ARTHROPODA
All Arthropoda are bilaterally symmetrical, and their bodies are
covered with a tough exoskeleton. This exoskeleton consists of
layers of chitin (a type of polysaccharide) and proteins. This hard
covering protects the animal, and provides points of attachment for
muscle cells.
Once the arthropod has grown too large for its exoskeleton, it is
shed and a new skeleton is grown. This entire process is known as
molting.
Arthropods' bodies are segmented, but they are also divided into
distinct sections, usually the head, thorax, and abdomen, although
the head and thorax can be joined to form a cephalothorax.
There are five main groups of arthropods: horseshoe crabs,
arachnids, crustaceans, centipedes and millipedes, and insects.
Horseshoe crabs are unique in that they have survived for hundreds
of millions of years with almost no evolution. Arachnids consist of
scorpions, spiders, and mites. Crustaceans are nearly all aquatic
and consist of lobsters, crabs, shrimps, barnacles, etc. Centipedes
and millipedes are both worm-like, segmented animals with a single
pair of legs on each body segment.

Phylum Arthropoda includes the following classes:
Class Crustacea (The crustaceans)
Class Uniramia, also known as Insecta (the insects, millipedes, and centipedes)
Class Trilobita (extinct)
Class Cheliceramorpha (The horseshoe crabs and arachnids)

Overall, Arthropoda is the most successful phylum in terms of diversity, geographical distribution, and sheer numbers.
Most strikingly, perhaps, the total population of arthropods on Earth is estimated at around one billion billion individuals!
1,000,000,000,000,000,000 .....

Phylum Arthropoda
Class Crustacea (The crustaceans)
Class Uniramia, also known as Insecta (The insects, millipedes, and centipedes)
Class Trilobita (extinct)
Class Cheliceramorpha (The horseshoe crabs and arachnids)

Grapsus grapsus, Sally Lightfoot Crab, Galapagos

Trapezia rufopunctata, the Coral Crab

The painted devil crayfish, Cambarus ludovicianus, a threatened species.

Phylum Arthropoda
Class Crustacea (The crustaceans)
Class Uniramia, also known as Insecta (The insects, millipedes, and centipedes)
Class Trilobita (extinct)
Class Cheliceramorpha (The horseshoe crabs and arachnids)

Uniramia is the largest class of animals on Earth, comprising of at least three quarters
of the animals on the planet. It includes insects, millipedes, and the centipedes.
Uniramians are characterized by having uniramous, or single branched, appendages.
The majority of uniramians are terrestrial, although a few species are aquatic.
They have several common features. Most have a body with the three main sections: the
head, which usually has a pair of antennae as well as eyes; the thorax, which has three
pairs of legs; and the abdomen, which usually has two pairs of wings.
The common green bottle fly (Lucilia sericata)

Carpenter ant (Camponotus sp.)

Phylum Arthropoda
Class Crustacea (The crustaceans)
Class Uniramia, also known as Insecta (The insects, millipedes, and centipedes)
Class Trilobita (extinct)
Class Cheliceramorpha (The horseshoe crabs and arachnids)
Insects. More than 1,000,000 described. 6,000,000-10,000,000 species estimated.
Subphylum Uniramia
Head with one pair of antennae and one pair of mandibles; all appendages uniramous. It has following classes:
Class Diplopoda (millipedes): Two pairs of legs per apparent segment: body round in cross section.
Class Chilopoda (centipedes): One pair of legs per segment: body is oval in cross lion: poison claws.
Class Pauropoda: Small (0.5 to 2 mm), soft-bodied animals: 11 segments: nine pairs of legs: live in leaf mold.
Class Symphyla: Small (2 to 10mm): long antennae: centipede-like. 10 to 12 pairs of legs; live in soil and leaf mold.
Class Hexapoda (Insects): Three pairs of legs: two pairs of wings body with head, thorax. and abdomen: mandibulate mouthparts.
(a) Subclass Apterygota: Primitively, wingless insects: pregenital abdominal appendages: ametabolous metamorphosis: indirect sperm transfer.
(i) Order Collembola: Antennae with four to six segments: compound eyes absent: abdomen with six segments, most with springing appendage on fourth segment: a inhabit soil and leaf litter. Springtails.
(ii) Order Protura: Minute, with cone-shaped head; antennae, compound eyes and ocelli absent; abdominal appendages on first three segments; inhabit soil and leaf litter.
(iii) Order Diplura : Head with many segmented antennae; compound eyes and ocelli absent; cerci multisegmented or rorcepslike; inhabit soil and leaf litter.
(iv) Order Thysanura: Tapering abdomen; flattened ; scales on body; terminal cerci; long antennae. Silverfish.
(b) Subclass Pterygota: Insects descendant from winged ancestors; no pregenital appendages: direct sperm transfer.
Superorder Exopterygota:

Pauronetabolous (or hemimetabolous): wings develop as external wing pads.

