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PREFACE

The importance of an organized material for the study of a
subject is very important and especially where reference
materials and text books relevant to the subject matter are in
restricted access,'%\"“ﬂe & rﬁw tomology offered
. on:

to environm lence students is a p isite to the
e@control. This is aimed as an introd course
to vec@ntrol a alic health importal@'post
a general insigh@the
s __and habitats bﬁe

(-

cctors.

course v

com in Ethig

biol of a

ergarking 0
—
—_—

ThiSeec A g i o
(-]

the d@ent siste
Publié&&lth Training " The conte the

Iecture-nt%re as agreed with the relevant de\&]ents in
the sister univ€Stigs who offer similar traiw

oy . 9

The relevant information for the course is organized from

the Wopia

various books of entomology and medical entomology. The
aim is to save time for the instructor to concentrate on
interactive discussion and minimize the usual oral lecturing

and facilitate practical training.



The contents of this lecture note are organized in a logical flow
of six chapters. The first chapter is introduction to the subject
matter and public health problems of arthropods. The second
chapter focuses on identification of arthropods, Chapter three
is about insects, Chaﬁsﬁeugisﬂ t.Insect morphology,
Chapter five ise 3 opments an Bhgries of insects
and Chapte\“ is on Insect behavior and acti\@p

S Z,
It is n&/orthy he learner that this %rial

Owledge and exper e

ence the reader taet

%e elp to improve eg\@.
20, W
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CHAPTER ONE
INTRODUCTION TO MEDICAL
ENTOMOLOGY

1.1 Learni &@“!Qes. E"”O”

By the er% is chapter the learner will be ab@@
Ith problems wﬂ? rd to
regard to the s’ct
b= ot (-]

Firsty [ 5

becau? their extensive variation. These §Is can
provide a# understanding of natu the many
ways that bioloi% s hay @Arthropods fly,

jump, hide, they see uItrava tllgrgthey produce and molt an
extraordinary exoskeleton, and they posses’ magnificent
colors and shapes. Few habitats exclude arthropods. In

withstanding harsh environments, they are unparalleled. Some

live in the arid deserts, some in hot springs up to 80 °c, others



on mountain picks as high as 6096 meters, some in tropical
rain forest, and there are arthropods that live in Arctic
temperatures that reach below — 20 °c. A second major

reason is that knowledge of arthropods is essential as we

manipulate eco-systems fér mcrriﬁ food production and

better health. 3\\ I0”
N 9
entomologists wer erned
abou X Retween huma%\ and
/

Back in arly 19Q0
art ods, ang ¥ believed that art od
i . %h

a th to heal ooult, it is d to

A

unde% ‘what a
example: ¢

ela ome people arthw re unpleasant

ez 'a ocra“ spiders,  beetles,

caterpillars.

fis are to the Iay *Fore

* To some people arthropods are fliers:

mosquitoes, moth, bees, and wasps.



* To some others, arthropods are biters and
stingers; bees, wasps, ants, termites,
scorpions.

* To some arthropods are jumpers: fleas,

crickets, grass rs,
wﬁ peoﬂ%ds are singers:

Q\ crlckets cicadas..
S

0 some others are Jf good

N

.s Q

33 > sign of evil eyes akck
-~ o
— opods are sourc;‘;)f
L —
2
- -

The{%
know characterisi® arthropods and w@ d no
chance &I entomology. Therefore it w to teach

people the characterlstlcs

W!!m afnet

ropods

understanding entomel

1.3 Definition of terms

Entomology: It is a science that deals with the study of
arthropods in general, and incorporates sciences like zoology,

biology, parasitology and micro-biology.



Arthropods: “Arthro” means jointed and “Poda” means legs.
Arthropods are invertebrate animals with jointed-legs and
identified by their peculiar characteristics. This will be
described in detail in chapter two.
Medical Entomology: This is a h of entomology which
deals with arthr aﬁecm n_d well-being of
man and rate animals. In other medical
ience directly conc@d with
al health. The also

entomo is the el

ample:
omical Entomolasy:

gnomically impoﬂnt
—

Mec ical dis e agedwy ‘are
carrie m one ho another by arthrop@imply
mechar% rrled by the body parts (examp V gs, hairs,
feces, vomitu this type of dlsW%nsmission no
change takes placei antn gr developmental
stages of the organism, but simply deposited in the body, food
or drink of the host.

Biological disease transmission: the agent will exhibit

changes in form and or number of developmental stages in

the arthropod before entry to the host. This includes hereditary

4



(transovarian) and transital transmissions: Propagative,
cyclodevelopmental and cyclopropagative.

* Propagative:

In propagative type of disease transmission only the

number of pathog s mcrem;d the developmental

stage [ @\ ant S plague and
typ e good examples of pro ﬁ type of
se tra F

L/
" :

L°

[ .

N cha

—

—

(-]

>

y
Q
s combir@h of

M cyclo-development reby

§ase pathogen undertakes a both in
numb

ievilspmentéal hfo“& Example

* Trans ovarian/ Trans-stadial transmission:

Malaria.

It is a type of disease transmission, whereas the
causative agent is transmitted to the immature stage
(usually to the egg) from the adult insects and / or

other arthropods which carry disease pathogens.

5



When the infected egg completes its developmental
stage; it becomes infective or can transmit the disease
to man and other animals. Ticks and sand flies are

very good examples of arthropods that exhibit

hereditary disease transmi
. 3\\ NG ﬁi’”a”
1.4 Exig\% publig health problems &0

In tr | coun groups of illne p are

pro@y inse 2, important to kn@ e

h@ of theaj 2y transmit dlsea:%'
s of insects, M&t

N
2 &
Due to occurrence in large number%\ domestic
situations, the ﬂ of arthropod le spoiling food

and other materials afeodna S, causing nuisance
and perhaps being involved in the transmission of infectious
organisms. Others feed on domestic fabrics and structure of
buildings, rendering them unusable or unsound. Moreover, a
wide array of arthropods cause toxic reactions in vertebrates.

The cause of intoxication may be direct (bites, stings,

6



defensive secretions) or indirect because of hypersensitivity

(allergy).




Review questions

1. Define entomology.

2. Define medical entomology.
mebliO Ifi"iﬁblems associated
3 ).

i1 the different disease transmission hanisms

3. Discuss gxi

with a



CHAPTER TWO

ARTHROPODS AND THEIR
IDENTIFICATION

21 Learnlr‘ﬂ“gtlves l”””/

By th@@of this chapter, the learner will be @
[ \istics for the iden r@on of
0

-~

3]

S %
o= 4
[ p—
- —
= &

)

g . N
2.2. @ductlon @'
Arthropod %ar the most successful p \)f animals,
both in diversify '”!in angai ‘\“ of species and

ad

individuals. They hav d successfully to life in water, on

land and in the air.

About 80% of all known animal species belong to the

Arthropoda - about 800,000 species have been described,



and recent estimates put the total number of species in the

phylum at about 6 million.

Arthropods are found in a great variety of habitats than any

other animal group; on top of mountains, at great depths in the

ocean and in tbe&‘“ﬂerﬂe!&hi”arctlca. They can

acidity and

%
2,
haractensti@ of

4

survive gre\ mes of temperature, t

salinity.

an@dg theRg
chﬁterlstlc

1. rally sy
2. Boc? vered with "€x

tough w id substance known as ch|t|n
3. Jointed a;& Wre present &dy segments.
4. Body cavity b i ry canal and the body

wall.

L
gd Into segn@

eleton which is m

5. Open circulatory system that works by diffusion unlike the
arteries and veins in higher animals like humans which are

the closed type.

10



6. Have ventral ladder type of nervous system: These are
called ganglia and are situated at different places in the
body of the arthropod with a ladder type linkage: message

passes from one ganglia to the other and finally to the big
ganglia at the head tro h nert
7. Growth by r%l& is co quones

Art@pods
T &rmal ng

ects follows the rugof

es even amon @oples
that spe same language. For instance, t ish refer
to ladybirds the same coccinelli @are known
to Americans as 12 J/Iqum

names, or one common nhame is given to many species as if

ave no vernacular

only one is involved. These difficulties are addressed by the
Linnaean system, in which every species described is given
two names. The first is the generic name, used for a usually

broader grouping than the second name, which is species

11



name. Species is defined as a group of similar individuals
which are able to produce fertile offspring. The complete
scientific name (Bi-nomenclature) of an animal consists of the

name of the genus (Generic name); which begins by a

capital letter; and the s'pec ‘Tr ame); which begins by
a small letter o4 ple, ium (specific bi-

nomenclat e of:-
apiens and
is Anopheles @b
(¢

used together angre

and specific nds
_—

bwed by the name of

describer éspemes and year of reglstratlor‘\
Uy A\
Yupg3... s

Various groups, also gnized amongst the
insects. As for all other organisms, the basic biological taxon,

figinal

lying above the individual and population, is the species,
which is both the fundamental nomenclature unit in taxonomy
and arguably, a unit of evolution. Multi-species studies allow

recognition of genera, which are more or less discrete higher

12



groups. In a similar manner, genera can be grouped into
tribes, tribes into subfamilies, and subfamilies into families.
The families of insects are placed in relatively large, but easily

recognized groups called orders. This hierarchy of rank (or

categories) thus extends rom t C|es level through a
series of hlghex reate inclusivity until
all true ins

included in one class, Inse &

The a$als ide

bel o the pj

characteristic Iisté/pove
 phylum arthopod® like
bgroups. The Iargeﬁmd

belogr illustra
\/

Classifica Man

Kingdom Animal

Phylum

Class

Order Primates Diptera

Family Hominidae Culicidae

Genus Homo Anopheles

Species sapiens gambiae, nilli, kingi,
dancalicus, fenstus, smithi

13



‘ etc.

Arthropods can commonly be classified into different sub
groups as shown in the classification tree (figure 2.1) below.
The phylum arthopoda is the largest of the animal phyla.

There are numerous classes undi it, but about five of these

1 ®
classes are medi %waant.
R

thi
o O

O <,
$ %,
$ %
- ™
= 2
— =
P} ~
e g
% $'

% S
e o

7/ \)
Dnpy . oo™
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Anophelinae Culicinae
Anopheles Culex,Aedes

Black fly

arthropoda (adapted from public health pests)

Figure 2.1: co “!ﬁcati.ongll’i
\&‘@ %'3.0

N
" .
§ ¢
s %
o= 2
= =
= N
(> N
2 $
% &



The medically important classes are the following:

1. Class Insecta/Hexapoda (the six legers)-The insects.
The insects (class insecta) are the most abundant species. In
fact, about % million spec S are n, i.e. about 75% of all
arthropods are bm

-
well and tr& test animals of medical |m e (lots of
disease % transig Reouoh insects). é
K3 Z,

0 into three: head,%grax
g@, one pair of ant%e

ped as mouth gs

are Rest animals as

pa mﬂs

( ed

with 48, end (p the ses'the
\

insect. ¢ ” shaped 6sing,

carrying t ital and excretory organs. The men also
contains dlfﬁ% s called splrac‘% Lair exchange

(respiratory organs '1 ah

2. Class Chilopoda - The centipedes (they have one pair of
legs per segment)
3. Class Diplopoda - The millipedes (they have two pairs of

legs per segment).

17



The centipedes and the millipedes jointly are known as the
Myriopods. They are very similar to the arthropods in their
superficial appearance, but they have distinct heads bearing
antennae and mouth parts. They bear two body divisions;
head and trunk. The b'itln of myr s is said to be allergic
to some pe ome gm Qnomous. The
millipedes &emlcals for defense purp %d smell).

antenn% he

proso arries the WS sense organs (int@ and
externall@g is the antennae, the eyes a@ feeding

parts. Opisth %insst the splracle&\ atory organs)
and the sex organs < 1, ah
5. Class Arachnida(the eight legers) - Spiders, mites, ticks,

scorpions etc.
The class Arachnida has four pairs of legs. The head and the

thorax are fused forming a cephalo-thorax. The appendages

18



(legs) are located on the cephalothorax. The head has no
antennae, but pedipalps and different mouth parts from that of

insects.

2.5 Arthropod Habitats

\'@\‘\“Grth:opgh%arious habitats.
The foIIowi@\e some of the factors that clla)”abitats of

arthrop food breeding medi imate,
L/

com@on, nat etc. The hals of
#

art od incl

Depending upg

nt air, man, anim%w
(-

ns, flies, crickets, ¢ dches,

moths, fle icadas, etc.
v, R

2. Water ) ”0!”', [ ] ah‘.\“

Arthropods may live in fresh waters (natural or man made),

spider: sps, mites,

salty waters (Oceans, seas) or hot springs. Examples of water

dwellers are: backswimmers, crabs, lobsters, crayfish, etc.

19



3. In the ambient air (temporary fliers)
The ambient air although can not be a permanent habitat,
some arthropods specially the fliers can be found temporarily.

The fliers are fast spreaders of contamination and pollutions.

Flying is high C|V|I|zat|on [ the Cﬁiff arthropods (as well

as man). Spee; e fac Ia ival of the fittest.
Therefore,'\ d to control the fliers. Exa fliers are:
Bees, les, 1 flies, grasshoppeé asps,
butte Z , moths, and termites (initi petc.
/
S (4
4’. mang dangerous grougto

ood. These parf@mic

A

m@oes oX-warme . Q
6
6. On plan ﬁes Beetles, iv'“\. spiders, gall

insects, scale ins Hnm |a lacs etc.

2.6. Arthropod Species Abundance

There are more species of insects than all other animals
combined. Percentage of insect species in comparison with

other animals:

20



Category Examples
1. Insects (all orders of insecta) Fleas, flies, lice,

Grasshoppers, wasps, beetles,

Butterflies, etc

2. Other arthropods ( arac Ticks, mites, spiders,

chilopoda, dlm tace '%QS centipedes,
and oth@ lobs e s, etc
Snails, oyst%lams,

Octopus, etc. /\

Man, bird, fish, e Exnt

-: Bnakes, etc.
5 g8dher an a
- =
% §
% S

Percentages
70%

8%

9%

6%

7%

21



2.7. Advantages and disadvantages of

arthropods

The effect of arthrop he sﬂﬁ .relatlon to health and

their benefit. o
\Q .o
A. Heg&'fects: éé

Artlf;ers affect omfort of man T#hany

dlﬁ@t way insects (entomopl’a)

pdweessed Eps the least sef@s.

& harmful, bene [

bite and suck blood.
? infective organisms and m@ct toxin to
man an

,q chanl ically).
* They cause myi sijmfest Ion by larva of diptera) on

man and animals.
* Annoy and irritate man and animals.
* They cause envenomization by their bite, sting, spines

or by their secretions. Envenomization may cause

22



[~ [ gebody, egg shells,

swelling, pain, redness, rash, fever, allergic reactions,
blood poisoning, or death in some cases.
* Arthropods parasitize man, animals and plants: for

example louse, and ticks on animals, and aphids on

plants.

