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PREFACE

The Textbook of Zoology, Volume I is written according to

the syllabus prescribed by the Government of Andhra Pradesh for
the Two-Year Intermediate Course.

This book includes the types prescribed for the non-chordate

and protochordate groups and thus covers the syllabus for the ls.
year of the Intermediate Course. The second volume, including
chordates and general biology is also intended to be written as per
the syllabus.

While writing Vol. I, I have discussed the detailed structure

of the `types' and also the general characters of each phylum to which

these types belong. Once the student is well acquainted with the

type example of each phylum, I feel, he can understand the classi-

ifcation of the phyla more easily.

The classiifcation as such is discussed at the end in Chapter X.
along with a brief account of the Science of Biology and its varius

branches of study. This will facilitate the student in recalling his

knowledge of the types studied and he may be able to follow we?'.

the details pertaining to the classiifcation.

The account on `Parasitic Amoebae' although not included in

the syllabus is also given in order to maintain continuity. Further

while dealing with the account of certain types, some additionai

information is also provided. This is given in small print as it may

go high for the ifrst year intermediate student. It may however be

useful to the students of the higher classes if they happen to refer tc
this book.

An attempt has been made to give as many ifgures as possible

to illustrate the description. The life histories of the parasites are

particularly illustrated with appropriate diagrams so that a student

will be able to understand clearly the intricate life cycles.
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At the end of e tch chapter, a i>;t of probable qu,stions on the

`types' discussed s given. This will he mcr,t u_.efuI to the students

preparing for the examinations.

In writing this book, I have referred to the standard textbooks

to keep the information as far as possible up-to-date.

I am highl;r grateful to Prof. M. R. Suxena, Head, Dept. of

Botany and Director, NCERT Study Group in Biology, Osmania

University to permit me to undertake this assignment when the offer
came to me from the publishers. I also thank the Osmania University
authorities for granting me permission to write this textbook.

Dr. Shyam Sunder Simha, Reader in Zoology, University

College of Science, Osmania University, extended his whole hearted
co-operation to me by providing the standard books on the parasites.
I thank him very much for the same.

I was also very much beneiftted by the consultations I had now
and then with Dr. P. Narayana Rao, Department of Zoology,

Osmania University. I extend my hearty thanks to him.

I am thankful to the publishers and their staff for their co-
operation in printing this book with devoted interest and utmost
care. Every carp has been taken to minimise errors of printing,

inspite of this, someerrors in printing or otherwise might have crept
in for which I offer my apologies and further hope to rectify them
in future.

I hope the book will be useful to the students. The valuable

suggestions and criticisms on this book if any will be most welcome.
This will help me in improving the book in its future editions.

K. R. SAXENA,
Reader in Zoology,

HYDERABAD University College of Science,

'_5th Dec., 1969 Osmania University.



PREFACE TO THE SECOND EDIT ION

The chief feature of this new edition is that the account on

autogamy in Paramoecium aurelia, has been rewritten and the
relevant diagram indicating the process of autogamy in Paramoecium
aurelia is added. A brief account on cytogamy in Paramoecium sp.

is included.

The rest of the book has been thoroughly ecited with suitable

alterations wherever felt necessary. The basic plan of the book and

the format are however kept the same as in the previous edition

Further, Two-Year Intermediate Examination Question Papers are
also given for the beneift of the students preparing for the examina-
tion. -

Hyderabad
July, 1972.

K. R. S.

PREFACE TO THE THIRD EDITION

In the light of the year-wise syllabus prescribed for I year

Intermediate Course in Andhra Pradesh, the book has been revised

accordingly. Certain portions not included in the syllabus have been

deleted. Likewise, based on the revised syllabus, the descriptions of
the cell structure and function as well as cell division have been added

under Part II General. A separate chapter on Nucleic acids is however
included under Part I1 General in order to make I he students aware

of the molecular aspects of cell biology.

Keeping in view the criticisms and suggestions received from

the students and teachers both, few of the elaborations in the script
made are as follows:

(i) The ultra-structure of a cilium has been rewritten with

appropriate diagrams (Chapter 1 p. 17 and 18).

(ii) Few lines have been added pertaining to the diploid
number of chromosomes in the micronucleus and the

amount of chromatin found in the meganucleus of
paramoecium. (Chapter I p, 26 and 32.)
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iii) A separate para in small print on the deifnitions of the
terns deifnitive and intermediate hosts is added (Chapter I

p. 35) in order to give a clear picture to the students
regarding the usages of these terms.

Besides the above mentioned additions, the entire script has

been thoroughly revised and edited with suitable alterations wherever
felt necessary. The basic plan of the book and the format are how-

ever kept the same as in the previous editions.

The Two-Year Intermediate Examination Papers up-to-date

re also given fo: the beneift of the students.

I am highly grateful to Shri Lakshmi Narayana, N.C , partner
ivlecsrs Sri Saraswati Book Depot, for all his valuable suggestions

and critical editing. I also express my deep sense of gratitude to
him and his staff for accepting last minute additions as well as

deletions with apparent equanimity.

K. R. S.Hyderabad
31- S-1974.

PREFACE TO THE FOURTH EDITION

In the light of the feed back received, the book has been
revised scrupulously. The basic plan and format of the book are
however kept the same as in the previous edition.

Few of the salient and distinctive features of this edition are

as follows:

(i ) An account on the life history of Plasmodium is rearrang-

ed in a manner easily comprehensible to the students. The

• accounts pertaining to the pathogenicity, treatment and
control measures were rewritten incorporating thereby
all recent information.

(ii) The description of the life cycle of Ascaris lumbricoides
was totally rewritten so as to present a vivid picture of
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the life cycle. Figures 4.3 and 45 are the new additions
while the description of the reproductive system has been

deleted as the life cycle only is included in the syllabus.

(iii) Certain diagrams pertaining to the account on leech as
well as the details about the locomotion, copulation and

cocoon formation have been deleted as only the external

characters of leech are prescribed in the syllabus.

(iv) Under Part II General, an account of the cell structure
and function was thoroughly edited and all extra details
as and wherever felt unnecessary were ignored.

(v) In Chapter X dealing with the nucleic acids, the matter
pertaining to the three possible pathways of DNA repli-
cation supported by Fig. 10.9 have been added to give a

clear picture of the mechanism of DNA synthesis. Some
details as well as certain diagrams included in the pre-

vious edition are deleted to make the description concise

and compact.

(vi) In an account on cell division, I felt the necessity of
adding a note on the 'cell cycle' in order to make the
student aware of the intricate changes that take place

during the interphase period in a cell. The scripts on

mitosis and meiosis have been rewritten in order to give

a student a clear picture of these two types of cell divi-

sions in the light of recent knowledge.

The Two-Year Intermediate Examination Question Papers

up-to-date are included for the beneift of the students.

I am thankful to Dr. Shyam Sunder Simha, Professor of Zoo-

logy, University College of Science, Osmania University for extending

his whole hearted co-operation by providing me suitable source

books for the incorporation of the diagrams and relevant up-to-date
details on the life cyle of Ascaris lumbricoides.

I am highly grateful to Shri Lakshmi N3rayana, N.C. Partner

Messrs Sri Saraswati Book Depot for all his valuable suggestions

and critical editing. His vast experience in the ifeld of publishing



and keen academ c: interests have a' .s ays been a source of inspiration
in the fuliflment of my task of writing. My thanks are also due to

the staff of the press for the whole hearted co-olier at:on in getting
this book printed with devotion and utmost care.

The present edition of the book, I hope will cater to the needs

of the students and teachers both. The valuable suggestions and
criticisms from the students and teachers are most welcome.

Hyderabad. K. R. S.

September, 1975.

PREFACE TO THE FIFTH EDITION

In the light of the feed back received, the book has been revised

and wherever I, genuinely felt necessary, additions deletions, and

changes in the sequence of the subject matter were made. The basic
plan and the format of the book are however kept the same.

The salient and distinctive features of this edition are as

follows

I. The account on the 'mechanism of pseudopodial forma-

tion" has been added to explain to the students the possible

explanations of `amoeboid movements' as visualized under the
`Fountain zone' and `Protein molecule' contraction theories, (p. 4,
S and 6).

2. A brief note on the immunity measures being investigated,
is included, under the heading `Control measures' in an account

of Malarial parasite (p. 53, 54) to make the student aware of the

ways and means being tried to combat malaria which is now

rampant all over Asia and Africa.

3. Some of those terms and phrases earlier used at several

places have been precisely deifned and explained under the foot-

notes which will help the student in a better comprehension of the
subject matter discussed.
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4. The Two-Year Intermediate Examination Question Papers
up-to-date have been included for the beneift of the students pre-

paring for the examination conducted by the Board of Intermediate
Education, Andhra Pradesh.

I am thankful to the publ skiers and their staff for the whole-

hearted cooperation extended to me in printing this hook with
utmost care.

I express my deep sense of gratitude to Shri Lakshmi

Narayana, N. C., Partner, Sri Ssraswati Book Depot, for his con-

structive comments, criticisms an.i even the last minute's suggestions.

His keen academic interest and vast experience in the ifeld of

publishing have always inspired rr, in the fuliflment of my responsi-

bility.

Every care has been taken to minimise errors. If some errors

in printing or otherwise have nadvertent'y crept in, I offer my
apologies for the same and hope to rectify them in future.

The present revised edition of the book I hope will cater to
the needs of the students and the teachers both. Valuable sugges-

tions for the improvement of the book are most welcome.

Hyderabad, K. R. S.
30th, October, 1978.
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CIL2PTER I

PROTOZOA-THE FIRST TRUE ANIMALS

The animal organisms consisting of a single cell are included
in the phylum Protozoa, a nam which literally mans 'ifrst animals'

(Gr. Protos, ifrst-{- oon, animal;. Phylum protozoa is the ifrst of the
large groups of Phyla into which the animal kingdom is divided.

The protozoans are unicellular organisms. The single cell of a

protozoan performs all the essential functions of life e.g., locomotion

(movement), feeding„ respiration, excretion and reproduction.

The body of higher animals is composed of a number of cells.
These cells are differentiated into tissues (cf. chapter IV p. 57 vol. II);
the tissues form the organs and the various organs form the body of
the higher organisms. Such animals are referred to as multicellular
animals and are included in a c .aoc, n caned Meta'oa (Gr.

Me/a, after+zoon, animal).

The single cell of a prc,toz an may be compared to cJ1 of

a metazoan, but as regards its functions, it differs from the eeli of a

metazoan. The single cell of a proioz an is the entire organism and

performs all the essential activities of life. The unicellular organ-

isms as such are referred to as acellular organisms since their body

is not divided into many cells as found in the metazoans. \Ve wiil

now study the structure of a protozoan called Amoeba.

Amoeba:

The amoeba is found in ponds and ditches, crawling about in

the mud at the bottom or over the decaying leaves and twigs.

Size ; Amoeba is so minute that it is hardly visible to the

naked eye. Amoeba proteus (Proteus animalcule) is about '.h of a
centimetre across. A giant amoeba recently rediscovered in America

is Chaos chaos, which, during locomotion attains a maximum length
of 2 to 5 mm and is therefore visible to the naked eye.

Form and Siructure: When a live Amoeba proteus is observed
under the microscope it can he seen to cnnsi t of a mass ,of protoplasm



containing many nra_nulcs an i dry plet surrounded by a thin plasma
membrane. When active, it can be seen to change its shape now and

then by sending cut blunt processes of protoplasm in various direc-
tions. Each such process is called a pseudopodium (Gr. -Pseudos,
false+podos, foot). The irregularity of shape in amoeba is as such
its striking feature. In spite of a continuous change in its shape the
outline of its body is however distinct due to the presence of a deli-
cate membrane at its surface. This is called the plasma membrane or

plasmalemma. Water passes freely through this membrane. It also
permits oxygen to diffuse in and carbon dioxide to pass out; but the

proteins, carbohydrates, fats, etc., are not allowed to escape into the
surrounding water by this membrane. It has thus a selective action
to allow certain substances to get in and disallow others to pass out
of the body. Such a membrane is called a selectively or differentially

permeable membrane. It is on account of this ability that the
inner contents of the both' of amoeba are kept at constant concent-

ration.

Beneath the plasma'.emma lies to cvtopiasm. It is distingui-
shed further into ai non-granular distinct outer clear transparent peri-

pheral zone called the ectoplasm and a central more lfuid and granu-

lar mess of protot,lasm occupying the entire interior portion of the

plasma membrane

or

jr: - .•. ..f, plasma lemma

` " eeroplasm

food vacuoles nucleus

endoplasm
contractile vacuole

Fig. 1.1 Structure of AmoebaTs seen under the high power of a microscope
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body called the endoplasm. Within the endoplasm lies a distinct body

called the nucleus. It is usually placed centrally its position ho'.

ever is not fixed. It can be passively rolled about inside the amoeba
when it moves. When the animal is stained with certain dyes, the

nucleus can be seen very conspicuous'y as it takes up a deep stain
than the surrounding cytoplasm. Nucleus is important for the sur-

vival of amoeba and for performing other vital activities. If tim

nucleus is removed by micro-dissection from the amoeba, it me

survive for some time but will not be able to perform all the oche:

vital activities. Behind the nucleus is a clear spherical space which

will be seen to contract and expand regularly in alternate turns. This

is called the contractile vacuole. Besides these, within the endoplla;ro

may be Imnil s= ,L; t zg o<,;; <vh_ _. _ :c! the Food
vacuoles.

Locomotion: As already stated, change in shape of Amoebn is

caused by the apparent lfowing of cytoplasm towards certain points

of its bodv' as a result of which temporary projections ca?'eel

pseudopodia are formed. The pseudopodia can also be wit hdrn n

from somewhere else, consequent to which if the pseudopodia .Ite

formed main'y in one direction, the ameba will not only change is
shape but also its position i. e., it performs locomotion as vvcli v:i:h

the aid of pseudopodia. The pseudopodia are a1,O hc!l-Ji.;1 a t e

digestion of ford as they engulf the food particles.

The movement in Amoeba that occurs due to p eudopodi. is

called Amoeboid movement. Besides amoeba, the amoeboid move-

ment is also observed in a wide variety of metazoan cells rangire

from oocytes of sponges to white blood corpuscles of vertebrates.

A number of theories have been proposed to explain the for-
mation of pseudopodia and the rueJienisn of am, e h.,i1 !nevem nt

in general.

According to one view it is thought th-,t psendopodia urn

formed by a change in the colloidal nature of the cytoplasm at the

point where the pseudopodium appears. The inner cytoplasm i.e ;

endoplasm being mare lfuid is in a plasma sol state whereas tie:

outer layer of the cytoplasm i.e., ectoplasm beine relatively ifrm is
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rn be interpreted as a result of coordinated gelation and solation.

The formation of pseudopodium may seem to involve the lfow
of rather lfuid inner cytoplasm (plasma sol) at the points where the
the relatively ifrm outer layer of cytoplasm (plasma gel) undergoes
temporary liquefaction. The lfowing plasma sol thus forms a bulge
but on reaching the surface also appears to become transformed into

plasma gel as it everts at the surface and passes backwards due to
which more plasma sot moves out into the bulge. At the hinder end,
the ectoplasm contracting during this process, turns into a sot state

and contributes to the continuous streaming of the endoplasm from

behind forward. This type of squeezing of endoplasm from behinzi
forward is analogous to the squeezing of a tooth paste out of a

collapsible tube by exerting pressure on the surfacz of the tube at the
hinder end.

e

plasma gd
o`b

CCc

,. - plasma sot

` °iir r^ ;_.•...;,; changes into
stream of lfowoi i PI`"eta gLl

endoplasm
•£at'.,d

. ... i'

Fig. 1.2 The diagram illustrating mechanism of amoeboid movement

At the end opposite to the pseudopodium can be seen a portion
of cytoplasm with wrinkles called the uroid-a semi-permanent struc-

ture. (See ifg. 1.3). When amoebae lfoat in water the pseudopodia
radiate more or less in all directions and the animal presents a star-

shaped appearance. However, when the animal is crawling on a

surface all u e imeudopodia tend to point in the direetiun of move-
ment.

Mechanism of Psrudopodial Formation

The interpretation given above the formation of pseudopodia
remains in nrinciple the most favoured one. According to this



Amoeba can be thought of as a tube of plasma gel containing the
more lfuid plasma sol. At the end at any particular moment, the
gel undergoes solation and contraction forces the lfuid sol forwards.
There is a transformation of sol to gel at the anterior end so that

solation is balanced by gelation. The above phenomenon of the

conversion of gel into sol and sol into gel states may be compared to
the lfowing stream of liquid cement which while lfowing also hardens
on the outside and thereby builds ahead of itself a hard tube

through which lfows more lfuid cement from behind forward.

The above mentioned mechanism of pseudopodia) formation

can be interpreted to some extent on the basis of the structure of

cytoplasm. The cytoplasm apart from its membranes and ifbrils
consists of large protein molecules possibly joined together (with
water and metabolites) to form long polypeptide cross linked chains.

In the general ectoplasm these polypept_de chains are unravelled

extended) and oriented. At the hinder end the chains become
folded and contract so as to force forward the stream of endoplasm.
The folding also favours a change to sol state. At the tip of the

advancing pseudopodium the protein molecules unravel (extend)
and form the ectoplasm. This theory of Amoeboid movement is

called "P,otein molecule contraction theory."

In 1961, Robert D. Allen of Princeton Univcrsity put forward
a totally different theory to account for amoeboid movement. Allen

argues that the endoplasm is not uniformly solaced. He thus

supposes that contraction of gel at the posterior erd cannot by itself
account for the forward lfow. Instead, he believes that contraction

occurs at the anterior end in a 'fountain zone" an,.l that this process
actively pulls the axial endoplasm forwards. l his theory of the
mechanism of formation of pseudopodia is referred to as 'fountain
;one contraction theory.' On the basis of careful observation on

the behaviour of endoplasm both in intact amoebae and ruptu ed
cells, Allen suggested that the protein molecules are extended

(unravelled) in the endoplasm and folded in the ectoplasm, the

revere of the situation claimed by the old theory.

Allen claims that forward movement is not caus=d by squ cz-

ing at the rear end, but by a pulling force at the front end (fountain
zone), This, it is thought is attained by the protein molecules of



1C cli tipiaSlIi at life Ironi end before they pats into the endopla nt.
13o:1i the theories state that temporary adhesion between the plasma-
lemma and tht substrate should take place. Internal streaming
alone cannot cause locomotion. It has .been shown that some species
of amoebae will continue to move in the same direction for long
periods which suggests that such amoebae possess a constant poste-
rior

region

'^c- ,.. protop Wsmic
t. n

51 SUe r. in9 . S. ___ _
endop asro -

;... t ?IITT:TIIII
conirau

Fig. 13 _tL,Ironism of Amoeboid movernent (A) "Fountain zone''

contraction theory put forward by Robert Allen t al., 1961; (B) Protein

molecule contraction theory by Goldacre and Lorch, 1950.

There iS a:i yet no t-oinple'c or final f daratloil of amc'ebold

tno 'cinant and some kinds of auioehoid orLani srns move in quite a
dilicreot way than amoebae.

it is not known which of the two theories described is correct.

Tie re.ulls of studies however on the proper, ies of cyiohasm are

more c ;tent 5:i t l• ;r%u.?j .'I -.cif //,'r:.

cc n. >ert c t;rg'cns in amoeba.c

In spite of this it is sensitive to a number of stimuli. The entire

cytoplasm is capable of responding to the stimuli in such a way a
o n tin ; t i. ;" ;si _ ' _ en' ironment. If an amoeba is local' v



ir7

drop of . _heinical

I3
t'on1:1f:

. sPIRi object

W

to avoid this
obstruction it

`:•' ;..;. around

pricking with a needle
withdraws from
t`te site of

• ;: application

miis e a"- ' from the

'.: poini of pricbin

Fig. 1.4 Diagrauns illustratiog :,ensitivi y in Amocb.l

stimulated by applying some chemicals to a part of its body, if with-
draws its body from the source of application. It responds to a

number of changes, such as contents of the surrounding medium,
lfuctuation in temperature and also to the intensities of light and
heat.

Nutrition: The food of amoeba consists of minute plant

organisms like diatoms, some minute lfagellates and ciliates (organ-
isms having lfagella and cilia which are hair-like protoplasmic pro-
cesses) and also bits of decaying organic matter. Although they have

no special organs of taste and smell; amoebae are yet able to distin-

guish inert particles from the minute plants and animals upon whi.h

they feed.



the process or ingestion i.'., taking in of food is brought
about by engulifng. When it comes across the food particle, amoeba

sends its pseudopodia on either side of the food forming a cup-shaped
p eudopodial projection. The food is thus held against the substra-
tum and gradually the pseudopodia wrap themselves around the food
which is ultimately taken into the main mass of the amoeba's body

along with a drop of water by the coalescing of the rims of the food

cup. Thus, the food is ingested and a food vaciole containing a food

particle is formed in the cytoplasm.

Amoeba's behaviour usually varies with the kind of food. If

the organism to be ingested is active, then the pseudopods are thrown
out on its sides widely away from it so that th :y will riot touch or

food p.iii tuod cup food cuo1

-3

Fig 1.5 The mechanism of ingesting minute food particles

irritate the prey before it has been wrapped totally round the pseudo-
podia. Whin the ameba is engulifng a quiscent object e.g., a single
cell of an algae, then the pseudopods surround the cell very closely.
An actively feeding amoeba may contain several food vacuoles in its

endoplasm.

large organism

Fig. 1.6 The mechanism of ingesting active and large organisms

After the formation of the food vacuole the digestion of the
ingested food takes place. The enzymes are secreted from the sur-

rounding cytoplasm into the food vacuoles along with some lfuid.



The natjre of this lfuid ascertained with the help of some harmless
indicator dyes is shown to be acidic in reaction. The acidity perhaps

helps to kill the prey. Later, as the digestion proceeds, the contents
of the food vacuole give an alkaline reaction. Most of .the enzymes

of the amoeba act best in an alkaline medium. The enzymatic action

in amoeba leads to the digestion of food. Thedigested food material
in solutioi is absorbed into the surrcundin 'g y ,cvto A;,;ism.

The irdi estible fraernrnts i;.n .,tihix fed' rticl's

of the food are eliminated by a '
;jimple process of egestion. The

vacuole containing the e undi- : •, -'' } -
bested particles moves to the
outer end of the body where it

bursts through the plasma mem-

btane. The particles are ulti- ,.
mately left behind as the animal

lfows away from them. -:

It has also been noticed at

times that very minute vacuoles
are formed at the surface of

the body of amoeba. The lfuid ..
of these vacuoles is later taken

iiito the endoplasm by a process

called pinocytosis. Thus, the
amoeba like the white blood

cells are also capable of taking Fig 1.7 The egestion of indigestible
in food substances in soluble food particles by amoeba

state. In this way, some ¶pecies of amoeba ca: sustain themselves

vre:l. even when solid food is not available.

Respiration and Excretion : There are no special organs of
respiration in the amoeba. The entire surface of the body of amoeba

remains in contact with water which contains oxygen. The oxygen
simply diffuses into the body through the plasmilemma. Likewise

carbon dioxide produ _ed in cellular respiration diffuses out through

this membrane into the surrounding water. Diffusion is a pheno-
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(nenon wherein the particles ui Ilia::! + :t;;d i, ';1" from rgmon o1
higher concentrations to the regions of lower concentrations. In the

first instance mentioned above, the concentration of oxygen dissolved

in the surrounding water is more than that found in the cy-toplasm of
the amoeba. The oxygen consequently diffuses into the cytopla-;r,.

Once the oxygen in the cytoplasm is used up in the oxidation of food

substances, the carbon dioxide produced will be at a higher concen-

tration in the cytoplasm. The carbon dioxide therefore diffuses out
of the cytoplasm into the surrounding wa:u; .

Another vital process of life is the c irai a tiorm of nitrogenous

waste products. Protozoans excrete their nitrogen as ammonia, and

perhaps to some extent as urea. It seems likely th:st these substances

could be readily lost through the body surface. The old concept
that the contractile vacuole is a speciifc excretory organ rests on a

very insecure foundation. The favoured view is that the contractile

vacuoles are primarily osmoregulatory.

Osmoregulation ; Amoeba discharges to the exterior the excess

of water collected in the cytoplasm through its contractile vacuole.

The contractile vecuole is found in the form of a spherical cavity
containing lfuid in it. It is seen in the endoplasm. It can be found

to be gradu tlly increasing in size by the collection of liquid. After
attaining maximum size, it may be seen to collapse suddenly by
moving towards the surface like a bladder iflled with water collaps-

ing when pricked. After its collapse, it soon reappears, gradually
growing in size, attaining maximum dimensions and ifnally collapses.

Thus, the contractile vacuole contracts and expands regularly in

alternate turns. In other words, it is always in a state of systole and
diastole in alternate turns. It is obvious that the contractile vacuole

during its periodic appearance and disappearance collects and dis-
charges the lfuid to the outside. The lfuid accumulated is water

which is now and then expelled from the cytoplasm. The contractile

vacuole, therefore serves the purpose of controlling the content of

water in the cytoplasm. Tnus, the process of osmoregulation i.e.

the regulation of water content in the cytoplasm is performed by
the contractile vacuole. The amoebae living in fresh water have
therefore solved the problem of dl,chargire c;' c s v;dt r to h:
exterior through th ontracid. vacuole.



I

Tine excess of water in amoeba occurs in three ways-(i) some

is formed during the metabolic activities (ii) some water is taken
in during the ingestion of food and (iii) some enters the cytoplasm

through the plasma membrane by osmosis.

The water which enters the cytoplasm in the above ways is
much more thin is needed. If this is allowed to accumulate, the

amoeba may swell from internal water pressure and may even burst.
The contractile vacuole therefore is indispensib e to avoid this danger.

It his further been n3ticed that amoebae living in salt water
do not form contractile vacuoles. This is due to the fact that in

such forms the concentration of minerals in surrounding medium is

equal to or greater than the concentration of minerals in the cyto-
plasm of such amoebae. If such amoebae are placed in fresh water,

they develop again the contractile vacuoles.

Growth and Reproduction: An amoeba which is feeding actively
grows in size on account of the synthesis of new living material.The

growth however cannot continue indefinitely. The amoeba after
assuming the optimum size resorts to a simple process of division

called binary fission which means the splitting of a cell body into two

parts. It is a type of asexual reproduction as there is no fusion of
nuclei obtained from the male and the female sex cells.

In binary ifssion, the nucleus of a full grown amoeba elongates

ifrst and then divides into two parts by a process of mitotic division.

The cytoplasm later distinguishes into approximately two equal parts
surrounding each nucleus. A central constriction then appears in

the cytoplasm which soon narrows to such an extent that it ulti-
mately splits. Thus, two small amoebae with a nucleus and cyto-

pla.sm in each are obtained. These are called the daughter amoebae.

Fach one now leads an independent life and grows in size by active
feeding. After attaining the maximum size each one again resort:

to the process of binary ifssion. The continuous process of binai',

ifssion give, rise to hundreds of amoebae. The organism never faces

natural death due to this mode of multiplication. With respect to this

phenomenon in amreba, it his been said that "Amoeba is potentially

immortal'' i.e , the amoebas, which we see are the descendants nt'

par n forms that have lived for millions of years through countless



binary ifssions. Death may however coins to in

e.g., the adverse conditions of the environment in which they live.

nucleus nucleus(?jcelongaiin
Constriction in

cytoplasm

daughter amoebae

Fig. 1.8 The binary fission in Amoeba

Lnc vstmeiit : The amoebae which exhibit all the activities of

lice except reproduction are said tote in the vegetative phase. Under
certain unfavourable conditions of the environment such as the dry-

ing up of a pond, etc., an amoeba is incapable of performing its daily
activities and faces a potential danger to its survival. Under these

conditions, the amoebae enclose themselves in a protective covering

called the cyst. They are said to be encysted. The cyst is composed

of a substance called chitin. During the encystment, the metabolic

activities are reduced to the minimum, necessary to sustain life.

These cysts of amoebae may be blown about in the dust by the wind.

The encysted amoeba is capable of withstanding unfavourable con-

ditions for a long period. When conditions become favourable the

cyst wall ruptures and the amoeba corning out of it resumes its

normal vegetative activities.

The formation of cysts in Amoeba proteus is doubtful. The
possibility of cyst formation in it however cannot totally be denied

as it has also to face a condition like drying of ponds occasionally.
The amoebae belonging to limax group definitely form cysts to witli •
stand adverse conditions. It has ben reported that these soil amoebae

are capable of standing a temperatureof--27U'C during cue stment.
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During encystment, sometimes the amoeba enclosed in a cyst
may undergo multiple ifssion producing thereby anumber of smaller
forms called atnoebulae.

young amoebae
When the cyst ruptures,

oco

these young amoebuiae pQ0 x «plusc oM thi cost
start feeding actively o v

and after growing to poQ
their normal size conti-
nue the prccess of binary
fission o0

It is further claimed :,n,oeba

that young amoebulae ° ..

of proteus type coming
out of the cysts do not

cyst of amoeba
grow directly to their amoeba coming

'st

optimum size. They
001 ot Cyst

gradually grow and,;
again encyst thereby ; 4

remaining dormant fort+
sometime. They then ey t

hatch i.e., come out of

their cysts, then grow Fig. 1.9 Encystment in Amoeba

and again encyst_ This process of growth and encystment gees on

alternately a number of times until at last they assume their full
size.

Revision questions

1. Describe in detail the microscopic structure of amoeba and

mention in brief the various life processes performed by this

protozoan.

2. What is the mode of locomotion in amoeba ? Discuss the

mechanism of amoebo d movement.

3. How does amoeba obtain its food ? Give an account of the

process of digestion in amoeba.

a. Describe the process of reproduction in amoeba. What is the

significance of encystment ?
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S. What racant h mr;re u'a+ien ? Describe the roe of the

e>ntracf lc va:uc,le of he amoeba in this process.

6. Arnoeha is a;: ^re mn in, not a cell as compared svith the cell

of a metazoan.' Dt;cuss,

7. Amoeba is potentially imm' r a' D sews.

S. Write short notes on the following ;

(a) Plasmalerrma and selective perni,ahilitv

(b) Pinocytosi .
(c) Sensitivity in i,.. eh:+.

(d) E ncys t:nent_

Paramoeciuni (Slipper animalcule) a complex protozoan

Resides Amoeba, the structure of which you have already
studied, there are other unicellular organisms belonging to phylum
protozoa with many more specialisations and complex structures,

One such good example of a complex proton"an is a free
living Jorm called Paramoecium.

Occurrence: Paramoecia are abundantly found it ponds and
streams which are rich in decaying organic matter and abound in
bacteria. A number of species are known. The commonest one

studied is Paramoecium caudatu n which attains a length of 0.15 to

0.3 mm. It is just visible to the naked eye and appears as a white
speck 'darting forwards and backwards. Paramoecium aurelia is 0.12

to 0.25 mm in length. The body of the paramoecium like that of the

amoeba is composed of a single cell but differs from it in having a

deifnite form and shape. Furiher, paramoecium swims about very
rapidly through water as against the slow creeping movements of
amoeba.
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F+ rm aiut Structure : The general out inc of the body of tl e

paraiioccium is quite like that of the sole of a slipper hence its
common name, the slipper suimalcule'. The anterior end is bluntly

round, widest behind the mid-par: of the cell body and posteriorly
the body is somewhat pointed bluntly. The antes for end appears to
be twisted as !here extends below this end a shallow groove or

depre, ion knov,n rh:: t ral ' r'ove or the peristome. At the hind

cilia
trSc;iot s:

/ . ottractilefuetti eacuulcc '•••\\ r:ecu„!
/ its r.:•.ii.i i!,

0 Aa:q•":•C. ?. ..Q.'7.r_OO:p.O: yr.q ' canal

°o , • . lf„ b a :"sue -

ar dulatino / 1 f \ '\ .,,..,,, -,'.
rnrtr:br a . i f1: ,r;n\ c: ,

or saaeI
cytostomc

( cell mouth 1

oudi,i, r, .. m...,., , .. .

rtostome

Fig, 1.10 ,A) internal s'ructure of paramoeeium (B) Cytostome, cytopharynx

and the undulating membrane in Paramoecium

end of the pens tome is found the cell mouth or the cytostome. The
cytostome communicates posteriorly with a aide channel running

obliquely backward as far back as about one-third of the length of

the animal from the posterior end, and then becomes a tube passing

obliquely and extends down into the cytoplasm. The tube is

referred to as the gullet or cytopharynx. Through this tube the food
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i taken in. 1) i ing ni 'em nl the lunt round end is directed

forwards, hence it is ca'led the anterior end and the blun ly pointed
end is referred to as the posterior end. These terms are however
used more for the sake of convenience as the anin : 1 cen receionally

reverse the direction of its movements.

The entire spherical surface is covered by a distinct elastic and

firm membrane called the pellicle, which keeps the shape of the
animal constant The flexible and ifrm membrane of the pellicle

enables the animal to bend its body around obstructions and squeeze

itself through narrow openings. It can however return to its normal

shape when such obstructions are removed Under the pellicle lies

the thin plasmalemma which encloses the cytoplasm within.

The cytoplasm is distinguished into two lavers. The outer one

is called the ectoplasm which is somewhat den e. The inner one,
the endoplasm, is semi-lfuid in consistency.

Ectoplasm: The ectoplasm is a ifrm and dense layer. A;
stated, the outermost layer of the ectoplasm is the pellicle. The

pellicle is distinguished into regular rows of rectangular or hexagonal

4lepressions. From the centre of each such depression, there arises
a single cilium or in some species two cilia. The entire superficial

surface of the body as such is covered by a num er of cilia. The

cilia at the posterior end are longer. Likewise, the cilia of the oral

groove are also long. There are altogether 2,500 cilia prnjec'in=

from the body of a paramoecium. Each cilium is in the form of a

short hair-like ectoplasmic extension arising from the central holes
of the depressions of the pellicle.

Fig 1.11 The cilia in a single row, appearing to beat in waves

At the base of each cilium is found a small round granule

which takes a dark stain with haemotoxylin. The;e are called basal
granules or kinetosomes. They are arranged in longitudinal rows.

Each such row is called a kinety. R'inning along the sides of each
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Cil!:

cilia r

r

pclii :e fI
iV➢th J " "'

:l aiessiti;3 !!! fey f

hale

m1
Fig. 1.12 A regular row of (A) Rectangul .r.

ll3) H,xugon;li depressions in pellide with cilia em r tin_,

from its surface

kinety is found a composite ifbre called the kinetodesma. Some

accessory ifbres from each kinetosome or basal granule join with the
kinetodesma along its entire length. The functions o► kinetodesma

are uncertain. They are perhaps contractile structures which bring

about distortions in the shape of the animal when it is squeezing

through narrow openings. In this respect they resemble the myo-
nemes i. e., the contractile threads found in certain c liates likg

stentor or in the stalk of vorticella.

Z-I-2j
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comributor) ifbre

/ . cii:um

Fig. 1.13 ,Pellicle :of paramoecium seen under optical section

The internal structure of a cilium has further been studied in

detail with the help of an electron microscope. Teti: study reveals that

the cilia and the lfagella A
are similar structures. li i i I IU 1

B

The ultrastructure of a

cilium and the basal body

as revealed by the electron

microscope is described
below.

_____:f>

1

L.

The cilium is the slender

cyl±ndro d process which

projects from the free sur-
face of the ectoplasm. The

cilium o iginates from the

basal body or granule. It

is the intracellular orga-
noid similar to the cen-

tale.

UI' ChTe diameter of a A

cilium in cross•se tion is !

°about 2000 A There is Fig. 1.14 The structure of a cilium. (A) Longi-

an outer ciliary membrane tudinal section. (B) Transverse section passing
covering the cilium super- through the ciliary shaft with nine pairs of
f cially. The ciliary mem- peripheral and a single pair of central tubules
rane is continuous with (C) T. S. basal body showing the arrangeme o

the plasma membrane. of the fibril triplets



Inside the ciliary membrane i, thr cil:a_v in i!r Tmbe. dcc' in rho

ciliary matrix are found nine pairs of 1I rils having a tubular sub-

structure. These nine tubules in pairs are circularly disposed. The
o '

diameter of each tubule is about 180 to 250 A. In the centre of the

cilium are two central ifbrils which appear as single tubules. These

two central tubules are surrounded by a central sheath. There are

also radially oriented links or spokes which extend towards the peri-
pheral tubules. Along the length of the cilium the 9+2 tubular
structure is maintained but at the distal end, the peripheral tubules
taper while the central ones may extend considerably.

The basal bodies appear as cylinders 1200 to 1500 A in di i-
0

meter and 3000 to 20,000 A (2/i) in length. As in a cilium, there i
an outer wall composed of nine groups of tubules disposed in a

circle. Each group however is made of three tubules instead of a

pair as in cilium. The tubules are disposed in a skewed fashion
towards the centre. There are no central tubules. Basal bodies are

closed at the outer end by a terminal plate. This plate limits the

b_.sal body from the base of the cilium proper.

'.t is suggested that the ba aI bodies of cilia and lfagella are
homo ogous with the centrioles. This homology is now fully con-

firm d with the introduction of electron microscope.

Trlchocysis : Below the pellicle there is a thick clear layer of
ectoplasm called the cortex. In this are found embedded a regular
row of peculiar structures called the triehocysts. They are found in

the cortex immediately lying under the transverse ridges between the

rectangular depressions of the pellicle. They are in the form of

spindle shaped sacs with a ifne point and consist of some semi-liquid
substance. Their pointed ends face towards the outer part of the

cortex placed at right angle to the surface.

When a paramoecium is pursued or irritated, a ;ci bcr of

trichocysts are suddenly shot out and in so doing they eject long
threads. These threads are longer than the cilia. They are probably

helpful to the animal in its anchoring or adhesion to the substratum.
In other ciliates, they are nodoubt defensive structures and even

paramoecium it is suggested, that the tricho cysts are helpful to escal'_
from the attacks of some pry :laceous ciliote^ like Dldrnfum In other
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Cilihfe ., 1)ih'pius, try , f; . i , c°,5'. i is f _ t.; tt'Li;31 f, I> > _ ,i_r' ilys •c.

thel pi 'v.

. "V ' I
iii / / i

1 EI li s EI

A.

trichcc st

₹rasa! granules or kineto,c :, •

B.

Fig ( I A; small portion of the surface of pararnoecium showing
the cilia ::nd the trichocysts (B) Separate trichocysts

C'otttractile Vacuoles and Osmoregulation: Within the cortex also

is two contractile vacuoles. They are situated at opposite ends of
he body, one at the anterior end and the other at the posterior end.
Each vacuole attains its maximum size in the form of a large spheri-
cal space surrounded by some six to ten radiating canals arranged
like the spokes of a wheel. The wide ends of these canals lie under

the central vacuoles and the pointed ends away from it. The central

vacuole after complete diastole or expansion, undergoes contraction

Jr systole discharging thereby water to the exterior. When the central

vacuole collapses, the radiating canals obviously drain water from

the dilated ends towards the inner central point. Thus, a new central



vacuole ahpoars. The canals after conveying water into the central
vacuole shrink and appear as mere slits. This process is repeated
t.gain and again in alternate turns. Every time the contents of the
central vacuole are discharged to tho c'dterior though a minute

space in the pc icic.

ractiatin^ canals in diastole

f ecnf: al s acuole ^ `c

radiating canals in systole

Fig. 1G I he contractile vacuoles with their rad .. ink; canat<. ill

a state of diastole and systole

The contractile vacuole iflls and empties its contents in about

iffteen seconds only. The action of radiating canals along with the

central vacuole is similar to what you have learnt about the contrac-

tile vacuole of amoeba. They regulate the con cnt of water in the

cell and as such perform osmoregulation.

It is observed that the posterior vacuole pulsates more rapidly

than the anterior one. This is partly due to its proximity with the

cytopharynx which acts as an additional surface for taking in of
more water.

It is estimated that the two contractile vacuoles of paramoe-

cium can eliminate within half an hour the volume of water equi-
valent to its body volume. Amoeba requires nearly four to thirty

hours to eliminate water equal to the volume of its body. Mm

likewise eliminates a volume of urine equal to his body volume in

about three weeks. In addition to this, excess of water in man, is

also disposed of through his lungs and sweat glands.

Endoplasm : The endoplasm lies below the ectoplasm. In

the endoplasm lie embedded two nuclei of different sizes and

functions. These nuclei lie above the gullet. The larger one



ni: a depression at oi.c of i;s ends is cu;ied the niega7ucleus, and
tl, _ smaller one is called the micronucleus. The micronucleus is

l edged in the depression of the meganucleus. In Paramoecium
aurelia, there are found two micronuclei. The meganucleus is con-
cerned with the control of the ordinary metabo'ic activities or the

vegetative activities of the organism. The micronucleus becomes
functionally active only at the time of reproduction, in which pro-
cess it plays a very important role. In an allied form of paramoe-
eium, the part of the body along with the micronucleus was removed
experimentally by microdissection. The remaining part of the body
s ith the meganucleus was later seen to restore the form of the body
and was able to feed. It was however incapable of reproduction.

1 his suggested to important role of micronucleus is e, oduct ion.
A number of food vacuoles also lie in the endoplasm.

Locomotion : Two modes of locomotion are observed in

parnri_ecium. In the first instance, the paramoecium is able to
perform contracting and twisting movements with tine help of its
cilia. These are called the creeping movements. paramoecium can

<queeze through tangled masses of minute wa'er weeds and similar
obstacles.

The second type of movernent is performed by sa immnng. This
is effected by the rapid, concerted and repeated movements of the

body forward. It can however move in the reverse direction by the

reversal of the ciliary beat.

The cilia do not beat simultaneously but in the form of a

wave-like movement which begins at the front end of the animal and

then it progresses backwards. This wavy movement may be compared
to the waves observed on a paddy ifeld when the wind blows over it.

The cilia, besides helping in swimming, can also help in getting the

food particles into the mouth. The large cilia of the oral groove

produce by their beating, a vortex of water resulting in the ingestion

of food particles into the mouth. Thus, the cilia of paramoecium
like the pseudopodia of amoeba nat only help in locomotion but also
in the ingestion of food partic!es.

Duringswimming by the beating of cilia, the ptaramoeclulrl

traL s out a spiral path instead of a straight course. Further, the
;x;1,,1,,1 while moving forward rotates or revolves 'n its own axis like



.a rifle hullel rotates aloit i5 own axis whe s15o?:. In a dition to

s, the anterior end of the I: d swerve ._ ''is Ironl he a'

1 movement so that the oral r Owe alvn ice < '1 . axis.

spiral cousre

nit o movement /

spiral course

Fig. 1.17 The movements in paramoccium showing r.he spiral course
traced and the rotation of the body.

The sequence of events during swimming are as follows

1. The cilia ifrst, in the relaxed state of the stroke, reach I orward

and then give a strong backward lash just as the arms of a
swimmer are moved while he takes a crawl stroke.

2. The strong back-stroke of the cilia is not straight but is

obliquely to the right. In consequence to this, the animal
moves forward. Further, at the same time due to the oblique
stroke of the cilia the animal rotates on its own axis on its

left side.

3. The beating of the large cilia of the oral groove more strongly

than the rest of the body results in the tracing out of a spiral
course. If the animal does not rotate on its axis it swims in

circles.

The spiral path enables the animal to cover more territory. It
further facilitates to test more samples of water. This consequently

helps to choose the favourable spots which would not have been
possible by moving in a st: aight line. paran oecium can swim 180 mm
per minute.

ll the p;rainnecirinn duriii its usual cvur c of swimmiii is
laced with any obstacle, the ciliary beat is reversed and the animal

swims backward for a shirt distance before resuming its forward
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the reversal in it-:e :ircetit n olmOnvcrnent are as follows

\%n4 \r1lfhTlf/
Fig. I-18 Diagram illustrating the action of cilia as seen lroni behind

(A) Obliquely backward beat during forward movement (B) Opposing action
of cilia during the reversal in the direction of movement

\When an obstacle is faced, the cilia stop beating momentarily

and later they soon beat in the opposite direction. This results in
swimming backward for a short distance. When a forward move-

ment is about to be restored, the cilia start beating more directly
backward and the animal rotates more slowly. At the same time

the cilia on the oral groove beat more strongly increasing thereby
the swerve towards the aboral side and the anterior end swings round
in a wider arc. The animal ultimately resumes its normal swim-

ming. This type of behaviour shown by paramoecium to resort to

reversal in the normal direction of swimming on account of an
obstacle is called the avoiding or the shock reaction.

Nutrition: The food of the paranir,ecium chielfy consists of
bacteria and other small organisms which live with the paramoecium
in ponds and puddles. As is already mentioned, the vibrations of the
cilia in the oral groove can draw in, a cone-shaped volume of water
into the groove from a considerable distance in advance of the anterior

end. The particles of food are thus taken into the oral groove along
with the current of water and the particles are shifted into the cyto-
pharynx through the cytostome or cell mouth. The arrangement of
th ci(in in the cs epnaryi'x i; chnr_acicri .tic, They are arranged in
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longitudinal rows and are refer-
red to as the undulating mem-

brane. This undulating mem-
brane serves to shift the food

particles towards the posterior

tubular end of the cytopharynx.

The food particles after reach-
ing this end of the cytopharynx
are taken into the endoplasm

along with a minute drop of
water to be enclosed in a food

vacuole..

'i sko

fThT

The food vacuole so formed

eaters the endoplasm. In the
meanwhile, a new food vacuole

may be formed and thus this

process of the formation of

food vacuoles goes on continu-
ously and are shifted into the

endoplasm. At a time we may
see a number of food vacuoles

circulating in the endoplasm in

tht form of a regular proces-
s;on. They circulate in the Fig. 1.19 Diagram illustrating
endoplasm along a fairly deifnite shock or avoiding reaction

path (the cyclosis of the food vacuoles), during which the food is
digested. The contents of the food vacuoles during their circulation
in endoplasm are subjected ifrst to acid and later to an alkaline
phase of digestion as you have learnt to occur in amoeba. The

digested food is absorbed and ifnally assimilated. The indigestible
parts of the food are egested at a deifnite pore called the cytoproct

or cell anus. The cytoproct is situated in the ectoplasm somewhere
between the cytopharynx and the hind end of the body.

It is stated that the paramoecium uses its preferences in select-
ing particular types of food materials.

Respiration and Excretion : The processes of respiration and
the elimination of mtrugencus ,aastc r ro'iucrs take p1_ c+_e by dillusion
through the pclliciz.



Sensitivity : Parannoeciuni respu=ids to ;era i i:inds of stimu!;.

lucre are however no special organelles for the reception ofstimuii.

The speed of movement in paramoecium is effected by variot s
chemical substances mixed in wager Te aoierior end of p.tranioc.
cium shows special sensitivity.

Short eou tiC

•

' "' ar d _ ctu l ti

Ey !

r> tohroct

oral grco .

Fig. i2() The path of the circulation of food vacuoles (cyclosis of food

vacuoles) in paramoecium indicated by arru\+.

Paramoecium also shows special preference to certain kinds

of food particles. As already mentioned, the paramoecium shows

avoiding reaction when it comes into contact with a solid object.
The lfuctuations in the temperatures effects in general the activitics

of paramoecium.

Reproduction : The common mode of reproduction in para-
moecium is the transverse binary ifssion. In this process; the micro-
nucleus divides first into two by mitosis. Later the meganucleus also

divides amitotically. Now the cell body constricts in the midd,c

transversely so as to distinguish itself into two parts. Each part of
the cytoplasm encloses within it the meganucleus and the micro-
nucleus respectively obtained by the division of the parent nuclei.

Other structures like cytopharynx, contractile vacuole, etc.,

also duplicate and draw apart so as to occupy their respective posi-

tions in each part of the dividing cell body. Ultimately, the mid-

transverse constriction of the cytoplasm becomes deep and spiits
into two halves. Each half, with slich chan≥.r:. now assumes th°

llorm of a normal paramoecium.
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Each paramoecium obtained by this method feeds and g' ows
in size. Later they again resort to transverse binary ifssion once or
twice within twenty-four hours. A number of paramoecia so formed

are referred to as clones. These may continue to divide by binary
ifssion for sometime.
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I ;g. i .Li i t„rise c e binary ifssion in paramoecium

s noted that after a number of such successive divisions,

progy become incapable of further division. It appears that
me type of `senescence' sets in the stock due to cytoplasmic

bnormalities. They either die or resort to some other means by

which they are `rejuvenated'. In this process, certain changes in

the nuclei of paramoecia occur. Such chang;s are brought about

either by a process called the conjugation or autogamy.

Conjugation: In the process of conjugation, two senile para-

nioccia called the eonjugants become attached to each other in

pairs. They are applied together by their oral surfaces. The con-

jugating pairs may be seen swimming about in the water. The nuclei
of these individuals undergo changes which are as follows.

The micronuclei contain the diploid number of chromosomes.
They are thus essentially similar to the nuclei in the cells of higher

animals and plants. The micronucleus o' each conjugant increases

in size and divides successively twice producing thereby four micro-

nuclei. It is certain that during these divisions the number of
chromosomes in the nuclei is reduced to half and the resulting nuclei
as such contain the haploid number of chromosomes. Out of the

four nuclei s,.) ob.ained, three disintegrate and disappear ifnally. The
lf j,!ni;. On- in ^ach conjiuotint onc. ip,-, ':3;n nuclei
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called the gamete aueler. One nuc•cus is active and capable::" migra-

tion. It is called the migratory nucleus. The other nucleus pas,ive
nil ationary.

The migratory nucleus from each conjugant now moves to-

wards the stationary nucleus of the other conjugant and fuses with it
o form the fusion or zygote nucleus. This phenomenon of fusion

between the nuclear material obtained from two conjugants is called

amphimixis. While the above changes are taking place, the mega-
nucleus of each conjugant at ifrst remains unchanged but it gradually

disintegrates and later it is absorbed into the cytoplasm.

After the formation of the fusion or zygote nucleus, the con-

jugants now separate frem each o'h.r and are therefore referred to

as excon}ugants.

The fusion nucleus of e :h exconjugant nc w divides succes-

sively thrice by mitosis i.e., ifrst of all into two, then into four and

finally into eight nuclei of equal sizes.

Out of a total of eight nuclei, four of them grow in their size

to become meganuclei. Thrce of them disintegrate and disappear.

The remainingmne becomes the micronucleus. At this stage, we ifnd
therefore in each exconjugant four meganuclei and one micronucleus.

This micronucleus now divides into two and the exconjugant under-

goes the ifrst binary ifssion to form two cell bodies. Each cell body
so obtained secures two meganuciei and one micronucleus. The

micronucleus of each cell body divides once again into two nuclei
followed by a second binary ifssion resulting in the production of
'our paramoecia. Each one receives one meganucleus and one micro-

nucleus i.e., the normal number found in paramoecium. Each ex-

conjugant thus gives rise to four paramoecia i e., altogether eight
naramoecia are produced by the two exconjuganr.s. The same process

is expl_ ifned diagrammatically in ifgure 1.23.

The process of conjugation produces two results - (i) Fusion
between the nuclei derived from the different individuals. This may

be compared to the sexual process similar to fertilization in higher
animals. This fusion also furnishes a mechanism for variation and

heredity. (ii) The rebuilding of meganucleus from the micronuclear
material. Since the meganucleus and the micronucleus are re-estab-

lished in the new individuals by successive divisions, it may be
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oncludcd that these new nuclel contain new and different potentia-

f lies. The process of conjugation further brings about new vigour
and rejuvenation in th, race of paramoecia. These paratnoecia arc

n w+ capable of resorting to the common mode of repro:jiistion by
transverse binary ifssion.

The beha' jour of the active migratory nucleus and the passive

sr:?ti ;aary nucleus may be compared to the gametic nuclei of the

m °t<<zoans. These nuclei as such can rightly be referred to as the

c. metic nuclei The nucleus obtained by the fusion of these nuclei

can be compared to the zygote nucleus of the metazoans. The

meganucleus of each conjugant which remains inactive and later
disintegrates and disappears may be compared to the soma (body)
of the metazoa which also meets the same fate.

The process of conjugation which involves the fusion between

the two nuclei is the sexual process of reproduction whereas the
transverse binary ifssion where fusion of the ,uclei is not at all

>nvolved i; an asexual mode of reproduction.

Autogamy : Paramoecium is also capable of s !f-fertilizat ion

and the process is designated t s autogamy. This process involves

micronuclear changes in one individual only. The process of auto-

gamy as observed in Paramoecium aurelia is summarised below.

Paramoecium aurelia contains one meganucleus and two

diploid micronuclei. During autogamy, as well, the meganucleus

di integrates and ifnally disappears. A new meganucleus is re-

established from the products of the division of micronuclei.

The two micronuclei undergo meiosis to pfoduce a total of

eigb1 haploid nuclei. Sven of them disappear. The eighth divides
niitotically into two gamete nuclei. The two g imete nuclei fuse to

produce a diploid zygote nucleus.

The zygote nucleus divides mitotically to yield four nuclei.
Out o" these four nuclei, the two enlarge and become meganuclei
aid the remaining two the micronuclei. The two micronuclei divide

mitotical1y once to produce four micronuclei. The paramoecium in

i1_e meanwhile constricts in th middle and eventually divides by the
nrocess o` transverse binary ifssion into two naramoecia. Each

paramoecium so obtained at the end of autogamy thus receives the
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normal number of no `l:'I presenl in i!ic parent i e , one me ianue1cio

and two diploid m croniirlci.
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Fig. I •24 Auloganty in Prrruntoecirrin nurel.a

Cylogamy occurs less frequently in certain paramoecio.

Cytogamy is a process which involves a pairing of two paramoecia
as in conjugation. It, however, differs from conjugation in that no
exchange of nuclei takes place between the conjugating individuals.
Instead of this, the fusion or zygote nucleus is formed from two
nuclei within the same animal, essentially as in auto zamy.
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', t I; ! , G!;t on kno\fnth;.t the neea..i11 tl,. i . r - i , o

r,ucleus is large on account of the repeated duplication of chromo-
some numbers in it during the successive occurrence of the binary

fission. The meganucleus thus is a polyploid nucleus. (A polyploid
nucleus is one in which the chromosome number is in multiples of a

basic number or diploid number e.g., if the basic or diploid numb:'r

of chromosomes in the nucleus of a particular species is 14, then the

nuclei of the same species with the multiples of the normal number

like 28, 42, 56 and so on are said to be polyploid nuclei). Meganuclei

of paramoecia are quite peculiar. They contain many times the

diploid amount of chromatin, though usually individual chromo-
somes are not seen.

In autogamy, like conjugation, the meganucleus is re-establ -

shed. The question now arises as to why conjugation or autogamy
is helpful in ifghting senescence and bringing about the rejuvenation
of the clones. On the basis of the cxpcrimental date available is
now concluded that

(a) The meganucleus is a polyploid stru tune .due to repute';
fissions. This divides amitotically and its chromosomes are distri.

buted at random in the new paramoecia formed. This ultimately

results in disharmony and imbalance in the clones. As a result of
this, the clones become weak and senile.

(h) The autogamy and conjugation produce a new mega-
nucleus with the correct chromosome number in each of the daughter

paramoecia and this results in the renewal of their vigour. This
meganucleus is now capable of controlling the activities of s ara
moecium efficiently.

Certain strains of Paramoecium aurelia are reported to cause

the clumping and the death of the individuals of the other strains of
the same species. Such strains are referred to as 'killers'. Certain

particles called the kappa particles found in the cytoplasm of these
killers, pass into the other strains of the same species if the
killers conjugate with them. Consequently, the individuals of the

other strains are destroyed. The individuals of the victim strains arc

called `sensitives.' The kappa particles are seii-duplic ting strucOnCs
and are formed of nucleic acid.
z-1-31
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As is mentioned; the paramoecia are abundantly found in

fresh water ponds which are liable to undergo drying periodically.

There should therefore be some provisions in the paramoecia for

their protection against the adverse conditions. It is also noted that

the culture of paramoecia can easily be obtained from the infusions

of dry hay. This suggests that paramoecia do envelope themselvc s

in some type of cysts to protect against the adverse conditions. The
cysts of paramoecia however have so far not been seen.

Elaborate structural organisation and specialisation in para-

.noecium : The paramoecium possesses many spe.ialisations that are
not to be seen in amoeba. The cilia found in paramoeciunt are

deifnite organelles. The pseudopodia of amoeba on the other hand

are mere transient structures. The presence of the oral groove with

its cytostome and cytopharynx are all specialised areas through which

food is obtained in paramoecium. The pellicle gives the paramoecium
a definite shape. Further, the deifnite path of food vacuoles covered

in the endoplasm suggests that there is a specialised region of cyto-
pla m concerned with the process of nutrition. Besides this, the

vegetative role of the meganucleus and the reproductive role of the
micronucleus are good examples of deifnite division of functional

activity in the two types of nuclei.

Keeping in view these facts; we are justified in regarding the
paramoecium as a `complex protozoan,' in contrast to a simple
protozoan like the amoeba.

Revision questions

1. Describe the microscopic structure of paramoecium and men-
tion in brief the functions of these structures.

2. What are the various specialisations met with in paramoecium

as compared with amoeba?

3. Discuss the ro?e of contractile vacuoles in paramoecium.

4 D scribe in brief the method of obtaining food and the pro-

cess of digestion in paramoecium.

\Vnat is the mode of locomotion in paramoecium ?

(. What are the different modes of reproduction in paramoecium

7 Describe the process of conjugation and its significance in
paramoeciu m.
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8. \Vrite n" tes. on he .,'. „w ng .

(a) ' Trichocyst.

(c) Autogamy and cytogamy.

(e) Avoiding or shock reaction.

(b) btr ucr t re cat cil ;.irn

1\ r' , pir Ices.

plasn20dium-A peresitic protoioao causing !a!aria in man

Two ,examples of free living protozoans i.e., Anweha and
parameecium were discussed earlier.

In the phylum protozoa and in other groups of animals
as well, we come across certain organisms which either live on
the outer surface or in the internal organs of other animals. They

thrive at the expense of another organism in which they live. They

lead a dependant mode of life. An organism leading a dependant
mode of life in the body of other animals is called a parasite. Liter-

lly the word parasite means, "eating from the table of another".

The organism which harbours the parasite is called a host. The

relation which exists between a parasite and its host is called para..
sitism. The parasite which lives outside the body of a host is called

an ectoparasite e.g. bed bug, headlouse, etc. The parasite which

occurs inside the body of the host is called an cndoparasite e.g.,

malarial parasite.

The presence of a parasite may be harmful to tits host and may

cause a disease in the body of the host. Such a parasite is referred

to as pathogenic parasite. There are, however, certain parasite

which do not apparently cause any harm or produce disease in the

body of the host. Such parasites are called the non-pathogenic ones.

The parasite may further require, one, two or even three hosts

to complete its' life cycle. The host in which the adult stages of the

harasi*e are found and where the parasite resorts to the sexual mods

of reproduction is called the deifnitive host. The host in whose body

the larval stages of the parasite are passed and where the parasite

usually resorts to the asexual mode of reproduction is called an

intermediate host. In some cases the parasites complete their asexual
phases of development in two different intermediate hosts w
then called as fr=et and secsrnd intermcdiatr t,+, +5 r-"
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Vln the. a.tte estlhlist,C.i; i.Se]f the body of a host

i is ca `t d infection. The infection of the host by a parasite may take

ph:ce directly i.e., inhalation, contamiratior: of food, water or

dust or by the direct penetration of the parasite into the body of

the host. The transmission of the parasites into the body of the

hosts usually takes place by the majority of arthropods e.g., insects.

They thus act as intermediary or mechanical agents and are referred
to as vectors. Inside the body of these vectors the parasite may

also undergo multiplication and change of form.

We shall now study in detail a type of Protozoan parasite

known by the generic name Plasmodium, the organism responsible for
the cause of malarial fever in man. It is on account of this that the

parasite plasmodium is commonly known as malaria parasite. There

are also some species of this parasite which infect other vertebrates
like birds, monkeys. etc.

Plasmodium passes its' life history in two hosts. A part of it

is passed in the female mosquito of the genus Anopheles. In female

aophetes, the parasite completes its sexual reproduction followed

by asexual multiplication giving rise to typical infective forms that

are found in the salivary glands of the mosquito

The mosquito is its deifnitive host where the parasite under-

goes sexual reproduction, maturation, development and ifnally the
asexual multiplicative phase. M is is it:tern,edia e host where the

parasite reproduces asexually.

The second phase of life ccle of plasmodium passes in man

when the infective forms of the parasite are introduced into the body,

of a man by the bite of an infected mosquito. In man, the parasite
resorts to asexual mode of reproduction and causes malaria.

Irrespective of where the sexual reproduction occurs, some prefer to use
the terms deifnitive host for vertebrates and intermediate host for arthropods in

relation to protozoan parasites which alternate in their life cycles between the

te- types of hosts i.e., a vertebrate e.g. man acd an arthropod e.g.,mosquito.

An alternative is also to avoid altogether these R°rms art ce use the
terms vertebrate and invertebrate hosts instead.

Malarial Parasites of Man

There are four distinct species of plasmodium which infect
man and cause the type of malaria kncwn after the name of the
heeds. rhe at: as fellows



Z. 1' rsoi3cliurrt ovax ca uses ivax malaria. The fever tends to

reappear every X48 hours or with three days gap, It is a mild
type of malaria and rarely becomes fatal, :hence called benign
/o+er. As it recurs every 48 hours, it is commonly known as

oznign tertian fever.

?. Plasmodium orale, resembles plasmodium vivax and causes

ovale tertian malaria. Schizogony* occurs in 48 hours.

. Plasmodium inalariae causes malariae malaria. Schizogony

occurs in 72 hours. As the fever occurs with four day intervals

or after 72 hours, it is commonly known as quartan fever.

4. Plasmodium falciparum (Latin. falx, a sickle) causes falciparum
malaria. The fever is usually of a fatal type hence called

malignant. The common name of the fev..: is malignant ter-

tian malaria or quotidian fever. The fever s irregularly conti-

nuous. Schizogony occurs in 48 hours.

A person may be infected by more than one species of p'as-
n>odium a the same time. This condition is referred to as multiple
or mixed infection.

Geographical Distribution:

Malarial parasites occur in all countries extending from 40°S

to 5f0 N. The tropical zone is the endemic home** of all mal: i -ul

parasites.

Life Cycle of Plasmodium in Man

The malarial parasites are introduced into the human body

when an infected female anopheles bites man. The para ices along

with a portion of saliva are introduced into the «food of man. This

phase of the parasite is called a sporozoite. Each sporrozoite is a
slender, sickle shaped actively motile organism, it measures 14 u

in length and 1 to 2f' in breadth. It is pointed at either end with a

thick central portion containing a nucleus. Id is now known that

the sporozoiees soon after the bite of an infected mssquito remain in
the peripheral blood of man for half an hour or so after which they

completely disappear from the peripheral blood and reach the

* Process of asexual multiplication of the schizont, a stage in the life

cycle of malarial parasite.

** A p'ac where the disease is of common recurr ncC.
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1,ver cells and their subsequent multiplication in the liver tissue i

tiled the pre-erytbrocytie cycle i e., a stage in the life cycle of mala

hal parasites prior to their attack on the erythrocytes or red blood

corpuscles. The details of l c e H r ' c . t, es

(') Pre-erythrocytic Cyck

After the disappearance of the sporozohcs from the peripheral
blood, soon after infection, they undergo the first phase of deve-
opment in the reticulo-endothelial cells* (Kupff is cells of the
liver). These later invade the psrerehyma ceils of the liver. They
now grow in size at the cost of the liver cells and within 6 to 9 days
they develop into full grown round bodies called the pre-erythrocytic
schizonts.. The nucleus of the schizont now divides successively into

a number of nuclei around which the cytoplasm of the tchizont

gathers, and form the merozoites. By the rupture of the wall of the

echizonts, the merozoites are liberated into the liver sinusoids. This

lit ocess of asexual multiplication by the schizont nucleus resulting
ail the production of merozoites is called pre-erythrocytic schizogony

(Gk .Sch -o, to split,gene, generation).

'Thy merozoites so produced may now enter the blood and
attack the R.B.C. grid s,-t the ercthrocvtac phase of their life his.
tcrv.

(B) Erythrocytic Cycle

The merozoites liberated during the pre-erythrocytic phase
attack the erythrocytes and start the erythrocytic cycle. The mero-
zoites soon after their entry into red blood cells become round and

enter an active feeding stage called the trophozoite.

In the case of P. vivax, P. malariae and P. ovate, ,, i=tgi' ",rozwtu

attacks a single R.B C. Double or multiple invasion of R B.Ct . by the nro-

zoites is a common feature in P- falciparum inf ction. ab to ' to 6,porozoites

invade a single corpuscle.

T 'e trophozoi'o at hr': ;s in the form of a small rounded mass

of protoplasm with a single nucleus. Later there develops a vacuole
within its cytoplasm to carry on nutrition. The vacuole soon enlarges

* 'lls which pns o'ss phagocyt c po'.ve r i.e., the capacity to ingest
li tciet deal 1: .'ii,. tiS;tte det t i; and ft'rU'gn `:'tb,'t!nces,
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in size and il7t cylOplasiif uni s a ring ,ha c. The nucleus L.ti

pushed on the thinner side of the cytop a_,m and he trophozoite pre-
sents therefore a signet-ring appearance. It is called the signet ring
stage. The signet-ring form attains an average diameter of 2•S. to 3
1. e., about ti .:.-third ?L Slzc of the Ulhod co, which if 7.5 1[ Ill
diameter.

cboid form schizont ecrl
1. ...-...

ntero;c .

' ( \
i , p /

l•5J
sch:zont mature schuont (ro,c

!Deets stage

Fig. 1.25 Erythrocytic forms of P. vivax

Tite signiifcant feature of the signet ring form in P. mafa iac i , tii, t

the parasite usually stretches across the red blood cell presenting a baud-! ke

appearance. The nucleus also elongates and is situated at the edge. The ring

forms of P. falciparum are sm utter han I'. vivsx i.e.. 1 2 10 1.5 p in dia-
meter. In P. falcipa.rui as many :;ti i; rings acre four t isi a single eorpu_.cle.

1L)2mcrotciit))
_.

•If

Fig. 1.26 Erythrocytic forms of P. malariac

The ring form however is not maintained for long, as the

parasite soon exhibits amoeboid movements. The amoeboid move-

ments also disappear soon and the parasite assumes maximum

dimensions and almost iflls up the infected red blood cell. It is called



he nae&uog!obm of the R.B.Cs. was used as food. In the cytoplasm
this full grown form ire to to seen yellowish brown pigment

r.>.nules called the haemozoln granules. These are probably the effete

substances produced as a result of the metabolic activity after the
u ;e of haemoglobin. The haemozoin granules are at ifrst scattered in

tbo cytoplasm and when the schizont is about to divide they are

t ranged in the form of one or two clumped n se_s, sit_tated centrally
u the cytoplasm of the sch zou .

A schizont is the full grown ip . zoit - ., .`v foi tipca'iun,

in P. vivax it is round in shape and the mature schizont measures about

`l toil a in diameter. The nucleus is fairy large and is fcund ar the periphery.
T.:e schizont of P. malariae measures 6.5 to 7 u In P. ovale the schizont is

.lightly smaller than the R.B C. Likewise the schizont of P, falciparum is

i,rller than the R B.C. and measures 4.5 to 5 /1 in diameter.

