length length length length
Male(cm) | Female(cm)| (mm) (mm) (mm) (cm)
Maximum value 5.60 5.50 6.00 3.55 3.54 4.30
Minimum value 3.80 3.80 3.86 2.10 2.80 2.40
SD 0.52 0.50 0.58 0.44 0.22 0.17
Mean 4.35 4.63 5.02 2.97 3.15 3.31
CVv 12.08 10.87 11.64 14.92 7.26 16.57

*Mean of 10 observations
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Abstract

The hawkmadah fauna of Nandurbar district is not accounted so far, therefore, the present
study was planned to assess and documerttaivimadh fauna of this district. Thus, the study
resulted in preliminary account @0 species ofhawkmdhs belonging tol3 genera ad 03
subfamilies from Nandurbar, Maharashtiadia Out of the studied specieB) species namely,
Agriusconvolvuli(Linnaeus, 1758);Psilogrammancreta(Walker, [1865]); Agnosia microta
(Hampson, 1907);Marumba indicus (Walker, 1856); Marumbaspectabilis(Butler, 1875);
Clanis phalaris(Cramer, 1777)Daphnis nerii(Linnaeus, 1758)Hyleslivornica (Esper, 1780);
Hippotionrosetta(Swinhoe, 1892) andHippotionrafflesii (Moore, 1858) are reported for the
first time from this districtThe common name for the specfggnosia microtgHampson, 1907)
has beercoinedi n t hi s Spotted Agnosidaasvkmid h Bhis is the preliminary study
covering the distribution of theeported species along with their larval host plant and common
name. More extensive surveys and madre required toproperly document the diversity of

Nandurbar.

Key words: moths, sphinx moth, heterocerapecies, diversity profile, north Maharashtra,

Nandurbar.

Introduction

Linnaeus first classified theawkma h i n 1758 wunder the name
1819 adopted the name Sphingidae for the family. Sphingid moths are an important component
of the ecosystem due to their role in pollination of the night blooming plants. The adults are
commonly known as sphinx dxawkmdhs. Moths of this family are easily recognizable due to
the long, narrow, pointed fore wing, short, triangular hind wing, the kyge powerful thorax,

sharplypointed abdomen and antenna filiform or setiform. These are the characters present in
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majority of thehawkmadhs with some exceptions. The larvae generally bear a horn on the twelfth
segment and hence commonly called as hormsoiThe head of the larvae strikingly resembles
snake morphologically and also their behavior resembles like snake when disturbed. The pupae
are usually short, cigaghaped, rounded in front and pointed behind. The adults are moderate to
large in size andare known among other moths by their rapid and sustained flying ability
(Scoble 1995; Sambati2011). These insects are of economic importance as their larvae feeds

on various important crops.

The first comprehensive work from India on this family waselby Hampson (1892).
This family is most diverse in the tropids.is represented by 1,700 species reported worldwide
(Kitching et al, 2021), out of whichabout 204 species are distributed in India (Bell & Scott
1937; D' Abreral986; Sambati2011).Looking at some historical resume from Maharashtra on
this family, Gurule and Nikam (2013) reported 23 speciehafkmd hs from 67 ni
sampling covering north Maharashtra (Nashik, Dhule, Jalgaon and Nandurbar) out ofLl&/hich
species are reported fromMandurbar district; 45 species from northern Western Ghats,
Maharashtra by Shubhalaxet al, (2011) from surveys during the years 20Pd08;07 species
from the surveys during 2012017 from northern Western Ghats, Maharashtra (Kalawate
2018).

Nandurba is an administrative district in the northwest corner (Khandesh Region) of
Maharashtra. Generally, the climate of this district is hot and dry. Toranmal is a famous Hills
station in the district located in the Satpura hill ranges in Akrahika. It isa small plateawith
soccer like shape from which a stream flows across the plateau from south to north. From the
literature survey, it was noted that just one paper accoutfngpecies othawkmdahs from
Nandurbar has been documented. Hence, in the ntresedy an attempt has been made to
document the preliminary collected data, their distribution and larval host plant. The species
reported here are collected from Nandurbar district and also from the literature (Gurule and
Nikam, 2013).

Material and Methods

A preliminarystudywas undertaken with an objective to study the diversityasikmadh
fauna from Nandurbar. The survey was undertaken flone 2019 to November 20if®m two
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regions of theNandurbadistricti.e. Dudhale shivaandToranmal for 20 nights. The moths were
collected by installing light traps consisting of a 160W mercury vapour bulb hung in front of
white cotton sheet stretched between two trees in the said locations. The collected specimens
were euthanized with ethyl @ate vapours and brought to the laboratory for further studies.
Then, it was relaxed, pinned, and dry preserved in the laboratory. Leica EZ4E stereozoom
microscope with photographic facility was used to identify the specimen. The identification,
classifiation and distribution followed as per available literature (Bell and S@&87; Sambath

2011; Shubhalaxmiet al, 2011; Gurule and Nikam2013; Mitra et al, 2019). After
identification, the specimens were duly registered and deposited in the Namolabical
Collection, Zoological Survey of India, Western Regional Centre, Pune, Maharashtra, India
(ZSIif WRC). The common name along with the larval host plant has also been provided in this
study. The c$pattetoAgnosia hamlend h for the specie Agnosia microta

(Hampson, 1907) has been coined in this stadyhe common nanveas notfound.

The details of collection locality are provided in material examined section and also
shown in Figire 1. The map of the collection locality wasepared using the open, free access

QGIS software. The images of the moths are provided &Ry

Results and Discussion

The present work is based on the current field studies carried out from this district
review of literatwe. The study resultedn the record of 20 species in 13 genera &3d
subfamilies ohawkmadhs from NandurbaThe dominant subfamily reportedMacroglossinae
(10 species) followed bgmerinthinae (08pecieyand Sphinginaéd4 species) from this region.

This is a preliminary report and extensive survey is required to properly document the diversity
of hawkmdahs from Nandurbar. In all total 10 species of motiagnely, Agrius convolvuli
(Linnaeus, 1758)Psilogrammancreta(Walker, [1865]); Agnosia microta(Hampson, 1907);
Marumba indicugWalker, 1856)MarumbaspectabilisButler, 1875),Clanis phalaris(Cramer,

1777); Daphnis nerii (Linnaeus, 1758);Hyleslivornica (Esper, 1780);Hippotion rosetta
(Swinhoe,1892) anHippotionrafflesii (Moore, 1858 arerecorded nevior this region.
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Subfamily SPHINGINAE Latreille, [1802]
Tribe SPHINGINILatreille, [1802]
Subtribe ACHERONTIINABoisduval, [1875]
1. Agriusconvolvuli(Linnaeus, 1758) (Fig. 2a)

1758.SphinxconvolvuliLinnaeus Syst. Natedn 10: 490.
Material examined/source02 ex., Dudhale shivan21.3477N, 74.2414E), 25.xi.2019,
Shital N. Pawara (ZSWRC, L-2273).
Distribution: India: Andaman and Nicobar Islands, Arunachal Pradesh, Assam, Guijarat,
Himachal Pradesh, Jammu & Kashmir, Maharashtra (Mumbai, Pune, Satara, Raigarh,
Nagpur, Nashik, Dhule, Jalgaorandurbar (present study)), Manipur, Meghalaya,
Mizoram, Nagaland, Sikka, South India, Uttarakhand, Western and Eastern Himalayas.
Other countries Africa, Australia, China, Europe, Indonesia, Japan, Malaysia, Myanmar,
Nepal, Pakistan, Siberia, Sri Lanka, Thailand.
Common name Convolvulushawkmdh (Pittawayand Kitching,2021).
Larval Host Plant: Phaseolussp. (Fabaceae)Pittaway and Kitching2021); Alocasia,
Colocasia (Araceae); Helianthus (Compositae); Calytegia, Ipomoea, Merremia
(Convolvulaceae); Arachis, Dolichos, Vignha (Leguminosae); Abutilon, Hibiscus
(Malvaceae);Nicotiana(Solanaceae)f etragonia(Tetragoniaceae)Bgll and Scott, 1937
Sambath, 2011; Holloway,987).

2. Acherontialachesig(Fabricius, 1798)
1798.Sphinx lachesi&abricius,Syst. Ent. Supp#34.
Material examined/sourceRecorded frontiterature Gurule and Nikam2013).
Distribution : India: Andaman and Nicobar Islands, Maharashtra (Mumbai, Pune, Satara,
Raigarh, Nashik, Dhule, Jalgaon, Nandurbar), Odisha.
Other countriesBangladesh, Chindndonesia, Iraq, Iran, Myanmar, Nepal, Pakistan, Saudi
Arabia, Sri Lanka.
Common name Greater death's hed@awkmadah (Pittaway and Kitching2021).
Larval Host Plant: Solanaceae, Verbenaceae, Leguminosae, Oleaceae, Bigaeniac
Labiatae (BellndScott, 1937).
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3. Acherontia styx sty@Vestwood,1848{Fig. 2b)
1848.Sphinx(Acherontig styxWestwood Cab.Orient. Ent.: 88, t. 42. f. 3.
Material examined/source0l1 ex., Dudhale shiva§21.3477N, 74.2414E), 30.vi.2019,
Shital N. Pawara (ZSWRC, L-1997).
Distribution : India: Throughout India including Maharasht®umbai, Pune, Satara,
Nashik, Dhule, Jalgaon and Nandurbar).
Other countriesArabia, Bangladesh, Bhutan, China, Iraqg, Iran, Japan, MalaysizalNe
Pakistan, Sri Lanka, Thailand, Vietnam.
Common name Eastern Death's Heddwkmdh (Pittaway and Kitching2021)
Larval Host Plant: Sesamum indicuiii*edaliaceagBell and Scott1937).

Subtribe"PSILOGRAMMA genusgroug'

4. Psilogrammancreta(Walker, [1865])(Fig. 2c)
[1865]. Anceryx incretaValker,List Spec. Lepid. Insects Colln Br. M@4: 36.
Material examined/source 08 ex.,Dudhale shivar(21.3477N, 74.2414E), 07.ix.2019,
Shital N. Pawara (ZSWRC, L-2232).
Distribution: India: Jammu & Kashmir, Maharashtra (Mumbai, Pune, Nashik, Dhule,
Nandurbar (present study)), Uttarakhand.
Other countries China, Japan, Korea, Malaysia, Myanmar, Nepal, Sri Lanka, Taiwan,
Thailand, Vietnam.
Common name Plain greyhawkmadh (Kitching et al,, 2021)
Larval Host Plant: Millingtonia hortensis(Bignoniaceae)Tectona grandigLamiaceae)
(Namee, 2017).

