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Chapter 1 



General Introduction 

Seafood and aquaculture industry are facing many challenges as it enters the 21 SI 

century. Global competition, strict quality regulations and complex trade policies 
are some of the challenges that the industry is trying to cope with. In recent 
years, geared by the shortage of supply against an increasing demand, many of 
the non-conventional seafood resources have gained considerable attention. 
Besides the increased exploitation of non-conventional resources, aquaculture 
practices are being adopted in a big way to reduce the gap between demand and 
supply of seafood products. 

Molluscan fisheries, constituted by bivalves, gastropods and cephalopods 
accounted 11.6% of the world aquatic production in 2004 (FAD, FISHSTA n. 
Bivalves, represented by clams, oysters and mussels contributed 13.9 million 
tonnes to the world molluscan production (18.1 million tonnes). Among the 
bivalves, mussels occupy a prominent position contributing 14.7% to the world 
bivalve production in 2004. Mussels are traded as live, fresh, chilled, frozen, 
canned, dried, salted, blanched and other value added forms. In 2004 the export 
of mussels to various international markets accounted for USD 536.7 million. 

Mussels are widely distributed in tropical and temperate conditions. They are 
seen typically attached to hard substratum with their byssus threads, in the 
intertidal and subtidal zones (Lee, 1985). Countries where mussel fishery is 
popular are Denmark, Italy, UK and USA. World mussel production from 
capture and culture fisheries recorded an increasing trend from 0.16 million 
tonnes in 1950 to 2.05 million tonnes in 2004 (Fig. 1.1) registering an annual 
increment of -5%. This phenomenal increase (+36% since 1990) in total mussel 
production over the past few decades is a result of wider adoption of culture 
practices. Major species of mussels contributing to the global production are the 



blue mussel , Mytilus edulis and the Mediterranean mussel, Mytilus 
galloprovincialis. China is the world 's largest mussel producer contributing 33% 
to the total production followed by Spain, Thailand, Italy and Denmark (Fig. 
1.2). 

Mussel farming has a long history that dates back to the thirteenth centl!Ty. 
Recent years witnessed significant improvements in the husbandry as a result of 
research and developments inspired by an increasing market demand. 
Consequently the global aquaculture production of mussels exceeded the harvest 
from natural resources by several folds reaching a proportion as high as 85% of 
the total mussel production in 2004. Countries where commercial mussel 
farming is popular are China, Spain, Thailand, New Zealand, Chile, France and 
Netherlands. 

The green mussel, Perna viridis (Linnaeus, 1758) belonging to the family 
Mytilidae is distributed in its native tropical waters of the Indo-Pacific region of 
Asia (Siddall, 1980). Apart from being an important candidate species for 
mariculture, green mussel forms an important fishery within its distributional 
area. Thailand and Philippines are the major green mussel producers followed by 
Malaysia and Singapore (Fig. 1.3). 

Bivalve production in India was estimated at 62,935 t in 2004 of which clams, 
mussels and oysters contributed to 50,970, ll,3l9 and 333 t respectively. 
Mussels are one of the important groups of bivalves, the natural resources of 
which are still underexploited in many parts of the country. Mussel production in 
India showed considerable increase from 4,197 t in 1990s to 11,3 19 t in 2004 
(Kripa and Appukuttan, 2(03). This increase in production is consequent to the 
increased demand for seafood against dwindling catches of commercially 
important fishes that persuaded fishermen to look for the underexploited 
resources. Though there is an active trade of bivalves internationally, exports 
from India during 2004 accounted to a meagre figure of USD 0.03 million. 

Mussel fishery in India is represented by two species, the green mussel Perna 
viridis and the brown mussel Perna indica. Green mussel which forms extensive 
beds along the rocky shores of the sub-continent is the major exploited species 
offering a seasonal fishery of sizeable magnitude. P. viridis enjoys a wider 
distribution from Kol1am to Gulf of Kutch along the west coast, (Nayar and Rao, 
1985) and along the east coast, it occurs at a few places such as Visakhapatnam, 
Kakinada and Chennai (Fig. 1.4). The green mussel offers good potential for 
culture due to its adaptability to the culture conditions, wide distribution and 
simplicity of the farming methods. Mussel farming has been taken up in many 
parts of the country as a means of rural employment and as an alternate 
occupation for the traditional fishermen communities (Appukuttan et ai., 2000). 
Many of such activities are still in pilot scale and future development of the 
sector has to be meticulously planned with a perspective addressing the 
challenges to make it a successful rural enterprise. 
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In Karnataka, rich natural beds of green-mussel, P. viridis exist in the intertidal 
and subtidal rocky areas along the coast. Mussel production of the state was 
estimated at 5,324 t during 2003-04 (CMFRI Annual Report, 2004; 2(05). 
Among the three maritime districts of the State, mussel beds of Dakshina 
Kannada District contributed 36% (1,905 t) to the mussel production of 
Karnataka. In Dakshina Kannada dense sett:ements of green mussels are seen in 
the littoral and sub-littoral rocky stretches off Someshwara and Surathkal up to a 
depth of 6-10 m from the shoreline. These beds contributed 774 and 1,131 t 
respectively to the annual (2003-04) mussel production of Karnataka. Mussel 
beds in Dakshina Kannada are mostly subtidal in nature (Appukuttan et ai. , 
200 I) and therefore, peak mussel fishing activity is observed from October to 
May after the monsoon. Mussel fishing is carried out by handpicking during low 
tides. Marketable size of green mussels generally range from 50 to 110 rom and 
is attained over a period of 5 to 18 months. Besides the traditional fishery from 
natural mussel beds, the area offers potential for mussel mariculture in coastal 
and estuarine waters of the coast as demonstrated by CMFRI (Mohamed et ai., 
1998). 

In Karnataka, there is scope for increasing the mussel production from natural 
resources by controlled and extensive exploitation. Further addition to the 
production can be attained by wider adoption of culture practices. However, in 
the present conditions, increased exploitation or any leap in production through 
farming could tum successful and economically viable only if backed up by 
appropriate marketing strategies. In addition, unlike other aquaculture species, 
the specific characteristics of bivalves and the bivalve ecosystem warrants 
attention while planning aquaculture developments. 

Mussels, being sedentary in nature and through their filter feeding mechanism 
can accumulate a wide variety of substances including pollutants (chemical or 
biological) from the surrounding waters. Many of these pollutants act as 
stressors affecting the physiology of the bivalves and at higher concentrations it 
can lead to loss of the beds. Water quality of the mussel beds is influenced by 
freshwater inputs, sewage and effluent discharges, runoff from urban and 
agriCUltural land, offshore activities within the area and aerial deposition of 
pollutants. Each of these presents a route by which the environmental quality of 
a mussel growing area might become compromised. Therefore, an early 
detection of water quality problems is critical in preventing the deterioration and 
loss of mussel beds due to pollution. Assessment of the status of mussel growing 
areas to identify areas threatened by pollution and initiation of remedial actions 
to protect and restore water quality in the affected areas are important in this 
regard. 

Further, when exposed to chemical pollutants or pathogenic microbial organisms 
even in very low concentrations, mussels can potentially accumulate such 
harmful substances to lethal concentrations. Pollutants accumulated by the 
bivalves are retained in their soft tissues, posing health hazard to the consumers. 
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Major substances of public health significance that could be accumulated by 
mussels are chemical pollutants such as trace metals, pesticides, hydrocarbons; 
pathogenic microorganisms and various biotoxins produced by marine 
organisms. Therefore, bivalve shellfish receives special consideration in food 
safety law throughout the world because they filter feed and become naturally 
contaminated in an unhealthy environment. Subsequent to the incidence of 
health problems associated with shellfish consumption and detection of 
contaminants in the products, strict quality control measures are implemented by 
different countries and international bodies controlling the seafood trade. These 
standards pertain to the quality of fmal product as well as the quality of the 
shellfish growing! harvesting waters. In most of the developed countries, 
mussels can be marketed only if originating from clean waters, where regular 
analysis ensures the quality of the environment. 

Several countries have developed Shellfish Sanitation Programmes in response 
to many disease outbreaks owing to the consumption of contaminated shellfish. 
The Canadian Shellfish Sanitation Programme (CSSP) and the National 
Shellfish Sanitation Programme (NSSP) of the USA were developed as early as 
1925. The NSSP Guide for the Control of Molluscan Shellfish sets forth the 
principles and requirements for the sanitary control of shellfish produced and 
shipped in interstate commerce in the United States. It provides the basis used by 
the Federal Food and Drug Administration. Similarly, requirements for the 
sanitary control and hygienic production of live bivalve molluscan shellfish in 
European Union are covered by Council Directive 911492IEEC (EC, 1991). In 
Australia, the Australian Shellfish Quality Assurance Programme (ASQAP, 
2(04), modelled on the US NSSP is used for classifying the shellfish growing 
areas of Australian waters. Similarly, New Zealand Shellfish Quality Assurance 
Programme (NZSQAP) classifies all commercial shellfish growing areas in New 
Zealand based on the requirements of US NSSP. 

In India, though isolated incidents of (fatalities) shellfish poisoning were 
reported from states of Karnataka and KeraIa (Karunasagar, et ai. , 1984; 1998), 
so far such strict quality control measures are not mandatory for marketing 
shellfish in domestic markets. Shellfish quality control guidelines presently in 
force are mainly applicable to exports since it is made mandatory by the 
importing countries. Recent developments in the sector are indicative of sizeable 
increase in production while the concerns about coastal water pollution from 
various sources are mounting high. 

Dakshina Kannada District is one of the most industrialized areas of the State 
wherein, more than five major industries are functioning. Many of these 
industries discharge their treated effluents into the sea at locations between the 
natural mussel beds off Someshwara and Suratbkal, where most of the mussel 
fishing activity is concentrated. As a pollution control measure, the levels of 
specific contaminants in the coastal waters of Dakshina Kannada are monitored 
by various agencies to ensure compliance with the environmental quality 
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standards. Though such monitoring programmes provide valuable infonnation 
regarding the levels of specific contaminants in the environment, it is not 
comprehensive enough to evaluate their effect on the bivalves. Moreover, the 
infonnation available with reference to the presence of various contaminants 
which have a potential for bioaccumulation in bivalve fauna along the coastal 
areas under reference is inadequate to ascertain the possibilities of any health 
hazards associated with the consumption of shellfish harvested from the region. 

Therefore, it is imperative to develop protocols and establish a system of 
continuous monitoring for the protection of the mussel beds and for the approval 
of harvests. Many countries have established frameworks for coordinated 
planning to protect and restore quality of shellfish growing waters. The shellfish 
improvement programmes are established to enable the shellfish waters to 
conform to the standards for a number of physical, chemical and bacteriological 
parameters. Development of a comprehensive plan primarily involves approval 
of mussel beds and potential culture sites based on the analysis of important 
environmental parameters and pollution threats of the area. Extensive study of 
physical, chemical and biological parameters of mussel beds, their temporal 
variations and influence on the biology and health of the mussels are important 
prerequisites for planning. Shellfish sanitation also becomes an important phase 
of the shellfish industry, the primary objective of which is to protect the public 
from the consumption of contaminated shellfish. Therefore, in many countries 
commercial harvest of shellfish is permitted only from approved production 
areas, which are regularly monitored. Developments in the sector can sustain 
only if the safety aspects are properly identified and addressed and an 
appropriate quality assurance and control system is put into operation. 

A perusal of literature revealed that information on the physical, chemical and 
biological aspects of the mussel beds and health conditions of the mussels of the 
area are very limited. The green mussel is used in eco-toxicological studies for 
the evaluation of coastal waters along the Kamataka coast due to its wide 
distribution. These studies provide the baseline information on tissue levels of 
trace metals in mussels of the area (Krishnakumar et ai., 1990a,b, 1998). 
However, information regarding the levels of many contaminants such as 
persistent organic pollutants in the shellfish waters is wanting. Studies pertaining 
to the extent of sewage pollution of the mussel beds and the sanitary quality of 
mussels harvested from these mussel beds are limited to the work on the 
pathogens in coastal waters as well as bivalves of the nearby estuarine areas of 
the Dakshina Kannada District. 

The present investigation entitled ''Studies on the coastal water quality in 
relation to the health of green mussel, Perna viridis (Linnaeus)" was 
approached with an objective to analyse the environmental variables of mussel 
beds with emphasis on bio-effect monitoring and is envisaged to supplement the 
baseline information on the mussel beds off Someshwara and Surathkal of 
Dakshina Kannada District, Kamataka. 
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Biological-effect monitoring was attempted by monitoring the health of the 
mussel using non-specific biomarker, condition index, which integrates 
physiological responses of the mussels to multiple stressors. Variation in 
condition index was evaluated by monitoring it together with the natural stress 
factors in the mussel beds for gauging the seasonal and spatial variability. 
Presence of selected contaminants in the ecosystem and their presence in the soft 
tissues of the green mussel were analysed to assess the quality of coastal waters. 
The cytological response in the mussels was also studied to evaluate the impact 
of the pollutants on the mussels. Sanitary standards of the mussel beds were also 
investigated to examine the extent of sewage pollution of the shellfish waters. 

Specific objectives of the study are: 

.:. to study the temporal and spatial variations in selected physico-chemical 
parameters of the mussel beds along the Dakshina Kannada, 

.:. to study the influence of selected environmental variables on the 
condition index (a non-specific biomarker of stress) of green mussels 
along the Dakshina Kannada coast, 

.:. to study the concentrations of selected trace metals and organochlorine 
pesticides in the shellfish waters, their bioaccumulation in the soft tissue 
of green mussels and the biomarker response in the mussels, if any, along 
the Dakshina Kannada Coast and 

.:. to study the extent of faecal contamination of mussel beds along the 
Dakshina Kannada Coast. 

6 



Chapter 2 



Temporal variations in physico
chemical parameters of the mussel 

beds 

2.1. Introduction 

The green mussel P. viridis is typically found inhabiting the littoral to shallow 
sub-littoral zones of coastal waters, which are the most variable of all marine 
ecosystems (Newell, 1979). The physico-chemical parameters of the littoral and 
sub-littoral waters are influenced by tides, coastal currents, upwelling, 
precipitation, river inflows, land runoffs, domestic and industrial discharges and 
other anthropogenic interferences. 

Being sedentary in habit, mussels are well adapted to harsh environmental 
conditions (Morton, 1987). It can tolerate short periods of exposure to extreme 
temperatures, salinities, desiccation and relatively high levels of turbidity due to 
suspended sediments. However, environmental factors such as temperature and 
salinity exert an overriding influence on the health of bivalves as they directly 
affect filtration rate, respiration and reproduction (powell et ai. , 1992, 1994; 
Hofmann et al., 1994 and Kobayashi et ai. , 1997). Further, inter-annual 
variations in temperature, rainfall and river runoffs exert a long-term influence 
on population productivity. 

Physico-chemical parameters of coastal waters off southwest coast of India are 
highly variable due to the monsoon, upwelling and water currents. The 
southwest monsoons from June to September, characterised by strong southerly 
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currents along the west coast, induces upwelling of the subsurface water near the 
coast (pillai et al., 1997). Along the Dakshina Kannada coast, mussel beds are 
located sub-tidally (Appukuttan et aI., 2(01) in the inshore areas and are exposed 
to considerable seasonal variations in physico-chemical parameters influencing 
their productivity. 

Very few studies on the physico-chemical characteristics of mussel beds have 
been carried out along the Indian coast. While studying the growth of brown 
mussel, Perna indica, Appukuttan et al. (1980) noted annual variations in 
environmental features such as temperature and salinity off Vizhinjam coast. A 
reduction in temperature and salinity was reported during May-July with 
increased precipitation. Similar studies on the influence of various physico
chemical parameters on the growth, survival and reproduction of mussel are 
detailed by Kuriakose (1980) in Calicut, Narasimham (1980) in Kakinada and 
Parulekar et al. (1982) in Goa. Among the various factors, high salinity and 
rising temperature appeared to accelerate the growth of green mussel in 
Kakinada waters (Narasimham, 1980). Appukuttan et a/. (1989) while studying 
the spat settlement of brown mussel P. indica in the southwest coast of India 
detailed the effect of temperature, salinity and dissolved oxygen content on 
spawning and settlement of spat on the natural mussel beds. Ajithakumar (1984) 
while investigating the reproductive physiology of Perna viridis and P. indica 
explained the ecophysiology of reproduction with the ecological conditions such 
as temperature, salinity, dissolved oxygen, turbidity and chlorophyll-a of mussel 
beds off Calicut and Vizhinjam. Along Karnataka coast, Thippeswamy (1990) 
detailed the environmental parameters while describing the population ecology 
of green mussel beds on the intertidal rocky shore off Someshwara coast. 