I, 2 Irorhozoites schizos;

Fig. 1.27 Erythrocytic form of P. oval:

The nucleus of a mature schizont now and :gaes rc•p€:at,;d
divi .ion to form a number of nuclei. The cytoplasm of it, later
fragments and collects around each nucleus to form individual cell

bodies called the merozoites. This process ofasexual repeated multi-
p:i_ation of the schizont nucleus to form the merozoites is called

erythrocytic schizogony. The schizogony leads to the production of

16-24 merozoites, the average number produced being 16. The num-
ber of merozoites produced however differs in each species of the
in Iitrial parasite.

to I'. sivax for ex:3mple. son I2-_; :n i- z ) _ p'3I.t.. l .1101 pare

arra i l in the form of irreg il.tr grape-like cli 1st ers .

[he chiznt of P. malariae produces 6-I2-, g,.nerll g merozoites array
gel! aru-_m _ritr;,i n f pi u i,t a-[e z 'J .ii or
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Li P. ovale 6-1', often 8 sncrozoites arc produced, arranged irregularly.

In the case of P. falciparum, 18-24 merozoites are produced or at tiro

c cn more, arranged in a grape-like cluster.

The schiz;gony in P. viva, P. malariae, and P. ovate takes place in the

p ricral circulation. In P. faleiparum on the other hand, schizogony occurs
inside the capillcries of the internal organs l:ke the spleen, liver and the
bone marro'a.

trophoz.ato

/ multigle

. ___ , .' infection

1, , 3 trop:roLaitcs

en en to

QGuO4 5 6

4, 5, G schizont (schizogony)

fig. 1._'S Erythrocytic forms of P. falcipar .im

A =ingie scbizogonous cycle completes in 48 hou cr two days

in P. r•ivax, P. ovule and P. fjciparum. itt F`, mclariae scliizogotty
completes in 72 hours or three day.

Once the nucleus of the sch zs it con ,letes its repeated divi-

sicn to form merozoites, the wail of the red blood corpuscles ruptures
liber:tirg the merozoites, haemozoin pigments and the resirurl

cytoplasm into the blood plasma. Each mcrez_o,te is an oval mass

of eytyr>>la:-m with a central nucleus.

The rnerozoites so liberated , htlr circulating in the blood
stream may attack a fresh R B.C'.:tcd u iy re sat th • erythrocytic
c cie mentioned above.



By repeated scnizogonous cycles, the parasites are so much in

abundance that they bring on a cli,rical attack ofmalaria. Some of

the merozoites are r.o doubt destroyed by is

r PHASE X
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of ganmetocrtes, I. e., the

"l rr a gamctoc te and the
I' / ( mamctoc} acs. "hhe

ure gametocetes undergo

their fu'b - r ,..rlojment

ali,ar) glands in mosq"ir

female anopheles

Fig 1.29 Diagram illustrating the Pre erythrocytic, Exo-erythrocytic
an.i Erythrocytic phases in the life cycle of a malarial parasite in man.

The duration of time between the primary infection (i.e., the
ifrst entry of the parasite in the body) till the onset of fever is ca1led
the incubation period. The incubation period varies with different
sp:cies of malarial parasites. It is as follows
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P. vh'ax and P. n:aiariae--10 to 17 days (average 15 days)
P. falcrparum-8 to ' 2 days.
P. rnolariae-21 to 2'• da , may even he 3't to 1u days.

(Cj EAoerythrocytic Cycle

As stated earlier, wh sonic of the merezeite3 of the pre•ery-

throcytic cycle start their erythrocytic cycle by attacking ti a
R B.Cs., the others enter the parenchyma cells of the liver to con-

tinue the lat.: tissue stages referred to as exo ertyhroiytic phase.

The merozoiies attack the parenchyma cells, grow in their size and

become the schizoats. These resort to shizogony producing the

merozoites. These merezoites may now attack the R B,Cs By the

persistence of the exoerythrocytic phase, the liver cells act like
reservoirs of parasites which are resnonsib'e for the frequent relap-

ses of fever. The exo-erythroc.. t c hha:. eoe:t sonultaneousiy
along with the erythrocytic phase.

outlets

/k e ' ., merszo,tes }
PRE CYO-

(;/ jCYCLE

:: jo0
O R.B. Cs6porozodt-_ a t

Fig. 1.30 Pre-erythrocytic and Exo-c hroc t c cycle of

the malarial parasite in man

The presence of exo-erythrocytic phase in -". viva 5 eceptFd

Ueyond doubt. In the case of P. falciparum the presence of exo-

erythrocytic phase is disputed. The pre erythrocytic schizonts of
P. falciparum produce merozoites within 7 days. These enter the
blood without giving rise to late exo-erythrocytic forme.

It has recently been established that in addition to the liter cells, the
human bone marrow also is a site for pre and exo-erythrocytic cycles. It is

however not yet known whether the bone marrow stages of the parasite have

any special biological cycle.

A brief summary of the pre-erythrocytic, exo erythrocytic and

eiythrocytie cycles in P. vivax, P. m lariat and P. talciparum is as follows :
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I'lasmodiutn vivax anI P. maiariae

Spuruzoite=--Pre-erythroc}'tic--L;xc-er}thrc4ytic

schizogony

erythrocytic

schizogony

Primary malaria

schizogony

Erythrocytic

schizo go lfy

Relapses

P. falciparum

r zte_ ---Pce-erythrocytic-.-No cxo-et- throe ytic-c- ' y

chizogor,y sehizogony

Lryrhrocytic No rclap;es

.chizogonv

:;.nary fcye:

rccrodeseen:, s'-

Gametocytes ;

Due to repe ed s hizogoncu_; }ties, a large number of
R. B. Cs. are destroyed. If the patient is untreated, he become

anaemic and very weak. Under such circumstances the parasite for
its own survival and further continuation of its race resorts to the

formation of gametocytes. It this case, the merozoites instead of

developing into trophozoites or scLizonts, give rise to the gameto-
cytes. The sexual cycle of malarial parasite ifrst starts in the human
host by the formation of gametocytes. Their further development
however proceeds after their tram.fer to the insect host. The

gametocytes that are produced are cf two types.

1. The male gametocytes or the microgametocytes.

2. The female gametocytes or the megagametocytes.

The male or microgametocytes contain large and diffuse

nucleus and pigment granules are scattered throughout the cytoplasm.

The female or meoagametocytes contain small and compact nucleus
and the pigment granules immediite!y surround the nucleus.

*The term rcc -jd so ace i, dppL J > rh xt c of n • rvthro y:ic

phase lying dormant.
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T6r g etocytes of P. rirax and P. nln1aiiae ar round in
chap 1i:' 'a1n t',c`diCs of F, I iiCipCl'.72 tiic Cr?cCelitiC.

pigmcnl bran: k j:i meat ran iles

nucleus large

S and diffuse =.`•.

nucleus small

and co npact small colourless
cone

around nucleus

a or microgametoc}te or me pan; tocste
of P.sivas of P.m cax-

Pig. 131 Micro and Mrgagatnetocytes of P. vivax
i

nuclen5 large
and diffuse

pigment
granules

nucleus

small compact

6

O or microgametocyte
lariae

or megagametoccto
P ntalariae

Fig. 1 32 M;cr. end \J. gagamctocvtcs of P. melariae

nucleus 'i '. •"'' ; =:
small

compact

a or megagametocste or microgamrtocvte
P: ovals p ovals

Fig. 1.33 Micro and Megagametocy tes of P. ovate
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Ca;iietocytes of P. Jolciparum

According to the shape, the g> me`ecyies of P. falciparum are

generally referred to as `crescents' or `half moon bodies' although
their ends are not pointed. They are rather ii: tho form of sausage

or hoan shaped bodies with rounded ends.

1. Microgametocyte is 8 to 10 microns in length and 2 to 3 microns

in bre^dth. The nucleus is large and found scrttered in the form

of ifne granules occupying a wide area in the cytoplasm and stains

lightly. The cytoplasm stains reddish or pinkish blue, The

pigment granules are irregularly distributed through the cyto-

plasm.

Megagametocyte is generally larger and more slender resembling

a crescent. The ends are either sharply rounded or evenly poin-

ted. It is 10 to 12 microns in length and 2 to 3/ in breadth, Th;
nucleus is in the form of a small compact mass situated centraliy

and stains deeply, The cytoplasm stains deep blue. The pigment

granules surround the necleus lie n screath around it and very
often hide the nucleus.

. iigmeot granules

nucleus large
and diffuse

nucleus 5rn4J1
and com[ract

A

»etacyte O o megagarietucyte
4 t2•:c arum rP P ffa.cip.:;lm

Fig. 1.34 Micro and Megagametocytes of P, faleiparun,

Life Cycle of Plasmodium in Mosquito
(Sexual Cycle of Malarial Parasite)

When a female anopheles bites an infected nersen, it sucks nn
the blood and takes up along with it the gametocytes and the asexual

forms of parasite i.e., trophozoites etc., These forms, ifrst reach the
stomach of the mosquito. Here the asexual forms and the immature

sexual forms i.e., immature gametocytes die off immedia'ely.
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The m;t.'ure tTametov°es one;', 1.1'. de<i ,o 1w her dcvelopnien' ;n

to '<t 'ma.1 of tho mos:; ilto.

Gametogony

The ifrst :>t4ge of developmen i the maturation of ameto-

cytes into the gametes. The gametocytes in the first instance escape
from the R.B C. by the rupture of its wall and undergo further deve-
lopment. The gametocytes of P. faIcinari m become rounded after
e,caping from the R. B C.

e L'

S

i OOC '5:

r

O

sporohlast a garrmetocvte gamerncyic

or or

t crc arnOce te macrog ;.o , crte
1'. ri}:,A n. . ,.

4

J C O O

0

growth of

oocy. ;t

0

B. SEXUAL CYCLE

IN

MOSQUITO,

a gametocyte gametocyte
P. ralcip ruru

exlfageltatioo O O
gametes

jJ
`a / • ) gamete

\• - cone or
ookinete -_ O trrac i, ri

or

vermicule Zygote

1.35 Life cycle of malarial parasit r in mosquito

0

0

Fig

A portion of effete vegetative chromatin from the nucleus of
the gametocytes is eliminated in the form of one or two masses of
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po? r bodies. The nucleus of the gametocyte now contains the

haploid number of chromosomes.

The nucieus of the microgametocyte now divides into several

daughter nuclei which move towards the periphery of the parent cell.

From the periphery of the gametocyte, now project 4-8 actively
moving thread-like iflaments or flagellate bodies. The process of the

formation of these lfagellate bodies is called exlfagellation. Later in

each lfagellate body a nucleus from the periphery passes. The lfage-
llate bodies now with a nucleus within, break off from the cell mass

with explosive suddenness. Each lfagellated body is a male gamete
which wanders freely in the stomach of the mosquito in search of
female gametes. Each microgametocyte thus gives rise to 4-8 male

gametes or mierogametes. The megagametocyte after the extrusion of

polar bcdics matures into a female gamete. It's nucleus thus, con-
tains a haploid number of chromosomes. A single megagametocyte
as such, give:; rise to o one megar t,nete or female gamete.

occophagut

Op
O O

O • OOC}'SIS

O
malarial

parasite

O O O n
O t O
O

0 malpiehian

QoQ tubules

This phenomenon or

the formation of gameto-

cytes and their ifnal

maturation into gametes is

referred to as gametogony,

which completes in the

stomach of the mosqui°o, 09ir,vb

'11o ,quito

The female gamete

or megagamete develops a

bulging at one point of its

body called the cone of

attraction. The microga-

mete enters into the cyto-

plasm of the female gamete

through this bulging. The
intestine

Fig. 1 .?6 Oocysts on the stomach of mosquito
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n ale and female pronuc'ei of h'o!h the gametes fuse to forma zygote
nacleus and the spherical body is called the zygote.

The zygote soon loses its spherical shape and becomes elonga-
Ld or vermiform. It is now designated as a travelling vermicule or

ookinete (18-24 f' in length). It now moves actively over the inner
surface of the stomach of the mosquito and gradually bores its way
through the epithelium, lining the m'lcosa of the stomach of mos-
quito. On reaching the outer surface of the wall of the stomach, the
zygote assumes a spherical shape and becomes surrounded by a
capsule or cyst and is now called the oocyst. These cysts can be seen

in the form of small rounded projectiocs on the external surface of
the stomach of the infected mosquito.

The oocyst starts growing in it.. < ca. It contains a ine'e

vesi. ar nucleus and also the pigment granules. It measures at ifrst

(-l2!.t is diameter and when full grown may attain ultimately the

dimensions of 60 to 60 microns. The number of oocysts varies from

to 30 but oc i ;unhe -< n as ,:arany as 5:9O ha

orogo zy : Tnc luc'eU o ,he oceyst urn'eraoes repcc`ed
c i to form a number of nuclei. The cytoplasm then gathers

r round each nucleus to form slender sickle-shaped bodies called the

.aorozoites. This process of the formation of sporozoites by repea-

ed divisions of the nucleus of oocyst is called sporogony. The

sporozoites are arranged in a palisade- like manner within the oocyst.
As many as 10,000 sporozoites may develop inside an individual

on cyst.

The wall of the full grown oocyst ruptures, liberating there-
by the sporozoites. These sporozoites now invade all organs and

tissues except the ovaries of the mosquito. They finally reach the

sitli\-;ra glands of the mosquito and settle there.

11a man is bitten by such an infected m:.sgvi:n. the sparo-

zoita_ -long with a portion of the saliva reach the human brdv and

commence their life cycle in man as already mentioned

A summary of the life history of malarial par site in rrn n ad
tR mmqu!io i! ust aied diagrammaticf l v 'a ]gur, 1.3].



history of tine cLscovery of ilic rna"nria/ par 1site : Tile maiar .il
r:trii causes malaria. The term malaria is derived from an Italian

word i nialo ; bad, aria; air) meaning "bad air". It was so called on
he basis of an erroneous belief that the disease is caused due to t' c

nhalation of bad air from the marshy places containing poisonoes

rases. Th s belief was however disproved in the light of the invest i

cations made by various scientists. This resulted in the discovery : t

the life history of the malarial parasite which is the causati .

organism for malarial crVe; or :'sue. A br'ef ')T' of ,here in' : .-
e at'or, is as follow

Laveran (1 ' ° a rLF-it • :. or d:c , ; r: h n;
r a) pisasites in he booed of a patient suffering from malaria.

Sir Patrick Manson, in 1894, working on the transmission ( f
tii rya 'uggested hat the mosquito may be responsible for the tran---
mission of the malarial parasite. But the mode of transmission he

negcsted was not by the bite of thr mnsquito rest by the swl!owi n

i the mosquitoes drowned in wail

The epoch-making discover; abcat tie t: n he d :ol rr:~ tmission

of malaria was made by Sir Ronald Ross of the Indian Medic .1
Service. In 1897, he discovered the oocysts in the stomach wall of

a dapple-winged mosquito, Anopheles stephensi which had been fed
on the blood of a malarial patient. A year later i.e., in 1898, he
demonstrated the transmission of Plasmodium praecox from one
sparrow to the other through the agency of the mosquito Culex pip -
ens. He suggested the transmission of human malaria in the sang
way. In the same year i.e., 1898, Grassi and his co-workers demon-
strated the sexual cycle of human malaria in Anopheles maculipennis.

In 1990, the experiments conducted by Sir Patrick Manson proved
the theory of mosquito transmission of malaria beyond dour:.

Tissue phases of the malarial parasite were demonstrated n

h r_l n;alaria in 1934. After 14 years i.e , in 1948 the tissue phases
were discovered in rhesus monkey (macaque monkey) infected hy
P!asmodium cynomolgi. The exo-erythrocytic phase of Plasmodiujn
kochi n the liver of a monkey host gave a clue to Col. Short and
his associates (1948-49), to locate the pre-erythrocytic phase>
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tha human anil }tc _ In: n !11. .ti p_.i;t !t . !n the-'

of the liver.

Spread of Malag ia

The fact;, , respc t' it:'ic fo, pread of malsria are ns

follows e

1. Sourie of .na]ar-it f nary ite (!he presence of famttocvtess)

2. Existence of an infectet! «-opheles vector.

3. A susceptible person.

If the above cycle et eh a in is ` roken ear' paint, the occur-
rence of malaria e_in r; rrev°ented

Pathogenicity ;

In mtn, infection with Plasmadia causes intrrmittent fevers

which are known as malarial fevers.

The main clinical manifesta Torn in e. vocal case of maiar'a

are a series of febrile paroxysms fo!!owed by anaemia end the en-

largement of the spleen.

The malarial paroxysm shows a succession of t/ira-e stages--

(il the cold stage (lasting 20 minutes to an hour, (ii) the hot
stage (lasting I to 4 hours) and (iii) the sweating stage (lasting 2 to
3 hours), The febrile paroxysm syncbronises v th the erythrocytic
chizogony of the malarial parasite. With a 48 hours cycle (e g ,

P. vivax and P. ovale) the fever recurs every third day, hence called
ierfian fever. With a 72 hour cycle (e.g., P. malariae) the fever
recurs every fourth day hence called quartan fever. In falciparum
malaria the fever may be continuous or remittent. Further, the
febrile paroxysm m:tv -plot show the three successive cold, hot and
sweating stages.

P. falc;rnu: infection nraz' lead to Pernicious* malaria. The
P. J'alciparum causes agglutination of infected red blood corpuscles
lending to the blockade of the capillary vessels of the interna
organs. When such a condition occurs in the blood capillaries of the

*r)esrr ictiv
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brain, he 1 iuni supply' to ;I .s dupe ed. This .i ty cause cerebral
malaria, manifested by high fever, coma (unconciousness) and

p aalysis. One of the complications of pernicious malaria is the Algid
malaria characterised by cold and clammy skin with vascular collapse

leading to peripheral circulatory failure. Along with this there may
be either vomiting or watery diarrhoea or passage of blood in faeces.

Another complication of pernicious malaria is sep icaemic malaria,

characterised by high continued temperature (resembling typhoid

fever. Falciparum malaria may also lead to Black roarer fever'
characterised by sudden intra-vascular haemog obin f'o hewcd t y

fever and passage of haemoglobin in the urine.

In malarial infections the liberation of h +: mozoir pier..°n:.

granules in plasma leads to the pigmentation of various organs e g.,

gleen giving it the characteristic slate-grey or black colour. Chronic
malarial infection may cause degenerative changes in the liver,

kidneys, heart, asi enat _lands, tra :a and other organs.

Treatment

Ch oroetuine and Amodiaqui ne are patent anti-malarial drugs

Quinine is used for drug resistent P. falciparum. These are schiz•jn-

t cioal drugs. After the clinical cure primaquine is used. It acts on

the exo-erythrocytic phases of parasites in the liver and as such

prevents relapses. It also acts on the gametocyte;. Emergence of

drug resistant parasites (P. falciparum) necessitates multiple drug

regimen.

An extract from the leaves of Vitex peduncularis has been

known to prevent the haemoiytic crisis of black water fever; Corti-

co,steroids are also administered du + ing haemolytic crisis.

Control Measuers

One has to employ potent anti-mosquito measures. Destruc-

tion of adult mosquitoes can be carried out by spraying with

insecticides, su.h as D.D. T. or Gimmexane. Anti-larval measures

include the elimination of breeding places of mosquitoes anti use of

larvicides (oil, parish green, D.D.T. dissolved in oil).

In the early sixties, malaria was brought under control, h has

now reappeared all over Asia and Africa. The mosquitoes have



dcvelopcG lmmi:ntty to inse l_:des and the parasites 2<_e showing

resistance to drugs. This is posing a great threat to humanity.

Prof. Sydney Cohen of the Guy's Hospital Medical School,
London and his co-workers are reported to have developed a vaccine

prepared from infected red blood corpuscles containing merozoites.
Six monkeys were injected with this vaccine and when attempts were
made to infect them with the allied forms of malarial parasite, they

showed a considerable degree of immunity. This immunisation is

yet to be experimented with human parasites.

In India also research on immunisation is underway at differ-

ent research centres and so far immunisation of rodents has been

successful at the Department of Biochemistry and P thology of the

Post Graduate Medical Institute, Chandigarh.

Revision questions

1. Deifne the terms parasite and parasitism. Explain tuis with

suitable examples.

2. Give an account of the life cycle of malarial parasite is man.

3. Describe in detail the l;te cycle of a malarial parasite in

mosquito.

4. Describe in brief the various types of malarial fever caused by

the different species of Plasmodium.

5. Describe the pathogenecity of malaria and briefly mention the

various curative and control measures adopted against this
disease.

6. Give a short account of the contributions of various scientists

in the establishment of the cause of malarial fever through

mosquito transmission and the disco. is of the tissue pha;es of
parasite in man.

7. Write notes on the following:

(a) Pre-erythrocytic and Exs.erythrocytic phases.
ifb) Erythrocytic cycle

(c) Vector.

(d) Gametocytes of P. falciparum.
(e) Incubation period.
(f) Deifnitive and intermediate hosts.



Paratit ' noebae

In addition to the free l\ log types of a:no °`>a, an examhie of

wh ch you have already studied in detail, there are certain types o{'
am. ebae, which ►ead a parasitic mode of life. The parasitic amoebae

inhabiting the human body are of the following types.

1. Entamoeba histolytica, causing amoebic dysentry i.e., 1niestln
amoebiasis and liver, lung and brain abscesses in man.

2. Entamoeba coli, another parasitic form inhabiting human c&oa

but is non-pathogenic.

?. Entamoeba gingivalis, a parasite in the mouth of man which is
also non-pathogenic.

4. Endolimax nana, living in the lumen of the large intestine of

a an ; is also non-pathogenic.

Iodamoeba butschlii, living in the colon of man as a harmlc
commensal.

( . Dientarnoeba fragilis lives in the intestine ofman. It is

nucleate and its cytoplasm is frajile. It lees as a h: i:n e s

commensal in the intestine of man.

The brief accounts of the life history of Eatamocba h;stoiy :e a

and Entamoeba coli are given below.

Entamoeba histolytica : Entanioe °a h stoly ti ea is die parasi tic

form of ameba which causes diarrhoea, dysentry, inlfammation ct

the liver and liver abscess in man. As the parasite dissolves tha

tissues, it is referred to as E. histolytica (Gr. histos; tissues luein;

to dlssoive).

The parasite lives in the mucous and sub-mucous layers of ti':

l rgc intestine of man. It feeds upon the living tissue. Some o1 tire

hirasites may come out into the lumen of the int Mine and undergi

cacystment. They are pissed out along with the faeces. Tntse y • a

f.'und in the faeces are responsible for the transmission of the

parasite from man to man. The parasite may at times bore through

the intestinal wall and may pass through the portal vein into the
liver. In certain cases, they may be found in the lung and brain
t ko. ThPs are caU d rncto fatiC ior'nc, T iclr Ipceti' n in tilt/ 1!vi7r.
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lung and btaiu may ; .ad to ._'i nit .ri t these si e .

Pre-cystic and cystic forms are not formed in the liver and brain.

There are three distinc phases in the life cycle of Entamoebi

histolytic:a which are described below.

1. Trophozorte Stage: Trophozoite of E. histolytica i; 3 +o 5

t n; s tlI_: ze of a red blood cell and the av.r ge size is 20 to 30,«.

The cytoplasm of the trophozoite is distinguished into two portions,
a clear translucent thin peripheral ectoplasm, and a granular inner

zone of endoplasm. It now and then sends out a blunt pseudopodium

The pseudopodium when formed consists of a clear hyaline ectoplasm
into which later, granular endoplasm lfows.

Inside the endoplasm lies a spherical nucleus. Thy eh; omatin

in the form of ifne granules is found as a single layer lir:iag the inner
sale of the nuclear membrane. There lies in the nucleus a centrally

placed larger granule called the karyosome surrounded by a clear
area or halo. The area between the nuclear membrane and the

karyosome is devoid of chromatin granules but is traver3ed by ifne

threads of limn nt-work, like the spokes of a whre radiating iron:

limn netwrk

_ _. ps" nn

chromatin a endoplasm

granul_ r `,_ "_%
- t'aryosc c

.....:?rIE-

halc - t

` `'l;t• - blood fc!i=:

;• `. .;.: - ectoylasm

Fie 1.40 Trophozoite of i ntamo,bs iii tolvtic;l



the centrally p'l:.ceJ ke ,,.'lne. 1 e lasm ate '-o

ingested red blood corpusc.c. , l:u_c.c nd ,;ccasiOi 1.t1y li sue
debris.

2. Precystic Forms: The tro .ozone:, ;•y

found or slightly ovoid shape with a blunt pseudopodium piojecun

from the periphery. The ectoplasm is hardly distinguished. The
laorms usually appear when the trophozoite is sliortof food and face,
adverse circumstances. They measure 10 to 20 microns in diameter.
On account of thcir smali size they arc sometimes referred to is
Entamoeha rrinuta. The R.B.Cs. at d tissue debris are not found

there appears instead, glycogen ict the endoplasm. These form;
develop ultimately into cystic forms. In case they are ejected pt
o ene::tm:nt in the stools, no further development takes place.

3. Cystic Forms: Precyst c forms develop into cystic foru.s in
th.. iill1kn of the in estine and are not found in the intestinal wall o

in the metastat is stages in liver, lung or brain. When about to encyst,

the pr -cystic forms develop around, a highly refractile membrane
called the cyst wall. Soon after th encystment, the nucleus divides
into two and then into four by successive divisions thereby produc-

ing binucleate and ifnally quadrinucleate forms. The cysts grow in
size. They range from 7 to 9 microns in the case of smaller cysts
:nd 15 to 20 microns in diameter in the ca'e of larger cysts. Withia

the endoplasm of the cystic forms there appear certain oblong bars
with rounded ends railed chromatoid or chromidial bars. There may

;so lppea< a ma s of glycogen. As the cyst becomes mature, i.e.,

c-. iuial g1}co en fournc ki
or bat mass

{

r .,.fc uoinucleate binucleate q.,adri r" '

. cyst cyst

Fig. 1.41 Precystic and cystic forms of Entamoeba histolytica

s• aen it issurnes quidriaucleate phase, the bars and the glycoges7 leas,'

lisappear. Thy chrorn'ttoid bar re regarded by some to be ti atri nt



material w le others con m to tit; the rc:i in of c;:c:: mat ,a

net-work thrown during the nuclear division.

The cysts in various stages of their d v°elepmect, zro evacu.>.-

ted frorr the body in the stools. They are highly infective, as whet

they are swallowed by man, they may undergo their further devetep.-
ment.

Life Cycle: When a person swallows mature quadrinucleated

cysts along with the contaminated food and drink, they are capable
of further development inside the gut of a susceptible person. The

cysts pass unaltered through the stomach into the sma11 intestine. In

the lower part of the intestine, the cyst may rupture but more often

the cyst ruptures when it reaches the caecum. Each cyst here liber-

ates a single amoeba with four nuclei. The nuclei undergo further

division successively and the cytoplasm gathers around each to form

eight amoebulae. The young amoebae now are actively motile and

enter the trophozoite stage. They normal v move towards their final

resort, the large intestine. Within the cacculn, the a raoc_ ulae may

f - , .

11"li It l:ll ltt

5 O

nuclei

binary ifssloo 3

Fig. 1 •4? Entamoeba histolytica-Tissue invading forms multiplying
by binary ifssion

l,en irate its wall and establish themselves in the mucous and sub-

mucous layers of the intestine. They start invading the tissue and

form lfask-shaped ulcers. They often attack fresh tissues. These may

multiply within the tissues by binary ifssion. They ctively ingest
red blood cells and tissue debris. During their tissue invading pha e
in the large intestine a certain number of trophozoites are discharged
into the lumen of the bowl and are transferred into precystic and

ifnally cystic forms. These cysts may be discharged outside the
human body along with faeces and can infect other p rsens.
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^

-,`- - - - - atnc.ei)a ,nuhipiy i g :41
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Fig. 1.43 Entamoeba bistolytica-the excystath o phase and the
flask shaped ulcer
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These tissue form at tinier, m..y bo•e through the intestinal
wall and enter the portal circu'ation. They may thus reach in the
first instance, the liver which acts like a first filter. In the liver they
may form liver abscesses. The amoebae may at times travel beyond

the liver and may pass into the pulmonary circulation from where

they may enter the lung. Within the lungs, they form lung abscesses.
In case their further entry is not arrested in the lung, they may enter

the systemic circulation, from where they localise themselves in the
brain leadieg to the formation of brain abscesses.

cer brat ?`T ess

;• / .. ` iVe, , w,r..

brain abcrss

er abeess

(T\

. c, a

/ )
\ '/• !t lung abeesses

Fig. 1.44 Entamoeba histolytica-Metastatic forms forming
liver, lung and brain

E Kato vtica causes amoebic dysentry with the frequency of

motions with mucus and blood accompanied by generalised abdo-
minal pain and griping. Liver, brain and lung abscesses are highly
fatal to the life of a person.

Treatment: The following drugs have speciifc action on

E. histoly tica. There are, however, to be used under strict medical

advice and supervision.

I. Alkaloids of Ipecacuanha and Kurchi. Emetine is the principal
alkaloid isolated from the root of Ipecacuanha.



62

2. T urchi is the La k of a small plant ]Iolarrhena anti-dysente-

rica which grows throughout India particularly in tropical
Himalayas. In Sanskrit, seeds of this plant are called
lodralaya or `India's seeds.'

S. Pentavalentarsenicals: Stovarsal (acetarsnl) and Carbosone.
4. Qainolinederivatives are Chinioform(Yatren),Vioform-lodt:-

chlor hydroxyquinoline and Diodoqu n.

Prevention : As the infection results frc' n thr swallowing of

cy:t's, good sanitary measures are most essensial to keep the water
and edibles clean and free from contamination

Entamaeba coli: Entamoeba coli is another parasitic so ;m of

nmeehs occurrirg in the human colon. It lives in a free state in t.h

omen of colon. It is harmless and non-pathogenic.

As in E. histolytica the same three stages are found here i.e.,

the trophozoite, precystic and cystic forms.

The trophozoite of Entamoeha coli is larger than Entamoehi
1• istolytica and measures about 20 to 40 microns in diamater. It is
less motile. The cytoplasm is not clearly dE tingui;hed. The pseu-

ciupoJiam formed, conr_.ists of endoplasm. The er,lophtsm is opaque

e cl.Ns

IJr,osom.

tihro+:afro

.tes -._ ,` `. +, , (.i(° EP- t `l J .,

Fig 145 En' amoeba coli, Trophozoite

and granular and is iflled with food va euoles. The ingested particles
consist of bacteria, yeast and various other substances. They never
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contain red blood cells. Tl e Lucleus is eccent: is in position contain_

in a karyosom surrounded by a broader halo. The nuclear
membrane is lined internally with coarse chromatin granules. The

--pion between the k_a!sc'merod the niclca niembrane is traversed

t>v fine 1 nin threads

The precystic si a•' is .ti red in shape _ ;[ ail n ..'-:ted material

'n ir 3 in its cytcp?asnr. The nucleus is clearly visible and has the

--arne structure as is seen in the trophozoite phase.

The precystic form before encystat ion undergoes reduction in

size. The cyst is formed round the cellular mass. The cyst measures

about 15 to 20 microns in diameter. In the early stages of the cyst

r rmation, a large glycogen mass is seen which gradually disappears
as the cyst matures. The chromatid bodies are either absent or

scarcely seen. When present. they are in the form of thread,

filaments or with sharp frac{ured ends < like that of glass splinters.

The nucleus of the cyst undergoes successive divisions to form 2, 4

nd upto 8 nuclei. Majority of the cysts contain 8 nuclei. No

"urther nuclear division takes place when the amoeba comes out of

the cyst. At the time of excystati®n, it rather loses one to four of

the original eight nuclei and as a result, the young amoebae that come

out of the cyst will be only 7 to 4 in number.

glycogen v mote

,;at (ru leE
systlc lfoc

Fig. 1.46 Entamoeba coli-Precystic and cystic forms

Life Cycle: Infection spreads in human beings by swallowing

the cysts with c ntaminated-food or drink. They ccme out of their

cysts in the large intestine or the lower part of the ileum. In the

i rge intestine, within its lumen, the trophozoites increase their

umber by simple binary ifssion. They never invade the intestinal

wall but remain in the lumen of the intestine. They feed en bacteria

„`c. Under unfavourable circumstances, the trophozoites turn into
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prccy'st:i for ni c C\ 1 mail are
thus discharged to the cuts=de along with the faecal matter and these

may reinfect another man. Entamoeba coli is non-pathogenic.

A brief account of the other parasitic forms of amoeba with

reference to their habitat, morphoh v of trophc'zoite and CVs:i,c
forms illustrated with suitable d:.

1. Entamoeba gingivalis :

Habitat: Entamoeba gingival:, is found in the hurnsn mouth,
usually in nyorrhoeal pus pockets. It is non-pathogenic.

Trophozoite is 10 to 20 microns in dim nsion. No red blood
cells arc found. Within the endop'as n are open ;nc!,ested pu. cells.
A sing;: aucieus h .

I, _ - _

1-j f .`. 74QiejetitedJiii (-9 .'''.: •' : • '. '

Fig 1.47 Trophozoite of Entamoeba gingivalis

Cystic form is not known.

".lode of infection ?nfeetion takes place by mouth ; mouth
contact.

2 Endolirnax nana :

Habitat: Endol;max nana is found in the lumen of the large

intestine of man. It leads the life of a harmless commensal.

Trophozoite is 6-12 microns in diameter. It moves like a

slug. It ingests bacteria hot n eer the R.B.Cs. The nucleus with a
karyosonie fa;ur:d eft ' :'. ; lone of _ . tnE;1C ll4e rciuolr mass Of
chromatin.
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C oucteas s "- oo0lei t
cco04ozoi[e Z-4 cyst of eednlimaxnsaa

Fig. 1.48 Trophozoite and cystic forms of Endolimax nana

Cystic Forms : Cysts are oval or ellipsoidal in shape. Mature

cysts contain 4 nuclei. Glycogen mass and chromatoid bars are not
found.

Mode of Infection : Infection occurs through the ingestion of
cysts.

3. Iodnmoebo butschlii

Habitat: Iodamoeba but; chlii inhabits the colon of man. It

never invades the tissues It is non-pathogenic.

Tropho;oite measures 8-12 microns in dia meser. Ingested

b4ctcria are found in the cytoplasm. R.B.Cs. are not ingested. The

nucleus is fairly big and 2-3.5 microns in diameter. Karyoso:ne is

large and circular and in the form of a black mass.

vif a

sa
glycogen

2 cystic formlrophozotte

Fig. 149 Trophozoite and cystic forms of Iodamoeba butschlii

Cystic Forms : Cysts are spherical or oval in shape, uninu-
cleate and are 8-12 microns in diameter. More than one glycogen

mass is present. There are no chromatid bars. Nucleus is eccentric.

Mode of Infection: Infection takes place by the swallowing
of cysts.

z-I-51
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1. 1?ienl,ernocba rfa,gilis

lfb.!tat: Dlentaini;eha N t nrlii 1n the tn est toe of

jean an. not I-pa[ :'_7 t_cnie.

sl•Clt;l p d

;iliCl!'1

nucleus

clei t foam aninueleate form

Fig. ISO Dientamoeba fragilis-Binucleate and uninucleate forms

Trophozoite is b-nuc?eate aid 5-12 microns in diameter.

Pseudopodium is leaN;ke and lobed and consists of ectoplasm only.

ingested bscteria are found. No R. B. Cs are ingested. Cytoplasm

o` the para,i:e i very tr .gre and d_ Teoerates son after )caving its
host.

Cysti' Forms : Cysts ha°e rt:var heen satisfactorily demonst-
rated.

Mode of fn ctiou : lnfe:rion ee.atrs by direct contact with

it ophozo phase.

Rcviaion questions

1. Describe the life history of Entamoebahistolytica and mention

in brief the various symptoms of amoebiasis.

2. Give an account of the life history of Entamoeba coil. What

ae ;he various morphological differences in the trophozoites
d cystic forms of Entamoeba histolytica and Entamoeba coli ?

ghat are the various types of parasitic amoebae which infect

man? Describe in brief the life history of nv ne pathogenic
'm of parasitic amoeba infec:inR man.



CHAPTER II

COELENTERATA- DIPLOLASTICA

[Animals with two layers of cells]

You have studied in the previous chapter a few examples of
unicellular organisms both free living and parasitic. We will now

study some examples of multicellular animals which are, as previously
mentioned, included in the group metazoa.

There are several examples of metazoans, both simple agd

complex, which you will be studying. The metazoans are distingui-
shed from the protozoans not only by he larger size but also by the
high degree of differentiation and specialisation of their various
component parts.

T11c structure of a simple metazoan belonging to the phylum
coelenterata may be studied ifrst. The word Coelentesata (Gr.

koilos, hollow+ rrteron, in`estine) literally means hollow intestine.

A generalised coelenterate in its simple conceivable form has a sim-
ple sac-like body containing a central cavity called the enteron. It
opens to the exterior by a single aperture, the mouth. The walls of
the sac-like body are built up of two layers of cells. The outer layer
is the ectoderm and the inner layer is called the endoderm. These

two layers are separated from each other by a non-ccHuixr jelly-like
substance, the mesogloea.

mouth

by.postome I
ectoderm

tentacle

enteroo

ectoderm

A mesogloca B emeroo
endoderm

mesogloea

endoderm

Fig. 2.1 Generalised structure of a Coelenterate
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The body of a coelenterate as F'1 'I i_. r'!)r:?po;eti of tt1Vo ccill.liar

layers. They are therefore referred to ..- two h &rcd imab, and are

included i,. he Dip lu!dais a.

Hydra

We wiil now study in detail the structure of a simple met -

zoan, the Hydra. It is a diploblastic animal belonging to phylum

ceelenterata. It i found in ponds and ditches, adhering to wait
\e:ds h wme: ta'nk's. ll dry s u. eiiv a! ain a nih of

tc Ctc!

o®outs

rl \\. :
,IJJ ,ovary

Fig. 2.2 I-iydra in an expanded and contracts i phase

External Characters : The body of Hydra resembles a hollow
cylinder with one end closed and the other open. The closed end
is called the basal disc or foot. It is found attached to a weed of any

other aquatic object. The open end of the body opposite to the basal
disc is produced into a conical structure called the hypostome or oral
cone. At the apex of the hypostome is situated a circular opening
called the mouth. From the base of the hypostome where it meets
with the bo ly proper, there arise usually four to six and occasionally
eieht long delicate hollow out-growths called the tentacles. These are
arranged in the form of a circlet. The mouth leads into a spacious
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central Cavii), the ente1on Commum41 c=; wt l: tLx. ( t`1;t,c:•, ol
the tentacles.

On account of the presence of a circlet of tentacles surrounding
t.?:c mouth, the body of Hydra is radially symmetrical i.. e., the body
t , (i'isrbie into similar parts all round radiating from a common
central axis. The rylindrictd body of Hydra with its circlet of

tentacles bears a superficial resemblance to an octopus. Hence hydra

is referred to as a polyp (L. polypus, with many feet)

The following well established species of Hydra are recog-

nis d.

(I) Hydra vulgaris : It is colourless and is found in all parts
of India. (2) Hydra oligactis (=H. fusca) is pinkish yellow or brown
r colour. It has a stalk and the length of the tentacles is upto 25

in. It is found in certain parts of India. (3) Chlorchydra viridissi,na

(=H. viridis). It is bright green in colour and has not been reported
so far from any part of India. The tentacles are slender and are not

much longer than the body at rest. However, the tentacles can be

extended to a very great length. (4) Hydra attenuata is also brown
in Colour wlf_ ut e s`a'i The t.ii:acles ac twice the length of its

body.

siloreme, t e u1 Lorurno' on . Hydra continuously changes its

form. At one time it elongates its body until its length is fully 15

times its diameter and the tentacles look like long delicate iflaments,
At another time, the body of hydra is almost contracted into a

globular mass and the tentacles look like little blunt knobs. Besides

these movements of cuntraction and expansion the hydra moves from

place to place by the following modes of locomotion.

1. After the manner of a looping caterpillar: In this mode of

locomotion, while the basal disc remains attached to the surface,
the body is bent round so that the distal art of ;he boJy i e., the
tentacles touch the surface. Now the basal end is detached and it

soon fixes itself at a point nearer to the trr. tacle so thai the entire

body forme a loop. Now th body expands and the tentacles lose

their grip and seek a fresh point of attachment, bit ahead to the

former one. The base is they. detached and is again ifxed a: a point

nearer to the tentacles. The loop is thus formed again, after whicn

due to the expansion of :he body the tcntacle5 seek a :ICW p;iiit of
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attachment. 1n this way, this process i repiaie i;i the older

mentioned above. These movements resemble in genes ! the loc.p-
log movements of a caterpillar.

a. lfoati;ig

O

h ir,e lids

i

c, somersaulting

r

d. crawling on tentacles like cuttle ifsh

Fig. 2.3 Various modes of locomotion in Hydra

2. Crawling : Hydra can also mgve from place to place b;
crawling like a cuttle ifsh by means of its tentacles. The body during
crawling on tentacles is kept nearly- vertical.

3. Somersaulting : A third method of progression is by a
series of somersaults, i e , Hydra siands sometimes on its base and

i otber times on its tentacles.



4. Floating : Hydra may float very rarely at the surface of

7e water by rn:ans of a bubl "v of gas secreted by certain cells of the

basal disc. If may as suet se a cried about pu ,ively by means of
wadc r currents.

the Body Wall

The cylindrical body c; Hydra is composed of distinct cellular

layers. The outer layer of cells is called the ectoderm and an
inner layer of cells, the endoderm. In between these two cellular

layers is found a thin layer of structureless jelly-like substance
called the mesogloea. The electron microscope shows that mesogloea

is granular and sometimes as a fibrous structure and is not limited by
a distinct membrane. Ic penetrates in between the cells of the body-

wall like a cementing substance a' d it appears as if the cellular iaycrs

CUIE((Iii

e.t

endadcro)

rnesogioe

Fig. 24 Transverse section passing thiuugl, Eli, h . _. of1t;dr.;

are found embedded in it. The essential feature, thus in to
stricture of the body wall is; ths': it consists of two distinct cellular

layers round the central cavity or enteron and the cavities of the

tentacles. ' This structure can very well be understood by observing

the transverse and longitudinal scetion passing through the 1 .idy of
Hydra.
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Hydra is a diploblastic animal with two distinct cellular Jaye: s

namely the ectoderm and the endoderm radially arranged round
the enteron th a space .n hets een these cells filled tin with the

mesogloea.

stinging

_€

Fig. 2.5 Longitudinal section passing through the body of Hydra

The detailed structure of the two cellular layers i e., the
ectoderm and the endoderm is discussed below.



4. Hoating : Hydra ray float very rarely at the surface of

he water by means of a bubl 'e of gas secreted by certain cells of the

basal disc. It :nay a suc` earned about nus::iveiy by means of
waorrr currents.

l c Body Watt

The cylindfieal body c _ Hydra is composed of distinct cellular

layers. The outer layer of cells is called the ectoderm and an

inner layer of cells, the endoderm. In between these two cellular

layers is found a thir4 layer of structureless jelly-like substance

called the mesogloea. The electron microscope shows that mesogloea

is granular and sometimes as a ifbrous structure and is not limited by
a distinct membrane. Ic penetrates in between the cells of the body-

wall like , cccnenting substaLce ad it appears as fthe cellular faycrs

(lf tc nn

endoderm

1

• _- mesogloea
0

I . 2.4 Transverse section passing t!ituugt the t ;ay of Hydr:;

are found embedded in it. The essential feature, thu, in he
structure of the body wall is; thit it consists of two distinct cellcla

laves round the central cavity or enteron and the cavities of the

tentacles. This structure can very well be understood by observing
the transver,; and !ongi udinal section passing througb the r oda of
Hydra.
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Hydra is a diplohlast e au hnal with two distinct cellular layers
nameiy the eel oderm and the endoderm radially arranged round
the enteron with a space in hetween these cells iflled up with the
mesogloea.

ypos o
e mouth

stinging cells _- I I L :

mesogloca

enteron

young bud testis

lfagellated cell gland cell

ectoderm

old bud

egg cell

'';)

i

eududam ' ;

Fig. 2.5 Longitudinal stiction passing through the body of Hydra

The detailed structure of the two cellular layers i.e., the

ectoderm and the endoderm i ,ii eussed below.



The ectoderm is the our-most layer of the bony covering it

superifcially. The cells cf the ectoderm are no doubt simple but
they have undergone considerable differentiation into several kinds.
The following types of cells are thus recognised.

(a) Musculo-epithelial cells (b) The interstitial cells

(r) Nematoblasts (d) Nerve cells

(e) Sensory (receptor) cells and (f,) The germ cells.

(a) The main bulk of the ectoderm is composed of the
musculo-epithelial cells. They ate conical in shape Their broader
bases lie away from the mesogloea. These bases at the superifcial
surface of the body are linked up with one another forming there-
by a continuous superifcial covering to the body. The apices of these
cells are turned inwards towards the mesogloea due to which spaces

are formed in the deeper parts of the ectoderm. The spaces are

called the interstices. From the apex of each musculo-epiihelial cell,
a long contractile protoplasmic process arises on each side. These
processes lie along the mesogloea parallel to the main axis of the
body and are termed as muscle tails. They are highly contractile.

The muscle tails of the adjacent cells overlap with each other. The
contraction of the body is brought about by these muscle tails. The
electron microscopic studies have revealed the presence of a thin

cuticle on the ectoderm cells except on the cells of the basal disc.

(b) The interstices are iflled up with an undifcrentiated mass

of small cells called the interstitial cells. They are small and round
and are capable of g.ving rise to any of the other kinds of ectoderm
cells including the reproductive cells or the germ cells. The inter-
stitial cells continuously give rise to the nematoblasts which are

continually being used up by the animal.

(c) The nemaloblasrs (cnidoblasts)are highly specialised ce is

derived from the intcrstiti?l cells. They are found in groups or

b:ri et ies and lie embedded in the superifcial layer of the ectodern .

Each nemitoblast secretes a remukable structure called lie

uemato yst. Th se nematocysts which are abundantly foun3 on
the tentacles arcs :I : . .. ..._..:d L' _n, . jc._I in , a1 siriU

tad ki". r ,';;. 15rc .
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Fig 2.6 A portion of L. S. of the b dy wall of Hydra (diagrammatic)
to show the structure of ectodet>i along with sOt1 isolated ect,Sdetiii Ce1L



• ,iur kinds i.e., ( i ) the penetrants or
stenoteles, (2) the solvents or desmonemes, (3) the large glutinants
and (4) the small glutinants.

Penetrant or stenotele is the largest type of a nematocyst. It

e. n.ists of a tough ovoid lfask-shaped capsule iflled up with a ifuid

and provided with a lid or operculum. The neck of this capsule is
produced ;nto a wide tube lying inverted into the capsule and tapers

t _ wards its inner end. This entire tubular portion is differentiated

into the followirg three parts. (i) A short wider basal part called the
shaft which is soon followed by a portion called (u) the spinneret.
The spinneret bears on its inner suiface three pointed stylets or bars

and six spiral ridges in which are found embedded minute spines.

The sp nneret is followed by (iii) a long coiled iflamentous stinging
thread-like tube open at its free end. It lies in the lfuid-iftied capsule
and in an undischarged state, winds around the shaft and the

spinneret, in the form of an internal coiled tube. When at rest, the

pJints of the stylets converge towards the operculum forming thereby
a sort of a nozzle. The wall of the capsule and the stinging thread is
formed of a collagen-like material. At one point of the nematoblast

nearer to the operculum, there projects from its surface a small

sensory bristle the caidocil or the trigger. In some coelenterates, it

is absent. The nematoblast contains a large nucleus.

The mechanism of the working of a nematocyst is as follows:

When any animal found in the passing water comes into contact

with the enidocil or any other parts of the nematoblast, it contracts

suddenly exerting consequently a pressure on the nematocyst capsule.
This results in an instantaneous eversion and uncoiling of the inver-

ed thread-like tube which pushes aside the lid and is shot out in the
corm of a long stinging thread. The thread may penetrate the body

of the prey. The lfuid from the capsule through this tube is injected
nto the body of the prey and may paralyse it. The lfuid contains a

poison, which is a protein and probably also includes 5 hydroxytry-

ptamine. This substance is about 75% as toxic a cobra venom and
is capable of paralysing large animals like a water-lfea (Daphnia) or
sm:iI worms.

The structure of the other three types of nematocyst is

n;;,diy the same as described for the large penetrant. The differe-.
i: v. vet lies in (he firm any functioning of the everted tht nd.
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Fig. 27 the structure of a nematocyst (Penetrajil)
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The co' vokents hen discha ged winds into a tight
cod around the animals like small crustacea This helps in holding

he prey for a longer duration. in the case of glutinants the thread

after discharge remains straight and possesses adhesive property. It
adheres to the prey. The threads of the large glutinants can also

penetrate, the i'issucs o n, a unnaL

h_r etra -_.
gIutiusnt

Ii vokent small "lutiuant

r

DI

p 1
Ai-DI undischdrbcd state

A_-D2 discharged sat
Fig 2.4 Various types of nematocvsts of hydra

(d) TLe interstitial cells may give rise to the nerve cells.
They lie outside the muscle tails and between the bases of other

cells They form a sort of network -n ectcdermal as well as on the

endodermal surfaces of the mesogloea.
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F3ch ee: ', .;ri ha ; a dis'.inc.

ecU body, with a nucleus and a

number of branching procesfes (See
fi. 2.6). The ifne branches of these

processes intermesh with those from
the neighbouring cells formingthere-
l;v a sort of nerve net. Certain of

tt: e nerve ifbres are a'.so connected to

rue musculo-epithelial cells whilst

others take their origin in the recep-
or cl!_.

„cr,e ,,e!

(e) The sensory cells or re-

c• ptor ccil;. columnar in shape, are
fc•und more abundantly in the ecto-
derm thin in the endoderm. There

is found a minute conical projection
at their free end and their lower end

prlon ed into a nerve ifbre (See Fig 2.9 EctoJerm+' -._rve net

in Hydefiu.2.ô)

± The interstitial cells of certain restricted rezi ns of the

bod: multiply repeatedly in the warmer months of the year and are

differentiated into the rer>roductive or the germ cells. The regions
of the body where t.ctive prolifer.rion of germ ce?'s takec piece re

termed es gonads It is a g pera! _em nl:,d to an uruo.n which

gimeic, or sex cells are produced.

On the basal disc of Hyctra ar. found stri tiV sne .king mus-

cui gland eels. These secrete a sticky substance This substance

hips the Hydra in its attachment to the substratum through its basse
disc. Other tyFes of gland cells ;re found around the margin of the

hypostome. They secre'e mucus which facilitates t?'e swallow r.n cf

Serge food particles.

The Endoderm : The endoderm lines the enteron. The struc-

uire of endoderm cells is much simple as compared with the ectoderm

cells. It consists of a single layer of large cells resting on the me o-

`loea. Two types of endoderm cells are recognised i•e., the digestive

cells and the gland cells. The hoses c f the digestive ce11 are prolon.-
, ed :lito n1uct le •:t:l run rues io t ' xis of the
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body. Some of ihe;c cells ore c.pahle of forming pseudopodia. They
secrete digestive juices and engulf food particles in the form of food
vacuoles within their cytoplasm. As these cells form the lining of
the enteron, the cavity of the enteron can be seen nbw and then
obliterated due to the formation of pseudopodia by these cells.

Some of these cells instead of forming pseudopodia may also bear
:vo to four lfagella towards their free ends.

Thy gland cells are devoid of muscle aik c.n_i do not rest on

the meso'.loea. They secrete digestive juice.

1?:.tween the large endoderm cells are a_'so found a few small
caie.s tl'; gal cells. The receptor and the ?'r;`.'C ee'ls have also been
reported to he scattered in this layer.

Symbiosis : in the large endodc ar el? of Been hydra (i.e.
Chlorohydra viridissima) ire found small spherical green unicellular

algae-Zooch!ore!fae. They are so abundant in number that the
whole animal appears green in colour. It is also noted that they are

even passed on from one generation of hydra to another by entering

its developing oocyte. Exact mechanism of this transmission is how-

ever not known. Similar but ,lot n cessarily identical algae also
c ccar in the cells of certain other coelenterates e.g., corals and sea -

anaemones and some flat worms like Convoluta.

This type of intimate association between two organisms like

green Hydra and Zoochlorella is called symbiosis. Both the organisms
live together in complete ha;men} and derive mutual beneifts. The

algae which lives in the endoderm cells of Hydra is called the

symbiont.

The symbiotic algae bui d up carbohydrates from carbondi-

oxide and water by a process of photosynthesis. The proteins are
synthesized by a combination of elements of the carbohydrates with

nitrogen obtained in the form of solution of nitrates from the sur-

rounding water. It is on account of the presence of the green algae
that Chlocohydra viridissima always tends to move towards a source

of light which as mentioned above, is necessary for the process of
photosynthesis performed by the algae. Daring photosynthesis the

oxygen given off by the algae, is utilised by the animal symbiont for

respiration. The CO., liberated during respiration is utilised by the

algae for the photosynthetic process. hTe algae also absorb and utilise
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much of the hhusph2te and nlirogen.:a': waste ci in r (ed by the

animal. Thus the algae and hydra are in a state of mutually ber;e-

ifclal assoclitlon. On onf:side, the algae gi s ection as nail

mesogloca
nucleus i

i'

,nCf57:ilalc St

.:.: ` '. :c°:': ncr\ t cell
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musculoepill c iial

; °• lillnu__iii:r- ':.. 1 '•, -. - ift, .-
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. inter=,its,-.
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'ltail
,a .r vacuoles

Fig- 2.11) Longitudinal section passing through the iadp of
hydra showing ectoderm and endoderm

substances iron: the animal, useful in the synthesis of its food. The

algae on i is part, supplies the animal with a certain amount of oxygen
which it requires.

The brown hydra i.e., Hydra fusca (=Hydra oligactis ) has
in its endoderm cells, a brown algae called Zooxanthellae,
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Feeding and Digestion : The food of hydra consLts of water
lfeas and other small animals. When a small animal comes in contact

with its tentacles, it discharges soon the penetrant and volvent type

nematocysts of that reg`on. The threads of tl^e penetrants inject the
lfuid into the body of the prey, due to which it is soon paralysed.

Now the threads of the volvents coil round the body of the prey to

hold it ifrmly, before it is taken into the mouth. Later the tentacle

holding the prey contracts and curls over towards the mouth. The
other tentacles gradually bend over towards the tentacle holding the

prey and ifnally all the tentaces contract so that the food is brought
just above the mouth. The mouth now opens widely and ingests the
prey. The animal will not take the prey into the mouth unless it is

hungry. In addition to the live prey, hydra ingests dead animals and
even bits of gelatine that have been soaked in a crustacean juice.

The food ingested through the mouth is taken into the ente-

rca. If the animal ingested is alive, it will remain so, for sometime

Hit sooner it is kliled by the action of the digestive juices secreted
v the gland cells of the endoderm. The juice con :n ins a digestive

enzyme, the primary function of which is to reduce the food into

r ,alder particles within the enteron. I,ater on, the fine particles of
rood are engulfed by the pseudopodia of the endoderm cells and are

Taken into their cytoplasm along with water as food vacuo'es, in

the manner, as it occurs in emoeba. The food is ifn ally digested
within the food vacuoles of the endoderm cells. 'fl:e digested por-
tior:, a e later absorbed and assimilated.

The lfagella of the endoderm cells by their vibrations maintain

-+ cor.t;nuous current of water within the enteron. This helps in the

ru:stribution of food particles towards the various endoderm cells

which enrulf them by their pseudopodial activity. The distribution

of the smaller food particles is al=o brought about by some endoderm
cells. Such endodermal cells after engulifng the food particles within

their cytoplasm lose contact with the neighbouring cells and wander
about in an amoeboid fashion through the enteron to Variot's parts
where the food is needed.

The indigestible parts of the food are fr,t ttrrowa i ito the
enteron. Later, by the sudden muscular contractions (.f tie body
7. 1 G 1
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Fig. 2 1 ] The mechanism of catching the prey in Hydra
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these contents are shot out of the enteron through the mouth only.

There is no anus. The mouth plays both the roles of ingesting the

food particles and egesting the indigestible portions out-of the body.

From the above account, it is now evident that the digestion

in hydra takes place in two phases.

In the ifrst instance, the digestion starts in the cavity of the

enteron where the food is reduced to ifner particles by the action of

juices. This is just what happens in the higher animals within the
lumen of the alimentary canal. This phase of digestion in Hydra is

ca?led intercellular or extracellular digestion

In the next phase, the ifner parti ;les are aken into the

cytoplLsm of the endoderm cells in the form of food vacuoles by the

p eudopodial activity. The food is digested completely inside the

endoderm cells just as it occurs in amoeba etc. This phase of

digestion is referred to as intracellular digestion. The products of

dieestticn, by diffusion from the endoderm cells pass to other parts
of :he body.

Intracellular mode of digestion is probably retained in h d;a

out of sheer necessity. The contcnts of the enteron on account of

the constant lfow of water in it, make the digestive juices secreted,

quite dilute. This diluted digestive juice cannot bring about com-

plete digestion and as such by resorting to intracellular digestion,
the animal digests its food completely.

Hydra as such is a good example of an animal where two

distinct phases of digestion are seen. The extracellular or inter-

cellular digestion in the enteron is comparable with the process of

digestion occurring in the alimentary canal of higher animals.
Intracellular digestion in the endodermal cells is comparable with

the process in a protozoan like amoeba.

Respiration and Excretion : There are no special organs for

respiration and nitrogenous excretion in hydra. It can therefore be
concluded that the exchange of gases during respiration and the

elimination of nitrogenous waste takes place over the whole surface

of the body wherever it is in contact with water.

Reproduction: Hydra has two distinct modes of reproduction;
(a) asexual and (b) sexual.
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(,il Asexual Reproduction : 1 h chief tuodc of asexual repio-

l,Ecton takes place by a process of budding. Budding occurs during

summer months when food is abundant. A protuberance at ifrst

,appears at one point of the body which consists of both ectoderm
and endoderm with a continuation of the enteron. The bud so

formed soon increases in size and the tentacles develop at its free

end. Finally, the aperture of the mouth is formed in the centre of
the circlet of tentacles. The bud has assumed all the characters

of a. young hydra (see figs. 2.2 and 2.5). Now the bud becomes
constricted at its base and later detaches itself from the parent

individual The young individual so detached migrates upwards
towards the surface of water. Sometimes several buds are formed

at one time. Each such bud so formed may bud again to form

secondary buds before detaclyrment. It this way, a sort of a tempo-
rary colony of buds is formed. These buds sooner or later are

detached from the p rent bed into he surrounding water as sounh

In the Indian sro.un:cn s, r .rJ more then two b'tds nreformcd

at a t me. These buds further do not form secondary burs.

if a hydra is cut into two parts, not below a certain minimel
5 ze. and in which ectoderm and endoderm are found, then each cut

piece is capable of restoring its lost part and soon assumes the forma
of a full-lfedged individual. Th s capacity to regenerate the lost pass

also met with in other animals, is called regeneration. The name

Hydra is rather given on account of its capacity to regenerate.

According to Greek mythology, there was a great sea-serpent Hydr
to which Hercules went out to kill. This monster had nine heads

and had the capacity to regenerate a new head, if any one of its heads
was cut off. The two headed hydra, can like-wise be produced by
cutting it from the oral end baekward° for some distance. Each
bifurcated end later can develop its own head with tentacles. The
'two headed' hydra thus can be obtained by this power of regenera-
tion. Thcse t.-:o nrai ends are In sever connected n ith a single

sihor:a r t!

h), .S. vna% Reproduction : W ;ra repr_'duCCS exuaily also. It
r _ut to sexual reproduction in the autumn. Sexual organs called
onads develop on the body. There are two kinds of gonads--
11 the male gonad i e.. testis or spermary and (2) the female gonad
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or ovary. Both the testis and the ovary may develop on the body of
the same individual. Such an individual is called bisexual or a rerma

phrodite. The symbol is used for a hermaphrodite animal. In

India, hermaphrodite individuals are not reported. Even if hydra is
hermaphrodite, it resorts to cross fertilisation only-as the testis
becomes ripe earlier than the ovary. In some hydras the sexes may
be separate. There may thus be male hydra developing testis and
female hydra developing ovary. We use the symbol for the male
animal and the symbol for a female individual.

The gonads develop on the body only temporarily duri:ig tine

bree.ing season.

The spermary or testis, is in the form of a white c:ouiuai
Llcvation situated on the distal part of the body. Usually one or two

testes develop at the same time in a single individual but occasional v

there may be as many as twenry spermaries. They are colourless

even in green and brown hd:a as they are formed exclusively from

the ectoderm (See fig. 2.2).

In an immature staid, .lie ie t s consists oi' a group of inter-

sdiial cells covered by an investment of large lfattened ectoderm

cells (gee fig. 2.5). The multiplication of interstitial cells finally
gives rise to the sperm mother cells. These sperm mother cells called

spermatogonia now undergo reduction division to form a lame

number of spermatozoa. Each sperm consists of a small ovoid head

containing a nucleus and a long vibratile tail. After the formation

of sperms, the superficial investing layer of the testis ruptures. Thu.,
ilc sp.rms are liberated which swim freely in water and can fertilize

,:n o\ uii1.

the ovaries are found at the proximal end of the body. 1 hest.

\,a y in number from one to eight. In a mature state, the ovary is
larger than a testis and is hemispherical in shape.

In an immature condition, the ovary like the spermary begins
as an aggregation of interstitial cells. Thus, in tie earlier stages,
the sex of the gonads is indeterminate. In the later development of
the ovary, contrary to what happens in testis, one cell begins to
grow faster than the rest. It soon assumes amoeboid phase and

sends out pseudopodia all round. It ingests the surrounding cells
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and grows in size at their expense. This cell in a growing state is

called the oocyte. Ultimately, this single cell only presists with an

investment layer of cells form;ng a capsule hot it. Yolk g :inules arc

s er[saf ec. •r5 - I \'. .t•,:. c .c to
spermatozoa tht

1I `S' ,.j .,O C

Pig. 212 T. S. Bo,-1y of Hydra-(A) P.t;siug through tnc ie,tis

(B) Passing through the ovary

also deposited in it and in Chlorohydra viridiss ma, i a so aequires

zoochlorellae. As the ovary becomes ripe, the pseudopodia of the

egg cell or oocyte are withdrawn. It assumes a spherical shape and
becomes a mature egg or ovum. Now the investing layer of the ovary

ruptures, thereby exposing the ovum so as to allow free access of

sperms to it. One of the sperms in the surrounding water jtatcs

with the ovum and produces the oosperm or zygote.

The fertilised egg or oosperm soon undergoes ciec or
division as a result of which, a hollow ball of cells-the blastula is

formed. Its central cavity is the blastocoel. It soon becomes gastrula
During gastrulation, the cells from the wall of the blastula migrate

inwards from all directions. The cavity of the blastocoel become

much obliterated. In the mass of cells that migrate inward a new

cavity, the enteron appears. While these changes occur, the outer

layer of cells, the ectoderm, secre`es a horns' envelope or cyst around
the de eicpin Y embryo.



nr ovary. Both the testis and to ovary may deveicp on die body o;
the same individual. Such an jedividual is called hisexual or a i;ernta-

phrodlte. The symbol t is used for a hermaphrodite animal. In
India, hermaphrodite individuals are not reported. Even if hydra is
hermaphrodite, it resor+s to cross fertilisation only as the testis
becomes ripe earlier than the ovary. In some hydras the sexes may
be separate. There may thus be male hydra developing testis and
female hydra developing ovary. We use the symbol ' for tiie male
animal and the symbol for a female individual.

The gonads develop on the body only temporarily during the

bee i rig season.

The spermary or testis is in the form of a white couiral
r ;evasion situated on the distal part of the body. Usually one or twa

testes develop at the same time in a single individual but occasional r
there may be as many as twenty spermaries. They are colourlcs

even in green and brown hydra as they are formed exclusively from

the ectoderm (See fig. 2.2).

In an immature state, the testis consists of a group of inter-

stitial cells covered by an investment of large lfattened ectoderm

cells (see fig. 2.5). The multiplication of interstitial cells finally
gives rise to the sperm mother cells. These sperm mother cells called

spermatogonia now undergo reduction division to form a Iaree

number of spermatozoa. Each sperm consists of a small ovoid head

containing a nucleus and a long vibratile tail. After the formation

of sperms, the superficial investing layer of the testis ruptures. Thus,
t17e sp;mw'; .uc iherated \Vlia: n'.AvIm the I' wLitf illld c, 1 i1 ic('.illle
aim 0' nil.

Ihe'. arses bad ..._ di' l_=raxlmale11a 1 tlkc body. Ihese

ti a: _ in number from one to eight. In a mature : tatm , U.e o : ary is
larger than a testis and is hemispherical in shape,

In an immature condition, the ovary like the rpermary begins

as an aggregation of interstitial cells. Thus, in the earlier stages,
the sex of the gonads is indeterminate. In the later development of
the ovary, contrary to what happens in testis, one cell begins to

grow faster than the rest, It Soon assumes amoeboid phase and

sends out pseudopodia all round. It ingests the surrounding cells
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Pig. 2.12 r, S. Body of Hydra-(A) Passing through the testis

(B) Passing through the ovary

also deposited in it and in Chlorohydra viridissima, it also acquires

zoochlorellae. As the ovary becomes ripe, the pseudopodia of the

egg cell or oocyte are withdrawn. It assumes a spherical shape and

becomes a mature egg or ovum. Now the investing layer of the ovary

ruptures, thereby exposing the ovum so as to allow free access of

sperms to it. One of the sperms in the surrounding water conjugates

with the ovum and produces the oosperm or zygote.

The fertilised egg or oosperm soon undergoes cleavage or

division as a result of which, a hollow ball of cells-the blastula is

formed. Its central cavity is the blastocoel. It soon becomes gastrula

During gastrulation, the cells from the wall of the blastula migrate

inwards from all directions. The cavity of the blastocoel become,

much obliterated. In the mass of cells that migrate inward a new

cavity, the enteron appears. While these changes occur, the outer

layer of cells, the ectoderm, secre`es a hcr nvti envelope or ,-':st a r,rind

the developing embryo.
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The embryo now is shed from the ovary and settles at ? Le

bottom, where it remains quisrent until next spring. With the ap-
proach of warmer weather, a young two-layered embryo comes out of



the cyst. At one place the wait of the embryo perforates to form the

mouth. The tentacles later grow round the mouth. Thus, this
creature retcrred to a tt e 1.:'. non assumes the oLaracters of a

young hydra.

Revision questions

1. What is meant by a diploblastic animal l' .Explain this with

reference to the structure of the body of hydra.

2. Descibe in detail the various modes of locomotion in hydra.

3. Give a complete account of the various types of ectoderm and

endoderm cells met with in the body of hydra. State their
t onctions.

4. Describe in detail the structure and functions of a nem toc st.

Mention in brief the various t5 pcs of nematoc'. its Land in
hydra along with their uses.

5. What do you understand by the terms intercellular aid _ ira-

ceilular digestion ? Explain these phenomena itii . tfm once

to their occurrence in hydra.

6. Give an account of the asexual and sexual modes of repro-

duction and development in hydra

7. Draw well labelled diagrams of the transverse a-td iongiudi

nal sections passing through the body of by r a.

8. Write notes on the following :

(a) Symbiosis

(b) Enteroii

(c) Mecbanktn of fcedino iri hydra.
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TRIPLOBLASTIC;S

i he thlee iavci d aainlai

A'Otl h'C ,0 (C.NII the s'nJ'_

Ilvdra-ao amplc of a dip'oblastic animal.

