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 Circulatory system (Part I) 

In insects the blood flows through thebody cavity(ie, heamocoel) irrigating various 

tissues and organs. It is known asopen type of circulatory system. 

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 

Dorsal or Pericardial Sinus: The area lying in between the tergum and dorsal 

diaphragm . It contains heart. 

Ventral or Perineural Sinus: The area lying in between the sternum and ventral 

diaphragm .It contains nerve cord. 

Visceral Sinus: The area in between dorsal and ventral diaphragms . It harbour the 

visceral organs like alimentary canal and gonads. 

Dorsal blood vessel. 
It is the principal blood conducting organ in insects which remain closed at the 

posterior end and opens anteriorly in to the head. It is divided into an anterior aorta 

and posterior heart extending throughout the length of the body 

1. Aorta: It is present in the thoracic region and opens in to the head near the brain. 

Its attachment with the heart posteriorly is marked by a aortic valve. Anteriorly 

sometimes it gets divided into 2 (or) more cephalic arteries in the head . 

2. Heart: It is the posterior part of dorsal blood vessel extending up to the terminal 

end of the abdomen. Heart remains in position with the help of alary muscles that are 
attached to the tergum of the abdomen on one side and to the dorsal diaphragm on 

other side. These alary muscles appear to be distributed fan like over the heart. 

                         Heart consists of number of chambers marked by constrictions and the 

presence of the opening called the incurrent ‘ostia’ which allow the entry of blood 

from pericardial sinus in to the heart. The number of ostia depends upon the number 

of heart chambers which will be usually 9. The walls of heart also consists of 

muscles. Heart mainly functions as the pumping organ in to the aorta . 

 

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) occurs, when the alary muscles that are 

spread fan like over the heart and connected to the tergum get contracted. 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), is brought about by the expansion of the 

alary muscles as well as contraction of the muscles of the heart wall. 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. 

 



 
 

Fig: Circulatory System 
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Excretory system (Part I) 

The organs of insect body , involved in the elimination of excess or unwanted 

materials either toxic or not useful, are together known as excretory system. These 

toxic materials are nitrogenous products of metabolism (mainly ammonia), 
pigments, salts etc. For the efficient maintenance of water and the ionic balance in 

the haemolymph, the waste products of the metabolism are to be removed or 
eliminated. These waste material may be in solid, semisolid, liquid or gaseous form. 

The organs that are involved in the process of excretion are 
1. Malpighian tubules 

2. Integument or body wall 

3. Tracheal system 
4. Alimentary canal 

5. Nephrocytes 

6. Urate cells 

7. Oenocytes 
8. Labial glands and 

9. Chloride cells 

1. Malpighian tubules: These are discovered by an Italian scientist, Marcello 

Malpighi in the year 1669, which were named after him by Heckel in 1820. The 

Malpighian tubules long, tubular structures which open proximally in between 

midgut and hindgut and closed distally, floating freely in the haemolymph. 

Malpighian tubules vary in their shape and size. They may be simple or branched. The 
cells of Malpighian tubules also produce enzymes, acid and alkaline phosphatases, 

dehydrogenase (succinic), lipases, vitamins like thiamine, ascorbic acid etc.It Helps in 

the process of excretion or removal of waste products in order to regulate the internal 

body environment by maintaining ionic and water balance. 
 
2. Integument: Through the process of moulting, insects remove the waste 

nitrogenous products, i.e. they are deposited in the form of exuviae. In some insects, 

where respiration occurs through body wall, CO2 is removed through integument as 

waste product (cutaneous respiration). 

3. Tracheal system: The respiratory tubes, the trachea which are distributed 

throughout the body, function in elimination of CO2 through spiracles. 

4. Alimentary canal : The gut of the insects also play a major role in excretion by 

removing the unwanted material, dead cells formed during enzyme secretion 



(holocrine) and intima layer during moulting. Rectum plays an important role in 

excretion by reabsorbing the water from faeces. 

5. Nephrocytes: These are the special cells that are distributed in the body cavity 

and scattered. Nephrocytes are cells that take up foreign chemicals of relatively 

high molecular weight which Malpighian tubules may be incapable. Nephrocytes helps 

in the removal of ammonia, chlorides, dyes, colloidal 

particles etc. 

6. Oenocytes: These are large cells and are usually present near the abdominal 

spiracles. They arise from the ectoderm or hypodermis. These cells are thought to 

secrete cuticulin layer of the epicuticle and in cockroach, surface grease which 

covers the integument is believed to be involved in excretion. 

7. Urate cells: Some of the fat body cells which store urea or uric acid in the form of 

granules are known as urate cells. These are present when Malpighian tubules are 

absent or may become nonfunctional. This phenomenon of storage of urea / uric acid in 

the fat body cells is called ‘storage excretion’ which is useful for supply of nitrogen, 

when insect feeds on nitrogen deficient food. 

