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INTRODUCTION



INTKODUCTION

The edible backwater oyster of India belongs to the
genus Crassostrea, 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 (18965, Massy
(1916), Adam (1939) and Preston (1909, 1910, 1911, 1914,

1915 & 1916). Annandale & Kemp (1916) studied the oysters



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. 1In 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,
1909a), the prospects of establishing a pearl fishery and
other marine industries on the Okhamandal (Honrnell, 1909b),
report on the anatomy of Placuna plscertz with notes on the
distribution and economic uses (Horns=ll, 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, 1910b), 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, 191é6c), records on



edible molluscs of the Madras Presidency (Hornell, 1917),
tne 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, 1949a3,b,c and Hornell, 1951) deserve
special mentlion. The morphology of the rock oyster QOstrea

(Crassostrea) cucullata has been dealt by Awatl & 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.

Ral 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 bionomics,
early swimming stages, culture and ecolngy of the Madras

edible oyster Ostrea madrasensis (Presicn).

A new impetus to the study n.i ..ndian 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 &



iRai (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 madrasensis (Preston)

Crassostrea cucullata (Born), Crassostrea gryphoides

(Schlotheim) and Crasgostreg discoidea (Gould). Crasso=-

strea madrasensis, the common backwater oyster is confined

to the backwaters and estuaries of the southwest and east

coasts, Crassostrea cucullata, the rock oyster is found on

the inter=-tidal rocky coasts, Crassostrea gryphoides

inhabit the muddy 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.
Pelscneer (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 mone-:
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). Accordingly 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 Kanson (1948, 1950 & 1960) who
unravelled the taxonomic puzzle pertaining to this highly
polymorphic group. He has taken into consideration the
structure of the larval shell, which is free from the
influence of habitat, for the classifiéation of oysters

and distinguished three genera, namely, Pycnodonta

(Synonymous with Crassostrea) Gryphaea and Ostrea.
Pycnodonta which is larviparous, is characterised by equal
larval shell valves, the presence of 5 teeh equallg
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. Ostrea 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 lamellated.

Hemming, as cited by Korringa (1952) has included
Gryphaea arcuata Lamark as the type species of the genus

Gryphaea. Children's selection of Gryphaea 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) Gryphaea angulata was 'nomen nudum' (mere name)

when Lamarck first published the generic name Gryphaea and
doecs not merit consideration as an originally included
species, Hence, Gunter (1950) pointed out that the
generic name Gryphaea can be used for fossil species only.

The generic name Crassostrea (Sacco, 1897) is the first

valid name for oysters of the type angulata, virginica,

gigas, madrascnsis and cucullata (Rao, 1974). The genus

Crassostrea is distinguished by the following features:

the shell is very irregular in shape, the left valve is
cemcnted 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
wokld} 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 thelr inter-relations, the age and growth,
the condition index, the percentage edibility, the effect
of hydrographical factors on the oysters, the biochemical
changes and trace metal content of soft tissue, the

parasites and associates of Crassostrea madrasensis

(Preston).
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CHAPTER 1

THE ENVIRONMENT

1.1. Introduction

Cochin (Lat. 9° 58' N, Long. 76° 16' E) is a major
port on the south-west 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 i1s the northern extension of the
Vembanad Lake (Fig.l). 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 south-west monsoon

and e¢ven 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
mixture of waters as long as the flow from the rivers
does not supply the upper layer with new fresh water,
Wwhen 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 m except in the dredged
shipping channels, namely, the Cochin Approach Channel,
the Ernakulam Channel 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 the Cochin 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 caonditions of the backwaters around Willingdon
Island, Qasim & Reddy (1967) on the estimation of plant
pigments during the monsoon months, Qasim et al. (1968)

on solar radiation and its penetration, Qasim et al.
(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-
chemical factors in the Cochin Backwaters during the
south-west monsoon, Haridas et al. (1973) on salinity,
temperature, oxygen and zooplankton biomass of the back-
water from Cochin 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 & Zuarl 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 et al. 1973),
hydrograpghy and suspended sediment load of the oceanic
and estuarine waters adjoining Marmagoa Harbour during
early summer by Cherian et al., (1974), variations in
physical characteristics of the waters of the Zuari Estuary
by Cherian et al. (1975), ecology and environmental moni-
toring of Mandovi, Zuari and Cumbar jua canal complex by
Dwivedi ¢t al. (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 et al. (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 osci%%ting 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 and chemical 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 aajustments show considerable
tolerance to many fluctuating environmental factors.

Th¢ 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, fH, 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
rhythmic 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 generaﬁions 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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vitics, such as nutrition, growth, gametogenesis, spawne-
ing ,and development (Nelson, 1921; 1921a; Galstoff, 1928;
Hopkins, 1931; Elsey, 1936; Orton, 1937; Ranson, 1948;
Loosanoff, 1950a; Loosanoff & Nome jko, 1949; Loosanoff &
Davis, 1952; Galstoff, 1964; Walne, 1958; 1972; Pearse,
1965; Dame, 1972; Maurer & Aprill, 1973; Spencer & Gough,
1978).

Salinity of the water has been recognised as an
important factor controlling the occurrence of animalse.
Salinity factor is rc¢latively important especially along
tne 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 much 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 peéertaining to the metabolic activity of marine
organisms in relation to salin;ty supports this view,
(Panikkar & Aiyar, 1939; Loosanoff, 1950; Nagabhushanam,
1955; Pillayy 1958; Paul, 1942; Giese, 1959; Antony Raja,

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

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 conditionss
The extent of distribution by marine species in estuaries
depends on the degree to which the salinity varies with
tides, Secvcral 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 e¢ffect 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 oxXygen
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



-22-

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 untilll very low oxygen tension is

attained. Similar observation has been made in Crassostrea

gigas, 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 et al. 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 ¢ffects on the rate of pumping has been
described by Loosanoff & Tommers (1948). According to them
0.1 g/1 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 g/d the cxperimental
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 @i 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% decrcase in pumping was noticed. Calabrese & Davis
(1966, 1970) observed a critical pH of 6.75 for the succ-

essful recruiltment of Crassostrea virginicae.

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 1lit-
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 (Smith, 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



views are expressed. (Daniel, 1954; Weiss, 1947; Viss-
cher & 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. Visscher &
Luce (1928) observed that the barnacle cyprids react
ncegatively 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 Loosanotff & Nome jko (1946). However, these
observations arc 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
oysterse. 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.



l.2. Materials and methods

Water samples were collected from the test-site
daily for a period of gighteen months. Samples for disso-
lved oxygen were fixed immediately after collection.
Dissolved oxXygen 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.PeMe (serial no.725, Applied Electronics Pvt. Ltd.,
Bombay). The ailr temperature and surface water tempera-
ture were recorded correct to 0.1°C using an ordinary
thermometer,
l1.3. Results

Daily data pertaining to air temperature, surface
water temperature, salinity, dissolved 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 1l.1l. PFigures 1.3 = 1.7 preéent the hydrographic
and mcteorological 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-Septem-

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-kast
monsoon 1n 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° during July, 8
(Table 1.4), The variation between maximum and minimum

was only 5.8°C,

Dissolved oxygen recorded a maximum value of 8 ml/l
on October 1lst (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/1l.

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



2 (Table 1.5). Awide 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%. to Q.6%, was very significant. The
pre=monsoon period February to May, registered uniformly
high salinity. From October onwards the salinity gradua-
1lly fluctuated and reached the maximum again during the
post-monsoon period,

Turbidity recorded a maximum average value of 27.9
P.pP.m during the third week of June and minimum of 10.2
p.p.m during the second week of February. The water was
more turbid during the monsocon period than during the pre
and post=monsoon periods.

1.4, Discussion

An understanding of the seasonal fluctuations in
hydrographical characters of estuaries is an essentiai
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 considerably
influecnced 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 dds-

charge consequent on the south=west monsoon results in
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drastic changes in the physico-chemical variables such as
temperatures, salindty, 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, 1963),

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
stimulate 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

microscopic plants, which form a part of the complicated



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
rcgion. 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 et al.
(1969) in the Cochin Backwaters and Rao & George (1959) in
the Korapuzha Estuary.

Ramamirtham & Jayaraman (1963) observed no marked
rcduction 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 scasons 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,



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. Sqlar 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-
scquent on the rains, salinity shows considerable varia-
tions in estuaries. Those animals which are acclimatized
to changing"salinities through several years of physiolo=-
gical adjustments survive wide fluctuaﬁions in salinity,
while less tolerant forms are completely eliminated and
the areas left bare by these organisms are subsequently
rccolonised 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 arc
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 13%..
Heavy mortalities were observed by Engle (1946) in
Chesapeake Bay (USA), where salinities dropped down to
below 10%. by river discharge. Butlcr (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. Expcriments by Loosanoff &

Smith (1949) showed that Gryphaea virginica can get accu=-

stomed to lower salinities than that prevailed in the
medium where they are grown, Subsequent experiments by

Loosanoff (1950) showued that Gryphaea virginica withe
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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%0. 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. salinity. 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 homogencously
mixed 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 (Stenchaline forms) in the upper few
meters die out, while their counterparts survive in

deeper layers of water. Thus salinity acts as a limiting
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factor in the occurrence and distribution of these seden-
tary animals during the monsoon period.

The concentration of dissolved oxygen varied fram
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 theée other parts of the year. Since
the variation of dissolved oxygen was not appreciable, it
seldom acted as a limiting factor in the distribution of
the sedcentary animals in Cochin Backwaters as the varia-
tion was within tolerable limits of these organisms.

Turbidity in Cochin Backwaters varied between 10.2
pP.p.m and 27.9 p.p.m., Turbidity was higher during the
monsoon periode 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 1s greatly influenced

by the salinity in estuaries and heavy load ofi silt is



-35-

obscrved at lower salinities. Flocculation of large sus-
pended particles which occur above 14%, 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

Mar,

Mar.

Mar.
Apr,
Apr.
APr.

Apr.

May
May
May
May
May
Jun
Jun
Jun
Jul
Jul
Jul
Aug
Aug
Aug
Aug
Sep
Sep
Sep
Oct
Cct
Ooct
Ooct
Oct
Nov
Nov
Nov
Naov
Dec
Dec

March 1981 to Septenber, 1982
Air Water Sali-
Period temp, tempe nity
°c °C % o

8, '81 to Mar,18 31.4 30.7 30.2

19 to Mar.26 30.6 31.1 31,1
27 to Apr. 4 30.5 31.2 31,2
5 to Apr.1ll1l 31.4 31.1 32.5

11 to Apr.19 32.0 31.5 32.7
20 to Apr.27 31.5 31.4 32.3
28 to May 3 31.3 31.3 32.0
4 to May 10 32,1 32.1 32.2

11 to May 16 32.5 31.5 31.6
17 to May 23 30,9 31.2 30.5
24 to May 30 32.0 29.5 26.2
31 to Jun 7 30.0 30.0 21.9
4 to Jun 20 28.9 29.0 15.3

21 to Jun 27 28.8 28.7 12.9
28 to Jul 4 28.0 28.1 6.5
5 to Jul 12 28.0 27.9 2.3

15 to Jul 20 28.5 29.4 1.3
22 to Jul 26 28.1 28.8 4.1
1 to Aug 7 28.3 28.8 1.4

8 to Aug 14 27.2 28.4 2.9

16 to Aug 22 27.8 28.3 2.6
23 to Aug 30 27.6 28.3 1.7
4 to Sep 9 29.0 29.4 2.8

10 to Sep 19 28.8 29.1 5.4
27 to Oct 3 25.0 29.4 3.3
4 to Oct 10 30.0 29.2 10.9

11 to Oct 16 29.2 29.1 6.9
17 to Oct 23 29.3 28.6 1.9
24 to Oct 30 28.7 28.6 1.9
31 to Nov 6 30.7 29.4 13.4
7 to Nov 14 29.2 29.5 15.5

16 to Nov 22 29,3 29.9 17.8
23 to Nov 29 29.0 29.5 19.4
30 to Dec 6 28.0 28.6 26,2
7 to Dec 13 29.0 29.2 17.4

16 to Dec 24 28.1 28,4 23.5

AN

Dissolved Turbi-
oxygen dity

ml/1 PeP.Mmy
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11.8
11.3
17.5
11.4
15.2
20.2
13.0
13.5
14.0
18.0
17.0
25.5
27.9
28.0
25.0
25.2
21.0
18.0
17.0
15.5
l6.2
20.0
19.5
19.0
19.5
19.0
16.0
15,7
15.3
l16.1
22.3
12.0
13.0
15.0
16.0
12.0
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Period

Alr
temp.

Water
temp.

Sali-
nity

Dissol=-

"Turbi-

ved oxXy- dity

e e L RS % D LI S S G G G S e S G S e o T e e W S gun THD S e e S g S A g o Y S gy e e G SR s g G R s S oy

Jan. 6, '82 to
Jan. 15 o
Jan., 22 to
Jan. 30 to
Feb. 7 to
¥eb, 17 to
Mar. 1 to
Mar. 8 to
Mar, 16 to
Mar. 22 to
Apr., 1 to
Apr. 8 to
Apr. 16 to
Apr. 23 to
May. 1 to
May 8 to
May 16 to
May 23 to
Jun 1 to
Jun 8 to
Jun 16 to
Jun 23 to
July 1 to
July 8 to
July 16 to
Aug. 1 to
Aug. 8 to
Aug., 16 to
Aug. 23 to
Sep. 1 to
Sep. 8 to
Sep. 16 to

Sep, 23 to

Jan.
Jan.
Jan.
Feb.
Feb.
Feb.

Mar.

Mar.
Mar.
Mar.
Apr.
Apr.
Apr.
Apr.
May
May
May
May
Jun
Jun
Jun
Jun
July
July
July
Aug.
Aug.
Aug .
Aug.
Sep.
Sep.
Sep.,
Se p °

13
21
28

i3
22

15
21
31

15
22
30

15
22
31

15
22
30

15
22

15
22
31

15
22
30

27.3
27.9
29.0
29.4
29.0
30.2
30.5
31.0
30.7
31.5
31.3
31.4
30.5
31.3
32.1
30.9
31.0
31.5
31.0
31.0
28.0
28.5
28.1
27.8
28.0
29.0
28.5
27.8
28.3
28.1
29.0
30.0
30.1

28.0
28,3
28.7
29.0
29.2
29.7
30.4
30.5
30.6
31.4
31.2
31.3
30.5
31.0
32.0
31.8
30.9
31.0
31.2
30.0
28.5
28.3
28.4
27.9
28.3
29.3
28.7
28.0
28.2
28.5
29.1
30.1
30.0

32.7
32.2
33.1
33.8
32.7
33.9
32.5
33.0
32.0
32.7
31.8
30.5
28.0
30.5
30.5
29.9
26.7
27.1
29.0
29.5
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Table 1.2 Fluctuations of air temperature, water tempera-
ture, salinity and dissolved oxXygen at the test
site of Mattancherry Channel from 8-3-81 to

19-4-81 '
Date of Alr tempera- Surface
observa- ture water Salinity Dissgéved
tion tempera- oxXyg
ti re
°C °C %o ml/1
8-3-81 31.7 30.5 30.0 2.5
12-3-81 31.5 30.8 29.0 3.0
13-3-81 31.8 30.8 31.4 3.5
14-3-81 31.5 31.0 30.5 3.0
15-3-81 31.0 30.5 31.0 2.5
16-3-81 31.0 30.5 30.0 2.7
18-3-81 31.0 30.5 29,4 2.5
19-3-81 31.0 31.5 29.5 2.2
20-3-81 31.5 30.5 30.5 2.2
21-3-81 30.5 31.5 32.3 2.5
22-3-81 31.0 31.0 31.8 4.0
23-3-81 30.5 31.0 32.0 2.4
25-3-81 30.0 31.0 30.5 4.4
26=3-81 30.0 31.5 31.0 4.3
27-3-81 30.0 31.5 29.0 4.2
28-3-81 30.0 31.5 29.0 3.7
29-3-81 31.5 30.0 30.1 4.2
30-3-81 31.5 31.3 30.4 5.6
1-4-81 29.9 31.1 33.6 4.4
3-4-81 30.4 31.5 33.4 4.6
4-4-81 30.0 31.3 33.1 4.5
5-4-81 29.8 30.0 33.9 4.4
6-4-81 31.2 31.1 32.4 3.8
8-4-81 32.9 31.7 32.4 4.2
9-4~81 31.8 31.6 32.2 4.1
10-4-81 32.4 31.2 32.2 4.4
11-4-81 30.2 31.1 31.5 4.4
15-4-81 32.4 31.2 32.4 4.1
16-4-81 31.2 31.3 32.0 4.8
17-4-81 31.8 31.8 33.3 5.1
18-4-81 31.8 31.8 33.3 4.7
19-4-81 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 from 24-4-81 to

