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PHYLUM ARTHROPODA. 

Introduction to the Phylum Arthropoda 

The phylum Arthropoda is one of the most successful clades of animals on the planet. 

Arthropods are coelomate organisms characterized by a sturdy chitinous exoskeleton and 

jointed appendages. There are well over a million arthropod species described, and 

systematists believe that there are millions of species awaiting proper classification. Like 

other Ecdysozoa, all arthropods periodically go through the physiological process of molting, 

followed by ecdysis (the actual shedding of the exoskeleton), as they grow. Arthropods are 

eucoelomate, protostomic organisms, often with incredibly complicated life cycles. 

The name “arthropoda” means “jointed feet.” In terms of numbers and the diversity of 

species, Phylum Arthropoda is the most successful group in Kingdom Animalia. 

Representatives of this phylum are found everywhere; on the land, in the air, or under the sea. 

Over one million arthropod species have been described to date; of these, about 400,000 are 

beetles Some researchers estimate that the number of species may exceed 10 million. In 

effect, life on Earth could conceivably be called the Age of Arthropods beginning nearly 500 

million years ago. 

The principal characteristics of all the animals in this phylum are the structural and functional 

segmentation of the body and the presence of jointed appendages. Arthropods have an 

exoskeleton made principally of chitin, a waterproof, tough polysaccharide composed of N-

acetylglucosamine. Phylum Arthropoda is the most speciose clade in the animal world, and 

insects form the single largest class within this phylum.  

The Phylum Arthropoda includes animals that have been successful in colonizing terrestrial, 

aquatic, and aerial habitats. This phylum is further classified into five subphyla: Trilobita 

(trilobites, all extinct), Chelicerata (horseshoe crabs, spiders, scorpions, ticks, mites, and 

daddy longlegs or harvestmen), Myriapoda (millipedes, centipedes, and their relatives), 

Crustacea (crabs, lobsters, crayfish, isopods, and others), and Hexapoda (insects and their six-

legged relatives). Most arthropods are less than 6 mm long; the largest arthropod is the 

Japanese crab 19’ (5.79 M), 40lbs (18kg) and the smallest is a mite <0.1 mm 

There are many modifications to the jointed exoskeleton body plan that help different types of 

arthropods survive in their environment. These adaptations can help distinguish between 

different groups. For example, insects (butterflies, beetles, cockroaches, mosquitoes, ants, and 

more) have three body sections and six legs. They often have wings, antenna, and a large 

variety of mouthparts. Arachnids, such as spiders, scorpions, mites, and ticks, have two main 

body sections and eight legs. Arachnids lack wings and antenna. Crustaceans, such as 

lobsters, crabs, and shrimp are based on a 10-leg body plan and many (but not all) are aquatic. 
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The Roles of Arthropods  

Although small in size, arthropods, in their tremendous numbers, collectively account for the 

most biomass of all land animals. In the Amazon rain forest, the weight of just one family of 

insects, the ants, is estimated to be four times more than all the mammals, birds, fish, reptiles, 

and amphibians combined. Furthermore, the roles of arthropods in ecosystems are many, but 

central to the functioning of planet Earth are the following: 

1. Pollination of flowering plants. Insects are essential to the pollination of most 

flowering plants, and many of the flowering plants are the result of coevolution with 

their insect pollinators. In addition to native plants, essentially all fruits, vegetables, 

and many of the forage crops (e.g., clover, alfalfa) are dependent on insects to produce 

seed. 

2. Recycling plant and animal matter. Many insects develop by feeding on dead plant 

matter, dead animal matter, or animal dung. In this role, they function as 

macrodecomposers that are in the first-line “clean-up crew” essential to the recovery 

and recycling of nutrients. Through insect feeding, these substances are broken down 

into much smaller particles and partially digested, which greatly accelerates the 

process of decay that frees the nutrients to nourish later generations of plants. In the 

absence of insects, nutrient-recycling systems break down and organic matter 

accumulates. 

3. Soil formation and mixing. The great majority of terrestrial arthropods live within 

the soil. These animals help to turn the soil and incorporate organic matter and 

nutrients. The impacts of these activities can be very dramatic, with some of the social 

insects (e.g., the ants and termites) moving and mixing tremendous amounts of soil as 

they tunnel. These processes are critical to soil formation and the maintenance of soil 

fertility. Without these insects, plant growth would be reduced and restricted. 

4. Centrality to animal food chains. Through their feeding activities, plant-feeding 

insects (about 25% of the species on the planet) convert plant biomass to animal 

biomass. In turn, these creatures serve as the primary source of food for other insects 

(another 25% of the planet’s species) and for many birds, fish, and mammals that are, 

in turn, food for yet still more animals. Thus, plant-eating insects are the critical link 

between plants and much of the rest of animal life on Earth (including humans). 

5. Maintenance of plant communities. Although the effects of large plant-feeding 

mammals are conspicuous, it is the activities of insects that most often determine what 

plant life is present. Insects do this in many ways, including feeding on plants 

(phytophagy), feeding on seeds, pollination, and dispersing seeds. 

Unfortunately, most people recognize only those arthropods that are directly and immediately 

affecting human activities. These species are often considered negatively, as competitors, 

because of their ability to cause several types of harm—destruction of crops, damage to stored 

products or structures, transmission of plant and animal pathogens, and stings or bites— or 

merely some degree of annoyance. Those that do affect us in these ways are judged to be 

“pests.” It is important to keep in mind that only a tiny fraction of all arthropods are ever 

elevated to this infamous status.  

Economic important of arthropods 

Class insecta  
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1. Honey bee 

a. honey which is use as nutritive food, medicine, as sweetener in many drink  

b. Honey act as natural antiseptic  

c. Bee wax which is a by product of honey is used for making candels, manuf 

acturing of varnishes and polishes  

d. Honey bee act as pollinator which is beneficial for plants  

e. Use of royal jelly pollens and propolis  

2. Ants  

a. Ants are important components of the ecosystem and acts as biological 

indicators.  

b. Ants act as decomposers by feeding on organic waste, insects or other dead ani 

mals.  

c. Carpenter ants, which make their nests in dead or diseased wood, considerably 

accelerate the decomposition process of timber.  

d. Ants are also used as food cacoon of ants use as bird food  

e. They are soil aeration 

3. Silk and lac production The silk worm and lac insects are also important by 

economic view  

a. As silk worm secret the silk which are exploited for commercial silk 

production.  

b. Bombyx and Eupteryte are silk moths reared in India, China, Japan and Europe 

for silk production  

c. In Asiatic countries over 25 million kilograms of silk are produced annually.  

d. The lac insect, which secrete lac which are also produced commercially. Lac is 

the scarlet resinous secretion of a number of species of lac insects. The lac is 

use as dye and in wood finish, skin cosmetic and dye for wool and silk.  

e. Lac is used in folk medicine as a hepatoprotective and anti-obesity drug 

4. Insect as pest controller Cockroaches, mites, ticks and all other insects considered as 

carnivorous, prey on smaller species to maintain ecological balance. Hence, 

communities that have a good balance of these arthropods tend to have better pest 

control. 

5. Class crustacea Class crustacea is most important class by economic view. Humans 

consume a large number of crustaceans, especially lobsters, shrimps, prawns and crabs 

all form an important part of our diet, and are very nutritious.  

6. Class Arachnida 

a. In recent years, the spiders’ web was discovered as an additional material 

which can be used as fishing nets, surgical sutures, and adhesives. They 

contained natural antiseptics so that it can be used for medical purpose  

b. Spider venom (40,000 different kinds are known) provide chemical models for 

making new insecticides  

c. Spiders are predators, feeding mostly on insects, so spiders actually benefit 

humans by keeping some insect populations under control.  

d. The tick and mites are medically important due to their ability to transmit 

diseases  
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e. Scorpions are studied for scientific research in most of the universities.  

f. The scorpion venom is used for pharmacological, biochemical and 

Immunological researches. 

7. Class Diplopods and Chilopods  

a. Millipedes generally have little impact to human economic. Millipedes appear 

in folklore and traditional medicine around the world.  

b. Millipedes have also inspired and played roles in scientific research.  

c. Chilopods feed on slug, cockroaches, worms and keeps them under check. 

 

Characteristics of Arthropods include 

1. hard exoskeleton of chitin consist of hardened chitin and proteins in several layers secreted 

by epidermis excellent for protection also waterproof  good for life on land often highly 

colored camouflage recognition warning mating the exoskeleton contains various folds, flaps 

and spines: parts modified for feeding structures for respiration, swimming & mating and into 

sensory organs 

2.Body segmention allows infinite possibilities for adaptive modifications. The fusion 

segments lead to a variety of body plans (tagmatization): 

- cephalothorax and abdomen or prosoma and opisthosoma (crustaceans and arachnids) 

- head and trunk (Myriapoda) 

- head, throax and abdomen (insects) 

3. They have paired jointed appendages which are highly adaptable: walking, swimming, 

feeding, flying, breathing, reproduction, sensory. 

4. A well developed head (cephalization) with numerous sense organs; antennae and 

compound eyes are characteristic sense organs of arthropods. Brain (ganglia) and feeding 

appendages are also present. 

5. They have a complex muscular system. Layers of muscles are present around internal 

organs both; striated and smooth muscle fibers; muscle bundles to move skeleton similar to 

muscle bundles that move our bones 

6. Complete, complex digestive tract with numerous feeding appendages to get food into 

mouth; specialized areas for grinding and storing food; accessory glands that secrete enzymes 

and digestive juices; efficient areas for absorption of nutrients. 

7. They possess well developed respiratory system lots of different kinds depending on 

habitat: gills, book gills, lungs, book lungs and tracheae 

8. They have a simple circulatory system; an open coelom becomes haemocoel and has a 

beating heart 

9. Nervous system similar to annelids: dorsal brain and double ventral. nerve cord with paired 

ganglia in each segment 

10. Efficient excretory systems which prevents excessive water loss on land;  

11. Most Arthropods are dioecious; sexes are usually separate. Most arthropods undergo 

metamorphosis. This is a complex process usually involving a distinct "change of body form" during 
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the life cycle between the egg and the adult stage. Metamorphosis involves ecdysis (molting of 

exoskeleton) and contributes to arthropod success through reduced competition within a 

species because immature and adult forms are often very different in their morphology, 

preferred habitat, and food habits. Thus, members of a species often don’t "compete" among 

themselves. 

12. Arthropods are the first animals to evolve power of flight 150 million years before any 

other animals. Insect tracheal system was an excellent method to get lots of oxygen to muscle 

tissues Preadaptation to flight opened up a whole new set of ecosystems and habitats before 

anything else began to compete for the same resources. Flight allowed wide and rapid 

distribution and dissemination across the globe 

Arthropod Form and Function  

The great success of the arthropods is likely owed to the very features that make them unique, 

namely their segmented bodies, jointed appendages, and tough exoskeletons. In this section 

we will examine these characteristics in more detail. Then we will analyze the internal organ 

systems of arthropods, including their digestive system, circulatory system, respiratory 

system, and nervous system. 

Segmentation and metamerism 

 

Arthropod Appendages Arthropod appendages are jointed and often in segmental pairs. 

They have been specialized for various functions: sensing their environment (antennae), 

capturing and manipulating food (mandibles and maxillae), as well as for walking, jumping, 

digging, and swimming. In some species, the appendages are also branched, a condition 

called biramous. Unbranched appendages are called uniramous. Jointed appendages allow 

the animal much greater flexibility and range of movement. Imagine walking without bending 

your knees. 

The Arthropod Exoskeleton 

The main component of the arthropod exoskeleton is chitin (a starch), hardened with proteins 

and calcium deposits secreted by the epidermis. 

Structure of the exoskeleton: 

epicuticle: hardened (= sclerotized) with waxy surface for waterproofing 

procuticle: 2 layers (exocuticle & endocuticle), outer layer also hardened; innermost layer 

remains thin and flexible often highly colored: camouflage, recognition, warning 

various canals run through cuticle: 

- pore canals secret calcium salts for sclerotization in crustacea 

- wax canals secrete waxy covering for water proofing 

- dermal gland ducts, unknown function 
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The exoskeleton consists of many flexible plates with flexible hinges between areas where 

cuticle hasn’t been hardened. Muscles are attached to fingerlike extensions of skeleton 

(=apodemes) for movement of appendages. 

With these advantages, the exoskeleton has one major drawback: animal can’t grow 

Molting 

problem of growth is solved by molting, which is a complex process requiring environmental 

factors and the interaction of various hormones. It includes actual shedding of old cuticle = 

ecdysis. For example, insects go through a fixed number of molts till adulthood, then they 

don’t molt anymore. Spiders molt indefinite number of times throughout their lives. 

1. Molting is usually initiated by environmental cues or a build-up of pressure in the body 

causes the release of molting hormone (=ecdysone) 

2. triggers epidermis to secrete enzymes (proteases and chitinases) that digest and dissolve the 

inner layers of old cuticle (procuticle) and it separates from body wall 

3. epidermis secretes new procuticle 

4. arthropod inflates itself with air or fluid to crack the old skin (at fracture lines) 

5. animal extricates itself from old cuticle. The animal is especially vulnerable at this point eg. 

soft shell crab 

The lining of the intestine and tracheae must also be shed at same time 

Inspite this disadvantage, the advantages of the exoskeleton greatly outweighed the 

disadvantages.  

Circulation System  

Arthropods have an open circulatory system. Their heart is placed dorsally. The arthropods 

have either an extensive or limited arterial system that delivers blood into hemocoels or tissue 

spaces. The heart and the arteries are linked via paired openings or ostia where blood 

movement is controlled by valves. Crustaceans and arachnids have blue blood as it contains 

the oxygen-carrying pigment hemocyanin. In insects, such pigments are lacking since oxygen 

is delivered to the tissues directly from the tracheal system. Hemoglobin is, however, present 

in the blood of a few small crustacean species and insect larvae. 

In the arthropod body, a central cavity, called the hemocoel (or blood cavity), is present, and 

the hemocoel fluids are moved by contraction of regions of the tubular dorsal blood vessel 

called “hearts.” Arthropods have an open circulatory system. A well-developed heart pumps 

blood through arteries that branch and enter the tissues. Blood leaves the blood vessels and 

moves through sinuses, or cavities. The blood then collects in a large sinus surrounding the 

heart, then it re-enters the heart and is pumped throughout the 

Groups of arthropods also differ in the organs used for nitrogenous waste excretion, with 

crustaceans possessing green glands and insects using Malpighian tubules, which work in 

conjunction with the hindgut to reabsorb water while ridding the body of nitrogenous waste.  
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Nervous System of Arthropods 

The nervous system includes: 

(a) Central nervous system, 

(b) Peripheral nervous system and 

(c) Sense organs. 

The nervous system tends to be distributed among the segments, with larger ganglia in 

segments with sensory structures or appendages. The ganglia are connected by a ventral nerve 

cord. 

Respiratory systems vary depending on the group of arthropods. Insects and myriapods use a 

series of tubes (tracheae) that branch through the body, ending in minute tracheoles. These 

fine respiratory tubes perform gas exchange directly between the air and cells within the 

organism. The major tracheae open to the surface of the cuticle via apertures called spiracles.  

In contrast, aquatic crustaceans utilize gills, terrestrial chelicerates employ book lungs, and 

aquatic chelicerates use book gills. The book lungs of arachnids (scorpions, spiders, ticks, and 

mites) contain a vertical stack of hemocoel wall tissue that somewhat resembles the pages of a 

book. Between each of the “pages” of tissue is an air space. This allows both sides of the 

tissue to be in contact with the air at all times, greatly increasing the efficiency of gas 

exchange. The gills of crustaceans are filamentous structures that exchange gases with the 

surrounding water. 

Digestive system Arthropods are carnivores, herbivores, omnivores, parasites, virtually every 

mode of feeding. Head appendages modified into a variety of mouthparts.  

There are two main varieties: 

- Chelicerae (pinchers or fangs) 

- mandibles (jaw-like; 

With numerous accessory feeding appendages, arthropods have a well developed complete 

digestive tract: mouth - esophagus - stomach - intestine – anus with accessory structures and 

glands. 

Reproduction in Arthropods 

Except for a few species, most arthropods have separate sexes. Each sex has paired sex organs 

that open onto the ventral surface of the trunk via ducts. Sperms in these creatures are usually 

protected within sealed packets called spermatophores that ensure that the sperms are not 

diluted by water in aquatic environments and not desiccated in terrestrial environments. In 

some species, spermatophores are released on the ground while in others they are deposited 

during a nuptial dance between the species. However, in most species, the males deposit them 

directly into the female genital opening during copulation. Some species have specialized and 

unique methods of reproduction.  