(i) Order Ephemeroptera: Elongate abdomen with two or three tail filament; two pairs of membranous wings with many veins; forewings triangular; abort, bristle like antennae. Mayflies.
(ii) Order Odonsta: Elongate, membranous wings with netlike venation; abdomen long and slender; compound eyes occupy most of head. Dragonflies and damselflies
(iii) Order Phasmida: Body elongate and sticklike; wings reduced or absent; some tropical forms are flattened and leaf like. Walking sticks, leaf insects.
(iv) Order Orthoptera: Forming long, narrow, and leathery; hind wing broad and membranous; chewing mouthparts. Grasshoppers, crickets, katydids.
(v) Order Mantodea: Prothorax tong; prothoracic legs long and armed with strong pines for grasping prey; predators. Mantids.
(vi) Order Blattaria: Body oval and flattened; head concealed from above by a shield like extension or the prothorax. Cockroaches.
(vii) Order Isoptera: Workers white and wingless; front and hindwings of reproductives of equal size; reproductives and some soldiers are sclerotized; abdomen broadly joins thorax;social. Termites.
(viii) Order Dermaptera: Chewing mouth parts; threadlike antennae; abdomen with unsegmented forceps like cerci, Earwigs.
(ix) Order Phthiraptera: Small wingless ectoparasites of birds and mammals; body dorsoventrally flattened; white. Sucking and chewing lice.
( x) Order Hemiptera: Proximal portion of forewing sclerotized. distal portion membranous, sucking mouthparts arise ventrally on anterior margin of head.
(xi) Order Homoptera: Wings entirely membranous; mouthparts arise ventrally on posterior margin of head (hypognathous). Cicadas, leafhoppers, aphids. whitellies. scale insects.
(xii) Order Thysanoptera: Small bodied; sucking mouthparts; wings narrow and fringed with tong setae; plant pests. Thrips.
Superorder Endopterygota

Holometabolous metamorphosis; wings develop internally during pupal stage.

(i) Order Neuroptera: Wings membranous; hindwings held roof like over body at rest. Lacewings. snake flies, antlioins, dobsonflies.
(ii) Order Coleoptera: Forewings sclerotized, forming covers (elytra) over the abdomen; hindwings membranous; chewing mouthparts; the largest insect order. Beetles.
(iii) Order Trichoptera: Moth like with setae-covered antennae; chewing mouthparts: wings covered with setae and held roof like over abdomen at rest; larvae aquatic and often dwell in cases that they construct.
Caddis flies.
(iv) Order Lepidoptera: Wings broad and covered with scales; mouthparts formed into a sucking tube. Moths, butterflies.
(v) Order Diptera: Mesothoracic wings wall developed; metathoracic wings reduced to knoblike halteres; variously modified but-never chewing mouth- parts. Flies.
(vi) Order Siphonaptera: Laterally flattened, sucking mouthparts; Jumping legs: parasites of birds and mammals. Fleas.
(vii) Order Hymenoptera: Wings membranous with few veins; well developed ovipositor, sometimes modified into a sting; mouthparts. Modified into sting and lapping; social and solitary species. Ants, bees, wasps.

Insects
▪ Also called Hexapoda (six legs) is an enormous clade including insects and their relatives
▪ Insects live in almost every terrestrial habitat and in fresh water; flying insects fill the air
▪ They are rare in marine habitats
▪ The internal anatomy of an insect includes several complex organ systems
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▪ Insects diversified rapidly following the evolution of flight 359–252 million years ago
▪ An animal that can fly can escape predators, find food, and disperse to new habitats
much faster than organisms that can only crawl
▪ Insects evolved flight without sacrificing a pair of walking legs because wings are an
extension of the cuticle

Metamorphosis: complete and incomplete
▪ Insects with complete metamorphosis have larval stages known as maggot, grub, or caterpillar
▪ The larval stage looks entirely different from the adult stage
▪ Metamorphosis from larva to adult occurs during a pupal stage
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In incomplete metamorphosis, the
young, called nymphs, resemble adults
but are smaller and go through a series
of molts until they reach full size
After the final molt, the wings develop
and the insect becomes sexually mature

Female dragonflies can lay hundreds of eggs during their adult lives, in batches over a few days or even weeks, in or near
water. Eggs hatch either within 2–5 weeks or, in the case of the emerald damselflies and some hawkers and darters, the
following spring. A tiny tadpole-like prolarva emerges from the egg and moults within a few hours. The larvae catch and
eats live prey, moulting a further 5–14 times until fully-grown. Larval development typically takes one or two years.
All dragonfly larvae have six legs (as do adults), wing-sheaths, an extendable hinged jaw (labium) that extends rapidly to
catch prey (insect larvae, crustaceans, worms, snails, leeches, tadpoles and small fish). Dragonflies do not have a pupal
stage and transit straight from a larva to an adult. This transition, the final larval moult, takes place out of water.
The final-stage larvae sit in shallow water for several days, getting ready for their final moult and starting to breathe air.
Larvae climb up vegetation, and after finding a secure support, they redistribute their body fluids, pushing the thorax, head,
legs and wings out of the larval skin. There is then a pause of about 30 minutes to allow their legs to harden enough for the
next stage, when the abdomen is withdrawn. The wings, and then the abdomen, are expanded and start to harden. This
process leaves behind a cast skin, called an exuvia, and the whole process lasts between one hour and three hours.
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Phylum Arthropoda
Class Crustacea (The crustaceans)
Class Uniramia, also known as Insecta (The insects, millipedes, and centipedes)
Class Trilobita (extinct)
Class Cheliceramorpha (The horseshoe crabs and arachnids)
Insects. More than 1,000,000 described. 6,000,000-10,000,000 species estimated.

