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Preface

Insects are one of the classes of arthropod animals, and
insects gained their importance as they are the most common
on earth among living organisms as well as the effective
positive and negative their impact on humans, animals and
plants. Therefore, it is important to study an insect including
different aspects. This note will present an introduction to
entomology. In general, we will study the importance of
insects spiritually, scientifically and economically. Moreover,
it includes the general characteristics of insects. The
morphology of insects in different body regions will be
involved in the current preliminary study. We will present
brief notes on the internal anatomy of insects of some body
systems. Furthermore, we’'ll show an introduction to
classification of insects and some orders. Finally, hope you
my students benefit and enjoy studying this scientific
materials.

Frof Dr. Kohislod 8. . Osman
Dy, 54 T, Fadlellah”

2021-2022



Why we care about insects?!!!
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Firstly: For their spiritual significance &gl il ;¥

Y

The mosquitoes mentioned in the Holly Books.........
OIAN Gudlal) QUK b 3 2B g (gl

1. House Flies 4 3l LAl e
2. Termites uas¥ Jaill
3. True Ants (sasad) Jadl mentioned in the Holly Books
4. The Bees Jaill p—
5. Locusts i
6. Louse Jadll ]
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2.2. Secondly: Wit
For their scientific importance
Al Lgipany

w .
- Ratio < _dall duws
aclass

hylum Arthropoda
JaY) clilaie Al Cail gh gaa) & ydad) Adilla ans

Class: Ins

Phyl i A is a phylum of Kindom Animalia

A o) ASLall ik A gla Y) Clleaie S

Kindom Animalia is one of 5 kingdoms that are:

CR dlllaa (uad (ha Baal g Al gaald) ASlaal) of
Monera
Protista
Animalia
Plantae
Fungi

W

Species of class insects represent 50.2 % of all being organisms
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Aoal) LKl elilae JS (e %50.2 @ pdiad) Jiad Cua
Moreover, they represent 72% of all animals
A gal) ASlaall S (e %72 Jiad il pdiall 0
B-Tolerance Je~ill
They live in all environments <l aline 8 Giall s8¢ oo Uaia)
*Hot wells s Jui

*The two earth poles (il 3

*Temperature and Hinton 1960 experiment
S Hinton 4 sl

University of Florida Book of Insect Records

Chapter 4 Most Tolerant of Cold
Jason PW. HaLL

Department of Entomology & Nematology
University of Florida, Gainesville. Florida 32611-0620

I May 1994

In L ;
dehydrated larvae of the African chirononu
Polypedilum vanderplanki (Deptera) could sur-
' mersion in liquid helium (-2 70.=TT!.
phenomenon seems related to its ability to toler-
ate extreme desiccation.

The aim of'this paper 1s to identify the insect spe-
cies most tolerant to cold. *“Most tolerant to cold”
is here taken to mean ability to survive the low-
est temperature. The search was an open ended
one, such that the results could come from indi-
viduals studied under natural or laboratory con-
ditions.
Methods

I first searched the secondary literature, such
as general ecology, entomology and physiology
textbooks. All author’s names associated with
work on cold tolerance were then subjected to a
literature search. The Agricola data base 1970-
1993, was also searched for reference to papers
on cold tolerance in insects.

subjected to repeated dehydration, and accord-
ingly P vanderplanki has evolved the capacity
to tolerate severe desiceation in an anhydrobiotic
state. It seems likely that it is due to this phe-
nomenon that the insect 15 able Lo survive ex-
reme temperatures. Hinton (1960) placed the
larvae directly in Liquid helium from room tem-
perature. Only larvae that had been desiccated
to a water content of 8% survived freezing at -
270 C and subsequently metamorphosed, after
warming and rehydration. When [rozen fully hy-
drated, the larvae failed to recover, apparently
because of damage to the fat body (Leader 1962).
In contrast, elimination of body water in freez-
ing-tolerant nonanhydrobiotic species can often
be detrimental to the chances of survival at low
temperatures (Salt 1961).

The lowest temperature survived by any in-
sect in a nonanhydrobiotic state is - 196 C by the
prepupae of the sawfly Trichiocampus populi.
Tanno (1968) employed a three step procedure
consisting of freezing the prepupae at -20 C,
Lagsferrno them o -3 C {or coveral honre and




2olypedilum vanderplanki




Fig (2): Larva Polypedilum vanderplanki

*Humidity or moisture 4 sk )]

*Salinity 4a ol

*Q0il wells of Petroleum
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1.3. Thirdly: ud

For the Economic importance

u.ﬂ.@ﬁ)\.n <l pdad) daal \ A

W Fig (3): A harmed man by an insect

A-  On Human oty Ao
1- Annoyance pest dac gal) cldY)



2-Vectors of Disease Pathogens &l Y Cilia <L

Fig (4): Aedes feeding on its host

~\ \\
Jalad ad RS uanl) dua gay
1 \ N
B- On Animals: Causing diseases ....... Causing
disturbance

(e S3) Lyl dae 3a g al ¥ quaedd g ol guadl o
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B- On Plants: For Leaves - For Stems - For Roots

aldl) e
o\ \ °
A- Dangers of the Insects
On Plants
Pulvinaria tenuivalvata <\ 3,3 A , Sesamia cretica (@) s
«<ill and Gryllotalpa africana <l jsi 1a attack certain plan
Leaves, stems and roots, respectively.

Benefits of the Insects < jéall L alaidy) v il
I- Benefits of the Insects to Human



Benefits Bee Honey on digestive System Treatment of Digestive
upset sl bl k), hepatitis, cholecytitis 5. ) <\, gingivitis
Al S, tooth decayist) (u gud

SEVERE

HEALTHY GUMS GINGIVITIS PERIODONTITIS

Crest

Fig. (6): Tooth decay
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Benefits on skin: Benefits to epidermis, Analgesic against pain
of burns and wounds @, 5zl a¥Y (S g8kl g alad) e

Benefits on Circulatory System: Raising the ratio of hemoglobin,
J¢all uistreatment Anemia and strengthen the heart muscles.

B e 4585 5 adll (i ol gasgd) s @d )l () g2

Benefits on Respiratory System: Expectorant sld! 3, Treatment
of cough Jxull z3and Pneumonia ¢ 5! Gy

Benefits on Nervous System: Treatment of nervous headache,
Polio

9 DB A 685 g g JULYY JLA (e A8 9 5 anl) plasall g aaal) Slgad) o
A Al cilaga)

strengthen eyesight, heal corneal, ulcers, and infections
, A AN s B8 Ay Ay g Bl (g By
Genital system and increases the energy and sexual strength
Aol 3 a8l 4 483

A2-Cantharidin: from blister beetles: It is a burn agent or a poison

in large doses and for treating molluscum contagiosum that caused

by a virus
of the skin Us s o aalill Aall (5 gae 7 Slal Allad dia go 4y 5alS Croaiin) 3

A3- Allantoin: It is an anti-septic &< produced by some larvae of
some gka 9

A4- Carmine dye: Carmine also is called cochineal, cochineal
extract of Dactylopius coccus,d34 &) 4,431 3 ,4al) | patural red dye,
E120, is a pigment of a bright-red color obtained for coloring red
medicaments.
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Fig (7): Insects and their prodcts

Lac: secreted by some scale insects <)

Silk: from Bombyx mori (Silk worm) _: )
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otograph by Leellen Solter.)
(B9 g (b Al g pas (e F

nefits of the Insects to Human
R PWEN|

ethcerus niloticus, Gryllus bimaculatus and Schistocerca
o or Locusts

C) The Insects and the researches «l=ll &l 5 &l y3al)
D) The insects and the Arts (&l 5 <l pdald)
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S . W |
Fig (9): Thai market selling deep-fried insects (anticlockwise left,
front): locusts, bamboo-worms, moth chrysalis, crickets,
scorpions, and diving beetles
) . S )
S(aa¥) o ¢ ) ) ALl G e sladl uSe) Aulial) < pdad) g 2D (3 g
el (8UA g ¢ i lall g ¢ ual pall g AR5 pEY dle g ¢ o) A0 cldag ¢ el

Fig (10): Hollywood uses darkling ground beetle to prod-
uce works of art. 35 sa 5 &) sl
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n Post.)
& gal) dola Gudlia
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Cochineal insect Cochineal insect  Calliphora vicina
4t ja Jdll) 44 pdidl) 5 pdiad] Dactylopius coccus £l j Lilyd

Hualophora cecropia

Fig (12): Some economic insects
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C-Benefits of the Insects on plants: Pollens transmitting of about
3000 plant species and the insects as biological control in
instance Tichogramma sp.

cblall e <ol jdal) Xl 6
JEal Ui e A 5l sy AnlSaS @l piad) o ALVl Sl g 553000 s Bl s Ji
Trichogramma sp.

il pdall gl isieaill g sl
Taxonomy of Class: Insecta
Kingdom: Animalia
Subkingdom: Eumetazoa

Phylum: Arthropoda
Class: Insecta
General Characters of the I [
il dall dalal) c_,rk

The word "insect” comes from the Latin word insectum, meaning "with a
notched or divided body", or literally "cut into", from the neuter singular perfect
passive participle of insectare, "to cut into, to cut up"”, from in- "into" and secare
"to cut";[10] because insects appear "cut into" three sections. A calque of Ancient
Greek: évropov (éntomon), "cut into sections”, Pliny the Elder introduced the Latin
designation as a loan-translation of the Ancient Greek word &vropog (éntomos) or
"insect" (as in entomology), which was Aristotle's term for this class of life, also in
reference to their "notched" bodies. "Insect" first appears documented in English
in 1601 in Holland's translation of Pliny. Translations of Aristotle's term also form
the usual word for "insect" in Welsh (trychfil, from trychu "to cut" and mil,
"animal"), Serbo-Croatian (zareznik, from rezati, "to cut"), Russian (Hacekomoe
(nasekomoje), from seé'/-sekat, "to cut"), etc

Insects (from Latin insectum)are pancrustacean hexapod invertebrates of

the class Insecta. They are the largest group within the arthropod phylum. Insects have
a chitinous exoskeleton, a three-part body (head, thorax and abdomen), three pairs of
jointed legs, compound eyes and one pair of antennae. Insects are the most diverse
group of animals; they include more than a million described species and represent more
than half of all known living organisms.2 The total number of extant species is estimated
at between six and ten million;224 potentially over 90% of the animal life forms on Earth
are insects.®® [nsects may be found in nearly all environments, although only a small
number of species reside in the oceans, which are dominated by another arthropod
group, crustaceans, which recent research has indicated insects are nested within.

Nearly all insects hatch from eggs. Insect growth is constrained by the
inelastic exoskeleton and development involves a series of molts. The immature stages
often differ from the adults in structure, habit and habitat, and can include a
passive pupal stage in those groups that undergo four-stage metamorphosis. Insects that
undergo three-stage metamorphosis lack a pupal stage and adults develop through a
series of nymphal stages.®! The higher level relationship of the insectsis unclear.
Fossilized insects of enormous size have been found from the Paleozoic Era,
including giant dragonflies with wingspans of 55 to 70 cm (22 to 28 in). The most diverse
insect groups appear to have coevolved with flowering plants.
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Adult insects typically move about by walking, flying, or sometimes swimming.
As it allows for rapid yet stable movement, many insects adopt a tripedal gait in which
they walk with their legs touching the ground in alternating triangles, composed of the
front and rear on one side with the middle on the other side. Insects are the only
invertebrates to have evolved flight, and all flying insects derive from one common
ancestor. Many insects spend at least part of their lives under water,
with larval adaptations that include gills, and some adult insects are aquatic and have
adaptations for swimming. Some species, such as water striders, are capable of walking
on the surface of water. Insects are mostly solitary, but some, such as
certain bees, ants and termites, are social and live in large, well-organized colonies.
Some insects, such as earwigs, show maternal care, guarding their eggs and young.
Insects can communicate with each other in a variety of ways. Male moths can sense
the pheromones of female moths over great distances. Other species communicate with
sounds: crickets stridulate, or rub their wings together, to attract a mate and repel other
males. Lampyrid beetles communicate with light.

Humans regard certain insects as pests, and attempt to control them using insecticides,
and a host of other techniques. Some insects damage crops by feeding on sap, leaves,
fruits, or wood. Some species are parasitic, and may vector diseases. Some insects
perform complex ecological roles; blow-flies, for example, help consume carrion but also
spread diseases. Insect pollinators are essential to the life cycle of many flowering plant
species on which most organisms, including humans, are at least partly dependent;
without them, the terrestrial portion of the biosphere would be devastated Many insects
are considered ecologically beneficial as predators and a few provide direct economic
benefit. Silkkworms produce silk and honey bees produce honey and both have been
domesticated by humans. Insects are consumed as food in 80% of the world's nations,
by people in roughly 3000 ethnic groups.® Human activities also have effects on insect

biodiversity.

Although traditionally grouped with millipedes and centipedes—possibly on the basis of
convergent adaptations to terrestrialisation®™®—evidence has emerged favoring
closer evolutionary ties with crustaceans. In the Pancrustacea theory, insects, together
with Entognatha, Remipedia, and Cephalocarida, make up a natural clade labeled
Miracrustacea within Crustaceans, now termed Pancrustacea

Insects form a single clade, closely related to crustaceans and myriapods.?”

