Course code: ENT-302

Course title: Introductory Entomology

Credit hours: 3(2-1)

Course contents

THEORY Introduction; phylum Arthropoda and its classification; morphology, anatomy and
physiology of a typical insect, metamorphosis and its types; insect classification, salient

characters of insect orders; families of economic importance with examples of each family.

PRACTICALS Characters of classes of Arthropoda; collection and preservation of insects;
morphology and dissection of a typical insect (digestive, reproductive, excretory, nervous,
circulatory and tracheal systems); temporary mounts of different types of appendages of insects;

types of metamorphosis.

BOOKS RECOMMENDED 1. Ahmad, I. 2010. Hashriat —Insects. National Book
Foundation, Lahore 2. Awastheir, V.B. 2009. Introduction to General and Applied Entomology.
Scientific Publisher, Jodhpur, India. 3. Dhaliwal, G.S. 2007. An Outline of Entomology.
Kalyani Publishers, Ludhiana. 4. Elzinga, R.J. 2003. Fundamentals of Entomology. Prentice
Hall. 5. Lohar, M.K. 2001. Introductory Entomology. Discipline of Entomology, Sindh
Agriculture University Tandojam Sindh, Pakistan. 6. Richards, O.W. and Davies, R. G. 2004.
Imm‘s General Text-book of Entomology, Vol. I. and 1I, 10th Ed. Chapman & Hall, London,
N.Y. 7. Triplehorn, C.A. and Jhonson, N.F. 2005. Borror and DeLong‘s Introduction to the
study of Insects. Brooks Cole. 7th Ed. 8. Trigunayat, M.M. 2009. A Manual of PRACTICALS

Entomology. 2nd Edition Scientific Publisher (India) Judhupur.



ENT-605 Insecticides and their Application 3(2-1)

THEORY

Introduction; nomenclature, classification on the basis of mode of entry, chemical

nature, mode of action, toxicity and insecticides formulations; compatibility, physicochemical

properties, mode of action, residues of insecticides; hazards and safety

measures; functioning of various types of hand and power operated equipments for

insecticide application.

PRACTICALS

Computation, preparation and field application of different formulations of insecticides;

identification, classification, handling and maintenance of application equipments.

BOOKS RECOMMENDED

1. Dovener, R.A. Mueninghoff, J.C. and Volgar, G.C. 2002. Pesticides formulation and

delivery systems: meeting the challenges of the current crop protection industry.

ASTM, USA

2. Dodia, D.A. Petel, I.S. and Petal, G.M. 2008. Botanical Pesticides for Pest

Management. Scientific Publisher (India) Jodhpur.

3. Ishaaya, I. and Degheele, D. 1998. Insecticides with Novel Modes of Action:



Mechanism and Application. Norosa Publishing House, New Delhi.

4. Mathews G.A. 2002. Pesticide Application Methods. 4th Ed. Intercept. UK.

5. Otto, D. and Weber, B. 1991. Insecticides: Mechanism of Action and Resistance.

Intercept Ltd., U.K.

6. Roy, N.K. 2006. Chemistry of Pesticides. Asia Printograph Shahdara Delhi.

7. Saleem, M.A. 2004. Principles of Insect Toxicology. Vol.-I. Izhar sons Printers.

ENT-507 Insect Pests of Household, Man and Animals 3(2-1)

THEORY Introduction; identification, biology and control of different insect pests like ants,
termites, cockroaches, silver-fish, cricket, powder-post beetle, carpet beetle, cloth- moths,
psocids, lice, bed-bugs, fleas, mosquitoes, house flies, sand flies, stable flies, flesh flies, blow

flies, tsetse flies, black flies, midges etc.

PRATICALS Collection, identification, and demonstration of control of different household,

man and animal insect pests.

BOOKS RECOMMENDED 1. Aldridge, B. 2004. Medical Entomology. Text book of Public

Health and Veterinary Sciences. Chapman and Hall, London. 2. Agarual, S. 2009. Insect Pests



of Cereals and their Management. Oxford Book Co. India 3. Atwal, A.S. 2005. Agricultural

Pests of Southeast Asia and their Management. Kalyani Publishers, Ludhiana.

ENT-601 Integrated Pest Management 3(2-1)

THEORY Introduction; history and concept of Integrated Pest Management (IPM); economics
of pest management, population sampling, fluctuation and its measurement; different methods of
insect pest scouting and forecasting; losses caused by insect pests to different crops; methods of
pest management: cultural, physical, mechanical, legislative, chemical, biological, microbial,
biotechnological and genetical measures along with antimetabolites, feeding deterrents,

hormones and pheromones.



PRACTICALS Demonstration of cultural practices and different methods of pest scouting and
monitoring, nature and extent of damage; assessment of crop losses by different methods;
determination of economic threshold levels of 23 different crop pests; identification of important
bio-control agents; installation of light and pheromone traps; familiarity with radiation

techniques.

BOOKS RECOMMENDED 1. Atwal, A.S. and Bains, S.S. 2005. Agricultural Pests of South

East Asia and their Management. Kalyani Publishers, Ludhiana.

2. Awasthi, V.B. 2007. Agricultural Insect Pests and their Control. Scientific Publishers (India)

Jodhpur.

3. Binns, M.R. 2000. Sampling and Monitoring in Crop Protection. CABI Publishing Co.

4. Dent, D. 1996. Integrated Pest Management. Chapman & Hall, London.

5. Dhaliwal, G.S. and Arora, R. 2006. Integrated Pest Management. Kalyani Pub. Ludhiana.

6. Goodenough, J.L. and Mckineon, J.M. 1992. Basics of Insect Modelling. Amer. Soc. Agri.

Engineers, USA.

7. House, P. Stevens, |. and Jones, O. 1998. Insect Pheromones and their use in Pest

Management. Chapman and Hall, London.

8. Maredia, K.M. Dakouo, D. and Mota-Sanclez, D. 2003. Integrated Pest Management in the

Global Arena. CABI publishing UK.

9. Metcalf, R.L. and Luckmann, W.H, 1994. Introduction to Insect Pest Management. 3rd Ed.

Intercept Ltd. U.K.



10. Pedigo, L.P. 2007. Entomology and Pest Management. 5thEd. Prentice Hall, Intl. Limited,

London.

11. Subba, R.N.S. Balagopalan, C. and Ramakrishna, S.V. (Eds) 1992, New Trends in

Biotechnology. Oxford and IBH Publishing Co. Pvt. Ltd. New Delhi.

12. Upadhyay, R. K. Mukerji, K. G. Chamola, B. P. and Dubly, O. P. 1998. Integrated Pest and

Disease Management. A.P.H. Publ. Co., New Delhi.

13. Verma,L.R. Verma, A.K. and Gantam, D.C. 2004. Pest Management in Horticultural Crops

(Principles & Practices). Asiatech Publishers Inc.



PHYLUM ARTHROPODA

All living organisms are divided into five major groups or kingdoms, ViZ.
Monera, Trls_ta. Fungi, Plantae and Animalia. The kingdom Animaha like olhc;'
kingdoms is further divided into several groups or phyla (sing. phylum), each phylum
nto many classes, each class into many orders, each order into many families, each
farmly into many genera (sing. genus) and each genus into a number of species (sing.
also species) There are also some intermediate categories, which are omitted at this
level. These categories or taxa (sing. taxon) can be represented as below:

Kingdom
Phylum
Class
Order
Family
Genus
Species

CHARACTERS OF PHYLUM ARTHROPODA

The animals belonging to this largest phylum have jointed legs among all the
invertebrates. They differ in structure but have the following important cOmMmon

characters:
1. Segmented body: The body is made up of a number of joints or segments.
These segments are broadly grouped into two or three regions.

7. Sclerotised exoskeleton: They have a hardened outer covering of the body.

3. Paired jointed appendages: Some or all body segments of its members have
outgrowths (e.g. antennae and legs) which are in pairs and made up of joints or pieces.

4. Bilateral symmetry: The right and left sides of the body have normally

similar structures.

5. Body cavity: The body cavity is called h
haemolymph or blood.

6. Divisior of gut: The alimen
mid gut and hind gut.

7. Dorsal blood ve
of the body just beneath the

anterior aorta. |
8. Ventral nervous system: The central nervous system (except br

the lower part of the body just inner to the body covering.

aemocoel as it is filled with
tary canal or food tract is divided into fore gut,

ssel: The narrow tube-like dorsal vessel lies in the upper part
body covering. It consists of a posterior heart and an

ain) lies in
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jes: The muscles of the body are mlimos) entge by
Iermste light and dark srens o bandy

. Striated musc :

fime h:;sthud-hu fibres, ench having @
CLASSIFICATION OF PHYLUM ARTHROPODA
I h“ M Clmiﬁdd dlfﬁ:fcn‘lly hy "li”l’.lltnl --mlhl. u

The ﬂ“ classes of the llVlﬂ“ lnhﬂjpt;t]; are us follows ™ b

the mayor and widely accepted

Class Ony hora (Fig. 1A): Itincludes Peripatus, etc The body i, 4 ¥
m" Wﬂ:l’:?n;smﬁﬂl‘cd and differentiated into head and trunk n:_ ';u'“"
contams a pair of short, thick, ringed antennac, a pair of mimple eyes, a pair o r:.
papillac and a circular mouth below The trunk bears at least 15 pairs of sturmipy I"_‘?::
The respiration is through tracheae. b