In the present study, selected physical and chemical characteristics of the 
seawater of the mussel beds were analysed to study their spatial and temporal 
variations. Parameters considered in the study were temperature, rainfall, 
salinity, dissolved oxygen and pH. 
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2.2. Review of literature 

2.2.1. Physico-chemical parameters of coastal waters 

The physico-chemical parameters of the near-shore waters of Arabian Sea along 
the southwest coast of India have received the attention of several investigators 
(Qasim, 1978; Banse, 1988; Pant, 1992; Bhattathiri et al.. 1996; Gundersen et 
al.. 1998; Latasa and Bidigare, 1998; Sathyendranath et al.. 1999; Pillai et al. . 
2000 and Gopinathan et ai.. 2001). However, no attempt was made to study the 
variations in physico-chemical parameters of the mussel beds in specific, along 
Kamataka coast. Since investigations on the physico-chemical parameters of the 
mussel beds are scanty, a perusal of literature on the studies made on the 
physico-chemical parameters along the coastal waters of south Kamataka is 
attempted here for comparison. 

Ramamirtham and Patil (1964) discussed the physico-chemical features existing 
along the shelf-waters off southwest coast including the prevailing water 
temperature, salinity and dissolved oxygen proflle off Mangalore during the pre
monsoon period. Menon et al. (1977) studied the physico-chemical parameters 
of the inshore coastal waters off Mangalore and reported decrease in surface 
water temperature during the monsoon and early post-monsoon period. Suresh et 
al. (1978) described seasonal water temperature, salinity, dissolved oxygen and 
current patterns in the near-shore waters of Arabian Sea off Mangalore. 

Benakappa et al. (1980) and Manjappa (1987) studied the physico-chemical 
parameters of Arabian Sea off Mangalore. Gupta et ai. (1988a) recorded the 
monthly water temperature, salinity and dissolved oxygen levels of the inshore 
waters off Mangalore while studying the spatial and temporal variability in 
primary production. They also studied the physico-chemical parameters of the 
Arabian Sea while carrying out the ecological monitoring off Thaneerbhavi 
(Gupta et ai., 1988b). Ramesha (1989) explained the distribution of copepods 
with spatial and temporal variations in physico-chemical parameters in the 
coastal waters off Mangalore. 

Rivonker and Verlecar (1990) studied the variations in temperature, salinity and 
dissolved oxygen off Mangalore. Channeshappa (1991) has recorded the changes 
in water temperature while correlating the oceanographic features with 
productivity of Arabian Sea off Mangalore. Lingadhal (1991) conducted 
ecological monitoring off Thaneerbhavi and reported the prevailing temperature, 
salinity, dissolved oxygen and pH levels of inshore waters. Lingadhal (1995) 
estimated the primary production along with the physico-chemical parameters in 
the Arabian Sea off Mangalore. Joseph et al. (1998) reported seasonal trends of 
the environmental parameters in the coastal waters off Mangalore such as 
temperature, salinity, dissolved oxygen, BOD, pH, nutrients, suspended load and 
chlorophyll-a. Low dissolved oxygen values of bottom waters with 
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corresponding high inorganic phosphates, indicative of monsoonal upwelling 
along the Mangalore coast was observed during September. 

Pillai et ai. (2000) detailed the influence of physico-chemical parameters on 
primary production of the eastern Arabian Sea. Environmental parameters of 
inshore waters of Arabian Sea were recorded by Lakshmipathi (2001) while 
studying the distribution of benthos in relation to sediment characteristics off 
Mangalore. Mendon et ai. (2002) while investigating the distribution and 
abundance of zooplankton studied the environmental conditions off Mangalore. 
Shankar et ai. (2005) reported the hydrography of the eastern Arabian Sea 
during monsoon. Krishnakumar and Bhat (2007) analysed the seasonal and 
interannual variations in oceanographic conditions off Mangalore coast for the 
period 1994 to 2004 and related the influence of these variations on the pelagic 
fishery. 

2.2.2. Rainfall 

Monsoon plays a significant role in the physical and chemical properties of the 
seawater. Changes in the physico-chemical properties of seawater are more 
pronounced in shallow littoral and sub-littoral zones since huge volume of water 
is drained into the zone through land runoffs. Southwest coast of India receives 
bulk of rainfall during the southwest monsoon (June-September) and the 
remaining fraction during northeast monsoon (October-November). With the 
onset of monsoon, upwelling occurs along the west coast of India due to the 
strong monsoon winds (Ramamirtham and Rao, 1974). Role of monsoon in 
influencing the productivity of the southwest coast of India has been discussed 
by several investigators (Subrahmanyan, 1969; Rajagopalan et ai. , 1992 and 
Selvaraj et ai. , 2003). Monsoon also plays a significant role in the ecology of the 
marine environment. Several commercially important fish and shellfish are 
known to have their peak spawning during the southwest monsoon months on 
the west coast of India (Ajithakumar, 1984 and James, 1992). The sudden 
variations of environmental factors of the ecosystem caused by monsoon trigger 
the reproductive behaviour of many species. 

The temporal variations in the environmental parameters of mussel beds off the 
southwest coast are reported to be associated with the prevailing monsoon 
regime (Ajithakumar, 1984). In mussel beds, the important water quality 
parameters that might have a direct bearing on growth, survival and reproduction 
which are affected by rainfall are salinity, temperature, primary production and 
suspended particle load. In green mussel, peak spawning along the Kerala coast 
is reported during the southwest monsoon season (Alagarswarni, 1980). 
Appukuttan et at. (1989) reported that with the onset of southwest monsoon, the 
salinity and temperature declines and this coincides with the commencement of 
spawning in natural beds of P. indica along Vizhinjam coast. 
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2.2.3. VVaterter.nperature 

Water temperature is one of the most critical parameters of the marine ecosystem 
that influence distribution, abundance and growth of marine organisms. Besides 
the direct influence of temperature on metabolic activities of organisms, the 
physico-cht!rnical parameters of the surrounding environment are largely 
affected by variations in temperature. Water temperature of an area is influenced 
by air temperature, wind speed, humidity, insulation, rainfall and water inflows. 

Temperature has been widely recognized as an important factor in controlling 
growth rate of mussels. Chatterji et ai. (1984) demonstrated that growth of P. 
virdis was significantly affected by temperature. Temperature is recognized as 
one of the major environmental determinants of metabolic rate and the level of 
activity of poikilothermic organisms. According to Sivalingam (1977) green 
mussel has a 50% survival temperature tolerance at lOoC and 35°C for periods 
of 2 weeks. However, its optimum temperature for normal growth was between 
26°C and 32°C. Mussels like many other littoral invertebrates apparently unable 
to regulate their rate of heat loss or gain from the environment, are able to vary 
their rate of respiration and feeding rates in such a way as to maintain them 
relatively independent of the environmental temperature (Bayne et ai. , 1976). 

Though, local factors such as salinity, suspended particles and availability of 
suitable substratum can influence the local abundance of marine bivalves, their 
overall distribution is controlled by water temperature (Rylander et ai., 1996 and 
Segnini et ai. , 1998). Most species of bivalves have a wide range of temperature 
tolerance but a narrow range over which they breed successfully. Thus water 
temperature is widely recognized as an important exogenous factor influencing 
reproduction and geographical distribution of the species (Giese, 1959). 

The distribution of mussel populations in intertidal sites is determined by 
physiological intolerance of mussels to temperature extremes and desiccation. 
High water temperatures usually interact synergistically with desiccation to 
control upper zonal limits. Occasional, sudden and massive mortality at the 
upper limit of intertidal mussel bands are often correlated with prolonged 
periods of unusually high temperatures and associated desiccation stress 
(Suchanek, 1978, 1985 and Tsuchiya, 1983). Along the Indian coast, P. viridis is 
exposed to thermally stable hotter environment (Shafee, 1979). 

Many workers have recorded the prevailing temperature trends along the coastal 
waters of Karnataka while studying the hydrographic parameters (Suresh, 1978; 
Channeshappa, 1991; Ramesha et ai. , 1992; Thippeswamy, 1990; Gupta, 
1998a,b; Manjappa, 1987 and Krishnakurnar and Bhat, 2(07). Similarly, 
Ajithakumar (1984) and Appukuttan et al. (1989) recorded the variations in 
temperature in natural mussel beds along the southwest coast of India. 
Thippeswamy (1990) discussed the changes in water temperature while 
describing the population ecology of mussel beds on the intertidal rocky shore 
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off Someshwara coast. Rajagopal et al. (1998a) studied the temporal variations 
in temperature in Kalpakkam coastal waters while monitoring the population 
ecology of P. viridis. 

2.2.4. Salinity 

Spatial and temporal changes in salinity can affect the occurrence, distribution 
and well being of sedentary bivalves. Salinity variations in seawater are mainly 
caused by river-runoff, precipitation and evaporation. Compared to offshore 
areas, coastal areas experience larger salinity fluctuations as a result of river 
runoff and this can lead to hyposaline conditions in coastal mussel beds. 

Abrupt salinity fluctuations impair the physiological processes of marine 
mussels by disrupting their osmotic balance. When challenged by the salinity 
fluctuations, mussels respond immediately by closing their shell and then 
undertake iso-osmotic intracellular regulation by adjusting the intracellular 
concentration of ions, amino acids and other small molecules to maintain cell 
volume (Hawkins and Bayne, 1992). Thus in hypo-saline situations, mussels can 
effectively isolate from low salinity by closing its valves and maintaining a 
relatively high osmotic concentration within the mantle fluid (Davenport, 1979 
and Aunaas et al., 1988). 

The green mussel is reported to have tolerance for reduced salinities (Morton, 
1987). However, extremely low salinity conditions have a detrimental effect on 
growth and can even be lethal to mussels (Villela, 1984 and Gruffydd et aI., 
1984). Sundaram and Shafee (1989) while investigating the salinity tolerance of 
P. viridis indicated the lower limits as 16 ppt under laboratory conditions. They 
noted the closure of valves for withstanding hyposaline situation even up to 2 
days. In fluctuating saline conditions, as feeding is suspended while valves 
remain closed, growth rate will inevitably be depressed. Salinity variations are 
also reported to influence the growth as a result of reduced metabolic efficiency 
(Masilamoni et aI., 1997). Tedengren and Kautsky (1986) also reported lower 
growth rate and smaller maximum size as a result of salinity variations. 
Spawning in mussels has been reported to be triggered by changes in salinity 
(parulekar et aI., 1982). 

ChatteIji et al. (1984) related the high growth rate of green mussel to higher 
salinities, which probably reflects the abundance of preferred phytoplankton in 
the environment added to the beneficial effects of salinity close to the optimum. 
According to Sivalingam (1977), the green mussel has a 50% survival salinity 
tolerance at 24 ppt and 80 ppt for period of 2 weeks. It was observed that the 
species have a wide range of salinity tolerance. The salinity for normal growth 
was reported to be above 27 ppt. 

Few authors have studied the fluctuations of salinity in mussel beds along the 
southwest coast of India. Appukuttan et al. (1980) while studying the growth of 
Perna indica in mussel beds off Vizhinjam coast reported an annual variation in 
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salinity from 31.5 to 36.31 ppt with peak levels in May and October. Reduction 
in salinity levels was observed during May-July with increased precipitation. 
Similar trends in salinity variations in natural mussel beds were reported by 
subsequent studies along the southwest coast (Ajithakumar, 1984 and 
Appukuttan et ai., 1989). 

2.2.5. Dissolved Oxygen 

Dissolved oxygen is one of the most important indicators of water quality and 
consistently high level of DO signifies a healthy ecosystem. Generally, dissolved 
oxygen level of 4-7 mg/I is desirable for most of the aquatic animals. Dissolved 
oxygen input to the water is from the atmosphere and as a product of 
photosynthesis. Levels of dissolved oxygen in the inshore waters vary depending 
on factors like time of the day, season, depth, wave action, water temperature, 
salinity, pollution, eutrophication and upwelling. Incidentally hypoxic conditions 
in the surrounding waters may arise due to pollution, eutrophication and 
upwelling. 

My til ids belong to the facultative anaerobes that can live either aerobically or 
anaerobically but prefer to use oxygen (respiration) when it is available, as it 
allows a much more economical use of ATP molecule (de Zwaan and Mathieu, 
1992). My til ids are also called euryoxic because they tolerate a wide range of 
oxygen concentrations and adults are reported to have high tolerance of anoxia 
(de Zwaan et ai. , 1991) Since intertidal and shallow waters are characterized by 
large fluctuations in temperature, salinity and oxygen availability, mussels 
tightly closes their shell valves to tide over unfavourable conditions (Davenport, 
1985), which can induce an anaerobic type of metabolism. Moreover during 
intertidal exposure there is no respiratory gas exchange due to poor 
morphological adaptations for aerial respiration and a poor open circulatory 
system makes oxygen storage and transportation to tissues a difficult task 
leading to anaerobic respiration. 

DO levels in the seawater varies from region to region and earlier studies on the 
DO variations of mussel beds along the southwest coast by Ajithakumar (1984) 
reported minimum DO levels in March, while Appukuttan et ai. (1989) observed 
minimum values in September. 

2.2.6. pH 

pH is the measure of acidic-alkaline property of water and is measured as the 
negative logarithm of hydrogen ion concentration. The carbon dioxide produced 
by respiration of animals and plants in water has the effect of lowering pH. 
Whereas, carbon dioxide and bicarbonate removed from the water by the 
photosynthetic processes of aquatic plants increase the pH. Generally near 
neutral to slightly alkaline pH is considered ideal for the aquatic organisms. 
Prolonged and considerable variations in pH can cause disorders in metabolism 
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and growth and mass mortalities are reported in the event of significant 
variations in pH. Further, the pH of water affects solubility of nutrients, 
minerals, trace metals etc. Seawater is buffered against pH variations and hence 
under normal conditions the variations are minimal. A pH that is too high is 
undesirable because free ammonia increases with rising pH. The acceptable pH 
range for most fmfish and shellfish species is 6.8 - 8.5. 

Sivalingam (1977) observed that the green mussel has a 50% pH survival 
tolerance at pH 3.5 - 9 for periods of 2 weeks. It was also noted that the optimum 
pH for normal mussel growth is between 6.0 and 8.2. However, Bamber (1990) 
while studying the effects of acidic pH on three species of lamellibranch 
molluscs reported that pH < 7 are intolerable to bivalve molluscs. Significant 
mortalities were reported in M. edulis maintained for 30 days at pH < 6.6. 
Survival at a given pH level reduced with time of exposure and with increased 
temperature. Variations in salinity may cause changes in pH, but a fairly 
significant difference over a period of time is necessary to cause stress for 
bivalves (Quayle and Newkirk, 1989). 

Seasonal variations in pH of Dakshina Kannada waters were reported earlier by 
few workers. Benakappa et al. (1980) reported the pH values in the fishing 
grounds off Dakshina Kannada and attributed the increase in pH to 
photosynthesis. Ramesha (1989) observed increase in pH during the pre
monsoon months and a reduction in October following the monsoon. pH 
fluctuations in the region was also attributed to the fluctuations in salinity and 
temperature in the near-shore stations (Segar, 1982 and Lingadhal, 1995). 
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2.3. Materials and methods 

2.3.1. Description of the Study area 

The study was conducted in the state of Karnataka along the southwest coast of 
India. The state has a coastline of 300 kilometres and is well known for its 
mussel beds. Among the three coastal Districts of the State viz., Dakshina 
Kannada, Udupi and Uttara Kannada, Dakshina Kannada was selected for the 
present investigation. 

Dakshina Kannada is naturally endowed with abundant freshwater resources as 
four rivers criss-cross the District and traverses the 42 Ian coastal stretch and 
form estuaries that are very productive. The Nethravati River (annual discharge 
12,434 mcm) joins Gurpur River (annual discharge 2,915 mcm) forming the 
Nethravati-Gurpur estuary in the southern part of the District. Pavanje River 
(annual discharge 619 mcm) confluence with Sambhavi River (annual discharge 
1,253 mcm) forming the Mulki estuary in the northern part of the District. 
Estimated average annual flow of the four rivers of the District is 17,221 mcm 
per year. The rivers are mostly rain-fed and the flow is closely related to the 
seasonal rainfall. Dakshina Kannada District gets an average annual rainfall of 
4,000 mm every year. Southwest monsoon lashes the coast during June
September and during this period the rivers frequently overflow, while during 
the dry months (December to May) the rivers often experience periods of 
reduced flow. 