3-6-81
Date of Air tem- Surface Salinity Dissolved
observa- perature water oxygen
tion temperature
°C °C %o ml/1
24-4-81 31.8 31.5 31.1 3.4
25-4-81 31.2 31.4 - 32.6 3.0
27-4-81 31.4 31.4 33.1 2,3
29-4-81 32.8 31,2 33.0 2.3
30-4-81 31.6 31.5 32.2 2.7
1-5-81 30.5 30.3 31.6 1.8
2-5-81 30.9 31.6 32,7 2.2
3-5-81 30.5 31.7 30.7 2.4
6-5-81 31.8 32.0 32.8 4.3
7-5-81 31.6 32.1 32.8 3.6
8-5-81 31.9 31.9 32,6 3.9
9-5-81 32.6 32.5 31.6 4.4
10-5-81 32.4 32.2 31.3 2.3
13-5-81 34.0 31.1 31.6 3.5
14-5-81 32.0 31.6 31.7 3.7
15-5-81 31.1 31.5 31.4 3.5
16-5-81 31,7 30.8 31.8 4.0
17-5-81 28.4 30.5 32.4 3.6
18-5-81 33.1 31.5 31.0 1.5
20-5-81 29.7 31.4 30.5 3.6
21-5-81 29.5 30.7 30.5 3.5
22-5-81 31.4 31.1 29,6 3.6
23-5-81 33.5 31.8 28.9 3.6
24-5=-81 33.4 31.8 27.7 4.3
25-5-81 28.8 31.0 26.7 4,2
27-5-81 31.3 30.9 25,2 3.6
28-5-81 32.9 30.9 28.0 3.2
29-5-81 32.9 31.4 24 .5 3.8
30-5-81 32.4 30.1 26.9 4.0
31-5-81 31.3 30.9 26.4 4.0
1-6-81 30.3 30.4 24.2 5.9
3-6-81 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 Channel from 14-6-81 to

Date of
obser-
vation

22-6-81
24-6-81
27-6-81
28-6-81
29-6-81
1-7-81
2-7-81
3-7-81
4-7-81
5-7-81
6-7=-81
8-7-81
9-7-81
10-7-81
11-7-81
12-7-81
15-7-81
l6-7-81
17-7-81
18-7-81
19-7-81
20-7-81
22-7-81
23-7-81
24-7-81
25-7-81

Dissolved
oxygen

26-7-81
Air Surface
tempera~ water ‘Salinity
ture tempera-
ture
°c °C %o
28.5 29.5 11.2
28.3 29.0 11.9
28.4 28.8 14.6
29.5 29.1 18.5
30.6 29.3 18.9
26.8 28.0 16.7
28 .0 28 .6 15.9
29,7 28.8 13.9
30.0 29.6 13.4
27.5 27.9 8.5
27.1 28 .0 7.7
28,2 28,2 6,2
27.2 28.4 8.0
27.0 28.0 6.6
30.3 28.1 6.3
27.9 27.7 6.2
27.6 27.9 5.0
28,1 27.0 4.6
24,4 26,7 1.7
28.5 27.6 1.5
28.5 28.1 1.1
30,2 28,9 1.0
29.0 29.1 0.9
28.5 29.5 1.1
28,6 29,9 1.1
28.5 29.0 1.1
28.8 29.1 1.4
28,1 29.2 1.4
28.4 29.4 1.6
28.2 28.9 2.3
28.5 29.1 5.9
28,6 29.0 4.5
28.5 29,1 4.0
26.5 27.9 3.8

26-7-81

LGPV POV OO
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Table 1.5 Fluctuations of zir temperature, water tempe-
rature and dissolved oxygen at the test site

of Mattancherry Channel from 1-8-831 to

19-9-81
Date of Air Surface Salinity Dissolved
observation tempera- water oxygen
ture temperature
°c °C %o ml/1
1-8-Rg1 28.6 29.5 0.8 5.8
2-8-81 27.5 28.9 0.6 6.9
3-8-81 25.3 27.6 1.0 6.0
6-8-84 30.1 29.0 2.7 5.1
7-8-81 30.1 29.0 2.0 4.0
8-8-81 30.0 29.0 2.3 2.6
12-8-81 26.7 28.4 3.6 6.3
13-8-81 25.5 28.3 3.1 5.4
14-8-81 26,6 28.0 2.4 5.4
1l6-8-81 28.3 28.0 2.7 5.4
17-8-81 26.3 2746 3.3 5.5
19-8-81 28.8 28.8 2.5 5.7
20-8-81 28,4 28.9 2.2 5.8
21-8-8% 26.5 27.8 2.5 3.6
22-8-81 28.3 28.5 2.3 2,2
23-8-81 28.9 28.6 1.6 5.4
24-8-81 28.2 29.0 1.8 6.2
27-8-81 25.7 28.0 2.4 4.8
28-8-81 26.7 27.3 2.1 5.2
29-8-81 27.5 28.3 1.2 4.4
30-8-g1 28.4 28.4 1.1 5.6
4-9-81 27.8 29.2 1.6 5.8
5~9-g1 29.4 29.5 2.3 5.5
6-9-81 28.5 29.8 2.3 5.7
7-9-81 29.3 29.2 2.1 5.9
9-9-g1 30.1 29,5 5.6 5.1
10-9-31 31.0 30.0 5.5 5.5
11-9-81 27.5 29.0 5.5 5.0
12-9-81 26.2 27.8 6.0 4.0
13-9-81 29.5 28.8 4.9 4.5
19-9-81 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 Alr tem- Surface Dissolved
observa- perature water tem— Salinity oxygen
tion perature
°c °c %o ml/1
27~ 9-81 28.2 29.5 2.1 5.6
28- 9-81 28,6 28.4 1.6 7.4
30- 9-81 30.3 30.1 2.2 8.0
1-10-81 32.5 29.5 3.9 3.8
3-10-81 30.4 29.6 6.7 5.6
4-10-81 26.9 29.1 6.7 6.2
5--10-81 28.5 28.9 9.1 5.0
7-10-81 31.2 28,6 15.6 5.8
8-10-81 30.2 29.3 11.1 6.0
10-10-81 31.0 30.0 12.0 6.2
11-10-81 29.5 29.5 9.6 5.2
14-10-81 29,5 30.0 7.3 7.4
15-10-81 28.5 29.4 8.2 6.6
16-10-81 29.4 29.9 10.3 5.4
17-10-81 28.6 29.4 7.5 6.0
18-10-81 29.0 30.0 5.7 5.0
19-10-81 29.4 30.0 5.7 6.0
21-10-81 28.4 29.1 8.9 5.0
22-10-81 29.0 28.2 7.9 5.2
23~-10-81 27.3 28.1 5.6 5.1
24-10-81 25.5 27.5 3.6 5.7
26-10-81 30.1 28.1 2.6 6.6
28-10-81 28.8 29.0 0.7 4.8
29-10-81 30.0 29.0 0.8 6.4
30-10-81 29.0 29.5 1.8 6.2
31-10-81 30.0 29.2 3.3 6.0
1-11-81 30.3 29.5 7.6 6.0
2-11-81 30.0 28.0 7.8 6.4
4-11-81 30.9 29.8 13.9 5.4
5-11-81 31.0 29.9 17.5 6.2
6-11-81 31.8 30.0 30.0 6.5
7-11-81 28.6 29.2 14.7 6.1
8-~11-81 29.0 29.2 16.7 6.2
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Table 1.7 Fluctuations of alr temperature, water tempe-
rature, salinity and dissolved oxygen at the
test site of Mattancherry Channel from
14-11-81 to 28-12-81

Date of Air Sur face Salinity Dissolved
observation temperature water oxXygen
temperature
°C °C %o ml/1
14-11-81 29.9 30.0 15.1 6.0
16-11-81 29.0 31.0 14.8 5.8
18-11-81 29.0 29.4 16.6 4.8
19-11-81 29.0 29.4 15.6 3.6
20-11-g1 29,7 29.9 24.8 4.2
21-11-81 29.3 29.9 16.3 4,2
22-11-81 29.5 30.0 18.8 4.2
23-11-81 31.4 30.5 17.0 4.2
27-11-1} 28.1 30.0 20.6 4.0
28-11-81 27.9 28.5 14.1 4.2
29-11-81 28.4 28,8 26,0 4,1
30-11-81 28.6 28.9 25.1 3.9
2-12-81 28.0 28.9 25.7 3.8
3-12-81 28.7 29,2 26.0 3.9
4-12-g3 27.7 28.0 27.7 2.8
5-12-81 27,2 28.3 27,7 3.8
6-12-g% 27.9 28,5 24,9 3.8
7-12-81 28.3 28,5 26,3 3.3
9-12-g% 30.4 29.5 21.9 3.6
10-12-Gg1 27.0 28.5 13.2 4,2
11-12-81 30.0 29.3 13.2 4.2
12-12-g}1 29,2 29.8 14.1 3.8
13-12-81 29.1 29.5 15.9 4,2
lo-12-81 28.3 28 .6 17.4 4.0
17-12-81 27.8 28.2 21.3 4.0
18-12-81 28.4 28.4 24.0 4.0
19-12-81 27.4 28.0 26.4 4.2
24-12-81 28.6 28.8 28,5 4.0
26=-12-91 26.2 28,6 31.8 3.6
28-12-81 28.0 29.0 29.8 3.4
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Table 1.8 Fluctuations of air temperature, water tempera-
ture, salinity and dissolved oxygen at the test
site of Mattancherry Channel from 6-1-82 to

24=-2=82
Date of Air Surface Salinity Dissolved
observation tempera- water oxygen
ture tempera-
ture
°C °C %o ml/l
6-1-82 28.4 28,4 32.5 4.0
7-1-82 27.4 27.7 33.1 4,2
8~1-82 27.0 28.0 33.1 3.8
9-1-82 26,5 28.0 33.1 1.8
10-1-82 26,4 27.2 32.7 l.4
13-1-8@ 28.0 28.5 31.6 3.9
15-1-82 26,8 28.0 31.6 4.0
17-1-82 28.4 28.0 32.3 4.2
18-1-82 28,45 28.5 32.3 4.2
20-1-82 27.5 28.4 32.2 446
22-2-82 27,7 28.0 32.7 5.6
23-1-82 27.6 28,1 32.2 4.4
24-1-82 29,5 28.1 32.9 4.4
25--1 =82 30.0 28.3 33.1 445
28-1.-82 30.2 31.0 34.5 5.6
30-1-82 28.1 29.1 33.4 S.4
31-1-82 31.0 29,0 33.1 2.4
1-2-82 28.5 29,1 33.1 6.2
3-2-82 28,1 28,6 34.3 5.0
4-2-82 30.0 29.0 34.3 5.8
7-2-82 29.4 29,5 30.7 S.4
10-2-€2 30.5 30.0 33.5 4,0
12-2-82 28.0 28.5 33.4 3.8
13-2-82 28.7 28.8 33.0 6.0
17-2-82 29.7 29.1 34.0 4.5
18-2-82 29,6 - 29,1 33.9 5.0
19-2-82 29.7 29,5 33.6 4.4
20-2-82 31.0 30.0 34.9 4,8
21-2-82 31.0 30.0 34.0 3.8
22-2-€2 30.0 30.4 32.9 5.8
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Table 1,9 Fluctuations of air temperature, water tempera-
ture, salinity and dissolved oxygen at the test
site of Mattancherry Channel from 2-3-82 to

23-5-82
Date of i} Air Surface Salinity Dissolved
observation tempera- water oxygen
ture tempera-
ture
c® c® %o mi/1

2-3-42 30.4 30.4 32,0 5.0
4-3-8D 30.2 30.7 32.0 5.0
13-3-82 32.0 31.2 33.6 2.6
l6-3-82 31.3 31.0 32,2 2.0
17-3-82 31.3 30.6 32.9 3.8
1-4-82 31.2 30.0 32.9 6.4
18-4-82 31.0 30.5 32,0 6.4
24~4-82 31.8 31.0 34.0 4,8
25- 4 G2 32.0 31.6 33.8 6.1
4-5-82 30.0 30.5 .33.1 6.0
6-5-82 32.0 31.5 33.1 3.6
7 -5=-82 31.0 30.5 31.4 3.0
11-5-82 31.0 30,5 31.4 3.0
18-5-82 31.6 31.0 32.9 4.2
20-5-82 31.0 30.7 32.9 4,2

23-5-82 30.5 30.8 32.9 4.2
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Table 1.10 Average monthly rainfall at Cochin

Month Rainfall
mm
January 15.24
February 30.48
March 48,26
April 136.20
May 294.70
June 782,10
TJuly 574.10
xugust 370.90
September 248.90
October 335.53
Noverber 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 commonly known as 'Marine fouling'. The growth of
these biota on different surfaces such as hull of ships,
navigational buoys, underwater acoustic devices, cables,
condults 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 (Woods 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 X% 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)., 1In addition to increased expenses required for



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 shie-
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 accumilate more of fouling when
compared to those under active service conditiam. 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 scasons. 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



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 accumu-
lation, These structures are not usually protected by

any antifouling paint nor are they constructed out of
mctals 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 plpe<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
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carrying capacity of these conduits by increasing fri-
ctional resistance and also by reducing the pipe-<line
diameter. The fouling growth accumlated in these
structures and occasionally the foulers that are tornh
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 builld 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 efficicncy of condensers (Estes, 1938;
Martin, 1938; Mathews, 1927), Thc¢ torn off shells of
certaln 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 evan injure paint coatings on the hull in-
tended for prevention of rusting, In contrast to this,
corrosion of steel surface may also proceed less rapidly
under firmly 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 certailn foulers has
deleterious effect onthe paint films (Nelson & Kodet,
1944). The edge of the barnacle shell cven 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 from the
attack of marine wood borers,

Thus the problem of marine fouling has attracted
the attention of bioclogists, chemists and engineers alike
and a great volume of literature on fouling and its pre-
vention has accumilated. 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 numerous
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



65

fouling organisms also. Paul (1937, 1942) studied the
growth, sexual maturity and breeding of certailn sedentary
organisms in the Madras Harbour: At Krusadal 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 effcecct of light and colour of the
substratum on 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
(pPaniel, 1956), colour of the substratum (1956a), illu=-
mination (Daniel, 1957), stage of tide (Daniel, 1957a).
development (Daniel, 1958) and settlemcnt (Daniel, 1963)
of the fouling animals in the Madras Harbour. Ganapathi
et al, (1958) studied the biology of fouling in the
Vishakhapatnam Harbour 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 destruction. 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 from Cochin Harbour, Alagarswami &
Chellam (1976) studied thebiology of fouling and boring
organisms and the mortality of oysters in the farm at
Veppalodal in the Gulf of Mannar. 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 pP.revention' (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 them. Animals representing
13 out of 17 commonly accepted phyla are included in the
list (Woods Hole Ocecanographic Institution, 1952) to-
gether with all thg major groups under marine thallophytes,

The fauna and flora include microscopic forms such as
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bacteria, fungi, diatoms, protozoans and rotifers and
macroscopic forms like sponges, coelenterates, flat'wofms,
bryozoans, tube worms, amphipods, barnacles, molluscs
etc., Diffcrent kinds of algae also contribute to the
fouling community. The barnacles, the tube worms, the
bryozoans and the musscls 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 form the fouling community and
they must be considered as an inscparable 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 differe¢nces have
been recorded of the fouling assemblages met with on
moored structures and moving surfaces like the hull of
ships. Moorued structures in general support a denser and
much 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 rcference to 10 navigational
buoys recorded by Milne (1940). Different groups of
animals thus occur more frequently on buoys compared to

ships, indicating the diversity of species on buoys.
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During different seasons, these substrata may hold various
types of fouling plants and animals depending on their
location in aifferent 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 permancnt
ob jects under immersion, the former containing a,large
number of spwacies. 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 detall at
Vishakhapatnam (Ganapathi et al. 1958) Krusadai Island
(Kuriyan, 1950), Bombay (Iyengar et al. 1957 Karande,
1968), Cochin (Nair, 1967), Nuendakarai (Dharmaraja &
Nair, 1981) and Andaman Island (Karande, 1978). A total
of nearly 54 diffcrent species of fouling organisms have
so far been recorded from Vishakhapatnam Harbour
(Ganapathi et al, 1958), 54 species from Madras Harbour
(DPaniel, 1954), 57 from Krusadai (Kuriyan, 1950) 50 from

Bombay and neighbouring areas (Iyengar et al. 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 some specics and this scequence 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 diffcrent scological factors both biotic and abiotic.
The different fouling organisms reproduce and scttle
during periods that arec favourable to them, This scasonal
sequence in fouling is influenced, by the geographical
location.reflecting the effect of such factors as tem~
perature, salinity and so on.

