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Definition of Entomology

Entomology (from Greek ἔντομος, entomos, "that 
is cut into pieces or segmented", hence "insect"; 
and -λογία, -logia is to discuss) is the scientific 
study of insects.



Definition of Insect

An arthropod member (of class insecta) with body divided into three regions i.e. head 
bearing  a pair of antennae , a pair of compound eyes and mouthparts ; thorax bearing 
three pairs of legs and usually two pairs of wings; and abdomen that bears genitalia.



Basic insect body plan

Head

Thorax

Abdomen



Basic insect body plan

HeadThoraxAbdomen



Can you name some different 
types of insects?



Classification of Living things



Classification of Living things



Classification of Insects



Characters of Phylum Arthropoda

• Segmented body

• Sclerotized exoskeleton

• Paired joined 

appendages

• Bilateral symmetry 

• Body cavity

• Division of gut

• Dorsal blood vessel

• Ventral nervous system

• Striated muscles 



Phylum Arthropoda and its classification



Classes of Phylum Arthropoda

Class Onychophora: 
• The body is almost cylindrical.
• Apparently  unsegmented and differentiated into head and 

trunk.
• The head contains a pair of short, thick, ringed antennae, a pair 

of simple eyes, a pair of oral papillae and a circular mouth below.
• The trunk bears at least 15 pairs of stumpy legs. 
• The respiration is through tracheae.
• It include Peripatus, etc.



Classes of Phylum Arthropoda
Class Chilopoda: 
• The body is long, flattened and divided into head and trunk.
• The head bears pair of long antennae and usually two clusters 

of simple eyes.
• The trunk carries 15 or more pair of legs on each segment, 

the first pair modified as poison-claws.
• They respire through tracheae.
• It include centipedes or hundred-legged worms, etc.



Classes of Phylum Arthropoda
Class Diplopoda: 
• The body is long, cylindrical and divided into head and trunk.
• The head contains a pair of short antennae and usually two 

clusters of simple eyes.
• The trunk bears two pairs of legs on each segment, except first 

four segments (1st is without and 2-4 each with a pair of legs).
• They respire through tracheae.
• It includes millipedes or thousand-legged worms.



Classes of Phylum Arthropoda
Class Symphyla: 
• These are very small arthropods in which the body is divided 

into head and trunk.
• The head contains a pair of long antennae and no eyes.
• The trunk has 12 pairs of legs and ends in a pair of stout cerci.
• Tracheae are the respiratory organs.
• It includes symphylans.



Classes of Phylum Arthropoda
Class Pauropoda: 
• These are minute arthropods with body divided into head 

and trunk.
• The head bears a pair of 3-branched antennae and no eyes.
• The trunk has 9 pairs of legs.
• Tracheae are the respiratory organs.
• It includes pauropods.



Classes of Phylum Arthropoda
Class Arachnida: 
• The body is divided into cephalothorax (head + thorax) and abdomen 

(both division fused into a single structure in a mite).
• The cephalothorax bear a pair of very small chelicerae, a pair of 

pedipalpi (having pincers in scorpion), four pairs of walking legs, two 
to eight simple eyes and no antennae. 

• The abdomen is long, segmented and with a terminal sting (in 
scorpion) or short, unsegmented and fused with the cephalothorax 
(in mite).

• They respire through book-lungs (i.e. leaf like external gills present on 
the base of ventral side of abdomen), tracheae or body wall.

• It includes scorpions, spiders, ticks and mites.



Classes of Phylum Arthropoda
Class Crustacea: 
• The body is divided into cephalothorax and abdomen.
• The cephalothorax is covered by a hard carapace and bears two pairs 

of antennae (long antennae and short antennules), a pair of stalked 
compound eyes and five pairs of walking legs (the first pair is 
modified into chelipeds having chelae or pincers at the end). 

• The abdomen carries five pairs of swimming legs or swimmerets, a 
telson and uropods (absent in crab).

• They respire through gills or body wall.
• It includes crayfish, crabs, prawns, lobster, barnacles, etc.



Classes of Phylum Arthropoda
Class Insecta (Hexapoda): 
• The body of an adult insect is divided into head, thorax and abdomen.
• Head contains a pair of antennae (absent in order Portura), Usually a 

pair of compound eyes and mouthparts. 
• Thorax bears three pairs of legs and usually one or two pairs of wings.
• The abdomen carries generally a pair of cerci and genitalia.
• The respiration is through tracheae which open out by means of 

spiracles.
• It includes grasshoppers, bugs, butterflies, house flies, wasps and 

beetles, etc.



Insects vs Arachnids

Insects

• 3 body regions

• 1 pair of antennae

• 3 pair of legs

• 2 pair of wings

Arachnids

• 2 body regions

• No antennae

• 4 pair of legs

• No wings



Are these insects?

© Marlin E. Rice



Insects rule the world!

• There are more insects 

than all other plants and 

animals combined

• There are more than 1 

million different species

• 1 out of every 5 animals 

is a beetle!



• Small Body size

• Multigenerational

• Flight

• Metamorphosis

• Wide variety in food 
choices

• Wide variety in habitat 
resources

Why are insects so successful?

© Marlin E. Rice



Insects eat everything

• Carnivore, animal matter

• Herbivore, plant matter

• Omnivore, plant and animal matter

• Detrivore, organic matter

• Saprophore, decaying matter



Metamorphosis derived from two Greek words “Meta” mean change and 
“morphe” means shape or form. So, Metamorphosis means "Change of 
Shape” 

“A transformation in shape and in way of life”

In insects,  it is a biological process of transformation (hatching to 
maturity) from an immature form (like egg, larva, nymph) to an adult 
form in different stages involving a conspicuous and abrupt changes in 
insects body structure through cell growth and differentiation.

Insect Metamorphosis



Instar: The particular form of shape of an 
insect between two moultings is known as 
instar.
Stadium: The period between two 
moultings is called stadium (pl. stadia).

Insect Metamorphosis

Ecdysis: All insects during their postembryonic development go on 
shedding or moulting their skin. This process is called ecdyisis.
Exuvium: The moulted skin is termed exuvium (pl exuvia) or exuviae (pl. 
exuviae).

Ecdysis

ExuviumInstars

Stadium

Imago: The adult of an insect is called imago.

Imago



Insect Metamorphosis



What do you understand?

Insect Metamorphosis



Types of Insect Metamorphosis

1. Ametabola (No or without Metamorphosis)

2. Hemimetabola (Incomplete, Direct, Simple or Gradual Metamorphosis)

3. Holometabola (Complete, Indirect or Complex  Metamorphosis)

Insect Metamorphosis



Ametabolic development

Insect Metamorphosis

• Silverfish, telsontails, springtails etc.
• No or slight changes during development
• Addition of abdominal scales and styli

(Silverfish).
• Addition of abdominal and antennal 

segments ( Telsontails & Springtails).
• Primitively wingless (Apterygota).
• Young ones (Nymph) similar to adults

but smaller.
• Anamorphosis (Tensontails)

addition or increase in number of 
segments.

