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ABSTRACT

Environmental stress, particularly stress due to salinity variation and
desiccation is encountered in mussel mariculture systems especially in the initial
phase of stocking in the farms. The survivorship of mussel seed on conditioning and
direct stocking in different salinities, under controlled conditions was studied. The
LCso value for large (25 to 40mm) and small size seed (10 to 25 mm) were
estimated as 14 and 21 ppt respectively indicating the sturdiness of larger seed.
The larger sized seed were less tolerant to lower salinities (LCsp = 32 ppt) when
exposed directly without conditioning in ambient salinity. The condition indices of
the surviving seed were comparable to that of the control. Stress related fo
desiccation was studied by exposing the seed for various durations and the
survivorship in the recovery period was evaluated. In seed exposed for 12 and 24
hours of desiccation, mortality ranged between 6 and 26% during the recovery
period at the end of 30 hours and was stabilized thereafter. Desiccation for 26 to 30
hours resulted in very high mortality ranging from 42 to 96% at the end of 30 hours
of the recovery time while, above 30 hours and up to 48 hours of desiccation, none
of the seed survived. Considering the significance of bioaccumulation and guality of
the mussels marketed, the levels of heavy metals such as zinc, cadmium, lead and
copper in farmed and naturally occurring mussels were analysed and compared.
The order of magnitude of bioaccumulation of the trace metals was Zn>Cu>Pb>Cd
in the mussel collected from the natural bed while in the mussel cultured in the off-
bottom system in bay and estuarine pond were Zn>Pb>Cd>Cu and Zn>Pb>Cu>Cd
respectively. Positive correlation with size was observed in the accumulation of zinc
(R? = 0.7869) and lead (R? = 0.7266) in the natural bed mussels, while in the off
bottom farms the accumulation of Zn, Cd, Pb and Cu were negatively related to size
with very low to nil values of Cd and Cu in harvestable size (> 60mm) mussels.
Gender based bioaccumulation of heavy metals was inconsistent in differant size

groups of mussels collected from the natural bed and in farmed systems.
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1. INTRODUCTION

Environmental stress is an inescapable aspect of life in aquatic
ecosystem, which is constantly under the threat of visible biotic and abiotic
factors. In the aquatic realm, there is much greater physico-chemical and
biological variability than what exists in the terrestrial environment. These
unpredictable changes cause stress in the animals. Stress has been defined
in various ways, always in physiological terms. Bayne (1975) has defined
stress as “a measurable alternation of a physiclogical (or behavioural,
biochemical, or cytological) steady-state which is induced by an
environmental change and which renders the individual {(or population. or
community) more vulnerable to further environmental changes." More recently
Dhert et al (1992) has defined stress as “The reaction of an organism by a

disturbed physico-biological balance to an abnormal impact of Environment”-

Every species is adapted for life under a particular range of
conditions. A change in environment, beyond the limits ta which the species is
adapted, leads to dfsturbance. in their growth and to the death of the
organism, Immediate response to any stress occurs over a time span of few
seconds to few hours. The animals are affected not only by the magnitude of

parameters changes, but also rate of environmental changes.

Molluscs (Phylum: Mollusca) are found in marine, brackish water
and fresh waters ecosystems. They include diverse groups of animats such as
clams, mussels, oysters, scallops, abalones, conchs, squids and octopus etc.
The cultivation of molluscs is an old tradition. After fish, molluscs are the most
commonly cultivated marine organisms in the world. Qysters and musseis

represent about 80 % of the molluscs that are cultivated.

The commercially important bivaives are more in the intertidal
region, which is prone to wide environmental fluctuations. However the shells

provide protection for the bivalve species to protect their tissues from abrasive



physical forces such as wave action than those inhabiting sheltered
environments. The shell can also provide valuable protection for the tissues
from other environmental stress, e.g, salinity fluctuation, temperature,
predators, parasites, pathogens, pollutants, chemicals, aerial exposure and
other hidden environmental stress factors. A sedentary mode of life restricts
bivalves to a particular habitat where environmental stress cannot be avoided
by migration and under these circumstances they resort to behavioral

avoidance mechanism.

Although bivalves living in estuarine habitats are well adapted to
variations in salinity and temperature, abiotic factors such as heterocgeneity of
the sediment, salinity stress, increased exposure to air and varistions in
temperature due to the location on the tidal flat, can give rise to spatial
heterogeneity of bivalve growth. It has been shown in recent years that the
physiological condition of bivalves could be related in par, to the delicate

balance between pro oxidant forces and anti oxidant defenses.

One of the basic principals in aquaculture is that the farm site
must be assured in terms of suitability and capability. Suitability entails an
assessment of viability in forms of socio-economic, resource use, infra
structural and marketing factors. Capability involves an assessment of the site
in terms of environmental (bio-physical) parameter i.e. temperature, salinity,

food availability, sediment load, chemicals, heavy metals and predators,

parasites elc.