2. Class Chilopoda (Fig. 1B): It includes centipedes or hundred eyped o,
The body is long, flattened and divided into head and trunk. The head bears o,
long antennae and usually two clusters of simple eyes. The trunk carnes a par of legs
on each segment, the first pair modified as poison-claws, They respire throyy
tracheae.
3. Class Diplopoda (Fig. 1C): It includes milhpedes or thousand lepyes
worms. The body 1s long, cylindrical and divided into, head and trunk. The heg
contains a pair of short antennae and usually two clusters of simple eyes The 1y,
bears two pairs of legs on each segment except the first four (of which It 15 withey
and 2-4 each with a pair of legs). The respiration is through tracheae
B <4 4. Class Symphyla (Fig. 2A): It includes symphylans. These are very ol
arthropods in which the body 1s divided into head and trunk. The head bears a pair o
long antennae and no eyes. The trunk has 12 pairs of legs and ends in a pair of oy
; cerci (sing. cercus). Tracheae are the respiratory organs.
~0 5. Class Pauropoda (Fig. 2B): It includes pauropods. These are minue
with body divided into head and trunk. The head bears a pair of 7-branched
antennze and no cyes. The trunk contains 9 pairs of legs. Tracheae are the respirator

organs.
Note: Previously, the classes 2-5 were collectively called Myriapoda.
l,n 6. Class Aracbuldaf(Fig, 2C, D); .lt includes scorpions, spiders, ticks and
s mites. Examine the following characters in a scorpion and a mite and note the
difference. The body is divided into cephalothorax (head + thorax) and abdomen (both
divisions fused into a single structure in a mite). The cephalothorax bears a pair of
very small chelicerae, a pair of pedipalpi (having pincers in scorpion), four paiy
walking legs, two to eight simple eyes and no antennac. The abdomen is I
ted and with a terminal sting (in scorpion) or short, unsegmented ang

segmen
with the cephalothorax (in mite). They respirc through book-lungs (i.e. g
external gills present on the base of ventral side of abdomen), tracheae or body y
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7. Class Crusta ' :
barnacles, etc. Exnminecf:c(?ﬁ. 33- B): It includes crayfish, crabs, prawns, lobsters,
il [Tt Suabaisthoms Ohowmg characters in a crayfish and a crab. The body is
AT TR hafdwca thorax (head + thorax) and abdomen. The cephalothorax 1s
¥ a hard carapace and bears two pairs of antennae (long antennae and short

ntennules), a pai
a e molhﬁcpdmirn?; strz:l‘k_cd compo_und eyes and five pairs of walking legs (the first
chelipeds having chelae or pincers at the end). The abdomen

carmes five pairs of swimmin '
g legs or swimmerets, a telson and uropods (ab '
crab). They breathe by means of gills or through body wall. N4 e

bugs, :;n(é:?]siisln;zit; (;ll_._l?_exa ?dﬂ) (Fig. 4): It includes insects (e.g. grasshoppers,
By divi deci B dles}‘; wasps and beetles). The body of an adult insect 1s
i et Protura')a , thorax am;l abdomen. The head contains a pair of antennae

e , usually a pair of compound eyes and mouthparts. The thorax
bears three pairs of legs and usually one or two pairs of wings. The abdomen carries

gcnerally a pair of cerci and genitalia. The respiration 1s through tracheae which open
out by means of spiracles.

- Note: The subjpct which deals with insects is called entomology. To define
insects as 6-legged animals seems unreliable because some mites (e.g. ber mite) have

also three pa.irs of legs in the adult stage. The adult females of most scale insects and
of the stylopids are altogether without legs.

Spme important characters of the above classes are tabulated below for a quick
comparison.

COMPARISON OF CHARACTERS OF DIFFERENT CLASSES

Class Body regions Antennae Legs (pairs) Nature of eyes Respiratory
(pairs) organs
Onychophora Head and trunk 1 15 or more Simple Tracheae
Chilopoda Head and trunk 1 1S or more Simple Tracheae
(one pair per  (sometimes
segment) absent)
Diplopoda Head and trunk 1 25 or more Simple Tracheae
(two pairs per  (someumes
segment absent)
except Ist
four)
Symphyla Head and trunk 1 12 Absent Tracheae
Pauropoda Head and trunk 1 9 Absent Tracheae
Arachnida Cephalothorax and  None 4 Simple (rarely ~ Book-lungs
abdomen (fused in absent) tracheae of
ticks and mites) hj)\l}' wall
Crustacea Cephalothorax and 2 5 or more Compound Gills or body
abdomen (often stalked) ~ wall
Insecta Head, thorax and 1 (absent in 3 Compound to Tracheae
abdomen order simple (rarely

Protura) absent)
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ESERVATION OF INSECTS

Ol LECTION AND PR
('Ol.LF(”TING

o .re. when and how to collect
v the question anises: where, e e
Where: The insects arc found 1n large

ollected from the following Jocations:
plant parts like root

Here naturall
number almost every where anq
an b,

s, stems, leaves, flowers, fruits, etc.

| On or within

) Inside or around human habitats feeding on food, clothing, furniture graip

and other matenals |
Vanous sources of artificial light during night.

4 Different aquatic habitats like ponds, streams, lakes,
5

Bodies of other insects, birds and animals including man.

ecaying materials of plant or animal origin.

~d

rivers, etc.

6. Rotting and d

7 Under stones, bark. logs, debris, litter, etc.

In soil up to a great depth.

o0

. When: The majority of insects hibernate in winter and become active from
carly spring to late fall, During this period, the best time to collect them is the summer.
the hibernating stages of insects during winter. The

It 15 also of great value to collect
diurnal species can be collected during the day time whereas the nocturnal species

. - "'___————-——_._.\_
should be collected during different months of the year.

How: There is a special equipment for collecting different types of msects. The
students will be demonstrated these collecting devices in the laboratory. But for
making a good collection of the insects, they will prepare their own devices according

to the following details:
1. Insect net: It is of two types:
(a) Aerial net (Fig. SA): It consists of a handle, a wire rim and a cloth-bag,

Tl_w woo_den handle should be light, strong and about a yard long. The stout metal nm
with a diameter of about 12 inches should permanently be attached to the end of the

handle. Thc‘muslin clothmubie the width of the metal ring (1.e_24
inches) and':s generally cone-shaped (tapering towards bottom), should be attached to
the metal ring. The §tudents can also construct a net whose’handle can easily be
:ihctaf:hcd t:;ort;lrf.msportmg purposes. After s?veeping through vegetation or swinging !

¢ insects, the net must be tumed over immediately for preventing the escape of

active insects.
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the length of bag 16 equal 1o gy Wit
bag with fine meshes. The net g ) 1
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Wl then Lifted up 1y, ply

I

() Dip nets 1he aquatic naects CAD
shallower (1.€

mal net bul 18 :
onger nylon cloth

' NN insects ar
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cmilar to the e
the motal nag) and has a ¥
dipped o W ater for collect
droam. it mouth % placed
sollecung the aquatic insects

5B)
| 14 finted with a cor

COREN

It consists of n glass vial, 8 mouthpiece tube 4y |
k or rubber stoppel having (wo holes Hl-ln
be 15 inserted, while i the ulll'u-r hole the intake lllln-l:,
fitted. The inner end of the mouth piece tube 15 cu'w:rcd with a sm'ulll piece of ‘““‘,h;‘
cloth to prevent the insects from being l_uckcd up 1nto the muulhl l. hff‘ device is o
useful for collecting small insects, especially for keeping them alive. The outer eng o
the imake tube 18 brought near the nsect and then 1118 sucked in from the outer end o
END

the mouthpiece tube
3. sifter (Fig. 5C): The best and gimple type of sifter is the Berlese’s funnel, |
consists of a tn funnel which 1s fitted on its inner side WIl}'I a screen of wire-gauze o B
| below and a light bulb above it. All thege

cloth. This funnel has a container of alcoho bt
| containing the minute inseets

are fitted in a wooden stand. The sample of litter or 501
s placed on the screen In the funnel. The light and heat of the bulb repel and foree

down the insects through the screen and they ultimately fall into the container where

they are killed.
4. Light trap (Fig. 5D): Ite

2. Aspirator (Fig

imtake ube. The glass vin
in one hole the mouthpiece (u

onsists of a tripod stand having a light bulb in itg

lop covenng. The lower side of the stand is fitted with a tin funnel which has a
contaier of alcohol below it A celluloid cone is placed around the bulb for deflecting
the insects into the funnel and ultimately into the container. As the light shines on all
sides except top and bottom, many insccts attracted to light can be collected with this

trap

KILLING

After Icoll_ccting. the insects are generally killed in a cyanide killing bottle
(Fig. 6A) which is prepared according to the following procedure:

Take a wide-mouthed glass jar or bottle. Put a thin layer of finely powdered
sndlumlor Som cyamldc ?t the bottom. On this layer, place an other half inch
layer of some porous material like dry plaster of Paris. On this layer, add still an other
half u:‘chi l?ycr (;f w;t plaster ﬁf Paris for holding the cyanide below. After this, leave I
uncorked for a few hours until it is completely set and dri e
a cork and finally label it as “POISON’, % ried. Now close it tightly wih

Note: Remove 118 YRERAEERIERAR ey oo killed because : jong.
exposure fo cyanice results in discolouration, especially in brilliantly coloured
specimens. Besides, the body appendages may become stiff and distorted }
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I'INNIN(-‘ AND MOUNTING

ould immediately be pinne d, otherwise (h,,
BTy

should not be wge Hly
my

nsects sh
[he common piis
ay

After killing, the Rl
. s hroken.
sarts on drying are likely to be o : i
:hc\ e short and thick and soon become rusty. I'0! flp PUTROIS RS il type of
( pins of cmumulngnml ping) are used, These pins ar avatlable | :..M'
- [Jut Hq.'|-]l.-|-11“y (WO Lypes of thes, Wy,
i i‘l||I

inble sizes.
used for
d on the san
g the specimen I'he pin should 4.,

iy,

sl
The mnsects for primng and gy,

I “|'u

!

pins (Insec
pioning the large and sl e

ding to thelr var
e height by leaving 1),
U

varncties accor

No. 16 and No, 20 are
All insects should be'mounte
hich* is sufficient for gri
igh the body of the msecl.
ded into the following Eroups.
pins No. 10 and the pinning patey, |

namely,
respectively
one-third of pin W
pass vertically throt
purposes can be divi

1. Large insects: They arc pinned with

as follows:
(a) True bugs are pinned through the centre of l‘hc_s_c_ulcll_u m (Fig. 7A)
¢ of the right elytron (Fig. 71%)

(b) Beetles and weevils through the bas
sronotal shield which 15 also calleg

(¢) Grasshoppers through the middle of the |

notalia (Fig. 7C).
(d) Almost all other nsects are pinned th
the fore wings (Fig. 7D, E).
2. Small insects: They are pin
as the above mentioned large insects. But t
fastened on the tips of specially prepared pieces
held in position by large pins (Fig. TE).
43 3. Minute insects: The insects which are too small to be pinned are either glued
}c]m th'e tips 'o‘f specially prc?parcc! card, celluloid or cardboard pieces which, in mr; o
eld in position by large pins (Fig. 7G) or they are mounted on mlcroscopg '.'slllfl.l." -

rough the thorax between the bases

ned with pins No. 20 in exactly the same manng
hese small pins having insccts are 1',-,,.'n
of cork or read-pith which, in tum, are

SETTING OR SPREADING

e g :

The size of the insect Eet ng, the wings are spread on a settin or spreading-board
boards with narrow gToovf:esm-lwwfl]11li?S :1}:6 bk o th? board needed. Small insects need
o il the ¢ large species need boards with wider grooves
insect can also be prepared. A geangoo: i be adjustad according to the size of Iht
aceteding to the folloH meas.'ureme;isrpose setting-board (Fig. 6B) can be preparce
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M 1L J y L
[ A hardwood bage 127« A7 )0
2 Two hardwood end preces 1727« 17wy

] 1] |2 b o 11
L Two softwood top preces 127« 110w
A

4 Two fat corkwood proces 12 x 1 4"« |72

The pinned nseet should be aceommodated in the BrOOve by insorting g, N
SO much so that thg whrm bases come at the level of the s face of the bo il oy '-hl"mi.‘
nbove (Iig. 6('), Now sproad the wings: To move the WIngs mto a desire PO
mike use of dissecting noedlos or pins. When the wings are in the desired POsItan, |,
parallel steips of butter paper over them, Then pin these SIAPR 10 the surface of th
board close to the wings but not through them. The antennae and abdomen are heiy
position by careful use of Pins as a support. The specimens should be 1 Moved frop
the board when they are completely dry.