Other terrestrial arthropods, such
as centipedes, millipedes, scorpions, spiders, woodlice, mites, and ticks are sometimes
confused with insects since their body plans can appear similar, sharing (as do all
arthropods) a jointed exoskeleton. However, upon closer examination, their features
differ significantly; most noticeably, they do not have the six-legged characteristic of adult
insects.

The higher-level phylogeny of the arthropods continues to be a matter of debate and
research. In 2008, researchers at Tufts University uncovered what they believe is the
world's oldest known full-body impression of a primitive flying insect, a 300-million-year-
old specimen from the Carboniferous period.? The oldest insect fossil was considered to
be the Devonian Rhyniognatha  hirsti, from the  396-million-year-old Rhynie
chert.”® However, other analyses have disputed this placement, finding it to be more
likely a myriapod.®

Four super radiations of insects have occurred: beetles (from about 300 million years
ago), flies (from about 250 million years ago), moths and wasps (both from about 150
million years ago).”™ These four groups account for the majority of described species.
The flies and moths along with the fleas evolved from the Mecoptera.

The origins of insect flight remain obscure, since the earliest winged insects currently
known appear to have been capable fliers. Some extinct insects had an additional pair of
winglets attaching to the first segment of the thorax, for a total of three pairs. As of 2009,
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no evidence suggests the insects were a particularly successful group of animals before
they evolved to have wings.

Late Carboniferous and Early Permian insect orders include both extant groups, their
stem groups,” and a number of Paleozoic groups, now extinct. During this era, some
giant dragonfly-like forms reached wingspans of 55 to 70 cm (22 to 28 in), making them
far larger than any living insect. This gigantism may have been due to higher atmospheric
oxygen levels that allowed increased respiratory efficiency relative to today. The lack of
flying vertebrates could have been another factor. Most extinct orders of insects
developed during the Permian period that began around 270 million years ago. Many of
the early groups became extinct during the Permian-Triassic extinction event, the largest
mass extinction in the history of the Earth, around 252 million years ago.

The remarkably successful Hymenoptera appeared as long as 200 million years ago in
the Triassic period, but achieved their wide diversity more recently in the Cenozoic era,
which began 66 million years ago. A number of highly successful insect groups evolved
in conjunction with flowering plants, a powerful illustration of coevolution.

Many modern insect genera developed during the Cenozoic. Insects from this period on
are often found preserved inamber, often in perfect condition. The body plan,
or morphology, of such specimens is thus easily compared with modern species. The
study of fossilized insects is called paleoentomology.
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Segmentation

Insect Morphology

The Insect Head
Capsule and Appendages
I. Head Functions

II. Head Types

II1. Head Morphological Regions

IV. Appendages: Mouth parts and Antennae

Types Mouthparts

Ento or Endognathous m.p.
Types Mouthparts
Ecto or Exoognathous m.p.
Suctorial Mouthparts
A- Piercing and sucking Mouth parts e.g
Mechanism of Piercing and sucking m¢
B- Sucking Mouth parts in Moths
Antennae
Gl pdall b jladiad) g
a) Location
b) Morphological Stru e
c) Functions:

ns
rk

Explanation:
The head j

most feature d in other insects, including the sutures and
sclerites. ere, the vertex, or the apex (dorsal region), is
situated between the compound eyes for insects with a
hypognathous and opisthognathous head. In prognathous
insects, the vertex is not found between the compound eyes, but
rather, where the ocelli are normally. This is because the primary
axis of the head is rotated 90° to become parallel to the primary
axis of the body. In some species, this region is modified and
assumes a different name.
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INSECT THORAX
Insect Thoracic General characters:

Morphological Description Thoracic Segmentation

Thoracic Nota or Terga
Thoracic Sterna
INSECT APPENGAGES
A- INSECT WINGS
1- Identification
2- Wing Margins, Angles and Regions
3- Wing Growth Theory
4- Structures ( Sclerites and veins)
5- Comstock and Needham System of Wing g
Modifications
7- Wing Couplings

The thorax is a tagma composed ofthree se the prothorax,
mesothorax and the metat . anterior segment, closest
to the head, is the prothorax,wi jor features being the
first pair of legs and the . The middle segment is the
mesothorax, with
legs and the ings. The third and most posterior
segment, abutti
features i i gs and the posterior wings. Each
segment ol by an intersegmental suture. Each

ions are called the pleura (singular: pleuron)
aspect is called the sternum. In turn, the notum
of the prothorax is called the pronotum, the notum for the
mesothorax is called the mesonotum and the notum for the
metathorax is called the metanotum. Continuing with this logic,
the mesopleura and metapleura, as well as the mesosternum and
metasternum, are used.
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INSECT ABDOMEN
<l pdiad) & bl

General information

Segmentation:

Spiracles: 4xwdiil) cilasdl)

Abdominal Segmentation

**External Genital Organs or Genitalia:
A- Female External genital organs or genitalia:
B- Male External genital organs or genitalia:

Abnoramal Abdominal Segmentation

Abdominal Appendages

Ovipositors

The abdomen is the largest tagma of the hich typically

consists of 11 segments an otized than the
head or thorax. Each seg is represented by a
sclerotized tergum ang Terga are separated from each

al area. Variation of this ground
A or terga and sterna to form

imes called laterosternites. During the
nany insects and the postembryonic stage of
abdominal segments are present. In modern
a tendency toward reduction in the number of the
abdominal "segments, but the primitive number of 11 is
maintained during embryogenesis. Variation in abdominal
segment number is considerable. If the Apterygota are
considered to be indicative of the ground plan for pterygotes,
confusion reigns: adult Protura have 12 segments, Collembola
have 6. The orthopteran family Acrididae has 11 segments, and a
fossil specimen of Zoraptera has a 10-segmented abdomen.
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Exoskeleton

A- The Insect Body Wall or (The Insect Integument)
The insect body wall or integument

I- The insect body wall or integument

Shape

The insect body wall or integument co o
a) Integument layers
i- Cuticle &

ii- Epidermis

iii- Basement membrs
Integument Ecdysi
The Aim of the Inte

Mechanism or Pr
Some Te

1-
2-St
3- Instar:
4- Ecdosone:

5- Juvenile:
Expalnation:

The insect outer skeleton, the cuticle, is made up of two layers: the epicuticle, which is a
thin and waxy water resistant outer layer and contains no chitin, and a lower layer called
the procuticle. The procuticle is chitinous and much thicker than the epicuticle and has
two layers: an outer layer known as the exocuticle and an inner layer known as the
endocuticle. The tough and flexible endocuticle is built from numerous layers of fibrous
chitin and proteins, criss-crossing each other in a sandwich pattern, while the exocuticle
is rigid and hardened. The exocuticle is greatly reduced in many insects during
their larval stages, e.g., caterpillars. It is also reduced in soft-bodied adult insects.
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Insects are the only invertebrates to have developed active flight capability, and this has
played an important role in their success.®'® Their flight muscles are able to contract
multiple times for each single nerve impulse, allowing the wings to beat faster than would
ordinarily be possible.

Having their muscles attached to their exoskeletons is efficient and allows more muscle
connections.
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Internal Anatomy of the Insects
Introduction
to
Insect Internal Anatomy
Physiological View
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Ao ol g 3 A3
1- Digestive System
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2- Respiratory Systems

3- Circulatory System

Nervous system

The nervous system of an insect can be divided into a brain and a ventral
nerve cord. The head capsule is made up of six fused segments, each with
either a pair of ganglia, or a cluster of nerve cells outside of the brain. The first
three pairs of ganglia are fused into the brain, while the three following pairs
are fused into a structure of three pairs of ganglia under the
insect's esophagus, called the subesophageal ganglion

The thoracic segments have one ganglion on each side, which are connected
into a pair, one pair per segment. This arrangement is also seen in the
abdomen but only in the first eight segments. Many species of insects have
reduced numbers of ganglia due to fusion or reduction. Some cockroaches
have just six ganglia in the abdomen, whereas the wasp Vespa crabro has
only two in the thorax and three in the abdomen. Some insects, like the house
fly Musca domestica, have all the body ganglia fused into a single large
thoracic ganglion.

At least a few insects have nociceptors, cells that detect and transmit signals
responsible for the sensation of pain. This was discovered in 2003 by studying
the variation in reactions of larvae of the common fruit-fly Drosophila to the
touch of a heated probe and an unheated one. The larvae reacted to the
touch of the heated probe with a stereotypical rolling behavior that was not
exhibited when the larvae were touched by the unheated
probe. Although nociception has been demonstrated in insects, there is no
consensus that insects feel pain consciously.

28


https://en.wikipedia.org/wiki/Nervous_system
https://en.wikipedia.org/wiki/Insect_brain
https://en.wikipedia.org/wiki/Ventral_nerve_cord
https://en.wikipedia.org/wiki/Ventral_nerve_cord
https://en.wikipedia.org/wiki/Ganglion
https://en.wikipedia.org/wiki/Esophagus
https://en.wikipedia.org/wiki/Subesophageal_ganglion
https://en.wikipedia.org/wiki/Thoracic
https://en.wikipedia.org/wiki/Vespa_crabro
https://en.wikipedia.org/wiki/Housefly
https://en.wikipedia.org/wiki/Nociceptor
https://en.wikipedia.org/wiki/Pain_in_animals
https://en.wikipedia.org/wiki/Larvae
https://en.wikipedia.org/wiki/Drosophila
https://en.wikipedia.org/wiki/Nociception

Digestive system

Pharynx

Oesophagus
Salivary gland

Rectum

4
Wicana
M\ &

A-Alimentary Canal

B- Salivary Canal
‘\

An insect uses its digestive system to extract nutrients and other substances
from the food it consumes. Most of this food is ingested in the form
of macromolecules and other complex substances
like proteins, polysaccharides, fats and nucleic acids. These macromolecules
must be broken down by catabolic reactions into smaller molecules like amino
acids and simple sugars before being used by cells of the body for energy,
growth, or reproduction. This break-down process is known as digestion.

There is extensive variation among different orders, life stages, and
even castes in the digestive system of insects. This is the result of extreme
adaptations to various lifestyles. The present description focuses on a
generalized composition of the digestive system of an adult orthopteroid
insect, which is considered basal to interpreting particularities of other groups.

The main structure of an insect's digestive system is a long enclosed tube
called the alimentary canal, which runs lengthwise through the body. The
alimentary canal directs food unidirectionally from the mouth to the anus. It
has three sections, each of which performs a different process of digestion. In
addition to the alimentary canal, insects also have paired salivary glands and
salivary reservoirs. These structures usually reside in the thorax, adjacent to
the foregut. The salivary glands in an insect's mouth produce saliva. The
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salivary ducts lead from the glands to the reservoirs and then forward through
the head to an opening called the salivarium, located behind the hypopharynx.
By moving its mouthparts the insect can mix its food with saliva. The mixture
of saliva and food then travels through the salivary tubes into the mouth,
where it begins to break down. Some insects, like flies, have extra-oral
digestion. Insects using extra-oral digestion expel digestive enzymes onto
their food to break it down. This strategy allows insects to extract a significant
proportion of the available nutrients from the food source. The gut is where
almost all of insects' digestion takes place. It can be divided into
the foregut, midgut and hindgut.

Foregut

Midgut
Malpighian
tubule
-
Hindgut!’/g’ Ny
Rectum

Stylized diagram of insect digestive tract showing malpighian tubule, from an
insect of the order Orthoptera

The first section of the alimentary canal is the foregut, or stomodaeum. The
foregut is lined with a cuticular lining made of chitin and proteins as protection
from tough food. The foregut includes the buccal
cavity (mouth), pharynx, esophagus and crop and proventriculus (any part
may be highly modified), which both store food and signify when to continue
passing onward to the midgut.

Digestion starts in buccal cavity (mouth) as partially chewed food is broken
down by saliva from the salivary glands. As the salivary glands produce fluid
and carbohydrate-digesting enzymes (mostly amylases), strong muscles in
the pharynx pump fluid into the buccal cavity, lubricating the food like the
salivarium does, and helping blood feeders, and xylem and phloem feeders.

From there, the pharynx passes food to the esophagus, which could be just a
simple tube passing it on to the crop and proventriculus, and then onward to
the midgut, as in most insects. Alternately, the foregut may expand into a very
enlarged crop and proventriculus, or the crop could just be a diverticulum, or
fluid-filled structure, as in some Diptera species.

30


https://en.wikipedia.org/wiki/Diptera
https://en.wikipedia.org/wiki/Mastication
https://en.wikipedia.org/wiki/Mastication
https://en.wikipedia.org/wiki/Foregut
https://en.wikipedia.org/wiki/Stomach
https://en.wikipedia.org/wiki/Hindgut
https://en.wikipedia.org/wiki/Malpighian_tubule_system
https://en.wikipedia.org/wiki/Orthoptera
https://en.wikipedia.org/wiki/Foregut
https://en.wikipedia.org/wiki/Chitin
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Buccal_cavity
https://en.wikipedia.org/wiki/Buccal_cavity
https://en.wikipedia.org/wiki/Pharynx
https://en.wikipedia.org/wiki/Esophagus
https://en.wikipedia.org/wiki/Crop_(anatomy)
https://en.wikipedia.org/wiki/Proventriculus
https://en.wikipedia.org/wiki/Buccal_cavity
https://en.wikipedia.org/wiki/Enzyme
https://en.wikipedia.org/wiki/Amylase
https://en.wikipedia.org/wiki/Diverticulum
https://en.wikipedia.org/wiki/File:Malpighian_tube.svg

Bumblebee defecating. Note the contraction of the abdomen to provide internal pressure
Midgut

Once food leaves the crop, it passes to the midgut, also known as the
mesenteron, where the majority of digestion takes place. Microscopic
projections from the midgut wall, called microvilli, increase the surface area of
the wall and allow more nutrients to be absorbed; they tend to be close to the
origin of the midgut. In some insects, the role of the microvilli and where they
are located may vary. For example, specialized microvilli producing digestive
enzymes may more likely be near the end of the midgut, and absorption near
the origin or beginning of the midgut.