A newly exposced surface in the sca gets rapidly
coated with microscopic 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



=70

hours (Nair & Pillay, 1977). It has been found that the
composition of the primary film is different in different
arecas, Zobell (1939) found that the primary £ilm consists
mainly of bacteria on the eastern coast of the United
States, In the sub-tropical waters of Australia, Wood
(1959) found that the £ilm is composcd 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
Weilss (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 maln constituent of the primary
f£ilm at Cochin Harbour and they noted a progressive
increase in the number of bacteria with incrcease in the
duration of immersion. They also obscerved that diatoms
and algal spores form only a small proportion of the
slime film, Diffeurent stages in the development of slime
have been noticed by various workers, Harris (1943)
obsuvrved three stages in the development of thc s1ime
film, namely bactcerial slime, diatom flora and the atta-
chment of higher animals. However, Kuriyan (1953) could

not observe scparate stages in 10 day blocks, He stated



-71-

that although a ce¢rtain 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 attachment of macrofoulers.
According to them, primary film is not an essential pre-
requisite for fouling by barnacles, but thcy 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 thc settlement
of barnaclce cyprids., Miller (1946) studied the attach-

ment of larvae of Bugula neritina and concluded, that the

presence of slime film was not e€ssential for the settle-~

ment of larvae of Bugula neritina even though slime faci-

litated the attachment. Schcer (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-
vaec on. slimed panels when the larvae had a choice of

slimed and non-slimed panels. He further observed that



-72 -

hydroids are favoured by the surface with bacterial slime.
Wlilson (1925) also noticed the influecnce of diatom popu=-
lations of the slime in the subsequent macrofouling. Coe &
Allen (1937) noticed heavy fouling on pancls scrapped off
fouling than clear surfaces and attributed "a more favo-
urable physical surface, resulting from the retention of
microscopic 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
substantiatcd by Mcadows & Williams (1963)., Their cxperi-

ments showed that larvae of Spilrorbis borealis, settled

more recadily on films developed in the presence of diatoms
and thelir associated bacteria than on those developed in
the prescnce 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 conditioniné of the panel,
probably by means of the formation of primary film, as

a pre-requlsite for mass settlement of atlecast 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 (1955a) observed
that for the settlement of barnacles and serpulids, pri-

mary film as an essential pre-requisite., Corpe (1976)
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summarised the natyral history of primary films, its role
sn the conditicning of tune 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 £ilm 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 intere-specific dependence. This biological succ=
ession involves definite rcelations between organisms and
is occasioned by factors of the environment. The carlier
forms play a role for the establishment of forms that
arrive latecr. In some cases the earlier forms are dis-
placed or smothercd as a result of successive settlement
resulting ultimately in the establishment of a climax
community consisting of forms which are slow growing and
long living.

é;ecr (1945) found at New Port Harbour, California
four sequences in the bilotic succession of fouling orga-
nisms and concluded that the successicn is nearly, if not
entirely, dependent on scasons. 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 Mya arenaria killing the¢ latter and changing the physi-

cal and chemical conditions of the surface layers which
according to him is a truc casc of biotic succession.

In many instances biotic succession is obscured by seasonal
succession and in zones where seasams are prolonged and
wcll marked, biotic succession may not be pronounced
(McDougall, 1943; Moore, 1939; Pycfinch, 1943),

The only studies rcgarding this biotic succession in
India are those of Danicl (1945) Antony Raja (1959) from
Madras Harbour and Ganapathi et al. (1958) from Vishakha-
patnam. According to Danicl (1954) the primary £ilm 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, Danicl obscrved the same sequence of cvents,
taking place, irrespective of the scason during which it
is exposed (Danie¢l, 1954), In the observation on the
succession of fouling communities at Vishakhapatnam Har-
bour (Ganapathi et al. 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, sca anemones, barnacles and
oystcrs, However, Antony Raja (1959) during his studies
has found no clear cut successicon as has been reported

from Califcrnia (Coe & allen, 1937), New Port (Scheer,



1945) and Australia (Allen & Wood, 1950), where a true
ecological succussion with a well defined community domd-
nating at every stage, leading to a single climax community
has been recorded, Antony Raja (1959) suggested that the
ecological succession, 1f any, 1s not true, regular and
definite, but is considerably modified under the prevai-
ling ecological conditions, There was no clear cut sca-
sonal succession in Madras Harbour as there was no sharp
and well marked seasons as is usually scen in temperate
countries.

Scveral factors of the environment are responsible
for the scasonal succession of marine fouling organisms,
of which, tempecrature, salinity, dissolved oxygen, turbi-
dity, pollution, waves, tides, currents, light, colour,
nature .nd texture of the substratum are lmportant. American
workers, like Bengough (1950), have divided the oceans of
the world into a series of 10 zones, representing varying
grades of fouling intensity. 2ones 1 and 2 comprise a
world-wide belt running roughly 30° North and 30° South
of the equator, representing the zone of the greatest
fouling intensity (India comes under this zone), whercas
zones 9 and 10 (the Antarctic and Arctic scas) are with
the lowest fouling intensity., Compared to tropical
waters, settlement of marine fouling animals is more

limited in temperatc waters. Based on seasonal breeaing
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behaviour, Paul (1942) distinguished four types of orga-
nisms, namely, those that attach without definite seasonal
fluctuation throughout the year; thosce 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, Temperaturc influcnces 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-
ferences between 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 tempcrature. Tomperature 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 yecar to ycar
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 warm water
tropics and the cold water zones towards the poles.
Boundaries are usually with either summer or winter teme
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 mey 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. Accordingly wide fluctuations in salinity are noti-
ced along the ccasts of Indial, Even though salinity
fluctuations In the open ocean are insignificant, in
estuaries and narbour areas salinity fluctuations are
very much marked 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. Am:rican barna=-

cles swh as Balanus tintinnabulum and Balanus 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 ¢burneus and Balanus improvisus common

along the coast, are unable to withstand extreme variations
of salinity (Pilsbry, 1916), The marine bryozoan

Bowerbankia gracilis also shows tolerance to extreme vari-

ations in salinity (Hutchins, 1945; Osburn, 1944), Menon &
Nair (1971) working on the ecclogy of bryozoans of the

Cochin waters noticed Victorella pavida and Electra

crustulenta settling only on panels during the monsoon

period and Electra bengalensis, 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 pavida),
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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 ih 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 from the open ocean to the
estuary".

Salinity also controls the breecding 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 e¢nd of November (South-west and
North-cast inclusive),

Polluticn is yet another factor of importance in
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the biology of fouling, particularly within the enclosed
body of water in th¢ harbours, Pollution is the outcome
of sewage, 1lndustrial 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 urganisms. On the other hand, certain subs~
tances may act as nutrients thereby enriching the medium.
In such situations detritus feeders, mud~tube dwelling
polychactes 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 swdintary organisms has direct value
for these arganisms 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 et al, (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 e¢nclosed coastal waters of the harbour and
other bodies of coastai waters contain silt, detritus
and other particulate materials in fine suspension. The
settling of silt may smother sessile forms and form a
mat-like cover over the substrata thcreby preventing the
settlement of certain specics nf 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 guantities 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 grecn plants. Those forms which
neced plant as a sustratum for se¢ttlement, arce 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 lmpossible or to places where conditions are
unfavourable fcr settlement. The velocity of water cur-
rents on the substratum 1s important since larvae of fou-
lers select suiltable sites for settlement in relation to
the velocity gradient of currents (Smith, 1946; McDougall,

1943). Smith (1946) found Balanus improvisus settling in

currents up to about 0.5 knots and tube worms Dasychomne
conspersa up to about 1.0 knot. McDougall (1943) observed
Buqula and Balanus grew best when the velocity of currents

was minimum, Tubularia and Sabellaria preferring maximum

velocitics; sponges, oysters and tunicates preferring
intermediate conditions., Hentchel (1923) recorded the
maximum 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 et al. (1911) obser-
ved good growth in tubularia, hydroids, mussels, bryozoa

and ascidians in narrow passages carrying swift tidal



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

rapid increase in weight of Mytilus 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 Balanus 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 amphi-

trite, MeDougall (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
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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 McDougall (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
rcevealed that barnacles attach mainly on surfaces deeply
submerged and that those on a block near the surface
arc confined to its underside away from strong light.
Sunlight according to them, has an «ffect 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;
McDougall, 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
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(Egypt) noticed the colour preference of eleven species of
fouling organisms to black and white panels. He observed

preferential settlement of Hydroides norvegica, Spirorbis

corrigatus, Balanus perforatus, Ciona intestinalis, Diplo-

soma listerianum on black backgrounds., However, Obelia

geniculata, Tubularia larynx, Balanus amphitrite and Botryl-

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 substratum have marked
effect on the settlement of marine sedentary animals
(Pyefinch, 1948; Pomerat & keiner, 1942; Visscher, 1928;
Pomerat & 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 larvac make
exploratory movements covering appreciable distances
before attachment. Barnes & 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 larynx, Hydroides norvegica,

Spirorbis corrigatus, Balanus perforatus, Buqula neritina,

Ciona intestinallis and Diplosoma listerianum. In the

case of Obelia geniculata and Botryllus schlosserl the

smooth panels were found more favourable by him, Balanus

eburncus and Balanus amphitrite showed insignificant

preference to rough and smooth panels. Among the animals
that preferred rough panels, t = test analysls showed

marked preference of Tubularia, Hydroides, Balanus per-

foratus and Ciona to rough panels compar¢éd to others.
Sedentary animals prefer concave rather than plane surfaces
were observed by Moore (1935), Gregg (1948), Barnes c¢t al.
(1951), Crisp & Barnes (1954), Moyse (1971), Wisley

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

which. they settle such as rock, concrete, asbestos,
earthern tiles, glass, metallic surfaces and fibrous

structures,
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The existence of a mutual relationsiidlp 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 gues-
ticned 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 inairectly affect corrosion
and the role of fouling organisms in preventing corrosion
in tropical waters is still wanting.

Thus the problem of marine 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-specific and inter-specific competitions and the
presence ox 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
from Cochin Harbour 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 cquantification 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 mm 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 1line 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 cm2 area and expressed in 100 cm2 as,

R = Rare (1 to 100/100 cm2), C = Common (101 to 300/100 cmz),
VC = Very common (301 to 800/100 cm2) and A = Abundant

(801 and above/100 cm2). 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 bryozocans - 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
Unb@ to the free edge) and length (maximum distance of shell
at right angles to height., Only the above mentioned five

ma jor fouling organisms that are commonly met 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 th¢ locality av@ 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 obtalned 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 sterecomicroscope., The micro=-foulers together with
settled macro-foulers were counted and recorded (Tables
2.1 and 2.2). During the monsoon 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 f£ilm, sterilized glass panels
(microscope slides) were exposed in the backwaters on a
grooved rack and c¢xamined after 2, 4, ©, 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 rel aionship of age on height, length
and diameter in the various animals, the experimental
data were analysced statistically by fitting growth
models. The mathematical model cmployed was Y = ABx,
where‘Y’represents either length, height or diameter as
the case may be and X represents age in days. This
mathematical model was converted to a straight line for

fitting. On taking log,



log¥Y = 1log A+x log B
Let logyY =Y., log A = a and log B = b, then the above
equation becomes,

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

b $ x* + a 5 x $ xy (1)
bé% x + na =5y (2)

From these two equations, a and b were solved. Also the
co=efficient of corrxelation between the logarithm of age
and the logarithm of each of the variables, namely,

height, length and diameter were worked out by Pearson's

formala
r =£(x-% (y-¥%)
nsexagy
where X =%£x =— = %y
n?Y n

and n represents number of pairs of values, The signi--
ficance of the co=-efficient of correlation was tested by

¢! test,

t = r Yn=2
\/l-r2

The degreesof freedom of 't' is n-2., The value of r,a,

b,n and the significant level of correlation co-<fficients



are presented in Tables 2.33, 2.34 and 2.35, A

and B in the models are obtained by taking the antilo-
garithm of @ 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 threce dimensional scale, age on

X axis, length or height or diameter along the y axis

and the number settled along the Z2 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

2e3¢1l. The primary £ilm

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-sliimed controls was only 23, The
settlement of micro foulers was uniform both on slimed

and non-slimed panels. Species of Vorticellids and

Zoothaminium were predominent among the micro foulers,

Altogether twelve genera of diatoms namely, Nitzchia,

Navicula, Bacilllaria, Melosira, Pleurosigma, Coscino-

discus, Cyclostella, Rhizosolenia, Thallasiosira 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. DMajority
were found to be non-sporing gram negative, motile rods

with flagella. A few genera of Vibrio, Acromobacter and

Aeromonas were also identified. Bacteria were the first
settlers and their number incressed 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 fouling organisms

The diatoms collected from the primary film were
also found occurring on panels under the different series,
Protozoa

The colonical ciliate protozoan Zgothaminium 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.

Coelenterata

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
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monsoon period when salinity was low. The hydrorhiza
ramified the surface of the panels from which crect
branches (hydrocauli) appecared. The height of these
erect branches was measurcd to record the growth rate of
hydroids, A maximum growth of 53.6 mm was recorded in
the sixth scries of pancls during December 1979, The
occurrence and rate of growth of hydroids are prescnted
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, 6th & 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 a«nd ripe gonophores were seen in indivi-
duals 10 days old and above and medusae were also libera-
‘tcd during this period.

Caprcllid sp. was often found browsing on hydroid
colonices, Nudibranchs were also seen amidst the hydroids.
A few sca anemones were also recorded from the pancls
during the pre-monscon and post=monsoon months,

Bryozoa
The bryozoan# found fouding the panels were

Electra bengalensis (Stoliczka), Alderina arabianensis

Menon & Nair, Schizoporella cochinensis Meron & Nair,

Victoreclla pavida Kent, Eleetra crustulenta Pallas,

Conopeum reticulum (Linnaeus), Membranipora savartii
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(Hentschel). Of the seven species of bryozoans recorded

Victorella pavida and Electra crustulenta settled abundan-

tly during the monscon period (June to September). Dur-
ing the post=monsoon period (October to January) Electra

crustulunta and Victorella pavida scttled in fewer num-

bers till December, However, large numbers of Electra

bengalensis and aAlderina arabianensis settled during

this period. During the¢ pre-monsoon period (February to

May), particularly towards the latter part, Alderina arabia-

ncnsis and Electra bengalensis continued to settle, Schi-

zoporella cochlinensis started settling from February

onwards, A maxXimum growth of 52.9 mm after 45 days in the
lst series (Table 2.9), 28.5 mm after 44 days in the 2nd
scries (Table 2.10), 17.3 mm after 42 days in series 3
(Table 2.11), 25 mm after 50 days in the 4th series (Table
2.12), 16,7 mm after 44 days in the 5th series (Table 2.13),
29 mm after 43 days in scries 6 (Table 2.14), 20 mm after
53 days in the 7th series (Table 2.15) was recorded.
Annelida

Hydroides norveqica Gunnerus and Mercierella ¢nig-

matica were the scrpulid worms found scttling on the
pancls. They were found totally absent during the low
saline period existed during August, Scptember (4th series)
and October (5th series). Their peak scttlement 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 scries (Table 2.16) during April. However,
they attained 16.8, 13.2, 14.0, 15.0, 29.5, 32.0 and 19 mm
after 42, 43, 44, 33 and 51 days in series 1, 2, 3, 5, 6
and 7 respectively.

Polychaete worms like Eunice sp. Polydora sp. acou-
mulated significant guantities of mud over the panels,
The settlement of mud-tube dwelling polychaetes was
numerous during the post-monsoon and pre-monsoon periods.
Crustacea

The most dominant fouling crustaceans encountered
in the Cochin Harbour was the cirripede, Balanus amphi-
trite communis Darwin with their presence throughout the

year. Balanus amphitrite 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 whieh 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 diamcter of 14.8 mm and height of 6.9 mm
were recorded after 42 days during April 1979 in the 1st

series (Table 2.22). Balanus amphitrite 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 maximum height
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 aiso 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 communities are very much
influenced by the fluctuation in environmental factors.
In regions where scasons are well marked, as in temperate
regicns 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 abs<nt and because of the uniformly high
temperature conditilons, the sedentary fouling organisms
breed ana 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; Weciss, 1948a; Erlanson, 1936;
Ganapathi, ¢t al. 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 waried from
33.9%0 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 subscquent 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 norwegica, and Crassostrea 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), Hutchins (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 32,1°C, water

temperature from 27.4 to 32,.,2°C, dissolved oxygen from
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1.4 to 8.0 ml/1 while salinity fluctuated between 0.6 to
33.9%e¢. 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 amphitrite 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 pcriod between July, August and September and had
resonably attributed the causative factor to specific
variations of «¢nvironmental 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 oysturs adapted tp low salinity. The forms which
cannot tolcérate the low salinity are eliminated during

the monsoon pe¢riod and the areas left bare by these orga-
nisms are found later rccolonised by the planktonic larvae
brought to the site by tidal currents and other movements
of the water mass.

2.4.2. Succession of fouling communities: The primary film

The results of the present study indicate that
bacteria werc the first settlers and their number incre-
asc¢d progressively after 2, 4, 8, 16, 24 and 72h(Table 2.3).
The presence of diatoms in the slime film was 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 barnaclce 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. Phelp'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 that fouling 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 him (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 prusent study.