The spatial and temporal structure of environmental variability
(intensity, spatial extent, temporal persistence, predictability) has important:
consequences for how that variability is perceived and responded to by the

individual organism.

Among all environmental stressors, salinity is considered as a
master stress factor, which initiates structural and functional responses. The

change in salinity affects the animal as in the maximum relative proportions



e.g. solutes, coefficient of absorption, saturation of dissolved gases, density
and viscosity of the medium (Kinne, 1971). If rate of salinity change is intense,
it leads to end point of life i.e. mortality.

Desiccation is another factor which causes stress both in the
natural as well as is in the farming systems. Green musse! being widely
distributed in inter-tidal region, experiences repeated episodes of exposure to
air, due to strong tides, which regularly causes periods of dryness and aernal
exposure. The cumulative affect of air exposure stressors is observed as
reduction in responsiveness of the mussel.

Mussels are subjected to a variety of physical and
environmental conditions during farming activities. Some conditions leads to
stress and reduced performance or quality. In India, the green mussel, Perna
viridis {Linnaeus, 1758) is cultured along the Kerala and Maharashtra coasts.
Mussels have almost the same protein content per weight as beef meat, but
cnly one quarter of the calories. It is a source of protein, iron and zinc for
immunity booster and mental alertness. Mussels are also used for water

purification and for extraction of chemicals and medicines.

The adoption level of mussel farming in India has increased in
the recent years. The mussel farms are mosily located in the estuarine
ecosystems, which are highly productive but subject to high variation in
salinity. Salinity levels drop to nearly freshwater condition during certain
months. The mussel seed is collected from the coastal intertidal and sub tidal
regions for stocking in the estuarine farms. Since the seed, which are
exposed to high salinities in their natural habitat, are transplanted to areas of
lower salinities, the problem of stress on the seed due to salinity variation .

arises and farmers may have to face problems such as low attachment of

seed on rope due to mortality.

Related to the mussel farm is another aspect : the proximity of

seed collection centers with the farm site. Occasionally, the seed collection



centers are far from the collection centers and have to be transported to the
farm site covering a transit period of 2 to 8 hrs. Earlier studies related to seed
transportation have shown that dry method of transport is better than the wet
methed, In the dry method seed is subjected to desiccation prior to seeding.
Desiccation for prolonged periods can cause stress and can lead to fow
survival and poor quality of the seed. Under this context, it is essential. to have
information on the mortality due to desiccation. In this study, attempts have
been made to simulate the conditions of desiccation in lab for varied duration

and evaluate the mortality during the subsequent immersion period.

The green mussel is a filter- feeder having the capability to
accumulate heavy metals from the surrounding medium. On one side, these
heavy metal accumulations affect the metabolic activity, physiological stress
and cause the reduction of growth rate while on the other they are harmful to
the consumer. To safeguard the consumer, quality of the marketed mussel

has to be ensured prior to marketing

The United Nation conference on human envircnment in 1972
held at Stockholm accepted the Gesamp definition of marine pollution namely,
“The introduction by man, directly or indirectly, of substances or energy into
the marine environment resulting in such deleterious effect as harm to living
resources, hazards to human health, hindrance fo marine activities including
fisheries, impairment of quality for use of sea water and reduction in
amenities”. Efforts are made globally to avoid critical damage to the marine
environment and its resources. The concept of the use sentingl organisms as
indicators of pollution in coastal waters has been developed and bivalves are
considered as the most reliable sentinel organisms owing to their mode of
existence, tolerance reactions, metabolism, growth and reproduction. The

term “Mussel Watch” is significant in this context.

Recently the utilization of mussel has increased considerably
with in India. From total production < 10,000 tonnes in 1996 from fishing in
natural bed, it has increased to nearly 15,000 tonnes in 2002 (CMFRI Annual



Report, 2002). A similar trend has been observed in the production from
mussel farming. The production from farming was negligible in 1995
increased 1,250 tones in 2002 (Modayil, 2003). These facts imply increased
consumption of the resource. Under these circumstances, it is pertinent to
evaluate the quality of mussel in terms of bicaccumulation of heavy metals.
With this basic concept of consumer safety, attempt was made to evaluate the

level of four heavy metals viz. zinc, copper, lead and cadmium in the mussels.

The dissertation entitled “Studies on the bioaccumulation and
effect of environmental stress on the green mussel, Perna viridis,
{Linnaeus, 1758) "is an effort to solve the problem directly faced by the

mussel mariculture industry in a tropical environment.

The main objectives of the study are

1. To study the effect of salinity variation in small (10-25mm) and large
seed (25-40 mm) in terms of mortality, condition index and total lipid
content.

