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 كلية العلوم  ؤيةر

 

 التميز في تعليم العلوم الاساسية والبحث العلمي للمساهمة في التنمية المستدامة 

 

 رسالة كلية العلوم 

تقديم تعليم مميز في مجالات العلوم الاساسية وانتاج بحوث تعليمية تطبيقية للمساهمة في التنمية المستدامة 

من خلال اعداد خريجين متميزين طبقاً للمعاير الاكاديمية القومية وتطوير مهارات وقدرات الموارد 

ي وبناء الشراكات المجتمعية البشرية وتوفير خدمات مجتمعية وبيئية تلبي طموحات مجتمع جنوب الواد

 الفاعلة . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 رؤية القسم 

 

خريجون وباحثون متميزون علمياً وبحثياً في دراسة ضرر ونفع الكائنات الحيوانية خدمة للمجتمع وتنمية 

 للبيئة 

 

 

 رسالة القسم 

يسعى قسم علم الحيوان والحشرات بكلية العلوم جامعة جنوب الوادي من خلال ما يقدمة من برامج 

تعليمية باستخدام الوسائل العلمية والتعليمية المتطورة والتي تكشف عن المزيد من ضرر ونفع الكائنات 

 الامة . الحية وباحثين وخريجون متميزين علمياً وبحثياً ينتفع بهم المجتمع وترتقي بهم 

 

 

 

 

 

 

 

 

 

 



 
 

 

 



 Insect physiology is the study of how insects live and 

reproduce. 

 Insects are arthropods meaning they have an external 

skeleton that covers the internal tissues. 

 The exoskeleton protects the internal tissue but also 

allows for sensory systems to function. 



• Integumentary System of insects  

• Growth and metamorphosis  

• Digestive system  

•Respiratory system of insects  

•Excretory system of insects  

•Circulatory system of insects  

•Nervous system of insects 

•Endocrine system of insects  

•Communication of insects  

•Sensory organs of insects  

•Muscles and locomotion of insects  

•Reproduction of insects  

• Immunology 





The integument or body wall of insects is the outer layer of its body 

comprising of the epidermis. 

The integument consists of 

Inner basement membrane 

Middle epidermal cell layer – epidermis (or hypodermis) 

Non-living outer cuticle. 

 

Cuticle is a characteristic of Phylum Arthropoda. 
Cuticle plays a crucial role in insect survival and dominance. 

 

 



 Composed of Chitin –Strong, rigid, and flexible 

 Provides large area for muscle attachment 

 Conserves water, minimizes water loss and hence prevents 

desiccation. 

 Prevents mechanical injury. 

 Protective coloration. 

 Act as a tool for various activities like digging, oviposition, and 

preying. 

 Gives physical strength without making the insect body heavier. 



 



 



 Basement membrane: a continuous sheet of 

mucopolysaccharide, as much as 0.5 mm in thickness; 

initially secreted by haemocytes. 

 

 Epidermis: the only living portion of the integument; 

modifications of these cells produce dermal glands, 

sensory receptors and their support cells, and 

oenocytes. 



 Cuticle: secreted by epidermis; divided into two main regions: 

 

 Epicuticle: 

 consists of cement layer, wax layer, polyphenol layer, and the 

cuticulin layer. 

 This is the outermost, thinnest cuticular layer devoid of chitin. 

 

 Procuticle: 

 Inner cuticular layer consists of exocuticle, mesocuticle, and 

endocuticle, constituted largely of chitin and protein. 





 The epicuticle is a complex layer consisting of several 

layers that are produced by both the epidermal cells and 

dermal glands. 

 

 Cement layer: 

 Consists mostly of lipoprotein secreted by dermal glands. 

 Functions as a varnish, provides protective external surface 

to integument. 

 Prevents water loss from the body 

 Absent in honey bees. 



 The wax layer : 
 0.25 microns thick 
 Contains hydrocarbons with 25-31 carbon atoms, 

alcohols of 24-34 carbon atoms, and esters of fatty 
acids. 

 produced by the epidermal cells. 
 Act as a waterproof layer of the integument as it 

contains tightly packed wax molecules. 
 

 The Polyphenol layer : 
 Non-static layer 
 composed of polyhydric phenols. 
 Phenols are transported from epidermal cells through 

the pore canals and are accumulated on the outer 
surface of the cuticulin layer. 



 Cuticulin layer: 

 Amber coloured. 

 Consist of a lipoprotein – Cuticulin 

 Highly resistant to mineral acids and most organic 

solvents. 

 Serves as a permeability and growth barrier 

 Determines the surface properties of integument 



 The Chitinous cuticle (Procuticle) 
 The procuticle is secreted by the epidermal cells and 

consists largely of chitin and protein. 
 

 exocuticle: the proteins become heavily cross-linked and 
insoluble; are not broken down during the molting cycle; 
pigments deposited within it 
 

 endocuticle: synthesis continues after the old cuticle is 
shed, often in daily layers; cross-linking is reduced; 
completely broken down during molting process 
 

 mesocuticle: as a transitional layer in which the proteins 
are untanned like the endocuticle but impregnated with lipid 
and proteins like the exocuticle 



Endocuticle Exocuticle 

• Light colored 
 

• Darkly pigmented 

• Soft and unsclerotized • Hard and sclerotized 

• Consisting more 
chitin 

• Consisting mainly 
chitin and hard protein 
called Sclerotin. 

• Lack of Sclerotin 



 Chitin – Protein Microfibrils : Chitin and protein are 
crucial elements of arthropods forming major constituents 
of body wall. 
 

 In insects they form the framework of cuticle and also 
constituents of peritrophic membrane of gut. 
 

 Chitin : 
 Nitrogenous polysaccharide. 
 Made of long chains of acetylated glucosamine residues -- 

N-Acetyl glucosamine (C8H13O5N)n 
 Adjacent chains are held together by β –glycosidic 

linkages. 



 



 Protein : Proteins are of 3 types: 
 

 Arthropodin : Water-soluble protein found in the 
endocuticle. Untanned, elastic protein. 
 

 Resilin: Rubber-like protein occurs as colourless cuticular 
ligament such as wing-hinge ligament. Elastic in nature. 
 

 Sclerotin: Tanned protein. Occurs in the exocuticle. It is in 
fact tanned athropodin. 



 Lime : 

 In some aquatic insects, lime or CaCO3 is deposited 

and may form a major constituent of exocuticle. 

 

 Pigments : 

 The insect cuticle posses various pigments such as 

melanin, carotenoids, pterins (pigment which gives 

fluorescent color to butterfly wings). 



CHEMISTRY OF CUTICLE 
 The insect cuticle is composed largely of 
Proteins 
 comprise more than half the dry weight of the insect 

cuticle. 
 Primarily distributed within the Procuticle. 
 Synthesized mainly by epidermal cells 
Chitin 
 Consisting of 20-40% of the total dry weight of the 

cuticle. 
 Polymer of N-acetyl-D-glucosamine. 
 Synthesized by epidermal cells 
Lipids 
 Mainly located in the wax layer of epicuticle 
 Synthesized largely by the Oenocytes and the fat body 







 
Glands of the insect integument, dermal glands 
(glandulae)  
Classification of glands according to their structure  
unicellular glands  
complex glands: a group of adjacent unicellular glands 
both can occur within the epidermis (intraepithelial) or 
under the epidermis (subepithelial)  
polycellular glands always occur subepithelial their 
structure is nodular or tubular  
Classification of glands according to their function  
wax glands, enamel glands, cement glands, lubricant 
producing glands, adhesion helping glands, pheromone 
producing glands, odour glands, stink glands, venom 
producing glands  
 





The growth and development of insects are largely a 

function of the growth and development of their 

integuments. 