. Caus@@‘“ﬁw to g[’lﬂbs they enter the

mouth or nostrils.

ey

d body fragmen '
ect of arthropods@

may uman comie Q

1. Chigg uses intense itching; dermat|t|s$\Q

2. Ratmlte—%o nse itching; w

3. Grain itch mite — Bﬁj fever

4. Scabies mite — burrows in skin causing dermatitis
(scabies).

5. Hard ticks — painful bite, tick paralysis, usually fatal if ticks
not removed:

6. Soft ticks — some species are very venomous.

23



7. Black widow spider — its bite causes local swelling, intense
pain and occasionally death.

8. Scorpions — painful sting, sometimes death.

9. Centipedes — painful bite.

10. Lice- intense irritation, r ddISh es

11. Bedbug - b %““ wntaﬁ

12. True b Inful bite, local inflammation? 0

13. Bee severe blifiaes an skin from crushe

14. C' illar —rug ) the hairs or spin

>
#3 wasp Plocal swelling. (5,

1ibes - pagi g puncture, myia

Bge Be

Fogmately,

cor@l’mal
produ is therefore

Bith. Tt i ,n@éry to
distinguis een “beneficial” and “harmful” opods. The

following are erstood benefits ‘ ods:

1. One of the gr }aefﬂﬂ receives through
arthropods (insects) is the pollonization of plants.
Approximately 50 seed and fruit crops depend on
honeybees for pollinization. Clover, onions, apples and

others would not yield without insect pollinators, butterflies,

ants, flies and bees

24



2. Silk is produced by insects. The caterpillar of the silk
producing moth (Bombyx mori) spins a cocoon prior to
changing to the adult stage. The filament forming the

cocoon is continuous and ranges in length from 800 —

1200 yards. An oun sti eggs will produce
30,000 - 3 \0&“ illars b’ﬂ |eld 100 - 200

pound coons. These cocoons w %:e 10 12
pou f raw sjlk
@ %
3. H@ and wa duct of insects (hc@bees
/

ar from plants in o@e&to
(-

#13 are
mber of

the larva of other

6. A@ds that prey™e destroy other
calle ors. They help to reduce

at
insects. E@ ants dragon fli \\\
7. Some arthropo 1eb ea“i

arthropods, the eggs hatch and the young larvae feed up
on the body juice of the host as a parasite.

8. Insects are valuable as food for humans and animals.
Chickens, turkeys, hogs and fish utilize many insects as

an important source of their food. Some of the primitive

25



races of man use insects for food. E.g. grasshopper,
cricket, beetle, caterpillar, termite and ant.
9. More than other things insects have served man as

sources for scientific knowledge and technological

innovations:
. Man ‘\“g smeﬂ’” (planes, space

from insects. Insects ha ght man

ght techni ince they had this@ization
N
\ 4\

work such as tu !!1 g
(-

éérom arthrop®®

2.8. Gerg ﬁtrol methods o &@opods
The war (control ano!maatnn Mropods by man has

been going on for long period of time. The war will probably
continue because man has never eradicated a single insect
species except in certain limited localities. The control of
medically important arthropods employs many principles used

against pests of agricultural importance, but there may be

26



quite different reasons for control. The basic purpose in
controlling medically important arthropods is to preserve the
health and well-being of man, where as control of arthropods
affecting crops and livestock is fundamentally guided by
economic principles. _The prgtemq human lives and
can

promotion of ht red by monitory

considerati ne because man views his ell fare as

pricele Q)mplex o
when@rol prag
/

be #ctive, t

& nd emotional consider: és arise

ole region, and in rto

ides may mvolve%lc

rban and wild |

ing methods:
_—

(>
‘ﬂat are 8

%cticide trealt M nets are widely used,i iopia

anv -Saharan Africa and subtrop; countries

world Ie control of mala“rI \xlshmanlass
2. Environment !np,lla

odlflcatlon of the
specific breeding habitat of an arthropod can provide

effective control. For example, drainage of marshy
areas, destruction of burrow pits and hoof prints for

controlling malaria

27



3. Barrier zones and quarantines: an area free from
certain vectors, either naturally or as a consequence of
control programs, may need protection from invasion.

4. Biological control (Bio control): All animal
populations, in'clud' g art ds affecting man and
animals 5 d |n &m

for e. For arthropods, these c gents are

y~ certain other

ators (both verte and
perally meaning an
or pathogens (\m S,

— i d ggozoa etc). Insect n

many local way; &ghting
trolling arthropods. The foIIowu&%some of
these %rol methods pracj\ﬁ\\ur (Ethiopian)
communities: & 'l,, ah

1. Hot ash to kill or drive away insects like ants.

2. Hot water against ants, bedbugs, lice, fleas, etc

3. Certain odorous and sticky leaves like white

eucalyptus, mimosa, etc are used as insect

repellants.

28



6. Chemical control methods: Chemical insecticides act in
two ways:

- As stomach poisons: These are taken up by the

insect in the form of bait, or may be applied to

surfaces over hi%h fj insect (arthropod) will

walk¥ ateri hlgﬁ and body. This
>
@ n be taken into the alimer(eﬂnal when

e insectolduagiisc|f. é
N
" e may be applr% the
the insect is fIyin%to

walk. The chehassal

rs the spiracles ﬂj,
-

yill act orge
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Review questions

. List common identification characteristics for

~

-

arthropods

. Explain taxon earbro
. Discus @mcts and ben Wropods

: e the arthropod habitats P
: ss th ods of control of a@ods.
N 2
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CHAPTER THREE
THE INSECTS

3.1 Learnin ,%'\W

By the xe chapter the learner wi% to:

v
S e
= 2
ect colle
— =
(-]

3. gtrod

Insec% extremely voo@®essful animals and ‘affect
many asp f our lives, despite their small s@inds of
natural and mo!” osystems, both @ and aquatic,
support communities® 'rieas ¥ se‘;]t a bewildering
variety of life styles, forms and functions. Ecologies of insects
are highly diverse and often they dominate food chains and
food webs in biomass and species richness. They may be

aquatic or terrestrial throughout, or during part of their lives.

Their life styles encompass solitary, gregarious, sub social
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and highly social modes. They may be conspicuous or
concealed and active by day or night. Insect life cycles are
adapted to a variety of abiotic conditions, including seasonal
extremes of heat and cold, wet and dry, and notably to

unpredictable climate. Theéfore Irii’ s should be studied for

many reasor; \3\\ I0”

3.3. Th&rderso Insecta &é
e the Iargest%s in
nur@’s of sp firthropoda, which %rn

fes than all other la
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Table 3.1 The number of described species of important orders of insects

Order
1. Diptera

2. Anoplura
3. Mallophaga,_
4. Hemipt

5. Siph era
6. Hy' optera

L@optera
Smropte C
9£Ieopt :

Common names

Flies, gnats, mosquitoes...

qavve Zi‘;ﬁ'ﬁe

True bugs

Estimated No in the world

85,000 species
250 species
2,675species
55,000 species
1,100species
103,000species
112,000species
22,500 species
277,000 species
4000 species

60 species
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According to the classification system used, some 26-29
orders of insects may be recognized. Differences arise
principally since there are no hard- and-fast rules for deciding
the taxonomic ranks. Brief descriptions of some of the orders

of insecta which are of pub ic healtmortance are presented

below. \\3\\ I0”
Ordg@tera %

3 diverse group/‘ oth

clude all the flies, ats
a single pair of V@®gs

s called halters)aj
_ -

e order diptera are the inged

The in%grouped into

= two! ? wings). The wing coul Q\Jsed as a
clas3|fy|ng fac

qjts theyég é body division
(head, thorax, and m®n [* these insects are

characterized by having only one pair of wings; the hind pair
has degenerated, therefore, all that remains is a pair of

drumstick-like organs, the halters, used for balance in flight.
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Dipterans are important to humans for a variety of reasons,
many flies are pests. In addition, many serve as either
mechanical or biological vectors of infectious agents. Tse tse
fly transmits the agent causing African sleeping sickness;
mosquito transmits malari Iymp ' filelriasis and hundreds
of viruses; b|t| i ﬁ
viruses suc? ue tongue virus; tabanids tr tularemla
li ers, they can be s pests
actors of mfech&e

can be serious

rans ematodes and

ies arebldn

|d regurglta -

diges the foregut (crop). Q\'

All Dlptera go a complete m @ms in their life
cycle, developing fr 'aeg a a number of larval
stages to the pupa from which the adult emerges. The larva,
which is the feeding and growing stage, is typically found in a
completely different environment from the adult, although the
adult will be associated with the larval environment when

mating and laying eggs.
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A large group within the diptera, sometimes known as the
calypterate flies (because the halters are shielded from above
by saucer-like processes known as calypters), includes
houseflies (musca species), bluebottle (calliphora species),
green bottle (lucilia s C|es) er houseflies (fannia

iﬁes ( ' and wohlfahrtia

species) and w %
species). pecies are closely assom@ ith human
and h uman domestic e@nment

\

gtricted to mesot%x,

on-functional to Iﬂg

'

é hose having gy (non-biting) mout@ and
ble to penetrate into the skin ple Male
é Some feed on \Dwer nectars,
hence nq! Hmolt me: others can feed

on solid substances (by dissolving) or fluids by
sucking. So they are dangerous for transmission
and contamination of food and utensils with disease

agents; example the common housefly
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* Groups with biting mouth part/piercing and sucking
type. These are with sharp mouth parts (proboscis)
for piercing the skin and blood sucking; so
important biological vectors; example. Tse tse fly,
female mosguito

s, etc
" a\We S Ethj,
The mode ®3met (life cycle) of afﬂl@tﬁa group is

e rohosis. The presence?pair of
e of the thorax i ther
e laboratory, diptg Ere

h
are used to ﬂiy

comple
halter' .e. two

4
fact@ar identij

t *ost USE(

mplex

iaats for various res
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Figure 3.1. Examples of Diptera: A) Musca domestica, the
house flies B) Typical mosquitoes (adapted from public health

pests. A guide to investigation, biology and control 1990)
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Order Anoplura. ‘a’ means without, ‘oplas’ means sting, and
‘oura’ means tall.

These are the sucking lice. They are minute to small (from 0.4
to 6.5 mm) and may be characterized by their narrow than
long head, two to flve se ented nnae, piercing-sucking
mouthparts tha |nto ﬁ,@ reduced eyes,
absence o and cerci, and dorsovent ed body.

The I@re shofd he single tarsus an%w are
mod| nto a grg

\

tire life cycle |s%nt

incomplete (gratﬂ

varieties Pediculus humanus capitis) ody lice

(Pediculus h corporis), some “sated as two
separate species). in appearance but

biologically they are very dlfferent, the head louse is found

and wh
dlrect %n::e on its ymemgnology and behavior§ € two

only on the hair of the head, sucking blood from scalp, where
as the body louse lives on underclothing and feeds on the
body. Adults appear about nine days after hatching from the

egg. The crab louse, Pthirus pubis, another species found in
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man is found mainly in the pubic and perianal region of
humans. The pubic louse doesn’t transmit disease. However,
an infestation known as phthiriasis or ‘crabs’ may cause

considerable discomfort and sometimes embarrassment,
since it is typically acguméd ﬁ ontact usually sexual
per

intercourse, W'ILS;“ %ch of louse in
the human@ ion is a sign of poverty an jenic life.

ETRTTAY
LTERAR]
GRS E )
R
Fiv gan
R LA

:\'\ Vi l|1 'lllln [t
;Jlgll)n i

/\l”,\‘l‘ 3
15 bey &, i
)A\]\\\‘\\ |

) i\ I
lnun\\

R R lrie

Figure 3.2. Lice of humans. A) The body and head louse B)
the pubic louse (Adapted from fundamentals of Entomology
Third edition, 1987)
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Order Mallophaga

These are the chewing lice. They are small (from 2 to 6 mm)

and have a head usually broader than long, modified chewing

and piercing mouthparts, reduced compound eyes, two to five

- e @dl wings. The body is
. Eggs are fas athers or hair

segmented tarsi, n

flattened doro
of the ho& etamorphosis is incomplete wal). Both
i d skin, feather, hair scabs.

gc dermal skin 126 also

wounds. There are gS

@

no@aally oCH

as* birds
usu erishes.
domes nimals become

known to mpiize poultry. Loss of weight a@wered egg
production, in O'W,birds ai &mon results of
~ o -

infestations.

infested; over 40 s are

The chewing lice spend their entire lives on animal hosts like
sheep, goat, horses, cattle and antelopes. Man comes in
between when caring for these animals. The chewing lice feed

on blood by sucking. Their behavior of continual host contact
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| Medical Entomology

and their blood sucking habits make them potentially

dangerous vectors.

e 2
= B
" §
Z S

|
- / -
Figure 3.3. An %ﬂ"’cmwﬂ\\; (Adapted from

fundamentals of Entomology Third edition, 1987)

Order Hemiptera. ‘Hemi’ means half and ‘ptera’ means wing.

Some groups of this order are winged and some others non-
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winged. They are sometimes called the true bugs. Examples: -

Bedbug, assassin bug (killer bug), kissing bug.

The true bugs vary in length up to 100mm, compound eyes

and often Iong%ﬂ‘\ hea

sucking wi egmented beak arising ro@wnterior of
the he arsi are adbrce segmented, an ci are
abse ¥ most sg present and pc?%d flat

parated by an e%d

gually thickened

are usually large, antennge are :E four to five segmented
-~

S are piercing-

e

a hemelytron. e
_—

are in which developm@bcurs;
many ny gnd adults are terrestrial, bL%\ ignificant
number are a %Food is liquid (eitx?'@.or blood) and
varies from the comrl(”‘abimrgh‘ nivorous. A number

of true bugs are of economic importance. Some species of
assassin bugs are naturally infected with Chagas’ disease;
most of these bugs belonging to the genus Triatoma. The

infection may be transmitted to humans by rubbing the
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protozoan organism in Triatoma feces through the skin by

scratching.

Groups of this order may serve as vectors on man and
animals (e.g. chagas__diseas trypanosomiasis is
transmitted by, éklssmtlb h armadillos).
They hav cycle of gradual metamorpés&They may

be dete@ln vario

Wa%habltat' Bt the bugs inhabl@)n
wﬁbodle

which include:

.—
r
E »
-
Hab " *the
kissin Q\'

The bed- g‘! es irritation while biting to su ﬂ d and is

annoying an ice insect. Neve ,,no disease is

(/15 Y\

Facultative: Habitat both on water and on land

known that is transmi
Example: The winged bug known as the giant-water bug. It is

big in size and is known to posses some sort of electrical

charge (shock).
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Ordglphona ;

means

are the fleas. @s are

wingless: y are all blood-sucking, temporary \ arasites

of warm-blo imals, mainly mamw a few will
~
feed on birds. On&w I groa IIF attack humans.