Green mussel beds along the Dakshina Kannada coast are located in subtidal 
rocky stretches off Someshwara south of Nethravati-Gurpur estuary from Uchila 
to Ullal and south of Mulki estuary from Surathkal to Mukka. These areas are 
known for a seasonal and subsistence level fishery of green mussels, locally 
called as pachila. The peak levels of exploitation are observed during the fair 
weather season (October to April) in the area. 

Dakshina Kannada District was selected as the study area considering the study 
objectives. Among the three maritime Districts of the State, Dakshina Kannada 
District is having the highest population density according to the Census, 200 1 
and the inshore waters of the coast receive discharge from several industrial 
units that could pose a threat to the fragile coastal environment. 

2.3.2. Selection of sampling stations 

In the study area, dense settlements of green mussels are seen on the submerged 
rocky patches in the littoral and sub-littoral zones of the coastline. Two distinct 
mussel beds are present in the area, one off Someshwara (l2.79~; 74.84~) and 
the other off Surathkal (13.00~; 74.79~) (Appukuttan el al., 2(01). 
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Considerable mussel fishing activity takes place at these two centres during the 
season. 

Two sampling stations, one at Someshwara and the other at Surathkal were fixed 
using a portable GPS, for the study representing the two major mussel beds. 
Sampling stations were identified and fixed at locations along the coast where 
peak fishing activities take place. Thus, station I, off Someshwara was fIXed at 
5.5 km south of Nethravati-Gurpur estuary and the station IT, off Surathkal was 
fIXed at 18.0 km north of Nethravati-Gurpur estuary and 9.0 km south of Mulki 
estuary (Fig. 2.1). At each selected sampling station, three sampling points were 
fixed at equidistant interval of 200 m parallel to the coast line. 

2.3.3. Sampling 

Mussel samples were collected from the sampling stations on a monthly interval 
between January 2003 and April 2004. The samples were drawn from a depth of 
3-4 m, in the morning hours between 7:00 and 9:00 am. 

Water samples were drawn using reversing water sampler (Hydro-bios) operated 
from a canoe and mussel samples were collected by skin diving. Field 
measurements of mussels were recorded immediately after the collection and the 
samples were then transferred to clean polythene bottles and stored in ice box for 
transport to laboratory for analysis. 

2.3.4. Determination of physico-chemical parameters 

Rainfall: The precipitation data in millimeters recorded by the Indian 
Meteorological Department was used in the study. The monthly rainfall data of 
the Dakshina Kannada District was used for both the stations. 

Temperature: Surface water temperature was measured in situ using a standard 
mercury thermometer. Bottom water temperature was read using a reversing 
thermometer mounted on the sampler. 

pH: pH was measured using a pH meter of ±<J.Ol precision. The instrument was 
calibrated using standard buffers before use. 

Salinity: Salinity was measured using a conductivity meter with a precision of 
±D.OI ppt. 

Dissolved oxygen (DO): Winkler's method was followed for the measurement of 
DO in seawater. Sub-samples of surface and bottom water were drawn into 125 
ml BOD bottles and DO was fIXed on site and transported to the laboratory for 
final analysis. DO was measured in mg per litre. 
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Fig. 2.1. Map showing the mussel beds along Dakshina 
Kannada coast (southwest coast of India), Karnataka 



2.3.5. Statistical analysis 

The physico-chemical parameters recorded from the three sampling points were 
averaged for each station for a given month. The seasonal and spatial variations 
in physico-chemical parameters of the mussel beds were analysed using one-way 
ANOY A. For comparing the seasonal variations monthly data were cla~sified 
into three seasons viz., pre-monsoon (February to May), monsoon (June to 
September) and post-monsoon (October to January). Correlation (Pearson's) 
between the physico-chemical parameters and rainfall was carried out to 
understand the relationship among the parameters. Statistical analyses were 
carried out using SPSS (13 .0) software. 
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2.4. Results 

2.4.1. Rainfall 

Seasonal variations in oceanographic features of Arabian Sea are primarily 
influenced by the prevailing monsoon regime. During the study period, 
southwest monsoon commenced by the last week of May and the highest rainfall 
(1 ,410 mm) was recorded in June (Fig. 2.2). Southwest monsoon weakened by 
the end of August. Moderate rainfall of lOS-177 mm1month was recorded during 
October-November due to the northeast monsoon which is less prominent along 
the west coast. Monthly rainfall ranged from 6 mm in April to 1410 mm (40%) 
in June. Analysis of seasonal rainfall data (Table 2.1.) showed that the monsoon 
season accounted for 90% of the total rainfall (3,461 mm) followed by post
monsoon period. 

2.4.2. Temperature 

Someshwara: Monthly variations in seawater temperatures in mussel beds off 
Someshwara are presented in Table 2.2. Mean surface water temperature 
observed was 29.1O±2.05°C. Highest surface water temperature recorded was 
31.75°C in April and the lowest was 25.2°C in August. Mean bottom water 
temperature recorded was 2S.59±l.S5°C. Bottom water temperature measured at 
27.90°C in January increased to a maximum of 31.15°C in April, then gradually 
declined to the lowest of 25.20°C in August and again increased to 29.0°C in 
October (Fig. 2.3). Analysis of variance indicated that there is no significant 
difference between surface and bottom water temperatures (Table 2.3). Seasonal 
variations in temperature was prominent with highest mean surface water 
temperature in pre-monsoon (30.S6°C) followed by post-monsoon and monsoon 
seasons. Mean bottom water temperature during pre-monsoon was 30. 12°C (Fig. 
2.4). Analysis of variance showed that the fluctuations in water temperatures 
between the seasons were significant (p<0.05) (Tables 2.5, 2.6). 

SuraJhkai: In mussel beds off Suratbkal, the mean surface water temperature 
recorded was 29.36±1.69°C. It varied between 26.65 in August and 31.75°C in 
May (Table 2.2). The bottom water temperature ranged between 26.10 and 
31.5°C with a mean of 2S.S5±1.76°C. The bottom water temperature measured 
at 27.30°c in January rose to a maximum of 3J.45°c in May, then gradually 
declined to the lowest of 26. 10°C in August and again rose to the second peak of 
29.0°c in October (Fig. 2.3). Analysis of variance indicated that there is no 
significant difference between surface and bottom water temperatures (Table 
2.4). Season-wise analysis of surface temperature in mussel beds off Suratbkal 
indicated the highest mean values in pre-monsoon (31.11±O.72°C) followed by 
post-monsoon and monsoon seasons. Pre-monsoon bottom temperature was 
30.76°C (Fig. 2.4). Analysis of variance showed significant difference (p<O.05) 
in water temperatures between the seasons (Tables 2.7, 2.8). 
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Fig. 2.2. Monthly variation in the rainfall pattern along Dakshina Kannada 
coast. 

Table 2.1. Seasonal variation in the rainfall pattern along Dakshina Kannada 
coast. 

Season Total Rainfall (mm) 

Pre-monsoon 45 

Monsoon 3131 

Post-monsoon 285 



Analysis of variance indicated significant variation between the mussel beds off 
Someshwara and Surathkal with respect to water temperature in all seasons 
(Table 2.9). 

2.4.3. Salinity 

Someshwara: Wide variations in the salinity of coastal waters were noticed 
during the period (Fig. 2.3). The mean salinity of surface waters of mussel beds 
in Someshwara was 31.97±5.35 ppt. It varied between the minimum of 18.03 ppt 
in June and maximum of 35.38 ppt in May. Mean bottom salinity was 
31.98±5.43 ppt and it varied from 17.53 to 35.42 ppt (Table 2.2). Analysis of 
variance indicated that there is no significant variation between the salinity of 
surface and bottom waters (Table 2.3). Season-wise analysis indicated that 
highest mean salinity of surface waters was 34.91 ppt during pre-monsoon 
followed by post-monsoon and monsoon (Fig. 2.4). Bottom water salinity also 
showed similar variations with season. ANOV A indicated significant seasonal 
variation in water salinity (Tables 2.5, 2.6). 

Surathkal: At Surathkal, the mean salinity of the surface waters was 31.91±4.06 
ppt and it varied from 25.13 ppt in August to 35.57 ppt in May (Table 2.2). 
Mean salinity of the bottom waters was 32.04±4.01 ppt with lowest of 25.27 ppt 
in August and highest of 35.55 ppt during May (Fig. 2.3). Analysis of variance 
indicated that there is no significant variation in salinity between surface and 
bottom waters (Table 2.4). Season-wise analysis indicated highest mean salinity 
at surface waters of 34.49 ppt during pre-monsoon followed by post-monsoon 
and monsoon (Fig. 2.4). The highest bottom salinity recorded was 34.76 ppt and 
it followed the same seasonal pattern of surface waters. Analysis of variance of 
salinity between the seasons showed significant variation (p<0.05) (Tables 2.7, 
2.8). 

Between the two mussel beds, salinity showed significant variation only during 
the monsoon season (Table 2.9). 

2.4.4. Dissolved oxygen 

Someshwara: Dissolved Oxygen (DO) levels of coastal waters were observed to 
be generally higher. At Someshwara, the mean surface water DO was 6.38±O.64 
mg/l (Table 2.2). The lowest Oxygen content measured was 4.98 mg/l in 
October and the highest was 7.28 mg/l in July. The mean DO of bottom waters 
was 6.16±O.94 mg/l. It ranged from 4.41 mg/l in October to 7.14 mg/l in July in 
bottom waters (Fig. 2.3). Analysis of variance (Table 2.3) indicated that there is 
no significant variation between the DO levels in the surface and bottom waters. 
Seasonal analysis indicated that the DO values of surface and bottom waters 
were highest, close to saturation during monsoon followed by pre-monsoon and 
post-monsoon (Fig. 2.4). The surface DO was 7.09 mg/l and the bottom DO was 
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7.02 mgll during the monsoon season. Analysis of variance showed that the DO 
levels of seawater (Tables 2.S, 2.6) differed significantly (p<O.OS) with seasons. 

Surathkal: The mean DO level of surface waters at Surathkal was 6.68±O.64 
mgll (Table 2.2). Highest DO levels in surface waters was 6.98 mgll in August 
and the lowest was 4.63 mgll in April . Mean value of bottom waters was 
6.4S±O.81 mgll and it varied between 4.97 mg/l in November and 7.0 mgll in 
July. Analysis of variance (Table 2.4) indicated that there is no significant 
variation between the DO levels in the surface and bottom waters. Seasonal 
analysis indicated that the DO levels of surface waters were highest during 
monsoon followed by post-monsoon and pre-monsoon (Fig. 2.4). Highest 
bottom DO was also noticed during monsoon followed by pre-monsoon and 
post-monsoon. ANOV A indicated significant difference (p<O.OS) in DO levels 
of seawater (Tables 2.7, 2.8) between seasons. 

Based on DO levels, significant difference was found between the mussel beds 
off Someshwara and Surathkal during monsoon and post-monsoon seasons 
(Table 2.9). 

2.4.5. pH 

Someshwara: At Someshwara, the lowest pH recorded for surface waters was 
7.66 in July and the highest was 8.20 in November with the mean value of 
7.97±O.19 (Table 2.2). Mean pH of the bottom waters was 7.98±O.19 with the 
lowest value of 7.6S in July and the highest of 8.20 in November. No significant 
difference was found between the pH of surface and bottom waters at 
Someshwara (Table 2.3). Season-wise variations of pH are presented in Fig. 2.4. 
Surface and bottom waters showed lowest pH during monsoon, followed by 
post-monsoon and pre-monsoon seasons. Analysis of variance indicated 
significant variation (p<O.OS) in pH levels of seawater (Tables 2.S, 2.6) between 
the seasons. 

Surathkal: At Surathkal, the annual mean pH of surface waters observed was 
7.99±O.16, with the highest value (8.29) recorded in October and the lowest 
(7.78) in July (Table 2.2). Mean pH of bottom waters was 8.00±O.17 with the 
highest (8.27) in October and the lowest (7.78) in July. No significant difference 
was found between the pH of surface and bottom waters (Table 2.4). Season
wise variations of pH are presented in Fig. 2.4. Surface water pH during pre
monsoon was 8.08 which dropped to 7.82 in monsoon and rose to 8.07 in post
monsoon season. pH of bottom waters was 8.11, 7.83 and 8.07 during pre
monsoon, monsoon and post-monsoon seasons respectively. Analysis of 
variance showed significant variation (p<O.OS) in pH levels of seawater (Tables 
2.7, 2.8) between the seasons. 

pH values of the two mussel beds differed significantly only during the monsoon 
season (Table 2.9). 
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Table 2.2. Monthly variations in physico-chemical parameters of mussel beds 
aI th Daksh' K da ong e rna arrna coast. 

Someshwara 
Montb Deptb Temperature ("C) Salinity (ppt) DO (mgll) pH 

Jan S 28.75±O.27 34.53±O.48 6.32±O.38 8.07:tO.OI 
B 27.90±0.66 34.6O:tO.44 5.97±O.49 8.07:tO.02 

Feb S 29.00±0.55 34.53:tO.l 8 5.9O±O.l2 8.09:tO.05 
B 28. 1 5:tO.93 34.6I:tO.13 5.91:tO.l6 8.1O±O.O5 

Mar S 31.56:tO.35 34.94:tO.34 6.38:tO.66 8.12:tO.OI 
B 30.70±0.61 34.96:tO.45 6.3I:tO.80 8.l4:tO.03 

Apr S 31.75:tO.27 34.84:tO.33 6.49:tO.18 8.06:tO.04 
B 31.15:tO.71 34.94:tO.33 6.26:tO.83 8.05:tO.02 

May S 30.75:tO.27 35.38±O.04 6.12:tO.32 8.03:tO.OI 
B 30.20±0.22 35.42:tO.04 6.0I:tO.12 8.06:tO.02 

Jun S 27.40±0.OO 18.03±I.OI 7.0I:tO.09 7.79:tO.03 
B 27 .4O:tO.OO 17.53:tO.25 7.00±0.03 7.83:tO.05 

jul S 27 .05:tO.93 21.63±2.67 7.28:tO.16 7.65:tO.22 
B 27 .05:tO.93 21.66±2.71 7.14:tO.09 7.65:tO.21 

Aug S 25 .20±0.OO 31.06:tO.06 7. 1 5:tO.0l 7.7I:tO.02 
B 25.20±0.OO 30.93:tO.06 7.07:tO.08 7.74:tO.OI 

Sep S 25.50±0.OO 30.96:tO.06 6.70±0.l1 7.67:tO.OO 
B 25.50±0.OO 31.00±0.OO 6.73±O.O7 7.69:tO.02 

Oct S 29.50±0.OO 34.6O:tO.26 4.98:tO.20 8.04:tO.04 
B 29.00±0.OO 34.66:tO.23 4.41±1.06 8.02:tO.07 

Nov S 29.00±0.OO 34.10±0.OO 6.59:tO.ll 8.20±0.OO 
B 28.00±0.OO 33.95±O.O7 6.37±O.O7 8.20±0.OO 

Dec S 28.00±0.OO 33.88:tO.68 5.91:tO.50 7.98:tO.09 
B 27.80±0.OO 33.9I:tO.71 5.05±1.44 8.03:tO.02 

Mean S 29.10±2.05 31.97±5.35 6.38:tO.64 7.97:tO.19 
B 28.59±1.85 31.98±5.43 6.16:tO.94 7.98:tO.19 

Suratbkal 
jan S 28.50±0.OO 35.23:tO.06 6.31:tO.08 7.96:tO.03 

B 27.30±0.OO 35.20±0.OO 6.47:tO.17 7.99:tO.OO 
Feb S 30.66:tO.50 33.60±2.12 6.95:tO.51 8.07:tO.03 

B 30.40±0.OO 34.26:tO.90 6.86:tO.40 8.09:tO.OI 
Mar S 30.80±0.OO 34.43:tO.06 6.27±O.O8 8.17:tO.03 

B 30.20±0.OO 34.47:tO.06 6.41:tO.1O 8.24:tO.02 
Apr S 31.50±0.OO 34.73:tO.12 4.63:tO.13 7.99:tO.02 

B 31.00±0.OO 34.80±0.OO 5. 1 3:tO.06 8.02:tO.Ol 
May S 31.75:tO.82 35.56:tO.08 6.56:tO.25 8.08:tO.02 

B 31.45±1.l5 35.55:tO.05 6.58:tO.l6 8.12:tO.OO 
jun S 27 .6O:tO.OO 30.73:tO.06 6.58:tO.03 7.86:tO.05 

B 27.6O:tO.OO 30.73:tO.06 6.52:tO.02 7.89:tO.Ol 
jul S 27.58:tO.35 26.07±2.74 6.97:tO.12 7.78:tO.17 

B 27.38:tO.13 26.03±2.70 7.00±0.IS 7.7S:tO.lS 
Aug S 26.65:tO.20 25.1 3±2.1 2 6.98:tO.12 7.80±0.O3 

B 26.10±0.55 25.26±1.90 6.S6:tO.23 7.80±0.04 
Sep S 28.00±0.OO 2S.00±0.OO 6.93:tO.Ol 7.88:tO.OI 

B 27.50±0.OO 28.10±0.OO 6.88:tO.09 7.9O±O.OO 
Oct S 29.50±0.OO 33.4O:tO.OO 6.7I:tO.08 8.29:tO.05 

B 29.00±0.OO 33.46:tO.06 6.68:tO.08 8.27:tO.0l 
Nov S 29.75:tO.27 34.16:tO.15 6.94:tO.75 8.00±0.12 

B 28.75:tO.27 34.30±0.l 6 4.97±1.38 7.98:tO.19 
Dec S 29.25:tO.82 34.66:tO.38 6.97:tO.37 8.07:tO.02 

B 28.50±1.lO 34.68:tO.35 6.68:tO.46 8.07:tO.04 
Mean S 29.36±1.69 3 1.9 1 ±4.06 6.68:tO.64 7.99:tO.16 

B 28.85±1.76 32.04±4.02 6.45:tO.81 8.00±0.17 
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Fig. 2.3. Monthly mean surface (S) and bottom (B) seawater temperature, salinity, dissolved oxygen 
and pH off Someshwara and Surathkal mussel beds. 
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Table 2.3. Analysis of variance of temperature, salinity, dissolved oxygen (DO) 
and pH of surface and bottom seawaters of the mussel bed off 
Someshwara. 