Hindgut

In the hindgut, or proctodaeum, undigested food particles are joined by uric
acid to form fecal pellets. The rectum absorbs 90% of the water in these fecal
pellets, and the dry pellet is then eliminated through the anus, completing the
process of digestion. Envaginations at the anterior end of the hindgut form the
Malpighian tubules, which form the main excretory system of insects.
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Excretory system
Insects may have

remove nitro

Malpighian tubules. These tubules
the hemolymph of the insect and regulate
soltites are emptied directly into the alimentary
e midgut and hindgut.

Reproductive system
Main article: Insect reproductive system

The reprow system of female insects consist of a pair of ovaries,
accessory glands, one or more spermathecae, and ducts connecting these

parts. The ovaries are made up of a number of egg tubes, called ovarioles,
which vary in size and number by species. The number of eggs that the insect
is able to make vary by the number of ovarioles with the rate that eggs can
develop being also influenced by ovariole design. Female insects are able
make eggs, receive and store sperm, manipulate sperm from different males,
and lay eggs. Accessory glands or glandular parts of the oviducts produce a
variety of substances for sperm maintenance, transport and fertilization, as
well as for protection of eggs. They can produce glue and protective
substances for coating eggs or tough coverings for a batch of eggs
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called oothecae. Spermathecae are tubes or sacs in which sperm can be
stored between the time of mating and the time an egg is fertilized.

For males, the reproductive system is the testis, suspended in the body cavity
by tracheae and the fat body. Most male insects have a pair of testes, inside of
which are sperm tubes or follicles that are enclosed within a membranous sac.
The follicles connect to the vas deferens by the vas efferens, and the two
tubular vasa deferentia connect to a median ejaculatory duct that leads to the
outside. A portion of the vas deferens is often enlarged to form the seminal
vesicle, which stores the sperm before they are discharged into the female.
The seminal vesicles have glandular linings that secrete nutrients for
nourishment and maintenance of the sperm. The ejaculatagy duct is derived

be sclerotized to form the intromittent organ, the ae@e mainder of
the male reproductive system is derived from e
the germ cells, or spermatogonia, which desc
very early during embryogenesis.
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Respiratory system
A- Types of Respiratory organs according the habitats

B- Types of the Tracheal System \
I'§

The tube-like heart (green) of the mosquito Anopheles gambiae extends
horizontally across the body, interlinked with the diamond-shaped wing
muscles (also green) and surrounded by pericardial cells (red). Blue
depicts cell nuclei.

Insect respirationis accomplished without lungs. Instead, the insect
respiratory system uses a system of internal tubes and sacs through which
gases either diffuse or are actively pumped, delivering oxygen directly to
tissues that need it via their trachea . In most insects, air is taken in through
openings on the sides of the abdomen and thorax called spiracles.

The respiratory system is an important factor that limits the size of insects. As
insects get larger, this type of oxygen transport is less efficient and thus the
heaviest insect currently weighs less than 100 g. However, with increased
atmospheric oxygen levels, as were present in the late Paleozoic, larger
insects were possible, such as dragonflies with wingspans of more than two
feet (60 cm).

There are many different patterns of gas exchange demonstrated by different
groups of insects. Gas exchange patterns in insects can range from
continuous and diffusive ventilation, to discontinuous gas exchange. During
continuous gas exchange, oxygen is taken in and carbon dioxide is released
in a continuous cycle. In discontinuous gas exchange, however, the insect
takes in oxygen while it is active and small amounts of carbon dioxide are
released when the insect is at rest. Diffusive ventilation is simply a form of
continuous gas exchange that occurs by diffusion rather than physically taking
in the oxygen. Some species of insect that are submerged also have
adaptations to aid in respiration. As larvae, many insects have gills that can
extract oxygen dissolved in water, while others need to rise to the water
surface to replenish air supplies, which may be held or trapped in special
structures.

Circulatory system
A- Haemocol

B- Blood Vessel
O Aorta
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O Heart

Drawing and Explanaition
C- Insect Blood

O Types and comparison

Because oxygen is delivered directly to tissues via tracheoles, the circulatory
system is not used to carry oxygen, and is therefore greatly reduced. The
insect circulatory system is open; it has no veins or arteries, and instead
consists of little more than a single, perforated dorsal tube that
pulses peristaltically. This dorsal blood vessel is divided into two sections: the
heart and aorta. The dorsal blood vessel circulates the hemolymph,
arthropods' fluid analog of blood, from the rear of the body cavity
forward. Hemolymph is composed of plasma in which hemocytes are
suspended. Nutrients, hormones, wastes, and other substances are
transported throughout the insect body in the hemolymph. Hemocytes include
many types of cells that are important for immune responses, wound healing,
and other functions. Hemolymph pressure may be increased by muscle
contractions or by swallowing air into the digestive system to aid in
molting.[76] Hemolymph is also a major part of the open circulatory system of
other arthropods, such as spiders and crustaceans
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Reproduction and development

A pair of grasshoppers mating.

ation and development
orion) that consists of
r arthropods, most insect eggs are
ide the chorion two additional

The majority of insects hatch
takes place inside the egg
maternal tissue. In contras
drought resistant. This

desiccation. In Schiz e serosa does not develop, but these
flies lay theimeggs in , such as rotting matter.[79] Some species
tica dubia, as well as juvenile aphids and
tsetse flies Y The eggs of ovoviviparous animals develop

i ' : emale, and then hatch immediately upon being
ies, such as those in the genus of cockroaches

separate embfyos Insects may be univoltine, bivoltine or multivoltine, i.e. they
may have one, two or many broods (generations) in a year.

38


https://en.wikipedia.org/wiki/Simosyrphus_grandicornis
https://en.wikipedia.org/wiki/Grasshoppers
https://en.wikipedia.org/wiki/Egg_(biology)
https://en.wikipedia.org/wiki/Chorion
https://en.wikipedia.org/wiki/Amnion
https://en.wikipedia.org/wiki/Serosa
https://en.wikipedia.org/wiki/Cuticle
https://en.wikipedia.org/wiki/Chitin
https://en.wikipedia.org/wiki/Schizophora
https://en.wikipedia.org/wiki/Insect#cite_note-79
https://en.wikipedia.org/wiki/Blaptica_dubia
https://en.wikipedia.org/wiki/Ovoviviparity
https://en.wikipedia.org/wiki/Insect#cite_note-mcgraw-hill-6
https://en.wikipedia.org/wiki/Diploptera
https://en.wikipedia.org/wiki/Viviparous
https://en.wikipedia.org/wiki/Gestate
https://en.wikipedia.org/wiki/Viviparity
https://en.wikipedia.org/wiki/Polyembryony
https://en.wikipedia.org/wiki/File:Hoverflies_mating_midair.jpg
https://en.wikipedia.org/wiki/File:MatingGrasshopper.jpg
https://en.wikipedia.org/wiki/File:Hoverflies_mating_midair.jpg
https://en.wikipedia.org/wiki/File:MatingGrasshopper.jpg

The different forms of the male (top) and female (bottom) tussock moth Orgyia recensis an

example of sexual dimorphism in insects.

Other developmental and N variations
include haplodiploidy, polymorphism, pa@domor i ramorphosis, sex
ual dimorphism, parthenogenesis and rmaphroditism. In

haplodiploidy, which is a type of the offspring's sex
is determined by the number an individual receives.
This system is typical in bees a ) morphism is where a
species may have differen ph s, as in the oblong winged katydid,
which has four different vafieties: gre and yellow or tan. Some insects
may retain phenotypes seen in juveniles; this is called
paedomorphosis. | [ ppposite sort of phenomenon, insects
take on previously '
insects displ , IN-'which males and females have notably

e moth Orgyia recens as an exemplar of

enogenesis, a process in which the female can
without having the eggs fertilized by a male. Many
Of parthenogenesis, called cyclical parthenogenesis, in
ate between one or many generations of asexual and sexual
84] In  summer, aphids are generally female and
in the autumn, males may be produced for sexual
reproduction. Other insects produced by parthenogenesis are bees, wasps
and ants, in which they spawn males. However, overall, most individuals are
female, which are produced by fertilization. The males are haploid and the
females are diploid.

Insect life-histories show adaptations to withstand cold and dry conditions.
Some temperate region insects are capable of activity during winter, while
some others migrate to a warmer climate or go into a state of torpor.[85] Still
other insects have evolved mechanisms of diapause that allow eggs or pupae
to survive these conditions.
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A pair of Simosyrphus grandicornis hoverflies mating in flight.
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Metamorphosis

Metamorphosis in insects is the biological process of deve
must undergo. There are four forms of metamgrph
paurometabola, hemimetabola and holometabola.

ment all insects
iS: ametabola,

Incomplete metamorphosis Hemimetabolism

Hemimetabolous insects, those with inco rphosis;®change
gradually by undergoing a series of molts. AR
its exoskeleton, which does not stret
insect's growth. The molting as the
insect's epidermis secretes a new epicuti : ne. After this new
epicuticle is secreted, the epi i IXtare of enzymes that
digests the endocuticle and th icle. When this stage is

complete, the insect makesgi

Immature ! incomplete metamorphosis are
called nymphs or i
Nymphs are similar | adult except for the presence of wings,

which are elope [ hood. With each molt, nymphs grow larger
and becomg moreSimilar i pearance to adult insects.

This southern hawker dragonfly molts its exoskeleton several times during its
life as a nymph; shown is the final molt to become a winged adult (eclosion).

Complete metamorphosis Holometabolism
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Gulf Fritillary Life Cycle

adult or imago. In
these species, an egg hatches to prod enerally worm-
like in form. This worm-like form can b one o arieties: eruciform
(caterpillar-like), scarabaeiform (elongated,
flattened and active), elaterifor i ' ermiform (maggot-like).
The larva grows and eventuall ge marked by reduced
movement and often sealeg oon. There are three types of pupae
obtect, exarate or coarcta e are compact, with the legs and
other appendages e . e have their legs and other

appendages free
skin.[34]:151 Inse ble change in form during the pupal
are a well-known example of insects

osis, although most insects use this life

dopterygota includes 11 Orders, the largest
doptera (butterflies and moths),
a (bees, wasps, and ants), and Coleoptera (beetles). This
form of de ent is exclusive to insects and not seen in any other

arthropods.
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Senses and communication

Many insects possess very sensitive and specialized organs of perception.
Some insects such asbeescan perceive ultraviolet wavelengths, or
detect polarized light, while the antennae of male moths can detect
the pheromones of female moths over distances of many kilometers. The
yellow paper wasp (Polistes versicolor) is known for its wagging movements
as a form of communication within the colony; it can waggle with a frequency
of 10.6x2.1 Hz (n=190). These wagging movements can signal the arrival of
new material into the nest and aggression between workers can be used to
stimulate others to increase foraging expeditions There is a pronounced
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tendency for there to be a trade-off between visual acuity and chemical or
tactile acuity, such that most insects with well-developed eyes have reduced
or simple antennae, and vice versa. There are a variety of different
mechanisms by which insects perceive sound; while the patterns are not
universal, insects can generally hear sound if they can produce it. Different
insect species can have varying hearing, though most insects can hear only a
narrow range of frequencies related to the frequency of the sounds they can
produce. Mosquitoes have been found to hear up to 2 kHz, and some
grasshoppers can hear up to 50 kHz. Certain predatory and parasitic insects
can detect the characteristic sounds made by their prey or hosts, respectively.
For instance, some nocturnal moths can perceive the ultrasonic emissions
of bats, which helps them avoid predation. Insects that feed on blood have
special sensory structures that can detect infrared emissionSjand use them to
home in on their hosts.

uch as the
lays her
of live

Some insects display a rudimentary sense of
solitary wasps that prey upon a single species.
eggs in individual cells and provides eac
caterpillars on which the young feed when species of wasp
always provide five, others twelve, as twenty-four
caterpillars per cell. The number of cate iSwdi aMmong species, but
always the same for each sex of lar ma i
genus Eumenes is smaller than fem
supplies him with only five illars;
caterpillars in her cell. :

er of one species
female receives ten

Light production and vision

Most insects have compound eyes and two antennae.

