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INTRODUCTION



INTRODUCTION

The edible backwater oyster of India belongs to the
genus ggégsostrea, which is an important shell fish of
commercial value in the country. Different aspects of the
biology of oysters have been studied in various parts of
the world and innumerable scientific papers are published
on the subject (Korringa, 1952; Loosanoff & Davis, 1963;

Galtsoff, 1964; Yonge, 1960). However, studies pertain
ing to the biology of this very important commercial
mollusc from the Indian waters are few, even though obser
vations on molluscs date back to the end of the last
century. Thus, Melvill & Abercrombie (1893) identified

and described the littoral marine molluscs of Bombay.

Melvill (1893) separately published descriptions of 25
new species of marine molluscan shells from Bombay in the
same year. Nevill (1877) had also listed the molluscs
identified and preserved in the Indian museum. Subse
quently the systematics of cephalopods in the Indian
museum has been worked out by Goodrich (1896), Massy

(1916), Adam (1939) and Preston (1909, 1910, 1911, 1914,
1915 & 1916). Annandale & Kemp (1916) studied the oysters
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from Chilka Lake. Different aspects of the pearl oyster and
pearl oyster fisheries such as the systematics, morphology,
life history, parasites, predators, pests, pearl formation,
location of pearl banks, their ecology and associated flora
and fauna of the Gulf of Mannar have been examined and'repor

ted by Herdman (1903-1906) to the Government of Ceylon and

these are still considered as very important reference works
on the subject. Hornell investigated in greater detail the
molluscan fauna of the erstwhile Madras State and published
very valuable information pertaining to the habits, distribu
tion, fisheries and utilization of oysters. In this connect
ion his contribution pertaining to pearl fisheries in the
Gulf of Mannar (Hornell, 1905), report to the Government of
Baroda on marine zoology of Okhamandal in Kathiawar (Hornell,

l909a), the prospects of establishing a pearl fishery and
other marine industries on the Okhamandal (Honrnell, l909b),

report on the anatomy of Eiggggglgigggggg with notes on the
distribution and economic uses (Hornell, 1909c), explanation

of the principal determining factor in oyster spawning in the
Madras Backwaters (Hornell, 1910a). the practice of oyster
culture at Arcachon (France) and its lessons for India

(Hornell, 191Gb), explanation of the cyclic character of
-pearl fisheries of the Gulf of Mannar (Hornell, 1916a) report
on the pearl fishery held at Tondi in 1914 (Hornell,
1916b), the utilization of coral shells for lime making
in the Madras Presidency (Hornell, 1916c), records on
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edible molluscs of the Madras Presidency (Hornell, 1917),

the pearl fisheries of the Gulf of Mannar and Palk Bay
(1922a), studies on the common molluscs of South India‘

(Hornell, 1922b) and also his studies on Indian molluscs
in general (Hornell, 1949a,b,c and Hornell, 1951) deserve

special mention. The morphology of the rock oyster Ostrea
(crassostggg) cucullata has been dealt by Awati & Rai
(1931). They have also provided a synopsis of eleven
species of oysters occurring on Indian coasts and extended
their observations to the anatomy, breeding period, early
development, pests and fisheries of Ostrea cucullata.
Rai also described the oyster industry in the Islands of
Bombay and salsette and.the shell fisheries of the Bombay
Presidency (Rai, 1928; 1932; 1933). Devanesan & Chacko
(1955) have published valuable information on the bionondcs,
early swimming stages, culture and ecology of the Madras

edible oyster Ostrea madrasensis (Preston).
A new impetus to the study of Indian molluscs

particularly oysters has been given consequent on the
establishment of the Central Marine Fisheries Research

Institute at Mandapam in 1947. The molluscan fisheries
of the country have been studied by several workers of the
CMFRI and much valuable information on the biology and

fisheries of the edible oyster Crassostrea madrasensis
(Preston) has been published (Rao, 1951, 1953, 1956,

1958, 1969; Rao & Nayar, 1956). Even though Awati &



Rai (1931) have reported 11 species as occurring on the
Indian coasts, as Rao (1974) pointed out the occurrence
of some of these species has yet to be confirmed. However,
four species of oysters which are commercially important
and occurring in appreciable quantities all along the
Indian coast are Crassostrea madrasensig (Preston)
Qrassostrga cuqullggg (Born), Qgassostrea gryghoides

(Schlotheim) andlcrgssostreg giscgidea_(Gould). Crasso
streg madrasensis, the common backwater oyster is confined
to the backwaters and estuaries of the southwest and east

coasts, Crassostggg gucullata, the rock oyster is found on
the inter-tidal rocky coasts, Crassostrea ggyggoides
inhabit the mddy creeks while=Crassostrea discoidea
occupy the littoral zone of coastal areas.

The family ostreidae is grouped under the order
Anisomyaria -(Thiele, 1931) based on the nature of the
adductor muscles, the anterior adductor muscle being

reduced or totally suppressed in the members of the order.
Pelseneer (1906) has included the family Ostreidae in the
order eulamellibranchia, which consists of bivalves with
gills composed of branchial filaments united at regular

intervals by vascular junctions. Members of the sub
order Ostracea (Series according to Thiele) are mono-=

myarian or with very small anterior adductor muscle, with
the mantle open, reduced foot, folded gills and inequi
valve shells. Ostreidae is characterised by reduced



foot and absence of byssus glands, the gills which are
fused to the mantle and the shell fixed to the substratum

by the left valve which is larger than the right valve.
There existed much confusion in the classification

of the family ostreidae. Earlier classification of oysters
was based on the shape, size, colour and texture of the
adult shell (Korringa, 1952). Acccmdingly about 100
species of recent oysters and about 500 species of fossil
oysters were recognised. It is well known that the nature
of the habitat such as rock, gravel, sand, silt and other
factors of the habitat such as salinity current velocity,
tides, waves and depth etc. contribute considerably to the
shape and texture of shells in oysters and creation of
species entirely based on the morphology of the adult shell
is unreasonable. It was Ranson (1948, 1950 & 1960) who

unravelled the taxonomic puzzle pertaining to this highly
‘pglvmprphic group. He has taken into consideration the
structure of the larval shell, which is free from the
influence of habitat, for the classification of oysters
and distinguished three genera, namely, Pycnodontg

(§vnonymgps with Crassostrea) Ggypgaea and Ostrea.

Eycnodonta which is larviparous, is characterised by equal

larval shell valves, the presence of 5 teen equally
divided on the provinculum and 10 small teeth on the edge
of each valve. The rectum traverses through the ventri
cle, promyal«chamber present and chalky deposits are



lamellated, Qggggg is larviparous,the larval shell valves
are unequal with two teeth on each side of the provincu
lum, the anterior pair reduced and interior ligament
placed in the provinculum. The rectum does not traverse
through the ventricle, the promyal chamber absent and
chalky deposits are lamellateds

Hemming, as cited by Korringa (1952) has included

Gryphaeg arcgata Lamark as the type species of the genus

Gryphaeal Children‘s selection of Ggyghaea angulata as
the type species of the genus Gryphaea was invalid as in
1801, when Lamarck first published the generic name

Gryphaea (Korringa, 1952). As pointed out by Korringa
(1952)_§ryphaea angulata was 'nomen nudum' (mere name)

when Lamarck first published the generic name Ggyghaea and
does not merit consideration as an originally included
species. Hence, Gunter (1950) pointed out that the
generic name Ggyphaea can be used for fossil species only.
The generic name Crassostrea (Sacco, 1897) is the first

valid name for oysters of the type an ulata, virginica,
i as, madrasensis and cucullata (Rao, 1974). The genus

Crassostreg is distinguished by the following features:
the shell is very irregular in shape, the left valve is
cemented to the substratum, hinge toothless with.linear
margin, the ligament is partly external and laminated
upon a trigonal area in each valve, only posterior
adductor muscle present, adult is oviparous, rectum does



not traverse through the ventricle, promyal chamber present
and chalky deposits are lamellated.

Notwithstanding the considerable amount of work that.

has been carried out on oysters from other parts of the
world, our information about this very valuable mollusc is
still fragmentary and inadequate. This prompted Professor
N.Balakrishnan Nair, to suggest this problem to the present
author for further investigations. In the present study
an attempt has been made among others to study the environ
ment, the nature of biofouling; the settlement, shell
dimensions and their inter-relations, the age and growth,
the condition index, the percentage edibility, the effect
of hydrographical factors on the oysters, the biochendcal
changes and trace metal content of soft tissue, the
parasites and associates of Crassostrea madrasensis
(Preston).



REFERENCES

Adam, W. (1939) The Cephalopoda in the Indian Museum,

Calcutta Egg. Indian Mus. 3;, 61-110
Annandale, N. & Kemp, S. (1916) Family Ostreidae fnam

fauna of Chilka Lake. Egg. Indian Egg. 2, 348-349
Awati, P.R. & Rai, H.S. (1931) Ostrea cucullata (The

Bombay oyster) Indian Zool. Mem. 2, 107 pp.
Devanesan, D.W. & Chacko, P.I. (1955) on the Madras

edible oyster (ostrea madrasensis). Qgg§£,‘§;§§.

§i£L, §£g, Dept. of Fisheries, Madras, g, pp.60
Galtsoff, P.S. (1964) The American Oyster Crassostrea

virginica (Gmelin) Fish. Bull. _E__j_=__§1'__1_ }pgL_l_d_;. Serv.

u.s. gg, 1-480
Goodrich, E.S. (1896) Report on a collection of Cephalo

pods from the Calcutta Museum, fggggg. gggg. figg,

London. 2, 1-24

Gunter, G. (1950) The generic status oi living oysters and
the scientific name of the common American species.

m. §_4_i__d__L. §I_-._a;:_. 3;, 438-449

I-Ierdman, w.A. (1903 to 1906) 593. §_g_y_3._. Cey1on._rg__e_e_1_r__]__

Oyster gigg. gal; Mannar.‘§. §Qg. London. ;.

1-307. ;, 1-300: 3, 1-384: 3, 1-326: 3, 1-452
‘flornell, J. (1905) Rep. Govt Madras Indian Pearl Fish.

Gulf Mannar. Govt. Press, Madras



Hornell, J. (1909a) The Marine zoology of Okhamandal in

Kathiawar, Egg. §Qy§IBaroda, R. 1, William and

Norgate, London. pp.148

Hornell, J. (l909b) The prospects of establishing a pearl
fishery and other marine industries on the coast of
Okhamandal. ,§§E. 9933, Baroda,‘William and Norgate,

London. pp.l—34

Hornell, J. (1909c) The anatomy of Placuna placenta with
notes upoh the distribution and economic uses.

532. _C_3_93_t_:_. Baroda, William and Norgate, London,

pp.43-97

Hornell, J. (l9lOa) Note on an attempt to ascertain the
principal determining factor in oyster spawning in
Madras Backwaters (Madras Fisheries Investigations).

Madras Fish. Bull. 3, 25-31

Hornell, J. (19lOb) The practice of oyster culture at
Arcachon (France) and its lessons for India.

Madras _§‘_._i_§_1;. _B__Lg.__]_.__J_l._. 3, 1-90

Hornell, J. (l9l6a) An explanation of the cyclic
character of the pearl fisheries of the Gulf of

Mannar. Madras Eigh, ggll. 2, 11-22
Hornell, J. (1916b) Report on the pearl fishery held at

Tondi in 1914. Madras Eigh, Qggl. 2, 43-92
Hornell, J. (19l6c) The utilization of coral shells for

lime burning in the Madras Presidency. Madras

Fisho  é;



-10

Hornell, J. (1917) The edible molluscs of the Madras

Presidency. Madras gggg, gull. $1, 1-51
Hornell, J. (l922a) The Indian pearl fisheries of the

Gulf of Mannar and Palk Bay. Madras Eigg. §g;;.
16, 1-188

Hornell, J. (l922b) The common molluscs of South India.

Madras gigh, gull. $3, 97-215
Hornell, J. (1949a;b1c) The Study of the Indian mulluscs.

Parts i, ii and iii. _~_7_. Bombay _1j1_§_1_:_. 1'__1_§L§__. §_9_C__._._

$2; 303-334, 543-569 and 750-774
Hornell, J. (1951) Indian molluscs. Bombay gag, flggg.

§9g. pp.96
Korringa, P. (1952) Recent advances in oyster biology.

9. Rev. Biol. gz, 266-308 and 339-365
.Loosanoff, V.L. & Davis, H.C. (1963) Rearing of bivalve

molluscs. In ‘Advances in Marine Biology‘, Vol.1
(Russel, F.S, Ed.) 1-136 Academic Press, New York

Massy, A.L. (1916) The Cephalopods of the Indian Museum

Egg. Indian figs. gg, 185-248
Melvill, J.C. (1893) Descriptions of 25 new species of

marine shells from Bombay. Menu Proc. Mandhr. gig.

phil. Soc. Ser. 4, __'_7__, 52-66
Melvill, J.C. & Abercrombie, A. (1893) The marine

mollusca of Borrbay. E. E_:;_c3_<_:_. Manchr. _l_;L_1_:._. mg.

Soc. Ser. 4, 1. 17-51



-11

Nevill, G. (1877) Catalogue of Mollusca in the Indian
Museum, Calcutta

Pelsenner, P. (1906) Mollusca. In Lankester's Trgatise
on Zoolgga Adam and.Charles Black, London, pp.355

Preston, H.B. (1909) Descriptions of two new shells from

South India. Rec. Indian Mus. Q, 277-278
Preston, H.B. (1910) Description of new shells in the

collection of the Indian museum from Burma, Siam

and Bay of Bengal. Rec, Indian Mus. 3, 33-36
Preston, H.B. (1911) Descriptions of six new species of

shells from Bengal and Madras. Rec. Indian Mus.

Q, 39-42
Preston, H.B. (1914) Mollusca from the Chilka lake on

the east coast of India. Rec. Indian Mus. gg,
297-310

Preston, H.B. (1915) A further report on a collection of
mollusca from the Chilka Lake on the east coast of

India. Rec. Indian Mug. ég, 289-310
Preston, H.B. (1916) Report on a collection of mollusca

from thercochin and backwaters. Rec. Indian Mug,

ig, 27-39
Rai, H.S. (1928) A short account of the oyster industry

in the Islands of Bombay and Salsette. Q, Bombay

nat. Hist. soc. __§=3;_(4), 893-898
Rai, H.S. (1932) The shell fisheries of the Bombay Pre

sidency. J, Bombay nat, Hist. Soc. g§(S), 826-847



-12

Rai, H.S. (1933) The shell fisheries of the Bombay Pre

sidency. J. Bom‘ga_y nat, Hist, Soc. gg(4), 884-897
Ranson, G. (1948) Prodissoconques et classification des

Ostreides vivants. Bull, Mus. Hist. nat. B§_g.
gé, 1-12

Ranson, G. (1950) La chambre promyaire et la classification

Zoologique des Ostreides. £3 Condnyliol. g, 195-200
Ranson, G. (1960) Les prodissoconques (cgguilles larvaires)

des Ostreides vivants. Bull. de 1'Istitut Oceano

graphique, No.1, igg, 1-41
Rao, K.S. (1974) Edible bivalves. Mussels and oysters.

In ‘The Commercial Molluscs Q; Ind;a'IBu1l Cent.

mar. Fish. Res. Inst. Cochin. £3, pp.4-39
Rao, K,V. (1951) Observations on the probable effects of

salinity on the spawning, development and setting
of the Indian backwater oyster Ostrea madrasensis

(Preston). Proc. Indian Acad. Sqg. 232; 231-256

Rao, K.V. (1953) Sex change in the oviparous Indian

backwater oyster Ostrea madrasensis (Preston)

Curr. Sci. 3;. 377-378
Rao, K.V. (1956) Seasonal gonadal changes in the adult

backwater oyster, Ostrea.(Crassostrea).madrasensis
(Preston) from Ennur near Madras. Proc. Indian
Acad. Sci. fig, 332-356



-13

Rao, K.V. (1958) Molluscan Fisheries. In ‘Fisheries of
the West coast of India‘ (Jones, 5. Ed.,) Cent. mar.
Fish. Res. Inst. Mandapam Camp, pp.55-59

Rao, K.V. (1969) Molluscs have many uses; Indian Fmg.

gg(9), 41+45 and 62
Rao, K.V. & Nayar, K.N. (1956) Rate of growth in spat and

yearlings of the Indian backwaters oyster, Ostrea

padrasensis (Preston). Indian J. Fish. 3: (2):
231-260

Sacco, F. (1897) 1 molluschi dei terreni terziarii del
Piemonte e della, Liquria-Part 23 (ostreidae,
Anomidae e Dimydia) Boll. Musei. Zool. Anat. Comp.

R. Univ. Torino. Vol.12, No.298, 99-100

Thiele (1931) Handbuck der systematis chen weichtierkunde,

Zweiter Band (scaphopogg, pelecypoda and qgphalopoda)

Yonge, C.M. (1960) Oysters, Collins, London. 209 pp.



1.1.
1.2.
1.3.
1.4.
1.5.

CHAPTER 1

THE ENVIRONMENT

Introduction
Materials and methods

Results

Discussion

References

Page
14

26

26

28

47



CHAPTER 1

THE ENVIRONMENT

1.1. Introductggg
Cochin (Lat. 9° 58' N, Long. 76° l6‘ E) is a major

port on the southdest coast of India. It is a natural
harbour and is continuous with the long stretch of back
waters extending up to Alleppey in the south. The Cochin
Backwaters maintain connection with the Arabian Sea on

the west through a gut of approximately 450 m wide.'To
the north and south, Cochin Harbour is continuous with

extensive shallow brackish water lagoons, which receive

the waters from several rivers. These backwaters extend
for the most part parallel to the coast line and are sepa
rated from the sea on the west, by low belts of sand.
The Cochin Backwaters is the northern extension of the
Vembanad Lake (Fig.1). Cochin Harbour receives the full

benefit of the south-west monsoon from the middle of May
to August and some precipitation from the north-east
monsoon during October to December. Of the total rain

fall in this region, more than half falls during the four
months from May -.August. During the southawest monsoon

and even after it the salinity of the water is very low
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owing to fresh water influx from the rivers. According
to wallershaus (1972) “the tidal currents cause thorough
ndxture of waters as long as the flow from the rivers
does not supply the upper layer with new fresh water.
when this occurs the backwater is stratified into a sur
face layer with low salinity and a bottom layer with high
salinity. The strength of the river outflow depends on
the rainfall which in turn, depends on meteorological
conditions. The higher the fresh water supply, the
greater the stability which supports the stratification
of the backwater into two layers". The depth in the
harbour area varies from 1-5 nnexcept in the dredged
shipping channels, namely, the Cochin.ApproachLChannel,

the Ernakulanzchannel and the Mattancherry Channel where

the depth is maintained through dredging at about 12 m
for navigation (Fig.l.2). The mean tidal difference is
45 cm varying between 110 and 5 cm.

our knowledge of the different environmental condi

tions and their temporal and spatial variations in the
various estuaries located on the west coast of India is
limited. Compared to other estuaries such as the Zuari 
Mandovy Estuaries of Goa, the Korapuzha Estuary, the

Netravathi - Gurpur Estuary, the Kelwa Backwaters and

the Mulki Estuary, the hydrography of thercochin Back
waters has received better attention. The notable works

on Cochin Backwaters are those of George & Kartha (1963)
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on the surface salinity with reference to tide, Ramamir
tham & Jayaraman (1963) on some aspects of the hydrogra

phical conditions of the backwaters around Willingdon

Island, Qasim & Reddy (1967) on the estimation of plant

pigments during the monsoon months, Qasim §t'g1. (1968)

on solar radiation and its penetration, Qasim‘g§_g;.
(1969) on organic production, Devassy & Gopinathan (1970)

on the hydrobiological features of Kerala Backwaters
during the premonsoon and the monsoon, Qasim & Gopinathan

(1969) on the tidal cycle and the environmental features,
wallershaus (1972) on the hydrography, Shynamma & Bala

krishnan (1973) on the diurnal variation of some physico
chemdcal factors in the Cochin Backwaters during the

south-west monsoon, Haridas.§§_§;. (1973) on salinity,
temperature, oxygen and zooplankton biomass of the back

water fronncochin to Alleppey and Manikoth & Salih (1974)
on the distribution characteristics of nutrients in the
estuarine complex of Cochin.

Information pertaining to other west-coast estuaries
are those of Dehadrai (1970) on the changes in the envi
ronmental features of the Zuari & Mandovi estuaries in

relation to tide, Dehadrai & Bhargava (1972) on the sea
sonal organic production in relation to environmental
features in Mandovi & Zuari estuaries, benthic studies
such as standing crop and faunal composition in relation
to bottom salinity, distribution and substratum chara
cteristics of the Mandovi Estuary by Parulekar & Dwivedi
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(1974), ecology of clam beds in Mandovi, Cumbarjua Canal

and Zuari estuarine system of Goa, (Parulekar §t_§;. 1973),
hydrography and suspended sediment load of the oceanic

and estuarine waters adjoining Marmagoa Harbour during

early summer by Cherian ggflgl. (1974), variations in
physical characteristics of the waters of the Zuari Estuary
by Cherian §E.al. (1975), ecology and environmental moni
toring of Mandovi, Zuari and Cumbarjua.canal complex by

Dwivedi‘g§‘§l. (1975). Rao & George (1959) studied the
hydrography of the Korapuzha Estuary of Malabar, Kerala

State and the seasonal variation, in hydrographic condi
tions of estuarine and oceanic waters adjoining old Manga

lore Port was examined by Reddy‘g§.gl. (1979). Durve &
Bal (1961) investigated the hydrology of the Kelwa Back
water and the adjoining sea.

In the aquatic habitat, more particularly in the
ecotone, the environment plays a paramount role in the
life of the organisms. It is known that the unidirectional

stream currents and oscilgting tidal currents meet and
bring about complicated changes in sedimentation, mixing

of water and other physiological features in the estua
rine system, thereby greatly influencing the biota. The
constant change in the physical andgchendcal evironment
of the estuary, necessitates physiological adjustment
of the inhabitants of the estuary. Many of these organisms
in these special habitats, through years of acclimatiza
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tion and physiological adjustments show considerable
tolerance to many fluctuating environmental factors.

The qualitative and quantitative structure of the
fouling community, their settlement, growth, breeding
intensity and survival rate have a great bearing on the
several essential physical and chemical factors prevalent
in the ambient medium, the more important of which are
temperature, salinity, pH, pollution, turbidity, water
movements, light penetration, texture and colour of the

substratum. Water has a very high latent heat of vapouri
zation or evaporation and its heat carrying capacity
coupled with the enormous volume of sea water result in

rhythndc changes of temperature throughout the year.
Temperature affects nutrition, growth, reproduction and
larval development of many invertebrates, (Moore, 1958;

Kinne, 1964; 1970; Orton, 1920; Giese & Pearse, 1974).

It is known that in tropics (Paul, 1942) where the tempera

ture does not show considerable fluctuations between the
maxima and minima, there is apparently no distinct perio
dicity in fouling organisms including oysters. However,
the constant settling down of generations of organisms,
production of several offsprings in an year, their rapid
growth and attainment of sexual maturity at a surprisin
gly early stage are all brought about as a result of the
constant prevalence of high temperature throughout the
year. Water temperature influences the metabolic acti
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vities, such as nutrition, growth, ganetogenesis, spawn
ing,and development (Nelson, 1921; 1921a; Galstoff, 1928;

Hopkins, 1931; Elsey, 1936; Orton, 1937; Ranson, 1948;

Loosanoff, 1950a; Loosanoff & Nomejko, 1949; Loosanoff &

Davis, 1952; Galstoff, 1964; Walne, 1958; 1972; Pearse,
1965; Dame, 1972; Maurer &.Apri11, 1973; Spencer & Gough,

1978).

Salinity of the water has been recognised as an
important factor controlling the occurrence of animals.
Salinity factor is relatively important especially along
the south-west coast of India where the prevailing mon
soons cause heavy rainfall. Accordingly the salinity
shows considerable variations in the estuaries and coastal

areas. While salinity and specific gravity ranges are
insignificant in the open ocean, in the estuaries and
harbour areas salinity fluctuations are very nmch marked
owing to land drainage. Many of the marine organisms in
these special habitats through years of acclimatization
and physiological adjustments have shown remarkable

tolerance for wide variations in salinity. Several
studies pertaining to the metabolic activity of marine
organisms in relation to salinity supports this view.
(Panikkar & Aiyar, 1939; Loosanoff, 1950; Nagabhushanam,

1955; Pillay; 1958; Paul, 1942; Giese, 1959; Antony Raja,

1963; Nair, 1967; Sandison, 1966; Hill, 1967, Wilson, 1969).



Most of the fouling organisms are unable to with
stand exposure to low salinity and such forms are usually
absent on structures well inside the estuaries. However,
there is considerable variation in the tolerance limits
and there are forms capable of surviving even in very low
salinities (Hutchins, 1945; Pilsbry, 1916). Many of the
barnacles and other fouling organisms are killed and
sloughed off during periods of low salinity and on the
onset of normal conditions, the areas left bare are reco
lonised through the fresh settlement of planktonic larvae
brought in by the tidal currents and.other movements of
the medium. Observations of Nair (1967) have shown that

at Cochin Harbour the fouling has been the least in quan
tity and quality during the monsoon period which extends
from the middle of May to the end of November (south-must

and north-east inclusive) and the cause was reasonably
attributed to the fall in the salinity of the water during
the period.

The horizontal and vertical distribution of animals

particularly the sedentary fouling organisms are also
controlled to a considerable extent by the distribution
of salinity in the area. A gradation can be seen in the
incidence of some of the fouling organisms in estuaries
or in the lower reaches of river mouths. They exhibit a
characteristic zonation in distribution, correlated with
the distribution of salinity. There are certain fouling
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animals which are characteristic of certain estuarine
areas and are unable to survive under marine conditions.
The extent of distribution by marine species in estuaries

depends on the degree to which the salinity varies with
tides. Several works on salinity responses of marine and
brackish water animals are available of which schleiper
(1957) Pears & Gunter (1957), Kinne (1964, 1966, 1967,

1971), Moore (1958) deserve special mention. some of the

‘important works, on the effect of salinity with special
reference to oysters are those of Ranson (1943), Butler
(1949), Loosanoff (1950), Rao & Nayar (1956) and Durve &
Bal (1962).

The availability of dissolved gases such as oxygen
and carbon dioxide and the presence of hydrogen sulphide
through organic decay in the aquatic environment where the
fouling organisms occur have a profound influence on the

whole community both directly and indirectly. Their abun
dance in the environment is of direct critical concern to

the life of organisms in the respective habitats. oxygen
may act as a limiting factor in certain estuaries and
harbour areas with sewage influence. The decay of orga
nic matter may restrict or reduce the organisms present
in an area. In certain harbours of India with heavy
pollution, the oxygen content is always low and the pro
duction of hydrogen sulphide has been noted (Nagabhushanam,

1962). Under such condition oysters, mussels and such
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other fouling organisms remain cut off from the unfavou

rable ambient condition by closing their shells. This
naturally could lead to a temporary cessation of normal
activities, resulting in poor growth or if such conditions
persist for long period they would ultimately perish,
The influence of dissolved gases on marine invertebrates
has been studied by Vernberg (1972). The ambient oxygen
in the medium does not exert much influence on the meta

bolism of many molluscs untill very low oxygen tension is
attained. ‘Similar observation has been made in Crassostrea

giggg, Ostrea edulis and Ostrea circumpicta by Nozawa
(1929), Galtsoff & Whipple (1930) and Ishida (1935).

The enclosed waters of the harbour and other bodies
of coastal waters contain silt, detritus and other parti
culate matter in fine suspension. These particles of
suspended matter affect the organisms in many ways. It
can smother sessile organisms by forming a thick mat-like
cover over the substrata or prevent the very settlement

of certain species. Large quantities of suspended matter
can clog the respiratory organs and can disable the normal
functioning of the ciliary feeders such as oysters, which
in turn restrict the normal growth.(Coker'§§Wa;. 1919).
Thick silt and resulting turbidity reduces the penetration
of light, preventing the growth of green plants and res
trict organic productivity. Those forms, which need
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plants ‘as a substratum for settlement are, therefore,
unable to settle in such situations;

The role of substances that cause turbidity in water
and its consequent effects on the rate of pumping has been
described by Loosanoff & Tommers (1948). According to them

0.1 g/l of the substance in sea water reduced the rate of
pumping by 40% of the normal value. When the concentra
tion was increased to 1.9 g/l and 3-4 g4.the experimental
oysters pumped only 20% and 4% of the normal quantity of

water through the gills. Even though oysters survived and
reproduced in turbid waters a correlation between increase
in concentration of turbidity producing substances and
decrease in the rate of pumping of water by oysters was
observed by them.‘ Loosanoff & Engle (1947) also observed

that the density of microorganisms influences the rate of
pumping of water by oysters. However, Korringa (1952)

concludes that "Certain inhibiting substances present in
dense plankton cultures probably metabolic products of
microorganisms" are responsible for the reduction in the
pumping rate of water in oysters. According to Davis
(1960) and Loosanoff (1961, 1965) higher turbidity can
also influence survival and metamorphosis of eggs and

larvae of oysters.
Changes in the hydrogen ion concentration of the

water in an estuary may be due to freshwater infiltration
owing to precipitation or ingress by sea water. pH is



also influenced by influx of polluted water from industri
es. Loosanoff & Tommers (1947) observed the rate of pump

ing in oysters at various pH values. They noticed normal
pumping at pH 7.75. From 6.75 to 7.0, oysters pumped more

vigorously than the control ones for the initial few hours
only. At pH 6.5, rate of pumping was slow and at 4.14,
10% decrease in pumping was noticed. Calabrese & Davis

(1966, 1970) observed a critical pH of 6.75 for the succ
essful recruitment of Crassostrea virginica.

Movements of water owing to waves, tides and currents

affect the disperal, settlement and growth of sessile orga
nisms. Water movement facilitates the existence of sessile

animals, since food particles are brought to them and their
waste products in turn are carried away. These movements
of water are sometimes. harmful when the larvae of the lit

toral forms are swept far away to the open sea where settle
ment is impossible or to places where conditions are un
favourable for settlement. The velocity of water currents
on the surface of the substratum is important since larvae
of foulers select suitable sites for settlement in relation
to the velocity gradient of currents (Sudth, 1946). The
attachment and survival of barnacles are mostly influenced

by water currents. Crisp«& Stubbings (1957) have found
that current has very little influence on the cyprids at
the time of fixation. Regarding the effect of the stage
of tide on the settlement of barnacle cyprids conflicting
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views are expressed. (Daniel, 1954; Weiss, 1947; Viss
cher 5. Luce, 1928; Pyefinch, 1948; Barnes, 1950).

Many of the larvae of foulers are negatively photo
tropic and they prefer darker surfaces, while a few are
positively phototropic. There seems to be no agreement
among various workers as regards to the probable effect
of light on the settlement of barnacle cyprids. vissoher &

Luce (1928) observed that the barnacle cyprids react
negatively to light at the time of attachment, while Weiss
(1946) and McDougall (1943) are of the View that they are
positively phototropic at the time of attachment. Light
has no apparent effect on the opening and closing of shell
valves in oysters (Galstoff, 1964). Similar observations
were made by Loosanoff & Nomejko (1946). However, flhese

observations are not in agrement with those of Nelson
(1921, 1923).

Thus it is clear that several factors of the aquatic
environment are directly or indirectly responsible for the
many life activities of sedentary organisms including
oysters. A detailed study of the influence of hydrologi
cal and meteorological parameters such as salinity,
temperature, turbidity, dissolved oxygen and rainfall on
the various life activities of sedentary organisms with
special reference to the backwater oysters was undertaken.
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1.2. Materials and methods
Water samples were collected from the test-site

daily for a period ofeahxeen months. Samples for disso
lved oxygen were fixed immediately after collection.
Dissolved oxygen was estimated by the method of Winkler

and salinity by the Mohr-Knudson method, both as given in

Strickland & Parsons (1968). Turbidity was measured with

a turbidometer which can read turbidity from 0.1 to 50
p.p.m. (serial no.725,.Applied Electronics Pvt. Ltd.,

Bombay). The air temperature and surface water tempera
ture were recorded correct to 0.l°C using an ordinary
thermometer.

1.3. Results

Daily data pertaining to air temperature, surface
water temperature, salinity,disso1ved oxygen and rainfall
during the period of observation are given in Tables 1.2
to 1.10 and the. weekly averages including turbidity
in Table 1.1. Figures 1.3 - 1.7 present the hydrographic
and meteorological data based on the weekly average

values given in Table 1.1. The data on rainfall represent
monthly averages (Table 1.10).

Table 1.10 shows that the maximum rainfall in Cochin

was during June being 782.1 mm followed by July (574 mm).

Based on rainfall at.Cochin, the year can arbitrarily be

divided into pre-monsoon (Feb-May), monsoon (June-Sept_em

ber) and post-monsoon (October to January). The South
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west monsoon started in May and extended to August-Sept.
and contributed to the bulk of the rainfall in this
region. After the South-west monsoon, the rainfall
decreased gradually. This was followed by the North—East
monsoon in October which lasted till November. From January

onwards precipitation was negligible and the period was
characterised by increasing drought.

The fluctuation of air temperature was not very sig
nificant. Maximum air temperature of 34.0°C was observed on
May 13th (Table 1.3). The minimum was on July 8th being
27.2°C (Table 1.4). The difference observed between the

maximum and minimum was only 6.8°C. The pattern in the

fluctuation of air temperature and water temperature was
more or less similar.

water temperature also showed slight variations.
The maximum water temperature recorded.was 32.5°C on May

9th (Table 1.3) with minimum of 26."7°C during July, 8
(Table 1.4). The variation between neximum and minimum

was only 5.8°C .

Dissolved oxygen recorded a maximum value of 8 ml/1

on October 1st (Table 1.6) with a minimum of 1.4 ml/l
during January 10 (Table 1.8). The difference in maximum
and minimum was 6.6 ml/1.

Marked variation of salinity was observed. The maxi
mum salinity observed was during the month of February 20th

being 34.9 (Table 1.8) with a minimum of 0.6%. during.August
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2 (Table 1.5). A\Nide fluctuation in salinity was
thus noticed in the estuary ranging from almost fresh
water conditions during the monsoon to typically marine
conditions during the pre—monsoon. The abrupt drop of

salinity from 34.9%o to 0.6%. was very significant. The
pre—monsoon period February to May, registered uniformly

high salinity. From October onwards the salinity gradua
lly fluctuated and reached the maximum again during the
post-monsoon period.

Turbidity recorded a maximum average value of 27.9

p.p.m during the third week of June and minimum of 10.2
p.p.m during the second week of February. The water was
Kore turbid during the monsoon period than during the pre
and post-monsoon periods.
1.4. Discussion

An understanding of the seasonal fluctuations in
hydnagraphical characters of estuaries is an essential
pre-requisite for interpreting the causative factors.
responsible for the incidence, relative abundance and
distribution of animal populations. It is known that the
hydrography of the Cochin Backwaters, is considrably

influenced by the prevailing seasons (Wallershaus, 1972;
Ramamirtham & Jayaraman, 1963: Shynamma«& Balakrishnan,

1973; George & Kartha, 1963) which in turn are brought

about by the monsoons in the locality. The river dis
charge consequent on the southdwest monsoon results in
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drastic changes in the physico-chemical variables such as
temperatures, salinity, dissolved oxygen, turbidity,
nutrients and pH which in turn affects the faunistic com
position. The hydrographic conditions are also complica
ted by the nature of the basin, coastal piling and up
welling (Ramamirtham & Jayaraman, l963).

No other environmental factor is as important as
temperature in the ecology and distribution of organisms.
The range in temperature of the open ocean is small when

compared to that of estuaries. Temperature influences
among others the geographical distribution, oxygen con
sumption, calcium precipitation, development, growth and

reproduction of marine animals. Higher temperature can
stimlate sexual activity, accelerate the development of
the gonad, hasten maturity and shorten the free swimming
larval period. Based on these factors the fouling commu
nity can be classified as those with continuous attachment
throughout the year, those with continuous attachment but
with increased intensity during definite periods, those
with limited attachment during some definite periods of

the year and a fourth type attaching at specific periods
of the year (Paul, 1942). Since temperature cycle is a
mere reflection of the annual fluctuation in solar radia
tion, it further influences the marine animals in other
ways such as by affecting the rate of photosynthesis of
ndcroscopic plants, which form a part of the complicated
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food web of the sea. Temperature also influences precipi
tation thereby controlling the salinity of the medium
through excessive run off.

In the present study air temperature was observed
to fluctuate between 27.2°C to 34.0°C which is not appre
ciable enough to make any cyclical change as in temperate
region. It remained uniformly high throughout the year
except with slight reduction during the monsoon period.
Similar observations were made earlier by Ramamirtham &

Jayaraman (1963) , Qasim & Gopinathan (1969); Qasim _e_t_:_ _a_l_.

(l969)in the Cochin Backwaters and Rao & George (1959) in

the Korapuzha Estuary.

Ramamirtham & Jayaraman (1963) observed no marked

reduction in surface and bottom temperature during June
and July but as the season progressed (July to August),
they observed lower values (23.8°C) in bottom temperature

and resonably attributed it to the incursion of a tongue
of cold.water from the sea. They could also observe
steep vertical thermal gradient only during the intrusion
of cold oceanic waters and during other seasons of the
year only isothermal conditions are noted by them.
Sankaranarayanan & Qasim (1969) also observed reduction

in temperature and stratification, consequent on the
onset of the monsoon but Shynamma & Balakrishnan (1963)

could not observe any such stratification as a regular
feature in Cochin Backwaters.
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The temperature of the estuary is mainly controlled
by the warm incoming water of the rivers and also by the
cold bottom water of the sea. Solar radiation also contri
butes its share, as the estuary is comparatively shallow
except in the dredged shipping channels in the harbour
area. Tidal exchanges are also important in this respect.