LABELLING

The collected specimens must be labelled. There are two types of label
necording to the method of insect preservation.

L. Dry labels (Fig, 70): They are made from white stiff paper in rectangula

form, oach having n size of 1" « 172" and bearing on it the date of collection, localn
and the collootor's name. sometimes, the printed labels are also available. The label
are always helﬁ.undengcnth the inseat and should be at o uniform height on the piy

2, Wet labels; These labels are for the Specimens preserved in a fluid and e
prepared in exnctly the same way as described above. They are written either in hlack
India ink or in lead pencil and finally placed in the fluid,

STORING OR PRESERVING

FFor permanent study (he Insect must be Stored or preserved There are (v
methods of insect preservation.

L. Dry preservation: The pinned insects and those mounted on the speciali

prepared cardbonrd, cork or reed-pith pleces are arranged Systematically (order on
family wise) in lines in wooden boxes (collection boxes), which have g ork-shee

fitted at the bottom. The most commonly used box of this lYpe measures 18+ . 12
371t has also a tightly fitting hinged lid (Fig. 6D). S
The insects in these boxes are often attaoked by insect predators such

dormentid beetles, ants and booklice. To protect the collection from (hege ohemi o
place naphthalene balls in the boxes that will repel the predators. The .

. g an b
mounted on pins by heating the pin-head and then thrusting it into the ball Plage my .

G2
‘il
.



such balls in a box Paradichlorobenzene Kills the ingoot pesty vory elteutiy ely
fumigation when placed the boxes. Coopen powael or some other nsect Klling
powder can also Le dusted lightly for this purpose

2. Wet preservation: All sofi-bodied adults (may nes,
mosquitoes and midges), nunute inseots (springtals, doublotails, thups, whitethes
aphids, fleas and lice), larvae and nymphs of most {nsects are proseny ed i a fland The
most commonly used preserving flurds for adult and youny stages e 70RO per vent
ethyl alcohol and 2 per cent formalin. Frequently, @ few drops of glycenn
the former to have a good storage of the insects.

KAAQ_mthure (95 per cent cthyl alcohol 70-100 ml, kerosene 10 ml
glacial acetic acid = 20 ml and dioxane = 10 ml) has proy ed 10 be a saustacionr
prcscrvalive for almost all types of insect larvae. The insects (both youns and adult-q
which are preserved in fluids generally lose their colours Kahle's solution (08 per o
ethyl alcohol = 30 ml, formaldehyde = 12 ml, glacial acetic acid = 4 mliand water — ¢
ml) is also considered to be a good presery ative. especially for calours

qtonethes, ¢ addisthes,

mu :ld\\\‘d m
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s NYMPH

NYMPH

IR

NYMPH NYMPH can

ADULT

ADULT

A. AMETABOLA (SILVERFISH)  B. HEMIMETABOLA (GRASSHOPPER.

FIG. 8. INSECT METAMORPHOSIS
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qQC), stoneflies and dragonflies, in e ' .
ils. while the adults are aerial an;ﬁm ‘Ou\l

of mayflics (Fig. il

The aymphs ] w
] : - anc i
above differences, &7 .:q;lﬂ:]l:\c a different mode of life from the adyj, are“"h“m
- wil i ; > o - -
aills. Such nymphs ® = d possession of gills are of temporary and adaptjy, g
B . life and PO* bola. They have three |ife Stag Ay,
23
1 \'12

naiads. Thewr M“amalso come under hemimeta

Hence these insccts

(Fig. 9B), male scales apq th C

and adult.
cgg, nymph (naiad) and ad ” i
_ o oC 1ke ; :
Note: Some m-bm:amorphc’sl’s’ but actually they nenthf_:r fit into hemimfs s
of me their young are without wingg . 40k
Callgy Ef

mncluded in this type stars Of
S ccwsbals, The early M5 : »
nor imto bolometa ' dimentary wings and resemble with nyp

larvae. The later st
final mstar is pupa-like and known as pseudopua.
indirect or complete metamorphosis) (Fig. gy

om lex,
3. Holometabola (¢ as‘; through complex or marked changes to becom, adyj
s

Insects in which the young P y lex metamorphosi
: are said to be with complex rphosis, eg
and have a pupal stage These insects are either wi“g“;zths‘

butterflics. beetles, flies, bees, wasps, ©tc- .
s:cond;r?ly wingless. The winged 1nsects develop their wings intemally (i Iﬁ;
development starts within the thorax of the larva and then the wings are everteg ang
completed within the pupa) and are thus known as Endopterygota. The young js calleg

larva which is entirely different from the adult. There are four stages in their life iz

egg, larva, pupa and adult.

Note: Hypermetamorphosis 1s a type of complex metamorphosis in which 4
larval instars are not similar. That is, the shape of larva either goes on changing ip 4
the instars, e.g., blister beetle (Fig. 12) or the first instar is only different from t,
remaining instars which are similar, e.g., hymenopterous parasites. It may
mentioned here that in case of complex metmorphosis all larval instars are usually

similar.

3 Tht

TYPES OF EGGS

Some common types of eggs are as follows:
.l. Spherical (Fig. 10A): These are rounded eggs, e.g., lemon butterfly, citrus
leaf miner, hawk moth, gram cutworm and red cotton bug. ;
2. Oval (Fig. 10B): These are egg-like in shape (i ]
8g-1t pe (i.e. one side broadly and the
other narrowly rqunded), e.g., bean aphid, silverfish, rice bug, mango meal bﬁ maize
borer, red pumpkin beetl¢ and rice weevil. ’ Al

3. Conical (Fig. 10C): Th S : . _
o et armyworEnF,g ): These are conical in shape and with longitudinal ridges,

4. Elongate (Fig. 10D): These are
cotton jassid, fig borer, sand fly and bot fly elongate, e.g., house fly, ak grasshopper
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ABDOMINAL PROLEG™

£66 LARYVA
A. HOLOMETABOLA (SILKWORM)

PSEUDOPUPA ADULT
B. HEMIMETABOLA (WHITEFLY)

WING PAD —ac-~ ‘

-
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\---MEDIAN CAUDAL FILAMENT--/---~

NYMPH (NAIAD) ADULT

C. HEMIMETABOLA (MAYFLY)
FIG. 9. INSECT METAMORPHOSIS
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oF. F): These 8re with a pcﬁiccl or stalk, whic}, . _
- wings, MOst parasitic wasps and citryg b lﬁ be \

Fig. |
5. Stalked (K18 " lace

_ whiteflies, 8r¢ \

or long, €.g., Whi o 2y 10G, H): Thesle are \h.‘l‘h thread-1ike o4
6. Appendiculd trom the upper side. Their number varjes | S
g and sink bugs, " 4

s which come oY
i corpions (Ranatra 2

insects, €.g., waters
7. Sculptured (Fig- 101, J): These
malarial mosquito, spotted boll-worm, €&
gramineous borer. o0
. Elliptical (Fi _10K): These arc t®
ends, :gf:“f:srt:‘figls,( ngatal fr?lit fly (Ceratilis 8p-),
cushion scale.
rounded, flat and very thin like the -
g

9. Scale-like: These eggs arc -
ze borer, dark-headed rice borer and jelly moth.

TYPES OF LARVAE

are with various desigus or sculpiy
bbage butterfly, gram cater,||,, fing
dih! !

P,

gs which are equally roundeq
sesame webworm and on
Co

Mgy

fish, e.g., mai

Some common types of larvae arc as follows:
ligopod (Fig. 11A): It has an elongate and flyy,.

1. Campodeiform or 0
body, Tong thoracic legs and usually cerci on the end of abdomen, €.g . diving hey
rove beetles, caddisflies, nerve-winged insects and first instar larva of blister : 'f1"'

and stylopids.
2. Carabiform (Fig. 11B): This is a modified form of the campodeiform |,

It has flattened body, shorter legs and no cerci, ¢ -
i ¢ ] 1’ -g-, Crab or TOUu j:_! beetles
beetles, fireflies and second instar larva of blister beetles. .

3. Eruciform or polypod (Fig. 11C): The body 1
" ; : . y 18 cylindrical with b
thoracic and abdominal legs, e.g., butterflies, moths, scorpionﬂics'a;?] I 1“ _.}“\'th :
4. Scarabaeiform (Fig. 11D):*The body 1 indri
; 2 . i1s cyl S o
'us“{ﬂ‘)’ thoracic but no abdominal legs, e.g., :cara;yoi‘n?iz;al t;lnd (_”":‘lpclj 1
beetles, powder-post beetles, spider beetles and pulse beetles e
5. Elateriform (Fig. 11E): The body is thi :
thoracic legs, e.g,, click bectlesa;d darckli:::){)eliﬂchn’ elongate, cylindrical with sher
6. Platyform (Fig. 11F): Th .
e : ¢ The body is ve :
some syrphid flies, hump-backed flies, Platypezidrgli:smac:i it or no lopi. o
. /- Vermiform or apodous (Fig, ] i i
- : 1g. . ,
narrowing anteriorly and without legs, c.gg. trlu(:)f'].The body is cylindrical, elong®
; 1es, fleas and most parasitic wasps
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A. SPHERICAL

B. OVAL C. CONICAL D. ELONGATE
{LENON BUTTERFLY) (BEAN APHID) (BEET ARMYWORM) (HOUSE FLY)
€. STALKED F. STALKED G. WITH APPENDAGES H. WITH APPENDAGES
(WHITEFLY) ( GREEN LACEWING) (RANATRA)

(NEPA)

X\

15 SCULPTURED i SCUDTURED
{ MALARIAL MOSQU1TO)

K. ELLIPTICAL
(SPOTTED BOLL-WORM)

(EARWIG)

F1G.10. TYPES OF EGGS
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COMMON NAMES OF LARVAE

I. Caterpillar: The larvac of Lepidoptera (butterflies and moths)

Tcnthrt;dinidae (sawflies) and Mecoplera (scorpionflies) having both thoracic and
abdominal legs are called caterpillars. Most lepidopterous caterpillars have five pairs

of'abdomina! prolegs (more in sawflies and scorpionflies) on segments 3-6 and 10
(Fig. 11C). : -

) 23 Semil_ooper: Some caterpillars of Noctuidae (Lepidoptera) with only three
pairs of abdomlnal pro-legs on segments 5-6 and 10 are known as semiloopers. They
crawl by making half a circle of the abdomen.