Molting 

Metamorphosis 



The molting process involves an elaborate sequence of 

events that produces a new cuticle capable of 

significant expansion before the old one is discarded. 

The molting process begins with apolysis and ends with 

ecdysis. 

Apolysis: the separation of the epidermal cells from the 

old cuticle 

Ecdysis: the casting off of the old cuticle 











 Metamorphosis: the change that occurs as an insect 

develops from an immature to an adult; separates and early 

feeding stage from a later reproductive stage. 

 Ametabolous development - continue to molt as sexually 

mature adults and there is no real metamorphosis 

 Hemimetabolous (incomplete) development - immatures 

lack wings and genitalia (exoptergotes) 

 Holometabolous (complete) development – a sometimes 

very radical change in form and ecological habits between 

immatures and adults (endopterygotes) 



 





Digestive system/alimentary canal 
 o long tube-like structure that runs from the mouth to the 

anus 
o centrally located within the body cavity, or hemocoel  
1- Foregut/ stomodeum 
o The anterior-most region which includes the cavity, the 

esophagus, and the crop. 
o Begins the breakdown of food particles and transport them 

to the next region, the midgut (or mesenteron). 
2- The midgut is the major area of digestion and absorption. 
3- The hindgut/ proctodeum) consists of the ileum, colon, 
rectum, and (often) rectal pads. The hindgut functions in 
water and solute reabsorption and waste excretion. 







 

 



 Insects may be phytophagous, entomophagous, wood borers, 
wool feeders (or) saprophytic, they mainly feeds on the solid 
food material or liquid food material. 

 If the food ingested in a liquid form, it may be a plant sap (or) 
nectar (or) blood 

 Based on the food material ingested, there are structural 
modifications in the digestive system of insects. 

 Insects having the habit of feeding on the solid food material, 
possess the biting and chewing type of mouth parts where 
as sap feeding ones have sucking type. 

 Sap suckers possess a filter chamber and solid feeders have 
well developed gizzard. 



Functions of the Gut 
 

 Obtaining food 

 Mechanically breaks good down into smaller particles that 

facilitate the activity of digestive enzymes 

 Enzymatic breakdown of larger food molecules into 

molecules that can enter the hemolymph 

 Produce molecules that coordinate feeding and other 

digestive activities 





1) Foregut (stomodaeum) 
2) Midgut (mesenteron) 
3) Hindgut (proctodaeum) 
 These divisions are seperated by cardiac valve in the front and 

pyrolic valve in the rare 

Foregut 
 Ectodermal in origin and lined by intima 
 Preoral cavity between epipharynx and hypopharynx is called cibarium 
 Preoral cavity between hypopharynx and salivary duct is called 

salivarium 
1)pharynx- acts as sucking pump in sap feeders 
2)crop- acts as food reservoir and in honey bees crop is called as honey 
stomach where the nectar conversion takes place 
3) Proventriculus or gizzard- it is the posterior part of the foregut and 
found only in solid feeders and absent in liquid feeders 









 Inner surface of gizzard is 

1)Teeth like – cockroach 

2)Plate like- honey bees to separate pollen and nectar 

3) Absent in blister beetle and caterpillar 

Midgut 
 It is endodermal in origin 
 It has association with gastric caecae/enteric caecae/hepatic 

caecae anteriorly 

 It is the main site of digestion and absorption 
 It is also called as stomach or ventriculus 





 Midgut is made up of 3 types of epithelial cells 

1)Secretary cells(columnar cells) 

2)Goblet cells (aged secretary cells) 

3)Regenerative cells 

 Midgut is lined by peritrophic membrane and the membrane is 
absent in many fluid feeding insect 

 Gastric caecae –are finger like outgrowths found in anterior 
end of midgut which gives shelter for symbiotic bacteria 

 The number of gastric caecae varies in number 

o 2 caecae- diptrean insect 

o 8 in dictyoptera 

o Numerous – larvae af scarabidae 

o Absent in- collembola, honey bee and lepidoptrean caterpillar 



Peritrophic Membrane 
 

 Secreted by microvillate columnar epithelial cells 

 Made up of an amorphous sheet of polysaccharide, chitin, 

glycoprotein, and protein 

 Tubular film that surrounds the bolus and within which 

considerable digestion occurs 

 Numerous insect pathogens center activity on peritrophic 

membrane 









Filter chamber 
 It is a complex organ in which two ends of ventriculus 

and beginning of hindgut are enclosed in a sac like 
structure. 

 This is useful in liquid feeding insects and helps in 
osmoregulation by preventing dilution of haemolymph. 

Hindgut 
 It is ectodermal in origin 
 In most of the insects 3 regions are recognised 
1)ileum- pouch like structure for housing symbionts and 
acts as fermentation chamber in scarabids and termites 
 2)Colon 
 3)Rectum –contain rectal pads 





HINDGUT 
1. Major refuse dumping area for waste products from 
midgut and Malpighian tubules 

2. In insects that feed on dilute foods (i.e., low in amino 
acids), such as plant saps or blood, the hindgut is involved in 
getting rid of excessive water and also in housing symbionts 
that use these waste products to produce substances the 
insect needs. 

3. Many insects have special adaptations of the hindgut 
region that aid in reabsorption of certain salts and amino 
acids.  



4.Water absorption from feces into the hemolymph 

5. Pheromone production-Male scolytid beetles produce an 

aggregation pheromone. 

6. Respiration in larvae of Anisoptera (Dragonflies) 





HINDGUT AND ITS SYMBIONTS 
 

 Insects have relied upon and have taken up symbionts to 

either aid in digestion of molecules they can’t digest (e.g., 

Cellulose) or provide the insect with essential nutrients, 

especially various vitamins, etc., that they would be 

unable to get from diets poor in these substances. 

 1. Termites and digestion of cellulose 

 2. Insects feeding on blood or on plant saps. 





Gut physiology 
  Primary functions of the gut is to digest the ingested food and to absorb 

the metabolites. Digestion process is enhanced with the help of enzymes 
produced by digestive glands and microbes housed in special cells. 

Digestive glands 
 A. Salivary glands: In Cockroach a pair of labial glands acts as salivary 

gland where the salivary ducts open into salivarium. In caterpillars 
mandibular glands are modified to secrete saliva, where the salivary 
glands are modified for silk production in silk worm larva. 

Functions of saliva: 
1. To moisten and to dissolve food 
2. To lubricate mouthparts 
3. To add flavour to gustatory receptors 
4. In cockroach the saliva contains amylase for the digestion of starch. 
5. In honey bee saliva contains invertase for sucrose digestion 



6. In Jassid saliva contains lipase and protease for lipids and 
protein digestion. Jassid saliva also contains toxins which 
produces tissue necrosis and phytotoxemia on the plant 
parts. 

7. In mosquito, saliva contains anticoagulants which 
prevents blood clotting. 

8. In disease transmitting vectors the saliva paves way for 
the entry of pathogens 



 B. Hepatic caecae and midgut epithelial cells: It secretes 
most of the digestive juices. Two types of cells were 
involved in the enzyme secretion. 

 Holocrine : Epithelial cells disintegrate in the process of 
enzyme secretion. 

 Merocrine : Enzyme secretion occurs without cell break 
down. 