Miller (1946) studied the settlement of larvae of

Bugula neritina on non-toxic surfaces in the laboratory.

He concluded that the presence of slime film facilitated
but was not eseential for the attachment of Buqula larvae.
As notcd in the present study, Miller et al. (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 them, Whedon (1937) observed
that the number of erect bryozoans mostly Bugqula neritina
increased on slimed panels under natural conditions, but
he could not obscrve any settlement during the first two
or threc weeks of exposure, although many bryozoans settled
on older panels. Scheer (1945a) 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)., Thelr experiments showed

that larvae of Spirorbis borecalis, 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 £ilm is capable of influencing the

settlement of the larvae of Ophelia bicornis Savingny,

Spirorbis borealis Daudin and Buqula flabellata Thomson.
Menon & Nair (1971) noticed that a conditioning of the
panel, probably by means of the formation of primary £ilm,
as a pre-requisite for the mass settlement of atleast
some species of bryozoans and that the time 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 £ilm 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. 1In 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 settlement., AsS obser-
ved by Harris (1943) the prusent 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 dous 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 £ilm, 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 worm Hydroides norvegica, encrusting

bryozoans and barnacles, Hydroids were totally abscnt
during monsoon periods. Of the seven species of bryozoans,

Victoreclla pavida and Electra crustulenta settled during

the low saline period existed during the monsoon (June-~

September). However, during the postsmonsoon period



-107-

(October-January) Electra crustulenta and Victorella

pavida colonised the panels and large numbers of Electra

bengalensis, Alderina arabinaensis settled during the pre-

monsoon months, Barnacle population was represented by

Balanus amphitrite communis and they settled in large

numbers during the post-monsoon period when salinity
registered a steady increase., Bilvalves were- represented

by the edible oyster Crassostrca madrasensis and Modiolus

carvalholi, Oysters settled in large numbers from January

to February, Peak settlement of Modiolus carvelhoi was

during November-December. Mud-tude dwelling polychaetes
such as Eunice and Polydora 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 community that settled in large numbers during the

hot, highly saline pre-monsoon ceased to se¢ttle and hydroids,
calcarcous tube worms, Modiolus and oysters were absent

on the pancls, Soon after the monsoon, when favourable

conditions werc restored, the community described above

appeared again and the cycle was repeated.
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Table 2.1 Settlemcent of foulers on slimed panels
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Panel no. Microfoulers Settled
cyprids

S Rotifers,e vorticellids
and Zoothaminium 4

82 Rotifers, Zoothaminium,
vorticellids and algal
sporcs 5

S Zoothaminium, vorticellids,

rotifers, Nitzchia sp.
Navicula sp., Meclosira sp. and
Storoncis sp. 15

S4 Zoothaminium, vorticellids,
rotifers, Rhizosolenla sp.
Pleurosigme sp. Ihallasiosira sp.
Storoneils sp. Navicula sp. and
Clostexrium sp. 2

SS Soil nematodes, 4oothaminium,
rotifera, vorticellids,
Closterium sp. Cyclostella sp.
Coscinodiscus sp. and Cymbella sp, 9

s Copepods, Zoothaminium,
vorticelllids, nauplii, crect
polyzoans, Navicula sp.
Pleurosigma sp. Storoneis sp.

Cymbella sp., and Closterium sp. 10

7 Vorticellids, Zoothaminium,
rotifers, Thallaslosira sp.

Closterium sp. Pleurosigma sp.
and Navicula sp. 5

S Zoothaminium, vorticellids,
Storonels sp., Navicula sp.

Pleurosigma sp. 9

S Rotifers, Zoothaminium,
vorticellids, Cyclostella sp.
Pleurosigma and Storoneis sp. 8
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Table 2,2 Sc¢ttlement of foulers on control pancls
(non=slimed)
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Panel no. Microfoulers Settled
cyprids

1 Rotifers, Zoothaminium,
vorticellids, algal filaments,

Plcurosigma sp. and
Melosira sp. 1

Rotifers, Zoothaminium,

vorticellids, copepods,

Nitzchia sp. and Thallasiosira

SpP. Nil’
Oyster 1

C Vorticellids, Zoothaminium,
rotifers, copepods, Nauplii

Pleurosigmal sp, and
Coscinodiscus sp. 3

C Vorticellids, rotifers,
Zoothaminium, copepods,
Closterium sp. and Cymbella sp. 2

Zoothaminium, vortice¢llids,
and rotifers 1

C Zoothaminium, vorticellids, soil
nematodes, rotifers and

Pleurosigma sp. 2

C7 Zoothaminium, vorticellids,
rotifcrs, algal filaments
and storoneis sp. 1

C Vorticellids, Zoothaminium,
rotifecrs and copepods 2

C Vorticellids, algal filaments,

copepods, Coscinodiscus sp.
Thallasiosira sp, Storopeis sp.
Plceurosigma sp. Nil

Ci0 Zoothaminium, algal filaments,
vorticellids, rotifers,
copcpods and Pleurosigma sp. 10
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Table 2.3 Numbcer of bacteria settled during differcnt

intervals
Period of immersion Number of bactﬁria
n settled per cm
area

2 75

4 102

6 220

18 26,000
24 28,000

72 60,000
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Table 2.4 Settlement and growth of Obelia gracilis in the
first scries (6-3-81 to 19-4-'81)

Age in Mean hecight of Settlement
days vertical stolon
mm
1-5 - -

6 4,7 R
7 4.8 C
8 5.1 A
9 741 C
10 7.5 C
12 7.8 C
13 7.8 R
14 7.8 R
15 7.9 vC
16 8.0 vC
17 8.1 A
19 8.1 C
20 8.2 C
21 B.6 R
22 8.8 C
23 9.0 vC
24 9.3 R
25 9.5 vC
27 9.6 C
28 9.8 C
29 10.0 C
30 10.0 vc
32 lo.1 C
33 10.2 C
34 11,6 C
35 11.7 C
39 12.8 C
40 13.0 C
41 14.0 C
42 14,1 C

Key:= = = absent; R = rare-(1-100/100 cmz); C = ocommon

(101-300/100 cmz); VC = very cormmon (301-800/100 cmz)
A = abundant (801 and above/100 cm2)
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Table 2,5 Settlement and growth of Obelia gracilis in
the second serics (23-4-B1 to 6-6-81)

- — o com -—— -—— o e = o s = e wn - o e vus -~ g

Mean height of vertical Settlement

days stolon
mm
1-3 - -
4 2.8 R
6 4.5 C
7 6.0 C
8 6.2 C
9 6.2 R
13 6.8 R
14 7.6 vC
15 8.2 R
16 8.7 vC
17 9.5 R
20 9,6 R
21 10.4 C
22 10,5 R
23 10.6 C
24 10.8 R
25 11.5 C
27 11.5 vC
28 11.7 C
29 11.8 C
30 12.1 R
31 12.2 Ve
32 12.3 vC
34 12,3 vC
35 12.9 A
36 13.0 vC
37 13,5 C
38 14.3 C
39 14.6 C
41 14.8 C
42 15.7 vC
44 15.8 vC
Key: - = absent; R = rare (1-100/100 cmz); C = common

(101-300/100 cmz); VC = very common (301-800/100 cn?):
A = abundant (801 and above/100 cm?)
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Table 2.6 Settlemcnt and growth of Obelia gracilis in the
third scries (13-6=81 to 26-7-81)

D o S S SRS e P T — . i P e S S S D S > W G W = - ——— g o= o

Age in Mean height of Settlement

days vertical stolon
———————— ———————— E L — ——————
1-8 - -
9 6.3 R
10 6.9 R
12 6.9 R
15 7.2 R
le 7.3 R
17 7.8 R
19 8.0 R
20 8.4 R
21 8.5 R
22 8.8 R
23 9.1 R
24 10.3 R
25 10.4 R
26 11.3 R
27 14.2 R
28-44 - -

Key: = = absenty; R = rere (1 to 100/100 cm2)
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Table 2.7 Settlement and grgwth of Obelia_gracilis in
the sixth scries (13-11-81 to 28-12-81)
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Age in Mean height of Scttlement
days vertical stolon
mm
1-5 - -
6 5.0 R
7 5.3 R
8 5.4 R
S 6.0 R
10 6.1 R
14 9.2 R
15 10.4 R
16 11.4 R
17 11.8 R
19 11.8 R
20 11.9 R
21 15.8 R
22 16.0 R
23 19.9 R
24 22.1 C
25 23,5 C
27 24.5 R
28 24.9 C
29 28.3 C
32 31.2 C
33 31.9 C
34 40.8 C
35 40.8 C
40 46 .8 C
42 49,2 C
43 53.6 vC

Key: - = absenty R = rare (1-100/100 cmz);
C = common (101-300/100 cn?); VC=very common
(301-800/100 cmz)
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Table 2.8 Settlement and growth of Obelia gracilis
in the seventh series (4-1-82 to 24-2-82)

Mecan height of
vertical stolon

mm

g T e @S em g - e ump

Settlement

|
|

a o ¢ ® & o s o
CUWRFROONOOOHOWEDNMWD

e e el
OO0 O0COO0OVvVVVYVDDOOOOOWUL

10.7
11.3
11.4
11.6
12.0
13.7
13.9
14.2
16.5
17.0
17.1

WMWOXDVOWTOVAIXTODTRODDDVODODXOTOAODODI D

Key:

- = absent; R = rare (1-100/100 cmz); o

(101-800/100 cm?)

common
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Table 2,9 Scttlement and growth of Electra bengalensis
in first series (6=3-81 to 19-4-81)
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Age in days No. settled Mean diameter
mm
1-5 - -
6 36 2.4
7 39 3.2
8 43 4.4
S 27 4.4
10 44 5.5
12 41 6.5
13 42 7.6
14 39 8.2
15 42 12.6
16 32 14.9
17 32 i8.1
1% 31 18.7
20 40 22.3
21 27 22.7
22 24 25.5
23 22 27.7
24 25 33.0
26 15 34.0
28 33 36.2
29 46 36,2
30 26 37.7
31 30 38.5
33 30 39.6
34 30 39.8
35 28 40.0
36 5 40.5
41 23 43.5
42 28 44,6
43 23 46,6
44 31 48.9
45 33 52.9

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

S — S e e e T T g T G T = omam . o -

Age in days No. scttled Mean diameter

mm

1-5 - -

6 1 1
7 2 1.3
13 9 1,5
14 2 1.5
15 3 3.0
16 2 2.5
17 7 3.6
20 8 5.4
21 11 5.4
22 5 10.2
23 5 il1.0
24 4 11.2
28 3 11.2
29 10 12.4
30 6 13.0
31 8 13.0
32 7 13.3
34 7 13.5
35 9 13.6
36 ) 14.5
37 4 16.0
39 4 18.0
44 3 28.5
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Table 2.11 Settlement and growth of Electra crustulenta
in 3rd scries (13-6-B1 to 26-7-B1)

Age in days No. settled Mean diamter
mm
1-4 - -
5 5 1.2
6 12 1.2
7 18 2,0
8 56 2.1
9 36 2.6
11 51. 2.6
14 43 2.6
15 46 3.0
16 23 3.2
18 61 4.5
19 53 4,5
20 60 4,6
21 80 4,8
22 120 5.0
23 85 5.1
25 87 5.5
26 92 6.0
27 178 7.2
28 61 7.5
29 88 77
32 101 7.8
33 135 9.0
34 201 9.0
35 108 9.5
36 121 9.5
37 110 10.0
39 105 10.0
40 121 11.6
41 a5 13.5
42 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)

Age in days No, settled Mcan diameter

mm

1-16 - -
17 22 2.7
19 24 3.6
20 31 4.0
21 31 5.0
22 36 7.1
23 47 9.5
24 26 9.6
27 47 10.1
28 49 11.0
29 33 12,2
30 56 14.3
35 31 15.0
36 38 15,2
37 34 16.0
38 38 19.0
40 50 19.5
41 50 20.0
42 31 22.5
50 46 25.0

Key: = = absent



=120~

Table 2.13 Settlement and growth of Electra crustulenta
in 5th serics (26-9-81 to 8=11-81)

S p—— e — = — L ndadend — e — — - -— - - o amany

Age in days No. settled Mean diameter
___________________________________ ——— mm ——

1-11 - -
12 4 1.5
14 5 .
18 6 .
19 12 2.2
20 .
21 .
22 23 5.3
23 5.3
25 3 5.7
26 19 5.8
27 29 6.8
28 24 7.0
30 19 7.2
32 15 8.0
33 27 8.9
34 34 9.2
35 36 10.7
36 40 11.0
37 35 11.4
39 35 12.4
40 29 13.0
41 40 13.5
43 39 14.0
44 29 16.7

Key: - = absent
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Table 2.14 Settlement and growth of Electra bengalensis
in the 6th series (13-11-81 to 28-12-81)

. — S = —— QAP S G SH g S S — o — D D gy G S D g D g SED D S G D e S G D guie G D eas G D G e St gute e S

Age in days No., settled Mean diameter
mm

1-6 -

7 1 .

8 3

9 5 .
10 3 4.0
14 6 6.3
15 7 6.3
16 8 7.0
17 3 8.0
19 4 8.0
20 9 8.0
21 11 8.7
22 4 9.5
23 6 10.0
24 5 10.5
25 6 12.0
27 2 12.5
28 9 12.5
29 2 13.0
32 9 13.5
33 9 13.5
34 8 14.2
40 3 14.2
42 2 15.0
43 5 29.0

Key: - = absent
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Table 2.15 Settlement and growth of Alderina arabianen-
sis in the 7th series (4-1-82 to 24-2-82)

Age in days No. settled Mean diameter

mm
1-9 - -
10 6 1.3
14 1 1.5
29 1 1.7
30 1 2.0
36 1 3.0
41 3 3.5
42 2 6.2
46 19 6.4
47 10 9.5
48 7 10.5
49 9 11.0
50 3 13.0
51 3 15.5
53 3 20.0

Key: - = absent
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Table 2.16 Settlement and growth of Hydroides norvegica
in first series (6-3-81 to 19-4-81)

Age in days No. settled Mean length
m B
1-11 - -
12 1 7.0
13 14 8.0
14 11 7.6
15 10 B.6
16 10 84
17 15 9.6
18 15 10.5
19 7 11.3
20 20 12.5
21 7 12.5
22 18 12.8
23 14 12.9
25 6 13.0
27 15 13.5
28 3 14.0
29 22 14.3
30 9 14.6
32 15 15.0
33 9 le.6
34 1 17.0
35 11 20.3
39 6 20,3
40 14 21.8
41 7 26,5
42 13 28.2
43 15 49,3

Key: = = absent
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Table 2.17 Settlement and growth of Hydroides norvegica
in second series (23-4-81 to 6-6-81)

- —— —— e P e = e e P S S S S e = D S S ] S S S e G e s S S S S S e S

Age in days No. settled Mean length

mm

1-6 - -
7 7 4.5
8 5 6.0
9 3 6.8
10 29 7.8
13 27 7.8
14 17 8.3
15 55 8.5
16 11 9.0
17 8 9.6
20 6 10.1
21 39 10.4
22 31 10.7
23 22 10.9
24 70 11.8
25 6 12.3
27 33 12.6
28 45 12.6
29 le 13.0
30 38 13.1
31 26 13.4
32 62 14.0
34 28 14.5
35 28 14 .8
36 31 14.9
37 66 15.3
38 37 15.6
39 33 16.1
41 49 16.7
42 24 16.8

Key:s - = absent
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Tehle 2.18 Settlement and growth of Hydroides norvegica
in_3rd series (13-6-81 to 26-7-81,

- —— — - - = T - ot e T g S gy S D e S G S gy g AT G e S G D GED G e G S G S G G = G SIS G G G e e e

~Lge 1n days No. settled Mean length

mm

1-4 - -
S 2 1.5
6 18 4.1
7 76 5.2
8 110 5.9
9 163 6.3
11 130 6.4
14 113 7.1
15 155 7.1
16 200 7.3
18 121 7.7
19 156 7.7
20 84 7.7
21 90 8.1
22 84 8.6
23 73 8.8
25 33 8.9
26 55 8.9
27 20 8.9
28 25 8.9
29 9 9.0
32 15 9.0
33 44 9.4
34 20 9.8
35 15 9.9
36 32 10.3
37 62 10.4
39 23 11.0
40 40 11.2
41 3 12.2
42 4 12.5
43 1 13.2
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Table 2.19 Settlement and growth of Hydroides norvegica
in 5th series (26=-9-81 to 8-11-81)

Age in days No. settled Mean length

mm

1-25 - -
26 1 5.0
28 1 5.5
30 1 6.5
32 2 6.5
33 2 6.8
34 1 7.5
35 1 7.5
36 3 7.8
37 4 8.8
39 1 2.0
40 2 11.0
41 4 13.5
43 4. 13.6
44 1 14.0