Subfamily SMERINTHINAE Grote & Robinson, 1865
Tribe SMERINTHINI Grote & Robinson, 1865

5. Agnosia microtgHampson, 1907(Fig. 2d)
1907.Marumba microtaHampsonNov. Zool, 14: 327.
Material examined/source12 ex., Dudhale shivaf21.3477N, 74.2414E), 30.vi.2019,
Shital N. Pawara (ZSWRC, L-2491).
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Distribution: India: Andhra Pradesh, Maharashtra (Mumbai, Satara, Nashik, Nandurbar
(present study)).

Other countriesSri Lanka.

Common name Spotted Agnosihawkmdh (name given in the present study).

Larval Host Plant: Not known.

Tribe SICHIINI Tutt, 1902
6. Marumbaindicus(Walker, 1856)Fig. 2e)
1856.Smerinthus indicugValker,List. Lep. Ins. Brit. Mus8: 254.
Material examined/source04 ex., Toranmaf21.8685N, 74.4819 F, 01.vii.2019, Shital N.
Pawara (ZSWRC, L-2255). 01 ex., Toranm#R1.8685N, 74.4819 B, 03.vii. 2019, Shital
N. Pawara (ZSWRC L-2487).
Distribution : India: Maharashtra (Mumbai, Pune, Satara, Nashik, Dhule, Nandurbar (present
study)).
Other countriesSri Lanka.
Common name Lesser SwirledHawkmah (Kitching et al, 2021)
Larval Host Plant: Sterculia villosa. Bombax malabaricu@ivalvaceae);Helicteres isora
(Sterculiaceae)Grewia tiliaefolia(Tiliaceae) (Bell and Scott, 1937).

7. Marumbadyras(Walker, 1856)Fig. 2f)
1856.Smerinthus dyragValker,List Spec. Lep. In€oll. Brit. Mus, 8: 25.
Material examined/source01 ex. Toranma{21.8685N, 74.4819 F, 02.vii.2019, Shital N.
Pawara (ZSWRC, L-2256).
Distribution: India: Andaman and Nicobar Islands, Eastern Himalayas, Maharashtra
(Mumbai, Pune, Satara, Nashik, Nandurbar), Southern India, Uttarakhand, Western
Himalayas.
Other countries Bangladesh, Bhutan, China, Indonesia, Malaysia, Myanmar, Nepal,
Philippines,Sri Lanka,Taiwan, Thailand.
Common name Dull Swirledhawkmdah (Kitching et al, 2021)
Larval Host Plant: Bombaxsp. (Malvaceae)Sterculia sp. (Sterculiaceae)arewia sp.
(Tiliaceae),Bridelia sp. (Euphorbiaceae) arféichleichera trijuga(Sapindaceae|Bell and
Scott,1937).
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8. Marumbaspectabilis(Butler, 1875)Fig. 29)
1875.Triptogon spectabili®utler, Proc. Zool. Soc. Londoi875 256.
Material examined/source0l1 ex. Toranma{21.8685N, 74.4819 B, 02.vii.2019, Shital N.
Pawara (ZSWRC, L-2489).
Distribution: India: Maharashtra (Mumbai, Pune, Dhiiendurbar (present study)
Other countriesChina, Indonesia, Laos, Malaysia, Nepal, Thailand, Vietnam.
Common name Rosey swirlechawkmadah (Pittaway and Kitching2021)
Larval Host Plant: Meliosmasp. (MeliosmaceadBell and Scott1937).

Tribe"POLYPTYCHUS genugroup"
9. PolyptychugdentatugCramer, 1777§Fig. 2h)
1777.Sphinx dentatu€ramer,Uitl. Kap., 2(9-16): 42.
Material examined/source 01 ex., Dudhale shivar(21.3477N, 74.2414E), 20.vi.2019,
Shital. N. Pawara (ZSIWVRC, L-2428).
Distribution : India: Maharashtra (Mumbai, Nashik, Nandurbar), Uttarakhand, Uttar Pradesh,
Southern India.
Other countriesBhutan, Pakistan, Sri Lanka.
Common name Straightlined crenulatdvawkmadh (Pittaway and Kitching2021)
Larval Host Plant: Cordiadichotoma C. sebestendhretia laevidBoraginaceae) (Bell and
Scott,1937).

Tribe LEUCOPHLEBIINIBoisduval, [1875]
10. Clanis phalaris(Cramer, 1777§Fig. 2i)
1777.Sphinx phalarisCramer Uitl. Kap., 2(9-16): 83.
Material examined/source0l ex.,Dudhale shiva21.3477N, 74.2414E), 20.vi.2019, Shital
N. Pawara (ZSWRC, L-2497). 01 exDudhale shiva21.3477 N, 74.2414 EPR3.vi2019,
Shital N. Pawara (ZSWRC, L-2498).
Distribution : India: Andaman and Nicobar Islands, Maharashtra (Mumbai, Pune, Nandurbar
(present study)).
Other countriesMyanmar, Sri Lanka.
Common name Common Velvehawkmadah (Kitching et al, 2021).
Larval Host Plant: Xylia xylocarpa (Mimosaceag Pongamia glabra(Leguminosag
Pterocarpus marsupiuniFabaceag(Bell and Scott1937).
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SubfamilyMACROGLOSSINAEHarris, 1839
Tribe MACROGLOSSINI Harris, 1839
Subtribe MACROGLOSSINA Harris, 1839
11.Daphnis nerii(Linnaeus, 1758|Fig. 2))

1758.Sphinx neriiLinnaeus Syst. Nat. edL0: 490.
Material examined/source05 ex., Dudhale shivaf21.3477N, 74.2414E), 07.vii.2019,
Shital N. Pawara (ZSWRC, L-2307).
Distribution: India: Throughout India including Maharashtra (Mumbai, Nashik, Dhule,
JalgaonNandurbar (present study)
Other countries Afghanistan, Africa, Bhutan, China, Europe, Japan, Malaysia, Mauritius,
Myanmar, Pakistan, Saudi Arabia, Sri Lanka, Taiwan, Thailanoherie
Common name Oleandehawkmadah (Pittaway and Kitching2021)
Larval Host Plant: Nerium odorum Holarrhena anitdysenterica Ervatamia heyneana

Vinca roseaTabernaemontana coronar{@pocynaceae{Bell and Scott1937)

12.Nephele hesper@rabricius, 1775§Fig. 2k)
1775.Sphinx hesper&abricius,Syst. Ent.546.
Material examined/source0l ex., Toranmal21.8685N, 74.4819 F, 25.viii.2019, Shital. N.
Pawara (ZSWRC, L-2427).
Distribution : India: Maharashtra (Mumbai, Pune, Satara, Raigarh, Nashik, Jalgaon,
Nandurbar).
Other countriesBhutan, China, Indonesia, Malaysia, Nepal, Pakistan, Sri Lanka, Thailand,
Vietnam.
Common name Crepusculahawkmdh (Pittawayand Kitching,2021)
Larval Host Plant: Carissa carandagApocynaceae) (Bell and Scoi937).

SubtribeCHOEROCAMPINAGrote & Robinson, 1865
13. Hyleslivornica (Esper, 1780fFig. 2I)
1780.Sphinx livornicaEsper,Die. Schmett. Thi] (13): 88.
Material examined/source01 ex.,Dudhale shivar(21.3477N, 74.2414E), 25.viii.2019,
Shital. N. Pawara (ZS1 WRC,-2018).
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Distribution: India: Maharashtra (Mumbai, Pune, Nashik, DhnNBndurbar (present study)
Southern and Western Himalaya

Othercountries Africa, China, Europe, Pakistan.

Common name Stripedhawkmadh (Pittaway and Kitching2021)

Larval Host Plant: Vitis sp. (Ampelideae); Galium sp. (Rubiaceae);Rumex sp.
(Polygonaceag(Bell and Scott1937).

14. Hippotionrosetta(Swinhog 1892)(Fig. 2m)
1892.Choerocampa rosettd8winhoe,Cat. Lep. Het. Mus. Oxorp, 16.
Material examined/source01 ex.,Dudhale shivan21.3477N, 74.2414E), 25.viii.2019,
Shital. N. Pawara (ZSIWVRC, L-2240).
Distribution : India: Andhra Pradesh, Andaman and Nicobar Islands, Arunachal Pradesh,
Assam, Bihar, Goa, Gujarat, Haryana, Himachal Pradesh, Karnataka, Lakshadweep Island,
Maharashtra (Mumbai, Pune, Nagpur, Nashik, Nandurbar (present study)), Odisha, Sikkim,
Tamil Nady Uttar Pradseh, Uttarakhand.
Other countriesBhutan, China, Hawaii, Indonesia, Japan, Malaysia, Maldives, Nepal, New
Guinea, Pakistan, Philippines, Solomon Islands, Sri Lanka, Taiwan, Thailand.
Commonname S wi n h o e 6rmwkmdhi(Kitchihgestdal, 2021).
Larval Host Plant: Borreria, Morinda citrifoliaandMorinda umbellatg Rubiaceae)

(Pittaway and Kitching2021).

15. Hippotion celerio(Linnaeus, 1758{Fig. 2n)
1758.Sphinx celerid_.innaeus Syst. Nat. EdX.: 491.
Material examined/source02 ex., Dudhale shivan(21.3477N, 74.2414E), 11.x.2019,
Shital. N. Pawara (ZSWRC, L-2364).
Distribution : India: Madhya Pradesh, Maharashtra (Mumbai, Pune, Nagpur, Nashik,
Jalgaon, Nandurbar), Western and Eastern Himalayas, South India, Rajasthan, Sikkim,
Uttarakhand, West Bengal.
Other countriesAfrica, Arabia, Australia, Bhutan, Borneo, Europe, Fiji,dndsia, Nepal,
Pakistan, Sri Lanka, Timor.

Common name Commonstriatedhawkmadah (Kitching et al,, 2021).
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Larval Host Plant: Vitis sp. (Ampelideae)Spermacoce hispid@&ubiaceae)Boerhaviasp.
(Nyctaginaceae)Rumexsp. (Polygonaceae)Caladium sp. (Aroideae) (Bell and Scott,
1937).