A few insects, such as members of the families Poduridae and Onychiuridae
(Collembola), Mycetophilidae (Diptera) and the beetle
families Lampyridae, Phengodidae, Elateridae and Staphylinidae are biolumin
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escent. The most familiar group are the fireflies, beetles of the family
Lampyridae. Some species are able to control this light generation to produce
flashes. The function varies with some species using them to attract mates,
while others use them to Iure prey. Cave dwelling Ilarvae
of Arachnocampa (Mycetophilidae, fungus gnats) glow to lure small flying
insects into sticky strands of silk. Some fireflies of the
genus Photuris mimic the flashing of female Photinus species to attract males
of that species, which are then captured and devoured. The colors of emitted
light vary from dull blue (Orfelia fultoni, Mycetophilidae) to the familiar greens
and the rare reds (Phrixothrix tiemanni, Phengodidae). Most insects, except
some species of cave crickets, are able to perceive light and dark. Many
species have acute vision capable of detecting minute movements. The eyes
may include simple eyes or ocelli as well as compound eye§,of varying sizes.
Many species are able to detect light in the infrared, ulti@yi and the visible
light wavelengths. Color vision has been demonstra species and
phylogenetic analysis suggests that UV-green-bluétric acCyuexisted from
at least the Devonian period between 416 and ﬁ millign rs a
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Sound production and hearing

make sounds mostly by mechanical
In grasshoppers and crickets, this is achieved by S ion. das make
the loudest sounds among the insects by prg
with special modifications to their body t¢
musculature. The African cicada Brevis
106.7 decibels at a distance of 50 c
the Helicoverpa  zea moths, hawk
hear ultrasound and take evasive &gt
detected by bats.Some mot
thought to have a role in jammi

gcts, such as
butterflies, can
at they have been
C|ICkS that were once
e ultrasonic clicks were

just as warning coloratic ainst predators that hunt by
sight. Some otherwis poths® have evolved to mimic these
calls More recentl e moths can jam bat sonar has been
-speed infrared videography of bat-
Dle tiger moth really does defend against
sonic clicks that jam bat sonar.

also produced in various species

e sounds made by the insect's movement. Through
‘ tructures located on the insect's muscles and joints,
s of the insect moving are amplified and can be used to
warn or ca icate with other insects. Most sound-making insects also
have tympanal®organs that can perceive airborne sounds. Some species
in Hemiptera, such as the corixids (water boatmen), are known to
communicate via underwater sounds. Most insects are also able to
sense vibrations transmitted through surfaces.

Communication using surface-borne vibrational signals is more widespread
among insects because of size constraints in producing air-borne
sounds.[103] Insects cannot effectively produce low-frequency sounds, and
high-frequency sounds tend to disperse more in a dense environment (such
as foliage), so insects living in such environments communicate primarily
using substrate-borne vibrations The mechanisms of production of vibrational
signals are just as diverse as those for producing sound in insects.
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Some species use vibrations for communicating within members of the same
species, such as to attract mates as in the songs of the shield bug Nezara
viridula. Vibrations can also be used to communicate between entirely
different species; lycaenid (gossamer-winged butterfly) caterpillars, which
are myrmecophilous (living in a mutualistic association with ants)
communicate with ants in this way.[106] The Madagascar hissing
cockroach has the ability to press air through its spiracles to make a hissing
noise as a sign of aggression;the death's-head hawkmoth makes a
squeaking noise by forcing air out of their pharynx when agitated, which may
also reduce aggressive worker honey bee behavior when the two are in close
proximity.
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Chemical communication

Chemical communications in animals rely on a variety of aspects including
taste and smell. Chemoreception is the physiological response of a sense
organ (i.e. taste or smell) to a chemical stimulus where the chemicals act as
signals to regulate the state or activity of a cell. A semiochemical is a
message-carrying chemical that is meant to attract, repel, and convey
information. Types of semiochemicals include pheromones and kairomones.
One example is the butterfly Phengaris arion which uses chemical signals as
a form of mimicry to aid in predation.[109]

In addition to the use of sound for communication, a wide range of insects
have evolved chemical means for communication. These chemicals,
termed semiochemicals, are often derived from plant metabolites including
those meant to attract, repel and provide other kinds of
information. Pheromones, a type of semiochemical, are used for attracting
mates of the opposite sex, for aggregating conspecific individuals of both
sexes, for deterring other individuals from approaching, to mark a trail, and to
trigger aggression in nearby individuals. Allomones benefit their producer by
the effect they have upon the receiver. Kairomones benefit their receiver
instead of their producer. Synomones benefit the producer and the receiver.
While some chemicals are targeted at individuals of the same species, others
are used for communication across species. The use of scents is especially
well known to have developed in social insects.[34]:96—105 Cuticular
hydrocarbon are nonstructural materials produced and secreted to the cuticle
surface to fight desiccation and pathogens. They also serve as pheromones

Sl YUasY)

Al @Al @y 8 La ulall (e Ae giie de ganae e Sl gadl 8 ALaS]) OYLaIY) aalad
derd Can Jla€ sl (430 1 (5530 (i) duls sand B sl Aatal) g el JiinY)
Jand AilasS ale o Apilaal 4s Al salll Lgdaliis ol Adal) Alla adaid) ol LIS 3Ll o) sl
5 o 5 il Al 4 Alsasll 3 sal) £ il Jadi Lty laamy ilasheall (il ) Chagd il
e JRUIS Aihes &l LS aadid Lr\S\ Phengaris arion a4 oy e ALiaY) aal Ll ga g Sl g

Losl Y1 Bac Luall sl JISS]

e Jlaidl &ibia il s sl (n G 5 e gana sk JlaBU el plaind ) diLayly
Cargd Al el @l 8 Loy ol cililiione (pe ¢AilaasSll 4 o) galls slansall ¢ Ailuasll o) sall 038 (505 L
W8 sl e g A «lisegl s Clagledl o s AT gl gy aas wis )
oo oAl A gal puiall DS e Opimae A el AV Gaial) e G sl dilasl)
L ili DA (e Leatie Allomones i can 8l 3aY1 (8 Gl gaad) 5 0Y 5 el apasily el y8Y)
gl 2 Clse s gl e Yy JLEWY Slea e Kairomones aiiud Juiiud) Slea Sle
Joal sill (5 A1 3 ga alasiul &b op gill s Cpa ) AV Caagiud ALl o) gall ey o) s (B Al
e Ll LS Gpelaa¥) @l pdall 4 ki 8 &l aladiul of 1da Gl g0 )Y e

Ll a5 padllS

Social behavior

48


https://en.wikipedia.org/wiki/Phengaris_arion
https://en.wikipedia.org/wiki/Insect#cite_note-Corruption-109
https://en.wikipedia.org/wiki/Chemical_communication
https://en.wikipedia.org/wiki/Semiochemical
https://en.wikipedia.org/wiki/Pheromone
https://en.wikipedia.org/wiki/Conspecificity
https://en.wikipedia.org/wiki/Allomone
https://en.wikipedia.org/wiki/Kairomone
https://en.wikipedia.org/wiki/Insect#cite_note-Gullan_and_Cranston-34
https://en.wikipedia.org/wiki/Desiccation
https://en.wikipedia.org/wiki/Entomopathogen_(disambiguation)

Social insects, such as termites, ants and : d wasps, are the
most familiar species of eusocial animals: [ etheg, in large well-
organized colonies that may be so tig ' genetically similar
that the colonies of some species [
It is sometimes argued that th [ ies ofyhoney bee are the only
invertebrates (and indeed one | roups) to have evolved
a system of abstract sym nication ere a behavior is used
to represent and convey [ ation about something in the
environment. In this c alled dance language, the angle
at which a bee d \direction relative to the sun, and the
length of the danc e distance to be flown. Though perhaps not
as advanced as hon ees also potentially have some social
s terrestris, for example, exhibit a faster

me species.

nests or colonies demonstrate any true capacity for
ition or homing. This can allow an insect to return
ole a few millimeters in diameter among thousands of
'en al holes clustered together, after a trip of up to several
kilometers' € In a phenomenon known as philopatry, insects
that hibernate have shown the ability to recall a specific location up to a year
after last viewing the area of interest[113]A few insects
seasonally migrate large distances between different geographic regions
(e.g., the overwintering areas of the monarch butterfly).
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Locomotion
Flight

Main articles: Insect flight and Insect wing

(
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|

White-lined sphinx moth feeding in flight

=a b lc od
Basic motion of the insect wing in insect with an indirect flight mechanism scheme of dorsoventral
cut through a thorax segment with
a wings
b joints
¢ dorsoventral muscles

d longitudinal muscles.

Insects are the only group of invertebrates to have developed flight. The
evolution of insect wings has been a subject of debate.
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Some entomologists suggest that the wings are from paranotal lobes, or
extensions from the insect's exoskeleton called the nota, called the paranotal
theory. Other theories are based on a pleural origin. These theories include
suggestions that wings originated from modified gills, spiracular flaps or as
from an appendage of the epicoxa. The epicoxal theory suggests the insect
wings are modified epicoxal exites, a modified appendage at the base of the
legs or coxa. In the Carboniferous age, some of the Meganeura dragonflies
had as much as a 50 cm (20 in) wide wingspan. The appearance of gigantic
insects has been found to be consistent with high atmospheric oxygen. The
respiratory system of insects constrains their size, however the high oxygen in
the atmosphere allowed larger sizes. The largest flying insects today are
much smaller, with the largest wingspan belonging to the white witch moth
(Thysania agrippina), at approximately 28 cm (11 in).

Insect flight has been a topic of great interest in aero
the inability of steady-state theories to explain the
wings of insects. But insect wings are in motion, wi
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Walking

Spatial and temporal stepping pattern of walking desert ants performing an alternating tripod gait.

Recording rate: 500 fps, Playback rate: 10 fps.

ed a tripedal gait.
The tripedal gait allows for rapi [ having a stable stance

in alternate triangles touchi d. For the Tirst step, the middle right
leg and the front and rea contact with the ground and move
the insect forward, whi 6 t leg and the middle left leg are

form a new stable
turn and so on. The
at high spe

5 can be lifted and brought forward in
ripedal gait is seen in insects moving
of locomotion is not rigid and insects can
xample, when moving slowly, turning, avoiding
surfaces, four (tetrapod) or more feet (wave-

ach a high velocity in proportion to their body size. As
e very quickly, they need to be video recorded at several
hundred frames per second to reveal their gait. More sedate locomotion is
seen in the stick insects or walking sticks (Phasmatodea). A few insects have
evolved to walk on the surface of the water, especially members of
the Gerridae family, commonly known as water striders. A few species of
ocean-skaters in the genus Halobates even live on the surface of open
oceans, a habitat that has few insect species.

Use in robotics
See also: Robot locomotion and Hexapod (robotics)

Insect walking is of particular interest as an alternative form of locomotion
in robots. The study of insects and bipeds has a significant impact on possible
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robotic methods of transport. This may allow new robots to be designed that
can traverse terrain that robots with wheels may be unable to handle.
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Swimming

The backswi necta glauca underwater, showing its paddle-like hindleg adaptation

A large number of insects live either part or the whole of their lives
underwater. In many of the more primitive orders of insect, the immature
stages are spent in an aquatic environment. Some groups of insects, like
certain water beetles, have aquatic adults as well.

Many of these species have adaptations to help in under-water locomotion.
Water beetles and water bugs have legs adapted into paddle-like structures.
Dragonfly naiads use jet propulsion, forcibly expelling water out of their rectal
chamber.[125] Some species like the water striders are capable of walking on
the surface of water. They can do this because their claws are not at the tips
of the legs as in most insects, but recessed in a special groove further up the
leg; this prevents the claws from piercing the water's surface film.[73] Other
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insects such as the Rove beetle Stenus are known to emit pygidial gland
secretions that reduce surface tension making it possible for them to move on
the surface of water by Marangoni propulsion (also known by
the German term Entspannungsschwimmen).
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Insect Ecology

Nw insects, individually or as a
community, interact wi ing evironment or ecosystem. Insects
' eir ecosystems, which includes many
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A- Identification of Taxonomy
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D- Insect Taxonomic Plan

E- Apterygota (Order:Collembgla)

Pollination
See also: Pollination

European honey bee carrying pollen in a pollen basket back to the hive
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Pollination is the process by which pollen is transferred in the reproduction of
plants, thereby enabling fertilisation and sexual reproduction. Most flowering
plants require an animal to do the transportation. While other animals are
included as pollinators, the majority of pollination is done by insects.Because
insects usually receive benefit for the pollination in the form of energy rich
nectar it is a grand example of mutualism. The various flower traits (and
combinations thereof) that differentially attract one type of pollinator or
another are known as pollination syndromes. These arose through complex
plant-animal adaptations. Pollinators find flowers through bright colorations,
including ultraviolet, and attractant pheromones. The study of pollination by
insects is known as anthecology.

Parasitism

Many insects are parasites of other insects such as the parasitoid wasps.
These insects are known as entomophagous parasites. They can be
beneficial due to their devastation of pests that can destroy crops and other
resources. Many insects have a parasitic relationship with humans such as
the mosquito. These insects are known to spread diseases such
as malaria and yellow fever and because of such, mosquitoes indirectly cause
more deaths of humans than any other animal.

D U

Relationship to humans

[ VU

As pests

See also: Pest insect

-

Aedeé aeqgypti, a parasite, is the vector of dengue fever and yellow fever

Many insects are considered pests by humans. Insects commonly regarded as
pests include those that are parasitic (e.g.lice,bed bugs), transmit
diseases (mosquitoes, flies), damage structures (termites), or destroy
agricultural goods (locusts, weevils). Many entomologists are involved in
various forms of pest control, as in research for companies to
produce insecticides, but increasingly rely on methods of biological pest
control, or biocontrol. Biocontrol uses one organism to reduce the population
density of another organism—the pest—and is considered a key element
of integrated pest management.
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Despite the large amount of effort focused at controlling insects, human
attempts to kill pests with insecticides can backfire. If used carelessly, the
poison can Kkill all kinds of organisms in the area, including insects' natural
predators, such as birds, mice and other insectivores. The effects of DDT's use
exemplifies how some insecticides can threaten wildlife beyond intended
populations of pest insects.

