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FOREWORD

The Zoological Survey of India is an important Institution,
in the department of Environment, Forests and Wildlife, Government
of India. It endeavours to impart knowledge and expertise acquired
by it to research workers and scientists working in various medical
veterinary, agriculture and forestry departments and universities
and also to amateur collectors and naturalists.

The Training and Extension Division of the Zoological
Survey of India, under the charge of Dr.A.K.Ghosh, Dr.J.K.Jonathan
and Dr. P.P.Kulkarni, undertakes annually a number of training
courses and extension programmes in different fields of Zoology.
One such course is on the Collection, Preservation and Identifica-
tion of Insects and Mites of Economic Importance which is mainly
for research workers in entomology and acarology. This course
i1s of particular significance at this time when we are at a threshold
to achieve break through in certain aspects of agriculture, medicine,
etc. and in developing closer rapport between: the Survey and
other related institutions.

The present manual on the Collection, Preservation and
Identification of Insects and Mites of Economic Importance has
been prepared for the benefit of research students and trainees.
The articles are written by specialists of various groups in the
Zoological Survey and, I am sure, it will provide necessary infor-
mation and guidance to the collectors for proper preservation
of material in the field and relevant knowledge to beginners who
wish to take up taxonomic studies as well as to experimental
and control entomologists for the identification of insects of
their persuit. 1 hope this manual will serve the purpose for which
it is intended.

Zoological Survey of India B.K.Tikader
Calcutta Director



PREFACE

The Zoological Survey of India has a large number of
expert scientists working on taxonomy of various groups of animals.
Through the last about seventy years of its existance, the Survey
has also accumulated vast reference collections. As a result, the
Survey has achieved a unique position in providing identification
and advisory services 1o a large number of institutions and indivi-
dual research workers in diverse disciplines such as medicine,
veterinary, agriculture, forestry, etc. and even to amateur collec-
tors and nature lovers.

It has, however, been observed that majority of insect
and mite collections received for identification are not suitable
for identification owing to faulty methods of preservation, labelling
and packing. In order to help our fellow scientists in a more profi-
table manner it was decided to hold short-term training course
in survey and preservation and to provide information and tips
for identification. Since 1979, four courses have been held by
the Training and Extension Division at the headquarters of the
Zoological Survey of India, Calcutta. All these courses have received
much appreciation from the participants and their sponsoring insti-
tutions. There is an ever increasing demand by various institutions
for more number of research workers to be trained.

During the last four courses, the Z.S.I. scientists have
delivered lectures on the subjects of their specialization, covering
methodology in collection, preservation and identification. The
xeroxed or cyclostyled copies of these lectures were distributed
to the participants as hand-out, for their future reference.

Inspired by the ever increasing interests of institutions/
organisations, which nominated their representatives for such a
training and hand-outs, the Z.S.I. felt that all these manuscripts
with additional information, figures, references, etc., be brought
out in the form of a manual which, it is hoped, will serve the
basic needs of the researches in entomology and acarology. This
compilation is the outcome of this effort.

We are well aware of our limitations in presenting this
Manual which covers mainly the methodology in collection, preser-
vation. and identification of various groups of insects and mites.



It is primarily intended as a guide for collecting and preserving
insects and mites, based on the long experience of our scientists
so that the specimens are collected and preserved in a fine state
and reach the expert in a condition suitable for study. In such
a collaborative undertaking, the repetition are bound to occur
but hope it will be a useful document for beginners on various
groups.

In this manual sorne orders of insects are discussed in
detail providing comprehensive keys to genera and species. The
articles on Diptera, Lepidoptera, Trichoptera, Neuroptera, Parasitic
Hymenoptera, Aquatic insects, Hemiptera, Thysanoptera and Coleop-
tera are discussed in detail. Ticks and Mites enjoy parallel position
with that of insects; the readers will find appropriate articles
on these organisms of great economic importance as well.

If this book is helpful in stimulating beginners in entomo-
logical and acarological researches and serves as a manual of
collecting techniques it will prove worthy of the purpose for which
this is produced.

We are indebted to the scientist colleagues who have
contributed articles for this manual. We are also thankful to Shri
G. Shivagurunathan, Publication Production Officer, for constant
supervision during the printing of this manual and to Dr.G.S.Arora
for helping us in various ways. The exacting task of typing on
electronic typewriter by Shri Anil Bhattacharya and Shri Ashok
Choudhury is gratefully acknowledged.

J.K.Jonathan

P.P.Kulkarni
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INSECTS : COLLECTION, PRESERVATION AND
IDENTIFICATION

A.K. Ghosh

INTRODUCTION

The World of Insects presents a fascinating panora ma of
living natural resources. Insects outnumber, in todays world, all
other living forms and can be said to represent the perfect adap-
tation in all possible ecological niches. The geographical location
of India between 8°4'N and 36°6'N, provides a wide latitudinal
extent, offering a range of climatic conditions. The altitudinal
variations along with other biotic and abiotic factors lead to an
array of insect-faunal elements.

India can be divided into 9 major florastic regions(Table 1)
and till now some areas under each region remain moderately
explored or unexplored. The forest types of India with 4 major
groups and 16 subgroups (Table 2), represented in different areas
of the country, can help to formulate a systematic survey of
insect fauna.

The classification of Insects can be summarised in a tabular
form indicating in general, the common name, size, habitat and
approximate number of species in the World (Table 3) to provide
a birds' eye view.

SURVEY, COLLECTION AND PRESERVATION

Insects, as can be evident from Table 3, live in diverse
habitats and to collect insects during field survey, one has to
use a variety of methods. These may be broadly listed as follows:

(1) Handpicking

(2) Sweeping and beating

(3) Collecting with aerial nets

(4) Collecting with aspirator

(5) Trapping

(6) Using Berlese funnel and separator

Hand picking: Small insects, specially the soft bodied ones are
best collected by hand either with the help of a fine camel hair
brush or by a forcep. The soft brush is normally dipped in the
medium in which the insectsare going to be preserved, so as to
minimise the damage to soft skin. Forcep can be used carefully
to avoid damage to the insect as in the cases of ants and many
insect larvae. Hand picking needs searching in particular habitat
and as such offer excellent data for biology. Insects like leaf-miners
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(Diptera), aphids (Hemiptera), bark inhabiting beetles, insects

living under stone and vegetable (Dermaptera and Coieoptera),
t ermites and ants etc. are only collected by hand picking.

Sweeping: Sweeping with a proper net yield satisfactory result
while collecting insects from herbage has been regarded as the
most efficient method for rapid collection of free living insects
in large number. Sweeping nets, because the way they are used,
must be of strong cloth. A two feet long handle with 20" depth
bag may give satisfactory result. The disadvantage of sweeping
method has mainly been that it does not offer host plant data
or specific habitat of an insect species and insects that live within
flower, leaves or near ground level could not be collected by
a sweeping net.

Beating: Beating is usually employed to dislodge insects from
foliage or trees. Usually a long stick is used to beat the plant
part with downward strokes and a tray or cloth is kept or spread
over the ground to fetch the falling insects. A net may also be
kept on the ground to prevent crawling or jumping insects escape,
after they fall to the ground.

Aerial netting: Aerial nets are most widely used to collect free
living flying insects e.g. Odonata, Lepidoptera, Hymenoptera,
Diptera, etc. The length of handle, diameter of ring, depth of
the net may vary on individual collectors' preference. But normally
strong, light, easily manouverable handle with 15-18" diameter
ring and strong, durable, nylon bags are used with a depth which
is at least twice the diameter of the ring used. Soft bodied insects
like Lepidoptera may be gently removed from the bottom of the
bag, after it becomes enclosed in the bag by a rapid twist of
the handle; often the fold of the net enclosing the insect may
also be inserted into the killing bottle and the insects may be
removed after they are killed by vapour of the killing agent.