16. Hippotionrafflesii (Moore, 1858)Fig. 20)
1877.Choerocampa rafflesButler, Trans. Zool. Soc. Londp8(19): 556.
Material examined/source01 ex., Toranmal21.8685N, 74.4819 F, 08.x.2019, Shital. N.
Pawara (ZSWRC, L-2430).
Distribution : India: Eastern Himalayas, Maharashtra (Mumbai, Nandurbar (present study)),
Southern India.
Other countriesChina, Indonesia, Malaysia, Myanmar, Sri Lanka, Taiwan.
Common name Raffles' striatedhawkmadah (Pittaway and Kitching2021).
Larval Host Plant: Impatienssp. (Balsanmaceae) (Pittaway and Kitching021).

17.Theretraalecto(Linnaeus, 1758)
1758.Sphinx alectd.innaeus Syst. Nat. (Ed. X),1: 492.
Material examined/sourceRecorded frontiterature(Gurule and Nikam2013).
Distribution : India: Maharashtra (Mumbai, Pune, Nashik, Dhule, Jalgaon, Nandurbar).
Other countries Afghanistan, Bulgaria, Egypt, Greece, Iran, Iraq, Israel, Kyrgyzstan,
Lebanon, PakistaTurkey, Turkmenistan, Uzbekistan.
Common name Levant Huntehawkmadah (Kitching et al, 2021).
Larval Host Plant: Dillenia indica (Dilleniaceae);Saurauja nepalensi§lernstroemiaceae);
Vitis sp.Leeasp. (Ampelideae)Psychotriasp.,Rubiacordifolia (Rubiaceae) (BekndScott,
1937).

18. Theretraclotho (Drury, 1773)
1773.Sphinx clothdrury, Ill. Nat. Hist. Exot. Ins 2: 48.
Material examined/sourceRecorded fronfrom literature Gurule and Nikam2013).
Distribution : India: Andaman and Nicobar Islands, Maharashtra (Mumbai, Pune, Satara,
Raigarh, Sindhudurg, Nashik, Jalgaon, Nandurbar), Odisha.
Other countriesChina, Indonesia, Myanmar, Nepal, Sri Lanka.

Common name Common huntehawkmadah (Pittawayand Kitching,2021).
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Larval Host Plant: Dillenia pentagyna D. indica (Dilleniaceae); Hibiscus mutabilis
(Malvaceae); Vitis sp., (Ampelideae);Fuchsia sp., (Onagraceae)Amorphophallussp.,
(Aroideae) (Bell and Scot1,937).

19. TheretranessugDrury, 1773)
1773.Sphinx nessuBrury, Ill. Nat. Hist. Exot. Ins 2: 46.
Material examined/sourceRecorded from froniterature(Gurule and Nikam2013).
Distribution : India: Andaman and Nicobar Islands, Eastemmd Western Himalays
Southern IndiaMaharashtra (Mumbai, Pune, Satara, Nashik, Dhule, Jalgaon, Nandurbar),
Meghalaya.
Other countriesBhutan, China, Myanmar, Nepal, Sri Lanka, Thailand.
Common name Yam hawkmadah (Pittaway and Kitching2021).
Larval Host Plant: Pongamia glabra(Leguminoseae);Barringtonia sp. (Myrtaceae);
Convolvulussp. (Convolvulaceae)Dioscorea sp. (Dioscoreaceae)amorphophallussp.
(Aroideag (Bell and Scott1937).

Tribe HEMARINI Tutt, 1902
20. Cephonodehylas(Linnaeus, 1771)
1771.Sphinx hylaginnaeusMantissa Plant 2: 539.
Material examined/sourceRecorded from fronfiterature(Gurule and Nikam2013).
Distribution : India: Maharashtra (Nashik, Jalgaon, Nandurbar).
Other countriesChina.
Common name Coffee bedawkmadh (Pittaway and Kitching2021).
Larval Host Plant: Wendlandiasp., Randia dumetorumGardenia sp.; Ixora brachiata
Pavetta indica CoffeabengalensisAdina cordifolig Hymenodictyon excelsu(Rubiaceakg
(Bell and Scott1937).

Conclusion

Studyinghawkmadhs are important as they perform pollination in some night blooming
plants and their larvae are pest on many econamportantcrops. In his study,a total of 20
species ohawkmdhs are reported from Nandurbar, a dry and hot ptdoghich 10 species

namely, Agriusconvolvuli(Linnaeus, 1758);Psilogrammaincreta(Walker, [1865]); Agnosia
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microta (Hampson, 1907)Marumba indicus(Walker, 1856); MarumbaspectabilisButler,
1875); Clanis phalaris(Cramer, 1777)Daphnis nerii(Linnaeus, 1758)Hyleslivornica (Esper,
1780); Hippotionrosetta(Swinhoe, 1892) anHippotionrafflesii (Moore, 1858) are reported for
the first time fromNandurbar.In future, detailed survey covering the entire district would be

taken up tgroperlydocument thdaawkmah diversity of the studied region.
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Figure 1. Collection localities of the hawkmoths studied in the present study.
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g. Marumbaspectabilis h. Polyptychusientatus

Figure 2: Hawkmoths of Nandurbar, Maharashimdija.
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i.  Clanis phalaris j.  Daphnis nerii

0. Hippotionrafflesii (museunspecimerdamaged)

Figure 2. Hawkmahs ofNandurbar, Maharashtra, India.
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menaces in cashew production
K. Vanitha and T.N. Raviprasad

Division of Crop Protection,
ICAR- Directorate of Cashew Research, Putt&74 202, Karnataka, India
Corresponding athor: Vanitha.K@icar.gov.in.

Cashew Anacardium occidentalke.) is a tree nut crop grown in many parts of the world,
having good export potential due to its multipkesin bakery, confectionery, cosmetics, and
varied industrial use of the fproducts especiallgashewnushell liquid In India, it is grown in
an area of 11.05 lakh hectar@he annual productionf cashewnuts in 20189 was7.43 lakh
tonnes ofcashew(DCCD, 2019. Among the biological constraints, pests are important yield
limiting factors in cashew. Tea mosquito bugs and cashew stem and root borers are the two
important pests causing significant yield loss in many cashew growing countries.frypar
these twests there are few occasional and reggpecific secondary pestaformation on the
pest species complex, their relative abundance and damage potential is important in the changing
pest scenario to understand the pest statoasbfewand devise plant protection activities.

Recent studies conducted at ICARectorate of Cashew Research, Puiti?.45°N
latitude, 75.15°E longitude and 90 m above Ni8idicated that different inflorescengess
cause considerable flower damalgading to lower nut set.The inflorescence caterpillars
recorded hitherto includé,amidamoncusalisW., Archipssp., DuduaaprobolaM., Hypatima
haligramma M., Euproctis spp. Thylacoptila paurosemaM., Bomboteliajocosatrix Guen,
OenospilaflavifusataW., Pingasaruginaria Guen.,AetholixflavibasalisGuen, Orthagasp.and
Hyposidraspp. feed on the developing inflorescen¢8sindararaju, 1993undararaju, 2009)
Apart from thesgPerixerasp. (Geometridae) arldanagunasp. (Nolidag arethe two emerging
new pest species noticed in the last few years.ifddidenceof Perixerasp.and Nanagunasp.
was recorded on the inflorescences of cashew during random surveys taken up in the cashew
plantations of ICARDCR, Puttur betweemNovember2017 and February2021. Incidence of
thesetwo inflorescencepess were noticed fronmitial flowering i.e., from second fortnight of

November or earl{pecembetill February- March.
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The infestation percentage was noticed ir150% of the cashew trees. Larvae of
Perixera sp. damage the flower buds and flower by chewing the floral parts with slight
webbings. In a single inflorescence, a maximum of five larvae have been noticed. mvae
loopers having band like patterns over the b{felg.1) express typical wriggling movements.
Pupation took place in shoots its@fig.2) and the adult moths emerged HY @lays. Up to 15%
parasitism has been observed in the field collected pupaedarhaged flowers and buds dried
away and drastic reduction in nuts sef(dnflorescence) was noticed compared to uninfested
ones (35/inflorescencesjFig.3). However, the pest incidence was scattered and in general, a

clump of inflorescences got damadmndthis pest.

The larvae oNanagunasp. (Fig.4) webbed the flowers as well as buds into tight clumps
and remained inside the webbings. Dried flowers in tight webbings can be seen in the infested
inflorescences, which are indicative of presence of lahanagunaspor its damage. Wherever
the webs were in contact with developing nuts, bored holes inside the nuts were also noticed.
Number ofNanagunasp. per inflorescence ranged between 1 and 3 per inflorescence. Apart
from cashew, severe incidence drixera sp. has been noticed in mango orchards located in
Doddaballapur taluk of Bengaluru during February 20Ranagunasp. has been recorded as a
pest of mango (Soumyat al, 2017) which also belongs to Anacardiaceae fanfiydden
upsurge in population dPerixerasp. has been earlier reported on litchi plants (Kuetaal.,

2014).

Whenever the damage by inflorescence pests are prominent, timely spraying is very
much essential, since yield loss to the tune e300 has beenecorded in unsprayed plots

having flower caterpillars compared to pesticide sprayed plots.
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Insectivorousbirds in and around Regional Central Integrated Pest Managment Centre,
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Birds are one of the most fascinating creatures in this world contributing to the
Agriculture by consuming insect pests therebyanagingpest population(Eilers and Klein,
2009). Bengaluru known for its gardens and lakes harlddrerseavian species (Ragakhara
andVenkatesha, 2014An attempt was made to observe the insectivorous irthe premises
of Regional Central Integrated Pest Management Centre (RCIPMC)g#@didBengaluru from
July 20201 May 2021 considering the floral diversityrorethan fifteen tree specigwithin the

campusThe different bird species observed at RCIPMC, Bengaluru are listed in Table 1

These birds have an important role in pest management in the farm lands at Seegahalli
and Kadgodi villages near Whitefield, Benlymu as these villages practicing parban
agriculture. The main crops grown in these villages are paddy, maize, vegetables aaddruits
the observed bird species (Table 2.) were found feeding on beetles, bugs, caterpillars,
grasshoppers and rafshe present observations helped in finding various avian species involved

in pest management in these areas thus aiding the farmers in minimizing the use of pesticides.
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Table 1. Insectivorous bird species documented in and around the premises of RCIPMBengaluru

