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PREX'ACE

Thb boo& ihrh with thc topicc in Cytologr, Gcncticr, Erolution, Zoogeography' Eoologr and

fuhd Phydology insluded in tho syllabus for the thrid ycar of thc Zoolog coufsc ofrcrcd

by tho Andh6 Prrdcsh Opcn Unirrcrsity. Thcsc topig goncrally covor the nCorer arsa of

thc rubicd to bc rtudicd in th3 third ycar of thc thrcc yoar dogrcc ooursc in Science (B'Sc')'

Thc ryflsur for thc srlc of conrpnienco is divided into scvcral Blocls each of which comprisc

a ngdcr of rmits. EaGh Btock gonerally eoverB a specific area of the subject' Tho gnie arc

prcparcd by spccialbs in accordancc with thc fornat so designcd as to cnablc the student

to rped and 15dcntand tben sithout nue,h difficulty' Bach unit bringp with a statoncnt of

it! oblGcdl!8 tollowad by syroP0is and hac at its Grd arsignncnts intcndsd to tcst thc studcnts

cmprshcolbd of iB subicct nattcf. Tcchnical terms with which thc studcnt nay not gcncrdly

bc flEilirr arc given at thc c,td of cach unit under ths head "Glossa4f'

Thc col|tcc natcrial of this papcr is dividcd into six Blocks' The Blocls are in turn divided

into thirty six units. Block-I dcals with thc important topics in cytologr' Tte topics in Genotics

arc includcd undcr Block'II'

IEportatrt topics like human syndromeq inborn clrofs of metabollism and operon concept are

also indudcd uder this Bloch

Bloct - m dcals with tho general topics olr evolution like thcorias, cvidences, synthetic

thcory ctc. uirit - 1g, erolution of man and horsc is girran. Principlcs of zoogeography iq

giwn in Block-IV.

Block - v dcals with Ecolory. Bcsidcs gcnaral e,hapors, important topics liko pollution and

wild lrfc conscrvitioa arc included under Ecologr'

lte lrst Btock is deroted for the topics on tuinal Physiology. specid topics like Ndtritiotr,

Neurotransmitterg Biologicat rhythns and ImmunolOgical responses are givcn under the Seventh

Block.

The University hopcs that this material will hclp the studcnts to get acquainted with the

topics on Cltologr, Geneticg Erclution, Zoogcograply' Ecologr and Aaimal Physiologt'
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21.1 0hiediveS

21.2  1ntrodudion

21.3 Ecosystem  :  _
21:3.l ThC Pond�] Eco System
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21.5  Summary            =  _itl:, 1,
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21�B1 0BJECTIVES

To explain the meaning of ecolory, concopts of ecosyStcm'atd eoorgrflow uft[in the GcosyltcnE'

At t6 end of this unit you will be able to explain

'1 tke components of Ecosystems i':'i ;

o enefgtflowinEcosystemsetc. '. '" ,, : '-''.'

�@�h �fi �ª �¥��J�' �å�µ
constitute ecology.

�§�£
1�‹ �� �� �Ł�«çW l�� �Ô�� �L �z t�¤ �æ�R �A

lrcshwater, cstuarinc and marine:terrestrial ec(

21:2 1NTRODUCT10N

dcscrt.

ªR

�g

�Þ 1-�E �î �f�Þ

tkà� �”ØÜ�fl�K�µ �•�fi�ˆ�� �¡1�Ô �j �«
:�c

�Ł�ª�� �R åN�˚ �R �Ñ
�� �£ �å �F lL�l �‘ �� �� �nilikc crosion:disposal of wtttes,�� ntFO�mOf acmical and ra

envrronment, 9tc..

�M �] �M
1�[ �‹

I�fl I�‰�–�£ �¶ æˆ â˚ �t æ@�ö Æ�̨� �˚ �_

213 ECOSYSTEM

Ecosystcm canlbe Said tO be the functional unit in ecolQ�ì �B�¡

�c

�o Study Of�� Œa

6r�Ü �¤ms and the nOJMng environment,ea�˚ hnuencing the otheFi and�E bOth�g ne_
for the mamtenancc of lifc.

Jiä¿ �¡:�– .:�– �¡ �]�¡���E �v�j

l il�„ 1,
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The"rm,ccOsystm,was�¡
1�í �ô �q ä¿��

’Itt�µ

I�C
"�B

K�Ł
Y��

bi�g �� �˚ dere,��
communlty Of oysEI reef tO l

From the LOphiC cnourishmeno pOint Of tw ecosystem has twO�� mponents,nameL an
autotrophic cOmponent in �V ch the light cncrg tt rlxed��

1�B
ugh phOtOsynthest and a

heterottophic cOmponent in ttich the rearrangement i�� ZatiOr and decO�� positiOn Of cOmplex
molecules l�x

�‹
.Frm�¡

�¿ �� �R rJ pOint�† çq �W  the eoOsltem�R �¤ w basic units.

1) Abittc substances:Theyinclude the hOrganic and Orgamc cOmpOunds Ofthe m�›
�_ ttnent.

Carbon,nitrOgen carbOndiOIIide,wat�v r,llydrogen and phOsphates which are involved in
nutrient wcles fom the inorganic cOmpounds.proteins,carbohydrate�R lipids,amlm.acnds
form thc Organic cOmpounds.h addition,temperature,light,huddity and Other climatic

factors are alsO included�B

�Ì   BIodc Substances:Theyindude the prOdu�å rs,cOnSumers and lecomposers.

i)  neducers:Thcsc arc autOtrophs,mOstlygreen plants whichmanufacture thecomplexorganlc

substances(carbohydratcs)�¡ Om simplc inOrganic substances.

�Ü) MacrOconsumers:Thcsc arc hctcrOtrophs,mOstly animals,which fced On other organisms Or

�R
�]
Oraanic material.Thcy can be primary cOnsumers(heibiVOrcs)thal feed tt the primary

consmOrs.

�fi  MiCrocttsumers:These arc heterotrOphs,mostlybacteHa and h�q alSO Caned saprotrOphs
ofdecomposers.They bFeak dOwn the�� niplex cOmpOsitiOn�B

âï �v�Ó �V �`
�� �µ �Ø

Łk �î �¿ ª�à� �¸�´ LT�‘ �D iŒ⁄
Æí_�� �ø �É�y�Ó �B��mJ�gad mat�| .

of living parts io Organic det�Ü
1

21.3.l The pOnd ecosystem

A ponc or a lake cOnstitutes th,best exampL of an ecosystem cFig 2111)

8

�a �ä
‘�¡

 /
��    /

�m  ��
/  ��

/  _��
�\ �q

|   �R    
�M

Fig 21.1 Four basic Units of Ecoslntem A: abiotic substance, B: Pxrducers - roored and floating
plants Br producers Phytoplankton; C: Primary consumer (herbirores) bottom fogms: Cr primar!
Consumers (hcrbivores)'Zooplankton; Ce Secondary consumes (Carnivorcs) C: tertiary Consumcrs
(Secondary carnivores) D: decomposcrs- bacteria d fungl.

�¡�_ ��
L�v

�” �¿ fr�Œ
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inorganic salts like phosphates, nitrites, chl,orides of sodium, por

group of organic compounds like amino acids, humic acids, otc'

Lakes and ponds tte verdcally str�] ncl h reh�� On tO the intOngty oF�~ �M ength,absoiptiOn,

prcssllrc, temperature etc. Thcy arc ��  fouOWS:                              .: ..

1. Lttoral Zone:It is thc shailow�A �F ter region into‘which thc Hght c�„ ipenetrate.The.upper

lttrs are oxygen rich and warln called epilimnion�B

a) PrOducery RoOtCd plants and phytoplankton.Rootcd plants with�¡ ()ating leaves cg,

Waterlilies(�� �£�V?�Ý
‘�¿

’,Arary��

|�ó 07�ô p�ç P�˘
‘�¿

��
’24��

rar2,CtC.

Rooted plants with submerged lca17eS MOStly pond wccds c.g.�× �¤ ��:�¿ ��J�¿ ,E�í J6pa �¿��:��

MyriaFrtyZJy�g ,Ce�¸
‘qp�J

�� ��J771.�� ’‘�� �m1�ç Cr:�¿ �� ,Ni�� ���J�[ SPirarra9 zygrlcJ�� |�ç Osc�� rra�ì �K�¿.R�� lll�˙ l�Ô �¿.

ctc9 1n addition,there are somc protozoans likc EIJgra�� 1�ç  ,�Z �� �‰
‘�V

�ç Srtp�� 1�� 4 ctC.,

b)  COi,imer�Ô :In the pcriphcral rcgions,snail,midgc larva�v  arc thcprimary consumers.Drag6n

�¡y,Damscl �fiy larvac arc th,seCOndal�E y consumers(carn�s Orcs).But in thc bcnthic rcgiOn,a

numbcr of consumcrs cxist.F()r cxamplc�A Crynsh,lsopod,Clams,Worms,and Ecc swimming

�¸ una(Nckton)constitlltc thc P�¿ ��
�g

��71�¿ � ĊJ�˙ ��̇�,1.larVac ofQ�� att CcJ77�E iS�E ,ctc:bccti�¶ s,watcr snakcs,

rlsh likcs sunfish, salamandcrs, turtics, Zooplankton offcrs a typical ,xalnplc with th,

CFa�� �˘c�˙ ��0�� ls,WatCr nics Dl�� ��
"j�¿

,S��
"OccP��

:12a�í

�g
s,66�Y ,�˘ J5�E and � �̆¶

‘�m ‘C�í
J5�E ,�� �˘ r�Õ

‘��

s ctC�E
,

The floating mcmbers(Ncuston)of thC littoral zone consist of Sur�¸ cc insccts likc bectlcs and

water stridcs.

Dccomposcrs protozoans, ncmatodcs, copepods, ctc

2.    Lil�¡ netic zone

lt cxtends upto 10 mctcrs �¡om watcr surface.This is also caned sublittoral zone. Thc

cominunitics in this includc plankton, nckton, and a fcw ncuston. Thc tcrm cuphotic zonc

refers to both littoral and limnetic zones.

a)  PrOducers:Phytoplankton includcsthc lncmbcrs ofCrl�� � �̋�� �̃\�K�` � �̇¿C(�� �¿��2� �̂� �¡ C�˙ �¿�˙:algae like

dino�¡ agellatcs.Eygrarl�¿ �� 1�O �× �æ’�B .Usually,they appcar as pond bloomsin earlysPring and

in thc later part of autttn.

b)  COnSumers:Thc primary conSum�¶rs are cOpcpods,Cladoccrans,ROtifCrs,cyclops is the

most subundant form.Many crustaccans arc pla�V tOn tcders and somc arc prcdators.

Blooms bf zoOplanktOn appear irnmcdiatcly aftcr thc ph�� oplankton.Thc nckton(scCOndary

consumcrs)arc mOstly 6sh.

Profundal Zone

lt is Charactcriscd by thc abscncc of light and hence thcy dcpend on thc mcmbcrs of lilnnctic

and littoral zones for food.In rcturn, the profundal zonc pFO�� acs nutFientS�A vhich arc carricd

out by currents and suanlFning animals to othcr zones, producers and consumcrs arc lacking

in this zonc.The saproyhytes�å decomposers��nstitute the communities.Bacteria and�g ngi

are abundanti rrhc animal consmcrs are benthic�] chionomid larvac,annelids,clains,planktOnic

forms�N planktOn larvac..Most of the bacteria act as decomposers,while a few are pathogenic.

Ponds show a clcar stratiAcation havlng an uppcr production 20ne and a lower decompogng

or nutrient gcnerating �_ ne.In the upper most layers(the nrst two matters),phOtOSynthesis

CXCCCdS rcSPiration. In thc bottotrl�¡ .laycrs of watcr wherc thc light intcnsity is less Only

rCSpiratiOn occurs.

�¡1�¡

æä

�u
�u
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214 ENERGY FLOW�A
�� �» �� �� ,__ _  :::

�a �� �M �fl �I �ª �` �d ti�F �� �j �• �í

r�R
�R �O :�[ �d çW �x �à

�� �‰

There are two kinds Of enery:pote,tial and kinetico while the Potential eners is the energy

at�¡ esti:Kinetic eners L duc to mOtion and results in wOrk.

I The utilization of energ5r is described by two laws of Thermodpamics. The first is called taw

i- 
,, of conservation of enelB/ which states that energy is neither created nor destroyed. This

from One place to another Or io�� One fOrm tO

insformation of energy into pOtential eners is nOt

l�v mal takes h potendd energy tt b":it gets
l            �� nverted into heat.At every step,while transferring energyØ‰ om on9 organism to another,        ’

a large part of it is reduced to heat.

The lansfer of fOod energy[om plan�g (sOlrCC)thrOugh repeated eating and bcing ea"n is

l         referred to as food chaino The shorter the food chain, the greater is the energy available.

A simple food chain may have 3 or 4 links:

Aquatic ecosystem:

Autotrophs---f-Herbiyele{Primary Carnivore
Green plants Zooplankton I lrisfrl

copepods J
Secondary Carnivore

| (sqoia)
TTertiary Carnivore

(Seal)

Terrestrial ecosystem:

plant _{ Mouse _rsnake --__{ Hawk

These carnivores are linked with several food chains. Thus the food chains are interconrtected
with one another. This interchange of various food chains is called food web..

Basically two types of food chains are in existence:

(1) grazing food chains and (2) detritus food chain.

1) Grazing food chain

It starts from green plants and ends with the carnivore by passing through the herbivore.

This chain is called predator chain. Similarly parasitic chains also exist where small organisms

€oasuno large ones without kitling them completely.

2) Detritus food chain

The transfer of energr from dead organic matter into microorganisms and then into their
predators is termed detritus food chain.
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�¥ �k �R�¿���w�‘ �F�Õ �R���u
�†�ç

b�Ò �i ���� �Q��
gan�\ .

�¡ ese Orgamms ngestthe�] C matter and excrete the reminder as simple or�ƒ �˚ c mOlecules

��    �[ i�Ô �Æ�ł �J�S�s�ł �ł
S

�D �‡ �˛ çW �ß �Æ�˜ �� �Æ
d ttCCtly�� oCQ and ttln�g �ªOrity

)humic acids or humus,     �Œ �]

As�Ô
�y���x�í �†�“�v�[�v�vT�R�ß

in each�d �c �R�c m�Ü �� the Step becomes progr

b"c and�E the succenVe lewIS make the apex

ppld and this t caned the‘ecologlcal ppml�v �Bi

�⁄ �� ecologid PyramidS may be of 3�¾ �_S                �M

1.  umldormumbers

�Q �â �Ü�Õ �÷ TI�í �â T�Õ �V
�¶
�Nt�p

level due m reduced rçp �µ e and"edatiOn.

The pyramid of numbO�¡ ipOres the biomass and dOes nOt indicate the ene9,ansfomed.

�Ü �Ò �T �r �s �] �| å¶ ��
�˚ om the base to the tip of the pyramld.                    _

2.   P�u mid ofBlomass

�[�Ł�R�ì :�i �Ì �ƒ �ò ���x11�Æ�u�F �fl
ef�[

�§ �÷ �fl
In terrestrid e�� system,the t�ì are autarOphs,herbivores,pmmary9 se�� ndary �V  terliary

carntvores, etc�B ,                                                   _ �‘
�N

/:i�¿ �µ [ �R

/ H€RBTY'RE \

/ ArJTorRoPHs \

B

W. Zl.Z Economical Bmmid A : The upright BEamid of numbers in a pond B - The upright

$rramid of numbcrt in croP field

3. Pyramid of energl

In indicates the amount of energl flow at each tropic level in the ecosystem as well as the

-f" pfui"A by different organisils in the transfer of energt. Greater amount of energl is

"*if"'Utri 
at pioducer level-than at the primary consumer level. So the amount of energt

dccrcases froh the base to the apex of the pyramid.

�z
,/ *rr ",* \

CO’EpODS/ �_

DlATOMS/ �_

�n
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CheckYour kogress

1' The transfer of energy from dead organic matter into microorganisms and then into their
predators is termed _

2' The carnivores are linked with several food chains. Thus the food chdins are interconnected
with one another. The interchange of various food chains is called

21�B5 SUMMARY

1. Ecolosisthe studyoforganisms and thett environment.Eco10gidprincipleshelp inhuman

advanceme�¡.E�� systemt the basicfundiOndunit hecOl�Ł .Inthec�� systemnutHentsare
cycled through biotic and abiOdc cOmponents.

2.  AbiOdc substances indude Organic and inOrganic cOmpounds.

3.   BiOtic substances indudc the producers,cOnsumers and de��
mposers.Thesc are called

trOphic levels.

4.Enery within the ccOsystem�¡ 0�G th�_ ugh circuits.The ttamfer Of energ�� �R n the
components ofecosystem is caned food chain.

5.The ecO10gical pyramids represent the relationship Of populations within and among the

trophic levels.

21.6 CHECK YOUR PROGRESS_MoDEL ANSWERS

1.    Detritus f00d chain

2.   ‘Food Web’.

21�B7 MODEL EXAMINATION QUESiHONS

I Ansnrcr the following in about 30 lines each:

1. Describe the functional aspect of ecosystem.

2. Define ecosystem and describe the components of pond ecos),tstem.

3. What is ecologf Erplain its significance.

4. Describe different kinds of ecological pyramids.

5. What is food chain? Describe different types of food chains.
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UNIT�] 22 ECOLOGICAL FACTORS

Contents

22.l obieCt�s es �L

22.2  1ntr6duction

22.3 Temperatlrd

22.4 Light

22.5  Water

22.6  Sllmmary

22.7 Check Your Progress�] Model Answers

22.8 Model Examinatlon QucstiOn

22�B1 0BJECTIVES

This Unit deals wi�˚ thrOc important abi�å ic hdo�g �] temp�å ature,lint and ttero At the

end of this unit you�� n be able to wlain:=

�� temperature tolerance in animals,

��  mechanisms regulating the body temperature,

o effect oftemperature on anilnals and adaptations to overcome cold a�Ü d hOat,

o similar�fl yOuwill be able to explainin detail,the othcr two parametcrs ofecologicalimportance.

22.2 1NTRODUCT10N

The environment is a complex of several factors. Charles Darwin first described the influence

of abiotic and biotic factors on the organisms.

The abiotic factors can be classified into two classes, namely, physical factors (temperature,
light, watsl. wind, etc. and chemical factors (pH, nutrients, etc.).

223  TEMPERATURE

It is one of the most important and essential ecological factsrs. It acts as a limiting factor
for growth and distribution of organisms.

Various species shift between homeothermy and poikilothermy and these are known as
heterotherms: e.g., pigmy mouse which aestivates or hibernates according to changes in
temperature. Humming bird become nocturnal in hot weather.

Effect of temperature on animals

1. Metabolism: Most.of the metabolic activities in animals are regulated by en4mes whieh in
turn are influenced by temperature. Increasing in temperature up to certain fimit increases
the enzyme activity thereby increase the metabolic rate. Most of the enzymes show increase
in enzyme activity from t7oC to 48oC and later on show retardation.

\
An increase in temperature by 10oC causes two to three-fold increase in the rate of a
biological process. fhis is called "Vant HofPs law."
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2, Dwelopmen* Ingeneralthe eggs andlarvae ofterrestrialspecies require a highrcr temperature
than adults.

3. Growth: Adult trouts do not grgw untill the water L *.r-", than 10oC. The length of oyster
increase from 1.4 mm to 10.3 mm when the temperature increases from 10o C to Z)o C.

4. Morphologr: a) In warm humid climates many insects, birds and m"--n1g have darker
pigmentation than when living in cool and dry climates. This phenomenon is called'Glober
nrle'. (b) Temperature can effect the relative size of certain parts of the body. Birds and
mammals living in colder regions attain greater body size than those livingin warmer regions.
This is catled'Bcrgmann's rule'.

The c*remities like tail, ears and legp of mammals become shorter in cold climates. This is
callcd 'Allen's rule' e.g Mice reared at 31oC have longer tails than those of the same strain
rcared at lfC. Temperature is knonn to influence the number of vertcbrate in certain species
of fis\ whic,h obay the 'Jordon's nile' c.g., the fish living in +8oC have 56 vortebrde while
the sApe spccies livirg i" temperature of 10-11oC possess 54 vertebrae.

The relationship between seasonal changes in temperature and the body form may be explained
by a remarkable phenomenon ealled'(lclomorphosis'.It is best exhibited by certain cladocerans.
eg,, Daphha Thesc crustaceans show striking differences in the size of the helnets or the
head prqiedions between winter ant sur"rner months (Coker, 1931). In winter the head is
round in shape. Duriag spring a helmet like projection develops 31d xttains it's maximum
siz6 in summer. During autumn it gets rcduced and disappears dtirgether in winter to resume

the usual shape of a round head (Fig. 22.1) Such a kind of cyclomorphosis shows a clear
relationship benreen the temperature and the norphological changes. Two hlpotheses were
put forward to explain t[is cyclomorphosii.

W nl Clclooophcis in Daphnia 1. Wintcr 2. Spdng 3. Summcr 4. Auh'mn'

1. Buopncy hlaothests: As the temperatue of water rises during sumneq the buoyancy of water

becomesreduced. Thcrefore, to aidthe floatation processin summgr, certain adaptations like

projections ofthe head occur.

2. Stabtlltyhpothesls:Accoldirrgtothisl the hetnet actslike arudderandgivesgreater stability

to the animal.

Ailaptations to temperahut

Animals become dormant to overdome the effects of temperature.

The torm. .hibernation' is uled to describe the situations in which metabolism is reduced

during winter. Many poikilothers hibernate in cracks and crevices or in mud. In homeotherms,

during hibernation, body temperature, metabolil-, respiration, hsart beat are reduced. For

tbis slow.activity the animal derives enerst from organic roservcs like glycogen. Hedgehogs,
8
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bats and rodents are $ome of the nanmals whicl undergo hibernation . Hiberatiog consi*s

of low temperature of the body (hypo-thermia) acqompanied by sleep. Hibcrnatim is 6rst

induced by cold environment and later regUlated by internal harmoncs.

Aestlvation refers to thc reduced activity or dormancy during sumner to avoid cxcCss hCat

in summer. It is seen only in some invertebrates and in certain mammals: e.9, Heteropteran

bugB, the snail, Ariophanta. Many insects under-go diapause, a condition during wtich thc

morphological growth and development of animal are suspended or retardcd.

In animals thermal migrations do occur. the journeys under taken by uiimals that enablc them

to escape from extremely hot or cold situations are called 'thermal migrations'. e.g: round

squirrels do not move out of their burroun to avoid the severity of tempcratuo il winrcr

oi io ro.ur"r. Ftogs turtles and amphibir"s make short Uips into or out of watcr for cmling

or warming. Many fshes and aquatic animals leave the shore in summer; others migrate into

deep wator dunng winter to avoid low temperatures. Insects migrate from north to south-

Migration is well exhibited by birds. In their cases in addition to temperature, other' fa$ots ,:.

like food, breeditg climate, etc., are responsible.

22�B4 LIGHT

Light is a form.of'radiant enqrgif from sun. The radiant energr is trapped and utilized by

green plants through photospthesis. Unlike temperature, light is a non-lethal factor and, has

a specific direction in its flow.

In addition to visible light, sun emits other radiations of different wave lengths.coemic rayg

gamma rays, X-rays, UV rays, infra red, radio waveq electromagnetic waves. Of bulk of solar

radiation, visible light forms only a narrow region of electromagnetic spectrum 1fig nA)
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About 70Vo of the light reaching water is reflected back and orily ?-|Vo penetratas into thc
water. The longer rays are absorbed by surface water while the shortest rap penetrate decp.

Depending on the penetration of light, oceans are dividEd into euphirtic ?rlne (upo 50 motors

depth), disphotic zone (between 80-200 meters) and aphotic zone (below 200 meters). In
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oceans algae are distributed tccording to the depth of light rays; green algae lie in intertidal
zone: bronm algae in somewhat deeper layers and red algae in deep oceanic waters of which
they are a characteristic feature.

Effects of light on organisms

Metabolism: The light absorbed by the animal results in ionization of protoplasm and thereby
increascs the enzyme activity and the general metabolic rate. Cave animals show a less
metabolic rate than others. The best example of the photochemical reaction is rhe photosynthetic
process occuring in plants.

Pigmentation: The pigmentation of skin is associated with light. The pigmenrs seen in
chromatophores are directly controlled by the intensity of light. Certain aquatic animals lose
their colour when removed from light. Cave dwelling amphibians and fishes have little or no
colour but when exposed to light, they tend to develop pigmentation on their boclies.

Animals protect themselves from enemies by pigmentation. This is called protective colouration.
Some reptiles, amphibians, fish, crustaceans, insects are able to change their colour in order
to match their surroundings.

Orientation: Oriented locomotory movements towards and away from source of light is called
'phototaxis'. The movement of an organism towards thc sourcc of light is said to be photopositive
or positively phototactic. Euglena and, Ranatra move towards the source of light while planaia,
earthworm, copepods, siphonophores. etc., move away from the source of light i.e., negatively
phototactlc. When only one part of an organism shows movement positive to the light sourcc,
it is called Phototropism flagellum in Euglena and polyp of coelenterates move towards light.

The movement of animals at a constant angle towards the source of light is called light
compass reaction or celestial orientation. Such orientation has been observed in fishes, turtles,
lizards. birds. etc.

Photoperiodism: The photopcriod is measured in terms of thc length of the day. Regular
cyclical operation of light (day) and dark (night) are knorvn to influence behavior and
metabolism of animals. These responses of different organisms to the rhythmical occurancc
of light and dark is called 'photoperiodism'. Similar to diurnal periodicity there exists seasonal,

lunar periodicity, etc. Most of the mammmals are diurnal and only a few like bats and rodents

nocturnal.

The rhythmicities are exogenous and endogenous. Organisms respond to exogenous factors
like light, intensity, humidity, temperature, tides, etc. The endogenous rhythmicities and innate

and little affected by temperature and chemical inhibitors. The Physiological properties of
animals like appetite, sleep, awakeness, etc., are also under the influence of diurnal rhythms.

Development and Growth: Light in some cases accelerates the development for example,

Salmon larvae do not delelop in the absence of light. In sorne cases absence of light enhances

the development e.9., nrytiltts larvae.

With increase in depth, the size of the eyes increases in organism upto the upper limit of
lightless zone, below which the eyes are smaller; and eyes are completely degenerated in

bottom dwellers. Many fishes have large telescopic eyes, some crustaceans at 800 m depth

are able to see the objects with the adjustment of rods and cones the pigments in the retina

of the eye. In terrestrial nocturnal animals like owls and geckos, there are large protruding

eyes.

Due to the lightlessness animals may become carnivores. They have large mouths, teeth and

elastic stomach and abdominal walls.

10
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Biolumlnisccnce

lfis lighl of biological origin is called 'bioluminiscence', also popularly called 'phosphorescence"

Luminious animals are reported fiom protozoa through chordata. Luminiscence in animals is

the result of a chemical ieaction in which a substrate is oxidized giving rise to light'

Liglt production maY be:

intracellular
or ortracellular
or synbiotic bacteria

(e.g., Nactittrca, OPhiothrix)

(e.g., Chaetoptents, Balonoglossus )
(e.g., Loligo, Sepia, Teleost)

Rober Boyle(1677)rrtt noticed the o�å urrencc of bi01uminiscencc in fungi.But Dubios(1887)

�¿Lacted the light producing sub�g ancc called‘luci�‰ rin’.

Production of ug�˝ t is duc to a chemical reaction:

Ludbrin+Lucitrase�\ Lucifcrin _�]   Ludferase complex

(SubStrate)        (E_e)

This complex in the presence of Oz gives light.

The light produced by animals is said to be cold light, since no heat is evolved'

In deep sea habitat, it is the only source of light. In Iireflies it is used to recogrrise the

opposite sex and to communicate mating signals. It also acts as a lure to attract prey and as

a warning to frighten the predator.

225 WATER

Water is the medium of aquatic environment. Any change in the quality of water in terrestrial

or aquatic ecoq6teqs may havq a profound effect on its biotic community. The main souroes

of water are rainfall, humidity, moist, fog etc.,

It is a universal solvent and is the chief component of the living cell. It exists as gas, liquid

or solid.

In pure water the number of H+ and OH+ ions are equal showing neural (7.0)pH. Some

waters have excesses of H+ and are said to be acidic (o-6.9pH), while others have excess

of OH'ions and said to be basic (7.1-1a.opH).

The water having the soluble salts of calcium and magnesium such as chlorides, sulphates

and bicarbonates is called 'hardwater'. If these salts are absent, water is said to be soft in
nature. The hardness or softness can be detected with the leather we get with soap. Hardness

of water may be temporary or permanent.

The continuous circulation of water between the atmosphere and earth's surface is known as

'hydrologic' cycle. The ocean is the reservoir of water. it gets evaporated by solar radiation.

All organisms have to maintain a certain amount of water in their bodies. The maintenance

of water level between internal environment is called osmoregulation.

Aquatlc envlronment

In the aquatic ocosystem animals face the problem of oxcess water. In fresh water fishes,

osmotic concentration of salts in blood is greater than that of surroundings, i.e., hlpertonic.
In them water enter the body through mouth and gills. In the marine medium there is water
loss from the body, since the osmotic concentration in the sea water is higher than that of
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body fluids, i.e., hypotonic. Dependi"g on the tolerance of salinity, animals are classified as
euryhaline or stenohaline.

organisms living in pond, on lake develop a variety of methods or adaptations to cope with
the dryrng s1 fsrrling of water. Some invertebrates like protozorns, spongsE and crustaccanq
develop resistant spores. Daphnia reproduces rapidly beiore the water gets dried. Some fishes
undergo such physiological changes as would enable them to live in grass or mud: from
example, Protopterus can live in mud, and cocoon in drought. It secretes a substance around
the body which prevents water loss from the body. amphibians live in burrows and go through
their dormancy phase.

Terrestrial environment

The water problem in terrestrial environment is acute. Animals adapt themselves to various
devices so as to minimise the loss of water. Animals get water Uy arinting; by absorbing
through skin, from their food and from the water produced by metabolis.]'r[" iouowiag
adaptive features may be seen.

1. Impervious skin: Animals living io dry areas (like deserts) have thick impermeable body
covering. Such integument is seen in insects. birds and msmmals. numinanti apd rodents do
not have the sweat glands. Phrytosonta"exhibits a spiny skin. Desert dwellers show in digging
mechanism. Certain amphibians, and earthworms restrict themielvesto swamps, mois(soil or
simil6 damp places.

2. Internal lungs or tracheal system: The mode of respiration has some relations to water. Gills
in crustaceans are provided with a water retaining carapace. it sen es as a liquid environment
for the gills. The scales on the fish are impermeable to water or exchange of gases, which are
limited to gills. The internal lungs in snails, spiders, amphibians, reptiles, birds and mammals
and the tracheal system in insects have the capacity to save water.

3. Selective food: Most of the herbivores depends on the food having alarge amount of water.
For example, for goat, and the carnivores get the water from the blood of their prey. Insects
feed on those parts of the plants which have a high water content. Most of the animals make
use of the water released through the oxidation of fats, and carbohydrates. The camel in the
desert can live for 11 days without drinking water as the water obtained from the oxidation of
fat in its hump and the water in special compartments of stomach its water requirement.

4. Dry excretion: Water saving insects, reptiles and birds excrete the dry nitrogenous wastes as

solid uric acid.

5. Suspended animation: Animals with simple organization like rotifers, nematodes,snail,
etc.,retain their vitality i, dry environment. Other animals like frogB, etc.,aestivate during
draught and are active during the moist season of .the year.

Many animals adapt themselves to the burrowing habit in order to avoid water loss. Birds
and mammals migrate when they face the scarcity of water.

Checkyour progness

Animals which can regulate their body temperature are called those
which can not maintain constant body temperature are called.

Theterm isused todescribethesituations inwhichmetabolism is reducedduring
winter. refers tothe reduced activityor dormancyduringsummer to avoid exoess
heat in summar.
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22.6  SUMMARY

1. Animals are classified as eurythermal or stenothermal on the basis of their tolerance of

changes in temperature. Similarly, animals which can regulate their body temperature are

called homeotherms; those which cannot mdintain C.ijnstant body temperature are called

poikilotherms.

2. Temperature effect on animals may be seen in their behaviour, metabolism, growth,

development, size of the body parts, etc. They undergo aestivation (summer sleep'and

hibernation (wiriter sleep)to overcome the effects of unfavourable temperature.

3. The non-availability of light affects the metabolism, pigmentation,growth" development, and

orientation of the animals. Biological light is called'Bioluminiscence'.

4. The circulation of water between atmosphere and earth's surface is known as 'hydrologic

cycle'.

5. A number of adaptations like dry excretion, suspended aoimation; impervious skin, selective

food, change in mode of respiratioq type of food, etc., are seen in terrestrial animals to

counteract the loss ofwater.

22�B7 CHECK YOUR PROGRESS�EMODEL ANSWERS

1. homeotherms, poikilotherms

2. 'hibernation'
Aestivation

22�B8 MODEL EXAMINATION QUEST10NS.

L Attempt the following in about 30lines each:

1. Discuss the importance of temperature and light as ecological factors in anirnals.

2. Enumerate the adaptations to temperature seen in animals.

3. Give an account of biotogical light- its occtrrence, mechanbm 6f production, and
significance.

4. 'Water is the medium of aquatic environment'- Discuss. 
: l

5. Discuss homeothermy and pokilothermy.

II. Write notes on the following ln about 10 lineseach:

1. Thermal stratification 2. Dormancy 3. Clclomorphosis 4. Allen's rule 5. Jordon's
rule 6. Eurythelmy 7. Stenothermy S. etectromagnitic spectrum 9. Photoperiodism 10.
Bioluminisceace 11. Universal solvcnt L2. Hydrological cycle.
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UNIT�] 23 COMMUNITY STRUCTURE AND
ECOLOGICAL SUCCESSION
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232 COMMUNI]�år STRUCTURE

23.2.1 Introduction

Community is a group of different kinds of pbpulations living in a given area or a physical
habitat. Clarlc (L%7) defined community as the group of plants and animals inhabiting a
natural area. It was described as 'biocenose'by mobious (1880). The biotic community along
with environment forms the ecoslstem

The components of communities are populations and the population is an assemblage of
individuals belonging to a S'mgle species. According to Kendeigh (1974), the community may
be distinguished as major or minor. Major communities are large, relatively independent and
self sustaining u.its. Major communities are called societies which are dependent on neighboring
ones.
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A Comrnunity has the following characteristics:

23.2.2 Species diversity and dominance

Even though all organisms in a community are equally important in their function, relatively

few speciei exert influence by virtue of their number, size, production, etc' Some spacies are

found only in one community - exclusive species - whereas other live in many communities

. ubiquitous species. Of the total number of species in a commmunity very few are abundant

in individuals or biomass. The dominant species there-few in number account for the energy

flow in each trophic group. But it is the large.number of species that determine the species

diversity. In a forest comrourrity trees are dominant. Grasses play a similar but a resticted

role in a prairie community, mussels and barnacles on the rocky sea shore etc.

?3.2.3 Community composition

a) Size: Communities may be large covering thousands of square kilometers: e.g., Oceanic

community. Some may be small like a lake or a desert covering hundreds of square kilometers.

Other may have still smaller communities. A horse shoe crab with a dozen species of molluses

worms and barnacles attached to its shell comprises a microcommunity.

b; Trophic Structurq The trophic structure determines the pattern of movement of energy and

nutrients through the community. The major communities may trophic (feeding) levels like

those of producers, consumers, transformers and decomposers. Most of the plants are

consistent in that they synthesize their food material except a few like epiphytes and

insectivorous plants, that consumes are n6t so consistent. They may eat herbivores or

carnivores. Some other animals like frogs show variation. Within the life cycle tadpoles are

herbivorous while adults are carnivorous.

c) Number and Variety of Species: Each community maintains a perfect balance between

producers and consumers. Each trophiclevel maybe representedbyone, fewor manyspecies.

deop sea or a desert may have few species with a small number of individuals but some habitats

having a less number of species and more of individuals in each species can also be seen.

?3.3.4 Ecological niche

The functional role or the specific position of a species within the communiry is called the
ecological niche. as per Odum, the ecological niche includes not only the space ocanpied by
an organism but also its role in a community, i.e. how it transforms energy, behaves, and
responds to physical and biotic environment. Thus the habitat of an organism may be compared
to the address of a person and the niche to his profession.

Two aquatic bugs, the notonecta and corixa, may live in one and the same hrbitat but occupy
different trophic niches. Notonecta is an active predator feeding on other animals, while corixa
feeds on decaying vegetation.

When the niches overlap to a large eKent, natural selection operates through competition
and results in the elimination of one species. Generally, no two species in a community occupy
the same niche. This phenomenon is called 'Gause's principal. In such cases one is alwap
superior to the other and the other is drivan out of existence through gompetition.

Organisms which occupy the same ecological niches in different geographical regions are
known as ecological equivalents. For example, the Antelope of N.America is ecologically
equivalent to the kangaroo of Australia, since both are grazing herbivores of grasslands. Some
species occupy a broad ecological niche. For example man has been a herbivore, a carnivore
and an omnivore in most of the time.
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23.2.5 Community stabitity

Some communities like tropical rain forest and coral reef are stable. Their populations remain
constant over long periods of time. Other communities like Tundra are variable as the
environmental fluctuations operate on them. As per Hairston et al (1968), the stability of a
community is related so the microenvironment and community diversity.

?32.6 Ecotone and edge effect

The demarcation between two communities is possible when the dominants of adjacent
co--unities show clear differences. Such a junction zone between two or more communities
is called 'ecotone'. e.g., border between forest and grassland. Ecotones may be narrow or
wide. The ecotone has species seen in both the overlapping co*-unities and the species
characteristic of its own. The tendency of the ecotone in possessing the species found in
neither or the major communities is called 'edge effect'. For example, the owl depends on
the forest for nesting and on grassland for food (field rodents).

232.7 Factor Compensation and ecotype

Organisms may develop certain adaptations to temperature, light, water, oxygen, etc. Such

factor compensation occurs at both species and community levels. Species with wide geographical

ranges always develop locally adapted populations called ecotlpes which have genetically a

different toterance range and optima in response to environmental factors (odum, 1971). Frogs

at one eKreme of distribution undergo rapid development at a low temperature while others

at anolher extreme of distribution show a much retarded development at a higher temperature.

23.2.E Community stratifica tion

Stratificatioa refers to the vertical or horizonatal layers of organisms and the result of their

activities upon the environment.

a) Yertical stratification: In the grassland community three strata, na-e\i subterranean, floor

and herbaceous, may be recognised. The subterranean contain roots of plants and provides

permanent residence to soil bacteria, protozoans, nematodes, worms and the burrowing

animals. The floor stratum contains vegetation, rhizomes of grasses and animals like insects,

reptiles and rodents. The herbaceous stratum is formed of upper parts of grasses and herbs

and the animals include a variety of insects, birds and ruminants.

ln the pond and lake three zilnes are recognised which arc littoral, mimetic and

profundal zones. Vertical movement of plankton affects its distribution. Thus vcrtical

stratification is a common feature of many biotic communities.

b; Horizontal stratification: Singing birds divide the community into territories, and each male

of a species establishes and defends an area in which the pair nests and feed. the interaction

among the birds has brought about a distribution which is regular rather than random.

c) Temporal stratification: Biotic communities show dilferentiation (stratification) in time also.

Different groups of species occur at different times during the seasonal cycle. Seasonal and

daily differentiation occur in forests. One group of insects are active during the day and

another group at night and a third group during the twilight transition of morning and evening'

The warblers, fly catcherp and other insectivorous birds are active during the day; the bats at

night and hawks at dusk'
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233 ECOLOGICAL SUCCESS10N

When a community comes into existence, it shows growth, reproduction, maturity and senescence

and finally death. When it perishes, the area will be occupied by another community. This
process of one community replacing another occurs so long as the stable community occupies

the area. The process is caUed ecological succession or ecosystem development. In succcssiou,

the entire sequence of communities from its inception to the 1s1min6l product is collectively
called 'serr' and the individual transitional communities are called heral stages' or 'seral
communities'. When succession starts from a barren area such as bare rock or open water
it is called primary succession. If an advanced successional stage is destroyed and the recoveriag
stages reach the climax community it is called secondary succession. While the primary
succession is a long term process, the secondary succession occurs quickly and proceeds
rabidly. In the succession the first community or organisms to become established are called
pioneer communities'.

?33,1 Causes for succession

The caues for ecologica! successiotr may be phpical and biotic. The erosion or deposition
by win4 precipitation, flowing water, waves etc. from the physical factors of sucgession.
Increase in parasites and predators reduce the abundance of prey. Consumers are reduced
due to scarcity food; physical nature of the habitat also changes. After the death of plants
the material. returned to the soil changes the pH, moisture content, etc. The excretion, dead
and decomposed bodies of living being, aeration by burrowers all increase the humic acids.
changes in temperature, relative humidity also tend to alter the community.

Fig' 23'1 Succession- fiom a Pond 1.. Phytoplankton 2. Submerged stage 3. Iloating Stage 4. Recd
Swamp Sage 5. Scdgc mcadow Stagc 6. Shrub Stage 7. Tree Jtirno. "

An example of primary succession is a pond and its commurrity getting converted to dryland
with entirely different communities. In the pioneer stage the newly formed ponds are barren
at bottom. the first organisms to apper are the phytoplankton and zooplankton. They add
organic matter to the bottom: The vegetation along the margin may move to deepbr water
and so the margin of pond also is reduced. some vegetation is carried.from an adjacent land.
At this stage some submerged plants appear along with certain flies and crustaceens. The
death of these plants leads to more humus at bottom and binds with mud. The water becomes

�fl�E�Œ�Œ�Œ�E�E�Œ�N
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shriUorv and unsuitable for submerged plants and they are replaced by Pistia. Nlmphea etc.
Animals found are snails, beetles, amphibians, etc. Further shallowing of ponds leads to the
emergence of water plants, and Mayfly or dragon flies complete their nymphal stages on the
submerged stems. Then the water scorpion, water bug and other beetles appear. Annelids,
kingfisher like birds ducks, weavers, etc., become common, Animals carry the materials to
pond. Plants make the water still shallower, sediment also is washed so that the hydrophytes
can grow. These changes bring in the permanent pond to a temporary one which dry up in
summer. Then the snails which can aestivate make their appearance. If the climate is dry, a

grassland is produced. If it is moist, a woodland with shrubs and small trees are formed.

A volcanic e4plosion occurred on the 7th of August, 1883 on the Indonesian island Krakatoa

causing part of the island to disappear. This may be taken as an example of secondary

succession. The reminder was covered with volcanic debris to a depth of 60 meters and light
was not practicable. One year later the grass and single spider ware found. By 1908 aboft
2,02 species have taken up residence on the land. It increased to 880 species W tg3/. and a

young forest developed on one part of the island. Seadings of beech, maple and other tolerant
species that exist as minor members grow into mature trees with the removal of pines. The

pine seedlings are unable to develop in the shade of mature trees. Once the mature pines

are gone, the species composition of the forests changes completely paving the way to the

emergence of a community of mixed woods. Thus secondary succession originating in the old

fields produce a trransibnt community of pines but eventually the typical climax forest was

restored.

?33.2 Climax

The community that ends a succession is termed'climax'. As succession proceeds from the

early pioneer community to the climax, productivity tends to increase. There is a difference

of opinion among ecologists as to whether the optimum productivity occurs in the serial stages

or in the climax stage. Whittaka'r (1953) states that the productivity is greater in the late

serial stages than in the earlier ones while Olson (L963) has found that in many ecosystems,

productivity as measurEd by the accumulation of energ5l il organic matter will continue to

show a net increase until the climax is reached and even beyond. Bliss and Cantilon (1957)

have found an increase in produclivity from the pioneer to the second stage of development

and thereafter a decline. Another way of regarding productivity and succession'is to consider

the ratio at productivity to the utilization of organic matter by all the organisms of community.

During the ierial stages productivity is greater than utilization but when the climax is reached,

productivity will equal utilization (Olson, 1963).

To summarise, succession involves at least four basic concepts:

1. There is a dynamic shifting of species on the composition of the community.

2. The specieS changes in an orderly way. It may be possible to predict what tlpe of community

would follow an existing one.

3. The sequence of changes of communitibs is directional. Each succeeding community type is

more like the climax type at least in physical characteristics'

4, The ultimate community type is the climax (r')mmunity'

Check Your Progress

L. The functional role of the specific position cf a species within the community is

called
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2. The demarcation between two communities is possible when the dominants of adjacent'

communities show clear differences' Such a junction zone between two or more communities

is called 

-

3. The tendency of the ecotone in possessing the species found in neither or the major

communities is called

234 SUMMARY

1. community is an assemblage of different populations living in a given area.

2. Community has characteristics like the species cliversity and dominance, community

composition, ecological niche, and community stability'

3. Community has vertical, horizontal and temporal stratification.

4. The ecological succession can be brought about by physical and biotic factors'

5. Communities usually end in a succession called climax'

23.5 CHECK YOUR PROGRESS�]MODEL ANSWERS

1. ecologicdniche

2. ecotone

3. 'edge effect'

23.6 MODEL EXAMINATION QUESTIONS

I. Answer the following in about 30 lines:

1. What is biotic community. Explain its different characteristics.

2. What is meant of ecological succession. Enumerate various processes of ecological

succession with one example.

3. Describe the various stages in the deyelopment of climax successions in nature.

lI. Answer the lbllowing in about l0lines:

1. What are the causes for succession.

2. What do you mean by community stratification.'

3. Explain ecological indicators.

4. Write about ecological niche with a suitable example.

5. What factors do you consider important in community composition.
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UNIT�] 24 POPULATION ECOLOGY

Contents

�_
��
�z

�S

�T

�U

�h

�Y

�ß

Objectives
Introduction
Biological Attributes
U.3.L PopulationDensity
2/.3.2 Population Growth
24.3.3 Agedistribution
24.3.4 Bionic Potential and Environment Resistance
24.3.5 Population Growth Form
24.3.6 PopulationFluctuation
24.3.7 PopulationRegulation
24.3.8 Home Range and Territoriality
Summary

Check Your Progress - Model Answers
Model Examination Questions

24�B1  0BJECTIVES

The objectives of this unit is to know the characteristics of population namely the natality,
mortality.etc. At the end of this unit you will also be able to explain

a the growth form of population and the factors that influence growth.

U2 INTRODUCTION

According to Krebs (L976) a population may be defined as a group of organisms of the same

species occupyrng a particular area in a given time. The word population is derived from a
latin word populus meaning 'people'. It is a self regulating system that helps in maintaining
stability in ecosystem. The study of population is called demography. The study of number
of organisms and the factors that determine their distribution and abundance is called populatlon
ecologgr.

The characteristics of a population include: L. Those that it shares with an organism called

biological attributes. 2. Those that are unique of its own-Unique attributes. Mostly these are

statistical i.e. the biological features. expressed as statistical functions.

24.3 BIOLOGICAL ATTRIBUTES

Population has a definite structure and composition at any given time. Any population usually

consists of the larvae, juvenile, mature, breeder, the spent; male and female, small, medium

and large sized individuali. They may beiong to different races, varieties, subspecies etc. Sirca
number of adults, sub-adults, males or females vary from time to time it may be said that the

composition of population also varies with time.

Population exhibits ontogenic characters in normal conditions. Therefore we can say it has

history similar to individuals.�E
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3. Like organisms population has to face the impact of environntental ctlanges.

4. Population grows, differentiates and maintains itself as does the organism.

Unique attributes

These attributes are meaningful only at the group level and therefore unique of population

and cannot be related to a single individual.

24.3.L Population density

The density of a population is the total number of individuals per unit area or volume. For
ex. 100 trees/ta; 20,000 diatoms/cu m of water not 100 pounds of fish/acre of water surface

etc. When size of the individuals of a population is uniform, density is expressed in numbers,

when the size is variable then the density is represented as biomass.

Population density is the total number of species within a natural habitat. It is a numerical
concept and can be expressed by the equation:

D=+whereD=Densiry
t
t n = number

a = area

t = time

24,3,2 Population growth

The growth form of a population is influenced by natality, mortality and dispersion.

Natality: It is the inherent capacity of a popirlation to increase in numbers. it includes thu
production of new individuals under ideal conditions by means of asexual division germination,
hatching or by birth.

Natality rs the number of individuals born per female per unit time. In case where individuals
are born, the birth rate is equal to natality.

Birth rate 'b'= No. of births per uhit time
Average population

Mortallty: It is the force that decreases the individuals or it is the population declining factor.
As natality is expressed as the rate of gain or birth of individuals in a unit time, morality is
expressed as loss of individuals in unit tirne or the number dying ih a given time. The ratio
of death (d) is expressed as;

d = No. of deaths per unit time
Average population

The age at which death occurs is sigificant because birth rate will fall if death occurs mostly
among mature individuals. Further the age of death would alter the structure of population.
When more young ones are born than the habit can support, the surplus must 

"iti"', ai" o,
Ieave the area.

specific mortalities at different ages of life history could help in determining the forces
underlying the population mortality. A complete picture of rnoriality in a popuiltion can be
represented by a statistical device called life table. Life table is the forma.i for describing
mortality rates in a population. it was first introduced by pearl (1921).

Lifc tables are useful for computing the average longevity of a population, for showing the
a$e composition, for showing differences between species, for showing the critical stages in
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lifc 9cle at which mOrtali�� is high,�¤ r shOwing succcss of a spccies in a biOt�� )e,and in
the control of pcsts.

Curves may be plottcd fl�E om data of lifc tablc T�æ
= 

�¡�–inlbcr of individuals of a population at

the beginning of agc intcrval�å rc Plottcd on l10riz�k ,ntal and thc numbcr of sur�� vOrs at timc

interval on vertical and thc rcslllting cllrvc is callcd survivc cllrvc.

In naturc thrcc typcs of survi�E 7orShip curvcs arc obtained:

1.    Convcx type,in�A vlliI)h population inortality ratc is low until thc cnd of lifc span,Ex.large

anilnals and inan.

2. Diagon4 or s�� aight linc ttrvcs arc intcrm�g iatc in which agc spccitic intcrvals arc ncarly

constanto Ex.bird,rnOusc,rabbit,hoiorllctabolo�† s inscct ctc.

3.    Concavccurveinwhichmortalityrateishighduriltgyoungstagcsfollowcdbyapcriodofmuch

lower and less constantloss.Ex.Fish,Irlarinc lllvcrtcbratc,parasistcs ctc.

NIIost of the aninlals sur�� vOrship curves are intcrmcdiatc among the abovc threc.Ex.Decr�A

annelid, lsopod ctc.

E)ispersion:Thc distribution of anilnal poplllation in a givcn spacc and tilnc is callcd dispcrsion.

Dispcrsion is differcnt from gcographical distriblltion becausc dispcrsion characterizcs natality

and mortality.

E)ispcrsion occurs for obtaining food, to avoid prcdators, prcvcnt thc advcrsc cffccts of OVCr

crowding, as a rcsult of wind, watcr, tOrnpcraturc, li31it,�] brccding, fOr intcrchangc of genetic

matcrial betwcen population.

VVhcn icss numbcr migrat�v  thcrc is not much changc in dcnsity, structurc and organization

of population. But if largc nuinbcrs lnovc into or out,ovcrpopulation or dcpopulation occurs.

24.3.2 Age distribution

The relative abundance of organisnls of variOus agcs in thc population is callcd agc distribution.

According to Bodenhyeinler(1938)in a pOpulation thcre are thrcc cco10gical agcs�� z.

prereproductive,rcprductivc and Post rCprodllctivc.Thc rclative duration of thcsc agcs varics

�� th diffcFent Organisms.In man thcsc thrcc stagcs art almost cqual.In matty thCre is lcngthy

prercproductivc pcriod. Thc changcs c)f nlortaliw arC mOrc toWal�E ds carly and latcr pcriods

Of life span and rcprOduction is iiinitcd to oilly middic agc group. I�u he ratios of various agc

groups hClp in prcdicting thc futurc sizc of thc population.

Age pyramids: It is thc ttcans of cXl)rcssillg agc(listributioll. It is thc vcrtical graph shoV�m
ing

youngcst at thc bott()in and thc t):dcst al thc toF�z Fl�E t�M :ll tll�¶ a3t pyran�Ü d onc can get infornlation

whether thc population is stablc or co�¡ lracting()i Cxpcnding.If thc pyramid shows increascd

number of Juvcnilcs(brOad basc)it ii CXpanding;lf it sllows dccrcascd numbcr of iuVCnllcs

(narrOW basc)it iS COntracting.A trial�A 810 0r bcll shapcd pyramid rcprcscnts gOwing

pOpulatio�¡ .Urn shapcd pyra,ids indicatc incrcascd lltllllbel of Fniddlc agcd and old organisms

cOhparcd to young. Dcviation fr()nt the norlåK al distribution lllay I)e dtlc to ll10rc dcaths

occuring in onc group or ciuc to itlaux ‘).�E
 cFnucx of indivi(1llals

24�B3.4 Blotic Potential attd envirolllnental resistalice

ThC teFm biOtic potcntial or rcprodu(,tivc l�¡ ol�l tial refcrs to thc inhercnt powcr of a pOpulation

tO increasc in numbct�R vhcn agc ratio is 31ablc and an cllvironmcntal conditions arc optilnal.

thc sum of pllysical and biologic hclor=wllich I,lovCnt a spccics fronl rcproducing at itS

ma�gFnum rate is  terll�A cd as cnvironlllental rcsistcilcc. ’rhis  is vcry low whcn a sPcCics is

first introduccd into a llc�R v tC�¡ ritory so that tlic sPccicS ioCrease in brought to Unitcd States.
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But as the species increases in number the environmental resistance also increaqes in the

form of piedators, parasites and the competition between the members fo'r common necesdties

like food, shelter etc. and consequently the population decreases. An equilibrium will be

reached either by decreasing the birth rate of by increasine the mortality rate.

Fig AJ Stylized reprcsentation of the rrarious phases of population growth form. 1. p6pulation size
2. Timo scalc 3. Pooitive grofih 4. Fluctuation 5. Oscillatiou 6. asynrpote Equilibrium f. population
dccline E. Population Extiaction.

U3.5 Population growth form

Grouth is the fundamental dynamic feature that a species population displays. the rpecigc
pattern of increase of population is called gro*rth for-. fopld",ioo gro*, due to inctoase in
number of its individuals. if the increasc is plotted against time, a $owth curve is ottained"
When a few organisms are introduced lnto an unoccupied area, the-govnh of the poprl"ti*
is at first.slow (positive acceleration phase), then becomes rapid (period of logarithmi" pUr*l
until thc equilibrium level is reached around which the population size fluctuates more or
less irregularly depending ofl the variability of the environment (u.L).

-/*'7
)T

Fig' 24'2 T,"es of growth forms. A'J'shaped B. .s'shapett c sc,ere oscillation D.:Denstty.l Dampad osciflation 2. Undantped oscillation.
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‘  .

Population charhcteristically increase in size in a (i) sigmoid 'S' shaped or logistic fashion (ii)
'J'shaped

In the 'J' Shaped growth form population density increases rapidly and then stops suddenly.
In the sigmoid type it increases slowly and then more rapidly and finally very soon slows

down gradually until equilibrium is reached. Simple growth form of a self limiting population

is said to be logistic and expressed in the form of 'S' shaped curve called 'logistic curye'.
The level beyond which no major increase can occur represents saturation level or carrylng

capacity (k).

U3.6 Population fluctuation

When population complete their growth alrd arrive at asympote level, the density tends to

fluctuate abovc and below this level. The irregular or asymmotric deviations from the mcaa

numcrical stability deviations are called oscillations. The fluctuations may result from changos

in phyeical environment and interaciton within the population or betweon the oloscly interacting

populationr. In nature seasonal and annual fluctuations can be trotBd.

Scaronal chdnges are typical of most freshwater and oceanic plankton populations ex. pfankton

blooms. Such blooms are larger in spring and caused as a reEult of various extcrnal nonbiological

factors.

Ogcitations oxhibit regularity for which, reason they are refercd as cycles. Species grhibiting

ruch cyclic variations aro called cyclic species. Oscillations may be the rosult of intrinsic

fastors-guch as prodationo disease.Violent oscillations are common in populations which show

T, shaped g*,ti form and damped oscillations are charactFristic of 'S' shaped growth form'

I

2A 3 i . Population regulation

Ia a siuple ecosFtem, populations'are regulated by plupical *.Poo:otr. of the 
-e.NTonment

lihe weather, water currents, floods, storms etc. Many plants and aninats have the intrinsic

relf regUlatory mecUanisms such as failure of reproduction and self inflicted mortality for

*otroilirrg 1tr6 size of the populatidn. Populations grow when aatality exceeds mortality and

&ey decline *n o -ori"tity eiceeds natality. the limitatisa sf rnimxt number is affected by

the interaction of two prolr.", : density independent and density dependent factors'

Tho density independent factors are those, the effects of which are independent of size of

it" piprf.ifon. Tiese are extrinsic factors which tend to regulate the density of a population

under different conditions, An increase in the number of spicies on a habitat say ocean' does

not affect the temperatute or salinity of water, but changes in these factors are brought about

il';i]-.,;r;;J;;Jr..iy. rhe density dependenifactors are intrinsic or biotic' Some

of the density dependent faciors are co*ietition, reproduction, predation' emigration and

diseaqe.

Populations always try to evolve towards self regrlation' Direct density dependence can only

regulate any populat[".tT'il;ff* ot comUinai[o of {:"1"t: 
involved in dqnsity dependence

may vary widely. further it exhibits a phenomenon called 'inter compensation" Thus if the

prodators are removed the herbivores may increase in number and the over crowdirtg results

in starvation. a ,oppry or tooa at this juncture make the individuals susceptible to diseases

,dle to the intensity liorff crowding (Wilson & Izossort, 1927). Thus the density independent

factors bring about drastic variations in population density and.cause shift in carrying capacity'

while the density aepenaent aspeCts tend io maintain populations at a steady state'
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UNIT 25 EIiIVIRONMENTAL. POLLUTION _
RADIAT10N HAZARDS

Contents

25.1 Objectives

25.2 introduction
25.3 Thermal pollution
25.4 Air pollution
25.5 Water pollution
25.6 Noise polluton

25.1 Soil pollution
25.8 Metal pollution
25.9 Radiation Hazards

25.10 SummarY

25.11 Chepk Your Progress - Model Answers

25.12 Model Examination Questions

25�B1 0BJECTIVES

Thc objectives of this unit is to explain tlre major concepts of environmental pollution and

thc measures to conrrol it. At the end o[ ttris unit you will be able to discuss in detail about

thc

a sourccs of air, water, soil and n<lise pollution and their effect on animals and man

o radiatkrn hazards on human health.

25.2 1NTRODUCT10N

Environmcntal pollution may bc defincd as an undesirable or harmful change in the

physicdchemical or biological characteristics of biosphere. These changes rnay directly or

indirectly afffect rllan or through his consumpticln of water and agricultural and other biological

products, as well as his physical possessions or his opportunities for recreation and appreciation

of nature. Pollr:tion and contamination are the two terms sometimes used interchangeably.

Contamination is the presence of harmful substances or organisms that may cause disease or
discomfort to a human being. Polluted material need not necessarily be contaminated. The,

presence of a small amount of pollutants (agents that cause pollution) may have a graced

influence on human health.

Poliutants are of two types

L. Non degradable : Aluminium cans, Hg salts, phenolic compounds and DOT which do not
easily breakdorvn or change into simpler components. These are stable and accumulate by
way of biogeochemical cycles

2. lliodegradable : They are unstable substances of domestic sewage rvhich can be decomposed
by natural proc€SSeS: They can be removed by natural waste treatment mechanisms.

Pollutions has been a major cause of hazards and a check is necessary to save human
civilization from destruction. it has been observed that because of pollution there is an increase
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in mortality and sickness froni cnvironmentally concerned respiratory disease, mental clisorder,
gastric ill effects and caricer. Usrully, Brollution may be uqoutiu terrestrial or aerial. A brief
account of the sources and health'ha-zirds 

""ur"d 
by different nrAr of pJhil; in the

environment is given hereunder: ..

253 THERMAL POLLUTIO,N

lA number of industries require water for cooling and the resultant warm water is discharged
into lakes or rivers. The large amount of waste heat that is carried as hot water may cause
thermal pollution. It produces distinct changes in the organisms living near the streams or
rivers. Increase in temperature by 1.0oC may double the rate of numbei of chemical reactions
and decay in the organic matter, rusting of iron etc., and finally lead to a significant exchange
of salts in the organism. Thus thermal pollution can affect the members of aquatic environment.

25�B4 AIR POLLUTION

'Air is a minture of gases consisting of approximately l8-ffiVo of nitrogen, Zl.Vo of orygen,lVo
of argon, 0.03Vo of carbondioxide and a number of minor gaseous elernents like neoi-helium,
methane, krypton, etc. Owing to some natural processes or human activities the concentration
of gases increases in the air and then the air is said to be polluted

Severe air pollution may affect human health and may be responsible for fatal diseases in
ttyl. lunS diseases among coal miners who inhale mine dust for years is a striking example
of it. The pollutants may cause *ury'dir.ures such as Emphysema, chronic bronchitis, lung
cancer and respiratory diseases among children. When the ieuet of polutants in air increase
beyond permissable limits there is an increase in the incidence of bronchitis, sore throat and
eye irritations and in frequency of their occurence.

Air pollution can be caused by the combustion sources, industrial and community activities,
personal habits iike smoking, etc. The conabustion sources include (1-) power plants, domestic
heating equipment which produce sulphur dioxide, nitrogen oxides and'(2) Motor vehicles
which produce photochemical oxidant type like carbon monoxide and lead etc. Cigarerre
smoking is a personal pollution of thc inhaled air. It contains a high concentration of CO an
polycyclic aromatic compounds such as benzopyrine. It is related to chronic respiratory diseases
and the cardiovascular diseases.

Some of the air pollutants are SO2, CO and oxides of nitrogen.

SOz : Originates from the combustion of coal and genera\ly it induces irritation in ,espiratory
epithelium and in the eyes. lt is responsible for cough, pharyngitis, headache, etc.

SO2 in atmosphere does not for long remain in a gaseous state. It reacts with the moisture
to form HzSO+ and produces acid rain that falls on the earth; the pH values of the rain
reaching far below (2.8). Such environmental acidity rnay affect the fish, and othe.r aquatic
animals and inhibit the forest growth.

CO : Its main source is release from the gasoline engine and the burning of coal. It combines
with Hb to form carboryhaemoglobin and reduces the orygen transport. The nervous system

is affected at levels of.Z.SVo of carboryhaemoglobin.

Symptoms of the low level of CO poisoning are headache and psychomotor impairment. But
advanced stages are indicated in nausea, heart palpitations and difficulty in breathing.
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ffdes of Nltrogen

Roblnson & Robtns $nL) have estimated that biological production of NO and NOz anioimts

to 1 billion metric tons annually while man's combustion processes produce 48 million rnetric

tons of NOz annually

Sometimes the atomic ot(ygen (O) combines with hydrocarbons (methane, toluene, ethane) in

the presence of sunligbt ind for.r the photochemical smog (the combined effect of ozoae,

formatdcUge, pAI\|. -Th" 
.yu, nosc and ihroat initations associated with this type of pollution

aro feh instanteneoulY.

S02-H2S04 Haze

Hydrocarbons

Oxidation
Products

Oxidant pool
Atomic o,rygctr

Phcnoxyl radical
Ozone

�¤ Plant damage

Eye irritation
Odour

pollution

�¤Sunlint+�L N02

Fig�B 25,l A sche�u 6f the readi6is invo�a ed in photochemical air

Mcasurta to control alr pollutlon

1. The dcvices such as positive crank casc ventilation, valve and catalytic converter which reduce

exhaust by automobiles are bcing tricd out in some advanced countries.

2. particutats pollution from industrics may be controlled by electrostatic prccipitators which

are capable of reducing snoke and dut.

3, Gaseous pollutants of industries may be reduced by finding the alternate chemical means

based on the property of diffcrential solubility of gases.

4. In India ah pollution boards are set up at the Ccntral and the State levels to issue or'revoke

licences to pollutant generating iadustries.

5. The legislation to burngarbage andwastes inurban areas andto arrest theburningof smdring

fuels for domestic purposes have also been enacted.

25S WATER POLLU�¡ON

Water is said to be ponuted if its composition Or condition is a�¡ ered theFeby�R Fendering it

less suitable for any or a1l of the fulctionS and purposes for which it is suitable in its normal

State�E It includes�¡ angeS in the physi9al,chemical and biological propcrties of water,or such

discharges of liquid, gas or s61id substances into water which arc harmful. Pollutiott is most

o�¡ cn caused by the d�R P6sal of hquid wastcs(sewagc)and agricultural emuents,drainage of
irrlgation water and urban runofL.Domestic and munidpal sewage contains decomposable

organlc matter that mak‘�A  a demand on the ovgen reSOurces of receiving waters. This

Blochemical oxygen demand oOp)iS a measure of wcitt Kper unit volume of wtter)of

dissolved 02�� nsumed in the biological pFOCeSSes that�˚ use d�å �Ł in the oFgamC matter.

BOD vttes range�¡ om l mritre�� atwal Watern t0 3C10�] 51Xl uitre(lllltreated dOmestic

sewage)t Water fOr drinlcing ptt�_ ses should have a BOD less ttan l.Toplic chemical of the

water m�] oJ�¡ ate iOm industries,agriculmd runtt washing J insedicides,herbiddes,

radioactive fallout,or leak of oil tanks,ctc.Urban run or contalns even pathogenic protozoans,

bacterla and�⁄ ��us.

Sewage indudes dissolved organic�� mpounds and salts such as mtrat"and phOSphates of

dctergent and sodiunl, calclun�A potassium and chloride.
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Industrial wastes usually contain traces or large quantities of raw materials, intermed.iate
products, final products, co-products and blproducts of any ancillary or processing chemicals
used. In India most of the rivers or streams are pollutted with industrial effluents. Waste
waters of different industries such as petrochemical complexes, fertilisers, oil refineries, s]mthetic
material plants for drugs fibre rubber, plastics etc. may contain detergents srilvents, cyanides,
heavy metals and organic acids, dyes, pigments, phenolic compounds, tanning agents, sulfides
and ammonia. Of the compounds mentioned, many are biocidal and toxic. The chemicals of
industrial wastes are toxic to animals like crab snail, effects on the structure and fuactions
of the liver, kidneyl reproductive and respiratory s),rstem. mercury, a is used in a number of
is 0.03 mg/litre, but in the contaminated waters tifte l[inimata bay in Japan, the levels are
as high as 1-L0 ng/litre. In the L950's in Japan illness and death occurred among fsharman
who ingested fish, crab, shell fish contaminated with methyl marcury from Japanese coastal
industries. The mercury poisoning produced a crippling and fatal disease called 'Minimata
disease'. In the initial stages, numbness of limb, lip, tongue, deafness,loss of vision, cellular
degeneration in brain, cerebral cortex occurred and this led to coma (South wick, 1976). The
consumption degeneration and it *u, ."port"d from Handigdu, karnataka. The disease is
identified as Handigodu syndrome.

Water related hazards from ingestion of biological agents

The biological agents transmitted through water are pathogenic bacteria, viruses, parasites and
other organisms,

Table 2 : Shows disease attributed to ingestion of water borne bacteria

Disease

Cholera

Typhoid

Gastroenteritis

Diarrhoea

Leptospriralis

Causative orgahisms

Vibrio choleruc

Sahnonella tYPhi

Shigello, Prota,s sp, etc. .

Entwnoeba coli

Leptospira sp

Viruses multiply in the alimentary tract of man and may be excreted through faces. The viruses
found in sewage and polluted waters are poliovirus, echoviruses, virus of infectious hepatitis,
adenovirus and reovirus, etc.,

Parasites: Entantoeba histolytica, the causative agent for intestinal amoebiosis and amoebic
liver abscess is present whereever sanitary conditions are poor (WIlt) comrnittee on

amoebiosis, 1969). The guinea worm which causes dracontiasis is transmitted through wells

and ponds infested with copepod intermediary host. Ascais ,lturtbico;Ces may also be

waterborne although ingestions of contaminated coil is the main route.

i) Schistosomiasis: It is a chronic disease, that causes serious pathological lesions, saps

eners/, lowers re.sistance and rEduces output of work. Artificial lakes, reservoirs, may have

increased populations of freshwater snails and a corresponding increase in schistosomiasis.
In man three species of helimenths Scltistosorttantansoni, S,japoniaun, S. haentotabilun are
responsible for the incidence ofihe disease. The eggs released through faeces and urine hatch

as miracidea, reach water and make their way into the snails (Biontphalaia, Bulintts,
Oncontelonia). They energr from snails as cercaria and enter man through the skin.

Ancylostoma duodenale: It is the round worm responsible for ancylostomiasis. The eggs

passed through faeces of infected person hatch and larvae develop into the filariform which
is infective to man.
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iii) I*ptospiratis is by bacterial infection from vertebrates to man through direct contact with

water.

Diseases transmitted by water associated insect vectors:

i) The most widespread is malaria which is caused by water associated vectors.

ii) Onchocerciasis or riverblindness: The disease is transmittedbyblackflies (Simulium sp) and

is of considerable economic im'portance in the vicinity of breeding grounds for vector where

large resident populations may become partially or totally blind

iii) Filariasis caused byWuchereria bancrofti. It is widely distributed in Africahnd Asia special!

due to increased urbanization and industrialisation. With vast movements of populations and

the breeding of the major vectors the mos quito- Culupipierw, fatiganshavegreatly incrqasod.

25�B6 NOISE POPULAT10N

Noise is generally defined as a sound without any agreeable musical quality or as an unwanted

or undesired sound. Noise is produced by machines, traffic noise by truck and cars. Use of

radio, public address system, music, etc., may pollute the environment. Noise from supersonic

jets also produce harmful effects.

Effects of noise

1. Prolonged exposure to noise is known to lead to deterioration of the internal ear and

subsequently deafness.

2. Noise produces annoyance and interferes with rest and sleep.

3. Physiological effects of noise inelude dilation of pupils, the paling clf skin, the tensing of
muscles, the diminishing of gastric secretions, increase in diastolic blood pressure,

neryousness, irritability and anxiety, hlpo or hyper glycemia and effects on the endocrine

system. The physical pain results at a level of 140 perceived Noise decibals (PNdB) which is

the threshold level of pain. And sound above 70 dB resting for more than 300 milliseconds can'

interrupt deep sleep.

4. Noise may effect the performance of psychomotor tasks.

Control of industrial noise

1. Defining permissible sound limits.

2. Measuring the noise at workplace, at source and in reiucing the same at souroe.

3. Creating acoustic zones to prevent air borne propagation ofnoise.

4. By sound proofing and in using personal protection devices.

5. In communities, traffic constitutes the major noise nuisance. and in the house personal
equipment like radio, TV, etc. Noise from various forms of transport and its transmission at
home may be reduced :

i) by controlling the emission of noise.

ii) by controlling the transmission of noise through proper planning and the use of traffic
engineering techniQues.

iii) by controlling the reception of the noise at home.
3�¡
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Soil and land pollution is caused by insanitary habits, various agricultural practices, improper
disposal of solid and liquid wastes and also by atmospheric pollution.

Contamlnatlon of soll bi agricultural chemicais

Fertilizers are used with the intention of raising crops but incidentally may contaminate the
soil with their impurities. It can also be potluted with industrial wastes that contain the organic
chemicals. In the past few years herbicides, insecticides, and fumigants have broughtahnt a
number of changes in the soil.

Hefticide

A non persistant 2,4 'D and highly persistent 2:4,5-T is used as and indiscrininate killer of
vegetation and there is evidence to suggest tha[ ] 4, 5-T may being about teratogenecity of
human features.

Insecticldes

They arc of 3 types, the inorganic, natural substances and synthetic organic cornpounds. The
organic compounds are of 2 types- the oryanopltosplrcrous and arsenic, The natural substances
are dcrived from 2 plants. (L) Rotenone-front tlrc roots of Denis elliptica.It is non persistcnt
but ioxic to fish, (2) The flowers of, Chrysanthenuu't, yield pyrethrum. It is non-persistent and
non'toxic to most of the animal groups. [n some cases it is an ideal insecticide.

Thc widcly used are organochlorines, e.g., DDT. It is highly toxic to insects;but the freshwater.
fish also is most urlnerable to it. It metabolizes into DDE AI{D DDD. Its ability to build
up in food chain is well developed as.

25�B7 SOIL POLLUT10N

In Zooplankton
Needle fish
'Herons

Gulls

0.4 ppm
2.07 ppm
3.57 ppm

75.5 ppm

DDT inhibits the CaCOr deposition in oviducts of certain birds and thin shelled eggs.

BHC is a mitrure of several isomers of which the
Others are dieldrin, aldrin, endrin,endosulphon
trarsformed in the soil.

BHC (Lindane)is lethal to many animals.
and heptachlor. A number of them are

253 METAL POLLUTION

Of the metals important are Cd, Pb and Hg.

Cadmium

It is not essontial for human body. The sources are soil, vegetation aad food. It can enter
as a contamiira,nt from mines,,chemical industrias, electroplatin& super phosphate fertilizprs
and cadmirtm soafeining pesticides.
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Chronic Cd poisoning produces proteinuria and affects the kidney. It is known to affect the

testis of laboratory animals gnd mammals. The cad-ium released from mines for goataminatpd

water and paddy. This leads to the out.break of an epidemic with is called ltat- Itat diseasc

(ouch.ouch) because of the painful s),mptoms resulting from multiple fractures. Besides skeletal

defonnation, it leads to loss of body weight,proteinuria and glaucoma.

Occurs naturally in plants and soil. Man made sources include lead smelting and refining

brass riranufacture, storage batteries,paintgagriculturd application of lead aresenate, incineratioa

of lead plastics;etc. It is released in the form of aerosol into the air from automobiles. Thc

average content of lead in human food is 0.2 rngltkg. Alrtough the safe limit for lead is 80

Ug/100g of blood, even at lower levels(30-40 U 9/100 g blood) inhibitior of enz5mes inroh,ed

in the syrthesis of seem can be shown to occur.

Mercury

Man made souroes are mines, alkali plants, pulp and paper, plastic' electronic industries,

drugsr etc. Burning fossil fuels and great amounts if it to atmosphere. The level. of Hg ia
blood is striking index of its concentration in the body. In Drosophila organic mercury can

produce mutations,chromosomal abberations. Mercury poisoning occurred on a major scale in

Japan due to the discharge of industrial wastes in Minimata Bay. Mlnirnata diseage occtu

mostly in fisherman who eat the fish containing methyl mercury.

25�B9 RADIATION HAZARDS

The discovery 9f X-rays by W.KRoentgen and their application in many fielis has led to the

realizatior.that'the radiation has dangerous effects on living cells.

lonising radiation may !e divided into 2 groups:

1. Electromagnetic radiation (X-rays and gamma rays,;

2. Corpuscularradiations like alpha, betaparticles (electrons),andprotonswhichare electrically
charged whereas neutrons have no charge. The radiation emitted by these r*o groups have

similar pathologic effects.

Biological effects of ionizing radiation

Information regarding this is obtained from

1. Patients who underwent diagnostic procedures with X-rays and radioisotopes.

2. Occupationally exposed person (e.g., radiologists, workers involvedin mining of radioactive
ores).

3. Member exposed to the atomic bomb explosion of nuclear weapons.

Bacq and Alexander (1961)have given detailed descripions of different types of radiation and
therr biologic effects.

lonizing radiation inUuence the biological s)4stem in two ways.

1. The effect of highlevels results in death of a severe injury, whereas

2, lowlevels cause long term effects such as mutatioos, carcinogbnesis which appear.moaths or
years after exposure.
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The radiation effects are indlcated by the onset of illness, early lethality, destruction of bone
marro\r, damage to intestinal tract associated with diarrhoea" haemarrhage, CNS systems,
dermatitis, sterility. But much less is known about the effects of small doses like 100 rad. In
respect of how low doses leukaemogenesis and carcinogenesis are at present considered the
most serious long term risk. The long term effects following high doses are cataract formation,
neurological damage and general shortening of the lifespan.

Radiation injury at cellular level

Even though the nature of the lesions caused by radiation in cells has not been discovered,
DNA, RNA, RNA protein complex, cell membranes and related organelles are regarded as
the primary targets of radiation i"jury. It.is also evident that nucleus is the most vulnerable
part. Cell division is affected even at low level. The available mutagenic effects of radiation
suggests that genetic DNA is an important target of radiation.

Chromosomes

As a result of irradiation, the chromosomes at metaphase appear sticky and clumped and the
boundaries between them are lost. At anaphase, incomplite separation of chromatids is
accompanied by bridges of chromatic material between the cells. This lead to incomplete
division of chromosome material in the daughter cells. Another effect is the breakage of
chromatids or whole chromosomes. The broken fragments may be deleted or may rejoin the
original chromatid or other broken ctromatids causing.seleral kinds of chromosomal abberations.
e.g., abnormal chromosomes like ring chromosomes murticentric, etc.,

Effect on embryos

The'embryos are more sensitive to the action of X-rays in their early phase of development,
before the organogenesis. Even if the immediate effect of radiation resulting in cell destruction
not.much there may be much consequences as malformations.

Checkyour progness

1. Define the following

1. Non degradable

2. Biodegradable

1.

25.10 SUMMARY

Environmental pollution is an undesirable change in the physicochemical and biological
characteristics of biosphere.

Pollution is causs.r by solid, liquid aad gaseous wastes. In addition, heat, noise and
radioisotopes also contribute to the pollution.

Air pollution is mainly from the oxides of sulphur, nitrogen and carbon. When they exceed
their tolerance limits they cause deleterious effects on animal and plant life.

Water is contaminated by industrial wastes, sewage, agricultural run off and also the presence
of pathogenic organisms. Noise is generally defined as unwanted sound. The agricultural
chemicals such as pesticides, and herbicides may remain as residues in non-target organisms
and finally reach man .to cause number of abnormal situations. Certain heavy metals
discharged from the industries as effluents also may affect the organisms living nearby.
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25.1l CHECK YOUR PROGRESS�EMODEL ANSWERS

1. nondegradable aluminiumcans, Hgsalts, phenoliccompounds andDDTwhich do not easily

breakdown or change into Simpler components. These are stable and accumulate by way of

biogeochemical cYcle.

2. Biodegradable: They are unstable substances of domestic sewage which, can be decomposed

by national pro"".r"r. They can be renewed by national waste treatment mechanisms'

25.12 MODEL EXAMINATION QUESTIONS

L Answer the following in about 30 lines'

1. write an essay on the environmental pollution and its control methods'

. 2. Describe thE sources of water pollution. Enumerate thb effect of water pollutants on

the aquatic life and on man'

3. write an essay on air pollution. Discuss the methods to control air pollution'

4. Describe the radiation hazards of human health'

U. Ansrver the follonring in about l0llnes:

l.EnumeratethebiologicalagentsthataretraNmittedthroughcotrta,ninatedwater.

2. Distinguishnondegradablepollutantsfromdegradablepollutants.

3. What do you mean by thermal pollution'

4. EPlai" noise Pollution.

5. Metal pollution and its effect on biological systems'
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about �vhe

�� measures taken by Governmentto cOnserve the wild life that are cndangered

��  the ilnportancc Ofsancmaries and national parks tO India

0 0bieCtiVes,management and the achicvements in respect ofTigerprOieCt,G�Þ
Lion sanctuaryp

Cr�å odnebreccingPrdect.
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endangered.The cheetah has become extinct.The Bengal tiger populatiOn tt drastical�µ
reduced

ffrOm�g ,�Þ to 1827 in 1972).The Lon is cOnined OJy tO a few arcas.The deer Hke Hangul

in �KLshmir, swamp deer in M.P arc now included in the list Of endangered species. The

antdope and the bla�g buck which wcre in thOusands somc 50 years ago is iow cOnined tO

sman pockets su�˚ �� ng under the strict  protectiOno Among birds, the spedes which are

regarded as having become c�  inct are the pink�] headed duck,mOuntain quail and JcrdOn’s
courser,�Ù eCentt Spotted h cuddapah reg10�¡

)�B
The great hdian bustard and the white�� nged

wood duck have become so rare that they may soon bccome cxtinct.

The Siberian crane,a�� sitor tO Bharatpur.sanctuary(RaiasthanD in Wintcr,as now found in

reduced numbers.The gangedc ghaJal,the cstuarine crOcOdilc are reaching the point Of

extindiOn.Even though these are only a few exattples,sevcral hundicds Of the animds in

world have become extinct.

Howeve�¿extinction is a bi010gical phenOmenon dcpending on the circumstanccs.Each species

c�¿ sts for a certain period and ultilnately becomes extinct�B (Dne of the ilnportant causes of
�¥ inctiOn or depletion of numbers is the destruction of a species as a result Of commercial

exploitatiOnoMany plants are also subieCted to extinction duc to the ignorance of their pOtential

and eco10gical hndons.The maiOr cauSes Of l�  inctiOn in the recent past h respect Of bOth
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plants and animals are environmental changes due to the destruction of natural habitats,

deforestation, granng and urbanization.

In an ecosystem producers, crnsumers and decomposes are linked in food chains. Various
food chains are jc,ined at different tropic levels forming complicated food webs" In this intricate
food web the function of each organism is important" Destruction of a particular litrk in the

food chain in the web may lead to imbalance which may threaten the existence of man himself.

Wild animals are subjected to indiscriminate killings to meet man's needs for flesh,skin, fur
for medicinal value, protection of domestic animals from predation etc.

In view of the ne:cessity to conserve wild life the Govt. of India (1952) constituted a Board
for wild life. The otrjectives are a) preserving wild life and b) creating natural parks and

sanctuaries.

Under this scene, protection has given to lndian lion, snow leopard Cheetah and others. Later
i n 1912, the Wildi Life Protection Act was promulgated. The Act prohibits hunting, killing
capturing, trapping , injuring wild animals in the forest, and in the public or private lands.

The Act has a provision tbr setting up National parks anrl sanctuaries where wild life can

receive protection. Under this Act :

i) the hunting of tiger, black buck, leopard, wolf,pangolin,wild buffalo, the great Indian Bustard,
crocodile etc, is prohibited.

ii) thehrinting of other animals like cneetah, sambar, gaur, bearetc.,is regulated throughthe issue

of licences ty the Chief Wild Life Warden.

iii) in case of viclation of the above mentioned, provision is made for imposing of a fine of Rs.
2000/-as penalty and imprisonment for 2-6years.

,v) the Act prohibits the trading of live animals, their meat,skin etc.

I In the Wild Life Act a ne\ry section for the creation of biosphere reserves has been
incorporatetl enabling the Central Govt. to declare appropriate areas as biosphere reserves
in consultation with the states concerned.

The man and Biosphere (MAB)programme was evolved with the objectives of (L) maintaining
the integrity and diversity of biotic communities of plants and animals with in the natural
ecosystem, (2) safeguarding the genetic diversity of the species and (3) proriding areas for
ecolqgical and environmental research, as well as education and training.

I*gislation

L. The forests and protection of wild life animals and birds are included in the 42nd amendment
to the constirution in 1976.

2. Legal and illegal trade ofendangered species in India is regurated.

3. The Govt. promulgated in L980 the Forest Conservation Ordinance which prohitrits the
conversion of a fcrest land and diversion to other pnrposes.

4. A separate Department of Environment was created.

5. A separate training course for wild life rnanagement was started at the Forest Research
Institute, Deharadun.

9- The Gom.. is empowered to declare any area as sanctuary or national park. In India L9 national- 
parks and 202 sanctuaries are in existence

7 . In any sanctuary or national park there should be 3 zones:
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Conezone: Entryinto this isrestricted except for purposes of research (population estimation,
etc).

Intemediary zone used by wild Life for guing.visitors are allowed into this.

Buffer zone: The place where facilities for camping tourists are provided.

Section 33 of the Wild Life protection Act Qg72) authorises the Wild Life Chief Warden to
controf manage and maintain all sanctuaries.

Thus the basic idea of establishing sanctuaries is to preserve the ecosptem of forests available
in the sanctuary and work in such a manner that a congenial labitat is provided for wild
life.

The projects planned for the preservation of endangered species are briefly discussed here
under:

263 PROJECT TIGER

Tiger conservation in India is attempted not only to save the endangered species but to
preserve the biotopes of sizable magritude. [t was initiated as a Central Sector scheme in
1973 with 9 reserves. TVo more reservcs have since been added and under these 11 reseryes
the population of tigers has gone up from 268 in lgD to 613 in gn . The projict oovers
2.10 percent of the total forest area (15,800 sq kms) in 10 Siates. The reserves are Manas
(Assam), Palamau (Bihar), Similipal (Orissa), Corbet (U.P.) Ratambhore (Rajasthan), trknha
(M.P.) Melghat (Maharastra), Bandipur (Karnataka), Sunderban (West Bengal), Periyar (Kerala)
and Sariska (Rajas&an).

Management

The management stratest has been to identify the limiting factors of the habitat through
intensiw antipoaching. Fire protection, elimination of cattle gruirrg,, eradication of wecdg soil
conseryration measures, utc.

The guiding priciples of management are as here under:

1. To elimenate all forms of human e4ploitation.

2. To restore and damage caused by man to the ecosystem and bring it up as close to its naturd
level of functioning as possible

3. To build up the wild life population upto the intrinsic supporting limit of the habitat.
To encourage research on the.habitat'and wild animals

4. The project was given the status of a centrally sponsorcd scheme Later the World Wild Life
fund (WWF) provided financial assistance amounting to US $ 1 million. It is administered by
the steering Committee appointed by Govt. of India. The qrecution of the project is done by

the State governments of respectivereserve areas.

Achievements

1. Fire breaks are maintained along the e:Cernal boundaries of reserves and core areas. Several

fire observation towers are erected.

L Acommunication sptemisinstalledtoconveymessagesof anti-poaching animal monitoring.
etc.

3. Relocation of human settlements outside the reserves in order to avoid hindrance to the
development of preserves.
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4. to provide water, several steps like the construction of dams, digging of seasonal waterholes,

deepening of the wells and frtting them with pumps and wind mills,, etc have been done.

5. Grannghas been completely stopped in core areas of all tiger reserves.

6. Improvement in soil conservation measures and the preserving of the environment paved the

way of the dispersal of prey and predator populations.

7 . One of the main aims of the project is the promotion of research into the wild life. It was talcn
up the methodology and the programming for monitoring research and documontatioa of
data were finalised.

Besides conserving tiger and the entire ecos,rstem, protection is given to other thrcatencd

species. The Indian one horned Rhino, ctouded leopard, wamp deer, 98U, four horncd

antelope, black buck, crocodile and Gharial.

264 GIR L10N SANCTUARY PROJECT

The project area is ?58.7L sq. km. The lion population in 1979 numbcred 205 including thc

cubs. Gir forest in Saurashrta of Gujarat is a unique line of the line (panthcra lco Pcrsica),
it harbours the remnant populations of many species which once constituted thc rcalth of
India including the spotted deer, sambar, Indian gazelie, nilgai, wild boar and four horncd

antelope.

The shooting of the species continued till the popirlation was reduced to 15. lVith adcquato
timely protection measures the population has increased to 20.

Gir sanctuary faced the problem of over-grazing by domestic live stock specially duriag tho
monsoon months. due to this the natural wild animals like sambar, nilgai etc., have bcconp
rare. The natural regeneration of trees left out inhibited tiy the donestic livestock. In thc
absence of natural prey lions come to feed gn cattle, which led to thc owners poisoniag thc
lions. Considering these facts, the govt. of India issuod orders in LglL, that a) Thc sancilary
should bc closed to grazing by domestic live stock; b) a phpical barrier should be proidcd
for the aiea; and c) The gir resident maldharis should bc'shifted'to places outside the
sanctuary.

Distinctive Features of the project

In the year L972 the project was sanctioned by the Govt. of Gujarat with the following
objective :

1. To encourage wild life especially the endangered lion in the Gir forests.

2. To preserve all non-humap elements of the existing ecosystem in their natural relationship.

3. To minimise human interference and to provide recreational facilities to tourists.

4. to present over-grazing.

5. To improve the condition of the maldharis and phase their resettlement outside the sanctuary.

Results achieved so far

The construction of a wall and the raising of the live hedge along the mah block of sanctuary
kept out the migratory cattle. The improvement of the habitat and the minirnising of the
human interference stepped up the wild life population tremendously (see the table given
below).

�E
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d animals in Gir as on
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1974

Panther

Hyaena

Spotted deer

Sambar

Blue bull

Wild boar

Four horned antelope

Gazella

Monkey

Lion

4564

278

1068

1"

256

227

177

(in 1968)

155

71

4517

706

1528

1922

977

195

3938

180

(in 1974)

161

84

8�� 131

760

2036

2365

1042

330

6895

205

(h1979)

26.5 CROCODILE BREEDING PROJECT

There are three species of crocodiles in India.

1. Salt water or estuaries crocodile (Crocodile poroxrc) :

2. Fresh water swamp crocodile or Mugger (Crocodylus pahtsuia).

3. The Gharial (Gavialis gatryetia$).

As the result of the demand of the luxurious leather market and the use of spohisticated
hunting methods the crocodile population has drastically declinecl. Crocodile hunting is largely
banned now in India. The Wild Life Protection Act (1972) lists both species of crocodile and
the Gharial in its schedule. According to the FAO report (1974) only managernent u,ill restore
the population of the crocodile quickly and it appear that without management the gharial
will become extinct. T'hey hare a high facundity level and long reproductive life and under
effective control and sound management, crocodile could rapidly build up their numbers.

A crocodile Breeding project was ptoposed with the follorving objectives:

1. To locate the best available areas for crocodiles in India

2. To collect the eggs soon after they were laid and transport them to protected areas for
hatching rearing the -voung till they attain the size necessary for putting them back in their

natural habitat.

3. To improve the tcchnical competence to achieve to objective No.2 as stated above.

4. To set up a net-work of sanctuaries suited to the three crocodilian species.

5. To build up expertise in the management of wild life sanctuaries throughout the country.

6. Crocodile rearing centres have been developed in eight states. The most important of which

are the following:

1. Satkoshia Gorge wife sanctuary - Orissa - Gharial

2. Biatarkanika - Orissa Salt water crocodile
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3. t�� �R�ç �í    .: 1   ’

4  Katoh

i  Nandankaman BIolnid PaFk�A
1

7.   nderbans

8.  Guindy�R

" Ls€ltmw Gharial

Chambal rilrcr Gharial

Orissa A[ thiee species

West BenFI  Salt WateF

MdFaS.    M�] ç��w

6  
�c

nat wttd�� �É S�cÆÒuary i UP       �ï       �A

So fu Zrm ghriab harrc bcen hatchcd in the reariag.stations. la all324 ghatialc 168 s.lt
watcr crocodiles and 2f8 ryers'npre releatcd-into the u,ild by rrarious cetrtres of cromdilc
breeding and management projects. ' :

h�\ nt WEEd LaFe�c �¡äF�„ maml�� �¸�ôäF6in Hia

SNo. State Name of Sanctury/
National,park

�Ø �� �R protmed

AndhFa PF�i �c 1.   Pakhal Sanct�‹

_.(Wam�däF iOL)�]

2, ,Tada�¢ �� �ô �¾

CaranJ�] )

3,.,X�¢ �æ hct�ô ��

(�Ù �� L),

��  Kone�b �ˇ .Godavari

Dt�B)NchPat,m
�] (More DE�⁄ �¡

�cwam(�j �R�~ ��LttL Dt�B )

Pocharam tMedakl

Bird Sa�g àp�Q�Ùbs

Gunm�c

O  Srisath�]
Nwiunugar.

l  Kb�  �u

�g

�� ni:sarm�� ��

cKhammam Dt�B)

Tigers & Bison

Bisoq Tigcr

Tiger, Cheetrh,
Indian gazelh,

Migrarory birds lite
painted strokq peficons,

flamingoq etc.

ªà

�u

&CrOCOldiL

�{ ,BeaF and�c

Nehru Zoobgical park Zoo parks only,
Hydgabad, �� h �Qo�¡ s.       .

Maharrcr-Vanasthdi" Deer Safari parks and
Hydcabad.
Indira Garidhi Zm
Virag ':

.Chatdi*attu Dlcr Pulq b,recding hmr&

dolphindm&�c

�ò

&  Kondapo N�¨ b�c �‡   D�c
Park(KFiShna Dt�B )

9�E CrocOdile BFeediI

�w
",Hyderabad.

�c
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, 10. Papi-hills Sanctuary Crocodilcs Tiger, Bison.
(E.Godavari)

11. Ettipothal Crocodile Crocodiles.
Farn (Guntur Dt.) ,

L Anrnae,hal Pradcsh 1. Namdapha Wild llfc Dear
Sancuery

2. Paltui Wild Life Deer
Sanctuary

. 3. Iali Chapori Wild Lifc ..Decr

Sanctuary

3, Assam . . + Manas (North . Wild buffalo and
IGmrup) Rhinoceros

2. Kzirangl Saactuary Rhinoceros

4, West Be4grl 1. Jaldapara Sanctuary Rhinoccros
(Jalpaign)

5.  BIhar 1. Hazari-Bagh National Trger P Horned
Park game Tiger Resenrc

1. Gir forest SanCuaty Indian Uon6. Gujarat

7. IGrnataka "1. Bandipur Sanctuary Elephant & Bison

8. Ikshmir

2. Sri Rangapatnam Birds (Local & nigratory)
Thittu Sanctuary

1. Dachilm Sanctuary Kashmir Stag

9. Kerah 1. Periyar Game Sanctuary Elephant & Bison

10. Madhya Pradesh 1. Shivaputi Natioaal Park Chinkara

2. Kanha National Park Swamp-Deer,
(Mandia Dt.) Bison & Tiger.

11. Maharashtra 1. Taroba National Park Tiger, Deer & Boar

t2. Manipur

(Cbanda Dt.)

1. Kabul-Lampu Sanctuary Manippr Deer

UI. Nagaland 1. Itanagar Wild Life Tiger, Sambar, Elephant
Sanctuary and Trgopan Blythe

2. Pulie-Bedge Wild Life Tiger, Sambar, Elephant
Sanctirary and Tragopan Blythe
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U. Orissa 1. Simlipal Tiger Resenre Tiger, Decr

u,. Rajasthan f. i:r#rr*rsJ, 
Migratorv bird's

, 2. Rathambore and Tiger

Sarike Tiger Reserve

.L6. Tamilnadu 1. Mudunatai sancturary Elephant & Bison

2. Vedantharyal Bhd Sanctuary Migratory Birds

fi, uttar Pradesh 1. corbet National Park Elephint & Tiger

' 2. Chandraprabha Sanctuary Introduced Lion

(Varanasi)

3. Rajaji Game Sanctuary lntroduced Lion

(SaharoaPur)

4. Dudhwa National Park Trget

5. National Chambal Sanctuary Crocodile

CheckYour Progress

1. What is Wild Life Protection Act

26.7  SUMMARY

1. To understand the meaning of wildlife, the causes for extinction of plants and animals'and the

management princiPles.

Z. Measures taken by government to conserve the wild life that ar.e endangered.

3. To understand the importance of sanctuaries and national parls in India.

4. To know the objectives,management and the achievements in respect of Tiger project , Gir

Lion sanctuarycrocodile breeding project.

Synopsis

1. Wild life refers to the animals of forests,birds, reptiles,amphibiansf,shes and the plauts that

we came across in our surroundings.

2. Some of the animals, facing the threat of extinction are Bengal tiger, Lion, Hangul deer in .

Kashmir, Swamp deer in Madhya pradesh, Black [uck, pink dreaded duck, mountain quail,

Siberian crane etc.

3. To preserve wild life and to create nitural parks and sanctuaries wild life board was constituted

in India ur.1952.

4. Wild life was included in 42 and amendment of the constitution in 196.

5. Several projects have been launched to protect the endangered animals.
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268 CHECK YOUR PROGRESS�]MODEL ANSWER

1. ln19T2, the wildlife protection Act was promulgated.

The Act prohibits hunting, Killing , capturing , trapping injuring wild animats ur thc
forest, and in the public or private lands. The act has provision for setting up National
parks and sanctioners where wild life can receive protection.

26.9. MODEL EXAMIN.{TION QUESTIONS

L Answr the follmlng tn about 30 lines

1. Write an essay on wildlife management.

L What measures do you suggest for conserving the endangered species.

3. Name a few sanctuaries, their location and the animals protected under each of them.

4. List out the important endangered species of mammals.

IL Ansutr tbe follorvirry ln about 10lines.

1. What is the significance of 'Tiger project'.

L What is the importance of Gir lion sanctuary.

3. How crocodiles conserved under Crocodile breeding project.

4. \ilrite about Natiorial parks in India.

GII)SSARY

(Evolution and Zoogeography)

Achelulean Lower paleolithic culture characterised by bifacial tools with round
cutting edges.

Apes : Tailless or shor ttailed old world, Semi erect primates also known as

anthropoid apes. Gorilla, chimpanzee Gibbon etc.

Artefacts Simple object (as a tool or ornament) showing human rvork hum,an work:

(artifatcs) man ship - a product of any civilization.

Aurignacean Upper paleolithic culture marked by finely made artefacts of stone and

bone, Paintings and engravings.

Biogenesis Living thingq come from living things.

feagle Name of the shop in which Darwin travelled.

Blashda Stage ef de-rrelopment when embroy is a hollow sphere of cells arranled

in a single layer.

Blubber A layer of thick fat.under the skin of whales.

Iiadnpard bulge of Asip of higher human development whereby the of cranium brain

cranium projectsbehind the foremen magnurh and consequentlythe cranium also

bulges correspondingly.
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]  :�l   1lurlril�� lri

Cmt

Cedcal Vertebrac

Continental�u Ishds

contL"ntal�¡ elf

Dà� �_�¡ huo�g

distribution

Disper�»

.Diastema

Digitrgrade 
,,

Foremen -1gr* ,,.

Gastrula

Gene frequency l

Glacial age (Ice age)
l

Hernia

Hypsodont

Isolation

Island fauna

Mutation

Mimicry

Mousterlan

:A factor that tends to_restFiCt the�¡ ee movement,min�vIng�'

th"rbreeding of Ldittluals or popntions.Generally refers to a

materialor pl�¡ dobiect�` SetofobiedSthatdemocatesorsemsas

an obstruction.

Upper strface of,the can.

Vertebrae present h the neck�´ �å OfVertebrates.

usp hgeislands situated closeto�â �� hnd massand W���'
�g:hova to bc h physid�� ntactttthem h the past.

A tt sub�˝ �� e phne of vwing�⁄ �R foming a bordr to n

"n�V
�E �¿ �b �� :nding�V

aSteepslopemthettanic�ƒ .

A pecldiar�Ł

"Ofd�M

dhttnereidOselyrelated�w oup ofaninm

are situated in widely separate aFeaS On the em.       =

The process�å ��erewh Jspre�V �— orgamsms�¡om�˜ �V ,
another.

:�� ��:�` �˜ �câV�Ri�F �MT�` �z�¶:�¿ �í �R:

tooth t absent.

�£ �d�v�Õ �Ñ�R�¥ :�˜
’r’�M

�Vmm��re�—Ls�V�–

T�g Opening in theskuu throu�¡

�c

the spind cordPassesto�c

Medulla oblongata9the hind�� ost part 6fthe brain�B

Æe�_ layered ttd lat"thre,4ayorelembrOnicstaged�g �V �V 9�˜�E

Number ofoccurenctt ofcharacter representlng a gene tt a population.

A time of�� de spread of gladation or advanco ofice sheets from the

poles ch�R waS pleistocene ar�] alSO Caned age�B)

A protrusion ofan organ or part,throu�x conndiVe awall ofthe cavnty

hwhichmttnomalvenc10sedorlocatedi         j

Teeth ofthe category h�˚ nghincrownsashhorse�B

Separation of o"specles from another sO that they are unable to inter

breed.It may be duc to distance or some banitts.

