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THEORY  

Part – I 

1. History of Entomology in India. 

2. Factors for insect‘s abundance. Major points related to dominance of Insecta in 

Animal kingdom.  

3. Classification of phylum Arthropoda up to classes. Relationship of class Insecta with 

other classes of Arthropoda. Harmful and useful insects. 

Part – II 

4. Morphology: Structure and functions of insect cuticle, moulting and body 

segmentation.  

5. Structure of Head, thorax and abdomen.  

6. Structure and modifications of insect antennae 

7. Structure and modifications of insect mouth parts 

8. Structure and modifications of insect legs, wing venation, modifications and wing 

coupling apparatus.  

9. Metamorphosis and diapause in insects. Types of larvae and pupae. 

Part – III 

10.  Structure of male and female genital organs 

11.  Structure and functions of digestive system 

12.  Excretory system 

13.  Circulatory system 

14.  Respiratory system 

15.  Nervous system, secretary (Endocrine) and Major sensory organs 

16.   Reproductive systems in insects. Types of reproduction in insects.  

 

MID TERM EXAMINATION 

Part – IV 

17. Systematics: Taxonomy –importance, history and development and binomial 

nomenclature.  

18. Definitions of Biotype, Sub-species, Species, Genus, Family and Order.  

Classification of class Insecta up to Orders.  

Major characteristics of orders. Basic groups of present day insects with special 

emphasis to orders and families of Agricultural importance like  

19.  Orthoptera: Acrididae, Tettigonidae, Gryllidae, Gryllotalpidae;  

20.  Dictyoptera: Mantidae, Blattidae;  Odonata;    Neuroptera: Chrysopidae; 

21.  Isoptera: Termitidae;   Thysanoptera: Thripidae;  

22.  Hemiptera: Pentatomidae, Coreidae, Cimicidae, Pyrrhocoridae, Lygaeidae, 

Cicadellidae, Delphacidae, Aphididae, Coccidae, Lophophidae, Aleurodidae, 

Pseudococcidae;  

23.  Lepidoptera: Pieridae, Papiloinidae, Noctuidae, Sphingidae, Pyralidae, Gelechiidae, 

Arctiidae, Saturnidae, Bombycidae;  

24.  Coleoptera: Coccinellidae, Chrysomelidae, Cerambycidae, Curculionidae, Bruchidae, 

Scarabaeidae;  

25.  Hymenoptera: Tenthridinidae, Apidae. Trichogrammatidae, lchneumonidae, 

Braconidae, Chalcididae; 

26.  Diptera: Cecidomyiidae, Tachinidae, Agromyziidae, Culicidae, Muscidae, 

Tephritidae. 
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PRACTICAL  

1. Methods of collection and preservation of insects including immature stages;  

2. External features of Grasshopper/Blister beetle/Cockroach;  

3. Types of insect antennae,  

4. mouthparts and legs;  

5. Wing venation, types of wings and wing coupling apparatus.  

6. Metamorphosis and diapause, types of insect larvae and pupae;  

7. Dissection of digestive system in insects (Grasshopper/Cockroach);  

8. Dissection of male and female reproductive systems in insects 

(Grasshopper/Cockroach);  

9. Major characteristics of orders. Study of characters of orders Orthoptera, Dictyoptera, 

Odonata, Isoptera, Thysanoptera, Hemiptera,  

10.  Lepidoptera, Neuroptera, Coleoptera, Hymenoptera, Diptera and their families of 

agricultural importance. 
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13. Agricultural entomology and pest control  By S. Pradhan 
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LECTURE 1  

History of Entomology in India 

 
PLACE OF ENTOMOLOGY 

     Science 

 

Abiology (Non living)    Biology(Living) 

 

  

     

Plants (Botany)     Animals (Zoology) 

 

 

 

Protozoology    Nemetology    Rodentology    Ornithology   Entomology   Acarology    Ichthyology  

eg. Protozoa     eg. Nematode  eg. Rodent        eg. Bird         eg. Insect         eg. Mite         eg. Fishes 
 

What is Entomology?  

The word 'Entomology' has been derived from the two Greek words, 

 Entomon  = Insects   and   Logos  = Science 

o It is a branch of zoology & deals with various aspects of insects. 

o It is simply defined as the science deals with the study of insects. 

Entomologist: The people who study, observe, collect, rear and experiment with insects. 

Branches of fundamental Entomology 

 

 

Internal           Insect               External              Insect               Insect              Insect             Insect 

Anatomy     Physiology       Morphology       Taxonomy     Parasitology        Ecology        Toxicology 

 

 

    Structure of     Function of           Ext. forms &     Classification    Parasitic &    Relation of    -Nature & 

Internal     Internal organs      Structure          of insect              Predator     insect with      Properties of 

organs                                                                                                             Environment    insecticides 

     -Residues of 

       Insecticides 

 

Branches of Applied Entomology 

Applied Entomology has its aim the manipulation of insects (both harmful and beneficial) to 

man's advantage. 

 Study of insects related to agriculture (eg. field crops) is known as Agricultural 

Entomology. 

 Study of insects related to horticulture (eg. fruits and vegetable crops) is known as 

Horticultural Entomology. 

 Study of insects related to forest (eg. forest trees) is known as Forest Entomology. 

 Study of insects related to live stock and veterinary animals (eg. mosquitoes, house fly, 

lice etc.)  is known as Veterinary Entomology 
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 Study of insects in relation to Human beings is known as Medical Entomology (eg. 

mosquitoes, house fly, head lice, flea etc.) 

 Study and use of insects in crime investigations is known as Forensic Entomology (eg. 

dipteran fly). 

 
HISTORY OF ENTOMOLOGY 

In ancient scripts like Ramayana and Mahabharata, some of the terms used were related to 

insectsappeared in the ancient Sanskrit writings. They are -  

 Pipilika – Ant  Pathanga – Grasshopper 

 Madhumakshika – Honey Bees  Umbakapalika - Termite queen 

 Bharamara– Wasp 

 Makshika - Fly 

 Laksha - Lac Insect 

The references to insects were found in Sanskrit dictionary, „Amarakosa‟ and in books like 

Arthasastra, Chanakya sutra, Sakuntala etc. 

o 3870 BC: Indian king sent silken stuff to a Persian ruler. 

o 0-100 AD : The first detailed classification of insects was done by Umaswati. 

o 100-200 AD : Classification of ants, flies and mosquitoes by the surgeon Sushruta. 

o 1200-1000 BC : Classification of bees by the Indian physician Charaka.  

o 384-322 BC: Aristotle made investigations about flies, honey bees and ants, and also 

known as Father of Biological Classification 

o 1758: The beginning of the modern Indian entomology with the publication of 

10
th

edition of „Systema Naturae‟ by ‗Carolus Linnaeus‟ where only 12 Indian 

insects were included and it forms the first record. 

o 1745- 1808: “J. C. Fabricius” made an extensive study of Indian insects for the first 

time and classified insects into 13 orders based on the type of mouth parts. 

o 1767-1779: “J. G. Koenig‖, a medical officer from Denmark, initiated the first 

regular scientific work on Indian insects and supplied the insect specimens to 

systematists like Linnaeus, Fabricius, Cramer and Dury. Fabricius, made Koenig‘s 

name remembered forever by naming the well known and destructive red cotton bug 

of this country as Dysdercus koenigi. 

o 1782: ―Dr. Kerr” published an account of Lac insects 

o 1791: Dr. J. Anderson – Physical General to East India Company published about 

cochineal scale insect. 

o 1800: Edward Denovan published an illustrated book entitled ―An epitome of the 

natural history of insects of India and the Islands in the Indian seas‖ which was the 
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first pictorial documentation on the insects of Asia and was revised in 1842 by West 

Wood. 

o 1875: Establishment of Indian Museum in Calcutta. 

o 1893: ―Dr. Rothney” published the book ‗Indian ants‘ (Earliest record of biological 

pest control in India i.e. white ants attack on stationery items kept free by red ants.) 

o 1897 : On August 20, 1897, Sir Ronald Ross discovered the link between malaria 

transmission and mosquitoes. Ross was awarded the Nobel Prize for medicine in 

1902, the second person to receive it. Sir Ronald Ross was a British physician born in 

Almora, India. He had the breakthrough discovery during the dissection of a specific 

species of mosquito, the Anopheles, previously fed on a malaria patient. Malaria 

parasite was found on the mosquito and on its salivary glands. 

o 1901:Lionel de Niceville was appointed as first entomologist to Govt. of India. 

o 1901: E. P. Stebbing, the first Imperial Forest Entomologist initiated work in Forest 

Entomology 

o 1903: Maxwell Lefroy succeeded as the second entomologist to Govt of India. 

o 1905: Imperial Agricultural Research Institute (IARI) established at Pusa (Bihar) 

Maxwell Lefroy was made the first Imperial Entomologist. 

o 1906 publication of 'Indian Insect Pests' by Maxwell Lefroy 

o 1906 : Imperial Forest Research Institute (IARI) established at at Dehradun.E. P. 

Stebbingwasappointed asthe first imperial forest entomologist 

o 1909 publication of 'Indian Insect Life' by Maxwell Lefroy 

o 1910:The Central Bureau of Malaria was established and research work on 

mosquitoes and malaria were carried out. 

o 1911: Agricultural Research Institute renamed as Imperial Agricultural Research 

Institute.  Later on Imperial Agricultural Research Institute was shifted to New Delhi 

in 1936. In 1947, Imperial Agricultural Research Institute was renamed as Indian 

Agricultural Research Institute. 

o 1912: Plant Quarantine Act was enforced 

o 1912: T. B. Fletcher, appointed as the first Government Entomologist of Madras 

o 1914: E. P. Stebbing, the first imperial forest entomologist published "Indian Forest 

Insects of Economic Importance : coleoptera"  

o 1914: Destructive Insect Pests Act was enforced 

o 1916 : Zoological Survey of India (ZSI) was established at Kolkata. 

o 1925: Indian Lac Research Institute started at Ranchi 

o 1934: Hemsingh Pruthi succeeded Fletcher as Imperial Entomologist. 
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o 1936: IARI shifted from PUSA, Bihar to New Delhi. 

o 1937: Entomology division was started in IARI, New Delhi 

o 1937: A laboratory for storage pests was started at Hapur, U.P. 

o 1938: Entomological Society of India was established with Mian Afzal Hussain as 

the founder president. 

o 1939: Establishment of Locust Warning Organization after the locust plague during 

1926-32. 

o 1939: First issue of "Indian Journal of Entomology" was published. Hemsingh 

Pruthi an Indian Scientist as Chief Editor of the first official publication of the 

Entomological Society of India, Calcutta, the ‗Indian Journal of Entomology‟. 

o 1944: The first time master degree in Agriculture in Entomology was started and first 

batch from the Agriculture College, Kanpur Dr. N. C. Pant, Head of Division of 

Entomology, IARI. 

o 1945: Thefirst beekeeping center was established at Nagrota 

o 1953:National malaria eradication programme was launched 

o 1962: Successful introduction ofA. mellifera, honeybee species at Nagrota,India was 

made by Dr A.S. Atwal. 

Establishment of Entomological Institutes 

Sr. Year Institute Location 

1 1905 

Establishment of ―Agricultural Research Institute‖ by 

Lord Curzon. The land was donated by Mr. Phiffs of 

USA after whom the place was named as Pusa  

Pusa, Bihar 

 

2 1906 Forest Research Institute Dehradun 

3 1916 Establishment of Zoological Survey of India Kolkata 

4 1925 Establishment of Indian Lac Research Institute  Numkam, Ranchi 

5 1929 Imperial (now Indian) Council of Agricultural Research New Delhi 

6 1937 
Establishment of Entomology Division at IARI after 

shifting of IARI in 1936 

New Delhi 

7 1939 

Establishment of Locust Warning and Control 

Organization under ICAR. Dr. Hem Singh Pruthi was 

the in charge of this organization.  

Jodhpur 

8 1943 Central Sericulture Research and Training Institute Berhampore (W.B) 

9 1946 
Directorate of Plant Protection Quarantine and Storage 

(DPPQS) 

Faridabad, UP 

10 1946 
National Institute Of Plant Health Management 

(formerly known as Central Plant Protection Training 

Hyderabad 
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Institute, later National Plant Protection Training 

Institute 

11 1947 
Imperial Agricultural Research Institute, renamed as 

Indian Agricultural Research Institute 

New Delhi 

12 1948 Constituted Central Silk Board Bangalore 

13 1957 
Establishment of Commonwealth Institute of Biological 

Control (CIBC) 

Bangalore 

14 1958 
Post Graduate School of the IARI was established at 

IARI, Pusa Institute 

New Delhi 

15 1962 Central Bee Research and Training Institute Pune 

16 1966 National Plant Protection Training Institute (NPPTI) Hyderabad 

17 1968 Central Insecticides Board & Registration Committee Faridabad 

18 1988 

National Centre for Integrated Pest Management 

(NCIPM) of Indian Council of Agricultural Research 

(ICAR), India  

New Delhi 

19 1993 
Formerly CIBC was renamed as  Project Directorate of 

Biological Control (PDBC)  

Bangalore 

20 1996 

Indian Grain Storage Management and Research 

Institute (IGMRI). Formerly, Grain Storage Research 

and Training Centre (GSRTI) was established in 1958. 

Hapur 

21 2000 National Bee Board New Delhi 

22 2007 

The name changed as Indian Institute of Natural Resins 

and Gums(IINRG) on 20 Sept., 2007 formerly known 

asIndian Lac Research Institute. 

Numkam, Ranchi 

23 2008 

National Institute of Plant Health Management 

(NIPHM) (formerly NPPTI) established with 

amandatefor HumanResource Development in Plant 

Protection by way of generating MasterTrainers/Subject 

Matter Specialists in the field of Plant Protection for 

variousStates/Union territories. 

Rajendranagar, Hyderabad 

24 2014 

Formerly NBAII, 2009 (National Bureau of Agricultural 

Important Insects) upgraded to NBAIR – National 

Bureau of Agricultural Insect Resources (initially 

known as Project Directorate on Biological Control, 

1993) 

Bangalore 
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LECTURE 2 

Factors for Insect‟s Dominance 

Major Points Related to Dominance of Insecta in Animal Kingdom 

Reasons of Insect Dominance 
Insects occupy around 70 per cent of all known species of animal kingdom. The most 

diverse order of insects is Coleoptera followed by Lepidoptera, Hymenoptera and Diptera. 

The structural, developmental and protective characters acquired by insects made them 

dominant in the animal kingdom. 

Factors responsible for dominance of insects 

I. Structural perfections 

1. Exoskeleton: Insect body is covered with an outer cuticle called exoskeleton which is 

made up of a cuticular protein called Chitin. This is light in weight and gives strength, 

rigidity and flexibility to the insect body. It is responsible for protection from -  

o Desiccation or water loss from the body 

o Physical or mechanical injuries and to maintain shape and size of the body 

o The attack of other micro-organisms  

o Various environmental conditions. 

o Giving strength to the body appendages which may be useful for digging, preying 

and oviposition. 

o It provides area for muscle attachment. 

o Exoskeleton turned into good tools for digging, preying & oviposition etc. 

o Maintain the shape of body.  

2. Small size: Majority of insects are smallconferring various advantages like… 

o Require little food, less space (for shelter), and energy for their survival.  

o It can easily escape from their natural enemies. 

o Small quantity of food can sustain large number of small individuals. 

o Increase migration efficiency  

o Escape from adverse effect of weather & biotic environments. 

o Muscular strength is better in smaller animals. e.g. Flea length 1/20″ but can jump 

horizontally (long) 13″ &vertically (height) 8″ 

3. Hexapod locomotion: Insects uses three legs at a time during locomotion, while the 

remaining three legs are static, which gives greater stability. If a pair of legs is lost, the 

insect will takes locomotion. 

4.Functional wings 

o Two pairs of wings helpful for taking flight from one place to another -  

-   in search of food and shelter 

-   to find a mate 

-   to oviposit  
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-   to get protection from their natural enemies. 

o Functional wings increase chances of - feeding and breeding range, avoiding bad 

climate/weather.  

o If in a particular locality, their food plant is not available or fully eaten up they may 

fly to other places to look for their host plants. 

o The power of flight greatly increased chances of survival and dispersal. 

Capacity for flight The Desert Locust (Schistocercagregaria) flies at an average air 

speed of 33 km/h. The migratory locust (Locustamigratoria) ranges from Europe to 

China, and even small swarms may cover several square miles, flying at night with the 

wind, may cover about 500 km without rest. 

5.Compound eyes: Most of the adult insects and nymphs consist of compound eyes as visual 

organs which possess number of hexagonal units known as ommatidia. Because of 

presence of number of ommatidia (facets) in the compound eyes, even if some or few 

ommatidia get damaged, the insect does not lose the power of vision because each 

ommatidia acting as an eye. 

   - Ants possess     →    50 – 400 facets 

   - House fly          → 4000 facets 

   - Butterfly           →    17000 facets 

   - Dragonfly         →    50000 facets 

6.  Quicker speciation: Changes that occur during the process of evolution through variation 

in their habitat or habits will be maintained or continued to several generations resulting 

in the development of more species from a genus.  

7.  Scattered sense organs: The sense organs viz., visual organs, gustatory organs, organs of 

touch etc. are distributed on different parts of the body such as antennae, eyes, mouth 

parts in the head, legs with claws on thorax, tympanum, cerci in the abdomen etc. This 

scatteredness on all parts of the body prevents the chance of all being damaged. 

8.  Decentralized nervous system: The nervous system is so decentralized that insects can 

be artificially stimulated to walk, fly, feed, mate or oviposit even if some parts of the 

body are removed or damaged. 

9.  Direct tracheal respiration: Insects respire by means of thin elastic air tubes known as 

trachea which open outside, on the body surface through spiracles. Presence of this 

trachea ensures direct transfer of adequate oxygen to actively breathing tissues of the 

insect and makes it to be an efficient terrestrial or aerial arthropod.  

10. Enteronephric excretion or Presence of Malpighin tubules: In insects, excretion is 

mainly by means of Malpighian tubules which open in between midgut and hindgut. This 

arrangement is well suited for water conservation as well as for the absorption of 

unwanted waste metabolites at a quicker rate. 
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II. Developmental characters 

1. Higher reproductive potential: - helps to increase the population at faster rate.  

eg. Egg laying capacity (fecundity) of termite queen is 6000 - 7000 eggs per day for 15 

long years. 

2.  Controlled reproduction: Though insects possess high fecundity, there is also high 

degree of control over reproduction by reducing the number of females that can lay eggs. 

eg. Honey bees and termites. 

3. Method of reproduction: Insects can reproduce both sexually as well as 

parthenogenetically.  

4.  Short life cycle: Most of insects have very short life cycle i.e. 2 to 4 weeks which help 

insects to complete more number of generations in a definite period of time. 

5.  Specificity of food and polyphagous feeding habits: The diversity in food habits among 

different species of insects reduces food competition among them. Less competition for 

food increases their chances of survival and further multiplication. Even food for 

immature and adult is also differing. 

6.  Zenith of evolution: During the process of evolution, insects have shown a high degree of 

specialization to the extent that there is division of labour, polymorphism etc. that make 

them to be efficient in their struggle for existence. 

III. Protective adaptations and devices 

For protecting themselves from adverse environmental conditions or natural 

enemies, insects have developed or attained some adaptations as given below.  

1.  Morphological adaptations: The body colour and shape of some insects make them look 

like part of the plant, thereby protecting themselves from natural enemies eg. Stick 

insects and leaf insects 

2. Physiological adaptations: Some insects produce or release poisonous or unpleasant odors 

from their body or possess warning colouration by imitating certain distasteful insects. 

eg.Stink bugs produce foul smelling substance. Some blister beetles (Meloidae) produce 

cantharidin, a strong irritant and blistering agent. 

3. Behavioural adaptations: It is a defense strategy adopted by some insects through 

feigning death or imitating the voice of dangerous insects or mimicry. 

eg.Larvae of mustard sawflies when disturbed draw their legs beneath and drop to the 

ground and act as if dead. Alarm pheromone, Aggregation pheromone 

4.  Construction of protective structures: Some insects construct shelter with the available 

plant material for protecting themselves from adverse conditions, natural enemies and to 

store food material for use during the period of scarcity. 

eg. Cases / Bags in case of case worms/bag worms, Termatoria in case of termites, 

Honey comb in case of honey bees. 

5.  Presence of complete metamorphosis 

o More than 82 per cent of insects undergo complete metamorphosis (holometabolous 

insects) with four stages.  

o Food sources for the larval and adult stage are different so competition for food is 

less.  

o Ecological niches for egg, larva, pupa and adult is varying that may save them.  
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6.  More number of species 

o Live in varying habitat (terrestrial, aquatic, amphibian). 

o Different species / stages can live on various foods. 

o Greater chances of survival under abnormal weather. 

o Can survive in varying climate. 

o Long geological history  

7. Large number of individuals in a single species: e.g. Locust swarm comprising of 10
9 

numbers of individual, occupying large area. The largest known swarm covered 

1,036 km
2
, comprising approximately 40 billion insects. 

8. Resistance to desiccation: Insects minimize the water loss from their body surface 

through prevention of water loss (wax layer of epicuticle, closable spiracles, egg shell), 

conservation of water (capable of utilizing metabolic water, use less quantity of water to 

remove the nitrogenous waste), resorption of water from fecal matter. 
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LECTURE 3 

Classification of phylum Arthropoda up to classes 

Relationship of class Insecta with other classes of Arthropoda 

Harmful and useful insects 

 

Characteristics of Arthropoda 

The word 'arthropoda' is of Greek origin (Arthros = joint; podas = foot). Thus 

arthropods are joint footed animals - a character common to all members of the phylum. 

i. Bilateral symmetry 

ii. Jointed appendages 

iii. Well developed exoskeleton 

iv. Presence of tagma (segmented body region) 

v. Presence of haemocoel (haema = blood; coelom = cavity) 

vi. Presence of dorsal heart and ventral nerve cord 

vii. Presence of striated muscles 

viii. Tracheal system for respiration 

ix. Arthropoda moults at regular intervals 

The relationship between insects and other major groups in the animal kingdom 

Animal Kingdom 

 

Sub kingdom  Invertebrata     Vertebrata 

  Animals without a backbone    Animals with a backbone 

      (Fish, Amphibians, Reptiles, Birds, Mammals, etc.) 

 

Phylum Platyhelminthes Nemathelminthes Molusca Arthropoda  

Others 

  (Flat worms)  (Round worms) (Slugs, snails) 

 

 

Class  Onychophora   Crustacea Myriapoda    Arachnida Insecta 

  eg. Peripatus eg. Crabs    eg. Spiderseg. Insects 

(Hexapoda)         Mites 

  Shrimps       Scorpions                

     Lobsters    Chilopoda     Diplopoda Ticks 

     Sowbugs   Centipedes    Millipedes  

     Cray fish 

     Prawns 
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RELATIONSHIP OF CLASS INSECTA WITH OTHER CLASSES OF 

ARTHROPODA 

 

I  Class: Onychophora (Greek Onychos for "claws" and Phoros for "bearer") 

eg. Peripatus  

1. Soft integument contains chitin  

2. Bilaterally symmetrical and vermiform.  

3. Body possesses 14 to 43 pairs of unjointed legs.  

4. Body cavity a true coelom.  

5. Most possesses a through straight gut with an anus.  

6. Possesses serial sac-like excretory organs (Nephridia) like annelida. 

7. Terminal claws to the appendages like arthropoda. 

8. Nervous system includes a brain and a pair of ventral nerve chords. 

9. Possesses a simple respiratory system in the form of tracheae and spiracles.  

10. Possesses open circulatory system with a heart and haemocoelic body cavity.  

11. Reproduction normally sexual and gonochoristic.  

12. All are terrestrial.  

II  Class: Crustacea   

eg. Crabs, Lobster, Cyclops, Shrimps 

1. Possess at least five pair of jointed legs. 

2. Possess two pairs of antennae. 

3. Body divided into cephalothorax (fused head and thorax) and abdomen. 

4. Their body composed of distinct segments covered by a chitinous exoskeleton. 

5. Majority or nearly all are aquatic. 

6. Respiration through gills in majority members, in some small forms they breathe 

through the body wall. 

7. Development through metamorphosis. 

8. Possesses open circulatory system. 

9. Compound eyes present. 

10. The sexes are separate and the genital openings are generally in pairs. 

III  Class: Myriapoda 

1. One pair of antenna 

2. Body divided into (head and trunk = tubular) 

3. Each segment of trunk with either 1 pair (centipede) or 2 pairs of legs 

(Millipedes). 

i. Chilopoda eg. Centipedes 

1. They are flattened worm like creatures. 

2. The body segments are distinctively jointed. 

3. They have a distinct head bearing two antennae. 

4. They have one pair of legs on each segment of the body. 

5. The first pair, just behind head, has poison glands whose secretion has the 

property of paralyzing the prey on which it feeds. 

6. Some may give painful bite to human being. 

7. They feed on insects and other small animals. 
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ii. Diplopoda eg. Millipedes 

1. They are elongated worm like creatures with cylindrical body. 

2. The segments are internally fused in twos. 

3. They have two pairs of leg on each segment (leaving first three on which one pair 

of leg) of the body. 

4. They have no poison glands. 

5. They feed on organic matter. 

IV  Class: Arachnida eg. Spiders, Mites, Ticks, Scorpions etc. 

1. Body divided into cephalothorax and abdomen. 

2. Possess four pair of legs. 

3. Respiration through air tubes, lung books or trachea. 

4. They do not have antennae but possess chelicerae instead of antennae. 

5. They do not have compound eyes but have simple eyes. 

6. Some of the species have poison glands and a sting, with which they inject poison 

and cause severe pain. 