 





C. Microbes in digestion: 
  In the insect body few cells were housing symbiotic 

microorganisms called as mycetocyte. These mycetocytes 
aggregate to form an organ called mycetome. 

 Flagellate protozoa - It produces cellulase for cellulose 
digestion in termites and wood cockroach. 

 Bacteria - It helps in wax digestion in wax moth. 
 Bed bug and cockroach obtain vitamin and amino acids 

from microbes. 
 These microbes were transmitted between individuals 

through food exchange (mouth to mouth feeding) called 
trophallaxis and through egg called as transovarial 
transmission.  



Absorption 
 

 Absorption of water and ions occur through rectum. 

 In cockroach lipid absorption occurs through crop. 

 In termites and scarabaeids (White grubs) absorption 
occurs through ileum. 

 In solid feeders, absorption of water from the faeces 
occurs in the rectum and the faeces is expelled as pellets. 

 In sap feeders (liquid feeders) the faeces is liquid like. 
The liquid faeces of homopteran bugs (aphids, mealy 
bugs, Scales and psyllids) with soluble sugars and amino 
acids is known as honey dew, which attracts ants for 
feeding. 



















Functions of Salivary Glands 
 1. Moisten food 

2. Lubricate mouthparts 

3. Contains digestive enzymes 

  3a. Amylase – complex sugars to simple sugars 

3b. Salivary enzymes for preoral digestion 

4. Non-digestive functions 

      4a. Toxins of predators that affect CNS of prey 

      4b. Counter toxins of plant allelochemicals 

      4c. Anti-coagulants 

      4d. Silk production 









Functions of the Fat Body 
 

 metabolism of carbohydrates, lipids and nitrogenous 

compounds 

 storage of glycogen, fat and protein 

 regulation of blood sugar 

 synthesis of major hemolymph (blood) proteins 

(haemoglobins, vitellogenins, storage proteins) 







 



 



 



 



 



 



 



 



 



 



 



 



 



 







 



 



 



 



 



 



 



 



CONVECTION 
 

 Convection is the bulk flow of fluid, driven by a pressure 

gradient. 

 diffusion can suffice for gas exchange of many insects, why is 

convection so common? 

 Theoretical studies have demonstrated that use of convection 

rather than diffusion can decrease water loss rates, even in 

small insects. 

 Insects produce compression of the air sacs and tracheae in 

multiple ways. The best understood is abdominal pumping. 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



Insect excretory system 



 



 



 



 



 





 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 





Circulatory system 
 There are two types of circulatory systems in the animal 

kingdom. 

In many animals , the blood travels through vessels like 

arteries, capillaries and veins. This is known as closed type of 

circulatory system. 

In insects the blood flows through the body cavity (i.e., 

heamocoel) irrigating various tissues and organs. It is known 

as open type of circulatory system. 



The hemocoel is filled with hemolymph that bathes the 
organs  
Haemocoel of the insects is divided into 3 sinuses (or) 
regions due to the presence of two fibro muscular septa 
(or) diaphragms composed of connective tissues 
1) Dorsal or Pericardial Sinus: The area lying in 
between the tergum and dorsal diaphragm. It contains 
heart. 
2) Ventral or Perineural Sinus: The area lying in 
between the sternum and ventral diaphragm. It contains 
nerve cord. 
3) Visceral Sinus: The area in between dorsal and ventral 
diaphragms. It harbour the visceral organs like alimentary 
canal and gonads. 







Organs associated with blood circulation 
 

Dorsal blood vessel 

It is the main organ of circulation and consists of anterior aorta and 

posterior heart. 

lies along the dorsal midline of the insect body.  

The dorsal vessel is a simple tube closed at its posterior end and bears a 

number of vulvular openings called as ostia (prevents back flow of 

haemolymph) 

The number of ostia are 

3 pairs –thorax 

9 pairs -abdomen 



 



Hemocoel  

The main body cavity of invertebrates, such as insects. 

The compartmentalized structure of this cavity is due to the presence of 

one or two fibromuscular septa. 

Organs of the insect are suspended in this cavity. 

 

Heart  

In the abdomen, the dorsal vessel is called the heart. It is divided in 

segments into chambers that are separated by valves (ostia) to ensure 

one-way flow of hemolymph. 

Usually closed at its posterior end. 

 

 





The heart's contraction rate varies considerably from 

species to species -- typically in the range of 30 to 200 

beats per minute. 

 

The rate tends to fall as ambient temperature drops and 

rise as temperature (or the insect's level of activity) 

increases. 



Alary muscles  

A pair of alary muscles are attached laterally to the walls of each 

chamber. 

Fibromuscular innervated structures attached laterally to the body 

wall and vary in number from 1-13 pairs. 

Contractions of the these muscles force the hemolymph forward 

from chamber to chamber. 

 

 



Aorta 
 

In front of the heart, the dorsal vessel lacks valves or 

musculature. It is a simple tube (called the aorta) which 

continues forward to the head and empties near the brain. 

 

Hemolymph bathes the organs and muscles of the head as 

it emerges from the aorta, and then haphazardly percolates 

back over the alimentary canal and through the body until 

it reaches the abdomen and re-enters the heart. 



 



Haemolymph  

Colorless liquid that bathes the insect tissues. 

Lack hemoglobin unlike humans 

Oxygen is delivered by respiratory system 

Composition of Haemolymph -contains a fluid portion 

called plasma and cellular fractions called haemocytes. 



1.Plasma: Plasma is an aqueous solution of inorganic ions, 
lipids, sugars (mainly trehalose), amino acids, proteins, organic 
acids and other compounds. 
pH is usually acidic (6-7). 
Density is 1.01 to 1.06. 
Water content is 84-92 per cent. 
Inorganic ions present are `Na' in predators and parasites, `Mg' 
and `K‘ in phytophagous insects. 
Blood lacks vitamin ‘K’ 
Carbohydrate is in the form of trehalose sugar. 
Major proteins are lipoproteins, glycoproteins and enzymes. 
Lipids in form of fat particles or lipoproteins. 
Glycerol is present which acts as a anti freezing compound. 



Haemocytes: The blood cells or haemocytes are of several types 
and all are nucleate. Different types of haemocytes are as follows: 

a. Prohaemocyte : Smallest of all cells with largest nucleus. 

b. Plasmatocyte (Phagocyte) aids in phagocytocis 

c. Granular heamocyte: Contains large number of cytoplasmic 
inclusions 

d. Spherule cell: Cytoplasmic inclusions obscure the nucleus 



 



e. Cystocyte(Coagulocyte): Role in blood coagulation 

and plasma precipitation. 

f. Oenocytoids: Large cells with ecentric nucleus 

g. Adipo haemocytes: Round or avoid with distinct fat 

droplets 

h. Podocyte: Large flattened cells with number of 

protoplasmic projections. 

i. Vermiform cells: Rare type, long thread like. 



 



Process of blood circulation 
 Heart mainly function as a pulsatile organ whose expansion 

and contraction leads to blood circulation . 

It takes place generally in an anti clock manner starting 
from posterior end to the anterior end in a forward 
direction. 

Circulation of blood takes place in two phases due to the 
action of the alary muscles as well as the muscles of the walls 
of the heart. 

 The two phases are 
1. Diastole: During which expansion of heart takes place. 