2. Mortality of un-conditioned seed in varied salinities.

3. Effect of desiccation on mussel seed and evaluation of mortality during
recoveryl/immersion period.

4. Bioaccumulation of trace metals viz, zinc, copper, lead, and cadmium
in different size groups of musseis.

5. Study the level of bicaccumulation of trace metals in mussels from
natura!l bed (on-bottom) and off-bottom systems.

The main aim of this study is to provide information for
improving mussel-farming husbandry. The results of the study will be useful to
farmers to plan their mussel farming protocol especially with respect to
viability of seed. The bioaccumulation studies are expected to provide

information necessary for consumer safety and market development.



REVIEW OF LITERATURE



2. REVIEW OF LITERATURE

One of the first problems in bivalve culture with regard to
environmental stress was encountered at the beginning of the 20" century,
Based on studies on the American oyster Crassostrea virginia, Prytherch (1924)
asserted, “the rapid decline of this valuable industrial production had been
brought about by constant depletion of the oyster beds sustainability because of
various environmental factors.” It was already evident that an environmentat

effect on this species was concerned with the natural reproduction of the species.

Mussels are an important group of bivalves, which support
important fisheries in the coastal areas around Southeast and Scuthwest coasts
of India and elsewhere in the world. They have emerged as much demanded
commercial market food product worldwide (Guerra and Roch, 1994). Because of
their mode of life and fiitration capacity, their abundance and growth is
dependent on several environmental factors. Salinity is one of the factors, which

affects almost all stages starting from egg to adult.

In the phylum Mollusca, there is vast literature on salinity and its
ecophysiological impacts on the animals studied (Bayne, 1976). The effect of
reduced salinity on filtration, growth, osmoregulation and ecology has been
studied in Mytitius edulis (Bohle,1972,Gilles,1872; Davenport,1979.).
Considerable work has been done on oyster also. Loosanoff (1963} studied the
behaviour, when transferred from low salinity to high saline water in Osfrea

virginica.

The salinity tolerance of Indian bivalves such as Kaflysfa opima
(Ranade and Kulkarni, 1969); Saccostrea cucufiata (Nagabhusham and
Bidarkar,1975); Villorita cyprinoiodes (Nair and Shynamma, 1975); Meritrix casta
(Salih,1978); Sunetta scripta (Thamputran et al.,1982), Pema viridis, Merilrix
merilrix and Crassolrea madrasensis (Sundaram and Shafee,1989), Paphia



fatrisuica (Mane and Dhamne,1980): Paphia malabarica (Ram Mohan,1983) and
Saccostrea cucullata (Kripa,1998).

Studies were also conducted on the rate of filtration and growth
with respect to different environment parameters of M. casta (Durve, 1962: Salih,
1878). Mane (1980) carried out study on adaptation of Katelysla opima to salinity
fluctuations. Nagabhusanam and Bidarkar (1975) studied the salinity range
2.5ppt to 35ppt for Crassostrea cucullata. The variation in salinity tolerance in
different size groups of M. casta has been studied (Salih, 1978).

Behavioral modification is one of the most sensitive of
environmental stress and may directly affec; survival (Eisler, 1979). Available
literature on bivalve benavioral respohse to stress is limited, but studies (Perkin,
1978;Eisler, 1979, Olla ef al., 1983) carried out in the recent past indicate the sub
lethal effect on bivalve behavior can give some insight into the observed
physiological changes. Morality is an end point that can be readily recognized
and quantified; hence the standard assay for acute toxicity testing of
environmental stresses in aquatic medium or concentration that causes 50%
mortality over a standard period of time. It is evident that death is a very crude
index of stress in the environment, and that sub lethal effects can be induced at
much lower levels than the LCso. While not directly resulting in death, sub lethal
effects can affect survival through effects on behaviors, growth, physiology, and
reproduction (Bayne et al. 1978,1979, ;Viarengo et al,, 1980; Lowe et al, 1982;

Calabrese et al., 1984).

Numerous workers have studied the relation of condition index of
various species of bivalves from boreal and temperate coastal waters and its
seasonal variation and relationship to level of available food and the annual
reproductive cycle (Baird, 1958, 1966; Westley 1961; Walne 1970; Gabbott and
Walker, 1971; Gabbott and Bayne, 1973; Gabbott and Stephenson, 1974; Dare
1976). Walne (1970) has made detailed investigations on the seasonal changes

in dry weight condition index and glycogen content .



Studies have demonstrated that the lipid levels and composition of
marine bivalves clearly reflect the biochemical and environmental conditions of
seed development (de Moreno et al., 1980; Napolitano ef af., 1992; Fernandez-
Reiriz et al., 1996; Soudant et al., 1998). With regard to the influence that such
period of starvation on lipids, some authors have noted a drop in triacylglycerols
of seeds of different marine bivalves (Fraser, 1989; Caers et af, 2000).