Collecting with aspirator: Small active insects like leafhoppers,
white flies, other Hemiptera and Coleoptera, etc. may be collected
by a sucking tube or aspirator, straight from the plant surface.
It 1s a very simple device and if used with little patience and
caution may vyield desirable result. It is also useful to transfer
Insects from sweeping nets or from rearing cages. All that one
has to do 1s to suck the air by rubber tubing which would draw
the insect into the main tube through the glass tube. The lid of
the main tube may be removed and the entire content may be
put inside a killing bottle.

Trapping: Traps are used to get insects which may otherwise evade
attention and also to study migration, aerial dispersal and other
biological phenomenon. Various types of insect traps are known
which may be broadly grouped into following categories:



(1) Traps without bait or light (e.g. Wind Trap, Water Trap)
(2) Traps with bait (e.g. Pit fall Trap)
(3) Traps with light (Light Trap)

Wind traps may range between a simple sock attached to
a pole (Shands, 1942) in the direction of wind or may be a elec-
trically operated suction device (Johnson, 1950). In India, not
much of insect collections have been made by wind traps. Yellow
Pan Water trap is a simple device to attract insect to the preferable
colour, in which the pan is painted, as has been stated by Moericke
(1950) in case of aphids. It is simple a metal tray painted in yellow
and half filled up with water; insects being attracted to colour,
fall into the water.

The odour of the particular kind, food or sex hormone,
act as the principal agent in bait traps. Baits may include over-
ripe fruit, piece of meat or fish, rotten fungi, animal excreta
etc. and these may be put in convenient location where the insects
would congregate. One of the simplest form is pit fall trap where
a jar containing bait is placed below the soil level, to catch craw-
ling insects like roaches, ground beetles, ants, etc.

Bait traps may also be used for flying insects; a simple
device is to put a metal funnel, with bait suspended at the top
level, inside a killing bottle, which would attract the hovering
insects. Sex-hormones when used in field-traps may attract thou-
sands of insects, like saw-flies of opposite sex.

An artificial light Petromax gas light if placed adjacent
to a white mulmul cloth in field would attract a number of insects
like gryllids, grasshoppers, moths, mantids, beetles, etc. Most
of the insects attracted to the light would rest on the white cloth
from where they may easily be picked up by hand or by aspirator.
"Black light" traps are also used to collect insects at night. Simplest
form would be to suspend a light source over a broad rimmed
funnel which in turn may be fitted in a glass jar containing poision-
vapour or other killing agent. Light traps may work all night
and may also supply data indicating seasonal incidence, peak period
for a population etc.

Berlese funnel: Insects inhabiting leaf litter and subsoil or inside
the soil level are collected along with part of the habitat and
brought to the laboratory where they are usually put in a funnel
which acts as a separator. Several modifications of this device,
known as 'Berlese funnel" are now available, the simplest form
being a metal funnel with sieve, inserted inside a can or collec-
ting tube, the material (moss, debris, litter) is put on the sieve
which is subjected to continuous heating by light bulb; the collec-
ting tube contains preserving fluid like alcohol and the lip of



the funnel touches the fluid. Insects in order to evade the heat
move down thru' the sieve and fall into the preservative.

Equipments

Net: A net essentially consists of a cloth bag or nylon net bag, a
metal ring which holds the mouth of the open-bag, and a handle
to which the metal ring is attached. Usually a ring of 15" diameter
made up of 1/8" wire or metal is used; the ends of the ring should
fit into a groove at the end of handle; the detachable ring allows
to change a dirty bag or a torn one. The depth of the bag is usually
30" or twice the diameter of the ring. The handle should be sturdy
but light.

For sweeping purpose, the bag used is of thick cloth instead
of nylon net and the handle should also be stouter to allow quick
sweep over vegetation. It may be a 8" ring with 18" handle and
a bag of 12"-14" depth.

Brush, Forcep, Twigcutter, Scissors: Soft camel hair brush of
No. 0 or 1 is usually used for hand collection. A forcep with bent
end or straight end is used to pick insects from surface. For collec-
ting ants, thin, fine light weight forceps yield better result. A
scissor or twigcutter may be used to cut plant-part or twigs.

Aspirator: A sinple field equipment made up of a- collection jar
having two hol2s at the cork stopper thru' one of which a bent
glass tube (intake tube) is inserted and thru' the other a rubber
tubing at the end of a small straight glass tube (suction tube) is
fitted. Insects may be sucked in by putting the intake tube near
its body and sucking the air thru' the rubber tube.

Axe, Knife, Hammer: These are necessary tools for collecting
Insects inhabiting soil, termite mound, under bark and rotten log.
These are used to tear off loose bark or splitting wood or breaking
open the mound or digging out the borersand miners.

Killing Bottles: Kiling bottles are used to kill and preserve insect
without affecting its colour. Usually glass jar with a layer of
cyanide covered with plaster of paris, is used as a killing bottle.
Cyanide vapour however may make small specimens brittle and
even change its colour. ‘Very often some other liquid chemicals
like Chloroform, Benzene, Ether, Carbon Tetrachloride are used.
Cach one of these has some disadvantage but in general their
vapours serve the purpose of killing the insects. The liquid may
be poured over a layer of cotton and one or two filter paper or
blotting paper could cover the soaked cotton and also prevent
the specimen from coming in direct contact with cotton. Insects
must be handled carefully while they are put inside the bottle



or taken out to prevent damage. A killing bottle with a layer
of small chips and saw dust which is soaked with a few drops
of ethyl acetate serves satisfactorily for a number of insects
in killing and preserving the specimen which remain flexible.

Collection vials: Small specimens, which are kilied and preserved
in liquid, are to be kept in Homeopathic vial or similar other
vials. Vials with screw plastic caps are preferrable. These may
be numbered beforehand and the corresponding number in the
field note book may contain details about particular collection.

Hand Lens: A 10x hand lens (folding type) is useful to examine
material in the field and should be kept handy.

Paper packets: Paper packets are used to keep Lepidopteran,
Odonates and many other insects. As soon as fhey are killed speci-
mens are transferred to these packets, made up of oil-paper,
for temporary storing and transportation. These may be prepared
In desirable sizes before one proceeds for field collection.

Chemicals and cotton: During field collection, preservative like
90% alcohol, killing agents like benzene or chloroform, or ethyi
acetate should be carried extra, to meet any emergency; cotton
may be required for packing after collection or to change the
killing agent in the killing jar and should be kept handy.

Traps: Pitfall trap or Yellow Pan Water traps have already been
discussed. The latter is a shallow pan trap painted yellow, which
should be filled up to the half before being placed in the field.
Petromax lamps are handy for light trapping and could be carried
easily and used specially where electricity is not available.

White tray and Sieve tray: These may be wuseful
to sort out debris, litter and aquatic collection during preliminary
examination. After checking the material, the useless parts may
be eliminated by sieving and the samples may be put in Berlese
funnels.

Haver-sack, Boot and Camera: The equipments could best be carried
in a Haver-sack. However a jacket which a collector may wear
may be tailor-made with specification to suit the need. A number
of small pockets to keep the collecting instruments handy may
be provided in the jacket. One can get various kinds of other
handy equipments from shops of fishing equipments viz. fisherman
jacket, bags, fishing nets etc. A good quality hunting rubber soled
boot would immensely help while going to the field. A field camera
with f. 1.4 or f. 1.8 lens and a set of close-up accessories would
be very useful for photographing ecological conditions, insect
community, feeding site, habitat and other observation.