2. Systole : Contraction of heart takes place. 



1. Diastole: Expansion of heart ( diastole). It results in 
increase of volume of heart and decrease in the area of 
pericardial sinus. This creates a pressure on the blood in 
pericardial sinus forcing the blood to enter into the heart 
through the incurrent ostia. These incurrent ostia allow only 
the entry of blood from the sinus in to the heart and prevents 
its backflow from the heart to the sinus. 
 
2. Systole : Contraction of heart (systole). This creates 
pressure on the blood within the heart leading to its 
forward movement in to the aorta. From the aorta blood 
enters in to the head and flows back bathing the visceral organs 
in the visceral sinus and neural cord in the perineural sinus. 
 
In between diastole and systole there will be a short period of 
rest which is known as diastasis. 





 



Functions of haemolymph 
 1. Lubricant : Haemolymph keeps the internal cells moist and the 

movement of internal organs is also made easy. 
 

2. Hydraulic medium : Hydrostatic pressure developed due to 
blood pumping is useful in the following processes. 
a) Ecdysis (moulting). 
b) Wing expansion in adults. 
c) Ecolosion in diptera (adult emergence from the puparium using 
ptilinum). 
d) Eversion of penis in male insects. 
e) Eversion of osmeteria in papilionid larvae. 
f) Eversion of mask in naiad of dragonfly. 
g) Maintenance of body shape in soft bodied caterpillars. 



3.Transport and storage : Digested nutrients, hormones and gases 

(chironomid larva) were transported with the help of haemolymph. It 

also removes the waste materials to the excretory organs. Water and raw 

materials required for histogenesis is stored in haemolymph. 

 

4.Protection: It helps in phagocytocis, encapsulation, detoxification, 

coagulation, and wound healing. Non celluar component like lysozymes 

also kill the invading bacteria. 

 

5. Heat transfer: Haemolymph through its movement in the circulatory 

system regulate the body heat (Thermoregulation). 



6. Maintenance of osmotic pressure: Ions, amino acids and 

organic acids present in the haemolymph helps in maintaining 

osmotic pressure required for normal physiological functions. 

 

7. Reflex bleeding: Exudation of heamolymph through slit, pore 

etc. repels natural enemies. e.g. Aphids. 

 

8. Metabolic medium: Haemolymph serves as a medium for on 

going metabolic reactions (trahalose is converted into glucose). 



Nervous system 



 An insect's nervous system is a network of specialized 

cells called neurons that serve as an "information 

highway" within the body. 

 

 The nervous system of insect functions to generate and 

transport electrical impulses, to integrate information 

received and to stimulate muscles for movement. 



 



Neuron 
 

 The basic unit of nervous system that functions in nerve 

impulse transmission is the nerve cell or neuron. 

 

  A neuron is composed of: 

o A cell body where nucleus is found (soma) 

o One or more receptor fibrils=Dendrites 

o An axon that branches at the tip 



 



Neuron has projections 
 Neurons similar to other cells, but: 

 1.have specialized extensions called dendrites and axons. 

Dendrites bring information to the soma and axons take 

information away from the soma. 

 

 2.Neurons communicate with each other through specialized 

structures called synapses and chemicals (e.g. 

neurotransmitters).  

 



 



 



Signal transmission 

 Signal transmission is always unidirectional, moving 

toward the nerve cell body along a dendrite and away 

from the nerve cell body along an axon. 

 



 A. On structural basis 

 i. Monopolar: neuron with a single axon 

 ii. Bipolar: neuron with a proximal axon and a long distal dendrite. 

 iii. Multipolar: neuron with a proximal axon and many distal dendrites. 

 

 B. Functional basis 

 i. Sensory neuron: It conducts impulse from sense organs to central 

 nervous system (CNS). 

 ii. Motor neuron: It conducts impulse from CNS to effector organs 

 iii. Inter neuron (association neuron): It inter-links sensory and motor neurons. 

The cell bodies of inter neurons and motor neurons are aggregated with the fibers 

inter connecting all types of nerve cells to form nerve centers called ganglia. 



 



 



 



 Neurons are usually divided into three categories, 
depending on their function within the nervous 

 system: 

 

 1. SENSORY NEURONS: These bipolar or multipolar 
cells have dendrites that are associated with sense organs . 
They always carry information toward the central nervous 
system. 



 MOTOR NEURONS : These unipolar cells that conduct 
signals away from the central nervous system and 
stimulate responses in muscles and glands. 
 
 
 
 
 
 
 

 INTERNEURON (ASSOCIATION) NEURONS: These 
neurons connect sensory and motor neurons that conduct 
signals within the central nervous system. 



 



 



 Individual nerve cells connect with one another through 

special junctions, called synapses. 



 When a nerve impulse reaches the synapse, it releases a 
chemical messenger (neurotransmitter substance) that 
diffuses across the synapse and triggers a new impulse in 
the dendrite(s) of one or more connecting neurons. 



 Acetylcholine, 5-hydroxytryptamine, dopamine, and 
adrenaline are examples of neurotransmitters found in 
both vertebrate and invertebrate nervous systems. 



 



 Nerve cells are typically found grouped in bundles. A 

nerve is simply a bundle of dendrites or axons that 

serve the same part of the body. 

 

 A ganglion is a dense cluster of interconnected nerves 

that process sensory information or control motor outputs. 



 Nervous system can be divided in to three major sub-systems as 

 i. Central nervous system (CNS) 

 ii. Visceral nervous system (VNS) 

 iii. Peripheral nervous system (PNS) 

 

 I. Central nervous system: It contains double series of nerve 
centers (ganglia).  

 These ganglia are connected by longitudinal tracts of nerve 
fibers called connectives and transverse tracts of nerve fibers 
called commissures.  

 Central nervous system includes the following. 



 a. Brain: Formed by the fusion of first three cephalic 
neuromeres. 

 1)Protocerebrum: Large, innervate compound eyes and ocelli. 
 2)Deutocerebrum: Found beneath protocerebrum, innervate 

antennae. 
 3)Tritocerebrum: Bilobed, innervate labrum. 
 Brain is the main sensory centre controlling insect behaviour. 
 
 b. Ventral nerve cord: Median chain of segmental ganglia 

beneath oesophagus. 
 
 c. Sub esophageal ganglia: Formed by the last three cephalic 

neuromeres which innervate mandible, maxillae and labium. 



 d. Thoracic ganglia: Three pairs found in the respective thoracic 

segments, largest ganglia, innervate legs and muscles. 

 

 e. Abdominal ganglia: Maximum eight pairs will present and 

number varies due to fusion of ganglia. Innervate spiracles. 

 

 f. Thoracico abdominal ganglia : Thoracic and abdominal 

ganglia are fused to form a single compound ganglia. Innervate 

genital organs and cerci. 



 



 



 



 



 



 



BRAIN 
  An insect's brain is a complex of six fused ganglia (three pairs) located 

dorsally within the head capsule. 

 

 Each part of the brain controls (innervates:supply) a limited spectrum of 

activities in the insect's body: 

 

1. Protocerebrum 

2. Deutocerebrum 

3. Tritocerebrum 



 



 



 



SUBESOPHAGEAL GANGLION 
 

 Located ventrally in the head capsule (just below the 

brain and esophagus) is another complex of fused ganglia 

(jointly called the subesophageal ganglion). 

 

 The subesophageal ganglion innervates not only 

mandibles, maxillae, and labium, but also the 

hypopharynx, salivary glands, and neck muscles. 



VENTRAL NERVE CORD 
 

 In the thorax, three pairs of thoracic ganglia 

(sometimes fused) control locomotion by innervating 

the legs and wings. 

