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1.8 S�\ çq �⁄ spec�A Ofthe Chssimttm Of�ß �n�˚ �q ��KingdOm
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1.1 0BJECTIVES

ThisUnit is about rvhat Zoology is, its imputarpe, its hisory and its various branches. It also gives
the Ptilrciples of animal classification and systematics.

By the end of this Unit you will have

. known historical account of Zoology. metliods and purpose of study
�E  acquire an overall understanding Of the classirlcadon and nomenclature of animals.

1.2 MRODUCTIoN

1.3 HISToRICAL ACCOUNT OF Z00LOGY

�a�ü �� �h �…�í �Ô �–�Ł [�x �å ���å
�� �r �r ª� �î
�ò  �k Ł÷
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�ˆ

�g
�¡�i b

�{ �Ø �E�Ü �`�| ll�Ò �Ô
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of Zoology' was the great Greek scientist Aristoth (384=322 B.C). He not, only carried out
extensive work on the plants, reproduction of animals, development of the chick but also wro0e nine
volumes on animal structure and habits entitled 'Histoma animalium. The Romans were the next
o make significant comibution o different aspects of this facinating, subject. The importance of
the work of the Greeks and the Romans was so $eat that most of the teams in vogue nox, have their
origin either from the Greek or the Latin langu4ge.

After the Renaissance in Europe along with the dawn of Science, Tnlogy attractEd many great

souls. Willhm Harvey, Robert Hooke, Lceuwenhoelg Linnaeus, Schleiden, Schwann, Bernard,
Darvin, Wallace, Pasteur, Mendel, Krogh and Hyman are a few giants of Zoology who have

made indelible imprressions on .the Hisory of Zoology by their discoveries, theories, laws and

inference.

1�B4 DIWERENT BRANCHES OF Z00LOGY

Different aspects of zoology are sudied under different sub-divisions. The major bramhes of
zoology have been lisrcd below:

l. Morphotogy (Gr. Morphe: form; logos, to snrdy):- The study of the external structure.

2. Anatomy Gr. ana: up;tomn: cut):- The strldy of the intemal strucnrre by means of dissection.

3. Histology (Gr. hisrcs: dssue):- The study of the microqcopic structure of tissue.

4. Cytology (Gr. kyos: hollow):- The snrdy of stnrcnres and functions within cells.

5. Physiologr (Gr. physid: nature):- The snrdy of the functions of organs and sytrems.

6. Taxonomy (Gr. taxis anangemenq nomes: Iaw):- The stgdy of classifrcation.

7. Ecology (Gr. oikos: house):- The study of the relationship between the animals and their

environmenL
g. Embryologr (Gr. en: in; bryo: swell):- The study of growth and development of an individual

within theegg.
g. zoogeography (Gr.zoon: animal;8e: earth; graphein: to wrie):- The study of.thq

distribution of animals.

10. Pathology (Gr. phaOs: suffering):- The sflrdy of the nature' symptoms and causes of disease'

11. Evolution (L.e: ouq volvo: roll): The shrdy of the origin and differentiation of animal life'

12. Palaeontotogy (Gr. palaois: ancient; ong being):- The study of past life by means of fossils or

animal remains.

Genetics (Gr. genasis: origin):- The study of transmission of characters from parent o
offspring.

Parasitology (Gr. pare beside; sios: food):- The study of parasites'

Osteologr:- fire science of tho study of bones'

Endocrinology (Gr. endon: within; krineln: to separate):- The stgdy of ductless glands and

their secretions, the hormones.

13.

t4.
15.

16.

In addition to the above mentioned main branches of zoology there are some special branches

*tJtt n"rt been mentioned below:

1. Protozoology (Gr. probs: firsq zoon: animal):- The study pf one'celled animals' the

Protozo&

2. Hetminthology (Gr. helmins: worm):- The study of parasitic wonns'

3.Phyto.nematology(Gr.phyon:planBnema:thread):-firesnrdyofplant-nematodes.
4. ' 

Entomology (Or. Lntemon: insect):- The study of insects'

5. Ichthyology (Gr. ichthys: fish):- The study of fishes'

6. Herpetology (Gr. herpoin: o creep):- Thie study of amphibians and re'ptiles'

7. Ornihotogy (Gr. Ornis: bird)r The study of birds'

8. Mammology (Gr. mamma breast):- The study of Mammals'

g. ,A,picutture:- The cultivation of honey bees'
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1lr J�⁄ �� iculh�� :�] The vuldlatiOn ofFdes      �]       �]  i
12. Poultry:�] The cultivation of fowls.

1.4�¡ SemOcommåNtter�â |        ’_=  :                  �¡

WIBile studying s��

�g

turesiand fmctions of an animal we cope:ac�_ ss df�b

�g

nttem,vJhiCh pemin
tO tt Ortheomer ytt Ofthe body.To make�t �…h ttms easil�V understandabL a Lst of�˜ uch tenns

and m isglvm below: |
�k

�Q
�D
�R
�D
�S
�D
�T
�B

�U
�D
�¡

��

�X
�D
�_

�g

Cutaneous
Cerebral
Visceral
Gastric
Hepatic
R€rEl

'Conadial

pulmonary
Cardiac
Neural
Skeletal or Artho or astro

relates to skin
relates to brain
pertains to viscera
pertains to soomach
relates to liver
refer$ to kidney
refers o reproductive orgals
relates to lungs
refers O heart
refers !o nerves
pertains to bones

1.5 -OH oFNSTUDY

�� Łc�ø �@i�' �åâï W�º�VT�î
�£Æ�Œ⁄1�M�í 3�í :�P �r Fl�Ô �w�O�Ó1

:�ß    ::ª�
u�Y �� �Re�� �ß

�g

�� dtt J�R �R �ß servatiOns�» ��

1:6 PURPOSE OFSTuDY

There are"�� �r �N ses Jsmdying 20010gy whth are hsted be10v7.

1�E

�i �o�oæx:�D ØÜ
nW��ulitiTOm�� ete�‰�RmtttebOwledge danimds and Jtte bast

2�Õ
:�| �œ�¥ Øª �• �† �í ��_m�� �í l�I

4�S
�I �í �y�Õ �Ó �ô �R �H�£�flI�] .eSSenFdhttS�g

Vanc�Ö �¿.

5�E  It�¤ also an intem part oftte cultuleducatiOn Ofmodem s�å
iety�B6�ß

Ø[�œ�@�Õ 1�‘ � Œ⁄�‰:�I �u�_Œ� hl�v

1��  AMAL NUMBERS

Over 1250O00 ty'lles
discove,red. However,

of animals or species are
estimates of their number

known today and many more remain b be
arc not compbtely correct, they ;are only
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apgoximat€. Of these five percent are chordates, animals with a vertebral column or backbone; and

the rest are invertebrates. Among the invertebrates arttrlopods are lhe most abundant' which are

followed by molluscs.

1.8 SOMEM�ßJOR ASPECTS OF THE CLASSIFICAT10N OF THE ANIMAL KINGDOM

The classification of the animal kingdom is based on certain principles and guided by a formal code

of rules. Some 5000 yeanl ago people classified ttre animals on the basis of similarities. As the

science of taxonomy advanced and various branches of zoology progressed, classification was

based on morphology, embryology, life histories, behaviour and physiology. They formed the

important and-basiJiources of classification. After the advent of genetics, molecularbiology,

biochemistry, serology and allied sciences, these also constituted essential aspects of classification.

I.8.1 Taxonomy

According to simpson 'taxonomy' is the theoritical snrdy of classification, including its bases,

principles- and ruie. Ir was nrst proposed by de Candolte in 1813 for the theory of plant

iUssincation. Later on it was accepted for zoological classification also.

Taxonomy has nno aspects. They are classification and nomenalature.

Classification: It is the orderly grouping

relationships.

of animals into groups or sets on the basis of their

Taxa

Kingdom
Sub-kingdom

Phylum
Class

Order

Family
Genus

Species

�� Dog Frog CochOach

Anlmalia

Metazoa

AhOpoda
lnsecta

Dictyoptera

Blatti�V

Perlpams

�¿�� ��:�˘ �¿�¡�¿

Animalia
Metazoa
Chordaa
Mammalia
Primates

Hominidae
Homo
sapiens

Anlmalia

Metazoa

Chordata

Marnmalia

CarnivOra

Canidac

CaniS

�˝ �� :::�¿ �KS

Animalia
Me,tazot
Chordata

Amphibia
Anura
Ranidae

Rana

tigrina

Nomenchture:It is the application of dinstinctive names to each of the g�_
ups recogniSed in

classincatiOn.   
�A

�` w�ˇ �‘ �˜ 1�Æ �œ �Ł �[ r�� �h �fl :�¥ :�˚ �¶ �· �˚ �à �x �K�Õ �Ł �[

among them.

1�B8.2 Taxonomic heirarchy

�Õ �V �ˇ WS�� �í �ƒ �Ł �F �R �o �� �� �¿ �˘ 1�� çW �i �� ]�` �Ø �à I�°

different pdes.

Carolus Linneaus lo707-1778), who was the first great ta(onomist recognised only five categories'

They are cliass, order, g"*., tp".i"s.and varieties' gut in the course:ti,T:*1,t"T::'fi1il1""
i noy�z �¶�µ�¢o,u�ï ,�⁄ �¢�¢0,prttL��

�Ü�Ô�–Phyllm,class,0] der,Family,Genus and Species.
following categories are accepr

eu o" ,9"11*""j:'lTT,':","fr"es' 
rhis is a

universal method *hirl-;;;rebped -d;;;;; uv ta*orolnists. Each tirid or animal has a

scientific name, irresp*,i* oi its OlsriUotioi on tf'" 'i"fot 
of earttr and it is used all over the

world.

Before we go any further it iS better if We dCrlnc the temS genuS and species,as they w�M

be

�¡ equendy used in our animal desCrip�¡
Ons.

Genus:�]  It iS a group Of OrganismS COnSiSting of a number Of SpeCies C10Sely resembling one

anothero The tem genera Was cOined by Englsh namralist,JOhn Ray(1627�]
1705).
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Spocies:- Thc species is tte basic tulit of taxuromic classification of all animals and plans. It is the

most irlpgtanicatcgory in the taxonqnic heirarchy. Definition of 'species' has long been one of
the main prroblems of taxonomy, as its definition has boen changed ftom time to time. A simple

defrnition of species may be ttrat they are the group of animals which always breed true, in the

sense that they never produce individuats other than, their own. Species have also been defined as a

population of interbreeding individuals byMayrin 1942.

There are various conc€pts of species available in'taxonomic literatrue. Some old concepts have

given way to modern ideas. fire biological species concept was first clearly wcked out byK. Jonan
in 1905. The main characters of animal qpecies are summed up below: 

i

l. An htertrccding crmmunity:- Species is a reproductive community, i.e., the individual of a
species of animals recognise each other as potential mates fs the prrpose of reproduction.

2, An ecological unit- Species is also an ecological m environmenal unit. It fills an ecological
nichc not exactly used by another spocies.

3. A. genetic unie- Each species consists of a common gene pool with a free gene flow.
The above mentioned factors gave rise to the prreseng 'species concept' viz., "species are groups of
intertreeding natural porpulations that are rearoductively isolated from such groups".

1.8.3 Binomialnomenclature

Although tlrc hisory of taxonomy datcs btr;k o the fifth and the sixth cennries B.C. AristoOe
made an auempt to evolve a systcm of classification. Sirce then many taxonomists and biologiss
made signilicant contributions towards this science.

Before Linnaeuq no definite system of naming 0re animals was in practice. They were known by
their common names in different languages. Linnaeus succeeded in assigning to ev€ry known
animal and plant a sysbmatic pos.ition. The great wort done by him is found in his'systena
Naturae'in the tenth edition which was publidred in 1758, in which he used Latin or Ixtinised
words fsreach animal. His wort made hisory in the biological wqld and is now followed all over
the world.

The use of double Latin name O describe every species is known as therbinomial nomenclaturer.
of these the first indicates its 'genusland the second denotes its 'species'.

To quote an example, which was illusrarcd by Linnmus himself,lrpwn as Homosapiens, ,,lvlan

the rcasoner". But in the genus Homo, another species tho orangouung is included. firis creanre is
lestgned as Homo toglodytes, 'Man the cave{weller". Similarly, fqo* is the generic name of the
horse and similar ones. But Equru caballus is the wild horse, Eqrns asinus is the wild ass, and
Equus zebrais the ze[fa

Before Linnaeus, another Swiss, Karper Bauhin (15ff.-l6xl)and Andrea Casalpino (1519-1603),
Professor at Pisa' had distinguistred clearly between the ideaof a genus and of 

" 
rpoi", of plants.

Bauhin described about six thousand species of plants, and he *ar tt e first of the systematists. In
fact the radition was carried on by other taxonomists like Jmchin Jung, a Oer*ar, E"!ii.frr"n,
John Ray; and Tournefort ofFrance, down !oLinnaeus.

To every known species of animal and plant, naturalists now attach a scientific name. This name is
always in Latin and is always double. The genus group name must be a noun in the nominative
singular and its first letter is alwais capital, such as-Amoeba or Rana *r,1" o" ;p"J;r;-; *"y
be simple or compound and is us,4ly an adjective, 4greeing in gender with the generic name; e.g.
esculanta or a noun in the nominative singular, e.g. Riru ttgrtna.-

19 AN OIFrLINE CLASSI�fiCATION OF THE ANIMAL KINGDOM

The present classification of the animal kingdom is advocated by Hyman (1940).

The animal kingdom is divided into two major groups - The sub Kingdoms, prorozoa and
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MemzOao The basic dŁJ�zmce is�R Ø[ JäP fOmer one is micelluh oF aCellnhr and the late is

multicelluhFo MOrOova.the acenttF prot�B 20anS and multicdmr metazoans occupy v"differ_
ent sets ofeco10gical niches.                    �E

Protozoa�] acenuh Or miceuuh�\ very�g
"n probzoans have been called both as acemular andun�¤dluhr animds.The latr is the origid deanition.Thm are�‹ 9 concep�g abOut the nature of

protoma

The Flrst theory tgarded protozoa as unlcenmr and thatthe FotozOans mOThO10gically resemble

a single ce�¡ of metazoan body.It also suggnd tttthe Matazoa arose by agttgatton of seperate

prOtOzOan ind�s iduals.The second thtty oplnes ttat a single p�_ tozoan perfoms all the life

activities and physiological yocses of a metazoan,and as such a yolozoan tte Cellis not a

parL Of a M"�I L but n is equivalent to dle whole memzoan Organ�z lØ[ m.It can be inferd that

according to this theory the protozoa should be�� nsidered as acellular in name.Bccause of this

uniquc charater the Protozoa has h given a spcial status of a sub lcingdom.There is also a

mnd to elevate m into an individual kingdom�\ Protista�B

A bFMClaSsindiOn Ofthe animallKingdom�¤ given below:

æmbæø�Õ
n�¡

�µ
�R

I           I
PrOmzoa

:   ~~

Acoelomates

Phtyheliminthes

Mmzoa
�w           :

Simple Metazoans      Complex Metazoans

Porifga Metozoa  Cnidaria

Pseudocoelomates Schizocoelomates Enterocoelomates

Aschehelminthes Annelidaflrdollusca, Fchinodermata

Arthropoda Hemichordata,
Chordaa

Check your progress

l. To descriL a sp�å ies the usage of dbuble Lation nalne,is called as.�c �g�N..�N �g�g�N�c�N�N�N�g
.Which

indicate the.�c �c �c �c�c�c�c �c �c�c�Eand the�B �c �c �c�c�c�c�c�EOf the animal.
��

1.10 SUMMARY

1.ll CHECK YOUR PROGRESS�\�\MODEL ANSWERS

l. binomialnomenclature
species genus

Zoology is the science of animalS�E The history of zoology covers about 2000 ycars.Greek,Roman

W�ß:�˝ �i �v�§ �—�R
f�k

�Q
� �̀ß�¯ �E

��
�v:�Ł �Vr�Õ :i�� �x

S�Õ

branch,protozoa.Muldce�¡ ular group is f�Ú �� er

divided according to the cenular organisation into many including vertebrates.

1.12 MODEL EXAMINAT10N QUEST10NS

I. Answer the following in about 30lines'

1. What is 7-oology? Write down ir brief history and objectives?
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.     �¡ 1’�« �A

IL Ansserthefotrwinginebortl0lines. "

1. Give an account of different branches of Zoolggy.

2. \trith suitable examples, describe the contribtrtion made by Linnaeus.

3. Give an outline ctassificatim of fie animal kingdom.

1�B13 GLOSSARY

Acoelom�¨
Bchavior

BIochem�f
BIology

Cell

Compomdeye
DEuostic
Dissection

Divmity
Double life

Endopmsic
Evolution

Exosteleton

Gene

Cill��
"Larva

Life cycle

�\ mO ghd
MoLula biology
m�⁄ �R

NicL
Notochad

Orp
PasL
Shell

Sysm

Tissuc

Unicllmr
VmbralcOlumn

�Y vipmus

(GK. a withouu Kiolos howllow) Animals having no coelom or body cavity.

The way an animal acB andreacs o vuious needs in various

sinratiolrs.
The chemistry of lifa
(GK Bios: life; logos; to ded) The science of living &ings.
(L: Celt CompartmenD The structural unit of all fiving things.

An eye made up of several lenses.

Diffqentiatingdistinguistting.
To cutopen o display parts.

Satc of differcrrce, unlikene$ and variety.
I*ading life both on the land and in the watcr.

An orgianisn living within its host
(L. evolvcre.to unroll) The gradual change of animals and plans from

one generation to another,leading to new species and vuieties erc.

A hfid supporting stsucore on the outsr surface of the body.
The ebment whbh makes up the chromosomes. Biological unit of
hcredity.
Openings leading frorn tlrcpharynx o the exteris in chrodatcs.
An immanne, ftree living stage in the life cycle of varbus animals.
A regular succession of variors sages undergone by an organisn
during the course of its existence and finishing with the remrn o the
first stage. Also termed as life histo,ry.
The milk secreting glands of the mammals.
Biology of the smallestprticles.
Organisms which are madc up of many cells.
The ecological position which best srits a particular orgurimrs.
An elastic *eleal rod nrnning along the back bcncadr the ncrvccorrd
in tlrc embryos c atl* of chordatcs.
A differentiaed part of thc organism adoptd for a dcfinitc frurction.
An orgmim that lives and feeds in or on another organism.
The hard outcr covering of an animat.
Basic functions of the body carried outby the combinations of tissues
and organs.
An aggregation of cells.
Organiuns with only one functional cell.
The backbone. The most characteristic feature ofvertebrates,
consisting of a series of small bones or vertobrae, nrnning tre lcngth
of the body near tlre dorsat side.
(L. Viws: living; psr€ra: tobeget) Giving birth to,,oung.

7

B R
 A

 O
 U



UNIT-2 PROTOZOA�\GENERAL CHARACTERS ANDC�æ�Ü �˜SIFI�† AT10N

Contents

2.1 Obfr:ctives

2.2 Introduction

2.3 General Chsracters

2.4 Classification

2.5 Summary

2.6 Check Your Progress - Model Answers

2.7 Model Examinuion Qtrestions

21 0BJECTIVES

After going through this unit you will be able to:
, List out the importantcharacters of protozoa.

a describe the classification of hotozoa upto classes.
a List out the important characters of each class with examples.

2.2 MRODUCTION

Protozoans are the first and the most primitive animal forms o have appeared on the surface of
earth. They are the simplest and lowest group of animals. These cellular animalcules were given the
name Protozoa in 1822 by Gotfuss. The word Proozoa has been derived from the greek language
where'fhotos' means first and'Zmn'means Animal. About 50,000 species of Prroozoa are known.

Prolozoa are found all over the world. Moisture is necessary for their existence. Majority of
Protozoans are solitary and some are colonials. The individuals in a colony are called the zooids
and ane connected with one another by Protoplasmic connections. A colony develops from a single
primary zooid by a process of division.

2.3 G�V ERAL CHARACTERS

l. These are free-tiving as well as parasitic. The ftee living forms ue mostly aquatic, found in
both marine and fresh watetrs.

2. Small, usually colourless and microscopic. However, a few forms arc coloued and visible to

thenakedeye. i :

3. Structure simple, body unicelluar or acellular.

4. Solitary or colonial where many similar individuals remain independenr

5. Body symmetry bilaual, spherical or none.

6. All the body functions are performed by the single cell.

7. Body naked or covered bi a pellicle ot plarrnalemma or rigid dead cuticle or calcareous or

siliceous shell.
Skeleton usually absentbut some forms have internal supporting ebmenB like internal Shell.

Body consists of a mass of protoplasm, differentiated inio one or more nuclei and ecto and

endoplasam.
Cell form usually constant, varied in some, while changing with environment or age in many.

The functions oi locomotion and feeding are performed by finger-like pseudopodia or whip

like fl4gella or hair like cilia
NutritiJn is varied in these animals. It may be holozoic, holophytic, saprophytic, parasitic or

mixotrophic. Digestion is inracelular, taf,ing place inside the cell in the food vacuoles.

No qpecific organelles for respiration and excretion. Both the functions ae carried out by

diffusion through the generd outer body surfacp.

�E
�@

��

�@

�O

�P

�@

�Q

�@

�R

�W

�X

�@

�P

�P

�@

�P

�@
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14. OsmcXulation in &esh w8rcr fmns takcs placc tlrongh contractile vruob which dso serves

as an eicretcy agrnclla
15. Reproepdm is bottr ascxuat and scxual. The fmncr tates plrce by birrry c multiple fission

ani tnOOing f,,hib tha l1ucr utes plrce by cutiueatim.
16. In many fcms lifcldi@ is mutedby altcrn*ion of generaiol
fi. frcydrcnt, fcmailm oircdstmt cysts+unrnorrly oocurs fq dispssal and fa rcsisting unfa-

rmrablE coditions.

24 CLASSHCAT10N

The cmventimal classifrcatios of protozo arc basd filnuily upon modas of locomotion and

upon peas of ascf,ual and scxual re,productiur.

SubKingdour udPtylum Prrotosmis divided ho two srbphyluns:

l. Phmodrcma 2. CilioPhm

S66ahylgn Pfr$n l:diviffi into fu classes whib subphylum Ciknhqooryises only

onc clsg.

�w
"OZOA

sub myhm

:�æ �¡ �R �¡ 1-

�c"MLm�å
Rhizwoda

Spomzm �NS�c 1 

�c

�
:̃::\�– �]

‘�S
k�j ���Ù �fi

�~

å�
�c
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nS.2.1 kotcaor. A. Euglcor. E. Volvox. C. Tryprnormr. It. Tlichomonu. E Amocbr. F. Eaumodr. G. Folymclh
(Bl$idim). l. Flrydtco 2J Ddllde 3. Nudsu-l^-ontrrctlle v*tolc 5. Padopodhn 6. Prnmyllun bodlcr
?. Smrdc odl. t. Ihugilcr cdont t..Undulethg.ucubnr" fO. fHfiroptrit 11. Arcrtylc U. food vrqdc ill.
Idelid RJ.C. 1{. Shdl chembcrr 115. hdffim.'

Class 1: Mastigophora(G. Mastik: lVhip; Phqos: bearings) a.Ffuellala (L. Flagrum: A whip)

l. Found in fresh water, sea wat€r and moist soil.

2. Free-living (solitary or colonial) or parasitic.

3. Body with a definite shape and covercd by a thin finn pellble tr test made of cellulose or
chitin.

4. One or more flagella for locomotion and food capore. tflith u withort pscndopodia

5. Singlenucleus.

6. Nutrition holophytic (aubrophic), holozoic (heterorophiQ, sprozoic or mixotrophic. '

7. Asexnal reprcduction occurs in some grcups by syngamy. Conjugation is absent. e.g. Eugletw,

V otvoxfryparcsotulTrichonanas.(Figs. 2. I A-D).

Class 2: Sarcodina(G. Sarcodes: Fleshy)

l. Found in fresh water, sea waler, and moist soil.

2. Mostly free living some arc parasites.

3. Body naked, somepossess a test or shell aound body. Firm pellicle is absenr

4. pseudopodia for locomotion and food capnre. Flagetta may be pmesent during some stages of

the life-history, but they are not pennanenl

5. Mouth absenL

6. Nutrition mostlY holozoic.

7. Asexual reproduction by binary fission, multiple fissio,n, spore formation and budding'

8. Sexual rcproduction by syngamy. e.g. Amoeba, Entailoeba, Polystomella (Figs' 2'l E-G)'

Ciass:: Opalinatr

1. Endoprasitic in rectum of cold blooded verrcbrrates (Frogs and oads).

2. The body is completely and uniformly ciliaed'

3. There is no cytostome

4. Neutrition saprozoic (saprophytic)'

5. Contractile vacuoles are absenl

6. Nucleus two or more.

7. Asgxrral reproduction by binary fission, sexual reproduction by gametes' No corjugation e'g'

OpalinatalFil.2-2 A)-

Class 4: Sporozoa (G. Spora: Seed; Zoon: animal)

1. The group consigs of exclusively,internal parasites of vertebrates' afihrcpod$' wbrms and

molluscs.1  10
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�Q

�D

�R
�D

�S
�D

�T
�B

�U
�D

7.

Body covered with a thick pellicle

Locomotive organelles, mouth and vacuoles atisenL

Nutrition saprozoic, but may also be holozoic.

Asexual reproduction by multiple fission.

Sexual reproduction by spore-formation and syngamy, where infective sages of tre life-cycle,

called the sporozoites, are formed.

Life cyile shows 'alternation of generations'. e.g. Monocystis (Fig. 2.2. B), Plasmoditun,

B abb sia, N o senu, S ar c o cy stis (Fig. 2.2 C).

Hs'2'2' Protozon* .,l"o!ai-' B;YPryy{l c.serrocy*ir. D.prrenccium. ,.u***. ,.n*arianro. t.citir.2' pelich' 3' Nucleor' 4' trl'*qt' s. l,t*ri fib*--6. Ph.ri". z. ct*r-il"';L 8. MicloCI,r{ic.r. 9. Mrcruunur.
i3: ffi. 

,*c. t I. Vertibntc. rZ. t lOo.y".-il'.1i*., 
"rio*itc vrcotq. 14. Forrcrir coatncritc vrcoritc" I5;,eoltei.
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Class - 5: Ciliata

l. Found in fresh water or sea water.

2. Mostly free living (sedentary or colonial) a few are parasitic.

3. The ciliates are the most highly developed proloz)ans.

4. Body covered by a firm pellicle.

5. Locomotory organelles are cilia, which are also used for food capture.

6. Two t)rpes of nuclei are prcsent, showing dimorphism. olre large macronucleus. governing the

vegetative activities and the other small micronucleus controlling sexual reproduction.

7. Mouth and gullet (cyopharynx) presenr

8. Nutrition,holozoic.

9. Asexualreproduction by transverse binary fission orbudding.

10. Sexual reproduction by conjugation and autogamy. e.g. Parotucium @ig. 2.2 D),Vorticella
(Fig. 2.28), Balantidium (Fig.2.2n, Hakeria erc.

Check your progrGs

�¸

�Ł

����

�Ì

The conventional classific4ion of protozoa is based primarily upon modes of'

Mastigophora have one or moro for locomotion.

In class #pseudopodia are the locomotory organs'

2.5 SllMMARY

protozoa is the earliest and the simplest of unicellular group of animals. some are free-living and

,or" p.oritic. Single cell performs all the body functions. Protozoa is divided into 5 classes on the

basis of locomotory organelles. Mastigophora have flagella. sarcodina possess pseudopadie no

locomotion in Opafinaia and Sporozi, which are parasiti4 and cilia are present in ciliates'

Physiology simpli. Reproduction both asexual and sexual'

2.6 CHECK YOIJR PROGRESS�\�NMODEL ANSWERS

a. locomotion
c. opalinata

b. flagella
d. sarcodina

2.7MODEL EXAMINAT10N QUEST10NS

LAnsn,erthefotlowingquestionsinabout30lineseach.

1. Describe tre general characters of Proozoa'

2. Give an outline classifrcation of Proozoa and grve brief account

classes.

II. Answer the fotlowing questions in about l0lines each

1.. Differentiate benreen Plasmodroma and ciliophora

2.Describeb,rieflyLocomotoryorgansofvnriousclasses.

of characters of various

1  12
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UN�u-3 ELPH�U)IUM,MONOCYSTIS AND VORTICELL�{

Contents

3.1 Objectives

3.2 Intnoduction

3.3 Elphidium (Polyslomella)

3.3.f Mo,rphology

3.3.2 Reproduction and life cycle

3.4 Monocystis

3.4.1 Morphology
3.4.2 Reproduction and life history
3.4.3 Effect on the host

3.4.4 Alternatiqr of generations

3.5 Vorticella

3.5.1 Stnrcnre
3.5.2 Physiology
3.5.3 Locomotion
3.5.4 Nutrition
3.5.5 Respiration and excretion
3:5;6 Osnruogul*ion
3.5.7 Rcproduction

3.6 Summary

3.7 Check YourProgress - Model Answers

3.8 Model Examination Questions

3.1 0BJECTIVES

ThiS unitis about tte smcture,physiO10gy and life cycles ofEl�� �˚

�g
,M�˝

�g
�J ris and�� rri�g :�‰,

the three�� �`
"äŁ

ntative types of class sarcodim sporogzOa and ci]h�Ù respectively.At the end of
this �Ytt yOu will be able to explain the:              �E

O Life history of‘�� �Jidi�g

�E   Parasitic nature ofMO�g cysFis and its effect on the host,canwom
O  Life history of�� rl:�g lla,an interesting ciliate and its reproductive methOds

a. Binary rlssiOn

b. sporulation

co CottugatiOn

3.2�c RODUCTIoN

Elphidiwn is a marine protozoan. Free living and found at the bottom due to its weight .It is themost common shelled prctozoan which belongs to Foraminiferida (Latin, Forae : poJs, Ferra: to
bear) as their shells are perforated by many minute pores.

Monocystis is a parasite of earthworm. It generally inhabits the male reproductive organs, namely
testes and seminal vesicles, though occasionally it rnay occur in the posteriL coelomic
compartments.

vortieellais an interesting c|i-ate. 
{!-nre-s9nts a highly fascinating look due ro periodic coiting anduncoiling of its long salk during liie. Verticellicompanula, like parameciwn is found in fiesh

waters all over the world and is quite common in ponds, tanks, l'akes, rivers and streams with
aquatic vegetation.
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�Œ

"�'
�@ �Y  oOLYSTOMELLAl�A

:

El"�˚ � �̋� �Ù iS tlle most colnmon shemed PrOtOzoan which belongs to order’Foraminiferida catin,

Form:Pores:hato�Ø ,as their shells are perfoFated by many minute pores.

Habint

El�ì �Md�Y� i̋S a manEle fOm,occung m allthe seas upto a depth of 550 to 6�� metres.It is also

found in bnckish wacroltis abomm dweller.

Habits

ltis aØS �ªving animalcule.It moves slowly alonLrdle sand and the debris at the sca floo�¡

33�Bl Morphology

Elphidium is a minute organism�� sible to the naked eye.Und�� the mic�_ scope it appean like a

miniamre snail�] shell.Its body�� ndsts of�� rous pnular protoplasmo A distirt ecoFasm is

lackingo Contractile vacuole is also abenL Elphidium shows dimorphism.ioc.�º occurs in 2 disdnct

forms vL"mtropheric and megalospherico These two foms exhht certain morpholog�‰ d and

other dissimilarities,which are usted below.

Phylum
Sub phylum

Class

Orda
Type

Microspheric

Irss abundant
This form is smaller in size

Multinucleated, the nuclei are small

Tlre initial chamber or proloculum is small

It reproduces asexually by multiple fission

Proozoa
Plasmodroma
Sarcodina
Foraminiferida
E I p hidiunr (Folystomella)

�P

�Q

�R

�S

�T

�P

�Q

�R

�S

�T

Megalosphert

More abundant

lt is larger                        :

Uninucleated,the single nucleus is a large

The prol�å ulum is large.

It reproduces sexually by nsogamy.

Two impomnt features are characteristiC of Elphidium.They are shell or test and pseudopodia.

o�¡ g�B 3.1)

Fig.3.r.Elphidiuttlsfuldlgdimorpblsm.A.Megalosphcrlcform.B.Mlcropherlc?orm.l.Nucleus2.LargeProloculum
3. Outer shell chambers 4. Retrel proccsses 5. Nedel 5' Proloculum or Initlal chrmber 7' small proloculum'

shell: The shell of Elphidiumis hard, biconvex and oval or spherical in shape and pale yellow in

colour. It surrounds ttre protoplasm' tt is catcarel"' *A multilocular i'e" many chambered'

pseudopodia: The pseudopodia of E-lphidiumare long, slender'.branching and form a neLwork'

They are cafleo my*ofJia or reticuropoaia. tte lseudopodia (reticulopodia) are used for

14
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locomotion as well as capturing the food patbles:

No special organells are present for excredon. Ercretory prorJucs are diffused through the general

body surface. Gie.3.2)

3.3.2 Reploduction and Life CYcle

Both asexual and sexual reproduction takes place. Asexual replodrrction is nnrked with multiple

fission in the microsphOric individual now,loown at agamont or echizont Sexual reproduction

occurs in the megalospheric individual or gamont '

Asexual Reproduction

Reproduction which is not carried out by the union of male and female cell. It is the p,rocess where

only one parent is involved.

As mentioned earlier, the microspheric form exhibits this phanomenon by means of multiple fission

u schizogony. The entire cytoplasm flows out of the shell and forms a halo around ttre empty shell.

The nuclei brreak up ino ctnomatin bodies whieh reorganise o form new nuclel A bit of cypplasm
surrounds erch nucleus forming minute amoeboid cells called amoebulre m 'agametes'. They

detach from the parent cell and secreto a shell arcund to become megalospheric futdividuals. The

fint shell becomes the initial chamber or the proloculam of the megalopheric form. As thc growth

continues, new chambers are addod around the initial chamber by thc over flowing prooplasm, and
the nrcleus migrates from one chamber to another and finally it occupirx its place in one of ttre
middle chanrbers of the shell. Now the amoebulae grow ino fully formed uninucleated, large,
megalospheric adults. [n other words the microspheric form gives rise to the megalspheric form by
asexual reproduction.

ThroG chambeied

clphidium

�v

���N�@
�@
�@
�@
�@
�@
�^

�¢

FIg�B 32 Lre cFde ornphidium.1.Shgle nudcus 2.nagen3.

Sexual RlproductiOn

TL megal�å

"�˚

�v bm reprOttd�B �g� �F� ľ�‘ �‘1�fi �c �ç�‚ :�ø �Œ:�ø Œadivides mitotically into many nucicio While J

�xr�¡ �¡ Aou
A�vce No: �µ�‰

’4q6:  :  |L�æ�\ �æ�–ARx/
C�¢SN�' :�U ���Ó:|�] �] 1

A single amoebulae

dffis"
o-..J,,..r.1-.J / \-

as d result o,
multlpie fi3SIOr
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cytoplasmic Piece surounds the nucleus and acquires a pair of aagellal These bodies aFe Called

�� �I �ß �l �� �í �I �g Fi�ˆ �ó t�v �S �� :�í �� �Q �ˆ �s �fl �í �� T
hey teely swim about in the water widl the help of the paird nagella and then beco�˚ e slighdy

elongated.The haplond gametes tom paFent Cdis or megalospheric foms lose Lgema and�g nite�å

çW �í �í Æ¿ �A �m �† :�Y �o :   �fl �� �� l�u
��
�� �£

divides into wveral hTbid nuclei and an dult micFOwheric individual is fomed the fomadon of

the miCFOSpheric fom takes place by the sexual repFOduC�¡ on of the megalospheric�A or macrospheric

fom.

Life cyde may be derlned as a regular su�å ession of various stages or phases undergone by an

organism during the�� �R of its lfe wan and culminating w�� �Re remm to the rst stage Or

initial stage which is the adult stage.

The life cycL ofE�� � �̋Ù
�g

exhibi�g aLmatton Ofgenerattons.

1. The micDspheric individual rerSents tte asex�ß l generation of SchizonL

2. The nlacrospheric individual re_nts the sex�ß l gen�å Ø[m ofgttont

3.The�� �Ô phdc fom�I �b duces asexually and develops hto a macropheric fom�B

4.The microspheric fom rwroduCes usually to give�Ü se to the micropheFiC generation whth

alt�\ ts�� �R the Sextt marowheric genention.

The entire hfe cycle ofElphidium is compled in abouttwo years.

MicrospheHc individual

(Mult Fisqion)

lac

LIFE CTCl�g E OF ELIPHEDEUM

ALTERNATIoNoFGENERATIoNSINELPHIDITJM

Check Your hogress' I

1. Elphidium morphologicallyExhibits

$Iegalosphcric
individua

(Gamont)

16
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34 MONOCYS�÷S

PrOm�z
Plamodromoa
Sporoz�� a

Telosporidia

Gregm
Eurgarinida
Monocystid��

MO�gCyJES

P�{ �¾
‘�¾

�Ú

Habint

Monocystis m an in�\ lpFi"of mFthV7-of

_ductive organ,."stt and seminal vesich�B �¡ �R

contain them in one or’nloFe mgeS.

Habim

h tt yo�‹ �˜
�c

ys�R �¤ fOund as�b m�c �R h�ƒ �¢ L in tt cytoplasm ofthe spem

monlae,while as an adult�¡ occm asanexmcellmp�\ic in dle flund oftt smiml�g

�g

�O .

34�Bl Morpml�ô

The adult stage d M�˝ ��
"�¤

�¤ Called�Æ �‡�V Ł� ØDL�í �` �¤ the feding and ttwing s��

�˝ ,phe:�K �ì �R�q 0.

1�‡

�g

�i �� �…:h�� �ô ,vm_�� ,Cbnm,�å windle�] �R �ß ,�£ ifOm�� Oval,pointed at

bOth ale ends.It m�c �Ô about 250 to 400 mimnsin tngdl and 40 6 65 micronsin width.V�ô

�Bmen tt undemounhed tiny shnmkm�@�ó O J thc host are found adheFd�� �� strace d�Q

mozoic.cig�B 3.3)

Fig- 3-3. Monocyt&. A. Frrce yornt TroPh@olt . E. Mrarrr Trophcofta 1. Nu.tcu 2. h.lom 3. Grenuter cttoplr6
4. Clcrr cytophor 5. PdtHc 6. Speru tellr 7. Myoemc.

The body is coverpd by a thick firm pellicle called epicytc. The cytoplasm is divisible inlo an outer
thin and dense layer called the ectoplasm or corter, and an innter dense and grarrular mass known
as endoplasm or medulla

In the inner layer of ectoplasm arre found longitudinal conhactile prcioplasm fibrils called the
myoneme fibrils or myonemes, which have the power of contractivity. These are considered o be
the forerunners of the muscular system of higher animals. The endoplasm contains alargevesicular
nucleus, and resene food material in the form of par4glycogen granules, and fat granules or
globules.

I-ocomotory organelles, vacuoles, mouth gullet erc. are total'ly absent because of its parasitic mode

Phylum
Sub Phyl. n
Class
Sub Class
Ordcr
Sub-Order
Family
Genus
Species

the genus ltttnbricus, inhabitinglthe male

wido sprcad ard almost aU the earthworms

17
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iso$merc$ arangc tlremselvesF.&e Ff,iphery of the gunctocyte, grving a mulbcrry shape to the'

gamonL

c) Isogrmyfi ryagtmyrcoqjugation

The partition betwcen thc t*o gmetes ger dirohrcd and 0te iso$m€tcs move to and fto g3ltolts
pair or fuse. llp frsion of thc gamcteo is complete, and is palleA boctngrmy. rcsulting in the

lormation of hgp, nuclestcE diphid z$otcs ctpconts csporoblrcts.

d) Sponogmy

The developing zygotlc spuroblast bocomss onal in strape and sGcEEs a ri8lq otrgh resisant

chitinioid.ir*oi, nr lporoqfst tr spdrc.cffia. The zygffi with thc rymocytt is tcflTed 8s Sore
tr oocrtt It as$mC the shrye of a boa (tr carxle, rasembling I diatm, Naviccllq with a plug at

erch end. Becausc of its toai-titc appearance it is callod a pcrudonavfrr[s. (Grc€k, Pscudo: False;

Nawm: Boet) Aterga6q 64 pselenavicellae are found in one gametocyst fire zygote

esermiiiilUa) ur&goes 3 srccessive diviSios c multiph fission tr spmogony, the last

diyision being a rcducAur divisiur. It resule in the.fqnratbn of eight haptoil,uniaucleatod slender,

shLlc sh@ o frritfsnr bodics called ttre spmozoites m fahiform young. Ttese mart the

infective stage ttf the life cycle of the Morccystis. Original gametocyts rupEr€s and the pseudo

navicellac, erh conaining sporozoites, are released ino 0ro cavity of the seminal vesicle of the

hostearthworm.

e) Ttanrfcrmce

Furttrer &velopnrent is possible only when the ryces are transferred to the body of another
earthworm, although it may already sentqiT ttrc parasite.

The exact nsnu€ of the ransfer of the qpores fiom one earthworm to the other is not known. It may
plobably ake place in the followingways:

i) During cupulation: It is probable that the spores are shed with the sperms during copulation.
Thc spucs have qften bcen obserrred in the cocoons and the reproductive ducts of earthwonns.

ii) ^lfter tne death of tLe hmt If the host dies, the spores are released in the soil. If such an
infected soil is ingested by ottrer erthwcmq the spores make their entry ino the alimentary canal
where the cyst is dissolved and the sporozoites enter the seminal vesicles.

iii) By birds: It is also suggasted that the parasite is transf€flEd through birds, when the later eas
away an infected wonn. The spues pass out along with the excreta of the birds, which is ingested
by otlrcr earthworms.

3.{.3 Effect on the host

Morocystii thrirres or the serninal fluid and the devcloping spenns. Although a larle number of
sperms is &sroyed by Monocystis, the fertility of the host is not affected as very large number of
sp€rms me producod.

3.4.4 Altcrnetion of generations

The live cycle of Morncystis shows clear alternation of generetbns. Both the reproductive
phasas, the sexual and the asexual re met in the life cycle and each alternates with the otirer.

Thc gametocytes reprodrce sexually by syngamy.
White a zygorc or the sporublrst reproduces asexually by multiple fssion.
ftc guctocytcs represent the sexual generetion.
Thc zysetc r€pre$ents esexual generation.
The scxtul generation develops inlo asexual generation and the asexual generation gives rise to
the *xual phase by means of sporozoites.
Tlrcs two generations alternate with each other, exhibiting the phenemenon of alternatbn of
gencratim* 19
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Entes the sperrn morula

LIFE CYCLE OF�R10NOCYSTIS

Monocvstis

{TrOphOZOite stage in the seminal
Vesicles of earth�¡ oll�a ) �R

Sexua:Stage

Galocytc

�m

Transfer to another Earthworm
l.
I
I

. Sporozoites are released
in the bodv of Earthworm'+

I
I

'8' Sporozoitrs irr

each Psc'u,.iona..' iccl la
A
I
I

i\,tultiplc fission
(3 tir'iles nuclear divirion)

I*
2 Gametcicl'tes come

closer & encyst.
I

Formatl#of Gametes

+
Syngamy

(Union betu'een gametes or
differcnt grmgtocytes)

J
Zygotc (Sporoblastl

I*
Spore (Ency'sted)
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Pseudonavicel la ( Boat-like) form

AlfrERNA�¡ 10�R OF GENERATEONS EN �W10NOCYTIS

v�g �� �P �Ø

vmicena

SpOrOZOitC IA�Ü (liIIIIIIi�~

|:II:�´ L

��
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ChcclrYour kogrcss 2

1. Monocystisis an internrl paasitc of ............... ..............hhibitin9 the"""""""""'-

3�B5 VORTICELLA

Phylum Proozoa

SubPhylum Ciliqhoa
Class Ciliata
Sub Class Periricha
Order Peririchida
Sub Orrder Sessilina

Family

: Genus

Vorticellawas first de.scrib€d in 1677 (Lain' Vortex: Whirlpool)'

Habitat

Vorticellais a fresh water ciliate found in ponds' lakes' rivers and streams'

Gematocyte (S,e.xual generation)

20
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Hsbits

It is a fto-living sessilc or sedentary or fixod soliary fcm. I\fiany hdiyiduab alt fomd in l4o
gFoups adh€rcd O or fastened to wecds, anirnels, st$res etc., by along slender cornrrctile mlk s
ircdicel

35.1 SEucture (Fig.3.O

Shrpe rnd sizc: Vorticcllais commonly known as bell uimalcuh as it resenrbles an inverted bell.
A blU contiactile salk starts frrom the base of the bell. It is colourless but it may appear yellowish
c greanish in colorn lhe size of the body or bell measurcs upto 157 micron in length and 100

Body or belk It is the main part of the organism. It is like an inverted bell, and is covered by a
thick firm pcltich. The cytqplasm is divisible into a thin outcr ectoplasm or cortcx, and a thick,
trge gnnutr mass, the endoplasm or medulll. In ttre ectoplasm are found five contractile fibrils
cattedtne myonemcs. They converge owards the base of the bell and extend into the stalk xs ths
exiel frbre. The myonemes shorten the body and close the anterior disc bf the ball. Ttre endopalsm
comins nuclsi, ciontractib vacuoles and food vacuoles.

Nuchi: Vorticclla shows nuclear dimorphism. There arc two nuclei; a small, spherical
nicronucleus and a large horse shoe-qhaped macronucleus, or meganuchus. Such a condition of
double mbus is call€d fheterokaryotic' condition. The micronucleus lies behind the
mactonucleus, and cmtnols the sexual reproductioru. The meganecleus is only vegetative in
function 8nd does not participarc acdvely during the sexual reproduction.

Vecuolcs: They ue two t,?es oontsrctile and food vruolcs. The contractile vocuole
ifcnortgubtory in frurctidn. It [as a reservoir in which the wastes arc poured from whgre they
aie sent to the vestibule through i ** duct, a different canal. Theramay be two contftEtile
vacuoles in some species: There may be several spherical food vacuoles.

Pcrlrlme: Itis thc broad free end of the beff. ft is covered by a circular, slightly bulging lid called
the peristombl disc, or ord disc ot epistome.'fhe outer marginal edge of the disc is produced into
a prominant rim lnown as collar or peristomlnl lip. Between the colla and the bulged peristomial

lo

ll
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Vestibulq It is a deep firnnel-like pit found between ttre'perisome and the disc. It is also called the

buccal cavity c infundibutum. It lcads Brrcugft cytosome c cell motrth into a delicate namow

cilop.fiarynx on cell gullet It ends blindty into the cndopla.sm.

Cytoproct It is a tempomry or permanent opening lying near the reservoir through which the

griO@stoO food marcrial is passed into the vestibule. It can also be referred o as the cell anus.

Cilia: Body cilia are absent i.e. 0re bell and the stalk devoid of cilia- Cilia are confined o the

perisome aoO tt" vestibule. They ue called oral or aboral cilia and ttrey are arranged in a
itirtp*t manner in an anticlock-wise direction ahut one and half times and_[en pass down into

the vistibule. fire perisomial cilia are found at their bases and frce distally. When the circlets of
the cilia reach the vestibulq the two inner circlets seperate from the outer one and descend into tho

vestibule. The cilia of the outer become long and fuse ogettrcr to form an rmdulating membrone.

Cilia are absent in the cytophrynr. Cilia of Vorticelta are the main food qryturing organelles. The

beatings of the cillia *i ttre caity of the unduleting membrane push the food particles into the

vestibule and then down into the cytophrynx-

The bell or body is a6ached o the subsuatum through along contrrctile flexible stalk, which

contracts at the siightest disturbance of the water. It consists of an outer sheath c wall and a central

canal of endoplasm. The myonemes of the stalk aggregate to form a single thick, spiral bundles

caltd axial fibre t axiat filanunt ot ipaJfipncr?u, nrnning down at the centre of the ectoplasm.

firus the stalk consists of an ectoplasm, cove,red by tte pellicte and a central axial filamemf

3.5.2 PhysiologY

physiology n Vorticella is advalrced urd developed than dre earlier dascribed psotozoe types'

ef6ougfi'itre single cell is responsible for all the ctivities, variors contcnts of the endoplasm and

ryra 
oiOe cell body carry out different functions'

3.5.3 Locomotion

Varticellais a sedentary form and does not move freely from ptacc to place' Howevgr' with tho

hold of tfre contrrctile Salk ana mygrcmes' th6 bell gr the body can bcnd and move about ff can

swim in the surrounding water.

3.5.4 Nufiition

vorticellais omnivorous having hohmfo modc of dubilim. Food cmsiss of smatl lrd(zoans'

bacteria and organic;t* At 
"ipfrit*A 

eurlfor, food grurules co||octs in the cytophrynx due 16

the beatings of cilia. Th"*, tfreiooO particles atong witn sone w1ter, funr food vecuoles' These

food v*roles 1in 11t pi11,1,a off inn ttre enO4tasm. These- food' vacuoles circulare in the

endoplasm in an ineguli mrnner. D,rirrg the circulariqr, q* fq i. digestcd ald absorbed ino ole

surrounding enaqrasm- ttre absoftcd food mat€fiial is partl), synthesiscd ino protoplasn. A part of

it is converted into storage malerial' the glycogcn grrnuh*

To remove, throw or void the fece.s c unuscd fmd srb*anccs ftonr thc body is termed cgcstion'

Ttre undigested fmd collects near tho lowcr end of oc gullet srd pass througlr the cytopyge into

ttre vestibule and frnally is egectcd ortsilc'

35.5 ResPiration and excretion

No special organelles ar€ pre$nt for' 
-dresc 

furrcdons. Gryos exchange and the removal of

oi"oi"to* ri.*iar r*"pli* riuough ttp general:body ry{rca
I

35.6' Osmoreguletion

The csrtractile vocuolc perfrnrs thc fimction of mmcgdrttn. E.""* wat€t &€En thecyt@sm

,geE accutrrulated into'the contractilc vacuole which--di*huge's it into the vestibule 0y the'

reservoir. From the rotiUrrf the wafer flows out witfi m rUrAigesrca fOod" Tho colEactile lacuole

i"" pofomg stnrctue which cmtracts afi€r every six seconds'
22
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3.S? Rcpiloductim

Rcproductiolt ukes place by tluee methods:

l) Asexually by longitudinat binery fission; 2) Sexually by conjugation, and

3) encyrlmenL

l. BiDrryltssion

It is dre o(mmon method of asxual reprrodrrctiur Dy divisim of a cell into two equal pats. It
(rcu6 in a longinrdinal fashion. Duing this pnocess, the cal dis is witMrawn urd tlre perisOmial

collr clccs over the disc. The body becornes depressed, shoter, broader and transversely

elogatc{. The msmrclens becomes sttat and straight and lies E:rnsversly in dre middb. It then

dividcs amitotierlty into nro. The micruucleus dso divides mitoticelly into two. Tlre. body now

�^ �E �£ çŒ�ô �œIn10undlnd blnw NOnl�¡ y��

"��

�� .1.M941dm 2.Mamnlldm3 3.LompdIBal m_4.
Umtta1looldlnal dlvldong S.P�\ tlndlvldua1 6.Daughta ttivld�æ �¡ AboH cth Tdotoch 3.Cnd orcIL.

stars dividing with a constrictton fomed in the cenm�l Ofthe anior end�B �÷ �É constttion now
deepens uneqdly dividing the �V stome and ule whOle lentt of the bOdy into 2 unequal pam�B

�Q�fl �H �r �´ �I ª� �í �V �R �ß �Ì�í :�I
a"loLoche lt swims acdvely�� th�Æ�lhelp ofthe newly developed posterior ring ofcttia With��

abml�£�Ù pointing forvJard=After sornetimes,the�g �Œm"h semes dOwn by its tt�¿ �v end with the
LIP Of an adL�g ive ttc caned�g Opuh.In this ttEhed stage,the young�˚ cella�\ mbles a

�c

CiliV"yphidia:thus this stage is called scyphtth�� �d e�B �¡ �É
"opula uretes a stalk�`

a
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individuals or cmJugants.One is large and mlked_the mac�d
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and free swimming - the microconjrgeal It is also suggsst€al that 0re macroeonjugant can tte

considered as the inactive female conjugant or the mrcrogjnc'tcr ild the microcoqiugrn$ as the

active male conjugant or the microgemete.

Micrc conjugant
{

�˘ �A

�¢ ,
.�R

/

�ü )=716�Ó �æ:a

and

Qr@r _

�⁄
�X
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3�� CHECK YOUR PROGRESS�c�cMODEL ANSTERS

Checkyourprogrcss - I
l. dimorphism

Checkyourprrogress - 2

l. earthworm, Seminal Vesicles

Checkyourprogress- 3

1. bell animalcule

,�¡ V�' �| ÆM̆INAT10N QUESTION

�h     �j
:�G

�� rl�� �� �ß�« �˝ in about"�R �Õ

, : . l. DercdbcrhcpcsofreproOrrcUm hElphitliun.

, 
" . , 3: Describe dre sqlcfirc dyqrtccila.

4. D6critctho process of cofriugadon inVorticvtta.
IL Aasrcrthfofro*aheboutl0liros. :.

l. Srucure of Elptuldr'raa,

2. Stucurc of Morccysris.
3. Gameogony inMonocystis.
4. Nurition inVorrbclla
5. Binary fission inVorticclla.
6. Transfercrrce of LtorccTstis.
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4.1 0BJECTIVES

This uriit is a brief inrodrrction of proozoan prasitcs of human imputarrcc. At tte end Of dris unit
you:*ilI be abe to explain the srucune and lifc cycles along with padrogenocity and conrof,
measurcs of the causative Egents of l(elrezerr AnocHrds and natrrir"

4.2 1NrRODUCHON
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Leishttwia funawi is the Cause of Kelerzrr or Vice,ral l-eishmaniasis, an imptrtant and
common disease in India, F'qtern Asia, parts of Africa and muth AmaicarKalaazar was a public
health gpblem in the 1%0's, being endemic in Assam, West Bengal, Billar, Eastcm aistrics of
UP. and ffiptna. It was also prevalent in West Spain- Yugoslavia, Cireece and Northem Italy: In
the Mddle East, it is endcmic in Arabia and Iraq, Tlre parasites which lie chiefly within endothclial
cclls are especially abundant in the spleen, liyetr, and bone marrow. They are also found within
endothelial lancocytes in fte pgripheral bhod, particuldy late in the disease. It is also found in
cas and dogs, whfoh act as ncrnal or reservior hosg.

43.1 Morphologr

firc colourless microscopic parasite is round or oval in strrye measuring about 2 o 4 microns in
diameter. The body is roun&d by a pellicle. Cytoplasm, which is not differcntiated into ecoplasm
ard cndqlasn, contains a ryhedcal nucleus. A blepharoblast, a prabasal body and a rhizoplast are

presentbuta flagellum is absent (Fi8.4.1. A-C).

43.2 Life Cycle

The life cycle is completod within huo hocts, a Primary host (man) and a secondary invertebrrate

host (blmd sucking sand fly of the genus Phbbotamus).

In the fly

The sand fly serves as the intermediare host u the secondary host or the crrier. Wben &e bbod

sucking fly takes a meal from the primary host" the parasites pss into the dimentary canal of the

fly. HJre ihe prasite become.s enlrged with r lrge nucleus and acquires a short free flagellun

which arises from the blepheroplast, StrarA neer tho anterior end of the body. This pqrasitic form

with a short freo ftageUum is known as ttre lcptomonad. This infective st4ge is released into the

human blood when ,t* ny bites a man. In ttre primary host the lepomonad forms changes ino tlrc

adultLebhmania sage. (Fig. a.l).

ror' 1' Rtlrpphrst 2' Cytoplr$l 3' BlcpDrruPhrst
?E +L Lrisfu'ttb' A' Adult fom' E' Yorug foru' C' I*ptomonrd fo

llX".lot 5' Fhgdlum 6' rr"e"Ptrt'

PathogenecitY
ce disease which carrses irregular fever'

fAaaz4t (Kala: black:' a:rc" sickneqs) is a malaria lil 
rns black resulting

enlargmentorti"oandspleeno.*,p,oi"awithanaemia.Theskinggtqurtu
2g ino reuxodenia. ff rf," di'sease it'ioifip"tfy treated it also may piove fatal'
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Locomotory organelles, vacuoles, mouth gullet erc. are totally absent because of its parasitic mode
of life.

3.4.2 Reproduction and tife History

The litb cycte (Fig. 3.4) of Monocysrls is completed in a single host, i.e. it is monogenetic. There is
no intermediate or secondary host.

Gametogony

It is the sexual reproductive phase. It occurs in the following stages:

a) Syzygy

The mature trophozoite, after feeding actively entenl this pfrase. Now the oval straped parasite is
called a gametocytc or gamont. The gametocytes come ogether in pairs and meet by their sides.
They assume qpherical or rounded form. The gameiocytes secrete them a common thin walled
protective cyst called a gametocyst, or conjugation 'cyst'. The cyst is double layered; the ouier
thick hard layer is called epicyst c ecbcyst and the inecr thin soft layer is known as the endocysl
Inside the cyst the gametocytes just lie very close ogether but do not fuse. Such an association is

called syzygr.

b) Gametogony

Within the cyst ttre gamercyrcs shrink, and excude some of their fluid, that fills the narrow space

between them. h is followed hy multiple fission cir gamogony in which many small nucleated

bodies are present. They are called the gametes. As the gametes foduced by the gamonts are

similar in shape and size, and even equal in number (usually 64), they are called isogametes. The

18

Fig. 3.4. Life Cycle of Monocystis.
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Control Measures

The main control mea$nes is to kill the sand flies. For this the following methods are adopted:

1. To qprray insecticidal sPmYs, such as DDT, HCH and Dieldrin

Z. The sanitary conditions are io be improved by: (i) Eliminating the breeding places of sand flies'

such,as cracks and crevices in buildings. (iiiRemoving shrubs and vegetation near human

dwellings. (iii) Keeping the cattle sheds and poultry at a fair distance frroftr dwelling.

Treatment

I-eishmanian diseases are crued by following medical methods:

l. Intrayenous injections of sodiumantimony gluconate for t0-14 days.

2. Intravenous injections of Pentamidine ircethionate'

Doscs of TarrcrEmitic or Sodium antimony tartarate'

3. Two grolps of antirnory compounds are used as dnrgs; pentavalcnt compounds available in the

market under the trade names of Neostiboran, N@stan, Solurtibosan and Urpa Stihnine are

extensively used.

- Check your Progress' I
l. The life'cycle of Leichmania is completed in two hosts a primary host

. andasecondaryinvertebratehost 

-

4�B4 ENTAMOEBA HISTOLYTICA     �T |

Phylum           ProtOZOa

Sub�cPhylum    Plasmodroma
Class        Sarcodina
order             Amoebina or Lobo�ç

Genus       E"�m �¤ �˘
‘�`

Species   ��   �˝iS"Jyrf�˘ �¿
ä� �E

It is the most pathogenic or the entenc arnoebac,causing arnoebic dysentery or intestinal

arnoebiasis,it is universally distributed and a v�¨ �Ł ing percentage of various populatlon groups in

the temperate and tropical zones are inØ‰

�g

ed witt it.The parasite is mostly prevelent in Mexico�v

India,China and pan of South America where unhygenic sanitary conditions prevail.

�fl�†� :̌�I �Ó �ô��,�´ ml�Q
�å
"�Ô

hm�\  h�¾
"�c

d tt parastt nature tt d�å c�Ü �«d

The parasite inhabits the bwer portion of the small intestine,mucus and sub�] mucus layers of the

entire large intestinc(colon)Of man�B .It also occurs in the appendix.In ch�_ nic cases it may enter

the l�s cr,lungs,brain and spleen,causing s�å ondary manifestations�B

4.4.l  Morphology

lt measures about 10 1o 50 microns in diametre.ne cytOplasm is differendated into outer clear

ectoplasm and clear granular endoplasm.The nucleus is round,with a delicate Hng of chromatin

around the pe�Ü phery.The nucleus has a sman,delicac,centrally locat4karyOsome.Many food

vacuoles, ingested red blood cells and bacterla are found in the endOplasm. A cicar, hyaline

pseudopodium is given out,which renders unidirecttonal movement.

4.4.2 LiFe eycle

The parasite has four dinstinct phases:trophoz()ite,pre�] cystic,cystic and metacystic stages.The    �A
�N:

trophozoite is the feeding and growing stagc, the precystic and the cystic are the asexual

reproducttve stages,and the metacystic stage is the infecttve stage.(Fig.4.3)                  29
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Tb 12 Entatweh histdytica. A. Trophcolte form. B. Minute ?orm. l. Ectqlasn 2. Endophsm 3. Nucleus + IIJcted
XJ.C. 5. Iqj6led Br.tcrh 6. Pleur terrne 7. Pseudopodium.

Thc life history of Entanaeba histolytica is monogcnetic, as it completes within a singlehosl

Encyshcnt

The trophozoitc after focding, growing and rruttiplying by binary hssion, come out ftom within thc
tissues ino fie lunen of the large intcstine, wtrcrc tlte proccss of encysEa€nl begins. Tlrc parasite
bocomeg sptredcd ad smdlerard the fmd vactolcs disappears. Tlrese forms arc Cdled precyst or
uiautr. Thcy sccrete r ftin resisant cell wall aound thcm. Tlrcre ls onc qpical nrcleus and a
dclicare oon-granulr cytopla$n. This initid cncystmcnt stagc with a singlo mrcleus is calted a
rimcLd. cystk fmn. Sosn drc nuclcuc dividcs twice into for deughror urbi. Now the cyst
becomes tcEe-rrclcelc or quadri.lrdotp, It mea$rcs ftrom 5 O l0 microns in diamctcr. In this
stage characrerisically, ftere appcars rarher largc cigar shaped chroNnatid bodies. Tlre complete
process of encystment or encysurtion is over within a few houre.

The cyss are the infectirrc forms of the parasia. They arc highly resisant to dessicaticr,
Gmpennnre and chemicals. fire matire cy$s pass q[ intcrrliftently with the fses of man.

The cysts remain viable under favourable conditions fc a lomg pcriod outside the human intestine.

Ft.43.Rorodudon md LIre wde dEnmm�] �� hndrttB:1.Nuda18 2.Inl�g
=IBC�E

3.�ç �›

""m4.Endophm
So C�´

�g

Wan 6.Cly_7.C�\ a bOd7�E
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Infection !o new host is affected by the intake of conaminaed food and drfu*s. Contamination

occurs by houseflies, coclroaches and unhygenic pennns handting the food. Such mode of
infection is called contamination

Encyshent

On being swalloned along with contaminated food, the cysts reach the human intestine *t o O"
cyst wai gets dissolved by the digestive juices and the tetranucleate parasitc em€rges out. This

process is caUeA excystment or excystation and the prasitic stage is called excystic m meticystic

stage.

Metacyst

A metacyst undergoes a series of nuclear and cyto,ptasmic divisions, forming 8 snall uninucleate

daughteiamocbulae. They pass ino 0re large intestine, invade the mucous lini'ng and grow ino
,"trre trophozoites. The uninucleate metacystic forms may also remain inside the lumen of the

colon and become the precystic u minuta forms.

Tlre life-cycle of Entutoebais marted only with asexual reprodrrction. Ttrcre is no internrediate or

secondary host. Itrousefly and coclrroach act as ttre transmitters q. carriers.

The variation in the size of the cysts and tnophozoites of E. hi*otyrica, has led to an abitrary

classification into trro races. The large race comprises those with av€rage cyst size of l0 microns

and over, ard the srnall race those with av€rage cyst size under 10 micruts. The former is
associated with the most severe p4trologic lesions, i.e. acute amoebiasis, dysentry, liver, lung and

brain abscess, and cutan@us amoebiasis. While, ffre larer one tends o be fomd in persons with
chronii gastrointestind disease. firey do not ingestred blood cells.

4.4.3 Pathogcnecity

E. hystolytica is the causativc agent of the most oommon discase, the arpebic dysentery o
amoetiasis from which about 60% human population suffers. It dso surscs liver, lung, and brain
abscess.

The different diseases resulted by the presence of this parasitc have been listed below:

l. Amoebic dysentery

The sympoms of this conditions are passing out of blood and muoorn along with the stools.

2. ChronicintestinatAmoebiasis

Chronic amoebic dysentery urrns into inrcstinal amoebiasis, in which a person suffers &orn sllrt
bouts of danohea intcrmingled with pcrbds of constipation. Tlrcrc may be selective dyspqsia o
certain foods, such as milk and groasy foods, with considcrabb gias, flafilhrrce, ab&mfuul
discornfort, nausee, ndrvousness, urd general debility. Persons carrying ttre tnophozoites fo a lurg'
period lead almost normal life and serve as carrierof the disease.

3.' Absccss

Sometimes the trophozoites may gain entrance into the circulatory system and thus develop
secondary extra intestind sites, such as liver, lungs, brain, and spleen erc,

4. CutrneousAmoebiasis

Cutaneous amoebiasis occuN most frequently in the perianal region or on the buttucks.

4.4.4 Preventive neasures or Prophylaxis

To control amoebiasis and its relabd manifestations vrious personal and community pr,ophylactic
measures should be adopted.
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L Personal preventive neasures
l

The following personal hygenic habis should be inculcated: l

l. Drinking boiled water and properly cleaned and wastred vegetables and ftuits, if possible
sterilize them by keeping them immersed for a few seconds in hot water.

2. Maintaining cleanliness of the body. Washing hands with soap and water before taking meals,
after using oilet and liandling dirty articles.

3. Regularly cutting finger nails.

4. Avoiding contamination of food attlcles by
coclroaches etc.

protecting the eatables from flies, rats and

5. Adopting prop€r defeacation habits by avoiding defaecation in open places, fields or streets.

Check Your progress

1. The life history of Entorueba histolyticais ................ . as it completes witb in a
' single host

4.5 MALARIAL PARASrrEcPI�\odium)

Phyhm
Sub�] Phylum

Class

Order

Family

Cenus

Sp�¨ ies

Protozn
Plasmodrom
Sporozoa   ‘
hemoworida
Plasmodida
P�x

�g

�� ��

�g�\

‘�c

��

tvlalaria is perhaps the oldest known human disease. It was known to the Greeks who thought it was
due to bad air of swamps and damps (L. mala: bad; aria; air). It is a common disease of the tropical
and many temperate countries. It is still considered to be a very important disease in much of the
world and is responsible directly or indirectly for much debiliation and death. It is caused by an

intracellular, blood parasite called P lasnodium.

Four species of Plasmodium, are known, viz, vivax, falciparwn, nularia, and vovale. P. ovale is

encountered less frequently as it is found only in East and West Africa and the Phillipines. They

cause different types of malaria as shown in the Table-I. Of all, the most severe is P. falciparum, as

drug resistant strains of malaria of this species are conftonting the clinicians.

4.5.1 Hbtory

As eaflier mentioned in the infoduction, malaria is known to the human beings fiom thorsands of
years. But major breakthroughs, discoveries and findings date as late as the 18th century. The

iilport rrt dates and years of significant work on the malarial parasite, its life cycle etc. are given

below:

1827 Macculoch gave the name "lvlalaria".
1881 Alphonse Laveran, French Lrmy Surgeon in Algeria-Discovered

Plasmodium.

for the first time the

the role ofl8g4 Sir Patrick Manson, a Scotish Doctor in Formosa Cfaiwaan) - suggested

mosquitos in ransmission of malaria
Aug.29,
1896

1898

1948

Sir Ronatd Rocs, Indian Military Doctor, at Secunderabad Cantonment Hospital,

discovered the carrier of Plasnodiwn, i.e. female A nopheles mosquito.

Grassi, an ltalian, and his collaborators worked out the complete sexual life cycle of the

malarial parasite in the female Anopheles mosquito. \
Col.Short & Graham, British Pmtozoologists,'discoveied the pre-erythrocytic cycle in

the human liver.�R�Q
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Transmission of tlre parasite frronr man to man is through the bia of the mosquito, which is mqc or
less life inoculation. Nevertheless, there re otlrcr means, such as congenital infection, use of
contaminabd needles by drug addfots, and particularly by blmd transfr$sion.

The life cyclc of th pensite in men is dividcd ino three phases.

1. he-erythmcytic schizogony:- Soon aftcr their entry into the humq blood th€ prasitcs
disapear from the periptrcral circulation and atrack the parenchymal cells of the liver. In the
liver they feed and rraro&rce by asexual multiple frssion. The effected liver cell ruptures and
the porasites corne out as cr5ptomenoeoitc*

The cycle lasts fu 5-15 days. 33
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2. Ero-ery0rocytic sclizogony:- This is the repetition d the proriarsloyrh. ttre parasites
are called meta crypto-mcrozoites. Some of the.se enter the red blood corpuscels and initiats
Bre eryttnocytic c1rcle, while a fcw.arack fresh livcr cells to rt-start fu cyclc in liver.

3. Erythrocytic cycle or cchizogony:- The nurozoites from liver cells entcr thc R-B.C. and
start feeding. They pass frm trplozoiu a sigrut ring suge and then a tfu, omcboid sugc.
Thcy rrcw divido by asexul multiple fission, and also podrce the oxic haanrozoin, causing
malaria The R.B.C. wall ges rupnred and the parasites come out along wirh haemozoin.
This cycle is over tn 48-72 hours, depending ulnn the Planodium spoqies. After sevcral
asexual generations, the prasites are transformed ino rnale and fcmale gaqremcyts. Further
cycle takes place in female Arcplules mosquito, as the gametocytes enter into the mgsquio
alongwith the blmd srcked ftonr an infected person . , ' - .'

Scmd cycle in mmquito:- In the stomach of the mosquio the male and the femab geqrc.tocytes
develop ino gametec, spenns and ova Fertilization takes place, and the zygoteis formed which
changes into a motile ookinete.Ookinete pierces the stomach wall, comes to lie on the outor side,
gets encysted and divides by asexual process called spaogony. Many sickb-shaped rporozoitcs
are proftrced which come out aft€r the rupture of the oocyst They proceed from the haemocoel to
the salivary gtands. The sporozoite is the infective sage of the life cycle of Plasmodium. Thcy are
retained in the salivary glands util the next blood meal, at wtichtime they enter thc new human
host

The sexual cycle in mosquito is completed in 24 woeks (Frg.4.6)

Incubation perid
The period from the first entry of the parasite ino the blood tluough the mosquio bite, o the
appearanoe of malarial symptoms, is tnown as the irrcubuim p€riod. It vuies wi0t diftterent
pecies. Itrowever it ranges frottt 8.40 days.

Name oF
the Species

l.�� �I vax

2. P�� �‰rip�¿ �� ��

P.malariae

P.ovale

8 dayS  48 hous

5 days  48 hous

Incub�\

ation

periOd

l�k �m17

days

8-12   �E

days

TABLE-1.
Disease             L�s cr Cycle

Blood

�R

�@

�S

Benign tertian
Vivax malaria
Malignant tertian
falciparum malaria,suts
terlian malaria.
Quarten malaria

Ovale malaria

ASEXUAL CYCLE
MAN

14-15  72 hours  21-40

days
9 days  48 hOuns  lo_17

days

haemozoin
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SEXUAL CYCLE
(MOSQUITO)

S    m l

(Aii�å �ì metesT(Fe�˚ liatiOo
Salivary Blands

W�c
�a�c ‘ �� |

Prt4:a:cfty

tlrya$r$ ryc! qfcrq typec dnaluial fcvcr rs rhcady shown in TSle-I. Ttrc ,y.pnoroi oe
mdrir.rc Dciq dilcnssod hcse.

TheMelerid Symptons

Adeyc ttrobefc€ tre malarial fevcrtte following symprrms arc shown by the patienr
0 f*ausdoaud&equatyauming.
ii) Nausea, headache ard musculr pain.
iii) Constiption.

A typical arek of malaria has three stages; cold, hot and sweating.

4.53 Coatnolneasures

To conrol malsria sevcral measures are b be adQtcd. First and fuemost is the elimination of thecarricr i.e. mosquitoes, next is to maintain suusiantia hygeinic ;J;-i"ry J*iiiilr. 11, *
m-casrres fal into thc following catcguies.

1. Maquitocontrol ncrsurcs

1. Anti-larvetmeasures
Pcri-domcsc measures' control of brceding points. The hrvre c fte fuore mosquio should bedestoyea o hhibit a new ganeraion of the trursmirers. The different methods to ward off thc

A. Environmentrlcontrol
B. CbemicslCqrrrol
C. Biological Conrol

unaer environmcnal control brroerling of mosquitoes arc etiminated" It is known as ,source
reduction'. In chemical contror trre larvae ana itrcr 

"qgo 
*im ilr-*iil, fr*r"ur,terosinc oil c cnrde oil on water surfaces. sprays - pdr, pob, BHc, also poison thi *atcrscoaaining lrrT . Thc bbbgical contrrol is enoued by inrodrrcing c€rtah fishqs like miilxrws,tsotlts, guppftx and gambusia which eat awav F9 trde. some ac{uatic insecovuors prrnr m,Bladderwut arp also thc nanrat enemies of lrvae. In vector'conrol Rescarch cenue, atFondiclrcry, a new speckx of waterbug has been discovcred *r,irn-r"Jr";'ffi;,[il'";

larvre.
35
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2. Anti Adult Measures

l. Residual Sprays

2. Spacesprays

3. Fumigation

4. Crenetic control

To get rid of adult mosquitoes, sprays of DDT, gammexenq pyrethum, malathion chlqdarrc erc.

are very effective. Fumigation of naphtha prodrrcts like cresol, taracanrphor erc. end that of garlic is

useftrl. Crenetic methods i.e. crossingHamburgnale mosquito with the Paris female mosquito has

boen suggasted. The eggs thus prodrrced do not harch.

kotcctbn ryriEst mosquito bites

As far as possible we should fotect oursehcs fnom the mosquio bite. Fc this, mosquito nets,

screening and mosquio repellans shouH be ued.

4l..4 Treehcnt

If all the preventive mea$tres fail and a percon gets infected by a malaial parsitc, prophylactic

dnrgs are to be immediarely used. Quinine preparations, und€r several names like Reschin,

Camoquin, Cholorquin, I-ariago, etc. by mouth or by injection are extensively in vogue. At the

onset;f 6re amack, a brisk, pgrgg followed by hot drinks is given. Aspirin or analgesics_are given

at the commenoement of the hot stage. The bowels must be kept open by using fight dier If chronic

malaria where anaernia sets in, iron onics are adminisered.

Chcck your prngress - 3

l. The life cycle of the parasite in man is divided into thr€e ptnses .................'

and .............

4.6 SI'MMARY

l{alaazan,a trropical disease, is caused by Lcishrunia dowvani.It is an endoparasite of man' Sand

fly is tlre carriei of the parasite. Life cycle is completed in man and the fly.Kalsazff, causes malaria

f[" Oirrr.". Sand flies should be avoided and prqer medical treatsnent is to be taken. Entamoeba

histolyrica, the intestinal endoprasite, causes 
-Amoetiasis in man. ,f!oacL. and through

conEminafod food. Amoebiasis results in amocbic dysentery, diatrchoea, ulcers of liver and other

manifestations. Personal and community hygenic-measures ae to be adopted and suitable

medicines strould be administered. }[alaria is G oldest lnown disease. It is caused by four species

or o" g"oo* plasmodium. Female Anopheles mosquio is the canier. Aserual cycle is found in the

liver and RB.C. of rrt, *a the sex.ai cycle in t5i sOmach of mosquito' ivfakria is rcompanied

with shivering, higher tlver, and sweating. It also rcsul6 in anaemia' Both 'the larvrc and adult

mosquitoes should be desr'oyed' There are several other p'rotective measures' Quinine prcpmtions

arc most suitable.

4�� CHECKYOUR PROGRESS�\�]MODEL ANSWERS

CheckyourProgless - I
man, sand flY (tsetse flY)

CheckyourProgress - 2

murogenetic

m. Ctrcck Your Progess - 3

Pre-erythrocYtic SchizogonY'

Exo-erythrocYtic schizogonY and

Erythrocytic schizogonY

�U.
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4.8 MODEL EXAMNAT10NQUES10NS

I. Answen the fotlming in about 30lines
l. Explain the life cycleof Entanocba histolytica, and de.scribe the pathogenecity.
2. How amoebiasis is caused? TVhu ale its sympoms and conrol measurcs?
3. Describe briefly the life cycle of Plasnodium
4. Describc t[e life cycle of Plasnodiumin man.
5. Explain the sexrul cycle of malarial parasite.
6. \Vrite an essay on malria highlighting its symptorls, conEol measurcs and treatment

IL Amyer thc fotbwing in ebout l0lincs.
1. lYritc a note on l<alaazgr.
2. Wrirc down the cycle d planodiumin theliter.
3. Stnrcune of Euanpebahbtolyica
4. Erythrocytic cychof planrcdiwn.
5. Anti nalariaschcmes.