Source Sum of Degrees Mean Fvalue p 
squares of sum of computed 

freedom squares 

Temperature Combined 7.8 I 7.80 2.044 0.155 
x depth Within Groups 450 118 3.82 

Total 458 119 

Salinity x Combined 0.0 I 0.00 0.000 0.996 
depth Within Groups 3194 110 29.0 

Total 3194 III 
DOx Combined 1.5 I 1.45 2.248 0.137 
depth Within Groups 73.6 114 0.65 

Total 75.1 115 
pHx Combined 0.0 I 0.00 0.128 0.721 
depth Within Groups 3.9 110 0.04 

Total 3.9 III 

Table 2.4. Analysis of variance of temperature, salinity, dissolved oxygen (DO) 
and pH of surface and bottom seawaters of the mussel bed off 
Surathkal. 

Source Sum of Degrees Mean F value p 
squares of sum of computed 

freedom squares 

Temperature Combined 7.4 I 7.43 2.500 0.117 
x depth Within Groups 333 112 2.98 

Total 340 113 
Salinity x Combined 0.5 1 0.49 0.030 0.862 
depth Within Groups 1726 106 16.29 

Total 1727 107 
DOx Combined 1.5 I 1.46 2.748 0.100 
depth Within Groups 57.5 108 0.53 

Total 59.0 109 
pH x Combined 0.0 I 0.00 0.185 0.668 
depth Within Groups 2.8 102 0.03 

Total 2.8 103 



Table 2.5. Analysis of variance of temperature, salinity, dissolved oxygen 
(DO) and pH of surface waters of the mussel bed off Someshwara 
in pre-monsoon, monsoon and post-monsoon seasons. 

Source Sum of Degrees Mean Fvalue p 
squares of sum of computed 

freedom squares 

Temperature Combined 192 2 96 99.1 0.000 
x Season Within Groups 55 57 1.0 

Total 248 59 
Salinity x Combined 1096 2 548 61.1 0.000 
Season Within Groups 475 53 9.0 

Total 1572 55 
DOx Combined 10.5 2 5.3 22.7 0.000 
Season Within Groups I 12.7 55 0.2 

Total 23.3 57 
pHx Combined I 1.5 2 0.8 88.1 0.000 
Season Within Groups 0.46 53 0.0 

Total 1.98 55 

Table 2.6. Analysis of variance of temperature, salinity, dissolved oxygen 
(DO) and pH of bottom waters of the mussel bed off Someshwara 
in pre-monsoon, monsoon and post-monsoon seasons. 

Source Sum of Degrees Mean F value p 
squares of sum of computed 

freedom squares 

Temperature Combined 137 2 68 60.5 0.000 
x Season Within Groups 64.7 57 l.l 

Total 202 59 
Salinity x Combined 1130 2 565 61.0 0.000 
Season Within Groups 490 53 9.3 

Total 1621 55 
DOx Combined 19.6 2 9.8 17.5 0.000 
Season Within Groups 30.7 55 0.6 

Total 50.3 57 
pH x Combined 1.48 2 0.7 94.2 0.000 
Season Within Groups 0.42 53 0.0 

Total 1.90 55 



Table 2.7. Analysis of variance of temperature, salinity, dissolved oxygen 
(DO) and pH of surface waters of the mussel bed off Surathkal in 
pre-monsoon, monsoon and post-monsoon seasons. 

Source Sum of Degrees Mean F value p 
squares of sum of computed 

freedom squares 
Temperature Combined 137 2 68 162.6 0.000 
x Season Within Groups 22.8 54 0.4 

Total 160 56 
Salinity x Combined 689 2 344 96.6 0.000 
Season Within Groups 182 51 3.6 

Total 871 53 
DOx Combined 3.16 2 1.6 4.4 0.017 
Season Within Groups 18.6 52 0.4 

Total 21.8 54 
pHx Combined 0.78 2 0.4 37.3 0.000 
Season Within Groups 0.51 49 0.0 

Total 1.30 51 

Table 2.8. Analysis of variance of temperature, salinity, dissolved oxygen 
(DO) and pH of bottom waters of the mussel bed off SurathkaI in 
pre-monsoon, monsoon and post-monsoon seasons. 

Source Sum of Degrees Mean F value p 
squares of sum of computed 

freedom squares 
Temperature Combined 139 2 69 115 0.000 
x Season Within Groups 32.7 54 0.6 

Total 172 56 
Salinity x Combined 713 2 357 129 0.000 
Season Within Groups 140 51 2.8 

Total 854 53 
DOx Combined 5.5 2 2.7 4.7 0.013 
Season Within Groups 30.1 52 0.6 

Total 35.6 54 
pHx Combined 0.84 2 0.4 33.8 0.000 
Season Within Groups 0.61 49 0.0 

Total 1.45 51 
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Table 2.9. Analysis of variance of temperature, salinity, dissolved oxygen (DO) 
and pH of surface and bottom seawater between the mussel beds 
(station) off Someshwara and Surathkal. 

Source Sum of Degrees Mean F value p 
squares of sum of computed 

freedom squares 

Temperature Combined 4.7 1.0 4.7 4.2 0.044 
x station Within Groups 107 94.0 1.1 

Total I 111 95.0 
Salinity x Combined 2.2 1.0 2.2 2.9 0.093 
station Within Groups 64.6 86.0 0.8 

Total 66.8 87.0 
DO x Combined 1.0 1.0 1.0 2.4 0.124 
station Within Groups 34.5 86.0 0.4 

Total 35.5 87.0 
pHx Combined I 0.0 1.0 0.0 0.5 0.504 
station Within Groups 0.3 82.0 0.0 

Total 0.3 83.0 
Temperature Combined 8.9 1.0 8.9 11.7 0.001 
x station Within Groups 49 64.0 0.8 

Total 58 65.0 
Salinity x Combined 84 1.0 84.1 4.5 0.038 
station Within Groups 1203 64.0 18.8 

Total 1287 65.0 
DOx Combined 0.5 1.0 0.5 11.5 0.001 
station Within Groups I 2.8 64.0 0.0 

Total I 3.3 65.0 
pH x station Combined 0.2 1.0 0.2 14.2 0.000 

Within Groups I 1.0 64.0 0.0 
Total 1.2 65.0 

Temperature Combined 5.1 1.0 5.1 9.0 0.004 
x station Within Groups 39.7 70.0 0.6 

Total 44.8 71.0 
Salinity x Combined 0.3 1.0 0.3 0.7 0.404 
station Within Groups 22.9 64.0 0.4 

Total 23.2 65 .0 
DOx Combined 8.9 1.0 8.9 9.9 0.002 
station Within Groups 63 70.0 0.9 

Total 72 71.0 
pHx Combined 0.0 1.0 0.0 0.2 0. 679 
station Within Groups 0.8 64.0 0.0 

Total 0.8 65.0 



2.4.6. Rellltionship between the physico-chemical parameters 
of the mussel beds 

Correlation coefficients between various physico-chemical parameters of mussel 
beds were analysed separately for the surface and bottom waters of the mussel 
beds. Both surface and bottom waters showed similar correlation pattern 
between different parameters. 

Someshwara: In the mussel beds off Someshwara, salinity, temperature and pH 
of surface and bottom waters was found to have significant inverse relationship 
with rainfall (Table 2.10). DO was found to have significant positive relation 
with rainfall in surface and bottom waters as expected. Temperature was found 
to have significant positive correlation with salinity and pH and a negative 
relationship with rainfall. Salinity had a significant positive relation with 
temperature and pH of surface and bottom waters. Significant negative 
relationship of salinity was observed with DO only in surface waters. DO levels 
of surface and bottom waters were found to be positively correlated with rainfall 
and negatively related with salinity and pH. In surface and bottom waters pH had 
a significant positive relation with temperature and salinity. pH was negatively 
correlated with rainfall and DO in surface as well as bottom waters. 

Surathkal: Correlation coefficients between various physico-chemical 
parameters of mussel beds off Someshwara are presented in Table 2.10. 
Correlation analysis indicated significant negative relationship of temperature, 
salinity and pH with rainfall. Temperature and salinity had significant positive 
relation among them and with pH in surface and bottom waters whereas, the 
rainfall had a significant negative influence. Temperature was also found to have 
a significant relation with DO levels of surface waters. Water pH was found to 
have a positive significant relation with temperature and salinity and negative 
significant relation with rainfall in surface and bottom waters. 
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Table 2.10. Correlation coefficient (pearson's) between rainfall , seawater 
temperature, salinity, dissolved oxygen (DO) and pH of the mussel 
beds off Someshwara and Suratbkal. 
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* p<O.05 
** p<O.OI 

Parameters 

Rainfall 

Temperature 

Salinity 

DO 

pH 

Rainfall 

Temperature 

Salinity 

DO 

pH 

Rainfall 

Temperature 

Salinity 

DO 

pH 

Rainfall 

Temperature 

SaJinity 

DO 

pH 

Someshwara 

Rainfall Temperature 

1.000 -.570(**) 

1.000 

1.000 -.492(**) 

1.000 

Surathkal 

1.000 -.706(**) 

1.000 

1.000 -.595(**) 

1.000 

Salinity DO pH 

-.949(** .572(**) .704(**) 

.566(**) -.330(*) .767(**) 

1.000 .581 (**) .753(**) 

1.000 .493(**) 

1.000 

.953(**) .468(**) .710(**) 

.495(**) -0.168 .686(**) 

1.000 .476(**) .763(**) 

1.000 .410(**) 

1.000 

.688(**) 0.176 .645(**) 

.799(**) .410(**) .691 (**) 

1.000 -.299(*) .784(**) 

1.000 -0.21 

1.000 

.7 13(**) 0.234 .628(**) 

.757(**) -0.179 .647(**) 

1.000 .365(**) .776(**) 

1.000 0.031 

1.000 



2.5. Discussion 

Significant variability in the selected physico-chemical parameters was observed 
in both the mussel beds off Someshwara and Surathkal, on a temporal scale. 
Within the seasons, spatial trends were more evident during June-August. This 
variability was largely brought about by the changes in environmental factors 
associated with the monsoon regime. Variability of the selected parameters in 
the surface and bottom waters of the mussel bed was insignificant mainly due to 
the shallow nature of the mussel beds and vertical mixing as a result of tidal 
changes and wave actions. 

During the period of study, southwest monsoon was active in Dakshina Kannada 
District from the last week of May to end of August with highest rainfall in June. 
Along the west coast, the monsoon starts during May-June in the south (Varkey, 
2(05) and progress northwards. Maximum rainfall along the coast is generally 
observed in June (Suresh, 1978; Ramesha, 1989 and Bhattacharya, 1991 ) with 
deviations (in July) in some years (Lingadhal, 1995 and Krishnakumar and Bhat, 
2(07). The total precipitation of 3,461 mm observed in the region was 
comparable with the normal annual rainfall reported in previous studies 
(Ramesha, 1989; Bhattacharya, 1991; Lakshrnipathi, 200 1 and Krishnakumar 
and Bhat, 2(07). On analysing the seasonal trend in the region, it was found that 
the southwest monsoon contributes to nearly 90% of the annual precipitation. 
Ramesha (1989), Bhattacharya (1991) and Lakshrnipathi (2001) also reported 
similar trends in rainfall with period of bulk precipitation during June
September. Monsoons have a profound influence on the variations in 
oceanographic features of Arabian Sea (Rao et ai., 1992). The rainfall was found 
to influence the environmental parameters of the mussel beds considerably. With 
the onset of monsoon a sharp decline in the water temperature, salinity and pH 
of the mussel beds was noticed. Rainfall was found to be negatively correlated 
with salinity, temperature and pH of surface as well as bottom waters. Similar 
influence of monsoon on the hydrographic features of the coastal waters of India 
has been discussed by many workers (Subrahrnanyan, 1959; Rajagopalan et ai., 
1992 and Pillai et ai., 2(00). Large influx of fresh waters during the monsoon 
causes changes in most of the physico-chemical and biological parameters of the 
mussel beds which trigger many biological activities (Nagabhushanam and 
Mane, 1975 and Ajithakumar, 1984). 

Water temperature followed seasonal variations with relatively high values in the 
pre-monsoon, followed by low values in the monsoon. The post-monsoon period 
was found to be a recovering period for temperature from the lowest recorded in 
August as a result of retreating rains. The sea surface and bottom temperature 
followed similar bimodal trends with a peak in pre-monsoon and another in post
monsoon. Similar bimodal trends in temperature variation have been observed in 
the coastal waters off Dakshina Kannada District by Suresh (1978), 
Channeshappa (1991), Ramesha et ai. (1992) and Gupta et al. (1998a). 
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Variations in surface and bottom temperatures of mussel beds along the coast 
were insignificant due to the turbulence and wave action in the inshore waters. 
Mean temperatures of the two mussel beds varied significantly on a seasonal 
scale. This variation is main! y due to the variations in the runoff at the two 
stations. 

The mean temperature values observed in the mussel beds registered a declining 
trend from May onwards coinciding with the onset of monsoon. However, the 
lowest temperature was reached only in August. Suresh et ai. (1978), Manjappa 
(1987) and Krishnakumar and Bhat (2007) also observed lowest sea surface 
temperature along the Dakshina Kannada coast during August/September and 
attributed this reduction in sea water temperature to upwelling. 

The mean bottom water temperature observed in the mussel beds off 
Someshwara and Surathkal ranged between 25.20 and 31.45°e during the 
period. The temperature range recorded from the mussel beds of the study area 
were comparable with earlier reports along the Indian coast (Ajithakumar, 1984; 
Appukuttan et al., 1989 and Rajagopal et al. , 1998a) and within the temperature 
range reported for the normal growth of the species (Sivalingarn, 1977). Lee 
(1986), Tan (1997), Masilarnoni et al. (1997) and Benson et ai. (2001) reported 
the occurrence of green mussels in coastal waters along its distributional range at 
temperatures between lOoe and 35°C. Further, the variation of 6°e between the 
maximum and minimum values observed in mussel bed in the present study 
occurred gradually over a period of three-four months, providing time for 
gradual acclimation. 

Salinity of the mussel beds showed marked variations on a seasonal scale with 
low saline conditions prevailing during June-August (monsoon) which steadily 
increased from August reaching a maximum salinity of 35 ppt in May. 
AjithaIcumar (1984) observed salinity values as high as 40 ppt in May in the 
mussel beds along the Kerala coast. The increase in salinity in pre-monsoon 
season corresponds to a decrease in river runoff and increase in temperature and 
evaporation. Similar trend in salinity was observed by earlier workers along the 
coastal waters of Dakshina Kannada District (Benakappa et ai., 1980; Rivonker 
and Verlecar, 1990; Thippeswarny, 1990 and Krishnakumar and Bhat, 2(07). 
Between the two mussel beds of the study area, significant variation in salinity 
was observed only during the monsoon period which is attributed to relatively 
larger extent of dilution at Someshwara due to heavy river discharge from R. 
Nethravati. 