7. They are terrestrial animals. 

V  Class: Hexapoda (Insecta) 

1. Possesses three pairs of legs. 

2. Body divided into head, thorax and abdomen. 

3. One pair of sensory antenna. 

4. Two pairs of wings on thorax. 

5. One pair of compound eyes. 

6. Post-embryonic development through metamorphosis. 

7. Circulatory system open. 

8. Respiration through spiracles and tracheae. 

9. Excretion through Malpighian tubules. 

10.  Decentralized Nervous system. 
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HARMFUL AND USEFUL INSECTS 

Relationship of Insects with mankind  

Enemy            →  Grass hopper, Fruit flies etc. 

Productive   →  Honeybees,  lac insect, Silkworm. 

Helpful in pollination →   Bees, Wasps, Butterflies etc. 

Beneficial  →  Parasites & Predators.  

 

I  How insects are harmful (Enemy)? 

Insects as destroyer of crop 

A) Field crops 

1. Biting & chewing  plant parts → Grass hopper, Locusts, Beetles & Caterpillar 

2. Piercing Sucking cell sap   → Aphid, Jassids, Whitefly, Scales, Mealy bugs etc. 

3. Boring stem    → Sugarcane borers, Paddy borers 

4. Spreading harmful insects (mutualism) → Red ants spread the aphids, mealy bugs & scales 

5. Transmit pathogens   → Whitefly – YMV of okra and leaf curl 

6. Producing toxic substances  → BPH 

7. Egg laying (Oviposition) injury → Mango hopper 

8. Rolling/folding the leaves and scraping epidermis → Leaf roller, Leaf Webber, Rice hispa  

9. Making cases out of plant parts  → Rice caseworms, Rose bagworm 

10. Making galls    → gall midges 

11.Contamination /spoilage → mango mealy bugs and scale, fruit flies, cardamom thrips etc. 

12. Damaging stored grains→pulse beetles, grain weevil, flour beetle, lesser grain borer, rice 

moth, Angoumois grain moth etc. 

(B) Injury & nuisance to human being and its pet animals 

(a) Nuisance 

- Hiding in houses and make noise  → Cricket 

- Mixing excreta in food   → Cockroach 

- Disturb sleep    → Cricket, Mosquito 

- Biting & walking on body  → Fleas & Bed bug 

- Irritation    → Fleas & Bed bugs 

- Biting & sucking blood  → Mosquito 

- Cause mycosis (enter in Eyes, Nose, Ear) → House fly 

(b) Insect poisoning 

- Stinging → Honey bees, Wasps 

- Nettling Hairs (swelling, irritation, reaction, low BP) → Caterpillar of  Saddle  

back moth 

- Acidic excretion (Cantharidin) → Blister beetle 

(c) Spread & Transmit plant diseases 

- Leaf curl virus disease: by whitefly, aphid, leaf hopper, thrips etc. 

- Mycoplasma like organisms (Little leaf of brinjal)→ Jassids 

(d) Spread & Transmit human & animal diseases 

→  Spread diseases causing agents like bacteria, fungi & virus. 

 - Body louse   → Skin diseases, Typhoid 

 - Flea              → plague 

 - Mosquito     → Malaria (Anopheles), Filaria(Culex)caused by Plasmodium 
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 - House fly     → Cholera,dysentery,  

 - Tse-tse fly    → Sleeping sicknesscaused by Trypanosomias 

- Sand fly    → Kala-azarin man caused by Leishmania;Anthrax in sheep and goat 

(e) Damaging stored products  

- Clothes →carpet beetle, cloth moth 

- Household things &wooden furniture and →Termite,carpenter ant etc. 

- Books →book lice,silverfish 

- Cigarette → cigarette beetle 

(f) Pests of farm and wild animals eg. Sand fly, horse fly, stable fly, horn fly, bot fly, 

warble fly, sucking lice, biting lice, fleas etc. 

(g) Injecting toxin in plants→hopper burn due to brown plant hopper in paddy 

(h) Excretion /secretion of honey dew→ Aphids, mango hopper, mealy bugs and scales.  

(i) Making harvest /processing difficult→Dusky cotton bugs, red cotton bug, aphids etc. 

 

II. How insects are our friends? 

(A) Productive insects 

- Silkworm   → Silk & Non edible fat 

- Bees           → Honey, Wax, Propolis, Royal jelly, Bee venom 

- Lac insects → Shellac 

- Cochineal insects → Natural colour dye /pigments  

(B) Contain useful substances 

- Cactus scale   → Cochneal & Crimson dyes (For Printing & ink) 

-   Dobson fly      → Fish food 

- European blister beetle  → Cantheridin  (Used in medicine) 

- Dipteran maggots  → Allantoin, a substance used in wound healing. 

- Gall insects   →Tannic acid 

(C) Produce useful galls on plants  

- Some galls→ Tannic acid → Processing hides & fur 

 - Some galls→ To make quality ink & colour 

(D) Helps in pollination in fruit & vegetable crops  

     Honey bees, Stingless bees, Bumble bees, Wasps, Butterfly etc. 

    eg. Sweet fig→ Cross pollination – 100% depend on fig wasps  

(E) Useful as a food of pet animals 

- Fish                 → Feed on aquatic insects 

- Game & song birds    → Feed on insects 

- Poultry birds & ducks → Feed on insects 

-  Primitive man   → Feed on insects like Crickets, Locusts, Honey bees, Termite  

                                               queen, Grub of beetles etc. 

(F)Natural enemies 

i) Parasites: Trichogramma spp. – Borers 

  Bracon spp. – Sugarcane borers 

  Epiricania – Sugarcane pyrilla  

  Cotesia – Pluttela & Spodoptera  

  Diaeretiella rapae – Mustard aphid 
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ii) Predators: (Catch & devour the insects) 

     - Lady bird beetle 

  - Chrysoperla 

     - Ant lion, Dragonfly 

     - Mantid, Predatory bug (Geocoris) 

     - Wasps, Tiger beetle, Giant water bug 

(G)Pests on weeds  

- Useful to farmers→ biocontrol of weeds  

 Dactylopius tomentosus (Scale insects) → on prickly rear (Cactus) 

 Neochetina eichhorniae (Weevil) → Water hyacinth 

Zygogrammabicolorata(beetle)→ Congress grass (Parthanium spp.) 

(H) As scavengers→ Dung roller, Carrion beetle, Dipteran flies, Termites etc. 

(I) Improving fertility and physical condition of soil→ by burrowing and aerating, 

producing humus and degradation of their own dead bodies; and as food for men (locust, 

grass hopper, termites, grubs of beetle and weevils) and animals (fishes and birds). 

(J) Scientific studies in forensic investigation→ Blowflies, flesh flies etc.  

(K) Useful in pollution study→ Aquatic insects such as mayflies 

(L) Recreation agents 

 - Song of some insects→ Pleasant eg. Soil cricket, Tree crickets, Cicadas 

- Beautiful butterflies→ inspiration to artists 
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STRUCTURE AND FUNCTIONS OF INSECT CUTICLE, MOULTING 

Insect body wall is called as Integumentor Exoskeleton. It is the external covering of 

the body which is ectodermal in origin. It is rigid, flexible, lighter, stronger and variously 

modified in different body parts to suit different modes of life.  

Functions of Body wall 

 Serves as chief exoskeleton of insect body 

 Acts as external armor and strengthen external organs like jaws and ovipositor 

 Provide firm basis for the attachment of muscles. 

 Determine shape of body 

 To act as agent of locomotory system, because muscles of legs, wings & movable 

sclerites are attached to exoskeleton. 

 Support & protect vital internal organs like  foregut, hindgut and trachea. 

 To protect the organism from outside forces (mechanical abrasion, physical injuries 

and biological (parasites, predators and pathogen)).  

 Protect from bed effect of chemicals. 

 Receive external stimuli through sensory hairs 

 Prevents water loss from the body.  

 Keeps water, ion and thermal balance 

 It is impermeable so protect the insect from desiccation. 

 Perform the function like absorption , secretion, excretion & sensory reception 

 Cuticular pigments give colour. 

Structure of insect body wall 

Integument consists of three layers viz.,  

A. Cuticle 

B. Epidermis/ hypodermis 

C. Basement membrane 
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I. Cuticle 

It is outermost non cellular and complex thick layer of integument secreted by epidermis / 

hypodermal cells.  

It is non – living. It also forms the inner layer of trachea / tracheoles, glands, foregut, 

hindgut & some parts of reproductive system. The cuticle undergoes the process of 

sclerotization & greater part of cuticle become hard & dark. It is divided in to two regions  

A. Epicuticle  (Upper)  B. Procuticle (Inner) 

1. Epicuticle 

Outer most non-chitinous, unpigmented layer which is very thin (1-4μ). Pore canals 

present in the exocuticle helps in the deposition of epicuticle. It consists of the following 4 

layers. 

i. Cement layer: Outer most layer formed by lipid and tanned protein. It bears hairs, 

spine or microtrichia. It is secreted by dermal glands and is composed of lipoprotein. 

It protects wax layer. 

ii. Wax/ lipid layer: Thin layer of wax beneath the cement layer.It contains closely 

packed wax molecules hence impermeable to water so conserve the water and 

prevents desiccation too. Consists long chain hydrocarbons, esters of fatty acids and 

alcohols (wax).  
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iii. Polyphenol layer: Beneath the wax layer, rich in polyphenols. Transported from the 

pore canals and accumulates on outer surface of the cuticulin. Resistant to acids and 

organic solvents.  

iv. Cuticulin layer: Non chitinous polymerized lipoprotein layer. Highly resistant to 

acids & organic solvents. Elaborated by oenocytes. It serves the purpose of 

permeability and also acts as growth barrier. 

2. Procuticle: It is further divided into exocuticle and endocuticle.  

i. Exocuticle 

 Outer layer of procuticle. 

 Consists of chitin & hard proteins (sclerotin) 

 Provides rigidity & toughness to the cuticle. 

 It is pigmented by hard, brown material and referred to as ― Tanned‖dark in 

colour and rigid. 

 Shaded off at the time of moulting. 

ii. Endocuticle 

 It is the inner and thickest layer.  

 This layer is made up of Chitinand arthropodin.  

 This layer is colourless, soft and flexible.  

 Pore canals passes through endocuticle.  

Pore Canals  

 In the procuticle, there are large no of ducts running from epidermis to inner 

epicuticular layer is known as pore canals. 

Functions of Pore Canals 

 Act as transport the materials during formation stage of cuticle. 

 Carry oxidizing enzymes used in sclerotization to exocuticle  

 Transport the materials used in repair of wounds 

 They carry moulting fluid, protein, polypherols & wax 

What is Sclerotization ? 

It is the process of hardening of body wall, where the exocuticle become hard, tough & 

inelastic. 

II. Epidermis/ hypodermis 

 It is an inner unicellular layer resting on basement membrane.  
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 It is a middle layer of body wall 

 Continuous single layer of living cells 

 Some specialized gland cells are scattered among the normal epidermal cells. 

 The cells forming cuticular sensilla are also found in this layer 

 Oenocytes which originates  from the epidermal cells 

Function of epidermis/hypodermis 

i. Cuticle secretion  

ii. Secretion of moulting fluid  

iii. Digestion and absorption of old cuticle (endocuticle) 

iv. Wound repairing  

v. Determine the surface pattern of insects (Gives surface look) 

III. Basement membrane 

 It is the inner most layer of body wall below the epidermis.  

 Continuous layer, adjacent to internal organ below the epidermis secreted by the 

blood cells (haemocytes).  

 It is the basal part of the body wall formed from degenerated epidermal cells 

(haemocytes) 

 It is amorphous granulated layer (0.5 µ or less in thickness) providing attachment to 

muscles & chordotonal organs, tympanal organs, tracheoles  & nerves passed through 

basement membrane 

Functions 

 It provides base for the attachment of the muscle. 

 Chorodotonal organs, tympanal organ and tracheae passes through it. 

Composition of cuticle 

1. Chitin: It is the main constituent of cuticle, which is Nitrogenous polysacharide and 

polymer of N-acetylglucosamine. It is water insoluble but soluble in dilute acids, 

alkalies and organic solvents. 

2. Arthropodin: An untanned cuticular protein, which is water soluble.  

3. Sclerotin: Tanned cuticular protein, which is water insoluble.  

4. Resilin: An elastic cuticular protein responsible for the flexibility of sclerites, e.g., 

wing articulatory sclerites.  
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ENDOSKELETON  

Cuticular in growth of body wall providing space for muscle attachment is known as 

endoskeleton. There are two types: 

1.Apodeme: Hollow invagination of body wall.  

2. Apophysis: Solid invagination of body wall.  

CUTICULAR APPENDAGES  

1. Non-cellular: Non-cellular appendages have no epidermal association, but rigidly 

attached. e.g. minute hairs and thorns.  

2. Cellular: Cellular appendages have epidermal association.  

i. Unicellular  

a. Clothing hairs, plumose hairs. e.g. Honey bee, Bristles 

b. Scales - flattened out growth of body wall e.g. Moths and butterflies  

c. Glandular seta. e.g. caterpillar  

d. Sensory setae - They respond to the external stimuli. These are present on antennae, 

legs, mouth parts and various region of body in all groups of insects. 

Seta/Macrotrichia - hair like out growth (Epidermal cell generating seta is known as 

Trichogen, while the socket forming cell housing trichogen is known as Tormogen.  

Setae are hollow structures developed as extension of exocuticle and are produced by 

a single enlarged hypodermal cell called ‗trichogen cell‟. Articular membrane is usually 

produced by a second hypodermal cell called ‗tormogen cell‟. 

Study of arrangement of seta is known as Chaetotaxy).  

ii. Multicellular  

e.g. Spur - Movable structure  

Spine- Immovable structure  

GLANDS  

Cuticular glands are either unicellular or multicellular. Following are some of the 

examples.  

i. Wax gland - e.g. Honey bee and mealy bug  

ii. Lac gland - e.g. Lac insect 

iii. Moulting gland secreting moulting fluid. 

iv. Androconia or scent scale - e.g.moth  

v. Poison gland - e.g. slug caterpillar  
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MOULTING 

DEFINITION: The process of casting off old cuticle and deposition of new cuticle at certain 

time interval is known as moulting or ecdysis. 

The cuticular parts discarded during moulting is known as Exuvia. Moulting occurs 

many times in an insect during the immatured stages before attaining the adult-hood. The 

time interval between the two subsequent moulting is called as Stadium and the form 

assumed by the insect in any stadium is called as Instar. In some insects the old cuticle 

remains on insect body is called pharate instar. 

 Why do insect moults? 

 The insect body is covered by hard and non-elastic cuticle layersobody cannot grow 

in size continuously. 

 To accommodate the growing internal parts, insect has to cast off its cuticle 

periodically. 

 To provide enough space for the growing organs, the body wall or integument 

ruptures at certain time interval.  

 The part of old cuticle is casted off after the deposition of new cuticle beneath it. 

 The new cuticle is soft and elastic when deposited. Thus, it facilitates the expansion of 

the internal organs resulting in increased in size of the body.  

 Later on, the new cuticle undergoes the process of sclerotization as a result of which it 

becomes hard and dark. 

 This whole process of casting off old cuticle and deposition of new cuticle at certain 

time interval is known as moulting. 

There are two phases of moulting 

1. Apolysis: Separation of old cuticle from epidermis 

2. Ecdysis: Process of casting or shading the old cuticle. 

 Control of moulting 

 It is controlled by endocrine glands like prothoracic glands secretes ecdysone 

hormone.This hormone induces the insects to moult.  

 Prothoracic glands are activated by prothoracico-tropic hormones produced by 

neuro-secretory cells of brain. The hormone bursiconis responsible for the 

sclerotization. 
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STEPS IN MOULTING (Ecdysis), SCLEROTOZATION AND MELANIZATION 

Steps in moulting  

1. Behaviroual changes: Insect stops feeding and become inactive.  

2. First, the old cuticle is loosened to form a small   space between cuticle & epidermal 

cells. 

3. The epidermal cells became active & undergoes mitosis and increases the tension, 

under influence of brain hormones & change in size & shape. 

4. Due to this process they generate tension & pushing the cuticle off 

(Apolysis:detachment of cuticle from epidermis). 

5. Formation of Sub cuticular space  

6. Secretion of moulting gel in the sub cuticular space which is rich with chitinase and 

protease. 

7. These enzymes dissolve endocuticle & dissolved fluids are absorbed by epidermis. 

8. New epicuticle formation: Lipoprotein layer (cuticulin) is laid over the epidermis.  

9. Procuticle formation: Procuticle is formed below the epicuticle.  

10. Activation of moulting gel: Moulting gel is converted into moulting fluid rich in 

enzymes. This activates endocuticle digestion and absorption. 

11. Wax layer formation: Wax threads of pore canals secrete wax layer.  

12. Cement layer formation : Dermal glands secretes cement layer (Tectocuticle).  

13. Moulting/Ecdysis: This involves  

a. The old cuticle burst at the ecdysial cleavage line. 

b. The rupture is caused by pressure of blood. 

c. Insect contract the abdomen & forcing the blood into thorax until the cuticle 

breaks. 

d. Insect may swallow air (water if aquatic) for this process. 

e. Insect pulls out its body from the old skin. 

f. The head comes first followed by thorax, abdomen and appendages leaving 

behind the exuvae. 

g. Some insects hang themselves on some support & pull out their 

body.Removal of old cuticle: Peristaltic movement of body and lubricant 

action of moulting fluid helps in the removal of old cuticle. During each 

moulting the cuticular coverings discarded are the cuticular of legs, internal 

linings of foregut and hindgut and trachea.  
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14. Formation of exocuticle: The upper layer of procuticle develops as exocuticle 

through addition of protein and tanning by phenolic substance.  

15. Formation of endocuticle: The lower layer of procuticle develops as endocuticle 

through addition of chitin and protein. This layer increases in thickness.  

 Control of Moulting: It is controlled by endocrine gland like prothoracic gland which 

secrete moulting hormone. Endocrine glands are activated by prothoracico-tropic 

hormones produced by neurosecretory cells of brain. 

 

 

 

***** 
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STRUCTURE AND FUNCTIONS OF INSECT BODY SEGMENTATION 

INSECT BODY SEGMENTATION 

BASIC INSECT BODY PLAN

Head

Thorax

Abdomen

Antennae

Legs

Wings

Compound 

eyes
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- digestion & reproduction

Total of 20 segments (primitively)
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GENERAL BODY SEGMENTATION 

Insect body is Segmented and divide in to small ring like structure known as somiteor 

metameres. 

Insect body is divided in to three regions or tagmatanamely head, thorax and 

abdomen. This grouping of body segments in to regions is known as tagmosis. 

Insect body is divided into three distinct regions called as head, thorax and abdomen. 

The head is a compact front division followed by the middle strong division called as thorax. 

The last and posterior division is long, tubular which is known as abdomen. Body wall of 

insect is divisible into three regions known as dorsal (upper side of the body), lateral (both 

sides) and ventral (lower side). 

 Segmentation: It is the process in which the body of an insect consequently presents in 

jointed structure called segmentation. 

 Segment: The body of an insect successively divides into a series of rings like structure 

known as segment or somites or metameres. 

 Sclerites: Hardened body wall /plate bounded by suture /membranous area. 

 Suture /Inter-segmental membrane: The flexible portion of the cuticle between two 

adjacent segments is known as inter-segmental membrane. Which allows free movement 

of body. 

Insect body divided in 3 divisions 

1.Head           

2.Thorax                 

3.Abdomen 
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1. Insect Head 

 First anterior tagma is formed by six different segments viz., 1. Antennae, 2. 

Compound eyes, 3. Labrum (Upper lip), 4. Mandible, 5. Maxillae and 6. Labium 

(Lower lip).  

 They are fused together and form a single head capsule termed as head. 

 Each segment is paired or single and located on different regions of the head. Head is 

attached /articulated with the thorax through neck /cervix.  

 Insect head is made up of five different sclerites i.e, vertex, frons, clypeus, gena and 

occiput.  

 The head capsule excluding appendages formed by the fusion of several sclerites is 

known as Cranium.  

 To facilitate the movement of different sclerites, different sutures are present on 

insect head i.e., epicranial /ecdysial cleavage line, fronto-clypeal, clypeolabral and 

post-occipital suture. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Brief information about appendages /organs presents on insect head 

A. Different parts of head 

Sr. 

No. 

Appendages of 

head 
Numbers  Actual position Function 

1. Antenna Two Between two compound eye 

on 1
st
 segment of head 

Sensory 

2. Compound eye Two Dorsal-lateral 

on 2
nd

 segment of head 

Vision 

3. Labrum One Attached with clypeus 

on 3
rd

 segment of head 

Protect mandibles and 

guide the food 

4. Mandibles Two on 4
th

 segment of head First pair of jaw and 

for chewing 
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5. Maxillae Two on 5
th

 segment of head Second pair of jaw 

and for sensory 

6. Labium One on 6
th

 segment of head Close the mouth 

cavity 

7. Ocelli Three 2 on vertax and 1 on frons Vision 

 

B. Different sclerites of head 

Sr. 

No. 

Sclerites of 

head 
Actual position on head 

1. Vertex Area between two compound eyes on the upper part of head. 

2. Frons Facial area below the vertex and above clypeus. 

3. Clypeus Cranial area below the frons to which labrum is attached. 

4. Gena Lateral cranial area behind the compound eyes. 

5. Occiput Cranial area between occipital and post occipital suture. 

C. Different sutures of Head 

 No. Sutures of head Actual position on head 

1. Epicranial 

/ecdysial  

The dorsal position of the head is known as epicranium. "Y" shaped 

suture /line runs from the dorsal region of the head between the eyes 

and branches into a fork on face.  

2. Fronto-clypeal Found between frons and clypeus. 

3. Clypeolabral Found between clypeus and labrum. 

4. Post-occipital Groove bordering occipital foramen. Line indicating the fusion of 

maxillary and labial segment. 

 

Head inclinations: According to the orientation of head with respect to insect body, it is 

divided into three types i.e., hypognathous, prognatus and opisthognathous. 

A.  Hypognathous Type 

 Long axis of head is vertical and mouth parts are ventral in 

position projecting downwards. Median line of head forms 

right angle with median line of body.e.g. Grasshopper, 

cockroach, mantids etc. 

 

B.  Prognathous Type  

 Long axis of head is horizontal and mouth parts are projecting 

in forward directions. Mouthparts are in parallel to the body 

region. 

e.g. Workers of termites, weevils, Chrysoperla larva etc. 

 

C. Opisthognathous Type  

 The head is directed backwards and mouthparts are post-

ventral in position. Mouthparts are beak like and resting 

between first pair of legs. 

e.g. Red cotton bug, plant hoppers etc. 
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2. Thorax: The second /intermediate region divided into three distinct parts viz., prothorax, 

mesothorax and metathorax. Thoracic segments having locomotor organs i.e., three pairs 

of legs (each on pro, meso and metathorax) and two pairs of wings (each on meso and 

metathorax [collectively known as pterothorax]).  

Thoracic sclerites 

 Thoracic segments are made up of three sclerites viz., dorsal body plate tergum or 

nota, ventral body plate sternum and lateral plate pleuron.  

1. Pronotum: This sclerite is undivided and saddle shaped in grasshopper and shield like in 

cockroach.  

3. Pterothoracic notum: It has three transverse sutures (antecostal, prescutal and scuto-

scutellar) and five tergites (acrotergite, prescutum, scutum, scutellum and post-

scutellum). 

4. Thoracic sterna: Ventral body plate of each thoracic segment is called as prosternum, 

mesosternum and metasternum. Thoracic sterna are made up of a segmental plate called 

eusternum and an intersternite called spinasternum. Eusternum is made up of three 

sternites viz., presternum, basisternum and sternellum.  

5. Thoracic pleura: Lateral body wall of thoracic segment between notum and sternum. 

Sclerites of pleuron is called as pleurite and they fuse to form pleural plate. Pleural plate 

is divided into anterior episternum and posterior epimeron by pleural suture. Pterothoracic 

pleuron provides space for articulation of wings and legs.  

6. Thoracic appendages: They are three pairs of legs and two pairs of wings. Two pairs of 

spiracles are also present in the mesopleuron and metapleuron.  

3. Abdomen  

 In general, having 11 segments   

 Last  region is segment like known  as telson(Not true segment) 

 The abdominal segment isknown  as Uromere. 

 Abdomen possess 8 pairs of spiracles  

 External genetalia and gills present in aquatic insects. 

 Body cavity filled with blood ( haemocoele ) 

 In Hymenoptera (wasps, bees, ants), the first abdominal segment is transferred 

tothorax and closely attached/fused to metathorax to form mesosoma, hence the 

thorax  looks like four segmented.  

 The 1
st
 abdominal segment thus transferred is referred as propodaeum.  

 The 2
nd 

abdominal segment is long called petiole or pedicel, where as the other 

abodmenal segments are enlarged, collectively called gastor. 
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Abdominal appendages 

1. Reproductive appendages: The reproductive organ of female is located on 8
th

 and 9
th

 

segments and in male on 9th segment of abdomen. Reproductive structures are located on 

the 9
th

 segment in males (including the aedeagus, or penis, and often a pair of claspers). 

(A) Female genitalia 

 It consists of three pairs of valves and known as ovipositor. In human louse 

and flea, it is absent.  In bees, wasps and ants the ovipositor is modified in to 

stinging organ.  

 In mayflies and earwig female genital opening (Gonopore) is just behind the 7
th

 

abdominal segment. 

  In dragonfly and damselfly have the gonopore on the ninth abdominal 

segment, the copulatory organ on ventral side of the second and third 

abdominal segments. 

(B) Male genitalia 

 Completely developed male genitalia consist of one pair of clasper, one pair of 

aedeagus and one pair of paramere.  

 Clasper: It helps to grip the female during copulation. 