The consequences of starvation on different fatty acids in marine
bivalves have been highlighted in the work published by Langdon and Waldock
(1981), who studied the essential fatty acids PUFAs n-3 and n-6 of oyster seed
Crassostrea gigas. Various authors have suggested that the seasonal variations
observed in the levels of total lipids, neutral lipids and fatty acids of various
species of marine invertebrates is intimately related to the environmental factors
(Perry et al., 1979; Langdon and Newell, 1990; Chu et al., 1990; Galap et al.,
1698).

Byssal threads are formed by glands located in the posterior part of
the foot and consists of conchiolin, & molecular complex with protein component
(collagen- type fibrils) tanned by an aromatic component (quinone). These byssal
threads provide  an agmirable means of attachment, tough, yet yielding and
capable of repair and modification with changing circumstances (Yong, 1948)".
The ability to produce and maintain these mooring lines is of importance in
determining which habitats can be occupied. The rate of thread farmation can be
measured and is an informative index of activity (Reish and Agers, 1968).
Environmental factors can influence byssus formation in the mussel Mytifus

edulis (Yong,1985).

Exposure to air, mechanical agitation and acclimatization can
influence the byssus formation (Van Winkle, 1970). Several abiotic factors such

as salinity (Glaus, 1968; Van Winkle, 1970; Allen et af,1976), temperature



(Glaus 1968, Allen ef al,, 1976), water velocity ( Maheo, 1970; Van winkle 1970:
Price, 1982) and oxygen tension (Widdows and Bayne, 1971) have been
observed to affect byssus formation in bivalves. Circadian and tidal rhythms also
have significant affect as secretion of byssal threads (Martella, 1974). Influence
of sediment grain size (Meadows and Shand, 1989) and salinity on byssal thread
formation in M. edufis and Glukensia demissa has been studied (Plec and
Alexender, 1999)

information of the seed source and its performance in mussel
farming has been the subject of the research in recent years (Dickie ef al,, 1984
Fuentes et al, 1992; Peterson and Beal, 1989; Rawson and Hilbish, 1991:;
Fuentes et al., 1998; Perez Camacho et a/, 1995; Babarro et al,, 2000). Fleury &t
al. (1997) have conducted a preliminary study of the behaviour of reseeded
juvenile great scallops of three sizes. Apart from the sources of seed, the method
of seed transport affects the survival of bivalve seed (Maguire ef al, 1999).

Boyden (1872) studied exposure to air in two species of Cardium
(Cerastoderma) the common cockle. During transport the bivalve seed is
subjected to desiccation. Studies on the physiological and biochemical
responses of desiccation in bivalve species have been well documented
(Widdows et al., 1979; Demer and Guderley, 1994) but not specifically with
respect to transport. Marsden and Weatherhead (1998) have reported on the
effect of aerial exposure on the oxygen consumption by the New Zealand mussel
Perna canaliculatus. Survivorship of aerially exposed zebra musse!l Dreissena
polymorpha at varied temperatures has been studied (Paukstis et al,, 1999).
Sadok et al. (1999) have given account of the effect of aerial exposure and

reimmersion with reference to nitrogen metabolism in M. edulis.

Effect of aerial exposure on clams (Ali and Nakamura, 2000) and
gastropads (Pearson et al, 2000) has been studied. Studies on stress on Perna
viridis in India are limited. Effect of thermal and salinity stress on the cardiac



activity has been studied by Bhat and Desai {1988). The variation in filtration and
clearance rates depending on the salinity has been reported by Rajesh et af.,( '
2001).

The capacity of bivalve molluscs to accumulate potentially toxic
heavy metals in their tissues, far in excess of envirsnmental levels, is well known
and has become the focus of an increasing numbers of studies {Manley and
George, 1977; Phillips, 1976,1977; Bryan and Gibbs, 1983). Most of the
evidence for absorption of metals and their radionucleotides from the solution
seems to involve passive diffusion of the metal, probably as uncharged solubie
complexes, down gradients created by absorption at the surface and binding by
constituents of the surface cells, body fluids, and internal organs (Bryan, 1279;
Carpene and George, 1981; Simkiss, 1983}

The most important source of heavy metal in bivalve molluscs ié
from suspended particles and sediments (Bryan, 1976, 1979). Tissue distribution
of heavy metals as a result of bioaccumulation is typically uneven and in some
cases shows a high degree of organ specificity (Bryan, 1973; Bryan and Gibbs,
1983; George and Pirle, 1983; Viarenngo ef al, 1980 a,b, 1981; Carmichael,
1980; Calabrese et al., 1984) Cunningham (1979} gave a comprehensive review
on the factors affecting accumulation, distribution, and loss of metals from tissues

due to intrinsic and extrinsic factors.