Key: - = absent
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Table 2.20 Settlement and growth of Hydroldes norvegica
in 6th series (13-11-81 to 28-12-81)
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Age in days No. settled Mean length
mm
i-7 - -
7 1 2,0
8 2 2.0
10 1 4.0
i4 2 6.0
i5 2 7.8
16 1 9.0
17 1 11.0
19 1 12.0
24 1 13.C
28 1 13.6
29 1 14.0
33 1 15.0

Key: = = abscent
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Table 2.21 Scettlement and growth of Hydroides norvegica
in 7th secries (4-1-82 to 24-2-82)

Age in days No, eettlcd Mean length

mm

1-9 - - -
10 1 2.0
17 3 2.5
18 2 3.5
19 8 4.0
21 5 4.0
22 5 4.5
26 g 4.5
29 1 6.0
30 6 7.0
32 6 7.3
33 4 7.3
35 4 7.8
36 7 8.5
39 10 11.0
41 2 11.0
42 5 15.3
46 10 16.0
47 21 17.6
48 11 19.3
49 10 21.2
50 7 21.5
51 15 29.5

Key: = = absent
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Table 2.22 Settlem:nt and growth of Balanus amphitrite
communis in first scries (6-3-81 to 19-4+~81)

Age in days No. settled Mean diameter Mean height

mm mn
1-8 - -

9 1 . 0.5
10 4 . 0.5
12 7 . .
13 13 1.3 0.5
14 7 . .
1S 3 . 1.0
16 6 .9 1.
18 5 . -
19 13 2.0 1.0
20 12 2.3 1.0
21 9 2. .
22 2 . .
23 3 . .
24 . .
25 10 4.3 2.3
27 40 4.3 2.5
28 4 4.8 2,6
29 5 4.8 2,7
30 15 5.0 2.8
32 22 5.2 3.3
33 6 5.3 4.3
34 20 6.2 4.5
35 7 7.0 5.0
39 3 7.3 5.2
40 19 9.3 5.5
41 7 11.0 6.8
42 12 14,8 6.9

Key: - = absent
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Table 2.23 Scettlement and

- o D WD @D > T e =N

Age in days

6-6~81)

S 0 e P 90 S S D =

50

57

50

69

75
239
135
100
400
373

73
300
400
358
249
250
408
200
428
408
314
320
220
200
700
300
400
400
189

growth of Balanus amphitrite
23-4-8) to

communis in second series

No. settled Mean diameter

mm

® o ® ® o 6 0 6 & o % 0 & o ¢ © o o © & o o o }
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Mean height
mm
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Key:

absent
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Table 2.24 Settlement and growth of Balanus amphitrite
communis in 3rd series (13-6-81 to 26-7-81)

-y = e G = s S S - . - — o - T G - S = — e D S e = e @ e

Age in days No. settled Mean diameter Mean height

mm mm
1-3 - - -
4 11 0.5 0.5
5 32 0.5 0.5
6 70 1.0 0.5
7 166 1.0 0.5
8 200 1.0 0.5
9 365 1.0 0.5
11 57 1.0 0.8
14 146 1.0 0.9
15 150 1.3 1.0
l6 113 1.5 l.0
18 69 1,5 1.0
19 46 1.5 1.0
20 90 1.5 1.0
21 53 1.5 l.0
22 56 1.7 l.0
23 17 1.9 1.0
25 37 2.0 1.0
26 42 2.0 1.0
27 38 2.0 1.0
28 5 2.2 1.0
29 23 2.3 1.3
32 6 2.3 1.3
34 6 2.3 1.3
35 5 2,3 1.5
36 5 2.5 1.5
39 5 2.7 1.5
40 5 4.4 2.2
41 5 8.5 4.0

Key: - = absent



Table 2.25 Settlement and growth of B

- - — . e gy e A D e e o = -

Age in days' No. settled Mean diameter
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alanus amphitrite

_D—L—Y

communis in 4th scries (31-7-81 to 19-9-81

Mean height

mm mm
=16 - - -
17 5 0.5 0.5
19 7 0.5 0.5
20 303 0.5 045
21 257 0.5 0.5
22 460 0.5 0.5
23 66 1.0 0.5
24 15 1.2 l.0
28 200 1.3 1.0
29 231 1.3 1.0
30 306 2.0 1.0
35 185 2.0 1.2
36 127 2.0 l.2
37 41 2.1 1.2
38 44 2.6 1.3
40 22 2.7 1.5
41 17 2.9 1.5
42 18 3.0 1.7

Key: - = absent
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Table 2.27 Settlement and growth of Balanus amghitrice

communis in 5th series (26-9-81 to 8-11-81)

- - S o D A D G D e e S S S e S = G D e e G G S

Age in days No, settled Mean diamter Mean height

mm mm
1-13 - -

14 17 0.5 0.5
18 164 2.0 1.0
19 265 2.1 1.0
20 240 2.9 1.3
21 486 2.9 1.3
22 456 3.0 1.5
23 706 3.2 1.8
25 1120 4.1 2.1
26 1460 4.1 2.1
27 1208. 4.4 2.2
28 760 4,5 2.2
30 938 4.8 2.3
32 1040 4.9 2.3
33 682 4.9 2.3
34 342 5.1 2.3
35 740 5.2 2.3
36 702 5.3 2.6
37 720 5.5 2.6
39 328 5.5 2.7
40 336 5.6 2.0
41 508 6.3 3.2
43 500 6.8 3.5
44 450 6.8 3.6

Key: - = absent
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Table 2.27 Settlement and growth of Balanus amphitrite
communls in 6th series (13-11-81 to 28-12-81)

-— s e - e G ST G R Sy D P Sy Sy S -

Age 1in days No. settled Mean diameter Mean height

3 16
5 334
6 400
7 400
8 404
9 548
10 560
14 420
15 1040
16 688
17 704
19 400
20 500
21 840
22 730
23
24
25
27
28
29
32
33
34
35
40

DWWOLNONOUMPWRHROOVLYUNIVLLVLVYVWAOOL,DODULWL

520
800
600
400
800
400
320
800
480
550
500
42 300
43 234
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Table 2,28 Settlement and growth of Balanus amphitrite
communis in 7th series (4-1-52 to 24-2-82)

s  ——— e e = e o Sy T e S S s SN T S g . S T —

Age in days No. settled Mean diameter Mean hcight
mm mm

- - e - e = - -— - Sy S o —

4 8 0.5 0.5
5 14 0.5 0.5

6 15 0.7 0.5

7 18 0.8 0.5
10 58 1.0 0.5
13 19 1.0 0.5
14 1 1.0 0.5
15 22 1.0 1.0
17 35 1.0 1.0
18 44 1.0 1.0
19 80 1.0 1.0
20 50 1.5 1.3
21 33 2.0 1.5
22 60 2.5 1.5
26 160 2.5 2.0
30 50 2,5 2.0
32 52 4.0 2.0
33 27 4.3 2.3
35 44 4.5 2.8
36 800 447 3.0
39 60 7.0 3.5
40 8 7.0 4.0
42 400 7.8 4.0
46 250 8.0 4.0
47 120 8.0 4.5
48 200 8.0 4.5
49 100 9.0 4.8
50 200 10.3 5.0
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Table 2.29 Settlement and growth of Modiolus carvalhol
in first series (6-3-81 to 19-4-81)

et et e - — T e = S S T SaEpy G G S e - - ———— -—— e e ——

Age in days No, settled Mean length Mean breadth

mm mm
1-14 - - -
15 . 0.75
16 7 ‘ 1.0
17 23 1.8 1.0
19 7 2.0 1.2
20 25 2.2 1.3
21 18 2.8 1.7
22 80 2.8 1.8
23 52 3.0 2.2
25 61 3.5 2.5
27 78 4.1 2,6
28 71 4.5 2.9
29 86 4.6 2.9
30 18 4.7 3.0
32 32 5.0 3.1
33 10 6.2 3.2
34 10 6.2 3.8
35 33 6.3 3.8
39 35 6.3 3.8
40 2.3 6.5 3.8
41 27 6.5 4.4
42 33 6.9 4.5
43 30 7.9 4.8

Key: - = absent
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Table 2.30 Settlement and growth of Modiolus carvalhoi
in 6th scries (13=-11-'81 to 28-12-81)

Age in days No. settled Mean height Mcan lenath
mm mm
1-7 - -
8 2 0.5 O.
9 11 0. 0.5
10 4 . .
14 39 . .
15 15 . .
16 17 . .
17 62 .
19 41 . .
20 95 .0 .
21 26 4.0 .
22 35 4.6 .
23 77 4.8 .
24 47 .9 o
25 91 . .
27 35 5.1 3.8
28 35 6.0 3.9
29 17 6.3 4.3
32 5 7.0 4.4
33 40 7.1 4.4
34 23 7.4 4.5
35 31 7.5 5.2
40 14 8.4 5.5
42 5 9.8 5.6
43 6 10.5 7.0
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Table 2.32 Settlement and growth of Modiolus carvalhoi
in 7th series (4-1-82 to 24-2-82)

- ey R e . T G A D e S = - - - e - — G ST e - A = S S

Age in days No. settled Mean height Mean length.

mm mm
1-13 - - -

14 1l 1.5 1.0
17 3 2.5 1.5
22 2 3.0 2.0
26 1 3.0 2.0
29 3 3.5 2.0
35 2 4.3 2.5
39 2 4.5 3.5
41 2 6.5 4.0
42 2 6.8 4.3
46 2 7.0 4.3
48 2 8.0 4.8
49 5 8.3 5.0
51 1 11.5 6.0

Key: = = absent
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Fable 2.34 The cocfficient of correlations (r),

regression coefficient (b), y intercepts

(a) and number of observations for

bryozoans

- o P P = i o e > e S S s et T = W S P G, = e Y WP @ P P Y e W == -

Age on log diameter

-y TR e P = G b Ty G G P WP ey TP G et AT TR e GYD D S e G

Series Species

e Tt - = P T G . p - e - -

1 Electra
bengalensis

2 Alderina

arablanensis

3 Electra
crustulenta

4 Electra
crustulenta

5 Electra
crustulenta

6 Electra
bengalensis

7 Alderina
arabianensis

0.9179

0.9189

0.9686

0.9258

0.7826

0.8685

0.4770

0.03118

0.03889

0.02693

0.02805

0.02455

0.02455

0.0131

0.53905

0.06006

0.17305

0.25403

0.11315

0.00538

31

23

30

1%

24

24

14
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Fig. 2.6. ELECT"RA BENGALENSIS (STOLICZKA). THEORETICAL GROWTH, OBSERVED GROWTH, AGE
AND SETTLEMENT N THE 6th SERIES OF PANELS DURING 13-11-'8] TQO 28-12-1984
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ig.2.14. BALANUS AMPHITRITE COMMUNIS.THEORETICAL AND OBSERVED
GROWTH (ROSTRO-CARINAL DIAMETER),AGE AND SETTLEMENT
IN THE 4'" SERIES OF PANELS DURING 31-7-81 TO 19-9-1981
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OF PANELS DURING 31-7-1981 TO 19-9-1381
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Fig.2.16.BALANUS AMPHITRITE COMMUNIS THEORETICAL AND OBSERVED

GROWTH (ROSTRO-CARINAL DIAMETER), AGE AND SETTLEMENT
IN THE 5™ SERIES OF PANELS DURING 26-3'81 TO 8-11-1981




Z

&
o
<

n w «
[} (o] [T

HEIGHT mm
b
(o]

~

23

AGE N DAYS

30 35 40 a3
TR T T T T R T S S S S Y

e

\ ]
- —~—,

—~— 3
~

/”oo
1200

Iaoo

Fig.2.17. BALANUS AMPHITRITE COMMUNIS. THEORETICAL AND OBSERVED

GROWTH (HEIGHT), AGE AND SETTLEMENT IN THE S!
OF PANELS DURING 26-9-138t TO

SERIES
8-11-198]



AGE IN DAYS

DIAMETER mm
©

—

2

Fig. 2.18. BALANUS AMPHITRITE COMMUNIS. THEORETICAL AND OBSERYED GROWTH (ROISTRO-
CARINAL DIAMETER),AGE AND SETTUEMENT IN THE 6 th SERIES OF PANELS DURING
B 13-11-1981 TO 28-12-1981.
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Flg.2.24. MODIOLUS CARVALHOI. THEORETICAL AND OBSERVED GROWTH (LENGTH), AGE
AND SETTLEMENT IN THE 6" SERIES OF PANELS DURING 13-11-1981 T0
28-12-1981.
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CHAPTER 3

SETTLEMENT CHARACTERISTICS OF CRASSOSTREA
MADRASENSIS IN THE COCHIN 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 et al. (1958), Rao (1951), Rao &
Nayar (1956), Nair (1967), Balasubramanyan & Nair (1968),
Rao & Menon (1978), Menon et al. (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 Cochin Backwaters (The test stations 1,

2, 3, 4 and 5 are shown in Fig.l.l, Chapter 1),
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Station 1l: Pier of the Department of Marine Sciences,
University of Cochin, in the Ernakulam Channel 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 barmouth: 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. The Cochin 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 b2lt of sand. The depth is approximately 2.5 m, 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 fram
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 cm below low water line., With the aid of this system
of panels, it was possible to observe tne pattern of sett-
lement of oysters at the stations mentioned above and at

different depths in station 2 (Dry Dock).

Short-term (A series)

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).

Long-term 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 C. madrasensis

The settlement characteristics of C. 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 scttlement was noticed on panels at the various stations
exceot on the subtidal and bottom panels at station 4
(Table 3.5) in the month of June. The station-wise sett-
lement is outlined below.

3.4.1 Marine science Pier (Ernakulam Channel)

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. Althoudgh 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 Decenber and 57/200 cm2 during January and
15/200 cm® during March and 10/200 cm® 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 although 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 Channel)

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 settlement 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 cm2 in short-term panels. More nunber

settled, on panels maintained in the midwater and bottom.
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3.4.3 EXploratory Fisherles Project Pier

The maxXimum settlement of oysters at this station was
during Decenmber being 60/200 cm2. 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 cn?).
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 cn? 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

Crassostrea madrasensis enjoys a wide distribution in

the backwater environment of South India, It is a very
common representative of the sedentary community 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 scettlement 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 C. mad-
rasensis settle in the estuary during the period Novermber
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
prescent case, oyster settlement was noticed for nine months
from November to July (Table 3.4). During this period,
ma jor settlement was confined to the panels kept at relati-
vely greater depths (< 90 cm) at station 2 (Table 3.3). The
duration of settlement was reduced to six months at station
1 beginning from December and ending in May, nearly seven
months at station 2 from November to May, five months at
station 4 (Thevara) from February to June and about four
months (February to May) at Stations 5 (Arocor). 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 tle long-term series.
The most important 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 12.5%, 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 (Chapter 6).
This lowered condition index is evidently due to spawning
in 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, Hormell {1910) observed two peaks in spawning
of oysters, th=: fFirst during August and September and a
second one in March and April. According to Awati & Rai
(1931) Ostrea cucuilate 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 maxima the

first during July to August coinciding with the S .,W. Mon-
soon and the second in December to January, coinciding with
the N.E., Monsoon with an irregular spawning in between the
two peak spawning periods, In the Adayar Backwaters, Rau
(1951) observed spatfall throughout January and during the
first week of February when the salinity ranged between
27.3%0c.and 29,01%0. In the Ennur Backwaters, Rao observed
spatfall at salinities 31.09%, and 30.21%, during Decenber
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%%. to
31.09%0. 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-December and the other in May-
August as against a single peak observed by Paul (1942).