Uniramia

Head with one pair of antennae and one pair of mandibles; all appendages uniramous. It has following classes:
1.

Class Diplopoda (millipedes): Two pairs of legs per apparent segment: body round in cross section.

2.

Class Chilopoda (centipedes): One pair of legs per segment: body is oval in cross lion: poison claws.

3.

Class Pauropoda: Small (0.5 to 2 mm), soft-bodied animals: 11 segments: nine pairs of legs: live in leaf mold.

4.

Class Symphyla: Small (2 to 10mm): long antennae: centipede-like. 10 to 12 pairs of legs; live in soil and leaf mold.

5.

Class Hexapoda (insects): Three pairs of legs: two pairs of wings body with head, thorax. and abdomen: mandibulate mouthparts.

(a) Subclass Apterygota: Primitively, wingless insects: pregenital abdominal appendages: ametabolous metamorphosis: indirect sperm transfer.
•

(i) Order Collembola: Antennae with four to six segments: compound eyes absent: abdomen with six segments, most with springing appendage on fourth segment: a
inhabit soil and leaf litter. Springtails.

•

(ii) Order Protura: Minute, with cone-shaped head; antennae, compound eyes and ocelli absent; abdominal appendages on first three segments; inhabit soil and leaf litter.

•

(iii) Order Diplura : Head with many segmented antennae; compound eyes and ocelli absent; cerci multisegmented or rorcepslike; inhabit soil and leaf litter.

•

(iv) Order Thysanura: Tapering abdomen; flattened ; scales on body; terminal cerci; long antennae. Silverfish.

Phylum Arthropoda
Class Crustacea (The crustaceans)
Class Uniramia, also known as Insecta (The insects, millipedes, and centipedes)
Class Trilobita (extinct)
Class Cheliceramorpha (The horseshoe crabs and arachnids)
1.

Class Diplopoda (millipedes): Two pairs of legs per apparent segment: body round in cross section.

Oxidus gracilis

2.

Class Chilopoda (centipedes): One pair of legs per segment: body is oval in cross lion: poison claws.

Scolopendra gigantea robusta

Phylum Arthropoda
Class Crustacea (The crustaceans)
Class Uniramia, also known as Insecta (The insects, millipedes, and centipedes)
Class Trilobita (extinct)
Class Cheliceramorpha (The horseshoe crabs and arachnids)
Uniramia
Head with one pair of antennae and one pair of mandibles; all appendages uniramous. It has following classes:
1.
2.
3.
4.
5.

Class Diplopoda (millipedes): Two pairs of legs per apparent segment: body round in cross section.
Class Chilopoda (centipedes): One pair of legs per segment: body is oval in cross lion: poison claws.
Class Pauropoda: Small (0.5 to 2 mm), soft-bodied animals: 11 segments: nine pairs of legs: live in leaf mold.
Class Symphyla: Small (2 to 10mm): long antennae: centipede-like. 10 to 12 pairs of legs; live in soil and leaf mold.
Class Hexapoda (insects): Three pairs of legs: two pairs of wings body with head, thorax. and abdomen: mandibulate mouthparts.

(a) Subclass Apterygota: Primitively, wingless insects: pregenital abdominal appendages: ametabolous metamorphosis: indirect sperm transfer.
•
•
•
•

(i) Order Collembola: Antennae with four to six segments: compound eyes absent: abdomen with six segments, most with springing appendage on fourth segment: a
inhabit soil and leaf litter. Springtails.
(ii) Order Protura: Minute, with cone-shaped head; antennae, compound eyes and ocelli absent; abdominal appendages on first three segments; inhabit soil and leaf litter.
(iii) Order Diplura : Head with many segmented antennae; compound eyes and ocelli absent; cerci multisegmented or rorcepslike; inhabit soil and leaf litter.
(iv) Order Thysanura: Tapering abdomen; flattened ; scales on body; terminal cerci; long antennae. Silverfish.

Collembola: Springtail

Thysanura: Silverfish

Protura

Diplura

1.

Class Hexapoda (insects): Three pairs of legs: two pairs of wings body with head, thorax. and abdomen: mandibulate mouthparts.