�Ł GLOSSORY

Abtral
Abscess

Acellular
Atkaloid

Alteination of
generatbns
Anaomia

Analgesic
Animalcule
Antiboitics

Apendix
Bilateral
Binary fhsion

Bone marrow

Blepharoplast

Blood tansfusion

Brackish
Budding
Calcreous
Chmnratin bodies
Cilia

Cocoon

The side of an animal away frrorn the mouth (L. ab: fr,un; oris: month).
Local inflarnmation, (swelling, redncss) of body tissues widr doep fcm
causodby bacrcria which destnoy &ecells in tIrc cenrc of theseaand
leave a cavity filled with pus.
Animals with a simplefrrnctional ccll.
An organic subshnce of complex compositbn rsent in plans generally
used,for medicinal purpuses.
A successiqr of tcrc generations of which one is asexrul and the otlrcr
sexual.
Deficierrcy of red blmd corp'scels of dreir haemoglohin, often causing
paleness.

Drug which kills or subsides pains.
Mforoscopic animal.
Chemical substance deve_loped as metabolic foducts by many
micromganisms srrch as fungi, bactcria etc. *t ict are 

"'r.d;;,ir.tinfections by parasites.
An outgrowth from the lqge int€stine of man.
(L. bis: twice; laurs: side) Ilaving two sides.
Asexual method of reprodrrction by division of a cefl ino two eq,alpafls.
A yellow tissue in the cenuar cavities of the lrger bones; in adult
mammalia it is the source of origin of red brood-ceus andce,nain tlpes ofwhite blood cells.
A small struchre of nnknown function near the base of a fl4gellum, incertain protozoa Also known as parabasal body.
To pass blood under medicar attention aonr onl person o anodrer in caseof emergency. w srvgrs sr

Slighrly salty.
A method of ascxual reproduction in many simple animals.(L. Calcartus: Iimy) IvIade up of calcium.
The protoplasmic substancein dre nucleus of cells.
(L' cilium: eyerid) Extremely fine firaments n"iro"" rythmically and
cause locomotion.

l_I1:odr" covering for eggs in earthworms, and for pupa of hn
rnsocL
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Coldbloo&d

Colmial
Cmjuptio
Constipatiq
Comination
Cqutatut
Clnsucan

cutsneous
Cyclosis

Pramecium
D€bility

Defmation

Desication
Delirium

Diarrhoea
Dialom
Diffitsion

DimuPhism
Diploid
Endoearasitic
Endotholial

Enteric
Excrement
Fisola

Flagellum

Flatulence
Gamet
GametocYte
Ilabit
Habitat
Ilaemocoel

Ilaemoglobin
Haploid
HoloPhYtic
Holozoic

Ingest

KarYosome
Intracellular
LePtomonad

38

Within the cell.

A stage in the developlent of the parasi$1 flagellate Leishmania' It is

named after the genus l*ptomonas which is resembles'

Thosc animals whoae bcdy tcmpcrann.o ygiq with ibs Gnvirogi€nt'

srrch as, fhh, urPhibia and refliles.
Group of orgatrisms living ogether.
A form of sextul reprodrrction (L. conjuguc: to ioin ogether)t

condition of borrels in which rbftccation is irregulr ad difEculr

Infectim cpollutiott.
(L. Copula: bond) Sexrul union of male and femala

ir rrngi vuicd group of uffuopods, moctly aquatic, such as shdmps'

prawns and crrbs.
i.rtaioing totb ddn.
(CK iyli"ir: wlrlrling,ourd) Circuley move,ent of trobplssmic
,t *ni* wi&in a coll as in thc cese of the food vruolcs in

A lack c loss of strtog0. It may duc to h* of musclcbne'

malnutrition, diseas a o0crcau*s
O O"i*ton: voiding of cxcrcnreno. Evacuation of the bowels c
fapces.
Process of exhsusting of all moisora
A;rp-rty condition resrlting fro|l fit"y or disease of tlre brrain c
*orc iun"ri, when the porson Jf tlre infection is canied to the brain.

L,bit curOition apatient shotrts or fails o recognize surrounding'

persms.
E:rcessive looae;ness of bowels.

Unicellular algre.
sprt;iirg; iattering or&uids or ga$s from one medium o the

other.
Existing in two distirrct forms'

iCi obro: dotrble) Ilaving tull number of Chromosomes'

A parasite living inside the hosr

iaia;;dt"t o.rtr,in; thele: nipple) Pertaining o endottrelium' The

;t ;;rd;"rs epitrremm iining tt'" heart' blood vessels and lvmph

vessels.

tClC "n--: 
gut) Pertaining to alimentary canal'

W.rt"mauerOit"trrg"afromthebody'especiallyfaeces'
A. Fis;l* ;ip") a d,n'ru it * aunormat tube like passage permitting

the flow offluids and gascs'

A $read lite ougrowih fr,om a cell, larger than cilia, to p'ropel a smdl

organisrn or attract particles o it'
Ari abnsmal o.o*JJo, Jga, (n",*) in the sbmach or intestine.

, l, male or female rcproductive cell'

Ttre mother cell of a gamete'

The bodilY constitutio.n'

The locality o, 
"**-i"n'ironmenr 

in whi"h : PtTlor-animal 
lives'

;h;;Efu filed cavity sunounding most of the organs as rn

anhrqods, molluscs erc'

il'" tiJpit *v iron pigment or uood 
9f 

vertebrates'

H;;.g ilfil; ruu t'om'""[t of chromosomes in a cell'

ilrrfi"g the food in a manner of Plant
(GK. Hslos: whole; #;'*t"'Outaining the whole of its food in an

animal like manner'

A:"t"t*, taken in) Tq convey food material into the-alimentary

canal or food cavitY'

fr;sgd;"; of Lhrcmarin i4'a resting nscleus'
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Submucous laycr

Syngamy
Temperate
Trqical
Ve,sicular nucleus

Wriggling
movements

(L. Sub: End€c mucous mwogs) Ttre byerof fibrcus, connectivc tissue

that dttrchcs mwous membrrane to the adjaqent parts.

Sexul unioin of nulemd femdegame&s.
A zqrebc,tween et0rer mopic and the curesponding polarcircle'

A very hotale.
the type of nrrclcus which consists of a nuclear membrane fith4 witfut
the r;;d finq hetwo* of chromatin. There may be a coarse meshwort

and sonretimes akaryosome or central mass'

Twist u tm body about with short wriggling movemenl

�¡ 40
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UNrr�] 5 PORIFERA�]GENERAL CHARA�µ��ERS AND CLASSInCAT10N,
STUDY OFSYCON AS A TYPE

Content

5.1 Obirtivcs
5.2 Inuodnction

5.3 Gencral Charactcrs

5.4 Classificatioo

5.4.1 Cebsea
5.42 Hcxactincllidr
5.4.3 DcsnorPmgia

5.5 Sput
5.5.f MuphologY
5.5.2 HirtologY

5.6 Skcletm

5.1 Canal Systan

5.8 Re,production

5.8.1 Ascxusl reProduction

5.8.2 Scxurlreproduction

5.9 Developtncnt

5.10 Summary

5.11 CltecL Your Progress - Mcrdel Answers

5.12 Modcl Examination Qtrestions

5.13 Rccc{nmended Bmks

5.14 Glossuy

5�B1 0mCTIvES

Tlre unit dcals with the general chrrters and cla.iscs of phytum Forifera. Tlre unit also dcpicts Orc

strrdy of sycon as the repr,esentative type of the phylum, its extemal and internal strlrctur€, various

tlpes of cells, skeleton, cand system and physiology.

After going through the description you will be in a position to explain that the poriferans are

placed-in 111otticettotar animals with tissue level uganisation wittrout a mouth, diga*ive cavity m
orBans, depending on a unique water canal system.

5�B2 mODUCTION

Phylum Porifera comprises sponges, which are multicellular animals of most primitive characters.

Except a single family of fresh water all sponges re exclusively marine, found adhered to

submerged substrahrm.

Sycon is a calcarpous sponge with an internd skebon composed of calcium ca6onate spicules. It
is tlpical example exhibiting salient features of the phylum.

53 G�Y ERAL CHARACTERS

Phylum Puifera (L. Ponrs: pore: ferra: totear) mar*s the beginning of multicellular animals. The

group constitutes plant-like animals, irrcapable of movements. Their body organisation is higher

ttan-nooroa but when compared to other Metazoa, they are simplest and the lowest. The group 41
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'q)onges' was seperated from hoozoa by Haeclel in 1E69. They do not possess well defined
tissues and organs. Paifera fupludo.s about 5000 described species. The vase-shaped, cylindrical
body consists of an extensive system of pores, canals and a number of wandering amoebocytes.

hey have the following characteristics:

1. Tlrcy are all aquatic, mostly fotrnd in sea waler, where they ae found atrached to some
substratum.

2. Body shape variable, vase-like, cylindrical, globular m inegularly branched without
srnm€try.

3. Colour variable - brown, grey, yellow, red, mngq voilet, pink, black or white.
4. Soliary orcolonial.
5. Multicellular, diploblastic. Outer dermal layer and inner flagellated layer, consisting of

characteristic choanocytes. A gelatinous mesogloea or mesenchyma lies between the trro. It
is embedded with numerous free amoeboid cells of different t1aes.

5. Body with many porcs. canals or chambers, through which the water current flows:
7. Numenrus small openings known as octia are found lat€rally, wlrereas a lrge cculum is

present distally. These two ar€ communicated by a set of canals.
8. Thc centnal large cavity is called the spongaoet or paregestric cavity.
9. Skebon is made up of spicules of calcium or silica and fibres of spongin.
10. No org;ans of locomotion, compbrcly sessile.
11. No mouth and alimentary canat nutrition is Holozoic and digestion is intracellular.
12. Organs of respiration and excretion lacking. Both the processes arc carried out by diffusion.
13. Nervous system absent Response to stimuli poor.
14. Reproduction both asexual and sexual. Former by regerneration, budding and special cell

masses called gemmules.Iarer by eggs and sperms. The free wimming larva is foiind in the
life cycle.

15. They are not attacked or devoured by other animals. Their anterior cavities serve as
temporary shelters for crustaceans. worms, and molluses etc.

16. Sponges are of great economic imporance. The skeleton of the sponge is in human use since
the ancient greek days for wastring and mopping. A few sponges are used for decoration and
as article.s of gift

54 CLASSIFICAT10N

Phylum Porifera comprises three classes. which are:
1. Calcarea
2. Hexactinellida
3. Demospongia

5.4.1 Ct ss 1: Calcarea

i Marine sponge, inhabiting shallow waters.
ii. Skeleon made up of calcueous spiculas.
iii. They measure 15 cms. in height with dull brown colour.
iv. Bodyradially symmerical. vase-stuped.

. v. Body surface bristly due o proFcting spbules.
vi. Choanocytes are comparatively larger.
vii. Canal syst€m of different t1ryes.

viii. Aserual reproduction by btdding.
ix. A free swimming larval stage in the life cycle.
x. The group consiss of economically important sponges - the bag sponges. e.g. Sycon.

Gratttia, Leucosolcnd,a (Figs. 5. l.A-C).

5.4.2 Class 2: Hexectinellide

i Found in deep sea, at depths of 300 feet o ttuee miles.

ii. Commonly knovm as glass sg)nge, as the skeleon is made up of haxactinal silicieous

spicules found either scparate or united in networts.
iii. Body height 10-30 cms o 3 feet, with light colotr.

42
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iv. Radihlly symmetiical body' cylin&icel' wse u furupl shaped'

v.Bodywallracrseeiderrrarceusanameserrcnymalmalix.Thclderismadeupofa
network of s;dri;J by the union of branching pse.dryodia of ttrc amocbocytes'

vi. The dermal ffi; ,htr,,-irc ,ioo" layer is oici ano ore gastral one is thin with

iregular openings into the ryongecoel'
vii. Ttre choanocytcs re small and lack contractile power'

viii.The canal sYstem is simPle'

i*. goCding is ihe mode of asexual reporduction

x. Larvais called sterogastruta

xi. class ltrexactinellirla eonrprises a few ecstomically impuant spotlgcs li&ie Etrylcctclla

and nyotiii prieir skeleon'oi Errplrtt tta is I cocrtly maniagc gift in Japan

Hydorunu is beautiful decruative sponge'

e.g. Ayalonenai, Euplcctclla' Pherotuma (Fig' 5'1' D-F)'

5'43 Ctass 3: DemOspongi 
, with a wide disribution'i. The Demospongia are mostly num€fi)us 0ran other spong€x1

ti. Ttre body is frigtrty organised srtqg alt tho sponges'

iii. f*fostly ."tin", Uot 
" 

few are found in fresh water'

iv. Body shape and colorn variable'

v. Skeleton, *fr"n p'"t"n', is of silicious spicules-and T .nry fibres'

vi. Mesogloea abundantly contains 
"on-or"rit 

frbre clls' tp fibrocltcs, which possess a

high contractile Power'
vii. Canal system is comPlicaad

viii. ChoanocYtes are small'

ix. Asexual reporduction by internal buds called gernmules'

. x. I-arva is stereogastrula

i.g., Sp ngilta, C tioru, C laliru (Figs' 5' l' G-I)'

�p
�uS�� �¡ ep�\ ntat11�g of P�¿ irera A.�� .BP CPa�� �Ù .C.��

�g
��Jarearir.D.IyaraB��

�g
.�� ErPLcFarra.R PLra-4.

C.SPagib.H.Cim I.Cla�� J�� .1.0�g ulum 2.�w ar ibge 3.Oseb 4.Cyllnder 5.B�ß äF 6�B Submmm�¡G�\

-3.3ody,.Symb10m polyps 10�B Roo8:gphles ll.Osa1lar dete pl�� 12 LedØÜ �¡3�u P�c �¤ �˝ 80ps 14�B MaJDal
41pOms l�� neutt pr�B 6LIS 16.Stod 17.Cups or Coral.

${i-+:ij,i.i'i,.; "r .:,:sije*.i.- ..-r 
]

L

B R
 A

 O
 U



5.5 SycON

Phylum
Classl

Orda
Fmily

mus

Porifm �]

Calcm
Hetmcoela
spØ[ �Ø

Syca2 6cyphap

labitu lylorll a ryqnry sponge found in thc pas of many psts of rhe world, especialty of
Eurcec" It is rliuy foud atEched o tlp st'tfro of a rock and othersolftt srbstraa suUmergea in
sea watcr.

55.f Morphologr

Sycon is a calcarpous sponge, thc skcleon of whidi is made up of rybules of calcirun caftonab.
Ttre body cmsisB of rnrc-shaped which re $cy or light brown in colon It measures 2G25 mm.
in treig[tand 56diamctcr. Thc body isrdially synrmerical

�¥     �¸ F�oàp �c�fl�H
�Ø:�l �Alil�A |�A :,

ll.:il�q :�k :11.�]

tittrl.�] :|�M :

:l lil{il�¡ �¡
:

1: :      :

�n�B52.ªN"1,OrJa 2�c �q ��F�O�V�V�´ �Ł 3,�V I�V i �¡ i:i
wicules.On tt body sIIface imumale pOlygOm elevations aFe dem�\ ed by linear
Owsions wtth mn p�\ l"�v �É sid�� of ac polygons.In mese dq�z àYsiOns nurneFOuS mmuc
pOr��

�g
fOund�B �¡ �E

�g
called tle�˚ �O anc�g c_nt poo,�å �Re imlent pores.hmg�×

in tt wata c�\ enmØS
�c

Of tte sponge hOugh these pores ad exist hugh
omulum.æŒh vmical talbe has a Mlow interior knov7n as dle wongocoel,p�« �R�q�›�â�� J�� �� �Ł ,

pamp�fl �å �V
�\

caVity.    �E �A             �A�V  =

�R�~�� HL"�X

ry. 53. Sycoa A.Ls. d Sycn B. A put ot ttrfrc rdo rb'lf lblotog tEd clnd_ryt0.r (ryrilt lD@thl ttr3

prit of rirc orrort). f..Orcrtr llQe a Orolln 3. Getro.d. { IlcroC ordr 5. Ilmt crn{r 6. lbgdrt d

inratrr11' Z. Seofooa & $dt 9. Pro4tb fO. Sdrrrilrri If. ADcbocrtc 12. AEoPt!.' I3' Etnbrye 14 Gr.ed
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Choonocyte: It resembles a choano flagellme Prcozoa It is oval or rounM *rq l UrkS.{f a

few vAcuoles. Qn the apicsl side a collr-like q!+spqrent outgroqth is pqgsnnU The

lmg whip',likd flqgplltrn risos;&om ttp l�Œ�` :��

�µ �R�� �y
�E
�x COlhi

FŒ��BSI CmmOwL��sPa.1�E nguum 2n�R �ô �ß�Õ �à

�g
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Mesenciymc ltitttespttbew�g I:�“ demis ana gasmllayer.Itis isottd�R 6 hesogloea or

�À skelemgenous lay�° ,for it conmins the supponing neletal elemens called tt spicules�¢

gdatir�_ �� lmatrix�� �‹ the following�� �� ��of�Ù
"Wandering,amcDebOid edis.: :       

�\

io Collencytes or Connective tissue cells:They are small conn�å tive tissues cells WiJh ndiating

pronses or pseudopodia‘They aFeØJ �I Orstellme shapedo cig�B 5�B5) .

D

J

ng. SS. Commo typgc of 
'cetls 

fornd ln tbe mcsogtoer ln sponges A Collencyte B. Chronircyte C. Therocyte D.
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ii. Chromocyts c Plgment cell* Thoy have lobose psend@ia a4d possess pigment
granules. They impart colour to the sponga

lv.

Thesocytes or Stmege celb: These are amoebocytes with lobose pseudopodia They conain
plenty orreserrre fmd granules

Sclenobtasts or Spicule producing cclts: Tlrese arc the spicule prodrrcing cells which form
the skeleton. The cells which secrerc thc calcroous spicules, as in Sycon ee termed
Calcoblasts.
Phegocyte* As the name indicates tlrese are thc food collccting c capnring cells. They
possess pceudopodiawhich are oommissid b engulf food, exqrcb,and damaged tissues.

Tnophocytco or Nourbhing oclls: Therc are the transecdng oells, uansferring losded
digqstcd f@dftom oneplace o anottrer.

Archeeocytes: These rc the gameb profuciag cclls c fie sex cells. They posses bhmt
pseudopodia, large nucleus, ard a gamlar cybplasm. Tby alo play a key rolc in.tho
prccess of regeneration.

Lophocytes: They possess a trft of fibrils at one u both cnds. Thcy ue of uncertain
firnction.

Monocytcs: They re found arormd the osculum, ostia and apopyles-pces connecting canals.
They are elorgated contractile cells resembliog the muscle cells of vertebrarcs. Tlrey regularc
the opening and closure of osculum.

Gland celb: They secr€te mucus and are mo*ly found at the base. Tlrey held in, adhesion of
the sponge to any subsfatum.

Desmocystes: They lie u thc basement of the canals. They are long and slender.

vl.

Yllt.

tx.

�E��

5.6 SKELETON

The skeleon of sponges is made up of various types of spicules which maintain the shape of sponge
body and lend sufEcient rigidity. It is also reryonsible to keep the sponge ercct with sufficient
flexibility.
In sycon the ryicules are made up of calcium carbonate and hence calcueous. They are secreted by
special mesenchymal amoeboid cells;scleroblasts. The spicules are of four types.

L Monaxon spicules: They are long, rod-like, straight, one rayed spicules found in large
numberc in a circular manner around the ocsulum. They are also known ar monoradiat€ spicules.
\Vhen they are pear of club-shaped, they are termed oxeote spicules. Such spicules project from the
outer surface of he body and also lie outsidc the radial canals. (Fig. 5.6)

ii. Tri-axon spicules: They are also called tri-radiate spicules. These numerous three rayed

spicules are present along the radial canals with one ray pointed owards the disal ends of the

canals. (Fig.5.6)

iii. Tefa-axon spicules: They ae also known as tetraradiate spicules, possessing four rayS. They

ocpur along with ttre tri-radiale spicules in the gasnal cortex sorrounding the gastral cavity.

iv. T-shaped spicules: They are rrely found.

46 Fig. 5J. Splorles lnsycor , A. Monrron splorlcs, B. THuon rplculcs
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5:7  CANALSYS�Z

Cmal sy*cm is chtract€ristic feanne of all sponges urd is of considerable physiological

impctance. It is also known as aquiferous system.

Spongcs sc sessilc in najtllp and as such depend exclusively on the wat€r currcnt that enters

Oiirit osda end exits tlnough orulum. While passtng througlr various canals, 0tc'waler curcnt

pofoilor multifrriors acdvid;. As the efficiency of the life activities of sponges, lrself depends

upon the waffi cltrrent there seems to be a direct re}ation between 0re canal sysom and the water

cnntnt

The ernd sycten of sycon cinsise of canals - incurren$ rsdial, and excgrmt; qarings - octia

and occulm; inter+alral qertres - prosopyh and epopyh; and the centrd paregasic csvity'

Insrrurt cenrh It is lfuEd wilh lldtened ecobdcrmal pinscocytcs. The outer ends of the canal

*" rfignUy dilatEd while rhc innor ends arc nam)w and tsrminatc blindty owrds the paraganic

o"i y]A,irir, porg memhrpc, perfaated by two G tlnee minute Gtil, over thc outer dilation.

R.dhl cruk It i also ltlox,I fs flagellated canal. It lies fanwcrscly bctwecn evcry two incurrent

..-1" It fu limcd with ctofrof.tf-On thc inncr si& it is connectcd with the paragastrb cavity,

*l-" as iE olt rlgd torninalcs UtinOy. The ndial and drc irrcunent canals ue interconnected by

.ht o.., clnnncts cg[ir trc proaqyla. Erch prosphyle is perforated by a single tubular cell,

thepaocyta . 
:,

Ercmcnt crndl,It is a sh61t tidc gaisago, lined with flat ectodermal pinrcocytes. The radial

canal opcns in6 6e FrfSrcfitc cevity duough the excurrent canal by central rormded, contractile

appcrorc cdld thc ryopYla

pmgl*rt cevity: It is ccntral spongocoel into which opens the excurrent canal. It is fined with

n* cpittefiaf ccUi tngtto'pArroEyes. The paragatic cayrty gpg.ns p the cxtgiplDy.thq

occulum.

Conrrc of wrtcr curcnts fire sca watsr enrcrs ino ttre tody of the sycm through the..minute

dermal ostia which opens ino the ircunent i:anal. Frorr here dE wa[er passes on to the radical

canal ttmug[ n&firw passages called rhc poeopyles. Now the water curent makes is entry ino the

excurrcot gq;1q! *Fich is grrardcd by a contnctile aperture - the apop$g. Fl* theexcunpnt canal

tho rvasrfills tts sstral[ronggqoi nu, g.rnt".it-ina[r'ha*t ti; i{v,t}fguh $s.rygqturi tlie'
curtrr-trS,flq;[ efpendisg of ceidlconuoU ttrb,rate of flow, even sffing it alolether. Water

current - dernel mtir - incurrent canal - procopyhs - radial canal - apopyle - excurrent canal
- spongoGoel - occulum - outsidc.

�¤ �ccmmt _�»
�a

�£�Ü�Ócanl_�Ö �i��
Incurryrt canal

tlr

?Radialcanal a-*r*
Advrntegce of crnil cystem: Cural system is of great sigrificarrce in sponges. The continuous and
unint€mpcd flow of wat€r cutrrnt in the porotrs body of the sponge is respottsible fc many vial
physiological prccesses.

DitrcrctrtadrnntryB, utcs and fiflrctions of the canal sysEm arp as follows:

i. The *ater current brings in oxygen and food"
ii. Italsoto@ tbcryems andegg moving in and out
iii. It rrrnovcs,niqqgcnoons wastcs and carbondfoxide.
v. It brings out the-lgval stage, the amphiblas[rla which uttimatcly swims away.

tl:j�� [=|�¡
=

47

B R
 A

 O
 U



It has been estimated that a sponge of l0 cm long and I cm wide consi*s of about 2,250,W
radi al canals or flagellated chambers and pumps 22.5htesof waterper day through its body.

58 REPRODUCT10N

Sycon reproduces both asexually and sexually

5.E.1 Ascxual repruduction: It takes place by regeneration and budding.

Regeneration: Regeneration is the process of replacernent and recovery of parts lost by damage <rr

injury. If a sponge is teared or cut so as to separate the cells from one another, the cells tend to
come logether slowly and form a young qponge again.

Budding: Budding is the common method of asexual reproduction which takes place by external
budding. Masses of archaeocytes migrate and form an outgrowth called a bud, which arises from
the base of the sponge and acquires an osculum at the top. It may either become free and form a
new slDnge, or remain affached o the parent sponge and add to its size.

5.82 Sexual reproduction: Sexual reproduction takes place by sex cells - spenns and ova. Sycon
is Hermaphrodite and Protogynous i.e. female gametes mature earlier than the male gametes.
Special sex organs, testis, and ovaries, are absent. The sex cells arise from special arnoehytes, the
choanocytes and the archaeocytes.

Sperms: The sperm mother cells or spermatocytes arise from amoebocytes which rcpeatedly
divide. A spermtaogonium is surrounded by a cover and divides two or three times to form
spermatocytes, which develop into sperms. A mahrre qperm is small with an oval or rounded or
pear shaped nucleated head and a long vibratile tail. They are carried along with a current of water
into a flagellated chamber of another syoon. (Fig. 5.7.A)

Ova: The egg mother cells are amoeboid and wander through the mesenchyme to the base of the
choanocyte layer in search of nutritive cells. They increase their size by receiving nutriment and

then undergoes meiotic division to develop ino an ovum. @ig. 5.7 B). A mature ovum is large,
round with a prominent nucleus. It lies in the wall of the radial canal. (Fig. 5.7.B).

Fertilization: Fertilization is &e union of the male gamete, qperms, and the female gamete, ovum.
It results ino a zygote. Fertilization is internal. The manrre sperms escape outside with the current

of wat€r. They enter the body of anotrer sponge alongwith the incoming water current and reach

the radial canals. Here, the sperms enters a wurdering amoebocyte or choanocyte called a nurse

cell, loses tail and get covered. The wandering choanocytes now carries the sperms to the oocyte.

The sperm penetrates and fuses with the egg, completing the fertilization. It results ino the

formation of the zygote which now ges enclosed in a broad capsule formed by lining of the

neighbouring amoebocytes. (Fig. 5.7. C).

nC.5.?. GrDG3t ed tbrtllLdm hlSyCOnA.An Elg h tDo r.lld cr[d. l. SE mt hE'ld h tb ltegdtetod cell' C'

X,i,r- oaf c.rrtlry tt" tp."- Oi f.nOfrmo*1.X,r{"Cor 2.Nudrrr 3'PlnrcocTlc LOwn s'Cbocnocttl

6. cytoplrm 7. Spcrot. Choonocytc(nur*dl).

�í�l�|�‹�j

�W
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5J IIEVELOTTI{ENT

Dcvdoprnent is the scries of evcnts occuring in a aganism during the chaagcs ftm tho fcetilised

egg to ttrc adult strga In rll meuzmn tnimals it cmmorrccs wift dtc divisiol of thc zygote, which

repeatcdy dividos along dcfinite pldns at right mgtes to orc ao6c(, ffimitry cetls in the

geomerical ratio i.e. 2,4,8,16,32,64 ... (Fig. 5.t).

qq@@5p

FlS. 5.t Dcvdoprent d Sycon A.Zygdfa B. Tf,o cdld rtege. C. Fanr cdled cfrge. D. EEht cdlcd ilrge. E. Slxteen
cdld st{c. F. Blstile. G. StonoDlrcblr. H.VS. of Stmobllfirle rfter lnvcrclon. I. funphlbtrstrle. J. Gectrule
lormetlon by lnvrglnrthn K. Fhd grstrotl (LS) 1. Nudeur 2.Cytoplm 3. Ocrvrge a. SD.II nleromercg 5. Iarge
n*mN[erec 6. Fhgdtrtcd mlcrmercc 7. Grrmrlllr EErmcre! t. Fhgdh 9. Elato(ld 10. Blrrtopce.

The early stages of development proceed in the radial canal.

i) Cleavage: The zygorc undergoes segmentation on cleavage which is Holobtastic. The first three
divisions ae vertical producing eight cells or blestomeres. It is followed by a horizonal division,
slightly towards the anterior end. Sixleen cells are resulted, of which eight are lower and larger
called Macromeres and eight are upper and smaller, the Micromeres. The macromeres form the
dermal layer, whereas the micromeres are destined to become the choanocytes. The embryo
appears 3o be flat0ened disc-like. A cavity now appears in the centre called the blastocoel. The
embryo is now known as blastula.

ii) Stomobhshrla: The small micromeres multiply rapidly, become elongated and rcquire flagella
from the inner ends towards the gastrrocoel. The macromeres do not divide but become granular. In
the centre of the group of macromeres an opening appears that functions as a mouth. The embryo
ingests adjoining choanocytes. This embryonic stage is called the stomoblastulla. The embryo is
essent'ally a blastula but with internally directed flagella and a closed mouth.

K
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iii) Amphitrbstutr: The embryo now undergoes a rcmt*able trocess of inversim whhh is not

met in any ottrer Nletazm. The pocess begins with Ere rcoeening of the morth, which enlrges to

exposc the filgcllarcd cells now dirccting outsads. Now, thc macrometes slowly multiply and

rpieaA on alt sides. lhe mouth of the larva closcs and the embryo becomes elongued. Tttis free

swimming nage[apd embroyonic stage is called Amphibbstrh. It extcrnally and intcrnally

differs from thc adult, which is immobilc.

LLUSTRAT10N OF THE LIFE CYCLE

Olynthus stage

I

I
fixed gastrula

A
I
I

Gastrula
(two layered)

A
I

I

Amphiblastula
(Free swimming

larval stage)

Î

I

Stomoblastula
(Flagellated micromeres

turn outside)
A
l
I

Stomoblastula

I
Sperms

l
Radial canal

I
Outside

Enter another sponge

I

nraiJc"nal

If
Enter the ChonaocYte

adjacent to the ovum
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Until this stagc the embryo was fomd in thc nrcsenchyme below the choanocyte laycr of the

cpmge. Now blrood capsule ruptut€s, the larrra gets detaclrcd and enters the radial cutal, and finally
guncs ort of the parent body along with the ougoing watcr currcnL It swims actively and marks

the freeswimming ciliarcrl larval stage of the life cycle of Sycon.

iv) Grstruhtion: The amphiblashrla lana now swims fo sometimes wi0r tlre:flagclar end

dir€ct€d fuwud" It then secles down by the anteric end and undergoes further development. The

flagellarcd cells invaginate and re ove(grown by large granular cells. The emkyo now becomes

t*o lryered, with a outer wdl of non-flagellared cells and an inner layer of flagellated cells. This
prccass is lmown as gasfruletion and the diploblastic larva is called a gasfula.

Mctemorphcds:

Irilcrmorphosis is rlre phenome,nqr or strucnral change or transformation from a lmral to an adult
form, especially in animals where the larva is morphologically ard anammil:ally different from the
afutt

The lsrva elongarcs andbecomes cylin&ical and develops an osculum at its ftroe disal end. Smdl
perforatbns appefr ur the sides of the cylin&. The outer non-flagellared grmular celts give rise to
the dffmsl lrycr, the pfuucocytc.s; while the inncr flagellated cells form chmnayes and ilrc
rmiols amocbocytes. This'stage which rescnrbles a simplc ltucosohnia like sponge, is called
olynthus otrge.

ChcctYm kqrcrs
�P

�Q
Body wall of ,Sycor cmsists of trvo cellular layers namely
h colme ofwa�° c�\ nt mughcL_lsytmm�â �˚ �“ mm ostialendsinm

�R

�S :":Y: TllTlH:,Ti,ffitffi.1f,I;;; -:: -. ;:ffiHi*
�¡ 10 SUMMARY

Phylum Ptorifcra compr-ises 'Sponges' found in the sea and thc fresh wabr. Tlrey are lowly
multicellular and sesile animals. Body uavcrud with mury pfi€s rneant fa drc ilSsage of waler,
whbh performes rruious body filrctbns. Skclaon of ryicrlas. Difrerent phpbloilbal furctions
crried out by different types of cells in collabration with the wefier cun€nt rt?roerctioB both
asxual and scxual. Sputge is a sessile calcatous mrinc sponge, Diploblastic, many amoebocytes
in the mcsogloea- Skehtot of difrerent types of ryictles. Physiological rtivirie,s accomplistred by
the current of water flowing in ftc ceals - curstiurting a canat syscm. Asexual repoi"cto. Uv
regeneration and hddiqg. Scxual rcpoducdon by ryanrs rnd eggs. Fertilization urC- developnent
in sitr.Ihec swimnhg lryal rugp"

5.11 CHDCKYOI'R PROGNESS.MODS,ANS.0IIERS

�k

�Q
�D
�R
�D
�S
�D

dermd, gastral
Incurc'ng pnoeopylc' radial silal ryqryh, excnnenr canal, ryongococl, orculum.
ar,xurl
anphiblacada, sexual

5.12 M()I)EL ETAIIINATTON aIrESTro{S
�k

�@
�k

�Q
�D

Arrtrrr tc fue;fu h rbmt30hce
Dcrcribc fu gffiel chrroal of hrifal
Givc m oltlim cJesrifrcdon of phylnm fuifera, Wto dre levels of classes, wirh charactcrs
and oxamplcc of ech cles*
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G�se an account of the sexual�Ł �ƒ �� Ctim and development Of��

�g

�Brt

Ansn'en thc following inabont 10 tiry
Skeletonof sponges .- , 

'', . rl.

Asexul repodrrction in sroa
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INrr�] 6 CNIDARIA�] GENmAL CHARACrERS AND CttSIHCAT�_N

Contents

6.1 Oblrtives
62 Intoduction

6.3 Cren€ralCtaracters

6.3.1 Claes - HYdrogoa

6.3.2 Cla$ - Sct/Phmos

6.3.3 Class - Anthozoa

6.4 Summary

65 Ctec.k Your Progre.ss - Model Answers

6.6 IrflodelE:raminationQuestions

In this unit we deal with the general clraracters and diversity existing in Phylum cnidaria and

conccpt of diplablastic condition is discussed. Classification and examples are given. At the end of

tti, uiit you will be able to explain the diploblastic condition, development of intemal cavity for

digestion which opens outside though mouth.

6�B1 0BJECrIVES

62 
�c

RODUCT�_N

63 GENERAL CHARACTERS

1. Cnidaria are the multiceltulr animals like qponges'

2.Themembersofthisphylumuedistributedthrorrghouttheworld.

3. All are marine except a few fresh water forms

;:,. * *, is composed of two cellular layers i.e. ectoderm and endoderm' hence they are

called diplobLStiC animas.

These exi"in tWO foms The polyp�] asexual z00id and medusa�] seXual Z�� id.

They us�…ny exhibitrdial symm"yind�V Stte.

ThereiSOnlyOnemouth whiCh ttsOfunCttnSasanus.

Dig�å tiOn�¤ btt mmcdhh andeXmc��
�P �i Œi Jnervecd�Ì .

NervouS System is pnmitiVe conSiSing of diffu

SensOry organs may be simple or cOmpliCated.SOme with eye spOtS Or s��
racys�g .

�V�dT�� �Ø�v l�] �¿ �í �£çN�� �R�EI�ì �flM�]

previously cnidaria and ctenophora wqre included in the phylum coelenterata' The name phylum

coelenterata was given due to the prrcsence of coelenteron"'Dtre O the absence of nematocysts in

ctenophora this grcup is r"put"rca'to, 9_"19rt 
which has nematocysts and both have been made

;r.er*" phyla. eif cni6arians are radially symmetrical which exhibit two structrral qpes - a

sessiie type, trri polyp and a freeswimming form, the medusa

5.

6.

7.

8�B

9.

10�B

11.

6.3.1 Class: HYdrozoa

l. Mostly colonial and marine (Obelia)afew solitary and ftesh watut (Hydra)'sessile or ftee'

2. BodY radiallY sYmmetrical
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4.

Body watl diploblastic, consisting of ctodernr and endoderm scparated by a non-cellular
gelatbnous mesoglea

The epidcrmis consiss of epithelio.muscular cells, interstitial cells, sensory cells, gland cells

and nerve cells.

Some of the interstitial cells give rise o characteristic organs of offence and defence called
stinging cells or nemotocysB.

6. The endoderm consists of flqgellatc or amoeboid cells, gland cells and epithelio-muscular
cells.

7. The digestive cavity communicates directly to the exterior by a single aperture or mouth.

8. The gasuo-rrascular system is simple, without somodaeum and not divided by vertical
partitions and mesenteries.

9. There are two types of zooids in the colony. They are - 1. polyps or gastrozooids,
2. btastostyhs or gonozooids

10. Tnre velum is present

ll. Sexual cells are generally ecodermal in uigin and discharged extcrnally.

12. The colony develops only by the asexrul process of budding, but cerain of its buds, the
medusae develop gonads and from theh fcrtilised eggs new hydrozoan colonies arise.

13. In most cases the only skeleton of supporting structure is the outer horny perisarc. There are
somefcrns in which the inner c(nu)satc secretes, a skeleon of calcium crbonate forming a
massive stony strucntrc or corel

14. There are colonial forms which instead of remaining fixed, swim or float freely on the
surface of ocean. Such pelagic funrs arc always formd b exhibit a remarkable degrees of
polymorphism, having the zooids of various forms and perfcming diverse firrrctions.

15. The larva is ciliated planula. e.g. obelia (Fig. 6.1), Plrysalra (Fu. 6.2 A), Millepora @g. 6.2
B).

6.3.2

l.
2.

3.

4.

Ctass: Scyphozoa

These are meduioid cnidaria
These are pnrely marine forms and the majuity are pel4gic i.e. they swim freely in the ocean.
Nearly all are free-swimming in the adult sarc. Some however, like on coral rcefs or mud
banks and or found resting in an inverted portion on orc ex-umbrellar surface.
Ivlany of the solphozoa 

-are 
semi-tranryarent and glassy, btrt often with brilliantly colorned

gonads, tentecles or radial canals.

In many cases the umbrclla or oral anns etc. re hfhly coloured-
Polp pluse absent or redrrced, reprresentoa by a small and sotitry non_sexualportion called
Scyphbtoma"

Sclphistoma produces, medusrc directly m by a process of tcrminal budding 66 Eansvenp
fission called strobitrtioo.
Modusa plrase is dominant-Ivleduse arc large, bell and umbrrella slnped and frcc swimming
casached by an abcal sAlk.
Mesoglca is usually cellulr.
Casro'valcuh systan without gomodaetrm and may <r may not be divided by sesepa into
four intcr-radial porrches.

These lack a true velum but usually possss sense cgflrs in the fanr of blbw scrrrc cluba or
tentaculocysts.

In the majuity, however, nottring is known of the life.history, theproccss of develqrrrent has
bocn rvortod <xtt only in few cases.

�T

�U

7.

8.

9.

10.

ll.

12.

8.g., Atuclb, (Fig. 6.2 C), Rhhostorm.
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�^ .6.1.0äF L COlmy.1.T�� �… 2.Maulbrblm.3.HFd�A �˝ 4S�… 5�B Pern-6.Bud.

7. Coenosarc. 3. �Uydrocaulus. 9�B  HFdrorhL3. 10�B  BI�� �� tylet ll. Oonotheca�B  12. Medu�c äF bud8�¡

13. Mooglo3.14. Polyp.

Ftc.62^.Phyol*-.D.Ifrtlil4om.C.Auctb.,.P[.[[rtophd..2.Gertrorold.3.Gonozold.
4.-Decytozotd. 5. TcEt.# i;ffii i.-.to.yt r'a.ii;--.t ?.' GuEuqtr t' B'umbrdlrr rlrlc'
9. Intcr rrdlrl crnrl. ro. crr*r.ri-.r. u. 

- M;;;-t"J"d"* 12. or.l &. rs' -Growc' 1{' Mrrglul

lappet 15. Gonrd*

6.3.3 Class: Anthouoa

1. These exist in the PoIYP frm'
2. tt,*'",,"-,out,"y * *t*i"t, exclusively mrine, forrrd fixed to tlrc substra$m.

3. Ivtredusa stage is not known in ttris class' 
cyp.ozoanpollrys

4.Clasro.vascularcavityofAnthozoadlffersfromthcHydrozoalald,Plu
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�T

�U

�@

�V

mcsnsbs bca coihd ncsngb filamcnrsc grrrfu: 6lmcm*
Tho mqlca is wall-dcrrclqod wi6 f,rcus @tivc tissua

tho mu3gutr BrBEm fu YGil &vdecd. It gOosistl of thc trocct$s of cpi&etb'murculu
cclb in both ttc codcrm and coedcrm.
Somc ocmbqrof fiscls domhrvr hrdprtl c*dcrrl tEcrreg. Mfiuitypocrcscs a

*r,hm f6mcd ci6cr of cuhr of limc c a tun litc c chidmid nrFsid dcvclopcd

ftom fucodcrm.
Ar h ryqtootuddng udatinddruculcfis*n litc ctrfiitffi @s5L
ln nc-nimtcrsof ttis ihgscxmirrcpcccrcrof ssxuel rcfoAlctim ElEsilsc gving
ris ooohnhs of vrkns fcms.
Tho grdr uc dcvclopod in ttc mcscotcrics. ltc scr colls st lodgd in 6o'adodcrm. the
ripc sualpoducs scdischuUpd ino &ccodometm.
Thc fcrtilizod cgg dcvclops inn a fluula Plmila dcr a shqt ftoe cxigcOcc rctlcs down
and mdcrgocs meumcphosis ino dult
a.g Pemrb (Sa-grl, CorallfintG.d cod). fb,otrim Gbrfum,r frnfer) @S. 6.3. A-C)

ry.53. A. Pm&.D. -Ccttut C. lbattu l. Add poln.2. I.rGd bructe 3. nrc5b Derrtry
rlpohonozoldr. l. Pcdundc. 5. AntLrcoodlr. 5. Cmplctctj ritrrctcf EolrDG 7. ph1et3 tentrclcs.t. ccucoc'htm9. ErprudcdhbG..L. DgllLDruchr. ll. corEedDoltD.. 12. $dr"

Chcch Your progrccc

Sclryhozoans are ............................ fonre
Mefitsae arc .............. zooids, which produce spenns and ova
In corals dominant fqnr is

‘4 SUMMARY
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The cnidaria are the diploblastic, radially symmetrical nrctazoans, which exist in nyo fcnrs pollp
and medusa. There is l sngb body cavity,coelenteron or gartrova$ular cavity. Highly specialisea
olgans of offense and.defence called nemaOcysts arc present. cnidaria has ilr; 

"frI*r. 
flydrozoa,

Scyphozoa and Anthozoa. Gene,ral characters of classes and examples have been dd;r"d"'
6�B5 CHECK YOUR PROGRESS�]MoDEL ANSWERS

l. Mcdusoid
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2.   Sexual

3. Polyp.

6.6.MODEL�cINAT10NQUEST10NS

L Answer the follwing in about 30lines.

l. Mention the difierent classes of phylum cnidaria and gve an rccount of the clraracters of
sclphozoa

2. Describe the general characters of phylun cnidaria" Add a noto on the important

characteristic features of hydrozoa

I Answen the following in about 10litrcs"

1. Generat ch,aracters of the class Anthozoa
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Contents

7.1 Sjectives
7.2 Intodnction

7.3 General.Structure

7.3.1 Fol5p or hydranth
7.3.2 GonmgrumoBlasostyle
7.3.3 Mcdusa

7.4 Life - Hiso_ry

7.5 Metagenesis

7.6 Comparison of Polyp and Medusa

7.7 Summary

7.8 Ctreck Your Pr,ogress - Model Answers.

7.9 Modcl Examination Questions.
7.10 Glossry.

7.1 0BJECTIVES

In this unit we shall discuss Ob0lia as one example of Phylum Cnidaria. Its structrrre and life cycle
are also discussed in detail. At the end you will be able o explain not only the structural
peculiarities of both polyp and medusa form but also the alternation olgeneratons. 

-

7.2 MRODUCTION

obelia' a marine cnidarian exhibits a free swimming medusoid generation as well as a sessile
hydroid stage. If illustrates a phenomenon known as metagenesis - the regular alternation of a
sexually il1d sslrralty re,producing generations.

73 GENERAL STRUCTuRE

obclia is a 6'pical small, branching colonial urd marine hydroid, consmopolitan in disribution(Ftg.6.l). 
vv"e"'vlryusr ur uDl

The colony of obelialooks likc a declicate, mos-sy ol fir like growth, whitish or lilht-brown incolour' It is one to several ingfres in heighr The basal or trorizoTta portion of a colony is like aroot or creeping stem. By this, the coiony attaches to the substratum. This creeping stem orhydrorhiza grves off dender, upright on vertical trrreaas called hydrocauli. Frchhydrocaulus fcnrs the main stem m axis of thJcobny. rt unarrcrrs-in an alternate mann€r and thelatsal branches may TT:t'rygs bnanch again. some or rcs" ultimate branches end in polrps andsome others end in cylin&ical bodies cattcd t ta.tostyt"s.

The stems and the zmids are made of a living hollow cellular tube, the coenocrc. The coenosarcconsists- of an exrernar rayer of ec{odcrm -? * inner raier;-;il;;;iil'*ilrfi.**"
non-cellular mcsoglee. The obeliocolony exhibiting t*o ty[, oir*ior is thus dimorphic.
The blastostyles give rise o serr€ral, little sauccr_shaped lateml off_shoots called the medusaebudq each of which finally develops into a free-swimming sexual*io, or medusae. The colonythus becomes trimorphic. t1rre otetia colony is' a good examplgof polymorphism due o thepolymorphic nafire of its individuals (having *rlu r",r"iriaii), an<t fimctionally differentindividuals is called polymorphisn).
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7.3.1 Polyp or Hydranth

It is somewhat like a miniature Hydra. Under the microscope it looks like a cylindrical or conical

hollow sac of yellowish colour. Basally it is connected by a hollow stalk with hydrocaulus, while its

distal end is produced ino a conical elevation, the hypostome c manubrium. The apex of the

manubrium bears a terminal aperature, called mouth. Around the base of the manubruim are

ananged tentacles. The body and manubruim of polyp enclose a spacious gasfo'vascular cavity'

or coilenteron. The body wall of hydranth or polyp consists of trvo layers, ectoderm and endoderm

with noncellular mesoglea in berween (Fig. 7.1).

ri!. 7.1. Obctu ?dyp(vs) l. Moutl. 2. Ilypctome- 3. Tentrde' 4' codcnterom' 5' E'ndoderrn' 6' Ec'todcrm'

7. Ilydrothr 9. Perlsrrcel enmrll' 10' Coenocarc' 11' Perisarc' f2' Mesogtoe'

The perisuc covering the polyp exqands- o form a loose conical cup' called hydrotheca which is

transptrenr and colourte;;. Wh;, irritated, tft" poi,p *a"tgo"s a sYdden contraction and withdraws

iself partly o, *,r,ou-y 
-'ino 

trrc n-vorotfrd-i["; thJ rcntactes shorten and curl over the

manubrium. rne nvorlOeca at its base i. ptoot"a inwards into a perforated circular' ring-like

horizontal shelf on *hil;; use or rh" p"l;; *rr" m-"gt, t 1eod 
perforation of the shelf

the basal disc of rhe polyp rernains 
"ongliios 

with the coenosarc of ttre stem' The annular

constricrions or tr," p.fi"]J. 
"r 

rrr" u"r, 
"f 

d;trrp-;Je tnanctr give a ringed aprpearance and

permis swaymg movements'

Theyarechieflycrnivorcrrsandlikqaylrafeedonsmallaquaticanimalssuchascrustaceans'
nematodes, worms etc. The prey is selS # ;ffi tr'"-'oott' with the help of tcntacles armed

with nematocysts. rrrl ".aIa"i."r."u, 
ri,inilo" ,rrq,r"ir11 cavity secrete digestive juices

which disintegrate o"iold. proroe tmo isEgestei-in-ttre cavity -a prov inside the-amoeboid

ce,s which engulf ,h";io;fi;d. rn* ,ru"Ji. it t"o extra and inriceuuw as in r/vda' Tte

musculr contractions of the polyp ana oe.trra?irg "r-"JJ"'*r 
t'ut (tarc which bcr flaseua)

help incirculatinsrh" ;;;;il i,i.fo ,r,-rgnffrr,E ;;lr,v to be absorted bv the cells of different

layers. The mourh 
"f ";;;;;"r 

r* uoo ingestion and egestion, there being no anus'

7.32 Gonangium or BlsstostYle'

A blasOstyle is a simplifred zooid.withour-mou0r and tentacles' It is a narniow' elongated hollow

tube closed distally bya flattened disc. It ir;"i;;il a loose, glassy, vase'like capsule' called thc
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jono0ccr. It prodrrces asexually numerous small urodusa brds (cexual zooids). Wh€n fully formed,

the medusac detrch, sct fu by rtrc.nrptrre of gmothoca u thc distal cnd and swim away ftom the

pdcntcolury. Gonothoca, bla$ostylcsandthemodnsrbgpth€rfcm agmrngium $4.7.2).

W.72 O& A. Corqtrn f. Gootbcr 2. EL$ortylG 3. Ihvdop@ ncduree bud& a. Cocuocarc.

5. PcrLrrt-6. StdI.

Thc ccllulr strucure of polyps, blastostyl*, medusa buds and coenosarc is similar to that of
Hydrr

The ectoderm is thin and chiefly made of large, conical, columrur musculoepithelial cells with
thcir bascs'ottmards. Their nanow irmer ends form the unstriped muscle fibres arranged
loririnrdinally batwEeil the ectoderm and mesoglea. Tlrey serve for the rapid Slrortening of the body
ard tcntacles. Interstitial cells are completely absent in the spaces between the inrrcr en& of the
epithelid cells. The ecodenn also contains stinging cells or nematocyss which serve as weag)ns
of ofrense. The nemaocysts originate from nemetoblas6 in the coenosarc m basal regior of the
pollrp, Tlrc nernotocysts of Obelia are basistrichous isorhizas having an oval capsule, a long thread
open at the tip and bearing bisal spines.

The endodsrm eonsists cheifly of lrge, columnar, musculonutritive cells. Their inner free ends can
form pseudopodia b engulf iurd digest food particles. Sometimes the pseudopodia are replreed by
long fl4gella which help in circulating the digested fcnd. Among the musculo-nutritive cells gland
cells are presenL Thesesecreetthe digestivejuices in the enteron;

l

7.33 Medusa

free-swimming (Frg.7.3)

A fully formed medusa of Obelia is like a tiny umbrell& bell on shallow saucer. The convex outer
surface of the umbrella is the ex-umbrellr while the concave inner surface is sub-umbrella. The
medusa bud was originally attach€d to the blasostyle by ex-umbrellar surface. From the centre of
sub-umbrellar's surface hangs down a short hollow and quadrangular process known as the
nanubrium. At the disal free end of the manubrium is the four-sided mouth surrounded by four
oral'lobes. The rectangular mouth leads ino gastric cavity or stomach. The basal part of the
sbmach leads into four narrow, delicate.radisl cenats which are placed at equal distances from
each other. Near the edge of the umbrella, the four radial canals open ino a circular canal running 61
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FE. 73 Ofif ffaul ln orrl vler. 1. f.dld crD.l.2. Go.d.3. Mrnubrhn 4. Ilthocrt.. 5. Tcorerlca
6. Month.7. Chctlrr ceurl.

parallel with and close to the margin. The edge of the umbrella is prodrrced inwards into a narrow,
rudimentary fold or shelf, called the velum. fire medusae having a velum are called crespedote"
The margin of 0re umbrella also bears numerous sltqt tentacles which are highly contractile. Thc
edge of the umbrella gives ofltantacles which sre sixtcen in number in the newly born medusa but
are more numeK)us in the adult. At the bases df eight of the tentacles are minute globular sacs,
each containing a calcareous body. There are fte marginal sense organs or lithocysb, concenred in
the co--rrdination of swimming movements.

7.4 LIEIL�] HISTORY

The male gametes or spennatozoa after maturation are liberaM into water. They are carried by
currents to the female garmetes. There they fertilise the ova and form zygota. Zygile undergoes

clevage forming btastuta and gastrula. frnatly giving rise to plenula larva. The planula larva is a

ciliated free swimming form. It has an elongated ovoid body. The outer layer of the body is

composed of ciliated ectodermal cells and inner endodermal layer. The_planula swims freely for a
time and then settles down on a piece of timber or sea weed. It flxes itse'lf by one end and lircomes

converted into a hydrula or simple polyp. It has a disc for attrchment at its proximal end, a

manubrium and a circlet of tentacles at the distal end. Soon the hydnrla gives out lat€ral buds. By a

frequent repetition of this process, the hydrula become converted ino dre complex Obelia colony

(Fig.7.a).

7.5 METAGENESIS

The life-hisory of Obelia shows a regular alternation of ttre colonial hydroid and the solitary

medusa: The hydroid colony is fixed and has no gonads. It reproduces asexually by budding giving

rise to medusae. The medusae develop gonads and reprodgce sexually by forming spermaozoa and

ova. The eggs and spermatozoa after fertilisation form new Obelia colony. An asexual hydroid

generation 
-irus 

alternates with a sexual medusoid generation. This phenomenon is called
62
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metagenesis, meaning that the tife history of Obetiahas two distinct phases - one asexual, the other

sexual - which alternate regutarly one after the other.

7�B6 COMPARISON OFPOLYP AND MEDUSA

FOLYP

l. Fixed by a basal stalk, rarely free.

2. Body cylindrical elongated.

3. Base attachedbelow so that manubrium
is directod upwards.

4. Tentacles areusually 24.

5. Body-stnrcnrc simple muscles and
nervous system simple.

6. Velum is absent

7. Mesogleapocly developed.

8. Saseorgansreabsont

9. Coelentcron simple, withoutradial and
circular canals.

10. Mouttr circular.

ll. Nutritive zooid, without gonads.

12. Reproduces asexually by budding.

MEDUSA

l. Free:-swimming without stalk.

2. Body saucer-shaped or umbrella-like.

3. Base is above so that manubrium hangs

downwards.

4. There are 16 renacles in young medusa
numerous in adulr

5. Body-stnrcturecomplicated, muscles
and nervous system more developed.

6. Velum pres€ntarumd the margin of
umbrella-

7. Mesogleaenormously @elqped. 
-

8. Bases of I radial tcntacles possess

marginal sense o,rgans called lithocysts.

g. Coelenteron represented by $omrch,
four radial canals and one circular canal.

10. Mouth recAngulr.

I l. Reproductive zooid possessing
4 gonads on radial canals.

12. Reprroduce's sexually by producing
gamates

LIFE CYCLE IN OBELIA

�Ł
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RC. ?.4 St tcr ln tb llfe cycto d Obclia. A. Am.t rt.3g, rd. cdmi. B. SG[d ttIB ltc rrlllnhg lncdur. C.
Slrmn. O. Onrn E" ZlEilD. E, F.2.cdt rtle. G. +c.Nl figa- E. Btsitlr. l. hc illnffig dfrEd ?lrntr la'rr. J.
Plenrte relda dom. K. Yorq Pdyp. L Eydnllr buddtry. l. Dolrp.2. Eod.3. Mcdtr- clcryhg tl. Gou4bn 5.

Elrctocty'e.6. God*

Check Your pnogres
�P

�Q
Trimorphic colony of Obcliaconsists of
kr a pohymorphic colury individuals are histologically ............... but
functionally
Met4genesis not only rcjuvinarcs but also contributcs to th .......... of spocies.

�m

3.
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 SUMMARY

Obctia is a marine colonial hydroid. Ttrc colony is a trimgrphic luving thre kinds of zooids i.e.

polyp,'btastoctyle and medusa. llrese zooids ue struchrrrlly urd firnctioally diffcrcnt ftom each

@.-OOai" rot*y dcvetops by the asexrul prccoss of budding. Some of its buds, thc ncdu5ae

dcvetop gonads and gonaCs titellatc sex ells ino weter pcrms-md ovr uniE and fmn ftrtilised

egg. ftg(;which nerioDciia colony risas. This is ar example of metagenesis tn which an asoxual

generation is followed by sexual generation.

7.T. CHECK YO['R PR(rcNESS -MODEL 
ANSWERS

�P

�Q

�R

Folyps, Blastostyles, Medusae"

Similar, different
disp€rsal.

7.9 MODEL EXAJIilNATIONQTTESTIONS

L

Answcr the folhwing in about3ll lincs.

l. Writc briefly tlre stnrcnre of Obclla colony.

2. lVritc an accourtof life-cycle in Obli*. Add anotc on metagorasis.

3, Mention the differcnces betwcen Poly" ard Itledusaof ODctia.

Answcr the following in ebout l0 tines.

t. Describe the stnrcture of polyp.

2. D€scribe the stnrcture of medusa

3. Describe the stnrcture of blasostyle

4. Describe the process of nurition in polyp.

7�B 10 GLOSSARY

Archentercn

Blastopore

Blastula

Cnidaria
Cnidoblast
Cnidocil
Coelenterate

Coelenteron

Diploblastic
Ectoderm

Endoderm

Gastrovascular
Gasrula
Hydranth

The cenral cavity of gastnrla lined by end&rm reprenting tre future
digestive cavity of the adult
Opoing connecting achenteron of gastrula with ouside rc,presents

the future mouth in some animals and fuhre anus in others.
Sage in erly animal development, when emb,ryo is hollow or solid
spherc ofcells.
Cnidoblast possassing animals.
Stinging cell characterstic of coelenterates contains nematocysts.
Spike of hair-trigger or cnidoblast serving in nematocyst dischrge.
An Inverrcbrate animal possessing an' alimentary opening and
tentacles with stinging cells and no anus.
Single cavity within the body of a coelenterate. It serves as a gut and
body cavity.
Having only two germ layers, ectodern and endoderm.
Outer layer of cells in the gastrulla This layer gives rise to epidermis,
sense organs and nervous system.
Innermost layer of the early embryo which gives rise to epidermis
sense organs and nenrous system.
Serving the function of both digestion and circulation.
Two layered stage in embryonic development of animals.
Flower-like terminal part of hydroid polyp containing mouth and
tentacles; feeding polyp.
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Hydrotheca

Mesoglea

Metazm
Planula
Polymcphism
Radial Symmetry

Velum

The vase-lite protective covering which covers the polyps of the
colonial hydrrozoan Obelia"
Often jelly containing layer betrveen ectoderm and endoderm layers of
coelentrates and comb jellies.
Multicellular
Ciliated, free-swimming lanral form of most coelent€rates.
Occurance of more than one form performing diverse functions.
A condition in which similar pars are arranged about a common
centre like spokes'of a wheel.
Membrranous band of tissue.
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UNH�E88 PLATYHELMINTHES GENERAL CHARACTERS AND
CLASSIFICATION

Cm"�ßØª

8.l �¿�í dVes

8.2  htroduction

8.3  Genml�\ teFS

8.4 MsinotiOn

34.l Cless�\ �\ menada
84.2 Class�Œ Digmea
84.3 Chss�ŒnidOgas"8
844 Chss�\ �\ MOnogenea

845 Ch33-�\ CeSteda

8.5  Su-9
8.6 ChckYolr Pror"S�Œ �]MOdel Answers.

8�B7 ModelExamimion QueStiOns.

&1 0BJEC�\ S

In this we deal with the general characters and the concept of acoelomate condition. In flatwornis,

two thirds of which are parasitic in invertebrarcs and vertebrafie. Aftcr studying this unit you will
explain the concepts thatPlatyhetminthes are primitive, bilaterally symmetricd animals which have

gone ahbad in evolution.

a2. INrRODUCT10N

The flatrvorms comprise five classes of which four are entirely parrsitic. They consists of flukes

and tape wonns. The only one class, the Turtellaria ale free living worms. The reproductive system

in all is hermaphroditic.

83 GENERAL CHARACTERS

l. These are hiploblastic bilaterdly symmetrical, tcoelomate metazoans.

2. These ae called flat worms because they are dorsoventrally flatened.
3. These are free-living and parasitic.
4. Some parasites have chitinous hooks and suckers for attachment
5. The space betrneen the various organs is filled with a special connective tissue called

parenchyma.
6.- Digestive systcm consists of mouth, pharynx and intestine without anus. In some it is absenr
7. Respiraory and circulatory sys&ms art absent
8. Excremry system consists of flrne celb and excretory canals.
9. Nervous system is primitive. It consists of a pair of cerebrral ganglia or brain and I o 3 pairs

of longiMinal nervecords with tranwerse connections.
10. Sense ugans are morc abrmdant tn Turbellaria and reduced in parasitic forms.
11. With few excqltions, flat worms are hermaphrodites.
12. The most peculiar feaure of the phylum is the presence of male and female reproductive

orgaN.
13. Ferdlisation is internal, cross-fertilisation in tnematodes and self-fertilisation in cestodes is

common.
14. Developrnent may be direct c indirect with one tr morc larval stages.
15. Life-cycle involves one or morc hosts.
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8.4 CLASSIFICAT10N

�P

�Q

�R

The phylum Platyhelminthes comprises of five classes. They are:

1. Turbellaria, 2. Digenea, 3. Aspidogastrea,4. Monogenea and 5. Cestoda

8.4.1 Class: Turbellaria

They are mostly free-living, occur in moist soil, fresh water and sea
Size varies 2 mm|o 60 mm, few are microscopic.
Body may be slender, leaf-like, rounded or oval in shape, bilaterally symmetrical and

unsegmented without proglonides.
4. Body colour may be tnown, grey or black. Land planarians and polyclads are brightly

coloured.
5. The anterior end is differentiated into "head".
6. Epidermis is cellular, partly or wholly ciliated and has crystalline rod-like rhaMircs.
7, Alimentary cand consists of ventral mouth, protrusible pharynx and intestine which varies

considerably.
8. With rare exceptions all Turbellaria are hermaphrodites.
9. Development is dircct with Juvenile form.
10. Juvenile wonn emerges from the egg o, oocoon which rcsembles the adulr
11. Occasionally a free-swimming larva is present
12. Some Turbellarians are commensals or parasites.

e.g.Planaria,Temtaceplwla (Fig. 8.1 A & B)

rE. &1 Ropre*ntetlve of Turbdlerb. L. Pbnd& D, Tc',,{,aclltfu' 1' Alltflor ed' 2' Eya 3' Pdertq' end' 'l'
Tentadcc. 5. Sudrcr. 5- Intcstlm. 7. Phrryu'

8.4.2 Cbss: Digenea

These are endo'Parasites.
Body is flattened and leaf-like
These re usualty with nvo suckers, without hooks'

The epidermis ol aOutt is devoid of cilia and rhaMites

Gut always present, provided with oral sucker, pharynx gd.Ufycated intestine'

Excretorry system **irtt of a bngitudinat canal terminating by a single poteriu excr€tory

pore.

�P
�D

�Q
�D

�R
�D

�S
�D

�T
�D

�U
�D
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7. lYith few exccpions all are hermephrodftecr Edd ap€rtrc is commqr, e vagina is

hking' urcrus along with many egs.

8. Life-hisry complicated having two or more hosts.

e.g. Fanciola, (Fig. E.2. A) Sciutaso tu, (Ftg8.2.B),Puagoni,zrls (Fig. 82. C).

Flgr t2. Reprcrentrtlves of Dlgenlr end Acpldogertrr. L. Farcbb hqia. B. Schhbtotr,. C. Pamgortmus. D.

ltllrilogasw.l. Mottth. 2. Ord ane,Ler.3. Gonoporc. f. Acctrbnrlum.5. Excretory pon. 5. Mete. 7. Gynccophorlc canal.
t. Femrle.9. Ovrry. 10. YolI glends. ll. Intcsffrc. lll. Pheryu. lil. Ventrrt srcter. 14. Tcsd$ 15. Iltouth funnd. 16.
AIvedl.

E.4.3 Class: Aspidogastrea

1. Theseareendo-parasites.
2. Funnel-like mouth without oral sucker, is present
3. AtEchment organ consists of very large ventral sucker. It is sub-divided into one or more

longitudinal rows of alveoli or several distinct suckers.
4. The epidermisis devoid of cilia and rhabdites.
5. Gut is always present. It has mouth, pharynx and simple intestine.
6. In adult there is usually a single posterior excretory pore.
7. Direct development in a single invertebrate host or vertebrate host
8. The life-cycle is varied. Larvae are found encysted in invertebrates and adults in vertebrates.

F''
e.g. Aspidogaster @i9.8.2. D), Corylogaster.

E.4.4 Class: Monogenea

l. These are typically ectoparasites of the skin and gills of fishes. Some are endoparasites in the
coelom and very rarely in the gut of fishes and others in the pharynx and urinary bladder of
amphibians and reptiles. 69
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8.

Mouth either simple or surroudcd by ur ual sucker or buccal cavity conaining a pair of
eversible srrcters.
Monogenea have an adhesive appmafi$ at eittrer end of the.body. The anterior adhe.sive
amaratus is called prophaptor. The posteric adhesive appuatus is lnown as opisthaptor.
The posterior sucker may bear anchors in the form of hooks or claws.
Epidcrmis of #ult 6 6""oid, of cilia aod fiaMites"
Gut nerly always present (absent in Gyrocotylidea). It is typically with pharynx and
bifrncated intcstire.
Excretory systcm t€nninates in a pair of lateral pores at the ant€rior end.

lvlale and female genial pores usrrally separate, one or hilo vaginae present, uterus simple
with few eggs.
Life-hostory is simple. Tlrcy have a single larval form and no intermediat hosl

c.g. Gytuctylus (Fr8. 8.3 A), Potytuwm0:'ig. 8.3 B).

Fig�B 33.Representatlvo of Monogenm A.c�� �ß

�g

ar�v LoL P�� ��
"æx

-1.Mmth.2.Phar71�] 3.Intedne.4 FatllLd

ovum 5.Testls�B

‘.Anchor.7�B

Mqinalhod3 8�B �¢ arh3m�B9.V�c .10�B Vltdllne du�› �‰ 11.Su�¡ er.12.�U �˚ b,

8.4.5 Chss: Cestoda

1. These are commonly called as upeworms because of their flat ribbon like form.

2. These are all endo-parasites of vetebrates from fishes to mammals.

3. Wittr few exceptions, the tapeworms consists of scolex, neck andstrobila or body. Pody is

divided into a series of segments called proglottides

4. The atachment organ constituting a's@lex' is situated at anterior end of the body.

5. Epidermis is devoid of cilia and rhaMites but provided with microvilli'

6. Mouth and alimentary canal absent. No circulatory and no distinct excretory system'

7. Nervous system consists of a pair of ganglia and two lateral longitudinal nerve cords'

8. There are no sense organs.
g. Usually the cestodesL n."-"phrodites. A single set of reproductive organs is found in a

single proglottid.

10. A proglottid consists of both male and female reproductive organs.

11. Self-fertilisation takes place'

12. The egg gives rise to a characieristic onchosphere (six hooked) stage.

13. The life-cycle varies in different forms involving one or mole than one intermediate host'
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e.g.Taenia. (Fig. 8.a. A.) Diphylbbothrium & Echinococcns (Fig. 8.4. B.).

Flg. t.4 A. Tarltb R. Echinoaccrr l. Scdex 2. NecL 3. Stroblh 4. Immrtrre Proglottlds 5. GravH Prqtottids 5. Hooks
7. Sucler t. Crenltd openlng 9. Brenchod utemu 10. Grevld Segment"

Check your progress

1. Dorsoventrally flattened, acoelomate bilateralty symmetrical animals are included in phylum

2. Flukes are thin, flat and .. whereas tapeworms are thin, long, segment€d and

8�B5 SllMMARY

Platyhelminthes are flat worms. They include planarians, flatworms, tape wofins and flukes. They
are bilaterally symmetrical, acoelomate meazoans. They have well developed organ systems.

8.6 CHECK YOUR PROGESS�\�]MODEL ANSWERS.

1. Platyhelminthes.

2.   leaf like,ribbon�^

8�B7 MoDEL EXAMINATIO

I. Answer the foltowing in about 30lines.
1. Describe the general characters of phylum platyhelminthes.
2- Mention the characteristic features of class cestoda. Give examples.

II. Answer the following in about l0lines.
l. Mention important characteristic features of class Turbelraria.
2. Mention important characteristic features of class Digenea
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UNF-9 1MPORTANT TREMATODES AND CESTODE PARAS�uES

Contents

9.1 Ot!rctives
9.2 Intrroduction to Trcmabde Puasites

9.3 Fasciolaluptica
9.3.f Lifo€yclc
9.3.2 Prrhogcnccity
9.3.3 ConEol

g.4 Schistosottu luttutobium

9.4.1 Life-cYcle
9.4.2 Pathology
9.4.3 Contnol

9.5 Introduction !o Cestode hrlasitos

9.6 Tacniasolium

9.5.1 Pathogenicity

9.6.2 Control.

9.7 Echinococctu groulostu

9.7.t Life+ycle
9.7.2 Pathogcnicity
9.7.3 Cmtnol.

9.8 Summary

9.9 Check YouProgress-Model Answers

9.10 lfiodel Examinanion Questions.

9.fl Gbssry.

i9.I OBIECTTVES

This unit deals with the important parasites of man and domestic animals and the diseases eaused

by ttrun. At the end of this rmit you will be able to explain the parasitic adaptations, which modify

toilr irtetnat and extenral strucures and have the sun'ival value'

92 1NTRODUCT�_N TO TREMATODE PARASI�uES
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The thin cuticle of Digenea is often spiny. Beneath the cuticle, layers of circular,longitudinal

and diagonal musles are PresenL
The internal organs are enclosed in a loose tissue called Parenchymr.

The digestive system 
"t"ary 

has a muscular pharynx and intesline wittr two intestinal

caeca. In some of tne frng"n*i,t (e.g., Fuciola twpatica) th-e Seca-have 
numero1,5 branches

and sub-branches. In Schlstosomosthe caeca reunites posteriorly O form a single stem' Only

in a few species the caoca open posteriorly'

Nervous system is poorly developed. [t consists of a small qnnglion and few longitudinal

nefles.
il#;" system consists of branching nrbules which end in flame cells' The main collecting

tubules oper ino 
" 

p";;;"dy situaf,d bladder. In digenetic fl,kes the tlrye of excretory

system is of great value in classification'

In all flgkes exc€,pt those of the family SchisOsomatidae bottr male and female reproductive

organs occur in the same individual'

Male rep,roductive system consists of two testes, two Yasa efferentia and one vas deferens' a

seminal vesicle, and ejaculatory ductThe rcrminal part of the vas deferens is modified' ino a7.
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muscultt cins.�� ’seminal:�o �c lads inb�E �z eiacubFy ttt befm"çp �\ into

genital atrium.Thecimsservesastte agan ofttm.&�ß
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utems anses tom tte ootype.Ittemi�c �Qes

the venml surface neaF the aCetabulum�B

9. Life�] cycle ofDigenea passes in tv7o difrerenthOn.

1.  DeFInittve host is generally man.The adult wom livesin mis hOst

2.Intermedh"host is a�¡ esh water snail or momusc whe larval developmnttakes phce.

Sometimes a second intemedime host(�¡ sh or�å �fi)iSrequired br encysmmt

The eggs libented by tt dermitive hOst enter�v �~ v7atero A lh"=s�\ mmg ciliad ma
mttcidium develops and hatches out of the egg.The miracidiun devellws fld r i cOmes

across the proper httmediate host(Snail oF mOll�Z �¤

9.3 FASCIOLA HEPATICA

Phyhun
Class

OrdeF

Genus

Sp"Ls

�] Phtyhelminthes
�N Trematoda
�N Digenia
�] Fasc�í �‰
�\ F.�ˇ �… ic�¿

Fasciola trcpaticais a parasite in the bile &rcts and liver of sheep (in goat ard cattle also).

9.3.1 Life-Cych

Fasciolapasses is life-cycle in two different hosts.

Definitive hoch sheep, gpat, catrle tr man.

Intermediate hs& snails of the genusLlmnaea

The eggs are passed out along with the faeces of the definitive host. firese become, mahre in
water. The eggs are oval, light brown in colour, measure 140 microns. Insidc each egg a ciliatprl
miracidiun is developed in qbout 2 o 3 Week's time. The egg shell opens at one end by a lid or
operculam. Through the lid, the miracidium larva which is some what conical in shape comes out.
It is covered all over by cilia and has two eye spots near the anterior end. The antsrior end is
provided with triangular head lobe. A paii of flame celh is present. The rest of the interior is filled
with a mass of germ cells. The ciliated lana swims about in water or moves over to damp herbage
for some time. If it does not reach the water snail belonging 0o the genas Limnaea it perishes. The
miracidium after entering into the snail it looses the ciliated epiOermis and rests in the mantle
cavity of the snail. It grows rapidly into an elongated sac, the sporocyst with an internal cavity
containing germ cells. The eye spots and flame cells are degenerated. Finally the germ cells
undergo a process of clevage and give rise to redia. This redia begins to move about and frnally
comes out of the sPorocyst. Then it reaches the digestive gland of the snail. When fully formed the
redia has a cylindricalbody, a pair of short processes at the posterior end 4nd a circular ridge
(collar) near the anterior end. It possesses a mouth leading into the pharynx anl a simple sac.- like
intestine. There is a system of excretory vessels. Inside the redia are undifferentiated germ cells.
These germ cells develop into a fresh generation of redia in winter or to cercariae in summer. The
cercariae are provided with long tails,'anterior and posterior suckers, a mouth, pharynx and bifid
intestine. In the wall of the redia the birth pore is formed near the collar. Through this pore the
cercariae escape. They move actively by means of their tails and force their way out of the body of
the snail. The mature cercariae after escaping tiom the snail becomes encysted and are called
metacercariae. These metacercariae are attached to the blades of grass or leaves of other herbage.
If the sheep swallows the grass on which the metacercariae are encysted they get infected. Tt-re
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young fluke then escape.s from the cyst and rerches the liver passing over the visceia. Finally it
enters the bile ducs and reaches the sexual maturity. (Fig. 9.1)

�_
|    

�m

3

4

B

D

Fig.g.lLifecycleofFasciolahepari4A.AdultFasciola.B.Miracidirrrn.C.Sporocyst.D.Redia.E.Cercaria.F.Metacercaria.
l. oral sucker. 2. ventral r.d;:t:Gt;;;a 

"gg. 
+. u".Jrou' s' citi'' o' b"t- cells' ?' Flame cells' 8' Birth porc' 9 Tail

LIFE-CYCLE OF FASCIOLA
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9.3.2 PathogenicitY

l. Fasciola hepatica is primarily responsible for producing a disease in anintals known as

liver-rot.
Z. During migration of the young worms in the biliary passages they cause extensive damage to

the liver tissue.

3. In the biliary passages, they interfere with the normal flow of bile, causing obstructive

jaundice.

4. They produce cystic dilaration of bile ducts. The wall of bile ducts become greatly thickened

by the development of fibrous ti'ssuc.

9.3.3 Control

l. DesUuction of snails is the most suitable measure to control the parasite.

2. Draining of pastures helps to exterminate the snails. If this is not possible it is useful to

introduce ducks and geese which eat up ttre snails.

3. The adult worms in the host can be killed with antihelminthic drugs, such as carbon

tetrachloride, Emei.ine and Tetrachloroethane etc.

9.4 SCHISTOSOMA HEMATOBIIM

Phylum

Class

Order

Genus

Species

- Platyhelminthes

- Trematoda

- Digenia

- Schistosoma

- S. hematobium

Common name: Visceral blood fluke

Schistosoma hematobiumis a parasite in the blood vessels of man. It is dioecious. The two sexes

remain close"tqgether in pairs. The male is thicker and smaller than female. The ventral side of
male body is deeply infolded to form the gynaecophoral canal, in which the female lies.

9.4.1 'Lifc-cycle

Schistosoma hematobiumpasses its life-cycle in two hosts

Difinitive hmfi Man

Intermediate host: Fresh water snarl (Bulinus truncatus)

Embryonated eggs are passed out with the urine of the definite host and enter water. The ciliated
Iarvae (miracidia) harched out of the eggs move freely in water in search of intermidiate host-. The
micracidium on entering the proper intermediate host, (snail) penetrates ino the soft tissues of snail
and finally makes its way into the liver. Here it looses ils cilia and other organs and in 4 to 8 weeks
undcrgoes developmental changes. The miracidium is transformed into a tubular sporocyst.'fhe
sporocyst multiplies and forms a second generation of sporocysts. Several weeks after the infection,
whcn no further multiplication occurs, the daughter sporocysb gives rise to the final larvae forms,
thc fork-tailed cercariae. These are infective to man. The cercariae break off from the sporocyst
and cscape from'the snail into water. Infection occurs when human beings bathe or wade in water
in which the cercariae are present. The cercariae penetrate the skin of a person where they cast of
their tails, enter the blood capillaries and then reach the liver. Cercariae larvae reach the portal
system of the host through lymph vessels, venous blood vessels, mesenteries and capillaries. They
feed on blood and develop into adults. When the worns are sexually mature, they copulate and the
females lay eggs. These eggs finally come out along with the urine (Frg. 9.3)
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Fig. 93. Life cycle of schistosoma.l, Mature adult worms. 2, Eggs. 3. Egg containing a cillated embryo' 4' Miracidium'

5. Sporocyst (lst Gernination). 6. Sporocyst (2nd Gmeration). 7. bevetopment phases in snait' E' Cercaria'

9. Schistosomes developing into adult worms.
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LIFE - CycLE OF SCHISTOSOIVIA (GRAPHIC)

EEqs pass out
into intestine

EN’�I AN

IN SNAIL

Free swimming Sporocyst staSe

Snail

9.4.2 Pathology

l. The disease is known as schistosomiasis.
2. Itching in the skin is caused by the penerating cercariae.
3. The cercariae of a number of blood fluke.s of aquatic birds can also penerate human skin

causing dermatitis or skin inflammation i.e. swimmer's irch.
4. During migration from skin to portal system they cause head-ache, eosinophilia, diarrhoea

and dysentery.
5. During egg - laying, it causes pain in the urinary bladder. A kidney trouble with discharge of

blood called hematuria may be caused. i

6. Eggs may also be deposited in the arterioles of lungs causing cardio-pulmonary
. schistosomiasis.

9.4.3 Control

I ' Schistosomiasis can be cured by use of antimony compounds, such as Tartar emetic, Fudin
etc.,

2' Snails serving as intermediate hosts can be killed by draining their pastures, by introducing
ducks to feed on them.