 Aedeagus: It is used in sperm injecting and sperm transference to the female. 

 

2. Non- Reproductive appendages 

 Cerci /cercus: Paired cercus is present in Diplura, Zygentoma, Ephemeroptera, 

Zygoptera (a suborder of the Odonata), Plecoptera, the orthoptera and blattoids and 

Mecoptera. The cerci are the true appendages of the 11
th

 segment. Typically, they are 

elongate multi-segmented structures that function as sense organs. In more advanced 

insect sterna become reduced or lost or transform in to forceps (earwig). In male 

Embioptera, the basal segment of the left cercus forms a hook with which the insect 

can clasp its mate. 

 Styli: It is present on most abdominal segments of Microcoryphia, Zygentoma and 

Diplura, and on the ninth sternum of some male orthoptera. In bristletails, at least, the 

styli serve to raise the abdomen off the ground during locomotion.  

 Prolegs: Segmentally arranged, leg-like structures are present on the abdomen of 

many endopterygotes larvae. They are known as prolegs (pseudopods or larvapods).  
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 Spiracles: Thorax: 2 pairs and Abdomen: 8 pairs (lateral side of first to eight 

segment). Spiracles open on plural region of the abdomen. 

 Gills: A large number of aquatic larvae possess segmentally arranged gills on a varied 

number of abdominal segments. These are respiratory organs. Aquatic larvae and 

nymphs may have gills laterally on some to most abdominal segments. Some of these 

may be serially homologous with thoracic wings (e.g. the plate gills of mayfly 

nymphs). 

 Tenaculum: A minute structure located on the ventral side of the third abdominal 

segment, which serve as hook for the furcula. 

 Furcula: The forked springing organ on the ventral side of 4
th

 abdominal segment is 

known as furcula which is useful to help in jump. 

 Telsion:A segment like structure after 11
th

 segment. It is not a true segment. 

 Tympanum: (vibrating membrane): An organ lies on first abdominal tergum e.g. 

Grass hopper (pit like structure) 

 Epiproct /paraproct: The 11
th

 segment is present in the adults of the lower orders 

where its tergum is represented by the epiproct above the anus (often fused with the 

10th tergum), while vestiges of its sternum seen in the paraprocts which lie on either 

side of the anus. 

 Cornicles: Aphids have a pair of short tubules known as cornicles or siphonculi. It is 

projecting from dorsum of fifth or sixth abdominal segment. 

  



Ag. Ento. 3.1 Fundamentals of Entomology 

 

6. STRUCTURE AND MODIFICATIONS OF INSECT ANTENNAE 
Insect antennae are important non-visual sensory organs. Antennae are a pair of 

sensory preoral mobile jointedappendages arising from the 2
nd

or antennal segment of the 

head possessing nerves coming from deutocerebrum of the brain. They are well developed 

in adults and poorly developed in immature stages. Antennae are absent in order Protura and 

class Arachnida where as 2 pairs of antenna (antennules) are present in class Crustacea. 

These are said to be uniramous (unbranched), segmented and mobile structures which are 

basally fixed in to deep antennal socket (antennifer). Antennal socket is provided with an 

antennal suture. The base of socket is connected to the edge of the socket by an articulatory 

membrane. This permits free movement of antennae. 

It is articulated with head in front or between the eyes and divide into 3 regions. 

1. Scape : It is the first (basal) segment of antenna, which articulates with the head capsule 

through antennifer that provides movement for the scape. 

2. Pedicel : It is the 2
nd

 or middle segment of antenna that forms a joint between scape and 

flagellum. It consists of the special auditory organ known as ―Jhonston‟s organ‖. 

Jhonston‟s organ is absent in Collembola & Diplura. 

3. Flagellum : It is the last antennal segment which consists of many segments that varies in 

shape and size. 

In the family Chalcidoidea, the flagellar segments are divided in to the basal ring 

segments funicle and terminal club. In general, there are no muscles in the flagellum and 

hence the antennae are called annulated type. In collembola andDiplura, the flagellar 

segments are muscular in nature and regarded as true segments and the antennae are known 

as segmented type.  

Functions of antenna 

Numerous sensory organs or sensilla in the form of hairs, pegs, pits,cones occurs on antenna. 

1. Mainly serve as the sense organ responding to touch, smell & odour (olfactory/ 

chemoreceptors (eg. House fly).  

2. It detect humidity (hygroreceptors) (eg. Ants) 

3. It detects temperature (thermoreceptors) as well as air currents or wind speed 

(mechanoreceptors) (Honeybees). 

4. Jhonston‘s organ on pedicel functions as an auditory organ responding to sound and also 

helpful for measuring the speed of air currents. 

5. Help the mandibles for holding prey (eg. Mantid) and for mastication of food material.  

6. Helps in sexual dimorphism (eg. mosquito and Lepidoptera) 
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7. Useful for clasping the female during copulation 

8. Aid in respiration by forming an air funnel in aquatic insects. 

9. To find its way 

10. To find the food 

11. To find the opposite sex (mating partner). 

12. To communicate with each other (eg. Ants). 

13. It detects danger, and protect against NEs. 

 

Types of Antennae 

Type of antennae Shape of 

antennae 

Example Nature of modification 

1. Filliform 

 

Thread like Grasshopper, 

crickets, tiger beetle, 

true bugs, lice, 

ground beetle, 

mantids, earwigs 

Segments are more or less uniform 

throughout from base to apex and 

never end with bristle. 

2. Setaceous 

 

Whip/ bristle 

like 

Cockroach Segments gradually decrease in size 

from base to apex presenting a whip 

or bristle like structure. 

3. Moniliform 

 

Like string of 

beads 

Termite worker, 

rove beetle 

Segments are round or oval with well 

developed constriction between 

segments, appearing like string of 

beads. 

4. Pectinate 

 

Comb like Sugarcane root 

borer, firefly beetle, 

Female arctid moth 

Segments possess lateral processes on 

one side giving comb like appearance. 

5. Bipectinate

 

Double comb Mulberry silk moth, 

Male Lymantrid 

moth  

Segments bear lateral processes on 

either side, giving double comb like 

appearance. 

6. Serrate 

 

Saw like Pulse beetle,  Mango 

stem borer 

Segments of flagellum are triangular 

with projecting points on one side 

giving saw like appearance. 

7. Clavate 

 

Clubbed Butterflies Segments gradually increase in 

diameter from base to tip ending in a 

club like apical part. 

8. Clavate with hook 

 

Clubbed 

antennae 

with hook 

Skipper butterfly Segments gradually increase in 

diameter from base to tip and and the 

terminal 3-5 segments suddenly 

enlarge to form a knob like structure. 
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9. Capitate  

 

Clubbed 

withknob 

Lemon butterfly,Red 

flourbeetle,  

Khapra beetle 

(Trogoderma) 

Segments gradually increase in 

diameter from base to apex and the 

terminal 3-5 segments suddenly 

enlarge to form a knob like structure. 

10. Geniculate  

 

 

(Elbowed) Ants, honeybees The first segment (scape) is greatly 

elongated and flagellum always 

makes an angle with it 

11. Lamellate 

 

 

Plate like Dung rollers, 

Rhinocerosbeetles, 

Chaffer beetles 

The terminal segments expand to one 

side and form broad plate or leaf like 

structure. 

12. Flabellate  

 

 

Fan shaped 

Feather like 

Stylopids, Male 

strepsiptera, 

Ripiphoridae 

Projections of some terminal 

segments become long and extend 

laterally and form a feather like 

structure called flabella that lie 

against one another like the folds of a 

fan. 

13. Plumose 

 

Brush like 

withdense 

hairs 

Malemosquito Whorls of hairs arise from each joint 

of the segment. Each whorl contains 

number of hairs. 

14. Pilose/Whorled 

 

Brush like 

withsparse 

hairs 

Femalemosquito Looks like a plumose but each whorl 

contains less number of hairs. 

15. Aristate  

 

Antennae 

witharista  

House fly Antennae are small, microscopic 3 

segmented. 3
rd

 segment enlarged and 

bears a bristle called arista on its 

dorsal side. 

16. Stylate  

 

Spine like 

Antennae 

withStyle  

Robber fly, Snipe fly Antennae small with 3-4 segment. 

Terminal segment elongate into a 

bristle like structure called style. 

17. Ensiform

 

Sword like Green Grasshopper The segments of flagellum are thin 

and gradually taper towards the apex 

and form a leaf-blade-like structure. 

 

  



Ag. Ento. 3.1 Fundamentals of Entomology 

TYPES /MODIFICATIONS OF INSECT MOUTH PARTS 
 

 

These are organs concerned with feeding. The insect mouth parts mainly consist of 5 

parts i.e., Labrum (upper lip), mandibles (first pair /anterior jaws), maxillae (second pair 

/accessory jaws), labium (lower lip) and hypopharynx  

Labrum (upper lip):It is third segment of head appendages. It is a small sclerite that forms 

the upper lip of mouth and closes the mouth cavity from front. It 

is flap like structure attached to the clypeus by an articular 

membrane. It is frequently membranous and continuous with 

the dorsal wall of pharnyx. It is movable and act as upper lip. In 

chewing type mouth parts (cockroach and grass hopper) the 

inner surface of the labrum is referred to as labrum-epipharynx 

which is well developed in Hymenoptera. It is an organ of taste 

(sense organ). 

Functions:  

 It holds the food in position so that mandibles can act on it.  

 It helps to pull the food into the mouth.  

 It forms the roof of the pre oral food cavity and closes the mouth cavity.  

 Its inner surface is usually provided with chemoreceptors and is produced into small 

lobe-like epipharynx in Hymenoptera. 

Mandibles (true jaws): It is fourth segment of head 

appendages also known as 1
st
 pair of jaws. It is a second part 

of mouth parts and located directly behind the labrum. These 

are the paired, unsegmented and strongest sclerotized 

structures called jaws. They have sclerotized teeth like 

structure on their inner border among which the distal 

structures are sharply pointed and called as incisors /cutting 

teeth while proximal structure called as molar /grinding 

teeth. Each mandible is moved by powerful Abductor and 

adductor muscles. 

Functions:  

 For chewing and grinding of the food. 

 Carry the things.  

 As a defensive part to fight with natural enemies e.g. termites  

 To mould the wax (e.g. honey bees) and mud (Mud wasp 

and dung roller). 

Maxillae (accessory jaws): It is fifth segment of head 

appendages also known as 2
nd

 pair of jaws. The third part of 

mouth is lying behind the mandibles. These are paired 

homologous structures. Each maxilla has five well defined parts 

i.e., cardo, stipes, maxillary palps, galea and lacinia. The basal 

triangular segment of the maxilla is the cardo and the second 

rectangular segment is stipes. The palpus is borne on the lobe of 
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stipes is called the palpifer (maxillary palpi). The stipes bears at its inner apex two lobe like 

structures called as lacinia  (an elongate jaw like structure) and outer lobe like structure 

called as galea. Lacinia is spined or toothed on its inner border. Maxillary palps possess 

olfactory and gustatory sense receptors and function as sensory organs. These Galea and 

lacinia helps in holding the food material alongwith the mandibles. 

Functions: 

 They are used for holding and sending food into mouth. 

 Useful to know the quality and taste of food. 

 Maxillary palp and galea acts as a sense organ (smell and teste). 

 In some insects, lacinia is modified for cutting, grinding and grasping the food. 

Labium (lower lip): It is sixth segment of 

head appendages. It is the lower lip of mouth 

and closes the mouth cavity from behind or 

below. It is divided in to proximal 

prementumand a basal post-mentum usually 

divides into basal sub-mentum (Large basal 

sclerite) and distal mentum (middle sclerite). 

Near the base of pre mentum, on either side 

lobe like ‗palpiger‟ is present which bears 

labial palps. Prementum has four terminal 

lobes. The median pair is ‗glossae‟ and outer 

„paraglossae‟ together called ligula that 

function mainly as gustatory sense organs. 

The ligula consists of a pair of small lobes in the 

middle called as glossae and one pair of larger 

lobes laterally called as paraglossae. 

Functions: 

 It closes the mouth cavity. It also helps to holding the food during masticating. 

 Labial palpi functions as sense organs. 

Hypopharynx: It is a tongue like organ 

attached with anterior wall of labium, through 

which the salivary glands open. It is located 

centrally between labrum and labium in the 

floor of mouth or preoral cavity. Ducts of 

salivary glands open on or near its base. 

Functions: 

 Secretion of enzymes is the function of 

hypopharynx.  
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Classification of Insect Mouthparts OR Types of Insect Mouthparts 

Sr. 

No   

Type of Mouth parts Examples 

I Mandibulate  

1 Cutting and chewing type  

i Grinding/Masticating subtype Grasshoppers, Beetles 

ii Grasping/Predaceous White ants 

iii Grasping-sucking/ Mandibulate suctorial Larvae of Chrysoperla 

iv Brushing/Spatulate/Scrapping Blister beetle, Dung roller 

2 Chewing and lapping type Honey bees 

II Haustellate  

A With stylets  

1 Piercing and sucking type  

i The bug or hemipterous sub type Red cotton bug 

ii Anoplurous/Louse sub type Human lice 

iii Dipterous/Common biting sub type Female Mosquitoes 

iv Muscid sub type Stable fly 

v Siphanopterous/Flea  Flea 

vi Anchoring sub type Tick 

vii Chelate sub type Mite 

2 Rasping and sucking type Thrips 

B Without stylets  

1 Siphoning type Butterflies and moth 

2 Sponging type Adult Houseflies 

III Other types  

1 Degenerate type Maggots of Diptera 

2 Mask type Naids of Dragonflies 

 

TYPES OF INSECT MOUTHPARTS: 

Mouthparts vary greatly among insects of different orders, but basically the mouth parts 

may be divided into two groups: 

I. Chewing and Biting type (mandibulate) 

1. Grinding/masticatory type: Mandibles are provided with grinding teeth for grinding 

plants and animal tissues. It masticate the solid food particles. Eg. Cockroach, 

grasshopper, locust, beetles, weevils, Lepidopteran caterpillar, 

cricket, earwigs etc. 

2. Grasping type or predacious: Mandibles are elongate, curved with 

sharp points for eating and holding the prey. Teeth are absent. Eg. 

Soldier ants and predatory beetles 

3. Grasping-sucking type or Mandibulo-suctorial: 

Mandibles are long, sickle shaped for grasping and piercing 

the prey. A channel or groove from the tip to base forming 
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a close cavity through which insect suck the blood from prey. Maxillae act as blade. Eg. 

Larva of chrysopa, antlion and fire beetles.  

 

4. Brushing type or scrapping: Mandibles are without cutting teeth. They are densely 

covered with hairs and flat spatula like. These mandibles are 

used for molding the wax, mud and dung.  Eg. Pollen feeder 

and dung beetle. 

 

II. Chewing and Lapping Type:The labrum and mandibles are biting type, whereas 

maxillae, labium and hypopharynx combine 

together to form a sucking proboscis. 

Mandibles are smooth and are situated on 

either side of the labrum which is used in 

moulding wax and making the honey comb. 

The labium has sub–mentum, mentum, 

paraglossa and glossa or tongue, with a long 

labial palp on each side. The glossa is long and 

at its tips is a small ―Flabellum or labellum‖. 

The glossa is used for gathering honey. It is an 

organ of taste and smell. The maxillae and 

labial palps form a tube enclosing the glossa 

which moves ups and down to collect nectar. 

At rest, mouth parts are folded beneath the 

head against stipes and mentum. During 

feeding they are straightened with labial palpi 

closely applied to glossa and partly embraced 

by the ensheathing of galea and lacinia. Glossa is very active while food is being imbibed 

retracting and protruding from the base of mentum. The liquid food (nectar) ascends by 

means of capillary action in to the central channel of glossae and enters in to the space 

between paraglossae and in to the mouth cavity. Eg. Honey Beees and wasp 

Sucking type (haustellate) 

1. Piercing and Sucking Type:e.g.: Aphids, plant bugs, 

mosquitoes 
 

They are mainly adopted for piercing the tissues 

and sucking either plant sap or the nectar or blood from 

the host. Mouth parts are represented by rostrum/beak 

which is a modification of Labium. It acts as a pouch 

for protecting the mandibular and maxillary stylets.  

Mandibles and maxillae are modified in to sharp 

needle like stylets. The mandibular stylets form the 

outer pair and possess serrated margins at their tip. The 

maxillary stylets forms the inner pair having smooth 

curved tips and combine together enclosing a 
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food channel. The food channel is divided in to an upper cibarium and lower 

salivarium with the help of the grooves present inside the maxillary stylets. Salivarium 

is used for releasing the saliva and cibarium is used for sucking the sap. The 

hypopharynx is modified in to a pharyngeal pump and is situated at the tip of the food 

channel. Llabrum is modified into a small flap like structure at the base of rostrum. 

Insects with these types of mouthparts pierce the tissues with the mandibular stylets and 

suck the contents (sap/ blood / nectar) through cibarium with the action of pharyngeal 

and cibarial muscles. 

'Saliva' may be pumped down one of the tubes. This saliva makes the food into a 

liquid. The stylets themselves are enclosed in a sheath formed almost entirely by the 

labium which is dorsally grooved for their reception. At its base however the labial 

groove is wanting and in this region the sheath is roofed over the labrum. Usually labium 

is four segmented. Labial palps are wanting. Labrum forms the cover over the grooved 

labium. The hypopharynx is highly specialized and reduced either to form the floor of 

the cibarial sucking pump or to form mandibular plates. The stylets are pierced inside the 

plant tissues and generally they suck plant sap from phloem vessels. Eg. bugs, mosquito, 

aphids etc. 

Sub type 

(i) The bug or Hemipterous subtype 

 Maxillary palps absent. 

 Mandibles (2 Stylets) & Maxilla (2 Stylets) modified into stylets. 

 Mandibles puncture alternately & maxilla suck up the sap from the plant. 

(ii) Louse or Anopleurous sub type 

 Maxillary palp absent. 

 Two stylets – formed by maxilla. 

     Eg.  Human louse, Other blood sucking louse 

(iii) Mosquito sub type 

 Maxillary palps present. 

 Modified for blood sucking purpose. 

 Six stylets  

     Maxilla            - 2  

     Mandible        - 2  

     Labrum epipharynx    - 1    Forming food 

     Hypopharynx       - 1       channel  

     Stylets move upword & downword for making wounds. 

(IV)  Muscid sub type : ( Biting fly ) 

 Lebella consist cutting teeth.  

 Labium enters in the wounds. 

 Food channel formed by labrum epipharynx &   hypopharynx. 

 Mandibles are wanting. 

      Eg. Stable fly, Horn fly, Tse Tse fly 

(V) Siphonopterous sub type 

 Two mandibles. 

 Maxillary palps absent. 
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 Three stylets (Mandibles– 2 and Epipharynx –1) 

 Mandible Pierce the skin & suck the blood. 

     Eg. Flea 

(VI)  Tick or Anchoring sub type  

            Eg : Cattle tick 

(VII) The Chelate or Mite sub type 

            Eg. Mites  (Poultry mite, Red mite, Scab mite,  Mango mite) 

2. Rasping and Sucking Type or Lacerating and Sucking Type 

These are asymmetrical type mouth 

parts, as right mandible is rudimentary. 

They are in between the biting – chewing 

type; and piercing - sucking type. The 

labrum, labium, bases of maxillae are 

modified to form a small tubular cone called 

mouth cone. The maxillae are modified into 

stylets. The right mandible is absent and the 

left mandible is modified as stylet. All these 

three stylets are repeatedly inserted into the 

plant tissues and the oozing out cell sap is 

sucked by applying mouth cone. 

Hypopharynx is reduced and small. Eg. 

Thrips 

3. Sponging or Lapping and Sucking Type 

The proboscis consists of labium which is grooved on its 

anterior surface. Within this groove consists labrum-

epiphraynx (enclosing the food canal) and slender 

hypopharynx (containing the salivary canal). The 

proboscis is fleshy, elbowed, retractile and projects 

downwards from head. The proboscis can be differentiated 

into basal rostrum, middle haustellum and distal region 

of the proboscis is enlarged, sponge like and two lobed 

which acts as suction pads called oral discs or labellum. 

Labella have two sponge like structure and covered with 

capillary canals called pseudotrachea, which collect the 

liquid food and convey it to the canal. Labella function as 

sponging organs and are capable of taking exposed 

fluids. These insects often spit enzyme containing 

saliva onto solid foods to liquidities them. Labrum 

epipharynx & Hypopharynx unite to form a food 

channel. Salivary duct open in Hypopharynx. Eg. 

House fly 

4. Siphoning Type: In these Siphoning types of mouth 

parts, mandibles are absent. All mouth organs are 
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highly reduced except the galea of maxillae. Each galea of maxilla elongated into tube 

like hollow structure and semicircular. When both galea come close together they 

enclose, a sucking proboscis. Thus both the galea together forms the sucking proboscis 

coiled and kept below the head during non-feeding. E.g. Butterflies, Moths etc. 

 

III. Mask Type: These mouth parts are modified for biting and chewing type. Labium is 

modified into a mask. Prementum and postmentum and the 

suture between them form a hinge. The labial palpi are 

represented as teeth like structures / spines at the tip of the 

labium that are helpful for catching the prey. All other parts 

remain rudimentary (reduced). During resting period, when 

the insect is not feeding, the mouthparts cover a part of the 

head. Hence it is called mask type. Labial palps and help in 

catching the prey. When prey is sighted it is stretched with 

great rapidity. When at rest the mask is kept in a position the 

labium covers a portion of the head. Eg. Naiads of Dragonfly 

 

IV. Degenerate Type:Typical example of the mouth parts is found in larva of higher diptera. 

The maggots of housefly and certain flower fly mouth are entirely wanting. The 

mouthparts are working vertically instead of laterally. A pair of hooks represents the 

mouthparts. Eg. Maggot of house fly. 
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STRUCTURE AND MODIFICATIONS OF INSECT LEGS 

Every insect have three pairs of legs which are articulated on ventro-lateral region of 

thorax. The fore-legs are located on the prothorax, the mid-legs on the mesothorax, and the 

hind legs on the metathorax. All the three thoracic segments of an insect possess a pair of legs 

as locomotory organs giving the name hexapods and the class insecta as hexapoda. Insect leg 

mainly consists of 5 parts viz., Coxa, Trochanter, Femur , Tibia and. Tarsus. 

In primitive insects, a small sclerite known as subcoxa occur before the coxa which form the 

true basal segment. In the process 

of evolution, this sub coxa is 

reduced or modified. 

Structure of leg  

1. Coxa: It is the functional basal 

segment and it is rigidly fixed to 

thorax or weakly articulated. 

2. Trochanter : It is very small 

and the second segment. It is 

articulated with coxa and more or 

less fixed to femur. 

3. Femur : It is 3
rd

 segment of insect leg. It is the largest, strongest segment and is articulated 

with the tibia. 

4. Tibia : It is 4
th

 segment of insect leg. It is equal or more than the length of the femur, 

articulated with tarsus. 

5. Tarsus : It is usually divided into sub segments tarsomeres. The number of tarsomeres 

vary from 1-5 and are movable one on the other. Among the 5 segments, 1
st
 segment is large, 

big or broad in size known as basitarsus. 

The tarsus at it‘s end consists of pretarsus which is in the form of a pair of claws and cushion 

like pulvilli. In between the claws, if there is lobe like structure, it is known as ―aroleum‖ as 

in Orthoptera (grass hopper) and if it is bristle like structure, it is called ―embodium‖ as in 

Diptera. In some insects, the ventral surface of pretarsus consist of a median circular plate 

between the claws known as unguitractor where as the claws are known as ungues. 

Types or modifications of legs 

Legs are modified into several types based on the habitat and food habit of insect and used 

for a wide variety of functions. 

Function of insect leg 

 The hexapod condition facilitates the insect in maintaining balance during locomotion in 

terrestrial and aquatic habitat. 

 The leg is modified to perform the functions like; walking, running, jumping, digging, 

swimming, grasping, clinging, sound producing and pollen collection.  

 To hold the female during mating. 
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No. Type of legs Special 

function 

Example Nature of modification 

1 Ambulatorial  

 

Walking Cockroach Femur flat and tibia are long. Pretarsus is 

provided with claw and flattened arolium. 

It can move perfectly on smooth and  

rough surface   

2 Cursorial 

 

Running Black ant Femur flat, coxa highly muscular  

Tibia and tarsi slender and elongated. 

Tarsal segment much larger and touches 

to ground while running. 

3 Saltatorial 

 

Jumping Hind leg of 

grasshopper. 

In some of the insects the femur of hind 

leg enlarged to accommodate muscles and 

this types of legs used for jumping. 

Trochanter is most modified   

4 Fossorial 

 

Digging; 

Burrowing leg 

Fore legs of mole 

cricket 

Fore tibia are broad, highly sclerotized. 

Terminal digital processes used for 

digging and excavation. Tarsi and pre tarsi 

reduced 

5 Scansorial 

 

 

Climbing; or 

clinging leg 

All the three 

pairs of legs of 

head louse. 

Single segmented tarsus bears a hook like 

curved claw with ventral pad. In 

ectoparasitic insects the holding capacity 

is important characters & they possess 

well-developed claw present at terminal 

end of tarsus and apex end of tibia and 

claw which pickup the thin hair. This type 

of legs is thin and stout. 

6 Raptorial 

 

Grasping 

Preying 

Forelegs of 

preying mantis. 

Coxa long. Femur and tibia possess the 

spur like structure Tibia can be 

accommodated into groove of femur and 

tarsus can be inserted into the apical hook 

of the femur. Reduced preapical tarsus. 

7 Natatorial 

 

Swimming Hind legs of 

water bug and 

water beetle. 

In aquatic insects, the legs are used for 

swimming and such types of legs bears a 

row of swimming hairs on mid and hind 

legs. 