S- Common Name Scientific Name Family Prey Image
No No.
Order- Passeriformes
1. Red Whiskered Bulbul Pycnonotus jocosus Pycnonotidae Caterpillars & small insects 1
2. Common Myna Acridotheres tristis Sturnidae _SSturmda Small insects, beetles ticks
Sturnidae
3. Jungle Myna Acridotheres fuscus Sturnidae Caterpillars, tick& other insects 2
4. Crow Corvus splendens Corvidae Grubs, bugs,. beetlés other small
insects
. : Scarabaeidscutworms,
5. Jungle Crow Corvus culminatus Corvidae ) . 3
crickets, bug& mice
6. Purple rumped sunbird Leptocoma zeylonica Nectariniidae Beetles and bugs 4
7. The Black Drongo Dicrurus macrocercus Dicruridae Grasshoppersjcadasants, 5
moths & beetles
Order - Piciformes
8. White Cheeked Barbet Psilopogon viridis Megalaimidae Caterplllars,.wmged termites 6
small insects
Order- Accipitriformes
9. Brahminy Kite Haliastur indus Accipitridae Beetles, bugs, rrr;(t);hmrge Insects: 7
Order- Cuculiformes
10. Greater Coucal Centropus sinensis Cuculidae Large insects, caterpillars & snail{ 8

1202 (3unr) (2) #2 "loA
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Table 2. Pictorial representation ofinsectivorous bird species found at the premises of RCIPM@®engaluru

Image t Red whiskeredulbul
Pycnonotus jocosus

Image 5 The Black Drongo
Dicrurus macrocercus

Image 2 Jungle Myna
Acridotheres fuscus

Image 6 White Cheeked
Barbet Psilopogon viridis

-~ *

o e e %8
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Image 3 Jungle Crow
Corvus culminatus

Image 7 Brahminy Kite
Haliastur indus

Image 4 Purple rumped
sunbird,Leptocoma
zeylonica

Image 8 Greater Coucal
Centropus sinensis
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Report of Luthrodes pandavadorsfield (formerly Chilades pandavadorsfield (Lepidoptera:

Lycaenidae) infestingCycasrevolutaThunb. in Kerala
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Cycas revolutais an evergreen tree used for the productiorsagb as well as
commercially cultivated as a landscape plant in almost all botanical gattlena dioecious
plant withsemi glossygreenleavesand the basal leaflets are more like spifié® plantrelies
on both wind (anemophily) and insect pollination (entomophily), although such anemophily is
restricted to female trees growing within an2radius of male treekpno and Tobe, 2007)
During the months of January to April of 202fie cycas plantgrownin the instructional farm
of College of Agriculture, Vellayanvas observedavith leaflets eaten away. The emerging leaf
buds were found completely eatenamd he leaf tipswereturned brown and degdFig.1). On
close and regular examination, purple and green coloured elongate flattenedviamydound
hiding on the underside of leafl€isig.2). Several lycaenid butterflies were found fluttering and
ovipositing on growing leabuds. The eggwere ornamented and shining whi(€ig. 3) The
larvae were collected and reared by giving cycas leafteder laboratory condition3he larvae
were voracious feeders atrdnsformednto pupal stage in 224 days. The pupal instars lasted
for about a weeland later Bining blue and dull grey butterflies emergddhis butterfly was
identified asLuthrodespandavaHorsfield (Lepidoptera: Lycaenidae(Fig. 4) Marler et al
(2012) recorded 85 hosts of this insect belonging to faByiyadaceaerl his lycaenidbutterfly is

a new report from Kerala.
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Figure 1. Emerging leaf buds completely ea

up and the leaf tips turned brown and dea Figure 2. Larvae

Figure 3. Egg Figure 4. Adults
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Rice is the staple food of Assam comprising about 24.3 million ha cultivated area with a
productivity of 52 lakhs metric ton (Anonymous 2017). In Assam, rice is cultivated mainly as
winter or Sali (June July to NovemberDecember), autumn okhu (March 1 April to June
July) and as summer @&oro rice (November December to May June). The insect pests are
more predominant durin§aliand Ahuseason infesting different growing stages of rice. Among
these, the rice horned caterpillelanitis ledaL. (Lepidoptera: Nymphalidae: Satyrinae) is
presently observed causing a significant damage at different growing stages of the crop. Recently
this pest has been recorded from different rice growing regions of Assam whose population has
been increasing over a jmt of time causing considerable loss to the crop. Considering the
severity of infestation caused by this pest, presently considered as a minor pest, and might attain
the major pest status in near future if not managed effectively. The change in clonditoos
and agricultural practices are reasons where insect pest status has been changing from minor to
major or secondary to primary pebelanitis leda feeds on different plants under the family
Poaceae. Literature shows that besides rice, the dtefpeds on different host plants such as
Axonopus compressus, Bambusa arundinacea, Brachiaria mutica, Cyanodon ddsiglisime
indica, Paspalidium germinatum, Pennisetum setacamchSorghumhalepense(Saji et al.,

1758).

The insect pests were collected by hand picking and sweeping netting from the
Instructional Cum Research (ICR) fammf Jor hat , As s am EYoR fegutbd Nj N
basis duringSali season2019.The first, second and third instaw$ larvae M. leda (Figure 1)
were collectedat different growing stages of the crdffter field collection, the different instar

larvae were reared separately in rearing cages (96 x 26 x 24 cm) and were provided rice
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seedlings as food material. The rearing cages were nregdtat temperature 28 + 1°C, and 80 to

90% (RH) under laboratory conditions. The observations on emergence of parasitoid from the
larvae were taken regularly. Afterdays of rearing, the parasitoids emerfédure 2) from

already laid cocoons on the body of the caterpillar which fed on the internal body contents of the
host larvae. Each parasitoid spins a spindle shaped whitish cocoon outside the host body after
emergence. The cocoons, in general were observed agllmerithe host larvae and the adult
wasps emerged by cutting a circular lid at one end of the cocoon. The adult wasps emerged were
later preserved in 70% alcohol for further taxonomic and molecular identification. The insect
samples were sent to Dr. AnkiGupta, Senior Scientist, ICARational Bureau of Agricultural

Insect Resources (NBAIR) for identification and it was identifie€Catesia ruficrus(Haliday)

(Hymenoptera: Braconidae) (Fige 3).

The genusCotesiawas first describedy Camerorin 1891 which belongs to the sub
family Microgastrinae and trib€otesiini.Cotesiais an economically important larval parasitoid
of many of the notorious lepidopterous pestbe Trange of hosts and distribution pattern
of Cotesiaspecies can be found in ¥ai al. (2013). The present study is the first report of rice

horn caterpillar 1. ledg (LepidopteraNymphalidae) parasitized ky. ruficrusfrom Assam.
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Abstract

Honeybee venom is a welknown pharmacologically active product from hive.
Electrical stimulation was found to be effective in the bee venom collection where the bees do
not lose their sting. The present study on estimation of bee venom collection was conducted at
the Indian bee apiaries of College of Agriculture, Vellayani. Studies oredleygnom yielding
hour of the day revealed that maximum quantity of bee venom (52.00 g) was obtained in the
collections made between 2 pm and 3 pm while least quantity of bee venom was obtained at 7
am to 8 am. The ideal duration to collect optimum vegoamntity (25.12 mg) is 30 minutes.

Key words: Apis cerana indicabee venom

I ntroduction

Honeybes, the hymenopteran insect, possess sting which is the modified ovipositor
through which the bee venom is delivered. Venom is produced in the epiderma grahds
stored in a venom sac till its release (Bridges and Owen, 1984). Recently bee venom has evoked
interest among researchers to study about its composition and biological activities due to it rising
medical benefits and importance. Various methodee Hzeen identified for the extraction of
venom by stimulating bees with an electrical current (Beatat, 1963; Nobre, 1990). Most of
the modern devices for bee venom collection employ the same principle, where the bees do not
lose their sting and stalive, hence identified as a safe and efficient method of collection
(Schmidt and Buchmann, 1999), both for the bees and the beekeepers. Detailedesatielte
the peak venom yielding hour (time of the day during which maximum bee veaonibe
colleded) is scanty and hence this stwdgsconducted.
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Materials and Methods

The present study was conducted in the Indian bee apiaries maintained at College of
Agriculture, Vellayani(82 5 Nj5 3 . B YjNjiN 9 KeFHNjNpHI)ng the brood rearingeason
SeptemberDecember, 2020Thirty six hives of almost uniform bee strength (5.5 to 6.0) was
selected and labelled bee venom collector possé&ssg anautomatic cut off mechanism after 40
minuteswas usedThe collector was carefully taken out af® minutes and the glass plate was
then placed in a dark ventilated area for drying. A few light strokes with a camelvoensh
made over the glass plate to remove any pollen or dust, if present. Dried venom was then
carefully scraped from the glass e and weighed. The hives were not fedat least two
days before the collectiomasmade, to avoid undesirable moisture and to enable easy drying of
the venom. Bee venom collections were madean hourly basifom 6 am to 6 pmEach hour
was consideed a treatmenttherefore a total ofl2 treatments. These hourly collectiomas
repeated fothree days froni2 hives making 3 replications for a treatmeint total making 36
readings The scraped bee venom after weighing was kept°@t i amber caured bottles to
prevent oxidationThe optimum duration for which the collector has to be placed in the hive so
that maximum bee venom can be collected with minimum damage to the bees (least mortality)
wasalso assessedlhe collector was placed in hivies threedifferent durations 30 min, 40 min
and 60 min at the peak venom yielding holine 60 min collection was performed by first
keeping the collector in the hive for 40 min, then subsequently switching on the collector again
for 20 min after the dege was off from the first 40 min sefEive replications were maintained
for each treatment. Venom was scraped, weighed and stored. The data were subjected to
CompletelyRandomizedesignanalysis.