Fleas, like bedbugs, are comparatlvely host-specific, but will
often feed readily on other animals if their preferred host is not

available.
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Fleas are minute to small (from 0.8 mm to 5 mm) and have the
following characteristics: compound eyes are absent or each
is represented by a single ommatidium. Most fleas have a pair
of small simple eyes (ocelli), although some are blind, usually
those which live on h sts ‘} nderground burrows.

I0 grooves in the

head, mo S are piercing-sucking, co Iong and

i are small and one @ented

\

aterally, as opposgto

Antennae are, n be

tarsi

ap cis tha mall a@hae
N

reces to grooves. ave powerful legs €d for
jumpin% leap 10-15 cm. The abdom bulkiest
part of the bo@ conspicuously s &'he ending
is rounded in the fez ihaegh le the genitalia are

apparent.

Metamorphosis is complete. Eggs are oviposited on the host
or more often in the host’s nest; in the former case, eggs fall

off prior to hatching. The legless larva feeds upon such
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organic matter as may be available including fecal material
from adult fleas that contains blood residues. Pupation is in
silkken cocoons. Adults feed on blood from either birds or
mammals, the latter being more common. Some species
predominantly live on_ the host the host has a nest,

ht ing non-feeding

many species, Q ve t
periods. B ritation, fleas are of me rtance to

human Q)ugh dj apsmission. Fleas ar élors of
plag@bonic fg

or murine typhus eral

ommonly, infect hﬁuens

wte host. In the tr

ans and can inflee
-

< ssomat&ﬂwth

ammals have fleas
(dogs, c tc). Diseases from these ani@ could be

transmitted to

her and to humai . The bubonic
nd man

/77 -1\

* Fleas are also causes for chigger on man and

plague is an epidemi

other animals.

* Fleas are annoying and irritating.
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ﬂ
Fidiie 3.
En Iogy T

\

Orde menoptera

These are Th aving wings which is mx \ like. They

was;a“

0.21 to 65mm in Iength excluding the appendicular ovipositor.

include the an?s izes range from
Characteristics include filiform antennae, chewing or chewing-
lapping mouthparts, large compound eyes except for ants,
long legs with five segmented tarsi, cerci minute or absent,

and wings absent or two pairs that are long and narrow with
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fused venation. Metamorphosis is complete. They are
described as socially organized groups with labor division and
cast system. Through instinct they behave like civilized. The

queen is the organizer and the mother. The workers are sterile

females; collect nectar, éight. eﬁiles, clean the home,

remove dead&;\%‘\“ I0” Ib

Hymen , all possdiada pairs (four) of wing fliers
(ants i initi gse them because'$#y are

groups of this ordm ve

ge\wing mandibles) e

ngh of bl 0d is also adapt%o
Shang.
| 9 —»
- —
Bigyical u s
) G
\9 ) §
ogical control mean eding

v rvae of others destroying unn ry pests

as J ards and gard \ ain ants Kkill
cockroac mg/e&n£h§v"

* Help clean the environment-feed on some wastes
from homes and kitchens such as bones, flesh,
orange peel, etc.

Vector ness: Not of significant role due to their habitat, but

rarely may serve in mechanical contamination
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since certain species of ants readily enter
houses and are attracted to human food, they
are capable of contaminating such foods with

viable pathogens on their bodies or in their

dlgestlve cts or bh parts.
Economic adv honeﬂ

Other hea lems: Venomization, anno

‘N

L
1
1

&
~
—
=
e

=

?

(€)
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Figure 3.6. Examples of hymenoptera. A) Wasp B) An ant C)
A bee (Adapted from Parasitology and vector biology second
edition, 2000)

Order Lepidoptera: “Lipid” means scale, and “ptera” means
wings)

- ® -
The order Leplc@“\\mrises ﬂh’ﬂﬁ and butterflies.

These are st beautiful of all insects; s %equented

as colle, i ollis tbe result of not only igments
in th . ir and om structural ri s and
: ooy
Iay%that r to cause iride e.
Aﬁnae V3 aridentification. (-}
= 2

worm ;% ; ae are the greatest \ﬂmical
destructo eir being a vector is not of sj

Lepidoptera h a complete
being laid on the fodtidgt o BN

caterpillar-like larval stages feed. In addition to true legs on

ifiCance. All
phosis, eggs

terial on which the

the thorax, these larvae have several pairs of stumpy false
legs (pseudopods) on the abdomen (in comparison with the
beetle larvae which do not have pseudopods). The pupal

stages are in the form of a chrysalis, often in a web or cocoon.
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Examples of larvae of Lepidoptera which are known for their

economical destruction include: the army worm, the cloth

moth, plant worms

\(
Orthr are insect g straight wings. Th@

s grass hoppers, preying ma . katydids,

etc. All possm& mouth parts,
-

l!i thsa rge compound eyes.
Wings are usually present and have many veins and are

such ins
crickets, walk

long legs with 1-5 se

modified with the fore wings often narrowed and thickened into
a tegmen, where as the hind wings are broad, membranous,
and folded fanwise under the mesothoraxic pair. Flight is

mainly through action of the hind wings. Stridulation or sound
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production by scraping is a means of attracting mates. An
appidicular ovipositor is common and often measures as long
as the abdomen. Cerci are often short. Antennae commonly
are elongated and multi segmented. Size ranges from 12mm
to over 250 mm in Iength Egg ?8 |s variable some eggs
deposited in thx . orne QI’S) but others

are dep03| ron vegetatlon (long-horne eajhoppers)
Metam Sis genplete. Most  ortho are
herb@ but pivores (mantic@ome
sp are of eqg. grasshopper%/e

ed history, especi

ld. Field cricketsﬁiy
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Figure 3.8. Examples of orthoptera: Upper, Left to right:
Katydids, crickets. Lower grasshopper. (Adapted from the

insects. An outline of Entomology1994)

Dictyoptera (cockragche

Cockroaches g% % ncient group, back to the

Silurian an\&owing litle change in genera WUre since

the D,@n sof ion years ago. T)@w pest
o

spegigare for t ial (running) ins&g®& and
\
nodf@nal, ma

trhsal forg

diurnal fliers, inh@\g
Bund or under st@@@s,

sye
vith :
ayed ﬁ

, rsoventrally\

tegument, varying ir@)

to black in the more pegit s house-

h a
smoot etimes F from
chestnut “p
invading speci! frequen wgange, or other
colors, specially in"t !o;ﬂca &es. The prominent
antennae are filiform and many- segmented. The mouth parts
are of the generalized biting-chewing type (orthopteran).
There are two pairs of wings in most species; in some, the
wings are vestigial; in others, for example, Blatta orientalis,

they are well developed in the male and short in the female.
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The outer pair of wings (tegmina) is narrow, thick and leathery;

the inner pair is membranous and folds fanlike.

The cockroaches are mechanical disease transmitters
because of their dirty livingand fe abits, as well destroy
property in ho @can Iii’l bindings and
practically $ry human food |ncIud|n waste
Their b arts (if job3 dust contact) produ%rgy to

\

synanthropic sp%s

association with S@in

place% carry contd s to human food, po@frwith
their all & produce their characterlstlc%\ greeable
odors, and ,Wi the enquw“. aesthetically
Cockroaches. 1, ah

Cockroaches favor environments where both human
pathogens and human food are found and they pass readily
from one to the other. They may carry pathogens in and on

their bodies, and these may remain viable on the cuticle and in
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the digestive tract and faces to the extent that the insects may

even be chronic carriers.

P4

-

Figure 3.9. An adult Cockroach (adapted from public health

pests. A guide to investigation, biology and control 1990)

Order Coleoptera:
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“Coleas” means sheath or cover and “ptera” means wings.
This group is identified by having two pairs (four) of wings and
mandibulate (biting-chewing mouth parts). They vary from

small to large, often sturdy and compact, heavily sclerotized or

armored, with fore w'l\nﬁs modifr! s rigid elytra covering

L
folded hind wg%%\ Oyiﬁed, often with
)

gs v
claws and es structures. Immature @ﬁrvae)

clerotized head c@e
A

G

complete (cor%x)

t in the numbdaeof
-

are
terrestri r aquatj and

wevil root worm.

> coleopterans are

i&hgers
eaters =
ence aid as

me others are
Iylixom;a“p\ sc;venger/predator

(dead pla ers= Phytophagous and dead

Saprophagou

environmental clean
beetles:
* Scarab beetle: removes human and animal wastes
(excreta)
* Carrion beetle: feeds on dead bodies (carcass).

* Rove beetle: snail eater
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However, most are well known as economically destructive
groups; example:

*  Weevils: spoil cotton, grains

* Beetles: destro potar wood, skin and hides
(e.g. d der % Jwo species of
\& which are eaters of skin a ﬁ)

insect orders. %t are

d habitats. Only? w
gpce, feeding on d

\$\
Beetles may be foun!”'ii 00|I%\¥ or in water bodies.

Some groups of coleopteran are vectors or may release

caterpilla 5 on the abdomen.

harmful chemicals. Examples: - Mechanically scatter
microorganisms (contamination): scarb beetle-works on

human excreta.

58



* Chemically skin blistering: Meloidae groups.
e Some serve as intermediate hosts of helminthic

parasites.

* Accidental invasion of natural body openings by

beetles is also mmo

P () (N
Figure Examples of coleopteran: A) Gr beetle

(Carbldae rab beetle (Scarabeldae=; ng-horned
beetle Cerarﬁm’ dapt damentals of

Entomology Third edition, 87’

Order Isoptera

The termites (white ants) are grouped in this order. They have

two pairs (four) wings although temporarily used. Termites
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vary from 2mm to 12mm in length, except for physogastric
queens. Termites are characterized by a prognathic head,
moniliform antennae with from 9 to 30 segments, chewing
mouth parts, short and stout legs with four-segmented tarsi
normal, 1 to 8 segmente sr;ortgir i,~and an absence of

wings except f@“ ctive

are longer e body and are membrano oge and hind
wings

@imilar NaSiBag and size. White ter are of
&ogical aj ortance. In the tr and

~Wwhen present,

L/
great

in %sts theig
.
d1=t confl

ftrients and aids ?Eoil

ever, their eating in

@osis. All are social. Bei@écially
organize w have labor divisions: queen (m@ , soldiers,
workers. Ter destructors in ec v'@,sense as they
are able to ruin, deel!lﬂsp)ilaﬂplants and the soil.
The termatica is the house of subterranean termites; spoils

crop, forest, grassland and the soil.
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Worker

Figure 3.11. Examples of Isopteran (Termites). (Adapted from
fundamentals of Entomology Third edition, 1987)
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3.4. Uses of insects

Insects are valuable to man,though, we think of them in a

negative context. Ins et er "!ied on our blood and

skin, contami \ dwellings, smit horrible
diseases. ithout them, we could not ex ﬂey are a
funday part o em. A brief and inc ete list

of tI; ositive 1 the pollination ) ny,

perf@Ps mos Wecomposition of owlc
mibnerials, f carbon, nltrogena\d

About 500%@;8 of insects in more than 26@\9@ and 70
families are use%imew @ érld, especially
in central and southe r|8a a Australla and Latin

America. Insects are high in protein, energy and various

vitamins and minerals: they can form 5-10% of the annual
animal protein consumed by some indigenous peoples.
Termites, crickets, grasshoppers, locusts, beetles and moth

larvae are the most frequently consumed insects. Other
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invertebrates such as certain crustaceans and mollusks are

favored culinary items. Objections to eating insects cannot be

justified on the grounds of taste or food flavor. Many are

reported to have a nutty flavor and studies report favorably on

the nutritional content of j sectsﬂz ugh their amino-acid
nd n

composition |3@“ m balanced with
suitable pI

In ce@ Africa, eople (currently d%ratic

rep of Cog longing to a few@ en
e terpillars is high%ir

inst
prote( me areas® > Northern Provmce@nbla
The edib rpillars of an emperor mot rniidae

e
locally caIIed% re much prlzed iw

hundreds of kllome , which provides a

ople travel

highly lucrative market. The caterpillars contain 60-70%
protein on a dry-matter basis and offset malnutrition caused by
protein deficiency. Mumpa are either fried fresh or they are
boiled and sun-dried prior to storage. Further south in Africa,

the Pedi people of northern Transvaal much prefer mopanie
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worms, the larvae of the saturniid Gonimbrasia belina, to beef.
Insects are also valuable foods in other parts of the world such

as the Philippines, Australia, USA, etc.

3.4.2 Insects as feed for domesticated animals:

The nutritive v?lu‘ﬁw& ag feElhigb)gtry, pigs and

farm-growr\ certainly is recognize ?a, where
feeding Qs have shgwn, that insect-derived i@ an be
cost-cPtive altg
diets
of, Meuse flieg
[

e conventional ~meal
ily the larvae andﬁpae

Qe pupae of silk S

V larvae fed to ¢ can

recycle manure and the development range of

insect recycli ms for convertin wastes into
feed supplements |!Wiawe,aﬂ at most organic
substances are fed on by one or more insect species. Clearly,

insects can form part of the nutritional base for people and

their domesticated animals.
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Insects greatly benefit human society, either by providing with
food directly or by contributing to materials that human use or
the food that human beings eat. For instance, bees provide

with honey, but honey bees also are valuable agricultural
pollinators. Furthermore, tﬁsem;@bf predatory beetles and
parasitic wasps@‘ ests a,ple

3.4.3. Og\%eneflts of insects &0
.Qsﬂment reg iiter and wood de@tion,

il soil turnover. 0

& Plan seed dispersal ’
s P o
[ y ) @ity composition gad

ted.

the C@(IUGS and aB

Insects also%a vast array of c compounds
some of which can l’Hted, or’synthesized and
used for different purposes. Silk from the cocoons of silkworm
moths, Bombyx mori, has been used for fabric for centuries.
The red dye, cochineal, is obtained commercially from scale

insects of Dactylopius coccus cultured on Opuntia cacti.

Another scale insect, the lac insect Kerria lacca, is a source of
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a commercial varnish called shellac. Chitin, a component of
insect cuticle, or a derivative of chitin, can act as an
anticoagulant or a haemostatic agent for tissue repair in
humans, enhancing the healing of wounds and burns,

reducing serum cholestero servi a non- allergenic drug
carrier, providi 3\\ gradaEl Qf high-tensile
strength, a&ncmg the removal of pollu zom waste
water,'t& ntion j ot its possible appllcatl%

S Z,

e than econo or

aiein insects makegm
-

Aesthetlc

e enormous variety of structu&% color in

insects is wo miration, by co r depiction in

drawings or pho H oLaa“

importantly, the sheer number of insects means that their

perhaps most

impact upon the environment, and hence our lives, is highly
significant. Insects are the major component of biodiversity
and, only for this reason, we should try to understand them
better.
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3.5. Insect diversity

Estimates of species richness of insects vary from less than
five million to as many as 80 million species. Insects constitute

around half of global species diversity. If we consider life on
land only, msects cw obarE reater proportion of

divesity of inse gﬁ,éredomlnantly
é

assful in their %:ies
divepsity?
S %

living species%

terrestrials menon.

ers live ¥ solution. Som \ye in
S s where the temperature falls to 3 MOC), the
freezine, gt of water. Others live | yoprings where
the ter;perg!"PT b am ¢).Although most
insects feed on plant life, many have adapted
themselves to eating almost anything. Various kinds of
insects eat fabrics, opium, mustard plaster, cork,

tobacco, face powder, paste, or pepper.
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2. Their small size. Insects can live in places that are
too small to other animals, and where they can also
find food and protection from enemies. Since insects
are small, they need little food.