(a) Subclass Apterygota: Primitively, wingless insects: pregenital abdominal appendages: ametabolous metamorphosis: indirect sperm transfer.
•
•
•
•

(i) Order Collembola: Antennae with four to six segments: compound eyes absent: abdomen with six segments, most with springing appendage on fourth segment: a inhabit soil and leaf litter. Springtails.
(ii) Order Protura: Minute, with cone-shaped head; antennae, compound eyes and ocelli absent; abdominal appendages on first three segments; inhabit soil and leaf litter.
(iii) Order Diplura : Head with many segmented antennae; compound eyes and ocelli absent; cerci multisegmented or rorcepslike; inhabit soil and leaf litter.
(iv) Order Thysanura: Tapering abdomen; flattened ; scales on body; terminal cerci; long antennae. Silverfish.

(b) Subclass Pterygota: Insects descendant from winged ancestors; no pregenital appendages: direct sperm transfer.
Superorder Exopterygota:
Pauronetabolous (or hemimetabolous): wings develop as external wing pads.
(i) Order Ephemeroptera: Elongate abdomen with two or three tail filament; two pairs of membranous wings with many veins; forewings triangular; abort, bristle like
antennae. Mayflies.
(ii) Order Odonata: Elongate, membranous wings with netlike venation; abdomen long and slender; compound eyes occupy most of head. Dragonflies and damselflies
(iii) Order Phasmida: Body elongate and sticklike; wings reduced or absent; some tropical forms are flattened and leaf like. Walking sticks, leaf insects.
(iv) Order Orthoptera: Forming long, narrow, and leathery; hind wing broad and membranous; chewing mouthparts. Grasshoppers, crickets, katydids.
(v) Order Mantodea: Prothorax tong; prothoracic legs long and armed with strong pines for grasping prey; predators. Mantids.
(vi) Order Blattaria: Body oval and flattened; head concealed from above by a shield like extension or the prothorax. Cockroaches.
(vii) Order Isoptera: Workers white and wingless; front and hindwings of reproductives of equal size; reproductives and some soldiers are sclerotized; abdomen broadly
joins thorax;social. Termites.
(viii) Order Dermaptera: Chewing mouth parts; threadlike antennae; abdomen with unsegmented forceps like cerci, Earwigs.
(ix) Order Phthiraptera: Small wingless ectoparasites of birds and mammals; body dorsoventrally flattened; white. Sucking and chewing lice.
( x) Order Hemiptera: Proximal portion of forewing sclerotized. distal portion membranous, sucking mouthparts arise ventrally on anterior margin of head.
(xi) Order Homoptera: Wings entirely membranous; mouthparts arise ventrally on posterior margin of head (hypognathous). Cicadas, leafhoppers, aphids. whitellies. scale
insects.
(xii) Order Thysanoptera: Small bodied; sucking mouthparts; wings narrow and fringed with tong setae; plant pests. Thrips.

Superorder Endopterygota
Holometabolous metamorphosis; wings develop internally during pupal stage.
(i) Order Neuroptera: Wings membranous; hindwings held roof like over body at rest. Lacewings. snake flies, antlioins, dobsonflies.
(ii) Order Coleoptera: Forewings sclerotized, forming covers (elytra) over the abdomen; hindwings membranous; chewing mouthparts; the largest insect order. Beetles.
(iii) Order Trichoptera: Moth like with setae-covered antennae; chewing mouthparts: wings covered with setae and held roof like over abdomen at rest; larvae aquatic and often
dwell in cases that they construct. Caddis flies.
(iv) Order Lepidoptera: Wings broad and covered with scales; mouthparts formed into a sucking tube. Moths, butterflies.
(v) Order Diptera: Mesothoracic wings wall developed; metathoracic wings reduced to knoblike halteres; variously modified but-never chewing mouth- parts. Flies.
(vi) Order Siphonaptera: Laterally flattened, sucking mouthparts; Jumping legs: parasites of birds and mammals. Fleas.
(vii) Order Hymenoptera: Wings membranous with few veins; well developed ovipositor, sometimes modified into a sting; mouthparts. Modified into sting and lapping; social and
solitary species. Ants, bees, wasps.

Phylum Arthropoda
Class Crustacea (The crustaceans)
Class Uniramia, also known as Insecta (The insects, millipedes, and centipedes)
Class Trilobita (extinct)
Class Cheliceramorpha (The horseshoe crabs and arachnids)
(b) Subclass Pterygota: Insects descendant from winged ancestors; no pregenital appendages: direct sperm transfer.
Superorder Exopterygota:
Pauronetabolous (or hemimetabolous): wings develop as external wing pads.
•
•
•
•
•
•
•