Field Note Book: A field note book is most essential for keeping
all the data. Generally a numbered tag may be attached with
the collection and the same number in the field note book may
be used to keep the following data: (i) Date of collection (ii) Place
of collection - indicate direction, approximate distance in km.
from nearest road head and altitude (iii) Habitat (iv) Live colour
(v) Name of host plant or animal (vi) Associated insects or animals
(vii) Name of collector etc. A general note on the coliection locality
would provide further information, say about a Reserve Forest
area, its vegetation type etc.

Lunch Packet: One should not forget to carry out a lunch packet
while going in field. Easy items to carry are: Sandiwiches, fruits,
water and tea or coffee in small flask.

Collections, once made, are to be preserved in a manner
which provides scope to examine the specimens for identification
and study and also guarantees long period of storage, with proper
care. Table 4 provides in brief the methods of collection, and
preservation of major insect groups, details of which are given
by subject specialist in subsequent chapters of this publication.

IDENTIFICATION

Identification of insects always demand well preserved speci-
mens and reference collection to compare with. Useful taxonomic
literature along with reference collection on the group can be
saild to be the keystone for any short-term or long term entomo-
logical work. In the begining, one has to build up a reference
collection, normally getting the identification done or getting
the confirmation of tentative identification done by specialist
working in Musea/Institutes in India and abroad. In order to do
so, one has to assure proper packing and shipping of the specimens
so as reach the destination without damge. Packing and transporting
or mailing insects need special care.

Mounted insects should be firmaly pinned in a container
or mailing box, with proper lining of cork or soft material like
thermocole. Large specimens must have additional pins set firmly
on each side of the specimens (crosspinning) so as to prevent
damage. Boxes containing insect specimens, should be put in larger
container with enough packing material beneath, above, and on
all sides; saw dust, paper strips, cotton, etc. may be used for
the purpose. The larger container should be closed firmly, wrapped
in thick paper or waterproof paper, labelled with postal label,
preferably written with a felt-pen or sketch-pen.

Vials containing specimens should be full of liquid, and
each vial should have a cotton plug at the bottom to avoid splashing
and should be fitted with leak-proof cork. Each vial should be



individually wrapped with cotton or paper and before wrapping,
the mouth with lid may be dipped in sealing wax to prevent leakage.
All vials after being wrapped should be put in a box with cotton
lining, and cotton should also be put in between vials. The box
containing vials may either be put in large box, as before, or
may be shipped directly. All mailing box must be strong, made
up of wood, thick card-board or thermocole, the last is suitable
for small packets to be sent by air-mail.

Slide containing specimen should be packed in small lot
of 10 each, being separated frorm the next by two thick cardboard
piece, of the size of slide labels, and the location then wrapped
with a piane slide in either side, by cellophane tape. The lo
is then put in shipping container of thick tin preferably, the
one with a screw cap, so that the packet may be opened easily
and postage would be less if it could allow material for postal
inspection. It is then treated .as open-packet. Enough packing
material on all sides are to be put inside the container to prevent
breakage.

Live insects, specially young ones may be sent for rearing.
Larvae must be shipped with a part of food plant which should
last till it arrives at destination. Overloading of specimens or
plant should be avoided. Pupae are best sent when packed in moist
moss. Adult insects may be sent with a few stem of host plants
and to avoid excess moisture a few holes may be made in the
container.

The major Indian institutes where Insects are identified
are:

l. Zoological Survey of India, 34 Chittaranjan Avenue, Calcutta
700 012 and its stations located in Dehra Dun, Shillong, Poona,
Madras, Patna, Jabalpur, Jodhpur, Solan and Andaman (Port Blair),
Berhampore (Ganjam), Hyderabad, Calicut, Canning.

Most of the insect collections are however identified In
Calcutta as the Divisions of Entomology, with sections in major
groups like Coleoptera, Lepidoptera, Diptera, Hemiptera, Hymenop-
tera, besides minor groups, are located at Calcutta H.Q. of Z.S.L
The Zoological Survey holds the '"National Zoological Collections"
and can be treated as the prime institute for systematic research.

2. Indian Agricultural Research Institure, Division of Entomology,
New Delhi 110 012. This institute is the centre for identification
for insects of economic importance besides other insects and
possess many of the old type-collections.

3. Entomology Division, Forest Research Institute, Dehra Dun.
Renowned for its excelient collections of insects, specially insects



of forest areas, the Institute holds a prime position and caters
to the need of identificatioin. Researcher in the case of Z.S.lL.,
I.LA.R.I. may also visit the Institute and compare his collection
with the identified collection of F.R.I. A number of printed cata-
logues are available on the Insect collections at F.R.l.

4. Department of Entomology, Tamil Nadu Agricultural Uni-
versity, Coimbatore. This institute is well known for representative
insect collections of South India and as such renders opportunity
to compare South Indian Insects.

Besides sending material to the Director or Curator of
a Museum with the request for identification, personal letters
to specialists by name along with the material may also be sent.
For this purpose, one has to know the names of the taxonomists
and their address as also their specialisation. A directory of world
taxonomists serve the most useful purpose; beside, a directory
of Indian Zoologists is also available. These are cited below:

I. Richard E. and Ruth M. Blackwelder, 1961
Directory of Zoological Taxonomists of the World,
Published by the Society of Systematic Zoology by
Southern lllinois University Press,
Carbondale, lllinois, 404 pp.

2. Kapoor, V.C. 1974. Directory of Zoological Taxonomists
of India, Kalyani Publishers, Delhi-Ludhiana, 73 pp.

Besides the Indian Institutes where material may be sent
for identification or may be compared with identified collections,
a number of renowned museums abroad may render valuable services
for identification of Indian Insects, a list of which is given below:
Foreign Museums:

British Museum (Nat. Hist.), Deptt. of Entomology, Cromwell
Road, London SW7 5BD, England.

Museum d'Histoire Naturelle, 45 me de Buffon, 75005 Paris, France.

Institur fur Bodenforschung und Baugeologie, Gregor-Mendel-Str. 33,
A-1180 Wien (Austria).

National Museum of Natural History, Dept. of Entomology, Praha-
Kunratice |, Czechoslovakia.

Muscurn d'Histoire Naturelle, Route de Malagnov, 1211 Geneve,
Switzerland.



Zoologische Staatssamlung, Schless Nymphenburg-Nordflugel, D-8000
Munchen 19 (W. Germany).

Mus Civ, Storia Naturale, Genova (Italy).
Musee Royal de I' Afrique Centrale, B-1980 Tervuren (Belgique).

Zoological Institute, Academy of Sciences of U.S.S.R., Leningrad 164,
U.S.S.R.

U.S. National Museum of Natural History, Washington D.C. 20560,
U.S.A.

The American Museum of Nat. Hist., Central Park West at 79th St.,
New York, N.Y 10024, U.S.A.

Bishop Museum, P.O. Box 6037, Honolulu, Hawaii 96818.

Entomology Research Institute, Canada Dept. of Agriculture,
Ottwa, Canada.

National Science Museum (Natural History Institute), Hyakunin-cho
3-23-1, Shinjuku-ku, Tokyo, Japan.

Division of Entomology, CSIRO, P.O. Box 109 Coty, Canberra A.C.T.,
Australia.