`.'e will now study in the present chapter and also in the fol-

\.tiin0 chapters, various other examples of me azoans that have
' c ioped further complexities in their structure. The body of these

metazoans is composed of three distinct cellular layers, instead of

'o. Animals built on this three layered plan are included in the

group Triploblastica. In these animals. in addition to the ectoder-
>?1 and endodermal layers, there develops a third distinct cellular

layer called the mesoderm between the ectoderm and the endoderm.

fhe three layers of cells (germ layers) of these animals are

prc c o as such only in the embryo. As the development proceeds

the cells soon become specialised and are grouped together to form
tissues. These tissues in turn become arranged to form deifnite organs

of the body. Of the three layers of cells the most interesting deve-

loprnent occurs in the mesoderm which everywhere separates the
ectoderm from the endoderm lining the gut. The mesoderm gives
rise to the reproductive and general muscular tissue and also a

peculiar sort of loose, cellular tissue called the mesenchyma or paren

chyma. This tissue acts like a packing layer all round the internal_

organs of the body. The ectoderm and the endoderm retain most of
the functions you have studied in Coelentrates. The ectoderm is an

outer protective layer of the body, retaining its sensitive nature. It
further gives rise to sensory and nervous system. The endoderm
lines ?h' gut and petforms the function ohdigestion and absorption.

TI;c Three layered animals are fnr,thrr divi0:d iuto Iwo groups
.- ilie Acoelomata and the Coelomata.
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In Acoelomates, the bJy co_t,ist of Litce layers i.e., ecto-

derm and endoderm and a loose type of layer in between the above

two called the mesenchyma or paren.hyrna. Tere is no body cavity,
hence the name Acoelomata.

endoderm dorsal eS. '. gonodnct

tubular gonad y --- goneA

gut - mesoderm gut
Cif

cnmatic

ectoderm iaesoderm

splanchnic Bmesoderm coelom

nerve cord rentrel B. V none curd

Fig 3.1 Transverse section (Diagrammatic) through
(A) A generalised acoelomates (B) A generalised coelomatie

In the case of coelomates, the middle layer i.e., the mesoderru
splits into two layers--a splanchnie layer which surrounds the

endoderm and a somatic layer which lies below the ectoderm. The

fluid iflled space so formed between the two mesodermal layers is

called the body cavity or coelom. Such animals are called coelomates.

In the ifrst instance we will study the structure of some acoe-

lomate triploblastic animals included in the Phylum platyhelminthes

and class Nematoda respectively. This will be followed by the study
of the various examples of coelomate tripioblastic animals included
in the various phyla of the animal kingdom. According to the
structure, man is also included in L:w lrsp„b'a .ic coelornate group.

Platyhelmulthes -- The lfat worms

The worms included in Pylum platyhelminthes have flat
bodies as the name of the phyluul suggests (Platy, flat; He1m z-
thes, worms). They may be leaf-like, ribbon.shaped or tape-like in
form. They form a large group ut a ttve'y slmpk acoelomate
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tripoblastic animals. There are free living as well as parasitic forms
in the group.

\V; shall here deal in d 'tail, the structure and life history of

a parasitic form called Taenia solium or tape worm belonging to the
class Cestoda (Gr. Cesrus, gridle; old, like).

Taenia solium:

Man is infected with Taenia solium by eating the improperly

cooked pork. In the body of a p g the developmental stages of
T solium occur. As the infection comes from pig it is commonly

known as the pork tape worm. The word solium according to

Leuckart, is derived from a Syrian term `schusch' meaning a `chain'.

Further in Latin so! means the `sun'. The speciifc name solium as

such may relate to the resemblance of the head of the worm to the

ifgure of sun.

Taenia solium or the tape worm, ribbon or girdle like in shape
lives as a parasite in the intestine of man. It lacks the mouth and

the alimentary canal. It may attain a length of 3 to 6 metres. At
the front end there is a tiny knob-like so called `head' or seolex by

which it remains attached to the __ ,
wall of the intestine. The rest of the

body hangs freely in the lumen of the

intestine. The part of the body °""
behind the scolex is called the

strobila. It consists of a short neck

\k-hich is a zone of active proLfera_

ton. The neck is followed by a
region in which the body is divided

op into a number of segments called „r b;,,
the proglottides (singular, protiott s

or proglottid.. The proglottis can be
distinguished into the following

types on the basis of the develop-
iiicnt of reproductive organs.

Fig. 3.? Taenia solium

1. Smell im'narure prog!ottides or segments immediately behind

the r:cck wuerc teprcduc'.ive organs have not developed.



?. ;iflature proglottides containing a comp'ctc hermaphrodite sc.

of genitalia i.e., male and female reproductive organs. Mali

organs develop before the female organs as such the anterior

segments have functional male organs only and those some

where near the middle of the body have both male and femai,.'

organs.

3. [he gravid proglottides form the hin'er part of the strob[a

where the male organs are degenerated and the whole of tV

hroglottis is practically iflled up by the enlarged uterus coiv

taming the fertilised eggs.

[he details of the morphology of Taenia solium or the tale:
arm .+re as follows :

Scolex or head: The scolex is just of the size of a pin's he ,i
and measures about 1 mm in diameter. It bears four cur-shaper

suckers for attachment. The apex of the scolex is producc.l ire?o a

terminal cone or muscular projection e. lied tic rostelluri.

The rostetlum is capable of be-
a' nrotruded and retracted to a

slight extent. Around the base of the
rostellum is found a double row of

curved hooks numbering about 25 h- 1r u1

to 50. They are composed of chitin A : .

and tanned protein. There are

large as well as small hooks alter- J
nating with each other. The large

hooks are 180 if' and the small nooks

130' in dimensions. The hooks are

liaped like daggers or Arabian '
poniards. As ststed earlier, the
region immediately behind the scolex hook

is the neck which is about one halfas thick as the scolex. It is an active area or prourcranoo

region of proliferation in which
Fig. 3.3 Taeniasegmentation is not very obvious.Immediately behind the neck lie (A) The scoiex; soliumx; (B) A hoot(

the youngest proglottides and the older ones away from it at the
other end. The total number of proglottides in an adult worm is
between 800 to 900. The proglottides as mentioned are distinguished
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into immature, nlarure ant ,i'rarrid ones. The anterior segments are

broader than long, then mddle ones are square and the posterior
segments are twice as long as they are broad. The two surfaces of

the proglottides cannot be distinguished into dorsal and ventral
surfaces by the naked eye, but the side where the female reproductive

orglns ate more nearly approximated is the ventral surface and the
opposite as the dorsal surface. In the mature segments near the

middle of the lateral margins of them and alternating irregularly
between the right a :d the left margins are situated thick prominences

called the genital papillae containing a common genital pore. The

=,enital pore is the opening of a chamber called the genital atrium

into which both the male and female reproductive ducts open.

Internal Structure: In orc er to understand the internal tr tc-

lure of he worm, a cross-section passing through the proc'ottis

from the middle region of the strobila can be studied.

The proglottis is rectangular in outline and is covered by a

thic'• Leer of ` cuticle". It is in fact a layer of living cytoplasm

c:,ntaininv mitocho dria and having at its outer surface a brush-like

b rd: r of p-ojections called the mierovilli. The cuticle is called the

tegument which is foro,ed as a superifcia' extension of certain cells of

he m'senchvre. EpiJermis loses its distinctness asa distinct layer.
Below the cuticle lies a ba ement membrane followed by a layer of
c;rcular muscle ifbres. Bµlo.v hee;e circular muscles tic a mach thicker

bed of longitudinal muscle::,

Just below these looci uJ nut ;r_as:r!es . re em'aedded the cuti-

nle t r u ng cells in the outer part o₹ the parenchyma (outside a

second layer of longitudinal muscle ifbres) The tegument is perfo-

-:.ted at intervals by ifne canals at the bottom of some of which are

found either the superifcial ends of gland cells or else free nerve
endings. Other minute canals perforating the tegument divide into
branches and ifnally open into the parenchyma. These canals along

with the numerous vacuoles are helpful in taking substances into the

proglottis of the worm. The microviili greatly increase the absorp-
ive surface. Another ayer of muscle ifbres running transversely

f, om one side of the proglottis to the other is found below the inner
longitudinal muscles. There also extend across the proglottis a
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number of vertical muscle ifbres. This central part of the pro lottk
is practically occupied by the reproductive organs. Towards the

tr£urnent

baseni

mcmb -nue

circ. rruvc..

_ - 4e - long mu;c.

• mitochondria
fat

GQ°; :.1 endoptaemic
rcticuiunI

ir;umen[

J 11; •' .,or (ingtriI

Li 1i Qlliw•p nucleus r '2'f
protein .,. (41 - fat
er 0alloid

Fig_ s•4 Vertical section of the body wall oC a tape worm.

From an electron micrograph)

lateral margins of the grog ottis are to be seen the cut ends of the

longitudinal nerve and jus! median to this, the longitudinal excretory

canals. There is also sufficient storage of glycncen in the proglott:;,.

Nervous System : There are found in the scolex two not well

deifned nerve ganglia in the form of transverse ganglionated bands.

From this are given off a number of slender nerves to each of the

suckers and also arise two stout nerves which pass backward one on
each side near the lateral m rei'. of r' If) lcc a] e =

entire length of the rtrohf. .
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The Excretor_t' System Ihis sys?cm
cor;lists of much branched tubules. There

are to be seen four main longitudinal

excretory canals. In the more anterior

part of the strobila, there run at the lateral

margin of the proglottides two longitu-
dinal canals, an upper and a lower ore

on each side of the proglottides. In the

region of the scolex, the two pairs of
longitudinal vessels are connected with

a ring vessel. In the more posterior region
of the strobila, one of these is lost on each

side and only a single longtiudinal excre-
tory duct rc s a_ at each side cif she
proglott a .

nerve band

lateral

longitudinal
nerve

Fig 3.6 Tape v,arm
Nervou> scsta„i

Ner r the poster;:. r nicea=in',f earl prortiotti' , the longitudinal

t'cs e s are connected by a sire ight rrar:sver≤c vessel. In the poste-

rr-mist proglottis of the strobda, the longitudtnzl trunks open

r eg !lu:l

!:4 I

! / Ii 1- - IIcxcraurr I ion;;itud aat`
I... doer

ressei .

omt,

!e<retn:y, tduct \\\I< //;1
Fig. 3'7 Tape worm-excretory system

a pulse ile caudal vesicle which communicates with the exterior

through a common excretory pore. In case the last proglottis I;

detached from the strobila (as it often occurs), then the longitudinal
vessels oxen sepa_ratclv to he cxter or through the r respeci isa

openings.
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The main trunks of the excretory system alwa_v divide into

number of canalicules ani capillaries Nhi h ul m„tely termi state

in eci :1 types of cells called the flame cells.

7'he lfame cells lie fairly superifcially in each progiottis. They
drain their contents into the system of excretory tubules described

above. The excretory products are ultimately discarded outs de the
body either through the common excretory pore or through the

openings of the longitudinal excretory vessels as the case may be.

1 The structure of a lfame cell is as follows. Each flame cell
1 consi ns of a nucleus found disp.'a ed to one side of the cell. The

cytoplasm of this cell contains a large central cavity called the cell

l ,men, which is continuous via the intracellular duct with the ifner
branches of the excretory tubules. Wi hin the cen'ral cavity of the
fame cell projects a bunch

of lfagella. The lfickering orolo g.,;oos ine
movements of these lfa-

e.ila look like a flame,
hence the name of the ceniw„en

It is likely that the

soluble excretory products

diffuse through from the
surrounding tissues into

i to central cavity or lumen
of the lfame cell. The

vibrations of the lfagella
sift the lfuid received by
diffusion into the excre-

tory tubules. The role of
the lfame cell is also osmo-

regulatory. The lfickering
movements of the lfagellae
set up sufficient suction

pressure and draw excess
fluid accumulated in the

surf .;undiug parernchyma.

Z-1-71
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The fl''ci sa dratsn may thus be discharge; to the exterior through

he excretory pores.

The digestive system is totally absent in tape worms. The scolex

is e.rclc!sively an organ of attachment. The respiratory and circulator;
systems too are likewise absent.

Reproductive organs: In all the mature segments of Taer a
sohum, a complete :set of male and female reproductive organs ar€

found. In an adult worm; thus, each segmnt with reference to a
complete set of male and feniala reproductive organs may be looked
upan ;: a `single individual.'

The reproductive organs first appear at about the 200th pro-

glottis At ifrst, the male reproductive system is differentiated ac d
l i c' Je female part of the reproductive system is also differentiated.

The study of a mature prog1o,t s em n sh:e the 1 _iled struc-

the reproductive organs.

The male reproductive org ns lie u t the dorsal surface of each
ma[ure proglottis. They consist of a number of testes 150 to 200 in

each segment in the form of follicles. They are distributed through-

out the dorsal plane of the proglottis. Each testis communicates

with an efferent duct (vas eferens). The effereut ducts of the

neighbouring testes unite together to form larger ducts and these
ducts ultimately communicate in the centre of the proglottis with a
much coiled duct, the vas deferens or the main duct of the testes. The

vasa deferens runs towards the lateral margin of the proglottis on the

right or left side where its terminal end communicates with a

protrusible muscular structure called the cirrus or penis enclosed
within a cirrus pouch or sac. The cirrus pouch opens through the
male genital aperture into the genital atrium on a swollen genital

papilla.

The eraale reproductive organs lie on the ventral surface of
ea h mature proglottis. They consist of a bi-lobed ovary with
a.f ,)roxim'.te'y equal left and right lobes, the two lobes being join-
ed together by a bridge. The ovary lies towards the posterior border
of the segment. The bridge of the ovary leads into a minute oviduct.
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The female genital pore situated in the genital atrium, leads

into a narrow tube called the vagina which runs inwards and back-

wards towards the middle line of the prr glottis and joins a dilated

I.
^ ..0

as deft ri'nS ^ •
0 0

e o ➢
° o a uterus

nettital

II . iu!a - `̀y e°, ° lateral

4'' 4_::t:::0at' 60o

J0 o i( °:ono a :+ c Q,G.oviduct °l° ei mehli's gland

od
.r ovary

'ItCl.li? ° Q iteiline duct

gland °,

SC nililal e'
ureceptacle .`° ootype,o ,a

Fig. 3.9 Taenia solium-A mature proglottis showing
reproductive organs

tube called the seminal receptacle or receptaculum seminis for the
storage of sperms. From this arises a constricted tubule called the

spermatic duct, which receives at its terminal end, the oviduct.

These two together, later continue into a common tubular chamber

Balled the ootype (See Fig. 3.10). Ootype is a chamber where the

fertilization of the eggs takes place and all the components of the

egg are collected. The ootype is situated posteriorly in the middle
line of each segment.

Surrounding the ootype, and situated prssterior to the ovary is

a very small organ called the Mehli's gland (so called shell gland).
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It is composed of many onicellular gla -ids which open separately into

the ootype. There lies behind the ovary at the posterior margin of
the segmen?, a single diffused mass called the vitelline gland. It opens

t h; ou _h a short common vitelline duct into the ootype.

b a

I
idg

sg relat3C
nrlda ct

_ - - ootype

viteih to gland
duct

Fitz ..1O Taenia solium-Diagrammatic representation oz che.ducts of
the female reproductive organs

Arising from the ootype and extending anteriorly into the
pre elottis is found a simple cylindrical diver iculum called the
uterus. It is in the form of a blind sac in Taenia solium. It contains

fertilized eggs. When is is totally iflled up with he fertilized eggs, it

gives off 5-lt} lateral branches and consequently occupies almost the
entire surface of the progiottis. The lateral branches of the uterus

have characteristic patterns. Because of the occupation of the space

by the lateral branches of the uterus, the male and female repro-

ductive organs undergo atrophy. The proglottis has now turned
into a gravid one (See Fig. 3.11). These gravid segments are finally
detached from the strobila and are expelled in the faeces.

Fertilization: The eggs may be fertilized by sperms from the
same proglottis. Cross fertilization between the sperms of one seg-

ment ,and the ova of the other segments of the same worm or occa-

si rnaily of the other worms may also occur.

The perms discharged from the male genital opening of

the cirrus, piss into the vagina through the female genital aperture.

Ti. p rm. pissed into the vagina may be stored up in the vesicula
seminis. These sperms later pass th oa h the spermatic duct into
the ootvpe and fertilize the ovum rec. ivecl in it through the oviduct.
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Inc CT after ertaiizetiOU I^ -: Ltll i d Ji' a pr•,li.e iVC + Overingg lfl

tine ootype. The egg a±so r'ece!ves yolk Inater:ai fium the vitetllrte
gland. The encapsulated fertiiized eggs are ultimately deposited in
the uleru.s.

I I

g,.nit i a[riirln

rig 3.11 Taenia soiium-A gravid progiottis from the near end of the strobila

Life History: A, the eggs reach the uterus, their development

coinmences traight away. Tuey reach to the exterior by the detach-
ments of the gravid segments. 5 to 6 segments at a time are usually

detached and evacuated from the body with the faeces. These seg-
ments ma .✓ remain alive for sometime with limited wriggle*g

mo iements. Eventually they die and disintegrate. The egg ar ;

thus liberated. The eggs are spherical and brown in colour. They

measure 31 to 43 microns in diameter. They are enclosed •vitlsiri a

thin shell which is hardly seen and also a thick walled : adiaLy ,triat d
envelope called the embryophore.



102
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scolex bladder
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lP

cyst icerus or bladder worm

larva

Fig_ 1.i2 Taer,ia snlilnn -- Stages in ?ite cycle
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Inside the embryophore lies a hexacanth embryo 14 to 20/' in
c iameter with six hook, hence the name. The further development
of the hexacanth embryo takes place only when it is swallowed by a

pig which is the secondary host or intermediate host of Taen a solium.
The eggs in this stag of embryonic development are viable for many
weeks outside the body of man and are infective both to man and pig.

If a pig happens to swallow the eggs, then the egg shell and
the embryophore are digested in the stomach of the pig by the action
of its gastric juice. The hexacanth embryo is thus released. It pos-
sesses six hooks and is spherical in shape. With the aid of the hooks
it penetrates through the gut wall of the pig and enters the portal
circulation. They, while travelling via the portal vein reach the
liver, the right side of the heart, lungs, the left side of the heart and
then the systematic circulation. The hexacanth embryos ultimately

are ifltered out from the systemic circulation into the muscular

tissue of the pig. Here they ultimately settle down and undergo

further development. These embryos usually select the musc'es of
thv tongue, nick, shoulder, ham (thigh) and also the cardiac mus-
cies. Once within the muscles, the embryo is encysted. It loses its

hooks. The cells in the centre are later liqueifed and within eight
days after infection, it grows to form a lfuid-iflled bladder. At cne

point on the surface of the bladder there appears a depression or
invagination which soon becomes deep. At the terminal end of this

iavagination hooks and suckers develop, characteristic of the head or
scolex of the adult. This embryonic stage of development is refe,red

to as the proscolex. Once the proscolex is formed, the invagination is
everted i.e,, it turns inside out. It is now referred to as the cysticer-

cus cellulosae or bladder worm. The cyst of this larva measures 8 to
]0 mm in length and 5 mm in width and is ellipsoidal in shape. The
nuscles of the pig infected with the cysticercii presents a sp )tted

appearance and is called a measly pock.

If a man eats the improperly cooi.ed :nt'ectcd pork, t_i

bladder of the larva is digested by the action o; gastric juice in the

tomach and the young scolex attaches itself to the wall of the

intestine. It develops an area of proliferation and begins to bud off

a chain of proglottides so as o assume the length of an adult worm.
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The worm attains sexual maturity in the course of 2 to

moncbs and starts producing eggs which afrer fertilization may b,;

passed with the faeces along with the gravid proglottide::. Usually
one worm at a time only harbours the intestine of man. The para-

site usually has a long span of lie and may survive for a period of
25 years or more.

Pathogenecity

Adult worm : The symptoms of the presence of the adult
worm are trifling. In susceptible persons, it may give rise to vagua
abdominal discomfort, indigestion, intestinal disorder, anorexia*,
vomiting and anaemia. The disease is referred to as Taeniasis or
intestinal cestodiasis.

Larval form (Cysticercus cellulosae) : Man also gets infected
from the larvae, by drinking contaminated water or by eating un-
cooked vegetables infected with the eggs. The cysticerci usually are
distributed in the subcutaneous tissues, muscles, occasionally in the

brain and very rarely in the eyes. In the brain, they are usually
located in the fourth ventricle. The larvae, however, in the course

of 3 to 6 years become calciifed and obsolete. When the larvae are
located in the brain, symptoms like changes in personality, disorder
of behaviour and occasionally ifts (epileptic type) are noted.

The disease caused by the larvae is called Cy ticercosis or Somatic
cestodias is.

Treatment : The following drugs are found to be eiffcacious

in the expulsion of adult worms.

(I) Exact iflicis liquidium or Oieore a d a pidiur i (81ix mac)
(2) Carbon tetrachloride
(3) Tetrachlorethylene
(4) Hexylresorcinol

(5) Atebrin and
6; Acranil

The choice, administration and esage of the abc"e drags
should be under strict medical advice.

Nn speciifc drugs are known for cysticercosis.

*.oss of appetite for food
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Pr re,rtr in : Adedu. t r,s ection ti3 ::.;;u e,; io be ensured, to
condemn all measly pock for eating. Prupe disposal of the human

faeces is essential to prevent pigs from infection. Eating of raw
v-e7 tables and under-cooked pork should be strictly avoided. Care
i; to be undertaken regarding personal hygiene and there thoud be
tf °(?CCl SO?i fO; the tfiain7e71t of llll ?"1S B inFeCP,d wll.}l adi11[

Wi)fln).

Revision que tion`i

1. Define the term 'Tripoblstic anima'. Men ion in brief f.e
main differences in the structure of an acc•elomate and a

ceelomat: triphw is _.:iL a .;n!:,•' ih the het ci sui ab

d agran:

. 1.1.scribe !.a d._:a!1 the . m o .1 ,.;racttire c a worn ati

?'cvealed t ne ra ..'Yd:.e c ,l' ''n HUO cm h ;15 mas'uic

gment.

lenin

olium (The pork tape worm;.

4. Describe in detail the excre 'r '. a o a Lpe worm an]
also mention in brief the role and structure of `lfame cells.'

5. Mention in brit fhe various as i is ad i>;.mior s met with in

a tape worm.

h. Give a deta led n .:cou.it of ftc i;fe his c y of TaacIa solluiY.

7. \\'rite notes on the followinL=

a'; Flame cells (b)

(_) Proseolex (d)

Ootype tf )

) Gravid progiottis (h)

l-lexaca,ith embryr'

Cysticercus cellulosae

(Bladder wo ni j

Vitelline glen

Mehli's gland.

Wilat are the various symptoms observed in man due to the

infection of the adult and larval forms of Taenla sohum'

:vl ntion in brief the curatovc and P1 c ive pica>ures against
Tuania soliunt infe tiof.
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TEMAr ODA-RO €: N I) WORS

The part" i:ie terms ?ne'ed<.d in it'c cuss Ncetatoc!a (Cr.

neina, thread) are thread-like worms commonly known as the round

worms. The body of a nematode is long, c}lindrical and circular in

cross-section. They live as parasites in m_n and also other animals.

They also inhabit fresh wafer or damp <"oil and are called the soil

nematodes. Some live as parasites in the roots and stems of plants
like tomato, carrot, tobacco, etc. Nematodes living as parasites in

plants are referred to as plant nematodes. They cause much damage

to the crops. A detailed structure of Ascaris lumbricoides, the

cammon round worm, inh,bi _:ng the in:est:ne OF n]._ , spe ialiy of

children is given below.

Ascaris lumbricoides

The adult Ascaris lumbricoides (Gr. askars, hir worm)
inhabits the small intestine of man. It normally occurs in the upper
part of the small intestine. But as the worms wander up and down
the intestinal tract, they may even be found in any accessible passaf.c

opening into the alimentary tract. In addition to man, the parasite

also inhabits i h intestine of pigs, larger apes, sheep and cattle. The
worm in its size and shape resembles the ordinary earth-worm hence

its speciifc name A. lumbricoidcs (L. Lambricus, earthworm, and
i.Gr. ei os, resemt ii r .e). 7-' : Grf. and the R .::, n.; derg:r:ate it as

Lumbricoides teres.

Distribution Ascaris lunlbricod iai t + custnE=F,etitan and spc-

cially prevalen`. In the l)uplc:: -uco ,'S China, India and the Pacific
iSlandS

llorpiivl<;g1' : The su si toe worm is cylindric; au pound,

tapering at the anterior and posterior extremities. The sexes are

separate. The body is encased in a tough but smooth semi-transpa -

ient cuticle. Tune :interior end is however thinner than the postc ior.

There are four lon;hudiiisl bands extending along the-leng!ii of I ;
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body. Two of these run a'ong the dorsal and ventral surfaces of
the body and are referred to as dorsal and ventral lines or chords.

The remaining two run laterally and

,mouth are called the lateral lines or chords.

These chords indicate the internal

thickenings of the epidermis. There
are also found ifne transverse

A striations all over the surface of the

I body. The colour of the worm

when fresh from the intestine, is
excretory pore light brown or pink but it changes

gradually to white.

lateral line P' ant, end

i

f I
E

e:Jirar waist

B i

I

i 4) post end

male

sous

Fig, •II Female and male Ascaris Fig. 4.2 Female Ascaris with

iurnbricoides side views, a vulvar waist

(A) Anterior end
(B) P stericr cnd of male vvnrn,



In Ascaris, the mouth is situa.ed at the antec or end,

ierminal in position and marled off by a sharp constriction from t}_e

rest of the body. It is surrounded by three lobes or lips. One lie;

medio-dorsally and the other two are situated ventro-laterally. The,'

are semi-circular in shape and are ifnely toothed. A very mint:~c

aperture of about al

to exetetory ,tore.

' `, _- )
'Ji:. .

'---1 N
V .1

• M \` - .i' ' it
1R+

/1yl

. _ iVc•. `{.

1 . - .; I cc on view of anterior end of A lun,h?

showing lips surrounding the mouth

"I he di ; cave and reproductive organs lfoat ris Fie de p eui ,-

eael filled with an irritant lfuid containing; a substance called ascaro"

or ascarase. It is probably of the nature of primary albumos .

(Prnteose). Infected individuals and laboratory workers dissecting
the wr nes cxhJ it alic ;sic 'i; i.;fc ,e:ion which arc due to this

ascaron.
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dorsa9 lip

papillae prIia! setae
veptral lip

3

excretory pore
ventral line

A B C D
Pig 4.4 Anterior and posterior ends of Ascaris lumbricoides

(A) .Ant end d rsil view, (B) Ant, end ventral view,

(C) Post, end female worm, (D) Posterior end male worm

The general char- c ris`'c :' the :raie 'end the femme worms
sire mentioned be'ow.

!tale : The male worn me , .ire ai;;_ u.'. 15 ;o 25 cm. ie length

v :h a maxsrnum diameter of 3 to 4 mm. The posterior end is
cu,ved ventrally in the form of a hook with a conical tip. The

genital pore opens into the cloaca which leads to the exterior a short

dist'nce away four the conical tip of the tail. Two curved sclero-

ized-copuatory sr,icules, the genial setae protrude from the cloaca.

The anus op:ns with the ejaculatory duct (a part of the reproduc,ive
system) into the cloaca.

Female : The female worm is longer and stouter than the

male. It measures aho :t 25 to 40 em. in length with a maximum

diameter of 5 mm, The posterior extremity is conical and straight.
The anus is sub-terminal and opens directly on the ventral aspect

in the form of a transverse slit. The female genital aperture vulva
is situated an the mid-ventral surface about one third the length of

the body from the anterior end. This region of the body in female
is narrower and is called the rulvar waist. The egg-laying capacity
of the ; •male is enormous and liberates about 200,000 eggs daily.

Eggs : The fertilized eggs liberated by a female pass out of
the human host with the faeces. The characteristics of the fertilized

eggs a e given be!c'.v
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______ Rugosities or
Mammillations

u

D

'eT•

Fig. 4.5 Ascaris lnmbricoides (A) Fey tilized egg showing important
anatomical details, (Bj Fertilized egg, (C) Uiifcrtilized egg

(D) Egg within which the larva has devclop d
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T'.'c ,_.. '.i; egg ar,_ un l.. cal in shape. They are 60 to

7: (1 i s length by 40 to 50/.< in breadth. They are always bile stained

and brownish 'go'den brown) in colour. They are covered by a
thick sm^oth trar-slucent shell with an outer albuminous coat. The

surface of the albuminous coat is thrown into rugosities or mamnii-

lations. This albuminous coat s sometimes lost. The fertilized eggs
contain a very large conspicuous, unsegmented ovum (the nucleus is

hidden by a larger amount of coarse yolk granules). The eggs lfoat
in saturated solution of common salt. Unfertilized eggs are also

common is human faeces. They are narrower, longer (80 , z in length

by 55 plc in breadth) and more elliptical. They have a thinner shell
with an icr guiar coating of albumin. These eggs contain a small

atrophied ovum with a mass of disorganised, highly refractile

granules of various sizes. They do not lfoat in salt solution, and are

the h „viest of all the helminthic eggs.

Both fertilized and unfertiliz,d eggs may be found in a sample

of stool. If a stool sample shows only the unfe rtilired e gs. it

signiifes th:.t ti cst s i:rb.urin; tlr fe dc .sari..

Life Cycle

The worm p ss s it Lire cycle n one hc;t anl no in erniediate

host i requ.ired. Man i; the only known d iici :ye 1.i sr cf Ascaris
IUmbrlcoit;c's.

The various :;'apes in the life cycle arc as fo; lours

Stage 1. Eggs in Faeces

The fertilized eggs containing the unscgmerted ovum passed

with the faeces are not infective to roan when freshly passed.

Stage 2. Development in Soil

A Rhabditiform larva is developed from the unsegmented ovum,

within the egg shell in 10-40 days, depending on the atmospheric
temperature and humidity. The rhabditiform larva is characterised
by a short oesophagus with a dilated bulb posteriorly. The deve-
lopment of the larva takes place in the soil i.e., outside the human
host. The ripe egg containing the coiled-up embryo is infective to
man. Before hatching, the larva undergoes a moulting(1 St moulting).
Its further development depends on it entry into the human body.
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Stage 3 Infection br Ices, ii

Man may ingest with food w ege`,;bles the cmb-

rvonated eggs. These eggs pass down io the duodenum where the

d n estive juices weaken the egg shell and stimulate the enclosed larvae
into activity. By the splitting of the egg shell, the rhahditiforni

larvae measuring 0.25 mm. in length by 14 in hrca=:' I b:ratcd

in the upper part of the small intestine.

Stage 4. Migration of the Larvae

The larvae liberated in the small inteat ue do n:)t directl_;

develop into mature worms. The newly hatched larvae first commence

their characteristic `tour' or `migration'. They burro' their way

through the mucous membrane of the small intestine and are carried

by the portal circulation to the liver. In the liver, they live for a

period .of 3 to 4 days. Finally they pass out of the liver and via the

right chambers of heart enter the pulmonary circulation. While s:
the lungs, the larvae grow much bigger and increase in length from

0.2 mm. to 2 mm. They moult twice (i.e., 2nd and 3rd moultin;
in earlier sequence), ifrst on the iffth or sixth day and the secon !,

after the tenth day. The larvae enter the lung alveoli by breaking

through the walls of the lung capillaries. T ;c °:n. 'ak,tn fo sac h

migration is on an average 10 to 15 days,

Stage 5. Re-entry into the Stomach and th.? nc:11 I,;ie ti re

From the alveoli of the lungs, the larvae crawl up the "cronchi

anti ,r. rhea. Aided by the current caused by the ciliated eptthelium

of the respiratory tract, the larvae are propelled into the larynx and

pharynx and are thus once more swallowed. The larvae now pas

down the oesophagus to the stomach and localise in the upper part of
tue small intes`ine, which is their normal abode. Another moulting

(4th moulting in sequence) occurs between the tvventy-if th end the
twenty-ninth day of infection.

Stage 6 Sexual Maturity an '1 Liheraf/on of Ey,g.c

The larvae on reaching their normal abo' e (i e., te u; ner

part of the small intestine) grow into adult worms and become Se -
nally mature in about 6 to 10 week's time. The gravid ferr:ales begin
to discharge eggs in the stool cf thr :'n.r w:thin about two months
from the time of infection.
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We should bear in mind the fact that during the period of its

entire life cycle the larva undergoes four moultings-one outside

while within the egg-shell two in the lungs and one in the intestine.

In cases of massive infection, some larvae may reach the general
circulation and are ifltered out in various organs and tissues. When the

larvae are lodged in such aberrant sites as kidneys, brain, spinal cord, etc.,
they are unable to grow to maturity and most of them arc perhaps destroyed.

The larvae may even be excreted in the urine in a heavy infection.

Mode of Infection

Man is infected by swallowing ripe Ascaris eggs (embryonate.l
eggs) with raw vegetables cultivated on a soil fertilized by infecte
human excreta.

Water supplies may be contaminated and infection may occur

by drinking contaminated water. In cases of soil pollution, the egg;

may directly be conveyed to the mouth by dirty ifngers. Infection

may also take place by inhalation of desiccated eggs in the dust rea-

ching the pharynx. The eggs instead of being swallowed, may hatch

on moist mucous surface of the upper air passage and the larva;

may directly penetrate into the blood stream. The infective stage

eggs cf Ascaris are invariably obtained from human sources.

Pathogenecity :

The disease caused due to ascaris infection is called ascariasis.

The symptoms of ascaris infection are mainly divided into two

groups-(1) Those produced by the adult worms and (2) those
produced by the migratory larvae.

I. As the adult worms inhabit the upper part of the small
intestine, the symptoms are mostly related to the gastro-intesti nal

tract. It leads to abdominal pain, digestive disorders and diar-
rhoea with or without blood. In children, the adult worm infection
causes teeth grinding, nose pricking, irritability and digestive dis-

orders. They may produce convulsions or ifts in children. The
presence of a large number of worms may cause intestinal obstruction

or even in severe infection-intussusception. The adult worms may

perforate the intestinal wall, if ulcers are already found in it. The

wandering worms may also enter the appendix and give rise to the
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symptoms of appendieir s. They may also enter the biliary passages

and give rise to obstructive jaundice. Tn the liver they may form
abscesses. The migratory worms may enter the stomach and may be
vomited out. From the stomach, they pass into the oesophagus and

may come out through the mouth or nose. The worms may give rise
to toxic symptoms such as typhoid-like fever. The toxicity is pro..

bably due to a diffusible pr©teose of the nature of primary albumoses

(ascaron or ascarase) emanated from the worm. It may give rise to
anaphylactic action The presence of worms may produce many

allergic symptoms like urticaria*, oedema of face, conjunctivitis

and irritation in the upper part of the respiratory passage.

2. Tn heavy infections, when the larvae traverse the substance

of the lung, typical symptoms of `ascari.s pneumonia' (Loeffler's
syndrome) occur These include, fever, cough and dyspnoea**. S nce
the diameter of the larvae compared with the diameter of the lung

capillaries is considerably large.. it resu'ts in the rupture of capilla-
ries i.e., haemorrha es. The sputum which is often blood tinged
may contain ascaris larvae.

The larvae of ascaris migrating in the general circulation may

bring about varied complicat'ons. In the brain, they may block

cerebral arterioles and may enter the brain substance and form

lesions. In the eyes, the larvae may lodge in the smaller branches

of the ophthalmic artery and may cause haemorrhages. Disturbances

have also been recorded due to their presence in the spinal cord,

heart and the kidneys. The larvae have also been reported to pass

through placental iflter of the pregnant mother and reach the foetus.

The intestinal ascariasis is amenable to treatment. The ent-

rance of parasites in the biliary passages or penetration through

intestinal ulcers, appendix, etc., may produce grave symptoms. This

often requires surgical intervention

Treatment: Santonin was regarded as a classical remedy for

ascaris infection. Oil of chenopodium and hexylresorcinal are being

used as effective drugs against ascariasis. A drug Hetrazan is

administered orally and is reported to be a good anthelmintic in the
removal of worms.

'k An allergic skin eruption.
** Difficulty in or laboured breathing.



116

Amongst the indigenous anthelmintics, combinations of San-

tonn; Butea (the seeds of Butea frondosa) and Embella (the dried
fruits of Embelia ribes) are also used. in the treatment of ascariasis.

This has reported to give a cure rate of 64%. The drugs however are
to be administered under strict medical advice.

Prevention : The following strict hygienic routine is most

essential to escape from infection. Eating of raw vegetables is to be
avoided. There should be a good provision for the proper disposal
of human faeces. Frorer treatment of infected individuals may

coils icleral y reduce the source of infection.

Revision questions

Describe the external characters of Ascaris lumbricoides

and mention in brief the main differences in the sexes of

the worms.

?. Describe in detail tl•e life history of Ascaris lumbricoides.

. Describe in detail the symptoms of ascaris infection in

:pan caused due to the adult and; larval forms. What are

the various curative and preventive measures adopted

against ascaris infection ?

4. Write a note on Rhabditiform larva.

Wuchereria bancrofti

Wuchereria bancrofti (Filaria bancrofti) is another exampe

a parasitic nematode which inhabits the lymphatic vessels and
lymph nodes of man. Sexes are separate. The male and female

worms live together and are chielfy found in the lymphatic vessels

of inguinal and abdominal regions. The larvae are found in the
circulating blood.

Human infection is common in the tropical and sub-tropical
countries, chielfy Asia, Africa and South America. In India, it is
distributed chiefly in the coastal areas and along the banks of big
rivers.

Adult worms : The adult Wuchcreria btncro i are long, hair-

t≥ke, transparent and creamy white in colour. In shape they are
ifliforri, and the body is covered with a smooth cuticle. Both the
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ends arc tancring. The Bead end terminates in a slightly round
'.welling. The alimentary canal consists of oesophagus, intestine
followed by a short rectum. The mouth situated anteriorly is
unarmed and communicates with the cylindrical oesophagus. The

anus is situated close to the posterior extremity of the body.

In Wuchereria bancrofti the male is 2.5 mm to 4 em in length

by 01 mm in thickness. The females are larger than the males and
measure b to 10 cm in length by 0.2 to 0.3 mm in thickness. The male

and the female worms usually

remain coiled together and can

he separated with difficulty. The
females are usually more abut.

.nt than the males. The tail

end of the male is curved ven-

trally and contains two spicules

;t uuequa: length. The tail end
of the female is straight but Q

a.hr uptly pointed. The females Fig 4.7 Wuchereria bancrcfti-Male

lay eggs in which the embryos and female adult worms

arc in an advanced stage of development. The eggs usually mea: ur„

lu to 50 Fr in length by 25 to 35i in breadth. The parasite may
harbour a person for several years-usually 4 to 5 years. They

obtain their nourishment from the lymph of the lymphatic system.

r [e ferrate

Embryos (Microfilariae) : T6e larvae or the en:broys are

very active and can move with and against the blood stream. They are

referred to as microifiariae. While passing through the lymph nodes,
they get into the main lymphatic trunks and again enter the blood.

Microiflariae are colourless and transparent organisms measuring
290,& in length by 6 to 7,U in breadth. They are enclosed within a

closely ift delicate hyaline sheath. It can be best detected at the

extremities of the larvae i.e., at its head and tail ends.

At the extremities, the sheath projects beyond them. The

sheath is thuw much longer (359 J in length) than the body of the
embryo. The embryo can move forwards and backwards within the

sheath. The sheath is obtained from the chorionic envelope of the
;ggS Ven ch elo ig_'di S and forms .n !nv_3ting envelope round the
lar a.
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The central axis of the body of the larva is iflled up with
granules called the somatic cells or nuclei which extend from the
head to the tail ends of the body. Certain deifnite spaces can also
be seen between these granules. There is a space at the anterior end
called the cephalic space. In this space there is also found a stylet.
The larva comes out of the sheath with the help of this stylet. The

presence of the stylet is however disputed by some investigators.
The other spaces seen, show the position of the rudimentary

excretory organs, nerve ring, anal pore and the giant cells.

cephalic space

000

ap

giant catis 0
it;att7

g' net! cell Wane ring

. nl4.it porC .. ':•.
;::m'i°`` posterior extremity

microiflaria bancrotei

cxcrerory pore

excretory cell

F. 48 (A) Microiflaria (B) Mieroiflaria-Posicrior end

Biology of the .Mfcroiflaria : The larval forms mentioned above

do not undergo any further development in the human body. For

their further development, they are to be taken up by their appro-
priate intermediate hosts in which they matamorphose into foams,
infective to man. The following species of mosquitoes act as the
intermediate hosts to these microiflariae. These are (i) Cnle r
fatigans, (l! St'gr n i ari a'u.i and (;ii) . nophe!'c cocis'a/i .
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In the gut of these mosquitoes the microiflariac undergo
further development and ifnally metamorphose into typical infective
forms. The usual life span of microiflariae in man is as long as

70 days. Within this period, if they are not sucked up by their

insect host e.g., mosquito, they die in the course of time.

Periodicity of Microiflariae bancrofti (Filarial periodicity)

The microifiariae of Wuchereria bancrofti exhibit what is

referred to as nocturnal periodicity. This is a phenomenon in which

the larvae appear in the peripheral blood of man at night periodi-.
cally. They appear in the peripheral blood gradually, mostly from

10 p.m. to 4 a.m. The maximum number of larvae in the peripheral
blood are recorded at mid-night. If blood is examined at this hour,

then a large drop of blood (equivalent to 20 cu mm) may contain 300
to 600 microfilariae. After this peak hour they gradually decrease in

number and until morning they totally disappear from the p.ripheral

blood. They then pass on to the blood vessels in the deeper parts
of the body e.g., capillaries of the heart, lungs, kidneys and big
aateries like carotids as well. Manson, referred this phenomenon,

as 'Nocturnal periodicity' as the larvae appear during light in their

maximum numbers in the peripheral blood.

The periodicity of the larvae can however be reversed to

diw nal periodicity if the hour of sleep and work of a patient acs:

reversed. The patient is allowed to work the whole night and sleep

during the day time. If this practice is continued for a fortnight or
vo then it has been noted that the larvae in such a person, appear in

:heir maximum number, at midday in the peripheral blood.

I he periodicity however depends on the feeding habits of

he intermediate host. In case of Cuiex fatigans, as it has night

eeding habits, the nocturnal periodicity of microiflaria bancrofti

s observed. From this, it may be inferred that the species of

vVuclzereria bancrofti of different areas, in adaptation to their para-

sitic mode of life, give rise to diurnal or nocturnal embryos accord-

ing to the habits of their intermediate host. The interpretation
to this phenomenon of periodicity however has not been explained

satisfactorily. There are some examples of the larvae reported

from cou aries like Fig; end Samia where no periodicity is noticed.
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Microtilaria bancrofii in icdL; and China have however nocturnal

periodicity.

Life Cicle : The woim passes its ide cycle ilf two hosts-

the man and the mosquito. Man is its deifnitive host, in the

lymphatic system of whom the adult worms are found. The larvae
are now and then discharged by the cyclicat parturition of the
female Wuchereria once in 24 hours. These live embryos (micro-

iflariae) ifnd heir way into the blood stream. The larvae can

survive in the blood for sometime without undergoing any further

development. If at this stage, a female Culex fatigans bites the
patient, the larvae reach the gut of the mosquito along with the
blood sucked.

The larvae are now passed into the stomach of the w: '_I =ito,

where the sheath of the larva is quickly cast off. The larvae later
penetrate the gut wall of the mosquito and migrate to the thoracic
muscles. Here the larvae rest and begin to grow. The larvae from

the stomach of the mosquito to its thoracic muscles reach within
4 to 17 hours. In the thoracic muscles, the larvae which were

at ifrst slender and snake-like, now change to thick, short sausage

shaped forms. Within the next two days, they have a short spiky
tail, measuring 124 to 250 microns in length by 10 to 17 microns in
breadth. They have a rudimentary gut. This is called the ifrst
stage larva. In the next 3 to 7 days, the larvae grow rapidly and
undergo moulting once or twice and attain the length of 225 to 300
microns by 15 to 33 microns in breadth. This is the second stage
larva. Internal organs at this stage become more deifnite but the

genital organs are still in an undeveloped form. By the end of 10 or
11 days the larvae undergo complete metamorphosis. The tail atro-
phies and is reduced to a mere stump. The gut, body cavity and gent
talia are fully developed. This is now called the third stage larva or
the mature infective larva. It measures 1500 to 2000 microns in length

by 18 to 23 microns in breadth. At this stage it can infect a man and on
about the 14th day, enters the proboscis sheath (muscular labium) of
the mosquito. Unlike the malaria parasites they do not harbour the
salivary glands of mosquito. They remain coiled up and are found
in pairs. One microiflaria gives rise to one infective larva only in

the proboscis. 10 to 20 dais are required for the complete develop-
ment of th larva inrv an infe. phase dep rrding cf cause on the
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atmospheric temperature (i.e., 80-900F) and humidity above 60%.
All the microiflaria sucked up along with the blood meal by the

aorro

m

erher'ria han'rr:f°i

b

,second stage ;ana

/rst stage larva

micioiflaria

t
without sheath

third stage aaatu! e
iaferitive larva

Fig. 4.9 Wuchereria bancrofti--Life cycle in niosqui?o

mosquito do not develop into infective larvae. Some die in the

stomach and some in the thotacie muscles. Only a few develop into
tt1e inf.ctite phase.
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When the infec!ed mosquito bites a man, the infectiv larvae

are ifrst deposit ci U,i h i rear ih, site of punctu: . Later,
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under the influence of the warmth of the skin, larvae either enter

through the punctured wourd or pierce through the skin on their

own. After penetrating thy skin, the larvae reach the lymphatic
channe's and settle down at various spots-like the lymphatic vessels

of the inguinal, scrotal or abdominal regions. Now they begin to
grow in adult forms. After a period of ifve to eighteen months,

the larvae become sexually mature. The male fertilizes the female.

The gravid fernales later parturate and a new generation of micro-

filariae is emitted. These microiflariae now pass either through the

thoracic duct or the right lymphatic duct to the venous system and

pulmonary capillaries and ifnally into the peripheral circulation,

(i.e., the capillaries of the systemic circulation) thus completing
the cycle. Within the peripheral circulation, the microiflariae
await for their chance to be taken up by the intermediate host, the

mosquito.

Pathogen^city

The cltnlcai symptom; produced `II account :)f the piesenec

ui th.: parasite are designated as Bancroftian wuchereriasis .

Wuchereriasis bancrofti. The ter in

iflariasis however is also commonly

used for the symptoms produced by
the infection. Living microiflariae
circulating in the blood are nt

known to produce any pathogenic
effect.

The pathogenic effects are how-

ever produced by the adult worms in

a living or dead condition. Tne
symptoms are characterised by

attacks of irregular fever (Filarial
fever), lymphangitis i.e., inflamma-
tion of the lymph vessels and enlar-
gement of the lymph nodes and
hydrocoel. The blokaoe of lympha-

tics by the parasites results in the
thickening of the skin and the
elephantiasis ., hvperLroph of tineFig, 411 Fl ph„ntiasis of right leg



affected part of the legs, scrotum, vulva very frequently and of the

arms and breast less commonly. Lymph vessels become dilated and

tortuous. This condition is referred to as Lymph varix (varicosity
of the lymphatics). Due to the rupture of the varicose lymph vessels

through the mucous membrane of the urinary tract (kidneys, ureter

or urinary bladder), the chyle (digested fat in the form of an alka-

line milky lfuid found in lymph vessels) escapes through the urine

and a condition called chyluria develops.

Treatment : The drugs used against Wuchereria infection are

divided into the following groups

i 1) Those, destroying adult worms without any direct action
oo the microfilaria. In these are included antimonial and arsenical

reparations. Neostibosan has been reported to be a most

tisfactory antimony preparation. Arsenical I eprations induce

Ar enamide, Mapharson and Melarson oxide.

(2) Those, destroying microflariae but watuout any action

en the adult worms e.g., Hetrazan-a synthetic piperazine derivative.

(3) Those, destroying the infective larvae and the immature

adult worms e.g., para-melaminyl phenyl stibonate (Msb). The
dosage and adminstration of the above drugs according to the situa-
tion warranted should be under strict medical advice.

Prevention : The destruction of mosquitoes and their breed-
ing places is the best measure to prevent infection. Use of mos-

quito nets and repellents can protect against mosquito bites. The

carriers can be treated effectively with Hetrazan. This drug makes
the blood free from microfiiariae and thus can be used for rendering

transmission impossible.

Revision questions

1. Give an account of the life cycle of Wuchereria bancrofti.

Describe in detail the various symptoms of Wuchereria

bancrofti infection in man due to the presence of the
adult and larval forms of the worm. What are the various

curative and preventive ut :;.:a:s adepteJ agair.wt lF cr--
e;r-ia ban;roni infection ''
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t_ Write notes on the following

( .) Periodicity of microfilar a bancrofti.

b) The life cycle of Wuchereria bancrofti in the mosquito,
Culex fatigans.

(c) The general characters of microfilaria found in the

peripheral blood of man.

Dracunculus medinensis (Guinea worm)

Dracunculus medinensis (the generic name Draco means

dragon or serpent_ ; dracunculus is the Latin diminutive of draco.).
Guinea worm, serpent or dragon worm ; or Medina worm is a com-

mon nematode parasite of man in India, Arabia, Persia, eastern

region of U.S.S.R. and Africa. It has also been reported from West
Indies and South America.

The guinea worm is known from the days of antiquity and

is referred to as `Fiery sere nt' in ancient Hebrew literature.

Avicenna, the Arabian phys: . n, named iLe parndte ieno rnedina'
as it was common in Medina.

Habitat : Adult females are usually found in the sub-cuta-

neous tissues of man; particularly of the legs, cuticle, foot, arms
and back. Male worms are rare as after performing its reproduc-
tive function, it becomes gradually absorbed in the tissues. The

larvae called microiflariae are found only on the ulcerated surface,

in the centre of which is always visible the prolapsed uterus of the
adult female. As the uterus of the female ruptures, the larvae pass
out of the ulcerated surface and reach the water when the affected

part is being bathed.

T he developroent of the larvae into infective phase takes

place in the body of eyclops. In India, six species of eyclops are

known to act as intermediate hosts. They are as follows

(1) Mesocyclops leukarti (2) M. hyalinus (3) M. decipiens
(4) M. varicans (5) Paracyclopsfrmbriatus and (6) Microcyclops
karrei. The other species of cyclops which feed on Dracunculus
larvae and act as intermediate hosts are : Cyclops quadricornis,
C. viridis ; C. coronatus and C. bicuspidatus.
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Mrpho/.^gyp : 1'he adult male °vorms are rare. Except one

case from India, they have not been r overed from man. They have
however been recovered from experimental infections in monkeys

and dogs. The males are smaller than the females measuring 12 to

29 mm. in length and 0.4 mm in breac th. They possess 4 pre-anal

and 6 post anal papillae. The length of the gubernaculum* is 0.2 mm
and the unequal copulatory spicules m:asure 0.49 to 0.73 mm.

The adult female is a slender long worm measuring about

(,0 cm. to 1 metre in length with a dian eter of 1.5 to 1.7 mm simile r
to a long piece of twine thread. The anterior end of the worm is
round. The tail is tapering and bent to form a blunt hook.
There is a lfuid within the muscular body wall of the worm. This

lfuid appears to be toxic and forms a blister if it escapes into the
tissues of the host. The male worm dies after fertilizing the femur:.

The female worm discharges its embryos by a prolapse of the uterus.
The embryos are discharged in successive _
batches i.P , at each time a limited num-

ber of embryos are ejected. This con-
tinues for about three weeks until the

uterus of the mature female completely

empties. The discharge of embryos in
batches occurs in succession at each time-- '

when the worm comes in contact with

water. This is an adaptation to preserve -
the progeny of the worm as the embryos

discharged in water can onlyy get a chance

of entering the body of cyclops. J-'

The life span of a male is hardly
6 months and that of the female worm is

about a year.

Embryos The embryos are lfate

ned, without any sheath, having round

heads and coiled bodies with long
slender tapering tails. In Rater, the
embryos perform jerky movements due to

the coiling and recoiling of their tail.
The embryos measure about 650 to 750 , z in

Fig. 4.12 Dracunculus
medinensis-adult worm

*An elevation on the dorsal wall of the cloaca which guides the spicule

during copulation.
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length and 17 to 20 micron; in b c vlth. Their oesonhag is is provided
with a bulb-like dilatation. hTeir further developmcf depends on

their entry into the body of cyclops,

Life Cycle : Each cyclops can ingest 15 to 20 embryos at a
time. The infected cyclops die within six weeks afrer infection.

They may die even within 15 days in case they are heavily infected..

The cyclops with its antennae catches the embryos and later
swallows them. Within 1 to 6 hours after ingestion, the embryos

penetrate the gut wall of cyclops and enter its body cavity. Hers
they undergo metamorphosis. They grow in size attaining 1 mm
length. First moulting occurs between the 7th and the 9th day ana
the second moulting on 12ih and 13th day. It loses its tail at th
end of the fifth day and assumes cylindrical shape. Under favour.

able conditions (in summer) the embryos develop into infective
forms in two weeks but the period may extend upto 4 or 6 weeks.

An infected cyclops becomes inactive and lies prostrate at the bottom
of the wells.

The infected cyclops may be swallowed by man along with
drinking water. On reaching the stomach of man, the cyclops are

destroyed by the action of gastric juice. The larvae are liberated.
These larvae now penetrate through the wall of the intestine and

proceed to wander in the subcutaneous tissues where they grow to
sexual maturity. They become adult miles and females. The males

die after fertilizing the females and are not to be found 6 months
after infection. The union between the males and the females takes

place to the deeper connective tissues of the body. It takes another
six months for the gravid female to select site in the body for the

discharge of the embryos in water. The female migrates to the parts
of the body which are usually liable to come in contact with water.

Such areas are the 'backs' of water carriers (Bhfstfs), arms, legs
and ankles. When the female reaches such areas of the skin, it

secretes some toxins which produce a blister. This blister later
ruptures to form an ulcer. In the centre of this ulcerated area,

may be seen the prolapsed uterus of the female as a whitish point.
From this point, a milky lfuid containing a large number of coiled
up embryos are ejected now and then in batches whenever the site
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comes in contact with water. The embryos in this way are dis-

charged completely in almost 15 to 20 days time after which the
adult female is either absorbed or tends to come out spontaneously.
A little traction at this juncture may help in the removal of the

worm. The traction should not however be applied where the female

is in an active phase of discharging the embryos through its prolapsed
uterus. The embryos discharged may be swallowed by cyclops where

they may undergo development and are transformed into typical
infective forms.

The gravid 1 males make heir appearance at the surface of

thr skin through ulcerated area within 9 months or more after

the ifrst entry of larvae (contained in cyclr.psl in the human body.

Pathogenecity

The disease draeontiasis is caused by this worm. The chief

:signs are the formation of ulcers on the legs, arms, ankles, surfaces

of the back or at other points of the body often exposed to a contact

with water. In case there is any secondary infection along the track

of the worm, it may give rise to severe local and general inlfammatory
inns.

Treatment : There is no speciifc drug for the tre iftment of

dracontiasis. The only rational method is to encourage the worm

to discharge its embryos by careful douching with cold water at the
sites of ulcerations. When all the embryos are discharged from the

uterus, the worm dies, loses its grip and it can then be easily extract••
ed manually. Traction to be done only when all the embryos a e

discharged, otherwise the worm resifts extraction. If it is carelessly
pulled, the body of the worm tends to break which may e rise to

the formation of sepsis in the body.

Prevention : Infected individual should be stricdy prohibited

from bathing in water used for drinking purposes. The water

should be ifltered to remove the cyclops from the suspec ed water.
Cyclops can further be destroyed by adding potassium perman-

ganate (0.01 g. of potassium permanganate added in one litre of
water is enough to kill the cyclops in a few hours). Addition of
bleaching powder every fortnight in wells may destroy the cyclops.
7-1-91

s



130

The introduction of certain specie, of fish e.g . Barbs_ puckel Ii which

feeds on the guinea worm larvae and oilier copepods is also a good

preventive measure.

Revision questions

1. Describe in detail the life cycle of Dracunculus medinen-

sis (Guinea worm).

2. What are the various remedial and preventive measures

against guinea worm infection ?



CHAPTER V

ANNELIDA - SEGMENTED WORMS

Phylum Annel da comprises animals in which the body by the
presence of circular rings or grooves is divided externally as well as
internally into numerous parts called the segments or metameres. In
phylum Annelida (Annulus= rings i.e., ring bearing animals), this
ringed condition is more often known as segmentation or metamerism.
With the exception of a few anterior and some segments at the hind
end of the body, all other segments or metameres are more or less
alike. The digestive, nervous and circula'ory systems run without

any interruption from the anterior to the posterior end of the body.
The other organs e.g , the excretory organs are arranged on a sep-
mental basis.

Metamerism means more than the mere division of the bou_

into similar segments. It implies not only the serial repetition or

homologous parts in each segment but also their working in co-op
ration with all the others for the maintenance of the activities >'

the body as a whole. The segmental structures are interd. pender,t

and are so integrated that the individuality of the body is retained.

The segments of an annelidan body differ in this respect with the

segments or proglottides of a tape worm. In tape worm, each mature
segment with a complete set of reproductive and other organs may

be regarded ac an independent antity where no interdependence in

the functional activities of these organs with the organs of the other

segments is to b!noticed. In the case of an annelid, like the earth
worm, during its forward movement a functional interdependence
and co-ordination between the segmentally arranged structures is

evident. The animal moves by rythmical waves of contraction which

begin at the posterior end and gradually spread forwards. The

muscles, found in each segment of the body contract in such an

orderly sequence that the body as a whole moves forward.

In metamerically segmented animals in certain types, the

anterior few segments of the body contribute to form a head. Thiy

process is referred to as Cephalisation. During cephalisation, not
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only fusion of the anterior few segments takes place but also the

concentration of nervous tissue occurs forming thereby the brain

and also other associated sensory organs. Thus, a distinct head is

formed with usually associated structures like mouth, sense organs
brain, etc.

The nnelids, besides being metamerically segmented usually

possess an elongated cylindrical body with a bilateral symmetry.

They are coelomate triploblastic animals where the coelome or the

body cavity is found between the body wall and the wall of the

alimentary canal. We can study in detail Pheretima posthuma, the

common Indian earthworm and Megascolex as good examples of the
annelid worms.

Pheretima posthuma (The Common Indian Earthworm) :

Habitat: Earthworms, as the name itself indicates, spend

most of their time in burrows swallowing the earthand depositing it
around the mouths of their burrows. The burrows are the channels

or passages excavated by the earthworm simply by pushing the earth

away on all sides. In a compact ground, the soil is actually swal-

lowed by earthworms to make burrows. In moist and rainy weather

the worms live near the surface and they can be seen very often to

protrude towards the surface of the earth through the mouths of the

burrows. During intense cod, they plug the opening of the burrow

and move towards the deepest part of the burrow which usually ends

in a chamber. Within these chambers, one or several earthworms

are rolled up together in the form of a ball and pass the entire winter.
During very hot days they also move away from the surface of the

earth to avoid dry weather.

Economic Importance of Earthworms: The swallowing of earth
besides being a means of digging a burrow also helps in enriching the
soil with a good manure. The soil that is swallowed contains organic

materials of various kinds e.g., seeds, decaying plants, eggs or larva
of animals and other dead bodies of small animals. These pass

through the alimentary canal where the swallowed earth containing

organic material undergoes a process of digestion. The undigestible
portions of the food are passed out of the body in the form of small
pellets or castings deposited near the mouths of the burrows ir. heap.
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-w..h li aps c'in oa1y found in ifelds and gardens specially
during the rainy season. The earth of the castings is thus exposed
;o the air and the burrows themselves allow the penetration of the

air into the soil. This loosening of the soil besides improving

drainage also m3.kes easier the downward growth of the roots. The
earth swallowed along with the organic matter during the process of

digestion undergoes ifne grinding and the partially digested remains
of the leaves and other organic matter are also added to it and is

discharged as castings. This as such is an effective way of 'soil culti-
vatlon' by which the soil is enriched with castings. These castings

act like fertile humus that covers the land everywhere except in dry
and certain other unfavourable spots. Such an enriched soil with

castings facilitates healthy plant growth. The earthworms are thus

v;ry helpful to the agriculturists. They constantly plough the soil
and enrich it with a useful manure. During this spreading of earth,
seeds are covered and are enabled to germinate. Further, the stones

and other objects on the surface are covered.

It has been estimated that more than 18 tons of enriched earth

per acre per year is brought up from below and deposited on the

surface. Darwin calculated that on an average a layer of earth one_

iffth of an inch in thickness is thus brought about to the surface in

the course of a year.

The earthworm may be regarded as a good friend of the gardener
and the agriculturist.

Species of Earthuor;ns: There are several species of earth-

worms found in India. The common among these are Pheretima,
Eutyphoeus, Helodrilus and Megascolex. Amongst the species com-

mon in the British Isles are Lumbricus, Allolobophora, Eisenia and
Dendrobaena. Pueretima posthuma is more or leis common all over

India hence the same is described here in detail.

Exiernal Features : The body of P. m sthume is long and nano,
approximately cylindrical in shape having a bilateral symeaetry. A
full grown earthworm atta5ns a length of about 150 min and 3 to

5 mm in diameter. They are usually deep brown in colour. The dorsal

side being slightly darker than the ventral surface. The dorsal side

of the body i5 `.archer recognised b)' th presence of a dark median
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ling r'J1 ii Ulo l the :ntire :ength

of the body. The line is a narrow

strip of muscle applied to the inner
surface of the skin.

- c,"n _

setae

female genital pore
o. clilellum

. male genital pore
genital papilla genitalS papi115•

The entire surface of the body

is marked by the presence of a series
of annular grooves or ring4 which

divide the body superifcially and also
internally inro a number of segments
or metameres. The number of these

segments in a full grown worm is
about 100-120. The external seg-

mentation of the body exactly cor-

responds with an internal segrnen-

tation The internal segments or

compartments of the body are sepa-
rated with one another by transverse

partitions called septa. Some of the
anterior segments show secondary

annulation by the presence of ad-
ditional furrows. This is restricted

only to the superficial part of the
c meili

Fig. 5.1 Ventral view of an
earthworm

The anterior extremity of the
hod' is produced into a conical

lfeshy lobe, the prostomium, which
over-hangs the mouth. The mouth is

1 situated at the antero-ventral surface
of the ifrst segment which is therefore

called the peristomiuni. The prosto-
2 mium is not a distinct segment but is

the extension of the peristomium.

3 The anus in the form of a cir-

cular opening at the posterior extre-
mity of the body is located on the

Fig. 52 A dorsal view of the

prostomium and the last segment. This segment is called
first three segint.nts the anal segment.
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The entire superifcial surface of the body is invested with a

delicate, iridescent membrane called the cuticle. It is secreted by

the epidermis or the outer epithelial layer of the body.

Setee

With the excepti, n of the ifrst and the last segment, all other

segments of the body are beset with a large number (about 100) of very
small cuticular bristles called, setae or ehaetae. The setae are arrang-

ed on a distinct ridge which encircles the middle of each segment and

form a continuous se: ies round each segment. The tips of these setae
face backwards due to which a sensation of a distinct roughness can

be felt if a worm is drawn between the ifngers from the tail to the

cuticle

circular tnus.Jcs

S

longitudinal
ntuscles

1`

wu:,cle

sr ta::ativ'e

retractor

music

A portion of a section through the body wall of an
ear'.hwora; to show the position of setae

Fig. 5



head end. 71ie ;,etae assist the ansmal in preventing born supping
backwards as it moves along on the surface of the ground or in its

burrow. The setae when worn out may fall out and are replaced

repeatedly. Each seta, in the form of a f-shaped bristle is a slightly
curved body with tapering ends, composed of a horny substance

called the chitin. The seta is lodged and developed in a small sac,
the setigerous or chaetigerous sac. These setigerous sacs are found

as involutions of the epidermis. It is an epidermal sac. Attached to
its base are the protractor and retractor muscles. By the action of
these muscles thv setae can be protruded and retracted respectively.
At the bottom of the setigerous sac lies a single large ejodermal cell
called the formative cell which secretes the seta.

In full grown worms, a band or girdle of `ula; isuc is
found encircling the body. It is called the clitellum or saddle. it

extends over the 14th, 15th and 16th segments of the body. hTe

clitellum is a structure, helpful in the process of impregnation and in

the formation of cocoon or egg case. The clitellum in the living
animals is not very different from the rest of the body but becomes

very distinct in spirit preserved specimens. The clitellum is very
smooth as it is devoid of setae. In the young worms, however, ihesc
distinct rows of setae are formed in the clitellar segments as well.

On the ventral surface of the ifrst clitellar segment is found a
single median female genital pore. Likewise, on the ventral surface
of the three segments i.e., following the clitellar segments-the
17th, 18th and the 19th segments, are seen three pairs of papillae in a
series. Those on the eighteenth

segment bear the opening of the female Rend.
male genital ducts and are call- pore \
ed male genital pores. The other i4
pairs of papillae situated on the ,s y
1.7th and the 19th segments in a

line with the male pores are in t
the form of simple cup shaped geuI_! • OO

o pilla O ._- -- i '-Eaai'a'nnrc•depressions of the body called 8 -. ≥.
the genital papillae. In addition '9 O
to the above mentioned pores 20 -
and papillae, four pairs of

Fib- 5 4 The genii. i
small openinne are a..l : foun,!.
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These are called the spermathecal pores. They are situated ventro-

laterally in the furrows betw en the iffth and sixth; sixth and

se"enth; seventh and eighth and eighth and ninth segments of the

b. dy. These pores are the openings of the spermathecae (sperm sacs)
into which sperms are stored up during copulation.

There are also to be found a series of minute dorsal pores in

the middle dorsal line, in the grooves between all the segments of the
body except the first twelve. The ifrst dorsal pore thus lies between
the intersegmental groove of the 12th and the 13th segments. There

is a pore in each succeeding intersegmental groove except the last.
[lie coelom or body cavity communicates with the outside through

these dorsal pores. Scattered all over the surface of the body irregu-

!arly are found the minute openings of the excretory tubules or

n; phridia. These pores are called the nephridiopores. They arc not

sthie except in thin sections examined under the microscope.

The Internal Structure of an Earthworm: The internal structure

of an earthworm can better be followed by observing under the

microscope a thin transverse section passing through the body. The
transverse section shown in ifgure 5.5 is taken from the mid-part of
the body passing through the region of the intestine.

Body wall: The body wall consists of several distinct cellular

layers. The superifcial covering consists of a non-cellular cuticle

cDmposed of chitin with a characteristic iridescent lustre. It is per-

forated by numerous minute pores through which op c=n the epidermal
glands. It is secreted by the underlying epidermis,

"ihe epidermis lies beneath the cuticle. It co'tsi' s o° a single

layer of cells. The epidermis consists of the following types of cells.

(1) The mucus secreting goblet cells which secrete the mucus

r u j l c p the skin moist. The mucus prevents desiccation of the animal

and also helps in locomotion by lubricating the body_ The w -,11s o

the burrows are also cemnted by the mucus. (2) I
grand cells, contain uniformly distributed ifne granuh

The other types of epidermal cells are the ,opr,
t0 yeaot : e1L v hich form tea, en rlermal rec.
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Bencath the epidermis lies a tnu culi r layr. The grcater part

of the thickness of the body wall is occupied by muscle ifbres which

are arranged in two sharply deifned layers i.e., (i) An outer layer of
circular or transverse muscle ifbres in which the muscle ifbres extend

transversely round the body. (ii.) An inner layer of longitudinz
muscle ifbres arranged longitudinally along the whole length of the
body. In section, these are seen as bundles of ifbres which have been

cut across. The longitudinal layer of muscle ifbres are much thicker
than the circular muscle ifbres. Th, contraction of the longitudinal

auscle ifbres causes the body of the worm to get short and thick

while the contraction of the circular layer of muscle fibres causes

the body to diminish in diameter and consequently the body extends

n !end Ri.