(i) Order Ephemeroptera: Elongate abdomen with two or three tail filament; two pairs of membranous wings with many veins; forewings triangular; abort, bristle like antennae. Mayflies.
(ii) Order Odonsta: Elongate, membranous wings with netlike venation; abdomen long and slender; compound eyes occupy most of head. Dragonflies and damselflies
(iii) Order Phasmida: Body elongate and sticklike; wings reduced or absent; some tropical forms are flattened and leaf like. Walking sticks, leaf insects.
(iv) Order Orthoptera: Forming long, narrow, and leathery; hind wing broad and membranous; chewing mouthparts. Grasshoppers, crickets, katydids.
(v) Order Mantodea: Prothorax tong; prothoracic legs long and armed with strong pines for grasping prey; predators. Mantids.
(vi) Order Blattaria: Body oval and flattened; head concealed from above by a shield like extension or the prothorax. Cockroaches.
(vii) Order Isoptera: Workers white and wingless; front and hindwings of reproductives of equal size; reproductives and some soldiers are sclerotized; abdomen broadly joins
thorax;social. Termites.
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Phylum Arthropoda
Class Crustacea (The crustaceans)
Class Uniramia, also known as Insecta (The insects, millipedes, and centipedes)
Class Trilobita (extinct)
Class Cheliceramorpha (The horseshoe crabs and arachnids)

•
•
•
•
•

(viii)Order Dermaptera: Chewing mouth parts; threadlike antennae; abdomen with unsegmented forceps like cerci, Earwigs.
(ix) Order Phthiraptera: Small wingless ectoparasites of birds and mammals; body dorsoventrally flattened; white. Sucking and chewing lice.
( x) Order Hemiptera: Proximal portion of forewing sclerotized. distal portion membranous, sucking mouthparts arise ventrally on anterior margin of head.
(xi) Order Homoptera: Wings entirely membranous; mouthparts arise ventrally on posterior margin of head (hypognathous). Cicadas, leafhoppers, aphids, white flies, scale insects.
(xii) Order Thysanoptera: Small bodied; sucking mouthparts; wings narrow and fringed with tong setae; plant pests. Thrips.

Earwig

Hemiptera

Lice
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Superorder Endopterygota
Holometabolous metamorphosis; wings develop internally during pupal stage.
(i) Order Neuroptera: Wings membranous; hindwings held roof like over body at rest. Lacewings. snake flies, antlions, dobsonflies.
(ii) Order Coleoptera: Forewings sclerotized, forming covers (elytra) over the abdomen; hindwings membranous; chewing mouthparts; the
largest insect order. Beetles.
(iii) Order Trichoptera: Moth like with setae-covered antennae; chewing mouthparts: wings covered with setae and held roof like over
abdomen at rest; larvae aquatic and often dwell in cases that they construct. Caddis flies.
(iv) Order Lepidoptera: Wings broad and covered with scales; mouthparts formed into a sucking tube. Moths, butterflies.
(v) Order Diptera: Mesothoracic wings wall developed; metathoracic wings reduced to knoblike halteres; variously modified but-never
chewing mouth- parts. Flies.
(vi) Order Siphonaptera: Laterally flattened, sucking mouthparts; Jumping legs: parasites of birds and mammals. Fleas.
(vii) Order Hymenoptera: Wings membranous with few veins; well developed ovipositor, sometimes modified into a sting; mouthparts.social
and solitary species. Ants, bees, wasps.

Lacewing, Chrysoperla sp.

Snake fly, Dichrostigma flavipes

Antlion, Myrmeleon sp., adult

larva

Dobson fly, Corydalus cornutus

Corydalus cornutus larva

Superorder Endopterygota
Holometabolous metamorphosis; wings develop internally during pupal stage.
(i) Order Neuroptera: Wings membranous; hindwings held roof like over body at rest. Lacewings. snake flies, antlions, dobsonflies.
(ii) Order Coleoptera: Forewings sclerotized, forming covers (elytra) over the abdomen; hindwings membranous; chewing mouthparts; the
largest insect order. Beetles.
(iii) Order Trichoptera: Moth like with setae-covered antennae; chewing mouthparts: wings covered with setae and held roof like over
abdomen at rest; larvae aquatic and often dwell in cases that they construct. Caddis flies.
(iv) Order Lepidoptera: Wings broad and covered with scales; mouthparts formed into a sucking tube. Moths, butterflies.
(v) Order Diptera: Mesothoracic wings wall developed; metathoracic wings reduced to knoblike halteres; variously modified but-never
chewing mouth- parts. Flies.
(vi) Order Siphonaptera: Laterally flattened, sucking mouthparts; Jumping legs: parasites of birds and mammals. Fleas.
(vii) Order Hymenoptera: Wings membranous with few veins; well developed ovipositor, sometimes modified into a sting; mouthparts; social
and solitary species. Ants, bees, wasps.

The Japanese beetle (Popillia japonica) is a
species of scarab beetle

Superorder Endopterygota
Holometabolous metamorphosis; wings develop internally during pupal stage.
(i) Order Neuroptera: Wings membranous; hindwings held roof like over body at rest. Lacewings. snake flies, antlions, dobsonflies.
(ii) Order Coleoptera: Forewings sclerotized, forming covers (elytra) over the abdomen; hindwings membranous; chewing mouthparts; the
largest insect order. Beetles.
(iii) Order Trichoptera: Moth like with setae-covered antennae; chewing mouthparts: wings covered with setae and held roof like over
abdomen at rest; larvae aquatic and often dwell in cases that they construct. Caddis flies.
(iv) Order Lepidoptera: Wings broad and covered with scales; mouthparts formed into a sucking tube. Moths, butterflies.
(v) Order Diptera: Mesothoracic wings wall developed; metathoracic wings reduced to knoblike halteres; variously modified but-never
chewing mouth- parts. Flies.
(vi) Order Siphonaptera: Laterally flattened, sucking mouthparts; Jumping legs: parasites of birds and mammals. Fleas.
(vii) Order Hymenoptera: Wings membranous with few veins; well developed ovipositor, sometimes modified into a sting; mouthparts; social
and solitary species. Ants, bees, wasps.