In the mussel beds, even though the annual mean salinities were comparable, the 
rate of reduction in salinity was rapid with the onset of monsoon at Someshwara 
and the annual minimum levels were reached immediately by June. Whereas, at 
Surathkal the salinity reduction was gradual and the minimum levels were 
reached only in August. This is mainly due to the influence of freshwater influx 
from the Nethravati-Gurpur estuary during monsoon at Someshwara, where the 
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salinity variation too was comparatively higher due to the heavy river run-off. 
Lakshmipathi (2001) also recorded comparatively lower salinities off Mangalore 
section when compared to the Panambur (near Surathkal) section and attributed 
the condition to the influence of fresh water influx through the Nethravati
Gurpur estuary. During the present study, salinity of the mussel beds fluctuated 
between 17.7 ppt and 35.4 ppt. Annual fluctuations of 31.5 to 36.3 ppt in the 
mussel beds off South Kerala were reported by Appukuttan et aI. (1980). Green 
mussels generally occur in coastal waters at high salinities between 27 and 35 
ppt (Sivalingam, 1977; Lee, 1986; Tan, 1997; Masilamoni et al., 1997 and 
Benson et aI., 2oo1) and under experimental conditions they were observed to 
tolerate low salinities up to 16 ppt (Sundaram and Shafee, 1989). In the present 
study the variations in salinity observed were within the tolerance limit of the 
species. 

Dissolved oxygen level is one of the indicators of a healthy aquatic ecosystem. 
In the mussel beds, higher values of dissolved oxygen were observed during the 
monsoon season followed by a reduction in post-monsoon (Suresh et al., 1978). 
The high level of dissolved oxygen during monsoon was consequent to a 
decrease in temperature and salinity, allowing higher solubility of gaseous 
oxygen in sea water as well as increased mixing associated with rough weather 
conditions. Similarly, the inverse relationship between temperature and 
dissolution rates (Gupta et aI. , 1998a) accounted for the low DO level in pre
monsoon season. However, many investigators have attributed the reduction in 
oxygen levels during September/ October months to upwelling in inshore waters 
of Arabian Sea (Menon et aI. , 1977; Suresh et al., 1978; Rivonker and Verlecar, 
1990 and Krishnakumar and Bhat, 2oo7). The mean DO levels observed in the 
mussel beds were comparatively higher because of the shallow nature of the 
sampling station where the intensity of wave action is relatively high (Lingadhal, 
1991). 

Dissolved Oxygen levels of the two mussel beds under study varied significantly 
during monsoon and post-monsoon seasons. This variability between the mussel 
beds might be due to the relatively low temperature and turbulence associated 
with high freshwater influx in Someshwara as compared to in Surathkal. 

pH of mussel beds was found to be alkaline throughout the study ranging 
between 7.65 and 8.29. Krishnakumar and Bhat (2007) observed a pH of 7.24 to 
8.58 off Mangalore. Seasonal analysis indicated a pH close to 8.0 in pre
monsoon; it dropped below 8.0 during monsoon and again increased in post
monsoon. Similar variations in pH were reported by Ramesha (1989); Rivonker 
and Verlecar (1990) and Thippeswamy (1990) in the coastal waters off 
Mangalore. Lingadhal (1995) and Lakshmipathi (2001) observed peak pH values 
during February, May and OctoberlNovember in the Arabian Sea off Mangalore. 
Low pH was recorded in monsoon due to heavy run-off from rivers 
(Subramanian and Mahadevan, 1999) and high values in summer season due to 
higher levels of photosynthetic activity. Seawater is well buffered by its high 
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content of dissolved salts and more resistant to pH changes while heavy 
freshwater run-off from rivers which is less buffered decreases the pH of the 
inshore coastal waters (Yung et at. 2001). The pH was found inversely related 
to rainfall and directly related to the salinity and temperature. In general, the 
fluctuations in pH followed the variations in salinity and temperature 
(Lingadhal, 1995 and Segar, 1982). Lack of significant variations in the pH of 
surface and bottom waters indicated good vertical mixing in inshore waters. 
Comparing the mussel beds off Someshwara and Surathkal, significant variation 
in pH between the two beds was found only during the monsoon period. This is 
attributed to relatively higher degree of fresh water influx at Someshwara. 

In summary, this chapter illustrates the variations in selected physico-chemical 
parameters of the mussel beds along the Dakshina Kannada coast of Karnataka. 
Mussels are capable of withstanding wide variations in salinity, desiccation, 
temperature and oxygen concentration, enabling them to occupy a large variety 
of microhabitats (Seed and Suchanek, 1992) and their distribution is principally 
influenced by seawater temperature (Seed, 1976 and Segnini et ai. , 1998). 

Study indicated significant variation between the mussel beds off Someshwara 
and Surathkal with respect to water temperature in pre-monsoon, monsoon and 
post-monsoon seasons whereas, salinity showed significant variation only during 
the monsoon season. Though the environmental parameters of the mussel beds 
presented spatial and temporal variations, the variability observed was within the 
limits for the optimal growth and survival of the species. The mussel beds off 
Someshwara and Surathkal being subtidal, the mussels were less exposed to 
extremes in temperature and associated desiccations. The variations in 
environmental parameters to a larger extent were found associated with the 
monsoon and spatial variability between the mussel beds were attributed to the 
differences in the volume of runoff diluting the inshore waters. Mussel beds off 
Someshwara presented wider variations in environmental parameters compared 
to the mussel beds off Surathkal. 

The physico-chemical parameters detailed in this chapter were further 
investigated with reference to the health status of mussels and are presented in 
the following chapter (Chapter 3). 
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Chapter 3 



Influence of environmental 
variables on the condition index of 

mussels 

3.1. Introduction 

Condition index (CI), expressed as the ratio of soft tissue weight to the shell 
weight, is one of the indices, generally regarded as an indicator of the health 
status of mussels. In marine monitoring studies, various physiological responses 
are used to provide "integrated" measures of an organism's well-being based on 
a range of different functional attributes. CI is employed in many studies 
involving marine invertebrates as an indicator of water quality as it integrates 
stress responses on somatic growth. As CI indicates the influence of 
environmental and contaminant stress on the physiological status of mussels 
(Lucas and Beninger, 1985), it has been projected for comparing contamination 
levels between different areas in "Mussel watch" monitoring programmes which 
employ tissue chemistry to evaluate the status and trends in environmental 
quality (Fisher, 1984; Martin et ai. , 1984; Soto, 1995 and CIESM, 2(02). In 
addition, CI also indicates the commercial quality of bivalve population and is 
used to follow seasonal changes in the gross nutrient reserves (Crosby and Gale, 
1990). 

Theoretically, in an unfavourable environment, an organism would use energy in 
response to the stress and therefore may have less energy available for growth. 
Typically in bivalves, the surplus metabolic energy after the requirements for 
maintenance and reproduction is converted into biomass under normal 
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conditions. Under adverse conditions, mussels that are stressed either by poor 
water quality or by disease have less energy for growth and less tissue reserves. 
The loss of tissue biomass during periods of negative scope of growth is the 
basis for the use of condition index as a measure of health in bivalves (Newell, 
1985). 

In bivalves, the soft tissue content follows seasonal variations associated with 
the reproductive cycles. The annual cycle of condition in mussel is described in 
terms of the extent to which the soft tissue fills the shell cavity, depending on the 
nutrient reserves and/or the amount of the reproductive tissue. Therefore, the 
variation in the glycogen content or reproductive tissue content is reflected in the 
relationship between the size of the bivalve and the meat content (Quayle and 
Newkirk, 1989). 

The condition of mussel is largely controlled by the biotic and abiotic conditions 
of its environment. The exogenous factors that influence the temporal and spatial 
differences in accretion of somatic and/or gametes are reported as food 
availability, temperature and salinity (Seed and Suchanek, 1992). Any factor that 
result in altered food availability or the ability of mussels to assimilate this food, 
will alter the nutrient storage cycle (Newell et al. . 1982). Therefore, the concept 
that reduced health in mussels, brought about by limitations in food availability 
or other physiological stressors caused by unfavorable changes in environmental 
conditions can all result in poor conditions in bivalves (Bayne et at., 1976). 

Green mussels inhabit highly variable environments and are exposed to seasonal 
shifts in physico-chemical conditions such as temperature, salinity, dissolved 
oxygen as well as variations in food availability necessitating them to adopt a 
suite of physiological survival mechanisms. Condition index of bivalves is an 
easily measured physiological function used in environmental monitoring 
studies, as it integrates the physiological responses to stress on somatic growth 
(Nicholson, 1999). Such studies are generally adopted when comparisons are to 
be made between populations inhabiting different locations. Condition indices 
are used in such comparisons to ascertain whether the animals are in a relatively 
healthy or stressed state among the sites (Leavitt et al.. 1990). However, CI is 
not always indicative of stress when studied within a location, as they can be 
affected by seasonal changes and associated nutritional and reproductive stages. 

In this study condition index and its seasonal and spatial changes were used to 
compare the populations and to study the influence of various environmental 
parameters on the well being of mussels. The data can also serve as baseline 
information for assessing the impacts of any future changes in the ecosystem. An 
attempt has been made to analyse the seasonal and spatial changes in condition 
index of mussels, the seasonal and spatial variations of selected environmental 
parameters of mussel beds and to relate the influence of these natural stressors 
on the condition index of green mussels for comparison of the general health 
status of mussel beds. 
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3.2. Review of literature 

3.2.1. Seston availability in shellfish waters 

Mussels are filter feeders feeding on a variety of suspended matter available in 
the mussel bed. Although the coastal waters where they inhabit are highly 
productive, the sessile nature of the mussels requires them to adapt to temporal 
changes in the seston (minute living organisms and particles of non-living matter 
which float in water and contribute to turbidity) and utilize what is available in 
their surrounding environment. The mussel beds are highly dynamic physical 
environments with temporal and spatial variations in the quantity and quality of 
available food (Widdows el aI. , 1979; Rodhouse el al., 1984; SmaaJ el aI., 1986; 
Bayne el al. , 1987 and Prins el aI., 1998). In such locations, advective process, 
resuspension and wave action can all affect temporal and large-scale spatial 
variability in food (Berg and Newell, 1986; Frechette el aI. , 1989; Prins el aI., 
1996 and Smaal and Haas, 1997). Besides this, small-scale spatial variability is 
observed as a consequence of the filtration activity of bivalves (Frechette and 
Bourget, 1985), depending on the degree of resuspension of seston (Smaal and 
Haas, 1997) and advection in the system (Prins et aI. , 1996). 

The amount of locally available food is dependent on the density of filter 
feeders, seston concentration and hydrodynamics (Dame and Prins, 1998). In 
dense aggregations of bivalves, the concentration of particles available for 
ingestion depends on the rate of particle replenishment by the currents. Natural 
beds of filter feeding bivalves are known to substantially deplete particle 
concentrations in the overlying waters during periods of low flow (Frechette et 
aI., 1989). Recent simulation models of bivalve culture sites have brought 
together aspects of the dynamics of food supply (such as seasonal cycles of 
phytoplankton production and resuspension) with the physiological energetics of 
the cultured species in order to predict growth under field conditions (Grant el 

al., 1993 and Dowd, 1997). 

In marine environment, both composition and concentration of seston affect 
growth of mussels (Bayne el aI., 1989 and Smaal and van Stralen, 1990). Many 
studies have identified seston quantity and quality as the most important factors 
determining the energy budget of suspension feeding molluscs (Bayne and 
Newell, 1983; Bayne et ai., 1987; Navarro et ai., 1991; Hawkins and Bayne, 
1992; Hawkins et aI., 1999). Hawkins and Bayne (1991) suggested that 
particulate organic carbon (POC) in the seston can play an important role in 
determining the overall energy budget of suspension feeding organisms. Bayne 
et al. (1993) observed varying rates of feeding and digestion in response to 
variability in seston concentration and organic content. Wind-induced 
resuspension has been reported to decrease the quality of the food available to 
bivalves while increasing the total quantity of suspended particles available 
whereas, increase in phytoplankton and POM increases the quality of the food 

28 



with higher organic particle loads (Berg and Newell, 1986 and Cranford et aI., 
1998). 

Among the suspended matter available in the environment, mussels ingest a 
variety of food like phytoplankton, detritus, bacteria and microzooplankton 
(Bayne and Newell, 1983). Among this, phytoplankton is the most important 
source of food of marine mussels (Grant, 1996). Hence, the concentration of 
phytoplankton and particulate organic matter in the water column primarily 
decides the availability of food to benthic suspension feeders. This study is 
therefore focused on the variations in quantity of seston in terms of 
phytoplankton (chi-a), suspended particulate matter (SPM), particulate organic 
matter (POM) and quality of seston (Chl-a/POM and POMlSPM) available to 
mussels in the mussel bed. 

Phytoplankton concentration of coastal waters varies with region and season. 
Such variations in productivity could affect the dynamics of benthic suspension 
feeding communities because of the linkages between the food resources and the 
hydrographical changes occurring in the overlaying water column (Lesser et ai., 
1994). 

Quantification of phytoplankton production in water column includes estimation 
of total phytoplankton biomass or estimation of chlorophyll concentration. 
Chlorophyll-a (chi-a) has been used as a measure of phytoplankton standing 
stock since it serves as a useful indicator for both the photosynthetic potential 
and biomass of phytoplankton (Flemer, 1969). Its popularity in water monitoring 
programme is well known since it is a fairly accurate and simple measure of 
phytoplankton biomass (Dahlhoff and Menge, 1996). 

The west coast of India with a wider continental shelf and more pronounced 
upwelling accounts to three-fourth of the primary production of the contiguous 
areas of the continental shelf of the sub-continent. Maximum productivity of the 
inshore waters of the west coast is observed during the upwelling season (Nair, 
1974). Subrahmanyan (1959) made quantitative determination of the standing 
crop of phytoplankton of the west coast and found highest values during the 
south-west monsoon. 

The phytoplankton distribution and primary production of the west coast have 
been illustrated by Nair (1974) and others. Qasim (1978) described the 
biological productivity of the coastal waters of Indian Ocean. Considerable 
information is available on the chl-a and primary productivity of Arabian Sea 
(Banse, 1987; 1988; Pant, 1992; Bhattathiri et aI. , 1996; Gundersen et aI., 1998; 
Latasa and Bidigare, 1998; Sathyendranath, et aI. , 1999; Pillai et al., 2000 and 
Gopinathan et aI. , 2(01). Along the Dakshina Kannada coast distribution of chl
a is detailed by Rivonker and Verlecar (1990), Joseph et al. (1998), Manjappa 
(1997), Lingadha\ et ai., (2003) and Krishnakumar and Bhat (2007). 
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Besides phytoplankton, mussels derive their nutrition from other particulate 
organic matter, the availability of which varies in the mussel bed due to the 
interaction of numerous biological and physical factors. Particulate organic 
matter (paM) is the organic matter that is retained on a 0.45 11m sieve and is 
composed of living and non-living (detritus) components. In seawater, the 
organic carbon in the form of dissolved organic matter/carbon or particulate 
organic matter/carbon (PaM or paC) in the upper ocean is recycled, but a 
significant percentage of the carbon in the form of remains of organisms (paM) 
sinks to the seafloor. Upon reaching the seafloor the paM may be consumed by 
filter or deposit feeding organisms living in the bottom, or it may settle in the 
sediments. 

In the aquatic system, particulate organic matter (paM) forms the organic 
portion of the Suspended Particulate Matter (SPM). Temporal variations in 
suspended particulate material can arise from freshwater inflows, rainfall 
regimes, upwelling, and eutrophication. Periods of high flooding in rivers 
associated with rainfall bring in higher concentration of suspended particulate 
material than those observed during low-flushing periods. 