3. The skeleton_of _insect otects them against
injury a mstugfb

4. Mo cts have wings. FIy|ng m eaS|er for

god, to escape from e%es and

\\

N Jults and reprocﬂe
% inds proge
a s inﬂs
‘ can re at nur@

?’hey can eir surr gs
could othenm ipe them out. Insect &!have
% ethods of reproduction. The f %of some
spemg roduce without w queen honey
bee, after onei i Dria&ay eggs for the rest

of her life.

Moreover, insects’ high species diversity has been attributed
to several factors. The small size of insects, a limitation

imposed by their method of gas exchange via trachea, is one
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important determinant of species richness. There are many
more niches in any given environment for small organism than

for large organisms.

Insects have more hlgh ganlz nsory and neuro-motor
systems than, |nvem0 gects normally
respond to e with altered conditions (e !09 pplication
of inse e to thair Aadl plant) by genetic ¢ (e.g.
leadindW® insectig High genetic h;@veity
' ows persistenceq e
eractions  with %er

herbivores insecigbr

ns ove 451 (0] us
msec % S inati i % d the
th

plants nate. °\
Specific or paw-wse!”‘autvn ah‘\o the evolution of a

threat of one species (such as an insect’s ability to detoxify a
poison) in response to a threat of another species (such as the
elaboration of the poison by the plant), which in turn originally
evolved in response to the threat of the first species (that is,

the insect’s food preference for the plant).
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3.6 Insect collecting technique

Insects are everywhere!! Insects are often encountered, at
least with a little searching, in homes, yards, around building
foundations, basements, crawl spaces, flower or vegetable

gardens that are no\ w Q !‘1 pesticides, around
lights at nlgh\ streams and Iak

parks, an& ts.

oned fields,

%

)d are easy to cattﬁ)ith a

ol

-

— [
—
& oL
thﬂeep tra ke
Iabe&r insect , locatjeg®and

hablt{’ well as the
Insect cofe%tools $\

Different tools may bé& Mon 3| \nsects depending on
their characteristics or behaviors. Following are some of the

tools used to collect insects:
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Tweezers or forceps, to pick up insects

35mm film canisters, to hold small insects

71



72



p' out insecis atthe water's surface or, rwater
at “p e of a stream or lake. Aquat| ts include
water s ig beetl mers diving
beetles, mma%ﬁosﬁw , immature dragonflies,
and giant water bugs (many of these bugs can bite!).

» Sweep nets are used for sweeping the grass of
meadows and abandoned fields, as well as catching

insects in bushes and up in trees.

» Butterfly nets are best for catching flying insects.
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%
N
/ t sheets ar€ [
hich have been jarred frg nts. An

w
mvert& lla, white pan x

placed under- ‘3 ﬁlaﬂ

plants onto the beat sheet, then grab them with

of paper is

r tﬁe insects off of

tweezers or shoo them into jars.
Berlese funnels are useful in collecting small insects
from soil, leaf litter, or compost. Place a wire screen

over a funnel, with the tip of the funnel resting in a jar
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above at least 2 inch of alcohol (ethanol is the best
type but rubbing alcohol will work). Scoop a bit of soil
or debris onto the screen, and then place an electric
light directly above the funnel. The heat from the lamp

forces insects dow the fu |nto the alcohol. Leave

undlstur days 0 il is dry. If the
ma\ very flne place a paper tob ween the
ilasa fine particles won't ééﬂo the
to catch insects. @I ck
e more successfu%m

ormal outdoor Ias

n and the

: Rottesﬂeat

cts carrio , [ |@ like
fruits, fermented foods, suga s, or oils

peané 1 Some msec &1 attracted to

dung. "Sugari l} neta pamtlng tree trunks,
etc. with a fermented mixture of fruits, sugar, and an
alcoholic beverage such as rum or beer, and is a good
method to catch certain types of nocturnal insects.

Pitfall traps are useful for catching ground dwelling

insects and can also be baited. Soup cans are an
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excellent size for pitfall traps. Punch small drainage
holes in the bottom, and shield the trap from debris
and rain. The top of the can should be level with the

ground surface, so an insect will fall right in. Either
check traps often_or pr e the insects with a
mixture, Q or sm .a can without

nthetic female h es to

. Pheromones fo eral
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Fig 3.16 Pheromone trap (adapted from
http://www.uky.edu/Ag/Entomology/ythfacts/bugfun/collecti

.htm accessed on June 03, 2008.)

N
and a( a and citing

Dles. Q\'

5. Discus &t different insect collecting tech §

“ ””!lna . gt
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CHAPTER FOUR
THE MORPHOLOGY OF INSECTS

4.1 Learning Objectives
By the end oft r e Mﬁll be able to:

external morpholog ”/to
&am internal morphology

s of the dlﬁerer@s of

°
?

distinct. M anatomical features for th endages
inal apex, are

groups with in the

especially of t arts, legs
important in recogriz J h&h
hexapods, including insect orders, families and genera.
Differences between species are frequently indicated by

anatomical differences.
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Terms that describe anatomical positions of body of

arthropods
* Anterior: towards the front
* Posterior: tail or rear area opposite of the anterior

* Dorsal: J)acg Spem the anterior to the
, '3“& rior

e Ve underside portion (a %

paRosite to the mouth%

ernal Morphology

The external m’o%jn ins cture and form
of the visible outside p ftﬁe The supporting frame

work or skeleton of an insect is on the outS|de, and is so called

an exoskeleton. The exoskeleton is a complex structure;
exquisite control is required in the formation of a new one at

molting. Higher animals (chordate) such as the vertebrates,
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have the skeleton inside the body and it is called an
endoskeleton. All the new external structures must be formed
below the old exoskeleton and produced in such a way that
the next stage can be larger. The molt must be controlled so

that it is coordlnated and curs f tver quickly. During the

molt, the anir IG I exoskeleton;
because t exoskeleton is soft for 0) time, the
animal j re su @ to predation than at times.
Horn@ control ) differentiation of gbody

(5,

asi tures sg

/ephallc §'
oventrally, O™&s#8al (upper) to ventral @
rse or lateral (outer) through gitudinal

axes t Wosﬂe Iateralah‘.\v'\'\\.
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dorsal

median line
(midline)

.

ventral

Figure 4.1. The major body axes and the relationship of parts

of the appendages to the body. (Adapted from the insects. An
outline of Entomology1994)
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4.3.1. Exoskeleton
One of the major requirements of an animal is to slow down

water uptake or loss from the body. In insects, their body
covering has been modified into a solid structure, the many —
layered exoskeleton or mtegume Ba3|cally, the integument

consists of a ba @\“glbran ﬁepldermal cells,

an externa ed layer and the cuticle, ntains up

to one- of an insect. One major
ticle is chitin, a p r of
Eely related to ceﬁose.
a tannish color is
Jraq@eristic of this phf@@m
_-_—

aterial to

|0I“n
insggds and add at

cros!&k the ¢ ¥ a pla ilike
scler This tiny g process § rmed
ea and

scelerotl@w This contrasts with the C
Diplopoda th qlmum a process of tion. Cross-

‘3 reye

outer most multi-layered is called epicuticle. Inside the thin

sections through th ma‘t’e condition. The

epicuticle is the procuticle which consists of an outer hardened

exocuticle, the layer in which sclerotization occurs, and an

inner flexible endocuticle.
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The benefits derived from the integument include protection
from most chemicals except strong acids and basis,
retardation of water movement both out of and into the body,
high protection from physical damage and abrasion, a
structure which can form oncemmors and shapes for

avoiding detectj &\ tors

thogens and

many prec@ reservoir for some waéj ducts, an

excelle ucture ing a musculature with

good' erage. eleton protects t sect
’ . . Q

fror@msture ganisms, parasit d

o o , %
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dermal gland
duct opening

gpicuticle _

exocuticle

I~ procuticle

endocuticle

formation
one

* |1~ epidermis

basement membrane

Figure 4.2. The general structure of insect cuticle; the

enlargement above shows details of the epicuticle. (Adapted

from the insects. An outline of Entomology1994)
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4.3.2. Body Divisions of Insects

The body of all insects is divided into three parts: the head,
the thorax and the abdomen (refer fig below for the detail).

Ocellus Cervix
| |
|
\
| |
Head | / /
\ /—C—%‘ Thorax
L omp0und| i Veso)% Vet
Q\ . eye Pro=r 77 \%’
| v:g‘v w/U IRE

il
‘ Mouthparts‘
| s | ,
Antenna Cervical Le ) ‘ ' ‘
\ g Spiracle Winc 1 i
sclerite base ‘ ba‘sleg PRI Leg Sternite

ey o o
Figure 4.3. Generalized adult-winged insect. (Adapted from

Parasitology and vector biology, second edition 2000)
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4.3.2.1 The Insect Head
The head of an insect comprises of the anterior or first body
region. Its principal parts are the head capsule which contains
the brain, mouth parts, the two compound eyes, the simple
eyes and the two antennaa‘sens ans).
aWE. BTy,
The segmental x@\\ ead %%I demonstrated
L)
by the mo@ s. From anterior to posteréﬁe are six
fused hgpegments: <,
e labral é/
. e labra
S 2

-

ich is fused wit e
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The head 31

compound eye vertex occiput

antenna

lateral

ocellus Postoccipital suture

postocciput
median ocellus N
occipital condyle
ecdysial line

frons cervical sclerites

anterior tentorial pit postgena

posterior tentorial pit

labium
labrum

mandible/

maxilla

Figure 4.4. I:at'e'lgleliof.trem&va‘ generalized

pterygote insect. (Adapted from the insects. An outline of
Entomology1994)
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1. The mouth parts

The mouth parts are formed from appendages of all head
segments except the second segment. There are five basic
components of the mouth parts:

e The labrum, or, Wﬁr Ig tflha ventral surface called

the epip

. Th@ yranx, atongue like struq.@

[ @& iaws) which are chew rgans,
Z

igular maxilla): I—@g,

©®
e
—
=
~
*
S

$§'l
N
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08sophagus crop dilator muscle of pharynx
thoracic segment 1

fmléscrﬁ;— | N ] b, ossophagus
i of ciba \ \ ‘4

s / salivaryv
/ duct ~

cibarium salivary pimp

N dilator\muscle
N /\ (S

salivary duct

SSre

S labrum

/L| suboesophageal mandible ﬂ \\salivary pump
, anglion thoracic i |l ,
preoral cavity  / labium gang ganglion maX|||a—11 labium
salivarium
b
hypopharynx (a) ( )

Fi%
'nse@ ) a
feedh?cada.

Entomdfef#1994)

Yo
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coronal
. . suture
epicranial suture
(an ecdysial line)

frontal /

suture \ .

FRONT VIEW OF HEAD WITH
compound eye

MOUTHPARTS IN SITU
scape

pedicel

antenna —

mandible

labrum

tendon

. 7 1 \ v
adductor tendon clypeus ' \/
abductor ) |

LABRUM MANDIBLE
cutting
edge molar area

"
A
Q gula
ET '
e + t
/}r—«-/sf);( JX
’L\ postmentum
' : ——lacinia
\1\\ ; )&
L% A
\'V\\}v\tx #
N

maxillary palp

5

Y A B
‘. ' LABIUM WITH
\ " Q\f HYPOPHARYNX

superlingua
hypopharynx

Figure 4.6. Frontal view of the head and dissected mouth

labial palp

paraglossa

parts of an adult earwig. (Adapted from the insects. An outline
of Entomology1994)
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Different arrangements and forms of these parts makeup the

principal types of insects’ mouths.

Chewing mouth parts: The chewing mouth parts are
possessed by insects'thaggrigd nq swallow their food.
The mandibles, M ind s M Jood is pushed
into the aIi@%canal by the maxillae a@ﬁ)ium. The
Iabrum@ i |1t seems that this i most

primi A type of

/
ch lice arg

fi eine ‘ foods. The mandBRs
acghe .
fo ‘
pr&cis is
capi@ grooves of th ella

carry‘@uids to the TOS&@hannel inside the prot@'Solid
(soluble) w such as sugar can also be ea& e insect
ejects a dro %I'va on the sug m causes it to
dissolve. The solutior!"'a p.machi\ue r‘;muth as a liquid.
A large number of the non-biting flies such as the house flies,
green bottle flies and flesh flies have this type of mouth parts.
Piercing-sucking mouth parts —are possessed by insects

such as mosquitoes, assassin bugs, stable flies, sucking lice

and fleas. These insects pierce the skin of animals in order to
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suck the blood from them. The mandibles, maxillae and
labrum are slandered with sharp ends. In the typical piercing-
sucking type they fit together to form a hollow beak with the

labium forming a protective sheath for these piercing

ructure is called the
-~

ainst the host,
ézthe victim

e piercing sucking parts

structures or stylets T entin
proboscis. The ¢ es |ts€

and insert ets through the skin. The

is then into thest

insect vectors of ase.

o a limited numgof

blood from markeeal
-

9

m%ibles
as‘lets to g
pier nd disri *the
Iabiw"c%a? its many § e pseudo trachea, $ﬂcked
into the w rough a specialized food canw een the
X. Antlcoagulanie In the insects’

FoudBBN

Siphoning: Almost every naturalist has observed a butter fly

labrum and h

saliva, are pumped | nt blood clotting.

or moth land up on a flower, uncoil, and extend its proboscis.

If nectar is present, this fluid is sucked in to the body. The

proboscis then coils up because of its natural elasticity, and
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the next flower is visited. The mandibles and labium are
reduced or lost and have no role in food ingestion.
Chewing-lapping: adult honey bees and bumblebees have

mouth parts that are modified in still another fashion in order

to utilize liquid food, in this cas.e n and honey. The major
feeding appargﬁ@\ of a )3l complex. With
the combi ion of both the sucking pu “tongue”

moving@ aris drawn up into the@ y. The

mandd directly in feeding, w§smay

hat have long com to
efense and for m%g

shallo d cellular fluids that@ﬂcked
into the ? rough the beak itself rather raversing

sucking mout \
“org . s>

stylet ducts a
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(€

(B)

(A)

-sponging B)

A)Cutting
Piercing-sucking of a mosquito E)

Insect mouth parts.