8 Pulvilus type  

 

Sticking All the three 

pairs of legs of 

house fly 

Pulvilli – Ped like 

Empodium – Pointed 

Pulvilli and empodium having tubular hair 

and moistened by glandular secretion. So, 

adhesion occurs and can walk on smooth 

surface. 

9 Stridulatorial 

 

Sound 

producing 

Insects of 

Acrididae family 

A row of pegs situated on the inner side of 

each hind femur which would work 

against the outer surface of each tegmen. 

10 Bladder-Footed 

 

 Onion thrips The distal tarsomeres bear vesicle to 

provide a firm hold on to the surface on 

which the insects feed. 
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11 Scooping  type 

 

Basket like 

leg 

Dragonflies 

Damselfly 

The long legs having rows of stiff bristles 

along the inner margins 

12 Web spinning 

 

Web spinning 

 

Fore leg of 

Embioptera 

Metatarsus of forelegs is swollen to   

accommodate the silk gland. 

13 Foragial leg (Forage = to collect food material) e.g. Legs of honey bee 

 
 

i. Forelegs : The foreleg has three important structures  

a. Eye brush        b. Antenna cleaner or strigillis     c. Pollen brush 

ii. Middle legs: It has two important structures.  

a. Pollen brush: Stiff hairs on basitarsus form pollen brush which is useful to collect pollen 

from middle part of their body.  

b. Tibial spar: At the distal end of the tibia, a movable spur is present which is useful to 

loosen the pellets of pollen from the pollen basket of hind legs and to clean wings and 

spiracles.  

iii. Hind legs: It has three important structures viz., pollen basket, pollen packer and pollen 

comb.  

a. Pollen basket: It is also called corbicula. The outer surface of the hind tibia contains a 

shallow cavity. The edges of the cavity are fringed with long hairs. The pollen basket enables 

the bee to carry a larger load of pollen and propolis from the field to the hive.  

b. Pollen packer: It is also called pollen press. It consists of pecten and auricle. Pecten is a 

row of stout bristles at the distal end of tibia. Auricle is a small plat fringed with hairs at the 

basal end of basitarsus. Pollen packer is useful to load pollen in corbicula.  

c. Pollen comb: About ten rows of stiff spines are present on the inner side of hind 

basitarsus. The pollen comb is used to collect pollen from middle legs and from posterior part 

of the body.  

Prolegs or False legs or Pseudolegs: e.g. abdominal legs of caterpillar. There are two to five 

pairs of abdominal legs termed prolegs in caterpillar. Prolegs are thick, 

fleshy and not segmented. They are shed with last larval moult. One pair 

of prolegs on the last abdominal segment are called anal prolegs or 
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claspers. The tip of proleg is called planta upon which are borne hooks or claws known as 

crochets which are useful in crawling or clinging to surface. 

    Fig.  Prolegs 

Legs of immature stages 

The immature stage of exopterygotes i.e. nymph consist of only thoracic legs similar to its 

adult where as that of endopterygote i.e. larva possess two types of legs. 

i. Thoracic legs or true legs: Jointed, present on all 

the 3 thoracic segments. 

ii. Abdominal legs or prolegs: Unjointed sucker like 

legs, having flat, fleshy surface at its tip known as 

planta. The planta consists of hook like structures 

known as crochets which are used for clinging to the substrate. The number of prolegs varies 

from 1-5 pairs which are distributed on 3
rd

, 4
th

, 5
th

, 6
th

 and 10
th

 abdominal segments. For 

example, sawfly larva has 6-8 pairs of abdominal prolegs. In some insects leg are degenerated 

e.g.: Coccidae; Endoparasitic hymenopterans. 
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STRUCTURE AND MODIFICATIONS OF INSECT WING 

AND WING COUPLING APPARATUS 

 Among the invertebrate animals, only insects possess wings.  

 Wings are present only in adult stage.  

 Number of wings varies from two pairs to none.  

 Certain primitive insects like silver fish and spring tail have no wings (apterous). 

 Ecto parasites like head louse, poultry louse and flea are secondarily wingless.  

 Wings are deciduous (being discarded after flight) in ants and termites.  

 There is only one pair of wings in the true flies.  

 Normally two pairs of wings are present in insects and they are borne on pterothoracic 

segments viz., mesothorax and metathorax.  

 Wings are moved by thoracic flight muscles attached to their bases.  

Wing: It is a flattened double layered expansion of body wall which has same structure as the 

body wall /integument. It bears many longitudinal veins and cross veins.  

Wing Margins: The anterior margin is known as costal margin while the lateral /posterior 

and hind/outer margins are called as anal and apical margins, respectively.  

Wing angles: The angle through which the wing is attached to the thorax is called as humeral 

angle. The angles formed between costal and apical margins and apical and anal margins are 

known as apical and anal angle, respectively. 

 

Based on the presence or absence of wings, class insecta is divided into two subclasses.  

1. Apterygota  and  2. Pterygota. 

 The primitive apterygotes are wingless. e.g.: Silver fish and Spring tails 

 Among the pterygotes, wings arise from meso- and meta- thoracic segments.  

 Front pair of wings is known as forewings and back pair of wings is known as hind 

wings.  

 Sometimes wings may be reduced among pterygotes e.g. Mallophaga and 

Siphunculata.  

 In coccids, only males are winged; and aphids may or may not have the wings.  

The arrangement of veins on the wings is called venation which is extensively used in insect 

classification. The principal longitudinal veins arranged in order form the anterior margin are 

costa (C), sub costa ( Sc), radius (R), median (M), cubitus (Cu) and anal veins (A). Small 

veins often found inter connecting the longitudinal veins are called cross veins. 

Three margins are  

1. costalor anterior 

2. Apicalor outer and  

3. Analor inner 

Three angles are 

1. Humeral angle    : between body wall and costal margin 

2. Apical angle       : between costal and apical margin 

3. Anal angle: between apical and anal margin 
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In insects like dragonfly and damselfly, there is an opaque spot near the coastal margin of the 

wing called pterostigma. 

 

 
TYPICAL WING OF INSECT 

Functions of insect wings 

 Flying or locomotion to search habitat, food and mate as well as escape from attack of 

natural enemies and adverse conditions.  

 Balancing as well as protection for the insect body  

 To study the systematics of insects.  

 

Wing venation: The arrangement of longitudinal and cross veins in wing is known as wing 

venation. Wing venation differs in different insects. With the help of veinal arrangements, 

insects can be classified into different families or orders. 

Types of veins:  

1. Longitudinal veins: The principal veins arranged in order from the anterior to 

posterior margin. 

2. Cross veins: Small veins often found inter connecting the longitudinal veins are 

called cross veins.  
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Description of longitudinal veins 

Costa (C): It is the first anterior marginal vein hence the area of wing called costal margin. 

At the leading edge of the wing, strong and marginal, extends to the apex of the wing, 

it is unbranched and convex (+). Sometimes it bear stigma or pterostigma on fore and 

hindwings of Odonata and only on forewings of Hymenoptera, Psocoptera and 

Mecoptera. 

Subcosta (Sc): It is the second longitudinal vein and is divided distally into two branches, the 

outer and inner designated as Sc1 and Sc2, respectively. Sc is reduced or fused with R 

in most Hemiptera. It is concave (-). 

Radius (R): It is the third vein; usually the strongest vein on the wing, with branches usually 

covers the largest area of wing apex. The first outer branch (R1) runs directly towards 

outer margin. The second branch is often referred as radial sector (Rs) which is 

concave and gives branches as R2, R3, R4 and R5.  

Media (M): It is the fourth longitudinal vein. It divided into two branches viz., anterior media 

(MA) which is convex and divided into MA1 and MA2 and posterior media (MP) 

usually with 4 branches MP1, MP2, MP3 and MP4 and are concave. 

Cubitus (Cu):  It is fifth longitudinal vein; it is divided into convex anterior CuA and 

concave posterior CuP branches. CuA is branched into two branches and CuP is 

unbranched.  

Anal veins (A):  These are veins behind the cubitus, AA and AP are usually separated by the 

anal fold. They are unbranched and convex. 

Jugal (J): Small veins in the jugal area which is found only in Neoptera.  
 

Description of cross veins 

Names of cross veins based on their position relative to longitudinal veins:  

 c-sc cross veins run between the costa and subcosta 

 r (radial) cross veins run between adjacent branches of the radius 

 r-s cross vein connecting subcosta and radius 

 r-m (radio-medial) cross veins run between the radius and media 

 m (medial) cross vein connecting adjacent branches of the media 

 m-cu (medio-cubital) cross veins run between the media and cubitus 

 cu-a (cubito-anal) cross veins connecting the cubitus and first anal vein 

 h (Humeral) cross veins connects the costa and subcosta near base of wing 

 s (Sectorial) cross veins that either connects the radius (R1) to the branch R4 to R5 or 

connects R3 to R4. 
 

MODIFICATIONS /TYPES OF INSECT WINGS  

 Insect wings are modified in different insects according to their habitats and use. It 

exhibits various shape and color patterns due to presence of scales. Some insects are 

primarily wingless e.g. silverfish, springtail etc., while others are secondarily wingless e.g. 

bed bug, louse etc. In some insects only males are winged e.g. mealy bugs, scale insects. In 

social insects, only reproductive forms are winged for a short time e.g. termites, ants etc. 

However some insects have only one pair of wings e.g. flies. The wings are smallest in the 
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parasitic Hymenoptera (wasps) and largest in moths and butterflies (wing expanse of atlas 

moth is 14‘‘).  

1. Halters 

 Only one pair of wings is present. Forewings are well 

developed while, hindwings are lacking and represents 

only by a pair of knob or thread like structures which act 

as balancing organ which is modified into halters.  

Eg. House fly, mosquito and male mealy bug 

 

2. Tegmina 

 The forewings are hardened/thickened that are 

completely leathery in texture while hindwings are 

membranous.   

Eg. Grasshopper, cockroach, dragonflies, damselflies 

(orthoptera, blattodea, phasmida and dictyoptera) 

 

3. Elytra 

 Forewings are much hardened to form a hard sheath is 

known as elytra which serve as protective cover of 

membranous hindwings. 

Eg. beetles (coleoptera) and earwig (dermeptera)  

 

4. Hemelytra 

 Base of the forewings are thickened, elytra like and 

remaining part of forewing is soft /membranous is called 

as hemelytra.  

Eg. Water bug and red cotton bug (heteroptera) 

 

5. Fringed /Feather wings 

 The margins of both front and hindwings have long 

fringes of hair (like a feather of bird). 

Eg. Thrips (thysanoptera) 

 

6. Membranous: 

 Both pairs of wings are thin, equal, membranous and 

transparent with dense network of wing venation. 

Eg. Termite, Dragonflies and Antlion (odonata, 

neuroptera) 

 

7. Scaly wings 

 Scales are flattened outgrowth of body wall.  

Eg. Butterfly and moth (lepidoptera) 

 

8. Hairy wings 

 Front and hind wings clothed with setae 

Eg. Trichoptera 
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MODIFICATION /TYPES OF WING COUPLING APPARATUS 

The two wings of a side usually move together during flight. The two wings are kept 

together by means of a structure known as wing coupling. Its structure differs in different 

species and sometimes among two sexes of same species. 

 Jugal lobe (Retinaculum): Present on posterior margin of the forewing which ensure fly 

simply before wing overlapping. 

 Humeral lobe (Frenulum): Present on anterior margin of the hindwings. 

1. Primitive type 

 Jugal lobes present at posterior margin of forewing, 

while humeral lobe on anterior margin of hindwing. 

Both lobes bear few long bristles. During flight, jugal 

bristle lying on top of hindwing and frenulum press the 

forewings from underside. 

Eg. Scorpion fly (Mecopteran) 

 

2. Jugate wing coupling 

 Jugal area produced lobe like fibula or more elongated 

jugam. It lies on top of hindwing during flight and is 

folded beneath the forewing at rest. 

E.g. Ant lion, Chrysopa (Neuroptera) 

 

3. Frenate wing coupling (Male) 

 Forewing possess flap like hook known as retinaculum 

which arises from sub-costal vein of wing. Hindwing 

have bristle like projection known as frenulum which 

held into frenulum during flight. Frenular bristles are 

fused together and formed single stout structure. 

Eg. Fruit sucking moth 

 

4. Frenate wing coupling (Female) 

 Frenulum consist group of stout bristles 

 Frenulum lies beneath the extended forewing and joints 

with retinaculum (patches of hairs) 

Eg. Cabbage butterfly 

 

5. Hamuli 

 Costal margin of hindwings bears row of small hooks 

(hamuli) which catch the sclerotized ridge of 

hindmargins of forewings and both wings move together 

during flight  

Eg. Honeybee (Hymenoptera) 
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6. Fold or Hook 

 Wings held together in flight due to small hooks/ folds 

along the wing margin. 

Eg. Hemiptera (aphid) 

 

 

 

 

 

 

 

 

7. Amplexiform wing coupling 

 It is the simplest form of wing coupling in which a 

linking structure is absent. Wings are coupled simply by 

overlapping basally.  

Eg. Silkworm moth 
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1. DIGESTIVE SYSTEM IN INSECTS 

The digestive system (alimentary canal) of insects is a long, muscular and tubular 

structure extending from mouth to anus which includes the parts/organs associated with 

ingestion (intake of food), trituration (chewing), digestion, absorption in to haemolymph and 

egestion (elimination of undigested materials). It is divided into three regions viz., 

Foregut(Stomodeum), midgut(Mesenteron) and hindgut(Proctodaeum). 

 

Fig. Digestive system in insects 

Foregut (Stomodeum):  

It is ectodermal in origin. Anterior invagination of ectoderm forms foregut 

(Stomodeum). The main function of foregut is ingestion and storage of the food. Internal 

cuticular lining is present. It includes pre oral food cavity, pharynx, oesophagous, crop and 

gizzard (Pro-ventriculus). Terminal mouthparts leads into a pre-oralcavity. Pre-oralcavity 

between epipharynx and hypopharynx is called as Cibarium. Pre-oralcavity between 

hypopharynx and salivary duct is Salivarium. Cibarium is a small pouch for the temporary 

storage of food or modified into sucking pump in hemiptera. Salivarium undergoes 

modification to form the salivary syringe inhemiptera and silk regulator in lepidoptera larvae. 

a) Pharynx : It is the moist anterior portion of the foregut and varies greatly among different 

insects. It is situated between pre-oral cavity and oesophagous. In insect with biting and 

chewing mouth parts, the primary function of the pharynx is to receive the food ingested 

by the insects and to pass it on to oesophagous. Pharynx acts as a sucking pump in sucking 

insects (sap feeders).  

b) Oesophagous :It is located between pharynx and crop. It is a narrow tube which pass the 

food into crop.  

c) Crop : It is the dilated distal part of oesophagus acting as food reservoir and located 

between oesophagous and gizzard. In bees, crop is called as honey stomach where nectar 

conversion occurs. It collapsed when empty. 
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d) Gizzard :Proventriculus or Gizzard is the posterior (last) part of foregut and is highly 

sclerotized part of alimentary canal. It is found in solid feeders and absent in fluid feeders 

or sap feeders. The internal cuticle of gizzard is variously modified as follows.  

i. Teeth like in cockroach, grasshopper and cricket to grind and strain food.  

ii. Plate like in honey bee to separate pollen grains from nectar  

iii. Spine like in flea to break the blood corpuscles  

Food flow from foregut to midgut is regulated through cardiac or oesophageal valve. 

Cardiac valve prevents the regurgitation of food from midgut to foregut. 

Midgut (Mesenteron):  

It is the middle part of alimentary canal. It is endodermal in origin and also called as 

mesenteron/ventriculus. This part contains no cuticular lining. Midgut is mainly concerned 

with secretion of enzymes, digestion and absorption of digested food.Midgut possess blind 

pouches/diverticula varying in length and number. These are two types.  

i. Gastric caecae (Enteric caecae or Hepatic caecae): Finger like outgrowths found in 

anterior ends of midgut. In cockroach andmantids, it is eight in numberin case of 

locust, grasshopper and cricket two caecae are present, whereas it is absent in 

collembola and lepidoptera. 

Functions of caecae :It increases the surface area for secretion of digestive enzyme and 

absorption of water, minerals, amino acid, glucose etc. 

ii. Caecaldiverticulae/Mycetomalcaecae : Usually present in posterior region of 

ventriculus - especially in heteroptera. It possess mycetocytes, cells housing symbiotic 

bacteria. The bacteria present in the mycetome kills the foreign bacteria present in 

alimentary canal and thus provide a safe place for the multiplication of normal 

bacteria in the digestive track. 

Filter chamber: It is found in many sap suckinghomopterans and someheteropteraninsects, 

which take large quantities of fluid to obtainadequate nourishment. Midgut is structurally and 

functionally modified for rapid elimination of excess water from the food. In this case, the 

two ends of midgut and the beginning of hind gut are enclosed in a sac known as filter 

chamber.  



Ag. Ento. 3.1 Fundamentals of Entomology 

 

Fig. Filter chamber 

Function : Rapid elimination of excess water from the food. This process avoids dilution of 

digestive enzymes and concentrates food for efficient digestion. Also helps in osmoregulation 

by preventing dilution of haemolymph. Excess water and soluble carbohydrates of food pass 

directly from anterior cardiac region to posterior intestine by diffusion while protein and fat 

are retained for digestion and absorption in ventriculus. 

Important structures present in midgut are as follows:  

a) Peritrophic membrane: It is the internal lining of midgut, semipermeable in 

nature,secreted by anterior or entire layer of midgut epithelial cells. Present in solid 

feeders and absent in sap feeders.  

Functions 

 It lubricates and facilitatesmovement of food. 

 Envelops the food and protects the midgut epithelial cells against harder food 

particles.  

 Acts as barrier to microflora and prevents the infection 

 Facilitates the absorption in fluid feeders 

b) Midgut epithelium:It is the functional stomach where maximum amount of digestion 

and absorption take place. It is made up of three types of epithelial cells. (i) Secretory 

cells (Columnar cells): Involved in secretion of digestive enzymes and absorption of 

digested food (ii) Goblet cells (aged secretory cells): Involved in active transportation of 

potassium ion (k) across the gut wall. (iii) Regenerative cells: Regenerate the new 

epithelial cells and replace the cells damaged by digestive enzyme. 

c) Pyloric valve(Proctodeal valve):It is located between the junction of midgut and 

hindgut. Midgut opens into hindgut through pyloric valve, which regulate food flow.  

d) Malpighian tubules: It was first discovered Marcello Malpighi in 1669.They are located 

at the junction of midgut and hindgut. These are small, long, slender tubules, yellowish 

in colour, lying in haemocoel.  
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Hindgut (Proctodeum):  

It is ectodermal in origin and produced by the posterior invagination of ectoderm. It 

extends from posterior end of midgut to anus. Internal cuticular lining is present, which is 

permeable to salts, ions, aminoacids and water. The main function of hindgut is the 

absorption of water, salt and other useful substances from the faeces and urine. Hindgut is 

differentiated into three regions viz., ileum, colon and rectum. In the larva of scarabaeids and 

termites, illeum is pouch like for housing protozoan/ bacterial symbionts and acts as 

fermentation chamber. Ileum follows into an undifferentiated region: colon which is slender 

tube.Rectum isglobular or pyriform and thin wall chamber. Itcontains rectal pads helping in 

dehydration of faeces and undigested material thrown out by anus as excreta. 

Cryptonephridial condition: 

 This is a structural modification in which the ends of malpighian tubules come into 

close contact with hindgut or rectum and enclosed with it under the membrane in a 

perinephric space.This condition is found in Adult Coleoptera, larval Lepidoptera and 

larval Symphyta. 

 Helps in absorption of water and ions from the faeces and passes them into lumen of 

malpighian tubules. 

 Aggregation pheromone released by female bark beetle from the secretory cells 

present near the junction of ileum and rectum. 

 Male fruit fly, Dacustryoni have rectal pouches that produces sex attractant.  

Digestion: Process where the food materials ingested by insect, broken down into smaller 

molecules such as monosaccharides and amino acids which absorbed through gut wall. 

Digestive glands:  

Salivary glands: They are associated with labial segments, paired structure, lie ventral to 

foregut in head and thorax, occasionally extends up to abdomen. In Cockroach, a pair of 

labial glands acts as salivary glands where the salivary ducts open into salivarium. They are 

found in majority of insects but absent in most coleopteran. In caterpillars, mandibular glands 

are modified to secrete saliva, where the salivary glands are modified for silk production.  

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 plant bug, saliva contains pectinase which helps in stylet penetration and extra 

intestinal digestion.  
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8) In mosquito, saliva contains anticoagulantwhich prevents blood clotting.  

9) In gall midges,saliva contains Indole Acetic Acid (IAA).  

10) In disease transmitting vectors, the saliva paves way for the entry of pathogens.  

Digestive enzymes  

Insect Group Enzyme Substrate 

Phytophagous larvae Amylase  Starch  

Maltase  Maltose  

Invertase Sucrose  

Omnivorous insects  Protease  Protein  

Lipase  Lipid  

Nectar feeders  Invertase Sucrose  

Wood boring insects and Termites  Cellulase Cellulose  

Meat eating maggots  Collagenase  Collagen and elastin  

Bird lice  Keratinase  Keratin  

 

Digestion of unusual food materials 

Wood 

 Most of phytophagous insect cannot digest lignin, cellulose and hemicellulose  

 Some insects break down cellulose by cellulase enzymes (Cerambycid larvae) 

 Some insects break down cellulose through symbiotic bacteria present in hind gut 

(Scarabaeid larvae). 

 Some insects break down cellulose through protozoans present in gut (Termite). 

Wax  

 Wax moth larvae feed on wax  

 Bacteria plays role in digestion of wax 

 The enzymes lipase, lecithinase and cholinesterase also helps in digestion. 

These microbes were transmitted between individuals through food exchange (mouth 

to mouth feeding) called trophallaxisand through egg called as transovarialtransmission.  

In plant bug and ant lion grub, partial digestion occurs in the host body prior to food 

ingestion called as extra intestinal digestion. In most of the insects digestion occurs in mid 

gut. 

Absorption: In many insects, absorption of nutrients occurs through microvilli of midgut 

epithelial cells by diffusion. 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, resorption 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. 

 

 

 

********  
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2. NERVOUS SYSTEM IN INSECTS 

The nervous system is an information processing and conducting system, transmits 

electro-chemical impulses and functions as a connecting link between sense organs and 

effectors / responding organs.  

Sense organs Effector organs 

Respond to the external as well as 

internal stimuli 

e.g. Compound eyes 

Antenna,  

Ocelli,  

Tympanum,  

Johnston organ 

Respond according to instruction from the 

brain or ganglia 

e.g. Legs 

Muscles 

Wings 

Mouth parts 

Ovipositor 

 

Nervous system is composed of neurological cells and neurons. 

Neurological cells: Provide support and nutrition to neurons. 

Neurons: The basic component in the nervous system is the nerve cell or neuron. It is 

composed of a cell body, two projections (the dendrites) and the axon. Dendrites receive the 

stimuli and axon transmits information, either to another neuron or to an effector organs. 

Axon may have lateral branches called collateral or terminal arborization and synapse.  

 

Fig. Structure of insect neuron 
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Synapse: Two adjacent axons are connected by terminal arborization or fibrils known as 

Synapse or Synaptic junction. 

 

Types of neurons: Neurons are of following types based on structure and function.  

A. Structural basis 

i. Monopolar neuron: 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 (Afferent neuron): It conducts impulse from sense organs to central 

nervous system (CNS). e.g. compound eyes to brain/ganglia. 

ii. Motor neuron (Efferent neuron): It conducts impulse from CNS to effector organs e.g. 

brain/ganglia to legs. 

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

situated in brain/ganglia. 

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

inter-connecting all types of nerve cells and form nerve centers called as ganglia.  

Classification of Nervous system: Nervous system can be divided in to three major sub-

systems as  
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i. Central nervous system (CNS)  

ii. Visceral nervous system (VNS)  

iii. Peripheral nervous system (PNS)  

i. Central nervous system: It consists of double series of nerve centers (ganglia). These 

ganglia are connected by longitudinal and transverse tracts of nerve fibers. The 

longitudinal tracts of nerve fibers are termed as connectives and transverse tracts are 

called as commissures. Each body segment possess a pair of ganglia. Sometimes two 

adjacent ganglia unite to form a ganglionic center (e.g. suboesophageal ganglion). 

Ganglion in thorax and abdomen form a long ventral nerve cord.  

 

Fig. Connectives and commissures of nerve fibers 

Central nervous system includes the following.  

a. Brain/ cerebral ganglion/ supra- oesophageal ganglion 

b. Sub oesophageal ganglion 

c. Ventral nerve cord 

a. Brain/ cerebral ganglion: Brain is the main sensory centre controlling insect behaviour. 

It is situated in the head above the oesophagous, contains inter-neurons, receives 

message from sense organ (compound eyes, ocelli and antennae). Brain is made up of 3 

lobes viz., 

 Protocerebrum: Large, innervate compound eyes and ocelli.  

 Deutocerebrum: Beneath protocerebrum, innervate antennae.  