3. By sprinkling copper sulphate or copper carbonate on coniaminated waters, schistosomiasis
can b6 controlled.

. 4. Human infection can be checked by sanitary control of infected water.

9.5 1NTRODUCT10N TO CESTODE PARASITES

�P
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Head is provided with suckers and sometimes with hooks which scrvc as
aLtachmcnt.
The intcrnal org:uls arc cmbeddcd in spongy parenchyma.

organs of
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transverse tube near the posteriOr end Of�g �˚ progbttid and inally opens to the outside in the

last prog10ttid.From the ventral vessels arise ine capillaries dlat end in name cells.

5.  The male reproductive system consists Of a variable number of scattered testes,vasdeferens

and seminal receptacle for the stOrage of spems.The tenninal part of the vas deference is

muscular and is knOwn as cims.In most tapewomls both cirus and vagina open into a

common genital atrium with a pore on either the lateral border or the mid ventt surface.

6.Female reproducttve system cOnslsts of an ovary which may be single or in twO,more or less

distinct 10beso Mchlis glands are around ootype,where the component parts of the egg arc

aSSttbledo A vagina for dle enmce Of sp�\ s with an enlarged chalnber,dle seminal
receptacle for storage ofspems and a utems which may or may not Open outside are present.

7.In the tape woms which have utermepore eSeudophyll�Õ cal tte deve19pm�v nt and exmsiOn
of eggs goes on condnuously in many,egments at once.In Cyclophyllidea where there is no

uterine opening,the utems becomes completdy f11led widl eggso Such"ripe�a segments detach
themselves llom the end of the chain liberating the eggs.

8. Either self�] fertilisation Of a single scgment Or c�_ ss fertilization bet�¡ �Eeen different segments

of the salne or other worlns can occur.But probably fertilization between segments of the

sarne worm is common.The life�] cycle is not so complicated as in�¡ ukes.

9. The eggs of tape wo�� 11lS deVelop within themselves little spherical embryos characterised by

the presence of hee pairs of hooks,hence they are known as onchcDSpherls.On being eaten

by a rlnal hOst only the scoleces survive and attach themselves to the mucous membrane of

the intestine and grow,cach into adult worm.

9.6 TAENIA SOLIIM

Phylum

Class

Order

Genus

Phtyhelminthes

Cestoda

Cyclophyl�¡ dea

�¤

�g

� 

Species     �]  �¡ S�˝ ��
‘�V

�Ù�e

Common namc The pork tape worm,the armed tape worln of man

The adult womlS Of�¤
‘�g

:�¿  s�˝ ��f�g �e 1�s e   in the smau intestine of man.The eggs develop within

themselves little spherical embryos.These embryos possess hee pas of hooks.They are known

as O�g�˝a"�˘ reS One Or two enclosing membranes inside the egg shell proper fom the developing

embryo,the inner membrane is called embFyOphOre.The eggs are passed wi�� �Rc human facce�T

After reaching the alimentary canal of the intemediate host Oig)the straited walls of the eggs

rupmre and onchOSpheres are liberated.�M These penemte the gut wall with thc hooks are reach blood

or lymph vessds.Soon they leave thc bloOd and enter the strated muscles,particularly in thc

�í �˜ �Ì �í �� P�R �Ł �„ �[ �¤

�Ó �ü �@ �¿ i�‡ äX �M .�í �ı
called bladder worms or CysticrcioThey are ova

widhin them is largely composed of hosrs b100d plasma.The side of the bladder opposite to that

�� 1æu �a�˝ in:�� �ß�Õ r�—l�j mVttil�§ l�� �Pftts�[ i�Õ �� �æ��

: �E�å �hi
�‘�í �Ó 1:àp :�R �i �][�Ł ftttitts�� tx ttd a small �K�æ �MbrmdJn�� 0�…3

months,thc worm bccomcs adult CFig.9.4).
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9.6.1 PathogenicitY

l. These prasit€s may cause rbdOminal discomfcts such as excessive appetib' pains chronic

indigestion, weight loss, diarrhoea and nervous discomfo'rts'

2. Sometimes man may accidentally ingest cggs or p'roglo{des which ent{ Bre- stomach and

lib€rdte tne onchosptreres-tfrere. Durin! .uit *6linfection anO regular infections' the cysticerus

larvae in the tissues cause cellular changes such as infilradon ofpolymorpho-nuclear leucocytes'

3. Infection by cysticercoid is often more serious than infection by adult wonn' CY:llcercous in

the nervous sy$em causes severe disorders such as necrosis of brain and epilepsy. This control

disease is often fatal.

9.6.2 Control

1. The onchospheres may be destroyedttgough proper'disposal of human faeces by sewage

system or by preventing the pigs from visiting h*T frec9s' 
,

2. The cysticerci can be titeO iy-trotooghly cmking the po.rk orby its quick freezing' 
.

3. yomesan, t g, oifre*ylesorcinol *itt i gm of Acaecia may be given to r€move the adult

wonns. These usually remove the srobila only. Scolices can be removed only with a srrgical

methori.

ffS. grf. Llle cyde d Taenb solfun l. Adult Tecrlr,2. GnvH regmont 3. ESC hl hunrn fm. L Ecncrnth. 5. Plg
rnurder cor0rldng cyrdced. 6. Invertod solcx. 7. Evcrled rcdex. t. yorry trpscm. 9, Hools. fO. no*elr no*a
11. Scolcr.
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LIFE CYCLE OF TAENIA SOLIUM (GRAPHIC)

4
Evaginated scolex

,1.

Eeting of unproperly
cooked infected pork

+
Pig's flesh contianing
cysticcrcus

Development ,
of cysticercus

pig grazing
in the fietd
swallows eggs

Infec{ion
of pig

9.7 ECHTNOCOCCUS GRANULOSUS

- Platyhetninthes
- Cestoda

- Cyclophyllidae
- Echiiwcocctu

- E. granulosus

Common name: Dog tape worm, the hydated adult worms are found in the canine animals.

9.7.1 Life-Cycle

The life-cycle takes place in two hosts.

l. Delinitive hosh Dog, wolf, fox and jackal.

2. Intermediate hosh Sheep. pig, cattle, goat and man.

The eggs are discharged with the faeces of the definite host (dog etc). These are swallowed by the

intermediate host, sheep and other domestic animals while grazing in the field and also by man

(particutarly children due to the intimate handling of infected dogs). In the duodenum the

embryonic strell is dissolved by the digestive juices and the typical six hooked embryo harches.

.ltout 8 hours after ingestion tt 
" ".U.yos 

bore their way tlr-"grh the intestinal wall and enter ttre

poral vein. TIie embryos are carried to the liver. Some of the embrryos may pass through the
-hepatic 

c4illaries, enter the pulmonary circulation and filter out in the lungs. A few of the embryos

*"y p*r tnougtr ttre hepatic capillries, enter the pulmonary circulation and filter out in the lungs.

A few of ttre embryos may passthe pulmonary capillaries, enter the general blood sream and lodge

in the various organs. prac-ticaUy aU O" organs of the domestic animals may be invaded but they

are chiefly tound in the liver and lungs. Wherever the emb,ryo set les, it forms a hydatid cyst. The

ioong t *o g"t transformed into a hollow bladder. From the inner side of the cyst, brood capsules

with a number of scolices are developed. A hydatid cyst dpvelqping from the single egg

(onchosphere) may contain thousands of scoliee$. These multiple scolicespresent a spiny and berry

f*" 
"pp".r"nce. 

Herce the generic narre Echkococcus (Echinus: spiny; coccus: berry). A fully

develoied scolex inside thJ hydatid cyst is thb sign of complete development.--These fertile

hydatids when ingested by the dog glow ino adult worms in about 6 A 7 w@k's time in the

intestine. Thus thi cycle is repeated. tif" rpun of adult worm in the canine host is short (aborrt 6

Phylum

Class

Order

Genus

Species
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months).life span oflarvd worgn islong andmay conttuc to develop for many years clg�B 9.5).

3.Hydatld c?st larvat stage.

Cysts are harmful wh91 thev &velop t'apiqyj- Inflammatory reactibns in the suirogl.rding
tissues of the host result in the deveropmeni of frbrous tissue.
The osseous tissue is weakened. The liver isenlarged.
The presence ofcyss in brain or eyes is harnnful.
The escaping hydatid fluid contains toxins and causes vomitting, dianhoea, abdominal piqeosinophilia and sometimes collapse. -----p' ..

�Ü �§�I #å¥ �†�ŁØ°å¢�í�æ�c�Vh�Ł ,�V eidd�@�B
Check Your Progress

I. Endo and exOparasites devdOp many structllres like suckers,rOstellum with h00ks have

complicated litt cvcl�ˇ �� u�� ,hm_�c ,1^__^1_^___�\    �E ‘    ^��m"C�g
‘�U

�‰�Łd�g �� �Rmhy tt�v � �̊« Ltts�Ø �ı�� :�[ le�Ł T�ß �Dcalled as...�N
"..�g �E�E�E�E�N�c�c�c�c�\called as.�c .�c �c�c1..�c �c�c�c�c�c�æ::2. 

X,:.:::,*:fl,:jl[lr*trrs live as endoparasires in vertibrate hosts but peculiarly theirintermediate hosts are

9.8 StlMMARY
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9.11 MODEL EXAMINATION QUESTIONS

L Answer the fbltowing in about30lines

1. Give an account of life-cycle of
Fasliola hepatica.

Z. Describe the life-history of Schistosomalnnutobiwn Add a note on its pathogenecity.

3. Giveanaccountof life-cycle ofTaeniasoliwn. Addanoteonitspathogenecity.

IL Answer the following in about l0lines

l. Briefly describe the life cycleof Echinococctts granulosns'

9�B12 GLOSSARY

Acoelomate
Cercaria

Cleavage
Ganglion

Hermaphrodite
Host

Hydatid cyst
Invaginate

Miracidium
OnchosPhere

Operculum
Ovary
Parasite
ParenchYma

Planarians
Redia
SporocYst
Schistosomiasis

An animal without coelom (body cavity).

A larval stage in the life-cycle of flukes produced by a redia and infects the

final host where it encysts.

The early divisions of the fertilized egg.

,q,r."g$"gat d collection of cell bodies of neurons typicalty less complex than

a brain
Anorganismpossessingbothmaleandfemalereproductivestructures.
L ori*irrn ini.n pr*iA.s shelter food and other benefits to another

organiim.
eiarge cyst formed by a apeworm of the genus Echinococcus

i"fAig o, infusing of a tayer of cells ino a cavity of a blastula to form a

gastrula"

I futu.f stage in the life-cycle offlukes develops from an egg'

A larval form of some tape wonns'

A lid-like stnrcture
The egg producing organ of animals'

A;-dili* living aithe cost of another organism'

a ,of,-ro*..ting tissue filling spaces between organs in some worms'

eny memtet of the class of freeJiving flat-worms'

e il-Jt"ge in the life-cycle of f-I,!es p'roduced bv sporocysts'

A larval sage in the life-cycle of flukes'

Dsease caused bY blood flukes'
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UNIT �] 10  ASCHELMINTHES �] GENERAL CHARACTERS AND
CLASSIFICAT10N

Contents

_ 10.1 Objectives

10.2 Introduction

10.3 General Characters

10.4 Classification

10.4.1 Class - Nematoda
10.4.2 Class - Nematomo,rpha
10.4.3 Class - Rotifeta
10.4.4 Class - Gasrotricha
10.4.5 Class - Kinorhyncha

10.5 Summary

10.6 Check Your Progress - Model Answers

10.7 Model Examination Questions

10.1 0BJECTIVE

This deals with the general characters of Aschelminthes and the diversity existing in different
classes of this phylum. This also deals with the concept of pseudocoelomate condition. On
concluding this unit you will be in a position to explain that this group typically has a fluid filled
body cavity between the body wall and the internd orgaRs, mesodermal parts located outside the
cavity and which represent the embayonic blasocoel.

10�B2 1NTRODUCT10N

All pseudocoelomates are grouped within a single phylum, the Aschelmintes. The classes are
highly diversified. Hence each one is considered to represent a sepamte phylum. But the binding
common factor among these groups is their fundamental body plan possessing a pseudocoelom.

10.3 GENttL CHARACTERS

l. These are cylindrical bilaterally symmetrical, riploblastic pseudocoelomate metazotrns.
2. Mostly aquatic, fresh water or marine, while some are terrestrial, free living as well as

parasitic.
3. Some are microscopic and some are long, a meter or more in length. Body usually

vermiform, unsegmented or superficially segmented.
4. Anterior end lacks a distinct head.
5. Body covered with thick flexible cuticle. Cuticle often bears spines, bristtes.

, 6. Epidermis is syncytial or cellular.
7. Musculature consists usually longitudinal fibres.
8. Digestive tract is a straight tube from mouth to anus without definite musculature except the

pharynx which is well developed and muscular.
9. Respiratory and circulatory systems absenl
10. Excretory system consists ofcanals and protonephridia
I l. Sense organs consists of ciliated pits, papillae, bristles and eye spots.
12. Mostly dioecious i.e., sexes are separate. Males usually smaller than females. Gonads single

or double. Eggs microscopic with chitinous shell.
13. Development direct or indirect with a complete life-history.

831
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7.

8.

10�B4 CLASSIFICAT10N

The phylum Aschelminthes compr-ises of frve classesi
1) Nernatoda 2) Nematomorpha 3) Rotifera4) Gastrrotichaand 5) Kinophyncha

10.4.1 Class-Nematode

l. These occur in moist soil, fresh warcr, sea water, plants and animals.
2. Thcsc havc an clongarc<l cylinrlrical vcrmiform body.
3. They are popularly known as round worms. Head, cilia and segmenlation are lacking.
4. Body wall comprises tough resisantluticle.
5. Epidcrmis syncytial with four or more tongitudinal chords and longitudinal musctcs.

6. The digestive tract is complete and straight with mouth anrt anus. Thc nrouth is provirtctl with
3-6 lips. The pharynx is muscular and has a triradiate lumen.

Respiratory and circulatory systems absenl
Nervous systcm comprises a circum-pharyngeal ring with attached ganclia and six antcrior
and six posterior nerves.

fE. 10.1. Ascais b;rlzdlcoiilcs. A. Mrle. D. Femde. C. Anterlc end ln donsel vler. l. Mouth 2. Lrtcrd llne 3. Cloacal

rperaue L fooUt spkulct 5. Fcmrlc goloporc 6. Prplllee 7. Dorsrl llp t. Dorgl llne 9. Amu.

Flg�B 102"�| c�¡ a�� �î

"�œ�g
�� �� �E An�� �¡ or part or remole l.Mouth 2.Nerve rlng 3.Pha�° nx.4.Vulv�� 5.OvtoCtOr

6�B Pharynx 7.Vagina 3.Intestlne.
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9. Excreory system simple, consisting of one or two canals or none'

10. Sexes ari mostly separate. But hermaphroditic and prtrenogenetic forms ere also known.

ll. Males are smaller than females.
lZ. Gonads arc thrcad-likc and may be singlc or parttd. Spiculcs aro prcscnt in mulcs. Thc nralc

duct opens into the cloaca The fcmale duct leads to thc extcrior independently,

13. Fertiliiation is intemal. Developmedt is indirect with or without intenircdiate host. Lan'a

wirh several moults.

Eg.: Ascaris (FiS. l0.l) Wuchereria (Fig. 10.2) Dracuncuhts,Iaa loa (Fig. 10.3) and Ancylostoma

duodenalc (RS. 10.9

Fig. lO.3 Lor lcr

Flg. 10.4. Aacfu/r,',w &dc1urr. A. Adult mele. B. Adult feurle. C. Antcrlu eud. I). Poctorlor end of mCe- l. Motth

2.iuccat cavi,ty 3. Neverin!- 4.Testis S.Vedorler mlnrllc 6.El.olrtd, duct ?.Cquletory rpktlec t'Clo'cr
9. Copuletory bursa 10. Pharyu 11. Overy 12. Uterus 13. Vrgtnr 14. Amrs lll. Tecth 16. Xeys 17. Ilonrl reyc.

10.4.2 Class Nematomorpha

1. This small class superficially resembles ttre Nematoda
2. With the exception of Nectonenu which is marine, almost all others are found in fresh water.

3. These differ significantly from other classes in the presence of cloaca in both sexes and also

differ from Nematoda in the absence of excretory system.

4. These are filiform pseudocoelomates. Body long, slender, cylindrical and unsegmented.

5. Digestive tract degenerate.

6. Circulaory, respiratory and excretory organs are absent.

7. Nervous system consists of circumpharyngeal nenre ring and a single midventral newe cord.

8. Sexes separate with paired gonads and gonoducts.

9. Juveniles (young ones) are parasitic in arthropods

Eg.Gordius, Neclonenu

10.4.3 Rotifera

I These are found in fresh water ponds lakes and some are found in the sea.

2. Body is bilaterally symmetrical and unsegmented. 8
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3.

4.

�T

�U

�V

�W

They are lnown as "wh€el anim*leuhs" because the anterior end of the body bears a ciliary
apparatus, the "corona" or "hochal disc". The trochal disc is used for feeding and
locomotion.
The alimentary canal is usually entire with a differentiated muscular pharynx. Ttrc pharynx is
provided with movable jaws.
The nervous system is simplg eye spots ustully presenl
Excretory system has flame cells.
Sexes are se,parat€. Males ae small and degenerate or absent
Reproduction sexual as well as parthenogenetic. No lrval st4ge.

Eg. Brachionta (Fig. l0'5), Rotifer'

Flg. 105. Brzr;hbtas nDars. A. Femde. B. Mde. l.Trocbl dkc 2. Brdn 3. Ncphridtd tube 4. Pharynr 5. Germerlum

6. Tall 7. Tocc t. Intesttne 9. Stomach 10. Lorlce 11. Muniler brnds 1ll. Testtr 13. Flame cdl.

1A.4.4 Class-Gastrotricha

l. These are small group of free-living microscopic animals.

2. Marine or fresh water.

3. Body worm-like and unsegmented, ventral surface flat with cilia"

4. Cuticle thin, usually spiny, scaly or warty.

5. Corona absent. Posterior end forked and with forked tubes and glands.

6. Digestive tract complete, mouth surrounded with bristles.

7. Nervous system comprises of a cerebral ganglion and two main lateral longitudinal nerves.

8. Sexes are united or only females are presenl

9. Reproduction sexual as well as prthenogenetic.

10. Development direct

Eg. C lwetonotus (Fig. l0 -6 A), k pidodernulla.

10.4.5 Class'KinorhYncha

1. These are minute cytlndrical animals living on mud botoms usually in shallow marine

habitats.

2.

3.

4.

5.

6.

Body is cylindrical and is superficially segmented into 13 joints'

Cuticle spiny but without cilia.

A retractable head covered with circlets of spines'

Digestive tract complete, stomatch-intestine expanded, anus terminal with retraCtile ring'

Ncrvous sysrem consists of a dorsal cerebral ganglion and a $anglionated
86
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Flg. 10.d. A. Chae],/,totus. B. Echhdcns. 1. Mouth 2. Phrryu 3. Cllh 4.Intesttne 5. Amrs 5. Mouth cone 7. Stomach'

lntestlne t. Latcrd md sPlne.

7. Excretory system consists of one pair of short proto-nephridial nrbes, starting with a single

multinucleate flame bulb.
8. Sexes separate, gonads are tubular sacs. Penial spicules are present in males.

9. Development indirect including several stages and metamorphosis.

F';g Echinodcres (Fig. 10.6 B), Centroderes.

Check your progr€ss

The presence of justifies the inclusion of all the five classes of animals in
phylum Aschelminthes.

10.5 SllMMARY

The Aschelminthes are bilaterally symmetrical, pseudocoelomate animals These are free living and
parasitic. These are small vermiform and unsegmented animals. Anterior end lacks a distinct head

Development may be direct or indirecr

10�B6.CHECK YOUR PROGRESS�c�cMODEL ANSWERS

1. Pseudocoelom

10.7 MODEL EXAMTNATTON QUESTTONS

I. Answer the following in about 30lines.
1. Mention the different classes of phylum Aschelminthes along with examples and give general

characters of Rotifera
Answer the following in about l0lines
How does the Nematomorpha differ ftom other classes?
Describe the general characters of Nematoda

�U
�@
�¡

�Q
�D
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UNrr�] �U IMPORTANT NEMATODE PARAS�uES

Contenb

ll.l Objecrives

ll.2 Intrcduction

11.3 Ascarishtrnbricoides

11.3.1 Life cycte
11.3.2 Patlrogenicity
11.3.3 Contrrol

ll.4 Ancylostonuduodenale

ll.4.l Ufc-cycle
11.4.2 Pa0rogenicity
11.4.3 Conrol

11.5 Wuclureriabancrofii

11.5.1 Life cycle
11.5.2 Pa0rogcnicity
11.5.3 Contol

ll.6 Dracuncuhts nuditunsis

11.6.1 Life cyclc
11.6.2 lhvelopmeirt of cmhyoe in cyclops
11.5.3 Entance into man and dwelopment of adult worms.
11.6.4 Contnol

ll.7 Parasitic Adaptations of Helminths

ll.8 Summary

I1.9 Check Your Progress - I\[odel Answers

I 1.10 Model Examination Questions

11.1 0BJECTIVES

This deals with the general morphology of parasites of human and veterinary importance. Life-
cycles, diseases and control methods are discussed. This also deals with the host parasitic
relationship.

4t ttre end of this unit you will explain with confidence that how the nematode parasites infesting
man and domestic animals, cause a heavy damage 3o the economy of a country and in what way
they have to be controlled effectively.

11.2 1NTRODUCTION

1.

2.
3.

4.
5.
6.

7.
8.

9.

Nematodes are bilaterally symmetrical, triploblastic pseudocoelomate metaz)ans.

Body of a typical nematode is long, cylindrical, tapering more or less at both the ends.

It is enclosed in a very tough impermeable Eansparent or semitransparent cuticle. Sometimes

the cuticle has bristles, spines, ridges or expansions of various kinds.

Some parasitic forms have papillae in the head and tail regions.

In Strongylara the posterior end of male has a bell-shaped expansion called bursa.

The mouth is surrounded by three lips in the majority of nematodes. In some, lips are absent

or modified into buccal caPsule.
The digestive canal consists of mouth, buccal cavity, oesophagus, pharynx and intestine.

Nervous system consists of a "nerye-ring" from which longitudinal nerves run forward and

backward. Special sense organs, amphitls are present.

The Excretory system is variable. The only constant feature is a pore opening on the mid-

ventral surface in the oesophageal region.188
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The hfe hisbries and pathogenicities of the following impomnt parasites are described below:

113 ASCARIS LllMBRICODES

Cmmlon�\ e:Common round wom
lt is ttelh�” est nemtode parasite in the intesttne ofman.

Phylum
Class

Gder
Genus
Species

11.3.1 Life-cyclc

Aschelminthes
Nematoda
RhaMitida
Ascaris
A-lumbricoidcs

The worm passes its life-cycle in one host. No intermediate host is required. lvlan is the only known

definite host of Ascaris finnbricoidcs. The eggs liberated by fe*ilised female pass out with the

human faeces. They are rourld or oval in shape. They ue 6U75 microns in length, by 40-50

microns in breadth. The eggs are brownish in colour and contain an unsegmented ovum. They are

not infeetive !o man when freshly passed. In soil a rhabditi form larva is developed from the

unsegmented ovum within S" egg shell in 10 to 40 days time. This depends on the drnospheric

t"*plrat*e ad humidity. The ripe egg containing the coiled up embryos is infective to man.

Before hatching, the larva undergoes moulting.
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lVhen furyested (taken) with food, drink or raw vegetables, the embryonated eggs pass down to the
duodenum. In the duodenum ttre digestive juices weaken the egg shell, stimulate.s the enclosed
larvae and makcs them active. Then the egg-shell ruptures and the rhaMitifqm larvae re lib€ratod
in the upper part of the small intestine. The larvae liberated in the small intestihe do not directly
develop ino mature wonns. The newly hahhed larvae burrow their way through the mucous
membrane of the small intestine. Then the larvae are carried through the blood medium to thel "'er.
Here they live for a period of 3 to 4 days. Finally they pass out of ttre liver via the right.heartl
pulmonry circulation. In lungs they grow mrrch bigger and inqcase in length from 0.2 mnl 2
mm. Here larva moults twice (first on the 5th or 6th{ay and the second after the lCItr day).Lxiw
they reach the lung alveoli. The time taken for this migration is on an average 10 to 15 days. From
the lung alveoli the larvae crawl up to bronchi and trachea. fire ciliarcd epithelium of the
respiraory tnact causes the current due to which the larvae re thrown into larynx and pharynx and
are once more swallowed. The larvae pass down the oesoptragus to somach. firey settle down in
the upper part of the small intestine. The intestine is the normal dwelling place of these worms.
After infection between 25ft and 29th day another moulting occurs. In the intestine they grow ino
adult worms. They become sexually matwe in about 6-10 woeks time. the gravid females begrn o
discharge eggs in the stool within two months ftom the time of infection. The cycle is again
repeated. (Fig. ll.1).

11.3.2 Pathogcnicity

1. Pathogenicity of Ascuis depends on severity of infection.
2. hesence of few individuals generally has no serious effect on the host's healdr.

3. tleavy infection is however serious. It causes wealmess and anaemia
4. Toxins produced by the parasites cause irritation of intestinal mucosa and weakens the

digestion. Colic pain may also result
5. The worms sometimes damage the mucous membrane, cause the enteritis (bowel

inflammation) and peritonitis.
6. During migration of larvae through lungs and bronchioles, irritation, lntense coughing,

haemorrhage and inllammation leading to pneumonia occurs.

7. Sometimes during general circuliation larvae reach kidneys, brain, spinal cord, ahd muscles

and cause serious lesions.

8. About 100 worms re known to destroy the intestine completely.

9. They also cause appendicities and hepatitis.

11.3.3 Control

l. Dispersal of human faeces by irnderground sewage system is an efficient method to control

Ascaris infection.
2. Infection of Ascaris can be prevented by thoroughly washing vegetables and fruits before

eating.
3. Teaching children edy in life o wash hands before meals, is a best controlling method.

4. Adult worms can be removed by giving the patient a mixture of oil of Chenopodium and

Terachloroethelene.
Hetrazone syrup is also effective and non-toxic specially o children.

Piperzine, nyCrate, Alcopar and Banocida are also recommended as antihelminthic

�T

�U

11.4 ANCYLOSTOMA DUODENALE

Common name: The old world hook worm

The adult worm lives in the small inlestine of man. The eggs are first laid in an unsegmented stage.

During their passage through the bowel, segmentation (rccurs upto the 4-celled stage. The eggs

when passed out with the faeces are not infective to man'

11.4.1 Life cycle

No inrermediate host is required. Like other helminthes, multiplication of worms does not occur
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FE. ff2. Llfoqde ol Ancylctomr duodcnrlc. A Adult lbmrlc. E. Adult ndc C. &p cuplng ln hccrr D4:
Dcvdopu*nt o? Ggt h d (A ro 4S hmre) H. Xbrbdlttroin lrry. rrrailtr fido! (3nl enrl {h dey). I. Fllerte fron lrm
(ln t to 10 dryr). J. Wtth termlnrt buccet crpa{e (3rd nolt). K. Md Duol crparle o rnlvrl ln lntcdrc. L. An
edult wlth ddccdve bucel crperle.

The rhaMitiform lrva moults twice on the third day and the fifth day. It than develops into a
'filariform larva' which is the infective stage of the parasitc. Ttre filariform larva is 500 o 600
microns in length. The time taken for development from eggs to filariform larva is on an averege 8
to l0 days. The lrvae cast off their sheaths and €nt€r the body by penetrating the stin. On reaching
the subcutaneous tissue the larvae enter into lymphatics and small venules. Then they enter via the
right heart into the pulmonary capillaries. Breahing through the capillary walls the worms enter into
alveolar spaces, then they migrarc on to the bronchi, tracheae alrd larynx. Aft€rwads lhey crawl
over the epiglottis to the back of the phrynx and ue ultimately swallowed. Dtrring migration or on
entering ttre oesophagus a thfud moulting ukes place and a terminal bucal capsule is fqmed. For
such migration it takes about l0 days. fire gowing larvae settle down in the small intestine,
undergo a 4th moulting and develop into young wonns. At this stage the tmthless buccal crysule
formed previously is cast off and a definitiye buccal capsule with complete teeth is formed. In thrce
to four weeks time they are sexually maturie and the fertilized females begin to lhy eggs in the
faeces.

The cycle is thus repeated. The interval between the time of skin infection and the first 4ppearance
of eggs in the faoces is about six weeks. (Fig. ll.2)

11.4.2 Pathogenicity

1. The worm causes hookworm disease or Ancylostomiasis tt is charactarised chiefly by
anaemia.

2. Iltis occurs when man walks bare-foot in the faecally contarninated soil. This dismse is
responsible for considerable economic loss as well as poor health.

3. The filariform larvae penetrate directly through the skin with which they come in contact. q
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The penetrating larvae canse tiny, irrihting sores or ground irching and inflammation of skin.
Adults in the intestine cause stomach pain, diarrtroea, palpitation of heart and collapse.

11.4.3 Control

l. several drugs such as oil of chenopodium, carbon tetrachloride, Hexylresorcinol are used to

cure the disease and to remove wonns from the body.
2. The most commonly recommended drug is Tetrachloroethylene because it is very efficient

and less piosonous.

3. Proper hygenic measuresand sanitary education should be given to the people and especially

to children who must be taught o wash hands before every meal.

4. Every home should be provided with sanitary oilet The human faeces should be disposed off
by an underground sewage system.

11.5 WUCHERERIA BANCROFrI

Synonym: F ihria bancrofti

(Common name: Bancroft's filaria)

The females arc ovo-viviparous i.e. they lay eggs with well developed embryos. These embroys are

called microfilariae. The microfrlariae are.very active and can move in blood stream. When

unstained, they appear as colourless and transparent bodies with blunt heads and rather pointed

tails. The embryo measures about 290 microns in length by 67 microns in breadttt. It consists of a

Fig. 11.3. Wrclureria bancrofiilana stage (microfilaria). 1. Microfilaria 2. Sheath 3. RGd blood corpuscles

4. Nerve ring 5. Excreory Porc 6. G-Cells Q4)7 . Anal pore'

The larval forms do not undergo any ftrther development in the human body unlass they are taken

up by the proper intermediate [ost(cutex rrosqui6). If thesemicro ar€ not src]ed up by the

,norqoio,'O"y die in course of timi. Ttre life--span of microfflariae in the human body is about 70

O"Vr. fn" microfilariae appear periodically at night mostly b€twe€n IOPM a$d 4 AId' This shows

noctnrnal pcriodicitY.

11.5.1 Life cycle

The life-cycle passes in two hosts, man and mosquib.MT i.-g".definitive hosts' The adult worms

live in the lymphatic ,yr*- of man. Live embryos (microfila{a9) are discharged and entQr the

blood stream. These ilWor are capable of living in the peripheral blood fc a time without

undergoing any change. These are subsequently taken up by the female culex moaquito during their

blood meal.

The intermediate host is mosquiO belonging to the genrs, Culex' In mosquiO the microfilariac

undergo further develorpment After that trrev become infective jo man. sheathd microfilariae

ingested by the mosquiO collect rormd the ,nL;ot end of dre sOmach' They cast off their streaths

quickly, penetrate tfr" goi *At *itt in an hour or two and migrate O the thoracic muscles' Herre they

rest and begin o gon*rllo the next two days the slender organism changes to a thick short' sausage-

�ð
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shryed form with a strqt spiky Ail which rncasgres 124 b 250 microlrs in lenefi by l0 to 17

midrons in bseadth (th fusrsuie larva). It pocscsses a nrdimentry {Sesgv.e 5ry1}.1.t 7 days

time dre lanra grws rryidty, riorlts 1s[eos:cuclc) oIrcG or twice. Now lhis is dallcd th'smd
st4ge latva It rieasues 

-ZX-O 
g30 micrms in longfh by 15 O 30 micrurs in breedth'

On 0re l0th q f fth day the meumorphosis bccomes comptetc. TiF t reduces 91qq shrmp'

The digesrive sysro,.6oOV o"rty -O Scoital qgans re- 9v {uttf-dcv9lqea.. T1* T^-th" 
d'itd

;&"ffi,; *n1ir, ,or*r l50o-ro 2m0 micrcns in tengttr by 18 o 23 micrqrs in hbadth. At dtis

.ai", it is infectivc to man ard cnters 6e proboscis stpath of the mosquio on m about $e 14th

O"i. Oo" microfilariao grves rise toone infective lrva in thc proboscis sheath'

When the infected mocquio bites, the ffrird stage lervre pelrcEate the skin and reactr the lumphatic

channels. They scttlc Oown at $me spot (ingufuEl, scrotal-c adbo'mfuul lymphatics) gtow into

adult fums. fn cornse of time, pobabiy ait r a pcriod of 5 to 18 rlronttrs thcy become sexu[y

maturE. 11re malc fertiliscs the fehab anA graria ien ates givc birth t() lat,vae. A new gencration of

microfilariae is emined which pass AUrer ttnough the tlrqacic duct or tlre right lymphatic duct to

,f" r"** system anAerfmoniry capillffies roAO* b pcripheml circu}riur thus conrpleting the

cycle.

ll.SA Pethogenfu'ity

1. HeaW infection of the fitarial wurls bloc* the lymph vessls'

2. Lymph accumulates in the affecfd prt and caules the swelling of that prt
3. T[k disc$e is called olcphentbio q lilrriesb
4. Usually uttts,legs, scro$trI and mamnrry ghds are affecEd'

1153 Control

l. Protection ftom mosquitoes preyent the infection of Wnclcrcrb banuofii.
2. Destrustbn of mosquitocs cduols thc ittroctiut
3. Trearnent of caniers by using Hetrazon.

�P

�Q

11‘DRACUNCULUS MEDINWSIS

Common nrne: Gtrinea womt, serp€nt wtrm u &agon wolm, fltedina wofln.

The adult females arc usually found in the subcutaneous tissues, specially of the legs, arms and

b6ck.
The male worm has not yet boen reoverei from man (except a case from India). But thc male has

been recovered frrom expcrimenal animals. (Fig. ll.a)
11.6.1 Life-cycle

The worm passes is life-cycle in two hosts, rnan and cyclops.

Defmitive hosh The adult parasite lives in the subcutaneous tissue of man.

Intermedietc hmh Cyclops, in which the.embroys undergo certain developmental changes
before they become infective to man.

Fig. 11.4 Dracurculut ttudiaencis. A. coruplac aduh wqnr. B. Antcrior end of male c. Tail cnd of male (venml. vicw). l.
e@rdic lip 2 Pheryrx (musorlar) 3. Phrryrn @landular) 4. Ncrve ring 5. Cervical pepillae 6. Penial spicules 7. Anus E.

Portanal genitel papillae. 9:
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11.6,2 DevclopmcntofembryahCydryc ' , ,. . ,. .:

Ereh Cyclgps can ingest as many as 15 a?D Drrcwcnfus e,nrbroys. Tlrc infsted Cyclopces usually
die at the end of 42 days, but wtren ttrey are ihfeced heavily, Ur"y Oo not live for m'orc than i3
days, (normal life-span of cycloprg is about 3 months).

Tlre embryos penetrate the gutwall within I to 6 hotrrs afrer ingestion and enter the body cavity of
the Cyclops, where they undergo sis and increase in si?p. Und€r favourable.conditions
it takes about 2 weeks for thc complerc developmenr

ff.6.3 Entrtncr into mrn end devebpment of adult worms

The cyclops conaining the infective larvae re swallowed by man with unfiltered drinking water.
ort rcaching the somach the cyclopsal re digested by the gastric juice and the larrrae are libeated-
Tlrey thtn penetrale throlgh by the gut wall and enter the connective tissues. lVhere they grow to
sexual maunity. The larvac in man becmne adult rnales and females. The males die after fertilizing
the females and disappear within 6 months aftor ryrfection. The union between males and females
occu early in the deeper connective tissues and not in the intestine. It takes about another six
months for the gravid feamles o select iB site for'discharging the embroys in water. The gravid
females migrate and selecB only those parts of the skin which are tiable o come in contact with
water such as anns and legs. (e.g. arms and legs of washerman, and legs of those who fill water in
containers in step walls and ponds). On reaching the skin surfrce, it secrctes a loxin, producing a
blister which later rupnres and forms and ulcer. Contact with water stimulates the worm to
Fotrude its head through the centre of ulcer an caups a discharge of milky fluid containing a large
number of coiled embrroys ejeced from the uterus. Ihus the embryos re back again in water and
the cycle is repeated.

11.63 Pathogenicity

l. Dracuncuhucauses guineaworm disease, characterised by asthma, uricaria, itchness, nausea,

vomitring, dirrhoea, dysnea and eosinophilia erc.

2. These diseases re caused due to toxic substances produced by thepuasite.

11.6.4 Control

The infection can be prevented by the irradication of cyclops and by drinking filtercd or boiled

wder.

11�B7. PARASrrIC ADA�urAT10NS OF HELMIWrHS

��

�S

The helmintts are�� odirled mOrphologtally as v7ell as physiolog�‰ �vly"liVe m�� eir particular

environmen�¿ .These modifications depend on�˚ e‘�ˇ �ì �� Ofparasittm�B        .

Morphological adaptations

l.Loss and degengation of bcomotory,dlge�V veand senttorgans.

�]�Õ�|  �å ŒaØò�a3.I AS the parasltes livo �V dgeSted or semid�k

alimentary cand and digestiVe glands.

4 1The�g nSOry Orgas Ju�¥ n�� �l als�B 1�dP�ˇ
�ó �o:I�y �í IØS�¢ |�æ �æ �_ �� �U

5�B The�gter in"gument or cuticL of parasi�|

agalnst digestiVe Juices:

6. The well�] devdoped muSculature in cestoda enables them to attu�Ó t their long bOdy in the

intesine of the hosL

�N. Helminths are vaFiOuSly mOdiied foF adheSion to the body of the hos"�B
Suckers are fomed in

æa�ˇ l�� �å �Õ �ô �R�Ł �£ lttesd�\
bearSdthers�g �Pnl�M �� TCFW
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1n some cestOdes and nem�ß�˚ �å ,hooks�å hook lk smctures also develop nearthe cephalic

end which fmer help in the atehnlent    
�M

8.Reproductive organs show dgnifimt develommt and adaptation to pansitim.There is a
vastincrease in the rOroductive capab�v ities by pduclng hrge nurnber ofeggs.

9.Life�] history us�Z ly includes everal hwal smges for mul�� hmttOn and for easy and stB

mnsfer�¡ Om onc hostto anoma.

Physiological adaptations

l.The aukes feed On issue elem�ª
"and have probbly inm�]

cenuhrttm�B
2.ne osmOtic pressure ofthe inttb ofthe r�æ �Ô Ø[C Wmsremalnless hm�åsamlT that of

their hos�R ,so thatthere is no difflculty in exchge ofw�R .

3.  The intestid lmttics live m an environment complecly tvond Of lh�C oxygeno Mir
evolutionary adaptation has resulted in a vtt lov7 metabolic rac which tt�¯ �Y�¡ a mi�| huEEl

alnomt of oxygen.

4.Most ofthe hehninth paFaSi�ä ,particuhrly intttid p�\ ics,s�\ c,antiottmesin orda
b"t ttCInsd�g s tom gasticjuices anddigni�g enzmeS Jtt host

Check YolI Progr�æ

1.Mmy lnntiml nemotode parastts of man have simib life cycleso CoEELmOn rOuc which

they�] �� pt starting tom incstine is as follovrs:hCstine        ,�Œ � _̀

�\

,        and in�g stine.

2. Common antiheLninttic attgs �Ö  cOnml are                �B

3.  Incstinal parasites ttm�R 3�c �R�� z�b mes in order to pR�¡ ect�v �~mwlves lom the
scretions ofthe hosL

113 SUMMARY

lhe nematodes ue poprlrly known as round wonns. They occur in all habitats such as moist soil,
fresh water, sea walsr, plants, animals and malr. Sexes arc mostty separate. Itdales arc srnaller than
females. Herm4hroditc and parthenogenetic fcms are also known. Festilization is intereal
development is directand indirecL

11.9   CHECK YOUR PROGRESS�\MODEL ANSWERS

1. [ver, heart, lungs, bronchi, trrchea, larynx, grottis, epiglottis, pharynx, oesophangus, stomach

2. tletsia:zon,Temrchloroethylene.
3. digestive.

11.9 MODEL EXAMINATIONQITESTIONS

I. Answer the fotlowing in about 30ltnes.
l. Describe in detail the life cycle of Ascaris.
2- Describe the life cycle of wuclwrerb bancrofii anda note an it's pathogenecity.3. Describe the life cycle of Dracunculw nediruttsis and add a noicon its pathoiarecity.4. Mention important morphological and physiological adaptations of Helminthsl

tr Answer the fotlowing in about l0lines.
l. Describe the pathogenwity of. Ascarisand add a not€ oh is conrol methods.2. Describe briefly the life cycle of Ancylostonu duodcnale.

�\
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UN�u�]12 ANNELDA‘GENERAL CHARACTERSiANDCLAS�v�R�DCAT�_N

Con&nts

.r2.1 fr!rctives
12.2 Inroduction

12.3 @n€ralChamters
12.4 Classification

12.4.1 Ch$ - nolyc&ete
12.4.2 Class Archiannelida
12.4.3 Class - Oligochcts
12.4.4 Class - I{irudinea

12.5 Summary

f2.6 Cteck Your Progress - Model Answerc

12.7 Model examination Questions

21 0BJECTIVES

In this unit the ch,aracters of phylum Annelida and its classes arc described to explain 3o the

sndents that the members of the phylum have many characters in common. Yot &rive after

finishing this unit the curcepts of metamerism, schizocoel and clmed circulalry system and

explain their importalrce in the progress of animals.

11�Ú 2 1WrRODUCT10N

It was a common practice in the eiylier periods to include all soft bodied animals in goup called

'Vemes'. This group vennes, therefore, included animals like the parasitb nulms, a fery arachnids

and crustaceans. Howev€r,Iamarck in 1809 gave the nameAnnelida o the phylum on the basis of
ring - like, segmented body, (I-at, annullus a little ring Gr. ei&s : form)

12.3 G�V ERAL CHARAC�÷�YtS

Annelids arc multicellular, triploblastic, bilaterally symmetrical, coelomate wormlike

animals.
rn" uooy is divided into a number of ring-tike segm€nts or metanreres. The segments are

,.po.t i from each other externally by grooves and intenrally by scpta' The segmentation is

knOwn aS true metamerisrn.
There is a single pre-oral segm€ni called prmtomium. The anus is in the anal segment called

the pygidium. In bet't een, mostly tlre segmens re similar'

ffr"-fiiO, walt has 
" 

rfrio,'*.pit"nt" n6n+ellular covering the cuticle. It is p'roduced by the

epidermis.
m" .ero"*is is single layered with different tlpes of cells urd chitinous stnrcturcs known as

setae.
Tfre body wall and the alimengy canal contain circular and longigdinal layers of muscles'

The body cavity is a true coelom. The spre is lined on either side by the epithelium derived

from the mesoderm. It is filled with a fluid called the coelomic fluid. The coelom acB as a

hydrautic skeleton as the coelomic fluid is incompressible. However, in leeches the coelom is

reduced.
fire chitinou setre help in locomorion.In polyctraetes the setae ar.e seen in nrfB in ryecial

locomotor oryans calted parryodia. In hechos;Ee.r" $r"n,, so the bcomotory function ir

taken uP bY the suckcrs.
Digestive systcm is weu developcd. Tlrc alimcntary canal is a straigh,t tube' It is differentiated

�¡
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10.

in1g well defined regions. Pharyngeat glandS and in a few anirnals intestinal glands are also

found. In leeches Sre atimenury canal is divided into two parts - a slorage part and a

digestive part.
glmd is ied in colour due to the presence of haemoglobin dissolved in the plasma. Blood

flows in clos 'blood vessels. So the blood vascular system is of the closed type'

Special respiratory organs are absent. The skin ac15 as the respiratory organ' It is slimy and

moist. It is also richly supptied with blood vessels.

lZ. Excretory system consisrs of paired highly coiled nephridia in each segmert. In some these

are minute in size and large in number in each segment.

13. Nervous system consists of paired cerebral ganglia or brain located on the dorsal surface of

the pharynx. A nerve ring iJformed by a pair of circumpharyngeal connectives. The ventral

nerve cord which extends throughout the length of the body has ganglia and nerves in each

segmenL The nerve cord is paired and solid..

14. Sense organs consist of tactile organs, taste buds, eyes etc.

15. Most of the annelids are monoecious. Sexes are separate in polychaetes.

17. Development is direct or indirect. In indirect development there is a larval stage known as

trochophore or trochosphere. In some there is a sexual reproduction by budding.

17. Cleavage of the egg is spiral and determinate
18. A few animals exhibit regeneration.

Annelids are marine, freshwater and terrestrial forms. Most of them are free moving, a few live in

burrows. A few bthers lead an ecotoparasitic life.

12.4 CLASSIFICAT10N

The phylum is divided into four classes. These are 1) Polychaeta, 2) Archiannelida, 3) Oligochaeta

and 4) Hirudinea.

12:4.1 Class: Polychaeta

Polychaet worrns (Gr. Poly: many; Chaeta: bristles) are very common marine animals. These

constitute the largest class of the phylum Annelida. There are about 5,000 species. The

distinguishing features of the class are:

1. Most of the polychaetes are perfectly metameric with a cylindrical body.

2. Head consists of prostcmium aud peristomium and bears eyes, tcntacles, cirri and palps.

3. Thc presence of parapodia in each segment is the most distinguishing fcature of the class.

These are paired and latcral.

4. The last segmcnt is thc pygidium.
5. Thc body wall is dcrmomuscular with a thin, tough, chitinous non-cellular cuticle covering

thc body externally.

6. Thc coclom is an cxtcnsive cavity dividcd into compartments by lransvcrse scpta. The
coclomic fluid gives turgidity to the body. It acts as a hydraulic skelcton.

7. Alimentary canal is provided with an eversible buccal region and protrusible pharynx.
8. Respiration is by thc skin. It is known as cutaneous respiration.
9. Closed type of blood vascular system is prescnt.

10. Excretory organs arc paired nephridia which are scgmentally arranged.

I L Ncrvous system typically annclidan.

12. Scxcs are scparate (dioeeious).

13. Gonoducts arc abscnt.. Fcrtilization is external.

14. Dcvclopmcnt is indirect. A frcc swimming troc'hophore larva is lormed.

15. Ascxual rcproduction urkcs place by latcral budding.
97
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Fig. 12.1. Represenratives of Polychaea. A. Chaaoprcrus. B. Arenicola. C. Nereis. 1. Prostomial palp. 2.'Piostomium.

3. Peristomium. 4. Eyes 5. Parapodia. 5. Pygidium. 7. Anal cirri. E. Mouth. 9. Prosomial collar. 10, Peristomial tentacle.

ll.Noopodia. 12.Greatwing. 13.Foodcup. 14.Fans. 15.Protnrdedpharynx. 16.Gills,17.Anus.

e.E Claetoptenzs (Fig. l2.l A) - Clam worm, Sandworm, Rag worm, Arenicola (Lug worm or Lobe worm) (Fig. 12:1.8)

Neantlus (Nereis) (Fig. 12.lC)

12.4.2 Archiannelida

Archiannelids are a heterogeneous gIoup. These are nowadays treated as a separate minor phylum'

The degenerate characters of the group are not believed to be primitive. These are now thought to

be secondarily acquired due to burrowing mode of life'

The salient features of the class are:

1. These are small marine worns without clear external segmentadon.

2. The prostomium is small, and the peristomum is large'

3. Papapodia, setae and suckers are absent-

4. There is a single pair of prostomial tentacles.

Fig,p.Z Represcntat ivcr of Archiannelidrr ' A' Polygordins' B' Protodrilus

l. Tcotacle, 2. Perislo!nium' 3' Anul':rgenlcnr' 4' Prostomia' teDtacles'

5, OesoPhagus, 6. ln'.cstinc98
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Nervous system is typically rnnelidan. A brein, nerve ring and ventral nerve cord are pres€nl

Sense cgans pooly doucloped" When posent thcec rre 6e nodifiedepkhrnraf ce[s.

Ol*gochetes arc hcrmapluodirs. Thc gronads uo disirrt with gonoducs. The rcpr,oductive
cells mature in seminal vesicle and ovisac.

Oligochaetes copularc fc mutral exchange of spermamoa The ventral surfaces of the

copulating worms ara in contact in such a way rhqr the anterior end of one worm is directed

owrds the posterior end of the other woml.

After copulation the clitellum socretes a o(rcoon. The eggs and spermatozoa re discharged

ino the coooon as it slips over the animal.

17. Fertilization takes place within the cocoon.

18. The young ones em€rge frrom the coooon afbr ltatching.

19. Asexual reprroftrction is common among aquatic oligochaetes

20. The power of regmeration is fairly high in oligochaetes.

e g: Megascoler sP.(Earthworm)

Tubifex(freshwater) - inhabits the lakes (Fig. D 12.3.A

Fig 123 Rctrrllcnarivcl of oligodaar lnd HiilditrGt'.A Ttrbifcx' B'Hirudinaria' cPolobdclh l'Navc ring 2'Blood

vessel. 3. LrErritrc l. s.grJ;"f*. 5. Porarlor g.*l<er' 5' Aatcrior suc1cr' ?' \1'arrr' 8' Prortmdum'

12.4.4 Class:Hirudinee

The class Hinrdinea contains about 500 species of ft'eshwater' marine and terrestrial worms' These

include ttre familr leeches which are r*g*,*o*' Tlt" t'i'oi'*'s resemble the oligochaetes in

;*y;h;;*. These resemblances suggest a common ancestry'

The salient features ofthe group are:

1. Tlre body of leeches is qrpically dorso'ventrally flrttened'

2. rhe segmenrs *;d, #;drtr*;irdil;ioiffi *"r*. The anterior sucker in most of

the leeches it.,,p]Jffe rtrenostuigr sucker is disc slt4€d'

3. The number or'segmens is reduced. ili; d; tpe"in" b diffn€nt species' usually the

nunrberis 32'Y'
4.Eachsegmentisagaindividedinonumberofennuli.Thenumberofannulipetsegment

5. ffiTou' of the leech is divided ino 5 imaginary parts. These are cephatic, preclitcllar'

clitelar, midd;;6;, "J"i"-.eioo 
and ttie region of theposterkn sucker'

6. Clite,um is mostly seen in ,"sr,*o i' iO *O ff' It devilops only d,ring tlre breeding

seasons.

7. Theheadbears5PairsofeYes'

3
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prapodia anrl setae arG Srcnt" Leeches of thc orderAcott oMetlidtonly possess setae.

11,u-toOy wall has a prominent layer or dcnnis. In addition to the circulr and longitudfuul

layers of muscbs an obtiquc layer is also pres€nl

ffr" rc..no differ ftom itre oUrer annelids in the loss of coelom. Ttris is due o extcnsive

growth of connective tissre. The coelom, thereJore, is reduced q *"ll sprces s sinuses-or

Inarnref.. In the genus Hintdo and alliedloeches a massive growth of tissue calledbotryoidal

tissue reduces 0te coelom.

f" r*V leeches the digestive systcm is organised o suit o the blood sucking ectorparasitic

life. tte alimentary canal has two puts a storage part and a {iXestive 
part.

Thc saliva of a few leeches contain an arrticoagulml 64166 hirudin

rnrr" .r" no special respiraory organs in leeches. Like the other annelids skin perfoms

cutaneous resPiration.
Excretcy 6gans ae nephridia These re l0 to 17 pairs,lying one pair per se8lnenl

Ammonia is the chief excretory producl
As in the other annelids the nervous systEm consists of a brain, nerrre ring and ventral ne'tve

cord with segmental ganglion.

l-it" oligo.[r"r"t, t"ot'es re also hermaplnodites. Goruds and genital ducts have fixed

positiots.
18. ff," tp.*, exchange betrven two leeches takes place in the same way as in oligochaetes'

19. Fertilization ,"t"r-pfo" within the ovisacs. F;rtilized eggs are discharged in1g the cocootl'

Tlre clitellum forms the c(roon.
20. Development isdirect and there is no lan'al stage'

e.g.: Hinrdfuraria granulosa (tndian cafile leech) Fig. 12.2.8) PontoMella (Skate-sucker) (Fig' l2'3

C. Branclrellion (Mrine leech)

CheclYour Progrcss

l. Extensive true coelom is the chdracterstic fean[e of all annelids but it is much reduced in

leeches because of ................ tissue.

2. AII organ systems except system have fully developed in all annelids'

3. trocfrogfroie lrva is characterstic of both and """"""'

125 SUMMARY

These re *gmentcd biluerally symmetrical wffm - like animals. The body wall is dermomuscular

with chitinous sctae. The mAi civity is a rue coelom fiIIed with coelomic fluid. Blood vascular

systcm is of cto*d t,"e. Nephridia are the excrctory organs. Nervous system is tlryical intervebrate

ty[. fr6.t of the ur-imals ate monoecious. Trochophme 6 trochosphere is the charactErsitc larval

ilfu. rn" phylum is divided into four classe.s. Class Polychaeta includes *clusively marine forms.

class Archiarmelida include.s a few specialised aberrant forms. Earthworms are included in the class

oligochrta Lceches are the examples of class Hinrdinea-

12.6 CHECKYOUR PROGRESS�\MODEL ANSmRS
�P

�Q

�R

botryoidal
respiraffy
fuinelids, Molluscs.

t23 ]|ilODEL EXALINATTON QTTESTTONS

Answcr the following in about30lines:
Give an account of the general clnract€rs and classification of phytum Annelida upto classes.

Deecribe the charrcteristic feanyes of the class Oligochaea and in what respect it differs from

the class Hinrdinea

Answcr the fotlowing in abont 10 tines
Describe the general chracters of the class Polychaeta along with few examples.

\Vrite briefly Archiannelids.
How will you classify A renicola, Plurethrua, Acantlobdelia and Polygordius?
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13.1 0BJECTIVES

In this unit Nereis is described in detail so as to acqruint with the organisation of a coelomate,
meglmeric, bilaterally symmetrical animal which you will be able to expliain lucidly at the end-

13.2�z NTRODUCT10N

Nereis is the common sandworm or clamworm. It occurs buried in sand dong with bivalves. firese
live in intertidd zone of the sea, gsrrally hidden under the stones or sea weeds. Tlrc name lVereir is
now replaced by Neantlus. The conimon species arc IV. dtorcrilli, N. diversicolai, N. virets N.
pelagica etc.

Systematic Position:

Annelida

Polychaeta

Errantia

Neantlus (Nereis)

Nereis is camivorous feeding on small insects, molluscs and worms. It is nocturnal. It is world wide

in distribution

13�B3 EXTERNAL CHARACTERS

The body of Nereis is long, llarnow, slender and pointed posteriorly. The upper (dorsat) surface of
the body is convex.. Ventral surface is somewhat flat'Ihe size varies from species to spocies. It

lO2 may reach 30-50 cms. The colour also is different in different species. The cuticle is iridescent.

Phylum

Class

Order

Cenus
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The body of IVcrcir is divided into head, trunk ard pygidium. The runlc is divided into a number of

segmeNrts tr melamcrcs.

Head

The Head consists of trvo main parts, prcstomium and peristomium. hostomium is not a true

segment of thc body. It is sinrated mid dmsally in front of the mouth.

peristomium is a targe scgment formed by the fusion of first and second segn€nts. It fsms the

l8t€ral and ventral margins of the mouth

Sensory struc{ures ofthe heed

i) kctomil eycs: (Fig. 13.1 A) hrosomium bears four smple and blac* €yes on is dtrsal

surface. These are photoreceptors.

ii) prostomiel tcntacles: A dir of short tonrcles prcirts from the anteriu bord€r of the

prosomium.
iii) ihostoniet palpc: These re also a pair. Ttrese arc stout and long. The palps re on the

ventral side of the prostomium. Both tentacles and palps 8c tactile in function.

iv) Nuctrel organs: fh"re *" ciliated pis of unkrcwn fuirction lying on each side of the

prosomium.
v) ieristomial cirri: These are two pairs of ttread-likc stnrcfines. One pair is dorsolateral and

the other is ventrolateral. These are homologous to the cini of the parapodia in ttre trunk

segments. These are tactile in function.

Trunk

The rest of the body which is metamerically segmented is lnown as the tnrnk. All the segmins of
the trunk are similar except the last one.

PygiAun

The last segment of body is called the pygidium or the anal segment. It has the anus. Parapodia are

absent' but a pair of long cirri are pfies€nl

Parapodia

Prmodia re present larerally in all the trunk segments except the perisomium and pygidium.

Fig. 13.1. IVcrc&. A. Anrcrior cnd. B.Prrrpodiunr. l. Plortonrial rcor*ler. 2.Proctomial p{p. 3. Prortomium. 4. Perirtomial
cini.5.Bycr 6.Fcrirtonriurn T.hrrpodie. t.Dorll cimrr.9.Sarc. l0.Noopodir. ll,Dond rciculum. 12.Neuropodia.

13. Vcmnl rcicthmr. 14. Muccler. 15. Vcrrtnl cimrs.

Each parapodium (Fig. l3.l B) is a biramous structure. It consists of two paxts. The upper part is
known as the donal blade or the notopodium. The lower part is the ventral blade or the

neuropodium. Each of these is again divided into two lobes. The notopodium has a short,

cylindrical, tactile appendage called the dorsal cirrus. The neuropodium also bears a similar
strucure known as ventral cirrus.he notopodium is larger than the neuropodium. 103
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Fig.lS2Sdae of Ncrcb. A. Thicrl. B.Irng bl.dc. 1. Scrntcd margin. 3. Joiu 4. Sheft"

0 Typical scta: It has a large stout shdt (Fig. 13.2 A) The blade
notched and curved.
ii) Long bladed seta: Ir has a small shaft. (Fig. 13.2 B) The blade
pointed. One edge is serrated.

is short and stoul. The tip is

is long, slender, straight and

134 BCDY WALL

The body wall consists of four layers - (i) cuticle, (ii) epidermis, (iii) muscte layers,
(iv) peritoneum. (FiS. 13.3)

Cuticle: It is the outer layer secrercd by the epidermis. [t is thin, tough, chitinous and non-cellular.
It is perforated by a lrge number of epidermal glands. The cuticle is irridescent.

Epidenmis: The epidermis mnsists of a single layer of columnar epithelial cells. These cells are of
ttree types-glandulr cells, sensory cells and supporting cells. The glard cells open by minute
openings on the surfrce of the animal. The epidermis is thick and glandular on the ventral surface.

The glands are larger and more numerous in the region of prapodia. The gland cells secrete mucus

ªà lrb�fl �T�à æEII�� çW �º �h�Rll�v �� �]1�ì � 1̃�^ �R�ò �'�w�I �q
9.CuL 10.Oblique musdes.11.EPidenlnis.12.Cuticle.13.Padctal PcHtoncum.104
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The body cavity of /Vcreis is a true coelom. Tlre coelom is schizocoetic. It is formed by the splitting

of the mesoderm in1g two layen. It forms a spacious cavity called the perivisceral cavity. This

;p";; it* t" il; tne toay wall and ttre alimentary canal. The cavity is divided ino

.orp.rt r,.ns by transvenp prntiUonr called septa. The coelom of each segment is further divided

into right ane rcit 
"o*p"rt "nts 

by the dorsal and ventral mesenteries. The septa are perforated, so

that the compartments communilarc with one another. The coelom is filled with colourless

coelomic fluid. The fluid contains amoeboid corpuscles or coelomocytes. During brceding seasons

it also contains reproductive cells in various stages of development Tlre coelom communicates

with the out side o-y ne,phridia and coelomodrrcs. The coelomic body gives turgidity o the body. It

thus acts as hydraulic skeleton and helps in locomotion also'

which lines the bunows. The epfotermis is highly vascuhzed. Ttre skin performs many functions

such as Eotection, sensory and rcspiration.

Musch leycns: Nereisltx a well developed musculaftre. It consisB of three laycrs-i) circular

ii) longiUriinal and iii) oblique muscles. These are composed of unstriped muscle fibres.

The circular layer of muscles lie below the epidermis. The contraction of these muscles makes the

body thin.

The longitudinal layer of muscles are arranged in four separate bundles. Two of them are

dorsolatial. The orher two are ventnolateral. Conraction of these muscles make the body thicker'

The oblique muscles ae two pairs. These origiryre from-the'e1liT ventral line' The muscles run

dorsolaterally. These are inserted into the circular muscles at the base of the puryodium' These

muscles retract the ParaPodium.
3

peritoneum: It is the inner most layer of the body wall. It is also lnown as somatic or prietal

coelomic epithelium.

13�B5 COELOM

13.6 L�] OCOMOT10N

Locomotion rn Nereis is brought about by para$ia and longiurdinal muscle.s. mrapoaiat

movement effects slow crawfinfor croepingmovements. In the other movement both parapodia

and longinrdinal muscles are activc. Thc longimdinal muscles Of right and left side contract

alternarcty. This causes lateral wave-like movemenr of the body. Thqse contractions are followed

by the strokes of para@ia. This rcsults in fast crawling or creeping movqnents or swimming

rapidly.

13.7 DIGESTIVE SYSTEM

The alimentry canal of IVercis is a straight nrbc (Fig. 134). It extends ftom thc anteric cnd o the

posteric end. It is sgspenM ln tlrc body cavity by the do,rasl mes€nEry and scpo. It oP€ns by the

mouth at the ant€rior end and t€rmimt€s by the anus at the posterio end. The alimentary canal is

distinguislred in o tlnee distinct rcg1ms - i) fccgut q Comodecum cqrsists of buccal cavity and

pharynr, ii) midgpt or mcscntcron of oesqtugus and stomach inta*fure and iii) hindgut or

proc-toOaeum oflrectum. Tlre foregut and the hMgut are lined by ectoderm and cuticle. The

midgut is linedby endoderm.

The mouth is transverse slir. It opens 
"entrally 

below the fostomium. It is bsrdcred latc,rally and

vcntrally by the perisomium. Tlre mou0r leads into the buccal cavity. It is a wide chambcr locatcd

in tfre *ristsniri.. ff," b$cal cavity leads ino a musculr, prwusible pheyn*Itextends rry o
ttre fogrrh scgnrent Tlrese two chambers re lined by the ectodcrnral epithclium. The e'pithclirm is

continuous with the epidermis of the head. It is also lined by a thick cuticle. The cuticle is
�z
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thickened at places to form denticles or paagaths or teeth. The posterior part of the pharynx has a
thick muscular wall and a nurow lumen @g. 14.5. A ald B). A pair of stout Aart, ctritinous jaws
are present on the lateral walls. The inner margins of the jaws are serrated. The pharyngeal wall are
connected by protracor and retractor muscles. At the time of food capture the buccai cavity and the
pharynx ue fully everted. It forms the proboscis

��

Fig. 13.4 Ncrcb - Digc*ivc rystenr, l.Prostomium..Peristornfurl 3.Mouth- 4.Buccal cavity. 5.pharynx. 5.Jaws.
7. Ocrophagur. E. Ocmphrged tlud. 9. Stqnech - inrcsdnc. t0. Nepluidie.

The pharynx leds into a nanow nrbe, the oesophagus. It occupies five segments. A pair of large
oesophageal cafrle open into the oesophagus that are beleived to secrete prtteotytic enzymes. The
oesophagus opens into the stomach-intestine. This opaning is guarded by asphincter.

B(i)

B(ii )

Fig, 13.5 IVcrc&. A. Bvcrrcd pharynx crpoling thc jewr rnd dcu,iclcr. B. Diegnmnuic rcprcrcaotion of pherynx (i. Whco
rctrrctc4 ii. Whco cvatcd). l. Jew. 2. Pharpx cvcrtcd. 3. Dcnriclcrr. 4. Evertcd hccel region 5. Fcristomium 6. Rctractor
murclcr. T. Prorrrcrormurclcs. E. Mouth. 9. Buccel cevity 10. Phrrynx with jawr. ll. Oetophqur.

The stomach-intestine is a wide tube. It extends through the remaining length of the animal. It is
the principle site of digestion and absorption. It continues ino the rccftm. Rectum is a short tube. It
opens outside through 0re anus located in the pygidium.
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Food cepturez Nercis is a cemivorcus animal. It feeds on srnall animals wch as cntstAceans, srnall

mollnscs-, Iargre ard oher wmns eE. Usully the prey is capnued with the help of iaws. The

pharynx is everted by the pressure of coelomic fluid and oonts&tion of protracor muscles.

ifetraction is effected by the retsrctor muscles. The prey is held in between the jaws when the

pharynx retracts. This tpe of feeding is lnown as reptorial feeding.

Nereis also feeds by anotho method. It lives in.U-shryed bumcws. It socr€tcs a oone of mucus

inftont of the mouth. In this the micm-organism gets enangled. A curreni of water is created by the

parapoaU. The mucus cone along with the trapped particles of food are directod towards the mouth.

This method of feeding is lmown as filter feeding.

physblogy of Digestion: The ingested food is tlrcoughly masticated in the buccopharyngeal

resron. Ugestion is effccted by the digestive juices secreted by the oesophageal glands and the

g[na cenJot the somach-inrcstine. Digestion is extracellular. The stomach-intestine absorts the

iigested food. The undigested food passes on to tlrc rectum. It is thrown out through the anus.

13�x RESPIRAT10N

Gills and branchial filaments pras€nt in other pcfiychrtes are absent in Nereis. The general body

surface and the parpodia servl Ure frurction of respiration. These are profrrsely supplM with blood

vessels. Cras exchange takes place at the surface of these cgans.

13�B9 BL�� D�æVASCULAR SISTEM

Ncreis has a well developed blood vascular system. It consists of a fluid tissue called, the blood. It
circulUes throughout the body in clmed blmd vessels. Thercfore the circulatory system is lmown

as theclmcd type"

The blood of Nereis consists of plasma and corpuscles. The blmd is red in colour. The red colour

of ttie blood is due b the preserrce of respiranory pigment lsrown as chlcocrnonin or

ery0rocruorin in thc plasma.

The blmd vessels ane two t)'pes. These are a distributing vessel and a collecting vessel. The two

vessels communicate with one ano0rer by capillaries. In Nereis there are two main blood vessels-a

median donal blood vessel and a median ventral blood vessel (Fig- 13.O.
:

�M�E�¡ J�� 1_�g�g ��
Fig. 13.6 lVcrair - T.S. Showing blood varculrr ryrtcrn. I. Donrl blood vcr-rcl, 2. Dorso-intcrrinel vcsscl. 3. Alirncntrry canal.

4. Blood vcsrcl to parapodie. 5. Vcrnro-inncstind vcrscl. 5. Verrrel blood vcsscl. 7. Vcrnnl nervc cord. E. Perircural vcsscl.

Dorsal blood vessel lies in the mesentery above the alimentary canat. It extonds throughout the
length of the body. It is highly contractile. Blood flows from behind forwards in this vessel. It
forms a cryillary net-wo'k in the region of oesophagus. It joins with the ventral blood vessel in the
fifth segment. It is a collecting blood vessel. [t collects blmd from the stomach-intestine by twq
dorso-intestinal vessbls. It also collects blood from body wall, parapodia and nephridia. In the
oesophageal region it acts like a disributing vessel.

Venral blood vessel is mainly a disnibuting vessel. It runs almost the entire length of the body
below the alimentry cand. It is non-contractile. Blood flows in it from anterior to posterior end. It

�e
�u
�u
�Œ�i�O

6:�Õ �u �§ �� �� IJæà

�ı
��

B R
 A

 O
 U



is a disributing vassel. It distributas blood o stomach-intestfure, to the body wall, parryodia and o
latfiat vessels. In the anteric end it acts as a collecting vessel. It collects blood ftron the
oesophagus. Postericly it joins thc dmal vessel by circumrcctal ring in the anal segm€nl

The dorsal and ventral vessels uc csrnected in each segment by a pqu of bop,like transv€rse
vessels or lateral vessels. These are luown as latcral commissral vesscls. Each of thesc vessels
divides ino afferent branches. Thcse brarrches crry G distributo blood to thc body wall,
nqrhridium md parapodium of that side, IIerc these vessels break up ino capiltries. Blood is
collected ftom the.se Ggans by efferent branches. The efferent branches unitc and opcn ino the
dmalblood vessel

A tldn subneural vessel nms below the venhal nerve cotd. Blood flows in it ftom anterbr o
posterior end" It collects blood ftrom the lowcr body wall. It joins the ventral blood vcesel

13.11 EXCRErORY SYSTEM

Excretion in /Vercis is coried on by uphttdia. These are coiled Erbules. These uc a pair in each
segment. Nephridia are absent in the perisomium and pygldium. Each nepltridium consists of the
following parts - nephrostome, neck, body and neptuidiopue. Thc body and rrcck uc enclosed in a
syncytial mass of protoplasm.

Each nephridium opens ino the coelom by aciliated fuirnel called the ncphrutome.It opens to ttrc
exterior by the nephrftliopore. This opening is present at the base of thc paraeodfum near the
ventral cims.

The main body is an inegular, oval and comprct gland-like mass. It lies transversely in the
segment It conains a highly convoluted and mostly ciliated Ebule (Fig. 14.7. A). The
nephrosome lies in the anterior segment. This type of opan nephridium is known as
metanephridium.

Nephridia colbct wastes from coelomic fluid ad blood by diffirsion. The coelomocytes with the
waste enter the ciliated nephrostome. They are pushed out through the nephridiopue by the ciliary
action. The chief nirogenous waste excreted by Ncreis is ammonia

Fig. 13.7 Ncrcis. A.Nsphridifun, l. Ncphronaac. 2. Scpuun 3. Protoplaruric marrix. 4. Ncphridioporc. 5. Crilcd ponim of

oJ urbule. B.Nenroris ryncrn. l.Ncrvcr to pdF. 2. Srprqharyngeal ganglh or bnin 3.circu,rphrryngcd cmcctivcs.

4. Subpharyngeal ganglior. 5. ventrat ncrvc cord" 5. Scgcmcntal guglie.7. Nerve fibrcs.08
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The nervous system of Nereis is well developed. It is metarneric in iS alrangemenL It consists of

central, peripheral and visceral nervous systems'

central neryous system: It consists of brain or cerebral ganglia or supnapharyngeal ganglia' It is a

large, bilobed mass located dorsally in tte- p.rorio*-. -A yair of stout circumpharyngeal

connectives arise ftom the brain (Fig. 13.7. B). ijach one of the connectives encircles the pharynx

and meets below in third segment. It forms 
" 

n","" ring' A sub-pharyngeal gangliais formed here'

The ventral nerve cord rontlnu", from the sub-pharynieat gar,glion. It runs along the entire length

of the animal. lt is aciuafiy fot*.4 by the fosion of i*o'ery closely held cords' These lie in a

common sheath of .onn .tire tissue' The nerve cord has a double ganglion in each segment

beginning from the fourth segment onwards'

The peripheral nervous system consists of nerves arising from the b'rain and the nerve cord' These

supply to different parts of the body. Nerves are distributed to eyes' tentacles and palps' The

perisomial cirri are il;;.d by nerves arising from trrg Sanqtrgn located on the cirumpharyngeal

connectives. Three paiIs of nervis arise from etn gangtion oi th" ne*e cord' These innervale the

organs of the segment, parapodia and body wall'

The visceral nervous system consists of a net-work of thin nerves and a few ganglia. These sup'ply

nerves to dorsal and ventral wall of the pharynx. These are involved in the motor control of the

proboscis.

Sense organs: In Nereis the sense organs ue specialised and well developed' Prostomial tentacles'

prostomial palpi and peiisomiaf cirri-in the head region are tactile sense organs' They are sensitive

to [ouch.

Nuchal organs, a pair of pis on the prosomium are believed 0o be chemoreceptory'

13‘1l NERVOUS SYSTEM

Fig. 13.8 /Vcrcis - Venrral scction of ur eye" L l,cns. 2. Cuticlc.3. Epidcrmis. 4. Pignrent. 5. Retina. 6. Nucleus 7. Optic nerve'

Eyes are phoorecepors. There are four simple eyes. Each eye has a cupJike sfiucture (Fig 13.8). It
is made up of pigmented retinal cells. The cells are rods-like. The opening of the cup is the pupil.

The exrcrnal cuticte forms a transparent comea. There is a transparent, gelatinous refractive lense

inside the cup. The retinal cells are joined to nerve fibres of the optic nerve. The eyes are

photoreceptive.

13.12 REPRODUCT�WE SYSTEM

�� �� �¤ is dioeciouso Gonads�å cur only duttg the breeding seasono These develop hm the venml

coelomic eplthelium.In the males the tesds is one palr lying between dle nineteenth and twenty

rlfth segments.It may be limited to only one segment Butin a few other pec�� s ale tesds may

extend to more number of segments.
11
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In the female tte ovaries lie in many segments around the blood vessels. Genital ducts are absent in
both male and female. The reproductive cells are releasd inlo the coelom. These cells mature in
the coelom itself. IVlature gametes are discharged to the exterior by rupture of the body wall. In
some nereids the female dies after discharging the mature reproduitive cells. Fertilization occurs
externally in sea water.

l3.l2.l Development

The egg is telolcithal. The cleavage is spiral and determinate. The egg after a series of cleavages
forms the blastula and later the gastrula. The gastrula develops into a trochophore or trochosphere
larva (Fig. 13.9).

Fig. 13.9. Nereb-Trochophore larva. l. Apical tuft of cilia. 2. Apical sensory plate. 3. Eye spot. 4. Prototroch. 5. Blastocoel.
6' Proctodaermr. 7. Anus. 8. Mesodermal band. 9. Lawal nephridium. 10. Statocyst. 11. Mouth. 12. Stomodaeum.

The rochophore is pear-shaped. It has a thin external ectodermal epithelium. It forms thickening at
the two ends. The upper end is known as the apical region. The thickening is called apical ptate. It
has a tuft. There is an alimentary canal. The mouth opening leads into the oesophagus. It is lined by
the ectoderm. The stomach is endodermal in origin. The hindgut is formed from t}re ectoderm. It
opens outside by the anus. A preoral ciliary band is present on the equatorial ring. It is known as
pro[otroch. It helps the larva o lead a free swimming life. An eye spot is present below the apical
plate.

The rochophore is pelagic. It drifs about in the sea by its protoroch.-The trochophore undergoes
metamorphosis. The apical organ forms the prostomium with brain, tentacles and eyes. The part
immediately behind forms the peristomium. The lrva grows from the anal end. New segments are
added by metameric segmentation. Thus adult form is reached.

13.12.2 Heteronereis

A few nereid wonns occur in two different forms or phases. At sexual maturity these forms exhibit
anatomical differentiation in the posterior half of the body. [t is known as epitoke. The anterior
segments do not show any change. This region is called asexual region or atoke. The sexually
mahrre form with these two regions is known as Heteronereis.

Check Your Progress

The most distinguistring feature of a polychaete is the presence of
In spite of a well-developed sraight alimentry canal the mode of intake in Nereis is

Epitokal modifrcations signify the manifestation of seconday sexual characters in Nereis. Such

a phase consisting of atoke & epioke is known as 

-

13.13 SIJMMARY

�P

�Q

�R

1"

Nereis (Neanthes) is the common sand or clam found in marine water. It is a typical annelidan
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exhibiting segmengdon. The head bears a pair d proaOmial tentdes, two pain of a periSomial

.ini .oa-t*o-patr of a simple eyes. Pr4odia, ttre paired lateral outgtowths in eacll segment arc

ore locomotor ofgans. Body wall is dennomrsc,rrat. godv caviu, a tnrc coelom lined on eithcr side

by coelomic epithelia Afiri,""u"y canal well differentiared into regions with a pair of oe'sqlngeal

glands. Rcspiration by tkin -a i."poAt gosod type of blood vascular system' Blood is red in

colo,r due to trre p,re.*nce 
"i."yor**lrr. 