The effect of heavy metals on the enzyme activity has been studied
(Dixon and Webb, 1967). Also the effect on the function of several cellular
constituents such as membranes (Rothstein, 1959), lysosomes (Moore, 1977),
and mitochondria {Corner and Sparrow, 1956: Kleiner1974: Zaba and Harris,
1978 Akberali and Earmsaw, 1982; Akberali et al.,1984) have been made.
Observations have been made on heavy metals and their inhibitory effects on
physiclogical processes, e.g., ciliary's activity of the gills, oxygen consumption
(Brown and Newell, 1979; Manley, 1983; Calabrese el al., 1984; Martin et al.,
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1984), heart rate (Scott and Major, 1972) and byssus synthesis (Martin ef af.,
1975;Davenpor, 1977).

Considerable work has teen done on the toxicity in bivalves and
trace metal content in the coastal waters along the Indian coast but studies on
bioaccumuiation in bivalves are limited. Heavy metal load in the mussels Perma
viridis and Perna indica has been studied (Pillai et at, 1986, Krishna Kumar, et
al. 1998). Toxicities of selected heavy metals in Perna viridis (Lakshman and
Nambisan, 1986) and in vitro effect of heavy metal ions as myofibrilar
Ca""ATPase activity in P. viridis (Nambudiri,1986) have studied. Combined
toxicity effect of two heavy metals like silver and copper and mercury and
cadmium on the green mussel has also been evaluated (Menon 19886 a, b.).
Hawkins ef al {1988) bave compared the metabolic response of Pema viridis
and Perna indica to reduction of oxygen tension and salinity as indicator of
pollution. Prakash et al. (1994) have reviewed the melal in marine waters and

bivalves from the coastline of India.

Apart from using the green mussel P. viridis as the seniinel
organism, studies have been made on other bivalves such as the edible oyster
Crassostrea madrasensis (Rajenderan and Kurian 1886; Senthilnathan, 1986;
Piliai et al.,1986). The toxic foad in the clam Villorita cyprinoids { Pillai et al,
1986) and Meritrix casta (Rajan et a/;1986; Shanthi ef al,1988) has been studied

Nair and Nair (1986) have reported on the seasonality of trace metals in
bivalves. Lakshman and Nambisan {1986) have reported on bicaccumulation and

depuration of trace metals by the green mussel P. viridis.

Accumulation of trace metals in different coastal regions has been
studied during last three decades. The metals levels in the bivalves of Cochin
area have been reported by Sankaranarayan ef af (1978}, Lakshman and
Nambisan(1986) and Pillai et al.(1886). The trace metal in oyster along the Tamil
Nadu coast have been reported by Pillai et al. (1986} and Santhinathan et al.
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(1986). Trace metal content in the three species of bivalves along the Karnataka
coast has been reported by Krishna Kumar et al. 1998. Balaji and Rao (2000)
have studied the size related accumulation of heavy metals by Mytilopsis salleli

at Vishakapatnam harbour.
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3.1

3. MATERIALS AND METHODS

TEST ANIMALS FOR STRESS STUDIES

Seed of the green mussel Pema viridis (Linnaeus) for
experiments on salinity and desiccation stress studies (3.4.1 to 3.4.5)
described below were collected from the natural bed (Fig.1.) at Kollam
Bay at Kollam, Kerala along the southwest coast of India. Seed were also
collected from the spat collectors such as roof tiles and nylon net
suspended from the raft suspended in the bay for studies under the NATP
project on Mussel Mariculture of CMFRI (Fig.2).

Seed mussels were collected during October to December
2002 and adult mussels for experiment 3.4.6 to 3.4.8 during March to May
2003, Care was taken not to damage the foot or other internal organ while
detaching the mussel seed from substrata. Mussels were cleaned of
epibionts, detritus and fouling organisms and washed well with fresh
seawater. The cleaned seed were transported under moist condition
without water by road. The transit period was 4 hours, but the total
exposure period from the time of collection to stocking in the hatchery of
CMFRI at Cochin was 7 hours. Part of the collected seed was used
immediately for experiment (3.4.2) conducted to evaluate the moﬂélity
when the seed were exposed to different salinities with out conditioning.
Rest of the seed was stocked in 5 liter tanks in 32ppt salinity with good
aeration. Dead animals were periodically removed and complete water
exchange was provided daily for 3 days. These condifioned seed were
used for experiments 3.4.1, 3.4.3, 3.4.4, and 3.4. 5. Before stocking, the
length of the seed was measured to nearest 0.01mm by digital Vernier
calipers. Based on the length measurement the seed were graded into two
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Fig.2. The mussel farm : the raft moored at Kollam Bay. The spat settiers were
placed in this raft and mussels for analysis of heavy metal accumulation
were also collected from this.

|3



size groups, Group ‘A’ of 25 to 40mm length (average) and group 'B' of 10
to 25mm length {average).