The innermost layer of the body wall investing the muscular

le C a ,d lining the corlom or body cavity is parietal or somatic

layer of coelomic epithelium. It is an extremely thin layer. The body

wall is completed by this somatic thin layer or peritonium which

tlqus separates the muscles from the coelom.

Wall of the Intestine: The structure of ;hc well of the intestine

a is seen in the transverse section passing through it repeals that it

consists of the following cellular layers. The wall of the intestine is

composed of the elements similar to those which constitute the body

wait, but arranged in the reverse order.

The lumen of the intestine is lined by a layer of columnar

cp:t iel ium derived from the endoderm. It is called the enteric epithe-
lium and forms the chief absorptive layer of this part of the alimen-

tary e pail.

Outside the enteric epithelium is a layer of circular and then

a layer oI longitudinal muscle ifbres both being very thin. The mus-

cular layer is covered by a thin layer of peritonium, the visceral layer

of coelomic epithelium which forms also a lining of the coelom to-

wards the wall of the alimentary canal. The visceral layer of coelomic

epithelium thus completes the wall of the alimentary canal.

The cells of the visceral layer o2' coelomic epithelium of the

intestine, rectum and a considerable part of the oesophagus, get

modiifed into what are known as y3-Ilow or chloragogen cells. These

cells contain a e;iow pigment excretorv in nature, probably
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lipoidal in ia:ure. ±se t::_ . ,r1 tip: ili nci; ry eia1 a;.3 alsc the
glycogen is stored up in these cells. These cells are believed to be
the sites where, as a result of deamination, ammonia and urea are

produced as excretory substances. In this respect they bear a likeness
to the liver of the vertebrates. These cells also probably collect silica

from the soil passing through the gut as concretions of silica were
also dct cred in them occasionally. The chloragogen cells when

pa:ietai layer s ye,Q r , C3I Cie
coaomic epitheiiune 4s . -

':

dorsal ' \ 'c _ - cpid:,rais
r rblood cessc! .- .yma

viucral layer _'r'
/

It shoal / \\ cocloric epitheliumaupra- ` -, ' \\ '
e rclury cu hD /f •---------__•-_•_L t \

,tslr!t'1iioro>;o c t , _ cnlcr cceiII or f n epiihct:nm

. ` ' li ,sar ntuscicsr , , rje ifb,:ifn.

'ff .. nci rid,am

locgitudm i `ta' " h 1funnel of sc tai

r ,,, 'F'; refir. . ^tm

<s f_,i,,z 1
r % r r - / 2'' rP.

•Y y ..:>i..f ncroc cord

Fig 5.5 A transverse section passing throut'h tits_ re i

of the intestine of Pheretima posthum3

highly charged with the above substances, fall into i L-c :. ; i m+c fluid
and there they break and et free their contents n the coelomic lfuid.

The excretory contents from the coelnmic lfuid are ifnally got rid of

through the nephridia or ti.- dorsal pores of the coelom. The dis-
integrating e llori:gngen Cl it hit_"iV '--''eUIiCC' by tie phagocvtlc

eor usc!es of the ._o: i,,m.
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The dorsal wall of the intestine is infolded to form a longi-
tudinal ridge called the Typhlosole. The ridge is said to increase the

absorptive surface of the intestine. The typlosole is iflled up with
chloragogen cells.

In the transverse section passing through the body, the other

structures to he seen are the following. (i) Cut end of the dorsal-

blood vessel lying above the intestine; (ii) Cut end of the ventral-
blood vessel below the gut, (iii) A section passing through the double

ventral nerve cord, below the ventral blood vessel. Beneath the nerve
cord lies the cut ends of the sub-neural vessel. In addition to th

can be seen the fragments of the nephridia inside the coelomic cavil

All tM' above structures i.e , the blood vessel, the nerve cord and t i

fragments of nephridia lie within the coelomic cavity.

Coelom : The coelom is a spacious cavity or space found bF;

wee;i the body wall and the wall of the alimentary canal. It is line

by the coelomic epithelium or peritoneum which is mesodermal i,

origin. The lining of the coelom towards the body wall is called

the parietal layer of coelomic epitheliurn and the lining towards 1 ;v
i2i.ill?O-] _l ',' C li7a. , lv:'iii tt1 via 1.AC 4l1 ;.: t.Hul;C ep?liiC-

1iurn.

The coelom in earthworm

is not a continuous space but
divided into a number of corn- '>

;)artments on account of the

presence of many transverse

partitions or septa. The septa

are arranged regularly and cor-
respond in position with the
external rings by which the body

is divided into segments. The

metameric segmentation thus
affects the coelom as well. Each

septum is in the form of a verti-

cal partition found along the

intersegmental groove and con-
nects the wall of the alimenLary
Cana! woti tn' )ouv ::';, i her:

\ rare sureua_ : fby sph;oc::r
swsCla ift;rs<

Fig. 5.5 A portion of an intersegmental
>t tom, <r_o; inp Sphinciered aperairc



i he L'av; v of fc phrynx is conpresed ;Rorso- vcntra!iy oit

aecoai.t of the presence of dorsal pharyngeal mass or bulb which
depresses the roof so as to bring it near the lfoor, thereby reducing
the cavity within Further, the lateral ws1ls of the pharynx are pushed
inwards to form a narrow horizontal shelf on each side. On account

of the presence of these lateral shelves the pharyngeal cavity is seen
to be compiei.c'y divided into a dorsal chamber receiving secretions

aggrc"ales: of

dorsal'.cssd phanngeal
gland cells

dorsal or

. 'Salf'-ar)'' CIlu iethCr

mused vascular

tissue

muscle strand

zY'_/

epidcrrui;

ph:u n;cat
cpithclium

layer of circular
muscles

central or / ventral vessel

•eonducvng' chamber layer of longitudinal
central nerve cord muscles

the right pharyngeal
horizoulal shelf

! y 1 A v rrse seeiion of h rth.vonn throuLh

tI

! ii '. ..ilI Cni' ,. L!C'Ht r chamber. The

uuaryngeal rrta s consists of the p`iaryngi gland cc ls. These are
irregularly shaped. This glandulat rliass secretes a salivary secretion
.tits' ii?e .Eiji n 0: `-__ ph._ryl]X.



The pharynx is followed by a narrow tubular gullet or oeso

phagus which extends through the fifth, sixth and seventh segments.

In the eighth or even at times in the 9th segment, the oesophagus
dilates to form a thick muscular round body called the gizzard.

The gizzard is a hard muscular chamber with a thick wall of circular
muscle ifbres and its cavity is lined by a layer of columnar epithelium

which secretes an internal horny cuticle. By the contraction of the

muscles of the gizzard, the food material is ground up against the
internal cuticle and is reduced to a fine state of div ison before it is

passed into the intestine.

The oesophagus behind the gizzard again continues in the

form of a tube extending upto the fourteenth segment. The oeso-

phagus behind the fourteenth segment passes into a wider rube, the
intestine.

The intestine continues as a thin walled tube r ght upto the

anus. In the twenty-sixth segment, a pair of conical outgrowths are
given off from the intestine. These are called intestinal caeca. The

function of caeca is unknown. Each caecum ari'ing as lateral out-

growths of the intestinal wall in the 26th segment extends forwards
through three or four segments. A considerable part of the dorsal
wall of the intestine in fornt of the anus, is folded inwards. This

infolding in the dorsal wail of the intestine produces a longitudinal

ridge or typhlosole. It serves to increase the absorptive surface of the
intestine. The surfece of the intestine is also covered over by the

chloragogen or yellow cells, the function of these have already been
mentioned. The terminal part of the alimentary canal is referred

to as rectum, which opens to the exterior through the anus.

The food of the earthworm comprises bits of leaves and other
organic matter formed in the soil. The soil containing these food
products is swallowed by the worm in large quantities. The buccal
cavity is everted and the muscles passing from the pharynx to the
body wall, bring about the dilatation of the pharyngeal cavity due to
which the food particles are ingested through the mouth by a sucking
action. The salivary secretion passed into the pharynx by the
pharyngeal mass contains proteolytic enzymes which start the diges-
tion of Ti C fond ci rdnc ?n the gizzard. The
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sand particles of the soil, and the muscular contraction of the wall of
the gizzard heh s in the breaking up of food into ifne particles. The
process of digestion completes in the intestine which secretes diges-
tive juices containing a number of enzymes. The proteins are

cor;verted into peptones, starches into sugars and fats undergo
splitting into their constituents. The digested food is absorbed by
the intestinal wall and passes into the blood. The process of diges-
tion takes place in the lumen of the alimentary canal hence it is
extracellular or enteric. The food is dissolved and rendered diffusible

entirely in the cavity of the gut.

The general movements of the body, and the contraction of
the muscles of the gut and septa aided by cilia gradually force the

food backwards. The indigestible contents of the food in the form

of earth and other indigestible matters are ultimately expe'led at

the anus as castings.

Blood Vascular System

The vascular system of the earthworm consists of blood

vessels containg red blood. The colour of blood is red due to the

presence of the respiratory pigment haemoglobin. The haemoglobin
in earthworm is dissolved in the plasma but not in the corpuscles as

is generally seen in the vertebrates. There are, however, a number of

colourless nucleated corpuscles found in the plasma. The blood

vessels form a single closed vascular system as there is no commu

nication between them and any of the other cavities of the body.
The following main longitudinal vessels are very prominent.

1. A large dorsal vessel runs along the dorsal surface of the

alimentary canal from the anterior to the posterior end of

the body.

2. A large ventral blood vessel or the sub-intestinal vessel

runs along the ventral surface of the alimentary canal
along the entire length of the body.

3. Q small sub-neural vessel runs ventraily to the nerve curd

extending from the posterior end of the worm to the
fourteenth segment anteriorly.

All these longitudinal trunks supply branches to the vari u

parts of the body.
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The direction of the flow of blood in the dorsal vessel is from

tl e posterior to the anterior end of the body. The blood in the ven-

tral and sub-neural vcsrels flows backward. The arrangement of the

blood vessels behind the thirteenth. segment i. e., in the region of
the intestine differs from the arrangement in tl.e ifrst thirteen seg-
ments of the body. The arrangement of the blood vessels on the

whole, may as such be followed, by studying :hen; in the two distinct

regions of the body mentioned above.

1. The typical arrangement of blood I'essels behind rho tJlir-

teenth segment i. e., in the region of the intestine.

The blood vessels in the region of the intestine consists of:

(a) Three main longitudinal trunks running paral!et to one

another nanely the dorsal, Ili eentral a d the suh- teural

vessels.

(b) The intestinai blood plexuses four ci in the wall of the gut.

(c) The commissural and the into tnm.ntzrv vessels.

supra-intestinal dorsal vessel
excretory duct

e pillaries n` the

dorso-intestinal int:rusl pi. u:
vessel

typhlosolar
vessel '* e..

a

transverse u

"essel >k

capillaries of a
the external -

plexus
~•'

1 l>ti

Renfro- t 'N

fegumentary `
vessel

(pt •in!estinal
sentro-intestinal 'r. easel

c s:ct

c?ptral vessel suhneural eerie!

I' 5.L A :rer.:verse section (Diagrammatic) showing :i ; t _ _i :: -•
of tn 11 0) i v<<<,.etc in rh; intestinal region
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The disposition of the above vessels is as follows

1 The dorsal hlo+3d vessel th loagt Hood ;essel n the

body. It runs aion he tcid-d. _ is _t.. J ut aid ire
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body wall. It has thick muscular walls which by rhythmic contrac-
tions drive the blood from behind forward. In front of each septum
there is found in the lumen of the vessel a pair of valves directed

forwards and inwards, which check the lfow of blood backwards
when the vessel contracts.

The dorsal blood vessel in each segment receives on each side

two pails of dorso.intestinal vessels which are connected ventrally
with two pairs of transverse vessels encircling the intestine. The
dorsal vessel further receives in each segment a pair of lateral com-
niissural vessels which run along the posterior face of each septum and
is connected ventrally with the sub-neural vessel. Each commissural

vessel collects blood from the nephrid a, and the body wall. A
septo-intestinal brznch from the commissi:ral vessels supplies blood
to the intestine. The dorsal blood vessel behind the thirteenth seg-

ment is thus the chief collecting channel receiving blood from the
intestine through the transverse and dorso intestinal vessels and from

the nephridia ad body wall through the commissural vessel. Further,

the sub neural vessel in each segment is connected with the dorsal
vessel by a pair of lateral commissural ve sels.

Dorsal blood vessel

/ chief collecting channelbehind the 13th segment

/
N

Lateral commissural Dorso-intestinal
vessel

T Transverse vessel
encircling the intestine

supplies blond to intestine

Septo-intestinal

Receives blood from Sub.neural ves:yel

the nephridia and body
wall
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The ventral blood vessel runs just below the alimentary canal

from the anterior to the posterior end of the body. The lfow of blood
in this vessel is from the anterior to the posterior end of the body.

It is the chief distributing vessel throughout the body, supplying
blood to the various organs of the body

The ventral vessel gives off a pair of ventro-tegumentary vessels
one on each s de immediately in front of each septum. The branches

of ventro-tegumentaries supply blood to the body wall, integument-
ary nephridia and the septal nephridia through the septo-nephridial
branch. The ventral blood'essel besides giving off the paired ven-
tro-tegumentary vessels, also gives off in each segment an unpaired
ventra-intestinal vessel from its dorsal surface. Thee vessels supply
blood to the ventral wall of the intestine

Ventral Blood Vessel

distributing channel

/

Ventro-tegumentaries supply blood to Unpaired ventro-
intestinal

1. Body wall

2. Integumentary nephridia

3. Septal nephridia through To the ventral wall of
septo-nephridial branch. the intestine.

The sub-neural vessel runs along the mid-ventral line and as
its name indicates, lies beneath the ventral nerve cord. It is a slender

vessel extending from the posterior end of the body right upto the
14th segment. The blood in this vessel lfows backwards. In each

segment it receives a pair of branches which bring back blood from
the ventral region of the body wall. It communicates with the

dorsal vessel through the comm?s<ural vesstIs and thereby sends a

part of its blood to the dorsal vessel.

2. The arrangement of the blood vessels to the first thirteen
segments.

The arrangement of blood vessels in the ifrst thirteen segments

differs niarhedly front that of thr it, inal riot. The dorsal blood



vessel instead of being a cciiecting channel beem:s the main dis-

tributing trunk. The function of collecting blood from the anterior

region of the gut is taken over by a new vessel, the supra-oesophageal

vessel, while the blood from the peripheral regions of the body is

collected by the right and left and lateral oesophageais formed by +i c
bifurcation of the sub-neural vessel to the ifrst thirteen segments.

ant post. ( direction of lfow of blood )

DORSAL BLOOD VESSEL

dorso-intestinal

t
transverse vessel

It
gut

\ unpaired cu(ro-intestinl

Septo ifnfalt
VENTRAL BLOOD VESSEL

ant. - t post.

( direction of lfow of blood )

N. lateral commissural ventro-tegumentaries
essel

VESSEL

body-wall septo nephridial
integumentary
aephridia

septal n:phridia

tbrough secerat
branches from

body wall and
nephridia

SUB-NEURAL

ant. - _ post.

( direction of lfow of blood)

Fig. 5.14 Dia€ranunauc r,prta;itjn of i irrul i iuu of hlood hehiu3

tiro thirtccn i ment i.e.. in irec jn sunui r;givzi
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The ventral 111ood vessel continues to be a distributine channel in

t he ifrst thirteen segments also. It does not however supply blood to
the gut, as the dorsal blood vessel supplies blood to this region of
the .zut in the ifrst thirteen segments. The details are as follows.

The dorsal blood vessel is the chief distributing channel. It

does not receive any commissural or rtorso-intestinal vessel in tie
ifrst thirteen segments. The lfow of the blood is from behind forward
is is seen behind the thirteenth segment. The blood collected in the
intestinal region by the dorsal blood vessel, passes into the ventral

blood vessel through four pairs of rhythmically contractile muscular
and valvular tubes, the so called hearts which are situated in the

seventh, ninth, twelfth and the thirteenth segments. The anterior two

pairs of hearts, situated in the 7th and 9th segments are called the

lateral hearts, as they simply connect the dorsal vessel with the ven-

tral blood vessel. The posterior two pairs of hearts situated in the
12th and 13th segments are called the latero-oesophageal hearts

as they carry blood from the dorsal blood vessel and the supra-
oF opi: ,ge, l vessel to the ventral blood vessel.

The dorsal blood vessel extends anteriorly upto the cerebral
na i. and gives off paired branches to the pharynx; the pharyngeal

neph !_i,a and the gizzard.

The ventral blood \essel in this region also continues to be a

d s : ibuting channel and the lfow of blood is the same i.e., from

='nterior to the posterior end of the body. It gives off in each seg-

ment a pair of ventro-tegumentary vessels which supply blood to
the body wall and the nephridia. The other structures found in the

body cavity, i e , spermzthecae, seminal vesicles, ovaries, etc., also

receive their blood supply from the branches of the ventral blood
vessels. The ventral blood vessel in the ifrst thirteen segments does

not supply blood to the gut as 'he latter i❑ this region is supplied
by the dorsal vessel.

The sub-neural vessel on entering the region of the anterior

thirteen segments bifurcates into two lateral oesophageals which run
on the right and left sides of the alimentary canal. The direction of
lfow is from anterior to posterior end of the body. In the segments

10th to 13th, the lateral oesophageals are closely attached to the
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wall of the oesophagus. The hood from the gut, nephridia, body

wall, septa and the reprodu'.t organs is collected by the lateral

oesophageals.
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The 1t t tl uesclhagcal cotnecd vvith the Supra-oeso-

phagea! vessel through two pairs of ring vessels or commissural
loops surrounding the wall of the oesophagus in the 10th and the
11th segments. These ring vess&s are called the anterior loops.

Thus, the blood of the lateral oesophageal in this region passes into

the supra-oesopht geal through these anterior loops.

The supra-oesophageal vessel is conifned to the posterior

oesophageal region estendtng from the 9th to the 13th segment and

dorsat vessel

lafero

intestinal
Ceart /

sizpra-

intestinal ;/ nlrr ,imIIcntir
1:ntral renc cord

Pik= 516 A transverse section (Diagrammatic) through the region
of the "Latero-oesophageal" hearts

occupies the same relative position with regard to the gizzard and

oesophagus, the dorsal blood vessel occupies in the intestinal region.

The supra-oesophageal posteriorly communicates with the two

posterior pairs of latero-oesophageal hearts situated in the 12th and

the 13th segments. Thus, the blood of supra-oesophageal via the

latero-oesophageal hearts may pass into the ventral blood vessel.

The blood that returns to the lateral oesophageal may follow
two routes. It mad enter the anterior loops from where it goes into
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the tran;vrrc ≥cctiOn N:- n. ive cord is composed
of iw'o Ion ud i a1 cord stir o?rl le ` : ljnlon sheath. During.

prosfon',iurs

prostcwial nerves

cerebral an gliag' I,
- or supra-ptiar} nbert

- ganglia
_v _--circ. phar. connect

7

4

eere r,• cord 5

9

i 0

seonieotal nerves

11

:::Ewv _: .._ _--
i3

r .. ..__ .-.... .. rw

14 -- ---

15 1_ --

Fig. 5.19 Nervous system-Pheretima posthuma

development, the nerve cord is in the form of two distinct, laterally

situated cords which later gradually approach each other and uiti

mately fuse together in the midd'e hue +r' form the double ventral
nerve cord of the adult.
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From e_dch irangli:nic r:wclhng el the nerve cord _,rise two

pairs of nervy; which a distributed i;; the body v all and the
viscera.

With the exception of cerebral gonglra, the entire nervous s','stem

of an earthworm is ventral in position.

The nervous system is capable of originating automatic action.

It is an observed fact, that, if the body of an earthworm is cut into

pieces, each is capable of performing independent movements. This

shows that the whole body, as in the higher animals, is not paralysed
by the removal of the brain.

There are no special organs of sight and hearing in the rth-

worm. It however, exhibits sensitiveness to light. There are special

nerve endings or receptors in the epidermis, particularly on the pro-
stomium and the peristomium. The earthworm is, further, well capa-

ble of distinguishing between different kinds of food. For this

purpose on the epithelium of the buccal sac are found scattered

groups of cells or receptors. There is also highly developed in earth-

worms, a sense of touch including the perception of vibrations of

the ground. For this purpose there are found groups of narrow

cells, known as tactile receptors, in the epidermis of the body.

Respiration : The earthworm has no special respiratory

organs. The exchange of gases takes place through the surface of the
skin. The skin is very thin and richly supplied with blood. The

minute branches of the blood vessels i.e., the integumentaries in

the skin are only separated from the air by a simple layer of epi-
dermal cells. When the skin is moist, the exchange of gases takes
place most eiffciently by a simple process of diffusion i.e., 02 diffuses

in and CO2 diffuses out. The skin as is mentioned previously is

always kept moist by contact with the damp soil, by the secretion of
mucus by its glandular cells and by the coelomic lfuid which oozes

out through the dorsal pores. The animal dies in case the skin dries

up as it is not able to respire.

Excretory System: The excretory system of the earthworm

consists of tubular organs called the nephridia. Each nephridium
generally consists of a coiled tube, one of it through a wide funnel

called the nephrostome (nephridiostome) opens into the coelom and



'xcrt o j . Ii Is situ tcd on each -- :.€ a' t suer-
intestinal excretory ducts. These ducts ; u ian; udinaliy near the

id-dorsal line below the dorsal blood vessel. In each segment the
>ua-a-intestinal excretcrv duet cut;:n1Pn cafL3 with tl:e'um n of the

The excretory prof :etc; }i the Scptal i':chi C11 i, v:<

a septai excretory duct, eaahcs ihe sup. a-intestinalexercto y duct

ch in turn pours its contents into the lumen of the gut. The

se products from the gut ultimately reach to the exterior through

a anus. Such nephrid;a, which do not open directly to the out:;idc

)at. open into the gut are referred to as eateraaephric nephridi r.

I he structure of a single septal nephridium =s as follow

I by eptal nephridium consists of a small funnel . , '; a

i dirostoine. fhr. leads b htnd into a short nar'ow tuhc-lint li f

of tiie nephritla l tube. This tube bends on itself before joiia

the body of the nep'Iridtu n. Tue main body of the ncphridiau

cortsitits of a short straight tube followed by a long spiraliy twi,icd

Oop. The straight iobe is round at its free end and continues at its

other end into one of the limb of the long twisted loop. The :; g
twisted loop is distinguished into distal and proximal limbs. 1 :s

te+r loop is more th in twice the length of the straight lobe.

The proximal limb of the twisted loop, ifnally comrnunicaa s

w;ir a terminal nephridial duct. This in turn joins the septal excr -
.ory canal. A much coiled nephridial tubule traverses the substance

of the septal nephfiatum and ultimately leads into the terminal

excretory duct. The lumen of the tubu;e is provided at various places

with many cilia. The flickering movements of the cilia urge on tiie

excretory products from one end of the nephridium to the other

ultimately discharging them into the septal excretory duct. Th:;

whole nephridium along with its funnel, hangs freely in the coelomic

cavity and i attached to the sept urn near its outer edge by means of

the terminal n uphridial duct which ruas obliquely along the septum
and j ns the septa) excretory canal.

The nephridia are richly supplied with blood vessels and are

lined partly by gland cells and partly by cilia. Water and nitrogen-
aus waste from the different parts of the body pass by diffusion in o

the hood a'td art thus conveyed to the naphridia. Th; gland eeiis



■

dIs:_! 11mb

of t e sted

Loop

Oho!-I CtrslglEt ^[

lobe -

rokinal

limb of

• twisted loop

funnel

oepbrostome
i

..

ifrst free part of
aephridial tube

terminal nephridial duct

Fig. 5 22 Pheretima posthuma - A single septal nephridium

of ! L,. nephridia withdraw the waste products and pass them into the
cavities of tl e tuhe. and arP fcn li`; dischareed from the body. The
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waste nest'_r h unJJ ha r;tc coelomic lfuid also passes through the
nephrostomes into the nephridia.

2. The pharyngeal nephridia : There are three pairs of

pharyngeal nephridia. The pharyngeal nephridia are restricted to
the 4th, 5th and 6th segments of the body on each side of the oesu-

phagus. The pharyngeal nephridia are in the form of tufts or clusters.
They are devoid of nephrostomes. The terminal ducts of all the

nephridia of a duster unite together to form ducts which in turn
join to form a long muscular duct. There are thus 3 pairs of such

long muscular ducts arising from the tufts of the ncphridia. The
long muscular duct from the nephridia of the 6th segment passes

anteriorly and opens into the buccal cavity. Those from the 4th or

'th segments open into the pharynx. Smee the pharyngeal nephridia
also discharge their contents in he buccal cavity and the pharynx,

.hey arc also like the septal nephridia of entero-nephric type. The

cntero-nephric nephridia, e.g., septal and ph. ryngfal, help in the
conservation of water.

3. The integumentary nephridia : They are the smallest of

the three kinds. They are less than half the size of the septal, but

very much more numerous, attached to the inside of the body wall.

They are found in all the segments except the ifrst two. There are

100-250 nephridia in each segment. In the region of the clitellum,

they are so numerous as to form forests' and give this region velvetty

appearance. They have no nephrostomes and their inner ends are
closed. They open to the exterior by the nephridiopores on the
surface of the body. Integumentary nephridia are said to be exo-

nephric as they discharge their contents directly to the exterior.

Reproductive System : The earthworm is hermaphrodite i. e.,
both male and female reproductive organs are found in the same

individual. Inspite of this, cross fertilization only takes place. Self
fertilization, however, is not possible as the testes and the ovaries

do not mature at the same time. The testes mature earlier than the

ovaries and usually atrophy by the time the ovaries mature.

The gonads develop from certainpartsof the ;oelomic epithe-
lium. In addition to the gonads, there are various accessory organs

forming thereby a reproductive apparatus situated in segments 6-21.

The Male Reprodurtiie Organs : The tro 1v rrpuxiut tivr ortr.an
cc nsist r;f the foL:o,inn:



(i) g'wo pails of testes sacs lie ventraily cnca`h the ocsophagus
in the tenth and the eleventh segments.

(ii) Two pairs of seminal vesicles, extend laterally and are situa-
ed on both the sidey tt,. _ s„ .l, i_ =a c: h and

the twelfth segments.

fhe cavities of the tcy:e; ,: .c>, . r tc end r: in-

ale laterally with the seminal vesicles or the eleventh segment and

'ikcwise the testes sacs of the eleventh segment communicate, la. -

rafy with the seminal vesicles of the twelfth segment: The testes

yacs of the same segment also communica e with each other. The

cavities of the testes sacs are regarded as the closed off portions of
'h; coelom a'!d the seminal vesicles as the outg owths of the septa.

In each testis sac lie a pair of testes or spermarles. They arc
in the form of inina e white bodies found attached to the inner

.urface of the anterior wail of the testis sac. Each testis :s made up

C a number of digita:c processes, five to eight in number, hanging
from a narrow base. It contains mulberry-like masses of sperm

uother cells or spermatogonia that are now and then shed into the
testis sacs and pass into the seminal vesicles WIICI e they develop into

mature sperms. The mature spe! ms then pass back to the testis sacs.

There is a pair of profusely ciliated seminal funnels in each testis sacs
behind each testis. The large masses of sperms are usually found

attached to the margins of the seminal funnels. Each seminal funnel

leads into a spermiduct or vas deferens, through which sperms are

conveyed. The two vasa defetentia of either side, come together in

the twelfth segment and run backwards side by side, upto the 17th

segment where both the vasa deferentia turn outwards to join the
prostatic duct of their own side in the 18th segment.

The prostate glands or spermiducal glands are a pair of large

solid white glands irregular in outline, lying on either side of the
intestine in the 16th to the 21st segments. A prostatic duct emerges

from each gland and is joined by the two vasa deferentia of their
own side. These three ducts thus enclosed in a common sheath in the

form of a horse-shoe shaped duet, open to the exterior at the male

genital pore on the ventral side of the 18th segment. Since these
three ducts, i.e., two vase deferentia and a pro tatic duct although
enclosed in a sheath; remain separate, there occur in fact, three
ndependent aperture_ at th site of the mate genu,.a i the
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ventral si3e o the 18th segment. The sperms and the pros'rttic lfuid
ti- thus conveyed to the exterior through their respecti a openings

found on either side of the 18th segm: nt. The prosta tic and the

seminal secretions are thus carried independently to the exterior.

There are also found two pairs of accessory glands, each pair

sittiated in the 17th and 19th segments Genital papillae are found

in the 17th and 19th segments on the ventral side, corresponding to
the position of the accessory glands. The secretions of the accessory
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glands ,tre thus conveyed to the exterior by minute ductules opening
at the genital p.ipillae. Their secretions helps in copulation.

Female Reproductive Organs: The female reproductive organs

consist of a pair of ovaries and a pair of oviducts.

The ovaries are a pair of minute white bodies about 1 mm in

length, situated in the 13th segment one on either side of the ventral
nerve cord. They are attached by their bases to the posterior face

of the septum separating segments 12 end 13. The proximal end of

each ovary, nearest to the stalk consists of a mass of undifferentiated
cells of germinal epithelium. In the middle, these cells are seen to
increase in size and are recognisab'e as young ova. The distal end

of the ova: y consists of a number of separate iflaments each of

which resembles a string of bead; containing ripe ova. The ova a
enclosed in a viteliine memhrane with a nucleus and a number of

yolk granules.

The mature eggs are discharged into the coelom and are recei-
ved into the femate ducts called the oviducrs. The oviducts which ac

paired, each in the form of a short tube, is found opposite to the cor-
responding ovary. Each oviduct facing the ovary, has a wide funnel
shaped mouth with much folded margins. The oviduct of each side

1

J

Fig. 5.24 The ovary of the earthworm

Perforates tl;c . Ntum found between the 13thand the 14th segments.

and later the oviducts converge to meet b neath the nerve cord. After

this unic,e the duct opens to the exterior through a single female
geaitat aperture sitnated in the mid-ventral tine of the 14th seemer ..
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There are also found four pairs of spermathecal sacs (sperma-

thecae). Each pair is situated in the sixth, seventh, eighth and ninth

segments. They open to the exterior on the ventral side in the
grooves between the iffth and sixth, sixth and seventh, seventh and

eighth, eighth and ninth segments respectively. Each spermatheca is
in the form of a pyriform or lfick-shaped sac continued into a duct
which opens to the exterior. Just below the duct is found a narrow

diverticulum or ampulla. Sperms are stored in the sp rmutheccae

received from another worm during copulation.

Copulation: The copulation in Pheretirna poslhuma has not

yet been observed. The process of copulation in other earthworms

takes place in the following way.

Copulation usually takes place during the rainy season as well

as in Sept: mher and October either at night or early morning. Two

A

ciitellum of B

Jitdlea of A

li

Fig_ 5.25 The copulating earthworms

worms from the adjoining burrows are app'ied together by their ven-

tral surfaces, with their heads in opposite directions. They are thus
in a position that the male generative apertures of each worm come

to lie opposite to the spermathecal pores of the other.



The worm; are ifrmly app sc 1 aihei JSA ihlS pr .itio❑ with

the aid of setae and a viscid glandular secretion from the clitellun .

The sperms are passed from the male apertures of one worm into

the spermathecae of the other worm. After this mutual transfer of

sperms into the spermathecae, the two worms then separate.

Cocoon Formation : The clitellum of each separated we.rnl

then secretes a membranous girdle round the body in this red on.
The girdle hardens when exposed to air. The girdle or tube so for-

med is gradually slipped forwards by the worm wriggling back out of

it. As it passes over the apertures of tha oviducts and errnath_eeae,

eUtel lum

i

spermathecal pores

clitellum

0 0

0

cocoon spermatheeal pores
Fig. 5.26 Cocoon formation in earthworm

ova and sperms (the latter derived from the ;other individual) are
passed into it along with some albumen secreted by ce, tain glands
present in this region. When the worm comp'etely withdraws itself
from this girdle, the opening f this irdle at both the ends close up
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by vlr tac 1 a _._lid Ty: ;i _,. li S Cr)+1 Slf na eug" and

sp_rms is formed which is kno r_ as the cocoon. The eggs are fertilized
by the .perms within the cocoon and undergo segmentation; usually
una fertiiizei e;g undergoes complete development to give rise to a
:nw -individual. The albumen in the cocoon serves to provide

,. , riThm nt to the developing embryo. The young hatches from the

rcoon and does not undergo any metamorphosis In Pherefina,

:•cons arc formed throughrut the sun a;: r J rO. ticu.:sr+y

:tur;ng and after the monsoon.

Regeneration : The earthworms do aof rs_ ort to any asexual

nsproduction. It, h<wever, frequently happens by accident, that a
rm is cut into two or more parts. In this case, each cut end is

pible o' reforming or regenerating the n? s inc portion. This
i1 is r; ferr;d to a°, regeneratwlt

Pevision questions

Woo( is a' am1? itv the term `metam'rlc sesTmcntatinn' ? Explain

this with the ex7mple of an annelid you have studied.

2. o)escrtbc n derail the m de or locomotion in an earti worm.

tVbat „ iht cconn nic mportaece of an earthwor ; : 'Vhs s ;t

a;; lied a friend of the gordetter and the agriculturist :?

4. ).scribe lha tn cry ?d structure of an earthwol;n a tu-trated

by a trai..v. -c rcloa p.s__ ag tsouh the iftCJitn?i regidn Ot

he boiy.

. Ccntparc nd contrast the :;+rctture of a coe.lomata triploblostic
animal like an c;:rthw :rnt w;;h ;hat of a diriobi:istic animal

like the hydra.

a Describe to des ii the fIu`.v `)t hloi_c1 in P{leret tna paal1(ln1a

hehl is the `r`a.:tith segm?Cif of the hohj 1 e , the ]n`.as(Lnal

rag itc

7. De,cr;b=: in desai[ the circulation of blood in the first fourteen

segments of the body of Pheretitna posthutna.

Q. Describe the digestive system of P. postlairna a: d explain how is
'ins adopted to its mode of reeding?
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What is meant by Enteronephric and Fxoncphric neohrid;al
systems? Explain this by giving an accowi of the excretory
system of Pheretirna posthuma.

10. Give an account of the reproductive system of eatthuvorm and

mention in brief the process of copulation and cocoon forma_
Lion.

11. Write notes on the following

(a) Chloragogen cells ib) Coeiom

(c) Typhlosole (d) Sepal nephridinn_
(e) Nervous system of earthworm.

Megascolex mauritii :

Megascolex mauritii is another species of an earthworm

commonly found in South India. The details given betow about

Megascolex, particularly refer to the i_a,ternal struatLre and charac-

teristics in which it differs from Phererima posthuturi.

Externcl Characters: Megascolex ma'iritii is long and cylindri-

cal in shape attaining a length of 80 mm to 210 mm. The dorsal sur

face of the body is dark purplish brown ani the ventral surface is

paler in colour. The body is divided up into a number of segments
varying from 80 to 100 or more in number. The mouth is situated

antero-ventrally. A lfeshy lobe called the prostomium hangs over

the mouth. The segment in which the mouth i c situated is called the

peristomium. At the posterior extremity of the body is the aperture

of the anus surrounded by the anal segment.

In mature worms, extending ov<r the segments H to 17, is

found the elitellum in the form of a girdle, like the glandular thicken-

ing of the skin.

All the segments of the body behind the ifrst have tiny setae.

They are composed of a substance called the chitin. They are found
embedded in the setigerous sacs all round the segment except mid-
ventrally. The setae continuously fall out and are always replaced

by the new ones during the life of the worm. The region of the
clitellum, during the breeding season is devoid of serge as they are
shed.
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The dorsal pores are found i the mid-dorsal lire one in each

groove between the segments commencing from the tenth to the

posterior end of the body. There are three pairs of spermathecal

openings on the ventral side in the grooves between segments 6/7,7/8
and 8/9. The female genital apertures or the openings of the ovi-

ducts are paired. They lie close together on the ventral side in

segment 14. The sperrrathecal openings and the female genital aper-
tures are prominently seen in mature worms. They are surrounded

by tumid lips. The male genital apertures or the openings of the vasa

deferentia are also paired. They are situated one on each side in the

eighteenth segment at its ventral surface. They are also prominently
seen in mature worms. Numerous nephridiopores or the openings of

the nephridia are found scattered in each segment.

Body wall: The structure of the body wall in general, resem-

bles the structure given in connection with Pheretima posthuma.

cuticle dorsal essd

c tVphtosclcpid_nni
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Fie. 5 28 A transverse section p_ s irg through the

region of the intestine of the earth vorm
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Body Cavity: The coelom or body cavity is lined by mesoderm
and is found between the body wall and the wall of the alimentary
canal. It is divided up into compartments due to the presence of
septa. The coelom contains the coelomic lfuid in which are present
the coelomic corpuscles. The coelom communicates to the exterior

`buccal caeity

pharynx

pharyngeal «C .
glands

oesophagus

gizzard

pharyngeal
nephridia

dorsal vessel
lateral hearts

14 intestine

microucphridia
clitellum

17

19

supra intestinal

excretory canal

meganephridia

septal excretory canal

Fig. 5.29 Megascolex mauritii-The alimentary canal.
excretory and circulatory systems
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throuch the dorsal pores. In fnnre T. o var crs of cells

forming the body wall and the wail of the alimentary canal are
shown.

Locomotion : Locomotion is performed by the contraction
and relaxation of the muscles of the body in the same way described

in connection with Pheretima posthuma.

Digestive Sjstem : The mouth opens into a thin walled cham-

ber called the buccal cavity, extending over the ifrst two segments of
the body. The buccal cavity is followed by the pharynx in third and

fourth segments. It is a thick muscular chamber provided with
pharyngeal glands which pour their contents into the cavity of the

pharvnx. The pharynx communicates behind in the iffth segment

with a short oesophagus. This soon dilates in the sixth segment to

form a bulb like chamber, the gizzard. The gizzard is lined inter-

nally by chitin. The gizzard is followed by a straight tubular part
of the alimentary canal called the intestine. It extends from the

seventh to the last anal segment of the body where it opens to the

exterior by the anus. The ifrst part of tie intestine extending upto

the fourteenth segment is narrow. The part of the intestine behind
the fourteenth segment is in the form of a wide tube, the surface of
which has chzracteristic sacculations. The dorsal wall of the intes-

tine is folc'ed inwards to form the tophlosole which increases the

abso: ptive surface of the intestine.

The Megascolex sp. swallows large quantities of earth contair-

ing decaying organisms and vegetable matter. The process of diges-
tion, absorption and egestion of castings is similar to what has been

de cribed in connection with Pl:eretirna posthunta.

C'rculatory System : Two main blood vessels run along the

entire length of the body. One is the dorsal b/nod r"sscl and the
othe . the ventral blood vessel.

The dorsal blood vessel lies above die alimentary canal extend-

ing from the anterior to the posterior end of the bcdy. It is providL.d
with muscular walls, the rhythmical contractions of which, allow
the blood to lfow from behind forwards The lumen of the vessel is

provided with paired valves which allrw the blood to lfow from the
posteri«r cru of she bode to the anterior end.
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Lighi pairs of iatcral c ;nlr tctiie vesscis kon tb.. 3 'cr,sl
commissural vessels or the hearts, connect the dorsal blood vessel with
the ventral blood vessel. These hearts lie in the 6, 7, 8, 9, 10, 11,12

and the 13th segments of the body. The last four pairs of hearts
situated in segments loth to 13th are larger than the ifrst four. The
hearts pump o=a': tth:. blco;i1 fru;u the dorsal to the ventral blood
vessel.

The da,sd Mood vc:sel is the chief coliec.iug channel. It

receives blood in each segment from the intestine through two pairs

of vessels. The blood from the integument is poured into the dorsal
vessel through a single pair of vessels.

dur;ra .c.scl intestine
i

nod, „. I - f ,;';

lateral hears

ocpbridiuw

\.
`C

R, -

r.:ral 'essel

Fig. 5.30 Megascolex-Diagrammatic representation of
the course of blood in circulation

The ventral blocd vessel like the dorsal, runs along the entire

length of the, body below the alimentary canal. The ventral blood

vessel is non-contractile and the blood in it, lfows from the anterior

end of the body to the posterior end. It has no valves. It is the

chief distributing channel of the body and gives off in each segment

branches supplying blood to the intestine, nephriiie and body wail.
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The summary of the circulation of blood is as follows

The dorsal blood vessel collects blood from the intestine and

the skin. The blood from it, further passes into the ventral blood
vessel via the hearts. The ventral. blood vessel distributes blood to

the various parts of the body. The blood supplied to the skin gets
aerated. Likewise, the blood supplied to the nephridia gets rid of its
nitrogenous waste. The blood from the skin and nephridia ultimately
reaches the dorsal vessel through various branches.

Excretory System : The excretory system in Megascolex like

Pheretima consists of nephridia. There are three types of nephridia
met with in genus Megascolex.

1. Meganephridia : They are found in pairs in each segment

of the body from the 19th to the last segment. The part of the

nephridium which opens into the body cavity is called nephrostome.

septum between two
nephrostome adjacent segments two

scZn_.::t

ventral nerve cord body of .icphridiuc:

Fig. 531 The arrangement of nephridia in Lumbricus

It lies in one segment. From the rephrostome there leads a delicate
tube which after piercing the septum, gets coiled in the succeeding

segment. The other end of this coiled tube runs dorsalwards on tae
posterior face of the septum in the form of a septal excretory duet
which in turn opens into the supra-intestinal excretory canal. The

supra intestinal canal runs above the intestine and below the dorsal
blood vessel. In each segment, the supra intestinal excretory canal
communicates with the intestine by paired tubes. Thus, the excre-

tory products separated by meganephridia, via, the septal excretory
ducts pass into the supra intestinal excretory canal from where
through paired ducts they are ultimately discharged into the intes-
tine. The meganephridia as such do not open directly to the exterior.
They are enteronephric type of nephridia like the septal and the
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pharyngeal nephridi:r of Pheretima posthuma and discharge their

contents into the gut.

2. Mieronephridia (Integumentary nephridia) : They are

found behind the fourteenth to the last segment of the body. They

are in large numbers; 100-150 in each segment. They are in the
form of minute, ifnger shaped tubes in the form of tufts. They are

found attached to the inner surface of the body wall just behind

the septa and open to the exterior through the nephridiopores They

have no internal openings. Just like the integumentary nephridia of
Pheretima they are exonephric.

3. Pharyngeal nephridia : They are found in the form of

paired tufts of coiled nephridial tubes situated in segments 5, 6, 7, 8
and 9 on each side of the oesophagus and the gizzard. From each

pharyngeal tufts of nephridia, a separate duct arises and ultimately

nepbrostome

body of the oephridium

phary'A eal nephridium micro-nephridium meganephridiun3

Fig. 5.32 The types of nephridia in Megascolex

opens into the oesophagus. Internal openings are lacking in pharyn-
geal nephridia like the micronephridia. Chloragogen cells like that

of Pheretima posthuma are also met with in Megascolex. They are
probably excretory in function.

Respiration : The skin is the chief respiratory surface. It is

richly supplied with blood capillaries and when it is wet, the
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exchange of gases i.e., taking in of oxygen and giving out of carbon-
dioxide takes place by the process of diffusion as mentioned in

connection with Pheretima posthutna.

Nervous System: The nervous system in Megascolex, in gene-

ral resembles to what has been mentioned in connection with the

nervous system of Pheretima posthuma (See ifg. 5.33).

Reproductive System : Megascolex mauritii like Pheretirna
posthuma is hermaphrodite. Gonads or reproductive organs arise

from the proliferation of the coelomic epithelium of the segment in
which they lie.

Jlfale Reproductive Organs: Two pairs of testes lie in segments
ten and eleven. Each testis is in the form of a tuft of digitate

processes. They are found attached to the anterior septa of the
10th and 11th segments. The male sex cells or spermatogonia are

produced in the testis.

There are also two pairs or seminal vesicles which are in the

form of irregularly lobed sacs. The ifrst pair of seminal vesicles lies

in segment nine and the second pair in the twelfth segment. The
seminal vesicles arise as the outgrowths of the coelomic compart-

ments of the tenth and eleventh segments and extend into the

adjacent segments. The spermatogonia produced in the testes are

discharged into the coelomie spaces of the segments in which the
testes lie and are later sucked in by the seminal vesicles by the

contraction and expansion of the wall of their sacs. The spcrmato-

goniz after reaching she sen;inal vesicles underg. dtivelopment into
sperms.

There are found w 7 p of cm ral Fu►;eels. The first hair

lies in the tenth segment and the second pair in the eleventh segment

i.e., the segments in which the pairs of each testis lie. The openings
of the seminal funnels are directed towards the testis. The walls of

the funnels are much folded and ciliated. Each seminal funnel

continues backwards into a vas deferens or the spermiduct. There

are as such two pairs of vasa deferentia corresponding to the two
pairs of seminal funnels. The two pairs of "asa deferentia arising
from the hinder ends of the ciliated seminal funnels pierce through

the septa on which the funnels lie and later the two vasa deferentia
cf the same side unite to form a single tube or common vas deferens.
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Each single (ub or common vas deferens on each side of the body

later runs backward along the ventral body wall and opens to

brain
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Pig. 53 Megasco1cx-P.eproduclis c and rervous systems.
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the exterior through the male genital aperture of their own side
situated on the ventral side of the eighteenth segment along with the
prostatic duct. There are thus two male genital pores on the ventral
side of the eighteenth segment corresponding to the two common vasa
deferentia. Two pairs of setae in the neighbourhood of the male
genital aperture are modified to form the penial setae. These help in
the copulation of the worms.

There are also found a pair of lobed prostate glands extending
on each side of the segments 18 and 19. They open to the exterior on
the ventral side of the 18th segment through a prostatic duct along
with the male genital aperture of that side. The prostatic fluid serves
to cement the sperms into bundles called spermatophores.

The female reproductive organs consist of a pair of ovaries in
segment 13. Each ovary is in the form of a ifnger shaped organ in

which the ova are produced. The ova are arranged in a linear series,
in the different stages of their development. Th immature eggs

f

scminaf `

vesicle ,!_1

v

_-

i
10

seo.inal - permathecal
funnel p rture

testis _

seminal p °° m ,till-funnel , r:'_- clitcllum
Seminal _ o male opening
'l'Sll'Ie

sperwathecal aperture

A B

Fig. 5-34 (A) UHgram Showing the passage of spermatigonia to seminal
vesicle and of sperms to the sc ninal funnel, (B) Two worms in copulation
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bong found at the proximal end and the ripe eggs at the distal end

of the ovary. Each ovary is found attached to the anterior septum

of the 13th segment one on each side of the nerve cord. In front of

each overy lies a short oviduct. Each oviduct has anteriorly an

oviducal funnel lying in the 13th segment in front of the ovary. The
oviducal funnel continues behind into a short oviduct which opens to

the exterior through the female genital aperture on the ventral side of
the 14th segment. The two female genital apertures lie close together

on the ventral surface of the 14th segment. Three pairs ofspermathe-

cal sacs lie in the 7th, 8th and 9th segments of the body and open to

the exterior through their respective openings situated on the ventral
side between segments 6/7, 7/8 and 8/9. Each spermatheca consists
of a sac produced into a neck and opens to the exterior through the
spermathecal aperture. Two small diverticula are also found one on

each side of the base of each spermatheca. The sperms received from

another earthworm during copulation are stored in the spermathecae.

Copulation : The copulation between the two worms takes
place in the manner described in the account of Pheretima posthunia.

This results in the mutual transfer of the sperms which arc stored

in tho spermathecae. The worms later separate.

Cocoon Formation: The process of the formation of ao con

i as . the same as described in an account on Pheretima posthuma.

The fertilized eggs develop within the cocoons. Only a few

eggs develop into young worms which crawl out of the cocoon and

develop into mature worms.

The chief differences and also resemblances found in P/re-

ret.'ma posthuma and Megascolex mauritii are summarised below.

Phe;ct srra posthuma

.' etae are found alround except mid-ventrally.

t ritellum in segments 14-16.

i .1 vascular system : 4 pairs of hearts in segments 7, 9, 12

and 13. First two pairs are called lateral hearts; the last

two pairs are known as the latero-oesopbageal hearts.

iVtp liridial system consists of nephridia of three kinds. The

s; ptai, integumentary and pharyngeal nephridia. Septal and
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pharyngeeal nephridia are cr;ttr IC d I i ncI tumen-

tary nephridia are exonephric.

Spermathecae : 4 pairs in segments 6, 7, c`' < dl htn with a

single diverticulum in each spermaiheca.

Seminal vesicles : Two pairs in segments 11th and 12th.

Prostate glands : Single pa=r extending in segments 16 to ?1st.

Penial seta< absent.

Other Features

Paired male genital pores are situated on the papillae on the

ventral side of the 18th segment. Testes are enclosed in testes sacs.
The two vasa deferentia of the same side and the prostatic ducts

remain distinct and open by separate apertures on the ventral side of

the 18th segment. Female genital aperture is single and s found on
the ventral side or the 14th segment. The paired papillae situated

qn the 17th and the 19th segments bear the ope.iing of the accessory
glands.

Distributiuu : Nar;h India, Trtv. yid um. Etnai ulam and

Palghat.

Megasealex mauritii

Setae as in Pheretima pos'hurma.

Clitellurn in segments 14-17.

Blood vascular system : 8 pairs of hearts in segmen s 6th, 7th,
8th 9th, 10th, 11th, 12th and 13th.

First four pairs small and last four pairs large.

Nephridial system consists of nephridia of three kinds - mega-

nephridia, micronephridia and pharyngeal nephridia.

The meganephridia and the pharyngeal nephridia are entero-
nephric type. The micronephridia are of exonephric type.

Spermathecae : 3 pairs in segment 7, 8, 9. Each spermatheca
with two diverticula.

Seminal vesicles : Two pairs in s :I:tlCdis 9 and 12.

Prostate grinds : Sin .lc pair extend n$ i» sC men 15 and 19.



Penial setae two pair;. Each pair assrciated with each male

genital aperture.

Other Features

Male genital apertures paired. Situated on the ventral side of
the 18th segment.

Female genital apertures paired lying close together on the
ventral side in segment 14.

Distribution : All parts of India with the exception of Uttar

Pradesh and hapurthala in Punjab.

Revision questions

1. D scr he the extern _1 charac*ers of ,%iegascolex mauritii.

2. Describe in detail the circulation of blood in Megascolex
mauritii.

3. Give an account of the excretory system of Megascolex
Ynauritii.

4. Describe in detail the reproductive system of Megascolex
rnauritii.

Leech

Another good example of an annelid woi m is the leech.

Leeches are commonly found in fresh water tanks, ponds, slow

streams, paddy ifelds, marshes and swamps. They may occasionally
migrate over land to the adjoining ponds or marshes. When they
are threatened with drought they usually hide themselves in cool

and moist depths of the bed of the pond or swamp in which they
live. Some leeches live in the sea as well.

Leeches suck the blood of frogs, ifshes, cattle and human

beings when they enter the pond. They are thus entirely sanguivo-

rous (blood sucking) animals, hence could be called the ectoparasites.
The salivary glands of leeches produce a substance called the hirudin,
which prevents the blood from coagulation while the leech is taking
its meal. It is on account of this that the wound made by a leech

continues to bleed for a long time even after the leech detaches itself

from the site of the wound. The physicians made use of the leeches

from ages for their blood sucking habit. The leeches were applied



at the si+es of the tumours so as t;

advancements in the ifeld of medicine, the use of leeches howev

now abandoned. Whenever the leeches are in need of a meal, il.

gorge themselves with blood which may last them from one to

months during which time they live concealed among the wetds _.
mud. It is also said that leeches can live for more than a year wi
out a second meal.

Leeches belong to the class Hirudinea. In the members of i h's

group, the mouth is provided with two or more usually three tooth d

jaws. Anterior and posterior suckers are found. The body is segmen..
ted. The body cavity is much reduced. The setae are absent exceui

in Acanthobdella. The nephridia are segmentally arranged. Aln ost

all the leeches are hermaphrodite. The development is direct.

There are several species of leeches. Hirudo medicine/is or

the medicinal leech is the common British species. Hirudo (Lie -
nobdella australis) is an allied Australian form. The giant leech

(Macrobdella valdtviana) measures 1 - feet when at full length i n
movement. It is subterranean and carnivorous. Haemadipsa, the

wiry land leech sucks the blood of man or beast and lives in moist

places. The hungry horse leech belongs to the genus Haemopis. They

are greedily suctorial. Aulostoma also is a horse leech, carnivorous
in habit.

Herpobdella is a predaceous form with indiscriminating appe-

tite. Pontobdella muricata is a marine form of leech preying upon
ifshes and other animals.

The common leeches found in India belong to the genus
Hirudinaria. The external characters of Hirudinaria gran;rl'-a arc

given below.

Hirudinaria granulosa-The common Indian cattle leech

External Characters: Hirudinaria granuloso, the common
Indian cattle leech is found in fresh water pond, sill waters,

swamps and slow streams.

Amature fully distended leech is about a foot long. The leech
can he contracted into an almost elliptical lump. The body is
elongate and dorso-ventrally lfattened. The dorsal surNec is s'ightlv
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Pig. 535 Hirudinaria granulosa- (A) Ventral view, entire worm

(B) Hind end, dorsal view (C) Anterior end, dorsal view

(D) 10th and 11th segments ventral view with genital apertures

convex and the ventral surface lfattened. The dorsal surface presents

shades of green colour and the ventral surface is orange red. There
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are found on the lateral side of the body, longitudinal stripes of

orange and red colour. There is also a median longitudinal black
stripe on the dorsal side of the body.

At the anterior end is found a ventrally directed cup-like
structure called the anterior or cephalic sucker or oral sucker. In

the middle of this is found the opening of the mouth. Hanging over

the mouth on the dorsal side is a small prostomium. In the cavity
of the mouth are found embedded three jaws-one mid-dorsal in

position and the other two ventro-lateral.

At the posterior end is found a disc shaped sucker called the
caudal or the posterior sucker. It is also ventrally directed. The

anus is situated dorsally at the junction of the posterior sucker

with the body. The leech can ifrmly adhere to the substratum by its

suckers. It can ifrmly attach itself to the body of it's host by the
auctorial anterior sucker.

Segmentation: The body of a leech is divided into 33 segments.

The posterior seven segments fuse to form the caudal sucker. The

number of true visible segments as such is 26. Each segment, further,

is divided superifcially by circular rings into annuli There are
altogether 103 annuli i.e., more than the actual number of seg-
ments. Each of the segments in the middle region of the body
consists of ifve annuli while those at the anterior and posterior ends
have smaller number i e., 1, 2, 3 or 4 annuli. The segments of the

body are divided into the following six regions.

1. Cephalic or head region, 2. Pre-clitellar region, 3. Clitellar
region,4. Middle or post clitellar region. Anal region and 6. Caudal
region. The total number of segments along with the number of

annuli in each segment found in the above mentioned six regions

of the body are given in the form a chart (See page 193).

A clitellum is formed like a girdle around segments ninth to

eleventh. This develops only during the breeding season.

Distributed all over the segments of the body (in the ifrst
annulus of each segment) are found seven pairs of transparent
elevations lying around each segment. Four pairs are found on the
dorsal side and three pairs on the ventral side of the segment. These

are called the segmental papillae or sensory papillae and have pro-

bably a sensory function. At the anterior end of the body on its
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Number of annul;

in each segment
Region of the Body Serial number of
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1 5=5 segments
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26 2

6. Caudal sucker 27. 28, 29, 30. 3! ,

27-33=7 fused 32, 33
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htal : 26 segments visible
+ 7 fused = 33 103
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dorsal side are found five pairs of small pigmentcd spots called the

eyes. Each pair of the eyes is situated in each of the ifrst ifve seg-

ments of the body.

Leech is a hermaphrodite. Male and female reproductive
organs are found in the same individual. On the mid-ventral line

in the second annulus of the tenth segment is found the male genital

aperture. Likewise, the female genital aperture lies on the second
annulus of the eleventh segment. Seventeen pairs of nephridiopores

are situated ventro-laterally in the last annuli of segments sixth to

twenty-second.

Revision questions

I. Describe in detail the external characters of a leech.



CHAPTER VI

ARTHROPODA

[ The joint footed animals

Arthropods are also coelomate triploblastic animals with a

bilateral symmetry. Their body also is divided into segments and

most of the internal organs of the body are segmentally arranged.

The epidermis secretes a tough cuticle which serves as an

exo-skeleton. The body is usually distinguished into an anterior

head, followed by thorax and abdomen. From the head, thorax and

abdomen, a series of segmentally arranged appendages arise. Those

arising from the head and surrounding the mouth are helpful in

obtaining the food. Other appendages from the thorax, are the

limbs which help in locomotion. Likewise, appendages arise from

the abdomen also. According to their position, the appendages are

referred to as head, thoracic and abdominal appendages. These appec-
dages are jointed structures, hence the name of the group Arthroporla

(Gk. arthron, joint, podos, foot) or joint footed animals.

The body cavity in arthropods is very much reduced. The

main body cavity is a haemocoel-i.e., the blood vascular system is

so expanded that the main organs of the body lie in the blood filled
cavities or haemocoel.

As an example of an arthropod, the cockroach will he studied
in detail.

Cockroach

The cockroach is an anthropod belonging to the group of

insects. Insects have their bodies divided into head, thorax and

abdomen. They are provided with three pairs of legs and a u .lly a

pair of wings. They further possess a pair of compound eyes.

It has been estimated that out of roughly one m+Ilion species of
animals so far described, about three quarters are the insects. This

ifgure alone gives us an idea to the success of this group in an evolu-

tionary sense.
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he cockronchc5 ar_ on:nlvorvuc. 7,-1•.A' afe iLc common pests

'f kite! ens, bakeries and store rooms. The cockroaches are nocturnal

in habits. Twa species of cockroaches are recognised-1. Periplanata
arnericana is about 3.2 to 3.8 cm or more in length. Both the sexes

have wings. 2. Blatta orienralis s smaller in sizr. The wings in the
fenny 'e J' !' '-•'' I t Ctt iv CctcifIo ir' as tie Bluck

beetle

B

Ly septenoa
head

bead awenas

prothoraM ' u

mesolhorax

melat hora x

fare wing I cus❑ of

hied wing ii
•1 - 100 ,,,;,)

abdomen -
e041-etyle •- -

cetcus

certuc q

Fig. 6.1 Periplanta americana - (A) Dorsal a, d is V n ru v is w

External Characters: The body of cockroach is almost ovoid
in shaped and dorso-ventrally compressed. The body is covered by a
horny exo-skeleton (composed of chitin) in the form of a large nuin-
ber of hard pates or sclerites. The sclerites covering the body
dorsally are ra!led the terga (singular : tergum) and those sclerites
covering it ventrally are referred to es sterna (singular : sternum). On
each side of the body between the tergum and sternum is found the
pleuron. The pleuron is variable as regards the extent of h_=rdening.
Tnspite of the h=rrd exo- ke`e'al pate, the body is well provided coith
lfexibiiiiv.
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three d stinct regions of the boa_, cm he rccogiscd. They
+, c the head, the thorax and the abdomen.

ep6cranium

antenna!

socket

'f+ -

6eras.: tr a , } - /

ljr
frons

cly peus

, Iak runn

/1

II
If L i i ia3 palp

C s

1

Fig. 6.2 Cockroach - A dorsal view of thA head

7lie head of a cockroach is a lfattened pear-shaped ssruciur:

at rieht angles to the main axis of the hcdy. It is formed of

x segoencs but aU external indications of the segment-tion bav_;
been lo fs c :;e1e,_ii -c c€ the head unite to to n a compact henry
capsule.

,;v of t' -" -- t ' v p=uo_ C411sists of hard pl . tie cpi
cranium fort]lei. e crano rl plates. he ic1 i.'n etng ui1;ked
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by .he epicranial suture. Below the epicraniuni are tl :: pi tc: , 1`rons

and clypeus. From the lower edge of the clypeus hangs the labrum

or the anterior wall of the mouth or the upper lip. Two lateral

plates-genae or cheeks are at the sides below the eyes.

On either side of the head is a large compound eye in the form

of large black kidney-shaped area. The surface of each eye is divided

into a large number of hexagonal areas or facets. Each facet corres-

ponds to an ommatidium. The ommatidium is a single element of the
compound eye. Each compound eye thus is composed of a number
of ommatidia.

Just beiow t12e eyes, found in sockets ire the lofL slender

highly motile feelers or antennae. Each antenna is made up of a

number of =e 'inents, the first three being lather than the others.

pedicel

antenna)

socket

iflament scape
or

I asal picc:

f:elo to c aol :IrticIllattn ,"h =l;c as ' of the epi-

raniuw and the clypeus are a pair of stout maziJibles,. s fair of

maxillae with its maxillary palps and the labium.

On the inner and upper side of each anr,cr; k r, tit r'iil cir-
cular area, white in colour and cove? ?d 1)1 it of r :.u 1. c I hec aIeaJ

are called the feuestrae.

The rno'uth lies at III lower eriti a : head. 1 !s covered in

front by the labrum and below by the labiur,l. The ja'c:, and the
first maxillae are found at the sides of dig math
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The Thorax: The head is connected behind with the thorax

by a soft slender neck or cervicum. The cervicum is tucked under the
anterior part of the thorax. The thorax consists of three segments
called the prothorax, the mesothorax and the metathorax respec-

tively. E Bch of these segments is covered over dorsally by a chitinous
plate, the tergum and ventrally by a sternum. There are two lateral
pleura one on each side of the segment. The tergum and the sternum
of each thoracic segments are distinct from one another. The tergum
of the pro thorax is a large triangular plate and overlaps the neck
above. It is known as the pronotum.

Attached to the anterior border of the iergurn of the meso-

thorax, in both the sexes in Periplanata americans, are the anterior
pair of wings or elytra. These are in the form of thick membranous
opaque sheaths, and the surface is provided with prominent straight
hollow lines called the veins. The veiny do not form a netwc.rk but

4 }

A. Fore wing (Ely;eor

Fi ry, sr

'y'--.-

B. The hind wing

Fig. 6.4 Periplaneta - (A) The fore wing L-iy rj L (B) ;The hind vviag

are relativ.ly straight. The anterior wings, when folded, ext:nd

oackwards over the abdomen to some little dstance bey and its

extremity.
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Articulating wiih he tei gum of the meta;hnrax, c the poste-

iou pair of wings. These are comparatively thinner niembranous

expansions, which when at rest, are folded up longitudinally like a

fan, under the elytra. The veining is straight.

In the female of Biatta orientalis, the wings are only represcn-

ed

AEt<icuc; tv 11ic c.tc nu±t' ul
a

e; ccgrncnt of the thorax is a pair

of legs. There are as such three pairs

t'f legs. Each leg consists of a stout

11a tened proximal hodorn:re called
he coxa followed by a small tri-

angular piece called the trochanter
I rom the trochanter there extends an

elongated stout femur. Femur is well
dev toped in insects which move by (I
leaping. The femur continues into

a bag tibia provided with stiff hairs tarsus p;rntulae
or setae. The tibia is followed by

tarsus which is formed by ifve hairy

podcmeres. Al each joint of the

tarsal podomere is found a white

adhesive pad called he plantula. The Fig. 6.5 Cockroach-'. g

la:t :adomere is referred to , : pretarsus which terminates in a p:dr

c;1 c aO . Tire entiro surface of the leg is provided with hair:-.

The Abdomen: The abdomen is dorso-ventrally lia tened.
hTere-are altogether ten segments of which seven are visible. The

h and the ninth segments are overlapped by the seventh. The
po;'e r for border of the 10th segment presents a deep notch.

Tb:e anterior segments of the abdomen bear no appendages. A
jointed cercii emerge blow the edge of the tenth segment

5o,4i the sexes. In the male, the ninth sternum bears a pair of anal

st 'les. The abdominal segments also are covered dorsally by terga,
`enoalty by sterna and laterally r„a,•, o, - r ., " , rh. `.,'

-cr,ic. t however has n- ernunO
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G4 ifl

sternum

tergum _'

- VIII

1
VII

rt' A Icr an

- X

circus

cercue Goat sole
:inat 51)le

F:g. 6.6 Cockroach - (A) Dorsrtl view - abdomen ('v4alm )

(B) Ventral vies, - abs'.vmen ( 1 i1c)

tergum

VII

k teraam

r 1 [ cercus
ah'.es o! .eicas

pripotmior

Fir. 67 Cockroach - (A) Dorsal view - abdome❑ `F:iuaH

(B) Ventral vic' v -- abdom: n (Female

The mouth halts of cockroach

Tihe mouth is found on the lower edge of the iie<;i. i. is cove-
i in Trent by a small moveable lfap, the labrnan or the upper lip. At

'1 t:, bordera by the tar' 1':tp n: _c':, 1.6,` nianm ib°.Cs
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and the second pair of appendages, the maxillae and behind, it is
surrounded by a single fused plate, the labium.

Mandibles: Once the labrum is removed, a pair of mandibles

can be seen articulating with the sides of the head capsule. It arti-

culates with the head capsule by mans of a small kn2b or condyle.

Each mandible is a stout single
jointed piece with a toothed

inner cutting edge. This bites ,,
against the corresponding parts

of its fellow. The food is /
masticated by the mandibles.

They move side ways and crush

the food particles and render

them into smaller pieces before

being s.wallowed in the mouth.
tondyle

The Maxillae: The m'xi-
Fig 68 Cockroach -- The mandible

llae lie behind the mandibles

and are articulated [o the sides of the head. The maxilla is attached

to the head capsule by a podomere called the cardo. The cardo is

followed by stipes lying at right angle to the cardo.

From the stipes arise (i) on the outer side, a maxillary palp

and (ii) on the inner siae a double structure consisting of lacinia
on the innermost side and the galea on the outer. The palp is made

up of ifve joints. The two proximal ones are quite small and the two

distal podomcres are covered with numerous hairs as it is a sensory-

structure. The basal podomere is the palpifer. The lacinia is curved.

ending in a sharp black claw-like point with strong bristles all along
its inner border. The galea is trianula at the tip and is in the farm
of a hood, fringed with ifne hairs.

xiie maxillae function as accessory jaws, assisting in the hold
ing of the food and its mastication.

The Labium : The labium i a rneui n s;ructure. it is in fact

formed by the fusion of the two appendages. The fusion is more
prominent in its basal region than in the distal parts. It is attached
to the head capsule by its base and the remaining part projects down-

wards and form- ,_hereby the p terior wall of an il' dehued cavity.
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This cavity is bounded in front by the labrum and on the sides by
the wand ibles and the maxillae.

T! e structure of the labium is as follows

The labium can be divided

i:o two regions - (i) The post men_

tun or post labium and (ii) the pre-
mentum or prelabium. The post men-

tum is composed of two median
moveable sclerites-the submentum

and the mentum. Beyond the mentum

is the region of the labium called
the prementum or prelabium. The

evidence of the double composi ion

of the labium here i more pre mi-
nent.

hare:

lacinfa

There is a central median

sclerotised region of the prementum.

From this arises an obviously paired
Fig. 6.9 Cockroach-The maxilia

structure, each half of which is com-

posed of an outer palp and an inner bipartite portion, exactly similar

to the distal region of the maxilla.

The outer region, the palp, also called the labial pulp consists

of three joints. Each labial palp arises from a small podomere, the
palpiger. The bipartite inner portion is made up of outer paraglossa

and an inner glossa. Glossae show partial fusion. They are homo-

;ogous with the galae and lacinae of the maxilla, i.e , paraglossa is

homologous with galea and glossa is homologous with lacinia. In

he cockroach, the glossae and the para lossae are nit strongly

d-veloped. In how bee, en the ether hard the ;lossac arc mu h
tiled.