As a non-toxic stressor, suspended solids can reduce light penetration when in 
suspension, thus affecting primary production (Lloyd, 1987). Adverse effects on 
organisms can also occur due to mechanical abrasion of gills, reduction in 
feeding rates and increased susceptibility to diseases (Newcombe and Mac
Donald, 1991 and Leverone, 1995). Deposition of suspended solids can cause 
adverse effects by smothering benthic organisms and their habitats, which, in 
tum, reduce the food supply and refuge for many bottom dwelling animals 
(Hogg and Norris, 1991 and Rice and Hunter, 1992). Shin (2002) while 
investigating the lethal and sublethal effects of suspended solids on the survival, 
physiological, behavioural and morphological changes of the green-lipped 
mussel Perna viridis showed that it can survive in test conditions of suspended 
solids from 0 to 1200 mg/1 over a period of 96 h in the laboratory. However, in 
natural environment bivalves are particularly vulnerable to the effects of 
elevated levels of suspended solids owing to their filtering mechanism. Studies 
on physiological responses of bivalves to increasing suspended sediment 
concentrations showed decrease in clearance rate (Bricelj and Malouf, 1984; 
Ward and MacDonald, 1996 and Bacon et aI., 1998), oxygen consumption 
(Grant and Thorpe, 1991) and growth (MacDonald et aI., 1998). 

Suspended particles in the mussel beds were analysed for suspended particulate 
matter (SPM), particulate organic matter (POM) and particulate inorganic matter 
(PIM). 

3.2.2. Condition index 

The accretion of the somatic or gonadal tissue biomass has been extensively 
studied in mussels in connection with ecological consequences of the 
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interrelationships with their environment (Bayne and Hawkins, 1992); in 
sustenance fisheries; in mariculture (Hickman et al., 1991; Camacho et aI., 1995; 
Reiriz et aI. , 1996; Iglesias et aI. , 1996 and Cheshuk et al., 2003). Condition 
indices are used in bivalves for assessing the effect of long-term stress on 
bivalve quality (Maguire et aI., 1999) for measuring physiological responses in 
environmental monitoring (Krishnakumar et al. , 1994; Nicholson, 1999 and 
Shuhong et aI., 2005); in temperature tolerance studies (Sphigel et al. , 1992 and 
Isono et aI. , 1998); in monitoring the variations in exposure duration 
(Montaudouin, 1996) and in response to parasitic infestation (paynter and 
Buresson, 1991 and Chu and Volety, 1997). 

The quantitative variation in somatic tissue and/or gametes in mussels are 
controlled by endogenous (genotype, body size and physiological status) and 
exogenous factors. The most important exogenous factors are food availability, 
temperature and salinity (Bayne and Newell, 1983 and Seed and Suchanek, 
1992). The reproductive cycle in mussel is a genetically controlled response to 
the environment (Sastry, 1975). Mussels undergo annual reproductive cycles that 
are associated with marked seasonal changes in gross biochemical composition 
and physiological processes (Bayne and Newell, 1983; Hawkins and Bayne, 
1992 and Rodhouse et aI., 1984). Although the reproductive cycle in mussels is 
species specific, the timing and duration are determined by the interaction 
between endogenous and exogenous factors, which are varying with the 
geographical locations and environmental conditions (Rodhouse et aI. , 1984; 
Seed and Suchanek, 1992 and Villalba, 1995). The most important 
environmental parameters affecting the bivalve reproductive process are 
temperature and food availability (Lubet, 1981 ; Seed and Suchanek, 1992; Pazos 
et aI. , 1997 and Ceballos el al., 2(00). 

The role of endogenous factors in modulating individual responses will depend 
on the nature, amplitude and frequency of environmental change (Hawkins and 
Bayne, 1992). Direct responses and the survival vary according to potentially 
synergistic interaction between various environmental variables (Newell, 1979 
and Bayne and Newell, 1983). Primary production was significantly correlated 
with CI in M. edulis (Smaal and van Stralen, 1990). Hickman et al. (1991) 
correlated reduced salinity with improved mussel condition index, higher 
nutrient levels, higher chJ-a and larger quantities of particulates in Perna 
canaliculus in New Zealand. 

Along the Indian coast, Narasirnham (1980) recorded high CI in P. viridis from 
natural beds, during the resting phase starting from July to December in the east 
coast. The whole tissue dry weight in P. viridis from natural beds off Vizhinjam 
and Elathur along the west coast of India followed the reproductive cycles and 
the seasonal fluctuations in phytoplankton biomass (Ajithakumar, 1984). 
Rajagopal (1998a) observed peak gonadal index in P. viridis during April-May 
and September-October, with seasonal peaks in temperature and spawning 
activity. The percentage edibility or wet meat percentage of P. viridis monitored 
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in suspended culture by Parulekar et al. (1982), Rivonker et ai. (1993) and 
Mohamed et ai. (1998) along the Indian coast were related to variations m 
environmental parameters. 

In mussel, apart from food availability, temperature and salinity also exert 
considerable influence on condition (Bayne and Newell, 1983; Seed and 
Suchanek, 1992). Among the various exogenous factors which influence 
reproduction in marine mussels, sea temperature has received most attention. 
Temperature has a direct effect upon the metabolic rate, seasonal patterns in 
growth and reproduction in bivalves. Seed (1976) indicated that temperature is a 
principal factor in controlling the broader aspects of the armual cycle of mussels. 
It is widely suggested that spawning in lame IIi branches occurs only over a 
critical temperature range which is constant for each species. Bayne (1975) 
described a relationship between rate of gametogenesis and rate of change of 
temperature. Species are more likely, however, to have several critical spawning 
temperatures depending on their physiological condition or geographical 
distribution and adaptation to spawn at different temperatures especially at limits 
of distribution (Seed 1976). Seed and Suchanek (1992) have suggested that a 
'temperature window' may exist outside which gametogenesis declines or does 
not occur, but inside which the reproductive strategy will depend to a large 
extent on the food availability. This window presumably varies according to the 
temperature range normally experienced by any particular population and to 
which it will therefore be adapted. Bayne and Worall (1980) showed that gamete 
production is initiated by a rise in temperature only if sufficient nutrients are 
available either as energy reserves or as recently ingested food. Increasing and! 
or decreasing temperatures are reported to stimulate spawning in marine mussels 
(Kautsky, 1982 and Wilson, 1987). 

Rajagopal (1998a,b) showed that breeding activity of the mussels along 
southeast coast of India was largely influenced by temporal distribution of 
seawater temperature. Mussels exhibit two spawning periods and temperature 
appears to regulate the onset of reproductive events (Rajagopal, 1998b). Chen et 
ai. (1998), while studying the spawning period of P. viridis observed spawning 
in May-September when the temperature is 23-26°C. In tropical waters, P. viridis 
is exposed to thermally stable but hotter environment (Shafee, 1979). Even then, 
changes in temperature have been reported to affect growth rate (Chatterji et ai. , 
1984 and Vakily, 1992) in adult mussels and growth, survival and settlement in 
spat (Nair and Appukuttan, 2003). 

Salinity changes in the external environment may disrupt the steady-state 
balance in mussels causing stress (Hawkins and Bayne, 1992) resulting in 
growth retardation (somatic and shell) (parulekar et aI., 1982). Salinity also 
plays an important role in bivalve reproduction (Nagabhushanam and Mane, 
1975). In the estuarine waters of Goa, the armual cycle of reproduction in P. 
viridis was related to the temporal variation in temperature and salinity 
(Parulekar et ai., 1982). 
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3.3. Materials and methods 

3.3.1. Water sampling 

Seawater samples were collected from Someshwara and Surathkal mussel beds 
as described in chapter 2, from three sampling points fixed at an equidistant 
interval of 200 m, parallel to the coast line at 3-4 m water depth. Samples were 
drawn from surface and bottom at the selected sampling points on a monthly 
interval using reversing bottle operated from a canoe. The samples drawn were 
transferred to sampling bottles and transported in insulated box to the laboratory 
for analysis. 

3.3.2. Seston analysis 

The chl-a, SPM and POM were used as indices for the quantitative analysis of 
seston available in the mussel beds. The ratios of POMlSPM and Chl-a/SPM 
were used for assessing seston quality. 

3.3.2.1. ChlorophyU-a (chi-a) 

Chl-a content of the water was measured by spectrophotometry after vacuum 
filtration and extraction in acetone. Two Iitres of seawater sample drawn from 
three sampling points (surface and bottom each) were collected for chlorophyll 
analysis. Sub-samples of 500 mI were filtered through Whatman GF/C filter 
paper. Magnesium carbonate was added during filtration to retard degradation 
and enhance filtration efficiency. The pigments were extracted overnight with 10 
ml of 90% acetone in the dark at 4°C and extract was centrifuged and chl-a in 
the supernatant was determined by spectrophotometry (Strickland and Parsons, 
1968). 

3.3.2.2. Suspended Particulate Matter (SPM) 

The SPM was determined by gravimetric method. A sub-sample of 500 mI of 
seawater was filtered through 47 mm GF/C pre-combusted (for 2 h at 450°C) 
and pre-weighed (±O.OOI mg) filter paper to estimate SPM (Wong and Cheung 
(2001 ). Salt was removed from the filter by rinsing with distilled water and the 
filter paper was dried at 110°C and weighed. The SPM was estimated as the 
weight of filtrate retained, expressed as mg per litre. 

3.3.2.3. Particulate Inorganic Matter (PIM) 

The filters used for determination of SPM were again ashed in a muffled furnace 
at 450°C as detailed by Wong and Cheung (2001) and weighed. PIM was 
determined as the difference in weight of filters before and after combustion and 
expressed as mg per liter. 
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3.3.2.4. Particulate Organic Matter (POM) 

The amount of POM suspended in water can be estimated by first removing the 
suspended material from the water by fLItration, followed by either a direct 
measurement of the amount of carbon retained on the filter or by estimating the 
amount of carbon present from the weight lost upon heating the fLIter in excess 
of 450°C (Wong and Cheung, 2001). Organic seston (POM) concentration was 
estimated as the difference between SPM and PIM and expressed as mg per litre. 

The seston quality indices, CbI-a/POM and POMlSPM were calculated from the 
values of Chi-a, SPM and POM. 

3.3.3. Condition index 

At least seven different condition index formulae are currently in use for 
bivalves (Davenport and Chen, 1987 and Crosby and Gale, 1990). In these 
methods of estimation, the shells are quantifLed by weight, volume or by the 
space it encloses whereas; the tissue is assessed variously on the fresh, dried or 
cooked conditions. 

Crosby and Gale (1990) reviewed and evaluated bivalve CI methodologies and 
proposed methods to minimise errors. The frrst defmable quantitative condition 
index equation which served as the outline for a multitude of modern condition 
index formulae is of A. E. Hopkins (Crosby and Gale, 1990). Accordingly the 
condition index is calculated as: 

CI = Dry soft tissue wt. (g) x 100 
Internal shell cavity volume (ml) 

-------------( I) 

Where, the internal shell cavity volume is the difference between the total 
displacement volume of whole bivalve and shell volume. 

Walne (1970) modified the index in an order of magnitude by altering the 
formula as follows: 

Clvol = Dry soft tissue wt. (g) x 1000 
Internal shell cavity volume (ml) 

-------------(2) 

Walne and Mann (1975) further modified this formula applying dry soft tissue 
weight and shell weights as presented in equation 3. This equation was later 
recommended by Lucas and Beninger (1985) for use in bivalve aquaculture. 

Dry soft tissue wt. (g) x 100 
Dry shell weight (g) 

-------------(3 ) 

Hickman and lllingworth (1980) and Lawrence and Scott (1982) revised the 
formula by changing dry shell weight with internal shell cavity capacity III 

weight as: 
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CI = Dry soft tissue wt. (g) x 100 
Internal shell cavity capacity (g) 

-------------(4) 

where, internal shell cavity capacity is the difference between the total bivalve 
weight and the dry shell weight. 

Hawkins et al. (1987) calculated condition index with a modification of equation 
4 as given below: 

CIgrav = Dry soft tissue wt. (g) x 1000 
Internal shell cavity capacity (g) 

-------------(5) 

In general, methods utilizing wet flesh weight or wet flesh volume are less 
sensitive largely due to the difficulty in standardizing the degree of wetness. 

According to Crosby and Gale (1990), the Clvo) and CIgrav techniques yield 
indices, which assess the proportion of available internal cavity capacity utilized 
by a bivalve's soft tissue. The CIsbwt technique is not a measure of how much 
available space is utilized and does not account for possible variations of internal 
cavity capacity due to overall shape and shell thickness variability in bivalves. 
Thus, it is not an index of nutritive status and therefore they have recommended 
CIgravor Clvo) to ascertain the nutritive status of bivalves or to determine whether 
the animals are under stressful condition. However, they observed that for Clvo), 
the coefficient of variation was -25% greater than for CIgrav and recommended 
Cigrav due to low rate of measuring error, less variability surrounding the mean 
and the simplicity of technique. 

Hickman and Illingworth (1980) has recommended the meat percentage, an 
index based on the wet meat weight or CIcommerciai for use in field and in mussel 
farming practice, 

Clcommerci.) (Meat yield) = Wet tissue wt. (g) x 100 
Whole (live) weight (g) 

In the present study, CIgrav was used for calculating mussel condition index (CI) 
and CIcommercil) (meat yield) was used for studying the variations in wet meat 
percentage or the percentage edibility (% edibility). 

3.3.4. Sample preparation and analysis 

Condition index is measured either for individual mussels or for whole 
population. However, considering the variability, individual measurements are 
preferred whenever condition is investigated in relation to biological aspects 
(Seed and Suchanek, 1992). In the present study, the CI was measured 
individually and averaged for the sample for analysis. 

To study the CI, mussels were sampled from each station on a monthly basis. 
During sampling, clumps of mussels were randomly collected from the three 
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sampling points in each station and transported to the laboratory in insulated 
box. The samples from each station were declumped for pooling together and 
condition index of the mussel sub-sample (n=30 to 35) were analysed according 
to Crosby and Gale (1990). 

Mussels were cleaned, measured (using a digital Vernier calipers, ± 0.01 mm) 
and whole live weight and volume; shucked dry shell volume and weight; 
shucked wet meat weight and dry (80°C, 48 h) soft tissue weight were 
determined for each individual mussel and the condition index was estimated. 
The total volume (mJ) and shell volume (mJ) was found by displacement method 
and the meat was shucked by cold shucking method. 

3.3.5. Data treatment 

The monthly mean CI and the annual CI of the beds were calculated for each 
mussel bed. Monthly mean, maximum and minimum of CI and environmental 
variables of mussel beds were calculated for analysis. 

To evaluate the variation of monthly CI values with reference to the mean CI 
during the study period, a CI ratio was calculated as: 

- -
CI ratio = x Clmonth / (x Ciall months). 

Based on the values obtained, the monthly CI for each station which exceeded its 
annual mean was classified as "high (CI ratio 2:1)" and the remaining as "low 
(CI ratio <1)" (Hickman et ai., 1991). 

3.3.6. Statistical analysis 

The seasonal and spatial variations in seston and condition index of the mussel 
beds were analysed using two-way ANOV A. When significant differences 
between means were detected, post factors were further analysed using a Range 
test, Student-Newman-Keuls (S-N-K) tests set at 5% significance level to 
identify homogeneous subsets of means using SPSS (13.0) software. For 
studying the seasonal variations, monthly data were classified into three seasons 
viz., pre-monsoon (February to May), monsoon (June to September) and post
monsoon (October to January). 

Principal Component Analysis (PCA) was used to determine the dominant 
patterns of change in environmental parameters (temperature, salinity, pH, DO, 
rainfall, chi-a, POM, SPM, PIM, POMlSPM, chl-alPOM, PIM%) of the mussel 
beds in order to explain the importance of each element in the overall variability. 
Principal Component Analysis (PCA) known as empirical orthogonal function 
analysis objectively extracts the optimal linear lower-dimensional structure from 
a multivariate dataset. The usefulness of PCA in condensing and interpreting 
multivariate water quality data have been demonstrated by Kaplunovsky (2005). 
The analysis is successful if few Principal Components (PC) explains large 
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proportion of the data set variation. The variance of environmental factors was 
reduced using PCA and only Principal Components with eigenvalues exceeding 
1 were analysed with Varimax rotation. PeA was done for the parameters of 
each mussel beds separately. 

Multiple stepwise regression analysis was conducted to assess the effects of 
environmental variable on CI. The regression analysis was carried out with the 
monthly CI ratio and the monthly environmental variables. CI measured at the 
end of a particular month represents the effects of average habitat conditions 
over the entire month (Brown and Hartwick, 1988) therefore, environmental 
variables were entered into the regression analysis as monthly values. Potential 
predictable variables were water temperature, salinity, chI-a, rainfall, POM, 
SPM, POMlSPM, cbl-alPOM. The analysis was done with log values of the data 
in order to minimize the influence of extreme values. 