4.7.
Sponging C) Siphoning D

Figure

)
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Piercing-sucking of a cicada F) chewing-lapping (Adapted

from fundamentals of Entomology third edition 1987)

2. Eyes

The eyes of msects bear two di types the compound
. (ocelli). The

compound one on each side of the e usually

round or kidney- s?d The

cye is compose mall

eyes (ommati

very lar They

exter@ ortion o

umber of facets% ies
as 50-400 facet%v
e dragonfly has faeke

@eral predarevemgnd fast- flying spemeﬁ?\(seek
S 0

flower mber of

s durlng flight have the grea
ommatidia an abltants and o ‘w fliers tend to

have the least. 1, ah

The simple eyes are small structures consisting of a single
facet. Typically they are arranged in the form of triangle
between the large compound eyes. Ocelli are thought to serve

to distinguish a first image and light from darkness. Many

96



larvae and adult insects have neither compound nor simple

eyes.

The only visual structures of larval insects are stemmata, or

simply eyes, posmoned la ralg/ (imd either singly or
in clusters. T ha owers of form
perception mght can be focused, »I acuity is
probab@ éé
4\

(¢

gnae or “feelers” Io@d

o antennae arcie
-

in ma(%

in adults w er to aid in the increased se activities

necessary for jalized food and r‘w ion.
13 . INW”
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4 W (K)

Figure 4.8. Types of insect antennae. A) filiform B) setaceous

C) serrate D) moniliform E)pectinate F) Plumose G) Stylate H)

98



aristate 1) Lamellate J) capitate K) clavate (Adapted from

fundamentals of Entomology third edition 1987)

4.3.1. The Insect Thorax
This is the second main ?dy. t is connected to the
|

head by a me on th jmx The thorax
o

is compos ree segments the Proth anterior

portion@e Mesgibgis

L/
Meta&ax (the g
#
are@ched tg

I Ily

K
so‘msects
prot%

1. The W?ﬁ
Insect wings ar! extensions of W|th an upper
and lower wall, or mmis!&awg Veins run between

these membranes. Veins that run from the wing base to the

Qe middle portlon d the
The wings whenﬂsent
metathorax. Each e

apex are called Longitudinal Veins. Lines connecting two
longitudinal veins cross wise are called cross veins. Enclosed
space by veins is called closed cell. Open cell is space

between veins not crossed. Vein angles can be measured and
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can help to identify which insect possesses the wing. The wing
veins give strength to the wing. In form the wing represents a
more or less triangular appearance. The three sides are called
margins: the costal margin is anterior; the apical and anal
margins are posterior, Théfsr;apgi d location of the wing

veins aid in |g“$m the 2

yps of insects.

Figure 4.9 @ a typical wing venation. ,0&

~‘\"ii' v PIrs-
Figure 4.9. Generalized wing illustrating venation. A- anal

vein, Ax -axillary scelrites, C- costa vein , Cu- cubitus veins,
M- median, R- radius vein, Sc- subcosta veins. (Adapted from

fundamentals of Entomology third edition 1987)
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2. The legs
In most adult and nymphal insects, segmented fore, mid and

hind legs occur on the prothorax, mesothorax and metathorax,

respectively. Typically, each leg has six segments. These are,

from proximal to distal; ﬁe got'! ochanter, femur, tibia,
e cor

tarsus and pret l% “1 ﬁrsus) with claws
(See figur‘m& ,0 A.

arolium

Claw aroliar pad
[unguis)\ l‘“‘/

Unguitractor —=- ‘.
plate "
F
S—tarsomere ’
apodeme of
dpressor muscle ;
of pretarsus :
\ trochantin

articulated
spines

claws — pulvill trochanter

Figure 4.10. The hind leg of a cockroach, with enlargement of
ventral surface of pretarsus and last tarsomere. (Adapted from

the insects. An outline of Entomology1994)
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Among the major types of legs are:
1. Ambulatorial: This is a walking leg. Example Mantids
2. Cursorial: Running leg. Example Cockroaches and

tiger beetles

3. Saltatorial: To_ saﬁte.nﬁ “to jump” or vault.
Grassh w i”00~

Ra;@ilhe front pair of legs is odified to

and hold dcaafor feeding. éé
; 4‘
g legs. Example@v' g
[ . ' (-
é. Fosge ; or digging. Exaae

—
=
X
&
fhd pr on.

3
NS
g

s
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Tibial extensor

Tibial
depressor

Cx

Tr

b

N
¥
0

Swimming hair

N\ ™
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Figure 4.11. The insect leg. A) saltatorial (hind leg of
grasshopper); B) raptorial (front leg of mantid); C) fossorial

(front leg of cicada nymph); D) natatorial (middle and hind legs

of water scanger betles); E) clasping (front leg of male
predaceous diving beetleg Adaﬁ from fundamentals of

Entomology thw@\\

".o

is called the &men.

gest region of th y
ts variable in nu“er

remain egments, hOWe™r, are very similar. S@és are
usually abﬂ in the terminal segments, and t& egments
are often fuse or are reduce ; he functions
of this region are vit o@ararhﬁ

that the major viscera, heart, and reproductive organs are

ce it is in this region

located. The reproductive openings and gentalia are found on
the ninth abdominal segment in males and on the eighth and
9" abdominal segments in females. The abdomen serves a

major role in locomotion for many larval insects.
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4.4. Internal Morphology of Insects

The internal morphology of an insect is the structure of the
organs and systems which support the life of the insect. The

digestive, the excretory, the circulatory, the respiratory, the

nervous and the r tive E'”\ principal systems.
-
Insects posse € major body sys senses that
are foundy higher animals. &
'\ _ A P .
thoracic ganglion ventral nerve cord accessory gland

thoracic muscle testis invaginated phallus

salivary gland

nerve to

X

~ cercus

cercus

2
)

-

; Z7Z
=/
5 /

)

:

antenna L
oesophagus \colon
crop ST o,
(b) proventriculus tracp i midgut
caecum Malpighian tubules

Figure 4.12. Dissection of a male black field cricket. (Adapted

from the insects. An outline of Entomology1994)
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4.4.1. Digestive system:

Digestion is the process of changing food so that it can be
used to furnish nourishment for the body. The food of different

groups of insects includes many types of materials. Wood,

fungi, blood, plant d.p And tobacco, which
normally are |gher am n by insects.
Many mod ns are found in the dlgestlveQ s of the
dlffere' ns in g @sccts may utilize th fferent
fooqs 4‘

~ (4

ntary canal and gig®ds

anal is the for&f
e ﬂs

tak@® into

es
storeé.mtil S passes & the

proven S, or gizzard, where it is broken %o fine

particles. “@ he gizzard, the food goes |®e stomach
(mesenteron) m of the ’ﬁ)m s place. The
unused waste food i Jdeﬁ t the intestine and out

through the anus.

The principal associated glands are the salivary and the
gastric caeca. The salivary glands lie alongside the anterior

portion of the alimentary canal with a common opening into
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the mouth cavity. Their chief function is to secrete saliva,
although in some insects they are modified to secrete silk. In
blood-sucking insects these glands secrete a substance which
keeps the blood from clotting. The gastric caeca are finger like

out growths of the stomach. Tr;gli’crease the amount of

digestive JUlcesw secr

Insects ess a dolaic. tube or alimentary | that
takes' ood thro gouth and breaks this
. i oﬂi
foo@ enzym; ary of this reacti as
foldpe:

anus%nzymes
mdm(’ arious glants crease enzyme pro &fhave
also evo@ t are insignificant when compa&
glands of vert

Many insects hai/?!m; rah‘\ganlsms within their

bodies that provide their host with vital nutrients and the

h similar

capacity to utilize many nutrient-deficient foods. Many,
symbionts are found intracellularly throughout the body, but

we will restrict our discussion to those found in the gut.
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Midgut Hindgut

Fgr/e\gil —_——\ - f’{—h_g—\
U - »
TO| o Pyi Anterior
salivary Ma|p|gh|an Y oric
gland and Foregut Stomodael mials e valve  intestine

1eservolr mt\ma Crop Denticle valve

Hindgut

Esophagus ) intima

|

Hypopharynx) |
Pharynx \\
/\ \
\

.‘ &
Mouth ;\1‘ ) | J\)_)J
Lablum 31— ':_4/\4\.\1
Labruml\ﬂ ‘ ! A
Cibartum J /* oaiivary Left  Left Provemr\culus Gasmc Permophnc Py\onﬁ Rectum  Anus
(preoral duct v salivary salivary caecum  membrane ampulla
cavity) gland  reservoir
Salivarium
— —

Fighte
fromgRarasito
[

4.4.2

d d
o
s.
Q\'

?thread -like tubes called malplghla ules are

retory

A numb

attached tion of the stomach |ne These

tubes have their QH’ s C|%‘ )f remove waste

products through the intestlne and out of the anus (refer back
to figure 4.13).

As the direct result of metabolism within the cell, certain

molecules, such as protein wastes, must be eliminated.
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Single-celled organisms excrete waste directly into the
external environments with little or no change, but multicellular
organisms usually must detoxify wastes by combining them
with other substances unless copious amount of water are
present to dilute them. Ift s cannot be used in the
synthesis of \ oun b‘g amlno acids,
specialize s and ducts are preset |n nlmals to

remove&‘n fro aod and eliminate ther@m the

bOdyQ \
T#najor AT in terrestrial ings

cid, a substanceﬂat

roghe bl&

thamndgut
ElimMgdion is th
acid,‘ ever, into tissues,

exoskele Ig some cockroaches, up to 10 &nt of the
total dry body nsists of uric aci an be utilized
later in metabolism elocghﬁ di'et is deficient in
nitrogen. Another waste product, ammonia, is found in
freshwater insects and in a few terrestrial insects, such as
blow fly larvae, that live in very moist habitats. Urea, although

isolated from some insects, is inconsequential.
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4.4.3. Circulatory System

The circulatory system comprises of the tissues and organs
which circulate the blood through the body. The insect’s
pumping organ or heart is in the form of a hollow tube lying in
the dorsal part of th qﬂyit E,@s.the blood from the
posterior part “ y and emptie e head cavity.
From this , the blood flows back thrdwthe body

bathinrq\@ '

pumping c,

(heart) e abdomen ana

to the brai ¥n. Some insects possess a | Qwrtal sac in
the head, a:?aWﬂsvessel &Een in a few

orthopteran taxa, such ckPoa and mantids. Changes

in the overall aortal shape and position, in the number of heart

e aorta, which exte

chambers, and in pulsating rhythms may occur during

metamorphosis from a larva to an adult.
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Hemolymph enters each chamber through the heart
openings, the ostia, and is pumped forward, either by
peristaltic contraction or by a single uniform contraction of the
entire heart, through the aorta to beneath the brain where it

flows out into the herpoccgl. Ihe olymph then generally

flows posterigr, \w e ali al, where the
absorbed K¥its are picked up from !&ziculus for

emolymph now floé orsally

distribut o the bgd

throu . opening

/
he mph t
hgymp

—
—_—
H%tran

pa‘ilarly d
arou@‘l(llght mu " ‘

abdo ’ here temp€ s drop as heat is I@fough
radiation; for example, lack insulating & nder the
abdomen for%r ose. Cooled blwﬁ\wen circulated

back into the thorax. ”1 eme nt of heat may also

occur, i.e., from the environment into the insect with the blood

diaphragm, s the
eart. The amoﬂ of

ies, size, staggof
-

transferring the energy through the body. For example,
butterflies bask in the sun during cool days and utilize their

wings, especially the basal regions which are darkly
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pigmented, as organs of heat uptake to increase body

temperature.

Blood cells, or hematocytes, are present in the hemolymph,

but do not carry oxygen. Their fun is usually similar to that
of the white ¢ e\\ ns t %lqu phagocytic,
although t e involved also in coagu d wound

of hematocytes been
d in the same spe por at

[ these cells circ at
s;ﬂic tim Ma@qgocyte organs at%er

impor( is its role ' @aining
osmotic res, regulating heat within the buffering
or detoxﬁymg% molecules heall‘%@ds protecting

against. '1 3‘\
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Circulatory System 75

Dorsal longitudinal

Alary muscle

Dorsal
diaphragm
(B) ©
A ' R “ 4
Figure . Circulatory system structure. A) Iat@iew of
hypothetic ct indicating directional flow B)

accessory pul§a 0%1: c§ w 'heart section.
(Adapted from fund f.E mology third edition 1987)
4.4.4. Respiratory System

The word respiration has acquired several different meanings;
to some it indicates the exchange of air or ventilation, and to

others it refers to the break down of food to obtain energy.
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Modern physiologists now use the word to indicate a series of
biochemical reactions occurring in cells that liberate energy. In
the presence of oxygen, the reactions may be summarized as:
60, + 6H,0 + C¢H4.06 6C02 + 12H,0 + energy

Insects have a tracheae s tem m;the oxygen intake is

separate from t, insects have
external paj penlngs or spiracles, by e ir is taken
wacles lead to the mai cheae

h of

trunk pair of

the@y Man

usually run the

@&

on?

ese main trunks.

atory rate is usﬂl}/

nvironng.
nmaqn
gions @he

for s@dant
perio # heir life. Th vity Is advantageou§>écially

during th er for herbivorous species si eir food
source is no %jle and energy We wasted by
fruitless searching a iyo ah

The oxygen necessary for the previously discussed energy

relationships must enter the insect through some portion of the
body surface. Since the oxygen molecule is larger than the

water molecule, a paradox exists because if there is sufficient
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surface for effective uptake of oxygen, this also results in an
excessive loss of water. Throughout geologic time, a water-
proofed exoskeleton has been selected and the surface area
needed for oxygen uptake has resulted from an extensive

invagination of the tubes chea reby water loss can be
reduced to perj % |r |s en is carried

directly to by these tubes, and bIoo monmph

plays n in the raniikas is gas.
p é
Z

es in the trachea® is
igcles vary from slgasle

J filters and valveSaor

ventrally

%d @'cord.
Tracheae clerotized and often have a W ating that
g jn uptake and water loss.

l’larahscah braces (taebida) in

the wall of the trachea, and each tube progressively branches

prevents mo

Collapse is prevente

into smaller tracheae until minute tracheoles (nontapering) are
reached. The radiating tracheole net work resembles the
capillary network in humans, and it is through such structures

with their extensive surface area that most gaseous transfer
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occurs. Tracheoles are permeable to oxygen uptake and

carbon dioxide and water loss.

atrium.