Having a restricted oF iS date natural range or habitat in

fgeneraly30Ceanic�R lands.     :

Attable change ofagene suchthatthe changedcharacter L inhcil�z by

orspring Cells

The resemblances oforganisms to others �`  inaninate obieds in�˝ ��
[colour or atton.A protective adoptatiOn.

LoweF pdeOhthic culture chara�å �k by Wen made nask t�B �BIs o�¡ en

considerable the work OfNeanderthal man�B
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Natural scleaion Inteiisive selection by nature weeding out unadapted forms and briaging
out modifications through successire generations which make the
organism fit to live in an environmenL

Nictitating Thin, transparent eyelidJike membrane in aqtratic vertebrates which
opens and closes laterally on eyeball.

Nuchal crests Seesagittalcrests.

Origin The act of being created or born. Every species must have a
'slo/beginning one or other areaof the world at one time or other.

Prodigality Tendencyofproducinglargenumberof offspringbyasenrallyorsexually.

Patagium Wing-likeexpansionof skinbetrneendigitsof theforelimbandotherpafis
of body which helps in gliding movements.

Pneumatic bone Hollow, vacuolated bone which is filled with air.

Plantigrade Walking on the sole with the heel touching the ground as in man or bear.

Population pressure The organisms inhabitation a particular locality i.e. a group of
interbreeding organisms is called as a population . When a particular or
given geographic area is unable to support the increased number of
population, the pressure is said to build up.

Rumen First part of the stomach in cud-chewing herbivorous mammals with two
or four digits.

Rattle Epidermal modification of end part of taill in rattle snake. It becomes
hollow and dry. Produces warning sound when snake moves.

Receding forehead A primitive human character. In modern men this is vertical. In primitive
forms or species the forehead slopes back or recedes back restricting the

development of fore brain. The seat of intelligence or modern man.

Struggle for Survival Survival of the fittest. Competetion between all organisms, between

individuals and physical environment.

Serological tests Precipitative tests. Tests conducted oD the blood plasma of different
organisms to know their closer kinship.

, Synthetic Theory Modern theory of evolution.A proper blending of theory of Natural
selection of Darwin and theory of inheritance by Mendel.

Selection Natural selection e;rplained by Darwin.

Sagittal crests Elevated part of the skull in the region of skull . A primitive human

. character where powerful neck muscles are attached.

Simian gap A strong wedge in the incisors and canines in the upper jaw of apes into
which the lower caninEs fit . This is absent in the humans.

Simian shelf A strong wedge in the front part of the lower jaw of Apes to support the

canines and ginding teeth. This absent in human species.
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Supa oftital ridgcs Bonyridgss simarcd above the orbits. This is a prehuman or prinitivc
human, and simian character.

rhpoid grand 
ffim"m:ilT:H,if,ffi:Til,$HfiilI;1trll,I
metamorphosis.

Unguligade Walking on the trps of digits or hobfs as in cattle horses etc.

Variation Difhrences be,tween two organism- or parts of organisms

Wallace line Ahypotheticalorimaginarylineorboundaryseparatingthediaticfarma
from those of Australasia (as well as flora) and forming a oorilnon
boundary of Australia and oriental. Biogeographic regions (See thc Tex
for this as well as Lydekker's and Weber's lines).

GII)SSARY

(Ecotogr)

Abiotic factor Ecological factors of nonliving nature.

Aestivation A situation in whicft organisms spend the unfavourable sqasons.

Autotrophic Organism capable of producing organic materials from iaorganic
materials.

Association Unit in community charagerized by uaiformity of species composition .

Benthq Organisms resting at the bottom sediments.

Biological clock occurrencc of procases in organisms in a rhythmic way.

Biochemical filSen Amount of dissolved oxygen required by micro organisns in water.
demand (BOD)

Biodegradable capable of being decomposed by bacteriar action.

Characteristic Species limited to certain community so that they can be used to identifyspecias the type of community.

qinax The community capable of perpetuation under the prerailiag clrmatic
and edaphic conditions.

Connunity Groups of population of plants and animals living together in a girrcn
sPace.

carrriqg capacity It is the density level at saturation or equilb'rium.

Competitioa An interspccific or in traspecific interaction

Chlorina'tcd Spthetic organic compounds containing Carbon, Hydrogen andhydrocailrqns Clrlordne er DDT, chloriane, Deildrinetc.

Dclsity Number of individuals in rclation to spaoe.

Epilimnion Upper layer of warn water in a stratified lake.
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��
"m     lt�R

a llnil of biOSphere consisttt of living and m�o �RØS
‘�chteradingtO produce exchge ofmåN çp �R betwe�g thØD

�c

       TranSitiOn hne between the diverse�å �R�clttties.      �]

Ecome       A sub species adapted�M to a pmicular set ofm�c mtd m�…�ü �E

Lttm      Wming awayofean’s surfaobywind andwater�B      .

Hwolimnion     L�� v7er layer of�� ld water h a stratined hke.

Henicide      chemicalthat kius or mJures plantlife�B            _

Lntic habittt  Habit�] �� standing�Z
"�›

,pond�B

Lttt habitat       Runningwater bodies�› ,spm3mterfac.

�� �å d zone   Sh�x owwat�å �Ó on�� lintpen�g

�g

e"�g
�g

Om�E
�\

Limnetic ane     water zone�� h effed�g lint penetrtton.

�Q Table     Tab�ß adOn presendng�� mplete data on mortdty rates ofa popttion.:

bttdC CWe    ‘s’Shaped�w owth cwe ofa popuhJb�B

Neuston        The OFganiSms which n�g at tt water interfac.

NelCon     ,,hge aaiveswh�˚ �¥ Orgamm.

Plankon      Animals or phnts which can not overcome ttents.

Phytoplankton   Plankton�¡ J�� �V  material

Periphyton      
�c

orplants that aFe dinginglo�g em Or ntt OFr00tedplants.

Promndal �¯ ne    waterZOne atthebottomsbeyond�R ,penetrationoflint.    :

Photoperi�˚     Responses of anint and plan�g to light anddarkn3.

Population     Group ofinteracting indttuals in a given space.

Pesticide         An agent that kills the pest BLInsecØ[ �� �¤�B

Pollution              An unfavourable alteration ofthe envronment�B                   |

Radiosotope      An�¤ otope that disintoFates emltting radiationeners.

synecolog ’    COmmunlty ecolog

Self re�r �q     POpulation regulation h Whn the increas�µ �Rprevented bythe intemal

attuStmentsinbttaviour,physidoswithin the population.

Themocline           irhe subsurface lttr ofthe lake�B

Themoreration   RentiOnof�� nttant body temperature�B

Territory      Anareathat L defended againsttheintr�˚ ons ofothers ofsame spmes.

Teratogen      A�¡ emicalsubstance that cancan developmentdmçW �c m�R�Q han

embryo or foetus.

Zoophnkton       Plankton forms Ofanimals.
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;OHYDRATES,IPROTEINS ANDlfUnit�] 27 �ƒ

FATS�] BIOLOGICAL OHDAT10N

Contents

n.L Objective
Tl2 Introduction
n3 Carbohydrates

27.3.1 Classification of carbohydrates

n.4 Proteias
2ll.4.1 Structure of Proteins

n.S Lipids
n S Jelassification of UPids

n.6 BiologicalOiridation
nJ Summary

n.8 Check Your Progress - Model Answers

n.9 ModelExaminationQuostions

27�B1 0BJECTIVES

This unit is to know the basic chemical compositioa of living organisms and their cherioal

nature.

By the cad of this unit pu will be able to describe:

o, similarlyproteins and lipi&., thcir classifications and metabolisqs

o and Biological Oxidation.

272 1NTRODUCT10N

An living Organisms are mainly�� mposed of organic sub�Õ �¿ ces lke carbohydrates,protei�°

fats and nudeic adds.Beddes,minerals]k,sodiump potasdum,calclutt phosphor�¿ �A �˚on
etc�B ,are also present in the living organisms.

As yOu h�⁄ ,foOd�R m iessential�`

�Ù �ô
f�� r�x

�R
�E�_

�ô �y�Ó ,çW
�w

�œ�˚ and maintenanceo Food�R also mainly �¿
�� tamins etc,plants synthesise mbohydrates by way of photc�Ł � �̋˚ �¡ s and this becomes bain

�Ì�� �V
u�À

�x�I �v
e organic substances.�˚ m�R�ythese�¿ d ttms directly

ln this present chapter�˚ �¤ attempted to dinss the basic chemical natuFe Of Wbohydrath

p�� teins and fats,And also an elementary idea of the�Þ metabdà� h and mnctiond�‘ �ßäFæø�å
wll also be dLctted.

273 CARBOmR�o�d S

Carbohydrates serves a .as a mqin source for caergl for all living organisms. Sub*aoes lib,
sugars and starch are some of the best examples foi carbohydrates. Chcmicaily spcating
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orbobydmtes generany �¿�˝ �R

�g

�Bfcarbot hydFm and Own eLmentsin thetr molecules
h the�� �ƒ �˚ On of 121 3�� can be reprett by a perd fOmula.

Cn�‰2011�¡

uOhydrates may be deFned as aldeLyde or LtOne derivats of polyhydric(moFe than

one�] OH FouD alCOhols or as cOmpounds that yield these substances on hydrolysis.

273�B1 0ossittcatton oFCarbohydrates

Cenerdy 60hydrates are chssttd as mono,di and POlysadarides based on the n�R ��
of s�� �Rdde mis prment.The tem saccharnde t coined for some carbo�‹ �mates EL
sucrose(cane sugar),glucOs�� �˚uctOSe ctc.because of their nature of swecttts.

1�B      Monosacch�Ô des

nesc are also ote�Ú �I Caned as simple sugars,which can�¡ ot bc hrther hydFOlysed.
Monosacchtt a�g basic mits d carbohydr�z �� d�@�� ding upon the number d tth
atm�Õ They may be subdivided into t�v oses,tetroses,pmtost hexoses or heptoses and as
aldoses or ketoses depOnding upon whethcr the aldchyde or ketone group is presenL

TFim (CJ603J
T�] ose(C4H804)
Pentose CCsHlo05)

Hemsc(QH1200

Ndoses

Glycerose

Erythrose
Ribose

Glucosc, Galactosc

E&aes

Di\druyacetonc
Erythrulose
Ribulose
Fruetose

The most important hepse sugar b glucose, ufrich is an ultimate energ/ resourcc. The
stnrcture of glucose is given as a straight chain and the uaturally occuring form (Fig. 27.1)

2. Disaccharldes

Yield tno molecules of the saas or of different monosaccharidcs u&en hydrolyted.

Eg: Sucroce, Lactose, (Milk SWar), Maltme. For crample, on hfdrotysis sucrose gives rise to
gluoose and fructose, where as maltosc gives two molecules of glucose.

o\^ 
-*

"l
_l

H-lc - Qx

,lHo- 'c - H

I

r- 6C 
- 

OFI

I,_ si oH

6. I"c_-/ i x

��                 �E

�⁄ �ì 27.lS"ucture of glucom�Ö .Open chain structuFe Bo Cyclic structure.

6c H2�� H
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3. Ollgosaccharides

Yield three to slr monosaccharde units on hydrolysis.

Eg: Raphinose (Trisaccharide) Verbascose (Pcntasaechardie).

4. Polysacctarides

Polysaccharides consist of a long chain of monosaccharide units. On hydrolpis yeild morc
than six monosaccharides on hydrolysis.

Eg: Starc[ Cellulose, Glycogen (Animal Starch).

Metabolism

Animals get carbohydrates through food. After digestion, they will be absorbed into blood
circulation as glucose and finally reaches tissues. In tissues the oxidation of glucosc yiclds
energy rich substances like ATP (Adenosine triphosphate). During the process of oxidatioo,
the glucose molecule is fust converted into pyrucvfo acid by glycobsis. In the presercc of
o[vgen the pynrvic acid is hfurther broken down to COz and water by way of cfuic acid
grcle (AIso called as. kreb's c5rcle) in mitochondria

The ghcose can also be stored in the form of glyaogen in liver and muaclc and conwrted
to fat in the adipose tissues.

27�B4 PROttINS

�Ô �z�� �Õ �Ù �D�� �£t�ß �ƒi�¤ �Nhå¥
�Õ essentlal and mm�E essenØ[J�� mino adds.=s"nd�v a�˚ no adds are thO"that mnot�à e
synthesLed by thc animl bOdy and has tO dcpend On plants.

�Ó L�� �ç �¡ �˜
r:�t nSiSt J tth�� �� r�˜ �¿ �b rttm m1 0vge�¡ h addidm m

Æí 1�D�x�� �º�÷ �°s��
�p

�� li�Ł

�I ÆO
�÷

�× �\aspartic acid,cystine,glutamic acit glutaminc

Amino acid k gcneratt represented as:

R

H2N�]CH_cOoH

�í
‘�æ

�˙ �⁄ �I f�ß I�p �] L�Ì �d"’h ttC�˚ m add�] cooH represm�˚ e
nelc group.                            �]

ØÜ a�í �� �ç

æk �˚ d�“ �fl c�É R)�g ho ad�Ó a�¨  dM�gd�� 0�g �“ r4a�À

W�à a�[ :L�Õ �À �� cWa
Basic amin9 addS   :  Lysinc,Arglnine,Histidine.

Peptide

à  ÆåØ}�Ø �œ�� �� æk�ˆ �e� �̆Ó T�P�R
Sl
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Example :

R1  0 Ra

Htt N�Œ �v H�Œ�˙ __NH    �]�Œ LH__c�B �B H�] �m H20
�]      Peptide bond

Many such peptide bonds between different amino acids give iise to proteins.

27.4.1 Structure of Proteins

Protein structure can be considered at levels of organisation'

1. Primary structure

It is the sequence of amino acids arranged in the protein molecule.

2. SecondarYstructure

It is the folding of polypeptide chains into coiled or plated structures held together by hydrogen

bonds-or folding stabilized by disulp hide bonds.

Tertiary structuqe

It is a long peptide chain coiled and variously folded in itself resulting highly specific three

dimensional configuration by the various weak molecular forces within the protein' The various

forces involved in the maiotenarrce of tertiary structure are hydrogen bonds. van der weafs

forces, disulphide bridges and ionic bonds'

4, QuaternarY structure

The union of different polypeptides to give a functionally active molecular structure'

Eg: Formation of Haemoglobin from four polypeptide chains

�Œ�Œ�g�n�n�b�Œ

��
��
�� �g�Œ

�g

�h

�m
�{

�n
��
�b�D�Œ

�o
�h
�b�g�Œ�m�g

Metabolism

In animals, after protein digestion, the amino acicls are absorbed into the blood circulation

and reach liver and other tisJues. In liver, the amino acids can be utilised for enerry production'

In the process of amino acids break down the ammonia formed from the amino group is

converted to urea and will be excreted. Besides, the amino acids are also utilised for the

protein synthesis and other biolo�v Cally important subStances,

275  LIPIDS

Lipids are important diCtary constituents.They includo fat�A
Waxes etc.The name‘lipi�† is

�� �r �o �I �ŁIW�l
1�˚ �� �br�ø ���u

�˝ �à �í �D �Ô

�– oo�¡ m�fl �� �ˇ h�¡ e d ph�å :�Ù 1:�I :M_r�Ü :�S 1�Ł �g

d�� n�B �� OVe�R�Q �—s lipids

)carbon,andi�¡ ydtogen ratb �_

OVgen C,H:O m lipiO,is higher ttan carbohydratOs,�R
e enett yeld iS ttOre per Fam�»

lipids to carbohydrates.
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The hydrog"r, ioo, and electrons th4[ are resulted during the oxidative reductive reacllal
no* tilro.rln the electron transport drain present in- mitochondria. The electron trampoit

chain conslsts of various electron carriers like cytochromes and the necessary enzymes to

transfer the electrons. During tho process of electron transport, the energ5l is trappe-d by ADP

and converted into 
"n"rg,, 

."i"t *-pounds like ATP. Thus, there is a coupling of oxidation

t" *otpUttyiation. Thii'process is called oxidatlve phosphoryIation' During--the electron

;;"r'6;;t *r,ii", ttr" electrons are finally accepted by the molecular orygen to liberate water'

To conclude, the ultimate aim of the biological oxidation is-to produc'e hrgh ene.ref ric.h

substances like ATP. io 
-q*t" 

an example, take glucosed. When onc glucose molecule is

;;pi"t"ly oxidised to giue COz and watir,.it giveJ a total number of 38 ATP molecules.

CheckYour Progrcss

Io Match thefo1lowing

l. Glu�� sc     (  )

2.   Peptide bonds   (    )

3.  �À �]0�˛ datiOn    (   )

01cic acid

ao degradative pathWay for fatty acids

b.  unsaturated faw acids

co    Monosaccharide

d. Proteins

27�B7 SUMMARY

Living organisms are mainly composed of carbohydrates, proteins and fats.

Carbohydrates forms the main source of energl for the living organismS. Glycolysis and citrie

acids cycle are important pathways in carbohydrate metabolism.

Proteins are the building btocks of the animal body. They consists of amino acids.

Lipids mainly consists of fatty acids and lipids yield more energy.

Biological oxidation provides chemical form of energ5r to build and maintain life.

273 CHECK YOUR PROGRESS,MODEL ANSWERS

�P
�D
�@

�Q
�D

�R
�D�@

�S

�@

�T
�B

1.c 2.d 3.a 4.b

27, MODEL EXAMIN�p�¡ ON QUEST10NS

Ansrrer the following in about 30llnes :

1. What isbiological oxidation?

2. Give an account on classification of carbohydrates ?

3. What are proteins ? Add a note on the structure of proteins.

Ansner the following in about l0ltnes

1. What are amino acids ?

2. Write briefly on the classification of lipids.

3. Write brietly on the classification of proteins.
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282

28.1 0BJECTIvES

THs unit deds�� th the nutritive value Ofvitaml,S,�» acro Obttents,sourtt and their dcnden��
spptoms.By the end Of ttis unit you will alsO be h a posltiOn tO aplain.      1

�� based On the caloricvaluloff00ds the nutritive requir6ments,

��  and balanced diets.            :                      �L  .

�Y TAMINS

282�Bl lntroduction

�Ytamins as you know are an.�¸ o�¡ ed_goup of demicals�¡ sc�‡ J fOr the maintenance of
nomal metabdic hctiOns,In additiOn tO carbohydrates,lipid�R proteins�E in�å æx nic saks and

�Õ �~ �� �Õ �‚ 1�Q �@ [�U �H

�� ep�ƒ
"��

�] iQnal compoun�g h�V
,

may be detted as"potent oFgamC COmpoundsl

althoun Only minute amounts are necess�¿ �B

�ß ct�\ ‘Vitamins’derived�¡ om‘Vit�v �æ �� es’was cOined by Funk(1911)101�¢ Cribe these

aussory f00d fadoF�A WhiCh he thount.containeC amLK�mnitrogen.It"�¡ ow knCW�˚ thtt only

a few of these substances contain amino�] nitrcen and the word has beæk shortened io

‘Vitamins9,a term which has been umvettv ampted as a group name.

Early studies on the vitamins emphasized the mOre obvious pathologilc changes that occurrOd

when aninals were mamtamed on Vitamin�] de�� �� �_t dietso indeased knowledge of the
physiologic defects and consequent diseases�R of an apphed interesL

2822 Classiicattons ofVitalnins

The vit,mins are generaly divided into two mttor groups:fat soluble and water�] soluble.The

fat soluble vitamins are�Ö D,E and tt the water soluble vitamins are the B�\ complex and C�B

For the sake d conveniett and easy under�R �c �s�d theyÆí be considered h th alphabetical

order.

�p knov71edge of chemical smture,physiological role,ddcienw diseases and avdable source

of�� tamins is essential in nJH�R mal studles:
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VITAMIN A                                       ._�A ‘

�Õ �« �� �À    �fi     �F�[ �y�D
It�¤ .rmdi�Ł

ldestroyed by oxidation�¿ �| posure to aiF Or itL      .�E 1,.

In the eye,retinOl(�Y tamin�¤ hndiO"h the transttion of lint�� �å�…�¡om the e�� :

�ä thQ.braind ThO mtinOl�\ combines�� th the P,tein to fom a�� stal pirnt�� äF �«Lg�R���'�VQ9

by the tteaching of which visitt is pOs�ì le h dim lint�R       , 1.i
Retinol +Retinolreductas Z=- Rhodopsinr--
�í �ƒ �� �fi �¿ rwm�R �í �£ �R àp �� �� �ˇ �| �{ �R
to‘Xerophthalmh’charaderized by drying of the coniunctivao An early sip of this vitamin

delden�Ł in man is night uindness(Nyctalopi�¤ ;f0110wed by premattre oldage andi�b
of h�v �Þ�B

Sou�\

Fish l�g �¡ OilSP su�¡ �¡ower on,ghOe,I�g F,but�‹ milt egsP.Æí �� eL m�A carrtt spin4
swect potatoes drumstik,green leavesp.latu",wiandet ttarttthuS,"m.leave�A �¢�æ Ø‰uih,

r13 mangO,papaya,tomatoes and orange,�B

VITAMIN�\�ô OMPLEX

The V�¡ �˚ n�mcomplex comprises of many Vitamins all�� ouped tOgether because�˚ �° are

au water soluble and ca�Ü b�v  obtained from the liver and yeast.Several of these vltamnns are

"��
�˚ �Ô pan ofimporunt enes.The recognised iutrHonally importanttB�� �' �˚ ns h�j

disc�\ dLær
�¡ mmin(Bl)                                           ‘

Lt=�µ comp�˝ �¡ itrogenem base�� ntaining.a wagnndin nng Joined tO a thiazole mg.T�g :

man�Ú �Afom:bf thiåN n in a�— mal ttues isithe dphosphate known as tthitt pr�s phc�¡ ,ha�°
which�à phosphorylated�� th AT.This Vita�˚ n tt very soluble hiwateF and MF a d�˚ �` �¤�Ù dc�E

�í �@�µ �u�d11�Q
�E
�z,�—�� 1�Q�� �ô �xF�v�ô �� �ì     |

partial paralysL assodated�M th polyneu�v J�Ì o Early sttptomS Of thiamin d�v ndett�`  ind�V
tiresome,loss of appetite and mental disturbance.                                �]

SouØSâ �̃u:�]  i          :                                  �]                     : 1 �]=   �E

MŒ�’�I �í :�[ �¸ ��̀u�v çaCashW’giant ttL�R FT,�b ’�]
:

RibOma��n(B2)

ªJ �À än �—
�fl �R

ifravin adenine dinucledde AD)�n
�'

�ª �x �ð :�@I�í �Ø�œ �í �£ �D �]
lancc to L�‡ �µoØ[on.                      ~�E

Sou�\

Litcr,'alar;n& oocmrt;, sq&bean, beogal gre, black graq jowar, barley, maiza,'uipollshid:
rie,'t'rfr-rof cdiedc ragi, chi[ics, 

rypuy* 
cashew fruits,figp, mangoes, niitq li\rer, and- EdnE .

57

B R
 A

 O
 U



Nicotinamide

It is an amide derivative of nicotinic acid (niacin). It is a stable vitamin and is not easily
destroyed by heat or oxidation. It functions as the active group of two coenzlmes namely
nicotinamide-adenine dinucleotide phosphate (NADP),which inrolve in'the e;nerry production
through electron transpo,rt s)rstem.

A deficiency of niacin leads to a disease called pellagra (rough skin) characteized by disorders
gf skin, digestive and nervous systems.

Sounces

Yeast, liver, groundnuts, meat, fis[ kidney, chillies, raddish, barley, wheat, peanuts, soyabean
and green vegetables.

Plnidoxine (k)

The Vitamin Bo, pyridoxine is a pyridin derivative exists in three interconvertible firrms viz.,
pyridoxine, pyridoxal and pffdoxamien pyridoxai phosphate, an active pyridoxine plays a
central role as a coen4Ere in the transamination and decarboxylation processes . It also takes
part in the absorption of amino acids from the intestine.

A deficiency of this vitamin rEsults in the ileveloment of pimples, dermatitis, excessive sweatitg
with oedema, anaemia and nervous convulsions.

Sources

Wheat, raw husked rice, liver, bengalgram, greengram,redgram, blackgram,soyabean, milk and
yeast.

Pantothenic acid

It is a dipeptide derivative. It is a constituent of coenryme A.This vitamin is bound with
adenylic acid, mercapto ethylamine and three phosphates to form coenzyme. It imvolves in
fat and carbohydrate metabolisms

Deficiency of this vitamin in man results in the retardation of growth, loss of hair, gastro-intestinal

disorders, muscular cramps, rheumatoid arthritis and burning sensation in palm and soles.

Sourcrcs

It is widely distributed as its name is derived from a Greek word "pantothen", i.e.,from every

where indicating its ubiquitous occurrence. Good sources are liver, egg yolk,kidney, fisb, milk,
yeast,soyabeen,.peas, mangoos, guava fruits, groundnuts, sweet potatoes, amaranthus, drumsticks,

tomatoes and cauliflower.

Folacin (Folic acid)

The word 'Folacin' is used to indicate a number of compounds which are derivatives of folic
acid (Monopteroglutamic acid). It was originally obtained from the leaves of spinach (L.
foliuin:leaf). It involves in the synthesis of choline and serine.

Folic acid deficiency in man results in the impaired erythropoiesis (production of R.ts.C)
leading to anaemia" retarded gfowth, loss of appetite, sore mouth , diarrhoea, epilepsy and
mental disorders.

Bietin

It is a complex organic compound isolated first in 1936 from egg yolk . It serves as the

prosthetic group of several en4@es like acetyl ooen4/rile A, carboxylase etc., which involve in
energr metabolism.
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De�· �¥

".Of biOtin results in the lack of appetite,scaling of skin,fal1 0f hair,and munar
�g

mess in man.

Sources

m�Õ �º �B�� �Õ�ß�fl �ẘm.��
�µ � r̋tt amaranthu�à cabb�¿,SpinacL

�r �x�R�� �VW�˘ �Õ bl�Õ �x�]
C�† Synttesis Within the m�“ organism�g

a potent newotransmltter helpful in the nerve

impt transmission._

De�¡ cien�� of thiS�� tamin leads to�¸ tw ctrrktt ofliver,haemorrhagic renal changes,enlaFgcd

heari due tO hin�N Od prOs�Ì uFe and arterbsclerosk.

Soures

u�fl ,h�Œ �Ü dn�Ł ,ycast me�] ,cggs,�ß ,�¿ damOn,cOdander,cu���Ü seclS,bean,��
|

r00L mushrooms,groundnuts and yeast.

VrrAMIN B12

This�� tamin is the cttnide dcrivative havlng cobalt and hencc itis also known as cyan�å
obalattlne.

It plays an important rolc in the transformttm of mcthylm�v onyl�� c_e A to sumnyl

CoA.

Denciex�`  of.�Y tamin B12h mall causes macrocytic anaclnla �Yth leosions of th,PCW

systems.1�g dencien�Ł dso resul�g in psorlasls and lack of breast milk.

Soures                          �M

L�Ó rr,Md�� qL Flsh,Chicken,cgFP milk,butter and cheese.

VITAMIN�]C

It t chemiGtty caned as ascorbic acnd and tt a water soluble compound.It t a�� louFl�� ,

duine a�� |.lyt=reducttg properties.�¡ �R that ttable in acid soluttL but�M re�R
decomposed in the�� abline"dium.It plays an lmpomt part h direFent OXldatioIL�] redud�g m
prO�\ aS t�R a powerm reduang agent.

DeFlcietty of vitamin C results in anaemia,�\ eeding gulns,bbading piles,haemorFhage,

abo�g lons and�E Lads to a discase ded Scu�Z y charaderized by spons and bleeding gms.

Sources

Cttrius fnits,Amla,�¡ ose petals,rose petals,d�\ tick’s taves,neem leaves,unrlpe mango,

�b hav�L �¡ uit,M�\ ley9 sprouting seeds,corionder and tomato:

VrrAMIN�E D

At least ten direrent foms of Vitamin D are known eFgisting in the fortt of ster61s.The

two important foms are ergodciferol(DD and chOlecalciferol(D�¤ .The D Vimttnsiare
insoluble in water but soluble in fats.The prmclpal action of VitaminC is to prcªŁ lot,��
absorption of calciun and phosphorus necessary for growlng parts of thc bo,c. When the

body�¤ eposed to adequate sun�] lint�M th the help of ultravioLt radition Vitamin D�g

�V h�¥ �� in the sh.
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�p denienw�� vitamin D in�¡ ildFen�« �n�z�´ �� �¿�« �‹ results�¡ J�� �s�x

�g

i�¿ �@�Ü �B_àh ��

�c

h�_ �ü h�q S and enlarged it�˚ tS dttd 100ks Old�� th mttued head,delayed tming
and Psoriasis in prepancy and lactadOn are also rertered duc to dettdan9 0f �Ytmin D�B

SouäŁ .

FESh�å

�g
r OiL tth,cg3 1iver,butter and milko nis vLttin scan also

epoure to mOFning and evening suno             be synthesized on daily

VITAMIN�]E

The Vilamin E activity of f00ds�R

�g

ributed to a"ries Of compoundsiOFiginating in phts�]
t�p

tocopherols and the tOcOtrienOls.Eight naturd,occuHng forms Of t�g
vitamin:�g heva

Of them four are saturated �¿,A�` ,�X ,and tOcOphOrOls and the other fOur are �Y M�� �c
�¿�£�À 791,to�� pherols.But at present Only to�� pherOl t(�à nsideri�Õ
Vitamin E content of foods.Vitamin E actS as a biologlcal anti10pgndent�B

and ttidation are influenced by the anount of Vitamin E.

�p ChttS�� �ved�� h rats�@ �Z amil E dO�¡

�g

�� �E t showed�˚

�Ø �� �D Œ�
reproducc and hence it is also knowEl aS hntisterluty �Ytami�s �B�¡
abortions�E dysmenOrrhoea(Palnful bleeding in mensus),hypertensiOn and poor lactadOn are

the deFlcien�Ł symptOms of Vitamin E in man

So�� �[

Pah OnL SOya�E�� ttOn seed d,swect potatOe�A beans,wheat�¡ Our,tOmatoes,unpolished rk�×
qBs and butter.Fd�g �� C aples,�B ranges,and bananas are poor sources Of Vitamin E�B

VFrAMIN�EK

O�T�V�' y t Was reported thtt vitamin K �Xras an essendal factOr
hacmOrrhagic �Ymptoms and hence a team Of           in the preventlom Of

Danish scientist gave the name"Coanation fact�⁄ "tO the �Yt�i l ttCh hteF beCame
shortened to K fador Or Vitamin K It�¤ very nhary foF the fOrmation Of prOthrOmbin tLch
plays a Feat�Ł �_ le in bloOd dOtt�fi

The most naturaly ocurmg�� mp�Yd Of vitamin K�¤ phyuoqlinone �V �R�fi �‰d in green
plants.�¡ �¤ a fat soluble vitamin.D�o �Ł Of titt Vitamin causes idarhict spr�� ,�¿ V"
disorder and iaundiCe in the new bOm and un�� ntronable hemorrhage in generd. l i

Souå¥

�M �A�¡v90iL spFOuting sceds,spinach,caulinower,cabbage,cgs,milk and rlsh meal.

HYPEI�¯yrr�n �oà INOSIS

Pathalogical condidon resulting�¡ om an overdose of�� tamans t temed as�� �m�˚ ta�c .

Under naturd conditiOns,l t unlikely that sOme in�R �� duals as well

rulve excesslve doses J iamins�¡ �åe�R plent�µ d eperimenta c�` �Q�¿�÷ }�ì
toin yptoms of such hyp�å �]vitamlno�� �V man and otheF anin�� The sntOms indnde
a�B�| �æ�Ö emadationD bOne�¡acme and abnomal�wowth.           �]        :

�î DOWE NEED ADDFr10NALVITAMINS?

�¡ �å �⁄ be a tte�] �° need for tradittd�� ta�� intake because�� �V  COnsumption of
polished�Ü ce,mahutritio�¡ poOr"nsumpdon of iesh vegetablet and�¡ uitt aclerated use
of Fticides and toxic metals in agricultural practice;enhanced strn h dailyæo ;�c L�‹
habits and living�� nditions inviting a host d infectionso Above a�¡ exceSSiVe coOking and
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roastingà£ u drdn a good ded of�� tamin�� ntent�¡ om food.D�˚ ng peFiOdS Of J�£ �Æ

preran%lantion and�| �q the vitamuin rcquirement hcreases.

283 MINERALS

Miner�z compr�g �� �� J�\ dtt m��
�T�l�w�Õ �� F=�' �† �í �˝been(�‡ bd.The minerd elemen may be d

and�Þ �_ :J(d�ß �V uØ[

�g

tS)elemem.There are 7 ossential elementl CJd�' phosph�¢�°

M�d�ß
‘�‚

�' SOdØDpOtWin Sulphur  chloina ney mm�É abo1 70�] 807o of the

çWçW�[ �  �R �°    �R�˚ PT
CALCIUM                                      i

�I �� �£ il�º �~�w �D   �À l�í �@:�x �O
of the skeleton and tecth in which about%

essential for nerve and muscle mctions�B                          .

DenclettsymptOms              _

Retarded growth rate,OsteoporosiS Lading to the decalcincation of the�g
",Lpertti��

�⁄

and tetany leading to deatho ln adult individuals and admals Calcium dettciett produs

Osteomahcia andibones become weak and bones become weak and e�˚ �fl båN�¢ , I

Sources

Lcres ren le�p �\ Vegetable�¿ milL meat,�¡ sh meal,bone meal,Cereals,citrus molT�å ,

SCan and"�Ô               �]             1

PHOSPHORUS �Aj ritl�]  �]
|

1�˙ �Õ �Q :T�q �r �l �y�I �C çW �r �I �� :
booo�[ d tteth fomttion dich consthute about’80m Of body phosphons. 

�v  ~
�¡ i I:: ,:    �¡ .   

�E              :       :                          :�E 1   ’

DInciency�| �~mptorlns                                                           _1

�O�R�” �¨ ,�í �o �l l�z çWLT�� �{ �£�`19�ƒ
SouH�¡s

Wheat bran,all�î �› prttin iX�\ �R�¿

�g

Ec meat FIsh,milk,gralns�� �ˇ

"en Ve3etabL�OMAGNESIUM                       _  __

Magnesiu�» �R closely associated with calcium and phosphorus as well.About 25g of map�\

�¤present in adult human s�A It aCtS as an advator of severd.c_es,viz"C�˘ å� Œi�� �° ,

ATPase,phosphorylN etc,

Denclenw symptoms

ln�\ d nemus:�o �ï onvulSiOns,:muscular w�Z ��es and’virtigo.HITomaresaemalic

tetany�R commoi in animals(cattlel and man leadlng to hin�� Ortality.   ~
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Sources

Wheat braq barley, dried yeast, cottonseed cake, cloves, cereals,milk, fish, pork, beef and
liver.

SODIUM

It is mostly Present in the soft tissues and body fluids along with chlorine, carbonates, and
bicarbonates. The adult human body contains about 100 g oi *diur. It plap a special role
in nerve and muscle activity and also regurates acid-basclahnce.

De{lciency symptoms

Retarded growth ,eye lesions and reproductive disturbances in man.

Sources

Meat, eggs, marine fish, seal meat, millq leafy vegetables, papaya and pine apple.

POTASSIUM

It occurs along with sodium, qhlorine and bicarbonate ions. In adutt human 2509 of p.otassium
is present. It plap and important part in nerve and nurve aad muscle excitability. 

- '

Deticiency slmptoms

General weaknesg muscular paralysis, slow growth, stiffnass and emaciation. In animals
h)?ertrophy of the heart occurs when fed on potassium deficient diet.

Sources

Barley, maizr, raw rice, pulses, leaS vegetables, roots, brinjal, pumpkin, drumstick and tomato;
grapes, dates and guava; dairy products, beef, pork, fish ur" good sources of potassium.

SULPHUR

It occurs in piotein containing the amino acids like cystine, cysteine and methionine. Only a
small amount of Sulphur is present in the body in inorganic form. It involves in the spthesis
of sone vita-ins and amino acids. Deficiency of this element is not usually considered.

Sounces

Liver, least, milb cereals and green vegetables.

CHLORINE

It is associated with sodium and potassium. Chlorine is excreted from the ody io the urine
and sweat. It regulates acid-base balance. Its deficiency leads to disrupted nerve and muscle
function, gastric troubleq loss of appetite and vomiting.

Sourrces

Fish, meat and marine animal food.

Ihace elements

Trace elements are required in extremely small amounts in the diet and are widely distributed
in food stuffs. They play catalytic role in cellular metabolism.
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IRON

About 93%of the iron is cOmbined with proteins like haemoglobin and ferritin.It is also a

component of several en�¯ �ßmes like cytochrome and navoproteins. total iron content of an

adult man�R about�� 5 gm.It h necessary for hacmoglobin fo.�g �æation and ccrtain e_c

reactions.Iron derldency lCads tO anacmia,wlth the sttptOms of gencral fatigue, oedema of

ankles poor grou�‰ h, and pale skin.

Soures

Green lett vegetJes,logumes,guava,grapes,bamana,apple,cereds,iaggeryp meat,bbod

meal,�� h and cggs are important sb�] ceS Of�Z on.

Copper  _

It occurs h tte �\ ood lhsma�E It involves h varbtt e�` �� e syStett and syntheds of kerttin

for,o�ß mal groWth and pipentation of hanr.Its deiciency leads to deplgmentation,FeduOd

thett growth and weakness�B

Sources

Barley,raw liCe,Wheat,bengal graT,green gram,horsegram,coriandcr leavcs,potato,dru�˚ stick,

banana, milk and u�¢ .

COBALT

Cobdt s an important component of�� tamh B12 hence its deidency can be cured by iniecting

this�� tamin. Its deiciency causes mainutrition, decreased fertility and poor appetite.

Sources

L�I
"g�v

t10�q nOrmJ pastures,meat,milk and iuits.

IODINE=

lodine is a mttor cO�˜

�g

tutent of lhyrttnc h�å mone�B lt involves h the reguhdon of gowth

and normal eners mctaolismo lts dendency resul�g in endcmic gOitre leading to cnlargement

of thyroid gland,retardcd growth and impaired carbohydrate metabolism.

Sources

Crude common sJt,maFine iSh,kJc,cabbage,raddtth,soyabeans,Inseed,peas and grOundnuiS�B

FLUORINE

It is more concentrated in bones and teeth. The clement is very toxlc and a lcvel in thc diot

abovc 20 mag of dry matter causOs a condition known as�¡ uoro�˜ t in which teeth becomc

Pitted and worn out.

Its require�� ent is abOut l PPM in drinking watcr.Fluorine requirement of the body are met

by quantity present in drinking water(l�V 2 PPM)in mOst regions.Its deidency causes dental

and skcletal fluorisis.

ZINC

It is found ii every tissuc and tcnds to atcumulate in the bones and hair.It promotes general

growth and wound hea�g ng. Its deFncic�¡ Cy rcsults in poor appetite and skin erruptions�B
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Sources
.- ' '-:..-

Yeast, green vegetables and sprouiling grains.

ulucaNEsE

It is present in extremely small arnount in boneg liver, kidney and pancreas. It pronotes
enryme catal}sis, growth and milk produciton. Its deficiency leads to imlraired grout[ reduced
fertility and abortions.

Sounces

Seed products, yeast, rice bran, wheat and gresn foods

284 NUTRITIONAL REQUIREMENTS AND BALANCED DIETS

Food is the source of fuel which is converted by the m*abolic processes of the.body i*o
the energy for vital activities. Calorimetry deals with the measuremint of nutritive requiremcat
of the body in terms of enegy uner various physiological conditions.

The nutritive value of foods can be expressed in terms of kilocalories (K.Cal) or mega jouls
(MJ). The avorage gross nutritive vatuelof pure carbohydrates, proteins and fats as determined
by the bomb calorimeter are given below i '

1" gm proteins yields

1. gm fats yields

1 5,�¿ ,KoCal

9�B 45K.Cal

Energr requirements during work can be calculted by adding together the energl required
for 1) basal metabolism 2) additional energr for work .nJ f1 ipecific dynamii action of
food. The requirements are influenced by age, body size, weight, activity, category and dimate
(Table 28.1).

Table 28�¡  Recommended nutrle�ßt requiren�– nts fOr
difFerent tt grollps and pregnamt and lacmttng wO�� en ICMR�E1978

Nutrient Infants School
children

Adolescents Pregnanry Lactation

Ca10riCS(31Cal)Kg.

Proteins(D/Kg.

Calcium(D/Kg.

I�_ n(HO/Kg.

Vitamh�� (mg)

Thiamin(mgp

Rib�x avin(mgJ

Nicacin(mgD

Vitamin B12

Ascorbic add

Vitamin D(Iu)

100�] 120

1.8�] 2.3

0.5�] 0�B6

l mg�B

400

0.3

05

6.0

0�B2

25

�_

1800=2100

�� �]40

0.4�] 0.5

15-"

400�] 600

0�B 9�] 1:0

1.0�] 1.2

10�] 14

0�B8�] 1.0

30�] 50

2Xl

2500�] 3000

55-60

0.5�] 0�B7

20�] 25

750�] 800

1.3�] 15

�¡ �� 1��

18.21

l�_ �]1.2

30�] 50

200

2.800:

55

1.0

40

750

1.7

19 J

22

1.5

50

200

3.000

65

�¡ 0

30

1150

0.9

2.2

25

1.5

80

2Xl�M
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CONCEP/r�MOF D�� )TS�E   _        ~

The food sCs hve been arranged into four�w oups er�V  Of �V �'

�g

�� 1�b �¡Or cOntribution

tO the diet�� accordance�� �R the dttary concept.

1.    Mllkttp             ~

�d�] �• �§ 1:�d �› :�J �� �� �P �˙ �ˆ �o :�ß �[

"�å

�æ æø Ł� �R æ�
�E :  : 

��    �E

2.    Ment roup

�x�å�i ��̇–
�c

of me�´ �M,pOulW�Q�| �L �� �à ��_TT
altem�R ,althoun they Cannot subStitute�¿

: 1. |�u  : .         . �]
3.   VeblesandØ‰ J" �\   �¡ 1:

Four or more semn�Ñ including some dark geen or yellow Vegetables,citu hitS Or tomlt"s

and some raw Vegetables.

4�B     B�¡ nd andceulS

Four i mOr�µ �Ìe�i �˜ o’�å �� �{ d�' WhOL ratn�L bttL�g :and�g reals.= 

�u

I

Balanced Diet    �]

It may be dehed as one which�� maæÛ vanOuS f00dosturs lk energ�� dd�Ü �µ �å �E bOdy

�g

�–

��     .�ô   �£ �÷
i and economtc Sta�ä �B

�� �� �� �– diei tt hin�� St�⁄ l indude tt amountS�Ò COSdy foods Such as�� 1�R egF,

mett m�k �� �“ moderate quantiti�í �ŁR�o�÷ �R�à h:�q �o
at mOdeFate ttt�a �¡ ittudes ttate aml

�Ł�ð hlm:�l �_�Ł�� çW lSmall amount d milL�˜

,meat,m�– hS
3en L�k �D vegetables.

Balanced diet ror adOlescent,

A large number of diet and nut�Ü �� �\ ep have been�ô �R�K Out m the nlltitonal stam

of�˚ �Yren and adolescents.The FeSults have shown that a m�¡ oFity Of the adolescents consume

inadequate diets and are manourished.The main causes are�fl hadequate food pFOduCiton

l�] �R sT�� �Q t�� :�D �Õ
d�Õ �EThe balanced diet CCMR reportl�� �¡OmJ

420g�B 1�g e�Ì  70g.geen vegetabl�g 2503�¡ ��

lo03�˚ æŒ400ml,meat,�uIsh and egF 803 sugar or jagger 30g and penuts m3

Additional nutrlents are required for prepan

The additional dietary a1loWances required dl

fruits tt milk 300 to 500ml,meat and e�œ

chndren indude addidond hits,milk and c

children duc to pr�å em�g�R�˚ C malnutrition the disorders �Yce kwashiorkor and marasmus are

also reported h the developing�� untries�B

Check your pro�u ss

I.The dctten9 of____Vitamin leads to d�^ asc knov7 as beri�] beri charactæu �� by

partial pttdyds 6sodated�� h polynew�˚ �¤.
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----::- mineral plays a special role in nerve and muscle activity and also regglates
acid-base balance.

28.5  SUMMARY    �\

1�B   Water s01uble�� taminslikc B and c and fat s01uble�� tamins such as A,D,E and K arethe
potent organic cOmp6unds esscntial fOr nOrmal healh and grOwth.

2 M�`
�� �� �Q�� �ß�˚ �Q�D�ç�E�Ili�R �ï�u�g�ådemm�gIL�} 0�¡ cOppeL

3 
�§�a�j f�` �í ���ł �à �˘

add�å Cm�A

�u
�@m and hctatitt wOmen ttd

38�B6 CHECK YOUR PROGRESS.MoDEL ANSWttRS

1.  Thiamin(Bl)

2.    sOdium

28.7 MoDEL EXAMINATION QuESIToNS

I. Answer the following in about 30 lines.

1. What are Vitamins? Give an account of fat soluble vitamins and their dificiency
symptoms.

2' what are m-acroelements ? Explain the nutritional importance, soures and deficiency
disorders of phosphorus and calcium

3' What is balanced diet ? Mention the nutritional requirements and balanced diets for
pregnant women.

II. Answer the following in about 10 lines.

t. Discuss the importance of Vitamin E and its sources.

2. E:rplain the significance of iron in nutrition.

3. Mention the importance of iodine in the metabolism.

4- Elucidate the balanced diet for adolescents at moderate cost.
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UNIT29 0SMO REGULAT10N

Contents

29.1 ObFctives,
29.2 Introduction
293 Permeability of Plasma Membrane to Water

29.4 Osmoregulation and Water Balance in Hlpotonic Enrrironment

29.5 Water and Salt Balance in terrestrial animals

29.6 IonicRegulation
D.7 Summary

D.8 Check Your Progress - Model Answers

29.9 Model Examination Questions

29.I OBJECTNIES

This unit is about the osmotic principles, governing osmotic transfers, mechanism of
osmoregulation. At the end of this unit you will be able to elucidate

o ionic regulation and

o water balance in animals living in different habitats.

292 1NTRODUCTION

The universal solvent of living systems is water. Water moves in or out of the cell until the

concentration of solute is equali2ed between the inside and the outside of the cetl. Similar$,
different ions and molecules are movhg across the cell membrane with reference to concentration
gradients. There are different processes such as diffusion, osmosis and active transport through
which the substancas can be transported.

1. Diffusion

It is' an extremely slow process. However,. diffrrsion across the membranes is of utmost
phpiological importance. This process is some times, referred to as passive transport to
distinguish it from active transport. A crystal of sodium chloride placed in a volume of'water
dissolves to form a solution of sodium chloride. Ions of sodium and chloride break loose
from the crystal and move independently throughout the water until it gets saturated. This
movement from higher to lourcr concentration of solute is called diffusion. Diffusion stops
when the distribution throughout the medium is even. Then there is no more net mov€ment
of any component of the solution and the system is considered to be in equilibrium

2. Osmosis

Osmosis is the diftrsion of water or a solvent through a membrane in response to a
concentration gradient. Many cell membranes behave like semipermeable and selectively
permeable, because they are relatively much more permeable to water (solvent) tharr to solutes
(salts).

The principles governing osmotic transfer, have been studied with artiFrcial, natural and living
cell membranes. An osmometer is a device used to measure osmotic pressurc. It must have
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a semi'pcrmeable membranc which allows solvent (water) tut not the solute to pass. Natural
Membranes such as peritonium sf intestine, epidermal layer of an onion bib, egg shell
membranes can be used to study this osmosis. Artificial mlmbranes like cellophaneian be
employed.

If osmosis is allowed to proceed, it leads to the development of an actual hydrostalic prcssure,
the osmotic pressure. The osmotic pressure is directly proportional to the osmotic activity of
the solution and is e4pressed in terms of atmospheres oi millimeters of mercury.

293 PERMEABILITY O��PLASMA MEMBRANE TO WATER

ceus act as osmometers to the extent that they act as systems attaining equllibrium for water.

�æ prinents indicate that cdt are general�µ high�Ł pomeable to water.For example,vJhen
a sca urchin egg is placed in sca water diluted�A �¥�� distilled watOr it�] swelL DJuted sca
water t said tO be hypotodc tO the sea urchin egg.Swel�Ü ng continues�� th ttdon untu the
membrane bursts and�ŁOlySiS Occurso When lhe egg�¤ placed in s,a water cOncen�¡ at�˙ d by
evaporation,it shrinks and thc shrinkage in�Þ ettes,as the medium becomOs more�� n�å ntrated�B

SI�¡ a medium is sdd to be hypertO�� ic tO sea urchin eggo The egg h undtered sea water

does not swen or shrink and the sea water is said to be isotOnic(Luke,19483.

Osmosis depends on the direrence in thl ene�Ł cOnten�g Of the two compartments that are
in�� ntact�� th the semi�] pemeable membr�Óeo The term osmotic wOrk is alsO used to refer

to the transport Of s01ute across a water�] permea�\ e membrane,particular�ø when th�§ is adive
transport in which the transport t by�\ ier mechanims(knOwn as pumps)�B

�¡
""uular membranes such as skin,mttdes,and n"��

s are electrically charged duc tO
dectrical pOtential direrence of the two sides and the transport of aniohs and cations are

throun active transpo�¡ Or electio�] osmosis.Electr00smosls mdudes the movement of water

and other ions across the charged membrane�B

The Cibbs�E Donnan Equilibrium

ŁJ �V �[ r�Ł �¸ �ß 1�ì �N �ð 1�Ł �ô ittF�R F�[ �� �r �÷
situation t seen in nerve imptes and muscular�� ntraction.The situation was iFSt treated

by Gibbs Doman in 191l and hence the tem"Doman equnibHum".In living cells,many

�Õ çÖ �Ó
~�†

�I �� �µ ª� �D �{ �ß çW�§ �x
resting con�V i�Ł ,theFe�Ł ,getling the membrane polarttd.During impu�� transmision an

active Na+pump is operatng untu��

"aches the Dormm’s equilibrial condition where themembFane gets depolarized to trigger an mlpube.Thus,foF VaFiOuS physiologild adivitLs the

Domm’s eqttlibrium mu�g be reached throun an elect�_ =osmotic prindPle.

Osmo regulatiOn and iOnicregulation

A �[ dety of mechanisms present the devclopment of osmotic pressures and maintain an

adequate nternal osmotic concentraitons fOr the various life processe‘of cells and organls�Q
,

thc hction of these"chani�\ is together referred tO as osmorOplation.Osmorettlath

l nOt hnctiona�¡ y separable�¡ om iodc rqttlatiOno Sdts peneLtte living membranes not as

mOlecules but as ions.The anion and cation of a ttt penetrate"th tterent velodtics.Even

r the aqueous envronment�R isotonic�� th the internal body nuids,the body�¡ uids usually

have a�E direrem iOnic cOmpositiOn�¡ om the ttemal medum.The mechanisms���] maintain

dirercnm in iodc composition are the matter of btt reration�B
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Osmotic relations oFcells                                .   1�A  �]

The Mng cens appear to behave very mu�V �P3 osmOmete�¡,�� at�M ,they,wtt in media of
lowe,os�Ü otic con�å nttattons than that of thett intedoro Shrinkage t observed iln s9111tiOns of

osmodc��ncentration higher than that of thttr interior�B

1. h thetred blood cells ofvertebrates and egF of marine a�R �� :ds the SWelling and minking~have been stlldied extensivelyIIn both cases the environment ofcels�R
isotonic�B

The speed�Mth which these cens swe�U  or s�� �Þ k h hypo andihypemnic media has

been taken as an indicatb�¡ of the premea�\ i�fl Of the Cen�b 9m"�× �¡ tO:Fttter T

shown in flg"�B 1.

2.�E The cells of fresh water plant tte EJoJca are nomany turgid,th prOtOpl�‘ held hllr

i ttmStthecell�� �Brtheseplantceus areplacedinaconcentrttedsalt d�� on,thwbemme
:�A plasmolFdcsce�˝ �‹

".�¯
andtheprotopldofeachLshrmkent6avacuole.Ifithe�⁄ �ˆ �⁄ �i

�œtsolution�R rephced by�ß �� watereach�� �U regainswater andb�ß meSt�� �v�–�b�¥‘�Q

plasmolFd hypertonic solution return tO their i�v tialvolume thro�X tt d�c àß�ˇ�É|  �E

F1329.l Schenlattt repFeSentation of osmot�‰ eFFectt on mmnlalian red blood cens J�Ł Nomal
�� ndition of RBC PlaCed in O,%NaCI B)p10d in hypOtonic,cdium�� 5%NacI)sh�˚ ng swelling
and O�� aced in hype�¡ 6n�g medum(15%NaCI)sh�˚ng shJnttn3

Frg 292 d-iagnmlajrj rePrcsclqti9l of plasmolysie in Ebdea phnt ccll orposcd ro differpnt oemotb
conocntr tions. A) Normal ccll B)plasmolyEcd ictt C; Ocptasrirolpa ccU.
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3.

4.

In unicellular organism which liles in fresh water the osmorregulation is brought about by two
mechanisms: a) formation of a highly impermeable cell wall and b) excretion of excess of water
through special contractile vacoules. In ;the absence ofsuch regulatory devices the cell would
soon swell and burst.

The body cells of the higher metazoa that live in hypo or hlperronic media:ue not faced with
great osmotic problems because a) only a relativeiy small number of cells are exposed to the
external environment and b) they pr:ssess a well-regulated internal nrcdium, (the body fluids)
which is isotonic with body cells.

General terminologr

Animals that can withstand aquatic media ttrat have wide range of salt concentrations are
called. euryhaline species. The term includes anadromous species which habitually migrate
from sea to fresh water river; and catadromous species which migate from fresh water to
sea water. The most famous examples of these are the migratory species of eel and salmon.

Animals that survive only within a narrow range of salinities and that are t;ound to an
envjronment of constant salt content are referred to as stenohaline. Stenohaline animals usuallr,
do not have osmoregulatory mechanisms.

Aquatic animals whose internal osmotic concentration change �� th that of the outsidc
environment are called poikilosmotic (frg. 29.3) Stenoheline forms are usually poikilosmotic.
This properry proves fatal whenever the salt concentration of the external sea water changes.
in the fig. 29.4 the straight line of spider crab Maia shows how the internal and external
salinities are always the same, i.e., the crab is poikilosomtic. The curved line for shore crab
carcinus shows how it maintains a high internal osmotic pressure even e)Lternal medium is
lower i.e., it is homoiosmotic.

Animals that maintain a more or less constant osmotic concentration of their body fluids
despite as difference or changed concentration of the external medium are callecl
homoiosmosmotic. Many of the euryhaline species are more or less homoiosmotic. The term
"homoiosmotic" implies active osrnoregulaiton.
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Fig 29.3 Diagranrs to explain the terms relation to external and internal osnrotic prcssures of aquatic
animals. A) euryhaline poikilosnrotic tlpe B) stenohaline poikilosmotic type C) curyhaline homoiormotic
type and f)) stenohaline homoiosmotic type of organism.
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Some species regulate their internal osmotic concentration only as long as the external medium

is hypotonic. As soon as this medium becomes, isotonic and hlpertonig the internal osmotic

concentration simply follows that of external medium. In recent years, it has become customary

to use the term hypo-osmotic regulation" (Floncin 1958), when an animal can maintain a

hypotonic body fluid, and the term "hyperosmotic regulation" to describe the ability io maintain

hypertonic body fluids. Animals that can do one or the other are correspondingly called

h;posmotic regulation and hlperosmotic regulation.

294 0SMOREGULATION AND WATER BALANCE IN
IIYPOTONIC ENVIRONMENT

In fresh water and marine animals whose blood is hypertonic to see water (sharks, eels, skates

and several species of crabs) ,face the problem of osmotic entry of water and loss of internal
salt through filtration. Without protective devices, these animals would either swell or losc so

much salt that their internil-Iluids would not support the normal functioning of the body.
the following are the moit important devices and mechanisms employed in hyperosmotic
regulation.

1. A significant adaptation to life in fresh water is the low internal salt content of the body fluids
and body cells.

2. Many fresh waier forms have a trigtfy impermeable body walls so that water can enter only
slowly. Some forms have an absolutely impermeable bodywall and their exchange membranes
do not come in contact with water. Examples are aqqatic insects, reptiles, birds and mammals.

3. The osmotic entry of water leads at the development of internal hydrostatic pressure aslong
as the organism stays in hypoto. nic environmertt. The consequence of high internal pressures
in the production of large volumes of urine. With the loss of urine a volume regulation and
salt concentration are achieved.

4. Many fresh water forms have well-developed kidney tubules by which an active reabsorption
of salts is achieved. Thus, the excretion of a dilute urine is a special adaptation characteristic

Fig 29'4 Diagram to show the effect of internal and external salt conceltraitons on t*o different
species of crab A) Maia and B) Carcinuces.
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6�B

of fresh water animals. Examples, Ncreis,. lamellibranchs, crabq and teleost fshes.
Fresh-waler teleost and elasmobranch fishes have nephridia.

Tomake up forsuch lossof salt intothehypotonicmedium, euryhalineandfresh-waterari,imals
actively absorb and accumulate salts from dilute solutions against concentration gradients,.
The salt uptake through gills and body surface is very common (Fig.29.5).

The euryhaline but poikilosmotic animals like Sipunculids, Mytilus, Doris, Onchidium etc.,
take up water or lose water until the body fluids are isotonic or nearly isotonic with external
medium. In this case, the animals behave as Osmometers and swell, shrink depending on
whether the outside is hypotonic or tonic.

B
YrS DS Schcmatic rcprcscntation of main paths of ion and watcr movemcnts in oomorcgulation of
frcsh *rtcr and A) marinc B) tcleoot fiEhcs.

7. Poikilosmotic animals adapt to hlryotonic aqueous environment by excreting salt. This

lowers the osmotic concentration of the body ftuids to make them isotonic with the outside

mediu-. Enmple: Aplysia and some polychaetes.

8. An interesting igul"to, ."chanism is found in turbellarianq when the salinity dccreases, the

worm swells considerably due to formation of large water vacuoles within the cells of the

intestine. This is only in fart due to.excreation of salts.

g. Salt conservation in hypotoniq media is also aided by the aquaisition of tlts contained in the

food.IntemalrelativeconcentrationofNa+ andK+ ionsisachievedbyselectiveabsorption

and excretion.

10. The bodywall of aquatic anirnals plays a vital role in osmoregulation due toitsmechanicd

re.sistance and e*ension. The or-otl" inflru of water ca! proceed only until the internal

hydrostatic pressure is equat to the difference of osmotic pressure.

Osmoregulation and water balance in a hypertonic enYironnent

The animals like marine teleost fisheg cyclostomas, marine crabs, prawng brine oimps and

the larvae of several specias of dipteran insects live in a hlpertonic aquatic environment

enhibit following regulating mechanisms: /

1. If tba body slrface and gills are semipermeable that is permeable to water and impcrmeable

to saltg the influx of sdt through body suface takes placc'

%
l{o,l(rC[
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2

3:

4.

5_�E

6:

7.

8.

Salts accumulate contiauously throqgh food uptakc. Since puro watu is not_auilable, to
acquircd salts, thcsc rnirnels must conscrve watcr and actively excrcte saiti.

Ttc-nrrinc forus swallour sca water.and actirclycxcrue saltr through gnr

Thc kidneys of marine tclcosis produce urinc that is hyposmotic to their blood.

Tchosts, which migrate from thc soa into frcsh water rivers (ecl and the salry) atop
swallowing water a few horus aftcr entering freshwater. The salmon go so far es to cv.en Etql
ferdiqq

Altnost nothi4g is knorvl alout osoorcgulation inmigratoy qelostornes

the crabaproduce urine that is hypcrtonic to their blood. Theyachicve osmoticbalairce Dya)t"tiii in hypertonic fluid and b) losing salts norc rapidly than water. '- 
, ,'

Thebrine.s!1imryca1rq1t1rn co-nsiderablyhypotonicityintheirbodylrids, bydrinking,sea
wat€r and excreting the surplus salts

:     �E    �¢  �u

295 WATER AND SALT BALANCE IN TERRESTRL ANIMALS

fhe problem of water and satt balance in terrestrial organisms closcty resemble those of
marinc forms. Both are surrounded by a medium that contains a lower concentration of .watbr
than body fluids. Both obtain salts rcadily through their food and both musg somehow.qgnsGrre
water and cxcrete salts. The following are the requlatory mechanisms met within the terrestrial
organisms.

1. Terrestrial animals have a bodywall that is rather impermeable to water to conserve water.
The evaporation of water lapour through respiratory membranes is reduced since the organs
of respiration are enclosed within the body.

2. In many homothermic animals the skin possesses sweat glands; which help in water balance,
osoo and thermoregulation by producing sweat.

3. The kidnep of terrestrial animals catr reason $Vo of.thp,water fittered into the tubul6. The
distal renal tubule activ€ly transport ions into thc lumen. The accumulated salt osmotically
drauEwatcr into thc lumcn. The amphibian kidneysimplyrapr *io" proooJ"" J,og"rt 

",or reduced [s l minimurn when the animals stay on h"a tneuy, rg6r. ijrine tyr,fr".f. is also
tedporarilyreduced in certain manmals like camel ana ine,"uuit. ::,

4' Another water conserving devicc in insecrq birds and mamnals is the excretion of relatively
dry nitrqgenous faecal waste- matter after efticient reabsorption of water.

29.6 1oNIC REGULATION

The relative and absolute concentraitons of inorganic and organic ions, witfiin body cells'ditrii*T9"ttly from those. or the body fluids 
"r"-i 

,i""O ,ir.i"r concentraitons of all ionscombined are rather similar ia both fluid compartments. There are usually two major diffeiencestretryen intra and extra - cellular media. : :_. . , ,.:.
1' The intracellular medium contains more potassium and less sodium and chloridc tban.thee;rtracellular fluid.

:2. 
:T,::Tfl:lxft.#:::,,H,I1|rfi:**ntrations of organic ions in particurar of &eo
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�� �Ø i�N �b�…�ð�ø�' ��
intFaChdarçü �˚ �… HO�g vttjttC elerochett equ�˚ bFiun dOes not eplain the pFOpOrtion

of Kt and Na+in the�å L l~        :        �”  : �E  1 1�]

It is�¡ ow we�U�]csta�\ ished that the maintenance of unequal concentrations of K+:ana Na+

ions in celL requhe thcicontintt oxpmditure of energI Many�R

"0�g

�a ª¯ have�] reporte‘

�Ì�G�O�] �F�Û    �ß �í �� �Q�ÌttT�í ���� �D
(HOd�¡ in l�f �H)�B

çWI�P �r Æ��| ª� �z ���M�x
ilbl" ,rJ I"E;c ions in the body lluids and in tissue cells of various species

(mMVKg�¡20 0r mWlit�fl )

OFæx�@ Tissuc Na�\ K+ Ca+�\ Mg�µ �\ Cl�\

Mollusca

Anodonta

Mytilus

l.oligo

Serum

Muscle

Blood

Muscle

Blood

Nerve

0.38

10.5

12.0

152.0

22.2

40010

92

113.0

64

152�_

5.3

5,9

11.09

173:

106

0.4,

587

22

33

3.5

0�B35

2.45

52.6

,34p

54,4

10�_

18�_

10.8

16��

1.6

10.5

10.6

51B�_

94�¡

578�_

400

542�¡

121

l19�_

5�x

4�µ

50.0

537.0

137�_

�E�T�B�S�@�T�B�D�W�N��́D�˚

�E �R bnta .

Rana      Serum

Mwle

Rattus      Serum

Muscle

�¤�R�E�U�D�O

In contrast to the active regulation of the ratio of -internal cations,'Na+ and K+ the inorganic

anionsCI.andHCor.(chorlidsanduica'uonatelpassivelyfollowtheelectrochenicalgradiens
establned by the aCtiVe"anspo�¡ of Cttbns.

Regulation of Organic lon Concentration

There is an ample evidepce that amino acids are 11fu4y 
transported l"t Tk by specifrc

carrier mechanism, fl" *rrooOatioas of amino acidq.qppear to be tgg"t"jlg whenever one

analyses healthy c"U.-of-ite same kind. But, in ou'tu"""'.luscle cells' it has been found

that the concentration of certain amino u"iat '*i"' 
in accordance with the outside osmotic

@nceatration. The precise machanlsm Uy *fri"n changes in the external osmotic ooncentration

"ff"., " 
change in itre internal amino acid pool are not known'

Ionic Regulation of Organisms

In general, that ionic of body lluids is similar to- that of sea water' In fact' the

body of fluitls or many -arioe organisms ;;t"-;;g.rtc ions in thE samc proportion in
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:�� �E

1�� �Ó ,�¿ �E �� �' .�� �¡ �]iS tt mOst

�R�� �å �Õ �Û �V�� ���E�ï

2~�� adive�� �«�� Outward"�b �ô �EJ�V ª£ �V

�c

�ƒ :~|�E :

3.�M �i æm �� �‘ due b ele�˚ �‹ potentids acrOss the membrane.     ~

of the complexitics of"ansenular"anspoFt L ShOva in�fi
"61�˚

�˚ :�� �» �w 30me�†
the�y

�g

�˜ �� �k �˜ �¡ anms Of �V  vertebrtte ki�˚ �Ł tubules.

�� 1��

=

�q�E

�¡C:

�æONO�E

�] dC[:1

; HO+

�æ�] �� �K
��

Frg?f.6 hoPocod mcchanitn by-rrtkt r qdGd N-.* t+O K+ pumpeaurcs.Irle+.rcrlrorprbo rith
asociatcd CI' in the Puitnal A) and disrl B) scgicntf of rranmalhn lidncSr tubiltce"

CheclcYour hogrcss

1. Animals that can withstand aquatic media that have wide range of salt concentrations arc
ca�¡ ed Species�B

Animals that survira only within a narrou, range of salivities and that are bound'to an
cnvironmelrt of constaht salt content arc reffered to as

Aquatic enimals rvhose internd osmotic concentration change with that of the outsidc
cnvironment are called

29�B7 SUMMARY

1. Atms and molecules move continuously through various processes such as difrrsion, osmmis
and aaivs transport.

�a
�D
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2., Tbc mcmbrancs arc sgl_g$ivclypormeable and scmi-pcrmcable to certain solutcc.. ' :. -' . ', . ,

3. ' ' Awrlcty of ncchanirns aniidain an adequto intcrnrl ssnOicooncontrdioa fur Wious lih
prmesscs of organisms collectirrely referrcd to as ocurocgr{dtiin'" ,: ' ' , ': ' i '

: , .,, ]..

d , The ,e.qriqq tb"t qri.tah ditrer-ep96i, in ionic conpqlitioo ue boum as ionic
.,,.,legulatioo. - -: :,- .,.rr.. .)... .:-.., ..: ..r.

5. Osmoregulation in hypotonic, hlpcrtoaic iinvironmentsmd turtcsrlal inirnilc h'discltsscd

298  CHECK YOUR PROGRESS’�EMODEL:ANS���c�œS

29�B9 MODEL EXAMINA�¡ON QUESi�UONS

L Ansrrcrlhcfollwlngtrq[qrt30llnes. :
.", .. .;

1. What is osrnosis ? Explain v4rious mechanisms 9f osmoiegrlation in hypotonic medium

with examples. i

Z. Describe the osrnoregulatim and water balance in terrestrial organisms.

g. Mention differont osmotic principles. distinguish between poikilosmotic and

homoiosmotic animals.

IL Ansrcr the follorvlng ln ehott !9llnes

1. Cell is an osmometer'Discuss.

2. Distinguish betweea stenohaline and euryhaline'

3. Mention the devices for inorg;anic ions regUlation found in animals.

4. Describe the sipificaocc of ionic regulation i5 ?ninr4fs'

76

1. euryhaline

2, 'stenohaline
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30 RESPIRATION

Contents

30.1 ,Objectives

nA Introduction
303 .RcspiratoryPigments
30.4, OxygcnTransport
30.5 CarbonDioxideTransport
il,6 RegulationofRespiration
X:l Summary
,304 Che&k Your Progress - ModelAnswers
.30.9,ldo&l'E:ramination Questions

:30.1 0BJECWS

The ttiVe Of this unit is to eplan the mechadsm of transportation of respiratory’pses

involving B�V  erect and ch�¤ d�g � h̃�¡ .At the end of thL utt you will be able to desdbe

�� �]            :

��  the role ofbbod piFentsin respration                       .
��  regulation of respiration and resPiratOry disorders

302 1NTRODU�⁄ON

�b �Õ �Ü �� WT�ß �‘ Ltth�Ý �µ �Õ

S�æ

�y �b �R Tl�R �x �º

and gnmg or�g rbon diåN de in exchange.THs�� ncept implies that during res�� ratiOn oTen

�R�Ü�· fOr oxidatibn of carbohydrates,proteins and upids to release enerw.Resplration,

�R �¨ �˚ �º �� �˘ �Ta�¡ Łâ Fla"�� �g
m�‰J�¸ �� �Q �V ange�c m

l is refcrred to as �¿

�g

mal resplmttono The�E
sett phase consisting of th�¶ oxidative eneis ielding reactiott Of the eelL tt caned as

in"mal res,inttOn.

�d ofthc inhaled tt dutt�Ì 6�˜  int6 �\ 00d ttrough tte wans ofthe alveoli and tte capilhies.

Likewise,C02�¡ Om the bl�� d diffus6s int6 the alveoli.Oxygen�R rdatively insoluble in

pha,(abOut O.3m1/1mm�Ł�BTherefOr%only a part Of it L�ä �˚ d in solutioniin plasma;

mOst Of the Ovgen�Ô transported by haemoglobin,a resp�Þ atory_ent present in the

l=�I
�µ �å �ß äz �c�ß �æ �� �§ �ç �M

dC�� �Ü �˚9 dtt h�' �¤ �ƒ P�å d�fl �Q
To exphh the mechanlsm�� .respra�g n,this

lessOn disttses the respttatOry plTents,transport of respiratory gaSes,regulation ofFeSpiration

and common respratory disorders found in man and other animals.

�Œ�R�¡

�Œ
.RESPIRATORY 

PIGMENTS

Most ani"rals pgssess some pigments in thch blood which have special am"ity to or56cn to
increase the o;ry,gen carrying capag*r'of tbe W. , Slc& pigtrcots arc called tte 1trnflntqry
plginents. These pigments are of four tlpes-hacmoglobin, chlorocruorir\ haeeocnrttrin rd

�\

. �ç �¡ �R�K�' r�‡ �Þ �• i=t
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�� çW�ß�Ô
1�ß

�ß�F�uT�Ł �Ł�×�Ô�Æ�� �d?�¶�Ni�� ��LÆ…
ppents lml]�É haemoglobin,have no�g hacm’part in their strumre,akhough th�� �\ es

indude it�B

HaemoJobln

nis I�T �ße�¡ L red and occurs most widely among animals.It�R a�� mplex compomd.
fomed of twO separate�� nstituents,the haem and globin.Hacm is an iro4,cOntaining p�µ �Q��t

v7hich�R construaed over a porphyrin ringo At the centre of th�¤ �Üng L[�« feFrOuS hL
and dtt ferrous ion t combined�� th th�v  globin part of the enth hacm�» �æo�Ù n(�Rb)mOlecule�B

O_en can loosc,com�\ nc�ª th this fcrrous i�_ n which remain ferrous in both the�˚ �o
and the unoxidized condtions.Each iron atom of the hacmoglobin picks up:one o_
molme. Thc hacmOglobin when cOmbined with ovgen is called the c�\ �i

represented by the formuh Hbo2.Certain other gases combine mth Hb tO prOduc a stable

�fi �� �Y d Such as carbottaemoglobin through their combinaion with"rbon m�c
,�R

and
drin or the ovgen permanentw;and whenerr th�R happens the ovgen�g rrg capaCB�Ł
of the bloOd�R lost and the individu�v wOuld dic.It is for this reason that.cO�¤

"�ƒas a ponsonous and fatal gas.

Haemo�vobin�R fOund in practically au the vertebrates.The inveFtebrttc haenJ�¢ h iS
sometimes given a different name as of ewthrocruorin.But not all the veFtebFateS have the

same hacmoJObin which m�Ł be miXtures of two or three types.The differences�c
them may be due to different JObins.Human hacmoglobin with a molecular weight�g ,�Þ ,

L brint red when owgeneted and dark red when fFeC 6f Ovgen.�M     :       �E  �]

Pmprties of HacEnOg10bin

Since au vertebrates induding man carry hacmogbbin in thc�¡ u�� d,it has,therefore,�u been
t�g beSt Studied punento Human blood contains near,150gm hacmOg10bin�í or u"l and
�œØ[�\ ts the fouowing propertics.

�¡. Hacmoglobin re�Ì �� y combines with and dissodates�¡ omt�g OvgCn.The�Þon aptt OfHb

�� �…�× with the one moLcule of02 tO fOrm oxyhacmoglobin�B

Hb+Q �n

The quantity of Oz combining with Hb depends upon the pressure of Oz. The increascd

pressure results in the increased fixation of orygen qnd begins to decline when it reaches close

to the saturation point. �_

3.TheHb ttd 02equ�a bHum tt also great�T idvenCedby�U�� ardalpressurc�˛ C02,�¿ �JWith

the r�R c in Co2 1eVelthe frequency�˛ HbO�⁄ �¤redu�å d. ’�M

4.  The equtt�\ �Y  between Hb and 02 alSO depends on temperat�Y q and�¿ the increav in

temperatuFe,the samration ofHb is lowered.

5  The quanti�Ł �Bf eLctrolytes h plasma Js6 affeds the stabnity OfHb 02.If the electrolytes

�ye present at alow O�K tension,theHbo2givcs upits02 more Casily.       �E   1

Chlorunl�˚ n

lt dosely resem�\ es hacmoglobin in its structure.The basic differencc betwcen them Ecs in

W�� �fi �ç L�v �b lJttT�c �� ft�Ł l�† ‘çW
�E

�� �� �Ú �æ �I

fom;the absorption spectra arc si�b 1lar to those of laemOglobin but shifted towards longer

waveleBnS�E �¡ lo.molecular wenght is large and is ollhe OrdeF of 3,�� �Ł�_i�¡ 00rs�† only

h"�V �M idC annelids such�{ à£�† �ƒ ��
"a�V  SabC�Ydtt COl10idd solu�o �� in th�Ñ blood�B

As in the bmmoglobin,onc molccule 6f oxygen�� mbits�O r each haem.      �] =

t
�A

�›
�à
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Iluoagtrln
It is not a hae,rn-proteir, even though the name suggests that'it is so (Gr.'haem-blood). It
is purple when ox5igenated and colourless whcn 'reduced'. It'is' containcd in _thc 

ells

tCoetomocytes) that circulate'with the .qgelomic fluid. Haemoerythrin is a protcin with a
molecular weigbt of tha order of 1m,m0. , It is associated with'spwral iron atms. It is

formd in sipunanlkla and brachiopoda.

Il*uognnln

It is thc characteristic blood pigrrent of gastropod and cephalo@ nolluscg and of crustacctosr

arrinids and xiphesura. (Umulus). It is atnays presont in colloidal solutio arld is ncrcr

enfucd io blood cells. Its molecular weight is greater than !000,ffi. Haenocyanin ie thc

only blood protein in thecephalopods. Oqgenated ptgnt"m -ls blue and thc'rcdueed'p(EEGnt

it;obutlcss. Thc Protei.p Ltti* gopp9r.3tosls rhat combine'with oxygpn (ooc mbolh of

Oz per Cu atom)

Ttcre arc a fcw morp.rep$ratory pig;lxg4s in aditior to these four; for example, thc bierltE

mdlrxc Plnna Contahrs a brwm prnnaglobln,which carries ma4ganesc,

304 0XYGEN TRANSPORT

Hacmrlisbin isthl principal:molecuic responsible for transpbrt of loth 9, ueO CQzh e:
6f*x* - It is tire [16' c*t.in"d within the erythrocytes that accounts fpr all, of ttc lc,tra"

c4lgen colterii oj,ihe blood and significant portion of the "ocra COz. Normally, about 99ggg
of the Oz trans,fgrted-'from the lungs to the tissucq is carried,in revenible-combination,with

the hacsoglo.bin moleculc. This may be represested in simfle tetms by the foflordng equ*ion:

Hbi�M �q�J �� �› 02(�ï
�g

���Þ Obin)

The combination oF haem(Jobin�M th 9�� On�RduQ to tts innate arlntt t�B 02�E The ttdm
of Hb with 02 iS unsm�\ a The cegree Of asoclation of 02�� �R Hb to fom Hb 02 01r

dI"�¥ �˚ 6h�EJ tterr10globin b"Lasc Q�R dete�˚ ncd�fl the pmial y�æ
"J102

CP021�B�O
:11::il:li l:: �E

:i ::
�E a�÷ �R �v Dbh:�b Combin�† �� th ttses otheF thtt Owen:fOr�c ,�¡ COmbines re�\m
à� h carbon monoxide, _              .

(CO tt Hb COHb)

fonning Ooxyhac�ßŁÕ �c no CarbonlnOnoxnde�R known br�¡ s tctt erect and cause vht

L known�� caFbOn mOn�łde"iSO�� ���j �A1lathe lçq �Œ may‘dic of amda.It�R an c�r �˛ �T

component of coal gas and exhaust hmes of automttles.Tbe af�c �fl Of Hb tO CO�R 6out
300 times higher than that of 02.   

�E

Four fadors.�� z.,paltial pr�A ure of 02�ó d C02_,tLmperaturc andttt strength inmuence
��e equilbdum of hacmogl�ß h=0�Ú L Lc"Hb�L ��

�[

Hb 02�E

1�E P02 �] �\ �\ �\ O_en Diss�å htt Curves   
�E =�L

The qäF �—ªà J Ouen �V �˚ �g

�g

æk H�fl �p �¡ |�a

�� �x L�� �� �M �Q �Ù0�] en"2)�E The�glationsh�ì betwcen the two can beigF�§
called�ô �ô

"ham�ô
�˚ in diSSociation cu�' (Fig 30.1)�B �¡ �| Curve"�R �ƒ �_id 6�] Shapedp h

nature,and i cn�� �T �d :the.sdL�R Lfeatures conomang ttc uptake of dLçŒ �R tion of Ding
pFSuFeS Of O_en.An�æ �¡ dal feature�˛  ovhacmOJObin dk�¿ �¸ �� cwe(mmmmly
FeFerFed tO as ovgen iattn�fi �R m curve)iS Chat Hb takes up 02 When the�g �à �Õ lp�\ e
of the latteF t hin�g hd�\ m�B�v Ob�¢(Ł� Q)di-3ates when thc Po2�¤ ær

_�æ :1.�M �E�E �f�ì�cå£
==�æ

_
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The Hb�¤ completdy(about 98%saturadon)Oxygcnated by an oxygei tension Of loomm

�� �ô

n"�] b�I �Ł ltt�v Jt�à �í �fl �� I�ø 1àu �� :�� �ô

�E _        14.5 x l�B 34�] 19.4 mldr �\ ood.         4       .1  �¡

�� �º �C �d �Q :�˜ Æ{r�Æ�D �� t�E l�E �R 1�Ì wL=�Q �s :�ƒ �Ô
curve to the right Or tO thc le�¡ .A shi�¡ Of the dissOciatiOn cu�W e to tho dght results in
greater relaSe of 02�Ì Om Hb 02 at a given oxygen te�¡ Jon.I�¡ other word�A �† sut to

100
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2ol

*O:ryhaemoglobin - dissociation curye,'.

Fig.‘�_ 2omph showing the eFfect oF PC02 0�¡ OvgaCmog:obin�Edissociation cu�g . Note that the
cu�ße shifts to the Jght with the hcrease h PC02.
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ther|ght.&neageslheaElnttyofHbtgozConversely'.q$lfttothgleftincreapcstbe
ffihi;;i'I{b i;oa';;;i;Ay;fu-i'rr'li ; e.*'6li'ilease of oz iHom the Hb at a

dven Oz.

2. PCOz Bohr Eftect

P�ˇ �å pressure�‚ �� =q�B
�� e dso detemines�˚ �†equilibdum

rrb + o2E:IIboz.
The disttatt of�¾ �oaemOJObin�Õ �b

"dttrPtt tenmons d obon dttde,h�g

been

�� �fi1�x �” f�| �ì 1�ł �R6�� �Ò�P�Ù
�L _ _ _r Stttr�˙ �]�d1_�o�ì �I

�x Ttt b:�fi �¶T known L the 3ohr em BOhr effe"�R �†pat ud�×
=_�g ^_�� .._4�� �n  �ôL�£  �n_11. ���ºra ��:..11�� O nff�¡ �� hnJ�� recnirinc at a raDid rate have h�µ �xl levels of Of

�¿ �g�¿ �P �ß�b
tiSSu�å J�˚ eb�c S�æ

çN�B�d�F�cJ�l �“ �¾�Eelease 6f 02 in these dssuc�¥ �´ �E �æ�� sTL�˚ �˚ �Y�Ñ616�ç �¡
~�i

se isçç �æ�Bc6nve�g�] the J�V ake�]

�g
02 and

the fomation of Hb 02 in the lunF�R :facilttted by the remova1 0f C02,by ttatiOn.J

3e Tempenture�A .:   1 __  �]  :      .:   1 1

Like an other chemical reactbns�˚ e rate of dssodadon Hb 02 into Hb a"021�x �¿ �b
�� �� the�R �� of temperature(F�µ 30�B 3).

�� �� �Ó � �̀R�†�µ ttT�Ł �Æ�Ô
�æ�‰�@�ª�� �Ód�V�¡�V�V�É �V
XXS.                :   1  .     _    ti::

4. 
�L

El�g �I �R

�g

S             .     :   : �E
1 1 ,�¡   1

The dectrolyte level in plasma also alters the equilibrium�B        .�N�¾�p% �E
�� �uAt low P02 0Xyhacmoglobin liberates 02 mOH
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�‹ 30.3 GFaph showing th�µ effect of tempettture�g o�Ł haemOglobin_dissocia�� on curve.Note that

the cu�� e shitt to the dght with the increase in tempeFatu�g .

Yet another factor which inauences o2 diSSOciation curve t 2.3 di�� loSphoglycerate(DPC),

a metabolic intermediate in Embden�] MeyerhoF pathway of glycolysis.It stabil�Z s the
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haemoglobin; and therefore,.its affinity to.-orygen-is gfatly reduced and Hboz rapidly releases
Oz and the ox5rgen dissoci'ntion curvi shifts-io theiight.
Finally, it should be obvious that the amount o.f Oz transporred in blood will be dependent
on the Hb content of blood. This may happen in anaemic persons. One cause of a shift of
the orygen dissociation curve to the leit is-an increased content of foetal haemoglobin(HbF)in
the erythrocytes. An increased affinity to oz is a characreristic or HLF, *ii"rr-i.-aJ*itug"oo.
to the foetus.

30�B5 CARBON DIO�“DE TRANSPORT

carbon dioxide is transported through the blood in the following ways:

1. Asmallamount (SVo)intheformofsimplesolutioninplasma;

2. A major part (85Vo) as bicarbonates of sodium and potassium;

3. About L}vo'incombination with Hb in the form of carbaminohaemoglobin.

Chloride Shift

COz reacts with water in the blood to form carbonic acid, although this reaction is very slow
.in the absence of catalytic activity. It is the enzqe carbonic anhydiase present in erytilrocyt"s
that catalyses the rapid attainment of equilibrium in the above mentionid reaction. 

'Carbonic
acid rapidly and spontaneously dissociaies into hydrogen ion and bicarbonate ion because it
goes to abott 99.9Vo completion.

Carbonic
HzOz + CO it-=2 Hz coz e--*uCOz-+H*

anhydrase

HaemOglobin acts as a bufFcr in b100d that remOvcs thc frec hydrogen iOn fr6m b100d to

form a protonated hacmog10bin,’‘frecing’an cqui�z �¡olar quantity Of bicarbonate ion as depicted
m the reactlon.

H2C��
3.

"i93~
�� ��

Ct

Fig. 30.4 Diagrammatic represcntation of 'the chloride shift" for rhe transportation of CO: in blood.
1. Plasma 2. Erythrccytic cclt u,all 3. Inrerior of erthrcqte.
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This reaction, of course, occurs only within thc red cell which is highly permeable to potassium

ion but even more readily per-eable to bicarbonatc anion. As the bicarbonate anion diffuses

out of the erythrocyte inio the plasma, another ion must cnter the erythrocyte in equimolar

quantities in order io maintain electrical ncutrality across the erythrocyte membrane. 
-This 

is

chloride ion, and the exchange. between bicarbonatc ancl chloride ions across the erythrocytc

membrane is designated as Chloride shitl(fig 30.4). lt accounts for the greater chloride

content in venous- erthrocytes than in arterial orythrocytcs, where the COz tcnsion is less.

The conversion of COz to bicarbonate ion accounts for about 70Vo of the COz transport-

When carbonic anhydrase activity is inhibited, such as acctazolamide, the COz transport from

the tissues is inhibited.

In addition to being transported in simplc solution unci irs bicarbonatc ion, CO2 can combine

in a rather loose covalent structure with thc al;;ha'amino groups of the Nterminal valine

residues of all 4 chains of the haemoglobin moleculc. The carbomino-haemoglobin formed

by the interaction of COz with the amino terminal ol'the haemoglobin molecule is independent

of PCOz. The concentration, of HbOz rises rvhcn thc PCOz is Iow and when PO2 is high.

Similarly, the concentration of carbaminohaemoglobin riscs rvhen POz is low and when PCOz

is hrgh. This means that saturation of Hb a[fects its C0: contcnL. This is known as llaldane

efrect.. It has a quantitatively greatsr importancc in promoting CO2 transport than the Bohr

effect has in promoting 02 transport.

30.6 REGULATION OF RESPIRAT10N

The normal rate of respiration in a adult nran is l5-1tl per rninute and the rate and depth

of respiration are adjustcd to thc rcquircmcnt of thc body. Thcre is an elficient mechanism

for the regulation of breathing, which may lre dividcd into two parts- a) nervous regulation

and b) chemical regulation.

l. Nervous Regulation

A group of nerve cells in the brain stem (Medulla and pons) control the respiratory movements
which together constitute the respiratory centre.. Thc respiratory centre'consists of four
centre, namely (1") Apneustic. centre. (2) Pneumotaxic ccntre, (3) Inspiratory centre and (4)
Expiratory centre.

The apneustic centre present in the brain sends impulses simultaneously to the inspiratory
centre and the pneumotaxic centre. The inspiratory centrc discharges impulses to the respiratory
muscles for normal inspiration. This is follorvcd by lhe stimulation of expiratory centre through
the vagus nerve and pre-f,neumataxic centre rcsulting in rhythmic expiration. Thus rhythmical
respiratory activity, which is characteristic of norrnal rcspiration, is modulated by the nervous
control.
2. Chemical Regulation
The respiratory centre is highly sensitive to alteration in the chemical composition of blood.
Changes of COz tension, 02 tension, lH-ion concentral.iorr altcr pulmonary ventilation profoundly,
A slight rise of COz tension increases respiration. During aciclosis respiration iises, whiie
_during alkalosis it falls. The altcration in Oz t"cnsion has, liowever, an insignificant effect on
breathing.

Respiratory Disorders

Improper aeration of blood due to derangecl respiration, if continued for some time in an
in-tact animal, produces a series of pathological maniflestations and ultimately death. Some
of the common disorders of respiration are the following.
l. Asphgia

Improper aeration of blootl followecl bv pathological manifestations are collectively called
asphlxia. This is due to excess of COz and cach of oxygen and vasoconstriction causes a
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systemic rise of blood pressure, connrkions, and the animal opens its mouth widely as if
gasptng for breath. The animal takes a few gasping breaths at the ehd and of &5 minutes
dies.

2, Hlaerpnoea

It means increased brcathing without discomfort. Any rise in the quantity of air breathed
per minute is caltcd hlperpnoea.
3. Dyspnoea

It means dlstrcssed brtathlng. Whenpver breathing increascs so much as to give a foeliag
of discomfort, that condition is called dyspnoea.
4. Orthopnoea

The patient feels more comfortable in the sitting position that in a prostratic position. This
conditioir is callcd orthopnoea.
5. Apnoea

This means cessation of breathing. Respiration or breathing may be temporarily or permanently
sto,pped.

6. Anoxia or Hypoxia

This is a condition in which thE take of orygen in the body Ieads to anoxaemia.
Check your prognesg

1. Exchange betrveen carbonate and chloride ions across the erythrocyte membrane is
desigpated as

2. Improper aeration of blood followed by pathological manifestations are collectively called

3. The patient feels more comfortable in the sitting position than in a prostratic position. This
condition is called

30�B7 SUMMARY

1. Respiration involves two phases-external and internal respirations.

2. Respiratory pigments like haemoglobin are involved in the transportation of gases.

3. Orygen dissociation curves are constructed to show the relationship between partial pressure

of Oa and oxyhaemoglobin.

4. Orygen displacing effect of COz called Bohr effect is verified on the basis of COz tension.

5. COz in the form of bicarbonate is exchanged between chloride-ion through a process called
chloride shift.

6. The respiratory disorders such as asphyxia, hyperpnoea and dyspnoea are common.

30�B8 CHECK YOUR PROGRESS�]MODEL ANSWERS

1. Chloride shift

2. asphpia

3. Orthopnoea
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.L.-" . Ancw.fu,fotledry tLabout gl,UDGs eachl

1. Exphin how the.transportation of respiratory gases takes place. 
. . .r

2. Girre an accouat of respiratory pigments and their importance.
- ,:. :

3. Dsscrib€ the ox56en dissociation curve.s s,ith suitable diagpamalig itlu$F.qtiols.

An�\ the FolMngin about nOl�Û
"ench8

1,Mmtion the�ô

"rl�¢

JhaemO�v0�¢ .�]

2- Explainthechlorideshiftwithanillustration r :, : ._.,.,,
3. Show thc effect of temperature an oxyhaemoglobiu'dbsodation cgne.

�L
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UNIT�] 31 CIRCULATORY SYSTEM

Contents

31.l obicctiVes

31.2 1ntrodudion tO circul�Ù 0,system           ~
31.3  B100d COagulation

31.4 FactorslnvOlved in B100d cOaration

l:æa �¡

ndttm ttd R�h �˚ m JHat�b =F��
I�V

31.7 Check YOur Progress_MOdel Answers

31.8  MOdel hminatiOn Qucstions

31�B l oBJECTIVES

This unit deals about the types of blood vessels, modes of circulation, different groups ofblood, coagulation and about the hcart beat. At the end of this unit you will d abb to
explain

a The origin, conduction and rcgulation of heart beat, and
O Cardiac cycle

31.2 1NTRODUCTIoN TO cIRCULATORY SYSTEM

The circulatory system is often termed as the system of internal transport. It is a s),stem in
which nutrients and oxygen arc carried to all the tissues of the body. It rernoves the waste
products of metabolism, carries hormones from the endocrine glands to their target organs
and stabiliscs body temparel.ures. It includes the heart, the blood vessels ana fymfn vessels,
in addition to the blood, lymph, cerebrospinar fluid and tissue fluid.

In the very lowest lorms of animals like the amoeba and the hydra, there is no transport
system and the digested food is absorbed by the tissues directly. In higher forms blood vascular
system is dcveloped consisting of elastic pipes and connected with them is a contractile
pumping organ, the heart, which keeps the blood in circulation. [n certain invertebrates like
the crab, cockroach, prawn, scorpion the blood pumped out of the heart leaves the blood
vessels and florvs inl.o a space or cavity in which lie the organs and tissues. The blood pumped
by the heart freely flows between the organs and the tissues and is brought back to the heart
(fi83r.l). This type of circulation is called open type of blood vascular system. In vertebrates
and higher invertebrates (some forms), the blood returns to the heart after Exyslsing the
organs without leaving thc blood vessels. This is called Closed t,"e of circulation (fig.31.2)

The circulatory system ol' vcrtebrates including human beings contain three tlpes of blood
vessels - arteries, veins and capillaries. Arteries carry blood from the heart to the tissues of*
the body. They have an outer coat of connective Lissue, a middle coat of smooth muscle cells,
and inner coat of endothelium and connective tissue. The outer coat makes the artery resistant
to internal pressurcs whilc permitting it to expand and contract with each heart beat. The
arterial walls are innervated by two sets of nerves one set cause the smooth muscles to
contract, the other cause lhe smooth muscles to relax. With these two action, size of the
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arterial lumen is regulated for passage of blood. The aorta is about 25 mm in diameter near

the heart and the wall is 3 mm thick, in man.

Fig. 31.f Open qpe of citculation' 11. Aorta 2. Hearts.

?1 t

ff;l.,1,#'Tl,ffi.':'circulation1.Dorsalbloodvessel2'Capillarics3.Ventralbloodvessel'4

Veins return blood from the tissues to the heart. The walls are thin. The outer coat has

fewer elastic fibreg the middle thin muscular layer and no internal elastic membrane (most
veins). They haVe valves to prevent the black flow of blood.

Capillaries aoruIect the'arteries and veins. They are microscopig thin walled vessels located
in the tissues. Only the walls of the capillaries are thin enough to permit the exchango of
nutrientq gaqes and wastes between blood and tissues. Tire walls contain single layer of cell.s
the endothelium, contiquous with the endothelial lining of the artery and vein on either side.
Some of them arE so small that the red cclls are bent in passing through them. It has bben
worked out that each cubic centimetre of blood is exposed to 7000 square centimetre of
capillary surface. The number of capillaries in muscle tissue is about 2,40,0(X) per square
centimetre. Each capillary bed has certain "thorough fare" channels through which some blood
flows continuously from arterioles (smallest arteries) to the veinules (smallest veins). Small
muscular precapillary sphincters located at the arteriolar end of capillaries branching off thb
thorough fare channels open or close other parts of the capillary bed to meet the varyri,ng
metabolic requirements of the tissue. These sphinctcrs, smooth muscles of the arteries and
arterioles regulate the supply of blood to the organs and their parts. Blood flons into capillaries
in nspurts" due to contraction and relaxation of'muscles in the arterioles and the precapillary
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J8�E 313A�¡ �� lon oFan me�Ł B.Cross section oF a win C�] phttm Of a caplla�Ł nemFk.

�¡ Outer coat 2 Middic coat 3.Intemal elastic membmne 4.inner COat S.Endothelium 6.A�¡ �k e

�¡ Ven�¡ lc.

sphincters.�¡ �R activi�Ł �Mundei the nervous�A control,rlsponding lo stimuh,reaching them

thr�œ �R the sympathetic neFVOuS Systemo Local�  nditibns h thp:�� �–
�g

�� ntrol the precapnlary

sphincters.For example low ovgen tension in the tissue causes the muscles to relax and

this ingease the�¡ ow�† blood throªà �í _the ca�“ llary bed and ovgen supply to the tissuc is

inocased�B

BIood t the nqund conned"tisul�B lt�� nl�Õ s oHMng Cc�as and is capabb of metabolic

�¡ angeso lts nttction t to�� nvey mateHals�¡ �Bm one part of the body to another

The volume of blood depends upon body�d ight,a person weighing 70 kilograms has about

5E"�g of bbod.It transports nutnents and ovgen tO ccns and removes wastes�¡ Om them�B

It transpot homonesI It has a role in regulating the amount of acids,bascs saltS and v7ater

�˚ cclsillt�A �¤hponant h regulating body"mperatur�ç �\ ling organs such as the liver and

mwles where an excess of heat is produced and hoating the skin v7here heat loss is greatest.

L�� �\
"ccus are a maiOr defence agmst bactena and otheF diSease organlss:and itsd�¿ �R�¥ mechanism helps prevent the loss of this valuable nundl.      . _

t100d appears to be a homogencous crinson
�]pl�\ a in which�g �î the red �\o�g corpusd(

�‘
�¡ o are �V�V cen tagments �VpOrlant h

�¡om large cells h�˚ e lone marow.�u �¢Ct

�� �r �P�� �R �x�¯ l�r �ø lRttt�o �‚ �l
�V�˜�‰�Łincrettd �_ �Ö%�B The spedEc�Õ �q�U1�N�[ttll�‚ �kt=�í
element is lJ�� .B’Centringe�g ethod thc pl

�h�RdtF�Ł �fl ��ær l�R �d�I:t�Ó �ˆ�æ�‘ �l �«�í �æ�ì
p�í

�y �I
lyou mint have been tt�¡ e fam�M �z�B
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313 BL00D COAGULATION

B�i �í �i :�� �P �Ü �B�� �†

�g �g
ssel�A �Vckly Change:�Ô ,�� d ltt into a thid

jeuy like material,:which�¤ known as a dot and the process of mparation of dot�¡ om the

�c

�â ,�V �V )iS knOVm as�� aguttdOn Or do�g hg.Blood dram ttom a bloOd�\ l

�VO l teSt tube changes�¡ om a liquid to�g misoHd gel h il�µ t�A

��
�]
l�V lÆí�¢ (r�� unly ttlo

�å
�¿ �'

�B
’1.  : .�E

               :   1  ’~

h man and other ve�¡ ebra�g s,and h many inve�¡ obrates as well,�\ ood�N �¤ prmnted by
a serles of chemical reactions h which a sdd dot L formed tolplug the bFOteni t�ł �G

ªj �˘ .1ªJ àˇ �æ �¿

�ï

,�à
çW �Õ ��

�o
�ł ’�dinsoluble�� �˚ L nis proess can L separat

l. Libera�¥ �] ofthromboplastin�B                 :
2.conversiOn ofbFOthrOmbinintottrombin.

3�B  ConversionoflbrinOgenintOrlbrin.

4  Role ofblood platelets.�\     , �]

h the�˚ �Õ step thrombo�� asth ittj�_ ;:::/ti�v

�g

me d dOtting�Ł the OCE�˚ ��L�«Ø[on d
ertain factos like phosphoæø �ô by ruptuting of the platelets Ca++ions and�c �N
�t :              .

�E 1   ’   . : |             �R     .  lF:�¡ �u
�u

h the second step,in the presence of(b+�\ fions thO accelerator J6ulinic the pd�˚ �˚ h
is convened htO thrOmbh b�V the thrombOpl�§ �R aaivity of thrombop�a stin�B

�Ø
�¡brous net.             ^

�C ::�‘ �� �R �' :�I .�î �… �O �ô �´ �w �˘ �o �� �b �Ù �Q
vessels are damaged and �\ 00d�¡ ows Out.This a�¡ o�� �b

"S a number d�|

�w �w �' niCh
aæmäF6 the�] process d clot�˝

�g

�� agu�� �¤�‡ �M
: : . .   4�] �¡ i�L

31411 FACTOmINVOLVED IN l�Ło�¡
lCOACmON

' ll-'i;;'-:-'r-i .. l

'Factor V: Pioacceierin. It is also called gc go-U;4in or,labjle factor. It k 566{r:txt3pr ia
plasmao lt activates prOthrOm�\ �Ü�� dttkes�] 186aplateletstoØ[
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INJURED TiSSUES

�«
release

�«
��HROMBOPLAST:N

�a�k
�@
�@
�@
�@
�@
�@

�v�‘�o

Ca++
pFOteinS

PROTHROMBIN THROMBIN+PEPTIDE
I   FRACMENTS

t
.,

(monomer)

Polymuris"s I
Iv

FIBRIN POLYMER

Factor VII Proconvertion favours the conversion of prothrombin into thrombin. It is also
known as proserum prothrombin conversion accelerator.

Factor VIII: Antihaemophilic globulin or platelet cofactor 1. It helps rhe release of platelet
thromboplastin by accelerating their disruption at the site of damaged tissue. It is absent from
serum but present only in the plasma.

['ac{or IX: Plasma thromboplastin component or Christmas factor. It is a globulin in inactive
stage in the plasma, but is activated by the active thromboplastin antecedent factor (P.T*A,).
Ithelps in the formation of tissue thromboplastin.

Factor X Staurt factor: It is primarily inactive but is activated during coqgulation by the
presenoe of Factor VII, VilI and IV.

Factor XI P.T.A.: It is primarily inactive but is activated at the time of clotting by the presence
of Hegeman's factors. It activates factor IX and participates in thromboplastic acrivity.