 Tritocerebrum: Innervate labrum.  

b. Sub oesophageal ganglia: Formed by the last three cephalic neuromeres which 

innervate mandible, maxillae and labium. It is connected with gland ‗Corpora allata‘. It is 

the ventral ganglionic center of head. 

c. Ventral nerve cord: Median chain of segmental ganglia lying on the floor of thorax and 

abdomen. Thoracic ganglia control locomotion activity i.e. legs and wings. Abdominal 

ganglia variable in number e.g. 8 pairs in larvae which innervate spiracles.  
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Fig. Central nervous system of insect 

ii. Visceral nervous system: The visceral (sympathetic) nervous system consists of three 

separate systems viz., (a) Oesophageal/ stomodeal/ stomatogastric visceral nervous system (b) 

Ventral visceral nervous system and (c) Caudal visceral nervous system 

a. Oesophageal/ Stomodeal/stomatogastric nervous system: It is directly associated 

with the brain, situated dorsally and at side of foregut. It controls the activity of 

foregut, midgut and heart.  

b. Ventral visceral nervous system: Associated with the ventral nerve cord, consists of 

a pair of transverse nerves which control the activity of spiracles  

c. Caudal visceral nervous system: Associated with the posterior segments of 

abdomen, control the activity of reproductive system and hindgut. 

iii. Peripheral nervous system: Includes all the nerves radiating from the ganglia of 

―Central‖ and ―Sympathetic‖ nervous system.It consists of two types of neurons viz., Bipolar 

neurons and Multipolar neurons. 

 

******** 
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3. SENSE ORGANS / RECEPTORS IN INSECTS 

The organs associated with sensory perception and developed from epidermal cells 

are called sense organs. Sense organs transform the internal / external stimulus into nerve 

impulse and carry to central ganglia which cause changes in behaviour of insects or maintain 

existing behaviour. The sense organs are classified in six groups:  

1. Mechanoreceptors  

2. Auditory receptors  

3. Chemoreceptors  

4. Thermo-receptors  

5. Photo-receptors and 

6. Hygro-receptors 

1. Mechanoreceptors: Detect mechanical forces like gravity, pressure, touch, contact with 

solid object, current of air/water, mechanical stress on cuticle. These receptors are divided 

into four types viz., 

i. Articulated sensory hairs/ trichoformsensilla 

ii. Campaniformsensilla 

iii. Chordotonal organs  

iv. Multipolar stretch receptors 

i. Articulated sensory hairs: Hair like little sense organ, distributed all over body 

surface (i.e. antenna, tarsi, cerci),comprises of trichogen cell, tormogen cell, bipolar 

neurons. Stimulated to produce nerve impulses on movement of hairs. 

ii. Campaniformsensilla(Dome sensilla): Dome shaped cuticular structure. These cells 

are sensitive to pressure and located in cerci, leg joints and wing bases.  

iii. Chordotonal sensilla (scolopidia): Subcuticular mechano-receptors which receive 

vibrations are called chordotonal organ. It is a compound structure composed of 

number of sensilla. Each sensilla have sensory body located at abdomen, appendages 

and wing bases. e.g. Johnstons organ present in mosquito (male) is an example of 

chordotonal sensilla. 

iv. Multipolar stretch receptor: Multipolar neuron-Associated with connective tissue / 

muscles. 

2. Auditory receptors (detect sound waves): Noise may be transmitted through liquid and 

solid media but little is known of their reception by insects. Types of auditory organs are 

i. Tympanal organs 

ii. Auditory hairs 

iii. Johnston‘s organ 

i. Tympanal organs: Paired organs composed of thin cuticle associated with tracheal 

air sacs, externally surrounded by cuticular ring. Tympanal membrane (drum like 

membrane) vibrates due to sound wave and auditory nerve transmit this sense to 

ganglion. Tympanal organs are located at… 

 the1
st
 abdominal abdomen of short horned grasshopper, cicada.  

 present on prothoracic tibia in cricket and katydids. 

 between the metathoracic legs of mantids. 

 themetathorax of many noctuid moths.  
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 the prothoracic legs of many orthopterans. 

 the wings of certain moths and lacewings. 

ii. Auditory hairs: Found in lepidopteran larvae. In Orthoptera, hairs on cerci respond 

to sound vibration frequency i.e. 3000 cycle/sec. 

iii. Johnston‟s organ: Highly specialized chordotonal organ, located on 2
nd

 antennal 

segment (pedicel). Johnston's organ stimulates during movement of flagellum and 

perceives vibration of water surface and air currents. In mosquito (male), it serves as 

sound receptor and perceives sound of wing vibration created by female. 

3. Chemoreceptors (detect smell and taste): Detect chemical energy. Derived from 

unspecialized clothing hairs and cuticular parts. Three types of chemoreceptors are i) 

Common chemical sense, ii) Gustatory sense and iii) Olfactory sense 

i) Common chemical sense: Occurs all over the body and helps in avoiding reactions to high 

concentration of irritating substances e.g. acids and base. 

ii) Gustatory sense (taste): Sensilla with one pore (uniporous) detect chemicals in solid and 

liquid form by contact are called as gustatory receptor. Located in antenna, wall of pre-oral 

food cavity, mouth parts and ovipositor.  

iii) Olfactory sense (smell): Sensilla with multiple pores (multiparous) which detect 

chemicals in vapour/gaseous form by smell are called as olfactory receptor. Located in 

maxillary palps, labial palps and antennae. 

4. Thermoreceptors (detect heat): Sense organs (receptors) which are sensitive to 

temperature changes are called as thermoreceptors. Occurs on antenna, maxillary palp and 

tarsi. Insect can orient itself to a place having desirable temperature. e.g. Blood sucking 

insects attracted by the heat of their mammalian host (bed bug).  

5. Photoreceptors (Vision and visual organs): Sense organs having ability to perceive light 

in visible or near visible range of the electro-magnetic spectrum are termed as photoreceptors. 

Three types of photoreceptive structures found in insects are i) Compound eyes, ii) Lateral 

ocelli and iii) Dorsal ocelli. 

i) Compound eyes: Most adult insects has a pair of compound eyes, each lies on the either 

side of the head capsule. The compound eye is made up of many individual units called 

ommatidia. Each ommatidium is marked externally by a hexagonal area called facet. Number 

of ommatidia varies in insects e.g. 6-8 ommatidia in ants, 4000 in house fly, 10000-28000 in 

dragonfly.  

Structural parts of ommatidium: 

a) Cornea: Outer most part ofommatidium, transparent, biconvex, modified cuticular 

area often termed as facet or lens.  

b) Corneagen cells: Epidermal or hypodermal cells lying behind the cornea. A group of 

two corneagen cells secrete a single lens. 

c) Cone or semper cells: Four distinct cells beneath cornea which secrete crystalline 

and form a cone are called cone or semper cells. 

d) Retinula cells: The crystalline cone is followed by a long retina which is the basal 

part of an ommatidium. Retinular cells are generally six to ten in number which 

collectively secrete a light sensitive rod at the centre called rhabdom. Rhabdom 

contains light sensitive pigments called rhodopsin. 
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e) Pigment or iris cells: Two groups of iris cells viz., primary and secondary pigment 

cells.  

Types of compound eyes  

According to presence and nature of crystalline cone, there are four groupsviz., (a) 

Eucone eyes, (b) Pseudocone eyes, (c) Acone eyes and (d) Exocone eyes 

a) Eucone eyes: Ommatidium contains hard, refractive corneal body secreted within 

crystalline cone Cell. e.g. Thysanura, odonata, orthoptera 

b) Pseudocone eyes: Cone cells are filled with transparent liquid. e.g. 

Cyclorrhaphandiptera (housefly) 

c) Acone eyes: Crystalline cone cells – do not secrete refractive material e.g. Dermaptera 

(earwig), Hemiptera, Coleoptera (Weevil, Lady Bird Beetle) 

d) Exocone eyes: Crystalline body is replaced by cone shaped extension of inner surface 

of cornea. e.g. Dermestid beetle. 

Types of images:  

Compound eyes may form 2 types images viz., (a) Apposition image (b) 

Superposition image. 

a. Apposition image: This type of image is formed during bright day light in Diurnal 

insects e.g. Butterflies. Pigment cells surrounds each ommatidia. The light rays pass 

through the central portion of ommatidia and cannot enter in to adjacent cells. 

Because primary pigment cells surrounding crystalline cone cells absorb the light 

rays. In this type, mosaic vision is produced. Several fragments of image combine to 

form whole image of an object.  

b. Super position image: Primary pigment cells are absent allowing light to pass 

through adjacent ommatidia. Image formed in this type are indistinct and blurred. This 

type is seen in nocturnal and crepuscular insects (e.g. moths, ant lion).  

ii) Lateral ocelli (Stemmata): Visual organs of holometabolous larva. Structure is similar to 

ommatidium. It helps to detect form, colour and movement, and also to scan the environment.  

iii) Dorsal ocelli: Visual organs of nymph and it vary from 0-3 in numbers. It contains a 

single corneal lens with many visual cells individually secreting the rhabdomere. Dorsal 

ocelli perceive light to maintain diurnal rhythm and is not involved in image perception. 

6. Hygroreceptors: Hygroreceptors are the special type of chemoreceptors that perceive 

moisture in air. e.g. antennae and maxillary palp of some insects. 

 

 

******** 
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4. CIRCULATORY SYSTEM IN INSECTS 

In animal, blood circulate through special vessels (arteries, veins etc.) is known as 

closed circulatory system. In insects, blood circulate through body cavity (Haemocoel) 

irrigating tissues and organs is known as open circulatory system. 

Haemocoel: General body cavity filled with blood is called haemocoel.It is divided into three 

sinuses by two diaphragms viz., Dorsal diaphragm and Ventral diaphragm.  

Parts/ organs involved in circulatory system 

1. Diaphragms and Sinuses:Two diaphragms viz., Dorsal diaphragm and Ventral diaphragm. 

i. Dorsal or Pericardial sinus: The compartment (sinus) above dorsal diaphragm is 

termed as Dorsal or Pericardial sinus. Heart or dorsal blood vessel is located in this 

sinus. 

ii. Visceral or Middle sinus: The Compartment (Sinus) between dorsal and ventral 

diaphragms having large cavity is known as Visceral or Middle sinus. This sinus 

accommodates digestive & reproductive system. 

iii. Perineural sinus: The compartment (Sinus) below ventral diaphragm is called as 

Perineural sinus. This sinus contains ventral nerve cord. 

 

Fig. Diaphragms and Sinuses 

2. The Dorsal Blood Vessel: Principal organ responsible for blood circulation is called 

Dorsal Blood Vessel or Dorsal Vessel. It lies or runs along the dorsal midline, just below the 

terga/ integument of insect body, extending from the posterior region of the abdomen to just 

beneath the brain in the head. The dorsal vessel is divided into two regions viz., anterior 

aorta(conducting vessel)and posterior heart (Pumping organ).  
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a) The heart: The heart is usually confined in abdomen and may be extended up to the 

prothorax in some insects. It is divided into series of chambers by successive 

contraction. It consists of 9 parts/ chambers from first to 9
th

 abdominal segment. Each 

chamber has a pair of lateral opening called ostia by which blood enters in the 

chamber. The ostia permit the one-way flow of haemolymph (insect blood) into the 

dorsal vessel due to valves that prevent backflow. There are two types of valves viz., 

Auricular valve and Ventricular valve.  

i. Auricular valve: The wall of heart is reflected inwards and forwards at each ostium 

which forming auricular valve. It prevents return flow of blood into dorsal sinus. 

ii. Ventricular valve: It prevents backward flow of blood into heart itself.  

b) Aorta: Anterior part of dorsal blood vessel is called Aorta. It is the principal artery of 

body. It is separated from the heart by aortic valve which prevent the backward flow 

of blood. It extends from thorax and terminate in head near brain. It has funnel like 

mouth or divided into two or more cephalic arteries.  

3. Accessory Pulsatory Organ: Sac like pulsatile structures located at various regions of 

body and pulsate independently of the heart. It supplies adequate blood to fast moving 

appendages. They are present at the base of wings in Odonata, legs in Hemiptera, Mesothorax 

in Diptera and base of antenna in many insects. 

4. Aliform / alary muscles: These are paired muscles with restricted origin on terga. They 

spread out like fan over the surface of dorsal diaphragm. They function as elastic sheets 

which bring out contraction and expansion of the heart. 

Haemolymph and its functions  

The blood of insect is commonly called as haemolymph. It is often clear and 

colourless but may be variously pigmented or rarely red due to haemoglobin (e.g.Chironomid 

larva) or green due to Chlorophyll dissolved in plasma. Haemolymph is composed of 15 to 75 

% of total volume of insect body. Haemolymph is made up of Plasma and Blood cells 

(haemocytes). 

1. Plasma: It is transparent, slightly acidic and contains 85 % water. It also contains Inorganic 

ions, proteins, amino acids, fats, organic acids, sugars etc. 

2. Blood Cells (Haemocytes): All insects and all life stages of insect contains haemocytes.  
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Types of haemocytes:  

i. Prohaemocytes/ proleucocytes: Small spherical cells with large nucleus. The 

cytoplasm is strongly basophilic and rich in RNA. The prohaemocytes are basic stem 

cells which divide and give rise to other types of cells. 

ii. Plasmocytes: Most abundant haemocytes and polymorphic (amoeboid, round, oval, 

spindle or fusiform), have basophilic vacuolated cytoplasm.  

iii. Granulocytes: They are rounded or oval, derived from plasmatocytes. They are 

phagocytic and contains acidophilic granules in cytoplasm. They are largest of the 

three haemocytes.  

iv. Oenocytoids: They are derived from oenocytes, not from the prohaemocytes. They are 

large, rounded or oval in form. The cytoplasm is basophilic and nucleus is eccentric in 

position. e.g. found in coleopteran, hemipteran, diptera and lepidoptera. 

v. Cystocytes/ coagulocytes: They are known as coagulocytes concerned with the 

coagulation or clotting of haemolymph. They have a yellowish-hyaline cytoplasm 

containing scattered granules. The plasma membrane is not easily discernible / visible.  

vi. Spherules: They are spherical, oval or spindle shaped. They have coarse spherules that 

occupy the whole cell. e.g. found in lepidoptera and diptera. 

vii. Adipohaemocytes: They are characterized by refringent fat droplets and other 

inclusions, found in lepidoptera, diptera. 

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) Eclosion 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 of food materials and hormones  

4. Protection: It helps in phagocytocis, encapsulation, detoxification, coagulation and wound 

healing. Non cellular 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. Helps in gaseous exchange of O2 and CO2 
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Circulation of blood (haemolymph) in insect 

Heart is principal pulsatory organ. The circulation of blood is maintained by the 

rhythmical contractions of the heart. The alary muscles helps in pulsation of heart by 

contraction and expansion. Contraction of heart (systole) starts from posterior end and runs 

forward like a wave. During diastole (expansion), the blood from pericardial sinus is drawn in 

the heart chamber through the incurrent ostia and during systole (contraction) the expanded 

lips of these ostia get closed and act as a valve so that the blood is prevented from returning 

through these into the pericardial sinus and is propelled forward. The blood propelled in such 

a manner in the aorta is discharged into the cephalic haemocoel. From the head and thoracic 

haemocoel the blood flows backward into the perivisceral sinus or abdominal haemocoel. 

The backward flow of blood is probably assisted by the undulatory movements of the ventral 

diaphragm.  

Some blood pumped into antenna, wings and legs by accessory pulsatory organs. 

Finally, the blood is returned to the pericardial sinus from the perivisceral sinus.  

Hear beat: 

Diastole: Relaxation phase results from the relaxation of the muscles assisted by the elastic 

filaments supporting the heart and in some cases by the contraction of the alary muscles.  

Systole: Contraction phase of heart beat results from the contraction of the muscles in the 

heart wall which starts posteriorly and spread forward as a wave.  

Diastasis: This is the third phase in the heart circle in which heart rests in the expanded 

condition. Increase in the frequency of heart beat results from reduction in the period of 

diastasis.  

 

Fig. Circulation of blood (haemolymph) in insect 

********* 
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5. RESPIRATORY SYSTEM IN INSECTS 

It is the process of gaseous exchange where in the insects takes fresh air and give out 

CO2& water vapour.  

OR 

The process by which a living organism or cell takes O2, distributes and utilizes it in 

oxidation and gives out the products, especially CO2 and H2O.  

This process involves interchange of gases between the environment and the blood or 

cellular tissues of the organism.  

There are three types ventilator system or respiration viz., 1) Tracheal respiration, 2) 

Integument respiration, 3) Gill or branchial respiration. 

1) Tracheal respiration: It is a system of branching tubules called trachea permitting direct 

contact of air with the tissues through a number of openings (spiracle). External opening 

of tracheal system is called spiracle. Organs involved in this are tracheae, tracheoles, 

spiracles and air sacs.  

Trachea: It is a simple elastic tube which when filled with air, present a silvery appearance 

through which insect breathe. It isinvagination of the epidermis and thus their lining is 

continuous with the body cuticle. The cuticular linings of the tracheae are shed during 

moulting. 

 

Taenidia: Inner layer of trachea is thickened forming visible helicle ring like structure known 

as taenidia. 

Function of taenidia: 

 Keeps the trachea distended and thereby allow free passage of air 

 Allow the tracheae to be flexible but resist compression (collapsing)  

 Permits exchange of O2& CO2. 

 Removes excess moisture in form of vapouri.e. outlet for loss of excess water 

Tracheoles: The trachea is divided and re-divided, becoming smaller and finally each ends in 

a cluster of minute branches. The ultimate branches of trachea are known as tracheoles.  

 It is 0.2 to 0.3 µ diameter  



Ag. Ento. 3.1 Fundamentals of Entomology 

 It may contain air or liquid  

 It may end blindly  

 Its wall is freely permeable to water  

 Tracheoles penetrate the cells of tissue, muscle and end intercellularly 

Trachea Tracheole 

1. Elastic tube runs from spiracle 1. Ultimate branching of trachea  

2. Extracellular 2. Intracellular 

3. Shed off their cuticle at each moulting 3. Do not shed 

4. Possess taenidia 4. Do not possess taenidia 

 

Spiracle: The paired lateral openings located on thorax and abdomen of insect to regulate air 

passage and minimise water loss are termed as spiracles.  

 It is ectodermal invagination.  

 There are 10 pairs of spiracles, located on pleura of thoracic (2 pairs) and abdominal 

(8 pairs) segments. 

Peritreme: The annular sclerite surrounded the external opening of spiracle is called a 

peritreme.  

Atrium (vestibule): Spiracles have a chamber or atriumwith opening and closing mechanism 

called atrial valve. Atrium is situated below peritreme and working as air filter. It has hairs 

and cuticular outgrowths, however do not possess taenidia.  

 

Fig. Structure ofSpiracle 

Classification of respiratory system based on spiracle 

Based on the number and arrangement of functional spiracles, respiratory system is 

classified into three viz., Holopneustic, Hemipneustic and Apneustic.  

1. Holopneustic (Open ventilator system): This is most primitive arrangement found in living 

insects, 10 pairs of spiracles are present (1 pro or meso-thoracic + 1 meta-thoracic + 8 in 

abdominal). e.g. grasshopper, Diptera (Bibionid) and some hymenoptera.   
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2. Hemipneustic: Out of 10 pairs, one or more than one pairs are non-functional. It has 

following five sub-divisions… 

i. Peripneustic: Metathoracic spiracles being non-functional, 9 pairs (1 prothoracic + 8 

abdominal) of spiracles are functional. e.g. larvae of neuroptera (antlion), mecoptera, 

lepidoptera, many hymenoptera and coleoptera. 

ii. Amphipneustic: Only 2 pairs (1 prothoracic + 1 last abdominal) of spiracles are 

functional. e.g. dipteran larvae (maggot).  

iii. Propneustic: Only 1 pair (prothoracic) of spiracles are functional. e.g. Dipteran 

Pupae 

iv. Metapneustic: 1 pair (last abdominal) of spiracles are functional.  e.g. some Dipteran 

larvae and aquatic larvae of Coleoptera. 

v. Hypopneustic: 7 functional (1 thorax + 6 abdominal), 3 non-functional. e.g. head 

louse  

3. Apneustic: In this type of respiration, all spiracles are closed or non-functional and hence 

it is known as Apneustic(closed tracheal system) e.g. naiad of may fly and endoparasitic 

insects. Air enters by diffusion through the general body surface or specialized extension 

known as gill or branchiae e.g. Collembola, Protura, parasitic Diptera, immature stages of 

endoparasitic Hymenoptera.  

Air sacs: In pterygote insects,tracheae are dilated in various parts of body to form thin walled 

vesicles or air sacs where taenidia is absent. It is easily differentiated due to glistening white 

vesicles. It is well developed in honey bee, house fly &scarabaeid beetles.  

Functions of Air sacs: 

 Assist flight by reducing specific gravity. 

 Increase volume of tidal air. 

 Act as oxygen reservoir.  

 Provide buoyancy to flying and aquatic insects.  

 Thoracic air sacs supply extra air to fast respiring muscles, wings and legs. 

 Provide extra space for growing organs (ovaries in female). 

 Allow free vibration of tympanic membrane of tympanum (auditory organ). 

 Act as heat insulators. 

2) Integument Respiration: In insects that do not have tracheae or any other device for 

respiration, the exchange of gases taken place directly through integument e.g. 

Collembola, Protura, Parasitic insect larvae. 

3) Gill or branchial respiration: Respiration in aquatic insects takes place through Gills or 

branchiae which are tracheated thin outgrowth of body wall. There are 3 types of gills 

found in aquatic insectsviz., Tracheal gills, Spiracular gills and Blood gills. 
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Tracheal gills:  

 Found in larvae of Nymphulaspp 

 Filiform or lamellate structure well supplied with tracheae and tracheoles. 

 Located on abdomen of many aquatic larvae and pupa. 

 Lamellate gills –found in mayfly naiad  

 Filamentous gills - found in damselfly naiad  

 Rectal gills - found in dragonfly naiad 

 

Spiracular gills: 

 Found in pupae of some beetles and flies, Maggots of Tipulid and Simuliid fly. 

 Spiracles drawn out to form a long process. 

 One or more pairs of spiracles usually forms spiracular gills. 

 Insects have spiracular gills adopted for aquatic and aerial respiration.  

 

Blood gills: 

 Well developed in wire worms or Blood worm, ChironomidDiptera 

 These are tubular structures and are sometimes eversible.  

 Help in absorption of water and inorganic ions rather than respiration. 

 Blood of Chironomid larva contains haemoglobin dissolved in plasma which permits 

to take up O2 to body tissues under low O2 tension.  

 Permit the insects to remain submerged into water for longer time.   

 

******** 
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6. EXCRETORY SYSTEM IN INSECTS 

The process of elimination of waste products is known as excretion and the organs 

involved in this process constitutes excretory system. The excretion process helps the insect 

to maintain salt water balance, remove the nitrogenous waste materials and thereby 

maintaining pH and osmotic pressure in insect body. The eliminated substances of insects are 

solid, liquid or gaseous in form. 

Gas - Carbon dioxide  

Liquid - Water 

Solid -Nitrogenous and non-nitrogenous salts. 

Following are the excretory organs.  

1. Malpighian tubules: Thin, blind-ending tubules, yellowish in colour originating near the 

junction of mid and hindgut, predominantly involved in regulation of salt, water and 

nitrogenous waste excretion. This structure was first discovered by Marcello Malpighi in 

1669.  

The distal ends of malpighian tubules come into close contact with hindgut. This 

condition is known as cryptonephridial condition or hidden kidney. The main function is to 

conserve water by withdrawing moisture from the faeces. The primitive number of 

malpighian tubules is six. They are absent in Collembola, some Thysanura and aphids, 2 in 

scale insects, 4 in bugs, 5 in mosquitoes, 6 in moths and butterflies, 60 in cockroach and more 

than 200 in locusts. 

Secondary functions: 

 Secretes sticky substances for covering of egg (in Chrysomelidae). 

 Produces silk to form pupal cocoon (in immature Neuroptera). 

 Light production (In some Dipteran larvae). 

 Spittle production (in spittle bug). 

2. Integument: Nitrogenous wastes products are excreted while moulting of insects.During 

each moult, insect loses large amount of nitrogen and other substances deposited in 

exuviae.Ectoderm acts as excretory tissue for elimination of carbon dioxide and water. 

3. Tracheal system: The insect respiratory system, comprising of tracheae and 

tracheoles,excrete carbon dioxide and water. 

4. Alimentary canal:  

 In collembola, thysanura and aphid (malpighian tubules are absent), epithelial cells of 

midgut containing excretory substances are casted off with each moults. 

 Salts of calcium and uric acid are accumulated in midgut walls in the form of 

crystalline bodies. Insects make little use of calcium absorbed from food and 

remaining substance directly eliminated through wall of hindgut. 

5. Accessory organs  
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i. Nephrocytes: They are the group of cells found in localized regions of the body. 

They are divided into two groupsviz., Dorsal or pericardial nephrocytes (linear series 

at one or either side of heart in pericardial sinus) and Ventral nephrocytes (chain of 

cells suspended in haemocoel below intestine and attached to salivary 

glands).Nephrocytes are able to absorb colloidal particles from blood, Proteins, 

chlorophyll etc. 

ii. Fat bodies: A loose or compact aggregation of rounded or polyhedral cells, mostly 

trophocytes, suspended in the haemocoel. They absorb and accumulate the uric acid 

or urates and calcium salts (storage excretion). 

iii. Oenocytes: Large cells found in body cavity or epidermis, associated with fat bodies 

and arranged in groups or scattered and working as excretory organ. 

iv. Labial Glands: In collembola and thysanurawhere malpighian tubules are absent, the 

labial glands are excretory in function. These are tubular structures situated at the 

head and open by a common duct above the base of labium. 

Excretory products: Main excretory products are nitrogenous substances like Ammonia 

(NH3), Urea, Uric Acid, Amino acid &Allantoin. 

 Ammonia – nitrogenous excretory product in urine of aquatic insects (Ammonotelic) 

 Uric acid –important in terrestrial insects (Uricotelic) 

 Amino acid and Allantoin–Rarely excreted 

Ammonia:Urea is broken down in to Ammonia (NH3) and CO2 by Enzymatic action. In 

aquatic insects ammonia is the excretory product, which is freely soluble in water and 

requires more amount of water for waste product removal. This type of excretion is known as 

Ammonotelism. 

Urea: Present in small quantity in insect. 