Types of Reproduction in Arthropods 

Oviparity: have male and female forms; they mate and the female produces fertile eggs 

which hatch and reach the adulthood.  Egg + spermatozoa Fertile Zygot. 
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Eggs may be deposited singly, in group, or “fused” together into an ootheca by accessory 

glands secretions, as in cockroaches.  

Viviparity. Laying of immature larvae instead of eggs. The female accomplishes the steps of 

hatching in the womb: e.g flesh fly (sarcophagidae).  

Ovovivipartity: laying of nymphal stages instead of eggs: e.g. some hemiptera: rudivides 

(kissing bugs). In ovoviviparity, eggs are normally developed and fertilized, but they are 

retained and hatched within the body of the female. 

Paedogenesis: matured larvae are laid instead of eggs: e.g. tsetse fly (glossinidae) 

Parthenogenesis (means virgin birth). This is reproduction without mating. Some arthropods 

have only one sex form, usually the female. The female can produce young ones without 

fertilization by a male. The aphids and weevils have such type of a reproductive system. 

Hermaphrodite: male and female organs are present in the same arthropod.  

Polyembryony: a single egg divides into (produces) many creatures: e.g. some cockroaches, 

some moths, hessian fly. In polyembryony, reproduction is associated with oviparity or 

parthenogenesis. 

 

CLASSIFICATION OF ARTHROPODS 

The major groups of arthropods are classified according to their segmentation, tagmosis, and 

appendage differentiation. One of the most important aspects of arthropod biology is the 

extraordinary impact that the chitinous exoskeleton has had on the form, function, 

adaptability, and evolution of the group. Not only the name arthropod (jointed feet), but most 

other characters such as the manner of growth, circulatory and respiratory systems, size, 

musculature, and even habitat can be related to living within a tough, jointed, hollow skeleton.  

Arthropod diversity is so vast that innumerable examples are required to get any feeling at all 

for the patterns of change and groups that have evolved during this long period. We will have 

time today to study very few examples, but these will hopefully provide a brief introduction to 

some of the major patterns of arthropod adaptation. 

Classically, two major groups of living arthropods are generally recognized: the 

Mandibulates, which are jawed or mandible-bearing; and the Chelicerates whose first 

appendages bear claw-like pincers.  

In the course, we will recognize four Arthropod Subphyla  

1) Trilobitomorpha (extinct trilobed arthropods);  

2) Chelicerata, which are arthropods whose first appendages are claw-like pincers and 

include the subclasses Arachnida (scorpions, spiders, mites, and ticks), Merostomata 

(horseshoe crabs) and Pycnogonida (sea spiders);  

3) Crustacea which all have two pairs of antennae, biramous appendages and include 

crabs, lobsters, shrimp, barnacles, and a variety of small aquatic forms; and  

4) Uniramia which have uniramous appendages and include the classes: Insecta,which 

all have bodies divided into head, thorax, and abdomen with three thoracic pairs of 

legs; Chilopoda, which have body divided into head and trunk with each trunk 

segment having one pair of appendages (centipedes) and Diplopoda, which have body 
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divided into a head and trunk with two pairs of appendages on each trunk segment 

(millipedes). 

SUBPHYLUM CHELICERATA (chele = claw) 

 

The Chelicerata includes familiar animals like spiders, mites. and ticks. It also includes less 

familiar animals like horseshoe crabs and sea spiders. These animals have two tagmata. 

(a) Prosoma or cephalothorax: It is a sensory, feeding and locomotor tagma. It contains eye. 

But it has no has antennae. Paired appendages attach to the prosoma. 

 Chelicerae: The first pair is called chelicerae. These are pincer like or chelate. These 

are used in feeding. These may be specialized as hollow fangs. These are also used for 

variety of other functions. 

 Pedipalps: The second pair is called pedipalps. These are sensory. But these are also 

used in feeding, locomotion, or reproduction.  

 Four Pairs of walking legs follow pedipalps. 

The appendages are unbranched (uniramous) 

(b) Opisthosoma: It is present posterior to prosoma. It contains digestive, reproductive, 

excretory and respiratory organs. The abdominal appendages have been reduced or modified 

as in spiders into spinnerets. 

 

Class: Merostomata 
Members of merostomata are divided into two subclasses: 

(a)   Xiphosura: These are the horseshoe crab. 

(b)  Eurypterida: These are the giant water scorpions. These 

are extinct. The lived from the   Cambrian (6oo million years ago) to the Permian period (280 

million years ago). 

 

Xiphosuria (Horseshoe crab) 

Only four species of horseshoe crabs are living today. One species Limulus polyphemus has a 

characteristic horse shoe shaped prosomal carapace. It is 5.5 widely distributed in the Atlantic 

Ocean and the Gulf of Mexico. Horseshoe scavenges on sandy and muddy substrates for 

annelids, small molluscs and other invertebrates. Their body form has remained unchanged 

for over 200 million years. The body of Horseshoe crab is composed of cephalothorax and 

opisthosoma. 

1. Cephalothorax: A hard horseshoe shaped carapace covers the cephalothorax of horseshoe 

crabs. The chelicerae, pedipalps and first pairs of walking legs are chelate. These are used for 

walking and handling. The last pair of appendages has leaf like plates at ups. These are used 

for locomotion and digging. Their compound eyes can detect movement and the direction of 

light. 

2. Opisthosoma: It is composed of a long and unsegmented telson. The first pair or 

opisthosomal appendages covers genital pores. These are called genital opercula. The 

remaining five pairs of appendages are flap like gills which are used for respiration and as 

paddles for swimming. These plate-like gills resemble the pages of a closed book, hence their 

name, book gill.  

 

Reproduction: Horseshoe crabs are dioecious. Males and females congregate in intertidal 

areas. Male mounts the female. It grasps her with his pedipalps. The female digs shallow 
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depressions in the sand. She sheds its eggs into depressions and male fertilizes them. 

Fertilized eggs are covered with sand. These eggs develop unattended. A pelagic trilobite-like 

larva attains the adult form through a series of moults. 

 

Class: Arachnida  

Arachnids are a relatively homogeneous group. They have adapted to life on land by 

developing; 

- a waxy layer covering the cuticle that conserves water  

- internal respiratory surfaces 

- internal fertilisation of eggs by sperm 

- special sensory organs. 

The majority of spiders, mites, ticks, scorpions and related forms are harmless. Even some are 

very beneficial to humans. Black widow spiders and scorpions of the genus Androctonus can 

inflict fatal damage to humans but these are exceptions.  

 

Form and function of Arachnids 

 

Nutrition. Most arachnids are carnivores. They hold small arthropods with their chelicerae. 

Enzymes from the gut tract pour over the prey. Partially digested food is then taken into the 

mouth, Others inject enzyme into pay through hollow chelicerae (e.g. spider). They suck 

partially digested tissue. 

Gut: The gut tract of arachnids is divided into three regions. The anterior portion is called 

foregut and the posterior portion is the hindgut. Both develop in foldings of the body wall. 

These are lined with cuticle. A portion the foregut is modified into a pumping pharynx. The 

hindgut is a site of water reabsorption. The midgut between the foregut and hindgut is 

noncuticular. It is lined with secretary and absorptive cells. Lateral diverticulae increase the 

area for absorption and storage. 

 

Excretion. Arachnids use coxal glands and Malpighian tubules for excreting nitrogenous 

wastes 

i) Coxal gland: Coxal glands are paired, thin walled and spherical sacs.  They are bathed in 

the blood of body sinuses. Nitrogenous wastes are absorbed across the wall of the sacs. These 

wastes are transported in a long, convoluted tubule. These are finally excreted through 

excretory pores present at the base of’ the posterior appendages. 

ii) Malpighian tubules: Some arachnids are adapted to dry environment. They posses 

malpighian tubules of excretion. Malpighian tubules are blind ending diverticulae of the gut 

tract. These arise at the juncture of the midgut and hindgut. These tubules absorb waste 

materials from blood and open into the gut tract. Excretory wastes are then eliminated with 

digestive wastes. The major excretory product of arachnid is uric acid. The release of uric acid 

has advantage for terrestrial animals. It is excreted as a semisolid with little water loss. 

 

Respiration. Gases are exchanged with minimal water loss. Two structures are present in 

arachnids for respiration: 

i) Book lungs: Some arachnids possess book lungs. Book lungs are modification of the book 

gills of Merostomata. Book lungs are paired imagination of the ventral body wall. These 

invaginations folds into series of leaf like lamellae. Air enters the book lung through a lit like 
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opening. It circulates between lamellae. Respiratory gases diffuse between the blood moving 

among the lamella and the air in the lung chamber. 

ii) Trachea: Other arachnids possess tubule systems are called trachea. Trachea is a series of 

branched, chitin lined tubules. These tubules deliver air directly to body issues. The trachea, 

open to the outside through openings called spiracles. Spiracles are present along the ventral 

or lateral sides of abdomen.  

 

Circulatory system. The arachnids have open circulatory system. Dorsal contractile vessel or 

hearts pump blood into tissue spaces. The coelom is reduced to cavities in arthropods. These 

cavities are surrounded by gonads and coxal glands. Large tissue spaces, or sinuses are 

derived from the blastocoel. These are called hemocoel. Blood bathes the tissues and then 

returns to the dorsal aorta through openings in the aorta called ostia. Arachnid blood contains 

dissolved respiratory pigment hemocyanin. It also possesses amoeboid cell. ‘these cells help 

in clotting and body defense. 

 

Nervous system. The nervous system of all arthropods is ventral. The nervous system of 

arachnids is centralized except scorpions. It is formed by the Fusion of ganglia. The central 

nervous system of arachnids, like all arthropods, consists of a ventral, solid nerve cord and a 

series of fused ganglia associated with various body segments. 

a. The cerebral ganglion (brain) gives rise to the nerves to the eyes and the chelicerae. 

b. Opisthosomal ganglia primarily innervate the walking legs. 

 

Sense organs: The body of an arachnid has a variety of sensory structures. Most 

mechanoreceptors and chemoreceptor are modifications or the exoskeleton. These are present 

in the form of projections, pores, and slits, together with sensory and accessory cells. 

Collectively, these receptors are called sensilla. There are following type of sensilla in 

arachnids: 

i) Setae: setae are hair like cuticular modifications. These may be present in the form of 

membranous sockets. Displacement of setae initiates a nerve impulse in an associated nerve 

cell. 

ii) Vibration receptors: Vibration receptors are very important to some arachnids. Spiders 

use webs to capture prey. It determines size of the insect and its position on the web by the 

vibrations. 

iii) Chemoreceptors: Arachnids can taste and smell chemical. Small pores in the exoskeleton 

are present in arachnids. These are associated with peg like or other modifications or the 

exoskeleton. They allow chemicals to stimulate the nerve cells. 

iv) Eyes: Arachnids possess one or more pairs of simple eyes. They use eyes primarily for 

detecting movement and changes in light intensity. The eyes of some hunting spiders can 

form images. 

 

Reproduction Arachnids are dioecious. Paired genital openings are present on the ventral 

side of the second abdominal segment. Sperm transfer is indirect. The male packs sperm in a 

spermatophore. It is then transferred it to the female. The male confirms the female of same 

specie by courtship. Courtship also attracts a female to the spermatophore. It also determines 

the position the female to receive the spermatophore. In some taxa (e.g. spiders) copulation 

occurs. Sperm is transferred through a modified pedipalp of the male. Development is direct. 
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The young hatch from eggs as small adults. Many arachnids tend their developing eggs and 

young during and after development. 

 

Order Araneae (Spiders) 

Morphology and characteristics 

The body of a spider is divided into two major regions: the cephalothorax (prosoma) and 

abdomen (opisthosoma), connected by a narrow pedicel. The following morphological details 

are considered: cephalothorax, eyes, chelicerae, mouthparts; appendages: legs and palps, 

abdomen and spinnerets  

Eyes; Most spiders have eight simple eyes, while some have six, four, two or none. The eyes 

are arranged in rows or groups. The most common arrangement is in two rows that can be 

straight, procurved or recurved. The eyes are named according to their position on the 

carapace: anterior median eyes (AME), anterior lateral eyes (ALE), posterior median eyes 

(PME) and posterior lateral eyes (PLE). 

Chelicerae: The chelicerae of most spiders are unique amongst arachnids in that they are 

modified into fangs that contain ducts through which venom is discharged. Each chelicera 

consists of a stout basal section and a smaller movable distal section, the fang. The chelicerae 

are either free or fused. The fang usually rests in a groove, the cheliceral furrow. One or both 

sides of the furrow are often armed with teeth. Spiders with such teeth masticate their prey, 

while spiders without teeth suck the fluid out of their prey. The chelicerae in some groups are 

chelate, closing down on a tooth-like process. 

Legs: Spiders have four pairs, each consisting of seven leg segments, the legs are usually 

covered with setae, spines, various sensory setae and receptors. Distinct sensory setae are the 

fine, hair-like setae set vertically in conspicuous sockets, the trichobothria. All spiders 

have at least two claws on each tarsus. The claws usually have a dense brush of setae, the 

claw tuft below each claw. 

Palpi (palps): These are leg-like appendages consisting of six segments (compared to the 

seven leg segments). The palpal metatarsus is lacking. In females the palp is simple and 

usually bears a single tarsal claw. In adult males, some segments of the palp are modified into 

a secondary copulatory organ and can either be simple in structure or complex.  

Abdomen: The abdomen is joined to the cephalothorax by a thin pedicel through which 

the circulation and feeding systems are canalized. The exoskeleton of the abdomen is much 

thinner than that of the cephalothorax and this allows great expansion of the abdomen when 

prey is being fed upon, or when a large number of eggs are being formed in the female. The 

abdomen is quite variable in size and configuration. In many spiders it is elliptical, oval or 

globose and either soft or covered with sclerites known as scuta. 

Spinnerets: Most spiders have three pairs of spinnerets, the anterior, median, and posterior 

pairs, situated in front of the anal opening. Silk is produced as a liquid which hardens into a 

thread as the spider pulls and manipulates it with tiny claws at the end of each leg. Silk is used 

for webs, cocoons, lairs and traps, underwater bubble chambers and guide lines for water 

spiders, and the tunnels which house trap-door spiders, as shown to the right.  

Sensory structures Most of the "hairs" on a spider are mechanoreceptors. Some spiders also 

have very thin tactile hairs on the legs called trichobothria, which are extremely sensitive to 

even airborne vibrations (beating insect wings, air currents, sound frequencies, etc.) 

- Chemoreceptors are found associated with small hairs surrounding the mouth, on the 

pedipalps, and are most abundant on the tips of the legs where contact with the 

substrate is made 
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-Vision is relatively unimportant for spiders that depend upon capturing prey within 

webs. These spiders use patterns of vibration on the web to distinguish among prey, 

predator, or mate. 

 

Order: Scorpionida (scorpions) 

Scorpions are among the largest arachnids and are easily distinguished from other 

invertebrates by their large, well developed claws (pedipalps), and distinct division of the 

abdomen (opisthosoma) into a broad preabdomen (mesosoma) seven segments long and 

narrow, tail-like post-abdomen (metasoma) five segments long. 

All scorpions possess a poisonous sting (telson) that contains a pair of poison glands that can 

paralyze prey or may deliver a painful sting to incautious persons 

External Features of Scorpion 

Different species of scorpions differ from one another in size, colour, distribution and details 

of morphology, but the general structure is more or less similar.  

Shape and Size: The body of scorpion is elongated, narrow and dorsoventrally flattened. The 

size varies from species to species. The smallest scorpion, Microbuthus pusillus is about 1.3 

cm in length, while the largest species Pandinus imperator is about 20 cm in length.  

Colouration: The colour is variable, usually corresponding with the habitat of the animal 

which is generally blackish dorsally and slightly light coloured ventrally. The species, which 

are living in tropical jungles, are of shining black colour, and the species which are found in 

the sand are pale-yellow in colour usually the dorsal surface is much darker in colour than 

those of the ventral surface. 

Body Divisions: The elongated segmented body is divisible into two major regions: 

- (i) Prosoma or cephalothorax  

- (ii) Opisthosoma or abdomen. 

(i) Prosoma: The prosoma or cephalothorax is the anterior short, broad, and flat region of the 

body. It is formed by the fusion of head and thorax. It is made up of six segments, each of 

which bears a pair of appendages on the ventral side. Dorsally the prosoma is covered by a 

single, thick and square-shaped cephalothoracic shield or dorsal carapace. The carapace bears 

a pair of median eyes in the middle and two to five pairs of smaller lateral eyes on the 

anterolateral margins. All the eyes are simple eyes.  

(ii) Opisthosoma: The prosoma is followed by a long opisthosoma which is distinguished 

into two parts: 

- (a) An anterior broad mesosoma or pre-abdomen and 

- (b) A posterior narrow metasoma or post abdomen. 