Factor XII: Hegem an factor. It starts action rvhen it comes in contact with some rough surface
or thedamaged wall of the blood vessel. It activates p.T.A.

Factor XIII: Fibrin stabilising factor. It hetps in the conversion of the soluble fibrin into
irsoluble fibrin, in the presence of C+ + ions.

�«  ‘ataiySel

Ca++

7.

10�B

11.
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�˚ �¶314 Mechanism of blood clotrr�Ł        .

Oot�Mng rrhrOmbOplattin.
l Platele�g +Damtt celL��

�b �� �¿ �–
T

Thromboplestln   nrombin
2 Prothrombin

3 Flbrinorn

Q

�' �˚ h

4 Formation of clot.

The importance of coagulation is reatised by the siudy of those caseq ufrere blood fails to
clot or it coagulates so slowly as to put ihem in danger of fatal heamorrhage. This is Lnen
as Blecdcr'c dlscase or Haemophilia. lt is due to a deficiency of AHF and therefore &e
platclets do aot readily liberate thromboplastin. This disease is oftea found in males.

The blo6d contains ao inactive enzyme known as prothrombin which is kept in chcck by
anothcrsub*ance in blood called anttprothrombin or heparin. Thus the blood flowing@rmally
in blood vcssels does not coagulate due to the presence of heparin. 
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The blood that�¡ ows�A du�ß ng mensturation does�¡ ot�� �d date,citer L�˚ çWe its�c
has been removed h the uterus oi because l has Jready clotted and the ibttL haS Sube�\

been destroyed by proteouh e_s.

�¡ rombus t a�� ndition where the ttt adheres tO the vess11�ˆ at its d"Of b�R �RL�¡�R�â intra�\ uhlØD=�¡
�\

�c
�¡a�“

�Û �I    çW�ì �Õto some other place to�� mein mtt vettlt
�R supposed to be the reason for intravascuhr dotting as it�¿ brates thdæm pL�Ù LL
sumcient dromobin inactivatiOn also may contribute to the pro_.

315 0RIGIN,CONDUCT10N AND REGULATION OF HEART
BEAT�]mRDIAC�]CYCLE          �]

The rhythmic comfeiOn oftTdiac musdes�R knon�] :�Õ :�¢ �X ch�¶ �¤ �o �ßof�R 1 lhÆÒ
�¤ s�h toL and relaxation of thc heal�¤ dltttOl�R Æíisiactivity takes pla�å in a tthi"�fi _

h adion of thc heart takes�ß ace in the fo1lowing states.=

STAH lo SimJtaneous�� ntradion 6f bOth the auddes with the �\ ood Psing fom the
auridcs htO vent�v desÆ�ä~ are Teltting.

�Ò �F �í Œ��D�ô�µ�v�ì
i�í

�a�R�N�ß�µ
dttdh�� aorta

STAGE 3.In thi,star boti vcitFiCieS and auriCLs larl iela�˛ ng.Th�¶ stage t caned the
gmeni pause.Dttng itts �˜�^F �\ �Và  onlters the ttrucs ttom ttiOus vessels�B

A continuous and study supp�Ł of Ovger t essen�g J fOr the cardiac muscle.When the heart
works it progressively increases its output uptO a critical point�B �� Ler reaching�˚ �É point the

out put falls but the heart still demands more ovgen and if tt is not oontroned it may

terminate in death.The rate of heart beat increases in,case the temparane of the blood�¤

�ï �¿.rthe�A �V �˚ On d b�Q �‚ Ca+�¿

�ï �kwçW �ô �o 1�c �R :�‚ �]�� ded.If any 4tlrath h�¢ �–�¤

�g
�¡ �‚ Dªà

�fi3.315�g nduct�í �¡ of �¿��
"�g

ŒaG�� fof hea�¡ .�¡ R3â˜ �| �M�ï i2iS�E A node,3 Btlndle or HIsA 4:
A�EV�¡ ode S.Bundlc b�� ,ch‘Purkinic icrtOmi�h
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Therc is a tiry island- of tissues in the upper region of right auricle, rvhere the hcart hent

originltcs, It is ca[ea the Slnoaurlculur node or slnoatrlal nodc (SAl{); lt is belierlcd,to,'bc

dcrived from the wall. of sinus venosus, located npar 1be ,gpcning of largB ,vch. This node

acts a1 a pace maker of ,the heart. The impulses generated radiate as a wave and make -erch

mgsc[ fibre tq contract. Between the.two ventricles and just beneath the auriculovtrrttir,ular

septup is found another specialised masq of tissue called as Auriculo Ventrlculpr Nodo (AtN.
The Bundte of HIS continues from AVN and Splits into two branches to from thc PtEkiE#
system. These two branches extend over the two ventricles. The impulse from the SAN

contracts the auricles and from the atria it activates AVN and spreads over the ventricles

through the Bundle of HIS and Purkinje system.

The complete sequence of events during one complete heart beat is called as Curdlac Cple.
The duration of the same is about 0,8 seconds. Thc <Iuration of ventricular systole and diastolc

is 0.3 and 0.5 seconds respectively. Action o[ the hcart,in pumping of the blood follows a

cyclic pattern. r . .: .

Ventricular Diastole
4

I

l
Ventricles relaxt:

I

Produclion of second
Heart sound

Flow into arteiieg
remilunar vatves clora
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:�ó |�a

�Vary

|

Semil�Ó ar va�a es
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. �“

Blood into atria

--.) svstolefeeins

SAN wave of
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�b
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�q

�c
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�‘

�b
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�b

�x

�b

�k

�d

I

I

0
Atria

I

0
Atria! I Syetolc

I1
gbo*nto ventrictes

I i .;, 1

I

Wave of tntractlon 
' 

,:

reaches AVN . ::i,. ,.

I:
,L

Venlricieii ': '

ctosure t rricuspia

Production of and silwlc valvl
Fira Heart sound '<i-_---

The heart bcat�R automatt,but t r%uhtcd lDy thetcent�g h thc medulla ob10n�Ü teo This

�ï�RH�˝ �…�cjwil�� �Ñ��IttW’�Ò �h�N
Adrenalin and thyro�˛ n inaucnce thc hcart bc(lt indcpcndcnl of nervOus cont�ß d�m����Ø[�—�J�gd�@
dircctly on sAN..Thyroxih incrcascs the o�˛ dat�s c mctabolism of bOdy cclls and causes rapnd

contraction of heart. li �R
�E 1

C02 10Wers pH of b100d and inc�K ascs thc hcirt�¤ cit ritc.Acidit,�S �å �–11:�Ü t�˙ s th�µ
�E �‡�–:rt beat

�g

1.4!ka�V �Vty r,taldS l�E Alk�M oll I�R C MusG�Łin,Atrophe and Digila�g ni�g reasce tt fOrO
of thc heart beat. Histanlinc pr(�A dt:ccs dttl13�” :O tl�M  lh�a  in b100d pressure.
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Blood pressure is delined as the pressure that the blood exerts against the walls of its
containing vessels. During the peak period of ventricular, contraction pressure in the arteries
reaches a maximum. This is thc systolic pressune. During the relaxation of the ventricle, blood
pressure falls down. It reaches a minimum just before the beginning of the next systole. This
minimum is called the diastolic pnessure. In human being the systolic pressure is about 120
mm Hg. and diastolic pressure about 75 mm Hg. Heart beat rate for a normal person is 72
pcr minute. Blood pressure is measured by Syhygmomanometer (fig. 31.6).

Fig 31.6 Method of measuring blooo pressure in man. l. Pump 2. Screw for releasing air pressure
3. Sthethoscopc tube 4. Cuff 5. Manonreter.

The beating heart produces characteristic iounds which can be heard by placing the ear

against the chest or by using a stethoscope. The first sound which marks the starting ventricular
s)6tole, is followed quickly'by a second which is highly pitched louder, sharper and shorter
in duration marking the end of venl.riculor systol. The sound is 'Lubbdub'. The quality of the
sounds indicates the state of valves. When the semilunar valves are injured, a soft hissing

noise "Tub-Shh' is heard in the place of second sound. Damage to the bicuspid or tricuspid
valve affects the quality of the first heart sound.

The amount sf blood pumped by the heart is called cardiac output. It is about 5 litres per

ininute at rest and 30 litres per minute during vigorous exercise. Under basal conditions and

stcrnous exercise following are the sharing percentages of cardiac output.

Liver
Kidney
Brain
Skeletal muscles

Basal conditions
TlVo

22%,

L4o/o

1,5%

Exercise

3.3Vo

. 3.3Vo

4.zEo

70Va

Cbeck pur progress

l. The blood pumped by the heart freely flows between the organs and the tissues and is brought

back to the heart. This tlpe of circulation is called

2. Facror II, Prothrombin is synthesized in the liver when there is sufticient supply of vitamin

�'
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31.6  SUMMARY

1. Circulatory system is a transport system.

2. There are three types of blood vessels.

3. Several factors help in coagulation of blood

4. Heart beat originates due to wave of contraction.

5. Heart'beat is controlled by the ncrves and harmones.

6. Blood pressure is defined as the systolic and diastolic components.

7. The patterns of cardiac output arc mentioncd.

31.7 CHECK YOUR PROGRESS:MODEL ANSWERS

1. Open type o[ blood vascular systenr

2. 'tr(',

31.8 MODEL EXAMINATION QUESTIONS.

I. Answer the lbllowing in about 30 lines each.

1. Outline the origin and regulal.ion ol'hearl beat.

2. What are different blood vessels?

3. How blood coagulatcs?

II. Answer the following in about l{} lines each.

1. Describe an artery.

2. What are heart sounds?
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UNIT 32 NERVOUS SYSTEM

Contents

32.L Objectives
32.2 Introduction
32.3 What is a Synapses?

32.3.1 Tlpes of Synapses

32.4 Structures of A Neuro-Neuronal Synapses

nS Structure of Neuromuscular Junction
32.6 Mechanism of SynapticTransmission
32.7 Neurotransmitters
32,8 Summary

32.9 Check Your Progress - Model Answers

32.10 Model Examination Questions.

32�B1 0BJECTIVE

This unit is to know the mechanism of transmission of nerve impulse [rom one nerve cell to
another. At the cnd of this unit you will be ablo to explain

o different types of synaptic transmissions

o certain chemical substances which act as neurotransmitters

322 1NTRODUCT10N

Having studied about the structure of a nerve cell and about the nature of nerve impulse

and nirve impulse transmission across a nerve cell (i.e. axon) it is known that neurones (Nerve

cells) conduct information along their axons in thc form of impulses. In this unit, you will

come to know about the transmission o[ nerve irnpulse from one neuron to another neuron

and is called neuro- neuronat transmission. If the transmission is between the nerve cell and

an effector cell (usually muscle libre) it and is called neuromuscular transmission. The

transmission of nerve impulse from one neuron to another neuron or one neuron to muscle

fibre occurs through a synapse.

The conduction and generation of impulses are confined to a nerve cell, where as communication

from cell to cell (nerve cell) is achieved through transmission at spe'cialized regions of the

cell called syrapse.

323 WHAT IS A SYNAPSE ?

The term synapse is coinecl by Charles Sherington(1898). Synapse is a srnall 'gap' present

between two neurons. In other rvords, the junction present between the two neurons is known

as a synapse.

A synapse may be definetl as 'anal.omically clcmonstratable site, at which one nerve

cell(presynaptic neuron) can influence another separate nerve cell(postsynaptic neuron)"'
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323.1�¡

"eS OFSynapses    
�~.

�� ng on their locatton synapses are�˛ �R
"f�ö �g

::

1. Central Synapses
�¡ �\ ::�¡ �E

:

Itsy occur in central nervous system-In thistype-the synapse is usually bctween two ncnc
oclls. Ttcrc arc so many types of central synapscsrtike axo-a:renal tlpe (present in giant ncrve
frres of earthworm), a:ro-*rmatic type(presenf in cerebellar region of vertebrates, (Fig3.1)
ctc.

AE

Te Pjl _c.cntral syrrlccs: A. Axo.aronal B. .r\.xq.somatic l. Axon ?. Myelin slrcatt 3. $mapec 4.
Soma 5, Prcsynaptic ncuron 6. postsynaptic nf, ion,

2. �]
pe�V�V lSi,p,es  i  .

�‹ _OCCur lt the peJphery9 mah�µ �Rvih the effectOr organs.

Eg.habSe�� �Ó �Ü

�g

usde nbre(�¡ g32.2.�r

�Q �ç
22P,Hlhl�´ �¤ a�¡ �' Ena�� a�g �d .L AxonO�g �V a"1 2 Mitte tt Mutte�ª

�î 4Ø[

324. sTRUcTuRE OF A NEURO�]NEURONAL SYNAPS�F |

I�� �å �R�� �| �W:
obse�J 10�� �V�V ther�V �EO Jh a tte ttattc"�v �æ�B

Sdettimttdedrm�� ��6scopi:

�C�i �] �Rl�ç L�l �ß�ç�‚ 1�b �‰r�ø 1�ß f�z �Ñ �� �� 1�æ:�Û L�Æ
:
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9

Fig. 32.3 Structurc of a synapse (Ncuro-neuronal). l. Axon terminal 2. Myelin sheath 3. Mitochondrh

4.-synaptic vesicles 5. Presynaptic memtrrane 6. Synaptic cleft 7. Postsynaptic membranc 8. SubsynaPtic

rob e.-Pr"synuPtic neuron 10. Postsynaptic neuron,

synaptic filaments ari) present between pre and postsynaptic membranes' Subsynaptlc nab

oi reticulum is present underneath the postsynaptic membrane in some vertebrates'

The most important feature that is seen at the presynaptic region is the presence of fFraPtic
vesicles. Synaptic vesicles are membrane bounded and contain chemical substance which act

as transmiters.. During nen'e impulse transmission the synaptic vesicles discharge these

transmitter substances irtn tt e synaptic cleft. Besides the synaptic vesicles, large mitocliondria

are present at the presynaptic nerve terminal'

32.5 STRUCTURE OF NEUROMUSCULAR JUNCT10N

Here,the nerve ending makes a junction- (Fig 32.!) called the neuromuscular junction with

the muscle fibre. ne"neiue fibre, l;ranches Ind forms branching nerve terminals.called end

plates which in aginates i"," G muscle fibre, but lies entirely ouiside the muscle fibre plasma

membrane. There is uiro n space between the nerve terminai and the muscle fibre membrane

as in neuro-neuronal synapse. The structure of the synapse in neuromuscular junction is same

as that of neuro-neuronal iynapse. But in nEuromuscular junction the synaptic cleft is thrown

iito folds which form secondaly synaptic clefts'

Characteristics of a SYnaPse

Synapses exhibit some characteristic functions' Some of the very important characteristics are

as follows:

1. spapse transmits impulse from one neuron to other or neuron to effector organs(muscle or

gland cells).

Unidirectional impulse transmission i.e . synapses can transmit impulses only in one direction'

The rate of transmission of nerve impulse across a synapse is slow compared to the nerve axOn'

This is called sYnaPtic delaY.

�Q

�@

�R

�¡�Ö�v
�B
�N
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3251 MECHANISM OF SYNAPTIC TRANsMISs10N

,:j

To explain the conduction of impulse along the synapse, two theories have been put foruardcd
They are: Electrical trarrsmissionand Chemical transmission. DuBois*.eprond (1877) ms
tlq firs! to suggest the transmission could be eitiier electrical or chemical. But c,hemically
mediated synapses are most frequently seen.

à �ª�W[�N Ø[1�ü �£�D�h�h�´��Œa|
1.    Electrica1 1�R ansmissiOn

�¸ �‰ �ü IF�¶ �Ø �‰
�ò �Õ �C �Ł �fl �ß �d �� �� :

IL   chem]ca1 1�¢ ansmissiOi

Æå�£ l�Ł �ç�e���C�ì �w�¿rªà si�É

�¤d�¤ �Óe tte�˚ �˚ �Ó � �̊l
�M

�Ó �æ
t��

:�P �N:�z �º �˘ I�Ô �º�x�´ �å�ß lC=�I llTttt�ï çS |
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m ahd reach presynaptic teFmitt Due to the

�Ytt mpu�� ,the chemical transmlt�v r substances stored �V the synaptic wsi19,1l P:�b P�V

�Ì

B
��

Fi& 325 Diagnmatic reprcscntrfon of rho rclnr9 of ncururansmitter into. T.p,i.: ':tl:j-f:
BJror. n.r.r. I^pu6c B. Aftor.ncro impube. l. prcrynrptic ncrvc crdlng 2. Mitochondria 3. qmEptic

G.fit l. f!*yiapi,c in..rrt 12". i. Eniptic cleft O. Poei synaptic oeriprgdc ?. Poet qpraptic ncuronc

g. Dircctiori d'dr* ir"irr*, 9: Sdrp;,il ,,c6iclcs rcicasing chsriical':iubstanc$:'illro ryflaPtic clcft'

Initial work (Dixo+ Dale) on chemical transmission indicated that the acstylcholtne is the

*"rr*f traismitter. 'But later studies confirmed that othcr chemical substanccs like

;;;;dr*.It ., i.rotonin ets. are also act as chemical transmitters(Neurotransmitters)'

Schmra$c rcp,nEtcntatton of chemlcal transmlsslon across neuromuscular tunctlofi'

Ncrvc fibrc Nerve imputss "+ Rcsearch presynaptic membrano
I

Causes ,etr"sY of chemical

substance present in synaptig

vesicles into sYnaPtic cleft
I

Causes aePotlrization of the

Post synaptic membrane

J.
Øfl F.C,�Œ�\ �q11�£�v

iz.l NEUROTRANSMITTERS (Synaptic transmitters)

Many chemical substances act as netlrotransmitters. Neurotransmitters help in conduction of

information ir, ,u*u, "f,"*. rrr"y also bing changes in the effector organs' Some of the

inportant ncurotransmittcrs are as foltows:
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1�B �\  AcetBol�À  �Œ  �\                 �\ �Œ

Most d tte synapu have acety�É holine(A�R )�� �Rc Lansmttter�� �ł �I :�Ó _�Ì �I

�í �U:�Ñ �˘ �a�æ��:lhl�P i�Ł T�� �firtt�X �ò :1�I �� �ô ��̃O�ì
the para synpathetic herve cndings.The nc�W cs thal COntain Ach at:�R eirJerve ta�à �¶ are

caned cholinergic nerves.

^�N

�˚ Synthesi4�¡ h tWO Steps h,thO nerve ce�a s

L�n �@�fl C�g�„ 1:�ü �Ú �æ ,111�g �x�� :r�¡ :I :�]
            Ca++~

2 Aol�§ 7me A+Chdine’�Ł �V
C,C�b

�‰ Acetylchdina�\      �\

�¢ �� �R�¤�¿�R�·�� �P �Œh:�� �i �r�i
1�_

1�� ���l �˙ |:�� i�i
into synaptt de�¡ �BThe Ach rdcascd then causcs depola�v zation in pottsPaptic membranep

thus exciting musde Abre.Ach released into synaptt clc�¡ is quickly hydrolysed by an enOe

acetylchoHnesterase.

Acetylchdhe t H�à
A�Ù ��ch�˚ ntte=�T

9hd�g �•A,t add _
Ach usud�µ has an excitatory effed�B lt also shows inhib�¡ ctt e�œ �£ �vFoF eXampl�� :�� hØ[ Ø[

vagus nerve is ttimulated the heart is inhibited.TMs is due to the release d Ach at V�¸

nerve teminal�B                                 .   ‘  : [   = =.:      �¡ i  .=�u �¡:      �A:

2.     Adrenaline and Nomdrenaline

AdFettO and,�¡ Oradrenaline are also called as:epinephHne and nOttpinephJne resped�R �A

They together constkute sympathin.They are mainly present in the sympathetic nerve endingS.

Noradrenaline acts as a transmitter tt the ncuromuscular iundiOnsi of mattan ismooth

musde and also at certain ceitral synapses.in invertebrates.
�E (�]     1   �]   �M   �¡ :�u    �~:

Adrmtte ad �_�B�Ùmdhe T,�» h�]
:10ªà 1:�˜ �� �p �I �hhr�Õa�Þ enaline as transmttter are cJled Adrenettk

�� �\ tton9 though it is probable that thoy causc excitation in_sOme attas.1 .

3.   Dopanine

Dopamine�Rsynthesized iom�Ł Osine�B

The effect of dOpamine is usually inhibition.

4.   5‘Hydr�œ

�g

�@ tophan

lt is also caned as serotonino lt iS almost certainly an excitatory transmitter in the c"ntral

nervous system of molluSCS�E It is synthesized�¡ Om tryptophan.

Certa1 0th,r amino adls like gama amhObu�Ł t acid(GABA)and glycine act as edtatory
and h�£ �vbitory ncurOtransmitters respectively.

Checkyour progress

Match the fol10wing�B

Gap present betweeu two neurons
Acetl choline
Dopamine

neurotransmitter
inhibitor
synapse
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|       �E 32�B 8 SUMMARY

L. Synapse is a functionat gap between two neurens.

2.' There are central and peripheral synapses.

3. Synapse exhibits some characteristic functions.

4. Synaptic transmission is either electrical or chemical. [n chemical transmission, a chemical

transmitter mediates the nerve impulse conduction across the synapse.

5. Acetylcholine, adrenaline, noradrenaline, dopamine, serotonin and certain amino acids act

as either excitatory or inhibitory neurotransmitters.

32.9 CHECK YOUR PROGRESS�]MODEL ANSWERS

��
�D
�@

�@

��
�D
�@

�@

��
�D

�P

�@

�Q

�@

�R

32.10 MODEL EXAMINATION QUESTIONS

1. Answer the lirlloling in about 30 lines each:

1. What is a synapse 'l Dcscribe thc structure of a synapse.

2. Describe the structure o[ ncuromuscular junction. Add a notc on neurotransmitters.

3. Describc thc thcorics of svnaptic Lransmission.

II. Aiswer the following, about 10 lines each:

1. Describe the structure of a ncuro-ncuronal synapse.

2. Descrilrc the structure of ncuro-nruscular junction.

3. Describe brictly the proccss of chcmical transmission.

4. Write a brief note on neurotransmittcrs.
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Unit�] 331 MUSCLE CONTRACT10N

Contents

33.L Objectives'
33.2 Introduction
33.3 - Structirre of Vertebrate Skeletal lvlu.scle

33.3:1 Histological Structure of the MuscleFibre

,3.4 Phpiolog5r of Contraction

33.5 Sunimary

33.6 Check Your Progress

33.7 Model Eximination Questions.

33.1 0BJECTIVES

The objective of thc unit is,to know abogt thc musclc contrattion in vertebrate animals. At

the end o[ this unit you will be ablp to describc

a different typcs of muscles and

a histological structure of muscle fibre

o Physiologyofcontraction

33.2 1NTRODUCTION

Dill'erent Patterns of l\luscle

From the flatworrn to the human being all animals havc muscles that are similar in their

olgngate, cylindrical or spindle shapc and in their conlent of contractile protein filaments.

The cnidarians have cells that can contract. Mrlst of the invertebrates have only smooth

muscles where as arthropods have .only striatcd muscle.

All the movements of higher animals are acconrplished through the contraction of muscles;

they are the biological molars, that convert. chemical encrgy into mechanical energ5l and

translate fhe signals flrom the central nervous systcm into movements. Muscles consist of large

number of elongated.cells, usually referred to as muscle fibres. When these fibres are suitably
activdted they develop tbnsion and shorten.

Muscles are charactorised by extraordinary power of contraction on being excited. There are
different types of muscular tissucs found in verl.cbrates

1. Skeletal Muscles

They are known as striated muscles. Their activities are under Voluntary control. ' : -'

2. Smooth Muscles

These are nonstriated found in the wall of visceral organs. They are not under the control
of the will of the animal - Involuntary musc'les.

3. Cardiac muscles

These are striated involuntary nruscles, conllnccl to heart only.
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How does a mude con���í ���C iäå Ø}hitve.done wo�Ü �� �ÛdeØ[ ��uscle�§

"�•
i this

�R �å çW�� �F�¶Let lls now brieny discuss about the skeletal muscle befoFe We take up muscle

�å �Z

"�˚
n�B

333  STRUCTURE OF VERTEBRATE SKELETAL MUSCLE

�v TW�ß �«
�E

�Ł�W

y�Ł
�ì �F �˚ �T

�w
�E

e�í
�í �˘ �µ W�¤

�� OVe 10Wards the other and h aas as lever systemo The end Of the musde that rcmahs tted

when the muscle contracts is caned the oriJn�E The end that moves is Called ln"�ô OIn,the
�˚ ck pa�¡ in between t the Bel�^                  �E

FIB�¡ l Steletal mttic.1.Bal ano socttt ioint 2.0�v gins 3.Œt lly Of biCcPs(FIcxor)4.Bcll of

bicepseXtenso�£ 5.InsertiOn 6.Radius 7.Uina                           �A

Vni�g Of mules are the muscle nbres,cach of them contain musde�å 11,th,se Flbres are in

bundles are called fasciculi.The cottnective dssue which covers‘�g is called peJmycium.The

ent�Þ e muscl�v  bulk is covered by epimysium.The space betwcen the musde Flbres is covered

by endomydum.Und�  ̀ttO light micFOS�� p9the skd,tJ muSdes looked like packed cylinde�¤

�� th transverse bands.The musde�¡ bre of skeletal ttsuc are cylindrical ttd multinud�v ate.

�¡ 3�B l Histo10gittI Structure oFthe Muscle Fibre

The celi membranc around the muscle rlbrc is calied as sarcolemma and cytoplasd inside is

caned sarOplasrln,it is traversed by severa1 long myo�u lbrils which are arranged along the acs

of the rlbre�B
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Fig.33.2 Structulr of striated nruscle fitrrc. ,t l'trand Il. A band C. Z line D.Il band l. T slstem

2. Mitochondrion 3. Sarcomere 4. 'I'riad 5' Filam€nts 6. Myofibril'

Each myobril is abbut one tt in dianreter. It contains light and dark bands. The light bands

8ro non,rofractive under polarisecl light, they are called isotrepic bands. They are refeffed

to also as I bands. Each 'l' band is biscc.ted at its midpoint by a thin dark line' Z band 3re

kravset membrane. The portion between two Z-bands is called sancomere.

The dark bands are doubly refractive and are termed as anisotroplc.bands, A bends or Q
bands. Each A band is bisected at the mid point by a thin paler line knovrn as Hensan's

llne or H.band. A narrow dark line or M band passes through middle of H -band on the

lines of N line in the mid region of I b,and. Myosin filaments are thickened at in M Bands.

The ultrqstructure of myofibril shows myofilaments, which contains serially repeated segEents.

Each sacromere has two types of ryyofilaments. One is thin myofilament containing actin..

Another onc is thin myofilaments, are myosin myofilaments containing protein myosin.

The actin filaments are attached to second band at one end and are free at the other. The

free ends extend towards H band and inter digitate with myosln filaments. Each actin filament

is composed of globular subunit 61 '6' actin molecule, arranged in linear fashion forming two

longitudinal filaments woven round'each other in a helix. Associated with these are found

proteins tropomyosinB and troponin (Ca+ +-binding protein). Myosin myofilaments Extend

throughout the length of A bands. They are thicksr in. the middle and long. They contain

myosin protein. Its molecules are tadpole like. Each myosin molecule is differentiated into

(1) - light meromyosin (rod like tail) shaft of the myofilament parallel in arrangement, forming

a bundle in the axis myofilament. (2) Heavy meromyosin (globular-head) - projecting out from

the surface of myosin and corresponds to the cross bridges. It is formed of 51, 52 sub Units.

Sl contakrs,Calcium (Cu**) activated ATPase and like sites for binding ATP and actin. 
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Fig'33'3 Details of musclc fibres l. Motor neuLon 2. siieletal muscle 3. striations 4. Muscle fibres5. Nucleus 6. Myofibrils 7. ope,ing ro 'f systenr g. A si,gre muscre riur" i*iirr;";ir;;;; ;r*;9' Sarcomere l0' Thick filament ll. Thin filanrent 12. A nryofibril 13. cross brictge 14. Z linc
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Fig. 33.4 Ar.rangenlenr of thick and thin filanrcnrs. I 'l"hick filanrent 2. fhin filamenr 3. Sarcomere
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The I bands reprcsent those regions of actin filaments which do not overlap with mpsin.
The H bands, the middle region of A band which are without actin filarnents at M bartd the

myosin filaments are interconnected by tine strands.

334 PHYSIOLOGY OF CONTRACT10N

Thc process of muscle contraction is closely associated with protein filaments of the myofibrils.

Sarcomere is the unit of contractility. During contraetion the thin actin filaments slide further

and further arnong thick myosin filaments and result in the contraction of sarcomere. This

actioa causes the muscle to shorten in length. During contraction I bands shorten. But the

lcngth of 'A' bond remains constant.

Hansen and Huxley said that the thin actin filamcnts slide over with thick myosin filaments

among the inner spaces towards centre of sarconrere into the 'A' ind 'H' bands. This is
brought about by the interaction of cross bridges of myosin with the actin filament. This can

be explaincd in five stages. In the first stage, the cross bridge or 51 meromysin binds to a

globular unit of actin Frlament. ln the second stage the linkage is broken by thi energy rcceived

from ATP, which dissociates by Ca activated ATPase enzyme of the myosin. In the third
stage hew linkage is formed between the same meromyosin hcad (S1) and the next 'G' actin
unit. In the fourth stage, due to the repeatcd rnaking and brcaking of linkages between actin

and myosin filaments, the actin filaments are pulled towards the centre of sarcomcre. In the

fifth stagc the first bridge returns to thc starting conliguration in preparation for a new cycle.

MillisecQnds

Fi3 335 CbmpLte and inconlP�É tc tetan,sl.�K �aograms 2 Mi!I�R cconds A.113�u r sccoid B.35
per second C. 23 12 pel�E secolld D. 18 Pcr seCOnd

At certain.stage of�� ntractiOn the cnds Of twO adiacentS actin�¡ lamcnts may touch cach

other attd l bands will rcach the minimum lcngth.

Although the indi�� dual muscle 3brc is thc structural unit of skeletal musdes,�› is not the

functiOnal unit.Au motOr ncurOns leading to thc skeictal musdes have branching a�\ ons.�F ach
of which terminates in a ncuromescular iunCtiOn with a singic muscle ttbrco Ncrve impulSc

Passing d�¡ �‹ l a lngIC ncurOn which thu,tlgger cOntraction in an the musde rlbrcs at which

the branches that ncurOn terminate. This minimum unit Of cOntraction is called th�¶  mOtOr
unit.
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The fibre can be maintained in the contracted state so long as it is stimulate{ frequently
enough. Such sustained contraction is called tetanus. Tonus is a mild state of tetanus. It is
a state of sustained partial contraction present in all n<lrmal skelotal muscles as,long as the
nerve to the muscles are inl.act.

CON�uRACT10N

Fig. 33.6 Thc c1lcnlistty o�u  nll:sc:c co:1lraction

A muscles that has contracted many dmes cxhausts ls st()red organic phosphate and glycogen

and accumulates lactic acid is caned rtttigue. This phenomcnon �� akcs the musclc unable to

control any more.

The activity of musclc indicatcs brcak down a:ld rcconstruction of chenlicals, in the presence

of catalysing enzymcs. In this proccss potcntial cn�¶ rçü / is convcrted into kinetic encrgy. Thc

potcntial energy is from ATP, stored in thc myosin llamcnts.During�µ ontraction ATP

decomposes into ADF and P04 and ilbCrates 12.cal()rics,of cnergy,which is transferred to

the myosin to move the actin�B �uFhis encrgy transfcr tO the nlusclc is direct�B �uFhe amount of

ATP in the muscic is �¡ot sufrlcicnt cnough lo continuc contraction. Hence there is need for

restorationo Creatin phosphatc �] cncrgy rich compound also libcrates 12 calories, of energy

�í �ß�ç�� :W:�ç c�I :hI�R �Ò �£:�x 171�fi ihrlttL�v �º�í :

Of cell respiration: Conversion of glucosc into carbon dioxidc and waler.The energy Ebcrated

by the glycolysis is stored in ADP and crcatin which arc converted into ATP and creadn

pttsphate which h turn supp,cnCrgy br musdc contracdon.

cOn cycle

when excess of lactic acid accumulatcs in thc muscics duc to inadequatc supply of oxygen,

it diffuses in to the bloodo M�¡ Or part()f this blood lactatc is then taken up the liver where

it is�s f�R �¡verted inlo 31yC()gcn. Thc livcr g:ycogell is convcrted into glucose which enters the

�Œ�@
�Œ�Œ
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�m
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blood and t transported to thO muscles.In muscles th�R Jucose t then converted into mme

JyCOgen.This cycle is caned‘cori cycle’.It�Ì  �ÌtOps arc as fo1lows:

Ele�R �R even�g �å cur during musd,cOntradion.�A esdng pOt�vndd(�] 70 mvl L d�¯ �� �ç &The

potentid difference dong two slrfa"’9f SarcOle�� ma��mes to ooo�ß V(dephmØ[0�E The

potential direren"�¡ aches�� _’mv which sugests thtt the inner surface of wcolQ�\
a

�˚ pOs�˚ �� by 35�� (revers,"1�Ô Satb�¡
)�B

A pote�Ü d�� drerence of�] 70 nLv(rdingipotentiall

is set in repolarisation.By insertion of micrO�] electrodes intO the�˚ uscle ibre,the ab�R �Rd

and mechanical proPcrties have been demonstrated. The main direrence is that in mwle

the actio,potential is ac�� mpalnied by,ontraction.�M ln other words the electrical enerw of

actiott p�� endal is some how cttttted into mechanu ener"of cOntraction.

ATP Coupling’Theo��

ATP is very important for musde[contractbn.By keeping the musde blod h the Jyein

sontion,we can i�Ł ak�v  the tstiuctural and contrad:l prdeins,FeSent in the musde toæx

dissolved in the glycerin.ltithat Stage th,muSde�R una�\ c to contract.The muscle blod

which is made non�] contractile by artincial mcans is referred as muscle modd�E �BIf di modd

is kept�¡ thc Pres JJCe ofthe lormJ musde(Juteihad6 available by�� �æ ecting the noFmal

musde to differelt atmo�˜ pheJc pretsures)the ntOdd Contracts.But r the modd�¤ ke�� in

Press Jui�å of decompowd ATP h never contracts.ThiS prOves that for the musde contradion

ATP is necessary.Lt us bJely ttCuss the vaiats chemical changes that takes plae duFing

muscle oontraction�B

In the irst phase of contracdon ttc termhJ dstemae present h�O band reLse Cat+�B �ßL
rleaSed ca++along witl the ADP 4nl in thl presence of magnestum makes adomyomm

complex.Due to the formation of this complex th�v  inactive ATPase present�g actiVQ�´

"Of
the crOss bridges present in myosin become acdvated(l�À 337�¤.   �M

Thei elettd active ATPasc acts on the Mg�\ _ATP�� mplex present i�æ the:musde mçö

�Nd deCOmposes the ATR relea�˚ �¥ the enery tFlg."�B 7B).      �O  �¡

1:�Ł ll�Ù �ß �â
ri�”

�˙�� �ß �@�Ñ�DsT�{ 1�� .i�ó �«�ß�«�¾�«
cross bridges that are bound to one actin rllament unll be opposlte to the�� brations of the

cross bridges that are bound to the 6pposite actin�¡ lament.Duc to this the acm mment
slides�E over the myosin�¡ lameito sO that the H band�� ll become�� .o�‹ �� 10�E 1.=|:

When once the cross bridges�� brate the actomyosin�� mplex is dissod�� ed and�v L�] cros
bldgeS�� me to ther origind position.Then in the next plase the crttS bridge.bind the�Q �£
active sit,Of the myodn to form actomyogn comptx and rOpeat thO vibration(�‰ ie�F

",D).                                           i t     �E

Duc to repeated diding movements oF the actii nlamcnt ttr the myostithe tt b10�¡

and then the entire musclc�¡ lament itscif be��

"�g
high�µ �� ��tractileo Th�R Phase loflm�� �N

contraction is referred as"actlt s�g

"�E

Of C�Ó ntittdiOn.            :
After certaln period Of contractioi the"active state" cnds and the musdes stat ienu�ß �]
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Fig 33.7 Tlre chemical changes during muscle contraction

Check Your Progress

L The liver glyeogen is converted into glucose which enrers the blood and is transported to the
muscles. In muscles this glucose is then convertecl into muscle glycogen. This cycles is called

Each 'A' band is bisected at the mid point by a thin paler line. It is known as

33.5 SUMMARY

�‘��
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2.

3.

4.

Patterns of muscles in vertebrates

Structure of skeletal muscle

Histologof muscle fibre

Fhysiolog5l of muscle Contraction is exptained by a sliding mechanism in which the thin actin
filaments are displaced with respect to the thick myosin filaments due to the action of the cross
- bridges between these strucl.ures.
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33.6 CHECK YOUR PROGRESS�EMODEL ANSWERS

1. C6ri’s9cle

2  Hcnsan’sline or H�] band

33.7 MODEL EXAMINATION QUEST10NS

I Answer the following in about 30 lines: . -

1. How a vertebrate muscle contracts?

2. Outline the structures of skeletal muscle?

3. Write briefly about the mechanism of contriction of a muscle laying stress on ATP

couPling theory.

II. Ansnrer the following in about 10 lines.

1. Describe a mYofibril.

2. What is Hansen & HufeY theorY?

3. Describe Cori cYcle.
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UNIT�] 34 REPRODUCTIoN

Contents

Y.L Objectives

Y.2 Introduction
y.3 Endocrinological Control of Testicular Functions
Y.4 Endocrinological Control of Ovarian Functions
Y.5 Female Reproductive Clcley.6 Elementary Idea of Implantation, Gestation and Birth
Y.7 Summary
34.8 Check Your Progress - Model Answers
U.9 Model Examinatioir Questions

34�B1 0BJECTIVES

This unit is to know the mode of reproduction in mammals.

At the end of this unit you will be'able to exptain:

o the role of endocrines in functioning of testis, ovary
o reproductive rycle of females

o a comprehensive account on implantation and hirth.

342 1NTRODUCTIoN

Reproduction involves transmission to next generation of genetic material that results in the
offspring having the characteristic of species and of an individual within the species. The
genetic material is carried to chromosomes in highly specialised cells called gametes. Male
ganetes are spermatozoa, produced in thb testes, and ova in the ovaries. the fusion of
spermatozoon with an owm combines the gene'tic material from the male and female parents
(fig 3a.1)

Hormones play an important role in repiocluction - due to the secretion of male and female
hormones secondary sexual characters, maturation of gonads, rhythamicity of sexual cycle,
detachment of the foetus and lactation take place. The details of structure of testes and
spematogenesis has been elucideted elsewhere.

343 ENDOCRINOLOGICAL CONTRqL OF TESTICUI-AR FUNCTI9NS

The anterior lobe of pituitary gland, in case of the males secretes two hormones 1. Folticle
Stlmutatlng Hormone(FSH): It promotes devetopment of seminiferous tubules and maturation
of sperms. 2. Leutlntslng Hormone(LH) or Interstitial cells stimulating hormonq it stimulates
the activities of interstitial cells and helps in production of 'testosterone (fig 34.2)

Male sex hormones are androgcns. It is a collective term including testosterone. 15 -
Hydroxytestosterone and 6 - Hydroxytesto sterone. Testosterone transforms the boy into a !
maq that is secondary sexual characters in the male. The releasc of 

'these 
hormones is

coutrole'd by LH. The out put of FSH is inhibited by a peptid inhibine nroduce!112
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Fi& 34.f Mammalhn spcrm A. .Undcr Elcctron microscopc B. Undcr light micrucopc t. Acrcomc
2.-Nuclcus 3. Pmrirnat ccntriolc 4. Distat centriole 15. Axial filamcnt 6. Mitochondrial spiral 7. Thicl
fibcr 8. Hcad 9. Mid<tlc picoc 10. Tail

by the sertoli cells. In casc, the testes are removed the inhibitory influences are lost. Malnutrition

causes a fatl in the production of testosterone by inhibiting the production of FSH and LH
by the anteridr pituitary.

Ptg,4.2 Testostercne

344 ENDOCRINOLOGICAL CONTROL OF OVARIAN FUN�⁄ONS

The arteriu part of the pituitary gland secretes FSH, which increases the size of the Graffian
fiollicles induces the secretion of. estrogens, formation of owm, and the oestrous qcle. LII
which is respgnsible for maturation of ovarian follicle, secretion of progesteronc, stopping the
oestrus cycle and implantation of fertilised ovum. The description of the femele orgars ed
Oogcnesis has been given elsewhere. l

Female sex hormones are called estrogens.. These include four steroids - Estroni and Estradbl,
B-estradiol, and Estriol. These are synthesized by the follicles cells of Graffran follicleq,the
interestetial cells of the ovary and the placenta. Their synthesis is increased by FSH. Estrogens
control the menstrual and reproductive cycles, by inducing proliferation of endornetrium and
iacrcasp in.sccrction of mucus by cervical glands. Contractility and motility of thc musculatritc
of fallopian tubcs is increasEd by estrogens. They also control the dcr&lopurcnt of coc6ndry
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Fig, 34.3 lrnrgesteroac

serual characters. They are lipptropic in nature. Ttrey help in the growth of uterus and
mammary glands during pregnancy. They act against thi progesterone in the uterine muco6a.
They have indirect effect on gonads. They stimulate the secietiin of adrnocorticotropic hormone
from the anterior pituitary.

The details rcgarding the functions of testes and oqry of a mammal have also been outlinedelsewhere. '.i

:///�B

���u
�˘ 4�A

ng.34‘GDntrol Mechanis"oF Female sex hormoncs.1.Btrogens 2.Fo�a �É le 3.Pitu�¡ av gl�Ó d
4.FSH and LH 5.GnRH 6.Htt�_ thalantus

913

34.5 FEMALE REPRODUCTIVE CYCLE

In aH maml�¡ als except pri:nates, brecding seasOn is differentiated into one or more oestrous

�J les:lut in p�Ü mat�vs h�A ��e menstrud cycle s10wi,g �Ve change�˜
=�V

:utlineŒt �Vsa along

�¡ th�N anges in the ovarian fOllide,The fOrmation Of cOrpus Lutcum�R immettately after the

uberatiOn Of Ovumo The ovary is stinlulated by ttH and with this reac�� on LH L sccreted.

Estradiol,a steloid scx hOr�ß Onc stimulates lhe growth of lterus,Thc imyometFiul�¡ and
endometrium beco�� e thick, vascular and igrow in lcngth, stimulating the fa�a opian tube an�†

Vagina.Increase in estradiol inhibits FSHi and stimulatcs the prOductioi Of L�¶ .This is the

roElicuhr phase.          :

In the luØS �¿I Phase lactogenic hOrmonc Of thc pituitary brings about thc rupture of the Grafrlan

follicle,ovulation of Ovum and�E formation Of cOrpus lutcum and helps in thei p,oductiOn Of

progesterone.‘It adds to the effect oF estrOdiol.

r�â rllSati",f ovum 10es�¡ ot occur corpus hicum gradua�a y dtin�¶ grates Lcvel of luteJ

hOrmOnc declines, and the b10od along with brOkcn dOwn tissucs is discharged from th�v

l14 Vaglma.This auid is caned menstwal�� "h�E
1�� and Phc�¡ omendi as�i onttrui�¡ Onl
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34:6 ELEMENTARY IDEA OF IMPLANTAT10N,GESTAnON
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Fig 34.6 Implantation of the enrtrryo. l. Wall of urerus 2. I:allopiao lut(: 3, Ovar)' 4. Blastoc5st 5.
Yolk sac 6. Anrnion 7. Emtrryo
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preven�g further grOwth of Grafrlan f�B �ades hhibiting�R Ho The pLcenta has tv70 main
�å �� Ø[ons as an endocrine gland and h thc transfer of thl sibstances between the mother

and foetus.3 peptide hor�Ó Ones are produced by placenta.Human choFiOdC 80nadondlne

CHCG),human�¡OriOnic thyrotrophin(H(�¡ ),and human placental lactqrn(HPLl,in caSo
of human beinF�B

The development of embryO tin the birth Or chnd�A called the gesta�g o�Œ peJod.The human
gestatiOn period is normally tt days.

At the end of the ge�â �Ù bn periOd ttc hrth of the c�a u takes�ß aCe.This prOcess is caned

PmurlttOno Repeat�µ d contractions of mpmctriu"and decrease of progesterOne of placenta

�{ �fl :l�ç �Õ 11�I �]�i EPll�£
a�Ł ��ph�¢

�u
���b �¡e corpus hcum

�Q�F�H�� �� :å¥ �æT�ł �ƒ
�“�E�H�H�¥ �† t�x �r �÷

:�� I�Ú �ï 11�� :�V �V�V�¢�V

�c
Check Your PutSS

l.    Gestation

2.   Partu�v tiOn

34�B7 SUMMARY

�P
�D

�Q
�D

�R
�D

�S
�D

�T
�B

�U
�B

Physiologr of reproduction in mammals - significance.

Hormones of testes - function, role.

Hormones of ovary - t'unction, role

Reproductive cycle of female, mammalian exampte

rmplantation - elementary idca, role of hormones

Birth - parturition, role of hormones.

�P

�@

�Q

34.8 CHECK YOUR PROGRESS�]MODEL ANSWERS

The'development. of embryo till the birth of child is callcd tho ge*rtion pcriod.

At tho end of the gestation period the birth of.the chitd t8t€s daca this p,rocess is called
Parturition.

34�B9 MODEL EXAMIN�¿ �A�OQUESTIONS

Answer the Folbttng ln�� ��uttt line�g

1�B
 What�¤ femal�� FTOdtt cycic?

2. DescJbe thc endocrinological control ofovary.

Angwer the fo1lowing in abOut 10 1ines:

1.    Male sex hormones�B

2   Female sex hormoneS.
l16
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UNIT�] 35 BIOLOGICALÆí�c �Ú HMS

cOnents

Ø°
�ˇ
�h

�W
��
��

Objecrives
Introduction
Biological Rhy,thms

353.1 CircadianRhY'thns

3532 LunarR.hythms

3533 SeasonalRhYthms

Snmaary
Chcc}Your Progross - ModelA$Mrcrs

Model Examiaation Questions

3�� 1 OBJECTIVES

The objective of this unit is to know about Biological Rhythns' At the gad qf this unit you

will be able to elp.lain about kinds of rhythms sueh as

o circadian rhythms

a Lunarrhythmsand

a season of rhythms

35�B2 1NTRODUCTION

The behaviour of Admels or plants that is repeated at different defidte'internals is called

,.f"AJ ;Uy,n-.ll ir a phlniological mechanism for measuring timg hence it is calbd

Biologlcal clock or periodicity. The rhythmic events occur throughout the world. The day and'

night due to ,sunset and sunrise, the movitg of moon through its monthly cycle, the tides, the

seasons have great effect on aninals and plants. Temperature, light, humidity, weather and

other factorg in the environment v6ry 6scoldingly with each cycle change

Organisms adapt behaviourally as well as phfiologically to these,rhythtns of nature, to gather

food and also to produce offspring. These rhythmic adaptations occur at the level of celb,

organs as well as at the level of the whole organism. They e:rploit the most favourable asPects

of the day or month, or season or tide, they can even anticipate thcm.

Many animals alter their behaviour on a daily basis. For example fruit flies hatch in greatest

numbers just at diwn. Cycles of approximately 2-4 weeks are known. Some animals like fishes

oome on the beaches to spawn at the time of full moon and new moon, that is, at intervals

of about two weeks. This behaviour seems to be triggered by the phase of the moon, and or
the height of the tides. The human menstrual cycle is a 2830 days cycle which was also

considered as a phenomenon with the phase of the moon.

Migratioq reproduction, hibernation i1 anim{s happen to take place in specific seasons. The

leagth of the day also affects the rate of reproduction.
117
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353 BIoLOGICAL�c Ms

Biological rhythms can be broadly classified into three categories 1) circadian rhythms 2)Iernar rhythms 3) Seasonal rhythms

353.f Circadian Rhythms

tvta} anyas.and.plants exhibit a 24 hour cycle in their activities. It has been referred &oas diurnal periodicity, which mai create sright confusion as opposed ,to,q9{1111r p"rioiiil
Photosv'nthesis is cited as an example. oalyluyttn, ar" *[.9i"ir*oia]iil&1ii*, crr*apylana dies dar). rue perioa iiri;#; .otA-;i"[ffi;; of hours from the,beginning

Many plants e:rhibit other more specialised reactions to the alternation of day and ni,ht, urc,h

T'-It gxhibit changes in their activities from daf ,o oigba ,i is often.a pheaomenon.of
simpl" photokinesis variation in ac.tivity occurs in higher ai'i-als. For example micecome actchiefly at night when they are less likely to be Jetected by their enemies. Most of thepredaceous 3nimafu are nocturnal as they can capture their prey *a", ii" l*o-JLm"*,In an environment such as woods are set of animats is actine during the day and the otheractive only during the night.

25.26tn January
lam 4am 7am {I0am Ipmi tppr

ll 12th July

Fig. 35.1 Dlurnnl Vertical Migrutlon of Calanus.

The circadian rhythms have been observed in zooplanktons, polychaete annelids, mily insects
(I*pidoptera, Diptera, Hynr.enoptera, Neuroptera, Coleoptera, Orthoptera, Odonata etc), most
birds, and certain mammals.

Wetsh (1938)and Part (1941) indicateci that certain internal physiological processes have
become attuned to a 24 hour cycle, in certain animals.

Females of the copepod Calanus ascont in the e.rening and descend ia the morning ln the
Clyde sea. The depth to which these animals migrate is associated with the variations in time
of sunset and sunrise and the intensity of the rooo .u, during January and July. The males
and the various young stages of the same species show quite differeoi b"huuio*al patterns
in response to light.

Many animals move from the surface to deeper levels in the soil at regular periods each day.
Others can act from under the grant litter at definite times durilg tle diurnal cycle and
ascend the vegetation. Many other insects move regularly from lorver tevels in the herbs and
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3533 Seasonal Rhythms

They are also callrcd Seasonal periodicitics, Annual rhythns or Clrtannuel rtythms. Thcy
oocur on a yearly(seasonal ) basis. Examples of annual rhythms include courtship, i".t Uoif@
and migration of birds; emergenoe and swarming of insects such as rcrmites; hibernation of
mammxl5 and other animals; germination, growth and floweri4g of plants. The physiological
basis of these rhythms varies but in general they are induccd by hormonal changes brougbt
about by seasonal changes in temperature and or day length.

The amount of day light per day, knonm as the Photoperiod hai a marked influence on the
time of flowering of plants, the time of migration of birds, the time of spaming of fislr, and
the seasonal changes of coloru of certain birds and rnammals. The effects of the photoperiod
on vertibrates apPear to be mediated by some neurochormonal mcchanisn io*t iog tl"
hypothalimus, the pituitary and the penial. Chic&ea farpcrs havg fotad that usiog artificial
illumination in the hen house, and thereb,y e,xtending the photoperiod, stimulates the hcns to
lay more eggs.

Shortday and longday are misnomers in view of the work doae by nany plant physiologists
on flowering of plants. For example a cocklebur - graving at the latitude of Michigian, wiU
flower only after it is kept in the dark for 8 hours. If it is illuminated by a flash of light at
any time'during this period, it fails to flower. These short day plants were really long Night
plants. Some stimulus presumed to be a hormone, is passing from the leaf to the meristems.
Spinacbs bloom successfully on a short day schedule as long as the night periods are interrupted
by a brief exposure to light. These long day plants are really Short Night plants. They can
bloom only if the nights aro not too long.

Eelsr Salmons, birds, marnmals and insects are considered to be triggered by the photoperiod.
Each bird has an interud rhythm(endogenou), adjusted to a dcfinite dry lcqgth and a bird
migrates to such area where that particular day lcngth is availablc(Example : Trcc Su/atlow).

The lanra of pink cotton ballworm found in southern U.S-A goes in a Dtapause (A stagrc

in which morphological'growth and development of an anioal is suspended, retarded to
develop resistance of e,tremes of climate) in the months of September and October and

remain in this stage during winter. Emergence from diapausc begins after spring when the

dap are slightly longer. In grass hopper, diapawe occurs in thc eg stage. Kharpa bectle

shows low diapause bclm, ldC. tong days with high tempcrahre and short days with low

temperatures are associated in the induction of diipausc in Crapholftha

T\no theories have been put forward to understand the biological rhythms.

(i) Iheory of exogenous periodtclty or rhythm explains that subUe periodic changes are

taking place in the planet, such as magnetic field" These geophysical factors vary cyclipally

synchronise the orgattisms' behaviour.

(ii) Iheory of endogenous periodicity or rhythm erylains that aninals have internal biological

clocks that determine the timingB of changes in physiological and behavioural state. Outside

stimuli make them to reset their clocls. They also anticipate changes. The rats and rabbits

come-out of their burrows when earth quake occurs

There are tlaily cycles in a vertebrate such as heart beat, number of W.B.C in blood circuldtion,

excretion of urinary substances.

Air travel and space exploration has made man conscious of circadian rhythm. It take several

days to coordinate thc rhythms of slcep, digcstion with local day-night cycle.
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Intprnal rhythne# tpe o&ibits a timo ronsG ttx). Many birdc, itrlccts ard crustaccml

mako long
rhythms to

thc sun as an aid to nrvigation. rn doiog sq they urc htfnd
'dardng pocitioo,of thc $m in thc sty.

Cheklourptugrtsr

l. Tto bchaviour of animals or plants that is ropcated at different definite intervels is callcd

Sro$h 
ffivolofmcat 
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354 SUMMARY

Dcfinition of biological rhythns and their role in the life cyclc of drfrorcnt living

creatues-biological clocks.

Circadian rhythms

Ltrnar pedodicity (Rhythn)

Seasonal pc"iodidty (Rhythn) - Photoperio.dicity - Illustration of these manifestations with

�Q

�@

�R

�@

�S

examples.

Theorics regardi.g the Biological Rhythms.

35�B5 C�UECK YOUR PROGRESS o MODEL ANSWERS

�P

�@

�Q

Biological rhythn

Drapaus

35.6 MODEL EXAMINATTON QUESTIONS

Ansrer the following in about30llnes:

1. What are seasonal rhythms ?

2. What are circadian rhythms?

3. What is a "Biological clock" ?

Answer the following in about l0lines:

1. What are Lunar periodicities ?

2. What is photoperiodism ?
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36�B1 0BJECTIVE

This unit is about immunological reslrcrxres. At the end of this u'it you will be able to discuss
about

o antigen, antibody 61d Immuns Response and Blood - groups

362 1NTRODUcT10N

When a person can withstand repeated exposure to a disease without taking it, he is said to
be immune to that disease. This is complete immunity. A pockmarked survivor of small pox
epidemic could safely handle patients during a subsequeht epidemic. As a result of contracting
the disease, some change had occurred within the body making that person henceforth immune
to the disease. The blood and lyrrph play important roles in tlie body's defence against the
pathogenic bacteria and viruses. The study of defence of the host against the continuous
invasion of the pathogenic micro-organisms in our environnrent is the science of immunology.
Actually it is a sciencs dsaling with the mechanism for preservi4g the integrity of the individual
with far reaching implications in embryologr, genetics, cell bioiogy, t,mour biology and many
non-infective disease pr(rcesses. Immunology is broadly studied under three headings (i)
immunity -'adaptive response to infective agents (ii) immunochemistry dealing with chemical
nature of antigens and antibodies and (iii) immunobiolog5r dealing with tho activity of the
cells of immune sptem and their relationship to each other and their environment.

A healthy person is able to protect himself from harmful microorganisms by a number of
effective 66s[enisms, present from birth. They seem to have genetic control vary widely with
species and srtains and to a lesser extent between individuals. They are the Innate immune
mechanisms or non-specllic defence mechanisms

Example Skin, gastric juice, cilia of l,.gs, nasal secretions

The skin is the more resistant barrier due to its outer horny layer. Sebaceous secretions and
sweat are antifungal and antibacterial. The damp surface of the mucous membranes of the
respiratory tract acts as enveloping mechanism. Nasal secretions and saliva inactivate some
viruses. Tears which contain lyso4rme inactivate the gram positive bacteria. The acidity of the
sweat pH 5.5 has a microbicidal effect. The skin has a resident flora of yeasts and bacteria,
mainly staphylococci anci coryoebactcria, which do aot cause infections in healthy people and
may play a useful role in prt'.enting infections by other, more pathogenic organisms.
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*
If microorganisms manage to penetrate the skin or mucous'membranes, a second line of
defeoce, consisting of several tlpes of phagocytic cells iri the body (within thi tissues and
blood'stream) which ergulf and destroy pathogens, ccmes to play.'The phagocytic cells include
polymyrphonuchar leucocytes of the blood and larger cellh of the macrophage system namely
the rnonocytes in blood and the histocytes in the tissues. A bacterium is L'rgested by pinocytosis
and lposymal enurmes are poured into resulting vacuole. The oxygen consumption of polymorphic
cell increases immediately with production of hydrogen peroxide and superoxide which kill
the mi*o-organism. This process is callEd phagocytosis

Antigens

The term antigen can be applied to substances capable of acting as specific stimulants of the
immune response or reacting with antibodies in an in vitro sJrobgical, test. The specificity
cf the imriiune resporrse for chemical structures (antigenic aet"r*io*tl; oJ the antigertobcule
is m'lmportant characteristic. Antibodies whicil ar:e produced by the immune system qf the

10

Flg 36'1 Thc Inrmunc s:tstcm in man. r. Adenoid 2. Tonsir.3, Thymus 4. Thoracic duct 5. Apendix
ffi.suucravian 'ain i. rvrir,'il; i.'$i"lrlr. sriar intcstine 10. pryet's lhrch 11. Bonc
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anir,al rgainst a particular

,$

determinant on a spccific antigen molecule will reaot
with it or another rcry si Carbohydrates, lipids, uucleic apids and proteins all
can'serve as antigens. acid are however weak antigens. An antigea murt
be a foreign substauce to inmune responsa High molecular weint substance"e

better antigens. shape, sizc and physical state of the antigens also matters.

Anflbodles

Immunoglobulins present in the serum are a heterogenous group of antibody molecules which
are alwap proteins. A great deal of work has been done to understand their structures and
it's biological activities. Five classes of immunoglobulins have treen described on the basis of
their size, chemical composition atd firnctional prope*ies. They are iumunoglobulin G (g
G), lg 14 lg A, lg D and lg E. lg G is thc major irumunoglobuliu component of the serurn

naking up 80 percent of the total and having a molecular weight of 150,000 in human. The
next major component (10%) is lg M with a molecular weight of 900,000. lg G consists of
one basic unit wherc as lg M consists of five such units. Each .basic uuit consists of hro
identical heavy and two identical light protein chains gving a Y shaped structure with trno

branches. Thus two antigen molecules can bind one antibody molecule thus forming a complor.
Antigens bind to antibodies reversably by non-covalent interactions. lg G combats microorganisms

and toxins, lg A exists mainly in the seromucous secretions defending the external body

surfaces. lg M is produced early in the immune response and if very effective bacterial

agglutinator. lg E although present in small amounts is of importance in certain parasitic

infectioas and is responsible for the slmptoms of atopic allergr.

363 1MMUNE RESPONSE

The purpose of immune response is to defend the host agains[ infection. Non-specific immune

mechanisms (e.g. phagocytosis) are enhanced by the development of an adaptive immunity

which is specific and has memory.

Yrg.36.2 Action of a phagocytic cell' 1. Cltoplalm of phagocytc 
-e-8":1""1. 

3' Phagocytosis 4'

ffriggsome 5. Lysosom-es 6. Digestive *.uoi" ?. DigcstG vacuolc 8. Rceidual body 9' Elimination
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Flg %'4 Immunocyte' 
.1' Endoplasmic reticulum with attached ribosonres 2. Mitochondrion s. cotgiapllaratus 4. Immuno$obin sectetion (Russel body). -- ---*-.

a proportion is degraded by phagocytic digestion while part is fixed on cell surface andpresented to lyrrphocyte' This way there is a cellular *op"rutio' L"t*b"n macrophages, T-cellsand B-cells to bring out.immune-responses. Some antigens cannot stimulate B-cell to produceantibodies 
"'less there is help from T-cells. These an-tigen. ur" t-d"pendant antigens.

The'complex cellular interactions which form the basis of the immune response take placewith in the organised.architecture of peripheral or secondary lymphoid tissue which includesthe llmph glands, spleen and uoencapsulated tissue lining the ,"spirutory alimentary and

�£
�V
�“
��
��
��
��
��
��

�j
�fl

�Œ
�‹

3     4
�ß �Ü 5-

lst. injectiondttm �ß �“ ��
�«

126

*tffi 
synthesis of lg M and tg G antibody classes in the primary and secondary rcsponses to
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�N w�Þ aFy traas.�⁄ mph nOde acts as a Fllter for lmph draining the bo�Þ �Rsuc and

containing antigens.The T and B cens in the lmph nOdC are sepaFted into direrent anatomical

compartments.Antigcns arc Lapped by�¡ phO�˜es in tts organ and get sensitizea S�V ildy

spleen which scrves as a blood rllter has T and B cell areas wherc antigcns intOract with the

�� a�¡ lymphocyte"�⁄ dation.

When �V antigen enters into the body and stimulttesithe mmune response say by foming
�gØ[�µ d�¢ ,thiS respons,�¤ known as primary rewonsco When thc same alllmal is exposed to

l�� Th�����dæł �æ:�Ł �µ���ˇ ���æ�í �÷(�v �a���«�¨ �Ì�Õ
�å her remaln as antigen scnsitive lnemory�å 1ls which respond �Ygorously in the next chancnge�B

Thus there is mOmory in thc immunc rcsponsc.

Hypersensimty/Alle�¿

When tt individual has been i�� �˚�� ologl�˚ �‹ primcd,hrther contact with antlgen leads to

secondary boosting of the ilnmune response.However the rcadbn may be excessive and�Æ

�g
to gross issuO d�˝ mage(hypersensitivityl f the antigen is prescm in rdatively large amo��

"sor r the humord and cenular i_une datus is tt a hightened level.We may note thtt these

inapprOpriate rOaCtiOns are indccd arO basically the same which thc animal employs to combat

any infectio�g �T e�¡ �EThC tissuC I�¿ �¿ iS duc to the rcLtte of pharmacologically active

�dmtS Such.�Ü �  ̃hittaminc k which are formed lllldcr cert�v n cttditiOns of antigen�] antib9dy

combinatio�W ,The term allcrgy rcfers to the hypersensitivity whicb is associatcd with th�v

development of the illllnune rcsponsc to a�u oFeign substance.              �E

Ther�v  art two main forms of hypersensitivity reaction,immediate and delaycd.The i�\ ediate

or antibody�] mediated form appetts rttidly and depends on the production of pharmacologically

active mediator substances activated by antigen�] antibody interaction.The ddayed or celi

meditted fom appears mOre sl�ò )usual,a�¡ er 24 hrs and depends on låN munologicauy

activated IPphoid cen which,on reaction with antigen,appear to release subttances known

aslpphokines ha�� ng a varicty of �vffccts on other celL and cffects on blood vesscl permeability�B

Thc hypersensitivity reactions have bccn group�v d into four categories depending on the mode

of thcir acdon of which allaphylactic reaCtiOns arc of scrious naturc,rcsulting in dcath some

t�Ó �Alniecti6�¡ OF a drug such as pcncinin or the bite of an inscct can causc this.AIso hay

fever att asthma arc expresdon of anaphyladive reaction to an antigen ly a scsitized Pcrson

but localiscd,in this case,respiratory mucous lnembr�k mc.

364 BL00D GROUPS

As carly as 1667 attempts have becll madc to replacc human b100d lost by hemOrrhage,Jrlen

the transfer of animal b100d into ttuman vein�˜  was tried.Those transhsions�E were tttile and

often fatal.The transhsion Of �\ 00d frOm one pcrson tO another was � õme timcs sttssm
but ousiOnally lcd tO agglutination(dumpingn 9f the patientsied cclLo A�â tigeneantibOdy

reaction�¤ nOt tO be conhsed�� th dotting which L cau�˜ ed by the rcadi6�Ü �Zf thr6mbin and
rlbttogen.

This mystery was fOr the ttst time was sOlvcd in 1900 by Landsteincr.He found that blood

of different pe�¡ nS dirers chemicany.when tte dmors and recipient�R �Ł00d�¨ �µ �i �Ø�udb�¤ ,

ag�v utinatiOn occurs.He described thc A,B,O groupso Todayp there are more than �¯  blood
group s�n temS CXpresstt more than 160 distinct antigcns.            :

The four chicf bl�� d groups,dcslgnated O,A,B and AB arc distinguished by the presence of

�n utinOgens(a�d ��of antigenJ A or B in the rcd cens and by agglutinins�L (a type Of
1"
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The Human Blood Groups

Agrutinogen
h Red cells

KAntigensJ

Noyfl1 of couse, no blood agglutinates itself, because the corresponding agglutinogcn and
agglutinin (A & a for example) are not present together.

R€d cclls contdi& in addition to the A and B agglutinogens, a second pair knoua as M and
N, iaherlted independeatly of the A & B pair, prouiaiog 

"aatiooa 
.r.^ of identffi bbod"

tftlhat happens whcn bloods of different groups are mixed together in a transfrsion? This is

innuaoglobulin isoantilodies) a or b in the plasna. The charactcrhtic of the btood groups
and thc tpes of trarufrrsion possible are summerized below-ia a tabtrlar fonn.
IIiC lluman Blood Groups

Plus indicates agglutinatign Minus is no agglutination. The capital lettcrs refer to antigcns in
thc corpuscles and small letters refers to artibodies in the plasma. Group O is Unlversat
Donor ie, can give blood to a recepient of any goup. Group AB is universal recepient ie.,
can receive blood from a donor of any goup.

The Rh factor was discovered in 1940 by Landsteiner and A.S. Weiner from guinea pig;
iimmnnised with the blood of a monkey Macaca Rehesus. Guinea pigs produced antibodies
when blood of rhesus monkey was injected into them. The red cells of .the rhesus monkey
agglutinated. It confirmed the that the red cells of all monkeys of this species
contain a particular antigen, which has been designated Rh. With this guinea pig senro, when
human blood was tested, some persons blood clumped and some one's blood did-not. it
indicated that some persons were Rh+ (Rh positive antigen), and some persons Rh- (Rh
negative antigen). The former one is a dominant factor and the later one is a recessive tract.

It Rh- negative woman marries with Rh+ maq she becomes sensitized simply by carrying a
positive child within her body. Some of the cells from the embryo may mix up into her own
blood stream during prenatal . The first child is usually normal. In the second
pregnancy the antibodies of the mother pass through the placenta and cause damage to the
cells of the foetus. This disease is called erythroblastosis foetalis, which consists of a anemia
due to breakdonrn of RBC in foetus-hae-oty.ir and consequent jaundice 

". 
,U" Uiooi vessels

in the liver become ologged with the brokcn cells and bile is absorbed by the blood. It may
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Blood Foup uutinin in
plasma

tAntiniesI

Can girc blood
into groups

Can�q
blood�¡ om

�w

oup
0 None A&B 0,A,B,AB 0
A A b �Ö AB Qt�£
J B a B,AB 0,B

AB A&B None AB 0,AB.AB

Recipient

Oab Ab Ba ABo

Oab

Ab + +

Ba + +
��
   ABo + + �\
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is Rh positive�B
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Rh- Mother
without antigon'&

antibody
induced antibodies

(anti Fe)
in mother's blood:J

Rh antigen

,J+ Foetus
ih antigen

J
+ Rh antigen

+
Foetus

haemolysed

chayourpropOS

l�B _When a pers91 can withsiand rOpetted exposuFe t,a‘�M
ease withowtaki�g �R�¡ .�M Sand t�B

be             to that disease�B                                    . 11�] �]

2. rRh�] woman marrLs�� th Rh+manp she becomes sensitized simplyby�E n’�V �k:4�� �˛ |��

dild�a �˚ nher body.The ttst chnd L normdlln the second pregnancy the antibodies ofthe

motherpassthrouthe placentaandcause damagetothe ccus Ofthefo�¶ t�Q :�÷ �m�˚
"ase�¤

caned :i lit

36.5  SUMMARY

�P
�D

�Q

�R
�D

�S
�D
�o

�T
�B

�U
�D

�V
�D

��

Definition

Imate/specifi c responses

Antigen

antibody

Cell mediate lmnumty

Humoral immunity

Allergy/Hypersensitivity

Blood groups
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36.7 MODEL EXAMINATION QUESTTONS.

I Ansner thc folloving in about 30lines each:

1. What are non-specific defencc mechanisms?

2. What are immunoglobulins?

3. What are specific defence mechanisms?

IL Arswr the follorving ln about 10 llnes each:

1. What are antibodies?

2. tlrhat is transfrrsion of blood?

"�x
 GLOS�| :

1. Antibo{y: A protein produced in response to the presence of some tbreign substance in the
blood of tibsues.

L Anflgen : A foreign substance usually protein that elicits formation of specific antibodies
withi! an organism.

3. A"T.P. : Phosphorylated chemical (Adenosine Triphosphate) important for energSr transfers
with in the cells.

4. Artery: A blood vessel that carries blood away from the heart.

5. AscorticAcid: Same as Vitemin C

6. Blood Group: Tlpe of blood

7. Blood: Liquid connective tissue

8. Balanced Diet; plst conlaining essential nutrients in proper proportior^.

9. Biotin: One of the B-Vitamins.

10. Bomb Calorimeter : An instrument used f61 dstslmining the gross enerry content of a
material.

11. hm : The pericarp or seed coat of grain removed during processing.

12. Capillary : A small, thin walled vessel especially the smallest vessel of the circulatory system.

13. Catoric : The amount of energy as heat required to raise one gram of water 10 C.

14. Carotene : An yellow organic compound; precursor of Vitamin A.

15. Dermrtitis : Inflammation of the skin.

16. Emaciadon: An exclusively thin condition of the body.

fl. Foehrs : In Mammals, the young in the later stages of Intra-Uterine development.

18. Gastrointestlnal : Pertaining to stomach and intestine.

19. Gottr€ : An enlargement of the thyorid gland caused by iodine deficiency.

m. Harmone : A complex substances secreted by an endocrine gland, directly into blood.
130
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AI.IDHRA PRADESH OPEN UMT4ERSITY
SYLIABUS.PAPER.III

GENERAL ZOOLOGY
(CYTOLOGY, GENETTCS, EVOLUTION,

ZOOGEOGRAPIry, ECOLOGY & ANIMAL PHYSIOLOGY)

THEORY

CYTOII)GY

a Histoiical account of Cytolofor: Methods of study: Ultra structure of the cell.

o Structure and function of cell organelles : Plasma membrane : Encloplasmic reticulum : Golgi
Compler

a Structure and function of cell organelles; Mitochondria; Lysosomes; Centrioles; Ribosomes;

Nucleus.

o Chromosomes; Morphologl, Ultra structure, Molecular compounds and Special tlpes of
tihromosomes.

o Cell division : Amitosis, Mitosis, Meiosis, Cell cycle

o Fertilization; Gametogenesis; Parthenogenesis
CI,A^SSICAL GENETICS

o Historical accotnt; Importance of Genetics and its application.

o Mendal's laun of inheritance.

a Linkage andCrossingover

o Sex determination

o Sex linked inheritance.

a Chromosomd abberrations, Gene mutations : Spontaneous and induced.

o DNA, Replication ofDNA, RNA; Genetic Code, Elementary knowledge about Protein synthesis

o Fine structure of gene; Classical definition, Modern definition; Cistron, Muton and Recon and
Operon Concept.

a Human genetics : Gentic traits in man, Human sysndromes, Inborn errors of metabolism
EVOLUTION

a Origln of Life (brief account); Organic evolution : Theories (Darwinism, Lagrarcism, Mutation
theory) : Evidences (Embryologica, Palaeontologica, Physicological and biochemical).

a Synthetic theory of Evolution - Mutations, Genetic recombinations, Genetic drift, Natural
selection and Isolation.

a Adaptations : Aqustic, Desert, Volant adaptions; Commensalism; Mutalism : Symbiosis,
Parasitism; Colouration and Mimicry

a Evolution of Man (briefly) and horse.
ZOOGEOGRAPTIY

o Taqeographical realms with special reference to Oriental fauna
ECOI,()GY

Introduction of Ecology; Various branches and its relation to other sciences, Fundamental
concepts of Ecosystem taking terrestrial, Pond and Estuarine as enamples, Food chains, Energy
flow, Trophic levels.

Ellogrcat factors; physical factors - temperature, light, Water; their effects on organisms;
Adaptations of organisms; Adaptions of organisms to these factors.
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ANDHRA PRADESH OPEN UttRSITY
Faculty of Science

ZOOLOGY

COURSE . III
(Cltologr, Genetics, Evolution, Zoogeography,

Ecologr and Animal Physiologr)

ASSIGNMENT .3
N.B.

1. Do not copy the answer directly from any of the books.

2. As far as possible try to answer the questions independently in your own words.

3. Ifit is necessary to quote from any source give the correct reference.

4. Use your own foolscape pages for writing the assignments.

5' Leave sufficient margins for the comments of the evaruator.

6. completion of this assignment should not take more than two hour.s time.

I. Ansrrer the fo[owing questions in about 30lines:
L' Give an account of 'operon concept'with referEnce to regulation of gene action.
2. In what respects Darwinism and Lamarckism agree to differ?
3' 

il;lTrl'"'rabout 
the mesSanismof contractionof a muscte larpsingsrress onATp coupling

II. Answer the foltowing questions in about l0lines:
1.. Tlpes of chromosome based on Centromere location.
2. Describe the mechanism of DNA replication and mention its sign ificance.
3. Describe briefly the process of Chemical transmission.
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This book deals with the various aspects of Fish c.tlt*: as Pe: th: tyntuut

for the ihird yr.r :oi tt " 4ony ."d; 'offe1ed.!V the Dr. B'R' Ambedker

open university.'iil;i"pioe&.i.liy *ni, the'sfecial' subject to be studied

in the rhird year 
"fil,;;; #"; oEgrtt .iurse in B.Sc. The sy1t+* ildivid3d into

20 units each unit grn;idlry covErs q sPgctfic.are3 oJ the iubiect' The units are

oreoard bv specialists of the various fields of the Departmentbf Fishery. Science;

ffi:ru;i ff;;i'iffir;"ity. pJg"n .ee and preientatiori are so oiiented to

enable the srudenr to read-ano unaifitifia theni without much. difficulty. Eadt

unit starts *ittr 
" 

ttai"*"nt of its objectives folloyed by synopsis.qqlh: actual

;;.til#;l-th; unii 
"na 

has ai its end assignmenti inie-nded to test the

ffi ffi ffi ;;h;;'i; oii6 Juq!.t maltetlndninsq of ,tec^h$!a! 
terms with

",hid, 
Oe tt iOtni;;, 

"rt 
gderiit), be familiar are-given at the end of eaclr

unit under the head'Glossary'. ,t , ,
Unit-I deats with the Fishery institutes'in India. Unit-II t 4gut the migatiort

of Rstres. unit-III gives a bri6f idea about the anatomY of Fish.

The rest of the units deal with the introductio[ Of'frsh culttire, It covers the

..p".t* ;ith. histor!, present status, $t qty resoufces' selection of species for
cuitu'e,taxanomyarididentificationofcultivated.fishesandprawns.

In biology of cultivated organisms, foo-d and feeding habit, age and.gfofitn
breading ha6its; life history Of-important fishb$ond prawns are covered.

In another unit, the subject of Seed production is dealt,-in whigh collection
of seed from natuiit resour'ces and bunritr bheeding, induced breeding hatchery

s5ntems and sedd transPort is discussed.

The study relating to farm pond construction, comprises of three -unlE
describing sile selection, design'and conitructivity of pbnds, water and soil
quality, food chain and productivity as well as pond management.

Various aspects of culture systems dealswith freshwater aqua culture systems.

In fish nutrition and health monitoring aspects, nutritional requirements and
supplementary feeding, fish diseases, their causes, symptoms and control are
discussed.

Fishery technolory comprises the aspects of preservation, processing and
transportation, fish byproducts, crafts and gear used in fishing.

The fishery extension activities includes promotion of fish culture, extcnsion
methods and extension programmes.

The above course material, covering various aspects 6f fish culture in r
brief way, has.teen included in this book, with a holie that the student will be
acquainted with the different aspects o(Fish Culture'both in Inland waters and
coistal waters with special refeience to'c-ultivable fishes and prawns.

To improve this wortr, useful suggestion$ are welcome so that in the coming
editions the improvements will be incorporated.
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IUNIT�E l FISHERY INSTITUTES IN INDIA

nsh L a valuable,mtti�¡ ous an ettly ac�g ssible source of food,�⁄ �Õ h is rich in prOteins ttd

vitattlins. India has an abundant inarnne and inland ish resources lt lMs a costal line c,4,667

�D �T �ª    F�× �æ�� i�ò
Hen�g

lthe fonowlng research iab�`
atories are established for this purpose.

1. Central Marine nheries Rescarch lnstitute

�c�V�E �M
�»cM.F�B�¡I�B ):Emakulam�] KerJ=

2. Ontral lnstlmte of Fisheries Technolos.

(CI�æ�¡ )�] COttn�E KerJa

3, NatiOJJ Institute of OCeanOgraphy�E Pantti�E GOA.

4. Contral lniand Fisheries Research lnsutute

OC.11lRoI�à �ŁBarraCkpore,West BengJ.

5�B  Central lnstitute of Fisheries Education

(CIoRE.)�] Bombay

6 Zoologlcal survey of lndia�E Calcutta

lo CENmAL MARINE FISHERIES RES�YH INSTIm   (c‘n�– F�E�AL)ER�]
NAKULAM�EKERALA
�– s ln�â â˜te�R carrying out�g

"arch on v��
�i s aspec�§ �Bf �fitt ishetts prawn id�˚ �q

Molluscan isheries etc. It has its branches at various coastal towns in lndiao Such as MadFlS
�R Mandapam,�Ysakhapatnam,Kakinada:Bombay veeraval etc.    �R  �E

2.CENTRAL INSinTUTE OF �fi sHERIES TECHNOLOGY (C.I.FoT.)
COCHIN�E(KERALAl

�E
�fi is�{ Ø[tute l�† sstarted at Cochin in 1957 to carry out research wOrk On ishing craft and Ce�_

�M�[
å�

:��

�í �ä1�� �w�Ô �«�x�í ri�F
�E
�g

�¿ tt Starttd Hochemis"�c d MiCrobid�@
rrnation and statistics division

Headquarters o Cochin

Httthe crafts�A diviJoniSCarryingoutinvestigationstowardsevoMngcheapconsmcttOnm�Û �� als
fOr ttShing boats.And also methOdS fOr protecang theinibm marine dete�v ora"on etc.

/.bttrttEl�D �í �†:F�F ���� �[ ���Df�I �Ì�`�£ �zŁc
�‚ �b ar direrent,peS�� Of geT�B

�ß�É processing and packing di�� siOn undertattng memds for p�_ cessing Of factoFy waStes9
prepaFOdOn ofVaritts ish byprOducts like,�¡ sh oil,�¡ shmeal,�¡ sh�¡ ollr etc�B

OWER RESEARCH CENrRES

VEERAVAL RESEARCH CENTRE(GUttD
l�¡ �vs centre was set up in 1962.
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|:�R 1�B�¡

PANM RttEARCH CEEE�J�•

Æí,�å �'Eå¥ �ï �ƒ �Œ�à�–�‰�æ1��

�g

�ˆ�‰�Æ�¨ �� �� �����u:�� ��
of the�] prawn�] resourm

f:111�¡

�c

A�ARESEARCng�ƒ�P �ÜØÜ

11�c �� 1�]
11�u |�¡ 11�§�¾ �Œ

=1111,:�O

�æ
=:�j

�j i�O �æ|:_1�¡

�¡ �¡1�¡ |�¡ |

�c

�E
i�\

�¡�U
=�¡

,�¡ �K�K�¡ �@�¡ �M|:�l |||11,�¡ |�¡ �¡ l�V �O�¡ .

:�¡ �¡||=|111�¡ |1��

�VMBAY      I,1�Ø ���¤�_|::

nis centrewas establisLd in 1958

storage of flshes�B

CAHCUT RESEARCH CENTRE cRALAD

�•s�å n"cå¥ �‰tw h�Ł �¿
"t�ƒ

,�V �æ�� :�Ø
:�Ø

�ł �� �ü �m:::�æ �¡ |

�ß � :̀�V �æ�q�„�I ��
’��

Æ��ø�`      �Æ�V :

�Bfitt they�g
"�V

lclnglexPediti�· �]�¡:�¿
‘ig�¨ ��   �� �ø:�� SmCIll �V �V �V�V ,

In this insdtute research work isbeing carricd out on various awectsolinland BhelCS�E

5:CENTRAL INSTITUTE OF �USttERIES EDU�q�m�¨ �Ø (C�@�Ò �� �rj�Œ�É �ï �c �M�`

�� �� ���Ł�b�Łg�Õ � �̇˘ �•�í �r f�X ��   ��

Œa�eäŁØÕŒG�å
1  �E 1  111 :�¡ = , 1:.:l i11 .:

:      |�E =   1�¡ :�¡ 11  1�¡ �¡ 11�¡Z00LOGICAL SURVEYsOF INDÆ…
  â˜ s�� Jmttt�x �˜ �j �x �\ ªY �ä �µ 11�¥ �„

�g

t

l�ò �` �Ù �‡�ß�� �Ł�˜ �M :�� ��
�g

�B�N�] arch�V �L�MØÜg�]

9�¡

M�Æ �ß �Û �� �D �« �x:Ær�Z
�E�Q���i �� �u�˙ �M�i

^�˚
�� �¤ Iilep"

ll Stations.

1.Northem Rettonal Station,ZS.I.            �L :     �ç

Deiradun(uP�B )
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Eastern Regional Station,�–
‘S.�¡

Shi1long(Meghalaya)             .

Western Regional Station,2�¶ S.I�B ,

Po6na(Maharastr�¤

Central Reglonal Station,ZoS.I�B ,

Jabalpur(M�E P�B)

pesbrt Regional Station,ZoS.�¡
1�A

JOd�gpur(Raiasthan)

Southern Rcgional Station,ZoS.I�B ,

Madras(Tamlnadu)

0�c �º ettt Plains Regional Station,ZS.I.,

Patna/Bihar)

High Attitude Zoology Fidd Station ZS.I�Ł

Solan(HP�B).

Estwrine Blologlcalist

�¤�alpatna Berhampur(OriSSa)

10. Freshwatcr Blologicalist

Hyderabad ttP)

�� �� �@�I �Ł�N�i 11�  �ø ��̃˜ �P �� �F�Ú �Ł�«�Œ�í �í
surveys in different parts of lndia and research work in wstematic Zoolo�œ .Animd�‹ O10w9

Zoogeograp�� ,Animal population and Bcha�� or and Marine Fauna lt publishes zoological
journals monographs and books and.ad�� ses on matters regarding wild life.

ZSI has a concctiOn of over 8,00,000 identined spedmens

ZSI carrles out periodical faunistic surveys throughout lndia �A                          .

�] ey are canying out rescarch on several aspects connected�� th nledical,vete�v naryp agricultural

and allied problems including pollu�� on.ZSI is recognised by lnter Univerlw bOard for PLD

programlne.
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UNIT�] 2 THE MIGRAHON OF FISHES

Mgration is the movement of animals from one place to another. The cycle of migrations usually
consists of the following:

1. Spawmng migrations: i.e. The movement of fishes from the feeding or overwintering grounds
to the spawning grounds.

L Feeding migrations: a movement away from the spanrmng or over wintcring grounds to thc
feeding ground.

3. \Mintering migrgtions: a movemcnt away from the spawning or feeding grounds to the ovcr
wintering grounds.

,In some species the migrations arc lrcrformed only by the adult fisheg while the young won't
slrcw any mwencnts. c.g.: many qpecies of the salmon family. In.othcr pecies. Ttp yol*m*c
rnigrations along with adults. e.g: In the shad wspialbsa bmshnilavi @lorodin) bitir the adults
and young pass from the over winte$ng grounds out of the southern caspian into th: Northern
Caspian in which the spawning and feeding grounds of this fish are distributed.

Generally the start of the migration depends on both the srare ot the fish itself and the
environmental changes. The time at which the migration starts evolves as an adaptation which
ensures favourable conditions for both the fish and for thc future oftpring.

The spawning, ieeding and wintering migrations are mutually related. In many cases part of thc
migration course is performed passively and part actively, as happens for examplc, in the lanrac
of the oommon eel'in them ftom the west of central America to the coast of Eruope. This
movement is at first performed passively together with the water of the atlantic current, but on
apprQaching the coast. The elvers start to migrate actively to the rivers In nature. We observe
that in many fislres the males-or part of the mates always live in the rirrcrg while the females
lead a migratory mode of life. This phenomenon has been recorded for Salmon, barbets, and
certain other fishes

Ihe basic fryt9r is ltrecvolu$o1 o! the.migration cycle of migratory pnparjly fresh water, fistrcs
in the insufficient food supply in the rivers.

For primarily marine fislres, wftch lead a migratory life, the conditions for the development of
the eggs are more favourable in the rivers than in the sea. So the fish is adopted to spawing in
flowing watcr.

The migration is an adaptation toumrds incredsing the abundance of a species eg the shad

caspialosa hrashni&oui in the caspian sea of which the tlpe that performs considerable migrations
from the south to the north caspian is considerably the more abundant form. There is also a similar
patfern in the oceanic lessing; cluppa.hareugus. The most abundant forms are the Nonregian
and saltralin - tfokkaido herrings which performs the longest migrations, ensuring the largest

feeding areas'aslfor thcm. (Svetovidov f953) In many fishes (Salmon, white fish) the change to
a migratory mode of life was made easy becduse of the dilution of the sea which occured in the

northern hemisphere. IfiiWeVer the existence of migratory fishes in the zubtropical, tropical and

equatorial zones indicates that the dilution of the sea is not the only cause,for the invitation of
the migratory mode of life.

fire length6nd character of the migration course which the fish performs is most closely related

to the structure and condition of ttre migrating fislr" The larger, stronger, and fatter fish is able

ro cover the gtreater distances and to srim for a long time against a fast current. This principle
js observed both for different species, and for different forms of the soe gcies

egi Caspialosa Rasteri - perform longest migrationwhere as large eyed shad pryanok - does not

entbr the rivers.
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�S �Ù än �� �� Œ⁄ �h �D   �r
L ttmmer foms upto 400�] 5001m �E .

A ttndamentJ method of�� d"ng the�� �Ù :Ø[ �� �ÞF ishes�¤ bymttng hn V�˚ âL �� �V

of marks are.uS�g �E ego gilbe�¡ ,art peterssm�ˇ �Z l lea hydrottatic tag�E �j inteml�] mdic
mark tfOr marking he�˚ ngs)                         :

�W

�g

�í �¤ �\ �y .insmments are very impo�g ant for ttt study of mgrations and the distnhttm

f of�¢ �¢ .   �Œ      �E

1�£ å¢ �£�í �� çW�ô �Ù :�f �U
m�§am��VeŒ⁄�‡

T�Ł
Ø‰
T�Œ�µ

hre are two�¿ àYS Of Spawning migrations namev Andromous and CttadromJs�\

�u�|�d�Ý�F��    :�Q �T    �ø�R]�i �‚ :�l �˝ �ò
etc�B                �]                                _ _ .

CATADROMOUS MIGRAT10N�¶�] In thiS Case some migratory ishes feed�E in the�R �‰�R but

pass out into�@
"seato wawn eg.Freshvater eel etc.The most compl�¿

 catadromous�b �¤ �E �q

migrations are thow ofttAmeriC�¿ 4 European eels�B
        _

�÷ �É migration�¡ �Ł be agalnst:theicumntoF�å àVtranatant,or eise with the current or denatant

ln some ishes apart of the spawning migration iS contranatant and part denatttt.   J _

In some nshes,such as certain sturgeons,the Atlantic salmon,salmo salar.nere�¿ :vintr
and spring roces,which direr in the time of their approach to the river�A �¡ us the sahntt whidl

enters the rivers of the white sea is represented by two forms.Onc enters the rhrs I�¡ ��
æm �æ �Õ �⁄ �N thei group mters the rivas h the mmme�¡           �\ �R

The ttme of onset of the spawning migrattons varies greatly ttom spOcies to species,Many l�˚
"ishes start their"avming migrations in the autumn the maiarity of q"�v noids in the wring.

�ß�Õ length of the mlgrattons upriver varies�¡ om a few to several mousand kilometes During /

the migrati6ns espedally against the water current has to use more ener[�Ł &as a�g Ouit�¡ �� fat

content vn�a down and the ish win deteriorate.

In connection wlth the change in oslno�] regulation and thc cessation of feeding in the rivers veFy

great changes take pla�å in the SZe of the intesunal ttact of migrating ishes.nis is particula�D

well epressed among the salmon family.

1lr amount Of energy depended by migrating�¡ shes in order to reach their wawning ground8

is very greato And Jso when they leave the seawater there is a chdnge in the�� tamin�� ntent

of the nash of migratOry nshes,

Many marine and some�¡ esh water ishes perform vertical spawning migrations,risin3 1�_ m the

dcep layers to the surface.Thus many deep water i�V s of the Order wopeli former Jsc to

spawn,in the upperlayeA A�¡ ong�¡ eshwater ishes the dearest example of a vertica spawning

migration is that of the Lke Balkal comphoridae.

FEEDING MIGRATIONS:�]The feeding migra�� on consists of a,movenlent away�¡ om the

spawning or over wintering grounds to the feeding ground�¡ In many�¡ shes the feeding migration.

�‹
�Œ�A
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even begins in the egg stage. The transport of the pelagic eggs and free embryal from the flaces
wlrere they were spawned to the feeding grounds is a passive feeding migration. passive feeding
migration are found in migratory marine, and fresh water fishes. An example of a passive feeding
migration is the transport of the eggs and larvae of the migratory shad and the Aral sea barbel
from the spawning grounds to the feeding grqunds of the fry. Marinp fishes atso perform passive
feeding migrations. The eggs and larve of the cod and the larvae of the herring are transported
by the Atlantic current from the coast of Nonilay to their feeding grounds in itre narenls sea

Passive fdedingmigrations have also evolved among freshwater fishes

Aniong marine fishes the Nonregian herring, clupea Dareugus is the best exampte for feeding
migrations.

Besides horizontal feeding migrations, many marine fishes perform regular vertiGd:fiovements
is search of food. The mackerel rises into the surface waters wheel thire is a rich derrclopment
ofplankton there.

Feeding migrations are also often clearly e4pressed in fishes of inland waters; eg The bream
and the white eyed beam in the Aral sea, after spawning move into great depths. Where they
rich food.

OVERWIT'ITERING MIGRATIONS:'The over wintering migration is a movement away ftom
the feeding to the wintering grounds If only occurs in ttrose fishes which have a wintering
ground; The winter form of the migratory fishes move from the feeding grounds in the sea to
the wintering grounds in the rivers, where they concentric in deep pits and-overwinter in a some
what inactive state and usually not feeding.

eg: sturgeons, atlantic salmon, Aral Sea barlel, (these are among migratory fishes)

Among semi-migratory fishes overwintering migrations takes place in the adult reach, sea roach
liream, pike-perch. Some marine fishds also perform over wintering migrations.

cg:flat fisheq Engrauli's encrosicholui
i

The overwintering migration is also e4pressed in many fresh water fishes eg. grass-carp
ctenopharyngoden indel la.

All the types of migrations - spawning feeding, and overuXntering - are linls in a single migration
qcle.
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3’  Model Emmination Questions

�¡ 1 0BJE�k�oçW�Ł�lS

:�ô l�ß �¶�a�J �¸ �� �F�I ::1�ß æa:�R r�e ær
ST�L

I

32 1NTRODUCr10N

AsØ‰�� is very nuttious and as tt contains lot of proteins and�� tamins,it is very ettnttltO

study��
�E
maomy.So,that one can knov7 i�g habits and thus can�Ł tO grow�ï .nt�@ �� �P

Fish�] food,i"digestion,respiration,hervous activiw and reproduction are interlinked.So,to

knov7�¡ out these wstemsin ish will help a person to grow ish in larger quanddes:in capäŁ .

3�B3 DIGESTIVE SYSTEM

h mouth is terminal and lies at the anterior end of the body. Teeth are absento Muscular

tongue lies on the�| 00r of the buccal ca�� ty.�¡ le pharynx is perforated at its sidesby fouF pairS

of g�a l�] dits Bchind these and at the junction ofpharynx and oesophagu�A there are pttuged
teetL WhiCh ilter mud and other substan�å s.

�� �£�R�F�x�†�Õ �v�� �Ł:�¢ :�Ü
tubul�˚

�g
�¡hOm�§��dhc stomacin,hØD

terior globular part called Pyloric stOInac�� ��
thick muscul�� walis Tlis thick part is also called gizzardo A smali caecu�˚ ’lies behind�g
cardiac stom�à �Œ �ß �É gi�� ard is foHOWed by the duodenumo At the juicØ[ oi Ofthese two the

�Q�Ô�Ł�ô �F�v�u ittT]æu �Ú �v�Ó:�Û �G�ß �â �Õ � �̄Łi�N �Ò 1�„ J
BDhttd ileum is rectum,which opens to the outttde through a�ß lls.

�p liver contains threc incomphte,diVided lo,cS The gall�] ,adder Hcs in the lower pargin

�xL�o�¢�Ì:11�É �Ý�x81�Ü �v�Õ �� �æ1�� tttL�� :�] �� �Ł�æ�T�C:�{ �æ�xriS�¤
dm"d

�¯
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Fig 3.f. Digestivc grstcrlr

A anus; AB, air-hladder; BC buccal cavity; BD,/bile duct; C, Caecum; CS, cardiac stomach;G,
gills; GB, gall-bladder; IN, intestine; L,liver;'M, mouth; OE, oesophagus: PC pyloric caeca;
PS, pyloriic stomach; SP, spleen;

3�B4 RESPIRATORY SYSTEM

Respiration takes place by gills. There are four pairs of pharyngeal gills. The partidons bctwcen
the gill-slits are narrow and the filaments project freely into the cavity beneath ine operculum.
The mucous membrane lining the gill-pouches is thrown into a number of horizontal folds which
are richly supplied with blood capillaries.

MECHANISMS OF RESEIRATION: First waters is sucked into the mouth b! dc.,lssslsn of the
floor of the buccal cavity.rNext the mouth is closed and the cavity of the pharyrx is enlarged.
The water from the buccal cavity passes through the gill-slits bathing the gills. As the watcr
passes through the gills, interchange of respiratory gases takes place. Oxygen dissolved in the
water passing to the blood and carbondioxide from the blood to the water. The o:rygenated
blood is taken to the various parts of the body and the water passes out.

�R�c�c
�c�c�—

"V�� �c
�\

OD

�PIIT�� �� �Ü
�gL

"�\
n�V

�c �c

�B

p

�fi833 Relation of gills�� branchial chamberFig. 3.2 Arrangement of Gill Arches
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35�E NERVOUS SY�c

Tlrc nervous system of all chordates is divided into three units as 1. Crntral Nervous rystem
(CNS) 2. Peripheral Nervous System and 3. Autonomic Nervous $lstem

Ttre central nervous system comprises of Brain and spinal cord, while the peripheral nervous

system comprises of crinial nervei which arise from brain, and spinal nerves which arise from thc

spinal cord, whereas the Autonomic nervous system consists of sympathetic and parasympatlrctic

ner\rcs.

cENTnAt NERVOUS SYSTEM: (CNS) This consists of Brain and qpinal cord.

Fig 3.4 BRAIN                :

1.DORSAL �Y �^ 2.VENrRAL �Y EW

CB.cerebellum;CH,cerebrJ hemispherc IN,inttndlbulum;LE lobes inferioris MO,�' du�a a

��blonFt�¡ OL Olgfactory lobe:0�R OptiC nerve:OP,optic lobes;PB,pituitary body:PN,pinca:

body;W,�x S vaSCulosus

Ths is di�� sible into nve regiOns as procencephalon Diencephalon,Meselccphabn,Meten�]

cephalon,and Myenencephalon

ROCENCEPHALON:This is the anterior most region and it consists of olfactory lobes and

mebral hemiwheres.

DIENCE�' ON:This is the SCCOnd regiont This contains pineal bodyron the dorsal side,and

PItuitary gland on the ventral side.

MESENCEPHALON:l�fitts is thc third region and it comp�Ü ses of optit lobes.

M�Ø�� NCEPHALON:lhis is the foutth region an�Õ �‰�� ��ngsts of Cerebellum

�\ LENCEPHALON:Ths is the ffth regiott and it�� nsists of Meduna ob10ngata.

SPINAL CORD:Tns is cOntinbation of the brain and is a l�_ 1low nervous cord. It runs all

throuttthe Lngthofthebodyonthe dott dde mdlicshJde the neurd cand ofthewrtebral
column�B �⁄ us it is v7ell protected.

PERIPIIERAL NERVOUS SYSTEM:

=IIs consists of ten pairs of cranial nerves a�Ü
sing out of brJn and a:arge number of paired

winai nerves anslng iom spinal cord.

F 9
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�d

�c

�× �[ �Då¶ 1�ß �ƒ��
to the olfactory lobes

2�B o�ó C NER�]E Wle"ne�ô �ô JsO ttSOry.ney ari�g Ø‰Om th Ventral surface of the

Dien�Vha10n and are di��

�g

d over rettL

�¡�B,OCvLOMOTOR NERVES:nese are motor nerve&ney ad"hm the ventral ttrface
Ofithe midbrain and imervate tt sup�� ,inferior and intemJ ttcl muSdes ana the iFeFiOr

:Oblique muscl�¡ �� the�� �b�x�E

4.TROCH�\ OR PATHEHC NERVES:Thesc are Jso motor nerveso ney arise�� �§ Ø‰
dOrsa surface of h midbrain be�� reen the optic lobe and the�g rebe�a �o ,�fi �Ł inneFVate the

supenor Oblique muscles

�� TRIGEMINALNERVES:nlesc are ttd nerves(1.e�B,partlysensow and parJymoto�¤ �E�p �ß
are large nerves Each one�¤ having four branchaname�ø opthJmicus supe�˚ dJis othalmicus

h�r �§ �P�ç�⁄ Œ� �M�R �O �� :�P �Ó �G�a�í
reglons                    i

6 ABDUCENS:Thse are motor nems�E�˚ �Ł aise iom medulla oblongata and innervate�Q

,�‰ma rectus muscle of the eye�] bJI.

�¡ FACIAL NERVES:lllett are nixed�E netVett and htMng several branches and thw innervate

the lateral�E line�g �ßse organs.     :

8�B AUD�uORY NERVES:nle"are sensow newes. Th�Ładse ttom auditory capsu!e and
mnervate the ea.

�˘ :GLOSSOPHARYNGEAL NERVES:The"aFe m�jcd nerves mey arise f�_ m medulla lt
i�V �satesâ˜ æurst gil�É L�ˆ

10 VAGUS NERVES:]nE"arise mm medulia.And each one is d�s ided into three main

branches as h�¿ al,supplying 2nd,3rd and 4th gills,lateral,supplying lateral line,and�� ural
�ƒ �� �� ng dOrsal murle�R stomacL intestine and hearL

SHNAL�b�Õ �ô :neFe Win be many,JttofttmJ nerves and theysupp�Ł to Jl�� SCerJ organs.