Salinity is the most important physical factor that
controls the occurrence of organisms in the estuarine
habitat. Salinity factor assumes considerable importance
in a country like India, where the prevailing South-west
and North-East monsoons cause considerable amount of pre

cipitation over the region. Depending on the monsoons,
the salinity shows marked variations in the estuaries and
coasts of India. Salinity fluctuations are very much limi
ted in the open ocean but owing to heavy land drainage con
sequent on the rains, salinity shows considerable varia
tions in estuaries. Those animals which are acclimatized

to changing salinities thnough several years of physiolo
gical adjustments survive wide fluctuations in salinity,
while less tolerant forms are completely eliminated and
the areas left bare by these organisms are subsequently
recolonised by the larvae of these organisms brought in
by tidal currents when optimum conditions are reestabli
shed. The horizontal and vertical distribution of sedenta
ry organisms are controlled to a considerable extent by
the distribution of salinity. There is considerable
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difference in the salinity tolerance of different species
and there are forms encountered which can even survive
under fresh water conditions. Certain strains of barna

cles and some species of bryozoans and shipworms belong

to this category. There are certain sedentary forms
which are characteristic of estuarine areas and are unable
to survive in marine stituations. The extent of occur
rence of marine species in estuaries depends on the degree
to which salinity varies with the tides;

Many investigators have reported the adverse effect
of salinity on oysters. Members of the genus Ostrea are
more readily damaged and killed by low salinities compared

with those of the genus Gryphaea (Korringa, 1952). Ranson
(1943) noted damages in Gryphaea angulata below l3%o.
Heavy mortalities were observed by Engle (1946) in

Chesapeake Bay (USA), where salinities dropped down to

below 10%. by river discharge. Butler (1949) through his
histological studies on oysters subjected to low salinity
conditions, observed starvation and serious damage to the
filtering capacity in oysters. Beaven (1946) also attri
buted early oyster mortality in Chesapeake Bay to excessi
ve run off by fresh water. Experiments by Loosanoff &

Smith (1949) showed that Gryghaea virginica can get accu
stomed to lower salinitias than that prevailed in the
medium where they are grown. Subsequent experiments by

Loosanoff (1950) showed that Gryghaea virginica with
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stands changes from low to high salinity without serious
physiological damage by prolonged sojourn in water of low

salinity ultimately resulting in its death due to tissue
damage. Ingle & Dawson (1951) noticed normal growth and

survival of oysters from O - 42%. salinity during diffe
rent parts of the year. However, Medcof (1944) observed

only starving of Gryphaea virginica in salinities below
20%o. Thus it is clear that oysters can tolerate a fairly
wide range of salinity (Korringa, 1952).

The salinity of the Cochin Backwaters shows consi
derable variations which in turn are brought about by
fresh water run off and tidal influences. During the
period June to September (Monsoon), the salinity dropped
considerably and there was indication of stratification
with an upper layer of low salinity and a lower layer
with high.sa1inity. Salinity showed an increasing trend
with depth (wallershaus, 1972). This stratification was
broken during the post-monsoon months when the river water

discharge decreased and the backwater became hoogeneously

nixed again. Thus in Cochin Backwaters, there is homo
geneous salinity during the pre—monsoon period which is

followed by distinct stratification during the monsoon
period. During this stratification period, most of the
sedentary organisms (stenohaline forms) in the upper few
meters die out, while their counterparts survive in

deeper layers of water. Thus salinity acts as a limiting



factor in the occurrence and distribution of these seden

tary animals during the monsoon period.
The concentration of dissolved oxygen varied from

1.4 ml/1 to 8.0 ml/1 (Table 1.1 and 1.8). During the
monsoon period dissolved oxygen content was comparatively

higher compared to the other parts of the year. since
the variation of dissolved oxygen was not appreciable, it
seldom acted as a limiting fiactor in the distribution of
the sedentary animals in Cochin Backwaters as the varia
tion was within tolerable limits of these organisms.

Turbidity in Cochin Backwaters varied between 10.2

p.p.m and 27.9 p.p.m. Turbidity was higher during the
monsoon period. The zonation of estuarine animals in
relation to turbidity was observed by Doty (1957). Silt
and resulting turbidity naturally reduces light penetra
tion and this in turn restricts organic productivity,
growth of green plants and restricts the distribution of
animals which need plants as a substratum for settlement.
Suspended matter in large quantities can also clog the
gills of filter feeding organisms such as oysters. Heavy
silting can also smother oysters living at the bottom,
prevent the larval setting and survival. Turbid condi
tions in estuaries for longer duration also accounts for
large scale mortalities of shell fishes like oysters and
mussels (Korringa, 1952). Turbidity is greatly influenced
by the salinity in estuaries and heavy load ofl.silt is
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observed at lower salinities. Flocculation of large suse
pended particles which occur above l4%o and cleaner waters

are observed above 20%. (Doty; 1957). Suspended organic

matter is quite useful for filter feeding animals such as
oysters and mussels since the detritus and other particu
late materials in the water are used by these organisms
as a source of food.



Table 1.1 Average weekly air temperature, water temperature,
salinity, dissolved oxygen and turbidity from
March 1981 to September, 1982

Air Water Sa1i- Dissolved TurbiPeriod temp. temp. nity oxygen dity
°C °C %o ml/1 p.p.m.

Mar. 8, '81 to Mar.18 31.4 30.7 30.2 2.8 11.8Mar.19 to Mar.26 30.6 31.1 31.1 3.1 11.3Mar.27 to Apr. 4 30.5 31.2 31.2 4.5 17.5Apr. 5 to Apr.11 31.4 31.1 32.5 4.2 11.4.Apr.11 to Apr.19 32.0 31.5 32.7 4.5 15.2Apr.20 to Apr.27 31.5 31.4 32.3 2.9 20.2Apr.28 to May 3 31.3 31.3 32.0 2.3 13.0May 4 to May 10 32.1 32.1 32.2 3.7 13.5May 11_ to May 16 32.5 31.5 31.6 3.7 14.0May 17 to May 23 30.9 31.2 30.5 3.2 18.0May 24 to May 30 32.0 29.5 26.2 3.9 17.0May 31 to Jun 7 30.0 30.0 21.9 5.0 25.5Jun 4 to Jun 20 28.9 29.0 15.3 5.3 27.9Jun 21 to Jun 27 28.8 28.7 12.9 5.3 28.0Jun 28 to Jul 4 28.0 28.1 6.5 6.1 25.0Jul 5 to Jul 12 28.0 27.9 2.3 5.0 25.2Jul 15 to Jul 20 28.5 29.4 1.3 5.3 21.0Jul 22 to Jul 26 28.1 28.8 4.1 5.2 18.0Aug 1 to Aug 7 28.3 28.8 1.4 5.6 17.0Aug 8 to Aug 14 27.2 28.4 2.9 4.9" 15.5Aug 16 to Aug 22 27.8 28.3 2.6 4.7 16.2Aug 23 to Aug 30 27.6 28.3 1.7 5.3 20.0Sep 4 to Sep 9 29.0 29.4 2.8 5.6 19.5Sep 10 to Sep 19 28.8 29.1 5.4 4.6 19.0Sep 27 to Oct 3 25.0 29.4 3.3 6.1 19.5Oct 4 to ct 10 30.0 29.2 10.9 5.8 19.0Oct 11 to Oct 16 29.2 29.1 6.9 5.4 16.0Oct 17 to Oct 23 29.3 28.6 1.9 5.9 15.7Oct 24 to Oct 30 28.7 28.6 _1.9 5.9 15.3Oct 31 to Nov 6 30.7 29.4 13.4 6.1 16.1Nov 7 to Nov 14 29.2 29.5 15.5 6.1 22.3Nov 16 to Nov 22 29.3 29.9 17.8 4.5 12.0Nov 23 to Nov 29 29.0 29.5 19.4 4.1 13.0Nov 30 to Dec 6 28.0 28.6 26.2 3.7 15.0Dec 7 to Dec 13 29.0 29.2 17.4 3.9 16.0Dec 16 to Dec 24 28.1 28.4 23.5 4.0 12.0

Table contd.
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Table 1.1 contd
3'-3113.0-C9¢"UO11u-I--'3-an-II-I-I1—Iu-n CI;-an-11:-:—p:—:mn::1c-‘,1 11:11.. :1: 113-. 1-_. 1111...;

Air Water Sa1i— Dissol- ‘Turbi
Period temp. temp. nity ved oxy— dity

gen°C °C %. ml/1 p.p.m.
Jan. 6, '82 to Jan. 13 27.3 28.0 32.7 3.1 14.2Jan. 15 to Jan. 21 27.9 28.3 32.2 4.2 16.6Jan. 22 to Jan. 28 29.0 28.7 33.1 4.9 16.0Jan. 30 to Feb. 6 29.4 29.0 33.8 5.1 10.2Eeb. 7 to Feb. 13 29.0 29.2 32.7 4.8 15.0*eb, 17 to Feb. 22 30.2 29.7 33.9 4.7 13.8Mar. 1 to Mars‘ 7 30.5 30.4 32.5 3.6 18.0Mar. 8 to Mar. 15 31.0 30.5 33.0 3.8 14.0Mar. 16 to Mar. 21 30.7 30.6 32.0 4.5 17.5Mar. 22 to Mar. 31 31.5 31.4 32.7 3.7 15.0Apr. 1 to Apr. 7 31.3 31.2 31.8 4.2 16.0Apr. 8 to Apr. 15 31.4 31.3 30.5 4.3 15.9Apr. 16 to Apr. 22 30.5 30.5 28.0 5.3 17.6Apr. 23 to Apr. 30 31.3 31.0 30.5 6.1 18.0May. 1 to May 7 32.1 32.0 30.5 6.1 18.5May 8 to May 15 30.9 31.8 29.9 6.0 18.5May 16 to May 22 31.0 30.9 26.7 3.2 17.4May 23 to May 31 31.5 31.0 27.1 3.8 16.0Jun 1 to Jun 7 31.0 31.2 29.0 3.5 16.3Jun 8 to Jun 15 31.0 30.0 29.5 3.7 19.0Jun 16 to Jun 22 28.0 28.5 21.3 5.0 20.0Jun 23 to Jun 30 28.5 28.3 24.0 5.3 20.5July 1 to July 7 28.1 28.4 25.6 5.2 25.6July 8 to July 15 27.8 27.9 18.0 5.6 27.0July 16 to July 22 28.0 28.3 7.5 4.0 25.5Aug. 1 to Aug. 7 29.0 29.3 4.5 6.1 21.6Aug. 8 to Aug. 15 28.5 28.7 2.8 5.5 19.0Aug. 16 to Aug. 22 27.8 28.0 5.4 6.1 19.5Aug. 23 to Aug. 31 28.3 28.2 3.9 5.3 20.0Sep. 1 to Sep. 7 28.1 28.5 8.5 4.9 16.0Sep. 8 to Sep. 15 29.0 29.1 10.0 5.4 16.5Sep. 16 to Sep. 22 30.0 30.1 15.0 5.6 21.0Sep. 23 to Sep. 30 30.1 30.0 7.5 5.6 18.0
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Table 1.2 Fluctuations of air temperature, water tempera
tureL salinity and dissolved oxygen at the test
site of Mattancherry Channel from 8-3-81 to19-4-81 "

Date of Air tempera- Surfaceobserva- ture water Salinity Dissolvedtion tempera- oxygen
tune°C °C %. ml/1

8-3-81 31.7 30.5 30.0 2.512-3-81 31.5 30.8 29.0 3.013-3-81 31.8 30.8 31.4 3.514-3-81 31.5 31.0 30.5 3.015-3-81 31.0 30.5 31.0 2.516-3-81 31.0 30.5 30.0 2.718-3-81 31.0 30.5 29.4 2.519-3-81 31.0 31.5 29.5 2.220-3-81 31.5 30.5 30.5 2.221-3-81 30.5 31.5 32.3 2.522-3-81 31.0 31.0 31.8 4.023-3-81 30.5 31.0 32.0 2.425-3-81 30.0 31.0 30.5 4.426-3-81 30.0 31.5 31.0 4.327-3-81 30.0 31.5 29.0 4.228-3-81 30.0 31.5 29.0 3.729-3-81 31.5 30.0 30.1 4.230-3-81 31.5 31.3 30.4 5.61-4-81 29.9 31.1 33.6 4.43-4-81 30.4 31.5 33.4 4.64-4-81 30.0 31.3 33.1 4.55-4-81 29.8 30.0 33.9 4.46-4-81 31.2 31.1 32.4 3.88-4-81 32.9 31.7 32.4 4.29-4-81 31.8 31.6 32.2 4.110-4-81 32.4 31.2 32.2 4.411-4-81 30.2 31.1 31.5 4.415-4-81 32.4 31.2 32.4 4.116-4-81 31.2 31.3 32.0 4.817-4-81 31.8 31.8 33.3 5.118-4-81 31.8 31.8 33.3 4.719-4-81 33.8 32.1 32.9 3.9
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‘Table 1.3 Fluctuations of air temperature water tempera
ture, salinity and dissolved oxygen at the test
site of Mattancherry Channel fromj24-4-81 to3-6-81

Date of Air tem- Surface Salinity Dissolvedobserva— perature water oxygention temperature°C °C %. ml/1
24-4-81 31.8 31.5 31.1 3.425-4-81 31.2 31.4 32.6 3.027-4-81 31.4 31.4 33.1 2.329-4-81 32.8 31.2 33.0 2.330-4-81 31.6 31.5. 32.2 2.71-5-81 30.5 30.3 31.6 1.82-5-81 30.9 31.6 32.7 2.23-5-81 30.5 31.7 30.7 2.46-5-81 31.8 32.0 32.8 4.37-5-81 31.6 32.1 32.8 3.68-5-81 31.9 31.9 32.6 3.99-5-81 32.6 32.5 31.6 4.410-5-81 32.4 32.2 31.3 2.313-5-81 34.0 31.1 31.6 3.514-5-81 32.0 31.6 31.7 3.715-5-81 31.1 31.5 31.4 3.516-5-81 31.7 30.8 31.8 4.017-5-81 28.4 30.5 32.4 3.618-5-81 33.1 31.5 31.0 1.520-5-81 29.7 31.4 30.5 3.621-5-81 29.5 30.7 30.5 3.522-5-81 31.4 31.1 29.6 3.623-5-81 33.5 31.8 28.9 3.624-5-81 33.4 31.8 27.7 4.325-5-81 28.8 31.0 26.7 4.227-5-81 31.3 30.9 25.2 3.628-5-81 32.9 30.9 28.0 3.229-5-81 32.9 31.4 24.5 3.830-5-81 32.4 30.1 26.9 4.031-5-81 31.3 30.9 26.4 4.01-6-81 30.3 30.4 24.2 5.93-6-81 30.0 29.0 25.6 4.8
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Table 1.4 Fluctuation of air temperature, water tempera
ture, salinity and dissolved oxygen at the test
site of Mattancherry;Channe1 from 14-6-81 to
_26-7-81

Date of Air Surface
obser- tempera- water "Salinity gissgévedvation ture tempera- yg

ture°C °C %. ml/1
14-6-81 28.5 29.5 11.2 5.015-6-81 28.3 29.0 11.9 5.917-6-81 28.4 28.8 14.6 5.318-6-81 29.5 29.1 18.5 4.419-6-81 30.6 29.3 18.9 5.020-6-81 26.8 28.0 16.7 5.921-6-81 28.0 28.6 15.9 5.122-6-81 29.7 28.8 13.9 5.224-6-81 30.0 29.6 13.4 5.427-6-81 27.5 27.9 8.5 5.328-6-81 27.1 28.0 7.7 5.629-6-81 28.2 28.2 6.2 6.31-7-81 27.2 28.4 6.0 5.52-7-81 27.0 28.0 6.6 7.03-7-81 30.3 28.1 6.3 6.84-7-81 27.9 27.7 6.2 5.65-7-81 27.6 27.9 5.0 5.46-7-81 28.1 27.0 4.6 4.88-7-81 24.4 26.7 1.7 5.09-7-81 28.5 27.6 1.5 5.010-7-81 28.5 28.1 1.1 4.511-7-81 30.2 28.9 1.0 4.512-7-81 29.0 29.1 0.9 5.815-7-81 28.5 29.5 1.1 6.016-7-81 28.6 29.9 1.1 5.917-7-81 28.5 29.0 1.1 5.618-7-81 28.8 29.1 1.4 5.519-7-81 28.1 29.2 1.4 4.220-7-81 28.4 29.4 1.6 4.622-7-81 28.2 28.9 2.3 4.423-7-81 28.5 29.1 5.9 6.024-7-81 28.6 29.0 4.5 5.125-7-81 28.5 29.1 4.0 5.326-7-81 26.5 27.9 3.8 5.2
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Table 1.5 Fluctuations of air temperature‘ water temQ§
rature and dissolved oxygen at the test site
of Mattancheggy Channel from 1-8-31 to
19-9-81

Date of Air Surface. Salinity Dissolvedobservation tempera- water oxygenture temperature°C °C %. ml/1
1-8-31 28.6 29.5 0.8 5.82-8-31 27.5 28.9 0.6 6.93-8-81 25.3 27.6 1.0 6.06-8-31 30.1 29.0 2.7 5.17-8-81 30.1 29.0 2.0 4.08-8-81 30.0 29.0 2.3 2.612-8-81 26.7 28.4 3.6 6.313-8-81 25.5 28.3 3.1 05.414-8-81 26.6 28.0 2.4 5.416-8-81 28.3 28.0 2.7 5.417-8-81 26.3 2746 3.3 5.519-8-81 28.8 28.8 2.5 5.720-8-81 28.4 28.9 2.2 5.821-8-31 26.5 27.8 2.5 3.622-8-81 28.3 28.5 2.3 2.223-8-81 28.9 28.6 1.6 5.424-8-81 28.2 29.0 1.8 6.227-8-31 25.7 28.0 2.4 4.828-8-31 26.7 27.3 2.1 5.229-8-31 27.5 28.3 1.2 4.430-8-81 28.4 28.4 1.1 5.64-9-81 27.8 29.2 1.6 5.85-9-81 29.4 29.5 2.3 5.56-9-81 28.5 29.8 2.3 5.77-9-81 29.3 29.2 2.1 5.99-9-31 30.1 29.5 5.6 5.110-9*81 31.0 30.0 5.5 5.511-9-81 27.5 29.0 5.5 5.012-9-31 26.2 27.8 6.0 4.013-9-81 29.5 28.8 4.9 4.519-9-81 29.8 30.1 5.2 4.0
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Table 1.6 Fluctuations of air temperature./water tempera
ture, salinity and dissolved oxygen at the test
site of Mattancherry Channel from 27-9-81 to
8-11-81

Date of Air ten» Surface . Dissolved
observa- perature water tem- Salinity oxygention perature°C °C %o
27- 9-81 28.2 29.5 2.1 5.628- 9-81 28.6 28.4 1.6 7.430- 9-81 30.3 30.1 2.2 8.01-10-81 32.5 29.5 3.9 3.83-10-81 30.4 29.6 6.7 5.64-10-81 26.9 29.1 6.7 6.25-10-81 28.5 28.9 9.1 5.07-10-81 31.2 28.6 15.6 5.88-10-81 30.2 29.3 11.1 6.010-10-81 31.0 30.0 12.0 6.211-10-81 29.5 29.5 9.6 5.214-10-81 29.5 30.0 7.3 7.415-10-81 28.5 29.4 8.2 6.616-10-81 29.4 29.9 10.3 5.417-10-81 28.6 29.4 7.5 6.018-10-81 29.0 30.0 5.7 5.019-10-81 29.4 30.0 5.7 6.021-10-81 28.4 29.1 8.9 5.022-10-81 29.0 28.2 7.9 5.223-10-81 27.3 28.1 5.6 5.124-10-81 25.5 27.5 3.6 5.726-10-81 30.1 28.1 2.6 6.628-10-81 28.8 29.0 0.7 4.829-10-81 30.0 29.0 0.8 6.430-10-81 29.0 29.5 1.8 6.231-10-81 30.0 29.2 3.3 6.01-11-81 30.3 29.5 7.6 6.02-11-81 30.0 28.0 7.8 6.44-11-81 30.9 29.8 13.9 5.45-11-81 31.0 29.9 17.5 6.26-11-81 31.8 30.0 30.0 6.57-11-81 28.6 29.2 14.7 6.18-11-81 29.0 29.2 16.7 6.2



Table 1.7 Fluctuations of air temgggature, water tempe
rature, salinity and dissolved oxygen at the
test site of Mattgngherry Channel from
14-ll-81 to 28-1248;

11:: 11¢:-Iotfixjjjjjjjjjj 111 -T1j—-jj--——-u ----------~----n
Date of Air Surface Salinity Dissolvedobservation temperature water oxygen

temperature°C °C %. ml/l
14-11-81 29.9 30.0 15.1 6.016-11-81 29.0 31.0 14.8 5.818-11-81 29.0 29.4 16.6 4.819-11-81 29.0 29.4 15.6 3.620-11481 29.7 29.9 24.8 4.221-11-81 29.3 29.9 16.3 4.222-11-81 29.5 30.0 18.8 4.223-l1fiB1 31.4 30.5 17.0 4.2
28-11-31 27.9 28.5 14.1 4.229-11-81 28.4 28.8 26.0 4.130-11-81 28.6 28.9 25.1 3.92-12-81 28.0 28.9 25.7 3.83-12-81 28.7 29.2 26.0 3.94-12-31 27.7 28.0 27.7 2.85-12-81 27.2 28.3 27.7 3.86-12-81 27.9 28.5 24.9 3.87-12-81 28.3 28.5 26.3 3.39-12-g1 30.4 29.5 21.9 3.610-12-81 27.0 28.5 13.2 4.211-12-81 30.0 29.3 13.2 4.212-12-81 29.2 29.8 14.1 3.813-12-81 29.1 29.5 15.9 4.216-12-81 28.3 28.6 17.4 4.017-12-81 27.8 28.2 21.3 4.018-12-81 28.4 28.4 24.0 4.019-12-81 27.4 28.0 26.4 4.224-12-81 28.6 28.8 28.5 4.026-12491 26.2 28.6 31.8 3.628-12-81 28.0 29.0 29.8 3.4



-44

Table 1.8 Fluctuations of air temperature. water temg§ra

Zfiijtju-mica
Date of
observation tempera

6-1-82
7-1-82
8-1-82
9-1-82

10-1-82
13-1-82
15-1-82
16-1-82
17-1-82
18-1-82
20-1-82
22-2-82
23-1-82
24-1-82
25-1‘ -82
28-1-82
30-1-82
31-1-82
1-2-82
3-2-82
4-2-82
6-2-82
'7-2-82

10-2 -82
12-2-82
13-2-82
17-2-82
18-2-82
19-2-82
20-2-82
21-2-82

1111111111; 11111111.:

ture, salinity and dissolved oxygen at the test
site of Mattancherry;Channe1 from 6-1-8;_tg
24-2-82 ‘ m

—Sa1i81tyAir Surface Dissolvedwater oxygenture temperature°C °C % . ml/1
28.4 28.4 32.5 4.027.4 27.7 33.1 4.227.0 28.0 33.1 3.826.5 28.0 33.1 1.826.4 27.2 32.7 1.428.0 28.5 31.6 3.426.8 28.0 31.6 4.028.0 28.1 31.8 3.828.4 28.0 32.3 4.228.5 28.5 32.3 4.227.5 28.4 32.2 4.627.7 28.0 32.7 5.627.6 28.1 32.2 4.429.5 28.1 32.9 4.430.0 28.3 33.1 4.530.2 31.0 34.5 5.628.1 29.1 33.4 5.4‘31.0 29.0 33.1 2.428.5 29.1 33.1 6.228.1 28.6 34.3 5.030.0 29.0 34.3 5.830.5 29.5 34.3 5.829.4 29.5 30.7 5.430.5 30.0 33.5 4.028.0 28.5 33.4 3.828.7 28.8 33.0 6.029.7 29.1 34.0 4.529.6 29.1 33.9 5.029.7 29.5 33.6 4.431.0 30.0 34.9 4.831.0 30.0 34.0 3.830.0 30.4 32.9 5.822-2-82
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Table 1.9 Fluctuations of air temperature. water tempera
ture, salinity and dissolved oxygen at the test
§_,_';te og Mattancherry Channel from 2-3-82 to
2 3-5-82

Date of Air Surface Salinity Dissolvedobservation tempera- water oxygenture temperatureC° C° %. nu/1
2-3-82 30.4 30.4 32.0 5.04-3-8D 30.2 30.7 32.0 5.013-3-82 32.0 31.2 33.6 2.616-3-82 31.3 31.0 32.2 2.017-3-82 31.3 30.6 32.9 3.81-4-82 31.2 30.0 32.9 6.418-4-82 31.0 30.5 32.0 6.424-4-82 31.8 31.0 34.0 4.825-4-32 32.0 31.6 33.8 6.14-5-82 30.0 30.5 .33.1 6.06-5-82 32.0 31.5 33.1 3.67-5-82 31.0 30.5 31.4 3.011-5-82 31.0 30.5 31.4 3.0
18-5-82 31.6 31.0 32.9 4.220-5-82 31.0 30.7 32.9 4.223-5-82 30.5 30.8 32.9 4.2
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Table 1.10 Average month1y rainfall at.Cochin

Month. Rainfall
Hm

January 15.24
Febru ary 30 . 48March 48.26April 136.20May 294.70June 782.10July 574.10
August 370.90
September 248.90October 335.53
November 180.30
December 48.26
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CHAPTER 2

THE NATURE OF BIOFOULING IN THE COCHIN BACKWATERS,

THE HABITAT OF'CRASSOSTREA MADRASENSIS (PRESTON)

2.1. Introduction

The settlement and growth of sedentary organisms

and plants on submerged surfaces in a marine environment
is comnly known as ‘Marine fouling‘. The growth of
these biota on different surfaces such as hull of ships,
navigational buoys, underwater acoustic devices, cables,
conduits of cooling water systems, poses serious problems
of considerable economic interest. Fouling growth
adversely affects propulsion and thereby the economical

operation of boats and ships CWoods.Hole Oceanographic
Institution, 1952). Fouling accumulation on ships‘ hull
reduces the speed of the boat by several knots owing to
increased frictional resistance. At the rate of an
increase of %% frictional resistance per day various
types of ships consume 45-50% more of fuel to maintain

a speed of 10 knots and 35-45% for a speed of 20 knots
after six months (Woods Hole Oceanographic Institution,
1952). In addition to increased expenses required for
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driving fouled ships, the expenses incurred for dry
docking these vessels periodically are also very high
depending on the tonnage of the ship. As per an earlier
estimate made by Visscher (1928), the United States shi
pping interest alone spends over $ 100,000,000 annually
for fouling prevention. As per the estimate of Persoone
(1977) U.S. commercial and military interests suffer an
annual less of 500 million dollars owing to marine fouling
and this does not include costs for increased fuel consum

ption and increased docking charges. Ships under idle
condition in the port accumulate more of fouling when
compared to those under active service condition. It is
also estimated that approximately 200 tons of fouling is
removed from a ship's bottom at a single docking (Adamson,
1937 quoted.in Woods Hole Oceanographic Institution,

1952). The quantity and quality of fouling varies with
the waters where the ship ply and is also related to the
water temperature. Fouling is more severe in tropical
waters than in temperate regions owing to uninterrupted
temperature conditions existing in the tropics and also
due to lack of clear cut or well marked seasons. Sta
tionary structures are more prone to fouling, as foulers
are not washed away as in ships‘ hull (Woods Hole Oceano

graphic Institution, 1952). Moored structures which are
often exposed to tidal currents favour fouling accumula
tion and provide opportunity for fouling animals to
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settle in large numbers during periods of slack water even
where the currents are strong. The fauna that attach on
to moored structures are also different from that found on

ships. Mussels and other soft bodied forms that are easi
ly washed away from the ships‘ hull prefer such structures.
The underwater acoustic devices of commercial and naval

ships are also very seriously affected by fouling accum
lation. These structures are not usually protected by
any antifouling paint nor are they constructed out of
metals which are toxic to marine fouling organisms. Heavy
accumulation of fouling organisms seriously affect sound
transmission by these equipments. Pipes and conduits of
industrial plants, oil refineries and aquaria are very
often clogged by these organisms which result in the

interruption of water flow in these structures. Fouling
reduces the carrying capacity of these conduits by redu
cing the pipe-line diameter. Occasionally the foulers
are torn loose and swept into screens, tube-sheets or
pumps resulting in the breakdown of the system. Pipes
with Constant flow of water accumulate no fouling but

pipes with little flow of water or those with interrupted
water supply are generally very badly fouled. Because
of the complexity of the system, expenses incurred by the
breakdown of such systems and consequent cleaning are.

enormous. Fouling results in the reduction of the



carrying capacity of these conduits by increasing fri
ctional resistance and also by reducing the pipe-line
diameter. The fouling growth accumulated in these
structures and occasionally the foulers that are torn
loose and swept into screens, tube sheets or pumps result
ing in the breakdown of these systems. The clogging and
resultant stoppage of water flow may build up pressure
in the pipes and may eventually result in the breakage
of the pipes. The accumulation of deposits due to cap
sulated and slime forming bacteria adversely affect the
heat transfer efficiency of condensers (Estes, 1938;
Martin, 1938; Mathews, 1927), The torn off shells of
certain foulers that hit the inner walls of pipes result
in the wearing of the protective inner coating resulting
in pitting corrosion and ultimate perforation of these
pipes. Fouling may accelerate corrosion of metallic sur
faces or may even injure paint coatings on the bull in
tended for prevention of rusting. In contrast to this,
corrosion of steel surface may also proceed less rapidly
under firndy adhering fouling than the base areas between
the fouling organisms. Corrosion of fouled surface may
be due to oxygen concentration cells enclosed under the
base of the foulers particularly barnacles or protection
from corrosion due to galvanic effects. The protective
coatings are at times removed when firmly adhering
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foulers such as oysters and barnacles are torn loose or
the cementing material secreted by certain foulers has
deleterious effect onthe paint films (Nelson & Kodet,
1944). The edge of the barnacle shell even ploughs into
the paint coating (Woods Hole Oceanographic Institution,

1952). As observed by Weiss (1948b), a heavily fouled
wooden surface may afford protection to the wood fronnthe
attack of marine wood borers.

Thus the problem of marine fouling has attracted
the attention of biologists, chemists and engineers alike
and a great volume of literature on fouling and its pre
vention has accumulated. However, inspite of many contri
butions and suggestions, boat owners and harbour authori
ties all over the world are still being plagued by this
problem.

An impressive body of information has been compiled
on the biology of fouling organisms of England (Pyefinch,
1950), the Continent (Caspers, 1960), the Pacific Islands
(Edmondson & Ingram, 1939), West Indies (Bruce, 1976)

Australia (Wood & Allen, 1958), Egypt (Ghobashy, 1976)
and Canada (Weiss, 1948) but our information on this

problem along the extensive Indian coasts with numenous

ports is comparatively inadequate. Erlanson (1936) made
a preliminary survey of the marine boring organisms at
Cochin Harbour and she has made brief references to
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fouling organisms also. Paul (1937, 1942) studied the
growth, sexual maturity and breeding of certain sedentary
organisms in the Madras Harbour. At Krusadai Island, in
the Gulf of Mannar, Kuriyan (1950) conducted studies on

the fouling organisms of pearl oyster cages and also the
attachment of marine sedentary organisms on different
surfaces (Kuriyan, 1952). Later Kuriyan & Mahadevan
(1953) studied the effect of light and colour of the
substratumnon the settlement of barnacles. Daniel (1954)

-observed the seasonal variations in the succession of

fouling communities in Madras Harbour. He has also stu

died the gregarious attractions (Daniel, 1955) and the
role of the primary film in the settlement of certain
marine fouling organisms (Daniel, 1955a). Investigations
of Daniel were also directed towards the systematics
(Daniel, 1956), colour of the substratum (l956a), illu
mination (Daniel, 1957), stage of tide (Daniel, 1957a).
development (Daniel, 1958) and settlement (Daniel, 1963)

of the fouling animals in the Madras Harbour. Ganapathi
,§§_al. (1958) studied the biology of fouling in the
Vishakhapatnamliarbour on the east coast. Antony Raja
(1959, 1963) studied the distribution, succession and
growth of sedentary organisms. Balasubramanyan & Menon

(1963) studied the characteristics of certain fouling
organisms in Cochin Harbour while investigating the
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causes of timber destrution. Nair (1965) published a
review on marine fouling in Indian waters, and recorded
(Nair, 1967) the settlement and growth of some major fou
ling organisms fronncochin Harbour. Alagarswami &

Chellam (1976) studied tbebiology of fouling and boring

organisms and the mortality of oysters in the farm at
Veppalodai in the Gulf of Manner; The role of the primary
film in the settlement of barnacles was studied by Nair &
Pillay (1977). Becker (1958) in his report on marine
borers to the Government of India has offered useful

suggestions for a study on marine fouling organisms in
Indian waters. Karande (1978) observed marine fouling
and timber deterioration in sub-oceanic islands of
Andamans.

The organisms that constitute the fouling community
comprise a large and heterogeneous assemblage of both

animals and plants, The woods Hole monograph on ‘Marine

Fouling and its Prevention‘ (Woods Hole Oceanographic

Institution, 1952) lists 615 kinds of plants and 1,361
variety of animals, but many more species have been added

to the fouling complex since then» Animals representing
13 out of 17 commonly accepted phyla are included in the
list (Woods Hole Oceanographic Institution, 1952) to
gether with a1l.the major groups under marine thanOPhYtes.

The fauna and flora include macroscopic forms such as
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bacteria, fungi, diatoms, protozoans and rotifers and
macroscopic forms like sponges, coelenterates, flat worms,
bryozoans, tube worms, amphipods, barnacles, molluscs
etc. Different kinds of algae also contribute to the
fouling connmnity. The barnacles, the tube worms, the
bryozoans and the mssels are by far the most-important‘
from the point of View of surface coverage, volume and

‘weight. Many free living forms are also found amidst the
sedentary organisms that fornnthe fouling community and

they mst be considered as an inseparable part of this
group. The chief among them are the planarians, nemer—

tines, polychaetes, isopods, decapods, gastropods and
also certain. fishes.

Both qualitative and quantitative differences have
been recorded of the fouling assemblages met with on
moored structures and moving surfaces like the hull of
ships. Moored structures in general support a denser and
nmch greater variety of foulers than moving structures.
Hentchel (1923) recorded an average number of 4.39 species

and Visscher (1928) 4.18 species respectively from 43 and
83 ships examined by them. However, the average number

of species is 22.4 with reference to 10 navigational
buoys recorded by Milne (1940). Different groups of
animals thus occur mre frequently on buoys compared to

ships, indicating the diversity of species on buoys.



-58

During different seasons, these substrata may hold various
types of fouling plants and animals depending on their
location in different regions along the coast under dif
ferent ecological conditions and also at different sites
within the same harbour (Pyefinch, 1950). The fouling
complex that occur on temporary substrata some what differ
from that of natural population accumulated on permanent

objects under imersion, the former containing a,large
number of species. The dominant organism of the community

determines the character of the community and the chara
cter of community in turn is governed by the nature of
bottom and its depth. The fouling community depends also

upon the characteristic nature of the structures on which
they attach and the condition of exposure.

In India the different members of the fouling commu
nity have been identified and studied in some detail at

vishakhapatnam (Ganapathi _e__t_ _1_._. 1958) Krusadai Island

(Kuriyan, 1950); Bombay (Iyengar g§_al, 19573 Karande,

1968), Cochin (Nair, 1967), Neendakarai (Dharmaraja &

Nair, 1981) and Andaman Island (Karande, 1978). A total
of nearly 54 different species of fouling organisms have
so far been recorded from vishakhapatnam Harbour

(Ganapathi g§.§l, 1958), 54 species fnom Madras Harbour

(Daniel, 1954), 57 from Krusadai (Kuriyan, 1950) 50 from

Bombay and neighbouring areas (Iyengar ggugl. 1957) 48
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from Neendakara (Dharmaraja & Nair, 1981) 30 from the

Andaman Islands (Karande, 1978).

The fouling community that accumulates over the

surface of any immersed object is controlled or influenced
by a variety of factors. Slow growing, longer-living
-species may cover and spread over fast-growing, short
lived species. ‘Temporal sequence and sometimes the

presence of certain species may favour the settlement and
growth of sone species and.this sequence is controlled
by interdependent biological factors resulting in what
is known as biotic succession. The sequence in which
organisms appear on exposed structures is also influenced
by different ecological factors both biotic and abiotic.
The different fouling organisms reproduce and settle
during periods that are favourable to thenu This seasonal
sequence in fouling is influenced, by the geographical

location reflecting the effect of such factors as tem
perature, salinity and so on.