Uric Acid: It is the main excretory product of terrestrial insects, reptiles and birds.It is 

insoluble in water, however its Na and K salts are readily soluble. Hence, it is excreted from 

the body in the form of Na and K urates which requires less amount of water for waste 

product removal. This type of excretion is known as Uricotelism.  

Allantoin: In blowfly larvae and red cotton bug, the haemolymph is quite rich in uric acid, 

also chiefly consists of allantoin. In these insects, uric acid is broken down by enzyme called 

uricase into allantoin which is soluble in water and therefore be readily excreted from the 

body. 

Honey dew: In homopteran insects (aphid, whitefly), excrete out honey dew which contain 

amino compounds, fructose, glucose and glucose-1-phosphate.These insects have highly 

modified alimentary canal to cope with large amount of cell sap imbibed while feeding. 

 

********* 
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7. REPRODUCTIVE SYSTEM IN INSECTS 

Sexual dimorphism is the condition where the two sexes of the same species exhibit 

different characteristics beyond the differences in their sexual organs. In insects, male and 

female sexes are mostly separate and this condition is seen in bees, mosquito and cockroach. 

In some cases, male and female reproductive system is similar in embryonic condition but in 

adult stage it is differentiated. In thrips, male and female R.S. look similar in adult stage.The 

other types are:  

Gynandromorph (Sexual mosaic): Abnormal individual with secondary sexual characters of 

both male and female. e.g. mutant Drosophila.  

Hermaphrodite: Male and female gonads are present in one organism. e.g. Cottony cushion 

scale, Iceryapurchasi. 

Male reproductive organs Female reproductive organs 

Paired testes composed of follicles 

(testicular tubes)  

Paired ovaries composed of    

ovarioles (ovarian tubes)  

Paired vasa deferentia Paired oviducts  

Median ejaculatory duct  Common oviduct and vagina     

Accessory glands are  

(i) Mesadenia 

(ii) Ectadenia 

Accessory glands are 

(i) Collaterial glands  

Seminal vesicle Spermatheca ,  Bursa copulatrix 

External genitalia (Aedeagus) External genitalia: Ovipositor  

 

Male reproductive system: The main functions of the male reproductive system are the 

production and storage of spermatozoa and their transport in a viable state to the reproductive 

tract of the female. Morphologically, the male tract consists of  

1. A pair of testes 

2. A pair of sperm duct or vas deferens 

3. A pair of seminal vesicle 

4. A median ejaculatory duct 

5. A pair of accessory glands  

6. An intromittent organ/ aedeagus 
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Fig. Male reproductive system 

Testes: They are bilateral paired structure, which may line above or below the gut and are 

often close to the midline. They are smaller than ovaries and maintained in position by 

tracheas and fat body. Each testes are made up of several lobes or follicles. Initially, each 

follicle consists of a layer of epithelium resting on a basement membrane. The epithelium 

absorbs nutrients from haemolymph and makes them available to germ cells. Each follicles 

divided into 4 zones viz., 1.Germarium, 2. Zone of growth, 3. Zone of division and reduction 

and 4. Zone of transformation. 

1.Germarium: It contains the primordial germ cells or spermatogoniawhich undergo 

multiplication.  

2.Zone of growth:In this zone, spermatogoniaincreases in size by mitosis and develops into 

spermatocytes.  

3.Zone of division and reduction: In this zone, spermatocytes undergomeiosis and give rise to 

spermatids.  

4.Zone of transformation: The spermatids transformed into spermatozoa in this zone. Adult 

have only spermatids and spermatozoa. 

Vasa deferentia or male genital ducts: They are paired canals leading from testes and 

mesodermal in origin. In some insects e.g. locust and grasshopper, the posterior part of vas 

deferentiaenlargesand forms a sac like structure called seminal vesicle in which spermatozoa 

stores. Frequently, a part of each duct is much convoluted forming coils for storing the 

sperms is termed as epididymis. Function of vas deferentia is to receive sperms or 

spermatophores from testes and transport them to median ejaculatory duct. 

Median ejaculatory duct: The vasa deferentia unite to form short common canal which meets 

the median ejaculatory duct. It is ectodermal in origin.  
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The aedeagus: Terminal part of ejaculatory duct is often enclosed in an invagination of the 

body wall to finger like outgrowth called as intromittent organ or aedeagus.  

The male accessory glands:The glandular structures associated with the male reproductive 

organs usually perform the function of secreting of mucous or viscid fluid are called male 

accessory glands. The fluid may be discharged as liquid form (seminal fluid) with the sperms 

or also may hardens to form a covering or capsule (spermatophores/ sperm 

bundles).Generally, number of male accessory glands are 1-3 pairs. Two types of male 

accessory glands are: 

i. Mesadenia: Derived from mesoderm and formed as outgrowth of the vasa deferentia. 

ii. Ectadenia: Derived from ectoderm and formed as outgrowth of the ejaculatory duct. 

Spermatogenesis (occurs inside sperm tube): The production or development of mature 

spermatozoa is called spermatogenesis. 

 

Female reproductive system: The main functions of female reproductive system are egg 

production, receiving spermatozoa from male and storage of spermatozoa until the eggs are 

ready to be fertilized. Morphologically female reproductive system consists of  

1. A pair of ovaries 

2. A paired oviduct (lateral oviduct)  

3. A median oviduct 

4. Accessory glands or collaterial glands 

5. Spermatheca (sperm pouch) 

6. Bursa copulatrix (copulatory pouch) 

7. Vagina (genital chamber) and gonopore 
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Fig. Female reproductive system 

Ovaries: Compact bodies lying in body cavity of abdomen on either side of alimentary canal. 

Each ovary is composed of a variable number of separate egg tubes or ovarioles which opens 

in to the lateral oviduct.Each ovariole / egg tube is differentiated internally into four zones 

viz., i) Terminal filaments, ii) Germariumiii) Vitellarium/ zone of growth and iv) Pedicel.  

i) Terminal filaments: Slender thread like apical prolongation of peritoneal 

membrane is known as terminal filament. Filaments of ovarioles of one ovary 

combine to form a common thread which unite with the ovary of opposite sides 

and form a median ligament which helps developing ovaries to remain suspended 

in haemocoel. 

ii) The germarium: Apex of ovariole and located below terminal filaments. It 

contains cells that differentiate to form the primordial germ cells. 

iii) The vitellarium: Major portion of an ovariole. It contains the developing eggs and 

nutritive cells (Nurse cells or trophocytes).  

iv) Pedicel/ stalk: A short duct connecting the egg tube with lateral oviduct is pedicel. 

It is mesodermal in origin.  

Lateral oviduct: Proximal ends of ovarioles from each ovary unite to form lateral oviduct on 

each side. It is mesodermal in origin. 

Female genital duct / common oviduct: Oviducts are paired canals leading from ovaries and 

two ducts unite forming a common oviduct. In Glossina (Tsetse fly), the vagina is enlarged 

and form a chamber ‗Uterus‘. 

Accessory glands / collaterial glands/ cement glands: These are one or two pairs of glands 

often produce substance for attaching the eggs to the substratum during oviposition. e.g. egg 

case production in mantid, ootheca formation in cockroach, venom production in bees. 
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Spermatheca: Pouch or sac like structure, ectodermal in origin. Function of spermatheca is 

to receive and store spermatozoa. The spermatheca opens on dorsal wall of genital duct. 

Bursa copulatrix: Pouch / chamber like development of vaginal region opens through 9
th

 

abdominal segment by genital aperture. This chamber serves as a copulatory pouch during 

mating and thus it is known as bursa copulatrix. Its external opening is called as vulva. In 

many insects, the vulva is narrow and the bursa copulatrixbecomes an enclosed pouch or tube 

referred to as vagina.  

Oogenesis (occurs inside egg tube): The production or development of egg or ovum is called 

oogenesis.  

 

Types of reproduction  

Reproduction: Production of young ones or off spring is referred to reproduction. 

Reproduction is done in various ways.  

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. Ovo-viviparity: 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. Pseudo-placental 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.  
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iii. Haemocoelousviviparity: This involves embryos developing free in the female's 

haemolymph with nutrients taken up by osmosis. This form of internal parasitism 

occurs only in strepsiptera and some gall midges.  

iv. Adenotrophicviviparity: 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  

 Facultative (not compulsory) e.g. bee.  

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

 Cyclic/ sporadic: alternation of gamic and agamic population e.g.aphid.  

b. Based on sex produced:  

 Arrhenotoky: Produce male e.g. bee 

 Thelytoky: produce female e.g. aphids  

 Amphitoky / deuterotoky: produce both male and female e.g. Cynipid wasp.  

c. Based on meiosis:  

 Apomictic : no meiosis occurs 

 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 i.e. 

reproduction by immature insects.  

 Larval paedogenesis –seen in Gall midges  

 Pupal paedogenesis – seen inBlister beetle 

 

Male and female genital organs 

In most insects, the 8
th

 and 9
th

 abdominal segments are greatly modified to form 

reproductive appendages or external genitalia. The 9
th

 abdominal segment in male insects and 

8
th

 and 9
th

 abdominal segments in the female insects form the genital apparatus (gonopod).  
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Male genital organs:  

The male genitalia are placed on posterior side of 9
th

 abdominal sternum to form 

copulatory organ. In a typical male pterygote insect, the complete external genitalia are 

composed of anaedeagus (penis), two pairs of parameres or inner processes and a pair of 

claspers that serves to grasp the female while mating.  

 

Fig. Male genital organs 

Aedeagus (penis): Intromittent (male copulatory organ) structures are present for penetrating 

the body wall and depositing sperms known as aedeagus. It lies between the claspers. It is 

composed of penis (usually unpaired but double in mayfly and lobe-like in cockroach) and 

used for sperm injecting. 

Parameres: Usually in 2 pairs. Forceps like structure, which act as a principle genital clasper 

in adult.  

Claspers: one pair, helps in gripping the female during copulation.  

Female genital organs:  

In all female, genital opening in 9
th

abdominal segment structurally serving for egg 

deposition and it is known as ovipositor or external genitalia. Female genitalia consists of3 

pairs of valves viz.,dorsal valve,anal valve, ventral valve.In mallophaga(e.g. Bird lice) and 

siphunculata(e.g.human lice) ovipositor is vestigial, so eggs are dropped. In grasshopper, 

ovipositor is elongated and powerful to lay eggs in soil.In Hymenoptera,it is notused for egg 

laying but modified to form poison injecting apparatus called Sting. 

 

Fig. Female genital organs 

********* 
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8. ENDOCRINE SYSTEM IN INSECTS 

Endocrine system helps to maintain homeostasis, coordinate behaviour and regulate 

growth, development and other physiological activities. The endocrine system in insect is 

made up of followings: 

1. Endocrine glands 

2. Neurohemal organs 

3. Neurosecretory cells 

4. Internal organs 

1. Endocrine glands: Secretory structures adapted for producing hormones and 

releasing them into the circulatory system is called endocrine glands. In insects, the 

largest and most obvious endocrine glands are found in the prothorax, just behind the 

head and called as prothoracic glands. These prothoracic glands manufacture 

ecdysteroids which stimulate synthesis of chitin and protein in epidermal cells and 

trigger physiological events that culminates in moulting. Hence, the ecdysteroids are 

often called ―moulting hormones‖. Once the insect reaches the adult stage, its 

prothoracic glands wither away and stop molting.  

 

2. Neurohemal organs: Similar to glands, but they store their secretory product in a special 

chamber until stimulated to release it by a signal fromthe nervous system (or another 

hormone). e.g. corpora cardiaca and corpora allata. 

Corpora cardiaca: A pair of neurohemal organs located on the walls of the aorta just behind 

the brain are called corpora cardiaca. This paired structures secrete peptide hormone called 

prothoracicotropic hormone (PTTH) only after they receive a signal from neurosecretory 

cells present in the brain. PTTH acts as a chemical messenger and stimulates the prothoracic 

glands to produce and release ecdysteroids.  

Corpora allata: Another pair of neurohemal organs, lie just behind the corpora cardiaca are 

called corpora allata. They manufacture juvenile hormone (JH). Juvenile hormone inhibits the 

development of adult characteristics during the immature stages and promotes sexual 



Ag. Ento. 3.1 Fundamentals of Entomology 

maturity during the adult stage. Neurosecretory cells present in the brain stimulate the activity 

of corpora allata to produce JH.  

3. Neurosecretory cells: Specialized nerve cells (neurons) that respond to stimulation by 

producing and secreting specific chemical messengers are termed as neurosecretory cells.  

The neurosecretory cells are found in clusters, both medially and laterally in the 

insect‘s brain. Axons from these cells can be found along with tiny nerves which run to the 

corpora cardiaca and corpora allata. The cells produce and secrete brain hormone which is 

very similar to prothoracicotropic hormone (PTTH). Functionally, they serve as a link 

between the nervous system and the endocrine system and also influence the function of other 

endocrine glands. 

 

4. Internal organs: Many other tissues and organs of the body also produce hormones. e.g. 

Ovaries and testes produce gonadal hormones to coordinate courtship and mating behaviours. 

Ventral ganglia in the nervous system produce eclosion hormone and bursicon.  Eclosion 

hormone helps an insect in moulting and bursicon causes hardening and tanning of the new 

exoskeleton. 

Weismann's ring: Formed by the fusion of corpora cardiaca, corpora allata, prothoracic 

glands and hypocerebral ganglion to secrete puparium hardening hormone. Present in 

maggots of Dipteran flies. 

********* 
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PART IV 

 

1. Systematics: Taxonomy –importance, history and 

development and binomial nomenclature 
 

The study of identification and relationships among living organisms is called 

systematics. The term systematics was used by CarolusLinnaeus (1707-1778). The branch 

of biology dealing with identification, nomenclature and classification of organism is called 

taxonomy. Taxonomy is a word used mainly in biology to talk about classifying living 

organisms, organizing them according to their similarities. The word comes very straight 

forwardly from Greek words for "arrangement" — taxis — and "method" — nomia. So any 

special method for arranging or organizing things can be called taxonomy. The term 

taxonomy (Gr., taxis= arrangement; nomos=law) was coined by A.P. de Candolle (1813).   

Taxonomy is the branch of biology that names and groups organisms according to 

their characteristics and evolutionary history. 

In short, Taxonomy is the science of classification. Taxonomists arrange species into 

classifications based on the theory and principles of identifying, describing, naming and 

classifying an organism, using morphological, behavioural and genetical as well as 

biochemical observations.  

Simpson (1961) has defined taxonomy as the theoretical study of classification 

including basis, principles, procedures and rules. According to Simpson, ―Systematics is 

the scientific study of kind and diversity of organisms and any and all relationships among 

them‖.  Taxonomy includes nomenclature and classification. 

Nomenclature: The system or procedure of assigning names to groups of organism as part of 

a taxonomic classification. 

Classification: The arrangement of organisms into groups on the basis of their relationships.  

Evolution:  The gradual development of living organism. OR The process by which different 

kinds of living organism is believed to have developed from earlier forms during the history 

of the earth. 

Stages of Taxonomy   

(i) Alpha taxonomy (α) : concerned with naming and characterization of species. 

The level of taxonomic study concerned with characterizing and naming species. 

(ii) Beta taxonomy (β): Concerned with classification 

The level of taxonomic study dealing with the arrangement of species into lower and hig

her taxa.  

(iii)      Gama taxonomy (γ) : Concerned with evolutionary  relations and phylogeny. 

The level of taxonomic study concerned with biological aspects of taxa, including intraspeci

fic populations, speciation, and evolutionary rates and trends. 
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IMPORTANCE OF TAXONOMY  

1. Provide Taxonomy 

o The vertebrate groups can be thoroughly understood      

o Describe biodiversity before we loose it 

2. Provide Specimen Identification 

o Provide identification of beneficial, harmful and diverse species of natural organisms  

3. Maintain Collections 

o Collections serve as a permanent archive 

o Serve as a permanent record of a species   

o It allows for the documentation of biotic change    

o Provide specimens from extirpated populations 

o Allows future workers to verify work 

4. Classification 

o Provide framework of names that is universal and  stable 

o Framework provides a means of communicating across languages and cultures  

o Classification must reflect phylogeny 

5. Phylogeny Estimation 

o Understanding of evolutionary novelty 

o Study of evolutionary patterns and processes 

o Co-speciation  e.g. between parasites and their hosts 

o Historical biogeography 

HISTORY OF TAXONOMY 

1. Aristotle (384-322 B.C.): The classification system was introduced by the Greek 

philosopher Aristotle (384-322 B.C.), considered as father of Zoology, studied 

under Plato. He studied the living organisms, viz., plants and animals and gave the 

statement on classification that ―animals may be characterized according to their way 

of living, their action, their habit and their body parts‖. He developed the 1
st
 widely 

accepted system of biological classification classified the major groups of animals as 

insects, fishes, birds and whales, hence he is considered as father of Biological 

Taxonomy.  

2. Carolus Linnaeus (1753): Use of a species name based on looking at physical and 

structural similarities. The Swedish botanist, Carolus Linnaeus (1707-1778) 

developed the modern system of taxonomy. He published his scheme classification 

in his famous book ―Systema Naturae‖ in 1753. He is considered to be the ―Father of 

Taxonomy” (classification). 

1758: Binomial nomenclature is the system developed by Carolus Linnaeus, who 

laid the foundations for the modern biological naming scheme of binomial 

nomenclature in 1758. He gave system of writing the name of organisms in two 

words. The first word of the name belongs to the genus; other word belongs to that 

https://en.wikipedia.org/wiki/Plato
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specific animal or plant and is called species. e.g. the housefly asMusca domestica 

andtheHumans are named: Homo sapiens 

 He developed a Hierarchy (a ranking system) for classifying organisms that is 

the Basis for Modern Taxonomy. 

 For this reason, he is considered to be ―father‖ of modern taxonomy. 

 Linnaeus used an organisms morphology (form and structure), to categorize it.   

 His system is still being used today. 

 His system allowed organisms to be grouped with similar organisms. 

 He first divided all organisms into two Kingdoms, Plantae (Plants) AND 

Animalia (animals).  

 This was the same as Aristotle‘s main categories. 

3. Charles Darwin (1809-1882): The English naturalist Charles Darwin (1809-1882) 

also contributed and shaping up the classification system.   

These are three most important men in the history of taxonomy before the twentieth 

century. 

The word species, genus, and family were first used by John Ray (1627-1705). His 

most important contribution was the establishment of species as the ultimate unit of 

taxonomy. 

Theword class and order were used by Linnaeus and he published the tenth edition of 

Systema Naturae in 1758 including global fauna. 

The term phylum was given by George Cuvier (1769-1832). 

Post-Linnaean taxonomy 

Modern System a Nested Hierarchy-Seven Levels of Organization 

 Modern System: 

 Each kingdom (plant and animal) was divided into a phylum* (division for 

plants) 

 Each phylum into smaller groups called class. 

 Each class was divided into an order. 

 Each order was divided into family (families). 

 Each family was divided into a genus (plural-genera) 

 Each genus was divided into a species. (scientific name) 

*Note: Phyla and family were not in Linnaeus‘s classification system but were added by 

modern scientists. 

Modern Taxonomy 

• Now based on evolutionary relationships 

• Taxonomists study: 

– Structural similarities 

– Chromosomal structure (karyotypes) 
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– Reproductive potential 

– Biochemical similarities 

• Comparing DNA and amino acids 

– Embryology/development 

– Breeding behavior 

– Geographic distribution 

Changes in the zoological code are decided upon by the International Commission on 

Zoological Nomenclature, elected by the international society of zoologists. The zoological 

code differs in many ways from the botanical. Among other things, species do not need to be 

described in Latin. 

The German biologist Willi Hennig (1913–1976) founded the cladistic era in 1966, 

by stating that only similarities grouping species (synapomorphies) should be used in 

classification, and that taxa should include all descendants from one single ancestor (the rule 

of monophyly). With the invention of the polymerase chain reaction (PCR), which made it 

economically possible to amplify DNA-sequences for use in systematics, and the strong 

development of computer programs that could handle large data sets, cladistics became more 

or less the rule for systematic work. 

Phylocode 

Two zoologists from USA, Kevin de Queiroz and Jacques Gauthier, started the 

discussions in the 1990's and laid the theoretical foundation to a new nomenclatural code for 

all organisms, the PhyloCode. A meeting in Harvard in 1998 drew out the lines for a 

PhyloCode, and a first draft was published on the web in 2000. 

The main idea with the PhyloCode is that only species and clades should have names, 

and that all ranks above species are excluded from nomenclature. The aim is to change 

current names as little as possible and to build the stability on clades rather than on ranks.  

The PhyloCode is still only a draft, it is controversial, and has led to a worldwide and 

very interesting debate. Its success will depend on the number of taxonomists that will use it 

for their taxonomic work. 

NOMENCLATURE OF ORGANISMS    

When we classify any animal its nomenclature is the first requirement. Therefore, two 

types of names (1) Comman (Vernacular) names (2) Scientific names of organisms are 

used. The well known animals and plants are known by different names in different 

languages and countries of the world. For popular organisms different local names are used in 

different parts of a country. This causes a main problem in the study of organisms because a 

person of other place or language cannot understand about that organism. For example, the 

bird that we know as sparrow (gauraiya) in India and Pakistan is known by different name in 

other countries, house sparrow, pardal, musch, suzune etc. in England, Spain, Holland, Japan 

and so on sequentially. The easiest solution to all such problems is only to assign one 
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scientific name for this animal- Passer domesticus Linnaeus, so that it can be studied easily 

throughout the world.  

BINOMIAL NOMENCLATURE 

 This is the system developed by Carolus Linnaeus a Swedish botanist, who laid the 

foundations for the modern biological naming scheme of binomial nomenclature in 1758. He 

published his scheme classification in his famous book ―Systema Naturae‖ in 1753. He is 

considered to be the ―Father of Taxonomy” (classification). He gave system of writing the 

name of organisms in two words. The first word of the name belongs to the genus; other 

word belongs to that specific animal or plant and is called species. e.g. Humans are named: 

Homo sapiens; name of thehoney beeas, Apis mellifera;the housefly asMusca domestica 

andthe lion as Panthera leo. 

TRINOMIAL NOMENCLATURE 

 To designate a subspecies, a trinomial nomenclature is used wherein the subspecific 

name also written over and above the generic and specific names.  

e.g.  Rat- Rattus rattusfrizivorous Linnaeus, Mustard sawfly - Athalia lugens 

proxima(Klug),Homo sapience sapience Linnaeus 

THE INTERNATIONAL RULES OF ZOOLOGICAL NOMENCLATURE 

In 1898, the International Congress of Zoology organised an International 

Commission on Zoological Nomenclature to formulate a set of rules, which would be binding 

for all taxonomical publications. The aim of International Code of Nomenclature is to make 

the stability in naming the taxa, avoiding the use of names which may cause error or 

confusion. A few commonly followed rules are given below: 

 Zoological or botanical names are independent i.e. same generic and specific names may be 

applied to both i.e. plants and animals. 

 Scientific names must be in Latin or Latinized and should be written and underlined or 

printed in Italics. 

 Family names are formed by adding idae to the stem of the name of the type genus e.g.  

canis-Canidae 

 Generic name consists of a single words and its first letter written in capital. The letters 

should be set in italici.e. slanting types or underlined. Generic names are noun. 

 Second name is specific. It should also be italicized or underlined and written in small 

letters (no capital). It is usually an adjective. 

 The specific name should be followed by the name of the author or taxonomist who 

described that species for the first time. e.g.  Frog - Rana tigrina Linnaeus, honey bee- Apis 

mellifera 

Significance of classification (Convenience of study) 

 Knowledge of affinities (relationship) 

 Knowledge of  sequence of evaluation 
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 Knowledge of connecting links 

 Knowledge of adaptation (variation) 

 Knowledge of phylogeny 

According to Darwin (1850), ―All natural beings are found to resemble each other in 

descending degree, so that they can be classed in groups under groups‖. All groups of 

animals can individually be subdivided into smaller and smaller subgroups. Within the 

invertebrates we can distinguish subgroups as annelida and arthropoda; within the arthropoda, 

chelicerata and mandibulata; within the chelicerata, crustacea, myriapoda and insecta and so 

forth. The task of classification then is the delimitation of these groups and their arrangement 

in an orderly sequence, i.e., hierarchy. 

Hierarchy: It is a systematic framework with a sequence of classes (sets) at different levels 

in which each class, except the lowest, includes one or more subordinate classes. OR 

A ranking system from general to specific.   

Linnaeus was the first taxonomist to establish a definite hierarchy of taxonomic 

categories recognised within the animal kingdom. He has given seven step hierarchy for 

classification known as Linnaeus hierarchy. These are kingdom, phylum, class, order, family, 

genus and species. The varieties, used by Linnaeus as an optional category of various types of 

intraspecific variants, was eventually discarded or replaced by the species. Most are formed 

by combining the original category names with the prefixes super or sub. Thus, there are 

super order, super families and subfamilies etc. Some used terms for additional subdivisions, 

such as infraclass, cohort, infraorder and tribe. 

Outline of hierarchy of generally accepted taxonomic categories are 21 given hereunder. 

Kingdom 

Phylum 

         Sub-phylum 

    Super-class 

Class 

          Sub-class 

                        Infraclass 

         Cohort 

                 Super-order 

Order 

    Sub-order 

          Infraorder 

     Super-family 

Family 

        Sub-family 

             Tribe 

                                                                                          Subtribe 

Genus 

       Sub-genus 

 Species 

                       Sub-species 
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EXERCISE 
1. What are the seven levels of organization that Linnaeus used to categorize organisms? 

2. What criterion do modern taxonomists use to classify an organism? 

3. What are two reasons that species names are more precise than common names? 

4. Explain Linnaeus‘s system of classification, and identify the main criterion he used to 

classify organisms. 