Stepwise discriminant analysis was conducted to study whether mussels had 
distinctive condition status profiles with variations in quantity or quality of 
seston along with physico-chemical parameters. Discriminant analysis (Seal, 
1964) is a classification method that measures the important factors determining 
membership within a category. In the present study, it was used to predict CI 
discrimination accuracy between CIhigh and Cl10w using SPSS (13.0) software. 
The success of the discriminant analysis was evaluated by the percentage of 
correctly classified cases. 
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3.4. Results 

3.4.1. Seston availability in mussel beds 

The seston availability and temporal variations of seston in the mussel beds off 
Someshwara and Surathkal are presented in Table 3.1 and Table 3.2 
respectively. ANOVA revealed no significant variations between the surface and 
bottom levels of seston in seawater and therefore the depth-wise data was pooled 
for further analysis. 

3.4.1.1. Chlorophyll-a 

Someshwara: Chl-a concentrations ranged from 2.70 mglm3 in June to 28.42 
mglm3 in September with a mean of 6.79±5.85 mglm3

• March and September 
witnessed high concentrations of chl-a. The seasonal variations of chl-a levels 
are given in Fig. 3.1. Cbl-a content showed a clear seasonal trend, with 
maximum during monsoon (10.22 mglm3

) and minimum during post-monsoon 
(4.37 mglm\ 

Surathkal: The mean chl-a levels off Surathkal was 6.43±2.51 mglm3
. The 

month-wise analysis indicated high levels in March (13.39 mglm3
) and 

September (11.78 mglm3
) and low in December (4.34 mglm3

) (Table 3.2). The 
seasonal variations of chl-a are presented in Fig. 3.1. Cbl-a content off Surathkal 
(Table 3.3) was highest during monsoon (7.09 mglm3

) followed by pre-monsoon 
(6.79 mglm3

) and post-monsoon (5.26 mglm\ Seasonal and spatial variations in 
chl-a levels analysed by two-way ANOVA (Table 3.4) indicated statistically 
significant difference between seasons (p<0.05). However, cbl-a levels showed 
no significant differences between stations. Post-hoc analysis using S-N-K test 
among seasons revealed significantly higher mean chl-a content during monsoon 
(Table 3.3). 

3.4.1.2. Particulate Organic Matter (POM) 

Someshwara: Wide variations were noticed in the level of POM in the mussel 
beds of the study area (Table 3.1). In Someshwara, it varied between 3.18 mgll 
in January and 15.27 mgll in September (6.29±5.05 mgll). The POM content 
measured at 3.18 mgll in January increased to 5.20 mgn in March and declined 
by April-May. It registered an increasing trend with the progress of monsoon. In 
June the values reached 6.20 mgll and by July it rose to 14.04 mgll. The organic 
matter after registering a peak in September started declining in the post
monsoon months. Analysis of seasonal variation in POM indicated highest POM 
levels during monsoon followed by pre-monsoon and post-monsoon (Fig. 3.1). 
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Surathkal: POM levels at Surathkal ranged from 2.72 mg/l in November to 
21.13 mg/l in June with a mean of 6.45±4.92 mg/l. POM levels were highest 
during monsoon followed by pre-monsoon and post-monsoon (Fig. 3.1). 

Analysis of seasonal and spatial changes using two-way ANOYA indicated 
significant (p<0.05) variation among seasons (Table 3.5). Post-hoc comparisons 
indicated that the POM was significantly (p<0.05) higher in monsoon among the 
three seasons (Fig.3.! , Table 3.3). No significant difference in POM levels was 
observed between the stations. 

3.4.1.3. Suspended Particulate Matter (SPM) 

Someshwara: Suspended particulate matter includes organic and inorganic 
material that becomes suspended in water causing turbidity of water. Monthly 
variation of SPM in mussel beds of Someshwara is presented in Table 3.1. The 
mean SPM level was 30.32±17.03 mg/l and it varied between a minimum of 
16.14 mg/l in January and maximum of 56.38 mg/l in July (Fig. 3.2). Seasonal 
analysis of SPM at Someshwara indicated highest values in monsoon followed 
by pre-monsoon and post-monsoon (Table 3.3). 

Surathkal: The SPM level of Surathkal mussel beds showed wide variations 
(Table 3.2). It ranged between 11.80 mg/l in December and 114.73 mg/l in June 
with a mean of 30.31±25.43 (Fig. 3.2). Seasonal analysis indicated significant 
difference in SPM levels between seasons with the highest during monsoon 
followed by pre-monsoon and post-monsoon. 

Two-way ANOY A indicated significant variations in SPM between seasons 
while no significant variation was observed between the two stations (Table 3.6). 
Post-hoc S-N-K tests indicated that the monsoon had significantly higher SPM 
levels relative to other seasons (Table 3.3). 

3.4.1.4. Particulate Inorganic Matter (P/M) 

Someshwara: Monthly variations in PIM of the mussel beds are presented in 
Table 3.1. Mean PIM in the mussel beds of Someshwara was 24.89±13.59. It 
ranged between 12.96 mg/l in January and 42.34 mg/l in July. Season-wise 
analysis of PIM of indicated highest mean value during monsoon (34.97 mg/l) 
and the lowest during post-monsoon (17.65 mgll) (Fig. 3.2). 

Surathkal: PIM levels in mussel beds of Surathkal showed wide variations with 
a mean of 23.85±20.81 (Table 3.2). The lowest value observed was 8.55 mg/l in 
December and the highest was 93 .60 mgll in June. Highest mean PIM was 
observed during monsoon and the lowest during post-monsoon. 

PIM levels of the mussel beds were significantly higher in monsoon (S-N-K 
analysis) when compared to the pre-monsoon and post-monsoon season (Table 
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3.3). No significant difference was observed between stations with regard to the 
PIM levels (Table 3.7). 

3.4.2. Quality of seston in mussel beds 

Someshwara: The organic fraction of seston, POMlSPM varied fro~ 0.13 
(November) to 0.35 (September), while the ratio of chl-a/POM varied from 0.46 
(July) to 2.73 (October) at Someshwara (Table 3.1). 

Surathkal: The POMlSPM ratio in Surathkal mussel bed was found to be high 
subsequent to the monsoon and it varied from 0.17 in February to 0.30 in 
October (Fig. 3.3). The chl-a/POM ratio was found varying between 0.29 (June) 
and 3.33 (February) (Table 3.2). 

The two-way ANOV A for the seasonal differences in POMlSPM ratio and chl
a/POM ratio are provided in Table 3.8 and Table 3.9 respectively. There were 
significant seasonal differences in the organic content of the seston (poMlSPM) 
between the stations as well as seasons. Significant differences were not 
observed in the chl-a/POM values of the mussel beds on a temporal or spatial 
scale. 

The PIM fraction of the seston in Someshwara and Surathkal mussel beds is 
presented in Table 3.1 and Table 3.2 respectively. The percentage of PIM was 
less in September at Someshwara, while at Surathkal it was lowest in October. 

3.4.3. Spatial variability of environmental parameters in 
mussel beds 

Someshwara: Principal Component Analysis extracted four principal axes with 
eigenvalues higher than 1. The eigenvalues and cumulative percentage of 
variance are presented in Table 3.10. The flIst four principal components (PC) 
are responsible for more than 87.02% of the data scatter in mussel beds off 
Someshwara. Based on PCs eigenvalues, the number of evaluated PCs was 
limited to the first four. Distribution of PC 1 and PC2 loadings are presented as a 
scatterplot of individual variables in space spanned by axis PC} and PC2 
separately for the mussel beds (Fig. 3.4). It can be seen from the table that 
variables like salinity, temperature, pH, DO and rainfall exhibit PCl loadings 
exceeding 0.6 and explained 43.75% of the variance. PCI score was positively 
correlated with the salinity, temperature, pH and negatively with the rainfall and 
DO. PC2 explained 21.1 % of the variance, represented by the organic content of 
the seston together with the percentage of inorganic suspended particles. PC3 
explained 12.2% of the variance with eigenvalue of 1.47, comprising POM, 
SPM and PIM. The fourth component (PC4) explained 10% of the variance 
(eigenvalue 1.19) with ChI-a exhibiting the highest loading on PC4 followed by 
the ratio of chl-a to the POM. 
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Table 3.1. Variations (mean ± SD) in seston quantity [chlorophyll-a (chI-a), particulate organic matter (POM), particulate 
inorganic matter (PIM) and suspended particulate matter (SPM)) and quality [percentage of PIM in SPM (% PIM), 
chlorophyll-a to particulate organic matter ratio (Chl-a/POM) and particulate organic matter to suspended particulate 
matter ratio (POMlSPM)) in mussel beds off Someshwara. 

Month Chl-a (mg/m3
) POM(mg/l) PIM (mg/l) SPM (mg/l) % PIM Chl-aJPOM POMlSPM 

Jan 4.09±1.44 3. 18±1.62 12.96±7.03 16. 14±8.65 79.84±1.48 1.97±1.56 0 .20±O.01 

Feb 4.23±1.63 4.26±2.30 18.95±17.89 23.22±20.08 77.22±8.19 1.l1±O.41 0.23±O.08 

Mar 8.43±1.53 5.2±1.54 27.08±10.35 32.29±11 .73 83.34±2.57 1.82±O.52 0.17±O.03 

Apr 4.91±O.82 3.63±3.3 1 16.47±4.05 16.26±7.37 84. 19±1O.36 2.59±2.25 O.16±O.10 

May 5.90±0.56 3.93±O.39 17.77±1.48 21.70±1.73 81.86±1.24 1.52±O.19 0.18±O.01 

Jun 2.70±0.89 6.2±1.58 31.8±8.58 38.00±1O.14 83.59±O.75 0.48±O.26 0.16±O.01 

JuI 6.26±2.90 14.04±7.08 42.34±7.91 56.38±5.16 75.06± 11.80 0.46±O.13 0.25±O. 12 

Aug 7.46±O.41 5.5 1±1 .56 29.47±12.31 34.96±13.77 83.40±3.36 1.46±O.46 0. 17±O.03 

Sep 28.42±3.01 15.27±2.94 28.93±5.06 44.20±6.36 65.29±5.55 1.90±O.29 0.35±O.06 

Oct 8.46±4.24 3.80±1.24 24. 13+8.9 1 27.93±9.80 85.84±3.84 2.72±2.36 0.14±O.04 

Nov 2.92±2.4 1 4.15±2.42 26.6±11 .68 30.75±14.02 87.03±2.08 l.OO±O.77 0.13±O.02 

Dec 3.70±1.47 4.36+2.96 19.84±16.60 24.20±19.04 80.02±7.76 1.08±O.54 0.20±0.08 

Mean 6.79±5.85 6.29±5.05 24.89±13.59 30.32±1 7.03 79.99±8.11 1.45±1.17 0.20±0.08 



Table 3.2. Variations (mean ± SO) in seston quantity [chlorophyll-a (chi-a), particulate organic matter (POM), particulate 
inorganic matter (pIM) and suspended particulate matter (SPM)] and quality [percentage of PIM in SPM (% PIM), 
chlorophyll-a to particulate organic matter ratio (Chl-alPOM) and particulate organic matter to suspended particulate 
matter ratio (pOMlSPM)] in mussel beds off Surathkal. 

Month Chl-a (m2lml) POM (m2ll) PIM (m2ll) SPM (m2ll) %PIM Chl-a/POM POM/SPM 

Jan 6.09±O.85 4.05±1.24 10.13±1.57 14.18±1.16 71.35±8.81 1.60±O.4l 0.29±O.O9 

Feb 4.98±1.06 7.00±6.33 24.32± 17.43 31.31 ±23.56 82.50±8.22 3.33±4.26 O.17±O.08 

Mar l3.39±1.3l 6.l±O.5 21.03±2.3l 27.l3±2.57 77.44±1.81 2.21±O.30 0.23±O.02 

Apr 7.08±O.91 7. 36±2.42 32.00±IO.14 39.37±12.50 81.29±1.35 1.02±O.23 0.19±O.0l 

May 5.45±O.34 4.58±O.54 14.34±3.00 l8.92±2.90 75. l7±5.00 1.20±0.l4 0.25±O.O5 

Jun 6. 1 0±0.74 21.l3±2.86 93.60±9.71 lI4.73±9.52 81.49±2.75 O.29±O.06 0.l9±O.03 

Jul 5.77±l.48 8.90±3.75 33.82±l2.83 42.72±16.5l 79.40±1.65 0.88±O.63 O.21±O.O2 

Aue 6.57±O.86 3.96±1.72 17.97±4.76 21.93±5.11 81.78±8.2l 3.00±4.68 0.18±O.O8 

Sep 11.78±O.47 6.87±1.06 23.13±2.94 30.00±3.85 77.l3±1.79 1.754±O.32 O.23±O.02 

Oct 4.80±O.30 6.64±1.32 15.47±3.82 22.10±5.07 69.71±2.34 0.75±O.15 O.30±O.02 

Nov 4.93±1.48 2.72±1.34 12.88±9.36 15.60± 1 0.64 80.85±5.24 2.08±O.81 0.l9±O.05 

Dec 4.34±O.69 3.25±1.26 8.55±1.62 l1.80±1.25 72.42±ll.00 1.49±O.55 0.28±O.1l 

Mean 6.43±2.51 6.45±4.92 23.85±20.81 30.31 ±25.43 77.9l±7.10 1.76±2.29 0.22±O.07 
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Fig. 3.1. Box and Whisker summary plot based on the median . quaniles and exlreme val ues 
representing the seasonal trends in chlorophyll-a (mglm') and paniculate organic maner 
(PaM mgll) levels in mussel beds ofTSomeshwara (SaM) and Surathkal (S R). 
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Fig. 3.2 . Box and Whisker summary plot based on the median. quartiles and extreme va lues 
representing the seasonal trends in suspended particulate matler (SPM mg/I) and 
paniculate inorganic matter (PIM mg/I) levels in mussel beds offSomeshwara (SOM) 
and Surathkal (S R). 
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Table 3.3. Seasonal variations (mean ± SD) of chlorophyll-a (chl-a), particulate 
organic matter (pOM), particulate inorganic matter (PIM) and 
suspended particulate matter (SPM) in mussel beds off Someshwara 
and Surathkal with results of S-N-K post-hoc tests. 

Season 
ChI-a POM SPM PIM 

(mglm3
) (mgll) (mgll) (mgll) 

Someshwara 

Pre-monsoon 6.52±1.99 a 4.58±2.23 a 25.91±14.50 ' 23.39±12.32 a 

Monsoon 10.22±9.65 b 11.0 I ±6.32 b 45.98±12.29 b 34.98±10.26 b 

Post-monsoon 4.37±2.76 c 3.79±1.99 c 21.43±13.64 c 17.65±12.03 c 

Surathkal 

Pre-monsoon 6.79±3.11 a 6.l1±3.85 a 27.83±15.96 a 21.72±12.37 a 

Monsoon 7.09±2.37 b 8.96±6.43 b 45.67±34.l3 b 36.71±27.98 b 

Post-monsoon 5.26±J.J8 c 4.02±1.85 c 15.81±6.95 c 11.79±5.86 c 

Note: Seasonal means WIth the differem letter denotes groups whIch are sIgnificantly differem 
(p<O.05). 

Table 3.4. Analysis of variance of chl-a concentrations between pre-monsoon, 
monsoon and post-monsoon seasons and between Someshwara and 
Surathkal mussel beds (station). 

Source Sum of Degrees Mean Fvalue p 
squares of sum of computed 

freedom squares 
Main Effects (Combined) 507 3 169 9.5 0.000 

Station 23 1 23 J.3 0.258 

Season 497 2 248 13.9 0.000 

2-Way Station x 158 2 79 4.4 0.013 
Interactions Season 
Model 649 5 130 7.3 0.000 

Residual 3747 210 18 

Total 4396 215 20 



Table 3.5. Analysis of variance of particulate organic matter levels between 
pre-monsoon, monsoon and post-monsoon seasons and between 
Someshwara and Surathkal mussel beds (station). 

Source Sum of Degrees Mean F value p 
squares of sum of computed 

freedom squares 
Main Effects (Combined) 1337 3 446 25 0.000 

Station 0 1 0 0 0. 869 
Season 1336 2 668 37 0.000 

2-Way Station x 
Interactions Season 108 2 54 3 0.054 
Model 1403 5 281 15 0.000 
Residual 3519 194 18 
Total 4922 199 25 

Table 3.6. Analysis of variance of suspended particulate matter levels between 
pre-monsoon, monsoon and post-monsoon seasons and between 
Someshwara and Surathkal mussel beds (station). 