The caddisflies are a group of insects with aquatic larvae and terrestrial adults.

Superorder Endopterygota
Holometabolous metamorphosis; wings develop internally during pupal stage.
(i) Order Neuroptera: Wings membranous; hindwings held roof like over body at rest. Lacewings. snake flies, antlions, dobsonflies.
(ii) Order Coleoptera: Forewings sclerotized, forming covers (elytra) over the abdomen; hindwings membranous; chewing mouthparts; the
largest insect order. Beetles.
(iii) Order Trichoptera: Moth like with setae-covered antennae; chewing mouthparts: wings covered with setae and held roof like over
abdomen at rest; larvae aquatic and often dwell in cases that they construct. Caddis flies.
(iv) Order Lepidoptera: Wings broad and covered with scales; mouthparts formed into a sucking tube. Moths, butterflies.
(v) Order Diptera: Mesothoracic wings wall developed; metathoracic wings reduced to knoblike halteres; variously modified but-never
chewing mouth- parts. Flies.
(vi) Order Siphonaptera: Laterally flattened, sucking mouthparts; Jumping legs: parasites of birds and mammals. Fleas.
(vii) Order Hymenoptera: Wings membranous with few veins; well developed ovipositor, sometimes modified into a sting; mouthparts; social
and solitary species. Ants, bees, wasps.
Red admiral, Vanessa atalanta

Lunar moth, Actias lunar

Superorder Endopterygota
Holometabolous metamorphosis; wings develop internally during pupal stage.
(i) Order Neuroptera: Wings membranous; hindwings held roof like over body at rest. Lacewings. snake flies, antlions, dobsonflies.
(ii) Order Coleoptera: Forewings sclerotized, forming covers (elytra) over the abdomen; hindwings membranous; chewing mouthparts; the
largest insect order. Beetles.
(iii) Order Trichoptera: Moth like with setae-covered antennae; chewing mouthparts: wings covered with setae and held roof like over
abdomen at rest; larvae aquatic and often dwell in cases that they construct. Caddis flies.
(iv) Order Lepidoptera: Wings broad and covered with scales; mouthparts formed into a sucking tube. Moths, butterflies.
(v) Order Diptera: Mesothoracic wings wall developed; metathoracic wings reduced to knoblike halteres; variously modified but-never
chewing mouth- parts. Flies.
(vi) Order Siphonaptera: Laterally flattened, sucking mouthparts; Jumping legs: parasites of birds and mammals. Fleas.
(vii) Order Hymenoptera: Wings membranous with few veins; well developed ovipositor, sometimes modified into a sting; mouthparts; social
and solitary species. Ants, bees, wasps.

Yellow dung fly, Scatophaga stercoraria

Ceratina sp.

Robber fly (Asilidae)

Superorder Endopterygota
Holometabolous metamorphosis; wings develop internally during pupal stage.
(i) Order Neuroptera: Wings membranous; hindwings held roof like over body at rest. Lacewings. snake flies, antlions, dobsonflies.
(ii) Order Coleoptera: Forewings sclerotized, forming covers (elytra) over the abdomen; hindwings membranous; chewing mouthparts; the
largest insect order. Beetles.
(iii) Order Trichoptera: Moth like with setae-covered antennae; chewing mouthparts: wings covered with setae and held roof like over
abdomen at rest; larvae aquatic and often dwell in cases that they construct. Caddis flies.
(iv) Order Lepidoptera: Wings broad and covered with scales; mouthparts formed into a sucking tube. Moths, butterflies.
(v) Order Diptera: Mesothoracic wings wall developed; metathoracic wings reduced to knoblike halteres; variously modified but-never
chewing mouth- parts. Flies.
(vi) Order Siphonaptera: Laterally flattened, sucking mouthparts; Jumping legs: parasites of birds and mammals. Fleas.
(vii) Order Hymenoptera: Wings membranous with few veins; well developed ovipositor, sometimes modified into a sting; mouthparts; social
and solitary species. Ants, bees, wasps.
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The diversity of Hymenoptera.
Top: Orussus abietinus
(Orussidae); Odynerus reniformis
(Aculeata: Vespidae). Middle:
Ormyrus sp. (Ormyridae); Cleptes
splendidus (Aculeata:
Chrysididae). Bottom: Stephanus
serrator (Stephanidae); Spalangia
cameroni (female)
('Pteromalidae').