Th structure of the l zb'um thus shows ro us it's duhic nature.

An a1 c•rn_ttive nanie for the lab urn is the second pair of maxillae
and the maxilli,e are as such referred to as the ifrst pair of maxillae.

In addition to the above menrioned true mouth appendages
there are other structures which are also to be described along with

the mouth parts. Labrum is a structure hinged to the head capsule
men ionsd earlier in connection with the sclerites of the head. The



inner wall of the labrum is sometim.s cailed i. epllharynx. The

epipharynx forms the roof of the mouth cavity. It is regarded as

having a gustatory function. The sense of taste is attributed to this

region. The hypopharynx is an elongated tongue-like structure bet-
ween the labrum and the labium. It is in ihe. forni of a. groo',.

p

p=ap

zlu a

prementerl
(i reldbiin1O

palpiger

pug{n1en[um

(postlabium)

j tlftUnl

suhrnc ttuc>

Fig. 610 Cockroach - Tbc labium

gutter and is ssmvtimes called lingua in the cockr :a. h. Fh iiyp -
pharynx receives the salivary duct and the saliva is dischapged and
mixes here with the food during external mastication.

The Alirnen ary Canal: As mentioned above, the ill deifned
mouth cavity is bounded by the epipharynx and lahrum ^nte i^rly,
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the hypopharynx and labium posteriorly and at the sides are found
ih mandibles and the maxillae. At the base of this rather indeter-

ntinatc cavity {ies the aperture of I mouth which cads into the

i) arvn\

oesophagus

7 E crop \
CS y
v O
v

M
u

glizzard

mo.cnteric

caeca

n iu-gut I

malpi hiar
r . tubules
o

c fi

4

\ ileum iCcl Urn
\ color.

Fig 6 i I C;'ckroach -- The alimentary canal

fhc phdrynx in cockroach is not very clearly delimited from

the sue 2eecl r g region cal led the oesophagus The oesophagus traverses
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the neck into the thorax an:] soon .

is in the form of the large pyriforn: a p,c, J;,_ ,hy rax
and extends well into the abdomen.

The crop at its distal end narrows ahrupr1' and ; :;=,e intO
the Gizzard or Proventrieulus Gizzard is a short, hard rounded or

pear-shaped region having external longitudinal markings. The

inner surface of the gizzard is raised internally into thickenings of
the cuticular lining. It acts as a grinding apparatus. The gizzard

marks the end of the foregut or stomodaeum. The foregut commences

from the mouth including the pharynx, the oesophagus, the crop

and ifnally, the gizzard.

The region of the alimentary canal following the gizzard is the

midgut er mesenteron, which is rather a narrow tube. The midgut is
lined with endoderm. The anterior limit of the midget is marked by

the presence of eight blindly ending tubular outgrowths called the
mesenteric caeca. The posterior limit of the mesenteron is indicated

by very ifne tubules called the malpighian tubules which really ari e

from the beginning of the proctodaeum or the hindgut. They arc
concerned with excretion. The midgut is followed by the hindgiit or

proctodaeum lined with the ectoderm It is made un of small intestine
or ileum, large intestine or colon and ifnally the rectum which op°ns
to the exterior at the anus. The ileum is very short and soon emeroes

into the colon which in turn passes into the rectum The rectum is
short and is distinguishable by longitudinal striations. It termina'es
at the anus.

The alimentary canal of cockroach is rem1rkable in the great

extent of the foregut (Stomodaeum) and the hindgut (Proctodacum .

The midgut or mesenteron is comparatively a very short region.

A pair of salivary glands lying on either side of the crop .n the
region of the thorax form accessories to the alimentary canal. E tch
salivary gland consists of a bipartite glandular portion and a sac-like
reservoir or receptacle. The glandular portion consists of white
lfocculent masses.

From the glandular portion, a duct arises which soon joins its
fellow of the opposite side to form a common duct from the glandular
portion Similarlv. the nc m the reservoir or the receptacle also
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joins it fellow to iurm a single duct. The two ducts together, i.e.,
from the glandular portion and the reservoir ifnally unite to form a
single efferent salivary duct which opens into the mouth cavity on
the hvpopharyx,

glandular portions

Fig 612 Cockroach-Toe salivary glands and hypopharynx

Nutrition : The cockroach can use any kind of organic mate-

rial belonging to animals and plants. It can even swallow dead
bodies of its fellows and even its own cast cuticle. The food material

is held up and is cut into pieces by the mandibles assisted by the
maxillae. The food is later pushed into the mouth cavity from where

it passes into the pharynx. During mastication the saliva is poured
on to the food from the aper:u-e of the salivary duct on the hypopha-

rynx. This moistened food is passed down the oesophagus and later
reaches the crop where it is retained for some time. The saliva con-

tains diastatic enzymes; hence the digestion begins at once. Within
the crop, the food is acted upon by the proteoly tic enzymes which are
regurgitated from the midgut. The gizzard by its contraction assists



208

in breakiri<, up Elie partially digested ru- ii buy mo;t p)HU1y it acts

more like a iflter which allows only food particles of the 4ppro-
priate size to pass into the mesenteron. Within the mesenteron, the

food is more completely subjected to the enzymatic secretion. The
secretions of the mesenteric caeca and that of the midout epithelium

thus bring about the completion of the digestive processes. The

absorption of the digested food takes place in the mesenteron and

also in the caeca. During the passage of the remainder of the food
through the ileum, colon and rectum, water is extracted from it,

particularly in the region of the rectum. The food materials absorb-

ed i.e., the carbohydrates, and the proteins in the form of albumi-
noids as well as fats are stored in the diffuse fat body.

The Excretory System : The excretory prod, is of in c cts

are carried out by the malpighian tubules. Each malpighian tubule

arises as an outgrowth from the beginning of the pr ,ctodaeum and
is lined by a glandular epith.--
lium with a brush border or a

layer of microvilli. The numbL -.

of malpighian tubules vary in s

different insects. In the adult f. ..)
male of Blatta orientalis they CUI. ` t 111111 " 3 ' - ""`I\\ ill I' t/l4iiare 148 and in the female 186. E \ ` `< .
They are usually arranged in G ;I
six groups. These tubules are II
freely exposed to the blood in = j

the haemocoelic body cavity
and extract from the blood j nuracr;'4, l u lt
the nitrogenous waste which

is later passed into the procto- ¢, .::_ e f..:.. .

daeum.

Fig 6.13 Cockroach-A transverse sectio,1
passing through a Malpighian tubule

The Blood Vascular System : In cockroach, the blood vascular
system does not consist of a system of closed blood vessels as was
seen in the case of an earthworm. There are no deifnite blood vessels.

The blood is found in large spaces or sinuses which surround the
different internal organs. These blood spaces are called the
Haemocoehc sp:eces h'„rd vascular s srem mainly cuntists of a
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series of haemocoeles. The circulation of blood through these haemo-

coeles is maintained by the pulsations of the dorsally situated `heart'.

The heart is a long contractile tube enclosed in a pericardial

sinus or cavity lying in the middle line immediately beneath the

terga of the thorax and abdomen i.e., close under the skin It is

divided into thirteen chambers, corresponding to the number of tho-

racic and abdominal segments. Each chamber of the `heart' is

narrowed in front. This narrowed portion projects into the chamber

next in front and is guarded by a valve which permits the blood to
lfow in a forward direction

only. At the broader hinder end

of each chamber is a pair of , w

Ostia or holes through which the : ` _ r ', . dorsal aorta
blood enters from the pen- ft `
cardial cavity. There are valves .

which prevent the blood being
forced out of the ostia. The ,z}.

heart as mentioned earlier, lie V w
,

~
in a pericardial sinus or cavity " t/
formed by a horizontal mem- sj
brave stretched across the body. } t• tf>> heart
This pericardial wall or mem-

brane is perforated by a num-

ber of small openings through , > alary
which the blood passes from the ' N a muscles

haemocoel to the pericardial
sinus. i,a

A series of 12 paired

triangular muscles called the
alary muscles are found inserted

in the ventral pericardial wall.
The pointed ends of these alary

muscles take their origin from

the undersides of the terga of
the thorax and the abdomen.

When at rest, the pericardial
septum is arched upwards. By

the contraction of the alary
Z-1-14]

1<

Fig. 6.14 Periplanati-the `1-Ieart'

muscles it is pulled outwards and
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lfattened due to wh eh the cavirv 0f the pen eardiuni enlarges. This

facditatcs an inlfow of blood into the pericardial cavity from the

rest of the haemocoel. Later on, the blood from the pericardial

sinus enters the `heart' chambers through the ostia. By the alternate

contraction of the alary muscles and the muscular wall of the heart
the blood lfows into the heart chambers from behind forward.

Anteriorly, the heart is continued forwards as the dorsal aorta which

•pens by a trumpet shaped oriifce into the haemocoel. Thus, the
blood coming from the chambers of the heart after entering tree

ionic region passes out of it and bathes all the organs of the body.

The food is absorbed from the alimentary canal into the blood

which carries it to all parts of the body. Superlfuous fat is stored

in the fat body and nitrogenous waste materials are carried by the
blood to the malpighian tubules from where they are passed out of
the body. Unlike what is usual in other animals the role of blood as a

carrier of OZ is almost nil. The oxygen is carried to all organs not by
blood but by a system of respiratory tubes or trachea.

The blood is a colourless lfuid devoid of haemoglobin. Within

the blood, numerous large white corpuscles lfow.

The Respiratory System : In the terrestrial insects which use
the oxygen of the atmosphere for their respiratory needs, there is
fund a system of air tubes or tracheae by which the air is brought

;uto direct contact with the organs and tissues of the body.

The tracheae have a cuticular lining since they are in cont i-
nuity with the exo-skeleton. The lining of the air tubes has annular
or spiral thickenings. This gives the respiratory tubes a superifcial
resemblance to the human trachea and is the reason, for they being

so called.

The respiratory system of cockroach consists of a system of
respiratory cr tracheal trunks. The main tracheal trunks communi-
cate with the exterior by paired apertures termed spiracles or stig-
mata The stigmata are segmentally arranged.

On the sides, situated in the soft mennbrane< < onnecting the
terga wish the sterna are ten pairs of stigmata or openings leading to
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un the sides of the thorax, one between the prothor x and mesotho-
rax and the other between the meso and meta thorax. The remaining

eight pairs of stigmata are situated between the lateral margins of
the tergum and sternum at the anterior end of each of the ifrst
eight segments of the abdomen. Each spiracular aperture is
surrounded by an annu'ar sclerite and leads into a cavity called
the atrium or tracheal chamber. From the tracheal chamber arise

he main tracheal trunks. The

main tracreal trunks have a de- rrc ,c t tub:;

finite and symmetrical arrange- _t -
rnent. There are dorsal arches

ignning up towards the heart \;
id ventral arches descending;
awards the nerve cord. These

arnhes are connected with one i
1

a n o t h e r longitudinally by , ti
inks which run on each side ?t

f the pericardium and the ` `spiracles .
rye cord. Large trunks are M j, {:

ra 'givenstioff to the alimentary gat
nal. The main tracheal \
Inks ultimately terminate in -

nor blanching tubes called y ,✓
e tracheoles. The tracheoles :racheoks ;

in !urn divide into capillaries. ._ '.. I

The capillaries are intra-
cellular and have no cuticular

(.rn np. They penetrate every

rgan and tis ue of the body.

The tracheae being full of air

present a glistening white sil-
very appearance.

Respiration is effected by Fig. 6.15 Periptanata-trachea]
the alternate arching up and system
flattening of the abdomen resulting in an alternate increase and
decrease of its volume. This secures an alternate inlfow and out -

i w of air from the trachea. Although some CO. may pass out

nt the trachea and leaves the body via the spiracles, it is also



212

probable that some p rt of CO, dissolves in the blood and then

passes outwards through the cuticle. Because of the development
of the tracheal system, the respiratory role of the blood is however

at a minimum and quite negligible.

Fig 6.16 Cockroach-The trachea and the tra hroles

The Nervo:is System : Thy nervous system of cockroach con-

sists of a pair of cerebral ganglia lying in the region of the head.
From the brain arise two cireum-oesophageal connectives, which

pass around the oesophagus and meet below with the sub-oeso•

phageal ganglia which also lie within the head capsule. From the
sub-oesophageal ganglia passes a pair of stout connectives traversing
the neck to the ifrst thoracic ganglion which is quite large and round
in shape. From the 1st thoracic ganglion the two nerve connectives

pass backwards below the alimentary canal upto the last end of
body. On this double ventral nerve cord are found the mesotl ,>

racic and metathoracic nerve ganglia and six abdominal ganglia. 1
ifrst ifve abdom`nal ganglia lie in the ifrst ifve abdominal segment
and the last, some short distance behind. This last paired abdominal
ganglion is larger than the others and represents a number of fused
ganglia. From each pair of the ganglia, nerves are issued which pass
to the various parts of the segments in which they lie and form the
peripheral nervous system. The nerves to the eyes and antennae arise
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Fig. 6.17 Cockroach-The nervous system



from the cerebral ganglia The nerves to she mandibles, max llae

and labium are connected to the sub-oesophageal ganglia. In the

region of the thorax and the abdomen, the nerves are segmentally
arranged. The last abdominal ganglia however give nerve; to thw

terminal abdominal segments.

The sympathetic nervous system consis?s of as c :;opLageal
system which arises from the cerebral ganglia. This system innervates

the heart and the anterior part of the intestine (ileum). Connected to

thi; sympathetic nervous system behind the brain are the important

endocrine glands, the corpora allata (cfp. 219). The ventral sympa-

thetic system consists of a longitudinal nerve between the ventral

longitudinal connectives. This gives rise in each segment to a pair of

nerves supplying the spiracles. From the last abdominal g.:nglion,

arises the caudal sympatheic system supplying to the posterior part

of the gut and the reproductive system.

Amongst the sense organs are to be included a pair of com-

pound eyes which occupy a considerable portion of the sides of the
head capsule. They are composed of hexagonal facets in which are

located the ommatidia, the single elements of the compound eyes.

The cockroach can probably utilise only the mosaic (apposition)
image. In this, each ommatidium forms a different but adjacent

image and all the images so formed by the d;ffcrent ornmatidia com-

bine to form a single coherent picture. The mosaic or apposition
vision is thus composed of as many separate but adjacent images as
there are nmmatidia. The extent to which the insects `see' is doubt-

ful. It is said that some atleast can distinguish differences in the

colour and form of the objects. The chief function of the eyes i

undoubtedly to enable the insects to distinguish between differences
in intensity of light and although slow movements in their imme-

diate surroundings may be ignored, quick movements are at once
appreciated.

Besides the organs of sight, the insects also possess other sense

organs, e.g., chemo-receptors and sound receptors. The hairs on
the antennae are sensitive to air borne chemicals in very small

concentrations. They act like distant chemo-receptors. The hairs

found on the maxillary palps and tarsi detect the presence of cherni-
cals in greater concentration in contact with them. They are called
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contact chenio-receptors. The hairs on the anal cerc.ii detect
currents or sounds of low frequency. Crickets have better developed
hearing organs.

There also occur sensillae in the form of a group of sensory

cells on the luial palp. , antennae, cercii and tarsi. The sensillae
detect rise in the temperature. The cold receptors are chielfy loca-
ted on the tames .

The Reproductive System : In cockroach the sexes are serar.i c

The Male Reproduc..

live Organs : Male repro-

ductive organs consist of a

pair of testes. They are a 1
pair of small bunches of

transparent vesicles one on -.
each side embedded in the

tat body below the tergat .-,1
of the iffth and sixth abdo- l t
.n i nal segments. In the o t,7, ,s a o
:_Ault, the testes do not
junction and seem toatro-

phy. In the young males, i

they can easily be distin- 'h.. .cooglo6ate

a;sished. They look some- '^ rg onth
what like elongated bun- ° °' "° y a°"
cites of cherries which are onAp Pa '

connected by short ducts. Fig, 6.18 Cockroach--"t'f,,
From each testis there reproductive orguns

arises a short duct, the vas deferens. The vas deferens from earl]

ie;tis opens into a large reservoir, the vesicula seminalis or th;

Mushroom shaped gland." It consists of a tuft of ifnger shapes+

:odies in the form of bl,ndly ending diver ticula. Into these mush-

room shaped glands, at an early stage, the cells destined to form

spermatozoa pass from the testes and undergo their further develop-
tile n

Tac mushroom shaped gtands open into a median stalk-like
muscui r tube, the ejaculatory duct or the ductus ejaculatorius. The

ejaculatory duct opens out on amedian rod-like structure below the

anus through the male genital pore. The male gen:ta opening is
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placed between the ninth and the tenth abdominal sterna. Upon the
ventral surface of the ejaculatory duct lies an accessory gland of

unknown function called the conglobate gland which opens amongst
the gonapophyses. The gonapophyses are a series of chitinous hooks

and plates around the genital opening and aid in copulation.

Fig. 6.19 Cockroach-The male reproductive organs
t e testis and vas deferens are shown on one side only.

Tile Female Reproductive Organs : The ovaries too are paired
organs in the posterior abdominal region. Each ovary consists of
eight ovarian tubes. They are beaded in appearance as they contain

eggs in different stages of development arranged in linear series.

The ovarian tubes of both the ovaries unite at their anterior

ends into two cords. Each cord of its own side passes to the dorsal

wall of the thorax and becomes attached to the pericardial septum..

Each ovary at its posterior end with its ovarian tubules joins to

f rm an ovidnet. The two oviducts unite to give rise to a median
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chan:iel, soiniiin:es c,:,i1ec; the vagina or the uterus. The vaginaleads
into the genital c aniber. The genital chamber open: to the extericr
through the female genital aperture or vulva on the ventral side of
the seventh abdominal segment. The seventh abdominal segment

well developed and is modiifed into the keel- shaped lfoor of the
geniral chamber. The genital chamber is provided with a series of
chitinous processes forming the gonapophyses. A spermatheca also
opens into the genital chamber. The spermatozoa from the male are
stored in the spermatheea. Into the roof of the genital chamber
opens a pair of branched glands called the colleterial glands. They
produce a substance used to form the ootheca or egg case.

During copulation, the spermatozoa are introduced non the
genital chamber and pass into the spermatheca where they are stored
until required. Fertilization takes place evidently after ,hc eggs have
been passed from the oviduct. In the genital pouch, the eggs are
enclosed within an egg case or ootheca. In a single egg case, sixteen

fertilized ova correspond-
ing to the number of ova-
rian tubules are enclosed.

The eggs are arranged in
two rows, eight on each

side, They are arranged } ,
like cigarettes in a ciga-
rette case. The ootheca is

a dark brown cylindrical „ _ '

structure about half an I1 ^inch (1.2 cm) in length and G • '1
constructed rather like a -

purse. The upper margin -.nKitry
of the ootheca is distinctly , ;'
crnulated. It is formed b

the oolleterial glands. The

ontheca is formed solely

of tanned protein without Fig 6.20 Cockroach
an a mixture of chitin. The female reproductive organs
The ootheca after being

formed passes into the genital chamber and protrudes through the

terminal abdominal sclerites and is carried by the female in this

position for sometime before being deposited.
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callete.rrial

Fig. t21 Cockroach - A dissection of female reproductive organs

Life H1::tory : The insect which hatches from the egg is in
the form of a miniature adult creature. It has no wings. The gonads

;ue not fully developed. It is described as a nymph. During growth,

moulting or ecdysis takes place a number of times. On the dorsal

margins of the meso and the metathorax small projections called the

eggs

r! __i

Fig. 622 Cockroach - The ootbeca
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wing pad api); ir. As growth proceeds, these pads grow progressively
larger until at the last ecdysis, the fully developed wings appcar

The moulting or ecdysis in
cockroach is under the control of a

wth differentiation hormone

produced by the prothoracie glands.
these are in the form of a small pair

of glands in the ifrst thoracic seg-
ment. The ifnal moult into an adult

is suppressed till the secretion of a
juvenile hormone by the corpora
allata. Once the juvenile hormone is

secreted by the corpora allata, the
change from a nymph to an adult

taker place.

The gradual assumption of the Fig. 6.23 Periplanata-A young

adult characters by the nymph is nymph

called incomplete or hemimetabolous metamorphosis. It differs
sharply from complete or holometabolous metamorphosis, as it
occurs in mosquito and house-lfy. Here the creature which hatches

from the egg is called the larva wh'.ch is totally ti;fferent from the
adult. The larva after a series of ecdyses passes into an apparently
qti scent stage-the pupa (a chrysalis, 4"r;m eLi,;;: the adait insect
or the imago en.erges.

Revision questions

1; De rrir-: in detail the external characters f cockroach,

7. Describe the head sclerites of a cockroach.

1. ( ive an account of the mouth parts of cocks each and explain

how they are adapted to the mode of feeding of the animal.

4 Describe the structure of mandible, maxilla and labiu n,

epipharynx and the hypopharyn:v of cockroach.

5 D : sc r : be in detail the various parts of the alimentary canal

tf cockroach and also mention the process of nutrition in
c,,ckroach

. H.jw is e cret;on performe.1 in cockryach ? Describe the

structure and function of the n`alphigian tubules,
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7. Give a detailed account of the blood vascular system in

cockroach. How does it differ from the closed vascular system

of an earthworm?

8. Describe the respiratory system of cockroach. In what ,vay it
is adapted to the terrestrial mode of life of the animal

9. Describe in derail the nervous :ysteni and sense organs of
the cockroach.

10. Give an ccvunr of the male rep. oduetive organs ol the
cockroach.

11. Describe the ie,n;plc reproductive wg. ns of cockroach.

12. What is meant by incomplete or hemimetabolous met ntur-

pnosls? Explain tthis phcii iu non vvith icicrence to Inc deve-
iopment of cockroach.

13. Write notes on the follawiug

(a) Ommatidium, tb) Salivary giari`s of cockroach,

(c) Mosaic (apposition) image, (d) Leg of cockroach,
(C) Haemocoel,

(f) Hemimetabolous and holometabolous metamorphosis.

Mosquito and Houselfy
1. Mosquito

Mosqu?; noun! in InliIGand then study horn the Health

point of view is important as they are the carriers of various

diseases. You have already learnt that female anopheles transmits
human malaria. The role of mosquitoes in the spread of diseases is
discussed at the end of this topic.

Like the cockroach, the mosquitoes are insects t el•onging i

the group D,ptera having two wings. The body is divided into
head, tu,rax and abdomen. They undergo complete metamorphosis
during the development of eggs. The eggs hatch into larvae. The
larvae m tam)rphuse into pupae or chrysales. The pupa after a
brief quiscent phise, ifnally develops into an adult or imago. In
the diagram (Fig. 6.24), the life history of the mosquito (culex and
anopheles) is lius:rat d. Tare are several species of inD.qu;toes

e.g., Culez (Gnat); Anc>pheler.:Sregomya facciata, ei,
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The head of the mosquito is almost completely occupied by

the large compound eyes. The head is small and spherical. It is
connected with the thorax by a very small neck. In front of the

anopheles c Jla

A
Pw.

P:f eggs Eg;s

siphan siphon

larva . - r larva

(V1i.,...

pupa

ti

`'\

7f\
adub \

ar9.•t.

Fig 624 The life history of the mosquito (Culex and Anopheles)
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compoun 1 eye an!eriorly the head is prolonged into the clypeus or
frous over-hanging the base of the mouth parts. On the clypeus are

found two long and conspicuous segmented antennae or feelers The

sexes of the mosquito can easily be distinguished by seeing the an-

tennae. In the male mosquitoes the antennae are profusely feathers d.

In females, the antennae bear very few scattered hairs. Mosquitoes

feel their way, test the food and apparently communicate mutual

impression, by means of the antennae.

Mouth Parts: The appendages which surround the mouth
are called the mouth parts or the oral appendages. The mouth parts

of mosquito are adapted for piercing the skin and sucking the blood
They form a sort of miniature case of surgical instruments.

The mouth parts constitute a piercing and sucking proboscis
which consists of Labrum-epipharynx cr upper lip, two mandible',

to maxillae, the hvpopharynx (through which runs the salivary
duct) and the labium or the lower lip formed by the fusior of a

second pair of maxlle.

The Labium : Tl.e labium forms the proboscis proper. It is

or elongated semi-tubular structure ending in a t air of lobes, the

Labellae. In section, it appears semi-circular it's conca'e surface
or groove ensheaths all the other mouth-parts which are six in

number. The labium is a grooved receptacle which encloses within

it six delicate piercing stylets.

Lahrum and Epipharynx : The labrum is a single median
structure rooifng ever the groove of the labium. This is also regar-
ded as an upper lip. It forms an elongated structure provided with

a deep nearly closed groove. This is formed by the continuation of
labrum and epipharynx. The epipharynx is an elongated chitinized
roof of the mouth to which the labrum is fused. The inner surface

of the epipharyux is continuous with the oesophagus and the blood
sucked in. pas,es through this tube into the oesophagus.

Hypopharynx : The hypopharynx is also a grooved semi-
tubular structure lying ventrally to the epipharynx. It a?so helps in
sucking the hood. Daring the process of sucking, it applies to

the labrum and cnhTha'vnx The arpleation of two s rni-grooved
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structures (i.e , labrum and epipharynx with hypopharynx) forms a
temporary tube through which the blood is sucked in. The salivary
duct from the salivary land, is carried to the ip of the hype-

pharynx.

The other structures which are seen within the groove of the

labiurn are r pair of needle-like mandibles end maxillae. The mandi-
bles are in the form of stylets placed laterally each bearing a row of
saw-like teeth at their extremities. The maxillae are also a pair of

sword-like elongated piercing organs p':uced laterally. They inflict
the wound in the body of their prey.

The two maxillae, the two mandlhles znd the hypopharynx lie

within the groove of the labium and on the dorsal side of the
labium, the wall is roofed over by labrum and epipharynx. Epi-

pharynx and hypopharynx together applied form a complete tube
helpfu as a sucking organ. b se mandibles and the rnax illae are
utilised for piercing the skin.

labeIIae

labium roa.,,1i3
h5pophar>

;t33bie

labrum epie( ry nx
tahrum epipharynx

, ! h3pupharnx

I i Ir ,
mand hie

',k .. foA channel r.l'I

' maxitlory
patp _ ,. ► Ema lilla _ .._-

v-'
ti I I / -•

F. t

A.

Fig 6.25 Mosqui r'--(A) Mouth parts (B) Transverse section

pacsing through the proboscis

In the male mosquito the mandibles have disappeared and
the hypopharynx has become fused with the labium.

On the side of the labium is found a maxillary palp which is

the outer prolongation of the maxilla of its own side. The form and
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length of the maxillary palps help in the identiifcation of the species
of culex and anopheles. The function of the maxillary paths is

tactile and sensory.

proboscis maxillary palp proboscis n illary plap
\

'' \I\ antenna

f - antenna

compound ey - compound eye

male anopbcles male culex

proboscis jaw maxillary palp proboscis
i

an enna

antenna

female anopheles female culex

Fig. 626 The mouth parts of male and female culex and anopheles
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The Mechairism of Piercing and Sucking

When the female mosquito bites, the end of the labium is

pressed against the skin and it becomes bent upon itself. The

mandible and maxillae found within the groove of the labium are

consequently exposed and inlfict a wound in the body through their
pointed and serrated tips. Into the wound so formed, is inserted

the tube formed by the application of labrum+epipharynx with the

hypopharynx. (The saliva may also to injected into the skin through
the salivary duct leading into the hypopharynx). The blood from
the wound of the prey passes into this tube forcefully by the sucking

action of the t►haryngeal pump. After the wound is inlficted and the

blood sucked the mouth parts again retain their normal positions.

The mouth parts of female and male anopheles and culex are

shown in ifgure 6.26. The following points are helpful in the identi-
fication of the sex and the species of mosquitoes.

----Mosquito-----

Antennae profusely Antennae with few
feathery hairs

Male mosquito Female mosquito

-- --- ' -----
Maxillary palps as Maxillary palp; as
Ion g as the pro- long as the pro-
h,,scis and the ter- boscis and the ter-

rninal end paddle minal end pointed.
shaped

N(ale Anopheles Male Culex

Maxillary palps pointed Maxillary palps shorter
and as long as the pro- than the proboscis con-

boscis sisting of three segments
only.

Female Anopheles Female Culex

The Role of Mosquitoes in the Spread of Human Diseases :

Mosquitoes amongst the insect pests are regarded as public
enemy No. 1. The mosquitoes are responsible for the spread of the
Z-I-15)
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diseases like (1) Malaria, (2) Yellow fever, (3) Dengue, (4) Filariasis
(5) Encephalitis and (6) Dermatobia.

1. Mosquitoes and malaria : As you have already learnt,

anopheles mosquitoes are the sole transmitters of human malaria.
The species of culex and Aedes, are however less frequently involved.
Anopheles are also the vectors of malaria of birds and reptiles. There

are about 200 species of anopheles out of which only about two
dozen species are the important natural vectors of malaria.

Much progress has now been made in the control or even com-

plete eradication of malaria by the residual spraying with DDT and
related chemicals. The advantage of residual spraying with DDT lies
in the fact that a high percentage of the mosquitoes which bite mai-
arial patients in or around houses, by resting on the sprayed walls
after a feed, will die before they can transmit the disease.

In addition to the above measures, it is also essential to keep

those places clean where nnosquitoes can breed. The ditches, the pits
and the places where wate remains stagnant should be kept clean.
Otherwise they form a good breeding place for the mosquitoes.

2. Mosquitoes and yellow fever : The American Yellow Fever
Commission composed of Reed. Carroll, Lazear and Agramonte
discovered in 1900, the transmission of yellow fever virus by a
species of mosquito called Aedf s oegjpri. This mosquito is a mem-
ber of the sub-genus stegomyia and was long known in medical
literature as Steggomyia fasciata.

Yellow fever was once a terrible scourage of the entire West-

ern hemisphere. It is now confined to the forested areas of Tropical
America and Central Africa. The yellow fever is caused by a ifl-

trable virus which is present in the blood of a patient at'd is avai-

lable to mosquitoes only during the ifrst three days of illness. The
incubation period of the disease is 3 to 6 days after which the infected
person develops severe head-ache and aches in the bone joints. There
is then an attack of sudden fever with lfushed and swollen face and

dry skin. The fever, however, subsides after 3 or 4 days but the
patient usually develops a severe jaundice and often there isa `black
vomit' of blood and bile. Adults have a high mortality rate. A
highly effective and protective vaccine is available and has been used
on a very large scale in rural South America and West Africa.
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Aedes a gypti becomes infective within 10 to 12 days of its
bite to an inft cted person. The larvae of this mosquito if exposed
to a liquid cotaining the virus, develop into infective adults. Since
the species of Aedes aegypti has a wide dis'ribution in the tropics,
there is always a danger of the spread of yellow fever disease into
India, Malaya or Australia from West Africa or Sudanor into North
America from South America. In order to check the spread of

yellow fever, strict isolation of individuals coming from the affected

areas is observed. Fumigation or spraying of the ships and planes is
also done.

3. Mosquitoes and dengue : Dengue or `Breakbone' fever is a
d sease causes by a virus. The virus is transmitted principally by
mosquitoes of the stegomyia group i.e., Aedes aegypti (Stegomyia
fasciata). The virus undergoes some development in the mosquito

which becomes infective in ii days. The patient's blood is infective

for mosquito during the ifrst 2 days of the illness. The disease

dengue is found in New South Wales, Florida, Brazil, the West
tidies, Fiji, Syria, Greece, Turkey and Africa.

The disease starts suddenly with a high fever, flushed face
severe rains in the back and extremities. This causes complete

prostration*. The disease is however not fatal.

4. Mosquitoes and fzlariasis : Manson, in l79, discovered,

that, mosquitoes serve as intermediate hosts for filariae. You have
already learnt while studying the life history of Wuchereria bancrofti

that the infec.ion is conveyed to man by mosquito bite, chiefly by

the Culex fatigans. Besides this species of mosquito, other species

of mosquitoes which transmit the disease are the following : Aedes

.scutellaris transmits the disease in Fiji, Anopheles farauti in New
Guinea, A. gambiae in Western Paciifc Islands, and A, funestus in

Africa. In Japan Aedes togoi has been reported as a transmitter.

S. Mosquitoes and Encephalitis : In the United States, three

strains of viruses (Western equine, Eastern equine and St. Louis

strains) causing ercephalitis are arthropod borne. Numerous calcine
mosquitoes have been reported to harbour and transmit these viruses

in the United States. Culex tarsolis is regarded as the most impor-
tant vector of Western equine and St. Louis strains of viruses. For

Eastern equine, Culex pipiens is an important vector. Other species

* Extreme exhaustion or lack of energy or power
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of mosquitoes like Aedes vexans, and specie, of Psorophora, Alan

aonia and Theobaldia also act as vectors.

The disease encephalitis, comes on suddenly starting with

malaise* and intense head-ache followed by a continuous fever

which reaches its peak on the third day. It then gradually subsides.
There is marked drowsiness or coma. The patient als j suffers usually

from nausea, vomiting and convulsions. The fatality of the disease

ranges between 3 to 22 percent and is usually higher in adults

6. Mosquitoes and Dermatobia: In tropical America, a larva

(maggot) of a botfly Dermatobia hominis infests man and also the
cattle. The mosquitoes normally serve, in the transportation of

Dermatobia eggs to a suitable host. The larvae which hatch from
the eggs penetrate the skin of the host and form boil-like cysts o

the surface of the skin. These boils cause excruciating pain**. The

mosquito involved in this transportation of eggs is Psorophora luzii in
Central America. P. ferox is the most frequent vector in Columbia.

Preventive measures : The extermination, control or protec-

tion against mosquitoes and mosquito borne-diseases is most essen-
tial. The preventive measures to be undertaken in this regard include

(i) personal protection from adult mosquitoes and their destruction
(ii) destruction of larvae and (iii) elimination of breeding places.

The use of insecticides has helped a lot in the eradication of
mosquito borne diseases. Good sanitary measures have checked to a

great extent the breeding of mosquitoes. Certain natural enemies of
the mosquitoes are also used in their elimination. A kind of ifsh
Gambusia affinis is of great value in the control of mosquito larvae
in natural waters, lily ponds, etc. These ifshes are stocked in ponds,
cisterns, wells, etc.

The ifsh Gambusia affinis is able to live in fresh, brackish or
polluted water. It is widely distributed in South Eastern United
States and has been extensively introduced elsewhere. These fishes
fed on mosquito larvae.

Many types of aquatic plants are also inimical to the larvae of

mosquitoes for one reason or the other. Chara produces a high oxy-
gen content of water; the bladderwort, e.g., Utricularia captures the

* A feeling of illness and discomfort

** Unbearable distressing pain
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larvae in its trap-like bladders and Lemnna (duck weed), the surface
covering plants, prevent the larvae from getting access to air.

Fig. 6.26 Gambusia af}inis-A voracious mosquito eating minnow

2. House Fly (Musca domestica)

The houselfy also is an insect belonging to the family Mu .i

dae. Jt also belongs to the order Diptera having a pair of wines It
is quarter of an inch in length, mouse -g:
narrow black stripes on the thorax.

The fertilized eggs of a house-lfy ha 'n a i h
maggots. They undergo metamorphosis.
pupae The pupae later develop into adult fli.
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Mouth Pmts : The mouth parts of a house-fly are adapted
entirely for sucking. It has lost all piercing mechan;sm. The mandi-

bles are absent. The maxillae are represented by the maxillary palps

L

PQQ pupa

Y

Ttarva
Unc ggot)

adult

fly

Fig, 6.2? House-Hy-Life history

It has a folding labium which ends in a pair of lfeshy lobes called
the labellae. On the labella develops a pseudo-tracheal membrane.
It is a membrane. the surface of which is produced into small
channels which ccnvcr e towards the narrow end of the labella The



X31

r .

ha nx eye

pump 4saiiarmalaryynduet ` .1 1 •.

cpipharrrx '- :\\t 4hrpol,6.r,s:1 '' labellum
` labium

t pseudotracbae

A. 1' 1r ' ; B.
B) Fraboscis of a hose-fly

-' { half folded
A; 1'r' h' .cis ;f s housefly extended

Ic`t ! I e!lar lobe roved
labrum epipharynx

food channel

hypopharynx

• I
f

4
labium

C.

(CI Trans'.erse section passing through
the proboscis of a housefly

Fig. 6.28 House-lfy-Mouth parts

labium forms a prominent proboscis. This, when not in use, ly
folded away into a cavity under the head.

In add ton to the labium, there is also found a prominent

epibypopharyngeal tube used for sucking.
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The house-lfy feeds chielfy on lfuid matter whip h is sucked up

by the epi -hypopharyngeal tube formed mostly by the conjoined
labruni-epipharynx and the hypopharynx. In the presence ofa solu-

ble solid food like sugar, it is converted ifrst into a sc,lution. The lfy
regurgitates its saliva and other enzymes on the solid particles via
the hypophar} ax to convert them into a solution. The labellae of the
Erbium as stated are traversed by a system of deep channels through

which the lfuil food is drawn in, towards the point of convergence of

the pseudotracheal channels. From here the fluid is passed into the
epi-hypopharyngeal tube and later is sucked up by the alimentary
canal. The pharyngeal muscles assist in maintaining a pumping
action by which the lfuid is sucked up constantly in the manner stated

above through the epi-hypopharyngeal tube.

The mouth parts of the house-lfy are thus adapted for sucking.
Further, the house-lfy as stated above is also capable of converting

soluble food into a solution and later sucking it.

The Role of House-lfy in the Spread of Human Diseases

The common house-lfy, Musca domestica is world-wide in dis-

tribution. About 99% of the lfies that we see in our houses usually
belong to the species Musca domestica.

The house-lfy transmits germs especially those affecting the
eyes and the alimentary canal. The lfies usually feed on garbage,

manure and faeces and visit these spots for la} ing their eggs. They

pick up disease producing germs which may be attached to their
bristly legs. Such lfies may come to feed on our dining tables,
kitchens, restaurants, etc. They may also take the germs into their
alimentary canal which are then transferred to human food through
their faeces (lfy specks) and their exuding saliva. In this way, they
may transmit germs into the human body. The transmission of the

different germs may give rise to disea'cs like typhoid, paratyphoid,
cholera, bacillary and amoebic dysenteries. They also play an im-

portant part in the transmission of tuberculosis and may also cause
food poisoning. The house-lfies also feed on the pus and other dis-
charges from the wounds and the eyes. In Egypt, nearly 90 percent of
the village population suffers from Trachoma (contagious inlfamma-

tion affecting conjuctiva, cornea and eye-lids). If untreated, it leads

to blindness or other eye diseases on account of the houselfy. The



lfies thus play the role of transmitting the germs from person to

person. The lfies can have access to the blood from the infected
animals. The poultry that feeds on such infected lfies may develop

fowl cholera (P.steurella). It has.also been reported that the lfies

can pick up and harbour the virus of poliomyelitis or infantile para-
lysis. The disease is characterised by lesions in the grey matter of
the anterior horns of the spinal cord and also in the motor nuclei of
the brain stem. The symptoms of the disease include, fever, malaise

drowsiness, stiffness in the back and pain in the limbs. Paralysis

need not always occur. However, the lfies have not been established

as an important factor in causing the paralytic form of the disease,

puliomyelitis but their possible role is suggested.

Preventive measures The preventive measures against the lfies

include the use of insecticides and better sanitary conditions. The

advent of DDT sprays played an important role in the elimination

of this pest. For lfy control, basic sanitary measures are to be

followed. These include sanitary disposal of faeces, frequent thin

spreading of manure on farms, burial or burning of garbage or other
materials (e.g., at slaughter houses) where lfies breed. As the house-

lfy is the most important mechanical carrier of pathogenic organisms
we should take all precautions to protect ourselves from it

Revision questions

]. Desc:iLe in detail the mouth pats of a mosquito and
their mode of action. How are these mouth parts adapted
to the made of feeding in mosquitoes ?

2. Give a detailed aco.tnt of the rn'e 1 ,nosgi!it es in the

spreai of diseases.

. Describe in derail Ii month I r of a l ,ise-f\ and their

made of action. How are these mouth rats adapted to
the mode of feeding of the hou e-lfy ?

4. Describe in detail he role of a house-il'; in flue transmis-
sion of disease,.



CIIAPTEtt VII

MOLLUSCA

(Soft bodied and shell bearing animal, j

The Phylum Mollusca includes soft bodied (L. mollis; soft),

unsegmented animals. The soft parts of the body are often covered

with a hard shell. Next to Arthropods, Phylum Mollusca is tha

second largest and second most familiar invertebrate group. The

lfeshy bodies of molluscs, which are of relatively large size are

widely used as food by man. The molluscs, live in the sea, in fresh

water and on land. The molluscs; living in water respire by means

of gill, and those living on land respire through lung-like pouches.

The molluscs are fundamentally bilaterally o ai: tr!ca , but

this symmetry is lost in some e.g., Gastropods.

There protrudes from the ventral surface of the bdy of a

mollusc, a muscular `Foot' helpful in locomotion. The foot how-

ever is much modiifed according to the habits of various molluscs.

The dorsal or lateral folds of the body wall forms a mantle

or pallium, which often secretes a single or bi-lobed shell covering

the internal organs of the body, he visceral mass and encloses a

space called tt e mantle cavity. The shell may be absent in some

forms. The coelom is reduced and persists as a pericardial cavity.

Scxcs are separate. Development is indirect, usually through

a larval stage. Some of the better known molluscs arc the clam;

fresh water mus eis, oysters, snails. iu s, octopuses ani ?h. euttle
fishes.

We shall study the external characters and the visceral mass

of a fresh water mussel, e.g , La,nc/l'dcns inarginalis, Unio margarlti-

fera and Anodonta cygnea (Clam).

Unio-A fresh water mussel

Unio, the fresh water mu>cl help❑ s lo the cla • Bivak is in

which the body i , m c -d n .a s'ill vith tWo halves :'r =alvc=:- It
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also has a plough shaped foot, hence the name Pelecypoda (Greek.
Pelekys, hatchet; Podos, foot i.e., wedge shaped foot) is also given
to the group to which unio belongs.

Habit and Habitat: Fresh water mussels are found in slow

running rivers, lakes and ponds in most parts of the world. They
usually lie at the bottom, partly buried in sand or mud or they
move slowly with the help of their feet. They feed upon minute
plants and animals.

External Characters: The body of unio is laterally corn-

tressed and consists of a visceral mass and a plough-like foot arising
from the ventral side of the body.

The body is enclosed in a brown shell ma 'c up of two sepa-

rate concave oval pieces called the halves or the valves. They are

lateral in position and cover the right and left sides of the body.
The shell is about 3 to 5 inches long. The broad round end of the
shell is the anterior end The posterior end is narrow and somewhat

bluntly pointed. The iwo haes of the shell are joined together

along one edge by means of ligaments. This end of the shell forms
the dorsal side of the animal. The va'ves are free at their other

edges. At the region of attachment, each valve has small projec.
Lions c lled the hinge teeth which ift into the corresponding depres-
sions in the other valve. The two valves are further held together

at the point of attachment by means of elastic hinge ligaments.

Close to the hinged line is a knob-like protub rance known as
limbo. This represents the oldest part of the shell. Surrounding
the umbo, on the cuter surface of the shell are to he seen a number

,f concentric lines running almost parallel to the free margins of
the shell. These are the lines of growth. Each line at one time

was the margin of the shell. The concentric 1 nes thus represent the

successive regions of the growth in a shell.

At the posterior end of the shell between the two halves may

be seen two tubes or siphons One is in the form of a ifmbriated tube
through which a current of water enters. This is called the inhalant

siphon. It is a temporary tube formed by the approximation of
mantle lobes lying beneath i.he valves. The other is in the form of a

simple rube f.om which the water passes out. This tube is called the
exhalant siphon. It is an actual tube forme.] bt she union of the two



lobes of the mantle. A wedge shaped muscular foot projects ven-

trally through the valves at the anterior end, when the animal
moves. The two valves of the shell are held together by an anterior

dorsal surface

umbo hinge phon

lines ud growth ry =r - in nd wphan

y i
' c

an' ii

x 1
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kit La L'C

1 of the shell

A foot ventral curlace

l,

/ dorsal paliial aperture
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exhalant siphon "p ,r l 1/i' ,'
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iah,lant ipb in -_

i
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Fig, 7.1 The fresh water mussel (Unio)

(A) Seen from left side, ;B) See❑ from the posterior end
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and posterior adductor muscles. These muscles extend internally

between the two valves. The opening of the valves and their tight

closure is brought about by the relaxation and contraction of these
muscles.

The inner surface cf each valve of the shell is bright and has

white pearly appearance. It shows marks of insertion of muscles
running transversely between the two valves. At the anterior end of
the valve, an oval shaped marking of the anterior adductor muscle

can be seen. At the posterior end of the valve is found a large

impression of the posterior adductor muscle. Close to the anterior

adductor impression are the two small impressions left by the

impression of
impression of aoterio retractor muscle impression of
:st rwr adductor muscle posterior retractor muscle

\ impression of
posterior adductor
muscle

I

i

i at Jr c s ieu of

pr ::actor muscle

pallial line

Fig 7.2 Unio-The inner surface of the valve of the shell

anterior retractor and protractor muscles. These help in the with-

drawal and the protrusion of the foot during movement. In front of

the posterior adductor impression is the marking of the posterior

retractor muscle. As mentioned earlier, the adductor muscles bring

about the tight closure of the valves of the shell The retractors help
in the withdrawal of foot and the protractor forces out the foot. All

the muscles are of unstriped type. There can also be seen a faint

line running parallel to the free edge of the ventral margin of the
valve. This is called the pallial line. It shows the place of attach-
ment of the internal fold of skin called the mantle or pallium.

Mantle: Lying inside the valves of the shell is a semi-transpa-
rent fold of skin called the mantle or the pallium. The mantle is

made up of two lobes corresponding to the two valves of the shell.

The two lobes of the mantle are continuous dorsally. The mantle
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lobes are however free vrntrai:y and anteriorly. Posteriorly, the
mantle lobes fuse to join the exhalant and inhalant siphons already
mentioned. The ma.-t'e secretes the shell.

Some molluscs like pearl oysters are important as they produce

pearls which are of great value. In these oysters, if a small organ-

ism like some parasite, gets in betwee❑ the shell and the mantle,

the epithelial cells of the mantle secrete around the organism con-

centric layers of a pearly substance. This substance soon assumes

the shape of a bead called the pearl.

Now-a•days pearl formation is also brought about artiifcially.
In Japan, ifne particles of clam shall are introduced artiifcially into
the oysters. These oysters are then kept in wire cages in the sea
for several years. The pearls that are produced are called the
Culture pearls'.

Pinctada vulgaris is the Indian pearl oyster. It is also a bivahe
and is found in the Gulf of Mannaar and in the Palk Bay. A.n ther

example of pearl oyster is Meleagrina.

pearl

pearls

v:?Ive

Fig. 71 The pearl oyster with pearls

The space found between the mantle lobes is called the wattle
cavity. This extends over the entire length of the body on each side.

Visceral mass : The mantle cavity encloses the body of the
animal collectively referred to as the viscera' mass. It is later lly
compressed. The head is rudimentary. On the m<<t-ventral side oftl',e
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vesceral mass is found a wedge shaped fco`. On each side of the foot

lies a gill or Ctenidium. The visceral mass is composed of digestive,
circula-orv, e..cietorv an r rr ductive organs. the stluc+ure of a

, saes for closing sh•_1:.

------------

(/ f////iirn

•SGUftl / //
p [ps

/ I

iohralrs t siphon

ctenidium

or gill

arterior eud foot

Fig. 7.4 Unio-The foot, the gill, the labial pa!p, and the musc!eG for
closing the shells are sho\a n

fresh water mussel is thus comparable to a hc'c k. The two salves of
the shell may be compar::d to the covers of a book. The mantle
lobes underlying the valves - form the double lfy leaves, front and
back, attached to the valves. The gillQ, the visceral mass and the

foot are just like the leaves of a book. Some of the ofgan systems

contained in the visceral mass are brielfy described below.

Digestive System : The mouth lies in front in the form of a
small aperture below the anterior adductor muscle. The mouth is
surrour ded by a pair of triangular lfaps called the labial palps.

Behind the mouth, the alimentary canal may be distinguished
into oesophagus, stomach, much coiled intestine, followed by a
straight tubular rectum which terminates in the anus (See ifg. 7.6'.

Circulatory System : The circulatory system is composed of a
heart situated on the dorsal side. surrounded by pericardium. The
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d i cw:i rr g!aod ,rirarGirit cat ty
heart

stomach excretory organ
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Fig. 7.5 Unio-Dissection from the I ft ;'d

heart pericnrd at c.siit_
stomach

oesophagus recluro

anus

-a' excreton n;,ar.

''e - -r` ctcnidium artery to n:anrle
ur gill

blood ,inuti of foot igtcstiot
vein from roof

Fig. 7.6 L?nio-Some organs of visceral mats are shown
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pericardium is a reduced coelomic cavity in the form of an ovoidal

chamber surrounding the heart. From the heart a number of arteries

arise as shown in ifgure 7.6. These arteries communicate with an

elaborate system of ill-deifned blood spaces or sinuses. The blood

returns to the heart through the veins.

Excretory System : A pair of kidneys li below the pericar-

dium. One end of the kidney opens into the pericardium and the

other end through an excretory pore leads into the mantle cavity.

The kidneys are coelomic in origin and are also referred to as organs

of Bojanus after the discoverer. The kidneys eliminate the nitro-

genous waste from the pericardium and blood to the exterior.

Nervous System : The nervous system is composed of nerve

ganglia and the nerve connectives as shown in ifgure 7.7.

cerebto-visceral
connective

retractor muscle

posterior adduc:ot anterior adductor1 muscle

ccrcbro•pleura)
ganglion

vi5ccral ganglia
mouth

pedal ganglia cerebro-pedal
connective

Fig. 7.7 Unio-Nervous system

Reproductive Organs : In unio the sexes are separate. The
paired gonads lie on each side surrounding the coils r>f the intestine
in the visceral mass.

Fertilized egg develops into a glochidium larva. The lat

escape through the exhalant siphon of the mussel. They get attac

to the gills or ifns of fresh water ifshes and feed by absorbing ju
Z-1-16]
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Fig. 75 The glochidium larva

of the fish. After about 10 weeks of their ojaras .fic life, the

larvae undergo metarnornhosis into an adult mu'sel.

Revision questions

1. Describe in dcta:! the external chira.eteN of . fresh water

mussel.

2. Write a brief note on the formation ; f pearls by the i(i

0yst;;r :.

3. Describe in det1 the visceral mass' a freh water

mussel (Uniol.

Pila globosa :

Another example of a moliuse is Pila globesa or the apple
snail. These are also fresh water forms inhabiting ponds, tanks,
paddy ifelds, streams and rivers. They usually occur in those areas

where aquatic plants like Vallisnerla or Pistra are abundantly found
These plants form chielfy the food of Pila.

Pila, althrugh -,quatic in habit, can as well live outside the
water since it has a pulmonary sac in addi+.ion to a fully developed
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etenidium, is can thus, ash <,n land, breathe air, through its

pulmonary sac. In Pila, the sexes are separate. Females are larger
than the males.

The Sh ill : The soft parts of the body of Pila are enclosed

in a single piece of shell characteristic of most Gastropods to which
group, Pita and allied forms belong. The shell is in the form of as
elongated cone closely coiled in the form of a spiral, round a central
axis.

The extreme top of the shell is called the apex. It is com

parable to the umbo of a fresh water mussel and represents th
oldest part of the shell. It is the ifrst to be secreted by the embry'.
and is the statting point for the growth of the shell. The coils or
whorls of the shell are in open communication with one anothcr
There exists no partition between them. Commencing from the apex.

alley

p.'nultimate ovhort 1 __..suture

I 11 (I Ibody s harl i V 1 11r1p

t.mo!1ICu .

mouth or aper;utL Jf tf s I.II

Fig. 7.9 Pila globosa - A shell seen from the ventral surface

the whorls gradually increase in size so that the last two whar's 'f

the shell known respectively as the penultimate and the body whorl

are very large. The greater part of the body of the animal is enc?ascd

in these exceptionally large whorls.
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The collective name, the spire is applied to ,se whole series

of whorls, exclusive of the body whorl. All the whorls of the shell

are coiled round a hollow central axis called the columella. The

opening of the hollow columella leading to the exter of is called the

umbilicus. The shells with umbilicus are described as perforated or

umbilicated. The line marking the junction between any two succes-
sive whorls is referred to as the suture. Towards the posterior end

of the shell lying on the right side of it is found the mouth or the

aperture of the shell. If the aperture of the shell lies on the right

spire

columella - "s' suture

r

F.2

I {

Fig. 7.10 Pila globosa - A shell as seen from rite dors'l

surface with about half the whorls ground off

side of it, then it is called the dextral. This is usual?y' the case. If it
lies on the left side of the shell, it is called the sinistral. It is an
unusual case but such abnormalities are met with in shells from time

to time. The outer margin of the aperture of the shell is called the
outer lip and the margin of it lying next to the columella is called the
inner or the columella lip. This lip is often found to be recurved
over the central axis. The shell is thick and often globose in shape.

There are usually 6 whorls in a shell. The lines of growth on the
surface of the shell are to be seen in the form of slightly raised lines

running parallel to the margin of the aperture.

The shell is usually lemon yellow in colour but much darker
shells of brownish or blackish colour are also found. The inner
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surface of the shell is white and porcellanous with traces of irregu-
lar transverse bands of a brownish or orange colour corresponding
to the external transverse bands.

The shells of male animals are comparatively smaller and less
dilated than those of the females.

The Operculum : The operculuni which almost corresponds to
the mouth of the shell is a lfat calcareous plate. It is formed as a
cuticular secretion of a group of cells situated on the dorsal side of
the foot. The outer margin is regular and convex and descends
gradually to a point at the junction of the anterior and inner margins.
The inner margin is slightly concave in its anterior half but becomes

concentric rings

iU / 0
; 1 `' operculum ,•.' a

1'W a

4' nucleus f/{ k i

x iV=i • • :• } if:
l

ry`

i,lincr view outer view

Fig. 7.11 Pila globosa - Operculum, outer and inn/r view,

r.aunded further back end makes the posterior margin as such regu

larly convex in outline. The outer surface of the operculum consists

of lemon-yellow chitinous covering. There are also to be seen on

the outer surface, a large number of concentric rings of growth with

a fairly marked nucleus. The nucleus is situated sub-centrally at

a distance of about one-fourth of its breadth from the Inner margin.
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t'iI incr sur:ace of the o :c'rcu uzn is distinguished into a

pranuinent elbptic area called the boss. The operculur muscles are
i': un I attached to it. Boss is surrounded by a shallow groove and

bears irregular markings to the attachment of the muscle ifbres.
The boss is of a creamy colour and the rest of the inner surface is

u;a. Wy a shade of shining grey.

External Characters: When the shell is removed, the soft parts

f the body of the animal can be seen. The body can be distin-
guished intn three distinct regions-(1) the head, () the foot and
3 i the visceral mass.

The greater part of the t ody of the animal in a fully expanded
state ;ins outside the shell. The visceral mass, however, remains

enclosed in the upper or rather the
inner whorls. The body remains

attached to the shell by means of a

strongly developed muscular band
called the columellar muscle. This -

muscle arises from the foot and is t+\
inserted on the columella. This

muscle prevents the animal from /
extending out of the shell beyond a i

certain limit. It also helps in with- co!,,rnc1 Jr
drawing the body into the shell and usct

closing the aperture by means of a - /
tifh'i; tLting operculum. /'

The part of the skin covering

_. rat mass is produced to
m the palliam or mantle, a charac- Fig 7.12 A part of the shell :,f

Pita globosa indicating the
t ' stic molluscan structure. The region of attachment of the

mantle in an extended animal is columellat muscle.
cen as a light greenish lining with-

in the aperture of the shell. The mantle encloses anteriorly the

head and its' appendages. It also encloses the animal when it re-

tracts. The mantle also serves as an additional organ of respiration.
The free edge of the mantle is thick and contains the shell serreng
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The head :; proicngcd into a snout. It is partly contractile.
On either side of the snout, is found a labial palp or the ifrst pair of

tentacles. The tentacles are mere prolongations of the antero-lateral
edge of the snout. These are also highly contractile. Just quarter

f an inch behind the snout lie the true or second pair of tentacles.

These are iflamentous structures, thicker at the base and gradually
taper to a ifne thread near the tip. In a fully extended state, these
tentacles attain a length of two inches but during contraction they
are reduced, and are just one-fourth of their entire long?h in full
extension.

sisceral mass

L

t

V.

- L,

t .. ,.

`j

maatie

ame•ainphi

r'"-r' .S stir?• [' 'w

c !ium o x;. X pse(ni.en°acle foot se'.ond pair of
i..At•il p f 3 oEBrcu!Um

Fig 7.13 Pila globosa-Front view of the anirn:il after tue removal
of the shell

In Pala globosa a pair of eyes are also found. They aie situa-

ted on small stumpy stalks called the ommatophores, arising on the
outer sides of the bases of the second pair of tentacles.

The two sides of the head are connected to the mantle by two

fleshy structures called the nuchal lobes or pseudepipodia. The left
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nuchal lobe is better developed and forms a long respiratory siphon
for aerial breathing. Both the nuchal lobes however play an impor-
tant part in the respiration of the animal. The nuch ;l lobes in fact

are the prolongations of the mantle.

left siphon respiratory
\, siphon

' iofair .,fir<. p 1 sc ce t;i, , i r f
tentalce or 't..:;i
labial palp -

C - lot`

e}C t
5 « y° ti l l; 4F om ir._t:;phvre

head - a

ti

lateral side of foot .'.-:_z :

' r

operculum

apex of the foot
sole of the foot

Fig. 7.14 Pila globosa-A living animal seen from the ventral side

The foot is roughly triangular in outline, the apex of which is
directed backward. The lateral sides of the foot are somewhat

arched inwards and the angles are broadly rounded.

On the dorsal surface, slightly in front of the posterior end,

the foot bears the operculum. The smooth ventral surface of the
foot is called the sole. The foot is a locomotory organ and is highly
muscular. The wave-like contractions on the surface of the foot

result from the contractions of its vertical muscles. By the contrac-

tion of the transverse muscles, the blood is forced forwards extend-
ing thereby the foot in front. The longitudinal muscles by their
contraction pull the posterior end of the foot forwards in order to
keep pace with the extent:: ; 1n: rior ciiJ.
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The visceral mass contains the main organs of the animal• It

occupies the greater part of the body whorl and all the inner whorls

of the shell. The visceral mass is also spirally coiled like the shell.
It varies from greyish to dark bro•wo. is colour.

pclswnars sac

a 4 ni

'J•rin:

rectum

etenidiur

1e

tWO

r hhl

p eudcpipadin
ins

.ccunu pair

rcntacles ifrst pair or tlfO tY
tentacles

Fig. 7.15 Pila globosa - Organs of the pallial cavity

17antle cavity and the pallial complex

The mantle or pallium as described earlier, while forming a

cloak round the anterior part of the animal, encloses a large space
on its dorso-lateral sides. The space is known as the mantle or pallial

cavity. Within this cavity, lie a number of structures collectively

referred to as the organs of the pallial complex It consists of the
ctenidium or gill, the osphradium, the hypohranchial gland, the rectum,

the anus, the renal aperture and a part of the renal organ, the
genital apertures together with the copulatory organs. When the
animal withdraws itself from the shell, the head with associated

structures is pulled back into the mantle cavity.

The pulmonary sac or lung is connected w'th the dorsal wall
of the pallial cavity. It is a specially developed structure in the
members of the family Pitidae to which pila belongs.



The organs of the pallial coniplex found :n Lee mantle cev:t;

are the following.

In the lfoor of the cavity, runs, a prominent ridge, the

epitaenia. It arises near the anterior edge of the right_pseudepipn-
dial lobe. The epitaenia separates the right branchial from the

left pulmonary chamber. It plays an important role in aerial and

aquatic respiration of the animal.

The ctenidium or the gill can be just visible through the ve':1

of the mantle. It lies in the right of branchial chamber :end hand:;
vertically down'erds t`rote the <' ttra •wall of _ ,,, me ntlc

cavity,

The pulmonary sac or the lung is 3 lar_ ;sic-li :. s;rue_ele

which hangs from the roof of the mantle cavity. On the left side

of the mantle cavity is found the osphradium. It is about a quarter

of an inch in length and arises from the mantle a little behind the

margin directly in line with the middle of the left pseudepipodium.
It hangs like a curtain in the course of the respiratory water current.

The osphradium serves to test the chemical and physical qualities of

the water and helps in the selection of food material. The rectum
can be seen to lie on the left of the ctenidium. The opening of the

rectum i.e , the anus, is surrounded by minute papillae. The genital

duct, male or female according to the sex of the specimen examined,
lies next to the rectum. The genital openings lie at the anterior end
of the b.ranchial chamber. The anterior chamber of the renal organ

projects into the ctenidial part of he pallial cavity. It is reddish
in colour. The greater part of the r; n i u l gan, it for
chamber lies wi!hin the visceral mes

Revision questitrEi<,

I. Describe in detail the shell ter>d the operculum of Pita
globosa.

Describe in detail the mantle cavity and the arin>>s struc

uo;s mound in t' :: pallial complax of Pile a



CHAPTER VIII

THE SCIENCE OF BIOLOGY

Biology (Gk. Bios ; life, logos; a discourse) is he science
which dept Is with the study of all living creatures, animals, plants

and human beings. Under the science of biology, we include
Zoology the science of animals and Botany (Gk. Bolane; a herb),
the science of plants. In addition to these, we also include Micro-
biology under the science of Biology. Microbiology deals with the
study of such plants and animals which can be seen only with the

aid of a microscope. It deals as such chielfy with the organisms
which cause diseases or are otherwise important.

The science of Zoology (Gk. Zoon; animal+logos; discourse),
deals with the structure and functions of animals, their habits,

were and how they live, their relations to one another and to their

environments, their classiifcation and many other features.

Animals and plants are studied in different ways. Some of

these ways form a distinct branch of biology. The study of indivi-
dual animals and plants is based upon the following sub-divisions of

biology.

Morphology (Gk. Morphe; form) is the study of the external
:nd internal forms of the organisms. It is furiher sub-divided
into (a) Anatomy and (b) Histology.

(a) Anatomy (Gk. Ana; uptpome--; cut) deals with the study

of the gross internal structure of the organisms or of its separate
harts. It deals with the structures as revealed by dissection. (h) Histo-
logy (Gk. Histos; tissues) deals with the s).udy of the microscopic
structure of the tissues

Cytology (Gk. Kytos; hollow) is the study of cells - 'he small

units of which plants and animals are c mposcd. This branch of
study is also referred to as cell biology

Physiology (Gk. Physis; nature) deais with the living proces-

ses or i artctions within the animals and t e plants. Embryology



(Gk. En; in±bryo; swell) is that branch of study which deals with

the growth and development of the new individual within the egg.

Palaeontology (Gk. Palaios; ancient+ont; being) is the study
of the remains of the plants and animals which lived millions of

years ago and which are now extinct. Their remains are now pre-

served in rocks etc., as fossils. This branch of biology thus helps

us to understand how plants and animals are evolved.

Genetics (Gk, genesis; origin) is the study of the inheritance

of characters or the study of heredity and variations amongst the

animals and plants. It deals with the study of the similarities and

differences existing bet, een p:re:i ; nd s,riags, and the Factors
which control the same

Pathology (Pn';,; _, , . uhI r , j ;he hr:ulch of study w:, «;i

deals with the nature, symptom and cause of diseases.

Ecology (Gk. Dikos; house) is that branch of study which is

concerned with the relations of animals and plants to their environ-

ments i.e., to their living and non-living surroundings. The non-

living factors which affect life are light, water, soil, temperature

and so oi. nc tAr:ng r'aetu s are the oth::r organisms including the
man.

Zoo-geography- or animal g. ngraphy ;s ha science which deals

with the dt trihtition of naim:is in thf` l iieer geoe1 iphieal dlvi'aoos
of the earth.

Taxoamj `3!;, Taxis; a m ac'm: ;i -1 no bs; iawc:; is the
science of animal and plant classiifcation. For the study of different

kinds of animals and plants the biologists for the sake of conveni-

ence, classify them in different groups. This classiifcation indicates
different degrees and kinds of similarities or relationships amongst

the animal and plant groups.

We shall now discuss below, the principles of animal clas.dli-
cation in detail.

Principles of Animal Classification and Binomial Nomenclature

You have learnt in the previous chapters the examp,.:s of

various animal types with particular reference to their habitat,



?53

structii e, f notion and life history. This study reveals the presence

o a diversity amongst the various types so far studied. Besides

these types, there are a number of other animals which inhabit the

earth. Many others have lived here during past geological times.

Upto the present day, about a million different types of animals
have been described and their number is being continuously added
to as a result of new work. Some of these animals are in ahund-

;ice, others are exceedingly rare and there is also seen a consider-

: t le d'versity of form in them.

A Swedish Naturalist Linnaeus, enumerated all the known

animals and published them in his book 'Systema Nauirae'. The

tenth edition of this book was published in 1758.

Methods of Class ifcation : If one examines a mixed assenl-

t iage of animals, one may notice various degrees of resemblances
and differences. The domestic animals on a farm, the cow and

sheep can differ in size and colour and also the texture of their
body. They are, however, alike in having horns and cloven hooves.
A horse may differ from them in lacking horns and having solid

hooves. It however agrees with the cow and the sheep in having long
leas and the teeth of the grinding type. A dog differs from all the

:"thee types in having nails and soft pads on its toes instead of
hooves. The teeth of dog are of stabbing and sl'earing type. It
however agrees with the above men''ioned t_1 pe n being covered
with hair.

We thus try to classify :,ri k i1 n major and minor nroups

on the basis of certain characters found in them. The purpose of
:ssification is therefore to arrange animals into groups so as to

:'pow their presumed relationship. The most useful scheme of
Jassiifcation is one which is based on the maximum number of

important characters found amongst the animals. Such a type of

classiifcation which indicates inter-relationship amongst the animal

groups is referred to as `Natural classiifcation'.

In this method of natural classiifcation, it is necessary to

distinguish characters and structures that show similarity of origin.
The arms of man, the fore-legs of mammals, the wings of birds

are essentially similar structures having the same basic plan and
common origin. These structures have similar bones, muscles, etc.



Their function however in each case difl'er.. Such organ.; I,i,ving
the same basic plan of structure are referred to as Homologous

organs. Th!- pherion?enc'n i"j S'0',ill rut_A' to orlg?n is referred Po as

Homology .

In _ a artiifcial clssification one may cla' tfy .:hails on the

basis of apparent similarity in their functions. The structures

having similar functions but different origin are referied to as

Analogous and thus the phenomenon of similarity of function but

not necessarily of origin or relationship is called Analogy. We can

as such make an artiifcial grouping of animals on the basis of

analogy. The butterlfies and birds can be grouped together as lfy_
animals. The whales and ifshes can be classiifed as aquatic

animals. In this type of classiifcation, we see that the birds and

insects are nodoubt grouped together as aerial animals but the

origin of the wing of a bird and the wing of an insect are totaliv

different. Likewise the Rippers of a whale and fins of a ifsh are of

different origins.

In the classiifcation of animals, she natural classiifcation en'y

provides a basis whereby the ti tic lshyi ogene:i; re t on hips of the
groups are expressed.

Species: The basic group or unit of bio'.ogicil cle.ssiifea ca
iC he species. A Species is i. group of indlvl uaIs exhibiting the

fol os log characteristics.