In the Mangalore Harbour area, Menon et al. (1977) observed
continuous sec¢ttlement of oysters throughout the year. How-
ever, in the estuarine locality, Menon et al. (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 et al. (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 2pril at stations 4 and 5. The salinity of the
backwaters during this period ranged from 22.4%. to 33%.
(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 i1s 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.l and Table 3.1, ch.3) throughout the year.
As Rao (1951) points out "under tropical conditions of our
coasts the water “emperature of the sea or the backwaters
arc maintained hich throughout the year and does not even
fall at any time below the optimum requirement of the oys-
ters". Thus factcrs other than temperature seems to govern
spawning and setting of oysters in the Cochin Backwaters.
Although temperature has been proved to influence the deve-

lopment and settlemcnt 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%0 at the Adayar Estuary when oysters spawned and the opti-
mum salinity of 22 to 26%., 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%..
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 5%o

to 40%, with longest sp=2rm life at 23%.. Ontogenetic deve-
lopment proceceded normally to the first swimming state in
salinities 14.5%. to 3%s.. Even though development of eggs
took place in 14.5 to 39%., salinities, no swimming larvae
were obtained (Clarke, 1935), 1In the oyster O. gigas spawn-

ing was inhibited below 27%, salinity. Salinities between
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23%, and 28%, provided optimum conditions for fertilization
and development of embryos (Fujiya, 1970). C. virginica
inhabiting Long Island Sound, USA, attains maturity and
spawns at 27.5+1%, salinity. However, it is uncertain how
much these limiting salinities may be affected by the sali-
nity at which the parent oysters develop gonads and spawn.
Very fe7 eggs yield straight hinge larvae at 12.5%, sali-
nity, but larvae rared to setting size at 27.5%. salinity
can successfully complete metamorphosis in salinities as
low as 9%, or 1l0%., (Calabrese & Davis, 1970). Prytherch
(1934) observed larvae of O. virginica undergoing complete
fixation in 12 to 19 minutes in salinities of the range 16
and 18.5%.,. However, in salinities above or below 16%. -
18.5%, the process of fixation was prolonged. The evidence
obtained during the present study mainly shows that the
conditions that prevalled in the estuary during the post-
monsoon and pre-monsoon periods are favourable for success-—-

ful settlement and colonisation by C. madrasensis. Further

two important ecological aspects could control colonisation,
the total distrikutional area of a population can have a
reproductive centre anc 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 criticeal range, the importance of salinity

decreases to that o= 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 C. madrasensis 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 salinitys Panikkar & aiyar (1939)
also noticed discontinuity in the breeding of brackish water
animals and attributed this to rains. Rao (1951) observed

C. madrasensis 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-aApril in the backwaters.
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CHAPTER 4

SHELL DIMENSIONS AND THEIR INTER-RELATIONS
IN C. MADRASENSIS

4.1, Inroduction

Shell dimensions and their inter-relation in bivalve
molluscs have been reported by several workers (Weymouth,
1923; wWilton & 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 et al. 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 1is 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 et al. (1951). nutrients (Lanmbert, 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; Hamai, 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 & Kikuchi, 1957).
Differences in the growth of widely separated popu-

lation of the clam Venus mercenaria of the Atlantic coast

of the United States were noticed by NewCome et al. (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 casta (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 covariamce. 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



-179-

clam Donax (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 Tapes japonica were noticed

by Ohba (1959). Mason (1957) observed single allometric
relationship in length-breadth and length-thickness rela-

tionsnip 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 allometric relationship in the inter-

tidal green mussel Perna viridis Linnaeus from the Ennur

Backwaters, Madras. Changes in shell dimensions in Mya
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, C. gigas and

Ostrea angasi set out in adjacent compartments on wire

trays ip 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 gigas at Gajado oyster

farm. From Bombay waters, Durve & Shrikhande (1976)
reported the relation between the area of the oyster shell
and its dimensions and pointed out that from the 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), NewConbe

et al., (1938), Swan (1953), Korringa (1952), Hanso (1958)
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and Durve & Dharmaraija (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 (Holme, 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 demonstrated more particularly during definite

stages in cases such as Mya arenaria (Swan, 1952), Tapes

japonica (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 from Cochin Backwaters are available
and hence a detailed study on this aspect to establish the
relationg 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 form H = ALB
was found to be appropriate. On taking logarithm, this
gave a linear relationship of the form Y = a+bX, where Y
is logH, X = logL, a = log2 and b = B,

The plot (Fig.4.1) 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 logarthmic scale with standard
error (SE) of regression ocoefficients and correlation

coefficients are presented in Table 4.1. The corrected
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CIRCLES INDICATE THE MEAN VALULS OF LENGTH
FOR THE DIFFERENT SIZE GROUPS IN HEIGHT
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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 log height on log length

Group Regression equation SE of b r

Oysters with
shell height
below 3.5 cm
(Group 1) ¥=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 with

shell height

above 8 cm

(Group 3) Y=0.8675+0.1669X 0.06220 0.0965

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 form H = ADB was found to be appropriate. On taking
logarithm, this gave a linear relationship of the form
Y = a+bz, where ¥ = log H, 2 = 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 1in the case of

the relationship of heipght and length in eysters, the
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Table 4.3 Bartlett's test of homogeneity of variance

Group Sum of Degree Mean log Si2 fi logsi2 Reci~
squares of fre- squares pro-
2 edom 2 cals
4’ x Sy. x (1/€,)
(fo: 2) or (Siz) i
ivi

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

- e " T e G s BT - D D D g T e G (RS B S G e g S G g S CED g S S g S G CED G et G e G S SISt G ST D G GE SR ED emn mn SR gL Sarw Wemn

a=3 10.7495 1189 -2451.4872 -0.004482
~ 2
g2 = {fisi /éfi = 10.74951 = 0.009041
1189
(% fi) log 52 = (1198) (-2,04378) = 2430.0544
i =2 2
M = 2.3026 _(2fi) log 8° -££f; log Si]
= 118,.4292 -
C = 1+ 1 x 0.01158
3x2
"Xz = M/C = 118.4292 = 118.2046
1.0019 (Highly significant)
df = (a-1) = 2
P £ 0.001

relationship of height and depth was 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 (F = 2,30,

df = 766, 291).

4.4, Discussion

4 .4,1, Height-length 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, Crassostrea virginica.
Difference in the ratios, namely, lcngth 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 (1956). In the present study, for
oysters with less than 3.5 cm height 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,

K2 (Chi=-square) being significant with P< 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 ,0-9866
2. H = 2.5283 ,0-2712
3. H = 7.3704 1.0-1669

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 415.

As is evident from Table 4.5, upto 3.5 cm height,
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.4.1), 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 terms of the logarithm worked out to,

Y = 0.07229+1.1156 X, The regression coefficient was

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

height groups

Class interval Midpoint

cm

0-1 0.5
1.1- 2 1.5
2.1- 3 2,5
3.1- 4 3.5
4,1-5 4,5
5.1- 6 5.5
6,1 7 6.5
7.1- 8 7.5
8.1- 9 8.5
9.1-10 9.5
10.1-11 10.5
11.,1-12 11.5
12.,1-13 12.5
13,1-14 13.5
14.,1-15 14,5
15.1-16 15.5
16.1-17 16,5

Number Average length

cm

108 0.34
17 1,32

11 2,59

18 3.41
17 4,25
40 4,67
80 5.44
140 5.95
189 6.37
171 6.69
124 6,89
100 7.06
63 7.34

33 7.51

28 7.58

8 8.26

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.l1) is shown in Fig.4.1l.
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 from Cochin Backwaters shows a non-linear relation-
ship with an index (B wvalue) of 1,1156 for the grouped

data., As the B value is not very much different £rom 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 ¥ = 0.96X-1.01,

where Y is length and X is height in Crassostrea gigas of

Tasmania. For Crassostrea conwercialis, Thomson (1969)

found the relation ¥ = 0.65X-0.11 and for Ostrea angasi

y = X. In Crassostrea gigas, Bae & Bae (1972) found

different height-length relations depending on the depth
at which they are grown. Pronounced variation in height-

length relationship in C. 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 height-width (= height-length) relation in

O. angulata and Cs 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., Height=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 the mean values presented in Table 4.6. The equation
in terms of log values worked out to ¥ = 0,3059+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 D> %3 a5 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. Aallometric 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 = 0.10+

0.25 X in Crassostrea gigas, y = 0.44+-0.11 x in Crasso-

strea comiercialis and y = 0.45+0.18x in Ostrea gigas,

where y = depth and X = height. As observed by Rao &
Nayar (1956), oysters vary a great deal in shape even among
the members of the same species., Oysters are sedentary
throughout their l1ife and the substratpm on which they
settle after the free swimming larval life is of great
importance (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.



NUMBER OF SHELLS

150 -

140 -
130
120
110 1
100 A
90 1

80 -

70 4

60 -

50 A

40 -

30 -

20 A

10 A

—_—

l [ T ]

10 14 18 22 26 30 34 38 42 &6 50
INDEX OF SHAPE
Fig..-3. FREQUENCY DISTRIBUTION OF THE INDEX OF SHAPE IN SHELLS
OF C.MADRASENSIS




=195~

Table 4,6 Mecan values of depth for the various size
(Height) group of oysters

Class interval

cm

~J
L]
=
|
O ® ~)

8.1~

9.1-10
10.1-11
11,1-12
12,1-13
13.1-14
14.1-15
15.1-16

16,1-17

Mid point Number Average depth

cm
1.5 1 0.80
2.5 6 0.95
3.5 24 1,97
4.5 20 1,95
5.5 44 2.63
6.5 88 3.67
7.5 151 3.70
8.5 194 4,26
9.5 172 4,42
10.5 123 4,59
11.5 101 4,83
12.5 64 5.06
13.5 32 5.30
14.5 28 5.38
15,5 7 6.11
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 lengtt height+widd§ by Crozier (as quoted by
length /

Galtsoff, 1964) was also employed in this study. The
frequency distributicn 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 hidghly

variable. For the entire range of distribution of

Crassostrea virginica from Atlantic 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 MEASUREMENTS
OF SHELL IN C. MADRASENSIS

5.1, Introduction

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

of the clam Mya 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 clam Tapes
japonica 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 clam Donax (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 = arX
and found that W = 0.00045 L2°897% or Log W = -.05165+
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 et al.

(1976) in Donax cuneatus and Narasimham (1968) in Anadara

granosa. On plotting observed and calculated weights
against the respective lengths, Talikkhedkar et al. (1976)
found clear agreement between observed ana 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 1°197% or 1og 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 mm groups.
He obtained the relation Y = -3,7130+3.20.96 X for the
3 to 19 mm group and ¥ = =2,8732+4+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 californjanus. Comparative growth in two

mussels, namely, M. californianus and M. edulis at
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La Jolla, California and WoodksHole, 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 = 185.10—6 L 2'6764.

In the Hawaiian pearl oyster Pinctada sp. 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 Xrusadai
Island, Gulf of Mannar. The linear relationship was
statistically tested by him and found to be significantly
diffecrent 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 length-weight 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 length-weight relation,

W = O.O4O4xL3'53l. In Spain, Andreu (1968) noticed a

-6 L2.7365

length-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 length-weight relation of

W = 0.0689 n2-1963

H2.0603

for hardened oysters and W = 0.,1379

for seed oysters in Korea. Hughes Games (1977)

obtained a length-weight relation of W = 2.75 L2'34 for

2.08

Crassostrea gigas and W = 4.34 L for the British oysters.

The foreqgoing 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-mouth in the Cochin Harbour during the different
months spread over a period of ome year formed 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 height, 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 multiple regression of V on X, Y, 2, namrely,

U= a+b X+b,Y+b .2

was fitted. (Table 5.1)

When the variables were measured from their respective

means, the above relation became,

N
vV = V+b1x+b2y+b3z

where X = Xéf, y =YY and z = Z2-Z
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Table 5.1 The sums, corrected sums of squares and Cross
products of lhecight, length, breadth and weight

931 803.9502 750.5771 904 .3807 589.6504

£ v? ¢ x? s y2 & 2°

29,75232 5.56049 10.19369 7.84403

4 Xy $ xz $ xv $§ vz S yv $ zv
5.04121 3.58044 7.24851 5.80447 11.55687 7.52180

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

a = V—blx—sz—b3Z = ~0.4017

o’
It

1 0.4674

b2= 0.8278 and
b3= 0.1330
Thus the fitted multiple regression became,
V = 0.8635+0.4674%x+0.8278y+0.1330y -—— (1)

or V ~0.4017+0.46743X+0.8278Y+0.13302 =~--= (2)

Loocking at the standard partial regression coefficient

(Snedecor & Cochran, 1968), B, = 0.2021, B, = 0.4845 and

1 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 Z were held fixed at
their mean values; of V on ¥, when X and Z were held fixed
at their mean values; and of V on 4, when X and Y were held
fixed at their mean values are shown in Fig.5.1. The 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
b, = 0.4674 s(b;) = 0.0759 t, = by _ g.16%** (P< 0.001)
stl)
b, = 0.8278 s(b,) = 0.06193 t, = by 13.36%%% (P <0.001)
s(b2)
b, = 0.1330 s(by) = 0.06240 t, = by g 13%
st3)

The multiple correlation coefficient (Rz) is 0.4693 which

is highly significant from the F-test,

F = R2 X nXK-1 with K and n-=-K-=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 rep;esent weight W, in terms of height H, an
exXxponentizl relation of the form,
W = AHB
was considered, On taking logarithm, this transformed to,
log W = a+b log H,
where a = log A and beB. 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,
logw = -0.1874+1.3036 log H
and in terms of original measurements to,
W = 0.6495 nl+3036

5.4. Discussion

Several workers on clams (Kristensen, 1957; Nayar,
1955; Alagarswami, 1966; Talikedkar et al, 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

(Bl = 0.2021) and breadth (B3 = 0.06825) in their order of
magnitude. This 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 (Rz) 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 Ostrea
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,

W = 0.6495 Hl'3036. However, Orton (1935) observed

W = 0,0404 L3°531 and Andreu (1968) noticed W = 187.10

L2.7365 in English Oyster Ostrea edulis at Britain and

6

Spain respectively. But Hughes Games (1977) observed a

2.34

relation W = 2,75 L"°7 " incrassostrea 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

Crassostrea gigas grown in Australia. Compared to these

studies the index B of the height-weight relation in

Crassostrea madrasensis inhabiting Cochin Backwaters was

found to be less being 1.3036. Tne 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 B values obtained by several workers for the
length~weight relationship show that these variations can

be reasonably ascribed to changes in ecological conditions.



-217=

G.5. ~=2ferences
Alagaraja, K. (1962) Observations on the length-weight

relationship of pearl oysters. J. mar, biol. Ass.

India. 4, 198-205
Alagarswami, K. (1966) Studies on some aspects of biology

of the wedge clam, Donax faba Gmelin from Mandapam

coast in the Gulf of Mannar. J. mar, blol. Ass,

India. 8(1), 56-75
Andreu, B. (1968) Fishery and culture of mussels and

oysters in Spain. Proc. Symp. Mullusca. mar. biol.

Ass. India. Part iii, 835-846

Fox, D.L. & Coe, W.R. (1943) Biology of the California sea

mussel Mytilus californianus. J. exp. Zool. 93,

205-250

Galtsoff, P.S., (1931) The weight-length relationship of
the Hawaiian pearl oyster Pinctada sp. Am. Nat. 65,
423-433

Hamai, I. (1934) Relation between the weight, volume and

linear dimensions in Meretrix meretrix (L) Sci. Rep.

Tohoku Univ. Ser. 4, 9:205-212
Hanoka, T. & Shimadzu, T. (1949) Studies on the morpho-

metry and rate of growth in the clam Macta sulcataria

Reeve in Tokyo Bay. Bull. Jap. Soc. Scient., Fish,

15, 311-317



-218-

Hnghes-Games, W.L. (1977) Growing the Japanese oyster

(Crassostrea gigas) in sub-trcpical sea water fish

ponds. 1. Growth rate, survival and quality index.

Aguaculture, ;;, 217-229

King, M.G, (1977) Cultivation of the Pacific oyster

(Crassostrea gigas) in a non-tidal hyper saline pond.

Aquaculture, 11, 123-136

Krakatitsa, T.F. & Patlaj, A.C. (1975) Svyaz' merzhdy
vesom i linejnymi razmerami u Chernomorskikh Ustrits'.

Ivz. A.N.5.5.S.R. (Biol) No.3, 428-438

Kristensen, I, (1957) Differences in density and growth in
a cockle population in the Dutch Wadden Sea. Arch.

neerl. Zool. 12, 351-453

Kuenzler, E.J. (1961l) Structure and energy flow of a mussel

S
population in a Georgea salt mar¢gh., Limnol, Oceanogr.
2:191—204

Lee, C.K. & Yoo, S.K. (1975) Growth of Crassostrea gigas

(Thunberg) at the oyster farm of Gajodo. Bull. natn.

Fish., Univ. Busan (Nat Sci) 14, 41-50
Narasimham, K.A. (1968) Studies on some aspects of

biology and fishery of the cockle Anadara granosa (L)

from Kakinada Bay. Proc. Symp. Mullusca. mar. biol.

Ass. India. Part ii, 407-417

Nayar, K.N. (1955) Studies on the growth of the wedge clam

Donax (Latona) cuneatus (L), Indian J. Fish. ;(2),

325-348



=219~

Newcombe, C.L. & Kessler, H, (1936) Variation in the growth

indices of Mya arenaria (L) on the Atlantic coast of

North America. Ecology. ll, 429443

Ohba, S. (1959) Ecological studies in the natural popu-

lation of a clam Tapes japonica with special reference

to seasonal variations in the size and structure of
the population and to individual growth. Biol,. J.

Okayama Univ. 5, 13-42

Orton, J.H, (1935) Laws of shell-growth in English native

oysters (0. edulis). Nature, 135, 1-340
Richards, O.W. (1928) The growth of the mussel Mytilus

californianus. Nautilus, g;, 99-101

Richards, O0.W,., (1946) Comparative growth of Mytilus

californianus at La Jolla, California and Mytilus

edulis at Woods Hole, Massachusetts. Ecology., %Z'
370-372
Seed, R. (1973) Absolute and allometric growth in the

mussel Mytilus edulis L. (Mollusca, bivalvia)

Proc, malac., Soc. Lond. 40, 343-357

Seed, R. (1976) Ecology. In "Marine Mussels, Their

Ecology and Physiology" (Bayne, B.L. Ed.), Cambridge

Univ. Press, pp.506



-220=-

Snedecor, G.W. & Cochran, W.G, (1968) Statistical Methods.