A newly exposed surface in the sea gets rapidly
coated with ndcroscopic organisms referred to as the pri
mary film or slime film which is composed of bacteria,
diatoms, algal spores mixed with organic and inorganic
detritus, mud, sand and other particulate materials
suspended in sea.water. The bacteria multiply rapidly
and attain dense populations in the span of several
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hours (Nair & Pillay, 1977). It has been found that the
composition of the primary film is different in different
areas. Zobell (1939) found that the primary film consists
mainly of bacteria on the eastern coast of the United
States. In the sub-tropical waters of Australia, Wood
(1959) found that the film is composed of diatoms and
algae and a smaller proportion of bacteria. Balasubra
manyan & Menon (1963) have recorded bacteria, diatoms and

protozoans as foremost of all settling organisms on the
test panels in Cochin Harbour. .American workers like

Weiss (1948), Phelps Austin (as cited by Weiss, 1948) and
Australian workers such as wood (1950), Scheer (1945)

support the view that bacterial slime forms the primary
settlement. The observation of Nair & Pillay (1977)
showed bacteria as the main constituent of the primary
film at Cochin Harbour and they noted a progressive
increase in the number of bacteria with increase in the

duration of immersion. They also observed that diatoms
and algal spores form only a small proportion of the
slime film. Different stages in the development of slime
have been noticed by various workers. Harris (1943)
observed three stages in the development of the slime
film, namely bacterial slime, diatom flora and the atta
chment of higher animals. However, Kuriyan (1953) could

not observe separate stages in 10 day blocks, He stated
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that although a certain amount of primary film is formed
consisting probably of bacteria and diatoms, the other
organisms either settle simultaneously or follow immedia
tely. Nair & Pillay (1977) observed three stages in the
development of the primary film namely, bacterial slime,

diatoms and finally the attachncnt of macrofoulers.
According to them, primary film is not an essential pre
requisite for fouling by barnacles, but they observed
that the settlement of barnacle cyprids is facilitated to
a great extent by the slime film. Phelps (1942) and
Clarke (1943) as reported in Woods'Hole Oceanographic

Institution (1952) made similar observations, namely,
attachment of larvae on freshly exposed panels, showing
that the slime film is not essential for the settlement
of barnacle cyprids. Miller (1946) studied the attach
ment of larvae of Bugula neritina and concluded, that the
presence of slime film was not essential for the settle
ment of larvae of Bugula neritina even though slime faci
litated the attachment. Scheer (1945) was able to demons
trate under natural conditions, the influence of slime on
the settlement of bryozoans and ascidians and he attri
buted the diatoms of the slime film as the causative

factor, which facilitated the settlement of bryozoan lar
vae on slimed panels when the larvae had a choice of
slimed and non-slimed panels. He further observed that
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hydroids are favoured by the surface with bacterial slime.
Wilson (1925) also noticed the influence of diatom popu
lations of the slime in the subsequent macrofouling. Coe &
Allen (1937) noticed heavy fouling on panels scrapped off
fouling than clear surfaces and attributed "a more favo
urable physical surface, resulting from the retention of
macroscopic organisms and minute particles remaining from

the previous growth for the increased fouling on such
structures". The hypothesis of Wilson (1958) that dif
ferent film forming microorganisms might vary in their
ability to promote the settlement of macrofoulers has been
substantiated by Meadows & Williams (1963). Their experi

ments showed that larvae of Spirorbis borealis, settled
more readily on films developed in the presence of diatoms
and their associated bacteria than on those developed in
the presence of a green flagellate. Crisp & Ryland (1960)
also observed primary film as capable of influencing

settlement of larvae of Ophelia bicornis Thomson. Menon.&
Nair (1971) noticed that a conditioning of the panel,
probably by means of the formation of primary film, as
a pre-requisite for mass settlement of atleast some spe
cies of bryozoans and that the time required for the cul
mination of the phenomenon.according to them at Cochin

Harbour was more than three days. Daniel (19553) observed
that for the settlement of barnacles and serpulids, pri
mary film as an essential pre-requisite. Corpe (1976)
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surrmarised the natigrral history of primary films, its role
on the conditioning of the surface, the nature of the
attachment of bacteria in the slime, the interaction of
microbial film with soluble and particulate materials and
the relationship of the primary film and initiation of
macrofouling.

The primary film is followed by waves of the larvae
of macrofoulers which settle,metamorphose and grow._ The

presence of certain species is essential for facilitating
the subsequent attachment of other forms, leading to a
sort of inter-specific dependence. This biological succ
ession involves definite relations between organisms and
is occasioned by factors of the environment. The earlier

forms play a role for the establishment of forms that
arrive later. In some cases the earlier forms are dis
placed or smothered as a result of sucessive settlement
resulting ultimately in the establishment of a climax
community consisting of forms which are slow growing and
long living.

éheer (1945) found at New Port Harbour, California
four sequences in the biotic succession of fouling orga
nisms and concluded that the succession is nearly, if not
entirely, dependent on seasons. He also observed that
mussels only colonise the surface harboured by bryozoa or

Stylea community. From St. Andrews, New Brunswick,

Newcombe (1935) reported rapid settlement of Mytilus
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on flya arenaria killing the latter and changing the physi
cal and chemical conditions of the surface layers which
according to him is a true case of biotic succession.
In many instances biotic succession is obscured by seasonal
succession and in zones where seasons are prolonged and

well marked, biotic succession may not be pronounced

(McDougall, 1943; Moore, 1939; Pyefinch, 1943).

The only studies regarding this biotic succession in
India are those of Daniel (1945) Antony Raja (1959) from

Madras Harbour and Ganapathi et_g;. (1958) fronnVishakha—
patnam. According to Daniel (1954) the primary film is
followed by barnacles, tube-dwelling polychaetes, poly
zoans, molluscs, ascidians and once again the barnacles
which finally occupy the whole area crowding out all
other forms. Daniel observed the same sequence of events,
taking place, irrespective of the season during which it
is exposed (Daniel, 1954). In the observation on the
succession of fouling communities at Vishakhapatnam Har

bour (Ganapathi gt 3;. 1958), the first arrivals have been
reported to be bacteria, diatoms, protozoans and hydroids
followed by serpulids, hydroids and polyzoans and
later by simple ascidians, sea anemones, barnacles and
oysters. However, Antony Raja (1959) during his studies
has found no clear cut succession as has been reported
fronucalifornia (Coe & Allen, 1937), New Port (Scheer,
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1945) and.Australia (Allen & Wood, 1950), where a true

ecological succession with a well defined community domi

nating at every stage, leading to a single climax community
has been recorded. Antony Raja (1959) suggested that the
ecological succession, if any, is not true, regular and
definite, but is considerably modified under the prevai
ling ecological conditions. There was no clear cut sea
sonal succession in Madras Harbour as there was no sharp

and well marked seasons as is usually seen in temperate
countries.

Several factors of the environment are responsible
for the seasonal succession of marine fouling organisms,

of which, temperature, salinity, dissolved oxygen, turbi
dity, pollution, waves, tides, currents, light, colour,
nature and texture of the substratum are important. American
workers, like Bengough (1950), have divided the oceans of
the world into a series of 10 zones, representing varying

grades of fouling intensity. Zones 1 and 2 comprise a
worldawide belt running roughly 30° North and 30° South

of the equator, representing the zone of the greatest
fouling intensity (India comes under this zone), whereas
zones 9 and 10 (the Antarctic and Arctic seas) are with

the lowest fouling intensity. Compared to tropical
waters, settlement of marine fouling animals 51; more
limited in temperate waters. Based on seasonal breeding
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behaviour, Paul (1942) distinguished four types of orga
nisms, namely, those that attach without definite seasonal
fluctuation throughout the year; those with increased fre
quency during definite portions of the year, those with
limited attachments during a definite portion of the year
and finally forms occurring at two definite periods of the
year. ‘Temperature influences reproduction and geographi
cal distribution of marine animals. Extreme temperature
conditions are not favourable for reproduction even though
the adult organisms survive under such conditions. Paul
(1942) observed no distinct periodicity in the breeding

of marine sedentary organisms at Madras, where the dif
ferencesbetween maximum and minimum temperatures are not

appreciable. Continuous settling of sedentary organisms,
their reproduction throughout the year, their rapid growth
and attainment of sexual maturity at a surprisingly early
age are all brought about by the constant prevalence of
high temperature. Temperature influences the rate of
photosynthesis of plants, thereby controlling primary
productivity and the nutrition of animals. Temperature
also influences precipitation, thereby controlling the
salinity of the medium, through excessive run off. Annual
variability in the quantity of fouling from year to year
has been noticed by Coe & Allen (1937) and Weiss (1948)

which they could not correlate with variation in phy
sical aspects of the environment and the causes for
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these fluctuations in occurrence still remain unexplained.
Based on distinct temperature conditions, Ortman

(1896) divided the shallow waters of the world into six
regions and had further divided certain regions into sub
regions. The basic distinction is between the warnnwater
tropics and the cold water zones towards the poles.
Boundaries are usually with either sunmer or winter tem
peratures. The organisms are unable to breed or are
otherwise killed by extreme cold towards the poles, there
by establishing a boundary. Similarly towards the equa
tor, extreme summer temperature may either kill the orga
nisms or prevent reproduction. Temperature factor res
tricting the distribution of the animals is also discussed
by Hutchins (1947).

Salinity is recognised as the most important factor
controlling the occurrence of fouling organisms. salinity
is relatively a very important factor in India, where
the prevailing monsoons cause considerable amount of rain
fall. Accordinglyxnide fluctuations in salinity are noti
ced along the coasts of India; Even though salinity
fluctuations in the open ocean are insignificant, in
estuaries and harbour areas salinity fluctuations are
very nmch nerked owing to land drainage. Very few species
are able to tolerate these vide variations of salinity
and animals exhibit differences in horizontal and
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vertical distribution correlated with the changes in
salinity. some fouling organisms through years of physi
ological adjustment and acclimatisation show considerable

tolerance to variation in salinity. Experiments in this
respect are few from India. Marine borers such as
Martesia striata as observed by Nagabhushanam (1955) and

Sphaeroma sp. as noticed by Pillay (1955) have been found

to live in waters of very low salinity; American barna—
cles such as Balanus tintinnabulum and galanus amphitrite
are never observed in the upper reaches of the estuary,
even though, they are common on coastal installations.
Species such as Balanus balanoides, even though penetrate

further, Balanus eburnaus and Balanus improvisus common

along the coast, are unable to withstand extreme variations
of salinity (Pilsbry, 1916). The marine bryozoan
Igggerbankia gracilis also shows tolerance to extreme vari
ations in salinity (Hutchins, 1945; Osburn, 1944). Menon &
Nair (1971) working on the ecology of bryozoans of the

Cochin waters noticed Victorellg pavida and Electra
crustulenta settling only on panels during the monsoon
period and Electra bengalens;§,.Alderina arabianensis and
Schizoporella cochinensis occurring on panels during the
pre-monsoon period. They have grouped bryozoans in the

locality as typical brackish water forms not encountered

under typical marine conditions (Eg. Victorella Eavida).
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typical brackish water forms which may occur under marine
conditions also (Eg. Electra crstulenta) and typical
marine forms that never appear during low saline condi

tions (Eg. Nolella‘papuensis, Bowerbankia gracilis etc).
Menon & Nair (1971) conclude that "a combination of

higher range of salinity with higher range of temperature
during the pre-monsson period seems to be associated
with intense settlement and colonization of typical marine
bryozoans in Cochin Backwaters during the pre—monsoon

period and absence of species other than Victorella
pavida and Electra crustulenta during the monsoon period
is due to the absence of larvae of those bryozoans in low
salinity prevailing at Cochin from June to December which

imposes restrictions upon the effective recruitment of
larvae of marine species fronnthe open ocean In the
estuary".

Salinity also controls the breeding of littoral
animals (Panikkar & Aiyar, 1939) and their growth rates
(Erlanson, 1936), thereby reducing the intensity of foul
ing in an area. Observation of Nair (1967) shows that
the quality and quantity of fouling have been the least
during the monsoon period at+Cochin, which extends from

the middle of May to the end of November (South-west and
North-east inclusive).

Pollution is yet another factor of importance in
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the biology of fouling, particularly within the enclosed
body of water in the harbours. Pollution is the outcome
of sewage, industrial waste, petroleum by-products, oil
etc. finding their exit into natural waters and chang
ing both their physical and chemical nature. The subs
tances that pollute may be harmful by possessing toxic
effects or may lead to a serious depletion of oxygen of
the medium resulting from oxidation of organic matter.

Water polluted by harmful pollutants is normally devoid
of fouling organisms. On the other hand, certain subs
tances may act as nutrients thereby enriching the medium.
In such situations detritus feeders, mud-tube dwelling
polychaetes and amphipods (Nair, 1962) show luxurious

growth and characteristic indicator species can be reco
gnised (Barnard, 1958). It may also be mentioned that
the two factors, salinity and pollution, can to a large
extent be the limiting factors of the environment causing
a natural check over the fouling community. According to
Fox & Coe (1943) organic detritus, the chief source of
food supply to the sedentary organisms has direct value
for these organisms and certain shell fishes like oysters
flourish under such conditions of pollution. However, it
is rather difficult to draw conclusive evidence of the

harmful effects of pollution. Galtsoff ggmgl. (1938)
have found that the oyster industry of the York River
Estuary has declined owing to pulp - mill pollution.



Milne (1940) attributed differences in the fouling of
buoys in the Tamar and Mersey Estuaries to differences

in pollution. In the Tamar Estuary he observed more
species than in the more polluted Mersey Estuary.

The enclosed coastal waters of the harbour and

other bodies of coastal waters contain silt, detritus
and other particulate materials in fine suspension. The
settling of silt may snother sessile forms and form a
mat-like cover over the substrata thereby preventing the
settlement of certain species of organisms. Coe & Allen
(1937) and Fuller (1946) observed that panels particularly
exposed in a horizontal position accumulate more of silt
rendering them unsuited for the attachment of sedentary
animals. Large quantities of suspended silt can clog the
respiratory organs and can disable normal functioning of
the ciliary feeders. However, Milne (1940) could not
observe any difference in the distribution of animals
with ciliary feeding mechanism and other type of respira
tory organs in silted and non-silted areas. Thick silt
and resulting turbidity reduces the penetration of light
preventing the growth of green plants. Those forms which
need plant as a sustratum for settlement, are therefore,
unable to settle in such a medium.

Movements of the water medium owing to waves, tides

and currents also can affect the dispersl, settlement and
growth of sessile organisms. Water movement facilitates
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the existence of sessile animals, since food particles
are brought to them and the waste products are in turn
carried away. These movements also help the distribu
tion of the larvae and thus prevent over crowding in any
particular substrata. These movements of the water mass
are sometimes harmful when the larvae of the littoral

forms are swept far away into the open sea where settle
ment is impossible or to places where conditions are
unfavourable for settlement. The velocity of water cur
rents on the substratum is important since larvae of fou
lers select suitable sites for settlenent in relation to
the velocity gradient of currents (Smith, 1946; McDougall,
1943). Sndth (1946) found.Balanus igprovisus settling in
currents up»to about 0.5 knots and tube worms Dasychogg

conspgrsa up to about 1.0 knot. McDougall (1943) observed
Buggla and Balanus grew best when the velocity of currents
was minimum, Tubularia and Sabellaria preferring maximum

velocities; sponges, oysters and tunicates preferring
intermediate conditions. Hentchel (1923) recorded the

nexinmm growth in barnacles settled on the stem, edge of

bilge keel and rudder of ships and ascribed the pronoun
ced growth of barnacles on these structures to abundant

food supply in such places. Sumner §§_§;. (1911) obser
ved good growth in tubularia, hydroids, mssels, bryozoa
and ascidians in narrow passages carrying swift tidal



currents up to 4 knots. Fox & Coe (1943) observed more

rapid increase in weight of Mgtilus californianus in wave
washed sites than in calmer waters. The attachment and
survival of barnacles are also mostly influenced by water
currents. But Crisp & Stubbings (1957) have found that
current has very little influence on the cyprids at the
time of fixation. Regarding the effect of the stage of
tide Conflicting views are expressed by various workers.
Weiss (1947) found maximum settlement of gglanus impro

visus during the low tide period. However, Visscher &
Luce (1928) observed increasing tide favouring the settle
ment of cyprids of Balanus improvisus and Balanus amghi

trite. McDougal1 (1943) agrees with Visscher & Luce
(1928), while working on the different distribution of
barnacle Balanus eburneus. In the case of cyprids of
Balanus crenatus, Pyefinch (1948) observed abundance

later in the tide, that is, when the ebb flows away to
slackwater. Barnes (1950) expressed doubt regarding the
dominance of cyprids later in the tide at Millport
Harbour. Daniel (1957, 1963) observed maximum attach

ment of Balanus amphitrite during low tide and virtually
no influence of tide for Balanus tintinnabulum and

Cthamalus stellatus which preferred to settle at high
tide than at low tide. Daniel (1963) is of the view
that "what little effect the stage of tide may have on



-84

the settlement, is_masked by the influence of illumina
tion due to sunlight during periods of low or high tide".
He ascribed the difference in behaviour of these barna

cles to the distinct habitats to which these species
are confined.

Many of the larvae of foulers are negatively pho
totropic and they prefer darker surfaces, while few are
positively phototropic. There seems to be no agreement
among various workers as regards the probable effect of
light on the settlement of barnacle cyprids. Visscher &
Luce (1928) observed that the barnacle cyprids “react
negatively to light at the time of attachment", while
Weiss (1947) and cDougall (1943) are of the view that
they are positively phototropic at the time of attach
ment. Pyefinch (1948) was not able to arrive at any
definite conclusions regarding the effect of light on the
settlement of barnacle cyprids. Investigations of
Kuriyan & Mahadevan (1953) at Krusadai Island have

revealed that barnacles attach mainly on surfaces deeply
submerged and that those on a block near the surface
are confined to its underside away from strong light.
Sunlight according to them, has an effect on the settle
ment of barnacles. The influence of shaded surfaces
rather than illuminated surfaces on the settlement of

sedentary animals was observed by Gregg (1945), Smith
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(1948), Cole ' Knight Jones (1939), Cole (1949), Wisely
(1958), Ryland (1960), Dybern (1967), Bayne (1964) and

De Silva (1968). It is debated.whether foulers are truly
phototropic or whether larval settlement is inhibited by
illumination. Gregg (1945) is of the View that shading
acts as a stimulus for favourable physiological conditions
for the subsequent settlement of barnacle cyprids. Weiss
(1947) studied the effect of artificial light at night and
compared the settlement on panels that occurred during day
time. However, artificial illumination increased the atta
chment of barnacle cyprids at night.

The colour of the substratum exposed also exerts a
profound influence on the settlement of sedentary organisms.
(Kuriyan & Mahadevan, 1953; Daniel, 1956; Nair, 1962;

McDouga1l, 1943; Pomerat & Reiner, 1942; Ghobashy, 1976).

It has been found that red, black and white attracted large
numbers; blue, green and grey had fewer-and grey panels
attracted the poorest number. Visscher (1928) observed
smaller number of foulers on lighter colours. Edmondson &

Ingram (1939) found that white and green are more effective
for discouraging fouler settlement than darker shades at
Hawaii. Pomerat & Reiner (1942) while experimenting with

black, clear and opal glass panels at Florida, found twice
as many barnacles on black plates than on clear ones.
Ghobashy (1976) working at the eastern harbour of Alexandria



-86

(Egypt) noticed the colour preference of eleven species of
fouling organisms to black and white panels. He observed
preferential settlement of Hydroides norvegica, Qpirorbis

corrigatus, Balanus perforatus, Ciona intestinalis, _1g_i_p_]___9_

soma listerianum on black backgrounds. However, Obelia

geniculata, Tubularia larynx, Balanus amphitrite and Botgy 
lus schlosseri were indifferent in their choice between the
black and white panels. Balanus eburneus was the only animal
that preferred white panels according to Ghobashy (1976).
Visscher (1928), Edmondson & Ingram (1939) have showed that

lighter colours are also densely fouled as that of darker
ones, though initial fouling was more on darker ones. The
influence of colour on settlement is of great practical
importance, since this would help in the incorporation of the
required colour pigments in the formulation of antifouling
preparations intended for commercial purposes.

The nature and texture of the substratunlhave marked

effect on the settlement of marine sedentary animals
(Pyefinch, 1948; Ponerat & keiner;1942; Visscher, 1928;

Ponerat & Weiss, 1946; Barnes & Powell, 1950; Ghobashy,

(1976). This is particularly true in the case of barna
cles, probably due to the walking movements of barnacles

cyprids prior to final settlement as reported by
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Visscher (1928). He states that the cyprid larvae make
exploratory movements covering appreciable distances
before attachment. IBarnes & Powell (1950) found.that

the projecting bristles of staple clothes by their number
and stiff character may prove a source of irritation or
may mechanically restrict the movements of cyprids.
Ghobashy (1976) noticed that rough panels promoted the

settlement of Tubularia laryg§,jHydroides norvegica,
fipirorbis corrigatus, Balanus perforatus, Bugulg neritina,
Qiggg intestinalis and Diplosoma listerianum. In the
case of QQelia.ggniculat§ and Botryllus schlossegi the
smooth panels were found more favourable by him. Balanus

eburneus and Balanus amphitrite showed insignificant
preference to rough and smooth panels. Among the animals

that preferred rough panels, t - test analysis showed
marked preference of Tubularia, H droides, Balanus peg

foratus and.g;Qgg to rough panels compared to others.

sedentary animals prefer concave rather than plane surfaces
were observed by Moore (1935), Gregg (1948), Barnes eglgl.

(1951), Crisp & Barnes (1954), Moyse (1971), Wisley

(1960) and Williams (1965). Thus the quantity and quali
ty of fouling organisms seem to show variations with
reference to nature and texture of the substratum on

whidh.they settle such as rock, concrete, asbestos,
.earthern tiles, glass, metallic surfaces and fibrous
structures.
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The existence of a-mutual relationship between
marine fouling animals and boring organisms has been

noted by various workers (Nair, 1962; Weiss, 1948b).
Many of the fouling organisms, particularly those with
special calcareous protective structures, offer a physi
cal barrier to the subsequent borer settlement in the
same substratum or perhaps may be the fouling organisms
prey upon the larvae of borers. It is also often ques
tioned whether there is any evidence of a casual rela
tionship between the onset of fouling and initiation of
corrosion or vice versa. Authentic information on this

subject of fundamental studies on the mechanism by which.

marine organisms directly or indirectly affect corrosion
and the role of fouling organisms in preventing corrosion
in tropical waters is still wanting.

Thus the problem of nmmine fouling and its preven
tion appears to be an evasive subject. A thorough study
on the different marine fouling organisms, their mode of
attachment, complete life cycle, their reaction to envi
ronmental conditions are all very important. The physi
co-chemical variables of sea water, the effects on the
time of exposure, the nature of the substratum and its
location in relation to depth, the mechanical effect of
currents and condition of illumination are some of the

important factors that affect any natural population.
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Intra-secific and inter-specific competitions and the
presence or absence of predators and parasites also have
an abiding influence. The intensity of fouling in an area
is, therefore, dependent upon many factors which are dire
ctly or indirectly concerned.

Fouling considerably varies with the locality and
results obtained from. investigations of one area have only
local importance. Therefore, in the present study a detailed
investigation has been undertaken on'the biology of fouling
fronuCochiniHarbour as part of a general study of the eco
logy of the oysters of this harbour. Hitherto work done on
biofouling in the Cochin Backwaters has been chiefly quali
tative. In this work an effort has been made to give empha
sis on quantification of the data so that comparisons could
be made in future on the nature of biofouling and variation
in its comparison through man made changes in the environ
ment.

2.2. Materials and methods

The fouling organisms of the test site were collected

by exposing smooth glass panels of 150 x 100 x 3 m fitted
into a grooved wooden rack in two rows of seventeen each.

The wooden rack together with the panels was exposed sub

tidally 30 cm below low water line from the quay of the
Central Institute of Fisheries Technology, in the Mattan
cherry Channel of Cochin Harbour. 34 panels exposed to
gether formed one series, each removed for examination at
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the end of every day. These panels gave an idea of the
settlement and growth of animals that had taken place from
1-34 days. However, this strict schedule could not be fol
lowed in all instances as may be evident from the Tables
2.4 to 2.32. Ten animals that showed the maximum growth

in each panel were taken for measurements and only the

average values of these are presented as representative
growth for that corresponding day. The intensity of settle
ment was recorded by counting the total number of organisms

settled on the panels. The intensity of hydroid settlement
was noticed by counting the number of vertical stolons
present in 6.3 cm? area and expressed in 100 cm2 as,
R = Rare (1 to 100/100 cmz), C = Common (101 to 300/100 cmz),

VC = Very common (301 to 800/100 cm2) and A = Abundant

(801 and above/100 cmz). While recording the growth of the

various organisms, the following measurements were made.

Hydroids - the height of the vertical hydrocauli; tube worms
length of the calcareous tube; encrusting bryozoans — two

measurements at right angles to each other and their average,
barnacles — restro-carinal diameter and the height from the

base to the apex of shell; modiolus — height (Distance from
Umbo to the free edge) and length (maximum distance of shell

at right angles to height. only the above mentioned five
major fouling organisms that are commonly et with on experi
mental panels and various other substrata at the test site
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and contributing substantially to the quality and quantity
of fouling alone are included in the biofouling studies.
Altogether 7 series of panels were exposed during the
period from March 6, 1979 to February 24, 1980. The limi
ted surface area of the experimental glass panels offer
only restricted lodging place for the foulers and the
chances of obtaining representative marine sedentary orga
nisms present in the localitymrt naturally small. However,
the data obtained after careful Scrutiny from these day
to day panels numbering approximately 500 spread over a
period of nearly 28 months are deemed sufficient to draw
reliable conclusions on the various aspects of biofouling
in Cochin Harbour. These conclusions have also been

checked from data obtained by the examination of various
substrata such as the hull of fishing boats, concrete
piles, navigational buoys and piles or piers of quays and
jetties in the neighbourhood. For studies on the primary
film, smooth glass panels of 150 x 100 x 3 mm were

immersed in sea water kept in aquarium tanks in the labo
ratory and were allowed to accumulate slime for about

24 hours. Slimed panels together with sterilized con
trols were exposed in the backwaters by arranging them
on grooved wooden racks and suspended from the quay 30

cm below low water line. After 48 hours of immersion,
all the panels were removed from the water and examined



under a stereomicroscope. The micno-foulers together with
settled macro-foulers were counted and recorded (Tables

2.1 and 2.2). During the onsoon period (mid May to
September), there was very little fouling both qualita
tively and quantitatively and data pertaining to certain
animals during this period were practically negligible
and.hence not included. For determining the quantitative
formation of bacterial film, sterilized glass panels
(udcroscope slides) were exposed in the backwaters on a

grooved rack and examined after 2, 4, 6, 18, 24 and 72
hours. Scrappings from these panels were cultured for

determining bacterial counts (Table 2.3).
Day to day hydrographic data of the test site such

as air temperature, surface water temperature, salinity,
dissolved oxygen, and turbidity were collected and
recorded in Tables 1.2 to 1.10 and their weekly averages
in Table 1.1 and Figs. 1.3 to 1.7 of chapter 1.

To study the relationship of age on height, length
and diameter in the various animals, the experimental
data.were analysed statistically by fitting growth
models. The mathematical model employed was ‘{ = ABX,

where‘Y'represents either length, height or diameter as
the case may be and x represents age in days. This
mathenetical.nodel was converted to a straight line for
fitting. On taking log,
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log Y = log A-vx log B
Let log\( = y, log A 3 a and log‘B = b, then the above
equation becomes,

y = a+bx, which is the logarithndc line of the
mathematical.nodel. Fitting this line to the data by
the method of least squares, the-following normal equa
tions were arrived at

bixz-4-agx §_xy (1)
bé_x+na =£_y (2)

From these two equations, a and b were solved. Also the
co-efficient of correlation between the logarithm of age
and the logarithm of each of the variables, namely,
height, length and: diameter were worked out by Pearson's
formula

r =€'(x-3-£1 (1-xi
n5"x‘3—Y.

where; =€._;<_ n1! =n

and n represents number of pairs of values. The signi-—
ficance of the co-efficient of correlation was tested by
't' test.

t = I‘ ‘-/n-2
\/ 1-r2

The degrees of freedom of ‘t‘ is n-2. The value of r,a,
b,n and the significant level of correlation co-efficients



are presented in Tables 2.33, 2.33 and 2-35. IX
and B in the models are obtained by taking the antilo
garithm of a and b. The goodness of fit of the model for
the experimental data pertaining to bryozoans, barnacles,
oysters and modiolus are shown in Figs. 2.1 to 2.27.
The figs. are in the three dimensional scale, age on
x axis, length or height or diameter along the y axis
and the number settled along the Z axis. In all the
figures the fitted model is very close to the experimental
data indicating that the model fitted represents the data
closely.
2.3. Results
2.3.1. The primary film

A perusal of Tables 2.1 and 2.2 shows that settle
ment of balanids was influenced by the primary film as
may be seen from the nature of settlement on slimed
panels and unslimed controls. Of the nine slimed panels
examined, the total balanids settled was 67 while the
number settled on non-slimed controls was only 23. The

settlement of micro foulers was uniform both on slimed
and non-slied panels. Species of Vorticellids and
Zoothaminium were predominent among the micro-foulers.

Altogether twelve genera of diatoms namely, ,
Navicula. Bacillaria, Melosira, Pleurosigma, Coscino
discus, Cyclostella, Rhizosolenia, ggallasiosira and
Closterium, were recorded. Qualitative variations of
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bacteria during the different periods of exposure are
presented in Table 2.3. 85% of the bacterial isolates
were nitrate reducers and 5% sulphate reducers. Majority
were found to be non-sporing gram negative, motile rods
with flagella. .A few genera of vibrio, Acronobacter and
Aeromonas were also identified. Bacteria were the first

settlers and their number increased progressively after
2, 4, 6, 18, 24 and 72 hours (Table 2.3). The presence
of diatoms in the slime film was noticed only after 48
hours.

2.3.2. Principal foulipggorganisms
The diatoms collected from the primary film were

also found occurring on panels under the different series.
Protozoa

The colonical ciliate protozoan gggthaminium sp.
was invariably present on all the panels examined. This
suggests that these protozoans are able to survive both
in brackish water and typical marine conditions. In
most of the panels Zoothaminium sp. and Vorticellaids sp.
were the first to arrive. Folliculina sp. were also
recorded from the panels occasionally.

Coelenteragg

Within 48 hours, hydroids made their appearance

on the panels. Obelia bicuspidata and Obelia gracilis
occurred on the panels during the pre—monsoon and post

monsoon periods. They were totally absent during the



monsoon period when salinity was low. The hydrorhiza

ramified the surface of the panels from which erect
branches (hydrocauli) appeared. The height of these
erect branches was measured to record the growth rate of
hydroids. A maximum growth of 53.6 mm was recorded in

the sixth series of panels during December 1979. The

occurrence and rate of growth of hydroids are presented
in Tables 2.4 to 2.8. The maximum growth attained by the
hydroids was 14.1, 15.8, 14.2, 53.6, 17.1 mm in the 1st,
2nd,3rd,6thm&7th.series respectively after 42, 44, 27
and 43 and 50 days respectively (Tables 2.4, 2.5, 2.6,
2.7 and 2.8). These hydroids attained sexual maturity
in 10 - 14 days and ripe gonophores were seen in indivi:
duals 10 days old and above and medusae were also libera
ted during this period.

Caprellid sp. was often found browsing on hydroid
colonies. Nudibranchs were also seen amidst the hydroids.
A few sea anemones were also recorded fronrthe panels
during the pre—monsoon and post-monsoon months.

Bgyozoa

The bryozoane found fcfiling the panels were

Electra bengalensis (Stoliczka), Alderina arabianensig
Menon & Nair, Schizoporella cochinensig Menon & Nair,

Victorella Eavida Kent, Electra crustulenta Pallas,
Conopeum reticulum (Linnaeus), Membranipgra savartii
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(flentschel). Of the seven species of bryozoans recorded

Victorella pavida and Electra crustulenta settled abundan
tly during the monsoon period (June to September). Dur
ing the post-monsoon period (October to January) Electra

crustulenta and Victorella pavida settled in fewer num
bers till December. However, large numbers of Electra
bengalensis and Alderina arabianensis settled during
this period. During the pre-monsoon period (February to
May), particularly towards the latter part, Alderina arabia
nensis and Electra bengalensis continued to settle. §gh;
zoporellg cochinensis started settling from February
onwards. A nexinmm.growth of 52.9 m after 45 days in the
1st series (Table 2.9), 28.5 mm after 44 days in the 2nd
series (Table 2.10), 17.3 mm after 42 days in series 3
(Table 2.l1),25 mm after 50 days in the 4th series Crable
2.l2),16.7 mm after 44 days in the 5th series (Table 2.13),
29 m after 43 days in series 6 (Table 2.14), 20 mm after
53 days in the 7th series (Table 2.15) was recorded.
Annelida

Hydroides norvggigg Gunnerus and Mercierella enig

matica were the serpulid worms found settling en the
panels. They were found totally absent during the low
saline period existed during August, September (4th series)
and October (5th series). Their peak settlement was in
June—July as is evident from'Table 2.18. .A maximum tube
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length of 49.3 mm was observed after 43 days in the 1st
short term series (Table 2.16) during.April. However,
they attained 16.8, 13.2, 14.0, 15.0, 29.5, 32.0 and 19 mn
after 42, 43, 44, 33 and 51 days in series 1, 2,-3, S, 6
and 7 respectively.

Polychaete worms like Eunice sp. Polydora sp. acou
mulated significant quantities of mud over the panels.
The settlement of mud-tube dwelling polychaetes was

numerous during the post-monsoon and pre-monsoon periods.

Crustaceg
The most dominant fouling crustaceans encountered

in the Cochin Harbour was the cirripede, Balanus §ggh_r

gripe communis Darwin with their presence throughout the
year. Balanus amghitrite was found settling in large
numbers particularly during the post-monsoon period, in

fair numbers during the pre-monsoon period and settle
ment was very much reduced during the monsoon period. The

months during which a distinct peak in settlement occur
red were September, October, November and December

(Tables 2.26, 2.27) thereby contributing the major share
in surface coverage, volume and weight of fouling.
Rostro-carinal diameter of 14.8 run and height of 6.9 mm

were recorded after 42 days during.April 1979 in the 1st
series (Table 2.22). Balanus agggitrite communis appears
to be a continuous breeder in this locality based on its
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settlement on glass panels, even though the intensity of
settlement was different during different months.
Mollusca

Bivalves were next in abundance to balanids in so

far as surface coverage, volume and weight are concerned.
The predominant bivalve molluscs recorded were the edible

backwater oyster Crassostrea madrasensis, the rock oyster
Crassostrea cucullata Born and Modiolus carvalhoi. The

green mussel Perna viridis (Linnaeus) appeared only very
rarely on the panels. Modiolus carvalhoi contributed subs
tantially to the bulk of fouling particularly during Novem
ber to December (Table 2.30). They grew to a maximunuheight

of 11.5 mm and length of 6.0 mm after 51 days in the 7th
series (Table 2.31).

Simple and compound ascidians were also recorded from

several panels. They were found settling on panels during
March, April and May (Pre—monsoon) and.were completely

absent during other periods. Both the simple and the com
pound ascidians appeared to be typically marine forms as
their settlement was confined to high saline condition of
the pre-monsoon period.

As the settlement and growth rate of the backwater
oyster Crassostrea madrasensis are dealt with separately in
chapers 3 and 7, respectively, these aspects are not consi
dered in this chapter along with the other fouling organisms.
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2.4. Discussion

2.4.1. Fouling in relation to environmental factors
The sedentary fouling conmmnities are very much

influenced by the fluctuation in environmental factors.
In regions where seasons are well marked, as in temperate
regions the reproduction and growth of these organisms
are inhibited by low temperature conditions prevailing’
during the winter period. However, in the tropics, clear
cut seasons are absent and because of the uniformly high
temperature conditions, the sedentary fouling organisms
breed and settle almost continuously throughout the year,
producing several generations. The cycle of breeding and
settlement may be interrupted during unfavourable condi
tions but will be restored when conditions become normal.

Lowering of salinity considerably affects the
settlement of sedentary organisms (Edmondson & Ingram,

1939; McDougall, 1943; Weiss, 1948a; Erlanson, 1936:

Ganapathi, gt gl. 1958; Antony Raja, 1959, 1963, Panikkar &
Aiyar, 1939; Nair, 1967). In the Cochin Harbour, owing
to heavy precipitation during the monsoon and the con
sequent land drainage, pronounced fluctuations are
noticed in the distribution of salinity. 'It.varied from
33.9%. in Feb. to 1.3%. in July (Table 1.1 Ch.l).
Owing to drastic reduction in the salinity, notably of
the surface waters, fouling is considerably reduced both
in quantity and in quality. Antony Raja (1963) during
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his observations on sedentary organisms has noticed that
the lowering of salinity retards the growth of indivi
duals at different locations within the Madras Harbour.

He has further observed an uninterrupted growth of seden
tary organisms at the Quay, where the salinity values are
not affected during October. Erlanson (1936) observed a
comparatively lower rate of growth of certain boring
organisms at Cochin Harbour. Salinity also plays a
decisive role in the breeding and subsequent settlement
of the larvae of foulers. Panikkar & Aiyar (1939) have
observed that the lowering of salinity affects the breed
ing of brackishwater animals of Madras. The present study
also showed that fouling organisms such as hydroids,

Hydroides norwegiga, and Qrassostrea madrasensis were
eliminated during the major part of the monsoon and the
early post-monsoon period (They were absent in series
3, 4 and 5 exposed from June-September). As observed

by Crisp (1959), Humchins (1947) and Barnes (1957) the
liberation of larvae of barnacles depends on one or more
factors like temperature, salinity, oxygen tension and
availability of nutrients. However, variations in hydro
logical factors other than salinity in the Cochin Harbour
were not appreciable enough to bring out pronounced

changes in the faunistic composition (Table 1.1 ch.l).