(a) Mesosoma: The mesosoma or pre-abdomen consists of seven segments. It is as broad as 

the prosoma anteriorly but slightly narrow posteriorly. Each segment of mesosoma is covered 

dorsally by a tergal plate or tergum and ventrally by a sternal plate or sternum and the two are 

joined with each other laterally by a pleural membrane. 

The sternum of the first mesosomal or pre-abdominal segment is small and bears the median 

genital aperture which is covered by a plate-like or genital operculum. 
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The sternum of second segment bears a pair of comb-like appendages, the pectines. The 

pectines are tactile organs.  

The sterna of third, fourth, fifth and sixth pre-abdominal segments bear a pair of lateral, 

oblique, slit-like openings or apertures, the stigmata. Each stigmata leads into a pulmonary 

sac or book-lung. The sternum of the seventh segment has no appendage. 

(b) Metasoma: The metasoma or post-abdomen is narrow, slender and consists of five 

cylindrical segments and a telson or sting. These segments are flexibly joined one behind the 

other. The last segment bears a telson which consists of two parts—the proximal rounded 

ampulla or vesicle and the distal pointed spine or aculeus. Inside the ampulla are two poison 

glands enclosed in smooth muscles, whose ducts open by a pair of minute apertures at the tip 

of the spine. 

Appendages in Scorpions 

In scorpions, there are six pairs of appendages in the cephalothorax. These are: 

- a pair of chelicerae,  

- a pair of pedipalpi and  

- four pairs of walking legs. 

(i) Chelicerae: The chelicerae are the anterior-most and preoral appendages, situated close to 

each other on either side of the mouth. Each chelicera is a small, three jointed and chelate 

appendage. The Chelicera is divided into 3 segments: coxa, tibia (fixed finger), tarsus 

(movable finger). The chelicerae or jaws, are used for feeding, grooming and digging (certain 

genera only, e.g. Opisthophthalmus) and in the genus, Opisthophthalmus, to stridulate (rub 

together to make a warning hissing sound).  

Used to grasp and crush prey before sucking it (The chelicerae are prehensile and are used for 

holding and tearing up the body of prey).  

 (ii) Pedipalps: Behind the chelicerae are a pair of powerful and clawed appendages called 

pedipalps. The pedipalp is divided into six segments; coxa, trachanter, femur, patella, tibia 

and tarsus. The tibia and tarsus form the chelae of the pedipalp. The pedipalp contains many 

hairs (setae) which serve a sensory function. Pedipals are used to grasp prey and for defense 

against predators. They are also employed to grasp the female’s chelae while mating. 

 (iii) Walking Legs: There are four pairs of walking legs attached to the cephalothorax. These 

are all alike and are used for walking. Each leg consists of seven segments or podomeres; 

coxa, trochanter, femur, patella, tibia, protarsus and tarsus. At the end of the tarsus is the 

apotele, which contains the ungues (claws). The coxa of the legs is enlarged, protecting the 

ventral (underside) surface of the prosoma. 

Unique to scorpions is that the cuticle fluoresces under ultraviolet light aiding in the 

collection and observation of these interesting animals at night. 

Scorpions are sexually dimorphic. The females are usually larger and more robust than males 

while the male usually has a longer tail. The pectines are smaller with shorter and straighter 

teeth in the females. The chela is often longer, and slender in the male. 

Food and Feeding of Scorpion 
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Scorpions are carnivorous animals and the food consists of small insects and spiders. They 

live purely on the liquid food derived as juice from the body of the prey. The prey is seized by 

chelate (pincers) of pedipalp and stung to death by the telson. The pedipalp pass the killed 

prey to chelicerae, one chelicera holds the food and other rips it open. With the help of the 

coxae of the pedipalpi and first two pairs of legs the entire body fluid is squeezed out into the 

pre-oral cavity, and the liquid is sucked into pharynx and then it is driven into oesophagus and 

stomach. 

Excretory System of Scorpions The main excretory organs of scorpion are: 

- Malpighian tubules 

- Coxal glands  

i)Malpighian Tubules: There are two pairs of Malpighian tubules arising from the junction 

of pre-abdominal and post-abdominal intestine. They possess thin syncytial walls which 

remove the waste from the blood. The waste is then excreted into the lumen of the tubules as 

guanine crystals which pass out through the alimentary canal. 

ii) Coxal Glands: There is one pair of coxal glands situated near the bases of the third pair of 

walking legs in the fifth segment of the prosoma. The coxal glands are shining white 

structures and are coelomoducts of coelomic origin. Each coxal gland consists of a large 

excretory saccule or vesicle or end sac and a much-coiled tube, the labyrinth which dilates 

near its end to form a swollen bladder or reservoir. 

The reservoir opens outside by the excretory pore on the posterior face of the fifth walking 

leg. The saccule and labyrinth of each coxal gland collect excretory nitrogenous wastes from 

the blood and pass them outside through the excretory pore. 

Sense Organs of Scorpions The sense organs and receptor organs of scorpions are sensory 

setae or sensillae, pectines and eyes. 

i) Sensory Setae or Sensillae The whole body of scorpion is covered with sensory setae 

(sensillae) and hairs which are generally much longer on the legs and tail. The sensory setae 

are tactile organs of scorpion. 

ii) Pectines The pectines are a pair of modified appendages lying attached to the sternum of 

the second segment of mesosoma joined to each other in the middle. Each pecten consists of a 

shaft or handle made of three pieces which bears a series of movable lamellae or teeth 

arranged like the teeth in a comb on the posterior margin of the shaft in the outer half. The 

teeth of the pecten are sensitive either to touch or smell. 

iii) Eyes: There are four pairs of eyes in scorpions, a pair of median eyes and three pairs of 

lateral eyes. Both lateral and median eyes are sensitive to light changes but are incapable of 

forming images. 

iv) In some species of scorpions stridulating organs are found on the coxae of the pedipalps or 

first pair of legs. It indicates that scorpions probably have some perception of sound. 

Copulation, Fertilisation and Development in Scorpions: The fertilisation in scorpions is 

internal and it is followed by the courtship or copulation. The male and female scorpions 

stand face to face with raised tails which they intertwined. The male grasps the pedipalpi of 
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the female with its own and the two scorpions go on moving hand in hand for an hour or more 

during which the animals turned several times. 

This is a sort of mating or nuptial dance termed as ‘promenade a deux’ by Fabre. At length, 

the male would dig a hole in the neighbourhood of a stone and both would disappear into the 

hole under the stone. After mating, the female often devours the male.  

In scorpions, the development is internal and very slow and some species take several years to 

reach maturity. Scorpions are viviparous. The female scorpions give birth to two to three 

dozen young ones at a time (25-35 young). The young ones resemble the adults. For some 

time, the mother carries the newly-hatched young ones on its back and takes care of them. 

The young ones undergo several moults to grow into the adults. Adult scorpion range in size 

from 1.5 cm to 21 cm in length. 

Habits and behaviour Scorpions are mostly nocturnal and they hunt insects, other arachnids 

and small reptiles and mammals. During the day they can be found under rocks, bark, cow-

pats and rock crevices. 

When aggravated, scorpions seem to make a hissing sound. This sound is produced differently 

by different scorpions. One species scrapes its sting along a granulated area on the upper 

surface of the first two segments of the tale while another vibrates its pincers together. 

Order Acarina 

Introduction The order Acarina (class Arachnida) includes mites and ticks. Members of this 

order differ from other arachnids in that the body is not segmented, and the cephalothorax and 

abdomen are combined into one body region. Larval mites and ticks have three pairs of legs, 

whereas nymphs and adults have four pairs. Mites inhabit most ecological settings, ranging 

from deserts to rain forests, mountain tops to tundra and saltwater ocean floors to freshwater 

lakes. The relatively few species parasitic on humans produce dermatitis, often followed by 

allergic reactions. Ticks are parasitic during their life cycle. They are annoying pests whose 

bites are irritating. When a tick is forcibly removed, its mouthparts frequently remain in the 

skin, resulting in a sore, an infection or even blood poisoning. 

TICKS 

Habit and Habitat of Ticks 

Ticks’ importance as agents or vectors has long been recognised. In general, ticks are 

parasites of animals. Most species of vertebrates higher than fishes are subjected to attack by 

ticks, particularly mammals whose warm blood is highly attractive to ticks. They parasitise 

man and other domesticated mammals fortuitously. 

The high potency of ticks in the spread of disease of man and animals are due to some 

factors like: 

1. They are persistant blood suckers: They attach firmly while feeding and cannot be 

dislodged easily. Most species have a wide range of host, thus ensuring a relatively certain 

source of blood. 

2. Longevity: Most species have a long-life span, may be 5 years or more. It is helpful for 

them to carry the infection for several years.  

3. High reproductive potential: The reproductive potential is quite high. Some species may 

deposit as many as 18,000 eggs. Some have the power to regenerate lost parts. 
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General Morphology of Ticks 

Ticks are characterised by a leathery integument and larger size in comparison to mites. Body 

is segmented but without readily visible segments. 

The body is divided into two regions: 

- (1) The capitulum (also referred to as gnathosoma). 

- (2) The body proper (idiosoma).  

The capitulum is not the true head though it is commonly referred to as such. It projects 

anteroventrally and bears the mouth parts and a basal chitinous segment known as basis 

capitulum. The ring-like basis capitulum connects the capitulum to the body proper. 

 

The mouth parts include 3 types of structures: 

(i) Ventral to the mouth is toothed, elongated hypostome, its free end projects anteriorly. 

(ii) On the dorsal surface of hypostoma is located a pair of chelicerae, on each side of the 

mouth. The free terminal of each chelicera is forked (chelate), giving rise to a dorsal, fixed 

toothed digitus externus and lateral movable digitus internus. 

The chelicerae function as piercing, tearing and anchoring structure by means of which the 

host’s integument is opened and the entire capitulum or at least the toothed hypostome is 

inserted into the host. 

(iii) A pair of palps or pedipalp arises from the anteroventral margin of the basis capitulum. 

These structures act as counter-anchors while the tick is attached to the host. The mouth-parts 

show characteristic differences among different species and also between male and female of 

the same species. 

 

The idiosoma also shows differences among members of different families. However, it bears 

four pairs of legs, each leg is subdivided into six segments; coxa, trochanter, femur, genu, 

tibia and tarsus. In some species, some of these units are fused. 

The legs characteristically terminate in a pair of claws on the tarsi. The genital orifice is 

located on the mid-ventral line between the first and second pairs of legs. The anus is also 

ventrally located. 

 

Two major families are recognised in the order Ixodida;  

- family Ixodidae (hard ticks) and  

- family Argasidae (soft ticks).  

Members of Ixodidae are commonly called hard ticks while those of argasidae are known as 

soft ticks. The morphological characteristics of these two families are discussed below. 
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Life Cycle of Ticks In the life cycle of all ticks, four basic stages could be recognised — egg, 

larva, nymph and adult. The life cycle of ticks requires 6 weeks to 3 years to complete in 

different species. 

a. Eggs: The gravid females drop onto the ground, where she deposits the eggs in the soil or 

humus. Hard ticks lay eggs in a few hundreds or even thousands, all at one time. The soft 

ticks lay eggs in batches of 20 to 100 over a long period. The eggs hatch in 1 to 3 weeks. 

b. Larvae: The larva of ticks possesses 3 pairs of legs. They lie in wait among grasses and 

herbage till a suitable host appears to which it attaches itself. After a blood meal, it drops off, 

and in course of time it moults to become a nymph. The duration of the larval stage may vary 

from 3 to 13 days. 

c. Nymphs: The nymph resembles the adult in having 4 pairs of legs, but it has no genital 

pore. The nymphs are all blood-suckers, and they attach themselves to suitable hosts for a 

blood meal. Members of Ixodidae have one nymphal instar, but argasids have as many as five. 

d. Adults: Adult ticks may live for a year or more. Soft ticks live longer than hard ticks. At 

the time of copulation, that occur on the host, the male ticks produce a spermatophore, which 

is placed under the genital operculum of the female. Females usually require blood meal for 

egg production, although exceptions are there. Most opportunist ticks feed on a variety of 

hosts, while few are host-specific. Hard ticks can withstand a period of starvation as long as 

6-months 

 

The tick is called a one-host tick when all nymphal moulting through all instars occur on the 

same host, e.g., Boophilus sp. When the nymph drops off, moults to adult and attaches to 

Camertutos.com
By El Professor

Master En Chimie Computationnelle
Université de Dschang

Camertutos.com 
Télécharger tous vos cours, épreuves APC, sujets concours, bourses... 

Cam
er

tu
to

s.c
om

http://www.notesonzoology.com/wp-content/uploads/2016/10/clip_image005-17.jpg
camertutos.com
camertutos.com
camertutos.com


19 
 

another host, the tick is said a two-host tick. Most ixodids are three-host ticks whereas 

argasids with their multiple nymphal stages are many-host ticks. Use of such a series of hosts 

actually increases the opportunities for transmission of pathogens. 

 

Locomotion 

Ticks are typically acarine in having hexapod (six legs) larvae, and octapod (eight legs) 

nymphs and adults. The legs are jointed and divided into seven segments: coxa, trochanter, 

femur, genu, tibia, tarsus and pretarsus. The terminal pretarsus consists of a basal stalk, paired 

claws and a membranous pulvillus. The pulvillus is absent in argasid ticks. 

While the legs are primary ambulatory, they may be modified to serve other functions. The 

legs of Acari may be smooth or variously ornamented and usually possess a number of tactile 

and sensory hair. On the dorsal surface of tarsus I, the Haller`s organ, a complex sensory 

structure is found. 

 

SUBPHYLUM CRUSTACEA 

Crustaceans (make up a very large group of the Arthropods which include the crabs, lobsters, 

crayfish, shrimp, krill, barnacles brine shrimp, copepods, ostracods and mantis shrimp. 

Crustaceans are found in a wide range of habitats - most are free-living freshwater or marine 

animals, but some are terrestrial (e.g. woodlice), some are parasitic (e.g. fish lice) and some 

do not move (e.g. barnacles). The sub-phylum Crustacea comprises ten classes of very diverse 

animals, some of which are important as food for humans. Many crustacean orders include a 

wide range of little known and often very bizarre parasites. 

General crustacean Morphology 

- Their bodies are composed of three tagmata; the head, the thorax and the abdomen. In 

some species the head and thorax are fused together to form a cephalothorax which is 

covered by a single large carapace. 

- Appendages associated with the head include 2 pairs of antennae and various feeding 

structures (1 pair of mandibles and 2 pairs of maxillae), for a total of 5 pairs of 

appendages.  

- Thoracic appendages, or pereopods, are generally used for locomotion, although in 

some crustaceans the first few pairs may be turned forward and used for feeding.  

- The abdominal appendages, or pleopods, are often termed "swimmerets," Used for 

swimming.  

- Female crustaceans also brood fertilized eggs and embryos on their pleopods. 

- Two pairs of antennae are a distinguishing feature among crustaceans. 

- Other cephalic appendages are a pair of mandibles and two pairs of maxillae. 

- Thoracic and abdominal appendages are usually 8 pairs and 6 pairs, respectively, and 

are variable in lower crustacea. 

- Appendages typically biramous except of antennules (first antennae are uniramous). 

- A carapace covers all or part of the body. 

- The head bears a pair of compound eyes on movable jointed stalk. 

- Respiration takes place either by gills or by the general surface of the body when the 

exoskeleton is thin or by some of the limbs. 

- Vascular system consists of a contractile heart, arteries and haemocoelomic spaces. 
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- Excretory organs are the modification of coelomoducts may be either antennal glands 

(green glands) or shell glands (maxillary glands found in the second pair of maxillae). 

- The brain is formed by the fusion of first four embryonic ganglia and is connected 

with ventral nerve cord by oesophageal connectives. 

- Sexes separate. 

- Distinct sexual dimorphism present. 

- Development includes a larval form, the nauplius, bearing a single median eye and 3 

pairs of appendages. 

- They are mainly aquatic, mostly marine, many are freshwater and some have invaded 

into terrestrial condition. 

Form and Function 

 

Body segments and joints: The basic cruatacean consist of a number of segments which are 

sometimes fused to form rigid areas and sometimes free and linked to each other by flexible 

areas that allow movement. Most segments bear a pair of jointed appendages with flexible 

articulations. There is a variation in the number of somites and the amount of fusion in the 

different crustacean groups.  

Carapace The carapace (a shield extending from the head region and enveloping a smaller or 

larger part of the body) is a characteristic feature of many crustaceans. The carapace usually 

encloses the entire trunk including limbs and gills. In many decapods, the carapace projects 

forward to form a rostrum, a sharply pointed tooth. The carapace is absent in some species, 

e.g. isopods and amphipods. 