In beneficial roles
See also: Economic entomology 8 Beneficial insects

Because they help flowering plants to cross-pollinate, some insects are critical to agriculture.

This European honey bee is gathering nectar while pollen collects on its body.

A robberfly with its prey, a hoverfly. Insectivorous relationships such as these help control insect

populations.

Although pest insects attract the most attention, many insects are beneficial to
the environment and to humans. Some insects,
like wasps, bees, butterflies and ants, pollinate flowering plants. Pollination is
a mutualistic relationship between plants and insects. As insects
gather nectar from different plants of the same species, they also
spread pollen from plants on which they have previously fed. This greatly
increases plants' ability to cross-pollinate, which maintains and possibly even
improves their evolutionary fitness. This ultimately affects humans since
ensuring healthy crops is critical to agriculture. As well as pollination ants
help with seed distribution of plants. This helps to spread the plants, which
increases plant diversity. This leads to an overall better environment. A
serious environmental problem is thedecline of populations of
pollinator insects, and a number of species of insects are now cultured
primarily for pollination management in order to have sufficient pollinators in
the field, orchard or greenhouse at bloom time.[142]: 240-243 Another
solution, as shown in Delaware, has been to raise native plants to help support
native pollinators like L. vierecki.
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The economic value of pollination by insects has been estimated to be about
$34 billion in the US alone. Products made by insects. Insects also produce
useful substances such as honey, wax, lacquer and silk. Honey bees have been
cultured by humans for thousands of years for honey, although contracting for
crop pollination is becoming more significant for beekeepers.
The silkworm has  greatly affected human history, as silk-driven
trade established relationships between China and the rest of the world.

Pest control. Insectivorous insects, or insects that feed on other insects, are
beneficial to humans if they eat insects that could cause damage to agriculture
and human structures. For example, aphids feed on crops and cause problems
for farmers, but ladybugs feed on aphids, and can be used as a means to
significantly reduce pest aphid populations. While birds are perhaps more
visible predators of insects, insects themselves account for the vast majority of
insect consumption. Ants also help control animal populations by consuming
small vertebrates.[145] Without predators to keep them in check, insects can
undergo almost unstoppable population explosions.

Medical uses. Insects are also used in medicine, for example fly larvae
(maggots) were formerly used to treat wounds to prevent or stop gangrene, as
they would only consume dead flesh. This treatment is finding modern usage
in some hospitals. Recently insects have also gained attention as potential
sources of drugs and other medicinal substances. Adult insects, such as
crickets and insect larvae of various kinds, are also commonly used as fishing
bait.

In research

The common fruit fly Drosophila melanogaster is one of the most widely used organisms in

biological research.

Insects play important roles in biological research. For example, because of its
small size, short generation time and high fecundity, the common fruit
fly Drosophila melanogaster is a model organism for studies in the genetics of
higher eukaryotes. D. melanogaster has been an essential part of studies into
principles like genetic linkage, interactions between
genes, chromosomal genetics, development, behavior and evolution. Because
genetic systems are well conserved among eukaryotes, understanding basic
cellular processes like DNA replication or transcription in fruit flies can help
to understand those processes in other eukaryotes, including
humans. The genome of D. melanogaster was sequenced in 2000, reflecting
the organism's important role in biological research. It was found that 70% of
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the fly genome is similar to the human genome, supporting the evolution
theory.

As food

Main articles: Insects as food and Entomophagy

In some cultures, insects, especially deep-fried cicadas, are considered to
be delicacies, whereas in other places they form part of the normal diet.
Insects have a high protein content for their mass, and some authors suggest
their potential as a major source of protein in human nutrition. In most first-
world  countries, however, entomophagy (the eating of insects),
is taboo.[152] Since it is impossible to eliminate pest insects from the human
food chain, insects are inadvertently present in many foods, especially
grains. Food safety laws in many countries do not prohibit insect parts in food,
but rather limit their quantity. According to cultural
materialist anthropologist Marvin Harris, the eating of insects is taboo in
cultures that have other protein sources such as fish or livestock.

Due to the abundance of insects and a worldwide concern of food shortages,
the Food and Agriculture Organization of the United Nations considers that
the world may have to, in the future, regard the prospects of eating insects as a
food staple. Insects are noted for their nutrients, having a high content of
protein, minerals and fats and are eaten by one-third of the global population.

As feed

Main article: Insects as feed

Several insect species such as theblack soldier fly or the houseflyin
their maggot forms, as well as beetle larvae such as mealwormscan be
processed and used as feed for farmed animals such as chicken, fish and pigs.

In other products
Further information: Biorefinery

Insect larvae (i.e.black soldier fly larvae) can provide protein, grease,
and chitin. The grease 1is wusable in the pharmaceutical industry
(cosmetics, surfactants for shower gel) -hereby replacing other vegetable oils
as palm oil.

Also, insect cooking oil, insect butter and fatty alcohols can be made from
such insects as the superworm (Zophobas morio).

As pets

Many species of insects are sold and kept as pets. There are even special
hobbyist magazines such as "Bugs" (now discontinued).

In culture
Main article: Insects in culture

Scarab beetles held religious and cultural symbolism in Old Egypt, Greece and
some shamanistic Oold World cultures. The
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https://en.wikipedia.org/wiki/Zophobas_morio
https://en.wikipedia.org/wiki/Pet
https://en.wikipedia.org/wiki/Insects_in_culture
https://en.wikipedia.org/wiki/Scarabaeidae
https://en.wikipedia.org/wiki/Old_Egypt
https://en.wikipedia.org/wiki/Greece

ancient Chinese regarded cicadas as symbols of rebirth or immortality.
In Mesopotamian literature, the epic poem of Gilgamesh has allusions
to Odonata that signify the impossibility of immortality. Among
the Aborigines of Australia of the Arrernte language groups, honey ants
and witchetty grubs served as personal clan totems. In the case of the 'San'
bush-men of the Kalahari, it is the praying mantis that holds much cultural
significance including creation and zen-like patience in waiting.
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Phylum: Arthropoda

e The largest phylum in the Animal kingdom.
General characters

e Cosmopolitan in distribution, found as aquatic,
terrestrial and aerial forms. Some are ectoparasites
and vectors of disease.

e Body is triploblastic and bilaterally symmetrical.

e Body is segmented. Number of segments are less
than those in Annelida and form certain regions. It is
divisible into head, thorax and abdomen.
NOTE: In some forms, body is divisible into
cephalothorax (head and thorax are fused) and
abdomen, or head and trunk.




Body has jointed appendages or legs (which
modified to different structures to perform different
functions like jaws, walking legs, paddles).

Body is covered with chitinous exoskeleton formed
by epidermis. The exoskeleton forms internal
projections useful for muscle attachment. The
exoskeleton casts off periodically and a new one is
secreted. That is called molting or ecdysis.

True coelom is greatly reduced. It is represented
only by the cavities of the reproductive and
excretory organs. The general body cavity
(haemocoel) is filled with blood.

Digestive system is complete, straight and well
developed. The mouth bears mouth parts for
ingestion of food.




O Respiration takes place by general body surface
or gills, trachea, booklungs or bookgills.

o Circulatory system is of opened type i.e. do not
have blood vessels and the blood enters directly
into the body chambers or (haemocoel), and
returns back to the heart through ostia.

O Excretion takes place through Malphigian tubules
(in terrestrial form) or green glands (in aquatic
forms).

o Nervous system is of annelidian type, which
consists of a brain and a ventral nerve cord.



O

Sensory organs include antennae, sensory hairs
for touch and chemoreceptor, simple and

O

O

compound eyes, auditory organs (in insects) and
statocysts (in crustacean).

Striated muscles are presented segmentary.

Unisexual i.e. sexes are separated. Fertilization is
internal or external. They are either oviparous or
ovoviviparous. Development may be direct or
indirect.

Oviparous: lying leggs hatch out of the female

body.
Ovoviviparous: form eggs but still inside the

female till hatching.



O Direct O Indirect

development development
olt is a type of OlIt is a type of
development in development that
which an embryo involves a
develops into a sexually-immature
mature individual  larval _stage,
without involving a  having  different
larval stage. food requirement

than adults.




Opened and closed circulatory
systems

Opes dradetory ypilen
Hiwt


http://www.google.com.eg/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Fprezi.com%2F2hmxigaek14n%2Fthe-circulatory-system%2F&ei=h9Q_VM7vIM7saI-KgJgH&bvm=bv.77648437,d.d2s&psig=AFQjCNF8uyxEX7uFiAaAjewl_pNWIUCobQ&ust=1413555530964425

Classification of Arthropoda
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Subphylum: Branchiata
Class: Crustacea

General characters:

1- Mainly aquatic, few live in moist places. Few are
parasitic forms.

2- The body is divided into head, thorax (usually
fused in one part : cephalothorax) and abodomen

or head and trunk.
3- The head contains 6 segments
The first segment has no appendages.
The second bears the first antennae or (antennules)
The third bears the second antennae or (Antennae)
The fourth bears the Mandibles
The fifth bears the first maxillae or (Maxillules)
The sixth bears the second maxillae or (Maxillae)




4- The thoracic and abdominal segments differ from
one crustacean animal to another, but generally each
segment with a pair of appendages and sometimes

disappear from abdomen.

5- The digestive tract is almost straight. It consists of
an anterior foregut and a posterior hind gut, both
lined by chitin and separated by the unchitinised
midgut which often give rise to digestive glands.

6- The opened circulatory system includes a
contractile heart enclosed in pericardial cavity.

/- Respiration takes place by general body surface or
gills.

8- Excretion takes place through coxal or anntennal
glands (green glands).

O- The sexes are usually separated. Development
usually indirect forming (Nauplius larva).



The Prawn

Subphylum: Branchiata
Class: Crustacea
Subcalss: Malacostraca
Order: Eucarida
Suborder: Decapoda
Family: Macrura
e. .. Penaeus japonicus
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External features of Penaeus japonicus

It is a prominent member of our marine fauna.

The body is divided into an anterior cephalothorax
and a posterior abdomem.

The cephalothorax (6 cephalic + 8 thoracic
segments) is covered on all sides except ventrally by
carapace which extended anteriorly into a long
serrated pointed rostrum.

No external signs of segmentation on head and
thorax.

On each side of the carapace, a V-shaped cervical
groove that demarks between head and thorax. Also
note 3 dorsal grooves two of these are
branchiocardiac grooves and the third is the rostral
groove.



The dorsal part of carapace is called cardiostegite
and the sides are called branchiosteqite.

On both sides of rostrum two compound eyes are
present carried on long stalks. Each eye made up of
a large number of structural & functional units called
ommatidia

The abdomen with (6) segments ended with a small
telson and the anus opens on its ventral surface.

The segments of abdomen can be moved upon one
another according to the presence of the peg and
socket hinges on each side.

A pair of appendages arise on each segment of the
body. So 19 pairs of appendages are present in the

adult animal.
13



The appendages

U The typical appendage consists of a basal part
called protopodite formed of 2 parts; coxopodite and
basipodite, which carries 2 rami: an endopodite
nearer to the mid-line and an exopodite to the outer
side.

d All appendages are believed to be similar to the
typical appendage but show a great variety of
modifications to serve various functions. This
phenomenon knowing as Serial homoloqgy.

U The appendages can be studied In succession
starting from behind (the least modified) towards the
anterior end (the most modified).
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The abdominal appendages
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Functions

« Uropods (6" abdominal), for backward
swimming.

« Pleopods or swimmerets (bth -2nd
abdominal), for swimming.

 Gonopods (1St abdominal), to distinguish
between the male and female and during
reproduction.
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The thoracic appendages
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Functions

Pereiopods (8" &7t thoracic) for walking.

The male genital openings lie on the coxopodites of the
8t pair.

Chelipeds (6™-4th thoracic) for walking, food capture and
defence.

The female genital openings lie on the coxopodites of
the 6t pair.

3'Y maxillipeds (3" thoracic) for holding food while it is
shredded with anterior appendages.

2"d maxillipeds (2" thoracic) for shredding and straining
food.

15t maxillipeds (15t thoracic) for shredding food.
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The cephalic appendages
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Functions

» 2nd maxillae (5™ cephalic) for manipulation food
and production of respiratory current.

» 1st maxillae or maxillules (4™ cephalic) for
manipulation of food.

» Mandibles (3" cephalic) for grinding food and
forcing it into the mouth.

» 2nd antennae (2" cephalic) for tactile.

» The green glands (execretory glands) lie on the
coxopodites of this pair.

» 1t antennae or antennules (15t cephalic) for
tactile, chemical sensation, balancing and auditory
(bear the statocysts)
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/ The internal anatomy
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Digestive system

1- Fore-qut: starts with the mouth, leads into short
oesophagus and stomach. The later is divided into
the cardiac or grinding stomach and the pyloric or
sifting stomach. Chitin in the grinding stomach
forming crushing teeth, but it forms sieving setae in
the sifting stomach.

2- Mid-qut: is a short tube without chitin. Two large
lobed masses called the digestive glands lie on each
side of mid-gut. They are for secretion and
absorption.

3- Hind-qut: Is a straight long tube extends along the
abdomen, and ends with anus on the ventral side of

telson.




DIGESTIVE SYSTEM
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Feeding

Ingestion: Intake of food is aided by cephalothorax

appendages. The mandibles cut the food into small pieces. The
maxillae and maxillipeds aid in swallowing the food. In the
buccal cavity food Is masticated and then passes into the
cardiac stomach through peristaltic movements of oesophagus.