AUTONOMIC NERVOUS SYSEM:THs consists of wmpathetic and Parawmpa�˝  �uEn�É

�ª res and garglL�fi �° Jl�a ll be connected with spinJ nerves and innervate JI�� �c ral organs�B

�¡ 6 URINO GENERAL SYSTEM

�¡ �¡ kidneys are mesonepharic and they lie dorgal to the air�] bladder and ventral to the vertebral

sPERM DuCr

^RC"1’lCP:1�¡

:C

01,Cr

OLAoocn�A

Fig. 3.5 Urinogenital organq.
�h��

�^çq�k

�O

�@

�D
�ü
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�Z �Z �y

2. TUbular processes called �Æ �Ü�q ØS
Of iit,�� _�� :|�� :�] : :�\ i

3. Central Nervous system iswill dorclopcd in- ,-,.r.i-i,-.i*;-lful!s,,,,,. --ii ',lr,,r:., r ,,r.

4. In fishes seres are and Fertilization fu rrr..i..ii-irrrii.:i*.i

3�B7_SUMMARY
|�M ]�~

:i

The digestive, respiratory, nenous and urinogenital rystcms arc ulcll OcvaopqmUqibrf*lu
All thesc systems are inJr connected and pl-ay a.v|tdroJe,ip,thc l&.of-f$*L Ar$*.an 1pgf
hale and heatthy only when all its metabolic rctMdcs arc normal and ieryrEmr tUndon udl. .

Thatiswhyonistrouaknowindetailabottdlibrystemi" "' ''.'.'''i '':,t-' ":.' 
"

�W

�E

�R

�D
�Œ

�Œ
�P
�D

�Q

�¡

�S

’�¡
�E :   : 

��    : ::  
�R�¡   ,

Four,Jll di�É

�b OriC Cacca�E Duodenum

Tell�� st �E    : :                   .  �E
�g

.�u F �¡�]�¡�¡ -1,JI�u i     : |�]

Separate,ær mal
l�\   �R�Œ  �L

  �L /   1�]   1

3, MODEL EXAMINATION QUESlHONS

�x �œ
"�]

�E
I�V �°bbmy.�V:�¿�Er.�Ł Ø‰�{�¡ .�� :

�¡
�@
�Q
�Œ
�i

�¡
�S
�D�Œ

�� 1

ish is perforated at its
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UN:�˙ :1,141�¨ 0�� UCTloN T011FISH CULTURE;

HISTORy,PRESENTiSTttS
�¡ AND FISHERY RESOURCES

rctiiilallr' '" '.
4.1 . Objectivcs

12 lntroduction .

4.1 Rolc of Fidr Orlture

{.4 HistorM Brlqrotrnd

.45 Caphrc and Orlture Fisheries

a6 Aqurulture

{l Prcscnt Stetus

{.8 Fiskry Rcsources of tndia

4.9 Fishery Rcsoures of Andhra Pradesh

4.10 Fish Production

4.lt Imponant Aquacul:urc Technologies D .weloped in India

4.12 Requircments for thc Oodopment ef AQuaculture

*13 Surnmary

4.t{ ryd, Your Progress - Model Answersl

4.15 Model Examination Questions

4�B1 0BJECrIB

ThisUnitdcalswiththe role of Fishculture, itshistoricalbackground andpatternsof development
At the end of this unit you will be in a position to:

o dcfinc Aquaculture and its types and prescnt status,

o knowabotrt the fishery resources, production, and some significant aquaculture technologics

dewloped in India

4�B2 1NTRODU�µ�j ��ON

Fish culture improvcs the nutritionat standards of the people. It generates iniome and employment

oppo,rrunitiis. Fishoeorpies an important plirce in Indian mythologry, history and tradition. Fish

cuiturc is an ancient practice in India. Fish culture is appropriately redesignated recently as
.AqueculturC to indhate ttre farming 6f a variety of aquatic organisms such as prawns, molluscs,

sca weeilC atgc in addition to fislrcE Aqurulture in India has become a1 intefrd part in ntral

Grctopmcnt. Fresh, brackish and marine water resources of India and Andhra Pradesh are

Vmt .riO varied. Irdia is foremost in ttrc wortd prarn production. In inland fish production,

India occupies ttre sccond position in thc world. In total fish production from inland and marine

sou6eq, India k ranlccd eighth in thc world. Total fishproduction of Andhra Pradcshwa60.237

tnillion tonnes in 1980 Significant aquaculture technologies daneloped in India are the induced

t2
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~   ,     ~~  �M      ~~�]    �\ �\ �\ �\ �\ �\
 |

brceding of cultivatd,crallq tc,pfoduce gality seed, composite fish cultute, brackish.water
prtriln and fish farming, controlled spiffilning of pranrns, and mollusc culture systems including
techniques for production of cultured pearls Organized research, trained personnel, extension
progf,ammes infrastnrcture and financial assistance to entrcpreneurs are p,re-requisites for the
.rapid development of aquaculture in the country.

43 ROLE OF FISH CUEWRE

Fish is a rich source of animal protein,and fish culture is an efficient protein food production

system from aquatic environment. The main role of fish culture is its contribution in improving the

nutritional standards of the people. In addition, it generates income and promotes employment

opporhrnities.

Fish cllture helps in utilizing water and land resourceswhich othenvise would have remained

unproductive. Fish farming iJ suitable for self:employment lnd it creates alternative employment

to the people in rural areas who are seasonally unemployed. It provides inducement to-establish

otlrer strbsidiary industries.

It represents the production of aquatic wealth and propagation of fish culture is of great

signfficance to India.

4.4 HISTORICAL BACKGROUND

Fish occupies an important place in lndian mytholos,history and traditlon.One of the

incamations of God in lndian mythology was in the form of ish iMatwavathara’Promse
reference to�¡ sh are availablc in the grcat epics of the country.Fish ren�¡ lins,indicative of their

Æ��¸ �E  ªà �v
�¡ E people of�� �� ,t were p�_ bably the nlstin the world to culture nsh(2500 BoC�B ).Fish farhing

�E ��ras wttLsp"ad in China sinco2tXItl B.C In lndia fish culture is an ancient practiCe.Fitti culture

l�I �œ1�� �¿ �y �…�Æ�d���R���à �Ł:f�¥ ��Iir�æ �� �Q1�í ��
10nd iSh Culture"Stilg in the castern states of hdia particulaJy BengJ,Bihar and O�˚ ssa,

h�� gradually spread tO other regions by the end of the 19th Ccntury.

hwite of its distinct tradition,�¡ sh ttiture in lndia recc�s ed scant attentiono Concerted efforts

to promote lSh culture,and organized rescarches on culmre systems were initiated only after

lndependencc of the country. Later on,the flve year plans began to cater to the specifIO needs

of nsh culturc.

Important events tnat took place in the history of fisheries in lndia were the enactl�¡ ent of‘Indian

�í �ł l�S �Ó �I7::�Ł �Ö�¿�Q�fiF�´ �{ �� ::�u �xªNlFttan�˛ :�ß �� �·�Õ
rewonsibili�Ł of deVe10pment,�¡ anagement and conservation of iSIcry resources to the states�B

�»eClaratiOn of EEZ by lndia tO.cxplore,cxploit,manage and consc�W c the li�� ng and nonli�� ng
resources cfISh�E minerals,ol etc)frOm her scas,�¤ pro�� ding vast opportuhities for development

=dmtt am farmingin a big Way.[
�˚ �~ h�¤ 10ry of ish cuiture shows that it originated and developed under di�g o�u ent SOCial and

economlc conditions.In lndia and China,Ond culture was undertaken to produ"an ttntial

iterL in the peoples’diet.Brackish water culture was dcve10ped in some parts oflndia as a stage

ln land�] rcclamati9n whiCh involvcd raising the land level for agFiCulmral purposeS�B

13
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ln Thailand, brackish water culture was originatcd as a multipte use 0f salt,pans. .In Indorrcda
it was staried by convicts who wgre forbidlen to practice other professions. Fislr *tt r* hEyoqe began mainly in association With monasteries In Africafish culture was inithtai.by
colonial administrations to improve the nutrition of the natives In North Amerisa, fish 69[|r;
was developed since the start of this century with the main emphasis on the produehn .f-&";
fishes

Inspite of such clear differences in patterns of developmentpresent day interest in lirffr crrtture
has a common orientation towards the establishment of viabte enterprises irrespectfvE 6t goci?l
and eco4omic differences. A new 'fish farmer' community compriiing vuioui €00$ 1p66oitl
,pf the society'is coming up in Indi4with the adoption of fish culture as ie main or zubd8ky
avocation. Low lying lands are being converted into fish ponds and fallow ceastal areo utldci
were considered earlier as waste lands are fast becorning valuable prawn farming ipnfiEs - ':

4S CAPTURE AND CuLTURE FISHERIES

]�í �Ü�H�¾�Ô #�R�SIJ�ö �ò :l�ï i�í �v�˝ ��
s is carried out in the seas,rivers,cstuttc�A l�� BC

rales and reservoirs.

Iª� �£ l[ytil�Ł �vªà 1�F
�I :�Ó �ì �fl �fi 1�g �� �å ��

whth are�� �V�a� d̈ an�¿ ççpplementa�Ł �‰edsar:lWitiL�� �O:�} ����1�E
�R��

�‚ �í �É�k:�ß �F��li�w ;:�£ �R�Læa�˝ �]�Õ�Ì�� Ø× c�e �í �� �í
Ca�� �¨

�|ShJ�g � q̈u�¡ e)uge hvestmems andçq�Imcreashg eners co�U s�¡ �¤becb�˚ �dm�@

In order to overcome these difficulties and to increase p�_ ductiOn,cOnsiderabic attentio�Ü is

I�E :�ü �E�å �£ �ï F�´
�oçW�I�í �ò

|

�v�ô ll�h :�Ñ l�F ::F�I 1�R’�R �í :d marinc M�É
�A.nshsconsØ[â

"̃�O
mai�ª �Ł

ent and expansion of a new cu!ture tttems in

W���à �Õ�w�Qrl�¶ �å �ô l:1�† �…Fl�F ::�I TtF::i�Ł Fl�D lp�¿ �@�R�º
Lrming of a variety of aquatic qrgalli,m�A cuiture Flsheri,s reCently has been assigned a moFe

comprchcnsive name�E�EAquacuittlre.�E �E              �B�L

4.6 AQUACULTURE

Aquaculture is ae@ piopagation of aquatic orgfnsms by controlling atleast one stage of
thc aquatic organisEiaife before harvest, for the purpose.of increasing its production

Aquaculture conducted in freshwater is known an 'Fresh water aquaculture', in bracki$ watcr
as 'coastal aquacutture',and farming in the sea is termed 'Maricutture'. Aquaculture incluOts ilrc
culture of aquatic organisms for food production,culture to improve the natural stoch,cultUfe
of sport fish,culturc of ornamental fish, integrated organic waste iecycting systems,-and6lture--
oforganismsforindustrial_purposessuchaspearls..//r'
T:hcrc are four general types of aquaculture. The first type is to rase the seett in hatcheries
for rclcasing them into the sea,lakes or reseryoirs with expectati6n that natural stocks witt be

14
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�| �[ �Ù �PT�b l�b �µ

�ì �í �C��J�Ł �• 1�o �°�‘ �§�ø� 1̇1æk �¥ � �̂[ L�D��
dI�µ

�fi �É thrd t�� o ofaquahiture invOlvesrdsin3 0ftheyoung�¡ om eggs obtaned�¡ Om wild parentS,

and then rea�a ng the young ones,undi they reach marketable dze.Japanese shrim,cul�⁄ ØJ:�M

an example of ths kind of aquaculture.

�¡ �É last and mO�� sophis�� cated method involves the mJntenance ofbrood st9,k,pr6d19�g 9’Of
egNgs and young Onesand r�¤ ng ofyoung ohes un�� they attain ha�W est"le Jze under contrdLd

conditions Mttor oarpS Cultu�R ,cxtenSiVew fOl10Wed in the�¡ esh watCr ponds in lndia�E b�R�ï gs

to this cate30ry�B                                                                       ,
��
�}

4�B7  PRESENT STATUS

Finash and shellrlsh are g00d Sources of anirnalprotein and are adequate as the principal sources

oF dictary protein.Fish contains protcin 15�] 25%��th essen�Ü J aminO adds,and,mineral m�N �‹

1�Q�º#�a�÷ �S �¯ ç� �� �í å¶
in lndia cat nsho However per capita consump�� o10f�¡ sh in lndia L lowo lt�R on:y4.13 kg,per

�] annum,wh�ae per capita requirement has been estimated to be about llkg.

Recent estimatesindicate that the total woJd pr6ducttOn by aquaculture is over 5 m�a lion tNonies,

ofwhich ttsh prOductton iS 3.7 million tonnes�B �÷ he present aquaculmre pr6ductton�A Playing an

i:nportant role in the food and nutrition ofrnany countries. In China,fOr examp:c it constitutes

40%of the ttnflsh and she�a Flsh produced. In lndia it accounts for about 389�º of the tota!lsh

production.In lndonesia,it forms about 22%of the total catches landed. Considering the area

available for aquaculture in the worid,it is suggested that prOduction through aquacuiture can

be inCFeaSed t6 20�E 25 mil�a on tonnes annua�a y.

�AAccording tO an anlySiS,increagng woJd population by the ycar 2000,even at the present

. rate of consumptioh,would require about 100 mi�a ion tonnes of nsh. HOwever,the wor:d fish

production has remained at a re:atively stable leve1 0f about 75 million tonnes. It is believed

that th�µ relul,ed quantity of lsh can not be met by incr�g sed catches�¡ om w�ad stocks.The

re�å nt trend,therefOre iS 19 turn to aquac�� lture as a m�v ans of complementing the production

from commercial capture Flsheries.

lt it�� Can b�v  developed and managed,to nicel lhe

d�� br ttport in freShwater,cstua�a nc and cO�§ tal

lhternational connicts are rathcr minimum With

ries.          //

Aquaculture operations can be progra�ß med to mect off�] scason demands.�¡ us it Gan c6htributc

to the stabilization of market conditions. Through aquaculture,fish can be grown to the si�Ô

preferred by�\ the consumers.

Techniq�Ł ls Of aquaculturc are CXpanding r�¯ id�µ �BWith the devdopmcnt of n‘v teChniciucs

aquaculture is sometimes referred to as tthree dimensional’culture in which the entire water

column is utilized for production.

Aquacuiture has become an inteBral part of rural dcvclopmcnt.Fish culture is bein3 8iVen imp9r�]

t"in alithe rura!communitydevclopmcnt sclcmeSand applied nutntionprOttrammeSin lndia.

Dr3�{ RAOU
I�• BRARY �œ�l :�u �ì
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Government agencies and financial institutions are providing assistance to the entrepreneurs in ru-
ral and coastal areas. Aquaculture paves the way to combine aquafarming with agriculture, cattte,
piggery, poultry and duckery systems. Integrated aquaculture-agliculture-animal.husbandry sys-
tems have demonstrated that these qystems are $imple, easily understood by the farmers and
make a zubstantial contribution in improving the farmers'earnings.

Aquaculture systems can be conducted from small-scale to commercial level operations generating
new job opportunities. Manpower requirements vary with the tlpe of culture techniques adopted.
I! is estimated that composite fish culture technolory of carps if adopted in 0.6 million hectares
of presently cultured fteshwater in India has the capability to 0.43 million persons annually.

4�B 8�B HSHERY RESOURCES OF INDIA

Fresh and brackish waters constitute the inland aquatic resources. The ocean and seas around
the country comprise the marine resources of India.

Freshwater resources of the country are vast and varied such as rivers, tributaries, riverlets,
streamq reservoirs, lakes, canalg tanks and ponds

{re rivers of,India are broadly ctassified into the Ganga system, Brahmaputra system, Indus
syitem, Peninsular East Coast system and West Coast qtstem. The Ganga, the Brahmaputra
and the Indus are the Himalayan riverine systems. They are perennial and fed by the melting of
snow. The East Coast system of peninsular India consists of the Mahanadi, Godavari, Krishna
and Cauvery rivers The West coast System includes Narmada, Tapati and other $natt rivers
The riwrs of the East and West Coast systems are, rain fed. The Ganga riverine qntem is tlre
largest in India. The riverine system in the plains is characterized by the occurence of warm
water fisheries and those in the high altitu{e by cbtO water fisheries. The total length of the
major rivers and their tributaries is about 29, 000 Kilometers.

Reservoirs are the impoundments on the rivers, and nearly 3 million hectares of water spread,
is available in this way.

About 1.6 million hectares of culturable freshwaterlin the form of tanks and ponds exist in Indi4
of rvhich 0.6 million hectares are currently utilized and 0.4 million hectares are readily available.
The remaining water area needs reclamation.

Brackishwater resources of India are the estuaries, creeks, lagoons, backwaters, bheries, saline
swamps and lakes. Total extent of brackish water areas in the country is 2 million hectares. The
major estuarine systems in India are the Hooghly- Matlah estuary of the river Ganga in ryest
Bengal, the Mahandi estuary in Orissa, the Godavari and Krishna estuaries in Andhrq Pradesh.
The cauvery estuary in Tamilnadu and the Narmada and Tapati estuaries in Gujaral.Important
brakish water lakes are the chilka in Orissa, and puticat in Andhra Pradesh and familnadu.

India has a long coastline of 6100 Kilometers. The continental shetf area upto 200 meters is 4,
14, 868 Sq. Kiiometers. The Exclusive Economic Zone covers 2 million Sq. Kilometers of ocean
surface.

439 FISHERY RESOURCES OF ANDHRA PRADESH

Andhra Pradesh is a maritime state situated along the east coast, in the southern part of India It
is bordered by the Bay of Bengal in the East. The Godavari, Krishna and Pennar are the major
rivers in the state draining into the Bay of Bengal. The river Godavari is the second largest river
in the Indian.Union. It flo$rs in a south-eastern direction for about 1500 Kilometer*

About 114 major and minor reseryoirs and lakes are present, among which prominent are

the Nagarjunasagar, Tirngabhdra, Srisailam, Sriramsagar, Koilsagar and Kinnersani reservoirs
Kolleru lake, one of the largest natural freshwater lakes in the country is located in the Krishna
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and West Godavari districts. Constnrction of river valley projects in the state resulted in a well
developed net work ofcanalsand drains

There are 45,528 perennial and seasonal tanks in the states. According to an estimate OSnz
million hectares of freshwater areas are available in Andhra Pradesh.

Brackish water resources in Andhra Pradesh include open estuaries, tidal creeks, canals, flats,
and saline swamps. These resources cover about 0.2 million hectarere. In a survey conducted by
the Fisheries department, the Government of Andhra Pradestr has indicated 64, 000 hectares

of potential brackish water areas, of which 17, 000 hectares could be immediately developed for
coastal aquaculture.

Andhra Pradesh has a 942 Kilometers long coastline The Continental shelf area upto 200 meters
depth is 31, 044Sq. Kilometers.

4�B 10 FISH PRODUCT10N

Tlrc world total annual fish production rose from 21.1 mihion tonnes in 1950 to 73.5 million
tonnes in 1976. During the past few years, world production was stabilized near about 75 million
tonnes(1982). Japan is first among the fish producing co'untries of the world.

India's total fish production was 0.817 million tonnnes in 1950. It increased to 2.4 miltion tonnes
in 1976. India's rank in the world fish producing countries varied between seventh and ninth
position, standing eighth at present Inland fish production contributed about 0.75 million tonnes
in the total fish production of India. In inland fish production, India ranked second in the world.

Prawn production in India was 0232 million tofins in 1977, India is foremost in the world
prawn production. ;

India exported 78, 175 tonnes valuing Rs. 361.36 crores of marine products exported are frozen
prawns, lbbster tails, frog legs, cuttle fish ar{d dried fish. Frozen prawns continue to have a
dominant share in India's.marine products export. About 55, 000 tonnes of frozen prawns were
exported by the Country during 1982- 83. India exports.the marine products mainly to Japan,
USA., France, Netlrerlands, Singapore, Hongkong, Australia, (uwait, Srilanka, and Mauritius.

Totat fish production of Andhra Fradesh was 0.237 million tonnes in.1980, out of which about
0.116 million tonnes (4&.7Vo)from marine waters, and about 0.121 ndllion tonnnes from inland
water were produced. Andhra Pradesh accounted for about 8.8 to 10.87o of India's total
production during the last five years. The total prawn production of Andhra Pradesh was 12,
1(X) tonnes in 1977. During 1980, the prawn production of the state declined to 11, 300 tonnes.

4�B1l IMPORTANT AQUACULTURE TECHNOLOGIES
DEVELOPED IN INDIA

i
Significant scientific developments have taken place in the field of aguaculture mainty due to the
researches conducte$ by the c€ntral Inland Fisheries Research Institute, Barrackpore, Centrat
Marine Fisheries Education, Bombay (Indian Council of Agricultural Research), Agricultural
UniverSities and Fisheries Departments of various state governments. i

Achievements in freshwater aquaculture in India include the production of quality fish seed of
cultivated carps by induced breeding through administration of fish pituitary hormone, design-
ing and setting op of indoor hatchery systems; standardization of nursery and rearing pontts
management methodologies; transportation of fish seed to long distances, in oxygen packing;
derrelopment of composite fish culture technology of Indian major carps anri exotiicarps r,'hir:h
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.increased the fish production in ponds to 1O Offi k& per hectare per year, methods of integrat
ing fish culture with agriailture, pig and duck rearing; culture of air-breathing fishes;testing of
recirculatory and cage culture systems and culture as well as breeding of freshwater prawns.

Researches on coasti.rl aquaanlture are recent. Slgnificant developments are the brackish
water prawn and fish culture; prospecting of cultivated prawn and fish seed from naturd
sources;su@essful controlled spawning of commercially important prawns;indoor prawn hatch-
ery systems; culture of live food organisms and development of compound feeds to rear pra${l
lamae, and penculture of brackistr water prawns and fishes.

Mariculture systems developed are the culture of edible oysters; mussel culture;clam anlturp,
techniques for production cultured pearls and farming of pearl oysters; culture of agar and algin
yielding sea weeds

Various technologies are being evolved to utilize different ecosystems for aquaculture. Marry of
the systems have been tcsted extensively and they are being already adopted by the fish culturists
over India.

4,12 REQUTREMENTS FOR THE DE\IELOPMENT Or AQUACULTURE

There is an urgent need for more research on aquaculture systems to intensi$ culture operations to
suit conditions in different regions of India. Development of low cost technologies, introduction of
new specieg controllel breeding of cultivated organisms for assured seed supply, nutritional
aspeqtg hybridisation, disease control and engineering aspects of aquaculture are ihe major
fields which need immediate attention.

Inadequate availability of finance inctuding credit facilities is a major constraint. The present
patterl of ownership and control of water bodies resting with multiple a genesis, and short term
leasing policies have stood in the way of long-term development efforts by enterpreneurs.

Organisation of extension programmes is a basic requirement for success of aquaculture in the
country. There is an immediate need for the trained fishery scientists, technicians and extension
personnel. Education and field training facilities are to be developed

The necesary infrastructure has to be built. Storage and marketing facilities are needed to
stabilize the price structure to benefit both the producer and consumer.

It is estimated that nearly 8.5 million tonnes of fish are required to feed half of India's present

population. The. total fish production of the country is only about 2.4 million tonnes. There is
thus a huge shortage of fish in India. However, through aquaculture antl by judicious utilization
of aquatic resources, the requirements of India can be fully met.

Check Your Progress

G) Fish is a rich source of

(2)What is'an dquaculture

and

,l

(3) Whataare the factors which help in the proper development of Aquaculture?

4�B 13 SUMMARY

The necessity of fish culture in view of itS rich protein content is cxplained. The historical

background of the fish is given in detail. The types of capture and culture fisheries are erplained

Aquiculture is also explai-ned at length. The fishery resources of India and Andhra'Piadesh are

givln becausc of the vast water,bodies available in India. The fish production in the world, lndia

Andhra Pradish are explained.
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l.:.Vitmins and Protins

’Aquacuittre�¤

the smdy of A�Œ �i o�Ú anisms         �A
3.For the proper development Of Aquaculture,low cost technologies,introduction of new

specie�A nutridonOttc�R ,hyb�v d�¤ ation etc.are required�B          �E �E�]

4�B15 MODEL EXAMINATION QUESTIONS

I. Ansner the followlng ln about 30 llnes.

1. Write about the history of fish culture in'India.

2, Describe the present status of aquaculture.

3. Explain the fishery resources of India and Andhra Pradesh.

1. Role of Fish culture

'2, Capture and cultgre fisheries.

3. Fish production of India.

'4. Freshwater aquaculture technologies. -
5. Requirements for aquacu!_ture development
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UNIT-s SELECTION OF SPECIES FOR CULTURE,
T�Ô ONOMY AND IDEMIFICATION OF
CULT�Q�› lTED FISHES AND PRAWNS

Contents

5.1 Objectives

5.2 Introduction

5.3 Selection of Species for Culture

5.4 BiologicalCriteria

5.5 Economic Criteria

5.6 Taxonomy of Culturable Fishes

5.7 Taxonomy of Culturable Prawns

5.8 Identification of Important C\rlturable Prawns

5.9 Summary

5.10 Check Your Progress - Model Answers

5.11 Model Examination Questions

5.1 OBJECTTVES

ThiS unit deals with the basic qualities required of fishes and prawns selected for culture. The

ta<onomic position and the identifying charactcrs of the culturable fishes and prawns have also

been dealtln the unit. After going through this unit you will know about fishes and prawns

selected for culture and their ta:<onomic position.

5.2 , INTRODUCTION

The criteria for selection of culturable species can be broarlly divided into two viz., Biological and

Economic. Biological criteria for selection of culturable species. Economic criteria for slection

of culturable species. Taxonomy and systematic position of culturable fishes & prawns. There are

tnenty friur important culturabie varieties of food fishes. Eight species of culturable prawns have

also been ideniified. Identifying characters of culturable fishes and prawns have been discussed'

5.3  SELECT10N OF SPECIES FOR CULTURE

The aim of fish culture or prawn culture is to produce ma'rimum quantity of fish and prawn'

Though several species of frshes and prarvns arl available, only a few species are suitable for

culture in fresh and brackish waters. Such of the species are selected'which are fast growing'

non-predatory and efficient converters of natural food resources of a water body' both from the

il;I;il;oiproou"tion and economics. Therefore the'selection of culturable species plays

ln important roli in firtr or pt"*n tarming. In other words the production of a- confiied water

UoCy mainfy depends on thi selection of-species. The criteria for selection of species can be

UroiOty divi.dedlnto two viz, Biological and Economic'

20

B R
 A

 O
 U



5�B4 BIOLOGICAL CRITERIA

1. The species selected should efftictively utilise food and grow fast to reach marketable sizes

within the period. Therefore quick growing varieties of species should be pelected.

2. There should be compatibility among the species selected for culture, intended to bc stocked

in the same pond. Hence species having different feeding habits and behavior shoul{ bc
selected to avoid serious competition among the different species.

3. The species selected shoutd be hardly enough to withstand the fluctuations 6f erwirotrmental
conditions such as oxygen content, pH, temperature_, turbidity, etc. They should be able to
survive under temporaq, bad waterionditions and"I*irdshifs of transport. .

4. The selected species should be resistant to various diseases

5. Ttrcy should be non-predatory.

6. The species selected should have high percentage of survival.

7. There should be high food conversion efficiency among the selected varieties of species.

8. The seed of culturable varieties of species selected shouid beavailablc in sfihcient Quantitics

9. They should accept supplementary or artificial feed.

10. The selected varieties of species should be able to breed by the induced method of brqding

5.5 ECONOMIC CRITERIA

1. The species selected should have a good market demand.

?. They Should have consumer preference.

3. Regional and seasonal predominances should be taken into consideration.

5�B6 TAXONOMY OF CULTURABLE FISHES

Class
Sub Class
Order
Suborder
Fdmily

Order
Sub order
Family

Osteichthyes
Actinopterygii
Gonorynchiformes
Chanoidei
ChaniddB

Clpriniformes
Clprinoidei
Clprinidae

l. Chanos cfianos' (Ibrskat)
(Milk fish)

Marine and Estuarine

Fresh water fishes

2. Cirrhina mrigala (Hamilton)
lMrisata)./ ,r,/

3. fitla catla (Hamilton)
(Catla)

4. Ctenophatyngodon idellas
(Grasg carp) (Valenciennes)

21
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5�B Cyprinus ttio(Var communi9

(COmm9n cttp)

6.Hypoph�PJ�› �ß ,�� �ßdiC=�j   �\

.  (SilVer ca�� ) (valencthne�¸

�˛  Labeo�Mcarbasu(Hanilton)

(Kalabans or KJhan�¸

8."beO rOlita(Hami110�¡ )

.              (Rohu)
�E       9:TorOor_(HarnltOn)

Orda    S       CMahaSeer)
.Fam�‹   �s

�˚ mS
iluJdac

10

�t �Ł   s   (�Q

�Vu schne�ˇ

:aCC�ß

ranchid�g  FrettShWattrsha�I
Hetaropneusttdac) h Water ishes

ll.Feteropneustes ttls(Bl�å h)

�]F�� �‹
:     �]

 C             (Cat iSh Or Singhi)ladidac       Fresh water ishes
12.CI�˙ i�§ batradus(Li�Ó acus)

Order      C         (Cat iSh kOr Magur)hannlformers

Famiv      C         Fresh water ishesh�Ù nnidac

13.Chan�¯ a maruL(Ham�atOn)�A

(Giant ttlake headed ttFd)

14�B Channa punctata(BIoch)�E       �M

(Green make haded murre�Ł

15�B �› �c na strfata(Bl,Chl

(Stripped snakc headed murrel) .=:  ,�u
OrdeF  �A   Mugilifonnes

Brackish water nshes

Fami�¢�A     MuJlidac
16 Etroprus suratensis(B10Chl

Cearl Spot)

17.Mu�� caPllarus(Linnaeu�¸

(Grey mulLo�E
Marine�¡ �� en�É Jng brackittwaterttd rivers

18.MugJ corsura(HamiltOn)

KFresh Water grey mullet)
Fresh water ish entering estuaries and ttackish wa�]

��
  ters

19�B Mugil du�g �\ er/(ValenCienne�ß

(Grey mu�a et or Parshey)

Marine�¡ sh entering estuarlesp migrating into itsh
/wates

2Q
((Mugil tade(ForskJ)Green�] black mulleo

Marine nsh entering estuaries and brackish waners.
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OFderl
Fmily

Fmlv

Family

Fam�a�W

Percifo"rmas
Centropomidac

Cichlidac

Anabantidae

Osphronemidae

21.Latticalcæ¢ æk r tB10Chl

(COCk�¡p=oF Bhatki)

Marine ish entering�¡ esh wates

22.Tilapia mossambica ceters)

(Tilapia Or Amettan koo :
Fresh water�¡ sh occuJng in estu�e |�–

23.Anabas testudineus(BloChJ�E
�]

(Climbing perch or koi)    1

24.Osphronemus goramy(Lacepede)

(Gouramy)

2.

8. s.1. MrLKFrsn,(Clanoii chanos) ,

Chanos chanos (Mllk fish) : The milk fish ii the most corhmon species in the brackish watcr
systems in South-iast Asia. Body compressgd, beautifully shaped,scales small, and toothlcss,
single dorsal fin inserted in frorrt of the pdlvics, caudal fin prbminent with subequal lobcs.
Body'bright silvery greenish along the back, metallic greenish, blue on top of thahead.

Fig. 5.2 MRIGAL (Cirr&inus mrigala)

Cirrlna mIlgala (Mrigal) : Thi! carp resembles r,abeo rchitain general shape but is somcwhpg
morc slender. It has a wider mouth and lthinner lips. The head Is sm4tt, trJvinl a i,fi"i 

"i*t,

Fig.5.3.CATLA(Catra Caofa9

��

: | |�¡ _‘.1 1.:
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5�B

iryifi subterminal mouth and non-fringed lips. The dorsal profile is sliglrtly more convex than

thcwntral profile. A single pair of short rostral barbels are present The caudal fin is sharply

forked. The dorsal fin is nparer to the snout than to the caudal base. Body silvqry, dark grey

along baclg sometimes with coppery tinge, pectoral, ventral and anal fins orange tinged with
black Found in rivers and tanks.

Catla catla (Catla) :Body broad,deep and stout, moderately compressed, head broad, large

upturned mouth, prominent lips, lips non-fringed and devoid of barbels. Thin skin covers the

lowcr lip whictr has a continuous transverse fold doubling the lip outwards. Dorsal profile

morc som6x than the ventral profile. Dorsal fin has no osseous ray. All fins are elongated.

Colour greyish above silvery on sides, fins dark, sometimes black, scales with pink or coppery

centre excrpt those of ventral region which are whitish. Found in rivers.

Fig 5.4. GRASS CARP (Ctenopharyngodon idellus)

Ctenopharyngodon liletlus (Grass @rp) : Body elongated and moderately compressed' Head

board with short round snout, uppeiiaw slightly longer than lower jaw, no barbels' short

Oor*f fin rays (10). Dorsat fn ori-ginites slightly in advance or opposite to that- of. ventral

fn, *rf", ot roa"r"t" size. Mouth is inferioi. In colour it is dark grey above and silvery on

il; ;;iiy- It is a fresh water fish. It is an exotic fish introduced in India'

Fig. 5.5 cOMMoN CARP (Cyprinus carpio)

C,yprinus carpio (Common carp) :Head small with protrusible'inferior mouth- There are

ng.5.6.SILVER CAP(Hyp�  �i thamichthy.s morier�Ł

,

4.
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�‚ �Ü
�D �h �¤L�I �í �M�ô

IIcre are severa:varieties of comI�¡ on carp.
But three va�� �Kes are k�¡ own in lndia�� �‡�BScale,arp,Mirror caFp and hathOr carp,of
which scale carp is the most widely available and Lcather carp the least lt iS an exOtic flsh

introduced in lndia.Found in fresh waters.

�¿�¿�E�º�‰�� �D�t �I Æí�R�s �d�£�Û�|
ay between tip of snOut and base of caudal.

�í ��:�� �[ m�Ł�[ �Hs�ò �I �ŁLtl�§ :�ß ��
h3�w �œ�gV

�¡

Fig; 5.2. ROHU (Labeo rohiba)
Lbeo rohita (Rohu) :B9dr elongated, rather roundish, head is small, mouth terminal, lip5thick and fringed, dorsal profile more'arched thrr;;;pi#ll, barbets-a short and thinmaxillary pair, rostrhl paii rarely present. norsal tn originito ,iia*ry between snout andcaudal base' scales with buff, orange or reddish c.;t* ffi;;;i *argin. Bluish or brownishgrey above. Fins diffirsery banded grey and red or ur..ti.r,. iorno in t rt waters.

Ftg. 5.8. FRESH WATER SHAW.,(Wallago attu)
wallago attu(Fresh water shark) :It is often refbTgd tq 

", " 
,fr"rh 

water shark, on accountof its targe mouth, toothed j"* ;rJ;;.;;;;ry hilit. 
'irr;;rd 

hterauycompressed withi,X?l*.rtri#:Jff :[ilI,,*,t.,ni-..,fi ^;-'i,,,r;lff##"nateryroneind;;:;i,*

8.

Fig. s.9. stNcht (Eeteropneustes fossilis)
F
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10.

):Hcad nattettd,body dongated and lŁk �R���fl

:�� �h �O�Vå«�ó �ª

Fig, f.10, Macun (elarias ba6rachus)

clarlas batrachus (cat llsh 0r Msgur)"tH:ead is 5'5 ilrnes ln total lertgth of the body' Thcrc

are two depresions ;;,i*Hu Ji,:iiitoat J-u"titriO ttrb eveg and the othet towards nare'

There are four pairs "ii"J'.it. 
Uoitt.q p,#;i bitfus reach:middle of base of pectoral

fin. pectorat spine r*rv".."rral;:'Di;tqt ffi;t-idffi tlran a,{ rn and splncless' Caudal

fin is free and rouno#'lii'iiiprt."ni.t'-i."**li;ilbto*n or grevish blaclc It is found

in fresh and brackish waters'

Fig' 5'11' cilt.tt sNakf HEADED MI'RREL (chrnna marulia)

1 1. channa qt,yr!, (Granlsn ar.e rre.ra{. nuEer) :It t t*,ffi[F#T{f 
jlil",,"*lr 

tlll li,#;**"xnn*:r;aq;l;g:Titi,]lrTg*" ua"r is grevish, abdomen

iikrf ';:ll'l:fffi"'XX'fj,ii!ffi uaanJwnite#;";;'Lf,oi'"sionorthe
body, dorsal, anal and caudal q*' r"''Ji"-liulo ttttt's'ieservoirs' tanks' etc'

/

Fig' 5'12 GREEN SNAIG HEADED MURREL (channa prr:rctatal' :

Channapunctata(Greensnakeheaileitmrrrrel):Headcompresed-Bodycylindrical.Irngth
is 5 to ? times .or. fiun';;il:-L"*, i.oiiloie"i,-*oitr"tv 

'".1fi'd 

hind border of the

eye.conicar,".,r,",.'fr ,;#;;i.*,"nolt*"gf*,U*U,'#:::Yffi t'i'i-t'JH
fiil;;'li& uao*, the colour maY be PurP

i";;;;;: i;'"0 in siagnant ftesh water bodies
å„
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�ç
T�˚

After 48 1ours OfihatChi�ß ,1::�A 111 _                1    1   .:

�nVerage si�¯  62 mm.ydk sac con�g x ante�S o�¡ �¡ Embryo yclow in cO:ouro Air �\ adder distinct.

�k�ß �fl �` �‰�» �� �‡ iir�i
�e�Õ �ß �Ł�P â˜�Ô�Õ

Large u�¨ k tt�_ mttophors on h�g d Fo�˚
�g
I�I �| �Q]�í �� �Ø �‡�w�ß�ì

of the dorsal fin fold.Hcad dark and body faint ye�a o�¡

�zer"hO�� |[�� �� �† :|:�¡ �¡ �æ=if�¡

Avem�¢�g7�Ó �i�BPJe r�a �i �ÓtJ�g r�B �œ
�� f�• �í

t�� �O�[ :�fi IT�£ �¶�H�v1lbetwecn the eyeS. Dorsal pro�¡ :c of embryo bl

above the notochord yelow�B

�¡ E characlFisticS�� rohL131 1rVal a�¡ or three days of hatching are as fo�a ows:
_-    1 ::  ~1:    �]     .              �\   �\  ,_

4th day a�¡ 6rbitch:ng            �E

7.6mm.in�‰ngth.Yolk saccompletdy absorbed on the4th dayhfter hatching.Lip ttarginsgenly

Wå¶�I �ø �å �÷ �D�ò �Ø
de�¡ ned.D6)sal and veitral fin folds Pcrslstent C�à mmcllcement OF cauda:ran

i�ç 1 1 :

6th day atttr hatching

)tumed:gap9 ofthe mOuth l.7mm.Eye l mm,
Witi faint rays,pelÆ… â˜n b�˚ d seeno Air bladder

)�L çq�fl in the forn ofdongated triangle Dorsal
ro.crescents on the two:Obes of the caudal ttn

ys 22.        1’   i ll�E

7th day a�¡ er hatchlng

���fi�í �� F�æ�X�d�' r�æ ª� ��
r=ore c:�ˆ sLIs at the caudal peduncic and two
in with 22ibttnched�L raF�A ��

cattdal tti less dceply
forked;pelvic nn with 2�] 3 rays;dorsal with2�] 1l rays.

�Þth day atter hatching                 �E   :      �]         �]

�£ ��  :

�”à� �º �Õ çW t�Õ �Ł �z���r
0,1�@�� �� �æ b�Ł On�g foll�– ome�Ù�° ,the caudal�@
gOldln ye1loW‘dorsal haf mor predominant�k

Black chromatophcres scattered all over the bO

��

�‹
�D

12th day after hatching

19._mm. in length Mad.llTy b.a$e-ls p, Ie!€nr nody gsfCen co_toqred: on the, iorsal .sidif and _dirtyyellow ventrally. ?ol*l_tu $l! 3- !,3 r1fs. and 1 fin with ? rays, exc€pr for the anierior one,
the rest are branchedt Veltra! fin with 7 rays, except two antcrior oner, the resf ar.e U."o.triA.
Caudal fin rays 34, a broad triangrrlar black'ban{, on ttr qauoa.peUur.}c-lc;ro* ia-";i;;-";
the apex facing the head.
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::.::�R

j :. 1    =�M :

: ,  1  :�¡ .�E ���Ì : �¡ :  ’1:

I �V�Vl�¡ ar�E .Fi�� |:11

2 hll�o y�V rhl�V �V �¡

,|:  1:

3.  Sltth day arter hatching

4. Seven day aftor hrtchitit

5. Tenth dav aFter hatchin3

6. F�] ifteenth day rter hchln3

Fig.7.2 Pct-larval development o[ I-abeo rohita

23 mm. in lengtlr" And finwlth 2-5 rays. Caudal rays 36. Basal.2l? of. the dorsal fin pigmented'

Black chromatopfrore ifi#.fn .*O.i reglorr, Poslcri.orly 
prolor(ed from the centre passing

til;gh thc oriin of caudil rrys and'fividllB'tlrc fin into two'

18th daY after hatching

25 mm. in lengttr. Body dirtyyellow aborrc lateral line and yellowishwhite below it. Scales present

ffinoi;;;;;r,h.tarrulipgduncicand in the abdominal region. Black chromotophores on

the anterior r"rgin-"iihJlO6tof fin inrthe forni of dotted line. Vtntrat !!yitlt? ravs' 32

ffiff;;il,T\-;";;;;.nt-gr"yirr, gescelts, one on each hatf of the caudal fin lobes behind

the darkiriangptai areai on thecaudat peduncle'

42
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2fih tlry rfrer hatcblng

26 mm.'in'length. Body golden coloured. Scales p\ominent and fully covering the body. TWo

dark bands oni above ini one below the laterdline along the body upto the caudal region.

Dorsal fih with 3-13 ray. Caudal rays 34. Rays covered with orange pigment dots. A black band

along the entire width'of the caudal peduncie concave posteriorfu and irregrlar in shape along

the interior margin. Behind this band two faint crescentio areas separated by twg polourles

streaks.

25th ilaY ifter hatchlng

-'"'
-30 mm. in le4gth. Body golden coloured with coppery reflection from operculum. Barbcls

-ii"111i,ilritlUefrimugiit"y"faintty orange. parlbana in caudal peduncle quite prominent.

Upprr lobe ofiaudA nn 6rger and pointed compared to somewhat round edge of smaller lower

lobe.

�M�R
�¡ 4 HFE HISTORY,EGGS AND IARVAL STAGES OF

INTRODUCED CULTIVABLE FISHES

Of the cxoticfood fishes, the following are more important from the point of fish culture : Common

Catp, Cypinus carpio Linnaeus, silver carp, frypophthalmichthys molitrix (Valenciennes), grass

cxpt, Ctenophayngodon idella (Valenciennes), tilapia.

7.4.1 Comman Carp (LWinus caryio Ltnnaeus))

Fertilized eggs of common carp are srratl, sgherical, demersal and adhesive. Diameter of the
dareloping egg varies from 1.0 to 2.0 mm. The perivitelline space surrounding the egg is narrow.
Yolk ii, usu"ity yellow to light brown in colour. Embryos hatch out wfthin 2 days to 7 days

depending on the. water tcmperature. The newly hatched out larva is 4.G5.6 mm. in length
and has a prominent yolk mass. The newly hatched out larva adheres to the leaves of aquatic
plants by means of cement glands and remains in this conditiond until the yolk is partidlly
absorbed. The yolk ii absorbed within 2 to 6 days depepding on water temperature, after which
the postlarvae measuring 6-7 mm. start normal movement and commence taking nouribhment
from the envirbnment. If suitable food is available the growth,is rapid and fins get differentiated.
Within 12 to 15 days of yolk absorption, all fins developthe full compliment of rays

7.4.2. Sllver CarD; Eypophthalmichthys lrtoiitfix

Freely oozing viable ova of silver carp are pale bluish in cotour. Fertilized eggs are demersal and
round and ashy grey in colour. Within 5 minutes of fertilizationl eggs start srelllng and during
the next half an hour, the process of watei hapdening is completed. The futly soollen fertilized
eggs measure 4.2 to4.76 mm. in diameter.

The length of the newly hatched larva of silypr carp,is S.Olo /.S mm.'The length of yolk sac
is 3.33 mm. Height of the body 1.25 mm. t#ight o/ryolk sac 1.09 n\m., NumUei of myotomes
are 42 to 44 in number of which 14 to 16 4re lpcafed behind the anal levet. Yolk sac is fully
absorbed by the end ofthe second day ofhatchin[ and, thereafter, post larvae start feeding from
the enviionment. The post larvae measure 7.42 to 7.53 mm. in t-otal length and l.2l mm. in
height of body.

7,43 Grass Carp : Ctenophatyngodon ldella

This fish tays eggs in stages. Eggs are pelagic and undergo development as they float downstream.
Ovarian eggs are of yellow and deep golden brown in colour. Fertilized eggs get fully swollen
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in half an hour and measure about 4.58 mm�B ln diameter.Newly hatclled out:arva wasttFeS

451o10 mmo in lcngth.�g ngth Ofyolk sac 2.84�» m.MalCimu�»lcight Ofbody 290 mtt.and

�Q�¶1�r �¸ 1�å �æ�Ø�z �b  ‘
�¡ 5 LIFE HISTORY,EGGS AND LARVAL STAGES OF

MURREL�]CHANNA PUN�åATUS

Ferdttd e�¡ �_una nO�Eadttsm,b�� �Bya�ˇ ,�\
ittettL�¿ �XiçW :�˚ �“ �«�¶capped by a distinct biastodisc and containS an oil�k

to 6 globules unequJ in dze.Pcrivitelline spacQis ofmedium widtt Diameter Ofthe egg is 12

mm.and that ofthe yo:k is O�B 9 mrn.

The deve10pment after fertilization is as fo�a ows:

10 hours atter Fertilization

4nterOposterioF axis is dislngui,h"le,CephJic Pottion being broader.Fore brain reJOn     t
discernib:e.Invasion of the yolk complete.              �E

14 hours aner Ferti�a zation

llle emblo with 6 somites�R embedded a1 0Vell�˛ length in the yolk mass1 0ptic cups are

clean Hcight of the embryo is l.Omm�B

16 hours a�¡ er Fertilization

9 1nesodermal somitics present. Notochord is more discretc and the fore,nud and hind braln

regions are Jso de�¡ nedo CephJt porØ[ o�¡ �Rbroadened�B          ,

17 hours atter Fertilization

�¡ �É sOmites range�¡ om 13 to 15 in number.Ectoderma t�˚ cke�˚ ng t6 fOF�� lenSlof the eye    
�R

is indicated.Tip of the tal is from the yolk at the vast somite.Embryon�É �¡n fold appears.

Kupter’s vesicic is visible.Cephaiic rcgion is depressedo Hcight of embryo l.lmm.             _
�R

20 hours atter Fert�a izatiQn

22 somites.Embryonic ttn fold on the ventral sidc extends upto the lpth sOmite.Thansis,Ow

�»
11�F

et�à
�� �“

�E
�� �ô �º lttri�� �` ��

�E�hup�É rs�˚ de gets�� � �̌ s̊hC�– �\00d

entary heart lying anterior to the yolk ttE�E

1l�_  heart beats Very rapidly.Some deldritiC Inelanophores appear over the yolk.

22h6urs a�¡ er Fertilization

�fiª� �X�� �z Œa� Î�D �k�L �ï�Ù
Kup�g�I ’S OCSlCle disappears

24 hours iâ˜ Or Fertilization

�¡ �Ætching movement ofthe embryo�R ��gorous a,d laShes the tdl�� 3010u�J

’agaiA�U

the capsu�É ,

thereby springing up the head whiCh supresses the wal:and brings the embryo out
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c) 8-celled stage d) morula stage
g) 5 hours old h) 8 hurrs old
k) 16 hours old t) 1g hours old

�¡�¡�É newly hatched iarva is du�a brown in c010

Fig. 7.4 Hatcling al C. punctatus.

Fig. 7.3 Embryonic dprrclopmenr of'C. puncatus.

:iI�a ll�¾ i  �w�N
m)20 hOurs Old      n)22 hours Old

�C
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13.

Fig. 5.13. STRIPED SNAKE HEADED MURREL (Channa striata)

Channa striata (Stripeit snake headed murrel) :The body is cylindrical and.compressid
posteriorly. Head compressed. The lower jaw larger. Cleft of the mouth is bblique and

extends beyond the posterior margin of the eye. Teeth are present on jaws and paleh I*ngth
of the body is 6-8 times more than the height. Above the lateral line the colour is dark grey

with greenish tinge or pale green and below the lateral line the dark colour is restricted by
parallelly arranged vertical bands. The colour berween the bands. The colour betwem the
bands and on the vertical side is milky white, the dorsal and anal fins are slightly darker in
colour flian the body, dark patches on the membrane between rays. Pectorals and ventrals
are pale. The caudal is dark with two distinct pale vertical bands at its base. It is found in
fresh waters, prefers, stagnant muddy waters.

Fig.5.14.GREY MULttr(Mugil ccphalus)

Mugil cephalus(Grey mllHet):lhC head and body are covered with iarge scales hre are

two dorsal Flnso Snout rounded pectoral high,no socketted teeth in mouth,no detached

inlets behind anal and 2nd dorsal fins.Found in coastal waters,migrating into esmaries and

rlvers.

Fig.5.15.TILAPIA(�¡ lapia mOssambica)

Tll,pia mossambica cttapia Or American kol):Body Compressed. In young dark spot is
present near the posterior end Of the dorsal ttn which may disappear in aduit�A 11lis ttsh has

14.
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�Ü

a characteJstic lnode of parental Care,it keOps the cggs and young ones in the mouth and

is popularly cJ�‰ d mOuth breedhg dc�a �a�BCdour nomJv dJl brOwnish dive or bI�œ �Û
dorsal and caudal nns,dged yellCW.An exotic species introduced in lndia

ng�B 5�B 16.PEARL SPOT(Etroplus suratensi�¤

Etroplussurantends eleaJ spOo:BodyhterJ,compressed,headSInlLdorSa11ldOngated

operculum smooth,anal spines 12�] 16,accessory branchid organ absent Specirrlens�¡ om the

seas,deep purple�� th eight�ß early black vertitt bandS and dead v7hite w�B �� thoW k)m

i�ð �� �ì �g �� ŁJ �D �k �£ �ç �o �v�í �› :�í �Ł �� Æ� �H �W�¿

�M
�@OtS;ans icad c�B lour�\ Cept pectoral which are ye�a o,but ict black at the ba3.Hittly

adapted tO blackish water and acclimatized to ttesh waters.

Fig 5.17 CLIMBING PERCH(Anabas testiludinCusp

�I �P�Ì::�¿ �R���ô T�ß �Ł�of�æ�Õ:I�v ���ŁT�I :�{ 11�F�í iª� �‡

Fig.5.18.GOURAMY(OS�Ł�„ nemus 80ramyp

17.
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�Ø    �Ù  �C
by S91�d ri�� �Ô The ventrJ�¡ n is divided

�ìabove,greenish ye1lov7 to brange beltt c

surrounded by brackish waters�B  .,
18. Osphronemus goramy(Gouram�Ł :]�Ó ngth Ofthe ish is three times more than deptho Four

i ��
raters.               .

5�B7 TAXONOMY OF CULTURABLE PRAWNS

Phylum
Ctass
Sub class
Order
Family

Family

Arthropoda.
Crustacea
Malacostraca
Decopoda
Palamonidae

Penaeidae

l. Macrobr achium rosenberqii
(De Man)

2. M.malcolmaonii
(H.Milne Edwards)

Q. Penaeus monodon(Fabricius)
4. P. indicus Milne(Edwards)
5. P.serygsulcatus(De Hann)

!. {"V*nen reus moneceros (Fabricius)
7. ItI. brevicornis (Milne Edwards)
8. .lif. dobsonri (Miers)

5�B8 1DENTIFICATION OF IMPoRTANT CuLTUMBLE PRAWNS

�E 11�í �fl�—�É �í :�� �å
10a�g frett mter pmm:�[ wedes�§suitabL br culâ˜

"h
md ll �_ s"J�e ne�c �¡ªJ�vliS�x �d Øò �¡ �m�Œ�¡ lrdla�p ��

4trOS�øJ ttnes dorsal�Ł

�å å¶ �£�à �� 1ØÜ�Õi�í �[seasOn.

�Ó i�I �É �a�v%çW�§ i�x �í �å�à �í L�à 1�˛ �Ó :�Õ Ii�f �� ig�_

�]
�\

�\

�\

�\

�\

�\

�\

�\

�\

�\

�\

�\

�\

�\

�\

�\

�\

�\

�E�Œ�Œ
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Fig. 5.19. Drawing of a prawn shorving the Parts of the body' 1' Antenna 2'

Antennule 3. Vcntral rostral spiher4' Rostrum 5' Eye 6' Dorsal rostral spine

7. Antennal spine 8. Hepatic spine 9' Carapace 10' Abdominal segments 11'

Telson 12. Uiopod 13' Pleopods 14' Pereiopods 1f-3 Pera'(onods chelate)

��

Fi3 5.".GIANr R�A H W�o�ì R PIuWN(MacrObrachium FOSCnbcrgi�Ł

Fig. 5.21. FRESH WATER PRAWN (mactobtacltium malcolmsonii)
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Fig. 5,22. TIGER PRAWN (Pcnaeus monodon)

spine (first qpine) on the carapace. Carapace withwolt dpfined antennal and hepatic spines Thc
hepatic carina is horizontally straight. Gastro-orbital car.lna occupying the posterior U3 distance
between post orbital margin of carapace and hepatic spine. Bropodite absent on 5th periopod.
Body with tranwerse bands. The colour of live prawn often depends on the area of collection.
Generally dark brown with emphasis on black (in estuarine or brackish waters) or reddish in
clear deep waters. Antennae dark and light colour. Pleopods are brown to blue with distinct
yellow bands at their bases, banded appearance on the {ostrum, posterior pgrt of telsgn yellow
with reddish tinge consists of two lateral lobes closely meeting along the median line.

Fig. 5.23 WHITE nni'fur.r1rrp.eus indicus)

4, Penaeus lnitlcus (Whit9 praw,n) :This speciegrslows large variations in rostrat lengttq in
young forms, it is slender, e1'qngated and sdffi*s the tip of antennal scalc. In iAtifg
the length is reduced and thickened at the Uasi. n has a ctear double curvc witlr jO bi
4'6 teettu The post rostlal crest is not markedly elevated but is triart'gutar in ilinle anO
faintly canaliculate. The adrostral sulcus jtist reaihes the first i'u.itral (eiigastriciiooUr *O
is shallcrv. The gastro-orbital carina js well defined. No bands on the-b;dy, the colour is
creamy white with dlspersed light pigmentation.

Penaeus semisulcatus (Bandef prawn) :Carapace and abdomen uniformly smoottr, rostrum
straight, short as compared to P. mo.irodcn. The rostral formula 6-8 bil-3 with'thi;first
(epigastric) rostral tooth ou the mid dorsal surface of the carapaca. The.adrostral q*i*
erye.ngs a little beyonci epigastric tooth. The post rostral carine.distinctly grooved. Casto-
or-bital carine occupying posterior 2/3 distance between cervical sulcus 'a-nj arircrior *.ron
of carapace. Hepatic carina considerably inclined anteroventrally. Eropod prescnt o1 iUr
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ppreioped. No cnternal spinules on the lateral lobe of petasma. The coluration varies slightly
ftom place to place, with an emphasis on green, the transverse bands may be red and whitc
or pafe brown with darker bands alternating, legs have reddish or ygllow-or pale blue colour
towards ventral side. -' r.: -r

Fig. 5.2+ EANDED PP.AWli (Penaeus semisulcatus)

Checlr Your Progress

is cornmonl,, kncrvn as milk Fish' It b a most

äå �ª �˚

2" fie Scientific name'of fresh rvater shark is

3.' The giant fresh water prawn is known as

4:�R �M
largest Indian prawn is kRov"n as It’scientittc

name lS

6. Metapenaells mOnoceros:3ody cGvcrcd with Short ior�g
entum,lostrum ncarly straight gi�� nt

a knife like appearance reachin�Ü ncally to,�k �lr a little bcy,nd,thc tip of antennular pcduncic,

�˚ �I n�É �� �� � �̃x]l�ô :�˜ �R1llli�Ł
tttL�‹

�à�Ł�I �º �B�E;

1�n �¶1�x �` �‘ l�� �Þ� �̂Øri�� �a�Q�¶�ł ��
ml grCy t6 green.     :

�u
ig. 52S�R ØD=1,PCnaCus moncCCros
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�� �Ìu�l
�E
itil��

�g
�¸[cØ[ 61:ri:�§ ti:�M �æ��1lst�Ü �Ebitrtiit�� :.itttthar�\ dog�‰J and

eCOn��
�V

l�¡ t�` ialar,,�A c�¡ irt�v  COnJgl�—i�¡ :|�] :�¡ �¡ F:�v �¡ �\

A detailed taxonomical account Of both important culâ˜ ��able FIshes and prawns are given:

5.10 CHECK YOUR PROGRESS�]MODEL ANSWERS

l. Chanos Chanos

2. Wallaga attu

3. Ittacrobraclrium rcsenbargii

4. Tiger Prawn, Penaeus monodon

-: .: :, ,, i

5�B1l MODEL EXAMINAT10N QUEST10NS

I. Answer the follor+fng in about 30 lines :

1. Describe the criterh for selection of culturable fishes and prawns" . ..

z. List out the important culturable fishes and prawns in cohfined waters. , 
,

3. Write the taxonomic position of cutturable fishes and pawns.

4- Write the identifying characters of Catla, Rohu, mrigal, Common carp, Crass carp and
Silver carp.

5' What are the identifying characters ofPenaeus *onodoo,p. indicus, Macrcbrac,hiuar rosien-
bergii and lt. malcolmsonii? - - ----:-----

11.Answer the fo1lowing in abOut 10 1ines.

�J�‡ the iden"�ì ng c�V aracters ofthe followin3

1. Milkâ˜ �R

2. Fresh water shark

I Sttghi              ~|:�u

4.  A‘agur

5: ciant snakc headed hurrel.    �]

6.  Tiiapia                           l�E

,Pe�v h spot

8.  Grey mu:let

9.  Clinbing pOrch�R     _:
10 0ouram��            .   ~ �¡

33     1

|
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UNIT�] 6 F00D AND FEEDING,AGE AND
GROWH AND BREEDING HABITS OF
IMIPORTANT ISIES AND�uTH�Y�{ IS

Contents
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6�B1 0BJECrIVES

This unit tleals with the biological aspects like food and feeding, habits, age and growttU length

.r[".,gtt relationship anrr Sr.eoins habits of important cultivable and'prawns' After going

through this unit you will be able to

r l)efine age and growth, length and weight relationship'

o describe the important Cultivable fishes and prawns'

6.2 1NTRODUCT10N

�Q
1�I

�@ �‚ �R�� �N�¤�£�� �Û�ÝW�í
Rrla,W5rno�¡ odOn(FabriduS). BIdOtty Of Other culiVated pr�í

i:Tbf111�I 1�ó L:Œa�ì �v:;1:L

Macrorprtthium r�å CnFc�E�Ł J(dC Man)�B
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63�B BIOLOGY OF ROHU,Labeo�Ó�ßitl(Ha�˚ iitibi)DISTRIBUT10N

This fish is common in the plains of Northern India. However, because of successful transplan-
tations carried out since the beginning of ttri 20th century and the wanderings of the fish aided
by the ociurrence of extensive canal systems, rohu has now spread over the whole of Peninsular
India.

63.1 Food and Feeiling Hablts

Rohu fry start feeding on plankton from the 5th day after hatching. A strong positive se.
lection was observed for all the zoo planktonic organisms and for smaller phytoplankters likc
desmids,Cosmarium and Ctostedum)Phytoflagetlates like Euglena and Volvox and algal species
antd zygotes

The food consists of vegetable debris, animalcules, water fleas and sand or mud upto 20 mm.
length of the juveniles From 20mm. length onwards rohu feeds on unicellular and filamentous
algae also. The zoo planktonic organisms consumed include cladocerans, copepods, insect larvae,
rotifers and nauplii. Among crustaceans there is a strong prefdrence for Cyclops and arnong
rotifefs, Keratella is consumed heavily. In the case of adults, phytoplankton is preferred over
zooplankton.

The fish mainly feeds on rnid surfaee waters although it explores other zones of environrnent.
The nibbling type of mouth with soft fringed lips, sharp cutting edges and absence of teeth in
buccopharyngeal region indicate that this fish subsists on soft aquatic vegetations which do not
require seianre or crushing.

The intensity of feeding is high throughout in the juveniles. Feeding intensiry of adutts is affected
by maturation and 

-spawning. 
The maruring fishes showed considerable inirease in the feeding

intensity- Mature fishes show a slacleni4g, in feeding. Spent fishes again. feed actively. This
increase and decrease in feoding is more prominent in the females than in the males. Mates
exhibit better feeding than females during spawning months and on the whote feeding is bctter
in the males throughout the.year than the femates. However, the femates feed moie actively
during post-spawning months than the males.

63.2 Age and Growth

The age of rohu is determined from its scales. The scales of rohu showed gro.yth rings in the
fgrm of carved out grooved.rings which are found ro be annulut *,r r,"rrZjil;# tor agcdetermination. Rohu was found to attain an average lengih of 310 mm, 500 mm, 650 mm, g00
mm,850 mm, 890 mm,920 mm,940 mm, and 960 mm., a-t the enrl of the ,first to the tenth year
of life. Thus the growth increment was 310 mm., 190 mm., 150 mm., 90 mm;, 60 rnm., 50 mm.,
40 mm', 30 mm., 20 mm., and 20 mm., atthe end of the first to the tenth year of life respcctivety.
The seasopal growtlvof r,,'rolitais very much influenced by the feetling intensig and spawningcyclc of the fish. Ecological factors of the water like coniuctivity. alk-alinity aoA t"rp.rrt r.al6o have an inflgence oi tr,. lio*th or i]roait". 'Yr a'|^a"rrv ans remf

633 kngth Weight-retationship

The length-weight relationship in this fish,can be'expressect by the equation :

Weight = C. length i

In which 'c' is a constant and 'n' is for coefflcient of growth rate.'

The increase- in weight in relation.to length is not appreciable upto .t50 mm. length. lt isconspicuousbetween t50-200 mm. length anrJ wetl mai[eo aioie2o0 mm. length. F."#1"* rr*
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heavier than males upto the length of 500 mrt", and males were heavier than females at higher
lengttr.

The growth of rohu spawn was influenced by the qualitative difference in food supply, such as

the tlpe of zooplankton and algae present in the pond. Grofih and survival of spawn when
stocked in nurseries depend on the kind and dose of fertilizers used, supplementary feeding and

density. Inorganic fertilizers such as ammonium sulphate, urea etc., have been found to enhance

the survival and growth of spawn.

63.4 Brqeding Hablts

Labeo rohitatike other major carps, breeds naturally in rivers andrreservoirs and in artificially
constructed bundh type tankswhere fertile conditions ar€ stimulated during the spawning s€ason.

I-arge-scate natural spawning occurs in flooded sections of rivers during the southwest monsoon

months. Spawning grounds are located in the middle reaches of rivers where flooded .*ater
inundates vast adjoining riparian lands.

Breeding cglhmences in the morning in rohu. The courtship is short-lived. The coiling of the

two partnef3 exerts pressure on the abundanbe of the mating pair, resulting in the extrusion of
ova and exudation of milt. AII eggs are not laid at one place and at one time, but at intervals

during which the pair keeps on hoving.

Fertilization is srternal. The fertilized eggs are abandoned by the parents. A thick btanket

of eggs is left behind on the spawning sites. Ttre spent fish srrim aimlessly for a while and

comilence their homeward journey along with r*eeding water. Heavy monsoon flood, crpable

of inundating vast shallow areas which form the'breeding grounds of fish, stimulates spawning

and is believed to be a primary factor responsible for spawning.

64 BIOLOGY OF OTHER CULTIVABLE FISHES

Besides the major carps, there are other species of cultivable fishes some of them are freshwater

some of them are thrive in varied degree of salinity (brackishwater) and some of them are

carnivorous (Cat fishes, murrels etc.)

6.4.1 Chanos chanos (Forskal)

This is commonly known as Milk fish. It grows upto a length of 1500 mm. This is a marine and

estuarine fish, suitable for cultivation in fresh and brackish water ponds.. It-does not ftature or

breed in confined *"t.rr. It spawns in the sea near the coast. Eggs pelagic, 12-mm. in diameter'

embryos hatch out within 24 hours Larvae arc 12 t9 ! Tr:.length, 
occurring periodically in

gi..l'qr"ntities along sandy coasts 
"ntin 

estuaries. In India they ocgur from March to August

;;;il;;* OaoU?r to December. Fingerlings occur in estuarine waters of South India'

Fry and fingerlings are stocked in ponds and reservoirs Fry reach a length of 50 to 70 mm' at

the end of the first *on,r, and 12ti to 150 mm. at the end of the sec6nd month' It reaches an

;;;rrc" length of 40 cm. and an average weight of 450 gm' within one year'

The fry and fingerlings feed on the phytoplankton (Bacitlariophyceae,My:rophyceae and remnants

of Chlorophyceael. idults feed on aiatomicopepods, larval bivalves' fish eggs etc' In rcaring

ponds it.feeds on the green bottom growth iatled "lab lab"' This substance represents a

biological complex ,o*iliing of decay,e[ g.een ,nA blue green algae diatoms' protozoa bacteria

and destritus. When it attains upto 450 g.t ; weight inltakes aiomparatively large portion of

fresh filarnentou, ulgr" unO puttt of higher plants. in freshwater ponds and tanks Chanos feeds

on vegetablc ptanxtonic and epiphytic otguni.mt and on decayed macro'vegetation'

i
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6.42 Channa' mamlius Gfamitton Buchanrn)

This fish attains a length of 1200mm. This is also a river fish, suitable for cuttivation in confined

waters. It breeds in p-tmas. The breeding period is ftom April to June. Fertilized eggs measure

about 1.5 mm. in diameter and are brownish in colour. Fry become independent of parental

care,after about six weeks. C. mariulius feeds on small fishes, frogs, tadpoles, water insects. It
has cannibalistic habits. It is a quick growing species. TWo month fry measure about L2 cm.

6.5 BTOLOGY Of,'TIGER PRAWN, PENAEUS MONODON

Tliis species occurs along both the coasts and more common by along the northeast cost of India.
It is widely cultured in brackish waters. This species grows to a ma:rimum size 330 mm.

The major food items are higher plant matter, algae (\qgby'a Spyrogyra, Cha.etontorpha, En-
teromorpha),diatoms (Coscinodiscus, Bidclulphia, Gyrosilma, Chaetoceros, Asterionella, Coc-

coneis. Tlralassiot&rix), Copepods (Acailia, Calanus, Pseudodiaptorrus, Labidocera) Isopods
Amphipods, Decapods, Gastropods (Nassa, Pyryulina, brcken 

"hoil4, 
sand, detritus, semidi'

gested matter, pieces of moults, fish eggs, fish scales.

The monthly growth rate of this species in natural waters is about 25-30 mm., whereas under
culture conditions the observed growth is at a lower rate. In the initial months the growth rate
was less (15 mm. in length and 2.5 gm in weight per month) but in the later months, more (26
mm. in length and 9 gm in weight per month). Growth is fastest in the summer medium during
the monsoon and poor in winter. Lower salinity and temperature adversely effect the growth in
this species.

Under pond conditions the species does not mature. As in other estuarine penaeid prawns,
this species also shows catadrornous migrations, i. €., the post larval forms enter the estuaries
and after a period of growth the young prawns return to the sea for breeding. TWo peaks
are observed in the incursion-of post larval prawns into the estuary : November-January and
April'June. High temperature, salinity, dissolved oxygen and feeding are important parameters
in inducing maturity and spawning in this species.

The fertilized egg is released directly into the water and f,rrther devetopment follows.

6�B6 BIOLOGY OF OTHDR CULTIVABLE PRAWNS

6.5.1 Metapenaeus monoceros (Fabricius)

This species occurs in the coastat areas and the esfuaries of the gouthwest and West coasts.of
India It attains a maximum length of 180 mm.

It mostly feeds on crustaceans, algae, formainifera, small motluscs and organic detritus.
The growth rat{ ranges between 5 mm to 15 mm. per month in the different size ranges during
its growth. I

It attains maturity and breeds in the sea. The breecing season is in November and December.
Late mysis and post larval stages of this species migrati into backwaters and 

".tuuri.r 
uil utong

the coastline of India

6.5.2. Macrobrachium rosenbergii (de Man)

This species occurs in the freshwater zones of the rivers of the East and West Coasts. Though a
freshwater pra\4rn, it migrates into the estuaries for breeding and spawns in areas where salinity
fluctuates between 5 and 20vo. After the young grow into i slze oi'z-e "*., irr"y ilg*" .rp ro
the estuary to freshwater habitats. they aitain alength of 320 mrn.
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Thc rate of growth ranges between 20 to 30 mm. per month dunng different stagcs of groryth.

It is an omnivorous feeder, feeding on detritus, animal and vegetable matter.

It attains maturity in culture conditions, and normally breedp in estuaies It is zuitable for
cultivation in ponds and tanks.

Check Your Progress.

1._ breeds in rivers and reservoirs.

2.I;abtab

6.7 SUMMARY

The biolory of Rohu, Chanos, (fishes) and prawns such as Penaeug Metapenaeus are dealt in
detail. Determination of Age and growth of fishes, the length-weight relationship are describcd.

6�B8 C�Ł ECK YOUR PROGRESS�EMODEL ANSWERS

1. Labeo rohita

Z. The green bottom growth in rearing ponds,is called ."!ab lab". fitis substance represcnts

a biological complex consisting.of decayed green and bluc green algae.diatom$ protozoa

bacteria and detritus.

6.s MODEL EXAMINATION QUESUONS

I. Ansner the followlng in about 30 lines.

1. Biologt of Rohu

2. Biologr of Tiger Prawn

II. Ansrar the following tn about 10 llnes'

1. BiologY of Milk fish

2. Biolory of Macrobrachium rosenbergii
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Rohu attains maturity towards the end of the second year oflife. It spawns onty once 
^ 
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=�R
1�ƒ �¡ T=�¡ �¡ ,�\ rræx

=�E

  �E
�E =F�m

~�¡
]�¡ �†=T’�¡ r�] I=’�`  Fl�E �M �h

F:�\ �K3�E�ulT ~�u TT’�E

Atter 48 hours Of�¡ ltChing                         i     :     �]

�h
Large black chromatophores on head prominel

of the dorsal fin fold.Hcad dark and body faint ye�a �R �R

�Or"h�V �VQthl�� �âf::=|.|�� =.�¡ �¡
Avertte sizc 7 mm.PJc r�a �i �i

‘�B

iiDur.m��
f�‹ �íT�O�[ :�fi �à �£:�x �H:1between thc eycs. Dorsal prottic of embryo bl

above the notochord yclow�B

h characteFistics of rohn lost lattt a�¡ 9r threc Jays of hatching are as fo�a ows:

. |::�M i: :. �E      =’�E

4th day atter�[ atching            �E
                ,   .

7.6 mmo in lengtho Yolk saccompletely absorbed on the 4thday afterhatchingo Lip ttarginsgendy

ŒaŒiŁÕ�O�V i�h �� F�ì ���Ø.=:1 1 :           
�A

6th day a�¡ er hatching

�lturn�v d:gapO ofthe,outh l.7m�� �E Eye l mm.
Wit�¢ faint rays,pe:vic ttn bud�] secno Air bladder

)�` �¶
"in the form ofdongated triangle Dorsal

�g

)�A CFeSCents on the two lobes of the caudal�¡ n
ys 22.        1’   111i

7th day atter hatching

�r ªJ �í �ŁS�R �o �' r�x ª�

forked;�r �¡c ttn�� �R23r�‹ ;d�å sJ�Oh�� �˚ �¾

ibrar�M
iraF’Canddæu

h��

�g �g
T�fl

�Þth day atter hatching                �R�u  :

�”�� �º:�Õ l�o :�H �× :�� �@�Õ �£�w�O�µ�� �Ö �ô :1:�b �H�Ò

�Ø      II�Ü �å    �J:

l2th day after hatching

àV

�«

thc apex facing the head.

141

,. ::: �¡  r’�u : i 11   �E  ,�E 1 1�E

�R�R
�Œ

B R
 A

 O
 U



I �V�V�V8"IIttllI 11

2 111ly�V r�] �V�V�V �v

3. SIxth day arter hatshing

4. Sevca day aftor hetchilli

5. Tenth day arter hatching

6. Fin�É cnth day aFter lnchla‘

fig.72Pct-larval devolopmcnt of [abeo rohita

15th daY after hrtchlng "

'23 mm. in lengttr. And finwlth 2'5 rayr. Caudat rays 36'- Basal-.?J? of the dorsal fin pigmented'

Black chromatoptrorJb;d;; ;roai rq49n, posieriotty prolor4led from the centre passing

til;gh the origin of caudil rays and'dfuidlt8'the fin into trro'

18th daY after hatching

25 mm. in length- Body dirtyyellow above lateral line and yellowishwhite below it' scales present

ffiffi; .r'."rtir"r-,t at*u'if ptounac and in the abdomina! legion. Brack chromotorhores on

the anterior margin JinelO6tt"f fin in'dhe forni of dotted line' Ventral fin with 9 tays' 32

caudal rays TWo pffiffi-g;,.ritlt -grescelts' 9ne 
on each half of the caudal fin lobes behind

ifrt a.tf iriangrrlar arcas on ttre caudat peduncle'
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2&tr drt loer hate.Ung',..

26 mm. in lengttr. Body golden coloured. Scales pbminent and fully covering the body. TWo

dark bands onb above and orie below the lateral line along the body upto the caudal region.

Dorsal fin with 3.13 ray. Caudal rays 34. Rays covered with orange pigment dots. A black band

along the entire width of the caudal peduncle concave posteriorly artd irregular in shape llong
the interior margin. Behind this band two faint crescentic areas scparated by twg polourles

streaks

25th day ifter hatcfrhg
..-30 

mm. in lengtlr Body golden coloured with coppery reflection ftom operculum. Barbels

-pro*inuri,UpFi rusiif."v"faintly orange. OarlianA in caudd peduncle quite prominent

Upper lobC of caudal fin hrger and pointed compared to somewhat round edge of smaller lower
lobe.

�M
�¡ 4 LIFE HISTORY,EGGS AND IARVAL STAGES OF

INTRODUCED CULTIVABLE FISHES

Of the exotic food fishes, the following are more important ftom the point of fish culture : Common
Carp, Cypinus carpio Linnaeus, silver carp, frypophthalmichtlrys molitrix (ValencienneS), grass

carp, Ctenophayngodon idella (Valenciennes), tilapia.

7.4.1 Comman Carp (C\priru* carpio Llnnaeua))

f'crtilized eggs of common carp are srra!!, sgherical, demersal and adhesive. Diameter of the
developing egg varies from 1.0 to 2.0 mm. The perMtelline space surrounding the egg is narrow.
Yolk is, usually yellow to light brown in colour. Embryos hatch out wfttrin 2 days to 7 days
depending on the water temperature. The newly hatched out tarva is 4.0-5.6 mm. in length
and has a prominent yolk mass. The newly hatched out larva adheres to the leaves of aquatic
plants by means of cemeht glands and remains in this conditiond until the yolk is paitidlly
absorbed. The yolk ii absorbed within 2 to 6 days depepding on water terpperature, aftir whicir
the postlarvae measuring 6-7 mm. start normal movement and commence taking nouribhment
from the environment If suitable food is available the growth is rapid and fins get-differentiated.
Withinl2tol5daysofyolkabsorption,allfinsdalel6pthefuIlcomplimentofrays

7.4.2. Sllver CarF; frypophthalmichthys lttolitrix
Fteely oozing viable ova of silver carp are pale bluish in colour. Fertilized eggs are demersat and

lound *.4 ftV grey in colour. Within 5 minutes of fertitization! eggs starisweillng and during
the next half an hour, the process of watei haldening is completedl*The fuily ,*oli.n fertitized
eggs measure 4.2 to 4.16 mm. in diameter.

1}9 lgngth of the newly hatched larva of sil,y,er carp is S.O to 5',S mm. The leneth of yotk sac
is 333 mm. Height of the body 1.25 mm. r{6igtrt o/,yolk sac 1.09 mm.. Numbei of rnyotoru.
are 42 to 44 in number of which 14 to 16 arelpcaiea behind the anal level. yolk sai is trtty
absorbed by the end of the second day of hatchin! and, thereafter, post larvae start feeding from
the enviionment The post larvae measure 7.42-to 7.53 mm. in-tttd length and l.2l mm. in
height of body.

7"43 Grass Carp : Ctenopharyngodon IdeIIa

lhis lsh lays eggs in stages. Eggs are pelagic and undergo development as they float downstream.
Ovarian eggs are of yellow and deep goklen brown in colour. Fertilized eggs.get fully srollen
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in half an hour and measure about 4.58 mm. m diameter. Newly hatshed out,lawe #ta$rics
45 to 6.0 mm. in length. Iingt[ of yolk sac 2.84 mm. Madmum-]eiglrt qf.bady e90 mm. and
maximum height of yolk sac 0.78 mm. Yolk mass is conspicuous and of a p.fle brown colour. Of .i
the 45 myotomes, 14 are posterior to the anal lwel. Tlvo dalbld po.st larva jli5t after absorption
of yolksac is 6.98 mm. in total length and 0.99 mm ip naximum height df body. 

.

�¡ 5 Ll�¡ �¡ HISTORY,EGGS AND LARVAL STAGES OF

MURREL�]CHANNA PUNttATUS

Fer�ß �ide�c �¤10und,no�Ü �]adhesive,hoya�Y ,icette�ß �¿�´i�L �� �í P=�a�¶capped by a disanct uastodisc and contdi�U an oil Jo

to 6 globule�A unequal in dze.PerMtelline spttis Of medium widtho Diameter�Ú the ett is 12

1nm.and that of the yolk is O.9 ml�¡ .

The development after fertilization is as follows:             :1. 1 .=1�]  1

10 hours a�¡ er Fertilization

Anteroposte�Ü or axis is disdnguishabiC,CephJL portion being broadero Fore brain rcgiOn     �¡

discernible.Invasion of the yolk complete.

14 hours after Fertilization

_ Ihe embryo with 6 somites is embedded all over, itc'length in the yolk mass. Optic cups are

clear. Height of the embryo is 1.0 mm.

16 hours after Fertllization
;

9 rnesodermal somities present. Notochord is more discrete and the fore, mid and hind brain

regons are also defined. Cephalic portion is broadened

17 hours after Fertilization

The somites range from 13 to 15 in number. Ectodernal thickening to fory-le1s.oj the eye

is indicated. Tip of the tail is from the yolk at the vast somite. Embryonic fin fold appears.

Kupter's vesicle is visibG. Cephalic region is depressed. Height of embryo 1'l mm'

22 somites. Embryonic fin fold on the ventral side extends upto the lpth somite. firfiens !-{'oY
t ffy ior*"a in the "i". 

Off*ary-placode indicated. Kupier's vesicle gets diminis.hed' Blood

circulation can be ,"in ou., to yhi into the rudimentary heart lying anterior.to the yolk sac.

The heart beats very rapidly. Some dendritic melanophores appear over the yolk'

22 houis atter Fertilization

Somites are}4in number. fire embryo encircles theyolk and coverspractically-the entire capsule'

Tail.is free. olfactory pitr and auditory vesicles :lre now well pronorrnced. $etr1e melanophores

appear above the n"ui"t chord, ov", ih. trunk and caudal rtgions Heart'biat is very rapid'

Kuptdi's oesicle disaPPears.

24 hours after Fertilization

TWitching movement of the embryo is vigorous and tashes ttt? t't vigorously against the capsule'

,h"-r"by;;i;ging up the head wtrictr supresses the wall and brings the embryo out
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Fig. 7.3 Embryonic dprclopmenr of'C. puncatus.
a)2te�a ed stage

C)�† �_ �´ old

)10�L h�� �� �¯ bF:
m)20�¡ ours old

b) 4-ceiled stage
f) 5 hours old
j) 14 hours old
n) 22 hours old

:�í �ß IŒ⁄T
The nerrly hatched larva is dull brown in colour. 2.7 mm long I.l mm height ,Th fin fbldoti8i'Et€s dosally at tlrc second myotome, ru11re1trarry iir.i."gi", of the vent and goes uptothe yolk sac Third rnd fourth vintricles gf. the urain aie veil prorninent. Eight dendriticmetanophoree app€ar:j-,.1^. 

:llu.i ;;** rjnefr ;il;ph#: appear at Wciudar region.Linear metanophores appear pr6minenly on the r".iri ,iJl:r.iirre uoov.

ng.7.4 Hatcmn8 0f a punctat�@
.
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�e

�h

�h

�h

�h

�h Larval development is as fbHows:

3 hours a�¡ er hatching

Lngth 3.l mm and height l.4mm.The heartis twofhamberedo Circuhtion can be scen around

the notochord_in addition to the brain and yolko B:ood corpuscles are reddish ye1low showing

formation of hacmoglogin�B �ß�É anal opening is marked by a slight invaginadOn.

8 1ours a�¡ er�¡ atChing

L3ngth 3.5 mmo and height l.l mmo Myotome countis 31,Bulge ofthe yolk is reducedo Some

more melanophores appear on the ventral side of the notochord and the dorsal side ofthe body�B

Circu!ation is conspicuous at the Optic regiOno sOme pigments are interconnected along the

intermyoformal septa.

15 hours a�¡ er hatching

LDngth 412 mm and height l.O mmo Auditory capule moVes doser to the eyeo Pigments over

the iris are now denser.Mesenteron is tten as a blind tube and nephridial duct are conspicuous

bcation Of pectora1 ln is marked by a thickened conical patch�B

24 hours atter hatching

�I�FLl�Ò �ç1�E n�r �fl �] 1:u�ì :.WWs�]�ç�÷�� �‹�ßl�Ì �⁄�u�Õ çW��
pectoral fin budo Eye fuHy pigmented.

36 hOurs a�¡ er hatching   .

�FX�[ �Ó�ß�RmlŒ⁄
1�` �æ�� i�æ �d 1�Ø

and narial pits differentiated‘A thiCk band of ml

base of the peCtOrali

2 daysl�¡ �¡er hatChing

�h �ß 11�‚ Ft�P �‹

C�µ
l:�„ �fl �R �˜ :��

=��

�[ �í TTltr�ß �F T�Ł �O

nape,(�l nly a VeStige Of the yolk iS Seen.

3 days atter hatching

�O æa�ß �v� 1̀1�T1�Ü �æ�a�í �í �� �` �P .�d �s�“�o �à rnd

6 days a�¡ erhatChing                      hedorSalsidegivingabaidlikcaPpearanceo A

�' �Ô�§a�Ø �˘ �� �º �´�¢l�� �x.
8 days a�¡ er hatchinll                   �A

�Oç�:�ö �¿1:1�£ �ô �U:   �IŒ� i

Ftti�P �x�˚��:FIi�H ær rmO�K
J�� nd�E CadJ in rttS ttve m numbcr anl hypudS
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|: �E F::

%1_LI�ƒ:HISTo�‹ ,ECGS AND ttRVALçü�…ES oF

�¡ , �]  �¡  �M
    Fi3�E 75 Larva of co punctata                   �s1 1i::,::

a)8 hours old   b)24 hours oid c)36 houS ld :_d)�V �V�¡�É Old,‘.�\
�u

18 dT:1�W �WtChing.�¡ 1 �� I[=~     :1�] :lifI

��  �‰Łc�ò ª� ��
20 1ay,,ter hatching

�fi �ƒ�ç�¿�V�q�‚ �y�ì :�P �fi
�i

"��
�Ô �g1�i �B�V

�g
�]�q
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��

��

��

�g

1.Nauplius

2. Zoca

3�B Mysis

4�B Post larva

4 to 5 stages

3 stages

3 stages
6 to 7 stages

A brief a�å ount on Penacus indicus,Metapenacus inonoceros and Mctapenacus br�� �l cornics is

given belc"��

761.Pen�gus lnd�‰ us

m�í �D�£ª� �ò �� �d�£ li�N �â �\
ª� �v�ì �Irk�ß �I �Ł�x�d�˝

�å :�r �� Œa�¿ �� �ü �Ù�¡lid carapace on and on fcw Ofthe mid abdoml

l�º r�| �� �d�í �„ �í �Ł�F
1:��

ttt�L �dæa�I Iini�v �Ó �{ �¤
�w�í �Þ �� �v�� �Ù�F�ô I�£ �ø

�S�“�í �Łª� �Ł çWåö ‘bend is very characteJstL In iuVeniles body re

�• �‚ iªN �h�o�” �A�ø�Ô:�a �T�C
be p�g �c� .̌On �V urOpod end d"naØÜ

the rostrum is 6�] 8mm�B�÷ he elongated slender

FOStrum is tlE prindpJ idendttng character.

7�g 2�¡ retapenactls ifonoceros

ldentittng Characte�v s�g cs for direrent larval stages are:

Nauplius I : One Pair of setae

Nauplius �U     :    One pair of Setac but p:umose in appearan�å

Nauplirts III : Three pairs'of setae

Nauplius �W    :   6 PJrs of setac with rudiments of ma�˛ �aipedes

Naupltus V    :   7 pairs of setac�� th rudiments of max�a �apedes and maxi:la

Protoioen I : Appearance of abdomen and carapace'

ProtaOen II       :       Appearancc of stalked eyc and rudiments Of pereopodS

PttottOen �UI       :        Appearancc of urOpod,abdOnlinal spine and:ine

Mylii I : Presence of PleoPod buds'

Mygis tr : Pleopod buds with one segment'

MFiS �U I     :   P:COpod budsçp th tWO SegmentS

�� �Ø �¾ i�t �' �Ò
ne on 6th abdominal segment only.Post larvac

entation on the ventral side of abdomen and On

fi�à �Ł��T:IWl:�� i�ò :�� :�� �I

�\

�\

�\

�\

�\

�\

�h

�k

this stage.

753 MetaPenaeus Brevicornis

The size range of the post lawae is 3.0 - 3.5 mm. Rostrum is shortest' It just touches the

borderofcarapace.grownishincolour.Injuvenilesrostrumshowsonlyslightincreaseinlength
cxceeding the tips oiirr" 

"vo 
while the basal elevation is more pronounced' Dorsal teeth are

serren ip number. Rostral length is 2.2 mrn Deep-yellow coloiation on carapace' Black red

;#; ;i""g;i; h"io-*ntr"r-urpect of abdomen. Red spots on the uropods and telson.

48

B R
 A

 O
 U



ChsdrYour Progress
t'

l.Writc about 4th dry efter hatching post:larva of'r6,t0, 'I'irb@ rofiita.

2. Clraracteristie of one day dd larrra of Cianna Puhclate; '.

7.7  SUMMARY

Life history of Rohu, Cyprtnus) {ypphthalmichltys, Ctenopharyngodon, Chaniiarc dcscribed

in detail.

Similar,ly the lifc history of some important cultivable prawns are also explained.

7�B8 CHECK YOUR PROCRESS�]MODEL ANSWERS

1. 7.6 mm in length yolk sac completety absorbed on the 4th day after hatching Lip margins
gently fimbriated. Distinct black Chromatophores seen behind the eyes on the.head. regiqn.

bpercrliar outtine distinct. Notochord bent at the lip. Crescent shaped scmiilrcular arca

bctour notochord in-the caudal region formed of black chromotophores in rours ; thc arca

of thc semicircle wCll ttefined. Dorsal and ventral fin folds pgrsisrent" Commencement of
caudal rays.

2. fungth 4.6 mrrr. The pectoral fin is paddle shaped with undulating dorsal margin. l:rvac
mope horizontally in schoots Lower jaw well developed. Truhk region is a little constricted

at the nape. Only a vestige of the yolk is seen.

7:9 MODEL EXAMINAT10N QUESr10NS

I. Angwer the following in about 30 lines.:

1. Give a comparative account of the post larvae from 4th day to 15th day after hatching of
(a) Catla (b) Rohu

2. Write an account of larval morphology of murre!,C[ anna punctata.

3. Write an account of larval morphotory of introduced cultivable fishes

4. Write an account of post larval morphology of cultivable prawns.

If. Answer the following in about 10 lines :

1. Embryonic history @efore hatching) of Channa punctata

2. Comparative account of hatching of (a) Catla (b) Rohu

3. t arval characteristics of Metapenaeus'mono(rros
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UNIT�] 8 SEED:�rDu�¿�ì ON::�u

OF SEEDi,FŒ⁄OM NATU�M�E_
RESOURCES AND_�\DH
BRttEDNG

��
�R

,:fi�¡ :

�Õ �Ó åN
�] 1�]�E �u

F  ~�]

8.1 0bieCtiVes:       _

82 1ntroduction

8.3 Riverinc ott Spram�g :ÆeØÜ .:r:

84àÛ �R eFM�â �‚ sources

851�E

�c
Spawn collection Technique      �]

11   �E   :  :        :      :   t :                    :   |

3a6:.Spl�@ COL�R���ECe�b   il     ,

:�w �ƒ�xÆårW�q11111:1�E l�µ �Ó ���Ó i:

8, Butt breeding      i             �]

8.11 Collection of Ege

8.12 Improvingvillagetanks .'' , iir i ...-;

8.13 Summary

8.14 Check Y.our Progress - Model Ansneri''

E.15 Modet Eramination Qucstions

�R

8�B1 0BJ�\ S

å¶�ï �Ü Ł�ŒaçW�í�FŒa�rªø
�xnit abo deals with the recettseed prospecting

l�å dOn 6f seed thFOugh sciendttc means.:

8�B2 1-ODUmON.

�\ �° �í Ii�ˇ �X �å ØÕª� �Ú iW�T
like rivers,bundhs ailre stin l,practice.Inadequate scientiic knowledge ttOut the method of

seed co�a ection,spawn conectiOn nets and seed transport resulted in a huge loss ofvaluab:e seed.

Based on the scientittC knowledge sced prOspecting investigations were initiated in various�� Jver

wstenl in lndi:L Th�É sc investigati6ns help in identil�p ng the Seed conectiOn centre,llse of spawn

collection net eaÆ… ]Bundhs are natural or artiFldally constructed tanks where riveJne conditions

are simulated,to breed the ish
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�u =�~ 1�u �� �¡ �¡ ,�� II�¡ �¡
�M

�˚ �� �� �i CARP SPAWN COLLEmON

�I �� �[ �Rl�` ���� �Ô :�` � �̋����˚ �Łmd m�ÔJ�¢ ha nigaral �V
d tanks throughout the coun�ƒ �BNaturJ habitat

of thesc lndian rnaJor carps is rivers,and there orlglnal spawning grounds are the�¡ ooded J"ers

�� �@�E�� �â �P�R�í �sçW �[ �� �[ L�´ �N�Õ �˚ �ì
Intta�] 1�Th seOd trade even tOday depends on this resource.                 ��

Despite intensivelcolleCtiOn of riVerine carp spawn,inadequate sclenâ˜ â˜c knowledge�� th regard

�� �¡ p�fi �Ô Of COltctton,Spe�[  CdLC�¡ on net�A and seed transport result in a huge 16�Q of

�\
ittd�¿

Witt aviev7to pFOVidin�F �‰ientitt basis sced prospecing investigationswere inliated in �[ �Rms

l   �c �x �r
l�Ł �í�V �t

�M
Ød�[ �MT�×

1�¨

�Õ �| �` i�Ò ��́O �¾ �å �D
t�g smntFy.In 9Fder tO mect this huge ccidency of ish sced and to achieve self suttcien�q

there:�A an i�Z Œ⁄dia!o need tO exploit the riveJne resources and to locate additiona1 6sh sced

collectiOn centres.                           ��

8.4 RTVBRINE FISH SEED RESOI.kCES

India�� mprises five maiOr river systems namely the Ganga9 Brahmaputra,Indus river s�¡ tem in

the north,Peninsular east coast and west coast r�s er ttrStems in�„ F south.Gang�¡ Brahmaputra

and lndus are Himalayan river system which are fed by melting of s�¡ ow,biologicaliy very

productive and they have�Ü chest�� sh fauna�B �ßhe lndian maior Carps o�v ginally belong to the

Ca,ga riverine sy,t�s �ŁnS IIE Cttt coast system of Peninsular lndia with Mahanandi,Godavari,

K�gshna and cauvery and the west coast wstem congsting N�] mada and Tapti rivers are rain

fed.Gangetic m�¡ oriCarps were transplanted into the r�A �Érs Of the east coast system where they

have eStablished.                                                        �L

The O�gga river system iSh seed in the for,of eggs,spawn,fry and ingeJings are coli�å ted in

huge iqlantities. This river system alone contribute about 89%of the total ish sced produ�� ed
in the coun�] _The rlrst appearance of spawn in lndia occurs in river Kosi during May and

JunO duc to carl,1001S Caused by melting s�¡ o�W�‰ Spawn is co�a ected in iarge scale tom the

main Ganga r�s er and its�¡ ib�Ł loFiC’Hke Gomati,Padma and Bhagirathi�B lt was observed that

i�¿ �…�ò �Ó�� �� �ß�� �V �Q�‚ �ß�É �]�v �i �ß �‚ l�`
spawn abuhdancO.Fry and ttngeJings are collected from Yamuna,Ganga,Sona riVers by cast

a�¯ d drag nets.: :
1 1 

�]
   �]

LaFge S,11,OlleCul,Of ca�@ ,�c s and Spawn is made�¡ om the t�v butades of Brahmaputra
rlver�E Oood wawnitOlleCtiOn ccntres werc located on the river Sudei of lndus FiVer wstem.�E

�s �SWn,"1�É ,tedi�¡ 9�V Na1lHIIli,Madhya Pradcsh contJns 20 to 25%of lndian m�¡ oF Carps
Mahan�� �]is amaior SOuFCC Of1lSh sced which has been condderttly exploited over the yea.

G6�˘ avaFi�i �«krishnarivers�� th thdrt�v butaJesmJnlydrlningAn‘hraPradeshlreSuttciently
nch tt ca�b ,shetteS,S’aWn td�¡ ted i3m river Godavj�a at R�¡ ahmundtt Condsts bf about
209�ó of mai6r CarpsI Fry and flngcrlings of maior carps arc coHccted during the pOst monsoo�¡
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�Ô �Bnths mm the cands and paddy ttlds in Golavari and Krishna ddta a�g �— KolLru lake is

JSo a good source of m�¡ or Carp tt and ingeJings.C�N ,anc ttngeJ�g eS’dLC"dØ‰
‘�¿

these resourceS are uttlised to stock in ponds::       ^  �E  �\

85 RIVERINE SPAWNiCOLLE�µ��10N TECHNIQUE

Slte selectlon

A premonsoon survey should bs condueted in a given stretch of rivcr. The survcy is conducted
to asccrtain thc topography of the terain and bank features in thc vicinity of a sitc. Thlr will
facilitate to ddtermine the opefational area to be available and for operation of nets. Strrvcp,
sh6uld leveal tho tikety curretit pattern of the river at different stag6 Lf f,ooding, errolutfon of
fish fauna and abundance of fi6jor carps during the monsoon season; Location of,trfuutaries,
riwlets and nallah"s which forril connecting links between river and breeding ground are to be
noted.

River meandering in ptains rcnrlts in a serperftine course. The bends and curves of rnrious
shapes in the river course often have a fast eroding bank on one side called 'erosion zone' and
a flat gently sloping bank exaGtly opposite called'erosion z.one' and a flat gently sloping bank
exactly ppposite called 'shallow zone'. Both these zones are unsuitable for ryawn coltection.
Bettcr spawn collection sites afd generally located on the sides oJ the sloping bank whcrc tlre
currentjust divergcs casting off spawn to thc sides as if by centrifugal force.. At thcsc sitcs the
spalm collection nets are fxed and operated.

Fig 5.1 Rivcr meandoring shoving sPa$m collection site.

1. Ermion Zonc 2 Shadorr Zonc 3. Suitablc collccting ground 4. Erosion Zono

8.6 SPAWN COLLECr10N GEARS

h net�R ��ed for collection of spawn is known as shooting net.The net is a funnei shaped Flnely

woven nettng.�p iS operated in sha1low margins of looded river.Mouth�E of the,net wi�a fac

the CuFrento At the narrovJ cod end ofthe netthere is a stitched in ring of split bambo6 or can�v ‘

�“�¤�LT�} �Ô I�Ø �‘ �I �Ł�w�C1� �̊� �÷�F�w�«�x�£ �í �ƒ�� l�÷ �Q
are collectedo nis receptacle iS pe�Ü �BdicJly scooped,geved through a 10nmetJic stran�V l tp

52

L

�Œ�R

B R
 A

 O
 U



r�w �� larger�B �d a�† �† ���ô �E �@ :�E �| �J :�w �� dlecm4ia�g �Rtoredr"hapaS lr speclam"

P�b�V�£mudi,1�[ �� :�c 1�¡ �æ �†�¡ �]  �] �� �R�•‘.:: �Œ :�N  t   i�u �]

A   ,. :        il �E      ,i�¡i �Œ .�¡ 1, I.�¡ tt�E

=�¡
|:=:

�œ�µ.5.2 A Spawncd�É cJng net B.Rcte,tadC        �E  1�E
�] 1

Shooting net�˜ �¡

�g

df at various,laceS are appreciable di�¡ brent iom Onl another in fOmi�� �R��

dimensions�B �÷ he l�n "meshed midnapore ttpe iS COISile�‰ d as a standard net for the time belng

for country wide operationS until a suitable and ettcient net is designed.

�Fased on the’a�g ous cxpeJme�ßts conduc�g d�¡ has beln prOved that 14 mo ne�g

�g

moçp�� f

l18P ttel�c d nylon and l�m 12�s cshed cott6n are the b�– st with 200%cttden�° ihiturb�g

"trl

�ò Œ⁄�d�r �Ú  1�W1�£ à£
CmS:theight at ring end 29 cms.                                                      �E

nis net a10ng with the doub:e wa:!ed receptacle for autohatic sie�� ng of spawichhanceB sp�…

realisation.

8.7  SPAWN:COLLECTION I�YETHOD

Aftei the prem01sOon survey and thc site of scicction it is heccssary tO tStablish the ctta�g spot

l:�� �£�T1�� rl�¥ l?�ˆ i�ì �ˇ �l:t:�} �R�fl1�„ �æ�P1:l�� �` �í 11�r çW
can be donc with thc hci,of boats.

AftcFdetcrttininLtheSteofava�a abilityOfspawnthcndisshOuldbtcO�i �s is�˜ ol�Þ d ihtOlpl�� tioli:

�⁄ c arrangcmcnt oF shobttng nct at thc sdcctcd�U tc shou:d bc in such a way that theiaxi�« �Ü
thc nct sha�a be in linc w:th thc currcntidircction. Thc bambOo po:cs arc p:anted�u lF,1lyiln the

�� �d1�� �D�Flttt�° �Q�w�Ł�Ìt�§ ���ä �çlF�E �ŁtFl::L�� �Õ �Ì11�v�í �£
othcr in quick succession evcry 15 minutcs�A lo 2 hours dcpending upon the intensity oFco�a ection‘
��

I�E hc co�a cctcd spawn arc scooped into conta:ners half ll:!ed with FiVer Water. ThO coHcCtion is

thC,pasttd throuLh a round meshec mosquito n,t’ng to an improvised irdughbFmus�a n dOth
l�M hc IOwcr thiFd Of thc trough is kcpt immcrscd in Water.       1         �]

1�E hc spawn thus co�a cctcd is mcasurcd dcPcnding upon thcir bulk.1’he co�a ection is measurcd in
20()ml,10()ml,50 ml,30 ml,20 mi5 mi,mcasuring cups.            �]�M
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���� 1�â �ò �‡Øò:�R �fl�A�� �í �‡�� �H1�O�‚ Æ��� �ô
�� n�g can be estimated lhm thel�V t hOlling opacity ofth�‘ ll"a and the ca�fl i per ttet hou�¡

The importance of a spawn�� �� åN o�ß �� �¡ Fe inC�O�ß �\ :�x he qlanti,OfSpam�A aSSOChted with

the quantity of spawn�B          :                :  .