 

 Thoracic muscles and sensory receptors are also 

associated with these ganglia. 



 Similarly, abdominal ganglia control movements of 

abdominal muscles. 

 

 Spiracles in both the thorax and abdomen are controlled by a 

pair of lateral nerves that arise from each segmental ganglion. 

 

 A pair of abdominal ganglia usually fused to form a large 

caudal ganglion, innervates the excretory system, reproductive 

organs, and sensory receptors (such as cerci) located on the 

insect's back end. 



THE STOMODAEAL NERVOUS SYSTEM 
 

 An insect's internal organs are largely innervated by a 

stomodeal (or stomatogastric) nervous system. 

 

 The stomodeal nervous system controls activities of 

the gut and circulatory system 



 II. Visceral nervous system: The visceral (sympathetic) 
nervous system consists of three separate systems as 
follows: 

 (1) stomodeal/stomatogastric which includes the frontal 
ganglion and associated with the brain, aorta and foregut; 

 (2) Ventral visceral, associated with the ventral nerve cord 

 (3) Caudal visceral, associated with the posterior segments 
of abdomen. 

 Together the nerves and ganglia of these subsystems 
innervate the anterior and posterior gut, several endocrine 
organs (Corpora cardiaca and Corpora allata), the 
reproductive organs, and the tracheal system including the 
spiracles. 



 IV. Peripheral nervous system: The peripheral 

nervous system consists of all the motor neuron axons 

that radiate to the muscles from the ganglia of the 

CNS and visceral nervous system plus the sensory 

neurons of the cuticular sensory structures (the sense 

organs) that receive mechanical, chemical, thermal or 

visual stimuli from an environment. 



 



 



 • In comparison to vertebrates, an insect's nervous system is far 

more de-centralized. 

 

 Most overt behavior (e.g. feeding, locomotion, mating, etc.) is 

integrated and controlled by segmental ganglia instead of the 

brain. 



 In some cases, the brain may stimulate or inhibit activity in 

segmental ganglia but these signals are not essential for 

survival. 

 

 Indeed, a headless insect may survive for days or weeks (until 

it dies of starvation or dehydration) as long as the neck is 

sealed to prevent loss of blood! 





 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



Insect hormones 





 









  Hormones exert a critical control over all developmental, 

reproductive and metabolic activities hence disruption or 

removal of these lead to mortality of the insects. 

 

  These neuropeptides which are commercially produced 

used for the pest control. 

 

  But the major problem in commercial exploitation is 

costly synthesis , inability to penetrate cuticle and 

photoinstability. 



 















 











Insect phermones 























 INTRODUCTION

Muscles power all the movements, external and internal, in insects.

All insect muscles are striated, like vertebrate cardiac and skeletal
muscle.

Insect muscles show high levels of homology to these vertebrate
muscles in their structure, protein content, contractility and regulation.

Insect muscles are mostly translucent, colourless or grey, though the
flight muscles often show a yellowish or brown tinge.

In most skeletel muscles, especially those of the appendages, one end
of the muscle is attached to a movable part.

Cuticular invaginations or apodemes, in the form of cords, bands or
plate like structures, may provide the true sites of attachment.



 FUNCTIONS OF THE MUSCULAR SYSTEM
1. Support of the body.

2. Helps maintain posture.

3. Movement of the limbs, including ovipositor.

4. Movement of the wings-insects are the only invertebrates that fly.

5. Movement of the viscera.

6. Locomotion.

7. Closure of spiracles.

8. Operation of various pumps such as cibarial pump and the pumping
of the poison glands.

9. Generation of heat by ‘shivering’.



 TYPES OF MUSCLES BASED ON MORPHOLOGY

1. Cardiac muscles  :- not found in insects.
2. Smooth muscles  :- not found in insects.
3. Striated muscles  :- found in insects.

The only muscle type found in
insects is striated muscle. Insects
do not have cardiac or smooth
muscle types.

Fig :- Cardiac Muscle

Fig :- Smooth Muscle

Fig :- Striated Muscle



 TYPES OF MUSCLES BASED ON LOCATION

1. Skeletal muscles :
a. Cephalic Muscles
b. Thoracic Muscles
c. Muscles of Flight
d. Abdominal muscles

2.    Visceral muscles :
a. Alary muscle
b. Dorsal blood vessel
c. Accessory pulsatile organs and various diaphragms
d. Alimentary canal, including the crop
e. Reproductive organs and ducts
f. Venom glands
g. Repugnatorial glands
h. Organs of defense
i. Malpighian tubules

3.   Cardiac Muscles :



 Histology Of The Muscles

Each muscle is made up of a number of fibers, which are long, usually
multinucleate cells running the length of the muscle.

The characteristic feature of muscle fibres is the presence of myofibrils.

These are embedded in the cytoplasm i.e Sarcoplasm and extend continuously
from one end of the fibre to the other.

The fibrils are long serial arrays of contractile units known as Sarcomeres.

Each sarcomere is composed of interdigitated molecular filaments, consisting
mainly of two proteins : Myosin and Actin.

These proteins through their cyclical, ATP dependent interactions generate the
contractile forces and movements.

Each sarcomere is bounded by electron-dense Z-discs which connect
neighbouring sarcomeres.



Contd…….
From either side of each Z-disc (also called Z-line), so called “thin filaments” 
extend toward, but do not reach, the center of the sarcomere.

Each sarcomere comprises of an anisotropic region (the A-band) and two half 
isotropic regions (I-bands) containing the proximal parts of the thin filaments.

The dense A-band is further transversed by a lighter H-bands.

An array of thin I-band actin filaments (each some 5 nm in diameter) extends 
from the Z-disc to the edge of the H-band.

While thicker myosin filaments (each about 15 nm in diameter) run throughout 
the A-band.
Actin and myosin filaments are linked by temporary cross-bridges, each myosin 
filament usually being surrounded by 6 actin filaments.

According to theory of Huxley and Hanson, contraction of the fibril is due to the 
sliding of the actin and myosin filaments relative to each other 

The actin filaments move further into the A-disk while the myosin filaments thus 
approach the Z-disks.   





Contd…..
 The skeletal muscles of insects have a complex structure, which have :
i. The fibrous contractile system
ii. The mitochondria
iii. The tracheal and nervous supply
iv. The membrane systems
 Variations in the histology and ultrastructure of these components are

associated with functional differences between different groups of muscles.
 The mitochondria of insect muscle vary greatly in size, shape and distribution.

Most extensively developed in the flight muscles, because of high metabolic
rate of these contracting structures.

 They may be scattered randomly throughout the sarcoplasm or arranged
between fibrils opposite to z-disks.

 The tracheal supply also varies with their activity, visceral muscles being
poorly supplied while flight muscles are much more richly tracheated with
intracellular tracheoles penetrating the fibrils

 Visceral muscle fibres occur singly or in groups around the gonads, their
ducts, diaphragms (in the heart) and gut wall.

 Visceral muscles differ from skeletal muscles having smaller fibers linked by
desmosomes (absent in skeletal muscles), poor tracheolar supply, few
mitochondria and a poorly developed T- system and sarcoplasmic reticulm.



Contd…..

 T-SYSTEM :- Transverse tubular invaginations arising from sarcolemma (a unit
membrane, about 7.5 nm thick).
 Sarcoplasmic reticulm :- These are longitudinally arranged cisternae of a
separate membrane system close to T-system.