Digestion: Digestive juice secreted by hepatopancreas met
with masticated food In stomach. It contains amylolytic,
lipolytic and proteolytic enzymes that digest the starches, fats
and proteins respectively.

Absorption: Absorption takes place in the hepatopancreas and
the intestine.

Egestion: The hindgut forms faecal pellets, which are then
passed out through the muscular anus.
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1-

Nervous system

The supraoesophageal ganglia: found in
front of the oesophagus, from this 3 pairs
of nerves are given off (for eyes,
antennules and antenna).

The suboesophageal ganglion found
behind the oesophagus and connected to
the supraoesophageal ganglia by the two
circumoesophageal commussures. From
this 5 pairs of nerves are given of (for
mandibles, maxillules, maxillae, 39 and
2" maxillipeds)

3- The nerve cord carries 12 pairs of nerves

(6 for remain thoracic appendages and 6
for the abdominal ones ). The cord is
doubled except in between the 4™ and the
5t thoracic ganglia where the two halves
separated and form the sternal gap where
the sternal artery pass.

suboesophageal ganglion
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Sense organs

« Compound eyes: There are two compound eyes, one on

each side of the base of the rostrum. They are at the ends
of movable stalks. Each eye is made up of many optical
units called simple eyes or ommatidia. Each ommatidium
consists of an outermost layer called cornea, it is formed
by the transparent cuticle and innermost layer called
retina, It 1Is composed of 8 pigment-sensitive retinal cells.

Mosaic image Is formed.
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« Statocysts: There i1s a pair of statocysts. They are

organs of orientation and equilibrium. Each statocyst
lies at the basal segment of the antennule. It Is a sac-
like structure filled with sand particles which function
as statolith. The sand particles are surrounded by
elongated delicate receptor setae. This sets up a nerve

Impulse which iIs conveyed to brain by nerve.
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« Tactile organs: Antennae are the important tactile

sense organs. Many sensory setae are located over the

body surface especially the appendages.

« Olfactory setae: They are present in antennules.
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Circulatory system

 Blood circulation is open type.

 Blood flows through the body spaces, called

haemocoel.

« The circulatory system consists of heart, arteries
(blood vessels), pericardial sinus, haemocoel, blood

or haemolymph.
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Circulatory system

Heart: The heart Is a triangular chamber. It lies In
the pericardial space. It Is provided with paired
openings called ostia (contractile structures and
work as valves to permit only flow of blood from
pericardial sinus to the heart). The heart Is located
beneath the carapace and above the gonads.

Arteries: Arteries are the main tubes which arise
from the anterior and posterior regions of the
heart.
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 Pericardial sinus: It I1s a large space In the
dorsal part of thorax and contains the heart In

IL.

» Haemocoel: The spaces between the visceral
organs form the haemocoel. It contains blood
or haemolymph. From the haemocoel blood
goes to the gills through the blood channels.

—rom the gills blood goes to the heart through

nlood channels. The blood contains plasma,

naemocytes or blood cells and the respiratory
nigment haemocyanin.
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Mechanism

The heart contracts to drive the oxygenated blood to the
different parts of the body through arteries. Arteries open

directly into the haemocoel. From the haemocoel,

deoxygenated blood is collected within paired ventral
sinuses. Then, blood Is sent for oxidation to the
respiratory organs through the afferent branchial channels
and returned to the pericardial sinus through the efferent
branchial channels.
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Excretory system e

The excretory system consists of

1.Antennal or green glands: There Is a pair
of antennal or green glands. Each lies
enclosed in the proximal segment (coxa) of
the antenna. Its parts are an end sac,
labyrinth, a coiled tube and a bladder.

2.Renal sac: The renal sac is large, blind. It
cover the cardiac stomach and reach the
gonads. Anteriorly, it communicates with the
green gland.

The labyrinth part is glandular and the
bladder is thin walled. The bladder opens to
the exterior by the excretory pore.

Bladder
Labyrinth

Bladder

A Tubule

2= Labyrinth

37



Male genital system
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1. Testes: There are two testes, each g e
one consists of a broad lobed - of testis
anterior portion and a long narrow B e
posterior one. The two posterior W Mo
portions are united together across AT
the middle line. |

2. Vasa deferentia: arise near the
junction of the portions of each
testis, each one has a narrow N et
anterior region, a swollen and f,.filiil‘i'”"‘“
convoluted middle region and a
narrow posterior region.

3. Vesiculae seminalis: These are |
club shaped posterior ends of the
vasa deferentia. They store
spermatozoa and opens with the
male genital openings. 38
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Female genital system

1. Ovaries:

There are two
ovaries, each one generally
resemble the testis in shape (
a broad lobe and a narrow
lobe).

Oviducts: These are
selender curved tubes with
wide proximal ends. From the
middle region of each ovary
arises an oviduct. They are
simpler and thiner than vasa
deferentia and open with the
female genital openings.

,A-.“-U.__ db%" ‘;J:\

posterior portion
of ovary

i L ta L;_,Y\
Dissected female
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Life History

estuarine phase marine phase

The female releases the eggs in the water. Nauplius larva emerges from the egg. It

passes the metanaupleus, zoea, mysis, postlarval, juvenile stages and becomes the
40
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Larval stages

« Nauplius: This larva distinguishes crustaceans from other
arthropods. It consists of a head and a telson. The head
provided with a simple median eye and three pairs of
cephalic appendages. Telson usually bears spines or setae.

« Metanauplius: It follows the nauplius stage,
thoracic segments are defined and their shape Is more
elongated.

» Protozoea: It follows metanauplius,
thoracic segments are formed, it has a complate set of
head appendages and first two maxillipeds. Upon
acquiring its functional thoracic appendages, the
protozoea becomes a zoea
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» Zoea: It bears maxilla, the third maxillipeds, the beginning

of five pairs of the thoracic appendages and the abdominal

segments bearing the beginning of abdominal appendages.

« Mysis: It forms a carapace with a rostrum, and its thoracic

and abdominal appendages are all well-developed.

« Post larva: All segments and appendages are completed. It

still small, does not closely resemble the adult, and is not

sexually mature. It finally develops and gives the adult.
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Classification of crustaceans

Suborder
Mysidacea

Class
Crustacea
I
| | | | | | 1
Subclass Subclass Subclass Subclass | Subclass
Malacostraca Branchiopoda Ostracoda Copepoda Cirripedia
L1
[rm— Order
Order Order Order Chaduceri Cypris Cyclops Lepas
Peracarida Eucarida Anostraca
Suborder
Suborder Decapoda faama Daphnia
Amphipoda

L

Mysis

Gammarus

Penaeus
Japenicus
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Class: Crustacea
Subclass: Branchiopoda

Order: Anostraca
e.g.: Artemia sp.
(The Brine Shrimp)

44
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General features of Artemia

O

It lives in salt lakes and marshes. It displays sexual

O

dimorphism.

The body cosists of head, thorax and abdomen. There is no
carapace. The head carries two stalked compound eyes,
sessile simple eye, antennules and antennae. Antennae in
female are vesitigeal but converted into large powerful
claspers in male.

The thorax is formed of 12 segments and carries 11 pairs
of leaf-like appendages. The 12" segment bears the genital
opening and a pair of copulatory organs in male and an egg
pouch in female.

All appendages are the same and adapted for swimming,
respiration and filter feeding (sieving food particles from
water).

The abdomen is formed of 6 segments without
appendages and ends with two caudal rami.
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Order: Cladocera
e.g.: Daphniasp. (Water-flea)
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General features of Daphnia

o Lives in freshwater.

O The body is egg-like, bilaterally compressed and divisible into head
and trunk.

O A carapace of one folded piece cover only the trunk. This carapace
form posteriorly a long dorsal spine.

O The head is flexed downwards and produced a beak-like rostrum. It
carries a median copmpound eye, antennules and two long biramous
antenna. The two antennae stroke the water causing jumping of the
animal like flea.

O The trunk is unsegmented bears 5 pairs of leaf-like appendages and
ends with the telson which bearing two caudal rami.

O The internal organs can be seen through the transparent carapace
such as alimentry canal, dorsal heart, brood pouch and two ovaries
(in female) or two testes (in male). The brood pouch usually
contains eggs or embryos and closed by two spines. 49




Reproduction in Daphnia

O

O

Reproduction cycle in Daphnia consists of two kinds:
asexual and sexual reproduction.

1- During the favourable seasons, the female produces

unfertilized eggs (with little yolk). They develop rapidly by
parthenogenesis into females, hatch out in the brood pouch
and escape after that to begin a new life.

2- During the unfavourable seasons (lack of food,

desiccation or low temperatures), some parthenogenetic
eggs hatch out into males. Sexual reproduction takes place
between the new males and females. The new fertilized
egss have plenty of yolk and each one or a pair of eggs
surrounded in the brood pouch by a protective cover called
ephippium. Ephippium contains air spaces and remain
dormant and withstand severe conditions, untill next

favourable seasons.
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Subclass: Ostracoda 4dual) Cily y2all
e.g.: Cypris st
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General features of Cypris

o Lives in freshwater.

O The body is remarkably short and indistinctly segmented.

O The carapace iIs formed of two valves connected by a dorsal hinge

and an adductor muscle, and encloses the whole body.

O The appendages are very few, only 7 pairs are recognizable: the

antennules, antennae, mandibles, maxillules, maxillae and only 2

pairs of trunk appendages.

O The posterior region of the body is limbless and ends with 2 caudal

rami.

O A median eye is located near the bases of the antennae.
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Subclass: Copepoda  Ja_¥! 4:8laas
e.g.: Cyclops sp.
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General features of Cyclops

O

Lives in freshwater usually with Daphnia.

O

O

Cyclops is intermediate host of flatworms, fish tapeworms and nematodes..

The body is pear-shaped and divided into an anterior unsegmented
cephalothorax (head + 2 thoracic segments), 5 free thoracic segments and a

narrow 3-segmented abdomen.

The cephalothorax carries one median eye, long antennules by which the

animal move in water (they are geniculate in male) and smaller antennae.

The thoracic appendages are 6 pairs: the 15t pair uniramous maxillipeds)
and the 2" pair ( swimming limbs) carried on the cephalothorax. The other
3 pairs (swimming limbs) carried on free thoracic segments from 3- 5. The
6" pair of appendages are uniramous and reduced, on the 6 thoracic

segment. >



» The swimming appendage Is biramous and each pair
connected to each other by a plate (the copula), which make

the two appendages move together.

» The 7" thoracic segment resembles the abdominal segments in
size and form, and on it the genital system opens in both sexes.
It fused in female with the 15t abdominal segment and a pair of

egg-sacs hang down on the sides.

» The abdomen bears no appendages and ends with telson

bearing 2 caudal rami.
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Subclass: Cirripedia
e.g.: Lepas sp.
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/General features of Lepas \

It lives attached to the bottom of ships or floating things in the sea.

The body is divisible into peduncle and capitulum. The peduncle
represets the anterior region of the body. It is a long flexible extension
contains two cement glands opens on vestigial antennules by which
the peduncle fastened to the substratum.

The capitulum is consisting of the rest of head, the thorax and the
reduced abdomen. It is bilaterally compressed and enclosed in a fold
of skin called the mantle except ventral slit. The mantle with 5
calcareous plates: a median carina, two anterior scutum and two
posterior tergum.

Internally, the head without antennae or eyes. The thorax carries 6
pairs of cirriform appendages, each one with two long cirri with
bristles filter the food from water and driving them to the mouth.

kThe abdomen is indistinct and limbless. Two caudal rami and a IOD

Penis project at its end.
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/ Subclass: Malacostraca
Order: Peracarida
Suborder: Mysidacea

e.g.. Mysis sp.
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General features of Mysis \
Members of this genus inhabit the sea and freshwater.

The body iIs small and bitaterally compressed. The
carapace fuses with 1-3 thoracic segments.

On the head, note the stalked eyes and the biramous
antennules and antennae.

All the thoracic appendages are biramous, the first two
pairs are maxillipeds, each of the rest has two long
jointed rami with bristles and adapted for swimming and
food capture. In the females, some thoracic appendages
bear flattened oostegites which form a brood pouch.

The abdomen with 6 segments. The abdominal
appendages are biramous swimmerets (vestigial in the
female). /
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Suborder: Amphipoda
e.g.: Gammarus sp.
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General features of Gammarus

Common in shallow brackish and freshwater.

The body is elongated bitaterally compressed without carapace
and the 15t thoracic segment fused with head.

On the head, note the sessile eyes, two antennules and two
antennae. There is a pair of maxillipeds (the 15t thoracic
appendages)

The other 7 thoracic segments bear 7 pairs of appendages. The
2d and 39 pairs are prehensile, the 4" and 5% pairs turned
forwards and help in feeding, the last pairs turned backwards and
used in creeping. Some thoracic appendages bear coxal plates
acting as gills and oostegites in the female.

The abdomen with 6 segments. The first 3 pairs of appendages
are swimmerets and each has two bristled segmented rami. The
Klast 3 pairs with two unsegmented rami, used in jumping. The
telson is small
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Subphylum: Trachaeta
Class: Myriapoda
General features:

1- All are terristrial.

2- The body is elongated with a consicous head and a trunk
consisting of many segments between 11-177 segments, each
one bears one or two pairs of appendages.