E:r.'etim by specialised ex.'cttry organs lnown as

neptnidia a pair in each segment Nervg,s systlm Wi$ ; brain, nerve ring and ventral ner'e cord'

Sanse orrgans att eyes, teiUcles, cini erc., which arc &c€ptors of diffcrent types' The'se are

dioeciors. The gonaos-are formed only drning the broeding season. Heteronereis is 8re reprroductive

pfrrt". poaopttt*t is inairect. Trochophore orfoclroaphere is fire ctrracteristic larva

13�B14 CHECKYOIJR PROGMS�\�ßMODEL ANSWERS

1. nrapodia
2. Filt€r fcoding
3. I{eteronereis

13.15 MObEL EXAIITINATToN Qt ESTIONS

Answer thc follwing in ebout 30lines.

D€scribe the external chrrcters of lVcrcis.

Give brief aooolmt of trc Agestive systom feeding mechanisn and physiobgy of digestion of

Ncrcis.
De.scribe the blood vasculr system of IVercis.

Describe brbfly the reprroductive systcm and proccss of devcloEnent in lVcreis.

IL Answen the follwing in ebout l0lines

l. Give an aoeolmt of excretory system of IVcrcis'

2. Describe the nervou system of Nereis-

3. Describe the rochophue larva with the help of a neat labell€d diagfam.

4. Describe the stnrcnne of body wall in Nercis.

�k
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13.16 GLOSSARY

Biramous
Botryoidal tissue

Chlorogogen cells

Clitellum

Cocoon

@ulation

tlcrmaphroditc
Metamerism

Ilaving two branches

It is a pigmanted mass of connective tissue. It occupies most of the

coelom. It restricts the coelom to a few churnels of the

hapmocoelomic canals.
These arc yellow cells formed by ttre inner coelomic epithelium.
These collect waste material from theblood supplied o the intestine.

The cells then are known as eleocytes. These drop into the
coelomic fluid. Nephrostomes collect these and send them oul
These are compared to the liver of verterbrarcs becurse of its
many functions
It is formed as a thickening around a few segments

in euthworms and leeches. After copulation and sperm

exchange it secretes a c(rcq)n.
It is a bagJike structure secrcted by the cells of the clitellum.
Spermatozoa and eggs and albumen are discharged into this
structure. Development of the fertilized eggs takes place

within this cocmn.
A sexual act for the trhnsference of sperm from one to another

of mating paffrcnt.
Animals having both male and female reproductive organs.

The body of annelids is divided into ring-like structures called
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Nephridia

Nephridiopue

nragodla

Schizocoel

segments <r rn€tmercs. I\[any of he organs are repeated in
a liner series.
Thcsc arctighly coiled urbules which arc exoetory in
firnctisr. These are rranged segmenally.
It is- the ryrrat opening of tb ncplridium. It opens qr tbe
surface of the animals. It dischrges tlrc excretory wastcs to
the exterir.
These uc lataal, hollow, biramors apendages of a few
polychretcs. Tlrese are highly vasular. Ttrcse arc useful in
locomotion and raspiration.
Coelom fcnred by the spliting of mesoderm. Tlre ouu layer
lyrng Oruards thebody urall iskaown as parieAl or romarb
mesoderm. The inner liyer lining dre alimentary canal is
known as splanchnic tr visceral mesoderm.
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UNr�] 14 MOLLUSCA�EGENERAL CHARACTERS AND
CLASSIFICATION

Conten�g

14.1  �ï Ø[veS

14.2  hmduction

14.3  Gmmlcmtrs
14.4 ClassirlcatiOn

l  14.4.l  Chss�] mmoplacophora
144.2 Class�\ Amphincura

144.3 Class�\ Scaphopoda

144.4 Class�\ Gasmpoda
14.4.5  Chss�\ B�s alvia

1  14.46 ClassL c�V dOpOda

1435 Summary

14.6 CI�£ Your Progress�Œ Model Ansv7ers

14��  ModelexarnhatlonQueStiOns

141 0BJECTIVES

In this unit the general characters of vrious grcups of mollusca are discussed, which enable you !o
e:plain the salient features of these shallow heterogenous group which is built on the same
fundamental plan.

14.2 1NTRODUCTION

The term lV[ollusca was first inroduced by Aristoth. kter in 1883 Lankester confirmed the name

" to the phylum. These soft bodied animals (motlis : soft) form the second largest phylum of
invertebrates. Nerly.!00,000 living specias have been described and about 35,000 fossil species
were reoognised. Moiluscs are mostly marine, though some are found in freshwater ana on Una.
The phylum includes animals like snails, mussels oyst€rs, cutdefish, squids, pearly Nautilus etc.

14:3 GmERAL CHARACTERS

11l The body is unsegmented and bihtrally wmmetical.In some molh�g s such as gastropods,
bilacral symmett is secondarily lost,so they bcome a symmetical.

2.The body ofa m�R
"�¤

SOntt usua�¡ y ttc10Sed h a sheu.

3,�p body�¤ enveloped by a loose,neshy lobe called the mande.The wace between the man�Õ

and lLbOdy is knovm as mande cavity.�¡ e mantle lobe is amched tO the Hm ofthe sheu.

4.�g �Óhen is screted by the’mantle.The shel may be extema1 0r inteml.rarely absent.The

shell pronts the animal.Itisimade up Ofcalcium carbonm and cOnchiolin.

5�B  The bod,can be di�� ded into head,fOot and vi"eral mass.Hmd is distinct bearing mouth and
prO�V�æ �� �R�' �r Ls and eyes.

a ha�U
�ˇ

�V�z�V
b�� dy�ß   �VF�Õ �¥

Wedg�'�Vaped�g �¡�¤
71 �YSCaal mass cOntaiT the impomt Organs such as di�J �A�AeXCretory and reproducttv�B

organs.’

8.Body envity is a haemocoel.The me c�å 10m is reduced and restricted to me pericardial

ca�Yty,renal organs and reproducdve organs.
��
�R
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9. The digestive system is complete with salivary glands and digestive gland. In many forms a
rasping organ is present in the buccal cavity.

Respiruion is effecM by respirato,ry organs such as grlls or ctenidia or the pulmonary sac.

Sometimes even the mantle fold and the epidermis subserve the respiratory function.

The circulaory system consists of a dorsal heart with I or 2 auricles and a ventricle located in
a pericardial cavity.

E:rcretion takes place in the kidneys, also called nephridia These open ino the pericadiat
cavity and from thse to the exterior through nephridiopues.

Nenrous system consists of paired cerebral, pleural pedal and visceral ganglia pined by
commissures and connectives.
Sense organs are well developed. Eyes, tentacles, osphradium are a few of the sensory

structures.
Sexes are usually separat€ (dioecious), some being hermaphrodites. Fertilization is internal or
external.
Molluscs re mostly oviparous, a few re viviparous. Development is direct or indirect. When

indirect metamorphosis alces place there are different tlpes of larval stages called
hochophore, ve[er and glochidium.

14�B4 CLASSIHCAT10N

The phylum is divided ino the following six classes. The classification followed here is that of
Morton and Yonge (1964) with certain modifrcations from Marshall and TYillhms (1977).

14.4.1 Classllonoplacophora

(Gr. Monos: one; pla* plate; phorin: bearing)

These arre bilaterally symmetrical marine molluses which ue segmented.

As the name of the class indicates, these are animals with a single shell which is dome'shaped.

Foot broad and flat with eight pairs of pedal retractor muscles.

I\fiantle encircles ttre body as a circular fold of the body wall.
A radula is present in the radular sac in the brrccal cavity. The intestine is much coiled-

Five pairs of gills are pesent. They are located in he mantle groove'

Six pairs of serially arranged nepluidia are locared in the pallial groove.

Heart consiss of trvo pairs of aricles and two ventricles.

Sexes are separate. 2 pairs of gonads re located in ttre middle of the liody.

ExamplelVeopaliru galahea Gig. la.l A)

14.4 2 Class;AmPhineura

(Gr. Amphi: both; nelmn: nerve)

These are flat m dorso-ventrally ilatter,ea moluscs. In some the body is flat and elongated.

Head is pouly develoPed

Tlre foot is b,road and flatc notpominant
lvlantle is extensive *Jp-riO.i wi6r a dusal shell composod of eight serially arranged plates' In

some the shell is absent
Radula is present in ttc btlccd cavity.

i"i"* r"prrrrr. Develqment indirect with a larval sege of 6re trochophore type'

r*ampfes, Chiton(Cdt of mail shell,) (Fig. 14.r g). S€ria1y arranged slells eight in number ue

pfigsenl r --{- ^.'-t -..a --L-:;:a oo ohoan
chaeaderma(Fig. la.l c) - Borly worm like Head, mantle, foot and n€phridia are absent Body

.orr*a wittr cutiile beset with numcro.s calcarco,s spicules.

14.43 Class$caPho@a

(Scaphos: ul*)t14
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The class Scqhqoda conains about 200 qps. of burrowing, marine molluscs. Thesc are popularly

lmown as tusk or tmth shells.
The strell is elongued nrbe in the str4e of an elephanq $sk or trumpet. The shell is open at bottl
the ends.
lvlantle is nrbular completely enclosing the body.
Foot is reduced for digging.
There are no specific respiratory o(gans -. mantle foHs form funows and are ciliated- These help in
gas exchangc.
Circulatory system is poorly developed. Pericardium is absemt

Renal organs are paired.
Scaphopods are dioecious, i.e., sexes are separate.
Development indirect A free swimming tnochophue develops ino veliger. firis meamqphose.s
ino the adulr
Example: Dentalilnt (Elephant tnk shell) (Fig. la.l. D)

14.4J0 Class Gastropodl

The class includes molluscs like snails, slugs,limpets etc.
The class Gastropoda is tre largest group of Mollusca Nerly 40,000 living species have been
described. In addition over 15,0(X) species of fossil forms were discovered.

Fig. 14.1 Some Molluscs. A.Ncopalina. B.Chiton. C.Clucrderm. D.Dcnraliun E.patclla. p.Aptysb. G.Cypraea.l' Mouth. 2. Mantlc. 3. Foot' 4. Gilk. 5. shcll 5. Body. 7. Cafinrlum. E. Tcntactc. 9. pcnis. 10. Commoi genial ftning.
I l. virccrd hmrp. 12. opening of rhe shell sac. 13. Rhinophorc. 14. Eye. 15. Mantle tentacles.

B
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These have a varied distribution. Most of tlre gasf,opods are marine, a few are frestrwater forms and

some others terrestrial. Gasr,opods like snail are amphibious.

The typical gastropod shell is single, spirally coiled. The univalve shells are variously shaped.

Body unsegmented, asymmetrical due to a biological phenomenon called torsion.
Visceral mass is also coiled.
Foot is ventral' broad and muscular fmming a creeping sole' An operculum is p'rcsent on the dorsal

surface of the foot o form a lid for the mouth of the strell. The head and foot are withdrawn into

the shell.
Mantle cavity variously modifred depetrding on the sh4es of the shell. IY[antle cavity encloses

within it a number of organs which are collectively lnown as pallial compler
Buccal cavity contains an odontophore with a radula bearing rows of chitinous teeth.

Digestive ryrtrn is chracteristic in having a long, coiied intestine. The rectum is parallel to the

intcstine. Anus opens outside antericly a little right of the mouth.

Respiration is performed by gills or ctcnidie. Amphibious gasro,pods have pulmonary sacs in

addition to the gills.
Circulatory ,yJtr*, is open and the heart is enclosed in a pericardium. Haemocyanin pigment is

present in blood.
Excretion is by renal chambers.

Nervous system comprises a distinct cerebral and plarral ganglia. Buccal, pedal ud visceral

ganglia.e Aso present. Commissures and connectivesioin different ganglia

Sirrl org-s are well developed. Eyes re usually located on stalks. Statocysts are organs of

.q"f1Uri ir. Osphradium is chemoeceprcr organ b test the purity of water.in freshwater fsms.

Sixes are separate (dioecious) in mostof the forms. A few are hermaphrodites'

Oenetopmer,t is inilirect. lr*"f Sages furclude trochophue and veliger. Veliger is said 6o be a

modifred form of trochoPhore.

Some gastnopods of tfre freshwater tide over unfavourable conditions by undergoing aestivation'

fnese 6unow themselves in the eartS and go through summer sleep.

Examples: Pila (Apple snail pond snail) (Frg. li.l),Patelta (Fig. 14'l E) Aplysia @g' 14'lF)'

Cypraea(Fig. 14.1 G). erc.'

14.4.5 Class: Bivalvia

class Bivalvia is also known as Pchcypoda and Lamellibrenchiata.

It is the second lrgest class of Moilusca It inclgdes animals like clams, mussels' oyste$ etc"

which ue of grcat economic importance'

fn"V * Uifa[eraffy symmerical, taterally compressed wi0r two lateral valves'

The'valves are hinged dorsally and free venrally'

Tlre mantle is extensive,lat€ral, bilobed curesponding wittr th9 two valves.

i.rA it rudimentry. Pharynx, jaws, radula and tentacles are absenL

Foot is ventral, *o*oL *"ai" stl@ or plough-share. It is adapted for burrowing.In sedentary

forms foot is absent. The maiority of species rI marine and burrow in sand and mud' some bore

ino rocks and wood. ion," 
"r" 

niea o rocts by cement or byssus threads. A few can swim'

Coelom is reduced o a dorsally placed pericardium'

LUrn"n,rty canal is coiled wittr large paircd digestive glands'

Cilt, o, ctenidia are leaflike, hencethe nameLhmellibranchiata

Heart is enclosed within the pericardium. It consists of a median ventricle and two auricles'

Excretory organs are paired nephridia or kidney also known as organ of Bojanus' In some Keber's

organ or periiardial gland also functions as excretory trgan'

Nervous sysrem consists typically of 
-four 

iit;; SafiSfialuprat' pleural' pedal and visceral'

Cerebral and pleural ganglia of each sioe usirttiruse-ino a single cerebro-plegral ganglia

Sense organs are statocy;ts and oryhrafia' Eyes are absenl

Sexas mostly separate (dioecious)' rarely united Poromya

Development is accompanied by ,"*onpnosis':-aruat-stages are trochophore or glochidium'

Glochidium leads an ectopuasitic rire ror'a tri"f period beiore metamorphosing into the adult

form.
Examples: Lamellidens or Unio'Fresh water mussel (Fig' 1a'2 A)'
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Myflus - Sea mussel (Fig. ta.2 B)
Ostrea - Edible oyster (Fig. la.2 C)

Pinctada - Pearl oyster (Fig. 14.2D)
Pecten - Scallop @g. 14.2 E)
Terefu - Ship worms (Fig. 14.2F)
Solen - Razor clam or tuzot shell @g. 14.2 G)

Frg. 14.2 Somc Mollurcs. A. Larncllidcnr. B. Mytilur. C. Ortrca. D. Ptnctdr E. PcctErL F. Tcrcdo. G. Solcn" l.Shell.
2. Umbo. 3. Foc. 4. Hinge ligrmmt 5. Erhdcm riphon. 6. Inhdcnt siphm. 7. Lincr of growth. 8. Shetl mergin 9. Bysus
ftrcdr. l0.Movrblc right velvc. ll,Lcft vdvc (permsrently fircd to rcctr). l2.Shell velvc. l3.Ear-shepcd process.
14. Hinge. 15. Wing. 16. Donal mrntlc fold. 17. Body.

14.4.6 Class: Cephalopoda

The class cephalopoda contains the nautili, cultte fish, squids and octopods.
These are the most specialized and highly organized molluscs.
These are exclusively marine.
The head is well developed. It bears a pair of highly developed eyes and a number of arms or
tentactEs.
fite foot is modified ino a siphon. This siphon is associated with a large mantle cavity. The siphon
and mantle cavity assist in swimming activity of the cephaloeods.
A completely developed shell is observed only in Nautilus and a few extinct respresentatives of the
class. In squids and cuttle fish the shell is rcduced and int€rnal.
Mouth bears jaws and radula.
Two or four pairs of bipectinate gills are prcsent.
Circulatory system includes heart with two or four auricles, a transversely placed ventricle, blood
vessels and hrcmocelomic spaces.
Renal organs are four in number. They are conained in the pericardial cavity. They do not
communicate with it
Nervous system is highty developed. The pnncipal ganglia are concentrated arcund the oesophagus.

�U�D
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Eyes are very well developed and prominent. They superficially resemble fie vertebrate eye.
Satocysts are organs of balance. A pair of osphmdia are present. Bioluminescence is common in
many deep sea cephalopods.
Sexs are se,parate (dioecious). Sexual dimo,rphism exists in a few cephalopods. One of the rms is
hectocotylised in males. This helps in sperm transfer.
Development direct without metamorphosis. In some cephalopods ink glands are present. These
help !o produce a srnokey screen to escape from enemies.

Marshall and Williams suggest that the old concept of arms and tentacles representing a modified
anterior region of the foot is probably eroneous. They are of the opinion that the arms and tentacles

are true cephalic structmes. They believe the name cephalopoda may thus be a misnomer.
Examples: Sepia (cuttlefish) Shell internal @g. 14.3 A) Loligo (squid) @g. la.3)

Fig�B 14.3S�å
�g

Mbllucs.A.S�� la.B.�� �R

"�B

C�E OCrap�g.D.Na�g JI�� .1.Onl-3.2.Tentacle.3.�c .4.By�� .�� Hcad.

6.Collar.7.T�� �c�˘ .8.Lated fln.9.Web.10.ViSCed lunp.11.HbO�– 12.Shell.13.F�\ d�B

Arc�É J��

�g

�J �¤

�˘ c‘6�� �p

Arga�g
�g

�ƒ

N�¿
�g

ril�p

Giant squid measuring nearly 16 m in length. The body alone is 6 mts. long The

tentacles are about l0 mts. in length'

Devil fish, body globose win rarie tnurk and eight rms. The arms are webbed

at the base. (Fig. l 3 C)

ffi;; ffiil:,..i.niulr, ,"*.rt"ur" sexual dimorphism. ldale is smalt about 2.5

cm..Femate iS large about 20 cm. Shell thin and transparenl

commonly ca[eo pearrinautilus. shell is spirally coiled and many chambered-

The animal occupies the outermoct chamber
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ChccLYourhoglcss

l. The nristing of visceral mass leading to brsion is a diSinctive chracter of c1ass..,.....

2. In the head is greatly reduced in size,- ------...---'-'--- - ----' -----'*---- ...'
g. Internal shell is found in cuttle frshas which belomg to the class"

145 SUMMARY

G€neral chuacters of the phylum as a whole is describcd. The Phylum is divided ino six classes.

Ncqalina a living fossil is included in the class monoplacoplrua Scaphqoda re nrst-stretted

.oirriats. Crastropoda includes univalves wi0r spirally coiled shells whero dre animals have

secondarly lost the symmetry. Bivalvia are laterally comp,ressed animals with two lat€ral valves.

Cepffigpoda most advanced of all the other molluscc have elongared Enacle - like arms provided

with suckers. Some of the large sizod invcrtabra,tes re included in this phylum.

14H,CHECK YOUR ROGRESS MODEL�\ANSWERS

�P

�Q

�R

easroeoda
Bivalves
Ceptralopoda

14.7 MODEL EXAMTNATION QUESTTONS

�k

�¡

�Q
�D
�R
�D

�k

�k

�Q
�D
�R
�D

Answcr the following in about30lines
Describe fte general characters of phylum Mollusca.
Describe the general characters of &e class Aastroeoda Give cxamples.
Describe the general characters of the class Bivalvia and comparc with Ont of gastropoda

Answ€r the following in ebout l0lines
Ino how many classes Mollusca is divided? \Vhat are they? Give exar4ples.
lffritc about 0re class Monoplacophora
Describe the general charrcten of the class Scryhophoda
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UNrr�] lS PILA GLOBOSA

Contents

15.1 Objtrctives

15.2 Introduction

15.3 Ertcmal Characters

15.4 Sructrne of The Soft hrts of The Body

15.5 Digastive Systan

15.5.1 Alim€ntary csul
L5.5.2 Digeetive glutds

15.6 Respiratory Systern

15.6.f Aquaticrcsphuion
15.6.2 Acridrcspir*iot

15.7 Blood Vascular Systan

15.7.1 Coursc of circulation

15.8 Excreory Systan

15.9 Nervous Sysrcm

15.9.1 Sense cguts

15.10 Reproductive SYstent

15.10.1 Male rcprodttctivc system

15.10.2 Female re,productive sysun
15.10.3 C.opulation urd wipoeition

l5.ll SummarY

f5.12 Check Your Prrogress - Model Answets

15.13 Model Examinuion Questions

I5.1 OAIECTIVES

In ftis lesson a detailed slrdy of aprple snail is made so as to enable the student to understand the

*grr,io,ionofMotluscaingeneralandclassGasropodainprticulr'

At ttre end you will be in a position to.?Qlain that the molluscans talonomically are the best

known of all the rargu goupslf -irdr. fottt o gasEoeods have well organised systems to make

them flt fOr amphibiOus life to complec the Smggle for exiStence.

I5.2 INTRODUCTION

pilaisa fresh water gastropod molluscan. Ir-is found in ponds' ppols' tanks' lakes' marshes' paddy

fiems erc. m" rorrnon.piio found in IndiaarcPita globosa andP. virew.

Systematic Position

Phylum Mollusca
Class GastroPoda

Sub-class Prosobranchiata (Stneponeura). .
Ord* Pectinibranchiata (Monotocardia)

Genus Pila
Species P. globosa

Pihglobosaiscommonolyknown..lsapplesnail.Theyoccrrrinwatermasseswherethereis
abundanr aquatic n"S"r;;; likeValtisrwiio,-fiietc" Ii feeds on these plans' Pilais adapted o

lead an amphibious rir" ii.i""pr at'snail's pace'with its ventral muscular fmt
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15.3 EXTERNAL CHARACTERS

Shelh The body of Pilc is enclosed in a globose shell. The shell is made up of single valw which is

spirally coiled. The coiling is around a central axis, the columclle. The top of the shell is known as

the apex. It is the snrdlest and oldest whorl. A shell consists of 5lD to 6112 whorls. The whorl
gradually increases in size. The lines between the whsl arc called sufires (Fig. 15.1). firc last
wtrorl is lnown as the body whorl It is the largesl It encloses most of the body. It has a large

opening known as the mouttr or apernre. From this opening the head and the foot of the living
animal protrude out. The outer margin of the mouth is called the oqter lip and the inner margin as

inner or columellar lip. The columella, around which the whmls are coiled is hollow. Its opening o
the exterior is lmown as umbilicus. The shell with umbilicus is known as perforate or umbilicated.
The surface of the shell bears slighly raised ridges.

If tlre shell of Pila is held with the apex upwards and the aperture facing the observer, the apernre
will be on the right and the shell coiled anti+lockwise ftom ir A shell of this type is called dextral,
which normally occurs in most gasropods. If the aperture lies to the left and shell coiled clockwise,
then we have a sinishal shell, which is very rare urd abnormal. A recent discovery shows that 0ris
is a hereditary rait, which is ransmitted frrom generation to generation, like eye colour on hair
colou in humans. rrRfuht-handcdncs[ (dextral) in snail is dominant over "left-hendedness"
(sinbtral).

\ilhen the animal withdraws ino the shell the mouth of the shell is closed by a calcareous plate
known as the operculum. It is attached to ttre dtrsal put of the fmt. The inner surface of the
operculum has a distinct elliptic area for aturchment for the opercular muscles lnown as boes. (Fig.
15. l.B)

A

Ftg. l5.f $b glob@" A. Shclt. B. Opcrulua (outcr llrd im vicvr) l. Apcr 2. Suurrc. 3. Body whorl. 4. VdL 5. Lirrcr of
grcryth 6. UmHlicur. 7. Columellar lip. t. Shcll moutL 9. Orcr lip. I0. Nuclarr 11. Shdlov grcwc. 12. Borc.

Microscopic Struc{ure of the Shel[ The shell of Pila is madc up of calcium carbonare and
conchiolin. It consiss of three layers. The outermost layer is known asperiostrecum. It is made up
of a horny mganic conchiolin. The middle layer is lnown as octracum. It is made up of calcium
carbonate. The innermost layer is called ttre typmtracun or DacrGous layer of calcium crbonate.
The conchiolin helps in holding the calcium carbonarc.

15.4 STRUCTURE OF THE SOFr PARTS OF THE BODY

The body is divisible ino three distinct regions the heed, foot and visceral mass. when the animal
is fttlly expnded the head and the foot lie outside the shell, but the visceral mass always rcmains
enclosed in the shell. (Frg. t6.2).

Head: Thc head bers two pairs of tentacles. The first pair of tentacles or lglrisl palps are srnall
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and lie in fronr The second pair lying behind them are long. The t€ntacles are hollow and
contractile. A pair of eyes are presenl They are bune on stalks called the ommatophores

Fooft The lrge, srongly muscular ventral part of the body forms the foot It is triangular in strape.
It is used for creeping. Its dtrsal posterim surface bers the operculum. When the fmt is
withdrawn the operculum close the mqrth of the shell. Fedal mrrcous glands are located in ttre foot.
Their secretions form a slime tnail during locomotion.

Fig. 15.2" Pila globsa.- rcft pims of tbc body rfter 6c rcmovet of tb rhcll l. Vilcenl mllr. 2. Mintlc fold. 3. Eye o
ommrto$or!. 4.' Lrift nuc.hal lobe 5. Foot. 6. Fira pdr of tadc* 7. Scoood pdr of tcotaclcr.

$g. lS.3;. pib globosa - pallial mplcx (fco.lc) 1. Bpiucoir. 2" Rcm 3. Gonodue 4. Atut. 5. Clanidim. 6' Eyc' 7' Tnr

,*r, g. ccphalic tcmecla 9, odnaiun. 10. i[ratlc" ll. P[lmrery rr.

Visceral mass: Ir contains all the main organs of the body. It fills all the whorls of the shell' It is

spirally coiled like the shell. The visceral mass exhibits the phenomenon of torsion'

,Mantle: The mantle cove$ the visceral mass. The edge of ttre mantle is thick. It contains strell

glands which secrete the shell. The mantle has two fleshy lobes called nuchal lobes. The left one is

iruch longer than the right and forms I fespirattry siphon, during aerial respiration'

The mantle encloses a large space. This is known as the mantle cavity or patlial-cavity' This

cavity encloses within it anumterof organs. These are collectively known as organs of the patlial
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eomplcx. @ig. 15.3), Ttl€re is a prornirrnt ridge, on the floqr of the cavity' It is known as

epidenia. tnl epitrnia divfoles ttri cavity inro t*o chambcrs - a right branchial chemDer and a

lift pulmonary ctanUer. Ctenidium or-gill, neculm, gonoduct, hypobranchial- ghnd li1 in the

mo.friA cnanr-ber. ffre anterior chamber oittre rerat organ, the opening of thepulmonryy chamber

and the osphradium lie in thepulmonary chamber

coelom: Thc coelom is reduced and restricted to the cavities of perbardium' F9"-v-Td-gonad'
The viscerat organs are surrounded by sinuses or spaces containing blood' Ttrese blmd fifled spaces

form the haemocoel

Fig. 15.4. pfu globo[ - Digcrtivc ryrtcor. l. Mourh. 2. Buccel ma!l. 3. Ocrophageal pouch. 
'1. 

Sdivrry glu&' 5' Cecorm'

6. Stomach- 7. Digcstivc gtrn&. t. Lra*ina 9' Rccnrm' l0' Anur'

DIGEST�WE SYSTEM

The digestive sysrem of Pila globosa consists of (i) a tubular alimentary canal and (ii) gbnds

associated with the system.

15.5.1 Alimentarycanal

It consists of foregut, midgut and hindgut

Foregut includes the mouth, buccal mass and oesophagus (Fig. l5.a). The mouth is a narrow

vertical slit. It leads into the buccal mass. The buccal mass is a large cavity having thick walls with

A                       B

ng.15.5��
‘��

g�� 0�ª .A.Vmml gecion of the m�å �v mass.BoStunIIc of radula.1.Bu-l CaVity.20o8ophap8.

3.RadlJ�� 4.OdontoPhorC�E5�B Mouth.6.Jaw.7.Subndular org�Q 8.�fi �¿ .9.RadulaF J�\ �_n.10.Tmn�g rse �_�Õ  Often�B
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several sets of muscles. The jaws hang from the rmf of the buccal mass (Fig. 15.5 A). The jaws are
provided with muscles. The cavity behind the jaws is very large. fire noor or the buccal cavity tras
a large elevation called odontophore. Radula, the ribbon strpeA $rucEre lies on the.elevarcd
odonophorc (Fig- 15.5 B). The radula bears numerous trorny teettr arranged in transverse rows. The
radula is continued behind into a sac known as the radular sac. rhe-reeth are produced by the
radular sac Radula continues o incrcase in size and replaces the wornout teeth by pushing the
radula forward.

The buccal mass leads into a narrow, long oesophagus. A pair of salivary glands arc present at the
sides of the buccal mass posteriorly. The gtanos open into ;he buccal .aity-uy aocts. it ere are two
oesophageal pouches one on each side of the oesophagus. They serve foi 

" 
ernpor.ry sorage offood.

The midgut includes the stomach and intestine. The stomach lies on the left side of the visceril
mass' It consisB of two parts-a saccular cardiac chamber in continuation with the oesophagus and

:r'::lg pyloric chamber which opens ino the intestine. A caecum is connecied with the pyloric
cnamDer.

The intestine is a coiled tube lying in the visceral mass. It continues, into the rectum. The rectum is
a thick-walled ulbe. It enters the mantle cavity and opens by the anus anteriorly on the right side of
the mouth.

15.5.2 Digestive Glands

The digestive gland lies in the viscqal mass. The gland is brownish or of dirty green colour. It
consists of two lobes. orre of the lobes is smaller. rtris sru lobe is in contact with the stomach.
The larger lobe extends into ttre ryex of the spirally coiled shell. A large duct comes out of each
lobe and the two tubes unile into a common duct. This common duct opens ino the stomach.

The food of Pila consists of aquatic weeds which are out by jaws. The radula moves forwards and
backwards to cut the food into small bits. The salivary r"cr"tion* mix the food in the buccal cavity.
The starches are digested and converted into sugrs. In the stomach the secretions of the digestive
gland act on the food. They digest the various substances. Ttre cellulose is digested by a special
tlpe of cell present in the stomach walt known as the rasorptive cells. firus iniacellular digestion
also takes place in the animal. Absorption of digested food hkes place mainly in the digestive
gland and to some extent in the intestine.

15�B6 RESPIRATORY SYSTEM

15.6.1 AquaticRespiration

Due !o arphibious mode of life Pila has respirato,ry organs for both aquatic and aerial respiration.
Aquatic respiration is effected by the ctenidium when the animal is in water. The ctenidium is
located in the mantle cavity. It is provided with a single row of thin riangular filaments called the
lammellae. Such ctenidium with a single row of lamellae is lmown as monopectinate or
pectinibranch.

During the process of aquatic respiration the two nuchal lobes form channels allowing the water to
pass into the branchial chamber and pass out of the chamber. The incurrent water enters through the
left nuchal lobe. The excurent water comes out through the right nuchal lobe. The osphradium
helps to test the purity of water.

15.6.2 Aerial Respiration

�k

�C
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For aerial respiration the animal moves lowards
enlonga0es forming a tubular structure of about 20
siphon. Air enters through the siphon and fills the
epitaenia presses against the mantle. The air enters
place and the impure air is pushed out.

the surface of water. The left nuchal lobe
mm long. This tube is known as respiratory
pulmonary chamber of the mantle cavity. The
the pulmonary sac. Exchange of gases takes
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While moving on land Pi,la respires dircctly with the nrlmonary sac. No rcspiraory siphon is

fcnrcd lrerc. Ah enters through the left nuchal lobe.

During aesivation the anirnal shows exEemely decreased respiratory activity.

I5.7 BLOOD VASCI'LAR SYSTEDT

The blood vascular system is complex' It is due b the p'rrasence of both the crcnidium and the

pulmonary chamber. llre system consists of the hcar$ the erterieq the veins and the sinuscs

(Fig. 15.6. A).

The pcricardium is a thin-wa[ed sac. It lies on the left side of the visceral mass. It is coelomic in

*igfi. It communicates wi$ the kidneys. The trert consisB of two chambers an euricle and a

,"n]t id.. The amtic tnrnk arises ftom the ventricle and divides ino two branches an anterior

cephalic aorta and a posterior viscerel aorta. A contirctile aortic ampulla at the base of the

."it"ti. aorta helps in propulsion of the blood. The heat, the aortic arches and the ampulla lie

"nito."a 
in the pericardium. fte cephalic amta supplies blood to the mantle, oesophagus, salivary

glands, kidneys, foot and the sensaorgans. The visceral aorta sup,plies to the stomach' iniestine,

genital ducts and the rectum.

The blood from the variors parts of 0re body pass on o small spaces called lacunae. The lacunae

join together to form large sinuses. In some parts of the body the lacunar spoces are well marked.

ttrey rasemtlethe renal cryillaries conecting the arteries with the veins.

There re four chief sinuses in the body.

(l) The anterior periviscerat sinus snr,oundding the anterior part of the alimentary canal.

(u) The pcri.intestinal sinus - within the visceral mass surrounding the termind part and along

the coils of the intestine.
(iil) The branchiorenal sinus - lying out side the anterior renal chamber-

(lv) The puhnonary sinus - lying in the walls of the pulmonary sac.

15.7.1 Course of Circuletion:

Blood is supplied o the various organs of the body tkough the various branches of the cephalic and

visceral aortae (Fig. 15.7). It is then collected in the perivisce,ral and peri-intestinal sinuses. From
the perivisceral sinus blood passes into the branchio-renal sinus. From here the blood passes either
ino the ctenidium and auricle or into the pulmonary sac and auricle. During aquatic respiration
most of the blood passes along the ctenidium and during the pulmonary respiration along the
pulmonary sac.

Cephaic ancJ
Visceral aortae Di,r:erent crdans of bodytlVentrlclcTII
Arrrfl.f. ( Efferent .-- Pulmonary +- Fe::ivisqeral P3rlintestlnal

+ fuImonarY sac , sinus I sinus 
I1""-JlJl

[-*rr.r"na (- etenldaum +--Af f erent e- oranclnlc- | etr"tltt Af ferent
ctenidial ctenldial ren'll I renal renal
vel,p veln slnus I 

sinus veinrl i
Anterior renal---+Posterior

cham'oer renal
chamber

�Q

�]

Ef,fercnt renal vein

Fig l5:l Pib gltu - Counc of Hood citcdadon.
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�p blood�¡ om tte pen_inminal shtt enÆ…
�V  anniOrandpOmriOrrend chamb_.�� h the

removal of was"pduc�g �R )blood�¡ Om the posnior renal chamber eners the auricle.�� blood
received into the annior renal chmber enters the cenidiuln and fbm there into�v

�É auricleo ln

BA

Fig.15.6�� ira grabasa A.�¡ �ł .1.hhm�‹ �nŒi 2.�æ�˚ ��mpua3.�¿�V dcaO�� .4.memt�g �ˇ dial vein.5�B m�\ t

malvdL 6.A�Y �Z1�� .7.V�å �R�¤L.8.Viscera1 80m.B.Rmalo�¡ an.1.Pomrior mal dmmLÆr2.�G 1�˚ �Br"�ß n dttmb�F

15.8 EXCRETORY SysTEM

The renal olgan or kidney is the excretory organ in Pila lr consists of two chambers: (i) a small
ant€rior chamber and (ii) a large postcior chamber. The nvo chambers communicate with one
another by an ryerture. This aperture is grrarded by a valve. The anterior chamber is in front of the
pericardium. It opens into the mantle cavity ner the epitaenial ridge. The inner lining of the
anterior chamber is thrown ino leaf-like processes known as the lamellae.

The posterior chamber lies to the left of the recnrm. Its cavity communicales with the pericardium
by the renopericadial aperture (Fig. 16.6 B).

Both anterior and posterior renal chambers are richly supplied wittr UtooO vessels. The nitrogenous
waste products are separated and discharged into the mantle cavity. Excretopy matter contains
mostly ammonia and some ammonium compounds, ureaand uric acid.

15�B9 NERVOUS SYSTttM

The nervous system of Pila consists of paired cerebral ganglia, pedal ganglia, pleural ganglia and
unpaired supraintestinal ganglion, infraintestinal ganglion and visceral ganglion. Commissure,

connectives and neryes are associated with these ganglia (Fig. 15.8).

The nqves connecting the similar ganglia of two opposite sides are known as conmissures.
Connective is t}e name applied to the nm'es connecting nvo dissimilar ganglia

A pair of cerebral ganglir lie anteriorly at the dmolat€ral sides of the buccal mass. The two are

connected by a thicl commissure known as the cerebral commissure. Nerves from the ganglia are

supplied o the snout, buccal mass, eyes, t€ntrles and the statocysl

Ventrally on either side of the buccal mass a pair of ganglia called the pleuro-pedal ganglia are

ptescnL Each pleuro-pedat ganglion is fcmed by the frrsion of pleural and pedal ganglia. The two
pedat ganglia are conncc@d by two pedal commissurcs one lying above the other. The pleural

ganglia sgpply nerves to the mantle. The pedal ganglia supply to the foot. Ttre cerebral ganglion of
each side is connected with the plauo-pedal ganglion of its side by two connectives called the

cerebro-pleural and cerebrc-pedal connectives. A delicate, thin nerve connects the trro pleural

ganglia. This nerve rises from the left plaral ganglion and joins th9 right pleural ganglla. Thcn it
continues baclwards as the right pleuro.visceral connective and joins the visceral ganglion. The
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Fig. 15.t. pilagtobosa- Nervous Ey3ttrn. LViscerat g$glis.2.Rightplcunl visceral cotrnectiva 3.Left pleuro-visccral

*il""tir". r. Jgp6 htcrtinat ncrvc. 5. Nervc to "r6nAu 
r. 7, Pteunl gmglion. E. Cerebropodal connccdva 9' Clrebro-

plcuratcommisrurc. lO.C.creb6tgrnglion. ll.Cerebralcommissurc. 12.Foot" 13.Eye. 14. Infra-intestinal. 15.Ctenidium'

visceral ganglion is actually formed by the fusion of two ganglia. The right pleural ganglia gives

off a nerve, the supra-intestinal nerve, which runs backwdds over the oesophagus and forms a

srrprr intestinel ganglion on the left side. The sup,ra-intestinal ganglion is connected with the left

pfi *f ganglion anA viscerat ganglion. In between these two the left pluro-visceral connective is

iormed. Thi visceral ganglia innervate the ctenidium, the pulmonary chamber, the digestive, the

excretory and the reproductive organs.

A stomatogastric nerve ring is formed by a pair of buccal ganglia. They lie embedded in the

muscles of the dorso-lateral side of the buccal mass. Ventral to the oesophagus, these two ganglia

are connected by a delicArc commissure known as the buccal commissure. Each buccal ganglion is

connected to the cerebral ganglion of that side by a cerebro buccal connective. Thus a nerve ring

encircling the buccal mass is formed. The anterior part of the digestive system is innervated by the

somatogasric nerve ring.

15�B9 SENSE ORGANS

The sense organs of Pila consist of a pair of eyes a pair of statocysts, two pairs of tentacles and anr

osphradium.

A

Fig. 15.9. Pilaglobosa A.Statocysr B.Osphradium. l.Capsule.2.Nerve.3.Staroliths.4. l:teral filament.5.Ccntral axis.

5. Mantle fold.

Eyes are useful only !o respond to variations in the intensity of light. A statocyst lies in connection
with each of the pedal ganglia. It is an ectodermal capsule (Fig. 15.9) filled with a fluid containing
a large number of calcareous particles called the statoliths. The statocysts are the organs of
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eq�‡ Hb�Ü um.Tentacles sewe a tactile m�g tiOnt The osphFadium�¡ suspended from tte edge Of
the mande on the lei side of the animal.Itis cbse to the enmnce Of water intO the mande cavity�B

It is oval in shape with a central a�˛ s and two �_ ws Ofleanets cig�B 16�B9B)cOnsist of epithelial
cel�¤ some of which are sensory,sOme c�¡ iated and otters glandular.The osphradium enables the

animal tO test the punty Of water entering ale mande cavity for respmtton.If the water is foul and

unfit for respiration the animal avonds the water and moves away to anOther�ˇ

15�B10 REPRODUCT�WE SYSTEM

Sexes are separate (dioecious). The females are larger than the male.

15.10.1 Male Reprcductive System: In the male, the iestis is cream-coloured. It lies closely
attached to the digestive gland. Many minute vasa effsentia lead from tho testis. They unite to
form a vas deferens. The vas deferens is divisible into 3 parts: (i) The proximal thin-walled,
tubular part, (ii) the middle swollen and curved part known as the seminal vesicle and (iii) the
terminal glandular part lying to the left of the rectum. It opens into the mantle cavity close to the
anus. The penis, a copulatory organ arises from the edge of the mantle. It is enclosed in a sheath
known as the penis sheath. At the base of the penis sheath, there is a glandular thickening. The
gland is lmown as hypobranchial gland. It has no duct and the secretions are directly poured on
the penis and penis sheath cig�B 15.lo�B

R3�E 15.10 PI�‰ graboM_Male,�X
"odb�É

dle syslm.A.RcProducive organs.B.Copulatory organs,C.Spemato�g a.

1.Testis.2.Narrow tubular vas defems.3.nin31 VeSicle.4.Glan�˚ lar F�ß �É Of Vas deFens.5.Penis sheath.6.Penis.

7.Eurypyrme spem.8.Oligopy�\ _�E 9�E Four dli3.

The spema�ízoa�� the Pila tt oftwo types(i)hair�] shaped eurypyrene sperms,(li)01igOpyrene

sperms with p�_ minent head.E�Y �Y,yrene spems alone are capable of fertiHzing the eggs.

15.10.2 Female Reproductive System The ovary is also located close 0o the digestive gland as is

ng�B 15.H.��
‘�¸

gbba�” �Œ Female cprodud�s c system.A.Fmlale reproduct�s e organs.B.Egg mass.I.Ov�‹ �¡ 2.0�� duct

3.Seminal receptacle.4.Uterus.5.Vagina.6.Female genital po�˙ .
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the testis in the male. It is orafrge coloured in the young, but becornes black in the manrre animals.

An oviduct leads from the ovary and extends downwards along the digestive gland to open into

scminal receptacle (receptaculum seminis). The seminal receptacle opens into the uterus which

lies closely attached to it. The uterus is yellow in colour.It is continued into ttre vagina. The vagina

opens into the mantle cavity close to the anus. In the female hlpobranchial gland is poorly

develorped (Fig. 15. I 1).

15.103. Copulation and Oviposition

Snails breed during rainy season. Copulation takes place in ttre ponds or ontside. It continues for 3

hours or more. The spemls are transferred o the seminal r€ceptlrcle. Fertilization is internd. Eggs

arc laid in large masses of 200 to 800 days after copulation in moist euth near ponds and lakes.

After development the young ones harch out of the eggs. In freshwater and tenestrial molluscs there

is no free sudmming lanra The other gasropod molluscs in their development pass through two

larval st4ges. The first stage is the trochophore larve. Thc uochophorp sq)n grows into a veliger

larve.The veliger is the ctraracteristic gastropod lrva. It is a modified version of tre fochophore.

Check Your progrcss

l. Gastropods are certainly the most srrccessful of the molluscan classes since many members

have adopted ..................... life.
2. Tlre phenomenon where the body behind dre head of Pila is twisted 180 counter clockwise is

known as................ This changes bilat€ral amangement of organs inoasymmetry.

15�B1l SIIMMARY

pila globosa is the common apple snail. In describing the external characters the nanre of
gastrqoa shell is illustrated. The organs in the pallial complex are ctenidium, lectum, genital duct,
epitaenial ridge erc. The digestive trgans irrcluding the digestive gland described. Pila performs

branchial as well as pulmonry respiration. Hence it is able to lead successfully amphibious life.
Conesponding with the trilo t)?es of respiration, the circulatory syst€m is also well developed.
Excretbn by stnrcture called renal organs Nervous System with number of paired ganglia and
nerve connections, commissures and connectives. Sense organs re eyes and statocysl Osphradium
to test the puriry of water is also presenl Sexes ae sqlade. Reproductive system well develo,ped.
Derrelopment indircct.Iffval form called veliger present.

15.12 CHECK YOUR PROGRESS�\�\ �\ MODEL ANMERS

�P

�Q

�R

amphibious
tjorsion
radula

15.13 MODEL EXAIITINATION QITESTTONS

Answer the fottowing in about 30lincs:
Describe the digestive system of Pila. Add a note on the physiology of digestion.
Describe the blood vasculr system of Apple snail.
Pila globosa is amphibious. How is it suited to life bo0r in wat€r and on land regrding
rcspiruion?
Describe the nervous system of Pila r
Describe the reprroductive system of Pila. Add a note on its development

Answer the fotlwing in ebout l0lines:
Dcscribe the slrell of Pila globosa.
Describe the excreto,ry system of Pila.
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UNrr�] 16 ECONOMIC IMPORTANCE OF MOLLUSCA

Contents:

16.1 Objectives

16.2 IntroJuction

16.3 Mollucs as Food

16.3.1 Gasoopods
16.3.2 Bivalves
16.3.3 C€phalopods

L6.3.4 Molluscs as fmd fmmarine life

16.4 Medicinal Uses

16.5 Ornaments and Jewellery

L6.6 Limelvlanufacture

16.7 Other Uses

16.8 Ilarmful Molluscs

16.9 Pearl Oysters

16.10 Pearl Culture

16.11 Summary

16.12 Check Your Progress - Model fuiswers

16.13 Model Examination Questions

16.14 Glossary

16.1 0BJECTIVES

To know ttut the molluscans contribute a lot o the economy of man by providing him with a wide
variety of useful things. At the end of this unit you will know the economic importance of molluscs,
useful and hrmful molluscs, Pearl culture erc.

16.2 MRODUCTION

A large number of species of molluscs are found in Inrlia. They occur in the sea, in brackish and
fresh water and on land. Some of them are of considerable economic importance and are fished for
food, for the pearls they yield and for their shells utilized in various ways.

16.3 MOLLUSCS AS F00D

16.3.1 Gastropods:

Among the edible gastro@s, limpets are collected for food in some parts of east coast of India.

The more common among them are Cellaru radiata. The flesh of ear-shell (Haliotis) is esteemed

as food. It is found acached to rocks and boulders at and below low tide level and seldom exleeds

38 mm. in length (Fig. 16.1 A) Among the top shells (Irochidae), the flesh of Trochus niloticus and

T. stellatusis eaten in South India. The turban shells IzrDo brunruus andT. mannoratzs (Fig. 16.l

B.) are prefened in some areas. Large quantities of button shell, Umbonium (Rotella) vestianiutn,

are collected along the Bombay coast and eaten as a delicacy.

The flesh of the apple snail, PiIa globosa (Fig. 15.1.) is collected and eaten in several districs in

Andhra pradesh and Tamil Nadu. The snail is commonly found in lakes, tanks, marshes, ponds and

paddy fields.

Horn-shells (Cerithisidae) are e$teemed as whole-some food in the Philippines. The only species

used as food in India is Telescopicwn telescopicumfound in abundance in the swamps of Gangetic,

Krishna and Godavari deltas and also ofthe Konkan coasL
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Two species of wing.shells, Stornbtu canariwn and scorpion-shell u frve fingerd cbnr*. Lanibis
(Ptuocaa) tolrtbis (Fig. 16.l C.) are commonly collectod fq food.

Ttp flcsh of the sacrcd chankTwbirulia Wum is eatcn (Fig. 16.1 D) dried, fried and in cunies in
sqnccoasul rea.

The grcat mclon-shell, Melo itdica is utilizerl for food" The adult melon-shell is globular in strye
and arains a length of nearly 20 cm. It is found all along ttre Indian Coasq but is particuldy
oommon in the Falk Bay at a depth of 5 to 6 fathonrs, (9 to f f m.)

The olive shells extensivcly utiliped as food by fislrennen belong to Oliva species (Fig. 16. l. E).
Tteey are common in dre Frst Coast of India but scarue on the west coast. The main collecting

season is Febnrary - April. The carch is boiled in fresh wat€r to extrrct the flesh to be used eifter in
curry or fried in oil.

163.2 Bivelvcs

Bivalves most commonly utilizcd for food include edible oysers, sea-mussels and clams. All
impctant commcrcial ryecies of edible oyst€6 belong to the genus Crassostea artd re in demand
in cities like Bombay, Calcufta and Madras.

The blactwater oyster, Crassostrca ndrasercis, is widely distributed in all emraries and

blackwaters of dre east coasc It is good food readily available from the vast natural resources:

TWo specics of sea-mrusels grow to a large size in Indian wat€nl. Tlrese are the brown mussel and
the green mussel, Mytilns spa These re consumcd by frshermen on the cast coasl The flesh is
usually eaten afts boiling with t4ioca roots of rice. It is dri€d in the sun without losing glycogen
or protein. The &iod marcrial is tasty and keeps good fu a number of days.

The importurt clams used as food re blackwater clams (Merctrix sps.Fig. 16.1 F & G), clams
(Gaproiumsps), falrc clams (Paphia sps.) and black clan (Velorita sps).

Merctrix sps oocun in extensive beds and is collected in abundance from all estuaries and
backTvatcrs of both the coasts. It is as impqtant a food mollusc as edible oyste6. Clams are
generally martetted alive.

Tfle ribbed art-sheU, Arca grarwsa@ig. 16.1 I) is widely disributed in sandy blackwaters and
estuaries along the Indian coasr lts flesh is red and though tough, it is considered to be nutritious.

The rue scallop, C&amys senatoria inhabis doep wat€rs. It is believed !o possess a high food
valuc. The fresh water mussel, Lanullidcns mugitulis (Fig. 14.2. A) is widety distributed and used
as food. The wedge strells or wedge clams, Donax curuatus and D. scortum are greatly valued as
food by frshing communities.

Holywater clam or giant clams belonging to the gcnus Tridacna,the species of razor-strell, Solen
@g. la.2 G) arc sometimes earen.
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�d 3,F.D.Wineua pr�\ �EFig. 16.1. A few Mollurcs of cconomic inporrmca A. Haliai!. B.llubo marmoraurs. C.
E. Oliva rpc. F. Meretrix merctrir G. Itfierctrix cest!" H. Donrx spr. I. Au grooo.

16.3.3 Cephetopods

The edible cephalopods found in Indian wat€rs are not many. A few cuttlefishes. Sepia spr. (Fig.
14.3 A) a few squids betonging to the genus /,oligo (Fig.l4.3 B) and a few species of Octopru (Frg.
14.3 C) arc the cephalopods which ae commonly tsed as food.

All molluscs are prepared suitably to the taste before they are corurumed. The meaB of gastnopods,
oysters, clams and mussels in their fresh condition are stewed or treat€d with spice and frbd or
made into curries. The flesh of squids and the fbsh of clnr*s re sun-&ied.lxrtrr thqse are
preparcd as in the case of fresh ones after softening them by soacking in water.

16.3.4 Molluscs as fd for marine life

Molluscs also serve as valuable food for various marine fauna. The lanae of the bivalves and the
young or smaller forms of a few gastropods appear in abundance as zooplanktott. Commerpial
species of fish depend upon these plankon fc their food. The bottom - dwelling fistt like the skates

and rays feed mostly on the bivalves and gasrorpods whales and porprises feed on shoals and other

cephalopods

Cuttlefistr, squids and octopods are cut into srips and usod as efficient baits in tpok and line
fishing.

16.4 MEDICINAL USES

The sacred chank, Twbirulla pyrum is widely used in the indigenous system of medicine. After

burning, the residual fime is used for dyspepsia, piles, general debility and some skin and lung

diseasJs. The soft parts of the chank are used for spleen enlargement in some parts of India.

Cowries subh as 
^ 

Cypr*o sps. (Fig. 14.1 G) are more or less used for similar purposes. The flesh

of apple snail, Pilc globosa is used for sore-eyes in S. India

Seed pearls produced by the withdowpane oyster, Placuna plrcenta, are used in the treatment of eye

diseases. The flesh of the edible oyster, Crassostreanradrassensrs is acrid and used !o cure gastric

disorders. Large quantities of sea-mussels are utilized in the manufacture of vitamin products

Cuttlefish bones of Sepia are used as astringent and sedative.

16.5 ORNAMENTS AND JEWELLERY

132 Molluscan shells are extensively used in the manufacture of fancy goods and art pieces. The mother
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of pearl lining of tlre eanhell Haliotis sps. is attractively colourcd and is used in decorative inlaid
work, lacquer work, handles for cutlery, trays etc. The shell of Trochns nilotictu and Twbo
rtuuqnordt ts are populr in the manufrcture of pearl buttons, strrds, broaches and other ornamental
ware. The large pearly shell of Izrho marrnratus is employed by jewellers in India and Japan. tt is
also used in the ornamentation of screens, boxes and trays, and aquamarine work of Jaipur. The

'opercula of some TrrDo species are stoat massive and planoconvex. They are alsg large and heavy

eiiough to be used as paper weights.

Many species of gasropods are used in the manufacurre of ear rings, necklaces, rings and
ornamenting bels, shields.crosses etc. Irrge quantities of polished shells are also exported to
Euope'

The shell of a spocies of Tritonis used as a trumpet and as a musical instrument most commonly in
temples.

Helmet shell, Cassrs cornuta, the largest and heaviest among the Indian gastropods weights nearly
2 kg and grcws to a length of 15 cm. It is ustully found in the Gulf of Mannar around Laccadives.
The shell substance consir of several layen, all differently coloured. So it is well suited for cameo-
carving.

Chank shells are used for preparing bangles, pendants, bads, rings and a vriety of other articles.
The o,perculum is made into a paste and used in incense sticks.

The shells of gashopods of the genera Cyrnbium, Dollirn4 Pterocera and Murex are used as lamp
shades.

Because of their beauty of form and golour markings, mollucan shells have been favourite objects
with cario collectors. Rare shells like that ol Conus sps. ferch exorbiant prices. Shells of Mc lo sps.
are handsome. Small cowries and other gastnopod shells of the genera Trochus,Nerita,Mitraetc.
are commonly used in indoorgames in India

Among bivalves the strell of window pane oysterP lacuna placenra is used for glazing windiws and
varandah roofs. The shell is soft and when immature resembles mica in appearance and substance.
Cheap quality peals are atso produced by this oyst€r.

The common frestr water mussel, Lanultidcns m*ginalisproduces pearls of fair quality in large
numbers. They are collected and sold in South lndia. Myilus (Fig. il.z sy, the green sL mussel
also produces pearls.

Among cephalopods shells of perly nautilus are used in decorative ware, ash tnays, lamp shades
etc. The cuttlebone of Sepia is used as polishing material of glass and other fine wood. Ink sac of
Sepia is collectpd to prepare a dark b,rown pigment calted sepia. It is extensively used in
photography and at work. Ink sacs of squids are used in the preparation of an ink which is
permanently black. It is used chiefly in water-colour painting.

16.6 LIME MAI\ruFACTURE

The produaion of lime frrom strells of mollucans is an important industry in the coastal areas of
India. Shells of various species of bivalve.s and gastropods are gathered from the shores by
fishermen and sold 3o lime manufacnuing units. Lime produced Uy iurning molluscan shells is of
sup'erior quality for use in masonary constnrction and white - wastring. It is used also as a fertilizer.
In Kerala state the strells are directly used fq the p,roduction of high !r"d" ."**r
1�˚ 7 0THER USES

some of the shells, such as Placuru, spirula, Dotium etc. are used in the manufactue of tooth
pastes. Waste shells of Trochtts,Tnrbo and cuttlebone of Sepiare used in tooth powders.

�C
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16.8 HARMFIJL MOLLUSCS

This description will not be complete if a few molluscans which are harmful are also not described.
Ivlarine borers Plolas and Tereb of Bivalvia cause considerable damage to underrraEr wooden
construction. The sea fishing industry which depends mainly on wooden boas and catamaans
suffer an annual loss of about a crcre of rupees as i result of borer damage.

Terefu Fig. 14.2 F. the shipworm, auains a length of one metre or more with a diameter of 6.3 mm.
They start bunowing in the wood, when quite tiny, and continue to live in the burrow. Even the
hadest and high quality wmd is not immtme o the acack of these borers. To save the ships or
boats it is essential to protect the underwater woodwort by metal sheathing or suitable coating
compositions. Large amounts on chemical preserrratives and other oils are spent to keep away.these
wood-borers

Aclatinafulica, the big land snail is a pest of vegetable gardens. Vaginula, the land slug is a serious
pest of vegetable crqs like brinjal, tomato, cauliflower, cabbage, etc. Some genera of freshwater

snails act as intermediate hosts of &eadful hclminth prasites, particularly of digenetic trematodes.

16�B9 PEARL OYSTERS

Pearl oysters are all marine and belong to a single gerns Pinctada Five distinct species of P.fucata
(P. vulgaris) (Frg. 14. I.D.), P. nwgaratifera, P. clunritzi, P. anomioides md P. aatropurpurea

are known to occur in Indian waters. Of these P.facata (vulgaris)is by fue the commenest and the

most important and is widely disributed in the Gulf of Kutch, Gulf of Mannar and the PaIk Bay.

Pearl oysters possess a straight long hinge uniting the nro valves, the lower valve being a liu,le

deeper than the upper. The strell at either end is distinctly marked off from the rest into two small

ear regions, one ant€rior and the other posterior in relation to lhe hinge. A bunch of threads lmown

as the byssus aising from the basal region of the foot help the animal to fix to the substratum. The

int€fid surface bf the valves is of a brilliant lustre.

pearls re calcareous concretions formed as protection against the irritation caused by foreign

objects. These could be either bits of gravel or minute parasites, which lodge inside betrveen the

mantle and the shell of the animal. The common parasites found in the pearl oysters of India is the

larval cysts of the Ulpeworm, Tentacularia rnionifactor. A fold of tissue envelops the foreign

particle and deposis layer after layer of nacre (motherof pearl) on ir

pearl oysters are usually found on rhe ridges of rocks of dead corals forming-extensive pearl banks

or Oe iars at a depth of tO to 12 fathoms (18 rfr 22 mt) and a distance of 19 km from the shores.

The pearl oyster bed of the east coast are more extEnsive and productive than those of the west

"o.ri 
Th" most productive zone in the east coast is near Tuticorin. These yield excellent quallty

pearls or the lingha Pearls.

pearl oysters grow 8-9 to 10.2 cm across in 4 to 5 years when they are ready for harvesting. As the

pearl yield frorn yoong oysters is low, strict legislative measures are in force forbidding. their

hrnini. In South i"ddp.^l oyste* are hanested by divers, but in the west coast (Kutch and

Gujaa$ they are 
"*p*"i 

at lowwater spring tides and are easily collected by hand'

The pearl beds are under the oontrol and supervision of respective State Governmens' Fistring is

conducted by cgranising t".po".ty camps *iO ttt" help of divers, gwners of boats and their crew

and pearl merchanrs. dvers'aescend in-o ttre watcrs of ne peart banks with the help of sinking

stones operared by men on boats. They collect the oysters inO small bags they carry' Nowadays

rp""i"r r.,pr,irti".rca equipment, such as aqua-lung is being used in the pearl fishery'

1610 PEARL CULTURE

134
Pearl culture involves inducemmt of the oysCr to�c
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inroduced foreign body of 0re nanre of shell bead. This foreign body is introduced by a delicate
operation without much injury to the soft body. These oysteE ae iaken care of from one to ttrce
years, till the process of the pearl formation is completed. Artificial pearl culture sefli !o be
gaining popularity in view of the cdamities, both biological and physical, prevailing in the nafiEal
oysler beds. However, systematic urd creful watch is being exercised by the persomel so that
natural resources do not go unfished when the oyste$ reach the fishable stage.

Check Your kogrcss

I r Pearl culture is of commercial importance based on oyst€rs. Note the gasropod gen€ra which
tnemendously dam4ge the oyster beds.

1‘1l StJMMARY

The shells and soft pars of molluscans are useful to man in many ways. Molluscs forrn an
important item of food in many coastal areas. Dvlany kinds of omament and decorative art war€ are
manufactured by making use of the lusrous shells. Shells are used in the manufacturc of lime. A
few mollscans which adversely affect the csonomy re also discussed. Oysters which produce
pearls arc described in detail. Pearl is formed as a re.sult of antigen-antibody reaction. Pearl culuue,
natural resources'and artificial culure re explained.

16.12 CHECK YOUR PROCRESS�\�]MODEL ANSWERS

1. Murex, Urosalphinx.

16.13 MODEL EXAMINATIONQITESTTONS

�P

�Q
List out the various uses of Molhtscs in about 30 lines.
Write about pearl oysters and pearl culture in about 10 lines.

16�B 14 GLOSSARY

Aestivation

Backwaters

Bioluminescence
Brackishwater

Byssus

Commissure
Connectives
Ctenidium

Dioecious

Direct development

Estuary

llaemocyanin

Indirect development
Living fossil

Summer sleep by animals to tide over drought conditions
particularly extreme heat.
A pool or belt of water connected with sea the level of which
changes with the tide.
The emission of light by living organisms.
Water with different degrees of salinity usually met with in
estuaries.
Foot in a few bivalves is modified into number of thread-rike
strucurres useful for attachmenl (Mytilus)
Nerve fibres connecting similar ganglia
Nerve fibres connecting dissimilar ganglia
Respiratory organs of molluscs, with aientral axis and filaments on
either sides or one side only.
(Di - two; oeikos = houses) when sexes are locaM in separate
individuals.
Embryonic development without larval stages. The young on
harching has the adult form.
The wide lower tidal part of the river (usually known as the river
mouth).
Copper containing respiraory pigment in the blood of molluscs
and crustaceans.
Having larval sages in the course of developmenl
An animal now living retaining the characters of primitive or 135
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Meamorphosis

Monopectinare
Plankon

Odontophore

Ommatophorc

Oviparous
Ovoviviparous

Pdlid complex
Radula

Sinuses

Torsion
Zooplankon

Tffi*#ffi;",*rent in which the young one, the lrv4
transforms ino an adult undergoing gradual changes.

Gills or ctenidia having filaments in a single ros' as n Pila.
Minute free floating cganisms wi0rout any ability o swim aboul
Their movement depends on thc wave action or current of water.

An elenared ridge present on the floor of the buccal cavity of
Pila.
Short salks pre.sent on eittrer side of the head of Pila. Each

bears an eye at iE tip.
Animals which lay eggs.

Production of eggs thatare retained and hatched within the

mother's body. Young are released atbirth.
Organs found in the mantle caity n Pila.

A horny, ribbon-like rasplng ugan in the buccal cavity of many

molluscs.
Hollow spaces in which 0re blood flows in the absence of blood

vessels.

Spiral coiling of the viscera which becomes asymmerical'

Minute free floating uimals.
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UN�u �] 17 1 ARTHROPODA:LI�‡�FNE=AL:CHARACTERS AND
CLASSIFICAT10N

cOmmm��

17.1  �ï tiVes

17.2  hmduction

17.3  GenmlChaatB
174 ChssincatiOn    i

174.l Sub"hm�] OnychThaa
174�B2 Sub�] phylm�] Trdinda
174.3 Sub�] phylun�] Pm�g

�c1744 Sub�] nylun�] �¡ �oÆímma�ßÆÙ

174.5 Sub�] phylun�c
174:5�B l C138�] çS

"mata174.5.2 Ch�g �]

�c174.6 çŒb�] phyhm�] Pym98mida
174.7 Subphylun�] Mndi�\

174.7.l thss_GttBtam
174.7.2 Class�c Papoda

1        174�� �B3 C1888�] Diplopoda
174.74 Chl�Ù �]GilTda
174.7.5 Ch3S�] Spphyla
174.7.6  (�z aB�¶ �N

�\ L
17.5  Su�\ ary

17.6 Chck YourLOgtts�] MOol Ansy�p
17.7 1�� �R lExamm�A mms

1�¡ 1 0�ì C�\

To sunrey the vast assemblage of animals ircludcd in the phylum and thereby undersund the
relationship among dre difre,rcnt groups. At the conclusion of ttris unir you will be in a giiition o
explain thediversity and ability of these animals which adapted o living on una succassfutiy.

17.2 mODUCTIoN

Phylum Artlnopoda (A4hros: jointe4 podos : foo0 is ahgeassemblage of animals. Von siebotd
named the group Artttroeoda because it irrcluded animals wittr;oint€d legs. It is represent"d by or",nine lakh spocies of animals, which is tlnee times mse than the numbenof all other animal speciesput-together. They arc the most successfril animals bocuase they have rdry"d-;;;;habita6
such as air, water and tand. The artttropods include froe riving animals, parasites and commengals.

17�B,�� mERAL CHARACl�˝RS

�P

�Q

�@

�R

are bilaterelty symmetrical, triploblastic, haemo-coelomate animals.
The body is meamcricalty segmented, sorne of the segments fuse to form distinct regions of
the body namely heed, thorax and aMomen -- :-----

Each segment usr*lty bears a pair of jointed appendages. The segments of an rypendage arekngwn as the podomeres. The podomaes are connected !o one anote, by articulai;;-b*r"
called &e arthrodhl membrane. As a result of such - .r*,g"rireot a;oint is created at eactrjunction. Such joints enable fte segments of the appendages,L wefl as those or ure uoay to
move.
Og 

9r tne most distinguishing feature of the phylum is the presence of exookeleton or cuticle
which covers the entire body. Basically the cuticie of each Qt *t is divided in1g four primary

�u
�œ
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ptates a dorsal tagun, trro latsal phurr (sing, plenron) and a ventral $crnun The cuticle is
a complex of muoopolysrehoridc, ctitin mrl pr-ueiniL

Fig; l7.l Crioc;1l orgrnizarion of m Arrhropod. l. DoEd hcaa 2. ltrgum (doral crorkclcton). 3. Heemococl. 4. Plcurcn.

5. lointcd qpca&gc. 6. Vcntrrl douHc nerve cord. 7. Stcr mrm.

Dgring the growth stage, 0te exoskeleon is dropped otrperiodicalty aft€r the development of a

new one beneath. This pocess is known as morrtting c eodysis.

All rttropods possess an extensive haemocoel (Fig. l7.l) because the perivisceral cavity is

frlled wift blood. The rue coelom is reduced in the adult and is associated with the

rc.productive system and cerain glands.

tVtuscutature is mostly composed of sfiated muscles capable of rapid oontraction'

The digestive sysrem .o*irt of foreguT miltgut and hindguf The foregut and hindgut are

lined by chitinous ectodermal lining, and are known as stOmodaeum and proctodaeum

respectivelY.
Rapiration is carried out by different methods. In the aquatic anhropods the respiraory organs

,r" gifb. In tcrresrial animals gas+xchange is affected by respiraory tubes calM tracheae. In

*rrl" ,O,ropoO. book gilts Gli books) and booh lungs serve the respiraOry function'

�T

�@

�U

�V

�W

10. Blood vascular syst€m is of the open type. Distinct blood vessels ue absent. Main blood-- 
;;r*L "e* 

ira .p**r in ttre perivisceral cavity. The heart is donal, usually tubular with

lateral valvular openings called cth.
11. Excretory organs ,* i"tplghi", tubules or rntcnDary or grcen glands' Some arthropods

have maxillary glands functioning as excretoryorgerls' 
.

12. Nenous wrt"* it of urnelid ,ypt 
"'i 

f, P"F.n gEiignonic masses located donally in the head'

A nerrre ring and vennal nerve cord are l!i!gtt"
13. Sense ong* rr" faiiiy*"fl develffi-l$ '€yes and balancing olgans are usually seen

�Ø many�c �¡�¡�¡
=�¡

lt�M
�¿ �ß�l �Ł �g

u�g vl�q
=�E
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�\ �\ �] �\   �\�Œ  �]�\ �\  �\ �\ �]�EF�R�¡=~F�\ ~~~ ~~�\
�u�¡ F~~~~ �] �] �M

�� �J

�M

çW �Ù    �ï
�c

phyla h a pup Ofanimm m�R �Ù Æ��§      �L         :
mII10F Sub�] phyL

17,41_Sub�EPhyEE�Ø:OnychopLora  li

�b F�ï �b tgenm�˜ �wOgnisedmtwo�V

Distingu�c �d chramTs_�]  :�] ’ i  �E      1~’_       :

�ß �Õ �Õ �‹ �˜
mibody�µ

�‚
Ø‰�ƒ �É   : �¡

me bOdyiSttided�g
"an anttior hend fouowedby an unsepmtt wom ttBbody�BJointed OendarS tt absent.Hov7evg,nulnmus,shorL uttn�c �¿ChVJØD�� mpy�| �r ndag��

occurin par�B

The body wan is dermomuscuhr 77iCh sofL smooth,velvety tin.      :
Body cavity is a ham�Ú �Ó IL

�c

Ø[m�¤
�g

�˚ d Outby trnealsystm.

�� �I �í �í �æ�æ1

Nwoussysem is Lddool�� B

Sexes always�¾ �r �ß L deve10mentd� �̂Þ without any hrval smges.

QOg�NHCd ttdtà£ �� �¤ of considmble alogical intem.�¡ �_ pup�¤ a good e_ple of

�c

Ø[numSd�c �� �E

PC�I �� r�å �¤ COnsidend as a conncting ttBL betwen Amelida and�n �� h�@âK L becau"�` bears

the characters ofbo�R �` �… �� and�\ pOda
A few authors yefer to nise the sub�] phyl�Y 1 0nychwhon to�Ô �¶ �Z �~ ofa phylum mdthis tnd�¤

being accepted by many.

Examples:Parilpa�g cig.�¯ �B1),PC�c

1742 Sub�EPhylum8 Tardigrada

The anim�v s of T‘�� �µ �“ h are popularly known as L"�] animalculo or mmr bem [
ney aFe ttLttinned animals or minu"size,notexceding l mmoin length.

The body is vagnely segEIlen"d and not divisible into dirmnt regions.

The mouth isprovidedwn asucLIng proboscis�B

�� �Ô )fOur pairs of shOFt,�Y �í hted legSt Each leg has tv7o oF fOuF ChV7��

The mouth is suro�ß �ˇ �æ by papluac,�ü )bttcd cavlty conmins a par ofhomy c calci�¡ ed eth:
The digestive system�� nsis�� Of moum,mttmhr p�\ ,n�\ W oesopLI�¶ an excndve
stonlach and a short inetineo Antt is sub�] miml:A pair of salivary ghnds Open mtO the buccal
cavity.

Respirabry and circmtory syStems tte absmt

Malpighian tuhnes are the excetory organs�B

B�˚ n and Vental nerve cord with fouF ganglia present.   1

Sense organs�] include tv7o eye spots

Sexes at separac KdiOeciousp.Gondsin bo�R the sexes"sacctt and open into tt teminal
pan Of ale intesdne.Females are often more numerous than the mal�� .In sOme males are unknown
ehiniscus).Parthenogenesis is common�B

�o�Ù l�» �ß�� �{ rabt�� �B3r2�¤ ,�‹ p�R
1�¡ 40 Su�mPhylutt Pemmtomida

Pentttomida comprise a group Ofappro�˛ mately 70 species.These are pop�� larly knOwn as etongue
wor�Rns’.
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All membgs of the flbohflum are Fursitic and live wittin the turgs or nasl passage ofvertebrales such as 8ol&es, crocodilecetc"
the body is 2 cm o 

13 q in lergdr and beils anterimly five short prouberances. The namepenasomid is derived ftrom 0ris.
Four of the five proarbaances are leg-tke and bear claws.
The digestive trrct is straight and-simple. The anterior end is modffied to srck the blood bypumping action.

lespiraorf, circulatory and excretory qpns re ahenr
The nervous system is similar to that of thc mnelids and the arttnopoos. ventral nerve cord with
paired meamerically uranged ganglia arc f€s€ol
S-9xes are s€parate (dioecious) Fstilization is intemal. The embryonarcd eggs pass ino the
digestive system of the host and frorn there o tb outside through rh€ ftpccsof tne-toiryt""T{"f host is present in the life cycb whictr is usually a istr, rodcr,t * rOtii:--
Larval dcvelopment ukes place within 6e intsmediarc troi ana involvcs a number of moultings.
Examples. CepMobaeru @ig. 17 2 B), WadficepWut, Linguatuta

Ftg. 17.2 Atthopods. A.MacroUours. B.Cdnlobr€na C.Trirrtlrnrc (dorsat view). l.Buccal cevity.2.Salivary gtmds.
3. Pharynx- 4' Appcodagc& 5. Stmrach. 6. Orary. 7. lvtrlpighian tdule. t. Accosory gland" 9. Mourh. 10. L,cgs. t t. lntenna. '

12" Ccphdm. 13. Bya 14. Tclcpod- 15. Prc-cpipod" 16. GiU. 17.lhorar lt. Axidlobc. 19. Pleuralorlateral lobe20. rygidium.

17.4.4 SubPhylum: Trilobitomorpha

The sub-phylum Trilobiomorpha is the most primitive of all known arthropodan groups. These are an

extinctgroupofmarinearttropodswhichweponceabundantandwidelydistributedinPalaeozoicseas.
Trilobitefossilsareofenfoundwell-preservedbecauseoftheirexoskeletoncoveringthedorsalsurface.
Respiratory organs ue gill books, bmk-lungs, tracherc or skin (cuaneous).

Thabody of a rilobite was deprrcssed, more or less oval in outline. It was usually 3 cm. long.

The body was divided iilo rhree regions - the head (cephalon or prosoma), thorax (trunk) and

pygidium.
The head was covered by a cerapacc or cephalic shield.

The thorax was composed of a variable number (2-29) of movably aniculated segmenB.

The pygidium was composed of variable number of segments, in a fused condition.

A p"i, of appendages were present in each of the segments, excePt in the anal segment.

p&efop*int is in-rlirecr In-their life hisory the trilobites passed through thrce larval sulges, namely

protaspis, meraspid and holasPid.

Examples: Triartlvru @ig. l7 .2 C), Megalspis, Plucops.

17.4.5 Sub-Phylum: Chelicerata

This group includes animals with a body divided into a cephalothorax @romma) and an aMomen

(opisthosoma); Antennae are absent. The first preoral appendages are feeding structures called

chelicerae. The frst postoral appendages are called pedipalpil
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The chelicerates are deriVed hm an carly off�\ sh�� t�¡ om amopod stOck

trilobites.There are tWO ChStt in this sub�] phylum�B 1)MCroStOmata and

authors also include the Pycnogonida h the Chelicerata becttse of ther

appendages.

17.4.5�B l Class:Merostomata

å¶ �Õ�¡�í �� i�� �í ed�˚ h pairs J�@

"ndages

close to that of the

iD Arachnida Some

chelicerata�\ like rtrst

Fig�B 17.3R"àƒ smatives of the sub�] phylun Gelicem.A.�¤ �Q.B�E PaJ�g äŁ��
�g

.C.G"��

"��

�ED.�n �� �� �B1.mpace.
2.Byc.3.Abdmen 4.TelgolL 5.Gdice�˝ 6.Ped�R�A7.Latenl eyc 8.�‹ an eyc.9�B Mcso8mlal tetite�E 10�E Memoma.
Ho Sting�B 12.77aLing lc8�¡ 13.�Ý �� JothOnx.

Op�¤thomEEna iS di�� ded into a mesosoma and a metasomao The mesosomais with rlve Orsix pairs of

lamenifOm apendages.The�›�ª t foms a genital operulumo The others are modirled as gills.The

arangement ofthe gills resembling theleaves ofabook has drawn the name gill book oF b00k gillsto

the reSpiratory smctures�B

MemmIELa iS Without appendages but a spike�] lk telson is yesenL

Exalnple:�˙ �� �I ��
�g

o�Bngcrabl�Œ�\Itbelongs toan ancient sub�] classXiphosumofwhich mostmembers
are exti,ct.ButLiEnuluS hasexisted unchangedsincetheTJLssic.TherefoFeitiS called aliving Fossil.

17.4.5.2 Class: Arachnida

Thearachnidscomprisethelargestandthemostimpomntofthechelterateclasses,MaycOmmona‘
familiar foms such as scorpions,spiders,mites and dcks are included in this class.

The arachnid body is divided hto two parS�\ an antenor prosom�� (cephalothorax)and a pOSterior.
opisthosoma(abdOmen).                                                 .  ‘       . .
TheittSOmabears�� x palrs ofappend�q �æ me fir"pair are known as chel�‰ erae,the wondPairare t

pedipalps and the remdning four pairs are Lgs.                .
141
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The opisthosoma has a pairof pectines in scorpions and spirnerets in spiderc.
The alimentary canal characteristically has numercus digjstive divertlcula.:
f'gsriytign is by tung Ms (book lungs) or tracheae or skin (curaneous).
Malpighian tubules are the excretory organs.
Development is usually direct without metamorphosis.
Examples: Burhus (House scorpion); paranuaeus (Fig. rT.3 B) (Field scorpign), cherifer (Farse
scorpion) @g. 17.3) Phalagium (Harvestmen), Lycosr(Worspiair); Achacaranea (House spider);
(Fig. 17.3 D); Sarcoptes (Itchmite); Ixodes (ticks).