' 3. Loopt?r: The caterpillars of Geometridae (Lepidoptera) bearing only two
pairs of abdolmmal prolegs on segments 6 and 10 have been named loopers. They
move by making a complete circle or loop of their abdomen.

4. Cutworm: The larvae belonging mostly to the genera Agrotis and Euxoa of

the family Nolctuidaf: (Lepidoptera) are called cutworms or surface caterpillars. They
are nocturnal in habits, i.e., they remain hidden under leaf-litter or in the soil near the

plants during day time and come out at soil surface at night. They cut the shoots or

" stems of the geedlings from the ground level and feed on them. They are very seriou
pests of certain crops and vegetables.

5. Armyworm: The larvae of the genera Mythimna and Spodoptera in the

family Noctuidae (Lepidoptera) are known as armyworms due to their habil
appearing in very large numbers on a crop. When their food becomes exhausted at

place, they march in gregarious swarms to find the fresh food plants at an other plac

They are usually sporadic pests which attack the cereals and many other crop

defoliate them.
6. Wireworm (Fig. 11E): The larvae of the family Elatendae (Coleoptera)
called wireworms because they are thin, elongate and cylindnical just like a wire

7. Maggot (Fig. 11G): The legless larvac of true fhes (Diptera)
(Siphonaptera) and parasitic wasps (Hymenoptera) are said to be maggots
8. Grub (Fig. 11D): The C-shaped larvae, morc specifically of the «

Coleoptera and Hymenoptera, are popularly known as grubs.
The first instar larvac of the blister beetles (Mel
to hypermetamorphos

9. Triungulin (Fig. 12): |
which are quite different from the remaining instars due

called triungulins. They are campodeiform, i.e., with long thoracic legs and
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FIG.12. HYPERMETAMORPHOSIS
(LARVAL INSTARS OF A BLISTER BEETLE)

A. OBTECT (BUTTERFLY) B. EXARATE (WASP) C. COARCTATE (HOUSE FLY)

F1G.13. TYPES OF PUPAE



MLOGY OF AK GRASSHOPPE 1y
g )Rp"()l.()(-\’ Ol g
EXTERNAL N:;w EKILOCERUS PICTUS)

INTEGUMENT

all of an insect s called imtegument |y, |

lled exoskeleton. It bends or prow, LN
gid processes, the apodeme, I'he

- Iy w
I'he outer covering Of Imcly[ g2
1 A s1de I8 ¢

wall having muscles on ity mnner hlttt. e

) ocavily {ifferent points 10 | g . iy |

body cavity "Ii eIt | ]\-I-Iulnll ['here are many outgrowths of the body wy "
ollectively make an endoske :

collectively ik

as antennae, legs, wings, etc.) thh‘ u:,:c selerites. These are sep
a number of hardened areas or plates, of flsion of two seley;.

; .« ranresenting the line
called sulci (sing. sulcus). The grooves rtl"’cf‘:‘)“"”-"‘
are still known as sutures (e.g. epicranial suture). o |
. - y (TS e — uticle, epil
The integument (Fig. 13A) consists of three main layers, viz., cuticle, epiden,,

(! ll]]]‘)lflll'I“H”'!' ‘hl' lI(N!}/ wall NN of
iranted II‘,—‘ (BT Hrooy,

and basement membrane. . |
ich is secreted by the epid
1. Cuticle: It is the outer non-cellular layer, which 1s secreted by the op | Fnal

e y 1 olastic ater on 1t becomq

cells below it. When newly formed it is (lexible and elastic, Imll. late zh e .;.;1
- - [ ¥ . Tal KN » SC¢C iy WAy [
generally hard through the process of sclerotization, lt' protects l]IL i-m-T | ”t | ey
loss, penetration of insecticides and provides ground for the attachment of mu /o |

is further divided into the following three layers.

(1) Epicuticle: It is the outermost non-chitinous and very thin layer, which 15 |
4 um in thickness. In some insects this further comprises the cement, wax, polypheng
and cuticulin layers.

(b) Exocuticle: It is the middle much thicker layer, which is hard, pigme.
and darker and consists mostly of chitin and protein.

(¢) Endocuticle: It is the innermost thickest layer, which is soft and flexihl
and also contains chitin and protein. This layer is made up of fine horizontal lamella
or stratified layers deposited by the epidermal cells.

The exocuticle and endocuticle together make up the procuticle (up to 200 Jii
thick), which is traversed by the vertical lines called pore canals,

2. Epidermis: Below the cuticle. there s a single layer of cells which is know
as epidermis or hypodermis. Among the normal cells of epidermis are some modifi
or specialized cells for performing different functions. Of these, (he tnchogen a
tormogen cells participate in the formation of setae or hair, while (he glandular ce|
throw their secretions through their ducts on the surface of cuticle, For forming a ge
a single trichogen cell becomes greatly enlarged. Another adjoining cell or tormg en
also enlarged to form a cup-like socket or pit and an articular membrane of the I?mr

its hase.
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is a very thin (up to 0.5 pm thick) non.ce |
) cellyg,

3. Basement membrane: It | |
laver lying beneath the epidermis. The f:pldcrm:ll cells stand on 1t. It appears ¢, "
. granular under the electran microscope. :
surface of cuticle bears @ number of fixed processes. sucy,
ed hair, tubercles, etc., and movable appendages. in '!'-1’““..,['
like setae and spurs.

amorphous
The external
spines, horns, minute fix
to the segmental appendages,
DPIVISION OF BODY
The body consists of a series of joints or segments which are grouped into thye,
head. thorax and abdomen.

regions or tagmata (sing. tagma), ViZ.,
/ HEAD
L

This is the first region of the body. If you press the head from top, 1t clear|
becomes demarcated from the thorax. The hard outer covering of the head 1s the hey
capsule. This type of head having the mouthparts (sec their types under INSEC]
APPENDAGES) on its lower side and projecting downward is called hypognathou
Compare this type of head with that of a beetle and a bug. In a beetle the head |
prognafrhous type in which the mouthparts are on the front side and project forward |
a bug it is of opisthognathous or opisthorhynchous type with the mouthparts on
lower side in the form of a proboscis projecting backward. The head is made up ol (
segments, fused together to form a box-like structure, the cranium.

First of all examine the front side of head (Fig. 14A). Its upper half is the
It has a medlan longitudinal furrow, the frontal furrow which bears a tiny mcdias
ocellus (mmple eye) in it. Note an ocellus has a single lens. On upper onc-nl{lrd .
frons, there is a grooved high ridge, the frontal costa. The groove of the frontal e
merges.bclow into that of the frontal furrow. On the sides of the frontal co rh
_depressmns, the antennal sockets. From each socket anses a thread-like ante =y
its parts and. types under INSECT APPENDAGES). On the margin fdfn Lfmd |
sockt‘et, just inner to the anterior end of a compound eye, lies a gl't - I dn\ i
ocelli). Below the frons is an other somewhat raised S‘cl- gy e Seniiom (
separated from the frons by a transverse frontoclypeal Wi the clypeus. It
clypcfus is partially divided by a trans sulcus (only cleZ?frorr?;ig?lst.omal sulcus. Th
anterior narrow part 1s the anteclypeus while the posteri es) into two parts. T!
plostcl ypeus. Below the clypeus is an other sclerite, the Elbilf!']:();t ibsmader pgn R
clypeus by a transverse clypeola ) : ; Scparated from th

ypeolabral sulcus. On each side of clypeus and labrum 11

grooved outer surface of the mandible 1s visible. S !

: _ | . See the mandibl ‘

labrum with your dissecting needle. Also note the segmented mzxt:ﬁal:;llngdu‘p F
and lab,

palpi (sing. palpus) on the sides of the mouth.




ANTENNAL Sockey

===~ FRONTAL COSTA
ANTENNA < en -

—===-CONPOUND EYE
MEDIAN DCELLUS---.

FRONTOGENAL SULCUS--. . .

-
s FRONS

FRONTOCLYPEAL SULCy§--.. . T T TFRONTAL FuRAGY

SUBGENAL SULCys.. . ro==r-GENA A
CLTPENS
SUBGENA-..... ,. -

POSTCLYPEUS Pl aneILLE
. & bl CLYPEOLABRAL SULCYS
TRANS SULCUS~-.—* s
--------- LABRUMK
ANTECLYPEYS - _,
' SRR MAXILLARY PALPUS
TR LABIUM

CTTe—CLABIAL PALPUS

A. FRONTAL VIEW

s LATERAL DCELLUS
ANTENNA-—-=ET =) 1
FASTIGIAL FURROM

~0CC1PYT
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| (rom the laternl side (Flg. 1418) On s upper gy,

) 1 - .hll J”' N |I|t l Tae !
f . 11 l’l ”l“”““ lilh]' '“ .ﬂ””l I
l“""‘”“nll r-_\[' W I”lh l']”hi [4 ' . I Il]’ # : !“I
l"”-‘l II”'”'HII \%l“l 'l I " ” 'l il i | i"

(he whole side below and belind the cormpog . |
| from the (rons by o longitudimal fromoge,

i of the amtannal wker
the subype I |

Now examine the head

L

large ©
fucet 18 a transparent bieonves
image. The large sclente forming

is the gena (pl. genae). 1018 separafe _
[t descends rom the posierior mat
senn 18 o small sclerit

subocular sulcus
anterior to the compound eye. Helow the |
separated from the gena by i subgenal sulens

il hll'l' ll Y l’lf ) | lye ennbane UPPer surf,

Now examine the head from the dor : 1
I8 Civided Hnr

of the head capsule from the frons (o the thorax v the epicranium I
two epicrantal plates by a medinn longitudinal eedysinl cleavage hin
suture. The anterior constricted part of the epicrunium between the fron

Fhe anterior part of

Or lj“"'lnl-t_

e i

CON ey

imaginary line between the compound eyes 15 the verlex
vertex is the fustigium which s divided by a fastigial furrow 1
anteriorly with the furrow of the frontal costa

Finally remove the head carefully so that the head or thorax 15 not dariaged o),
the end of the epicranium is a narrow semicireular selerite which also extends o,
The upper part of this sclerite just behind the epicranium is the occiput (Fag 1415 14,
sides of this sclenite behind the genae (cheeks) are ealled postgenac. The oceipn
separated from the cpicranium by a semicireular occipital suleus. It also “cparate 1,
genaand postgena. On the back side of the head is a large opening, the f(or.,
magnum or oceipital foramen, Also note the cervical membrane (neck) which conne.