• Egg---Nymphs---Adult



Hemimetabolic development

Insect Metamorphosis

• Grasshoppers, crickets, cockroaches, termites and bugs
Mayflies, stoneflies and dragonflies etc.

• Simple or gradual changes to become adults but no Pupa
• Winged or secondarily wingless
• Exopterygotes
• Young ones (Nymph) similar to adults but

smaller with incompletely developed wings.
• Egg---Nymphs---Adult



Hemimetabolic development (Dragonfly)

Insect Metamorphosis

• Aquatic nymphs are called as 
“Naiads”. eg. Mayflies, stoneflies 
and dragonflies.

• Naiads posses gills (Temporary) but 
their aerial adults are without gills.

• Egg---Naiad---Adult



Hemimetabolic development (Whitefly)

Insect Metamorphosis

• Whiteflies, male scales and thrips etc.
• They neither fit into hemimetabola nor into holometabola. 
• The early instars of their young are without wings and called larvae.
• The later instars are with rudimentary wings and resemble with nymphs. 
• The final instar is pupa-like and known as pseudopupa.
• Egg---Pseudopupa---Adult



Holometabolic development

Insect Metamorphosis

• Moths, butterflies, beetles, flies, bees, wasps etc.
• Complex or marked changes to become adult.
• The young one is called larva which is entirely different from the adult
• They have an additional pupal stage.
• Winged or secondarily wingless.
• Endopterygotes
• Egg---Larva---Pupa---Adult



Holometabolic development (Hypermetamorphosis)

Insect Metamorphosis

• It is a type of holometamorphosis.
• All larval instars are not similar.
• The shape of larva either goes on changing at all instars (Blister beetle).
• Only first instar is different from the remaining instars which are similar

(Hymenopteran parasites).
• Endopterygotes
• Egg---Larva---Pupa---Adult Blister beetle larvae



An Insect Body
External Morphology

Integument: The outer covering or body wall of insect.
Exoskeleton: Integument with muscles on its inner side.
Apodeme: Exoskeleton bends or grows into the body cavity at different 
points to make rigid process i.e. apodeme.
Endoskeleton: All the apodemes collectively make endoskeleton.
Appendages: The out growths on the body wall i.e. antennae, legs, wings.
Sclerite: The hardened areas or plates of body wall.
Sulci: The grooves between two sclerites.
Suture: The line of fusion of two sclerites.

Basic Terms 



Structure of the Integument
• The outer covering of insects is referred to as an integument.
• The integument consists of 3 main layers

1. Cuticle
2. Epidermis
3. Basement Membrane



Structure of the Integument
Cuticle

• It is outer non cellular layer, secreted by epidermis 
below it.

• Flexible and elastic in the start but later on it 
becomes hard (sclerotization)

Functions

• Prevention of water loss

• Prevention of insecticide entry

• Attachment of muscles

• Sensory services 



Structure of the Integument
Cuticle

• It is further divided into 3 layers.
– Epicuticle

– Exocuticle

– Endocuticle
Epicuticle

• It is the outermost non-chitinous & thin layer (4µm)

• It is composed of several layers
– Cement layer (lipoprotein)

– Wax layer (hydrocarbons, alcohols, easters)

– Polyphenol (involved in tanning of cuticle)

– Cuticulin layers 



Structure of the Integument
Exocuticle

• It is the middle and much thicker.

• Composed of chitin and other proteins.

• The proteins become heavily cross-linked.

• It is insoluble, hardened and dark pigmented.
Endocuticle

• It is the innermost and thickest.

• Soft and flexible containing chitin and protein.

• The proteins become less cross-linked.

• It is less dark pigmented.
Procuticle

• Exo and endocuticles together.

• Up to 200 µm thickness

• Pore canals for material transfer



Structure of the Integument
Epidermis

• Below cuticle, single layer of cells is epidermis.

• It is involved in the secretions of basement membrane 
and cuticle.

• The only living portion of the integument.

• Modifications of cells
– Trichogen and tormogen cells (formation of setae/hairs).

– Dermal glands with ducts to send secretions to cuticle surface.

– Sensory receptors and their support cells.

– Pore canals: Cytoplasmic extensions
of the epidermal cells extend from
the epidermis through the cuticle
to its surface.



Structure of the Integument
Basement membrane

• A continuous sheet of mucopolysaccharide, as much as 
0.5 µm in thickness; initially secreted by haemocytes.

• Non cellular to support epidermal cells above it.

• Amorphous granular.

• It serves as a backing for the epidermal cells and 
effectively separates the hemocoel from the integument.



Chemistry of the Cuticle 

The insect cuticle is composed largely of
– Proteins  

• comprise more than half the dry weight of the insect cuticle

• primarily located within the procuticle

• synthesized mainly by epidermal cells

– Chitin
• consisting of 20-40% of the total dry weight of the cuticle

• a polymer of N-acetyl-D-glucosamine (galactosamine)

• synthesized by epidermal cells

– Lipids
• mainly located in the wax layer of epicuticle

• synthesized largely by the oenocytes and the fat body



Head Thorax Abdomen

6 segments

- Senses and feeding
3 segments

- locomotion

11 segments

- digestion & reproduction

Total of 20 segments (primitively)

An Insect Body



Ak Grasshopper (Poekilocerus pictus)
External Morphology



Head Morphology Ak Grasshopper (Poekilocerus pictus)

Head is 1st region of insect body

– Clearly demarcated from thorax

– Head capsule (hard outer covering)

– 6 segments fused together to form cranium

– Types of head

• Opisthognathous (bugs) 
• Prognathous (beetles, stick insects)
• Hypognthous (grasshoppers, cockroaches)



Head Morphology Ak Grasshopper (Poekilocerus pictus)

(Frontal view)

Frons: upper half of front side

Frontal Furrow: the median longitudinal furrow in the center of frons

Median Ocellus: simple eye 

Frontal Costa: grooved high ridges (upper one-third of the frons)
Antennal Socket: on the sides of the frontal costa are depressions



Head Morphology Ak Grasshopper (Poekilocerus pictus)

(Frontal view)

Lateral Ocellus: On the margin of an antennal socket, inner to the anterior end of a 
compound eye

Clypeus: below the frons is another somewhat raised sclerite.

Frontoclypeal sulcus. It separate Clypeus from the frons.



Head Morphology Ak Grasshopper (Poekilocerus pictus)

(Frontal view)

Postclypeus and Anteclypeus: The clypeus is partially divided into two parts. The anterior 
narrow part is the anteclypeus while the posterior is postclypeus.
Trans sulcus: It separate anteclypeus and postclypeus.
Labrum: On the front of clypeus lies, the labrum (upper lip).
Clypeolabral sulcus: separates the labrum from the clypeus.