Insects and mites of economic importance, specially from
Commonwealth Countries are also identified by The Director,
Commonwealth Institute of Entomology, 56 Queen's Gate, London
SW7 531R, U.K.



TABLE—1.
Floristic Regions in India

|

| )

Western Eastc;'n
Himalava Himalaya

! |
Alpine and Subalpine,
Subalpine, Moist decidu-

Moist temper-  ous, {Darjecling
ate, Subtropical, Himalaya spcc:-
[Kashmir Valley, ally Singhalila
Simla Hills, range and
Doon Valley, Rangit Valley].
Kumaon Hills,

Garhwal Hills).

I | l

I , |
Indus Gangetic Central India  West Coast Decan

J |
North East Andamans &

Plain Plain | (Malabar) Plateau India Laccadive
I ' i |
Cultivated cropland Dry de‘ciduous, Mossi Deci-  Dry deciduous, Evergreen, Wet evergreen,
[Terai-Forest, Sal thorn [Narmada duous, Ever- thorn, Dry ever- Semiever- Moist decidu-
Forest at Foot Hills]. Valley, Bastar, green, [West- green, Swamp, green, Moist ous, Dry deci-
Chotanagpur crn ghats, {Koraput, Madu- deciduous; duous, Man-
Platcaul. Annamalai malai, Bandipur]. Pine, Bamboo grove, [Great
Hills, Nilgiris, {entire Nicobar
Palni and region}. (Cambell bay)
Cardomam North Anda-
H.lis). man (Dighli-
pur, Maya
Bandar)].

TABLE—2
Forest types in India

|
Tropical Forest (*)

Wet Evergreen (Mh, Ka, Tn,
Ke, As)
Semi evergreen (Wg, As, Bn, Or)
Moist deciduous (MP, Gj, Mh,
UP, Bihar, Or, As, And)
Littoral & Swamp (Coastal areas)
Dry deciduous (MP, Mh, And, Tn,
Ka, Pn, UP, Bh, Or, Bn)
Thorn forest (MP, Mh, Tn, Ka,
Pn, UP)
Dry evergreen (And)

I
Montane Subtropical Forest Montane Temgcrate Forest
! i
Broadleaved hill forest (Ke, Tn, Wet temperate (No conifers)
[Evergreen Ka, Gj, Rj, Mh, (Tn, Ke, Bn, As)
Southern and Bn, Ar.) Himalayan moist (Oaks & coni-
Northern forms) fers) temperate (J & K,
Pinc (Pn, UP,) HP, UP, BN, As)
Dry evergreen (Xerophytic & Himalayan dry temperate (Co-
Scrub) (Jm, Pn) nifers & some xerophyte)
{West & East Him, J &
K, Pn, MP)

(*) All except fourth & last may be divided into Southern & Northern forms.

Abbreviations used :

(1) An=Andaman (2) And=Andhra (3) Ar=Arunachal (4) As=Assam (5) Bn=Bengal

. {
Alpine and subalpine Forest

Moist Alpine (Kas, Kum, Gr,
) Sik, Ar, Man)
Dry Alpine (UP, MP, Pn, Kas
& E. Him. upto 4,900 m.)

(6) Gj=Gujrat (7) Jm=Jammu

(8) J& K=Jammu & Kashmir (9) Ka=Karnataka (10) Ke=Kerala (11) Kas=Kashmir (12) Or=Orissa (13) Man=Manipur
15) Mh Maharasthra (16) Pn=Punjab (17) Rj=Rajasthan (18) Tn =Tamilna<(iu ) (19) UP =U3ar
Pradesh (20) Gar =Garhwal Himalaya (21) Kum= Kumaon Himalaya.

(14) MP =Madhya Pradesh (

ol



TABLE—3

CLASSIFICATION OF INSECTS

Order Common name Sizc Hibitat Approx. number of species
in the world According to
(Metcalt and Flint. 1962)
Group [ Apterygota : Wingless, youngs resemble adults
1. Thysanura (Fig. 2) Bristle tails 6 mm.—12 cm. Book shelf, under stone, 700
logs debris
2. Diplura Very small Soil, Moss, rotton wood, 350
to 4.6 cm. in damp habitat
3. Protura Telsontails less than 2 mm. Moist soil, decaying leaves, Less than 100
under stone, bark
4. Collembola ( Fig3) Spring tails 0.2—6 mm, Soil, Humus layer, Moss, Caves, 2000

on Snow, in termite nests.

Group II (A) Pterygota : Winged insects

Wings develop as pad externally, larvae resemble adult but differ in habitat (Exopterygota : Orders 5-17)

Wings develop internally, larvae usually differ from adult and have a resting pupal stage (Endopterygota : Orders 18-26).

5. Dictyoptera ( Fig. 4) Cockroaches
Mantids

6. Orthoptera ( Fig. 5 ) Grasshoppers,

Stick insects, Crickets

7. Dermaptera ( Fig. 6 )  Earwigs

8. Plecoptera ( Fig. 7 ) Stoneflies
9. Isoptera ( Figs 8,9 ) Termites
i0. Embioptera Webspinners

6 mm.—7.2 cm. Green Tropical vegetation,

Domestic habitats 22,500

2.4-3.1cm, Open grassland, Foliage ‘
and Trees

5 mm.—4.8 cm. Under stone, crevices 1100
Garbage

4—5 cm. Around water source 1500
Decaying logs, Mound, Ant’s nests, 1900
under stone

1—2 cm. Live in silk tunnel, in ground under 150

stone, debris

I



TABLE 3—Concluded.

ngtoms

Order Common name Size Habitat Number of species
11. Ephemeroptera Mayflics Imm.—3cm. Near water 1500
12. Odonata ( Figs. 14, 15 1 Diagon flics. Damsel flies 2—IS§ cm. Near water source. among tall grass 5000
and river bank
13. Zoraptera 3—7 mm. Under bark, decaying wood 20
14. Pscoptera ( Corrodentia ) Book iice 2.5 mm, As above 1100
{ Fig. 10)
15. Phthiraptera Sucking lice, Biting lice 5—6 mm. On birds and Mammals : on mammals 3100
( Mallophaga and
Anoplura ) ( Figs. 12,13 )
16. Thysanoptera (Fig. 16) Thrips Aerial parts of lower and plant galls 3170
17. Hemiptera Bugs 2—9 cm. Plant parts and water bodics or 550CO
( Figs. 17,18 parasitic on birds and mammals
18. Neuroptera Alder flies 2 mm,—4 cm. Shrubby bush, hill forests, Fresh 5000
( Figs. 19,20 ) water sponges
19. Mecoptera Scorpion flies 1.5—2 mm. Vegetation but feed on insects 350
20. Trichoptera (Fig. 21) Caddis flies Near water and damp moss 4450
21. Lepidoptera Butterflics. Moths 20 mm —27 cm. Vegetation, damp soil, flowers 112000
( Figs. 22,23 )
22. Coleoptera Bectles 0S5 mm—I15cm. Wood, bark, fungus, ant nests. 277,000
( Figs. 24,25 ) vegetation, flowers etc.
23. Strepsiptera Stylops 1.5—4.0 mm. Parasitic on Hemiptera and Orthoptera 300
24. Hymenoptera Ants, Bees and Wasps 2.0—36 mm. Tree-nests, flowers, vegetation 103,000
{ Fig. 26, 27)
25. D.ptera ( Figs. 28,29 ) Flies and Mosquitocs Vegetation, Garbage dump. near orin 85,000
water within leaves, parasitic in insects
26. Siphopnoptera Fleas { 5~—4.0 mm. On bodies of host viz.. birds and 1,100
( Figs 30) mammals.