Appendages Crustaceans display a dazzling array of limb morphologies. Crustaceans are 

known to have biramous appendages. A biramous appendage has a basal protopodite bearing 

two branches; an inner endopodite and an outer exopodite. Additonal, lobes endites and exites 

may be found on the inner and outer margins of the protopodite respectively.  

Appendages found on crustaceans from anterior to posterior region include: 

- Antennules (Head, 1st antennae, sensory) 

- Antennae (Head, 2nd antennae, sensory) 

- Mandibles (Head, jaw, crushing or grinding) 

- Maxillae (Head, two pairs of accessory jaw; chewing and shredding) 

- Maxillipedes (Thorax, manipulating food items) 

- Peroopods (Thorax, walking and clinging) 

- Pleopods (Abdomen; respiration, swimming, holding offspring) 

- A tail fan (uropod+telson, last abdominal segment; for protection and escape) 

Trunk appendages may be similar or differentiated in different species. 

Exoskeleton (integument or cuticle). The cuticle is the outer covering which protects the bod 

and provides attachment sites for muscles. This cuticle consists of four layers: the epi-, exo-, 

and endocuticles, which are mineralized with calcium carbonate, and the inner membranous 

layer. The inner three layers are formed from chitin-protein fibrils arranged in parallel 

lamellae that have a constantly changing orientation from layer to layer. The exoskeleton is 

thus a composite structure with remarkable biomechanical resistance to fracture propagation.  

The cuticle plays an important role in many aspects of crustacean biology, since it is the 

interface to the surrounding world. 

Sense organs. The most conspicuous sense organs in cruataceans are the compound eyes. 

Single median eyes are also present in some crustaceans. Various sensory setae or hair-like 

processes that project from the surface of the exoskeleton serve as tactile hiars, detecting 

contact and movement when the setae is deflected. Chemoreceptive setae detecting a wide 

range of chemical substances are abundant on the antennules and mouthparts. 
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Statocysts or paired organs located at the base of antennules in decapods enable crustaceans to 

orient itself with respect to gravity. The statocyst work in association with setae. 

Sexual dimorphism and life cycle Crustaceans are usually dioeceous, though some are 

hermaphrodites (Barnacles).  

- The males of some species are usually very small that they are difficult to find on the 

much larger female. 

- In decapods, the males are larger than the females, and may have larger pincers. 

- Males posses clasping organs which they use to hold the female during mating. 

- Male appendages are usually modified to ais in sperm transfer.  

The crustacean larva the emerges (hatches) from the egg is called a nauplius and has the 

following characteristics: 

- Unsegmented body 

- Three pairs of appendages (antennules, antennae and mandibles) 

- A single simple ‘nauplier’ eye. 

Nauplius larvae occurs at some stage of the development of all crustaceans; either within the 

egg or as a free-swimming larva. The young may pass through a number of other stages: the 

zoea of crabs (which may be heavily ornamented with spines), the cypris of barnacles.  

The crap zoea eventually changes into a megalop which resembles a small crab with its tail 

extended behind it. Some crayfish give birth to live young that cling to their mother’s back, 

looking like small adults. The barnacles are the only hermaphroditic class. In the 

parthenogenic water-fleas reproduction normally occurs without fertilisation as males are only 

produced sporadically. 

Ecology Crustaceans play a role in the aquatic ecosystem. Planktonic forms craze on 

microscopic plants floating in the sea and are in turn eaten by fishes. Benthic forms are food 

for fishes. 

- Some crustaceans are parasitic, parasitizing other aquatic animals. 

- Fresh water crustaceans serve as intermediate hosts for the lung fluke, Paragonimus, 

in the phylum Platyhelminthes.  

Respiratory system  

- Small crustaceans such as copepods do not have special respiratory organs. 

Respiration is through the integument. 

- Gills are present in larger crustaceans for breathing in water. Gills are usually 

modifications of parts of the appendages, usually the epipodites. They are usually thin-

walled lamellate structures. 

- In certain land crabs, branchial chambers are enlarged and serve as lungs as an 

adaption to aerial breathing.  

 

Excretory Organ  
It is also known as the antennal gland or maxillary gland. In some species, the organs are also 

called green gland or antennal gland because of their colour and location (e.g., Astacus). In 

some freshwater crustacean species, the organs are situated near the maxillary segments and 

are called maxillary glands. 

It is found in Malacostraca (excepting Isopods) and larval forms of all Crustaceans. The green 

gland is located in the proximal segment of the second antenna or adjoining regions of the 

head. Each gland has three parts—end sac, labyrinth and bladder. The labyrinth is the proper 

excretory gland. 

 

Classification and characteristics of some major crustacean groups 
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Of the ten classes of Crustacea, four Classes will be illustrated in class 

 

Class Malacostraca 

 Order: Decapoda 

  Swimming shrimps and prawns 

  Crawling crayfish and lobsters 

  True crabs or branchuirans 

 Order Amphipoda 

 Order Isopoda 

Class Cirripedia 

Class Copepoda 

Class Branchiura 

 

Class Malacostraca 
The Malacostraca are the largest group (class) of crustaceans with more than 25,000 species. 

They include the Decapods (crabs, lobsters, and shrimp), the Amphipods (sandhoppers) and 

the Isopods which are found on land (woodlice). 

 

Their major structural features are: 

 

- A head with 5 segments; a thorax with 8 segments and an abdomen with usually 6 

segments; 

- The head has 5 segments, with a pair of antennules and a pair of antennae, as well as 3 

mouthparts, comprising the mandibles, the maxillula and the maxilla; 

- The cephalothorax is covered by a hard exoskeleton (carapace) by the fusion of 3 

segments; 

- They usually have 8 pairs of thoracic legs, of which the first pair or several pairs are 

often modified into feeding appendages called maxillipeds. The first pair of legs 

behind the maxillipeds is often modified into pincers; 

- The abdomen has 6 segments. \abdominal appendages are called pleopods and are 

usually used for swimming; 

- Genital openings are on the sixth segment for the female and on the eighth segment for 

the male; 

- They have compound eyes which may be mounted on stalks or not; 

- They have a two-chambered stomach and internal gills; 

- They have a centralized nervous system with a large brain and ventral nerve cord 

 

Many malacostracans are carnivores and are active hunters with thoracic appendages 

modified for spearing or catching and crushing prey. Many others are parasites or scavengers 

and there are also many herbivores as well as filter-feeders. 

 

Order Decapoda: Decapods or Decapoda (the name means "ten footed") are a group (order) 

of crustaceans in the class Malacostraca They include crayfish, crabs, hermit crabs, lobsters, 

prawns and shrimp. It is estimated that there are about 15,000 species of Decapods. Nearly 

half of these species are crabs, with around 3000 species of shrimps and 2500 species of 

Anomura (including hermit crabs, porcelain crabs, squat lobsters). 

 

- In decapod malacostracans, the first 3 thoracic segments are fused with the 5 head 

segments in a tagma called a cephalothorax.  
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- The cephalothorax is covered by an unsegmented fold of the exoskeleton called the 

carapace; dorsally, the carapace is fused to all of the thoracic segments. The carapace 

encloses a branchial chamber into which the gills hang.  

- All Decapods have 10 legs. These are the five pairs of thoracic appendages on the last 

five thoracic segments. These five pairs of walking legs give the group the name 

Decapoda.The first three pairs function as mouthparts and are called maxillipeds, the 

remainder being walking legs.  

- In many Decapods, the first pair of thoracic walking legs is often enlarged and 

modified into a cheliped (enlarged pincers). 

- Further appendages are found on the abdomen, with each segment capable of carrying 

a pair of swimming legs 

- The last pair form part of the tail fan, and together with the telson and are 

called uropods. 

- The major taxa within the Decapoda are the Anomura, hermit crabs and others, and 

the Brachyura, the so-called true crabs.  

- Decapods as food 

- Prawns, lobsters, crabs (including Blue Swimmer and Mud Crabs), crayfish, Balmain 

and Moreton Bay bugs, shrimp and scampi are all popular seafoods and fishing for 

these and other marine species is important to the economy. Crustaceans should be 

placed in a freezer for at least 15 minutes to to allow them to be cooked humanely. 

They are usually cooked by boiling or steaming quickly. 

 

Anomurans can be distinguished from brachyurans by counting the number of thoracic 

walking legs: although they are still considered decapods, anomuran crabs have only 4 pairs 

of walking legs (the 5th pair is vestigial).  

Hermits comprise most of the anomurans. Hermit crabs inhabit the abandoned shells of 

gastropods, and their abdomen has been modified to curl around the columella of the shell. As 

the crab grows, it must periodically find a larger snail shell.  

 

Decapods- True Crabs  

True crabs, are decapod crustaceans and belong to a group called the Brachyura. They are 

highly adapted to a benthic walking lifestyle.  

- They are dorsoventrally flattened and compressed along the anterior-posterior axis, 

resulting in a body that is often wider than it is long.  

- The abdomen is reduced and recurved under the cephalothorax, and cannot be seen 

unless you hold the crab upside down. 

- The carapace protects the internal organs of the head, thorax and gills.  

- The eyes are on the ends of short stalks and the mouthparts are a series of pairs of 

short legs, specialised to manipulate and chew food. 

- Female crabs use their pleopods to hold onto embryos and early stage larvae, and have 

a much broader abdomen than males. This sexual dimorphism makes it easy to sex 

crabs.  

- In male brachyurans, the pleopods are reduced to two anterior pairs used for 

copulation.  

- Brachyurans can scuttle sideways very quickly, but walk forward only slowly.  

- The first pair of thoracic walking legs is modified into a large cheliped and is not 

usually used in locomotion. Chelipeds are used in feeding and defense, and may be 

quite large.  
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- The heavy claws and overall robust nature of the brachyuran body contribute to the 

success of these crabs in the benthos; with a few exceptions, adult brachyurans do not 

swim. 

Orders Amphipoda and Isopoda 

The orders the Isopoda and the Amphipoda belong to the Superorder Peracarida. The 

peracarids "pouch shrimps" are usually smaller than decapods and includes many of the more 

familiar shrimplike animals. The major peracarid characteristic is a ventral marsupium, or 

brood pouch on the thorax of females. The female carries her fertilized eggs in the marsupium 

until they hatch as post-larvae. Although there are many orders of peracarids, we will 

concentrate on two of the most easily available 

 

Animals in these orders can be distinguished visually by the general form of the body:  

- Amphipods are laterally flattened and isopods are dorso-ventrally flattened.  

- Amphipods also have some morphological and functional differentiation among 

appendages, while isopods' legs are generally all the same. 

 

Order Amphipoda 

- Amphipods are crustaceans without a carapace, and their body is flattened laterally 

(from side to side). 

- They are found in all aquatic environment, and also include terrestrial animals living 

in damp. 

- The body is divided into thirteen segments which can be grouped into a head and 

thorax (fused together), and an abdomen. 

- The cephalothorax has two pairs of antennae, one pair of compound eyes that are not 

stalked (sessile) opposed to the stalked eyes of crabs and shrimps, and mouthparts. 

- They have walking legs, where the first and second pairs have pincers or claws with 

the last 3 pairs pointing backwards. 

- Some thoracic appendages bear gills at their bases and there is an exoskeleton that 

extends over the tops of the thoracic legs and covers the gills. 

- Mature females have a brood pouch which holds her eggs while they are fertilized 

until the young are ready to hatch. 

- There are no larval stages; eggs hatch directly into a juvenile form that usually become 

adults in six moults 

- Abdominal appendages are of two distinct morphological forms 

Amphipods are very abundant in harbors, and any handful of algae collected from a floating 

dock will contain hundreds of them. They are highly adapted to clinging to algae and other 

encrusting organisms and can quickly move away from grasping forceps with an inchworm-

like motion. It's not always easy to catch up to them. 

 

Order Isopoda 

- Isopods are widely distributed in the sea, and are also found in freshwater habitats. 

- Incidentally, isopods are the most successful terrestrial crustaceans, found in forest 

duff, domestic gardens, and inside homes. "Pillbugs" are isopods 

- Compared to amphipods, isopods have generally undifferentiated bodies.  

- There are 7 pairs of walking legs, more or less the same. Terrestrial forms in particular 

use their walking legs for walking. The marine forms tend to use their legs for clinging 

to algae. 

- A carapace is absent, only the first thoracic segment is fused into head. 

- Eyes are either without stalk or they are carried on small immovable processes. 
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- Body is dorsoventrally flattened. 

- Antennule is small and rudimentary. 

- First pair of thoracic appendages is modified as maxillipeds, while the others are alike. 

The wood boring isopods, Limnoria lignorum, make deep funnels in wooden harbour for 

sheltering their teeming animals. They can also damage the submarine cables. 

The Maxillopods 

The Maxillopods are a group of crustaceans which includes Barnacles, Copepods, Branchiura 

(fish lice) and other animals. They are generally small animals with short bodies, with the 

abdomen reduced in size, and usually without appendages.  

Apart from barnacles, which use their legs for filter feeding, most maxillopods feed with their 

maxillae (paired mouthparts located behind the mandibles usually used for swallowing). Their 

body is made up of 5 head segments, 6 thoracic segments and 4 abdominal segments (which 

usually do not have appendages), followed by a telson (tail). Some classes under this group 

are discussed below.  

Class Cirripedia 
Cirripedes are the sessile, filter-feeding crustaceans more commonly known as barnacles. 

They are highly modified for their unusual lifestyle, inhabiting a calcareous shell consisting of 

several plates, that is permanently glued to a surface.  

Characteristics: 

- All are marine, usually found in shallow and tidal waters 

- Adults are sedentary, they live permanently fixed to hard surfaces including rocks, 

hulls, other marine animals, molluscs, turtles, whales, etc.  

- They attach themselves to hard surfaces with cement produced by glands in the first 

pair of antennae. The live attached by their forehead upside down. 

- Adults live in shells usually made of six plates. Inside the shell, the animal lies on its 

back, with its appendages pointing upwards.  

- Their body is poorly segmented, and evenly divided between the head and thorax. The 

adults only have a single, poorly developed, pair of antennae attached to the cement 

gland. 

- Their main sense is touch, with the hairs on the limbs being especially sensitive. The 

adult also has a single eye to detect light and dark. 

- There are six pairs of biramous filamentous (feather-like) appendages present on the 

thorax used for feeding. They rhythmically beat their six pairs modified legs (cirri) 

and pull plankton and decayed organic materials into the shell and to the mouth. 

- An abdomen is almost absent, with only a pair of caudal style. 

- Adults live in shells usually made up of calcareous plates. These plates protect against 

predators and prevents barnacles from drying as they may live in harsh intertidal 

waters 

- Adults are without eyes and antennae. 

- They are usually hermaphrodite. 

- The young passes through nauplius and cypris stages. 
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Parasitic barnacles have a much simpler anatomy than the free-living species, with no shell or 

appendages and an unsegmented sac-like body. They feed by extending thread-like stalks of 

living cells into the host's body from where they are attached. 

Barnacles are responsible for significant biofouling; the attachment of organisms to a surface 

in contact with water for a period of time. It occurs in various industries, from offshore oil and 

gas industries to fishing equipment and cooling systems. Attachment to the hull of a ship can 

increase a ship's fuel consumption by up to 30% and also maintenance costs. 

Class: Copepods 

Copepods are small crustaceans found in the sea, nearly every freshwater habitat and even wet 

habitats on land like swamps, under leaves in wet forests, springs and puddles. Many species 

live on the sea floor whilst others are free swimming. 

Copepods (and krill) are thought to make up the largest biomass of any known species on the 

Earth. Copepods living as part of the plankton are very important to global ecology and the 

operation of the carbon cycle. In most marine food webs they are the most commonly 

occuring organisms and are eaten by a wide range of animals ranging from small fish, whales, 

seabirds to other crustaceans such as krill. The smaller Copepods are herbivores eating 

Phytoplanton, larger ones are carnivores. 

Almost half of the about 14,000 species of Copepods are external parasites living on fish, 

sharks, marine mammals, and many kinds of invertebrates such as molluscs, tunicates, or 

corals and, in freshwater, fish or invertebrates in fresh water. 

Charateristics: 

- They are mostly small crustaceans, between 1-2mm long with a tear drop shaped 

body. They have well-marked segments on the body. 

- They have two pairs of antennae. The second pair is large and may be used for 

swimming. 

- They have armored exoskeleton which is almost totally transparent 

- They have one eye (a single median nauplius eye) which is usually red located in the 

centre of the head. Paired compound eyes absent. 

- The trunk is composed of a thorax bearing 5 pairs of biramous appendages used for 

swimming. The first pair of thoracic appendages are modified for feeding. Planktonic 

copepods feed near the surface at night, then sink into deeper water during the day to 

avoid being seen by predators. 