Mandible: On each side of clypeus and labrum the grooved outer surface.
Segmented maxillary and labial palpi on the sides of the mouth.



Head Morphology Ak Grasshopper (Poekilocerus pictus)

(Frontal view)



Head Morphology Ak Grasshopper (Poekilocerus pictus)

(Latral view)

Compound eye: consists of innumerable hexagonal areas, the facets.

Gena: The large sclerite forming the whole side below and behind the compound eye.

Frontogenal sulcus: It separates gena from the frons.

Subgena: below the gena is a small sclerit.

Subgenal sulcus. It separates subgena from the gena.



Head Morphology Ak Grasshopper (Poekilocerus pictus)

(Latral view)



Head Morphology Ak Grasshopper (Poekilocerus pictus)
(Dorsal view)

Epicranium: The entire upper surface of the head capsule from the frons to the thorax.

Epcranial suture: It divides cranium into two epicranial plates.

Vertex: The anterior constricted part of the epicranium between the frons and
an imaginary line between the compound eyes

Fastigium: The anterior part of the vertex.

Fastigial furrow: divides fastigium into two parts, continuous anteriorly with frontal costa.



Head Morphology Ak Grasshopper (Poekilocerus pictus)
(Back view)

Occiput: On the end of the epicranium is a narrow semicircular sclerite which also 
extends on sides. Its upper part just behind the epicranium is the occiput. 

Postgena: The sides of semicircular sclerite behind the gena

Occipital sulcus: It separates occiput from gena.

Foramen magnum: a large opening for passing of body systems
Cervical membrane: (neck) which connects the head with prothorax.



Head Morphology Ak Grasshopper (Poekilocerus pictus)

(Short Summary)

Epicranium

gena

mandible



Head Morphology Ak Grasshopper (Poekilocerus pictus)

(Short Summary)



Thorax Morphology Ak Grasshopper (Poekilocerus pictus)

1. Prothorax
2. Mesothorax
3. Metathorax 

Thorax is consisted of three segments

Each segment bears a pair of legs on the lower side.
Mesothorax and Metathorax (pterothorax) bear a pair of wings on the upper side.



Thorax Morphology Ak Grasshopper (Poekilocerus pictus)

(Sides)

Each thoracic segment has four sides

1. The upper or dorsal side is the notum or tergum

2. The lower or ventral side is the sternum

3. Two lateral side is the pleuron.



Thorax Morphology Ak Grasshopper (Poekilocerus pictus)

Generally the prefixes pro, meso and meta are used for indicating a 
sclerite or a leg on the Prothorax, Mesothorax and Metathorax 
respectively.

Prosternum   Mesosternum Metasternum

Prothorax, Mesothorax     Metathorax



Thorax Morphology Ak Grasshopper (Poekilocerus pictus)

(Prothorax-ProNotum)

Pronotum: Large saddle-like structure, present between head and bases of fore wings.
Covers the upper and lateral sides of the prothorax. Lateral sides are lateral lobes.

Notalia: hood-like structure on posterior end of pronotum, overlaps the sides slightly and upper
side of the mesothorax entirely

Transverse Pronotal Furrows: Three transverse furrows on pronotum.

Median Carina: a very fine rather an ill-defined longitudinal ridge in the center of pronotum.

Tergal Notch: is a forward bent from the mid-dorsal line of the last prominent transverse furrow.



Thorax Morphology Ak Grasshopper (Poekilocerus pictus)

(Prothorax-Propleuron)

Proepisternum: an anterior small triangular sclerite in front of proleg base
just below the anterior part of lower margin of lateral lobe.

Proepimeron: a smaller posterior sclerite of proepimeron slightly above the leg base and
just posterior to the proepisternum.

Propleural Sulcus: separates the Proepisternum and Proepimeron.



Thorax Morphology Ak Grasshopper (Poekilocerus pictus)

(Prothorax-Prosternum)

Intersegmental Membrane: lies on the lateral and posterior sides of the spinasternum.

Prosternum: is between the bases of the prolegs and more deeply sunk as compared to meso-
and metasternum. It is roughly rectangular and divided into three sclerites.

Presternum & Basisternum: The anterior sclerites are narrow sclerites in front of peg-like 
prosternal process. These two sclerites are separated by a presternal sulcus.

Spinasternum: is the last shield-like sclerite with a narrow longitudinal pit in a center.

Profurcal Sulcus: It separates Spinasternum from basisternum by a transverse profurcal sulcus 
which lies just posterior to the prosternal process.
Apophyseal Pits: are two pits at the ends of Profurcal Sulcus. Each pit located on the side of the 
porsternal process lies in an oblique fashion.



Thorax Morphology Ak Grasshopper (Poekilocerus pictus)

(Pterothorax)

Pterothorax: The mesothorax and metathorax are more or less welded together to form 

pterothorax (thorax bearing wings).

The anterior pair of wings arises from mesothorax and the posterior pair form metathorax.

Forewings: The fore wings are narrow and slightly thickend to form tegmina which function 
mainly for the protection of hind wings. 
Hindwings: The hind wings are thin, membranous and folded like a fan under the fore wings 
when the insect is at rest.

Thoracic Spiracles: spiracles of mesothorax and metathorax.

Proleg

Mesoleg
Metaleg

Meso and Metalegs: Legs of mesothorax and metathorax.

o o



Thorax Morphology Ak Grasshopper (Poekilocerus pictus)

(Meso & Meta Nota)

Membranous Fold: is transervse and at the end of mesonotum, by some morphologists is

considered to be the part of scutelllum.

Acrotergite: broad V-shaped intersegmental sclerite after intersegmental membrane. It is
limited posteriorly by the antecostal sulcus behind. 

Scutum: is the largest somewhat raised sclerite behind the acrotergite, divided into two parts.
Prescutum: are triangular areas on the anterior sides of Scutum.

Prescutal Sulcus: separates each part of the prescutum from the scutum.

Scutellum: is elevated, median and backwardly directed triangular sclerite posterior to scutum. 



Thorax Morphology Ak Grasshopper (Poekilocerus pictus)

Meso & Meta Pleuron)

Mesopleuron: consists of two large sclerites between the bases of mesoleg and fore wing.

Mesoepisternum: is the anterior sclerite.
Mesoepimeron: is the posterior sclerite.

Mesopleural Sulcus: is located at the level of middle of coxa and separates mesoepisternum and
mesoepimeron

Interpleural Sulci: separate mesopleuron anteriorly from the propleuron and posteriorly from
metapleuron which contain a spiracles on lower ends.



Thorax Morphology Ak Grasshopper (Poekilocerus pictus)

Meso & Meta Sterna)



Mesosternal Interspace: is in between mesosternal lobes. It accommodates the anterior median

prolongation of the metasternum.