The T-system may provide a pathway along which the peripheral excitation of a
fibre is conducted inward.
While the sarcoplasmic reticulum probably controls the contraction cycle through
the activation of myosin ATP-ase by calcium ions.

 In skeletal muscles at the junction of muscle and epidermis the cells show regular
interdigitation lined with desmosomes.
Within the epidermal cells microtubules connect the desmosomes with cone like
depressions of the outer epidermal plasma membrane.
 From each cone an electron dense muscle attachment fibre or tonofibrilla runs
through the procuticle in a pore canal and finally inserts on the epicuticle.
 These tonofibrillae slowly dissolved when the old cuticle is digested by moulting
fluid. New tonofibrillae become attached to the epicuticle only when it is growing.





 Skeletal Muscles (Myology)

A. Cephalic Muscles

The principal muscles of head may be divided into :-
1. Cervical Muscles :- These control the movement of head and are classified into

Levators, Depressors, Retractors and Rotators according to their functions.
 They take their origin from the prothorax and cervix and are inserted into the

tentorium and epicranium.
2. Muscles of the Mouthparts :- Classified as follows :
a) The Labral Compressors :- Running between the dorsal and ventral surfaces of the

labrum.
b) The Posterior Labral Muscles :- Run from the tormal sclerites of the labrum to the

wall of the head.

 Synchronous Skeletal Muscles :- Vast majority of insect muscles are synchronous
muscles. Each contraction is driven by a single neural stimulus. The form and
arrangement of the myofibrils in synchronus muscles is very variable.
 Asynchronous Skeletal Muscles :- In these neural stimulation is asynchronous with
respect to contraction. The specialized asynchronous muscles typically have large
cylindrical myofibrils, that’s why they are sometimes called fibrillar.



Contd……

c) The Anterior Labral Muscles (Retractors) :- Run from the anterior margin of the
labral base to the wall of the head.
d) The Dorsal Abductors :- Originate on the upper lateral part of the epicranium and
insert each on an apodeme connected with the inner, basal region of the mandible.
e) The Ventral Abductors :- Present only in the Apterygotes and some lower
Pterygotes.
f) Dorsal Basal Muscles :- Arising on the dorsal part of the head and forming the
anterior and posterior rotators of the cardo and the cranial flexure of the lacinia.
g) Ventral Basal Muscles :- Inserted on the cardo and stipes and originate on the
tentorium in most pterygotes and on the tentorial apodemes in the apterygotes.
i) Stipital Muscles :- Originate on the stipes and include the levator and depressor of
the palp, flexor of the galea and the stipital flexor of the lacinia.
j) Extrinsic Labial Muscles :- Arise on the tentorium or cranial wall and insert on the
prementum. They correspond to the ventral basal muscles of the maxilla.
k) Median Labial Muscles :- Run from the back of the prementum to the postmentum
and have no homologues in the maxilla.
l) Labial Salivary Muscles :- Usually two pairs, arising on the prementum and
converging on the labial wall of the salivarium near the opening of the salivary duct.
m) Musles of the endites and palps :- From the prementum there run the levator and
depressor muscles of the palps and a flexor of each glossa and paraglossa.



n) Intrinsic Palp Muscles :-Inserted on the suspensorium of the hypopharynx.

3. Muscles of Antennae :- Classified as follows :
a) Extrinsic antennal muscles :- A levator and usually two depressors are inserted on
the base of the scape.
b) Intrinsic antennal muscles :- Pair of muscles arising in the scape and inserted on the
base of the pedicel.

Contd……

B. Thoracic Muscles

 The principal Thoracic Muscles may be divided as follows :-

a) Longitudenal :- Divisible into tergal and sternal groups, the former being
important indirect flight muscles.

b) Dorsoventral :- Two main groups here are : tergosternal muscles : principal
levators of wing (acting antagonistically to the longitudenal tergals and tergocoxal
muscles : act as the tergal promoters and remotors of the leg.

c) Pleural :- Three main groups here are : tergopleural muscles : variable in
development and include the axillary muscles, pleurosternal muscles : short
fibres linking the pleural and sternal apophyses, pleurocoxal muscles : act as
abductors of the coxae.



Contd…..

d) Sternal :- Includes two muscle groups :  sternocoxals : are sternal promotors and 
remotors of the leg,    lateral intersegmental : runs from sternum to the pleuron or 
tergum of the succedding segment and is best developed in larval forms.
e) Intrinsic Leg Muscles :- Lying within the segments of the legs. They include levator 
and depressor of the trochanter, tibia and tarsus and the levator of the pretarsus.

C. The Abdominal Muscles

a) Longitudenal :- Divided into (a) tergal and (b) sternal longitudenal muscles. In each
case they run between the intersegmental folds or antecostae of successive
segments. Acting together the groups act as retractors by telescoping the
abdomen. Acting alone , the sternal muscles curve the abdomen downwards and
the tergals straighten it or bend it upwards.

b) Lateral :- Typically run dorsoventrally and are both inter and intrasegmental in
position. They are usually tergosternals, but when distinct pleurites are present
there may also be tergopleural and sternopleural muscles. By contraction they
tend to compress the segment and are therefore important in respiratory
movements.

c) Transverse :- Better known as the muscles of the dorsal and ventral diaphragms.
 In addition there are special muscles concerned with movements of the genitalia,

cerci and spiracles.



D. Muscles Of Flight

The flight movements are caused by three sets of muscles , the indirect, direct and
accessory indirect flight muscles. The indirect muscles are usually the largest in the
body and are attached to the thorax and not to the wing base. Wing movement, and
most of flight, is controlled by indirect flight muscles. They are called this because the
longitudinal and dorsoventral muscles do not connect directly to the wing but, control
flight by affecting the dorsal surface of the thorax. When the dorsoventral muscles
contract, it causes a depression of the tergum, causing the wings to go up. Contraction
of the longitudinal muscles causes an arching of the notum and the wings go down. It
is a pivotal movement based on the arrangement of the cuticle and wings.



Fig :- Mechanism of working of Flight Muscles



Visceral Muscles 

 These muscles differ in structure from skeletal muscles in severe respects.
 Adjacent fibers are held together by desmosomes, which are absent from skeletal
muscle.
 The sacroplasmic reticulm is poorly developed, mitochondria are small and often
few in number.
 All insect muscles are striated, s visceral muscle resembles skeletal muscle in
contrast to the smooth visceral muscle of vertebrates.
 Visceral muscles may be innervated from the stomodeal nervous system or from the
ganglia of the ventral nerve cord, but are sometimes without innervation as in the
heart of Anopheles spp larvae.

 Cardiac Muscles

The insect heart usually consists of a simple tube that contains a layer of contractile
myocardial cells.
 These are usually mononucleate cells with straited longitudinal and circular
myofibrils.
 Heart rate is influenced by nerves that innervates the heart in most insects.



 Physiology Of Insect Muscles

 Properties of insect skeletal muscles such as absolute muscular power and simple

contraction do not differ greatly from those of vertebrates.

Unlike vertebrates, insect muscles contain relatively few fibres and to achieve
smooth contractions they are supplied by multiple nerve endings.

 The neuromuscular transmitter substances of insect is probably L-glutamate.

 The muscles of legs and abdomen and most flight muscles respond synchronously to
the nervous impulses.

 In Diptera, Hymenoptera, Coleoptera and Hemiptera there evolved the
characteristics fibrillar type of asynchronous indirect flight muscles.

 Here the frequency of contraction is not determined by the central nervous system
but is directly controlled by the loading on the muscles.