Resultsand Discussion

Studies on the peak venoyrelding hour of the day revealed that maximum quantity of
bee venom (52.00 g) was obtained in the collections made between 2 pm and 3 pm (Table 1.)
which was on par with 11 ain12 noon, 12 nooit 1 pm and 1 pmi 2 pm.2 pmi 3 pm was
selected as it yieltl higher venom.The higher venom quantity obtained could be attributed to
the peak hive activity and the number of bees in the hives after the foraging activities. Least

venom quantity was obtained when collection was made at 7 am to 8 am.
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Table 1: Quantity of venom collected (mg) at different hours of the day

Time Quantity of venom* (mg)
6ami 7am 24.80
7ami 8am 13.50
8ami 9am 35.25
9ami 10am 27.50
10ami 1lam 20.90
1lami 12pm 36.00
12pmi 1 pm 33.00
1pm-2pm 48.25
2pmi 3pm 52.00
3pmi 4pm 30.25
4pmi 5 pm 17.25
Spmi 6pm 27.00

CVv 29.30

*Mean ofthreevalues(replications)

Maximum bee venom (55.34 mg) was collected at 60 minutes duration (Table 2.), but the
mean mortality was very high (5.20 bees). Least mortality was recorded at 30 minutes duration
(0.8 bees), bee venom collected during this duration was on par with #atnahutes. Hence
30 minutes was selected as the ideal duration to collect optimum venom quantity (25.12 mg).
This was in accordance witthe Graafet al (2021) where they reported that the bee venom
collected for a period of few hours ohinterrupted stimulation is less than the amount collected
for the same time, but with breaks included. Elestimulation tests conducted for a feour
period with one minute break at every 30 minutes resulted in exponential bee venom secretion

dropswith the peak being in the first 30 mingate
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Table 2: Quantity of venom (mg) collected at different durations

Duration (minutes) Quantity of venom* (mg) Mortality (No. of bee}¥
30 25.12 0.8
40 34.14 2
60 55.34 5.2
cVv 23.70

*mean offive values(replications)

Conclusion

There is a rising interest among beekeepers and researchers to study bee venom due to its
health as well as economic benefits. An important aspect is to collect maximum venom without
damaging the bees and not affecting other foraging or storage actfities hive. Bee venom
can definitelybe a source ahcome to the farmers thus improving their financial stability. The
bee venom collector has paved way for collecting venom without damaging the bees, in addition
to that, the above studies on ideal dioraand peak venom yielding hours can help farmers in
collecting maximum venom without compromising honey or pollen yield.

References

Benton, A.W., Morse, R.A and Stewart, J.D., 1963. Venom collection from hone@mesce
142(3589). pp. 22230

Bridges, A.R. and Owen, M.D. 1984. The morphology of the honeybpis (melliferg venom
gland and reservoidournal of Morphology. 181 69-86.

de Graaf, D.C., Brochetto Braga, M.R., de Abreu, R.M.M., Blank, S., Bridts, C.H., De Clerck,
L.S., DevreeseB., Ebo, D.G., Ferris, T.J., Hagendorens, M.M. and Justo Jacomini, D.L.,
2021. Standard methods fapis melliferavenom research. of Apicultural Resarch1-31

Nobre, A.A.B., 1990. A device to provoke venom release from honeyBeesworld 71(4):
151-152.

Schmidt, J.O. and Buchmann, S.L. 1999. Other products of the hive. In: Graham, J.Mh&d.),
Hive and the Honeybe@™" printing) Dandant & Sons, Hamilton, lllinois, US#£52-960

286



Vol. 24 (2) (June) 2021 Insect Environment

Sweet shop: An emerging threat ohoneybeedecline
Rakesh DasGautam Kunal, Amit Layek and Shantanu Jha

Department of Agricultural Entomology,
Bidhan Chandra Krishi Viswavidyalaya, Mohanpur,
Nadia, West Bengal41252, India
Corresponding author: rdas6907@gmail.com

Pollination is one of the most important (yabst underrated) ecosystem services, but
often taken for grantedt is estimated thatofehi r d of the worl ddéds crop:
set seeds and fruits; aleaeout of every three bites of food we eat is only because of pollinators
(Jivan, 2013;Said et al, 2015). Besides this the sustainability of wild floral diversity is also
greatly influenced by the service of pollinators (Ollerinal, 2011).Insects hold a superior
position among different pollinators in which only bees contribute to more than 888 of
pollination servicegRobinson and Morse, 198%oneybes are the members of genygisand
live in perennial colony and can be domesticated. Only two bee species namely, the European
bee, Apis melliferaand Asian beejpis ceranaan be domestitad and their use in planned crop
pollination is of great economic importance. Over the past decades, decline of pollinators
specially thehoneybeqApis melliferd, is getting its deserved attention worldwidde major
reasons for the decline of thesdlipators are documented as habitat destruction, agricultural
chemicals, pests and diseases @otts et al, 2010) Recently new dimension of studies
registering various inconceivable causeshoheybeepopulation declines have been analysed,
and one ammg these is the disposable paper cups in tea and/or coffee stalls, where the sugary
residue left behind in the abandoned beverage cups attradisrtbgbes on a large scale and
result in death (Chandrasekaedtral, 2011; Sandilyan, 20}4

Randonsuneys wereconducted at different places of Wisngal (Table 1) in the same
lines to search new drivers of bees decfmea period of three months between January and
March, 2021. Based on primary observations, sweet shops had been seletiiecsticaty, as
honeybes had been found to frequently visit the juicy sugar syrup of sweet shops. The
observations were recorded teiégn a month and the values were presented as mean and

standard deviation.
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The foraging worker bees easily get attracted to the juicy sugar syrup of sweets. But
when thewvisit for collection unwillingly fall into the syrup and were unable to fly, whieglads
to death othebees. Thus, the sugary syrup of sweets appears as death trap for the visiting bees
(Figure 1).In present study it had been found that an average of 158.35 + 4.96 (ranging from
128184) honeybes die in a single sweet shop per d@heme an number o f dec
increases in theonsecutivenonths from January (153.25 + 14.76), February (158.63 + 15.48)
and March {63.17+ 12.86; which also denotes the nawailability of food sources in nature
(as in Bengal the honey flow period stdrtsm NovembeiDecember and continues up to April
May). Apart from this, the foraging visitors cause annoying problem to the shop keepers, as they
sting frequently while handling the sweets for selling. Thus, the shop keepers also used to Kill

the bees maually by beating with the mosquito killing electric nets.

Interestingly, only thdnoneybees were found to visit the sweet shops, and not other bees
namely the solitary leaf cutter bees, sweat bees, carpenter bees etc. The reason may be due to the
fact tha the honeybee used to collect ample amount of nectar for honey production, as their
colony food for dearth, while the other solitary bees not do so (Abrol, 2012). Thus, the
honeybes tend to visit the sweet shops to get easy availability of sugar $yaophe natural

floral sources, which basically act as an alternative food resource for them.

This neglected threat dfoneybeealecline should be managed with measures like proper
covering of sweets with insect net or any other similar means. Eduaamgon people
through awareness programme would also help in curbing the decline of pollinators, as it brings
up the issues of vulnerability of agricultural production system and sustainability of ecosystem
globally.

Table 1: Location of surveyed places

Area District Location
Bagnan (Bus stand bazar) Howrah 22.463146 N; 87.97141 E
Mecheda (Rail Station road) Purba Medinipur 22.413769 N; 87.85911 E
Sikira (Awalsiddhi more) North 24 Parganas | 22.865614 N; 88.50984 E
BethuadahariRail Station bazar) Nadia 23.611244 N; 88.384575 E
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Figure 1: a, b, and c,Honeybeeforagers visiting and collecting sugar from thesweets and

syrup; d, Mass of deachoneybes.
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The white grub beetld,epidiota mansuet®8urmeister (ColeopteraéScarabaeidadg)ad
appeared as a sevdey pest of many field cropa Majuli (N27°0'5.8212", E94°137.4728")
the largest midiver deltaic island of the worldlhe most severely affected crops weretato,
sugarcane, tarand green gramand the extent of damage et from 42-48, 15-20, 3540 and
30-35% respectively Lepidiotamansuetas a unique biennial specieshich is the first of its
kind from North East IndiaThis species ishe first Indian phytophagous white grub with non
feeding adultgBhattacharyyeet al, 2015). The species spents entire life cycle under the
ground ecept fa a very short period (twthreeweeks) during which adults come out of the

ground for mating and oviposition.

Lepidiota mansuetaare effectively captured during their prating flights (6.157.15
pm) usinglight traps or byscouting/hangpicking themated pairs found on the $eltering plants.
To combat thebeetle menace, a massive mass campaigning was conducted in the island
embracing social engineering approaches exploring light traps and scouting by deploying 400
farmers at0 beetle endemic villages during 2eA@19 leading to massive collection and killing

of approximately 11.33 lakhs beetles.

Efforts were made to analyse the nutritional profiling of the beetles for their further
exploration as human food/animal fe@hattacharyyaet al, 2018). The proximate analysis of
the beetles revealed a higher amount of crude protein cortért2¢9 along with other
proximate parameters likerude fat (4.10%), crude fibre (5.16%), total mineral (2.98%),
carbohydrate (9.18%)nd moisture (2.16%). The energy content was 379.29 kcal/100g of
sample. Elemental alyais revealed the presence of sew@neralsviz., Na (27.76), K (14.20),
Ca (33.33), Fe (1.64), Cu (6.52), Zn (15.55) and Mn (1.30) mg/100 g of sample. As antioxidant

properties, the phenol and flavonoid content was found to be 4.00 mg catechol equivalent/g and

291



Vol. 24 (2) (June) 2021 Insect Environment

1.59 mg quercetin equivalent/g, respectively. Th8PH (2,2-diphenytl-picryl-hydrazyt
hydratg was registered 22.60%hereas tannin (3.24 mg/g) as antinutritibnampound was
recorded at acceptable level. Fatty acid profiling showed maximum amount of satatted
acid (2.24%) followed by mono unsaturated fatty acid (0.57%) and polyunsaturated fatty acid
(0.49%).Altogether terfatty acids were estimated, affhich palmitic acid content was maximum
(0.28%). Amino acid profiling registered 17 amino acidswbfch eight were found essential.
Considering the immense nutritional value of the beetles, beetle fry (Bighre ) was
developed and popularized through community feast.

'Jx\:ht\x,'.m.u;aw.w,

Figure 1 Popularized beetle fry dish in Majuli rivesiand

Conclusion: Initially, the tribal populacerelished the cooked/fried adults bf mansuetaas

protein rich foodas part of their traditional belief and wisdom. However, of late, nontribal people
of Majuli are also showing their interest to use the beetles as human food/animal feed after
knowing thenutritional advantages of the beetles. This effiad tremendous impact ieducing

beetle load in Majuli islanéh terms of protecting the crops, enhancing crop productivity as well

as improving both livelihood and nutritional security.
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Introduction

The stability of any species in its natural habitat is dependent on its successful
reproduction (Shivannand Tandon, 2014). Flowers and their visitors have had an intricate
relationship from long ago, for many things ranging from food to brood sites. Thesmitose
interactions tell us about their interdependence. Pollination is one such ecosystemtisatvice
indirectly supports the entire living by virtue of producing fruits and seeds which serves as an
important food source for many organisms, flower visitors that bring aboutstiezmed
pollinators. On the other hand, those just benefitting fromreaeards without bringing about
pollination are nectar or pollen robbers. Nonetheless, the flower architects itself in a way to limit
these illegitimate visitors, thereby rendering reward to the perfect match. Anther appendages
play a crucial role in dispsing pollen grains for certain flowers. Torenia,lever actions of the
anthers result in pollen shedding (Armstrong, 1992). Flower visitors have the arduous task of

finding the troves meant for them.