 
8. Labial glands: These are seen in Collembola, Diplura, Thysanura. They consists 

of a sac like structures called ampulla that leads to a long coiled labyrinth that open 

at the base of labium in the head. These glands helps to remove ammonia. 

 

9. Chloride cells: These are the cells distributed on the body of aquatic insects 

such as larva of mayfly or stone fly. They absorb ions from salt water (body) and 

then excrete in to surrounding medium to compensate the changes in the ionic 

concentration of haemolymph. 
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                                                          Insect Wings (Part I) 

Insect wings 

A typical insect wing is triangular with three margins and three angles. 

 

Three margins are: 

 
(1)costal or anterior, 

 
(2)Apical or outer and 

 
(3)Anal or inner 

 

Three angles are: 

 
(1)Humeral angle : between body wall and costal margin 

 
(2)Apical or outer angle : between costal and apical margin 

 
(3)Anal angle or tornus : between apical and anal margin 

 

The surface area of typical insect wing is divided in to two portions .ie Remegium 

and Vannal Area 

 
The anterior (upper) part of the wing towards coastal margin where more no of 

longitudinal veins are present is called remigium. 
 
The posterior part of the wing where veins are sparsely distributed is known as 

Vannal Area, which is called as clavus in forewings and vanus in hindwings. 

Jugum is the inner most portion of the wing that is cutoff from the main wing by 

jugal fold. 

 



 

Fig. Insect Wing Areas 

                           Wings are very thin broad leaf like structures strengthened by a 

number of hollow narrow tubular structures called veins. Arrangement of veins on wing 

surface is known as Wing venation, which consists of two types of veins 

 

1. Longitudinal veins : Extend from base of the wing to the margin. They may 

be convex (∩) or concave (U) 

 

2. Cross veins : That interlink the longitudinal veins 

 
Hypothetical wing venation 
 

1. Costa (C) 
2. Sub costa (Sc) 
3. Radial vein (R ) 
4. Media (M) 
5. Cubitus (Cu) 
6. Anal veins (A) 

 

 

 



 Cross veins: 

Humeral cross vein (h): between costa and subcosta 

Radial cross vein (r ): between radius and radial sector 

Sectorial cross veins (s): between sub branches of radial sector                           

Radio medial cross vein (r-m): between radius and media                                  

Medical cross veins : between branches of media                                                          

Medio-cubital veins : between media and cubitus 

 

 

 

 

 

 

                        Fig: Hypothetical wing venation 



Different types of wings  
 

1. Tegmina : Forewings are leathery and tough . They protect the membranous 

hindwings. 
e.g.: forewings wings of cockroach, grasshopper 

 

2. Elytra : Hard, shell like without clear venation. They form horny sheet and protect 

the membranous hind wings and abdomen. 

e.g. Forewings beetles 

 

3. Hemelytra : The base of the wing is thick like elytra and the remaining half is 

membranous.  They are useful of protection and flight e.g.Forewings bugs 

 

4. Membranous : Naked thin with clear venation. Always useful of flight 

e.g.: Both the wings of Dragonflies, bees and wasps,Hind wings of grasshopper, beetles 

etc. 

 

5. Scaly wings : Wings thin , membranous but covered with unicellular scales all 

over the surface .They are useful for flight e.g.: Both the wings of moths and butterflies. 

 

6. Fringed wings : Wings are highly reduced with reduced venation. The wings are 

fringed with long marginal hairs giving a feather like appearance e.g.:Both the wings of 

thrips 

 

7. Fissured wings : Forewings are longitudinally divided twice forming a fork like 

structure whereas hindwings are divided twice in to three arms. All the forks possess 
small marginal hairs . They are useful for flight. e.g.: Both the wings of plume moth 

 

8. Halteres : The hind wings of houseflies are modified in to small microscopic 

structures called halteres and are divided in to three regions namely scabellum 

,pedicel and capitellum.They act as balancers. eg. Hind wings housefly and front 

wings of male stylopids 

 

9. Pseudohalteres : They are short and modified in to pseudohalteres which are 

dumbbell shaped. 

Eg: Front wings of Strepsiptera 

 

Wing coupling apparatus/Organs/Mechnisms: 

1. Jugate type or jugum type : 
The costal margin of the front wing possess a small lobe at ite base called fibula 

Which rest on the surface of the hind wing or sometimes engages with spines 
present on the upper surface of hind wings . 
e.g.: primitive lepidopterans of the family Hepialidae 



 
2. Frenulum and retinaculum type The hind wings posses bristle or spine like 

structure or group of hairs known as frenulum.The forewings possess hook like 

retinaculum on anal side. During flight the frenulum passes beneath the retinaculum 

and thus the both the wings are kept together.. 

e.g.: moths 

 
3. Amplexiform Costal margin of hind wing and anal margin of forewing overlap 

one above the other 

e.g.: butterfly 
 
4. Hamuli : Small curved hook like structures present on the costal margin of the 

hind wing known as Hamuli that fit into the upward fold of the anal margin of the 

forewing . 
e.g.: hymenopterans(wasps and bees) 

 

 

 