Spawn catth can be cat080rised into m�¡ or carp spawn�E rinOi carp spawn and others,

�W

8.8 HYDROBIOLOGICAL CHARA(�bæx �¨ �� :�� �H�ç Eb�y1�ßON T0

SPAWN AVAILABILITY

Av�g h�\ H�¢ f wawn�¤ COrrda�É d withØ‰

�g

Od Whi�V �� ayS:as�¨ nttcint rdeo NomJ�¢

=h

�� �O�Ü�ÜŒa�@:�Ô Œat�` �ˆ �¸ �å
spot shJl help in idcndttng the breeding ground. :    |    �¡       |
undettrabic and uneconomic ttsh sced occur duHlg the ttrst lopd in the rivero M�´ Orcarpisp�| ,
a"�g

�g
h Subsequent�' �pwawn"��

�g"�R �I �˜ �� �N�í �Łlil�º �D�]yiclds m6re spawn.�÷ he intFeaSe Of water le"it

�Ò �Ì�R�I f�b �x�� �l �� �à �� :�R �÷ �ô �†�Ù lI�•
theTIT

:i�E [�u 1 1�¡  �¡ :il:�¡ 1111:�¡ :1.:|::�m
�¡ |(|:�¡

�M�¡  1  �]

�E
 i l�¡

:

Current velodw sti�¡ ulteS the spaw�¡ 1,wi�V  against theicur,mt�E :Wi:�m |�g i"rel�‰ in,urrmt
vel�å ity the spawn migrates,acF9�A the CIrrent,r�� kes shelteL ine Spawn gets washc4 0�¡ �ï �ó

�r�L�b�R�u� �̆Ì�R�Õ �å �å � �̃e���ï ��:�¿like turbidi�y pH,temperature,ar�� ankt61�´

co�a ection�B                                                  .

8�B9 BUNDH BREEDING

The required fish seed can be collected from natural resource like the bundhs atso. The bundhs

are special type of tanks where riverine conditions are simulaterl and are naturally formed or
artificially constructed. These tanks are filled in with water through out the 1'ear and are perennial

in nature. Some tanks retain water only during the monsoon and are seasonal in nature. These

bundhs receive ra[n.water along with rhe washing from their catchments'ryhiele,are lscated at a

higher level. Bundhs provide large shallow marginal areas which serye as,spawning grounds f-or

Bgndhs are of trvo types : (l) Perennial bunrlhs- known a:i wet bundh (2)$easonaf b,undhs knQwn

# Ory buntth:

l: Extensive upland area from where the rain water carrying silt entcrs the main pond.

2. These have extensive shaltow marginal ar"a, which'serve as ideal spawning grounrts-

3. Gritty nature of soil sultable for breerling'of fishes. '

4. Increase in oxygen content of water which is clue to vast and shallow area of thc pond. 1'hc

removat of oltl water of the pond in wet bundhs on account of in flow of licsh rain water

and.

5. The temperature at spawning grountl r;rnlci from22('C to 33o C in various environmcnts.
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8:10.SPAWNING

Spawning in both wet and dry bundhs usually occur after heavy showers when large quantity of
rain water rushes into the bundh.

In wct bundh, during summer the deeper portion of the pond retains the water containing major

carp breedcrs. After heavy showers, freshwater from catchment area rushes into the bundh in

thC furm of stream{ets. The major portion of the bundh gets submerged with watEr, exoe3s

flowing out through outlet which is frotected by bamboo fincing made up of straw and mu{.
Ttre spawning occurs in the shallow region of the bundh and the conditions required for natural

breeding of carps in wet bundhs are not very exactly known.

In dry bundhs a set of major carp breeders in the ratio of 2:l (2 males and one female) are

introduced. Smaller fishes get stimulated early to breed followed by the bigger fishes These

fishes move about in search of spawning ground to the shallow area of the bundh.

Slight alteration in the structure of bundh was also done to improve breeding in the bundhs-

Inslead of rain water collecting in the bundh the water is stored in a reservoir located at a higher

level. A series of small bundhi with inlets and outlets are constructed below the reservoir. Thc

bundhs can thus be filled with rain water during ,nonsoon and breeding operation can- also be

undertaken using the reservoir water. The reservoir is made use of in dry bundh system effectively.

Dry bundhs are considered to be one of the reliable means for mass breeding of grass carp and

silver carp. Spawning may occur at night and during the bright sun in the forenoon. Mrigal and

rohu occupiei marginal irea and breed in fhe morning. Catla occupy deeper water due to its
big size and breed from noon tilt evening.

Fertilisation in major carps is external. The fertilised eggs are left behind by the presents. The

eggs get drifted to ttre edges of the bundh or get washed down. In bundhs a large number

oi eggs settle down in shallow water giving a pale whitish appearance. The adult fish rnove to

deeper areas.

8�B 1l  COLLECTION OF ECG

The eggs are cotlected from the bundh with the help of nets made up of netting cloth. The eggs

thus cotlected are released into improvised pits or'in double walled hatching hapas or in cement

cisterns. Each hXching pit of the size 448 cm X244 cm X 46 cm.is excavated on the bank with
arrangement for supply of water. Each pit can accommodate 900,000 to 2,200,000 eggs of which
2.57o to 25Yo hatch successfully.

A doubte walled hapa consisting of outer hapa made of ordinary cloth measurrng 182 cm x 91

cm x 91 cm and inner hapa made up of round meshbd mosquito netting measuring 152 cm x
76 cm x 46 cm is fixed in the bundh. These hapas are laid perfectly in horizontal positions one
within the other with a water depth of 23 to30 cms. The hatchlings passing out into the outer
hapa are retained for three days for conditioning before stocking. The survival rate ranges from
32 to 53%.

A cement hatchery of 2.40 m x 1.20 m x 0.30 m in size near the bundhs is fruch economical with
survival of hatchlings to 797%.

The spawn collected from the rivers or bundhs comprises mixed species. These spawn is sieved

through round meshed mosquito netting cloth on to a muslin cloth suspended in water. An
attempt was made to segregate the spawn specieswise based on the dissolved oxygen consumption.
This showed that with the depletion of oxygen in the water the spawn started crowding at the
surface. Mrigal spawn first moved to the surface followed by catla and rohu spawn.
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The hydrobiological characters likc pl{;"dissotved oxygen, alkalinity, chlorides, minerals have no
significant part in spawning of qarps in bundh breeding. Heavy monsoon flood, the sudden inflow
of rain water washing the breeding gf;ound, lring about successful spaurning.

8.12 1MPRO�YNG �Y LLAGE TANKS

Taking advantage of an adiacent drain,an ordinary tank can be cOnverted intO a�¡ sh breding
tank The tank should belprovided with sim�a ar conditions present in peFennial bun�ł ä�

|�˚
��

tank should be fllled with water�B �Rhe water at the shal:ow spawning gFOund Should be lnt
about l foot in depth,by regulating the passage at the oudet endo Spawnlng of�à �R Ø[:�ł
in thesc t�ó �Ü ,In addittOn,86nadialiclcvelopment and sexual maturity:in�¡ �Ó :ca�É :bo o�˚ �œMPd

�I �ß�r :hP�Ì �†�� lllil:�¿ �§�ç�| �� �æ�r �æ�×Øª �w�Ł�X�yFd
i                 :  ii   ‘

Check�] Your Progress
i  

�¡ :1�¡ �¡ 11:�¡ i

1. TtE net used for collection of spawn,is kno-wn as net, |: ’.�¡ |

lives�¡2M�¡Or Carps spawn is avallablc in laFge quandttes in

�˜

8:13 SuMMARY

ŒG �a�\�C�� ��̇F�ø1�I ���§�� J�Õ �fl ŁJ
�E  ..                                                     1               :1,�u

|

�˚ 9g�\ 1�¸ 9‘�V .�ƒ �ECOllaiOns Of the�‰ �VhodS applied are cxp�Ł ,,dP Bundh brOeding is
altti glveil.    .1    1

&14 CHECK YOUR PROGRESS:MODEL ANSWERS

1.Shooting n�v t

2 �fi ooded.

8.15 MODEL EXAMINATTON QUESTTONS

I. Ans'nrcr-Se,fol{mving in abtxrt 30 lines, . .

{.1 1. lVhat afe the different fish seed resources of Indian rivers?

,e ,.Frlglhin the riverine spawn collection technique adopted for collectim,o[spawn:

"3,',ffiftat is a bundh ? Describe how the buntlhs help in the breeding of carps ?

rI. Answer the following in about 10 lines :

l. frry bunrlh breeding.

2. Wet bundh breeding.

3. Spawn collection net.

4. River meandering.
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UNIT19 SEED PRODUC�˛ON=INDUCED
BREEDING,HATCHERY SYSTEMIS
AND SEED TRANSPORT
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�Æ�p|�¡ ObiectiVes

�¡ 1�� �� �� �� ::|�¡ �¡
,3.::IPitu�g ary J�g d

9��
11�† :�p rOOrectionl�¿

pFe�g�b Ø[91

:�c 1-
se�˝ �ø �ü lof bFeederS

i�� ���� 1�° �˛ co�\ ni��  �u

�ï 11�EHacheFy sys�¡ :|�]�E
9.12 MOdem lndian:Hatchcly System

�˘13,FishlSeed�� anspOrt

�ß14�] 5�ß

�c
 |�] �] �] �]

lil�r �u   HlAnswef 11

ethodsto breed the uiltivmdIBhes h conhd
ranttort the ish secd to long distanCe�¶ �A

�City ish"ed m evand�¡ d intensi�� ØS�E
�� of ish farming depends on the railaility

�â �Õ :�� �Õ �F� �̂⁄ �� �R �g �í �fl :

� �̀Ł�_�x �fl�[ :ittT�˛ �„ �ß rd"ed cÆí�łed ttom ttsçq �˚�E�� d

�� th unecOnomic Spedes.Researches were initiated and developed a nl�I te�R �· iquCilmowl T

inddced brecding or Hypophysation to produce pure l�ð h seed.The pituitary gland of fSheS,u�¶

collected,hormones extracted and iniccted to the selected lndian MaiOr carp brood�¡ sh during

favOurable monsoon Pcriod and spawning is achieved�B �ßhe Chin6se carp�˜  after pituitary gland

extract inJection,are stripped and eggs are fertilised with inilt by adopting either dry or wet

:ÆP01:
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shipping method. Carp eggs thus produced are transferred to hatcheries for obtaining better
survival. Fish seed are transferred to long distances under oxygen packing.

9.2 1NTRODU�YON

Thc Indian Major carps, Catla !9rtt catla),r_ohu (Laeba rofiita),mrigal (Cirr&iaa rrurisrta)
and thc clrincsc carps introduced into India. Silver carp (frypophtlalrnicht rys molitrir), Sfai
eary (Ctaopbalyngodoa idella) which are extensively cultivated in fresh witer pondr do not
normally breed in confined waters though they attain gonadial maturity.

India Major carps and Chines carps, however, breed in the rivers during monsoon scason.
Indian major carps breed in the qpecialised environments, wet and dry bundi, where in fluviatile
conditions are simulated during monsoon months.

The fish culturists therefore had to depend for the fish seed on couection from the river systems
Carp seed thus collected hom rivers consist not only of preferred species but also uneconomic
species.

The limitations and uncertainties in procuring the fish seed prompted the need for developing
;uitable mcthods to obtain the'pure seed of cultivated Indian and Chinesc carps

Rescarches wcrc initiated on this aspect and a major breakthrough in Indian sced production
took place in the year 1957 when sucless was achiwed in breeding-the Indian maioi iarpq rolu
and mrigal, through hypophysation by H L Choudehuri and K. H. Alikunhi of Gntrai Inland
Fislrcries Research Institute.

Since.then this technique was-imp:oved by- several Indi: .: scientists. Succesftrl induced ryawning
of chinesc ca[rs wan achierred n 1962- This technique Lrcame a popular and dependabli source
of sttpply of qudity seed of cultivated carps throughout India" The induced breeding technique
also furnishes a practical tool for selective breeding and hybridisation.

lhe tectrnique of spawning the fishes under controlled conditions by administering pituitary
hormone injecfion is known as'Induced breeding' or'h1ryophyaation,.

9.3 PITuTARY GLm

Pituitary gland is an important endocrine gland in the fish. It is a small, round or pear shaped
gland located on the ventral side of the brain immediately behind the optic chiasma in a concavity
on the floor of b:ain$ox known as sella tunica"

Thc pituitary gland of fish secreies a large number of hormones as in higher vertebrates. Important
hormones arc +c gonad stimulating hormones-gonadotropin, growth stimulating hormone.
somatofropif atld the'thyrotropic hormone-thyroxin. It is believed that teleostean pituitary
contains both FSH and LH like gonadotropins ,lhe release of gonadohopins'is influenced
by environmental factors like monsoon rain$ temperature, photoperiod etc. Gonadotropins
rcgulate thc seasonal rcproductive cycle offislres.

9�B4 P1lEITARY GLAND�]COLLEu�¡�¡ON AND PRESERVATION

It is.dways preferable to collect the pituitary gland from freshly killed matured donor fish or
tom fishes preserved in ice. The glands may be collected ftom both the sexes of the same spe-cies

as thc recipient fish or closely related fishes

In lsh markets wlrcre severed heads of fish are sold, the pituitary glands can be collected from
b€hind thc head through foraman magnrm after cleaning the brain tissue.
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Ftg 9.1. Colloctbn ot Pllutltry 8l!nd

.Pituitary gland can also bc collected W guttkrg amd oryry lryson of tho scalp or brain !a!G

ii,;ffift.* ot rtr.rp uutrhcrs rnuo. Thc orposci uratn is llftcd and thc gland is rcmov.td

with finc forccps wlthout any. damage to tlf Sland.

The pttultary gland thus collectcd rhould;be prcscivcd hrnCdtatdy tn abroluE alc6lrol.*Tlr

A*froi ii nJqi.nUy ctrangcd to kccp tlc pinritarv gland tn gpgt 
-gpldqon 

for longcr porlod. thc

;hd. ;ir*i botties (amber coloured) hav bc ket.in po!, *uo.v$ry lroqm lcl^nlcrature
or in ttre refrigerator.'The hormones arc insotuUts in absolutc 4cohol. Thc absolute alcohol

O.frtt"6 and Iphydrates the Sland. Thc accfrs,udght.of indfuidud glanq! is notcd, as this is

essential for accurate determiiation of thc dosc of gtand to bc given according to thc weight of

The pituitary gland ortract cafl also b9 preservcd c;ffectivcly in glyccrine. Through tl$significant

ruttrnA .*inrercial production of pituitary ortract can bc made and presenred fora loag tbmc*

iituit.ry extract is prepared in distilied water and prescrvedin plrc glyccrina Tlrc conccnfatiott

of thc ortract is a0 nig of pituitary gland in.tr ml. of distillcd watcr and glycerlnc. Thp ratio

befreen dlstilled watci and glycerinc is t:iztttp timc of preparadon: Thc pttuttry ctrt'r8ct ln
Airtittra *.ter and glyccrinc iilept in air tight bottles to allow thc scdiments to lcttld dom. Ttcn
thc prescrved suspension is filteied through a filter paper and !s talrcn into one ml. ampoulcs

for itortng The 
-glass 

ampeoules are then scaled and kcpt cithcr in room tcmpqaturc ol ln
refrigerator. Thuyeach 1 ml. ampoule contains,the drfiact of 4&mg pituitary glands

9.5 BROOD FISH STOCK MAINTENAI{CE

Primary requirement for successful induced breeding programme is collection of adequate s$ock

of good brood fishes. Thq;potential brood fsh collected hon ponds and tanks are stoc'lcd

and maintained in seperate''bro6d fisttponds at thc rde of 2000 kg per hcctatc. 'Ihis btood
stock should be collected a few months (January omards) prior to the commenc;ment of thc

.breeding season (June-July). To attain healthy.growth dnd proper gonldial ryaturity t}te brood
fish are fed with supptementary food comprising a miiture of pqrdered.ricc bran dnd ofl c*sr
(groundnut, mustard). They are fed daily at the rat€ of.l% to 27o of body weight of thc brood
iishes.
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Periodic examination of tE
health condition .'' Ii
met"0,�¡ SheSshould bet

It is b�v tter to

�] �ö �y�{ �D�ô �� ��1�Q�Ù li�� �à
dipl�� �V �£ :�ô 1l ppm�c �V manganate.

�R�¿ l�V �V�V �� �V in marate po3d�˜

9.6 1NDUCED�]BREEDING TECttQUE

9.‘1.Sele�  Ø[on oF breedes

nle syes are sttarate h ishes Gonadial�¤ �� �ô �fl Of the Cultintel mps:Occurs duJng the
monsoon season,and duringâ˜ s breeding Season morpholoJcJ Characters ttke �_ughntt Of
pectoral in helps in idmtiacatiO�¡ 1’of�R

�V �� �D �� �� �I :�Õ æ� �Õ �F �R �R�ˇ �Ô
I  �V OWn as,M���� �r SO�' :�¡ 11 1�¡    1:|=|   �L

|1       1�� �xilll[I�Ł
cmd�grd�œ��e,�¢ dtt puT�˝

�ˇ �R��I�ˇ �° l�Ł �í �d�P�i �íand in�� ew ofhavingiargeinunber ofess.�E

caudnganyi�� �‹ toLi�´ �´�¢

�g

httregaroingtheweightofthebroodttshareno�g d separa�É ,.

262.Dos�� ��e�� [pi3�æ 1�N�] Lle�¨ 41i

nm�VªŁdeteminati�i �àflituta�fl Jand dosage to induce the�¡ sh co brec�v plays an impoFtant

role.If the envirollFnental c�g dilons like Fanii tempeFaturC e�É ,are favourale and the brooders
are mily ripe,minimun dOs�d o"�ç

:be sum�o
:IIf n�Þ t dightly ttgheridosar may be required.

I It�¤ always advisable tb ginllprcliminaFy 10w dose to ttmde breeder fo1lowed by a higher
:�¶

��bctive dose ater 4�E 6 houF��  : �E  �E

To the lndian mttor Carps,preli�V nary dose of2�] 3mgo ofFtuitaryJandperKgbOdyweightof
�¡sh is administered to the female breeder only.After 4‘6 hours a second dose pf 5,3 mg gland

per Kg body weight is given to tlie ttmde.:A ln�v e dOSC Of 2�] 3 mgo per Kgo body wightiS
administered to the male at the time ofgiving seCond iniccttOn,Of female�B

h ini�V 9�¡ may be given,any ttme in the day or night.But it�A preferable to inilct the

�˚ �R�ls,il the eVening or night when tempcrature is fairly lo�¡     �]1.

9.63.P�c EmttiO�b o[�“ tu�� 81�˜ gla’d�E extract and ittectiOn       il   .   �¡
11             1   1  �E   i :: :�u �A  t:|:

�¡ �£ pituitary gland extract is pFepared just before the time ofinicctiOn.The quantity Of pituitary

glands requiredifor iniectiOn is calculated on the basis of weight ofbrood i�R .Pituitary g:ands

�¡�E�Ù�¿1�⁄ ���Ò�¯�fi���‚�ç�ì�÷�e��iä¿ �y�„1�ì �a�\
wati ln�Ý �Edtt�E tim shedd�R bt be too tHck or thin�B �E d�a ution is generally made at the rare

r20�] 30 mg.:"�U heigltt in l�_ �� 1.media.A maxinlum of�¡ O ml.and a minimum of O.l ml.

suspenttn should be inieCtedtlo a br00d ish depending on the size of ish�B

�R�r gland suspensi9h is thett centtmged by a hand or electric centrimgO.Duri�ß g the pro�å ss

�ß �[ �R�R�_t�d �I �ì �R:�w ��:�Ó �Ô 1�r h�c
W�gr�ï �hn�Vd

lntra muscular iniectiOn is found to be more effecave and easiet lntra peritoneal inicctiOns

�z en at the base of pel,c tth may damage the internal organs.TL ilectiOn is administered at

l�¡ �ß �E :  : i  : 11
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NO�v2 iS tsed for l�] 3 kg.of Carp br00d�¡ sL Needle No.19 is used for iarger ones and ncedle

No.24 is used for smalier ones�B

oneset ofbi60d�»

�g
ndsttn�F  bf one�‰ mde and two mdes,dependng on the d�g and weight

�RªJi�œ�í �� F�I �T�fl���º
=awtt�v

�ımale�fl�ålefT�Æ
��r�µ �æ�h

|

�¡ |�] �ä �z �¸ �¿�ƒ �¿}|
111�] 1lIIŒa �ì �\111:||�¡ |
3�B 2.Sxl:211.|:�� :t a6�] 1131g.    |             �E

41.8xO�B9xO’m�M:09�E
:1.O kg.

�P�ô ���Ł��L�� ���ß�� �� �b�[ l�U :1�v ittT�§ â��¥�� �y1�˜
ciS,crn as big as hapas can also be vsed lVith a water le�¡

�Ecl of 30�] 35 cm.Tap or wel!water may

be used but chlorinatcd water inust be dvoidcd.

�g7 SPAWNING

�l range of watel temperature at 24�] 35�� C but below130�� C is�å E carps b�g ed within a wi�æ

optimun The sp�Ó �ßing takes�� ace 3�] 6 hours after second itteCJOn.Thc cg�¡ arc cXamincd to

�–  11�ı �¡     ~~
t�Œ

    

�u

�] �E

�~ �V
�c

�� �æ

1�v ==_�\lF

61

�] �æ �j ��

t=

�‡

�¡ 1åK1�� 11�¡
1.:|

B R
 A

 O
 U



walu�� Ø‰peuntage or uJ�g atlon.Æe �ƒ ªY

‘�¿ �g

tranttt�g

‘�ô
�a

�g

_perll
due to�� �ain3 1p of e86 UnfeF�' Ø‘d eggs becOmo opaque and whld8h�p �V plæx

�g�¡OnnO��̌¡8 and�¡ onadhe�� �lIn nam and rOund in mape�B �¡
"8��

Of tt egF of�ô p�Y�R 3
Ø‰om 4to65 mm‘in di�c äF�¤ .

9.8 ESTIMATION OF ECOS

Thc cggp- arc collected from thc hapa Uy means of cup or tray or bcakcr and tranrfcrcd to
thc bucklts. the breeders are also removed from thc hapa and thcir weights are noEd. firc
diffcrcncc in wcights revcals approximatcly the number of eggs latd. Thc cggt arc kcpt ln a
rectangular piecc of closc meshcd mosquifo net aM allow the water to draln off. 11ic cggr
arc mca$uEd in a beaker, mug or arp of knornrn volume and transfcned to hatchcrlcr. Thur
estimation of total quanti$ is made ftom totel volumc of fhe eggs mcasurcd. perccntqgp of
fcrtilisation can be arived at by counting thc rtumbcr of reiiitizcf,cggr n", igg sampfcjof f
ml..measure

9�B9 1NTRODUCED BREEDlNG OF CHINESE��SILVER�ECARP
AND GRASS�]CARP

The technique of hypophysation followed to induce the gass carp and silvcr carp is almost similar
to that used for the Indian major carps. The Indian major carps brced naturallyin the hapas aftcr
injection whereas the grass carp and silvcr catp havc to be -stripped and thc ova artiftially firtiliscd.
Onc set of brecdcrs i.e., onc fcmalc and two mates arr ,electcd for brccdlng and adminlstered
with thc pituitary cxtract lnjection. The fcntalc fish is given two injections ana to thc malc fistr,
one injection at the time of thc sccond irijection to the female. TWo rylit dosce of pituitagi
gland ai rati'of 9'12 mg_per Kg. body weight of the female and a singte dosc of 3-fri prr fi
body weight of rnale is administercd respcctively. After the second injection, tlrc femaleLroodci
is examined periodically for wery one hour. Whcn the female is rcady to release the cggs in
response to gentle touch orrcr the abdomcn it is tatcn out ftorn brceding hapa for stripping and
fertilising the eggs.

The eggs are strippdd and fertilised by nro methods of stripping namety dry method *J*.t
method. In the dry stripping process, the moisture over the body of the fish is wiped with dry
cloth. Thc ova ftom the femalc is stripped into a dry basin and over the eggs, the milt is strippcd
ftom the male immediately. the basin is slowly shakcn or the ova is gently stirrcd with a feather
so that the milt comes in contact with all the ova. Latcr, freshwatcr is added and thc fertiliscd
eggs are washeu repeatedly.

'In wet stripping the water is taken into the basin and the ova from the female and the milt ftom
the male are stripped simultaneously and put into the basin. After hardening of the fertitised
egg$ they are taken out for hatching in hapas or glass hatchery.

�g 10 BREEDING OF COMMON CARP

Common carp (Cyptinus carpi,o) generally breeds in confined water. Spawning takes place in
shallow marginal, weed inrected areas from January to March and from July to Augpst Common
Carp is also obscrvcd to breed round the year. Controlled breeding of common carp is conducted
to achieve better spawning and hatching A set of selected brooders one femalc and fwo malcs arc
put together in breeding hapa In order to ensurc strccessftrl qpawning sometimes thc femalc fish is
injected with pituitary gland extract at a lop dosc 2 to 3 mg per k& body weight Freshly washed
aquatic weeds (Eydilla,IYajas, Eicf,lornii etc) are uniformly distributed inside the hapa Ttese
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tsratic w6eds act as egg collectors. The'quanfity. of weed used is 
-rgughly 

doup.le the wdght of
the female introduced. Each weed attached with 40,000 to 1,00,000 eggs" are distributed irito a
single hatching hapa. After 4 or 5 days the weeds are taken out carefully.

Fig 9.3 Common Carp oggS attached to Eichhornia Sp.

9.1l  HATCHERY SYSTEMS

�Õ .are hatched generally in a hatching hapao A hatching hapa consists of two rectanguiar

hapas the outer and thc inncr silnllar to that ofthe brecding hapa.1�¡ �É se two hapas are arranged

or itted one inside the other. The outer hapa is lnadc up of ttne meshed muslin cloth of the

sizc of 2 x l x l nl and the inner round meshed mosquito net hapa of size of l.75 x O.75x05m

mth�Mupper ends open.The hatching hapas arc fixcd in pond in such a way that 25 t�� 30 cm of

the upper edgc of th llaPa remains abovc�R vater.

Fig.9.4 Floating hatching hapa.

l. lnner mosqtrito nut hapa. 2. ()Uter hapa 3. PerPcndicular arm 4. Rcclangulsr franre-

�Œ
�Œ
�æ

�Œ
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Abouj 75,fi)0 to 1,00,000 eggs are uniformly spread on the stretched bottom of the inner lupa.
Hatching-of .eggs varies accoiOing to water temperature. The eggs usually hatchoutlincubation
period) d15'16 hours at a,temperature ranging between ?i7 and31oc. After harchi;;tho larvac
escape to the outer hapa through the meshes of the inner one. The egg shells anO UiO €ggs are
left behind in inner hapa" After hatching of allcggs the inner hapi is ti[en away along witfi cggs
shel\ The ha(chlings in the outer hapa arc allowed to remain there undisturLed tiii tnc niia
d_al. On the third day thc hatchlings are collectcd from the outer hapa when the yolk sac is mostly
absorbed and the swan is ready to feed zooplankton. These hatchlings are coliected, measnrred
and counted in number and then stocked in nurseries for further raiiing. These hatchlings are
measured in small perforated aluminium cups of known volume called ipawn measuring cups
In this process percentage of hatchling and suvival of hatchlings will be ibout 60% only.

9.12 MoDERN INDIAN HATCHERY SYSTEM

Hatchling of carp eggs-in thc-tloffi-hapa may sometimes result in heavy mortality of dareloping
embryos and spawn due to nahual hazaids and fluctuating environmental ionditions In
this mcthod, obtaining lalSe e3antity of spawn poscs problems. Efforts have been madp to
control thesc variables and cvolve hatctrery system which should be independent oi the external
environment and can e_nsure high efficiency in breeding and hatching. Diffirent tpes oi hatcheries
-such 

as glass jar hatcheries, eirthern poi tratiherie{ cemented hatcheries, galvaniznd iron jar
hatcheries aluminium, polyethylene hatchery bins were dweloped and tested for breeding
The glas jar hatchery comple is self-contained unit consisting of water supply system, breeding
tankq incubation and hatching jars and the spawnery. 'ihe water supply rlitli,r .on.iri. of the
overhead tank or reservoirvhich is pumped withwater and is ptacia at 4 metre frigtrir lerref.
itreeding tanks are meant for spawnproiuction and they r"..iui wat;nr. "*"iiii. r"rtyjars to accommodate twenty lakhs of eggs at the ratb of 50,000 in each jar can be set up. Thc
hatching glass jar with 6.35 litre capacity is cylindrical towards the bottom and accommodates

ng. 95 ito glassJar complex hatchery

1. Over head tank 2. Water slpply line 3. Shower 4. Glass Jar 5.
Fertilized eggs 6. Open ConduitT. Hapa (Spawnery) 8. Cement Cistern
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. 50,00() cg$ Th! %gs arg tcntly introdrccd into thc jar. Fto,rr o[ water in jars.ls rcgulatcd to oruurc tho pfecr
circulatlon of eggs. Flow of watcr at thq ratc of 5fl) to 8fl) ml, pcr minutc Indian maJor carpc and 6fl) - lffi nl. pcr
minutc for,silvcr carps and grass carp is sufficient to keep thc eggs in circulation. This arrangcmcnt for glrculadon ol
water providcs morc dissolved o'<ygcn and incrcascs thc rato of hatchlng. Thc ratc of flow of watsr m$rbo lncrutrd
aftcr complction of hatching. This facilitatos easy escape of hatching from jars throuSh thc outlct elonS wlth thc 0ow

of water lcading to spawncry. Thc cgg shells, dcad, rottcn cggs arc left bchind in thc Jsrs whlch rrc erhdlucntly
rcmovcd by disconncoting the jar from thc tap.

the spawnery is a nylon hapa plac9d inside a cemcnt cistern. To kccp thc watcr cool, to malntain tcmFr8turt and

aeration an owrhead showcr (to spray water over the developing hatchling in the spawnery) is arrangcd. I.hG ttrc
spawneries. can accommodate 10 lakhs of spawn in each. The spray of water is continucd for about thrcc drp tilt
the fry hatches out.

9�B 13  FISH SEED TRANSPORT

Traditional methods ofcarrying the sced in earthern pots taken as head load mm the p�c

centre to the market an ancicnt practicc in the castern states of lndia.nis t�ì )�� Of transpOrt

resulted in heavy mortaii�Ł �B                                  .

With a vicw to�\ developing dependab!e methods of Flsh seed transport,investigations have b�� en
madc. Studics haOe revea!ed that defiCiCncy Of oxygen and high carbon dioxide tensiOn ttithe

transport medium�B �¡ c toxic cffect of accumulated waste products like ammonia and O�� er

mctabolites in the medium,over act�s ity,cxhaustion and iniuricS are the main causc of sa3d

mortality during their transport.

There are two methods of packing and transporting the rlsh sced.                  �]

(i)Open system�] comprising open carricrs,with or without artirlcial acration,ovgenation,

water circulation and

(ii)C10Sed system�] Sealed air ttght Car�Æ crs with oxygen.For long distance transport with both

the systems of transport,spawn and fry aro conditioned to make them live in a restricted�] area

during transport.Various typcs ofconditioning containers are used like tcmporary enclosures

madc of nctting material,cloth hapa ctc. Thc most conlmon mcthod of conditioning is to

kecp thc sccd in a cloth hapa nxcd in ponds.

lhe period of conditioning depcnd�T 1)n thc ttzc and hcalth of the spawn,the s�A and the
nngeJings.CcncrJly mttor carp fry and AngcJing necd about l to‘hOurs Of cOndi�� oning for

19ng d�Mtancc transports.Fry condiloncd ffDr p�v Or tO transportin a limited vo:ume 6fwater(1.8

�µ�¨ �Di�Ł �GI�× �Æ��1�˙ 1�� �a�P�Hl�‡ �� ::�[
y::l�G

�£�ºt�s �Õ �N�C
slimc and scaits cOvering thc body if rcmovcd arc vulncrab:e to fungJ and bacteri�� l infection�–

Aluminium car�v crs cJied as‘hund�‰ s’or vanabic Jzc are bdng used�B �÷ he smJler hunol�m ��f
23 cms.dhmctcr and 23!�¡ rcs capadty can accommodatc 50,000"and�R meant Fqr cafrying
as hcad!oad.1�¡ c bigger hundiis of 23 cms.diamctcr and 32:itre capacity of can ca�L ry 75,000
fry and�R mcant for transport by r�v l.Du�˚ rlg�\ transport,thc hundi iS Shaken wc�a äX�˝ oC��
for acrationo Somctimcs rcd soil is addcd to coagulatc thc suspcndcd organic po�a uta�¡ ts. 

��
rhe

b(�l tt(�l m scdimcnts arc pc�˚ odically rcmovcd.if ncccssary watcr�R Partia:ly chttedf�÷ h�§ Jpe Of
open containcr can pcrmit to transport of fry upto a duration of 30 hours.

ImprOvcd mctal lontaincrs with widc mouth of 53 ctts diamctcr at the base,20 cmS�E at the
�A mouth and 38 cms. hclght arc bcing u,Cd at prcscnt.�E  1lhe wi�k ic mouth of the cohtainer can

bC C�í SCd With PcrfOratcd �\ d�F lowhg�v r spacc abo�K  thc surm�¤ ,F watcF.�� �A ithiS�R 1
chcap mcthod,it inv(lves c()nstant vigilancc and frcqucnt rcncwal of watcr on�í ng jOurn�› �Ø :1

ls(lifIIcult to transport l�l 1�¶ gcr fingorlings in thcsc opcn containcrs�B

rD5

B R
 A

 O
 U



In closed fish seed packing systems the course of orygen supply is not the open air but orygen
supplied into space above the water.

Recently polythene bags were introducerl to transport fry and fingerling. Potythene bags of 74
cms. x 46 cms. and 33 litres capacity are now widely used for transport of carp seed under
oxygen.

The latest technique of transporting the fish seed is the use of the conventional kerosene tins
which are remodeled with an open lid or simrlar tin carrier with galvanized sheet. Plastic bags
of 45x65 cms. size made of 250 to 300 guage sealed at onc end in th-e kerosene tin are used.
This bag is kipt into the tin container filled with 1/3 to half to half of the capacity of 6 - 9 litres
if water and then the seedlings are kept and filled w.ith orygen after ctriving out the air from the
bag. ffu-s bag is tied carefully to prevent leakage of oxygen.

Thus by adopting the modern technique of hypophysation the fish culture which wholly depend-
on the quality fish seed can be taken up on a large scale and the demand for fish seed is met
while having the profit. The demand for fish seed can be solved only when the private sector
comes in a big way into the field assisted by the banks with liberal loans.

Check Your Progress

gland is an important structure especially used for induced
breeding.

2. Hatchinghapa.

9.14 Summarv
J

In this unit the details of pituitary glands and its use in Inriucetl breeding techniques are explainett
in detail. Selection of breeders, usage of induced breeding technique in chinese silver carp, and
grass carp are given. The methods to be adopted in seed transport are also given here.

9�B 15 CHECK YOUR PROGRESS�]MODEL ANSWERS

1. Pituitary gland

2. A hatching hapa consists of two rectangular hapas the outer and the inner similar to that of
the breeding hapa. These nvo hapas are arranged or filled one inside the other. The trutcr
hapa is made up of fine meshed muslin cloth of the size of 2x'lx'l m and the inncr round
meshed mosquito net hapa of size of 7.'15x0.75x05 m with upper ends open. The hatching
hapas are fixed in pond in such a way that 25 to 30 cm. of the upper edge of thc hapa
remains above water.

9.16 MODEL EXAMINATION'QUESTIONS

I. Answer the following in about 30 lines

l) What is jnduced brecding ? Explain the rnduced breeding technique followcd to induce

the Indian major carps.

ii) Describe the hatchery systems followed fer successful hatching of carp eggs.

iii) How are fish seed packed and transported from place to place? Explain.
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I

Jl.-{tsue1 th9 fgllowl ng_ l! ^tpgut 1 0 li nes.

., 1. Pitritary gland'collection and preservatiort.
::.

2. Maintenance of brood fish stock.

3. Stripping methods in chinese carps.

4t. Induced breeding technotogy in modern times.

5. Spawning and Estimation of egg.
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UNIT. 10 FARM POND . SITE SELECTION,
DESIGN AND CONSTRUCTION
OF POND

Contents

10.1 Objectives

10.2 Introduction

10.3 Site Selection

10.4 Soil Tlpe

10.5 Topography

10.6 Water Supply

10.7 Designing

10.8 Construction

10.9 Maintenance of the pond

10.10 Summary

10.11 Check Your Progress - Model Answers

10.12 Model Examination Questions

10.1  0BJECTIVES

This unit deals rvith the types of fish ponds. The vital considerations for the selection of a
suitable site for the construction of ponds have been discussed. The points to be borne in mind
while designing the farm and the various aspects of coustruction of ponds have been dealt. The
maintenance of ponds has also been discussed in this unit.

10.2 1NTRODUCT10N

T he production of table size fish and the fish seed mainly depend on the designing and construction
of ponds. The basic principles involved in designed and construction ofponds meant for thc c rlture
of fishes and prawns are ofvery specialised nature and vary from region to region, depending upon
several factors like topography, soil t1pe, water supply etc. The basic requirements for the
designing and construction of a fish farm are completely different from the agriculture and
animal husbandry farms. Recent advances made in the fields of agricultural and irrigation
engineering are being adopted in the designing and construction of fish ponds.

A fish culturist needs different tyupes of ponds for rearing various sizes of fish. Thq number
and sizes of ponds depend on the species of the fish to cultured. $tleast three different t5pes
of ponds viz., nurseiy, rearing and stock ponds'are required for carp culture. These three kinds
of ponds differ from each other in resppect of size, area and depth ofwater.

The ponds which are small and shallow having an area of 0:02 ha to 0.08 ha'(20 m x 10 m
40 m x 20 m) with a depth of 1.2 m to 1.5 m are called as nursery ponds These ponds are
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used Fr raising fry ftom spas,n (5.6 mm to 25-30 mm). The nursery ponds should preferably be

seasonal in nature.

The rearing ponds are slightly targer in size than, the nursery ponds. The size of rearing ponds

vary from O.OS fr" to 0.10 ha (a0 m x20 m 50 m x 20 m) with a depth of 1.5 m to 2'0 m'

ttrise ponds are used for reaiing fingerlings fro,m fry (25 '30 mm to 100 rnm and aboye). The

rearing ponds may be seasonal or perennial.

The third tlpe of ponds known as stock ponds are still larger than th9 r:|r_t$ ponds. They

differ in sizi-from O.Z tu to 2.0 ha with a depth of 2.0 m to 2.5 m.It is desirable that the stock

pond is more than 05 ha in area These ponds are utilised for stocking the fingerlings in order

to obtain table size fish. They should be perennial.

The ponds should be rectangular in shape. The width of the ponds should not exceed 40 m.

nris wilt facilitate longer ron for fish to achieve healthy growth and also smaller nets and lesser

numbei of people are iequired to catch the fish. Larger ponds are difficult to manage particularly

with regard to the controlling of equatic weeds.

Existing ponds which conform to the above specifications coutd be used for carp cutture. However

when these are constructed especially for fish culture, ponds which can be filled in or drained

out at welt are the best but such ponds are difficult and expensive to construct in our conditions.

The factors,to be taken into consideration for farm pond construction can be broadly divided

into three viz,1. Site selection,2. Designing and 3. Construction.

10.3  SITE SEtt10N

Economy of fish pond construction and the productivity of pond largely depend on the selection

of a suitible site. Therefore great care should be taken to select the best possible site for pond

construction. Site selection for the construction of ponds for carp culture involves three vital

considerations viz., soll type, topography and water supply.

10.4 SOIL TYPE

The sub-soil of the pond should such that it can hold water. Agricultural land should not be

used for construction of fish ponds. Sites near river courses or dry river beds and tail ends of
reservoirs should be avoided. Barren, slightly sandy, marshy or water logged areas should be

chosen as suitable sites as such areas can be put to no other profitable use. Pond construction on
predominenetly sandy soils would however be extremely expensive and involve high operational
cost and should therefore be avoided. Fish ponds may be considered as an intermediate step in
the development and'utilisatiop of non-agricultural land,through fish culture, for cultivation of
agricultural crops in future.

broadty soils can be classifie&into three categories viz., sand, silt and clay, depenrling upon the
size of the grain of the soil. The permeability of cohesive soil is, in generalvery little. Sands drain
readily while silt and clay are difficult to drain. Clayey soil has a very good capacity of retaining
water and inthis respect such soil is the best of all. Clay can be identified by its sticky and plastic
properties and special odours. When dry, clay froms hard lumps which cannot be broken down
and powderbd between fingers. Clay is very absorbant and it tends to hold free watlr. Colour
of clay may be black, white, red or yellou,. C)n the contrary, a sarldy soil if squeezed in hand
wlien dry. witl fall apart when the pressure is released, while moist, it will forriii a cast but will
cmmble when toucfred. Ponds should not be constructed over sandy soil because sand is too
porous to retain water. If the selected site is poor in water retentivity, clay has to be brought
from elsewhere pnd a clay coating and puddle core has to be provided to make the ponds retain
water. Large quilntities of cowdung and hay help in improving the water retention capacity of
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poor,soils. While soil fertility is important, the very idea of utilising poor and unproductive soils
is defeated iffertile soils are selected for pond construction.

10.5 TOPOGRAPHY

The surface feature of the selected site isveryimportant from the point of economy of construction.
Thc ided topography of a fish farm site is a gentlysloping terrain of a wide valley, or a bowl shapcd
area with high lands on three sides and a narrow outlet on the fourth, as it would keep thc cost
towards cxcavation of earty to the minimum. Such a place can be chosert for constructing fu ,
farm, provided the desirable tlpe of soil and suitable water supply are available. Such an area can
be easily converted into a large pond by erecting an embankment for closing the outlet Dressing
up the bottom to bring it to a uniform depth and sealing the bottom to prevent leakagc may be
necessary. The type of farm to be constructed in a terrain would depend uon its topography.
The site should be so selected that the earth available by orcavation should, as far as practicablc,
balance with the earth required in filling or raising dykes or bunds. Thus prior to designing and
construction. The site should vbe throughly surveyed to determine the topography and tand
configuration.

10�B6 WATER SUPPLY

The availability of adequate supply of water is an important requisite for sites selectiono hre

should be sumcientwater to�¡ li the ponds and�� JntJnwaterievelin suchawaythatit does�¡ ot

nuctuate mOre than 60 cm. Care must be taken to avoid excess supply Ofwater.1lr dependable

l�ß l�í �ƒy�� �Œ�Ô �] t�c �DI�� �£�ø’�Ł �� �Ò �F�V
water is not contanlinated.A source of water supply to fl�a the ponds against iosses due to sea

page and evaporation is therefore essential and should be ready at hando Areas unth su�¿ cient

rainfa�a ,high water tables and water retent�s e sols do not need a stand by source ofwater supply.

�ß �⁄
t�v

�� �r �ß 1�I H�H:�Q �í [�í �ò �I �  �œ
Bigtmk�T resetrvoirs and lakes are perhaps the best source ofwatett Dams provlde the cheape�g

watef for the farm�B �ß �É water of rivers,supplied by canJs is Jso a satisfactoFy and dependable

source�B

Sometimes streams are satisfactory sourcc of water for small ponds provlded they meet the

fo�a owing requirements:

1. 1l�_  How i�Ì  adequatd enough to Fl�a the pond and lnaintain a constant water level.

2�B �ß�É stream is not subiect tO excessive looding�B        �A

3.�¡ �¡ Watershed is wdi vegetated and the�� stream carries a Hght SL 19ad and remains fairly

dear even during the rains,

Run oriOm catchments depclld on anumbCr offactorssuch asitttensity and duration ofrainfa111,

area,the shape and the contour of the land,initial stage of wetness,losses iom evaporation,

transplration by vegetation etc,So it would be dittult to�¡ nd suitable formulae for calculating

the Fun�] Orthat would hold 800d fOr ali catchment are:�A Nevertheless it may be grossly assuttFd

that for good daycy sons the drainage area re�g ired tO maintain sadsfactory water leveHn an

acre pond could Vary from l.6 to 32 ha of pastureland and iom 2.4to 6�B 4 ha wood land where

the pond contains fronl l.25 to l.75 m of wate�¡
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10�B7 DESIGNING

The survey reports relating to type of soil, topogrBphy, water supply etc. should be studied before
designing fish ponds The whole design and layout of ponds and dykes will follol on the basis
gf these survey reports and maps The design of a pond would include the slope, hgigtrt and top
width of the width of the dyke or bundh and provisipn of an outlet, in case of large ponds spill
way. An impervious column of clay core in the centre will form a part of the. design of the dyke
when thc selected soil is poor in clay content.

While designing a carp culture farm with nursery, rearing and stocking ponds, the following
points should be borne in mind in addition to the study of survey reports and maps.
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C.
Fig. 10.1 A. Tlpical section of a nursery pond. B. Tlpical section of rearing pond C. Tlpical scction of a
stocking pond 1. Ground level 2. Free board 3. Water level 4. Pond bottom 5. Hydraulic gradicnt slopc.

The ratio of water ,r.l 
"rong 

nT:e=r},, rearing and stocking ponds targely depend upon thc
?ur.pos- 9f 

the farm. In case the fish farm is meant for the iistr seeO pr6Auction onty, nusery
an! r,earln8 ponds should be constructed leaving a nominal area foi stocking the brecders
and donors. If the farm is constructed to produci the table size fish alone, on-ly the stocking
pon-ds with fingerlings. If the farm is a composite farm intended to produce-both the fish
seed ai well as the table size fish the ratio of nursery rearing and stocking ponds will depend
!P on the intended stocking density. In a composite form it is profitabll io sell the part of
the seed produced in the farm instead of stocking the whole quantity of seed in the stocking
ponds.

Nursery rearing,and stocking ponds should be designed according to the sizes and depths
as mentioned earlier in this unit. The ponls should Le designed in such'a way that ttt"y-"r"
rectangular in shape and the width of the pond should not exceed 40m.
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(liD The slope of the dyke depends on the type of the soil and its height. Ordinarily, the slope

of thedyke of anursery,rearingand stockkingpondmaybe 1: 1, 1:1.5-2.0 and 1:20'
25 respectively. This means that for every meter of dyke height, 1 to 2.5m of dyke base is

necessary. The slope is however increased if the soil is silty - sand or loam. A top width of 1

m for nursery and rearing ponds and2-3 nifor stocking ponds may be provided to prevent

over flooding and damage to the dyke. Hume pipes width 2G30 cm diameter installed at the
desired height through the cross section of the dyke, would serve the purpose. The bottom
of the ponds should be gently sloping towards the outlet.

When a rain fed fond will contain water to its desired depth, that part of the water volume
will be retained by the side of the embankment. Cross section of the embankment should be
designed in such a way that it can easily bear the pressure of water standing on the side slope
of the embankment without atlowing the water to pass through it by percolation or deepage.

Side slopes of embankment depends upon the nature of the material used for construction.
Slopes should be flatter than the angle of repose i.e. the angle at which the material can rest
when wet. A flatter slope may be necessary on the rear side to keep the earth work above

the line of saturation.

(vD Embankment of the fish pond should be designed in such a way that its height from the
bottom of the pond should be 2.7 m to 3.65 m. A 0.6 m free board height should be left
between the water surface area and crest of the embankment. The free board is essential to
prevent the pond spilling over due to sudden and exceptional downpours.

(vii) The top width of the embankment should not be very narrow. A wide top has the advantage

of being raised up during emergencies and also provide material for closing of breaches or
filling up scour holes. It will also be easier to carry the load of harvested fish over the

embankment by trolley or push cart if the crest is wide. For depth of water from 1.5 to 3.0

m, top width of the embankment can be kept as 7.2 m. But if light vehicles such as jeeps ply

over the dykes then its minimum height shoultl be 3.0 m.

(viii) Ponrts should have controlled inlets and outlets, so that these can be filled in and drained

out easily. Even pond may have. independent drainage or the drainage arrangement may be

interconnected for a series of ponds of the same type.

(ix) A mechanical spill way is necessary for atl stocking ponds with watersheds of over 4 ha.

Therefore a spill way has to be designed in such a way that it handles all the normal flows

and aci- ',: a safety 
-outlet 

during heavy rains preventing ponds from flooding

(x) Seepage of water through the embankment lowefs the volume of water stored in the pond

.nO ,iio reduces the st;bility of the embankment. To prevent the seepage flow, core wells

of puddle clay should be designed. The core also would provide a barrier to the.passage

of burrowing animals. The core wall should generally be located in the centre of the

embankment,thoughitcanbepresentatthewatersidealso.

(xi) The puddle core work is generally 1.25 to2.5 m wide at the top and both sides better outwards

by about 1 in 12 or I in i0 to th" ground level a suitable groove or nose should be designed

into which the puddle core is keyed'

(xii) The layout of ponds should be as per the land configuration and the contours' The'deeper

ponds should be ptaced on the lower contours, so that lesser earth work is involved'

10.8 CONSTRUCTION

(iV)

0

After the designing of a fish farm is completed the detailed estimates oPthe items of work to

be carried out as per the blue print or design should be prepared. The following points should

bew borne in mind at the time of construction of a fish farm :
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o F�u om the pttt of viCw of pond management the dme of construction of ish ponds is an

important facbr.The most deSrable timc tO COmpletl the constructton of a pond is iate

çW Ltts�§ �� å¢ �í �æ�[f::1�ç �í �R�� �L:�Ø �[ �Z�Ł�í 11�ö i
weeds may grow and may cover the pond bottom.

0�D�O�ççW:�⁄ çW�r �å y�� Łc :i�¢ �B�h�åcOnccted at one place to be used later for

removed.No woOdy materia ShoJd be l,i because the same w�a cventuJly rot and may

later producO leakages. Trecs and bushes should be cut on the banks about 5 metreSl�� Om
the pond waterline to facititate proper sunshine over the water area and to prelvenest icaves

of the trecs from falling into the wateL

�@�[ �� �Õ �ß t�} �Ô�†:3�r
�V�¤h"�˚ �⁄�T�c � m̊ maybe"�ådb�œ
lould be inixed with it to prevent cracking.If the

soil is porous,a trench is dug in the ccntre of the dyke base along its cntire length having

the same clay core hac to bc as high as the waterlevelin the pondo A lm�¡ ��ide beam would

add to the stabmity of the dyke.

(iVV Tlle excavation ofsoil can be car�Ü ed out either by manuallabour or by using a bulldozer.If a

buHdozer is used,the flnal shaping should be given by lnanuallabour�B çÖ e sides and bottom

of the pond should be properly finished and ramlned to proper icvel,as per the drawing and

design.

O The dyke is graduJly raised by laying 15 cm layer s of earth Jong its whole length at a
tilne after the removal of the top soil to a depth of 30 cms the outlined area�B  11lis top soil

generally contains large amout of roots and other organic materials that would prevent a

good bond. For every layer of 15 cm hcight the carth shouid be consolidatcd by watering

and ranllning till it reaches its illl height.IIowever,an a�a owance of 20 cln should be given

for settling for every meter ofdykc heigmt.The carth work for the dykes should be throughly

cOmpacted so that even minor secpage can be chccked.[�u hc sides and the top of the dykes

should be nice�µ �¡niShed With Woolen thappics.

�g

)A�¡ rm and surldent,Wide berrn adds to the stab�a ity of the cmbankment.If the berm is

not �Xndc enough the side siope of the pond will give way and coHapse duc to the vertica:

load ofthe cmbankments.A wide berm is also helpful for operating a netin the ponds.For

an ordinary pond the bernl�� dth can bc kept at l.2m.

CVii)�÷ he dykes of a ponds should be strong enough to�� thstand weather action.For big ponds

erosion of dykes is a problenl,which requires regular attention.To protect the cnlbankment

from erosion grass tu�˚ ng is essential. Stone pitching may also be done with a siope of l

1/2 to l or 2 to l for ordinary soils but it wi�a be costly. Brick pitching may also be done

:�� �`���� iF�Ł �B�� �����Õ �Õ 1�] �…iFl�v cttlttlti�˘ �] �ß1,�£
taken from�� the pond bottom since it will carry a good percentage of silto Silt iaden earth

is n6n�] cohesive an�À  unstable,if applied On the slope of thc embankment it is likely to be
washed back again into the pOnd or blown back by the wind.

�g

ii)PrOper drainage arrangement should bc prO�� ded so that the ish pond can be cmptied and

fllled whenever necessary. In a ttsh farm where large number of pohds are proyided the

�ì�Ù �˜ �r Tli�i �Py�F :�� �a�� ���º::�í �Õ dll�… �fli�ò �å
channel through a properly constructed sluicc gate.

For colnpletely draining the pOnd, pipes can also bc installed. The sizcs of the drain pipes

needed, depends upon the sizc of the pond and upon the volume of water running into the
pondo A 10 crn drain pipe will empty an acre pond ha�� ng a miximum depth of 2.7 m and an
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average depth of 0.9 to 1.2 m in about 60 hours if no water enters the pond during this period.
A 15 cm drain pipe will empty the same pond in half the time.. In a majority of iases i fO to
15 cm drain pipe, wilt satisfactorily drain ponds upto 3 acres in-size. The drain pipes should be
installed at the lowest point of the pond so that the entire water can be let out. Different'types
of drain pipes may be used, of which asbestos cernent pipes, concrete spun pipeg cast iron pipes
and galvanised iron pipes are more common. A screen strould be fittedas ttre moutn of ttrc plpc
to prevent fistr from escaping along with water. A brik lining should be made unaeift pipe io
that the overflowing water does not erode away the earth oi the embankment

10�B9 MAINTENANACE OF THE POND

Sometimes the burrowing animals such as rate or crabs make holes underneath the ground level
joining-upstream and downstream of the embankment To close such leakages, ghog trenches
should be cut parallel to the toe line of the embankment. Depth shoutd Ue suctr ttrat ttre mouth
of the ghog falls within the trench. The holes should be fille(up filled up immediately with stiff
clay or clay mixed with lime or other cementing material and should be compacted properly.
Though costlS pitching with concrete blocks, stones or bricks witl protect thC earthern dykis
more or tess permanently from such crab holes or rat holes.

Leakages, if any should be dgtected. If the water flowing through a leak is sluggish and qloser,
it may be a seepage of water and there may not be any immediate danger but a muddy water
flowing with some force shows that the soil particles of the bank are being washed away and
this needs immediate attention. Correct location of hnle on both sides of the embankment is
essential which may not always be perpendicular to the rmbankrnent. If the hole is small, heavy
turf sods are thrown on the surfacr of the water and tr:ey are attracted towards the leak and
may come out at the rear. There is a whirling action in the water just above the leakage hole if
it is of a big size.

Leakages can be closed by throwing saw dust, bran etc. Just upstream ofthe leaks The stufis
caried by water into the leaks where it swells and stops the leaks.

Instead of minor leakages sometimes there may be major breaches which may c6use s€verc
breakage of the embankment. To close the breach, labour and material should be collected
at the site in sufficient quantity. The ends of the banls should be protected first to prcvent
further widening A semi circular bundh may be constructed on the water side with brush woods,
banboo matreses. Sand bags and the matter bailed out. Gradually after that earth is dumped
on the breached portions and sand bags are also dumped within deposited mass of earth that
act as core and stabilise the embankment.

The pond gradually gets silted at the bottom which constitutes a great hazard to the fish life at

times. In order to maintain the desired water depth and reduce risls to fish life, the pond may

be dewatered and desilted every three to five years. The bottom silt is a rich fertilizer and may

be used for hbrticulture but it should never be used for repairing the dykes as it is unstable. It
shoutd not also be deposited on the dyke to raise its level as.sooner or later it will oncc again

find its way back into the pond. Repairs to the dykes must be taken up seriously by completely

removing the toose soil and replacing it with fresh dry soil layer by.[ayer. Patch work is ncver

helpful as results in breaches.

Check Your Progress'

1. Write few lines about'stock ponds'

10�B 10  SUMMARY

The selection of site, design and construction of ponds are described here. Selection of a suitable

site for developing fish ponds is very essential. Even the/type of soil is also important as its pH
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10.1l CHECK YOUR PROGRESS�]MODEL ANSWERS

1. Stock ponds are larger than the rearing ponds {hgditrer in size from 0.2 ha to 2.0 with
a depth of 2.0 m.to 25 m. It is desirablc that thQ i-ock pond is more than 05 ha in Srea.
Thesc ponds are utilizco for stocking the finger lings in order to abtain table sizc fislu Thcy
*rould be perennial

10.12 MODEL EXAMINAT10N QUES�¡ONS

;- i :

I. Ansrer the followlng ln rbout 30 llnes : .. -: .::,
1. Describe the different tlpes of ponds suitable for carp culture. .l
L What are thc vital considerations for the site sclection ? Give an aocount on the tleg of

3. \Vrite a detailed note on the.water supply for the farrn ponds.

4: Erplain the irnportant aspdts desigring of ponds :

5. I)ossibc thc differcnt steps in thc constnrction of fistr farm. ' 
' 

.

II. Anrrcr the followtng ln rbout 10 llner :

1. The topography of scle(ted,'site for farm pond construction.

L Maintenancc of the pohd. ; . .

�¡ :�¡ ::11

�_

�í r.BRAOE
�¡ lttRARY

Acc. Nol
Class Nol

�N15�B3
�ç 91 "
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UNIT�] 1l FARM POND:WATER�\SOIL
QUALIW,F00D CHAIN AND
PRODUCTIVITY
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ll��  PrOduct�s ity
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ll.10  Sumlnary

ll.1l Check Your Progress�] Model Answers

ll.12  MOdel D�y amination Ques�� Ons

11.1 0BJECTWES

ªJ�øl�æ�w�� �£�r �D�D�w�⁄ ilr:�ó Wttdttjttg�� �–:l�a �ß �Ì l�ç

=�aproductiOn are presented.

112 1NTRODUCr10N

Physical conditions of water tike depth, temperature, turbidity and light were dealt with'

Chemical conditions oi water like dissolvei ffin, carbon-dioxide, total alkalinity, pH' total

hardnesg dissolved ,oiiar, inorganic compoufirinitrog"n,phosphorus, iron, calcium and mag-

nesium, sodium, p.,"..-ir,n, sul[hates, tili.;, i1lgc:.;it#nt1i andorganic matter were described'

Biological conditions of tfr" ponO tife aquaiicvegetation, plankton' ind Benthos were described'

Various types of p"J;;il 
"i2., 

Alluviil ."if' ff"tt toiL n"O soil' Lateritic soils' Forest soil'

Desert soil, Saline 
"nJ 

air.rine soils 
""0 

p"'t t""i" described' Chemical conditions of the soil

viz, Hydrogen ion .on."nti"tion, prrosprrJrus, Niirogrn, organic carbon, Potassium and cal-

cium were given. ro;tchain ln uquuiic svsilms co-mprising of pyramid of production rates'

pyramid of biomasses, ano ryramro of nu*ulir *"re described. Various concepts of productivity

like standing .rop, ,rt" of removal, rate oi pioOuction were discussed' The water bodies were

classified on the basis oitheir productivity'

76

B R
 A

 O
 U



�\     �\ �\ �\  �E �\ �\ �\ �\ �\ �\ �\ �\ �\ �\ �\�\ �\ �\ �\ ,�Œ
�˚

11.3 WATER QUALITY

The primary requisite for fish culture in ponds is the water, which, for nrccessful rearing of
fishes should offer the most favourable conditions for the existence not only of fish but of other
aqpatig organisms as well, which form the food of fish.

Physical Condition of Water

Depth, temperature, turbidity and light constitute the more important physical parameters
on which the productivity of a pond depends.

Depth

Depth of a pond has an important bearing on the physical and chemical qualities of water. On
depth and turbidity depend the limits of penetration of sunlight whiclU in turn, determhes thp
temperature and the circulation pattern of the water and the extent of photosynthefic activity. : In
shallow ponds, sunlight penetrates upto the bottom, warms up the water and facilitates increasc
in productivity. A depth of about 2 metres is considered congenial from the point of view of
biological productivity of a pond.

Temperature

The degree and annual variation in temperaturp of a water body have a great bearing upon
its productiviS in general. AII metabolic dnd physiological activities and life processes such as

feeding, reproduction, movement and distribution of aquatic organisms are greatly influenced
by water temperature. Temperature also affects the speed of chemical changes in soil and water,
decrease with a rise in temperature. Temperature shows diurnal as well as seasonal variations
A prior knowledge of ma,ximum and minimum water temperature of a body of water is essential
for selecting suitable species of fishes for cultural operations.

T\rbidity
The turbidity of natural waters may be either due to suspended inorginic strbstarrces zuch as

silt and clay or due to planktonic organisms. It is an important lirniting factor in the productivity
of a pond. TUrhidity varies greatly with the nature of the basin, degree of e4posure, nature of' in flowing sediments etc. Ponds with clay bottoms are likely to have low turbidity. Ttrrbidity
may be temporary caused by rains, floods etc., or perennial based on the nature of the basin
and continuous wave and wind actions. Tirrbidity due to profusion of plankton is an indication
of pond's high fertility but that caused by silt or mud beyond a limit, is harmful to fish and fish
food organisms.

Tirrbidity restricts the penetration of sunlight and hence reduces photosynthetic activity,
which in turn, affects the productivity of a water mass. The Indian major carps and othcr
culturable plain dwelling fishes tolerate the prevailing high ranges of turbidity 1i.e. 2,000 ppm.)
Fishes dwelling in turbid waters show a number of adaptations. They have greatly reOuceOlyei
and mucous secreted by their skin possesses the property of rapidly sedimentini the particles
suspended in water.

Light penetration depends on the available intenslty of the incident light which varies with
the geographical location of the pond. Shade provided by the Surrounding vegetation affects
the incidence of light on the pond. Light penetration in water is also,affected by the prevaiting
turbidity.
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Ghcmical Conditionr of Watcr

Gaseg solids andnutrientsdisolved inwater and itspHconstitute the demical cluractcrlsdca
of a pond.

Dissolved O:rygen

Of all the dissolved gases, or(ygen is tlrc most important in natural waters for the lifc of
the fistr. The pond water receives oxygen mainly through two sources - (i) bV absrirption

ftom the atmosphere at the surface of the pond and (ii) by photoqynthesis of the chlorophyll

bearing organisms inhabiting the pond. Photosynthesis is a physiological process of carb.on

assimilition by planb occuring in the presenoe of sunlight. During day tirne, plants, in thc

process of photosynthesis, releasc orygen while conmming carbondioxide, At night, when

itrotpsynthCsis c,easeg the plants consume orygen and releasc carbondioxide through respiration

the animal communig residing in the pond, requires disolved orygen for rcspiration and

releases carbondioxide both during day and night Oxygen conzumption in a body of water

occurs by the respiration of animals and aquatic plants as well as by the putrefaction of organic

mattcr. }xygen consumption in a body of water occurs by the rcspiration of animals and aquatic

plants as well as by the putrefaction of organic matter. The orygbn available in thc water at

i g1en time is the balance of the above processes. Ideally, the oxygen'producing and o46en'
consuming processes in natural waters should be balanced so as to keep the dissolved oxygen

concentratiou within a range congenial to all organicsms.

Carbon dioxide

Carbon dioxide in natural watqr is derived from (i) thc atmosphcre, (ii) rcspiration of
inimals and plants, (iii) bacterial decomposition of organic matter, (iv) inflowing grom.U 

-cllttqrs
wlich scep into the ponds, the amount of CO2 depcnding upon thc dccolhposition of thc top

soil and clremical nJturb of the underlyirrg roc.fts and (v) finally ftoin within the water iBclf in
combination with other substances chiefly calcium and magnesium. The atmosphere furnishos

ilome carbondioxide to natural waters by direct contact. Rain, as it precipitates on earth, -absorbs

small amounts of the gas and delivers it to the waters on which it falls. Rain water mntalns

about 0.3 ml or 0.6 mg. per litrc of dissolved carbon dioxide.

Total AlkaliPitY

The total alkalinity of watcr is mainly caused by the cations of Cq Mg, Na, I( ryIIn Ti
Fg combined eithcr ascarbonatcs and/or bicarbonates or occasionally as hydrorides tlydroxitlc

;ftrli"ity gcnerally ocorrs in polluted waters. In other ryaters it is"occasionally eicounter-€d

drti"t ri,ii.anernbon in surfaie layers in waters stroning intensc photosynthesls. A mixturc ot

bicarionate and carbonatc alkalini-ty is generally encountered in waters of ptt ranging ftom 8.4

to 10S. Bicarbonates are reduccd in higher pil values. At pH values les than 83 but more

than 45, practically no carbonate is present, Ull L.. C9Z ?ld bicarbonates may be pre-sent'

iotaf afiaiinity is a measurp of produitivity. In higlry prod[ctive waters, thc alkalinity.ought to

;il mg ppr. rrn-i-#irr .no n*t ponas fatl'within the local alkalinity values equivalent to

ioio nn'lCica.

PH

Thc hydrogcn.ion concentration,'or pH, of natural waters is an important environmental

factor, tbe variationr-oi"fri.fr, among other iauses, are linked with the speciis composition and

iif. p;o.!*s of animal and plant communities inhabiting thcm.

waters harring a pH range of 65 to 9.0 as recorded before day break are most suitable for

pond'*itorr anOlfro-sc-navrfrg nH yalg9s of more than 9.5 as unsuitable, \caus-e. 
CO^ will not

be available at high pH values Fish dies ,t 
"Uout 

pH 11. Acid waters reduce the apletite of
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thc fistU their growth and tolerance to toxic substance. Thc todci$ of {2S, 9opryr 
and othcr

t".w oltrrs t6 rsn is increased by lowering the pH. Acid waters may indirectly influence othcf

"qdti. 
organisms by similar harmful effects, thus weakening its biogenic capacity. The fish lets

prone to attacks ofparasites and diseases in acid waters.

Total Hardness
'Hardness is the total of soluble Ca and Mg salts present in the water. Erpressed as its CaCo3

equivaftnt. Total hardness also includes the sulphates and chlorides of Ca and Mg;

Total hardness is used to classi$ waters as 'hard' or'soft'. Soft water containssmall amounts

of Ca and Mg in solution and in which the average bound CO2 does not exceed 5 ml. per litrc.

Medium water contains bound CO2 between 5 and 22 mL peflitre. Hard water contains morc

than?Z ml. per litre of bound CO21 which may erren exceed 50 ml. per litre.

11ee C@,, at a concentration of more than 15 ppm, is detrimental to pon&fishes. Thc air

breathing dtti.t ."n, however, survive 100 ppm of. CO2.

Disrolved Solids

All waters in nature contain both aquatic and inorganic dissolved solids. The inorganic solids

wtren in solution consist of anions like carbonates, chlorides, sulphateq p-hosphates, nitratcs

etc, in combination with metallic cations tike Cp Na, K Mg, Fe etc. The organic compounds

which oocur as dissolved solids are the organic state of phosphorus, nitrogen, sugars, acids and

vitamins The dissolved solids in a waler mass influence ihe chemical density of the environmcnt

and abundance and composition of the biotic corhmunity.

The total concentration of dissolved solids in awater body is a uscful parameter in descfibing

the chemical density as a fitness factor and as 1a general measure of edaphic relationship that

contributes to the productivity of the water.

INORGANIC COMPOUNDS

Nitrogen and ita comPounds

Nitrogen occurs in natural waters in etemental (or uncombined) state and as organic as well

as inorgan'ic nitrogenous compounds. The elemental nitrogen in water is derived mostly ftom tlr
atmosp-here, the other source being bacterial denitrification of nitrates, nitrites and ammonia

fne sotuUitity of nitrogen in freshwa.ter varies with temperaturc (inverscly) and pressure. Under

--certain presiure conditions, supersaturation of nitrogen can oqcur at the air water interfacc

which at times cause .gas bubtrle' disease in fish" a physiological condition also caused by

supersaturated oxYgen.

Nitrogen is a very important element in pond fertility.

Phoephoroua . 
l

Although phosphorous occurs in natural waters in very small quantitie+ thc clcmcnt i!
recogrized to be the most critical single factor in the maintenance of poild fertility. Thc clemcnt
does not occur in nature, the most abundant mode of occurrence being in the form of phosphates

Phosphorus shown seasonal variations in fish ponds and the.minera! gets removed when the

fish or the vegetation are taken out of water. l,ack of phosphorus is often the chief cbuse of poor
productivity of waters. Natural waters having a phosphorus cort€nt of more than 0.2 ppm Po4

are quite productive. Brcess of phosphate in open waters is a sign pf-heavy organic pollution
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Iron

lron occurs in natural waters either as b�s alent ferrous or tr�s alent ferric form.

caicium and Magnesium

These two elements together form the most abundant ions in iesh waters Ponds with less

than 10 mg.per litre of calcium content are considered biologically‘poor’(SOft)While betwcen

10 to 25 mgo per Htre as‘medium’and above 25 mg.per litre as‘rich’(hard)�E It makes so�a

to release phosphorous into the over lying water,which would otherwise remain soil bound,

unavailable for aquatic ProductMtyo Caldum is also usemlin cOunteracting the toxici�Ł ofexcess

of some lnetabolic ions.

Magnesium is essential br chlorophyll bea�v ng algac�E and plants.It is generally present in

waters as bicarbonate and in this form it rescmbles calcium bicarbonate in reactions unth water.

SOdium and Potassium

���L�Õ�´ �N�h �ªil�“ �I l�u �˚
�ŁJ�í ��ØÜ���v�ø�ˇ lttLT�Ø

ium conditions,growth and photownthesis          i

of algac are poor and respiradon is high.

Sulphates

The most abundant fbrrrL Of Sulphur is the anion sulphate occuring in combination�A �� th the

cominonly encountered cations in fresh waters,such as calciuln,potassium,iron etco Sulphur

a�Ro occurs in water as hydrorn Sulphidc(H2S)�E

Sulphate iS�E ec01ogica�a y important for growth of plants and its short supply lnay inhibit the

development of planktono Sulphur is also important in protein lnctabolism�B

�BSilica

Silica o�å urs mainly as orthosilicate in anundissociated condition atthe natura�a y encountered

PH valuc of natural waters�B �ß�É element is most abundant in sedimentary rocks,and,therefore,

occurs generally in higher concentrations in waters located in such regions.Surface waters of

Open,Onds contain about 79.5 mg.per litre of silica.                                               ��

�¡ ace elements

There are certain elements called trace ciements or minor elements which,cven though

occur in extrendly Small amounts,are of great sign�˚ cancc in imparting product�s ity to waters.

Manganese

Manganesc is commonly found in natural waters.

Manganese plays an important role in photosynthesis and in heterotrophic growth Of phyto�]

plankton.

Copper

lt occurs in three forms soluble orionic,organic or conoidal and in suspension�B �] c organic

form of copper is the mostimportant.h element copper,though a micro�] nutricnt is used for

the control of algal blooms.
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Besides, manganese and copper, there are other trace elements like zinc, aluminium, cobalt
etc. present in water.

11.4 0RGANIC MhTER

Organic matter present in natural waters in solution is organic phosphorus, organic nitrogen,
carbohydrates, Vitamins etc. That present in suspended statei comprisei the sesto-n. The bottom
sediments also contain abundant organic substances. The organiC matter of a water body may
be either allochthonous or autochthonous in origin and may be in dissolved or suspended states.

Biological Condition 1 -1

Pond biota consists of plant and animal communities, essentially of the littoral and benthic
types which form the biological basis of pond productivity.

Aquatic vegetation

In ponds four zones of aquatic vegetation are distinguishable. yiz., (l) bottom zone ofvegetation, (ii) zone of submerged rooted aquatics, (iii) zone of unattached submerged freefloating vegetation, and (iv) zone of surface vCgetation. 
'

The bottom zone of vegetation occurs on clay or salt which sustains species of sulphur andiron bacteria, flagellates, blue green algae and oiaibms. This zone ;"";;ir;;r;ir" u]i.iloy., ,in.,the inhabiiing organisms ac't as active agents in decomposing the plant and animal matter setting

The zone of submerged rooted aquatics consists 
_of 

higher phanerogams, eg. vallisneria,Hydtilla, A'ajas etc. The zone of unattachecl subrpergert free-ioating vegetation consists of formslike ccratophyltum, fltricularia etc., The zone of surface vegetalion'conrirtr oiri.roscopicor higher aquatic plants which float on the water. The microf,hytoplankton consists .ilfl;;algae such as Jlrrcrocystis-, clilorella, Ettglena, zoospores of various green algae, like sprr,Iina,Anabaena, volvox etc. The floating highJr aquatic piants comprise foims tike 
-Erciliorn 

ia, pistia,
Lemna etc.

Towards the margin of a ponct, rooted aquatic prants such as Nympfiorues, Nymphaea,chan, NiteIIa etc' Commonly occur' There are some amphibian ptants capable of growing onmoist lands as weil as floating on the water surface such is Enhydra, Ipomea etc.

Plankton

Free floating organisms in water comprise two groups, viz., plankton and neuston. plankton
is defined as free floating animal and plani organismi ,,ouing ,iih" ,.r.y of currents and waves.Neuston comprises organisms which ire related to the surfaie fitm of water, either (i) by hangingor floating against the lower side (eg. bacterial, p.otoror, ,tg"",'.r"r"straca, inseii tarvae etc.lor (ii) by hanging upon the surface fitm (Gerridae, V.fift;;: Gyrinidae etc.)

Plankters, according to their quarity, ,u{ b.: crassified as: (i) p.hytoprankton and (ii) z-ooplankton' Phytoplankton consists or ctrioroinyll.bearing orgrni;^r, e.g., tr[i*ocystis, volvox,etc" and the non'photosynthetic plants or saproplanrton] e.g], uacteria and fgngi. Zooplanktonconsists of plankters of animal origin.

water blooms (caused by phytoplan_kta1). besides imparting cclour to water, also bestowa disagreeable smell and taste toit. Allal blooms oft"r'.uur."a heavy mortality of fish, themortaliry being variously attributed to dipletior. rl"ys", uy ,lgr. auiing continuous4loudyweather, to their decomposition, to the ihysicat .h;kffi; 
"iihl"gilts of the fish and ro toxiisubstances liberated by the metabolism of the algae.
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Among zooplankters, some of the organisms occur in appreciable numbers forming 's\ilarms'.
Such srarms may be produced by the enormous numerical increase of plankters, such as certain

Cadlocera, Protozoa etc. These swarms occurs in freshwater ponds forming great bands or
streals or ds arranged into area of thick and thin concentrations simulating cloud effect.

Benthos

The community of organisms living on the bottom of a water body is called the benthos

Benthos may be divided into phytobenthos and zoobenthos.

Fauna enmeshed among weeds

Aquatic plants serve as mechanical support and harboUr many animal communities.

11�B5 SOIL QUALITY

Soil plays an important role in determining the fertility of fish ponds. The basic criterion for

selection of a site for construction of ponds is that the soil should not be porous.

The soil of India are classified under 8 major heads:

(i) alluvial, (ii) black, (iii) red, (iv) lateritC, (v) forest, (vi) desert, (vii) saline alkaline and

(viii) peat.

(i) Alluvial soil

Alluvial soil is formed by silt deposited by numerous river systems. The alluvial soils differ

in consistency from drift sanl to loam and fine silt to stiff clay and grey to black in.colour' The

;lfii.l soilsithough deficient in nitrogen, contain adequate quantity of alkalies (both potash

and soda) and phosphoric acid. Their porosity, texture etc., tend to provide for good drainage'

'(ii) Black soil

Black soil is derived from bro tlpes of rocks: (i) the Deccan and the Rajmahal trap and (ii)

f#;i";;, J*ir..s.nt icrrists occurring in the Timil Nadu under semi'arid conditions' These

soils are highly argitla.eous, made up of fin, grains, dark in colour with a high proportion of

aluminium but poor in phosphorus, nitrogen aid organic matt€r. Black soil is highly impervious

to water and becomes ,ti.ry *n"n *.t. It possesses . high c.p.city of conservation of soil moisture'

(iii) Red soit

Thisisformeldasaresultofweatheringofancientandmetamorphicrocks.Thesesoilsare
generally poor irr ril;il;irorpt orrr, fi,tie, iron oxide and humus, with the predominance of

fffiffir"Ji;;ii;i;;.-fr;j iol, porr.ri rittre capacirv for absorption of moisturc.

(iv) Literate and lateritic soils

These soils are compact and composed of vesicular rocks having-4 mixture of hydrated oxides

of aluminium and iron with small .,nountr-oi.unug.n"t" oxidei, titanium etc', Laterite soils

are poor in prrospnoius,-fotu..iu*, calcium uno nitr6g.r, with pH ranging from 4'8 to 5'5 and

low base exchange caPacitY'

(v) Forest soil

Forestsoilsareveryrichinorganicmatterderivedfromforestgrowth.
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(vl)Desert,oil       i  :  = .         :

These are derived mosuy from brown sando Some�B l them which contain high pe=centages
of soluble salts are alkaline and poor in organic matter�B

(V�˚ )Saline and Alkaline sOils

Saline soil�˜ abound in sodium chioride and sodium sulphate and the alkaline soiis in sOdium

CarbOnate.�÷ mse SOi�Ahave an alkJiic action�Ü �Sd itis the carbonate that renders the s61 Ste�¡ le.

(Vili)Peat

ne areas of peaty soJs have an accumulation of large quantities of water,01uble alkali

saits. 1�u he watOr iogged areas found by dried river basin and lakes in a�a u�� al and coasta:areas
aFe geherally blue or bilcblack in colour due to thO presencc of(ferrOus)irOn and al"cOntain

Va�fling amounts of Organic matter.                          1    �]

1 0fvariOusplant nutrients presentin the soil,nitrogen,phosphoruS and potassiunl very:o�¡ ,n
become deficient and are to be supplemented from outside.                       :

pond mud

The underwater soils of ponds difFer from the sub�] acJal soi:s in fo1lowi,L respect�¶ (i)they
are congiomcrated from soi�l s of different prottles completely wateriogged and free form air llled

spaccs,(li)pond,having a large catchment area rece�s e dissolved nutrients and s6il pai�à �–Ls
through hloWing icshers and l�a )the Sedimentatbn of organt matter on the pond bottom
modittes its properties.

As true pond mud is formed,the product�s ity of pond increases.True pOnd mud which is
made of ttne soil particles,contains deposits of certain amount of organic matter derived from

the bacte�v J breakdown Of plant and a�˚ mJ mateJJs present in a water body.Much of the
brOken dOwn organic rnatter exists as humus which behaveslike an organic compound Of higher

molecular weig:lto Pond muds with high colloidal,ontent and humus have a high ab,orptiOn

capacity.

11.6�B  CHEMICAL CONDIT10N OF SOIL

Major important chemical factors for a productive pontt soil are pH, total nitrogen, totat
phosphorus, organic carbon, C/N ratio, available nitrogen. phosphorus, potassium and Jxchange-
able calcium

:

Ilydrozen ion'concentration
'l'hc pll of the soil depends on various t'actors. When the pond muds are not well aerated

rluc to low supply of oxygen, the clecomposition of organic matter is slow anO tfre pioOuTts
tormcd of decompos'ition are hydrogen sulphide, methane and short chairr fatty aciis whieh
ntake the soil acidic. Unless the soil is naturally buffered, it reduces the rate of bacterial action
influencing productivity. The pl I of the soil also intluences rransformation of sotuUle ph;dh;i;;
ancl controls the adsorption and release of ions of essential nutrients at soil waier int"rfu.". 

"--

Phosphoru

Phosphorus occurs in soil in both inorganic and organic forms: It is the availability and not
the amount of phosphorus which is morc important to iquatic protluctivity owing to th; fact that
PO4 ions in soil form inv:rlu:rble compountts with iron and aluminium unoer alioic conditions
itnd with citlcittm nnder ;:tk;tlinc contlitions. r.cnrtering to phosphorus ion gnavailable to water.

�Œ�A
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phase under either condition. Available soil phosphorus shows a definite positive correlation
with fish production.

Nitrogen

The organic matter occuring in pond bqttom is broken down by number of microorganisnrs.

The end pioducts of this decomposition among others are CO2water and ammonia. While

ammoniuin salts are formed a number of bacteria found in the soil and water convert ammonia

nitrogen into nitrates. Nitrates and ammonium salts are reduced to free nitrogen through the

agency of denitriffing bacteria

Organic carbon

When organic fertilizers are applied to a pond, their assimilation the pond body may tal<e

two paths in its trophic cycle. Firstly, the organic fertilizers may be broken down directly

through the agency of micro organisms into soluble simple (inorganic) compounds which are

then iecirculated through autotrophic bateria and green plants. Secondly, they may be used

as complex compounds ( the cell substance of the primary heterotrophic bacteria involved in

decomposition) rlirectly as food by higher ferms (such as protozoa and other zooplankton) and

returnid more rapidlyto fish crop. In the latter case, where the initial'food shelf is bacte'ial cell

substance, nitrogen is transferred quantitatively from the fertilizer to the fish crop.

Potassium

potassium is taken up readily by submerged weerls for growth. During rapid plant growth

pelod, potassium from the water and soil is stored in tissues. Ponds with sandy, non adsorptive

ioils are usually potassium poor and respond most markedly to fertilization.

Calcium

Calcium is considered important owing to its four main rotes; (i) its relation to tranSlocation

6f carbohydrates, (ii) as an integral component of plant tissue, (iii) for increasing the availability

of other ions and iiu) for reduiing the toxic effect of single salt solution of other elements. In

pond soil, calcium is generally present as Ca Co3.

11.7 PRODUCTIVITY

The productivity of a water body connotes a characteristic whereby living substance is man'

ufactured through interactions of the constituent of the natural environment. some ecosystems

like ponds are essentially setf sustaining. The various steps in the operation of a self contained

""orirtm 
are: (i) the ieception of energy; (ii) production of organic material by producers'

iiiD ionrurption of this material byrconsumers and its further elaborations; (iv) decomposi-

tion to inorganic compounds and (vj transformation into suitable forms for the nutrition of the

p.,lr..rr. in a self sufficient ..otyit.r, iill these steps are contained within it'

The non-living constituents are light energy and inorganic nutrients both required for the

growth of PhotosYnthetic Plants.

The living components of the ecosystems consist of producers and consumers'.Producers

include the chlorophyll-bearing phytopiankton large green plants and photosynthetic bacteria'

which are capable of synthesizing enerry containing organic substance through utilization of solar

radiation and inorganic materiils. The consumeis irrcturte all other rypes of organisms in the

community. These orgonirrt ar+incapable of synthesizing organic matters from solar energy

anO OepenO directly oi indirectly upon th" prodDcers.. With in the category of consumers are

inclu6etl herbivores which feed Ait".tty on tire green plants,.or other carnivores' I)ecomposers
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Fig.1l.l. Diagram of thc pond ecosystem. Basic unity are as follows. 1. Producer rooted vegetation 2. Abiotic

substance-basic inorganic and organic compoonds 3. Primary consumers (herbivores) bottom forms 4. Primary

consumers (hcrbivores) Zooplankton 5. Secondary ccnsumers (carnivoros) 6. Tertiary consumers (secondary

carnivores) ?. Saprotrophs bacteria and fungi of delay. 8. Sun- rays 9. sun-enorgy 10. Producer (phytoplankton).

are the heterotroph�É bacte�F a�F�Ú Ø‰�� �¡ �R�|h rcttce organic ttbstanccs to their elemental

e.thercbv utilizing the nutrients into tæm �ß wclc ibr use by producettL The phnts and anirnalsstate,thercby utilizing the nutrients into tæm �ß wde lbr use by producettL The phnts and anirnals

that depend successively one upon th
level of nourishment as represciltcd U

form the links of a food chain. Each successive

offhe food chan,is known as a trophic ievel.

F00D CHAIN

(i) Pyrarnid of production rates

At each level in the trophic chain, thert occurs some loss of energy and material from the
system because processes of assimilation and growth are not cent percent efficient, i.e., for organic
matter produced per average unit of time and the energy represented by it become less at each
successive trophic level. It follows that there is a greater amount of enerry at the producer level
than at the herbivore (primary consumer) level, and this progressively continues to decrease at
each sucessive trophic level. The efTiciency of conversion of the enertry contained in food to
animal protoplasm increase with the trophic level. i.e., it is maximum among carnivores. The
production rates of the components of a self sufficient ecosystem may thus be compared to a
pyramid. The so called pyramid of enerry, represented by the organic synthesis of the green
plant component at the base with producticn rates of primary consumers, i.e., herbivores and
those of secondary consumers, i.e., carnivores, resting af successi,iely higher levels.

(ii) Pyramid of triuomasses

The second type of pyrzrmiti is tormed hy the triomass of lnembers of the food chain and
.s called pyramid of bionrass or standing ciop. This suggests that the total mass of living

The plant producers within an ccsystln constitute trophillevels: (1) $azing herbivores;
(2) small-sized carnivores (3) merliun 4 &rge carnivo{es (+) ftiqal l}rks in the food ch*n.
The side chains such as those formcd ifFaslfi, make furtt$frfiic pveis. Three types of
pyramidal relations mayrbe found amonf ihe organisms at diff+d trophlc levels, which are (i)
the pyramid of production ratcs, (ii) thc pyramid of biomasses ftd (iiD the pyramid of numbers.

�e
�Œ���L�@
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substance tends to decrease from one level to the next in the same way as in other pyramids

mentioned above. Factors which are responsible to form such a pyramid interalia include growth
rate and density of various population.

(iii) Pyrarnid of numbers

The third type of pyramid is formed by numerical count of oranisms, implying that there is
a decrease in the number of organisms from lower in higher trophic levels, This is caused by

d!fferences in the population growth rates and predation of smaller organisms by large ones. In
case of parasites, the pyramid of numbers is upside down, being reverse of that pertaining to the
free living forms.

In the food chains and webs of a community, photosynthesis forms the base of the ecosystem.

11�B8 CONCEPT OF PRODUCTIVITY

Three measures of productivity, namely (i) standing crop (ii) rate of removal and (iii) rate of
production, are in common use and form the core of the concept of productivity in an ecosystem.

(i) Standing crop

The standing crop is the total biomass of the organisms existing in the area at the time of
observation and may be exprqssed as number of individuals. As biomass, as energy content etc.
Thus, the standing crop represents an jnstantaneous quantity of organisms.

The actual, or realized rate of growth, is determine tl by the initial number of individuals plus
additions (natality) minus the number lost (mortality' ,,cr unit of time.

(ii) R^ate of removal

Various aspects of the biota removed or harvested from the second measure of productivity.

It refers to the yield or harvest from an ecosystem per unit of time.

The emigrations of animal or plant life, predation by terrestrial animals, outflow of organisms

through effluent streams, loss of nutrients of sediments, commercial harvesting of fish etc., are

some of the ways of removal. If a community is to maintain itself, the loss of material must

be compensated by adequate replenishment. The ratio of yield to replenishment is a crucial

measure of productivity and indicates whether a given community is over-or under exploited not

only by man but also in respect of predatory-prey relationship and other ecological aspects.

(iii) Rate of production

Of lne total solar energy that enters a pond, a small portion enters into the photosynthetic
,process of green plants and is stored in organic substance (chiefly carbohydrates) in plant bodies.

thr rnrrgy of caibohydrate formecl represents the gross plants production or the gross primary

proou.tio-n. Not all the energy present in photosynthetic product takes part in the actual growth

of plants since the process involvecl is not 100% efficient. The accurrtpanying catabolism of the

piu'nti. measured ui ttre amount of respiration. Actualplant growth is represented by an amount

of .n.rgy equal to the total carbohytlrate formed minus the respiration and is termed as the

""ipii*l.yrproduction. 
The amount of plant suhstance produced per unit of time and space is

defined as the rate of gross primary production and the rate of net primary produbtion repres€nts

the rate at which orgi'nic matter is stored. Both the rates of primary production, ie. gross and

net are measured on-tt'," basis of organic carbon (c) present in the unit volumerol beneath unit

area of thi pond surface and are expressed in units mgClm'lday or mg Clm'lrJay. The word

U.y, g.n"ruily refers to day-light- hours during which gross or net photosynthesis occurs in the

surface water.
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ifhe secondary production constitrrtcs the encrs/ food actually assimilated by heterophic

organisms, such as primary secondary and tartiary consumers and the decompQsers. The rate of
enirgy storage in these levels is called the rate of secondary production. The rate of production

at ealh highEr level decreases from herbivore to top carnivore.

The productivity to water bodies can be a measure for thcir classification, 
-especially 

with

regard to nsn yieldi, on the basis of their water quality. Acid waters (pH 5.5-6.5) and highly

alfaline water (pH ' 8.5) are unproductive and pH 7.5 to 8.5 may be considered favourable for

average produciion. fotit alt<atinity below 20 ppm is incticative of poor production and alkalinity

aUovJZ[ ppm does not influence productivity. Dissolved oryge1 below 5 ppm is unfavorable

for a proUuitive fish pond. Under normal .on.litionr; conceniiation of disolved oxygen above

ippni is suitable for a productive water body. Values of dissolved inorganic-n_itrogen below 0.1

pp; is considered as indicative of poor productivity, those in the range of 0.1 to 0.2 pp.I T
iavourable for productive ponds. Dissolved phosphate (as P2O5) 0.05 ppm maV 

-be 
considered

indicative of an unproduct-ive fishpond; 0.05 to 0.20 ppm of inedium to high productivity and >

0.02 ppm. of vgrl 
-trign 

firn productivity. However, due to its quick turnover ftom water phase

dissoived phosphorus ,ry not be a reliable index for productivity.

Check Your Progress

1. Bentitos 2. Peat

11�B9 CLASSIFICATION OF WATER BODIES ON THE BASIS OF

THEIR PRODUCTI�YTY

11.10 SUMMARY

The quality of water, the physical conditions'of water such as ternperature, turbidity, light

are described in detail. Similarty the Chemical conditions like dissolved o:rygen, Co2, total

alkalinity, pH, dissolved solids, are discussed. Like wise the inorganic compounds like Nitrogen,

Phosphorous, Iron, Calcium, Sodium, Potassium, Copper, Silica etc. are also described. Becausc

all these things play a,vital role for proper development of fish in ponds. Even the organic

matter, like Aquitic vegetation, Plankton, are described in detail as they control the growth of
fish populations to a great extent. The soil quality is also dissolved. The organic productivity,

the $ramids, food chqins are described in detail.

11.1l CHECK YOUR PROGRESS�]MODEL ANSWERS

t. Benthqs:- The community of organisms living on the bottom of a water body is called the

benthos. Benthos may be divided into phytobenthos and 200 benthos

2. Peatc The areas of peaty soils have an accumulation of largc quantities of watcr soluble
alkaline salts. The water'lagged areas found by dried river basin and lakes in alluvial and coastal

areas are generally blue or blueblack in colour due to the presence of (ferrous) iron and also

contain varying amount of organic'matter.

11.12 MODEL EXAMINAT10N QUESTIONS

�u

�µ
�Œ
�@

�]
�]

�e
�]

I. Answer the following.in about 30 lines.

1. Describe the factors affecting the physical conditions of water.
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2" Write en account of the role played by any three of the following in rnaintaining the
quality of water :

(a) O:rygen (b) Carbon dioxide (c) Totatalkalinity (d) pH (e) Total hardness (f) Disolved
solids

3. Give an account of the biological component of a water body.

4. Describe the different types of soils present in India l

5. Give an account of the chemical condition of the soil.

6. Describe the different methods for measuring productivity of water bodies.

If. Answer the following in about 10 lines.

L The role of nitrogen and its compounds in the water Quality.

2. Tfrc, role of phosphorus in the water quality.

3. The role of Calcium and Magnesium in the water quatity. :

4. An account of trace elements.

5. An account of productivity in a water body.

6. An account of food chain in a water body.
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12�§1 0BJECTMS

This unit deals with the scientific management techiiques developed recently to achieve
maximum fish production in freshwater pond eulture systefr, This unit describes in detail about
the pre-stocking, stocking and post-stocking managerheilt pihctices in nursery rearing'and stock
ponds

12�B2 1NTRODUCT10N

Scientiic management techniques of farm pondS u�¾ fe deve10ped to attain mttmum�¡ sh

production.Freshwater carp culture in lndia is a three=stage culture sFtem,which indudes

the management of nurseryp rearing and stock pond�Ó   Management practices evolved can

be broadly grouped under prestottg, stocking and pOst_ stOcking operationo Pre�] stocking

:�ß �í �V �§ �\ �¡ �v�í �æ �ô �í �¶ �i :�ì �T�Ł �ß �ì

C�P

the selection of specles,their densiw and COmbinat10n.Post�] st�å �` ng management practices are

�P �£ :�÷ T�ì �º �µ �[ �” �¸ :1�ç �I �í �ß s�o �Ù �ç :�v çW �V 11
�¡ ten days.Growing of carp tt upto�œ �ß

"Jing St�d

0(100t0150 mm Sze)in abOut three
months penod is the aim ofrearing pond mafldigement.�M sh ingerlings are grown to marketable

�Ú

�g

in StOCk pondsçq th an obiec�¢ �É Of,fOdudng maximum quand�Łof ash thrOugh the most
.ecOnOmic management techniqves. Ad�› �«tiOn of rational management measures makesiish

faming a proitable proposition�B

12.3 SCIENTIFIC�\AGEMENT PRACTICES OF FARM PONDS

The principal aim of fish cultivation in ponds iS to obtain sustained maximum production.

Fistres cultivatcd in freshwatcr,ponds are constantly under thc stress of various ecological

factors which affect their survival and grofitt" Adoption of sclective management measurcs is
intended to provrde conductivc environment so 6t to achieve high sunrival rqte and rapid growth
of the fishes.

Traditi6nal freshwater pond culture system practiced in India merely involved irrational
stockingAnd harvesting of nsn without any scientific basis. In this system survival of the fishes

was lorx resulting in heavy iose oi valuable seed.

Dfeshwater pond culture rystem evolved in India is mainly carp oriented. Species preferred

for.tultivation are the indian rnajor carps : catla (Catla catla), rohu (I,abeo rohita), mrigal

(Cfirrhina migata) and e,lotic carps : silvcr carp (Eypophthalmichys rnolitrix), grass carp

(pteaoph arygoQon idelta)t and common carp (Cyginus carpi'Q.

po4d managemcnt techniques devclopgd covJl the entire cycle of fish culturc, from hatchling

,stagc to'marketable-stage undeq controllcd conditions in a threc.tier culture system. The three-

staEe carp culture system includes the management of (i) nursery ponds (ii) rearing ponds and

(iii) stock ponds.

, Scientific management practices of farm ponds developed can be broadly grouped under

pre-stocking, stocking and post'stocking opeiations.

pre.stocking management practices include the maintenance of ponds, removal of aquatic

wegd3, eradication of undesirable and predatory organisms, improvemeut of pond water and soil

quallty and fertilization.
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: $o&hg lftpr q$s ct&tbn d.cN!,hs celcilt d fto pond, rclatirc ffiy,uo
conrbination of sclcced spccies.

Post*tocfitg managcmcnt practiccs mainly comprise tlrc $pplemcntary fccding fsh hcalth

rnonitorirg and harvesting pattern of thc crop.

12�g  NURSERY POND�\ AGEMENT

Nurscqics are small, *raltow ponds of 0.02 to 0.0E hectarc (200 to -g00fq. m"fTJ in .tW,
witll 12 to 15 mctre watcr_ dqptlr Earttren dug out, rcctrn$lar ponds of about O04 hcdare
({0$q. mctncs) in aree are prefcrablc as tilrscricc

Ralsing of three to four days otd carp spalvn (hatchingp measuring 5 to 6 mm) upto fry stagc

(ZI to 30 mm sizc) in about fiftccn days pcriod with maximum peroentagc of survfual is the main

dni ol nursery pond managcmert

OujeCtlrcs oI nurscry pond management are to provide ftee moving spaae to tfrc growirlg

spmn,-icmonl of predatory organisms and to provide sufiEcicnt natural as well as suPBlemQtlry'

feed for quick growth of sPantn.

L2.1.1 Pondmaintenance

In setecting a sitc for thc nurs€ry pond construction, thc main considcration to be taken ihto

account are the water retention capacity and f€rtility status of the soil, an assured water source,

protcction from flood and inundation and cxirtcnec of good communication facilitics

Nurscry pond must be well orposcd to sun light. Embankments of nurscry pond may-bc

protected iom erosion by turfing Inlet and outlet facitities must bc well protccted 
ry1d nylon

mesh filters are to be arranged so that unwantcd fish eggg larvae and other organisms arc

prcvented from entering into the pond.

12.4.2 Control of aquatic Wceds

Aquatic wecds in nursery ponds harborrr predatory insccE ryd umvmted fishcs, and restrict
thc free moVement of spawn and ortail the production of plankton. Hence nunrry ponds

shoutd be cleared of all aquatic weeds and marginal grass by manual labour. This may bc done

during summer moirttrs(^lpril-May). Nursery ponds :hould be kept free of weeds till thc frv are

harvested.

12.4.8 Eridication of predatory and unwantcd flrhet

Carp spawn at the time of releasc into nurscry ponds aradelbatc, tiny sd cltarrces of tHr
survival in the midst of their predators ar€ low. Hence cradication of thcir enemies forms an

,:important opcration in the nursery pond managcmcnt.

Prcdabry fishcs which cause maximum damagc are thc C&enaa ry., /urrbr tadodinor,
Wdf"g" attu, Eetercpneutes foceitir, Cle.tilr- trittatJrruc ctc" TlffiG fshcs dircct$ prey.on tlt:
carp spawn.

Weed fistrcs are smalt sized uneconomic varicties of fishes. Puntius sps., Oxygaster b: ail4
Ambdssis rutga, A. namr, fumus dandcus, Ambtypharyagodon lrrritq Chelz sps. are some.
of thc weed fislres commonly infecting thc rnrrsery ponds. Tlrcy brecd in ponds. Weed fislrcc
competc with carp dawn for thc available food (both planlton and nrpplemcnhry feed) in thc
pond.

The simptest mcthod to cradicate unwanted fislres is either Uy complete draining or dcwatcring
of the pond. Anotlrcr method is to remove the undesirable fislres by rcpeated drag nctdng

�E
�¡
�¡
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Mmy predatOFyâ �̃R�ª ,a"betbn d�' �Vbs and hrrow into tt�Y tt nsc ashc�˚
�g

Œi�˚ �| ltt to

net out completely.                        .�]   1 1 i   =  .

�¡ E bett method to eradicate the predatory and weed ttshes tt by the tse of�¡ sh b�k Lans
Sllitable nsll pOisons are those which ki�a the�¡ shes at low doe�‹ æk se shOuldlnot thse any

damage to people and came vA0 1�B �›�¡ äF�Ù :�¡ le poisonous erect should decrett as qu�‰ 1�D

as Possible and thw should be casily available and econemical. 
�E t        i

_Œt
�g

ralHngsofpestiCid�A 0�Ł �˚ T eng�g n,d1ldJn,dd�u �¡ phosphamidon,nuvan,thiorleton

were ttsted in nurseric nlough�› �° kHl the Eshes,ther cherntas aso adverse�Ł �¨ other

aquatic biota and as thw are stble colnPcun�¤ they�b mmuiate in mØ[ �† �T Fishes uttd
by application of petticides are not suitable for human�� nsumptton.Hence pesticides as tth

çp Can�g aFe nOt Wtts�œ .

Several pesticides derived�¡ omplants to cradicate undc(rable mheswere also tested receJ�˛ .

mhua oil cake(Baria ratittri�¤ ,derriS rOot powder(D�¿ rt�E tr�í Jfat�¤ ,seed powder of CrotOn
d�µ rum,powdered �_ot of�l �›��booia prll�˚ arpa,tea seed cakc are some of the plant poisons

whicllttH�E sced FIshc Mahua o�� cake kilis the�¡ shes with in 3 to 6 houiso      i�E

124.4 Pond fertttLation

Ferdlization of th nursery pond is the next step and its main obiectiVe is lo enrich the pond

waters to proI�u lote grOwth of zooplankton which is a pJmary natural food of carp�¡ �� �– .

At frst commerclal:ime is applied in’the nurseFy pOnds at the rate of 200 kg per hectare

depettding on thc soil pH.Lime is applied all over the pond,a�¡ er the removal of predatory

nhes Application of linc helps to improvc sOil and water quality9 pOnd sanitation and the

availabili�fl of nutrien�¤ for�� anhon‘eve10pment

�n�]ost suitable manure to fertilize the nursery pondS is the commoniy available cattle dung.