Flower Morphology and Reproductive organ Architecture

The flower of Thunbergia coccined&Vvall 1826 (Acanthaceae) is tubular, gamopetalous
with a red exterior and yellow inner throat. The calyces are reduced and bracteoles are wine red
in color and give out a luster under the sunlight. The male reproducgjae of T. coccineahas
a good architecture. The stamens are didynamous, the shorter pair of stamens are seen in front of
the flower entrance. The orientation of the anthers seems to be tilted inwards thereby clearly
distinguishing the outer theca and intleeca. Their outer theca has a long anther spur that is
branched unequally. These branching tips ha@ pbinted endings. The inner theca of the
shorter stamen has a shorter spur half the size of the long spur. This spur is unbranched, yet

possesses-2pointed endings (Plate 5 and Plé)e
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The theca of the longer stamen with the same tilted orientation possesses a small spur on
its outer theca which is also opposing the inner theca of the short stamen. This spur is
unbranched yet makes a forked appeeeaat the tip. Apart from this, ddur anthers have dense
anther hairs. This explains the detailed morphology of one of the stamens per pair of the
didynamous androecium in the study plant. The same explanation holds good for the other
stamen of the saenpair. The two long anther spurs of outer theca present on the shorter anthers
of the didynamous stamen make up a gateway for entry towards the nectar source, the space
between them is termed as inter anther spur space. This further leads to thleamtart space
which is the area between the 4 filaments, further down is a tight constriction that seals the whole
of the ovary from the rest of the flower. However, there is a tiny odd space hole that oozes
nectar, which is one of the major sites of attcacfor the flower visitors, the other being the
anthers for pollen consumption. The gamopetalous flower of the study plant has five upper
corolla lobes and the lower part of each lobe coalesces to form a long floral cup within which the

abovementioned rproductive system is seen.

Apis floreabehaves as both legitimate and illegitimate nectar visitor:

Out of 50 randomly sampled flowerfsve of them were observed to have lateral
perforations (LP) which are illegitimate openings created by nectar robbers to rob nectar without
bringing about pollination. It is observed that the Indian pstmirrel Funambulus palmarum
makes t hese [thPldase ofthe tugeraadwakinggff the nectar.

Apis florea bee was found to enter the flower in two wagse being illegitimate, where
the bee does not contact the reproductive orgahthroughlateral perforations. If entered so, it
feeds on the ratar alone, confirmed by the Proboscis extension reflex. The other legitimate entry
is where the bee contacts the reproductive whorls through the flower entrance. The bee has two
food sources in this mode of entry, one being the pollen for which it netered the tube but,
was seen around the tube entrance. Another food source is nectar for which the bee enters the
floral tube. How is the author sure about the latter scenario among the two? Careless entry into
the flower tube can cause sggaster/ spuwing/ spur leg jamming with the anther spur on the
way out to the bee, which can further yield costly ramifications (Rlatend Platd2) (personal

observations)
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Parallelly oriented entry into the flower by Apis floreacauses easy access to nectar soeirc

Before the legitimate entry of the bee into the flower it aligns its body and wings parallel
to the corolla tube. It carefully moves its head in betweerritex Anther Spur Space (IASS),
thus widening the gap between the anther spur, resulting in pollen shedding. It moves further
down into thelnterFilamentalSpace (IFS) in the same orientation and spends an average of 70

secs { 5 sec) feeding on the nectar (personal obsenvat

There are two ways in which they exit the flower. In the first type, the abdomen of the
bee is seen out, prior to this the hind legs of the bee are placed on the anther spurs which
pressurizes the spur and the IASS increases causing the bee teeadyitith its head moving
out last. In some cases, few inexperienced bees do not apply pressure on the anther spur which
leads to spugaster/ spuwing/ spurleg jamming. The latter type of bees spends more time (+30
secs) to move out of the flowers.thre second type of exit, the head is seen out first. After nectar
consumption, the bee makes a IR@ree turn, in doing so the head appears on top that is

opposite to its entered direction. The bee moves out in the same orientation.

Alightment on the lateral petals ensures parallel orientation inApis florea

The flower has five corolla lobes: the upper head pair, the lateral pair, and the lower lobe.
For convention, let us name the lobes numerically starting from the right pair of the upper head
inaclok wi se manner . This numbering yields 0626 a
making them evenumbered petald-{gurel). The bee always alights on one of the lateral lobes
making them an entry point to the flower. In some cases, bees aligleé oddhumbered lobes.

In such scenarios, it moves and orients its body towards the lateral lobes.

Anther spur serves as an entry signal and maintains preferred orientation into the flower

for Apis florea

It was observed that 23 out of the 30 flowers wiitéirt lateral petals alone dissected out
had insecvisitations;these insects alight on the lower petal and orient their body in accordance
with the anther spur so as to facilitate easy entry into the flower. However, in another

experimental setup, only 5 out of the 30 flowers with the anther spur alone dissecteselcad
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visitation rate, these insects move in a haphazard manner in the corolla tube and very limited

pollen shedding takes place in this case.

Platel: Flower ofThunbergia coccinea Plate2: The reproductive organ ) .
showing Anther spur (Black arrow) and showing a stamen each from the Plate3: A fllowel; with expolsedktyle due to
IASS (Blue arrow). The numbering Didynamous stamen. Lateral perforation (Black arrow)

depicts corolla lobes

Plate 4: A hand lens picture of stamen Plate5: A hand lens picture showing Plate6: A hand lenpicture showing one
showing anther spur (Black arrow) branching tip of the short spur of the branching tip of the long spur

Plate7: Top view of the reproductive

organ showing the style (Black arrow)  Plate8: Apis floreawith filled corbicula.
within the Intra filamental space

Plate9: Apis floreafeeding on the pollen
from the anther.
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Plate 10: Apis floreaunneling through Plate11: Anther spur jamming the gaster Plate12: Anther spur jamming the right
the flower. of Apis floreaBlack arrow) wing ofApis floreaBlack arrow)

Plate13: Apis florea(Black arrow) inside Plate14: Aflower with anther spurs Plate15: Black tip (Black arrow) markec
the floral tube against an artificial light removed exposing the filaments (Black at the base of the flower denotes the
background. arrow) directly final point up to whichApis floreacan
reach

From the study, it is clearly observed that proper flower architecture is necessary for
successful interaicins between the plant and the animal. The Anther spur is a floral architecture
devised byThunbergia coccinet ward off unnecessary large flower visitors, this structure also
checks the pollen shedding rates on its visitors thereby serving as a-g@splersal trigger
mechanism (Yangt al, 2008) This parallel orientation of the bee results in copious pollen load
on the head region of the bee, any other orientation could lead to unsuccessful visitation for the
flower, which can be costly for the plant.
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Abstract

Diversity forms an important foundation of an ecosystem. To understand the diversity of
insect orders, two botanical gardens were selected frengdury KarnatakaA total of 1,759
and 4622 insects were collected during the study period from the University of Agricultural
Science botanical garden (Garden A) and Lalbagh botanical garden (Garden B) respectively.
Diversity indices reveal that botanical garden A wasrdiehen compared to botanical garden

B indicating abundance and richness contributes to diversity of the ecosystem.

Intr oduction

Botanical gardens form an importaneanmadeecosystem, where varieties of plants are
collectively cultivated, preserved anthintained in one area (Kevin and Langellotto, 2011). The
plants can be of different collectidngarietiesviz., succulents, flowering plants, woody trees and
even exotic plants. With these varieties botanical gardens act as an excellent resource for
insects, birds, reptiles etc. arate considered a good location to carry out various research
activities (Jaganmoheet al., 2013).

Of the various organisms, insects constitute more than 70% of the animal kingdom. They
contribute to important ecosystem sees like pollination, predation, nutrient cycling, organic
matter decomposition and soil aeration and minor percentage are considered pests (Verghese,
2015). It has been reported that although multiple insects have not been identified there seems to
be adecline in the diversity due to various anthropogenic reasons. Therefore, conducting studies
in order to identify insects before their decline is highly commefdathamet al., 2020).

Hence it was decided that the botanical gardens would be a sufikde to understand
the diversity of insect orders and hesent study was carried out.
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Materials and Methods

To understand the diversity of insect orders, two botanical gardens were selected based
on human interferences (Figure 1). Botanigatden A (University of Agricultural Sciences
Botanical Garden)13.0822N; 77.5763 E) spanning an area of about 50 hectares where human
interference is minimal was selected as one of the sampling site. The second sampling site was
Botanical garden B (Ladgh Botanical Garden(12.9507N; 77.5842E) spanning an area of
about 97 hectares and is considered as one of heritage gardens of Bangalotbevhenean

interference is high.

-

?f':t‘

@
w3
! @ Bengaluru
® Botanical garden A
1 A Botanical garden B

Figure 1. Map created using DIVA GIS version 7.5 showing the samplingfies

From these two botanical gardens, sampling by sweep method using sweep net was
carried out. As the area of the gardens selected was not uniform, constant time was maintained. It

was carried by two separate batches of students who simultaneoustybsitethe gardens in
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the morning from 8.00am to 10.00am under constant supervision. Collections were done once in
two weeks for a period of five months from December 2018 to April 2019. Collections from the
sweeps were brought to the laboratory; sepayaaed insects were sorted according to the
orders, curated and tabulated. The count obtained from both the gardens was subjected to assess

diversity indices (Shanneweiner Index, Simpson Index of Diversity and Evenhess

Results

From this study, a total of 1,759 from Garden A and 4,622 insectsGarden B were
collected during the sampling period. The collected insects belong to ten insect orders and

Arachnida (ticks, mites and spiders) Figure 2 (a and b).

Following are the insct orders identified:

Blattodea

Coleoptera

Diptera
DictyopterdMantodea
Hemiptera
Hymenoptera
Lepidoptera
Orthoptera

© © N o o s~ w NP

Odonata
10. Thysanoptera
Arachnida (Spiders and mites)

Diversity indices (Table 1) reveal that the botanical garden A was more diverse with
species richness S of 11 (insect orders and Arachnida), this was supported by Stieimeon
Index showing high diversity during most of the sampling dates. The prdpaifilgetting
similar counts in the insect orders in the next sampling is low as indicated by Simpson Index
(values closer to 1) when compared to botanical garden B, where the species richness S was
eight and the ShanndrWeiner index showed less diversityr majority of the sampling dates

and the probability of getting similar counts in the orders was higher as evidenced by Simpson
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Index for most sampling dates. Evenness of insect counts of different orders in botanical garden
A was almost uniform for mayity of the sampling dates unlike botanical garden B where the

counts in insect orders were not uniformly distributed.