- The abdomen is without appendages. There is the presence of a pair of caudal styles. 

- Because of their small size, copepods do not need a heart, circulatory system or gills. 

They absorb oxygen directly into their bodies by diffusion.  

- Males transfer sperm to the female’s genital opening using the first pair of thoracic 

appendages.  

- The eggs are either released into the water or carried in a sac attached to female's 

body. There are two larval stages and many moults before a mature adult emerges. 

Examples: Cyclops, Ergasilus, Eucyclops. 

Class Branchiura (fish lice) There are approximately 130 known species: 
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Almost all Branchiura are external parasites on fish, a few on amphibians, feeding on the 

mucus, tissues and blood of host marine fish. There are about 350 species of Branchiura. They 

have flat, oval bodies, almost completely covered by a wide carapace. They have large 

compound eyes, and the mouthparts and the first pair of antennae are modified to form a 

hooked, spiny feeding tube covered with suckers. They attach themselves behind the fish's gill 

cover (operculum). When they change host, they swim using two pairs of thoracic 

appendages. 

Characteristics: 

- These are fish ectoparasites. 

- They have dorsoventrally flattened body with suctorial mouth. 

- Broad shield-like carapace covers the cephalothorax. 

- The abdomen is small, unsegmented and bilobed. 

- They have sessile compound eyes. 

- Flagella are present in the appendages of some body segments. 

- There are 5 pairs thoracic appendages. 

- The fifth body segment bears the genital apertures. 

- Males have two testes but females possess a single ovary. 

- They are commonly called fish lice. 

Sea lice cause damage to the fishes' tissues at their site of attachment. This can decrease a 

fishes' immune responses and make them more likely to other diseases and reduces their 

growth. 

SUBPHYLUM UNIRAMIA 

Five classes of related arthropods are believed to have a common origin distinct from the 

chelicerates and crustaceans. These five groups are collectively called Uniramians due to their 

apparently unbranched appendages. The first four Classes are also known collectively as 

myriapods. The most distinct uniramian characteristic is a single pair of antennae. Their 

mouth parts include a pair of unjointed mandibles, which are unlike the jointed mandibles of 

crustaceans. 

- Class Chilopoda, the centipedes (2500 species) 

- Class Diplopoda, the millipedes (7500 species) 

- Class Symphyla (120 species) 

- Class Pauropoda (380 species) 

- Class Insecta the insects (one million species) 

Class Insecta (Hexapoda) 

 

Insect Morphology and Characteristics 

 

Insect 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. 

Uses: 

- Act as external armour 
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- Provides space for muscle attachment 

- Prevents water loss 

 

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

the following processes. 

Prevention of water loss: 

I. Lipids and polyphenols present in the Epicuticle acts as water proofing. 

II. Wax layer with closely packed wax molecules prevents escape of water. 

III. Spiracles are closed to prevent water loss. 

IV. In the egg stage shell development prevents water loss and desiccation of inner 

embryos. 

Conservation of water by insects 

i. Capable of utilizing metabolic water 

ii. Rectal resorption of water from faeces 

iii. Terrestrial insects use less quantity of water to remove the nitrogenous waste 

(Uric acid) which is water insoluble. 

 

Structure and functions of insect cuticle and moulting 

 

Exoskeleton Insect body wall is called as integument, exoskeleton or cuticle. 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. The exoskeleton 

consists of an inner cellular layer (epidermis) and an outer non cellular part (cuticle). 

 

Epidermis 

The epidermis is an inner unicellular layer resting on basement membrane with the following 

function: 

i. Cuticle secretion 

ii. Digestion and absorption of old cuticle 

iii. Wound repairing 

iv. Gives surface look 

 

The cuticle It is an outer non cellular layer comprising of three sub layers. 

 

- Endocuticle Compared to others it is the inner and thickest layer. This layer is made 

up of Chitin and arthropodin. This layer is colourless, soft and flexible. 

- Exocuticle Outer layer, much thicker with the composition of Chitin and sclerotin. 

This layer is dark in colour and rigid. 

- Epicuticle: Outer most layer which is very thin. Pore canals present in the exocuticle 

helps in the deposition of epicuticle. This layer is differentiated into the following 

layers. 

a) Inner epicuticle: It contains wax filaments 

b) Outer epicuticle: It makes the contact with cuticulin 

c) Cuticulin: Non chitinous polymerised lipoprotein layer. 

d) Wax layer: It contains closely packed wax molecules which prevents 

desiccation. 
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e) Cement layer: Outer most layer formed by lipid and tanned protein. It protects 

wax layer 

 

Composition of cuticle 

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

polymer of Nacetyl glucosamine. It is water insoluble but soluble in dilute acids, 

alkalies and organic solvents. 

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

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

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

wing articulatory sclerites. 

 

Functions of the exoskeleton 

i. Acts as external armour and strengthen external organs like jaws and ovipositor 

ii. Protects the organs against physical abrration, injurious chemicals, parasites, predators 

and pathogen. 

iii. Internally protects the vital organs, foregut, hindgut and trachea. 

iv. Provides space for muscle attachment and gives shape to the body. 

v. Prevents water loss from the body. 

vi. Cuticular sensory organs helps in sensing the environment. 

vii. Cuticular pigments give colour. 

 

The insect body is differentiated into three distinct regions; head, thorax and abdomen. The 

grouping of body segments into distinct regions is known as tagmosis and the body regions 

are called as tagmata.  

 

Head  

In most insects, the head capsule is a sturdy compartment that houses the brain, a mouth 

opening, mouthparts used for ingestion of food, and major sense organs (including antennae, 

compound eyes, and ocelli).  Embryological evidence suggests that the first six body 

segments (three pre-oral and three post-oral) of a primitive worm-like ancestor may have 

fused to form the head capsule of most present-day insects. 

The head is First anterior tagma attached or articulated to the thorax through a neck or cervix. 

The head capsule is sclerotized and (excluding appendages) formed by the fusion of several 

sclerites is known as cranium. 

 

Sclerites of Head 

i. Vertex: top of the head between compound eyes.  

ii. Frons: the front of the head area below the vertex and above clypeus.  

iii. Clypeus: a plate below the frons to which labrum is attached.  

v) Gena: the sides (cheeks) behind the compound eyes.  

 

Insect head types 

Based on the inclination of long axis of the head and orientation of mouth parts there are three 

types of insect heads. 

i. Hypognathous (Hypo – below; gnathous – jaw)  
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The long axis of the head is vertical. It is at right angles to the long axis of the body. Mouth 

parts are ventrally placed. Mouthparts are directed ventrally and project downwards. Primitive 

condition in Insecta, e.g. Orthoptera 

ii. Prognathous (Pro- infront ; gnathous – jaw)  

The long axis of the head is horizontal. It is in line with the long axis of the body. Mouthparts 

directed forward (coleopterans (beetles), termite soldiers and ants). 

iii. Opisthognathous. (Opistho – behind; gnathous – jaw)  

The head is deflexed. Mouthparts are directed backward and held in between the forelegs. 

Common in hemipteroid (bugs) orders with sucking mouthparts. 

 

Functions of Head  

i. Food ingestion  

ii. Sensory perception  

iii. Coordination of bodily activities  

iv. Protection of the coordinating centers 

 

Insect Mouthparts 

Just as insects take on many different forms, they also possess a variety of different mouth 

types, each of which can be grouped under one of two main categories: chewing 

(mandibulate) and sucking (haustellate). 

 

Mandibulate mouthparts, are believed to be the most primitive. In all “primitive” insects, the 

mouthparts are adapted for grinding, chewing, pinching, or crushing bits of solid food.  These 

are known as “mandibulate” mouthparts because they feature prominent chewing mandibles. 

All others, including those categorized as haustellate, are presumed to have evolved as 

modifications of this basic type. Examples of insects with basic mandibulate mouthparts 

include grasshoppers, cockroaches, and ground beetles. Immature stages of many 

holometabolous insects (like beetle larvae and lepidopteran caterpillars also have mandibulate 

mouthparts. 

 

Haustellate Some of today’s more “advanced” insects have mouthparts that have become 

adapted for ingesting liquid food.  These are collectively known as “haustellate” mouthparts 

(derived from the Latin verb “haustor” meaning to draw up or suck).  They function in various 

ways:  probing/sipping, sponging/lapping, piercing/sucking, etc. But regardless of how they 

work, they are still constructed from the same five building blocks found in mandibulate 

mouthparts:  labrum, mandibles, maxillae, hypopharynx, and labium. Through natural 

selection and adaptive radiation, these parts have sometimes undergone radical changes in 

shape and function but they still occupy similar positions relative to each other (i.e. the 

labrum is always in the front and the labium is always in the back).  Examples of insects with 

haustellate mouthparts include true bugs, aphids (and their relatives), butterflies and moths, 

fleas, mosquitoes and many other types of flies. 

 

Haustellate mouthparts can be broken down into two subgroups: those that possess stylets and 

those that do not. Stylets are needle-like projections used to penetrate plant and animal tissue. 

Examples of insects with stylets include Hemiptera (true bugs), Diptera (flies), and 

Siphonaptera (fleas). Some haustellate mouthparts lack stylets. Unable to pierce tissues, these 

insects must rely on easily accessible food sources such as nectar at the base of a flower.  
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Example of haustellate mouthparts: 

 

Siphoning mouthparts 

Siphoning mouthparts lack stylets and are used to suck liquids. Examples: Butterflies, moths 

and skippers (order Lepidoptera), bees (order Hymenoptera). 

Sponging mouthparts 

Sponging mouthparts are used to sponge and suck liquids. Examples: House flies and blow 

flies (order Diptera). 

 

Generalized insect mouthpart consists of 5 basic structures. Moving from anterior to posterior 

these structures are:  

- the labrum  

- the paired mandibles  

- the paired maxillae 

- and the labium  

The hypopharynx is located medially to the mandibles and the maxillae. 

 

The Labrum 

The labrum is the anterior-most mouthpart (the upper lip). It forms a broad lobe suspended 

from the clypeus and protects the more delicate mouthparts behind it. The inner surface is 

frequently membranous and may be produced into a median lobe called the epipharynx. The 

epipharynx is covered with chemoreceptors and mechanoreceptors used in food selection. 

Muscles attached to the labrum move it outward, away from the other mouthparts and inward 

toward the other mouthparts during feeding. Some limited lateral movement is also possible. 

 

The Mandibles 

Mandibles are a pair of jaws for crushing or grinding the food.  They operate from side to 

side, not up and down. The mandibles are used to capture food and break it up into smaller 

pieces. Size and shape of the incisors and molar cusps vary with diet.  

 

The Maxillae 

The maxillae (single maxilla) are positioned laterally behind the mandibles. They are held 

in place by a single point of articulation with the head capsule and membranous connections 

that allow freedom of movement. The Maxillae are paired appendages with the following 

parts: 

Cardo- basal sclerite that articulates with the head capsule 

Stipes- medial sclerite that supports a sensory palp 

Galea and Lacinia — distal sclerites that act as fork and spoon to manipulate the food 

 

More laterally on the stipes is a jointed leglike palpus (maxillary palp). 

The whole maxilla, move food particles backwards into the preoral cavity. The maxillary 

palps are sensory organs used to test the quality of the food. In addition to its role in directing 

food into the mouth, the galea is used to clean the palps, antennae and forelegs. 

 

The Labium: The labium is the posterior-most mouthpart and is derived from the fusion of 

two maxillae-like appendages. It forms the protective “lower lip” to the mouth. 
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A pair of palps also arise laterally from this most distally located segment. These labial palps 

typically act as sensory organs similar to the maxillary palps. In some larval odonates these 

palps are modified into raptorial appendages to capture prey. 

 

The Hypopharynx: The hypopharynx is located medially to the mandibles and the maxillae. 

It is behind the preoral cavity and in front of the labium. The hypopharynx is mostly 

membranous and closely associated with the salivary glands and/or salivary ducts. The 

hypopharynx functions as a tongue, moving food around in the preoral cavity. This is 

accomplished by muscle attachments that moves it back and forth. 

 

Insect Antennae: The antennae are a pair of sense organs located near the front of an insect's 

head capsule.  Although commonly called "feelers", the antennae are much more than just 

tactile receptors.  They are usually covered with tiny hairs known as sensilla. olfactory 

receptors that can detect odor molecules in the air (the sense of smell).  Many insects also use 

their antennae as humidity sensors, to detect changes in the concentration of water 

vapor.  Mosquitoes detect sounds with their antennae, and many flies use theirs to gauge air 

speed while they are in flight. 

 

Insects taste, smell, touch and communicate in part through antennae, thus allowing them to 

gather information about food sources, potential mates (pheromones), enemies, dangerous 

substances (e. g. a poisonous plant), nesting places and migratory routes (as in the case of the 

monarch butterfly). Other organs, such as legs, palpi and even the ovipositor (organ for laying 

eggs) sometimes have sensorial cells. 

Inside and in the base of sensilla there are sensorial neurons connected to the insect’s brain; 

specifically, a brain region known as deutocerebrum. In chemoreceptorial sensilla, molecules 

bind with specific receptors that send nervous signals to the antennal lobe through the 

sensorial neurons. This lobe is somewhat like the olfactory bulb found in vertebrates. 

In general, the antennae might be used to detect odors and tastes, wind speed and direction, 

heat and moisture, and even touch. A few insects have auditory organs on their antennae, so 

they're involved in hearing. In some insects, the antennae may even serve a non-sensory 

function, such as grasping prey, flight stability, or courtship rituals. 

 

Morphology of insect antennae: Antennae vary greatly among insects, but all follow a basic 

plan: they are divided into three basic parts: 

i) Scape: This is the basal segment that articulates with the insect’s head and the only one that 

has and own sets of muscles. The scape is mounted in a socket called torulus. 

ii) Pedicel: The second antennal segment or the one that comes just after the scape is the 

pesicel. This segment has a relevant role since it contains the Johnston’s organ, which is a 

collection of sensory cells. This organ is absent in non-insect hexapods (springtails, 

diplurans). 

iii) Flagellum: The rest of antennal segments that form the antennae is the flagellum, which 

are composed of individually segments known as. These flagellomeres are connected by thin 

membranes that allow them to move as a whole despite not having muscles. 

 

Types of Insect antennae (Modifications of insect antennae) 

 From this basic pattern (scape + pedicel + flagellum), each group has developed numerous 

antennal models based on their lifestyle: 
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Aristate: These are very reduced antennae with a pouch-like shape and a small bristle that 

emerges from its third modified segment. Example: a very extended model among flies 

(Diptera). 

Capitate: Capitate antennae have a club or knob at their ends. Example: usually found in 

butterflies (Lepidoptera) and in some beetles (Coleoptera). 

Clavate: Unlike the capitate ones, clavate antennae get progressively thicker in their ends. 

Example: moths (Lepidoptera), carrion beetles (Silphidae, Coleoptera). 

Filiform: This is the simplest model of antennae: long, thin and made of equally sized and 

shaped segments. Example: cockroaches (Blattodea), crickets and grasshoppers (Orthoptera), 

longhorn beetles (Cerambycidae, Coleoptera), bugs (Heteroptera). 

Flabellate: These are quite similar to pectinate and lamellate antennae (see below), but with 

thinner and flattener segments that make them to look like a folding paper fan; also, these thin 

projections occupy all the antenna, and not only the terminal segments as in lamellate 

antennae. This model is found in males of some insects, thus having a large surface for 

detecting pheromones. Example: beetles (Coleoptera), wasps (Hymenoptera) and moths 

(Lepidoptera). 

Geniculate: These are bent, almost like a knee joint. The first antennal segment (scape) is 

usually located before the joint. The rest of segments together are known as funicle. Example: 

some bees and wasps, especially in chalcid wasps (Hymenoptera), weevils (Curculionidae, 

Coleoptera). 

Lamellate: The terminal segments enlarge to one side in form of flat and nested projections, 

thus looking like a folding fan. Example: beetles of the family Scarabaeidae (Coleoptera). 

Moniliform: Unlike filiform antennae, the segments of moniliform antennae are more or less 

spherical and equally sized, thus giving these antennae a string of bead appearance. Example: 

termites (Isoptera), some beetles (Coleoptera). 

Pectinate: Segments have a lateral projection, so they look like combs. Example: sawflies 

(Symphyta, Hymenoptera), parasitoid wasps (Hymenoptera), some beetles (Coleoptera). 

Plumose: Plumose antennae look like feathers as their segments have numerous thin 

branches. Having a bigger antennal surface allows them to detect more suspended molecules, 

like pheromones. Example: mosquito (Diptera) and moth (Lepidoptera) males. 