Air temperature varied from 27.2 to 32.l°C, water
temperature from 27.4 to 32.2°C, dissolved oxygen from



-102

1.4 to 8.0 ml/l while salinity fluctuated between 0.6 to
33.9%.. Thus, an alternation of marine and freshwater
conditions occurs in the Cochin Harbour and thus the

salinity factor plays a significant role in the ecology
of the fouling organisms occurring there.

Pillay (1955) observed continous breeding of

Balanus amphitgigg communis (Darwin) from Kerala back

waters with reduced intensity during the monsoons.
Balasubramanyan & Menon(1963), Nair (1966) and Nair

(1967) have all noticed the influence of hydrographic
conditions on the settlement of marine fouling and wood
boring organisms in the Cochin Harbour. Karande & Palekar
(1963) found that the incidence of Chthamalus malayensis

(Pilsbry) with larvae, as almost negligible during the
monsoon period between July, August and September and.had

resonably attributed the causative factor to specific
variations of environmental conditions. Dharmaraja &
Nair (1981) also attributed the fluctuation in marine and
estuarine forms of the fouling community to fluctuations
in salinity consequent on the monsoons at the Neendakara
Port.

The existence of certain strains of barnacles and
encrusting bryozoans at the Cochin Harbour during the

monsoon period may be due to many years of physiological

adjustment and gradual acclimatisation. Erlanson (1936)
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also noticed the occurrence of certain strains of barna

cles and oysters adapted-uglow salinity. The forms which
cannot tolerate the low salinity are eliminated during
the monsoon period and the areas left bare by these orga
nisms are found later recolonised by the planktonic larvae
brought to the site by tidal currents and other movements
of the water mass.

2.4.2. Succession of fou1ing_communities: The primary film

The results of the present study indicate that
bacteria were the first settlers and their number incre
ased progressively after 2, 4, 8, 16, 24 and 72h(Table 2.3).
The presence of diatoms in the slime filnuwas noticed only
after 18 h. At Bombay Harbour, Almeida (1964) observed

diatoms only after 48 h in the slime film. ‘The formation
of slime film appears to be a favourable factor for the
settlement of atleast barnacle cyprids. However, their
settlement on non-slimed controls, though fewer in number,

indicate that slime film is not an essential pre-requisite
for their settlement. Phe1p's (1942) experiment indicates
that the presence of the slime film may favour the atta
chment of the cyprid larvae of barnacles. Clarke's
(1952) observation of large number of cyprid larvae
attaching to glass panels within an hour also supports
this view.

Daniel (1955, 1963) observed thatfouling commences

only after 48 h in Madras Harbour, that is, only after
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the formation of the primary film and filmed panels faci
litated the settlement of larvae without delay. Accord
ing to hin\(Daniel, 1963) larvae of foulers avoid non
slimed surfaces and perish rather than settling on non
slimed surfaces. However, this could not be observed

during the present study.
Miller (1946) studied the settlement of larvae of

Buggla neritina on non-toxic surfaces in the laboratory.
He concluded that the presence of slime film facilitated
but was not esqential for the attachment of Bugula larvae.
As noted in the present study, Miller gt gl. (1948) obser
ved greater number of attachment on slimed surface when
the larvae had a choice of both slimed and non-slimed

panels. In some cases, fifteen fold preference.for slimed
panels was also noticed by thenu Whedon (1937) observed

that the number of erect bryozoans mostly gggula neritigg
increased on slimed panels under natural conditions, but
he could not observe any settlement during the first two
or three weeks of exposure, although many bryozoans settled
on older panels. Scheer (l945a) attributed the favourable
factor for bryozoan settlement to an algal population
consisting mainly of diatoms in the primary film. He also
observed that hydroid settlement was increased due to
bacterial slimes but not that of bryozoans.

The hypothesis of Wilson (1958) that different film
forming microorganisms might vary in their ability to
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promote settlement has been substantiated by the studies
of Meadows & Williams (1963). Their experiments showed

that larvae of Spirorbis borealis, settled more readily
on films developed in the presence of diatoms and their
associated bacteria than on those developed in the pre
sence of a green flagellate. Crisp«& Ryland (1960) also
observed that primary film is capable of influencing the
settlement of the larvae of Ophelia bicornis Savingny,

Spirorbis borealis Daudin and Bugula flabellata Thomson.
Menon & Nair (1971) noticed that a conditioning of the

panel, probably by means of the formation of primary film,
as a pre-requisite for the mass settlement of atleast
some species of bryozoans and that the tim required for
the culmination of this phenomenon at the Cochin Harbour
‘was more than three days.

At the Madras Harbour, Daniel (1955, 1963) observed

that the primary film is constituted chiefly of diatoms
and algal spores with a relatively smaller proportion of
bacteria. The present study showed bacteria as the main
constituent of the primary film at the Cochin Harbour and
a progressive increase has been noticed in their number
corresponding to the increase in the duration of immersion.
Diatoms and algal spores formed only a smaller proportion
of the slime film at the Cochin Harbour. In this res
pect the present observation agrees with that of Zobell
(1939) who found that the primary film constituted mainly
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of bacteria on the estern coasts of the United States.
Weiss (1948), Phelps Austin (as cited by Weiss, 1948),
Wood (1950) and Scheer (1945) also support the view that
bacterial slime forms the primary settlenent. As obser
ved by Harris (1943) the present observation also showed
three stages in the development of the primary film,
namely, bacterial slime, diatom flora and finally the
attachment of the higher fouling animals. From the present
study, it can be assumed that the primary film does not
seem to be an essential pre-requisite for fouling by bar
nacles but it can facilitate the settlement of barnacle
cyprids to a greater extent.

Soon after the formation of the slime film, the
panels were found fouled by several macro foulers. During
the pre and post—monsoon periods, the primary film was

closely followed by the hydroids. The hydrorhiza spreads
very rapidly all over the panels from which rose the ver
tical stolons (hydrocauli). This gave rise to the vege
tative polyps and sexual gonophores. Hydroids were
followed by the tube wornnflydroides norvegigg, encrusting
bryozoans and barnacles. Hydroids were totally absent
during monsoon periods. Of the seven species of bryozoans,

Victorella pavida and.Elect;g_crustulent§ settled during
the low saline period existed during the monsoon (June
September). However, during the postrmonsoon period
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[October—January) Electra grustulenta and Victorella
pavida colonised the panels and large numbers of Electra
ben alensis. Alderina arabinaensis settled during the pre
monsoon months. Barnacle population was represented by

Balanus aggtrite conmunis and they settled in large
numbers during the post-monsoon period when salinity

registered a steady increase. Bivalves were'represented
by the edible oyster Crassostreg madrasensis and Modiolus
carvalhoi. Oysters settled in large numbers from January
to February. Peak settlement of Modiolus carvglhoi was
during NovembereDecember. Mud-tude dwelling polychaetes

such as Eunice and Po1ydora.were abundant during the post
monsoon months. Simple ascidians and compound ascidians

were confined to March, April and May and were totally

absent during other periods. By the onset of monsoon,
the conmunity that settled in large numbers during the
hot, highly saline pre-monsoon ceased to settle and hydroids,
calcareous tube worms, Modiolus and oysters were absent
on the panels. Soon after the monsoon, when favourable

conditions were restored, the community described above

aPPeared again and the cycle was repeated.
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Table 2.1 Settlement of foqggys on s1imedpan§;§

111:1 &&:-trans: $$z:cn1:u-1 21-: any-a-u-g 31$:-3:: :g:_.1:u-11.. 11:31.5:Panel no. Microfoulers Settled
cyprids

S1 Rotifcrs, vorticellidsand Zoothaminium 4
S2 Rotifers, Zoothaminium,vorticcllids and algalspores 5
S Zoothaminium. vorticellids,

roti£ers¢ N;tzch1a sp.
Navicula sp.. Melosirg sp. andstoroneis sp. 15

S4 Zoothaminium. vorticellids,rotifers, Rhizosolenia sp.
Pleurosigmg sp. Thaliasiosira sp.
Stgggpeis sp. Navicula sp. andClosterium sp. 2

85 Soil nematodes, Zoothaminium,rotifera, vorticellids,
Closterium sp. Cyclostella sp.
Coscinodiscus sp. and Cxmbella sp. 9

S6 Copepods. «vorticellids, nauplii, erect
polyzoans, Navicula sp.
Pleurosigma sp. Storoneis sp.
Cgmbella sp. and.C1osterium Sp. 10

S7 Vorticellids, Zoothaminium,rotifers, Thalla§;osira sp.
Closterigg sp. Pleurosigga sp.and Navicula sp. 5

S Zoothaminium, vorticellids,
Storoneis sp. Navicula sp.Pleurosigma sp. 9

S Rotifers, Zoothaminium,
vorticellids, Cgclostella sp.Pleurosiggg and Storoneis sp. 8
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Table 2.2 Settlement of fipulers on control Eanels
(non-slimea)

1 uuzqq-nun:::1:::—n::u—g --Q-:11:-pg 1:-11$: tau; 1:11 Ctcn $1 innxttxitztt
Panel no.

C1

10

Settled
cyprids

Microfoulers
1:11:11-11:11;-n-111:::1&11Z1;1::1::::::Z§i1é

Rotifers, Zoothaminium,
vorticellids, algal filaments,
Pleurosigmg sp. andMelosirg sp. 1
Roti fers , Zoothaminium,
vorticellids, copepods,
Nitzchia sp. and Thallasiosirasp. Nil,

Oyster 1

Vorticellids, Zoothaminium.
rotifers, copepods, Nauplii
Pleurosigmal sp. andCoscinodiscus sp. 3
Vorticullids, rotifers,« copepodso
Closterium sp. and Cxmbella sp. 2
Zoothaminium, vorticcllids,and rotlfers 1
Zoothaminium, vorticellids, soil
nematodes, rotifers andPleurosigma sp. 2
Zoothaminium, vorticellids,
rotifers, algal filamentsand storoneis sp. 1
Vorticellids, Zoothaminium,rotifers and copepods 2
Vorticellids, algal filaments,
copepods, Coscinodlscus sp.
Thallasiosira Sp, Storogeis sp.Plcurosigma sp. Nil
Zoothaminium, algal filaments,
vorticellids, rotifers,
copepods and Pleurosigma sp. 10
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Table 2.3 Number of hacteggg settled during different
intervaL§

Number of bactiriasettled per cmh area2 754 1026 22018 25,00024 28,00072 60,000
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Table 2.4 §gttlemcnt and_growth of Obelia gracilis in thefirst series (6-3-81 to 19-4-'81)

Age in Mean height of Settlementdays vertical stolon
mm

jcij jjjtjjjj 11101101111111
1-5

6
7
8
9

10
12
13
14
15
16
17
19
20
21
22
23
24
25
27
28
29
30
3233 10.234 11.635 11.739 12.840 13.041 14.042 14.1

I E:: 5I

3 O O .-C O

Hgsspyooygggmggqqqqqqmbb Hoomwwwomomwwommmmmwwmq

00000000 000 0x00? 000 0

8 gwg ggmw > mu

Key:— - = absent; R = rare-(1-100/100 cm2): C = common
(101-300/100 cmz) ; VC = very common (301-800/100 cmz)
A = abundant (801 and above/100 cmz)
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Table 2.5 Settlemnnt and_growth of Obelia gracilis in
the second series (23—4-81 to 6-6-81)

Age in Mean height of vertical Settlementdays stolon
m1-3 - 4 2.8 R6 4.5 C7 6.0 C8 6.2 C9 6.2 R13 6.8 R14 7.6 VC15 8.2 R16- 8.7 VC17 9.5 R20 9.6 R21 10.4 C22 10.5 R23 10.6 C24 10.8 R25 11.5 C27 11.5 VC28 11.7 C29 11.8 C30 12.1 R\31 12.2 VC32 12.3 VC34 12.3 VC35 12.9 A36 13.0 VC37 13.5 C38 14.3 C39 14.6 C41 14.8 C42 15.7 VC44 15.8 VC

Key: - = absent; R = rare (1-100/100 cng); C = common
(101-300/100 cmz); VC = very common (301—800/100 cm?):
A = abundant (801 and above/100 cm?)
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'Tab1e 2.6 Sett1§mnt andegrowth of Obelia gracilis in thethird series (13-6-81 to 26-7-81)

111111103: 11 111111-3111: 11111; 111211111111111:1111j1j1j1j11
Age in Mean height of Settlementdays vertical stolon
-__-__--___. .......... --TT_----_. .................... ..1-8 - 9 6.3 R10 6.9 R12 6.9 R15 7.2 R16 7.3 R17 7.8 R19 8.0 R20 8.4 R21 8.5 R22 8.8 R23 9.1 R24 10.3 R25 10.4 R26 11.3 R27 14.2 R28-44 - 
Key: - = absent; R = rare (1 to 100/100 cmz)
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Table 2.7 Settlement and gggwth Q;‘Obe1ia racilis in
the sixth series (13-11-81 to 28-12-81)

1 Zjijltijzitduiunjjj1111111:-11¢-111111:1:1:11111111:1111:
Age in Mean height of Settlementdays vertical stolon

m1-5 - 6 5.0 R7 5.3 R8 5.4 R9 6.0 R10 6.1 R14 9.2 R15 10.4 R16 11.4 R17 11.8 R19 11.8 R20 11.9 R21 15.8 R22 16.0 R23. 19.9 R24 22.1 C25- 23.5 C27 24.5 R28 24.9 C29 28.3 C32 31.2 C33 31.9 C34 40.8 C35 40.8 C40 46.8 C42 49.2 C43 53.6 VC
Key: — = absent; R = rare (1-100/100 cm2);

C = common (101-300/100 cue); vC=very common
( 301 -800/100 Cruz)
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Table 2.8 settlement and growth of obelia gracilisin the seventh series (4-1-82 to 24-2-82)
Z111;1111111111111:-3111;091:111:11:1::1:1:}:11::11§1

Age in Mean height of Settlementdays vertic al sto lon
mm2-5 - 6 4.5 R7 5.2 R10 6.1 R12 6.3 C .13 6.6 R14 8.1 C15 8.6 C17 8.8 R18 9.0 R19 9.0 R21 10.0 R22 10.0 R_26 10.1 R28 10.3 R29 10.5 R30 10.6 R32 10.7 R33 11.3 R35 11.4 R36 11.6 R39 12.0 R41 13.7 R46 13.9 R47 14.2 R48 16.5 R49 17.0 R50' 17.1 R

Key: - = absent; R = rare (1-100/100 cmz); C = common
(101-800/100 cm2)
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Table 2.9 Sett1ement and growth of Electra bergglensisin first series (6-3-81 to 19-4-81)

3-D-I--I-21¢-nan-nap-3:1-C--n-C-: -1:1:-o-pa---$ 12:21:-—n n-—-mu-c——un:-a-ta-—

Age in days No. settled Mean diameter
mm1-5 - 6 36 2.47 39 3.28 43 4.49 27 4.410 44 5.512 41 6.513 42 7.614 39 8.215 42 12.616 32 14.917 32 18.119 31 18.720 40 22.321 27 22.722 24 25.523 22 27.724 25 33.026 15 34.028 33 36.229 46 36.230 26 37.731 30 38.533 30 39.634 30 39.835 28 40.036 5 40.541 23, 43.542 28 44.643 23 46.644 31 48.945 33 52.9

Key: - = absent
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Table 2.10 Settlement and rowth of Alderina arabianensis
in second series 23-4-81 to 6-6-81)

Age in days No. settled Mean diameter
mm1-5 - 6 1 17 2 1.313 9 1.514 2 1.515 3 3.016 2 2.517 7 3.620 8 5.421 11 5.422 5 10.223 5 11.024 4 11.228 3 11.229 10 12.430 6 13.031 8 13.032 7 13.334 7 13.535 9 13.636 5 14.537 4 16.039 4 18.044 3 28.5

I $11111:-0:11:11!-1$ 1:31:13. :1: trxzunjtunxcn 

Key: --= absent
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'rab1e 2.11 Settlement and growth of E1ectra.crustu1enta
in 3rd series (13-6-81 to 26-7-81)

Age in days No. settled Mean diamter
mm1-4 - 5 5 1.26 12 1.27 18 2.08 56 2.19 36 2.611 51. 2.614 43 2.615 46 3.016 23 3.218 61 4.519 53 4.520 60 4.621 80 4.822 120 5.023 85 5.125 87 5.526 92 6.027 178 7.228 61 7.529 88 7.732 101 7.833 135 9.034 201 9.035 108 9.536 131 9.537 110 10.039 105 10.040 121 11.641 95 13.542 65 17.3

Key: - = absent
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Table 2.12 Settlement and growth of Electra crustulenta
in 4th series (31-7-81 to 19-9-81)

---jjjjj-’~---m :1I.Qj1j1j 1111111111 11111111 1111111141:
Age in days No. settled Mean diameter

mm1-16 - —17 22 2.719 24 3.620 31 4.021 31 5.022 36 7.123 47 9.524 26 9.627 47 10.128 49 11.029 33 12.230 56 14.335 31 15.036 38 15.237 34 16.038 38 19.040 50 19.541 50 20.042 31 22.550 46 25.0
Key: — = absent
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Table 2,13 settlement and growth 9; Electra crustulenggin 5th series 126-9-81 to 8-11-81)

12

O‘

23

19

29
24

19

15

27

34

36

40

35

35

29

40
39

29

Mean diameter

Key: absent
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Table 2.14 Settlementfgpdfgrowth of Electra beggalensis
1n the 6th series (13-l1+81 to 28-12-81)

111 ijjjjjijijjjjjgjjflj 1:1 111; ‘_’-j’--m 1: 1:1 111111111 1
Age in days No. settled Mean diameter

mm1-6 - 7 1 .8 3 1.9 5 1.10 3 4.014 6 6.315 7 6.316 8 7.017 3 8.019 4 8.020 9 8.021 11 8.722 4 9.523 6 10.024 5 10.525 6 12.027 2 12.528 9 12.529 2 13.032 9 13.533 9 13.534 8 14.240 3 14.242 2 15.043 5 29.0
Key: — = absent
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Table 2.15 Settlement and growth of Alderina arabianen
sis ;n the 7th series 14-1-82 to 24-2-82

Age in days No. settled Mean diameter
Wm1-9 - 10 6 1.314 1 1.529 1 1.730 1 2.036 1 3.041 3 3.542 2 6.246 19 6.447 10 9.548 7 10.549 9 11.050 3 13.051 3 15.553 3 20.0

Key: - = absent
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Table 2.16 Setggenent and rowth of H droides norve ica
infgirst series Z6-3-81 to 19-4-815

Age in days No. settled Mean lengthm .1-11 — 12 1 7.013 14 8.014 11 7.615 10 8.616 10 84417 15 9.618 15 10.519 7 11.320 20 12.521 7 12.522 18 12.823 14 12.925 6 13.027 15 13.528 3 14.029 22 14.330 9 14.632 15 15.033 9 16.634 1 17.035 11 20.339 6 20.340 14 21.841 7 26.542 13 28.243 15 49.3
V V w— —v.... ‘,_.

Key: - = absent
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Table 2.17 Set§1ement and growth ofiflxdroides norvegicain second series (23-4-81 to 6-6-81)

Age in days No. settled Mean length
mm1-6 - 7 7 4.58 5 6.09 3 6.810 29 7.813 27 7.814 17 8.315 55 8.516 11 9.017 8 9.6-20 6 10.121 39 10.422 31 10.723 22 10.924 70 11.825 6 12.327 33 12.628 45 12.629 16 13.030 38 13.131 26 13.432 62 14.034 28 14.535 28 14.836 31 14.937 66 15.338 37 15.639 33 16.141 49 16.742 24 16.8

Key: - = absent
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Table 2.18 Settlement and ggowth of Hydroides norvegica
in 3rd series (13-6-81 to 26-7-81)

noun.-3.311111:-on.-111111111;1:11:1113111111111:11111111111001:
Age in days No. settled Mean length

mm1-4 - -.5 2 1.56 18 4.17 76 5.28 110 5.99 163 6.311 130 6.414 113 7.115 155 7.116 200 7.318 121 7.719 156 7.720 84 7.721 90 8.122 84 8.623 73 8.825 33 8.926 55 8.927 20 8.928 25 8.929 9 9.032 15 9.033 44 9.434 20 9.835. 15 9.936 32 10.337 62 10.439 23 11.040 40 11.241 3 12.242 4 12.543 1 13.2
Key: — = absent
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Table 2.19 Settlement gpd growth q;;Hydroides norvegicain 5th series (26-9-81 to 8-11-81)

Age in days No. settled Mean length
mm1-25 — 26 1 5.028 1 5.530 1 6.532 2 6.533 2 6.834 1 7.535 1 7.536 3 7.837 4 8.839 1 9.040 2 11.041 4 13.543 4. 13.644 1 14.0

Key: — = absent
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Table 2.20 Settlement andmgrowth o§;Hydroides norvegica
in 6th series (13-11-'81 to 28-12-81)

11111111111 111113-:.1-cvcors-111:1: 1: 1111111111
Age in days No. settled Mean length

rrtn1-7 — -~7 1 2.08 2 2.010 1 4.014 2 6.015 2 7.816 1 9.017 1 11.019 1 12.024 1 13.028 1 13.622 1 14.033 1 15.0
Key: - = absent
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Table 2.21 Set§1emcnt andégggwth of Hydroides norvcgica
gp 7th series (4-1-82 to 24-2-82)

1 31: 1110:: 111111:-9:11:11 —I1 1111111 11 11113111111: 111111111
Age in days No. settled Mean length

mm1-9 — 10 1 2.017 3 2.518 2 3.519 8 4.021 5 4.022 5 4.526 9 4.529 1 6.030 6 7.032 6 7.333 4 7.335 4 7.836 7 8.539 10 11.041 2 11.042 5 15.346 10 16.047 21 17.648 11 19.349 10 21.250 7 21.551 15 29.5
Key: - = absent
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Table 2.22 Se§g;enmnt and ggowth of Balanus amghitrite
communis in first series (6-3-B1 to 19-4-81)

1:91:-tun--u 30-11-1:-II-and--Dan Z3-I: un1—o&cI: 31:: 123-0: 1: 11 1:11:11: 11::
Age in days No. settled Mean diameter Mean haightITITI ITIU1-8 - — 9 1 1.0 0.510 4 . 0.512 7 1.2 0.513 13 1.3 0.514 7 1.8 0.815 3 1.8 1.016 6 1.9 1.018 5 2.0 1.019 13 2.0 1.020 12 2.3 1.021 9 2.3 1.022 2 2.5 1.523 3 2.5 1.524 2 3.3 2.025 10 4.3 2.327 40 4.3 2.528 4 4.8 2.629 5 4.8 2.730 15 5.0 2.832 22 5.2 3.333 6 5.3 4.334 20 6.2 4.535 7 7.0 5.039 3 7.3 5.240 19 9.3 5.541 7 11.0 6.842 12 14.8 6.9
Key: - = absent
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Table 2.23 Settlement and growth of Balanus agggitritecommunis in second series 23-4-81.60
6-6-81>

111111113: :11 3% Obi 1113111111 11111111 1111;; 11111111111 111
Age in days No. settled Mean diameter Mean heightaux mm
1161 --_m-— 11 1111131: 1: ‘Zjm--.j1”’11jjj1jT11j~-j.1-5 — - 6 50 0.5 0.57 57 0.5 0.58 50 1.0 1.09 69 1.0 1.010 75 1.6 1.013 239 3.3 1.614 135 3.4 1.815 100 3.4 1.816 400 3.5 1.817 373 3.5. 2.220 73 4.4 2.421 300 4.7 2.822 400 5.2 2.823 358 5.6 2.824 249 5.8 2.825 250 6.1 2.827 408 6.1 3.028 200 6.2 3.129 428 6.6 3.230 408 6.7 3.231 314 7.1 3.332 320 7.1 3.534 220 7.3 3.535 200 7.4 3.736 700 7.4 3.837 300 7 .8 4.138 400 8.0 4.339 400 8.2 4.541 189 8.3 4.6
Key: '- = absent



-131

‘Table 2.24 Settlement and growth of Bglanus agghitrite
communis in 3rd series (13-6-81 go 26-7-81)

Age in days No. settled Mean diameter Mean heightmm ITIID
----__---__-----__--------___---_--—_ _ -— _ _____,,1-3 - - 4 11 0.5 0.55 32 0.5 0.56 70 1.0 0.57 166 1.0 0.58 200 1.0 0.59 365 1.0 0.511 57 1.0 0.814 146 1.0 0.915 150 1.3 1.016 113 1.5 1.018 69 1.5 1.019 46 1.5 1.020 90 1.5 1.021 53 1.5 1.022 56 1.7 1.023 17 1.9 1.025. 37 2.0 1.026 42 2.0 1.027 38 2.0 1.028 5 2.2 1.029 23. 2.3 1.332 6 2.3 1.334 6 2.3 1.335 5 2.3 1.536 5 2.5 1.539 5 2.7 1.540 5 4.4 2.241 5 8.5 4.0
Key: - = absent
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Table 2.25 Settlement and rowth of Bala us a hitrite
comrnunis in 4th series Z31-7-31 to 19-9-B15

131111 1111111 21111:1jj111111111;11:11j1;1 * 11111111111
Age in days" No. settled Mean diameter Mean reightITIITI mm1-16 - - —17 5 0.5 0.519 7 0.5 0.520 303 0.5 0.521 257 0.5 0.522 460 0.5 0.523 66 1.0 0.524 15 1.2 1.028 200 1.3 1.029 231 1.3 1.030 306 2.0 1.035 185 2.0 1.236 127 2.0 1.237 41 2.1 1.238 44 2.6 1.340 22 2.7 1.541 17 2.9 1.542 18 3.0 1.7
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Table 2.27 Settlement and growth gf B§;anus amghitrite
communis in 5th series (26-9-81 to 8-11-81)

——-U-‘_ T---‘ —*—.._:u-:¢—:cu—c-o-nzfixt-:1-3:1-xxflfl
Age in days No. settled Mean diamter Mean heightmm mm1-13 - - 14 17 0.5 0.518 164 2.0 1.019 265 2.1 1.020 240 2.9 1.321 486 2.9 1.322 456 3.0 1.523 706 3.2 1.825 1120 4.1 2.126 1460 4.1 2.127 1208. 4.4 2.228 760 4.5 2.230 938 4.8 2.332 1040 4.9 2.333 682 4.9 2.334 342 5.1 2.335 740 5.2 2.336 702 5.3 2.637 720 5.5 2.639 328 5.5 2.740 336 5.6 2.041 508 6.3 3.243 500 6.8 3.544 450 6.8 3.6
Key: - = absent
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Table 2.27 Settlement and rowth of Balanus amghitrite
communis in 6th se§1es Z13-11-81 to 28-12-81)

11111111 1111131111; 13111111111111: tun 1111111: 1111111: 111
Age in days No. settled Mean diameter Mean height
a---—-=. —‘:‘ “W” 11111 11111 ---—--——-“---—’—’:n3 16 0.5 0.55 334 0.5 0.56 400 1.8 1.07 400 2.8 1.28 404 2.4 1.39 548 3.0 1.510 560 3.0 1.814 420 4.4 2.215 1040 5.3 2.516 688 5.9 2.917 704 5.9 3.119 400 6.5 3.320 500 6.7 3.521 840 6.9 3.722 730 6.9 3.823 520 7.0 3.924 800 7.1 3.925 600 7.3 4.028 800 7.5 4.129 400 7.6 4.2324 320 7.7 4.333 800 8.0 4.534 480 8.4 4.635 550 8.9 5.040 500 9.3 5.142 300 11.3 5.143 234 12.8 5.6
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Table 2.28 Settlement and growth of Balanus amgbitrite
communis in 7th series (4-1-82 to 24-2-82)

"‘ “ 1:uD1‘1i11&¢-1112-:-1::-n1::11¢n:11
.Age in days No. settled Mean diameter Mean heightm mm
11111111; —-X’-W iiufiijfjijjjjijxé-1: j___. 3l4 8 0.5 0.55 14 0.5 0.56 15 0.7 0.597 18 0.8 0.510 $8 1.0 0.513 19 1.0 0.514 1 1.0 0.515 22 1.0 1.017 356 1.0 1.018 44 1.0 1.019 80 1.0 1.020 $0 1.5 1.321 33 2.0 1.522 60 2.5 1.526 160 2.5 2.030 50 2.5 2.032 52 4.0 2.033 27 4.3 2.335 44 4.5 2.836 800 4.7 3.039 60 7.0 3.540 8 7.0 4.042 400 7.8 4.046 250 8.0 4.047 120 8.0 4.548 200 8.0 4.549 100 9.0 4.850 200 10.3 5.0
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Table 2.29 Settlement and growth of Modiolus carvalhoi
in first series (6-3-81 to 19-4-81

----ma--‘ 1111111312111 11111111 - 11111111111115
Age in days No. settled Mean length Mean breadthmm mm1-14 - ~ 15 9 1.7 0.7516 7 1.7 1.017 23 1.8 1.019 7 2.0 1.220 25 2.2 1.321 18 2.8 1.722 80 2.8 1.823 52 3.0 2.225 61 3.5 2.527 78 4.1 2.628 71 4.5 2.929 86 4.6 2.930 18 4.7 3.032 32 5.0 3.133 10 6.2 3.234 10 6.2 3.835 33 6.3 3.839 35 6.3 3.840 23 6.5 3.841 27 6.5 4.442 33 6.9 4.543 30 7.9 4.8
Key: - = absent
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Table 2.30 Settlement and g;owth.of Modiolus carvalhoi
in 6th series T13-11-'81 to 28-12-'81)

Age in days No. settled Mean height Me an lengthm mm1-7 - - 8 2 0.5 0.59 11 0.5 0.510 4 0.7 0.514 39 2.5 1.515 15 3.0 1.716 17 3.0 2.017 62 3.5 2.119 41 3.8 2.320 95 4.0 2.421 26 4.0 2.422 35 4.6 2.523 77 4.8 2.824 47 4.9 3.025 91 5.0 3.127 35 5.1 3.828 35 6.0 3.929 17 6.3 4.332 5 7.0 4.433 40 7.1 4.434 2 7.4 4.535 31 7.5 5.240 14 8.4 5.542 5 9.8 5.643 6 10.5 7.0
Key: - = absent
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Table 2.32 Settlement and ggowth of ModiQ;u§ carvalhoi
in 7th series (4-1-82 to 24-2-82)

111-I-ID-fifiixtxu-an-n -3 ova-vIDZZ11$u—:1 1: -:11;-:1-:$1§:— -31:-3:-:11
Age in days No. settled Mean height Mean IéngthITITI TWO1-13 - - 14 1 1.5 1.017 3 2.5 1.522 2 3.0 2.026 1 3.0 2.029 3 3.5 2.035 2 4.3 2.539 2 4.5 3.541 2 6.5 4.042 2 6.8 4.346 2 7.0 4.348 2 8.0 4.849 5 8.3 5.051 1 11.5 6.0
Key: - = absent
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rable 2.34 The coefficient of correlations (r).
re ression coefficient (b), y intercepts
la; and number of observations for
brxozogns

Age on log diameter
Series Species ---------—--—--------—-—---~—r b a n
11131: 11 11 111111 111 11111: 1111111 :1:-11:1$111ji1:111:111

1 Electra
bengalensis 0.9179 0.03118 0.53905 31

2 Alderina
arabianensis 0.9189 0.03889 —.11241 23

3 Electra
ggustulentg 0.9686 0.02693 0.06006 30

4 Electra
crustulenta 0.9258 0.02805 0.17305 19

5 Electra
crustulenta 0.7826 0.02455 0.25403 24

6 Electra
bengalensis 0.8685 0.02455 0.11315 24

7 Alderina
grabianensis 0.4770 0.0131 0.00538 14
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Fig. 2.6. ELECTRA BENGALENSiS (STOLIEZKA). THEORETICAL GROWTH,OBSERVED GROWTH, AGE
AND SETTLEMENT N THE 6”‘ SERIES OF PANELS .DUR!NG 13-11-'81 TO 28-12-1981
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ig.2.14.BALANUS AMPHITRITE COMMUNIS-THEORETICAL AND OBSERVED
(ROSTRO-CARTNAL DlAMETER).AGE AND SETTLEMENTGROWTH

IN THE 4”‘ SERIES OF PANELS DURING 31-7-'91 TO 19-9-1981
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Fig. 2.15.aA1.ANuS AMPHITRITE cm/.MuN1S.THEoRET1cAL ANQhoaSERvED
GROWTH (HE1c:-HT). AGE AND SETTLEMENT 1N THE 4 SERIES

or PANELS DURING 31-7-1991 To 19-9-1931



Fig.2.16.BALANUS AMPHITRITE COMMUNIS. THEORETICAL AND OBSERVED
GROWTH (ROSTRO-CARINAL DIAMETER), AGE AND SETTLEMENT
IN THE 5"‘ SERIES or PANELS DURING 26-915: TO 3-11-1931
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OF PANELS DURING 26-9-1981 To 8~11-198!
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Fig. 2.13. BALANUS AMPHITRITE COMMUNIS. THEORETICAL AND OBSERVED GROWTH (Ro’STRo
cARINA_L DIAMETER).AcE AND SETTLEMENT IN THE 6”‘ SERIES OF PANELS DURINGT 13-11-1981 TO 28-12-1981.
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FIg.2.24. MODIOLUS CARVALHOI_ THEORETICAL AND OBSERVED GROWTH (LENGTH),AGE
AND SETTLEMENT IN THE 6th SERIES OF PANELS DURING I3-II-I981 TO

28-I2-I981.
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CHAPTER 3

SETTLEIVENT CHARACTERISTICS OF CRASSOSTREA
;v__1ADRAsENsIs IN THE COCI-KIN BACKWATERS

3.1 Introduction

For the successful cultivation of oysters a knowledge
of the factors influencing spawning, larval development and
settling is an essential prerequisite. Studies pertaining
to the settlement of oysters from the Indian waters are
those of Hornell (1910), Awati & Rai (1931), Paul (1942),

Kuriyan (1952), Ganapathi §§.§1. (1958), Rao (1951), Rao &
Nayar (1956), Nair (1967), Balasubramanyan & Nair (1968),

Rao & Menon (1978), Menon gglgl. (1977) and Dharmaraja &

Nair (1981). Detailed studies on the settlement of oysters
from the Cochin Backwaters are few and it was thought worth

while to undertake a detailed study on this aspect.

3.2 Stations investigated
Settlement of oysters was studied at 5 different

locations in the<3ochin Backwaters Orhe test stations 1,
2, 3, 4 and 5 are shown in Fig.1.1,<3hapter 1).
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Station l: Pier of the Departent of Marine Sciences,
University of Cochin, in the Ernakulanuchannel on the

estern side of Willingdon Island, about 4 km away from the
barmouth. The depth here is about 2.5 m.

Station 2: Drydock of the Cochin Harbour, in the Mattan
cheri Channel, about 2 km away from'barmouths The water

here is usually turbid, owing to the churning action of
propellers of fishing boats and ships. The depth at this
station is around 4 m.

Station 3: Pier of the Exploratory Fisheries Project.
This station is situated just opposite to station 2 on the
western side of the Dry Dock (Station 2) in the Mattancheri
Channel about 2 km from'barmouth. As in station 2, here

also the water is turbid owing to the frequent plying of
fishing boats. Theacochin Fishing Harbour is situated
adjacent to this station on the southern side. The depth at
this station is about 2 m.

Station 4. Thevara: This station is also located on the
eastern side of Willingdon Island about 1 km south of
station 1. It is separated from the Ernakulam'Channel by
a low belt of sand. The depth is approximately 2.5 an Here
the water is comparatively less polluted and less turbid.

Station 5. Aroor: This station is situated about 20 km
from the barmouth towards the south, silting and turbidity
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are negligible and the depth here is about 2.5 m.

3.3 Materials and methods

3 Glass panels 10x10 cm size were suspended and kept
at the intertidal, the subtidal and the bottom positions
at stations 1, 4 and 5 by passing a rope through holes
drilled at the centre of the glass panels. The glass panels
were kept in position by providing a knot above and below’

each panel. At station 2, (Dry Dock) owing to greater depth,
than at other stations, six glass panels were suspended from
the intertidal region to the mudline at intervals of 50 cm.
To avoid the effects_of silting, the bottom panel was kept
50 cm above the mudline. At station 3, glass panels were
arranged on a grooved wooden rack and exposed subtidally
30 cnmbelow low water line. with the aid of this system
of panels, it was possible to observe the pattern of sett
lement of oysters at the stations mentioned above and at
different depths in station 2 (Dry Dock).

Short-ternI(A seriegl

Short—term series were put out and changed at the

end of 15 days at station 1 and 5 (Tables 3.2 and 3.6) and
at intervals of 30 days at stations 2 and 4 (Tables 3.3
and 3.5). At station 3, thirty panels were exposed toge
ther for each month. The panels were mounted on a grooved

wooden rack, one panel removed for examination every day.
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The settlement of oysters on the 30 panels was averaged and
represented for each month (Table 3.4).

Longeterm series (B series)

Eight sets were exposed at the beginning of each

period and recovered one by one at intervals of 15 days at
stations 1 and 5 (Tables 3.2 and 3.6). Four sets were
exposed at the beginning of each period and recovered one
by one at intervals of 30 days at stations 2 and 4 (Tables
3.3 and 3.5).