17.4.6, Sub-Phytum:pycnogonida

These are marine, spider-like arthro@s commonly known as sea-spiders.
Thebodyconsists ofacephalothoraxcomposedof an anteriorprobor.ir, thr.ahead segmentsand one
thoracic segment followed by three free thoracic segments and a rudimentary a6oiren.
The appendages consist of a pair of chelicerae, a pair of palps, a pair of ovigerous legs and four to six
pairs of legs.
The body cavity is a haemocoel
The intensine is very extensive. A long, lateral caecum
extend almost their entirc length.
Respiratory and excretory organs are absenL
The nervous system consists of brain, sub-oesophageal
cephalothorax.
Pycnogonids are dioecious. Females can be distinguished from males by the pmrty
condition of ovigerous legs m by their complete absence.
The testes extend frrom th9 thorax to the legs. The ovaries are completely enclosed in
genital openings are found at the bases of the legs. The eggs are brooded-by the males
hatch.

exlends into each appendage; in the legs

a

ganglion and three other ganglia in the

developed

legs. The
until they

Frg. 17.4 NynEhon. l.Ovigeror lce.2.P&.3.Proborcir.4.Chcticcra 5.Cephdan. 6.Byc.l.L*g.8.Anur. 9.Trunk.
10. Egg mars.

Metamorphosis occurs in many cases. The larva has three pairs of rypendages bearing a superficial
resemblance to a nauplius. The larva is called protonymphon. Most of the pycnogonids are bottom
dwellers. They live in all oceans from the Arctic and Antarctic to the ropics.
Examples: Nymp lun (Fig. I 7.a), A s c or hy nc hus, P alle rc.

The sub-phylum I\[andibulata has been compiled to contain all those arttropods which.posses
nandibles and antennae. The body is usually divided into three parts - an anterior head, a miildle
thorax and a posterior abdomen. However, in myriapods the body consisb of a head followed by a
large number of similar segmenB. Antennae, mandibles and maxillae are present on the segments
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of the tread. Reryiration is crrieil on by gills u trrchea or skin. E:rcretion by anrennary glands or

malpighian tubules.
The Su&phylunr is divi@ ino ttre following classes:

17.4.7.1 Class: Crustrces

The anterior 6 segments are fused o form a head.

Thorax and aMomen are formed by the remaining seglnents.

In sonre forms head and segmens of the thorax fuse trl form the cephdolhomx
The paired appendages in the head are antennuhs, tnlcnnee, mandibles, lirst maxillae and second

maxillee.
The thoracic and abdominal 4pendages are variously modified to s€rve the functions of walkirrg'

swimming, fcding, respiration, accessuy reproduction etc.

nppenaari& are typicaiy biromous-piotopodite is thebasal segment, endopoditaandexopodite

are the two outer branche's.

BodyiscoveredbyancxocLeleton' 
l with blood' thus fuming a

Body cavity usually consists of a number of compartments frlleo

mffi.Yjf#li, or the open type' Blood; (antcrior) thouglr prcsent on$Jead up o
dL!

*.HH;r*, consist of one or two pairs of segmenal organs. They are ryen 
inltre seconC

-urrat'r"git*r They are t€rmed as 
-ttc 

antcnnrry <r grGcn gted& { ttt"y occt5 I the

maxillary tJgr*t Oen ttrey are known as slell glads. Usually only one of the two glands arp

present in ury one animal.

17.5 Rcprcsentrrives of rh! clrr Cnrrucpr. A.&qqgwut. B.Cylqs. C.L"pas. D.Caacen B,Sacalliu (Root likc
p-""rr"r, secn spreading in Orc krdy of tb iost . "red 

t.|nl*ru. 2. Chelate lig. 3. Arrrenrnrta: . Ccphalotionr. 5. Soft

*4o",* rpirallyiwincdlo arit ro {rc coilt d$c frrUopod rtrll. 5. Orcle. 7. Compound eyc. E. C-anpooc. 9. Tholcic leqrt
tO.maor*", it.Ttroracic rpa$agcr. I2,fcr3m. l3.C.rins. 14. Ivtantle. Is.Crpitulum. 16.Fcdicet. l7-Vc*igid
anrcnnulc. 18.Mcdim.y". l9.O"ia*r 20.Mdgu.2l.ArrEr.22.Ceudal styles.23.Telson.24.Egg rac Z5.Ovrry.

25. Comporind cy" of cr"b. 7I. Roo, lite proccs of. .{c Ornsrfc. 28. Saccutinr. 29. Geniul appcrtrrc of rhe racorline.

/

�]�T 2�w
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Nonrous syst€m is tlpically arthropodflt. It sonsists of a.brain, oesophageal connectives and venml
newe cord with segmenal ganglia
Sense organs are well dcveloped - eyes, stalocysts and different sensory recepton are of cornmon
occurenoe.
Sexes re usually separato. There is adistinct sexual dimorphism.
Rcproduction is by sexual method. In a few furns parthenogenesis occurs. Development is indirect
with a completc metamorphods. Number of larral forms arc prqsent. In a few othere development
is direcr
Autoomy and regeneration arp of common occlxrtrrce.
Tlrc 2i,600 species of the class Crustacea hchde some of the most familiar arduopoas such as
crabs, shrimps, lobst€,rs, crayfish etc. In additiqr there ue many mor€ smaller fmms inhabiting
ponds and lakes, rivers and seas. These tiny forms have an important position in the aquatic food
chain.
Examples: Palaerun (Freshwater p,rawn) (Fig. l8.l), Penacla (Marine Prawn) (Fig. 20.1), Panulirw
(Spiny lobta),Eupagzrzs(Herrnitcrab) (Fig. 17.SA\,Birgu latra (RobberorCoconutcrab),Cancer
(acrab) (Fie. 17.5D),Cyclops(waterflea) (Fig.SB),Balanrs(acombarnacle),lzpas(goosebarnacle)
(Fig. 17.5 C),Sacculina @arasitic) (Fig. l7.5 E).

17.4.7.2 Class: Pauropoda

Parropods are algnetn (two-jawed) myrhpods, with trifiagelhte antennae.
Eyes are absent, but have curious organs called pseudoculi behindthe antennae. These are sensitive !o
vibrations.
A pair of mandibles andone pair of maxillae are presenL
Trunk of ll or 12 segments with only 9'-10 pairs of legs.
Tracheae are absenL Respirabry system is degenerate
Heart absent. Circulatory system poorly developed.
They are gregarious, live under the bark ofdead wood or in the soil.
Examples: P awoptu (Fig. I 7.6 A) Decapawopus, B rachypauropw, Ewypauropus.

Fi3�E  17.6A.Pa�� |��

�g
�E B�E J�v �] .C.SCttaara.D sc�� ilg�� 7a.E.Sc�� 3ig�� �� rra. 1.Py81dium.2.Collum.3.Antenna

4.Walking lcgS.5.Opming oftL stink gland.6.Hcad.7.Styles.8.Poison claw.
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17.4.7.3' Chss: Diplopodr

The Diptorpoda are Commonly known-asmillipedes.Ihey ara.world-wlde in distribution'

fof, t orf segnent beafs two pairs of legs suggesting ttre-fu$on of two segments into one'

Tlre moUth pafos form a structure known as the gnathochilarium.

The exoskeleton is hard.

The digestive tract is tlryically a straight tube with a long mid gur

Tracheae are the respiraory organs.

iieart is tu!uh,r. Each diptosegment has 2 pairs of ostia

Malpighian tubules are the excretory organs.

Cenital openings mid-venral on third aMominal segmenr

E-rrrpdr rufL tsnate nrnrlped"l Gig. 18.6.8), Spirobohu (Snake millipede), Siphorcplora

(sucorialmillilede]-1,--^r- 
--r o..--t.,ra rra aar hou, rnqnv ron. Inirig*tt"r rtr" Cr,1opoa" and Symphyla do not have many characters in comm

development 
" 

f"*, ,t o*-ao.rr"tpt i"i. ioir"g ones have seven podous segnents when hatch€d'

17.4J.4 ChiloPoda

The chilopoda are commonly tnown as cenSedes'
fii"i.r" iiroitor"A tmougtrout the world itrboth tplnperatc and uopical regions'

Thabody is elongatc and flattened dono-venrdly'
i*d 5"|* 

" 
paiiof antenn&, one pair of mandibles and two pairs of maxillae'

Each t,-rk segment * 
" 

pu,r of Lgs. There is a progressive increase in the length of legs from

antoric oposrerim. This rcduces interference with leg movement.

Respiration is bY tracheal ubes.

The blood va*ular system is of theopen type'

Excrctory 6gans uc a pair of malpighian nrbules' r -r
Auditory sensc ofgans &,U"4 o"g"* of Tomosvary are present at the base of antennae'

Sexes separate, genital opening mrd-ventral on last but one fgT:nj.
e*"rplo, s co,tipnara trig. iz.o c), s cwi gera, (Fig. 17.6 D), Litlobius

17.4.7.5 Class: SYmPhYla

class symphyla irrcldes animals which superfrcially resemble the centi@es. They ue commonly

loown as gaden ceotiPedes.

Body is divisible inb head and fiunk
Head with one pir of antcnnae, one pair of mandibles and trvo pairs of maxillae'

The trunk consists of l}leg Uearing segments. The last or the l3th segment carries a pair of

spinnerets or corpi md a pair of bng sensry talrs. The tnrnk tefininates in a tiny, oval telson.

G€nital openings mid-ventral between fte 4th pair of legs.

E;rarrple: $cwigerclb (Fig. l7.O

17.41.6 Class: Insecta

The Insecta a Hexapoda is tlre most extcnsive class in the Animal kingdom. It contains about 8

lakh species. It is largcr thsn all Otrcr animal groups put Ogettrer. Insocts have invaded every

traUiaile hnd environment. A few have successfrrlly chosen the freshwater habitals. They are

absent only in de€e€r salt water habitaB. This successful exislence is made possible firstly because

of their afifity o fly and secondly due o treir body best adopted to prevent wa0er loss. Asthe class

is so diversided in habitat it is not possible o generalise the ofganisation. Itrowever, the characters

described here give an idea of the basic struchre of class.

The body of insects is divided ino heed, thorax and ebdomen'

fhe head is formed by fusion of six segments. The th6ar has three segmonts and the aMomen has

about ll segmen$.
The head consiss of a pair of antennae, a pair of mandibles, 2 pairs of maxillae. The second pair of

maxillae always fuse in the middle to form a composite structure called the labium or lower lip.

Heod bears a pair of comPound eYes-

Each segment of the thorax bears apair of appendages; these re called legs. 145
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ArboTe{ c fl.ying inscc0s have two pain of wings on the second qrd third 0roracic segmenrs.
Usrally elelcn scgne$ts are pres€nt in the aMomen. In a few insecs a posterior telfrr aso may be
present.
Abemlnat aghndages such as ovipositors on genital segments and anal cerci in the posterior
gegm€ntmay be presenr
Trrcheae are the respiratory mgans. They form an extensive net work within the body cavity for gas
exchange.
Duing development most of the insects undergo a marted rnetamorphosis; In a few development is
direct without meamorphosis.
Examples: I*qyr* (S1!ver lsh), Periplarcta anericota, (Coctroach) n Musca donustica (House-
fly), Apis tullifoa (Honey bee), (Fig. 21.2), Arophclcs (Mosquito), pediculus-Gf*ifoor"j,
Bonbyxtori (Silk worm moth) (Fig. 2l.t).
Check Your Progrcsc

Peripanrs has many interrasting similarities to both annelids and antropods and restricted
disribution. Evolutionary point of view it is considered as .and exhibits
Millepedes and centipedes mainly differ in he pairs of legs. The former hav0

�P

�@

�Q

�@

�R and the lattor have palr per scgment.
hs�å m is�R �É hgest pup ofanimals.This sucess is ceminly attributed to the evolution of

them.

17�B5 SllMMARY

&throeoda inclu& animals which haveTo inted qpendages
Thc body is covered by a hard exoskeleton which ii periodically cast off (rza utting ot ecdysrs) to allow
grow&.
Body cavity is a haemocoel.
The blood vascular sysum is of opcn type.
Gills, tracheae N book lnngs are the chief respiratory organs.
Antennary glflAr?rdtptshi* tubulestake u[ oe eicrelory function.

luing devchficx mrny of thern undergo profound nutarorplosis,
Thc phylunr'is diyfrbd inlo seven sub phyla.
Peripatus, thc onyclroplroan shows characters of two different phytq so hss mined a grcalsr
zoological tmpmturoe as aconnccting link.
lfimy ccotomfo:ally imponant examglcs such as prawns, lobstcrs, cr&s erc. uc furcluded in thc
8IwP.

ffi#ffi 
*rt 

ffi, 
ins€cts like hmev bee, silkrvorm morh, lrc ingocr erc. and also

King crab, a living fossif iffi'rorplons and spiders re a few other reprcsartativco of this largest
phylum of aaimal kingrbm.

175 CHECK YOUR PROGRESS�EMODEL ANSWERS
�P

�Q

�R

missing link, discontinuous distribution
two, one
flight

17.7 Modcl Exnminrtfrm Questions

146

�k

�¡

�Q
�D
�¡

�k

�¡

�Q
�D
�R
�D

Ansrcn ttre following in ebout30lines:
Describe the gercral chuacters of phylum Anmeo0a
Describe the gencral chracters of class Crustacda
Describe dre general chracters of class Insecta-

Answer the fotlwing in ebout l0lines
Dqscribe brbfly the classification of Arttuopoda upto sub phylums ud give few examples.
Desqibe ttre distilUuistring characters of Onychophora"
How will you classify [Eawn, cockroach, scorpion and honey bee?
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UNrr�] 18 PALAEMON cRESH WATER PRAWNl

Contenb

l8.l Obirtives
18.2 Inroduction

18.3 ExternalCharacters

18.3.1 @hrlothorax
f8.3.2 Abdomen

18.4 Exoskeleon

18.5 Appendages

18.5.1 Cephalicappendages
18.5.2 

' 
Thqacic oppendages

18.5.3 Abdominal

18.6 Digestive System

18.7 RespiratorySystem

18.8 Blood Vascular System

18.9 Excreory organs

18.10 Nervous Sysrcm

18.10.1 Scnsc orgurs

18.11 Reproductive Systern

18.12 Summary

18.13 Chece YoruProgress - Model Answers

18. 14 Model Examination Questions.

1&l omcTIvES

In this unit fresh wat€r prawn is described in detail to know the general organisation of Phylum
Artkopoda you will readily explain at the ind that though prawn belongs 0o crustacean group. tt is
endowed with chitinous exoskeleton, 'jointed appendages, typical aquatic respiration and an open
haemocoel- distinctive features of an arttrropod

1&2 1NrRODUCHON

P�¿:�¿ P�� �Ł�¡,the�¡ esh wata pmwn inhabits smttms,lakes,ponds,pools and rivers a1l over lndia.The

common lndian species ol P�¿ ��
�g �g

�  ̨are P.�� rc�˝ �� �K�B�˛J,P.car�ˆ �í

�g
,�� .�¸ �› rr�˘ J=P.rdis arc.P.

��%�u��� �̂˝:�¡ 6�˝

�g
Fis the conlmon exmple stlldied as repEsenative Ofthe class CrustacØD

SyS�g�z �å �¤ R�Ì ��on

Phylum
Sub�] phylum
Ctts i
Sub�] Class

Order: i
Sub�] order

Cenus

SFies

.artnrceoda

lvnandibulata
Crustacea
Malacosraca
Decapoda
Ivlacrura
Palaemon
P. malcolmsoni

1�c EXTERNAL CHARACTERS

The�o�I �EbF]%�ª�  ,�˝ i�Ì
je10ngabd andispindlelshaped and bilaterally symmel�¤

�• �‚ i�S :18:I�e it iS�E    147�]
:|
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well adapted for swimming. The size of the adult prawn varies from 2.5 cmto 50 cm. fire colour of
adult prawn is pale blue or greenish with brown or orange red patches.

Fig. 18.1. Pahcnon nulcoln*oni - Errcmal charactcr:. l.Cephrlahonx. 2.Rostnrm 3.Coarpound cye. ,l.Antconulc.
5.Carapacc.6.2nd drelatc leg.7.Non-c.helrrc lcgr S.Pteopo&,9.Urc@s. lO.Tekon. ll.AMmcn. l2Arrtrodial
membrana

The body of adultprawn is divided ino two disdnctregions:

i) an anteriorrigidcephalothorax,and
ii) aposteriormovableaMomen.

18.3.1 Cephalothorax

It is formed by the fusion of head and thorax. It is rigid, immovable, unjoiated, more or less
cylindrical in shape. It is actually made up of thirteen segments - five of head and eight of ttrcrar.
The head is covered with a dorsal plate. The cephalothorax is covered by a large chitinous shield
called the campace. The dorsal plate and the car4ace are completely fused io form a continuous
dorsal shield and extend anteriorly as the rostrum which is provided with serrated mrgins.
Laterally the carapace has flaps known as branchiostegites. They protect the gills. A pair of
compound eyes are located at the base of the rostnrm on movable eye stalts.

18.3.2 Abdmen

The abdomen consists of six movable segmenB and a terminal conical piece, called the telson. The

. aMomen is usually turned downwards. Each segment of the abdomen has a pair of jointed

appendages called pleo@s or swimmerets.

18.4 EXOSKELETON

The entire body including the appendages is covered by an exosheleton. It is a chitinous cuticle. It
is hardened by deposits of calcium salts. The cuticle is thin and soft at the jointS to allow free

movement. Between the segments there is a thin membrane, the arthrodial membrane. oveme'nt is

made possible because of this membrane. Typicatly the exoskeleton of an aMominal segment is

composed of a dorsal convex piece the tergum. The narrow ventral plate is the sternun. The thin

lateral downward prolongation of the tergum on each side is called the pleuron. The appendagas

are attached !o the sternum of each segment. The part between the appendage and the pleuron of
that side is known as the epimeron.

APPENDAGES

The appendages in prawn arise at the ventrolateral margin of each segment. There are alogether

nineteen pairs of appendages-cephalic five pairs, thoracic eight pairs antl abdominal sii paim.

Structure of typical appendage: The segmenB of an appendage are known as podomeres. The

�P

��
�Œ

�\

I
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basal part of the rypendage is known as protopodite. It consists of two @omercs, the proximal
coxa and the distal basis. Two rami extend from the basis, namely the inner endopodite and an
outer exopodite each made up of many segments. The podomeres are connected through arttrodial
membrane. This type of appendage is known as biramous appendage.

1t.5.1 CephalicAppendages

These are 5 pairs 
- (i) antennules, 1ii; antennae (iii) mandibles (iv) maxillulae and (v) maxillae. Of

these antennules and antennae are known as the preoral appendages. Mandibles, maxillulae and
maxillae arre known as post oral appendages (Fig. lg.2).

(i) Antennuhs (fust antennae) These lie at the bases of the eye stalks. They have a protopodite of 3
podomeres. The basal podomere is the precoxa followed by coxa and basis. The basis-bears two
flagellae known as the outer and inner feelers. The outer feeler is divided into two. The frecoxa
bears a sense organ, the-statoc5rst, an organ of balance. The antennules are thoughi o be
uniramous- The flageltae do not seem to repte.ent the endopodite and expodite. Anterinules are
tactile and balancing in function.

�D�í Œa�@�º �z11�¢�Ù �@�r �x �Õ
O Mandutt They t me m m�å d�g �˛

�� �í �å tªJ �¥�x�cå¶ yttf�I�‚1�z �´ l�Õ ŁÕ �¡1�] �[ �x
"m.Mand�\

�åhe�¡ h masticttm.
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(iv) First maxillae or maxitlulae: They are very small in size. The protopodite consists of two,
flattened leaf-like lobes. They project inwards as jaws, also known as gnathobases. They are
covered with setose hairs. The endopodite is slender and two-jointed. Exopodite is absent. The
maxillae help in pushing the food ino the mouth.

(v) Second maxillae: The protopodite is flat. It is cut up into four leaflike lobes forming
gnathobases. Endo@ite is small and unsegmented. The exopodite is broad and forms an expanded
plate-like struchre called the scaphognathite. The border has plumose hairs. Maxillae have both
feeding and reqpiratory function.

1E.5.2 Thoracic Appendages

The anterior three pairs of thoracic appenrteges form maxillipedes or foot jaws (Gr. maxilla : jaw;
pedos. feet), The succeeding five pairs form the walking legs or pereopods. (Fig. 18.3)

(i) ['irst maxitlipede: The protopodites re flat and divided incompletely into three lobes. The

toUes are fringed with seosi hain. The endopodite and exopodite are also flat lobes. They help in

feeding and also in tactile function.

(ii) Second maxiltipede: The protopodite have two segments. The endopodite is bent with five
podomeres. They are ischium, merus, carpus, propodus and dactylus. Exopodite is long and

slender. Set4e are present. A small epipodite and a gill are present on the outer border. These help

in feeding at well as in respiration.

Fig'lE.3Palaemom.ThoracicapendagesA'First:naxillip'd":B_.Second.marillipede.c.Thirdmaxillipede.l.Basis
2.C-ota-3. Exopodite. +. g"o.p"ai[li. pi*. z. Gill. 8. Dactylus. 9. Propodus' 10' Carpus' l1' Ischi,nr - Ments'

(iii) Third maxiuipedes: These are leg like. Proopodite consists of two lobes. Coxa is.short and

t"r$ O" epipodite. Endopodite is three-segmented, and a cylindrical basis' The two rami arise

from the basis. The inner ramus is the endopodite while the outer is the exopodite. The endopodite

gires o11 mm the inner side a short, slightli curved rod - the appendix interna. It has a knob-like

head. Setae are present on the outer surface of basis and the margins of endo'podite'

First pair ofpleopods: In this the endopodite is reduced and the appendix interna is absent

Second pair of pleopods: There is an additional rod-like appendix masculina in between

endopodite and appendix interna in males'

In femalgappendix internae of opposite appendages join together, forming a series of bridges' They

help to carry the eggs.

Sixth pair of aMominal appendages or uro@s: These are broad, flat plates situated on either

side of the telson. rrompodti is mdiirreo intqa broad plate or sympod. Endopodite is flat and oval
150

A B R
 A

 O
 U



�� �R�æ .ExopodiC t hge‘n�¤ divnded mo w7o�Rmsbya mnsvme�c�ì ,

1&6 DIGESrIVE SYSIEM

The digestive system of pawn consiss-gf 3limentry 
Ganal and digestive gtand (Fig' 18'5)'

Th" "fil*t-y-*t 
consiss of ttuee distinctparts:

r) Forcgutatbmodrcum
ii) Midgutcmecentcron
iii) Hitrdgut or Proctodacum'

Forcgut Fucgut is lfurcd by the ectoderm and cuticle' Milgut is lined internally by thc true

cndodermal cells and p"o"t"i*.- is also lined by the ectoderm and cuticle'

The foregut q stomodaeum has ttree distinctregbns'

(r) Buccal cavity (ii) Oesoptngus (iii) Somrch

The mouth lies on the ventral side of the head. It is bounded by labrum in fr'ont' bilobed labium

behind and larerally W ne manaiUfes. The mooO leads in1o a Jtrort buccal cavity' It is provided

with a thick chitinors irregularly folded t t"rr.l lining. Following ttre btrccal ""lity 
is the

oeso,plagus. It runs ";"rllr',rp";dt 
ino ttre stomach. the inner *att is muscular and is covered

with various histles. The orpening of the oesophagus into ttre somach is p'rovided with.a valve-like

chamber. It occupies most of the cephalothorax.-It consisS of two parts - the cardiac stomach

aid the pylorii stomsch.

Fi& lt5. patust 
-Digcrtivc 

ryrrern. l.lfiourh- 2. Pytoric cmrcb 3. IftP.tic clco.. {.qrrdi!9 ttomr.h. 5' Mcrentcroa'

The anterior wall of the oesophageal opening is covered by lhin ciml&.Audcular ptatc. A
lanceolate platc is present on oe anrcris part of the roof. The itlitcr kihg of tlrc !' !iry,,s9:nrn 1
tlnown in1g tongitudU folds. In certain places it is thickenod ard'calcifi{. t9 f9ry,$.111s a$
rods. Tlrere is a-riangular plate on the floor of the cardiac sOmAcE.. ttrii cxtep& the

longth in the middc. it is known as the hastatc plate. On either side of tis fhngulg phertc+is
ffidged pf"t" c"ff"a the comb plate. It is fringed with closely *l Sry"to forn'
;#;:TIr.;;hgt*di;.r riJg. on eitheiside of the combed plarc kaofti.ail &dgqqqg
ridge (Fig. 18.6)
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,i me posterior heT of ttre hastatc plate has a thick growth of delicate setae. It forms the anierior. vdve of crrfnpytoric apertunG.

cardiac stomach opens ino the pylcic soqach by x-stnped cardiopyloric apertue. The openingis guarded by fo[ valves. ncsi rat"es r.l* ilre ;diffiil;aperar€ act ar a sieve. Ir allowsfood material in a fine state to pass ino the pyluic sor*[, 
---- 

]

Pyluic somach is a shct' narow chamber. It is situated below the posteric end of the cardiacstomeh' Its lateral walls art thick and mu1{l.,Thri pr"i*, inti trre rumesr oi tr." pytoricstomrch as thick, longitudinal folds. These folds divide ti* iurm ino a do,rsal and a ventralchamber' These trYo chambers are connected by a nrrow ,otia canal. The floor of the ventralchanber is elevated ino a median tonginrirur riagelniutog.l#;il;trJr**"no.
rhe floor is provided wirh an A-shaped filtaplale-or pyro.iffrt*. fire filter uears rongnranaridges ha'ing bristles and grmves. Thus an emiientnrcior silre o, strainer is formed. only liquidfoodis allowed 5PTs through ir Apair of small openings r ro.rrroiustbehind thepyloric filter.These are the openings of the hepatopancreatic aircr frgerti"" juices are pogred through these
openings ino thcpyloric somrch.

Ydg'!' l! it " 
long narrow, slender nrbe. It extends as far as the sixth abdomfural segmenl Irslumen ts lined bv an loithgtium formed by endodermal cells. It is thrown ino many rong*ain"r

folds. It opens inb ttre hindgur

Hindgut It is a strort portion. It is lined internaily by the cuticle. Its front part is swollen as the
rectum. It opens to the exterior by 0re anus venhally at ttre base of the telson.

Hepatopencreas: It is also called the liver or digestive gland. It is siuated behind the cardiac
somach and also partly over laps ir It is .uslalty orange-rea in colour. Each lobe consiss of
numetous minute nrbules. These tubules are connected with canals which finally form the
hepatopafCreatic duct. The two hepaopancreatic drrcs open separately into the ventral chamber of
the pyloric stomach.

Palaemon feeds on mosses, algae and other weeds. The maxillulae, maxillae and maxillipedes help
in directing the food ino the mouth. Ilfiandibles masticate the food into small bits.
Physiologr of Digestion

The smaller particles of the food from the candiac stomach are passed on to ttre pyloric stomach.
The secretions of the hepatopancreas is porred into the pyloric stomach. Secretions reach the
catdirc, somach and mix with the food. By the contraction and relaxation of cardiac stomach food
is churned. The food in the semi-liquid and semidigested fornr is carried ino the ventral chamber.
This is filtered here by the pyloric filter. The digested fmd then enters he hepatopancreas through
the heparopancreatic ducts. Absorption takes place in the hepatopanceas. Thus hepatopancreas
serves for digestion as well as for absoption. The residual food enters the midgut. Some more
atsorption takes place here. The undigested wastes pass on !o the hindgut and finally thrown out
through the anus.

18�B7 RESPIRATORY SYSTEM

In the fiesh water prawn the respiraory organs are well developed (Fig. 19.7). These consist of the
following structures:

i) Branchiostegite or gill cover.
ii) Three pairs of epipodites.
iii) Eight pairs of gills or branchiae.

Branchiostegite: Each gill chamber is enclosed between the branchiostegites and the thoracic
wall. The inner linings of the branchiostegites are thin, membranous and highly vascular containing
blood lacunae. These are constantly bathed in water. Oxygen dissolved in water is exchanged for
Co, in the blood lacunae.

Epi@ites: There are three pairs of simple, leaf-like highly vascular epipodites. These are
prrojections of the coxal podomeres of the three maxillipedes. They are richly supplied by blood
vessels. Gaseous exchange takes place through them.t52
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Gilb: thc6 rfie eight pairs of branchiae or gills. These are situated in the gill chamber enclosed by

the gill covenl

Citts are namerl according o'their place of origin and attachment. There are tfuee kinds of gills.

i) Podobranch (or foot gills): It is found attached to the coxa of ur 4pendage. e.g. second

maxillipede.

Fig 18.7. Pabcnor. A. Branciial dramber with gillr. B. Phyllobnndr. l. Scaphognerhirc. 2. Podobranch. 3. Arthrobranch.

4. Walking legs. 5. Pleuro^brurchs. 6. Gill clumbcr. 7. Gill plaar. t. Two rorrr of gilt plates.

ii) Arthrobranch (or joint gill): It is found arached to the arftrcdial membrane joining an

appendage o the thorax. e.9., arthrdial membrane of the third maxillipede.

iii) Pleurobranch (or side gill): It is found attached to ttre lateral wall of the segment havrng
appendages. e.g., Five pleurobranchs attached to fire five walking legs.

Structure of a gilk Each gill is crescentic in shape. The gills in the anterior end are smaller in size.
The gills towards the posterior end gradually increase in size. Gills are richly supplied with blood
vessels (Fig. 19.7 B).

All the gills of pravrn consist of two rows of thin, leaf-like gill plates. ?he gill plates are arranged
qlosely like the leaves of a book. This type of gill is called a phyllobranch.ln Palaenpn all the
eight pairs of gills are phyllobranchs. Gill plates are aranged at right angles to the long axis or base
of the gills. These are largest in the middle but are gradually smaller towards the two ends. Thgre is
a median longitudinal groove betrveen the two rows of gill plates.

Mechanism of Respiration: A current of water is crcated in the gill chamber by the cons&mt
vib,rations of the scaphognathire of the maxillae. The water flows over the gills and epfuiodircs.
Gaseous exchange takes place. Oxylen dissolved in water is taken into the UiooA anO Co, Siren
out. The blood contains the respiratory pigment haemocyanin

18.8__FL00D VAscuLAR SysTEM

The colour of the blood in Palaemon r's fairly bluish. The blue colour is due !o tb copper'containing respiranory pigment, the haemocyanin. The blood is thin, watery. It contains
amoebocytes.

In prawn the vascular system is of the open type. It includes i) pericardium ii) heart iii) arteries
iv) sinuses or blood liacunae and v) blood channels.

Pericardium: It is a wide space found just below the dorsal thoracic wall surrounding the heart. A
thin, horizontal pericardial septum forms the floor of pericardium. It is attached to the body wall.
The pericardium is incompletely filled with blood coming from the channels. From pericardium the
blood passes into the heal 15�v
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Hearfi It is a muscular strucaue. It is enclosed in the pericardium. The heart is kept in position
inside the pericardium by strands known as cardiopyloric strands and lateral strands. Five pairs of
ostia are present in the heart. Blood from the pericardial sinus enters the heant through these ostia.
Valves are present in the ostia to allow blood 0o flow only in one direction.

16-

,t

Fig. 18.E. pr .H;"ft. rffiil;;.5.Renal.
6. Antennel. 7. Anreonular. 8. Cirorlar cephalicus. 9. Median oEhalmic. 10. Rostral. 11. Opic. 12. Mandibular. 13. Thoracic

ganglion. 14. Sternal. 15. Fericardial. 16. Supre inteotinal.

Arteries: Arteries are given out in the anterior region as well as in the posterior region. The three

arlterior arteries are median ophthalmic artery and paired antennary arteries. (Fig. 18.8) The two

antennary arteries of tre. right and left and the ophthatmic antery unite in front to form circular

cephalicus. The antennary arteries also give out branches to various organs such as antennules,

antennae, eyes etc. From the antenntry artery branches are also given off to the hepatopancreas

(hepatic artery), the sromach (gastric artery) and the muscles of the mandibles (mandibular artery).

eoJteriorly a single artery arises from the heart which divides into two branches - i) Supraintestinal

artery and ii) the sternal artery. fire supraintestinal artery supplies the intestine and the dorsal

muscles of the abdomen. The sternal artery divides into two branches, the ventral thoracic artery

and a posterior aMominal artery. The thoracic uteries supply blood to the sternal region of the

thora>r, the mandibles, the maxillae, the maxillipedes and the first three pairs of walking legs. The

post€rior aMominal utery supplies the ventral region of the aMomen.

Mechanism of Chcdation: .The atcrics carrying blmd from the heart open ino haemocoelic

space brfting theo4ans with bbod. The blood is collected into sinuses and ftom there taken to the

Sills though six affirent branchial channels. In ihogills the blood is oxygenated and sent ino the

peric616"tlinus throtrgh the efferent branchial channel. From the pericardial sinus the blood enters

into the heart througti the ostia. When the heart contracts the blood is again pumped into the

arteries.

Excretriry Organs

ln Palacranexcretory organs consist of antennary or green glands' These lie enclosed within the

coxal segment of eac-h urit nn". Each gland is an-opaque-whitp structure of the size of a pea' It

consists of tfree parts. i) end sac ii) labyrinth or glandular plexus and iii) bladder (Fig' l8'9 AJ'

i) Dng sas The,end sac is a small bean-shaped sfucture lying in the anterior part of the gland

in"riA lo-the labyrin,fr. fn" *"ff of the end src is produced into a number of radial septa' These

,*"'r.6ii;;h" cavity of the end-sac. The cavity communicates with the labyrinth by a single

"f[tt"*."n" 
wall of the end sac consists of two hyl'. - the outer thick layer of connective tissue

and an inner thin layer oflarge excretory epithelial cells'

ii)'Labyrinth: The labyrinth is larger than the end sac. [t consists of a mass of highly convoluted

and branching excreb; tubules. ih" tobol". open into the 9{ sac by a common opening' The

ottrer enA 6p1ins into ttre UtaOOer by several op"nings. The wall of each tubule consists of a single

layer of excretory epithelial cells.

iii) Bladder: The urinary bladder is a thin-walled sac lying on the inner side of the end sac' Its|
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inner wall froms a shut excretory duct of ure0er. It opens ouSide by a small rounded renal or

excretory ap€rture on the coxa of the antennae.

Laterat ducts: A narrow duct is formed from each ant€anary gland. It nrns posteriorly as the

internal duct. The two lateral ducts of both the sides ." 
"o*."ted 

by a transverse connective. The

lit€ral ducts open ino an elongated ranal sac.

Renal sac: It is a lrge median elongated, thin-walled sac situated above the cardiac stomach and

below the carapace. Its wall consiss of a single layer of flattened epithelial cells.

physiology.of green gland: The labyrinth is profusely supplied with blood by the antennry afiEry.

ffrl anteninirry- glands car4r on two imporant functions. i) Removal of nitrogenous wastes and

ii) Osmoregulation.

The end sac performs the function of removal of ammonia. The uric acid and related nitrogenous

wastes are removed by fte other parts. The excretory fluids are first collected in the urinary

bladder. These are then expelled outside through the renal Qpertures.

The intcgument also collecs a few wastes. These,are dischrged when the exoskeleton is cast off at

each moultor ecdysis.

-\- q

Fig. 18.9. Palaenpn. A.Excretory orgur. l. Urinary bldder. 2.Rcnd prc.3.End sac.4.Lab;ninth. 5.Laarrl duc.
6. Trancversc cmrcctivc. 7. Rensl src. B. Nervour systenr. l. Anrcnnuler rrcrve. 2. Anicrmrry svs. 3. Bnia.-
4. Circumooesophageal connective. 5. Thoracic ganglion. 6.Nervcs to walking teg. 7. First abdominal gangla 8. Nerves to
pleopods and muscles. 9. Sixth aMominal ganglion.

18.10 NERVOUSSYSTEM

The nervous system consists of i)central nervous systcm ii)peripheral nervous system and
iii) sympathetic nervous system. (Fig. 18.9 B) .

Central nervous system: It consists of a number of ganglia joined'by connectives. The brain or
cerebral gangtia or supraoesophageal gangtia is a bilobed structure. It is situated at the base of the

6-strum anterior 0o tne oesophagus. Nerves are disributed from the brain to eyes, antennules
antennae, labrum etc.
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The nro nerve cords arise frrom the poserior prt of the brain. They run backwrds and downwards
arorrnd the oesophagus. They unite vantrally wittr the suboesophageal ganglion. In prawns the
suboesophageal ganglion is not distinctly seen because of the massive ttroracic ganglia. The nvo
circumoesophageal connectives are connected by a very delicate transverse connective near the
posterior end.

The thoracic ganglionic mass is an elongated mass of nervous matter. It is formed as a result of the
fusion of eleven pairs of ganglia It gives off nerves to mandibles, maxillulae, maxillae, all the
maxillipedes and all walking legs. Thae is an opening in the thoracic ganglion for the passage of
the sternal artary.

The thoracic ganglionic mass continues posteriorly with the ventral nerve cord. It is actually double
and consists of six abdominal ganglia. Each aMominal segment has an aMominal ganglion and
three pairs of nerves are distributed to the pleopods and muscles. The sixth ganglion is large and
gives off six pairs of nerrres. These innervate uropods, telson and other paB of the posterior region.

f8.f0.1 Sense Organs

The sense organs of prawn are i) a pair of compound eyes ii) satocysts and iii) tactile organs.

Compound Eyes

There is a pair of compound eyes. Each eye is situated on a short, movable and two-segmented
stalk, in between bases of antennules and the rostrum in an orbital nolch. It is a composit€ strucfire.
It consists of a large number of individual unis termed ommatidia or ocetli. This type of eye is
characteristic of the arthropods.

B{_
Fig. 18.10 Palecmqr A. Sralkcd compound cye. B. Diagranrmatic L,S. of ompound cye. C. Ommeridia-(diagnmmatic

fdgnramf rcction) l. Eyc 2. Two jointed stllk 3. Facas.4. Crystelline cone. 5. Rhabdsnc.6. Nerve fibrcs. 7. Opic gurglia

8. f,luscles 9. Clmee ld. C.omesgen ccll. ll. Cone ccll. 12. Iris ligarncnt 13. Retinal cell. 14. Retinel pigmcnt 15- Basal

mernbnne.

Microsctpic structure of the compound eye ./

The outermost layer of the eye is the cornea,It is the transparent cuticle. The cornea is made up of

large number of iquarish or rectangular facets. An Ommatidium is present below each facet, The

Ommatidium consists of the following parts:
16
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Each corneal facet thickens in the centre to form a biconvex corneal lens.

The lens is secreted by trro flat cells called the corneagen cells. The paired corneagen cells

are of epidermal origln. They secrete a new corneal layer after ecdysis-

Fogr elongated cone cetts or vitrelhe are situated below the ciorneagen cells. The cone cells

are broader ou6ide. The inner ends of the cone cells are long and tapering.

The cone cells secrcte and surround a transparent homogeneous crysAl line cone.

Ttt6 part of the ommatidium from the cornea upto the inner ends of cone cells is known as the

dioptricd region.
6. Ttre dioptrical region is concerned only with the focussing of light on the underlying region.

This rcgion is known as receptor or retinal region.
7. An elongated, spindle-sh4ed, tnansversely striated structure lies below the cone cells. It is

lmown asrhaMome.
8. It is surrounded by seven elongated retinular cells. These cells secrete and nourish the

rhabdome.
9. The rhabdome and the retinular cells ogether form the receptor or retinal rcgton of the

ommatidium.
10. fire inner ends of the rhaMomes rest upon the basal memb,rane. They are continued with

nerve fibrcs of the optic ganglion. The optic ganglion is connected with the brain by the optic
nerre.

tl. Each ommatidium is separated from its neighbouring ommatidia by pigment sheath. The

streattr is lnown as the retinel pigment The distal pigment is known as the irb pigment"

Retinal pigment sunounds the rhaMome. The iris pigment surrounds the crystalline cone.

Working of the Compound eye: The working of this eye is very complex. Light enters through all
of the ommatidia. Each ommatidium is capable of producing a separare image of a small part of the
object in vision. Therefore, the image so formed is due !o the combined effect of all the ommatidia.
Thus the vision effected through a compound eye is termed mosaic vision.

In nocnrnal forms like Palaemon the image formed is superposition image. i.e. the image seen by
the eye is formed by overlapping poins of light. It is adapted for seeing in weak light. In diurnal
crustaceans the compound eyes produce ryposition or mosaic im4ge.

ii) Statocysb These arc a pair of small, white, cuticular, hollow, ftask-shaped structues. (Frg.
l8.ll A) Each statocyst is siuated in the precoxa of the antennule attached o its dorsal wall. It
consists of a sac lined with sensory hairs and a cavity filled with sand grains. The sand grains are
the staolittts. The starocyst is innervated with a small satocystic branch of antennular nerve. The
function ofthe statocystis to maintain bahnce and posittm.
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Fig. l8.ll Paloeron. A.Surocyrr (i. In rirr; ii.TS. of $aocysr).
ncrvc, 6. Antcnmrhr ncrvc. 7. Ctrticlc E. Oolithr. 9. Scnrory rara
l. Baftr. 2. $rlfr. 3. Grticla 4. Bldc.

i ii

l. Berir. 2" C.oxr. 3. Preon ? a*** 5. Staeocynic
B. Scarory rtnrcurrc (i, Tectilc lelr; ii. Olfacory rae).

iii) Tactile orgaDs;

These are situsted on the elongated fhgela of the anrennae and other parts of the body such as the 151
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appendages. A tactile setae consist ofa swollen base or shaft and a tip or blade. Each tactile organ
is supplied with a nerve fibre. @g. t8.ll B)

Olfactory setae: These are found on the small, middle feeler of the antennule. These also'contain a
shaft and a blade. Nerve fibres of the antennular nerve supply these setae. The function of these
setae is olfactory.
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18.1l REPRODUCT�WESYS�÷EM

Palaemon is dioecious�B �¡ ey exhibit sexual dimOFphism.In males the second pair of chelate legs

are very long.They have a thick cOvenng of splnes and setae.In Hlale the genital openings are

situated on dle andial membrane between 5th leg and a10rax.In the females J�¤ genital

openings are situated on dle coxa of the ttird walking legs.

Male reproductive orgalns:These consists of a par of testes,a pair of vasa deferen�R �° a pair of
vesicula seminalis,male genital openings.cig.18.12�n

o�B

Testes are soft, white, elongated structures below the heart and above the hepatopancreas.
Anteriorly the testes fuse together !o form a common lobe. Posteriorly they are separate. A long
tightly coiled tube arises from the posterior end of each testis. It is vas deferens. It runs downwards
posBriorly to open at the junctions of thora:r and the fifth walking leg. Before opening outside each
vas deferens swells into a sac-like structure called the seminal vesicle or vesicula seminis. Here the
sperms are stored in the form of spermaophores.

pirg. l1.l2.Palunon A.Male rcproductivc systcm. l.Testir.2.C-oited portior of the vas dcfercns.3.Ves dcferens'

4.-seminal vesicle.S.Clxa of ftgfth walking teg.6.Mrle gcnitd aperturc. B. Female reproductive system.7.Ovary.

E. Odiduct 9. Rmale genital ryerurc. 10. C.ore of the 3rd welling lcg.

Female reproductive organs They consist of a pair of ovaries, a pair of oviducts and fbmale

genital openings. (Fig. 18.12 B).

Ovaries are white, compact, sickle-shaped structures. Both the ends of the ovaries are fuged with a

gap in the middle. However, the size and shape changes with the age and reproductive stige of the

animal. Oviducts are a pair of short broad and t\ in-walled tubes. They run vertically, downwards to

open on the coxa of third walking legs.

Breeding season in Palaemon is between May and July. Fertilization is external. The female lays a

large nimber of eggs. After fertilization eggs get aturhed to the setae on the pleopods.

Deielo,pment in Palaemon is direct, without any laryal stage. In Penaeus (marine p:awn) on the

other hand, development is indirect. It involves a series of larval forms such as nauplius, protozoea'

zoea and mysis beforc metamo,rphosing into the adulr
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Check Your Progress

1. Distinguish vrious rypendages of pra*n Thc basic ptan unfuiying all ryendages

'*'i#ngofPodomeres,rmm-tytlre..............'...........................and2. Hepatopancreas secretes digestive enzymes containing, ..."": ang-"":":*"""""'
3. negarOiess of a wcltdevelorped pulsating, lrcart and artcreis in prawn, the blood is ernpicd

18.12�RSUMMARY

Palaemon is the fresrwat€r prawn - a representative of class Cnrstacea.

The head and thorax are fused to form a cephalothorax.
Appendages of the biramous type arc prelrnt in pairs in each of the segments.

Somach has cuticular thiclenings forming plates and valves.

Heparopancreas is the digestive gland.

Gills are respimtory organs.

Blood vsculr sJstsn oDon Epe, blood filling thopciviscerdspo€ri
Antennry or grcen glands ar€ excrctory trEans.
A pair of compound eyes arc located on movable eye stalks.

Sexes are s€parate. Sexual dimorphism is distinct"
Development direct.

�¯

18�B13 CHECK YOUR PROGRESS�]MODEL ANSWERS

�P

�Q

�R

Protopodite, endopodite, exopodite
Proteases, lipases.
Sinuses

I.
1.

2.
3.
4.
5.

6.

tr.

18.14 MODEL EXAMTNATTONQUESTTONS

Answer the following questions in about 30lines

Describe briefly the various rypendages of prawn.
Describe the digestive system of Pdaemon Add a note on the physiology of digestion.
Describe the process of respiration in prawn.
Describe the blood vascular systern of prawn.
Describe the structure of compound eye of prawn. Add a note on working of the compound
eye.
Describe ttre male and female reproductive trgans of prawn.

Answer the following questions in about l0lines
l. Describe the structure of a gill in prawn.
2. Describe the srructure of green gland. Add a note on is physiology.

1��
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llNrr�] 19 GENERAL CHARACTERS AND AFINrrIES OF ONYCHOPHORA

Contents:

19.1 Objectives

19.2 Introduction

19.3 External Srucuue

19.4 Internal Anatomy

19.5 Geographical Disribution

19.6 Affinities of PeriEams

19.6.1 Annclidancharacteristics
19.6.2 Arthropodan characteristics

19.5.3 Onychophuan characterisdcs

19.6.4 Molluscancharacteristics

19.7 TaxonomicPosition

19.8 Summary

19.9 Check Your hogress - Model Answers

19.10 Model Examinuion Questions

19:1  0�ƒ CTIVES

In this unit an animal which combines characters of two differrent phyla is de.scribed and the

relationship and taxonomic position of the animal is discussed. At the end you will be in a position

o explain the interesting dual features present in the group which keep the zoologists in puzzle

with regards to its'position in Animal Kingdom.

19�B2  �z�� �cRODUCT�_N

Class Onychophora includes terresrial arttroeods. The onychophorans have been described as

missing finrc 
-benveen 

annelids and arttropods. These arthopods have thE general body form of

anneU&. An exoskelbon which is characteristic in antropoda is absent in these animals. Instead

these have a cuticle which is soft and velvety to louch. The body wall has layers of circular and

iongitoain"f muscles. Jointed appenitages are absenL However, numerous short, unjointed' clawed

;;;;drg"r occur in pairs. Cilia iine ttre coelomoducts. Development is direcl

fi,e cfas-s Orychophora originally thought to be monotypic was represented by a single genus

ir1p*i.gui now ttre speclbs are included under twelve genera in trro families'

19.3 EXTERNALSTRUCTTJRE

�]
�\

�m
�]
�h

�k
� 

�\

onychophorans (Fig. 19.1) are cylindrical, caterpiltarJike forms' These look very much like slugs

with legs; nen e *"r"-rlrt k"n ior molluCc.s by Guilding.yno {st discovered them in 1825' The

Wy of peripar^ ir ;;;ffi;ir, *dert . rir,ry 
" 

riittv well marked head' It is 1'4 dm 
'o 

15

cm in length. ffr" 
"nJr" 

."rfo" of ,f,"-UoOy it tfd*n into a number of fine transv€rse wririkles'

The integument is beset with numerout *ni"Jpupillae. Each conical papillae is capped with a

small chitinous spine. rrre head bears 
" 

p"ir oi -funnae, a pair of eyes, a pair of jaws and a pair of

short processes fno*n as tt 
" 

or"f papilliae. ih" -,.nn"" are made up of a number of rings which

bear minute spines. There is a smali 
"y" ", 

the base of each at'tennae' The mouth is venral in

position. A short, conical oral papilla is present on either side of the mouth' openings of the slime

glands are located on the surfaci of tn" 9,a1 p^p'fh' A-nair of mandibles lies at the sides of the

mourh enclosed uv 
" 

.ir.riu, lip. The ota pupiuL and.ttre-mandibles have developed as modified

appendages. fne tgs-vary in numUertror-fr to 43 pairs depending upon the species and the sex'

Each leg is a large, .oni""l, unjointed protuberurce i"-ing 
" 

pair or terminal claws' Three to six

B R
 A

 O
 U



transverse pads arc presont ventrally at the tip of tlre teg or the foot. The leg resm on these pads

while walking.

Fig. l9.l Peripaus. A. Extemd characters. B. Varrnl vicw of urErior end- L Antenna. 2. Mouth 3. Legs. 4. Anus. 5. Oral
prppihc. 6. Tmgrrc. 7. Mandiblu. S. Lobes of thc buccal rqion. 9. Fir* peir of lqs.

Onychophorans are coloured blue, green onrtge or black. The papillae give the body surface a
velvety and iridescent appearance

19.4  MERNAL ANATOMY

The body wau cOnsists of a cuticne which is th�g ,flexible and very penneable cig�B 19.2).Beneath
�Re cudcle there is a single layer of epidemis.A thin dermis and three layers Of musch�¡ bres lie

next to the epidermis.The mu"le rlbres are crcular,longitudinal and dagonalo ne bod�V wall iS
.thus demcDunllScuhr�] typica1 0f anndids.The body cavlty is divided into a median and twp lateral

comp�\ ents by incomple"muscular partitions.The coelom is rdlced tO the gonadi�v cavities

and to small sacs associated with the neph�Ü diao The body cavity is a haemcDCOeL

Perlpa�X s cFaWiS by means of the legs and by extension and conØ[ �à Ø[on ofthe body which is hdd
off the ground.Waves of conttEtion progress IOm tte an�› �Ùor to the pOsterior.Locomotion is
slow.                                         �M

�æ onychophorans have a palr Ofglands whicl open atthe tips oforal papillac.Thesc are sEme or

adh�å ive Jhn�Ó mey are beheved to be modiFled coxa glandso when disturbed ttey discharge a

substance as twO streams for a distan�g of abOut 50 cm.On being exposed to air it hardent very
rapidly.

�~�ð �P�£�ß�ç�¿Wb�R�R�ƒ

�u

�� �v�V�c S�V�¿
lT�å

mmn�å

The mouth is l�å ated venØL�vly in between the oral papillae.The mouth is surOunded by a�–

�g
��lar�\

lip.It encloses tte claw�] like mandibles orjaws which are used for gttping and cutting the prey.

�¯�É buCCa cavity iS sman and is fonned bythe unbn Ofsome oftte cont�v papillae.Itis fo110wed
by a thick�] walled pharynx.It leads into a lMrrow Oesophagus�B �¡ le mouth,buccal ca�� ty,pharynx
and oesophagus are lined by chitin.ney constitute 

�V  roregut or the stomodaeum.The

�' �ª �í �Ł �� �N �˜ �À �|
�b �ETª� 1�í

L opens Ou"ide by tte anus situated on the last

�Õ �£ Th�wL�ò �˙ �v�x �Ł �Ì �R �ì
d�¤ �x Wn�c �Re �Und�“ �å

"cO��
�P

lem while tte mesenteron or midgut is lined by
endodermo Salivary glands,whth aFe�Ù Cdirled xPh�Ü dia are a pair of bng,narrow,tubular glands.
�⁄ ey are located in the lateral compamen�Æ �mOfthe coclom and Open into the pharynx. 161
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]�fl �Ó�wŒG
e�o �í l�Ô �fi�w�£�u�Elm};r�I ��1�R:�¿ i�ß

‘:�£ :�Q ��
nerve cord.14.Stomach�] lntestine.15.Oesophagus.16.Pharynx.17.Oral pappJ�¿ .18.Eye.

�í �À �H�vl�E �F 1�q �Ł�I �˙�F FSWhassn�x
�Ams�å

�g
and woms A

�P�� �E�I �º:�� Łk�º
alnoebocyteS.

spiracles.

162 Fig' l9'3Peripal4s - A group of trachca with a sPiracle' l' Spiracle' 2' Tracheac
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The excrctory organs are neplrridia Each segment contains a single pair of nephridia located in the
lat€rd comparfirens of the body cavity. Ihey open oilside on the lower surfaces of the base of the

legs. Fach nephridium contains a drin-watled closed int€rnal vesicle. The vesicle rcpresents the
vestige of the coelom. The vesicle continues into a looped tubule. The urbule in turn opem into a
dilated terminal vesicle. The terminal ve.sicle is a contractile bladder. It opens outside at the bases

of the legs by pores called the nephridiopores, The nature of the excretory wastas is not known. As
described earlier, the anterior nephridia are modifred as salivary glands. The posterior nephridia in
the female re modified as gonoducts.

A series of pairs of gtands lie in the lateral compartments of the body cavity. They are the'coxal or
cnrrel glands. Their ducts open on the lower surface of the legs just outside the nephridiopores.
They are thought to have some kind of sexual fuirction.

In addition to the above glands a series of coxal organs are also pres€nt. These are thin-walled
vesicles. They open outside on the ventral surface oflegs. These coxal organs are believed !o help
in taking up moisture.

The nervous syst€m is composed of a large bilobed brain located in the dorsal part of the head;

Two longinrdinal nerve cords arise from the brain. They run parallel with one another ventrally
extending throughout the length of the body. Behind the anal aperhre, the two ends of the nerve
cord unite together. The two nerve cords are connected by a number of fine tf,ansverse
commissuresi By their arrangement the nervous system takes up the form of a'ladder'. Nenres are
distributed to antennae and eyes from the brain. The two ventral nerve cords contain ganglionic
swelling in each segmenL Paired nerves are supplied from these ganglionic swellings o leg and
body wall.

There is a small eye at the base of each antenna.The eye has a large chltinous lens and a well
developed retinal layer. Onychophorans av<iiA tlnt and are mostly nocturnal. The conical papillae
and other areas of the integument are supplied with sensory cells.

The sexes are separate. Usually the males are smaller than the females with less number of legs. In
the female, there are two tubular ovarieq a pair of oviducts and two uteri. The nro uteri are in the
form of long curved tubes. They unite behind to form the median vagina. The vagina, opens
outside on the ventral surface in betrneen the last pair of legs through a genial pore. In some
species, a seminal receptacle also may be present

In the male there are a pair of tubular testcs. Each testis is connected with vas efrerenq. This opens
into the seminal vesicle by a funnel-like aperture. The vas deferens which follows is.a long,
nalrow, coiled tube. The two vasa deferentia unite to form a median ejaculatory duct.-The
ejaculaory duct opens to the outside in the same position as the vagina-of the female. The wall of
the anterior part of the ejaculatory ducl is glandular. It secretes a substance which helps the sperms
to form spermatophores.

In forms which lack seminal receptacle, spermaophores reach ttre ovary in a novel method. The
male crawls over the body of the female and deposis a spermatophore on her sides or back. Over a
period of time a female may accumulate many spermatophores. The spernratophores: stimulate the
amoebocytes in the blood. The amoebocytes bring about dissolution of the underlying integument.
Sperms then pass into the haemocoel and from ttrere finally reach the ovary. Fertiltation of the
eggs thus takes place within the ovary. Sperm transfer in Onychophorans with seminal receptacle is
not clearly known.

Onychophorans are oviparous or viviparous.Ovoviviparcus condition appears !o be more prevalent
than the other two methods of developmenl Development is direct there being no larval stage. The
female produces about 30 or more young in a year. The young resembles the adult.

19.5  GEOGRAPHICAL DISTRIBUT10N

163 J

The geographical distribution of Periparzs makes an interesting reading. The grorip consists of two
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families. Each has an extensive discontinuous dbtribution. It is pocutiar that neither is found in
the same rea with species of other family. The family Peripatidae is more or less equatorial in
disribution. On the other hand Periptopcidae is resrfoted to &e southem hemisphere.

The,rre is a Delief that the hand masses of the equaorial region and the southern hemisphere were
connected during past geological ages. The geological antiquite of Grychophorans spread by other
animals in their disribution are evide,nces in suport of this belief.

�¤
��
�¤
�¸

19�B6 AFHNrrIES OF PERIPATUS

Peripatw has no economic importance, but it is zoologically very interesting, because it exhibits
both anttropod and annelid characteristics as well as peculiarities of is own.

19.6.1 Annelllan charactcristics

l) Worm-like body with truncatedends
ii) Absence of a true head

iii) Dermo-muscular body-wall-muscle layem being circular and longiudinal
iv) Locomotion slow
v) Srucnre of the simple eyes as in polychaetes
vi) Unjointd, hollow, stumphy appendages of the narure of the extensions of the body wall like

the paapodia of Polychaea
Simple, straight alimentary canal with mouth ald anus

Segmenally arranged paired nephridia
Slime and coxal glurds correspond with similar glands of Chaeopoda
Presence of cilia in the excretory and reproductive ducts.

19.6.2 Arthropodan charactcristics

l) Presenceofantennae
ii) Jaws are modifred aprpendages provided with striped muscles

iii) Locomotion by defrnite legs, having definito musculature and provided with claws

lv) Cuticle has a thin deposit of chitin like that of uthropods
v) Body cavity is a haemocoel
vi) The coelom reduced to small cavities that surround the excretmy andreproductive ducts.

vii) Characteristic salivary glands, supposed o be modified nephridia
viii) Dorsal Ebular heart with lateral ostia

ix) Presence of tracheal respiratory syst€m

x) Brain is large and typically artttropodan

xi) General structure of the rcproductive organs and development mainly rfuspodan.

19.6.3 Onychophorancharacteristics

Peripatw has a few characters of its own which are not stpled by any other animd.

l) Body does not stlow distinct external segnentation

iil Texnre of skin cuticle is rough and coverrd with numerous velvety prccess€s not known in

other phyla"

fuitennae not homologous to the anteilrae of other arthropods

Three segmented head of Peripatwshows a condition between that of Annelida and

Arttrcpoda
Resriition of jaws O a single pair. Movement of jaws is urteroposterior

Presence of unsegmented legs with claws

Irregular disribution of spiracles of racheal openings

TwJ ventral nerve cords widely separate and without true ganglia -
Strucnre of eyes is less complicated

Distribution of reproductive organ$

L9.6.4 Molluscancharacteristics
poipatus was previously included with Mollusea due to slug-like appearance of its body and

�c
������
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ladder-like nervous system, as found in Amphineura and Prosobranchiata But these ae only

superficial resemblances.

19�B7 TAXONOMIC POSrrloN

Onychophora have both annelidan and antrqodan characteristics. Thereforc, they re regarded as

an intermediatc stage or connecting link between Annelida and Arthropoda. However, they appear

o be more closely allied to arttrropods than to annelids. They perhaps, arose as an offshoot from

near the base of the arttropode line. Based on such phylogenetic considerations, Manton (1958)

and other contemporary zoologists have included onychophorans within the Arthropoda as a class

or a subphylum. But, absence of an exoskeleon and jointed limbs and the presence of pnmary

annelidan itraracten in Onychophora create serious problems. Others claim that Peripatrc is

definitely an annelid. In fact, onycho,phorans are neither worms nor arttropods but have distinctive

characteristics of their own. Therefore, Onychophora is removed from Arthropoda and given the

saars of aphylum.

It is undoubtedly very ancient gpoup because a mid Cambrian fossil, Ayslreclis, closey resembles

the modern'Onychophua. IE extreme isolation or discontinuous distribution at present also

suggests that the groirp has lived through many geological ages and that it had been more

"riAespreaO 
and diversifietl in the past Ayslualis and Peripatus further suggest that Arthropoda may

have evolved from annelidJike ancestors.

Chee,kYour Progress

l. List out separately the annelidian and arttropodan characters in Peripatw. Explain whether it
is more like an artttropod or annelids.

peripatus is used as an evidence io support the geological belief that equational regions of
earth were converrcd by land bridges to the southern hemisphere..

19.9 SIIMMARY

Extemal characters of Peripatw showing the dermomuscular body and antennae and stumpy legs.

Alimentary canal divided ino distinct regions. Salivary glands present. Circulatory system has a

contractile heant, and Tracheal tubes are respiraory organs. Excretory organs are paired nephridia.

Ladder-like nervous system is present. Sexes are separate. Fertilization in few species by a novel
method.
Geographical distribution is characteristic in the group and the arnelidan and arthropodan
characters are enumerated. The present status of Onychophora on the basis of certain characters are

unique to these animals.

19�B 10 CHECK YOUR PROGRESS�\�]MODEL ANSWERS

�P

�Q
Arttuopoda
Discontinuous disribution

19.11 MODEL EXAMTNATTON Qt ESTTONS

�k
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�D
�Q
�D

�U

�¡

�Q
�D
�R
�D

�S
�D

Answer the following questions in about 30lines.
Describe briefly the internd anatomy of Peripatw.
Discuss the affinities of Peripatus.

Answer the following questions in about l0lines
Describe the external characters of Peripatw
What is the present status of Penpatns.
Describe the digestive syst€m of Peripatus.
Describe the reproductive system of Peripatus. 16s I
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UNIT�] 20 BENEFICIAL INSECTS

Contents

20.1 Objeutives

20.2 Inuoduction

203 Beneficial Insecis To IV[an

20.3.1 Insccts as pollinators.
243.2 Insects as scav€ngerr
20.3.3 Insects rucful in pest cqrtrol
20.3.4 Insects as food
20.3.5 Dyes

20.4 Economiclmporance

20.4.1 Sericulture
20.4.2 Apiculture
20.4.3 Lac Industry

2O.5 Summary

20.6 Chdck Your Progress - Model Answers.

20.7 Model Examination Questions.

20�B1 0BJECTIVES

Although insects are minute, the activities they are involved in are of a high magninrde. In this unit,
the usefulness of insects to man is surveyed . After going through this unit you will appreciate the
economic value of some insects to man and his country.

20�B2 1NTRODUCTION

Insects are the largesi number of animals fomd in this miverse.Because of th diversity in their

habi�g and habitats,insec�g have gained an impomnt place in the anim�v kingdomo SOmO of the
insects either diredy or indirec�¡ y controlthe economy of man.

F�_m the point of�� ew of�å onomic impOmnce the�] hsects are divided into two grOups.D InseCtS

that are benerlcial to man and iD InseCtS that are hamful to man.

20.3 BENEHCIALINSECTS TO MAN

These are few in nurnbers,chiefarnong them are tte folb�� ng�B

20.3.1  lnsects as PonlinatOrs

lnsects dso serve man by pollinating the flowers.Among the ou�g tanding pollinators are tt beeS,

wasps,ants,beetles,moths,buttedies and flies.     ‘

20.3.2  1nsects as scavengers

A few insects feed upon the waste mm�| �æ such as the dead bodies and other garbageo These

prevent decay and emanation of bad odour in and aromd living areas.Silveflsh,temites,ants,

housenies,b10w aies,maggots,beetles,coclcoaches and many otherlarvac are act�s e scavengers�B

20.3.3  hsects useFulin Pest control

hsects indirecay help man by attacking and eating up a few hamful insectso Many pests which

harm ule plants are preyed upon by such insects.Predaceous insects are ground beedes,wasps and

a few flies.Aphids and scale ins�å ts are eaten by lady bird beedeso Some of the predaceous ins�å ts

are reared in orchards to control scale insects.[66
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?,03.4 Inscct as Food

Many animals feed on insecs. In some parts of the wuld man also feeds on insecs as food' Ants'

tEfmit€s,'larvae of Goliath beetle are eate,n as food by a few Indians, Africans and south American

ribals.

20.35 Dyes

The dyes known as tannin, coctrincat and crimson lake E€ dcrived from the dried bodies of certain

scale insects living on cacti.

20.4 ECONOMIC IMPORTANCE

Apart from these benefits, thrce species of_insects have attracted the attention of peorple and are

oin no, ages for ttre cconomic iro*tr, of man they are i) Silkivorm ii) Honey bee and, iii) Lac

insect. They are disussed in detail in this unit.

i) Silkurorm - Bonbyr,nori: The cocoon spun by tho larvae fu the prot€ction of the young one

yields the silk and industry is called sericulture.

ii) Honey bee - Apis ittdica: The honey secretcd by the animal is stqed for is own use in hives

called beetrives, but man has succeeded o rob the honey for himself. The rcaring of honey bees and

the collectim of honey and bees wax by artificial rncthods is known as apicufture

iii) Lac insccts: Thcse prodrrce a waxy material which is put to Yarious uses./accifer lucca, the

scale insoct secretcs the stick lac of commercial importance.

n.4.1 Sericulture

Silk is the most r,rlzfd,of all the textile frbGs. It is the continuous filament exuded by silkworm at

the end of its larval period. It is the lanra c crt€rpillar of the moth Bombyx tpri.lt has a small

opening under tlre jaws called the spinneret. The silkworm produces a protein-like viscous

substance. This passes through hpo seporate filaments. These are cemented ogether in the spinneret

into a single thread by a gummy substance, the sericin or sitk gum. The silkworm uses this thread

to spln the oval protective shell, the cocoon. By a continuous movement of is head in arcs of
circles, the worm adds layer after layer of silk thread anrund itself. Thus a continuous thread is

spun. The web grows closer and the cocoon is completed in 2 to 3 days. After this the enclosed

silkworm passes ino the passive pupa stage, the chrysalis. For extracting the thread the cocoon is

soaked in hot water. Lat€r by unwinding the fibre is reeled. This frbre is the raw silk which is of
great commercial value. Sericulure includes i) seed production. ii) mulberry cultivation iii) rearing

of silkworms, for raising cocq)ns.

Sbed hoduction: For rearing moths for scd production (egg-laying) the cocoons are usually
strung on a thread and hung in a cool, dark place until the moths emerge. The males and females

r are then put on cheese cloth, where they mate. Iater the female lays eggs. The eggs are deposited
on the cheese cloth which adheres lightly o the cloth. The eggs are store in a cool dry place until
theye are harched. Care is tahen to see that the pairing mates are healthy and free from diseases and
malfonnations. l0 grn of eggs contain 20 to 25 thousands of eggs, rohich will yield 50 to 60 kg of
fresh cocoon.'The coc@ns can produce nearly 5 to 6 kg of raw silk.

Silkworms: There are two types of silkworms i) cultivated silkworms or mulberry feeding
silkworms and ii) wild silkworm which feed on various kinds of plants. Fine quality silk is
produced by the cultivated silkworms. These are responsible for the major portion of the world silk
production. The principal species of mulberry silkworm is Bornbyx mori. lt is completely
domesticated and is reared for silk production. It produces a creamy whit€ silk.

Bombyx nori passes through four distinct stages in its life. i) EgS ii) Caterpillar iii) Pupa and
iv) Moth (Fig. 20.1). The moths which emerge out after completing the metamorphosis, mate

within 2 or 3 days. The female lays about 400 to 500 eggs and soon after, the mother dies. When

�R
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the moth makes its way through the cocoon (after metamorphosis) the cocoon gets damaged. The
silk filament in such ooooons cannot be unwound in on long thread. Ttre life cycle of silkworrn is
thqefore terminated ar the pupa stage for the reeling and obtaining the long thread. However, those
selectEd o provide the necessary seed (eggs) for the next brd are allowed to develop into motls.

Fig. m.l Life history of gilkworm rorh @ombyx mori)"l. Female edilt moth. 2 Mde adrlt moth" 3: Eggs on Itfirlbetry leaf.

4. Cner pillar. 5. C.ocoon. 6. Cocoon ar opco.

The development of sericulture in an area depends largely on the quality and quantity of mulberry
leaves available to feed the silkworms during fteir larval stage. Mulberry is a hardy, fast growing,

deciduous plant which is grown in sub-ropical, tnopical and temperate climates. Morus alba is the
most popular of the species of mulberry plans grown !o feed the caterpillars.

The rearing of silkworm is laborious. The larvae are kept in a rearing house on trays in constant

shade at a temperafire between 65"F and 78T. They are fust fed on chopped mulberry leaves

supplied about eight times a day. After 4 or 5 days fresh leaves are put in a tray with a net htlom.
The tray that contains the larvae arc put on this ray.

As they gfow the larvae are transferred frequently 0o fresh leaves on clean trays. They consume a

surprising quantity of leaves which must always be dry.

Today Japan is the largest producer of silk and accounts for over 55 per cent of the world silk

proAuction. China, USSR, India and South Korea are the othenimportant silk producing countries.

20.4.2 Apiculture

Bee-keeping was introduced in India only in 1938. It is now a well established industry in the states

of Tamii Nadu, Maharashtra, Karnataka and Kerala. Other states also are slowly catching up.

However, compared to the size and population of the countr.v, the number of established apiaries is

small.

àò

�T

The method adopted in the hill regions to obtain honey from the combs is most unscientific and

cruel. The comb: is totally destroyed and number of bees are sacrificed in the process. Even the

68 honey extracted is notofa good quality.
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In mmya�\ thi�Ì memod]�¢�Enowibeen givm up and iS uhCed by an mirlcial memod",191�¡

more sClenttt and t"hi�� �R�� ‘Anl anincial hive�£
�] hrge bF00d�R�� �˚ �u,�P �� On a

I�Ø
fOuntiOn b rparing com�« �g

both.�O sides�� �î �T
kept�Ô

�I �o:�R
hood chamber,which is Covged over by anod
hough whiCh workers can pass casily.Anott�—  chamber ca�¡ ed super is placed over the brood

Ø}     �I çW1�˝ �ò
lve by a cott having some holes for�¡ çp �¾ b,

�¡ght and safe.

T�o�§�F�fl [çW �R�� �D �D �fi æk�—t�V
�I � �̇I �˝ L�Õ �N�E�å �{bees are bmshed asidc hm the comb f�å ext

introduced c�@
o,�B

The l�ô lstageSremain�Y ini�V �B            .�¡

�`�†�í �H�� �I �x�P�Q �d
�Mb�˝ �Nmirlca h�s Qa�� oker�� �� �K��
�…mge Forexmting honey.

Bee hive:The colonies of honey bec are perennial.A�� �R y colony has 40 3o 50 thousand bees.

Each colony�� nds�g m�vnly of�R

�g �g

Æe
"s namely quen or fertile fm�R

,drones or mles and

�� orkers Or sterile females.In a c01o�¡ y Jxtte is only one queeno a few drones and more then 95 per

cent d wners.Qucen and tt worker bes develop�¡ om the fertilid ttg wtt the drones

�V dop menogenetically cig.20.o.

Iig 2OCHmcy Bcc - Life cyclc A. Wo*cr. B. qucar. C. Drrurs.
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6 D"
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In India three species_of honey bees are commonly found. namely Apis darsate, Apis.indica and
Apisflorea- Apis melifica is the European horrey bee. Apis adamsoniis'ttre ltican.honey bee.

Honey: The bee collects nectar from the flowers and stores it in its crop before regurgitating it into
the cells of the hive. The saliva of bee converts the nectar of the fl,oweri into honey of-ttre bees.

Honey is an important food item of man. It has a lot of medicinal value. tt is used as an antiseptic.
It is also used to cure certain gastric disorders.

Bee wax: Bee wax is a by-product of bee-keeping in most reas. When the bee keeper uncaps or
breaks honey combs or has unusable combs he attempts to salvage the bees wa* First he recovers
as much honey from the combs as possible. Then he places the material in water heated to slightly
over 145'F. This mels the wax which rises to the surface. After it cools and hardens the cake of
wax is removed and refined for use in the comb formation. Bees wax has many othgr uses also. It is
used in prei)aration of quality candles, cosmetics, agriculture, art and in many industries.

Bees reared and sold: In apiculture bees are reared for sale to other bee keepers for requeening
established colonies.

Bees as pollinators: The honey bees are probably of greatest importance to agriculture in the
pollination of plants. They are the only pollinating agenm which can be controlled by man. Certain
orchard farms have no value without the aid of bees. It is believed that nearly 80 percent of insect
pollination is done by honey bees.

20.4.3 Lac Industry

Lac is the resinous protective secretion of the tiny lac insect (Genus laccifer,family Laceferidae,
otdv Hemiptera) which is a pest on a number of plants, both wild and cultivated.

The commonest and the most widely occurring species of lac insect in India is Laccifer lacca which
produces the bulk of commercial lac.

Life history: The insect starts its life as a minute boat-shryed, red-coloured larvae 0.55 mm. long
and0.22 mm broad. The larvae emerge in large numbrs frrom the lac cells of the insect and crawl
over the surface of twigs, branches of plants they infcst. A healthy female produces 300 to 1000
larvae. After a brief period and depending on favourable weather conditions the larvae emerge from
the cell in search of suitable places for settlement. The proportion of male to female larvae in the
brood varies but generally it is l:3. The density of settlement in the shoots is usually 150-180 larvae
per sq.cm. Once settled the larva does not move from is place (Fig. 20.3).

A week or so after settling, the larvae start secreting lac from glands disributed under the cuticle
all over the body, except the mouth parts, the two breathing pores and anus. It thus gets enclosed in
a cell of its own secretlon which inereases in size with the growth of the insect. The larva;nouls
thrice before reaching muurity. The duruion of each of the $ree larval stages depends on

environmenal factors suqh as temperahre, humidity and host plant. The sex is readily recognised

by the shape of the cell even at the early stages of larval development. The male lac cell assumes a

slipperJike appearance. After the completion of second moult the pupal stages, the adult mde,
which may or may not havewings,emerges ouL

The female lana becomes swollen and assumes the form of a pearshaped or roundish bag which
completely occupies the space inside the lac cell. After the third moult the female is sexually

mature and is fertilizedby the male which has a life of 62-92 hours after emergence. Iac secretion

by the female continues, and the size of the insect as well as that of the enclosing lac cell increases

at a fast pace. The female lrc cell attains a size which is several times that of a male lac cell. The

female continues to secrete lac until the eggs are laid.
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Fig 2&3. hc iilccr" A.lVinged mdc dulr" B. lVirgtcr,r,mrtc.C. l[rlc lr ccll. D. Rmdc rdulr- E Rmdc hc ccll. F ['erva'

G. Ir[rlc md fanrtc lr ellr i rhc mi3 of Zriphur tnc. H. ZriSru rre with asnnrtion of lrc. t . ltldc lrc ccllr. 2. Fcraalc hc

cclk. 3. [.rc cncnr*erion.

T1e anal tubercle is withdrawn inside the cell for laying eggs. Ilrvae hatch out from the eggs when the

temperanrre is suitable.

Hoot Plants: There are well over a hun&ed species of plants in which lac insects have been recorded

in India. But from the point of large-scale-production the following plants are importanJ Bwea

wnospentu Ziztphru t llalr.ritialra,, Ziziphtts xylopyres, Ficzs cumia, Caianw caian, Albizzia lucida,

Acrciacateclu

Lec Cultivation: Cultivation of lac has been crried on by peasans in forest, subforest areas where

suitable host plants exisL This is done as a subsidiary occupation. In our country the important

arcas of lac production atp Bihar, lvladhya Pradesh, West Bengal, Assam, Orissa, N{aharashtra

Ucar Pradesh and Andhra Pradesh.

Lac cultivation is initiated from brood lac. This is the nvig of host tree carrying lac encrustations

with larvac about to emerge from the mother cells. The wings are cut, bundled and tied at

convenient places on a fresh host plurt. The larvae whic\ emerge out swann and settle on nearby

succulent shoot" Lac cultivation needs a lot of careful management. The Indian l-ac Research

Instiurte at Namkum, Bihar is doing good wort. Improved techniques of cultivation have been

evolved and efforts are Ueing made to popularise them among lac, Srowers.

India held a virtual monopoly of lac production till about 1950. 85% of the world's lac production

was accounted by our country. Now Thaitand is a serious competitor. It is able to meet 25 to 30 per

cent of the world's requiremenl
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CheckYour Progress

Name a flower pollinating insect ..........
Termites, cockrroaches and house flies are

gum is used to combine silk filaments in the ......................by the

silk worm which is scientifically known as ................
4. Honey is the combination of flowers ........ and .....-of honey bee

which belongs to the genus

20.5 SllMMARY

Based on the economic importance insects are of two t),pes - beneficial and harmful. The different

beneficial activities of insecs explained in brief. Sericulture is the silk industry. The insect

responsible for silk production is studied in detail. Apiculurre is rering honey bee for obaining

honey and other useful products. Domestication of honey bee and the yield of honey and bee.' wax

explained. Lac is obtained from lac insect. Lac cultivation and the method of getting lac is
explained.