Serrate: Each segment is angled or notched on one side, thus making these antennae to look 

like saws. Example: some beetles (Coleoptera). 

Setaceous: These antennae are bristle-shaped, being thinner and longer in their ends. They are 

quite similar to filiform antennae, but thinner. Example: mayflies (Ephemeroptera), 

dragonflies and damselflies (Odonata). 

Stylate: Similar to filiform antennae, but the terminal segments are pointed and slender, 

looking like a style. The style can either have bristles or not. Example: brachycerous flies 

(Diptera). 

 

Insect thorax: The second (middle) tagma of an insect's body is called the thorax. This region 

is almost exclusively adapted for locomotion- it contains three pairs of walking legs and, in 

many adult insects, one or two pairs of wings. Structurally, the thorax is composed of three 

body segments: prothorax, mesothorax, and metathorax. These segments are joined 

together rigidly to form a "box" that houses the musculature for the legs and wings. Each 

segment has a dorsal sclerite, the notum (pronotum, mesonotum, and metanotum) which may 

be further subdivided into an anterior scutum and a posterior scutellum. The ventral sclerite of 

each segment is the sternum (prosternum, mesosternum, and metasternum). The side of each 
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segment is called the pleuron. It is usually divided by a pleural suture into at least two 

sclerites: an anterior episternum and a posterior epimeron. 

 

Legs: Most insects have three pairs of walking legs- one pair on each thoracic segment. Each 

leg contains five structural components (segments) that articulate with one another by means 

of hinge joints: Coxa, Trochanter, Femur, Tibia and Tarsus. The term pretarsus refers to the 

terminal segment of the tarsus and any other structures attached to it, including: 

Ungues, a pair of claws 

Arolium, a lobe or adhesive pad between the claws 

Empodium, a large bristle (or lobe) between the claws 

Pulvilli, a pair of adhesive pads 

 

Leg adapations and Modifications 

Characteristic and Example(s) 

Cursorial, adapted for running- Ground beetles and Cockroaches 

Raptorial, adapted for catching and holding prey-Praying mantids 

Natatorial, adapted for swimming- Diving bugs and Water beetles 

Fossorial, adapted for digging in soil- Mole crickets 

Saltatorial, adapted for jumping- Grasshoppers 

 

Insect wings: 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). Ectoparasites like head louse, poultry 

louse and flea are secondarily wingless. Wings are deciduous 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. 

 

Their wings develop as evaginations of the exoskeleton during morphogenesis but they 

become fully functional only during the adult stage of an insect's life cycle. The wings may be 

membranous, parchment-like, heavily sclerotized, fringed with long hairs, or covered with 

scales. Most insects have two pairs of wings- one pair on the mesothorax and one pair on the 

metathorax (never on the prothorax).  

 

Wings serve not only as organs of flight, but also may be adapted variously as protective 

covers (Coleoptera and Dermaptera), thermal collectors (Lepidoptera), gyroscopic stabilizers 

(Diptera), sound producers (Orthoptera), or visual cues for species recognition and sexual 

contact (Lepidoptera). 

In most cases, a characteristic network of veins runs throughout the wing tissue. These veins 

are extensions of the body's circulatory system. They are filled with hemolymph and contain a 

tracheal tube and a nerve. In membranous wings, the veins provide strength and reinforcement 

during flight. Wing shape, texture, and venation (arrangement of veins) are quite distinctive 

among the insect taxa and therefore highly useful as aides for identification. 

 

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

 

Costa (C)- the leading edge of the wing 
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Sub-costa (Sc)- second longitudinal vein (behind the costa), typically unbranched 

Radius (R)- third longitudinal vein, one to five branches reach the wing margin 

Media (M)- fourth longitudinal vein, one to four branches reach the wing margin 

Cubitus (Cu)- fifth longitudinal vein, one to three branches reach the wing margin 

Anal veins (A1, A2, A3)- unbranched veins behind the cubitus 

 

Crossveins are small veins often found inter connecting the longitudinal veins. Names of 

crossveins are based on their position relative to longitudinal veins: 

c-sc crossveins that run between the costa and subcosta 

r crossveins that run bewteen adjacent branches of the radius 

r-m crossveins that run between the radius and media 

m-cu crossveins that run between the media and cubitus 

 

Insect wing modification 

1. Tegmina Tegmina (singular tegmen) are the leathery forewings of insects in the 

orders Orthoptera, Blattaria, and Mantodea. Like the elytra on beetles and the 

hemelytra on bugs, the tegmina help protect the delicate hind wings. Examples: 

Grasshoppers, crickets and katydids (order Orthoptera), Cockroaches (order Blattaria), 

Mantids (order Mantodea). 

2. Elytra Elytra (singular elytron) are the hardened, heavily sclerotized forewings of 

beetles and are modified to protect the hind wings when at rest. Examples: All beetles 

(order Coleoptera). 

3. Hemelytra A variation of the elytra is the hemelytra. The forewings of Hemipterans 

are said to be hemelytrous because they are hardened throughout the proximal two-

thirds, while the distal portion is membranous. Unlike elytra, hemelytra function 

primarily as flight wings. Examples: Bugs (order Hemiptera). 

4. Halteres Halteres are an extreme modification among the order Diptera (true flies), in 

which the hind wings are reduced to mere nubs used for balance and direction during 

flight. Examples: All flies (order Diptera). 

5. Membranous wings Membranous wings are thin and more or less transparent, but 

some are darkened. with scales. Examples: Dragonfiles and damselflies (order 

Odonata), lacewings (order Neuroptera), flies (order Diptera), bees and wasps (order 

Hymenoptera), termites (order Isoptera). 

6. Scales Some insect wings are covered. Scales make the wings colorful. Examples: 

Butterflies, moths and skippers (order Lepidoptera), caddisflies (order Trichoptera). 

 

Insect Abdomen: An insect's abdomen is the third functional region (tagma) of its body 

located just behind the thorax. In most insects, the junction between the thorax and the 

abdomen is broad, but in some groups, the junction is very narrow (petiolate) giving the 

appearance of a "wasp-waist". 

Most primitive insects have eleven (11) segments (e.g. silverfish and mayflies) but natural 

selection in more advanced (or specialized) groups has contributed to a reduction in the 

number of segments -- sometimes to as few as six or seven (e.g. beetles and flies). 

In many adult insects, there is a spiracle (opening to the respiratory system) on each side of 

the first eight abdominal segments. The anus (rear opening of the digestive system) is 

situated at the very back of the abdomen. It is located between three protective sclerites 

(plates): a dorsal epiproct and a pair of lateral paraprocts. A pair of sensory organs, known as 
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the cerci, may be located near the anterior margin of the paraprocts. These structures are 

tactile (touch) receptors. 

The insect's genital opening lies just below the anus. In females, paired appendages of the 

eighth and ninth abdominal segment fit together to form an egg-laying mechanism called 

the ovipositor. Some of species of bees, ants and wasps that sting do so using a modified 

ovipositor. In males, the genital opening is usually enclosed in a tube-like aedeagus which is 

used to deliver sperm in to the female insect during reproduction (like a penis). The external 

genitalia may also include claspers, styli, etc. that facilitate mating or egg-laying.   The 

structure of these genital sclerites differs from species to species and also serves as a valuable 

identification tool for insect taxonomists.   

 

Insect life cycle: Most insects are oviparous (lay eggs), and each insect species produces eggs 

that are genetically unique and often physically distinctive as well. The egg could be 

spherical, ovate, conical, sausage-shaped, barrel-shaped, or torpedo-shaped. Each egg is 

composed of only a single living cell; the female gamete.  

After fertilization, the insect undergoes a period of rapid growth and development known as 

embryogenesis, which is a developmental process that usually begins once the egg has been 

fertilized. It involves multiplication of cells (by mitosis) and their subsequent growth, 

movement, and differentiation into all the tissues and organs of a living insect. At the end of 

embryogenesis, the immature insect is fully formed and ready to hatch from the egg in a 

process called eclosion. The hatchling that emerges is called a first instar nymph or larva. As 

it grows, it will continue to develop and mature. These post-embryonic changes, that involve 

growth, molting, and maturation are known as morphogenesis.  

Metamorphosis is a biological process (both physiological and anatomical), by which 

animals develop after birth, until they reach adulthood. 

 

Types of metamorphosis in insects 

Only the Pterygota insects undergo a true metamorphosis, where they become winged insects 

and also reach sexual maturity. There exist two main types of metamorphosis: 

 

-  the hemimetabolous one (simple or incomplete) and  

- the holometabolous one (complex or complete). 

Hemimetabolous metamorphosis: In the simple, incomplete or hemimetabolous 

metamorphosis, young insects go through several successive molts until reaching adulthood. 

Just after hatching, the newborn is referred to as a nymph. This resembles a little to the adult 

ones but do not having wings nor sexual organs. The nymphal phases and the adults do not 

share food sources nor habitat, so they occupy different ecological niches. Most nymphs have 

aquatic habits and they go to live on land after reaching maturity (e.g. mayflies). 

 

The nymphs go through some successive molts to which wings are gradually formed and their 

organism becomes bigger. Finally, nymphs perform their last molt, after which the adult 

emerges: a winged organism that is able to breed. 

Insects that undergo incomplete metamorphosis are also called Exopterygota (from Latin 

exo- = “outside” + pteron = “wings”), because in these organisms the wings are progressively 

and visibly formed at the outside part of their body. 

 

Summarily: Egg  Nymph  Adult 
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Holometabolous Metamorphosis: This is considered the most radical metamorphosis in 

insects and also probably the most well-known transformation by all of us. The most famous 

example is the one performed by the butterflies and moths, but there are also more insects that 

are holometabolous, such as coleopterans (beetles), hymenopterans (bees, wasps and ants) 

and dipterans (flies and mosquitoes). 

In the complex, complete or holometabolous metamorphosis, insects are born as larvae, that 

is, a premature stage that doesn’t resemble anatomically nor physiologically to the adult. In 

addition, they don’t share feed sources nor habitat, as it is the case of hemimetabolous 

organisms. These these larvae go through successive molts until reaching the size enough to 

undergo the metamorphosis, when they perform their last molt. 

After their last larval stage, larvae enter in a stage of inactivity, where they stop feeding and 

remain motionless.This stage is known as pupal stage (when they become a pupa or a 

chrysalis in butterflies). At the end of this stage, larvae begin to resemble the adults due to the 

anatomical modifications that take place and also to the appearance of new organs and tissues. 

Once the transformation process ends, the organisms leave that motionless state and acquire 

their adult form that has wings and is totally mature. 

 

Summarily: Egg  larvae  pupa  Adult  

 

In contrast with hemimetabolous insects, the appearance of wings in holometabolous 

organisms takes place inside their body and become visible only at the end of the pupal stage. 

For this reason, they are also known as Endopterygota (from Latin endo-= “inside” + 

pteron=” wings”). 

 

Insect Larvae: Insect larvae could be grouped into one of five categories based on their 

physical appearance as follows:  

Eruciform larvae: (caterpillars). The body is cylindrical in shape, with a well-developed 

head capsule and very short antennae. Eruciform larvae have both thoracic (true) legs and 

abdominal prolegs and may be found in the following insect groups: Lepidoptera, Coleoptera 

and Hymenoptera. 

Scarabaeiform larvae are commonly called white grubs. These larvae will usually be curved 

or C-shaped, and sometimes hairy, with a well-developed head capsule. They bear thoracic 

legs, but lack abdominal prolegs. Grubs tend to be slow or sluggish. Scarabaeiform larvae are 

found in some families of Coleoptera (dung beetle) 

Campodeiform larvae (crawler) are usually predaceous and very active. Their bodies are 

elongate but slightly flattened, with well-developed legs, antennae, and cerci. The mouthparts 

face forward, and helpful when they are in pursuit of prey. Campodeiform larvae may be 

found in the following insect groups: Coleoptera (lady beetle). 

Elateriform larvae (wireworm) are shaped like worms, but with hard exoskeleton. They 

have short thoracic legs, and much reduced body bristles. Elateriform larvae are primarily 

found in Coleoptera (flour beetle). 

Vermiform larvae are maggot-like, with elongate fleshy bodies but no legs. No head 

capsules and no walking legs. Vermiform larvae may be found in the following insect groups: 

Diptera, Siphonaptera, Hymenoptera and Coleoptera.  
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Insect Pupae: Pupae can be grouped into one of three categories based on their physical 

appearance: 

Obtect Pupae: In obtect pupae, all developing appendages are fused or "glued" or bound to 

the body wall as the exoskeleton hardens. Many obtect pupae are enclosed within a cocoon 

called chrysalis. Obtect pupae occur in many of the Diptera order of insects. This includes 

midges, mosquitoes, crane flies, and other members of the suborder Nematocera and also in 

most Lepidoptera (butterflies) 

Exarate pupae: Exarate pupae are just the opposite of obtect pupae. Developing appendages 

are free and they are visible externally (they usually remain inactive). An exarate pupa usually 

lacks a cocoon, and looks like a pale, mummified adult (beetles and lacewings).  

Coarctate: Coarctate pupae are covered by a membrane called a puparium, which is actually 

the hardened cuticle of the final larval instar (stage of molting). Because these pupae have 

free appendages, they are also considered exarate in form. Coarctate pupae are found in many 

families of Diptera (suborder Brachycera). 

Tumbler: Pupa of mosquito is called tumbler. It is an object type of pupa. It is comma shaped 

with rudimentary appendages. Breathing trumpets are present in the cephalic end and anal 

paddles are present at the end of the abdomen. Abdomen is capable of jerky movements 

which are produced by the anal paddles. The pupa is very active. 

 

Pupal protection: In general, pupal stage lacks mobility. Hence, it is the most vulnerable 

stage. To get protection against adverse conditions and natural enemies, the pupa is enclosed 

in a protective cover called cocoon. Based on the nature and materials used for preparation of 

cocoons, there are several types. 

 

Classification of Class Hexapoda (Insecta) up to orders 

 

The class Insecta has two subclasses; Apterygota and Pterygota. 

 

Apterygota Pterygota 

Primarily wingless-evolved from 

wingless ancestors 

Winged or secondarily wingless- evolved 

from winged ancestors. e.g. Flea, head 

louse, bed bug. 

Metamorphosis is totally absent or 

slight. 

Present. 

Pregenital abdominal appendages 

present. 

Absent 

 

The subclass Apterygota has 4 orders namely 

1. Thysanura - Silverfish (Thysan-fringed, Ura-tail) 

2. Collembola- Springtail or snowflea (coll-glue; embol-peg) 

3. Protura - Proturans or Telsontail (Pro-first, Ura-tail) 

4. Diplura - Diplurans (Di-two; Ura-tail) 

 

The sub-class Pterygota has two division, namely Exopterygota and Endopterygota 

based on the wing development. 
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Character Exopterygota Endopterygota 

Wing development External Internal 

Type of metamorphosis Incomplete (Hemimetabola) 

or gradual (Paurametabola) 

Complete 

(Holometabola) 

Pupal stage Absent Present 

Immature stage Naiad or Nymph Larvae 

 

Examples of exopterygote Orders: 

- Ephemeroptera – Mayflies 

- Odonata-Dragonfly, Damselfly 

- Grilloblatodia - Rock crawlers 

- Orthoptera-Grasshopper, locust, cricket, mole cricket 

- Phasmida-stick insect, leaf insect 

- Dermaptera-Earwigs 

- Embioptera-Webspinners/Embids 

- Dictyoptera-cockroach, preying-mantis 

- Isoptera - Termites 

- Zoraptera - Zorapterans 

- Psocoptera - Book lice Group  

- Mallophaga - Bird lice 

- Anoplura (Siphonculata) - Head and body louse 

- Hemiptera – Bugs 

- 16. Thysanoptera – Thrips 

Endopterygota 

- Neuroptera-Antilions, aphidlion, owl flies, mantispid flies. 

- Mecoptera - Scorpionflies.  

- Lepidoptera - Butterflies and moths. 

- Trichoptera - Caddisfly. 

- Diptera - True fly. 

- Siphonaptera - Fleas. 

- Hymenoptera - Bees, wasps, ants. 

- Coleoptera - Beetles and weevils. 

- Strepsiptera - Stylopids. 

 

Characteristics of some orders of class Hexapoda 

Order Dictyoptera 

- Cockroaches are brown or black bodied animals that are included in class Insecta of 

Phylum Arthropoda. 

- They have long antenna, legs and flat extension of the upper body wall that conceals 

head. 

- They are pests because they destroy food and contaminate it with their smelly excreta 

and also transmit various types of bacterial diseases. 

Morphology of cockroaches 
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- The adults of the common species of cockroach, Periplaneta americana are about 34-

53 mm long with wings extend beyond the tip of the abdomen in males. 