4



TABLE—4

COLLECTION AND PRESERVATION

GROUP

COLLECT

KILL

PRESERVE

I. Apterygota
(1) Thysaunura
(2) Diplura
(3) Protura
(4) Collembola

II. (5) Dictyoptera
(6) Orthoptera
(7) Dermaptera

IT1. (8) Plecoptera

IV. (9) Isoptera

V. (10) Embioptera

VI. (11) Ephemeroptera

VII. (12) Odonata

By aspirator

,» Camel hair brush dipped
in alcoh}l
Sweeping vegetation

,» Putting soil, debris, leaflitter
tullgren funnel

By Sweeping
,,» beating
forceps
flashlight

By netting while on wings
,» Sweeping
., light

By forcep from nest
.» brush dipped in alcohol

By forcep
. brush

By nets ( adults )
light trap ( adults )
.. beating ( subimago stage )

By acrial nets

959% alcohal/CHClg/
CClg

Cyanide vapour or
Chloroform,, or
Benzene

Acetic ether

959% alcohol

95 alcohol

95%alcohol

959%alcohol

Cyanide or ether

o, alcohal

(5) + (6) Dry, pinnced or in
alcohal (7)

80, alcohol

809 alcohol

80%alcohol

809% alcohol

Dry, pinned 80%alcohol

el



TABLE 4—Contd.

GROUP

COLLECT

KILL

PRESERVE

VIII. (13) Zoraptera
(14) Psocoptera

IX. (15) Phthiraptera

X. (16) Thysanoptera

XI. (17) Hemiptera

(18) Neuroptera

(19) Mecoptera

By brush dipped in alcohol

"

X

144

animal wrapped in polythene bag or

aspirators

brush dipped in alcohol
fine forcep ( from fresh killed

directly from fur and skin )

By brush dipped in 80%alcohol or in
a mixture of Ethyl alcohol ( 50 p. )

lactic acid (10 p.) water ( 40 p. )

LAl

1 X3

1 A4

Berlese Funnel extraction
Beating flower on white sheet
or over wide mouth jar.

sweeping net and aqutic net
beating

aspirator

brush dipped in alcohol
light trap

separator

By netting

"

”»

sweeping
hand picking

By aerial net

light trap

95%alcohol

( scale covered winged
specimens in vapour and
preserve dry )

95, alcohol

95«.,alcohol or in the
misture

959.alcohol or kill in

80~,alcohol

80'xalcohol and mount on slides by
clearing in 10%KoH, passing thru
alcohal grades and mounted in Canada
balsam.

80°%alcohol or mount in Polyvinyl
lactophcnol method or in Hoyers
media

80%alcohol or mount in slides

cyanide bottle or in vapour ( Berlese media ) or pin

Ethyl acetate

Cyanide or other vapour

Pinned

Cyanide or other vapour or Pinned

in 70% alcohol

or wet preservative

7l



TABLE 4—Conud.

GROULP COLLECT KILL PRESERVE
(20) Trichoptera By aerial net Cyanide vapour or 95% Pinned and spread or 80%alcohol
,, light trap alcohol
t21) Lepidoptera By aerial n¢} Cyanide vapour Pinned and spread

122) Colcoptera

(23) Strepsiptera

(24) Hymenoptera

(25) Diptera

,, light trap
.» Sugar-baits or sap, nectar bait
,» Trearing larvae or pupac

,, sweeping Cyanide vapour, 95',alcohol Pinned or in 70",alcohol

.» hand picking ( all aquatic forms ), Vapour

., beating Ethyl acetate.

,, aquatic net

.» From parasitised host (Hemiptera, 95° alcohol 80, alcohol
Hymenoptera, Orthoptera)
By rearing ( parasitic forms ) host- Cyanide vapour Ethyl Pinned or pointed, mounted on slide

insects acetat vapour ( microhymenoptera )
,» beating

,, Ssweeping

,» light frap

., aspirator ( ants )

.. berlese funnel (ants )

By sweeping Cyanide vapour, 95%alcohol Pinned or pointed, 80%alcohol,

,» aerial net permanent mount of genitalia.
,, aspirator

,» light-trap
,» baiting (meat, dung, rotten fruit,
fungi)

¢l



91

TABLE 4—Concluded

GROUP COLLECT KiLL PRESERVE

.,» berlese funnel
,, collecting galls and mines
( midges, miners )
(26) Siphonoptera By shooting and trapping hosts 95% alcohol 80%alcohol, Permanent mount oo slides,
. searching in hosts’ nests after cleaning in 10% KoH.

Notes :

1. In many instances, the genitalia of the insect has to be taken out for taxonomic study ( Orthoptera, Lepidoptera, Neuroptera etc. )
and this involves careful dissection ; the genitalia after being dissected out could either be stored in microvial in glyarine or may also be
mounted on slide or mounting card as permanent preparation, passing thru' alcohol grades. clove oil, xylol and mounting in resinous
substance.

2. Cyanide vapour is often disliked by many collectors and as such other agents e g Ethyl acetate, Chioroform, Ether, Benzene,

Carbon tetrachioride may be used in a killing bottle, in cases where only cyanide vopour is reccommended, but each of these agents have
some advantages and disadvantages.



METHODS OF COLLECTION AND PRESERVATION
OF APTERYGOTA

S.K. Mitra

Apterygota represents one of the two subclasses of Insecta
and consists of four orders: Thysanura (Silver-fish or Bristle-tails),
Diplura, Protura, and Collembola (Spring-tails).

[. Order : THYSANURA

Chief distinguishing features: Length - upto 2 cms. Dis-
tinguished by three processes (2 anal cerci and single median
telson) projecting posteriorly from the terminal part of abdomen.

General abodes: Dry cavities of rock crevices, under tree
bark, loose wood-land litter, loose soil, nests of ants and termites,
rotting wood, under stones, domestic species occurring amongst
old books, papers and objects composed chiefly of cellulose.

Collection and preservation: Direct method: Organisms may
be collected directly in dry glass vessels (glass vial, petri-dishes,
etc. with the help of a hair brush or a pair of fine forceps. Aspi-
rator also can be used for direct collection. They are to be pre-
served in rectified spirit preferably after narcotisation by using
vapour of either liquid benzene or carbon tetrachloride.

Indirect method: The soil inhabiting species and also the
species living in ants' and termites' nests, in addition to direct
method, can be collected by extraction of soil samples and nests'
samples through a Tullgren funnel. Tullgren funnel can be cons-
tructed as follows

1. Take ordinary thin funnels (6" - 10" in diameter).

2. Place a sieve with large meshes within each funnel
(sieve with fine meshes to be wused for soil samples

with finer particles and less organic matter).

3. Arrange a 40 W or 60 W electric bulb with a reflector
for each of the funnel for glowing and generating heat
to dry soil samples and to drive the animals out of
them. The bulb is to be placed c.3" above on the top
of each tin funnel. Wattage of the bulb is to be used
according to the amount of moisture present in each
soil sample.

4. Put a glass vial (collecting vessel) containing rectified



18

spirit just below the stem of each funnel for the collec-
tion of animals driven out from the soil samples.

5. Put soil or litter sample in each funnel on the surface
of the sieve carefully so that no debris or soil pass
through the sieve and fall in the collecting vessel which
may pollute the spirit.

6. The bulb shou!/d be kept glowing constantly till the
samples get completely dried.

7. Intermittent observations of collecting vessels may
be made without disturbing the soil samples in the
funnels for finding out nature of extraction of organisms
and in case of depletion, rectified spirit may be added
in the collecring vessel. Extraction time: C. 3-6 days.