Metabolism of Insect Muscles

 The oxygen consumption of an insect may rise a hundred fold when flight begins
and if it is to continue for long periods a reserve of oxidizable respiratory material is
needed.

 In Diptera and Hymenoptera a respiratory quotient of unity during flight indicates
that carbohydrates are the main substrate.

 In Lepidoptera, Homoptera and Orthoptera on the other hand, R.Q. values of about
0.7 occur and fat reserves are depleted.

 Some spp such as locusts and aphids, use glycogen and the disaccharide depletes
first then consume fat during prolonged flight.

 There are important biochemical differences in the metabolism of different muscles
e.g in locust flight muscles lactic dehydrogenase is virtually absent and lectic acid is
not an end product of glycolysis, whereas in the leg muscle lactic acid accumulates and
is slowly removed by oxidation and conversion to glycogen.



Reproductive system 
 

 Usually Insects are bisexual. But sometimes reproduction 
also occurs by Parthenogenesis and hermaphroditism. 

 

 The reproductive system is divided in to two parts namely 
internal genitalia and external genitalia . The internal 
genitalia serve to the development of germ cells. 

 

 The external genitalia accomplish the union of two sexes 
and enable the female to deposit eggs. 



Female reproductive system 
 

It consists of: 

 a pair of ovaries which possess number of ovarioles 

 a pair of oviducts, common oviduct / Median oviduct 

 spermatheca 

 a pair of accessory glands  

 Bursa copulatrix or copulatory pouch or genital chamber 

or vagina 



 



 



 Ovaries :are the prominent visceral organs present on the 

either side of alimentary canal. Anteriorly the ovaries get 

connected with the body wall by means of thread like 

suspensory ligaments. The ovaries are covered with fat body 

and are richly covered with trachea. Each ovary consists of a 

no. of ovarioles or egg tubes. 

 Ovarioles: Each ovariole is enveloped by a double layered 

cellular wall. The outer wall is called ovarial sheath which has 

an abundant supply of tracheae. 

 The eggs are discharged in to the lateral oviducts . 



 Lateral oviducts: Proximal end of the ovarioles of each 
ovary join to form a lateral oviduct on each side .The wall 
of oviduct is glandular and muscular. 

 Median Oviduct: Two lateral oviducts combine to form a 
median oviduct 

 Vagina: In most of the insects median oviduct does not 
open directly to outside. It opens in to a tubular genital 
chamber or vagina formed by invagination of body wall 
from VIII segment . The vagina opens outside and the 
opening is called vulva. 

 Vulva serves both purposes of receiving the sperms and 
discharging the eggs. 



 Bursa Copulatrix: In some insects the genital chamber or 

vagina develops a separate pouch called Bursa Copulatrix 

in to which insects have two reproductive openings .  

 One is vulva for receiving the sperms open on VIII 

sternum and another one is ovipore or gonopore on IX 

segment for discharging eggs.  

 Eg: Lepidoptera and water beetles 



 Spermathea: It is a sac like structure consisting of a 
spermathecal gland and opens in to vagina through 
spermathecal duct. This is mainly used for storing the sperms. 

 It also produces some fluids responsible for longevity of cells 
for several hours. 

 Accessory glands: These are a pair of collateral glands which 
open in to the distal portion of vagina and secrete the 
substance responsible for the formation of ootheca of 
cockroach, preying mantid and poisonous secretions in case of 
Hymenoptera. 

 This sticky substances are useful for attachment of egg to the 
substrate on which they are laid. 



 Each ovariole in insects consists of a group of tapering units 

called ovarioles. 

 The number of ovarioles in an ovary varies greatly in different 

insects , usually 4 to 8. 

  In Isoptera more than 2000 

 Typical ovariole or egg tube consists of 3 parts namely 

 1.Terminal filament 

 2.Egg tube 

 3.Supporting stalk or pedicel 



 Types of ovarioles : 

 Based on the presence or absence of nutritive cells and their 

location ovarioles are categorized in to two . 

1. Panoistic ovarioles: In these, the nutritive cells are absent 

and the development of oocytes takes place with the help of 

follicular epithelial cells 

e.g.: Odonata, Dictyoptera, Orthoptera and Ephemeroptera 

2. Meriostic ovarioles: They contain trophocytes / nutritive 

cells which vary in their position. 



 Based on the position of trophocytes Meriostic ovarioles are 

classified into 

(i) Polytrophic ovarioles: where developing oocyte and 

trophocytes arranged alternatively within the vitellarium. e.g.: 

Mecoptera, Dermaptera, Psocoptera 

(ii) Acrotrophic ovarioles: Also called teletrophic ovarioles 

where the trophocytes are present in the germarium (apex) and 

are connected with the growing or developing oocytes by 

cytoplasmic strands. e.g.: Hemiptera and Coleoptera 



Male reproductive system 
 

Internal male reproductive organs consists of 

 A pair of testis 

 A pair of vasa deferens, 

 Seminal vesicle 

 Ejaculatory duct 

 Genitalia 



 



 1. Testis : The size of testis is practically same as that of 
ovaries in Apterygota and very much smaller in Pterygota . 
They lie in visceral cavity above the alimentary canal and are 
connected to the body wall through translucent ducts and are 
well supplied with trachea and fat body tissues. Each testis 
consists of number of oval shaped structures known as 
follicles or sperm tubes. 

 
 2. Vasa deferens : These are the long tubes formed by the 

union of vasa efferens which receives the sperms from testis 
and allow their transport to the ejaculatory Duct. 

 
 3. Seminal vesicles: Each vasa deferens become enlarged 

posteriorly to form a sac like structure called seminal 
vesicle for storage of spermatozoa for some time. 



 4. Ejaculatory duct: Both the vasa deferens of the two 
testis unite posteriorly to form a common median ejaculatory 
duct. The terminal section of ejaculatory duct is enclosed in a 
finger like evagination of body wall , male copulatory organ 
or aedeagus or penis. 

 

 5. Accessory glands: These are 1-3 pairs of glands which 
open in to the ejaculatory duct. In most cases their secretion 
mix with spermatozoa. These glands are called mushroom 
glands in cockroaches and mantids because of their 
appearance as mushrooms. This secretions facilitates sperm 
transmission from male to female. 



 



TYPES OF REPRODUCTION 
 

 1. Oviparity: Majority of female insects, are oviparous, lay eggs. 

Embryonic development occurs after oviposition by utilizing the 

yolk, e.g. Head louse, moths. 

 

 2. Viviparity: Unlike oviparous, here initiation of egg development 

takes place within the mother. The life cycle is shortened by 

retention of eggs and even developing young within the mother. 

Four main types of viviparity are observed in different insect 

groups. 



 i. Ovoviviparity: Fertilized eggs containing yolk are 
incubated inside the reproductive tract of the female and 
hatching of egg occur just prior to or soon after oviposition 
e.g. Thrips, some cockroaches, few beetles, and flesh fly. 
Fecundity of this group is low. 

 

 ii. Pseudoplacental viviparity: This occurs when a yolk 
deficient egg develops in the genital tract of the female. The 
mother provides a special placenta-like tissue, through which 
nutrients are transferred to developing embryos. There is no 
oral feeding and larvae are laid upon hatching. e.g. aphids, 
some earwigs, psocids and polytenid bugs. 



 



 iii. Haemocoelous viviparity: This involves embryos 

developing free in the female's haemolymph with nutrients 

taken up by osmosis. This form of internal parasitism occurs 

only in sterpsiptera and some gall midges. 