the head with prothorax.,

I

THORAX

This is the second division of the body. If you see it from below
broad and thus clearly distinguished from the abdomen The thorax i fl el
segments: prothorax, mesothorax and metathorax. Each of (hese se e
of Icgs on the lower side. The mesothorax and metathorax cach | gmgnts e pe
of wings on‘thc upper side, The mesothorax and metathorax R i # pu
mgcthcr o form a single structure, the pterothorax (the nrtm:‘ R s fuscd
wings). Each thoracic segment has four sides: the uppef orfi i ic ;thurnx pparing
tergum ('pl. nota or terga), the lower or ventral side 1 the ste et (o the sotum »
lateral s:dc i1 the pleuron (pl. pleura). Generally the prcﬁ;mum (P stema) and cac)
used for indicating a sclerite or a leg on the prothorax m(::s o0 and meta ar
» Mesothorax ang metathor )

respectively.
A. Prothorax: Press (he '
Xt Press prothorax and see that it js
1 A _ ) not : -
rest of.thu, thorax. Remove it alongwith the first pair of legs. th ey Jted with the
tollowing: 8% fhe prolegs, ang Study 1l
j



I. Pronotum '

B bt dml(ll‘t:'“ \l :‘;\::”Ij W lrpe saddle ke stracture which s presenm
pnﬂlltﬂ'l“-; The pars Covering ”tn_\\.l:::_:u I rn\mi-l. ”;LIII”IN: _-;nil I :n'. sides u‘I |'|u_1

denovly o lorm r JUes are calles ateral lobes 15 producon
:::::'i the l:\l]t‘l .\I:l:‘ ‘t‘llillnl‘;;ll‘ l:ll\ll .‘“|“‘Ih”“- the notalin which l1\t'l|-|i"' U ""I'J" dightly
I‘mnoml furrows and aery h,u,nl Wrax entirely. The pronotum has three transy e
B Mo last furres 1,'. .lk rather an il defined longitudinal vidpe, the median
ca ®mare promment and bent forward from its mid-dorsal line 1o

form the tergal noteh
. Propleuron (1

sclct'ilczil\ ﬁ‘l"lill l\ll:l::' tlil\‘:\lmls::-nntl|l ]lt‘. n;'l" vistble part 1s an anternor small trangula
the lateral lobe. It is called proen '“_‘“‘ "“”\\‘ the anterior part of the lower margin ol
ronotum with the help of ¢ |l“. JPISternum, Remove the overlapping lateral lobes of
s ohely above tl P ot ablade and note a smalley postenor sclerite ol proepumeron
slightly above the leg base and just posterior to the former sclerite These sclerites ar
sepamtcd by a well-defined propleural sulcus

dt‘-*eplyJS.LI::O:;E:‘,:;::]:L:;;g\-\ illi:(‘): l.l s between the bases of the front legs and mor
: : Wi ks meso-and metasternum. It is roughly rectangular and
divided into three sclerites. The anterior one 1s the narrow sclerite of presternum s
followed by the _h:‘ondcr basisternum which bears a stout peg-like prosternal process
These two Sdcn!cs are separated by a presternal sulcus l‘ln: last 1s the shield-like
spinasternum which has a narrow longitudinal spinal pit in the centre It is separated
from the basisternum by a transverse profurcal sulcus which lies just posterior o th
rosternal process. At the ends of this sulcus are two pits. the .u,'mPh_\ seal or furcal pis
Each pit located on the side of the prosternal process lies in an obhique fashion. On th

lateral and posterior sides of the spinasternum is an intersegmental membrane
are more or less welded

B. Pterothorax: The mesothorax and metathorax -
Kk

together to form the pterothorax. After the removal of the prothorax, it foo
strong box.

Note that the anterior pair of wings anses from the mesothorax and
posterior pair from the metathorax. The wings are articulated by a very complical
system of small sclerites which are beyond the scope of this introductory course [h
fore wings are narrow and slightly thickened to form tegmina w hich function ma
for the protection of hind wings. The hind wings are thin, membranous and folded 1l
a fan under the fore wings when the insect is at rest. They are the mam organs of 1
(see the structure, types, elc. of wings under INSECT APPENDAGES)

\

-

On each side of the thorax there are two small nearly oval breathing por
ind

The anterior one is situated the membrance between the prothora
18! | L

spiracles.
be of the pronotum and 1s called the =

mesothorax. It is covered by the lateral lo

of the mesothorax. The posterior one is situated between the mesothorax and
metathorax slightly posterior to and above the base of the middle leg. It 1s called the
spiracle of the metathorax. The insect respires through the spiracles






b

The legs of the mesothorax -
X are called mesolegs and those of the metathorsx s
IR e bt and typs of legs under INSECT APPENOAGE . 3

Now carry the wi .
i Goparateiy, Wings on sides and study the sclentes and sulci of the wo

(a) Mesothorax: Study the main sclentes and sulci of the follow ng sides

l_' ano,t“m (Fig. 16A): On detaching the prothorax. a large membranc |
mat the ameﬂm‘-end of the mesonotum, It s followed by a broadly V-shaped
mtmsegmental S(:lenle? the acrotergite (precosta). It is limited posteriorly by
anl:wosml fUlCUS- Behind the acrotergite is the largest somewhat raised sclers
scutum which appears to be divided into two parts. On the sides of its antenor part
mdepressed and nearly triangular areas which collectively form the prescutum Fac!
part of ﬂ?e' Prescutum is separated from the scutum by a prescutal sulcus. Posten
scutum IS an elevated, median and backwardly directed triangular sclerite
scutellum. On its sides are two small oval arcas which are considered to be the part
scutum. At the end of mesonotum IS a transverse membranous fold which by »
morphologists is considered 1o be the part of scutellum

2. Mesopleuron (Fig. 16B): It consists of rwo large sclerites between the |
of mesoleg and fore wing. The anterior sclerite 15 called the mesoc prsicrnumn
posterior is the mesoepimeron. They are scparated by the mesopleura
ocated at the level of middle of coxa The mesopleuron 15 separated anter
the propleuron by a very clear interpleural sulcus which contains a spera
lower end. The mesopleuron is also separated posteniorly from the metaplcuro
well-defined interpleural sulcus which also contains a spiracle oa its lower ¢

3. Mesosternum (Fig. 16C): At its anterior end is 2 narrow transy or
the presternum. It is followed by the large basisternum. These tw:
eparated by the presternal sulcus. The basisternum 1s limited posterior .
broader groove, the mesofurcal sulcus which has three pits in . The laters
oblique, elongated and called apophysecal pits. The middle one 15 the ol
represents the rudimentary spinastermum. The basisternum s extended 1ot o

des to form large mesosternal lobes whieh represent the stemellum 1ho -
separated by the mesosternal interspace. This space accommodates - &

&lpmlongauon of the metasternum.

-y

™

-..::au'i (b) Metathorax: Study the main sclenites and sulei of the following <o
.ﬁ;%-:f 1. Metanotum (Fig. 16A): It has the same sclentes and sulcr a0 mewmon

o

1 that of the mesonotum and almost entirely overlapped by the oo o
sranous fold of the mesonotum. The two tmangular areas of the proc oo

1 OAFTOWN €1
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2. Metapleuron (| '8 16B): It is simil
ke : sinilar in s 16 mesopleun .
B . e structure to the mesopleuron. It has

15 the metaepister s the sHOF one
the Metacpimeron. These gre il A ¢ llmLu pisternum while the posterior one 15
- I&col'cum. S8 By the metapleural sulcus lying at the level of

A Metasternum (1 s
of BRI whoee l" e | 16C): 1t 1s broader than mesosternum. It largely consists
bas SCoantenior broad prolongation is fitted into the mesosternal

m“'_""‘ cn:llmn;:on:m\:ll?:fhm:l]:z 3l-\' .Ilnllu.m ::.d_ by a small ll'cclux'qguiar sclerite, the

disappearcd. The basisternum 'ulp'lm~d l_‘”f illlltl IS corresponding internal process have

B 0 widely on (‘. .\pm.nfcnuuln are h.L‘pill'illl.‘ti by the ‘n“u-:mll||'cul sulcus

_ Y Separated apophyseal Pits on its lateral ends. The spmasternum

- sepamted‘ from the firs abdominal sternum by the antecostal sulcus. The
basisternum 1s extended back from the sides to form smaller metasternal lobes which
together fonp the sternellum. These lobes arc separated by a large gap which is called
metasternal interspace. This Space accommodates the anterior median prolongation of
the first abdominal sternum.

ABDOMEN

This is the third and last division of (he insect body. It 1s long, narrow and
consists of eleven segments (Fig. 17A). Some of its posterior segments are so modified
for mating and oviposition that they do not look like segments. Each segment 15
divided into two parts: the large dorsal part which also covers the sides is the tergum
and the smaller ventral part is the sternum. These two are separated by a longitudinal
sulcus which represents the greatly reduced lateral arca (pleuron). The first abdorminal
segment is the largest one. It looks like a part of the thorax than of the abdomen and 15
intimately fused with the thorax. Its sternum (Fig. 16C) is very broad with its anterior
median prolongation fitted into the metasternal interspace. On its each side just above
the hind coxa i1s 2 white membrane, stretched across an oval cavity, which 1s called
tympanum or outer membrane of the ear. Note a nearly circular spiracle in front of the
tympanum. Segments two to eight are similar, each having a tiny spiracle at the lower
anterior angle of its tergum on each side. The 9th and 10th terga, especially the former
in the male (Fig. 17B), are narrow in both sexes. They are partially fused because the
sulcus between them is obsolete on the lower side. The 11th tergum is represented by a
h‘iéﬁgular plate above the anal opening which 1s called epiproct or supra-anal plate. On
the sides and slightly concealed under the epiproct are two lateral plates, the paraprocts
or podical plates. They represent the 11th sternum. On each paraproct s a conical

process, the cercus (pl. cerci). It comes out from a membrane on the posterior margin
of the 10th tergum. It is very small in the female as compared with that of the male
The last visible sternum is 8th in the female and 9th in the male (Fig. 17A. B). In both



L will be discu ad below u |

ygenital plate % hicl

the sexes 1t s called o sul

external genitalia
Fateraal genltnlia
s very larpe and produce o hack fol

I Female: The subgenital plate )
puin (g [7A). I8 posienor Inargmn e
( geen from ventral side) |

aternl labes (1
af the venal

the lomits of 1s '-l”ll'.‘nllt”llll”}' [t
d hetween the hast

O ONS valled CER ’_"Nll'l and two J
gurde 18 lll.lnyui.ll (8] Lllllltdl .-md wvd;.fr

a dorsal pair and 4 yentral pair of

the oy l;\n\llnr
Ihe dorsal and v niral pan

'he ovipositor (Fig. 17C) consists of
with their tips directed in opposite directions
can be spread apart and brought together

oviposition. Push apart the dorsal and ventral pan
needle and note a small mner pair of valves or the forked organ «

them. The inner valves and the egg-guide are used for placing the eg

2. Male; The subgenttal plate (Fig. 1713) 15 a large boat ke structure |
2 nital o 2an

|
]