20�¨  CHECK YOUR PROGRESS�\�]MODEL ANSWERS

�P

�Q

�R

�S

butterfly
scavangen
Sericin, spinneret, B otttbyx rnor i
nector, saliva, Apls

20.7 MoDEL EXAMINATTON QUESTIONS

�k

�¡

�Q
�D

�k

��
�D
�Q
�D

Ans;wer the following in about 30lines.

.Write an essay on beneficial insects

Write an essay on sericulture, apiculture and lac cultivation'

Ansiwer the following in about l0lines.

How are honey bees are useful to man? Add a note on 4iculture'
What is lac? How is it formed? Add a note on lac cultivation'

|
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UNIT.2I IIARMFI.JL INSECTS

cOmmmts

21.1   �ï tiVes

21.2   1ntroduction

21.3  Crop Pests     �A

21.4  Gall Foming lnsects

21.5  Locusts

21.6  Stored Grain Pests

21.7  HOuschold Pests

21.8  1nsects That Transmit Diseases To m

21.9  hsects lniuttmSTO Domestic Animals

21.10 Temites

21�B 1l Control Medlods

21.11.l  Cultlne memod
21.11.2  Mcchanical contol

21.11.3   Chmicd contol
21.114  BIological medlods

21.12  Sunllnary

21.13 Check Yo�Y  Progress�Œ Model Answers

21.14  Model Examimtion Questtuns

21.15  Glo�\

21�B1  0BJECTIVES

To identify ttre trrmful insects and to assess the extcnt of damage they cause. Damage to

agriculnral crqs and prodrcs; transmission of diseases b human beings and his domestic animals

and controlling mealur€xt are the points which will be well explained by yot.

212  �W RODUCT10N

}lre have examined in the pnevious lesson that a few insecs are of grcat use b men and the

products they produce add to our e,conomy. However, man has o fight intensely against a few other
insecs which adversely affect his economy. These insccs which injure u desroy his crops, stored
grains, household materials and also those which ryead diseases are known as harmful or injurious
insects, because they cause extensive damage to p€rson and property. Entomologists dl over the
world are experimenting to find possible solutions to solve 0ris global economic probtem. From the
point of view of the economic loss they eause, the insects may be considered under the following
heads:

1. Crop pess: 2. Srcred grain pests. 3. Household pests. 4. Insecs &at transmit diseasq to man.
5. Insecb injurious o domestic animats and 6. Termites.

213 CROP PESTS

Ivlany insects damage farm crops, fruits and vcgetabbs on the field. The dam4ge they cause rms
ino lakhs and lakhs of rupees.

Ncphotcttix, Ere Indian rice leaf-hopper , trzptocorisa, the orienial pest of rice and millet belong o
orrder Hemiptera. These auack the paddy plants extensively eating away the leaves and.ears. fhe 

I
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larvac of S�ˆ �˝�˝
‘"�˘

bJ�g ,a mott bore into me rice plant and kill the plant Nymphs and adults Of
rig�� g�Ý p�É �¤,an Ora10pteran eat up the gro�� ng shoots of rice plan�� .�⁄ ese prevent fomatiOn of

�k:1lattun.

Zys�� �í �� ,the IIessian�¡ yls a smau�] sized midge.The flies lay tteir eggs in the grooves of the upper

sdace ofthe leaves of young wheat.The eggs hatch in 3 to 12 days and the small red larvae make

their way down the leaf and behind the sheams.These begin feeding on the tender dssucs Of the

planL

The larvae of two Lepidopterans C�˝ Jra and D�¸ �fl�Õ �¿ bore into stems of sugar cane�B �÷ he stems are

made hollow at reguhr intewals by feeding on the tender dssuc.P�b �À �n ta is a bug commonly
called sugar�] cane leaf�] hopper found a1l over the world.They are particularly abundant in the

tropics.BOdl dle adul�g and nymphs cause greatloss to dle Sugar�] cane by sucking thejuice�¡ om the
cane.Among the enemies ttat attack sugarcane under�] ground are wre worms and several small

soil�] inhabiØ[ lg inSects and related animals.

Dyttr�˘ �l ,the lndian cotton bug,�˘ �¯ � �̆�
‘��

r,the Egyptian cOtton bug and�X �����í ���˝�J
�g

r,the
COttOn�] boll wee�� l are very itturiouS tO Cotton.They stain and destroy cotton�u bous.�ˇ ���J�¤,a
hemipteran is a serious�� t"n pest in lndia.The pests often attk cotton phnts in large numbers

causing the plants to want and dieo Aphids secrete a sticky substance known as honeydew which

drops on the leaves and bolls.The honeydew gives ale plant a glossy appearance.Honeydew falling

on the open bOns makes the lint gummy and difrlcultto gin.

Ag�� ris and G�g rittOsc�� �V are L�¯ idopterans.These are commonly known as potato cu�g worms.
The larvac of Ag�g �˘ris feed on potato leaves and cuts off dle sms.The larvac of G�f ,rinasc�‰ ��

on the other hand eat the potatoes in the rleld.The larvac of Agrar�¤ also cause dalnage to peas,

cabbage,tobacco,groundnuts,whcat and caulinower.TObacco and tomato are damaged by the

larvac of(3"�˝ rimas�˘ �˝
‘�ó

.

The gmbs of Coleoptera are also caned wirew�w ms.They are rootfeeders.They are cxtremely

destuctive to l�� ��SSes,root caps and Cereals.

�� y insec�g and theL larvae tt desmcdve to vegetables and hi�g S�� �í G�˝ �Ł �� iS an aphid which

feeds on cabbage leaves.�X Fasa,the squash bug is desmcØ[ ve to cucurbitaceous plan�� .Earigs the

spOmd bou_wOm damages ladic�]mger ph�g �BAJ�g�� �í �� ,the Fed beede feeds on pumpkins.

The lawac ofBr�g �` ,a beetle boäF s into the pods of bean and peas and kills�v l the seeds.

DraJalaP a bug causes extenslve damage to mangoes,�E plums,papaya,pears,cims and jack fmi�g .

I�� Ocarr,a mango leaf�] hopper amck the inaOrescence and suck the plant juices.They cause

heavy loss to the mango crop by preventing fomation of mango�¡ �¡ ito P�b le an apple bug lays

eggs on aple and ptt mes.The nymphs on haChing damage dle tender leaves and the buds

A�� rlara�� �p ,a beede also demys the inflonscence of apple and preven�g fomation ofthe hit.

Nysir,a bug is very desmctive 3o sevgal kinds of hit mes.

214 GALL FORMNG INSECTS

Apart from damaging the productivity aspecB of the plants, insects also cause aertain

malformations in plants. These are called galls.

Galls are peculiar growth produced by a number of insects on plants. Chief among those are the

dipterous iAt ,iAgir or gall flies and gall wasps of the hymenoptera. Certain species of thrips' lace

bugs, psyllids, aphids, beetles, weevils etc. also produce plant galls.

Galls are produced on different plants. The galls are irsually three quarters of an inch long. In

apeerrarr"i these resemble miniaarre pine-apples. lvlany of the infested tqigs die. The trees may be

ae-formea and weakend by heavy or repeated infestations. Some species of g3ll wasps undergo an

;!9r#;";igenerations. In oni g"n"otion galls are fsmed on the stem and brranches. In the'next

generation the! devetop a root gali.
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larvae develop in the galls. Ttre galls may also be inhabited by many other kinds of insects'

Sometimes these feed upon the gall-fsnring insect itself'

Some galls are also hetpful. The galls of Chine.se aph: ' Melaphis chinensis are artifrcially rear€d in

cr,in*-mir is done in .o111riial quantities as a sotrce of dye and tannin and for medical

puposes.

215 LOCUSTS

The literal meaning of the words locust' is plague. The locusts are also lnown as gfassttoppen.

Both nymph anO aOutts eat many kinds of Yegetation. They migrate in swrms into new feeding

grounds and otally damage the &op. Iacusta migratofia (Fig. 21. A). the migBtqry.locust of the

J,ot"* hemisphere tras a-geat r"pu-tati* since Biblical times. The swaflns half-a mile ftick' 100

miles wide *O fm mile-s tong'of Mclanophts naxicans, the rocky mountain locusr of Norttl

America, contained nearly t2Z Uitlion locusts. The locusts are said to have left fields as barren as if
they had been burnt over.

Fig.2l.l. A.Locrst (Orthoptcra) B. Quccn termitc [optcn).

21.6 STORED GRAIN PESTS

Insects desroy at least 5 4er cent of the world production of cereal grains. Weevils, flour beetles
and many other barn beetles devour at least their own weight of food each week. Their larvae are
more destructive during the 3 or 4 weeks of their development. lnsects may do other kinds of
damage. Many species feed entirely on the germ of the grain making thE soed nonviable. This
results in larger amounts of infested than uninfested grain being used for seed. The pests &quently
cause grain to heat. A musty odour may also result. Deterioration and rocing of surface grain may
be caused by the translocation of water vag)ur from the heated rea to the cooler surface grain.
Finally, the milling quality of the grain also will be drastically reduced by the presence of larvae in
the kernels.

The insect pests ofstored grains and seed depend on theii food supply for water. Seed or grain that
is low in'moisture is unfavourable for their development

Many moths, caterpillars and beetles cause a great deal of damage to slored grains. Tenebrio tnd
Tribolium arc two beetles commonly found in storcs and granaries. Tercbrio is found in all stages
in meal, flour and sored foods. Its lanae are known as meal wonns. Tribolium eaB storcd wheat
and grain. Calandra, a weevil bores through grain of rice and other stored grain in our country.

The soed or grain is usually dried to remove the moisture. Then it is stored in bins or bags in
warehouses. Fumigans specific to the grain has to be used.

. , ,i'

21.7 HOUSEHOLDPESTS

The ntriny kinds of pests ihlat invade households cause tnouble in numerous ways.' Hurnan foods ae
ealen or spoiled by cockroaches, weevils, ants, b@tles, silverfish, houseflies erc. :'' - l

17:
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�g �µ �aŁâ    �� �o�oçW�uL�Ò
n�Ylbers occupy every nook and comer ofthe lci�g

The other pantt pests include seveFal kinds Of v7ee�� ªà ,�c tles and mOtts.These infest�J .meal,
cereals,splces and Other tt f00ds in the house�B              .

L�¯ isaa,the dlveflsh lives in b00kcases,aromd c10n shelves,behind hmed photOes and
windov7 0r door mmes.During wamer seasons they may be seen where boOks and papm are

psent The duverFlsh feed on staFChy macrials,papers and b00ks.�¡
ey sometimes cause senous

damage to v7oomen cIothes.

�X�V t"r,the carpet�� tle sometimes dled �[ uffalomoth=is a scavenger eating d�å aying animal
matta.TL larvae destoy carpes and Other clothes.

Tca�í �‰,rira and}�‰ �Ł �‰8C are clothes moths.neirlarvae fed on articLs tht cOntain wool,
FayOnSi ftretC�B �¡ �~y usually wend an dleir time right on the article upon which they are feeding�B

WOS,SOme kinds Of ants may sting man.Bedbugs,�ä e,neas,mOsqultoes,sand nies suck blood
�¡ om man or his household pets.

Some pests may cause no pmicular damage butare a nuisarnceju�æ by their presence in homeso Eg.

DFain anes,some�¡ inds of an�g ,wmgtails�N .IPsactt Or b00klice hive best where dlere is high

humidity.ney are ofen abmdant in nev7 homes until �V  plaSter and wOod become drOughly
dried out       i

Good house�] kewingand thorOugh sanitation are ofumost impomnce in cOntrolling Or prevendng

infestations of many kinds of household insects.The removal of garbage,bits of food,soiled

clothes and other macrials deprive tte insec�g of food and hiding place.If such things are anowed

to remain a few or many insec�g may develop there an�� spread to places where they wnl cause

damage or annoyance.

21�B8 1NSECTS THAT TRANSMrr DISEASES TO MAN

Many insecs play an imporant role in spreading serious diseases in man. Many of them act as

intermediate hosts. Diseases are caused by a variety of organisms or parasites such as viruses,
bacteria protozoans and worms. Insects often act as veciom or carriers spreading them from one

host to another. The varipus qpecies of Anopheles nosquio have bees found to convey one or other
parasitic Prolozoa causing malaia. Certain Culicine mosquitoes spread the nematode wottn, Filaria
bancrofti which causes frlariasis in man. Yellow fever is spread by another mosquito, Stegomya
(Aedcs). Dengue or brreakdown fever also is caused by the mosquito, AYdes. Similarly Encephalitis

caused by vinrses is spread by several qpecies of mosquioes. Africarr slee,ping sickness is caused by

tsetse fly, Glossirw.

Phlebotomus is the vector of Leislvnania doruvani. They transfer these disease producing by

injecting them into the blood steam. A few other diseases such as cholera, typhoid and diarrhoea

arl spread by the housefly, Mruca dornestica. These diseases are-transmitted by contaminated food.

Bubonic plague is caused by ratflea and,relrysing fever by bed bug and body lOuse.

21�¿9 1NSECTSINJURIOUS TO DOMESTIC ANIMALS

�� TT�¿�F fçW�ß �… ���£ �� �J �R�v�r �@horses.Horses and catde are affected by another

the bl�� d�] sucking�¡ Ls are the vectors.Thdarvac of�ß �� �� r�� ,the�c �I �� �x lth9 0X and

cause skin diseases.GasrerophJ��
�g

s,the bot�\ fly larvac enter the stomach of horses and cause discase.

Øfl �f i�¥ àh�� ��    �¶�[ti�Ł �y�U’Tl."T�ï
���E
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21�B10 TERMITES

They are social insects living in colonies with an elaborate polymorphism. They feed mainly on
cellulose. Triclnnympha,aflagellats living in the intestine as a symbiont helps in the digestion of
cellulose. They build subterranean nest called teimitarium.

The te,nnites exhibit polymorphism - winged fertile males and females (Fig. 2l.lB) and sterile,
wingless workers, soldiers etc. The termites cause immense loss !o man. They are highly
destructive and damage timber. They damage costly furniture, doors and windows, books and
papers. They are prticularly destructive to record rooms and other store-houses. It may look
paradoxical to say that they are beneficial to man in its own way. They help the agriculturist by
making the soil fertile. In some parts of Africa natives feed on termites. They are rich in iron,
vitamin A and calcium.

2111�¡ CONTROL M[ETHODS

One of the most challenging featms of ecomilomic development has�E been tte control of insects

causing extensive damage to crops,stored plns,public health etc.It is estimated that ive hundred

crore rupees are lost annually on account of insect pess.Nations�v l over the wond have taken up

contol measuFeS 9n a War�] footingo The f0110wing are some of the cOntrol methods,

1. Cultural methods 2.Mechanica1 3.Chemical and 4.Biological

21.11.l Culturan method

Cultural methOds are practised by famers.These include efrlcient fam managemen,This does not

i,V01Ve extra costs.Often they require only minor changes h the usual cropping procedures.

Delaying the seedinL oF crops helps in keeping the infesing pestt away.The iming is usuallyFsO

�´ uSted ttatitis temed�¡ y�] �¡ee dacs’,in tte language of fanners.

The proper d�¤ pOsal oF crOp residues help contr01 ins�å äŁ.The plant debris prOvides good
breeding grOunds and dsO f00d fOr tte deve10ping larvac.TOtal drying,burning of residuc,

spraying of chemicals are some Of the methods employed tO destrOy the pests.PIoughing,tOols alsO

l�� �¿ �Ł �” �B

�¤ �U�V 6propdyo sugaFCttQ paddy ttd cOtton are some.of the crops wh�‰ h

�` �I �Ô�x�R1�R�÷ �ß
i�í

Ł� �I �§[�Q �˜FI�� �Ł �o �ß �d
commonly practi�œ

.

Ear�ßy harvest oF crOps alsO may help preventlosses.ms�u
ven�g the kemel being affected ly the

pests�B

21.11.2 Medlan�¸ al cOntrd

h tts method hm pd�� m�§ FeduCd�R
�F

sJl�` Stt�µ
i�c �Ú

�I ŁcŁc�� i

21:11.3 Chemical control 
�M

�‰�| äM�Õ�x  �¿1�ô �Ù ær
~      

�E 1  .     :l�E
�¡ �¡

::�¡
�¡ .  1:|�¡ 1�â ’
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Inorganic compounds: Lead arsenate is used for controlling leaf eating caterpillars of codling
moth. Paris green, Sodium fluoride, Lime sulphur, Calomel elc., are a few other effective inorganic
chemical pesticides.

Organic c<mpounds: Nicotine is an alkaloid found in tobacco. It is a contact poison. It contro.,
insect pests such as aphids, mirads, thrips and sand flies.

Pyrethrum is prepared from dried heads of some species of Chrysanthemum.It is used in control
of insects in ware-houses, green houses and household pcsts.

Derris a stomach poison prepared from roots of Derris and InnclacarprJ Ooth lrguminous
plants) is used against crop pests and ectoparasites on livestock. tt has a substance rotenone.

Synthetic pesticides: Dinitrophenol is used as insecticide in petroleum oil. Ii is effective against

eggs of aphids, psyllids, spider, mites etc.

D.D.T. (Dichloro-diphenyl trichloroethane): It is a contact and stomach poison against aw.ide nmge

of insecs. Affected surfaces remain toxic to insects for a long period. D.D.T. in emulsion form

serves to control a number of.aphids. D.D.T. should be carefully used on edible foliage crops.

B.H.C. (Mixed isomers of l, 2, 3, 4, 5,6 hexachlorocyclohexane or gamma(ene) It is a highly

effective pesticide. It has also an effective fumigant action. lthas 99?o gamma B.H.C' It has less

residual problems than D.D.T. when used on edible Crops.

Aldrin, Dieldrin and Endrin are used against a wide range of crop and foliage and fruit pests.

Endrin is more poisonous than aldrin and dieldrin.

Contact poisons: Parathion and Malathion are organophosphorus compounds. These control a

wide variety of insects. Residual action remains upto ten to fourteen days.

Fumigants: Carbon disulphide is a poisonous and highly explosive liquid with unpleasant smell.

It is used as a soil fumigant. It is effective but expensive.

2l.ll.4 Biotogical methods:

These include killing of organisms which help insects, pests, introduction of parasitic or predaory

organisms. The insects which attack and eat up other insects are called predators. Ground beetles'

faOV tirO beatle, wasps, lace wing flies are alew of the many predaceous insect' Some parasitic

wasps hane control ouercot*orrs. Several insects arc preyed upon by birds, snakes and toads'

Check Your Progress

l. Stored grains are damaged by ..........."" "'and """"" ""'beetles'

2. Musca, Anophetes, philboomus which are transmitters of various diseases belong to order

.....................

3. The best and efficient way so far known and employed io control the insects is the

method.

2I.I2 SI'MMARY

178

The various types of crop pests are described'

The effect of the insects o, .U"t.a g*i" is described and atso suggestions to prct€ct them'

go"r"t 
"fO 

pests and tle Oifferent lypes of materials they affect are explained'

The steps one should ,ut" ,o pt"r"nittt" infestation of many kinds of household pe'sts'

The disease causing organisms and the vectors mosquit'o, ilies 
"rc' 

are listed out' and even the live

sbck are not spared by some of these insects'

Termitesandttreextentofdamagetheycauseisexplained.
rr,eurehisoriesofafewpestsandinsectvectorsaredescribed.
ihe.rarious control methods are discussed in brief'

Indiscriminate use of pesticides affects human beings and livestock'
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21�B13 CHECK YOUR PROGRESS�\MODELANWERS

�P

�Q

�R

�S

Tenebrio,
Diptcra
Chemical
Tribolium

21.14 MODEL EXAITiTNATTON QITESTTONS

��
�B
�P
�D
�Q
�D
�R
�D

�k

��
�D
�Q
�D
�R
�D

�S
�D
�T
�B

Answer the fothrring in about 3l) tines
Wrirc an essay on harmful insects.
Briefly describe the life histmies of any two pests.
lVritc an essay on control methods of harmful insects.

Alsruer the following in ebout 10lincs.
Write briefly on insecs which are injuiious to crops.
\Vrite on household pests.
Write on inqects which ransmit disease.s to nran.
Describe the lifehistory of house fly.
What ue pesticides? Add a norc on hazards of insecticidcs.

21.15 GLOSSARY

Apiculture
Auotomy

Aquatic
Bays
Benthic
Branchiostegites

Carapace

Chitin

Cephalothorax
Ecdysis or moulting

Exoskeleoon

Extinct
Euryhaline

Eurythermal

Fossils
Gonoducts

llaemocoel
Iagoons

lrlalpfhian tubules
Nekton
Opisthogoneaa
Parthenogenesis

Rearing ofhoneybees for honey.
Separation of a part of tlrc body as a measure to protect itself
frrom the enemies.
Animals living in water
An inwardbendof the slrore.
Deep sea or bottom dwelling animals.
These are oonyex flaps, which are lateral extensions of the
campace in a few crustaceans. These act as gill covers.
The chitinous exoskeleal shield covering the cephalothorax

. of crushceans.
A polysacchari.de pmotein compound which forms hard subsances in
animals. Exoskeleon of antnopods is chitinous.
Fusion of head and thorax in most of the crusteeans.
Most arthropods and a few otlrer animals d,ring development cast off
the outer skeleton. This prrocess is known as eciysis. 

-r-------

It is the ou&r hard covering of the body which acs like the
external skeleon.
&ganisms which rived in ttre past and whose fossils onry now exislAnimals tol€rant !o a relatively wide range of environmenal salinities.
The.se will be,usually lower than that of ile open (rcean.
Animals which arc olerant o a relatively wiie range of
environmental temperatures.
Rerhains o those animals which lived in rhe past.
Principal duct for the transport ofsperm o, 

"ig, 
in

$f f{gductive system (vas deferens or ovid-uct).
Blood filled body cavity as s."n in cocrrroach anit other arthropods.
A shallow lake communicating with the sea. usually 

" 
r.r."?oilr'uv

the coral reef.
Minute tubles in a few artt,o@ans, which are excretory in function.
l-ctiyelf lwjmming organisms in any part of the warer column.
Myriapoda in which the gonopore is-in ttre posterior part of the animar.
Development of an unfertilizea egg produci;a young one. fig
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Pectines

Phylogeny
Pleura

Polymorphism
Progoneata

Bgidium

Regeneration
Sericulture
Sexual dimorPhism

Spiracles or stigmata

SpermatoPhores

Stemum
Tergum
Terrcstrial

Comb-like appendages present in the sternum of mesosoma of
Scorpion.
History of the race or relationship of the individual with the anoestors.

Exoskeletal plates u the lateral part of most of the uthropods

connecting the donal t€rgun and venfal st€flrum.

Animals existing in more than 2 o, 3 forms as in the colony of termites.

Myriapoda in which the gonopore is tocated in theanteric end'

'[lre posterior most segment or segm€nts usually. Also tnown as the

anal segmentin afew uthropods.

Growth of parts lost due to iniqry or druing aubtomy.

Rearing of silknorm,ntoth and is laivrc for silk production'

Animals exhibititing chracters which differentiate the male from

the female even by extemal appearance.

Respirarory openings borderd by cilia or fine b,ristles. These lepd

into ttre Eacheac.

A package of sperm usually formed within a specialized part of

the male reP,roductive sYst€m.

Venral e.osketetat platcs of mostof the annrceoAs'

Dorsal exoskeleal plates of 0re most of dre arthropods'

Animals living on landbreathing air.

180
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UNIT�] 22 ECHINODERMATA �\  GENERAL CHARACTERS AND
CLASSIFICAT10N

Con"n�˚

22.1

22.2

22.3

22�B4

22.5

22.6

22.7

Ob!:ctives

Inuoduction

ercn€ral Characters

Classification

Zl.4.l Sub-phylum - Echinozoa
22.4.2 Sub-phytumHomdozoa
?2.4.3 Sub-phylumCrinozoa
X2.4.4 Sub-phylum:Astcrozoa

Summary

Check Yorn Prrogress - Model Answers

Model Examination Questions

22�B 1 OBJECTIVES

To present diaglostic characters an outline classification of Phylum Echinodermaa upto the level
of classes with important characters and examples of each class. After going through this.unit you
readily explain fte pentamerous radial symmetry, peculiar water vascular syJtem and enterocoelous
nature of coelom in this exclusively marine group of invertebmates.

22�B2 INrRODUCTION

Echinoderms (Gk. echinos: hedgehog (sprny); derina: skin) the spinny_skined animals, are
superficially redidly s5mmerical, most commonly pentagonal, with-five rays or arms. All are
marine bottom dwellcrs and a very few are found-in braclish water. The characteristic external
skeleton is of calcite (a crysalline form of calcium carbonate), rods or spicules and plates
embedded in the skin. The plates are joined at their edges CI form'a shell and are mostly covered
with spines. They are hiplobtastic with entcrocoelus coelom. The group has an uniqpe water
vesculer system with delicatc projections called tube-feet of podia. Neptrrioia, hean and brain are
P-Tl The ggnads open directly to the exterior by special ducts. The life cycle exhibis many
larval forrns, depicting evolutionary significance. some6,0o0 living and many more extinct species
areknown.

ryryS*nr ailery ancienr animals, ha.ring apeearcd some 6(x) million years ago in theCambrian period. The name Echinodermata ras gi"e by Jacob nein in 1734.ltwas established
as a distinct group of Metazoa in lg47 by Leuckart

T23 GENERALCHARACTERS

Echinodermaa posses: many unusual unparallel characters which distinguish them from otheranimals' The different important ctraracteristic features of phylum e.rrinod"r111"ta are as follows:

1' They are found in deep sea wafer in almost all the seas of the world. They arre presenr
sometimes in brackish water.

�º �I T’nm.�B
lonH,slon/mo�� �d �c �V �vS A few�g �ß �d �‰�c dy�å sOme�à

"stte 
�—

Body unsegmentedo shape varied_star like,disc�] like,cylindrical,Luend OF�¡ Ower_liket

�LªNI�a :�Ł
WreadS t�� abO�N�gT�|

another�§ mm�ŁamM

�Q
�C
�@

�R
�D

�S
�D

�T
�B
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�V

8.

9.

Body symmetry, superficially radial, is penamerous. The larvae have a bilateral or biradial
symmetry.
Triploblastic with three germinal layers-delicate and ciliated epidermis, middle dermis and

an inner lining of peritoneum.

A head and an anterior end is absent. Body has two distinct surfaces, an orhl surface with mouth,

and an aboral surfacc with five symmetrically radial areas called ambulacral areas' which are

intercepted with five alternating interambulacral areas.

Both an exoskeleton and an endoskelelon present. Endckeleton is mesodermal, thick and

calcareous, consisting of numerous flxed or movable calcareous plates or ossicles. The plates are

embedded with movable and immovable spines, assumingihe shape of a spiny skin from which

the name'Echinodermatar has been derived.

Body cavity or coelom is well developed, spacious, entercoelous, lined by ciliated peritoneum.

It surrounds various organs and contains coelomic fluid in which lie many free amoebocytes.

The organ systems are highly developed and organised.

A uniqie water vasculaisyst€m or ambulacral system or hydrocoel is found, which consists

of reserviors and ducts containing watery fluid of blood and lymph.

Locomotion is canied out by the-ambulacral system which pushes out contractile tube feet or

podia.
The alimentary canal is complete, running from the mouth to the anus. In some grcups anus may

be absent or non-functional. Food is also captured by the tube feer

Respiration is performed by minute conractile dermal branchiae called gitls or papulac. They

are iound on the aboral ,*i"." and are protact€d by modified spines called pedicellariae.

The circulatory system is called a haemal system. It is simple and of the open lacunar type' A

heart is absent, but blood vessels are presenl

No definite organs of excretion. However, elimination of nitrogenous wastes takes place by

diffusion.
Nervous system simple without a brain. It consists of circumoral ring, surrounding the

mouth, and radial rings.
Organs of special sinse inadequately developed. They comprise simple tactile tentacles'

pigment eye spots, and staocYss

Sexes are seperate and Cistinct. Reproduction sexual. Gonads are interradial with separaie

ducs o the exterior. Fertilization external in the sea water'

Oeretopment may b direct or indirect. Different lrval forms arc met in different gfoups'

The la^rae nave evoUfonory importance as they resemble that of the succeeding higher

group. -____d-_iro*f reproduc{ion also occtus by autotomy and regeneration'

They are of considerable economic tmportance as *eil as of great concem' They not only

se.nL as food but also desroy commercial oysteff'

10�B
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2:2.4 CLASSIHCATION

phylum Echinodermata has been recently classified by Felt in 1965 ino four sub-phyla' Each sub-

;"+"* .orptit"t different classes'The classification is as follows:

22.4.1 Sub'PhYlum'Echinozoa

It is divided into five classes. The distinguishing chuacter and examples of these classes have been

mentioned below:

i Ctass: HelicoPlacoidea

l.Free-livingancientechinoderms,reportedfromlowerCamb,rianeraofCalifornia
2. BodY fusiform.
3. The plates of the body wall form a flat test, folded in counter clockwise helical spirals'

1. Oral'and anal apertures at opposite ends of the body'

Example: HeliocoPlacus182
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ii. Ctass: Holothuroidea

l. Free-livingancientechinoderms.
2. Body elongated, cylindrical, five sided, cucumber-like.

3. Arms absent
4. Body wall soft, without spines or calcareous plates.

5. Endoskeleton of many microscopic spicules orossicles.

6. Mouth is surrounded by a ring of retractile branched tcntacles. '

7. Theposteriorendhastheanus.
8. On each side of the body is folnd a double row of suctorial tube feer
9. No pedicellariae.
10. Alimentary canal long coiled.
ll. Ambulacral system well develo,ped.

12. Nerve ring surrounds the mouth. It spreads into frve radial nerves.

13. Sexes seperarc
Examples: Cucnrnuia (Fig. 22. 1A) Molpadb, Thyo ru (Fig. 22. 1 B)

.AB
Fig. ?2.1 Echhoderms. A.Cucutnsia pbrci. B.Thyonc. l.Normrl delrdriric tcntacles. 2.Dwarfed midvenrral pair of
tentacle.s. 3. Introvert (collar). 4. Venual locomoory podia.5. Anur.

iii. Class:Edrioasteroidea

1. Appeared in mid-Cambrian period and became extinct in Carboniferous era
2. Test flexible.
3. Mouth and anus both are on the upper side of the tesr
Examples: Edrioster, I sorophus

iv. Class: Echinoidea

l. Body shape is globular, discoid or heart-shaped
2. Body is enclosed in a well developed tesu
3. Mouth and anus in the oral and aboral surfaces respectively.
4. Endoskeleton of immovable calcareous ossicles.
5. Surface of the body consists of cylindrical, solid, movable spines which can turn in all

directions.
Five double rows of suciorial tube feet are found among the spines. ,, . 

,

Ten shrub-like dermal branchiae are found on the peristome.
Inside the mouth a complex, specialisOd jaw mechanism, the Aristotle's Lantem, is presenl It
is in the shape of a five sided pyramid and has five long and curved teeth.
Pedicellariae are stalked and possess three jaws.
A vascular gland is found asscrciated with the water vascular system.
in function.

I l. Alimentary canal is rubular.

6.
7.
8.

9.
10. It is probably excretory

183
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12. Sexes are seperate.

Exalnples Ett�J
�g

Cig�B 22.2 o CttaSrar cig.22.2B)�  va2�‰,Ec�É i"�˘ �˝ �E rr.

og�B 22.2C)

V Class:Om�¿�R �� �c ea                    
��

Extinct echinoderms.
Polygonal plates foturd on the test
Mouth with five intenadial jaws.

Eightpairs of tube-feetarise from each amtulacnrm.
Example: Volchoia

t2.42 Sub Phylum: Homalozoe

1. Extinctechinoderms.
2. Bodydorso-ventrallyflattened.
3. Bilat€ral symmetry wanting
4. Mouth possesses a pair of armJike organs on either side.

5. On the opposite end, a locomotor appendage in the shape of a tail like peduncle is presenr

6. Alimentary canal tI'shaped"
Examples: Ernploura, Denrocystites.

Frg.22.zEfiinoderms
A. Echktu.B. Clypeaster rosaceous

C. Echirocudiwncordatwn
l. Ambutacrrc
2. Inter ambulrcra
3. Perisome
4. Oral tentacles
5. Teeth
6. Branchiae
7. Sphes
8. Conqpore
9. lvladrePoric Plate
f0. Petaloid ambulacra
ll. Irfiodified anteriorambulacntm
12, Perisomial membrane

13. Mouth
14. Small ambulacral sPines

15. Posterionmost inter-ambulacntm

22.4�B 3 Sub Phylum:CrlnoZOa

This sub�] phylun is rwresented by a sditary class�] Crinoin

i ChsS:Crinoidea

l.  Body is made up ofa cenml di"and rlve radiating bifurcating ams.184
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Z. The dorsal aboral surfrce is directed downwrds, while the ventral aboral strftee, upwards'

3. Ttre f-eather-like flexiblebifi[cated arrns act as organs of locomotion.

;'. li"ro *arta oPenings ventral.

5. Thp dorsal side of the disc contains ossicles'

6. water vascuhr system comprises a ring vessel and radial vessels. The tube feet do not

perform locomotion, they capture food.

7. Sexes se,Pe,larc

&. Noteconomically important as they are not used for food'

Examples: Antedon (Fig. 22.3) Metatiruts'

Fig�B 22.3�¡ �¡rada"br�� .1.Pinnules 2.Ambutt gr00ves3.�g s4.Cilri

22.4.4 Sub�] Phylum:Att�_ zoa

Th�¤ sub phyluln comps�� a single class viz"StenaOi�Q

i:Class:S"Lroidea

l. F"e�] �¡�å �RB,�k y SymmetFiCal.

2.Body star�] smedwith acenml disc and fiveams.

3.  Mouth islocated on dle oral and venml srace,while arms situated on tte abml and dOml

surface.
Two double rows of trbe feet are present in the ambulacral grooves.

Body cavity is lined with ciliated epithelium and is filled with coelomic fluid.

Alirnentry cand well developed wittt distinct parts.

Pedicellariae presenl
Sense organs in the shape ofsensory tenacle and eye spor
Sexes sepcrarc with evolutionary important lavae.
Examples: Asteriap, Ophiothrix (Fig.zz.a A), Solaster (Fie.22.a B)

11

�S

�T

�U

�V

�W

�X

Ftg.?2.4Echinoderms . A. Ophbtttrit.B. Solaster. 1. Arms. 2. Mouth. 3. Maginal plates.4. Disc.
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Check Your Progrcss

l. Echinoderms whose surface of the body consists of all direction movable spines are included

2. Watervascular system performs and ............. functions.
3. Bifurcated anns are present in ................... class.

22.5SmARY

Echinodermata is a very well developed invertebrate. They are spiny - skinned animals, with an
exoskelebn of spines. Body is typically pentamerous. A unique water vascular system is present
performing locomotion. The physiology is well developed. Indirect development with different
larvae in different classes. Phylum Echinodermata consists of seven classes, of which a few have
become extincL t

All the representatives of different classes are botom dwellers.

22.6 CHECK YOUR PROGRESS�\�]MODEL ANSWERS

l. Echinoidea
2. locomotory and respiratory
3. Crinoidea

?;2.7 M.ODEL EXAMTNATTON QITESTTONS

L Answer the following in about 30 lines

l. Enumerate the general characters of Echinodermata.
2. Classrfy the phylum Echinodermatawith examples.

IL Answer the fotlowing in about l0lines
l. Holothuroidea 2. Echinoidea 3. Crinoidea
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UNIT�] 23 ASTERIAS

Contents

23.r

23.2

23.3

23.4

23.5

23.6

Objectives

Introduction

External Characters

23.3.1 ChaI surface
23.3.2 Abqd surface

23.3.3 Body wall

Endoskeleton

Coelom

Digestive System

23.6.1 Alimentary caad
23.6-2 Digestiveglands.

23.7 Water Vascular System

23.8 llemal System

23.9 Perihaemal Systcm

23.10 RespiratorySystem

23.11 Excretion

23.12 ReproductiveSystem

23.13 Summary

23..14 Check YourPrograss - Model Answers

23.15 Model Examination Questions

2a1  0BJECTIVES

This unit describes a detailed strdy of Asterias (star fish) a typicd representative of phylum
Echinodermata. It also deals in a detail the structure, body wall, water vascular system, alimentary
canal, haemal system. respiration, excretion and reproduction. At the end you will be in a position
to explain the concept of radial symmetry, mesodermal origin of internal skeleton of caleareous
ossicles and larval bilateral symmetry.

23.2 1NTRODUCTION

Asterias is the most common and widely distributed echinoderm. It is commonly known as star fish
or sea - star hcause of its star shaped body.

Habitafi They are the botom dwelling animals or benthic. They are abundantly found in hard
rocky arcas, creeping slowly in shallow water, on the floor of the sea bottom with the help of their
tube feet where locomotion and concealment are easier.

Habits: It is a carnivorous and. nocturnal animal. Its body can be twisted in a variety of ways in
spite of its hard integumenl It either lives singly or in large aggregations. It has a great power of
regeneration and autotomy.

Classification:

Phylum
Sub-phylum
Class
Sub-class
Order
Family

- Echinodermata
- Asterozoa
- Stelleroidea
- Asteroidea
- Forcipulata
- Asteridae 187
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Sub-family
Genus
Species

Asterlhac

Asrar3as

rabF�p

23.3 EXTERNAL CHARACTERS

The external structure of star-fish caq be studied by observing the lower and the upper surface
which are respectively known as theoral and the aboral'surface.

23.3.1 Oral surface

It is the flat lower surface facing the substratum. It is also known as the actinal surface (Fig.
23.1.8). The following structures are found on the oral surface.

Mouth: It is also known as actinosome. It is five rayed or pentagonalapertute. A soft membrane,
the peristomal membrane surrounds the mouth. It is guarded by five sets of oral spines.

Ambulacral gnooves: They are five narrow grooves radiating from the five angles of the
actinosome and extending up to the tip of each arm. Each grcove is provided with trpo rows of tube
feet.

Ambulacral spines: They are short, stout projections of the calcareous plates called the ossicles.
They are found in a set fashion on the oral surface. Two or three rows of movable spines, the
ambulacral spines are present along the border of each ambulacral g(rcve. These rows of
immovable spines are present at the outer sides of the ambulacral spines. otre row of spines are also
present at the hrders of each arm.

Tube feet or Podia: They are orbular and retractile. Two double rows of tube feet are found in
each ambulacral groove. They are the organs of locomotion and respiration.

Fig.23.1�] As�� ����
" 

�] ExteFllal featurcs A.AboFal View B.Oral view.1.Marginal spines.2.MadFepOrite.3.Central disc.

188    4.Anus.5 Arrrls.6.Oractory tentacle.7.Tube feet.8.Mouth.9.Ambulacral g�_
oves.10.Eye.
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SenSe Organs: There are five non rehactile olfactory tentacles. They are located at the end of
eactr arm.lney are olfactory and tactile in function, and help in capturing the food. At ttre base of

each tentacle an eye is presenf Eyes are small, bright red speeks, sensitive to light

23.3.2 Aboral Surfacu

It is the up,per surface possessing the following parts:

Spines or tubercles: Ttrey are calcareous and immovable. They are not arranged regularly. Like

the oral spines, they are supported by ossicles (Fig. 23.1 A)

Papulae or Dermal branchiae or Dermal gills:
small soft, hollow, finger like or thrread like (Fig.

respiration and excrelion.

They arc found between the ossicle. They are

23.2A) and are retractile. They are organs of

I
Frg 23.2 Srrr trrlu A Clurtcr of Fdicilhdlc, paprtec md tuberculac. B.Pcdiceltrria - (i)Oorcd typc. Gi)Stni&r type

l. Tubcrclc or rpinc 2. Prpulu 3. Pedicilhfu. 4. Valvcr. 5. Addrcror muscle. 5. Abdrdor murclc' 7. Brsal piccc.

Anru: It is a small opening, sinrated in the middle of the aboral surface. The dorsal position of anus

is characteristic of Echindermata

Madreporitc: It is small, flat slightly projected and sieve-like porous plate. The water enters into

the body and into the water vascular system through this ryernrre. It is located between two aflns,

which re named bivium, whereas the remaining three anns are called hivium.

In addition to all the above mentioned struc$res found on the oral and the aboral surfaces, other

important structures present on both the surface.s. They are called pedicellrriae.

Pedicetlariae: They are modified spines found scatrered on botlt the surfaces in the spaces between
the spines. They possess the followtrg characters. They are pincer-like, short and flexible. The
pedicellaria is made up of a flexible stalk and three calcareous plates. One plate is basal, the basilar
plate, and the other two are movable like the jaw. The jaws open by adducor muscles and close by
the help of adductor muscles. Pedicellaria with three plates, found in starfish, ae called forcipulate
tlpe (Frg. 23.2 B). They remove debris and waste matt€rs settling on the body, facilitating
respiration. They also protect the delicate papulae.

Types of pcdicellariae: According o the nature of the trvo plates or jaws, the pedicellariae are of
hro t}ryes.

i) Strrig[t type or foroeps: The jaws are sraight and re afiached o the basilar plate. They
remain parallel to one another, like the two pieces or forceps, when closed.

ii) Crcsed type or scissors: The jaws re curved and when closed cross each other like
scissors.

2333 Bodywdl

The stnrcture of the body wall can be studied by taking its vertical section or longitudinal section. It
comprises the following layers. 189
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Cuticle: It is the outer most thin two layered.

Epidermis: It lies beneath the cuticle. It is of ciliated epithelium. It extends over all the external
structures like the spines, pedicellariae, etc. Different types of cells are found in the epidermis.
They are the spindle shaped neurosensory cells, the pigment granules and club-shaped gland cells.
The pigment cells impart colour o the starfish, while the gland cells secrete mucus.

Dermis or mesoderm: It is the thickest layer consisting of two regions, an outer and an inner. The
calcareous plates or ossicles'are secreted by the dermis.

Muscular layer: It is made up of smooth muscle fib,res. It has an outer circular muscle layer and an
inner longiurdinal muscle layer. The muscle fibres help in the movements of the arms.

Coelomic epithetium or peritoneum: It is the inner most layer. It lines the body cavity or the
coelome. It consists of flagellated cuboidal cells.

23.4 ENDOSKELETON

The endoskeleton is made up of calcareous ossicles. They render rigidity to the body of starfish.
Each ossicle is made up of rod like crystalline calcite. The ossicles are united by connective tissue
and muscle fibres. This results into flexibility of the body.

Different ossicles found on the body have been discussed earlier. However, a brief mention is being
made here:

Oral ossicles-five plates surrounding the mouth.
Ambulacral ossicles-above each ambulacral goove.
Adambulacral ossicles-at the outer margin of ttre ambulacral grooves.
Supra-marginal ossicles - lateral o the ad ambulacral ossicles.

�E�k

�N�P�P
�D
�Œ�M

�E�W

23�B5 COELOM

The coelom or body cavity of starfish is spacious and a true coelom. It is lined by coelomic
epithelium or peritoneum, consisting of cuboidal and ciliated cells. The coelomic epithelium
covering the viscera is called thevisceral peritoneumand that which lines the body wall is known
as theparietal periotoneum.Coelom contains visceral organs such as aliementary canal and gonads.
It has many cavities, like the water-vascular system, genital sinuses, etc.

The coelom is filled with coelomic fluid and sea water. Coelomic fluid is colourless and contains
many amoebocytes, coelomocytes. It bathes the tissues and carries out the function of circulation.

23.6 DIGEST�WE SYS�÷El�Y

The digestive system can be dealt under the following headings:-

23.6.1 Alimentary canal

It is a short tube extending from mouth to arms. It comprises the following parts.

l. Mouth-found on the oral surface. It iS provided with a sphincter muscle. Mouth can be

expanded and retracted.
2. Oesophagus-mouth leads into a short tubular oesophagus.

3. Stomach-it is the largest part of the alimentary canal. It has an upper cardiac stamach and a
lower pytoric stomach. From the pyloric part a tube passes into each arm. It is called pyloric
caeca or hepatic caeca

4. Intestine-pyloric stomach opens into a short slender intestine. Two branched hollow
intestinal caeca arise from the intestine.

5. Anus-intestine opens to ext€rior through anus.
190
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23.6.2. Digestive glands

The pyloric caecae act as digestive glands. They secrerc all types of enzymes, acting on protoins'

carbohydrarcs and fas.

Food: Star fish is carnivorous. The food consists of worms, crusErceans, snails, small starfrstres, and

frshes. They are voracious eaters of clams and oysters.

Fecding: Food is captnred by mouth, from where it enters the somach.

Physiology of digestion The enzymes secreted by pyloric sac and crrl;'& digest Proteins,
.rtt yArfu*t and fars. These food substances re converted ino diffusible peptones, soluble sugrs

and fatty acids and glycerol.

Digestion is both extr_acellular and intracellular; the latter occuring in the pyloric caeca.

Absorption: Digested food is absorbed through the wall of the sbmach and intestine. But the major

absorption tafes place in &e pyloric caeca.

Assimitation: The absorted food is distributcd througlrout the MV.Y iTs of coelomic fluid.

Egestion: Undigested fmd is expelled through the mouth only. Anus ggests negligible parr

23��  WATER VASCllLAR SYSTEM ttmbulacralsys"m)

Water vasculr sysbm is a unique feanre of echinoderms and a pecutiarity of this group. It is
derived frrom the coelom. Itconsiss of the following parts.

Madreporite: As explained earlier, it is sinrated on the abmal surface between bivium. It is hard,

rounded, buton shaped, cdcareous plarc. It is the garcway of water ino the water vascular system.

lvladrepuite is sieve-like, bearing many fine pores each leading ino apore canal.The pore canals

unite and fqnr collecting cenalg which open ino an ampulla, situated below the madreporite

cig.23.3)

Fig.23.3�– terias.A water vasallar system.B.V.S.of IIladq"�Ü te.C.�¡ S.Of stone canal.D.A tube fooL l.Mreporite
2.Stone cana1 3.Tube reet 4.Ring can31 5.Radial cana1 6.T�ß nsverse or iateral-317.Tiedmanrs bodies c9)3.POre canal

9.Gli3 10.C011ecting canal H.Ampuna 12.L�c lollae 13.Lulnen ofstone can31 14.Tube 15�B Sucke�¡

1
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Stone csnal: The ampulla opens ino the s0one canal. It is 'S'-shaped and vertical Its walls are
supported by a series of hard calcareous rings which attribute to its name. The cavity of the slone
canal is lined with flagellated or ciliated cells. The lumen has a projection or ridge that divided into
two spirally rolled lamellae. An axiat organ with a hrbular axial sinus surrounds the stone canal.

Ring canat Stone canal leads into a five sided, ring fike canal. It runs round the oesophagus above
the mouth.

Tiodmann's bodies: They are also known as recemoce glands. They are-nine yellow bodie.s
located on the inner side of the ring canal. Their exact function is not known However, they are
supposed to produce phagocytic coelomocytes.

Radial canals: The ring canal gives off from its outer side, five long ciliated slender channels
called the radial canals. They extend upto the tip of the arm, and terminate with terminal.tentacle.

Lateral canals or Podial canals: Each radial canal, while it runb in each arm, gives rise on either
side to a series of short naflow, transverse flrbes, the lateral canals or podial canals. The rno limbs
of the lateral canals are long and short altemately.

Tube feet or Podium: The lateral canals, described above, open into tube feet. This opening is
guarded by a valve which prevents the backward flow of fluids. There are four rows of hollow
elastic tube feet. Each tube foot has three parts: a terminal sucker, a medial tube and a proximal

bulb or ampulla. The tube feet are provided with muscle fibres.

The entire water vascular system has muscular walls and lined internally by ciliated epithelium.
The beating of cilia help in pushing the water currenl, forward.

Coursc of water currenfi The sea wat€r enters through the madreporite. In the madreporite it is
taken in by numerous pores which open into the pore canals. The pore canals lead into ampulla, via

collecting canals. Then water passes inO the sbne canal, from where it is transported to the

pentagonal ring canal. Here it bathes the Tiedmann's bodies too. From here the water current passes
-to 

the-mOial canals, the lateral canals and ultimately fills the tube feer

lVATER Ct�v �Ý �ïENT

�«
MADREFOR!TE

�«
PORECANALS

|

�Õ

AMP�¶LLA _

T00uT sIDE

TUB���R EET

LATERtLCAML

�“
RADlALCANAL

�“
STONECANAL�¤RINO CANAL

Fig,23.4 Course of water cunent during water vascular system'

Functions The water vascular system is of great significance in echinoderms. Basically it performs

locomotion. In addition to this major function, the tube feet also capture the prey and eliminate

wasles by diffusion.

Locomotion: Starfish can move in any desired direction and can creep on verl'ical and horizontal

surfaces. As said earlier, the tube feet carry out locomotion. In fact due to hydraulic pressure of the

water vascular system locomotion takes place'

Different stages during locomotion are described below:

The arm, in the direction of the movement, is lifted'

The water enters through madreporite and comes finally into the ampulla.
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The ampulla contract, pushing the water into tube feet.
Due to the water pressure the tube feet become extended, and attached !o the substratum.

A vaccum is created by the sucker for proper attachment. It is supplemented by mucus secreted by

the tips of the tube feet
The extended tube feet push the body of the animal forward.
The'muscles of tube feet contract and force back the water current which shortens the tube feet.

The suckers are released from the substratum, and the animal moves forward.
The detachment and contraction of the tube feet is repeated and the whole process goes on again

and again.
Starfish shows slow forward motion. It can cover a distance of 15 cm in a minute.

23.8 HAEMALSYSTEM

In starrlsh a b100d vascular systeln is not found and true blood vessels are also absent.Instcad,a

transporting system of food is present,which is known as the haemal system.It is of open or

lattnar type.It consists of an a�˛ al gland,an oral haemal�u ng and aboral haemal ring.

A�˛ al �Fland:Itis the cenml part of the system,and as such can be compared with the heartt it lies

in the axial sinus.The coelom�å ytes contain a brown pigment Og�B 23.5).

Aboral haemal ring:It surrounds the mouth.It sends a radial haemal sinus in each arm.

Aboral haemal ring:It communicates with the oral haemal�Ü ng through the axial gland.It gives

rise to rlve pars of genital haemal strands to the reproductive organs,�� e gonads.

Fig.23.3�J rar�n _Perihamal and Haclnal system l.Goands 2.Abonl hacmal Jhg 3.AbonI Perihaemal Fing sinus 4.Axial

Sinu8 5.Axl�¡ 1 81and 6.Oral haemal ing 7.Mouth 8.Radial perihaanal ring.9�B Radial ha‘�† �¡ l ring.

23.9 PERIHAEMAL SYSTEM

It ionsists of vessels and coelomic sinuses or space. Its various parts are as follows:
Axial sinus: It is a wide tube surrounding the stone canal and the axial gland.
Aboral ring sinus: [t lies around the intestine. It gives rise io ten genital branches, extending
towards the gonads.
Oral ring sinus: It is located around the mouth.
Radial perihaemal sinus: It lies in each arm. Like oral ring sinuses it is also divided into two.

23.10 RESPIRATORY SYSTEM

Respiration is carried out by numerous dermal branchiae or papulae. The papulae are ciliated both 193
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internally and externally. These cilia produce a respiratory curent during which oxygen is drawn in

and CQ is given out. Respiration is partly performed by the tube feet.

23.1l EXCRET10N

Special origans oi excretion are absent. The elimination of waste products is by amoebocytes of the

coelomic fluid. The wastes are carried to the dermal branchiae,.skin and tube feet, which discharge

them.

23.12 REPRODUCTIVE SYSTE�WE

Sexes are separate without sexual dimorphism, which appears only during breeding season.

Organs of reproduction are not pennanent. They are very simple. They lack organs of copulation,

".J"r*.y 
glands and reservoirs of ova and sperms. The gonads are five pairs of testes and ovaries

lying freely in the proximal part of each arm between the pyloric caeca and the ampullae.

iacfi gonaC is branched resembling a feathery tuft. When the gonads mah]re, they occupy the

complite perivisceral space. The gonads have short ciliated gonoducts, which open laterally

through a small gonopore on the oral surface. .

The gonads are enclosed in genital sacs. When the gonads mature, gametes (sperms and ova) are

discharged in the sea water.

Fertilization: Fertilization is external in the sea water. Breeding is annual, in spring. The fertilized

egg undergoes development. Development and structure of the larva of Asterias has been dealt in

detail in the following lesson.

Check Your Progress

Asterias possesses a peculiar water vasculaf system which develops from

neaty the function of perihemal and haemal systems, is ............................ but transport of

food is believed to be done by ............... ""' system'

In spite of a higher organisation the following two systems are conspicuously absent in

Asterias and.............

23.13 SllMMARY

Asteriasor the Star fish has five arms. The body has two surfaces, oral and aboral. Spines and other

struchrres are present on the oral and aborat surfaces. The body wall has five layers' The

endoskeleton is of calcarious ossicles. Alimentary canal is well developed, digestion is both

extracellular and intra-cellular. The water vascular system, which performs locomotion.is well

developed. A substitute of blood vascular system is present in the form of a haemal and perihaemal

.y.r"r. Respiration is carried out by dermd branchiae. No special organs of excretion' Sense

organs not well develoPed.

23.14 CHECK YOUR PROGRESS�\�]MODEL ANSWERS

�P

�Q

�@

�R

�P

�Q

�R

coelom
unknown; haemal

excretory, circulatory.

zlrs uooEl EXAMINATION QUESTIONS

1. Answer the fottowing in about 3b tines

l. Write the external characters of Asterias'

2. Describe the digestive system of Starfish'

i. Give an o.oot t of water vascular system of Asterias

4. Describe how the locomotion is canied out in As'erias

I Answer the following in about l0lines

1. Haemal system

2. Nervous system

3. Pedicellariae
4. BodY wall.
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UN�u�]24 ECHINODERM LARVAE
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U.8 Fate of Echinoderm Lanrae

24.9 Significance of Echinoderm Larvae
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A.l2 Mo&l Examination Questions
24.13 Glossary

24�B1 0BJECTIVES

This unit is abOut the different types Of larvac fOund in Echinodemata.It gives an account of their

sLuctllre and relattnship�¡ ith Other groups.At the end you wi�U  be in a positton tO exPlain the

�Ì �F�÷ �o
i�í

�~àh �× �� �Õ TercmmmoFigi�¡
F�˚ �åpu�˝ �Rrow hgh

e to metamorphosis mnsfOming the larvac into
ndially symlnetrical ones.

24.2 1NTRODUCTIoN

Echinoderms exhibit different larval forms like class Crustacea of phylum Arthropoda. Thedifferent cla3ses of this phylum show different free swimmintrarra". The lanal forms are obrcrvedduring indirect development only. The lanae appear after series of changes initiated by thedevelopment' The various stages of development and preJarval saages have already been studied inthe development of starfish. However, a bief accouni of rhe o"uJ"oprn"r, of Asterias is n@essary,before we deal with the various larval forms.

24.3 DEVELOPMENT OF ASTERIAS

�I3J,and ciliated embryo is fOnmed.Itis cJled the

�ð T�í �V �D�D�l �Ô �Æ
,possessing all the three germinal layeFS,1.e�B

.lthO
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ectMerm, endoderm and mesoderm (Fig. 2a.1). The archenteron now gets differentiated into a
proximal part and a terminal part. The former gives rise o oesophagus, slomach and intestine; and

the later to two coelomic sacs. The coelomic sacs develop into coelom. The cilia now oocupy

definite regions of the embryo. Two ciliary bands appear'. One of the perio,ral band surrounding the

mouth andthe other aboral band, tying in side ttre moitli. The riploblastic embryo slowly changes

into free-swimming larva

Fig. 24.1 Aslcnas-segmeatation. A. Fertilized egg. B.2Blasomcres' C' 16 Blasornerer' D' Blasula' E V'S' Blasurla F V'S'

of-early gastrula. G. V.S. of gastnrla. l. BlesOcocl. 2. Ecoderrn 3' Endoderm' 4' Archenrcru' 5' Blastopotc'

The early larval stage is bilaterally symmetrical and is termed diplanrula lanra It is the

fundamental tarva wtricn gives rise o diiferent larval forms in Echinodcrmata. The characteristic

water vascular system arises from the coelomic sacs'

In class Asteroidea one larval stage gives rise to anothet, whereas in all other classes specific larval

types are present' Speciat features of the echinoderm liarvae are:

Bilateralsymmetry,whichisquiteconrarytotheradilsym.meqyoftheadultforms'-n"r"n 
" 

otvuying numbers oftin"tta bands'meant for swimming'

hesence of a complete alimentary canal'

Lrit""otpt otogicatly different from adults' are found'

The larvae differ in shapc in different classes'

The number ano ar"urglment of the arms and ciliated bands also differ.

Now the various tarvitorms met in each class are being discussed'

U.3.1Dipleuruta larva or early Bipinnaria

1. It is the basic lan'al form of phylum Echinodermata'

2. It results after the embryonic developmenl

3. It is bilateralry 'v,,"""i.al, 
swimming with its anterior end forward.

4. It feeds on unicellular organisms'

5. There is a tuft of apical cilia on the apex'
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6. A peri oral ciliary band surrounds the mouth. It is locomotors in function.
7, Anotner ciliated band is found inside the mouth. It is known as aboral barut (Fig. ztt 2 A)

A3.2 Bipinnaria larva

We come across two larval forms in class Asteroidea. The first larval form is called the bipinnaria,
while the latter form is lnown as brachiolaria

Fig. 24.2 Echinoderm larvae.
A. Dipleurula larva
B. Bipinnaria larva
C. 'Brachiolaria larva
1. Fostoral loop
2. Preoral lmp
3. Mouth
4. Oesophagus
5. Somach
6. Anus
7. Intestine
8. Median dorsal arm
9. heoral arm
10. Antero-dorsal arm
ll. Postero-dorsalarm
12. Postero - lateral
13. Median dorsal arm
14. Adhesive cells

It is a free swimming larva developed from the dipleurula larv,a
It consisb of different ciliated bands which cover the antire body and are named according to their
location.
The anterior end of the-larva enlarges from a preoral lobe. It is surrounded by the preoral band ofcilia, which is completely separate from other iitiary UanO.
The second band is the first mentioned postoral uana. rr is found around the body.
An aboral band of cilia is present ih the mouth.
There are three lateral lobes or projections, bordered by ciliary bands.
There are different seB of arms, known by their positilns. Therc ar"'a-edian dorsal arma pair ofpreoral arms, anterior dorsal arms, posterior dorsal arms, post oral arms and postero-lateral arms.Alimentary canal consists of moutn, oeiopnagus, ro'na"n, intJs-un", -o -*.The coleom is'U' shaped.
10. It remains in this stage for a few weeks and then transforms into -Brachiolaria 

larva(Fig.2a.3 B)

U.3.3 Brachio}aria larva

It is more complicated in shape and struchrre than the bipinnaria larva
In additioa !o the already.existing arms, three short arms-are supplemented to ttre preoral lobe. lg7
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These arms are called the brachiolar arms. They are smaller and non-ciliated.
One of three is median and the remaining two are lateral.
They posess coelomic projections and adhesive cells at their tips. The cells form a glandular area
serving like sucker for adhesion.
The side lobes become more elongated and are now designated as the larval arms. They move and
contracL
After about fi-7 weeks the larva settles down and ges adhered ro some solid object by means of the
suckers, mentioned above.
Brachiolaria larva undergoes meurmorphosis 0o become a radialty symmetrical adult
The five lobes develop into five arms.
Larval ams and the different ciliary bands disappear.
Larval mouth and arms close. A new mouth developes on the oral surface and a new anus on the
aboral side (Fig. U.zC)

24.3.4 Significance of Bipinnaria larva

The bipinnaria larva of class Asteroidea is of significant importance from the evolutionary point.
At the same time it corresponds to the other larval forms found in other classes of Echinodermata.
It resembles the pluteus larva of the classes Ophiuroidea and Echinoidea, and also the
auricularia larva of the class Holothuroidea.

In addition to its resemblences with the larvae of its own phylum the larva has got relationship with
the larrrae of other groups, both lower and higher. [t presents close and striking resemblances !o the

trochophore larva of some flatworms, annelids (Nereis) and molluscs. Further, bipinnaria also

bears similarities with the tornaria larva of Hemichordata (Balanoglossns). This shows

phylogenetic affinity of Echinodermata with other groups.
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24.4 0PHIOPLUTEUS LARVA

It is the typical lava of class Ophiuroidea.
It is a free-swimming larva
The preoral lobe is small.
There is a single ciliated band supported by calcareous tods, as against two in the bipinnaria

larva.
Though the arms are fewer in number, the posterolateral arms are the largest and projected

forwards. They give a'V'shaped appearance io the larva
The other anns are anterolateral, posEoral, and posterodorsal.

Coelomic chambers and archenteron are found inside the larva

The suckers at the tips of the arms are lacking.

Alimentary canal has a mouth, oesophagus, st6mach, intestine, and an anus.

During miEmorphosis, the larva does not get attached but sinks to the bottom and

becomes an adult (Fig. 24. 3 A).

24.5 ECHINOPLUTEUS LARVA

1. .The'larva of class Echinoidea is known as echinopluteus'

2. It resembles the ophioplutes larva in possessing a small preoral lobe and a single ciliated

band.

3. The difference is that the anterolateral anns arc dissimilar. They are very short and directed

backwards.

The other anns are preoral, anerodorsal, postoral and posterodorsal' Posterolateral anns are usually

absenl

In cases where anterodorsal arms do not appear, the larva F)ssesses only four pairs.

The arms are provided with pigmented tipiand are supported by calcareous rods'

Alimentary canal is with the usual pars (Fig' 2a3 B)
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Frg' ?A'3 Edrinodcrm lervr' A. ophiopl*w larw'B.Echinopluous luya C.Awicubrb tatw D,Ddiolarb la'vr.l' Antcro lucnl arm 2' Posonl rrm. 3. Postqo hcrll erm.4. Left axococl. s. portqo aorcd arm 6. LGfr hy&ococl with lobca7' I*ft rcmrtocct E' Intcrtine 9. Mouth-lo. oeryhrdir.-ruot o*rty-iioliii:-,.-"a, 13. Anur 14. Rith tc[roooells'Echinus nxlimcot 16'Forarc l.tc.l prccc$ lz.-n"rr.ri- cp.ura,"l rs-Arrt";i.pnrto* 19.preonl um 20.pr.onllobc 2l'Phrrym 22'Hydrococl 23.Hytropore zl.Aorr mp zs.ortr"-ze-. lpi""r ranrory urbe 2?.Adbrive ft2E. Vcsribule 29. Cltirry riry 30. Basrk.

24.6 AI'RICULARIA LARVA

class Holothuroidea t.ras-eyglutionary significant lar'a called a,ricuraria.It is one of the most primitive larval flrm-s.
It is pelagic.
It is an elogated larva measrning 0.5 o 1.00 mm in length.
The ciliated band is fo:y ?artly th" il"*l ffi.;and partly around and anus. The former iscalled preoral loop and the latrei Td roop. rirese are the organs of s*,irringA numter ofshort processes develop.
The alimentary canal is curved.
Auricularia develops intrirtre next larrral form, tre dotiolaria.
Doliolaria is-barrel shaped, transformed nom irre auricuraria It resembles a crinoid larva.The ciliated band breaks ino 3_5 flagellated Jng.. -----E 'r 'v*rtt

�Q T�a �N T�N�fl �ó �ª �� �æ �†F�V�V �„ �æ�å �r �¡ �¡ Specdvd��During rhe course of metamorphosis 5 tenracb;;I;;;"?;H:ffiil"d1; .u.3c)
24.7 DOLIOLARIA LARVA

l.
2.

3.

4.

5.

6.

The larva of class Crinoidea is termed doliolaria.
It is free swimming.

Anteriorly an apical plate with tuft of sensory cilia is presenl
Below the apicat plate mid-ventrally a4 adhesive pit is found.
There are four other ciliary bands.
vestibule is present between the second and the third ciriary bands.
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24.8 FATE OF ECHINODERM LARVAE

�r �i çWª��I �µ �ı �I Łc�� �¸ ª� �M�º
�‰�B�[ �í �F l�í �¿ �[�Ó �Tm�å seden�‹ �B

Œr �� �˙ �P �i
LØ° Hghligr�[ �p1�] �o :�æ�` �Õ

e�Û
�Õ ��

7a of B�¿ ra�ó �tgJossr,a hemichordate.B�g ause Of thiS M�¡ mer had

ª� tt�ò 1�` �Ł�Ñ �i
�Retthnaria md ttculariao �Ve�� ªŁ

"J10ngimttnd diated
,,as v7ell as in the earlier described bipinnaria�B �¡ �v pelag�É nature

and the tranSparent bOdy are the omr simik�…
des.

The apical plate fOund in me dipleurula larva,the basic larVal fom Of EchmOdemata and in

doliohria la�W a is Similar to�R �] Ofthe tOmarL

After obSer�� ng different above mentioned similarities and C10Seness of the echinodem larVac to

the larvae of hemthOrdata,annelida and mOllusca(roChOphorel,it Can be conCluded that

echinOdennS are the anceStOrs OfhemiChOrdates.

Check your prOgress

l. The name of the supposed larva,whiCh iS COnsidered tO be common ancestOr of echinOderms

lS .......�E �����������������������������E���������������������������������������E�����������������������������������������������������������E������������������0�� ����������������������������������������������������

�� �b�� �Z�ø�� �¯ �n I�E JttI�Ù �Ø
’�] �Ó     ØJacOmmn

of echinodermata and HemiChOrdata.

24�B9 SIGNIFICANCE OEECHINODERM LARVAE

U.IO SI.MMARY

Different claSSes Of ph�� �]
EchittatatthibitdfferentlarVJfOmS

�O�˛ �• �Ìimarkediithtttyp"Jl�d 1�E

��Li�ì �~�º �Ü�E �A1�� bphttbelontt�_ d�s �Ìhd�ga ttm�\ �ì �‚ �Oå� l�b �ì :�� 1�â �ø�£
l�£ �Q�fl �º �·[0�� |�Ł �r �æaJ

�í ,’�d �| ��
�fi
�^ :Łc

�Ò
�í

�W
�� �\�R�§ �b �å With tt tOmtta larva

__^1^_.�� �� �nF ann01lrle

:H�� �� s�_ �Œ�` hOphttlarvlranneldS

The larvac are of eVOlutionary slgniflcanCe.

24�B1l CHECK YOUR PROGRESS�\
�\MODEL ANSWERS

l. DiPleurula
;,. sr;hiotutiu,meamorPhosis
3. PhYlogenY

2412~MODEL EXAM�u��
12��

�c�^
ESttN

�¡

�P

�Q

�R

Answer the fotlowing in about 30lines'

ail ; ac"ount of development of Asterias-' 
.

Describe the strucure 
'nOiignincange 

gf lininnuia 
lana'

Give a brief accoun, "irrr""?i""rc 
in rrniioJermata' What is their evoludonaryimportance'

.200

i *ffiffJ:' ItT,'lf,ll""T.,r:,ilr"'Jffiu_1;.prn,or,,reus 
5 Echinopluteus 6' Auricuraria

r' 
;.'I;;;ifi;''ce oiectrinoocrm larvae in gencral'
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24.13 GLOSSARY

Abducor muscle
Accessory glands
Adducormuscle
Amoebocytes

Benthic
Bilateral
Brackish
Calcareous
Camivorous
Ciliated epithelium
Cleavage
Copulatory organs

Debris
Dioecious
Enterocoelus

Enzyme
Extracellular
Fertilization
Cronoduct
Holoblastic
Indirect development
Intracellular
Metamorphosis
Nephridium
Olfactory
Oyster
Peritoneum
Peduncle
Phagocyte
Retractile
Sexual dimorphism

Statocyst
Tactile

A muscle which pulls a part away from the main axis of the body

Additional glands helping in a particular system

A muscle which pulls a part towards the main axis of the body
Cells with amoeboid properties i.e. moving and feeding by the

action ofpseudopodia
Aiimals that inhabit the bottom of the sea

Ilaving two sides

Slightly salty
Made up of calcium
(C. Caro: flesh; vorare: !o devour) Flesh eating
A layer of cells bearing cilia
The repeated division of a fertilized ovum along definite planes

An organ such as penis which enables the male animal to discharge
seminal fluid ino the vagina or oviduct of the female
A mass of rubbish fragments
Ilaving separate sexes

Animals with a coelom which has been in communication with
the archenteron, in the embryonic stages.
A secrction which accelerates a chemical action
Occuring outside the cell
The union of male and female gametes

Genital duct leading from gonad to exterior
Complete cleavage of a fertilized ovum
A development marked with larval sage
Occuring inside the cell
A rapid and complete transformation from larval o an adult form.
A primitive excrelory organ
Connected with the sense of smell
A mollusc
A membrane lining the body cavity
A short stalk bearing an organ or a sessile organism.
A type of white blood corpuscle able to engulf foreign bodies
That may be drawn back
A state in which males and females have a distinctly different
appearance, structure or size.
An organ of balance
Connected with snseof ouch

l
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UNIT_25 EVOLUTIONARY TRENDSIN INVERTEBRATES

Contents

25.1 Objectives

25.2 lntroduction

25.3 Protozoa

25.4 Metaz,u,

25.4.L Diploblastic animals
25.4.2 Triploblasticanimals

25.5 Symmetry

?5.6 Coelom

25.7 Metamerlc Segmentation

25.8 Cephalization

25.9 Summary

25.10 Check Your Progress - Model Answprs

25.11 ModelExamination Questions

25�B1  0BJECTIVES

To trace the origin of Metazoa and consequent wolutionary significance wiffr special rbference o
symmetry, coelom formation, metameric segmentation and c@halization. Through study of this

unit witl equip you to explain not only the systematic uganisation of animal kingdom butdso step

by step progress of evolution by minor variations.

25�B2  1�� �cRODUCTION

A1 ttre living organisms in the earlier times have been classified ino prokaryotes and the four

eukaryote kingdoms, namely, . protistans, metaphyEs, fuEi Td metazoans' ProtisAns and

metazoans are included in th; 6imal Kingdom wtfle fungi and metaphytes arp included in the

Plant Kingdom. Let us here confine our study to fuiimal Kingdom only.

253  PROTOZOA

The Animal kingdom is divided hto two subkingdoms calledPllotozoa and Metazoa' The Protozoa

were formerly ,"f"tt"O to as unicellular. Now these are referrcd to as unicellury (D"TID:

are microscopic in size. n" *g*ioti* is simple. The different parts (organelle$ of these

p-r^ur* are specialised for iarious functions. These also form colonies of many similar

members (Volvox, fiito*rporgia). Ttp members of a pro6zoan colony are functionally

independent of one another.

25.4 METAZOA

The Metazsa are believed to have been evolved by colony formation (IlaeckeD' The ge.nes theory

of Hadzi, a Yugoslavian Zoologist claims Oai Oe Metazoa arose by a cellularizatio:r of a

multinucleare ciliate. Phylum porifera dnong metazoans iliffer widely from the ryn'aTPg 
groups

and justifiably have 
"rof'rJ 

t"protfy. flre norifera reated as Parazm retained the cellular grade

of organization. Metazoats are-animals in which the tissue grade of organization has reached its

fullest expression. fn" otg* * composed of several typei of tissues' All these function in co-

ordination with one anothi. In view of ttre variety of organs and the different types of tissues it is

difficult to give an accurate definition of a metazoan. However a reasonable generalisation is as

follows:202
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3.

4.

Thcse animels have a gut wilI a mouth.

ffiffi il:ffi tr"Htt ffi; metazonrs and in blocks and hryers in higher meuznans.'

Nervous tissue with nerve fibres and ganglia
In spite of the wide variaions found among the metazoans, the group is divided ino twg, tttg

diploblastica and the Triploblastica- Ttre diploblastic animals have two layers of cells. Animals

txaving Bree layers are included in thetriptoblasticagroup. These layers grd consid€red as'the

primary germ layers. All the organs and olg3n sysems a.e develpped ftom the.se layers.

25.4.1 Diptoblastic animals

The diplobtasric condition is the simpler one. It is also considered as primitive.
This.condition is found in Cnidaria (Coelenterate) and Ctenophora
fire body is conrposed of trro lryers, ths ectpQ'rrr and the endoderm.
Mesoglea, a stnrctureless gelatinous laycr lies in between the ectoderm and endodem
Anus is Ss,ent
Tfre endoOerm tines ttre digestive cavity.
The ectoderm forms the prot€ctive covering and also contains sensory organs.

25.4.2 Triploblastic animals

l. All theotheranimalsareincludedin hiploblastic
2. Besi&s the ecoderm and endoderm, ther€ is a third layer calted the me.sodcnn.lhis laycr

replaces the masoglea

Platyhelmimnes are the frst riploblastic animals in whhh the digesive tract is still without
anus. The subsequent wolution, howerrer, led o the fqrnation of a frrIIy fsrred gut grving
the entire body a tube-within a tube plan.

Apart from the ttrce layered condition, the major evolutionary trends of riploblastic animals
include i) origin of bilateral symmetry ii) formation of coelom and iii)
segmentation of the body. These three phenomena have conributed for furthor evolutiqr of
organ systems, regionalisation of body erc.

25.5 SYMMETRY

Symme�‹:iS the divi�� m into equd pan by�Ü nes of planes.There"four pos�Y �í types of
symmetrical pattemso All the animals show any of these types of symmew radial ttmmew,

bilateral symmetry,spttalsymmet�Ł and aSymmetv are the fourtypes Ofsymmew.

Radial symmetry:Phyla Porifera,Cnidaria and Ctenophora exhibit this symm�å
�Ł �BRadial

symme�‹ls cOnSidered to be the pnmidve.nese animals somedmes aFe grOuped together as��

Radhta�B �¥ my species of these g�_ ups have become irregular as in spongeso A few have tttome

biradial such as sea�] anemones and Ctenophtta The p�Ü mitive symmetw in d�É se animals also is
radial symmet�Ł .

BilateraI Sy�ß metry:All of the remaining animal phyla are bilateFal temed as Bihteria.The

radial symmet�Ł Observed in Echinodemata ois s�å ondly.It is derived�¡ om the ernbryonic
bilaterality.Organ systems are present and the mesodem is well developed.The Bilateria are

di�� ded intO two maJor di�� siOns the Protostomia and the Deuterostomia.This division is based

on the mode of fOmadon of mOuth durillg embryolgical devdOpmento ln protOstOmes the

blastopOre Or an opening c10se tO it b�å omes the mouth,whereas in deute�_ stOmes it arises lbm a
site which is away from tte �\ astopore.

ThO P�_tostomia.includes animals be10nging to various groups of invertebmms tOm
Platyhelminthes to�\ OpOda and Mollusca.Echinod�\ ata among invertebrates comes under
Deuterostomia.�⁄ e ttrec mttor phyla Anndida,Amopoda and Mollusca�· �–k�h ely related
ancesua�¡ y�B �¡ ey are dsO believed�ì have a common ances�f �b �¿bling �V  preSent day
Phtyhelminthes The only g�_ up Aschelminthes is somewhat peculiar alnong the ProtostOmia.The
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seven classes ofAschdmin�Æ àYaFeŁc�„ �° �x�ó
"�q

�p Protosmmia have thetfdOw�g g charactrs:

�÷ �É mouth is derived�¡ om tlle embvonic bmpole�B

A well devdoped ttm�c is påı �G�_m�F

Emttonic devdopment�¤ Jdle demmina"�ì

Cleavage�¤ ofthe wtt type.

A larval fom is usually prentin developmmL

Tle mesodem angimn by the didingovrth ofcens lom the endod�\ .

The coelom when fomed is not an enerocOel.

�¡ �É Deu"rostomi8 0n the omr hand is a more hetrogeneous group.This includes chordates.

huliarly Lhinodennata which�¤ an invembrate phylum also shares nlany of the characcrs of

deuterostomes.It w�§ suggend�R�Bta diplen�g

"hrva Oypothetical larva of�å

�N 9 was
the ancestor for the chordate�] line of evolution(�¤ wan,1940D.The DeuCrostomh has the
following characters:

Blastopore becomes the anus or�˚ e antt foms where the blastopore closd�B

The mouth is a new fomation.

The cleavage is ofthe indetermina"type.

The mesodem and coelom orginate by the outfolding ofthe gut wa�¡ .�¡ is is by tte enterocoelous

mmOd.

One of tte signiflcant development Of the bilateral symmettr is tte fomation of head,known as

cephana�R�c �B�¡ is has statd in P14hehninthes ià� �˛ ,but it amined its distincmess in amelids

and amOpOdS where metameric segmentation also becomes characcristic.