5. Fill in the blanks with appropriate word(s) 

i. Linnaeus was the first taxonomist to establish a definite hierarchy of 

taxonomic categories recognised within the animal kingdom. 

ii. Linnaeuspublished the tenth edition of Systema Naturae in 1758 including 

global fauna. 

iii. The term phylum was given by George Cuvier. 

iv. The classification system was introduced by the Greek philosopher Aristotle, 

considered as Father of Zoology. 

v. The level of taxonomic study concerned with characterizing 

and naming speciesis known asAlpha taxonomy. 

vi. The level of taxonomic study dealing with the arrangement of species into lower 

and higher taxa is known asBeta taxonomy.  

vii. The level of taxonomic study concerned with biological aspects of taxa, includ

ing intraspecific populations, speciation, and evolutionary rates and trends is 

known asGama taxonomy 

6. Match the following 

No. Group A Group B (Answer) 

1 Alpha taxonomy Concerned with naming and characterization of species 

2 Beta taxonomy Concerned with classification 

3 Gama taxonomy Concerned with evolutionary  relations and phylogeny 

4 Linnaeus Systema Naturae 

5 Aristotle Father of Zoology 

6 Classification Arrangement of organisms 

7 Evolution Gradual development of organism 

8 Linnaeus Father of Taxonomy 

9 George Cuvier Coined the Term ‗Phylum‘  

7. Define the following term 

i.    Taxonomy  ii.   Systematics  iii.   Classification iv.   Hierarchy 

v.   Nomenclature vi.   Species  vii   Genus  viii   Family  

ix.   Order  x.   Class 
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2. Definitions of Biotype, Sub-species, Species, Genus, Family and Order 

BIOTYPE 

A group of organisms having the same or nearly the same genotype, such as a 

particular strain of an insect species.OR 

A group of genetically identical organisms within a species. Individual or population 

of any species not separated morphologically. 

SUB-SPECIES 

A sub-division of a species, usually inhabiting a particular area: visibly different from 

other populations of the same species but still able to interbreed with them. 

 

A subspecies is further division of a species based on minor but constant differences in 

structure, appearance or biology. Individuals in different subspecies will be morphologically 

or genetically different from one another but still capable of interbreeding and producing 

viable offspring. 

SPECIES 

The basic unit of living things, consisting of a group of individuals which all look more 

or less alike and which can all breed with each other to produce another generation of similar 

creatures. Species is one of the seven taxonomic ranks used to classify living organisms.  

A species can be defined as a group of organisms that can breed and produce fertile 

offspring. 

In modern taxonomy scientists now consider a species to be a group of evolving 

organisms and have moved away from the idea of a historical Type specimen representing the 

form of a species. 

GENUS 

A taxonomic category ranking used in biological classification that is below a family 

and above a species level, and includes group(s) of species that are structurally similar or 

phylogenetically related.  

A group of closely related species (plural: genera). The name of the genus is 

incorporated into the scientific names of all the member species: Pieris napi and Pieris 

rapae, for example, both belong to the genus Pieris 

FAMILY 

It is the   sub division of order contains a group of related genera. It is classify between 

order and genera. 

A taxonomic subdivision of an order, suborder, or superfamily that contains a group of 

related subfamilies, tribes and genera. Family names always end in -idae. 

ORDER 

A subdivision of a class or subclass containing a group of related families. 

Order is one of the seven taxonomic ranks used to classify living organisms. Order is 

positioned after Class and before Family. 

 

1. Kingdom 
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2. Phylum 

3. Class 

4. Order 

5. Family 

6. Genus 

7. Species 

 

There are 29 insect Orders (According to A. D. Imms) although, like much of 

biological classification, this is still being discussed and changed by scientists. 

Class: It is the major sub division of phylum which constituting several orders 

Phylum: It is the major primary sub division of animal kingdom 

EXERCISE 
1. Define / Explain  

i. Biotype 

ii. Species 

iii. Genus 

iv. Family 

v. Order 

vi. Class 

vii. Phylum 

2. Fill in the gap with most appropriate word 

i. Family is the   sub division of order contains a group of related genera. 

ii. According to A. D. Imms insects are classified into 29 orders. 

iii. Class is the major sub division of phylum which constituting several orders 

iv. The basic unit of living things, consisting of a group of individuals which can breed 

with each other to produce another generation of similar creatures is called species. 
 

3. Classification of class Insecta up to Orders 
 

Insects are the six legged flying arthropods coming under the phylum 

Arthropoda and class Insecta. The widely accepted classification of insects was 

proposed by the eminent insect taxonomist A. D. Imms (29 orders). 

Characters of class Insecta 

1. Body is divided into three regions viz, head, thorax and abdomen 

2. Thorax is the centre of locomotion with, 3 pairs of jointed legs and  

3. Presence of two or one pair of wings  

4. In head, a pair of sensory antenna and  

5. A pair of compound eyes is usually present. 

6. Excretion is mainly through Malpighian tubules. 

7. Tracheal system of respiration well developed. 

8. Possesses open circulatory system  
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9. Decentralized Nervous system. Brain is divided into protocerebrum, 

deutocerebrum and tritocerebrum. 

10. Possess exoskeleton made up of hard cuticle which plays important role for 

survival.  

11. Presence of metamorphosis (incomplete/complete) during development  

CLASSIFICATION OF CLASS INSECTA UP TO ORDERS 

(IMM‟S CLASSIFICATION) 

The class Insecta has two subclassesviz., Apterygota (Ametabola) and Pterygota (Metabola). 

Characteristics of subclasses: 

 Apterygota (Ametabola) Pterygota (Metabola) 

1. Primarily wingless 

-evolved from wingless ancestors. 

Winged or secondarily wingless- 

evolved from winged ancestors 

e.g. Flea, head louse, bed bug. 

2. Metamorphosis is absent or slight and 

simple. 

Present and variable 

3. Mandibular articulation in 

head is monocondylic i.e. single 

Dicondylic i.e., double. 

4. Mouth parts are hidden in the  

head  

Mouthparts are exposed 

5. Pleural sulcus in thorax is absent. Present. 

6. Pregenital abdominal appendages 

present. 

Absent. 

7. Adults moult several times Adults do not moult 

 

The subclass Apterygota has 4 orders namely 

Apterous insects, the wingless condition being primitive, with slight or no 

metamorphosis. One or more pairs of abdominal appendages present other than genitalia and 

cerci. 

[A] Subclass:  Apterygota - (Primitively wingless insects) / Ametabola 

1. Protura (Pro = first; oura = tail) – Proturans, Acerentomon sp. 

2. Diplura (Di = two; oura = tail) – Diplurans, Twintails  

3. Collembola (Colla = glue; embolon= boll) – Springtails 

4. Thysanura (Thysanos = fringe; oura = tail) – Silverfish, Bristletails 

[B] Subclass : Pterygota – Winged insects 

Winged insects which are sometimes secondarily apterous. Metamorphosis very 

varied, rarely slight or wanting. No abdominal appendages present other than genitalia and 

cerci. 
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Characteristics of subclasses: 

 Exopterygota (Hemimetabola) Endopterygota (Holometabola) 

1 Wings develop externally Wings develop internally 

2 Metamorphosis incomplete and simple Metamorphosis complete and complex 

3 Active immature stages (nymphs) 

resemble adults in structure and habits  

Active immature stages (larva) differ 

adults in structure and habits  

4 No pupal instar Pupal instar present 

5 Three stages: Egg – Nymph - Adults Four stages: Egg – Larva – Pupa – 

Adults 

6 Food habits of both nymph and adults 

same 

Food habits of both nymph and adults 

different 

7. Habitat of nymph and adults same Habitat of all stages mostly differing. 

[I]  Division Exopterygota (incomplete metamorphosis) / Hemimetabola 

DIVISION I.EXOPTERYGOTA (=Heterometabola) Insects passing through a simple and 

sometimes slight metamorphosis, rarely accompanied by a pupal instar. The wings develop 

externally and the larvae are generalized nymphs. 

5. Ephemeroptera (Ephemeros) = lasting a day; ptera = wing) – Mayflies 

6. Odonata* (Odoun = tooth) – Dragonflies and Damselflies  

7. Plecoptera (Plecos = plaited; ptera = wing) – Stonefly 

8. Grylloblattodea (Gryllus = a cricket; blatta = a cockroach) – Grylloblata 

9. Orthoptera* (Orthos = straight; ptera =wing) – Grasshoppers, Katydids,  Crickets, 

Locust, Mole crickets 

10.  Phasmida* (A specter, an apparition) – Stick insects, Leaf insects 

11.  Dermaptera* (Derma = skin; ptera = wing) – Earwigs  

12.  Embioptera (Embio = lively; ptera = wing) – Webspinners  

13.  Dictyoptera*/** (Dictyon = net; ptera = wing) – Cockroaches, Mantids  

14.  Isoptera* (Iso = equql/similar; ptera = wing) – Termites 

15.  Zoroptera (Zoros = purely; ptera = wing) – Zoropterans 

16.  Psocoptera  – Book lice, Psocid 

17.  Mallophaga** (Mallos = wool; phagein = to eat) – Bird lice (Biting lice) 

18.  Anoplura/Siphunculata** (Anoplos = unarmed; oura = tail)– Human lice  

19.  Mantophasmatodea# – Gladiator  

20.  Hemiptera* (Hemi = half; ptera = wing) – True bugs, Hoppers, Whiteflies, Psyllids, 

Aphids, Scales, Mealybugs, Ciccadas… 

21.  Thysanoptera* (Thysanos = fringe; ptera = wing) – Thrips 
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Division II. ENDOPTERYGOTA (=Holometabola) 

Insects passing through a complex metamorphosis always accompanied by a pupal 

instar. The wings develop internally and the larvre are usually specialized. 

 [II]  Division Endopteragota (complete metamorphosis) / Holometabola 

22. Neuroptera* (Neuron = nerves; ptera = wing) – Antlion, Chrysopa,  Dobsonfly, 

Alderfly, Snakefly 

23.  Mecoptera (Mecos = length; ptera = wing) – Scorpionfliy 

24.  Lepidoptera* (Lepidos = scale; ptera = wing) – Butterfly, Moth 

25.  Trichoptera (Trichos = hair; ptera = wing) – Caddisfly 

26.  Diptera*/** (Di = two; ptera = wing) – House fly, Tur pod fly, Fruit fly,  Crane fly, 

Blow fly, Hesian fly, Robber fly, Phorid fly (Mashroom pest),  Syrphid fly, Tsetse 

fly, Tachinid fly, Horse fly 

27.  Siphonaptera** (Siphon = tube; ptera = wing) – Fleas  

28.  Hymenoptera*/** (Hymen = membrane; ptera = wing) – Honeybees,  Wasps, 

Sawfly, Ants, Chalcidfly 

29. Coleoptera* (Coleos = sheath; ptera = wing) – Mangostem borer, Weevil, Ladybird 

beetle, White grub 

30.  Strepsiptera (Strepsis = twisted; ptera = wing) – Stylopids 

* Order of Agriculture importance    and  **  Order of Veterinary importance     

# This is newly reported smallest order of insect, but its acceptance is yet to wait.  

EXERCISE 
1. Write the classification of class insecta up to orders with examples (According to A. 

D. Imms) 

2. Classify the division endopteragota upto order level with proper examples 

3. Classify the division exopterygota upto order level with proper examples 

4. Write the characteristics of class Insecta 

5. Differentiate the following 

i. Exopterygota and  Endopterygota 

ii. Hemimetabola and Holometabola 

iii. Ametabola and Metabola 

iv. Apterygota  and  Pterygota 
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4. Major characteristics of orders. Basic groups of present day insects 

with special emphasis to orders and families of Agricultural 

importance 

1. Orthoptera: (Orthos = Straight; Ptera = Wing) e. g. Grass hopper, cricket and locust 

This is a large order with more than 21000 described species worldwide. The insects 

of this order are found more in the tropics but some species do occur in the coldest zone.  

Generally, they are terrestrial and usually capable of jumping. Some members of this 

order are strong fliers, all belonging to the family Acrididae. Some of the grass hoppers are 

important pests of field crops, e.g. paddy grass hopper, surface grass hopper, crickets etc. The 

locusts which fly gregarious in large numbers invade distant areas causing depletion of green 

biomass resulting in famine and starvation. 

General characters of Orthoptera 

 Medium to large sized insects with well developed exoskeleton. 

 Head is hypognathous. 

 They are winged. 

 Fore wings modified into tegmina. 

 Hind legs often enlarged for jumping purpose (saltatorial leg). 

 Special sound producing and auditory organs often present (Stridulatorial legs in 

cricket).  

 Cerci short and one segmented. 

 They have chewing and biting type of mouthparts. 

 Female has well developed ovipositor; male genitalia symmetrical. 

 They have incomplete metamorphosis. 

 Mostly herbivorous (some are predaceous and omnivorous). 

A.   Sub order: Ensifera e. g. Crickets and long horned grasshoppers 

 Antenna longer than their body. 

 Tympanal organs present on their fore tibia, tarsi 3 to 4 segmented. 

 Ovipositor elongated. 

Sr. 

No. 

Name of 

Family 
Characters 

1 Tettigonidae  e. g. Katydid (Long horn grasshopper) Tetigonia sp. 

 Antennae are very long. 

 Tegmina modified asymmetrically for stridulation. 

 Four segmented tarsi  

 Predominantly green colour. 

 They have long laterally flattened, blade like ovipositor. 

 Mainly diurnal 

2 Gryllidae  e. g. House cricket Gryllus domesticus 
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 Head large and antennae very long. 

 Eye large. 

 Hind legs modified for jumping type. 

 Tarsal segment not more than three segments 

 Cerci long and unjointed. 

 Ovipositor long, slender and needle like or cylindrical. 

 Most male crickets stridulate by friction of modified tegmina and 

produce a loud chirping sound. 

 Mainly nocturnal 

3 Gryllotalpidae  e. g. Mole cricket, Gryllotalpa africana 

 Antennae short. 

 Tarsi 2 to 3 segmented. 

 Forelegs modified for digging (Fossorial). 

 Typanum on fore tibia. 

 Eyes small. 

 Ovipositor small. 

B.   Sub order: Caelifera e. g. Short horned grasshoppers and locusts  

 Antennae shorter than body. 

 Hind legs adapted for leaping. 

 Tarsi not more than three segmented. 

 Ovipositor short and stout. 

 Tympanal organ present at the base of abdomen. 

Sr. 

No. 

Name of 

Family 
Characters 

1 Acrididae  e.g. Locusts  (Scitoceragragaria), Surface grasshopper (Chrotogonous 

sp.) and Rice grasshopper (Hieroglyphus banian)  

 Forewings invariably leathery called tegmina. 

 Pronotum is collar shaped. 

 Ovipositor well developed, short and curved. 

 Hind legs modified as jumping. 

 Grasshoppers stridulate by rubbing their long hind legs against their 

wings for producing the buzzing sound. 

 Mouth parts chewing type, eyes and antennae well developed.  

 Auditory organs located on each side of the basal segment of abdomen. 

2.   Dictyoptera: (Dictyon = Net; Ptera = Wing) e. g. Cockroach and Mantids  

 They are medium or large sized insects. They are terrestrial and occurring in tropical 

and subtropical region. They are not good flier. The order includes two distinct sub orders. 

General characters of Dictyoptera 

 Long filiform antennae 
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 They have two pairs of wings, but the front pair is leathery (tagmina type) and held 

flat over the body when at rest. 

 Biting type of mouth parts 

 Pronotum large as in praying mantis and shield shaped as in cockroaches. 

 Ovipositor reduced. 

 Tarsi 5 segmented. 

 Stridulatory and auditory organs absent. 

 Cerci (two small appendages sticking out of the rear of the insect) are visible. 

 Mainly nocturnal and omnivorous. 

A. Sub order: Blattoidea e. g. Cockroaches 

 Head nearly or completely cover. 

 Pronotum shield shaped. 

 Cerci prominent. 

 Swift runners with ambulatorial and curssorial type of legs. 

 Antennae long filiform. 

 Mouthparts are typically mendibulate. 

 Compound eyes present. 

 They are nocturnal but also seen venturing during day time. 

 They are omnivorous. 

 They are household pests and spoil kitchen articles and food. 

B. Sub order: Mantoidea e. g. Mantid 

 Pronotum large elongated. 

 Forelegs raptorial, helps in seizing the prey. 

 Antennae long filiform. 

 Head triangular with vertical head and freely movable hence can see at 360
O
. 

 Generally triangular heads having large compound eyes on both side and generally 

three ocelli situated in between. 

 Elongated prothorax 

 They are cryptic as predatory adaptations 

 Eggs are deposited in ootheca or capsule formed of frothy quick drying material. 

 They are largely arboreal and occur in all warmer parts of the world. 

 They are carnivorous and live predaceous life both as young and adult.  

 They feed on grasshoppers, flies, caterpillars etc. 

 The female usually devours the male after mating. 

3.  Order: ODONATA (Odonto = Strong Teeth) e. g. Dragonfly and damselfly 

These conspicuous insects comprise a largely tropical order containing about 5500 

described species. These are predatory insects. They catch and devour small flying insects. 

These are found in large numbers flying nearby stream, river etc. It can fly at a speed of 100 

km/hr. They are fastest flying insects. The nymphs are aquatic in habit. Wide range of 

coloration is found in the adult. 
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General characters of odonata 

 Minute antennae 

 Extremely large eyes 

 Strong fliers, with two pairs of transparent membranous wings 

 In flight dragonfly can propel itself in six directions 

 Long slender abdomen 

 Basket like legs, which are important for the capturing for prey 

 Highly predaceous with chewing mouth parts 

 Hemimetabolous (Incomplete metamorphosis) 

 Diurnal habits 

 Larval stage (naiads) with posterior tracheal gills for exchange of gases 

 Aquatic nymph, territorial/aerial adult 

A. Sub order: Anisoptera e. g. Dragonfly 

 Predacious insect with biting mouthparts.. 

 Large insects with two pairs of unequal membranous wings, each with a large number 

of veins and cross veins and a prominent stigma known as Pterostigma. 

 Unequal wings. Hind pair broadened basally.  

 Wings held horizontally at rest. 

 Antennae setaceous very small and the eyes are very long. 

 Abdomen extremely long and slender. 

 Metamorphosis hemimetabolous.  

 Nymph is aquatic; respiration by means of caudal or rectal gills. 

 They are diurnal in habit found in proximity of water. 

B. Sub order: Zygoptera e. g. Damselflies 

 Fore and hind wings similar and petiolated basally. 

 Wings held vertically above the abdomen. 

 Eyes projected laterally and separated by a space more than their dorsal diameter. 

 Nymphs are slender, elongated abdomen and three caudal gills. 

 They are diurnal in habit, found in proximity of water and predaceous in nature. 

4. Order: NEUROPTERA (Neuron = Nerve; Ptera = Wing) e.g. Green lacewing 

(Chrysoperla  carnea) and Antlions (Myrmeleon) 

 Approximately 5000-6000 species are described.  

General characters of Neuroptera 

 Two pairs of wing are similar membranous and folded roof like over the body at rest. 

 Mandibulosuctorial type mouthparts. 

 Prothorax often larger than meso- and metathorax. 

 Cerci absent. 

 Antennae long well developed and filiform. 

 Larvae campodeiform with prognathous head and predaceous in nature. 
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 Pupae exarate decticous. 

 Both larvae and the adults are predaceous on other insects. 

 Ant lions are often attracted to light at night. During the day it hides amidst the 

vegetation. 

Economic importance of Neuroptera 

 Chrysopa feeds on aphids thus act as biological control agent of aphids. 

 The larvae of ant lions feed on ants. The ant lion prepare a tunnel like pits in the soil 

when the runway ants slips into the pit, the larvae capture the victim and sucks out the 

body fluids. 

Sr. 

No. 

Name of 

Family 
Characters 

1 Chrysopidae  e. g. Green lacewing (Chrysopa sp.) 

 Antennae longer than forewings. 

 Biting mouthparts 

 Mandibles long and strong. 

 Wings and body green  

 Bronze/golden compound eyes. 

 Eggs stalked. 

 Larvae with hooked hair on the body for supporting the dead host. 

 Chrysopa feeds on aphids. 

2 Myrmeleontidae  e. g. Antlion 

 Antennae longer than forewings. 

 The adult has two pairs of long, narrow, multi-veined wings in which 

the apical veins enclose regular oblong spaces. 

 It has long, slender abdomen.  

 It has prominent, apical clubbed antennae. 

 They are highly active in desert regions and are a nuisance.  

 They will deliver a small, mildly painful bite if given the chance to land 

on someone. 
 

5.  Order: ISOPTERA (Iso = Equal; Pteron = Wings) e.g. Termites  

 The isoptera is a small order of some 2600 described species of hemimetabolous 

neopterans.  Termites are found throughout the tropics. Termites live in a nest called 

termitaria which are subterranean and which sometimes rise above the soil surface as large 

mounds. A termite colony has usually royal pair – the king and the queen which are primary 

reproductive castes; sterile castes consist of soldiers and workers, both are apterous. They 

feed on wood and are able to digest cellulose with the help of protozoa in their gut. They 

exhibit symbiosis with intestinal protozoans. 

Different castes in a termite colony 

1) Queen: It is reproductive caste that is responsible for maintaining the population of 

workers and soldiers in the termitaria. 

http://en.wikipedia.org/wiki/Insect_wing
http://en.wikipedia.org/wiki/Abdomen
http://en.wikipedia.org/wiki/Antenna_(biology)
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2) King: It has a function of copulation with queen and accompany the queen for rest 

life 

3) Soldier: They perform the function of patrolling the termitaria and defend the colony 

from the enemies. Soldiers have large heads armed with pincer-like mandibles (jaws). 

Soldiers are wingless 

4) Workers: They are actual workers, who find and collect foods and nourish young 

one, queen, king and maintain cleanliness of termitaria. Workers are wingless 

General characters of Isoptera 

 Termites are soft bodied social and polymorphic (Queen, king, soldiers and workers) 

insects living in large communities. 

 Two pairs of similar wings present in sexually mature males and females during 

breeding season only.  

 The wings are deciduous. 

 The wings are membranous with restricted venation. 

 Mouthparts biting and chewing type. 

 Termites feed predominantly on cellulose rich material; wood, rotting timber, paper, 

books, furniture, many harvest grasses, many crops etc. 

 Antennae short moniliform. 

 External genitalia are absent or rudimentary in both sexes. 

 Incomplete metamorphosis 

 Very common in tropical and subtropical climates and less abundant in temperate 

regions. 

Sr. 

No. 

Name of 

Family 
Characters 

1 Termitidae  e. g. Odontoterms obesus and Microterms obesi. 

 Ground dwelling with wide range of food habits and colony structure. 

 Worker castes well developed. 

 Pest of sandy soils and wood. 

 Wings very slightly reticulate. 

 Pronotum of workers and soldiers narrow with raised anterior lobe. 

6. Order: THYSANOPTERA (Thysanos = Fringed; Aura = Tail) e.g. Thrips 

 This is a worldwide order of minute to small insects commonly known as thrips, 

comprising about 5000 species. They are mostly yellow, yellowish brown or black and may 

found among all kinds of vegetation, both on reproductive and vegetative parts. When 

disturbed, some species crawl in a leisurely fashion, other run quickly or leap and large 

number is flying but do not readily do so. Member of this order cause damage to cotton, 

onion, castor, groundnut, pulses, rose, tomato, chilly, tobacco etc. 

General characters of Thysanoptera 

 Their development is intermediate between hemi- and holometabolous; 

metamorphosis accompanied by two or three inactive pupa-like instars. 
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 The body is slender and elongate. 

 Head hypognathus. 

 Short antennae with 6 to 10 segment. 

 Mouthparts are asymmetrical stylet like for rasping and sucking type.  

 Right mandible is reduced in size. 

 Fore and hind wings are similar and narrow with a long fringe. 

 Legs do not have claws 

 In female the cerci are absent. 

 Many species curving the abdominal tip upward and movement. 

 Some thrips are beneficial as pollinators and as natural enemies of mites, scales and 

pest thrips.  

Sr. 

No. 

Name of 

Family 
Characters 

1 Thripidae    e. g. Thrips tabaci 

 Mouthparts not bilaterally symmetrical. Thrips are the only insects that 

have asymmetrical mouthparts. 

 The right mandible disappears during embryogenesis. 

 Tarsus has claw like appendages. 

 Antennae 4-9 segmented with slender, simple or forked sense cones. 

 At rest the wings are parallel. 

 In female the cerci are absent. 

7. Order: HEMIPTERA (Hemi = Half; Ptera = Wing) e.g. Aphids, Jassids, Whiteflies, 

Mealy bugs, Scale insects, Red cotton bug 

 The hemiptera distributed worldwide and is most diverse of the non endopterygote 

orders, with more than 90000 described species. The hemiptera or ―true bugs‖ are easily 

recognized by the form of their mouthparts. Some of them are blood suckers and transmits 

diseases in vertebrate animals. Several bugs are natural enemies that help to destroy insect 

pest. 

General characters of Hemiptera 

 Usually small to large insects. 

 Bugs have somewhat flattened body. 

 Forewings are hemelytra (i.e. leathery at the base and membranous at the tip) in 

Heteroptera and uniform wings in Homoptera. 

 Mouthparts piercing and sucking type, mandibles and maxillae are modified into 

needle like stylets. 

 Metamorphosis usually gradual (incomplete), rarely complete. 

Economic importance of Hemiptera 

 Aphid, jassid and whitefly act as vectors of plant viruses. 

 They transmit many diseases in plant. 

 They suck the cell sap from the plant parts and cause economic damage. 



Ag. Ento. 3.1 Fundamentals of Entomology 

 They attack a wide variety of crops, vegetables crops, fruit crops, garden crops etc 

and cause heavy loss farmers. 