(hese are used as diggimg o
s of valves with your 4
oncealed by

28 In the ¢

#

the gemital chamber on its upper side which conceals the male
I " 4 .
copulatory or genital organs are collectively known as illfl](_’,fjp_u' o l"]“’”"

I'he ror ¢ o
¢ ]‘ll}‘tll.lltll end of the subgenital plate which meurves into the genital chamb

cover the . . e : ; g >

2 ¢ n;; of the phallic complex is called pallium. Expose the phallic complo, 1,
'Pressi - terior @ ’ : y
I ng the posterior end of the subgenital plate with a dissecting needle and iy o

u : P
out. It consists of two parts, [IIM and the epiphallus.
The aedeapus (Fi
acdeagus (Fig. 17D) 15 nearly flask-shaped, strongly sclerotised .4

wrapped (except 1 i
rcmflt'u :lﬁ:t;tll:l)lrlxrt)l:l:‘ d‘.l,hwk membranous sac, the ectophallic membran.
basal valves which Ill't;(: (.(()) Mlt,[h,c p‘j.ﬂs clearly. The acdeagus consists of a pair of |
el sc. % r:n;;:cd Mlh lwo lm?g, narrow and curved apical lohe
il Th-,'s!jd:nm- Dy 8 narrow st which leads into a large cavit
g ek .L‘untzuns penis between two penal valves. There i« - f

1¢ junction of the basal valves and apical lobes. Alse :L“- IIh .ll -

g . ) BCC e laleral

view of the aedeagus (Fig, 17E),
I'he epiphallus (I ™
§ g. 17F) is a collar-)ike :
which 1s prese ) : ke or bridge-s alons
muphulhf ;::Lnti on the dorsal side of the aedeagus g“ i:ﬂpﬁd FReERed struotur
which are u:on::: TITJL‘, with which 1t is attached |y Consists nf;;,i s> omoved along h
hookelike nomrirce subsbasally by a bridge. They glag 0 ong lateral sclerc
contams lwr: lat 'or projections which slightly  projegy e (WO small triangu
5 wo lateral appendices which are also ¢ j'c Outwards, The eninkall.
connected at their hyge R
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INSECT APPENDAGES
These outgrowths of the body wall which are movable and Connegy,
wh bv-a ::-n::lnc Th: lpp(:.'ndagcs of head, thorax and abdomen in d'“t:;::
- .
msccts are given below
APPENDAGES OF HEAD

These compnise the antennae and mouthparts. It may be noted that according (,
the defimmon of appendages, the eyes are excluded from them.

ANTENNAE

They are a pair of jointed, primarily sensory appendages which arc locateq
S. They

between or below the compound eyes on the head. They are also called feeler
arc absent in the insects of the order Protura.
parts, viz., scape, pedice

(a) Parts of antenna: Each antenna consists of three
ment of the antenna, | j

and flagellum (Fig. 18B). The scape is the first or basal seg
usually longer and thicker than the following segment. The pedicel is the second

segment which is generally small. All the remaining segments are usually similar apg
together called the flagellum. The latter is further divided into ring segments (very

only the shape of the flagellar segments.
(b) Types of antennae: The important types of antennace are as follows:
1. Setaceous (bristle-like) (18A): The segments of fla
: : : gellum gradually taper or
;mw tom.rds apex like a hair, e.g., dragonflies, damselflies, stoneflies, silverfish ang
2. Filiform (thread-like) (18B): The se '

o 41 : gments of f] _
cylindrical and of the same thickness like a thread, e.g., ak gra:sg}?:,lum a]rc almos(;
cotton bug, earwigs, psocids and shield bugs. i cUst, o

3. Moniliform (bead-like) (Fig. 18C): The se |
. Ig. : gments of flagel] : .
bl:.t f:luhr like a bead, e.g., termites, doubletails, beadeq Iacca“g’ieilum i, V0 &
es. g8 and wrink|ed

4. Serrate or dentate (saw-like or tooth-like) (F;

* ’ = e) Fl - - '
(ﬁlcﬂlnm have short triangular or tooth-like Projections t(m iml 83). The segments o
dhora) and most click beetles, ?14¢, e.g., pulse beetles
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The segments of flagellum have =

- ig. 18E): | :
& Poulinats (et e (: lsgidc like the teeth of a comb, €.8., _Card?nal beetle
g enna is called bipectinate, e

: iections O
slender and stiff projections both sides, the ant
* h On Ot Sl L] . .
When these imjc;ltlz::sd ::;ths, some noctuid moths and sphingid moths.
silkworm moth, sa hairy) (Fig. 18F): The segments of

feather-like or dcngcly e
fagell : ;I:c'::l::‘:hé distal ones) have thick whorls of long hair on them, e g Male
agellum

mosquitoes. | il
7. Pilose (sparsely hairy) (Fig. ISG)T (.the f-.

| distal ones) have very thin whorls of short hair on 2
The segments of flagellum gradug)),

Javate (club-shaped) (Fig. 18H): L) \
bmade: .toc\:::das ‘;pfsx, e:g, Euttcrﬂies, antlions, trogossitid beetles and some darkjing
beetles. _

9, Capitate (knob-like or head-like) (Fig. 18I): One or a few terminal segmeny
ickened to form a head-like structure, €.g., red flour beetle

of flagellum are suddenly th S sStruc
beetles and amblyceran biting lice.

powderpost beetles, nitidulid
10. Lamellate (Leaf-like) (Fig. 18J): The terminal segments of flagellum are

expanded into long, broad, leaf-like plates on one side, e.g., rutelid beetles, rhinoceros

nents of flagellum (except 1,
e.g., female mosquitoes.

beetles and dungrollers.

11. Flabellate (tongue-like): It has some resemblance to the lamellate antenna
But in this type one or more segments of flagellum are produced into long, thick

1

tongue-like processes slightly broadening towards apices, e.g., male stylopids
sandalid beetles.

12. Geniculate (elbow-like) (Fig. 18K): In this antenna the scape 15 very long
and forms a sharp bend with the remaining segments like a flexed arm. e g, w-ccwlx
honeybees, chalcid wasps and stag beetles.
| 13. Aristate (arista-like) (Fig. 18L): The scape is very small while the pedice
is large and triangular. The first scgment of flagellum is greatly enlarged, w B s
remaiming segments are modrfied into a large hairy bristle. the arista whit:*h 1S 1: . hed
to the first segment on the d f it a; ey gy

g n the dorsum of its base, e.g., house flies. fruit flies, syrphid flies

e

ele.

14. Stylate (styliform or setiform) (Fig. [8M):
unsegmented, terminal hair, e.g., mango hoppers (lea f)h‘o;)r;:rsf)]agfllum forms a long
robber flies, delphacid bugs and mayflies. » Planthoppers, cicada

I5. Ensiform (sword-like) (Fig. 18N): Th
flattened and gradually taper towards apex like a“-l e:egglents of flagellum are th:
grasshoppers (Acrida sp.). ab-blade or SWord, eg., gree
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pnlrutl and strongly scl.,,.
- ]

hese
I 1cC ol cach mandible has b
C ’ }
|

| he biting surf
ited and the latter are blunt

uctures lymng below the mang,,
ke out the entire lobe CONSIstin,
Each maxilla consq J Py

¢ all,
Mandibles (F1g [OH ): are B
structures lying below the l.'llhmrn by
mcisor and molar teeth [he former 4re p
[hese are paired str
les. Ta
lissecting needle.
yaracteristic, longitudinally g, °
1l

19]): .
bium on 115 8¢

Ihey are fused with the la e
labium and maxillae with the help of Yo g
«mall basal sclerite, the cardo. II. has on 1t a la gd. e e
the stipes which contains 2.segmented maxille y palf palpife
are fused and not differentiated.

etween the maxillac and closes the
main parts, ViZ., submentum, mentum 4,

pair of widely scparated triang,,
|H . ind

Maxillae (F1p

sclente,
I “-‘l!

galea and lacima

Labium (Fig. 191): It 1s present b
from the lower side. It consists of three
prementum. The submentum comprises
submental sclerites present at the base of the maxillac. The mentum is ver)
tween (wo stipites. It is separated from the prementum by a W-sha

and carries a median process, the spinnerct of
lossae. On the sid

present be
suleus. The prementum is large
side. It is formed from the fusion of glossae and parag

spinnerel are two very small labial palpi, cach consistuing of 2 scgments

Hypopharynx (Fig. 191): After removing the labrum and man
hypopharynx becomes visible 1t is a median pad-like Tobe which s attac
base of the labium in the mouth cavity. There are two lobes on 1ts sides
called superlinguae. Also note the hypopharyngeal apodemes

N II. Piercing-sucking type: e.g. red cotton bug (Dysdercus koenigic) (]
IA)‘ ['he 111()11tl1pqrts are greatly modified and visible only in the form of a long
Im.ll'\.m proboscis. The proboscis comes out from the front of the triangulas
‘_:Lhndh duwnw;u'ds ‘zlnd backwards and thus lies beneath the body between 1l

Er; m;:, In use. Try to straighten this structure two or three times with a
,?:;} :I You will see that the.labmm 1s automatically separated from its ba
icthod 1s not satisfactory, lift the labrum from the base of th
dissecting needle. Simil e
g needle. Similarly hift out the needles (forming
separate the four hair-like needles by teasing th R Mutur
Remos i L g them gently with a dissectin
ead and study the structure of mouthparts
uthparts as given below

Labrum: It is a sh

- ¢ IU1s a short structure, broad ;

. ' at base and

attached .o g as€ and narrowing towards a

o I,()]Iht clypeus and covers the groove of the labium u [5‘ lowards a
gment. It Keeps the needles | b ‘ ) 10 : € 3

ps the needles in the groove of the labium by Prcfs 1 lhIL g
SSing them

Mandibles: These are paf
. : parred, long. hair-li _
are slightl . ? X AL like needles called style
magmﬁcmy cur;u.d ‘andoserrmcd or provided with short 1 Lnk called stylets. Ther 1
1on) for piercing the plant, They form the oute eeih (When seen unde
= outer pair,

Maxillae: Thes
. CSe arc 1
ety etylst Bkl ‘d I g'so paired, long, hair-like needles «
magnification). When the g o o0 A1ONE its inn e
- e : : side  (of
' the two maxillae fjy together lh:r side (if seen und
s WIEIE grooves forr
n !‘o’bll fu
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SPISNPCHIVEy. Note thay g pu & PA). house fy (115 75,

a3 BEver bears w g

, known as A, Iy g
ondarily Winﬂm i l«ﬁl::nwls and springrails, The msects 'u.'%;t:h are
5 thet allec the Plerygota It has further two types The

' ed Fxopierypota. e
ele. The insects which develop their wings wmside the
B8, e.g., flies, wasps, moths ( Fig. 9A), butterfises

Oow " !ﬂ_‘fﬂlnl and angles: Place he hind wing of an ak
een (wo slides under a m;
n shape. Its anterior borde

grasshopper (| g
croscope and note the following: 1t 15 almost
. r s called the costal Margin, outer border the
gin and inner border the anal margin. The following three angles are 4/-.
h ernl a:ngle between the costal and anal margins, the apical angle
al and apical margins, and the anal angle (tornus) between the anal

venation (Fig. 22A): The wings of most insccts are membranous

by a framework of hollow ribs or thickened ridges, the veins. Most
d lengthwise in the wing and are called longitudimal veins. A fow
Tlongitudinal veins and are called cross veins. The arrangement of
led venation or neuration. ]

i of certan insects, the arcas between the longitudinal veins contan
! of veins called archedictyon, ¢ g, dragonfhies, mayflies. stoneflics
5. T y of these mscets are also called net-vemed.