(6th Edn) Oxford and IBH Publishing Co., New Delhi,
pPP.593

Swan, E.F. (1952) Growth indices of the clam Mya arenaria.

Ecology. 33, 365-374
Thalikhedkar, P.M., Mane, U,H, & Nagabhushanam, R. (1976)

Growth rate of wedge clam Donax cuneatus at Miriya

Bay, Ratnagiri., Indian J, Fish. 23:183-193



CHAPTER 6

CONDITION INDEX AND PERCENTAGE EDIBILITY OF

C. MADRASENSIS

Introduction
Material and methods
Results

Discussion

References

Page

221
224
225
231

233



CHAPTER 6

CONDITION INDEX AND PERCENTAGE EDIBILITY OF
C. MADRASENSIS

6.1, Introduction

Depending on physiological conditions, fluctuations in
environmental factors and seasons, oysters show consi-
derable variation in the quality of their meat. The dqua-
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 et al.
(1947), Jacobs (1951) and Frieger et al,(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)

fram the North American 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 et al. (1947), chemical 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 meat 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 C. 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 relationships
in 0. lurida. The glycogen content in C., virginica could

be used to determine the index of condition according to
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Galtsoff et al. (1947). However, Ingle (1949) attempted
to correlate the values obtained from dry meat weights and
glycogen contents in C, virginica 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 meat weight to shell contents

as the index of condition. Baird (1958) has used a simple
and quick method to evaluate the condition index. He
sugygested 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

Crassostrea madrasensis 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 C. 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. Dame (1971) studied the
ecological energihes of growth, respiration and assimilation
in the American inter-tidal oyster C. 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 C. madrasensis 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. Results

Monthly variations in the index of condition values
for the total population and sexwise for males, females
and indeterminates from October 1981 to September 1982 are
presented in Table 6.,1l. Fig.6.l1l depicts the monthly
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 Septenmber 1982. The same trend was exhibited
by males, females and indeterminates when examined sex-—
wise separately (Fig.6.2). After reaching the peak in
September-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

P s S s S e e D - - —— — —— - e T D s g ST S ey S

Month Number of Male Female Indeter- Sexes
oysters 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] 33.395

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 18.68 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- Sexes
oysters minate pocled
examined

Oct. 81 56 10.41 9,66 0 10.03

Nov,. 113 6.62 6.21 0 6.42

Dec. 204 6.50 6.51 o) 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 '8l 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 Septenber, (Class
group 46-50) 1982 (Fig.6.6).

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 monthly
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, '8l 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.6,7 shows the monthly varia-

tions in the frequency distribution of C. madrasensis in

different class groups of percentage edibility during
October, 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 (10.1-11 class
group). This declined to 5.5 (5.1-6 class group) in
November and December, 1981, 1In January 1982, it further
declined to 3.5 (3.1-4 class group) and shifted to 5.5
(5.1-6 class group) during February and March, 1982. 1In
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 (10.1-11 class
group). There was again a decline to 6.5 in September,
The highest values of percentage edibility were observed
in October, 1981 (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 C. madrasensis shows a definite seasonal variation.

The index of condition showed a delining trend from Novem—
ber, 1981 to March,1982 (excepting December). The following
months, namely, April to Septenber 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 secasonal 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 March-April, 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 aApril to
October in the Cochin Backwaters,

Durve (1964) observed close correlation between the

gonadal cycle and condition index in C. 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
hime Coulson (1933) observed fluctuation in condition
indices correlated with the sexual cycle in the American
oyster (C. 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 C. gigas, 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 April, 1982 onwards it showed a steady increase,
Venkataraman & Chary (1951) recorded the highest value of
17.36 for percentage edibility in October and the lowest

in July (5.03). In Crassostrea 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 C. gigas
by Fujiya (1970), 22 and 20.9 in the United Kingdom and
Israel respectively by HughesGames (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 C, gryphoides.
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CHAPTER 7

AGE AND GROWTH IN C. 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 gigas 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

apgulata 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, C., iredalei and Crassos-

trea rhizophorae respectively. In India, culture of edible

oysters is taken upon a 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 & Nomejko (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 & Nome jko (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 O, 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 growth of
American and Japanese oysters are those of Ingle (1950),
Menzel (1950), Ingle & Dawson (1952), Hanley et al. (1976),
Ferreira (1975), Newkirk et al. (1977), Fujiya (1970),
Quayle (1952, 1971), Losece (1979), Walne & Spencer (1974),
Gunter (1938), Galtsoff (1964), McHugh & 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 mm in 31 weeks

has been reported by Ingle (1950) for C. virginica from
Florida waters and 100 mm in 36 weeks for oysters in
Lousiana waters (Menzel, 1950). 1Ingle & Dawson (1952)
observed reduced growth in older individuals of C. virgi-

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 Menzl et al. (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 gigas 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 C. gigas 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 of C, gigas. An average
size of 9.6 cm and 7.4 cm was attalned by oyster spats of
weight 15,6 and 6.7 g respectively after one year. The
monthly increase in weight of C. gigas 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 (1910b), 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 of C. 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

C. gryphoides from Kelwa backwaters and reported a maxi-

mum growth of 37.2 mm and 47.9 mm after 6 months and one
year respectively. The average heights of spats during
July, August and Septenber were 2.5, 4.2 and 7.8 mm

respectively. The monthly increase in growth rates were
2.5, 1.7 and 3.6 mm for July, August and September, The

growth rate in C, madrasensis is much faster than in

O, edulis which grew to 5 and 35 mm after one year (Orton,

1926; 1937). However, the growth of C. madrasensis is

about the same as that of C. 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 tnat 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, @ 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. Higher temperature limits the growth to
warmer months at lecast in temperate regions (Korringa,
19525. Orton (1937) observed growth in O. edulis confined
to summer and autumn séasons. A similar observation was
nmade by Loosanoff & Nomejko (1949) in C. virginica of
Chesapeake Bay. However, uninterrupted growth of O. edulis
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 (1931la), Elsey (1936) and
Loosaneoff (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. Quayle (1952) also
observed 9°C as the minimum temperature for growth in

C. gigas. 10 to 25°C was found suitable for rapid shell
growth in C. angulata in the cast 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 O 10 values obtained
from instantaneous growth rate were lower during warm

growing seasons than in lower temperature conditions,



-244-~

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

gryphoides (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; Hopklns, 1931a;

Elsey, 1936; Loosanoff, 1950). Depending on the availa-
bility of food during different seasons a corresponding
fluctuation in growth was noticed (Dame, 19723 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 from water is directly proportional to
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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-Smith (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
 below 6.75 adversely affecting the recruitment of
larvae of C. virginica.

Salinity is yet another factor influencing the
growth of oysters. Prolonged immersion i 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 Gryphaca 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 C. 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 development in Ostrea edulis. Fluctuations in

salinity according to him had adverse effect on the feeding
mechanism which in turn resulted in the poor growth on the
oyster. Cahn (1950) and Hopkins (1936) observed maximum
growth in C., gigas at salinities 27 and 35%, 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 C, 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 ¢ffort 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 from the Cochin Harbour and its environs.

72. Material and methods

The growth rate in height was studied from the wild

population of C. madrasensis collected from the 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 frequencics of height were then worked out

(Table 7.1). The height frequencies (in percentages) were

used to prepare height frequency polygons (Figs.7.1 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

auring 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, 4,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 (guarter 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)

1, =1 [I_e—K(t-to).

was fitted to the length at age data (Table 7.4).

The maximum age to which the oyster can grow (LoQ)
and the coefficient of catabolism K (loge tan©) were
estimated by Ford-Walford (Ford, 1933; wWalford, 1946)
plot (Fig.7.6). The theoretical time at which the height
of oysters is zero (te) was determined by plotting log,
(LX=~1.) on t (Fig.7.7). From this plot t, was read as
the time relating to log, L o (corresponding to 1, = o).
7.3. Results

Examination of Table 7.1 on frequency distribution
of height and the¢ freqgruency 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 ma jority of them
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 sixX 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, 10.1l and 11.1 were traceable,
7.9 from 6.9 in Novenmber, 8.9 from 8.5 in Novermber, 10.1
from 9.1 in November and 11.1 from 10.5 in November.
January presented 10 modes, 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 modes 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
salinigy 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 (198l1) respectively. On fitting the
Von Bertalanffy curve to the length at age data, L ¢ was
obtained as 21 cm. The fitted curve is shown in Fig.7.8.
The value of K, that is (—loge tanB ) was found to be
0.179 and the age at zero length (t,) was found to be

0.3 (Fig.7.7).
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Table 7.3 hverage height obtained by Petersen's method

Age Height
quarter  ____ . e
years (t) A B* C* D* E* F*
1 2,0 2.0 2.0 2.0 2.0 2.0
2 5.0 5.5 5.2 5.5 5.3 5.4
3 7.1 8.0 7.5 7.4 7.1 7.7
4 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
Age quarter years (t) 1.
1 2,0
2 5.4
3 7.5
4 9.0
5 10.9
6 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 mm, 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 same age, In 1922,
owing to higher temperature, he observed an average height
of 27.4 mm after 13 months. In the American oyster C.
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 et al. (1977) reported variation in growth
depending on the different habitats and that C. 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 C,

virginica at Milford Harbour, Connecticut. The larger
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monthly increase in length recorded by them is 15.2 mm

with a minimum of 3.4. 1In the Pacific oyster C. gigas

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 C.

rhizophorae growing 7 c¢m in 10 months. In C. 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 mm respectively

which were higher than what has been observed for July to
September period. Growth was extremely slow from March to
May, with a monthly rate of increase 1.0, 1.0 and 0.5 mm
respectively. Thereafter, they observed complete cessation

of growth, According to Durve & Bal (1962) C. 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 (1910a) 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 cm. Paul's (1942) observation on spats from the

Madras Harbour indicates that Ostrea madrasensis grow to

0.8, 4.4, 6.3, 6.5, 12.0, 12.5, 15.0, 21.5, 37 and 66 mm
in le¢ngth (height) =fter 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 specles 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 cm after 3 months
(Maximum 4 cm), 3.7 cm after 6 months (Maximum 5,3), 4.9
cm after 9 months (Maximum 6.5 cm), 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 much slower growth rate in C. 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 cm), 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 importance 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 & Nome jko (1949) observed
cessation of growth in winter. Elsey (1936), Loosanoff
(1950a), Nelson (1921) Galtsoff (1928) and Hopkins (1931b)
demonstrated in C. virginica, C. gigas and O. 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 secasonal variation in growth of
inter-tidal C. 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-
Septenber period and concluded that such fluctuation in
temperature are not sufficient enough to be the determin-
ing factor in the‘growth of Madras pysters. 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 (1910a), Paul (1942), Rao & Nayar (1956),
Durve & Bal (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 Badkwaters is very much 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 1.1%ecin July to
33.9%8in Fcbruary. 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 so journ 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 C. virginica,

Loosanoff (1950b) observed C. 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 5%., C. 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 mesohaline 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-
1lity of fouling is the lowest during this period (Nair,
1965, 1967). Reduction in salinity below 5%, 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 de¢velopment 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



=265-

(monsoon). Even though no experimental work has been
carried out during this study on the effect of turbidity
on oysters, it is rcasonable to assume thet hich turbidity
leads to the clogging of the gills in oysters thereby
inte:fering with their normal feeding activity (Korringa,
1952) and oxygen consumption. These might have contri-
buted to the lower growth obscrved during the monsoon
period.
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CHAPTER 8

BIOCHEMICAL CHANGES AND SEASONALITY OF
TRACE METAL CONTENTS OF SOFT TISSUE IN
C. 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 et al. (1947), Menzel & Hopkins (1952),
Lee-gg‘g;. (1960) . and Dame (1972b); C. gigas by Sekine
et al. (1929); Masumoto et al., (1934); Establier (1966);

Gastaud et al. (1972); C. madrasensis (Venkataraman &

Chari, 1951); C. gryrhoides by Durve & Bal (1961b);

Sarvaiya (1977); C. cucullata by Rajagopal et al. (1975);

Sarvaiya (1977b); Ostrea edulis by Russel (1923),

Garrder & Alvsaker (1941); Kravarie (1953); wWalne (1970)
Gabbot & Walker (1971); Gabbot & Holland (1973), Holland &
Spencer (1973); Helm et al., (1973); Holland & Hannant
(1974, 1976); O. lurida by Tully (1936); O. lutaria by

Malcom (1929) and O. circumpicta by Okasaki & Kobayashi

(1929).

Giese et al. (1959a) 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
sperm heads and in the female much lipids and protein
mobilized to be stored in the eggs. When reserves are
stored in other organs preceding gametogenesis, 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) D2 Zwann & Zandee (1977), Bayne
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(1273), 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
et al. (1964); Greenfield et al. (1958) and Giese gt al.

(1959, 1959a, 1959Db).

oul”
The present study was carriedgwith a view to collect-

ing information on the biochemical variations accompanying

breeding cycle in C., madrasensis 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),
Nagabhushanam & Deshmuk (1974), George & Nair (1975),
Nagabhushanam & Talikedkar (1977), Nagabhushanam & Dhamne
(1977), Mane & Nagabhushanam (1977). In the present study

an effort has becn made o 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 methods

Live specimens of C. madrasensis were collected

monthly from August 1981 to September 1982 from the shipp~
ing channel near barmouth in the Cochin Backwaterg 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 bio-
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 method 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 aAnalyser (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 method
followed is as per Industrial Method no.334-74 W/B+. 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 aA0AC (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 84.75%. In
females a minimum of 80.7% and a maximum of 85.48% 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). From October 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 celined and reached 2.34% during August 1982,

The maximum value recorded for female was 6.01% in April
1982 and minimum of 2.67% in October, 198l1. 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 spawning of
oysters takes place during October to March in Cochin Back-
waters and during this period the glycogen values were at
the lowest. From March-April onwards oysteérs pass on to a
resting stage and glycogen started accumulating during this
period till the next spawning season. Glycogen showed an
inversefrelationship with protein content in oysters,

8.3.4. Fat content: Fat content showed a similar trend as

that of glycogen. As is evideént from Fig.8.1 it registered
a peak value of 2.81% in September, and a minimum of 0.47%
during 2pril 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 minimum of 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. Ash content: (Mineral matter). A maximum ashcontent

of 2.71% was noticed in January, and a minimum of 0.72%
in July with a mean value of 1,65% 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 protecin 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,

By = 15.4195-2.5664 X

Q@ X = 15,9696-1.9696 X
where X is the total protein % and Y is glycogen %.
The linear relationship between glycogen and total protein
was highly significant (r = -0.80007** for males and
r = -0,8939** for females) showing an inverse relationship
between glycogen and protein. Whether the rate of change
in glycogen in rclation 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
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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 linus 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,

B8 Y = 13.2458~5,0050 X

QY = 10.2759-3.5088 X
The linear relationships were found to be highly significant
as evidenced by the hidh correlation cocfficient
(r = =0.9201** and -0.8713** 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 5% 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 aund 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,

Sy

9_ Y = 1.2068+1,2467 X

1.4572+1,.6077 X

Straight lines are found adequate fits as evidenced by the
highly significant correlation coefficient (r = 0.9480**
for males and 0.9314** for females)., Whether a single
straight line will hold good for both the sexes was tested
by analysis of covariance (Table 8.4). The difference
between the slopes was found to bBe insignificant indicating
that the change in total protcin 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 = 1,8831+1,3995 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 corrclate it with
its various life activitics., 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 cnergy 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, 1961by Greenfied et al. 1958), prawns
and lobsters (George & Patel, 1956). In C. 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 maximum 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 C. 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 prescnt 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 et al. 1959a; Tucker & Giese, 1962;
Barnes et al. 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 1lipid 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 corrc¢lated with the spawning in oysters,
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Carbohydrate level remained high prior to spawning and
suddenly dropped to very low values from November 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
O. edulis were noticed by Miller & Scot (1967), Holland &
Spencer (1973), Holland & Hannant (1974, 1976). Very high
values for carbohydrate were noticed by Lee & Pepper (1956)
and Galtsoff (1964) in the American oyster C. virginica and
in the Japanese oyster C. gigas by Masumoto et al. (1934)
particularly prior to maturation. This corresponded well
with theé’ 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 & Walker (1971), Holland & Hannant
(1976) supports this view. Dependence on carbohydrate
reserves, during differcent phases of development varies

in fishes as noticed by several workers. (Greene, 1926;
Chang & Idler, 1960; Yanni,$1961). Saraswathy & Nair
(1969) observed high glycogen values during the non-breeding

months especially during February-May in Nausitora hedledi.