A. Sub-order: Homoptera 

 Forewing either leathery or membranous folded roof like. 

 Abundant discharge of a sugary waste product of honey dew especially in aphids. 

 Pronotum small. 

 Eggs lay singly mostly in plant tissues. 

 Hemimetabolous. 

 No scutellum. 

 Body shape is wedged or oval, slender and elongated. 

Sr. 

No. 

Name of 

Family 
Characters 

1 Cicadellidae    e.g. Leaf hopper (Amrasca bigutella bigutella), Green leaf hopper 

(Nephotettix virescens), and Mango planthopper (Ideocerus atkinsoni) 

 This is the largest family of homoptera 

 Comb-like rows of large spines along tibia of hind legs. 

 Wedge shaped or slender in form. 

 Ocelli absent. 

 Antenna 8 segmented when disturbed they often leap several feet and 

always ready for flight. 

 An adult walks diagonally. 

 Leafhoppers are important carriers of plant diseases -- especially 

mycoplasmas. 

2 Delphacidae    e.g. brown planthopper, Nilaparvata lugens 

 Mediun ocellus absent. 

 Thumblike antenna 

 Hind tibia large. 

 Movable spur on the hind tarsus. 

 Large aedeagus. 

3 Aphididae    e.g. Mustard aphid (Lipaphis erysimi), Cotton aphid (Aphis gossypii), 

Peach aphid (Myzus persicae) and Black bean aphid (Aphis craccivora) 

 Winged or wingless adults. 

 Ocelli absent and cornicles present on abdomen. 

 Antennae 2-3 segmented. 

 Tarsi 2 segmented having pair of claws. 

 Parthenogenetic reproduction. 

4 Aleurodidae    e.g. Cotton whitefly (Bemisia tabaci), Citrus whitefly (Dialeurodes 

citri) and Sugarcane whitefly (Aleurolobus barodensis) 

 Nymphs attach to the undersides of leaves and become immobile, 

resembling scale insects. 

 Wings powdery with white waxy material. 

 Wing venation reduced. 
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 Excrete honeydews. 

 Incomplete metamorphosis. 

5 Lophopidae  e.g Palm planthopper 

 The face being longer than wide with at least two lateral ridges (the 

median ridge/carina may be absent).  

 The hind tibia can bear two to three spines. 

 Lateral ocelli are present below the compound eye.  

 The wings are broad and held somewhat flat.  

6 Coccidae  e.g., Green scale insect, Coccus viridis; tortoisescale, Toumeyella 

parvicornis 

 Most species are sedentary during most of their life cycle and secreate a 

protective covering over their bodies.  

 Males harmless without mouthparts. 

 Females smooth with smooth integument. 

 Body small inconspicuous, soft covered with wax, scale like or gall like 

structures or powdery exudates. 

 Antennae much reduced or absent. 

 They secrete honeydew. 

 Rostrum small and double segmented. 

B. Sub-order: Heteroptera 

 Two pairs of wing present which are different to each other folded flat over the abdomen. 

 Mouthparts typically piercing and sucking type. 

 Flat body. 

 Antennae 4-5 segmented. 

 Large pronotum, trapezoidal or rounded in shape. 

 Formation of shield like scutellum. 

 Forewings basally sclerotized and apically membranous called hemelytra and hind wings 

are transparent and membranous. 

 Habitats -- terrestrial, aquatic and semi-aquatic.  

 Members of heteroptera are known as true bugs 

Sr. 

No. 
Name of Family Characters 

1 Pentatomidae    e. g. Painted bug (Bagrada hilaris), Stink bugs. 

 Moderate to large insects often brightly coloured. 

 Scutellum large that cover half abdomen. 

 Rostrum 4 segmented. Tarsi 2-3 segmented. 

 Ocelli always present. 

 Well developed hemelytra. 

 Triangular bugs with five segmented antennae. 

2 Coreidae     e.g. Rice gundhi bug (Leptocorisa acuta), Leaf footed bug 

 Head narrower than thorax 

 Medium to large sized, elongated or oval polyphagous insects. 

https://en.wikipedia.org/wiki/Ocellus
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 Both antennae and rostrum 4 segmented. 

 Many parallel veins in membranes of front wings 

 Ocelli present. 

 Scutellum small. 

 Legs strong with pulvelli. 

 Scent glands opening conspicuous that produce disagreeable odour. 

3 Cimicidae    e. g. Bed bug (Cimex lectularius) 

 Ectoparasites of man and other animals 

 Ocelli absent 

 Contrasting to other insects, male bedbugs don‘t place their sperm 

directly in the female's reproductive tract but they puncture female‘s 

abdomen and inject the sperm into female‘s body cavity.  The sperm 

swim to the ovaries and fertilize the eggs.   

4 Pyrrhocoridae    e. g. Red cotton bug (Dysdercus koenigii). 

 Insect contrasting red and black colouration. 

 More veins in the forewing membrane 

 Both antennae and rostrum 4 segmented. 

 Ocelli absent.  

 Polyphagous insects and gregarious in habit. 

 Primarily granivorous or fructivorous 

5 Lygaeidae    e. g. Dusky cotton bug (Oxycarenus hyalinipennis); Geocoris 

bullatis,a beneficial predator 

 Ocelli present. 

 Small, dark or brightly coloured insects. 

 Antennae inserted below the head. 

 Veins in the hemelytra never more than five. 

 Mostly seed feeders, a few are predatory(Geocoris) . 

6 Pseudococcidae 

 

 e. g. Citrus mealy bug Planococcuscitri; Coton mealy bug, 

Phenacoccus solenopsis 

 Sexually dimorphic 

 Female wingless, male are winged 

 Males are short lived, do not feed only live to fertilize the female. 

8.  LEPIDOPTERA (Lepidos = Scale; Pteron = Wings)  e. g. Butterfly and moth  

 The Lepidoptera is one of the major insect orders, both in terms of size with some 

180000 described species. Both moth and butterfly live on nectar of flowers; over ripen fruits, 

honey dew and other substances are members of this order.  

General characters of lepidoptera 

 Small to large insects with two pairs of membranous wings covered with overlapping 

flat scales. 

 Forewings are larger than hind wings its shape is different from hind wings. 
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 Antennae pectinate, bipectinate or club shaped. 

 Mouthparts siphoning type spirally coiled suctorial proboscis. 

 Larvae phytophagous, polypod and having biting type of mouthparts. 

 Pupae adecticous and obtect type typically form the cocoon or earthen cell. 

 Head hypognathus. 

 Butterflies are diurnal and moths are nocturnal. 

 Holometabolus insects. 

Economic importance of lepidoptera 

 The larvae cause damage to the crop and commodities of human interest. 

 Some of the lepidopteran acts as parasites of crop insect pest e. g. Epericanea 

melanoleuca on sugarcane pyrilla. 

 Many of them play important role in pollination of flowers. 

 Silkworm moth yields silk which is of high commercial value. 

 It increases the aesthetic values of nature. 

Sr. 

No. 
Name of Family Characters 

A. Families of moth  

1 Noctuidae  e. g. Gram cutworm (Agrotis ypsilon), Gram pod borer (Helicoverpa 

armigera), Tobacco leaf eating caterpillar (Spodoptera litura), 

Spoted boll worm, (Earias vittella) and Green semilooper 

(Trichoplusia ni, Chrysodexis spp.). 

 Eminently nocturnal moths attracted to light. 

 Frenulum present as wing coupling apparatus. 

 Maxillary palp vestigial. 

 Proboscis stout or flexible. 

 Forewings coloured and cryptic or dull. 

 Larvae have setae and prolegs.  

 Food for adult pollen and nectar; larva fruiting body of plants 

2 Sphingidae  e. g. Spinx moth (Acherontia styx) and hawk moth (Agrius 

convolvuli). 

 Moderate to large sized moth. 

 Antennae gradually thickened and in male they are ciliated with 

partial whorls. 

 Apex of antennae are pointed or hooked. 

 Tympanal organs absent. 

 Moths have exceptionally powerful flight, crepuscular or nocturnal 

of diurnal in habit. 

 Food for adult pollen and nectar; larva foliage 

3 Pyralididae    e. g. Sugarcane shoot borer (Chilo infuscetellus), Sugarcane top borer 

(Scirpophaga sp.), Rice moth (Corcyra cephalonica), Almond moth 

(Ephestia cautella), Brinjal fruit and shoot borer (Leucinodes 

orbonalis), Cotton leaf roller (Sylepta derogeta), Sorghum stem 
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borer (Chilo partellus). 

 Large family varying greatly in shape and size. 

 Maxillary palp always present. 

 Legs long and slender. 

 Forewings usually narrow and hind wings broad. 

 Moths have abdominal tympanal organs. 

4 Gelechiidae  e. g. Pink bollworm (Pectinophora gossypiella), Angoumois grain 

moth (Sitotroga cereallela) and Potato tuber moth (Gnorimoschema 

operculella). 

 Usually small and delicate moth. 

 The hind tibia possesses hard hairs. 

 Maxilary palp either absent or very small. 

 Fore wings trapezoidal and stalk at the base narrower than hind 

wings. 

5 Arctiidae 

(previous)/Erebidae 

(New) 

 e. g. Bihar hairy caterpillar (Spilosoma obliqua), Gujarat hairy 

caterpillar (Amsacta moorei) and Sunhemp caterpillar (Utetheisa 

pulchella). 

 Moths with stout body. 

 Broad brightly coloured wings with spots or bands on them. 

 Generally nocturnal. 

 Larvae  densely clothed with long hairs and fed on herbaceous 

plants. 

6 Saturniidae    e. g. Atlas moth (Attacus atlas). 

 Large moths (Biggest moth in insect world in terms of total wing 

surface area). 

 Antennae bipectinate in both sexes. 

 Frenulum absent. 

 Labial palpi very small. 

 Wings broad with transparent eye spot near center. 

7 Bombycidae    e. g. Silk worm (Bombyx mori). 

 Generally white moth with several faint brownish lines across the 

front wings. 

 Antennae pectinate in both sexes. 

 Maxillary palpi and tympanal organs absent. 

 Proboscis rarely developed. 

 Adults don‘t feed and they rarely fly. 

 Larvae glabrous elongated and form dense silken cocoons before 

pupation. 

B. Families of butterfly 

1 Pieridae    e. g. Cabbage butterfly (Pieris brassicae). 

 Medium sized butterflies usually white, yellow or orange marked 

with black colour. 
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 Legs well developed and claw toothed. 

 Larvae green and covered with fine short hairs. 

 Pupae with single median projection or spine. 

2 Papilionidae  e. g. Lemon butterfly (Papilio demoleus). 

 Large and conspicuously coloured butterflies with tail like 

prolongations on hind wings. 

 Wings generally glossy black with shades of green, red, blue, orange 

or yellow. 

 Setae usually absent on the body. 

 Pupa with two lateral projections. 

9.   COLEOPTERA (Coleos = Sheath; Ptera = Wing) e.g. Beetles and Weevils 

 The coleoptera is the largest order in the animal kingdom, with about 350000 

described species of holometabolous.  

12.5.1 General characters of Coleoptera 

 Minute to large insects with hard exoskeleton. 

 Forewings are modified into horny shell like elytra (vein less sheath). 

 Elytra covering the folded hind wing at rest. 

 Mouthparts biting and chewing type. 

 Prothorax large. 

 Antenna lamellate, serrate or clubbed type. 

 In weevil, antennae carried forward; the frons and vertex prolonged anteriorly to form 

rostrum or snout. 

 Ocelli are usually absent. 

 Metamorphosis complete. 

 Larvae types are apodous, campodeiform, euriciform or scarabaeiform. 

 Pupation in a specially constructed cell or chamber. 

 Most of the beetles are ground-dwellers, some are aquatic. 

12.5.2 Sub-order: Adephaga: The second-largest suborder of the order Coleoptera. 

 Grub has a single tarsus and one or two claws. 

 No molar area in mandibles. Four malpighian tubules. 

 Cervical sclerites absent 

 Hind coxae fused to metasternum 

 Major transverse wing fold crosses MP/CU observed 

12.5.3 Sub-order: Polyphaga: Polyphaga is the largest and most diverse suborder of beetles. 

It comprises 144 families, and displays an enormous variety of specialization and adaptation, 

with approximately 90% of the beetle species so far discovered. 

 Elytra shorter than abdomen hence not fully covered with elytra. 

 Fore tibia toothed or with spines. 

 Antennae filiform or club shaped or serrate type. 

 Cervical sclerites present 

 Hind coxae movable. 

https://en.wikipedia.org/wiki/Coleoptera
https://en.wikipedia.org/wiki/Suborder
https://en.wikipedia.org/wiki/Beetle
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 No major transverse wing fold crosses MP/CU 

 

 

Sr. 

No. 

Name of 

Family 
Characters 

1 Coccinellidae  e.g. Ladybird beetle (Coccinella septumpunctata): beneficial and Hadda 

beetles (Epilachna vigintioctopunctata): harmful 

 Small or medium sized oval or round convex brightly coloured and 

black spotted adults. 

 Predaceous or phytophagous insects. 

 Head almost concealed under the pronotum. 

 Antennae small, clavae type with 11 segmented. 

 Tarsi 4 segmented. 

2 Chrysomelidae  e. g. Red pumpkin beetle (Rhapidopalpa foveicollis) and Rice hispa 

(Dicladispa armigera) 

 Orange or bright or elongated metallic colour or leathery or shield like 

or flattened tortoise adults. 

 Elongated body. 

 Sunken needle spots on elytra. 

 Hispa usually covered with long stout upright spines. 

3 Cerambycidae  e. g. Mango stem borer (Batocera rufomaculata) and Long horned 

beetles (Saperia populanea) 

 Big beetles, very long antennae like dried twigs usually 2/3
rd

 as long as 

body and fixed backwardly. 

 Cryptic colouration of the body. 

 Tibia has two spurs. 

 Six malpighian tubules. 

4 Curculionidae  e. g. Rice weevil (Sitophilus oryzae), Coconut palm weevil 

(Rhynchophorus ferrugineus) 

 Head produced into pronounced rostrum or snout or beak like 

 Geniculate or clubbed antennae. 

 Trochantur elongated. 

 Reduced rigid palps. 

5 Bruchidae  e. g. Pulse beetle (Callosobruchus chinensis) 

 Small, short, stout, dull grayish to brownish body covered setae or 

scales. 

 Antennae clavate, serrate or pectinate type. 

 Head prolonged, prognathous type. 

 Femora swollen and tarsi 5 segmented ending into claws. 

 Wings short keeping the abdominal tip exposed. 

6 Scarabaeidae  e.g. White grub (Holotrichia consanguinea) and chaffer beetle 

(Melolontha sp.) 
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 Forelegs with spines or toothed. 

 Hind tibias with a single terminal spur.  

 Antennae 10 segmented. 

 The larvae live in decomposing organic matter, the larvae attacks roots 

of plants. 

 Hypognathous mouthparts. 

 Grubs scarabaeiform living in soil. 

 Pupation in earthen cocoons. 

10.  HYMENOPTERA (Hymen = Membrane; Ptera = Wing)  

        e.g. Wasps, Ants, Sawflies and Honey bees 

The hymenoptera is an order of about 100000 described species of holometabolous 

neopterans. Most of the species of the sub order symphyta are phytophagous, while most of 

the insects of the sub order apocrita are useful in one or the other way in agriculture. 

General characters of hymenoptera 

 Small to medium sized insects. 

 Head extremely mobile hypognathous or prognathous. 

 Mouthparts biting, lapping or sucking type. 

 Antennae geniculate or variable. 

 Compound eyes are usually large. 

 Wings membranous, hind wings are smaller than the fore wings, hind and fore wings 

interlocked with hooklets, the ‗hamuli‟. 

 Abdomen basally constricted. 

 Ovipositor modified for sawing or piercing or stinging. 

 Larvae generally apodous or may be polypod, rarely eruciform with locomotory 

appendages. 

 Tracheal system holopneustic or peripneustic. 

 Pupae adecticous and exarate (rarely obtect) generally in cocoon. 

 Metamorphosis usually complete. 

 They are diurnal who love sunshine and warmth. 

 They are free living or phytophagous or entomophagous parasitic or social insects 

Economic importance of hymenoptera 

 They are act as biological control agents of many crop pests. 

 Many are crop pests. 

 They are helpful in pollination of various crop plants. 

 Honey bees are very beneficial as it provide honey and bees wax. 

A. Sub-order: Symphyta 

 Abdomen broadly attached with thorax. 

 No constriction between 1
st
 and 2

nd
 abdominal segment. 

 Slender waist or petiole absent. 
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 Legs with 2 segmented trochanter. 

 Ovipositor used for sawing and boring. 

 Prolegs without crochets. 

Sr. 

No. 

Name of 

Family 
Characters 

1 Tenthridinidae  e. g. Mustard sawfly (Athalia proxima  lugens). 

 Medium sized brightly coloured insects. 

 Antennae serrate and clubbed type. 

 Scutellum with defined post scutellum. 

 Ovipositor is modified into saw like structure. 

 Prolegs without crochets. 

 Tarsi 5 segmented. 

B.   Sub-order: Apocrita 

 Abdomen deeply constricted or petiolated between 1
st
 and 2

nd
 segments. 

 No constriction between 1
st
 and 2

nd
 abdominal segment. 

 Trochanter with 1 or 2 segments. 

 Ovipositor well developed. 

 Prolegs without crochets. 

Sr. 

No. 
Name of Family Characters 

1 Apidae  e. g. Honey bees (Apis dorsata, A. Indica, A. Florea and  

A. mellifera), stingless bees & bumble bees (Subfamily: Apinae),      

carpenter bee (Subfamily: Xylocopinae) etc. 

 Apidae is the largest family within the superfamily Apoidea, 

containing at least 5700 species of bees. 

 Social insect living in colony – Queen, king (Drone), Soldiers and 

workers. 

 Mouthparts chewing and lapping type. 

 Solitary, parasitic honey bees. 

 Antennae geniculate. 

 Hind legs pollen collecting. 

 Ovipositor modified for stinging. 

2 Trichogrammatidae  e. g. Trichogramma chilonis. 

 Very small insects. 

 Egg parasites of lepidopterous insects. 

 Forewings broad. 

 Pubescence in line. 

 Tarsi 3 segmented. 

 Marginal and stigma veins in curve. 

3 Ichneuminidae  e. g. Ichneumon wasp.  

 The largest family of hymenoptera order. 

https://en.wikipedia.org/wiki/Apoidea
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 Forewings with cross veins (2m-cu) present. 

 Propodium elongated. 

 Parasites of many Lepidoptera and Coleoptera etc. 

4 Braconidae  e. g. Parasitic wasps Bracon chinensis, Apanteles spp., Chelonus 

spp., Microplitis  spp. 

 Braconidae is the second largest family of hymenoptera order. 

 Body small and stout. 

 Abdomen sessile and petiolated. 

 Thick hind femur. 

 Forewings with cross veins (2m-cu) absent. 

 Vein 1r-m of the hind wing is in 95% of Braconidae basal to the 

separation of R1 and Rs. (it is opposite in Ichneumonidae) 

 Long ovipositor 

5 Chalcididae  e. g. Chalcidfly 

 Parasites of Lepidoptera and Coleopteran etc. 

 Hind femur with short teeth. 

 Wings not folded while resting, wing venation reduced. 

 Ovipositor short and straight. 

11.   DIPTERA (Di = Two; Ptera= Wings)  

        e.g. House fly, Mosquitoes, Fruit fly, Tachinid fly, Tsetse fly, Syrphid fly,  Robber   

              fly, Tur pod fly, Drosophila etc. 

 The diptera is one of the large insect orders, includes over 125000 described species. 

The adults of most species are diurnal in habit but many mosquito species are nocturnal. 

Majority are either flower lovers which feed upon nectar or frequently decaying organic 

matter of various kinds. Some are predacious and live on various insects. Some suck blood of 

vertebrate animals including men. A few are phytophagous. The pathogens of most virulent 

diseases such as malaria, sleeping sickness, elephantiasis and yellow fever are transmitted to 

man through blood sucking diptera. 

General characters of Diptera 

 Small to medium sized insects. 

 Forewings are membranous and hind wings modified into halters or balancers. 

 Antennae aristate, stylet or plumose. 

 Mouthparts sponging type forming proboscis or sucking and piercing type. 

 Larvae apodous (maggot). 

 Pupae adecticous, obtect or exarate type. 

 Prothorax and metathorax are reduced and fused with the well developed mesothorax. 

 Holometabolus insects. Metamophosis complete. 

 They can hover, fly backwards, turn in place, and even fly upside down to land on a 

ceiling. 

Economic importance of Diptera 
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 Blood sucking insects are capable of transmitting disease causing microorganisms 

from one host to other. 

 They cause great annoyance. 

 Some of the dipterans are pests of agricultural as well as horticultural crops eg. 

Pigeonpea pod fly, fruit fly, stem fly etc. 

 On the other hand, many flies are beneficial  

-- Pollinate flowering plants, 

-- Decomposition of organic matter. 

-- Some flies serve as biocontrol agents of insect pests. 

A. Sub-order: Nematocera (nematos = head and ceras = horn) 

 Antenna many segmented, elongated and generally plumose type. 

 Antenna usually longer than the head. 

 Piercing-sucking mouth parts 

 Larvae have well developed head. 

 Mostly aquatic larvae 

 Eg. Mosquitoes, crane flies, black flies and midges. 

Sr. 

No. 

Name of 

Family 
Characters 

1 Cecidomyidae    e.g. Gall midges, Sorghum midge (Contarinia sorghicola) 

 Minute and delicate fly 

 Antennae moniliform with whorl of hairs 

 Wings with few longitudinal veins 

 Larvae peripneustic with reduced head responsible for producing galls 

on leaves, stem and other plants. 

2 Culicidae    e.g. Mosquitoes 

 They are slender, long-legged insects. 

 Possess a long piercing sucking proboscis. 

 They have humped back thorax.  

 Larvae are distinguished from other aquatic insects by the absence of 

legs, the presence of a distinct head bearing mouth brushes and 

antennae. 

B.  Sub-order: Brachycera (Brachys = short; ceras = horn) 

 More compact, robust flies with short stylet antennae. 

 Antenna usually shorter than the head 

 Slashing-sponging mouth parts 

 Tracheal system amphineustic. 

 Prothoracic respiratory organs sessile. 

 Abdominal segments with girdles of spines. 

 Terminal segment armed with pointed process. 

 Larva with incomplete head with vertically biting mandibles. 

 Simple obtect pupa. 
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Sr. 

No. 

Name of 

Family 
Characters 

Extra materials for JRF purpose only 

1 Asilidae  e. g. Robber flies (Laphria spp.) 

 Proboscis/stylate adapted for piercing 

 Pulvilli large and empodium bristle like 

 Concave depression on top of head between compound eyes. 

 Long and powerful legs 

 Body elongated with numerous bristle. 

2 Bombylidae    e. g. Bee flies (Bombylius major) 

 Proboscis very long 

 Empodium rudimentary 

 Body stout and densely covered with hairs 

C. Sub-order: Cyclorrhapha 

 Three segmented aristate antenna; flagellum bears spiny projection (arista). 

 Sponging mouth parts 

 Larva has vestigial head. 

 A pupa enclosed in a hardened puparium. 

 Circular-seamed flies. 

 Coarctate pupa 

Sr. 

No. 

Name of 

Family 
Characters 

1 Tachinidae    e.g. Tachinid fly (Sturmiopsisinferens) 

 Antenna has an unbranched arista, hence stylet antennae 

 Arista bared. 

 Abdomen elongated with numerous bristles. 

 Postscutellum little developed. 

 Parasites of the lepidopterous larvae. 

2 Agromyzidae    e. g. Tur pod fly (Melanagromyza obtusa), Pea leaf miner (Phytomyza 

horticola) and Seprpentine leaf miner, Liriomyza spp. 

 Small sized black with bluish, shiny coloured insects. 

 Larvae mostly mine in leaves, less frequently as stem miners or stem 

borers. 

 Larva is apodous 

 The tracheal system is metapneustic in the first instar early age and 

amphipneustic in the subsequent stages. 

3 Muscidae  e. g. House fly 

 Antennae three segmented and aristate type 

 Frontal suture is present 
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 Adults can be predatory, hematophagous, saprophagous, or feed on a 

number of types of plant and animal exudates. 

 Larvae occur in various habitats like; decaying vegetation, dry and wet 

soil, nests of insects and birds, fresh water, and carrion. 

4 Tephritidae    e. g. Cucurbits fruit fly (Bactrocera cucurbitae), Ber fruit fly 

(Carpomyia vesuviana, Dacus dorsalis) 

 Fore wings either with brownish spots or strips. 

 Abdomen oval in shape. 

 The wings usually have yellow, brown, or black markings or are dark-

coloured with lighter markings.  

 Male with long, flexible, coiled aedeagus. 

 Larvae occur mostly in fleshy fruits.  

 

EXERCISE 

Write the characteristics of the following insect order 

4. Orthoptera  2.   Dictyoptera 3.   Odonata  4.   Neuroptera 

5.   Isoptera  6.   Thysanoptera 7.   Hemiptera  8.   Lepidoptera 

9.   Coleoptera  10. Hymenoptera 11. Diptera 

Write the families of following order with examples 

1. Orthoptera  2.   Hemiptera  3.   Lepidoptera 4.   Coleoptera 

5 Hymenoptera  6.   Diptera 

Differentiate the following 

1. Ensifera and  Caelifera 

2. Cricket  and Grasshopper 

3. Anisoptera and Zygoptera 

4. Dragonfly and Damselfly 

5. Dragonfly and Antlion 

6. Butterfly and Moth 

7. Weevil  and Beetle 

8. Symphyta and Apocrita 

 

https://en.wikipedia.org/wiki/Hematophagy
https://en.wikipedia.org/wiki/Saprophage