3.4 Pattern of settlement of Q, madrasensis
The settlement characteristics of Q, madrasensis at

stations 1, 2, 3, 4 and 5 are presented in Tables 3.2 to
3.6. As is evident from the tables, during the major part
of the monsoon period and early post-monsoon period there
was no settlement of oysters on panels at any locality
investigated. The general trend in the settlement of oys
ters was a well defined one, though the post and pre-monsoon
months in general recorded the incidence of oyster spat.
During the monsoon period and early post-monsoon periods,

no settlement was noticed on panels at the various stations
except on the subtidal and bottom panels at station 4
(Table 3.5) in the month of June. The stationdwise sett
lement is outlined below.

3.4.1 Marine science Pier (Ernakulamnchannel)

The panels exposed at three depths at this station
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during the monsoon period did not register the presence of
oyster spat at any time (Table 3.2) during the period begi
nning from June and ending in September. This trend was
continued till the middle of December. The settlement of

oysters was confined to the period beginning with the end
of December to the end of May. Although oyster spat appe
ared on the panels throughout this period, two peaks in
settlement were noticed, the first one being the major one
occurring during January and a second minor peak during

early March. The average number of oysters settled was
5/200 cm2 in December and 57/200 cmz during January and

15/200 cm2 during March and 10/200 cu? in April and 5/200

cm2 in May (Table 3.2) on short—term panels. Another fea
ture of the pattern of settlement was that, fresh attach
ment was not continuous in short-term althugh the long
term panels continued to harbour oysters throughout the
post and pre-monsoon period from January to May.

3.4.2 Dry dock (Mattancheri.Channe1)

Fresh settlement as evidenced by the incidence of
oysters on short—term panels, occurred in this area during
November to May (Table 3.3) which include both the post and

pre-monsoon months. In the locality no settleent of oys
ters was recorded during the monsoon period. The peak

settlement was in January when the average number of oyster

settled was 19/200 cm? in short—term panels. More number

settled, on panels maintained in the midwater and bottom.
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3.4.3 Exploratory Fisheries Project Pier

The maximum settlement of oysters at this station was
during December being 60/200 cmz. Oysters settled from
November to July but were totally absent.during.August;
September and October (Table 3.4).

3.4.4 Thevara (Mid-estuarine region)
The settlement of oysters in this station was very

poor. .Although fresh settlement was noticed from March to

June, the number of oysters settled here was small. A spurt
in oyster settlement‘was noticed during June (37/200 cmg).

.Apart from this settlement was insignificant during the
other months (Table 3.5).

3.4.5 Aroor

The settlement of oysters occurred at this station
for a short duration of four months commencing from:January

in the short-term panels. Maximum settlement was noticed
during March being 60/200 cm? in the short-term panels.
In long term panels (Table 3.6) peak settlement was recorded
in February being 42/200 cmz.

3.6.0 Discussion

Crassostrealmgdrasensis enjoys a wide distribution in
the backwater environment of South India. It is a very
common representative of the sedentary comunity of brackish
water benthos. The settlement of oysters on submerged
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substrata is a direct indication that spawning had taken
place. Usually oysters may settle on any hard substrata.
Therefore the settlement data obtained from a series of
panels exposed at the different localities should give a
general picture of the pattern of settlement of these bival
ves. Five stations studied here represent five localities
with varying salinity conditions (Table 3.1).

It is clear from the settlement data presented in
Tables 3.2 to 3.6, that in general, the larvae of 9, mad
rasensis settle in the estuary during the period November
to May/June. However, there could be regional difference
in their settlement and abundance. At station 3, nearer
to barmouth with a perennial oyster bed nearby, the locality
from which oysters were collected for various studies in the
present case, oyster settlement was noticed for nine months
from November to July (Table 3.4). During this period,
major settlement was confined to the panels kept at relati
vely greater depths(<!9O cm) at station 2 (Table 3.3). ‘The
duration of settlement was reduced to six months at station

1 beginning fronnDecember and ending in May, nearly seven

months at station 2 fronxNovember to May, five months at

station 4 (Thewara) from February to June and about four
months (February to May) at Stations 5 (Aroor). At station
4, settlement was confined to February-June period, in
intertidal, subtidal and bottom panels. In the short-term
series settlement was chiefly on bottom panels from March
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to June. Very sparce settlement was noticed in the subtidal
panels during February and April in the long—term series.
The Host inportant hydrographical parameter.which inhibited

wide fluctuation was salinity. The settlement of oysters
occurred when the salinity of the water was above 20.4,
29.6 and 12.3%. at stations 1, 2 and 3 respectively. How
ever, at Thevara (Station 4) and Aroor (Station 5) settle
ment of oysters occurred only when the salinity exceeded
29%.. The total absence of settlement of oysters during
the monsoon period and early post-monsoon period (June to

October), when very low salinity conditions existed clearly
indicates the inability of the larvae to settle at these
salinities, Further, observations showed a declining trend
in the condition index from November to May Ochapter 6).

This lowered condition index is evidently due to spawning
fin oysters. During this period comparatively high salini
ties exist and larvae settle in large numbers in the Cochin
Backwaters.

In the Madras Harbour peak settlement of oyster takes
place during April and May but settlement continues till the
end of October (Paul; 1942). In the Publicat Backwaters,
near Madras, Hornell (1910) observed two peaks in spawning
of oysters, the first during August and September and a
second one in March and April. According to Awati & Rai

(1931) Qgtgga gggullata spawns in the Bombay coast during
October and continues upto the end of June. Awati & Rai
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(1931) distinguished a regular breeding season from March

to June with intense breeding and an irregular season from

October to February. Malpas (1933) observed in the Ceylon
pearl oyster Margaritifera vulgaris two spawning naxima the
first during July to August coinciding with the S.W. Mon
soon and the second in Decenber to January, coinciding with

the N.E. Monsoon with an irregular spawning in between the

two peak spawning periods. In the Adayar Backwaters, Rao
(1951) observed spatfall throughout January and during the
first week of February when the salinity ranged between
27.3%o.and 29.0I%o. ‘In the Ennur Backwaters, Rao observed

spatfall at salinities 31.09%o and 30.21%o during December

in shallow water and deep water respectively when the estu
aries maintained connection with the sea. Spatfall in both
the backwaters was maximum when the salinity was 29%o to

31.09%o. Rao (1951) has also observed the breeding of oys

ters in the Madras Harbour for most part of the year with
two peaks, one in November-Decenber and the other in May

August as against a single peak observed by Paul (1942).

In the Mangalore Harbour area, Menon §E;§;. (1977) observed
continuous settlement of oysters throughout the year. How

ever, in the estuarine locality, Menon gt Q1. (1977) observed
settlement of oysters only during the period November to
June. The settlement pattern observed in this study also
follows a comparable trend to that observed by Awati & Rai

(1931) and Menon Q; g_. (1977) from Bombay coast and the
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estuarine waters of Mangalore respectively. Peak settlement
of oyster noticed in this study at stations 1 and 2 was
during January and February, during December at station 3
and in April at stations 4 and 5. The salinity of th
backwaters during this period ranged from 22.4%o to 33%o
(Table 3.1). It is clear that stations 1, 2 and 3 which are
nearer to the barmouth recorded peak settlement during
December to February while stations 4 and 5 located compa
ratively at longer distances from the barmouth showed peaks
in settlement during.April as these stations take longer
time to attain the optimum salinity conditions condusive
for oyster settlement.

It is well known that temperature fluctuations are
chiefly responsible for spawning and setting in European
and American oysters (Stafford, 1913; Nelson, 1921, 1928;
Churchill, 1920; Prytherch, 1929, 1932). However, in the
Cochin Backwaters temperature fluctuations are limited

(Table 1.1, ch.1 and Table 3.1, ch.3) throughout the year.
As Rao (1951) points out "under tropical conditions of our
coasts the water temperature of the sea or the backwaters
are maintained high throughout the year and does not even
fall at any time below the optimum requirement of the oys
ters". Thus factors other than temperature seems to govern
spawning and setting of oysters in the Cochin Backwaters.
.Although temperature has been proved to influence the deve

lopmnt and settlement pattern of oysters, in the present
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study salinity seem to exert more influence by virtue of its
wide fluctuations (Tables 1 and 3.1 in chapters 1 and 3 res
pectively) Rao (1931) observed fluctuations between 20.3 and

28%o at the.Adayar Estuary when oysters spawned and the opti
mum salinity of 22 to 26%o is attained either by evaporation

of water or by the influx of freshwater; Hopkins (1931)
noticed a correlation between salinity and setting in the oys
ter Ostrea virginica at Galveston Bay, Texas and observed
that larval setting is stimulated by a salinity of 20%o.
According to Rao (1951) "in the small estuaries and back
waters of our coasts, however, periodical inflow and outflow
of tidal and flood waters respectively with the tidal ampli
tude as small as three feet influence the fluctuation in
salinity and consequently of the spawning and setting of the
oysters". Panikkar & Aiyar (1939) also attributed fluctua
tion in salinity to the periodicity of breeding in brackish
water animals. The influence of salinity in the spawning
and setting of oysters has been observed by several other
workers. Within the normal temperature range Clarke (1935)
observed normal activity of spermatozoa in salinities 3%o
to 40%o with longest sperm life at 23%o. Ontogenetic deve
lopment proceeded normally to the first swimming state in
salinities l4.3%o to 39%o. Even though.development of eggs

took place in 14.5 to 39%o salinities, no swimming larvae

were obtained (Clarke, 1935). In the oyster‘Q,‘g;g§§ Spawn
ing was inhibited below 27%o salinity. salinities between
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23%o and 28%o provided optimum conditions for fertilization

and development of embryos (Fujiya, 1970). Q, virginiga
inhabiting Long Island Sound, USA, attains maturity and

spawns at 27.5iI%. salinity. However, it is uncertain how
nmch these limiting salinities may be affected by the sali
nity at which th parent oysters develop_gonads and spawn.
‘Very few eggs yield straight hinge larvae at 12.3%. sali
nity, but larvae rared to setting size at 27.S%o salinity
can successfully complete metamorphosis in salinities as
low as 9%o or 10%o (Calabrese & Davis, 1970). Prytherch

(1934) observed larvae of.Q. virginica undergoing complete
fixation in 12 to 19 minutes in salinities of the range 16
and 18.5%o. However, in salinities above or below 16%. 

18.S%o the process of fixation was prolonged. The evidence

obtained during the present study mainly shows that the
conditions that prevailed in the estuary during the post
monsoon and pre-monsoon periods are favourable for success

ful settlement and colonisation by Q, madrasensis. Further
two important ecological.aspects could control colonisation,
the total distributional area of a population can have a
reproductive centre and a peripheral area subsisting on
regular recruitment of larvae from reproductive areas.
Salinity may be a master factor controlling settlement
(Colonisation) within a specific intensity range only and
outside that critical range, the importance of salinity
decreases to that of a secondary or even teritiary environ
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mental entity, other factors (Substrata; larval life and
longevity) take over primary distributional control. It is
likely that these generalisations hold good for the native
population and the settlement pattern of Q, nedrasensis in
the Cochin Backwaters. The discontinuity in the setting of
oysters during the monsoon period at the Cochin Backwaters
and continuous setting during other periods may be attribu
ted to fluctuations in salinityg Panikkar & Aiyar (1939)
also noticed discontinuity in the breeding of brackish water
animals and attributed this to rains. Rao (1951) observed

Q, madrasensig breeding throughout the year in the Madras
Harbour with two peaks, one in November - December and anu

ther in May-August as against a single peak observed by
Paul (1942) and noticed that the two peaks correspond to
those of salinity and high temperature of the coastal waters
and the two peaks corresponding with the restricted breeding
in.November-December and March-April in the backwaters.
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CHAPTER 4

SHELL DIMENSIONS AND THEIR INTER-RELATIONS

IN _c_:_. MADRASENSIS

4.1. Introduction
Shell dimensions and their inter-relation in bivalve

molluscs have been reported by several workers (Weymouth,

1923; Wilton & Wilton, 1929; NewCombe, 1935, 1936, 1950;

Kellog, 1903; Mossop, 1922; Orton, 1926b; Stephen, 1928,

1929, 1932; Quayle, 1952; Ford, 1925; Winckworth, 1931;

Paul, 1942; Rao, 1951; Abraham, 1953; Gokhale §§.gl. 1954;
Herdman, 1903; Malpas, 1933; Galtsoff, 1931 and Hamai,

1934, 1934a, 1935, 1935a). Shell growth is undoubtedly
correlated with the growth of the soft tissues in bivalve
molluscs. Studies on shell dimensions of oysters are very
important in the sense that it is essential to determine
the optimum marketable size of oysters.

Growth in bivalve molluscs is influenced by several
factors of the environment such as food (Needler, 1941;

Nelson, 1941, 1947; Ranson, 1949b; Loosanoff & Engle, 1947),

density of population (Korringa, 1947; Hopkins, 1946;

Imai _e_t; _a_l_. (1951). nutrients (Lambert, 1950; Rochford,

1951), spawning (Gunter, 1942; Needler, 1941; Ranson, 1949b),
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salinity (Halewyck & Leloup, 1951; Hamai, 1935), tempera
ture (Medcoff & Needler, 1941; Hanei, 1935), nature of the
substratum (Durve & Dharmaraja, 1965; Orton, 1926b), depth

(Bae & Bae, 1972; Holme, 1961), tides (Fox & Coe, 1943;

Dame, 1972a) and crowding (Tanita & Kikudui, 1957).

Differences in the growth of widely separated popu

lation-of the c1am‘Veng§,nercenaria of the Atlantic coast
of the United States were noticed by Newcone gt a1. (1938)
which they ascribed to differences in the environment.
The relation between the weight, volume and linear dimen
sions in Meretrix meretrix, the local variations in the
shells of the same species with reference to growth, and
growth in relation to seasonal variations of the environ
ment were studied by Hamai (1934, 1934a. 1935 and 1935a).

He showed that the growth of shell in Meretrix meretrix
from different localities is influenced by the nature of
the substrata, temperature, salinity and other parameters
of water. Durve & Dharmaraja (1965) studied the dimen

sional relationship in the clam.Meretrix.§2§£§:(Chemnitz)
collected from two different localities and the relation
of depth, height and weight on width were worked out by

employing the technique of analysis of covariance. The
differences in the morphometry noticed were due to diffe

rent environmental conditions prevailing in the locality.
Nayar (1955) made a detailed study of the length-weight,
length-breadth and length-thickness relationships in the
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clam Qgggg (Latona) cuneatus Linnaeus and observed propor
tional variation of length in all size groups indicating
that the general form is more or less the same throughout
its life. Changes in the ratio of dimensional relationship
at definite stages of life in Egpgg japgnica were noticed
by Ohba (1959). Mason (1957) observed single allometric

relationship in length-breadth and length-thickness rela
tionship in Pecten maximus. Noteworthy publications on the
morphometry of clams are those of Pohlo (1964), Hanoka &

Shimadzu (1949) and Kristensen (1957). Shafee (1976)

studied the various allonetric relationship in the inter
tidal green mussel E§£ga_viridis Linnaeus from the Ennur
Backwaters, Madras. Changes in shell dimensions in Egg
arenaria at different stages of growth have been demonstrated
by Swan (1952). The structure and energy flow of a mussel
population in Georgia salt marsh were examined by Kuenzler

(1961). Galtsoff (1931) attributed differences in growth
ratios of the pearl oyster Pinctada sp. to differences in
its origin.

Studies pertaining to the morphometry of shells in
oysters are also not few. As in the case of clams, several
authors observed variations in shell dimensions owing to
differences in habitats, environment, tides, depth, over
crowding etc. Newcombe (1950) ascribed differences in
habitats of Crassostrea virginica for the considerable
variations noticed in shell dimensions. Dame (1972)
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working on the various allometric relationships in oysters
of the same species inhabiting inter-tidal and sub-tidal
regions of North America, noticed variations in shell
dimensions. Thomson (1969) working on three species of

oysters, namely, Crassostrea commercialis, Q, ggggg and

Ostrea angas; set out in adjacent compartments on wire
trays in Pittwater,'Tasmania noticed much less variations
in shell dimensions and opined that even though shell

dimensions in oysters are highly variable, it becomes much
less when grown in uniform conditions with ample space.

Recently Lee & Yoo (1975) analysed morphometric variations

in shell dimensions in Crassostrea_g;gg§ at Gajado oyster
farm. FrofinBombay waters, Durve & Shrikhande (1976)

reported the relation between the area of the oyster shell
and its dimensions and pointed out that fronlthe height
and length of shell, its area can be determined in
Crassostrea.gryphoides. They employed multiple linear
regression technique in their study and arrived at mathe
matical relations between shell length, shell height and
shell area.

The environment plays a major role in the growth of
bivalves. Wave action, current velocity, nature of the
substrata etc affects the pattern of shell growth as
demonstrated by Wilton & Wilton (1929), Hamai (1934a,

1935, 1935a), Moore (1936), Newcombe (1935), NewCombe

§§_a1. (1938), Swan (1953), Korringa (1952), Hanso (1958)



-181

and Durve & Dharmaraja (1965). Mode of habits are also

known to influence the morphometry of shells (Kristensen,

1957; Pohlo, 1964; Durve & Dharmaraja, 1965; Kuenzler, 1961;

Shafee, 1976; Lee & Yoo, 1975). Orton (1936) observed

considerable variation in length-width ratio in the oyster
Ostrea angulata growing on soft and hard bottoms and the
same phenomena was observed by Gunter (1938) also. The

shell height-length ratio was observed to decrease with depth in
Venurupis rhomboides (Holne, 1961). Tanita & Kikuchi

(1957) noticed in Pinctada martensii a decrease in length
width ratio of shell owing to over-crowding. In Mytilus
californianus, Fox & Coe (1943) observed narrow and thin

shells in those forms occurring below low water level than
in those found at the inter-tidal zones. Joseph (1979)
observed only less gain in shell depth in spats.

Animals exhibit isometric and allometric growth. In
the case of isometric growth the functional regression
value, b would be 3 and this would characterise an unchang
ing body form and unchanging specific gravity, even though

many species show changes in weight consequent to spawning,

stomach contents etc. However, in the case of certain
species, the b values appear to be greater or less than
3, a condition described as allometric growth (Ricker,
1975). The growth particularly in molluscs is usually
reflected in shell characteristics. The allometric growth
recognised by Huxley & Teissier (1936) has been demons
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trated by several workers in many animals (Needham, 1942;

Teissier, 1960). In some bivalve molluscs, allometry
characterised by variations in the ratio of shell dimensions
have been deonstrated more particularly during definite
stages in cases such as Mya arenaria (Swan, 1952), Igggg

japgnica (Ohba, 1959), Meretrix meretrix (Hamai, 1936),
Meretrix casta (Durve & Dharmaraja, 1965) and Cardium edule

(Kristensen, 1957).
Thus a review of literature on the dimensional

relationship of shells in bivalves more particularly in
oysters shows that only very little work has been carried
out on this important aspect of bivalve morphometry from
Indian waters. Works pertaining to this aspect from Indian
waters are those of Paul (1942), Rao & Nayar (1956), Durve &

Shrikande (1976) and Durve & Dharmaraja (1965). No publi
shed data on oysters fronxcochin Backwaters are available
and hence a detailed study on this aspect to establish the
relations between shell dimensions have been carried out.
4.2. Materials and Methods

For determining height-length and height-depth
relationships, morphometric data of oysters ranging from
0.2 to 16.9 cm in height were employed. ‘Height’ is the
maximum distance recorded from hinge to the opposite side

of the shell, 'length' the greatest dimension of the
anterio-posterior axis and ‘depth’ is the maximum distance
between the outer sides of the two shells at a point
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where the axes of the other two dimensions crossed (Galt—

soff, 1964). Random samples of wild oysters were collected
from the shipping channel, near bar-mouth of Cochin Back

waters during different months and a total of 1195 oysters
of different sizes were used in the morphometric studies.
4.3. Results

Height and length were plotted on a graph with length
on abscissa and height on ordinate in the form of a scatter
graph (Fig.4.l). The plot of height against length showed
an exponential trend and a relationship of the fornnH = ALB
was found to be appropriate. On taking logariuhm, this
gave a linear relationship of the form‘! = a+hX, where Y
is log H, X = log L, a = log A and b = B.

The plot (Fig.4.l) showed larger deviations in height
for longer oysters. For oysters with height below 3.5 cm,
the height and length tends to approximate. However, the
ratio change and larger deviations were observed for
oysters above 8 cm in height. Therefore, possibilities
for three different relationships between height and
length were examined. It was found possible and three
different equations were fitted, one for oysters of height
3.5 cm and below, the second for those between 3.5 to 8 cm

in height and the third for those above 8.0 cm in height.
The three equations in the logarthndc scale with standard
error (SE) of regression ooefficients and correlation
coefficients are presented in Table 4.1. The corrected
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sum of squares, cross products and deviation from regre
ssion for the three groups are given in Table 4.2.
Table 4.1 Regression lines of logéheight on logglength

Group Regression equation SE of b r
11111111: 1111 1111111113.. 1:; 11111111 111111 1:1&1:1::1:111 11

Oysters with
shell height
below 3 . S cm
(Group 1) Y=0.01378+0.9866X 0.03320 0.9318
Oysters with
shell height
3.5 to 8 cm
(Group 2) Y=0.4028+0.5712X 0.02313 0.6938
Oysters withshll height
above 8 cm
(Group 3) Y=0.8675+0. 1669X 0.06220 (b.0965

The residual variance were observed to be heterogeneous.
This was further tested by Bartlett's test of homogeneity of
variance following Snedecor & Cochran (1968). The computa
tions for the test are furnished in Table 4.3.

To determine the height-depth relation, height and
depth were plotted on a graph with depth on abscissa and
height on ordinates. The plot of height against depth.
(Fig.4.2) showed an exponential trend and a relationship of
the fornufi =.ADB was found to be appropriate. On taking
logarithm, this gave a linear relationship of the form

Y = a+bZ, where Y = log H, z = log D, a = log.A and b = B.
The plot (Fig.4.2) showed larger deviations in height for
oyster with greater depth. As done in the case of
the relationship of height and length in oysters, the
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Table 4.3 Bartlett's test of homogeneity of variance
‘M jjjj -jj-“jj TXTTZTZZIITjjj---jjj--jjj-“X-j--*----m--
Group Sum of Degree Mean log siz fi logsiz Recisquares of fre- squares pro2 d 2 1d ° ’‘ e Om S 3'' " fail/2.)°r 2 or (S.2) l(fisi ) 1
1:111-I--l='J1":1111:111Zun 11:: 111111: 113:: 11 1111111111111 1111111111

1 3.2681 134 0.024389 -1.6128 -216.1152 0.007463
2 1.2250 290 0.004224 -2.3743 -668.5470 0.003448
3 6.2564 765 0.008178 —2.0873 —1586.8250 0.001307

1111;CD111:-jjjjjaiuaixj-Qjijj11111111::11::jj::1:11;1j111jjjj1;j1

a=3 10.7495 1189 -2451.4872 —0.004482f _ 2 1 _ _
/Q32 — gfisi /é fi - 10.74951 .— 0.0090411189

(i,£i) log 52 = (1198) (-2.04378) = 243o.0544’ -2 2
M .-= 2.3026 Uéfi) log s —ffi log si1= 118.4292 '
c = 1 + 1 x 0.01158

3x2

cklz = M/C = 118.4292 = 118.20461.0019 (Highly significant)
df = (a-1) - 2

P 4 0.001

relationship of height and depth vums worked out for the
groups with height.above 8 cm and below 8 cm. The corrected
sum of squares, sums of cross products and deviation from
regression for the two groups are given in Table 4.4.
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Residual variances were observed to be heterogeneous.

The F-test for equality of variances showed that the
variances were significantly different (P = 2.30,
df = 766, 291).
4.4. Discussion

4.4.1. Height—leqgth relationship
‘Several workers have noticed pronounced fluctuation

in the shape of oyster shells (Yonge, 1960). The nature
of the substrata, density of population (over—crowding),

waves, currents, depth, salinity and availability of food
are all known to influence the growth pattern of bivalve
molluscs including oysters. (Korringa, 1952; Wilton &

Wilton, 1929; Hamai, 1934, 1934a, 1935 and 1935a). Shell

growth is correlated with the growth of tissues of the
oyster. Newcombe (1950) analysed certain dimensional

relationships of the Virginia oyster, Crassostreg virgipiqg.
Difference in the ratios, namely, length to breadth were
observed by him. Rao & Nayar (1956) while studying the
rate of growth in the Indian backwater oyster Crassostrea
madrasensis from.Adayar Estuary at Madras, observed the

relationship of heightwidth (=height-length) in spat and
yearlings. They observed deviations of the actual values
from the mean values consequent on the increase in the

size of the oysters. Upto 25 mm size groups, height was
the same as that of width, resulting in spats of orbi
cular shape. However, in size groups of 35-55 mm, width
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was less than height resulting in oysters of oval shape.
In the size range 65 mm and above, the animals were

distinctly elongate, the width approximating to about
three fourth of the height. A similar observation was
noticed in this study also, even though the size group in
which the deviation of actual values from the mean, resul

ting in the change of shape was different from that obser
ved by Rao & Nayar (l9$6). In the present study, for
oysters with less than 3.5 cnxheight approximately, length
was found to be more or less the same as that of height.
Deviation in length was more pronounced in larger oysters
of 8 cm and above in height. It was possible to fit three
regression equations for the three groups of oysters as
shown in Table 4.1. It is obvious from a glance of Table
4.1, that the regression coefficients where significantly
different from zero for all the three groups. ‘The small
value of the correlation coefficient 'r' for group 3
(0.0965) can be reasonably attributed to larger variations
in length for a given height.

The residual variations were observed to be hetero

geneous. This was further tested by Bartlett's test of
homogeneity of variance (Table 4.3). The test showed

that the residual variances are highly heterogeneous,
9C2 (Chi-square) being significant with P4 0.001. So
there was no need to analyse further; the three groups
were represented by three different equations. The
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equations to the three curves are,
1. H = 1.0322 L0°9866

2. H = 2.5283 LO'57l2
0.16693. H = 7.3704 L

As the standard error of b was found to be larger for
group 3, equation 3 could not be used for prediction of
average height against a given length. Rao & Nayar (1956)

also observed deviation in height for larger oysters.
Following them, mean values were calculated for members

within size group of 1 cm class interval as given in

Table 4.5.
As is evident from Table 4.5, upto 3.5 cnxheight,

height and breadth were found to be almost equal, showing
orbicular shape and this is in agreement to what has been
observed by Rao & Nayar (1956). As the increase in
height is faster compared to the increase in length
(Fig.4.l), the oysters are more or less oval in shape in
the height range 3.5 to 8 cm. Above 8 cm, they become

further elongated in shape.
”As the mean values provide a smooth curve to read

the approximate height or length an oyster may attain when
either of the measurements is known (Rao & Nayar, 1956),

a curve was fitted to the mean values given in Table 4.5.
The equation in terns of the logarithm worked out to,
Y = 0.07229+l.ll56 X. The regression coefficient was

found to be highly significant. The correlation
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Table 4.5 flgen values of length for the various
height groups

Class interval Midpoint Number Average lengthcm cm
0- 1 0.5 108 0.341.1- 2 1.5 17 1.322.1- 3 2.5 11 2.593.1- 4 3.5 18 3.414.1--5 4.5 17 4.255.1- 6 5.5 40 4.676.1- 7 6.5 80 5.44

7.1- 8 7.5 140 5.95
8.1- 9 8.5 189 6.37
9.1—1O 9.5 171 6.69
10.1-11 10.5 124 6.89
11.1-12 11.5 100 7.06
12.1-13 12.5 63 7.34
13.1-14 13.5 33 7.51
14.1-15 14.5 28 7.58
15.1-16 15.5 8 8.26
16.1-17 16.5 9 8.03
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coefficient was 0.9734. The standard error of b was 0.0677
and the 95% confidence interval for b was 0.9710 to 1.2600.

The equation to the curve in the original scale worked out
to H = 1.1811 Ll°1156. This curve with the observed mean

lengths (circled points in Fig.4.1) is shown in Fig.4.1.
The analysis of height-length relationship shows that the
variations in height are not fully explained by variations
in length, especially for large sized oysters. This evi
dently suggests the probable influence of other factors
operating or influencing the shell growth in oysters.

The height—length relation in Crassostrea madra
sensis fronucochin Backwaters shows a non—1inear relation

ship with an index (B value) of 1.1156 for the grouped
data. As the B value is not very much different from unity,
a linear relationship also holds good (H = —2.5424+
2.0036 L). Several other workers also observed linear
relationship between height and length in oysters of
different species inhabiting other parts of the world.
Thomson (1969) observed the relation Y = 0.96X-1.01,

where Y is length and.X is height in Crassostrea.gigas of
‘Tasmania. For Crassostrea commercialis, Thonson (1969)
found the relation Y = 0.6SX-0.11 and for Ostrea angasi
y = x. In Crassostrea i as, Bae & Bae (1972) found
different height-length relations depending on the depth
at which they are grown. Pronounced variation in height

length relationship in Q, gigas even for small variations
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in depth was noticed by them. Apart from depth, the
substrata on which oysters grow are also known to influ
ence the heightawidth (= height-length) relation in

Q, angulata and Q, virginica (Orton, 1936; Newcombe, 1950;
Gunter, 1938). The ratio was found greater in oysters
grown in soft bottoms rather than on hard substrata.
4.4.2. Heiqht—depth relationship

To study the height-depth relation, measurements
were plotted on a graph with depth on abscissa and height
on ordinate (Fig.4.2). Height-depth relationship showed
an exponential relation in the form of H = ADB. As done
in height—length relation, a curve (H = ADB) was fitted
to theenean values presented in Table 4.6. The equation
in terns of log values worked out to'Y = O.3059+1.0936Z.
The regression coefficient was found to be highly signi
ficant, with a correlation coefficient of 0.9775. The
standard error of the regression coefficient (b) was
0.0631 and 95% confidence interval of b was 0.9583 to

1.2289. The equation in the original scale worked out
to H = 2.0225 Dl°O936. As the B values of 1.0936 for

the grouped data is not very much different from unity,
a linear relationship between height and depth also holds
good (H = —1.4618+2.7450 D). The above analysis of

height-depth relationship shows that variations in
height does not result in corresponding variation in
depth, particularly in oysters with increased height.
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Variation in shell depth consequent to increase in
shell height was noticed in Tapes japonica by Ohba (1959).

The relation of height to depth was not the same for the
entire growth range as observed in the present study.
Wilber & Owen (1964) also pointed out the same phenomena

and opined that a single allometric relation is inappro
priate for the entire growth range. Allometric relation
of height-depth was observed in Mya arenaria by Newcombe &

Kessler (1936), Donax cuneatus by Nayar (1955), Pecten

maximus (Mason, 1957) and Donax faba (Alagarswami, 1966).
Thomson (1969) observed a height-depth ratio of y = O.10+

0.25 X in Crassostrea gigas, y = O.44+—O.11 x in Crasso

strea commercialig and y = O.45+O.18x in Ostrea gigas,
where y = depth and x = height. As observed by Rao &

Nayar (l956),oysters vary a great deal in shape even among

the members of the same species. Oysters are sedentary

throughout their life and the substratum on which they
settle after the free swimming larval life is of great
inportance (Galtsoff, 1964). Corresponding with the
contour of the substrata,oysters assume flat or uneven
shape. Over—crowding, results in a variety of shapes.
As pointed out by Korringa (1952), salinity, velocity of
water currents, wave action, depth and exposure all have
an abiding influence in determining the shape of oyster
Shells 0
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Table 4.6 Mean values of depth for the various size
(Height) group of Qysters

1111111-9 1111 1‘-11IDI$111:111I'--31:11 3111111111111 1112111314
Class interval Mid point Number Average depthcm cm

1.1- 2 1.5 1 0.802.1- 3 2.5 6 0.953.1- 4 3.5 24 1.974.1- 5 4.5 20 1.95
5.1- 6 5.5 44 2.636.1- 7 6.5 88 3.67
7.1- 8 7.5 151 3.70
8.1- 9 8.5 194 4.26
9.1-10 9.5 172 4.42
10.1—11 10.5 123 4.59
11.1-12 11.5 101 4.83
12.1-13 12.5 64 5.06
13.1—14 13.5 32 5.30
14.1—15 14.5 28 5.38
15.1—l6 15.5 7 6.11
16.1-17 16.5 10 5.36
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As pointed by Lison (quoted by Galtsoff, 1964)
oyster shell cannot be expressed in precise geometrical
terms because of its variability. The index of shape
determined as a ratio of the sum of height and width to
its length height+widtA' by Crozier (as quoted by

length I
Galtsoff, 1964) was also employed in this study. The
frequency distribution of the index of shape is presented
in Fig.4.3. The index varied from 1.05-5.23 indicating
that increase in height and width are not directly pro
portional to the increase in length in Crassostrea
madrasensis collected from wild population in the Cochin
Harbour. Galtsoff (1964) also noticed that the index of
shape in American oyster Crassostrea virginica as highly
variable. For the entire range of distribution of
crassostrea virginica fromwAtlantic and Gulf States the
index of shape varied between 0.5 to 1.3 (Galtsoff, 1964).
The difference in index of shape was not very significant
between the northern and southern oyster population in
United States according to him.
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CHAPTER 5

RELATION BETWEEN WEIGHT AND LINEAR MASUREMNTS

OF SHELL IN C. MADRASENSIS

5.1. Introduction

Several publications on the length-weight relation
ship in lamellibranchs are available. Newcombe & Kessler
(1936) while studying the variations in the growth indices

of the c1an1§1g_arenaria (L), studied the length-weight
relationship. The growth indices of the same clam was
studied by Swan (1952). Notable works pertaining to this
aspect in other species of clams are those of Hamai (1934)
on the relationship of weight, volume and linear dimen
sions in Meretrix meretrix, studies on the morphometry and
rate of growth in the clam Mactra sulcataria Reev in
Tokyo Bay by Hanoka & Shimadzu (1949), and ecological

studies in the natural population of the clamjggpgg
japgnica with special reference to seasonal variations in
the size and structure of the population and to indivi
dual growth by Ohba (1959).

From the Indian sub-continent, Nayar (1955)

studied the growth of wedge clannggggg (Latona) cuneatus
(L) which includes studies pertaining to length—weight
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relation also. He has computed the calculated weights
from observed weights by applying the formula'W = AL“:

2°8°79 or Log w = -.051e5+and found that W = 0.00045 L

2.8079 Log L, where W and L were weight and length res

pectively. Other studies on length-weight relations in
clams are those of Alagarswami (1966), Talikkedkar §E.gl.
(1976) in Donax cuneatus and Narasimham (1968) in Anadara

granosa. On plotting observed and calculated weights
against the respective lengths, Talikkhedkar §§_§1. (1976)
found clear agreement between observed and calculated

weights. They employed the formula W = aLb to determine

the calculated weights from observed weights for establi
shing the relationships. ‘By using logarithms, the expo
nential relation was found to be Log W = Log a+b Log L,

where W and L are weight and length respectively and a
and b are constants. They established the relation

w = 0.1352 L3'lO79 or Log w = —0.8690+3.1079 Log L for
length and weight. However, Narasimham (1968) observed,

two separate regression equations for expressing the
length-weight relationship in 3-19 mm and 20-63 m groups.
He obtained the relation Y = r3.7130+3.20.96 X for the
3 to 19 mm group and'Y = -2.8732+2.6459 X for the 20 to

63 mm group, where Y = log weight and X = log length.

Richards (1928) studied the growth in the green

mussel Mytilus californganug. Comparative growth in two

mussels, namely,_fl, californianus and E. edulis at



-209

La Jolla, California and WoocbHo1e, Massachusetts res

pectively were also carried out by him subsequently
(Richards, 1946). other works pertaining to mussels are
those of Fox & Coe (1943), Kuenzler (1961), Seed (1976)
and Andreu (1968). Kuenzler (1961) observed in Modiolus

demissus variation in length-weight slope consequent to
sexual maturity. Andreu (1968) observed the relationship
between length and gross weight in the Mediterranean

mussel mytilus galloprovincialis and expressed it by the
equation, w = 185.1o"6 L 2'67“.

In the Hawaiian pearl oyster Pinctada 53» the weight
length relationship was worked out by Galtsoff (1931).
Alagaraja (1962) established a linear relation W = a+bL
between length and weight in pearl oysters of Krusadai
Island, Gulf of Mannar. The linear relationship was
statistically tested by him and found to be significantly
different for each year age group. The equality of slopes
was tested for the same oysters of particular year spats
at different ages and found to be not different. The use
of lengthdweight relationship in predicting pearl fishery
has also been pointed out by Alagaraja (1962).