Thorax Morphology Ak Grasshopper (Poekilocerus pictus)

Meso & Meta Sterna)

Presternum: is a narrow transverse sclerite at anterior end of mesosternum.
Basisternum: is a large sclerite posterior to presternum.

Presternal Sulcus: separates the sclerites “Presternum and Basisternum”.

Mesofurcal Sulcus: a rather broader groove on posterior end of basisternum with three pits.

Apophyseal Pits: are lateral pits in mesofurcal sulcus which are oblique and elongated.

Spinal Pit: is middle pit in rudimentary spinasternum along mesofurcal sulcus.
Mesosternal Lobes: back from the basisternum, sides form large lobes representing sternellum.



Thorax Morphology Ak Grasshopper (Poekilocerus pictus)

(Meso & Metathorax)

• Metanotum has an additional braod, transervese intersegmental sclerite, the postnotum at

the end.
• The acrotergite is much narrower than that of the mesonotum.

• Two triangular areas of the prescutum are also much smaller than those of the mesonotum.

Metanotum vs Mesonotum



Thorax Morphology Ak Grasshopper (Poekilocerus pictus)

(Meso & Metathorax)

It is similar in structure to the mesopleuron. It has two large sclerites, the anterior one is the

metaepisternum while the posterior one is the metaepimeron. These are separated by the

metapleural sulcus lying at the level of middle of coxa.

Metapleuron



Thorax Morphology Ak Grasshopper (Poekilocerus pictus)

(Meso & Metathorax)

• Metasternum is broader than mesosternum.
• Basisternum is larger with anterior broad prolongation is fitted into mesosternal interspace.
• The spinasternum is without spinal pit and its corresponding internal process
• Metafurcal sulcus has two widely separated apophyseal pits on its lateral ends.
• The spinasternum is separated from the first abdominal sternum by the antecostal sulcus. 
• Metasternal interspace accommodates the anterior median prolorgation of the first 

abdominal sternum.

Metasternum vs Mesosternum



Insect Abdomen Ak Grasshopper (Poekilocerus pictus)

• Each segment is divided into two parts:

• Tergum: the large dorsal part which also covers the sides

• Sternum: smaller ventral part.

• Abdomen is the third and last division of the 
insect body. 

• It is long, narrow and consists of eleven 
segments. 

• Some posterior segment are modified for 
mating and oviposition.

• Tergum and Sternum are separated by a longitudinal sulcus which represents the greatly
reduced pleuron.

• The first abdominal segment is the largest one. It looks like a part of the thorax than of the
abdomen and is intimately fused with the thorax

• On each side of first segment just above the hind coxa is a white membrane called
tympanum or outer membrane of the ear and nearly a 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 of each side.



Insect Abdomen Ak Grasshopper (Poekilocerus pictus)

• The 11th sternum is modified as lateral plates (paraprocts or podical plates) slightly
concealed under epiproct.

• On paraprocts, conical process (cerci) comes out from memberane on posterior end of
10th tergum.

• Subgenital plates are the least visible sternum (8th in the female and 9th in the male).

• The 9th and 10th terga, especially, the
former in the male are narrow and on the
lower side partially fused.

• The 11th tergum is represented by a
triangular plate above the anal opening
which is called epiproct or supra-anal plate.



External genetalia Ak Grasshopper (Poekilocerus pictus)

1. The subgenital plate is larger than its corresponding

tergum.

2. Its posterior margin bears a median process called

egg-guide and two lateral lobes.

3. The egg-guide is triangular or conical and wedged

between the bases of the ventral valves of the

ovipositor.

4. The ovipositor consists of dorsal and ventral pair of

valves with their tips directed in opposite

directions.

5. These valves can be spread apart and brought

together and used for digging in oviposition.

Female Genetalia 

6. There is a small inner and concealed pair of valves

or the forked organ. The inner valves and the egg-

guide are used for placing the eggs in the egg-pods.



External genetalia Ak Grasshopper (Poekilocerus pictus)

Male Genetalia

1. The subgenital plate is a large boat-like structure which

conceals the male genital organs in genital chamber.

2. The copulatory or genital organ are collectively known as

aedeagal or phallic complex.

3. The posterior end of the subgenital plate which cover the

tip of the phallic complex is called pallium.

4. Phallic complex consists of two parts, the aedeagus and

the epiphallus.

5. The addeagus is nearly flask-shaped, strongly sclerotised

and wrapped (except tip) in a thick membranous sac, the

ectophallic membrane.

6. The aedeagus consists of a pair of large basal valves

which are connected with two long, narrow and curved

apical lobes.

7. Tips of apical lobes are separated by a narrow slit which

leads into a large cavity, the phallotreme cleft.

8. This cleft contains penis between two penal valves.

9. There is a small depression at the junction of the basal

valves and apical lobes.

Pallium



10. The epiphallus is a collar-like or bridge-shaped sclerotised structure which is present on the 
dorsal side of the aedeagus. 

11. It is attached with ectophallic membrane.
12. It consists of two long lateral sclerites which are connected sub-basally by a bridge. They 

have two small triangular hook-like posterior projections which slightly project outwards.
13. The epiphallus contains two lateral appendices which are also connected at their bases.

External genetalia Ak Grasshopper (Poekilocerus pictus)

Male Genetalia



Compound eyes and 
Ocelli (either2/3) Antennae

Mouthparts

Compound eyes composed of ommatidia (may be up to 30,000)
Less resolution than the vertebrate eye but an acute perception of movement

INSECT APPENDAGES
These are the outgrowths of body wall, movable and connected with it by membranes.

Appendages of Head



Head Appendages - Antenna
• Paired
• Jointed
• Primarily sensory appendages
• Between or below the compound eyes
• Feelers
• absent in the insect order Protura

• Parts of Antenna
• Scape (basal segment, longer & thicker)
• Pedicel ( second segment, generally small)
• Flagellum (All the remaining segments)

• Types of Antennal segments
• Ring segments (very small and ring-like)
• Funicle segments (ordinary segments)
• Club segments (swollen segments)



Head Appendages - Antenna
Types of antennae
Based on variations in shape of flagellum

1. Setaceous
2. Filiform
3. Moniliform
4. Serrate or dentate 
5. Pectinate

6. Plumose
7. Pilose
8. Clavate
9. Capitate
10. Lamellate

11. Flabellate
12. Geniculate
13. Aristate
14. Stylate
15. Ensiform



Head Appendages - Antenna

Setaceous (bristle-like)
The segments of flagellum gradually taper 
or narrow towards apex like a hair, e.g. 
dragonflies, damselflies, stoneflies, 
silverfish and cockroaches.

Filiform (thread-like)
The segments of flagellum are almost 
cylindrical and of same thickness like a 
thread, e.g., ak grasshopper, locust, red 
cotton bug, earwigs and shield bug etc.

Moniliform (bead-like)
The segments of flagellum are more or 
less globular like a bead, e.g. termites, 
doubletails, beaded lacewings and 
wrinkled bark beetles.