 

  iv. Adenotrophic viviparity: This occurs when a poorly 

developed larva hatches and feeds orally from accessory gland 

(milk gland) secretion within the uterus of the mother. The full 

grown larva is deposited and pupates immediately (e.g.) Tsetse 

flies, louse, ked, bat flies. 



 3.Parthenogenesis : Reproduction without fertilization is 

parthenogenesis. Different types of parthenogenesis are as 

follows: 

 a. Based on occurrence 

  i. Facultative (not compulsory) e.g. bee. 

  ii. Obligatory or constant (compulsory) e.g. stick insect 

  iii. Cyclic/ sporadic: alternation of gamic and agamic 

population e.g.aphid. 



 b. Based on sex produced: 

 i. Arrhenotoky: Produce male e.g. bee 

 ii. Thelytoky: produce female e.g. aphids 

 iii. Amphitoky / deuterotoky: produce both male and female 

e.g. Cynipid wasp. 

 

 c. Based on meiosis: 

 i. Apomictic : no meiosis occurs 

 ii. Automictic : meiosis occurs, but diploidy is maintained 



 4. Polyembryony: This form of asexual reproduction involves 

the production of two or more embryos from one egg by 

subdivision.  

 

 Mostly observed in parasitic insects (e.g. Platygaster). 

Nutrition for a large number of developing embryo cannot be 

supplied by the original egg and is acquired from the host's 

haemolymph through a specialized enveloping membrane 

called trophamnion. 



 5. Paedogenesis: Some insects cut short their life cycles by 

loss of adult and pupal stages. 

  In this precocious stage gonads develop and give birth to 

young one by parthenogenesis ie. reproduction by immature 

insects. 

 i. Larval paedogenesis - e.g. Gall midges 

 ii. Pupal paedogenesis – eg. Miaster sp. 



Immunity 
 Immunity is the capability of the body to resist harmful 

microbes from entering it.  

 Defense against infection is divided into two main forms 
termed innate immunity and adaptive immunity.  

 

 Innate defense mechanisms are present in different forms in 
all multi-cellular organisms.  

 

 Adaptive defense mechanisms have evolved more recently in 
vertebrates.  



 Innate (natural) immunity: This is a first-line defense 
system of multi-cellular organisms (both vertebrates and 
invertebrates) mounted in response to various microbial 
invaders.  

 

 It relies on genetically encoded factors that recognize 
conserved microbial features (e.g. lipopolysaccharide from 
Gram-negative bacteria, peptidoglycan from Gram-positive 
bacteria and glucans from fungi).  

 

 These interactions activate immediate defense responses such 
as phagocytosis and the production of antimicrobial peptides.  



 

 Acquired (adaptive) immunity: This immune response is 
restricted to vertebrates and uses somatic gene 
rearrangements to generate lymphocytes expressing random, 
unique antigen receptors.  

 

 Recognition of an antigen prompts the lymphocyte to divide 
and mature into cells that defend by secreting antibodies, 
activating macrophages and killing virally infected cells.  



 Insect innate immune responses include cellular and humoral 
responses.  

 The cellular arm involves haemolymph coagulation, 
melanization, phagocytosis and encapsulation processes 
resulting from co-operating haemocyte types.  

 The humoural arm includes constitutive and inducible 
antimicrobial peptides (AMPs).  

 

 These responses are based on the recognition of the pathogen, 
the induction of suitable genes and biochemical pathways and 
these leads to fast and massive production of a low molecular 
weight AMPs to rapidly eliminate invading pathogens. 



 



 



 



 



 



Antimicrobial peptides (AMPs) 

 AMPs are defined as critical defense molecules that can 
protect the host from the invasion of bacteria, viruses or 
fungi. 

 

 AMPs served as natural first-line of defense system for the 
majority of living organisms. 

 

  In many cases, they are secreted from secretory glands 
into internal body fluids or onto mucosal epithelia.  



AMPs have the common characteristics 

>100 amino 
acid residues  

Heat-stable 
(100 °C ,  
15 min) 

No effect 
on 

eukaryotic 
cell 

Broad 
activity at 

low 
concentration 



 There are seven inducible antimicrobial peptides in Drosophila. 

 They are transcribed in the fat body within hours of an immune 

challenge and are secreted into the blood. 

  Drosomycin, Metchnikowin and Cecropin are active against fungi, 

Defensin and Metchnikowin against Gram-positive bacteria and 

Attacin, Cecropin, Diptericin and Drosocin against Gram-negative 

bacteria. 

 These peptides are small and structurally diverse molecules that 

work in combination to block the growth of invaders by disrupting 

their membranes. 



 



Signaling pathways activating genes 
that encode antimicrobial peptides 

  The humoral immune responses mainly involve the 

release of AMPs by the fat‐body, via the Toll , the immune 

deficiency (Imd), and the JAK‐STAT pathways. 

 

  Gram‐positive bacteria and fungi predominantly induce 

the Toll signaling pathway, whereas Gram‐negative 

bacteria activate the Imd pathway. 



 Classification of antimicrobial peptides  
 AMPs are classified according to many factors such as biological 

activity, sequence and molecular weight and three dimensional 
structures as following:  

 1) Biological activity:  
 AMPs display multifunctional properties with implications as 

potential therapeutic agents. 
  They exhibit rapid killing, often within minutes in vitro, and a 

broad spectrum of activity against Gram-positive and Gram-
negative bacteria, fungi, parasites, enveloped viruses and tumor 
cells. In these several years, they have been termed “natural 
antibiotics”, because they are active against a large spectrum of 
microorganisms including bacteria, filamentous fungi, protozoan 
and metazoan parasites. 

 So the functions of AMPs can be divided into antibacterial, 
antiviral, anticancer, antifungal and antiparasitic.  



 

 2) Sequence and Molecular weight:  
 These peptides are classified into four major groups based 

on their amino acid sequences and molecular weight. 

 a) Small (2-3 kDa) proline-rich peptides  
 

 b) Cecropins or (sarcotoxin) (4 kDa) 
 

 c) Insect defensins or (sapecins) (4 kDa)  
 

 d)Large (10-30 kDa) glycine-rich peptides/polypeptides 

 



 

3) Three dimensional structure:  

  
 a) α-Helical antimicrobial peptides 

 
 b) Cysteine rich antimicrobial peptides 

 
 c) β-Sheet antimicrobial peptides 

 
 d) Antimicrobial peptides rich in regular amino acids  

 
 e) Antimicrobial peptides with rare modified amino 

acids  
 



Mode of action of antibacterial peptides  
 The precise mechanism of action is currently not completely 

known for all AMPs.  

 

 The mechanism of the antibacterial activities of antibacterial 
peptides has been studied for some selected peptides. 

 

 The mode of action of these peptides can be divided into 
membrane interaction which can lead to the formation of 
transient pores to transport peptides inside the cell and 
membrane-disruptive resulting in cell lysis. 



 Pore formation:  
 Killing of bacteria via pore formation in the bacterial 

membrane requires three principal steps: binding to the 
bacterial membrane, aggregation within the membrane, and 
formation of channels.  

 The channel formation leads to leakage of internal cell 
contents and cell death.  

 An antibacterial peptide must cross the negatively charged 
outer wall of Gram-negative bacteria, which contains LPS, or 
the outer cell wall of Gram-positive bacteria, which contains 
acidic polysaccharides. 

 Currently, there are at least four different commonly used 
models. 
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