25�B6 COELOM

The evolution of a secondary body cavity is considered o be of major importance in metazoan

Fig.25.l Diagrams to strow the evolution of coelom in
Bilateria
Acoelomate with out body cavity
Pseudocoelomate
True coelomate
Epidermis
Circular muscles

Longitudinal muscles

Intestine
Gonad
Cuticle
Syncytial epidermis
Muscles
Pseudocoelom
True coelom
Parietal coelomic ePithelium
Visceral coelomic ePithelium
Metanephridia
Cronoduct

�‘
�D

�a
�B

�b
�B

�¡

�Q
�D
�R
�D
�S
�D
�T
�D
�U
�B

�V
�D
�W
�B

�X
�B

�P�B

�g

���Q

�]�R

�]�S

�\
�g

�\
�\
�\

B R
 A

 O
 U



evolution- It is.alsaan cssouial;prercqnisil6 o the dovelryat of greater size and poryplerity. The

Godm tn defided as a liqufol-Iilled cavity in the mesodernr. It d€velop frrom the embryonic
mesofurr. The cavity is tiipd on either si& by the meso&rmal lining. The lining.whieh.encloses
tb gut md viscera is calted the viscerel perftoncum, wlrcrcas the one which lhes the interior of
body walt is calbd the pnrhtal peritoneum (Fig. 25.1C) Based on the coelom struchrrc the
Bilarcria is divided into tkee mqior grcups (Fig. 25.1)

l. Acoelomrte: The region between the diga*ive ract and the epidermis is corylAey filled
with mesenchyme and muscle fibres. Ttrere is no body space. This tlpe is m€t with in phylum
Plaghelminthes.

2. Pscudocoelometa: This body space is not a tme coelorn. Animals belonging to phylum
Aschelminthcs possess a body cavity of this type.

3. Coelomata: The body space is a true coelom. The remaining phyla of the Bilatcria are

chrastcrised by this type of coelom. The coelomate group can be again divid€d into ttree
type.s. This division is based on embryological shrdies on the origin of enomesoderrn and the
coelom.

Ft5.25.2 A.E: Different stages in 0re development of coelom
by schizocoely

A. Section of a gastrula
B. Section of adultcoelomate .

l. Ectoderm
2. Blastocoel
3, Archenteron
4. Rudiments of the mesoderm
5. Developing endoderm
6. Mosoderrn
7. Inrcstine
8. Developing coelom
9. Coelom
10. Endoderm
11. Visceral coelomic epithelium
12. Mesentery
13. Somatic coelomic epithelium
14. Organs of mosodermal origin.

Schizocu[ The coelom arises from a split in'the mesodermal bands, plates or nrasses. This is
found in most of the metameric Proostomia (Fii.25.2).

�]�\

�u
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Entemcoet: The mesoderm primirivety arises by a process called enterocoelic pouching. In
this the wall of the archenteron Evriginarcs to form pouches. The pouchas separat€ from the
mchenteron. Ttre pouches later differentiate into the coelom. The walls of the pouches

become the mesoderm. This methods of coelom formation is seen in al! deuterostones
(Fig.25.3)

Mesenchyma[ This is an unusual method of coelom production is seen only in Phoronidaln
this metM the mesenchyme rearranges iself o enclose a space io form the coelom.

The evolution of coelom was a major advance in metazoan evolution. This becomes evident when
an afiempt is made to compare the acoelomates and pseudocelomates with coelomates. There are
fotn basic theuie.s of the evolution of the coelom. lhey are:

Enterocoel Theory of Sedgwick (18&4)

Gonocoel Themy of Bergh (1885)
Nephrocoel Ttrcory and
Schizocoel Theory

The function of coelom is considered as one of the very important evolutionary advantages. In
many animals the coelom is considcred as hydraulic skeletol.In forms where this function is not
served he coelom is reduced.

In the early stages of evolution of Bilareria the animals developed musculature consisting of
contszctile elements. The animals were able to swim about wittr feeble movemenb. With increasing
body size and musculanue the animals gfadually took up terresrial mode of life. With more

terrestrialisation they also developed the faculty of locomotion. By further development, a few of
them became burrowing forms. In srrch animals the coelom served as the hydraulic skeleton.
Muscle fibres also have developed well. The coelom and the coelomic fluid certainly were of
greater use to these wo,rkJike bunowing animals. In ttp course of evolution this fluid skeleton

evolved independently number of times. The coelom is polyphyletic in origin.

Fig. 25.3'Merodcrm giving origin io coclom by enterocoelic

method. A. Formerion of cntcrococlic porrcher. B. Differentiation
of thc poucher ino mcroderm and later dcvclopnrerl ino coelom.

l.Ectodcrm 2.Bvqinnion of thc grn o fomr the eoterocoelic

poucf, 3.Archcucrcn 4,Endo&m S.Mesodcrm foming tttc

eloo6.Gu"

�P

�Q

�R

�S

25�B7M�u AMERIC SEGMENTATION

Segmen[ation in animals involves ttre longitudinal division of the body into serial sections- Each

.*'ti"" iypi"ally having a pair of some or all of the various organ units. The terms metamerism and

metameri; segmentatio-n 
"ppU"r 

only to the organs derived from the mesoderm. If the segmentation

is superficial it is too*,n-as poeudometamerbm. Tapeworm is the example. Ttre main theories

.on 
"-ing 

metameric segmentation are based on two aspects i) The repetition of mesodermal

struchre,-ii)Relacionshiibetween the evolution of the coelom and evolution of meameric

segmentation.
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25�B8 CEPHALIZAHON

we have seen that metameric segmentation is one of the important evolutionary sspecB in

metazoans. Howev€r, this is not unilorm in all the metazoans. Only the embryos of metazOans and

a few adults strow.tlrpicat metamerism. One of the facOrs which affects metamffism is tlie

specialization of the anrcrior end o form a head. The necessity of forming the head seems b be a

*nr"qo"o", of the type of life led by the animals in telation o their environment. Symmetry of the

animals also has certain influence on this ctrange. radially symmetrical animals are either sessile or

free floating. These require all round knowledge of the environm€nl Therefue the sense organs

are locarca-peripfreralli. On the other hand, thi siuration in ttrc bilatemally symmetrical animals is

different. nie.janirais move in a particular direction. The sense organs, therefore, are all crowded

at the end tlnt first reaches the niw environmenl This process is termed cephalization. This has

resulted in tlrc formation of a specialized anterior end and an antero-posterior axis.

Check Your Progress

l. Cnidaria and'ctcnophora which display a fundamental radial symmetry are grouped ogether

as the ..........
�Q

�R
Schizocoelomata includes thnee major bilatefial phyla namely the ..............

like burrowingConsequent to metameric segmentation and coelom formation in metazoans

annelids, a................. ..... skeleton is formed.

26.9 SUMMARY

The animal kingdom is divided into Protista and Metazoa. All multicellular animals are included in

Metazoa. fire distinction between diploblastic and fiploblastic animals explained. Symmetry in

animals is ditcussed in derail. Bilarcrally symmerical animals are suMivided into ProSostomia and

Duetorcstomia. Coelom and typas of coelom and their formation discussed. Metaineric

segmentation and is evolutionary signifrcance. Cephalization is a charrcteristic of mos of the

bilaterally symmetrical and segmented animals,

25�‹ 10 CHECK YOUR PROGRESS�\�]MODEL ANSWERS

�P

�Q

�R

Radiata
Annelida, Arthrorpoda Mollusca
Hydraulic

25�B1l MODEL EXAMINAT10NQUEST10NS

Io   Answer the Fo�a b�} �nng in about 30 1ines

l.  Discuss vanous types of symmet�Ł found in animals.

2.  Based on the coelom srucnre what are the tha)maJor grOups Of Bnateria�B .G�s e tte

examples.

3�B   What are dle important characters of a typical Metazoan.

4.B�Ü eny describe mttor eV01udonary trends in riploblastic animals.

�U. Ans77er the Following in about 10 1ines

l. Dipbblastic animals

2.�¡ �� loblastic animas

3.  Protostomia

4. Deuterostomia
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UNIT 26 PROTOCHORDATES�EGENERAL CHARACTERS

Contents: CLASSIFICATIOT{ AI\D AFI'I]IITIES Otr- SUBPIIYLUM IIEMICIIORDATA

26.1

26:2

26.3

264

26.5

26.6

26.7

26.8

6!rtives
Inuoductiqr

G€n€ral Clnractersof ttremichordata

Classification

26.4.L Class - qrtqoPneusta

26.4.2 Clrsi - hcrobranc.hia

Affinities with Ctordaa

Affinities with Echinodermata

Affinities with Annelida

Summary

26.9  Check Your ProwS�] �ŒMOdel Answers

26�B 10 ModelExamination Queslbns

OBJECTIVES

This unit presens the general intrroduction to the Chordata, classification and systematic position of
Hernichordata At the conclusion of this you will be able to explain with great interest how fte rarik

of this small group of worm like animals has becrime a Jigsaw purzzle to the zootogists till today.

They are unable to decide is alliances pnecisely.

26�B2 �W RODUCTION

The largs phylum of l�¡ �Ł
"�_

stomia is the ttm�˚ a ney pOssess��
�g

distinguishing

ChaFaCterstics which appear adeast for sometime in their life cych

They=c the notochord,the gill d�g �Õ and dorsal hdlow nerve cord.     _

1�B Notochord or Chorda dorsal�¤ :It is a stiff long and elastt rod like�\ ture.�¡ constts of

large vacuolated cells.It lies below the nerve coFd and above the guto lt is axial in po�˜ Ø[On.It�Ô

covtt by twO sheaths.The inner sheath is thick and is made up offibrous connecttve dssue,outer

sheath is thin and iS made up ofelasdc connective dssue�B �¡ he notochordal cells are vacuolated and

are rllled with seminuid substance.It causes turgidityo Notochord is endodennal in Ongln.In higher

chordares�¡ OtOchords is usuttly replaced by a segmentti cartininous or bomy vertebnl ccDlumm.

Nomchord is sdff and im.so it preven�g shomning of tte body.It suppOm the bOdyo lt helpS in,

Ioconlotion,and in muscle attachment.The animals which possess notochord are caued chOrdates

hd the phylum is called Chordata cFig�B 26.1)

2. Cill dE�g or Branchial cleFts:In all the chordates the wa1l of the ph2�¯ �ßx has rOrations.
They deve10p as ectodemal invaginations and fuse with the endodemal evaginations of phamx.

|

Flg.26.l A typical chor�˚ c cdia8-3ti0 1.Brain.2.Cill clefts.3.Lm3�E 4.Nerve o�fl �¡ 5�B Notochord.6.Bladder.7.C:oaca.
8.Clo�� d apmu�É 9.Hindgut 10.Kidney H.Gonad.12 StOmch 13.Liver 14.PeJcardium with heart.15.PhaFynX.

12

211
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fitis becomes the respiratry apfe in the aquatb aninrals.Ih the terrestrid:fsms the remrmts
of glll slits are foud. In thc ealy embrymb curditbn they re found r traffibry strrceres. In
the adult ver&brales, tho hanchial apparat$ may be modificd'ino endocrhe gturd. kr lowly
organised chordaras tho b,ranchid appuanrc ls used for feediag mechanisrn.

3. Nerve cord: It iS dmsally si[rared hollow, tuhlar stnrctre. It is filled with fluid. This cavity is
called neurocoel. The nerve cord persists throughout life in most of the chotdatae. In Urochordata
the larva has got the nerve cord but in the adult it degenerates. In higher chordates it is
differentiated into fore brain, mid brain, hind brain and spinal cmd. In non-chordates the nervous
system consiss of a solid double ventral nerve cord with gangtionaM swellings which are
meamerically arranged.

There is no general agrcement regarding the most appropriale classification of phylum Ghodata
According to Jeffery Parker and ltiltiam A. Haswell the phylum Chordata is divided ino four
sub phyla-

l. Hemichordata(Adelochordata)
2. Urochordara(tunicata)
3. Cephalochordata (Acrania)
4. Vertebrata(Crmiata)

First three sub phyla are grouped ogether as Protochordata.

Bateson (1885) considered the skeletal structure of the buccal ub Balanoglasszs to be
homologous to the notochord of Tunicata and Acranie (Cephalochordaa).

But many scientists do not consider this to be the notochod. They prefer to call it buccal
diverticulum. Hemichordates show many resemblarces with echinoderms than with the chordates
(See affinities of Hemichordata). Many scientists concluded that the Hemichordata should be

considered ar a separate phylum.

But in Hemichordata an endosheletal element develops from ttre buccal tube (anterior part of the

alimentary canal). This may be a notochord. Exce,pt RWdoplewa (a genus of Hemichordata) all
prolochordates posses perforated pharynx. firey increase in number by developing tongue bars.

Similar tlpe of multiplication is found in Cephalochordata

Chodates utilize phosphagens in the muscular activity. It is a compound of the amino acid creatine.

Similarly arginine is utilized by non-chordates. Creatine is presentin Hemichordates, Tunicates and

some echinoderms. But rccently some creatine compound has been found in some polychaetes

while other polychaetes possessed arginine compounds.

26.3 GENERAL CHARACTERS OF HEMICHORDATA

They are marine,worm 1iftsSmimals. They may lead solitary or colonial life. The body is long

and slender. Generally they live in 'U'shaped tubes. The body is soft and adapted for

burrowing.
The body exhibitsbilateral symmetrpnd is not segmented'

Three germinal layers namely ectoderm, mesoderm and cndoderm and present.

The body is divisible in1o three unequal parts. Proboscis collar and trunk

Some genera beat tentaculated arms in the collar.

coetom is in the form of five cavities. Proboscis coelom is unpaired- collar arfd trunk have

f,iilelO coeto1;1ic cavities. Proboscis coelom and collar coelomic cavities open to the exterior

through pores. Trunk coelomic cavities are closed ones'

Single layered epidermis is present in the body wall. It possesses mucus secreting glands.

These are numerous on the proboscis.

Pharynx is perforated, the number of gill slits may vary from one to many pairs' They open to

the exterior through gill Pores.2r2
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9. .:ftecfueulmry system is,of opctr typc (capilky system is absen0. Definite bloodchmlretq
leunar sprces and hert vesicb arc presenl

10. Glomerulus or probomis gland is ilre excretory.6g;m.
. ll. Nervous systern is in,the fornr of inrrqi&rmd nerve net. It forms mid dorsal and midventral

. rsrrc cords. Both are connected by a circular nerve stand"

t2. Gonads ar€ numerour arranged in the rows, in the genial wings. Some have only one pair.

13. The sexes are separate in some forms and uniM in some.

14. Asexual reproduction is by budding and also by regenereti@.
15. Fertilization is extemal.
16. Development in Balanoglossus is through tornaria larva. Saccoglassns develops directly

without a larval stage.

17. Tomaria larva resembles bipinnaria larrra of echinoderms.

26�B9 CLASSIHCAT�_N

Subphylum Llemichordata (Modern scientiss consid€r this to be the phylum) is divided into nvo
classes. l) Enteropneusta 2) Pterobranchia

26.a.1 Clesc Enterupnorste

It is composed of simple worm like burr,owing animals.

These are solitary airimats.

Proboscis is the anerior most part of the body.

Collar is simple. It doe.s not po$rss tontaculated arms.

Numerous tI stnped gill slis are present

Digestive tract is a straight tube. Hepatic sacculations are prrominent

Blood vascular syst€m consists of dorsal sinus, blmd vessels and lacuna spaces.

Nerve cord is present in the collar region.

Sexes arc separare.

Gonads arc many present in the genital wings.

. Development is indirect in Balaruglosun with a tornerie lerve. trn Saccogbssnsit is direcr
Asexual reproduCIion is not known.
Examples: 

^B 
akno glossw @ig. 27 .ll, Sacco gbssru.

2&42 ClnssPrterobnanchia

They are marine and sedentary animals,live in tubes.
They are minute in size and live in colonies.
Shield shaped prroboscis is found.

Collar bears tenaculated arms.

Digestive trrt is 'Ir shryed with mouth and anus sinrated in the same plane.
Gill slits do notpossess U'shaped ongue bars.
Nerve cord is not present in the collar region
Single gonad or apairofgonads present
Sexes may be separate c united.

Asexual reproduction is by budding.
Development may be direct or indirecr
The class Pterobranchia is divided ino 2 orders. l) RhaMqteurida ii) Cephalodiscida U3
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T:rE, %2Hcrnicrrordrrcr' A'Rlu@lcua (m individul)' B 'Coptrttodbaut (en iadividual) l' Tenrclcs' 2' Ccphelic rhicld

3. Orat lametta 4. Trrul 5. Strlf 6. Armr of the collrr 7' Collrr t' Anus'

r) Order RhabdoPteurida

l. These have ttro tent Eulatcd arms in the collar rcgion'

2. The gill slis are absenl

3. Only single gonad is Presenl
4. They form colonies.

A common stolon connect the individuals of a colony

Example: Rhabdo Plewa (Fie. 26.2 A)

ii. OrderCePhalodiscida

They may be solitary or may exist in goups (gregarious). There is no connection between various

individuals.

All the individuals live in a coenecium

The collar has many tentaculated anns

Only one Pair of gill slis Presenl
A pair of gonads is tound._.
Examplez C e plulo dis c tts .ffir9' 26'2 B)

26.5 ATTINITIES WITII CHORDATA

214

The Hemichordates have atleast two fundamental chordate charcters namely'

the.stnrcnrre, functions and de"elopment or gill rlis are similar to ttrose of chordates particularly

Ampriotot, which is called a "fish in making"'

Dorsal tubular nerve cordis single and nonganglionated as in chordates'

The third fundamental characier of a chordate is the presence ofnotochord or chorda dorsalis' In

some lower chordates it may presist trrrough o"irr". but it is replaced by the vertebral column in

the higher chordates. i, tlri"r,*art"r o"-i*r of the buccal caviry has a peculiar skele'tal

struc6re. It extends into the proboscis. Eariier it was considered as notochord' Later it was called

stomochord as it is pr"r"n, in the buccal ,"b". il many scientists prefered to call it buccal

diverticulum.Butthebuccaldiverticulumit*iAao'sainposition'Ithasvacuolatedcellsandit
developsfromtheg"..r"po''osingthesecharactersitisresemblingthenotochord.
Differences with the Chordates

In hemichordates the grll slits arc dorsal in position' In chordates they occupy lateral region of the

body.

��
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The so called noochord (Buccal diverticulum) is very shst. In chordates it occupies almost entire

length of the body.

In hemichordates it is ventral to the dmsal blood vessel. In chordates it is dorsal o the dorsal blood

vessel.

In hemichordates there is no covering sheah around the notochord @uccal diverticulum). In

chordates the notochord is surrounded by two sheaths. The outer streath is thin and made up of
elastic connective tissue. The inner sheath is thick and made up of fibrous connective tissue.

In hemichordates the'notochord' develorps from the foregut but does not get separated from it. In
chordate.s tlre notocho,rd develops ftrom the fuEgut but gets separated"

True noochorrd possesses lrge vacuolated cells. Some scientiss say that the buccal diverticulum
has large vacuolated cells. But the other scientiss consider theni o be epiftelial cells.

In hemichordarcs the dorsal nerve cord is restricted to collar region. In other parts of the body the
intra epidermal netre net is present In chordates single, hollow tubular nerve cord occupies the
entire length of the body. In the anterior region it is differentiated into brain.

Numerous gonads are present in Hemichordata. In chordates only a pair of gonads arc pr€s€nl

Blood flows anteriorly in the dorsal blood vessel and posteriorty in the ventral vessel as in non-
chordates. It is just reverse in the case of chordates.

In hemichmdates the heart is dorsally siurated. In chordates it is ventrally situated.

Single layered ciliated epidcrmis is present in hemichordate.s.

Serological and biochemical tesu rcveal the hembhordarcs resemble with the invertebrates in
general and with echinoderms in particular.

�Ü 6  AFHN�u�zES WrrH ECHINODERMS

Srong alfinity exiss betrreen the bipinnaria larvaof Asterias and tornaria laruaof Balanoglossus.
The clevage and gastrula formation is similar in both.
In both the larvae the ciliary band takes a similar course.
In both the coelom develops from the archenteron.
The digestive tract is similar in both i.e. mouth is ventral and anus is posterior.
The anus develops at the blastopore in both.
The origin and anangement of coelomic cavities are exactly same in both.
In adult condition both have apoorly developed nenous system.
Heart vesicle of hemichordates may be homologous o madrepuic vesicle of echinoderm.larva

26.7 AFHNrr�RES WrrH ANNELDA

1. Both hemichordares and annelids are urbe dwellers. Both have burrowing nature.
2. Both ingest mud.
3. Fed matter is in the form of castings in both. 

l4- Blood vascular system of Hemichordata resembles with that of Annelida. The heart is
dorsally situated in both.

5' Blood flows anteriorly in the dorsal vessel and posteriorly in the ventral vessel in both the
goups.

6. Tornaria larrra may be modifred rochophore lana of annerids. !

Differences wirh Annetida

Nervous system is basically different in both.
Excreory system is in the form of nephridia in annelida Hemichordates have no definite excretory
organs. Glomerulus is considered to excretrory in natrre.
Pharyngeal perforations are present in Hemichordata and are absent in Annelida

2L5
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Roof of the buccal cavity has a skeletat strucffic calted hotochmd' or buccal dive*iculur4..There is
no such structure in Anrclida
After studying the affinities of Hemichudata it may be concluded that Hemichordata can be ranked
in between Echinodermaa and Chordata as a separale phylum.

Check Your kogrcss

l. Enumerate the structural feanrres of hemichordates in common with chordates.

2. As the stomocord can in no way be Eeatod as €qual to notochod, the subphylum
Hemichordata is now treared a Of mvc�� �¶b��

"group.

26.3 SllMMARY

The animals with posses the notochord are called clrordates, Eg. sea squirs, fish, frog, snake, bird,
tal, cat, dog, bat, whale elephanq man etc" They look so different from each other but at the same

time they have common characters.

Chordate origin is underdispute.
There is no general agreement as regads the classification of phylum Chordara.

Presence of notochord in the Hemichordata is doubffrl. So there is dispute regarding the sys0ematic

position of Hemichordata. Further they show affinities with chordata, Echinodermaa and

Annelida
The members of the phylum Chodata are characterised by the three fundamental characters. These

arc l) Presence of notochord 2) Presence of gill sliS 3) Presence of nerve cord.

26�B9 CHECK YOUR PROGRESS�\�cMODEL ANSWERS

1.  gill clefts,nerve cord.

/Phylum

26�B10MODEL EXAMINAT10N QUES�¡ONS

I. Answer the following in 3ll lines each

1. Give the salient features of a typical chordaie.

2. Enumerate the general gharacters of Hemichordata

3. Classify Hemichordata with examples.

4. Discuss the affinities of Hemichordata

I Answer the foltowing in l0lines each

l. Noochord 2. Enteropneusta 3. Pterobranchia
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UPCrr�] 27: BALANOGLOSSUS
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27.1 OBJECTå¥

In this unit we shall lern about the detailed strdy of Batanoglossus as a tlpical example so as [o
enable the snrdent to und€rstand the organisation of Hemichordaa in general. By a deailed s$dy +.

of tlti!, unit lptr aqe gnable to explain wittr fuU confidence *rat Balanogtossus has many
dissimilrities when compred o chordarcs. It is closer to invertebrates in many respects.
Systematic position.

Phylum
Sub Phylum

Class

Genus
Spries

Chordam

�� ichordata

Emropeu�¨
Faraa�� äŁ �Y

B=dttiger�g

27.3  EXTERNAL CHARACå¥

�E�o �fl:�í ��      �Ù ØÜ�‹�R�dl�ô l�¤
b�� WL

It emits strong and offensive mrell, similar to iodofonn.
slimy subsance secreted by tlle *in emitsbrightgrebnish luminiscence.
Shape and Size: The body is &lbate as soff It is warim like elongated and cylindrical in shape.
The entire body is ciliated. rt is€nve@d by mucus seqqtion. riis uitateraily symmetrical. It
measures from 4" w 2'. Balaruglgr+as el'eas measrues airqtf'? metres. The bodyis divideA into 3
regions: Pnoboscis, colluand trurfi (Fig. n.D
Proboacb br Protocome: This is the anterior most region of the body. It is short, muscular and
cgXfflin +g...It cqrtinues ipoprroboscis stalk. Iiis surrounded by the collar. One or rwo
W$ryo.tt pq,$..qepf$ent risflr" p?ge of the p.rotroscis on.the.dors4l surfa_c *Vate bnrgp Sd
proboscis codom tlnough ttreii pores and makes the proboscis 'nrrgid.'T,niiidiiy,.dAld.i! an
efficiant bunowing organ.
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Coller or Mesmome: This is also muscular. Circulfr grooves are present on its surface. Collar
forms a funnel-like struchrc.in the anterior portion. ftris is known as collarette. The mouth is
present betrueen &e collareue and proboscis stalk on the ventral side.

Frg.tl.l Balwglwtu - Dord vicw. l.Pr,oborcir 2.C-ollrr 3.Bnnctriogentiel rcgim.4.Gill porcr.5.Crenital wing

6. Hcp*ic rcgion 7. Abdmind or hcprtic rcgioo E. Anur.

Trunk or Metasome: Trunk follows the collar. It is the longest part of the body. The tnrnk is
differentiated into 3 regions. Anterior part is branchiogenitel region, middle part is hepatic
region. Posterior prt is post hepatic region.

It[any longitudinal rows of gill pores are present in the branchiogenial region. They are pre.sent on

either side of mid dorsal ridge. The brranchiogenial region has lat€ral expansions called genital

wings. They fold on to the dorsal side to enclose gill pores. Conads are present in the genial wings.

They open to the exterior through minute pores.

Hepatic sacculrtions arc prcsent in the hepatic or middle region. Post hepatic region is tryering
and anus is presentat the end on the ventral side.

27.4  BODY WALL

The outer most layer consists of ciliated epithelial cells. In between epidermal cells and gland cells,

neuro sensory cells are present. Gland cells secrete mucus which always covers the body. Muscular
I

Fig.2?.2r.S.ofBatanoslas,r','(Itrousbry. *,t-!-,1'.ry.q.""it,'-:P,11-::'1;';H:i."T*.ff*I.EtB' 't't "e' vL D'sPt'@ 
L lo' vcntrEl ncrva Il' oesophagrs'

S.-C*irA wing. 5. Tongrrc brr. 7. lnnginrdiml murctcs. E. Qidcrnis. 9. Vcntral vesrc

12. Trunk coelom. 13. Pherynx.218

ŒA

B R
 A

 O
 U



layGr is in€sErrtt below ttre €pithelial laycr, Cireulr rnnscb fibers arc prasont on the ouer snfue.
Longitudinal murlc frbres are responsibb fu conrrtiors of the body. Nervotts laycr is'intra
epidermd. The next layer is basement membrane W. n.D.

27�B5  COELOM

Coelom is by coclomic epithelium c peritoreum. Coelun consists of five sepuate cavities.

Proboscis contrins prOccin coelom. It is unpofued cavity. Glomenrlw, buccal div!*ticulutn,
dmsal sinus projtxt ino ir It opens o the exteric by a proboscis porc. Collar has paid coelomic
cavitics whbh cornmnnicate with each othq at c€rtain places. Thef open to the exteric.by a patr
of collar poras. The rurt also has pafu€d coelomic cavitie.s which commrmfo:ale with each other.
tho fobsscis urd collr cavities cmuin sca warcr. The tirnt cavities do not opcn to orBi&. They
contain coelomfo fluid which has coelomocyes (Ftg. 27.3)

�⁄ ’�¤
�M
SE�FLETO�ÓSTRUCTURES

1.hoboscis eleton 2.bunl divmiculum.3=�� �⁄ �R �ß bm�å gin h andI�H �¸ �˝ �� m
�RD skeleml tt�] �G�� Bfomdin 3�ŒJ�� �~ �g

�c

�R �ß �» 3�¡ �¤ aphttlike smc�� .�¡ �¤ found in tt stalk ofthe probosc�¤ �B�¡

�g

�ˇ �b of

shiddsmed,�« and�ßohom"�@s On the midvenmlside tt p�À �B a keel.

BIoldM�� h�¨ Ø[81t b pttmtin�˚ e roOf of the b�\ l cavityo lt is smll,hollow tube lib

smm�¶ h ht m exendsintO pboscis.3800n COnsidmd tt to be the notocMo Some

rdertO Call i as amOmOchordo Hyman and tt scientists�u ferto can i buccal divmicuhm.

=:�¡
i�Ü �¾ |

�‚=  �RF:‘

\ea nS Babrcglossns (Mcdirn ragind rericr), l.Ncrvc plcrur. 2 hroborcis coclom. 3.GlomcruIur. .t.Hcrn.
5' Pcricrrdiuo- 6. Stonrochod. 7. hoborcir *clcron, t. hobordr porc. 9. C-ollrr coclqn. 10. Coller rrunt rcptun. I l. Vartrrl
ncrvc cord 12. Moudr. t3. Bucel cevity. 14. Ocrophrgur. 15. Gilf r[u. 16. Dond ncrrc *nna, 17. Donal vcsrcl. lt. Nervc
Cod. 19. Ifirgiurdinal mucclcc of collrr.

Branchial skcleton or Gill rods; Primary and secondry gill bars are supported by gill rods.

lgochord: It is present in the wall of the post hepatic region on the ventral side. It suppors the
caudal region.

Musulature: Smooth muscles are present. Proboscis has few circular and well developed

�R
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longitudinal musc'les. Muslcs are *eII ibrelgpcd in colkrettc. Collsr has poorly doveloped
'musculaffre. 

TnNnk has simple muscles.

27.7  DIGESTIVE SYSTEM

Digestive trzpt is a stright urd wide tube. The mouth is present on the ventral side between
proboscis salk and collarette. It is always kept open. The cilliary rction of pnoboscis b,rings the
food malerial into tlrc mouth.

Simple ciliated epithelium lines the alimenary cannal. Musculanne is not developed. The digestive
system is divisible ino four parts. l) Buccal tube 2) Pharynx 3) Oqsoehagus 4) Intostine.

Buccal tube extends upo collr trunk septum. As mentioned earlier rmf of the buccal cavity forms
buccal diveniculum. Pharynx can be divided into dorsal respiraory region and ventral digestive
region. Respiratory region has series of gill slits. Digastive region functions as a food channel. A
lat€ral constriction separates these two ptrts. A pair of parabranchial ridges project into the lumen

ofpharynx.

Oesophegrrs lies behind the pharynx. It has spacious lumen. The lateral partition of pharynx

continues into the oesophagus to some extent and this part is called post branchial region.

Oesophagus leads into the intestine It can be differentiated ino hepatic and post hepatic region.

Hepuic caeca or hepuic srculiations are present in the dorsal wall of the hepatic region. Post

hepatic region or inrcstine follows the trepatic region. Pygochord, a skeleal sEucuue is present in

this region. Fost trepatic rcglon leads into the anus which opens ttl the exterior. Anus is guarded by

a sphincter.

f,'ood and Feeding habits: Balanoglossus feeds like earthwqm. Organic fmd material enters the

mouth along with mud. Feeding is of mucus-ciliary type. Food particlas along with sand grains

become enangled in mucus stnands. Mucus is secreted by the proboscis. Mucus strands enter the

mouth. Direct ingestion of food paticles is also noted.

Digestion: Entirc alimentry cannal is ciliated. Lastring movements of cilia cause the food to move

forwards. Mucus contains amylase. It digests carbohydrates. Secrctions of hepatic caeca or

srculiations contain amylase, protcase and lipase. These act upon carbohydrates, proteins and fats

respectively and compiete the digestion. The fascal matter is in the form of castings as in

earthworm.

27.8  RESPIRATORY SYSTEM

The rreqpiratory or branchial ryparanN consists of trro longitudinal rows of gill sacs or gill pouches.

fnese are present in the dorsaliegion of phrynx. Gill src consists of elongated'Ll' shaped gill slits'

fire limbs of the gill slis are OirecteO b;ards the dmsal side. The space between the two iimbs of

'LI shaped gill slit is called totrgue bor. It is part of the coelom. The gill bars and gill septa are

Fig.27.4 Balaaoglossut-pan of pharyngcal wall with gill sliu l. Gill porc 2. Gill sac 3' Gill septum 4' Tongrrc bar 5' Gill slit

220 6.Sketeratrod.
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supported by skeleal rods. Each gill rod is like a hair pin or'U' shapgd. One arrr-is in the septum
and ttre odrer in a tongue bar. Each tongue bar ard each sep&rm are supported by two rms which
belong to two different skeleal rods. The arms of s@ta are fused together all along except at
postefior end where they rypear like a fork. The branchial sac opens o the qrterior ttuough a gifl
pore. It is round or oval. Gill slis, tongue bars and septa have all ciliatod rfrnd glandular cells. Cilia
lash constantly. They maintain a respiratory currcnt of water. \Vatcr ent rs through mouth and
comes out thrcugh gill pores. The ongue bars conain capillary net wck Gaseous exchange takes
place in branchial apparatus (fig.n.4)

27.9  BL00D VASCULAR SYttM

Balanoglossus has well devetoped and open tyrye of blood vascular system. It consists of small
pulsaory dorsal sinus or heart', definite blood vessels and tacunar spaces. Dcsal sinus is enclosed
in a pericardium. The other names for pericardium are cardiac sac and heart vesicle. The ventral
wall of the cardiac sac contains muscle frbres. They contract rhythmically. Many afferent vessels
arise frrom the anterior end of dorsal sinus. They form glomerulus or proboscis gland. Dorsal sinus
collects blmd from all parts of the body. It sends the entire blood into glomerulus or proboscis
gland. From the glomenrlus the blood goes to a pair of anterior vessels or afferent rcssels and a
pair of posterior vessels or efferent vessels.

Afferent vessels are two. One is middorsal proboscis rtery and the other is midventral proboscis
artery. The'se ue also called afferent glomerular etEries. Form the posterior end of the gltmerulus
an efferent vessel arises on either side. Each one passes o the posterior side. They eicircle the
buccal hrbe as peribuccal ve.ssels. Both of them unite o form larye venhel longitudinat vessel
fitis ventral vessel gives out a thin collar vessel. It supplies blood to the collr. The ventral vessel
givas a ring vessel near fie collar tnu* septum. Two lacunar net work or plexi arise from the ring
velssel. One net work is formed in the body wall and tlre other in the buccal tube. The ventral
vessel in the posterior region nrns upSo the anus. olr its way it supplies blood to various parts of the
body namely digestive ract, branchial appratus and body wall.-'ihe blood is supplied in the form
of lacunar net wort or plexus.

In eaci gill septum, ventsirl vessel gives out an afferent branchiat vessel. It bifircales and fonnplexi in the toDgue brs. From each ongue bar the blmd is collected by efferent urancnH vessel
These ponr blood ino donal blmd vessel (Fig. ?:t .5)

fig'275 BalarcSlossus'B'y,yry'1.T b,-t-hhtlp"-"s. l.Donet btood vcsrel 2.Efrercnt brarchial vessct 3.Gi1 gtit4. Tongrrc brr 5. Gll r?o,m. d. Vcmrnl blood vesd 7. efielent brroc,hiet vcrccl.
The dorsal blood vessel arises ftrom anus nrns towards the anterior side. on its way it coltecs bloodftom digestive tract' hepatic c:a*,a,body wall, branchiar.pe.il;;". rt forrns a btood plexus inthe intestinal wall' It rcceito. 

" ry 9f lat r.t pnoto*cis veins, on" from either side of the prcboscis.Dorsal vessel opens ino the dorsal sinus.
Dorsal and ventral vessels are lined by endothelium. so they are true btood vessels. The bloodflows posteriorly in the vcntral vessel and anteriorly in the iorsal vessel. This is non-chordatecheractcr.

The blood is colourless and may contain white corpuscles.
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2�¡ 10 EXCRErORY SYS�÷�  �I

Protoscis gtand or glomerulus is regarded as excretory organ.Excretory material from this gland

passes ino the p,roboscis coelom. From herc it goes to the exterior through proboscis pore.

27.1l NERVOUSSYSTEM

Primitive type of nervous system is presenf It consiss of nerve plexus lodged in the epidermis. In

the middorsal and midventral liras of the uunk region the plexus is thickened. These are called

dorsal and ventral stftmds. The two strands ae connectod by another circular srand. This is at the

collar tnnk border. The dorsal strand extends ino the collar. There it enlarges to form collar cord

or nerve cord. It encloses a small cavity. It is considered as a nervous centre. The animal has a

dorsal, ectodermal neryous system as in chordates. But it does not extend the entire length of the

body.

27.ll.l Sense Oryans

There are no difinite sense organs. The epidermis of the body wall has some neurosensory cells. On

the ventral side of the base of te proboscis a'U' shaped dopression is present. It is called preoral

ciliary organ. This is considered to be the chemorcceptor.

27.12 REPRODUCTIVE SYSTEM

The sexes are separate. The gonads (testis or ovary, as the case may F) are simple or branched sac

like strucarrcs. These ,r" pi.r"nt in two dorsolat€ral rows in b,ranchiogenital rcgion. Each gonad

has a nanow ductule. Jt opfn. O the exterior by a gonopore. Mature ova and speflns are shed into

the sea Fertilization is external or exogenous.
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27.13 DEVELOPMENr

The development is indirect with a tornaria larva. fire cleavage is holo blastic and almost equal

Cteavage ri*ftr in a single layered coelo blastula. This develops into a double tayered'gastrula'
ridmrl

Ytg.Tl.6Balaloglossus-Tgmarialarva(Dorsalview)l.Ciliaryorgan.2.Eye.3.ciliaryband.4.Proboscigcoclom.
5.Proboscispore6.stoinsch.T.PostcriorbandofciliaS.Intestine.g'Anus.l0.Heartvesicle
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Mouth and anus are formed as invaginations. Anus frynrs at the place of blastopore. The buccal
diverticulum appears. Embryo develorps ino ornaria larva. It measur€s upto 5 mm. It is froe

swimming uniformly ciliated larva. At the anterior end ectodermal thickening called apical plate is
present. This plate has apical tuft of longer cilia Soon the cilia and tuft disapper. Nrrow ciliary
band appears as in bipinnaria larva of Astenbs (Echinoderm).

The tornaria larva is an oval, transparcnt strucnue with two ciliated bands. The anteris band is
called circum oral band. It helps in food collection. It has short cilia The posterior band is called
telotroch. It serves as locomotory organ. It has longer cilia A new tuft of short cilia develql on the
apial plate. This is called ciliary organ. A pair of eye sporb develop at the base of ciliary organ.
Mouth is formed on the venral side. Simple nrbe like alimentry canal is diffoentialod fuio
oesophagus, slomach, intestine and anus. Coelomic cavities, heart vesicle and other inteinal organs
are formed (Fig.27.6)

27.13.1 Metamorphosis

During meamorphosis the thin'skin of larva becomes ttrick. The size of the lanra decreases.
Ciliated bands, sensory tuft of cilia, eye spors and apicat plarc disappear. Tlre larva constricts so
that the proboscis is differ-entiated from the rest of the body. Smn a sccond constrictiorr,appems
differentiating the collar from the trunk. The trunk elongates. Gill bars and gonads develop in the
branchiogenital region. fire ornaria lana is completely metamorphosed into adult
Check Your Progress

l. Deuterostome body is divided inO tlree regions termed as ......................!.............
and ............. and ............. each region contains a coelomic compdtsnents.2. Early embryogenesis of Hemichordates is remarkably like that of ................

27.4 SUMMARY

Balanoglossus is a tube dwelling, worm like animal. Body is divided into proboscis, collar and
trunk. The body wall consists of epithelial cells. Gland Cells secrete mrrcous which helps in
cementing the burrow' Coelom consisb of five separate cavities. Coelomic fluid has amoeboid
coelomocytes. Proboscis skeleton, buccal divertiiulum, branchial skeleton or gill bars andpygochord are the t$l"ol strucEres present in the body. Musculatgre consists of circular andlongitudinal muscles. Mo-.9o! - ciliary tlpe of feeding is present Digestive organs including thehapatic sacculiations described. branchid apparatus conJists or U' st apea gifl sliti. Cilia of gill slis
TdnFl a respiraory cyr-en! of water. open type of blood vascular systom is found. It consists ofdorsal sinus or'heart", definite blood vessels and lacuna, spaces. proboscis guna or giomerutos isregarded as excretory o-rgan. Nervous systern is in the foim of plexus rooleo in tte epidernnis.Balanogbcsus lacks definite sense organi. sexes are separare. The ionads ,o-rirpr", ,(jiii in o,branchiogenital region. The developmlnt is indirect with a to.rri"'i.ruu"
27.15 CHECK YOUR PROGRESS__MoDEL ANSWERS
�P

�Q
Prolosome, Mesosome, Metasome.
echinoderms.

27.16 MoDEL,XAMINAT�_N QuESTIoNS
�¡

�P
�D

�Q
�D

�R
�D

�S
�D

�T
�B
�k

�k

�Q
�D

�R
�D
�S
�D

Answer the folloving In about 30lines
Write the exErnal characters of Bahnoglosstu.
Describe the digestive syslem of Acron worm Balanoglossus.

lescribe the respiratory system of Balanoglossus.
Describe the blood vascular system of tong"* *orr.
Discuss the developm ent of Balanoglossii.
Answer the following in about I0lines.
Haoit and tlabitat of Balanglossns
Feeding habits
Endoskeleton
Tornaria
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lIN�u �]28 SUBHIYLUM=UROCHORDATA�EGENERAL CHARACTERS AND
CLASSIHCAT�_N

Contents:

?3.1 Objetives

28.2 Inu,oduction

2E.3 Creneral Clraracters

28.4 Classificarion

28.4.1 Clrrs - Ascidiacca

28.4.2 Clase-Thdiacca
28.4.3 Class-ApPcndicultdl (Luvacca)

28.5 Summary

28.6 Chec,k Your hogress - Model Answers

28.7 Model Examination Quesion

�É 1 0BJECTH�üªÙ

To discuss the general characters of tlrese peculiar urimals rlic\Posss notochord in the larval

*g'o,,r,andtostrowtheirsystcmaticpsitiorrinthearrimalkingdom.

At the end you will be in a position o e:rplain tb fean[es of this group of "*s 
which are

motile, active with basic chordate characters when larvac, but latcr become non motile' sedentary

and degenerated aduls.

�g

 NRODUCT10N

ThemembersofUrochordaa(Uros:tail;chorda:notochord;)possessthenotochordintheail
region alore, hence tilr,*r" "itlr" 

subphylum. Tlrcse arc commonly called sea squlrts'-

The mal stage exhtt mmy"Ordata�˚ arac�L .�„
2Ch��

rdate�˚ raCters are bØJ �� �Ü �°

^�\ �����]J3-0�c �nn,�R  Fnfi�g hodv is�p mal stage�¥ "�¢ "�E �g���—�Ł�i �Ó �v1�� I�  �›6�i a:m undergammO.Entire bO"�¤
memm�|lh�¢ �¤ .UrOchOrdata is a_.___‘_�� �] _�c ��A_�n �n���E1�g �� "h�ß _ff#trt;'H"Iiil;ll*, r,".* the nameAscidrazs (Ascos : letherv bag).

AristOtle(384�] 322 BC)Fstd�\ ibed a sinple widian.hmaFCL in 1816 estabuShed the groups_ _.�� ___�¡ __�ß_^0�¡ .�� ��lon�J �L����nd‘’nlaced dlem under me�O �| I�i
��
�•

�¢
�Ô �î �e l Russian�g ienti�g pL"�x

�‹ lu�¨ Œiname T�Y�ç

�g

1�z H Suluy�g �n

IFÆí �� �� �i�u �q ,Grstan3 Ber�ˆ �a d Das
chordaS after a detailed Smc     .�B     __.__�¡ ^‘^_:�x �q �¾ infomatiOn ttarding urochOrda�] .

28�B3 GENERAL CHARACTERS

UroChOrdates are maFme animals Of WOrldWtt diStributton.

Some are solitaFy and SOme are C010nnal.

The tadpole larva leads a free SWImming hfe.Adult iS inacdVe and leads Sedentary life.flXed tO a

subsmtun.

colouratlon Of the bOdy Varies.The body may be transparent,trallslucent or Opaque,

Shape and siZe d"Vary � c̈Ord�í
�w1.�A made tt J"�v dnc

The entire body is encloSed in al

The animals has tWO Siphons.One is branchial siphOn,pFeSent On the anteriOr side.Second is

atrtt siphon present on the dOrSal side.

�¾ �F�M�g

�c

�A�× FnmtthttebranChialaperture�B

�¡��m�å m thrOtth tte�˚ J

l.

There iS a spaCiOuS artta1 0r peribranchial Cavity,dle��
scera is placed in it.
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Pharynx occupies ttr large pa* of the afial cavity. It has numerous perforations called stigmata

which open into the arial cavity.

Dorasal lamina or hyperpharyngeal fotd is present on the middorsal side of the pharynx. Midventral

side of the pharynx is occupied by the endostyle.

Incoming water brings food marcrial and oxygen. Outgoing water carries carbondisxide, faecal

matter, other excreiory products and sex cells.

Circulaory system consists of tubular heart. It is located on the ventral side. Numerous blood

sinuses and blood vessels are present. Blood conains various Upes of cells. Flow of blood is
reversed pcriodically. So the some blood vessel acts as an artery for s:ome tirne and as a vein fo
some time i.e, it carries pure blood and impure blood alternately.

Asexual reproduction takes place by budding. Sexual reproduction by testis and ovary.

The animals exhibit hermophroditism i.e. both male and female sexual-organs are present in the

same individual. Each lobe of the gonad has male and female sex organs.

Regeneration, dimorphism, polymorphism are common in these animals.

Development is indirect with a tadpqle larva. It possesses chordarc characters which degenerate

during metamorphosis. It is called retrogressive metamorphosis.

In some rnembers neoteny or paedogenesis is noted.

28.4 CLASSIHCAT10N

Subphylum Urochordata (Tunicaa) is divided into ttrree main classes:
1) Ascidiacea 2) Thaliacea 3) Appendicularia (tarvacea)

Class-l Ascidiacua

1. The members of Ascidiacea are all sessile or sedentary.
2. They qe all marine and their size is variable.
3. The body is enclosed in a test made of tunicine. [t possesses connective tissue fibres, cells and

blood vessels.
4. Typically the brranchial aperture is on the anterior side and the arial aperure is on the dorsal

side.
5. The Ascidians mry be solitry or colonial. In colonial forms erc-lr individual zooid may have

a separate test or all the zooids may have a common test. This appears as a compormd
structure.

6. Well developed arial cavity or peribranchial cavity is presenL
7. Innumerable gill pores or stigmata are F€sent on the walls of the pharynx. The walls of the

stigmata are heavily ciliated.
8. The notochord is pre.sent only in the larval stage.
9. Inrcstine is loqed.
10. Nervous system is reduced to a solid nerve gangtion with few nerves.
11. Heart is enclosed in a tubular pedcardium.
12. Asexual rcp,roduction is by budding
13. Some are colonial and some are solitary.
14- Buds arise from basal stolon. It is the outgrowth of branchial sac.
ctass asciairca is divided ino 2 orders on the-basis of the position of the gonad.

Order-I Enterogona

1. Gomad is unpaired and is lodged in the toop of the intestine.

?. Nenial gland is usually sihrated on the ventral side of the gangtion-
3. Ocelli and ooliths are larval sense organs

Examples: .A.rc idia (fig,. 28. I A)

(hder-ii Pbumgona

1. eronads are paired and are lodged in the wall of the atrium.
2. Neural gland is dorsally or lateralty locarpd o the gangion. 225
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3. Larva has a4 otolith. Ocellus is absent. Larval suckers have adhesive papillae.
Examples: H erdmania Fie. 29.1) Mol gula (Fig. 28. 1B), B otryllus (Fig. 29. lC)

28.4.2 Class-2Thaliacea

1. The thaliaceans are widely distriputed free swimming tunicates.

2. Some are simple and some form colonies.
3. Caudal appendage is absent in theadultcondition.
4. Test is clear transparent and permanent
5. Body is barrel shaped. It is of medium size.

6. Muscular fibres of the body wall are arranged in complete of incomplete ring like bands.

7 . The branchial and atrial apertures are at the opposite ends of the body.

I

�R

�@
�@

�D �c

Fig, 28 Some urochordates. A. Ascidia B. Motgt ta. c. Botryllw colony' D' Ddidwt (Gonozoid)' l' Branchial aperolrc'

2. Tentaclcs. 3. Dorsal trficrcle 4. Neunl ghnd 5. Neryc grnglion 
-6.-Cloa9- ]'-Atrial 

apcnrre 8' Anus 9' Gc'nital pore

lo.cenitd aro rr.o"*prrior'ltn-tol;; l3.AEiJ ";i! u.t"r, ls.Mantte l6.Basc lT.Gonad l8'Intestine

19. Endorryte 20. pharynx zili*r"rrJ.,** 22. Ardd sipho; ir. yyg" Idr-?a: Rsnrm 25. Livcr lobe 25' Individual

branchisl Teru,nes zz. crr"-r---*Li ryefirc. zi''ritui" 29'Tnoidt 30' C'ommon test 3l' Brilrchial lobes

32. Peripharyngeal brnd 33. Sdgmau 3rl' Hcart 35' Prebruchial ana

In some forms two large stigmata are present. In others many small stigmata are present' These

"* 
fu the atrial cavily wtrictr in turn opens ro the exterior.

The adult does not possess the notocho'rd' nerve cord' and tail'

Exhibits hermaPhroditism.

Development is direct or indirecl -,
Most remarkable type of alternation of generations is found'

some thatiacor* p"rro* iocorotion by jet of water coming out from posterior side.

Class Thaliacea is divided ino thrce orders:

Order-i: Doliolida (CYclomYerie)

They are distributed in warm and temperate seas'

Barrel shaped body is ctraracteristic feature'226
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Muscle bands are complete hence the nane Cyclotnyaria.
Larva possesses tail.
Gonozooid or solitary sexual phase altemates with oozooid or gregarious asexual phase

Example: Doliolwn (Fig. 28.1D)

Order-ii Pyrosomida

They lead colonial life, colony looks like a hollow cylinder.
They are phosphorescent
Thick gelatinous test is present around the colony.
Muscle bands are few and occur only towads the ends.
Larval stage is abSent.
Fertilization and development takes place ndde the bOdy�B

Examplc Pyrasa�J �I  og�B 28.�c

r3

B
28.2 C.olony ol Pyranonu. B. Single Ascidio zooid of pyosua.l.process of the rest 2. Branchial aperture. 3. Tentacles
4. Muscular bands 5. Tect 5. Luminisocnt orgetr 7. Stigmeu 8. Endostyle 9. Inrcstinc 10. Hean 11. Bud i2. Gonad 13. Atrial
apertur€ 14. Anus 15. Stomach. 16. Brmchid sec 17. Dorsal lamina 18. Peripharyngeel band 19. Dorsal.nrberclc 20. Nerve
ganglion.

Order-iii Salpida (Hemimyaria)

The body is transparent and prism shaped.

Fig.28.3A. Salpa'oozooid. B.Oikopleura in the housC. l.Branchial apenure.2.Branchial muscles 3.Dorsal tubercle
4. Nerve ganglion 5. Muscle bands 6. Test 7. Test prcoesses t. Stolon 9. Intestine 10. Heart. I l. Dorsal lanrina or gill bar
12. Endostyle 13. [&ntle 14. Iincurrent pore. 15. Animal 16. Filter ppantus 17. Excurrent porc 18. Back door.

t

.2-
3
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+.,|.THf;ffif,';ffitr f ffi1lfl ffi Tflil * other. a) Soritary mzooid b) Gregarious
blastozooid.
N{uscle bands are incomplete hence the name Hemimyaria.

- There is a single Juir of very large gill slits.t 
Development is direct. No larval stage. . '

Example: Salpa @i9.28.3 A)

28.4.3 Class Appendicularia (Larvacea)

Larvaceans are transparent, free swimming and marine animals.
The test is in the form of a large envelop called the'house'which is renewed freqmntly
House is protective, hydrostatic, respiratory and food filtering struchrre.
Tail possesses a nolochord which is enveloped by a sheath.
There is no atrium.
Nerve cord extends upto the tip of the tail.
Hermaphrodite.
Larva develops the sex organs and reproduces..This is called neoteny or paedogenesis,
hence the name Larvacea
Eiample: Oilapleura @g. 28.38)

Check Your Progress

l. Members of Appendicularih reproduce as larvae, the phenomenon is known as

2. A few polymorphic members of Thaliaceac exhibit of generatlohs in

their life cycle.
3. Ascidians are sessile but their tadpole larvae are in waler.

�E28.5 StJMMARY

The body is enclosed in a leathery test or tunic.
Water current enters through branchial siphon and exits through atrial siphon.

Spacious atrial cavily is present in which viscera is lodged.
Tubular heart is prcsent on the ventral side.

Periodical reversal of flow ofblood in the blood vessels is a unique character.

Dorsal lamina, and endostyle are present in the pharynx.

Pharynx is very large and is perforated by innumerable gill slits.

Ciliary mode of feeding occurs in Herdmania.

As the animal is sedentary, the regular and continuous water culrent is vital.

Asexual reproduction takes place by budding.

Sexual reproduction is by testis and ovary.

Development is indirect with tadpole larva.

Retrogrissive me[amorphosis takes place. It is not present anywhere else in the animal kingdom.

28�B7 CHECK YOUR PROGRESS�\�\MODEL ANSWERS

1. Paedogenesis.

2. Alternation
3. free Swimming

28.t MODEL EXAMINATION QUESTIONS

1. Ansvcr the following in about 30lines.

l. Classify Urochordata with examples'

2. Enumerate the general characters of Urochordata.

II. Answer the following in about l0lines.

1. Ascidiacca

ir* 
2' Larvacea
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UNIT-29 HERDMANIA

COntm:

29.1

29�B2

29�B3

29�B4

29.5

29�B6

29�B7

29.8

29�B9

29.10

29.H

29.12

29.13

29�B 14

Oblrtives
Innoduction

External Characters

Body Wall

Coelom and Atrium

Digestive System

Respiratory System

Blood Vascular System

Excreto,ry System

Nervous System

29.10.L Sense organs

Reproductive System

Summary

Check Your Progress -Modpl Answers

Model Examination Questions

29�B 1 OBJECTIVES

In this unit a detailed study of H‘�ò ��
�g

�¸ is made so as to enable lle student to understand�v le

peculiar organisation of this animal which loses all its chordate characters in its adult life.After

compleing tte smdy of Herdmania you will be m a positiOn to clearly expl�v n the,e�˚ ntary habit

leading to a tota1 loss of chordate characters in the adult and presence of basic chordate characters

in the larva

MRODUCT10N

�P
‘�¾

�� ���  �� �¿�� ���˝ is a simple ascidian icading solitary and sedentary hfe caned monOascidian.It

lS COSmopO�Ütan in distribution.

Classirlcation

Chordata
Urochordata (Tunicata)
Ascidiaceae
Pleurogona
Herdnania
H. pallida

Habit and Habitat

H‘r�q
"� 

lives in the places where polychaetes and gastropods are found:The animal may remain

embedded in sand oF mud by means ofthe foot.Foot is a large conical part of oval part of the test.

The animal may be a commensal on dle shell�g gastropods.�� �ó �Ù �¿
�g
�  protec�R the gastropod and

in t�Y n the gastropod carries tte H‘r�k
�g

�  6�_ m place to place.

29�B3 EXTERNAL CHARACTERS

Shape, Size and Colour: It is roughly ovoid in shape, the size varies from 6-13 cms in length and
less than 5 cms in breadth (Fig. 32.1). It is pinkish in living condition but may turn grey or brown
after preservation.

Phylum
Sub Phylum

Class

Order

Genus

Species

229
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Fig. 29.1 Hcrdnuab palli& l. Lips 2. Atrial apetue 3. Atrial siphon 4. Test 5. Foot 6. Saord grains and other foreign material
7. Branchial siphon 8. Branchiat aperture.

Tesfi The entire body is covered by test or tunic. It is an efficient protective structure. At is upper
margin two openings are present. One is anterior branchianl apertue and second is dorsal arital
aperture. These are simated on short tubular structures called branchial and atrial siphons. Four lip
like structures border each aperture. The branchial apernrre is larger and is directed outwards. Arial
aperture is smaller and is directed upwards. The test is soft, leathery and translucent. It is highly
vascularized. The ends of the vessels form vascular ampullae near the surface of the test. The outer
surface of the test is rough. Small sand particles, shell pieces get attached to the test particularly on
the basal foot portion. The test is made up of tunicine.

Cells of the Test:

1. Amoeboid cells: Small, nucleated cells with pseudopodia distributed in the marix (Fig.27.2)
2. Eosinophilous cells: Spherical or ovaf cels with granular cytoplasm. They stain red with

eosin, an acid dye.

3. Vacuolated cells: Spherical cells with vacuoles, nucleus is not found.

4. Granular cells: @eceptor Cells): These are with highly granular cytoplasm and clear nucleus.

5. Nerve cells: Small, branched at the ends usrqlly 2-6 branches are present which anastomose
with neighbouring nerve cells, concentrated in the siphons and outer surface of t€sL

6. Squamous epithelial cells: These are flat polygonal cells with red pigment present in vascular
ampullae.

7. Interlacing cells: The fibrils raverse throughout the matrix of the test and anastomose with
each other,

Spicules of the Tesfi Spicules are calcareous. They are of two types small microscleres measuring
upto 80 microns long and large megascleres measuring upto 3.5 mm in length. Megascleres are

again of two types. Spindle shaped megascleres measuring upio 3.5 mm in length. All the spicules
have annular rows with minute spines. Megascleres are present in the body wall and visceral pars
except heart. The test protects the body. The foot, extension of the test fixes to the substratum. The

test helps in respiration.230
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F38�E 2%2 H� P̆�Edm2�J�]dlsof�ª �É tesL l.Amo�� ��id cel13 2.Eosinonilous cens 3.Vacuolatd cens 4.CmmllarÆí 5.Didlelial

Cd18 6.NerveØD�‡87.Mlgasclees 8.ML�R �cclees.
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29.4 BODY WALL

Structure: The body wall is also known as mantle. It secretes the test. It is thick and muscular in
the siphonal region and is thin and ransparent in the postero ventral region of the body. Body wall
encloses spacious atrial or peribranchial cavity. Along the mideventral line mantle is fused with the
wall of the pharynx so that the atrial cavity is divided ino right and left chambers. These two
chambers join ogether on the domal side forming a large cloaca. It opens ino the atrial siphon. It
measures about 1.5 cms. Branchial siphon meailnes about I cm. Test lines bortr the siphons
internally as it invaginates into them.

Histology: The mantle is made up of 3 layers, outer epidermis, middle mesenchyme .44d inner
epidermis. Outer epidermis consists of a single layer of flat hexagonal ectodermal cells. i"he

Fig.29.3��
‘�g

ha�§ i4�] Mlin body Cright SideD.1.Branchal apenaFe.2.Brandttal siPhon 3.Annular musd,band 4.Mantlc
5.L�� ngi"dinal musde bands 6.Right gonad 7.PedcaFdiuln 8.Right lobe of liver 9.Atrid sipho�¡ 10.Atritt a�¡ �¡ure

ll.Neun1 31and.
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branchial and atrial siphons r€present stomodaeum and proctodaeum respectively. Mesenchyme

develops from mesoderm. It consiss of a connective tissue containing blmd sinuses. cells, nerve

fibres, muscle fibres etc. Muscle fibres are long, flat, strip strped each with a nucleus are found

only in the antero dorsal region. They are of two typesJongitudinal and annular muscles. The

longitudinal muscles cxtend down as a fan from the atrial and branchial siphons. Annular muscles

surround the siphons as rings. Some longitudinal muscles cross with each other in the intersiphonal

region. Siphons have strong circular sphincter muscles. Branchioarial muscle bands connect the

two siphons. They are present deep in the mesenchyme. Inner epideimis is formed of a single layer

of flat cells. It develops from ectoderm. It forms the lining of arial cavity.

The body wall or mantle protects the soft viscera. The test is secreted by the epidermis. The test

acts as an accessory respiratory organ.

29.5 COELOM AND ATRIIM

Because of the extensive development of atrium the original coelom is largely reduced. It is

represented by the pericardial cavity, cavity of the renal organs and reproductive organs.

Ariurn is a spacious cavity lined by ecbderm. A part of the arium surrounds the pharynx but not at

the anterior and ventral sides. Here the pharyngeal wall is joined with the mantle. This cavity is

called anial or peribranchial cavity. The stigmata of the pharynx opens ino this cavity. Part of the

atrium lies on the do,rsal side of pharynx and is called cloaca. Gonoducts and rectum open into this

part. This in turn opens inlo atriat siphon which leads !o the extuior ttrough afial aperUre.'It is

bordered by four lips. Around the base of the siphon small anial tentacles are present but these are

vestigeal.

29.6 DIGEST�WE SYSTEM

It consists of alimentary canal and digestive glands. Mouth, buccal cavity, pharynx, oesophagus,

stomach, intestine, rectum and anus are the parts of the alimentary canal (Fig. 32'4) The buccal

cavity is lined with ectoderm and represents the stomodaeum. The branchial apefire represents the

.ouih. It has four contractile tips. A branchiat sphincter is present at the base of the buccal cavity

or branchial srphon which can ilose when needed. Near the sphincter muscle 60 to 64 branchial

ten1acles are present. There are four gloups of tentacles, largest ones (first set) alternate with

medium sized-ones (second set), in between 0rese two types small tentacles (third set) ,lre present,

fourth set or smallest t"nt .les alternate with all the three types. Each tentacle is a flap like

structure bipinnately branched. Lateral branches are called tentaculets which bear secondary

branches. These in turn bear tertiary branches. The tentacles form efficient sieve allowing smaller

food particles into the midgut. They may serve as chemoreceptors.

Fig" 29.A Hc.rdtnaniaAlimenury canal. LBnnchial $phon 
2. Atrial riphon 3' A9d -'!-* 4' Atrial rentecles 5' Sphineter

d. cloaca 7. Right ro6. or rivir s. stomach 9. Buccal *"iliifi;"fu tentacles ti. neripharyngeat bonds witti'Smores

12. Stigmata 13. Branc6ial sac 14. Tratrsvetre vessel 15. Eniosryle 19. I-eft lobe of liver 17' Inestine 18' Rectirm 19; Anu!'
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Branchial siphon opens into the pharynx. It is the largest part of the alimentary canal. Pharyngeal

*At i, fused with tire mantle atong win the midventral line. A pair of peripharyngeal bands divide

the pharynx incompletely intq two chambers. fulterior chamber is small-prepharyngeal zone'

posterioichamber is largi bradchial sac @ig. 29.5). Aciliated peripharyngeal groove separates the

two peripharyngeal bands. The'cilia of the bands are longer than those of the groove. The anterior

band forms a complete ring. The prebranchial zone is lined by small non ciliated, cuboidal cells.

Fig.29.5 Herfurutb-lntemal structurc of pharynx. l.Branchial apentrE 2.Buccal cavity 3.Anterior peripharyngeal band

4.-post"rior peripharyngeal band. 5. Periphar*,ngeal groove 6. Dorsal obercle 7. Endostyle 8, Dorya! l1}1t 9. Oesophageal

opening 1g.'Sr;chialiolds ll.Irft lip-l2.Lait branchlat fold 13.Right lip14.First btanchial fold 15.Prebrarchial zone

16. Tentacles 17. Sphincter.

Branchial sac is very large and extends upto posteiior end of the body. It occupies large space in

the atrial cavity. The posterior band of the branchial sac has dorsal lamina in the mid dorsal line

and endostyle in the midventral line. Dorsal lamina is a fold suspended down from the root of
branchial sac. Endostyle is a groove which forms of the sac. The branchial sac is perforated by

large number of stigmata through which it communicates with the arial cavity. In0erndly 6-10

crescentic longitudinal folds are pratent in the branchial sac. Tlie:i run from peripharyngeal band to

oesophagus. These folds are short and sraight in the surrounding region of the dorsal lamina. On

the ventral side they are long and curved. The entire branchial sac bear cilia which maintain water

cuIent.

Many btood vessels and sinuses are present in the connective tissue layer. Trabeculae connect the

branchial sac with the body wall. These are delicate hollow strands. Each rabeculam carries a
blood vessel from the wall of the branchial sac to wall of the body. Trabeculae also kee,p the

b'ranchial sac in position

The branchial sac is highly vascularised. Its inner surfaces has numerous internal longitudinal
vessels. On each side of the branchial wall 80 to f30 internal longitudinal vessels are present.

Beneath the outer surfaces of the branchial wall there are 80 to 130 external transverse vessels on
each side. Longitudinal and transverse vessels cross each other on each side forming nearly 10,000
small squares called stigmatic areas. Each stigmatic area has 20 stigmata so that there are.nearly
2,m,0@ of stigmata on each side of the branchial wall. The external transverse vessels give
numer<xts fine branches and run between various stigmata. These are called interstigmatic vessels.

Similarly internal longinrdinal vessels give numerous fine branches in the stigmatic areas called
inrastigmatic vessels.

Dorsal lamina is also known as hyperpharyngeal band. It hangs down from the mid dorsal line of
the branchial sac. This is a narrow and thin flap like fold. It lies between the peripharyngeal band

and the oesophageal area. There arc20 to 30 short conical languets at its free margin. Those are

shorter in front and longer behind. All these languets roll up to from a tube through which food-
co,r.d passes. It opens ino the oesophagus. Dorsal hrliercle is present in fr,ont of dorsal lamina.

Endostyle or Hypopharyngeal groove: Along, the midventral axis of the branchial sac a
prominint groore ii presenr it e*t"ndr from the posterior peripharyngeal band to oesophageal area.
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Anteriorly it is widcr ard deaer and po-st€daly it is narrowq ard shallow. In endostyle five
glandular tracu altsnate with forn ciliatcd tracts. me goove has huge fonginr6inJ tufi'of ci1a
(Fig. 29.6). Berrcattr the €pithelial layer connective tissre is present *In uric r*t 

"rr 
*o n"*"

fihes. Endostyle socretcs mtrcus and lashing movem€nts of iitia cause ruurro r"""rn*, 
"irn"Puclul' which enangles the food prticles. Endostyle is also senstry in fuirction. Similar struchtr€

The branchial src has a snrall circulr oesoptugeal area behind the donal lamina It has two
sernilunar lips whkh erclose Aening of the oesophagu. This rcglon has no stigmaa and folds. The
oesoplEgus is thicl walled ard decp brown in colorn Aftcr nrnning upto shct distance it opensino somach Fr5.29.4).Its inner epithelium has a sfurgle layer of cytiirdrical cells. Forn ciliated
grcoves areprc$nt in it througlr which food cords pess.

Somrh is a wide tube with thin walls. It lus a ryhincter on either sida Tlre fine branches of the
pyloric glard, blmd sinuses arc present in the wall of the stornrh.

Ftg D.6 Hu&luntb - T.S. of dotlyh l.Cllhtcd Gfirfrcliun 2.Oooncsivc tirarc 3.Blood rinur 4.Cilie S.Cilirrcd
cpitbcliun 6. Glodrlr qithcliun.

The stomach opens iho the intestire, which is quite long and forms a loop of 'U' i.e. with a
proximal limb and a disal limb. The loop. is occupied by ffre left gonad. The intestinal wall has
thinner linning, fm the sate of abs@tion. Large blood sinuses and end branches of pyloric gland
are prcsent in the inrcstinal wdl.

Intestine leads into the rectum. It is short narrcw [rbe slightly cunred and opens ino the atrium or
cloaca by the anus which has forn lips at the out€r nurgin. The digestive syst€m lies on the left side
ofthe branchial sac.

Digestive Glands: The liver and the pyloric gland are the digestive glands inthe Herdnama. Liver
is a large bilobed gland chocolate brown in colour. The larger tube is on the left side and the
smaller one is on the right side of the Stomach. It opens into the stomach by many ducts. It secretes
brownish yellow fluid which is canied o somach through fine ciliated ducts. The secretion has

amylaso and protease which are powerful enzymes and lipase is a weak enzyme. Liver is composed
of many branching caeca. Each caecrrn consisb of glandular columnar epithelium.

Pylcic gland is a large and highly branched structur€. Is ramifications end in the wall of the
stomreh and intestine. Tubules unite into a single duct and open into the soinrch and intestine.

Physiotogy of Digestion:Ciliary feeding is found in Herdnwda. Food is filtered hence it is callad
., lilter feeder. Food consists of diatoms, algae infusorians. Constant water curent is produced by the

cilia of the stigmata Water enters ino the branchial siphon through the branchial aperture and
goes
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goes to the pharynx. Tlrloug[ stignatr wat€r ent€rtl the rtrium urd finally 3o the exterfoir thrcugh

;6'hl;tr1. r".-ff," Umdirf tit""lo fsnr a sicve which alloys only the microscopic porticles

o *t€r'tt!e phryrx. Thc tentacles may act as grutatoreclptors (Sense of tase). Powerfrrl rerlenle

;;;frrrr-;t"fo; flush out oe entang&a partictas. At first the arrirl siphon is closed, thc bodv

muscles coltnact th€rp bt water pres€nt io tf," pfuarynx nrshes 16 the brinchiel siphon and 13 the

exteriu' ttnough trencnilrl epcnt r.. Tlre gUnAUar tracu of the branchial src secil€te large amount

of mucus. Lashing ror"r"it of cilia bring the mucus towards the dusal lamina in the ftom of

tt in ,t 
""t 

. Ttre fJod particles of the water curent g€t enhngled into the mtlcus' which teaches the

nrbe formed by the languets of dorsal lamins urd goes to the oesoptragus in.ttre formgf food cord'

The,cilia of gre sigmaL also p,revent dre escrye o1tooo particles. Oesophagus ad{s tar-Ue quantity

of mucus to it Fina[, it is sent o tlre stomrh where digestbn t*es place. Amylase digests

cartohydrates, p.*'" brealrs down p,roteins and lipasc diga*s the fats. Secretion of the pyhic
gf"oO ifro Oigests the food. fire digcsted food is abso6ed in ttre inrcstine. Fmal marcrial pass€s

ino the r€cnrm and through tlre anris into the atrium. Along with outgoing water the faecal strings

go oot Intracellular Ageshn is absent n Hcrdnwia. Food is stored as starch grains in stomach,

intestine and liver.

29.7 RESPIRATORY SYSTTM

ln Herdnmiabranchial sac is the main respirmry organ and the test is thc accessory respiraory

organ. Brurchial src possss€s numerous inner epittcliC fgldo w-hich bathe in the constant water

",ir*t.Ionginrdinal, 
ransrerse intcrstigudic and inEasftmatic vessds and blood $nurys 

have

thin walls and allow e*ctrange of gases. gtood ve.ssels of trobeiula€ present in the arial cavity also

absorb oxygen.

Vascglar ampullae which re present in dre external surfaci of the test also trclp in respiration.

Vascular arpoff"e have very Oin wdt with pigment. Geseous exe,henge takes place between &e

blood of the unpullae and snrounding warer.

29�B8 BL00D VASCULAR SYå¥

Blood vascutr system is pecutiar. It consiSs of hiert enclosed in a pcricardium, vrious blood

vessels and slnuses.

Pericardum is ranryarcnt' trrbuhr' non contractile structure' It is gesent in the right ve.nuo dorsal

side. It is 7 cm U t hg1lr and 3 mm in thictness. The pericardium has thicl, noncontractile wall

composod of connective tissue wlich conhins Hood sinuses. It is lined by squamous epithelium. It
conrains pericardial fluid which is colorless,The fluid has corpuscles of peculiar ty-pe.

Hcert is enclosed in the pcricerdium. It is.connected with the pericardium by ttrin flap of
connective iissue. The heart is as long as pericardium and is open at both ends (Fig. 32.7). Its wall

is thin muscular and contiactile. The heart does not possess valves. The beating of heart is
reversible perdiodically in dorsoventral and ventrodasal directions. Therefore- blood flows in the

reverse direction alternarcly. Tt$s peculir flow of blood is made possible because there is a pear

shaped body in the middle of the pericardial cavity which it moves to and fro like a shutde. During

retaxati6pt or diasole of the lrcart, frris structurc remains in its normal position (middle of the
,.:'eavity). During sysole it moves in opposite dircction'of the wave of contraction of the heot and

pressis against ttrc opposite end" The blood flows in the needed direction and blooG flow in
opposite direction is prevented.

Blood Vessels: The animal has well developed blmd vessels. The larger vessels have li4ing of
endothelium. The capillary system is absent but sinusqs and lacunae are presenl

Tlre vefltral aortA dorsal ; atla,branchb visceral vessel and cardio visceral vessel are the foqr main

vesscls.

Venfat aorta is the longest vessel. It stars ftrom the ven-tral end of the hgart an-d divides inio ttvo

anterior and posterior vessels. These are located in the branchial sac just tfnedth thejendostyle.
�P
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Anrcrior vessel girres many trzmsverse vessels to the wall of branchial Sac. Peripharyngeal vessel
and a subtentacular vessel ltin the anterior vessel. Peripharyngeal vessel which is outside t5e
peripharyngeat groove of the pharynx sends numercult branches to the mantle. The subtentacular
vessel sends tcnurcular vessels ino the branchial tentztcles and few siphonal vesesls into the
brarchial siphon. The posterior vessel runs o the oesoph4geal area and supplies transverse vessels
to fie branchial wall like the anterior vessel. The ventral aorta gives a stout ventral test vessel
which supplies blood to the !est.

Ihrllrl eorte is fornd in the mid dorsal wall of the branchial sac just below the dorsal lamina.
Anteriorly it supplies blood to the neural complex and then joins the peripharyngeal and
subtenrcular vessels. Posrcriorly it continues ino branchio visceral vessel. Branchial wall sends
pafu€d tsrmsrrenrc vessels to the dorsal aorta

- lt'

,Frt, Xti Hcr&n;b-!;l6;t v.tcoLr rynco l. Sr$mrcrlr vcrrol 2. Attid ecttrc 3. Bnnrliovirccnl vcrrcl 4. Ri- gbr

*i"pt g-l vcrrcl 5. Goordiel wrul 5. Crrdi>virccnt vcrrcl 7. Tc* verrcl- E. Genric vcrrcl 9. Lcft_hcpetic rrdscl

lo.Do;l tcrr rcrrcl ll.Ilorrc inlc$ind vcrrcl t2"Vemoirrcrtinal vcrrcl l3.Trmrvcnc vcrrel l4.Te$ l5.l&mlc
16. Vcd6l rcrte 17. Vc6rl tcrt verrcl lt. Antcrbr brmch of vcnrnl rortr 19, $itntil. Z). Trmncrrc brnchid vcrrcl

21. Pcriphrrynged vcrd 21. Srstcatrcnhr vcrrcl Zt. Tcatrculer vc*cl 24. Bruchid rycrorc 25. Sipbmd vcsrcl 25. Ncunl

vcrrcl27. Dond rorrr 2t. IIem"

Branchiovisceral vcsscl ariss from the posterior end of the dorsal aorta. After running upto a little
distance it divides in16 a s6ut leftventro intestinal vessetsnd a small right ocsophegeal vessel.Ihe

ventro intestfuial srrpplies o the left trp of the oesophageal area, left lobe of the liver and the

sbihrch and continues ino the ventral wall of the intestine in the form of fine vessels. Right

oesophageal supplies blood to right lobe ofthe liver and oesophagus
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Ttre dmsal end of the heart gives off cerdioviserd vcssel and it travels towrds the dqsal side

Ari6ng-i", numeroutr tranitres. The right hepatic vesscl supplies blood io the right lobe o the

[ver, dsophegeel vessel supplies to the oesophagus. The test vessel travels through the mantle and

suplies Uiooa to the rgsr Ttre cardiovisceral vessel then curves to the left t t of the- body and

diides into ttuee vessels. The first is the median dorsal, second one is the left gonadial and the

third is gostro intcstinal test vessel The median dorsal nrns to the atirat siphon along the mid

dorsal line of the body, from where three branches aris, onc b the left lip of thd oesqhageal area

second 19 the left lip of the oesophageal area and third to the gonad. Finally the median dorsal

branch gives out 6-8 siphonal ressefs to the anial srphon. It ioins with the subtenucular vessel

which is in a circular form.

Left gonadial branch supplies blood to the left gorad. The gastrointestind is the longest vessel and

dividis into rwo trancires. The first or dssointestinal vessel nrns dong the dorsal wall of the

intestine and suppties blood to 6re stomach, intestine and left lobe of tlrc liver. The second or gastro

test vessel divides into gasfic vessel which suprplies blood to the somach and test vessel which

supplies blood to the test

Course of Circuletion: lVhen heart contracts fiom the dorsal to the ventral end the deoxygenated

blood is collected into the cardiovisceral vessel and is poured inO the heart..From the heart the

blood goes ino the ventral amla, from tlrere ino the branchial sac through branchial vessels and to

ttre tesi vessels. Gaseous exchange takes place in the branchial sac. Dorsal aorta collects tlrc

oxygenated blood and drives the blood ino branchiovisceral rrcssel which disfibute.s the blood into

various parts of the viscera Deoxygenared blood is collected by the cardio visceral which sends the

blood into the herr
When the heart contracs form the ventral to the dorsal end, ventral asta drives its oxygenated

blood into the heart. This blood is pumped into tlre cardiovisceral vessel which disfihrtes it to the

various parts of body. Branchiovisceral vessel collects the impure blood and sends it to dfisal aorta.