About Fliten day prior to stocking of spawn,cattle dung is applied in the pond at the rate of

10,�� kg per hectare�B

The application of cattle dung will Lad tO the growth of plankton9which reaches a peak

produttion by about the tenth lay.

Seven days after stocking the nursery lnth spawn,the second instalinent of fertilization of

the pond may be done with cattle dung at a!ower dose ranging be�� reen 2,000 to 5,000 kg per

hectare,                                                                                    
�M

t2,4.5 Eradication of aquatic insects

A large number of aquatic insects.and some of their larvae are present in the nursery and

their incidencc is more in a manured one. They breed and multiply rapidly during the monsoon

s21pon Some of tlre aquatic insccts pr€y upon the tender spatvn and'causc large smle destruction

of the spaum. Henee eiadication of irsects earlbr to stocking of carp spawn is essential to insure
the ma:rimum survival of the spawn

Amogg the aquatic insects, Notonecta, Ranatra, Belctoma, Cybister, Nepa, Ilydrometre,
Lethocerus are highly destructive to carp spawn.

A successful method to eradicate the predatory aquatic insects consists of sprayin!; on water

surface with an emulsion prepared by mixing any vegetable oil (cocorrut oil, mustard oil or any

in. elpensive vegetab.le oil) an<t cheap washi(rg soap in the ratio 56:18 Kg per hectare. The

emulsion shoutd be heated for a short time and thoroughly mixed before spraying. 
i
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Fig.9.l. Aquatic insccts -i

The thin oil film on the water surface prevents respiration of insects by closing their hachcd
Op003S and thus causes their dcath.

124.3 Stoching�˛ ,pawn

Nursery,ondS Were used to be st�å ked with.spawn at a dendty of l tor2 mlllan ttr:�@ Ø[are.

d�Õ �E�ß�ß �flt�Ù �• �F�ì �c�Õ
he Specie�J s�Uocke�† �Ô�˚ �¤�Ü�ŏ�¤�µ�†sp�\
�R�BPrttDn�g of mininurn �V �� �fl �˛ 15 to 2 ml

of ttplaikton in about 50 HtFeS Of pond Water is an essenttal p""q�„ itte tO�R

�g

Li�Ù �� �� �· �]
�� th sp�˚ . �E  �L

:                            �]
I�A  _

|:�fi �D�� �Õ�R �°�Õ �Õ �Q�ì�I�� �ï�Õ Łk�� |

�]      . =  _   ..:| | �]�E �¡ _�E �E :.:

12,4.7 Supp19mentary feeding

Æ��xä¿���ô ssary tO pFOVide=ti�b �P feedl�¡ 1��

�c
wawn,�] . .1_:           :   :

Commonl,�F�� d ttpplehentary tted for t__r spawni�� isists of ttnel,�� �� �‡�b �g 1�˘ �£ �ł :

(gFOundnut,c�å onut ol cakc)mixed in equJ proportion(11l ratio)with ped�� �¨ �‹ lJ�g ’�¯ �R j:

��
�k

�Œ
�^

�‡ :

�]  �E  �]  �\�E -1,�\ �] �]   �]
�]

1�¡ |:�� 11�]

:F:,r.: �¡

:Ar

�Œ
�Œ

�E�Œ�L
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First to ttfth day of stocking      :

Sixth of tWellæ~ L day of spawning   :

�– rteenth day ater stoclcing  :

Fourteen�¡ dv a�¡ er stoclcing    :

Supplementary feed mixture may be sifted through a fine meshed sieve to rcmove tlrc hu3*, and

to mainain uniform particle size. Quantity of the feed given is bascd on the weight of growing

spawn. The following feeding schedule is found to be effective :

5�B6 18 per day for one m�a ibn spawn.

112 kg per day foF One mi�a ioll spawn

No feed

harvesting

To achieve opda�¡ um growth of spawn,growth pr6modng chemical cobalt cHoride at the

rate of O.01 mg per dtt perªY �ƒ be provided along�� th the feed�B

Supplementary feed shoull be b10adcast over the pond"ater Surf4 dd�µ o�Q in the

morning hours

12.4b8  Harvesting

ln itteen d�å �h period,carp spawn nursed by adopting the management measures stated

above under nomd pond condttnSWin grOw t0 25 to 30 mn dze tt with suinal above 60%.

At his stage carp tt are�g �Ł �º StOCking m prepared�garitt ponds

lt is�¡ ot advinL to keep tt fry in nursery pondsin such high de�V �Ł for a 10ng period.

Over crowding of�p �� leads tot�R ��nted growth and graduJ increase of mortality.In order to

prevent SuChan evenmality,�¢ ting Of�› �Łis to be carried out during the flttcenth to twentieth

Cay Of rearin3

Supplehentary feeding is tt be stopped a day before harvesttng.Otherwise the ny with

intestine 80rged with food are liable to mortality.Harvesting of l,in nurscry ponds shouid be

carrled out during lnOFnlng hours�B

In a season of three months,3 to 4 cFOps Ofiw can be raised in the same nursery pond.

12�B5 REARINC POND MANAGEMENT

Rearing of carp W Q5 to 30 mm size) upto fingerling stage (lfi) to 150 mm size) is the aim

of rcaring pona mi,naiein"nt. Normally tfuee months rearing period is sufficicnt for the fi to

attain finliding stage provided proper management measurcs are adopted'

Cerp 11r grown in thc nursery pond ars of relatively small in size and not fit enough for their

dtcct tranifei into stock ponds. In stock ponds bigger predatory fishes are likely to bc present

which may prey upon the fry. Hence it is desirable to grow the fry under proper protection to

n,g*frikt {o tf,"t ttr.it "Uifity 
to resist predation wilt !e improved. Specific feeding habits of

tnJsoccieS wili becomc evident at fingerling stage and they also develop capabiliry to tolerate

;il'filfr;fi;;ln ,n iron .ntat coniition* Ttrus cutture of fry in rearing pond is an esscntial

intermcdiate phase in freshwater fish cttlture system'

A rectangular, dug out, earthern pond of 0.08 to 0.1 hectare (800-to lW- Sq: metre) water

.r"" *iirris"to io iZtl*'r watu depth is sritable as rearing pond. It providcs increascd food

and space to the growing ftY.

Frestocking management measures of rearing ponds such3l the pond maintenancc, tlmoval

of aluaticwcea-s, 
"no 

lr.oication of predatory anl unwanted-fi1hes arc similar to thosc described

i" n r*ry ponO i*rr.giment. Since aAvan.*O fry are stocked, itere is no need $o control aguatic

insects in rearirg Ponds.
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12�B 5�B l  Pond fertilization

Liming of the pond at a rate of 200 Kg per hectare prior to fertilization is an ettntial

requirement.Fertilization of rearing pondis carried out by applying both organic and chemical

fertilizerS tO augment production of phyto and zooplankton.

Organic manuring of the pond�� th cattle dung may be done at the rate of 10,Om Kg per

hectare in four equJ monthly instdments(2,5000 Kg per hectare in each instalnlent)I Hrst

instalmentoforganicmanunngistObecarriedoutitteendayse�Ł lierto stottng thepond�à �R�‹ .

ChemicJ fertiltters comp�v sing urea atthe rate of 140 Kg per hectare.and l�¡ ,L�⁄ �Ì �¯ hOwhate

at 60 Kg per hectare are applied in three to four equd monthly instJments.Orgm manure

and che�Ó ical fertnisers are to be applied altemating with each other at fortnightly interval to

maintain sustained,lanktOn production in the pond.

12.5�B 2  Stocking cf Fry

ln icaring ponds,mixed culture of two or more species is conducted as the advanced�x

�Bf direrent species enibit d�s ergent feeding habitso Such a combination of direFent��

"qiesensures lnaxlmum utilization of natural food present in the pond.

TotJ stocHng dend�fl of tt ran�v ng�¡ Om O�E2to O.3 mil�a on per hectare gives th best rOsult

in terms oF suMval and growth.Various combinattons of mlor lndian carps:catlap rohu and

mrigal,and exotic carps: silver carp. grass carp and common carp were tested. 1lE�¡ e to four

species combinations are found to be the inost idealo Combination of too l�¡ any specles results

in excesS�s e hattlin3 0fingeJings at the time ofharvest which may be iniuriOus causing deatlL

PJor to stocking the�‹ ,tOXiCity ofwater should be tested by keeping a few iy for 24 1�fi �Û s

in a hapa�› �É d in the pond. If there is no mortaHty,fry can be safely released,in the pond.

Stocking of thO pond should be preferably done during morning or late afternoon hoursi ater

getting the fry gradua�a y acclimatized to pond conditions�B

12�B 5�B 3  Supplementary feeding

"�†
�œTŒ⁄�j �R�[ I�ˆ �y�º�v �ßf�‚ �ø�r �� �x�Ł�ƒP�I :�D

the morning hours.

Quantity of feed g�s en is based on body wcight ofthe growing l�' During the�¡ rst month,

quanti�Ł ofsupJementary ted per day is at the rate cqu�s dent to the ini�� J bQdy weight ofthe
fry stocked.Quantity of fecd Pcr day is doubled during the second montho lt is three ttmes the

initial body weight of fry during the third month of rearingo Wllen grass carp fry are stocked,

they may be fed with smJl loattng aquatic weeds Hke L‘��

�g
�ç �� �Ł17c and SIIIJl cut pieces of

ryJrilra.

12�B 5�B 4  Harvesting

Duration ofttaring iS based upon the size ofttngeJings requiredo Rearing periOd is generally

three rnonths by the c�v d ofwhich fingerlings attain the desired size of 100 1o 150 1�¡ mo Sometimes�E
the rearing period ttay be extended for s�j months depending on the growth,market dettand and

avaHabHity of stocking ponds etc.However,mrther extension of rearing period erects survival

and growth apart form being un�] cconomical�B

Fingerlings of 100 mrn and above are best suited for releasing in stOck ponds. Therefore,

fingerlings sh6uld be harvested after threc months of rearing. Supplementary feedittg may be

stOppera day beforc harvesting. Harvesting should be done during the morning hours.
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12.6 STOCK POND MANAGEMENT

Carp fingerlings are grown to lnarkctable�] sizc in stock ponds. Forcmost obiCCt�s e of fish

culture in stock ponds is production of inalalum quantity of ish through the most c�¶ ononlic
management rncasures.

Guiding principles in the rational management of stock ponds are the culture of sclected

quick growng species,increasing the natural carrying Capacity of the pond ihrough fert�a ization

and sup�� ementary fecding;raising of cornpatible species ha�Y ng complementary fecding habits;

optimnm utilization ofecological niches in a pond byjudicious stock mahipulation;maintenance

of water and soil quali�– �æand flsh health monitoring.

12�B7 STOCK POND SELECT10N AND MAINTENANCE

:Stock ponds are larger llnit areas of watcro Size and shapc oF stock ponds lnay vll�\
. B�X t it

is desirable that thc stock pond is lnorc thar O.5 hcctarc in arca and rcctangular in shape.ne

pond bottonl should be even lvlth gradu4i slope. �R�Rratcr dcpth should ordinarily bc about 2 1o

2.5 metres(minimun depth l.5 metres)�B �÷ he main criteria to be kept in mind whilc sclecting

the pond sitc are thO water retentive capacitv of the soil and an assured supply of water.

_   cOnservation ofpond embankments is a gcneral maintenance rncasure.If cracks are ioticed

theyi mvst:be repaired at Once. Excessive acluatic vegetiltion growing i1long the embankment

margin is t,bC COntroHcd.Trecs plantcd on the cntbiinkment shoul(i not obstruct sun light a1ld

air mOvement over the pond. Inict and outict facilitics of the pond are to�L bc clcancd regularly

and wcH prOtected.

Restoration of pond bottonl is cssential to improvc the physical, chernical and bio!ogicil!

condition of the soil. I)rying up of the pond increascs mincra!ization,removes obnoxious gascs

accumulated h mud,Icduccs and destroys the aluatiC Weeds and undcJrabl,orginisms and

ameliorates the pond sanitation.

Ploughing of the pond bottom ilnprlvcs scil COndition but it should not bc dccp as it burics

the fert�a e top laycr and brings up thc dcep stcrilc layer tO the surfacc. Ploughing�A vith 180�� C

"rnOVer of soil destroys the aquatic�A

�Weeds. Silting llp of thc pond occurs much faster if the

pond is sha110�¡ De�J lung of pond is essenti�x to the mttntain productivity.

12.7.l  Control of aquatic WVceds

Aquatic wceds are dcfined as thosc undcsirabie vcgctation�A vhich rcproducc and grow in

water and ifieft uncheckcd may c�g ke the watcr bo�y ly causing a scrious menacc to fish cultuic.

In�‰striOn of aquatic weeds(PiStia,EicLlornfa,Nymphca,Ir�K rilfa �¯ Pha,IPOrnea ctc)

roduCe the lsh production in pondsjust as thc weeds in agricultllral�u lelds decrease the yic:d of

cultivated crops�B

Control of aquatic wecd infestation could be done by manuaL mechanical, chemical and

bi61ogical methods.

Manual clearing of wceds is thc nlost common practicc�A vhere lalnour is chcap. lt is a sinlple,

traditional method and immediately effectivc in sma�a cr water bodics. It is carricd out by hand

picking,uprooting and cutting�A vith sickics. Ho�A vevcr,wccds removcd by this physical FnCthOd,

rcgenerat�v  fast and in decper watcr bodies it is clifficllit tt,clcar ali the wecds.
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Fig.9.2.Aqualc WCeds                    _

MCChanical�¡ lethods of weed clearing wcre tried Only on a limited�g ale in�¡ d�¸ :�¿ �Ł�\ �R
winche�A weed cutttng launches were tested in iarge water bodies Th�° �M�� bds aFe�y �@çq �ï .

�R micJ methods of aquatt wced con"d ifpropbttt�˚ ��n and used,proved to�· moFe
erective reliable and convenient�B                                              �E   �\J:�E :‘|

wattti�X �D�ç �Õ �| �í �c�� 1:�Ü �¿�Hl�� �d�ß�� �fl�í �¤ �Æ
dichlorophenoxy acetic acid).

A:ga:blooms and mats can be eFectively dcared by herbicid�� Simazine,at the ra�g Of ttrto
l pp�¡ 1,ard E)iuron at O.lto O.3 ppm.

MŒaå¥�Ü Ø[�� �£
�¡ larnentous aga.Grass carp(c ideri�¸ is the�¡ oSt ettCient nsh w�¶ �R cam açpdc m�R�fl

,Of

wceds.

màÕ �fl�ì äD âK l

creatin=high turbidity in pOnd water which Obst

WeedS aFe CiCared,foHow�]up maintenance is nec

�Œ�h
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12.7.2 �vradicatiOn oF unwant�à d nshes

Mahua ol cake applied at the ratt of 250 ppm(2500Kg per hectare metre)eradiCates Jl

the 6shes ap_d also serves as a fertiliar.Details of the nsh tOxicants were discuNtt in nursery

pond�Rnanagement       =      :                                   �A

12�B 7�B8 Liming ofthe pond8

Appllcation�E Of lime has�¥ �R d and m"urable action on the factors whlcll�� ntrol the

produ9Ø[on and ish hed�� �¡ ming the pond has an and�` ar�� �� action.�¡ destroys ttsh

parasites in tt water,�� ing decreases the acidic nature of soll and water�E and improves h

pH and alkalini�fl tO more�g sirable level.Dueto apph�¡ o�¡ OfHme,biolog�g al decalcincatiOn is

avoided,and prettn�g ofucient calcium ncutralttsthellamnll actiOn Ofmagnedum,sodium

and potasslum sal�P Liming improves release of the nuttnts,quickens the mineralizatio,of

organic lnatteF thuS improvlng the tta�b of fertilizers and reduces the danger of dissoived

owgen dencien�Ł�BPresen"oflime helps in nitrincatiOn of ammonium compoundS intO nitrites

and nitrates.Liming p,clpltates excessive organic matter suwended in the water,and it reduces

water turbidi�^ �E

H�˚ �›Ø‰�£ �d�ì l�§ �¥�Ù �í � F̂P�v�Ø �Õ ���Ô�N�K�I �ßruttdbr

�¡2�B 7�B 4  Pond ferti�¡ 3atiOn

ll�É production of plankton depends on tt quanti�fl of nutritive substan�å s avallable in

the presence of Hght and tempera�� reo Nittogen,phosphorous and potassium are the p�v mary

nutrlen�É h quantity of primary nutrients presentin the ponds vanes iom pond to pond and

in general they are found in minimum quantities.

h namre Of pond bOttom determines the productivity of pond.The nutritive substances

iH�E�E:�\ �s liZersi are absorbed by tte mud which liberates them gradually into water medium�B

Œ⁄ �Ò �_
�í 1�V æa çW �F ª� �e �P çW �F �C 1

Vdous organic manures and chemical(inorganic)fertiliZers are applied in pondtt Organlc

hanlr"commOnly used in ish culture are the catae dung,pig and poultry manuresp COmposts�E

green manure and gttvage.

12:7:5  Chemical fertilize"

ChemiCal fertilizeis are inorganic mateJals whiCh are ratheF of conc�v
ntrated natureo Com�]

�í �í :�ô �í 1�ß ª� �µ çW�Q�â F�Ł �S t�F �ô�M
�œ

"�R
’

I All m esse�¡ a nutrien�g are supplLd h the brm of dther orgm�g manures hdMduJ

ªN�´ �ïI�£ �� f�� �£ �~åÙ
r�¿ �v��1�ì
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12.7.C,.Stodin3�¡       ‘.�]  i11 �¡ 11    �E       �]             1 �¡        �¡1�E �¡�]

Ponds are generd�µ
"OCked��

â˜ ingerlings orsitt ian�v �Üg mm loo16 150 mm�B�x �ô

ranr Cantt smalLL%"�¤ inin,,providedtt�Ì
ttl�c ��:i�o :�Ł �Õ �Õ�E�æ,Ternlred�E �R�b k�� thy ingerlin�† ,ftte ttom ptta

mrigal(HypOph01�v�| �˚ t�� �� mOritFiXl,grass ca:

("p�› uS CarplD91                              :  .
Proper combinatiOn Ofttsh specieS in suitable numbersminimise the inter and intra�] �V c�ß �–

"mpetitionsallttngipFOper growthofall Species.Fish 

�Õ ccies andtOmbina10n a"�ß �_ idwend
m�AtheipubliQ�v emand,�\ ketabl�¡ �Œ preferred by the consume�A and the�mngth Of�h �k

�æ Od�E      ‘                                                �\  :    i :   : �EF

:  :,�E :.�] �E
:

12�B 7.7  Supplementary feeding                t             �E     ~ 1�]  i.,

pJttI�u â˜ �S �ç :f�fl �r �Û �ô �� �º �v �� �x �Ù

S��
�l �o ær h�Ì �° l�Ł �ø :��

emcicht utiliation oFnamra:foOd,unconsum�� supplernentary food in tum sewes�� Ø‰�� �¤ eL

It heips to grow ttsh to the dedred marketable weight.

�� �� �í :�� �à �å l�Ł �° II�� 1�Q �ó �ß r�¾ 1�Û �ß �D
feeds Ofanimal origin are the dried ishes,fresh and marine ishes,�¡ sh tteal,minced nleat �\ ood

meal,silk w�¡ pupac,crab�A snaliS CtCo Minerals and�� tamins are also add,|.    l f

�] Pä¿�µ atiOn ofFsupplementa7 feed distrlbutton are the enure quanti�Ł offeed must be�] �\
by�¡ 0�¡ shes before the mtttdistribution.Feed is to be distributed in tlle moFninghoursp and it�n

not to be broadcast over the entire water surface of pond.Fced may be placed in inarked qpot�A

ª� i�v �@J�ˆ �b �F��̃� :æa ���Ł�¾�£ �� �' :çW�CL�‰�| �o
algal blooms appear i�ß the ponds.

1218 HealthPiotecI�¡ ::  l   inttucs hLuttnge�Ó
�Ó�å�Þs�ì :Hi:te�fl äF�–�E�EWith the adoption of intensive far�¡ ling tec

�Ethere is every likeli�] hood Ofincreased incidence of health hazards to the cult�s ated nsIEs sin�å
large,scale mortaliw iS nol of common occurrence in carp ponds,it is bdieved that di"ase

prevalence is generJly low. However,recendy it is observed that stress factors and roun

handling are cauJng cdumnaHes d�R case in culØ[ ,ted Catts,wh�‰ lcan be pF�x ,"l by ttSing
antibiotics(peniCillin+streptomycin).

�• �I �˘ �E �� �x àˇ t�fl
�O�í �ò �í çW �V ª�

�ôrt from adopung prOphylactic"�b �¡ ent it iS
essentia tO check the heJthcondHons ofcJtwalel�¡ Sh,S as iequc,dy as posJ�\ %�V�ahe�ª m
taking up tilnely preventiveo           i   ’

12.7�B O  Harvesting

Complete harvesting every ycar is an ideal proposition. However,partia:harVesting is also

done in the stock ponds. It is feasible to raise two crops Of marketable nsh in a�¡ ycar,and it
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may be more�å onomical as this system can get the retums ofinvestment qu�£ �‚ :HoweVeF thiS

�b�¡ �Ø depend�¡ on thc avanl�V �V�ˇ :9�”
InFlingslound �V  ye�_  :  �u  .   :

’Harvesting of the�¡ shes are ttL�¶ tive,doneby repeated dFagicttn�˙  Complete�† Œ⁄ �J ng

may be carried ont by draining tl�º ,onR:In larger�� �E rgi�a Æí�Ú �Ú and�g �Ù m�Rs can b�¶ used
fOrl�q �' S,ng�E �¤ OWeVet harvsting in iarger ar

�V �»,prOblmspVrhib ttrfaC feclcsare�¸ l

�‘
ape�E It W�� ObServed that the conve�V nal g

column feedØD�� where as ttwi20,tO:40 percen

sameittmber Of haul�L prag�g t,th POCke�R 1

�g

bO�¡Om wewing Lhes :i l_   :   .   �]  .   1
Choosingthe dghttimeforharvestingthenshc�_ pensuresproperttnancial etum.hrebFe,

h�§ �� �Õ ing pFOgra�\ e is to be"gulated as pe�O �� market demang�B  . : ._

cttp nngerlings nomally attain�\ �¤le�] �¨

�g

weighing above one Kg�M thin ate Fª˜ �w ofæ« �¿�Œ

B7y adq�˚ ng wientinc managment techniquc�A �¡sh pFOttd�� �˚ .Of acntt410miK8.�� rikEl�¡ e

peF year�� th mttor lndian carps,about 2,900fl Kg per hectare per year with exotic �¿�b �R�í äF

‘and over lQ000 Kg per hectare per year by combined culture of lndian and exo�� c mps were

achieved in stock ponds�� th average surv�s al over 80 per cenl

ØÜ eck Your PrOgre,S          i

l�¡  PFedatOry  flsh��   Whth  tt�Z �� cxt€nsive damage'-,.to, carps

1�Ù �A. SUMMARY

Va�Ü ous aspett�à
’of lond ttanagement are d�µ �â ribed here:h ScL�˚ �` managemcnt Of

fOm,onds are described heFe WhiCh is very essendal for the proper develop�Q �Q :oft�� �¡ �Ł lture

met�L  It also�A dealt�Q h pFe�] S�� Ocking and St�å khg tchniques of mhes�E main�c Of

stocking ponds.et.                    �E

:�E �� �ç11�øŒtIP�V 61�V�V �V �V �À �Rharmtt �¯ u�V m�g
�R f�^ ||�g

Even eradication of unwanted aquatic weeds etc.is described here.

129. CHECK YOUR PROGRESS�]MODEL ANSWERS

,1. Channn,'r4labag Wailago, Claias'

12:10 MODEL EXAMINAT10N QUESiHONS

I.,Ans*er the following in about 3O lines'

l.Exptairrthepre.stockirtginanagementmeasuresi*nurseryponds.

2 Write about the supplementary feeding in nursery ponds'

3,. Describe the post-stocking management practices in rearing ponds.

4.Writeaboutthecontrolofaquaticweedsinstockponds

5. Girc an account of fertilization in stock ponds
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I=.�� �� :�µ �� åK
�b�£�� |�R å¥ �V l�¡ |�¡ li::|:f

�¡ �R .grOupSiof scien�¡ 19man�¿�� �ßttemiqucs�U fhn�¡
pOnds

2 St�å king of fry in rearing ponds�E ’t�¡ �¡ 1 
�E �]

3. Stock pond maintenance           i

t�µ �—ng�g the16h�Þ  1:   ~111
1_�� iCawing�› �¯ �z �º 10f the pondi  .

12�B 1l  GLOSSARY
:':l :. I . i

Acrid , "

Acrotric' ::..'
Algal bloom i'

j- i

Algicirp,*' 
I ': '

.l':. 
]:

Alkalinity , !

Allochthonous

Anaerobic

Anion

Antibodies

Aperttry

Autochthonous

Back wat0m :

_:: j.r:i;. "t.j:..:;
i:, : : .

Ber+ ".

Biotlali,,,,,

Brackish water

BroO4 s.h=,.,:,,,

Canpwe
-j- -i

Carrying capacity

Cation

Debility

Decalci

Bitter         .          .

I RwiFing�‡ �~
�E
�d i�E tO�h �˚ ntJn:i"prO_

�O�† �� �� �| �H
�E�` �Q �ł :�æ

�M   i:�M  �¡ 1�¡  =

rl=:  , :�L ,: :=:1

�]
1’�h �� ti l�] 1�r

�u

11

_1l�V �V�V�Œ�V�Vll�¡ .�¿ Cttd m mtet�r �ìa�ô

Due to outsid9 factoF�R  _:              =:._�� ::

NOt requ�g lg l,9 0Vgen 19�g �b On ttpirattn   _..1:

.],C1191V nettliVely urged ions

Pr9"�g �bdewleS �V the�Ł 9"WhiCh ttght the brte�W �M.�U i

i Carelessness:Ddl�¡   �E �]

Duc to wlthin factorsri   l�E _:                  �� ,�u  (1’  t

Settlementofse�¡ wttriEIth�… lowlying areas along ttt coFir:

arO�� :�g d by,tiges.�B F:�h apage km the Sea CcnterJ�l :J�Ü �]

salinity is Very high_

A narrow path madl,,ctwcen the ba"and the top�z
=1.

embankment.

�ò �g 1�V�u
1�» at,�V

l�˙

ngin a vter bOdy oTresld�¿ 11

�L
MixtuL 6r(�� içq t�· r�E ind‘�Ó �� wattr�s th a sali�˚ �Ł�Ö :�� f�E

than 30 parts per thorsardr ,

�x �^ J�fl ma�ßured:,shttespecniv�] fOr breeding in ttsh�b �J�c�b�q�O:�A

A continuous ttd]1lke�� enOskc:etal coveJng Of the
cepllalothorar t�¡ 1�E

::,�¡
i

The maximum quantity of,that any particular water body

algae‘i

can support over a"longperiod.

Electrical ly. positively.chargd ion.

Weakness

A process in whictr due to the uptake of carhondiuidc {b},.i,.i
plants) the equilibrium between calcium bicarbonatc and thc
pressur€ of carbon dioxide in water is destrolrcd, f4!tiltit[,,,]:
in the precipitatbn of,cdcium carbolrate.

â˜

1::�E �¡ ,I:

.:�E :Iif i

:.:1,:lil

::1,��
�]li(�¡ :
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Dccar_boxylation

Dcmersal

Diurnal

Drarght

Drip

Dyke

nrotogica nichc

Esturie , aivirgn:
ment ...,.. .. | .

Entropliscation

nOpOd�â

�x tic   
�] .

Famitative parasite

Fecundi�Ł    �E

Femginous

n::et il .�– ..

m Hir�v   :��

�˚ seed 
�M

Fivl.1�]
tJ�E �� 11

Clyerl�� ._
Cunwale

Hatcning�] . =

Ik�Q �à�Rdde

Herb�grous lsh

Hull

impounament

lnfections discNs

lnt-3m

��:TttL�x ?�� �k L�� �«�Û"S Cmonc�V
�c �˚ the bdtOmi�M �oso appl"d t6�å �� �a whi�g sillk�¤ the

bottom where they hatch    i

Pertaining t%day.

�_�`� l̆�º �b�� �Łlær �Õ �Ì
nsh Cau�o hL�N

�b
�g

�¡eeziJttSSuen�v
d6�¡ Om the m�V m rnutte duJng

Long ridge or embanlment�£          ��      .

��å� �[ �Ł�| â˜�¿�v�Q àÛ �£ �¿
ditrent ttographical ae"�F tt zooplanktophagic ctla
Cade in lngia anl Aristichthys�¡ Od�asin China

�¡ �¡ region where the�v �Rer enters into the"�à �Mth ttdJ
�Rmcmations of salini�^

dryland.

Outer basal podon of portion of prawn appendage.

Introdlced iorn abroad�B

PaFasidzing under certain circumstan�å s only.

:BreOdihg capaci�°
of a nsh Or prawn at a given lmO�fi �Be.nO:

of mature ctts presmt v7ith ovary at a given dme)�B

Contaminated with iron�B

�E
ªJ ipSiOfttesh out pardLi tO the backbone of the ishi

MasSM,rttid death of ish due to severd�g asbis mch as

ovgen defect inloW Of tO�˚ c"ts,intttions diseases etc.

nsh juveniles induding the hatchings,�I and ttngeJing

,tageS�E           �E

Advanced post iarval stage of ttsh before becoming adultS.

Es�g rs Of fatw acids and glycerOl.

upper edgo of a boat’s side.

�¡ h eaFly lÆ� a that emerges out of the ha�� �x�vng of the

fertili�g dew.

A chemical or other prOduCloseS any poisonous)uSed fOr
destroying weeds.

mfeeding an plants

‘The tame of a boat.

An artil�É ial body of water.Reservoin

Diseases caused by infection.

RefeJng to event or relationships which occur between in�]

dividuals of the diftrent species
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Intraspecifrc

Keelt'" ::' ::' ' 1

Lab lab

L.caching

L€sto*us "'

Nauplius

Osseous

Parameters

Perennial

Pereopods

PH

Phagocytize

Phytoplankton

Pleopods

Polymerization

Prophylactic

Raft

Ramming

Rancidity

Recruitment

Relatfirc condition

Saponification

Seapage

Siltatiar

Skimmcd

Sluice

Stacking

Stakes

Stocking rate

Stressors

Telson

�I �r �D �I PSWhiChmr"�ï.�‹

�ß
"Ær

ipasuppo�V:�V erbCated�] �Qlover10dOi

Bio16gicJ complà� com�ˇsl�â of dec�¡

�g "en and bluegreen algae‘protozoap bacteria and debituL

Washing out

Wounds

First is a series of larval phases in crustacea

Bony

Factors;aspects arecting

�p ounoutthe yea�¡

�¡ �É appendages of a prawn attached to the thoraclc�g Jon�B

Hydrogen ion cOncentradon�B

Absorb;eat

Free�¡ oaung micrOplants with cHorophyll wnthesizing

stenches in�g presence Of su�ï �Rt�E

The abdominal segments of a prawn on the ventral side.

A chemicallreactton which is capable of proceeding inden�E

nitely either by cOndensation or addition ofslnali molecules

and give a compound ofinlnite molecular weittt.

Precautionary

A neet of w00den legs.

Bcat down the soil with wboden or iron block ldthØ‰ .

Unpleasant odour.

Addition�] ofnew ttsh to the vuinerable popu!adon by growth

froln among smaller size categories.

Observed weight of ish or prawn dMled by cdcuhted
weight,obtaned�¡ Om Lngth Weight equatton.

Hydrolysis w an dkdi.

Lakage of yter through porous sand or rlu�–

Depogtton of ttnJ�Ł dMCed�MSedimen�A cOndsØ[�¡8 0f rock
and clay particle�Q

To clear ian any substance�¡ oating on tte m of a liquid.

A stmcture for impounding the water of a canal,neck et,
provided with a Juice gate by which the volum�� ofwater is
regulated.

Piled up in a regular form for kewing and o�¡ en hatched.

Strong pointed sticks dn�É n into tt ground as a pOst or
suppo�¡ .

Nulnber of nsh released for unit area

Adverse environmeIItal condition�B

T�[ E posterior most trilhgular part of the abdonlen in a
prawn�B
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Toxicity

Turbidity

Warpsing

Weir

Zooplankton

Irthal effecl:- : -

Water which is not.clear and into which light cannot pru
througtr.

Usage of long sopes for fi$ring

Wall or similar structure built across a river to control the
flovr of water.
Free floating microanimals, including small adult animats
and larval form of some of the adult aquatic animals
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UNIT�æ13 iFkLSHwATER AQ�àà� ULTm
SYSTEMS

Conterits

13.1. Objectives.

13.2i. Introduction

133. Composite Fish culntre System

73.4. IniegrateO Fish farming and Animal Hustandry systems

13.5. Fish cum Duck Culture

13.6. Fish cum Poultry CUlture

13.7. Fish cum Pig Culture

13.8. _Fish Culture cum Cattle Management

13.9. Fish Culture in Pacltly Fields

13.10. Fresh Water Prawn C\r:lture :

13.11. Air Breathing rish Culture

13.12. Techniques of Seed Production

13.13. Culture of air-breathing Fishes

73.14. Summary

13.15. Check Your Progress - Model Ansrers

13.16. Model Eramination Questions

13�B 1 0BJECTIVES

�g�g
�� :�� �I �£�ºçW�»�ä�ô�a�l�Ł�fi�q�‹�‡�� :�I �ø 1:�ì �G

Of ar�] breathing rlshes.SctntiFIc managenlent rleasures and p�_ ducttoniaspects�‚ the.�c
are descFibcd in deta�a .

13.2 1NTRODUCT10N

�NI�p �¿1�Ø �Ô�ô �~]�ì
�í �� �` �ƒ �M�pml�ø�G�fl
�ô �å �v�Q il�â �d�Œ�_�Ri�� �˚â |̃

�‡�÷ �å�ç�I �˛ �� 11�‚ �� �Õ�� ��1�BmJ�fl thrOugh mmpog�É âs̃lc�˚ "�A .
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�Œ�\

�\  ��Łc11�‚ ll�e �� �÷ �k�r å¶
ofbiogas plant sluny for nsh prOductiOno Advantagos ofrthe combined culture systems,number

Of bird�S animals,quantity of lnarture required end fiSh production potentia:ity or the recyCling
�E

rtemS are describedo Fish culture in paddy lciCSis an impoitant�] integFated�¡ sh cum aBriculture

systemo Essential requ�ˆ ements of paddy iclds t6 conduct ish culture,characteristic tatureS

suitable ibr culture in rice flelds,constraints to culture rlsh in paddy ttelds due to recent agrarian

practicesp and improved lsh�] paddy farrning�� �vthodologies are discussed. Freshwater prawn

culture is a recent practice.Giant freshwater prawn ifacrobracJlfum rosonbergii and lndian

ri�E verine prawn 14 marcorrnsonJ are the lwo most favoured species fOr farmhg purposesin lndia.

Breeding�E hatchery management,sced produttiln,culture systems�E and production pOtentia:ities

of the n�É shwater prawns are prescntedo Commerciall�\ impOFtant air�] brcathing ttshcs of lndia

are the murre:s,climbing perch,Singhi and magur. Techniques of their sced pFoduction and

culture systems are described.

13�B3 COMPOSITE FISH CULTURE SYSTEM

Freshwater pond fish culture has a long histOry in lndia and is traditiona�a y confined to the

states of region.In the traditiona:system,ponds are usually stOcked with indigenouS InaiOr Carps

CaJa(Catra catral,rOhu(Laboo rofliOI),m�˚ gJ(arrhhus mr�» �¤ dtherin spawn,fry or ea�V y

I�ü �� �{ �� �v �R �£ �ì çW
�� �˚ i�� å¢ �J �| åK �Ù

�› �í W�Ü�� �ì :�` �d �†�ƒ:�R

1�« 1:�] �› �Ł���ô �Ø�kH�Õ �H�Cestilnated to vary between 300 to 1000 Kg. pel

hectare.

CompoSite lsh culture system praC�g ced in lndih is a SynOnym of mullSpecies lsh cu:ture

followed in China,polyculture in Europe and usSR,and m�j ed lsh culture in Mediterranean

area�B �¡ Ough the conceptis the same,different ish species are cu:t�s ated in these count�v es.ln

lndia,both indigenous maior Carps and exOtic carps are stocked in various combina6ons.

�|�˘ 1�\ �î �a�Œ�å �Ô i�\ �å �T�r ��

�| �í�Ł�� l�P �Ø:Æ�
1Łâ

replenishment for increased productiOn�B                                 �A

�h� IW�Ù Œ�I�¸ �…��
wth performance of each specics�B

1�à �ø�r �í �I �P
il�í

�R:àp �¿1�I
t�í

�Ł�í �º�¤�I �� �íil�í
frOm 4,1231610,302 Kg per heCtare�E

     �¨ :1lI[lllili1lillll}IIIlil

i           �¡06
�R

�u�E ’�Ø
��

’�¡

fl:11�¡ �E ���¡
k
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1,000 Kg per hectare on the basls of soil pH. Periodical application of lime in compositc fish
culture ponds 1.6 1s 6nnsiderable improvement of the soil and water quality and pgnd sanitatlxr.

A necesary prerequisite in composite fish culture system is the fertilizadon of ponds with
organic manures and chemical fertilizers. Most commonly used organic manure is the cattle
dung Adequate quantity of cattle dung is adjusted depending on the status of organic carbon
in pond soil. If organic carbon level in the soil is low (below 1 per cent) a total quantity of 25. to
30 tonnes of cattle dung is required and if it is above 2 percent about 10 to 15 tonnes of cattle
dung is to be applied.

The first instalment of cattle dung should be 1/6th of the total quantity anil the rcmalning
is to be applied in 10 equal monthly instalments. The first instalment mry be broadcast in the
pond about 15 days prioi to stocking with fingerlings.

Chemical fertilizers such as urea, ammonium sulphate, single or triple quperphosphate and
muriate of fotash are applied in the ponds. The combination of N: P: K- 18: 8 i 4 at thc ratc
of 500 to 750 Kg per hectare per year is generally recommended,

Chemical fertilizers are applied in the pond in equal monthly instalments alternating with
organic manure at 15 days interval. Fertilization is to be stopped temporarily whencver alg4l
blooms persisted in the pond during summer months.

Fish species found to be most efficient in the composite fish culture system are thc Indian
major carps, catla, rohu, mrigal, the Chinese silver carp, grass carp and Indonesian strain of
common carp. Feeding habits of these species are as follows:

9tl-",,,"nd-sitver carp are both surface feeders, but while the former feeds mainly on
zooplankfon, the latter.feeds predominantly on phytoplankton. Rohu is largely a aolumn f""Aet
and its diet comprises a wide variety of algal forms as well as decaying mairovegetation. Cras
ca.-P is a voraeious feeder on-certain tlpesof aquatic macrovegeiati6n and teiegtript.gasscs
wfuch are commonly used as fodder foiiattle. Migal is a Uotto=m dweller.oU.lrtini hainly on
semi'decayed vegetable matter and detritus. Common carp is an omilivorou, r.uo"ngir i.nri.rrvfeeding on the bottom or at the pond margins. Fingerlings of 100 mm size are st;k;J iliil;
composite fish culture system.

In composite fish culture system, carps are stocked generally in threc tlpes of combinatigns
viz., culture of Indian major carps, catl4 r9!u 

-and 
mriial, culiure or.xoiig-..rpr;-s-t1,.t r.rp,

grass carp and common carp, and culfure of Indian major carps exotic carps together.
Culture of Indian major carps alone is an age-old practice in the country and cag4 rohuand mrilal are.reported to be siocked commont-y in ttri-ratio 13:4,42323or3:4:3 respoctively

at a total stocking density 3,000 to 3,500 fingerlings per hectare resulted in obtaininiimprorrca
fish yield. compositecutture of exotic carpJvir., i-i11ir .1rn, .rrp, gm., carp and common cupin the ratios 4:2:3 or 3:1:2 respectively at tot"t rioot<irg a.rritytis,700 to 5,000 fingerlings pcrhectare indicated density of 3,700.,to-5,000 fingerringr-p.r rriit* inai..t ;T;h;;p.dpcgonpotentiality of exotic aarps than the Indian ..p, .rfo.. 

vs ,rsr'vr vr! 
:

Supplementaty fTging is-an importalrt.management measure in the composite-fish culturesystem to maximise fish production. Ricetrran ind oit ."ie "i-rit1ligririiiir'-flt*rooconstitured the suppremenraiy feed, which is given aairi to irre 6.h;. il i;i;.ffiyffi;;at the rate of 1 to 2.p9rce.nt bgdy weight oi ttn ri*i"t .r* The quantity and, frequencyof supplementary feed ,: gtgtlg 
"..oriing 

to the fish requirements, their Browth and *atercondition' Aquatic weed .Eydn?Ia, chara, L-"y, currto6yniiand terrestrial fodder $as$cssuch as lucerne, napier and para giasses 
"r. 

r.o i6 gtr#;ddy according to the consumptionby the fishes' Keeping thc weeoiand grasses on bimboo pr.troim fxed in the pond improrcdthe feeding ratb of grass carp. r'-r'vr'rrD rhws [r urs Pultu ttr

composite fish culture of Indian major carps alone has yielded fish production at the ratc of2'193 to 2,975k<gper hectare per year tiittr 
" 

ma:rimum of s,silKg per hectare per 16 months
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By orlturing cxotic carps alorrc fish production ranging trcrrn 2,9W to 32Yl Kg per heetarc pr
,,car was obtained.

Composite fish culture system of Indian and exotic carps together has resulted in achbving
anmral fish yield from 29fi1 to 4,200 Kg per hectare, even in the earliest year of experimentation.

Adaptation of intensive pond management measures have led to the gfadtral irtcrease in fish
yield from 6,053 to 9,389 Kg per hectare per year.

Utitization of carp fry as.stocking material at high densities of 8,000 to 1O000 numbers per

hectare, record fish pioduction rates to 20,194 to 10,677 Kg per hectate per year were achieved.

Annual costs and returns of a traditional Fish Culture Operation

Costs:
Pond rental
Pond PreParation
Seed (7,500 - 1,0000 iry)
Harvesting charges 

Totar cost
Retrrrns ;

Yield at 1,000 Kg Per hectare

Gros income at Rs. 9 Per Kg
Gross farm business income
Ratio of business income to Gross income

Rs.

2,000

1,000

3,000

600

6:600

9,000

2�g ��

26.6%

àı �Ý:1�� �ª !�Ł �ï .�Ò
�o

13�B4 1NTEGRATED FISH FARMING AND ANIMAL HUSBANDRY
SYSTEMS                   �A

135 FISH CUM DUCK CVLTURE

Integrated systems are idealfor location in rural are�¤
and easicr fOr the farmers to understand

��rnent and inCOnle fOr the fanllly.

�P�� �[ �œ:�ø �` �ds�Ó �E �Ñ �{ �í�R��:�Œ���¶�L :�ƒ �hçW
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ä¿�xL Thisprol�¡ otespro�¡ tableutilizalon ofnatural food produced in the pond and also elinlinates

organisms likely to bc harmmi tO the cultivated�d �� .Constant�¡ ovement of ducks causes wa�à �¿

aeration.Regular disturbance of pond substrate by duck while feeding helps nutrient release

forlll bottonl soil thus impronng the nutnent content of the nrater inedium.

.DuckcultuFe On iSh pondsisin synchronizatonwith tt ecological con�g pt ofcompodte ish

CultuFe,�n tem�E Ducks occup51ng the umtHized pond water suFace,act as’�Z lanurial machincs"

ferlliang th whde pottd attas COnimctlJ�� Rdease of mlnVre J1 0Ver t�g pOnd bylduCkS

saveS expenditure Ott labour.                   :

Ducks eat the slnaller ishes,Generally wcaking ducks must be kepl o�Ł nursew ponds and
rearing ponds where the ish are sntalleF than 4 g.IIIowevcr,Flngerlings above 5 to 10 g can easily

ette�¡ 0�¡ ll the ducks,Becalse of the ttsh feeding hab�¡ of ducIKs,tlle pOpulation of unwanted

weed�˚ �¨ sin stock ponos can be citct�s ely cOntrolled.

�e�„ �N�£�C�D �� �ŁI�– �] ::�[ ttiabiltt�v �u
dd�˚ �¤Oa ney�l J"�u �Bvided

ks are generttly iec iom partttes and discases

Duck�angs oft�p 2weck age group can be rdeased in the l�R ponds ttc=�w aduJ adapta,on
to Hfe on thc watero Ducks commencc egg iaying in about 6 to 7 monttt of age�B �÷ hcy are
albWed free movement o17er the pond sur�¸ ce during day time.In tte nittt ttme,they arc housed

in silnple protective strucrares Of split bamboo,c�E OnStructed on porld embankments Floating
housing structures have�¡ lso becn tried.1lo�¶ �⁄ ng stnctures should bc weli ventilated,ciean and

�s �¿�x11Łâ1�� �i�w�R �Nªàlttif�¾
�Y�í�` �� �§�ì �F�Õ

�zck]�¡ anurc incrcascs prOductiOn of natural ttsh
food organisms and some flshes v�Ü [l ai�« �q iced rfirectiy on th�¶ dllck dFCppings.

�Ù �öŒ⁄�A�`�fl�| �ç�M�ç1�� �fi��̃��Ì [�[ ���|
dStS 10C�v :��

13�B6 FISH CUM PouLTRY CULTURE

Uttli2ation Of poultry manure in isll cuiture is a reccttt prttcticc.�fi 0�å pes Of methods are
adopted in rewding the pouitry rrlanure for ish�¸

�uming.Thc ilst mct1lod is tO cO:le{�z i the

�å �O Ø˛ �Ü a�˘
�À �P �£ ��

and�˚ �¤bdng hc�g ag�• �Sy adopted these days at

�u�äTbæx 1�� T�´ :�T �� �í �v1�` ittr�‚ �ŁrSman�æ�g�ß�e̊d�å �Bm�Ung may Cau�£

�§�˜ �z�í �ð
t500i�` :�Q :�D�D �I���Ł�ô �“� �̌í� :̊�I ���Ł�y:LI�`

�˛ �Ò
�å���É ���í �o �F �F i�—Æíª� �I �I �� �Ø

�î �� ª� �� |�x �DItt�v
�x�fillttil�n �� �E Łc II�N :
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13�B7 FISH CUM PIG GULTURE

The systems of fish cum pig farming developed recently in India has opened up a new horizon
of increased animal protein production at low cost and it proved to be an efficient means of animal
waste utilization, saving chemical fertilizers and supplementary feeds. Pig manure contains 3.7
percent nitrogen, 3.3% phosphorus (P2O5) and 0.4 percent potash (KZO).

It is estimated that each pig voids about 550 to 600 Kg manure in a year, and therefore
about 35 to 40 pigs would be sufficient for one hectare of water area.

In Kolleru lake area of Andhra Pradesh, fish farmers are utilizing pig manure collected from
government pig farms for carp culture in tanks. Pig manure applied at the rate of 5,000 I(g to
10,000 Kg per hectare per year in instalments has considerably improved the fish production

from tanks.

Combined fish-pig farming as a special significance as it can improve the socio-economic

status of tribal community who traditionally rear pigs.

13�B8 FISH CULTURE CUM CATrLE MANAGEMENT

Utilsation ofcattre dung in fsh curture

Application of cattle dung to rear flsh has been a traditional practice in ln‘ia and is sti�a

being continued as a nlaJor source of nutrient,lbr aquaculture. For ish seed nursery ponds,

raw cattle dung is genera�a y considered to be the best.

A short term experiment,by manuring the pond l�� th raw cattle dung alone,�� �ï out any

fertilizers and supplementary feed resulted in fish production 535 Kg per hectare per 90 days

Long term experiments yielded FIsh production corresponding to l,350 to l,986 Kg per hectare�]
�Rin ll t0 12 months.

Utilisation oFcattre Farmyard Wastes h fsh curture

Cattle farm yard wastes comprising the‘solid wastes’and‘liquid wasteg,is perhaps the most

valuable and extens�s ely available organic matter in the rural sectOr of lndia.nough its crop
emorial,�¡ sh production potentiality Of the cattle

:y�i :1lLI�� 11�F�¯W�fl�÷�î�� �fl
only.

luo�â
isatiOn of biogas PIant Jurry in fsh Cu10ure

tis.

�N�' �à
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EystenL Slurry of the manure is not only ridr in i6 mthnq birti(dco innocuous and odorlcrE,
ftcc from the flies and othcfi sources of infection.
' There is a growing interest and emphasis on the fertilizer vzlue of the digcsted shrty, and

it has cven been suggested that biogas plant slurry is rich in humus amd contdins thc nuficn6
in available form. Slurry has a high rate of nitrogen and Phosphorus release. Slurry creates
less acidic condifion and its biological demand of oxygen is less than that of cattle dung Slurry
application improves the soil structure. In water medfum it anhances zooplankton production

Prelirninary e,:rperiment conducted by draining'tlr slurry wcryday ftom a ggbar gne plant
into a fish pond of 0.15 hectarc area, and stockcd with fry of catlq rohu, mngal,,rilvcr, carp,
grass carp and common carp at a density of ff00 numbers per hcctarc, result€d in total frdl
crop.ot.762 KS ft9qthe pond in 11 months orlture period. This cqpcrimcnt indicatcs thc high
production potentialig of the system.

It was observed that fish produced through rccycling of organic menurc is more hcalflry and
has less fat accupulation.

, Rccycling systems requlre effective managcmcnt One of thc proilems is the dlffcuty'ln
balancing thc expertise needed in fish and animal husbandry. Overconcentration; r* system

. The monitoring of dissolved oxygen level in pond water is absolutely essential whcn thc
interrated y-ste_ms are adoptcd. Bcesive mry3rint caus€s water po[ution. ft r.piOii ;;;;;;;
o4gen lwel in the water, produces toxic gases iike ammonia often leading to nsrr *iis. iJpric.uon
of manure shoutd be reeulated according to the disolved oryge, 1gt,A;hi.il;J;d';;ddi;i
for a rapid growth of fishes.

Animal excreta is a potentiat sourcc of infection. However titt now no scrious hcatth trizarAs
were noticed. F\rrther it was obsgrved that the fermentation of th, ;*r;;il bl;fi;ffiffij;
and destroys even the hardest eggs ofparasites.

13.9 FISH cuLTURE IN PADDY �fi ELDS

�I �í miFØD�ï �ß�‚1�� :�q
�Õ �ô �v�¾ �O�É�[ �ì

a year can provide additiOnd crOp Of�¡ sh tO thefarmer,withOut decreagng paddy productton.
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Brackishwater tth and pr‘�a ms are cuk�s a"d cxtensively in paddy feldsin Kerala and West

Bengal. In Kerala,more than 5,000 hectares Of tidal s�Y 3pt Jngie crT paddy ttelds in the

r�� �Õ ]1,1�ƒ �† lTT�c �Ô il�Ł �µ

�Ö ttrlshc�R
�g

.�¡ c"�� ds�b �V c�x ed

l,addI�u hstS fOr aboul four molths mP�‰ =June

to OctobeL After harVesting the paddl stumps�‰ �Ó ain�¡ 6�« ing and coJttbute:Fich nutric,ts to

the environmen�m It is in tllis condition that the neld is prepaFd for brttShWateF praWn and

m culture by strenttni6g the bundhs ar6und the�¡ d�– Swarms of posaarvac�‚ ,pr�| �¤ that

enter into the ttelds along wlth the water current are rctained there for the next few moithS

for growth Prawn and nsh crop is harvested by draining the water throu:�@ the duices ltted

with contJ bag ne�É PF�\ Penacus hdicus3 1retapenaeus dObsonf,�H mon�E�q ,endfShCS
t�B ,COntrlbute to thc c�Ü �| �¤:�E Praw,pFOduC6o,.�R

�u
�� �R�fl �£�` �R�˘ �¸ ªp

�� per�¡ CtaFl.:�] �\ �¡ |.�¡

�Õ �� çW�g �D:�V Łr
thcatch�ˆ �Ü irFigated iFimi�R �V

=�x
��å¥

�í ŒA�z �' �Q�w�¸ �Dl�ð �¿
�V�à �Ú�ï :�k �I�� �i �� �æ���Õ �` �r ��i�x �Õ �ä�fi �í ll�y �V:

colection ofitS Sced tom paddy flelds�\ tS in�b �ô �—BCngal.            :

�‡�N�b�Ø �£�� �O
iS CLlitiVatcd at prcserlt�B

1�¡ 10 FRESH WATER PRA�[ CULTURE

species of the freshwater pra-v,m genus Macrobiacijrtni are distributed throughout tlre world

and over r00 species are knowtt to exist. In India abouiS0 species are arrailable' Ampng them'

the glant tr"rtw.t"r pru*n , Ua*roy*1iu,* ,i^l*t*sonii are the rw-o most fpvoured npecies for

farming purposes ir.;# ;;";ry Traditional culh:re of fre-rhivater prawn$ exists, qr a limited

scale in lorrrlyrng apas, padCy nelas, ponJs and tanks' Freshwater pralvns are vegy popular'

;;;;t;roo |rice, and also have high extrrort value'

M. rosenbergiiis considsed as the most suitable ptawn for freshwater farming in ponds' It

occurs commonly i;;;;i tn" ,ir.t r.i.t, iirigation canals as well as eshtaries in India' It is

omnivorous ano oieiincrudes insects, ,rgrq'd;, seeds, small motluscs and crustaceans,'flesh

of fish and other -i.orr. It readily di:fiilernentaryfeeds consisting plant and anirnal

lxoducts It can 
"lr" 

b" cannitraiistic. I;.;;tergii is a fast'growlng species and attains a

maxinnrm length oiloo to 3z0mm. Male pr"*r .rJ"onsiderably longer tlran ttp fernales

Mxtobtachiurnmalcolmsmiiisanendemicspeciesoflndiaandismostcolllllroninriverq
lakes., irrigation ."n"i. .nJ e$uaries or p"ninnitrr India. it comprises the only freshwater

ttz
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�� 1�� �ö�Ù �`�í �í i�N �× �«�£�� |:�´ �Ptheiseal11�¡ �¡Ø‰�Ù �å )IIsorlil is�S .lenthiphagic om:

mJes:attain c6nsidcFably larger sizc.

~SpaWning of ir r�g

"b9Ji takes place in,the gradient zones of estuaric�R
The young post�E

�[ �T�ª �í �æ1:�� �E�] �� �Q:�M�x1�x �b�r
�H rOSenbeigif sced are not abund4nt h lature.Hencc�É chniq�� �Þ of seed production�¿

indooF hatchery has becn developed. :

I�fl �P n�Ü �…l�� R�ø �� f�� �à ::�˘ �˛ �� �` f�ˇ �Ó
:�ø

�� �í �� :�l
:�^

àY�� ated‘by�� goFOuS mOvements Of the abdominJ appendages   i

l:�v h one or two nints.�¡ �¡c�¡ �¡shwater prawn

swimiactivelyltail Flist,Ventral side upperinKtttl

are eleven micFOSCOplcally distinctistages during

he irst stage larva isjust �Ylder 2 mm iong end

Ø[LarvJ rOa�v ng�M the most�E 9rittJ Phasc in the

l�M �¸ a�¢ �o m.�¡ lf�q �É ShWaterprawn hatchew�¡ �Nmally require‘a coast��
jt With abundant

supp�Ł 6ficshwatcn Thc�¡ ltChew WStem Centres aFOund thelaFV�å .rearingittntt Tanks made

�Ò ��
In the freshWater pFaWn hatchery system developed indige�¡ ouslyfOr�H rlosenbttgiithe la�W ac

aretreared in 200�� toi500�¡ RPt tanks._The lattac are reared at a stocking dendty:o1250"

Htre:initiaHytand 20 t0 40 per litre durittg the ndvanced stages.Sca water agedtand�E diluted to

12t014 ppt,salinity iS u�K d br rea�v ng the larvac.Opttmum temperature for su�˝ slttl rearing

is observed lo abollt 28�� Ci Continuous acration of water is carried out to maintain dissolved

oxyge�¡ :cvel above 4 ppm.

DifferentstagesJprawniarvacareexclusivelyfedwithmiIFedtubittcidwormS,supplemalted

With bFine Shrimp(Ai�˙ emi�¤ nauplil Rcarihg tanks are cleaned daily,and partia1 0r complete

change,fwater is carricd.Larval developmentisicomp!c"d in 30 t9 45 days when thc advanced

�� rVaC meta�� 0�@hOw into post�] h�Wae.whth�¿

�w

aduJw aCClimatized t,fre�¡ �¡ter..

��Fost�µ larvaciFeSehble miniature adul[prawns and in the natural e�æ �˚ ment,post�] I�\
begintOmigratcupstFeam intofreshwaterconditionçq thin oncortwoweckSafteFmetalnorphosis

Theyllre:lble lo SWim against water currentsi Crawi at the shallow edges of rlivers and clinb

verticalisurfaceti     :                                                                 :

�º�‹ªd � ]̆Ill�Ó �� I�‚ nSyl�fl 1�B�Üi:�I r�M�¸ l�› ���w
:�í ��

�w �Ü s�� ���¶ i�T �C �ð Œ⁄�‰�Õ�Ø .

Muddy or clayey substrata are undetailed. Gro�A ��th of aquatic vegetation along the pond bund

only is a�a ow�Þ d to rrlinimise cmbankment erosion and to pro�� de food and habitat fortlle pFaWnS
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M�uosenbergii juven�a es of 20 t6 60 mm Jze are stocked in the ponds preferably duåK ng
morning hours aler gradual ��̇KElimatization,Stocking densities norma�a y adapted ar1 25,000 to

3Q000juVenibs perhectarewhthcanbe increased to 50,000 per hectare depending on the water

supply. Higher stocking rates of about 2,00,000 per hectare also fo�a owed in some countries on

the baSiS Of culture system adooted‘

Supp:ementary feeds such as brOken rice,minced meat of l�¡ o�a uscs shrimp�A oF traSh nsh,

tapiOca and oHcake are fed to the prawns dJ�fl �BThe feed is ttptin the pots provided in the pond.

On the basis of nutritional requirements of the prawn,compounded diets are being,repaFed

and�Aused in various colmtries.

HedthyjuveniLsofittmtt�_ fttonJOf30to50mminJzecdhc�gd iom JveJne resources

are stocked in the ponds�E atter removal of predatory Flshes and lilningo Stocking densities of

20,000 to 30,000 juveniies per hectare are considered as optimum�B

M marcormonJ is cultivated by adopting either batch culture or continuous culture�J �É m.
Batcll culture techniquc is to stock the pond,allow the prawns to grow unt�a the average market

size is achieved and then harvest the whole crOp.COntinuous culture wstem consistS Of Stocking

the pond once or twice a year at higher densities and harvesting ofmarket size prawns at reguiar

intervals

Low cost Supplementary feeds such as broken rice,rice bran,llninced,Incat of apple snail

(Pifa grObOsa),trash ish,�¡ sh meal are usedo F�å ding rates are generJ�Ł ranged betten 5 and

�a:�l �—�� �[ �º�P�N�Ł1�§�� �q�� �I f�I �l :�ç :MS�Ó �v
m�B���b

Mmoculm�g�†1�¡ rOsOnbergii�] �¡rying s�ß

I�í �Ì �� �V�wi�u p�� �ó�d ::l�Ł577 to 606 Kg per hectare in four months grow

�ß �| �Ì�� �' çW �í :�� �¿fl�ô
CarpS Stockd�ˇ h ttns reached

hc�£ 1lC�¤ �P�Ü�Æ�I �T
r�F

�� Œ⁄æa �Ł���v mi�Ł 1�Õ it�ß �˝
�I �Ó �fl�S�æWttl�í �‹ :�Ł �·:�à �˙�µittrittI�H :1�x �ç çW1�ì �˘à�
â �̃Ý �F�' �� �i �fl�Ì �dça mf�Ù �˛T:�y �Ø :1�y �ì�ß�º�� �À 7
1hrough polyculture tttem,unexploited ecological niches in the pond can be pro�¡ tably ut�a i�g d�B

�d�Amarcor3�Bn�Ł is Observed to be compatible with lndian lnaJOr carps catia,and rohu wh�a e its

growth rate and surv�s J are adverse�µ arected by exodc grass carp and common carp.

13�B1l AIR�E BREATHING FISH CULTURE

Commercially important air-breathing fishes of India are the murrels (Channa marulia,

C.striata, C.punctati), climbing perch or Koi (Anabas testudineus), singhi (Eeteropneustes
. fcsilid, magUr (Claias batrac}us), and featherbacks (Aiotopterus chitala, N. notopterus). These

species, besides breathing through gills, are also able to take in atmospheric air directly and respire

b:y.""n. of accessory rJspiratory organs. By virtue of aerial respiratidn and other physiological

adaptations, they thrive under extremely adverse environments of derelict and fallow water bodies

such as swamps and weedy marshes where dissolved oxygen level is low and free carbondioxide

content is high. Owing to their ability to live out of water, these fishes are marketed in live

state, hence they are also known as "live fishes". Air- breathing fishes formed a major capture

frshery from wild waters and they account for 15 percent of country's total marketable surplus

of inland fish.

Air-breathing fishcs are highly esteemed as food fishes for their flavour, taste, fewer bony

etements and command higher price than carps in many states of India. They have high protein,
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hinlFmttdl�ƒ Ø‰�Yonnt:anahenwareh_for�ˇ �ærnuâ˜ �É i�o �¢
�g

æme andthcapmac

i�b �µ �o�� lond‘�w 1�É om�\d4�Ł ,�‰�˚ �˝
"dtt during convalemnce.It is�r

�R�q ªY
theSe FeaSOns that thounsthw ttB caught Jongçq Ø[ other iSh�A thw are di�ª layed�\ an

n�º �O �g �L�fl çW�D �x
�N

�y�Ł�x�í i�˚ �¿the matenal.Th�¤ is another reason for ther p(

Murreis or snttmads OccuF abundandy throughout lndia and they inhabit tanL lake�A

rewlvol�¡ and rives Giant murrel,Channa maruri3�À riped lnurrel Cs�g �R

�g

and�� �r �¨ d
murrel;CFunctata are found to be witable�ì r culture.Adult ishes are t"id�Ł

�cand are dso mmMttL Anabast�] Oudineus�¤ v7idely distributed throughout th c�\ w�j
�˚ is a delictt to the COnsunhers in�¡ orth�] eastem reglon of lndia�B �¡ he�¡ sh is we�a k�¡ ovmibr

its capag�Ł 10 Walk over land during raitt Feteropneugttg Fosil�¤ occursin LshwateF Wamps

and tanks throughout lndia and is best known for its nutritive and restorative qudities a�i

batrttus occurs in iesh and brackishwater areas th�] oughout the cou,try.N�� loPo�¿

�g

ftara

iª� �� �•11�ç IW:�Ø�¡�æ�Õ i�h
�M""�J S ttd�Ł g�Q�R

�µ
�à

13.12 TECHNIQUES OF SEED PRODUCTION

Air�] breathing nshes generally breed in lowJying inundated areasp paddy tteld�A wamps�E

ponds,tanks,h�Æ s,re"rvoirs tt we�a �à m Fi�g �h�E Breedmg wason nomJ�flcdndd�g �M�˚

�I �Ý�F çWlçW �§ �I �w�V �v�I �â�a�æ�§   1.
Commercially important murrels Channa maruria,(�¡ 30J80a and apunctata breed in con�E

rlned waters and the spawn of�› �Ł of murrels occur in sha1low rain ttled pu‘dle�T ditChes and in

seasonal or perennial tanks.The giant murreis,Cmarutt breeds throughout the ycar v7ith peak

,CriOd immediately preceding,nd during monsoon months.apunctata breeds�¡ om April to

�í �`I�Ł 11�Õ �� �øT�À �í �¶�íTl�` �Ct�æ �à �Ó :æi :à� çW�O
lemon ye11�Bw�� th black bands in the case ol apunctata and orange yellow longitdind band

On e�Nh Side ofthe body in CmaruL,help in locattng and idendttng thC"ed.ColleCtiOn of

�X�l1�£ �� ���� �I T�å ��::�� :�Ł �o�¨ ���x�ìi�ø �� �R�Ñ �« W�O
he�¢ Of dOth net and��

�g
�Ł taking them out�� th a quick haul�B

Induced breeding of murrels is conducted by inieCting homogen�R ed carp pituitav gland�ß

Dosage requiFed fOr�c
"s,�R

Ispawning range from 80 to 120 mg per Kg body weightt�— femal�j

and 15 to 40 mg per Kg body weightto mJe�B .Aier spawmng eggs are transferred to plastic

basins.Continuous dripping of water into the basin helps lolobtain high suFViVal of developing

embryOso Period ofegg incubatiott vary between 24 and 26 hOurS in cmarur�¸ ,45 and 55 hours

’�[ �¢�I �` lT�C�E �¡�¡  �E �¡�¡ �¡
=ldepth ofwater ndt exceeding 25 cmo Zoop:ank�E

ton such as rotifers and’cladocerons are provided as food for them for 8 to 10 days.Thr�\

the young ones are transferred to cement dstems for mrther raring.

The dimbing perCh,4�¡ abas testudineus,generJly bFeecs onCe�g a year�] bOtween May and
October,and its fry are best retrieved by using smali mesh cast nets.It has bcen oæk �¡ obttFVed

that Anabas mlgrates into preparcd carp nurseries and breed there. 1’is possible tO harve�N

�› out 2,000 to 4,000"frOm such pcndso Anabas can be caJw induced to breed thrqugh

mT�í�å :�í ���‚i�c �‚:F�‹�wL�Œ��T�É F�£ �� 1�í �º�i :�w �¨ �]�� �ô
to the lnale is necessary.Incubation peJod is 18 to 20 holirs.
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Tlle newly hatched:aFVaC OftAnabas,arevery smal1 1�B 9mmi�æsiz6�R �' are susceptiblelo a�ƒ �É k
�Aby zooplankton CycfoF.Hatchlingsaredtpendc�¡ lon ninuteorgani�¤ äM suchas pFOt020anS fOr

tlleirfood.At 5 mm Size,they�g n feed On rotifeFSand SmallciadOcttn�Ô �¡ :li t i   : ::

:�æ�P���ìLttlttt:�d ::�Õ llF�˜ �v�zä¿�� �P1�� �ø�fiŒa�ï ::i�Œ
scason at short intervals. Eggs are round,adhesive and grecn in t61our. The seed of�P �fi
are co�a �å ted by placing earthern pitchers in the natural habitat.�� Łc was Sum���R ::y bred

through llypophysation and dsage generJly recommended is 10 to 20 mg carp pituita�° glands

Fer 100 g ofthe body weight ofthe females=It isifound that spawn suwival and growth is bctter
when water depth is be:ow 50cm.Hatchling pFCferS to feed on protoz7oanS patticularly ciliate�A

tWhen the fry are more than 15 days old and about 40 mm in iength cement cisterns at a de�J
�ç

Of 1500 numbers per sq.mcter.Water depth in the cement cistern is maintained below 45 cm

iOvel.    :   .      ,�E                        :               ,

.�§ ª� c�˚ �Ó �÷ :�� ittCit:�æ �I
S�í

11:1�P �{ äF�§ J�� �í Ł„3;�y 1:I:�Ù �o �ß
prc�‰rs paddy ndd for brecdhgo The young oncc are Jso cd�‰ ct�v d bytting up traps atthe 6u�a �v�R
of paddy ttelds. Cfari�§ was successhily brcd by�A both homop�� tic and hetOropletic Pit�X �¡ary

�� tract inicCtiOns.A�Ô ngic masJve dosc of�˚ �Sor Carp pituitary giaid at the rate�E of loo�E to 150
mg per Kg body weight ofrecipients has proved quite satisfactory.Low suFViVa:ofthe dcveloping

eggs and hatchlings is the maiOr prOblem encountered.Howcver,breeding of magur in paddy

æuelds has given encouraging resuits.

The feather backs N�˝ t�µ terus�˚ f�˙ ttfa and�H [�¡ oOoptertls breed in conttncd watCrs during

monsoon.Fertilized cggs are demcrsa and adhesive in naturc.HatChi�ß g takes p:ace after nille

days under normal conditions.

13.13 CULTURE OF AIR�]BREATHING FISHES

Murrel culrure was attempted for the first time at Sunkesula fish farm (Andhra Pradesh),
and later on followed at Hyderabad and Bombay. It was observed that the murrels prefer to
feed on soft bodied forage tish such as minnows and it has been suggested that before releasing
the murrel fingerlings of 70 to 100 mm size, stock ponds arc to be prepared two to three months
earlier by introducing forage fishes and allowing only marginal weeds to harbour aquatic insects.

In Karnataka open storl:ing of srvamps with C.nrarrrlia has resulted in a production of 2,000
Kg per hectare per year ariti with C.striata production as much as 895 Kg. per hectare per
year was obtained. Murrels have fed on self-generating stocking of minnows and other trash
fishes Open stocking of murrels Clarrra nanilia and C striata in swampy derelict pond gave a
production of 2,600 Kg per hectare per year without fertilizaiion.

Recent studies in Andhra Pradesh on pond culture indicated that supplementary feeding is

esSential in murrel cutturc, Conventional supplementary feeds of plant origin (such as rice bran

and oil cake) are not acceptable to murrels, and animal protein in the form of flesh promotes
'gbod grbwth as well as survival of mttrrels.

Murrel culture is a shalloiv rvater culture system like the culture of any other air-breathing
fish. In low water column, thc energy loss by the fish due to their vertical trips for aerial

respiration is less, resulting in efficient food conversion and faster growth.

Cutture of magur, Clitiits lxrfraclus and singhi, Heteropneustes fo,"siJis are oriented to
shallow water envirt)nment. Various systems have been developed for culturing these cat fishes

Viz., cage culture, culture with aquatic cash crops like makhana (Eur-r'ale) ttr singhra (Ilapa),
culture in carp nurseries, culture along with carps, and culture in sewagc watcrs.
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2) The cultivable fresh water prawns ar0 species of
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13.14 SUMMARY
‘,:

. . -.'' i..':.':!; "r,
Themeritsof iomposite Fish C\rttureisdescribedhere. Thefisht!!arcc,1ltutc{rypry*taf

"r"'rndi"n 
major carpi such as Catla' Rohu, Mrigpl,'Orincsc Sihrcr Carp6' GhslEip ea'

Fish cum duck culture is also in vogue and it yielded gpod resols of the sm dmibod
here.

Fish cum poultry culture is also explained here. .

Fish cum pig culture also yields good results. Fish culturc cum, catth man4rnent b ds
explained here. Fish culture in paddy fields is quite economical and profitable so tt*lsc tGchtd$Ei
ari described here. Fresh water prawn culture is also cxplained. Air'brcathilg fuh orhrc
techniques are also explained here.

13�B 15 CHECK YOUR PROGRESS�]MODEL ANSWERS

1. Duck

Poultry

Pig

2�B  Macrobrachium

13.16 MODEL EXAMINAT10N QUEST10NS

f. Answer the following in about 30 lines.

1. Write about the composite fish culture technology of Indian mhjor c.rpt and cxott caqr.

2. Give an account of costs and income from a composite fish culture pond.

3. Describe the fish cum duck culture system.
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MARICULTUREISYSTEMS

C�� mtentB
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141, ObHtlVeS      �E

142  1ntroductiOi

143.BrackiShWa"1.Prawn and�¸ JL�� Jmre

14.4:.:naçp
‘and ttsh seed prOducl�g

�g

5‘:,Nursett Management

1416.

1�� .

14�B3.

:Bracki�˚ ��attrPrawn ttdinsh Farming

�AlMElcul"re Systems   .

Mussel Culture

14.10 Ctam Orlture

14.11 Pearl Culture

l4.l2 Pioblims and Constrains of Bivalue culture systems

14.13 . Fish Cblture

li.l4: Sea'Weed Crrlture

14.15. .SummarY

14;16. ' Check Your Progres' Model.Ansmrcrs

14.17. Model SraminationQuestioits

14�B1 0�A CrçW�[ S

Brackishwater prarn and fish farming artd important mariculture systems such as mugsel

culture, oyster orlture, clam culture, pearl eulture and sea weed.pulture are described in this
unit.

14�B2 1NTRODUCHON
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species of fishes suitable for brackishwater oilture. Cornmercialty important prawns and fish
seed are obtained either by.collecti4g from their natural envitpnmeot or by,producirgthem in
hatcheries under controlled conditions. Brackishwater farriring'in India at piesent depends on
the stocking material alailable ftom nature. Observation onsasonal availability, abundance and
suitable gears for collection ofprawn and fish seed have been cafried out iq different brackishwater
areas situated along the east and West coast cf India, inclurJing Codavari estuary, Kakinada
bay and Puiicat lake of Andhra Pradesh. Controlled breeding of cirltivated prawns and hatchery
production of their seed is a recent development in India. Nursery management of prawn and
fish seed is an important primary step in brackishwater aquaculturc. Nursery preparation and
management methodology suitable for individual species are described. Scientific management of
methodology suitable for individual species are described. Scientific management of brackishwater
stock ponds with particular reference to ponds preparation, water management, fertilization,
stocking and supplementary feeding are presented in detail. Brackishwater farming is conducted
by adopted either monoculrure or polyculture slstems. Single stocking. and singte harvesting,
single stocking and repeated harvesting and repeated stocking and repeated harvesting methods,
as well as species combinations anri densities tested are discussed. It is possible to achieve tiger
prawn Penaeus tnondon total production about 1,000 Kg per hactare per year through short
duration multiple crops. Polyculture of prawns and fishes has resulted in a significant production
of 2"671Kg per hectare per annum. Organised culture of marine organisms in sea water is termed
;s mariculture. Culture of bivalve molluscs is the prioriry area of mariculrure in lndia. The green
mussel Pcrna vrirciis and brown mussel Perna inrlica occur in India. Rope culture of musseis has
resulted in the production corresponding to 4.50 tonnes per hectare of P.r,irrdis and 150 tonnes
per hectare of P.in,,li.,:a. Oysiers Crur-ssostrca r].i;,,,1rr,s,'n-r.i.s. C. gryphoicirs and C. discoidea occur
in estuaries, bachvaters and creaks. By adopting the rack- and-tray culture method average
annuat production 0.48 tlnnes per rack i.e., they couid achieve about 135 tonnes per hectare
,cf C. madir,scnsis was acliieved. Clams are the mosf impcrtant bivah'e resources in India. The
blood catm or cockle Attailoragraros is experimentally ctrltured in the subtid al area of Kakinada
bay ano production rates corresponcling to 3.8 to 41.6 tonnes pcr hecrare were obtained. Pearl
oyster Pinctada {ucata orj.-'i:rs naturally in tlre Gulf of Itlannar and Culf of Kutch. Formation
of natura! peari is infiuenctd by forcign botlies accitlentally entcring ihe lrody of pearl oyster.
Under the stimulus of foreign body, outer epithcliurn of tne mantlc inl';rgirr;.rtc;, forms a pearl-sac
and leads to ihe formaiion of pearl. In the cliiured ;,tarl technique, a small piece of mantle
from a donor c;vster is gtraitc'd inro the gonad of thc recipient oyster togefher with a highly
polished 2 to'7 mm spherical shall [ead known as nucleus, by skilful surgery. Raft culture is the
typical method of pearl oyster farming in sheltered bays. Among the finfish, suitpble method of
culturing the eel, Anguilla licolar in running waters is developed. Atternpts are being made to
develop the culture of economically important sea weeds.

14.3 BRACKISmVATER PRAWN AND FISH CULTURE

"!.
Brackishwater is a mixture of marine ahd freshwater. It is found in estuaries, backwaters,

tidal swamps, coastal lakes and lagoons. The fauna of brackishwater is composed of a wide
variety of organisms such as marine and freshwater forms, which migrate to brackishwater
areas for purposes of feeding. breeding and larval development, in addition to typical resident
brackishwater species.

Prawns are the primary cultivated organisms in brackishwater aquaculture system. Only the
euryhaline forms that can withstand the fluctuating salinity for culture. In the coastal waters
of India,27 species of prawns belonging to penaeidae occur, of which 1l species are found to
be suitable for culture owing to high market price, attractive sizes, groWth and other biological
factors. These are Penacus rpondon, P indicus, P semisulcatus, P. rnergut:ensis,Ittetapenaeus
monoceroq ilf. affinis, .ll{. dob-*oni, lt. brcvicomis, Parapenuop stylifen, P. sculptilis and P
iardwickii. However the most preferred species for culture are the tiger prawn Penaeus monodon
antl white prawn P. indicus.
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and Etroprus suraten�� .

144 1PRAWN AND FISH SEED PRODUmON

Availability of adequate prawn and fish seed is the prime requisite in organising largescale
coastal aquaculture operations in the country. Prawn and fish seed can be obtained eithcr
by collecting them from the natural environment or by producing them in hatclrcries undcr
controlled conditions. The brackishwater prawn and fish farmingin India at prescnt depcnds on
the stocking material available from nature.

All the commercially important penaeid prawns breed in the sea at different depths Penaeid

eggs hatch and metamorphose through four distinct stages : naupliuq zoea,- mysis and pgst-

larva. Generally six nauplii, three zoea and three mysis substages are recognized. Post-larval
stages enter the brackishwater areas along the cost as part of planktonic mass migration. The
brackishwater areas offer the required ecological nichds and act as nurseries for their g;owttr.
Prospecting oflarvae to juveniles in these nursery areas has received considerable attention for
procurement of seed for aquaculture.

Availability and abundance of the prawn seed have been related to seirerat ecological and
meteorological variables such as salinity, ternperature, rains, river discharges, current, depth
plankton; lunar cycles, seasons, mangrooves, mud banks and pollution.

The post-taryae and juvenites of Penaeus monodon are abundantly available, throulh out
the year in Hooghly-Maltah estuarine system in West Bengal, with peaks during April'to May
and October to November. Midnapore q/pe shooting nets are used to collmt thc seed in large
quantities.

In the vicinity of Kakinada bay post-larvae and juveniles of P. monsdoa ae available
throughout the year with peak {uring May- July and September to December. Because of lower
tidal amplitude, consequent lower velocity of water and the type of ecosystem with bush typc
mangrooves at Kakinada, hand net is found to be'most effective to collect the tiger prawn seed.
In Kakinada, Penaeus'indicus seed are also available through out the year with peak during
April to June, and August to September. In Hooghly- Matlah estuary and Pulicate lake thc peak
seasons of P.indicus are January,'March and August.

Fry of milk fish, C&anos clanos are available on the east coast of India from Srikakulam
tlgough East Godavari to Nellore districts in Andhra Pradesh" In Tamilnadu, Pamban, Ranmad
district is a major collection centre. On the west coast it is available in Malabar in Kcrata and
south Kanara in Karnataka State. In Kakinada area, C. clanos seed are availablc for restricted
period during March-July with major peak in April to June, and sometimes also arailable lrs
minor peak from October to early December. Milk fish fry have a tendency to suarm in shoats
in shallow tidal creeks and inter-tidal pits. Drag net is found to be most suitable to collect milk
fish seed. Fry of grey mullet, Mugtl cephalus are available at Kakinada in a brief seasonal 1rcak
from November to December. Other mullets seed are found to occur at Kakinada througilout
the year with peaks during April to June, November to December. The young ones of bhekti;
Lates calcaifer are available in small quantities at Kakinada during October to November.

Orring to seasonal fluctuations, the seed collected from naturat sources cannot always bc
depended upon for the large-scale prawn and fish farming The onlyway to get a depen(ablc nlpply
of seed is by producing them under controlled conditions. Controlled UrecOinglnd pr.oduciion
of seed cultivated prawn and fish species through hatchery rystem is a recent daneioprncnt in
India.'
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mey can be taken out for Stocking in bigger pond�A

In milk ish Challos chanos nurseries,water ievel is kept at O.5 to O.8 metres to en�É ouŁc
the growth of labJabo M�a k tt fry of 10 to 15 mm are stocked at the rate of 3 1�‰ F
hectareo Supplementary feed complgng the powdered cOreJ,ol cake,and�¡ sh nled �Vixed i,

equal proportions iS tO bO pro�� led eVery day at 10 percent of total body weight of the stocked

�‚ �¡ l�K �¡Sh tt are found to�S OW 40to 100 mm m twO mon�˚s�B      .
Munet nursc�v es are prepared in the same way as m�a k ish nurseries.Fry�˛ 20�] 25�¡ m�‘

are stocked at the rate of l lakh per hectare.Supplementary feed of riccbran and�g !�A
Cake is

givel at a daily rate 5 1o 10percent ofbody weight ofthe nshes.Amer 40 days rearingj�˚ �‰�˚les

can be transferred to production ponds,

i14.6 BRACKISHWATER PRAWN AND FISH FARMING

Tidal nludnats,mangrove areas,coastal swamps,marshes and intertidal zones aww�A

the estuaJos are potentiJly suitable areas for brackishwater aquaculture.Besides �V Æ .̆3"as

coaStal paddy rlelds and salt pans cbuld also be advantageously used in some seasons
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Basically a constant supply 6f brackishwater must be ava�a able to the ponds throughoutØ‰
ycar.This serves to cxchange water iOm the conflned pOnd,and to replace w,ter lost through

scapage and evaporation.

supply Of"ater to lh farm should be as far as possible through natural cree�R �M th are
connected to the estuary,brackishwater channel or bay itsc1l Another nlethod ofwater stlpw

is by pumping.Electric and diesel pumps are uscd andçq nd lnins can also be uti:L"d�A    �M
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An ideal site, from the cost of construction point of view would be one whidh gqs rcquired
one metre water level on the site for 7 to 8 days in a fortnight, by gravity.

Soil t1pe, its texture and properties are important factors in the selection of site. Sandy-ctay
soil is good for prawn culture and clay-loam soil is also acceptable, Soils having more than 70
percent sand content will not good for brackishwater farm construction, and embankments will
not have stability.

Contour suryey is to be undertaken in order to gake out the size and shape of land in
relation to water source. Planning, desjgn and construction of coastal.aquafarm depend upon
the $pes of farm and systems of farming. That is whether the farm is for tip-fed farm or pumped
farm, prawn culture or polyculture system.

Brackishwater fish farm will have a complex of ponds for different purposes. Stock pond is
the production unit in a farm. Depth of the pond is determined by contour survey and design
of farm. Shallow ponds of about 1 metre water column is advocated to maintain a balanced
growth of required food organisms in the pond. Rectangular shape helps easier netting of the
ponds. Stock pbnds having minimum 0.5 hectare water area is considered suitable for economic
management. Nursery ponds are useful for seed rearing and production. Nursery ponds 0.05 to
0.1 hectare water area are easy to manage. While digging the pbnds in brackishwater area, top
soil which is fertile should be kept aside, in order to spread it lattir on when the ponds are ready
for use.

Brackishwater fish farm, in addition to the ponds consists of four main constituents: (1)
peripheral dyke to protect the farm from strong tidal action, (2) secondary dyke inside the farm
separating the ponds with secondary sluices for inlet and outlet of water, (3) master sluice which
controls water flow-in system of the entire farm, and (4) feeder channel leading from the master
sluice. It distributes water to the ponds and also acts as a reservoir. Secondary feeder channels
may branch off from here depending on the design of farm.

' Scientific management of brackishwater stock po4d starts with improvement of the ecology
of ponds to suit the species cultured. Fluctuation in salanity level is a characteristic feature of
brackishwater, and salinity is a major factor that influences other physico-chemical and biotic
features in the ponds.

C.ontrol of these unstable ecological factors and their better utilization for the benefit of
stocked prawns and fishes to obtain increased growth rate and survival are the primary objectives
of brackishwater farm pond management.

Management of brackishwater farm ponds generally centres around (1) pond preparation
to receive the stock for culture, (2) water management to provide congenial environment, (3)
care for the growing stock by way of providing supplementary feeding, and (4) harvesting at
appropriate time to get better yield.

Pond preparation is the most important stage before stocking.

Prior to the stocking of juveniles in pond, eradication of the pests and predators, and removal
of metabolites and excessive silt from pond bottom are essential. Water loaded with metabolic

wastes and deficient in nutrients from the previous culture is to be drained out completely and

the pond bed is exposed to sun for drying. This eliminates predatory fishes and unwanted prawns

from the farm pond. Bposure of bottom soil to sun and removes all toxic gases accumulated in
the mud, and quickens the mineralization of settled detritus and decaying organic matter. The

sitt brought in through the tide water and dyke washings might be reducing the effective depth
to pond. If any heavy siltation is noticed the added silt should be removed after drying.

The burrowing organisms like eels, crabs, molluscs are erdicated by applying organic toxicants
like mahua oilcake, tobacco dusts etc., at the rate of 100 to 150 Kg per hectare. For the purpose

of eradicating burrowing organisms, toxicant is spread evenly over the dried pond bed and water

is drawn into the pond slowly upto a depth of 2 to 3 inches. Toxin dissolves in water and enters
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�˚ �Þ �\ FrOWS and crevices t6 kIIl the unwanted organismsI After 3 days,water is drained out

aâK t�‡ 10nd�� ed�¤ lushed with idJ water tO Wash away the toxic erects and nlake it ready to

rece�We fertilizers.Screening of inict and outlet�� th ine bamboo mesh or nylon cloth netting

is:Ossential to prevent the entry of harl�¡ 1�l :organisms and escape of stocked prawns and�¡ shes

ApplicatiOn Oflime 100 to 200 Kg per hectare improves the soil and water quality�B

It is necOssary lo apply fert�a izersin order to improve the natural produCtivity ofthepo�ß d and

encourage the growth ofprawn and itt fOOd organisms,Maiority ofthe cultivated brackishwater

prawns and Flshes prefer benthic organisms as their food. Hence soil fertilization is more

cttLCu�ˆ e in brackishwater ponds. POnd sOil may be teSted to know the deidenqr, if any9

bf nutrients,salts and organic carbon. A combination of both organic and chemical fertiliars

is considered more cfFective. ]Dependittg on thC quantum of organic content in pond soil,the

amount of organic manure required is determinett Generally,the quantity of organic manure

rcquired ranges betwecn l,000 to 3,000 Kg per hectare.

A basJ dose of organt manure Hke poultw droppings,cattie dung at th�v  rate of 100 Kgler

h�å tare along�� th area and superphosphate about 20 Kg per hectare cach,on monthly basis

resultsin thick growth of bcnthic algac at a salinity range of 5 to 20 ppto With the increase m

Salinity9 dosage of manure is to be increasedo After the application of manure,water tt drawn

inlo the pond to a depth of 20 cm and a1lowed to stand for 5 to 6 days and later illed to c�c �Ł.:

To sustain the growth of bcnthic organisms algal lnats and Plankton,water level in the pOnd�§ �ä

1�B be maintained at l.O to l.2 metres when fertilizers are appHed at required quantitic=

�å �F �† �í �„ 1�R ::W�] :àh �~ :r�⁄ �f �§ �Ł �í Œ⁄ �� �� ]�F çW :

also brings in flsh food organisms. If ferti:izers are applied in the pond, minirnum a t0 10

days tilnc may be g�s en bcl�W ccn fertilization and water exchange,unicss during water uchange

the outgoing water wili carry away part of the,dded nltrients. Fluctuating salini"modines

the cftct of fertilizers.During low salinity regimes,fertilizers are found to b�¶ mdr erective.

Under high salinities,phosphorus lcmainS fIXcd in non�] available form in the soil�] phH v7ithout

appreciable release into water�N phasc.

: Quality of water determines the growth,health.and survival of prawn and ish stock under

cult�s ation. Good quality water for aquacu:ture should not be overioaded with nletabOlites

prO��

"g by a crowdcl�¡

sh stOCk and should be�¡ ec iOm pdhtants.High turbid and dit hden

wateFSiare dw�¡ o,Suitable for rJsing brackishwater ish.Eventhough the species sclected for

cultivation are curyhalinc,abrupt changc in tempereture,PII,Salinity,dissolved ovgen is like:y

to ups�v t the physiological adaptations. Stress caused by unfavourab:e water qua:ity factors m�a

reduce the resistance of cultiVatcd specics to discascs and pests

way�ì �à 1�æ �ƒ �] �ksttil�í �N �� �˚ �Ô �F�P �É �¿ �ł �h 1�—�Ù �Ø �Ó l�à
Under normal conditions,water from the farm ponds is exchanged 3 to 4�L days during spFing
tide at fortnightly inte�W als.Ilow created by exchange of water rcmQvo the metabolites and

�å �Ù �N
�[ Œt

�� �a
�� �‰ �ï �c �R �å �� �W

After the preparaHon of pond bottom and alibwing necOs,ary amount ofwater to LrOw the

natural ish food,pond is rcady to rcccive the stock ofprawn and flsho POnds should be stOcked

with desirable specics of prawns and fishOs.

Brackishwater far"ing iS COnduCted by adopting either monoculture or pOlyculture systems

Cultu�g of a single specics is known as monocuiturc.In this system only 6ne species of prawn

or ish is stock9d in thC Ppnd and reared t�a i they attan market�¡ le d�g �B�] iS tttem is fo�a owed
to take advantage of a’particular set of Optimum conditions.
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Monoculture is conducted in differcnt methods viz., 1) singlc stocling and single hancctittg;
2) single stocking and repeating harvesting and 3) repeated stocking and rcpeated harvesting
In.singte stocking and harvesting method advancc jwi:niles of a species are stocled, reared and

hanrcsted when they attained marketable size. figer prawn Penaeus monodoa is culturcd in thig
wry from February to June, or Junc to October ponds are stocked with 40 to 60 mm length
juveniles of P, monodon at a stocking rate 15,000 to 30,000 per hectare and with a growth peribd
of two or four months, prawns weighing more than 25 grams could be harvested.

In single stocking and repeated harvesting process, fry and advanced juveniles of different
sizc groups arc stocked together. Iarger individuals are harvested earlier,.and smaller ones ar€

allowed to grow for progressive periods of time before harvesting. In the third rnethod of repcated
slocking and repearcd harvesting, juveniles of same sizc group or different size groups are stocked
at high densities. They are partially harvested after a specific rearing period, restocked with
smaller sizc group juveniles, and this proces is repeated. With judicious management of stock
manipulation, third method has been found to be very efficiEnt in monoculture system.

Another means of increasing production in brackishwater aquacultue is the polyculture
system in which two or more species with compatible behaviour and feeding habits,are raised in
the same pond. Criteria followed in selecting the suitable candidate species for polyculture in
brackishwater are non-predatory in feeding habit, capabilif to tolerate fluctuations in salinity and

temperature, rapid growth rate, ability to accept natural as well as supplementary feed, and good

market demand. Based on these criteria, important prawn and fish species considered suitable

for stocking are the Penaeus monodon, P, indicus, Chana c&anos, Ittugil cephalus, Liza tade

and Lizaparsia In addition various other penaeid and metapenaeid prawns are also stocked in
polyorlture rystem depending on the seed availabiliri.

In polyorlture system prawns and fishes are stocked in appropriate combinations.

It is necessary to provide supplementary feed to the prawns and fish to maintain the growth.

Supplernentary feed ingredients are generally agricultural and animal by products. Rice bran,

wheat flbur, maize powder, oit cake, fish meal, prawn meal, minced meat of molluscs, slaughter

house wastes are commonly used. In deciding about the composition, it is generally found that a

protein content of a minimum of 18 to 20 pJrcent is required. In prawn farming various'results

indicate that protein content betwben lO to ATVo are beiter utilized by the prawns. Use of fresh

.and dry food jn combination, use of proteins of animal and vegetable origin in combination are

found to yield better results. Feeds commonly used are in powdered form. They ar1{rnea

withwateimade into thick paste and kept in feeding plates in the pond. Palletized feed is the

current method of feed supply to prawns and fish. In this method required feed ratios can be-

formulated, compounded ind maAe into peltets.-Pollution is less, and loss of feed by way of

disipation is minimized.

Feeding of prawns and fish should be done daity and quantity of supplementary feed should

be given aithe-rate of 1 to 5 percent weight of total stocked population. Owilg to high costs

of fieds, supptementa'ry feedini is undertikgr only to complement the natural food augmented

ihoWfrferiiiization. ihus the amount of supplement-ay f5O required depends on the nature

;Jq;;;til;i the naturat food produced, pattern of feeding and the system of culture.

One.of the principle problems faced in shrimp culture is harvesting. The total harvest of

prawns and fishes is possiure only bt' oraining the pond since major portion upto 80 to- 90 percent

of prawns will remain in the ponA .v"n atter 
_r_epeated 

nettings. Thd draining can be done by

gr"oity flow through stuices during low tibe. However, at certain level water is to be pumped

6ut. aner the entire pond is drained hand picking of prawns is done.

The feeder channel in the brackishwater farm is generally not used for raising fish' T:
water area can be used to culture carnivorous fish like Latex' -calcarifer. A simple process to

let in fish and prawns along with tidal ingress to serwe as food fot Lates has enabled production

z|ffiYrgPer hectare Per annum.
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i4.7~MARICULTURE SYSTEMS

Organised culture of marine organisms in sea water is termed as mariculture. Marinc farmiilg

is geneiaily conducted in the edge of the sea, its inlets' in bays etc.

Bivalves such as mussels, oysters, clams and cockles are widely distributedthroughout tropical

lvaters. Tlpically they occur in ,.ngrove areas or in coastal regions yhgc,,fol.lL$nq a*b1$
pbrioA of jriveniie roiility, they attach to rocks and other static-objectl [n \dia, it is a tradidbtl

io collectihe natulally otcu.ring molluscs as a cheap source of food. It has been demonstrated

that it is both teclrilically and economically feasible to culture bivalves to produce a marketable

product in high yield in less than ayeal

The mussle culture has the highest potential for production as cornpared to ttre criltrre of
any other organisms, such as fin fishes and crustaceans. Ftrrther certain biValve mollusG'are

epepsive and they are lunrryfood items in Europe and NorthAmerica. Consequenf inter€st

in mollusc culture is growing rapidly in India.

14�B8 MUSSEL CULTURE

, ,Mussel culture has been-earried out in the open sea off Calicut, in Vizhinjam bay, in Dona
Paula bay of Goa, in Ratnagiri and off Madras

Experimerltal work on spawning and larval rearing was attempted but hatchery technotogt.
has not been developed for mussel seed production. Spawning ocanrs from May to Septembdr
and sced mussets are coltected from natuial beds from October to December for mussel farming
along the West Coast. The spat are collected on tites suspended from rafts. $eed are also

collbcted on ropes made up of either nylon or coir.

The Central Marine Fisheries Research Institute has developed tho techniques oJ float-
ing rafts culture techniques. Green mussel Perna vfuidis seed (20 to 30 mm) are transplantcd

Fig.l4.l Musscls A. Lateral view of the green mussel, Peina viridis. B. Iateral view of the brown muSel;':
perna indica. C. Raft culture of mussels. 1. Bamboo poles frame work of raft. 2, Metat floats.-
3. Anchor rope. 4. Newly seeded'rope. 5. Seeded mussel rope after 7 to 10 days. 6. Sir*er.
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and 500 to 700 g of seed are used per meter of rope. The juvenile mussels are secured with a
knitted cotton cloth 25 cm wide. The seeded portions of the ropes range from 5 to 8 meters in
Iength, and the ropes are suspended from the raft 0.5 to t metre apart, the lower free and being
about 2 metre above the bottom. The mussels attach to the rope within 2 to 3 days, and cloth
cover disintegrates in about 10 days. Brown mussel Perna inclica seeds are ?5 to 29 mm when
transplanted and the seeding technique is the same.

14.9 0YSTER CULTURE

A number of oyster specics occur in lndia and those thtt are exploited ar Crossotrea

madrasens�¤,(�¡ gryphoides and C.d�¤ coidca which occur in estuaries,backwaters and creeks.

The entire east coast and Kerala are dominated by C.ntadrasensiso Ct disc�˝ dca occurs along

the coast of Cuiarat State,and a�w y�R�Bides Jong thc Maharastra coaSt.Cro5s�å 0�ga discdd�g

and Cl madrasollsiS are also prcscnt in Karnataka. Oyster fishing ccntres along thc east coast

is limited to Ennur ncar Madras and Sonapur backwaters in Orissa. IIowevcr,thcrc are many

oyster�¡ shing centres along thc Wcst Coast.

Oysters are cultured in intcrnd regions,bays and estua�˚ es.

�÷ he rack�] and�] tray culturc method is employcd for oysters in lllticorin.Each rack(13.2x

2 metres)comprises a serics of tcak poles.�¡ is rack provides a platform for suspending oyster

cages during thc nursery stages oi for supporting the oyster trays during thc grow�] out phase.

h oyster cage is 40 x 10 x 10 cm with a lido ltis constructed the same Way as thc cagO except

the webbing is 22 mm mesh.

Cr�c trtha madrasellsis has two spawning scasons,fr6m Aprilto May and from AuguSt tl

Septembero Spat is coHcctcd on senlicylindrical roofing tiles in the natural grounds at Tuticorin�B

The:ime�] coasted tiles arc found to be most effectiVJfor spat co�a ection.

OySter spat are allowed to grow on the collectors for 2 months:until they reach 36 mm
size and are then dctached fronl the tiles with an iron scFaper. About 150 to 20tl oysterlings

are placed in cach rearing casc. �¡ 0 0ysterlings reach about 50 mrn sizc in 3 months,and.are

tans�‰Fed to tr�J çç �@enttng�¡ 9�˚ epd�å Jttltth�T
�µ �Û 1::�R �Õ �a �D �† �� �E

200 oysters and each rack holds 20 trws.(Dyst(

rcady form ma�æ câ˜ ngo Averar an,uJ prOduction O.48 tonnes Pcr iac�¾ (abOut 135 1onnes pq

hectarc)waS achieved_�u or one ycar�] old oystcrs,thc wet acsh weightiS 8 to 10%of total wcight.

14�B10 CLAM CUI‘TURE

Clams are the most important bivalve resource in India. Major exploited species are the

ItterettLx meretfix, i1[. caqra. Iiatelysia opina, Ii. rnartnorata, Paphia malabarica, P. Iatetisulca,

Villorita cyprinoi6es ancl Arradora graposa in the coastal states, Andhra Pradesh, Tamilnadu,

Orissa, Maharashtra, Gga. (arnataka and Kerata. Although a small percentage of the clmas are

eaten, production is mainly for lime, wlrite and grey cement, calcium carbide, bricks etc.

The natural flistribution cf Anadora glarrcsais limited and the Anadora bed in I(akinada

Bay, A. granasasparrns .during lanuary to Ap;il anct heavy settlement of seed on natural beds

ta{es ptaie from February tn Mry. Seed is collected from the bed with a scope net at low tide.

Anadora granosa, grows to harvest size 40.6 mm and 31 g 5 months. Survival rate was 88-6

per cent. Proluction ringed between 0.39 tonnes per 100 metres jn 5 months to 6.1 tonnes per
'0.16'h""trr" in 7 months representing th productin rates 38 to 41.6 tonnes per hectare. Fish

weight is about 20 percent of total weight.
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Fig 14.2The pearl oysteri pinctada fucata.

The pearl oyster' Pinctada fitcataoccurs naturally in Intlia in the.Gulf of Mannar.and Gulfof Kutch.