- . . ins
~" Longitudinal veins Cross vein

1. Costa (C) |. Humeral (h)

2. Subcosta (Sc) 2: Radlal'(r)

3. Radius (R) 3. Sectonal (s)

4. Media (M) 4. Radiomedial (r-m)
5. Cubitus (Cu) 5. Medial (m.)

6. Anals (A) 6. Mediocubital (m-cu)

! » in capital letters .
Note the abbreviations of longitudinal veins are always in cap ind
those of cross veins always in small letters.

The longitudinal veins may be simple or b.rz.mchcd In varytlni% ‘dSL%‘rcth?‘m
different insects. But the basic hypothetical or primitive .arrang‘emen c;I 0 (_1\.5
The costa is unbranched. It forms either the anterior margin or Iles.aiong_l (; z?mi;n.m
margin. The subcosta is 2-branched distally. The radius 1§ divided into two Tclj?L_hgg
R1 and the radial sector (Rs). The radial sector divides into two branch'es‘and each
branch further divides into two. The radius is thus 5-branched. The media Is diy Id.::d
into two branches: anterior media (MA) and posterior media (MP). The anterior med,,
divides into two branches. Similarly the posterior media divides into two branches ang
each branch divides again into two. The media is thus 6-branched. The cubitus s 2.
branched, with its first branch further divided into two. There are 3 or 4 anals whjch

are typically unbranched.

It must be remembered that the abbreviations of the main longitudinal veins are
generally written at thejr bases, while their fina] branches are indicated at the Ing
margin (Fig. 22A).

(e) Cells of wings: The longitudinal and crog i
various shapes which are called cells. There are mos t;;;zsosfuzr(ﬁmd the areas of
entirely surrounded by veins, it is a closed cel) (Fig. 22 A). If the CUs. If the arcd.
wing margin, it is an open cell (Fig. 22A). A cell s named afye, tharea- extends to the
its anterior border. In some Insects certain cells have Special € vein \r\.’hlch forms
butterflies and moths (Fig, 234) Hames, e.g., discal col| o
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| Wsis 0l
ll}r ] = U 'l‘hli I“ .
! '@'a“’b 3] . W Fig 24¢
B oo o 1I‘|.~1\\‘lht M IS0 pan of long o 11| ). W itues L
- i SN s Srang b tle-14 W Drongd pag e Pl l %,
"“ul S < i “SITRC T eG Tt ) ng
CTXPeSs of legs: [he lom U mMpodiyg
T;"t? s g ab' IhL ILL""\ l‘]l ln‘-\l.'\,‘ ek 1Y Ay |[1 { | 3 ;
r QRIS 0me Mportang modify, alions o i- SR Wiy ter |
P . o I‘ i‘““" 21C an Vil
"' ursorial (@mbulatory o oGS
s §

_ _ alkine Pia 5, |
Htatorial (leaping or 11, sty
BRI JUmping) (Fig. 24B): The fe : |
ﬁis,greatly t:hlckcned, e.g., 111L‘lulcg & rB.l'ﬂsslmper MU contains powery|
aptorial (catching or gy ding) (I '

) \ 3 ' & [ ‘ [‘l g * w X 2
. thick, with double PINg) (Fig. 25A): The CoXa is very long

FOW of spines and a groove
| < iy ST ¢ on the
ny and fits into (he groove of the femur, ¢.g

Fhe femuy 15 normal gng not

[ e
lower side | he

e < proleg of a mannd.
" fl“ia:i(d!ggmg) (Fig. 25 B): The parts are reduced and flattened 1o
-_(_?)1- -1.gg1pg. Fhe tibia has tinger-like projections on IS apex. The wsus
' ﬁu @d lnto lh!‘et‘.. .ﬁngt‘l‘~l_ll\t: Progesses which arc seen below these of the
¢ proleg of mole cricker
it . :
i orial (SWimnming) ( Fig. 25C): All parts are flattened and tarsus. 1n
ng hair, e.g., metaleg of giant water bug and water beetle
\ ng (Eig. 25D): The tibia has a small process at its apex. The tarsus 1s
d bears a claw that fits against the
i

tibial process for clinging to the har
arlolse;

ilK secreting (Fig. 25E): The first segment ol the fore tarsus 1s greatly
d contains silk glands, ¢ g.. proleg of female webspimner
enna cleaner (Fig. 24D): There 15 a large spur on the apex of the tibia
0 emicircular notch on the proximal end of the tarsus. This noteh also
. The antennae are drawn through this structure so that the pollens.
em are removed, e.g., proleg of worker honeybee.

n collecting (Fig. 24E): This type has a Pollimfemus_ apparatus. The
ilate . Its outer surface 1s smooth, bordered on cach side with a {ringe

e. The basitarsus 1s greatly enlarged. It bears on its mger surfﬁzi
I‘@Wb of short stiff hair which form scopa. pollen comb or po

of worker honeybee. ks 3
like: There is no morphological modification i this rlypca:w:'hl::ngg o
come together to form a basket below the rno.mh] dt;t n:s g

ot f'“e':.trochahter 18 2-segmented, ¢ £, dragonfly and d2 )




ARSAL STRUCTY
"‘" .

RES




57

C. NATATORIAL AN
(METALEG OF GIANT WATER BUG) AT

*

"OLEG OF MOLE CRICKET)
A A. RAPTORIAL












. (8 nnps gently
b . the Pan. Also pip
such (1f the Specimens g e e le e

B woil-c oo Te not freshly Killed) for 7 0 °88. Loave he

Ay Studying the cire Mihutes g 1)

I side. The remaining D :t‘dﬁm ::‘lln ulatory systen, dissoqy n“.\::: u"‘;
o he S'the same as alre ' seg
s of pale yellow or SR ame as already deseribeq N

hair brush. Place this d f.a[ bodies and ather loose Lssues wig
e ISSeChon under the binocul UES With the
syﬁteﬂ'ls. i l]“tlusc.\]'w and
e Sy§tgm (Flg- 27): It consists of the alime
which help in digestion. The

ntary canal (gun)
. Itis differentiated into the

andl the
alimentary can

al extends trom the

tollowing three main regions

t: The fore_gm consists of the mouth or oral cavity, pharynx,
P gizzard (proventriculus). The foregut starts from the mouth
1 open the salivary glands. The glands are grape-like clusters of
1g. acinus) which give their seeretion into two salivary ducts, one on
‘alimentary canal in the thorax. Two salivary ducts unite to form o
which opens below the hypopharynx. The mouth cavity leads
| er anterior portion of the foregut, the pharynx (throat). The pharyiy
riorly a narrow and curved tube, the oesophagus. The oesophagus
1s behind to form the large crop which acts as a foad reservorr. he
o the gizzard (proventriculus) which narrows posteriorly and 15 not
tiated externally from the former. The gizzard is surrounded by the
th ¢ caeca (sing. caccum). The junction of foregut and midgut
a cardiac (oesophageal) valve which regulates the passage

- midgut is comparatively a short, cylindncal and sI:rIT;B‘:‘rL‘_“:’I:'c
six large, clongated sacs, the gastnc caced -w-l:l?a"lang'cr
of its anterior end. Fach gastric caccum wn&ﬁ?wnh food
r posterior lobe. The posterior IObeli arftdﬁ 1: an it fnner
have only the secretary e fT t: :ccrfla"ﬁ’ cells from
seritrophic membrane for the protection 011 ==

L

[, ™




AN TUBULES




B!

N

food particles. T

sl end uf\ :hi tl\:: l;\#\‘:vri“c'ablV memby
| % L Ugul s marke

o AR junction of the mudgut and hmdm::t‘:\: by 1
L b ‘II : - ut: The hll\\i@llll s ]'u“h‘\
WL “ﬂﬂl‘n (small wtestine) s

me also extends
| W presence
pPyYlone valve

WIS Wt (e
OF malpighiay

‘ (L1148 i ‘ l wl l(\! i‘ “

thaek a
large nites \ and strang — SOl
WMIestne) 18 a shont, narrowe Rt wbhe wWhieh s

| 1O merge it r tube (v
e . O the rec > € (very rarely co
svided with six bands of longt “lm The rectum 15 a widey tuhl(\ Coiled)
Wituchimal mukeles altlemating \xu; which 1
1 SIN lnn!{

5 .'.'*: - 3
papl! The vectum ends i an anal opemng.