Types of antennae



Head Appendages - Antenna

Serrate or dentate (Saw-like or tooth-like)
The segments or flagellum have short 
triangular or tooth-like projections on one 
side, e.g. pulse beetles and most click beetle.

Pectinate (comb-like)
The segments of flagellum have long, 
slender and stiff projections on one side 
like the teeth of a comb, e.g., cardinal 
beetle. 
When these projections are on both sides, 
the antenna is called bepectinate e.g., 
silkworm moth, saturnid moths, some 
noctuid moths and sphingid moths

Plumose (feather-like or densely hairy)
The segments of flagellum (except the 
distal ones) have hick whorls of long hair on 
them, e.g., male mosquitoes.



Head Appendages - Antenna

Pilose (sparsely hair)
The segments of flagellum (except the distal 
ones) have very thin whorls of short hair on 
them. e.g., female mosquitoes.

Clavate (Club-shaped) 
The segments of flagellum gradually 
broaden towards apex, e.g., 
butterflies, antlions, trogossitid
beetles and some darkling beetles.

Capitate (knob-like or head-like)
One or a few terminal segments of flagellum 
are suddenly thickened to form a head-like 
structure, e.g., red flour beetle, powder post 
beetles, nitidulid beetles and amblyceran
biting lice.



Head Appendages - Antenna

Lamellate (Leaf-like)
The terminal segments of flagellum are 
expanded into long, broad leaf-like plates 
on one side, e.g., rutelid beetles, rhinoceros 
beetles and dung rollers.

Flabellate (tongue-like)
Resemblance to lamellate antenna. But in this 
type one or more segments of flagellum are 
produced into long, thick, tongue-like 
processes slightly broadening towards apices, 
e.g., male stylopids and sandaled beetles.

Geniculate (elbow-like)
In this antenna, the scape is very 
long and forms a sharp bend with 
the remaining segments like a flexed 
arm, e.g., weevils, honeybees, 
chalcid wasps and stag beetles.



Head Appendages - Antenna

Aristate (arista-like)
The scape is very small while the pedicel is 
large and triangular. The first segment of 
flagellum is greatly enlarged, where as the 
remaining segments are modified into a 
large hairy bristle, the arista, e.g., house 
flies, fruit flies, syrphid flies, etc.

Stylate (styliform or setiform)
The flagellum forms a long, unsegmented, 
terminal hair, e.g., mango hoppers 
(leafhoppers), plant hoppers, cicadas, 
robber flies, delphacid bugs and mayflies.

Ensiform (Sword-like)
The segments of flagellum are thin, 
flattened and gradually taper toward 
apex like a leaf-blade or a sword, e.g., 
green grasshoppers (Acrida Species).



Typical Insect Mouthparts

1. Labrum (Upper lip)
2. Mandibles (Upper jaw)
3. Maxillae (Lower jaw)
4. Labium (Lower lip)
5. Hypopharynx (tongue/lingua)

Head Appendages - Mouthparts



• Chewing (mandiblulate)
• Strong mandibles to cut & chew

Head Appendages - Mouthparts

• Sucking (haustellate)
• Long proboscis to suck

General Types of Mouthparts

• Ectognathous
• Not hidden within the head
• e.g., bristletails, grasshoppers, 

bugs and butterflies etc.

• Entognathous
• Hidden within the head 
• e.g. doubletails, telsontails

and springtails etc.



Chewing/biting Mouthparts (Ak Grasshopper)

Head Appendages - Mouthparts



Chewing/biting Mouthparts (Ak Grasshopper)
Head Appendages - Mouthparts

• Broad flap-like sclerite attached to clypeus
• Capable of up and down movement.
• Roof of the mouth cavity.
• Anterior border has a slight notch.
• Two short lateral sulci on upper surface
• It has also an ill-defined transverse sulcus.

• Lower surface is lined with a membrane, the
epipharynx.

• V-shaped sulcus in its posterior part.
• Two median curved bands of sensory hair.
• The posterior angles of labrum have two

sickle-shaped sclerotized bars, the tormae.

Labrum



Chewing/biting Mouthparts (Ak Grasshopper)
Head Appendages - Mouthparts

Mandibles

• Paired, triangular and asymmetrical 
• Lying below labrum
• Strongly sclerotized but hollow jaws
• Move sideways
• Biting surface has tow lobes

• the molar lobe 
• the incisor lobe

• Molar lobe is near the base of the mandible 
• Molar lobe has a group of short and blunt 

molar teeth which form the grinding area.
• Incisor lobe has a group of longer and acute 

incisor teeth which cut the food.
• The inner edge, between the molar teeth and 

the base of the mandible, has a row of short 
hairs called brustia.



Chewing/biting Mouthparts (Ak Grasshopper)
Head Appendages - Mouthparts

Maxillae

• Paired structures lying below the mandibles. 
• Move sideways just like mandibles.
• Each maxilla consists of a basal sclerite, the cardo.
• On apex of cardo is another sclerite, the stipes.
• The cardo and stipes has further two parts

• outer broad
• inner long and narrow.

• On outer side of stipes has a small process called palpifer. 
• Palpifer bears an antenna-like 5 segmented structure, the 

maxillary palpus.
• Stipes on its apex bears two lobes-like structures. 

• The outer one is broad, elongate and called galea
• The inner one is basally broad but tapering anteriorly 

and known as the lacinia. 
• Lacinia is strongly sclerotised and has three black pointed 

dents at its apex.
• When galea and lacinia on the stipes fused to form a 

single structure, mala.
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Chewing/biting Mouthparts (Ak Grasshopper)
Head Appendages - Mouthparts

Labium
• Single structure lying below the maxillae.
• Closes the mouth form the lower side.
• It is divided by an ill-defined transverse labial 

sulcus into two main parts
• Posterior one, postmentum
• Anterior one, prementum

• The postmentum is further divided into
• lower very large is the submentum
• upper very small is the mentum

• The prementum contains three pairs of structures 
• At apex two large triangular lobes of 

paraglossae which are separated by a deep 
median cleft. 

• At the base of the cleft are two small the 
narrow lobes, the glossae. 

• On basal sides small processes, fused with 
prementum, called palpiger. Each palpiger
bears on it an antenna-like 3-segmented 
structures, the labial palpus.
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Chewing/biting Mouthparts (Ak Grasshopper)
Head Appendages - Mouthparts

Hypopharynx

• A large median fleshy lobe in the mouth cavity. 
• It is attached to the base of the labium.
• The hypopharynx is broad form the middle and tapers 

anteriorly as well as posteriorly.
• It anterior end looks like a triangular lobe.
• Its dorsal side bears two slightly curved longitudinal rows  

and one transverse row of sensory hairs.
• The hypopharynx has also a posterior transverse sclerite.
• Two hypopharyngeal apodemes arise from sclerite for 

the attachment of muscles.