Vespa mandarinia
The Asian giant hornet, the largest
wasp in the world.
Known as Ōsuzumebachi in
Japan.

Phylum Arthropoda includes the following classes:
Class Crustacea (The crustaceans)
Class Uniramia, also known as Insecta (The insects, millipedes, and centipedes)
Class Trilobita (extinct)
Class Cheliceramorpha (The horseshoe crabs and arachnids)
Trilobita is a class of arthropods which first appeared approximately 540 million years ago. Their closest living relatives
are horseshoe crabs. It is believed by some paleontologists that they were the first animals with color vision. Most were
detritus feeders, living oﬀ of dead matter on the ocean floor, although some were predatory. They were most diverse and
common around 500 million years ago. After that, they entered a slow decline, becoming extinct 245 million years ago.
Taxonomy: There are 10 orders in the class:
Agnostida, Asaphida, Corynexochida, Harpetida, Lichida, Odontopleurida, Phacopida, Proetida, Ptychopariida, and Redlichiida
Over 20,000 species.
Age: Pre-Cambrian to Permian
They were already here before the Cambrian explosion, survived numerous mass extinctions and lived until the end Permian
extinction event, the end of the Paleozoic age. Around 300 million years!
Distribution: Global:
Trilobites lived in the seas and oceans all over Earth. Their fossils are found on every continent.
Body Size: 1 mm to 72 cm in size!
The smallest trilobite is currently Acanthopleurella stipulae at around 1 mm, that's the size of a fleck of pepper.
The largest trilobite is currently Isotelus rex which has been found to reach 72 cm. That's over 2 feet!
Diet:
Some were filter feeders, some were scavengers, others were predators. They probably ate anything smaller than themselves,
including other trilobites.
Physical Appearance:
They all have the same basic design, three lobes: a left pleural lobe, a middle axial lobe, and a right pleural lobe.
They are also divided into a Cephalon (Head), Thorax (Middle), and Pygydium (Tail).
Trilobites had a thick exoskeleton for protection.
Trilobites Molted:
Like crabs and lobsters, trilobites had to molt when growing. Just after molting, or shedding their exoskeleton, they were soft and
vunerable. Most trilbite fossils are actually molted exoskeletons.
First Compound Eyes:
Trilobites appear to be the first form of life to have complex eyes. Many species have eyes that contain numerous lenses made of
crystals!
Yes They Have Legs:
Most fossil trilobites are simply their exoskeletons. However, rare fossils preserve their soft body parts. These include legs, gills,
antenna, and other appendages.

Phylum Arthropoda includes the following classes:

Scorpion

Class Crustacea (The crustaceans)
Class Uniramia, also known as Insecta (the insects, millipedes, and centipedes)
Class Trilobita (extinct)
Class Cheliceramorpha (The horseshoe crabs and arachnids)

Cheliceramorpha includes arachnids, horseshoe crabs and numerous other animals which have become extinct ever
since the Paleozoic era. It is the second most prominent class in arthropoda, uniramians being the most. Chelicerates may
be predators, parasites, or decomposers. Most chelicerates do not care for their young, instead producing large numbers
of oﬀspring, increasing the probability that some will survive, but others, like scorpions, do care for their young.

Jumping spider

Horseshoe crab, a living fossil, related to the trilobite

Tardigrades

Tardigrades can be found in hot springs, on top of the Himalayas, in the deep sea (−4,000 m) and from the polar regions to the equator, under
layers of solid ice, and in ocean sediments. Many species can be found in milder environments such as lakes, ponds, and meadows. Tardigrades
are most common in moist environments, but can stay active wherever they can retain at least some moisture.
Tardigrades are one of the few groups of species that are capable of suspending their metabolism (cryptobiosis). Many species of tardigrade can
survive in a dehydrated state up to five years, or in exceptional cases longer. While in this state, their metabolism lowers to less than 0.01% of
normal and their water content can drop to 1% of normal. Their ability to remain desiccated for such long periods is thought to be largely
dependent on the high levels of the nonreducing sugar trehalose, which protects their membranes, although recent research suggests that
tardigrades have a unique type of disordered protein that serves a similar purpose.
Their DNA is further protected from radiation by a protein called "dsup" (short for damage suppressor).
Extremes at which tardigrades can survive include :
Temperature – tardigrades can survive:
A few minutes at 151 °C, 30 years at −20 °C, a few days at −200 °C, a few minutes at −272 °C.
Pressure – they can withstand more than 1,200 times atmospheric pressure Some species can also withstand pressure of 6,000 atmospheres,
which is nearly six times the pressure of water in the deepest ocean trench, the Mariana Trench.
Dehydration – the longest that living tardigrades have been shown to survive in a dry state is nearly 10 years. When exposed to extremely low
temperatures, their body composition goes from 85% water to only 3%. As water expands upon freezing, dehydration ensures the tardigrades do
not get ripped apart by the freezing ice.
Radiation – tardigrades can withstand 1,000 times more radiation than other animals, They are highly resistant to shortwave UV radiation in
comparison to other animals, and that one factor for this is their ability to eﬃciently repair damage to their DNA resulting from that exposure.
Environmental toxins – tardigrades are reported to undergo chemobiosis, a cryptobiotic response to high levels of environmental toxins.
Outer space – tardigrades are the first known animal to survive in outer space. Tardigrades are one of the few groups to have survived Earth's five
mass extinctions. They have survived the vacuum of open space and solar radiation combined for at least 10 days.