The shells of pearl oyster, Pinctada fucataare reddish brown, but may exhibit different colourpatterns" The left valve i! deeper and more conygx than flre rigrrt one. The nacreous portion dfthe shetl has bright metallic lustre. rrre srrlr 
"rb."iGyrr*'iiionrpor.d of three laycrs Theyare the outennost organic conchiolin layer, 

-middie 
purir*utir-ty"r and the innermost nacreousor mother'of'pearl tr-e1- nre soft body of the prirr oyut.i cJrrist, of mantle, visceral masggills, foot, posterior abductor muscle and othemim*r"ili". ruirntrr which follows the contour

:f the val-ves envelops.all other soft parts of the body. rtir .ot and creamy yellow in cotour.The mantle is essentially a secretory-organ responsibie for the formation of the ,rrru.'#.llrlis essentially a secretory.orgrn ,".plnti6r" ror trr i;;;;";; the sheu. rr,rrntl" ir-*ade upof epithelial tissue, consisting of an outer epithelium, middle connectiv tissug and the.innerepithetium. The outer epithetium secretes r;; 6;il;;:"i*irrl
The pearl is rormqul the simeprocess has the shell of pearr oSater due to secretion of themantle tissue' The pegl is composed-of nacreous layers, ,rairr" Lrto epithelial layer of manflcsecretes the nacreous layers

---, 3t:"tr epithelium of mantte has the capacity to rearrange and regenerate itself and remainviable when removed .tu1 it-t original ;ositio, ,nJ 
"";rpi;;;; in other tissues of the pearroyster' on the other hand, ir,titil"t 

"pitrretium 
ana *re connective tissue would disintegratewhen transpranted, rr'v wvrrrrv\

The outer epithelial celts of the mantle sometimes may fatt accidentally into the body of thepearl oyster' They'regenerate into 
" 

tr.L .onri.ting or a sii:gle ra'ier or cetrs, cailed as .pearl-sac,.
Inside the pearl-sac, the natural pearl gio"= 

"r 
a result of irre sctetion of nacre. rhis procirsscontinuesuntilthedeathofpearioystjrpioducing"fr.;,;;;tifutandnafuraI.pearl.

�g

�¡ l PEARL CUL�\

�É �M rttll lttrawashmmsbrttpedsandpe�«
�øadng even ttb�g therr�˚

:f

::111�E �† iCuimre is an art concemed�� th biological producJon Of One of the fnest gems the
peatt lt is fomled by bivalve mollllsc commonly known as Pcarl oysteL Main�@ �˚

�g

involved
in the process is Pinctada Fuca�Ù .
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Formation of the natural pearl is also inflqenced by foreign bodies accidentally entering thc

body of pearl oyster. Tiny particles and organisms enter the oystcr when the shells remain opcn

and in certain situations the foreigrr bodies,get trapped between the strell and mantle. Undcr

thc stimulus of foreign body, the outer epithelium of the mantle invaginetcs, fo* I pcarl-sr

and lcads to the formation 6f peart. Thus wery naturil pparl characteristically has an innct cotp

or nuclqrs whictr may be thc disintegating connectiv.e tisue of thc mantlc or a forclgn body.

In thc cultured pcarl technique, a small piece of nrantle from a donor oyster is grafted into

flE 6;d of the rccipient oysteitogettrer with a nucleus. by a skilful surgery. learl oys-ter hring

" 
*Jgfrt of 25 g and above is the ideal size for implementation. OSnters in the immediate post'

Wrwning or reiovcry phases are selected for pearl production. Theopters are first tranquiliscd

w t"eoine them for a while in menthol mixed water. Spherical shell beads 2 to 7 mm diameter

;idi-;;th rnirr, ,na highty potished are used as nuclei. The outer.e,tl.tiLr g{jltt mantle

pi.L *g.n.rates itself 
"r6rnd 

the nucleus, evcntually resulting in a pearl. Since this pearl is
'pioOocei in the oyster by surgical manipulation and the seeded oyster is further cultivated' it is

called the Orltured Peiul.

Sheltered bays are ideal location for pearl oyster farms. They can'also be set up in thc coastal

waters anrl siltini srroura be minimal. Ambient tropical sea temperature and salinity are suitable

i;;;i oystersl The mortality rete among the operatcd oystcrs. is very high about 40.per ccnt'

ftt"y Oi. due to eithei iaultyiandling during the rnrclans implementation, due to discasc or

because of excess methol in the water

Raft culture is the typical method of pearl oyster rgrryq in sheltered bays' Mothpr-ofstcr

c'lture system, ana il,eiJcf,niques for hatihery production oipearl oyster hav'e'been developed

in India.

14.12 PROBLEMS AND CONSTRAINS Of BIVALVE CULTURE
SYSTEMS

men"in the slnal�m
�g

ale isheries sectOr.

14e13 FISH CULTURE

Interest in bivalve culture in India is quite recent, and althotigh production oriented techniqucs

hale bccn derrelopea, commercial culturc has not begun. Marictrlturc is a new venture for thc

.ji;rty;d trrerrtori trnit-1, tot hesitation on investments for any work in the sea

. 
The eating of bivalves is popular onlV-i1 a few pockets algng tlrb coast' Even oysters are not

widely consumed. n .;;ir_",i uigent n"io roi wdlbrganised nutrition programme for.enlarging

acceptablY.

Thcseafpodprocessingindustryhasnottal(enanyseriousnoteoftheelportpotentidand
efforts have so f* b;d;id;t for orploring €xport markets for the Indian bivalves

�V�Ù �\ �O �� �‰i�r �å �`iŒa

Manyspeciesoffistressuchasm!t]rfistuperchesandeels.aresuitableforcultureand
investigation .r" rna"Jrt"iW t"nt'"t Mai-rthsheries ntfi"::l'*1T1t;::'Hi-"}i"fl-'ffi

":'r:xffir:f 
il"ffilH,;;:i,ff; ;ffiaucuon of 857 Kg per hectare. rhe eer, Anguilta

bicolaris abundant along the €ast coast *Jiii"v ut"ea in- ni open sea. The elvers ascend

the rfuers during ,".ron.-Et 
"rs 

are collectro .iI.r" reared in elperimental tanks' A suitablc

method of orlturing the eel, A. bicotarin nrnninl""ttr was daretoped' This species has given

a production rate of S8,000'Kg per hect-are at thJ end of two year period' Orltivated eels have

a godd qrport market *a .r"ln great demand in countries like Japan.
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i4ttemptS are Ling made tO grov7 econOmical,imp�B �¡mt wecies b augment�g �| �}resour�å s Of Our�� untv.  _

Cleck YOur FrOgre88

�¡ Write 5 Hnes abOut Rack�] ana�] Tray Culture methOd Of oystes

14.15 SuMmRY

Brackislurater prawn and fish culture is dcscribed hcrc. BracJrislnyatcr has a ricl fauna
fJ#:$f"::adequate 

prawn and fislr r".o i. ft;;rifi;,,iri; for the propcr derrcropmcnt

Key factors for zuccesful.hatchery operations of prawns is discusscd herc in dctail.
Nursery Management is also orplained hcre. Bven polycutture system is describcd htc andis found to be economicalty viable.'
Mariculture consisting-of Musselq oystprg dalllq P.earl oysters are dcscribcd.in dctsil.Becausc the curture of art-thesc uivJves yi.rar rct orr.vcr*i#ihe Gorrernmenr

14.16.CHECK YOUR PROGRESS�EM6�� L AN�� �ßRS

1' The rockand tray culture mcthod is employed {or oysters in Ttrticorin. Each ra* (tgz t2 meteres) comprises a series of teak pole.. rti.-r".,1-;;;;"r a platform for nrryending
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o)rltcr cagps during thc nurscry stagesor for srpportinq th" oyster taln during thc grow-out

phase. The oyster cage is CO i tO i t0 .m with a lid. It is constnrcted thc same way as thc

cage erceptthe webbing is 22 mm mestu

L4.tl MODELEXAMINATION QrlEsrroNs

I. Answer the following in about 30 lines :

L Erylain the brackistrwater prawn and fistr seed availability and collection from natural

res{nrrces.

2 Write aoout the penaeid pr:Mn hatchery system'

,3.Describethenurserymanagementofbrackishwaterprawnandfislrsced.

4. Writc abort the brrckistrwater stock pond preparation and water management

5. Give an account of mono and polyarlture systems of brackish water prawns and fishes'

6. lVrite about the mussel orlture'

?. Describe the formation of natural pearl and nrltured pearl technique'

II. Answen the following in about 10 lines:

l.whatarethemajordravfraclsintraditionalbrac'kistrwaterprau'tlandfishculture?

2Prawnsandfishessuitableforbrackishwaterfarming;

3. Main constituents of brackislwater fish farm'

4. Supplementary feeding in brackistrwarcr pril'ns and fstt culture'

5. C\rlture of Andota gtanm'

6. Sea weeds culture'
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Thc selection of upplernentary feed depen(s on rmmber of factors srch as:

1) Ready acceptability to fish

2) Easy digestibility

3) High conversion value

4) Easy transportability

5) Abundant availability

Of all these, ready acceptability by the fish and its conversion ratio and the involved costs afc urc
most important. It shoUld be a balanced one with adequate protein, fat, carbohydrate, mincril
and vitamin contents. The rate of food conversion depinds on:

1) quality of supplementary feed

2) stocking density of fish

3) size and age of the fish stock

4) environmental factors such as temperature, oxygen tension, water etc.

5) the method of feeding (the spreading and frequency of distribution etc.)

The preparation of fresh feed of vegetable origin given to fishes is quite simple. According to
individual dase it is ground, soaked dried or cooked. Oil cake is best girrcn soaked. Oil cakesare
very concentrated preferably be soaked for several hoirrs before being given to fishes Cooking
may be necessary to stop the decomposition of certain animal or vegetable rnaterials. In India,
supplementary feeding in stocking ponds is of recent origin. In composite fish culture oil cakes
such as mustard oil cake and rice bran or wheat bran in 1:1 ratio by weight is givcn to ttre
stocked fishes at the rate of 1-27o cf the body weight daily, depending on the consumption of thc
feed by the fishes. Aquatic weeds are given to grass carp in as much quality as it can'consumc.
Supplementary feeding should be stopped when tick algal blooms develop in the pond or when
orygen depletion occurs.

In recent years in pond fistr cutture, many sophisticated devices of feeding of fish have been
developed. Ordinarily feeds are not to be spread all over the pond surface, but are broadcastcd
in particular spots of the pond or kept in trays in the form of dough and hung in the pond at
3'4 place* The feeding spots should be periodically inspected and changed * tlat no smtaineA
putrefaction occurs at the spots of feeding. Vegetable matters such as aquatic weeds, leavcs and
grasses for feeding gxass carp are best given in flo:iting bamboo rectangle frrres kept in position
by stacls fxed in the pond bottom. The device prevents any leafy feed from drifting ab-ovc thc
pond. Feeding should preferably be done in the morning hours since the process 6f Ogestion
requires more oxygen for increased metabotic activity of t'ire nsn" fire incre^aseO reqrir"rnent ot
oxygen can be met during the day when the oxygen contents of the pond is always higher.
In tropical countries, feeding is done throughout the year while in temperate countries the rate
and amount of feed given is reduced when temperature falts during winter. -- -

Ch€ck Your Progress

1. Fishes are efficient converters of
high biological value.

proteins into tasty proteins of

2. Fish lncal is the ideal protein ha�� ng ali the cssential

15�B5  SUMMARY

The nutritiongl requirements of the fish are described here.
feeds are given here.

Different tlpes of supplCmentary
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CHECK YOUR PROGRESSo MODEL AN�\RS

1.Vegetable

2 Amino Acids

15��  MODEL EXAMINATION QUEST10NS

f. Answer the lollowlng ln rbout 30llnes :

l. Hoc, does.the dwelopment of artificial feeds mainly depend on thc knowledgc about the

basic nutritional requirements of a fish?

2. Write about the protein requirement in a fish?

g. What are the differcnt types of supplementary feeds given to fishes? What arc the hctors

dcpending on which the supplementary feeds are selectcd?

4. What are the factors on which thc rate of conversion depends? Write about the conversion

ratio of some of the feeds?

5. What arc thc diffcrent methods of preparation and application of supplemenlary fecd?

EL Ans�Ö �É� �̂¡he 16ilttng in about 10 1:nes:

1.Carbohydrates

2. Fats

3, pes Of mpplementary feeds

4 Factors fOr"lection of supplementary feeds

i 5�B MetodS d applttOn of supplenlentary tteds
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UMT. 16 F'ISH DISEASES . CAUSES,
SH�YPTOMS AND CONTROL

Contents

16.1 Objectives

t&2 Infroduction

163 flpes of Flslr/Discascs

16.3.1 Bacterlal and Vlral Dlscases

l&32 Fungal Discaser

163.3 Discascs Causcd by Protozoa

16,3.4 Discases Caused by Worms

16.35 Diseases Caused by Dectylogms, the Gill Flake.

16.3.6 Diseases Caused by Gustaceans

163.1 En',ironmental Diseases

16.3.8 Nutritional Discascs

16.4 Summary

16.5 Check Your Progrcss . Model Answers.

16.6 Model Eramination Qucstions

16.1 OBJECTIVES

In this unit the different tSpes of'fish diseases that are commonly encountered especially in an
aquaculture sy_stem and the main reasons for fiih diseases are discussed. The parasites iJusing
the discaseq the symptoms and'the treatment'of the diseases are atso given.

16.2 1ttODUCTIoN

Tlpes of discascs ' infectious diseases and non-infectious discascs. Parasitcs mCy be facuttatirrc
or obligatory. Conditions.suitable for succesful transmision of diseases - .treo conOition*.
Bacterial and viral diseases : Causes, signs and treatmenl Rrngal diseases-causes, sirgrs ;d
trgatment Diseases caused byProtozoa : causes, sigrs and treatment. Diseases.ror"i S*or*,: Causcq signs, and treatment. Diseases caused by -rustaceans: 

Causes, signs and precau6oniry
measures. Nutritional Diseases : Causes, signs and precautionary measures.

16.3 MES OF FISH DISEASES

Diseascs mirybe classified as infcctious diseases when they are cause(,by microorganiims such asprotozoq bacteria, fungi or viruses. Diseases not caused by'microoiganisms arinon-infe.tidil
diseases which include nutritional deficibnties, intoxicatiohs or low oiygen levels.
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itarssites mry be fAeultatiru or ohligatc, Frcuttatlw pensltcs arc free living in nature htrt mry,
under cefiain circumstances, begin to parasitize,fish. Good oramples of'facultative parasitcs
are the carnivoroui protozoan Tahahymena pyritottnis and the italked protozoan E'pirrytic. Both
of these parasites may be free living in naturp-usually in water high in organic pollution and
can transfcr to fish when significant damage can result Obligate parasites are those which
require presence of the host for reproduction. Eramples atl lchthyophchirius multifills, Coctia pld
monogenetic trematodes.

Successful transmission of a disease requires the presence of a sufficient number of usceptibh
fish per unit volume of water and the presenoe of the organism in sufficient numbers. Frequentty

adverse environmental factors (stressors) are required to initiate a disease. Overcrowding of fish
'increases 

the likelihood of an initial contact between a parasite and a fish and also ensures thal
the parasite wilt qpread rapidly among a group of fish. It does not take long before an introduced
parasite can multiply to tremendous numbers on individual fish"

Stress ptays an important role in the transmission of many bacterial diseases and external

protozoan diseases The basic meghanism of how fishes loose their natural rqsistance to bacteria

ift". so." stressful condition is ihat harrnonal imbalances result, in a decreased effrciency of
the natural ability of the fish to ward off the ever present bacteria in water.

Thgspecific disease defence systbm of-an animal is the immune system. The decreased efficiency

Ot ttre immune system involves a combination of factors : a decreasejn-the effectirreness of the

nr-hite blood cells of the fish phagocytize bacteria; and a decrease in the production of antibodies

(specific proteins found in the blood which assist white blood cells in destroying bacteria). A
iorrnonfy.rsed diagram to emphasise and stress is presented in Fig 16.1, which suggests that

many fish can function as long as environmental stres.ses are minimized or not present.

Fig 16.1 The figurc illustrates the interpend€nce of hct, parasite and environmental.

. stress factors in.a disease process. 1. Fish 2 Parasite 3. Disease 4' Environment

sful fish production. An abundant water supply will
Good water quality is tho key to suc'cet 

diluting out accumulated waters
sorvu m.ny piour"*. associated with intensive fish culture by

and toxic products as well as maintaining optirnal water conditions insufficient dietary proteins

wi1 eventuaily rehdio reduced growth i"t , poor r_eproduction and increasedsuspcptibili8 to

infectious diseases. Oltirty i"tiir..n U" tou'nO in fiitr foods' In general 99ch 
tolns can conie

from microorganisms which contaminate feed, degradation of raw material used to formulate

&etg or Urea[down of dietary ingredients during storage'

163.1 BACTERHL AND VIRAL DISEASES :

l.Infectiousabitominaldropsyofcarp:Thisiscurrentlythemostfeareddiseaseincarpcuiture.
The bacteriu mAcromonas (Pseudomonas) punctata is the primary cause of the disease' The

physical condition of the fish and ,of the Jrrvironment are involved in the appearance and

evolution or tnis oisease whigh brings spvere physiological problems with it'
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According�] to i�g exterior charactedstic�A two foms ofoinfectbu,abdOmind�E dropw cantlbe

recognized;one is intestinJ and the other uicerative.The intestinJ form is characterized�] by

the swelll,g of the bdly caused by thc acc�X mlation of a ycilow or pink coloured liquid in the

body�˘ 1�S.The ulcerative form manifests itscif by bloody areas as the body where the musc:es

can b�µ �e 6usly arected.The nns are sOmetimes partially destroyed.

Treatment

(a)Preventive measures:Prophylactic measures help to diminish tlle mortJity rate oonsidcrably.

EverhingWhittmightWeakentheiShmustbe�Woidedsuch�� long StOrage,unnecessaryhanding

and lack ofnatural�Æ Odo When the discase presentsitscifthe dead ish must be rcmoved caremily

and then destrOyed�E After empl�u ng,the pond should be left dry and disinfected with quicklime.

Stocking should also be in ponds which have been well prepared with ferti:izers and in which

na�g ral f00d has had tim~e to develop.Arti�¡ cial food of good quality can be dittributed,carly in

thOlscason in order to J10w the ish to get over this most critical pe�¡ 9d,with icss danger.�R sh
6fdirereht o�S Jn shOJd not be mttd and On each�¸ rln an effort should be made t0 0btah by

mea,s of selectiO�Ü ,�¡ sh whth are able to reJst dropsy.

0)ICurative measures:If the nsh are discased when they are stocked or if there is a danger
of infection,andbiotics cm bc used�] inicCted or mixed with food.Chloramphenicol is effective

against Acropanas punctata.If the infection is due to other silnilar bacteria,ovetraCycline and at

ar"io,fll10 1�E 5 mg.of chloramphenicol foi cach 100 gm.of�¡ sh body weight�B �÷ �É necessary
quantity of ch10romphenicol is dissoived in from l to 2 ml.of water.Antibiotics can also be

mixed wim fOod in such a way that gsh weighttng 100 gm�� ll absorb l mg per day.lhis method

is ad�� sed for the ulcerative form of infcctious abdonlinal dropsy.

Viral haemorrhage septicaemia mIS)

It is a viral discase. When iatent,the diseasc is diricult to discover. It can become ChrOnic,

suddenly,among appacrently healthy�¡ sh and a high morta:ity rate Wll foliot when the
environment is altered or the nshes handied. It can last for months in its chronic form and

the growth of the ns�� wili be small.As with most�� ral diseases,at one time on�v  organ and at
another time another is attacked though lnost often the kidneys and liver are arected.�¡ �¡�_ �¡ist
sign is apathy�] the�¡ sh move about very littic and rest on the surface close to the banks,When

they,�˚ m,their movementis sharp and disOrdered and thdr po�U tion in the water is abnormJ�B
�p y develop exophthJmos(swonen cyeS),anaCmia characteJzed by a reduced haemOglobin

æa I�ô �B �[ �c �I imttf�ß �‹ �I :�» �� �m�„ �Ł �R
�£ Y�¿ �ˆ

haemorrhages in the l�¡ uscles and on the swirn t

muscular oedema may be present.ne fins fray

Treathent iCurrently there is ho effecti"treatment of the VHs disease�B �p de�å ased ish

Œ⁄ �W
���ø�� �@s�� :i�Ô :�î :R�� �fi�¨ �� :TtttF"mp�å

�xy"o"ed and�] �� �ô�˜ d

lnfoctiolis pancroatic nccrosis(IPN�l

7his�� rus brings sudden and widcspread death tO young ish,t the start of artiEcial feeding.

Signs:Arectcd lsh revoive on their longitudinal axis,s�Y In around rapidly and in a disOrdered
fashion and tha�¯  beCOme ilnmobilized ncar thc banks or on the buttom of thc pond h eye
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win be prOtrudedo A�� scous whitish liquid�¤ mmulates in the stomach and intestinee nle liver

and the spleen are pale and the gali bladder shows severe necrosls.

Treatmen�F �ß�É re is no known method of treating this Hghly contagiolis disease ettctlVely.

Furunculosis

Furunculods is a bactarial disease caused by Acromonas.h infection iS transmitted through

�º�S �@�ô �Õ �o�£ �í .�ò �Õ �‹ �v�í �í :�¸ 11�ô äD

�ò h�� �q:1:�Õ �v�a�q�a�s�D:�� :�§ �í�� b�£ �í r,�_
�� �g

r un�g r�O åNn

�¨ �V�¤�O ���º ØÜ 1�í �£:1�ˇ
h�b ��he�å ddum�Łna�˚

�g
�BHmttng

tion should be avoided if the disease in its iatent

�ô �R �£

ettI��
�í �– �í �ß �Ł �â �fl �§ b�ß �I :�ø 1�l �D �§ :�� rt�â

constantly high

Furunculosis can be treated by m�j ing sulphonamides,nitromrOns and antibiotics with the food.

�R�É se must be administered as soon as the disease is nodced.

163�B2 Fungal Diseases

SaprOlegnia inrect10n

Water mould or sc�� ���Z
"� 

infection is caused by ttngi of the genera Sapra�� �D
"� 

and�Ú �›

�gwhich develop in iniured,Weakened,diseased or dead ish.Tllese mngi are present in wtter

�ï �Ñ   �ü �' �¢ F�Ü �¡ �� �M �W �v �L �H

for the parasitiC mngus.

��h�í ll�V �xØ[�R�� �x:=�† �í EC�N
�x�Õ �í �� �� :�[ �Q�c �_

Dther.

1�ð �� �ºlF�í �ø�{ :]�P �fl ��
10m3�Bf water.

Gill rot Or branch10mycosiS

�� ���Ù �˚ l�—���í �Ł�Ì�D �o�i li�í �I � �̨fi�§ 1�Rª� �F:

phytoplankton.
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�º�LL�ò �æ�ô 1�‚ �ª i�¸ Œa
çW �R �§ �í�Q

�E

�¡ III::

Treatm�X �po den"�˚ ockiingttwhenthe��
matter should be avoidedo When the weatheF

a�� �Ü �fi�' �� �\
parasites.                 i          li

1633 Diseases Ca�� sed lby�« �¢ 208 11: 1      �]

�Ò �R�ç�Q ���ß 1�� �“�Ñ �� �Ñ �Q�qh�~�˝ �A�˙���E
blmthe

Cosdags�§ a common d�¤ea�g �Vi�V  cin Jl11
disease is otten noticed whei the�¡ Sh are too

holding ponds and tankso Lake offoOd or excess

caused by the nagellate c�å tia necatHx measudng l

live in large numbers on the skin,the ins and the Jnso mey shOuld be considered ttpedJW as

a paraslte favou"d by deblity�E   �E.�M   :; 1     �E  �¡�� 1,1

Signs:The sking of the arected ish is covered with a light grey blucâ˜ lm,while those pa�¡

v7hich are seJously arec"d can shOW red pttches.Attcted�v Hstum brOwn and can be pl�a J�Ł

dettroyedo h ish weaken and lose their apetite.                      �E�¡�]|,�c JF,�Œ :,=:�‚ :�� ��

�î �‰�Æ�z ªJ ����   �¿
�ƒ:�° ��1�� ,�� 1�Æ%=1�s�ł � �̊��V�µ ttI�Ñ :IL

:1=1111 lFff F,�E :�D �R�C|:
MyxospoJdians

�E �–�Ú �� �ì �e�¾ �“��1�¸ �ø�¿�º �N�fi
it‘�¡ l�V �V�‰�¡�y���Ł:L��

Signs t Weakness�m emaciatiOn,raising of the scales along their posterior margins,falling of

:�R :�í �i �ƒ 1�� �í �Ł �í �� �O :�c
�E

Æ� I�Ù çW �j Ø˛ �T_

,‘ i, i r'r. i i1.ai.ii:' :, ri.' i : I i'r, .., lX:EiStjfa

�Q�í çW�å �¸ �¸
�ô !
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Fig.16.2 A.Plistophora B.Sptres of FlennegJya Cspores of ,Lfy xoaoma D.rl rgulus

E.Eigasilus F.Monogenctic trcl:ratodo l. Pansporoblast a Frce spores

,

Idrthyophthiriasis

Iebqp[c5riur multifitis is a ciliated protzoan which affects the skin and the gills of most fish
spocici of atl age classes. The young parasisites are very small and are very often found in thc
water sceking i host, If they meet;fish they attach themselves between the dermis and the

epidermis Thcy raise the epidermal ceils and grown rapidly until they are about L mm. in size

,n.l arc visible io ttre naked eye. When they reach full size they leave the host fall to the bottom,

enyc!/st anrl then multiply by a cetturlar division, liberating swarrns of young parasites which start

lookittg for hosts

SI3ns: Small white species are noticeable on the skin and when the attack is serious these can

*I"1qg into white spots nre gills also can be attacked. The fish jump in the water and try

O riI ttremselves of the parasites by rubbing themselves up against the bottom or against any

s$mcryPd object.

Trcrimcnt :The infected fish should be changed from one pond to another anery 2 or 4 d4rs-

As ttrtuopt tliriu*anflot live without hosts they die after a few days in ponds which are not
.stockcd.-Atl fish carrying parasites must be eliminated. 1 grn. of malachite green for 10-m 2 of

*atcf ctrcry tw,o drys will cure the infected fish. Spreading of ponds with 3 tons of quicklime per

h6tarc in trvo distributions with an interval of 2 days of gap destroyed the parasites. Quinine

baths (l gm. for 20 litres of water), chloramine bath (1 gm for 100 litres of-water), trypoflavine

U"tf, ti fm for 1fl) litrcs of water) are recommended for controlling the disease. During this

t{a'
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opedbn the water mu�g bc�Ú �a �ø �� �¨

�æ �Û

ed�§mJh�E PMA�] �vd�� mC�Kur�É �ˇ

�g

)
and of common salt baths are also recommend(

1634 DISEASES CAUSED BY WORMS                          i�M F:

Disease mused by rsh leaches                    .r

�˚�É b100d Sucking leach rP�¤ cicOra ge.�g ira9�R a vcry c6mmon 6xternJ parasite founa ewechily
in calm watel lt attacks al:species of lsh in ponds.�p blood sucking icach is a cJindr�æ

.

rmged v7orm about 2 or 3 cm in length and l�¡ 1:n in diameter. It has a sucker at each end of
the body of the lsh where�¡ sucks the �\ ood.When tt has had its FilL�¡ S detaches ittr�¡ �Bm
the Ftsh and�z �� ms fFecly in the watcr with an undulating movement.

Signs:�¡ lc arected ish may be JmOst covered with these parasites.They loOk po6r and are

weckened through ioss Of blood.�[ c incisiOns make it possible for them to be arected�‹ olØ‰r
parasites and discases such as ttngus.

Treatmont:If the paragtes a’too may the pOnd must be cmpded and the�¡ sh bathed.�¤
(am�j ture Of50 percent cresol and 50%soap)bath(lC.C Of Lysol for 5 0o 15 seconds)fO::OWd

by rinsing in freshwater.A salt bath,with lo gms.of salt for iitre of water,for 20 mintltes is

also efective.Lime bath consisting of 2 gnls of quicklime per litre of water,for 5�g
oonds is also�E

reco�¡ llnendedo After drying out ofthe pond the bottom must bc trcated with qui‘lklime in order

to destroy the eggs and thc leeches stil:living there�B

Ligulosis

�¡ Is�¤ cau"d by aiong dbbOn like tape wOrm,L�¨ uL fnt�g eFnaris.In lsh culture the di"�æ �ß n be
prevented by eliminating water fowi.

�^
�O

�R

��

A

�Þ

A.Egg R�nØS�‰d h�Wac c.Pr�°
�Æ:Fl:Till�� l�‘ �_:li�` �¿’rapc worm in the body ofttsh.   E.S D

�g
�N
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Dl�w SeiCaused�Eby De�Þ tyI�� J�\ ,the Jll ttuke

Dectytosyrusis a small flat trematode worm which attacks the gills of fi3h"'Ttris
^-l.L^ 6lDectylo�� rugiS a Sma11 lat trematode worm which attackS the gl::s ofn�Ó

This parasite is�] a Fe�ł
�\

danger to young ttsh,CSpeciJw if the lSh�¤ nOtin good CondHOn a�¿ :!"a!1�N 1�æ i�x �B t,I�˙ �Ô

�Ò :�– �¯�|�¨ �E�� ��� �̧� W�í�Ñ Œ⁄�ü �h
pTl�ø

�y:�â
i l i  l:�l �„�� �æ  �¡ ::I�T f::

�H �å æx�z �' �� �ü çW|

fish.
..11:.1�E 11�¡ �] �U:1:�� :

:::::1�¡ F’I1 1=:t,:�O :�J ��

: :: 1:11:l�� 1’�k

’�¡

1:�E ��:

:|: li’ �¡ 11�E lrll’�_ t�ð ,:

�E: :: :: �E:�f :,�� F(�¿  
�u

‘�¡
�¡ |:[|’’I�¡ ,�_ ::,�u :‘

:�� ,1  1__J::‘�� �� ,:ttr�¡

:. :::i::i�u 1:f�y :�u |:�¡ 11:�E

;1i.:;r;lllll i

. ,'t Il'-'.rJ,ri'. ' "i' .iiii'l
::;:!:,'.t, ;:'ijr.-t.':,i:

Fig 16.4 Ventral and Lateral ViCW Of Dactylogyrus

DiSeaseS Caused by b100d�¡ ukep Sanguin�‰� l̋a       .

�o�Ł�ç�Ò �ô�NçpJ�´ �� :

ufferes.
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�A�N

�� �L i�ä �g

�g

�w �r :�Ü �˘ �N�� �L ��

�g çWL�‘

�c �g
nL�Ù L�� ��

�\
iL�g �c beåY�\ �ü 4by�c 1�g äF�c�c�c�c :�\

-4�E �\ �\�]�E�˛�\ �c~~~�] ���Œ�\����
�ç äå i�_ �–OIi�q �V l�¡ �c

Ł‡ �A�Õ �� �P#�RlT1711lT’1�U :�µ :�¡       ,�¡ �E: ’il,:il �L ri:�M   1::

�¡
=�M

�u�“�E
’

Fi3�E 16.S Ctt10 0f developläF ne of sanguini�˝

L�à
L�v

�f ççllF�a �Œeta�£ �o

�u

�‚�� �í Lla�T �Ø�£
�v�as 3Degenera"d egg,of6angu�V iCOla dotted together in the kidn��

1�¡ �¡ �¡ ,:=�˙ t:

P�¡ �¡ �u .:In

Dlseases crused by Acanthocephalans

Acanthocephalans, also called thorny headcd worm$ are.characteriscd by a nrobo.-scls \th hoolr
at the front end of 4 bulb straped body. AAult forms arc fotrnd in the inQs$ne of fish *l-PI9 St
"nose" is edibeilded in the intestinh-lininE of the fistr" Heavy irrfestatiohi can causc intestin{
Ulockagc. Thc lifc cycle of many acanthocephalans is completcd when la$mc of copcpodr ingcot
the cgga The cycle is completed when a fish eats the inscct Fish may'lbrm thc intcrmcdirte
host for a larger vertebrate suqh as birds or mammals. In this case, cysts containing larval stages
of acanthocephalans may be found in the abdominal cavity of the fish.

Sfgns : Emaciation iscgmmon in heavil!.jnfected fislr" Diaglosis is by oramination 6f lntesitics
and. identification of the characteristic spiny proboiis.

t..re.t"t l.r. !

�¤ms tt h intemediate�L

�g

mSp tti�a :�‚ �¤
:  �¡ :  :�� (: :�æ �¡ ‘

�E0�˝ �Rd an�† TFeatmenl Sin�å insect larval

ishOuld be avonded�B

DISEASES CAUSED BY CRUSTACEANS

.Argu�� l13                     .

�Œ�R
���A
�\

�E�E
�@
�@
�L��

�@
���Œ

A�h"�V �E Or ftt Hc�ç are common parasites whi�˚ �] tack�A .1�d IttSAm�x ,lat�D _

green yellow in tolour and up to 8 1nlno in length. mey attach
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�o �ƒ Œi �I at l�Ù ba�� �C Œt :�¢ �° �� �F �� Of�_ �� �‰ �¡ªY EldCeFS l�� ated s�� ØÜ

â˜ �¢
�c

�q Om_�¾ ªY �‘ a ttnd�g �D�V �r �w �ßJ�« �¨ �w din tt or�V
mmh�ª �‰�¸ åKdØS�Œrd:i�D a ho�¡ �É T�˚ B sting�b ��

"�}
�¢ �¢dS�� ��pen tt way fer mcP

�⁄ æmæm�‰ In�\ me�\ â˜ wmnd itticted and ttt remung anaemta canØD lse den.

�Ý �r 8TL�ging of tt llce ttses red blotch on�œ 3 dm tt nsh show sIBns ofnervou�\
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LS CHECK YOUR PROGRESS�]MODELANWRS

1,�µ �flMSPttrara

2�B Ichthyophthiris

.16.6. . MODEL EXAMINATION QT'ESTIONS

Io An�˚ the rollang in about 30 1ines:                       t    
�L _     : )�E

1. Give an account of COmmon bacterial and�� ral dirases encountered in the Flshes and
:’:�] 1       1

their treamen�A

:12�E OiVe m tt OFcommond�gases caused�Ł prOtOZo8h�� �� �R and:�@�� mptm

and heatment ofthe dttas�]         .       �E t     i

3�v �¿tt an account:of tt d�ß �• S Caused by cnstaceans and�¾ �R tratment.�E ,:�E �A:

�¡ �¡ �q
�g

dintts�¡ �¿,wo�¿�V

I�� ::�r �¤�I �í �£
_  .to tt t�\

[               :’ 1: :: |

�RL m the follongin about1011nes:

�E �Ø�I�w�ˆli"�à s

�M�O_�H :

g. 
''$prolcgna diseasoq, signs and treatment

:4�B Nutritbnd d"�J S

’Disett defen�g

wSttm m itts

:�– Giu rOt di"�• and tteatment

:.�¡ �¾  t it

�C

�k

�e
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Som attr�g a�˚ glyco�r
=�g

�F�V�V�¤
�e �ß�� â˜ �E�â �ô �� �C��"rigOF mOrtis"se�¤ inwhen ttt�¡ ettL00mes�Ø

The�¡ sh becomes putFid,the nce10sestt �\ tttShi�g and cdor and beCOmes covered�Mth

th�z �fl slime which gros�ç �ßØ[�â �v�� mrbid ttnallyrm�V ng in ydlo77 or brown colour�B �÷ �É

�@ graduJ,dnk and shrint pupil�g coming dOudy and mil�µ and COrnea opaque.hJ�as

assume light pink colollr turmng to greylsh bFOWn ttred�� th thick � ĩmc.The mesh graduJly

sottnsexndingjuiceunderslintp�\ ure and become dull and millg in appear�\ �BIn a tt�_ iled

ish gradual change in odour of the raw IEsh Tpears intially itis hesh,becomes swcetish,frui�Ł ,

later ammoniacal or ishy odour dominate until putriFlcation odour beconles cMdent�B �¡ �É pH

in a spoiled ttsh may exceed 7.6 compared to 64 for�⁄ �É sh nsh.

�⁄ �Ms the marketing of ish becomes an impo�g ant factor gnce the ish isçç �´ ect tO Spoilage

where quality is reduced below an acceptable level�B

Spoilage

�� e�¡ sh after its landing is subicctel tO a varicI

factors.ney are(1)bacteria9�� )digestive en

l�F i�Ù �÷ �H�Ł�F�I �I
t�ß

and viscera continue to functiOn and cause so�¡ ���L

�k�´ l�d �I �v�ç��çW�ì �Ì� �̇N�� y�` �� �`

�¶L Ihe gut�¤ �g
m�Nd md tt bOdy�˚ tyisushed �V

l�� �• �¡:�� �ô
t��

�g
âïZ�I �ŁŁc�ö �I Ø}�@l�º �¿�ö�£�ß�â �Õ �ß�`
idea Of pr�v sCIVation is to prevc

distant locatiOJs�B

17.3 METHODS OF PRESERVAT10N AND PROCESSING

173.1 lReFdgerantt�¡ and freeZing
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OF leSS dry.
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UNIT�] 15 FISH NUTRIT10N AND HEALTH
MONITORING�]NmITIONAL
REQUIREMENTS AND
SUPPLEMENTARY FEEDING

Contents

15.1 Objectives

75.2 Introduction

15.3 Nutritional Requirements

15.4 Supplementary Feeding

15.5 Summary

15.6 Check Your Progress : Model Answers

15.7 Model Bramination Questions

15.1  0WCTIVES

This unit deals with thebasic nutritional requirements of a fish. The digestibility and utilisation
of food items have been discussed. Different types of supplpmentary feed are girren. Thc factors
relating to selection of supplementary feeds and rate of conversion have also beeir dealt The
methods of preparation and application of supplementary feeds are given in this unit

15.2 1NTRODUC�¡ON

The knowledge relating to basic nutritional requirements of fishes stems from man,s endeaws to
raise fishes for food and for stocking in lakes and rivers. In intersive fish culture practices the
objective is to maintain optimum density.of fish per unit area of water by adopting techniqtrcs
relating to polyculture, multiple stocking, stock maniputation etc. Under juctr cbnAitions of fish
culture, the natural protein component of food organisms present in the environment will not
meet the needs of the growing fish biomass, lhereby necesciating supplementation with protein
rich feeds. Since there is heary competition of protein foods mainly for human consrmjtion ttre
idea of feeding such tlpe of foods to all cultivated species. of fishes does not sound very economic
There are certain foods which are not consumed by the human beings such as ptaniproteins,
condemned grains straw, hay, scrap or lruman food, by products and wastes from industries,
single cell proteirrs etc.--lTo achieve progrBqsive developmint of the fish farming industry suctr
substances could be utilised for the preparation of arfficial fish feeds aftii con"Aucffi prop",
experiments

The dwelopment of artificial feeds mainly depend on the studies relating jo basic nutritiori
and physiolory. For economic reasons such investigations should aim to find out the minimum
level of protein which satisfies the amino acid requiiements of the species for optimum inherent
capacity for growth, adequate supplementation by carbohydrat"r toi"*" 

^ 
iliil;;es andlumrious supply of vitamins and minerals for necessary stimulation of protein oigltion.

Informafion regarding the nutritionat requirements of warm water fishes is not avaitable orceptirrg
the channel cat fish for which complete ration has been formulated and dietic requirements lrarre
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been rtudicd. Llowever, thc importance of gMng protein rlch diets to carpr has becn rcaliscd

t" r;i*;ftl* high yiclis obtatricd. Jt har blcn cstablished that'tlp natural food playr f,ily T
iirrinrn.*t robl Rtsults obtaincd tiy fceding carpr in runnlng and conflned water practlcc$ ln

;Gr ;d floah have revcatcd that carp can giow wctl evdn without natural food by flcdlng wlth

different types of supplementary feeds.

15.3 NUTRIT10NAL REQUIREMENTS

Amino Acid Fish muscle Fish myosin Egg Beef muscte Cow milk Chicken muscle

�ò �D�æF�� �b �� ��st�� ��l�O �Ü�í 1�� �Ł�˘ �fl�u�D�ì�«
ddaWil:�v �Ìl�¤ ��:�F Ød .�ç �I

ittL:]�o
�PF�Ł�� �º �Ý�fl:�ò ��

nutritional requirements of ttshes such�A as proteins,carbohydrates,fats,micronutrients,�� tamins

etc�B ,besides the knowledge relating to digestibili�Ł and utiliSation of the compounded Feeds by

the nsh fOr�u dding protein as the lml metabolised product in intensive lsh culture pracucct�B

Amino acidS Which are indispensable in human�¡ utrition have been found to be essentia!for

certain rlshes and since their composition is known to be the primary factor inluencing prOtein

i   �V�k�E
3�g Is in artincid feeds is given in TabiC�] 15�B 1

Arginine

IIistidine

Lysine

T�c rOSine

llyptOphan

Pheny�ma:anine

C�� Stipe

MethiOnine
Tlreonlne

L�À ucine

lsoleucine

Valine

7.4

26
9.0

3.8

1.2

4�B4

1,2

3.2

4.7

9.5

6.5

6.0

4:8

2.7

15�B0

2.7

0�B 9

4.4

�V
�D
�D

�h

�W
�D

�S

�S
�B
�R

�ö

�S
�D

�U

�h
�¿

�S
�D

�V

�¢

�E

�E

�S
�D

�Q

�Q
�D

�U

�W
�B
�V

�U
�D

�O

�P�T

�T
�B
�T

�]
�E
�O

�R
�D

�Q

�S
�B
�V

�] �]
�E
�O

�V
�D

�T

�V
�D

�O

�V�Q

�Q
�D

�X

�W
�B
�D

�R
�D

�S

�]
�E
�R

��

�E�R

�R�R

�S
�D

�U

�V
�D

�V

�U
�D

�R

�T
�B
�W

�U
�B

�U

�Q
�D

�S

�V
�D

�O

�S
�B

�T

�]
�E

�T

�U
�D

�R

�Q
�D

�S

�S
�D

�O

�S
�D

�R

�X
�B

�Q

�¯

�V
�D

�Q

�Œ

�Q
�D

�R

�T
�D

�W

�O

�E

�Q

�V
�D

�V

�U
�B

�U

Table 15�B 1�B Amino aCid COmpositiOn of Fish and Other animal proteins(From the Wealth Of

Indi�¤

Anlmal Proteins

FIsh Mear : Fish mear is the idear protein item having a[ the essential amino acids required in

fish feeds. It has been reported ttrat tisfres ie.O *ittt ish meal have yielded better rezults when

comparea to the fishes fed with soyabeen'
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"m qesand lo�\

Ø‰
�\

d�Ł �¸

�g

�W

�†

�c
�r �� and�~ �ß �æ �˚ rate �[ M Out0 2�¡ �¢ been rwelel�‡ �ƒ

�¯ on d�ß �� m pupac have,lded better grovlhwhen comparedito the nshesfed On a m�c
Of rle bFan and mustard oil oake in the ratio l:L It haS been oburve1 1�ˆ t,�¡ m�p �°
anha p�R �R �� 8 BNe better veittt grdn and�g ed COttrsion than a mmFe pf plant pFo��

"or av of�R �� pFOteins tested alone.It lias also been reported that plant proteins mttpd with 10

lo 15%of ttmal p�_ teinS could be utilised as the basic ingredients in fomulatingithe artincial

feeds under intensive ish farming.

Plant Promlns

�˚ �fl are dendent�g lySine ttd memOnine�� ntel�¿ and tO avold aminoacid inbJan""�g d

supplementation with animal prOttin::�fi �_ most favouFed items generally used for ca,feeding

are dire"nt Oil cakes,and grain foddeR It has been repOrted thatin the composite�¡ sh culture

::�I �T�� �[ :t�k �|�] �Ú l�§ �� ��
��
l�µ �P�F�R�H��

y�°
�¨��

�¸    1ªJ �Õ:�æ�Qf=’�†
prwttd tte�¤ çq�a�Ò

�g
du�å d wllen ttr

ntent�� �abe used when the solvent extractedi�z

�Z 3a�˚ �R e bran a�g uttd�¤ Ø‰eds               
��  1.

LarPrO"ins:Infoma�¡ on regardhg the u"ofleafproteinsin lsh nutJ�� oni�A asyet�n �Ł 1�¨

"��

"ptFor sonle vegetable 

�vating species,but b�å ause of their high p�_ ductton and�� mpetitive
conomy in�¡ �¡ mitural industries,they may in the near iture o�å upy a p�_ �˚ nent pl"Oin ish
feeds ater adequate processing invol�� ng separatio�¡ of pigmentsp navour and toxins.   :

Algae pFOteln�¡ Algae cons�� tuteS the feed of�g rtain vaJeties Of cuiturable inshe�˜  cLrorera
�x .hm been fOund tO cOntain ali the e�Û ��ntial amino acids and prOtein Of desi"dittttidæu d
and"�g ��Onal and mnctional quality can be obtained by selecang the suitabll mldia fOF�¾

"i
culmtt anl attusting the harvesting time.It has bcen noticed that feed pellets madebf�› 1"d�P
resul"d in �V  higher�u dds Of Tilapia mOssambica.

Shgle Cell prOteinS:�÷ �Éproteins deriVed�E 011#1�v

ilil::lllllliIIII�a �a111111:
of mbstat�¡ 1�� Ø[ Includl lvdr�å arbOns�ake c
wch as ellulose,grain,sulite Hquor,�¡ Olasses
of prottn.�¡ has hm repor�É d ttat satts�¸ d�z

�Ł�ø�åI�h :�v

meved whenrast�¤ �R,�¡ ���a�b Ø[d hydrocarbons as a substttute for a part o

Carbohydrates

Pªà i�� �D:�– �Ù �R�ó�O �T�Ô �ø�ı

�@�å �‰�Œ�„�hI�í �a�| Ø‰Ø[
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fats get deposited in liver, trout ration is usually prepared with less than lM tatcontent It has

been reported that in order to yield better results of growth and to reduce mortatity in rainbonr
trout fatty acids with Omega-3 configuration bctween 3-10Vo are requircd. The increased fish
yietd was found mainly due to accurnulation of body fat in sorglnrm fed fish aC long as protein

was not a limiting factor. Therefore it is clear that provided the protein comg)nent in thc diet
is zufficient, fats can be advantageously used in carp feeds for gaining added yields as well as

sparing proteins for growth.

154 SUPPLEMENTARY FEEDING

1)Vegetable feedS Such�� lCaveS,grasscs tubers and roots StarChes.

�ß Oil cakes zuch as mustard, groundnut' til' coconut etc" and other residues.

3)Grdn fodders hke whCat bran, rice,lupine, soyabean, maizn, rye, barley etc'

o Feeds OfanimalS OrittilSuch as iSh�¡
Our,�¡ sh mcJ,iCSh meat iOm wam bloOded animals

_�¡ __ ____�] ^14 �]
�g

�] 11�� �� ���L

blood, poultry 
"ggs 

JT imps' crab$ mussels' snails etc-'

5) Additirrcs such as vitamins and minerals'

Fish may also feed directly on dung appiied. as manure in ponds

t%

�c
d anumbedc�ƒå¶ T�r âï �ß�µ�í

�Qcultured together,tO make"st U

�\ �ì �QIØ} �� i�E [�× �Ł�u�É�� �ì
natural food OfØ[ ��

supplementary feedS gwen to different ttlt�s
ated iSheS Of diVerse feeding habitS are:

Mlcronutrlents

The gfowth stimulating micronutrients cannot be substitute for food but their pres€noe in gencral

required to formutatp a balanced diet for improving the protein assimilation. In spite of the

prer"n.r of proteins,'growth rate may be sloq, due to the abscnce of micronutrients.

Vitamins

Salmon and troutrequire all the serren vitamins for their ggowth. Cultivae carps need rymloxine
,ibJil;;Jp"itoti"ni. acid. The carps indicated better rezulb wtrn they werCfed with 08

;giirfl;i;f dobatt, wliich is a part of vitamin BrZ c9lg?med-with nitrogen asfrmilation and

sviitrlsir'or haemoilobin and muscular protein ant- addition of. 4vo fodder yeast. Addition of

cobalt chloride incrlases the srrvival and growth of cultivable fishes.

Antibiotics

The intensive fish farming results in cusing diseases ro fishes The role of antibiotics in stimulating

pi"iri" ,.tabolism aepEnos upon the quality of diet and best results have been obtained by

ilii"t 20,000 units of terraryiin to carps every three days resulting in the growth increase by

95% and a fodder saving of.l05%'

DigestibilitY

Natural food items.of fishes are higlrly nutritious, reflecting a simple and regutar relation

befiileen protein, f"t, ;;;lryJirt" ird ttreir utitisation, bui in case of artificial feed stuff'

etaborate eryerimental analysis have to u" carriea out to i<now their digestibility and utilisation

co-efficients. Digestion co- Lfficients are generally measured in terms of nitrogen and calories
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f,ith tta tq,tring of tenrperatorc. At -50 leto f0 oC frrc entirc vmter in the fish h frozcn. TIF
mairuuru te.zfrS of water is between 1 oC and 5 oCvith'diftrent sized crystal fonmtiort of
iri. tce furrnation occrft at a placc wlrcre heat is €xtractd and then to spreads utarner arca
from w,lprc lreat is conductcd to refrigerating medium. The size of the crystals dgpends upon
the ndtrrre of freezirg in slw or quick freezing. targe crystats formed in slow fu@\r& rupturcs
tht tisslcs more since it penetratcs the cell wall easily and forms the ririp. Drip is the flow o[
thsrp fluids from the ftoren fish or muscle during freezing of the fish or musc{e. ,llhis drb is
du--e- to tile cell darnage causod in freezing This drip leaches along with soluble protein, vitamins
ad minerals and gives an undesirable appearance. The formation of drip affects the appeatane
of *E prsduct and resulb in the loss of weight Hence drip is considered s one of the criteria
fiu ju(ging the qualrty of ttre ftoz.en products

\4rtrcn fish is intended to be stored for a long period, Erick freezing is preferred which inhibits
bacteriat actisr. Dtring quick freezing_every part of the product comes within the range of Oo
to -5 oC Property frozen fish at .20 oC retains its physical properties and nutritive r.atue for
a ]Ear ff more and is almost as good as fresh fislr. Smaller sized erystals, shorter timo takcn
ior freezing les time allowed for dififrrston of salb and waporation of water and pranention d
decorryrosition af,e som€ of the advantages in quick freezing There are three ways effecting
156r quick freeirrg: a) Direct immersion of fish in the rcfrigerating medium b) Indirect coiltract
wittr the iefrigerant through plates and c) Forced convectiorr of refrigerated air directed * hcat
trarsfer sttrfaces. There are scveral me-thods of quick freezing Among the various types of quick
ftecaing ptants installed in India the carrier air blast type iewidely used.

Prcserving of ffi in celd storage is practiced on a small scale in India. Cold storage prescnation
of fistt is practiced d the places where storage facilities are available. The fishes are preserved
overnight in cdd storage and marketed the next day. With the increase in availability of ice,
fistt is trarmportcd in ice by different modes.of transport like rail, truclcs, moter launclcs etc.

lll "nlt 
coast has a large number of freezing plants at places like Bombay, Mangaloft, GOclrin

Rivandrutn uilrcrc freezing of prmlnq lobsters and frog legs are undertaken; At-Bonrbay fistres
Iftc Bomfrets, jew fishes etc., ffe fuoz*n and stored for ircverd months.

CXI Sdines{Sandlaelta lorgiceps.), macterel (R.astrcItiger !<anagurta)and Seer (ftomberowus
giuaiatus) are the tfuee cormhercially important food fislres used in the application of r6ftigprated
sea water $ Preservation. These fiShes were stored in artificial sea wateri prepared Uy Oissotvhg
common salt to gine a sodi6m chtoride content 35Vo at a temperature of -li to O 0C

In general the fishes stOod in Lrcfrigerated sea water had firmer texhrre and better appearance
than ice-stored orrcs. The oilsardines stored upto}days did not show any differenceiompared
to ice samples Rrrther Stofing resulted inferior quality of the fish. Similarly maclrcrel and seer
could be stored for 4 to 6 days and 12 to 14 days respectively.

In general diffeient methods of freezing are adapted through sharp freezer. Air blast froezer,
Coffact plate fuuwr. Vertical plate freernr, Immerslon *eifing Liquid freoa freezing Liquid
nitrogen frrezirg; Fluidized bed freezer, Cryogenic freezing, suU freezing etc. AII tre-nrctnoAs
of freezing shall help in absorption of heat and in preserving the initial quatitics of.nsh.
A'morg the rrarious methods of freezing tlre blast freezer is mostly in use in India The air blast
freees is in thc &rm of a turmel and lreat^transfer is effectid ripidty uv tn"E *;ji,"n bi*lte temperature used ranges toniO to 30 oC and air velociry varier.from g0 to iOSgsre;;ilt:

Fillettng and freezing of fish

'itrc proesslng indusgf also adopted the freezi4g of fish in tlre form of fillets at timars whcn thc
Prasns are not aratlable.- Fillets are nothing but the strips of flesh cut parallel to the Ummolp
of the fish" Fishes like_9-fianc clanos,cat fisfu perches, muttets, carps, eel etc, atre siritags.f{r
fillcti4g 

"4._F 
ring. Filleting can bc done by irand wirich is econoinirat or uf usinfifitia6,i

rnachine. Fillets may be witrh pr without *in and it fetches a rnuctr higlrer p;i* irr'dre t r*;
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�\         �A             �Ó �A:: :

tank�¡ E saltiis applied in betWeenæm ol�c of iShes in the proportion of 1 3�E 3 to l:3 Sali

to ttsh Th propordon ofsdtto�¡ sh vatts�� th ttB 5M since�í �loily�¡ sh require more salt At

the end of 10�] 24 hours the ishes are removed iom the tubs and washed in it salt b�v ne(Salting

"Wl)and d�v

ed in the sun for 2 o�¡ 3 days.Lrge ish losc about one m�� d and smJl lSh abOut

one half of their dressed weights.

In another methods knOwn as wet salting the deaned ish are put in the prevlously prepared

salt soluti9�¡ .It is surred daily till�¡ is propeJy picked.In some�¡ shes like seer,black pom�¡ et

and hdian salmon etc�B ,the gutis removed and illed with salt in l:3 proportion.First the salt

is mled in the gnt region of the ish and stacked,on the following day ttrther ad�˚ ��on of salt

is done since the salt setaes dOwn at the bottom.Finally the process is repeated to enswe the

ŁÕ �… �d �ø �Q1�v �ô �Ó
�w �• �fi �v �˘ �Q �x çW �´

�\and the saltis applied in one lot and they are a��

in wet salting process are to be consumed before the rain sets in and the ishes ar�v  marketed

unthout d�� àVng�B

Pit curing is another process employed in south and south east of our country.In thi,procO�J

�À ish treated�� th salt are bu�v ed in pits lined with leaves.Atter 2�] 3 days they are removed

and marketed direc�¶

�� �d�í :T�£ �y�Rr�X �ï i�n �Ø�r I�Ô �S �`con�å ntration of sat in the ish ussue�B �p salt

the mechanical features 6f musclc ussue�B

Smoklng

Smc�£ng or sm9ke cudng of,sh is One Of the methods of prettrvation cOmbittel with drying

and depod�¡ on of smoke constituOnt�A There are four basic treatments fo�a owed in this prp"�R

ney are brining,drying,smoking and heat trea�\ t lh�l smoking process provides�u desiFabie

smOw navOur and attractive appearance.

�¡ st the ish ater dipping in salt water is wspended on,ds and placed above the barrelloovm

�â �Ù �µ ª� �O �F �x �O çW t�§ çW �I �D f�N
�Dp�_ duct.In cold smoking the slrLO�K e iS d10Wed

iOm ad�§tantly located pŒa .Fish in large quantities may be smoked by placing�� �Û n in a sntall

shed.

Fomaldehyde,adds,and phends,phendicconstituentsusedin smokingare foundtobeelæo tiVe

in presewing i�Ó Sardines,mackerel,pOmfrets,jew ishes,ribbon ishes and hi:sa give smoked

ish of acellent qudi�^

Cannlng

Can�vng ls a method ofpreservation in WM spoHage can be averted by killing micro�] o�¡ m�¤ms
mtt heat.Itis generJ�µ wen knOwn that food carries micro�] organisms which cause spdl��

�I �ü �£ unchecked�B �ß�É se micro�] organisms are to be eliminated and the entry of others are

�˚ ted�B �ßh canning pro�å ss�A involves the pretreatment OfisL preparatton of can,�¡ lling and

Clpsure of the can,technique of heating thq illed cans to kili micro�] organisms witllout damar
tOØ[JL inally cooling.deaning and storage of the producL

�¡ le raw mateJal should be pro�å ssed properly gn�å it contains most dangerous wore fomers
cr_tridfum botibi�ß m which should be destroyed.This is found in protein�v ch food"ch
as ish which has a pH 6�E 7 and is�¡ onacidic. Th�¶ Fe are Somc other hcat resistant bactta

155

B R
 A

 O
 U



�E�� f�˛ �r T�R�œ�ß�ì ���k �ô�J �Øå¥�˚ å¥1�e�ł
�� utes to kill them in iarge numbes                ll�¡ l   i  t

,  �u :: : :|

1732 Pretreatment or raw materlal before canning                .

a)Drsslng               �A.�� :�]  �¡ 11::

h�g begiming the�¡ sh lhould be dressed propett Drettnginndesttding9remou�E �‚
�\

�g

ad

and intestine ma smetimes removal ofbackbone ii llge�¡ �R �Õ Bmded.1�¡ �¤ PI�ä �y ’On

�_ ds for smoking p�¡ or to cannin3 SmJler ishes are cut mechmlcdly and Packed l�c
in the can.A�¡ er the remo�n l of head andigut the blood should k J10Vred to lrain�' �œm��
dressed pieces should be g�s en a ind washing�� th cHorinated wlter�' �r �Œrenloved lactein

�¥���vCh forms the souFCe Of Contamination.

b)Saltlng

nel�R t step Should be to"abiH�g the laVOur and to FetJn its characdstic ta�ƒ �V �ƒ �\

salting and hining proceduFe�B      ’

�] �� s should be sd"d ia,m�g ng the�¶ ���˚
�ô �ç�� �fl�i �a�‹1�í �¶lTL�S �cpasung through thc Jrerent steps the�¡ sh�y

�� t SJttng should be done to obt�v n unifom salttng in ish Th�R �¡ ty OfSdt �V d is a3so�R

iwomnt factoi SJt pe�a cts may be added to the ttsh in the cans before procettng.  :

�¤ pre�E ��
"Mng

Pre�Ecooking is a pr-77here the ish is heated enough to re�V �å the ex�\ of watcr ib�¨

protein lfwater�¤ not rem�s àY d it leads to various disadvantageso Wa"r�� ntent ofish should

be reduced to a�g cast 60%�B In the proces the�â �V
"nd t0 1ose thei,w‘�R

t.Pre�¡ 00kingi
bine is more sattsfactory than in steam oF hOt�å .

o Dttng

H"aL currents are used to renOVe nOisture in cooking proces]mis increas the qu�ó ��tiw

of oil.Lces drying resul�R in a tough tomL ms drying proces can be undertaken�E in wdl

�c
d VenJlated places.

0å¥ ng

ll"�| �ßEndng method is employed to proidde flavour to canned ish in addition�L to renlomg

�c
In thiS pr�å es tt ishes a�g hung on rods and p�§ sed�¾ �' gh a mOHtttumd for

�r �C �£ �I �í �ò �vW:�DŁÕ t�ò
�J �����fi takes 10�] 30�˚ nuts wih dmibrta�L

�g
æ¢ lt

�fi 1�† �Û ª� �í �Wl�� �@�Ł:�� �I
try�E �pØ[n�� a"�¤ a ttn stt shecttOated�g �˚

f strength of steel and protectitt proPc�c �E

�� plate has corrodon res�¤ tance,�⁄ nce it is cavered with 4 1ayers narnely Jl�� y.tin,�c
o7gide and dlin addiØ[ o�¡ With Spec�� enamds or iacqucrs which have been developed.V�R

"eS�°

inOFga_nic lacqueFS are used to absorb the sulphurt Seafoods�} �q nc�\ d Proldw

�� lphuF iOnS�¡ �ˇ �� may react�` th the C,aØ[ �d Of ti�¡ �E äM �@lphur ions are ttot dmime�ˇ �˚

health bui arect J�A appuFance of�Õ àVproduct.
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�� �ß T�� 1å¶ Łâ �`
’�x

�¥

çp �ß ,1�â �¯ 1�à lon�_
‘proccssing ttme than ttn plates.           1    .

The prepared cans should l�– prOtected against damage and corrogon and should be stored in

dly dosed room�B �÷ he cans should be thoroughly washed with boiling water before�¡ lling to

avoid dust and micro�] organisms if any present in the tin.

�] .|11�¡ ,�¡   �]

1ØD�V�R�µ ��S Or canning

��)FilI:ng

Emp�flcanS ShOuld be packed carc�í 1ly by C,p10ying the manuallabour or through mechanical

deviceo While paCking,care should be taken to see that no air pockets are:e�¡ which can�¡ ot.

be removed by exhaustingo At the same time too�� ght packing should bO avoided.It is always

bett�v F tO leave some space at the top for accommodating gas reicased while processing�B

MØD�Ù �� �� �Mi�Ø �ü �ª Œa
is used as additive foF Canned ish at a concentl

dive,oils are alsO used for i�a ing the cans.
:| 

��
.�]

 |l         i

D tthai�˜ ��h:

The air and gas from the can should be removed befoic its scJing process.�¡ 1�R can le d9,C

by uSng cxhausunL wh�‰h mi�˚ m�Rcs the strJ�¡ on the can through expansion of Jr duJng hO,t

processingo Removal of owgen to avoid internal corrosion and creation ofvacuum when the can

is cooled ale indication of sound packing since it protects colour and ttavour of produCts and

rctains�� tamins etc.Further it checks the growth of organisms whiCh requires air for growth

Latr seJhgis done to obtain ar Jght sed bem19n the COVer and the bpd�] OfCOntainer s�� that

the spdhge agen�A camot enter the seJed contaheriafter the canned�¡ sh has been s�Ù �v!�B d.

O PrOCessing

�ø �� ª� F�—�I �Õ PT�í 11�r
�Ù �Ù �Ø 1�I �dthe,Otential inactive spolage agents�� thout

:Œ⁄ �� �� :�ô 1�• tttttr�¶ �˛ �Ł �ò �v�� �� �˛ �Ñ
�R

�° ��

T

The m�� )rity of retorts,may be ho�v zontJ or verticJ sti�a ,or rotatingp are�‰ d by steam.The

report shalt have an inict at the top through which steam enters.�M �ß�⁄ weight of the stean that

entcred the report,�� d the incorning steam both put together drives the air out from the bottom

witho�Ł t�‰

�g

ng�E

�‘
r poC�R CtS if present in a report may give ri�g to uneven procesgng and Lad

to under,�B ceSSing�¡ 7hHt interfeJng bCtwcen pressure a�ß d temperature.The processing umO

and t�v �� peraturc required for each food depends on various factors like types of pack,size of

cans report system etc.

By a10pting lhe abOVe heatingproccss the mttority ofthe spoilage agentsor bactcFia ar�v  kilied.If

�óyb�V�R�g�˚
�¤uttLtthw mn�g �ª�Vn��

�R�å �Q�‹�£ �Õ :�÷ �I::�í :�ç �Raftcr processing�B �uFhe can shollld bc cooled to at

drying 9fthe can surface.It protccts against rustingo Chlorinated water of5 ppm strerigth can bc

used for tooling purpose.Even"ith care�{ l reg�ß lation ofpressureuu�Õ hg and attcl l�� c�v SSin3

somctimcs thc canS arc cxposOd tO tcmporary lc�æ s.Through these leakagrs the bacteria nay

cntcr aAcr prOccssing.}lence to minimise this,chlorinated water is uscd for cooling�B �E
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The canned product should rfot be ransported immediately since the salt pe-llets and othcr
additives used may take some days for equal distribution throughout the can contents. It is
advised to stor€ for 3 months before final quality control and shipment: During this period all
cases of leak dontamination would,show up.

il) Mlcroblal spollage

Somctimcs the canned fish show signs of microbial spoilage which may be due to insufficient
prctreatment especially inadequate cooling or improper preservation of raw material. It cxhibits
signs of spoilage accompanied by the presence of dead bacteria. These bacteria may at times
withstand the processing but shall die during cooling and storage. Insuffrtient procesing leaves
back a number of heat resistant qpore forming bacteria in the canned product The commonly
obsbrved sporeformers are mesophilic anaerobes (Clostridium sporogenes, C. putriftcum).They
produce putrid'swells, mesophilic arobes (Bwillus sp)produces flavour and cotour changls and
softens the contents. Thermophilic bacilli produce 'flat soursthich are rare. The bactcria has
got ability to produce gas and to interact with the material inside the can. The gas accumulated
at'the head region in the can helps in determining the kind and cause of spoilage. The swelling
of cans may also be due to CO 2 and hydrogen formed due to microbial qpoilage,

Finally the canned product is thoroughly examined byvarious methods like exarhining the product
organoleptically, chemically and micro biologically for the quality of final product Then it is
properly labelleC which should exhibit the name of the product, net contents and any specific
information if required. The processed cans can be stored at a room temperaturb which should
be just above the freezing point of canned products.

17�B4 TRANSPORTATION OF FISH

In modern times, fishing and fish processing industries hare made rapid prqgress. The most
important method of economic utilisation of fresh fish involves the transporfation. The fish
catch which is on the increascd trend will have to,be lifted from the landing area to the place
where it is easily marketed. But our country has a varied landing centres widely scattered on the
Iong coast line of about 4,800 Kms.

In the earlier tl.ites ths heavy catch and very.heavy landings of fish were buried in coconut
gardens and latcr used es lnanure. In addition the surplus fish catch was salt cured and such
productsused to attractlowprices. All these methodswere adopted forwant of proper transport
facilities and scientific methods of handlii,g and preservation. Hence rapid mechanisation of
fishing crafts is gaining lot of importance since the fish is to be transported from the place of
landing to the internal marketg which are situated some thousands of kilometers away. The
fish catch is not reaching the common consumer because of the problem faced in selection of
container-method of icing and transportation.

The fish processing industries aimed at fish product orport and earning foreign exchange thus

negtecting the fish consumers in India. Even till today the coqfffrer is not getting averuge

fish fequirement. Various countries have made tremendous progress with the mechanised

tiarisportation while our country is yet to standardise the method.

Modefn method of preservation like freezing and canning alone are used for preserying prawns

which constitutes 10-12Vo of Indian ma;ine fish landings. Since the other 90Vo of marine fish
landings forms the fishes which finds no export market, not much of attention is diveqted towards,

handling and transportation. Use of trucks and vans to some extent eased the situation in
transpoiting the fresh fish in coastal area. Recent introduction of refrigerated rail wagons in
certain routes ionnecting the cities also helped in distribution of fresh fish.

The fish which is a perishable commodity is exposed to spoilage due to death after its landing
tfuough.micro-organism which cause deterioration. Hence to avoid the spoilage the crushed ice
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:      �ª�d
in the prop�° �i Of�¡ l was�� 110V7ed.

|

to the liners at the bottom to drip ava v7an

ere transported by ms proceS�ß ’

�Ô �¢I��
which is a second hand teachest the melting of ice while maintai�˚ ng the temperamre wto 6o

_hoursl nle cOntainer mtt be oftwo das�� �� its oing capacities are 482 x 48.2 1 585 ans,

110 Kgs,and 455 x 455 x 51.O cms�] 80 Kgs.A25 mm thick thermocole is cut to rettirel�R çq

to it into the inside of the container�� th polythene bags to protect it�¡ om ice melted watr

on at�¡

�g

es.The thermOcole d9eS�¡ 9t J10W"entry of heat�¡ om outttde and the cold,�@

�g

dde t�B |"apa

�ß �É �¡sh is washed repeatedly�� th 5 ppm chlorinated water ti:lthe ish is iee�¡ om s1lme,:�œ ,

dirt,blood or any other foreign matter.The ice blocks are crushed to make the te�¡ ee nom

aw con�¸ � n̊adm���Rb�g

"Ha A�¡
l propo�Ł

lT:�« �Ù Tttti�º ��R�o1�� �� �Oput into the container.First the ioe is spread or

�¡sh isldd.AgJn above the lsh iayer the ice is spread the lsh iS laido mus ice an"m ShOuld

W�Ø�í �[ �u�ì:�I FL�¤ �V�qt�Ł �� �º �´ �ô �Õ�Ml�ß �Ł1�Q
of ice�� th as�� nnally the�¡ t ttdh piece of ttemocole is placed above the box and tlle lid is

placed�B �¡ �vslid should be nailed to the box The container�� ndly wrapped in gunny bag Oould

be stitched propeJ�u befOre inal transportation�B

Depending on the dur�˚ cn of�g anspOrt the ice can be paCked wi�� �¡ Ore provision for�G �Œr
transpoFt duration is less than 24 hours only 3/4 or 1/2 ofthe quanti�Ł ofiCe may be usedo ritis

�E n110nger penod before markeung and distribution,use of more lce is ad�� sed to the container�B

�ß�É container which is ready for tranSport is ioaded into the rail wagons or tmcks�� thout

having any space if bettn �V  bOxeS,thus avddhg the ra�g of mdung Ofi�å .Containers

ittld�¡ ot be�| posed tO direct sunl�ü 1.�p �� ntaners can be properly cleaned ttd dded for

re�] use.ney can be used on an average of 3 trips invol�� ng joumey of 40 hou�e �ßm cost Of

container9 thermocole,polythelle,gunny bag,nai1 0�g �B,vanes�¡ om ttme to�ü e:Wle cact�� st

can�¡ ot be spedied at a particular level.                                           .

�ß�« æk hes landed in huge quantiti�¡ at thlcentre can be deep�¡ ozen and stored if the faci:iØ[

"for immediate transport are not available�¡ om the landing area�ß �« fttezing catt be dbne in

�] �ç�I �ï �v�ô111�ì :�v �A�Ł:�� �I �p�i �o�{ �¯ !Œ�
:

�˚om the trays and packed immediately in the contJne�¡ mlis ttpe of�g eezing ttcili�g teS Small

size nsh�a ke sardine mackerd etc.,While air blast tteczer Or tunnel tteezer is used forlarge szO

�¡sh ttdMdual:�� THs method is better for transportauon invOl�� ngjoumey of 2 to 3 days.

�¡ le onlydincul�fl enCOuntered in ttisttpe offttezingisthatbellyburstingoccurs duJng�\ �¥�Rg

and transportation and the entire�� sceral pOrtion comes out reducing the acceptabili�Ł by the

consumen Hence to overcome such hardships it is ad�� sed to give a dip treatment of�¡ sh m
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lS%brine for 30 minutes prior to freezing and the fish gives slightly saltish taste on cooking in
water, with better appear:mae and firmer texture to the sardines

. Thc dry ice (Sotid carbon dioxide) can also be used for supplementary cooling of already chilled
or frozen fish during transportation in insulated cans. Initial cooling with dry ice strould bc
arroidcd as it does not provide uniform cooling and causes freeznr burn in fislres

Thus the development in scientific field of preservation, processing and transportation shatl
cnable thc private enterpeneurs in the various placcs to acctfot the chatlcnge and dcrivc thc
full advantage. The method of packaging.and transportation in the improved condition will not
only improve the socio-economic status of.fishermen but also solve the problem of thc protein
mdnutrition of our courttry.

is another good rnrthod of preserving fislr"

canning is more suitabte method of preservation, because it pre.

Check your Pmgress

veflts fish from attack of even

1

17�B5  SUMMARY

Here the preservation of fish by various methods is described in detail. Preservation ryethods
such as freezing, filleting Drytng, Salting Smoking and canning are e1plained here. Even thc
transportationoffishtopreservedfigharcdescribedhere..,,l,,.

176 CHECK YOUR PROGRESS�]MODEL ANSWERS

1. Salting

2 Micro Organisms

n.7 MODEL EXAMTNATTON QUES"TTONS

I. Ansner the followirrg in aborrt 30lines :

1. Describe the rnarious methods of fish preservation andprocessing technotogies dwelopcd
in our country

Z What is canning ? Erptain the methods followed in cannirgprocess technolory.

3. Exptain thc pretreatment given to the raw material.before canning.

,.,' 4. Gr.* * account of the recent advancement invqiygd in the transportption of/fish.
,.

. 5. Briefly write about the refrigelation and freezing process adopted in fish prescrvation.

II. Ansner the follonlng ln about 10 lines:

1. Erplain how the freihness of fish can be tested.

L Writc briefly how the spoilage of fish is determined.

3. Drnng proaess of presewation,

4. Salting prgcess of prescr-rration. '

5. Smoting prooess of preservation.

t50
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UNIT�¡ 18 BY PRODUCTS

Contemts

18.1 0bi�å tiVes

18�B2  1ntroduction

18.3  COmposition

18.3.l  Enzymes

18.3.2  Vitamins i    �M

18,3.3 PhospholipidS

18.4  Fish By Products  i

18.4.1 �¡ sh 01s

1 184:lA COttposition of Fish Oil

18.4.2 Fish Mcal

18.43 Fish Flour

18.4.4  Fish Silage

1845 FishiSolubles

1846 Fish Proteins

184.7 Shark Fins

18.48 Flish Egg,,Fish Roes

:.�E .   18J Fish Gluc

I�‡ :410 1singlass

18.41l Fish Skins

_      18.4.12  Sterol,

18.5  Sunll�¡ ary

18.6  Check Your ProgFe"::Model Answers

18��  Model Dmmination Questions

18�B1 0BJECrIVES

This unit deals with the importance of fish which is consumed as food either in frestr condition
or in the form of nre-yrvgd products lQe flesh of fish contains various important chemical
composition which differs in marine and fresh water fishes Various by products are obtained
from the entire fish body or from important organs of fish which has a great rralue in human
nutrition. The products of inferior quatity is used as manure.

18�B2 1NTRODU�åION

Thc good qtality fish meal
as manure. The chemical

is used as supplement in animal
composition of nfarine and fresh

feeding whilc othcrs are usd
watei fishes includes miperals,
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cnzymes, vitamins, proteins,.phospholipids etc. The fish protein ptays an important rolc in
Aiian nutrition in view of its high digestibility and biological.ard growth prormting veFc-Elph
oils, fisl mcal, fish flour,'fish silSge, fish roes, fish glue, isingtass etG. ate some of the by products

obtaincd from'fislr..The fishoil,livbi oil, cod tivcr oil, shark'liver oil, sardine oil etc., are rich

in vitamins and hare specialized.methods of extraption The fish oil is useful in manufacturing

of candleg lubricants, cosmetics and pharmaceuticals also. Shark carcass and Salmon canrcry

;;; irt';a in .r#.ti.. soap$ chemical industries, thocolates, pharmaceuticals etc. rhd.hy
producb harrc varied comp.osition and important used in various industries. E9h T""t is used for
inimat fgcding and .as maiure. Fish flour is used for human consumption. Leathcr gelatin and

gtue arc produced from fish skins, imitation pearls and carbon from fish scalcg foam producing

compouna for fire extinguishers, isinglass and adhesives from fish sorrnds (air bladder), insulin

ftom pancrea$ so( hormones ftom gonads, protein from milt, histamine fromllesh, guanine and

cystine from scales and some of the products obtained from the wastes of fistt.

18�� 3 COMPOSITION

�� �� �Ł�P ØÜ�Õ �ø �S�Ł:�Ł :fi�� �R1�…i�˛ �� �C �� �F
of the ttshwater ishes Wnle per�å ntage of protein ranges iom 9�B 05(Bombay dutt HOrpodon

nehereu�¤ to 26.10 in grey shark Carcharllhus fimbatus wh�a e in ieshwater isheSit ranges iom

13�� (Bhekd,Ltes cJCaJfer)to 25�B 2(Mahseer,Tor tq)�B

�p other mineral cons�� tuents present in ttsh muscl�v s are copper,manganese,strontium,zinc,

aluminium,barium,lead,molybdenum,vanadium,bismuth,cobalt,lickel,titanivm,chrOmium;

�� ªø �Ł �� �£ �í 1�Ò ær

���' �œ�� �� ndhça b�¤ �˚ �j m�˚
�g

md iOdi�'

,Ih availab�a i�Ł of the"minerals vary from ish

tO nsh

Caldum and phosphorus can be obtdned iOm the bones of ish like diver belly which�¤ eaten

as whole along�M th the nesh calcium alone can�t c�� Obtained�¡ om bones as well as scaes�� �lm

�P    �` �ß ���[ �CØÜ�[�I
:he fresh muscle of marine and freshwater nshes

respectivew.

CarbOhydrates are avJlable in very smJ:quantitiOs whne�v
ycOgei presentin lMng�¡ sh is rapidly

converted to lactic acid a�¡ er death.

�¡ �É nitrogenous constiments present in ish muscle are v01atile bases(Ammoniap mono,dic

W�‰�e
Łc �É �| Œ⁄�å

�n  �˛ �Ø
tc�B

183.l Enttes

�˘ �� �� å¥ �Ù �I �\ �ìŒ⁄
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�� i�Ò �†�� Œ��� �V l�V �V �� �V l�V �V �V �V ���V�� �·
r

1832 VItamins                     ,                 .. _

vitamins A,D and Bo Compl�¿ ,B12 C are presentin the quali�Ł ish�B �ß�É main componOnts of

l:COmplåN are mamine,rib01avih and ntoti�˚ c acid.àÛ D�� tamm B 12 in high cOn�‹ �` æk ns

is prentin the livei and in fair amounts in nesh a10ng �Yth�� tamin C

nr m�Ô ne�¡ shes obtJned iom the sea shore of Bombay have revealel the prewne�� 13
Complo�y components namely thiamine O�B 1�] 1�B 1,ribona�� �¡ o.5 to 12�B 9�B  and niCOtinic acid. 1�� 7

�� 82 mg.�ß �É nhes Obtained�¡ om the n�g shwater bodiesin West Bengal aFe fOund to conttm,

2�‹ .74J�Z �SgiaS CHOdde.Tlle B12 �Ytamin of lndian�¡ shes vatts k)m50 to 210�� �¶  :

1833 Phospholiplds

Phospholipids consdtute O�B 17 to O�B 7%of the muscle among the several kinds of f�Ó Th:�¡ esh

�E of,cod has a complex mimre of phospholipid�A lecithin predOminating the otheF lipids:�ó ld

i�ø �F�æ:1�ì �æ1�Ó �V�� �†�í �£ :t�n      �� �ø
range of 4.3_�E 5�B7%�� th lecithins predominating(2.3�] 3.6%)foHOV7ed by spingomyd�Œ(Q2.=

�` �F �� T�» �Õ� �̃E
�â �R �gà��v

n,�L �V�œe wd�E

1Ø‰

Om����
9�� 1’1�¿

A group Of unCharacterised phospholipids dedgnated as and phospholipids A,B and C h�g

also been separated but their content is much:ower than the other known phostt�_ :i�� dSilke

lecitins andicephalins�B                                              .

18�B4’ FISH BY PRODU�‰

�Õ �ô �ô �÷ �ß�Ì�d
�w

�vm�‡:�� �ˆ R�Ü ::�� �ß �x�Œ�l �a �F�Ì
Sterols etc.                                                                 _  :

:.��
‘��

.^: :�k      .                    l                                                                          _  1

:�I æn�l�–�«101�m                            .:
Ll ols iOm the nsh aFe Obtdned by extracti�˝ �¡Om the enttre hpdy Of the�¡ sh or�ò

�g

m
the liver.Ille oi1 0btained�¡ om the endre body are known,as body�B ls and are groupec intO
drying and semild�� ing oil�R �ß�É drying oH comprises oilS Of Sardinc,salmorL herring9 machrd;

mhow and white ist while the O�a s of sprat and carp constttu�É semidttng ttdue to thele7
iodine content.The body oil is edible and used for industrial purposes.Liver oil macted tt�_ m

ªR �� �ß l�c 1�a
:�~ �Q

�R
�‚ �� �˚ �` �i �{ �vŒt�i ]�”

Freshly extracted 91s are direrendy co10red from cO10uJess to golden yellowD greenishttbFOr

[even�' Æe ol"r�g

"d iOm the"Je m�R �í �ß �÷ l�R �• �g
�� Jttt and�b

"�¡

,��
iof theloJ:Jso va�v �¡

"om fresh to stJe Jttg l

Composltlon or Fish Oll                                      .

�fi �É �¡sh oil direF Very much in their,ompogtton and against the cOmparable 01slo�u �à�¡�µ|�c al ttm�v s ttdiwgetable mts Th nsh eils are rluch more complexiand�A .ªY
acnd,are�] composed of chain lengths varying�¡ om C�E14 to C�] 22 and:in 30meri�‹ stçW�ôàˇ�R�ß�wn
C�] 24.Higher chain lengths are not uncommon.These nsh oils have Jso veing degreOs of

|

=�R1�g

B R
 A

 O
 U



�\ mtion ranglng�¡ om mono� �́Ù rpen�� (D and hNe o cthylttLttdS Oils Of maram
m�Y�ctties have a higher concentration of C�] 20 and C�] 22o.e.:10nger chain lengthsD and iOtr

conentratlon of C�] 16 and C�] 18 acids.The saturated acids mainly palmitic,form only 15�] 20m
ofthe total acids h faw aCid COmpoddon of mesh and liver oms ofttsh are similar�� th body

oils�� ntaining Hgher proportion of unsaturated C�] 20 and esPccially C,22 acids  :

�R�É �¡sll ols are comprised of a mimre oft�S glycerides which are comparatively�» �B
�g

compl�q

S,ple triglyceJdes are cither absent or of very rare occurrence�B �÷ �k mpst comnlon ttiglyceJde

is a compound containing three difLrent fatty acids although occasionally two radicals of the

sagrle fatw aCidS are found over a gngle glyce�F de molecule.

�E amount of unsaponittabL mttter in�¡ sh dl shovA grett variabilitt Shark liver dis being

�fi in is constituent llle unsaponinab:e matter is comprised of a vanew of alCOhols and other

hydrocarbons.All ish oils contain cholesterol.

Hver Oil

nsh liver Oil consists ofvitamin A mainly and D in some species�ç Thse�� tamins may be formed

duc to metaboHc activides which might have been made their way into the lttr and to be steed.

UnWOni�¡ablc lnatter in the liver oils of fbod�¡ shesislowerin 01 to 24g�º in cod than in ottr

liver onis i�� �B,80%in a few sharks�B

�¡ �� livers of�¡ shes are grouped into threc classes depending upon the commettal uttli�Ł �¡�Ý

class          Example

Hi3 0H COntent�� th

low�� tamin A poten�Ł Cods

Low oil content with  ttna

Hgh�� tamin A poten�Ł halibut

�ü Oil COntent   Hamer
with hip vitmin tt headed
potency            Shark

%Oil

60�] 75

4�] 28

25�] 75

Vit.A potency

500to 20p00  1
iJyg�B

25,0001o6,(X),000

iJ�B �¨

3,00,000 iJ�‰ �B

Vitamin A mainly gets stored in the liver. But in halibuts the Vitamin gets accumulated in

viscera also in addition to liver. The age, sex, availability of food, season eti, play an imDoriant

role in the activity of vitamin A can be obtained from the large sized fish within a glvgn species.

tlo suctr correlation of size aid concentration of Vitamin A Qan be made among the fish of

different species The dark coloured liver in sharks yields higher concentration of vitamin A

than the liiht coloured ones Vitamin A content of liver lobes are varies markedly in drte*ent

lobes

Vitamin A which is associated with the lrotein of the tiver and partly with the oil exists as

fatty acia esters (9i - l}avd. Vitamin Aiomprises Vitamin A2 (from the liver oils of marine

itom tt 
" 

liver oirls of ireshwater trshes) whiclr is 40Vo active as A 1. Vitamin A 1 is of greater

irnportance inview of its availability in commercial scale'

Three cis-isomers viz neovitamin A, 'iso-a' and 'iso.b' have been isolated from the liver oils

but are less potent ihan Vitamin A1. Some fish liver oits are rich in Vitamin D. Ttrna liver oil'

hhlibut liver oil una.oo liver oil contain 2,50,000; 5000; 500 units per lram of oil'-vitamin D

content is available in gr"rt., quantity wtreie the oil is less in the'liver. The Vitamin D is present

i" itt" t ,rrn of D3, avail"ble partly in free state and partly as esters'

Vitamin E in liver oils protects any oxidation of Vitamin A. Hydrocarbons cholesterol pigments

fatty alcohol 
"na 

gfiiJ-oih"r, form the various coustituents of the oil besides glycerides

ta

�u

 [~~
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1�`
çW���b�� �h �R�|̊�R �Õ �ì çW1�� �í �� �P çWçW

�í �D�F�I �R l�D

]�| �Æ�ƒT�� �� �u�¿stable within the liver.�M �¡ le material may be prc

formalina

�ò �O �i �V �M�r t�V
�cd b ttF�g

�g
mn d ttdu,J grade d

or the production of technical grade oil.HOnce

the pr�å ess of extractiOn dependS mOstly on the presence Of oil content in the liver and the

Vitanin A poten�Ł �BA simple method 6f steaming is followed foF Obtaining the onl mmØ‰

Iivers of lsh such as�� d which has high oil content h liveris min�å d and cooked in,�¡ ib at

a tempera�† �É of 85 1 90�� .The liver cel�R dittntegrate and the o�a loats to the surfacc�_ f the

steam condensate.�÷ �Õ oil is skimmed and coliccted.

h another method known are�¡ Otation process theprocedure is some what elaborate.nrst�R the

liVeF iS COlled�í d ind preserved with aquacidc(a mttre ofpar�v dchyd�µ and sodium carbonate)t

�b isidonamres the protein and yields a pulp when the seperated aqucous liqutt is drained�z

�¡ E pub iS then Jlowed tO pass thFOugh a series of tanks or�Ł linde�g with a stirret w�� �R a�g

connected to worl�¡ water plpes. h emuision of oil and water ibrlned dunng the treament

.bFeakS Su,1�b �Ł �@d9119a,to the tOp.

:    �Õ �× �z�Ô�•�ß�V�� �´�í�v�IŒA�º�� ����
r�Ó

�Û �fl�u
loil:�V mChCaWSOåNer techni�V eS hke dgestton ofliver pro�g h�� th JkJi�¤ adoptt as m ale

l�Õ �ô �` :�§ �˜ �÷ �fiLIF�ô �¤�ç�í ªj�d�D:ŁÕ �Z�ƒ
With conStant sttrring for about an hour,the matedal is passed through centJttgal m�g Hne
The_liver inay be treated with sardine oil for separating the�� tamins.

The en�¯ tte llkali digestion process can also be undertaken for the extraction of oil.In this

,pr.��

"�J

.minCed liveri,�˚ �É dwith an 9quJ vOlume OfWater,pH adiusted t0 12 to 15by additi6�¡

of hydrocHoric acid,pepsin(0.5%by w,Of liVe�´ added and the material digested at 43�] 49�¡
At the end ofthe proCess sodium carbonate is added to raise the pH to 9.O along uttth the rai�g

of�] tempeFature to 80%to cOok the mate�J al for about l hour.hter the oll is drawn or and

ilteFedi

Th�l yield obtained in the digestion process is comparatively!ow than the yneld Obtained by

empl�� hg solvent extraction used for separattng the o�a from livers T�« oil obtained thrOu�R
tHs�E process�¤ darker in colotr and with high viscogty and�R to be re�¡ ned a�¡ er cttrac�g ngØ‰

�g�O�T aCidS from the liver.

�í TMH�˝ �I
�S

�H�r lª� �b �À L�Ô

�§.WSTanncanbesepam�g
dttcOd�V �x�V

�R�Ó �æ�÷A�z æc :�í �Ł�@
�¢�R�£ :�¿ m�i �¿ �N

‘�G
��

�� �Ì �F�Ó� ç̂W �Ù TI�' �ł
��d ttShesltt G�v �Yc�x �Ø�QØÜn�¤ md Cad�§
of these cods are passed through stearn co6king
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imd�R�I
àVw�‹ tJ�N landttS�� â˜ �œ

�g

’ether,�‚

:TrTT’l�t �· �µ ttd

�˚ e liVer 01 conds�g of�˚ tw aCldS which vary.direrndyin d�V �Vt,�V �MSOttetimes:�V

unremed Oil�g ntJnsiodine 6 415 ppi)and"aceS Of arsemc(1.4 tp 5�B l pp�‚ )  �� :

�r �Qå¶ l�ø �D�� �Ù i�� �DI�N �´ �u�Q
JrerrVaçq �÷ s�a ke nordihydrogudaretic acid(005%)and aSCOrbyl pJmitate(001%)f

�R
In�A vim of rich concentra�� on 9f�� tamin A and D;with dige�Õ le fat it�¤ found to impFOW

:�˚ tion and caldication in patients with rickets and tuberculoun when uäŁ à  . It can also be

used as a supplement for children and can be applied to v7ounds and buns lodinatedioilis uttd

for several skin infections like e"ema and mycoses

,�R �É cod l�‘ �B oil can be�œ �� acted�¡ om partiall,or completely decomposed livett The ollli�B

consldered as:low technical gFade Oil and is used inithe�� anufacture of leather.lubricathg

æx a�Ø�ZS and soaps of inferior grades. 1lx�l stearin separated at low temperature ls used iniscap

i making or as ish ta�a ow in leather curing�B                                       :

Halibut liver oil is obtJned�¡ om iesh or preserved livers ofpsettoles sp�E by solvent emactton

or alkali digestion.It is pale to golden yellow in colour l�¡ th a ttshy but not rancld occur and

tast lt is similar to cod liver oil compositiono Cod and halibut liver oils have not�\ h of

medicinal importan�å ��or are thw used in the preparation of�� tamin concentra"�� �´ma and

mFk lmer oils are richin�� tamin A and D.In lndiacod liver oilis�¡ otproduced butthelttr dis

for�� mmeFCial production are �¿
"aded iom sharks which are supposed to be rich ini��

tamil

A and D atdiåN �Ô �Rt places like Bombay9 Baroda�B

Shank LIver Oils

Shark Of lndian waters except few are considered Hghly impo�g �Ó t iom the yicld point of oil

�E hh liver which cOnsist of high�� tamin A poten�Ł  (av�B 12,0001�¡ .g of oil).:OitS aS JCll as

3�ƒ :�� i�a yg have been obtdned.

�x shark liver oil is obtdned ttom species of sharks like Caleocerdo tiFinus,Q�b �Rarl�¡ us

meronopterus,C�R�_n�� �¡�˚ ,a linbatu.Scdid"Parasorrah and S Warbecch�“ whin�b ��

vaned distribution in east and west CO�¤ t�E ney alsO vary�M in direrent�ß �§Ons       i

h oils iOm the livers are cttracted by employing a gmple method.In this me�¡ 9d the l�s �v
=is

collected mm various ttrks and the entire mass�¤ hea�gd Jlthe dl�¤ wpaFate�� �ˇ �‰t�g e�B

�E ol thus collected is mtred and dchydrated�� th anhydrous sodium Su�ì hat�v fTL 01�Ö er

reaning iS diluted to the required�� tamin A poten�Ł by deodOrized groundnut oil and.enriched

çq �˚ �œnthetic�� tamin D.

Development of rancidi�y bacteda contmination and lnetalt cOntamination�¡ om contJners

�í �î äz����̃ø�r �í �V �œ
�—��rage mtt becau"destrucion of�� tam�g �‰

Dossible a�¡ erlanding ofJttlks Organic peroxides

in the om alsO arect the�� tamin A content in stored oil. To protect�� tamin. A corten�¿

�¨ �D�ªdtt�µ �ó�…�e �„�DäD�D�Œ�x� L̋RttT�Ł
�]�¿ �]

The ttshly extracted on is yel10Wp Orange or brown in colour with mild ishy odout and low

�N acidi�g �p dlute shark liver ol is prepl�g d by the addi66n of reined groundttt oil With

�� tamin D.

�P�ô � %́C�I�fl �açWª� i�Ł �Õ
r�˜

�R�{ �Ó �� æa 1�Ł �Q
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:�‹ ad�g �ó d�ç �BL�b ,linolent Hn�� �¡ �V�ç gadOl(�t an4 tertracOs�] 1216
�¡om the�� �^ �� Ldianwate�� Glycetts isolatedØ‰ Om ttark

�h �� �¸ �|
IPT�� �¢

�g

�v�p��

�g
�b�u�ƒ

�g
�g

�g

���v�¤ moL�g_��
�g

m

meal and the bOdy oJ.Commerchiv imp�B �¡ant

h tt wlth rich oil cOntent and low oil content

espectivel�¡

i�m

"proces��

�¡sh�¤ crushed to a pu�ª �çd c00hd�� th s�g �g conunuOugy m_ve�¡ŁÕ
�° indrid iCOo�µ :lh cooked ma�É HJ is pressed and on don�] 1�¡ a mimre of ish solubles

�� �ô �ó�e �� �ß
içW

�v�Õ�� (1�â �¾�y :�� �D �� :�¥ å¥ �'
��

:‘Iy,pFOCCt iShes with low ol c9ntent are processed as the oil recovery is I(w�B �E Ø[llet

wastel�V �ô inark�ô �ô �¿
�g

are dign�g grated in a grinder and co6ked under regular ttirFing in a

l�I �q�� �˘ I�v �� ª��{ :’�¤ 1�x [�X �Ôl,d�_ rnttOn ttscan be d�i �æ�æd�å

�x�í�d:1�Ü F�‚ ����d�� ttd tt mperhettd

erent species have been observed.�¡ 1�R va�v a�� on
l.PFeSenCe,F abXl�¡ �¡ of the dinonageHates and

to the variatiOn in fat content�B

rides ater deOdor2ation and hydrogenation are

�œtent lre used in the preparation oflaundry soap�E

polymerization,saponin,aØ[ �B,are the p�_ �å ss
folowed in getang an cxcellent quality soap.Fish oils Te usec in the leather industry in malcing

Latttr�¡ exible�g 11impermeable to water1 01 with hi�R 10dine content�¤ used in application of
ipai�� �DvEniSh dC:�† �wÆ�̆x ated ttsh oms and destcaFinated ish oib milred with dHers are used

in blendS with linesed oF tung Oil ttnce it gives ttexibility and heat resistant ttlms

The ot�g rimpOrtart uses�˛ ish oil are manufacture ofcandics,lub�v �–ants,cutttng 01s,cosmedCS

and pharttaCtttiCal�R .lineOLu�� ,rubber substituteS,Water proo�| ng cmpositions,pJnttng inks
and core oilS.Oil�g itaining�� tamins are used in animal and poultry feeds Fish oils acts as a

l�ö âî Œt TI�u 11’TS�d
�å SàÛ �Ł �˚ �¤ J�æ

�‚

,�u

TØ[
�˝ �É

TC��

ncentratitt b

,SardlneO�¿ �A  1

1  �ß�� �Q

:��
uJ�g bi�¤ �V�V�µ�� lo�g d m mrcou�—�Ł��̃z�� �� �b 1�| �o:�F �Ó �`�í�˝

�v

�g
::|:|�E

11

B R
 A

 O
 U



|

through proccssing of.shark carcass are edible muscle for pastes and puddling$ fins and taits for
soupivitamins, carateucs and sterots. Similarly salmon cannery wastes are rred in cosmedcs,

srap$ chemical industrieS, chocolates, pharmaceuticals, animal feeding, fish hatchery food ctc.

18.42 Fish Meal

The waste which is obtained after thc fish is processed for qtraction of oil is.k4own as fish mcal.
'Thc waste obtained ftom non oily types of fish of the cod industry is known as Whitc fish mcal.
Thc fishmeal is prepared cither by dry or wet procesing depending upon the rar matcrial. In
dry method the meal is orposcd to higlr temperaturc like sun, or in flamc driers or in steam
jackcted dnrms often under partial vaccum-Vaccum drying gives a superior producl The good

quality fish meal is used as zupplement in animal feeding. The other one is bsed as manure.

The chemical composition of fish meal has wide range in moisture G12, proteins 55'70, fat 2'
15, and animai matter l0-20Vo or even more. the fish meal is considered as very rich source

of proteins Also it is rich in calcium. 53QVo, phosphorous 3.42Vo, iodine etc. Some fish med

possessesvitamins A, D & K Vitamin 812 which promotes growth of animals is present in high

loncentration. It is alsq used as ingredient of feeds for farni animals By using the fi$ meal as

a srpplcment fced rio harmful effect on the quality of milk ftom cows or on flesh of pigs and

pouify are obscrvcd. Fish meal on an average containsthc Vitamins (Vitamin B): thlaminc 0.13,

iiUondvin 0.67, nicotinic acid 6.4, pantothenic acid 0.91, pyridoxin 1.4, choline 396.5 mg/l$ gr.

Jobalamin (0.i2 micro gram/g) and inositol (230 micro grar/S). Thc fish mcal produccd ln thc

west coast ii of infqrior quality and is used as manure in coffee, tea and tobacco plantations. Thc

fislres which are unfit foi usoas food are utilised as manure. Spoiled horse mackerel, mackerel

and sardines are the example for use as manure. Fish manure contains N 5'7,?-2 O 5 a'6 Ca O

i-6%. Sometimes fish waite is buried in pits for 35 - 60 days, then dried and fermented in hot

rr", r*tr material is known as pit for 35-- 60 days, then dried and fermented in hot sun, such

material in known as pot ,rnri. and fermented contains N 3'5, P ZO 52'6, and CJIO l'5%'

Fish guano contain 8'10%N.

Tlrc fish meal is usually stored in grnny or coir bags as they are inscct and verminproof. The tin

containers under an aimosphere of nitiogen with soldered lids are also employed for-satisfactoty

,ari"i m"annuat;;;d;.tfi of dry fiih manure is about 15 lakh md. It is mostly produccd

ftom Karwar to CaPe Comorin.

1t.43 Flsh Flour

Fish flour forms an ideal protein supplement to human diets Infants meal fit for human

consumption. It is pr"p"*a by solvenf extraction process on a commercial scale' This can be

blended with wheat o riAr"flour and is used as enriching component in bread,-biscuts, cakes'

il;;-;;. *o g*.1 fire taste and appearance of briad remains unaltered when thc fish

flour is added uPto 107o level'

1&4.4 Ftsh Stlage

Thefteslrfisttismixedwithzulphuricryi{formicacidoramixhrreofslphuri:T'dTgmolasscc
,Hffi; fii;-;;.til;f semi stuff. Thi.;it.s. is preferred ovcr fish meal since the vitamlns

""r. 
noi'"f"ctiO ana do riot pro{uce fish odour'

-184.$Fish Solubtes

Theresidueliquour(stickwater).fromfistroilplantsan.d]carneriesisknownascondensation
of fish sorubres and considered as aaaitres to d'ry feeds for animars. The fish soruble is rich in

soluble proteins, piot in degradation products aid vitamins of B' compler It contains water

5nO cnrde proteinii--i, f^iTA, i9 $niii". Vitamins: thimine 4'0' riboflavin 20'0' nicotinic

acid31s,calcium pantoitrenate 40.0, biotin 0.i+, pniao*in 0'0125, and Vitamin B ,, 03 ug Thc
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various amino acids like arginine, histidine,lysirrc, tyrosing trlptophan, phenylainme, metonine,
thereonine, leucine, lysine, iscileucirte, Vdlinc which varies diffierently in fish fiesh, fish meal, fish
egg etc. are present. This is easy to handle and store and is incorpoiated into the rest,of thc
prettto produce whole fish meal or dehydration into powdered form.

18�B
4�B6 FIsh Protd�A

�¡ C PrO"ins Of theæu �V have high digestibi�a �ƒ bidO�v CJ and growth promodng va:u�� .Hence it

�ßayS an important role in human nutJJon.h avJ:ab!e amino acids are more eveJy bdenced

than the other proteins ofanimal ortin.Amino acids iike lysine and methionine are Jch in�G �R
,protein. In general ttsh protein is so�\ hat superior to egg albunen,been piOtOin and casein

and perhaps equal to chicken proteins.