HYPOPHARYNGE



Piercing-Sucking Type Mouthparts (Red Cotton Bug)
Head Appendages - Mouthparts

Labrum:
• A short structure, broad at base narrow towards apex.
• Attached to the clypeus and covers the grooves of the labium 

up to the end of its first segment.
• It keeps the needles in the groove of the labium.
Mandible:
• Paired, long, hair-like needles called stylets.
• Their tips are slightly curved and serrated for piercing the 

plant.
• They from the outer pair.

• The mouthparts are greatly modified to form of a long, slender beak or proboscis. 

• Opisthognathous head and mouthparts

Maxillae:
• Paired, long, hair-like called stylets.
• Each maxillary stylet has a double groove along its inner side. 

• When the two maxillae fit together, their grooves form two 
tubes or channels
• The upper food channel or suction tube
• The lower salivary channel or ejection tube.

• They form the inner pair.



Piercing-Sucking Type Mouthparts (Red Cotton Bug)
Head Appendages - Mouthparts

Fascicle:
• The stylets of mandibles and maxillae cling together to form 

a single structure, the fascicle.
• It lies in the grooves of the labium.

Labium:
• Principal structure modified to form an antenna like 4-

segmented proboscis.
• It has a dorsal groove to accommodate the fascicle. 
• Its tip is provided with small sensory hair.
• It does not penetrate into the plant.



Sponging type (house fly )
Head Appendages - Mouthparts

The mouthparts are greatly modified to form a short, thick elbow-shaped fleshy proboscis on 
the lower side of the head.

Rostrum:
• It is the basal cone-shaped portion of the proboscis. A

pair of unsegmented, club-shaped, hair maxillary palpi
are present on its distal end.

Haustellum:
• The part of the proboscis between maxillary palpi and

labellum.
• It has a groove on its dorsal side which contains a pair

of needle-like structures, the hypopharynx and labrum.
• Hypopharynx lies at the bottom of the groove and

forms the salivary channel.
• Labrum is ventrally grooved from below by the

hypopharynx to make food channel.
Labellum: 
• Terminal portion of the probosets which has a pair of 

large, sponge-like, fleshy lobes, the labella.
• They contain numerous fine tubes, the pseudotracheae

which open outside.



Siphoning Type Mouthparts (Butterfly)
Head Appendages - Mouthparts

Modified to a long but coiled proboscis below the head. It is straightened only at the time of

feeding. Many parts are either absent or greatly reduced and thus not visible.
Labrum:
• Narrow, transverse sclerite which

is provided with a median
proboscis.

Maxillae:
• Galea are elongated proboscis.
• They are grooved on their inner

sides and hooked together to
form a sucking tube.

• The maxillary palpi are greatly
reduced and appear as small
knobs.

Labium:

Consists of only large, 3-segmented,

hairy labial palpi.



Chewing-lapping Type Mouthparts (Honey bee)
Head Appendages - Mouthparts

Combination of two types: Labrum and mandibles are similar to those of the chewing type

labium and maxillae are greatly elongated and modified to form the lapping proboscis.

Mandibles:
• paired, dumb-bell-shaped sclerotised structures lying on sides.

Labrum:
• is a narrow, transverse flap.
• Anterior border slightly excavated.
• Base is attached to the clypeus.
• Free border contains small hairs.

• partly concealed in labrum.
• Outer surface has long hairs which gradually shorten towards anterior end.
• Not used for feeding but for moulding wax into hexagonal cells in the hive.



Chewing-lapping Type Mouthparts (Honey bee)
Head Appendages - Mouthparts

Maxillae:
• Paired lateral structures lying below mandibles.
• Each maxilla consists of a long, narrow, basal sclerite, the cardo.
• Cardo contains on it an elongate and broad sclerite, the stipes. 
• Stipes bears three structure

• a minute peg like 2-segmented maxillary palpus on the outer side of its apex,
• a very large blade like galea on the inner side of its apex
• a reduced, narrow lacinia on its inner side.



Chewing-lapping Type Mouthparts (Honey bee)
Head Appendages - Mouthparts

Labium:
• It lies below the maxillae on the lower side of the mouth. 
• It consists of a flexible, V-shaped, basal sclerite, the submentum (lorum).
• In middle articulates a small triangular sclerite, the mentum.
• Mentum carries on it a large sclerotised prementum.
• On each side of the apex of the prementum, two small lobes the paraglossae arises.

• Each paraglossa is apically divided into two processes 
the inner very small and the outer large and spoon-
shaped. 

• Between the paralossae lies an elongate spindle-shaped 
flexible proboscis which is formed by the fusion of two 
glossae.

• Proboscis has transverse ridges and long hair on it. 
• Proboscis is expanded at apex to form a small knob-like 

lobe the flabellum.



Wings
Thorax Appendages

These are the membranous, paired appendage of flight located dorsolaterally on the thorax

Occurrence of Wings:
• Either no wings
• A pair of wings (on the mesothorax)
• Two pairs of wings (first on the mesothorax and second of the metathorax).

Development of wings:
• Insects without wings are called the apterous
• Insects with reduced wings are called brachypterous
• Insects with complete wings the macropterous.
• The underdeveloped wings of nymphs and naiads are called wing pads.
• The insect which are supposed primitively wingless are known as Apterygota, e.g., silverfish, 

doubletails, telsonatials and springtails.
• The insects which are winged or secondarily wingless are called the Pterygota. 
• Pterygota has further two types. 

• The insects which develop their wings outside the body are called Exopterygota, e.g., 
grasshoppers, bugs etc. 

• The insect which develop their wings inside the body are known as Endopterygota, e.g. 
flies, wasps, moths, butterflies, beetles, etc.



Wing Margins and angles
Thorax Appendages

• anterior border (Costal margin)
• outer border (apical margin)
• inner border (anal margin)
• Three angles: 

• humeral angle (between the costal and anal margins)
• apical angle (between the costal and apical margins)
• anal angle (between the anal and apical margins)



Archedictyon (net-veined) wings

Wing Venation
Thorax Appendages

• The wings of most insects are membranous.
• They are supported by a framework of hollows ribs or thickened ridges, the veins.
• The arrangement of veins in a wing is called venation or neuration.
• Longitudinal veins. 
• Cross veins.
• Net veined wings with archedictyon (irregular network of veins between longitudinal veins) 

e.g. dragonflies, damselflies etc

Normal membranous wing



Wing Venation
Thorax Appendages

Longitudinal Veins Cross Veins

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

2. Subcosta (Sc) 2. Radial (r)

3. Radius (R) 3. Sectorial (s)

4. Media (M) 4. Radiomedial (r-m)

5. Cubitus (Cu) 5. Medial (m)
6. Anals (A) 6. Mediocubital (m-cu)



Wing Cells and Areas
Thorax Appendages

Cells of wings:

• The longitudinal and cross veins forms areas

of various shapes called cells.