From June to January the values were comparatively low and
on the onset of the breeding season, there was a percei-

vable fall in glycogen, 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
gametogencetic phase. Matsumoto et al. (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 may be attributed to a higher
biochemical budget required for egg production. Since the
larvae of oysters are lecithotrophic, the egg should centain
a greater amount of stored energy and this is easily made
possible by the storage of lipid in the yolk of the eggs.

Venkataraman & Chari (1951) noticed a range of 0.99%

to 2.06% ash content in C. madrasensis inhabiting Ennore,

Madras. However, wide fluctuation in ash is noticed in
Cochin oysters, such as 0.72% to 2.71% in male and 0.5% to

2.86% in females (Table 8.1).



~294 -~

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 in situ (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 wvaria-
tions. The seasonal profilesof 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 sedimcnt. 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

AFor the estimation of trace metals, 50 g of the
sample was digested with nitric acid sulphuric acid
mixture, following the method of Agemian et al. (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 atcmic 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 atomic 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, 4n and Hg in the whole

tissue of C. madrasensis is presented in the Table 8.5 and

Fig.8.2. It is evident from Table 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 commencement 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 oxXygen 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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847.3. lron

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 leéess 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 C. madrasensis had low Mn content during

May and June,
8.7.5. Zinc

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 minimuam,
Be7.6. Mercury

This is a non-e¢ssential metal. Among the trace
metals analysed during the present study Hg registered the
lowest profile, However, compared with the natural sea-
water load (0.0l to 0.03 p.p.b.), the quantities present

in the tissues of C. madrascnsis 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 C. 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 C. madrasensis 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 Mytilus Crassostrea
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 C. 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 metals showed a clear cut increase during the
late post-monsoon and early pre-monsoon period which coin-

cided with the breeding period of C. 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 metals in the organism probably varies with,
both species and metals and that a generalisation cannot

be completely defended because of this variation. Sankara-
narayanan et al. (1978) assumed that low load of Zn, Fe, Cu

and Mn in C. madrasensis 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

awailability of these metal 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 tissug,
or the defined tissues of a coastal species, One of the
ma jor 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 turm 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 gamectes 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 secason, 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 breeéding 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, kidncy and gills account for about 75%

of the total body load of the elements (Holcormbe et al.
1976). However, exception to this generally accepted
hypothesis is the presence of more zinc in the gonads of

Pecten maximus (Topping, 1973) and Modiolus modiolus

(Segar et al. 1971). The presence of 0.992 mg/ g and

1.408 mg/ g (wet weight basis) of zinc in C. 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 bewen 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 C. madrasensis was not within the

perview of the present studies, a reasonable explanation
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could not be offcred with regard to this aspect., Crassos-

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 C. 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 C. madrascnsis. 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 edulis 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 North-west

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 greatcr 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, C. madrascnsis 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 species indicates
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a combined effect of sediment and ambient 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 gquantity of boron, copper,
mangnesium, manganese, sodium and strontium in the shells

of Crassostrea 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 Mytilus edulis (Phillips, 1979). According

to Jackim et al. (1977) the uptake of cadmium by M. edulis,

Mulina lateralis and Nucula proxima from solution could be

salinity dependent. Fowler & Oregioni (1976) also provided

a similar re¢lationship 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 f£inding in

C. madrasensis.
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CHAPTER 9

PREDATORS , COMMENSALS AND PARASITES OF
C. MADRASENSIS

9.1 Introauction

Being a sedentary organism the oyster is sub jected
to several perils during its life. Several parasites were
identified as causing diseases in oysters particularly
from USAa, Canada, Germany, Denmark and Holland. Several
natural oyster beds were reported to have completely
devastated by fungal and bacterial pathogens in Europe.
Besides these microbes, 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 sd%efptible to
predation by several other organisms, The more common syme
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 (195l1a) has given

a detailed account of the shell of Ostrea edulis as a habitat.

Edible oysters have attracted the attention of several
workers and several compilations pertaining to prasites aﬁd
diseases have been published (Dollfus, 1921; Pelseneer,
1928; Ranson, 1936; Sindermann & Rosenfield, 1967; Cheng,
1967; Sindermann, 1968, 1977). Several bacterial and
fungal parasites are known to infect the edible oysters.
Guillard (1959), Tubiash et al., (1965) identified several
bacteria belonging to Aeromonas and Vibrio. A gram positive
bacillus was recorded by Numachi et al. (1965) from the

Japanese oyster C, gigas. From the same species a Gram
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negative bacillus Acromobacter was recorded by Takeuchi

et al. (1960), which has been found responsible for mass
mortalities in C. gigas.
Very little is known about the fungal pathogens in

oysters. Cladothrix dichotoma an actinomycete cause

mortalities in O. edulis (Eyre, 1924), Mackin (1962),
Sindermann & Rosunfield (1967) have also reported diseases
caused by actinomycetes in C. virginica and C. angulata
respectively. Other fungal pathogens reported are

Sirolpidium zoophthorum (Vishniac, 1955), Monilia causing

shell disease in O. edulis and C. angulata (Voisin, 1931;
Cole, 1950; Korringa, 1947, 195l1a, 1951b; Cole & Waugh,
1956; Korringa, 1976). Another fungal parasite Myotomus

ostrearum causing " foot disecase" (maladie du pied) in

0. edulis and C. angglaté 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 (1910b) 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 C. gryphoides akin to the foot disease of

European oysters., Ostracoblabe implexa, a fungal parasite

causing shell disease in O. edulis in Netherlands and

France (Korringa, 1976).
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The most dreaded fungal pathogen Dermocystidium

marinum causes periodic mortalities in oysters (Galtsoff
1964). This was first recorded by Mackin et al. (1950)

from C. virginica. Dermocystidium marinum infects tissues

producing single, spherical, vacuolate cells (Galtsoff,

1964), This pathogen is known as Labrinthomyxia marina

after (uick & Mackin (1971) and the mass mortalities caused

by Labrinthomyxia marina has been reported by Mackin et al.

(1950), Mackin (1953), Andrews & Hewatt (1954), Hewatt &
Andrews (1954), Ray (l954a,b). Reduction in growth rate
(Menzel & Hopkins, 1955b) and other results such as for-
mation of abscesses, inhibition of gametogenesis (Ray et al.
1953 and Ray, 1954b) were also reported.

The protozoan parasite Hexamita inflata causing

breakdown of connective tissue cells and other symptoms

in 0. edulis and C. virginica (Mackin et al. 1952; Stein

et al. 1961; Scheltema, 1962; Schlicht & Mackin, 1968).
Stein et al. (1961) could not observe aﬁy 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 teleosporcan.' Nematopsis ostrearum has been

described by Prytherch (1940) from C. 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 though Prytherch (1940)

believed mortality in oysters in Virginia and Lousiana was
caused by this gregarine (Galtsoff, 1964). Two haplospo-

ridian parasites Minchinia costalis and M. nelsoni are also

thought to cause mortality in the American oyster C.
virginica. M. costalis earlier known by the name 'SSO' was
first recorded by Wood & Andrews (1962) from the connective
tissue of C. virginica from USA. Andrews et al. (1962),
Haskin et al. (1966), Couch (1967), Couch & Rosenfield
(1968) also reported the pathogenic nature of M., 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

M. nelsoni. DMortalities caused by M. nelsoni have been
recorded by Mackin (1960), Haskin et al. (1965, 1966),
Engle & Rosenfield (1963), Andrews (1964). A bibliography
on M. nelsoni has been published by Kren (1976). Several
aspects of the life cycles of M., costalis and M. nelsoni
are yet to be known. Another haplosporidian parasite

causing large scale mortalities in O. edulis is Marteilia

refringens (Grizel et al. 1974). Aldermann (1979),

Balonet (1979), Grizel (1979) reported it occurring in
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estuaries of France and Spain., Martejilia sydnei is reported

from C. commercialis by Wolf (1972) and Perkins & Wolf

(1976). From oyster farms of Brittany, France, Cahour

of ,
(1979) reported another species/Marteilia refringens causing

havocin O. edulis. Chytridiopsis ovicola is a microspori-

dian parasitising ¢ggs of 0. 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 C. virginica. Burton (1961)

and Cheng (1967) also reported another Ancistrocoma sp.

from C. virginica. According to Sindermann & Rosenfield

(1967) Sphenophyra and Orchitophyra genera also cause

infections in C. 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 calcarecus 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 C. rhizophorae (Mattox & Crowell,
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1951). Yamada (1950) recorded E. japonica in the mantle
cavity of C. gigas from Japan.

Stylochus and Pseudostylochus belonging to turbe-

llaria and thought to be predators are reported by Cheng

(1967). Loosanoff (1956) observed Stylochopsis elipticus

causing widespread destruction in C. virginica at Milford.

Fearse & Wharton (1938) recorded Stylochus frontalis from

young ones of C, virginica. Another species Pseudostylochus

ostreophagus is reported by Woelke (1957) from O. lurida,

C. virginica and C. gigas.

The trematode parasite Bucephalus haimeanus is

reported from O, edulis and C. virginica. Increased sali-
nity is not conducive to them and they thrive well under
brackish water conditions (Tennent, 1906). McCardy (1874)
reported an allied species B. cuculus from C. virginica.

Records are also there of an unidentified Bucephalus from

C. virginica (Cheng & Burton, 1965; Cheng, 1950b).
Sindermann'ss (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 O. lutaria, Howell (1967) in oyster
beds in New Zealand, Sindermann & Rosefield (1967) in

C. gigas from Taiwan, Samuel (1976) in C. madrasensis from

the east coast of India, Stephen & Joseph (1977) from the

west coast of India. Joseph (1978a) reported the



-325-

morphology and pathology of the Indian west coast species.

Other trematode parasites are Acanthoparyphium spinulosum

from C. virginica (Little et al. 1966), Himasthla guisse-

tensis (Cheng et al. 1966), Proteces ostrae (Fujita, 1925)

and Metacercaria gymnophalloides tokiensis (Fujita, 1925;

1943) all from C., gigas.

Cestodes recorded are Tylocephalum (Sparks, 1963;

Cheng, 1965) from Crassostrea virginica and larval cestodes

of Tylocephalum from Crassostrea virginica (Sindermann,

1970) and from C, madrasensis (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
P. ciliata (Roughley, 1925), P. websteri (Hartman, 1945;
Cheng, 1967), P. ligni (Hopkins, 1958), P. hoplura
(Nickolic & Alfonso, 1970), Whether Polydora is destructive
to oysters is conmtroversial. In very large numbers Polydora
may be able to smother an entire oyster population with
their tubes (Galtsoff, 1964). Roughley (1925) also observed
extensive mortalities of oysters in Australia. In Dutch
waters Korringa (1951c) found no serious damage to O. edulis
by P. cilita. Rao (1974) recorded P, ciliata and P. armata

from C. madrasensis 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 M. orientalis infests C. gigas

(Mori, 1935)., M. 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 C. virginica from North Carolina.
O. simplex and O. clavator were reported by Humes (1958)
from Ostrea sp. off the coast of Medagascar. From Japan

Yamaguti (1936) reported another Ostrincola namely,

Pseudomyicola ostrae from the mantle cavity of O. densala-

mellosa. From C,., virginica, P. glabra has been described

by Pearse (1947) and P. mirabiles is reported from O.
tulipra.

Several species of crabs belonging to family Pinno-
theridae and comonly referred to as pea crabs are asso-
ciated with many bivalves including oysters, The American

species Pinnotherus ostreum is recorded from the mantle

cavity of C., virginica (Say, 1818; Christensen & McDermott,
1958). The life history of P. gstreum has been studied by
Sandoz & Hopkins (1947) and pathology by Haven (1959),
Christensen & McDermott (1958). Awati & Rai (1931)

recorded it from O. cucullata. Other species reported



=327~

are P, pisum from O, edulis (Orton, 1920b), P. pholadis
from C. gigas (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

C. gryphoides 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
by
observe the influence of sex changeg/Pinnotherus as he could

not collect the crab in hermaphrodites.

The mud crab Panopeus herbsti is an active predator

on C. 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 C. 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 C. madrasensis were collected

from the Cochin Backwaters from August 1981 to September

1882. 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. The oysters 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. Results

The shells were found commonly drilled by boring
sponges of the genus Cliona (Fig.9.l1). 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 (Stolizka), Alderina arabianensis

(Menon & Nair) and Schizoporella cochinensis (Menon & Nair)

were found settling on the shells. During the pre-monsoon

period, Nolella paupensis (Busk), Bowerbankia impricata

(Adams) were also common. During the monsoon period (June-

Septenmber) characteristic species such as Electra crustu-

lenta (Pallas) and Victorella pavida (Kent) were very common.

During the post-monsoon period Alderina arabianensis Menon &-

Nair, Electra bengalensis (Stolicaka) were the common {oxms .




Oyster Shells Showing borer holes drilled

by Cliona Sp.




ster shells with mud-blisters made

by Polydora ciliata
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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 norvegica (Gunnerus), Pomatoceros

trigquetor (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 common. The "mud-blisters" 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 maximum Balanus amphi-

trite 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 estuaris were also recorded, These

were quite prevalent when siliting was common during the

post-monsoon period. The isopod Sphaeroma walkeri was also

present thoughout the year.

Among the bivalve molluscs, Anomia sp. Perna viridis,

Modiolus carvalhoi, Musculista senhausjia, Musculista

1%
arcuatula were recorded. Spats of Crassostrea cuculata
A

and C. 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 C. 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.



Fig. 9.3 : Crassostrea madrasensis with the insitu pearl |
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9.4, Discussion

Table 1 presents the commensals, predators and

parasites recorded from C. 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 commensalic life. Tnhe polychaete Polydora ciliata

is parasitic forming "mud-~blisters" in the oyster shells,
The role of the various commensals recorded from C. madra-
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

cuculus from the gonad of C. 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 reduced 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

attagk of predators (Sindermann, 1970)



=333~

Table 9.1 Associates (Commensals) recorded from C., madrasensis

S — S g N e S e T S S D S L 8 i g S Gy S S S A S S P S D e S S gmm S PTSS SED D g Ge D S D S G e S e e S g S S g e T S G S

Animals recorded Group Occurrence Type of
association
Cliona sp. Porifera Throughout Parasitic
the year commensal
Electra bengalensis Bryozoa Pre & post Commensal
(Stoliezka) monsoon

Alderina arabianensis " " n
Menon and Nair

Schizoporella cochinensis " " "
‘Menon and Nair.

Nolella paupensis (Busk) u " "

Bowerbankia impricata u n n
(Adams)

Electra crustulenta " Monsoon "
(Pallas)

Victorella pavida (Kent) " " "

Hydroides norwegica Annelida Throughout "
(Gunnerus) (Polyeh- the year
aeta)

Mercierella enigmatica " " "

Spirorbis sp. " " "

Polydora ciliata " Pre-monsoon Parasitic
(Johnston) commensal
Eunice sp. " " Commensal
Perinereis sp. Platyhel- " "
minthes
(Trematoda)
Bucephalus sp. " " Parasite

Table contad.



Table contd.

Balanus amphitrite
communis (Darwin)

Corophium triaeonyx

Tanais estuaris

Sphaeroma walkeri

Perna viridis
(Linnaeus)

Anomia sp.

Crassostrea cucullata

Modiolus carvalhoi

Musculista Sp.
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Crustacea
(Cirri-
pedia)

Crustacea
(Amphi-
poda)

Crustacea
Crustacea
(Isopoda)

Mollusca
(Bivalvia)

Pre & Post
monsoon

Post-
monsoon

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 in C. madrasensis.
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SUMMARY



SUMMARY

1. A detailed study of the hydrography of the Cochin

3.

Backwaters, the habitat of Crassostrea 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%,
and 32.9%.. Fairly steady salinity has been recorded
during the pre-monsoon period (February to May) and
drastic declension during the monsoon period
(June-Septenber). Dissolved oxygen varied between

2,5 ml/1 and 6.5 ml/l. Turbidity was highest in June

(27.9 p.p.m.) and minimum (10.2 p.p.m.) in Fehruary.

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 C. madrasensis in the

Cochin Backwaters is presented. C. madrasensis enjoys
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a wide distribution in the backwaters. In the five

stations investigated, no settlement of C. 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 C. madrasensis revealed an

exponential trend in the form H = ALB. 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 form H = ADB. 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 weight 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

C. 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
C. madrasensis inhabiting the Cochin Backwaters compared
to those reported from Madras. Salinity fluctuations
and alteration of mesochaline and polyhaline condition

at the Cochin Harbour influenced the growth in C.

madrasensis. Growth was determined by the progression

of modal height during aifferent months. The maximum
size which oysters can attain (L o(’) and catabolism
co-efficient K, (log, tan 0 ) were determined by Ford-
Walford technique. The theoretical time at which

oyster height is zero (t,) was determined by plotting
log, (Lo - lt) on t. From this, it was read as the

time relating to logL. Lol 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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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 C. 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

trgnatode Bucephalus sp. Several species of bryozoans

such as Electra bengalensis, 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

walkeri were recorded as associates. 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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