I. They have many charoctere is onini:;n.

2. They differ from and do not integrate- •,s :ti o>h: r oup ;

3. The have a geographic range separat+- cm rei;l c1
groups.

4. They are infertile with related groups.

S. Member,_ of a species are all derived fro.n a common
ancestry _rd cn breed with one another to viehl Crtile

offspring.

Higher Groups : To 01 ni.,, e sp cos which have certain

characters in common constitute a genus. The closely re':ated
genera with smile eornmon characters are grouped as a family. The
families with certain common character const trite an order. The
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closely related orders are grouped into classes ,e' d tiaally the closley
related classes form a phylum. All the phyla of anim-;P. thus form

an animal kingdom or kingdom animaiia.

Binomial Nomenclature : Linnaeus was the fir..t Swedish

naturalist who introduced the binomial system of nomenclature.

According to this system, every species of animals (or plants) is

given two names. One of these is the speciifc name which particula-
rises the species from all others, whilst the other, the generic name

(which is written before the speciifc name) is shared by other related

species which are considered to be suiffciently similar to be grouped
in the same genus. The speciifc and generic names have their Latin

origin and are usually printed in italics. The initial letter of the

generic name is capital and that of the speciifc name is sma;l. For

example the name of one of the species of cockroach is .Perinlaneta
americana. The systematic position of the sp cics e. ; , J ipianna

americana in animal classiifcation i es fo1l1;,:-<

Kingdom -Animalia

Phylum -Arthr

Cass -Insect.

O; rer -Orthc

F- mily -Blattidae

G.'nus -Periplaneta

Species -Periplaneta americana

brief account of the classiifcation of the phyla discussed in
the o?: is given below. The extinct groups of animals and some
other phyla are however not included. Some of the details about

phyla and classes may also be obtained in the account of the types
discussed in the previous chapters.

Kingdom Animalia

`li\hylum Protozoa: The protozoans are unicellular or acellular
organisnis sometimes in colonies of similar cells.

Class I Mastigophora : One to many lfagella for locomotion
e.g , Zaglena.
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Class II Sarcodina (Rhizopoda) : Pseudopodia for locomo-
tion e. g., Amoeba.

Class III Ciliophora : Cilia at all or some stages in life history
e. g., Paramoecium, Vorticella.

Class IV Sporozoa : No locomotor organelles. All are para-

sitic e. g., Plasmodium.

Class V Suctoria : Ciliated young stages, adults with sucker-

like tentacles e.g., Acineta,

e8

an O ba paramecium cugl ua

Fig 8.1 Single celled animals - The protozoa.

Phylum Porifera or sponges are all aquatic and mq'stly marine
animals with a multicellular body. The cells are arramged in two
layers around a central cavity, the gastric cavity. The body surface
is provided with a number of pores. They are attach el t^ r '' .

weeds and other ouhnirrged objects and grow by branch. ti
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like manner. They are provided with a canal system and a skeleton
composed of spicules and spongin fibres. The natural bath sponge
sold in the market is really the skeleton of a sponge animal.

I

simple sponge fresh water
sponge

Venus lfower

bath spocge basket;}
Qlu. egonge horny sponge

Fig. 8.2 Pore-bearing animals -the porifera (sponges)

Phylum Coelenterata consists of animals with radial symmetry,

in the form of a sessile cylindrical polyp often in colonies. Some

are bell-like fiee lfoating medusae with much gelatinous mesogloea.
Some form corals.

e.g., Hydra, Aurelia, Sea anaamone, Stylaster, Pleurobrachia,
Hormiphora.

Phylum Platyhelminthes consists of lfat worms. Body depres-
sed, thin and soft. Leaf or ribbon-like. Digestive tract branched or
without anus. In some it is absent.

Z-1-171



hydra jelly ifsh corats

Fig. 83 The hollow sac animals-the coelenterates

Class Turbellaria : Free living lfat worms hying in water or in

damp situations.

e.g., Planarra.

Class Trematoda : Flukes or parasitic lfat worms with a leaf-

like body. Hooks or suckers present.

e.g., Fasciola ; Schistosoma.

Class Cestoda The Tape worms. Internal parasites.Alimen-

tary canal is lacking. e.g., Taenia, Echlnococcus.

Phylum Nematoda consists of round worms. Body covered

with a tough cuticle. Sexes are separate. Both free living and
parasitic nematodes are known.

e.g., Ascarfs, Ancylostoma, Dracunculus, Filaria (Wuchereria).

Phylum Annelida consists of segmented worms. Triploblastic
and coelomate with metameric segmentation.
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h.

o liver lfuke

plaoa;ia

tape worm

Fig. 8.4 The lfat worms-The platyhelminthes

ii ascaris

h

\\t

hookworm
microiflaria

Fig. 8.5 The round worms-The nematoda
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Class Polychaeta : The bristle worms. Marine. Parapodia
present e.g., Neries.

Class Oligochaeta : The earthworm and their allies. Many

are terrestrial. Few Chaetae, Hermaphrodite. e. g., Pheretirna,

Lumbricus, Megascolex.

Class Hirudinea : The leeches. Ectoparasitic annelids with

few true segments, but each segment showing numerous annuli.

Chaetae absent. Suckers present at both the ands of the body e. g.,
Hirudo.

- '` .•

-,3rChworm leech

Fig. 8.6 The segmented worms-The annelida

Phylum Arthropoda includes joint footed animals. Body con-

sisting typically of head, thorax and abdomen. Haemocoel present.
Chitinous exo-skeleton covering all parts.

Class Crustacea : e. g., Cray ifshes, Crabs, Lobsters and
Shrimps.
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Class Onycliophora : Tracheate arthrc pods with thin cuticle.

Terrestrial. Head composed of three segments with one pair of

jaws. Body segments similar and bear appendages.

e.g., Peripatus.

Class Myriapoda includes centipedes and millipedes. Leg

bearing. Body segments are smaller. Tracheate arthropods. There

is one pair of antennae.

e.g., Scolopendra (Centipede), Julus (Millipede).

Class Insec►a Tracheate arthropods with body divided into

head, thorax and abdomen. Wings, when present arise from the

second and third thoracic segments. Life history usually shows

metamorphosis.

e.g., Cockroach, House-lfy, Mosquito.

Class Arachnida : Scorpions, Spiders, King Crabs, Mites.
The body is divided into prosoma, mesosoma and metasoma. Head

appendages are peculiar i.e., prehensile chelicerae, sen.ory or

prehensile pedipalpi, There are four pairs of walking legs on the

mesoscma. The respiratory organs are gill books, lung books or
tracheae.

Phylum Mollusca includes the Snails, Slugs, Bivalves and

Octopuses. C'oelomate animals which do not show segmentation.
The body is divided into head, foot and visceral mass. The peri-
cardial cavity is coelomic in origin.

e.g., Mytilus, Anodonta, Sepia, Octopus.

Phylum Echinodermata includes triploblastic coelorr.atc ani-

mals. The larvae are bilaterally symmetrical. Adults have acquired a

large measure of radial symmetry. A calcareeus skeleton is deve-

ped in the mesoderm.. Larvae are pleagic and swim by means of
:sated bands.

Class Asteroidea : Sea Stars or Star ifshes, star shaped body.

e.g., Ast..rias.
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grass hopper

i. ti ant

I ljyf lfy \ A

bee

R

Cockroach

t..

Fig. S•7 Animals with jointed limbs-The arthropoda
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octopus ;
d.

J.

Y'1
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V.

v

J,

to

snail

•aJ 3j '1l\ _

clam
slug

Fig 88 Soft bodied and shell bearing animals-The mollusca



264

Class Ophiuroidea : The Bristle stars. e.g., Opfziothrix.

Class Echinoidea : The Sea urchins. Body globular.

e.g., Echinus, Asterias.

Class Holothurotdea : Sea cucuinoe r The body is elon-

gated, sausage or worm-like in appearance.

e.g., Cucumaria, Holothuria, Synapta.

Class Crinoidea : The Sea lilies. Echinoderms with a cup-

shaped body attached to the substratum by a stalk, at least during
the young stages. The mouth and the anus lie on the side away from
the stalk.

e.g., Antedon.

• •;r`fFjYy j 4 t

starifsh

• eve
i 1≥•

sea cucumber
a

rftle slap 9CY DMbID

Fig. 8.9 The spiny skinned animals-The echitlodermata
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Phylum 1-lemicltordatµ includes p culiar marine, worm-like
creatures having only doubtful affinities with other chordates. The
so called notochord in fact is a buccal diverticulum or pre-oral gut
diverticulum.

e g , Balanoglossus, Cephalodiscus, Rhabdop(eura.

h:michordata uroch at +Pa

balanoglossus

ascidian

cphalochordata

jdjff(lilffhlI 4j ftiMIV/WlrWrIW n an', nnff8// 'fib

amphioxus (Brabchio5toma)

Fig. 8.10 The Proiochordates
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Phylum Chordata

Sub-phylum Urochordata (Tunicata) consists of ciliary feeders,
Sea squirts and their allies. Most of them are sedentary.. Chordate
characters are lost in the adult. The larva possesses chordate features

which are lost in the process of retrogressive metamorphosis.

e.g , Ascidia, Salpa, Dolioluin.

Sub-phylum Cephalochordata comp ise the lancelets which
are small ifshlike animals. They possess most of the chief chordate
characters.

e g., Branchio tonra (Atnphioxus) .

Sub-phylum Craniata or the vertebrata. Vertebrates ;,how a

very deifnite advance in complexity of structure. There is a deifnite
brain enclosed in the cranium. The endoskeleton is formed of

cartilage or of cartilage and bone. A true muscular heart develops.
They possess a vertebral column or back-bone.

Super-class Agnatha ; Primitive craniates in which cephali-
sation is less complete. Mouth is devoid of jaws.

Class Cyclostomata includes modern Lampreys and Hag ifshes.
Eel like creatures predatory on ifshes. The endo-skeleton is cartila-

ginous. All traces of ifns and girdles are absent.

e g., Petromyzon, Myxine.

L

lampre

Fig. 8.11 The Cyclostomes

Super-class Gnathostomata includes craniates in which the
mouth is bounded by jaws.

Class Chondrlchrhyes : Thy Sharks, Dog-ifshes, Skates. Rays

etc. The skeleton is cartilaginous.
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Class Osteichthyes : The bony ifshes. The exoskeleton consists

of scales. Fins present, e.g., Clianna striatus, Kali Murrel.

cartilaginous ifsh

des ifSn

skate

dipnoi

Fig. 8.12 The ifshes
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Class Ampliibia : Animals which Iced 'c riiv aquatic and

partly terrestrial mode of life. e.g., Frogs, Toads, Sa;amanders,
Proteus, Necturus and Coedlians (Ichthyophis).

URODELA

anura

{J0

t

t11t11D>A n nnn>+►>*1 trmlrl m " mR1F> l"i •

* .TnnrAARAA*nnRnrtrnn ►n' '

Fig, 8.13 The amphibians
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Class Reptilia includes Lizards, Crocodiles, Snakes and
Turtles. They are adapted to life on dry land. Skin dry and bars
horny Ppidermal scales.

lizard

Fig. 8.14 The reptiles
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Class Aver : Aerial mode of life Body covered with feathers.

Heart completely four chambered. Warm blccded animals.

e.g., Ostrich, Gull, Duck, Crow, Sparrow.

casso rary

Fig. 8.15 The birds
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Class Mammalia : Body usually covered with hair. Heart
four chambered. Warm blooded. Females with mammary glands

providing milk for the nourishment of the young.

0

u

bare

mouse

horse

Fig. 8.16 The mammals
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Fig. 8.17 The mammals
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Revision questions

1. What are the various branches of study of the science of
Biology ?

2. Deifne the term `bin;)minal nomenclature' and describe in

brief the outline classiifcation of animal kingdom.

3. What is a species ?

4. Write notes on the following:

(a) Genus.

(b) Microbiology.

(c) Ecology.

(d) H mology.

(e) Analogy.

Z-1-18]



PART II

GENERAL



CHAPTER XI

CELL STRUCTURE AND FUNCTION

The bodies of all living organisms are composed of cells.
Thf. cell is the basic structural and functional unit of the body of

living organisms.

The branch of study which deals with the structure and
functions of the cells is called Cytology or Cell biology.

The knowledge about cells came to us by the application of
lenses to magnify the parts of living things. An English Scientist
Robert Hooke in 1665, took thin slices of cork and observed their

structure by means of magnifying lenses. The tiny compartments or

box-like structures much like a honey comb were observed. These

were named as cells (Gk. Kytos; cell. L. Cella; hollow space). French
Botanist, Dutrochc;t (1824), saw under the microscope boxlike units

in the plant material after being boiled up in nitric acid. The
emphasis however so far was laid on the walls of the box-like com-
partments. These thick walls were the cellulose walls of plant cells
laid down by living material. The term cell to such chambers was

however quite appropriate. This term is retained even to this day,
although by cell we mean not' not only it's wall but also it's inner
living contents.

Leeuwenhoek (1674), discovered free cells as opposed to the
`walled in' cells of Hooke and observed some organization within the
cells.

By 1800, there was rather a general acceptance of the idea
that all organisms are cellular and a deifnite cell concept was thus
developed. The names of M. J. Schleiden a German lfotanist
(1838), and that of Theodre Schwann, a German Zoologist (1839), are
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Fig. 9.1 Robert Hooke's drawings of the cellular structure

of cork as published in 1665

usually associated with the development of the cell concept. It
should however be remembered that many investigators prior to
Schleiden and Schwann have equally contributed to our knowledge
of cells, their structure and functions.

By the middle of the nineteenth century, the occurrence of cell

division as the central phenomenon in the reproduction of organisms
was established. Rudolph Virchow, a German biologist (1854),
expressed this phenomenon of cell division in the famous aphorism
"Omn's cellula a cellula'' (Every cell comes from a cell) or the tells
arise from the pre-exising cells by a process of `cell dtvtsfo&.
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The Living Matter of a Cell (Protoplasm) :

The cells of animals and plants irrespective of their structure

and function consist entirely of chemical compounds forming the

living substance or living matter of the cells. The term protoplasm
was applied to the living matter of cells. This term, protoplasm,
is however falling into disuse on the basis of the fact that the living
matter of cells does not consist of any single material. The living
matter of cells is composed of a large variety of different chemical
molecules which have their speciifc organization. The molecules

of the component substance of the living matter are arranged in
ways that arc extremely unlikely to occur by chance. Protoplasm

is a misleading term for living matter (if it is interpreted to mean a

homogeneous substance), because the living matter as stated above
is a complexly organiz;d system of heterogeneous parts, the smallest
representative piece of which is the cell. It is, therefore, no more
accurate or meaningful to state that a cell is composed of protoplasm
than it is to say that a radio set is composed of `radioplasm'. How can

there be a representative particle of `radioplasm' when the whole
ray o set is a complex and heterogeneous unit of tubes, condensers,
wires and the like?

Pour of the most widely distributed elements on earth i. e.,

oxygen, carbon, hydrogen and nitrogen form a major component of

living matter. 95% of the approximate weight of living substance i

composed of these four elements. The remaining 5% of the weight
is contributed by other elements. Certain elements are found in

very small quantities or in traces, while others may be incorporated
in the living substance along with the nutrient materials.

All the elements are found in the form of both organic and
inorganic compounds.

The most important inorganic constituent of a cell is water.

The percentage of water in living matter is about 65 to 72^; or can
be as high as 9c%.

The other inorganic constituents or cellular minerals occur

either free or combined with organic compounds. When in solution

most of these exist as ions. The most abundant positively charged

ions in the living matter are H+ (hydrogen ions), Ca p+ (Calcium
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Ostrich egg 17r)X 135 mm'

_ Human egg0.1Hummingmmbird egg'Jr13x3 mm

Hen egg 60x45 mm,

x 100

Human egg 10 morons

ameo'ua

Sea urchin egg O 70 microns
liver cell Q 20 microns

red blood cell O 7 microns

typhoid bacillus 24x0 5 rr cronsr

influenza baeillus O 05 x0 2• mcro s

x 100 again

influenza bacillus Q 500x 200 milli microns

pneumw:occu bacterium Q 100 x 200 milli micfons

bacte Fal virus Q 80 milli microns

nemogtobin molecute o 7 milli microns

Fig 9.2 A scale of sizes of different types of cells with the bacterial

virus and haetnoglobin molecule for purposes of coniparl on
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ions), Na+ (Sodium ions), K+ (Potassium ions) and Mt + i. Magne-
sium ions). The negatively charged ions are OH' (Hydroxyl ions),
CO3-' (Carbonate ions), HCO3- (Bicarbonate ions), PO4"' (PhoE-
phate ions), Cl- (Chloride ions) and SO4"' (Sulphate ions).

The chief organic constituents of cells are the proteins, carbo-

hydrates, lipids (fatty substances) and the nitrogen base deriva-
tives which include adenosine phosphates and nucleic acids.

The living substance thus has a complex structure. In phy ;-

cal appearance it is generally a translucent, essentially colourless,
slimy and cohesive substance. It has sometimes the viscosity of stiff
gel or it may lfow almost like water (sol). The living substance thus
is of varying consistency so to say occuring in the gel or so! states.

Sizes and Shapes of Cells

(a) Cell size : The cells occur in a variety of sizes. The eggs

are single cells and most of them can be seen easily with the naked

eye. This is because of the abundant quantity of food reserves they /
contain. The hen's egg is a single cell 60x45 mm. in dimensions.
The egg of an Ostrich may attain the dimensions of 170x 135 mm

The nerve cells in the human body have long processes, over 1 metre
in length but their diameter is very small. The cells composing the
jute or hemp ifbres may range from 30 to 40 cm. in length. Most

of the cells of living organisms are very small and can only be seen
with the aid of a microscope.

To measure the dimensions of cells of microscopic sizes

we use the unit of measurement termed as micron, represented by the

symbol /.. A micron is 1/1000th of a millimere i.e., t p-0.001 mm.
Bacteria are as small as 0.001 mm. The diao,eter of the human red

blood corpuscle is 7.5 p. To determine the dimensions of most cell

structures (i. e., the cell comnponents) we use the ifner units of

measurements such as the millimicron (m /c). One millimicron

corresponds to rt nth of a micron i.e., 0.00l,lt. Further sub-divi-

sion of the millimmcron into units of ten gives the Angstrom unit (A).
One Angstrom unit corresponds to one tenth of a millimicron

(0•lm/e). The miUlmicron unit is used to measure sub-microscopic
s ructures of cells revealed by the electron microscope and to deter-
mine the wave-length of radiations.



(b) Cell shapes : The cells vary markedly in shape as well.

Some cells, such as amobae and leucocytes change their shape fre-

cluently. Other cells always have a .typical shape, more or less ifxed

and is speciifc for each cell type. The spermatozoids, the erythro-
cytes, the epithelial cells, the nerve cells and most plant cells, etc.,
have a deifnite shape.

The shape of a cell is usually a clear relfection of the function
it carries out. Nerve cells which transmit electrical impulses over

long distances, have long extensions in some cases several feet in
length. Muscle cells are elongated so that the force of contraction
can be exerted efficiently in one direction. The supporting cells of
plants have thick walls. Where masses of cells are simply packed

together, they assume the shape of a polyhedron, a solid with many
faces. This shape allows close packing of the cells without a large
amount of space in between them.

The shape of cells thus depend chielfy on functional adapta--
ions, partly on the surface tension and viscosity of the living subs-

tance, and the mechanical action by the adjoining cells as well as
the rigidity of the cell membrane.

Cell volume : The volume of cells varies between 200,13 to

1500/3. The volume of a cell in general is fairly constant for a
particular cell type and is independent of the size of the organism.
For example, the kidney or the hepatic cells have about the same
size in the bull, horse and mouse and the difference in the total mass
of the organ is due to the number and not the volume of the cell s•
This is sometimes called the law of constant volume.

Basic cell types : Two basic cell types are recognised i.e
Prokaryotic cells and the Eukaryotic cells.

In the Prokaryotic cells, there is no true nucleus. The nu lr

material is not separated from the cytoplasm. The cells of blrw r
algae and bacteria are of Prokaryotic type. Be`
organisms have Eukaryotic cells.

Eukaryotic cells have true nucleus separated i a; .;, c3 • i . j

by the nuclear membrane. The cytoplasm contains within it vari-

ous components concerned with the perfdrmanceofdiif'erent cellular
activities.
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The Structure of the Animal Cell : t "

The cell is a dynamic unit of the body of all organisms.
There is no such cell which could. be referred to as a `typical cell'.
The structure of a cell has been studied under the light microscope.

The advent of electron microscope has further revealed finer details
of cell structure. The details of the ultra structure of a cell are as

follows

The cell is bounded by a cell membrane or plasma membrane

which separates it from the environment and through which mate-

l ials entering or leaving the cell must pass.

Within the plasma membrane two distinct parts can be

recognised of all Eukaryotic cells. (i) A conspicuous structure
called the nucleus, enclosed by the nuclear membrane. (ii) The por-
tion of the cell substance around the nucleus caked the cytoplasm.

I`he Cell Membrane or Plasma Membrane

The plasma membrane invests the outer sarfice of all cells.
Th plasma membrane provides an important barrier between the
interior of the cell and the exterior. Water and many other small

molecules pass through it quite easily. On the other hand, many ions
such as the sodium (Na+) and larze molecules such as protein mole-
cules pass through with great difficulty. A membrane that permits
the free passage of some materials and not others is called a semi or
differentially permeable membrane. The permea' ility of the cell
membrane changes with changing conditions which suggests that

it is not a passive barrier but is selectively permeable.

pro[eln molecules -- . /

do btc r hydrophylic
I. I ,f 1 Part ofmolecule

tio onDd GO A 120 A

I hydrocarbonthaing III

Dr Gt6r, m010CYleS / ,

Fig, 9.3 Molecular structure of biological membranes such as
the plasma membrane or the cell membrane

0

The plasma membrane is very thin i.e., 75-I00A. The chemical
and physical studies of the cell membrane suggest that ills made up
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of three layers of rough-iy quaI tlii !<nas7. Thy outer layer sce'r

to be composed chiefly of proteii rnolecoles. The middle layer

actually a double layer of pho,sphol'pid molecules. The inner lays r

is another protein layer. The plas,na membrane of animal cells

thus has a trilaminar structure. The protein-lipid-protein mernbru,-c

seems to be such a fundamental structural unit throughout the cell thu t

..he plasma membrane has been given a special name, the unit men -
brane.

" Functions of the Plasma Membrane

The variety of enzyme

systems associated with

the plasma membrane or
forming an integral part
of it,. together with the

nature of membrane, go-

vern the rate of entry of
molecules as well as the

kinds of molecules which

can enter or leave a cell.

Parts of the cell surface

01 certain cells are con-

cer'ied with absorption,
secretion, fluid transport

and other physiological

processes.

At the surface of certain

cell membranes are slender

processes called microvilli.
These are the brush borders

such as are seen under

a light microscope on the

epithelial cells of the pro-
xiinal convoluted tubule in

the kidney. The so called
striated border of the intes-

tine also consists of micro-

villi 06 to 0.$ /.t long and

:%n)

Fig. 9 4 Electron microscope structure

of a cell showing the microvilli that

are active in absorption
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0

only 1000 A in diameter. The

nicrovilli are dense cytoplas-
i;ic processes covered by th

)lasma membrane. They in-

rease the effective surface of

absorption. A single cell mad'
•lave as many as 3,000 micro-

'illi, and in a square milimetr;
f the intestine, there may b

00,000,000. The narrow spaces
Between the microvilli form 1

sort of sieve through whics

substances must pass during

'bsorption. The microvilli have
also been found in the meso-

helial cells, in the epithelial
:ells of the gall bladder, uterus
ind yolk sac as well as in the

hepatic cells.

Intimately related to the

tties of the plasma merri-

ne are the phenomena of

igocytosis and pinocytosis.

Fhese are the processes by
,;hich solid or lfuid materials

rc ingested in bulk by the cell.

J'n phagocytosis (Gk. Pha-
ein; to eat) arms of cytoplasm

igulf droplets of liquids con-

aining solid material, such as
,acteria, and draw these ma-

crials into the cytoplasm,
where the digestive enzymes
,reak-up the engulfed mate-

1a d t bl fown m o U.e rag- -

ments. Among protozoa, ph.- Fig. 9.5 The process of phagocytosis
gocytosis is intimately linked to amoeboid motion. An amoeba in-
sests large particles, including microorganisms by surrounding them
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with pseudopodia to form a foci vao'ic' o ytiithin tLis fccu .acuole

the digestion of food takes place. The leucocytcs and other phago-
cytic cells of multicellular animals also perform phagocytosis.

,/Pinocytosis : In addition to the ingestion of solid particles,

the uptake of lfuid vesicles by the living cell has been observed.

This process is called Pinocytosis (Gk. Pinein; to drink). During

this process the lfexible plasma membrane forms a channel to get

prnocyt o channs

q s.

?f 0 v • r . t f^ r

h a .V1f: t; \ • a R - c`.r

r •

' :Y v ~ifr! `' t'

pinocytic

vesiO s'

Fig. 9.6 The process of pinocytosis

the liquid into the cell and then pinches off the liquid iflled pockets
that are incorporated into the cytoplasm to be digested. By this

device, large molecules and various ions incapable of passing

through the membrane can be taken up by the cells.

Vthe Cytoplasm:
Beneath the plasma membrane, the part of the cell substance

surrounding the nucleus is called the cytoplasm.

The early observations under an electron microscope have

revealed cytoplasm in the form of a homogeneous amorphous region
in which some particulate structures such as mitochondria, etc.,

were found embedded. This was called the ground or fundamental

cytoplasm or the hyaloplasm. Frec1uently, the peripheral layer of the
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cytoplasm is called the ectoplasm. It is relatively more rigid and

devoid of granules. The ectoplasm often behaves as a colloid and
undergoes reversible gelation and solat ion. The internal cytoplasm,

called the endoplasm, contains different granules, and is less viscous
than the ectoplasm.

Under the electron microscope, it is now revealed that a com-

plex system of membranes consisting of tubes or vesicles or lfattened

cisternae pervade the ground cytoplasm. This is called the endo-

plasmic reticulum or ergastoplasm.

.:iola central

cen'.:os, her body

tip~, .~ F' • l;,x A ; nuclearC{ :`. r2ticulurn J

' f'`"c -''" '-!{ ' 'i: • } cytoplasm-"i.. •f ',., , ;',:ap;. Y .. ectoplasm
`r ' r ' t c ''• r `4,,t. '' i- ►..; :tic-, L ''t';;

~ mitechondra

unle

Fig, 97 Diagram of an animal cell as seen under a light microscope

Besides the endoplasmic reticulum, within the cytoplasmic
matrix are found embedded many important components of a cell,



involved in various r:iebolic actin : ies. E"lo' CCi!
components cone ii :1 metabolic activi i ° . C r.;', H 1 tc, as

the cell orgnaelles.

B sides tt.e nucleus, the other cell organe yes arf: the cndo-

plasmic eticuluta, rib sornes, golgi complex, mitochondria, cenirioles,

lysosomes, microbodies, microtubules and vacuoles. The plant cells,
in addition, contain chloroplasts which are important cell organelles

actively concerned with the process of photosynthesis.

The details about the structure ^nd the functions of some of

-he cell oreanelles will now be discussed.

'The Endoplasmic Reticulum

The endoplasmic reticulum consisting of tubes, vesicles or

'fattened cisternae in the form of a net-work is more concentrated

.n the endoplasm of the cell than in the so called ectoplasm. It is

therefore referred to as the endoplasmic reticulum.

The endoplasmic reticu'ar system sub-divides the cytoplasm

into two main compartments-one enclosed within the membrane;

the other situated outside called the Cytoplasmic matrix.

The endoplasmic reticulum extends to varying degrees from

the nuclear membrane on the inside to the plasma membrane on the
outside of the cell. The outer nuclear membrane is often continuous

with the endoplasmic reticulum.

The endoplasmic retic&um of a cell may be studded with

ribosomes and thus presents a granular appearance. Such an endo-
plasmic reticulum is called granular endoplasmic reticulum or rough
surfaced endoplasmic reticulum. The rough or granular endoplasmic
reticulum is found in great abundance in cells actively engaged in

protein synthesis. When the ribosorr es are not found attached to

the membranes of the endoplasmic reticulum, it presents then, a

smooth appearance. Such type of endoplasmic reticulum is called
agranular endoplasmic reticulum or the smooth surfaced endoplasrnic
reticulum.

a
The membrane of the endoplasmic reticulum is about 50 to

60 A thick. Although it is thinner than the cell membrane, it doss
exhibit unit membrane structure or the trilaminar structure. The cavity
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of the endoplnsmic reticulum is sometimes very thin with the two
membranes closely apposed; but more frequently there is a true
space between the membranes which may be iflled with a material

of varying opacity.

cytoplasm golgi complex pinocytic
vacuole vesicle

rycentilolJ
1. .

. a7 .

r;ucle us I fnucleolus j r , c ..
r.

v If i Cr
/

4)'. .

clear' : a endo I, rr,iCte[iculum

yi' (,Y i
smootF .:)... o:... .

endopljsmic == = ' •" mitochondrion

reticulum cell membrane • ribosomes

Fig. 9.8 A diagram of a generalised cell as seen under an

electron microscope
L

Functions: The endoplasmic reticulum together with th
plasmic matrix divides the lfuid content of the cell into compar
Z-1-191



ndoplasm,c reticuiu

)'4 Ahov.,:-4. f The nucleus with nuclear pores and nucleoli in three
.,ional view, Right A diagrammatic drawing of a cell with endop1as-

reticulum. Below : The endoplasmic reticulum in three dimensionalview with rihosomes atr,_ched to its membranes
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The endoplasrlic retieulum thus provides supplementary mechanical
support for the colloidal structure of the cytoplasm.

9otgi network

- .....ovius re

mitochondria uole R er','vra .

Fig. 9.10 A portion of the cell as seen under an electron microscope

Inset-A cell as seen under a light microscope.

L The membranes of the endoplasmicreticuium may regul the

exchange between the inner compartment or the outer compartment,
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or between the compartments and the cvtopHsmic natrix. Nuim

roux enzymes are associated with the membranes of the endoplasmic

reticulum. The membranes participate a "'e et metabolic
reactions by means of the attached enzymes.

The membranes of the endoplasmic reticalum p• " ide a larger

inner 'urface and consequently increase the area of cellular activity.

The endoplasmic reticulum may also act as a kind of circu-

latory system for intracellular circulation of various substances.

The granular endoplasmic reticulum is found in great ahucd-

ance in cells actively engaged in protein synthesis. This synthesizing
process ofproteins is a complex process involving co-operative inter-

play of nucleus, granular endoplasmic reticulum and rihosomes.

The agranular type of endoplar.mic reticulum is abundant in

those cells involvrd in the synthesis of lipids. In plant cells, the

agranular endoplasmic reticulum develops along tl r;rface where

the cellulose walls are being formed.

The sarcoplasmtc reticulum a sp.ci.tli ed fo-m of endoplas-
mic reticulum found in striated muscle ifbres transmits impulses

from the surface memhrane into the deep regions of the muscle
ifbre.

The cytoplasmic matrix or ground cytoplasm which lies out-

side the reticular system contains most important constituents of

the cytoplasm. The cytoplasmic matrix constitutes the true internal

milieu* of the cell. It contains free ribosomes, glycogen particles,

soluble enzymes, structural proteins and all the components found

in primitive organisms excluding DNA. The cytoplasmic matrix
is also the site of the colloidal activity of the living matter (proto-

plasm) and of the production of many cytoplasmic differentiation s,

such as Keratin ifbres, myoiflaments and microtubules.

'✓ Ribosomes : The ribosomes are roughly spherical hndies and
O

are so small (150 A) that they can be seen only under an electron

microscope. The minute granules seen attached to the rough sur-

aced endoclasmic reticulum are the ribosomes. They are also found
ispersed in the cytoplasm either singly or in groups. Ribosomes are

F nfernal environment
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Flg. 9.11 (A) An anirQl cell and (B) A plant cell as sccn i.ndcr ar

electron microscope.
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Fig. 9.12 (.A) A schematic diagram of an animal cell.

(B) Schematic diagram of a plant cell.

also found in mitochondria and chloroplasts. They are generally

spherical and have a diameter of about 200 to 250 A The ribosomes

are composed of 60% RNA and 40% proteins. Ribosomes frequently

aagr `5te 'o fi-rm P Y )/Hes consisting of s d ifnite number of
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vacuoles (distended
lamellae (flattened smooth owllr-; sacs)
smooth walled vasicles)

Fig. 9 13 The structure of Golgi complex as rev:;;,1Ld h

an electron microscope.

rihosomes. Ribosemes are the site where s;4nthe is of p t^ire. ii s
nlaee. It is now demt nstrated that rho nuek,'hi plc a A ,:Je in
the biogenesis of riba.comes.
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Golgi Complex (Dictyosomes) : The ;olgi complex is mainly

a system of intracellular membranes and is now thought to be a diffe-

rentiated part of the cytoplasmic membrane system. The membranes

of the Golgi complex are comparable to the agranultr endoplasmic
reticulum as it's membranes lack the attached ribosories. The mem-

branes of the Golgi complex may show continuity with the endo-

plasmic reticulum but they are more often discontin.tous and more
compact in morphology.

geigi b,'v

Fig. 9.14 C olgi complex-three dimensional vi:::r

The electron microscopic studies have revealed that the Golgi
complex consists of a stack of membrane-bound cisternae. The

cisternae are arranged in straight or curved bundles and give rise to
various small vesicles at their edges. The vesicles originate from

the cisternae by tieing pinched off, and fiequeotly contain secretion
products of bo±h soluble• and particulate natuic.
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In plant cells and in invertebrate tissues the Golgi complex

is scattered throughout the cytoplasm into bodies called the dict}o-
somes. The dictyosomes are almost exclusively formed by the
lfattened sacs with clusters of small vesicles at the edge.

Functions: The functions attributed to the Golgi complex
are as follows

In the cells that are known to produ_e and sec c!e carbohy-

drates it is quite likely that atleast a part of the synthesis of carbo-

hydrates is carried on by enzymes of the G lgi complex.

In cells actively involved in protein synthesis, the proteins

;.reiuced on the ribosomes are channeled by the granular endo-

p asmic reticulum to the Golgi complex. In Golgi complex these

proteins are concentrated and packaged for distribution outside the

cell. It is also evident that the Golgi complex pLy; a role in the

metabolism of lipids.

The Golgi complex his its impor,aat role in .hc transforma-
no 1 of the spermatid into a mature sp:rmatozoan. The acrosome

wh'ch caps the compact nucleus of the mature sperm is derived from
the Golgi materials of the spermatid.

in the earlier stages of oogenesis, the Goigi substances in the
o. c'. to ire usually concentrated around the centrusome to form a

stt ucture known as the yolk nucleus. The yolk nucleus lies from the

art eccentrically on one side of the nucleus of the oocyte. The yolk

nucleus, soon enlarges and breaks up into pieces 'hick disperse in
the cytoplasm of the egg and lay down the spherules of the yolk.

i

The Mitochondria: The mitochondria (Gk. mlto; thread *

Lcr.drion; granule) in the form of rod like, granular or iflamentous
'rganclles are present in the cytoplasm of the animai and plant cells.

The size of the m;tochondria ranges from 0.2 w 7 /-' in
dianie' er In the unicellular green alga, Microsterias, there is a single
mitochondrion per cell. There may be upto 500,000 mitochondria
in the giant amoeba, Chaos chaos. A mammalian liver cell, 25 f' in
diameter, may have as many a, 1,000 mitochondria. In a kidney
cell tiler. m:ie b._- 500 mfJ . lf I :. pcr ^l-ccr I s jeve 5 m!toehondria are
present



The large mitochondria can

scope but their basic structure :E::: oven very weli te,caied by the

electron microscope. Each mitochondrion has a double membrane.
0

The outer membrane, is a smooth unit membrane about 60 to 70 A

a thickness. The inner membrane separated from the outer by a
0

c'ear space of about 60 to 80 A is also of unit construction. The
inner membrane however is repeatedly extended into folds which pro-
ject into the interior space or matrix of the mitochondrion. These
shelf-like inner folds of the inner membr ne are called Cristae or

Crests. The inner memo ane pro .iuced in t'ti;: a tae i a o about
0

60 A thick.

Mitf'cL a b is do h!xV'C a _an't il .,i1::1`.. i li.. can '!

m i contraat in a manner which shows that these movements aic

correlated with their chemical activity. There appears to be preseic

in the outer membrane a protein similar to actomysin (a contractlie

tr.otein of ruu;cles) and which may he responsible for the changes
in the vn1,ne of mitochondria.

J jma•. i

4 :
matrix c

Fig. 9.15 A mitochondrion showing its internal strucoi-

It has recently been demonstrated that mitochondria cv ±;t lf

a speciifc type of DNA which h we 'er differs in molecular nstu e
from nuclear DNA. They have their own m?chinery 1:r pr ,tern
synthesis and shot ti,: , Div n;,rr:- , r °' in a_ t
riation.
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Functions : The mitochondria are the aerobic respiratory

centres of the cell. They contain the enzymes which carry out oxida-
tion of food substances by their stepwise degradation in the presence
of oxygen.

The three major food stuffs of the cell i.e carbohydrates. lipids and
proteins are ultimately degraded in the cytoplasm to two carbon unit that is
bound to coenzyme A to form acetyl coenzyme A.

When acetyle coenzyme A penetrates the mi.ochondrion, the acetate

group enters the krebs tricarboxylic acid cycle or citric acid cycle

After complex series of steps involving several enzymes, the acetate

group is decarboxylated losing thereby CO2.

At several points in the Krebs cycle, pairs of electrons or their equiva-

lent hydrogen atoms are removed by deh)drogenases. Thee hydrogen atoms
cuter into the respiratory chain called the electron transport system. At the end

of this chain, the hydrogen atoms ultimately cornbin with molecular oxygen

5brought to the cell during the aerobic r spiration) to form water.

The main components of the electron transport chain or respiratory

chain arc the two lfavo-protein enzymes, saccinic and nicotine amide di-

nudeotide (NAD) dehydrogenases, four cytoebromes and also nonheme iron,

copper and coenzyme Q

At three points along this electron transport chain the energy lost by

lair of electrons is utilized to form a high energy bond chemical called the

ATP, Adenosite triphosphate Iron ADP and inorganic phosphate. Because of

this, the respiratory chain is said to be normally coupled to phosphorylation.

The ifnal products of all these changes is AI P plus CO2 and H90. The ATP
supplies th^ ced, the required tnergv. The ATP is the ener ,y cui r: coy of the

1.

- 02 n'rP v

s r Asa

111 Y 4 Nei ve rn :
(1.

ADC-.P, .- _

,Z-

Fig. ) 16 A diagrammatic representation of the lfow of energy in a cell from
time metabolic fuels. The production of AlP in the mitochondria. The ATP

and th;' ADP+(Pt) are resp_c1tvcly. the hard and stint forms of enerSy.



More than 70 enz}`mes and
ous co-factors and metals are found in a mitochondrion. Some oi'

the enzymes present in a mitochondrion are organized in compact
`assemblies' that are regularly spaced on the mitochondrial cristae er

crests. The enzymes in an assembly line are so arran e. 42 at uc

breakdown or synthetic product
of one enzyme becomes the
substrate upon which the next
enzyme in the assembly line acts.

A possible arrangements of the

` assembly lines' of enzymes ': i.,,, y. ' r
arranged on the mitochondrial

crests is shown in ifgure 9.17. il

"I'he matrix of mitochon- a,, , d

d.ia contains soluble proteins. ' ' f
The soluble proteins comprise /'
most of the enzymes involved ` i' "' ''
in the Krebs cycle and fatty Fig. 9.17 Assembly lines of enz;vrec:

acid cycles. The matrix also arranged on mitochondrial crests

contains different nucleotides as well as nucleotide coenzymes and

inorganic electrolytes such as K+, HP04--, Mg++, Cl- and S04".

The recent investigation discloses that mitochondria are the

cell organelles which hchave Wllh a ce tai i dF e '1P autc one
within the H ,. ...

li\ oC:-cndd !a evt"_`±i n \\ attar rlht 'c . ad may

snthesise proteins from amino acids. They undergo division an 1

may bear biological information which represents a type of cu;

plasmic inheritance.

Depending on the size, a single mitochondrion may con a,

one or more DNA molecules. The DNA of mitochondrion apneas

as a highly twisted, double stranded molecule having a ci shade
similar to that of DNA found in bacteria.

\Mitochondria can he regarded as remarkably complex orga-

nelles concerned with the capture; conversion and transferof cellular

energy. Their principal function is to form and release ATP. The
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nitials stand for adenosine triphosphate, the substance that provides
energy for muscle contraction and for a host of other biological
processes such as active transport, biosynthesis nerve t onduction
and transmission, etc. The mitochondria thus have aptly been

referred to as the ` Power Houses" of the cell.

'1Lysosomes : Lyso omes are sub-cellular structures found in
the cytoplasm of both the animal and plant cells. They are in the
form of dense bodies about 0.4 /1 in diameter. They have a single
outer membrane and small granules of high electron opacity similar
to the ferritin molecules. They contain more than a dozen hydrolytic

enzymes. These enzymes can breakdown and destroy cellular frag-
ments etc. On the rupture of the external membranes of the lyso-
somes, the enzymes released may digest the cell components and the
cell itself. This results in the autolysis or death of the cell. It is

suggested that lysosomes originate from vesicles derived from the
Golgi complex.

t 2 3 !

Fig. 9.18 The lysosomes are suggested to originate from vesicles derived from

the Golgi complex The vesicles (1) surround cellular materials, (2,3) coalesce

and (4) digest the enclosed materials by means of hydrolytic enzymes.

The lysosomes play an .important role in the elimination of

cell organelles. They also perform `digestion' of materials penetrat-

ing from outside the cell. In other instances lysosornes are secreted

to the cell exterior as residual bodies. The re modelling of tissues

with the destruction of numerous cells is accomplished by lysosomal

enzymes during the metamorphosis of amphibians. The lysosomal

enzymes may be discharged outside the cell to produce lytic effects.

In cultured bone tissue with excess of vitamin A dose, the bone

absorption increases which is apparently due to the 'activation' of

lysosomes. This may probably be the cause of spontaneous fractures

in animals which have vitamin A intoxication. The opposite effect
is observed with cortisone and hvdrocortisone. These steroids which
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possesses an:i-inlfan mato-:y action, have a s/abiliseeg effect en the
membrane of the lysosomes.

Lysosomes are usually found in animal cells. Lysosomc-like

farganelle in plant tissues however has also been reported.
Microbodies :

The microbodies are the sacs enclosed by a single membrane.
These are packed with material. Two types of microbodies-Peroxi-
somes and Glyoxisomes are recognised. They are said to be involved

in oxidative metabolism in the cytoplasm.

Peroxisomes carryout the transport of hydrogen from a num-

ber of substrates to oxygen. Peroxisomes have been identiifed in

several organisms e.g., the liver and kidney cells of rats and in yeasts

and protozoa.

Glyoxisomes found in germinating bean seedlings contain a

system of enzymes capab!e of carrying out the Giyoxalate cycle.

The functional signiifcance of peroxisomes and a'vcx cmcs

is not yet fully understood.

`r Centrioles : The centrioles are the cell organelle characte-

ristic of animal cells and of ciliated plant cells. The centriole is a
O

cylindrical structure of about ?,000 to 5,000 A in diameter. The cen-

triole is found at the edge of the nucleus and often in an indentation
of the nuclear membrane. It is also often associated with, and par-

tially surrounded by the Golgi complex. When two centrioles are

found together, one is generally oriented perpendicular to the other.

They determine the axes of division when a cell divides.

In a cress-section, the centriole shows nine sets of triplet

micrctubules arranged in a circle and running the length of the
hollow cylinder.

The centrioles have been said to contain DNA. in a maieri.y

of animals, the centrioles arise on!y from the pre-existing centrioles.

There are, however, certain plants and animals where the centrioles
appear ty arise de novo.

icrotuhules : In recent years the widespread occurrence of
microtubules in the cytopla m of numerous cells has been re og-
nised.
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The microtunnles appear to be important in certain cell func-
lions such as cell division, cytoplasmic streaming, intracellular
tray port . . .a ; ss b y the general co:rtractility of the cytoplasm.

Fie. ) Left : Diagrammatic ultra structure of a c ntriole tihowinn nine

:ubuics Right : DL E_rammatic cross section of a ccntric!c .hov Ong n+ne sets

of triplet tubules arranged in a circle

Cytoplasmic microtubules are uniform in size enc: rerparkably_ o
str ifght. Trtey are straight cylinders of protein. They are about 240 A

O

in diameter and several microns in length and 60 A in thickness.

They are similar to the tubules of cilia and lfagella Microtubules of

cilia and lfag.l!a are much more resistant to treatments. The micro-

tubules forming the spindle fibres and the others present in the

cytoplasm are, in general, labile and transitory structures.

Functions: In the mitotic spindle and the cytoplasm of the
contractile protozoans, as well :as in the c ' ^ and lfagella, the micro-
tubules are related to contraction.



The shape of some cell processes or protuberances ar:

mined by the orientation of the microtuhules. They are thus .

dered as a frame work or eyto_skeleton which operas,

shaping of the cell and t' redistribute its contents.

Microtubules also play the role of a `microcirctglato, _v s t u;'

through which the small molecules in the cell's interior are trans-

ported. They thus form limiting channels in the cytoplasm.
Stationary arrays of microtubules may provide the motive force for

cytoplasmic streaming. Microtubules may also play a role in the

localized changes in cell shape during the embryonic development.

Vacuoles are `lfuid ifl'ed' areas of cells present in the cyto-

plasm. Tney are more characteristic of plant than of animal cell!.
They are bordered by a unit membrane. the tonoplasr, which is pro-

bably identical to the cell membrane. In fact, the vacuoles are often

formed by an infolding and pinching off, of a portion of the cell

membrane. The tonoplast of the vacuole prevents the dilution of

the cytoplasm by the contents of the vacuole. The tonoplasts by

its own characteristic degree of permeability can preserve areas of

segregation within the cell. The dissolved materials in the vacuole

maintain the p-oper internal pressure in the cell. Water moves info

the hypertonu vacuole, and the tonopta t keeps the diss dyed mate-
rials from moving out. The cell thus maintains its 'urgidity. The

va _uole als j provides a place where the waste or unwanted m i;e: iris

are dumped.

In young, actively growing cells of plants, the vacu ,le are

small, but eventually they coalesce to form one large vacuole which

forces the cytoplasm to the outside of the cell. There is an advan-
tage to a plant cell by this shifting of the nuc'eus and the cytop'a

to the periphery of the cell. In a thin layer of the cytoplasm, t

exchange of gases can readily take place. This is all the nee

essen ial for a cell engaged in photosynthesis; the molecules of O2

and CO2 do not have [o pass through a mass of cytoplasm as the
thin layer of cytoplasm forces the chloroplasts town ids the surface
of the cell, where light can readily reach them.

"Nucleus : All the Eukary 'tic cells are characterised by a true
nucleus surrou:sded by a nuclear membrane or a nuclear envelope. It

is an important cell o; ganeLe. The nuclear envelope divides the
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cell into two rain compaitmcn.s. i.e., nucleus and cytoplasm. The
red blood cell; of mammals may lose their nuclei by the time they
'e fully diffe entiated. That is why the mature red blood cells have

a short span o;' life of about 120 da\;s. They are incapable of further
diviSion.

The nu;leus in animal cells is usually placed centrally in

the form of a :,pherical body. The shape of the nucleus varies in
different kinds of cells. It may be fusiform, ellipsoidal or variously
lobed.

The vast majority of the cells possess a single nucleus. Striated
muscle cells o.' mammals are generally multinucleate ParamoceiuTn

has two nucle , the micronucleus and the micronucleus.

The nucleus is surrounded by a double layered nuclear mem-

brane. The t 'o membranes are separated by Perinuclear space of

ying width. The outer nucloar membrane is often continuous
ih the elemonts of the endoplasmic reticulum. The nuc'ear mem-

nes have the same trilaminar structure like the p'asmamembrane.

is quite likely that the outer nuclear membrane anj possibly the

inner one also is derived from the endoplasmic reticulum. During
he cell division, it was noted that the nuclear membranes of the

'iewly formed nuclei are partially formed from the coalescing fra-

ccnts of the endoplasmic reticulum.

The nuclear membranes are interrupted at regu'ar intervals by

)Ores The pores are octagonal in shape and at the edges of the pores
he inner and outer nuclear membranes are continuous. The pre-

sence of nuclear pores suggests that the exchange of substances

between the nucleus and the cytoplasm may occur.

Inside the nuclear membranes there is a homogeneous mate-

rial of matrix called the nuclear sap or karyolymph. The nuclear sap
completely iflls the nuclear space between the other nuclear compo-

o nts. The nuclear sap contains proteins (glycoproteinc) RNA and
a number of hydrolytic enzymes.

Throughout the nuclear sap are seen distributed twisted tila-

inect> containing a substance called chromatin. In the interphare

nucleus (a nucleus not in the process of active division) the chromatin

Z-1-201
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filaments are entangled among themselves iresent ng thereby the
appearance of a network often referred to as chromatin reticulum :'r

network. At the time of cell division, the ci mt n 'lH.me ita d.3di5

pore nuclear mem_;ra

ucl' ar sap r; :; =.; - . ;.,::•,•.:.. _,., .. v

IrKo ±j w'*:;gJ:: :.
IL

cytoplasmic •;.4.: .
extrusion W ''

chromocerter\ :,; j•
a t; ,? s c ma )

-element of en'.

Fig. 9.20 A generalised structure of an interphase nuJ.rus

distinguished as discrete units known as chromosomes. The ch,rm:v'n

filaments as such should be considered interphase chro nos ;;:

they organize into discrete units during the cell division.

In the interphase nucleus, amongst the chromatin iiament:
can br seen certain lfakes of chromatin called the rhromocentres o!

Karyosomes (also calleet false nucleoli). These are more condenserA
regions of chromatin (heterochromatin) in which, parts of the chro-
mosomes remain condensed (spiralized). Some such chromocentres

i
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Illay adhere [C the nilGle •)Itls foll C iri3,zl CI11 aiS. Clai.!ti '.J]t'1

tle nucleolus. The name hete:nclrroinatin was fcrm:rly applied by

Heitz (1928), to chromocentres of the interphase nucleus. The rest
of the chromosomal substance which uncoils and swells during the

same period i called euchromatin. The heterochromatin regions are
darkly stainec by basic dyes while the euchromatin receives light
stain. The ht terochromatin region should be considered a state of

he chromoso nes and not as a special substance.

Within the nuclear sap is a refract lie spherical body, the nuc-
leolus. In sore cells the number of nucleoli may be more than one.

A large amo znt of nuclear RNA is located in the nuclcolu .

Phosphoprote ns are the main protein components of the nucleolu :.

[he nucleoli reformed by pan icular chromosomes ::hich possess t

structure kno:,n as the nucleolar organizer. This manufactures nuc-

'eolar material and organizes it into nucleolus in the form of a den e

body. The nucleolus plays an mportant part in the hioge':esis of tlr

el'stnp'asmic ribosomes.

The nucleus thus is an important cell organ:Le Nhich goes

brouph a series of changes at cell division during which the exac

partitioning o? the chromatin content takes place. The nucleus
3e chief control center which regulates all the vital a tivities of the

cell.

t'thromesomes : As dcser:ned a'neve, within lh'' nuelea alerr-

hrane, the main component of tie cell sap, in an interphase nucleus

is the chromatin network of reticulum. This network, as stated

(luring the cell division) organizes into discrete units called the
chromosomes. The chromosomes in the nucleus, thus, exist throurhovt

the life of the cell and never lose their entity or individuality. They are

hoii'ever discernible as discrete units only during the cell division. A

chromosome thus is a nuclear component with a special organization.

individuality an.ir function It is capable of self-replication and matmains

the morphologic and physiolog c properties through sarccessive cell
divis ions.

C'hromos^me Chemistry : The l,,asic chemical constitu aat of

chromosomes s, PNA. the molecule which is the genetic material.

The total quantity of DNA per chromosome is generally constant for
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a particu`ar Ypecies. In additien to ihe DNA. chromesb mes contain

an equal mass of proteins, the histories. There are ndications that
histones are somehow involved in the reeulation of gene function

and thereby, the differentiation of cells. In addition to the invaria-

ble components, the D VA and histones, the chromosomes contain

various amounts of RNA and com7lex of non-histone type proteins.

Microbial geneticists have applied the term 'chromosome' to the DNA
of viruses and bacteria.

The genetic material of chromosome, the DNA is organized
into units called the genes. The genes possess the gen tic information

necessary for the formation or control of a speci is genetic trait.

Genes occupy a deifnite location on the chromosomes. It shou'd

however be noted that n one has ever isolated a gene from any

animal or higher plant. We have no way so far of recognizing a gene
after it has been removed from the cell.

K'hromosome Number:

The chromosome number is characteristic fcr a species. In

sexually reproducing organisms the fertilized eggs and somatic or

body cells derived from it have two sets of chromosomes, one from
the egg and the other from the suerm. Cells with two chromosorr:e

sets are called the Diplokl (i e 2n), Flaploid cells, like the egg and

sperm (gametes) contain only one set of chromosomes (i.e., n).

The number of chromosomes in the body cells of man is 46

i.e., 23 pairs. The fruity lf✓, Drosophila melanogaster has 8 chrom, -

somes in body cells i.e., 4 pairs. Indian muntjae or barking de ,.r

Muntfacus munijae, has an anusually low diploid nurr,her of exce;,-

tionally large sized chromosomes-six in females anc seen in males.

Morphology of Chromosomes:

The morphology of chromosomes can be studied during the

metaphase and anaphase stages of cell division.

Four distinct types of chromosomes on th basis of their

shape can be recognized in metaphase or in anaphase.

1. Telocentric chromosomes: These are rod-like chromo-

somes with a centromere situated on the proximal end.
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2. Acrocentric chromosomes are also rod-like but ith a

small or even imperceptible arm.

3. Sub-metacentric chromosomes have unequal arms and are

therefore L-shaped.

4. Metacentric chromosomes possess equal or almost equal

arms and are as such V-shaped.

The various chromosomal types are constant for each homo-

logous chromosome. The chromosomal type may also be onstant

throughout a sl eciCS or even a genus.

A B C U
ce11tromere

Fig. )•2l Four morphological types of chromosomes according
to the position of the centromeres.

(A) telocentric (B) acroc ntric (C) sub-metacentric (D) metacentrie

The point where the two arms of a chrome some meet is called

the primary corstrtction which determines the shape of the chromo-
some. Within tae primary constricUon is a clear zone which contains

a small granule or spherule. This clear region is called the s t called

r,entromere or k;netochore. The centromere is functionally related

to the chrormosma1 movements which occur during mitosis. It has

been demo;t;trated cytochemically that the centromere cdntatns

DNA. The tiruidle z >ne of the cenr o;here maintains the reiati•in-

ship of the chromosome to the spindle.

The other important characteristics of the chrortlosom:: is the

presence of secondary a,nstriction.t. The seeottdary constrictions are

c.ottstiint in the r pi,iliett and extett. Oti can irlehtify particular
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S. cot ry r n ric:ions may e either short or long. T hey are distri-

bated along the chromosome. They can be distingu shed from th.°

p •imary constrtction by the absence of marked angula' deviatior.s o
t:te 'aromosomal segments.

chcomonen.:

showing mi:
- and r, =, .. -

s

secondary
constriction

L S

=' satellite 5
it

ti

Fig. 9.22 A metacentric chromosome

Leh : External view showing the centromere; the sate''!'.
constriction and the spindle ifbre

Right : Same chromosome showing the inner structur ss i''' t'. ,

chromonemata and the major and the minor co is

1!; certain chromosomes, a satellite is present. \ satf'llitc i- :.
r nn l elongate body separated from the rest of the chr tno.ome h y c+

d licate chroniiat in iflament. The chromosomes saving a satellite arc
designated as SAT chromosomes. The "•tape and size c f the satellite
and its iflaments are also constant.

Certain secondary constrictio:;:, ,ire ' !.t tti? :! s;oc:rit i v th

the fnrma'-ion of thb rte, 1'n/i. Those €prcia?ized region'. are called the
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nucleolar zones (nucleolar organizers). There are generally two
chromosomes in each nucleus, called the nucleolar chromosomes
which have the nucleolar zone. Tile extermities of the chromo-

somes are referred to as telomeres.

The lenUth of a chromosome may vary from 0.2 to 2p,. In

mar, the most common length of a chromosome is 4 to 6/A.

Karyatype is the name given to the group of characteristics

which identrues a partic&ar chromosomal set. The Karyutype may

he represented by a diagram called an idiogram. In an idiogram, the
pairs o: hoi?loigt?u'> ,:hr nUso lu s are ora red in a serlcs of decreas-

tug siz.:s.

In tl ;omcac stages of a metaphase and anaphase, the

chromosomes c'o not show any special structure under the light

microscope. Iii the less compact stages, however, a coiled iflament
is visible within the chromosome. The coiled iflament is called

chromonema. The number of threads within the chromonema may

be two, four or more depending on the species. The chromonema

may be single during one stage of development and two or four

randed during another. Between two or more chromonemal threads

°rta n types at coils are formed. The coiling cycle of the chromo-
i_ema is characteris.ic of mitosis and meiosis as well.

Revision questions

1. Describe a dt;tail the ultra-structure nt an animal ccli,

2 What is a cell organelle ? Describe the structure and

functions of a mitochondrion and stac_e why it is called

the power house' of the cell ?

3. Describe the structure of Goig ' and its func-
tecn . Mention in brief the role of Gjei c. mniea in the

process of maturation of sperms and ova.

4. What is meant by a `Unit membrane' ?

5. D ss':: ibe the stfucture and functions of the cell mern-

hr ;tie.



h. Write notes on the foi=o' n

(a) Lysosomes

(b) Centriole
(c) Vacuole

(d) Endoplasm'. r;ticulunz
(e) Nucleolus

(f) M.icrotubulrs
(g) Gene
;h) Peroxisome and Glyox scm

7. Describe the structure and kinds of chrome son c..

S. Dnw a labaled diagram of the structure of a g;n xi. ;is:d

anini ? cell as rP'ealed b an electron micro;cop .
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NUCLEIC AC DS

Nucleic weds are chemical compounds of u ucs* Biological
importance. They are the largest and th W most fascinauur; rnu'ecuies
f.:un;i in the living organisms.

In the latter part of the 14th century, a Swiss bic:: Demist,

! ri-: uieh Miescher (Mee-sher), was the ifrst to isolate substance:
associated with the proteins of the cell nucleus. He discovered the,.
substances from the nuclei of the white blood cells and sperm cel'

in 1872. As they were found in cell nuclei, the term nucleic acid

was applied to them.

Nucleic acids are the comp?ex derivatives of nucleosides. A

nucleoside consists of a nrtrogeit base (Purine or pyrlmidfne) and a
Fentose or 5-carbon sugar (Ribose or deoxyrtbose). When single
phosphate group is added to the pentos portion of a nucleoside,
then a nucleotide of a nucleic acid is formed.

Nitrogen base + Pentose + Phosphate -* Nucleotide of
nucleic acid

Polymerisation
Nucleotide + Nucleotide- ----- -p Nucleic acid

T.2 nucleic acid is a high polymer of nucleotides. A nucleic
l1 :armed when upto hundreds or thousands of nucleotide units

undergo polymerisation to form a ch;iin of polynucleotides. Pifly-
merisation is a general chemical process in which molecular ariits of

similar or ihntical types are synthes zed into a single larger mole-
cular unit known as a Polymer (Ok. Poly; many; tneros; part).

One kind of nucleic acid along with the nitrogen bases and
hhr. ,phate, contains the five cr rb;r;
Ribonoclcie acid or RN.k
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1'he other kind of nuclei

acd, besides the nitrogen bases and
phosphates, contains 5 carbon sugar

called deoxyribose. The deoxyribose

differs fro n ribose in having a hydro-

"O o

/ \,f
gem (-H) atom instead of the c c

hydroxyl group (-OH) at that same \ 1 fi /
carbon atom. One oxygen atom is

{

/ \
therefore ` missing' compared to -- c

ribose, hence called `deoxyribose' i.e.,
c

the ribose deprived of oxygen. The
nucleic acid with deoxyr;b se sugar Fig. 10-I R H:,e

i:, therefore called deoxyribonucleic acid or DN %

H

When nucleic acids are split apart

H-c-OH by hydrolysis, we ifnd in them in addi-
tioii to the sugar molecules (ribose or

\ / d.oxyribose) two other kind; -:f muleeuk,
c. c which are as follows

/ t H The ifrst is a cornpouod of phos-\ / phorus called phosphoric acid.r

OH

Fig. 1O.2 Deoxyribose

The second kind of molecules are ring 0 - -
l*e ;truc'ures of carbon and nitrogen known

s nitrogen bases. Two types of nitrogen bases

are found in the nucleic :acids. Fig. lu•3
Phosphoric acid

i. Pvrlmidinec -n h a, :' _ c f .:in€ _:nd :f'r thymine arc fuu :i
in DNA; cytosine tnd uracil instead of thymine in RNA molecules.
Pyrinnidine has a basic structure of four carbon and two nitrogen

atoms in a ring.

2. Purines such as guanine and adenine are present both in
DNA and RNA. Purines'bave a basic skeleton that is a dotible ring

of carbon and nitrog"cn tonic,
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DNA RNA
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rig. 10.4 The structure of DNA and RNA

One molecule of 5-carbon sugar (Ribose or de{.xyrihose) with

a nitrogen base (purine aed pyritnidine) ad phosphoric acid forms
a single nucleotide of a nuclc c acid. Hundreds and thousands of



tiucieotides form a lvnuclcotid4 l tlily _ a nucleic
acid molecule.

All Be ing organises contain r uclei_ ae.d it nc for is of DNA

aad RNA. Some viruses may contain only RNAe.g., Tobacco mosaic

and Poliomyelitis virus and others only DNA e.g., bacteriophages ,

vaccinia and adeno-viruses. In bacteria and higher cells, both types

of nucle tc acids are found. DNA is mainly present in the nucleus and

forms part of the chromosomes. During interphase, the DNA is in
the chromatin combined with proteins forming the nucleo-proteins .

DNA is also present in mitochondria and chloroplasts. RNA is

found both in the nucleus and the cytoplasm. In the nucleus, it is

present in the nucleoplasm and chromatiik. 1„ .li c. .u, l_ ,r,i the
'/RNA forms a large part of the ibo, roes.

f' itie Structure of DNA Molecule

Wilkins and Franklin made X-ray dilrractio stuJics of DNA

structure in 1953. Based on this information and electron microscope

studies, James D. Watson and Francis H. C. Crick proposed a spatial

molecular model (double helix) for .he DNA molecule. This model
of DNA molecule is frequently termed as the Watson-Crick Model

as indicated in ifgure 10.6. _ Watson, Cr,ek and Wilkins were jointly

awarded the Nobel Prize in Medicine and Physiology in 196?, for
their formu`ation of this mode.

The DNA molecular structure proposed by this u .cdel is
impartant as it explains better, the physico-ch& mieal and biological

properties of DNA, particularly its replication in the cell. The
c;senrial characteristics of the DNA molecu'e model are as follows ;

1. The nucleotides composing a DNA molecule do not exi +:

as st: aighi chains. Each DNA molecule composed of two long
polynucleotide chains run in opposite directions forming a double

helix (like a spiral staircase) around a central axis. The two chains

of the double helix are coiled together like the coils in a rope. Each
nucleotide of a DNA m iecu e has about a 36 Jagree turn, causing

the chain to coil into an alpha helix. A)ea th of tdu nucleotides
make a complete 36 x 10 i.e., 360' turn, The diameter. ,across the
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,o helices is consis'ently about 20 A. In a ?ort nol nuclec tide
.rin of a DNA molecule at every 10th nucleotide, a 360 degrees turn
exhibited. The outer edges of each chain forming the back-bone

h tie alternating mol cules of phosphoric aid and deo_xvriFose suh:. ,

He. 10.5 Jaynes D. Watson (Right) end Francis H C Crick propo ed a mod l

for the structure of DNA molecule (1953), based upon the \-rav

diffraction studies of M. F. Wilkins (I eft). The ihr o

s e ntist hared the Noh 1 P ice in i96

2. The twD coi ing strands or ch.eins of DNA moleeu'e are

held together by hydrogen bonds establis'ied between the nitrogen
bases, purines and pyrimidines. The nitrogen bases, purines and

pyrimidines lie across the two strands or on the rungs of the ladder
if we compare the DNA molecule as a twisted ladder. While tT e

nitrogen bases are held together by hydrogen bonds, eac '

linked to the sugar molecule at its ow side of the sfr
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The raring !
nitrogen bases is highly

speciifc. As there is a ifx-
ed distance between the

Iwo twisted strands of the

DNA molecule, one pu-

rine base can pair only

with one pyrimidine base.

Adenine is always linked

to tbymine A = T and

Guanine is linked to Cyto-

sine G=C. Two hydrogen
bonds alw:-tys establish
connection between A and

T. Likewise three hydrogen
bonds are found between

G and C. This hydrogen
bond formation there-

fore freven's A-C or G-T

pairs.

PAS T ,4 S

G C--- G-S1

I 1T i s ad:nine thymir,

thymine-adenin , gua-
nine-cytosine or c.ytosine-

g u an i n e combinations

can occur any number of

times and n any sequence

forming thereby the com-

plex DNA molecule.

Fig. 10.6 The Watson Crick model of i3NA

The DNA molecule is composed of two

polynicleotide chains held together by hy-

drogen bonds between their adjacent nitro-

gen bases. The double chained structure

(shown to be twisted around a hypothetical
central axis) is coiled in a helix. The width

of the molecule is 20 Angstroms. S= Sugar,

P=Pt,o phase, A=Adenine, T=Thymine,

(i=Ouanine and C.-Cytosine.

If the sequence of

bases in one chain is T, G,

C, T, G, A, then on the

other chain the sequence
of bases must he comple-
roentary to the ifrst as

shown on the following

page.
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I Chain -- T. Ii. (, G, A, G.

II Chain-T, C, G, A, C, T, C and so on.

As the pairing of nitrogen bases occurs in the above manner

the amounts of adenine and thynine 'should be equal and quantities

of cytosine and guanine should likew se be equal to each other.

The DNA of dfferent species is distinguished by the rela'ive
numbers of AT and CG p,zirs, th:'fr sequence, whether these occur as
AT or TA and as CG or CC and ;'_e nu Ober of such base pairs.

DNA Reolication or Synthesis :

When DNA is synthesised biologically, it is said to replicate

i.e , prniuces copies of itaelf. This is accomo'ished by a process called
template synthesis. The knowledge about DNA replication comes

from the work of Koruberg and his colleagues. Kornherg has sugges-

ted a model procedure for DNA replication. This has been further

conifrmed by a series of ingenious exper ments performed by Meselsan
and Stahl.

Under this DNA strand separation theory, the two complemen-

tary polynucleotide chains of a helix separate or dissociate at the

hydrogen bonds which link purine pyrimidine pairs. The weak
hydrogen bonds between the p:irine pyrim dine pairs holding toQf-
ther the double helical strands f the DNA m )lecule work somewh .t

like a `Zipper.' At the time of replication, the process of `unzipping'
starts at one end of the DNA molecule at the sites of hydrogen

bonds. This process of unzipping proceeds gradually at the other
lFed of the DNA molecule consequFnt to which the two DNA strands

get apart. As the strands of the DNA molecule separate, the purines

and pyrimidines are therefore separated. Each sep Crated strand of
DNA molecule now acts like a template* and attracts and binds the

appropriate complementary bases which must be available in the
nucleus and thus form two new double helices of DNA. Under the

strand separation hypothesis each newly replicated double helix,

*A pattern or mould, shaped to the required ou line from which,
workmen execute moulding. The use of templates in industry for

the easy mass production of all kinds of items i well known.