:�ì �Z�����¢�`ŒaÆP��l��
�P�I�¶ª�:�‰

B tO Strolna proteins together�� th crude piOfcin

hdng nulooprO�g mS and hacmo810bins.1

nle lsh prOteins are extracted with dilute caus�� c sOda solutiOn ttom ttsh�� llets Or was�Ú 1�� er
removing the fat. �¡ e extracted material is dried atter neutralizatiOn. ]�œ lis powder is white in
�� lour�M thout any nshy odour and taste containing 80�E 90%Of solubJized protein.nis is used
as a substitute for white ofthe egg in baking,cOnfectaryplce cream and pharmaceuucal produc�É

�P�_�„ � "̇dh�¿ ’�[
� �̊R�� �‰

’ptt�¿ �Y�åm�g�´mttdtt powders and ba�� �¡

�å �‰[�¡ �q�I �� �¥I�x ���Ø
18�B4�B7 Shark Fins                                                         I

�C�˛ :�í �Ó l:�ì l�ò ::�| �Ó Tttneartt�_
ttwashdhseawa�Wm�gd

TCP"d h SOups ttd�g æx J�g �Y del�‰�¿ hChinll�� �• �a�£ �fi :itWhiCH�g
risp md bJme

18.4.8 Fish LgEs,Fish Roes

à£�ıf�Q �Ú �ºl�í tttll�à

and for the manufacmre of gluc and wnthetic f

18�B4�B9 FIsh Glue

Ø× �µ �Q�h�å�Ú lt�í �o�u �� �x:�î l�§ �P �Ì�] �ô �»:àp �Õ

�É:1�v �Œf�� �Ì �Dl�÷ :�ä � :̌��
çç� �̊¤h tt mam�˚ cm�˚

�g
u�g ���§�O�˚ �d

�ò �Ł�R
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t�O
�Ô �å Æ��¸ f�� �‰ �]’feed:|||:|:: : .: :  �¡  �� �A�¡  �El   i

1&4101JttaSS       ir 
�\adder or ttm ttda"=�g

1ªN
llikecat

�l àÛ =�h�� �Xi�I �y1��
neyp�ï �I�u b00kianl Fibb"tCtC�E �E. �¡ �¡ 1:

�Õ �ø�¡�u�E�ì�fi iTdld�V �]m.1�^=�ï �Æi�U ,�U TT

�øær �[ �æ�O�K�„�� �Ł�b ��tl=�˚ ØÕ �R1�Õ ��

�� �ø�hªdÆr�e�Õ �¡�ä �¨ :�ø �£�‡�ł
and catFIshes from Kerala.                    :  ..1 :  |

18.4.11 Fish Skins |:�O �¡

H�� �¥
�g

hM"dd u"s The ttn�g �i 1�� ishes Such as sharksià¨ �æ Faysâ˚
�˚ �˚ �[ |FishsKms naveva.cu ;il.-il;.fl* skin is ranoved and drained,uqry

Lorn ttr" flesh and soaked in brine Iq?J lt r - -Lr--:^ ^^:.r A:r+or rrraininc nme esiin the *in
ffrJ:iif il'ff #ilffi :iJ,;ffi ;idifi ;';.h,";.;id"A*:.i:1$i::l#Hii'Hifl1�_d�g aked m sat"lunon�¡ o�l

�a��::�Ü �� �ÌI:�Ó �� â˜ �¡ark�É d�Ü 6rnment=1�¡ ther

is scraped and the dectides are l ..  .,_..___��
"‘�A

__�¡ 1_ �¡�� :ol�¡ c�� �‘ in the manufacture of ShOes,

ffi,lfi;i:',,ffi ffi'::Ii"Hffi i:'fi ;#;il'i;'-'**i'*:::;lii""*::':fiff orshoes'

hmdbagspttLtand�Ô �l :�B p�† �†Iâ˜ �†�˚ �S

~�i

lcan ttb�� drd O�˚ rd co10u�¡

2.nsh G�¢ o.

18.5 SUMMARY

�ˇ �] �Ù �' �d�� �Qª��ß Æ��§ �£�Ì�Æ
astttttngagentand antibl�� m

agent in the ChOCOlate industly.

�¨ �I�� �ßF�¿�Ù â 1̃�À �å ŒG�j
li�w ���� �� �À �� �º �xin�O

�u "�˛
ttm J�� Sm�˚�¢

checkYour FFOgreSS

l.Fish Slage          i

11�¡ (111�¡ �¡ 1

Ttrc various by products *htl' :*9e of,tained tro-q mflrtsuS! as fish proteins' Liver Oils Body

Olrs, Fish Meat, F,.#i#;iri1-Stin* #;,4; il'"er"i3, tltit preparation' uf.t:t" described

here. Fish is , ,i.h,;;r;li?pdi"inr"# dffii;.. ipait from these two it vields a verv large

numbers or uv- proail;;;hrh will be vcry usetut to manure discussed here'

na

4�B12 STEROLS

B R
 A

 O
 U



�¡ 8‘ CHECKYOUR PROGREs,�O�� 1à˛ �ƒ �h

L nrc fresh fish is mixqd wittr Sutptruric acid, formic acid or a mixture of_sulphuric Acid and

molasses ,.rurtingii-,ti"';;;ilil;i*"r'Jia rtaff. This silage is preferred over iiih meal

since the vitamins are not affected and do not produce fish odour.

2^ Fish gtuc is prcpared ftom skins, timingg and bones They are-mqked after wuhing'ls mhed

witfr imaff qilality of acctic or any strong acid and cooked for &10 hourg Iatcr the rcsiduces

and the liquour are seParated.

18�B7 MODEL EXAMINATION QUEST10NS

I. Answer the followlng ln about 30 llnes :

1. Erplain in general the chemical composition of fishes.

2- Briefly qplain how the oil is extracted from the liver of the fistt"

g, Bplain in brief about the composition and uses of cod tiver oil.

4 What are the important uses and the composition of shark liver oil?

..\ II. Ansrver the follorlng ln about 10 tines i
' 1. What are the nitrogenous constituepts present in.fish muscle? =-

2. What is fish meal? Mention the different uses of fish meal.

3. What are the uses of fis\ nroteins?

4. How is sardine oit extracted and what are its chief uses?
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19:15  Gamcha

S.16. �¡�¾aØS��ials used for]�H bhing Gear

19�B 17  Preservation of Fishing Gear

19�B18 Summary

19�B 19  Check Your Progress�] Model Answers

1920 Model�¡ amination QucstiOns

19:1 ,OBJE�\ S

�¡ lis unit deJs v7ith the ttrerent ishing crtt and ishing gear used in both ma�v ne and ittand

water�g   ~

|�¾ ��r30ing throun ttsunityOu Larn about

(�L �V�Vl�Ó �V13f�E shing"�D

�� )the geaF apphed for spawn collectton

9�� mettdS dpF9�gClnl th iShing�å ats and

t4itl l�V :�� �Ù J�˜ ised�¤ r tticating the�¡ shi�° æxar ad tt p�g
�g

rvation.

1)2 ’INTRODUCTION

In recent years, the total fish production has elpanded from 52.4 million metric tons in 1965 to
75 million metric tonnes and this increase in production is possible due to three rnain technological
revolutisitq le., (i) mechanisation of fishing craft (ii) use of synthetic fibres for fabricating
the fi#ing gear and (iii) electronic equipments for fish detection and location. Modern Sshing
gear'by synthetic fibre plays an important role to inc.rease the production through exploitation
from marine and inland resources. However, in recent years, much progress has been registered
towards evolving new rirethodology and tools tif the trade.

19�B3 nSHING CRAFr

The fishing vessel, with its equipment, forms an instrument eyolved to fulfill a function, as
efficiently as the knowledge of irs builders permit Fishing methods are the basic controls of tlre
tlpes of craft used. The basic aim of fsh6rmen is to use the method gving the greatest catt*r
per unit effort. The great revolirtion in recent times is the qechanisati6n oin*rin-y.rrn

193.1. Indigenous Craft

Pa{iqfq designs of craft have evolved according to particular local conditions and are confined.
to definite areas. The coracle, Sangadam, Shpe dhoni, Catamaran, Tirticorin boats, Dugout
canoes, Plant built canoes, oqtriggei canoe$, ivlasula boat, Built up boats, Nava Oingtri ana
Nauka are some of the indigenous craft usedr

193.2 Coracle

It has a frame work of bamboo wick work, usually a large wide mouthed (12 feet diameter)
cirCular basket, much flattened vertically andlmade water fight by a covering oima". It is mostly
used for fishing in rivers and reservoirs.
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btrlbous ar-rd wide, thc othcr is narrour

1934 ShOe DLo�ß          �E =       :  ��

1935�¶atamaran i                                   _

1     
�W

ithe Keria co�§ t.Four"eS Of Catamarans are

pe,coromondd ttpe and B9�N c�N �ï aran.

1�¡ �ô�L�I:çp �R�Ù :�—lttFTl��
gS�ƒ

":1�å
Ø[
letoge�g ?r��

pe but

t�r 1�� �� �£IttIWD�A �Vdd"C ItiSmade d36�� gs,�E Wit

��

�g

d arOund Madr�n

�� 1�P�ò �fi �¶�ç�Q �Ì �Õ �V �I�í �D �ô �I T�º
�N  �¯ �ßthtth,Ope ComoFin and Cdachel are�S

�^ �B191�¡ tiC�å h BO�]

193.6 Tuticorln Boats

�ß r�a �a çW �Ó ’�Õ �d�x�� �� �� �Ø�Û �� �O �ô

�æ �B1�ß2 Dugout Cance of Malabar
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193.7 Dugput Canoe

TftcEe are made.ftom logs of wood by scooping qrt thc inner part the keel portion being thickcr
than the *Fs' Thcsc are mainly uscd on thc Kerala and Kanara coasn anfr:aso betltrein
Colachcl and KaErimrar and \.Bombay. . : .

Flgl 193 Ounlgger Cmoo of Kuv"ar

f93"S Qiitrtgepr Canms

Tlrcy are built up canoes with a narow keel, but differ from the plant built canoes in that tl|a
planks are morc spread ou!. They are usually operated on the Kanara and Konlcan coasts for
mackcral operations

Itg. 19.4 Masula Boat of Aldhre cotst

193.9 Masula Boat

It is a non-rigid boat corutnrcted.withlplank$ sewn together with coir rope, but without framcs
or ribs so alt to withstand thc scvere,knocking of thc srft. There ar-c various pattcrnc viz bar
boatr in Orfusq padava or padagu gn the Andhra coast A vrariant with ribs insido has bccn
dweloped in-thc arua bctween Kdrinada and Machatipatnam.

F13�E 195 Bunt Up Boat OF Saurashtra

l.Stores 2 Nets 3.Fish r�� m

’=�¡ ~F�]
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DaCh ttrttmt�E bottomed�] andi,sed in in shore

rthe Satpati mep have bectt populaF aS�I

can be mechanised without any alteiattm in deJgn.

n:�E 1"’�P nada N�� at�†

Flg. 19.6 MasuliPatnam Nava
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1ØÕ�r �L�w 1�R�� F�D
��a�F�‚ �R�“ �H�Ó1�ô �Ô

1�˜ ���� �r :�¾ �� �£ �X �V �b �í’�� �ò �� �|
:�� &�ddhada.                             �]

=��
�¡ �¡

| �]   �¡
�] �¡ �Õ

�u �e jbttghi.Ac�Ü I�V �M

�g

��
‘01�i

19ji121Dl�� ghi l�Ü d Nanka

�í �x �í �‘ �¥ Tttr�� �� :N�'
�» �ß �à �˛

�g

àÛ d�b ICmS""C
and are used for a varlety ofpuFpOseS�¡ �ˇ nding

�| shing operations.

1941:1lM�X �x �ï �ì �{ �g�J �¸ 10F ttSIINC CRA�u

IIIstJlati6niofcngttc�â r propu�U �Bn Ofttshng�Ł aft and the llse ofmechanicJ devicesforhanding

â˜shing gear is teFmedias mechanization.h advantages to the�¡ shing industry by mechanizatton

of ttshing cFaft areil�]

�V�n�ô�‹t�� �µ1�^ ���o�� �e�´�ì �ø[�I �w�hJ�Q ækH�° �Ü
�g�ï

aF�g

(li)tO al10w the use of better and more powermi nets and lines.               =

(lil)10 Save time,increase icedom of action and to permit use of mechanical appliances to save
labour_and increase efficiency.

O tO enable steps to be taken by�¡ Shermen to ensure proper prese�W atton of�¡ sh from tain�¿

:�ü plaCe of catch tO shore.

�¡l�_  fLst problenl in mechanizatiO�¡ progralnme is thc selection of a propcr engineo There are

so many wpes and kinds,cach wlth its own advantages and disadvantagesl
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�Õ �D �� L�† �I �P �r ���R�d�� �¤�Ô �R �R
�Wwaterlprts Of bronze and�� th long vertical sha

�Õ �R �ì �ß W�À �� �R äD �' �� �P �� �R �º �fl �ô �ô

handi�¿ �µ s1 0f late,diesel out boardS are also beng orered.

195 0UT BOARD MOT�ä�‹

�Ł �B6 1NBOARD MOTORS

Gasollne Englnes

Modified car engines They are easy to maintain, cheap, low weight and easily availablc. Blt
fuel is costg highly inflimmable and so these engines can be avoided in fishing boatS.

Kerosene Engines

They are converted car engines with a separate carburetor for kerosene. They are small, light
weiitrt and easy to maintain, the cost bf fuel is not much but are not heawdug.

Semi Diesel Engines

These are heavy
few moving parts.
strong boats,

duty, stow rirnning oil engir-tes, mostly of thc two cycle t1rye, containing very
These engines are heary, bulky and vibrate much and sq can belused only on

Fig. 19.10 Pablo type Fishing Boat of Tamilnadu with Engine

Diesel Englnes

Diescl engines are considered the best for fishing boatl. But they.work undel very high pressure

ffi thd;rt, ;; * ailicaLty preciqc that only trained a1d epelign3e.d mecla-nics_can deal with

td;;:1il iritialprice ii trigfrina they requirt higlr grade oil, whichiseostrybut'thcy havo low

firel consumption Per horse Power

�Ł.7 MATEMLS USED 10R CONSTRUCTION OFFISHING CRAhT

ng�B

TImber
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�¡dmg,Oats tt a cheap9F�� �~ �]t�� .:1 ,

�Ł �B8 �V �r OR SHEATHING THE�\ERWATR PO��ON,OF
THE HULL

��ªJ1�r �h �x �‹ çq �� atio�O �V l�˚
"�k

�Ì�_ idirerenti�g ä� IF��
mmf bel�ˇ ttly nl�q .Du�· 16 Hgh tt oficopp�–

�]
�q �R�e�˚�˚ �˚ �� �i �• =�Ü

littil�ü
�vloyp rettts in a good saving of�¤ �� achange as well.
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L Disablittg typc

L T[aps and baniem

g. Filtering type :

I Entangfing tnc'
5. Self fistdng t1pe

l9.ll.l Dlsablng l)ryc

This type of fishing gear are wounding gear, shrpe$irry gear and hooks and tong lines Ttrc
fundamentalprinciplesundertying difierent disabling type,offshing technique arc luriru, attacking
and snaring or.a combination of these. Iaces, clamp$ rackes and tongs arc weap<xrs qsgd bi
man of the past agp$ Haryoons and rifles were also used to bc throvm by hand or eqriprrort
PoMns likc cndrfuU barringtoniq Derris povder etc. are used to stupeff and kill fistr. Elcctrfu:al
fistring is the recent dwelopment in catching fish by stupe faction. In casc of line fidring thc
principte uscd to ofrcr thc fish a real or artificial bait to entice to bite. Various foans:of hooks
anO gtar arc made for angling ditrerent idnds of fislu Following are tlrc types of AisOling gcar.

Ftrhingvithout Gear

Tlrie isprimarity a method of t&d picking Sometimes baskets or smatl tcin]s for gathering'fi$ro
rrc alsO uled'whic.h are not cunsidcred as gear. Fhhing by feet is also anothcr method. Diving
is a generat practicc; Trained hirds or animhs ae also-used.

A casual stroll along the backwaters of Kerala and Cochin in particular will gifb the common sight
of ladies crmtfuirg along the shallorr water with an eartlrern ware pot floating This reprcscnts
thc hand picking of prawns Sometimes they even use '2 sticks by which they encgunter the fish
keeping it to form an'angle at the bottom. Similarly, the rocky erea and jetg sircs people collect
rinolluscs with chisel and knives Diving for molluscs is also a common practice.

Stupefltng methods

Tlrese include the under water edplosion Poisoning wittrictrthyotoxic ptant preparations mcn'
tioned above and by etcckic curr€nt Stupefylng mcthods }rre common among thc tribals cs-

pecially along thc Nicobar coast where they use some herbs for stupeffing fislres This tlpe of
fishi,s is also t ro'*{ u"l * *fr1],1,j,1fl

ªà 19�] 12 31w Gu,harpool Dar1 1.Linc 2 3arbc�� steOl hcad
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tlpeE so also clamps, tongs etc and guns fonn tfte dcvicts.
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1 1   
�‹ 1915:Attit H001il  i

l.Eye 2 Shank 3.Point uch Barb8 4 Dend
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Spcars, harpoons of differcnt
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Llmes

lines can be with or {ryithout hooks The main principte in this mcthod is to offcr a real ftsh or

artificial bait to entrce;hi fish to bite. Different types of lines are cast lincs' hand lincs' polc

and line, set and drift lines and troll lines 
r*,.:i i:.,, ,ii:,."{i:.+

19�B 11�Ý TttpSmd,3ar�E �ì ,:

Fig. r9.lE Baskct TlaP

1. BaskctZ foe'.f. *Ern&rlstlclc{ OPcninB

. .i , {-ri. ., . -, :" : lrrorir ..': .

j182

B R
 A

 O
 U



1�map3��        :                          ’                                      l ir

�� �í
tiS��

llace tO Which the ish is lured by a bttt or at"acting device and caught�Ø

"d�c
�E

mmgements Traps can be na"ra1 0r artincial reefs bundles of b�¡ lsll wood,tubes etc. or

nlechanlca traps hke gravi�fl traps,box traps,tordon ttaps etc�B ’Some of�Mthe ma�v ne"ailDs are

lobster traps,kalava traps etc.,artncial reeffOr flying isho inland traps include traps for pravms,

�¡sh barrierD buoyed traps,raft trapS,Verandah nets ctc.

19113 Fllterlng Trap

h nLO"impottant tttes Of ishing gear fall under ms da�É D�í �� lint ne�¿ �Mling"��

bag nets,seine nets and encircling nets are some of ttD import�c |�¡ �¡d popular gears commonly

�f �I :�ÆT�| 1:I�`
�E
alttli�] �I �s i�fl l�r �Ø 1�Ł �«lT�Õ

hd,a cast net is thrown on the surface water and in the processi the ish�M �� its area are

entrapped in the water columh and get conected in its pockets. A bag net,totally Or partially

tamed mouth is kept open by are trawl net and seine net whose operatiOn is more elaborate

and covers iargerwater column. Dragged gear which are commonly used in�M inland waters are

dragged through the waters as a verdcJ screen,driving the ish into the bdw and latter hauled

out of water.

�¡ ��

Fig. 19.19 A Bag nct of Tamilnadu Coast 
.

Eag Nets

Bag ncts are totally or partially framed mouths Which can be fixed or mobile. The opcning of
the mouth of the net is checked Q the water flqw and fislres are filtered. The most developed
bag net is otter board stow net. Other examplcs are scoop nets, push netq drag net$ scrape
nets, gape nets etc.

DraggsifGear

Tlrcsc arc ncts towed through water. Eg;g.akes, dredges, trawls etc.

Itml D.iet

A Et*l b ! qrag ne! a large ba! net tapering ftun tlrc mouth focnring a f,attencd gg1rc, *ith
mG dcrlce lbr keeping the mouth of the net opsn, while it is dragged over thc bofrom, or in

ng�B  19.2o Mid Water Trawl
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mid water. Dragging such a net is trawling and boats doing so are called trawlers The various
parts of the net are head rope foot rope, bridles, warp, dan-lence, cod end, ground cable or
wp, legs or leg line, rib lineq wind, Equare, jibbs or wedge, belly, throat flapper, otter boards

�fi 19.21 Sclni Pelagic�� �¡ aWl

Fig�B 19�B22 High Opening Bottom Trawi

�R�~ direrent mes of trawling aFe:(�¤ BCam trawl,(b)Bun trawl(c)Otter trawl.Otter trawI

çq �˚ �¤

�g

�� COmmon is ofthree�PàYs�� z�E ,WdWatertrawl,Semipdagt trawl and High opening

bOttOEIn trawl.

Fig. 19.23 A.Boat Seine-of Kerala coast
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ng.192�Ü 1�¡ het ttthOut Bag
Fig�B 1915 Scine net with l,ag

Seine Nets

Hgre one end of the net is'shot from a fixed point to cover an area and then turned to the
starting point where th€ gear is hauled up. fhe starting point can be shore or boat seine nets
This can be with or without bags. i

SurroUnrling Nets

*j:^, fish shoal is enclosed and scooped. The best known examples are ring nets and purse
semes.

�Œ
�@

������

�Œ�@

���¤���o

��:�v �TT�P�Ü�ƒ�Æ1:�– 1å¢ l�Ì tti�£
is puckered Or bun,hedo This doscs the botton

�Ñ Iª� :i�Æ :�Q�R�˝ tr�| �í �˛�˙
and Danlsh sclne.
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FIB�B 1926H�g Net

Fig. 19.2? Diifcrcnt Tlps of Lift Nots

l.Bag2Ropc3.BrmboStiglt.}ibt+-sdck5.BembooPolc

Dip Ncts.

Thcsc inclrffi all gpes of nets which arc lowered down and lifted up from lhe bottom, cdled'

"ittir 
oip oirin nJtI__ giChinese dip nct. Ttrc othcr examptes are fish whecls

Falllng Nets

Ttris type of gear falls bvcr the fishes and cover them. This includes cover nets, cast:nets Gtc'

16.11.4 Entangllng TYPe

The principle of capturing fish by this type of nets is based on their fortuitous encounter with

r86
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th" t*!* Nets arc operated either as dri$
or at thc surfacc. Singlc wall. gill nets and
comrnonly used in nie and marine waters.

nets or kept stationery
multi wall temmel nets

by anchoring in mid water
are of this t1rye which. are

,. ,il: J"",:Jff::' 
oil'li,l*"*

Gill nets and Tangle Nets

These nets hang in a more or less vertical positiOn in water and are either set.or drift with the
qrrr€ni

!n truc gill netg fish are caught behind the gills by the meshes. The mesh size is such, that the
IlEad can pass through but not- the body; wtren tire fish tries to escape, it opens the'gills andgeq caught at the gills. So mesh size is very important. The webbing 

-hr. 
to tie trun! wil open

and has to give enou$h resistance to the fish snrimming into it, so as to allow the h-iad to pass

lft*gtt Thc gill nets are of different types viz. Bottom drifting. Bottom set, Surface drift;;
harnmel nets.

19.115 Self Fishing llpe
This type ol !.hins depends upon the physiological reaction of fish to physical or chemical stimuli
-engendered 

by the gear itself. odour, sound, light etc. are main stimuli to athact fish of certainbchaviour. Artificial obstacles such as a fistr,ijdge or nit *.1r. ,ir built to m.t , 1r. nsn;ump.A horizontal floating.nct, raft tap or even a boat-or uox can ue usea to catch the nrt *ti.t grtcffected Dy thc stimulus.

Trrps for Jumplng Flsh

ct11t fi$es lump out of ,water when excited or in danger. Making use,of this behaviourartifidial rob$facles sucil as hedges, walnuts etc. are made t6 *rk;tlr;;'ffi, ffi;; is thencollegteil' Tti cite a few eramptes are salmon traps, boat trapg verendah nets, scoop nets, pit falltraps etc.

Common Marinc Fishing Gear

Pt fitng in seas is mostly done by nets of various sizes and designs. Besides, linds and hooksarg employed for catching large fishes offshore. 
.The Srin t1rp., oI n.t, .r. m.;;ili#;nch' bag nets, boat scin$, shorc scineg drag nets, driftnet{i;awt nets, gi1 nets and cast ncts.

Fixed or stationery nets al9 widely used all al-ory lhe coast from Bengal in the cast tci thcsouthern peninsula' oh to Kanara Gu;arat ana r--attriawar.-a" trr" name suggests, thesc nets

*--- = = --=
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arc fixed in the tidal zones of the inshore waters during low iides. To keep the,nets in position,

wooden poles called stakes and floats or sinkers are used. Nets are usually rectang;ular or conical

in shape and are of differing sizes. With the high iide, they get trapped. Theqe nets vary from
state to:state and are called by different local names.

Bag nets are generally conical in shape, without flanks or wings. A variation of this t5/pe wth long.

tapering flanks is in vogue. Iraga vala of the An'dhra coast, Thuri vala of Tamilnadu and Kolli
vala of kerala belong to the latter type. These nets are operated from twg boats or catamarans.

mathi-kolli-vala of Kerala is a specialised bag net for oil sardine fishing. Another type in Kerala

is the Poithu vala, which is a large boat seine.

Fig. 19.29 Dol-A Bab Net of Bombay Coast.

Along the Bombay and Gujarat coasts, a very interesting type of bag net known as dol is
extenlively used. it is a long conical net with a wide mouth. The mouth end is fixed by bamboo

poles or itakes and the tapering end is held on to a boat. This type of net is used in water's

*h.r" the current is strong and high enough to keep the net straight and expanded, so that,

fishes can be trapped in it.

Fig 19.30 Mada valai'A shore Seine Coromandel Coast

Shore seines

Ber jal of orissa, perlda or Aiivi vala of Andhra Coast, p"rya vala or \Iada vatai of the

coromandel coast and Kara valai of the Gulf of Manner are the commonest examples of this

t5rpe. It is essentialff'" .rri.rr bag-witl two wings. The Rampani of the Konkan artd Malabar

coasts extensirrely 
"rirprc,yJ 

i* nraikera! nshing is:the biggest shore seine ret of the Indian ryas
One end of the nelil ti;i tct a tiea'ry stake on the shore' While a boat takes the other arm'into

the,sea, making a semi circular sweep aqd back to the shore' When the net gets filled up with

f*l*q it it a.ugg.O to the shore by groups of men' tuggng at each end'
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pt'h.n Drifr Net

Drift nets and gill nets are rvall like nets of various sizes and meshes. The yarn is of hemp and
sinkers and floats are attached to the net tc' keep it vertical and staight.

Cast nets are a popular variety of the small net operated by a single man. It has usuafty a string.
The net is cast by the sweep of the arm. when it spreads, fishes are caught in it.
Tines and hooks are an age old device in which hooks are suspended from tines or cotton.ropes
Baits are attached to these hooks. For large fishes like sharks, chain hooks are used. The iinei
have to be taken to the sea in boats.

The trawl nettng is done in the seas generally with the help of a mechanised boat.

19�B12 COMMoN FISHING GEAR FOR INLAND WATERS

A review of the gear used in capture of tt�˜ �Ú
commonly used bOth fOr inland and marinc�Õ

109�¢ ond lines,gill netS otC�E are cfficicht�fl Js
cOmmOn use but aH arc not practiced i�Ü every
are operated in mOst Of the arcas are given below;

19�B 12.l Tra,s

�P �§�ØkŒ⁄�Ł�¯ çW1:�a �˛ �v� :̇�¿ �Õ I�¥ â �̃ç�å�]  �u �flI�Qeach trap.

19�B 12.2 Angling

�X�� IT�� �P i�d �A�u�•:�í �� �Pr�v �à �I �º:�Õ �ì
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to 5.O cms are attached to a strOng thread tt short interspace.Natural or artiicial bants are

uttd h the b�› �c d h tteFaung th6m,the ns�g sa"att�í ��
��

the.�Ü
�ì �Æ

W app�ì
�ØnavOured ish feeds.PredgtOry ish such as murrel,wallago On

the craps are usually caught by this method.

�O Ł� �r �í  i �\
��

net is about 3.5 meters and the number of me

çW�� �—:�R �a�Ł�Q�¿ �� :

are cau�v ht during operation.

D�� 12.4 Stake net

The iost common stake netiS a cottdal bag net setin streams and udal wattrs to�¡
lter out�� �Œ

�¡Om�O�Z�å GmJv tt mOuth�v ��
�� �Ł 1�Ł �b�b�R�Õ J�[ �y�“

�å  æ@i�X �ï
tJl end.

ItttT�æ �´���[ :�I �Ł�M�Ł�Ü:�B
vever the number ofstakes depends on the leng��

l�Ì T�º �Ł�� ��l�O �íçW�í àÛ �Ł1�º
‘mes in small ponds                       �A

19�B 12.5 Hand ttnes

�] k�¡ ä¿�N�M�� ��
dth ofthe water area to/c hauled and accordingly
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Fig 19.32 Cast Net
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o�\ ber of mall unlts ofthe same mesh are jo�Q d�B �s lu�c J gtt ora 8md!mlt h"m
btt and 6 m vldeçq m mesh d�g Ø‰Om 6 mmt�Þ 25 mmr ln case oftanks uth 8reatF I�Ł �o
�Œ �¥ ofeach ttt maybe 30 m x8 m.h�� dth of the net should be atleast�µ �ì thedm
d�Œ,Ond Watr�� �§

"allow mmcient�í çW 3�ø �£�QF�I �`�£ :�K �Ì�Œ   �ß�£ �` �' �ò m pOn�§�cd tt nshes mm m�R �cd
col�\ iver8 ofWater are commonv caughtin tt bel,of the net and�¡ nd�Ł dFÆí�ß �ˇ of
vati

1212.6 Glll nets

�I Œ��ò �å T�‰�£ I

çW :�÷ �í �� �B
S�¸ Æ��Ó �� �Vnl�� �Q�I �� �v�Łå¶ �x�í 1

Cilh�� �� 3re of 40o50 metersiong and 3�E 4 mete�g �Mde and 75 mm t,175 mm mesh�À �o �� ä~

�]�Õ 1�fl �D�ó �fl ���í �v �� �æT2�à �ô 1�ì �¥T�í 1�R�ò ’l�V
I�d M27 Tmmmd net

�� à  �E�C�C
�E

/��

�Ñ ttL�f

�j   
�[

�g
�A " �' _

|�M

Fig. 19.33 Becn Jal of West Bcngal
l. Bamboo.polc Z Cuircnt f. go"t

Been jal is bag net set ag4inst tidat current It is tied to stakes or bamboo poles Ftoats arc ficd:?'ff"ii:fly;frfl"i "p"',t'ili a'rii' or *." 
"r 

w",iiingar ano ft G;l; d; Lpturc

|
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Fig 19.34 Khal Patta Jal of Sundcrbans

1. Rivor. a $ats 3" Xhal

:itillill�æ 11
1 1:::�¡ 11.

=I�V
�]�¡ ��:ª…,

ater at 10W tidl�R   |  �]  .1 1:�] _ �u ||

sharslo jal is a tne of pufile net used in the upper reactEs of esnrarici It b opcrabd from a

dugout canoe.

1_�– �à :�‰�ß�T �‰ffTl

.&�P �� Æå�M ttttP�µ �w

fig. 1935 $raryloJd (Pttrsc 6et)
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Fig.,37 Ber Jd cSci"ne�Ł

Berial,�§ alaFge SiZed seine net in the CangettwattA ItiS Operated�¡ om bo�z or�fl wading.

|�– :�Þ
|

�¡ �¡�E�A | �] �¡  � �̂E19�� :La1 0ri�x Ø‰a401â˜ netb       �]
1.3omboo moat 2�M��

�D:�Q �Õ�`Ł� �£ �æ�í :çW��:�í �ô
��J�µ

19�B13 G�� �� RFOR SPAWN COLLEmON

�¡ ,�˚ b�� �¾ ef wawn mm FiVeJntresourcesis�� mmon,done by operation of a gear�ß led.

‘ShooØ[ng ne�� �R�q tiny hatchlings of m�¡ Or carps and other ishes�¡ owingin the marpal vaters

of�¡ ooded FiVerS are sieved t,the net and get collected at the poste�Ü or end of the netin a

receptacle,geneFa�a y knOv7n as gamcha.                                            :

Design oF the net

Many designs of shooting net are in vogue,aithough only a few are more important

(:)Midnapore type o�w net

�¡�¡�vs net has a rectangular mouth measuring about 300 cm x 60 an_Its length is about 320 cnL

and has a ring lnade of split bamboo,of diarncter around 25 cln at its cod end.

�Œ�N�æ
�E
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(tl) Murrhklabail tSpe ol net

fL ryionA most commonly used net is the Murshidabad tlpe of nct This has two wingr
extcnding beyond the net in the front, while the tapeiing of the tait is more pronounccd than
the formbr type. These nets are very popular in the spawn collection operations in the lorcr
ganSctic basic in Bihar and West Bengal. The measurements of a typical 

-net 
are length 325 cnr,

wing lcngth 170,cm, wing heiglrt 80 cm, width at thc net mouth 200 cm and riry diametcr E cm"

(ttt) Ialgolr type of net

The design of this, net is similar to Midnapore tJDe. The posterior tapering of thc net is
comparatively less, while the dimensions are generCly smaller.

This net is made of round meshed mosquito netting material and has an attached muslim tall
piece with no provision of any ring at the cod end. This tlpe of net is arrailable in eastern Uttar
Pradesh and Bihar.

19 14 MESH SIZE,THREAD AND�\VING

(t) Mesh stze

, While the Murshidabad and Lalgola type of nets mostly have 16 to 20 meshcs ger lincar incll
the Midnapore type has mostly 8 to 16 meshes per linear inclu Thc Gujarat stait ncis uceO ib
have sgqare meslred mosquito netting while round (or hexagona) meshed mosquito ndtUirg t
used in Jaunpur tlpe of nets. Multiple meshed nets are not used. Some times a'schedgc of ito
6larger moshes of thicker thread is provided. Amongst thc monofilament nylon nets in-tr6duood
in recent past in some stateq like Andhra PradeSh, Orisa and Uttar Pridesh, thc mesh slzc
ranges bctwecn. 12 and ?t4 mcshes pcr linear inclu

(tl) lVervlng

\Uhcrevcr thc matcrial is cotton mosquito notting hcragonalor roctangular merhcd, thc rcevlng
pattcrn is well lutngm. Tlrc Bcngal ncts, viz, Murstddabad, Lalgola and Midnaporc tpes, hgt,E/
a leno weaving, while the nylon nets have plain weaving

(lll) Ihread

Handloom cotton threads of counts 0 to Z uemostly used in thc cotton nets. Whilc the smaller
meshed klgola and Mdrshidabad t1rye neti 4re madc of finer tfuead, the Midnaporc tlpe is of a
thicker thrcad. The nylon monofilament thread varies according to mcsh size. Smaller meshcd
nc$ aro madc of 0.02 cm diamctcr matcrid, whilc longcr meshcd ncts arc medc of 0.01 cm
diamorcr matcrial.

19�BlS  GAMCHA

TWo type of gamcha are in use:

(l) The Mldnapore type

[ fine meshed handloom material. These have a triangular t1pe. Whilc one
$ide is tied round the ring, the other side is oftended by means of two threads tied to threads
tied to two bamboos. Tlpical measurements are length-l7} cm,height-60cm and posterior width
45 cm. This creates a trough of water where collected spawn have a free ploy.
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(fl) fro munhldabad type

This difibrs from Midnapoie tlpe in design only. A single thread extends it at t{re posterior.end,
giving it a shape of monk's hood. Hence it is aiso citteA a'Monk's hood't1pe. Thi converjincc
to a vortex at the posterior in this design doeg not allow much space for coliedting spawn. The
measurements are slightly lower than those of former t1pe, but in similar proportions.

A third type is the muslim gamcha stitched into the net in the Jaunpur tlpe of net.

Thc rfurgs arc eithcr madc of split raw bamboo or cane, tide round and finc double guttcd with
jutc orsum hemp thread. Thc ring is attached to thc cod end of the net. The usual diametcrs -
are ftom 20-25 cm.

Tannlhg "
Tte negarc usrally tanned, employing the commonly available tanning materiat fol fishing nets

19�B16 MATERIALS USED FOR FISHING GEAR

hreis�¡ othing which can be called an ideal net,as al1 0fthem are prepaFed tO operatO under

�\ in condi�¡ ons ofweather and nshing grounds.�¡ uS,the proper de�J gn and.con�U ruction�°

the net is p�k condderable importance.For example the mOsh slze is Of great impOrtance for g�a l

neth ule el�œ cien�Ł of the g�a l het alsd depends on the tension on the webbing which depends
pll the direrence between weights and 10ats llle matedal of the twine,i�g thickness,size of

IIle�Ó �¡umber oflneshes in depth,floats buoyancy,sinkersp to be tttd for a net depends on the

�¶
’e OfiSh tO be caught and,thelmdi�¡

Ons Of�] lshing grOunds.        �A

Light nets are made of ordinary�� �� on threads iOm the market,which are spun into thicker

�R�Re COmposed of 3�] 6 thread�– Stronger but�� arser nOts�M are generally prepared�¡ Om hemp
fbre rcrot�˚ l�� JunCea9.

Accessories

Floats and sinkers can jointly keep the net in position. when the former lift the net, the tattcr
keep it down. Floats are attached to the head rope. firey are made from crock, wood, plastig
sponge, rubber, glass or hollow metal. Floats are generally slherical or 6blong and are painted
from outside. Those made of cork or wood are made water proof by applying far.

Sinkers are attached to the foot rope and are best made of tead or iron. Stdnes can be used
as sinkers. Sinkers of desired shape. and size are also made from cement concrete. Similarly
anchors are made of suitablo heary material. Whcn a net is anchored and set in mid water or at
the bottom, marking buoy consisting of a small boat with pole and flag is uscd to indicate the'
position of the net

19:17 PRESERVATION OF FLASHING GEAR

All tpes of.fishing gear are liable to detcriorate, if propcr care is nqt taken. Deteriorationmay bc
due to mechanical wear and tear caused by rubbing bendin! and stretching of the components,
or it may be due to getting caused by moulds and bacteria. After fishing a net is contaminatcd
with fish slime and other organic matter, and should not be left as such overnight. It should be
cleaned by washing in running water. If washing and drying is not possible, nets may be dipped
in brine, or suffrcient qua4tity of coarse common salt is sprinkled over it Copper sulphate is atso
used for cleaning nets. Erposure to direct sunlight for long periods is atso harmful, so tbl nets
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must be washcd imnlediatdy a�¡ er use and direct in shadeo A wet netis destroyed by bac"Ja

�ß�É best method of storing is lo Suspttd the nets loosely�g well VentilatecishedS�E If heating is

to be done,�º is better to w�v nk10salt letween layers.               .

In order to rduce chance ofrotting due to bactorial action,nets are freqilentl,‘barkedt For this

various tanning materials are used.Bark of certain trees like karel wood,mangF00VeS,Acacia

are used to prepare a decoc�¡ on by boiling in water�B �ßh resultant decoction containing the

tanning is cooled and the net is soaked in it for sometimett After drying,the net is treated

with the decoction a second time.By this impregna6on and drying,a thir�‰ lm Of tannic acid

is fomed in the fbrS and prevents b�g terial action. The net is treated�� th l%solution of

potassiun dichromate to rx the dye.

Ortain ncts�⁄ �� ch are subicct tO great wear anc tear are protected by tttngo Wle wood�E 1lr

and coal tar are equally useful.The net is put in hot tar or tar diluted with kerosene oil for 15

minutes,and is then dried.Treatmen�¢ mth tar increases the strength of the ttbre and makes it

water proof also.Preservation of net needs disinfection to kill micro�] orgttisms.This i�Ô done

�� �ß �ô
ng�� r�fl

�b

ment�Mha�¡ 5%�œ�˚ on d copper sulp�E toippeFnapthem"

h various methods used under the process ofpresewation ofishing gear are sun light,copper

tFeatment with either copper su:phate�v COpper napthenate,c.opper o:eater,cuprinol,tanning by

uJng cutch,tar acry:onir�a e,argil processp acetylation and mobile deck coating ol.

Check Your Progress�E

1�B  Coracle

2 Dugout are made�¡ Om a single 10ng ofwoOd by scooping Out the

inner part

are used to trap pelaglc lsh

19.18 SUMmRY

In this chapter, various types of fishing craft such as coracle, Sangadam, Dhoni, Catamaran,
Dul;r.)rit canoes, Masula boat, Nauka, etc. are describe.

Sinriiariy various types of fishing gear such as traps, bag nets, trawl nets, seine nets, purse seines,

enta*glc nets, gill nets, etc. are also described.

Different types of craft and gear are required to catch different types of fishes depending upon

their habit and habitat.

19.19 CHECK YOUR PROGRESS:MODEL ANSWERS

l. . Coracle is made up of bamboos and it tooks like a circular basket. it is used for fishing in

rivers and reseryoirs.

L Canoes

3. Gill nets
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19.2(�” �flMODE ttNAT10N QUES�¡ONSi �Ü IF‘

I.Answer tte bllMnghi�g

�g

30 Hnesi    l.

1.What are the�� �� �æi�| æÛhLittt�g d�� ihL,’D3�� hbe them in b�v ei

2 Derribe the disabling�Ø �h Of iShing gear.

3. Wha1lare the nllering ttpe of nets?Write about them in brid              ‘  ’

4. Dttcuss about the tommon ishing gear used in iniand waters

5�B  Describe the gear used for spawn co�a dction.                        
�E�E

do Write about the materials used for construction of ttshing cra�¡ .�¡  
�M �] :

7. Describe the synthetic ttsh net twines.

IL Answer thO followlng in about 10 1ines.                  
�]

1. Mechanization of�¡ shing craft                        �]   . _   1

2. Traps and barriers                  ::  .            :

3.  Entang:ing type of nets                        i                   �A  .

4�B  ProtectiOn to the ttshing boats                                       .

5. Preservation of flshing gear                                  i     l i      .
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UNIT�] 20 PROMOT10N OF:�fiSH     ;
�w NSION METHODS AND
�¤ NSION PROGRAMMES

Contents

20.1 Oblectives

20.2 Introduction

203 Promotion of Fish Orlture, i,
20.4 Fisheries Ertension

20.4.1 Ftrnctions of Btensiqn Officers

20.4.1,1 Divisional Fishery Btension Officcrs

20.4.1.2 Subject matter qpecialists

20.4.13 Chief Fistreries Ertension Officers

20.42 ErtensionMethods

20.4.2.1 Classification of Ertcnsion Methods

20.5 .Ertcnsion Programrne

?fr$ Summary

20X Check Your Progress - Model Answers

?fi.8 Model Hamination Questions

209 Glossary

201 0BJE(�¶ �¡WES

This unit deals with the contributions made in thc field of fisherics for promotion of fistr culture.
The organisation of extension wing and the functions of extension worlgrs are disqrsscd. The
.different extension methods adopted to transfer the technologyto the farm6rs have highlightcned.
The programme planning of extension wort has also been discussed in this upit

20.2 1NTRODU�µ�æ�¡ON

Notable contributions to promote fish culhrre. Objectives of.fishery cxtension. Organisational
pattern of extension. F'unctions of fishery extension ofEcers Extension methods-direct and
indirect. Direct methods'individual contacts, group contacts, demonsEation$ group discnssions
Indirect methods - bulletins, news articleq personal letters, motion pictureq telc,vision ctc
Need of cxtension programme planning. Principles of extension Programme planning The
hrst organised extension service in fisheries pas started in the early 50s at the Central Inland
Fisheries Research Institute, in the context of organising a fish seed trade. The $rooess of the
extension unit at Calcutta led to the creation of nine more extension units on a regional basis
during the second fve year plan. Tlrebe urits undertook wOrk like nuvey of cultivable watcr areas,

correction and improvement of ponds, prospectirtg fish seed from riverine souroes, demonstrpting
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�‚�H �b      Œ�||:lweeds e�É It Jsc took�g �� queStiOn of b�� �R water cul�@

!pot, Tilapt4 livc fish tranryort ctc.

20j3 �r MOmN OF FISH CUL�\

�� �£�å �D�ß �] :�`
�R

LC nOtable contributions in this direction are l�˝ �É

devebpment�ˆ     .�E                   �\   :
1)l TeChni�Ł

‘Ofindu�å
d breeding oHndiàˇ �� �´ OF Carps and exotic carpS t6 produce qud�I

�Ö 0

11�—:i�⁄ ���¿�`
�u

ibundlbreedin,�§
’Pdu�å

pu"i��
"ed�Ø

r itt fami�° .�E

" �c

managerrlent techniques to redu�å conttderab,the mO�¡ JW in the initi4�g ages

ofrearing tom ttawn to�{ ��Stage�B

�� j�æ �Ü �Ö :.POncimamSement techniques b"du�å mortaliw of�‹ �vl�ü

"Jing ttage�B
5).A metha fOr tranwort of w�‹ �I

�g

l angeni�¯ gs in polythene bag containing watr

77ith Fequired ugen,With a vlew to reduce mottdi�fl dl�v ng ttanspo�g �B

6)�� oclcing pond management tchniques in raigng tabL d/ish h�˚ ingenin�m  �E

�  ́ �¡�ß� q̊ues fOr milel uttlisation of the available ish food organisms in the pOnd iby

iŁ� �ô :�Ô �Ô�F:�ß T�í �alÆ��D�Ł�Q �¸ �ßT�I �xCttS

�E
p�ò

:�ƒ I�@�ü �F ��̇Ó �x�L�í �� fttld��
ttmsh m pTd�‹

9)Feeding�¾ 11�¨ �� ock by supplementary ttEcid feed compounded�¡ om�Ôo byproducL

,_‘d�q �b���K�£�ì�¡      i_=
10 Tedmiquesofhttv7aterfmingtoutilisethecoastJareasforFJSingashsandprm

ll)TeChniques of ttsll and prawn hatchery wstems to incttaSe the ish and prawn seed
production.

1�c TeChniqucs of breeding and cultu�� �d of iesh water prawns.

13)Techniques of breeding and rearing Of aif bieathing rshes.

14)Techniques of integrated ish faming by involvintt pOul�' duCkeryp piggery etc�B

15)M�R�…itu�† Nem‘particul�ä

’peari�g

lture and b�s alve ndlusc cul�`

�g
wstems  i

10 Suitable ashing gear and tacH�' �]

20.4 FISHERIES E�¤NS10N

The objectives of fishery extension with a pattern for organisational set up at National and Statc
levels are as follows:

1. To increase the production of fish in capture and culture fisheries by applyrns thc,:latcst
technolog5l, for domestic consumption and for exporting.

L To regulate fishing for optimuni oploitation and eonservation of fishery resources.
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3. To develop hygenic handling and processing of fish and fishery products frour tho timc of
catch till marketing.

4. To arrest the oploitation of fishermen by middie men especially in marketing

5. To improve the living standard of fishermen who are engaged in fishing and aquactrlture.

Pre-requlsites for Fishery Extensiorr

1. Commercial production of any nature is linked with €conomics and marlrcting. Tlrrefore,
before the technolory is taught to a lay man it has to undergo a test in economics of
production and its scope for marketing. Only products which come out zuccesrlly in thc
above test should be taken up for production and extension work and until srch time it
ihould remain as an experimintal project with the concerned fisheries Oepartment oftf"
Centre/State or Agricultural University.

2. The common man, to start his own fish production, needs resouroes technologt, area f6r
fishing or fish culture, finance, management and marketing channels. The eirtension worker
has to be trained not only in the fishery technotogy but also in management practiircs and
mar*eting.

3. The latest technolory in fishing/fish culture should be either developed in'India by thc
Fisheries Institutes or borrowed from the dweloped countries through joint:vcrfturtt

4. A central team of e4perts in different disdiplines of fislreries has to form a special cell to bc
build a reference section for the current dwelopment in commercial fishery and to pas on
that information to all the extension divisions of the State Fisheries

Each State fisheries should set up a specifl cell.for extension with a Chief Ertension Officcr.
According to the extent of water area available for fish culture/fishing, the Statc may bc
divided into as many divisions as possible End the number of extension workers are appointcd
in each division for specialised linq: such as fresh water fish culture, brackish water fish
culture, rrl6riculture, fishing, handling, transportation, processing, marketing etc.

The central team should conduct refreslrers courses every year for all the extension workerr
of the State Fisheries.

7. To get qualified staff for extension work in each state ttrc Agricultural Univcrsity should
start fisheries as one of the major subjects at the under graduate level.

Organisation Set up
Organisation Pattern for Fishery Extension

Chief Fisheries Ertension Officer
(Adminlstration)

Subject matter specialists
1: Fishery resources
2 Fresh water fish culture
3. Brackish water fish culture
4. Marioilture
5. Fishing
6. Processing and quality control

Divisional Fisheries Ertension Officers

Ficld Fistrery extension Officers
1. Fresh water fislr'culture
2. Coastal aquaculture
3. Fishing
4. Handling, prdcessing quality control and markcting.

204.1.FUN�cONS OF EXTENSION Ori�¡CERS

Fleld FIshery mension omcers

FicldFishcFyE�R 3ndonOmcersshouldbeselectedsubicCtWitttocarryOutcxtendoninspecialised

linc of work. According to the nature of work involvcd in a particular division enther fOr

200

B R
 A

 O
 U



�O Or ttaculmFe the mension omcerwithproperlmttedge and�ø Jning in the�� ncerned

�˚ ��
�g

t ShOuld be posted.llle nmber df omcers required may be decided according to the
population of ishemen and the extent of area to be covered in cach dMsion.ule Field Oiicer

�T 0�ßd keep in dose�� ntact�� th ishemen and study their requirements to adopt the latest

tchnolqy to increase the prod,ction�E ney shOuld conduct necessary audio�] visual publi�A �£

�§ �ˇ ª� �„ �� �ß ª� l�ò ªø l�Æ
�' �øprOblem.Hc should keep a drag recoFd OfJlthc

mletr prOgress.Instead ofworking like an oncer ltting in the ottcc he should become part and

pacel ofthe�¡ shenllen community.Hc should create good�� H and respect towards him by his

talented dedicated serviceo A diary should be maintained by him for his day to day work

204.1.1.Di�M slonal Fishel�° Extension OFncer

�p Divndond omce�ª �� H be in�¡ �à ge Of a dMsiQn whi�V  may contJn severd�¡ eld extOn�V �¡

OmceA tt penOdiCal visits he supemses the workt Of the ield ofl�å r.He should�u opare

�¸ �ì �Æ �„çW �Ł���ł �ª �� �ü �å �Xneld Omcers shOuld also be chccked by the I)i

�r 1�� �@�v�Ì:�v �Õ �R
Chnd�Ł�¡om me chiOf men,on�� mcer,ndPS m"

�´ 1.2.SutteCt Matter Spedalists

lt is ngHy necessary to set up reference cdl comprigng a tearn of spedalists to C011�å t the

infomation on day to day dcvelopmentin ishedes from Jl overthe wO�¡ d by contacts,�¡ gtS and

through publicattons.As Fishery sciencc has lecorne multi�] disciplinaryp tt is essendal to create

SubieCt matter specialists in cach linc of commercial isherics and build up a reference seloc�¡ on

under him.For the current development in ishenes the following subicct natter specialists

mOuld fom a tealn under the Chief Fishe�Ü es Btendon o�¡ Cetin the Hcad quartas

l.Fishery resources

2 Fishing technology

3.Coastal aquaculmre

4 Fresh water aquaculture

5.Fish processing

6.Quali�fl COntrol

�¡ Marketing.

�ß�É subiect matter specialists should also prepare extentiOl manual in the local languages and

dismbute them to the idd omcers.ney shOuld Jso run ljournal to pass on the day to day

devellpment in isheries to the public.ney shOuld conduct refresher courscs once in a ycar to

the l�¡ 31d om�� rs

20.4�B 13t Chier FisheJes EçW �É nsion Omcers

h Chief Fisheries ntengon Om�å rs�� ll be over all incharge�‚ the erendOn prOgram"of
the State.He should identitt nCW areas for extengon as per the day to day developments in

iSheries�� �LHe must bc able to assess the technological development in new line of isheJ�µ s for

conunerclal exploitation.For example,the tech�¡ ology for sea weed culturc has been developed

in lndia as a ncw Hne for commerdal o91oitation.The ChiefFisheries Ettension Otticer should
plan a programine fbr extension on sea weed culture in those areas where large scale culture is

feasible.He should arrange the experts in lndia or from foreign country to teach thc technololv
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to Jtt Eeld omcers On commercial c�b loitation,He should coiduct periodical�A meetiv of�ß

"Divisional Fisheries Dttendon Omcers tO review the progress of exte�¡ sion woFk in diswmin�“ �ì
�› �É technolo[�Ł �B

As lndia is a big country�A Mth 6100 km iong coast line,endompassing extenslve brackish and

�R�£çp :L�Õ �E
i�y

�[ ��:�� �Ó �I l�Œ �ì ���ºI�fl �S�������b �� �˜ �h
backgrounds,lt requires a strong coastal tean to co�] ordinate the various agende��

,At present,there is a Central Fisheries Ettension TFaining centre at Hyderabad,01�¡ E Ontal
Marine Fisheries Rescarch lnstitute,Cochin,Central lnland Fisheries Research institute loca"d

at Barrackpore,West Bengal,Central lnstitute of Fisheries Education,Bombay,(bntral�¡
"Ø[

�]

tute of Fisheries Technolos,Cochin,Central lnstitute of Fisheries Nautical ttnd EnginOerlng

r�⁄ �× �p
i�b

æx�x�d���w :�a�u�Ñ :�í 1æo �º�k�¥�� l�Ł �S�í�kF�Õ �` �°
�í �d�Ù �˚ �˛�ç�D �O�Dà£ 111�E�{ �� �Q1�Õ �—:�µ
:�� ltta�· �⁄ �ía�Ý ��:�� �Ø11�W:�ö å£�ƒm:�[ � �̃·1�� �l I�À
OfFisheHRsbcatedatKaHnadaisimpartingtrd�J ng to the Fishermen mosayon capture�¡ shetts.

A team of experts should not only collect the information in their relevant tteld but also m�R

rle�a �� sits to study thc hcuna and assess the appropHate technoloy required for development

They should also prepare extension lnanuals in dittbrent ianguages and run a‘Fisheries Bulletin?

for ishermen/�¡ sh farmers in dirercnt languages.A joint plan of ac�� on is required to tte

up new lines for production and also strengthen the existing production by applying advanced

technology.

20.4.2.EXrENSION METHODS

The success of Fishedes extensitt mJJy depend upon the me of methOd,adOp"d in the

extension actMties.There are several methods of extendon and each method has to be applLd

aCCOrding to the situation prevailing there. Th�É teaching of extension is based upon certain

elbments of a leaming sltuation which are as follow�ß

1.Physical facilities

The juJsdttion of an extension worker may be cither a distric�¿ bloCk,dMsion,manca1 0r the

State.This particular area�� �aconstitute his class room�B

2. hamers

h learners of an extension worker are flsh farmers,�¡ shermen,isher women,boys and giris

�Aworking in the neld Of isheries.

3.Subject matter

�÷ �É subi�å t matter ofan extendon worker may include both culture nsheries and capture�¡ she�� �A

The direreit aspects of aquacuiture like ish and prawEXulture in fresh and brackittWate�A �¡sh

and prawn seed productton,management of p6nds,mussel culture,oyster culture,�¡ og culture

etc�B ,maybe inCluded as subicCt matter under culture aspects.The ishing gear and tackle,�¡ shing

cra�¡ ,�¡ shing grounds,use of difFerent ishing equipment etc.constitute the subiect matter uider

capture�¡ sheFies.

4.Instructor

The cxtension workers should be wen trained in the ield of Flsheries and possess graduate
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Eralifrcation in tirhcrlcs An instructor shqrld trave csscntial characteristics of vision, inidatluo,
trct Gtc"

5. Terchlng equlffient

Thc dlulrent relccted for tcactrlng.e*tcnsion play! an imponant rolc in Eanefenlng the

knondcdge to the lcarhers.

Teaching methods may bc defined as the dcviccs uscd to creatc situations in which communication

can td<c:placc bctwcen the instructor and fric learncr.

Following.arc thc frrnctions of extension methods:

1. To prsvide comrnunication o that thc learner may scc, hear anddo the things to be learnt.

2 To providc stimulation that causes thc desircd mental and/or physical action on ttrc part of
thc lcarner.

I To mqke thc lcarncr rcallse ono or morc stops of the teactring learning process, vie attention,
intcrect, dcslre, conviction, action and satisfaction.

2OA2.I, CXASSIFICATION OF EXIENSION MEIIIODS

Ilp Wthods of cxtension are broadly classified into direct and indirect methods: Foltowing are

romc ofihc important direct and indirect methods adopted in Fisheries extension:

L bk€ct methoitg

i) IndMdual contacts

ii) Group contacts

iii) Dunonrtrations
iv) Group discussions

2. Indlrcct notbodr

i) Bullctin* lcaflets, pamphlctg folders, news letters

ii) NccE ardcles 
' :'*

iii) Pcrsonal letters

iv) Cirorlar leher
v)'felephone calls

vi) Radio talls
vii) Motion pictures

viii) Erhibits
ix) fostcrs
x) Charts

xi) Stides

xii) Telwision
xiii) Spccimens and models

DIRECT METIIODS

t) Indlvtitual contact

It is a facc to face contlrct of the cxtension worker either with the farmer or with the members
of his family ot with the workers of thc farm.for one or more specific purposes connected with
qtension.
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�B��matters relating�¤ f�\ and�g Obt�V informttb��
�g

gardbgl. glve flrst hand infoFmatiOni

the faFm. �¡ 11�¡ 11�E t:

2.advise the�¡ slttmeri�å �� åY �¤ t him�� solVe�¡ 1�¸ ciL�a �R ltt QF te te�ƒ �]etc.�]

31�à �b�g�¸
i�V Fe�U ,fithOWi�¿ :�» 17�� �� :�µ ªÛ 11

4�B choose loca leadeFS 19n10n,ªJ atOrs orimToperators  �L1�]

5�B promo"gobd publt relatiOns  l �æI  �� �u1:lt

6 contribute to Strengthe�fi �BJåK :�c 0�J �˚ �� erlØS���atate �¿Ø‰�J �Ù L�ˆ �˚ äPamme.

7.buid the c6nidence�E 6r�ó �� i�i �c�R�Ô �� 1�Ô �Vd and the mmerihithetuØ[ ]�fl �– �R�ßl"
feasibility of a new practice.

Techniques to be followed

:|’�¡ �¡ ��

|�¡ ::�¡ |�¡ |�c ::�] 1 .:�¡ :

.�¡ 1�� �¡ 11�¡ �î ilif�d :�Ø :

�X�xi�í �Ø �‰åK�Ò�fi�Ø� î�ï ŒA�í �ô �‡ŁJ��
encouraged br the best eroFt h�à �˚ �A çÖ e farmeFhaS tO�• tOld about�¸ .�¿ ,19�Æ
after gi�� ng a patient hearing.

| |�M :’. f_11:. :

li)G�_ up contacts                               �]  �E

It is a contact of the extension wOrker with group of farmeFS Or�� th the workers ofttsh mm�R

�¡ E group contact may be held in a nd�� lbOurhood,a community or�� �aage,a mandd,a block,

�É�ø1�� �å�� �Õ i�Ô �B�x�†�D 11�˜ �@Œ⁄���í �˜ �@
nfoFtt �`

�ª ObiCCt�sCS of group contact are to:

1.rcach large number of people�B                                             1  .    :

2.adopt practically alHincs of subiCCt matter.

3.recognise basic urge of individual for social contact�B                         .

4.stimulate conviction to act‘

5.promote personal acquaintanCe betwecn extension worker and vl�a
age peOple.

6. supplement rnany other cxtensiCn methods.

7.create new pOSSibilities and pub:iCity valuc.

8.influcncc change in practiCc at iow coSt.

Principles to be r0110wed

�V�Ü �ˆŒ� �N� 1̂�Ü �� �º �x�hl�å �Ü1Œ��E
�' �n]�Ł å] �å Œat�c
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Ø[D Demlonstrations           �E �E 1.~ :�k  �O�]   �¡ 1 : �¡�B~

It�¤ apracticd implemehtati6n Of either tt hewib�K ��Id.methodin the id�Þ orin a h�Ł 6ratOry in

the presence of a group ofttsh farmers androF�] WOrkeFS.h method is len10nstrated mainly te

impress upon a group of farlThers that the method can be practiced locally.The demonstr‘tions

are glven either by the extension worker himself or by a trained person for the purp6se of

tea�˝ hg the thique to�� group�E of farmerst .

�÷ �É Obiectt�_  ofthe demonstrations are to:

�¡ make�F �¸ rmeFS aCquire new techniques.

2 1nable theifaFmerS to practice ttW m�v th6ds in pla�å of traditi6nd methods.  :=

3. Imowthe defective methodsthe farmersarefollowing and to followthe moreerlcient methods.

4 �� time,labour and annoyance to increase satisfaction of farmers.

5�B �Es�g ate c9jdencc�] in th�E e minds of karners thatåK àVnethod demonstratel�L �–an bo pr�g tic�g

1�ò =                                 :

�¡�¡c mensiOn worker has to ensure that an the equipment, ittPIcments etc�B  �� qured fOr

demonstration arc in workilg COndition. The demonstration should be arranged in a local

ish fam.Before the demons"atiOn the technique adopted should be cxplained tO the farme�¡

DemonmatiOn should be madc aicr explaning abOutthe cquiprlent and implementsi,a simple

language. �nfter completion of each step of demonstration the farlrler should be asked some

questtonslo ensure thattthey are fOHOwing the metlod.Al once the demonstratidiSiS complet�g
,

atleast a few fanners ttld be a1lowed to practice the l�¡ ethod in the presence of other farme�¡

lo Group discussions

nchange of�� ews betteen two or more people regarding a comI�¡ on problem is caned‘Group
discussion’.The grOup discussion can be held with the aid of a leader or withott a leader.
1�Q

�q�‚�V�� �� r3f�æ
6urttc�V bns ac�P

1.exchange ideas,vi�c ��s and information about a common problem.

2.�¡ nd out s�x uttons to a problem.:1 ::

3.cvaluate a new or old method.

4.rnotivate other fal1llers.‘

5�B plan a programme of action.

The problenl to be included in the croup discussions should be identined in consuitation with

the local leader and ish farmers.The members should be a1lowed to take active part in the

discussions.The extensionworker should tly to extrat several alternJte solutions to the problens

from the membeA The�¸ rmerS should be Jlowed to speak onc a�¡ er the other wi�¡ out haking
iong speaches

INDIRECT ME�cODS

D Bu�� à£is,leanets,pampdets,folders,news letters

h purpose ofçp ang bunetins,Ltte�A pttphlc�A ,f01ders and news letters is to communtate
the information to the ttlrmers       �A                           .

The obiectiVes Of this type of writing are:

1. To coml�¡ unicate thc infOrmation to a large number of people quickly and Silnultan�v ousi�l �Ú

2. To kcep thc information�¤ r mture reference.
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3. To provide n€cessaf,y supplement to other direct methods

4, To proddc dcfinitc and easily undcrstandabie information.

5. To influencc adoption of practlccr at rclatively low cost.

6 To promotc litcracy.

7, To provide scope for recogrrising achietrements of indMduals and groufi*

Procerlure to be lolloved

The information to bc cornmunicatcd through different mcthods, ccrtaln pdndilcs should bc
followed. These principles arc:

1. The most important topics on which the informafion is to be commtrnicatcd shguld bp
idcntified.

2^ The topics should bc so sclectcd that the information givcn ln thcm could bc practlccd casily
in their farms.

3. Use of complicated scientific words should be avoided.

4. Only the important aspccts of thc topic strould bc highiighted.

5. Set out important points step by stcp.

6. Give illustrations and pictures to make the reader easily understand the contents

7. Provide srb heads to guide the reader.

8. Use sirnple language and familiar words.

ll) New Artlcles

Tiic rcquired information given as ne$/s through the ncws papcrs motivates the intcrcsts of a
numbci of persons, and tfre best news in that which has the greatest interest for thc Src?tesq

number. It is an accurate, unbiased account of the main facts of a current cvent which is of
interest to tlrc rcaders of a news paper.

Ihe obJectlves of Nem artlcles are:

1. To create interest among readers

2 To give the required information to the reiders.

3. To create favourable attitude.

4. To reinforcc other cxtension activities such as meetings and tlemonstrations.

5. To supplement the direct methods of ortension.

Prlnclples to be lollowetl

The important aspects should be correred in the topic in a simple langrryl avoiding complicatcd

words. Motivating appeals strould be included. piagfams, pictures should be illustrated wherevcr

required. ttre nime ind addrcss of the author strould be given at the end of News article so

ttrat fistr farmers interested to know information could contact the author.

lll) Personal letters

This tlpe of extension method is appticable only in the case of literate farmers. Somc farihers
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çW �o �ô �˛ Ø[�� �Õ �¶ �� �Ó :æk �c
nw�� rker�� �˚

�g
�Œ

t ls ntt�� �� �fi b t�— make peFSOnal vttts

�Ó �R �Õ�]�˛ �R�uçW �P�§ �ß �{�P �v��   �í

IVD CIttar lettm

�R�à �H�í �� �ô 1�V �—�í �Ł���R�‰�l �‹mm��
‘b publH"m

�˚ e men10nv70rkermould detemlnethepurpo"ofthe drcularletteL It ShOuld be important
timely and:dated to,"cinc n�g ds and interests�B  �R�⁄ :drcular letters should bl organi"d

ma�g�� �{ when rettred.�ß �É subject matt�Ø ,the number of letter�R nature of contents and

�Ø r�å hate date of�ô ���˚ hØ[On mould be indicatedo n�_  oCendon worker should state the
lØ‰�¨      naCFe Of SeFiOuSness of the problem�B �¡ le soluttons to the problem mOuld

be�v Æ…n�E Ltter must be neat and appealing and tteØ‰ Om errors,Direct and simple senten�å s

mOuld be used�B

�´ T�¡ phOm c��ns�]

�ò �E �R 1�R �R �o �R �ß �F �� 1�� �¶ �I �í ª� �˛ �Ý �� �Õ :
�Æ mblmlØ[On HC mould be able to�v �r the required.infomation in sho�F Ille tel�� honiC
talk�¡ ould be fo1lov7ed by personal letters or personal�� sits to the famer.

�� )Radio Talk        _�¡ .i lt =�u �]

Radio today is ale mOst pOpular channel of mass communication:we are aware that thie main

ad7m���v V7iththe radio is that a lnewge can be quickly conveyed 10 alarge group ofaudimce,

irrewective ofdistam and their literaqricvel.It has been proved that,through radiQ av7areness

Fegarding technical knov7 how can be easily developed.Interest can be aFOuSed and the�ˆ
l

�ì �� Opt �V �x Œ⁄ �o �� Ong tlle mhemen md�å �V famers can�p

"neratea�¡
has alm

been dbgtted thatâ˜ �¡�� famers can be made conversant with the sopnsticatOd and Changing

techndtt h the�V rteSt duratim�B

�g �Õ ær �˜ �� �Õ �V �£ �� �ð �Æ1�¡Ø‰�¿ W�ø
�g

�� �Õ A coun"�� de scheme of Radio�] RuFal Foms have been launched.nese f�B _
organised in the�� �aages regularly discuss the weckly broadcas,and Send their susesuOns and

criticism to radio stations Fomms have proved very usttl in the dittminatioh 6finfomation

eweclally to people who are poor and illiterate.  �M           _

�~�T �J ª� �Vl�[ T�@�Ü �k �å
1.�¡ e speaker shodd

�l llaVe dear and�J �§matic ttnHng On tOpic.

Iil bel�� �‹ äå ared fOr the talk in advancc.               :   �k

�â,�N �¡ le"ispeak,anguage uttderstandab�µ and appOdingly tO rural people.    :
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|       |: 1�N �¡ �¡�¡||
iVI haVe gool�g �b�N �´ �� �»�\ �J �� �A_1�] �¡ |�] 11�¡ 11

�¤ haVe�¿�� 1�� gFOur�â å¥ �� �� �Õ �c �� �� �\ :

�� )haVe clear voice to pronounceithe word=�E   �¡�¡ |

vii) not have'milk frightnes$.

viii) know local way of speaking

ix) have normal speed of delivery.

x) have sense of humour.

xi) know'microphone techniEresi.

�ç
�M
   :i  :|�¡ :|   . : �]

2.The su�W ed matter relati�[ �T

�u

db talkishould il �] |�E :     | . _
Dæk �R�í0�� �¢ �É  :��

�P
=:��

i�P
�]�z �� ��ii)be ab10 to create a dear mentalipimre,1

matte�¡               .i�] :1�� :�¡ �¡   :�¡  �E
:�]  1         1  �¡  �u

ili)have dear summarieS at the beginninglndiat the end.              �]  ~ |

�� be dOne m�Ù àå �† �ˇ

=:apJ�V
�V Fegard�¤

�V �V �V III�¡
�E

�¡ �j �[�¡ F:

,COnSiSt�� �V y�µ
�� �V �V I�æ

=|.:111:�O

�æ I

��)�¡ Ot have complex wntences and�q ��

���l haVe repeØ[Ø[on of m�¡ �¡andimportml��

�O i)haVe ecOnomics of the prac�a �å �A                        �]

�j )haVe cxamples from actual lifc and from listeners expeFienCe,

�¸ haVe limited maiOr teaching aspect�U   :
�˛)daritt the p�Ü nd�� c or ab�� �� point�] wu�Jng eXah�� �Ó

3.The manner of presentation should           i           l

i)be Such that at the time ofspeaking key ideas are stressed SO that they may cadly be detected

by the nstener.

li)be rchearsed caremily and properly ttmed.

�Üi)be Such that it is presented by��

‘u�Ł

i9n methOd.

ivp be in mu�v nt way.

V)aVOid use of’oice fading’stylc.

4. The.Radio talk should

i) be published in local PaPers. r

ii) be printed in the form of leaflets and properly distributed-

vii) l\{otion pictures

Motion picture of film is another important and popular channel of mass communication.

Films related to Agriculture and Fisheries are also screened in the villages by the Directorate
of field publicity, Development block, Educational institutions and social organisations Films

2A8

�˜
�‹
�‹

1�¡ ||�¡ �¡ :||||�¡ ,11
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�¡ :are blng prOduced by lndian Cowil ofAgricultural Rewarch in coHaboratiOn�� th the Film

‘.1,p�A �z�UOn and OmeF agenCles.          ;

1�� �ì àł �˝ �� l�| �X�d1�| �` �Ù �W�x
the med�g m forget that this medium is being used mainly for entertainment and recreational

purpOtts Therefore,the message should�g treatOd in a humourous s�Ł le keeping in mind the

l�¡ tertal�¡ ment value Ofthe medhm.�¡ is dettrable thlt�V e actprs and situatton are iot fOreign

�¡ 1"�ß

�g

aud�‰ice.

11.                                                :. 
�]          ’            1�E  1    :   11 :

viin)Exhibits

�]�� �` s�fl �´�l �Z�°�v�´ �° �¿
S�E�d�¿llli�D �Ó Yª� �` :�� ���Q�v�� �ô �y

�]
 1�¸ ’PO�\

A poster is Jso one of the erective�� suJ�“ ds.But uJike the cxhibits the pOster cannot be

.�� FttL�æ
�x�˝ �¿�Ł�����k �˚ �í �R �Q Łr s�T �x�fl�Ü���ŁH�h

hpostershould bc aittradtive and it shOuld be clcar and brici tt purpose OfprOiect Should be      �E�E
made c:ear in the pOster.Thc conditions and recornlnendations should be glven due lmportan�å

�æ�oL�d �R�˚�Ù _�R
��Jd�Ò �Rd tt m mpmm placeçŒ �¾ ta maximm numb�åJ_.�c �¡

�´ Charts

�S)Slides

�K1)Specimens and Models

specimens are the re-af. orca.ni,sms preserved or mounted whereas a_model is essentially animitation or replica o-f-the.{risinri. 'Th;;".imens 
and ,noo"i, or" either exhibited or used asa part of campaign or teachinf progrurrr-J to make the farmers easil. ,156"rstand them. Thesespecimens and models give a iliar ii.t r"1, the farmers.

xiii) Television

Television is one of the powerful media of mass communication which combines all the benefitsof a radio' news papers ana ritm ano ilrus is capaule of dissemination of information,.entertaining
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'- ',' .. t .-..

cducating and influencing thc thought and attitudc bf viewers. Tclwision,[ing 8n andio tl$tl
medium, the message reachcs an individual though\his ears and cycs and hcncc aets a laldry
impact. -in most of thc devcloping countrics it is uscd a$ an instnrclignal-tootpr direcl,tcrcldt&
suiplementing formal education developing psycho-motto skills, adult education and ofadicating

illiteracy. We are also using television as-a miaium of mass communication for fislrerid extension.

Ttre script for TV, is different ftom that of the radio or a,news paper. In this mediurn thcrc has

to be,p;rfcct combination of pictures and wordage. We have to see how this combinstion can

bc woiked out most effectively. To develop an effective television programmc it is csscntial that

one must iollow logically the steps given below.

i) The subject matter should not be vague. It should be made specific and need bascd from

the audience Point of view,

ii) Determine the main points to be madg in the programme. Prepare a list of itcms that you'

will make to suPPort the Point.

iii) Consult resources materiat or a resource person if you need more information or you need

to check the information for accuracy'

iv) Select a format, or a method of presenting the prog[amme' This may be a demonstration' an

illustrated pport, 
" 

ii.matic presentatioi, anintJrview, a fontm or a variety format' using

several of these methods combined (The interview and the forum tend to prescnt 9f0l{cm!

in visualising).

, v) Determine the need for other participants and contact possible participants (farmer+ homc

*rf.tt, boys and girls, specialists and other persons)' 
rc pointsvil Determine the visual aids, equipment, material and properties that best explain tt

to be made. Make a list of all the visuals'

vii) Make an outline of the programme. Divide a sheet of paper into three columns' In firsF

column (timely segment) give the time duration of a shot' what everything's you want to

show to viewers suih as visual aids or ;;;;;;; it to be put down in second eohrrntl$elled

.video. The third cotumn wi[ have .;;;;; or dialogrre. In other words yo" will.pYt tl'"

things you want to say. This'column is t.if.a uJ e"dio cdhmn' The things you want to\show

and things you wantio say'about tf,rrn rtoufa be written "Pdi;;;;h?t* 
on ths $agc'

It is often neoessary to use a special device to get from one .segment 
of 'the programme to

another. This is called a transition. rt ryy i" oin"e visuaily, orally or by both' It ties the wholc

programme togelher-,;ivi;g ii ir,r porisnel,-p-rorr;ona loil:}, and results in a programme that

flows smoothly. Transitions must be i"dil;tai; the script if used. write the opening and the

closingof.thep,og,",,"includingttreactionandtalkthatwilltakeplace.

viii) outline of the script rnay be modified, according to the programme p:oducer's suggestions'

provide a copy of gr" script to 6r. i-lttrrZ r-rod1.cer,-the participants and others as

needed. gtris strouiJue oone utl"urt:;;;;;#f*. the programmels to be televised)'

ix)Ifgiveawaymaterial(apublication)istobeoffered,checktomakethatenoughcopieare--' 
"uiit"bl" 

to meet t\ exnected requests' 
--^:-

x) collect ,n, **"i ,"1, *"r"r*ts, properties and equipment and lay them all out inthe ordcr

'- 
of their r*. ct".i "iili; ;"ii" sure all of the visuals are at hand'

xi) Rehearse,the progrhmme 3t 
hom:, 3ffr.., 

or some other convenient place' Time the rehearsal

for the total tength and for 
"".r, 

irporiffi;il"* 119 
* substract material to fit the

script into the ffii;.J time. Rehearrl,it. progr"mm" as it will be done at the station'

,d,Arriveatthestationwellaheadoftelecast(ohe9\qthtl}:programmeproducerforthetimc
you should arrive). Acquaint *re part-iiii-aJ;;it th" ry Lqu-ipment ind set' and introduce

2ro
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ithem tO the programme without ca�g er�Ô If�g me permits,rchearSc the programme with
camer�ß

��
:Whibl�V

lr�Þ attmL�§ bdi�ð "tgecasr’,c6ncenttate on the sutteCt,nct on the way,ou are

or notiookin,atthe camera mOvin�F your hands,ang the�a keo nis shOu�a have been taken

Til�ƒ �� ,�í T’L�Ó �¿T:�v �ìiinhbr"d approach and"�˝
yOur mdOnce�í

S.

Present the programme�Ô it was ou�a �‚ ed and as the programmO producer expects it.Tmst the
programme produceriand the techniCal crew to pr9duce as g90d a show as they possibly can.

:fsometttingunc�� peCted happens Or yOu make a mistake or drop something,do nOtletit bother

you.Recognise the mistake and condnue your programme as,lanned.    .

205 EXTENSION PROGRAMME

AccordingJo l*ganan extension programme is a set of clearly defined consciously conceived
educational obiectives derived from an adequate anatysis of the situation, which are to-be achieved
tfuough extension teaching.

The purpose of extension programme is to act like a blue print and guide the extension worker
in.conducting_the extension programme in a proper way. A well designed programme i, t; ifr.
extension worker what a compass is to the sea man.

Neait of the Extenslon prcgrsmme plannlng

T}"-Ht nsion programme should beplanned well in advance to ensure successful implementation
of thc programme.

Following are the important functions of Btension programme planning:

1. 
Jrrc. $tcpio-n pTg.Tamlle planning provides to know Ue ioU an Oa.n-rion ororker is zupposedto do in implementing the prograrnme.

L It acts like a guide and unable all the concerned people to work in the right direction.
3' The programme planning facilitated to frame the necessary objectives of particular cxtensionprograrnme.

4. It also prolides an opportunity to waluate the programme.

5' lt,f*:iop. activitq will not be effected inspite of change of extension workers due to apredetermined extension programme.

6.Theprogrammep!anningalsoasistsinthedwelopmentofteadership.

7. It also helps in promoting thepeneral efficiency.

8. Waste of time, money and energy carlAe aVil{dedby planning the extension programme.
9' The co'ordination among the peopre working for the rurar ,r,,n."n o, #;:"

10.Itensuresproper!upportandco.operationfromthelocalp.opl,.

11. ti hetps in the assessment of financial requirements.
7z It can also be provided as a written statement for the use of generar pubric

t, .-
Princlples of Extenslon programme plannlng

The following principlcs shoutd be foltowed while planning the extension programme
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6.
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Ø˛ �n �` �vT�“ �J �_ �_���ST�q�à Æ��í 1�Ô ��̃r �x

2.Cd�g CtiOn,anaws�¤ and ettlllatiOn

�B           .suncienti�Ó d Propei facts and
The extension programme mall

�£ nsiOnlwottr shou�a have

�� �]�÷ �� �{ :�I �—:

ge �V�V�]�¢�BCk leVel.

sh�R1�@re andPrawn Culture methOdS adopted,pro�å
duresOffa�b

�¡�r l�fl :æu �ô �Æ�J�ô �¥ :Æ�
ata br preparing pr,p�`  pFOgralttn3111anlingll :

�| �ˇ �Ô�Ù
t�æ �µ �� �§ �§ �S �í àp �`

tS:

i�A                   :  11:1�] 1 .

�‰General.infOFmatiOn abotlt iltt Willage   
�¡         r �] �M

�E�E  .:

1.TOtâ˜
"�r

tatb�¡ Of the�� Hage.

2 TOtal numbcI�� f familiCS

I.TotJ numbcr act�~ �˛ �Ł Cngaged�� RSllcrics aCtiVities.

4.�� r01J nllmttr 9f�˚ ml�É s engagcl�ß Fishcr�‰S act�s ities.

5, Other lnain O(�¤ lpationS Of ttt Village

6�B   Available tFanSpOrt facilitios.

7.  SCh001ing facilities
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��TTTTTrl�¡ �¡ l

lt.:�� �]���q
==11�c

��
=|||�¡

III     IIIII
19.Gross Prtttlh�� �u�E  �] 1  .   �¡ �]�¡ �¡ |

20 Netproit/hJyr.         1 1�¡ �¡ 11�¡   |  �¡ �¡ | |

1111

|:�] �l�¡

2,Sou�‰es and facintLs Oflcuringiaed�� 1.11

26.ProblemSi of falil�� iabour

28. Transport facilities to transport the fish/prawn , - ' '

29. Marketlng facilities 'i ''' :rr'.rr::1r";irr;r:': :

The Extension wod<err, vitlage level workers, Block De lopmenf,officeis,,6ram'sevaks sht uld

;;;rrcfi;;;[u i*r-iinruhrtion such as p"n"hoy"t co;operadve]societies,'the schoot, rural:youth

�M �[ �� 4�R111�� ,1�ˆ
’��

 |�¡ 1,A�E .�¡ ���¡ �¡ �¡�¡ �� ,�V �¡ �L�¿

�c

�] �V �y �Ù
�E �E�E�]�E

�Œ�Œ�Œ�Œ�Œ�Œ
�Œ�Œ�v�R�Œ�Œ�Œ

11ª£���ô�Q�h�Ł�I������� ||=�¿ ��III
111�] :,Tlli�M W�R1111111�¡11�¡ |�¡ ||�] �]11�].|1ªà

==|�]

�V:�¡ �v1�Ü 1�â �V�V�V�Vl�� ���Ü ||

:�¡ �¡ :�� |�] �¡ �¡ l i

Tlpe of fishinglgear used

Tlpe of

23111i�˚ ySOf
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�~àh �A�R�¢�� �b�í lå¶ .ll�  �Ó
mm.u�J

�g�g
mOh�g�sng thelrogramme�‰

that�Ô ,locd Problems"priOn�fl basi�A couk

�¥ �LtçW�[ �ò �Łi�£ �÷ 11
on prioriw baSis�B                �]

3,Obje�V rS Or�� e pmgramme                 .
Tlle mensiOn v7orker wOuld ibmulate the(

the programme in consultation l�� th the�� �aa
decided bythe head ofthe famiv and the�� �a��
Panchayat. �E co�] Qperative societies mncti�s

�]  in determining the ObieCtiVes of�g plttfami

the pFOgramme,besides aiming at the soda11

11  1                    1  ,

4.DetaliS Or prOblems

i�í Œal�í lå¢ FM�I�]1�Õ �ì:t�� �˚ �í�j f�QØ˛
problemS that need cOmmu�˚ �fl cO�] Operatton�� thOut invoMng much outsi�N �� siStan� 

�]
and

problems that req�˚ re asJstance�¡ omoutSde On account ofttghCO,tS involved�¡ d the techniCal
know10dge needed�B                             �A

5.Finding solutiOms tO pmblems                 i

�� 1�å ����
"sd"Ø‰

prouems h tt p�g
"n�g

of�ˆ �QTSPn�V�� ���¿diT�V
�„

Ope,

6.Tackling the p�_ blems on prlorl"

A�a the problems�g ed luHng theprogramm�B �� annhgtan,6tbe tackled atidme.�¡ hproble��
:

Sh�' ld be tacHed in a phased manner giving p�Ü 0�v �Ł 10 Su�N Of the prOblems which"q�˚ re
more importance.This�� il rewit in the appreci"le achierments and con�� nce the ish farmers
about the uali�fl Ofthe prOgrttme.

�¡ Plan oF acti�� ties

�¡ Wtti�÷ �R�Õ �ß�¨ 1�˘ �d�x:�O �í �£�{ :�w �º�L�H�� �à ��
direrent bodies Such as Gram Pttchayats,MandJs et shopld fomulate the plan of�g mties
with the assistan"Of I�z

"ension workers                                           l

8.Assignment or respOnsibilities           .

�g l�Ô �RŒ��Õ çW �� ��
Si�� n p�_ grmme shou�a �Ò bigned�í �A

should take a lead in the rnatter and a�a Ocate the

responsibJities basing upon.their prenous perfomance,ctterience�Ô d the w,C6f wOrk:

9i Carrylng out the plan

i�î
æx�í �fl�ô çW l�í �˜ �I 1�� �ol�„ :âï

i��
�Ý�S !�í �[ �¥

[21�� 1              .
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Panchayat samithi. Arrangerndnts should bc niide for the supply of fertili2ers, wecdicides,
piscicideq fish/prom seed; (ipplementary feqds, nets, audio visual aids, literature ctc. Before
carrytng out the cxtensi.oa programme as per plan necessary training prog[amme should be
organirO. The prograpme should be discusscd with thc local leaders and fish farmers before

th programme is imlrlcmented.

1-0.., OuSryqgithe lmPlementatlon of prcgramme .

A+cfretivc plan of work rcquired thc kecping of adequate records of each activity as a basis fur
furthcr evolution..After the completion 9f ortension programme evaluation has to be made to
found how far the bbjectives of the piogramme have been achieved.rThe evaluation also helps

in determining the effectiveness of extension work. It will also facilitate to plan the desirable

modificationsln the progranrme planning the effective extension methods, the needs of people

can also be identified asl resultbf evaluating the programme.

11. Revlew of prpg;lrss

Due to the variations in socio-economic conditions of fi6h far4ers every phase of the progiamme

should be revidwed. The progress of programme should be revierned by the institutions such

as Panchayat samithies, co-operative societies, block etc. Programmes which are succesful in
a particllar village should biextended to the neighbouring villages depending upon the needs

and,conditions prevailing there. The programmes which are not accepted by the farmers should

atso be reviewed and the reasons for their rejectiOn should be ascertained.

Check Your Progress

lVrite few lines about Dinghi and Nouka

20.6  SUMMARY

In this rfriptgr the promotion of fish culture, extension methods and extension programmis are

e,rplaine{jin detail. The idea of the extension \lnethods is to increase the production of fish in

Captivi$,'and to regulatc fishing for optinnrm'qxploitation are discussed.

Field fishery extension officers, Divisional fishery extension 1officers, subject matter speeialisls

an&Chief Fisheries extension officers who will develop and process about extension programmes
arE.discussed in detail in tlfis drapter.

Extension methods such as group discussion, new articles, radio tatks, T.V. talks are atso exBlained
here.
'/
20.7 CHECK YOUR PROERESS - MODEL ANSWERS

l. Dlnghl and Nauka:

These ,r" CJ*n boats of Orissa and West pengal.
constructbd upto a size of 13m x 3m x 2m aie quite
purposes including fishing operations.

Naukas which are well designed and
spacious 

^rql 
ar" used for a variety of

20.8 MODEL EXAMINATION QUEST10NS

'I. Ansrcr the tbllowlng ln about 30 llnes:

1.' Writedout the promotion of fishjultuTe in the country. What are the major contributions
in this dirbction?
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2.What are tne ttmcti�` �ª�MiFishcFy l�º �É180n OFlceT,?:_..    _  _|�R �Ü

3.Write ttout tte me�¡ o�† |�Û li�q �\lualiC6ntacts,�¡
�¡ �¡ �] |: �E �¡ �] �¡ :�]

�� 11�¡ F�E
.:::�]

11�¡ �¡ i :    ’. : : 1��  :: :   :    =�¡ , ,1
4.What�¤ a‘Gr�N p"�¡ �¯ �ô?MentiO�¡

�g

pl�‰ i�“ e,.10�] Æ˘ fOl�¢ �¡ ,hitt Groupicon�� �g

5�B Whatare theotteCt�V Of‘Demonstrations’ofFisheryextenSoà  �R�• teå¥ �‡

"h�q

�`

t6be fo�a owed in Dem6nstrations?

6.Write about the‘Group Liscus�Ó ons’a�˜  Ohe ofthe�Ó rect ttthlds Of Fish9�‡ �� �� 10n?

�ï
10�B  Write about coHcction,analysis and evaluation wh�a e planning the ntensiOn programnte?

II. Answer the following in abottt 10 lines:

1. Prerequisites for fishery extension

2. Different extension methods

3. News Articles

4. Motion pictures

5. Bulletins, leaflets etc.

20�] 9 GLOSSARY

Acrid
Aerobic
Algal bloom

Algicide
Alkalinity

Allochthonous
Anaerobic
Anion
Antibodies

Aperthy
Autochthonous
Back waters

Berm

Biosmass

Brackish water

Bitter

Reqtiring frec oxygch to maintain life prOcetts

A sudden increase in the abundancc Ofplanktonic al�]

gac,cspecially at a ncar the water surface.Acondition

when waterlooks g�u cen becautt of tllc abund�g ce of

plan�Ü tonic algac�B

Algae destrttg agent.

Number of hydroxyl ions rcleased in water,giving a

pH higher than 7.

Duc to outside factors.

No requiring free oxygen to carry on respiration�B

I�l lectrica�a y negatively charged ions:

Protein molccules in the blood which flght the bac�]

teria.

Carelessness;Du�a

Duc to within factors.

Settiement of sea water in the low lying areas along

the coastal areas fed by tides or seapage frOm thO

Sca.Ccnerany the salinity i,very high.

A narrow path made between the base and the top

of embankment.
Piant and anil�¡ al matter exlsting in a water body

cxpressed quantitatively.

Mixture of sca Water and 6�É sh water with a sa:inlty

ofless than 30 parts pRr thOusand�B
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Brood fish

Carapace

Carrying capacity

Cation.
Debility :

Decaicification

Decarboxylation

Demersal

flurnal
Draught

l

Dyke
Ecological aiche

Estuarine erwironment

Entropliscation

'i I
Eropodite
E:rotic
Facultative parasite
Fecundity

Ferrugious
Fillet

Fish kill

Fish seed

Fry

Glycorides
Gunwale
Hatching

Herbicide

Sexually matured fish, especially for breeding in fish
farms.
A continuous shiel'd like exoskeletal covering of the
cephalothora,x.
The maximum quantity of that any particular water
body can support over a long period.
Electrically positively charged ion.
Weakness

A process in which due to the uptake of carbon
dioxide (by plants) the equilibrium between calcium
bicarbonate and the pressure of carbon dioxide in
water is destroyed, resulting in the precipitation of
calcium carbonate.
Degradation of carboxylic acid. By this process car-
bondioxide is eliminated to form new compounds.
On the bottom; also applied to fish eggs which sink
to the bottom where they catch.
Pertaining tc day and night.
1. Pulling in of a net for fish, the fish caught in it.
2. Depth of water needed to float a boat.

Flow of tissue fluids from the frozen fish a muscle
during freezing.
Long ridge or embankment.
A particular role (or set of relationships) of organ-
ism in an ecosystem which may be filled by different
species in different geographical areas. F-x : Zoo-
planktophagic Catla catla in India and Aristichthyi
nocilis in China.
The region where the river enters into the sea, with
tidal fluctuations of salinity.
The complete sequence ofchangeswhereby deep clean
water body oi low productivity graduatly becomes
shallowever and more productive, eventually filling
up completely and becoming dryland.
Outer basal portion of prawn appendage.
Introduced from abroad.
Parasitizing under certain circumstances only.
Breeding capacity a fish or prawn at a given time (i.e.
no. of mature eggs present with ovary at a given time).
Contiminated with lron.
Strips of flesh out parallel to the back bone of the
fish.
Massive, rapid death of fish due to several reasons
such as oxygen deficit, inflow of toxicants, infections
diseases etc.
Fish juveniles including the hatchings, fry and finger-
ling stages.
Advanced post larval stage of fish before becoming
adults.
Esters of fatty acids and glycerol.

Upper edge of a boat's side.
The early larva that emerges out of the hatching of
the fertilized egg.
A chemical or other product (uses any poisonous)
used for destroying weeds.
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Herbivorous fish
Hull
Impoundment
Infections disea e
Interspecific

Intraspecific

Keel

Lab lab

Leaching
Lesious
Nauplius
Osseous
Parameters
Perennial
Pereopous

pH
Phagocytize
Phytoplankton

Pleopods

Polymerization

Prophylactiq
Raft
Ramming

Rancidity
Recruitment

Relative condition

Sponification
Seapage

Siltatiar

Skimmed

Sluice

Stacking

Stakes

Stocking rate
Stressors

278

FiSh feeding on plants�B

The frame of a boat�B

An artincial bOdy of water,Reservoir.

Discases caused by infection�B

Refering to events or relationships which occur be�]

tween individuals of direrent specics.

Referring to events of relations�U ps which o�å ur be�]

tween indi�� dua:s ofthe same spedes
The principal supporting til�¡ ber located at the lower

pOrtion of a boat.

Blological compl(x consisting of decayed green and

blue grecn a!gac,diatoms,protozoa9 bacteria a

Washing out

Wounds
First is a Series Of larval phases in crustaces.

Bony
Factors;aspects arecting

lhroughout the ycar

The appendages of a prawn attached to the thoracic

reglon.

Hydrogen lon concentration.

Absorbl eat

Frec loating inicroplants vnth chlo�¡ ophy�a wnthesiz�]

ing stOnches in the presence of sun�a ght�B

The abdonlinal segments of a prawn on the ventral

side.
A chemical Tcaction which is capable of proceeding

irFdeFInitelyeitherbycondensation oradditionofslna�a

molecules and give a compound ofinttnite molecular

weight.                        i
Precautionary

A nect of w00den icgs�B

Bcat dOwn the soi:with wooden or iron block with

face�B

Unpleasant odour.

Addition of new flsh to the voinerable populatio�¡ by

�à:�c ���µ i�V �ß �£ :I�` �i �w�@alcultte�n

weight,Obtained from lengtho Weight equatioon.

Hydrolysis by an alkali.

Lcakage of water through porous sand or inud.

Depositioh of ttna�a y divided sedilnents,c9nsISting of

T�Ì�Öeal�w �B� �̃b�ç:[:ttan�g loating on the tip of a

rttcmrebrmp�� ndng the water ofa cand,ne�æ

etc�B ,provld(�� with a sluice gate by which the volume

�`�å�…�d�æ�� �ƒ
�w

Lrm br ke�� �“ng and O�¡ en

t�� �D dnted�U th driven mto the ground�¤ post

�ex:rttflshreLttdbruntta�g a
Aducrse cn�� ronmenta:condition.
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Te180n

m�fl
æm rbid��

WVttSing

Welr

Zooplankton

Thc postcrior most triangular part of the abdomcn in

a pfawn.
Lcthal effect.
Water which is not clear and into which light cannOt

pass through"
Usage of long sopes for fishing
Wall or similar structure built across a river to control

the flow of water.
Fff fdtffii iliiioanimals, inctuding small adult an-

imals and tarval form of some of the adult auatic

animals
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DR B.R�\ EDKER OPEN     H�¥
�¤ ERGRADUATE COttES�]Tm YnAR

Z00LOGY
COIJRSE"4:FISHERY SCIENCE

SYLLABUS

Fistrery Institutes in India

The migration of Fishes.

Anatomy of a bonY fistt.

Introduction of Fish Ctrlture, History, Present status

and Fishery resources.

Selection of species for culture, Taxonomy and iden'
tification of cultivated Fishes and Prawns

Food and Feeding. Age aitr srowth and breding
habits of important fishes and prawns

Life history and identification of egls, larva and ju'
veniles of cnltivated fishes and prawns.

Seed production ' Collection of seed from natural
resouroes and bundh breeding.

Secd production - Induced breeding, hatchery systems

and seed transPort

Farm pond - Site selection, Design and Construction
of Pond.

Farm Pond Water and soil quality, food chain and
productivity.

Hrm Pond - Pond management.

Freshrater Aquaculture systems.

Coastal Aquaculture and Mariculture systems

F-ish nutrition and heatth monitoring - Nutritionat
requirements and suplementary feeding

Fish Diseases - Causes, symptoms and control.

Fishery Technology - Preservation, Processing and
Transportation.

Byproducts.

Crafts and Gears.

Promotion of Fish culture, Extension metho'ds and
Extension Programmes
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DN, B.& AITIBEDTER OPEN T'NIVERSITT
FACI'LTY OT SCIEI{CES

TITTRD IEAR ts YEAiI-DEGREE corrnsE) ffi
,MODEL QI'ESTION PAPER

COIIRSEN: FISHERY SCIENCE

flme: 3 houn M* Mrr*r: ?5

Sccflon'A
Answer irqY 3 qucstlong

Each que$lon carrlec 15 marks

Answer the lotlovlng ln about 3ll llnes erch'

1. Discuss thc latest advanccment a4d practiccs of transpoqation of fish in ou co.utrtry?

2, Writo about the migation of fishes?

g. Describc thc cconomic (irwcstments and returns) of a composite frstr cultule pond?

4. \3ive an accqyrt of seed production techniques of air breathing fistrcs?

5. Escribe the foimation of natural pcarls. Write about the cultural pearl tcchniErc?

6. Give a.brief histoncal,bacBground of Fishery in India?

Sectbn'B
Ansu,Br enY 5 querdPns

.0ach questlon carrlcs 6 mrrkr
Anrrer the lollowlng ln rbout 10 llner'ere.h.

7. Fish cum duck culture in Indian economy?

8. 'Role 
of fish culture in Indian economy?

9. Describe thc prawn and fishes suitable for brackis[r water fannfuUS

10. Write different methods of drying of fish?

11. How would you test the fr$hness of a fish?

12. Write the itentifying characters of milk fish?

13. Write briefly about the hatchery sanitation programme?

14. Non-infectious discases oJ fish?

15. Liming of pond?

16. Topography of selected site for farm pond construction?
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nut 30 llnei.
t-' 1. Describe the formation of natural pearls. Write abouilifre cuttura pearl technique.
I

, 2. . Wtrat is "Bundh"? Describe how the bundhs help in thetreeding of carps.

i 3. Give a brief historicat background of Fishery in India
i

i E. lnsrer the lollowlng questions in about l0lines.

I f. lVrite different mcthods of drying of fish.
I

' Z Fistring crafts
I

I 3. Stockirg of Fry irr rearing ponds.

DR BoR�\ EDKER OPEN UNn�Ù�zRSW
m�| �œ�z���QDi�� �Z ECOu�g �T s�E TEttD YEAR

Z00LOGY
COURSE�E4 FISHERY SCIENC=

I       ASSICNMENT�] 1

N.B.

1. Do not copy the ansuer directly from any of the books

2. As fas as possible try to ansuer the questio1g,inrtep., e,1tly in your own words

r2. If it is necc3ssary to quote from ryy sourqe ive,the co{reet reference.

d Use your ovm fullscape pages for writirg the'assignment

5. Lcave srfficient margins for the comments of,thc evaluator:

6. C.ornpletion of this assignment should not take more than two hours time.
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DR B.RoAMBEDKER OPEN UNMRSITY
UNDERGRADUATE COURSES�ET�\ YEAR
�L          Z00LOGY

COURSE�E4:FISHERY SCIENCE

ASSIGNMENT�E2

N.B.

1. Do not copy the an$iler directly from any of the bools.

2. As fas as possible try to answer the questions independently in yogr olvn words.

3. Ifit is nece3ssary to quote from any source ive the correct reference.

4. Use your own fullscape pages for writing the assignment.

5. lrave sufficient margins for the comments of the evaluator.

6 completion of this assignment should not take more than two hours time.

��
�]

�Œ�R
|�A

I. fuiswer the foilowlng quesflons ln about 3{l llnes.

1. Write about Mussel culture.

2. Describe briefly the different fishing crafts used in our country.

3. Describe the gear used for,spawn, collection.

II. Answer the follorrlng question in about 10llnes.

1. Write the identiffing characters of milk fish.

2. How fish.seed packed and transported.

3. How would you test the freshness of a fish.
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DR�q ,�L .�\ EDKER OPEN UNMRSITY
UNDERGRADUAR COURSES�E�¡ �¡ ERD YEAR

Z00LOGY           �M

COURSE�]rtt FISHERY SCIENCE

ASSICNMENT�E3:

1. Do�¡ Ot COpy the anwer d�ø ��ctly�å oln any of the books.          :

2.As fas as p�B �æ uc try to answer the ttestions independentw in your Own woFdS

3. Ifit is nece3ssary to quote iom any source ive the corFeCt referen�å .

4.Utt yOur own�@ ]l�g ape pages for writing tlle attgnmenL

5�B �� ave sumcient margins for the�� mments ofthe evaluator.

6 6�å �@�me�¡ (àÛ of ttt asslgnment should not takc moFe than two hours tinle.

I.Answer the�� lhming ques�¡ oms in about 30 1Æe�B

1.Discu"the hst advancemcnt and pr�g Ær�¡ of transportation of l�\ h in OuF COuntry�B

2.List the different mcthOds ofpFeW�W �‰ion oftt andwrite brieny abOut the retteratiOn

and ttezing proces

a ttlain the pre�E treatme�— given�í �O raw matett befo�g canning of i�Ó

II.Ans"er the fo1lowing qllestiOns in abollt 10 1ines.

1.Cive a b�Ü cf historical backgrottd Of n�¨ �lry m lndia

2 Liming ofpond.

3.ObicCti�g S of nshery extenJon.
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