• There are two types of cells.

• Closed cell

• Open cell

• Named after anterior border vein

• discal cell of butterflies and moths

Areas of wings:

• Central area is the disc.

• The area with maximum veins is called

remigium.

• The area containing only the anal veins is the

annal or vannal area.



Pterostigma:
Thick pigmented spot along the costal border e.g. dragonflies, damselflies.
Nodus:
A thick, short, cross vein descends from the middle of the anterior border e.g. dragonfly.

Wing Special Structures
Thorax Appendages

Scales:
The wings of butterflies and moths are covered with scales of various shapes. 

Marginal Setae:
Long hairs on rod-like wings of thrips.



Stunning beauty of Insect Wings
Thorax Appendages



Diptera (flies) Hymenoptera (Wasps)

Highly Specific Wing Color Patterns
Thorax Appendages



Tegmina:
Modified fore wings as long, narrow, hard and thick structure. e.g. grasshopper, mantids, cricket

Types of Wings
Thorax Appendages

Elytra:
Modified fore wings as very thick and hard structures. e.g. beetles, weevils and earwig.

Hemelytra:
Basal part of fore wing is thick & hard, the apical part is thin & membranous. e.g. true bugs.



Halteres:
Modified hind wings as tiny, knobbed structures, e.g., flies, male coccids (mango mealybug).

Types of Wings
Thorax Appendages

Pseudohalteres:
Fore wings are modified into halters. e.g., male stylopids

Filohalteres:
Hind wings are modified as very long, thread-like structures. e.g., some lacewings (Croce sp.).



Types of Wings
Thorax Appendages

Stripy:
The wings are modified as strips or rod-like structures fringed with long hairs, e.g. thrips.



Wing coupling apparatus
Thorax Appendages

Overlapping:
Fore wings overlaps the anterior border of the hind wings, e.g., butterflies.

Jugum:
This a finger-like process at the base of the posterior border of the fore wing which projects 
under the hind wing e.g. , jugate moths

Frenulum:
This is a single stout spine (in males) or several spines (in females) on the humeral angle of the 
hind wing, e.g., geometrid moths



Wing coupling apparatus
Thorax Appendages

Retinaculum:
a strong process (in male) or a group of strong hairs (in female) on the lower side of fore wing. 
The frenulum is held by the retinaculum, e.g. geomtrid moths.

Hamuli:
These consist of a row of minute hooks on the anterior 
border of the hind wing that catch into the uprolled hind 
border of the fore wing. e.g., honeybees.



Parts of Leg
Thorax Appendages

Coxa:

• Basal large, elongated and more or less triangular segment.

• Coxal corium membrane for attachment with body

Trochanter:

• Small, triangular segment rigidly fixed to the femur.

Femur:

• long and thick segment provided with fishbone-shaped muscles.

• Ventral groove femasulcus to accommodate tibia.

• Femasuclus contains small tubercle, the Brunner’s organ.

• The femur narrows toward its apex.

• Genicular lobes at apex to support tibia

Tibia:

• long and slender segment armed with two rows spines.

• Apex contains an outer and an inner pair of strong, curved spurs.
Tarsus:

• Three segments (Tarsomeres)

• First segment bears three pairs of plantulae.

• Second segment contains a single pair.

• Third segment has a single elongated pair.

• Tarsus ends in a pair of hair-like, strong, curved claws.

• Claw contains a bladder-like lobe, the arolium.



Types of Leg
Thorax Appendages

Cursorial (ambulatory or walking)
The femur is normal and not thickened, e.g. metaleg of cockroach.

Saltatoral (Leaping or jumping)
Thickened femur with powerful e.g., metaleg of grasshopper



Types of Leg
Thorax Appendages

Raptorial (catching or grasping)
Coxa is very long. The femur is long, thick, with double row of spines and a groove on the lower 
side. The tibia is shorter, spiny and fits into the groove of the femur. e.g., proleg of a mantid

Fossorial (Digging)
reduced and flattened & strong for digging. The tibia has finger-like projections on its apex. 
Tarsus is produced into three finger-like processes. e.g., proleg of mole cricket.



Types of Leg
Thorax Appendages

Natatorial (swiming)
All parts are flattened and tarsushas long hair, e.g., metaleg of giant water bug and water beetle

Clinging
Tibia has small process at apex. The tarsus is 1-segmented and bears a claw that fits for clinging, 
e.g., louse



Types of Leg
Thorax Appendages

Silk secreting
First segment of the fore tarsus is greatly swollen and contains silk glands, e.g., progleg of 
female webspinner.

Antenna cleaner
large spur on the apex of the tibia which fits into a semicircular notch on the proximal end of the 
tarsus. This notch also contains fine hair. e.g. proleg of worker honeybee.



Types of Leg
Thorax Appendages

Pollen collecting
Polliniferous apparatus. The tibia is greatly dilated. Its outer surface is smooth, bordered with 
hairs “Corbiculla” on tibia.
On the distal end of tibia, is a row of hairs called the pectin or pollen rack.
Auricle (ear like lobe with row of hairs) on the base of basitarsus to collect pollens.
Inner surface of basitarsus has several stiff hair rows “Scopa/pollen comb or brush
e.g., metaleg of worker honeybee.



Types of Leg
Thorax Appendages

Basket-like
No morphological modification. But during flight, all legs come together to form a basket. 
Trochanter is 2-segmented e.g., dragonfly and damselfly



Abdomen Appendages

1. Styli: These are paired, short, slender, unsegmented, finger-like appendages which arise

from the lower side of the abdominal segments, e.g., bristletails, double tails, cockroach etc.

2. Cerci: They are a pair of short to very long, segmented or unsegmented, needle-like

appendages which arise from the side of 11th abdominal segment, e.g., grasshoppers,

crickets, cockroaches, mantids, bristletails mayflies, stoneflies etc.

3. Ovipositor: It is the egg-laying apparatus or external genitalia of the female that is present at

the end of abdomen. e.g., grasshoppers, crickets, leafhoppers, plant hoppers, etc.

4. Abdominal prolongs: These are paired, fleshy more or less conical, leg-like appendages

present on the lower side of the abdomen of larvae, e.g. butterflies, moths, sawflies etc.

5. Gills: These are paired, thin-walled, respiratory appendages of the young ones of many

aquatic insects. They are more frequently present on the abdomen and may have a lateral,

dorsal or ventral position. e.g., mayflies, stoneflies damselflies etc.