8. Put locality label and other ecological details in each
collecting vessel. Put the stopper and despatch the
same to the O.C., Apterygota Section, C/o Director,
Zoological Survey of India, Calcutta.

[I. Order: DIPLURA

Chief distinguishing features: Length - upto 50 mm. White
or yellowish in colour. Without median telson but with paired
anal cerci, which may be either long or short, segmented or forceps-
like (cf. Dermaptera) from the terminal part of abdomen. Compound
eyes and ocelli absent.

General abodes: Deep, porous litter and also humus layers
in wood land and forest soils, moist cavities beneath stones, de-
caying wood, grass lands, caves, etc.

Collection and preservation: Direct method: If located
in the f{ield, the animals be collected directly either by a soft
hair brush, moistened with spirit, carefully by using a pair of
fine forceps or by using an aspirator. Preservative to be used
1s rectified spirit.

Indirect method: By Tullgren funnel (Mentioned above
under Thysanura). Extraction time: C. 3-6 days.

Ilfl. Order: PROTURA

Chief distinguishing features: Length - usually below 2
mm. EClongate and slender in appearance. Median telson present,
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reduced or absent, anal cerci absent. Antennae and compound
eyes are wanting.

General abodes: Moist forest soils, grass land soil, soils
rich in organic matter, may live on the surface but usually found
in greater number between 10-20 cms. of soil profile.

Collection and preservation: Direct method: Difficult
to locate in the field due to their sparse distribution (vz. gregarious
or semigregarious in other orders) and size. Some of the litterine
species are quite large and they, if located in the field, can be
collected with a soft hair brush moistened with spirit or with
an aspirator. Preservative to be used is rectified spirit.

Indirect method: Both soil samples rich inorganic matter
and soil samples from a depth of 10-20 cms. to be extracted through
Tullgren funnel (Details given above under Thysanura). Extraction
of soil samples may take even 2-3 months for driving out the
organisms from soil.

IV. Order:COLLEMBOLA (Spring-tails)

Chief distinguishing features: Length - 0.50-4 mm. Usually
with a springing organ (spring-tails) located on abdominal segment IV
by means of which organisms jump and escape. Species without
spring-tails are also common exhibiting only sluggish movement
and with beautiful deep coral red or dark blue colour. No cerci
and telson present at the end of abdomen.

General abodes: Decaying moist organic matter (wooden
logs, leaves, etc.), litter and humus layers in forest floors, grass
land, foliage of herbs and shrubs, nest of termites and ants, caves,
under bark of trees, leaf mould, tide-marks of sea shore, on the
surface of fresh water, amongst moss, fungus, lichens, etc. In
general everywhere where little organic matter and moisture
are available.

Methods of collection and preservation: Direct method:
With little endeavour large species can be located in the field
taking advantage of their jumping posture. If located in the field,
they can be collected with a sable hair brush moistened with
spirit or through an aspirator. Species with jumping posture also
can be collected mechanically by placing a large petri-dish con-
taining rectified spirit on the surface of forest floor, grass land
or other substratum and consequently disturbing adjoining regions.
The organisms will jump and fall inside the petri-dish containing
spirit. The examples can be picked up from the petri-dish with
a hair brush and placed in the vials containing rectified spirit.
Species living on herbs and shrubs can be collected by beating
and sweeping and subsequently picking them up from the net
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or umbrella (may be used for beating) with a hair brush moistened
with spirit. Since the species living on herbs and shrubs jump
out very quickly, they may be narcotised by dropping a small
cotton ball soaked in either liquid benzene, carbon tetrachloride
or chloroform in the ner immediately after each beating and sweeping
From the surface of pool they can be collected with a small enamel
tray containing rectified spirit, placed on the surface of water
in such a manner so that water does not fill in the tray. Then
little disturbance of the adjoining regions will make the species
jump and fall inside the tray containing spirit.

Indirect method: Moist soil samples rich in organic material,
moist litter (decaying organic rmatter on forest floor or elsewhere),
tungt, noss, lichens, etc. are quite suitable for extraction through
Tullgren funnel. (Details given under Thysanura). Extraction time:
C. 3-6 days.

COLLECTION OF SAMPLES

Scientists, going to the field for faunistic survey, may
conveniently collect soil/or litter samples in polythene bags and
bring them to Head Quarters for extraction. Attention should
be paid not to stuff too much of samples in one bag, so that
the sample does not get pressed or crumbled. The mouth of each
bag may be tied with a rubber band.

Samples supersaturated with moisture should be aerated
intermittently by opening the mouth of each bag. Otherwise,
the evaporation of moisture and subsequent condensation may
result in the formation of water droplets on the wall of the bag
in which small organisms like Collembola, mites, etc. may get
trapped and die.

Locality and other ecological details (for example, nature
of soil, | tter, etc.) should be written in pencil on a piece of
paper and dropped inside each bag containing sample.

Soil samples rich in organic material and litter samples
may be brought from the field.

Through this method (i.e., through collection of litter/soil
samples) it is possible to make best use of time in the field and
is useful for surveying Apterygota and other soil animals from
new areas or i1n recovering fresh topotypes of old species.
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THYSANURA.

DIPLURA

Species with cerci
mocdofied into forceps

Species with .
antenniformwr cerci -

v %%
spring tail. spring tail.






COLLECTION AND PRESERVATION OF ORTHOPTERA

M. S. Shishodia

This large order Orthoptera with 35 families and approxi-
mately, 20,000 species known from the world, of which 20 families
and approximately 1,000 species ar¢ Indian, includes grasshoppes,
locusts, grouse-locusts, crickets, mole-crickets and pigmy mole
crickets.

Specimens of this group are medium to large sized, winged,
brachypterous or apterous, and characterized with mandibulate
mouth parts. Prothorax large, anterior legs sometimes modified
for digging, posterior legs usually enlarged and modified for jumping,
coxa small and somewhat widely separated, tarsi 3 to 4 segmented,
rarely with 5 or fewer than 3 segments, fore-wings generally called
tegmina or elytra more or less thickened with submarginal costal
vein, female generally with well developed ovipositor, male genitalia
symmetrical, cerci usually short and unsegmented, specialised auditory
and stridulatory organs frequently developed.

A collector of these orthopteran insects is naturally interes-
ted to know as to where to look for these insects. They may inhabit
widely diversified ecological conditions, but, generally they are
available near the green vegetation, near water tanks, ponds or
under stones, and some are attracted to light during night.

The equipments essential for collecting these insects are
as follows :

L. Nets There are various types of nets, but generally
an insect net, also known as butterfly net, is widely used.

2. Forceps : A fine pair of forceps of 5" size and another
of 9" size, are often required.

3. Killing bottle or killing tube These are made by using
Potassium or Sodium Cyanide, or liquid benzene, or Chloroform.
Strong, large, wide-mouthed bottle or tube, about 16 cm. x 9 cm.
in size, with cork or rubber stopper may be used. The stopper should
be of tight fitting, so as to prevent leakage of fumes. The method
of preparing the killing bottle and tube is simple. However, due
to extreme toxic nature of cyanide, liquid benzene or chloroform
is recommended for preparing killing bottle. The liquid chemical
may be poured in a bottle, or tube first, and then a layer of cotton
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should be put to cover the liquid chemical. Then one or two layers
of blotting paper should also be put over the cotton to prevent
the specimen from coming in direct contact with the cotton or

chemical.