Velvet worms (Peripatus), also very ancient

Echinodermata
Subphylum Blastozoa (5 classes all extinct)
Subphylum Crinozoa
Class Crinoidea - sea lilies (Cambrian - Recent, 1005 genera)
Class Paracrinoidea (Ordovician - Silurian, 13-15 genera)
Subphylum Echinozoa (6 classes, 4 extinct)
Class Echinoidea (Sea Urchins) (Ordovician - Recent, 765 genera)
Class Holithuriudea (Sea Cucumbers) (Ordovician - Recent, 200 genera)
Subphylum Asterozoa (Stelleroidea)
Class Asteroidea - starfish - (early Ordovician - Recent, 430 genera)
Class Ophiuroidea - Brittle Stars -(Ordovician - Recent, 325 genera)
Subphylum Homalozoa (4 classes all extinct)

Phylum Echinodermata is the phylum most closely related to phylum Chordata, our own phylum. The 6,000 species that make up this
phylum do not show body segmentation, and are radially symmetrical when fully grown for the most part. Almost all of the species
are marine, although a few can live in brackish water. However, echinoderms are bilaterally symmetrical in the larvae stage,
meaning that they are not closely related to animals of phylum Cnidaria, which never show bilateral symmetry.
This phylum is closely related to the chordates because the coelom of the animal is made from the digestive tube, not from cell
masses like the phyla Mollusca, Annelida, and Arthropoda. Therefore, echinoderms are deuterosomes.
Another relation to our phylum is an endoskeleton, made of 95% calcium carbonate. There are projecting spikes out of the
endoskeleton, which is held together by skin tissue. Another hallmark of the echinoderms are hard, spiny skin. This is a common
feature, but not always apparent in echinoderms. In fact, the word Echinodermata means "like a sea urchin's skin" in Greek.
The uniting feature of echinoderms is a water-vascular system. This is a system of canals branching throughout the body that branch
into many sections called tube feet. There are at least 2,000 tube feet, which can penetrate the body wall and skeleton in places
called ambulacral grooves, in most echinoderms. These tube feet, and in many echinoderms arms and even organs, can be
regenerated.

Echinodermata
Subphylum Blastozoa (5 classes all extinct)
Subphylum Crinozoa
Class Crinoidea - sea lilies (Cambrian - Recent, 1005 genera)
Class Paracrinoidea (Ordovician - Silurian, 13-15 genera)
Subphylum Echinozoa (6 classes, 4 extinct)
Class Echinoidea (Sea Urchins) (Ordovician - Recent, 765 genera)
Class Holithuriudea (Sea Cucumbers) (Ordovician - Recent, 200 genera)
Subphylum Asterozoa (Stelleroidea)
Class Asteroidea - starfish - (early Ordovician - Recent, 430 genera)
Class Ophiuroidea - Brittle Stars -(Ordovician - Recent, 325 genera)
Subphylum Homalozoa (4 classes all extinct)

Echinodermata
Subphylum Blastozoa (5 classes all extinct)
Subphylum Crinozoa
Class Crinoidea - sea lilies (Cambrian - Recent, 1005 genera)
Class Paracrinoidea (Ordovician - Silurian, 13-15 genera)
Subphylum Echinozoa (6 classes, 4 extinct)
Class Echinoidea (Sea Urchins) (Ordovician - Recent, 765 genera)
Class Holithuriudea (Sea Cucumbers) (Ordovician - Recent, 200 genera)
Subphylum Asterozoa (Stelleroidea)
Class Asteroidea - starfish - (early Ordovician - Recent, 430 genera)
Class Ophiuroidea - Brittle Stars -(Ordovician - Recent, 325 genera)
Subphylum Homalozoa (4 classes all extinct)

Echinodermata
Subphylum Blastozoa (5 classes all extinct)
Subphylum Crinozoa
Class Crinoidea - sea lilies (Cambrian - Recent, 1005 genera)
Class Paracrinoidea (Ordovician - Silurian, 13-15 genera)
Subphylum Echinozoa (6 classes, 4 extinct)
Class Echinoidea (Sea Urchins) (Ordovician - Recent, 765 genera)
Class Holithuriudea (Sea Cucumbers) (Ordovician - Recent, 200 genera)
Subphylum Asterozoa (Stelleroidea)
Class Asteroidea - starfish - (early Ordovician - Recent, 430 genera)
Class Ophiuroidea - Brittle Stars -(Ordovician - Recent, 325 genera)
Subphylum Homalozoa (4 classes all extinct)

Starfish Protoreaster Nodosus

Brittle star