Studies on length-weight relationship in edible
oysters are also not few. In the British oyster Ostrea
edulis, Orton (1935) observed a lengthaweight relation,
W = O.O4O4xL3°53l. In Spain, Andreu (1968) noticed a

-6 L2.7365length-weight relation W = 487.10 . The growth
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of oysters in the Galician waters of Spain is very high
according to him. .At the end of the second year, oysters
were observed to reach a weight of 78 g (Andreu, 1969).
Lee & Yoo (1975) reported a lengthdweight relation of
w .-.— 0.0689 I-I2'1963

H2.O6O3

for hardened oysters and W = 0.1379

fcm seed oysters in Korea. Hughes Games (1977)
2.34obtained a lengthdweight relation of W = 2.75 L for

2'08 for the British oysters.Crassostrea gigas and W = 4.34 L
The foregoing review of literature shows that no study

pertaining to the length-weight relation in edible oysters
(Crassostrea madrasensis), more particularly from those
inhabiting the Cochin Backwaters has been carried out. As
weight is a power function of length and since length and
other morphometric measurements are inter—related it is
thought worthwhile to investigate the relation of weight
not only to length but also to height and breadth.
5.2 Material and methods

930 wild oysters collected from the shipping cnannel
near bar-«outh in the Cochin Harbour during the different
months spread over a period of one year fored the material
for the study. The oysters were thoroughly washed with
the help of a brush to remove mud and other particulate
material found attached to the shell. The fouling animals
on the shells were also scrapped off. The heigH:, length
and depth were recorded as mentioned in Chapter 4. The
whole weight of the oyster was taken and after this the
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oysters were shucked open, the meat taken out from shell,
and excess water from meat removed by keeping the meat in

between the folds of filter paper and then weighed. The
shells were also weighed separately. All the weighings were
made in an Owa Labor, German, single pan electrical balance
with an accurancy of 0.1 g.
5.3. Results

As the weight of the oyster depends on its volume, the
appropriate procedure appeared to represent the weight as
a function of length, height and breadth. To bring down to
linear scale, logarithm of weight, length, height and
breadth was taken. Representing logarithms of weight,
length, height and breadth by V; X, Y and Z respectively,
a mltiple regression of V on X, Y, Z, namely,

Q = a+b1X+b2Y+b3Z

was fitted. (Table 5.1)
when the variables were measured from their respective

means, the above relation became,
A

V =‘V+b1x+b2y+b3z
where X =IXéf, y =‘Y4§ and z = 2-5
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Table 5.1 The sums, corrected sums of squares and cross
products of heig_h_t, length, breadth and weight

931 803.9502 750.5771 904.3807 589.6504

4. V2 2 X2 3 y2 “:22
29.75232 5.56049 10.19369 7.84403

gxy gxz gxv  yz gyv gzv
'5.04121 3.58044 7.24851 5.80447 11.55687 7.52180

By minimising (v-G)2, the values of a, b1, b2 and b3 were
obtained (Snedecor & Cochran, 1968) as,

a = \7—b >'€—b Y-b 2' -._-. -0.40171 2 3
b1: 0.4674

b2= 0.8278 and

Thus the fitted multiple regression became,
v 0.8635+0.4674x+0.8278y+0.l330y --- (1)

or V -0.4017+0.46743X+0.8278Y+0.l330Z ---- (2)

Looking at the standard partial regression coefficient
(Snedecor & Cochran, 1968), B = 0.2021, B = 0.4845 and1 2
B3 = 0.06825, the relative importance of the variables on
weight were found in the order: height, length and breadth.
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The response lines of V on X when Y and 2 were held fixed at
their mean values; of V on Y, when X and Z were held fixed
at their mean values; and of V on Z, when X and Y were held
fixed at t-_hej_r mean values are shown in Fig.5.1.  t—tests

for the significance of regression coefficients showed all

the three Coefficients to be significantly different from
zero (Table 5.2). Thus all the three morphometric para
meters, namely, height, length and breadth contributed to
the weight of oysters. The relative importance of these

three measurements as suggested by the standard partial
regression coefficients is also evident from the t — values,
the regression coefficients, corresponding to height and
length being highly significant.

Table 5.2 t-test for the significance of regression
coefficients

bl = 0.4674 S(b1) = 0.0759 t1 = 1 = e.1e*** (p<:0.001)
szbl)

b — 0.8278 s(b2) = 0.06193 t2 = b2 = 13.3e*** (P <0.001)2" §"('i'5;)
0.1330 s(b3) = 0.06240 t b3 szg )3

== 2.l3*C" II II

The multiple correlation coefficient (R2) is 0.4693 which
is highly significant from the F-test,

II 50
NF X n~K-l with K and naK-1
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d.f. Here, n being 931 and K being 3, F = 273.28 with 3
and 927 d.f. which is highly significant. The prediction
equation (2) can be used to estimate~the meat weight

(logarithm) for given dimensions of length, height and
breadth (all in logarithms).

To represent weight W, in terms of height H, an
exponenfiel relation of the form,

w = AHB

was considered, On taking logarithnuthis transformed to,
log W = a+b log H,

where a = log A and buB. By the method of least squares,
a and b were estimated at a = -0.1874 and b = 1.3033.

The correlation coefficient between log H and log W worked

out to 0.5635, which was highly significant, Thus the

linear relationship between log W and log H and therefore
the exponential relationship between W and.H is justified.
The relationship in terms of logarithms worked out to,

log w = -O.l874+1.3036 log H

and in terms of original measurements to,
w =.- 0.6495 Hl'3O36

5.4. Discussion

Several workers on clams (Kristensen, 1957; Nayar,

1955; Alagarswami, 1966; Talikedkar §E_g1. 1976; Narasimham,
1968), mussels (Richards, 1928, 1946; Seed, 1973; Fox &

Coe, 1943), Pearl oysters (Alagaraja, 1962; Galtsoff, 1931),
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edible oysters (Orton, 1935; Andreu, 1968; Lee & Yoo, 1975;

Hughes Games, 1977) have established length-weight relations.
However, as pointed out by Lison (Quoted by Galtsoff, 1964)

oyster shell cannot be expressed in precise geometrical '
terms owing to its variability. The index of shape of
oyster shells computed in this study also showed a varia
tion of 1.05 to 5.23 indicating that increase in height and
width are not directly proportional to the increase in
length (Chapter 4). Unlike in clams, oysters vary a great
deal in shape even among members of the same species, the

substratum, overcrowding, salinity, velocity of water
currents, wave action, depth and exposure all contributing
to this phenomenon. The standard partial regression co
efficients obtained from the regression analysis of weight
on length, height and breadth shows that weight is more

influenced by height (B2 = 0.4845): followed by length
(B = 0.2021) and breadth (B3 = 0.06825) in their order of1

magnitude. iThis is also evidenced by the shape of the line
2 in Fig.5.1, obtained when the length and breadth were
held constant in the multiple regression equation (2).
The t-test for the significance of regression coefficients
substantiated this and also showed that the contribution

of length, height and breadth was significant on meat
weight. The multiple regression coefficient (R2) is
0.4693, which is also found to be highly significant by
F-test. This indicated that the weight of the oyster meat
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is related not only to height but to length and breadth
also. Krakatitsa & Patlaj (1975) found that in Qggggg
edulis var. taurica, the total weight, shell weight and
meat weight are related to height, length and thickness.

The regression equation worked out to study the relation
of height (= Length, L in other studies) and weight of
oysters in this study showed an exponential relation,

0.6495 Hl°3O36. 1However, Orton (1935) observed

W = 0.0404 L3°531 and.Andreu (1968) noticedrw = 187.10
L2.7365 in English Oyster Ostrea edulis at Britain and

W

6

Spain respectively. But Hughes Games (1977) observed a

relation W = 2.75 L2'34 incxassostrea gigas at a sub
2'08 in Great Britain.

King (1977) observed the relation W = 0.005 L2’152 in
tropical pond in Israel and W = 4.34 L

Crassostrgg gigas grown in Australia. Compared to these
studies the index B of the heightdweight relation in
'§rassostrea madrasensis inhabiting Cochin Backwaters was
found to be less being 1.3036. The smaller index B value
obtained in this study shows that changes in length do not
introduce appreciably larger changes in meat weight,
contrary to what was observed in the studies cited above.
The different E values obtained by several workers for the
length-weight relationship show that these variations can
be reasonably ascribed to changes in ecological conditions.
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CHAPTER 6

CONDITION INDEX AND PERCENTAGE EDIBILITY or

g_ . MADRASENS IS

6.1. Introductigg
Depending on physiological conditions, fluctuations in

environmental factors and seasons, oysters show consi
derable variation in the quality of their meat. The qua
lity of fatness or the physiological condition of oysters
is determined by several methods. Oysters of good quality
have been observed to contain large amounts of meat in
relation to their total volume (Galtsoff, 1964). Dry
weights, glycogen contents and total chemical analysis were

employed by Coulson (1933), Humphrey (1941), Galtsoff gt 3;.

(1947), Jacobs (1951) and Frieger §§_g;.(1958). These
methods are time consuming and are not suitable when large
number of oysters are to be examined. Condition index and
percentage edibility determinations are objective methods
employed by various workers for determining the quality
when they had to deal with large number of oysters.

some of the notable works on the nutritive value and

quality of meat of oysters are those of Coulson (1933)
from the North.Anerican coast, the biochemistry of the
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proximate constituents of oysters inhabiting Australian
waters by Humphrey (1941) the influence of temperature and

salinity on the condition of oysters by Medcof & Needler
(1941), the ecological and physiological studies on the
effect of sulphate pulp mill wastes on oysters in York

river, Virginia by Galtsoff §g_§l. (1947), chemrsal analysis
of oysters by Jacobs (1951), estimation of quality in
mussels and oysters (Korringa, 1955), the seasonal varia
tion of meat and glycogen content of seven populations of
oysters by Walne (1970) and changes in the condition index
and biochemical content of oysters under hatchery conditions
by Gabbot & Walker (1971). These workers have employed

either dry neat weight or shell cavity volume or the general
biochemical composition to study the condition in bivalves.

Assessment of quality by objective methods such as

estimation of condition index and percentage edibility have
been employed by Odlaug (1946), Ingle (1949), Venkataraman &

Chari (1951), Korringa (1955), Rao (1956), Baird (1958,

1966), Durve (1964), Durve & George (1973), Shafee (1976)
and.others.

The condition index in_§. virginica has been studied
by Medcof & Needler (1941) employing the relation between

dry meat weight and shell cavity volume. However, Odlaug

(1946) used meat volume shell cavity volume relationdhips

in Q, lurida. The glycogen content in Q, virginica could
be used to determine the index of condition according to
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Galtsoff §t_§;. (1947). However, Ingle (1949) attempted
to correlate the values obtained from dry neat weights and
glycogen contents in Q, yjrginica and found that estima
tion of glycogen content as the most suitable method in
determining condition index in oysters. Korringa (1955)
employed the ratio of dry neat weight to shell contents
as the index of condition. Baird (1958) has used a simple
and quick nethod to evaluate the condition index. He
suggested that the index of condition is the percentage of
shell cavity occupied by the wet meat and is given by the
ratio,

Meat volume x 100
Shell cavity volume

Rao (1956) employed a relationship between meat weight and
whole weight (Total weight) to determine the condition of

Crassostrgg madrasensig from Ennur, near Madras. He attri

buted the changes in the condition of oysters to gonadal
and spawning activities. Durve (1964) used condition index

and percentage edibility in Q, gryphoides from the Kelwa
Backwaters to determine their quality, He employed Bairds
index of condition mentioned earlier (Baird, 1958). The
percentage edibility was obtained by the ratio,

‘Meat weight x 100
whole weight

He also ascribed fluctuation in condition index and per
centage edibility to seasonal gonadal cycle of the oyster.
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Studies on condition index in bivalve molluscs are

also aimed to determine the physiological and ecological
requirements in these animals. Dane (1971) studied the

ecological energihes of growth, respiration and assimilation
in the.American inter-tidal oyster Q, virginica. The
present study is aimed at collecting information on the
condition index and percentage edibility with a view to
assessing the quality of meat in Q, nedrasensis inhabiting
the Cochin Backwaters.

6.2. Material and methods

For determining the index of condition and percentage
edibility, monthly samples of oysters were collected from

the feral population inhabiting the Cochin Backwaters.
The oysters were washed in water with the help of a brush
to remove the silt adhering to the shell. The fouling
organisms found on the shell were scrapped off. Individual
oysters were weighed separately in an Owa Labor, German

single pan electrical balance correct to 0.1 g, determined
the total volume and then shucked. The meat weight, shell
weight, meat volume, and shell volume were also determined.
Bairds' (1958) method was followed to determine the index

of condition Meat volume (ml) x 100 . An apparatus
shell cavity volume (ml)

with a graduated side tube was used to determine the total
volume, shell volume and meat volume (Displacement method).

The sex of individual oysters was determined by examining
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a gonadal smear under the microscope. Percentage edibility
was computed using the equation,

Meat weight (g) x 100
whole weight (g)

A total of 1046 oysters were examined for determining the

condition index and percentage edibility.

6.3. gggglgg
Monthly variations in the index of condition values

for the total population and sexwise for Hales, females
and indeterminates from October 1981 to September 1982 are

presented in Table 6.1. Fig.6.l depicts the nonthly
variation in the average index of condition and Fig.6.2
represents the average monthly index of condition for
males, females and indeterminates separately. As seen from
Fig.6.1 and.Table 6.1, the condition index attained peak
values in October 1981 (49.31) for the total population.
Considerable fall in the index was noticed in the subse

quent months reaching the lowest in February and March

1982. From February onwards there was steady increase in
the index of condition reaching the maximum again in
August and September 1982. The same trend was exhibited

by males, females and indeterminates when examined sex

wise separately (Fig.6.2). After reaching the peak in
Septemer-October months, the average values of the index
of condition declined and reached the minimum in February

March. Comparatively the values were found to be higher
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Table 6.1 Index of condition: Monthly variation from
October 1981 to September 1982

11_11jjZ111ji1 11 111311111 1113111 111-311111111111: -m 111: 11
Month Number of Male Female Indeter- Sexesoysters minate pooled

examined

Oct. 81 56 48.95 49.68 0 49.31
Nov. 113 24.70 22.51 0 23.50
Dec. 204 32.56 33.82 0 33.39
Jan. 82 140 23.24 22.80 0 22.98
Feb. 61 9.50 9.43 0 9.46
Mar. 126 9.20 9.93 0 9.61
Apr. 86 20.22 22.51 18.65 21.07
May 80 23.72 27.07 22.67 24.06
June 35 47.63 30.63 34.67 37.90
July 50 32.74 37.20 25.29 36.40
Aug. 45 39.58 44.80 39.52 41.15
Sept. 50 40.20 40.30 40.00 40.16

for males in May and June, 1982. The indeterminates

appeared in the population in April and persited till
September (Fig.6.2, Tables 6.1 and 6.2). The highest
values for indeterminates were also noticed in September,
1982 (40.3).

Table 6.3 and Fig.6.5 represents the percentage
distribution of oysters in various class intervals of
condition indices. Fig.6.6 shows the trend in the shifting
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Table 6.2 Percentage edibility; Monthly variation from
October 1981 to September 1982

Month Number of Male Female Indeter- Sexesoysters minate pooled
examined

Oct. 81 56 10.41 9.66 O 10.03
Nov. 113 6.62 6.21 O 6.42
Dec. 204 6.50 6.51 0 6.55
Jan. 82 140 5.67 5.42 0 5.52
Feb. 61 5.54 5.52 0 5.52
March 126 5.34 5.64 0 5.51
Apr. 86 4.83 5.32 4.55 5.02
May 80 5.91 6.23 5.45 5.85
June 35 7.44 6.94 8.19 8.00
July 50 8.22 8.37 7.86 8.29
Aug. 45 7.98 7.32 7.31 7.51
Sept. 50 6.96 7.81 6.68 7.05

of monthly modes of condition indices. The modes of class
group 46-50 (modal index 47.5) in October '81 declined to

lower values (Fig.6) in November (class group 21-25 with
modal index 22.5). December witnessed a slight increase
and the modal index was observed to be 27.5. Excepting
this increase in December, the deline of the modal values
started in October '81 continued till it reached the
lowest value of 7.5 in February and March,1982. During
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April and May it rose and remained at 17.5. The modes of
class groups 16-20 (32.5) in June shifted to higher values
steadily,_reaching 37.5 in July (class group 36-40), 42.5
in August (class group 41.55) and 47.5 in September, (Class

group 46-50) 1982 (Fig.G.6).

The monthly variations in the average values of per
centage edibility for the total population as well as for
males, females and indeterminates are presented in Table
6.2. Fig.6.3 shows the distribution of average nonthly
percentage edibility for the total population and Fig.6.4
the sexwise split up for males, females and indeterminates.
Table 6.4 gives the percentage frequency distribution of
average values of percentage edibility. As in the case of
condition index, the percentage edibility also followed the
same trend. The mean value for the whole population was the

highest being 10.03 in October, '81 which declined gradually
reaching 5.02 in April '82. From.April onwards it started
increasing and reached 8.29 in July. However, there was a
slight fall in the values during August and September 1982.
Sexwise also, percentage edibility followed the same trend
(Fig.6.4 and Table 6.2). Fig.6.? shows the monthly varia

tions in the frequency distribution of Q, madrasensis in
different class groups of percentage edibility during
Octoben 1981 to Septenber,1982 and Fig.6.8 the trends in
the shifting of monthly modes of percentage edibility for
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the same period. During\October 1981, the modal value of
percentage edibility (Fig.8.8 ) was 10.5 (10.1-ll class
group). This declined to 5.5-(5.1-6 class group) in
November and Decembeg,l981. In January 1982, it further
declined to 3.5 (3.1-4 class group) and shifted to 5.5
(5.l—6 class group) during February and March, 1982. In
.April the mode was at 4.5 (4.1-5 class group). During May
and June, the modal values shifted to 6.5 (6.1-7 class
group). In July there was further shifting and reached
8,5 (8.1-9 class group) and in August 10.5 (10.1-ll class
group). There was again a decline to 6.5 in September.
The highest values of percentage edibility were observed

in 0ctober,l98l (10.5) and August,1982 and the minimum in
January and.April 1982.
6.4. Discussion

The results clearly indicate that the quality of the
meat of Q. madrasensis shows a definite seasonal variation.
The index of condition showed a delining trend from Novem

ber;l98l to March,l982 (excepting December). The following

months, namely,.April to September witnessed a rapid
increase in the values of condition index (Table 1) for
the total population and the same trend was observed for
males and females when considered separately. After reach
ing the maximum value in October, it further declined, and
thus presented a definite seasonal cycle. This seasonal
cycle in condition index closely followed the sexual
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cycle in oysters. Soon after the monsoons, oysters star
ted spawning from October onwards and fully spent forms
were observed during MarcheApril. They built up the go

nads from April onwards and during this period sexually

indeterminate forms appeared in the population (Table 6.1
and 6.2). Oysters accumulated large quantities of carbo
hydrates during this period and became bulky and this
condition extended from April to October. This accounted
for the progressive increase in condition index values
from.April onwards attaining the maximum during October.

Thus the oysters were in the best condition from April to
October in the Cochin Backwaters.

Durve (1964) observed close correlation between the

gonadal cycle and condition index in Q. gryphoides. The

oysters were fatty and cream coloured from late October
or November to June when they were not spawning and were

in the best condition for human consumption according to
hiflh Coulson (1933) observed fluctuation in condition
indices correlated with the sexual cycle in the.American
oyster (Q, virginica). The quality of the meat of oysters
and mussels show variation according to Korringa (1955).

In the English oyster, Ostrea edulis, Gabbot & Walker

(1971) also observed variation in the condition indices.
In the Pacific oyster Q, g;g§§, Askew (1972) reported a
fall in condition index values as a result of spawning.
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Fluctuation in percentage edibility was also found
to be similar to the variation in condition indices and
thus followed a distinct seasonal cycle correlated to the
sexual cycle in oysters. Similar to condition index valu
es, the maximum percentage edibility (10.03) was observed

in October,1981 and the minimum from January to April,1982.
From.Apri1,1982 onwards it showed a steady increase.

Venkataranen & Chary (1951) recorded the highest value of

17.36 for percentage edibility in October and the lowest
in July (5.03). In Crassostreg madrasensis, Rao (1956)
observed higher values during August-November and lower

values in February, July and.August. Compared to the
Ennur oysters reported by Rao (1956) the Cochin oysters
had similar percentage edibility, as the mean values ran
ged from 5.02 to 10.03 in the present study. (Table 6.2).
Very high values for percentage edibility (17.36) are
reported by Venkataraman&Chari (1951), 16.6 in§;._gigg§
by Fujiya (1970), 22 and 20.9 in the United Kingdom and

Israel respectively byiHughEGames (1977). The highest

values of percentage edibility coincided with the inactive
phase of the oyster in this study similar to that obser
ved by Durve (1964) in Q, gryphoides.
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CHAPTER 7

AGE AND GROWTH IN 9. MADRASENSIS

7.1. Introduction

Culture of edible oysters has acquired considerable
significance in recent years owing to the high producti
vity of these bivalves. The Indian coastal and estuarine
areas sustain vast resources of edible oysters. The growth
rates of oysters form an important aspect of the study of
oyster biology owing to their high potential for culture.
Culture of edible oysters has been resorted to by many
maritime nations of the world with good dividents. Oys

ters, namely, Crassostrea gigag are successfully cultured
in large scale in Japan, Crassostrea virginica and.Crasso
strea gigas on the Atlantic and Pacific coasts of the
United States respectively, Ostrea edulis and Crassostrea

angulata in France. Several other countries such as Korea,
Australia, Philippines, Cuba, Venezuela have also resorted
to oyster culture, the species employed being Crassostrea
gigas, Crassostrea commercialis, Q, iredalei and Crassos
trea rhizophorae respectively. In India, culture of edible
oysters is taken upmxaa major scale at Tuticorin on the
east coast. Oyster farmers all over the world, prefer
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fast growing species for shortening the time required for
attaining marketable size and in this connexion studies
on the growth rate of oysters are of paramount importance.

As observed by Loosanoff & Nonejko (1949) “an understanding

of the growth of oysters is of undeniable importance not
only from a purely biological but also from a practical
point of view". Growth of oysters has been examined from
various parts of the world and the phenomenon exhibits
considerable variations in the different regions.

Systematic study of the various growth phases of
oysters dates back to Nelson (1922). He noticed increase
in size and weight of oysters measured during 1919 and
1920. Working at Milford Harbour, Connecticut, Loosanoff
(1947) observed increase in size of oysters grown during
a three year period. The relative increase in size and
volume of oysters during all the months of an year has
been recorded by Loosanoff & Nomejko (1949). They obser

ved no increment in growth during the hybernation period.

The oysters at Milford.Harbour grow only for about 8

months in an year according to them, namely, from.April
to November. Rapid growth was observed during May, June

and July (19 to 22.5%). Changes in length and width

showed only partial relation to changes in temperature
but definite relationship was observed between rate of
increase in volume.and-changes in water temperature.
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Orton (1928, 1937) studied the growth in European oyster
Ostrea edulis and ascribed the fluctuation in temperature
as responsible for variation in growth rate in this
oyster. Walne (1958) observed lesser growth in larger
specimens and pronounced growth in smaller individuals

of Q, edulis. He further observed an average of 18 g
weight increase for a 20 g oyster and 3% increase in dry
meat weight per day (Walne, 1975).

Other important studies pertaining to the groth of
.American and Japanese oysters are those of Ingle (1950),

Menzel (1950), Ingle & Dawson (1952), Hanley gt al. (1976),

Ferreira (1975), Newkirk §E'§l. (1977), Fujiya (1970),
Quayle (1952, 1971), Losee (1979), walne & Spencer (1974),
Gunter (1938), Galtsoff (1964), Mcflugh & Andrews (1955),

Bae & Bae (1972), Meixner (1974), Glaser (1903), Lee & Yoo

(1975), Hughes (1977), Havinga (1928) and Anjell (1975).
A survey of the literature shows that the growth of oysters
from different localities and regions of the world are
different and are influenced by various—factors of the
environment. A pronounced growth of 104 m in 31 weeks

has been reported by Ingle (1950) for Q, virginica from
Florida waters and 100 mm in 36 weeks for oysters in
Lousiana waters (Menzel, 1950). Ingle & Dawson (1952)

observed reduced growth in older individuals of Q, g;£g;—
nica. Habitat plays a major role in the growth rates and
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variation in growth rate of oysters inhabiting different
habitats was reported by I\-1en£l§3__’E-_ §_3_-'- (1977). The dura

tion of larval life may also exert some influence, as
metamorphosed spats after three days of larval life grew
to larger oysters compared to spats metamorphosed after a

larval period of more than 3 days. (Losee, 1979). The
yearly increase in weight of Crassostrea giggg was obser
ved by Fujiya (1970), Quayle (1971), Walne & Spencer

(1974). They respectively observed a weight increase of
60 g, 68.5 g (for oysters with initial weight of 50.1 g)
and 3 to 10 g (initial weight 5 to 50 g) after one year.
The growth rate was much more faster in Korea in oysters
grown at the surface waters compared to those grown at
middle and bottom (Bae & Bae, 1972). In Emsworth Harbour

the growth rates were 3.9 to 64.7 g for a period of 12
months (Askew, 1972). The pacific oyster'Q,‘g;g§§_exhibi
ted a slower growth rate of 6.7 cm after two years in the
coastal waters of Germany as observed by Meixner (1974).
Lee & Yoo (1975) reported variation in growth rate for

‘hardened and ordinary seed oysters ofl§.‘g;gg§. An average
size of 9.6 cm and 7.4 cnxwas attained by oyster spats of
weight 15.6 and 6.7 g respectively after one year. The
monthly increase in weight of Q, ggggg grown at Israel
were 2 to 9.5 g. Crassostrea rhizhophorae as reported by
Angell (1975) grows to a maximum of 7 cm after 10 months.
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Ingle (1950) reported a diameter of 4.5 mm after one week,
8 mm after two weeks and 104 mm after 31 weeks in Apala

chicola Bay, Florida. According to Menzel (1951) in
Lousiana waters, oysters grow throughout the year and
attain a diameter of 50 mm in 2 months and 100 mm within

nine months after setting.
The notable works from Indian waters are those of

Hornell (19lOb), Paul (1942), Rao (1951) Rao & Nayar

(1956) Durve & Bal (1962), Balasubramanyan & Nair (1968)

and Nair (1967). Hornell (1910a) observed 2% times faster

growth in Madras oysters compared to that of French oys
ters. The French oysters grew to 18 mm in 90 days while
it was 27 mm in 52 days for the Madras oyster. Orton.
(1937), Havinga (1928) and Korringa (1952) observed wide

range in the growth of oysters from the same brood in the
same locality owing to the variation in the nature of subs
tratum, salinity and temperature. This lead Rao & Nayar
(1956) to study the maximum and mean rates of growth of

spat and yearlings offg. madrasensis from the natural
habitat as they felt maximum growth alone was of little
significance. Rao & Nayar (1956) observed a maximum gro

wth of 8.5, 35, 45, 61, 84, 96, 102, 107 and 109 mm after
3 weeks, 7 weeks, 5, 6, 13, 15, 16 & 17 months respecti
vely. Paul (1942) noticed only 0.8, 4.4, 6.3, 12.0, 21.5
and 66 mm after 3, 10, 13, 16, 19, 44 and 243 days res
pectively in oysters of the Madras Harbour. Growth was
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more pronounced in brackish waters in this species (Rao &

Nayar, 1956) compared to that of the oysters inhabiting
typical marine habitat of the harbour (Paul, 1942). Sub
sequently Durve & Bal (1962) studied the growth of

Q, gryphoides from Kelwa backwaters and reported a maxi
mum growth of 37.2 mm and 47.9 mm after 6 nonths and one

year respectively. The average heights of spats during
July, August and September were 2.5, 4.2 and 7.8 mm

respectively. The monthly increase in growth rates were
2.5, 1.7 and 3.6 m for July, August and September. The
growth rate in Q, madrasensis is much faster than in
Q, edulis which grew to 5 and 35 mm after one year (Orton,
1926; 1937). However, the growth of Q, madrasensis is
about the same as that of Q, virginica observed by Ingle
(1950) and Menzel (1950). This growth rate was slow
compared to 84 mm after one year reported from Madras

(Rao & Nayar, 1956). They found that the growth of the
oyster varied widely with tidal height, food availability
and salinity of the area in which they are grown.

The growth of oysters is influenced by several
factors of the environment such as water temperature,
availability of food, pH of the medium, salinity, nature
of the substratum and water flow. The temperature of
water has an abiding influence in the growth of oysters.
This is because of the oyster's rapid feeding at high
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temperatures. IHigher temperature limits the growth to

warmer months at least in temperate regions (Korringa,

19521. Orton (1937) observed growth in Q, edulis confined

to summer and autumn seasons. A similar observation was
made by Loosanoff & Nomejko (1949) in Q, virginica of

Chesapeake Bay. However, uninterrupted growth of Q, gdulis
during summer was noticed by Korringa (1951). Over popu
lation also resulted in poor growth owing to scarcity for
food (Korringa, 1947). The influence of higher temperature
of water on oyster growth has been observed by Nelson

(1921), Galtsoff (1928), Hopkins (1931a), Elsey (1936) and
Loosanoff (1950a). During lower temperature, oysters
remain closed resulting in reduced water propulsion and
thereby reduced food availability. Korringa (1952) opined
that deposition of shell material goes uninterruptedly
when temperature remained above 10°C. Quayk2(1952) also

observed 9°C as the minimum temperature for growth in

Q, giggg. 10 to 25°C was found suitable for rapid shell
growth in Q, angulata in the east coast of the Isle of
Oleron (Ranson, 1948). The seasonal growth in inter-tidal
oysters was studied by Dame (1972). He observed reduction
in instantaneous growth corresponding to decrease in size
and lowering of temperature. The Q 10 values obtained
from instantaneous growth rate were lower during warm

growing seasons than in lower temperature conditions.
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Growth influenced by temperature during different seasons

was also observed by Maurer & Aprill (1973), Walne (1958,

1972), Walne & Mann (1975) and Spencer & Gough (1978).

In Kelwa Backwaters temperature varies between 25.7 to

33.4°C, with no influence in the growth of Crassostrea
ggryphoides (Durve & Bal, 1960).

The availability of food is a major factor controll
ing the growth in oysters. The influence of food on
growth has been observed by several workers (Nelson,
1921; Ranson, 1948; Galtsoff, 1928; Hopkins, 1931a;

Elsey, 1936; Loosanoff, 1950). Depending on the availa
bility of food during different seasons a corresponding
fluctuation in growth was noticed (Dame, 1972; Maurer &

Aprill, 1973). The concentration of food in the water is
also important as the filter feeding efficiency of oysters
depends on the concentration of food available and accord
ingly there is an optimum concentration of food for these
bivalves (winter, 1969). The quality of food available
also influences growth rates. However, Baughman & Baker
(1951) could not observe a correlation between abundunce

of diatoms and growth rate in Gryphaea virginica in Texas.

Gaarder & Alvsaker (1941) as quoted by Korringa (1952)

found good growth in water poor in diatoms but abundant
in nannoplankton. Tenore & Dunstan (1973) observed that

the food removed fronswater is directly proportional to



-245

the particle concentration, while an inverse relation
between the assimilation efficiencies and concentration

of food in water'has been noticed by'widdows & Bayne (1970)
and Foster-Sndth (1976).

The influence of pH values on the rate of winter
pumping has been noticed by Loosanoff & Tommers (1948).

They noticed that a lowering of pH below seven, reduced
the rate of pumping of water in Gryphaea virginica.
Calabrese & Davis (1970) also observed that reduction of

pH below 6.75 adversely affecting the recruitment of

larvae of Q, virginica.
Salinity is yet another factor influencing the

growth of oysters. Prolonged immersion ifl,very low and
very high salinities has adverse effects on the growth
of oysters in the Adayar Estuary (Rao & Nayar, 1956).
According to them short spells of low salinity occurring
during tidal cycles have no effect on the growth rates.
Tissue degeneration below 7%. salinity has been observed
by Ranson (1943) in Gryphaea anqulata. However experiments

of Loosanoff (1950) show that Ostrea virginica as capable
of tolerating abrupt changes from low to high salinities
without pronounced physiological injuries, but prolonged
exposition to low salinity lead to starvation and death.
Chanley (1958) observed cessation of growth in juveniles

of Q, virginica below 5%. salinity, even though they
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survived in such salinities. Cole & Hepper (1954) noticed
that low salinity has a depressing effect on mussels.
Hopkins (1931a) found that increased salinity accelerated
the larval developent in Ostrea edulis. Fluctuations in
salinity according to hinuhad adverse effect on the feeding
mechanism which in turn resulted in the poor growth on the

oyster. Cahn (1950) and Hopkins (1936) observed nexinmm

growth in Q, ggggg at salinities 27 and 33%. respectively.
Rapid growth, slow growth and no growth were observed by

Durve & Bal (1962) in moderate, high and very low salini

ties respectively. They found correlation between sali
nity values and intensity of growth. High salinity
retarded growth and constant low salinity resulted in
almost no growth in Q, gryphoides under tropical conditions.

Needler (1941) and Ranson (1948) observed continuous

growth in spat and yearlings in summer, but interrupted
shell growth during the spawning period. But according to

Korringa (1952) in waters with rich food, spawning acti
vities seldom leads to any interruption in growth. The
cessation of growth according to him in Older oysters
accounted to poor food in the medium during the period of
reproduction. overpopulation also lead to interruption
in growth in older oysters (Korringa, 1947).

.Apart from the study of Rao & Nayar (1956) and

Durve & Bal (1962) no systematic attempt appears to have
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been made on this important aspect of oyster biology.
Even though the edible oyster;_ Crassostrea madrasensis
is widely distributed along the east and.west coasts of
India and offer immense potentialities for culture, no
concerted effort has been made to study the growth rate
of this commercially important mollusc from various
habitats. This study was undertaken with a view to filling
up this important gap in our knowledge of oyster biology
particularly fnom the Cochin Harbour and its environs.
12. Material and methods

The growth rate in height was studied from the wild

population of Q, madrasensis collected fronnthe Cochin
Backwaters for the period from August 1981 to June 1982.

The height of the oysters was measured correct to 0.1 cm»
The frequency distribution of height was assessed

by taking the class interval as 0.1 cm for each month.
The percentage frequencies of height were then worked out
(Table 7.1). The height frequencies (in percentages) were
used to prepare height frequency polygons (Figs.7.l to
7.5). The modal heights were noted from these figures
and presented in Table 7.2a and were plotted against the
respective month (Fig.7.5). The progression of modes
during different months were represented by lines connect
ing the modal values as shown in Fig.7.5. From the data
on oyster height against known age collected from
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immersed panels and other suitable cultch materials, it
was found that the oyster spat grew approximately 0.6 to
0.7 cm per month, particularly during the initial stages
and 2 cm was fixed as the growth of the oyster when they
attain 3 months of age. Six curves, namely, A,B,C,D,E
and F were obtained (Fig.7.5) and these curves were
extrapolated to the time axis to obtain the length at
earlier periods. Average height attained after quarter
years was noted from Fig.7.5 and presented in Table 7.3.
The height at age (quarter years) was calculated by taking
the average of the six length measurements corresponding
to respective ages given in Table 7.3. Von Bertalanffy
growth curve (Von Bertlanffy, 1938; 1957)

It = L DC [l'_e-K(t-to).
was fitted to the length at age data (Table 7.4).

The maximum age to which the oyster can grow (D06)

and the coefficient of catabolism K (loge tan€9) were
estimated by Ford—Walford (Ford, 1933; Walford, 1946)‘

plot (Fig.7.6). The theoretical time at which the height

of oysters is zero (ta) was determined by plotting loge
(LOC-lt) on t (Fig.7.7). From this plot to was read as
the time relating to loge L<xf(corresponding to lt = o).
7.3. Results

Examination of Table 7.1 on frequency distribution
of height and the frequency polygons presented in Figs.
7.1 to 7.5 shows the presence of distinct modes in most
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of the months during the period of observation from August

1981 to June 1982. However, modes of the previous month

could not be traced to subsequent months in certain cases
and this may be attributed to sampling errors. As the
oysters used in this study were mainly collected from the
feral population of oysters from the Cochin Backwaters by
diving and handpicking, oysters with height less than 4 cm
were seldom represented in the samples and majority of the
belonged to the height group 4 cm and above.

The shifting of modes is presented in Fig.7.5 and
Table 7.2b. The primary mode in August is 8.9 with lesser
modes at 5.9, 6.5, 6.9 and 7.9. In September the primary
mode of 8.9 observed during August shifted to 9.5. No
change in the shifting of modes such as 5.9, 6.5, 6.9 and
7.9 from August to September was discernible. In October,
7 modes, namely, 5.1, 6.1, 6.5, 7.1, 8.1, 8.5 and 9.1 were
discernible, but only 6.5, 7.1, 8.1 and 9.1 alone could be
traced from the previous month. The modes of 5.9, 6.5 and
7.9 in August might have shifted to 7.1, 8.1 and 9.1 res
prectively in October. The mode of 9.5 observed to have
shifted from.August to September could not be traced in
October. In November even though 11 modes were present,

only six were traceable, namely, 6.9, 7.9, 8.5, 9.1, 9.9
and 10.5. The mode 6.9 ought to have shifted from 6.5
in October, 7.9 from 7.1 in October, 8.5 from 8.1 in
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October 9.1 from 7.9 in September, 9.9 from 9.1 in October

and 10.5 from 9.5 in September. The maximum number of

modes, namely, 14 were observed in December, out of which

only 4, that is 7.9, 8.9, 10.1 and 11.1 were traceable,
7.9 from 6.9 in November, 8.9 from 8.5 in November, 10.1

from 9.1 in November and 11.1 from 10.5 in November.
January presented 10 nodes, of which 4 were traceable,
such as 8.1 from 7.9 in December, 8.5 from 7.9 in November,
9.3 from 8.9 in December, 11.5 from 9.9 in November and

12.1 from 11.1 in December. During February 10 modes were

discernible of which 4 modes, namely, 8.5 from 8.1 in

January, 8.9 from 8.5 in January, 12.1 from 11.5 in January
and 12.5 from 12.1 in January. Of the 10 broods in March,
only three shifted from previous months. They were 8.9
from 8.5 in February, 9.7 from 8.9 in February and 10.1
from 9.3 in January. During April, inspite of the occu
rrence of 8 modes, only 9.3 shifted from 8.9 in March,
10.1 from 9.7 in March and 12.9 from 12.1 in February.