Dorsal diaphragm Heart

Alimentary canal

Dorsal
segmental
trachea

Visceral segmental

Ventral segmental trachea

trachea

Ventral nerve cord
e 003, ANNTD
Figure 4.15. Cross secC g throug the abdomen illustrating
some of the tracheation. (Adapted from fundamentals of

Entomology third edition 1987)
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All segments are interconnected by longitudinal tracheal
trunks as seen in figure 4.15. Oxygen enters the segments
that have spiracles and moves throughout the body to
segments lacking spiracles by diffusion plus muscular
breathing contractions of the abdo |r normally enters the

wgected i tp the head, or

anterior splracl
posterlorly@through the abdominal spn@z

Aesent and are re ized

SO
%

eir functions ar

L.
[ To .
s To 0g air and COO|II’1§€
__
= —
o —~
™ To ain p@ds
%uch as
. rovide spes

brage during molting @Whlch

gowth may occur.

”all” 7. gl\\\v'\
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Tracheal
qills

. Spiracle

’

(C)‘
Figuhe4.16. S sy@v of
N

insec typical typ n system B) open with
reductlo umber of spiracles C) close em with
cutaneous aé eal glII gas exch dapted from

fundamentals of En th'.’d o 87

4.4.5 Muscular System

Although most cells are capable of limited contraction, certain
cells have greater abilty to contract. The degree of

contractibility and the rate are determined by intracellular band
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that carry out the actual process; those muscle cells with
relatively few bands are characterized by a slow rhythmic
contraction, whereas vigorous ones have extensive networks.

Unlike the muscle cells in mammals, all insect muscle cells

have bands, but the nu'mb%va.rieigiiﬂz.
: '\3\\\‘ 10
Muscle cel\é ggregated into muscle ﬁberlaw turn into

functior@nits calladiag es. The number o ividual
" n an ins . The adult gra per

musgG
has‘@)roxima butterfly caterpillarﬁ ve
apd®ximately e 800). =

than%nans, ] . .

to be culous pef® ces. Fleas, aided Pecial

elastici’% leuron, are capable of Ieaping&ﬁs that

would approxi o uman’s leaping r‘\/w 1,000 ft (305
=weights

m). Ants are cap I!f on
approximate several tons when their size and weight are

that would

proportionately increased to compare with those of a human.
These examples, however, are only valid for comparisons and
cannot be construed to indicate potentials since size is such a

limiting factor.
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Muscles in insects are often segregated into four types:
visceral, segmental, appendicular, and flight. Visceral muscles
surround the ducts and tubes and produce directional waves
or peristalsis to move products from one region to another.

Segmental muscles cause telescoging of segments necessary

in  molting, Lr%%““ d.e ia jpcreasing  body

pressure, omotion in legless individu endages

are mo as a ypi cles originated on@er the
L/

tergu e coxae. 4\

sees the grgst

ed synchronousia®d

_—
ecause ogs

async us and fourn® ghly specialized inse@ch as
flies and En innate contraction rhythm m@ ster than

the nerve im 0ite because ea Wse initiates a
sustained contractiors ”‘1! rmscah‘ tair:ed by stretching
antagonistic muscles as the thoracic exoskeleton is deformed.
Some gnats and mosquitoes move their wings from 500 to
1,000 beats/sec, which is fast enough to produce air vibrations

that humans can hear.
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The mechanic of flight differs from that of other animals
capable of flight (bats and birds) because the wings are not
modified appendages. Except in a few insects such as
dragonflies, the movements of the wings result indirectly from
the distortion of the tergu Beca e pleural wing process
serves as a $ cont;iﬁla g tergo-sternal
muscles lo e tergum, which in turn ra| wing tips.
The w the tergum is vaul& pward

as a' ult of of the dorsal lo

inal
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The cent Wous system includes a bral\&ted in the
head, a cha|n~ ventra d beneath the
alimentary canal. aln.h Kgr\ves going to eyes,
antennae and other head organs. The nervous system of
insects conforms to the segmental nature of the organisms.
There are paired, ventral nerve cords with a large ganglion in
each segment. The ganglia located in the thorax are called

thoraxo- ganglia. They give rise to nerves controlling the legs,
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wings, and other organs of the thorax. The abdominal ganglia
located in the abdomen have nerves going to the abdomen
muscles and abdominal appendages. There is strong

cephalization in insects and the eyes, antennae, and intestinal

tract are well innervated with gangjia.in the head.
3 '\3\'\\& E ﬂ”b” "

All cells aray e, i.e., are capable of resp stimuli. In
muIticu@ organisms 3ig cells have become ialized

L/
coordinate the ing

he potential nun@r of

th& neurgy by the size=ﬁ1d
AT e relatively smalff@dd
—

. / sory neurg eceive stimuli from @Qect’s
en ent and transmit it to the cw nervous
syste !”0 “\\\.

* Inter neuron!'a,as.oamnearons): Receive

information from and transmit it to other neurons.

* Motor neurons: Receive information  from
interneuron’s and transmit it to muscles

* Neuroendocrine cells: are modified neurons found

throughout the nervous system, but they occur in major
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groups in the brain. These cells produce most of the

known insect hormones.
Impulses in motor and association neurons travel only along
the axon originating ona Iater ch and normally do not
pass through th( n Se %gthe impulse is
passed alo@ dendrite to the cell body be ﬁchlng the

axon. @ %

L/

" s
&N ’@
Th@rve img ¥ sensory structu d
re@ents gation of the mem%e
pgeses prg : ol @Because of the ﬂg

ceIIs?napse ,

N

relea the axon™® & cell (presynaptic), @r
initiates a &Ise in the second (postsynapti &
Nervous tissue arlsesl#‘/]umgah“loglcal development

and becomes segmented as the individual metameres are
formed. These neural tissues form paired ganglia in each
segment and are the bases of the central nervous system.
Ganglia became interconnected as the neuron fibers grow

from one ganglion to another, giving the central nervous
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system a ladder like appearance. The position of most ganglia
is opposite to that of humans, being located below the
digestive system; each pair of ganglia coordinates the

activities of the structures of the segment in which it formed.

é secrefmmones and are called

only relative. The a& igr three

brain or suprare;%ygeal
pairs unite in? e
inder of the c%al

orve cord, and thege

Some of the cells in gan
neurosecretory, \3\\
\Q

The lad

. L/
pairs

segm ?p
determin

innervate.

air of gangwem®n this cephalized m@én be

étracmg the nerves to the w nts they
7/ A\
U3 . oW

The supraesophageal ganglion, as the name indicates, is
located dorsal to the esophagus. The first pair of lobes, the
protocerebrum, receives nerves from the compound eyes and
ocelli. The protocerebrum is the major association region in

the central nervous system (about 100,000 +neurons), and its
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direct connection to the photoreceptors the great effect light
stimuli have upon most insects. Also, experiments on social
insects have shown that the comparative size of this area
(850,000 neurons in the honeybee) seems to be correlated to

the increased ability to learn. Tl'g tocerbrum or second
i

pair of ganglionj a“ ives
coordlnate\

movem

the antennae,

ensory input with the braln, ntrols the

f the aptdRad The trirocerebrum,%a the
ganglion, labr ,\and

rves fi
es of the bramire
- (-

other

Salivary glands.

The stomode %ﬁetlc system is c to the central
nervous system t 'iho tlak rum It commonly

consists of a single frontal ganglion plus one or two recurrent

nerves along the dorsal surface of the stomodeum. In addition
to controlling the peristaltic movements of the anterior part of

the alimentary canal, this system also sends nerves to the
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dorsal vessel and to the two types of endoctine glands, the

paired corpora allata and the single corpus cardiacum .

Other parts of the nervous system include an unpaired ventral

nerve that controls the s racles i a caudal sympathetic

system. The L& arlse last compound
gangllon entral nerve cord and sen es to the
reprod@ syste ior part of the aIime@ canal.
L/
...P "”’\
H
YD%?:;ES? Cncunmsophageal Subesophageal Longitudinal Caudal

connective ganglion

connectives ganglion

e

Brain

4/,,,,»/""“""‘-—-1_\\_2~

Frontal
ganglion

DW@WQ\MQW@WLM&\/&WA L)
m@/\ﬁfxﬁmﬁ/\@/@m/\v/\v
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Figure 4.18. The nervous system of a generalized insect.
(Adapted from parasitology and vector biology second edition,
2000)

|
(A) |
|
|
I

HEAD THORAX ABDOMEN

(©)
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Figure 4.19. Diagramatic representation of the development
of the central nervous system. A) Neuroblast formation during
segmentation; B) Interconnection of ganglia; C) Differentiation
of ganglia as tagmosis occurs. (Adapted from fundamentals of

Entomology third ed|t|on 1 7

* Et
447. ReWe System hl”” 0

The repmg ve system situated in the abdo
must mate be6 ertile

organs of msect(anblt

is highly

—

dif%eat insect
spec@a genus.
The repro%ta{”rocess in sexually repr@ insects is

summarized as 0””, ah‘\

(Meiosis) (Fertilization) (Embryology)
Female > Egg > Zygote > Offspring

(Meiosis)

Male —— 3 Sperm
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One of the problems of a dioecious species (one with male
and female individuals) is getting sperm to the egg. Insects
are dioceous, although some, such as aphids, reproduce
parthenogenetically during a portion of the life cycle. Sexual

maturity is reached aftert flnal (i ome insects copulate,

oviposite, and dﬁ\@\ y ort I%IQQ as adults.

Male a eparate (see flgure 4 atlng

L/
occup

the@lale in g
femation Q

erm often being
atheca, for subs

g the female insec y

ouneed q ddrinp life, but can pro=e
sﬂ*al
] —
(- —
Sy

paire ‘ . Here the eggs are@ 'ed by
the ma% which have been stored in th atheca.
The eggs pa outside throu wmposnor after
being fertilized. Dﬂ ‘!ragahaof this system are
found in different groups of the female. The main functions of
the female reproductive system are egg production, including
the provision of a protective coating in many insects, and the

storage of the male’s spermatozoa until the eggs are ready to
be fertilized.
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2. Male Reproduction System:

The sperm cells or sper tozoa produced in a pair of
testes and pas ﬂ\ air vas% into the seminal
vesicle. H Xy are stored until matlngiec s. During
mating, s Rraligh the ejaculatory (?ut the
penly$ Rale. The main fu @ns of

the@l e production and
of@rmat a2 viable state t %J
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1
e | |
terminal fllaments—1I d ‘

___ paired ——}% testicular tube —L1 |\
ovaries ||

ovariole

vitellarium—{
' accessory
\ mature gland \
|
\ oocyte -
] seminal /
1) vesicle

edicel —
p ~—calyx

spermathecal ——
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T gland ejaculatory |
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spermatheca \\ =
N\
/ intromittent _]_
gonopore genital chamber organ

|—vulva

Figugl4.20. CO

of in§ a) female

An outIin@Entomology1994) \
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4.4.7.3. Types of iQp i pMIDods:

Oviparity: have male and female forms; they mate and the

female produces fertile eggs which hatch and reach the
adulthood.

Egg + spermatozoa — Fertile Zygot.
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The majority of insects undergo the type of reproduction
described above in which an egg is produced, fertilized, and
oviposited by the female. Intricate behavior patterns are
involved, and the eggs are normally deposited in precise
microhabitats, near or on tﬁi re.qu' i;od, etc. Sufficient yolk

is present to p @\\“ logy ? leted within the

€g
group, or “fused%ethe

Eggs@ be deg
intoa ands secretions,% in

=

is slowed down a

ersh'&r (sarcof
A

place in the femalc8

n some variations, %&‘g
not conta icient yolk to permit the embr& develop
fully, and the nderdeveloped iw hatch to be

nourished by the mot&,, ° ah‘

Ovovivipartity: laying of nymphal stages instead of eggs: e.g.
some hemiptera: rudivides (kissing bugs). In ovoviviparity,
eggs are normally developed and fertilized, but they are

retained and hatched within the body of the female. Sufficient
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yolk is present in the eggs for the embryo to complete its
development without the female providing further nourishment.
The number of eggs produced may be restricted, but the
protection offered plus the depositing of hatched immature

that are ready to commencé feedlrlai’e obV|oust of selective

advantage. 3\\ I0”

e are laid instead o@
A

’o‘

fem.

: % type of a reproducti\@

Hermaphrod %and female or%w“\present in the
same arthropod. 1, ah

Polyembryony: a single egg divides into (produces) many
creatures: e.g. some cockroaches, some moths, hessian fly. In
polyembryony, reproduction is associated with oviparity or

parthenogenesis. There are two variations of polyembryonic
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types of reproduction. In the first variation, the dividing cells
separate during the initial mitotic divisions, and each cell
subsequently gives rise to a separate individual. In the second
variation, cleavage occurs many times, after which the

embryonic “body” subdmﬁzs |nt ryos The number of

embryos arlsm\W\\
thousands Q

&

type I two to several

%,

AN )
- ™
= 2
—  —
S e
e g

% $'

% S

Y o
Z/ \)
Dz . g™
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Review questions

Discuss external morphology of insects

State internal morphology of insects

tyes goduction in insects
l“;:gns ofggzr a”intlexoskeleton
9

abel the different @ of the
%
ach of the statewts
; o

f— ‘ ivdilrom the first p&f
— —
| —
') « ENw Spo d

Briefly explain
What aQ'\%
in a@pods

b=

‘ 2id to igadtify
<, "
/
% S
0 outh parts are fi from
«e appendages of all segments

/”Q,'Ijit th .e f atﬁ“ﬁ\) ,
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CHAPTER FIVE

INSECT DEVELOPMENT AND LIFE
HISTORIES

By the

5.1 Lear&ﬂ“ﬂtlves l”0 @z -

this chapter, the learner will

Q ironmental facto n
-~ o
£ E
e e
n se in ) e
Iarﬁ reachge

7 Into big ho@fﬁes

order for the nymp rva to
increase nd@ This splitting and shedding of; 1$\xoskeleton

is called molti % e numbiw '|s four or five,
ti

although some group S ﬁaa mes.

adulf‘ﬁge little

The ex%leton must sp

Insect growth is discontinuous, at least for the scleritized
cuticular parts of the body, because the rigid cuticle limits
expansion. Size increase is by molting-periodical formation of

new cuticle of greater surface area and shedding of the old
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cuticle. Thus, for sclerite bearing body segments and
appendages, increase in body dimensions are confined to the
post-molt period immediately after molting before the cuticle
stiffens and hardens. Hence, the sclertized head capsule of a
beetle or moth Iarva mcre ses in enS|ons in a salutatory
manner (in maj

-
the membr@ nature of body cuticle aIIow!Oe rval body

to grow orles .
& %

Stu% 2lopment involvcﬂ o]
cw ment, is the incr&fagnt

rQent where as

N
due ( riability in “Yos i
compone rowth is the inter molt period or& al, better

known as the or instars durati is defined as

the time between tv&'ieswa

between successive ecdyses. The magnltude of both molt

or more precisely

increment and inter molt periods may be affected by food
supply, temperature, larval density and physical damage such
as loss of appendages and may differ between the sexes of a

species.
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In the vast majority of insects, growth is determinate since
there is a distinctive instar that marks the ceasing of growth
and molting. All insects with determinate growth become
reproductively mature in this final instars, called the adult or

imaginal instars. This repro uct|v re individual is called

an adult or m@ |nse ?ls fully winged,
although s@ ry wing loss has occurre dently in

the ad groups, such as I|ce¢
certa@ rasitic adult females of cale
|ns

that Yge place molt adiydrow
larger. hological

Bs during ontogeny@ both
external sﬁges and internal organs, but o external
changes are I each molt. n form during

L!Jgﬂzah broad patterns of

development, based on the degree of external alteration that

ontogeny allow us

occurs in the post-embryonic phases of development.