- The body of the cockroach is segmented and divisible into three distinct regions – 

head, thorax and abdomen. 

- The entire body is covered by a hard chitinous exoskeleton. 

- In each segment, exoskeleton has hardened plates called sclerites joined to each other 

by arthrodial membrane. 

- Head is triangular in shape formed by the fusion of six segments, which bears a pair of 

compound eyes. 

- Antennae arise from membranous sockets lying in front of eyes and anterior end of the 

head bears appendages. 

- The mouthparts consisting of a labrum, a pair of mandibles, a pair of maxillae and a 

labium and a median flexible lobe, acting as tongue. 

- Thorax consists of three parts – prothorax, mesothorax and metathorax and the head is 

connected with thorax by a short extension of the prothorax known as the neck. 

- The first pair of wings arises from mesothorax and the second pair from metathorax. 

- Forewings called tegmina are opaque dark and leathery and cover the hind wings. 

- The abdomen in both males and females consists of 10 segments. 

- In females, the 7th sternum with the 8th and 9th sterna forms a brood or genital pouch 

whose anterior part contains female gonopore, spermathecal pores and collateral 

glands. 

- In males, genital pouch or chamber lies at the hind end of abdomen bounded dorsally 

by 9th and 10th terga and ventrally by the 9th sternum, which contains dorsal anus, 

ventral male genital pore and gonapophysis. 

- In both sexes, the 10th segment bears a pair of jointed filamentous structures called 

anal cerci. 

- Male bears a pair of anal style, absent in female. 

The cockroaches are mechanical disease transmitters because of their dirty living and feeding 

habits, as well destroy property in homes: (they can destroy book bindings and practically eat 

every human food including human waste). Their body parts (if inhaled as dust contact) 

produce allergy to some people. 

Orthoptera (Etymology: Ortho - straight; ptera-wing). Common names: Grasshoppers, 

Locust, Cricket, Mole cricket 

Characters 

- They are medium to large sized insects. 

- Antenna is filiform. 

- Mouthparts are mandibulate. 

- Prothorax is large. Pronotum is curved, ventrally covering the pleural region. 

- Hindlegs are saltatorial 

- Forewings are leathery, thickened and known as tegmina. They are capable of bending 

without breaking. 

- Hindwings are membranous with large anal area. They are folded by longitudinal 

pleats between veins and kept beneath the tegmina. 

- Cerci are short and unsegmented. 

- Ovipositor is well developed in female. 
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- Metamorphosis is gradual. In many Orthopterans the newly hatched frist instar 

nymphs are covered by loose cuticle and are called pronymphs. Wing pads of nymphs 

undergo reversal during development. 

- Specialized stridulatory (sound-producing) and auditory (hearing) organs are present. 

Most orthoptera are herbivorous, but some are carnivores (mantids). Some species are of 

economic importance e.g. grasshoppers have been pests of crops through out recorded history, 

especially in the temperate and arid regions of the world. Field crickets may damage seedlings 

in truck crops. 

Family Acrididae: (Locusts, Grasshoppers) 

- Antenna is short 

- Tarsus is three segmented 

- Ovipositor is short and horny 

- Tympanum is located one on either side of the first abdominal segment. 

- Sound is produced by femoro-alary mechanism. A row of peg like projections found 

on the inner side of each hind femur is rubbed against the hard, radial vein of the 

closed tegmen. 

- Locusts are a serious threat to tropical agriculture. They swarm under favourable 

conditions and mainly feed on grasses, cereals etc. 

 

Family Gryllidae (Cricket) 

- Antenna is long. 

- Tarsus is four segmented. 

- Ovipositor is slender and needle like. 

- Forewings are abruptly bent down to cover the sides of the body 

- Hindwings are acuminate. They are produced into a pair of long processes which 

project beyond the abdomen. 

- Cerci are long and unsegmented 

- Auditory organs and stridulatory organs are similar to long horned grasshopper. 

Auditory organs are found in foretibiae. In each foretibia a pair of tympanum is 

present. 

- The outer tympanum is larger than the inner. Males stridulate during night. They 

produce a shrill chirping noise. 

- Gryllus sp. It is household pest. 

 

Order Lepidoptera (Lepido - scale; ptera – wings). Common names: Moths, and Butterflies. 

 

Characters 

- Body, wings, appendages, are densely clothed with overlapping scales, which give 

colour, rigidity and strength. They insulate the body and smoothen air flow over the 

body. 

- Mouthparts in adults are of siphoning type. Mandibles are absent. The galeae of 

maxillae are greatly elongated and are held together by interlocking hooks and spines. 

The suctorial proboscis is coiled up like a watch spring and kept beneath the head 

when not in use. 
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- Wings are membranous and are covered with overlapping pigmented scales. 

Forewings are larger than hind wings. Cross veins are few. Wings are coupled by 

either frenate or amplexiform type of wing coupling. 

- Larvae are polypod-eruciform type. Mouthparts are adapted for chewing with strong 

mandibles. A group of lateral ocelli is found on either side of the head. The antenna is 

short and three segmented. There are three pairs of five segmented thoracic legs 

ending in claws. Two to five pairs of fleshy unsegmented prolegs are found in the 

abdomen. At the bottom of the proleg, crochets are present. 

- Pupa is generally obtect. It is either naked or enclosed in a cocoon made out of soil, 

frass, silk or larval hairs. 

They are of advantage in plant cross-pollination and some are silk producers (cocoon of the 

bombidae family = silk worm); nevertheless, their larvae are the greatest economical 

destructors. Examples of larvae of Lepidoptera which are known for their economical 

destruction include: the army worm, the cloth moth, plant worms 

 

Order Coleoptera  

Etymology: Coleo Sheath; ptera-wing 

Common names: Beetles, Weevils 

Characters 

- They are minute to large sized insects. 

- Antenna is usualy 11 segmented. 

- Mouthparts are chewing type. Mandibles are short with blunt teeth at the mesal face in 

phytophagous group. In predators the mandibles are long, sharply pointed with blade 

like inner ridge. In pollen feeders, teeth are absent and the mandibles are covered with 

stiff hairs. 

- Prothorax is large, distinct and mobile. 

- Mesothorax and metathorax are fused with the first abdominal segment. 

- Forewings are heavily sclerotised, veinless and hardened. They are called elytra. 

- Forewings do not overlap and meet mid-dorsally to form a mid-dorsal line. It is not 

used for flight. They serve as a pair of convex shields to cover the hindwings and 

delicate tergites of abdomen. 

- Hindwings are membranous with few veins and are useful in flight. At rest they are 

folded transversely and kept beneath the elytra. In some weevils and ground beetles 

the forewings are fused and hindwings are atrophied. 

- A small part of the mesothorax known as scutellum remains exposed as a little triangle 

between the bases of elytra. 

- Cerci and a distinct ovipositor are absent. 

- Metamorphosis is complete. Larva are often called grubs. 

- Pupae are usually exarate and rarely found in cocoons. 

Importance: It is the largest order. It includes predators, scavengers and many crop pests. 

They also damage stored products. Only a few species are of public health significance, 

feeding on stored products, clothing, furnishings and wood. 

 

Hymenoptera 

Etymology: Hymen - membrane; ptera - wings. 

Hymeno - god of marriage; ptera - wings, 

(Marriage on the wings; union of fore and hindwings by hamuli) 
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Common names: Ants, Bees, Wasps. 

 

Characters 

- Mouthparts are primarily adapted for chewing. Mandibles are very well developed. In 

bees both labium and maxillae are integrated to form the lapping tongue. 

- Thorax is modified for efficient flight. Pronotum is collar like. Mesothorax is 

enlarged. Metathorax is small. Both prothorax and metathorax are fused with 

mesothorax. 

- Wings are stiff and membranous. Forewings are larger than hindwings. Wing venation 

is reduced. Both forewings and hindwings are coupled by a row of hooklets (hamuli) 

present on the leading edge of the hindwing. 

- Abdomen is basally constricted. The first abdominal segment is called propodeum. It 

is fused with metathorax. The first pair of abdominal spiracles is located in the 

propodeum. The second segment is known as pedicel which connects the thorax and 

abdomen. Abdomen beyond the pedicel is called gaster or metasoma. 

- Ovipositor is always present in females. It is variously modified for oviposition or 

stinging or sawing or piercing plant tissue. 

- Metamorphosis is complete. Often the grub is apodous and eucephalous. Larva is 

rarely eruciform. Pupa is exarate and frequently enclosed in a silken cocoon secreted 

from labial glands. 

- Sex is determined by the fertilization of the eggs. Fertilized eggs develop into females 

and males are produced from unfertilized eggs. Males are haploid and females, 

diploid. 

Order Diptera  

Etymology: Di-two; ptera-wing 

Common names: True flies, Mosquitoes, Gnats, Midges, 

Characteristics: 

- They are small to medium sized, soft bodied insects. 

- The body regions are distinct; head, thorax and abdomen 

- They have a large and moveable head with often very large compound eyes and a pair 

of antennae 

- Head is often hemispherical and attached to the thorax by a slender neck. 

- The mouthparts are in form of a proboscis for sucking, piercing and sucking or 

sponge-like mouthparts (all adapted for a liquid diet) 

- All thoracic segments are fused together. The thoracic mass is largely made up of 

mesothorax. A small lobe of the mesonotum (scutellum) overhangs the base of the 

abdomen. 

- They have a single pair of wings. 

- Forewings are larger, membranous and used for flight. 

- Hindwings are highly reduced, knobbed at the end and are called halteres. They are 

rapidly vibrated during flight. They function as organs of equilibrium. Flies are the 

swiftest among all insects. 

- All Diptera go through a complete metamorphosis in their life cycle, developing from 

the egg through a number of larval stages to the pupa from which the adult emerges. 

Dipterans are important to humans for a variety of reasons, many flies are pests. In addition, 

many serve as either mechanical or biological vectors of infectious agents. 

Camertutos.com
By El Professor

Master En Chimie Computationnelle
Université de Dschang

Camertutos.com 
Télécharger tous vos cours, épreuves APC, sujets concours, bourses... 

Cam
er

tu
to

s.c
om

camertutos.com
camertutos.com
camertutos.com


44 
 

 

The Diptera are divided into 3 suborders: Nematocera, Brachycera, and Cyclorrhapha 

Suborder Nematocera 

These are mostly small, slender insects, including mosquitoes, midges, black flies, and moth 

flies (Psychodidae). They have slender, many-segmented antennae (6 to 39 segments) that are 

usually longer than the thorax, and with the segments beyond number 3 generally very small 

and often closely joined. The palpi have 4 or 5 segments, and are pendulous. The larvae have 

a distinct head, eyes, and true mandibles.  

Suborder Brachycera 

The members of this suborder are mostly medium to large, robust, and have large wings, such 

as the deer flies, horse flies, and snipe flies. The antennae are usually shorter than the thorax, 

and mostly 3-segmented, with the last segment elongate. When the arista is present, it is 

generally terminal. The palpi have 1 or 2 segments. The larvae often have an indistinct head 

invaginated into the thorax, and have mouth-hooks that work in a vertical direction.  

Suborder Cyclorrhapha 

These insects are variable in size, but are usually robust and have medium wings. The house 

fly, stable fly and flesh flies are well-known examples. Flies in this suborder have very short, 

3-segmented antennae, with the last segment greatly swollen and the arista dorsal.  

The Cyclorrhapha do not have mouthparts with a biting mechanism. Most species collect their 

liquid food via the "pseudotracheae" of the broad labellar disk, but in some species (stable 

flies, tsetse flies), the labium forms a piercing organ. 

Important Families include: 

 

Family Culicidae (Mosquitoes) 

The family Culicidae, belong to the order Diptera, the two-winged flies. The family is a large 

and abundant group which occurs throughout temperate and tropical regions of the world, and 

well beyond the Arctic Circle. The family Culicidae contain three subfamilies: Anophilinae 

(Anophelines), Culicinae (Culicines) and Toxorhynchitinae; and more than 3,000 species of 

mosquitoes. The Anophilinae and Culicinae are of medical importance.  

Importance 

Mosquitoes are important because the females of many species are bloodsucking, they annoy 

humans and other animals, and they may transmit the pathogens that cause human and animal 

diseases. The pathogens transmitted by mosquitoes include viruses (arboviruses), filarial 

worms (helminths) and protozoa. Mosquitoes are the indirect cause of more morbidity and 

mortality among humans than any other group of organisms. The members of three genus 

bear primary responsibility for the spread of human diseases. Anopheles mosquitoes are the 

only species known to carry malaria. They also transmit filariasis (also called elephantiasis) 

and encephalitis. Culex mosquitoes carry encephalitis, filariasis, and the West Nile virus. And 

Aedes mosquitoes, of which the voracious Asian tiger is a member, carry yellow fever, 

dengue, and encephalitis. 

General characteristics The Culicidae are delicate, fragile, slender, nematocerous Diptera, 

usually measuring 3-6mm in length. The body is distinctively divided into a head, thorax and 

abdomen. They are easily distinguished from most other flies by a combination of the 

following characters: 

- A long or conspicuous forward-projecting proboscis from the head used for piercing 

and sucking 

- A pair of conspicuous kidney-shaped compound eyes 
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- A pair of filamentous and segmented antennae which is pilose (have whorls of short 

hairs) in females and plumose (long hairs of feathery or bushy appearance) in males 

- A pair of maxillary palps; males with usually long maxillary palps, and females with 

short palps. Females have piercing and sucking type of mouthparts with six stylets.  

- Humped thorax with numerous appressed scales,  

- Long and narrow wings with veins covered with scales of different colors 

- A fringe of scales along the posterior margin of the wings, and a characteristic wing 

venation, where the second, fourth and fifth longitudinal veins are branched. Wings 

are fringed with hairs and scales on hind margin and on some veins. 

- Long slender legs covered with scales of varying colors 

- Abdomen composed of 10 segments of which only 7 are visible. The last abdominal 

segments of the female terminate in a pair of small finger-like cerci, whereas in the 

male there is a pair of prominent claspers which makes part of the male external 

genitalia. 

- Males are short lived and feed on nectar or decaying fruits. 

- Females live long and are blood feeders. 

- Larvae are called wrigglers. Larval head is large with chewing mouthparts and mouth 

brush aiding in filter feeding. Thorax is large without legs. Respiratory siphon is 

located in the penultimate abdominal segment. Anal gills are present at the terminal 

end of the abdomen. 

- Pupa is known as tumbler. It is very active. It has a pair of prothoracic horns which 

houses the anterior pair of spiracles. A pair of anal paddles is present at the terminal 

end aids in swimming. 

Adult Biology and Behavior  Understanding the biology and behavior of mosquitoes can 

help understand how disease is transmitted and can aid in designing appropriate control 

strategies. Most female mosquitoes require a blood meal before eggs can develop, and this is 

taken either before or after mating. Mosquitoes have preference for their hosts: 

- Anthropophagic are species that prefers to feed on humans  

- Zoophagic are species that feed on other animals. 

- Ornithophagic are mosquitoes that feed on birds.  

Some feed at any time of the day or night, while others are diurnal or nocturnal in their biting 

habits. Females are attracted to hosts by various stimuli emanating from their breath or sweat, 

e.g. CO2, lactic acid, body odors and warmth. 

 

Family Muscidae (Common name- Housefly) 

The house fly, Musca domestica Linnaeus, is a well-known cosmopolitan pest of both farm 

and home. This species is always found in association with humans or the activities of 

humans. It is the most common species found on hog and poultry farms, horse stables and 

ranches. Not only are house flies a nuisance, but they can also transport disease-causing 

organisms. Excessive fly populations are not only an irritant to farm workers but, when there 

are nearby human habitations, a public health problem could occur. Thet are mechanical 

carriers of various pathogens. 

- The house fly is 6 to 7 mm long, with the female usually larger than the male.  

- The female can be distinguished from the male by the relatively wide space between 

the eyes (dichoptic), while in males, the eyes almost touch (holoptic).  

- The head of the adult fly has reddish-eyes and sponging mouthparts adapted for 

sucking liquid. 
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- Antennae is three segmented and aristate 

- The thorax bears four narrow black stripes and there is a sharp upward bend in the 

fourth longitudinal wing vein and three pairs of legs.  

- Legs and body are covered with stiff hairs called tenate hairs which secret a sticky 

substance. 

- The abdomen has four segments showing light and dark markings (grey or yellowish 

with dark midline and irregular dark markings on the sides). The underside of the male 

is yellowish. 

House fly is a potential vector of many diseases like typhoid, paratyphoid fever, diarrhea, 

dysenteries, cholera, gastroenteritis and amoebiasis. 