May had altogether 10 modes of which 10.1 was from 9.3 in
.April, 11.9 from 10.1 in March and 13.3 from 12 in March

alone were traceable from the previous months.

The progression of modes could not be traced clearly
in certain months. As already pointed out this can be
accounted only due to errors in sampling. The presence
of larger number of modes particularly in November and
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December indicates the breeding season of the oyster.
This is further strengthened by the presence of large
number of oyster spats settling during November—January

period on suspended experimental panels (Tables 3.2, 3.3
and 3.7 in Chapter 3). The shifting of the nodes shows,
that the oysters grow at an average rate of 0.9 cm per
month. The absence of larger modes during August and
September (Table 7.2a) may be ascribed to large scale
mortality of bigger oysters consequent on the monsoon and
the excessive run off experienced during May to July when

salinity of the medium showed a drastic reduction.
Growth

The shifting of modes indicated by graphs A,B,C,D,
E and F in Fig.7.5 gives the nature of the growth of the
oyster. All the curves were extrapolated to the time axis
at the same rate of growth attained during various months
to locate the origin of broods. The origin of broods
represented by graphs A to F was found-to be October

(1980), December (1980), January (1981), February (1981),

April (1981) and May (1981) respectively. On fitting the
Von Bertalanffy curve to the length at age data, L<xjwas
obtained as 21 cm. The fitted curve is shown in Fig.7.8.

The value of K, that is (-loge tan€3) was found to be
0.179 and the age at zero length (to) was found to be
0.3 (Fig.7.7).
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Table 7.3 Average height obtained by Petersen's method

Age Height
quarter _____________________ _(_<_=_r_r3_>_ _________________ _____Years (t) Ask Bk Cir D* E-k Fir
jijijiuaxijj 1::-uijjjr 11 1111111111112 I-:111X11:1CI11: 13:11:11

1 2.0 2.0 2.0 2.0 2.0 2.02 5.0 5.5 5.2 5.5 5.3 5.43 7.1 8.0 7.5 7.4 7.1 7.74 8.8 10.2 9.2 8.8 8.3 9.3
5 10.5 11.8 10.6 10.0 9.4 10.6
6 12.5 13.0 12.0 11.0 10.0 11.7

*Refer to curves in Fig.7.5

Table 7.4 Length at age data used for fitting Von
Bertalanffy curve

111?: 1111.3:it111112-11‘:iiijjjjcsjjjjjjjjjijjj 11111111; 111:;

Age quarter years (t) 1t1 2.02 5.43 7.54 9.05 10.96 12.5
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7.4. Discussion

Growth of oysters was studied by several workers and

several papers are available from different parts of the
world. At the Thames Estuary oyster beds, Orton (1926,
1937) observed in oysters of the size range 5-35 m, an
average height of 19.6 mm towards the end of twelve months.
He also noticed variation in mean sizes from year to year
in the same oyster bed for spats of the sane age. In 1922,
owing to higher temperature, he observed an average height

of 27.4 mm after 13 months. In the American oyster Q,
virginica, very fluctuating growth rates were reported by
different workers from different places. From Apalachicola
Bay in Florida, Ingle (1950) reported a growth of 4.5 mm
after one week, 8.0 mm after 2 weeks, 62.4 mm after 15
weeks and 104 mm after 31 weeks. However, in Lousiana

waters, the same species grows to 50 mm in 2 months, 75 mm

in 4-5 months and 100 mm after 9 months according to Menzel

(1951). Manzi §§_g;. (1977) reported variation in growth
depending on the different habitats and that Q, virginica
at Wando River grew 1 mm per month. However, it was 2.25

mm in oysters inhabiting the tidal creeks and 3.11 mm for
those from the Blue Heron Pond in North Carolina salt

marsh impoundments. Loosanoff & Nomejko (1949) observed

a maximum increase of 37.2 mm during seven months in Q,

virginica at Milford Harbour, Connecticut. The larger
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nonthly increase in length recorded by them is 15.2 mm

with a minimum of 3.4. In the Pacific oyster Q, gggag
Bae & Bae (1972) reported progressive decrease in growth

of oysters grown at different levels. In surface waters
annual growth rate was 74.1 mm, at the middle depth it was
69.1 mm and at the bottom 68.3 mm. Meixner (1974) reported

that at German waters oysters grow to 6-7 cm in two years.
Lee & Yoo (1975) observed annual growth of 9.64 cm or less

_in hardened oysters and 7.4 cm in ordinary oysters. Angell
(1975) found that at Venezuela, the mangroove oyster Q,

rhizophorae growing 7 cnnin 10 months. In 9, gryphoides,
Durve & Bal (1962) observed slower growth rate, namely,

2.5, 1.7 and 3.6 respectively for July, August and September.
However, during October to February the monthly growth

values were 4.7, 6.5, 4.0, 5.0 and 3.0 m respectively
which were higher than what has been observed for July to

September period. Growth was extrenehyslow from March to

May, with a monthly rate of increase 1.0, 1.0 and 0.5 m
respectively. Thereafter, they observed complete cessation
of growth. According to Durve & Bal (1962) Q. gryphoides
attains a maximum size of 37.2 mm in six months and 47.9

mm in about one year and takes about 2 years to reach the
marketable size of 60-70 mm. The incidental observations

of Hornell (l910a) on growth rate of oysters at the Ennur
Backwaters near Madras confined to the first two months
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after setting, show that after 7 weeks the spats attain
2.7 cnu Paul's (1942) observation on spats from the
Madras Harbour indicates that Ostreg madrasensis grow to
0.8, 4.4, 6.3, 6.5, 12.0, 12.5, 15.0, 21.5, 37 and 66 mm
in length (height) after 3, 10, 13, 16, 19, 31, 44, 84 and
243 days respectively. Rao & Nayar (1956) working on the

same species in the Adayar Estuary, Madras reported a
maximum height of 8.5 mm in 3 weeks, 61 mm in 6 months,

84 mm in 13 months, 96 mm in 14 months, 102 mm in 15 months

and 109 mm in 17 months. This suggests that the growth
of oysters in the Adayar Estuary is faster than that of
the same species in the Madras Harbour. An average growth

rate of 51 mm after one year was recorded by Rao & Nayar
(1956).

Growth rate data obtained in the present study show
(Table 7.4) that the oysters grow to 2, 5.4, 7.5, 9.0, 10.9
and 12.5 cm after 3, 6, 9, 12, 15 and 18 months respecti
vely and suggests that oysters in the Cochin Backwaters
grow much faster than those inhabiting the Adayar Estuary
reported by Rao & Nayar (1956). The average values

obtained by Rao & Nayar (1956) is 2.6 cnuafter 3 months
(Maximum 4 cm), 3.7 cm after 6 months (Maximum 5.3), 4.9

cm after 9 months (Maxinum 6.5 cud, 5.5 cm after 12

months (Maximum 9.6 cm). The average values of the

present study corresponds to the maximum values of Rao &
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Nayar (1956) for the same period. Durve & Bal (1962)

observed nmch slower growth rate in Q, gryphoides at Kelwa,
50 miles north of Bombay. They observed an average height
of 0.89 cm after 3 months, (Maximum 1.26 cm), 2.13 cm after

6 months (Maximum 3.72 cno, 3.24 after 9 months (Maximum

4.83 cm) and 3.38 cm after 12 months (Maximum 4.79 cm).

The oysters in Cochin need about 9 months to reach the
marketable size of 7-8 cm shell.height.

The growth of shell in oysters is influenced by a
variety of environmental factors prevailing in the habitat
and the physiological condition of the oyster. .Among these
factors temperature, salinity, feeding (nutrition) and
spawning are of importance. The paramount inportance of
temperature in growth of bivalves is highlighted by several
workers. Korringa (1952) pointed out that faster growth
takes place during summer owing to the active feeding of
oysters during warmer months. Orton (1937) observed

summer and autumn growth in English oyster beds. At

Chesapeake Bay, Loosanoff & Nomejko (1949) observed

cessation of growth in winter. Elsey (1936), Loosanoff
(195oa). Nelson (1921) Galtsoff (1928) and Hopkins (193lb)

demonstrated in _C_2_. virginica, _C_3_. _g;_q_a_1-3 and _C_>_. lurida that

shell openings are adversely affected by low temperature
which in turn results in poor circulation of water and
consequent scarcity of food leading to poor growth. Dame
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(1972) while working on the seasonal variation in growth of

inter-tidal.§, virginica of various sizes observed that the
instantaneous growth decreases as a result of low tempera
ture and increased size. The Q10 values obtained from

instantaneous growth rates were approximately 2 during the
warmer season and were found to be higher during colder
months. However, temperature fluctuations are not very

much pronounced in tropical waters owing to the absence of

well marked seasons contrary to what is occurring in tem
perate waters. Rao & Nayar (1956) could not observe any
appreciable difference in temperature distribution during
periods of rapid growth during October-March, moderate
growth during April to June and poor growth in July
September period and concluded that such fluctuation in
temperature are not sufficient enough to be the determin

ing factor in the growth of Madras oysters. Observations
in this study at Cochin also showed narrower fluctuations
(4.8°C) in temperature (Table 1.1, Chapter, 1) which is
not appreciable enough to bring out pronounced changes

in growth.

Hornell (19lOa). Paul (1942). Rao & Nayar (1956),
Durve & Hal (1962) Nair (1967) have all found that the

salinity of the medium influencing the growth rate rather
than temperature. The fluctuation of salinity in the
Cochin Badtwaters is very nmch pronounced owing to the
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prevalence of the monsoons and consequent land drainage

of freshwater into the estuary. Table 1.1 (Chapter 1)
shows that salinity fluctuations between l.l%°in July to
33.9%8in February. The minimal shifting of the modal

values during May-June period (Fig.7.5) indicates poor
growth and the absence of larger modal values during June
can be due to decimation of adult oysters owing to very
low salinity existing during this period. Rao & Nayar

(1956) observed that growth is rapid during October to
March, moderate from.April to June and poor during July

to September, coinciding with high, medium and low salini
ties. They also found that growth rate is not affected by
short spells of low salinity, but regarded that growth is
considerably retarded by prolonged sojourn under low sali
nity conditions in the Adayar Estuary consequent to flood
ing by freshwater. The deleterious effects of a drop in
salinity on oysters are also demonstrated by Ranson (1943)

on Gryphaea angulata and Chestnut (1946) on Q. virginica,
Loosanoff (l950b) observed.Q, virginica as capable of
withstanding sudden changes in salinity. However, pro
longed exposition to waters of low salinity is detri
mental according to him» Even though juveniles survived

under low salinities such as S%o, Q, virginica failed to
grow in these salinities according to Chanley (1958).
Galtsoff (1964) observed that oysters exposed to salini
ties beyond 30%. and below 5%. existing under marginal
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conditions, growth and gonad formation are considerably
inhibited.

The fluctuation of salinity in Cochin Backwaters
presents an alternation of mesohaline and polyhaline con
ditions. The mesdhaline conditions existing during the

_monsoon period, June to September is marked by the absence
of settlement or reduced intensity of oyster larvae parti
cularly in the inter-tidal regions. This is so with regard
to most of the fouling organisms and the quantity and qua
lity of fouling is the lowest during this period (Nair,
1965, 1967). Reduction in salinity below 3%. acts as a
limiting factor which in turn increases the physiological
stress of the species. Declension of salinity below 6%.
was observed to bring about starvation and cessation of
physiological activities (Butler, 1949) which results in
restricted growth. According to Galtsoff (1964) at a
salinity of 13%» water filtration is very little even if
the oysters were allowed to adapt for several days under
such conditions. Failure of gonad development under low
salinity was observed by Loosanoff (1950) and Butler
(1949).

Reduced salinity observed during the monsoon period

is often accompanied by the increase in the turbidity of
the medium. Table 1.1 (Chapter 1) shows that maximum

turbidity of the water existed during June to August
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(monsoon). Even though no experimental work has been

carried out during this study on the effect of turbidity
on oysters, it is reasonable to assume that high turbidity
leads to the clogging of the gills in oysters thereby

interfering with their normal feeding activity (Korringa,
1952) and oxygen consumption. These might have contri

buted to the lower growth observed during the monsoon

period.
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CHAPTER 8

BIOCHEMICAL CHANGES AND SEASONALITY OF

TRACE METAL CONTENTS OF son‘ TISSUE IN

g:_. MADRASENSIS

8.1. Introduction

The chemical composition of several marine organisms

has been studied in detail and a considerable body of
information has been accumulated on this subject (Vinagradov,

1953). Basically such information is useful to understand
the role of major biochemical constituents such as carbo
hydrate, lipid and protein in the metabolic activities of
the animal. Outstanding contributions in the metabolic
transformation of fuel reserves in bivalves are those of
Mitchell (1915), Russel (1923), Milroy (1909), Okazaki &

Kobayashi (1929), Tully (1934), Giese (1966) Hammen (1969),

Cambell & Bishop (1970), Gabbot & Walker (1971), Gilles

(1972), Dame (1972b), Gabbot & Holland (1973), Holland &

Spencer (1973), Holland & Hannant (1974, 1976) and

Bernard (1974).

Several species of oysters have been studied for
their biochemical composition from different parts of the
world. Species such as Crassostrea virginica has been
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studied by Galtsoff Q; gg. (1947), Menzel & Hopkins (1952),

Lee'_e_=;c_ 11. (1960). and Dame (197213); c. gigas by Sekine

§§.§;. (1929); Masumoto ggwgg. (1934); Establier (1966);

Gastaud_§§,g;. (1972): Q, madrasensis (Venkataraman &

Chari, 1951); Q, grybhoides by Durve & Bal (1961b);

Sarvaiya (1977); Q, cucullata by Rajagopal §§_§;. (1975):
Sarvaiya (1977b); Ostrea edulis by Russel (1923),
Garrder & Alvsaker (1941); Kravarie (1953); Walne (1970)

Gabbot & Walker (1971); Gabbot & Holland (1973), Holland &

Spencer (1973); Helm §§_§1. (1973); Holland & Hannant

(1974, 1976); Q, lurida by Tully (1936); Q, lutaria by
Malcom (1929) and Q, circumpicta by Okasaki & Kobayashi
(1929).

Giese Q; Q;. (l959a) and Giese (1959) have remarked
that "the gonad is the locus of intensive biochemical
synthesis, at the time gametes are being formed. In the
male large amounts of nucleic acid are needed for the
spernnheads and in the female much lipids and protein
mobilized to be stored in the eggs. when reserves are
stored in other organs preceding ganetogenesis, transfer of
these reserves to gonadal synthetic centres occurs at
gametogenesis". Fluctuation in biochemical constituents
with respect to reproductive cycles in mussels was observed
by Lubet (1959); Lubet & Le Feron de Long Camp (1969);

Widdows & Bayne (1971) De Zwann & Zandee (1977), Bayne
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(1973), Gabbot & Bayne (1973), George & Nair (1975). In the

sea urchins considerable work on this aspect of reproductive

biology has been carried out by Giese & Araki (1962), Giese

§E'§l. (1964); Greenfield gg_gl. (1958) and Giese_§§_a1.
'(1959, 1959a, 1959b).

Om?

The present study was carriedfiwith a View to collect
ing information on the biochemical variations accompanying

breeding cycle in Q, madra§§nsis inhabiting the Cochin
Backwaters and to determine whether systematic variations
of any of the biochemical constituents might be correlated
with the annual breeding cycle. If any such variations
exist, it might help in a clearer understanding of the
reproductive cycle and other important physiological status

of this commercially important bivalve. Further, it would
also facilitate comparison to some extent with other species
of oysters studied from other habitats. A few studies on
the accumulation of biochemical constituents and their

transformation during the reproductive period in bivalve
mulluscs have been carried out from the Indian sub—continent

and they are chiefly those of Nagabhushanam (1961),

Saraswathy & Nair (1969), Suryanarayanan & Alexander (1972),

Nagabhushanan\& Dcshmuk (1974), George & Nair (1975),

Nagabhushanam & Talikedkar (1977), Nagabhushanan:& Dhamne

(1977), Mane & Nagabhushanam (1977). In the present study
an effort has been made to examine the nature of fluctuations
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in water content, carbohydrate, protein, lipids, ash,
cadmium, copper, iron, manganese, zinc and mercury in
C. madrasensis of the Cochin Backwaters.

Detailed comparisons and broad generalisations are
difficult in these biochemical studies. This is mainly due
to variations in the habitat, seasonality and breeding perio
dicity of the species concerned. Moreover aspects like age
and physiological status of such experimental animals are
seldom taken into consideration. In the present study,
estimation were made on the whole tissue to serve as a

basis for more detailed studies of specific organs and
tissues later.
8.2. Material and methodséfi-&v—

Live specimens of Q. madrasensis were collected
monthly from August 1981 to September 1982 from the shipp

ing channel near barmouth in the Cochin Backwaters and were

brought to the laboratory for biochemical estimations.
Individual oysters were shucked and the sex of the oyster
was determined by examining a gonadal smear under the

microscope. As the weight of a single oyster meat was
insufficient for the estimations, pooled samples of male
and female oysters separately were employed in the bic»
chemical estimations.

Indeterminate oysters were not employed in biochemical
estimations as sufficient number was not available each
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time. .After pulverising the samples in a blender, glycogen
was estimated by the nethod of Umbriet & Burris (1959) and

measurement of optical density was carried out in a spect
ronic 20 (Bosch.& Lomb) calorimeter at 620 nm.

For the determination of water content the method

outlined in AOAC (1975) was followed. For the determination

of protein, fat and ash, the oven dried samples were
employed. For protein estimation, a known quantity of the
dry material was digested with concentrated sulphuric acid
and a pinch of digestion mixture containing copper sulphate
and potassium sulphate in the ratio 1:5. This was heated
till it cleared and made upto a known volume and analysed

for nitrogen in a Technicon Auto Analyser (Technicon

Industrial Systems, Tarry Town, N.Y. 10591) using ammonium

sulphate as standard. The determination of nitrogen by this
method is based on a colorimetric method in which an emerald

green colour is formed by the reaction of ammonia, sodium
salicylate, sodium nitroprusside and sodium hypochlorite in
a buffered alkaline media at a pH of 12.8 to 13.0. The
ammonia salicylate complex is read at 660 nm. The nethod

followed is as per Industrial Method no.334-74 w/5*. All
the reagents used were of analar quality. The quantity of
protein was derived by multiplying the total nitrogen
value by 6.25. Fat and ash were estimated as per the
method outlined in AOAC (1975).
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8.3. Results
8.3.1. water content: The changes in the tissue levels are
summarised in Table 8.1 and Figs.8.1 and 8.2. A survey of
the table and figure shows that the moisture varied in
males from 79% to 89.55% with an average of 84.73%. In
females a minimum of 80.T% and a maximum of 85a48%.were

observed with a mean value of 83.96%. The water level

recorded here is that maintained by the whole tissue.
8.3.2. Protein content: The total protein content varied
from 2.34% to 6.04% with an average value of 4.36% in

males. The corresponding values for female were 2.67% and
6.01% with a mean value of 4.4%. The fluctuation of pro
tein was more or less similar in male and female (Fig.8.1
and 8.3). Fronuoctober 1981 onwards, there was a build
up in the protein content (except in October 1981) reaching
the maximum in February 1982 (6.04%) in males. This

gradually delined and reached 2.34% during August 1982.

The maximum value recorded for female was 6.0r% in April

1982 and minimum of 2.6T% in October, 1981. From October

to February—March during which period the oysters were

spawning, the protein content of the whole tissue increased
and from.April onwards, the post-spawning period, the
oysters registered a decline in the protein content.
8.3.3. Glycogen content: Glycogen showed distinct fluctua
tion with the breeding condition and development of the
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gonad. In female, the glycogen content was low in February
(0.04%). which is the late phase of the spawning season.

During July when the oysters were not spawning this rose to

9.3%. In male oysters also, glycogen followed a similar
trend in distribution with a minimum of 0.02% in May, 1982

and maximum of 10.43% in September. The major spaning of

oysters takes place during October to March in Cochin Back

waters and during this period the glycogen values were at
the lowest. From MarcheApril onwards oysters pass on to a
resting stage and glycogen started accumulating during this
period till the next spawning season. Glycogen showed an
inverse relationship with protein content in oysters.
8.3.4. Fat content: Fat content showed a similar trend as
that of glycogen. As is evident from Fig.8.1 it registered
a peak value of 2.8l% in September, and a mdninunnof 0.47%

during April with an average value of 0.9% in males.
Females showed (Fig.8.2) a slightly higher value, a maximum
of 3.37% in September and a.ndninmnnof 0.95% during March,

with an average of 1.49%. Fat content was low during the
period from December to May, with peak values in September
in both the sexes.

8.3.5._§sh content: (Mineral matter). .A nexinmnnasncontent
of 2.71% was noticed in January, and a mininmnxof 0.72%

in July with a mean value of 1.63% in males. In females
maximum of 2.86% in February and minimum of 0.53% in
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August were recorded with an average of 1.76%. The fluctua
tion of ash content also followed a pattern similar to that
of protein.

Biochemical constituents such as glycogen, ash and
total protein which showed inter-relationship among them
selves were statistically analysed to determine the signi
ficance of their inter-relationships and also to check
whether there is any difference in the form of relationship
between the sexes.

Variability in the distribution of glycogen in males
appeared to be relatively larger than in females (Table
8.2). However, F test (two tailed) for homogeneity for
differences between variances showed no significance. The
relationship between glycogen and total protein for male
and female was,

63'

9x
where X is the total protein %rand Y is glycogen %.

l5.9696—1.9696.X

The linear relationship between glycogen and total protein
was highly significant (r = -O.80007** for males and
r = -O.8939** for females) showing an inverse relationship
between glycogen and protein. Whether the rate of change
in glycogen in relation to protein was the same in males
and females was tested by analysis of co—variance (Table

8.2). The regression lines did not differ in their slopes



-283

om.mm m>.¢m o>.H mo.a m¢.H m.o od.v om.¢ o~.« o~.¢ mmmuo>4o>.om oo.m> mm.o ~n.o mm.o >w.o >o.m ¢m.~ ¢o.o ¢o.o ezaflcflz

m¢.mm >m.mm om.m a».m >m.m am.m mo.m mo.o om.m m¢.oH ssaaxmz

¢m.mm ¢H.m> mm.a om.a »m.m Hm.m am.¢ mm.¢ mm.w m¢.oH mmsmamflm¢.mm o¢.om mm.o m>.o om.m h¢.H om.m ¢m.~ mm.m mo.m mmuwnma

mm.mm >n.mm mm.o m>.o ¢a.H mo.m m¢.m om.~ o~.m am.m mmuwumamH.mm mm.~m mm.o on.o ~m.H mo.~ ~H.m om.m m¢.m >a.oH mmuoawfimd.mm mo.mm ma.~ wo.m oo.H om.o op.w >w.¢ am.H om.a mmamuma¢o.¢m mm.mm mo.m ¢o.~ mm.o n¢.o Ho.m o¢.m Hm.a o¢.H mmuvuma
¢m.mm om.«m om.~ m¢.m mm.o m>.o mu.» mm.m m¢.a ¢o.o mmamnma

o>.om oo.mu om.m om.m mm.H ~m.o mm.m ¢o.o ¢o.o HH.o mmnmnm
m¢.mm o¢.om m>.m H>.~ mu.H mm.o o~.m ¢m.m ¢H.o >¢.o mmsanma

om.mm om.¢m mm.m m¢.m ~m.H no.0 mH.m Ho.m o>.o mm.H amuwauwaom.¢m om.~m o».o om.a oo.a mn.o om.m mm.¢ no.m mo.¢ Hmuaanoa«m.¢m oo.>m aH.H mH.H aa.H mm.H >o.m o¢.m oo.m om.m amaoanma9 X wx  X 6 G o\o 6 LO X max LG X mwx mc..nam.Emm.
------Wm_w..W.@---------mm.---------um--------m_mwm-mmm.------___.wwmW.--..m ms

Amzzw mmma
umeumummm on $3 Hmnouoo mcwusc mwmcmmmnvmfi .U m._..mEvm ©c.m. mam... cw

83m..8e Ucm nmm Jaw. .E.?..5onm amuou. sammoumam W0 cowusomwnumflw 9:9 H.m magma



m~oo.o

Homa.o >HHomH.o a

«>>m.¢

-284

mmHm.mm~oo.~m¢mv.n

Z

Cmmfi EOHM COa#mH>mQ MU

o>>m.w

Aamsa u mvv wzuv Nmoo.o n m coHpm>maw mo coflmanmgaoo

ooHm.m

Aomsa H MUV mZHnv a©ma.O H m mwmoam MO Cowflnmmfioo

5 . if. |'I..I al

mmoo.o a mcmee Umumsnom cmmsuom wo>~m.¢oa mm mo~o.mn HHow.mmm ¢~oH.nm: momm.om mm m + 3 nmmam.o omoa.oa ommo.o a m cmmzpom ommmoam CQ@3P@Q mocvummmfim m

mmmm.¢oH Hm oomo.m: mmmm.mnm mmmo.>mu mmmm.om mm caguaz

omaoom wmmom.¢oH om m

o¢mo.om oa momo.ma mHHw.mmH mmmm.m¢a ~mmm.oH Ha mmamemm

canuflz N>¢vm.¢n oa ¢oom.m: ¢oum.oom a¢~m.amu mo>o.om Ha mmame manna: A---wm .......... -wmmmmn--------------------n--a--------------------a-a--

.9; mw.w xx w mxw mo

|'u|u'uu|'u“IJiIfln In!

03!?‘ “'un'I1quliQ:'uu'uh|I"'I"£uiI|l"u'l‘i|'l|i

cflmuokm amuou

Ucm cmmouHAm mo mo:mHnm>oU mo mwmwwmcd m.m mamas



mo comwummaoo

Ho~.H mnv «~o.m u m>oN.~H u m mmmoHm

m>om.>H m>om.>H H mmmoHm cmmzuaa mocmummmaa m

_ HHwo.¢ >mo>.mm Hm o«mo.¢a mwmm.mmm H¢oo.>on H¢o¢.oH mm cHnpH2

% . ©mHoom ¢

2

_ mwm¢.m mmm¢.mo om mmomo.m mmom.om OH mmom.mu mHHw.NmH omoo.mm: mmm¢.m HH mmHmemm NmmoH.m mmmo.Hm OH omoo.mu «o>m.oom mH¢m.¢mn mHmm.o HH mmHmz H

CH :pHz

m.z mm «C mmmoo

coammmnwmu Eonm coHumH>mQ .omm mww MXW mxw «U

“':u:'uu| U"":|u.uu'|u U‘ ‘I ||I||-'|n"n" .I|'l'lllI'l|'u'n'l|‘l'l"l||Iu|I"I ‘I I: '|

Qmfl UCM CGWOUWHU MO ®UCfl._uHm>OO MO m._..mq1Hmc4. mom @.nQ.m.H.



-286

w~m.o

N>o.o u m mc0flum>oam mo comaummeou

am.z AHm.a u gov H v w

moz AONsa H MUV mvom N ¢MNm.O H M mwmoam MO comwnmmfiov’ syn . h .\I" in

¢moo.o m¢>o.o a mcm®E vmpmsmwm cmmzuom mwmom.¢ mm mmmm.a momm.om mooo.mm moo¢.oa mm m + 3 »
ommo.o moao.ou mmoo.o m cmmzumm o¢mNm.o ¢mmm.o a wwmoam cnmzpmfl mocmummmfln m

Hmmm.o momn.¢ am moo¢.H mmmm.om manm.- a¢o¢.oH mm cflnpflz

omaoom vvmHm.o owom.v om m
ommm.o mmmm.m oa no¢m.H mmmm.oH m>¢u.HH mmm¢.m Ha mmamemm N

mmo~.o >mmo.m OH owoo.H mo>o.om mmmm.HH mamm.o ad mmame

cflsuflz a

mmmou

.mz mm MU .

cowmmmuomu Eoum c0._U.mH>mQ mmm m.»..w wxw mm W «U

Run": ‘'5' El‘:'lll‘||u||"l|"||'I||l""I.-.'"I “mg”ln.iEB“.u"n'unu|u|u"'|ul3':

nmm co cfimuonm amuou we ®UCmflHfl>OO Ho mflmmammd ¢.m OHQMB



-287

om.mmom.mmom.omom.>mom.mmom.mmom.mmoo.¢Hmm.mHOO.mHo¢.mH

m©.Hmm.HNm.H>m.HHm.muo.~mm.mhm.H¢m.Hmm.mma.H

33,@C.D.n..mm:Haumdnoumzmnmdunmmmmsmumdcmbuonemomnu@nEw>0zumnouooam .....one3mmm
I“DE:|'UI||lu'nuu|‘u"|‘iu uluglil|"I.'Iuuu-'u'.I|'fln.Ilil"'u'l lull":

.n.m.mom

."||||'I|' '|lI‘|I|"|

oHm.o om.o .m.o¢omm.o om.o o.am¢oo.o o>.o o.mmo¢o.o oo.H .m~mvo.o oH.m o.mm

mo¢.H om.m m.mHH~mm.o o~.m o.aoHo¢o.o ow.» o.pHH

oom.o mo.m o.opoom.o oo.H n.mmmm~.o oo.H o.w¢mxme .e.m.m. .e.m.mCN C2 . mmmwmcmmmuvme .n.:H Umv

.a.m.mso

UH‘? ""l"..'l|lll ‘II.fl.u4Iuiluuu'IlfinII|ll"'|'I"u'

ogcgomU0

&.w+mumE momma m.m manme



-288

as revealed by F test (Table 8.2). The two regression
lines are shown in Fig.8.3. The difference between the
elevation of the two lines were also tested (Table 8.2) and
was found to be insignificant. This shows that the diff
erence in glycogen between sexes was not significant. The

relationship could/be fiffted by a common regression line;
Y = 15.6685-2.6263 X

The plot of glycogen on ash is shown in Fig.8.3. As the
plot showed an inverse linear relationship between the two,
a regression line of glycogen (y) on ash (X) was fitted
separately for males and females. The fitted lines are,

@;Y

QY

The linear relationships were found to be highly significant

13.2458-5.0050iX

10.2759-3.5088 X

as evidenced by the high correlation coefficient
(r = -O.920l** and -O.8713** for females). Some apparent
differences is noted in the slopes of the two lines. This
was further tested by analysis of covariance (Table 8.3).
Table 8.3 shows that the difference between the slopes is
significant at 3% level. Thus the rate of change in gly
cogen for a unit change in ash content differs for males
and females. Therefore, two separate regression lines are
required for males and females. These are shown in Fig.
8.3. Fig.8.4 shows a plot of total protein (y) on ash
(x) separately for males and females. As a linear trend
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is observed, a straight line was fitted by the method of
least squares. The equations are,

/33 Y = 1.4S72+1.6077 x

Q Y =-. l.2068+l.2467 )4
Straight lines are found adequate fits as evidenced by the
highly significant correlation coefficient (r = O.9480**
for males and 0.93l4** for females). Whether a single
straight line will hold goofi for both the sexes was tested
by analysis of covariance (Table 8.4). The difference
between the slopes was found to be insignificant indicating
that the change in total protein for a unit change in ash
content.was the same in both the sexes. The F test for
difference in the elevations of the two lines showed

insignificance (Table 8.4). Thus a common regression line
could be fitted to both the sexes and the common equation
worked out to:

Y = 1.883l+l.399S X

The common regression line together with the separate ones
is shown in Fig.8.4
8.4. Discussion

Estimation of the fluctuation in biochemical consti

tuents is aimed at gathering information pertaining to the
biochemical make up of the animal and to correlate it with
its various life activities. The energy required for
various metabolic activities of the animal during different
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phases of life particularly reproductive phase, is used from
the stored energy. Even though animals directly depend on
utilisation of energy trapped from food, several animals
resort to utilising stored energy, particularly during the
breeding period, cease. feeding and draining out the
reserve food supply (Bailey, 1952).

The water content in the body of males and females
followed the same trend. Cyclic variation in water content
corresponding with breeding cycle have been noticed in

oysters (Durve & Bal, 1961b; Greenfied‘§§_g;. 1958): Prawns

and lobsters (George & Patel, 1956). In Q, virginica,
Galtsoff (1964) observed unfavourable conditions as res
ponsible for fluctuation of water content. However, no
definite pattern can be delineated in the present instance.
Increase in water content after spawning has been noticed
by Saraswathy & Nair (1969).

A definite pattern in the distribution of protein
content was discernible. It showed an inverse relation to
glycogen. Protein content was naximm in February and
during this period glycogen content in male and female was
at the lowest. A definite shift in the values of protein,
corresponding with the reproductive phase of the animal
was noticed. An inverse relationship between water level
and organic constituents (lipids, carbohydrate and protein)
is discernible in the case of Q, madrasensis occurring in



-291

Cochin Backwaters. The protein decreased and maintained

as such with minor fluctuations till the next breeding cycle
in Musculista arcuatula (George & Nair, 1975). The highest
nitrogen values were observed by them during the maturing

stage and lowest during spawning. An inverse relation of
nitrogen (protein) and glycogen values was also noticed by

them as in the present study. Lakshmanan & Nambisan (1980)
also observed an inverse relationship between protein and
carbohydrate in Villorita cyprinoides and Meretrix casta
inhabiting the Cochin Backwaters. Many workers observed

high protein content during the maturing of gametes (Giese &

Araki, 1962; Giese eE.al. 1959a; Tucker & Giese, 1962;
Barnes eE.§l. 1963; Pillay & Nair, 1973). It is probable
that the comparatively high protein content observed in the
whole tissue is the total protein content of the vegetative
and reproductive (gametes) components of the pooled samples.

.A clear cut reduction in the glycogen content further sup
ports the assumption that glycogen isconverted into lipids
and proteins during the peak breeding season. The energy
reserve of gametes in general has a high lipid consistency
(Giese, 1966).

of all the three energy reserves, namely, glycogen,
lipid and protein, glycogen is the most readily utilised.
The glycogen content (carbohydrate) showed distinct fluc
tuation correlated with the spawning in oysters.
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Carbohydrate level remained high prior to spawning and
suddenly dropped to very low values from Novenber to April.

According to Walne (1970) glycogen varies from 30-35% in

oysters and forms the chief storage reserve. Wide fluctua
tions in glycogen values with a peak, prior to spawning in
Q, edulis were noticed by Miller & Scot (l967),‘Hol1and.&
Spencer (1973), Holland & Hannant (1974, 1976). Very high

values for carbohydrate were noticed by Lee & Pepper (1956)

and Galtsoff (1964) in the American oyster Q, virginica and
in the Japanese oyster'§,‘g;ga§ by Masumoto §§.§;. (1934)
particularly prior to maturation. This corresponded well
with the present study. The drastic drop in glycogen values
during the spawning period from October to April may be due

to the utilization of glycogen for the extra energy needed
for maturation and spawning. Similar observations by
Walne (1970), Gabbot 5. Walker (1971), Holland 5. Hannant

(1976) supports this view. Dependence on carbohydrate

reserves, during different phases of development varies
in fishes as noticed by several workers. (Greene, 1926;
Chang & Idler, 1960; Yanni,91961) . Saraswathy & Nair

(1969) observed high glycogen values during the nonébreeding

months especially during February—May in Nausitora hedlei.

From June to January the values were comparatively low and

on the onset of the breeding_season, there was a percei
vable fall in glyccgen» probably owing to the initial mass
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spawning during June. After January the values were com

paratively high in Nausitora hedlei and reached the highest
during March (Saraswathy & Nair, 1969). Nagabhushanam«&

Talikedkar (1977) observed peak values in glycogen during

gametogenetic phase. Matsumoto §§_gl. (1934), Giese (1966),
Goddard.& Martin (1966), Bayne (1975), Gabbot (1975, 1976)

all opined that glycogen is mobilised and converted to
lipid during gemetogenesis. The increase in the glycogen
content soon after the breeding season, until the next
breeding season shows storage of this component which would

be utilised for the energy demand for the subsequent breed
ing.

Lamellibranchs in general, have a prominent glycogen

economy with a corresponding lesser storage of lipids
(Giese, 1966). The lipid and glycogen content are generally
higher in females, which nay be attributed to a higher
biochendcal budget required for egg production. Since the
larvae of oysters are lecithotrophic, the egg should contain
a greater amount of stored energy and this is easily made
possible by the storage of lipid in the yolk of the eggs.

Venkataranan & Chari (1951) noticed a range of 0.99%

to 2.06% ash content in Q, madrasensis inhabiting Ennore,
Madras. However, wide fluctuation in ash is noticed in
Cochin oysters, such as 0.72% to 2.7£% in male and 0.5% to
2.86 in females (Table 8.1).
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From the above account it is clear that ash and protein
increased and remained at high level during October to April

coinciding with the breeding period of oysters. The glycogen
showed an inverse relation to the fluctuation in ash and
protein.