1.
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Fig. 10.7 DNA Replication : As the two polynucleotide chains of the parent

molecule (white) uncoil, newpolynucleotiie chains (black) are synthesised on
their surfaces. The process produces two complete double chained molecules

each of which is identical in base sequence to the original parent molecule.
Two sucC ssive replications or divisions of DNA molecule are shown in the

diagram.
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consists of one old or original strand and one new one i.e., a strand

with a base complement of the original or parent strar d. The same

is shown diagrammatically in ifgure 1O8,

eici ok

`TvkcT•••• A
A.

A' ' T

G i C
T

A

New C.... ,,
C..,. G

C.•.•G New I
I

I T••A
I

A ... T

I T• •• A

cq....T- i T...A

TT...A

_T•...A/ T... A.

1

Old New Old Ne',

Fig. 10.8 DNA replication takes place during inter phase.

The old helix (centre) uncoils and the two new helicc . r re formed.

Z4-21]
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Fig. 10.9 Three hypothetical path-ways for DNA replication (see text),

(A) Conservative replication (B) Semi-conservative replication
(C) Dispersive replication. G1=Gap period I; S=Synthetic period;
G9=Gap period II. (cf. Cell cycle undar the chapter cell division')
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' Max Delbruck and Gunter S. Stent suggested fiat the distri-
bution of the newly synthesized strands of DNA can follow one of
the three pathways after replication. These are as follows:

(1) Conservative replication: In conservative replicatio ,
he two strands of the original DNA molecule, after separating and
serving as templates, pair again. The newly synthesized strands likv-
wise pair together. This produces two molecules, one composed
n ir:.iy of `old' strands and one of `new.'

(ii) Semi-conservative replication: In the sem conservative
repi c .ion, the two original strands, after separating and serving as
templates remain paired with their newly synthesized complementary
strands. As a result of semi-conservative replication, each of the
molecules formed contains an `old' and a `new' half.

The terms 'conservative' and `semi-conservative' used in these

models imply that in both the pathways the original strands although

s<_ parating and acting as templates, remain intact.

(iii) D;spersive replication: In dispersive replication, the
?inear continuity of the parent or `original' DNA strands is broken

and the parts are distributed randomly between the daughter mole-

cules as shown in ifgure 10.9. In this case, numerous breaks appear

.n the 'parent' strands before unwinding and separation. Distribution

of broken sub-strands between the replicated molecules is random.

A decisive bit of evidence on the actual mechanism of DNA

replication is now available in the light of enzymatic studies of

Arthur Kornberg. He successfully synthesized DNA, in a test tube.

Soon after the discovery of double strandedness of DNA, Kornbe:: g

discovered DNA polymerase, the enzyme which catalyzes the form:>_

tion of the DNA chain from its four component deoxyribonucle:
tides in the form of their triphosphate derivatives. The synthesis u

new DNA complementary strands require not only the four nucleu

tides, -magnesium ions and DNA polymerase but also small amou°

of single stranded fully formed DNA which acts as an information co;.

taming and sequence ordering primer or template for the reaction. It

is signiifcant to note that polymerization does not occur unless the
single stranded DNA is present. The reaction can be expressed as
shown on the following page.
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x molecules of A•dR•PPP

x molecules of T•dR•PPP

y molecules of G•dR•PPP + DNA (Primer) ==
y molecules of C•dR PPP

x A•dR•P

x T•dR•P

y G•dR•I' .DNA + (2x-} 2y) PP.
y C•dR•P

Key: dR = deoxyribose

A Adenine; T = Thymine

G Guanine; C = Cytosine

x represents the number of A or T nucleotides.

y represents the number of-G or C nucleotides.

The DNA is the master molecule of life which plays a signi-

ifcant role in the transmission of hereditary characteristics from gene-

rations to generations. The DNA also passively controls protein

synthesis by a process referred to as transcription (cf. P. 325).

t' The Structure of Ribonucleic Acid, RNA:

The structure of RNA is similar to that of DNA except that
RNA contains ribose instead of deoxyribose and uracil nitrogen

base instead of thymine. The RNA molecules may be single or two

stranded as in DNA. On the basis of molecular weight and other

properties, three clearly recognised types of RNA are, messenger

ribonucleic acid (mRNA), soluble (or transfer) ribonucleic acid

(sRNA or tRNA) and ribosomal ribonucleic acid (rRNA). The in-
dividual functions of these ribonucleic acids are well established.

They are used in the synthesis of proteins and enzymes. The princi-
pal kinds of RNA are very different. Their base ratios may differ
widely. They vary greatly in molecular size and they perform diffe-
rent, though related functions. This should however be remembered

that all cellular RNA's including messenger, ribosomal and transfer
RNA are transcripts of the DNA. In any given segment of DNA only
one of the two complementary strands is used as a template to

generate the RNA.

Messenger RNA (mRNA) carries the information for protein
synthesis from the DNA to the sites of protein formation i.e , the

ribosomes. The mRNA is heterogenou5. It nas a rapid turnover
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Max Delbruck and Gunter S. Stent suggested that the distri-

bution of the newly synthesized strands of DNA can follow one of
the three pathways after replication. These are as follows:

(1) Conservative replication: In conservative replicatio ,

he two strands of the original DNA molecule, after separating and
erving as templates, pair again. The newly synthesized strands like-

,, ise pair together. This produces two molecules, one composed
air .. of `old' strands and one of `new.'

(ii) Semi-conservative replication: In the semi-conservative
r. pi ca ion, the two original strands, after separating and serving as
:mpJates remain paired with their newly synthesized complementary
strands. As a result of semi-conservative replication, each of the
molecules formed contains an `old' and a `new' half.

The terms 'conservative' and `semi-conservative' used in these

models imply that in both the pathways the original strands although

s_o°rating and acting as templates, remain intact.

(iii) Dispersive replication: In dispersive replication, he
linear continuity of the parent or `original' DNA strands is broken
and the parts are distributed randomly between the daughter moJe-

eules as shown in ifgure 10.9. In this case, numerous breaks appear

n the parent' strands before unwinding and separation. Distribution

of broken sub-strands between the replicated molecules is random.

A decisive bit of evidence on the actual mechanism of DNA

replication is now available in the light of enzymatic studies of

Arthur Kornberg. He successfully synthesized DNA, in a test tube.

Soon after the discovery of double strandedness of DNA, Kornbe;g

discovered DNA polymerase, the enzyme which catalyzes the form::-

lion of the DNA chain from its four component deoxyribonucleo-
tides in the form of their triphosphate derivatives. The synthesis of
new DNA complementary strands require not only the four nucleo

tides,-magnesium ions and DNA polymerase but also small amou'. .

of single stranded fully formed DNA which acts as an information co,
taming and sequence ordering primer or template for the reaction.

is signiifcant to note that polymerization does not occur unless tl

single stranded DNA is present. The reaction can be expressed
shown on the following page.
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x molecules of A•dR•PPP

x molecules of T•dR•PPP

y molecules of G•dR•PPP + DNA (Primer)
y molecules of C dR•PPP

x A•dR•P

x T•dR•Py G•dR•P .DNA + (2x-1- 21') PP.
v C•dR•P

Key: dR = deoxyribose

A Adenine; T = Thymine

G = Guanine; C = Cytosine

x represents the number of A or T nucleotides.

y represents the number of-.G or C nucleotides,

The DNA is the master molecule of life which plays a signi-
ifcant role in the transmission of hereditary characteristics from gene-
rations to generations. The DNA also passively controls protein

synthesis by a process referred to as transcription (cf. P. 323).

V/The Structure of Ribonucleic Acid, RNA:
The structure of RNA is similar to that of DNA except that

RNA contains ribose instead of deoxyribose and uracil nitrogen

base instead of thymine. The RNA molecules may be single or two

stranded as in DNA. On the basis of molecular weight and other
properties, three clearly recognised types of RNA are, messenger

ribonucleic acid (mRNA), soluble (or transfer) ribonucleic acid

(sRNA or tRNA) and ribosomal ribonucleic acid (rRNA). The in-
dividual functions of these ribonucleic acids are well established.

They are used in the synthesis of proteins and enzymes. The princi-
pal kinds of RNA are very different. Their base ratios may differ

widely. They vary greatly in molecular size and they perform diffe-
rent, though related functions. This should however be remembered

that all cellular RNA's including messenger, ribosomal and transfer
RNA are transcripts of the DNA. In any given segment of DNA only
one of the two complementary strands is used as a template to

generate the RNA.

Messenger RNA (mRNA) carries the information for protein
synthesis from the DNA to the sites of protein formation i.e , the
' hfJ''i:)rn.s l hL Irik TN f\ l5 heielo fl,)1i-. 1 I Ci"vYf



and a eomplemUntary base conosition with DNA and aligns with
the ribo ome . The most important property is that it functions as

a template in protein synthesis. The messenger RNA is formed on
a template of DNA by a process referred to as transcription. The
transcriptin is similar to the duplication process of DNA. In this

process of transcription, the two strands of DNA are separated. One

of the DNA strands then serves as the template for the formation of an
RNA chain according to complementary base pairing rule as described

under DNA replcatiwi. Thy bake pairing in the growing RNA chain
will be as follows:

Where DNA contains Aenine (A) the growing RNA chain

will receirc Uracii (.hc RNA, cq.+I"a'ent of T) r_nd where C is in the

100 A

Pig. 10.10 Left : Model of transfer RNA Right : Hypothetical structure

for ribosomal RNA showing helical and non-helical regions.

DNA, the RNA will contain G. When the entire gene (DNA seg-

ment) has been transcribed, the base sequence in the RNA is comple-
mentary to one strand in the DNA and therefore identical with the

other, except for. the substitution of U for T. This messenger RNA
serves as an immediate temolate for protein synthesis at the ribo-
somes. This shows that DNA does not ilself direct the assembly of
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proteins but its information is transcribed to the mRNA. Trans-
cription is catalyzed by an enzyme (The DNA-dependent RNA

polymerase) using activated precursors - ribonucleoside triphos-

phates of each of the RNA base.

Ribosomal RNA or rRNA as the name itself suggest=, is found

in the ribosomes. About 60% of the RNA is helical i.e., double

stranded and contains paired bases. The most abundant bases are

guanine and adenine.

$. The Transfer RNA or tRNA :

The transfer RNA or tRNA is the most precisely characterised
RNA. It has the special function of acting as an adaptor for

attaching am,no acids to the mRNA template in the course of pro-

tein synthesis. Its structure is such that it can combine with an
amino acid at one part and with the speciifc region of the mRNA
template at another part.

Genetic Code or the Biological Code:

The biologists today know that the nucleic acids contain in
them the information about how to make all the other kinds of

molecules of a cell. The nucleic acid molecules may be compared

to a master library of instructions to synthesize the many other kinds
of molecules needed.

In their chemical structures the nucleic acids contain coded

messages which are speciifc to cells for the control of their activities.

A code is any system of symbols that are used to convey infor-

mation. The written language is one kind of a code devised by man.
The code system of English language, for example, contains 26 sym-

bols i.e., the letters of four alphabet - plus various punctuation
marks. With these 26 letters an unlimited number of books can be

written. The Hawaiian alphabet uses only 12 letters. The ten

symbols used in constructing numbers i.e., 1-9 digits and zero are
enough to encode an infinite set of numbers.

As regards the DNA code, the question arose as to how many

symbols might there be in a DNA code. The DNA molecule as we

know although consists of a long polynucleotide chain, yet is basically



made of only four kinds of nucleotides i.e., in DNA, Adenine nucleo-
tide, Cytosine nucleotide, Guanine nucleotide and Thymine nucleotide
and in RNA are found tirst three nucleotides as in DNA and the

Uracil nucleotide in place of Thy.mine nucleotide.

The DNA alphabet The RNA alphabet

A (Adenine nucleotide) A (Adenine nucleotide)
C (Cytosine nucleotide) C (Cytosine nucleotide)
G (Guanine nucleotide) G (Guanine nucleotide)
T (Thymine nucleotide) U (Uracil nucleotide)

Since DNA controls the kind of protein made, the rules

cr.ning the translation of four letters into twenty (amino acids)
letters language constitutes a code. In this alphabet of jour letters'

thus is written the language of life.

You know that the only links between the generations of

higher forms of life are the reproductive cells i.e, gametes, sperms
or eggs. The information to 'build' the entire chick or an entire man

may therefore be coded in DNA molecules carried in the tiny nuclei

of the sperm and egg cells.

We know that there are different numbers of the four nucleo-

tide molecules in various kinds of DNA. There are about 20 amino

acids which form the building blocks of different proteins. Now

the question arises as to how many DNA nucleotides would be requi-

red to code a message giving directions, about a single amino acid.

Each message must be distinct so that the cell would not confuse one
amino acid with the other. Since there are about 20 amino acids, at

least 20 different messages are needed-i.e , one for each amino acid.

If a single kind of nucleotide were to code a single amino

acid, then only four amino acids in all would he coded with the
corresponding four nucleotides present in DNA or RNA molecules.

yA
;!G
fc
U

1 °ingle nucleotides in rift,A_

1G
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It i_; ev!dent that four single letters of nucleoth es are not
s.ifficient to : cce 20 amino acids and therefore more complicated

words or lfue eotide combinations are required. For example, if

t vo nucleotir.es in sequence in an RNA could mean to add one

amino acid, then (4x4)=16 amino acids could be coded by dinuc-

leotide con}b naons as per the details given below.
AA AG AC AU

GA GG GC GU

CA CG CC CU

UA UG UC UU

16 dinucleotides (`twins')

The di. uc'eotide combination is also not enough to code for
al the 20 am no acids. It was therefore concluded that groups of

ar least three nucleotides (Trinucleotides or triplets) are needed to
code enough information to specify each of the 20 amino acids. If

the trinucleo tide combination forms a code to specify an amino acid,
there will therefore be 4 x 4 x 4 or 64 different trinuclectide combi-

nations (`trig lets') as per the combinations given below.

AAA AAG AAC AAU

AGA AGG AGC AGU

ACA ACG ACC ACU

AUA AUG AUC AUU

GAA GAG GAC GAU

GGA GGG GGC GGU

GCA GCG GCC GCU

GUA GUG GUC GUU

CAA CAG CAC CAU

CGA CGG CGC CGU

CCA CCG CCC CCU

CUA CUG CUC CUU

UAA UAG UAC UAU

UGA UGG UGC UGU

UCA UCG UCC UCU

UUA UUG UUC UUU

64 trinucleotides (`triplets')
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The rc a e 64 l ossible ts of trigh t. ani there are about 20
a Lino aci is to choose from. Renee one si culd find that many amino

a., ds have several synonymols triplets i.e., several different triplets
that code for on; ar: ino acid. In ;at this s tua.tion is found. There

i' a;so an evid.nc; that scmf amino acids are determined r more

than one base trlr Aet.

Ii order to ifnd out a triplet cod; specifying a p r .icular
a rono acid, biochemists mad( an RNA chain of just one kind of

nucleotide, say truuacleotide f ura sl. UUU. The nucleotide chain

was then introJuc:d into a mixture of all 21) amino acids. After the

chemical reaction took pla ;e, the protein that was formed, was
analysed to see what amino acid the RNA trinucleotide or triplet

(UUU) had selected. It was found to be the protein with one kind

of amino acid in it-the phenylalanine. It was therefore assumed

that the sequence of three uracil nucleotides UUU may mean attach

one molecule of phenylalan foe to one pro'ein mnlecule. Thus, the

ifrst trinaeleotide 1c icrs UU'_J of the generic cede were discovered
in 1961.

-U-U-U- -U-U-U- -U-U-U-

add add add

phenylalanine to phenylalanine to phenylalanine to
protein protein protein

The trinucleotide or triplet specifying a particular amino acid

is called a codon. Each codon (comprising three nucleotides) thus
is a fundamental unit which contains the information to cede for a

single speciifc amino acid.

Protein Synthesis and Nucleic Acids :

There exists an intimate relationship between the proteins and
the nucleic acids. DNA is considered to be the `genetic material'
which, by means of a cede formed by the orderly sequence of its con-
stituent nucleotides, determines the order of amino acids in proteins.

The RNA appears to operate as an intermediary between DNA

and proteins. All cellular RNA including mRNA, rRNA and transfer

RNA are transcripts of the DNA. In any given segment of DNA as
stated, only one of the two complementary strands is used as a tem-

plate to generate RNA copies.
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The mRNA could transcribe and carry information Iron

DNA to the ribosomes, the site of protein synthesis. The mRNA this

is an intermediary between the information carrying DNA and the

ribosomes (rRNA) where proteins are assembled. The DNA mess-
age is transcribed as a complernentaty base sequence with reference

to the polynucleotides in a DNA strand. When the mRNA bases in
close association with a DNA strand have been joined together in a

tandem in an enzymatic reaction, tFe mRNA leaves the DNA tem-

plate or is pulled from it by the ribosomes. The messenger RNA now
becomes associated with the ribosomes and speciifes the amino acid

sequence in the protein strand to be formed. The mRNA strand ties

temporarily a series of ribosomes called polyribosomes or ergosomEs
during protein synthesis. Polysomes may be found free in the cyto-
plasm. They are also typically found associated with endoplasmic
reticulum as already mentioned.

Amino acids to be incorporated into a polvpeptide protei i

chain are brought to the rihosomes by tRNA units. The amino acids

are found dispersed in the cell. In man, some amino acids are
synthesised in the cell but others (the essential amino acids) mu..t

be supplied in the diet.

: I I
9 *b.rnp\\

axe -

Gc'ysans t

Fig. 10.11 Diagrammatic representation of the mechanism

of protein syn+hesis

For each amino acid to be accepted by the speciifc tRNA,
there is a speciifc activating enzyme. This activating enzyme ifrst
activates the carboxyl group of that amino acid for covalent bond
ing with the adenilic acid residue of the SRNA.
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'TT'

/ t _

enzymes

involvedin t-PNA
protein synthesis

.AA- t - RNA

( aminoacyl t-RNA )

AMP - AA

( activated amino acid )

ATP. AA

Fig. 10.12 Activated amino acid complex and mechanism
of protein synthesis

The ifrst step of the activating enzyme in activating the carbo-

xyl group of amino acid involves the use of ATP. The ifrst

reaction thus can be represented in the following way.

AA+ATP Amino_cyl ,, A:\cuAMP+PcvP...(1)(amino acid) Synthetase (activating enzyme)

The AACJAMP (or amino acyladenylate) formed in this way

is extremely reactive and remains bound to the activating enzyme.

7'he activating enzyme then performs a second role by bring-
ing a molecule of tRNA into contact with AAC AMP on its surface.

aminoacyl

AAcvAMP+tRNA = AA cv tRNA+AMP ...(2)
synthetase
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n order to perform these tv =:anc'ions, the a,.tiiati,ig enzyme
has two sites- one to recognize the amino acid ar d i joth+.;r to

recog'ize the speciifc tRNA.
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Fig. 10.3 Alanine transfer RNA with short double stranded regions

The activating enzyme is thus responsible for recognizing the

amino acid and the tRNA molecule and bringing them together.
Each of the twenty amino acids has speciifc activating enzymes and

speciifc tRNA.

A complete series of tRNA with attached amino a&ds is

formed. The next step in protein synthesis is the alignment of these
on a template to form a protein molecule.
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The activated amino aci attached to tRNA can be bot nd by

the tibosomes which also have ";v capacity to bind 'he mRNA. It is
well established that ribosomes play a key role in aligning aminoacyl

tRNA molecules on an mRNA template and in the formation of

polypeotide chains. The mec tanism is illustrated in ifgure 10.12.
The amino acids brought t. the ibasomes by tRNA are joined in a

proper order. The information, determining the sequence in which

the amino acids must be assemled to form a particular pcrlypeptide

chain of protein, comes f+ om t mRNA. The process of polypeptide
synthesis on mRNA is referred to as translation.

The immediate function of tRNA unit completes, the moment

it delivers an amino acid. Later the tRNA is released to move in the

cytoplasm and pick up another amino acid which it transports to an

rRNA ribosome system for incorporation into protein. This process
goes on rapidly in a living cell -:ngaged in protein synthesis. It has
been estimated that bone marrow cells can combine some 150

amino acids into a molecule of haemoglobin in just 80 seconds.

Revision questions

What are nucleic acids? What are the main differences

between DNA and RNA?

2. Describe the process of DNA replication and DNA trans-

cription.

3. Describe the Watson and Crick model of DNA.

4. Describe the structure and kinds of RNA

5. What is a genetic code ? Explain this with examples.

6. Describe the role of DNA.. RNA and ribosomes in the

synthesis of proteins.



CHAPTER XI

THE CELL DIVISION

The fundamental characteristic of living matter is the ability

to reproduce. In all living organisms, the ability to reproduce ulti-

mately depends on processes taking place at the cellular level..

In the single cellular organisms, the divisions of the parent

cell into daughter cell is the means of eproduction. By this process,
two or more new individuals arise from the mother cell.

In the case of higher organisms, where sexual reproduction
occurs, the life of an organism starts when an egg is fertilized to

form the zygote. The zygote during the course of its development is

transformed into an embryo and then into a recognizable individual

by the process of cell division and cell different!ation.

The growth and development of every living organism thus
directly depends on the growth and division of its cells. The human

body of average height and weight consists of approximately 1014
cells.

Cell division in the organisms is a complex phenomenon by

which the cellular material is divided equally between the daughter

cells. The process of cell division is only the final and microscopically
visible phase of un underlying change that has occured in the cell at
molecular and biochemical levels.

The end result of cell division is the same in both plant and
animal cells; the formation of daughter cells of the like genetic con-

stitution. In certai❑ abnormal cases, the uncontrolled cell division

and growth may produce cancer.

There are two distinct types of cell divisions i.e . Mitosis and
Meiosis. -

Mitosis is the commonest method of cell division occuring in
the body cells or somatic cells of the organisms. Mitosis is accompa-

nied by complex nuclear changes. Before the cell divides by mitosis,

its fundamental components are duplicated and divided, particularly

those involved in hereditary transmission. Organisms increase their

cell numbers by mitosis. The zygote also undergoes repeated cell
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divisions by mito°is and later differentiations of various organs of

he individual occur. During mitosis, the number of chromosomes

found in a somatic cell to divide, is kept constant in its descendent
cells also. The daughter cells retain precisely the same chromosomal
complement as that of the parent cell.

Meiosis is the special type of cell division resulting in the

productirn of gametes. Each gamete formed has only half (haploid)
the number of chromosomes present in the parent cell. Under
pathological conditions, in some cell types such as tumours, an
alternate mechanism to mitosi,, termed amitosis may be found. In
his form of cell division, the nucleus simply divides by means of a

gradually deepening central furrow which eventually divides the
wcleus into two parts followed by the division of the cytoplasm.

The process of mitosis Li detali will ifrst be described.

lilitosis

Walter Flemming (l). described the process of mitosis
(Gk Mitos; a thread). In mitosis, nuclear division i.e., Karyokinesis
Gk. Karion; nucleus, K'nese.'.=movement) is followed by the divi-

ion of the cell body i.e.. Cywkinesis (Gk. Kytos; cell). Since the

el?s constituting the body or soma multiply by mitosis, the process

s a'so designated as the somatic cell division.

The somatic division cycle of eukaryotes can be divided into

two phases-Interphase when the nucleus is mechanically inactive
.nd the division phase (mitosis).

The interphase of a cell is thus an inter mitotic period. The

interphase is the principal metabolic period of a cell. The metabolic

rocesses during interphase of a cell occur in a deifnite sequence or

_gcie termed as the cell cycle.

The Cell Cycle: The sequence of events during a cell cycle
fire summarised below:

Soon after Cytokinesis„ the cell enters a period of varying

ength called the Gl (G=gap) or Gap I. It is also called the Pre-
synthetic period. It is a period of varying length in which no DNA
synthesis can be detected. The nucleus therefore contains the usual

somatic amount of DNA'. Al sometime late in the G, an unknown

event starts the period of DNA replication termed the `S' or synthetic
period.



After replication is complete, t; ' ther interval, G2, GaI II or
post-synthetic period passes before mi osis commences. During G0,
the cell contains four times 4C the amount of DNAZ in a gamete.

1, 2, the amount of DNA at varicas stages of the cell cycle is desig-

nated by the C-value.' "C" is the letter arbitrarily chosen to indicate the
relative amount of DNA per nucleus at different stages. The relative amount

of DNA in the gametes of an organism is used as the base level. Gametes are
therefore I C Somatic cells before replication are 2 C i.e., the usual somatic

amount of DNA. After replication during G j the somatic cells contain the 4C
amount of DNA i.e., four times the amount of DNA in a gamete.

At the end of G2, the cell undergoes mitosis and cytokinesis.
The daughter cells obtained may repeat the same cycle of Gt, S, GZ
during interphase in the order mentioned above prior to mitosis and
cytokinesis. The sequence of events in the cell cycle during the
i nterphase are diagrammatically represented in ifgure 11.1.

Fig. 1 •1 The cell cy' le luring the interphase G, , S and GA occur in
seq.tence. G, nay b o: viryr, rih, but for r given crl type

S ;3ur; C2 o c uu: l.y of u, i-arm durr ti >n.
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During interphase i.e., G1 to G,, precursors of mitotic spindle
are continuously synthesized. Replication of centrioles, if present
also usually takes place during interphase. At the end of interphase,
synthesis of almost all constituents essential for the division of cell
is complete. Synthesis of RNA, including both messenger and
ribosomal RNA, however, continues until late in mitotic phase.

The lengths of S and GZ are fairly constant in a given cell
type. In most cells DNA synthesis (during S period) takes between
7 and 8 hours of the cell cycle. The subsequent GZ period may last
from 2-5 hours.

Since S and GZ lengths are usually more or less ifxed, the

triggering event for all the stages of cell division, including S, G2,
mitosis and cytokinesis must occur during the GI period. The iden-
tity of the initiating event for cell division has occupied the attention
of scientists for many decades. It was once thought that the initiation
of mitosis followed an increase in mass of the cell to a prescribed

level. There are however many exceptions to this hypothesis. It is

now generally accepted that although the division of cells, parallels
an increase in mass of the cell, this increase alone is not enough to

initiate division. The triggering event for a cell division is still un-

known. It probably involves a sequence of inter-actions between

the nucleus and its cytoplasmic and extracellular environment with

the activation of genes that code for an initiation substance. This

initiator substance may be a protein as the studies show, that a brief

period of protein synthesis is necessary for the initiation of S phase.

Other investigations have revealed that additional synthesis of RNA

template and protein is required during S and G, for the cell to
enter into mitosis.

As described, the end of GZ period of the interphase, marks
the commencement of mitosis r somatic cell divisions the details of

which are given below.

Stages of Mitosis

Mitosis or somatic cell division is a continuous process. It ii

however convenient to divide mitosis into four arbitrary stakes :

(i) Prophase (pro=before).

(ii) Metaphase (meta=between).
Z-1-22]
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qIT •. may?{ J`- y,/°°

prophase a-e

pre-metaphase f-g metaphase

lI M rrl `•

2n '.`1 e telophase k I I!

Fig. 11.2 Diagram representing different stages of mitosis
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(iii) Anaphase (ana=back).
(iv) Telophase (telo end).

The above stages in the process of mitosis are shown in
figure 11 •2. The details of each stage are described below:

Prophase:
The nucleus shows little differentiation in its internal

structure during interphase. The beginning of the prophase how-
ever is marked by the ifrst appearance of chromosomes as faint

threads in the nucleus. The word mitosis (mitos=thread) is used to
indicate the thread-like aspect of the chromosomes. The chromosomes
are often seen to be double as soon as they become visible in the

prophase nucleus. Each prophase chromosome thus consists of two
sub-units called the chromatids, which are the products of the repli-
cation of the chromosome. The replication of chromosomes as

already stated under cell cycle, occurs during the S-period of inter-
phase. During the progress of prophase, coiling and condensation
in the chromosomes continue on account of which, the chromosomes

become comparatively shorter and rod-like. As the condensation

completes, the two chromatids of each chromosome, lie more or less
parallel to each other. The two chromatids of a chromosome are

held together by the centromere.

As prophase progresses, the nucleolus in most pcies becomes

smaller and by late prophase or metaphase, the nucleolus eventually

breaks down and disappears. The nucleolar components of the

disintegrating nucleolus become distributed in the nucleoplasm.

The end of prophase is marked by the fragmentation of the
nuclear envelope. With the disintegration of the nuclear membrane,
fhe nucleolar material becomes indistinguishable from cytoplasmic

ribonucleo-protein that invades the nuclear area. Except for some
oteins, the n ucleolar substance released during prophase is incorpo-
red into the cytoplasm and does not enter into the reor anizt g
ucleolus at the completion of mitosis.

In almost all animal cells, and in cells in p?ar.`s giving rise o
motile gametes, the cytoplasm just outside the nucleus cntains a

pair of small barrel shaped bodies called centrioles. (cf p. 02). A
radiating system of microtubules is formed in relaticn to each cerr-

i riole.This alignment of the microtubules around the centrioles, shapes

Ujacent cytoplasmic particles into a star-like array called the aster.
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Centrioles are replicated during the interphas:e, use?t:l'y during
the S-period. One pair of centrioles and the associated microtubules

remain in position just outside the nuclear envelope. The other pair

migrates approximately 180° around the periphery of the nucleus,

coming to lie at the opposite end of the cell just outside the nuclear

envelope. As the pairs of centrioles separate, the microtubules

between them frequently lengthen accordingly, so that the two asters

remain interconnected by a system of tubules at one side of the
nucleus. The cont'nuous microtubules are formed between the

separating centrioles but are not connected to the centrioles. The
continuous microtubules, it is suggested are the means of segregating
the centriolar pairs.

The position attained by the centrioles and asters at the com-

pletion of their migration locate the future division poles for the

subsequent metaphase and anaphase.

Metaphase:

In most organisms the fragmentation and disappearance of
nuclear envelope marks the end of prophase and the transition into
metaphase. After the break-down of the nuclear envelope three
major rearrangements occur which are as follows

(i) The area formerly occupied by the nucleus becomes iflled
with the spindle, a system of microtubules extending
between the poles of the cell.

(ii) The chromosomes which are randomly scattered through-
out the nucleus at the time of fragmentation of the nucle-
ar envelope, move to the mid-point of the spindle. At the
mid-point of the spindle, each chromosome becomes
attached at the centromere to a bundle of spindle micro-

tubules. This condition establishes metaphase. The

spindle thus is completely formed, and the chromosomes
each attached at the centromere to spindle microtubules
are aligned at the mid-point of the spindle. The move-
ment of the chromosomes and their alignment at the mid-
point of the spinrile is called congr^scion or rnetakinesrs.
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the centronicres, already doubie as a result of replication of
chromosomes during interphase, attach to the spindle in such a way
that the two centromeres of each, chromosome (chromatid) face and

are connected to the opposite poles (See ifg. 11.3).

r'-•,4 Y

Polo of

spindle Metaphase
chromosOme

Fig. 11.3 Position of the centromeres at metaphase. Two centromeres

arc present. They are directed towardh and make ifbre

connections to the opposite poles of the spindle

teach chromosome via the centromeres connects to a bundle

of 4 to 8 or more microtubules. Such a composite spindle ifbre is
called a chromosome fibre. However large numbers of spindle micro-

tubules remain extented from pole to pole without making connec-

tions to the chromosomes. These are called the continuous fibres to
distinguish them from chromosome ifbres of the spindle. Both the

types of the microtubules persist in the sp;ndle throughout the
metaphase and anaphase.

Srruclure of the Spindle:

The spindle is broadest at the mid-point and is toughly circular
in cross-section at all levels. At either pole the spindle narrows, and
the component tnierotubules converge towards these points. This
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narrowing is most pronounced in organisms in which the spindle
fibres converge to centers formed by the asters. Such spindles arc
called astral spindles. In the plant and animal cells containing no
asters or centrioles, the spindle is broader at the ends, assuming a bar-
rd rather than a spindle shane. Such a spindle is called anastral

pindle.
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Fig. 11.4 (A) Astral spindle (B) Anastral spindle

The spindle consists of 500-1000 or more microtubules. In

addition to tubules, the various regions of the spindle may contain
scattered vesicles, ribosomes, fragments of smooth and rough endo-
plasmic reticulum and concentrations of amorphous, electron dense

material of unknown identity. These structures are found dispersed
throughout the spindle between the bundles of parallel microtubules.
The vesicular components are usually concentrated at the poles of
the spindle.



n cr) ubules of the spindle are unbranched hollow cylin-
d _ r n k ; h may reach many microns in length. The microtubules are

variously reported to be 150-220 A in diameter, slightly smaller than
the tubules seen in the shafts of cilia and flagella. The walls of the
m erotubules are electron dense and in cross-section can be seen to be

40-60 A thick. As already mentioned the tubules are inter-mixed
idh other substances due to which the analysis of the substances

going into the composition of microtubules is very difficult. The
analysis however reveals that some proteins are found in abundance.
These proteins thus are believed to represent the structural sub-units
of spindle microtubules. This idea has been supported by the
binding capacities of a chemical called colchicine which is a spindle
inhibitor. Colchicine causes rapid disruption of the spindle apparatus,
but when it is removed, the spindle is quicky restored. Colchicine

u nding appears to be speciifc to 6 S protein units. It has therefore

b: cn suggested that the microtubules of the spindle consist of protein
scab-units which may exist in an assembled (polymerized) or disassem-
bed (monomerpool) state.

The ifnal position of the chromosomes at the mid-point of

the spindle aligning through their centromeres to the microtubule:; is

referred to as the metaphase plate. The appearance of the metaphase
plate comp'.etes ;he establishment of the metaphase.

Anaphase:

Anaphase commences, the moment the two halves i.e., chro-

matids of each metaphase chromosome begin to separate and move

to opposite poles of the spindle. A number of models of chromosome

movement have been formulated. According to these models formu-

l.ted, the microtubules are regarded as the basic motile units, the
chromosome being passive.

The distinctive features of the model formulated by McIntosh

and his colleagues are as follows :

The spindle microtubules have lateral arms which confer

polarity.

(ii) The lateral arms serve both structural and mechano-

chemical roles and form across bridges between the spindle
microtubules.
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it is also assumed that the intertubular links serve to bend the

orma!ly straight microtubules into the curved paths of the spindle.

Anti-parallel tubules can interact so that they slide over one another.
This moans that the lateral arms contain enzymes which are capable

of releasing chemical energy from ATP and converting part of it
into mechanical work.

The process of chromosomal movements is explained with the

help of a diagram (See ifg. 11.5).

Pole

i' 2

12 ;

Pole

Fig. 11.5 The McIntosh model of mitosis pertaining to the

nature of chromosome movement during anaphase.

In order to explain the nature of chromosome movement, a

minimum number of three microtubules are shown in the diagram.

1-I' and 3-3' are polarized continuous interpolar tubules, while 2 re-

presents the half spindle microtubule extending from one pole to the
centromere of chromatid. During anaphase, microtubules that lie
anti-parallel slide on one another i.e., 1-1' slides on 3-3' in opposite
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directions. In addition to this, the length of both the half spindle

fibres (2) and continuous ifbres 1-'1 and 3-'3 decreases by the dis-
assembly of microtubular sub-units. The half spindle ifbres along
with their chromatids attached to them by centromeres, are moved

towards the poles while the continuous ifbres slide in the direction of
opposite pole. Relative sliding of anti-parallel tubules then continues
until a point of self-termination is reached when there are too few
bridges left to move the tubules any further.

Anti-parallel sliding of the continuous fibres, the movement of

the half spindle fibres towards the poles coupled with the shortening
of the tubules by the disassembly of their sub-units, are the events

responsible for the movements of the chromosomes towa,dsthe opposite

poles.

In the ifnal phase of anaphase the chromosomes approach their

respective poles but do not quite reach the poles of the spindle.

It should however be remembered that the McIntosh model

does not offer a really satisfactory explanation regarding the move-

rnents of the chromosomes. Whether the spindle ifbres pull the
chromosomes to the poles or the chromosomes are put in motion by

some other agency are the questions which are not yet properly
answered.

Telophase :

There is no clear cut stage of demarcation from anaphase

to telophase. Telophase, the ifnal stage in mitosis is marked by the

aggregation of the two groups of chromosomes into masses of chro-

inatin in the neighbourhood of the poles. These chromatin masses

which subsequently form the two daughter nuclei, become surrounded

by discontinuous segments of the nuclear envelope. The segments of
the nuclear envelope progres3ively fuse until the chromatin mass is

completely separated from the cytoplasm.

With the reconstruction of the nuclear envelope, the chro-
matin mass becomes diffuse and the nucleus takes on the typical

interphase aspect. As the nucleus takes shape, the nucleolus is
reorganized on sites of the chromosomcs known the nuclcolar

Oi'gQi?1?'Pr (Cf, l1 it I i,



Most of the rnierotuoules of the spindle disappear from tile;

cytoplasm during telophase. In cells containing centrioles, the aster

remains after the completion of telophase. In addition to this some

short lengths of microtubules also persist at the former mid-point of
the spindle. These persistent microtubules contribute to the divi,ioo

of the cytoplasm in the subsequent cytokinesis.

Cytokinesis :

Nuclear division (Karyokinesis) need not be followed iniui--

diately by cytoplasmic cleavage. It may not follow at all whent
a multinucleate condition results. This occurs as a regular feature

in the development of vertebrate skeletal muscle and in the :form Lion
of the liver in some mammals.

In most cells, however, mitosis and cytokinesis take place in
close sequence. The division of the cytoplasm is usually initiates

during mitotic anaphase after the movement of the chromosomes to

the poles. In animal cells, a furrow appears in the plasma membrane

and gradually deepens by contractile mechanism, until the daughter
cells are completely separated. The furrow follows a plane through
the former mid-point of the spindle, which is distinguished by short

lengths of the microtubules which persist in this region. The micro-
tubules are intimately involved in the division of cytoplasm or

cytokinesis.

The Duration of Mitosis:

The time required for the completion of mitosis may vary froiu

as little as 5-10 minutes (in the early development of the Drosophila
embryo) to several hours. Average values range between 30 minute

and 2-3 hours. The prophase is the longest stage in mitosis. Telo-
phase is next longest. Metaphase and anaphase usually require the
least time for completion.

The Significance of Mitosis:

The functional signiif :.lace of replication and mites is is the
production of two daughter nuclei, each with genetic capacity equiva-
lent to the original parent nucleus. Mitosis is a distributive mechan
ism basic to all higher organisms. The cell division also involves
the assimilation of materials from the outside, their transformation
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throui:h breakdown, and synthesis into new cellular parts. Cell
division guarantees a continuous succession of similarly endowed
cells, the absence of which may lead to chaos. The division of cells

however accompanied by the usual growth, brings fresh substance
into the cell, which prevents effectively, aging and gives to the cell

a potential immortality. In multicellular organisms, cell division
provides added cells, among which division of labour can take place.

Viewed from this angle, the cell division th reiore is also a first step

towards cell differentiation.

Meiosis

J. B. Farmer and J. E. Moore termed th.s special form of nuc-

lcar d '-ision Maiosis (Gk. Meioun; to diminish). This term was

later changed to Meiosis. It essentially comprises two cell divisions

and results in four nuclei, each of which has a single set (Haploid
numbzr) of chromosomes. The two divisions in meiosis are referred

to as first and second meiotic divisions or simply divisions I and 11.

Meiosis occurs only in germ cells of sexually reproducing animals
and plants. In male animals it occurs during the spermatogenesis to
form spermatozoa and in females during oogenesis to produce ova or
eggs. These sperms and ova, due to meiotic division receive a hapioid

number of chromosomes. The haploid number of chromosomes in

gametes is essential, as, when theisperm nucleus fuses with the nucleus

of the ovum in fertilization, the zygote receives a diploid number of

chromosomes. The diploid number of chromosomes or the zygotic

number of chromosomes is constantly maintained in the somatic

cells during mitosis.

The details of meiotic division are now given. The successive

stages in meiosis are as follows

Pre;neiotic Interphase

The cells destined to undergo meiosis are the product of

cH;nary mitotic divisions. At some point following a DNA repli-
cation, the gametic cells enter a meiotic rather than mitotic sequence,
Replication of chromosomes takes place during premeiotic inter-
phase In contrast to mitosis, this replication is extended over

longer periods of time. The first irreversible changes directing
cells towards meiosis may take place early in G2. The nature of this
cltan un!-nnwn, ut the shifting mechanism probably represents
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the activity of one or more genes controlling the di.vis.ion cycle.

Cells in premeiotic interphase are similar in morphology to prc-
mitotic cells except that late in interphase the nuclei of premeiotie
cells enlarge. The details of meiotic division I are given. below.

Meiotic Division I:

The ifrst meiotic division is marked by a prolonged prophase l

during which homologous chromosomes pair (i. e., the maternal and
paternal sets of chromosomes or partner chromosomes) closely, and
interchange hereditary material. The following phases may be observed
during prolonged prophase I of the first meiotic division.

Prophase I

Meiotic prophase for the sake of convenience is divided into

ifve stages i. e. (i) Leptotene (or leptonema), (ii) Zygotene (or

zygonema), (iii) Pachytene (or pachynema), (iv) Diplotene (or

diplonema) and (v) Diakinesis.

(i) Leptotene (leptos=ifne or thin) is marked by the ifrst
appearance of chromosomes as extended faint threads in the nucleus.
The chromatids have bead-like swellings, called chromomeres which

are probably formed by localized differences in the degree of coiling
of the chromatin ifbres. Chromomeres were once thought to represent

the genes.

As leptotene progresses, there occurs the condensation of
chromosomes with further shortening and thickening of the chromo-
some arms. Each chromosome consists of two chromatids as the

replication has already taken place. This division into chromatids
is not visible and each leptotene chromosome appears to be a sine
unit under a light microscope. In many animals, at this stage,

peculiar arrangement of the chromosomes is noted in which the end:=
of the chromosomes are attached to the nuclear envelope at poin
near the centrioles which at this stage are still contained in a singly;

aster. The remainder of the chromosome extends as a loop into the
nucleoplasm.

(Ii) Zygotene (Zygon, yolk, adjoining). The zygotene phase is
marked by the pairing between the homologous chromosomes. The

two chromosomes of a pair, called homologues (partner chromosomes)
have the same genes in the same order along the chromosomes
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Fig. 11.6 A diagram representing stages in meiosis illustrating

union, separation and distribution of the chromosomes
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in a inear arru:y, but the alternate forms af the genes ( .1Ieles)
may be present in either homologue. The homologues are brought
together by an unknown mechanism and begin to pair closely at one

or more points. In animals in which the ends of the chromosomes

are attached to the nuclear envelope, pairing is often initiated at

these terminal regions. Once contact is made, pairing extends in

zipper like fashion along the chromosomes until the homologues are
closely aligned in a precise chromomere-by-chromomere association.

The two homologues remain separated by a 0.15 to 0.2 micron space
which is hardly visible in the light microscope. In this space between

the homologous chromosomes a structure called synaptinemal complex
is observed in thin sections of zygotene-pachytene chromosomes. The

synaptinemal complex visible only under an electron microscope, is
in some manner related to close pairing and combination of alleles

during meiotic prophase.

In animals in which the terminal regions of the chromosomes

are attached to the nuclear envelope at the point near the aster, the

pairing of homologues apparently reduces the number of loops to one

half of the leptotene number. Thee loops which are now doub'e due

to pairing extend from the nuclear envelope into the r,ucleoplasm in

a striking pattern resembling that of a `bouquet.' This conifguration

of chromosomal loops is often referred to as the `Bouquet stage.'

(iii) Pachytene (pachus=thick). The pachytene phase com-

mence at the completion of the pairing of homologous chromosomes.

Leptotene and zygotene take usually a few hours to complete. In

contrast, pachytene may last for days, weeks or even years. Dur ng

pachytene homologous chromosomes remain closely paired and b--
come progressively shorter and thicker as con lensation continues

Attachment of the ends of the chromosomes to the nuclear envelore

(where such attachments are present), may persist throughout pachy-
tene.

The pachytene chromosomes are referred to as bivalents or

tetrads. The term bivalent is used when the paired structure is
considered at the level of chromosomes. This relfects the fact that

the homologues are paired by twos to form the pachytene conifgu-
ration. When the paired structures are considered at the level of

.hrdmatids we use the term tetrads. As mentioned, each homologue

;ists of two chrcmyitids which are products & the premeiotic
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replica-tson. The two paired homologues thus with their correspond-
ing double chromatids will give a total of four chromatids, hence
referred to as the tetrads. This is shown diagrammatically in ifg. 11.7.
li should however be remembered that the sub-division of the homo-

logous chromosomes is not visible under the light microscope at

pachynema.

Tv'c cr,r:

T',vo chrornatids C'
of oo.nolog

f

Cen.romeres a5y

of horno!og I
j I

\ / // -. C^ trc\ r
o` mlc., i

'H
Pole of

, ndle

Tetrad

Frg. 11.7 Diagrammatic representation of the tetrad at metaphase I
of first meiotic division showing the orientation and spindle ifbre

connections of the centromeres

It has been shown by various methods that the chromatids of

homologous chromosome pairs exchange segments or recombine

during pachytene. However, no evidence of cross overs or exchanges
netween the homologues can be seen at this stage in either the light
c>r electron microscopes. This suggests that the exchange of segments
or recombinations are at the molecular level hence at the pachytene
stage no alterations are visible in the arrangement of chromosomes.

(iv) Diplotene : The end of pachytene and the beginning of

diplotene stage is marked by a widening of the separation between

tha paired chromosomes. Snmetim:s the separation is to the extent
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that the homologues seem to repel each other. The sub-division
between the chromatids becomes visible for the ifrst time. At diplo-

tene, all the four chromatids of the tetrad become clearly visible.

The homologues instead of separating completely are held

together at one or more points spaced along the chromosomes. On
close examination, these persistent regions of contact prove to be
points at which two of the four chromatids of the tetrad cross bet-

ween the homologues. These crossing sites are called chiasmata

(Singular : chiasma = cross piece). The chiasmata undoubtedly

represent the end result of exchanges (recombinations) between the
homologues that occured previously during pachytene. The number
and position of the chiasmata is variable in different individuals.
There is however normally at least one chiasma per tetrad, which
is shown in ifgure 11.8.
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I u
III IV

Recombination

(Zygotene pachytene)
b

II

Leptotene
Configuration

Fig. 11.8 The diagrams representing the presumed mechanism

accounting for recombination during meiotic prophase 1

Meiotic cells can remain in diplotene for long periods of time.
For example, in the human female the oocytes in the ovary of the

foetus, reach diplotene stage by iffth month of pre-natal life and
remain arrested in this stage until shortly before ovulation, which
may not take place until 12 to 50 years later. During diplotene the
chromosomes in most species uncoil atleast to some extent. The
uncoiling is correlated with intensive RNA synthesis and growth of
the cell.
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(v) Diakinesis: At the end of diplotene phase, the :hromo-
somes, if uncoiled, return to the tightly coiled state. It is no easy to
determine the transition from diplotene to diakinesis (dia= across).
The chromosomes reach their greatest prophase co:ttractior. in dia-
kinesis. In some cases they become spherical. In mar y species at this

stage the nucleolus disappears, and the tetrads become more or less
evenly distributed throughout the nucleus. With the jrogress of dia-
kinesis, the chiasmata may move toward the ends of the chromosome

arms. This process, referred to as terminalizatfon, continues until

many of the tetrads are held together only at the tip: of the chromo-
somes.

Metaphase I:

Just as in mitosis, the beginn`-ng of metaphase I is marked by
the breakdown of the nuclear envelope. Prior to this, the centrioles

and asters, if present, divide and migrate to points a t opposite sides
of the nucleus. The process of the formation of the spindle 'vhethcr
centrioles are present or not, is the same as in mitosis. With the

formation of the spindle, the tetrads left scattered :n the region of
the cell formerly occupied by ttie 'ucleus, move to the eq::ator or

the mid-point of the spindle. T;tis movement of te:trac' to the

equator is sailed congression, the basis of which is unknown

At the equatorial region of the spindle the certromere o; each
tetrad, get attached to the microtubules of the spindle. The attach-
ment of the centromeres to the microtubules of the sp ndle is made
in a fundamentally different way from the metaphas, of mit psis. As
already mentioned, four cen!r meres are present i the to rad i.e.,

two centromeres are present i.a each homo!cgue. Eventhr_ igh two

centromeres are present in eaci homologue, :i's e'etr o_ mie; cgraphs
;how, that the two c ntromerrs of one homoLgue mike eon:iectior,s

co only one pole of tie spindie and the two centromr s of i;te oth r

homologue make attachments to the spin_']. m,erc-.t+,bule leadirg

to the opposite pole. This rnr'de of atiachnent of cec 'omeres

provides the basis for the segregation of honiologu - into ifferer t

daughter cells after the ifrst meiotic division. The .wo centromer;s

of each homologue thus act as a functional unit at metaphase I of
meiosis.

Z-1-23J
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Anaphase and Telophase I:

As a result of the connections established at metaphase I, the

homologues are separated at anaphase I and move to opposite poles

of the spindle. A. the homo'.ogues separate, any remaining chiasmata

are pulled apart. At th; end of anaphase I, each pole c )ntains on'y

one of the two chromosomes of each he mologous pair. In terms of

chrom somes, the poles now contain the haploid number. Each
chromosome it should be recalled consists of two chromatids. it

should also be remembered that by way of the chiasmata, the segments

were transposed between two of the chromatids o*' each homologue.

As such, when the homologous paternal and maternal chromosomes

separate in anaphase, their composition is different from that of the
originals.

At telophase I of meiosis, the chromosomes may either parti•

ally revert to an interphase condition or may continue directly into

the second division of meiosis without uncoiling. In most organisms

a transitory nuclear envelope is formed around polar masses of
chromosomes during telophase I for atleast a brief period.

Meiotic Division II:

The mechanism of second meiotic division is essentially the

same as in ordinary mitosis with of course two signiifcant differences
i. e., (i) There is no replication of chrom;somea between the ifrst
and second meiotic division end (Ii Tie 1cm s arc present

in the haploid number.

The interphase bet';vecn meiotic ciivisi:)i.s I and it may be very

short or even non-existent. This depends upon the degree of uncoil-
ing of the chromosomes at t lophase I. Likewise, the duration and
extent of prophase II depends on whether signiifcant uncoiling occurs
in telophase I. In these organisms where little or no reversion to
interphase state occurs during telophase I, the chr: mosonies may
pass almost directly from telophase Ito metaphase II.

At the end of prophase II, the nuclear envelopes sur ounding
she two groups of chromosomes separated by the ifrst meiotic division
breakdown (if nuclear envelopes have indeed formed). Ordinarily no
nucleolus appears during interphase or prophase of the second meio-
tic d,v,,,. , case II, two sainJ; s are formed anew in the
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areas corresponding to the two poles of telophase I. The alignment
of chromosomes on these spindles is exactly the same -ts in metaphas
of mitosis. Each chromosome, consisting of two chromatids, attaches

to both the poles of the spindle. As these attach ; ents are made,
the two centromeres of each chromosome, previousl, side-by-side at

tetoph sse I, sep:..rate and rotate lo face he oppc ite pole; of the
spindle.

At anaphase IT, the two cI rDmatid ; of each chromosome ar

separat d and move to opposite poles of the spindle. At the end of
anaphase II, each pole contains the hsploid number of chromosome'.
At telophase II, nuclear envelopes form around the four division
products and the distinct outline of the chromosomes is lost. In

animals, the four products are segregated into separate cells by tht
process of furrowing. The development of these ha. ploid cells int r
functional gametes is termed as gametogenesis which is complex.
The process of gametogenesis varies not only between species but
'so EL:ween males and females of the same species.

Meiosis thus is a mechanism for distributing the hereditary units

(genes) and permitting their random independent recombination. Cros -
fi g over during meiosis provides a means whereby the genes of differcrr
hromosomes can he brought together and recombined. If th,. proce
f crossing over did not take place, the evolution of the specie;

would be suspended by unalterabie chromosomes and or*ani.sms
void l not exhibit characteristic diversity•

The knowledge of the process of meiosis is a pre-requ si'e fo.
the a iderstanding of the chromosomal basis of heredity.

The stages in meiosis descried, are i sted he ow n their
ucce: live orOer.

Meiotic Division I

Prophase I (a) Proleptotene

(Prolonged) (h) Lept tene

(c) Zygotene

(d) Pachytene

(e) Diplotene

(f)) Diakinesls.
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Prometaphase I

Metaphase I

Anaphase I

Telophase I
Cytokinesis.

lnterphase (Interkliiesis).

Meiotic Division II

Prophase II

Metaphase II

Anaphase II

Telophase II
Cytokinesis

Revision questions

1. Describe in detail the process of mitosis and the signi-
ifcance of cell division.

2. Give an account of meiosis and discuss its s gniifcance.

3. Write notes on the following:

(a) Cell cycle.

(b) Tetrads.

(c) Synaptinemal complex.

(d) Structure of the spindlt .



TWO-YEAR INTERMEDIATE EXAMINATION

JUNE, 1971

Part Ill-Sciences

Biological Sciences-Paper II

( Zoology )

Time: 3 hours. Max. Marks: 100

Instructions: 1. Answer any Six questions.

2. Illustrate your answers with well-labelled diagrams
wherever necessary.

3. All questions carry equal marks.

i. (a) Give an account of the structure and reproduction in
Amoeba. OR

Give the general characters of the Phylum protozoa.
Classify with examples.

(b) Write notes on any Two of the following:
1. Autogamy. 2. Osmoregulation.

3. Erythrocytic cycle of Plasmodium.

II. (a) Describe the life history of Liver lfuke.

(b) Describe any two of the following
1. Gravid P,oglottid. 2. Rhabditiform Larva.
3. Parasitic Protozoa.

III. (a) Decribe the alimentary canal of Cockroach with its
associated structures. Add a note on the physiology of

digestion. OR

Describe the organs of excretion.

(b) Explain brielfy any Two of the following:
1. How a male Roundworm differs from a female

Roundworm.

2. How a Coelom differs from a Haemocoel.

3. How asexual reproduction differs from sexual re-

production.

IV. (a) Describe the mouth parts of Cockroach. How they

differ from Mosquito. OR
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Describe with a suitable diagram, the €x:t:rnai t'ctures
and mantle cavity of fresh water muss:].

(h) What are the functions of:
1. Water vascular system. 2. Spermatheca.
2. Clitellum. 4. Gill.

V. (a) Describe how Respiration takes place in frog. OR

Describe the Brain of Frog and functions of vari?us

parts.

(h) Explain any One of the following:

1. Why Frog is considered to be an Amphibian.
2. Why Pigeon is included under class Ayes.
3. How a Quill feather differs from a ifloplume.

VI. (.:) Describe the process of cell division (MiitosI; ). C'R

Give an account of Spermatogenesis.

(b) Comment upon any Two of the following:

1. Cartilage. 2. Striated muscle. 3. Nev cal .

VII (a) Whit is Evolution? Describe the Fossil evidence, OR
Classify Mammalia, giving characters and examples.

( ) Comment upon any Two of the following:

1. Vestigeal organs. 2. Structure of a spermat; zcat..
3. Centrosome.

TWO-'iTAR INrERMEDIATE EXAMINATION

?ECEMBBR, 1971

Part III-Science,

Biological Sciences-Paper II

(Zoology)
Time : 3 hours Max. Marks : 100

Instructions : 1. Answer any Six questions.

2 Illustrate your answers with well labelled dia-
grams wherever necessary.

. For general neatness like clarity of answers, well
labelled diagrams. 4 marks milt be eiv n.
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I. (a) Describe the life history of Amoeba proteus. 6

(b) Write notes on any Two of tie following : 5

I. Endomixis.

2. Characters of ]iv rig orsanisms.
3. Contractile vacuole in Paramoecium.

II. (a) Describe the 'ai ious kinds of cells found in the body-
wall of Hydra,

(b) Describe any Two of the following: 5

1. Budding in Hydra. 2. Scolex of tape worm.
3. External characters of Leech.

1I1. iVa) Give an account of reproductive organs of Cockroach.
OR

Describe the life history of Round worm. 6

(b) Explain any Two of the following: 5
I. Lateral hearts of earthworm.

2. Integumentary nephridia.

3. Blood of Cockroach hay no re;p ratory value.

IV. (a) Giving the General characters of the Phylum arthropoda,

classify giving examples. OR 6

With a neat labelled diagram describe the mantle cavity
of fresh water mu sel.

(b) Describe the functions of: 5
f . Soec mathecae. 3. Al iry muscles. 3. Tube feet.

4. Epithelia. 5. Sebaceous glands.

V. (:i) Describe the circulatory system in Amphioxus. 6

b) Describe any Two of the following: 5

1. Portal circulation. 2. A wing feather.
3. Wheel organ. 4. Skin of Frog.

Vl, (a) Enumerate the general characters of birds (Ayes). 6

(b) Explain the zoological importance of any Two of the

following. 5

1. Sphenodon. 2. Tadpole larva of Frog.
3. Archaeoptetyx.
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VII. (a) Describe Charles Darwin's Natural Selection OR
Describe the process of Mitosis.

(b) Answer any Two of the following
1. DeVries Mutation Theory.

2. Mitochondria. 3. Oogenesis.

TWO- YEAR INTERMEDIATE EXAMINATION

APRIL, 1972

Biological Sciences-Paper II

(Zoology)

Time: 3 hour:. Max. Marks: 70

Instructions: I. Answer any Six questions.

2. Illustrate your answers with well labelled dia-

grams wherever necessary.

3. For clarity of an3wers and general neatries;
d marks are allottec.

I. (a) Describe the structure of Paramoe,ium. OR 6

What a:'e stinging cells? Describe the different kinds

of stinging cells and their tunction3.

(b) Describe any Two of the following : 5
I. Dracunculus medinensis.

2. Body wall of Earthworm.

3. Heart of Cockroach.

II. (a) Give an account of the Excrr+ory System in Earthworm.
6

(h) Exp.ain the following (any Two) : 5

I. Compound eye of Cockroach.

2. Ciliary mode of feedin; in Amphioxus.
3. Oral view of star-ifsh.

III. (a) Describe the digestive system of frog. Add a note on

physiology of digestion. OR 6
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Give an account of the vertebral column of Frog. What are

its uses ?

(b) Write what you know about the following (any Two): 5

1. Poison apparatus of a snake.

2. Larynx of frog. 3. Pituitary.

1V. (a) Give an account of different kinds of feathers of a bird
and their uses.

(b) Write notes on any Two

1. Metatheria. 2. Internal ear of frog
3. Air sacs in a bird.

V. (a) Draw a neat labelled diagram of an animal cell as seen

under an electron microscope. 6

(b) Explain any Two of the following: 5

1. Prophase of meiosis. 2. C.)lumnar epithelium.

3. A neurone (Nerve cell).

VI. (a Explain in detail the theory of Lf marckism in support
f organic evolution. OR G

Explain the monohybrid cross in Drosophila with refer-

cnce to body colour and state how it supports Mendel's
laws of inheritance.

(b) Write notes on any Two : 5

1. Law of independent assortment. 2. Homozygotes.

3. Compatibility of blood groups.

VII. (a) Give the composition of human blood and explain the
mechanism of blood clotting. OR 6

l)eifne an ecosystem. What is the role played by diffe-
rent factors in an ecosystem. Describe the different

regions of a land locked lake.

(b) Write notes on any Two of the following: 5

1. Diaphragm. 2. Heterodont dentition.

3. Mongoloid race.
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TWO-YEAR INTERMEDI'.T'E EXAMINATION

OCTOBER, 1972

Part 1I1--Sciences

Biological Sciences--Paper II

(Zoology)

Time : 3 hours. Max. Marks : 70

Instructions: 1. Answer any Six questions.

2. Illustrate your answer with well labelled diagrams
wherever nece'sary.

3. Fur clarity of answers and general neatness
4 marks are allotted.

I. Exalain =iith a diagran the structure of an animal cell.

Mention the function of each part. OR 11

In what respect animals and plants resemble and differ?

II. Give an account of reproduction in Hydra. 11

III. (a) Describe the process of conjugation in paramoecium. 6

(b) Describe the following (Any two)
I. Respiration in cockroach.

2. Hyoid apparatus of frog.

3. Wuchereria bancrofti.

IV. Describe the internal structure of frog's heart and explain
the course of blood in the clambers of the heart. OR

With an aid of diagram describe the alimentary canal of
cockroach with its a3soeiated structures. Mention the

function of each part. ii

V. (a) Describe the brain of fr' g.

(.b) Explain any two of the following

1. Mantle cavity of pila.

2. Renal portal system in frog.
3. Kinds of feathers in birds.

4. Prototheria.
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VI. Give a1 account of poisonous snakes you have studied
OR 11

Give an account of Meiosis.

VII. (a) Write what you know about Darwin's Natural Selection.

(b) Write notes on any four
1. Ostrich. 2. Mouth parts of Houselfy.

3. Sweat glands. 4. Procoe:lous vertebra.

S. Spbenodon,

TWO-YEAR INTERMEDIATE EXAMINATION

MAY, 1973

Part III-Sciences

Biological Sciences-Paper II

(Zoology)

I'ime : 3 hours. Max. Marks : 71)

Instruct fins : 1. Answer any Five questions.

2. Illustrate your answers with weft labelled diagrams

wherever necessary.

3. All questions carry equal ma l.s.

I. Describe the structure and life. history of Amoeba proteus.

OR

Give an account of the different kinds of cells present in the
body wall of Hydra.

II. ta) Describe the fllc•ii.ug

1. Scolex of Tape worm.

2. Nervous system in Cockroach.

3. External features of Star-ifsh.

(b) Describe the alimentary canal in Earthworm and add
a note on the physiology of digestion.

Hr. Wishthe aid of diagrams, describe the reproductive organs
of Cockroach. OR
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(a) Ciliary mode of feeding in Amphioxi..

(b) Structure, composition and functions of Frog's blood.

IV. With a labelled diagram describe the structure and function

of heart of Frog. OR

Enumerate the general characters of the phylum Arthropoda.

V. (a) Describe any Two of the following:

1. Endomixis. 2. Mntle cavity of pia.

3. Leech (Ext. characters). 4. Tadpole larva of Frog.

(b) Listing out the evidences in favour of the theory of
organic evolution, brielfy explain the palaeontological
evidence.

VI. Give an account of the Nephridial system in Earthworm.
OR

Describe the external characters and life history of Dracun-

culus.

VII. (a) Write short noses on any Three:

1. Germplasm theory 2. Retina of th.• Eye.
3. Pancreas. 4. Clitellum.

(1-) Describe the Mouth-part of a Mosquito you have
studied.

TWO-YEAR INTERMEDIATE EXAMINATION

DECEMBER, 1973

Part III - Sciences

Biological Sciences-Paper II

(Zoo logy)
Time : 3 hours. Max. Marks : 70

Instructions I. Answer any Five questions.

2. Illustrate your anjwers with well labelled diagrams

w erever necessary.

3. All questions carry equal marks.

I. Describe the methods of reproduction in Hydra. OR
Describe the excretory system in Earthworm.
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II. (a) Describe the following
I. Multiple Fission. 2. Compound eye of Cockroach.
3. Mantle cavity of Pila.

(b) Describe the mouth parts of House-flv.
With the aid of 3 diagram describe the circulatory

system in Earthwoi m. OR
Describe the following

1. Buccal cavity f Frog.

2. Excretory organs of Amphioxus.

With labelled diagrams describe Metamorphosis in

Frog's life history. OR

Describe the structure and life history of Wuchereria
hancrofti.

(a) Describe any Two of the following :
! . Male reproductive organs of Cockroach.
2.. General characters of Echincd{.rmata.

3. Shell of Fresh Water Mussel

1. Renal portal system.

(b) Explain the theory of Natua Sol:°c*i y Darwin.

III

IV

tyr

VI. Describe the alimentary carat of Cockr tach and add a

note on digestion. OR

Describe the general characters of the Pylum mollusca.

VII. (al Write short notes on any Three:
1. Lamarck 2. Mende?isai.

3. Quill feathers. 4. Metathena.

(b) List out the general characters of Amphibia.

TWO-YEAR INTERMEDIATE EXAMINATION

MAY, 1974

Part III-Sciences

Biological Sciences-Paper II

(Zoology)
Time : 3 hours. Mix. Marks: 70

Instructions : 1. Answer any Six questions.

2. Illustrate your answer with well labelled diagrams

wherever necessary.
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3. For clarity of answers and gen r, 1 ieatness 4 marks

are allotted

I. (a) D ifn `Conju,ation'. D cribe the process and signi-

ifcance of conjugation in Paramoecium. OR 5

Discuss the general characters of Mollusca.

( ) Write short notes on any Two of the following 6

I. Compound eye of Cockroach.

2. Renal portal system. 3. Columnar epithelium.

II. (a) What do you understand by the term 'Mitosis' ?

Describe the various stages in it. OR 6

Describe in detail the life cycle of Ascaris

(h) Write notes on any Two of the following : 5

1. Pseudopodia 2. Metamerism. 3. Autogamy.

III. (a) Explain in detail the theory of Lamarck in support of
Organic Evolution. OR 5

Describe the various types of cells found in the both-

wall of Hydra.

(b) Write notes on any Two of the following: 6

I. Chloragogen cells. 2, Internal ear of Frog.
3. Monohybrid Cross.

IV. (a) Describe in detail, the reproductive system of Earth-
worm. OR 5

Describe the vertebral column of Frog.

(b) Write notes on any Two of the following: 6
1. Dracunculus 2. Cartilage 3. Endomixis.
4. Mouth parts of Mosquito.

V. (a) Describe in detail the clotting of blood. OR 5
Give an account of anatomical evidence in favour of

Organic Evolution.

(b; Write short notes on any Three of the fol.o.s;n«
1. Scolex. 2. T. S. Artery.

3. Metather t. 4. a; < na± '; n
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VI. (a) What is an Ecosystem? Describe a land locked lake.
OR

Describe in detail the Brain of Frog. 6

(b) Explain any Two of the following: 5

1. Nerve cell. 2. Fossil.

3. DNA (Deoxyribonucleic acid).

VII. (a) Describe in detail the digestive system of Cockroach.
OR

Write an account of the structure of Paramoecium. 5

(b) Write short notes on any Two of the following: 6

1. Cyclosis. 2. Prostate glands.

3. Homology of organs.

TWO-YEAR INTERMEDIATE EXAM IN.1TION

NOVEMBER, 1974

Part 11I--Sciences

Biological Sciences-:Paper I1

(Zoology)

Time : 3 hours. M tx. Marks : 70

Instructions : 1. Answer any Five questions.

2. Illustrate your answers wit well labelled diagrams
wherever necessary.

3. All questions carry equal rn: rks

I. (a) l). scribe in detail the modes of reproduction in
Amoeba. OR 5

Describe the life cycle of Taenia Solium.

(b) Write short notes on any Three of the following: 6

I. Flame cell. 2. Binary ifssion.

3. Atlas vertebra 4. Vestigeal organs.
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II. (a) What do you understand by the term "Binomial
nomenclature". Illustrate with examples. OR 6

Describe in detail the structure and working of the heart
of fro.

(b) Explain any Two of the following : 5
1. T.S. Ascaris. 2. Ovum.

3. Mouth parts of cockroach. 4. Protetheria.

III. (a) Deifne "Organic Evolution". Give embryological evi-
dences in favour of organic evolution. OR 5

Describe in detail the excretory system of frog.