Order Anoplura (common name -Lice) 

Three types of lice infest humans: the body louse, Pediculus humanus humanus Linnaeus, 

also known as Pediculus humanus corporis; the head louse Pediculus humanus capitis De 

Geer; and the crab louse (or pubic louse), Pthirus pubis (Linnaeus). 

Head lice and body lice are morphologically indistinguishable, although head lice are smaller 

than body lice. Head lice and pubic lice are highly dependent upon human body warmth and 

will die if separated from their host for 24 hours. 

Infestation with human lice, or pediculosis, still occurs even in societies with generally high 

standards of sanitation. Infestations occasionally happens especially at public institutions such 

as Jails, schools, and state or county hospitals. 

These are the sucking lice. They are minute to small (from 0.4 to 6.5 mm) and may be 

characterized by: 

- A and dorsoventrally flattened body 

- their narrow than long head 

- two to five segmented antennae  

- piercing-sucking mouthparts that are retracted into head  

- eye are greatly reduced  

- wings and cerci are absent 

- The legs are short, and the single tarsus and claw are modified into a grasping organ 

Sucking lice feed on blood, and their entire life cycle is spent on mammalian hosts. 

Metamorphosis is incomplete (gradual). Eggs are glued to the hair of the host. 

Order Hemiptera ‘Hemi’ means half and ‘ptera’ means wing. Some groups of this order are 

winged and some others non- winged. They are sometimes called the true bugs. Examples: - 

Bedbug, assassin bug (killer bug), kissing bug.  

Characteristics 

- The true bugs vary in length up to 100mm,  

- compound eyes are usually large,  

- antennae are from four to five segmented and often longer than the head.  

- Mouthparts are piercing-sucking with the segmented beak arising from the anterior of 

the head 

- tarsi are one-three segmented, and cerci are absent. 
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- In most species, wings are present and positioned flat over the abdomen when at rest, 

separated by an enlarged scutellum; the front pair of wings is usually thickened at the 

base and membranous apically to form a hemelytron. The hind wings are membranous 

and slightly shorter than the hemelytra. 

-  In some like bedbugs, poultry bugs and bat bugs, the wings are reduced to 

inconspicuous pads.  

- Great variation in legs exists.  

- Metamorphosis is gradual (incomplete). Eggs are deposited in the habitat in which 

development occurs; many nymphs and adults are terrestrial, but a significant number 

are aquatic.  

- Food is liquid (either sap or blood) and varies from the common herbivores to 

carnivorous.  

A number of true bugs are of economic importance. Some species of assassin bugs are 

naturally infected with Chagas’ disease; most of these bugs belonging to the genus Triatoma. 

The infection may be transmitted to humans by rubbing the protozoan organism in Triatoma 

feces through the skin by scratching. 

Order Siphonaptera: ‘Siphon’ means tube, ‘a’ means without, and ‘ptera’ means wing. 

These are the fleas. Fleas are wingless, all blood-sucking, temporary ectoparasites of warm-

blooded animals, mainly mammals, but a few will feed on birds. Only a small proportion will 

attack humans.  

Characteristics 

- Fleas are minute to small (from 0.8 mm to 5 mm)  

- compound eyes are absent or each is represented by a single ommatidium.  

- Most fleas have a pair of small simple eyes (ocelli), although some are blind, usually 

those which live on hosts with underground burrows.  

- Antennae are short and can be folded into grooves in the head,  

- mouth parts are piercing-sucking,  

- coxae are long and tarsi are five-segmented,  

- cerci are small and one segmented,  

- and wings are absent.  

- Fleas are flattened from side to side (laterally compressed); this is a useful adaptation 

to enable them to move easily through the hairs or feathers of their host.  

- Their length ranges between 1-6 mm; they are oval in shape and light to dark brown in 

color. 

- The small head has a proboscis that projects downwards and small antennae recessed 

into grooves.  

- In some species a series of thick, sharp spines arranged as a comb, called ctenidia; 

genal ctenidium (ctenidium on head) and pronotal ctenidium (ctenidium on posterior 

portion of first thoracic tergite) are present.  

- The body has setae generally arranged in dorso-ventro rows and directed posteriorly. 

Setae is used to keep flea from being easily dislodged by host grooming.  

- Its posterior end has a bell-shaped air-current sensory structure termed pygidium 

- Fleas have powerful legs adapted for jumping and can leap 10-15 cm.  
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- The abdomen is the bulkiest part of the body and is conspicuously segmented. The 

ending is rounded in the female, whereas in male the genitalia are apparent. 

- Metamorphosis is complete. 

They are vectors of diseases associated with mammals including man. All mammals have 

fleas of their own (dogs, cats, etc). Diseases from these animals could be transmitted to one 

another and to human beings (zoonosis). The bubonic plague is an epidemic between rats, flea 

and man. Fleas are also cause for chigger on man and other animals. Fleas are annoying and 

irritating. 

Order Isoptera The termites (white ants) are grouped in this order. They have two pairs 

(four) wings although temporarily used.  

Characteristics 

- Termites vary from 2mm to 12mm in length, except for physogastric queens.  

- Termites are characterized by a prognathic head, moniliform antennae with from 9 to 

30 segments and chewing mouth parts. 

- Legs are stout with four-segmented tarsi normal,  

- 1 to 8 segmented short cerci, and an  

- Wings are absent except for the reproductive caste.  

- Wings, when present, are longer than the body and are membranous. Fore and hind 

wings are similar in shape and size.  

White termites are of great biological and economic importance. In the tropics and in forests 

their feeding recycles nutrients and aids in soil development. In other instances, however, 

their eating is in direct conflict with humans. Since Isoptera feed upon paper, wood, and other 

similar cellulose goods, they cause considerable damage.  

The life cycle of termites is a gradual (incomplete) metamorphosis. All termites are social. 

Being socially organized, they have labor divisions: queen (mother), soldiers, workers. 

Termites are destructors in economic sense as they are able to ruin, destroy or spoil house, 

plants and the soil. The termatica is the house of subterranean termites; spoils crop, forest, 

grassland and the soil. 

Uses of insects  

Insects are valuable to man, though, we think of them in a negative context. Insects eat our 

food, feed on our blood and skin, contaminate our dwellings, and transmit horrible diseases. 

But without them, we could not exist. They are a fundamental part of our ecosystem. A brief 

and incomplete list of their positive roles would include the pollination of many, perhaps most 

higher plants; the decomposition of organic materials, facilitating the recycling of carbon, 

nitrogen, and other essential nutrients; the control of populations of harmful invertebrate 

species (including other insects); the direct production of certain foods (honey, for example); 

and the manufacture of useful products such as silk and shellac. 

Insects as human food (entomophagy): About 500 species of insects in more than 260 genera 

and 70 families are used for food somewhere in the world, especially in central and southern 

Africa, Asia, Australia and Latin America. Insects are high in protein, energy and various 

vitamins and minerals: they can form 5-10% of the annual animal protein consumed by some 
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indigenous peoples. Termites, crickets, grasshoppers, locusts, beetles and moth larvae are the 

most frequently consumed insects. 

Other benefits of insects  

- Nutrient recycling via leaf-litter and wood degradation, carrion and dung disposal, and 

soil turnover.  

- Plant pollination and sometimes seed dispersal   

- Maintenance of plant community composition and structure via phytophagy, including 

seed feeding.   

- Supporting insectivorous animals, such as many birds, mammals, reptiles and fish. 

Each insect species is part of a wider community and, if lost, the complexities and 

abundance of other lives will be affected. 

Insects also contain a vast array of chemical compounds, some of which can be collected, 

extracted or synthesized and used for different purposes. Silk from the cocoons of silkworm 

moths, Bombyx mori, has been used for fabric for centuries. The red dye, cochineal, is 

obtained commercially from scale insects of Dactylopius coccus cultured on Opuntia cacti. 

Another scale insect, the lac insect Kerria lacca, is a source of a commercial varnish called 

shellac.  

Chitin, a component of insect cuticle, or a derivative of chitin, can act as an anticoagulant or a 

haemostatic agent for tissue repair in humans, enhancing the healing of wounds and burns, 

reducing serum cholesterol, serving as a non-allergenic drug carrier, providing a 

biodegradable plastic of high-tensile strength, and enhancing the removal of pollutants from 

waste water, to mention just a few of its possible applications. 

Benefits from insects are more than economic or environmental.  

Characteristics of certain insects make them useful models for understanding biological 

processes in general. For example, the now wide spread vinegar fly, Drosophila melanogaster, 

has a short generation time, high fecundity and ease of laboratory rearing and manipulation, 

making it ideal for genetic and cytological research. 

Aesthetically, the enormous variety of structure and color in insects is worthy of admiration, 

by collection or depiction in drawings or photographs. Lastly and perhaps most importantly, 

the sheer number of insects means that their impact upon the environment, and hence our 

lives, is highly significant. Insects are the major component of biodiversity and, only for this 

reason, we should try to understand them better. 

Class Chilopoda 

The Class Chilopoda consists of centipedes. These are uniramian arthropods with an 

elongated, flattened body consisting of between 12 and 100 segments. However, the foremost 

and last body segments of centipedes may vary in shape when compared to the other 

segments. 

In addition to a pair of jointed antennae, the head (first segment) of centipedes also posseses 

appendages that are modified to form jaw-like, poisonous claws/fangs. While the name 

centipede means "one hundred legs" members of class Chilopoda have between 30 and 300 

legs depending on the species. 
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Each of the body segments, apart from the first and last body segment, consists of a pair of 

jointed legs that are not only used for walking, but also for holding the prey when it is 

captured.   

Members of class Chilopoda are terrestrial and thus live on land. However, they need moist 

habitats and are therefore commonly found in such microhabitats as under rocks, logs, litter 

and dark, moist areas among others. In these habitats, a majority of centipedes live as 

predators of other smaller animals and arthropods. However, Giant centipedes 

(Scolopendra gigantea) found in parts of South America have been shown to prey on much 

larger animals such as frogs and mice.  

Among members of class Chilopoda, fertilization is internal. Following fertilization, the 

female lays eggs in moist habitats, which (nymphs) in turn hatch and go through a series of 

molts before reaching adulthood. 

As adults, centipedes protect themselves using a number of special adaptations that include: 

inflicting painful bites, throwing a sticky substance using their hind legs or simply curl into a 

ball. This, however, is dependent on the species. 

Class Diplopoda 

Class Diplopoda is composed of about 10,000 species of millipedes. While the name 

(millipede) suggests that they have 1,000 legs, the largest species have about 350 legs with a 

majority having about 30 pairs of legs. 

Compared to centipedes, millipedes have diplosomite segments (each of the segments consists 

of two fused segments) with two pairs of legs on each of the fused segments. 

The head does not have legs while the first three segments only have a single pair each. The 

head segment has one pair of antennae as well as chewing mouthparts used for feeding on 

plants. 

Other Characteristics Diplopoda 

- Simple eyes among a few species 

- Two pairs of ganglia and heart arteries in each of the segments 

- Measure between 2mm and 280 mm in length 

- Majority of millipedes have an exoskeleton that is made up of calcareous dorsal plates 

- Defense strategy involves curling into a coil as well as the production of a toxic 

fluid/gas among many of the species 

- Fertilization is internal (males use specialized legs in the seventh segment to transfer 

sperm cells to the female) 

- Female millipedes release eggs in moist habitats that ultimately hatch to release young 

ones that go through several molts before they mature 

Majority of millipedes are herbivores that feed on decaying plant matter and other plant 

material. However, some are live as predators and scavengers 

 

Advantages and disadvantages of arthropods 

The effect of arthropods may be seen in relation to health and their benefit. 

Camertutos.com
By El Professor

Master En Chimie Computationnelle
Université de Dschang

Camertutos.com 
Télécharger tous vos cours, épreuves APC, sujets concours, bourses... 

Cam
er

tu
to

s.c
om

camertutos.com
camertutos.com
camertutos.com


51 
 

A. Health Effects: 

Arthropods affect the health and comfort of man in many different ways. The common fear of 

insects (entomophobia) possessed by many people is perhaps the least serious. Proper 

knowledge of the appearance of harmful, beneficial and harmless arthropods can do much to 

remedy these conditions.  

The Following are some examples of the health effects attributed to arthropods: 

- Arthropods attack man, domestic and wild animals. 

- They bite and suck blood. 

- They pass infective organisms and may inject toxin to man and animals (mechanically 

or biologically). 

- They cause myiasis (infestation by larva of diptera) on man and animals. 

- Annoy and irritate man and animals. 

- They cause envenomization by their bite, sting, spines or by their secretions. 

Envenomization may cause swelling, pain, redness, rash, fever, allergic reactions, 

blood poisoning, or death in some cases.  

- Arthropods parasitize man, animals and plants: for example, louse, and ticks on 

animals, and aphids on plants.   

- Cause accidental injury to sense organs: they enter the eyes, ears, mouth or nostrils. •  

- They cause allergic/asthmatic reactions by their odor, secretions, and by their dead 

body fragments.  

- Arthropods cause Entomophobia (fear of insects): nervous disorder, hysterics, 

hallucination etc.  

The following are also other examples of some arthropods that may affect human comfort 

and health:   

- Chigger – causes intense itching; dermatitis  

- Rat mite – causes intense itching; dermatitis  

- Grain itch mite – causes dermatitis and fever   

- Scabies mite – burrows in skin causing dermatitis (scabies).   

- Hard ticks – painful bite, tick paralysis, usually fatal if ticks are not removed 

- Soft ticks – some species are very venomous. 

- Black widow spider – its bite causes local swelling, intense pain and occasionally 

death.  

- Scorpions – painful sting, sometimes death.  

- Centipedes – painful bite.  

- Lice- intense irritation, reddish papules.  

- Bedbug – blood suckers (irritating to some).  

- True bug – painful bite, local inflammation. 

- Beetles – severe blisters on skin from crushed beetles.  

- Caterpillar –rush on contact with the hairs or spines.  

- Bees, wasps, ants – painful sting, local swelling.  

- Flies – painful bite, swelling, bleeding puncture, myiasis.  

- Mosquitoes – irritation. 

B. The Beneficial Effects of Arthropods 
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Fortunately, for mankind not all arthropods are harmful. Arthropods contribute to a lot of 

benefit on commercial products, agriculture and health. It is therefore, necessary to 

distinguish between “beneficial” and “harmful” arthropods. The following are some 

understood benefits of arthropods: 

1. One of the greatest benefit man receive through arthropods (insects) is the 

pollonization of plants. Approximately 50 seed and fruit crops depend on honeybees 

for pollinization. Clover, onions, apples and others would not yield without insect 

pollinators, butterflies, ants, flies and bees 

2. Silk is produced by insects. The caterpillar of the silk producing moth (Bombyx mori) 

spins a cocoon prior to changing to the adult stage. The filament forming the cocoon is 

continuous and ranges in length from 800 – 1200 yards. An ounce of silkworm eggs 

will produce 30,000 - 35,000 caterpillars which will yield 100 - 200 pounds of 

cocoons. These cocoons will produce 10 -12 pounds of raw silk.  

3. Honey and wax are the other product of insects (honey bees must collect 37,000 loads 

of nectar from plants in order to make one pound of honey).  

4. Arthropods are very helpful in improving the soil. The burrowing of ants, beetles and 

other insects enables air to penetrate the soil.  

5. Lac insect (Kerria lacca) is a source of a commercial varnish. 

6. Arthropods that prey upon and destroy other animals are called predators. They help to 

reduce the number of insects. E.g. spiders, ants, dragon flies.  

7. Some arthropods lay their eggs on the larva of other arthropods, the eggs hatch and the 

young larvae feed up on the body juice of the host as a parasite.  

8. Insects are valuable as food for humans and animals. Chickens, turkeys, hogs and fish 

utilize many insects as an important source of their food. Some races of man use 

insects for food. E.g. grasshopper, cricket, beetle, caterpillar, termite and ant. 

Success of Arthropods on Land 

The following factors no doubt contributed to the success of terrestrial arthropods as they 

adapted to solve the problems of support, stability, desiccation and respiration associated with 

living in air: 

- Development of the exoskeleton, which gives support and shape to bodies in air; The 

waxy cuticle of arachnids and insects prevents water loss and protects against 

desiccation; 

- Adaptability of body structure and organs; Small size and motility, including flight in 

insects, confers an advantage over vertebrates; 

- Stability for a light body, due to being ‘swung low’, allows for long legs to increase 

speed; 

- The evolution of a tracheal system of tubes for respiration, which carries air around 

the body allowing gaseous exchange to occur; 

- Care for the young - making nests and cocoons, providing food stores; Giving birth to 

live young; 

- Existence of a huge range of terrestrial niches: the majority of arthropods are only 3-4 

mm long and their habitats are correspondingly small; 

- Absence of other terrestrial invertebrates competing for space and food. 
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