3.2.  LOCATION OF SITES FOR SAMPLE COLLECTION OF ANALYSIS OF
HEAVY METALS

Mussel samples for studying bioaccumulation (3.4.6 to 3.4.8)
were collected from Kollam (8°45- 9°28'N and 76°28- 77 °17°E) along the
south west coast of India. Mussels samples from the fishery at Kollam bay
and from the off bottom farm (raft) in the same area were used for analysis
of heavy metals. The fishery was based on the mussel population in the
artificial semi enclosed bay with a permanent opening to the Arabian Sea.
The depth at the farm site was between 2,50 3 m,

Samples were alsg ceollected from the mussel farm in a shrimp
pond at Dalavapuram in Ashtamudi Lake. The mussel ropes in this farm
were suspended horizontally between stakes above half a meter from:the

pond bottom.
3.3. ALGAL CULTURE

Pre-sterilized transparent plastic buckets of 10-liter capacity
were used for mass culture of Chaetoceros caliciterans. These were filled
with filtered seawater after addition of appropriate concentration of nutrient
media as Walne medium. [1milit A and B solution and 0.5 ml/lit silicate for
Chaetoceros). Each bucket was filled up to 6 liters with the addition of
10% good inoculums of Chaetoceros and placed near the window in
natural light. The algal cell density was measured using haemocylometer

daily.
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3.4. EXPERIMENTAL PROCEDURES

The description of the experiments conducted and the methodology

for trace metal analysis is given below

3.4.1. Effect of salinity on the mussel seed survival: mortality after

conditioning

Experiments were set up at marine hatchery complex,
CMFRI, Cochin, to assess mortality of two size groups of seed of green
mussel Perna viridis (Fig.3). The animals were considered dead if it did

not close the valve or were not responsive to physical stimuli.

The conditioned seed were exposed to various salinities
between & and 50 ppt, taken at 5 ppt intervals i.e. 5, 10, 15, 20, 25, 30, 385,
40, 45 and 50ppt. All the exposures were conducted in triplicate at a
stocking density of 50 animals in 3 liters of sea water of required salinity in
four liter plastic troughs. Experimental animais were fed with Chaetoceros
calicetrans @ SOml day'and uniform aeration was provided. At the end of
every 24 hours the morality was recorded and the dead animals were

removed.

The Jlower salinity levels were prepared by diuting the
seawaler with required amount of aged, filtered tap water. Desired salinity
levels from the known higher salinity was prepared by using the formula

V = Required salinity x 100
Known higher salinity of seawater
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LA
Fig.4. The trace metal analyser - 757 VA Computrace (Metrohm,
Switzerland).
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3.4. 2;

Where, V is volume of seawater of known salinity that should be faken to
diluted with fresh water to make 1 liter solution of desired salinity. The

salinity of the prepared medium was checked by refractrometer.

Higher concentrations were made by dissolving required
amount of common salt in 35ppt seawater, which was allowed to settle,
filtered and used for the study (Alagarswami and Victor, 1976; Mane and
Tilkedhar, 1978).

Effect of salinity on mussel seed: mortality without conditioning

To assess the effect of combined effect of transportation and
salinity the mussel seed were directly exposed to different salinities. The
mussel seed were directly exposed to the salinity levels as in 3.4.1 without
conditioning. The experimental procedure regarding stocking density,
rearing condition, feed and cbservation were made as for 3.4.1

3.4.3. Effect of Salinity variation on condition index

The condition index of the surviving mussel seed in salinities 15 to

45 in 3.4.1 was found out. Ten mussels from each salinity treatment were

taken. The total weight of mussel meat dried at 80°c over night in a hot air

oven of each sample was taken in an electronic balance. The shells were

dried and weighed. The condition index was calculated using the following

formula (Walne and Mann, 1975).

Condition index = Dry meat weight {g) X 1000

Dry shell weight (g)
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3.4. 4. Effect of salinity on the total lipid content of mussel seed