4, Scissors : Fine scissors of 4" to 6" sizes are required
for cutting the blotting paper, paper labels, etc.

5. Specimen packets : Paper packets made up of oil-paper
arc needed for temporary storing and transportation.

6. Specimen tubes : Glass or plastic tubes of 8-10 cm. x
2 cm. and 5 cm. x | cm. sizes are generally required for wet collec-
tion.

7. Cotton : Cotton will be required for packing after collec-
tion or to change the killing agent in killing bottle.

8. Hand lens : A hand lens of 10X magnification power
(Folding type) is useful to examine the specimens in the f{ields.

9, Brush : Soft camel hair brush of 0 or | Nos. may be
required.

10. Card board boxes : These are very essential for keeping
the packets containing specimens temporarily.

. Field note book : It is required for recording the essential
data.

12. Lead pencil : A lead pencil is most important for writing

specimen labels in field.

Collection of insects may be achieved only by practice
and patience.  Most convenient method of collection of various
species of Orthoptera in large numbers is by sweeping over vegeta-
tion of various types by means of butterfly net. However, hand
picking with the help of forceps is employed for some group of
insects. Some of the species living in bunch-grasses, in desert
or plains, or on trees and high bushes that avoid being swept, by
talling down at the slightest disturbance are hiding, between the
stems near the ground. They ought to be carefully detected by
scarching and can be collected by large size forceps.

Some species of Orthoptera are attracted to light at night.
These can be collected by placing two or three gas or Kerosene
lamps or an electric light or mercury vapour lights over a white
sheet of paper or mulmul cloth at a suitable distance. Different
tvpes of light traps are used, the details of which can be had from
books dealing with the subject.
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Period and time of collection : Best period for the collection
of orthopteran insects is from early summer to early monsoon and
again just after the monsoon, but few species may be collected
even In late winters. It is always advisable to go for collection
for winged forms before the sun rise when they are not much active
and they can be easily picked up by hand.

Specimens are killed by keeping in a Killing tube. They
should not be kept in the bottle too long, generally not longer than
half an hour, or else they may change their colour. For purpose
of temporary storage in field these insects are kept in oil-paper
packet having strips of cotton or blotting paper but it must be
assured that they are reasonably dried up, otherwise moulds and
fingi are likely to damage them. One to three specimens may be
kept in one paper packet. However, some soft bodied insects like
some crickets or pigmy mole-crickets may be preserved directly
in spirit. It is always necessary to have a locality label providing
information about the locality, date of collection, name of collector,
altitudinal record, and brief note about its habitat. Label should
be written by pencil in the field.

The specimens kept in paper packets are best laid in card
board boxes. A thin layer of dry paradichlorobenzene should be
spread on the bottom of empty card board boxes. Then, a thin
[ayer of cotton should be put over the paradichlorobenzene. Now
the box is ready for keeping the specimen packets. The specimen
packets should be arranged very loosely in a line. When the box
is full, cover it again by a thin layer of cotton, and then sparsely
spread paradichlorobenzene, close and pack the box. The specimens
preserved in spirit should be put in appropriate tubes according
to their sizes and tightly stoppered. Each tube should be wraped
with paper, and then by thin layer of cotton and tied them with
thread. Such tubes may be kept in spirit jars containing a thin
layer of cotton at the bottom as well as on the top, or in a well
ventilated wooden box and be packed rather tightly to avoid shaking.
Care should be taken while taking out specimens from the packets
or spirit tubes, as the hind legs and antennae will break off at
a touch.

The larger specimens require a stiffing with chopped cotton
which may be done in the following way. A slit is made my a pair
of sharp pointed scissors into the thin membrane between the tergites
and sternites on one side only (not more than three segments),
taking care not to cut the last segments. Through this opening the
thorax is cleared first and then the abdomen similarly eviscerated
with a straight forceps. The abdomen, after the eviscerating, is
stuffed up with cotton wool, gently working in, so as not to disturb
the colouring layers lining the chitin wall and merely enough in
bulk to keep the walls from collapsing. Smaller and medium size
specimens do not require stuffing.  Green coloured grasshoppers
may be submerged in 5% formaline for about 5 minutes and then
prepared afterwards, to keep their colouration.
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After the collection is brought to the laboratory, it has
to be made ready for study and permanent storage. First step in
this direction is to relax them in a proper relaxing box. A cotton
ball soaked in mixture of camphor and carbolic acid with a ratio
of 1 : 3, should be put in relaxing box to prevent moulds and fungi.
When sufficiently relaxed, the insects are pinned and set.

The pinning of insects is very easy. They should be pinned
through base of the elytra (right or left) and not through the pronotum
as often is done. The elytra and wing are spread only on ore side,
and the legs and antennae are set in the usual way, making it easy
for their study. Depending on the size of the specimens appropriate
entomological pins are to be use. Generally, in Orthoptera, pin
numbers 3, 16, and 20 are used but O, 00 or 000 numbers may also
be used in place of number 20. Smaller specimens, such as Tridacty-
lids, Tetrigids, or some crickets, should be mounted on cara board
triangles staged on pins. If the specimen s too large or very soft,
it should be supported by a piece of card board, otherwise it will
sag at either end.

After pinning and setting the pith board containing these
material should be placed in drying cases for a week so that the
specimens may dry up completely.

Proper labelling of the specimens is of extreme importance.
For dry as well as wet specimens data labels are to be written
on good quality bond paper with Indian ink. Data label should contain
the name of locality, altitude, name of host plant (if known), date
of collection, name of collector, etc. Label should be small
(10 x 20 mm.), clean and uniform.

Specimens so pinned and labelled may be arranged in drawers,
which may be fitted into a cabinet or they may be kept in wooden
boxes.  Naphthaline powder is put into the channels or grooves,
fitted around the drawers and covered with a thin layer of cotton.
A ball of cotton wool, soaked in a mixture of camphor and carbolic
acid with a ratio stated above, is pinned at one corner. These
chemicals will prevent insect pests and fungal attack. A periodical
check is very essential to refill naphthaline in grooves and resoak
the ball in a carbolic mixture, or to change the ball if required.
Liquid benzene can also be used for temporary storage, in the drawers

It is hoped that the above notes would prove useful for
collection of orthopteran insects. However, for further reading
on the subject, the following literature would give more details.
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IDENTIFICATION OF ORTHOPTERAN INSECTS
H.K. Bhowmik

_.The members of the order Orthoptera are popularly known
as Grasshoppers, Crickets, mole crickets, grouse-locusts, etc.
And the name 'orthoptera' means primitive or generalized winged
insects. The Orthoptera are insects of moderate or large size;
smaller forms are infrequent. They may be winged, bractyptrous
or apterous. They are qualified by having : Biting type mouth
parts. Prothorax large. Hind legs usually enlarged and modified
for leaping or jumping. Forewings elongate and narrow, more
or less thickened tegmina with submarginal costal veins and almost
always modified as stridulatory organs; hind wings membraneous,
more delicate with an extensive anal area. Female generally with
well-developed ovipositor. Male external genitalia symmetrical,
concealed at rest by enlatged 9th abdominal-sternum which may
or may not bear a pair of styles. Cerci usually short and almost
invariably unsegmented. Specialized auditory organs may be present.

The Orthoptera forms an order of more specially terrestrial
insects; some of them are good fliers. But numerous flightless
species are also found in all families.

A few species of Acridoidea (the family Tetrigidae) (Scelimena
sp.) are aquatic in habits and have their tibiae and tersi dilated
for swimming. Among Acrididae, the genera Hygracris palustris
Uv (192]) have similar development of hind tibiae etc. Some Gryllidae
are also semi-aquatic in habit and willingly enter water.