SEASONALITY OF TRACE METALS IN CRASSOSTREA MADRASENSIS

8.5. Introduction
Seasonal fluctuation in the distribution of trace

metals in a sedentary organism in an estuary is controlled
by an array of extrinisic and intrinsic factors, such as:
(i) the extent of pollutant delivery into the estuary and
the associated dilution ;Q_§gEg (ii) changes in the weight
of the organism, (soft tissue in the case of bivalves) and
(iii) the direct effects of temperature, salinity and
other water quality parameters which show seasonal varia
tions. The seasonal profikfisof trace metal availability
may vary according to estuarine position and also the
locality of occurrence of the animal. It is proved that
the biota of the lower reaches of an estuary and the
estuarine mouth contain more trace metals in a season of

high run-off (Luoma, 1977). It is also known that the
concentrations of trace metals in estuaries fluctuate

widely, over both the short and long-term and factors
other than run off may be responsible for these altera
tions.
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The trace metal content in an estuarine organism
could either increase or-decrease in quantity at any
particular time. This change would mainly depend on the.
availability of the concerned trace metals in the ambient
water and the sediment. An increase in the trace metal in

the tissue of a benthic bivalve is usually controlled by
the increased availability in the bottom sediments, although
a decrease in the trace metal levels in the tissue depends
on the biological half life of the metal in the organism.
The half lives of metals in an organism varies enormously
between species and within a species (Phillips, 1979).
The kinetics of mercury in the shrimp Palemon dibilis and
the polychaete Nereis succinea indicated that mercury can
persist in the tissue even after episodic increase in
their uptake rates to obviate the possibility of their
being excreted in toto prior to the next influx (Luoma,
1977).

8.6. Material and methods

‘For the estimation of trace metals, 50 g of the
sample was digested with nitric acid sulphuric acid

ndxture, following the method of Agendan gt gg. (1980).
The trace metals such as iron, copper, cadmium, manganese

and zinc in the digested sample were determined by flame
atomic absorption spectrophotometry using a Varian

Techtron, Model 1100 atomic absorption spectrophotometer.
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Sample digestion for the determination of mercury was done

according to the AOAC (1975) method 25.112 and estimation

of mercury was carried out by cold vapour atondc absorption

spectrophotometric technique (Hatch & Ott, 1968), on a
mercury analyser (Model MA 5800 of ECIL).
8.7. Results

The load of Cd, Cu, Fe, Mn, Zn and Hg in the whole

tissue of Q, madrasensis is presented in the Table 8.5 and
Fig.8.2. It is evident fronxTable 8.5 that Cu, Fe and Zn
showed clear cut seasonality.
8.7.1. Cadmium

This trace metal, which is a non-essential one
recorded uniformly low values. A slight change in this
pattern was noticeable in the samples analysed during
October, January, February and March. The maximum quantity

registered during the period was in October, interestingly
at the commencenent of the breeding season.

8.7.2. Copper
This is an essential trace metal for bivalves and is

an important component of the haemocyanin and a consti

tuent of the oxygen carrying pigments. Based on availa

bility, this metal showed a_distinct fluctuation, record
ing higher values during the period January to July and
lower values during October to December. Cu was third
in the order of abundance.
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8.7.3. 3393
This is an essential trace metal for the bivalves.

Specimen samples from December to March had high load of

Fe. Ranking second in the degree of abundance..ferric
content of the tissue was comparatively less during April
and May.

8.7.4. Manganese

Behaving very similar to Fe with regard to abundance,

Mn recorded higher values during December to March. The

soft tissue of Q, nedrasens;§_had low Mn content during
May and June.

8.7.5. gigg
This is also an essential trace metal for bivalves.

Compared to all the other trace metals studied Zn recorded
the highest values all through the year. with reference
to comparative abundance the-month of February recorded

maximum and March, April and December minimum.

8.7.6. Mercury
This is a non-essential metal. .Among the trace

metals analysed during the present study Hg registered the
lowest profile. However, compared with the natural sea
water load (0.01 to 0.03 p.p.b.), the quantities present
in the tissues of Q, nedresensis were quite high. During
the breeding season the animals harboured high concentra
tion of mercury.
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8.8. Discussion

It has been proved that different marine species
respond to different portion of the total trace metal load
in an ecosystem. Therefore, the profiles for trace metal
concentrations in one organism do not always match those

seen in another species from the same locality (Bryan &
Hummerstone, 1971; Phillips, 1979). This phenomenon is

important in determining the seasonal changes in the availa
bility of trace metal in a coastal animal. Since a filter
feeder like 9, madrasensis can take metal from the ambient
water and from inorganic particulates, the seasonal fluctu
ation in the trace metal availability in such organisms is
a composite function of these two factors. The present
results indicate that the heavy metal load in the tissue
of Q, nedrasensig exhibits seasonality which could possibly
be due to variations in these in the ambient water rather
than in the sediments. The increase or decrease in the

availability of trace metals in the sediment is less
temporary in nature as against that of the ambient water.

Filter feeding bivalve molluscs such as Mytilusfirassostrea
will take up metals rapidly from solution or from food,
although the latter route is more predominant. The uptake
of metals from particulates is probably more important
for those metals which exhibit a preference to particulate
association rather than remaining in solution. These
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metals would include iron, lead and manganese. Therefore,
the variations in the quantity of Zn, Cu, Mg and Cd

recorded in the soft tissue of Q, madrasensis suggest that
the availability of these metals to the animal was more
during certain periods of the year. Further at least three
among these netals showed a clear cut increase during the
late post-monsoon and early pre—monsoon period which coinr

cided with the breeding period of Q, madrasensis. Accord
ing to Ayling (1974), the uptake of a trace metal from
sediments by oyster has a close relation between the metal
availability in the sediment and the animal's intake abi
lities. He has suggested that this route is so important
that concentration factor for metals in oyster should be.
based on the element levels in the ambient sediments,

rather than water. However, Boyden & Romeril (1974) feel
that although bivalves undoubtedly respond to metals in
sediments, the role of this response in determining total
body loads of netals in the organism probably varies with,
both species and metals and that a generalisation cannot
be completely defended because of this variation. Sankara

narayanan gt Q}. (1978) assumed that low load of Zn, Fe, Cu
and Mn in Q, nedrasensis from the Cochin Backwaters during
December to May was due to freshwater influx during this

period on the ground that reduction in salinity reduced the
availability of these nwcsai-.al ions.
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The changes in the physiological status of an orga

nism, when controlled by the season will super-impose
itself on the trace metal availability in the whole tissue,
or the defined tissues of a coastal species. One of the
major physiological changes which exerts a significant
effect on temporal trend in the trace metal levels of higher
invertebrates is the reproductive cycle. These changes are
directly connected with seasons which in turn influences
maturation of gametes and spawning. These physiological
changes involve fluctuations in all biochemical components

as well as animal weight, water content and conditions.
The loss of gametes and the concomitant loss of body weight
in oyster at spawning has consequences for trace metal
seasonality. The quantity of trace metals in the gonads
of oyster and mytilids is very low when compared with that
in the other soft tissues (Pentreath, 1973; Cunningham«&

Tripp, 1975). Since most of the trace metals are concen
trated in the digestive glands, kidney and gills of bivalves

during the breeding season, a gradual reduction in weight
of the tissues owing to massive transport of stored energy
from the storage organs for reproductive purposes would
lead to a high trace metal content per unit weight. This
might be one of the contributing causes for the present
observation of comparatively high metal load in the tissues.
Depuration of trace metal during breeding season is remote
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because, the major quantity of trace metals taken into the
organic system is tucked away in selected sites. Therefore,
when the metal load of oyster is worked out on a wet weight
basis, there is a possibility of recording increased trace
metal content soon after breeding when the total weight
will be less. The quantity of trace metals found in the
digestive glands, kidney and gills account for about 75%
of the total body load of the elements CHolcombe'§§.gl.
1976). However, exception to this generally accepted
hypothesis is the presence of more zinc in the gonads of
Pecten maxiums (Topping, 1973) and Modiolus modiolus

(Segar gt gl. 1971). The presence of 0.992 mg/Wg and
1.408 mg/ g (wet weight basis) of zinc in Q, madrasensis
during January and February is significant in the above
context.

The influence of sex on the trace metal load of soft

tissue has also been recognised. In general, the female
bivalves of some species have been found to harbour more
quantity of trace metals compared to their male counter
parts (Alexander & Young, 1976; Gorden, 1978). However,

the degree of gonad maturity would greatly influence the
trace metal levels in a species. Since a detailed analysis
of trace metal content in the soft tissues of two sexes and

indeterminate stages of Q, madrasensis was not within the
perview of the present studies, a reasonable explanation
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could not be offered with regard to this aspect. Qgg§§9§
trea virginica in Long Island.Sound spawns during the
period July—August. At this time the seasonal profiles of
copper, iron and zinc exhibited considerable increase in
concentration (Galtsoff, 1964). Since the breeding season
of Q,_madrasensis in the Cochin Harbour is a protracted one,
it is difficult to make a comparison with the above obser
vation, although it is apparent that in general the quantity
of all the trace metals was high during the breeding season
in Q, madrasensis. The apparent increase in the trace metal
level during the breeding season, according to Galtsoff

(1964) is owing to the drop in the soft tissue weight as a
result of loss of gametes, which have relatively low metal
content. The fact that there is a reciprocal relationship
between bivalve weight and their trace metal concentrations

was indicated in Mylitus edulig by Phillips (1979). It was
shown by Phillips (1979) that the total body burdens of
cadmium, copper, lead and zinc varied in Mytilus edulis
throughout the year, although the metal concentration varied
quite appreciably, because of the fluctuation in the tissue
weight immediately subsequent to spawning and metals were

at minimum concentrations prior to spawning, when the gonads
were full of gametes of low metal content. The trace metal
load of Mytilus galloprovincialis from the Northawest

Mediterranean showed distinct seasonality, although some
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metals fluctuated in concentration much more than the others

(Fowler & Oregioni, 1976). Simpson (1979) felt that the

metal concentrations in bivalves depend greatly on the body
weight and hence the reproductive stage of the individual
studied.

Environmental factors such as temperature and salinity
are known to influence the trace metal availability in
bivalves. The influence of these factors on the organism
could be direct or indirect. In the case of an estuary,
freshwater run off usually brings about an increase in the
trace metal content of the estuary. The quantities of trace
metals maintained in the water column in estuary, are com
monly found to be a simple function of salinity. Therefore,
sedentary bivalves of an estuary will be exposed to altered
concentrations of trace metals incidental to lower salini

ties during periods of greater run off. Fluctuating
salinity affect the basic physiological functions like
filtration and feeding of bivalves. The present results
show that during the period when the estuary maintained.high

salinities, Q, nedrasensis harboured more quantities of
trace metals. The oyster sampled during the present investi
gation occupied the bed of the estuary, very near to the
bar mouth. Therefore, the ratio of sediment-organism
contact was high throughout the life time of the animal.
Hence the trace metal load showed by this gpecies indicates
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a combined effect of sediment and anbient water load. Such
seldom comes into direct contact with the bottom sediment

habitually, but would be more in Contact with the sediment
in the water column. Rucker & Valentine (1961) showed that

changes in salinity affect the quantity of boron, copper,
mangnesium, manganese, sodium and strontium in the shells

of Crassostrga virginica. It was proved that the uptake
of zinc was unaffected by salinity changes, whereas that of

cadmium was greater at low salinities, and that of lead was
great at greater salinity regimes and the uptake of copper
was erratic in gytilus edulis (Phillips, 1979). According
to Jackim §§_al. (1977) the uptake of cadmium by E. edulis,
Mulina lateralis and Nucula proxine from solution could be
salinity dependent. Fowler & Oregioni (1976) also provided

a similar relationship in the case of Mytilus gallopovin
cialis. However, it is essential here to delineate the
true effects of salinity on the uptake of trace metals by
bivalves which are not under stress and the effects of

salinity stress on metal uptake. These lines of study would
be a meaningful continuation of the present finding in

Q._madrasensis.
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CHAPTER 9

PREDATORS, co1~1MENsALs AND PARASITES OF

g . MADRASENSIS

9.1 Introduction

Being a sedentary organism the oyster is subjected
to several perils during its life. Several parasites were
identified as causing diseases in oysters particularly
from USA, Canada, Germany, Denmark and Holland. Several

natural oyster beds were reported to have completely
devastated by fungal and bacterial pathogens in Europe.
Besides these ndcrobes, oysters are also attacked by several
other animal parasites affecting their growth, reproduction
and other life activities. Parasitism leads to mortality,
affects reproduction and makes oysters sqgefptible to
predation by several other organisms. The more common sym

ptoms according to Galtsoff (1964) are "slow growth,

failure to fatten and develop gonad, recession of the
mantle and valves that remain slightly agape. There is
often a corresponding abnormal deposition of shell material,
that in a chronic condition causes the formation of short

and thick shells. The valves do not close tightly because
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the adductor muscle is weakened. The body of a sick oyster
is watery, often discoloured (dirty green and brown) and
bloody with blood cells accumulating on the mantle and on
the surface of the gills".

Several workers have studied the fauna harbouring the
shell of oysters. Many marine fouling organisms use oyster
shells for attachment either permanently or temporarily.
They do not cause any damage to the shell of the oyster but
compete with the oyster for food and space and sometimes
smother the oyster when they settle in large numbers. In
United States; Verrill (1873) studied the epifauna of
oyster beds. The account of Mobius (1883) pertains to
oysters inhabiting German waters and those of Zernov (1913)
to oyster beds from Black Sea. Korringa (l95la) has given

a detailed account of the shell of Ostreg edulig as a habitat.
Edible oysters have attracted the attention of several

workers and several compilations pertaining to prasites and
diseases have been published (Dollfus, 1921; Pelseneer,
1928; Ranson, 1936; Sindernenn & Rosenfield, 1967; Cheng,

1967; Sindermann, 1968, 1977). Several bacterial and

fungal parasites are known to infect the edible oysters.
Guillard (1959), Tubiash §t_gl. (1965) identified several
bacteria belonging to Aeromonas and'vibrio. A gram positive
bacillus was recorded by Numachi ggwgl. (1965) from the

Japanese oyster Q. giga_. From the same species amcram



-320

negative bacillus Acronobacter was recorded by Takeuchi

§§_al. (1960), which has been found responsible for mass
mortalities in Q, giggg.

Very little is known about the fungal pathogens in
oysters. Cladothrix dichotome an actinomycete cause

mortalities in Q, edulis (Eyre, 1924). Mackin (1962),
Sindermann & Roagfifield (1967) have also reported diseases

caused by actinomycetes in Q, virginica and Q, angglata
respectively. Other fungal pathogens reported are
Sirolpidium zoophthorum (Vishniac, 1955), Monilia causing

shell disease in Q, edulis and.Q, angulata (Voisin, 1931;
Cole, 1950; Korringa, 1947, 1951a, 1951b; Cole & Waugh,

1956; Korringa, 1976). Another fungal parasite Myotomus
ostrearum causing "foot disease" (maladie du pied) in

9. edulis and _c_:_. angglata has been reported by Giard (1907)
and Dollfus (1921). The area of attachment of adductor
muscle is affected, causing difficulty in closing the shell
in oysters causing the oysters an easy prey to the enemies.
Hornell (l9lOb) and Orton (1937) also reported mass
mortalities in cultured oysters in Europe due to “maladie
du peid". Rarely “maladie du peid" is found in American
oysters. (Galtsoff, 1964). Durve & Bal (1960) recorded a
shell disease in Q, gryphoides akin to the foo¢.disease of
European oysters. Ostracoblabe implexa, a fungal parasite
causing shell disease in Q, edulis in Netherlands and
France (Korringa, 1976).
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The Host dreaded fungal pathogen Qermogystidium

marinum causes periodic mortalities in oysters (Galtsoff

1964). This was first recorded by Mackin §§‘al. (1950)
fronng, virginica. Dermocystidium marinum infects tissues
producing single, spherical, vacuolate cells (Galtsoff,
1964). This pathogen is known as Labrinthonyxia marina
after Quick & Mackin (1971) and the mass mortalities caused

by Labrinthomyxia marina has been reported by Mackin‘§§.al.
(1950), Mackin (1953), Andrews & Hewatt (1954), Hewatt &

Andrews (1954), Ray (1954a,b). Reduction in growth rate
(Menzel & Hopkins, 1955b) and other results such as for

mation of abscesses, inhibition of gametogenesis (Ray Q; _l.
1953 and Ray, 1954b) were also reported.

The protozoan parasite Hexamita inflata causing
breakdown of connective tissue cells and other symptoms

in _(_>_. edulis and Q. virginica (Mackin _e_’t_:_ _a_]_.. 1952; Stein

§§_§l. 1961; Scheltema, 1962; Schlicht & Mackin, 1968).

Stein §§.gl. (1961) could not observe any significant
difference in the mortality between experimental and control
ones. Scheltema (1962) has opined that Hexamita may be

pathogenic, particularly during adverse environmental
conditions.

The t€leOSpbrQanJ Nematopsis ostrearum has been

described by Prytherch (1940) fronug, virginica. However,
Landau & Galtsoff (1951), Sprague & Orr (1955) could not
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find any correlation between distribution and mortality at
Virginia and Lousiana, USA, even thoug Prytherch (1940)

believed mortality in oysters in Virginia and Lousiana was

caused by this gregarine (Galtsoff, 1964). Two haplospo
ridian parasites Minchinia costalig and fl. nelsoni are also
thought to cause mortality in the American oyster Q,
virginica. ‘E. costalis earlier known by the name ‘SSO’ was
first recorded by Wood & Andrews (1962) from the connective

tissue of Q, virginica from USA. Andrews eE_g;. (1962),
Haskin §§_§l. (1966), Couch (1967), Couch & Rosenfield

(1968) also reported the pathogenic nature of fl, costalis.
Another Haplosporidian microorganism regularly recorded

from oyster tissues was designated by the code name 'MSX'.
'MSX' invades the connective tissue around the intestine

and digestive gland and are known to be the most destruc

tive oyster parasite. This was later identified as
g, nelsoni. Mortalities caused by.fl. nelsoni have been
recorded by Mackin (1960), Haskin gt;  (1965, 1966),
Engle & Rosenfield (1963), Andrews (1964). A bibliography

on Q, nelsoni has been published by Kren (1976). Several
aspects of the life cycles of fl,_gostalis and E. nelsoni
are yet to be known. Another haplosporidian parasite
causing large scale mortalities in Q. edulis is Marteilia
refringens (Grizel §g_g;. 1974). Aldermann (1979),
Balonet (1979), Grizel (1979) reported it occurring in
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estuaries of France and Spain. Marteilia sydnei is reported
fronmg, conmercialis by wolf (1972) and Perkins & Wolf

(1976). From oyster farms of Brittany, France, Cahour

(1979) reported another speciesgfiarteilia refringens causing
havocin Q, ggglig. Chytridiopsis ovicola is a microspori
dian parasitising eggs of Q, edulis (Leger & Hollande, 1917).

Certain ciliates are also reported as parasites on
oysters. Ancistrocoma pelseneeri is a ciliate reported by
Mackin (1962) as occurring in Q, girginica. Burton (1961)
and Cheng (1967) also reported another Ancistrocoma sp.

fronng, virginica. According to Sindermann & Rosenfield
(1967) §phenophyra and Orchitgphyra genera also cause

infections in Q, virginica.
Boring sponges of the genus Cliona are serious com

petitors of oysters and are found very commonly on oyster
shells drilling tunnels in the calcareous shells to provide
itself suitable shelter. Heavy infestation often leads
to mortality, as the oysters are physically exhausted with
reduced natural resistance against pathogenenic organisms.
According to Korringa (1951a, 1952) the threatening of the
conchyolin layers of shells with perforations exhaust the
oyster.

Many epizoic Cnidarians are also associated with
edible oysters. Eugymnanthea is reported as commensals

from the mantle cavity of_§. rhizophorae (Mattox & Crowell,
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1951). Yamada (1950) recorded E. japgnica in the mantle
cavity of Q. giggg from Japan.

Stylochus and Pseudostylochus belonging to turbe

llaria and thought to be predators are reported by Cheng
(1967). Loosanoff (1956) observed Stylochgpsis elipticus

causing widespread destruction in Q, virginica at Milford.
Pearse & Wharton (1938) recorded Stylochus frontalis from

young ones of Q, virginica. Another species ?seudostylochus
ostreophagus is reported by Woelke (1957) from Q. lurigg,
Q, virginica and.§,.gigas.

The trematode parasite Bucephalus haimeanus is

reported from'Q, edulis and Q, virginica. Increased sali
nity is not conducive to them and they thrive well under
brackish water conditions (Tennent, 1906). Md$ardy (1874)

reported an allied species Q, cuculus fronlg. virginica.
Records are also there of an unidentified Bucephalus from

Q, virginica (Cheng & Burton, 1965; Cheng, 1950b).
Sindermannfis (1968) compilation contains several other

references pertaining to Bucephalus. Other reports per
taining to Bucephalus occurrence in other oysters are those
of Miller (1963) in Q. lutaria, Howell (1967) in oyster
beds in New Zealand, Sindermann & Rosefield (1967) in

Q,‘g;g§§ from Taiwan, Samuel (1976) in Q, madrasensis from

the east coast of India, Stephen & Joseph (1977) from the
west coast of India. Joseph (1978a) reported the
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morphology and pathology of the Indian west coast species,
other trematode parasites are Acanthoparyphium spinulosum

fronug, virginica (Little §§_gl. 1966), Himasthla guisse
Egg§i§_(Cheng §E_g;, 1966), Proteces ostrae (Fujita, 1925)
and Metacercariaygymnophalloides tokiensig (Fujita, 1925;

1943) all fron1§,.g;g§§¢
cestodes recorded are Tylocepha;um_(Sparks, 1963;

Cheng, 1965) from<3rassostrea virginica and larval cestodes
of Tylocephalum fronucrassostrea virginica (Sindermann,

1970) and fronng, nadrasensis (Stephen, 1978a)
Several species of polychaetes live in close associa

tion with oysters of which Polydora is very important. The
worms collect mud and make U shaped tubes in oyster shells

covered by semitransparent shell materials and the forma
tion of this is known as blisters. Common.Polydora sp. are
3, ciliata (Roughley, 1925), 3, websteri (Hartman, 1945;
Cheng, 1967), E, liggi_(Hopkins, 1958), 3. hoplura
(Nickolic & Alfonso, 1970). Whether Polydora is destructive
to oysters iscxnuroversial. In very large numbers Polydora
may be able to smother an entire oyster population with
their tubes (Galtsoff, 1964). Roughley (1925) also observed
extensive nortalities of oysters in Australia. In Dutch
waters Korringa (1951c) found no serious damage to Q, edulis

by E, cilita. Rao (1974) recorded 2, ciliata andlg. armata
fronng, nedrasensis inhabiting Athankarai estuary. He
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observed that the oysters attacked by Polydora are weak and
the meat of such oysters are poor in quality.

The copepod Mytilicola intestinalis is a parasite on
Mediterranean clams and E. orientalis infests Q, i as
(Mori, 1935). E. orientalis infests the gut, destroys the
ciliated epithelium and penetrates the underlying connec
tive tissue (Sparks, 1962a).

Wilson (1944) reported Ostrincola gracilis from the

mantle cavity of Q, virginica from North Carolina.
9, simplex and Q, clavator were reported by Hunes (1958)
from Ostrea sp. off the coast of Medagascar. From Japan
Yamaguti (1936) reported another Ostrincola namely,

Pseudomyicolg ostrae from the mantle cavity of Q, densala
mellosa. From.§, virginica..E. glabra has been described
by Pearse (1947) and 3. mirabiles is reported from_Q.
tulipgg.

Several species of crabs belonging to family Pinno
theridae and commonly referred to as pea crabs are asso
ciated with many bivalves including oysters. The American

species Pinnotherug ostreum is recorded from the mantle

cavity of Q, virginica (Say, 1818; Christensen & McDermott,
1958). The life history of E, ostreunxhas been studied by
Sandoz & Hopkins (1947) and pathology by Haven (1959):

Christensen & McDermott (1958). Awati & Rai (1931)

recorded it froung, cucullata. Other species reported
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are g, pigum from Q, edulis (Orton, 1920b), E, phglagig

fromf;._gig§§ (Sakai, 1934; 1936 & 1965). The female pea
crabs are found on the surface of the gill of oysters,
while males are not permanently attached. Even though they
are thought to be commensalic, the female crab was found to

erode the gills of oyster and impair their function.
Pinnotherus sp. is observed by Durve (1965) to infest
Q, ggyphoides but its incidence was low. Only 5 out of
several hundreds of oysters revealed its presence. As
observed by Awati & Rai (1931); Durve (1965) could not

observe the influence of sex change?ginnotherus as he could
not collect the crab in hermaphrodites.

The mud crab Panopgus herbsti is an active predator
on Q, virginica (McDermott & Flower, 1952; McDermott, 1962).

The crabs Scylla serrata and Thalamita crenata feed on
oysters and are predators (Rao, 1974).

The foregoing review shows that very little is known

about the parasites, predators and commensals of oysters
particularly Q, madrasensis occurring in Indian waters.
Hence, the present work was undertaken on this aspect with

a view to enriching the knowledge on this aspect.
9,2 Material and methods

Monthly samples of Q, madrasensis were collected
from the Cochin Backwaters from.August 1981 to September

1982. Altogether 1261 oysters were examined to study the
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associates, parasites and predators. The animals found on
the exterior of the shell were carefully examined, removed

and kept for identification. fnueoysters were then shucked,
the inner side of the shell, mantle, gills, blood, gonad
and digestive system were carefully examined for the occu
rrence of associates and parasites. Bacteria and fungi
were not identified. Bucephalus sp. was identified by
examining only fresh smears.

9.3. Resultg
The shells were found commonly drilled by boring

sponges of the genus Cliona (Fig.9.1). The shells were not
penetrated completely by Cliona, thereby establishing
connection with the soft tissue inside.

Many bryozoans were recorded from the exterior of

the shells. During the pre—monsoon period (February-May),

Electra bengalensis (Stolxzka), Alderina arabianensis

(Menon & Nair) and §chizoporella cochinensis (Menon & Nair)

were found settling on the shells. During the pre—monsoon

period, Nolella paupensis (Busk), Bowerbankia impricata
(Adams) were also comon. During the monsoon period (June

September) characteristic species such as Electra crustu
lenta (Pallas) and Victorella pavida (Kent) were very common.

During the post—monsoon period giderina arabianensis Menon &»

Nair, Electra bengalensis (Stolicaka) were the Common-Qwm6
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Polychaetes with calcareous tube fixed to the oyster
shell, polychaetes living in mud-tubes attached to the
shells and several free living polychaetes were recorded
from oysters. These animals were found throughout the year,
but those living in mud-tubes were found predominant during

the post—monsoon months. The common polychaetes with calca

reous tubes were Hydroides_porvegica (Gunnerus), Pomatoceros
triqpetor (Linnaeus) and Spirorbis sp. The mud tube dwell
ing polychaetes included Polydora ciliata (Johnston),
Eunice sp. and Perinereis sp.

Among the parasites, Bucephalus sp. (Digenea: Trema

toda) and Polydora ciliata Johston (Spionidae: polychaeta)
were recorded. Only one instance of Bucephalus infection
could be noticed during this study. Large number of spor
ocysts could be identified. Sporocysts were tubular and
packed in large numbers in the mantle and underlying gonad
and an examination of a fresh smear could reveal several

of them. The infected oyster did not show any sign of
gonad development. Polydora ciliata causing "mud—blisters"

was comon. The “mudablisters" were clearly visible on the
inner side of the valves as tubular projections (Fig.9.2).
By opening the blisters with the help of a needle, the
‘worm could be easily removed. The blisters extended to
several mm in length (50 to 60 mm) and 3 to 5 mm in width.

The mud inside the blisters was clearly visible through
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the thin transparent shell material. Blisters were found
both in the right and left valves.

Several crustaceans were also recorded. The common

cirripede found attached to the shell was Balanus amphi

trite var. communis (Darwin). The naximumIBalanus amphi
Egggg settlement on oyster shells was recorded during the
post—monsoon period, October-November, during which time

hundreds of small barnacles were found on each oyster shell.
Mud—tube forming amphipods and tanaids such as Corophium

triaenonyx and Tanais gstuaris were also recorded. These
were quite prevalent when siliting was common during the
post-monsoon period. The isopod gphaeroma walkeri was also

present thoughout the year.
Among the bivalve molluscs, Anomia sp. Perna viridig,

Modiolus carvalhoi, Musculista senhausia, Musculista

arcuatula were recorded. Spats of Crassostrea cucufiata
and.Q, madrasensis were also recorded from the oyster shells.

Several instances of yellow and green warts often

accompanied by blisters were noticed inside the shells.
It is not clear which organism is responsible for this
discolouration in the otherwise white glistening surface
of the inner side of the shell valves.

Out of the 1,262 Q, madrasensis examined only one
instance of pearl formation was detected (Fig.9.3). The
pearl was white in colour, 3 mm in diameter and non
lustrous.
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9.4, Discussion

Table 1 presents the commensals, predators and

parasites recorded fronyg. madrasensis in this study from
time to time. Excepting the trematode Bucephalus, almost
all the other animals recorded from shells were leading a
sort of oommensalic life. The polychaete Polydora ciliata
is parasitic forming "mud—blisters" in the oyster shells.
The role of the various commensals recorded from§;..ggQ£§

sensis, in the life of the host is chiefly as competitions
for space and food. Rao & Menon (1978) observed that the

breeding of these commensals coiciding with breeding of the
oysters. As several of them inhabit the shell of oyster,
severe competition for food is experienced as many of them
feed on the plankton available in the water on which oysters
also depend. Heavy fouling can also lead to difficulty in
the opening of shells owing to the extra weight added to
the shell by the fouling organisms.

There is only a single instance of Bucephalus
infestation noticed and the site of infection was the
mantle and the immediate gonadal tissue below the mantle.

Tennet (1906) and Hopkins (1954) recorded Bucephalus

gu_g:_g_1_l_w_._1_§_ from the gonad of _<_3_. virginica. Cheng & Burton

(1965) recorded.Bucephalus cuculus from the digestive

tissue of the same species inhabiting Rhode Island.
George & Nair (1974) observed Buchephalus infecting the
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mantle of Musculista arcuatula. Parasitic castration of

the host by Bucephalus was observed by Cheng & Burton (1965).

In the present study also, the oyster infected by Bucephalus

was an indeterminate one, may be due to the infilteration by
the sporocysts of Bucephalus, thereby inhibiting gametogene
sis. Gigantism in molluscs consequent on trematode infection
was noticed by wesenberg Lund (1934), Rothchild (1938, 1941a,

b), Rothschild & Rothchild (1939), Abnormal growth may be
due to the utilization of the nutrients for somatic growth,
as gonads are incapable of utilizing the nutrients for game
togenesis, being degenerated by parasitic castration (Wright,
1971). The oyster from which Bucephalus sp. was recorded
in this study did not exhibit any gigantism.

Polydora infection was chiefly during the pre—monsoon

and post-monsoon periods. They were virtually absent during
the monsoon spells as they may be less tolerant to the very
low salinity conditions experienced during the monsoon

period (Chapter 1). Lunz (1940, 1941), Korringa (1952) and
Clark (1956) and several others have studied the effect of

Polydora infestation on oysters. According to Korringa
(1952), the shell volume is considerably redued owing to
the formation of 'mud+blisters'. The oyster expends consi
derable energy to secrete new shell material, which ulti
mately exhausts the oysters thereby exposing them to the
attamk of predators (Sindermann, 1970)
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Table 9.1 Associates (Commensals) recorded from<3. madrasensis
ii11-Ifiifiuiiuhiu-Inliiifinitfix1111111:-1::1:51;: cuusxrj-u-nan:-1: 1111121331111‘

Animals recorded Group Occurrence Type ofassociation

Cliona sp. Porifera Throughout Parasitic
the year commensal

Electra bengalensis Bryozoa Pre & post Commensal(Stoliczka) monsoon
giderina arabianensis “ " "
'Menon and Nair

Schizoporella ggchinensis " " "
'Menon and Nair.

Nolella paupensis (Busk) “ " "
Bowerbankia impricata “ " "
(Adams)

giectra crustulenta " Monsoon "(Pallas)

Victorella Eavida (Kent) " " "
Hydroides norwegica Annelida Throughout "TGunnerus) (Polyeh- the year

aeta)

Mercierella enigmatica " " "Spirorbis sp. “ " "
Poiydora ciliata " Pre-monsoon Parasitic(Johnston) commensal
Eunice sp. " " Commensal
Eerinereis sp. Platyhe1- " "

minthes
(Trematoda)

Bucephalus sp. " " Parasite

Table Contd.



Zgble contd.

Balanus amphitrite
ggpmunis (Darwin)

Corophium triaeonyx

Ianais estuaris

gghaeroma walkeri

Perna viridis
(Linnaeus)

Aagméé Sp

Crassostrea cucullata
Modiolus carvalhoi

Musculisté sp.
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Crustacea
(Cirri—
pedia)
Crustacea
(Amphi
poda)

Crustacea

Crustacea
(lsopoda)
Mollusca
(Bivalvia)

Pre & Post
monsoon

POSt
ITOUSOOTJ

Throughout
the year

Commensal
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Pearl formation is a very rare phenomenon observed in

edible oysters. Nacrezation around a foreign material
leads to the formation of pearls, which is an internal
defence mechanism (Cheng, 1967). Nacrezation is influenced

by a variety of trematodes and cestodes (Southwell, 1924;
Palombi, 1940; Stunkard & Uzmann, 1958). The causative

agent for the formation of pearl noticed in this study is
not known. Of the 1261 oysters examined, pearl formation
was noticed only in one instance, which indicates that
pearl formation is a very rare phenomena infg. madrasensis.
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1.

3.

SUMMARY

A detailed study of the hydrography of the Cochin
Backwaters, the habitat offcrassostrea madrasensis
has been carried out. Data pertaining to air
temperature, water temperature, salinity, dissolved
oxygen, turbidity and rainfall have been collected
and presented. The temperature fluctuation was in the
range of 5°C only and that of salinity between 1.1%o
and 32.9%o. Fairly steady salinity has been recorded
during the pre-monsoon period (February to May) and

drastic declension during the monsoon period
(June-Septemberl. Dissolved oxygen varied between

2.5 ml/l and 6.5 ml/l. Turbidity was highest in June
(27.9 p.p.m.) and minimum (10.2 p.p.m.) in E-‘erh-ruary.

A detailed study on marine biofouling in the Cochin
Backwaters has been made with special reference to

primary film, settlement and growth of the fouling
organisms such as hydroids, bryozoans, tube-dwelling
polychaetes, barnacles and modiolus.

An account of the settlement of Q, madrasensis in the
Cochin Backwaters is presented. ‘Q. madrasensis enjoys
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a wide distribution in the backwaters. In the five

stations investigated, no settlement of Q, madrasensis
was observed during the monsoon period owing to reduced

salinity. Settlement in general was confined to the
late post-monsoon period and throughout the pre—monsoon

period.

Height-length studies in Q, madrasensis revealed an
exponential trend in the forn:H = AL . Larger deviations
in height for longer oysters were observed. For oysters
below 3.5 cm in height, height and length approximated.

The ratio changed for oysters of 8 cm and above in
height. Height-depth relation also showed an exponen
tial relation in the fornnH = ADE. The variations in

height did not bring about corresponding variations in
depth. The frequency distribution of the index of
shape also showed that height and width are not directly
proportional to increase in length.

The relation of weigt to height, length and depth was
examined by a multiple regression. t—tests showed that
the regression co—efficients were significantly
different from zero, suggesting that increase in height,
length and breadth contributed to the weight in
Q, madrasensis. Partial regression co-efficients
showed that weight is influenced by height, length and
depth in their order of preference.
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Condition index and percentage edibility for the total
oyster populations were worked out. Condition index

and percentage edibility showed a similar trend for the
total population and also for males, females and
indeterminates. Maximum condition index and percentage

edibility were noticed during October which declined
and reached the lowest in February-March. From.April,
it showed steady increase reaching the maximum again
in October.

Studies on age and growth showed faster growth rate in

Q, ggdrasensis inhabiting the Cochin Backwaters compared

to those reported from Madras. Salinity fluctuations
and alteration of nesohaline and polyhaline condition
at the Cochin Harbour influenced the growth in Q,
madrasensis. Growth was determined by the progression

of modal height during different months. The maximum

size which oysters can attain (L()C ) and catabolism
co—efficient K, (loge tanfi) were determined by Ford
Walford technique. The theoretical time at which
oyster height is zero (to) was determined by plotting

logé (Lufl — lt) on t. From this, it was read as the
time relating to logL. Lcxl was found to be 21 cm.

Biochemical studies have been shown similar trend in
the fluctuation of water content in male and female

oysters. A definite pattern in the distribution of
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walkeri were recorded as associates.
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protein was noticed. It showed an inverse relation
to glycogen. A definite shift in the value of protein
corresponding to the reproductive phase of oysters was
noticed. Fat content was low during December to May

with peaks in September in both the sexes. Ash also
showed a trend similar to protein.
Trace metal load of cadmium, copper, iron, manganese,

zinc and mercury was estimated. The study has shown

that heavy metal load in Q, madrasensis exhibits
seasonality, correlated with reproductive cycle.

A brief account is furnished of the associates and
their ecology. The parasites include, the boring
sponge cliona, the polychaete Polidora ciliata and the
tr matode Bucephalug sp. Several species of bryozoans
such as Electra beggalensis, Alderina arabianensis,
Schizoporella cochinensis, Nolella paupensis,

Bowerbankia impricata, Electra crustulenta, Victorella
pavida and tubicolous polychaetes such as Hydroides
norvegica, Mercierella enigmatica and crustaceans such
as Balanus amphitrate, Corophium triaenonyx, Sphaeroma

The formation of

pearl in one instance has also been recorded in this
edible oyster. The results of the present studies are
discussed in detail with earlier work on oysters from
India and abroad.
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