To assess the quantity of lipid in seed mussels exposed fo various
salinity, live and healthy green mussels were taken from the surviving
seed in 3.4.1. Total lipid was isolated by Choloroform methanol estimation
method of extraction method (Folch et al,1975). About 0.5¢ of dry tissue
(poocled) were homogenized well in 7.5 ml of chloroform: methandl (2:1viv)
in pestle and mortar. The extraction step was repeated for the residues.
The filtrate from the two extraction were transferred to a 100mi separating
flask, and 2ml of distilled water was added, shaken well and allowed to
stand for overnight at room temperature. Lower chloroform layer was
collected in a beaker and evaporated to 5ml in a vacuum desiccator. Total
lipid of the sample thus prepared was quantitatively estimated by
Sulphophosphovaniliin method (Barnes and Blackstock, 1973). 0.5ml of
lipid extract was taken and dried in vacuum over silica gel in desiccators.
To the dried sample, 0.5 m! of concentrated sulphuric acid was added and
shaken well, The tubes were than plugged with non-absorbent cotton
wool and heated at 100°C in a boiling water bath for exactly 10 minutes.
The test iubes were rapidly cooled to room temperature under running tap
water, washed and 0.2ml of this acid digest was taken in a separate tube,
5ml of vanillin reagent was added and kept undisturbed for half an hour.
The absorption level! and developed colour was measured at 520nm.
0.2ml of the cholesterol (8mg of cholesterol in 4ml of chloroform: methanol
(2:1viv) was taken as Standard 0.2ml and 0.2mi of chloroform was taken

as blank.

Total lipid content (mg g' Drywt.) =

OD of unknown (sample} x vol. of extract (ml) x ng of standard
OD of known X Dry weight of sample (mg)
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3.4. 5. Effect of desiccation on survival of mussel seed.

This experiment was conducted to determine the effect of aerial
exposure on survival of mussel seed. The conditioned seed of mussel were
placed outside the rearing tank without water to varicus time periods ranging
from 2 to 48 hours. Groups of 50 nos. of mussel seed (20- 40mm shell
length) were selected and exposed for different duration such 2, 4,
6,8,10,12,14,18,24,30 and 48 hrs . At the end of these time intervals the
number of dead seed was recorded and the surviving seed were placed in
ambient salinity (32ppt). Their survival was recorded for 30 hours at 6-hour
intervals i.e. after 6hr, 12hr, 18hr, 24hr, 30 hr, 36 hr, and 48 hr. During aerial
exposure or desiécation, animals were not fed but during the second phase
Chaetoceros calcitrans was provided as feed @ 25ml/tub at 12 hour intervals.
The number of dead animals during the recovery period was noted and the
percentage mortality calculated. The behaviour of the animals and the
formation of byssus was observed and taken as an indicator of stress.

3.4. 6: Trace metals (zing, cadmium, lead, and copper) accumulation in

mussel collected from different systems,

Green mussel samples collected from three areas such as natural
bed in Kollam Bay, from suspended raft {off-bottom) in the Bay and from a
mussel farm in shrimp pond in estuarine system in Ashtamudi Lake were
collected and transported to the lab at CMFRI, Headguarters at Cochin.
The mussels were stored in the deep freezer after coliection till the analysis,

3.4.6.1 Sample preparation and acid digestion of tissue sample:

10 numbers from each size groups of mussels of same size were

taken. Each animal was rinsed with distilled water. Soft part of the animal in
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its shells was rinsed with distilled water. The steps wise procedure followed

for heavy metal analysis is given below:

1. Tissue was pooled, homogenized with a sharp scissors and mixed
well in a clean watch glass

2. 2.5 grams (wet weight) of each of the above tissue sample was
transferred to a digestion tube of Macro-Kjeldhal digestion system.

3. Ultra pure grade of HNO3 and H,O, were used for sample digestion
(Martin and Flegal, 1875; Dalziel and Baker, 1983; Krishna Kumar et
al, 1990). 20ml of mixture digestion HNO3 and H,O5 in1:1 ratio was
added to the sample in the tube covered with watch glass and Rept
overnight.

4. Then the sample was placed for digestion for two hours at 105° in
Macro-kjeldhal digestion unit.

5. Digested sample was filtered by passing through Whatman no.40 filter
paper into a 100 ml volumetric flask, made up to the mark with ultra
pure waler,

6. 1 ml sample was again diluted to 10 ml by adding ultra pure water,
then 1 ml KCI buffer was added to sample, pH was adjusted to 4.6 with
help of dil. HCl and NaOH.

7. The prepared sample was analysed using 757 VA Computrace
(Metrohm, Switzerland) (Fig.4.) according the method No.
AB231 1 Det of Zn, Cd, Pb, Cu. The final concentration of heavy
metals in ug g wet wt. was calculated using the formula

Concentration of heavy metal (ug g wet wt.) = VA 757reading x 100
Weight of tissue sample

3.4.7. Variation in trace metal content relative to size groups

Based on the length measurements, the mussels collected
from the natural bed in Kollam Bay, from the suspended (off-bottom) raft in

the bay and from the mussel farms in a shrimp pond in the estuarine
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system of Ashtamudi Lake were segregated in three groups viz. 40-50mm,
60-70mm and 80-90mm size. The mussels in these groups were pooled

and analyzed for the presence of heavy metals by the method described
in3.4.6.1

3.4.8. Trace metal content in male and female mussels collected from three

systems

The mussels collected from the three systems were
segregated into male and female based on the colour of the gonad and
microscopic analysis of the gonad smear. Light orange or deep red
coloured gonads were identified as females and light cream colored gonad
as male and analyzed for the presence of heavy metals by the method
described in 3.4.6.1