It carries the blmd 1q branchial vessels of the brarrchial sac wlrere aeration takas place. The

oxygenated blood reaches the ventral aorta- Th€ ventral test vessel also sends is pure blood !o
ventrel aorta, thus the heart behaves as a systcmic punp and respiraffiy pump (branchialpump)

alternately. The beat in one direction continues for 2 or 3 minutes, sops for a while and then strts
beating in the reverse direction. The process is repeated continuously (Fig. 29.8).

The course of circulation is unique to Timicata- Each blood vessel acts as an rtery as well as a vein
alternately for a little time.
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4.

5�B

6.

7.

Blood: Blood of Hedmania is reddish traqarcnt fluid. I types of corpuscles are known:

1. Orange corpusclcs: These are lrge spherical non nucleated corpuscles. Cytoplasm is

2. S[net cell or Single vacoulrrtcd cells: Iarge, spherical, coburless non nucleated cells. Fach
cell has a singb vacuole.

3. Ydlw grccn celb: Large, ryh€dcal non nucleated with a yetlowish green pigment. 4 or 5
vrcuobs arc prcsent in erch cell
Vacuoleted or Compuhent celb: Iarge spherical, non nucleated corpuscles. Yellow
pigment is present in them. Many sniall vacuoles are found in each cell.

Eminophilous cells: Each cell conains large eccentric nrrcleus and brown pigment is present
in granulr cyoplasnr. Small in size.

Lymphocytes: Very small, amoeboid cells each with a large central nucleus. Light brown
pigmentis found.

I*ucocytes (Macropheges): Medium sized, colourless amoeboid cells each with a large
central nrrcleus.

8. Nep[rocytes: VrcuolaM large granules wJrich re excrettry in function.

Ftg.29.9 Hcrdroab - Ncud cmplcr. l.Foficriq ncwcc 2. Ncrvc grnglion 3. Dord ubcrch.4. Ancrior nerves 5. Norral

duct 6. Neunt glmd.

29.9 EXCRETORY SYSTEIy

Neural gland is the chief excretory organ in Herbnania. It is present in the mantle in the

int€rsiphonal region above the nerve ganglion and behind the donal tubercle. It is a small oval or

e6psoiOat struchre. It is brownish in colour and measures 4 mm in thicknes. The neural gland has

few cenral nrbes which prcject out from the peripheral region of the gland. The central tubes open

in6 a long non+iliafed central canal. The canal leads into a narrow duct in the anterior region. It
has ciliated cells (Fig. zg.gl.lfbends downwards and passes between the anterior nerves. [t opens

into the pre,pluryngeal mne of the pharynx through a pore. It has numercus cilia and opens near the

base of ttddmat tubercle. The central tubes, central canal and duct of neural gland have single

layered wall which has small round and non-ciliated cells. Dark granules are presen! in the

r"r"iniqg gland. Blood sinuses and corpuscles are present in it. The excretory matErial from the

connectiie-tissre goes ino central tubes and cenral canal. Form there it is discharged into the

neural gland and in turn it sends ino the pharynx. Outgoing water of the pharynx carries the waste

mareriat to the out side. The excretory material is in the form of xanthine and urate particles.

These get deposited in some cells called nephrocytas. firoy pass the neural gland from-wtyre theV

are etiminarcC. The negral gland, nerve ganglion and dorsal tubercle are logether called neural

complex and is considered tp be similar 16 the pituitary body of vertebrates.

29�B10 NERVOUS SYSTEM

The nerrrous system is well developed in the larval stage. The larva consists of an elongated tubular

nerve cord agin a typical vert€brate but during re8ogressive metamorphosis the adult losses almost

all the chordate characters. The nervous system degenerates io a solid, elongated pinkish nerve
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serve as gustatoreceptor,chelno�\ ptor and oLtceceptor.

29.1l REPRODUCT�WESYS�÷EI�Y

Herdmwria is a hernaphrodite and oviporous. Self fertilization is not possible because they are
protogynous animals in which the ovaries mature first. Hence cross fertilization takes place. the

animal has nvo lrge gonads projecting ino the atrial cavity from the mantle. Ttrc left gonad
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Ecupies the region betwoen the pericardium and mantle. Each gonad is elongated and lobplated
(Fig- 29.10). It is wider at the ventnal end but becomes nanow at the rlorsal end. Each gonad
consists of 10-25 lobes and are arranged on either side of the central axis. The single ventral most
lobe is the largest and is in crescent shape. The othqrs are paired ones. They ,.e oral in shape and
gradually become snraller owards the atrial end of a gonad. Each lobe of a gond has both male
anfl fanale reproductive Ggans. Peripheral region of the lobe is the testiculer part which is red in
colour with ppillated surface. Inner region is the ovarian part which is pink in cologr. The
rcsiicular region has numerous spermatic caeca whose wa[ his spermaogonia in tlie outer layer
and sperrnatocytes in the inner layers.Spermatocyte develops into a sperm. They become free and
are Set free in the lumen of the caecum.

the sperm {s minute, meastring 4 qlong. The head of sperm is prrodrrced into a pnrminent p(rcess
in thc anterior reglon. The neck or middle piece continues ino the ail which is noaUy long. Three
types of sperms ue lmown. In the first type beak and neck are almost of same lengttr. Second
variety has longer beak and the third type has longer neck. The released spenns pasiino a few
spermatic tubules which unite to from a single ductule. The ductules of all the lobes join to form a
narrow vas deferens. It runs alorg the central axis of the gonad urd opens on a papilla which is
small thick walled and is on the dorsal end. The inner side of the ras deferns is ciliated.

The ovarian zone develops ova. The follicular wall of ovaries give rise to ova and they are dropped
ino the cavity of the follicles. The other follicular cells nourish and protect the developing ova. A
matu€ ovum has yellowM yolk and nucleus which is eccentric in position. The nucleoltrs present
in the nucleus is also eccentric. firin vitelline membmne srnounds the ovum secreted by o.um
itself. This is ttrc primary mernbrane. It is snrounded by two secondary membranes inner and outer
chorions secreM by the follicle cells (Fig. 29.11), Perivitelline fluid is present in the space
between the vitelline membrane and inner chcion. Inner follicle cells are present in the fluid, some
are freely suspended in thc fluid and some arcatrahed to the inner chqion. These cells nourish the
developing oyum.

Bg D.ll Her&rrth-A mrEE ovum l.Yolt 2.PErivitcllir fhid 3.orf,cr folliclc cclk 4.Nuclcohu S..Imrcr chorion
7. Vitcllincmcotnoc t. Ourcrfurion

Outer follicle cells are vacuolated and are atrached o the surface of the outer chorion and help the
ovum to float" The owm lies eccenrically in the periviteline fluide. This is unique characEr of the
animal.

I'ertilizationz Herdnunia is protogrnous i.e., the ovries mahlrc first and the testes mature later.
Manre ova and sp€rms re libcrated ino the clorca and from there they emerge out thrcugh the out
going water. Fertilizatim is extemal which takes place in the sea

CheckYour Progrccs:

1.  Hadmania
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2. Periodical reversal of blood flow directron in Herdmania seems io be due to the presence of a

pea shaped body in the ..................................
3. Ttre chief excretory organ of Herdmania is .............. ...........'....which is

consideled as homologous to ........... gland.

29�B12 SIIMMARY

Simple ascidian leading solitry and sedentary life.
Herhrunia is ovoid in strape. tt is enclosed in a test made up of urnicine. Test has various types of
cells.
It is a ciliary feeder which takes micro organisms, diatoms etc.

As this is marine, aquatic respiration takes place.

When the animal is alarmed two jes of water come out through is branchial and arial aperture.
Atrium is a spacious cavity lined by ectoderm.
Due to the extensive growth of atrium, coelom is obliterated.
Midventral line of the branchial sac has a prominent groove called endostyle.
Middorsal line of branchial sac has a thin flap like fold known as dorsal lamina
Heart is a ubular structure present in the ventro dmsal region.
Neural gland is the chief excretory organ.
Nervous system is well developed in the larval stage.

It is a hennaphrodite. Fertilization is external.
Chordate characters of larva degenerate during metamo,rphosis. This is called retrogressive
metamorphosis.

29�B13 CHECK YOUR PROGRESS�\�]MODEL ANSWERS

' l. ciliaryfeeding
2. pericardium
3. neural gland, pituitary

t .l4 MoDEL EXAMTNATION QUESTIONS

L. Answer the following in about 3ll lines eech.

1. Write tlp external characters of Herdmania.
2. Discuss the digestive system and physiology of digestion of sea squirt (Her&runia).
3. Describe the respiratmy system of Herdnuia.
4. Describe the blmd vascular system oisea squirt
5. Givethedetailsofreproductivesystem of Hirdmaian.

IL Answer the followingin about l0lineseech

l. Feeding habits 2. Shuttlecirculation 3. Tunic a. pharynx.
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UNM.3O DEYELOPMEI{T OF HERDMANIA AND ATThIITIES OF UROCHORDATES

Contents

30.1 Obfi:ctives

30.2 Intnoduction

30.3 Developrnent

30.3.1 Clcrvegc
3/J.3.2 Gastrulation
30.3.3 Dcvelopmcnt of luval mgans
30.3.4 Tadpolc luva

304 Metamorphosis

30.5 Affinities

30.6 Summary

30.7 Ctreck Your Progress - Modcl Qrcstions Answerc

30.8 Model Examination Questions

".1 0BJECTIVES
This unit deals with the procass of development of Herdmnua, with emphasis on the rclrogressive
metrmorphosis, a unique feature of urochordates. It also discusses the affinities of urochordates. At
the end you will be able o explain that the metamorphosis in Herdmsta leads to retrograde the

well defined chordate charact€rs rypeared in free snimming tadpole. This aspect coupled with a
sedantry life forms an important step in the chordate origin.

30�B2 1NrRODUCT10N

Eggs of Herdnanb are homolecithal, smaller and less yolky. On being e*ternally fertilized in sea

water, the egg undergoes successive cleavages leading ultimately o a free swimming tadpole larva

which metamorphosis in a peculir fashion charrcterstic of ascidians, which is known as

retrcgressive metamorphosis

3�¡ 3 DEVELOPMENT

As soon as a sperm enterc an ovum near the vegetable pole, the cytoplam of the ovum is

differentiated inlo three areas. l). clear cytoplasmic region which.is future ectoderm 2) Grey yolky

region at the vegetal pole which is the future endoderm. 3) Yellow lipoid crescent round the egg

near the central line which is future ectodcrm.

Opposite 1q yellow crescent another crescent appears. This is the futue chorda-neural tube from

which notochord and nerve cord develop.

30.3.1 Cleavage

About half an hour after fertilization cleavage starB. Segmentation is complete and holoblastic. {t
,"rJr in a coeloblastula which is spherical in shape. It encloses in a blastocoel. First cleavage t$

vertical. Second cleav4ge is also nenicat but it is at right angles to the frst one. Cleavage is of

determinatc typ". nortJrior cells are a little smaller and anterior cells are larger. Third cleavage is

horizontal but passes a little above the equatorial line. It produces eight blastomeres, four of them

(upper) are smaller and are called micromeres and the lower four are larger called megameres or

,"..."r"r. After 3 successive cleavages a coeloblastula is formed which is flaL It has a fluid

filled cavity called blastocoel sunounded by micromeres and megameres which arrange themselves

as a thick wall (Fig. 30.1 A.B.C.).
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side.Tllis results in two layered gasmla.As the

macromeres httinate,�R �Łmcb"a wachS=�oçW�˝ �¾ W���ô �ô �Qæo

Łc�o �Ô �Ù �� �QembryOMmmTdevel��p�V�–SmttQ

30.�¡ 3 Development ofLarva1 0rgans

Nerve COrd8 1)The eCtOderrnal cens Of mid dorsal line differeniate to fom a narrow med�¡
lhry

çW�ƒ�' �V�Ł�� :�ß �ò çW���| �F�ì�ì �l T�ø:�fl �_ �Õ :

Fig. 30.1 Hcrdnanb-Suges of developmenr e,.Zygoi.B. 2 cetled stage. C.4 celled stage. D. Gastrula in sccticn E e:S. of

t.31rul1. F. DevclodlU ernbrlro. G. Eerly sugc of larva. l. Animal pole_2. Polar bodies 3. Ectoderm 4. ChordaneuEl tube

i.v.gpt l polc 5,-Enio&oz.Mcsod;m a. Idr Utasromele g.Right blsstomere l0.Posterior btasromerci Il.Anterior
blagomcres. l2.Ncural plate l3.Notochord l4.Archenrelon l5.Blastoporc l6.Nerve cord. lT,MesenEron l8.Neural

vcsicld.
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This is also known as s€nsory vesicle or neural vesicle. Ocelli are dorsally locatd and oolith is
ventrally sinrarcd in*he vesfole. The left half forms future neural duct of the adult. Soon after

fannation both ends of the ducts close. But later anterior end opens inO the stomodaeum of larva.

In adult it dwelops as the prebranchial zone of the pharynx.

Notochord: Beneath the medullary groove the endoderm cells develop a long and narow band, and

fcnr the notochod. The gut is formed from the schenteron. The neural tube exiends ino the tail.

It is dmsally located o Bre notochord. This is the future nerve co,rd. Just behind the cerebral vesicle

ectodenn of the mid dorsal region inv4ginates to form the atrium. Part of the atrium covers and

phryru which is still in formation. Different pars of the alimentary canal develop from the

archenteron. Mouth appears as an eectodermd invagination on the dorsal side. tt joins with the

endodermal evaginations so ttrat continuous alimentary canal is formed. Pharynx modifies into

bmarchial sac. Endostyle develops in the venral wall and gill slits in the lateral walls of branchial

sr. The gill slits increase in number. They connect the branchial sac with ttrat of anial cavity.

Ventral wall of the pharynx gives out two small cutglowttrs which develop into heart and

pericardium. Inner wall of ttrc outgfowth develops inO heart and outer wall constricts off ftom

ifr-y* and derrelops into the pericardium. Three protuberances develop in the anterion region of
lfre f*"a, these are aihesive papillrc. Test develops on the entire body surface and also on the

mouth, so that mouth is tunctiontess. Coelom is mesodermal in origin. It is formed by splitting of
the mesodermal platss. When atrial chamber develops the coelom obliterates. Till now the yolk

nogrislrcs the developing embryo. Later inner follicle cells nourish. They become detached from

the inner chorion.

Tlre larva is fully furned in about 8 hrs or so after fertilization. By constant movement of the tail

the Chorions get ruphrEd. Th€ tail of the lana bocomes straight. Harching takes place and the

tadpole larta is set free in the water. It leads a ftee swimming life for a short time'

30.3.4 Tadpole Larva

Tlre larva measures 1.2 mm. It is transparent, covered by a thin test. Trunk is cylindrical with three

anterior adhesive peillae. Sprcialised ectodermal cells are present in the papillae.They secrete a

sticky subsance *itir which the larrra gets fixed to the substratum. The body is covered by large

ectodermal cells.

The lrrra has well develqed alimentary canal. It lies beneath the brain. Mouth is situatpd on the

anterodorsal side ard rc"dr ioo the buccal cavity. Sac like branchial cavity (pharynx) develops

ttuec pairs of stignuta- An endostyle develops on pl-larynx- which is midrenral in position'

g;.frid r* op"ir ino a short oesoptrag,r* which leads ino a loo,p like intestine which opens into

the anus. Anus opens into uium *t u, rcans to 0re exterior through arial pore. Pericardium

ercloes tne nert. lt lies below the posteriu portion of the pharynx (Fig' 30'2) .

’7�‰
15      ‘

�fitt m2 H�g �ª r�· �˜ Jll�V �¡�� �� P�ø �ð �ß 1�f �ß �F çW �R �¿I'i& 5o.2 Hryr^ryoE tul r'^*-rvv 
Notochord l'.Somadr l6.Hcart 17..#,ii t. iiir" coa g. x.-o 10. Tril gaglir t f' fo no 12' Tril 13' Mvoomcr 14'

Eadortylc.

Nerve cord, Notochord and Teil3 Ccrcb'ral conc is pr€scllt at the anterior most Frt formed by

nerve cells. sensory vesicb lie.s behind the cerelral core. It has two ocelli (Photmeceptors) and an

otocyst (balancing *grrrr. The sensmy vesicle may rcpresent a nrdimentary brain'

Visc€fal ganglron is prescnt bdlind 0r9 *Ttry vesicle, It has ganglionic cells' "spinal cord"

extends ftom the ritdflgtttgti"" ,p6g tt" tip of tfre ail. It may.be-compared to the spind-cord of

frigt 
"i "fr"r6"fra. 

It has girgtionic swollings itti"t 
"n" 

metamerically arranged' Five paired nen'€s
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arise from the entire tail. Notochord is made up of lrge vacuolated and turgid cells. These are
&velorped from the endoderm. Notochord is present below the nerve cord and the vacuolated cells
are arranged in a single row.

Tail is laterally compressed. The axial part of it is thick. The tail is provided with a ail frn which is
brcad and median. Tail possesses nerve cord, notochord and ail muscles. The tail fin has
sttpporting fin rays. They are in ttre form of oblique striations. Three strong muscle bands are
pmesent in the tail. These present superficial segmentation as found in the myotomes of vertebrates.

Presence of ail with fin folds and fin rays, notochord, n€rve cord, heart as a gut diverticulum,
pharynx with perforations, muscle bands are typical chordatc charaeterc.

The larva swims actively for some time but because the mouth is closed it can not feed. It becomes
geopositive i.e. it sinks to the botom and fixes itself to a substranrm and under$oes metamorrphosis.

30.4 M�YAMORPHOSIS

During metamorphosis tremendous morphological changes takes place (Fig. 30.3).

B
Fig 3o'3 H*&rut14;Rctrogllsgivc metemorphosis. A. Tedpolc_ frve ,{@ns Eougrurion B. Adulr, aftcr cunplction ofnarorcryhorir' 1' $Ehrtr 2.-Adhelive-ixpiilt 3. Ph.rynxi. xar.l vc*crJs. iauo 3. Hypopnyri.r &rct 7. Arrirmr E. Arfilrycrtrc-9'Degarcnting tail l0.Notoc.hord tt. Intcsrine tz.M"nrr" is.d;;irl.n*" 15.Tcrt 16.Anug 17.Nc.ratglud lt' Atrid rycruE 19. Atrid riphon 20. Donal urbercle 2I. Livcr 22. Bndof,nnal ropulle 23. Endortylc 2,1. Brurchialriphon 25. Brrnc.hirl apertrre 2f, Newc gmglion. .'

1. Tail: Tail becomes short This is achieved by two methods. part of the Ail is cast offand part
of it is absorbed by phagocytes. Thus oe no-toctrorC, nenye.*d,;d ;G;br;;a[ Iost
Satually.

2' TesE Tunicine is secreted by the larval ectodermal epithelium and thus the test is formed.
3' Ampltlae: Four ectodermal ampullae are formed as prominent outgrowths along with the

est. These help in respiration and in adhion. out of four ts,o ar€ tig anc two qe imalt. The
smaller ones are not developed in the other ascidians. �«

�\

��
�]

€
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4. Branchbl Sec The wdl of the branchial sr develqs numercus gill slis. The sac shows

enognor6 gowft. The stomach grows to a large Ebulsr strucEr€xt. Inte$in€ elongans and

becoures curved. Tlre liver lobes become prominent

5. Siphons: The t6gt invaginatas into thc branchial and atrial ap€rtue b form branchial and

atrial siphots resPectivelY.

6. Nervous Sysiem: Thc c6€bral vesicle with its oce[i and oolith deganeratc. The entire nerve

ca6 exccpt vlscerat gangliur also disappears. Visc€sal modifro.r ino visceral lErves.

Neural gtioO O"refd ftm dre anterbipart of ttre cerebral vesicle. It communicates with the

phrynx.

7. Rotdbtr of the Body: The rcgiur of the body bctwoen the mouth and point of anachment to

the sgbs6anm Sroo ,."y ,aeidly rcsultiqg in rotatiqr of the body in about 180' The

br,anchiqae -i.rriqor" dp 6 lie almost in the same plane i.e. at the distal end of the

body.
g. Mouth bses its t€.st cov€ring. It allows continrrctrs water cuflEnt into the branchial sac.

g. Thich tough atr(l translucent rcst is fqmed around the body. It gives rise to fool

10. Blood vcssls ald sinnss are fqnred and hertalso cunpletes is devebpment

ll. Mesode&m dovelops gono&rcts.

Thus active ftee swimming lanra becomes a sedentary animal. The larva loses almost all chordate

claracters. Remaining few-chordare charrcters are modified. The adult appea$ as a nonchordate'

d;*rfi rh;-pr"til;;; t"oo,*pr**it, the larva instead of acquiring advanced chordate

clruacters loses all of them resulting in degeneration. This type of metamorphosis is called

"retrogrcssive met&morPhcb"'

significence: The ftcc swimming larta is imputant b€cause it is helpful in distribution to avoid

in6tp*frc sruggle Gtruggle between the sanre Wecie's)'

305 AF�\ WrH CHORDATA

Thefteeswimmingta@lelarrlapossassespharyng4.g''lslits,dtrsalhollownervecord
extending.in Oe "nmffi*,, 

of rc qoOV ,tU "oti'f['O 
in ttt" t"it region' These three are the

ty"ical chordarc "h.*d 
Ttis is the srong eyqT b.p(we that tuicates are the tnre

chadafias. Thc eggs ef *# r*iAi-, to"rtf"-U,o'* of Antphiow'Cleavage and gastnrlation are

exactly similr in sscidisns and chordates'

The adult ascidian also drows some chordate chracters'

The b,ranchial tentacbs of aurochcdate-rqeg.try ry tcntelas of /ultghbxllrt

'ii;; *fi of urochsdarc is similar o cephalochodata

Pr,esence of gitl slits is similar in both fie groups'

Ciliary-mucus feeding;;h"td; it tilti1,[; thatof cephalochordata and also similar 1o

ammocoete latr'r a of P etr omYzo n'

The endosryre or trrese aJffrs may be homologous to veriebraterrryroid' ".

Neural gland and n*,"*iligrm,Jr"d are nimotogous to pituitary body of vcrtebrares'

�¡

�Q
�D
�R
�D
�S
�D
�@

�T
�D
�U
�D

�P

�Q

�R

�S

�T

Specialized C heracters

Urochordates possess some peculiar characters which re:

The�¡ sembhnCe LtWeen
presence of pharyngd

Many genera lead sedentary life'

i*lilfi"l*nitr, is allied to cellulose' is present in'the tesr

Coelom is absent or it is reduc€d to a large "**i Uut*se of the extensive g.owfi of anium'

hesence of shuule circiJilonir. ,"r"ni of flow of blood from time to time' :

Larva undergoe. rr*g,"tS"" metamorphosis which is unique feanre'

Urochordara and Herdchordata is- insignifreant' It is limited !o the

iiiffi," eorr, ;idil-;: consiGreo to be primitive than
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c€phalochordates. Abserrce of coelom and metameristn in Urochordata strrengthens this view.
Crya"q in 1928 a theory of chordetc oigin. This theoy is suppJtted by Berritt in
1955 and Roner 1959. This theori says that early ancestors of chordates were marine ixed and of
filter feeding type.

Tlre aryidians might have developed frrom pterobranc.hs, a group of HemichordaA. The tailed lava
of early ascidians after a brief free life might have got fir"d 6 a subsantum ana Oevetoped into
inacti,ve adult by retnogressirre meamorphosis. Some scientists are under the impression ttrt trr"r"
tailed larvae are neotenic i.e. ttrey develop gonads and do not metamorphose into adults. They
might have gone to estuaries in search of rich food found there. They had to get accustomed to new
circumstances. Therefore they developed some tremendou. .tor,go eg. porrerful locomoory
organs' muscles, efficient sense organs and excreto,ry organs suited for neir water life. firey corld
live successfully after invading fre.sh water. According o ttris Ooory Arryohioxrualso has developed
similarly.

The modem urochordates present primitive, degenerate chordate characters. As there is no fossil
record of urochordates, their origin and phylogeny runain doubful.

Check your progress

Ascidian tadpole larva has typical characers�B

�P

�Q

�R
Endostyle is sometimes homologized with ............ ... gland of vertebrates.
Hgfpania, though placed in Animat Kingdom has ......_............L.......,.rubsance in Oe testwhich is E€s€nr in all plant cells.

30.6 SllMMARY

�¡

�Q
�D
�R
�D

�S
�D
�T

�B
�U
�D
�V
�D

�W
�B

�X
�B

�P�B
�B

�P�P
�D

�] �Q
�D

�] �R
�D

�] �S
�D

�] �T
�B

�� �o�Rit�D �o�ˇ Tmm���Apho Nerve cord�¤ fom�g �¡Om�R�§plate.

Ins atrium�B

lor eglon.

�Ù s all chOrdac charatrs are 10sL

Biranchid:and aaial alrortures are formed.
Active free swimming larva mehmorphosis into sedentary animal.

30�B7 CHECK YOUR PROGRESS_MoDELANSmJ
�P

�Q

�R

Chordac
�¡ ,mid
Cellu10m

30.8 MODEL EXAMNIT10NQuEmON�Ì
�¡

�P
�D

�Q
�D

_.-._-Answer the foltowingih about 30 lines
Define retrogressive mehmorphosis. lYrite the phenomenon in the animal you have studied.Discuss the affinities of uroch-ordata 

--- --- r"Y"u'!vr'v' .r ure 
'urr

Answer the following in about l0 tines.
Tadpole of Herdmania.
Gastrulation.

�k

�¡

�Q
�D

|
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IIN�u�E31 SUBPHYLUM CEPHALOCHORDATA�\�\ AMPH10XUS

Contents

3l.l Oblxtives

31.2 Intrroduction

3i.3 General Charact€rs of Cephalochordata

3lA Classification

3f .5 Ertemd Characters

3f .5.1 BodY wall
31.5.2 Musculature
31.5.3 Skcleton
31.5.4 Coelom

31.5.5 General anatqmy

31.6 Alimentary Canal

31.7 ResPiraorY SYstem

31.8 Blood Vascular SYstem

31.9 ExcreorY SYstem

31.10 Nervous SYstem

3l.ll Sense Org;ans

31.12 ReProductive SYstem

31.13 SummarY

3 1.14 Check Your Prrogress - Model Answers

31.15 Model Examination Questions

31�B1 0BJECTIVES

In this unit we shall discuss about the general anabmy of Amphioxus so as to explain the details

about the primitive tfttd* feanrres. at O" end of ttris unit you can explain with interest' that

Amphioxus is a pecutiar "r,i.a 
as it shows G essential 

'erteU*te 
characters like notochord'

tutrilar nerue cotd and pharyngeal 'gill slits"

31.2 
�c

RODUCT10N

Cephalochordata represent a gureralised chordates exc€pt the lreadless state of organisation'

Noochord extends i";il; LiJo, region thJ;i the b;in unlike other chordates' It becomes

stiff and rod tike 0,";;6tr irno-*i"g ;;fr""-*it"ti,"gafe. The best known genus is

�e �� �� �e �e �e �  �S�˚ �• �i hly ded"Lanlet

31.3~GENERAL CHARACTERS OF CEPHALOCHORDATA

1. These are marine solitary organisms of world wide distribution'

2. Body is fish-like, *iO tiitt:*ing and swimming habits'

3. Symmetry is preseniin 'a mphioittsbul-Asyntttutron has no symmetry'

4. cephalochordate, r"* rda, brain, eyes,-audiory apparanrs and jaws i'e' there is no paired

appendages.
Dorsal fin is in the form of low hollow fold of skin'

C""Oa fin is in the form of lobes'

oral hood is an outgrowth oi oe stin at the anterior ventral part of the body'

Aaached to oral hood 10-20 pairs of stiff ciuarca iuccat cirii ororal cirri are present' These

** *itt t"n o be branchiae or gitls hence the name Branchiosbma'

5�B

6.

7.

8�B
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�X
�B

�P�B

Oral hood encloses a widecayity cd-led vc$ulc.
At the basqsf dre ve*ibule ecircuk ryhincter partition is Eleserrt' It is edled vdum' It has

velar tentacles. Enterostome is present at its centre.

The skin is thin, soft, translucent and is composed of columnar cells. Body wall'consists of
cuticle, epidermis and dermis.

Myotomcs or myomeres are'V'sttryed blocks (50-85).

Coelom is obliterated by atrial u peribranchial cavity.

Pharyngeal wall has numerous gill stits which open ino arial cavity. A continuous water
curent is mainained for feeding and respiration. Water enterc through mouth, goes to
pharynx, then to atrial cavity and to exterior through ehiopore.

Hcpatic caecgm is the only digestivegland.

Excrrefiiry systgm is in the fmm of nepbrftlie which is the characteristic featub of Annelida
Newous system is as in vertebrates. It consists of hollow and tubular dorsel nerve ctrd. It is
present above the noochord.

Sexes are separate. There are numerous gonads which are metamerically arranged. Gonoducs
are absenl

20. Fertilization is external. Segmenation is cornplete. Iarva is asymmetical which
metamorphmes tilo cymmetrkat adult.

Subphylum Ceehdocho,n ala consists of only orte class, Cephalochorda It is reprresented by tryo
genera he Amphiox:ru andAslr?tutron, l

31�B4 CLASSnCAT10N

11.

12.

13.

14.

15�B

16.

17.

18.

19.

�‹ lum�L
[SubR�Łhm
�†
hus i

Spabs

00Fdam .
CwblochOdamm
B�c

�c

�c

�À ttC�G �¤ �B )

A.rccararr    
�]

Habit snd Hebitat It is widely disnibuted. It is found in Meditsrranean sm, tn&r ocesr erc.Tbso are Urrowttg animals. It swims in the wmer actively. ffiostly it is confined o shallowwatprs.

3T*5 EXTENNAL CHARACTEnS

�x
�� �Õ �d�í n�Ó �˜    ��

vWibub�I �B31.1)|  �¡     1�E  :       i t�µ .,_�æ .�E
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B

]�� �_�fl�ß T�S�O
�E�f �÷ l�w

�E�À �RFltttTI�x �ł �Æ�'�› �O
12.Myo�� ��mmm 13.Vedible 14.Notochod 15.�‹ �� lcur 16.Anus 17.Vmralfln nys 18.Venml mrface.

31.5.l BOdyWa�¡

is.

31.5.2 Mttuhmre

voluntary type.

�P �a �¸ ª� �Ł
L�UFC�Q�� �í âü 1�� �ì

31.5.3 SkeletOn

�ø�ø�Ì�Œàp �—�k :Œ⁄àp äD�ø�ÔäD� �̂n lTb�æ
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Numerous short broad connecdve tisstre boxes ff "frn rays boxes- SumGt th9 dorsal and ventral fin

folds. Dorsal rn possess 
' 

single series of such masses where as ventral fin has trro series'

Gill bus are supported ty th.e delicate, skeletal gill rcds made up.of stiff gelatinous tissue and

elastic fibres. The details of the gill Uus snAiG 
-OiscuseA 

atong wittr the stnrcnre of pharynx in

the digcstive systcm.

31.5.4 Coelom

Anphiorus,like the vertebratos, posseTes l tnre coelom or enterocoel derived from archenteron' It

is spacious i" trre intesfrJ-regiJn. ii it ttao."A irr phryngeal ,"gign and is confined o a pair of

dorso-lat€ral longindinal cfrarinef one on eactr siOe oitf," pf,"tynt. A singe sub endostylr channel

is prescnt on the mid ventral side. This chamel is connected to dtrso-latefial channels by ventral

coelomic canals passing through primary gill bars'

-19

fig. 31.2 A/,,phbnt-lnt,',,0d rtnrct[c.^ l. Eyc. rpot 2. Otractory pit 3' c'are-brel- vcciclc 4' Notochord 5' Nerve cord

6.ocrophrgur z.Dond r*1"y-u"*r.g.DJ"li1, s..c"ra"r i, to.,lnot ll.vcilrrl fm l2"Atriopore l3'Hind gut

14. Atrim 15. Mdgur 16. Midgut divcrriculunr fz. fra"pf*rrr fofat lE. Phrrynx 19. Primary rccon&ry gilt bon 20' Gill slit

21. Onl hood 22. Bntcrostmc 23' Orrl cini Z' Whcct orgrn 25' Vclum'

315.5 General AratomY

Atrium is a spacious peribranchial cavity and surrounds the pharynx- The atrium is lined by the

ectoderm and commuiicate,s with the eiterior through atripore. Arium extends anteriorly and

porr"ri*tv to form blind pouches. It gives out a pair of channels into donal coelomic canals at the

posterior part of phrynx. ffr"r" are carcO Urovm funnels or atrio coelomic canals. Arial cavity is

a part of t;e ectoderm sfrut in by the flap like metapleural folds and hence the lining is epidermal

(Fig. 31.2 & Fig. 31.3).

3T.5 ALIMENTARY CANAL

The alimentary cannal is a strAight tube with various diameters. It is suspended by a- dorsal

mescntary. li can be conveniently divided into mouth, buccal cavity or vestibule, -pharynx,

o"*U1aSit, intestine, anus and associated digestive glands'

The mputh is the wide aperture at the anterior end enclosed by oral hood. It is only somodaeal part

of the alimeatary canal.-Orat hmd has l0 to 12 pairs of stiff and slender processes called-the oral

"ir"i 
* bnccal cirri. rhey bear minute sensory papillae. The cirri form a sieve during feeding'

The oral hood encloses a wide cavity called vestibule or buccal cavity. A circular aperturrc calted

enterostome leads vestibule into the pharynx. The enterostome is surrounded !v velum' The wall

of the vestibule is raised into number of ttrick finger like ciliated ridges called the wheel organ of

MUlter. It pfoduces a continuous whirling currettt in thc vestibule' In the mid dorsal ridge of the

wheel organ the vestibular wall has a glandular Hatschek's groove or pit which socre6s mucus
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altemate with each other

The primary bars are formed in the larva and
during ttre development the secondary gilt bars are

Fig. 31.4 Alllphiorrr. A.Primery urd rccordary gilt b.n with rynepictlre. B.T.S. himry urd rccondrry gill brr.
1. Synepticulec 2. Primrry gill b.r 3. Secordery gill rtrr 4. Dorl t ri& 5. Vcourl ri& 6. Tirft of fipmat cilir 7. Latcral cilia

Fig' 31'3 T's' ot Anphioxns, e'!r{1c 9.oeh pharurgeal rcgian. B.Parring rhrough intcsrinat region. l.Epidermis2'Dcrmir 3'Myocomma 4.Noochorrdel shcrdr-5.Ncphriaum, e.citt brr 7.6ill slir E.pharyru. g.Merapleural fold.l0'Rend pe$llac lI'Endocrylc 12.Epiptcur 13.vcntnl_aorrr 14.subadortyl", 
"o"to- 

l5.Lymph space 16.Transversemurclc l7'Atrium lE'Gonrd (ovrry) l9.coetom 20.Mdgut divcrtiorlum ti:D; coclqnic crnel 2zBrown fiinrel23'l,ttcnl donel rorra 24. Mpmcn 25.-Epipheryngc.l grmrre 25. Noochord 27. Nenre cord 2g. Neurocoel 29. Dorsal finrey box 30'Donal fm 3l.Peritonorm 32.Vcdnl-frniry uotc" 33.vcord rin il.sou irnccdnd vcssel 35. Intestine
36. Median dorsal aorta.

Entercstome is guarded by r sphincter in the velum. Velum has 6 pairs of velar tentacles. They
form an efficient sieve during feeding.

Pharynx is the largest and widest pilt of the alimentary canal occupying nearly half of the body. It
is laterally compressed.Its wall is perforated by auouitsO *rro*, gin rfits oibranchiat 4erturesPharynx communicates with atrium through these apernres. The 'Ui sh@ gill slis ,r" ,"prot"O
by giII bars or branchial lamellae which are of 2 types, primary and secondary. Both these types
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formed. The primary and secondary bars are inter connected by numerrus short horizonAl bars

(31.4A). Due o synapticulae the pharyngeal wall becomes complicated basket like strucUre- Each

bar (both primary and secondary) is supportod by a skeleal rod. It is made up of stiff gelatinors

tissue. ftri roOs of the pnmary brs are forked at frreir free ventral ends. Each gill bar is formed

partly of the pharyngeal wall and partly of the body wall. Each primary glll bar encloses a narrow

ip"f6ri" space. Thcprimary and secondary gill brs are richly cove,red by ciliated epithelium. The

"ilia 
on tfrJ pharyngeat side are notably long and are calleri the fr,ontal cilia The cilia of anterior

and posterior surfrces are called lateral cilia

In the larval stages the number of gill slits correspond with the myotomoes but as the animal grows

the number wi1 increase. The midventral groove of the phryngeal wall is called endostyle or

hypopharyngeal groove.

The mid dorsal grmve of the pharyngeal watl is called cpipharyngeal groove.Its epittrelium is

ciliated. At anterior end of pharynx the endostyle and the epipharyngeal grqlve are connected

ogether by means ofperiphlryngeal bandsThese are ciliated.

The pharynx leads intor the oesophagus. It is a short narrow and ciliated struchne which leads into

intestine.

Intestine can be divided into midgut and hindgut. The midgut gives out a club shaped blind pouch

like midvenral diverticulum called midgut diverticulum or hepatic caecum or "liver" which

projecS inm ttre atrium. It is lined by an enzyme secreting glandular epitheliunr. This is the only

diglstive gland present in Amphioxtu. It secrets digestive enzymes proteale amylase and lipase.

po-sterior p.rt of tfr" midgut possesses ilio+olonic ring which is heavily ciliated. The cilia of the

entire tract beat consantli. ftr" ciliary action helps the food cord to roEte on its longitudinal axis.

Numerous cilia are present at the posterior end of the hindgut. Hindgut is also called rectum which

opens out by anus. Anus is present on the ventral side at ttre base of the caudal fin. It is a circular

aperture and is controlled by sphincter (Fig. 31.5).

Fig. 31.5 Antphiar;ns - Alimcotrry canal (anows show movcocd of firod). l. Buccat cirri 2. Wheel organ 3. Velar tentacles

4.lcgtibutc 5. Ent-cro-c 5. Mdgut divcrticuhm 7. Food ord 8. Arca of iliocolonic ring. 9. Anur 10. Arca of hind gut

I l. Ciliercd tnct 12. Oelophag,eal region 13' Gill rliu 14. Phrrynged rcgion.

Mode of Feeding: Tlre mechanism of ciliary feeding (filter feeding) in Amphioxus is complicated.

The cilia re responsible for creating a continuous water current" The fmd consists of diatoms,

small protozoans, desmids, Iarvae erc. The water curent elrters Ore motth, .buccal cavity,

enterostome, pharynx and goes 3o atrium through gill slis and o the exlerior througli atriopore. The

buccal cirri, oral hood, wheel organ, velum and velar rcntacles help alt acoessory organs in the

ciliary feeding. They form a mesh to filter the food particles.

When the debris settles near the velar tentacles and oral cirri, the reverse current clears them

immediately. First the atriqore closes, the floor of the atrium raises, pharynx compresses. The

water goes out violently ttu,ough the vestibule cleening velar tentacles and oral cirri.

The food material in the pharynx is entangled in the mucus secreied by the endostyle. The mucus

with food particles passes into epipharyngeal groove. The cilia of the groove beat backwards so that

the mucus cord is pustred into the oesophagus. Some bigger particles drop out into the oral hood.
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The whirlhg curent of dre wheel 6gatr fw€nts tlrcrn o chg. The mucus secrpted by llatscheks
grcove entangles these porticles. Food ladcn mucus ent€rs the entenxtorne along with main water
curtttlL

Phyoiologt of Digc*ion: The fmd-nucus cord entors ino the oesophagus and midgut by the
actiur of cilia Tten it passes into the ilio-colonic ring where it is rotated tlroougtrly by cilia.
Digcstive enzynes (Anrylase, lipase and proteasc) of midgut diverticulum and midgut digest food
marerial. Ttr procass of dige*ior contins even in the intestine. Intree[ular digestion takes phe
in midgut divsticulum. Absmption of the digested fmd akes place in the hindgut. Inrrcellular
digestion and phagoqytosis ue noteworthy n Anphbx.ns as they are totally absent in higher
verebrarcs.

3lJ RSPIRATORY SysTttM

Thcre arc no spocid nspiratory oryans inAmphbxus. Ptrarynx plays a minor role in respiration as

the blood has no rcspiramy pigment The heavily ciliated pharynx requiras sufficient quantity of
oxygen which may be met with 8tc blood vessels (Afferent brarrchial arteries) urtering the
pharyngeal gill bors. Pharynx is chiefly fmd collecting dgan.

Exchange of giases takes place by diffirsion through the entire body surface.

31A BL�� D VASCIILAR SysTw

Tho blood vascular system of Anphiorus is very simple. It is of closcd type. There is no distinct
heart and the blood lacls a re.spiratory pigment (Hacmoglobin). The blood is colourless and a few
whitc blood cupnscles arc present. The blood vessels arc very simple. Capillary system is lacking.
Yet the entirc system is based on the fundarnenal chordate plan.

At the posterior end of the phuynx on ventral side, there is a simple bulb like sinus venocus. It
collecs blood from all puts of the body. The chief blood vessels are ventral aorta, dorsal aortae,
subintestinal vein, hepatic portal, hepatic veins and cardind veins (Fig. 34.6).

Venhal Aorta: Ventral aorta (Endostylar affia) arises from sinus venosus and runs beneath the
pharynx mid ventrally in the suben&stylar r€gions. firis vessel is highly contractile and contracts
rhythmically so drat blood flows in the forward direction. Numerous paired lateral branches called
afferent brarrchial vessels are given off from the ventral vessel into the primary gill bars. Each

afferent branchial artery at the base of gill bar dilares ino a bulb or bulbule. It has contsactile naturc

and may act as branchial heart The ve.ssels of the synapticulae connect the afferent bmahchial

r5

Hg,3l.6 A7phi1p11t - Btood vgqrhr ryrrcrn. l. Right rtcric crrdinel vcin 2. R[ht poctctior cerdind vcin 3.C,erotid errcry

+,-Irrcnt drrel mrerc 5, Irfrcdiar a"ri.f .on. e.i:ual ercrery 7.Du<rr or Grvicti t.Effcrcnr blnchid rrtc_ricr 9.Lcft

porrcrior crrdinal vein lg.Periaal vein ll.Caudal vcin 12. Intcstinal cpillrrics 13. Subintcstinal vein l4.Hepetic vein

iS. i.p.ti" porral vcin 16. Sinus vcl(xus 17. Primery effqcrt bnrrchial ertcry lE. Bulbule 19. Sccondary affersnr brsnchigl

.rtary ZO. eftn*ttbr.ndri.l rncrics 21. vcilnl .otu22'ltfirtqia 23' Glmus'
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vessels of primry gill bars with the vessels of the secondry gill bars, Thus it is evident that the

vessels of the secondary bars do not commlmicate with the ventral aorta directly. The

arteries of primary and secondary gill bars do not break up into capillarias. They emcrge otrt as

efferent branchial arteries and unite !o form lateral dorsal aortae one on each side. Each afferent

artery breaks up in1g 
" 

UioO pU*us or net work called gtomus just before opening ino the dorasel

aorta of its side. The glomus lies near the neplridium (E:rcretory organ).
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of Hood circulrtioa.

Dorsal aorta: Ttre lateral dorsal ortae, lie one on either side of the epipharyngeal groove. Each

dorsal aorta nrns forward as carotid artery to supply blood to oral hood. The two lateral aortae,

behind the pharynx unite together to forn medan dcsal aorta which runs beneath the notochord

through the doisal mes€nt€ry. The donal aorta gives off segemental arteries to myotomes and some

arteries to the inrcstine. It continues into the tail as caudal artery. In the intestinal walls the rteries
break up to form a plexus of microscopic capillary like vessels.

Subintestinal vessel, Hepatic portal and Hepatic veins: The capillary like vessels collect the
blood gnd pour into a median longitudinal.vessel called subintestinal vein. It lies beneath the
intestirie. In this trurk the blmd flows forwards. The subintostirial vein turns to the right and enters

into ttre wall of the midgut diverticulum or hepatic caecum or 'liver' and rarnify into plexus. This
may be considered as primitive hepatic poral system which is very well developed in vertebrates.

A short hepatic vein collects the blood ftom the capillary like vessels of midgut of dive{Culum and

opens into the sinus venosus or venous sinus. The caudal veins from the tail join the vessels of the
gut wall.

Cardinal veins: The blood from the myotomes and body wall is collected on either side by a pa.ir

of posterior cardinal veins. These cardinal veins run in the dorsal wall of tlre coelom and unite to
form the ducti Cuvieri. Both Cuvierian ducts opens into sinus venosus. 255
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Tlrc blood from he dorsal body well.is olhcted by a por of parietal veins, which nrn above the
intestine and oput into the sinus venosus. The main function of the blood is the transportation of
fmd material and plays a very lirlc role in transport of oxygen.

31.9  EXCRETORY SY�Y

Excretory system consists of nephrfulia (Protonephridia) erch possesing numercus colenocytcs or
flame celb. The nephridia re segmentally ananged on the pharynx. They are in single series
numbering about hundred pain. Each neplridium is very small in size and is a closed tubule. It is
partly ciliated and partly glandulr and posesses thin wall. It is bent at right angle and possesses
long vertical limb and a short horizonat limb. The vertical (Anterior) limb ends blindly. It lies in
the coelomic canal of the primary gill bar. orr the ventral surface of the horizonal limb there is a
small aperturc called nephridiopora It opens into the arium opposite o the secondary.gill bar.
Each nephridium has about 500 solonocytes. These are born on caecac like projections. All these
are directly dippd in the coelomic fluid.

Each solenocyte is unicelluar which ends in a knob like strucure called cell body (Fig. 31.8). It has
a nucleus and long shndcr duct with'a flagellum of flickering t,"e called ftrme" The ducs of all
solenocytes open into the lumen of nephridium

Efferent branchial artery forms a glomeruhu near the nephridium in dre dorsal coelomic canal..
The atrio coelomic channels m brown funnels re also supposed to be excretory in nature. T.hey are
large ube like structures situared on the dorsal side of the plurynx.

The nephridium of Ilatschek is a lrge, nanon, orbe like struchre. It is sinrated on the pharynx.
Posteriorly it opens into the pharynx just behind the velum ad in the anterior part it ends blindly in
the tlatschek's piu

Fig.3l.E Anghbm* A. Ndridirun. B. A prt of tbc n4hrirlium nrgpificd C. Singlc rolcnocya l. Solcaoc5,tc 2. Horizonul
limb 3.Ncphridioporc.4.Vcnicellins s.C.cct 6.Flrgcllnm T.Ceccun t.C.cll body 9.Nucleur l0.Ilmcn ll.Thbule

12. Fhgethm 13. Frcc flrgcllunr.

Renal papillae are small groups of columnar epithelial cells present on the atrium. These may be

excretory in function.

Mechenisn of excretion is not clearly undersood Nitrrogenous wasle prducts from the glomerular

blood diffuse ino the coelomic fluid. From thcre, they pass ino the solenocyrcs of the nephridium.

The vibratilo flagella crry them to tlre atrium frrom where they are thrown out along with the

outgoing water. Nephridia probably scrrrc as osmuegulalory organs also.

31�B10 NERVOUS SYSTEM

The nenrous system consists of central, peripherat and autonomic nervous divisions based on

typical vertebral plan.256
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Central nervous syrrm: It consiss sf,neural tutle which lies in 8rc mid dusal tn! just above the

rr"6u"no6. It nrns almost ftrll length of tlre body. It is ronghly riangular in transversc section' It

enclces & narow cavity, rfre negrocef or central canal which is filled with cerebro spinal fluid' At

its anterior erd the .*trjf canal expands lo form cerebral vesicle butthe extcnral diamcter of the

cord does not change. A small outgtowth, the diverticulum, arises from ttre-cercb'ral vcsicle and

extends over lhe ."n*t canaf. ffie infundibulrr organ is prcsent on';!lp fklor of tlre cerebfal

vesicle. The cerebrat vdsicle communicates with the exterior by a nanropore in the young but closes

*f", i grows o aOufi The ependyma (a lyer of non nervpus 
3effs) 

is clgse q {e. cenlat q4at

and is surrounded ry a-f"Vri"fner"e-cetis of grey matter.lqs is surrotnded bf .a.lafer.of
fongiiodoA oon *oiofid n."t ftto called'w[irc mafi€r'. this arrangmenf is found y 0rOicA

vert€brates. Cell bodies of the neurons arc grotrped uound the central cana!' as in ttre vertebrates'

The nenre cells are of 2 tYPes:

l. smafl cells whose processes pass ino ihe peripheral nerves.

"'* ."r., irtr" *A n ;rvals in between the ordirlary2,. Giant cells which ane very large and multipolar occur at i".t""t't itt b"tY.t"' Tt-:
cells. Giant 

"eUr 
p*t"tt exrimely long and thick dendrites' These cells and fibres ae

similar to those of innelida and crustaceans and coordinate the locomotion'

Peripheral nerYous system: The peripheral n€n'ous system consists of two pairs of cerebral or

cranial neryes. ffrese-arise nom the c"reU.af vesicle and a set of number of spinal nerves from the

**"irurg nerve cord- Two pqirs of the cerebral nerves or dmsrl roots arise from the sensory

pu*;i;"re organs oto. ri*t, oral hood, oral cini andgarry sensory impulses to nerve cord and

thus they arc sensory in nau[-e. There are rrc corresponding venl-al roots in the cephalic region'

From the dorsal nerrre cord, a dorsal and ventral root are given off on each side to every-segnent'

The roots are not united nit o" as in higher chordates they unie. Each ventral rcot caries motor

fibre.s to a myotome. These fibres term-inate on muscle fibres at motor end plates like those of

vertebrates. The dorsal roots of one side are opposite to the ventral roos of the other side thus

exhibiting asymmetry.

Fig. 31.9 Amphbxus - Nervous syst€m. A. Anterior

portion of nerve cord with cerebral and spinal

nerves. B. T.S. of Nerve cord.
1. First cerebral nerve

2. Cephalic pigment spot
3. Second cerebral nerve

4. Ventral rmt
5. Dorsal root
6. First spinal nerve

7. Nerve cord 8. Second spinal nerve

9. Ocelli
10. Central canal
11. Nerve cells
12. Nerve fibres
13. Supporting fibres
14. Dorsal tissue.

15. Giant fibres
16. Sheattt.
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Autonomic nervous system: It connols the involuntary muscles of the gut wall, where two nerve
plexi are present. Thes communicate with the nerve cord by visceral nerves in the dorsal roots.
The walls of the atrium contain neurons below the epiitheliurn. These have connections with the
central nervous system and may be sensory and also motor in nature..Ganglia are not formed.

31.1l SENSE ORGANS

The sense organs of Amphioxus are few and simple. Olfactory pit (Kolliker's pit), median cen6al
eye or cephalic pigment spot and the infundibular organ are associated with ceribral vesicle. Ocelli
are found on the nerve cord. Tangoreceptors are on the integument, chemoreceptors are present on
buccal cirri and Hatschek's goove. sensory cells are found in the muscles.

Olfactory.pit or Kolliker's pifi It is situated on the left side of anterodorsal region of cerebral
vesicle. It is a pit like depression lined by ectodermal ciliated epithelium but no r.nrory cells are
found. It communicates with the cerebral vesicle through a neuropore. Some scientists consider it to
be a chemoreceptor.

Fig. 31.9 Amphioxus. A. T.S. of nerve cord
with ocelli. B. A single ocellus magnified
l. Nerve cells
2. Nerve cord
3. Ocelli
4. Cpntral canal
5. Dorsal tissue '

6. Pigment cells
7. Apical border
8. Lens like mass
9. Nucleus
10. Nerve fibre

Median eye or Cephalic pigment spofi It is a large spot present in the anterior end of cerebral
vesicle. The lens and other accessory structures of the typical eye are absent, as a result it is not
phoosensitive. Probably it may serve to prevent the light. Some workers consider it to be
thermoreceptor.

Ocelli or Eye spots: These are present on the nerve cord and are sensitive to light. Each ocellus
consists of two cells, a blackish brown cup shaped pigment cells, forming a cap above and a lens
like photosensitive cell below. This gives striated appeaftmce and rnay act as a lens (Fig. 31.9).

The ocelli send fine fibres to the nerve cord and are arranged asymmetrically in two rows in the
ventrolateral side. The asymmetrical arrangment of the ocelli may result in one sided perception of
light and this may be responsible for spiral movements of the animal.

Infundibulum: It is a patch lined by tail ciliated columnar cells in the floor of the cerebral vesicle.
Previously it was thought to be homologous to infundibulum of vertebrates but now it is regarded as

an eye like structure. Modern workers consider it to be secretory in nature.

Tangoreceptors or Sensory cells of integumenfi These are numerous, scattered in the epidermal
cells of the integument. These are plenty in the ectoderm of dorsal surface. Each sensory cell is
sldender spindle like and bears at its free end a small hair like pr(rcess of sensory nature. The other
end is conducted to a nerve fibre which is connected o the dorsal root of nerve cord. These cells
are tactile and may test the nature of the sand.
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Sensory papillae: Some sensory cells possessing sensory bristles or cilia form minute papillae.

These are prisent on the buccal and velar tentacles. The papillae of buccal cirri are tactile and those

of velar tentacles are chemoreceptors.

Hatschek's groove present in the roof of the vestibule may be gustatorecepor (Organ of ase).

The sensory cells present in the gut may be chemoreceptors. Numerous free nerve endings are

present in the muscles. These are sensitive to intemd stimuli and are called propriocep0ors.

31.12 REPRODUCT�WE SYSTEM

Aruphioxus is unisexual i.e. sexes are separate as in higher chordates but there is no sexual

dimorphism (males and females can not be distinguished externally).

The gonads, the testes or ovaries as the case may be, are about 26 pairs with metameric

arrangement. They are arranged in two rows in the ventro lateral body wall in the pharyngeal

region and project into the atrium. The gonoducts are absent. The mature spermatozoa or ova are

shed into the atrium by rupture of coelomic and atrial epithelia The temporary pore closes soon

after the gametes are shed. The places of rupture are called cicatrices. The gametes reaoh the atrium

and escape into the sea water through atriopore. The fertilization and development are external.

Check Your Progress

1. Amphioxus is a ciliary feeder. This function is performed by various accessory organs like

is a common structure in Herdmania and Amphioxus to

entangle and defleet the food particles by its ciliary action.

Y:::',:.:l:::.:::::.:. iil;ili;;;--""'arranged 
in a rinear series exhibit """""""""""

31.13 SllMMARY

Cephalochordates possess a well developed permanent notochord. Anteriorly it extends beyond
nerve cord, hence the name of the subphylum cephalochordata. Cephalochordates ard marine,
solitary organisms. They are cosmopolitan in disribution. Amphioxus is a typical example of this
subphylum. Special structures like oral hood, vestibule, velum, velar tentacles, Wheel organs.
Ilatschek groove etc., are present. Nervous and blood vasular syst€ms are based on chordate plan.
Excretory system is in the form of nephridia sexes are separate but no sexual dimorphism.

31.14 CHECK YOUR PROGRESS�]MODEL ANSWERS
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Buccal Cini, Oral hood, Wheel Organ, Velum and Velar Tentacles.
Endostyle
Myotomes, Metameric Segmentation.

31.15 MODELEXAMTNATTONQUESTTONS
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Answer the following in about 30lines each

Give an account of external features of Amphioxtu.
Describe the digestive syslem and digestion in Amphioxus.
Describe the respirasory system of Branchiosama (Amphioxns)
Describe the circulaory system of Amphioxtts mentioning the specialities of the system.
Write in deail the exc.reiory system of Branchiostoma.

Answer the following in about l0lines each.

1. Coelom 2. Arium 3. Feeding 4. T.S. Through pharynx 5. T.S. Through intestine 6. Sense Ggans.
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UNIT�] 32 AFFINtt�u �zES OF AMPH10XUS

Contents

32.1 Objectives

32.2 Inuoduction

323 ChordateCharacters

32.4 The Vertebrate Affinities

32.5 PrimitiveCharacters

32.6 Specialized Characters

32.7 Summary

32.8 Check Your Prrogress - Mo&l Answers

329 Model Examination Questions

32.1 0BJECTIVES

The relationship existing between Amphioxtu and other chordates especially, the primitive
characters of Amphioxru are discussed. A critical study of this unit will help you to explain lucidly
the interrelation ships of Amphioxus.with chordales, vertebmates in addition o its own {rytative
characters and retaining a few primitive characters.

32.2 1NTRODUCT10N

Because of is resernblances with various diversified goups of animals the position of Amphioxus
stands unique. Hdthe Anphrb:zs not been discovercd no wonder the zoologiss would perhaps, be
compelled to invent an Amphioxns like hypothetical animal in order to establish a sequential
evolutionary line ofchordaies. It expresses neatly the origin ofan ideal chordate from a chordate
like anceslor.

32.3 CHORDATE CHARACTERS

Amphioxru strows three fundamenal chotdate charact€rs namely presence of notochord, dorsal
tubular nerve cord and perforated pharynx.

32.4 THE VERTEBRATES AFFINrrIES

I . The body of Amphioxus resembles that of a fislt.
2. Presence of post anal region or ail.
3. Mouth is anterior and is on ttre venral side.

4. Presence of median fin folds.
5. presence of metapleunl folds (In the embryo of the fish similar folds are present ftom which

the paired fins are develoPed).

6. Presence of segmentally arranged myolornes

7. True coelom is of mesodermal origin.
8. Backward blood flow in dorsal vessel and forward flow in the ventral vessel.

9. Presence of hepatic portal system.

10. Presence of so called "Liver" or midgut or hepatic diverticulum which can be compared to

liver of higher v.ertebrates.

11. Skin is two layered.

12. The origin and general plan of nervous system.

260   13.Thc general development of tte zygo�g
.
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32�B5 PRIMrrlvE CHARACTERS

�P

�Q

�R

�S

�T

�U

Lack of cephalization and paired appendages as in many invertebrates.
Asymmetry of the body as found in echinoderms.
Meameric segmentation is toal as in Annelida. Myomeres, in particular, show conplete
metamerism from anterior end o posterior end.
Single celled thick epidermis is found as in Annelida. In Vertebraa the epidermis is modified
ino sratified epithelium.
There is no endoskeleton made up of cartilage and bone.
Endostyle is found in Urcohordara, Cephalochordaa and Ammocoete larva (larva of
Petromyzon). It plays a very important role in feeding. In adult Petromyzon and other
vertebrates this gets modified ino thyroid gland.
Formation of nervous system and notochord re chiefly of urochordate type.
Central nervous system is of primitive type with a very little differentiation of brain. Dorsal
and ventral roots arc separate with unequal number and no symmetry in their arrangemenl
Endostyle, epipharyngeal groove, peripharyngeal bands which are useful in filter fedding are
similar in urochordates and cephalochordates. Evidently this type of feeding is primitive
character as it is found in Ammocoete larrra of Lamprey, Enteropneusta and the larvae of
Amphibians.
Straight gut is the typical character of non-chordates. Vertebrates have looped or coiled
intestine as digestive system is longer ttran the body itself. Only hepatic diverticulum of
secretory nature is present. In vertebrates liver and pancreas are presenl
Coelom of Amphioxus resembles with that of echinoderm as it develops from archenteron in
both @nterocoelous coelom). Veretebrates have modified type of enterocoelous coelom.
The respiratory system with typical branchial basket is exactly same as in Balanoglossus
(HemichordaA)
Excrctory syslem shows striking resemblance with Annelids and flat wonns.
Notochord is persistent throughout life in Amphioxus. Where as in vertebrates it gets
modified partly fully into vertebral column.
There are no paired sense organs as audiory organ, e;es, nares etc.
There is no cephalization probably because of extensive growth of notochord into the head
(hence the name Cephalochordata). Thus the animal does not possess skull, true brain and

Blood vascular system of Amphiox;us is also primitive as there is no heart and blood vessels,
not differentiated well into arteries and veins. There is no respiratory pigmenl
Gonads ue many and are arranged segmentally. Gonoducts are absent. This is a nonchordaie
character as verebrates possess highly reduced number ofgonads and well formed gonoducts.

32.6 SPECIALIZED CHARACTERS

Notochord: Notochord is longer than the nerve cord. The over development of it is helpful for
swift burrowing. Probably this over growth is responsible for acephalic condition (lack oi n*a;.
Atrium: Extensive growth of atrium is to protect the delicate pharynx.

Asymmery: Most of the organs show characteristic asymmetrical condition eg. Myomeres and
nerves.

OraI hood with Vestibute: OraI hood with buccal cirri, velar tentacles are well developed for
filter feeding mechanism. Presence of wheel organ or organ of Muiler which sets up a *t irting
curent of water in the vestib,ule is typical a Amphioxns. Vestibule is the only storodu"al pu.t
of the alimentary canal and hence the position of the mouth has become controversial. Some
authors consider the enterostome as mouth but it directly opens into the pharynx.
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cephalic paired sense organs.
17. It does not posses kidney. The tlpical annelidan character of having prooonephridia is

retained. The verlebrates possess kidney of mesodermal origin.�W
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I

5. Pbarynx: Exrensive growth of the pharynx is helpful in bringing the large ggntity of water to

rhe animal and for maintaining a continuous water current which gets sufficient food particles

along with it
6. Gill slits: Pharynx has large number of gill slits whose cilia help in maintaining a continuous

warcr curcnt and prevent the esc4e of food particles.

Gregory has desqribed Anphioxtu as a spacialized and delenerated ostrzroderms (Extinct fish like

Agnathans with an armour belonglng to Ordovician era).

The exact-systematic position of Acrania (Cephalochordaa) is still doubful but detailed sttdy

proved the chordate characters to bring them nearer o the Craniata. It may be probable that

iephalochordates resemble fish like animals which existed in Silurian period and it is possible that

the modem fishes have evolved from similar type of animals.

Chcck Your kogress

l. Vertebrate affinity of Attphioxtu is evident in possessing the following highly important

charrcters:

(i, .i................

2. ......., ................:..............' ................ and ............ are the

chief primitive charatcrs of Anphioxtu

3. Mode of life of Amphioxus is depending on ttrcse two perfect and highly specilized

stnrctures, namely the.............. ...... and

32�B7 Sll�\ RY

l. Amphioxns has phylogoetic impotance

2. It has ttree frrndamental chordate characters.

3. It is described as'Fish in lvlaking".

4. It has many primitive characters, e.g. protonephridial syst€tn as in flatrrorms and Annelides-

5. It resembles B alanogbsstu in re.spirsffiy system.

6. It has atrium, endostyleas nHerdnwda. 
.

328 CHECK YOUR PROGRESS�\�]MODELANMERS

0

l. r) Muscular urd Myoomal segmenation.
ii) Enterocoel
iii) Forul sYsrcm

2. Noochord, ciliary feeding Noncephalisation and protonephridia

3. Notochord, oral hood

32.9 MODEL EXAMTNATToN QrJESrroNs

I. Answer the following in about 30 lincs

1. Discuss the affinities of Amphioxw

2. Arnphioxtu is described as'Fish in making" Discuss'

II. Answer the following in l0lines'

1. Briefly iliscuss the primitive characters of Amphioxus'

2. Enumerate the specialized characters of Amphioxus'
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GLOSSARY

Affinities
Ario coelomic Canals
Atrium
Branchial sac

Branchial septum
Bianchial tentacles
Branchiogenial region

Brown funnels

Buccal cirri

Buccal diverticulum

Buccal tube
Coeloblastula
Coelom
Collar

Dorsal lamina

Dorsal sinus
Dorsal hrbercle

Endostyle
Enterostome

Epipharyngeal grff)ve
Epipleur

Gastrula
Gill pouches

Gill sac

Gill septum

Glomerulus
Ilat*heks gru)ve
Heart vesicle

Hepatic c&cum

Hermaphrodite
HypophaDmgeal groove
Iliocolonic ring

Intracellular digestion
Kolliker's pit

Langrcts

Medianeye:
Mesosome

Relationship with other animals
Same as b,rown funnels
A spacious cavity surrounding the pharynx lined by ectoderm '

Same as gill pouch
Same as gill septum
Fine branched structures surrounding the base of the siphon
The regbn of the trunk which has gill pores and reproductive organs
(Balanoglossns)
Extensions of atrium into the dorsal coelomic canals at the posterior
end of pharynx (Amphioxru)
Long stnrctures present at the ventral end of the oral hmd
(Arnphiortts)
Short, hollow and stiff structure present in the roof of the buccal
cavity of Balarcglossns
Anterior most part of the digestive Eact behind mouth.
Early stage of developtttent formed in about 6- 15 hrs.
Mesodermal in origin, lined by coelomic epithelium or peritonanm.
It is the musculu part of the body of Balarcglosszs lying behind the
proboscis
Dorsal nervotrs.strand present in the collar
Thin flap like fold which hangs down from the middorsal line of
branchial s*, of Herdnania.
Pulsatory organ or heanin Balarwglosstu
Small round sensory structure present in the prepharyngeal zone of
Herdnunia
Midvenral groove of the pharyngeal wall (Amphioxus).
An oval apertue present in the centre of velum. It leads into plarym
of Anphioxtts.
Middorsal groove of the phryngeal wall (Amphioxus)
The ventral flattened space between the oral hood and ventral fin
(Anphioxtu)
One of the developmenal stages, double layered.
Src like strucure of the respiratory system which consists of 'U'
shryed gill slit, open to the exterior though gill pore.
Same as gill pouch
Front wall of one gill sac joins witlr the hind wall of rhe other gilt sac
forminggill septum
Same as proboscis gland
Glandular groove prcsflt in the wall of the vestibale (Amphioxru).
Closed, roughly riangular contractile structure present in

.Balanaglossns Glome,lulus is present on either side of ir
A club shaped blindpouch like, stnrcture of the midgut called "livetr"
(Amphioxtu)
Animal which possesses both male and female'sexual olgans.
Same as endostyle
Heavily ciliated structure prcsent in the posterior part of the midgut of
Anphioxns
Digestion which takes place inside the cell.
A small olfactory pit prresent in the anterodorsal surface of
Anphiorus.
C-onical structures preseni on the free margin of dorsal lamina of
Herdrnania These roll up to form a tube through which food passes.
Mass of pigment present,in the anteris end of cerebral vesicle.
Same as collar

.<
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Metapleural folds
Metasome
Mu'ller's organ
Myocommata
Myomeres
Myoomes
Nephridium

Neural gland

Neurocoel
Notochord
Ocelli
Oesoelugns
Onlcini
Phrynx

Posthepatb region
Preoral ciliary qgan

Poboscis
Proboscis gland
Prroboscis skeleton
koprioceptors
Proogynous
Protosome
Pygochord

Pyloricgland
Rerogressive
metamsphosis

Sexual dimorphism
Skeletal rod
Solenocyte

Stigmala

Stomochord
Synapticulrc
Test

Tongue bar
Tornaria

Trabeculae

Trunk
Tunic
Unisexual
Velar tentacles
Velum
Vestibule
Wheel organ

Lateral edgcs of the epiplcw
Ssnca runk
Samc as whcol ugrn
Connective tissuc prtition or s€putm between the myotomes

Same as myotfines
Muscle blocks or segments

Excretory orgm with ure long verticol limb and one shuthorizmal
ltlrlib(Anphions)
Small, oval exadory organpesGnt in the inrcrsiphonal area of
Her&runia
Cavity of the nerrre cqd
It is a stiff, elastic long rod like snrcturc with vacuolated cells.

Cells which act 8s e)te's pres€nton nerve cord

Prt of the diga*ive tract lying bdtind fte phrynx
Sune as buccal cirri
Prt of the alimentary canal lying behind the hrccal tube. Its dorsal

pert ets G reqrraffy chanrbcr and ventral part functions as

alimentary canal
Pocneriapart of hcBaloogloosns which bers anus

tI shaped epirknnal dcpres.dm pres€nt in ttrc base of the proboscis

(Balanoglossus)

It is thc short anterio most put of he Bfuruglossns
Blmd plexns formod by efferent ve$els (Balanoglosstu)

Flat, plate lite smchre'prasent in tho proboscis (Balaruglosswt)

Senseorgans responding b intsrnal stimuli
Ovries mafitr€ fitst
Samc as proboris
Had rcd lite stnrcnng $ppfits abdominal region of the body

(Balanoglossus)
Largp brarrched digestivc glrnrd of H*dnwia
fire ascidian lrrn instcad of acquiri4 advalrcedchordatc charact€$

loss all of them drd dtows dcgcncotion (OPNte o progrcssive

metamorphosis)
tvlale md femah distingpishable from each other

Supportirg skeletal srrrcure of prirnary and secondary gill bars

Unicellular stnrctur3 with atnobpresent qr the cama of ne,phridium

(Antphioxru)
Ap€t0lres presenton the brilrchial sr ttuotrgh which wag goes b
the atrium
Same as buccal diverticulum
Slrort horizonal bars conrrccting the primary and secondary bq[s" .

ftict, leadrery uanslrrcent covering of Hcr&nania made up of

tunicine.
Hollow partition separating the limb.s of tre gilt slits'

Larvaoi galotoglassns. It-rescmbles bipinnaria larva of Asrerias

(Echinoderm)
ielicate hollow strands connecting the branchial sac with the body

wall(Her&twia)
11r" p"t, of the body present behind the collar (Balonglossns)

Same as test
Ilaving only org sex, either male or female

Sensory structuros of the velurn '

A circular tpftirdtc" present et the base of vestibule (Amphioxtts)

Spce'enclosed by ttrc @l hood (nmphioxns)

;ilg"r like ciliarod ridges Eecent in the wall of the vestibule '

/Antphioxtts)
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Dr. B.R. Ambedkar OPen UniversitY
(Under- graduate Programme)

B.Sc., Second Year SYllabus
Zoology : Course' 1

Paper - I NON'CHORDATA & PROTOCHORDATA

General i,rtroduction on Animal Kingdom-

Principles of Animal Taxanomy and Systematics,

Sub Kingdom Protozoa

Classification upto classes and their general characters with examples.

Study of Morphology and Life Cycles of 1. Elphidiwn,2. Morwcystis,3.

cella.

Protozoan diseases of human importance, their life cycles pathogencity and

methods.(1. Malaria,2. Amoebiasis,3. Kalaazu)

: Phylum Porifera

: 
'General 

Characters, Classification upto classes with examples. Study of Sycon as the

type.

Phylum Cnidaria

General Characters and Classification upto classes with examples. Study of Obelia as the

type.

Phylum Platyhelminthes

General Characters and Classification upto classes with examples.

Important trematode and cestode parasites e.g. Fascbla hepatica, Schistosoma hemato'

biurn, Taenia soliwn, Echiracoccus granuloszs. a brief sketch on their life cycles, patho-

genecity and conuol methods.

Phytum Aschelminthes

General Characten and Classification upto classes with examples.

Important nematode parasites. e.g. Ascaris hrnbricoides, Anqlostottw duoderwle,Wuch-
ereria bancrofti, Dracuncuhts medinensis. a brief sketch on their life cycles, patho-
genecity and conrrol methods.

Phylum Annelida

Generat Characters and Classification upto classes with examples

Study of Nereis

Phylum Mollusca

General Characters and Classification upto classes with examples.
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Pila as the tlpe study.

Economic importance of Mollusca witr special emphasis on oyster culture and peral
formation.

Phylam Arthropoda

General characten and classification upto classes (with examples)

Study of Palaemon.

General Characters and Affinities of Onychophon (peripaus).

Edible Crustaceans & Prawn Culture.

Benificial insects (a brief note on apiculture, sericulture and Lac culture).

Harmful insects (a general survey).

Phylum Echinodermata

General characters and crassification upto classes with examples.

Study of Asterias (Morphology andAnatomy)

Echinoderm larvae (A brief introduction of asterias development upto larval stages
should be grven.

Evolutionary tnerds in Invertebrates.

Evolutionary trends in invertebrates (Concepts of coelom, radial & bilateral symmetry,
cephalization, metameric segmentation etc. &their role in evolution).

Protochordates (with a general introductisr on the characters of chordates)

Sub phylum Hemichordata, general characters and classification.

Bala noglossns a type study.

Atrnities of hemichordates.

Sub phyltrm Urochordata, general characters and classification

H erdnunia and affinities Urochordates.

DevelopmenI of H erdnwtia and affinities Urochordates.

Sub Phylum Ifephalmhordaa, Amphioxtu.

Affinities of Amphioxus.
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FACULTY OF SCIENCES

SECOND YEAR(3 YEAR DEGREE COURSItt EXAMINATION

MODEL QUESTION PAPER

Z00LOGY

COURSE-1:NON�\CHORDATA AND PROTOCHORDAT^

Time: 3 Hours. Maxo Marks:75

Section - A

Answer anY 3 questions

Each question canies 15 marks

Answer the following in about 30lines each.

1-. Describe briefly the life cycle of Plasmodium.

, 2. Mention the differences beiween polp and medusa of oblia.

3. Describe the life history of Schistosoma hematobium. Add a note on its pathogenecity.

4. Write an essay on harmful insects.

5. Give a brief account of larvae found in Echinodermata. What is their evoluationary im-
portance.

6. Discuss the digestive system and physiology of digestion of sea squin (Herdmania).

P.T.0.
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Section-B

Answer any 5 questions

Each question carries 6 marts

Answer the following in about l0lines each

1. Altemation of generations in Elphidium.

2. Write a note on Ytalaazar.

3. Asexual reproduction in Sycon.

4. Pathogenicity and conuolling measurcs of echinococcus granulosus.

5. Nereis parapodium.

6. Describe the suucture of a gtll in prawn.

7. What is lac? How is it formed? Add a note on lac cultivation.

8. Tomaria lana.

9. Pharynx of Herdmania.

10. Specialized characters of Amphioxus.
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DR.B.Ro AMBEDKAR OPEN UNIVERS�c
UNDERGRADUA�ßE COURSES�\SECOND YEAR

Z00LOGY

COURSE-1:NON�\CHORDATA&PROTOCHORDATA

ASSIGNMENT�]1

N.B.

1. Do not copy the answer directly frrom any of the books.

2. As far as possible try to answer the questions independenfly in your own words.

3. If it is necessary to quote from any source grve the colrect rcference.

4. Use your own foolscape pages for writing the assignment.

5. Leave sufEcient margins for the comments of the evaluator.

6. Completion of this assignment should not take more than two hours time.

I. Answer the following questions in about 30lines

l. Describe briefly the life cycle of Plasmodium.

2. Explain the canal system of sycon and enumerate its advantage.

3. Describe the life history of Schistosoma hematobium. Add a note on its pattrogenesity.

�Q:    �Uo Answer tte bl�˚ ng quettOns h abo�¡ 10 Hne��

�¥         1.Anti malarial schemes

n Kalaazar

mcture OfMedusa.
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_  _DRe�ELR AMBEDKALOPEN UttRSIEY
UNDERGRADUA�«E COURSES�]SECOND YEAR

Z00LOGY

COURSE�]1:NON�]CHORDATA&PROTOCHORDATA    �A

ASSlGNMENT�]2

N.B.

l. Do not copy the answer directly ftom any of the books.

2. As far as possible try to aruwer the questions independently in your own words.

3. If it is necessary to quote ftronr any souue give the cor€ct reference.

4. Use your own foolscape pages for writing the assignment

5. Leave sufficient margins forthe cqnments of the evaluator.

6. Completion of this assignment should not tal@ more than two hours time.

I. Answer the following questions in about 30 tines

--1. Describe briefly the .life cycle of \Vuchereria banqofti and add a note on its
pathogenecity.

2. Discribe ttre Dgiestiye system of Pila" Add a note onttre physiology of digestion.

3.  Give a brief account of�Ú �Ú� �́d�É
�u

lDttnd in EchinodemattL What is II)ir evolul�˚ mary
impome�B

�¡

II. Answer the following questions in about l0lines.

1. Describe the general characters of the class FolychaeB along with few examples.

2. Describe the toctrcphore larva with the help of neat labelled diagram.

3. Describe the distinguishing characters of onychophora.
|
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DR.B‘R.AMBEDKAR OPEN UttRSIW
____�\ ERGRADUAE COURSES�]SECOND YEAR

�¿�M            Z00LOGY

COURSE�N1:NON�]CHORDATA&PROTOCHORDATA

ASSIGNMENT�]3

�E�R�Œ�Œ�Œ�Œ�Œ�Œ�E�E

1. Do not copy the answer dircctly firom any of the books.

2. As far as possible try to answer the questions independenfly in your own words.

3. If itis necessary to quote ftrorn any sqrrce grve the correct refercnce.

4. Use your own foolscape pages for writing the assignment

5. Leave sufficient margins forthe cdnments of the evaluator.

6. completion of this assignment shqrtd not tale more thantwo hours time.

I. Answer the following questions in about 30lines

1. Discuss the affinities of Hemichordata with Chordates.

2. Definereuogrcssivemetamolphosis.

3. Give an account of extemal features of Arnphioxuc.

II. Answer the fottowing questions in about l0lines.

I. Haemal system oJAsterias.

2. Tadpole of Herdmania.

3. Entcropneusta
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