(b) Describe any Two of the following. 6

1. Body wall of Earthworm. 2. Heart of cockroach.

3. Wuchereria.

IV. (a) What is a tissue? What are the primary divisions in
the tissues? Illustrate each type with an example. 6

OR

Describe in detail the locomotion in Hydra.

(b) Write short notes on any Two of the follow ng: 5

I. Nematocyst. 2. Ookinete.

3. T. S. Bone.

V. (a) Give an account of general characters of birds. OR 5
What are Mendel's laws of heredity?

(b) Write notes on any Two of the following: 6
1. Poisonous snakes. 2. Tadpole of Frog

3. Mitochondria.

VI (a) Describe the life cycle of Plasmodium in man. OR 6

Describe the reproduction in Hydra.

(b) Write short notes on any Two of the following : 5
1. Animal cell.

2. Mantle cavity of fresh water mussel.

3. Typical Nephridium.
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VII. (a) Mention the diseases spread in human beings by
mosquito and lfy. OR 6
Describe the external characters of leech.

(b) Write short notes on Two of the following: 5

1. Liver of Frog. 2. Eye of Frog.

3. Squamous epithelium.

TWO-YEAR INTERMEDIATE EXAMINATION

APRIL, 1975

Part III-Sciences

Biological Sciences-Paper II

(Zoology)

Time : 3 hours. Max. Marks : 70

Instructions: 1. Answer any Six questions.

2. Illustrate your answers with well-labelled diagrams

wherever necessary.

3. For clarity of answers and general neatness 4 marks
are allotted.

I. (a) Give an account of the structure of Paramoecium. OR

Write an account of the role of mosquitoes and lfies

in the spread of human diseases. 5

(b) Write short notes on any Two of the following: 6

1. Hermaphrodite. 2. Frog tadpole.
3. Smooth muscle.

'a; Write a brief account of the life-history of Ascaris. OR

Describe in detail the structure of the eye in frog. 6

(b) Write short notes on any Two of the following: 5

I. Trichocyst. 2. Chromosome.

3. Laryngo-tracheal chamber.

= ate and explain Mendel's Laws.
OR

ye anacrcuntoffhc "rea_::
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(b) Write short notes on any Two of the following : 6

I. Salivary glands. 2. Marsupium.

3. Mitonchodria.

IV. (a) Classify Platyhelminthes giving suitable examples. OR
Describe in detail the pectoral girdle of frog. 6

(b) Write short notes on any Two of the following: 5

1. M )uth parts of house lfy. 2. T.S. of Frog spinal cord.

3. H stology of pancreas.

V. (a) Mention the distinguishing features of poisonous and
non-poisonous snakes. 5

OR

Brielfy describe the various tissues in animals.

(b) Write short notes on any Three of the following : 6
1. Contractile vacuole. 2. T. S. of vein.

3. Ornithorhynchus. 4. Centriole.

VI. (a) What is nephridium ? Describe various types of nephridia
in Earthworm. OR 6

Desc-ibe in detail the buccal cavity of Frog.

(b) Explain any Two of the following:

1. Binomial nomenclature. 2. Spermathecae.

3. RNA.

VII. (a) Describe in detail the respiratory system in Cockroach.
OR 6

Give an account of the male and female reproductive
systems in Frog.

(b) Write short notes on any Two of the following : 5

1. Hepatic portal system. 2. Clitellum.

3. Cutaneous respiration.
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TWO-YEAR INTERMEDIATE EXAMINATION

OCTOBER, 1975

Part III-Sciences

Biological Sciences-Paper II

(Zoology)

Max. Marks : 70Time: 3 hours.

Instructions: 1. Answer any Six questions.

2. Illustrate your answers with well labelled diagrams
wherever necessary.

3. For clarity of answers and general neatness
4 marks are allotted.

I. (a) Give an account of the process of locomotion and feed-
ing in Amoeba. OR

Describe the general characters of Annelida.

(b) Write short notes on any Two of the following:

1. Mantle cavity of Pila. 2. Urostyle.

3. Striated muscle.

II. (a) Write an account of the structure of the animal cell.

OR

Give a detailed account of the structure of Taenia

solium.

(b) Write short notes on any Two of the following:

I. Cocoon. 2. T. S. of Hydra.

3. Cloaca of Frog.

III. (a) Brielfy indicate the evidences for organic evolution.

OR

Give a detailed account of locomotion in Hydra.

(b) Write short notes on any Two of the following:

1. Malpighian tubules. 2. Septal nephridium.

3. Eustachian tube.
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IV. (a) Give an account of the general characters of Pisces.

OR

Briefly describe the circulatory system of Earthworm.

(b) Write short notes on any Two of the following

1. Mouth parts of Cockroach.

2. Hyoid apparatus.

3. Cytopharynx.

V. (a) Give a brief account of the principles of classiifcation.

OR

What is metamorphosis? Give an account of meta-

morphosis in Frog.

(b) Write short notes on any Three of the following

1. Metatheria. 2. Histology of intestine.

3. Cytoplasm 4. Cartilage.

V[. (a) Enumerate the general characters of Arthropoda.

OR

Give an account of the main poisonous snakes of India.

(b) Explain any Two of the following:

1. Ring Stage. 2. Mitotic spindle.

3. Ecosystem.

VII. (a) Describe in detail the female reproductive system of
cockroach. OR

Give an account of the structure of heart in Frog.

(b) Write short notes on any Two of the following:

1. T. S. of Earthworm.

2. Multiple ifssion in Amoeba.

3. Analogous organs.
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TWO-YEAR INTERMEDIATE EXAMINATION

MARCH, 1976

Part III-Sciences

Biological Sciences-Paper II

(Zoology)
Max. Marks: 70Time: 3 hours.

Instructions : 1. Answer any Six questions.

2. Illustrate your answers with well-labelled dia-

grams wherever necessary.

3. For clarity of answers and general neatness 4 marks
and allotted.

I. (a) Describe in detail the life-cycle of plasmodium in
mosquito.

OR

Give a detailed account of reproductive system of Taenia
solium. 5

(b) Write short notes on any Three of the following: 6

1. Flame cell. 2. Multiple ifssion.

3. Ornithorhynchus. 4. T. S. of vein.

II. (a) What do you understand by the term "Binomial nomen-

clature"? Expain the same by suitable examples.

OR

Describe in detail the respiratory system in frog. 6

(b) Explain any Two of the following: 5

1. T. S. of Earthworm. 2. Mitosis.

3. Metatheria.

III. (a) Describe in deiail the internal structure of the heari of
frog and circulation of blood in it. OR

Give a detailed account of digestive system of cockroach.
6
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(b) Descr the any Two of the following : 5

1. Urostyle.

2. Mouth parts of Houselfy.
3. T. S. of spinal cord.

IV. (a) What is nephridium ? Describe various types of nephri-
dia found in Earthworm. OR

Give a detailed account of a structure of any diploblastic
animal you have studied. 6

(b) Write short notes on any Two of the following: 5

1. Kidney of frog.
2. Bladderworm.

3. T. S. of Bone.

V. (a) Give an account of general characters of ifshes. OR

What are Mendal's laws of Heredity? 5

(b) Write short notes on any Two of the following: 6

1. Non-poisonous snakes.
2. Locomotion in Amoeba.

3. Buccal cavity of frog.

VI. (a) Write a brief account of the life history of Ascaris.-
OR

What is metamorphosis? How metamorphosis occurs
in frog ? 6

(b) Write short notes on any Two of the following: 5

1. Animal cell.

2. Dorsal view of frog's brain.
3. Endomixis.

VU. (a) Write an account of the role of mosquitoes and lfies in
spreading of human diseases. OR

Describe external characters of leech. 6

(b) Write short notes on any Two of the following 7 5

1. Blood of frog.
2. Castings of Earthworm.
3. Squamous epithelium.
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INTERMEDIATE PUBLIC EXAMINATION

MARCH/APRIL, 1977

Part Ill-Sciences

Biological Sciences-Paper II

( Zoology )

Max. Marks: 70Time: 3 hours.

Instructions : 1. Answer any Six questions.

2• Illustrate your answers with well labelled diagrams
wherever necessary.

3. For clarity of answers and general neatness 4 marks
are allotted.

I. (a) Describe in detail the life cycle of Pla;modium in Man.
OR

Give an account of different types of Epithelial tissues.
6

(b) Explain any Two of the following: 5
1. Metamorphosis. 2. Binomia nomenclature.

3. Homologous organs.

II. (a) Give an account of conjugation in paramoecium.
OR

Describe the external characters of Leech. 6

(b) Write short notes on any Two of the following: 5

1. Meganephridium 2. Cartilage
3. Budding in Hydra.

III. (a) Describe the reproductive organs in Earthworm.

OR

Give an account of the blood vascular system in cock-
roach. 5

(b) Write short notes on any Three of the following: 6

1. Structure of kidney. 2. Mitochondria.
3. Osphradium. 4. Elephantiasis.
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IV. (a) Describe the arterial system in Frog.
OR

Give an account of general characters of Birds. 6

(b) Write short notes on any Two of the following; 5

I. Echidna. 2. Endoplasmic reticulum.

3. Chloragogen cells.

V. (a) Describe mitosis in animals.
OR

What are mutations ? Give an account of Mutation

Theory. 6

(b) Describe any Two of the following: 5

1. Mantle cavity of Fresh Water Mussel.

2. Dihybird. cross. 3. Compound eye.

VI. (a) What are the distinguishing characters of the poisonous
snakes?

Describe the life history of Taeiiia Solium. 5

(b) Write short notes on any Three of the following: 6

1. Pituitary gland 2. Nematocyst.

3. Ecosystem. 4. Contractile vacuole.

VII. (a) Give an account of locomotion and reproduction iii
Amoeba.

OR

What is portal circulation? Give an account of Hepatic
Portal circulation in Frog. 6

(b) Draw and label parts of any Two of the following: 5

1. Mouth parts of Mosquito.

2. Frog brain-Ventral view.

3. Sex organs of Taenia.



377

INTERMEDIATE PUBLIC EXAMINATION

SEPT./OCT., 1977

Part III-Sciences

Biological Sciences-Paper II

(Zoology)

Max. Marks: 70Time: 3 hours.

Instructions: 1. Answer any Six questions.

2. Illustrate your answers with well labelled diagrams

wherever necessary.

3. For clarity of answers and general neatness 4 marks
are allotted.

I. (a) Describe nutrition, locomotion and osmoregulation in
Paramoecium.

OR

Give an account of the muscular tissues. 6

(b) Write short notes on any Two of the following: S
1. Endomixis. 2. Ookinete.

3. Salivary glands.

11. (a) Describe sexual reproduction in Hydra.
OR

Give an account of excretory system in Earthworm. 6

(b) Write short noes on any Two of the following: 5

1. T. S. of Hydra. 2. S'colex.
3. Locomotion in Amoeba.

III. (a) Describe the structure of a generalised animal cell.
OR

Give an account of general characters of Mammalia. 6

(h) Draw and label the parts of any Two of the following:

1. Mouth parts of Houselfy. 2. T.S. of Taenia.

3. Pectoral girdle of Frog. 5
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IV. (a) What is Metamorphosis ? Doscribe metamorphosis in
Frog.

OR

Give an account of the principles of classiifcation. 6

(b) Write short notes on a::y Two of the following : 5

1. Mutation Theory. 2. Ring stage.

3. Holozoic nutrition.

V. (a) Describe the mechanis: n of respiration in Frog.

OR

Give an account of ma a and female reproductive organs
in Cockroach. 6

(b) Write short notes on any Two of the following: 5

1. T. S. of bone. 2. Cobra.

3. Sinus Venosus.

VI. (a) Give an account of Mendel's laws of heredity.

OR

Describe external characters of leech. S

(b) Write short notes on any Three of the following: 6

1. Telophase. 2. Parasites.

3. Pituitary gland. 4. Blood of Frog.

VII. (a) Give an account of embryological and physiological
evidences in support of organic evolution.

OR

Give an account of general characters of Mollusca. 5

(b) Write short notes on any Three of the following: 6

I. Multiple ifssion. 2. Sea snakes,

3. Columnar epithelium. 4. Cloaca.
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INTERMEDIATE PUBLIC EXAMINATION

MARCH/APRIL, 1978
Part III-Sciences

Biological Sciences-Paper II

(Zoology)
Max. Marks: 70Time : 3 hours.

Instructions : I. Answer any Six questions.

2. Illustrate your answers with well labelled diagrams
wherever necessary.

3. For clarity of answers and general neatness
4 marks are allotted.

I. (a) Describe in detail the life cycle of Plasmodium in
Mosquito.

OR

Give an account of binary fission and endomyxis in
Paramoecium. 6

(b) Write short notes on any Two of the following: 5

1. Nematocyst. 2. Analogous organs.

3. Coelenteron.

II. (a) Describe the reproductive system of Taenia Solium.

OR

Give an account of general characters of Pisces. 6

(b) Draw and label the parts of any Two of the following:
5

I. Mouth parts of house-lfy.

2. Pectoral girdle of frog.

3. Mantle cavity of Pila.

III. (a) Describe the different methods of locomotion in Hydra.

OR

Give a brief account of the circulatory system of
earthworm. 5
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(b) Write short notes on t ny Three of the following : 6
1. Holozoic nutrition. 2. Liver.

3. Medulla Oblongata. 4. Binomial nomenclature.

IV. (a) Describe the structure and working of the heart of frog
OR

Give an account of general characters of Reptilia. 6

(b) Write short notes on any Two of the following: 5

1. Copulation in earthworm. 2. Microiflaria.

3. Buccal cavity of Frog.

V. (a) Give an account of Mendel's laws of heredity.

OR

Describe the ultra-structure of an animal cell. 6

(b) Write short notes on any Two of the following: 5

1. Schizogony. 2. Chromosomes.

3. Vestigeal organs.

VI. (a) Describe the structure, locomotion and osmoregulation
in Amoeba.

OR

Give an account of the muscular tissue. 5

(b) Write short notes on any Three of the fallowing : 6

1. Anaphase. 2. Nucleic acids.

3. Laryngotrachea 4. Cartilage.

VII. (a) Describe the digestive system and process of digestion in
Cockroach.

OR

Give an account of Darwinism. 6

(b) Write short notes on any Two of the following : 5

I. Metatheria. 2. S_a snakes

3. Mutation'.
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INTERMEDIATE PWBLIC EXAMINATION

SEPT./OCT., 1978

Part III L. Sciences

Biological Sciences-Paper II

(Zoology)

Time: 3 hours. Max. Marks: 70

Instructions: 1. Answer any Six questions.

2. Illustrate your answers with well labelled diagrams
wherever necessary.

3. For clarity of answers and general neatness 4 marks
are allotted.

I. (a) Describe locomotion and nutrition in Amoeba.

OR

Give an account of eneral characters of Echinodermata.

5

(b) Write short notes on any Three of the following: 6

1. Malpighian tubules. 2. Wucheraria bancrofti.

3. Penial Setae. 4. Telophase.

II. (a) Describe the structure and osmoregulation in Para-
moecinm.

OR

Give an account of the general characters of Metatheria.
6

(b) Draw and label any Two of the following: 5

1. T. S. of Proglottid.
2. Salivary apparatus of cockroach.

3. Mouth parts of Mosquito.

III. (a) Give an account of the various diseases spread by
Mosquito and houselfy.

OR

Describe the male and female reproductive system in
cockroach. 6
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(b) Write short notes on any Two of the following : 5

1. Endomyxis 2. T. S. of ileum

3. Multiple ifssion.

IV. (a) Describe the excretory system in earthworm.
OR

Give an account of the pulmonary respiration in frog. 5

(b) Write short notes on any Two of the following: 6

1. Pelvic girdle of frog. 2. Ookinete.

3. Endoplasmic reticulum.

V. (a) Give an account of the sexual reproduction in Hydra.

OR

Describe the external characters of leech. 5

(b) Write short notes on any Three of the following : 6

1. Ospharadium. 2. Ring stage.

3. Golgi apparatus. 4. Pancreas.

VI, (a) Give a brief account of evidences in support of organic
evolution.

Describe the female urinogenital system in Frog. 6

(b) Write short notes on any Two of the following: 5

1. Mutation theory. 2. Cartilage.

3. Binomial nomenclature.

VII. (a) Give an account of the ultra-structure of an animal cell.

OR

Describe the external characters of freshwater mussel. 6

(b) Write short notes on any Two of the following: 5

1. Sinus Venosus. 2. Interstitial cells.

4. Russell's Viper.
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Preface to the Supplement

Keeping in view the revision of the syllabus in Znolc uy

(Intermediate 1 Year by The Bo?rd of Irtermedi _'.t. Education,
Andhra Pradesh, Hyderabad, certain t)pes e.g., Euglena, Obelia

and the general . characte; : n° starfish introduced, have been incor-

porated in the form of Supplements 1, II and III.

While describing these type examples, the same pattern and
sequence of presentation have been retained that are adopted for
the other types included in the main book, Volume I This will go
as a regular part of Volume I in future editions.

Constructive comments and criticisms on the types described
are most welcome from the teaching profession.

I acknowledge my deep sense of gratitude to the publishers

M/s. Sri Saraswati Book Depot, Hyderabad and particularly to

Sri Lakshmi Narayana, N. C. for his critical editing and also to the

members of the staff, who extended their whole, hearted cc-opera-

tion in bringing out this supplement for the benefit of the students
taking up their examinations in March/April, 1980

Hyderabad

Sankranti, 1980. K R. Saxena
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SUPPLEMENT I

EUGLENA Sp.

(A Flagellate Protozoan)

The unicellular organisms included in the class mastigo-

phora (Gr. mastix = whip -j- phoros = bearing) are characterised by
the presence of one or more long slender flagella (Sing. flagellum)
at some or all the stages of their life cycle. The flagella commonly
serve for locomotion.

Flagellates are usually grouped into two main sub-divisions
often called sub-classes, the Phytomastigia which are plant-like
in their nutrition and the zoomastigia, which are heterotrophicl .

Euglena Sp. is a good example of a plant-like flagellate. The
taxonomic position, habitat and the details of its structure are des-
cribed below

•Euglena Viridis

Phylum Protozoa

Class : Mastigophora
Sub-class : Phytomastigia

Order : Euglenoidida.

Family : Euglenidae
Genus Euglena

Species Euglena viridis

Habitat :

Most euglenoids including Euglena viridis live lin fresh water

habitats, occuring throughout the world in puddles, ditches, ponds,
lakes, streams and rivers. Large populations of euglenoids occur

in waters contaminated by animals or decaying vegetable matter,

often producing green pools in water butts, farm yards, green house

tanks, agricultural drainage channels, dew ponds, visited by cattle.
Marine englenoids are less common, however some species are known
from the open sea, from tidal zones amongst sea weeds and_from

sandy beaches:

1. Organisms unable to synthesise their food from purely inorg&nic
substances.
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Form and Structure

Euglena viridis ranges in size from 35 to 90 / by 1Q to 22 Ji.
It is a fat spindle shaped organism but sometimes cylindrical.
The anterior end is round and the tail tapers to a point. The

superficial surface of the body is surrounded by a distinct pellicle.
Within the cytoplasm lie the chromatophores or chloroplasts 7 to 12
in number. They are long, spear-shaped bodies, star shaped in
arrangement with the centre of the star lying anterior to the

nucleus. The nucleus is post median and is partly obscured by

the chromatophore bands. The Paramylum (Paramylon) bodies in

Small

t or

t

Contractile

U

lcs

Nucle

Fig. 1 Structure of Euglena viridia, a free living $aaellate

(Class Masligopbota)



the shape of small ovals and bricks, are clustered around the chro-
matophoral star centre. They are however also found in other
parts of the cytoplasm. The active flagellum is longer than the body
and is easily discarded or list. The eye-spot or stigma is crimson.
The organism is metabolic (plastic), but not strongly so, and
swims quite rapidly. At the anterior end can be seen a channel
called the gullet continuing into a dilated reservoir, the two together
being flask shaped and are often referred to as gullet reservoir.
Adjacent to the reservoir is found the contractile vacuole. Near the
base of the long flagellum within the reservoir and exactly opposite
to the eye-spot lies a swollen structure called the photo-receptor.

Pellicle and the Euglenoid Movement

Pellicle as stated, surrounds the entire surface of the body.
It is an organized structure of the cell surface. On account of the
structure of the pellicle, the euglennid cell presents a helical (screw)
symmetry which is its diagnostic character.

The electron microscope shows that the pellicle consists

of helically disposed strips which overlap and articulate along their
edges and fuse at both ends of the cell. Running parallel with

each strip of the pellicle is a row of niuciferous bodies t and a

bundle of microtubul3sz. The pellicle, the muciferous bodies and a
bundle of microtubules form therefore a complex which lies internal

to the plasma membrane and thus is a part of the living cell and is
in no way homologous with a plant cell wall. Pellicle may consist of

a material which may be a protein of the fibrous elastic group. In
Euglena viridis which is highly mobile the pellicle in very thin but
it is thicker in less plastic forms.

The pellicle is firm and strong, as well as sufficiently flexible
and elastic, due to which the body exhibits occasionally considerable
and characteristic changes of form. These changes in form consists
of the contraction of one part of the body and the dilatation of

another and are referred to as euglenoid movements. Such type of

1. Mucilage producing bodies; peripheral vesicles of Endoplasmic
reticulum (See Vol. I. page 288; Vth Edition, 1978)

2. Ultra microscopic components of eukaryotic cells apparently
concerned with cell movement within cells, and for cell support.

(See Vol. I, page 302, 304, Vth Edition, 1978.)
(2)



movement encountered by other protozoan organisms are also
referred to as euglenoid movements.

As regards the eacact mechanism of euglenoid movement it can
be said that there is a certain amount of relative movement between

adjacent strips of p,GIlicle, presumably by the ridge of on strip
sliding in the groove of the next. A possible function of the

muciferous bodies is the supply of mucilage to the grooves as
lubricant. How acttiatlly the euglenoid movement occurs is still an

enigma. The molecular organization of the pellicular strip is such
that it makes it flexible and plastic but not contractile. There is
also no evidence that microtubules are contractile. The old

microscopist's references to the presence of myonemes and `muscle
fibres' in euglenoids is erroneous. 'The helical structures alleged

to be found in myone es and muscle fibres, are nothing but the lines
of overlap of the pelli ular strips. Under these findings one can say

that euglenoid movemE zt is merely an expression of cytoplasmic flow
(itself an unexplained phenomenon) within the conifnes of an elastic
pellicle which continually recovers to a definite shape.

Gullet-Reservoir:

At the anterior end of the cell the pellicular strips curve and
fuse to form, a canal called the gullet. The pellicular material

terminates at the base of the gullet. The gullet in certain near

Figment snot or
/ Eye snotDorsal side

Blepharoplasts

V

Fig;, 2 Euglena sp.-Anterior end



relatives of Euglena serves for intake of food particles and is then
referred to as cytopharynx. In Euglena, however, the gullet is in
name only as no intake of food particles occurs through the gullet.

The gullet continues, behind in the form of a dilated structure
the pyriform chamber, the so called reservoir. The reservoir is lined
by cell membranes and microtubules only. This is a feature• sig-
nificant for osmo-regulation and pinocytosist. This process of
pinocytosis could serve in both nutrition and chemoreception i. e ,
a sounding out of environment by 'tasting it'. It should however
be noted that green euglenoids do not digest particulate food and
the phagotrophic2 colourless species have a cytostome independent
of the reservoir.

The gullet and the reservoir are collectively referred to as

gullet reservoir.

Eye-spot, Pigment-spot or Stigma

At one side of the reservoir, termed for the sake of conveni-

ence the dorsal side is a prominent crimson eye-spot, pigment-spot

or stigma ensheathing the neck of the reservoir. Green euglenoids

and a few colourless ones have an orange red e a spot. The spot
contains B-carotene derivatives and other carotenoid pigments.

Unlike all other plant cells the eye-spot in euglenoids is not a
specialised region of chloroplast.

Photoreceptor:

As stated, photoreceptor is a lateral swelling near the base of

the main flagellum within the reservoir lying exactly opposite to the

eye-spot. All euglenoid species with an eye-spot possess this photo-

receptor. The photoreceptor possibly contains lactoflavin as a
sensitizer. The eye-spot acts as a screen and shades the sensitizer

intermittently as the swimming cell rotates. On account of this, the
organism is thus able to judge both the intensity and direction of

the source of illumination and will swim away from bright light

1. `Micro-drinking' ; uptake of large molecules by membrane

invagination at the cell surface. (See also Vol. I, page-286 Vth
Edition, 1978).

2. Phagotrophic organism or phagotroph is one that ingests solid
food.



(negative phototaxis) and from darkness towards dim light

(positive phototaxis)-.

Flagella

From the inner side of the ventral wall of the gullet, arises a

long flagellum on the root of which lies the photoreceptor already

described. A second short flagellum is also present close to it. The
flagella originate from the basal bodies also termed as basal granules,.
kinetosomes and blepharoplasts at the bottom of the reservoir.

(Cf. page 18, 19-Vol. I. Vth edition, 1978). The diameter of the
locomotory flagella is. increased by a rod of material which runs

along the axis to one side of the `9+2' configuration of micro-

tubules characteristic of flagella and cilia in all eukaryotic

organisms (Cf. page-18 & 19, Vol. 1, Vth edition, 1978.)

In all eu lenoids, a unilateral row of fine hairs (2-3 rcnz long)
are found on the emergent flagella along with extensive accessory

material in the form of helically disposed shorter hairs and fibrous

bands. The long flagellar hairs trail passively during swimming but
will increase the viscous drag of the flagellum and hence its effici-

ency of propulsion.

Contractile Vacuole and Osmo-regulation

In common with any naked cell in fresh water, the euglenoid
flagellates continually take in water by osmosis. To counteract

this, the contractile vacuole actively pumps water out of the cell

against the osmotic gradient. A large contractile vacuole lies nra r

the ventral wall of the reservoir into which it discharges the excess

water, when it collapses. Before the large vacuole collapses, smaller
vacuoles can be seen near to it and these run together to form the

next functional contractile vacuole after the collapse' of the earlier

one. This processes is repeated again and again thereby excess

water is discharged into the reservoir via its cell membrane and the ..;

solutes are retained in the cytoplasm. The contractile vacuole ,4'L
thus is an osmoregulatory device as is seen in other fresh water'
protozoa like Amoeba and Paramoecium. _ i.

The Nucleus :

The interphase nucleus in euglenoids lies in the cents ..'
posterior half of the cell. It contains one or more. e1'..̀.



•(nucleoli that persist during mitosis.). The chromosomes are per-
manently condensed and the nucleus is enveloped by a double
nuclear membrane.

A rather different investigation of the nuclei of euglenoids is the prese-

nce of the living populations of bacteria. Some strains of Etrglena, Strombonas,
Trachelomonas have 20-200 bacteria per nucleus. The bacteria multiply to

keep pace with cell division. There is no evidence that the euglenoids benefit
from or are harmed by the association. The bacteria obviously derive their

food from the euglenoid host and thus have found safe ecological niche for
themselves. The bacterial population is shared out between daughter nuclei

at mitosis (during which the nuclear envelope remains intact). The attempts
to transfer the endonuclear bacteria to 'un-infected' euglenoids have been
unsuccessful.

Chromatophores or Chloroplasts :

The disposition and the number of chloroplasts are described

earlier. Euglenoid chloroplasts show considerable morphological
diversity which is an important feature in the determination of

species in.several genera.

The internal structure of chloroplasts is similar to the

chloroplasts of most algal cells. A membranous envelope encloses

a lamellar system, a granular matrix and fat globules. Chlorophyll
is situated on the lamellar membranes and the enzymes of photo-
synthesis are shared between the lamellae and the matrix.

Plastids of Euglena gracilis (and presumably other euglenoids)
contain chlorophyll a and b, B carotene, antheroxanthin, neoxanthin

and small amounts of other carotenoids and quinones. These

pigments are similar to those in higher plants whereas most other

algae lack chlorophyll b. About 14 lamellae are found in a chloro-

plast

Studies reveal that within the chloroplasts a minor compon-

ent of D N A is localized. This plastidral D N A differs in base

composition from nuclear D N A and may be involved in the

synthesis of chloroplast materials. There is also a specific R N A in

Euglena plastids and it is possible that this contains specific infor-
mation for synthesis of plastidial protein.

Paramylon or Paramylum Bodies

Paramyium bodies are the carbohydrate storage products of
euglenoids,, the disposition of which in the cell i already described.
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Unlike starch grains in higher plants, paramylon is formed outside

the chloroplast. Paramylon is the carbohydrate reserve of both the

colourless and green euglenoids. The material of the paramylon is

significantly different chemically from the various starches formed

as reserve polysaccharides in green algae and higher plants (and

also in red and blue green algae). This material can be differen-
tiated from starch on the basis that it is not stained by iodine.
The starches are all «-1 : 4- linked glucans.

Paramylon is a utilizable reserve. An enzyme paramylase exists in
euglenoid cells to hydrolyse paramylon, This has, however not been isolated

but enzyme preparations from the stomach glands of various mollusc preda-

tors of euglenoid flagellates digest paramylon completely.

Pyrenoids

Paramylon-sheathed pyrenoids are characteristic of certain
species of Euglena, Trachelomonas and Colacium. They are very

small, dense, colourless bodies associated with chloroplasts. They
are not easily distinguishable and are difficult to observe. They

may be located deeply within or partly exposed at the surface
of the chioroplasts. They are frequently covered with a sheath of
carbohydrate-usually a starch. These bodies are believed to be the

centres of carbohydrate production but some organisms which
produce starch have no discernible pyrenoids. The occurrence of
pyrenoid in Euglena vfrfdfs is questionable.

Locomotion

Euglena can crawl by spiral movements of the cell body.

At times it performs worm-like 'Euglenoid movements' by.
local expansions and contractions that suggests peristalsis in a
vertebrate's intestine. The details of euglenoid movements have
already been discussed. Euglenoids move by means of swimming.

Fig. 3 Euglena-Successive positions of the organisms taken up during the
forward locomotion through one complete gyration and rotation . .
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Euglena can swim fairly rapidly 3-6 bnm per minute. The swimming
is brought by the lashing of the flagellum. In most of the genera with
only one emergent flagellum, such as Euglena, Astasia, Trachelomonas,
Phacus, Rhabdomonas and Menoidium, the flagellum is .continually
mobile from base to tip and is held either infront of the swimming
cell like a spinning lasso or laterally. Similarly, mobile flagella are
found in forms with two emergent flagella such as Eutreptia and

Distigma. In all these examples, swimming is rapid and rather
jerky, with cell gyrating about its long axis. The anterior end of
the cell traces a wider circle than the posterior. It has therefore
been thought that the cell acts as a rotating inclined plane or pro-
peller, screwing itself forwards through the water.

Unfortunately the above neat hypothesis is disproved by
modern hydrodynamic studies which demonstrate that cell rotation

in Euglena is so slow that it cannot cause the observed swimming
rate. On the contrary, it is thought that the forward component of

the flagellar thrust is sufficient on its own to push or pull the cell
through the water.

Nutrition

Nutrition is varied in euglenoids. It is their distinctive
feature. There are certain forms which are photosynthetic,
saprophytic' and phagotrophic2. There are some species with an
ability to switch from one mode of nutrition to another: All

green euglenoids studied so far are Auxotrophic3, needing the supply
of at least one vitamin for phototrophfc4 existence and some can
grow heterotrophica11y5 in the dark if supplied with suitable organic
carbon sources. Colourless euglenoids are obligate heterotrophs,
either obtaining their nutrients in soluble form (osmotrophs6) or

ingesting particulate food (phagotrophs).

1. Obtaining nourishment by absorption of preformed organic
matter.

2. Organism that ingests solid food.
3. Organism capable of growth in a medium devoid of complex

organic nutrient, but needing at least one vitamin or other

specific substance.

4. Organism capable of growth by photosynthesis.
5. Growth only in a medium containing a complex organic carbon

source.

6. Organism that absorbs nutrients in soluble form only.
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Euglena viridis contains chloroplasts. It can thus synthesise
carbohydrates from carbon dioxide and water like any ordinary

green plant. It's nutrition may be referred to as holophytic.

In nature many green euglenoid flagellates probably combine
phototrophyt with osmotrophic heterotrophy as is indicated by the
preference of some species for water's rich in decaying organic
matter. This should however be noted that no green species is

phagotrophic. The experiments on some green euglenoids which
are facultative heterotrophs indicate that they thrive on acetates,

simple organic acids and alcohols. Sugars are apparently less used.
Under suitable conditions, however, Astasia longa and Euglena

gracilis can efficiently metabolize glucose. Euglena gracilis is
auxotrophic. This is demonstrated by the fact that these organisms

show an absolute requirement of cobalamin (Vitamin B12) and many
also need thiamin (Vitamin B1). It is on account of this ability,

Euglena gracilis is used in hospital laboratories as an organism to
assess the presence of cobalamin, lack of which causes pernicious
anaemia2 in man.

The nutritional requirements of normally phagotrophic spe-

cies are more complex. A culture medium developed for Peranema

trichophorum contains plant and animal sterols, thiamin, cobalamin
and riboflavin, nucleic acid constituents, linoleic, oleic and stearic

acids, lysine, glycine, asparagine and glutamic acid and methyl cel-
lulos as a particulate component. A number of phagotrophic
genera such as Peranema, Heteronema and Entosiphon ingest through I
a permanent cytosome, with skeletal rods or tubes, actively parti-
cipating in the capture and intake o£ food particles and living prey.
Other phagotrophs such as Notosolenus, do not possess a special
ingestion organelle.

Respiration and Excretion :
ti

During respiration oxygen diffuses into the cytoplasm
F

through the pellicle and carbon dioxide outwards. However, when

the organism is actively performing photosynthesis, intake of oxygen

1. Organisms cai%abL of growth by photosynthesis.

2. Pernicious anaemia results front the inability of the bone marrow "
to produce norm ii red cells because of the deprivation of an, ".
Intrinsic factor called Cyanocobatamin (Vitamin B15). ,, ,, '
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is masked by the intake of carbon dioxide and the out put of oxygen
is to be observed.

The excretory products that a►e produced also diffuse out
of the cell surface.

Behaviour of Euglenoids :

Euglena, like other protozoans gives an `avoiding reac(ion' to
unpleasant stimuli. The most noticeable thing in the behaviour of
euglenoids is their reaction to light. When a large container of
euglenas is placed so that a part of it is shaded, a part subjected to
intense sunlight, and a part subjected to moderate light, the
organisms will collect in the latter region. As stated the eye-spot
is knows to play an important part in this reaction. In general the
reactions of eualenas are adaptive, that is, they move away from
harmful stimuli and concentrate towards benefical stimuli.

When Euglena is treated with streptomycin or certain other
antibiotics, antihistamines or ultra-violet irradiation, the chloro-
plasts disappear. Cultures of such colourless forms have been
obtained.

A major area of research involves the experimental `bleach-
inK" of Euglena gracilis. If cultures are grown at 32°C.-35°C; cell
division continues but chloroplast division is inhibited and cells
with no chlor oplasts are soon produced. These cells can be isolated
and grown into permanently colourless races which never regain or

reform chloroplasts. They resemble the naturally occuring
Astasia longa, besides providing a support to the suggestion that

colourless euglenoid genera are derived from green ones.

Reproduction

Sexual reproduction appears to be lacking in all euglenoids.

The only mode of asexual reproduction is by longitudinal
binary ifssion. Prior to fission the organism ceases to swim about

and encloses itself in an envelope of mucilage. The flagellum is
withdrawn. The nucleus divides by mitosis and then the cytoplasm
divides lengthwise. The cleavage begins at the anterior end of the

cell. The cleavage line progresses helically backwards between

daughter reservoirs and nuclei until two daughter cells are formed.
(3)
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Partition of organelles is usually equal but on occasion one cell may

receive all or most of the chloroplasts, or both daughter nuclei.

The anucleate cell swims and behaves normally but cannot divide

and eventually dies.

Euglenoid mitosis differs from classical mitosis in persistence and

division of the endosome and the retention of the nuclear envelope as well as
the absence of centromeres. Several of the structural features indicate the

absence of mitotic spindle of a type found in most plant and animal mitoses
and this corroborated by the lack of effection euglenoid mitosis of colchicine
and other spindle inhibitors.

Fig. 4 Longitudinal binary fission-Various stages

It is. postulated that euglenoid mitosis represents a stage in the
evolution of classical mitosis, a stage in which centromeric attachment of
chromosomes to the spindle has not yet developed and the dividing chromo-

somes are not exposed to the cytoplasm by break-down of the nuclear
envelope.
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The life cycle of euglenoids involves both an active or

trophic phase during which the organism moves about and an encys-
ted phase in which the organism is rounded up with a . protective
cyst membrane surrounding it. The cyst is composed of a special
carbohydrate, yellowish-brown in colour. Asexual reproduction
by cell division occurs in both the active and encysted stages. It is
generally considered that some unfavourable condition or condi-
tions in the environment induce encystment. With the return of

favourable conditions the encysted organisms come out of their

cysts and become active again.

The Position of the Euglenoids

Euglenoid flagellates especially Euglena (probably first seen
by the first microscopist, Leeuwenhoek in about 1575) its colourless

equivalent, Astasia, and the voracious phagotroph, Peranema have

been studied intensively for many years. The green genus Euglena

is important both as the classic `plant animal' of biological teaching
and as a key organism in research on photosynthesis, chloroplast
structure and physiology of nucleic acids, nutrition, respiration,
lipid metabolism, photoreception and flagellar activity.. Euglena is

definitely an "in between" type of o ganism. It has green chloro-
plasts but no cellulose cell wall; astaxonthin, a pigment found in the

eye-spot is definitely an animal carotenoid.

The pigmented forms of euglenoids which swim by lashing
flagella are kept at the base of the plant and animal kingdom.
These are the phytofagellates i.e., the only organisms that photo-
synthesise like plants but are classified by zoologists among the
animals.

Recent protozoological classification divide the phyto8agella-
tes into many orders and some of these including the euglenoids

(order Euglenoidida) contain colourless forms that are clearly
related to the pigmented ones and are supposed to have lost their

chloroplasts secondarily.

In botanical classification the euglenoids appear within the

algae as the class Euglenophyceae (or Phylum Euglenophyta) and

separated from the other algal classes on some criteria.
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Most workers are agreed that primitive green flagellates gave

rise in'evolution to the green algae and through them to the other

higher plants. They also gave rise to the animal like flagellates

and through them to the rest of the animal kingdom. Bssed on this

assumption, the Flagellates or Mastieophores are divided into

two major divisions comprising plant flagellates or Phytomastigia

(to which englenoids belong) and animal flagellates or (Zoomasfigia).

Revision questions

1. Describe the structure and habitats of Euglena Sp.

2. Give a general account of the various modes of nutritic'n
in euglenoids with suitable examples.

3. Describe the mode of locomotion in Euglena Sp.

4. Describe the process of longitudinal binary fission in
Euglena Sp. Mention in brief the salient features ^.f
euglenoid mitosis.

5. Discuss the position of euglenoids in animal kingdom
with appropriate examples.

6. Write notes on the following.

(a) Contractile vacuole and Osmo-regulation in
Euglena.

(b) Chromatophores (c) Photoreceptor.

(d) Paramylon granules (e) Pyrenoids

(f) Euglenoid movement.



SUPPLEMENT 1.1

OBELIA Sp.

(A Colonial Hydrozoan)

Obelia is a marine ro?onial hydrozoan, commonly called a

Zoophyte (Or animal plant) on account of the planr-like appearance

of its colony.

The taxonomic position of Ohelia sp, is as follows

Phylum : Cn:daria (Coelenterata)

Class : Hydrozoa

Order : Hydroida

Sub-order : Laptomedusae (Thecata)

Genus : Obelia

Species : Obalia geniculata.

The phylum cnidaria inelu:les thus. forms which possess cnideblact

(nematocysts). The class Hydrozoa comprises the fresh water polyps,
zoophytes and a few coral-like hydrozoans. The order hydroida includes
those hydrozoans in which there is a fixed zoophyte stage snd in which the
sense organs are exclusively eetodermal. The sub-order Leptomedusae

(Thecata) includes those hydroida in which hydro and gonothecae are pre-
sent. The medusa bear the gonads in connection with the radial canals and

usually have either lithocysts or eye spots.

Habitat:

Obelia is a common zoophyte, marine in bab!tat. The colony

of Obelia sp. occurs as a delicate whitish or hzli: brown, almost

fur-like growth on sea weeds attached usually to the fronds of

laminar(a or the wooden piers.

General Structure

The general structure of the colony is better seen under a

low pawermicroseope. The colony consE is oc :t common stem on
which are found numerous zooids i.e., the members or the indi-
viduals of the colony that are interconnected and perform specific
functions for the entire colony. The stem is divided into tWo



18

parts-(i) the horizontal portion or creeping stem called the hydro-
rhiza by means of which the colony is anchored to the substrate

r constriction of

perisarc

Mcdusa bud

Gonotheca

Blastostyle

-1Hydrocaulus
or

Vertical stem

Fig. 1 Obelia colony
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(ii) The vertical or upright portion of the stem called the hydrocaulus.
From thr hydrocauU' arise short lateral branches in an alternate
manner. These lateral branches bear at their terminal ends, the

zooids. In many cases, the branches end in simple club-like dilations

representing immature zooids.

Three types of zooids are found in the colony. (i) Hydranths

or polyps, (ii) Blastostyles and (iii) the medusae (singular : Medusa)
which are budded off from the blastostyles and are set free in the

surrounding water as free swimming reproductive zooids of the

colony.

The structures of the three types of zooids are discussed below.

Hydranth or Polyps:

Each hydranth or polyp consists' of a cylindrical, hollow

body joined to the common stem by its proximal end. It is pro-

duced at its distal end into a conical elevation, the manubrium.

At the free end of the manubrium is the aperture of the mouth,
and the conical part of the manubrium below the mouth is called

the hypostome which is about one-third the total length of the

zooid. From about the base of the hypostome where it joins the
rest of the body twenty four tentacles arise in the form of a circlet.

Both the body and the manubrium contain a spacious cavity called
the enteron or coelenteron which commuunicates to the outside by the
mouth and towards the inner side with the main coelenteric.cavit y

of the stem. The mouth is capable of dilation and contraction and

the manubrium accordingly appears either conical or trumpet shaped.
Under favourable conditons, small organisms may be seen to be

caught by tentacles and carried towards the mouth to be swallowed.

Since the polyp or hydranth is concerned with the process of

obtaining food, it is also referred to as feeding or nutritive or gastric
zooid of the colony.

The body wall of each hydranth is built up of ectoderm,
mesogloea and endoderm which lines the coelenteron. The tentacles

are solid since the endoderm in them does not enclose an extension

of the enteron, but forms a solid core of vacuolated cells. The

hydroliza, and hydrocaulus i.e., the creeping and vertical parts of the
stem also consist of ectoderm, mesogloea and endoderm enclosing
the coelenteron. The wall of the stem with the above cellular;*
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is called the coenosarc. The coenosarc thus is hollow, its tubular

cavity being continuous with cavities of the polyps and contains a
fluid in which flickering movements of the cilia may be observed.

The entire colony is ensheathed in a cuticular secretion (stat-

ed to be a form of chitin) of the ectodermal cells called the perisarc.
The perisasc is not in contact with the ectoderm but is separated
from it by a space, except at occasional places where the ectodermal
cells extend to meet it. The tubular perisarc dilates at the end of
each branch bearing a hydranth and forms an investment called the
I ydrotheca. It is shaped like a vase or wine glass and is perfectly
transparent and colourless. The distal end of each hydrotheca is
open; hence the hydranth can be protruded or retracted into the
hydrotheca. Between each hydrotheca and stem, the perisarc has

f1 Mouth

Tentacle HYpostome

• `y Solid core of
endoderm cells

or •(:astrodermis
Coelcnteron

iVlcsogloca - "

Ectoderm

Hydrotheca - C
Shelf t ( - Annular constriction of

c4 j f perisare
Fig. 2 L. S. I4ydranth. -Obelta colony
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annular constrictions and also there is usally one in the main stem

itself just below the base of each zooid. At interior side of each
hydrotheca near its base is present a ring-like shelf on which rests
the base of the hydranth.

If the polyp is irritated by a touch or by an application of an

irritating chemical substance, it undergoes a marked contraction.
It suddenly withdraws more or less completely into hydrotheca and

the tentacles become greatly shortened and curve over the manu-
brium.

Yerisarc

The transparent outer layer of the stem or perisarc has only a
delicate lamination without a cell structure. It is a cuticular struc-

ture formed layer by layer as secretion of the ectodermal cells.

It is composed of a substance of chitinoid or horn-like consistency

and acts as a protective external skeleton. When first formed, it
is of course in contact with the ectoderm but when t1 a full thick-

ness is attained, the ectoderm retreats from it, and the connection

is maintained only at irregular interv,.?s by ectodermal cells. The

hydrothecae and gonothecae (ensheathing the blastostyles) are the
cuticular products of the ectoderm of polyp and blastostyles res-

pectively.

Ectoderm or Epidermis:

The ectoderm or epidermis is in the form of a column zr

epithelium. It is mainly composed of epithelio-muscular cells.
They are basically columnar with elongated tails which extend out
parallel to one another and are attached to the meso loea. The

tails contain myonemes and are thus the functional muscles of the
polyps. Between the bodies of epidermal cells there occur clumps
of small rounded interstitial cells and occasional large branched

nerve cells. The nerve cells are arranged in a non-polarisxd synaptic

net-work throughout the interstitial spaces of the epidermis.
Nerve cell processes have not been noted to cross through the meso-

gloea to the gastrodermis (endoderm cells lining the enteron).
Other cell types in the epidermal cells are the sensory cells which
are in synaptic con aet with the nerve cells. There are goblet shaped
gland cells also which are generally full of granular secretion pro-
ducts. The muscular tails of the epithelio-muscular cells of the walls
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of tentacles, manubrium and polyps are arranged longitudinally.
By their contraction, shortenings of the tentacles, manubrium and

Fig. 3 Epitbelio-muscular epidermal cells

polyp occur. Found embedded in certain of the epidermal cells are
numerous ovoid bodies called the stinging capsules or nematocyts.
The nematocysts are developed from an interstitial cell which forms
a cnidoblast which when ap-
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seize and ingest minute particles of the partly digested food. As in
many protozoa, the pseudopodia may be drawn in and long flagella
may be protruded. The lashing of flagella causes a constant move-
ment of the food particles in the enteron. Among the large endo-
derm cells are found narrow cells within highly granular proto-

plasm. There are gland cells which secrete a digestive juice. In
the manubrium and body of the polyp a layer of gastrodermal
epithelio-muscular cells is found which is oriented transversely and
thus antagonises the longitudinal muscles. These epithelia-muscu lar

cells by their transverse direction are responsible for the contraction

of enteric cavity. In the tentacles, the endoderm consists of a single

row of short cylindrical cells almost cubical in longitudinal section.
Their protopl ism is highly vacuolated and the cell walls are so

thick that these cells may by considered as forming a sort of inter-
nal skeleton to the tentacles.

Blastostyles

Blastosyles are special elongated zooids without mouth and

tentacles. They arise as buds in the axils of soms of the lower hy-
dranths and have the form

of a narrow tube closed at

the distal end. The blasto-

style, like hydranth is also

enclosed in a special vase-

like portion of the per-- 6
sarc called the gonoiheca.

Each blastostyle gives rise vel"m:.to numerous lateral buds.

The medusae when

fully developed are set

free and escape to the
surrounding water by the
rupture of the gonotheca
at its distal end.

Medusae : .

The medusaein the

young condition are mere

hollow offshoots of the
Fig. 5 Diagram showing the development

of medusa from a blastostyle
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blastostyles. When fully developed, they look like saucers attached
by the middle of convex surface to the blastostyle (See Fig 5).

Ft

Fig 6 (A) Medusa oral aspect (B) A fully developed medusa

(C) The same with reverse umbrella

The structure of a fully developed medusa which escapes from
the blastostyles is as follows.

A fully developed free swimming medusa is bell-shaped or

saucer-shaped or umbrella-like, concave on one side and convex on
the other side. The convex outer surface of the bell or umbrella

by which the zooid was originally attached to the blastostyle is
distinguished as the ex-umbrella, and the concave inner surface as
the sub-umbrella. From the centre of the sub-umbrella a short pro-

jection called the manubrium hangs. The manubrium of the medusa
corresponds to the handle of the umbrella. At the apex of the
manubrium is the opening of the mouth which is four sided. The
mouth leads into an enteric cavity which occupies the whole interior
of the manubrium with a dilated base. The dilated base of the

enteric cavity sends off four delicate tubes-tbe radial canals, which
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pass at equal distances from each other through the substance of
the umbrella to its margin. At the margin of the bell the four radial
canals open into a circular canal, running parallel and close to
the margin. By means of this system of radial and circular canals,
the food, taken in at the mouth and digested in the manubrium
is distributed to the entire medusa.
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Fig. 7 Left: Matured medusa sv:imming with averted umbrella
Right : One-quarter of the same with oral aspect

The edge of the umbreita is produced into a very narrow fold
or shelf called the velum. From the marg n of the bell are also

given off the tentacles which are sixteen ir, number in the newly
formed medusa but are numerous in the m ure medusa. At.the

bases of eight of the tentacles two in each quadrant are minute

globular sacs called the marginal sense organs or Ifthocysts.

Internal Structure of Medusa

The manubrium of the medusa consists of exactly the same

layers as are found in the hydranth--ectoderm, mesogloea and
endoderm. The ectoderm is continued on to the suh-umbrella, and

then round the margin of the bell on to the ex-umbre!la so that both
surfaces of the bell are covered with the ectodermal layer referred
to conveniently as sub-umbrellas and ex-umbrellar ectoderms. The

base of the enteric cavity along wi:h the radial and circular canals
is lined by the endoderm. In the portions of the bell between the
radial canals there is found between the outer and inner layers of

epidermis; a thin continuous sheet of endoderm called the endoderm
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lamella. The endoderm lamella thus stretches between the adjacent
radial canals, the circular canal and the enteric cavity.

t.itbocyst

Radial canal

canal

Sub-umbrellar ectoderm
Velum.

Fig. 8 Dissection of a medusa with more than one-quarter of the umbrella
and the manubrium cutaway (Diagrammatic) to show the internal structure.

The velum consists of a double layer of ectoderm and a mid-
dle one of mesogloea without extension of endoderm. The tentacles

like those of the hydranth, are formed of a core of endoderm covered

by ectoderm. The ectodermal cells of the tentacles are abundantly

supplied with stinging capsules. Each tentacle of the bell has some-
what swollen base. These swellings are due to the accumulation of
interstitial cells which are however absent from the other regions
of the ectoderm. These accumulations of the interstitial cells which

are the reservior cells from which the cnidoblasts are produced as

they are constantly used up by the tentacles. Sometimes at the bases.
of the tentacles are found pigment granules. They have however no
visual function. They are in all probability the accumulation of

excretory matter. The medusa is well equipped with contractile
elements which are almost entirely confined to the lower surface of
the bell.

Nervous System :.

The nerve cells and their fibres in the medusa are especially

concentrated around the margin of the bell to form double nerve
ring. The presence of this double nerve ring is associated with the
development of receptor organs at the bases of tentacles called
the lfthocysts.
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Sense Organs (Receptors)

As described earlier, at the base of eight of the tentacles two

in each quadrant are found the lithocysts on the sub=umbrellar
surface,.just inside the margin of the bell. Each lithocyst is a small
fluid filled ectodermal sac containing a particle of calcium carbonate
secreted by a single large cell. The wall of the sac is composed of

an epithetial layer which in one region on the side nearest to the

Endoderm core

Ectoderm

Circular canal Tentacular
Tentacle Swelling
Base

Nerve ring 11

Endoderm Ncrvc ring 1 ensc cell
Lamella Statoliith

Flg. 9 L. S. passing through the base of an ad-radial
tentacle with sense organ

margin of the bell, is sensory and its cells bear fine photoplasmic
processes which arch over the particle of calcium carbonate. The

sac is called lithocyst, .stawcyst or marginal vesicle whilst the par-
ticle is a stt tolith. The lithocysts are the receptor organs concerned
with the detection of the changes in the orientation of the medusa

and keep the bell in horinzontal position in water. The statocysts

are also helpful in encouraging the swimming movements of the
medusa. The statocysts thus play a part in reinforcing the rhythe-

mical impulses originating in the nervous system and controlling
the swimming movements of the bell.

Swimming Movements of Medusa

The medusa swims through the water by alternately opening
and closing the bell in much the same pay that the umbrella is
opened and shut. Shutting is caused by contraction of the ecto-

dermal muscle tails, the wave of contraction spreading from the
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sub-umbrellar surface, where the contractile elements are best

developNd and not occuring as all on the upper surface except at its
sides. Open ng of the bell is l nought about chiefly by the elastic

mesogloea regaining its shape and partly by contraction of the
muscle tails in the middle of the upper. surface.

Very cemmonly as the medusa is swimming, the umbrella
becomes turned inside out, the sub-umbrella then forming the con-
vex surFa e an9 t'ze cn viubr ium springing from its apex. This
phenomenon however is unusual.

Polyp and Medusa--A Comparison:

There appears to be an apparent striking difference between

a polyp and a medusa. It should however be noted that inspite of
apparent differences the polyps and medusae are strictly homologous
structures. The medusa can readily be derived from a simple polyp

form. It is clear that the apex of the umbrella corresponds with the

base of a hydranth, being the part by which the zooid in each case

is attach' d to the parent stem (See Fig. 10).

T'Fe mouth and the manubrium are also homologous.structu-
res. In order to illustrate the homologies between the structure o: a

polyp and medusa, let us suppose that the tentacular region of the
polyp is pulled out as it were into a disc-like form and later to be
bent into the form of a saucer with the concavity distal, that is
towards the manubrium. The result of 'his would be a medusa-like

body with a double wall to the entire bell, the narrow space between

the two layers with a prolongation of coelenteron lined with endo-

derm. From such a form the actual conditions of things present

in the medusa would be produced by a continuous cavity in the bell

being for the most part obliterated by the growing together of its
walls so as to form the endoderm lamella. The coelenteric cavity

thus would remain only along four meridional areas, the radial
canals, and as a circular area, the circular canal close to the edge of
the bell.

The polyp and medusa are both radially symmetrical. It can

however be noted that the increase in complexity cf medusa is
accompanied by a differentiation of the structures lying along
certain radii.
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Fig. 10 The derivation of the medusa

from the polyp-Illustrated diagrammatically

1, Ectoderm 2. Endoderm 3. Mesagloea 4. Enteric cavity 5. Mouth
G. Hypostome 7. Manubrium 8. Endoderm lamella 9. Radial canal

10. Circular canal 11. Velum 12. Nerve ring (A) Longitudinal section

(A') Transverse section (along the line ab) (B) Polyp form with extended
teittacular region (C) Vertical section (C') Transverse section (along the

line ab) of form svith tentacular region extended in the form of a bell

(D) Vertical section (D`j Transverse section (along the line ab) of medusa.

The ectoderm is dotted, the endoderm striated and the mesagloea black.
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If a polyp is projected on a plane surface taken at right angles
to the long axis, a large number of radii (about 24) can be drawn

from the centre outwards, all passing through similar parts i. e.,

along the axis of a tentacle and through similar portions of the
body and manubrium In the case of medusa however the situation

is different. The presence of four radial canals distinguishes the four

principal radii called the Per radii. Half way between every. two per-
radii, a radius of the second order or inter radius may be visuali-

sed. Halfway between any per radius and the inter radius on either

side, a radius of the third order or ad radius may be obtained. Like-
wise halfway between any ad radius and the adiacent per radius or
inter radius, a radius of the fourth order called the sub-radius

occurs Thus, according to this there are four per radii, four inter
radii, eight ad radii and sixteen sub radii are found. In the case of

obelia medusa, the radial canals, the angles of the mouth and
the four of the tentacles lie in perradial plane, four more tentacles

are inter radial and the remaining eight tentacles bearing the

lithocysts, are adradial. The subiadii in the case of the medusa of

obelia are of no importance as no particular structures are found

in this plane.

Reproduction:

The gametes arc found in the regions of the medusa called
the gonads which are four in number in the form of ovoid bodies.

Each gonad hangs at egial distances from the sub-umbrella in
immediate relation with the radial canal and therefore perradial in
position. Each gonad consists of an outer layer of epidermis con-
tinous with that of sub-umbrella and an inner layer of endoderm,
continuous with that of the radial canals with a prolongation of the.
radial canal. There is also lying between the epidermis and the
endoderm an intermediate mass of cells which have become differen-

tiated into ova or sperms. As each medusa bears organs of one sex

only (testes or ovaries as the case may be), the individual medusa as
such are dioecious. The germ cells in the early development of the
medusa have been traced in the blastostyles. They originate in the
ectoderm of the manubrium and later migrate to the endoderm and
then to the gonad where before maturity they leave the endoderm
and lie between the ectoderm of the sub-umbrellar surface and the

mesogloea. When ripe, they burst through the ectoderm into the
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Radius

RadiiuS
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Per-radius

Act-radius

n Lithocvst
Inter-radius / / /

Sub-radius Gonad

'Ad•radius '••

Angle of the inouth U niouth

B

Fig. 11 Polyps-(A) Medusa (B) Pcojec;ed to show the various orders of radii
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sea where fertilization and development takes place after which the
medusae die.

Development :

• When the gonads are ripe, the sperms of the male medusae

are discharged into the water and carried by currents to the females

where they fertilise the ova. The fertilised egg--the zygote under-
goes complete clevage and is converted into an ovoidal body called

the Planula (GH). The planula cons+sts of an outer layer of ciliated
ectoderm cells and an inner mass of endoderm cells in which a space

n

r

y.

Fig. 12 Stages in the development of two zoophytes
(A-H) Laomedea; (I-L) Eduendriuni allied to Obelia

arises as a rudiment of, the coelenteron. The planula swims freely

for a time (H) then settles down on a piece of timber or sea-weed,

fixes itself by one (J) end, and become converted into a hydrula

(KL) or Polyp with a disc of attachment at its proximal end, and at
its dilated end a manubrium with a circlet of tentacles. Very soon
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the hydrula sends out lateral buds and by the repeated process of
budding becomes ultimately converted into the colony of obelia. It
should be noted that the plenula is polarised with one end usually
forward in locomotion. It is this end, the anterior, which attaches
to the substrate.

Life History

The life history of Obelia, can be considered as an example of
alternation of generations or Metagenesis. The colony of obelia is
sexless, having no gonads, and developing only by the asexual

process of budding. Certain buds of obelia colony e. g., medu.ae
develop gonads and from their fertilised eggs new obleia colonies
arise. This gives an alternation of asexual generation in the obelia
colony, with a sexual generation in medusa. The word generation
as used here may be disturbing to the student since the life cycle of
obelia with egg, sperm, zygote, planula, hydroid, sexually mature

medusa represents one generation in the ordinary sense. Some
hydrozoans have perennial hydroids which sexually release the sexual
phase, the medusa. Commonly the hydroid stage lives longer and
is more persistent than the rather evanescent sexual adult. In
obelia there is in fact no true alternation between the sexual and

asexual generations. The sex cells carried in the gonads of medusa
do not actually arise there but may be observed in various stages of

maturity in the ectoderm of the blastostyles and it is only at,a later
stage the gametes m grate into the medusa and take up their posi-
tions on the gonads situated on the radial canals. One, cannot as
such differentiate very clearly between sexual and asexual generations
in the life cycle of obelia. The life cycle of Obelia is rather a

particular example of polymorphism which, as has been stated, above
involves the setting aside of some zooids (hydranths) for feeding
the colony, some blastostyles for budding o$' a third motile type of

zooids, the medusae. The obelia thus is a good example of a iri-
morphic colony with hydranths, blastostyles and medusae as three
forms of zooids.

The function of the free swimming medusae is to carry away

the gametes from the parent colony and may as such effect dispersal
and prevent overcrowding of the species. It should however be
remembered that there is always an enormous wastage of medusae
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and gametes for the chances of the eggs being fertilised are slight.

Most planulae also perish before reaching the stages at which they
can settle and metamorphose and those that do so may not find
themselves in a condition in which the hydroids can survive. So the

role of free swimming zooid-,the medusa is difficult to assess. The

generally acceptfd idea that a free swimming phase in the life his-
tory of marine animals to ensure dispersal is also doubtful in most
instances.

Revision questions

I. Describe the structure and functions of the polyp of
Obelia colony.

2. Give an account of the mesuda of Obelia colony and
discuss its role in the life history of Obelia

3. Define the terms "Trimorfic colony" and ` Metagenesis".

Explain the same with reference to the life history of
Obelia.

4. Compare and contrast the structure of polyp and mesuda.
Are they homologous? If so, how can a mesuda be

derived from a polyp.

5. Write short notes on the following:

(a) Blastostyle (b) Lithocysts

(c) Endoderm lamella and velum (d) Nemoto yst.



SUPPLEMENT III

ECHINODERMATA

(The spiny skinned animals)

The animals included in Phylum Echinodermata have a rough

outer covering with projections or spines, hence the name of the
group Echinodermata (Gk. Echinos=spine; derma=covering). All
echinoderms are marine and their body is radially symmetrical.
The larvae of echinoderms are however bilaterally symmetrical.
The body of echinoderms is not segmented. There is no head. The

phylum includes five distinct groups of animals commonly referred

to as Star fishes, Brittle stars, Sea-urchins, Sea-cucumbers and Feather
stars. Sea-urchins have a globular body. Sea-cucumbers are elongat-

ed ; the rest as the name suggests have star-shaped bodies.

The most familiar example of Echinoderms is the starfish,
as such the external characters of it are described below.

Starfish - Asterias rubens

There is no resemblance of a starfish to a fish. It should

rather be referred to as a "Sea Star" from its shape but the name

starfish has gained wide usage.

Habitat: The starfishes are mostly found around sea coasts

especially on rocky shores. They live from the tide lines to consider-

atile depths on sand and mud. They are highly predacious, feed
upon molluscs, crustaceans, worms and other invertebrates. Star-

fishes are very harmful to the pearl industry as they feed on oysters.

Structure : There are a little over 1000 species of starfishes
which differ in certain details. There are found, however, many

similarities in the structure of the various types of starfishes.

Asterias rubens is a common starfish often seen in shore pools.

Pentaceros (which is now included in the genus Oreaster) is found
commonly in the Indo-Pacific ocean and around the West Indies.

It is also found in the Bay of Bengal and the Arabian Sea.
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The body of a starfish consists of a central disc from which

radiate usually five arms or rays. Some species have a larger
number of arms- The axes of the arms are termed radii and the

spaces between Clem on the disc as inter-radii. The mouth lies in
the centre of the flat surface of the central disc. This forms the
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Fig 1 Starfish (Asterias rubens) (A) Aboral surface
(B) Oral surface

under surface or the oral surface of the Jody on account of the

presence of the mouth. In the natural position of the living animal

the oral end is always directed downwards. The anus lies on the

upper convex surface of the central disc. It is called the aboral

surface and is always directed upwards in the natural position of
the animal.

Oral surface : There is a five rayed aperture called the • ..
actinostome in the centre of the oral surface. This encloses .thc ;.q.

mouth. From the actinostome arises an ambulacral groove, whieh ..",,`
extends along the entire length of each arm in the middle of it"
There are thus five ambulacral grooves corresponding to the number=_
of arms. The ambulacral grooves on each side are bordered:by,tao ;;""
or three rows of movable calcareous ambulacral spines. On each `
side of the ambulacral groove is also found a row of• slender"ytdbe
feet or podia. The term ambulacral groove is derived from a5L'atin
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word meaning a "walk." The double row of the tube feet lining
the groove reminded someone probably of a flower lined garden
walk', hence the name ambulacral groove. Tube feet are in the
form of hollow finger shaped processes provided with suckers at
their end. The tube feet can be distended and are attached to the

substratum. They are locomotory organs. The movable row of
calcareous spines can be brought together to close the ambulacral
groove, protecting • thereby the tube feet when the animal is
attacked.

The tip of each arm bears a small soft tactile tentacle and a
red light sensitive eye-spot. The tactile tentacle is olfactory in
function.

Aboral surface: The convex aboral surface is studded with
numerous irregularly arranged short stout spines. Large spines are
found on the margins of the arms. The spines are supported by

jaws

dermal

branchiae
or

papullae

pedicellaria

muscles

snobulaeral spine

Fig. 2 Starfish-(A) Small portion of the surface of a starfish
showing ambulacral spines, papulae (Skin gills) and

pedieellariae (B) A single pedicellaria

irregularly arranged ossicles embedded in the integument. Between
the spines .are found a number of filiform processes called the
dermal branchiae or napulae. Their cavities are continuous with
the coelom. They are retractile and are helpful in respiration and
excretion. The papulae are restricted to the aboral surface only.
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On the abaral surface, besides the anus, there is also found a flat,
circular plate situated between the bases of the two of the rays. This
is called the madreporite or sieve plate. The surface of the madrepo-
rite is marked by a number of radiating, narrow, straight or slightly
wavy grooves. The madreporite communicates internally with a

S-shaped canal surrounded by hard calcareous rings. It is there-
fore, called the stone canal. The two rays between which the mad-
reporite lies are termed the bivium, and the three remaining rays
are referred to as the trivium.

On both the oral and aboral surfaces of the body are also

situated the pedicellariae. They are found near the papulae and
around • the spines. Each pedicellaria is provided with two jaws

and works like a forcep. The pedicellariae keep the surface of the
animal free of organisms, debris, etc, and are helpful in catching

the food. The entire body is covered by ciliated epidermis. Beneath
the epidermis lies the mesoderm. It produces a framework of vari-
ous hard plates called the ossicles. The ossicles have definite sha-

pes and are arranged in regular pattern. The different ossicles are

cemented together by connective tissue and are joined by muscle
fibres. These ossicles in starfish, as they lie embedded in the skin
form a sort of end®skeleton. It differs from the exo-skeleton of Arth-

ropods which lies outside the body. You have studied in cockroach

that the tergal and the sternal plates are found at the external sur-

face of the body.

Locomotion: In starfish, locomotion takes place by means of
a kind of hydraulic-pressure mechanism, known as water vascular
system. This system is a unique feature to Echinoderms. Water

enters this system through madreporite, from where it is drawn
under a ciliary action into the stone canal. The water from the

stone canal passes into a ring canal which encircles the central disc.
From the ring canal originate five radial canals, one for each arm.
The radial canals, by numerous short branches are connected with

many pairs of tube •feet. The tube feet as described are hollow,

thin walled cylinders ending in suckers. Each tube foot is further

connected with an ampulla. As mentioned above, the water, via
madreporite, stone canal, ring canal and the radial canal and its

branches reaches finally into thr ampuliae.
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When the ampulla contracts, the water is forced under pres-

sure into the tube foot. This causes the tube foot to extend and as
such it attaches to the substratum by its sucker, In the next step,

Fig. 3 Starfish-Water vascular system

as the muscles of the tube foot contract, it becomes short and for-

ces the water back into the ampulla. This results in drawing the
animal forward. Since there are hundreds of tube feet in a starfish,

the combined simultaneous action of all the rube fret, enab'es a
starfish to move slowly over tb ocean floor. The tube feet can only
work in the manner described above vhen the animal is moving
over a rock or some kind of herd substratum. Starfishes move

rather slowly. On the soft sand or mud the suckers are however of

little use and tube feet act as little legs. In some starfishes the
ends of the tube feet have no suckers.

Revision questions

1. Describe in detail the external characters of a starfish.

2. What is the significance of the water vascular system in
starfish in the process of locomotion ?

3. Write short notes on the following:

(a) Pedicellaria (b) Madreporite
(c) Dermal branchiae or papulae