Internal Morphology Ak Grasshopper (Poekilocerus pictus)
Insect Head Endoskeleton

• Apodemes
• Endoskeleton
• Tentorium

• Tentorium: divides foramen magnum into four opening:
• The upper is the biggest and called alaforamen, (pass way for alimentary canal)
• The lower is the neuraforamen, (pass way for central nervous system)

• Tentorium Arms:
• Pretentoria are anterior arms
• Metatentoria are posterior arms
• Supratentoria are dorsal arms

• Corpotentorium:
• Central body is a large triangular plate 



Internal Morphology Ak Grasshopper (Poekilocerus pictus)
Internal Systems



Alimentary Canal (gut) is divided into

• Foregut (stomodaeum)

• Midgut (mesenteron, ventriculus or stomach)

• Hindgut (proctodaeum or intestine)

Internal Morphology Ak Grasshopper (Poekilocerus pictus)
Digestive System

Foregut: 
• Mouth, oral cavity, pharynx, oesophagus, crop and gizzard
• Role of salivary glands
• The mouth cavity - pharynx (throat)
• The pharynx forms posteriorly a narrow oesophagus
• The oesophagus gradually widens to form the large crop
• Crop acts as a food reservoir. 
• Crop opens into the gizzard (proventriculus)
• Gizzard is provided with a cardiac (oesophageal) valve and 

surrounded by anterior lobe of gastric caecum



Alimentary Canal (gut) is divided into

• Foregut (stomodaeum)

• Midgut (mesenteron, ventriculus or stomach)

• Hindgut (proctodaeum or intestine)

Internal Morphology Ak Grasshopper (Poekilocerus pictus)
Digestive System

Midgut: 
• Comparatively a short, cylindrical and straight tube
• Gastric caeca on anterior end
• Gastric Caecum consists of a longer anterior lobe and a 

shorter posterior lobe
• Anterior lobes have secretary functions.
• Posterior lobes are filled with food 

• Midgut is lined with peritrophic membrane for the 
protection of secretary cells from friction of food particles

• Malpighian tubules on posterior end
• Pyloric valve at the junction of the midgut and hindgut



Alimentary Canal (gut) is divided into

• Foregut (stomodaeum)

• Midgut (mesenteron, ventriculus or stomach)

• Hindgut (proctodaeum or intestine)

Internal Morphology Ak Grasshopper (Poekilocerus pictus)
Digestive System

Hindgut: 
• The hindgut consists of ileum, colon and rectum
• Ileum (small intestine) is a thick and straight tube narrows 

posteriorly
• Colon (large intestine) is a short, narrower tube broadens 

posteriorly
• Rectum is a wider tube which is externally provided with 

six bands of longitudinal muscles alternating with six long 
rectal pads (papillae)

• Rectum ends at anus for excretions



• Malpighian tubules and Fat Bodies
• Malpighian tubules are long, very slender, blind tube
• Extend anteriorly and posteriorly around the gut
• Fat bodies are yellow or white asses of cells surrounding the gut
• The principal function of the fat bodies to store the food reserves like fat, glycogen and

protein in addition to excretory functions.

Internal Morphology Ak Grasshopper (Poekilocerus pictus)
Excretory System



Internal Morphology Ak Grasshopper (Poekilocerus pictus)
Reproductive System (male)

A pair of testes and associated glands

• Testis is composed of a large number of tubular testicular follicles
• Follicles open by means of vas efferns into vas deferns
• Follicles are attached to the body wall by a suspensory ligament
• The vasa deferntia are attached to the body wall by a suspensory 

ligament
• The vasa deferentia open into a wider tube, ejaculatory duct
• Two groups of long tubular accessory glands also open into the 

ejaculatory vesicles (vesiculae seminales) for storing the sperms
• The ejaculatory duct opens posteriorly into a large pouch-like structure, 

the ejaculatory sac which opens into the aedeagus



Internal Morphology Ak Grasshopper (Poekilocerus pictus)
Reproductive System (female)

A pair of ovaries and associated glands

• Ovaries are closely associated as a single body lies on midgut 
and a part of the hindgut

• Each ovary is composed of a large number of tubular ovarieoles 
which arise from the side of the oviduct

• Ovarieoles end in thread-like filaments which unite to form a 
suspensory ligament

• The oviduct also extend anterior to form two accessory glands
and posteriorly (vagina) below the ventral nerve cord

• The vagina terminates in the genital chamber
• The spermatheca is a sac-like oval body which receives and 

stores the sperms. It opens by means of a coiled spermathecal
duct into the genital chamber.

• Genital chamber ends into an egg-guide of ovipositor



Internal Morphology Ak Grasshopper (Poekilocerus pictus)
Circulatory system

Dorsal blood Vessel and accessory pulsating organs

• Open circulatory system
• Haemocoel has two longitudinal diaphragms

• Dorsal diaphragms
• Ventral diaphragms

• The diaphragms divide the body cavity into three sinuses
• The dorsal (pericardial) sinus
• The large central (perivisceral) sinus
• The ventral (perineural) sinus



Internal Morphology Ak Grasshopper (Poekilocerus pictus)
Circulatory system

Dorsal Blood Vessel
• lies along the midline in the pericardial sinus
• It is a long, straight, white tube extending from the head to the 10th

abdominal segment.
• It consists of two parts. 

• Posterior part (heart)
• Anterior part (aorta)

• Segmentally dilated to form chambers (ampullae) having paired 
dorsolateral openings, the Ostia with valves

• Eight pairs of alary muscles which arise from the sides meet broadly 
beneath the heart. 

• Haemolymph enters the hearts 
through Ostia from the 
haemocoel, carried anteriorly in 
the heart and aorta and again 
returned to the haemocoel in the 
head.



Internal Morphology Ak Grasshopper (Poekilocerus pictus)
Nervous system

• Central nervous system
• Peripheral nervous system
• Visceral nervous system



Internal Morphology Ak Grasshopper (Poekilocerus pictus)
Nervous system

• CNS lies below alimentary canal except the brain which is dorsal.
• It extends from the head to the 8th abdominal segment.
• CNS consists of a large compound suparaesophageal ganglion

(brain) which lies in the head above the esophagus.
• The brain is has three pairs of lobes:

• Protocerebrum (fore brain)
• Deutocerebrum (mid brain)
• Tritocerebrum (hind brain)

• The brain is connected with subeosophageal ganglion which lies in
the head below the esophagus.

• Ventral nerve cord which has three thoracic and five abdominal
ganglia.

• Ganglia of segments are connected by means of paired connectives.
• In each segment there are actually two ganglia which are

transversely connected by means of commissures and fused into a
single ganglion.

• All ganglia innervate to the different body organs.



• Dorsal Trunk
• Lateral Trunk
• Ventral Trunks

• Tracheae from spiracles extend into inner sides, branch and dilate to from white air-sacs.
• Longitudinal trunks give numerous braches which divide and subdivide into finer branches

known as tracheoles.

Internal Morphology Ak Grasshopper (Poekilocerus pictus)
Respiratory system

• Spiracles, tracheae and tracheoles.
• Spiracles are the paired lateral external opening (10 pairs).

• Trachea are elastic internal tube for Spiracles openings.
• The tracheae from the adjoining spiracles unite the form six longitudinal trunks.