Total insect counts of insect orders from
botanical garden A

1 B Arachnida

M Blattodea

H Coleoptera

H Diptera

m Dictyoptera/Mantodea

B Hemiptera

B Hymenoptera

u Lepidoptera
Orthoptera

W Odonata

Thysanoptera

Figure 2 (a) Insect orders with their respective counts from Botanical Garden A

Total insect counts of insect orders from
botanical garden B

983342 77

119 ®m Arachnida

m Coleoptera

m Diptera

® Hemiptera

®m Hymenoptera
m Lepidoptera
= Orthoptera

= Odonata

Figure 2 (b). Insect orders with their respective counts from Botanical garden B
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Table 1 Diversity indices of insect orders for sampling dates

Insect Environment

Species richness S| ShannonWeiner H Simpson Index 1D Evenness EH
Bot. Gar | Bot. Gar | Bot. Gar | Bot. Gar | Bot. Gar | Bot. Gar | Bot. Gar | Bot. Gar
A B A B A B A B
7 7 1.53 0.70 0.74 0.30 0.66 0.29
8 8 1.80 1.24 0.80 0.56 076 0.43
10 7 1.85 15 0.81 0.70 0.63 0.63
11 8 1.30 0.89 0.58 0.41 0.33 0.30
8 6 1.74 0.63 0.80 0.30 0.71 0.31
8 8 1.59 1.19 0.74 0.54 0.61 0.41
8 8 1.11 1.31 0.49 0.66 0.38 0.46
6 7 1.22 1.26 0.59 0.60 0.56 0.50
9 7 2.01 1.16 0.84 0.61 0.83 0.46
6 8 1.06 1.21 0.50 0.55 0.48 0.42

Bot.Gar Botanical Garden

Discussion

The basis of any ecosystem is the uniqueness and diversity of organisms. From the
present study it is evident that Botanical garden A was comparatively diverse, though the
abundance of insect count are two and half times less than B. This clearly shodigetisity of

an ecosystem depends on the richness as well as abundance (Southwood and Henderson, 2000).

The botanical garden A is mainly used for research activities hence human interference
like spraying of pesticides/insecticides will be minimal. T¢osld have led to the occurrence of
more insect orders than botanical garden B which is a heritage garden hence to maintain, more

human interferences like sprays, regular pruning will be involved.

The orders Coleoptera, Diptera, Hemiptera, Hymenoptezpidbptera, Orthoptera are
more commonly found insect orders. Presence of Dictyoptera/ Mantodea (nine) mostly predators
present in Garden A might be due to less usage of pesticides could be a possible reason because
the abiotic factors was common for bdkie gardens as they were sampled simultaneously. The
Hymenopteran (513) and Lepidopteran (n=119) mostly pollinators are more in botanical garden

B might indicate more flowering plants than the botanical garden A. Dipteran mostly pests, were
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highest in boththe gardens may be are uncontrollable with the measures adopted or mild/
minimal usage of pesticides in order to save the hymenopterans and lepidopterans and for the
health benefit of human visitors/spectators. In the present study, the differencecoutite

might vary and this may be due various factors like presence, availability of host plants and

agronomic practices involved.

This study though carried out for a shorter duration enabled us to identify the above
mentioned orders. More such studieswdt be encouraged to assess the taxonomic assessment
upto species level and if carried out for longer duration will definitely help to identify the
diversity of several other insects and their importance in an ecosystem and might also lead in
identification of new species.
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Stephen Devanesan
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Thedwarf/little honeybeeApis florea Fabriciusis one of the two species of wild
honeybees found in Kerala, the other species being the rochRpiealorsataF. As its hame
implies, the dwarf honeybee is the smallest species of true honeybee, both in the body size
7-10 mm body length of itsvorkers and in the size of its nedt.is an important pollinator of

crops in hot and dry agricultural plains.

Dwarf bees are found in plains up to an altitude ofi300m above sea level. (Rarely
found at altitudes above 15@@ being in absent in néwtrn Himalayas.) Thegest in dense
bushes, hedge plants, small trees, corners of hay stalks, generally preferring shadedssites. It
also seen in corners of buildings, wells and on rock cliffeolany usually builds a single,
exposed comb in the opem dree branches or shrubs (kg 1). Most nests are hung from
slender branches of trees or shrubs covered with relatively dense foliage, usually froom1 to 8

above the ground level.

Figure 1 Apis floreacolony with single exposetbmb in the open on a tree branches
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Apis florae, first identified in the late eighteenth centusyunique for its morphology,
foraging behaviour and defensive mechanisms such as making a piping noise which makes them
more suseptible to predation than cavity nesters with large numbers of defensive workers. Apart
from its small size, simple exposed nests and simplified dance language, the life cycle and

behaviour of this species are fairly similar to other speciégpisf

Characteristics

Thehoneybee are migratory in nature and frequently change their place whenever the
colony is disturbed. Thegften migrate between plains and nearby low hills depending on the
availability of a food source. If they are building a new mesdr the old one, they salvage the
wax from the old nest. Other species of honeybee doehan to the old nest to recoup wax.

This behaviour is observed only in this species.

Distribution and Habitat

Apis floreais found in southeastern Asian counssi@specially in Thailand, Iran, Oman,
India, Myanmar, and some parts of Chi@ambodia Vietnam and Sudaf.hecomb is always
covered by a curtain of worker bees clinging to each other. Aboutghtear t er s of t he
worker population are employed forming this living protective curtain of bees.cAmb has
13.2cells per cri and the nest is 20m in diameter and contains approximately 3600 cells on
each side. Thapper part of the comb expands by adjoining honey storage cells to form a crest
that surrounds the branch or other object from which the comb is suspended. Adjacent to the
rows of honey storage cells is the section of comb, which the workers use for storing pollen.
Beneath this band of pollen storage cells is the area where the worédribreared and queen

cells in the bottom during brood rearing season.uf€ig).
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Figure 2 The comb with honey storage cells, brood and queen cell

Castes and Life Cycle

An A. floreacolony consists of three caste&., a queen, hundreds of workers and few
drones as in othdnoneybes. Thequeen bee lays eggs singly in a cell in a wax honeycomb,
produced and shaped by the worker bees.c8helay both fertilized and unfertilized eggs.
Drones develop from unfertilizedygs, while females (queens and worker bees) develop from
fertilized eggs. Larvae are initially fed with royal jelly produced by worker bees, later switching
to honey and pollen. Thexception is the larva fed solely on royal jelly and reared in largex cell

that will develop into a queen bee. (Hig3 & 4)

Figure 3. Apis florea drone bee Figure 4. Apis florea queen bee

Thelarva undergoes several instars before pupating. Brood cells for workers and storage

cells for honey or pollen are alike, hexagonal; brood cells for males are similar but larger.
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Queenproducing cells tend to hang individually from brood combs of workells.
Development from egg to emerging bee varies among queens, workers and drones. Queens

emerge from their cells in 136 days, workers in 2tlays and drones in 2#ays. (Figires)

Breeding and Lifespan

Theaverage lifespan of a drone is 18#&ys, raging from 6 to 4days and that of
worker bees ranged from 48 to 88ys. Thequeen has a much longer lifespan consistent with
the longevity of the colony. When a queen mates, the sperm is transferred into the spermatheca
directly. The queens typically nta with 34 males and hence use the more energetically

efficient method of sperm transfer.

Figure 5 Development oApisfloreain the comb

Worker Policing

In the presence of multiple mated queen eggs laid by workers are removed in a process
called worker policing. With worker policing, workers control the production of males by other

workers in favour of reproduction by the queen.
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Genetic Diversity and Division of Labour

Even in a single nest, there is high genetic diversity among\tHkorea bees. Since
honeybee queens are polygamous, strong genetic variability existenteacy of this species
to perform certain tasks is dependent on this variation. Among the members of the colony there
is division of labour and specialization in therfprmance of biological functions. Tgeunger
individuals work within the nests by performing maintenance while older individuals are

responsible for protection and foraging.

Migration and Swarming

Theannual colony cycle ohoneybes involves migratin, swarming and absconding.
Disturbances cause the colonies to desert the comb, leaving behind honey, brood and pollen
stores. Thdéoneybes are gentle in temperament; however, they do sting when disturbed
showing a &6shi mmer i ng 6 al beesvskakimrheir, abdermmenshfromh dide i n d
to side in a synchronous manner; at the same time, a hissing sound is released. If the colony is
further disturbed, the worker bees raise their abdomens and take off from the curtain to attack the
intruder.Apis florea swarms travel to the new site as a group and leave to a new site if it is later
discovered to be unsuitable. Tihmakes searching for new sites a much faster process but

not necessarily more accurate.

Communication and Recruitment to Crops

Themechani sm of communication through a dan
basic for ms: t he A rwaugngdi ndya ndcemmod eéancedindichtesethafi t a i |
food is near the hive and the taihgging dance gives more details. Th&tance igndicated by
the speed while the direction by the beeds
shaking the abdomen from side to side indicates the distance to a site. The longer the waggle
phases, the longer the distance to a site and vice versaddnto indicate directioworkers

orient the waggle phase in the direction of the site.

Foraging

Theymainly forage for pollen and nectar as food sources as well as water and safety from

predators. Their frequent foraging and long migration range display their high degree of
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mobility. Theytend to build combs at lower elevations, away from directiginbnd on the

peripheral side of plant branches.