In the primitive developmental pattern, ametaboly, the insect

hatches from the egg in a form essentially resembling a
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miniature adult, but lacking genitalia. This pattern is retained
by the primitively wingless orders, the silverfish, in which
adults continue to molt after they become sexually mature. In
contrast, all pteryogote insects undergo a more or less marked
change in form, a m orph 'Es tween the immature

0 rLdarlly apterous
adult or i phase. These insects ca e?ub -divided

accordi AL patterns ment,
hemig aboly ( plete metamorph s and
‘ .

phase of devels e wi

ég its life cycle (fig 5.1). \
7 o>
A few insect grcﬁqyl hqyt %“gr;')ho&s The young

resembles the adult very closely. Silverfish and spring-tails are

examples. However, the general types of metamorphosis or
change, found in insects are gradual and complete (or

complex).
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&
g Egg Egg

3rd instar immature

Figure 5.1. Development stages of different insects from egg
to adult. (Adapted from fundamentals of Entomology third
edition 1987)

141



1. Complete (or complex) Metamorphosis
This is a specialization in which the life history is divided into
four distinct parts:

* The egg

. The \\“&mg sﬂgylla
pa a quiescent transforma(éﬁge and

yhe adyl,oge@end ctive stage
In al@ pe of life hlStOI’@ real
/
gro$ is the J : the adult has
plism and at the%st

mmain a
Sperms or eggs.“is
—

best s to fertilizatio persal, and owposmo@

(4
The growing % ‘larvae” of insect \ acomplete type
of metamorphosis ar!m!ntcn ahmarance and habits

from the adults. The larvae of mosquitoes live in water, while

the adults live in open air. The larva is a voracious feeder.

Insects with complete metamorphosis go through another

change after completion of the growing larval stage. This is
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the pupa. The pupa is a non - feeding stage in which
reorganization of the internal and external body structures
takes place. It is entirely different in appearance from the

larva. After completion of the pupal stage, the exoskeleton

(cocoon) splits and thqad eme The insect after a short
time during gv§$ % color pattern

develops, hed its permanent form a It is now

2o protects the pupa f%janger
A

°

sexuall ured.

-

eIt occur, tis
not e metamorpi® incomplete or hemi &blous.
Most str of nymphs and adults wj I§complete
metamorphos like, aIthough ortions differ

and changes in the H ;iata eproductive system
occur in the molt to an adult. Food and ecology are similar in

all stages except where nymphs are aquatic and adults are
terrestrial. Insect groups that pass through a gradual change
while growing have youngs that resemble the adult except for

the smaller size and in wing bearing insects, a complete
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absence of wings. There is a gradual change from one stage
to the next stage until the young or nymph, reaches the adult
stage. Lice, true bugs and cockroaches are examples of the

gradual metamorphosis type.

Egg _»\« ph adult

5.3.2. Phas@%sect ontogeny ” &

¢

m
3

by Qg femal , the age of an is
ef&ated fr even though thegfg

eEd bef@lie Qb a

—

2§val o 3
' ]

stage
reveal thd ct in its second instar. Ty

subsequent i |n qi foIIowh
the immature insect ia%ct

separated by periods of feeding, with hematobolous insects

by repeated molts
generally undergoing more molts to reach adulthood than

holometabolous insects. All immature hematobolous insects

are called larvae. On the other hand, immature terrestrial

144



insects with hemimetaboulous development are called
nymphs.

3. Pupal phase

The molt into the pupal instars is called pupation or the larval-

pupal molt. Many insects iuwl dltlons unfavorable for

development m@\ on- p&tage but often
what appe € a pupa is actually a f ped adult
within @upal culi aicrred to as a pharat@)aked)

adult \

S
4

ental fact@. on

Insect& opment
The enwronme’n%’ije roﬁﬁl“w egg laying or

longevity of insects.

Temperature, humidity, the availability of food, presence of
environmental signals (e.g. photoperiod), mutagens and
toxins, biotic effects, altitude, the relationship with other
creatures, etc. are limiting situations in the development and

survival of insects. The presence of optimum conditions and

145



their adaptability to the various environmental situations are

important phenomena for their proliferation.

5.4.1. Temperature

Most insects are p0|k|Iotherm|c b temperature varies more
or less direct entﬁ% re - and so heat
is the forc &the rate of growth and b pgoent when
food is |m|t|n. g _dbcrease in temperatlﬁ hin a
favor@ange getabolism of ar%

con uenﬂyl

avoid of

dornﬂ) (hibe

sease extremes.
indicator anging seasons is photoperiod- t& th of the

daily light ph ﬁore simply, day Ien

””3 gl\\\

The high ratio of surface area to volume in insects means that

Bredictable envi ental

5.4.3. Humidity

loss of body water is a serious hazard in a terrestrial
environment, especially a dry one. Low moisture content of

the air can affect the physiology and thus the development,
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longevity and oviposition of many insects. Air holds more

water vapor at high than at low temperatures.

5.4.4. Mutagens and toxins

Stressful conditions induced by ic or mutagenlc chemicals
may affect msecto@\\“aﬁi for %egrees ranging
from deat}\ extreme to slight phen dlflcatlons
atthe o nd of the 3R

be

I
SO es the

rum. Some life hlstory s may

or toxins than ot s and
not be easily mered

gercentage surviva

Lepi¢ghtera, for

Ttively c@t

- ¥ .
withi ecies: redu® goawuiality or avallabl ually

f|§ ult size,

delays ¢ illar growth rather than reducing

although ther ceptions.

Il”, gl\\\

147



Review questions:

1. Discuss the dﬁeﬂ ghimoi insect growth and

develo

2. EXE bout environmental factors t ct insect
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CHAPTER SIX

INSECT BWIORH ACTIVITY
6.1 Lear@ bjectlves "P ”/0

@nd of thi e [earner will be ab@

efined re

of adaptlw@/mes
’

that fa surV|vaI and reproduction Q

Any behavior % observed b an animal is
overt behavior m hi® u -| udes responses to
external stimuli as well as spontaneous activities that are
related to the animal's internal (physiological) needs.
Ethologists use the term "drive" ("hunger drive", "sex drive",

etc.) to describe motivational urges that compel animals to

behave as they do. Insects also appear to have internal
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"drives" for dispersal or migration as well as "drives" to
complete stages in development such as constructing a nest

or spinning a cocoon.

6.3. Insect behavior

- ® EC! -
The behavior;“%\k“(ﬁrthropo ﬂm of stimuli and
\ oy

responses! behaviors of insects (arthrop@»re largely

stinct)gam are automatic and arned.
Jrammed behaviofhich
© capacity to beh in

Bpropriate stimuli. @fey

ammed to do ce&m

g,
Behavior?

@e innate/inborn or learned.

g

\Y
g
Innate behavior !'I', * ah‘-\“\

Behavior which is performed without previous experience and

without interaction with other members of the species is called
inborn or innate behavior. Innate behavior is genetically
programmed. One of the striking features of innate behavior

is that much of it is performed without previous experience
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and without interaction with other members of the species.
Individuals inherit a suite of behaviors (often called an
ethogram) just as they inherit physical traits such as body

color and wing venation. Example: when a male field cricket

reaches sexual maturlty begl smg a “calling song”.
This song serv% fema r,oach the male
and mate Physiological states su unger or

amples of innate b r.

Z
’o

fatlgueé
gen

-

:: s”‘

g ised in |sol==l

] —»

2 wa;@”ch
)

S

Bified by devel nt or

experience
q ummate -- fully develo xpressed at

~

firs m,’,alce. ah‘\

Learned Behavior
Learning can be defined as a persistent change in behavior
that occurs as a result of experience. Since a newborn nymph

or larva has no prior experience, its first behaviors will be
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entirely innate. Each individual starts life with a "clean slate":
it acquires new skills and knowledge through trial and error,
observation of other individuals, or memory of past events. In

general, learned behaviors will always be:

N &hiﬁ onIy through
&Natlon or experience ”
\ absent in animals reuse@

§ solation
S 2.
S A
Ny 3 r sequence may ¢fnge
& =
; modification t gl
% —t
(-] *l
i 3

\
Alth insects | ) B nervous sys
are n le to master college-level phyS|cs have
demonstr% bility to "learn" in eacf\ following
ways: 0”,1, N\“

* Habituation: is learning to "ignore" stimuli that are
unimportant, irrelevant, or repetitive. For example, a
puff of air on the cerci of a cockroach will cause the
animal to scamper away. But repeating the same

stimulus over and over will lead to a decrease in the
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response and eventually to no response at all. In
some insect populations, widespread use of sex
pheromone will disrupt mating behavior. By making
everything in the world smell like a virgin female, males
become habituated to the r and stop responding to

the &gn?ﬁ\ Ie ca mate she will

not e any offsprlng

g: is learning to as%te one

mulus gelated  stimulus: éoney

‘sbees, fg Esociate floral col
_ %e

nectar. They c

om colored dlsheﬂn

%e dishe ‘the

. y swapped (sugar @é and
%\gellow the bees will ignore bl V continue
to fora ow until they ev

and error) to (”‘ihoblﬂ

arn ' (by trial
flgure 6.1).
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e in
edback)

arning to run

avior and
th ture Bad consequences (negatj
have site effect. Cockro

through a si I’I‘ae ¥ fﬂi

of instrumental learning (also known as operant

- .
a simple example

conditioning).
+ Latent Learning: involves memory of patterns or
events when there is no apparent reward or

punishment associated with the behavior. A sand
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wasp, for example, learns the location of her nest site
by taking a short reconnaissance flight each time she
leaves the nest. She remembers the pattern of
surrounding landmarks to help her find the nest when

she returns. L'ikew'se, r ants can remember a

w
® -

series 'os alon al follow them (in

rev@

er) back home to the nest ney bees
how latgnflliaacning when they foIIow& aggle

se that informati find

(5,

programmed Ie%g

within a short -
-

ite, etc&his
[ roughout life and re@ later
eded. Fruit fly larvae, for exa ill imprint

on the smell of their foiv'&ared on a diet
that contains ”‘}xtﬁcm females will show a

strong preference for apples when they eventually

search for a place to lay their own eggs. Not just any
stimulus will do. Imprinting is apparently regulated by
an innate "neural template" that restricts what can be

remembered.
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Various insects’ behaviors include the following;
Mating behaviors: Effective communication between
members of the opposite sex may serve several functions:

* Signals may be used to draw members of the opposite

sex from a dlstance
* Mates WQ@ e onegta%members of the

ies, thus avoiding wastage! eﬁ” as time

by iaalrgoriate mating. é
g the partner to %e of

emain quiescent “Urng

[ . (.
K—] i 4l in such a way&t
-— gurtship
H 2
Sy

s defi@‘ as
behavi increase probability of soer&Gpring
sumw& roduce at the cost of the parqs’ ability to
produce mor For bothWele, the act of
mating may be only pim!el.ln toFtime and energy
in the perpetuation of their genes. Example; male dragon fly
guards the female while she lays her egg, ensuring his

paternity of the resulting offspring. A male field cricket, having

attracted a female via a calling song, switchs to a “courtship
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song” then, after mating to a “staying together” song, which

ensures that she will not mate again before laying eggs.

Response to the environment: Much of insect behaviors can

be thought of in terms of tim.ulu — response. Response is
the M

s in the environment cap eliciting a

influenced by irQnment. Stimuli

.

are those

respon@a
of ded g and rg

%

gain insects are supremé pable

in sounds-femal kets
e ultrasonic cries ﬂ {s.
g a built-in res%e
hanism, is essdmal

_—

in this sp

Q
i \0wn

Loc tion: as
N

chara ic forms o btion such as: creepi@lking,
swimmin t, grasping, digging etc. A cre& insect is
e(;%%rt walking orjum&"\\\,
013 . INWT"

always cr
s

Feeding: The food of insects is varied. Some are plant eaters

(e.g. grasshoppers, aphids). Others feed on filth and not eat

plants (the common housefly) some others are nectar suckers

(the butterflies, the bees, the male mosquitoes), some are

dead body eaters (certain beetles, fly larvae), certain insects
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are blood suckers (blood sucking flies, the female mosquitoes,
bedbugs..), there are predators on other insects (ants, dragon
flies), certain mosquito are cannibals feeding on their own
kind, and some others are omnivorous, feed on flowers and
dead animals (blue bottle

3\\ ﬂees E "”0”

Egg layin &}IHSGC’[S lay their eggs on or od supply
for the Commp
and !@!Eants. A

box@ The fe isits swamp Iand% re
m@ntoes hagsits her eggs o%ve

ben the mosquitoies
_—

@s are on water, on dec@ meats

Nests: D insects have different nests. ?e include
nests made % stlck nest ( gras w\wood) pebble,
gossamer, foam nest 1’ a

Flight: The only animals that can fly are birds, bats and
insects. The ability to fly is a great advantage to insects. It
enables them to escape their powerful enemies; to locate their

foods, and to find their mates.
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Color adaptability: Camouflage is highly developed in some
insect groups. Mosquito larvae look very much like dark sticks

lying on the water surface. Walking sticks look very much like
twigs and are hard to_detect gxcﬁﬁhen they move. Many
butterflies that, $N§food Iﬂpms resemble in
color and sg @wwible or
have a
& %.
-~

e other insects o er
dators (or enemicaor

tQgwap pre bee, a wasp, an;“;t,

er butterflies and wasps

bodye

%
tio

%gpellent: Produce offensive sukr&% to drive
-

away enemie ,

S
Dz . g™

Utilization of poisons: bite, sting, spine, secretions, etc for

N\
Secre

offensive purposes to kill prays or defensive to drive or poison

enemies.
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Psychological warfare or bluffing tactics: Such as
stridulation, buzzing, drumming, chirping, bluffing, acrobatic
movements, offensive attacking, defensive manners (run

away, burrowing, hiding, etc).

Various other, ?ﬁﬂ&cﬁa“iﬂ”qey production,

soil fertiliz redation and scavenging, t material

pavigation and com jcation,
ilization of air con ing,

ion, pottery, engir@r' g

productj
L/

The &ocrlne
their daily fiings.

help insects cop®
Endocrln% is a gland that dlschargew products
(hormones) to e(as contrasted w\ crine gland).