3.5. STATISTICAL ANALYSIS

The LC sp values for the large and small seed in different salinities
after conditioning and without conditioning and for desiccation were
estimated by the Probit Analysis method in the SPSS software. The

correlation value (R?) for bioaccumulation of heavy metals with size was

calculated.
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RESULTS



4. RESULTS

4.1: Effect of salinity on musse! seed after conditioning

The mortality of the two length ranges, Group ‘A’ large seed (25 to 40 mm)
and Group 'B' small seed (10 to 25mm) when exposed to 5,10, 15, 20, 25, 30,
35, 40, 45, and S0ppt salinities after conditioning at room temperature and
ambient salinity (32 + 1.50 ppt) showed a similar pattern. On the first day after
immersion, there was no mortality in both the groups of mussels. Mortality in
lower salinities, 5 to 15ppt and higher salinity, 50ppt started from the second
day onwards. Complete mortality was observed in 5, 10 and 50ppt salinities by
fifth and sixth days respectively (Table 1). In 15 to 20 ppt, the percentage
mortality varied for both these groups(Figs. &, 6 and 7). In salinities 20 to 35ppt,
all the small size seed survived while in the large group, low mortality ranging
between 4 to 10% was observed. In higher salinities between 40 to 45ppt the
mortality ranged between 8 to 16%. In general, it was observed that larger size
seed were more tolerant to lower salinity. The seed had formed byssus threads
and were atlached to the rearing container from the first day onwards. From
day 9 onwards the surviving mussel seed showed healthy behaviour. The L.Lsp
value for large seed was 14 while for smaller seed it was 21 ppt (Table 2, Fig.

8).
4,2 . Effect of salinity on mussel seed without conditioning

The mortality of mussel seed { 25 to 40 mm) when directly exposed to
different salinities such as 5,10,15,20,25,30,35,40,45, and 50ppt salinities,
without conditicning was higher in all the salinities (Fig.9 and 10). Merality was
observed from day 1 onwards, ranging from 6 to 36% with highest mortality in

50ppt (Table 3).
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- Table 1. Mortality of two size groups of seed of Perna viridis when exposed to
different salinities after conditioning

A=25t040 mmseed B =10to 25 mm seed

Mortality in numbers ( n= 50)
| o Total
| SI. | Salinity | Size | Day{Day|Day | Day [Day|Day |Day |Day | Day |mortality
'No. | (ppt) group | 1 2 13 4 5 |6 7 8 g (%)
: 5 A 0 6| 20 18 6 0 0 0 0’ 100
1 B 0] 18! 10 12| 10 0 0 0 0 100
o 10 A 0 5| 10 191 16 0 0 0 0 100
a B 0] 12| 20 10 8 0 0 0 0] 100
! 3 15 A 0 1 1 2 1 5 3 2 4 38
B 0| 15 3 2 1 1 1 1 1 50
2 og LA 0| 1 1 2| 1 3 8 7 5{ 56
? B 0 1 0 0 0 0 0 0 0 0
5 o5 A 0 0 0 0 0 0 0 0 2 4
l B 0 0 0 0 0 0 0 0| © 0
A 0 0 0 0 0 1 0 0 0 2
6 >0 B 0 0 0 0 0 0 0 0 0 0
A 0 1 0 0 0 0 2 0 0 6
: ! 3 B 0 0 0 0 0 0 0 0 0 0
8 40 A 0 0 0 0 0 2 0 1 0 10
B 0 0 0 0 3 1 0 0 0 8
9 45 A 0 0 0 3| 2 1 0 0 0 12
B 0 0 2 3 1 0 0 2 0 16
10 50 A 0| 28] 12 10 0 0 0 0 0 100
- B 0 32{ 15 3 0 0 0 0 0 100

Table 2. LC 5 values related to for different stress factors in the seed of
Perna viridis — Results of Probit Analysis

: Sl.no Seed Experiment details LC 59
1 Length 25 to 40 mm Conditioned seed 14 ppt
2 Length 10 to 25 mm Conditioned seed 21 ppt
F:3 Length 25 to 40 mm Unconditioned seed 32 ppt
i 4 Length 25 to 40 mm | Desiccation 24 hrs
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Fig.7. Compariscn of mortalities of large and small size seed of Perna
viridis when exposed to different salinities
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Fig.8. Probit transformed responses — LC sp value of large size seed of
mussel
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