3- Each appendage with 7 segments and a claw.

4- The head bears two antennae, two or three pairs of jaws and
simple eyes.

5- Respiration through spiracles which connected internally with
the tracheal system.

6- Excretion through Malpighian tubules which open in the hind-
gut.

7- Sexes are separated. Development usually direct.




/ Subclass: Chilopoda
e.g.: Scolopendra morsitans

0 CSIRO
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General features of Scolopendra

Hides by the day below stones or plant leaves and runs faster at
night to prey insects and earthworms.

The body is elongated, dorsoventrally flattened and divided into
head and trunk.

The head consists of 6 segments covered by a cephalic shield.
There are two lateral groups of simple eyes (ocelli), each group
of 4 ocelli. The head bears two segmented antennae (the main
sensory organs).

The trunk with 22 segments, each segment covered by a dorsal
tergum, ventral sternum and 2 lateral pleura. The first segment
has no separate tergum (maybe fused with the cephalic shield),
this segment bears ventrally the maxillipeds or two poison claws,
each ends in a sharp claw on which opens the poison gland.
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Each segment from 2-22 carries one pair of walking legs
(which together with the 2 antennae make the 44
appendages). Each leg is built up of 7 segments named from
the base: coxa, trochanter, femur, tibia and 3 tarsi ending in a
claw.

Paired respiratory openings or stigmata lie on the pleural
shields of the segments 4, 6,9, 11, 13, 15, 17, 19 and 21. Note
that these segments longer than the other segments. The

anus opens ventrally on the last segments.



The digestive system

1- The fore-gut starts with mouth-
pharynx, short oesophagus, thin-
walled crop then gizzard. The
gizzard is tubular and twisted like
S. There are two salivary glands
open anteriorly in the buccal
cavity.

2- The mid-gut is dilated straight
tube.

3- The hind-gut is short and opens
with anus.

The execretory system isa
pair of long tubules (Malpighian
tubules) open at the junction
between mid-gut and hind-gut.




The nervous system

* The 2 cerebral ganglia: lie dorsal to the pharynx. And
give off nerves to the eyes and antennae.

* The suboesophageal ganglion: is large and connected to
the cerebral ganglia by a pair of circumoesophageal
commissures . It gives off nerves to the rest of the head
segments and the first trunk segment carrying the
maxillipeds.

* The nerve cord: extends from the suboesophageal
ganglion, along the mid-ventral line to the posterior end
of the body. It carries 21 ganglia and its two halves are
separated from one another between the ganglia.
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The female genital system

\_

The ovary: Is single extends on the
dorsal side of the gut. It Is a slender tube
enclosing the eggs.

The oviduct: Is straight, biforked around
the hind-gut Iinto two tubes, recieves
some accessory genital glands and
opens ventrally with the genital opening
on the last segment.

/
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The male genital system

* The testis: is single extends on the dorsal side
of the gut. It is formed of 8-10 paired, spindle-
shaped, straight tubules which are connected
by fine connections.

* Vas deferens: is wide and highly convoluted.
This tapers posteriorly and bifurcates into 2
ducts and receive on each side a long U-shaped
vesicula seminalis and an accessory genital
gland. The two ducts open on the last segment
by a median genital opening.
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Subphylum:Chelicerata

Class: Arachnida
1- Most are terristrial and some are aquatic.

2- The body is divided into two regions: the prosoma
and the opisthosoma.

** the prosoma includes head and thorax and in adult

consists of 6 segments: the first bears a pair of
chelicera, the second bears a pair of pedipalps and
the 4 other segments with 4 pairs of walking legs.

** the opisthosoma consists of 12-13 segments and
divided to mesosoma and metasoma (or not divided)
and usually without any appendages.

3- The exoskeleton is strongly chitinized.
4- The eyes are sessile and mostly simple.

5- Respiration by lung-books, tracheae or by gill-books
in aquatic forms.

6- Excretion by coxal glands or Malpighian tubules.
7- Open circulatory system.

8- Sexes are separate and development is usually
direct. 79




Order: Scorpionidea
e.g.. Buthus quinquestriatus

80



a2 =2
SN -,y
chelicera chela leds by

pedipalp
il (e
lateral eyes

Dl Sal
median eyes

e
claws

&".‘u \-h)‘

walking legs

W 4y el

N : telson with sting

(Dorsal view Spb Jiu)

J=l « Uadl
genital operculum

P U A N P

coxae of walking legs

Ja i)
pecten

o Y
stigmata

GO

chelicera




/
General features of Buthus

It is a dangerous animal, spread in tropical and
temprate regions. It is nocturnal (active at night),
feeds on juice of insects and spiders .

The body is divided into prosoma and opisthosoma
which is subdivided to a broad mesosoma and a
slender matasomaends in a sting.

The prosoma is covered by a dorsal shield (carapace)
which carries dorsally a pair of median eyes and two
groups each of 5 smaller lateral eyes (all are simple).

The prosoma carries 6 pairs of appendages: the
chelicerae (with a chela), the pedipalps (as feelers and
with toothed pincers for offensive action) and 4 pairs
of walking legs.
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The mesosoma in adult consists of 6 segments, the
first segment carries on its ventral side a divided
genital operculum covers the gental opening. The
second segment carries a pair of comb-like structures
(the pectens) act as tactile organs (longer in the male).
The 4 other segments with 4 pairs of stigmata on their

ventral side, lead internallyinto the lung-books.

The metasoma consists of of 6 narrow cylindrical
segments jointed to one another. The last segment
terminates with the telson which forms the sting. Two
poison glands are found within the sting and open
near the spine.
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The digestive system

The mouth Is located at the front of the body and
followed by a muscular pharynx that absorbs prey juice
and blood. The pharynx leads to an esophagus in which
a pair of salivary glands opens and followed by the
midgut, which is a long tube with glandular walls, and
In its several narrow tubes connected to the digestive
gland or liver. The midgut leads to the hindgut, which is

a narrow tube, and the hindgut opens to the anus.



The excretory system

Excretion in scorpion is carried out by:

1. A pair of coxal glands found in the posterior
part of prosoma and each opens externally
on the coxopodite of the third walking leg.

2. Two pairs of Malpighian tubules (or maybe
one pair) open in the gut at the posterior end
of mesosoma.
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The nervous system

* The 2 cerebral ganglia: lie dorsal to the pharynx and
give off nerves to the eyes.

* The suboesophageal ganglion: is large and connected to
the cerebral ganglia by a pair of circumoesophageal
commissures . It gives off nerves to all segments and
appendages of the prosoma as well as the first 4
segments of the mesosoma.

* The nerve cord: is distinctly double and carries 8
ganglia, one in each of the last 2 mesosomatic and all
metasomatic segments.
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The respiratory system
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There are four pairs of lung-book in the scorpion. Each
lung- book consists of stigma which leads into a wide air
chamber. The respiratory lamellae are numerous hollow
ingrowths of the body which are set up parallel to one
another like the papers of a book. Each lamella encloses a
narrow air space. The haemocoelic sinus Is a spacious cavity
filled with blood and all the lamellae project into it. The
blood from this sinus circulates in the compressed blood
spaces between the lamellae, and thus respiratory exchange

take place through the thin walls of the lamellae.
88



The male genital system

It consists of a pair of testes, each of them consists of
two longitudinal tubes. Each tube is connected to the
other with transverse branches. The vas deferens Is a
common median tube, and It connects to the testis.
There are two seminal vesicles, two additional glands In
addition to a double intromittent penis connected with

the vas deferens.
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The female genital system

It consists of one ovary located in the posterior half of
the mesosoma. The ovary consists of 3 longitudinal
tubes that are connected to each other by transverse
branches. There are two seminal reservoirs (each one Is
tubular In shape) connected to the ovary. Then, the
vagina Is a short median tube that opens to the exterior

through the genital opening on the genital operculum.
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Fertilization in scorpions Is internal. The male meets the
female for a long time, and after fertilization, the female
Kills the male and eats it. They are ovoviviparous and the
eggs hatch during her reproductive period and development
Is direct. The little offsprings go up on the mother's back
and the mother surrounds them with a silk tissue to protect
them, and they stay on her back (about a week) until they

grow up a little, then the little ones leave the mother.
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Order: Araneida <l sl
e.g.: Lycosa feroxd// < pSielf
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General features of Lycosa

It is a large ground spider, spins no web but lives on the
ground and hunts its prey .

The body is divided into an anterior prosoma and a
posterior opisthosoma, both unsegmented and
connected to each other by a narrow soft waist.

The prosoma covered dorsally with the shield and
bears 8 simple eyes arranged in three rows: 4 small
eyes in the anterior row and 2 large eyes in each of the
second and third rows. There are 6 pairs of
appendages: the chelicerae (with a claw opens with the
poison gland), the pedipalps (with a swollen genital
organ called the palpal organ in male) and 4 pairs of
walking legs.
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The opisthosoma is cylindrical and unsegmented
covered with hairs. The anterior ventral side with two
lateral stigmata and a median genital opening. There are
3 pairs of movable organs called the spinnerets (2 large

superior, 2 small middle and 2 large inferior) which bear

the spinning glands.
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The digestive system

The mouth is located at bases of pedipalps ventrally and
leads to pharynx and followed by a narrow esophagus
that expands backward, forming a special sucking
stomach. The midgut extends and gives rise to
diverticula. The midgut is followed by the rectum,
which is a thin tube and comes out of it dorsally a large

sac known as the stercoral pocket.

98



The excretory system

Excretion is carried out by:

1. A pair of coxal glands opens in the strocoral
pocket on the top of the rectum.

2. A pair of Malpighian tubules such as those
found in crustaceans..
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The respiratory system

There are a pair of lung-books In the wolf spiders. Each
lung-book consists of about 15-20 thin respiratory
lamellae, containing blood vessels where air exchange

takes place.

Some spiders have developed tracheal systems similar

to those seen In many Insects.
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The male genital system

It consists of two tubular testes, each leads to a narrow
convoluted tube. The 2 tubes communicate medially and

lead to a short vas deferens, opens In the genital

opening.
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The female genital system

It consists of two ovaries. There are two short oviducts,
unite in the middle and form the vagina, which opens to
the outside with the genital opening. One, two or three
seminal receptacles open in the vagina or open

Independently on the surface.
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Fertilization Is Internal. The male produces semen, and
hold it in their palpal organs until they find a female. The

semen Is inserted into the female genital opening.

They are oviparous, the eggs are placed inside silk cocoons

and development is direct.



Order: Acarina <) all
Family: Argasidae
e.g.: Argas persicus il 2 _all
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General features of Argas

It is an ectoparasite of birds, causes many diseases and

feeds on the blood.

The body is ovoid, unsegmented and dorsoventrally
flattened. It is covered with soft spotted integument.

The capitulum is a head-like strutcure, found in the
ventral side and does not project in the front. It cosists
of the basis capituli bearing 4-segmented pedipalps
and a proboscis. The proboscis is formed of two
dorsally serrate chelicerae (for piercing the skin of the
bird) enclosed in a sheath and a ventral hypostome,
between them a channel is formed for the sucked
blood.
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Ventrally, there are 4 pairs of walking legs. The single

genital opening lies between the 15 and 2™ pair (it is

semicircular in male and transverse in female).

Two stigmata found between the 34 and 4™ pairs of

legs. The anus is placed in the center.
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Order: Acarina <L _all
Family: Ixodidae
e.g.: Rhipicephalus sanguineus aaJ) 3 Al

109



.,-Ses‘a; $ _plﬁt O s ! LA
chalicera ~&J cheliceral sheath N pedipalp .,)-.'.5.1“
! capitutum
e',e i basis capitull
_‘A » .'Iv"‘
¥ ' v
: winlﬁ‘f = 1
= [
spiracular plate
spiracle
Ef‘.‘“ oo Gl
adanal shields
i (Yentral view gb,'n..p)
j 4.3":5.’“
E czpitulum N> Lo

chelicera
Lol |y

pedipalp 3
biziais 2
hypostame

s LU R S

cheficeral sheath

e

; |
s =
P basis capituli (Dorsal view po fiu)
L) EE 1 1
iracl 4 .
spiracle e U""f’;.

(32 )

{Darsal view) : Enlarged capitulum

A
au-",:_.:g‘_,é\_- ‘JJLL.:HJ)@ TK.H:_::;‘J;
RHIPICEPHALUS SANGUIREUS

110



//
General features of Rhipicephalus

It is an ectoparasite of chiefly dogs, but it also attacks many
mammals and birds, causes many diseases and feeds on

the blood.

The body is ovoid and unsegmented.
The capitulum is terminal and projects in the front of the

body.
There is a thickened shield-like dorsal cover, called the

scutum. In the male, the scutum covers the whole dorsal
surface. In the female, it covers the anterior portion of the

body.
The 2 spiracles lie on large spiracular plates behind the
fourth pair of legs.

The anus is surrounded by 2 large triangular adanal shields.
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The importance of Arthropods

Many of species are
considered food for human

like: the prawn, crabs,
lobsters, etc..............
Some species produce

useful products such as:
silk, honey and wax.

Considered the
source of fish food.

main

There are some dangerous
species such as scorpion,
Scolopendra and some
spiders.

Some substances extracted
from some species used in
medicine industry.

Many types of insects are

essential in plant
pollination.
Some species transmit

many types of diseases to
man such as flies and
mosquitoes and some are
ectoparasites on mammals
such as: ticks, fleas,..........
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Phylum: Mollusca <\ s )l

- Lives in water (freshwater or marine) and some forms are

erristrial. Molluscs come In the second rank after arthropods
according to the number of species.