Conclusion

Apis floreaprovides source of livelihood in mountainous areas and marginal farmers. It is
an excellent pollinator of tropical and subtropical crojpgits, vegetables etc less prone to
diseass and enemiedDue to urbanization, interference of the public destroying the natural
domicile and other ecological factors, there has been a decline in the dwarf bee population.
Conservation and augmentation of the species should be ensured by crwatigeas among
the public about the benefit of this species for pollination support and yield enhancement.
Destruction of the species by honey hunters and irrational use of pesticides should be prevented
by law. AsA. floreais contributing a major share ithe pollination of many agricultural and
horticultural crops and forest ecosystem, it should be protected from extinction so as to achieve

biodiversity conservation and ecological stability and food security.
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Introduction

Flowers, also known as "blooms" or "blossoms," are the female reproductive structures of
angiosperm plants. Thegre colorful, attractive, scented, and used for diverse occasions, from
gifts, decorations and to convey emotions. A flower's primary goa ensure reproduction
through pllination. Insects are responsible for 90 percent of the pollination that happens, and
these are mainly from thaembers belonging to therders Diptera, Coleoptera, Hymenoptera,
and Lepidoptera (Nicoleson, 2007). Such erdphilous insects are attracted to the sweet
sugaryrich secretion produced by plants as they serve as a praoarge otcarbohydrates. The
secretion is called "nectar" and is produced by special glands known as nectary or nectarines.
The term "nectaryivas first coined byCarl Linnaeus, which paved the way for numerous studies
till date. Studies were conducted in the early 1820s and 1830s to understand the function of
nectar,and in 1833 a study from(Anthony, 20%) suggestedhat they might assidbwards
attracting animal$n pollination Nectarycan occur anywhere on the plant except the roots and
are broadly classified into two types; floral nectary (FN), associated with floweds the

Extrafloral nectarie$EFN) associated with vegetative paffsgurel and 2).

Figure 1. Extrafloral nectaries on stems of  Figure 2: Extrafloral nectaries on the leaf

youngElderberryplants SourceMizell, 2001) (SourceMizell, 2001)
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EFN have not receivedue attention to be studied in the research arena dominated by
dynamics associated with floral nectaridsSFN are nectaproducing glands on the vegetative
parts like petioles, stipules, bracts, pedicels, leaf laminae, fruits, etc. and their sizes can vary
depending on the plant specidhey can be of different types, namely, extra nuptial nectaries,
post floral nectaries, circum floral nectaries, and foliar nectartes.nectar secreted is primarily

95 per censugar, and the rest containing amino aciggl$, enzymes, and other nutrients

Phylogeny

The EFNs were first evolved in the pteridophytes and occurred on their fronds, due to the
absence of flowers known as "foliar nectaries” (Koptur, 2013). Generally, the EFN origin is
thought to be an evolutionary trait in order to form a mutualistic relstip with insects like
ants. The ants originated late, around the cretaceous period, which led the researchers to believe
that the nectary's initial function did not involve the ants or insects. According to the leaky
phloem hypothesis, these secretioasuited from leakage in the phloem sap in the plants' weak
anatomical points due to the high phloem presgWard, 2007). In the present geological
timeline, the diversity, structures, phenology of the EFN are much greater among the
angiosperms compared pteridophytes and even their interactions with other organisms. The
presence of nectar in gymnosperms however, has been debated for a while; their pollination
drops (sugary secretions by ovule®reoften confused with nectar arlier workerdWeber,
et al, 2013; Nepi, 2017)

Figure 3: Foraging of the extrafoliar nectar frovficia sativa(a) and Veratrum nigrun(b)
Source: Nep(2017)
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Prevalence

There are currently 4017 species of plab&lpnging t0110 families that are identified
with EFNs. They are more prevalent in families Passifloraceae (11.2%), Malvaceae (7.7%),
Malpighiaceae (4.6%), Orchidaceae (2.2%), Rosaceae (1.7%), Salicaceae (1.4%), Lamiaceae
(1.1%), Oleaceae (0.8%), Gentianaceae (0.86gceae (0.7%]}World List of Plants with
Extrafloral Nectariey The occurrence of EFN's on the vegetative parts vary in different plant
species; it occurs on the leaf margi@silanthug, leaf axils (Allamandg, adaxial surface
(Callicarpa), petiole(Cassig, stipules(Vicia), midvein(Hibiscug, petiole (Passiflorg, leaf and
inflorescencégRicinug, etc., (Mizell, 2001)

Physiology vs Protection

Researchers have long explored the functioning of this EFN. From the early 1870s to
1970s, various arguments were put forth among the protectionists and physiologists. The
physiologists suggested that these secretions prevent the accumulation of excess carbohydrates.
"Protectionists hypothesis" is a widely accepted theory according to which the EFN secretions
attract ants, parasitoids, and wasps to protect them from othdwdresh However, some
obligate and myrmecophytic interactions are formed due to EFN secretions, which also defends
the plants from pathogenic attacks. Studies have shown that the plants without EFN's were more
prone to herbivore attacks than plants witiNESHPereira, 2020). The EFN's can be seen mostly
on the valuable part of plants like young leaves or developing fruits and the intensity of the
secretion increased depending on the herbiirdhlieted damage. Also, acording to the
distraction hypothesis, in many species of angiosperms, conflicts arise with insects like ants and
other pollinators for the consumption of the sweet nectar. The EFN acts as a distraction by
providing nectar in the vegetative parts, prewgnthese insects from entering the floral part
some species of plants, the EFN secretion is at its peak only during the flowering period. When
the nectar is already available for the crawling insects, below the flower or neath&gap not
preferto enter the flower; insteathey remain content with the nectar, which is being offered
first. This reduces conflict with the pollinators crucial for plant reproduction (Villanil.,

2019). Due presence of EFN's near the plant's most viable oEfaNseeders like ants' patrol

around these organs and also act as a natural defender from herbivore attacks.
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Synthesis

The nectar production ikFN andEFN is produced in similar mechanisntell Wall
Invertase (CWIN), a key enzynstimulates secretion. Higr CWIN activity resulted in higher
levels of EFN secretion (Milla€anongo, 2014). The CWIN responds with herbivory damage,
increasing EFN secretion in plants that experience physical harm. Other enzymes that influence
the secretion are sucrose phosplsytethase and sugar transporter SWEET9. The unloading of
sucrose occurgia the CWIN, while the synthesis of the nectar occurs in the nectary parenchyma
with the help of sucrose phosphate synthase and sucrose synthase. Nectar is further secreted into
the etra-cellular spaces with the help of SWEET9. Before its secretion as liquid nectar, it is
further hydrolyzed by apoplastic invertase. Factors that affect the secretion of EFN are blocking
sunlight, which can reduce the secretion of EFN and pruning omiguaf plants. Apart from
these factors, higher EFN has been reported in the ysumart of the plant and amotige
invasive species of plants (Heil, 2015)

Discussion

Evolution has paved the way for brilliant adaptations and mutuateftionships, also
involving in multitrophic interactions involvingAnts-PlantsHerbivores (Kopturet al, 2018).
The EFN's are one such trait that cannot be ignored and whose riurgtamd evolution have
been under debat@hey assist in pollination by being the perfect distraction for reducing
conflict with the pollinating and nepollinating insects, forming a natural defense mechanism
by mutualistic relationshipsThese tiny neetry glandsare indeeda natural biecontrol agent
However, environmental pollution and climate can affect EFN production. Elevated levels of
carbon dioxide can increase the number of leaves producing EFN but reduce the volume of
nectar production per leadnd higher levels of temperature can increase the leaf maturation
process resulting in ceasing of EFN production. Also, stressful environments like drought can

reduce the amount of sugar secreted in the EFbpaineret al.,2020)

Types of EFNs inclde extranuptiah ect ar i e s, circumpor al nect

and foliarnectaries can be located on every plant organ except roots
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Puddling is basically a behavioural trait in which the insects aggregate on wet soil or
dung either to obtaimoisture or nutrients. Mostly in butterflies, large gatherings in hundreds
assemble on the edges of puddles, on moist soil, on dung or onFglit® (1). Some other
insects such as leafhoppers e.g. Potato leafhofprepoascafabae (Harris), locusts and
different bee species also exhibit this type of behaviour. For instance, honeybees and stingless
bees are known to puddle on sweat and tears (, Bareigdr 2009). It is believed that the
insects puddle for sodium and nitrogen and such nutrients enm@uromuscular activity and
reproductive success. In order Lepidoptera, both butterflies and moths exhibit diverse strategies
to gather liquid nutrients. Puddling generally takes place on wet soil but even reported on sweat,
human skin, blood and tears$.plays a significant role in lepidopteran nutritional and mating
ecology. Puddling is rare or usually absent in immature stages. Molleman (2009) remarked about
the strong evidence for the widely cited hypothesis that sodium from puddles is used t@ enhanc
neuromuscular activity is still lacking. He further added that the high mobility and long life spans
could be associated with puddling behavior, whereas insects such as beetles that are concealed or
well defended are less likely to puddle.

The butterflis are behaviourally active only when sunlight and air temperature allow
them to achieve their preferred body temperature. Butterflies keep their body temperature upto or
close to 98 by exposing themselves to warming rays of the sun as they are ectothermic (do not
create their own body heat). At low temperature, the butterflies move slowly and cannot fly
whereas at higher temperature they cannot survive due to heat shock. Theadtdte,
Lepidopterans puddle in sunlight to maintain body temperature and get nutrients from wet soil,
dung and carrion (Norris, 1936; Downes, 19d8d Adler, 1982). Puddles also contain
substances other than sodium that are nutritionally important to pgdd$iects. Such behaviour
i.e., aggregations of individuals for sunlight and feeding is termed as PudBIm@)( The

participants in such aggregations are usually young males (Collenette, 1934; Adler, 1982; Adler
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and Pearson, 1982). The females shows thehaviour singly and only females in few noctuid
species are found at perspiration or wet sand
behaviour. The association between sex of an individual and puddling is explained by two sets of
hypothesis on sodium limitation. Armstal. (1974) suggested that males require more sodium

for their neuromuscular activities because males spend larger time in flight than females.

Figure 1. Mud puddling by butterflies on Kollamigratory path in CoimbatoréPhoto Credit:
Hand out Emajl

The males transfer the sodium and other nutrients collected from puddles to females at
the time of mating. This transfer enhances the survival rate of eggs. Puddling is the result of
competitive exclusion of males or young individuals from a richer so(ece flowers) by
females or older individuals. This behaviour is an integral part of the foraging repertoire. The
puddling phenomenon is also exhibited by butterflies in their post reproductive period and more
than 75% of butterflies which do puddling jrostreproductive period are females. The older
ones exhibit this behavioural aspect in order to enhance the declining concentration of sodium

and calcium phosphate in their bodies (Adler and Pearson, 1982; Boggs and Dau, 2004).

Few species of butterflieattracted to dung or carrion prefer ammonium rather than
sodium. The brusfooted Nymphalids such aSharaxesbernardusFabricius andCharaxes
durnfordi Distant have the ability to perceive smell and home in rotting meat over a distance of
hundred meterslhe attraction of yellovspined bamboo locusteracriskiangsuTsai to human
urine is specifically due to presence of sodium and ammonium ions in itetSdiy 2014). In

few species where both sexes puddle for sodium, male spermatophores have beetoshow
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