1 ont
Hormones are chemicals piduced within an organism’s body
and transported, generally in body fluids away from their point
of synthesis to sites where they influence a remarkable variety
of physiological processes even though present in extremely

small quantities.
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The hormones of the insect body are produced by neuronal,
neuroglandular of glandular centers. Three hormones or
hormone types are integral to the growth and reproductive

functions of insects. Thes are thEi dyster0|ds the juvenile

hormones and r@
1. Ecdyst a general term applied to p er0|d with

otlng i
a family oé ted

2se hormones ha@ o

development, h@ i
meta and reproductlon including the &e on of the
JH and ec Examples are; \“\

Endocrine glands: Produce hormones which serve for
physiological processes like reproduction, metamorphosis,
defense, offense, etc. Examples of such glands include the

following:
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a) The brain hormone: The functioning of this
hormone activates molting to take place (the
exoskeleton is taken out).

b) The juvenile hormone; this hormone is responsible

for metamgrphﬁis;.toEiﬂd the age of insects

(hel ) 10,
age of termite queen is g@/ﬁ

9| stage of cicada is yrs

L/
™ - fly is 1-2 da is is
S e 12 6oy
Q o juvenile hormoMe’ But
: akes 3 yrs since y
= 2
—
—_—
(-]
>

crine GlanOS"™sgcse are glands with

¢ et chemicals such as for\ @:‘;Ilowing
fun \\o
a) The w!ll';i ° ah‘.\“'

* Lac production (shelter, defense)

* Snare making (food trapping)
b) The silk gland: cocoon (shelter, defense, food
trapping transportation)

c) The stink gland: repellent
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d) The attractant gland: sex, hunting
e) The setal gland: Venom

f) The frontal gland: defense, offence (Termites).

6.4. Insect Senses

Insects have SJF@&GWIth ng!hla gmary senses

are thoseo\ taste, hearing, smell and

6.4.1.’&1se of

,\
Th$se of tg ed in certain tactlﬂ irs
om surfa caise hairs are sim to
orgaary h nerve fibers frofa

=
—»
~—y

. antenn&fhis

press 9 eems to of unfavora orces.

Cockroac and other insects have simi dominal
appendages %a that also serve s of touch.
4 .

-

6.4.2. Sense of smell and taste

The sense of smell is highly developed in insects. It is used to
locate food, to find mates and to locate suitable places to lay
eggs. Sensory hairs on the antennae, on mouth parts and tarsi

are used as organs of smell.
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The sense of taste generally occurs in the mouth parts as
sensory hairs, but some of the flies are able to taste through

the ends of their feet (tarsi).

6.4.3. Sense of t}&“‘ﬂ E"”0
The orga@ earing or sound perce%a different

among Q Insect grg In some, the firs é ominal

seg N where tf

are% ecures

thinner than the ining
Waves; others u@ the

face
form‘@ tube. At

transmits%&ght to the brain. Each facet is ﬁ@ndent of

he object it

the other fa nIy transmits tha
sees. The msect C r mogﬁ&s nor focus them.

The simple eyes, with thelr single facets are thought to merely

tube is a ne@whlch

distinguish the lighter from the darker part of the environment.

6.5. Defenses in Insects
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For many insects, a quick escape by running or flying is mode
of defense. A cockroach, for example, has mechanoreceptive
hairs (setae) on the cerci that are sensitive enough to detect

the change in air pressure that precedes a fast moving object

(like your foot). Nerve impulses tflese receptors travel
through giant éoram speeds up to 3
meters per& triggering an evasive res the legs
in less ili House flies hav similar
react" ime whe them. They lea the

0-50 miIIisecond?aEer
(-
o0
-

ultrasswsc

g dlve Emer
guc, but just as&ptlve

Madaga ockroaches hiss when disturbed; o wasps

quiciggd drop fro
alarmy tions may ™

curl up into rigid balls; tortoise b
~

adhesive pads on "}Tng h

against a leaf or stem. Other insects simply "play dead"

ave strong

eTves tight and flat
(thanatosis) -- they release their grip on the substrate and fall

to the ground where they are hard to find as long as they

remain motionless.
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An insect's hard exoskeleton may serve as an effective
defense against some predators and parasites. Large weevils
are notorious for their hard bodies - as you may discover for
yourself the first time you bend an insect pin trying to push it
through the thorax. Moi’ﬁlvmg es are hard, slick, and

streamlined; ev

out of your@‘
It is @enlent

catc vwll often squirm

S major types o&ense
predator initiat%

or not a predaﬂls

enco(rﬂ with a predne ey are active in tha@ fnsect
has to be@ in some way vis-a-vis its attackeQ\

An insect ma th primary and s defenses.

Crypsis: is widespr ”Hnaneah ong insects. This is
often called “camouflage” or protective coloration”, but implies
more than this. To be cryptic (which literally means “hidden”),
an insect must not only resemble its substrate, but it must also
behave appropriately, for example, by resting immobile or in

an appropriate posture.
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a) Generalized crypsis: implies an overall resemblance to
the background.

b) Special resemblance: implies similarity to a specific
object, such as a twig or a leaf.

An insect may resemble |ts ablotlc bonment as in case of a
speckled gras t|ng Ie ly surface, or
resemblan be to the biotic enwronme@J ally some

part of@ and om the simple gree@r of a
cater@ in ong i

arre body forms éylng

signals that adv@e

) animal. Aposerimic
_—

restrict the te

evolved a color pat

ples in WW species has
”H | similar to that of a

Aggressive Resemblance: some predator insects have

distasteful species.

evolved coloration or behavior like that of their hosts or have

evolved crypsis serving primarily to gain access to a host.
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Such behavior hardly qualifies as “defense”; rather it is

offence.
Secondary Defense Mechanisms:
Flight patterns: For ‘sm , flyin ects the best defense
may be escape s of eg% g increased by
swift or ev “ght or by an abrupt color c ﬁn settling
to prom scape Suing birds.
Deat 'g;g;ning: edators are att%d to
v ., it is not surprisi at
become inert én
. —

som@ses the

are c e of causin®

entary irritation or@ or to

paralyzin $
Detachable % S: many insect \Jntegumentary

outgrowths that rea Hor‘e d without seriously
harming the insect. This helps the insects to escape from
predators.

Deflection of attack: many butterflies have small spots along

the edge of the wing and it is believed that these attract the
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attention of predators and cause them to bite at a nonessential
part of the body.

Startle Displays: Some insects, when approached closely, or
attacked by a predator, suddenly undergo movements,
produce sounds or scents, or y colors serving to
“threaten” or b g)r ThEib‘ { is probably to
startle or e a momentary indecisio ,oeznttlng the

insect t§ ape. | é

Defe

Many |$ts are equip/yessh chemical warfare% e war

against th éemles In some cases, they m ture their

%iful compounds wr cases, the

chemicals are acqui l‘& It)sa and sequestered in
the hemolymph or body tissues. When threatened or

own toxic or

disturbed, the noxious compounds may be released onto the
surface of the body as a glandular ooze, into the air as a
repellent volatile, or aimed as a spray directly at the offending

target. Defensive chemicals typically work in one of four ways:
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Repellency -- a foul smell or a bad taste is
often enough to discourage a potential
predator. Stink bugs, for example, have
specialized exocrine glands located in the

thorax or aﬁjom produce foul-smelling

). s,accumulate in
&)—ﬁnall reservoir adjacen{% d and are
\ the body surfac ly as

ge of certain %tail
ersible  glands, %d

g behavior by a pre

@giving
e prey time to escape. Some& r beetles
eI0|dae pro r|d|n a strong

uc
|rr|tant |sbruahgt that circulates in
their hemolymph. Droplets of this blood ooze
from the beetle's leg joints when it is disturbed
or threatened -- an adaptation known as reflex
bleeding. Irritant sprays are produced by

some termites, cockroaches, earwigs, stick
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insects, and beetles. The notorious bombardier
beetles store chemical precursors for an

explosive reaction mixture in specialized

glands. When threatened, these precursors

are mlxed toget 5 produce a forceful
bmhrE’ I ope and water

or (steam)

icky compounds that@en like

an attacker. eral
guard their ba(@ es
alon that quickly cri ]

launch an attSk.

¥s, which are both i@g and
mobilizing, have been show \ highly

% against antsw ntlpedes and
other;j ng ortha

Cause pain or discomfort -- Saddleback
caterpillars, larvae of the io moth, and various
other Lepidopteran larvae have hollow body
hairs that contain a painful irritant. Simply

brushing against these urticating hairs will
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cause them to break and release their contents
onto your skin. The consequence is an intense
burning sensation that may last for several

hours. Many ants, bees, and wasps (the

aculeate H enor:Er@’dellver venom to their
E‘Q ﬁmea jdable stinger
d|f|ed ovipositor). The ve complex

acoiceins and amino aC| at not

pain, but may al )gger

staggg.in the
vicerc tterfly rese

larva wthe

DI dropping, while@,pupa

r\&stasteful

species, the %rch In the same I|few nsects may
~
have several “Iines% V\ﬂh‘\ Ks are cryptic, but

if attached they may have startle displays or discharge

resembl ried leaf, and the adult may mimi

irritating chemicals at the intruder.
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N.B Some of the Insect behaviors described in section 6.3
such as flight, mimicry, secretion of repellents, utilization

of poison also serve as defense mechanisms

¢e Review questions

1. Explain aboglq”er@t Qh‘\% of insects

2. State insect senses and discuss briefly on each.

3. Describe the difference between primary and
secondary defenses in insects
4. Discuss as to how parental behavior contributes for the

offspring survival.
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Key to%ntification of some Common &es and
Orders of

ds \
) !'I', o ah‘_ \%;erial number
1. With three or four pairs of [egs .........ccccoeeeiiiierennen. 2
With ten or more pairs of Iegs .......cccocceeeiiiiiieiiiiiiee, 21
2. With three pairs of legs; antennae present
(Class INSECtA) .....uuveiieeeeiicieee e 3
With four pairs of legs; antennae absent
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(Class Arachnida) ........cccueeveiiiiieie e 19

3. With well developed wings (shell-like wing covers of

beetles cockroaches represent a pair of wings) ........... 4
Wing absent or rudimentary ...........ccooooiiiiiiiiii. 11

4. with one pair of membr, nou.s i (ﬂies and mosquitoes)
order dipter w“ irs of front wings are
modifie\% ell-like or leathery wing a second

pair be assumdlildabe present).................. é .5
5. M , %gated

6£mg la les, proboscis c&d
mliD UG i 5
I tiglyy

men, n
N

b{ rd
betwe %nt legs when not in use °\

(assessin

Hemiptera.
7. Both pairs of wings membranous and similar in structure,

though

They may differin Siz€..........coooceiieeieiii e, 8

Front pair of wings shell- like or leathery, serving as

covers for the second pair........cccccocoeeiiiiiiieeicecceccee, 9



8. Both pairs of wings similar in form and size, long and
narrow
laid flat over abdomen when at rest winged termites......
order Isoptera.
Hind wings much smalér thanfi mgs (wasps winged

ants etc ..... \%\\ ..................... noptera

9. Front wi

ny or leathery without dlstln ﬁ

ina down the middle......... éé

Me in a strgj

middle  (cockr S,
.. Orderorthopte

1Qu\bdo % 3 ent cerci havindmle
o | _

O( oleoptera Q\'
11. Abdo ith three elongated, tail-like app ?es at tip;
body usua%

d with scales \
(silver fish, fire brI ’ ah“der Thysananura

Abdomen without three long tail-like appendages; Body
not covered with scales .........ccccceeeviecciiiieeee e, 12
12. Abdomen strongly constricted at point of junction with

thorax;

178



With long running legs and prominent antennae (wigless

ANES) e, Order Hymenoptera.

Abdomen not constricted at point of junction

With thOraX......eveeeieeceie e 13
13. With a promment ir ftiﬁs at tip of abdomen

Wlthou s at t|p of abdomen............. " 0 ..... 14

14. Bo@ongly fla ide; %mall,
M e, )

(earwigs). ptera

16. Antg% f 9 or more segments; tarsi conw of4 or5
segments ,” \
(termites)...........: I'l" ah ..... Order Isoptera
Antennae with not more than 5 segments; taris consisting
Oof 1 0r2 segments.......cocceeeiiiiiiiiiieee e 17

17. Head broad, rounded in front; tarsi usually with two claws
(chewing lice)

.......................................................... Order Mallophaga

179



Head narrow and pointed; tarsi with a single long claw
(sucking lice) ... Order Anopura

18. Antennae consisting of 4 segments; mouthparts fitted for
piercing and
Sucking; very flat, darkéeddlsrrioiivn insects (bedbugs)

.................. %\\ Ia [ Hemiptera

Antenn g, consisting of many SI jegments

mo&rts formeg aiting and chewing. é

(5@. ..... / Order Ortho%a.
19 y roung [ [ s@-'

t or absent THWS) ................ Order &ﬂa
Ab% oadly joined to cephalothrax&dlstmctly
segmente
With a long slerg!m’(soorak‘xrder Scorpionida
21. Body segments each with only one pair of legs
(centipedes) .....cocceeeeiiiiiieeeee Class Chilopoda.
Most body segments with two pairs of legs

(millipedes)......cccovveeeeeeiiiiiiieeeee e Class Diplopoda.
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Amet ous: witho IS; that is, cha@g little

in form the course of growth and molting. Q

Aposematm%ssessmn of vivid color; ﬁ\“at identifies
~
an animal as havmm ul or am

Bilateral symmetry: Symmetry in which the body can be

properties.

divided into halves that are mirror images of one another.
Chitin: A nitrogenous polysaccharide with an empirical
formula of CgH1,05N,

Coxa: Basal segment of a leg
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Cuticle: The secreted part of the integument

Cerci: An antenna like sensory appendage arising from the
posterior end of the abdomen

Dioecious: Condition in which male and female reproductive

organs are in separate indi duals

Dorsoventrally(m\ (o} the EMI%QWGF surface of

an animal
gedding an exoskeleton
al's emerging or %hmg

cuticular skeletQGamto

Hemimet ous: Having incomplete meta §03|s that

ange from molt %externally
ity " anie®

Hemocoel: Blood cavity not entirely lined by mesoderm.

is, showing g

developing wing pa

Holometabolous: Having complete metamorphosis, passing
through egg, larval, pupal and adult stages
Instar: The insect from one molt to the next.

Nocturnal: Pertaining to the night hours.
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Molting: The process of shedding an exoskeleton in
arthropods.
Ocellus: Photoreceptors located between compound eyes in

adults and nymphs. Ommatidium: Visual unit of a compound

eye
Ostia: Segme M&d mIeE!%he walls of the

heart.

Phara'r@ge: A dedl Which molting has oc&gd but
the ir@ has not icle.

Pte@ote Ay gless insect belle@ to
hﬁ)een de NalP S (-}

)

lior longitudinal W‘Q‘w,runmng along

aldah

Costa: The m

the costal margin o t ear the apex
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