2- They are triploblastic, mostly bilaterally symmetrical except
class: Gastropoda.

3- The body Is soft, unsegmented without any appendages and
divided into: head, a ventral foot and a dorsal visceral hump (no
head in class: Bivalvia).

4- The visceral hump Is covered by a thin, fleshy fold called
mantle. Mantle secretes a calcarious shell, which may be
external or internal or not present at all.

5-Mantle also encloses an opened mantle cavity, within lie a pair
of gills, the anus and renal openings.
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6- Coelom is reduced represented by the pericardial cavity,
avities of gonads and kidneys.

Respiration by gills in aguatic forms and by lungs in terrestrial

I'ms.

- The circulatory system is open (except class: Cephalopoda)
consists of a heart enclosed In a pericardial cavity and extends
Into a haemocoel.

9- The nervous system contains 3 doubled ganglia: the cerebral,
pedal and lateral ganglia and maybe visceral ganglion in some
forms. Sense organs are eyes, tentacles and statocyst.

10-Locomotion takes place by ventral muscular foot.

11-The digestive system with salivary and digestive glands. The
mouth with a hard chitinous structure, called radula or
odontophore (absent in class: Bivalvia).

12- Sexes are usually separate and some are hermaphrodite.
Development may be direct or indirect forming larvae.
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Class: Placophora (Amphineura)
(and) 4 53 30) £ g ) )3 ddith

» 1- All are marine, present in all depths and
contains all chitons.

» 2- Head is poorly developed without eyes or
tentacles.

» 3— Mantle covers all dorsal surface and secrets
calcareous spicules and usually also a shell.

» 4- Foot is flattened and large like a sucker.
» 5- Feeds on aquatic plants and algae.

» 6- Development includes a larvae called:
trochophore

116



Class: Amphineura (Placophora)
e.g.: Acanthochiton spinigera ¢ sl
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General characters of Acanthochiton

It IS common on our sea coasts, adhering to rocks, but when

separated strongly from the rock, it rolls itself up to more or
less spherical form like a ball.

The body Is elongated and oval in shape. The mantle secrets in
the dorsal side a calcareous shell formed of 8 overlapped
plates, enabling the animal to roll into a ball. The mantle edge
with calcareous spicules.

o In the ventral side, the head is small with only a mouth. The
foot is large acts as a creeping organ and as a sucker.

o The mantle cavity is a groove between head-foot and the
mantle edge, within found the gills on each side. The anus
opens on a papilla projecting behind the foot. In front of anus
on each side, an excretory pore and a genital opening.
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Class: Gastropoda L.l

\_

Gastropoda is the large class of molluscs, lives in
marinewater, freshwater and on land.

The head and foot are fused in one structure (the head-
foot), this part is bilaterally symmetrical, but the visceral
hump Is asymmetrical, due to two processes happened In
the embryonic stages called: the torsion and the spiral
coiling.

The mantle form a coiled shell with different colours but
sometimes disappear from some forms like slugs.

Development is direct.

It 1s herbivorous, and some species are predators or
parasitic.

Some species acts as intermediate hosts for some parasites
like Fasciola and Schistosoma /
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Torsion and spiral coiling in gastropods

o Torsion occurs in gastropods during the larval development,

where the body Is symmetrical (mouth in front and anus In

behind). Torsion is the rotation of the visceral mass and the

mantle cavity 180° anticlockwise. Torsion brings anus and all

other openings just behind the head.

o Spiral coiling: due to torsion process, the development of the

visceral mass Is a problem, so it coiles with its shell:
clockwise causes dextral (right handed) coiling of the shell,
or anticlockwise which causes sinistral (left handed) coiling
of the shell.
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Class: Gastropoda p2al) dyiay
e.g.: Eremina desertorum (sl saall 23 &l
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Ger characters of Eremina =

1- Common in the Egyptian desert, feeds on leaves and stems
of desert plants. It is nocturnal hides In its shell during the day.
It Is active In winter.

The shell with 4 whorls, and it is dextral.

The headfoot mass bears anteriorly: the mouth, below it an
opening of a gland (the pedal gland) produce a slimy secretion.
There are 2 pairs of tentacles: the anterior pair is short, but the
posterior one is long with two black eyes. A single genital
opening found on the right side of head.

The visceral hump iIs spirally coiled and occupies the shell
whrols. The mantle form a thick ring called the mantle collar,
bears on the right side: the pulmonary opening which leads
Internally to a cavity rich with blood vesels and acts as a lung.
Note also the anus and the execretory opening on the mantle
collar.
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Class: Pelecypoda (Bivalvia) or
Lamellibranchiata

Most are marine and some are freshwater.

The mantle consists of two lobes (right and left), so the shell
IS bivalved, the two valves hinged dorsally and jointed by a
ligament.

o The head is reduced, only labial palps around the mouth. No
radula because they are ciliary feeders.

o Moves very slowly by the foot, but mostly buried in the sand
with its front.

o Sexes usually separated, but some are hermaphrodite.
Development includes a larva called: veliger larva in marine
forms.
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General features of Anodoma/

Lives on the bottom of the river.

The shell with 2 lateral valves, hinged dorsally. The umbo Is a
swollen apex found near the anterior part. Note the parallel
lines of growth on the outer surface.

Internally, the mantle consists of 2 lobes, which united together
posteriorly to form two tubes: the exhalent siphon (small and
smooth-walled) and the inhalent siphon (wider and papillated
edges for testing water).

The visceral hump Is the compressed mid-dorsal portion of the
body.

The foot Is a large mass, which drags the animal very slowly in
the bottom mud.

The labial palps are 2 pairs around the mouth carry cilia which
drive food particles towards the mouth.

13%
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The gills are 2 in number, very large and each one is

formed of two plate-like folds.

The muscles showing on the mantle surface are: the
anterior and posterior adductor muscles which
controlling the shell valves. The anterior and posterior
retractor muscles which withdraw the foot inside the
shell. The protractor muscle which forcing the foot
outside the shell. Note the insertions of these muscles

on the smooth inner surface of each valve.
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Class: Cephalopoda iadiu

All are marine, It is the highest molluscs in development.
The shell present internally or abcent.

The head is well-developed, with large eyes (as vertebrates
eyes). The head bears a number of tentacles and arms (8-10)
with strong suckers to capture the prey. These arms maybe
are the modified anterior part of foot, thus called:
Cephalopoda (head-foot).

They are predators, so the mouth contains the radula and
two sharp horny claws.

The mantle cavity present in the ventral side contains the
gills, anus, execretory and genital openings, also a muscular
funnel opens in the cavity (it is the posterior part of foot).

The circulatory system is closed.



» The nervous system is the highest system in all invertebrates,
the ganglia are concentrated and fused together to form a
brain eclosed In a cartilaginous capsule which contains

statocysts.
» The sexs are separated and the development is direct.

» Cephalopods have several modes of defence. Some species
can release light (Bioluminescence). Some species contains
Chromatophores in their cells allow them to change colour.
Lastly, most species have a sac which contains a black ink-
like substance that can envelop and temporarily cloud the

enemies' vision.






Order: Dibranchiata asibad) 4
Suborder: Decapoda Ja ¥ 4 de
e.g.. Sepia savignyi sl
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General features of Sepia

The body is divided into a head and a visceral hump.

The head with 2 large eyes similar to those of vertebrates. Also
bears the mouth which surrounded by 8 arms (each arm is
provided with 4 rows of suckers) and two long tentacles. The
tentacles are used in catching the prey and the arms for holding
It during eating.

o A muscular funnel found in the ventral side of the head, it
opens in the mantle cavity. The water from the mantle cavity Iis
forced out through the funnel opening causing the animal jerk
backwards and emits a cloud of ink to escape from enemies.

o The visceral hump with 2 lateral fins, by which the animal
swim. An internal shell present in the dorsal side of the
visceral hump beneath the integument. Ventrally, occures the
mantle cavity with a wide anterior mantle opening.

138



<

<

The importance of molluscs

Some species of Gastropods consider as food for a lot of
vertebrates and some people eat certain types of snails.

Some snails acts as intermediate hosts for some parasites like
Fasciola and Schistosoma

» People feeds on most species of bivalves like clams.
» The shells of some bivalves are Iimportant in the button

Industry. Also some companies grind the shells and offer them
as food rich in calcium for birds.

» Some countries use broken shells in pavements.
» Pearl production (from some bivalves) Is an Important

Industry, especially in Japan, China, Australia.

Some bivalves can dig into untreated wood or rocks and
damage marine constructions, such as piers and boats.

The squid shell grind and offer them as food for birds and
some companies use this shell in toothpaste industry.




Phylum: Echinodermata al 4 s

- All are marine, found in the shores to the great depths. Includes
forms quite different from the preceding invertebrates.

- Some are free living and some are sessile.

- Adults are radially symmetrical while larvae are bilaterally
symmetrical.

- The body is not divided, with different shapes (star, rounded or
cylindrical).

- They possess a dermal skeleton consists of calcareous ossicles
which may develop into short or long spines pushes out on the
surface, thus the name: Echinodermata.

- The coelom divided into several divisions (perivisceral coelom,
perihaemal cavity and a water vascular system characterize this
phylum).

- The water vascular system Is connected to tube feet present on
the outer body surface, these feet are the main locomotion organs

but can also assist In sensation, respiration and food collecting.
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Respiration—by dermal-gills, tube feet or repiratory tree m

Holothuroidea .

The nervous system with circumoral nerve ring and radial

nerves in all body.

The digestive system is usually complete but in some forms

there 1S no anus.

The circulatory system is very reduced.

No special execretory organs.

The sexes iIs usually separated and the development maybe direct

or including larva formation.

Show high power of regeneration.

141




Subphylum: Eleutherozoa daall «ils 54
Class : Asteroidea
e.g.: Astropecten relitaris sl axs
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General characters of Astropecten

Common In our seas, creeps slowly on the bottom but In
rest it lies buried in the sand except the central part.

The body Is star-shaped, consisting of a central disc
prolonged into 5 arms. The with two surfaces: a lower oral
surface and an upper aboral surface.

On _the aboral surface, note the pointed spines on the
edges of each arm and a blunt spines found in bundles
called: the paxillae. Very minute dermal gills arise
between the paxillae. Note also a plate with pores in the
central disc, opposite to the angle between any two arms.
This plate (the madreporite) lead into the water vascular
system.
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On the oral surface, note the mouth in the centre, surrounded by

a soft area (the peristome). Five ambulacral grooves extended out
from the mouth along the entire length of each arm. Note, conical

structures (the tube feet) project in 2 rows along each ambulacral

groove. The terminal tube foot (called: the tentacle) has a

pigmented spot (the eye) on its base. Note the different types of
spines and the very small modified spines which known as

pedicellariae, these small spines clean the body surface and the

ambulacral grooves.
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The water vascular system

Madreporite

Tiedemann's body

148



The water vascular system or Ambulacral system is filled with
sea water, It consists of madreporite, stone canal, ring canal,
5 radial canals, Tiedemann's bodies, Polian vesicles, lateral
canals and tube feet.

The madreporite present on the aboral surface of the central
disc, and contains a number of pores led into small canal which
open into a stone canal.

The walls of the stone canal are strengthened by calcarious
rings keep it open and the inner surface is lined with ciliated
cells. The movement of cilia will draw water currents into the
stone canal.

The ring canal: is present arround the mouth and contains
Polian vesicles and Tiedemann's bodies.



The radial canals: arise from the ring canal and run
throughout the entire length of the arm. Each radial canal lies
below the ambulacral groove.

From the radial canal of each arm, pairs of lateral canals will
arise and they end with tube feet. The basal part of the tube
feet Is bulged and called ampulla and ends with a sucker. The
ampulla contains circular and longitudinal muscles. Lateral
canal will open into ampulla and is guarded by a valve.

Polian wvesicles: store water so they are considered as
reservoilrs.

Tiedmann's bodies: They are produce amoebocytes (the
execratory organs).




Class: Holothuroidea <l LAl
e.g.: Holothuria curiosa_~dl LA
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General characters of Holothuria

It is frequently seen near our sea coasts.

It moves very slowly on the sea bottom by the muscular
contractions of its body wall and with the help of its tube feet.

The body is much elongated, cylindrical and soft. The mouth
and anus (cloacal opening) are located at opposite ends of the
body

There are retractile locomotory tube feet, densely scattered all
over the body surface.

At the oral end, there is a large mouth opening, surrounded by
a thin peristome. Around the edge of the peristome arises a
circle of oral tentacles for food collecting purposes, and are
considered as enlarged and greatly modified tube feet.
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The importance of echinoderms

» Echinoderms play many environmental roles as some species
such as sea cucumbers burrow Into the sand, providing more
oxygen in the depths of the sea floor, and this allows more
organisms to live there.

» They are considered a source of food. In some countries, large
quantities of sea urchins and sea cucumbers are caught as they
are considered a delicacy.

» They are used as a treatment and In scientific research, and for
example, some toxins of sea cucumber slow the rate of growth
of cancer cells, so there Is interest in using them in cancer
research.

» They are used In agriculture where the solid skeleton of
echinoderms is used as a source of lime by farmers in some
areas where limestone Is not available.

» Some species of sea cucumbers have a thick soft skin that Is
used to make slippers.
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