CLASSIFICATION

All the qualifying features of the Orthopteran insects are
not, however, unique, except the modification of hind femora
for jumping in majority cases, and presence of stridulatory organs
in tegmina and presence of auditory organs, for many of these
characters are shared also by other orders of insects. And none
of these characters, even the unique ones, are not uniformly posse-
ssed by all the families of this order.

MORPHOLOGICAL CHARACTERS

For further discussion, a brief review of morphological
characters needed to identify these insects is presented here:

Antennae - The antennae are typically long, setacious appendages
composed of many joints - they may be f{filiform, ensiform or
clubbed.
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The classification of Orthoptera in suborder, family levels
depends on the size of these structure while its finer shape helps
in identification at generic and specific level.

Pronotum - The prothorax or the pronotum of these insects are
large. It is usually a large shield-like structure which extensively
overlaps the pleura on either side. In Tetrigidae it is so long as
to cover the abdomzn completely and conceal the hind wings,
the tegmina being reduced to small scales. In Eumesticidae, the
pronotum is dorsally flattened; in Acrididae it is small and divided
by 2 or 3 transverse sulci whereas in Grylloidea it is undivided.

Prosternum - The prosternum may or may not provided with a
spine or tubercle of varying morphological features. Its presence
or absence is also significant. Femoro-alary stridulation is seen.
In this sound is produced by rubbing the inner surface of hind
femora, upon which there is a series of projected pegs, against
the thickened basal areu of the each regmen.

Legs The legs differ very much in character among different
families - the hind femora (sig. femur) are usually swollen proxi-
mally. But in Gryllo alpidae (mole crickets), Pneumoridae and
Cylindrachetidae and some others the hind legs are secondarily
reduced to a more normal appearance. The tarsal joints vary in
number but always fewer than &. It is 4 in Tettigonidae, 3 in
Gryllidae and Acridoidea and | or 2 or wanting in Tridactylidae
(Pigmy mole crickets).

The forelegs are strongly fossorial in Gryllotalpidae and
Cylinrachetidae, the tibia being broad and with large teeth. The
tympana is restricted to foretibiae in Gryllidae.

Ovipositor - An exserted ovipositor is usually well developed with
good exceptions. In Gryllidae it is elongated and needle-like, where
as in Gryllotalpidae it is completely lost. In Acridoidea, these
are short, stout structures adopted for boring into the soil; in
Tettigonidae it is blade like.

Tympanic or auditory organs - These are present in all sound
producing species. Each organ consists of a thin cuticular membrane
or tympanum, whose vibrations are transmitted to the sensory
centres by means of scolopalae, which are connected with the
nerve endings. In Acrididae, this is highly specialized structure
and is situated on either side of the Ist abdominal segment. In
Tettigonidae and Gryllidae these are different and consists of
a tympanum on each fore tibia. These organs may be opened or
closed externally.

Stridulatory organs - Most characteristic feature of Orthopteran
insects in modern sense is the stridulatory organs for sound pro-
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duction and when present, it is always in males. These are chiefly
of 2 types - (i) the alary and (ii) the femoro-alary. The lIst type
1s seen in Gryllidae and Tettigonidae. In Gryllidae each tegmen
bears a rasping organ or file and a hardened area,scraper; the
file of one tegmen works against the scraper of the other. In
Tettigonidae the file is functional. Only a left tegmen and the
scraper on the right one. In Oedipodinae, a subfamily of Acrididae,
stridulation is produced by the friction of the upper surface of
the costal margin of wings working against the lower surface
of hardend veins on the tegmina.

The concept of Orthopteran classification has undergone
tremendous changes with time. Without going into detaiis of history,
which is beyond the scope of our present discussion, it can be
mentioned that previously the order Orthoptera included chiefly
7 families, under two main groups - % families of running species
as Cursoria and remaining 4 families of jumping insects as Salta-
toria; - many of them are now raised to separate status of orders
or suborders. Thus the family previously known as Gryllobalattida
has been ranked up now as a separate order Grylloblattodea; Bla-
rtidae and Mantidae - raised up to suborders Blattaria & Mantodea
and finally united to the order Dictyoptera; Phasmidae as order
Phasmida (Stick & leaf insects) and all the 4 families previously
termed as Saltatoria into the order of Orthoptera.

1. Legs usually of equal size, hind femora not adapted for
leaping; tarsi 5-jointed; sound producing organs absent;
Ovipositor usually concealed; cerci jointed or unjointed
........................................................................... 2 (Cursoria)

Legs of unequal size, hind femora enlarged for jumping;
tarsi always with less than 5-jointed; sound producing organs
present; ovipositor generally exserted; cerci unsegmented

.......................................................................... 5 (Saltatoria)
2. Apterous; ovipositor exserted; ocelli absent; cerci long,
JOINTEA tivieiiieniiriiinieiiieitneireracerasiossesecaseanes Grylloblattidae
Apterous or winged; ovipositor concealed and often rudimen-
Tary Cerci SNOMT .iieuieiieiiniinenireicniinerectncreceerenctnceeseeseecasassnes 3
3. Pronotum large and shield-like; coxae very broad.
............................................................................. Blattidae
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Fore-legs highly modified for raptorial purposes; prothorax
generally very long; eyes large; ocelli 3; cerci jointed ceeeeeeesess
............................................................................... Mantidae

Fore-legs normal; mesothorax very long; eyes small, ocelli
usually absent. Cerci unjointed cecececeeacierenacacacananneces Phasmidae

Antennae shorter than body; tarsi 3 jointed; stridulatory
organs on tegmina and hind femora; auditory organs at
base of abdomen. Ovipositor shortecccccerceceieieiecanaenaes Acrididae
Antennae almost always longer than bcdy; tarsi may be
3 or 4 jointed; stridulatory organs on tegmina only; auditory
organs on fore tibiae. OVipoSItor loNg.ceceeseiececuceeniiiieenacacncnes 6

Tarsi 4-jointed; ovipositor ensiform .ccceevececeiecaiacnnne. Locustidae

Tarsi 3-jointed (rarely | or 2 jointed or wanting); ovipositor
usually cylindrical , needle-like..ccceeeuiaarannenn, Gryllidae (Mostly)

Saltatoria

The group 'Saltatoria' is now considered stricktly to represent

the order 'Orthoptera' and the Indian families may be represented
as follows:

Orthoptera
Subo'rders
Eusifera Caelifera
Superflamilies Superfamilies
Tettigonoidea  Grylloidea Acridoidea Tridactylidea
I |
Families Families Families Families

er\)

- Schizodactylidae I. Gryllotalpidae 1. Tetrigidae 1. Tridactylidae

Gryllacridae 2. Gryllidae 2. Eumastacidae
Tettigoniidae 3. Acrididae
Prophalangopsidae

Modern classification after Handirsch (1930)

(Limited to oriental families)

Antennac about as long or longer than body, many segmented,
tympanal organs, when present, on fore tibiae  +eeeveceeceennn,
............................................................... 2 (Suborder Ensifera)
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Antennae shorter, with less than 30 segments; tympanum

when present at base of abdomen eeeeereieeiiiiiiiiiiiiiiiiiiiiieee.
............................................................ 9 (Suborder Caelifera)
Tarsi 4 segmented, at least on middle and hind legseeeeeeeeeenn
.................................................... 3 (squamily Tettigonoidea)
Tarsi 3 segmented «eeeeeseeene<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>