.‘Ii
iy ¥

ko .;‘_.: _ \ l.-‘ hY mm (Fig ")! " -y

[eretory LR 270 Tt consists of ma -

n tubules are long, very slender, bl Apighian tibutes and fat bodies

I ofthe ln L The .I . bhind tubes w heh anse as ey "\H"\'lllilm I.
dies are )'elluw or‘\\h-{\ extend anteriorly and posteniorly ar wind lhh
IS ' ' CNHC MAsses \\r cells sur o 3
S b : s surtounding the put. The
e the fat bodies is to store the food reserves hike fat, gl\-—c(}; en ‘%1
‘also carry out the excretory function i

uctive system: It should be studied separately 1 male and female

Wt:tive system (Fig. 28) consists of a pair of testes (sing testis)
~ M associated into a single yellow structure which generally lies
t of the alimentary canal. Give a longitudinal cut with a blade along its
@mmait mto two parts. Fach tests is composed of a large number
lar follicles. Each follicle opens by means of a shott, slender duct, the
1. vasa efferentia), into the long genital duct ot vas deterens (pl vasa

follicles are attached to the body wall by a suspensory ligament. The
wder tube, the ejaculatory duct, below

‘yun posteriorly to open nto a w

cord. Just anterior 10 the points of opening of vasa deferentia, two
ular accessory glands also open 1nto the ejaculatory duct A medial
ds becomes fairly dilated to serve as seminal vesicles (vesiculae

ng the sperms. The cjaculatory duct opens posteriorly 1nto 2 large
-5 4 ‘ ] ) b W ¥ y 5 A " n \f
¢, the ejaculatury sac, which opens into the aedeagus (part ©

system (Fig. 29) consists of a pau .Of OVArCS. "sti-
a Sin-gla-body which lies on the midgut upd a part ‘u
onent parts by Biving & Iongum?mal cut
arge pumber ol mhu_lar

u imn thread-hke

nd
(e al.tuched 1o the

nds. Then the
dilated

reproductive
ciated into
ate it nto (WO COMP ‘
line: Each ovary i composed of a large
e from the side of the oviduct The oya'rmlcs ¢
to form a suspensory ligament by which they @ ].

also extend anteriorly to form (WO acgessnrv pla s
rly and after m King a short bend umite mlowam
na) below the ventral nerve cord. Thn? vagind i T sores he
natheca is sac-like oval body which recet

RS |






opens by means of a co

% e gg-puid: Lollpd Spermathec 05

i ge-gude whie athecal duct ing g
$ INC gem

h .
IS Situated betwe

¢ (part of external genitalig). al ¢y

c o "‘n oy
N the venury| o, er The

Ives of the

___.j_..a of reproduction: Insccts |y,
e Qviparity: This 15 the most commo
d which hatch outside. i
ous, €., bristietails, Sprlit:g;,:?e body of the fcfna{:d:fl:ﬁl". The insgats lay
R : s, mayflic i ‘
mrﬂ:es. moths, flies, beetles and mm?yﬂ‘;;%. dragonflies. g"'*shs;;;s are said to
- : b e : any other insects L €rs. locusts
;7. Viviparity: lhe eggs ¢ . -

' 21& body of the fenmle%&}‘-s{c;g?“::nc, their embryonic develo

this type of reproduction ar::” IT {em.a le gives birth to the y‘:)rl‘:e?t e,
type called viviparous, e.g., aphids "g The inseots
oy § » certain flies and

L

ag@ggnesm: _When ul'nmature stages, such as larvac or .

| ar;jn?pogemtmally, it is called Paedogenesis. In some EP%; o)
l;:_._gqrceg)tthe larva gives birth to other larvae, which bf:?:((:)lmonﬂds
e 'g-qn'dltlons. In certain midges (Henria and Tanytarsus) thi . Lu"t
ae, some of which become the normal adults. A %cw bpllp:l'
) also show this phenomenon. i

5. Polyembryony: When a single egg produces two or more larvae, it is known
eg., several parasitic wasps, SOme cecidomyids and a few stylopids.

jtism: It 1s an extremely rare phenomenon in which an

the male and female reproductive organs. In the scale inscct [cerya

cells of the gonads (undifferentiated testes or ovaries) produce €ggs,

‘ones give rise to sperms. Thus, the eggs arc fertilized in the gonads by

same individual. In the phorid flies of the genus Termitostromd each
pair of ovaries and a testis to release the eggs and sperms.

It consists of the dorsal blood vessel and the accessory

The circulatory system in insects
ept the single dorsal blood

haemocoel. The latter has

atory system:
esent at the bases of appendages.
i.e., there are no arterics and veins (exc
 blood circulates freely in the body cavity, the haemoco® e
jal diaphragms (partitions) of membranous connective tssue: the C&:::e
ﬂiaphragms.. These diaphragms divide the }:Jc?dy cavity mt:nd /4
| (pericardial) sinus, the large central (penwsceral) sInus
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e n-.s'];ec-m\ store of air in the form of a thin film, whick i

'l' m S\m a way that its volume remains constant h o t_ch 15
nwds_ s no repewal and thus the insect remains C is called
me aquatic bugs and beetles. ontinuously

in endoparasitic insects: These insects live .
h gh_lmfi) 'of the host, which is al-moslssi‘r:ifa:‘tost?‘hm—l‘qmd
the aquatic insects, they should extract oxygen from t?.t t:;thc
1 contact with the atmospheric oxygen for rE:spiratione Thmd
1g mechanisms of respiration. =i
nd hn&ich'ﬁn-id and young dipterous larvae, the tracheal
[hus, these parasites have cutancous respiration. 1.¢., the
st diffuses through the thin body wall of the par:;site,

s the hind gut is e\_'er'tc_d through the anus to form
vesw]e, which 1s closely associated with the last
for taking oxygen from .

¢ insects, there are two long
hese filaments get entangl

caudal filaments which are
ed with the tracheae of the

themselves 1o the tracheal trunk of

opidae (Diptera) attach

ect emselves to the outside by means of the hollow
spiraclas with the funnel-shaped nner end of the

wall or tracheae of t!}e host

forate the body
have a contact with

them 1n order to
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g, 30) hes
Ong. Sll’lllgh
just helow the f' two paﬂ.s-

Ve « segmentall ;
the 10th abdominal $ et It becomes 58 £ > 08
d the heart. ired dorSOIalerﬂ] OpCI'lln::S, the Ostia {‘3“13

ahdomen 1s calle ded with pair ; § :
: and ends A
(ampullac) W hich are provite >TS Pos_teﬂorly he sid ﬂhlmdl} N the
ostium). having VOIS BCe ) muscles which B7S fm]:i]r: LdS‘l - Imcc' broag
Cio airs 0 G ¢ cad 1S calle o
10th scgment. | IL;‘_LP':;:CﬁO; part that lies in the thorax ﬂnh CI: _th . ;dﬂlln.dllhl, aorty
™ g o C X > S. S car = I E
" hcm{, Jﬂch s slightly dilated at three plac;:s L tm : ‘l’ tN. The
. a delicate tube W P 1 ¢ haemocoel. can
R ters the heart through ostia Irom emocoel, cariy
Maadh (hessotie eni orta, and again returned to the haemocoel in the head.
heart and aorta, & s
[t comprises the following three divisions:
31): It 1s the main division and consists of

along the midline 1n the Pericard,y ik .
A 5 e mrtamnii I

t. white tubg exte n.dlng from the hl:‘“1 : ‘rt

The posterior part that e % ”n e

I8

y dilated to form chamb..
Q¢

antentorly 1n the

5. Nervous system:

“entr ous system (Fig.
(a) Central nervous SyStERE LIS » e iy
he supracesophageal ganglion (brain), suboesophageal ganglion and the ganglionageg

ventral nerve cord.
It consists of the nerves that connect the

(b) Peripheral mervous system:
(sense organs)

1 nervous svstem with the peripheral sense receplors

(¢) Visceral or sympathetic nervous system: It consists of the nerves angd
wmghia that connect the central nervous system W ith the viscera (different organs iy

the bady such as gut, heart, reproductive organs, ctc.).

i

For this introductery course, only the central nervous system will be dissceted

and studied. It lies in the median line of the body below the alimentary cana! cueep
the bran which 1s dorsal to it. It extends from the head to the cighth abd mmal

For clearing the central nerveus system, remove the ventral diaphragm
carclully with the help of fine forceps and a dissecting needle. Now trace the ventral

ne ( ---c'I_ nd procced towards the head. The central nervous system (Fie 31
consists of 2 Jarge compound ganglion (pl. gangha) known as SIZIPl‘;lUL‘H’U]‘f[MlﬂE11|
g_.m‘-clleun (brain), which hes in the head above the oesophagus. 1he brain l\; 11;-n seen
under high magnification) is further differentiated info three Tk s ol l;b"
protoccrebrum (fore brain), deutocerebrum (mid brain) and tri ~LL o i)
he bramnis connected with the suboeso e
the ocsophagus. It is connected with a v
five abdominal ganglia. The |
abdominal gangla.

rebrum (hind bram)
phageal ganglion which lies in the head below
ast gangli;’:t;‘glt_;cwe cord _“"hiCh has three thoracic and

€ composite one and biggest of all the

The ganglion of one .
: segment 1s ¢ ; :
paired connectives. In each i C-t"i)]nnected with that of an other by means ¢!

transverscly connected by means L ICre are actually two ganglia W hich ar
ganglia innervate (i.e. supply nerves) missures and fused into a sin gle ganglion. Al







aired lateral spiracles, trach, . : |

onsists of p S
m: I u':‘:‘:ﬂl’ openings through which the air ¢y,
the externdl ©

el of spiracles, tw : JNC bety cen
mechamsm. The ak gnlsshOPIJ‘-'r;?;elgthp::Isetwegn the mesothgrdax a_nd]n]il‘”h‘-”lt‘-.
the prothorax and mcsofhofm‘lﬂlne on each of the first eight a homn}a S:gm__cnu =]
Fig 16B) and eight abdominal ( (0 clastic internal tubes, thg trsf: e]ate s;(nc. Irachey)
Fig. 17A). The spiracles open nto - cls unite to, form longitudinal trunks. They. are
The tracheae from the adjoining spiracic: ntral and two lateral. When the grasshop, .
six longitudinal trunks: two dorsal, two ‘ee brought on sides and pinned, one dory,
is dorsally dissected and the two flaps ar two ovaries are united into 3 single

B ide as shown in Fig. 32. The : v 3
I'J'::J;: i—cljxﬁhmlliecsa::: Stllf.: :lsi;entary canal in the abdominal segments 3-5. One ater,)

trunk is located on each side of this body, while the two ventral trunks are Present

below it. The tracheae from the spiracles also extend on the 11_1tner_ (slled:):],1 l::}:anch a_nd
dilate to form white air-sacs which unite with those of the opposite si € Ovares

in a beautiful fashion (Fig. 32). The tracheae or longitudinal trunks give mumergyg
branches which divide and subdivide into finer branches known as tracheoles that

enter the body tissues.

Types of respiration: According to different modes of life, the respiration in
Insects can be divided into the following three types:

1. Respiration in terrestrial insects: The air enters the spiracles and passes
through the tracheae and ultimately reaches the tracheoles. The latter penetrate into the

tissues and cells of the body and are filled with liquid. The air in the tracheoles
contains more oxygen and less carbon dioxide, while that in the cells has more carbon

T

6. Respiratory syst¢
tracheoles. The SPIFHL'IC'S arc -
!L-l\\." ”i\ I"i\d_\ rhC} can

>N

tracheae through the body wall.

2. Respira.tion in aquatic insects; These insects respire in water by the
following mechanisms: :

The tracheal gills are out - o
thread-like or leaf-like mrg ﬁchlgrowms.or €Vaginations of the tracheae, which are
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