Source Sum of Degrees Mean Fvalue p 
squares of sum of computed 

freedom squares 
Main Effects (Combined) 25843 3 8614 24.7 0.000 

Station 91 1 91 0.3 0.610 
Season 25843 2 12921 37.1 0.000 

2-Way Station x 
Interactions Season 514 2 257 0.7 0.480 
Model 26307 5 5261 15.1 0.000 
Residual 69022 198 349 
Total 95329 203 470 

Table 3.7. Analysis of variance of particulate inorganic matter levels between 
pre-monsoon, monsoon and post-monsoon seasons and between 
Someshwara and Surathkal mussel beds (station). 

Source Sum of Degrees Mean Fva1ue p 
squares of sum of computed 

freedom squares 
Main Effects (Combined) 15188 3 5063 21.2 0.000 

Station 184 1 184 0.8 0.381 
Season 15143 2 7571 31.7 0.000 

2-Way Station x 
Interactions Season 483 2 241 1.0 0.366 
Model 15831 5 3166 13.2 0.000 
Residual 46363 194 239 
Total 62194 199 313 



Table 3.8. Analysis of variance of particulate organic matter (paM) to 
suspended particulate matter (SPM) ratio (pOMlSPM) between pre
monsoon, monsoon and post-monsoon seasons and between 
Someshwara and Surathkal mussel beds (station). 

Source Sum of Degrees Mean F value p 
squares of sum of computed 

freedom squares 

Main Effects (Combined) 0.076 3 0.025 4.91 0.003 

Station 0.024 I 0.024 4.65 0.032 

Season 0.056 2 0.028 5.39 0.005 
2-Way Station x 
Interactions Season 0.088 2 0.044 8.54 0.000 

Model 0.159 5 0.032 6.14 0.000 

Residual 1.005 194 0.005 

Total 1.164 199 0.006 

Table 3.9. Analysis of variance of chlorophyll-a (chi-a) to particulate organic 
matter (paM) ratio (Chi-alPOM) between pre-monsoon, monsoon 
and post-monsoon seasons and between Someshwara and Surathkal 
mussel beds (station). 

Source Sum of Degrees Mean F value p 
squares of sum of computed 

freedom squares 

Main Effects (Combined) 18 3 6 1.8 0.152 

Station 5 I 5 1.4 0.234 

Season 13 2 7 1.9 0.146 
2-Way Station x 
Interactions Season 4 2 2 0.6 0.559 

Model 21 5 4 1.3 0.286 

Residual 656 194 3 

Total 677 199 3 



Table 3.10. Results of Principal Component Analysis of enviromnental 
parameters [rainfall , seawater temperature, salinity, pH, dissolved 
oxygen (DO), chJorophyll-a (chI-a), particulate organic matter 
(POM), particulate inorganic matter (pIM), suspended particulate 
matter (SPM), percentage of PIM in SPM (% PIM), chlorophyll-a 
to particulate organic matter ratio (Chl-alPOM) and particulate 
organic matter to suspended particulate matter ratio (poMlSPM) 1 
in the mussel beds off Someshwara and Surathkal. 

Variable loadings: Someshwara PC I PC2 PC3 PC4 

Salinity Physico-chemical 0.868 -0.296 0.24 
Rainfall parameters -0.864 0.271 -0.218 
pH 0.837 -0.103 -0.303 -0.153 
DO -0.754 0.215 
Temperature 0.702 -0.235 -0.182 -0.142 
POMlSPM Quality of Seston -0.121 0.984 
PIM% 0.121 -0.984 
POM Quantity of Seston -0.288 1 0.65 1 0.637 
SPM -0.297 0.945 
PIM -0.262 -0.174 0.937 
ChJ-a Primary production 0.45 0.311 0.782 
Chl-alPOM 0.166 -0.288 -0.426 0.754 
Eigenvalues 5.247 2.531 1.474 1.191 
% of Variance 43.725 21.094 12.28 9.921 
Cumulative % 43.725 64.819 77.099 87.02 
Rotation Method: Varirnax with Kaiser Normalization. 

Variable loadings: Surathkal PCI PC2 PC3 PC4 

SPM Quantity of Seston 0.982 -0.13 
PIM 0.976 -0.132 0.117 
POM 0.947 -0.116 -0.192 
Salinity Physico-chemical -0.151 0.923 -0.149 
Temperature parameters -0.1 0.896 
pH -0.268 0.772 -0.21 0.168 
Rainfall 0.626 -0.668 0.157 
DO -0.113 -0.491 -0.246 0.161 
POMlSPM Quality of Seston -0.974 
PIM% 0.974 
Chl-aIPOM Primary production -0.439 I 0.636 I 0.239 
Chl-a 0.963 
Eigenvalues 4.478 2.555 2.012 1.046 
% of Variance 37.318 21.289 16.764 8.715 
Cumulative % 37.318 58.607 75.371 84.086 

Rotation Method: Varirnax with Kaiser Normalization. 
Note: Factors WIth the hIghest loadmg on each prmclpal component (PC) are shown m bold. 
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Fig. 3.4. Scatter plots showing the results of the Principal Component Analysis (PC I 
and PC 2) of environmental variables [rainfall (rain), temperature (temp), 
salinity (sal), dissolved oxygen (DO), pH , chlorophyll-a (chi-a), particulate 
organic matter (POM), suspended particulate matter (SPM), particulate 
inorganic matter (PIM), percentage of PIM (% PTM), particulate organic 
matter/suspended particulate matter (POM/SPM), chlorophyll-alparticulate 
organic matter (chl-alPOM)] off Someshwara and Surathkal mussel beds. 



Surathkal: The environmental variables were reduced to four principal 
components by PCA with eigenvalue higher than I explaining 84.08% of the 
variability. The quantity of seston along with variables SPM, POM and PIM was 
identified as the most important component (PC1) accounting for 37.31 % of 
variance, followed by the physico-chemical factors (PC2) such as salinity, water 
temperature, pH, rainfall and DO, together accounting for 21.28% variance 
(Table 3.10). PCl score was positively correlated with PIM, POM and SPM 
which also showed positive correlation with precipitation. PC3 and PC4 were 
built from variables indicative of the organic fraction of the seston as well as the 
primary production accounting for 16.76 and 8.71 % of variability respectively. 
In both the stations, about 60% of the data variance could be explained by the 
first two principle components. 

3.4.4. Condition index and percentage edibility 

CIgrav of mussels ranged from 56.43 in July to 124.23 in March (Fig. 3.5) at 
Someshwara and at Surathkal it ranged from 41 in June to 186 in March (Table 
3.11). The average CI of the mussels from the Someshwara was 94.06±36.31 
and Surathkal 123.21±49.82. Table 3.12 presents the seasonwise mean CI of 
mussels at Someshwara and Surathkal. Results of the two-way ANOV A are 
presented in Table 3.13. The CI was significantly different between stations and 
seasons (p<0.05). Although differences in CI were significant among the mussel 
beds, it displayed similar patterns in annual cycles with distinct peaks in March 
and September. CI displayed continuous decline from May to July which later 
improved from August. CI was highest in Pre-monsoon at Someshwara (105.75) 
whereas at Surathkal better condition was observed during the pre-monsoon 
(1 34.92) as well as post-monsoon seasons (142.22) (Fig.3.5). Post-hoc analysis 
showed significant difference between the condition indices of mussels in the 
three seasons (Table 3.12). 

Meat yield or percentage edibility also displayed similar patterns as CI among 
the two mussel beds. Distinct peaks in percentage edibility were observed in 
September and March (Table 3.11). Variation in the percentage edibility of 
mussels is shown in Fig. 3.5. Generally, percentage edibility of mussels was low 
in June to July and high in March and September-October months. At 
Someshwara the highest (27.57%) and the lowest (18.06%) values were recorded 
at the end of September and January respectively. At Surathkal, the lowest meat 
percentage was in July (15.33%) and the highest in September (32.65%). Two
way analysis of variance indicated significant variations (p<O.05) in average 
meat percentage between seasons and stations (Table 3.14). 
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3.4.5. Influence of environmental parameters on condition 
index 

Stepwise multiple regression analysis was used to study the relationship between 
CI and environmental variables. The regression analysis done for each of the 
stations independently and for both the stations combined yielded identical 
results. Multiple regression analysis showed that the most significant variables 
contributing to increase in the CI were the increase in water temperature, POM 
and chl-a content. 

In the mussel beds off Dakshina Kannada, water temperature was the most 
significant variable in the regression equation where it explained 35% of the 
variation in Cl. Seston content (POM and chI-a) of the mussel beds along with 
water temperature explained 56% of the variations in CI (Table 3.15). 

Discriminant analysis was performed to discriminate distinctive condition status 
profiles in mussels having high CI ratio (Clhigh) and low CI ratio (CIlow) upon 
changes in environmental parameters. The parameters weighed high in the 
model for the referred differentiation for CI were chl-a and temperature. The 
Clhigh exhibited the greatest discriminatory success. Analysis of the monthly CI 
ratio, mean water temperature and ChI-a levels (Fig. 3.6) showed that 83.9% of 
the Clhigh was associated with high chl-a and high water temperature group 
whereas, 72.4% of CIlow were associated with low chl-a and low water 
temperature regime (Table 3.16). 
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Table 3.11. Variations (mean ± SD) of condition index (CI) and percentage edibility (% Edibility) of mussels 
from mussel beds off Someshwara and Surathkal. 

Month Someshwara Surathkal 

CI.ra • % Edibility CI.ra• % Edibility 

Jan 68.32±30.57 18.06±3.84 137. 14±27. 15 25.15±3.45 

f- Feb 76.04±22.83 20.10±3.38 103.51±41.82 25. 14±7.14 

Mar J 24.22±36.50 26.80±4.90 186.59±31.79 29.63±3.11 

Apr 96.23±37.07 21.38±5.56 140.73±38.12 28.55±4.68 

May 117 .60±33 .68 24.69±5.32 118.39±26.33 26.20±3.39 

Jun 70. I 8±20.94 24.65±3.58 41.00±09.62 16.14±2.3J 

Jul 56.42±22.42 20.02±6.60 44.09±O8.49 15.33±1.78 

Aug 104.68±29.03 23A8±3.30 79.45±24.35 20AO±4.16 

Sep J 12.36±24.24 27.57±4.92 I 45.00±47.58 32.65±7.83 

Oct 92.53±29.63 22.13±3.12 130.42±44.34 27.20±5.99 

Nov llO.44±25.12 24.03±3.25 121.82±25.70 26.24±4.23 

Dec 91.l0±28.04 20.18±4.73 153.28±28.54 30.08±3.97 

Mean 94.06±36.31 21.91±5.34 I 23.21±49.83 26.50±7.05 
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represent ing the seasona l trends in condi tion index and percentage edibil ity of mussels 
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Table 3.12. Seasonal variations (mean ± SO) of condition index (CI) and 
percentage edibility (% Edibility) of mussels from mussel beds off 
Someshwara and Surathkal with results of S-N-K post-hoc tests. 

Station Season Condition index % Edibility 
Someshwara Pre-monsoon 105.75±37.31 a 23.37±5.56 a 

Monsoon 92.51±33.92 b 23.67±5.16 b 

Post-monsoon 82.17±31.89 c 19.82±4.39 c 

Surathkal Pre-monsoon 134.93±48.09 a 27.37±5.64 a 

Monsoon 77.15±37.85 b 20.36±5.69 b 

Post-monsoon 142.22±38.37 c 29.61±6.56 c 

Note: Seasonal means WIth the differentlener denotes groups that are sIgnificantly different 
(p<O.05). 

Table 3.13. Analysis of variance of condition index of mussels between pre
monsoon, monsoon and post-monsoon seasons and between 
Someshwara and Surathkal mussel beds (station). 

Source Sum of Degrees Mean F value p 
squares of sum of computed 

freedom squares 
Main Effects (Combined) 227384 3 75795 52.4 0.000 

Station 120429 I 120429 83.2 0.000 
Season 147743 2 73872 51.0 0.000 

2-Way Station x 
Interactions Season 168345 2 84173 58.1 0.000 
Model 561263 5 112253 77.5 0.000 
Residual 1362335 941 1448 
Total 1923598 946 2033 

Table 3.14. Analysis of variance of percentage edibility of mussels between pre
monsoon, monsoon and post-monsoon seasons and between 
Someshwara and Surathkal mussel beds (station). 

Source Sum of Degrees Mean F value p 
squares of sum of computed 

freedom squares 

Main Effects (Combined) 3235 3 1078 35.7 0.000 

Station 2449 I 2449 81.1 0.000 

Season 1343 2 672 22.2 0.000 
2-Way Station x 
Interactions Season 5182 2 2591 85.8 0.000 

Model 12329 5 2466 81.6 0.000 

Residual 28842 955 30 
Total 41171 960 43 



Table 3.15. Summary of multiple regression analysis relating condition index of 
P. viridis (pooled for Someshwara and Surathkal mussel beds) with 
water temperature (0C), particulate organic matter (pOM) (mg!1) and 
chl-a (mg/m3

) 

Variable F Adjusted p Coefficients ± S.E. 
cumulative R2 

Temperature 28.52 0.354 <0.0001 6.410 ± 1.142 
POM 27.63 0.520 <0.0001 0.214 ± 0.087 

Chl-a 21.44 0.563 <0.0001 0.30 I ± 0.136 

Table 3.16. Percentage of condition index (Cn classified according to 
discriminant analysis performed on the CI ratios of P. viridis 
(pooled for Someshwara and Surathkal mussel beds). 

Predicted group membership for temperature and chl-a 
CIJow Clhigh 

CIJow 72.4 27.6 
Clhigh 16.1 83.9 
Overall 78.3% 

-<r log (chi-a) -<>- CI Ratio ~ log (te~rature) 
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Fig. 3.6. Monthly condition index ratio ["high (CI ratio :0>: 1)" and "low (CI 
ratio <I)"] of P. viridis (CI ratio), chlorophyll-a (log chi-a) and 
water temperature (0C) of Someshwara and Surathkal mussel beds 
(pooled). 



3.5. Discussion 

3.5.1. Seston availability in mussel beds 

Quantity and quality of the seston of mussel beds primarily decides the food 
available to the mussels and thereby largely influence the condition index of the 
mussels. Variation in the quantity and quality of seston in coastal waters has 
been attributed to numerous factors such as primary production, precipitation, 
proximity to river inflow and wind-induced resuspension of bottom material. 

The phytoplankton biomass in the mussel beds off Dakshina Kannada presented 
a bimodal pattern with peak productions in March and September. The mean 
chl-a content of the mussel beds gradually increased from August and reached its 
maximum in September. Chl-a content was highest in monsoon followed by pre
monsoon and post-monsoon. Temporal variations in chl-a observed in the 
mussel beds were comparable with earlier observations from the region. 
Lingadhal eT ai., (2003) while studying the primary productivity in Arabian Sea 
off Mangalore recorded bimodal pattern of distribution with peaks during the 
months of OctoberlDecember and February/March and reported chl-a ranging 
from 0.84 to 23.22 mg/m3

. Krishnakumar and Bhat (2007) analysed the seasonal 
and interannual variations in oceanographic conditions off Mangalore coast for 
the period 1994 to 2004 and noticed peak primary production (chi-a) in the 
inshore waters in September (18.59 - 20.8 mg/m\ Manjappa (1987), while 
describing the distribution of different chlorophyll pigments off Mangalore 
reported chl-a values ranging from 0.14 to 24.58 mg/m3 with peak 
concentrations during January-February and in some stations during March. 
Similarly, Rivonker and Verlecar (1990), while working on the physico
chemical parameters of fishing grounds off Mangalore and Joseph eT al. (1998), 
while conducting hydrochemical studies along the coastal waters off Surailikal, 
observed similar trend in seasonal variation of chl-a levels. 

Localised phytoplankton production is dependent on the existing background 
nutrient concentrations and the degree of nutrient enrichment (Cheshuk eT ai., 
2(03), as well as a range of other contributing factors including light intensity, 
photoperiod, temperature and salinity. In Arabian Sea, the magnitude of primary 
production is considerably influenced by upwelling. Upwelling during the south
west monsoon (Muraleedharan and Kumar, 1996) results in the nutrient 
enrichment of coastal waters influencing the primary production (Nair, 1974). 
Therefore, the phytoplankton biomass and productivity are higher in coastal 
regions during the south-west monsoon or immediately after it (Banse, 1996). 

However, in June and July even with the increased availability of nutrients, the 
primary production in mussel beds was comparatively low when compared to 
August and September, probably due to increased cloudiness during these 
months reducing the light intensity. 
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During the later part of monsoon, in September, increased nutrient levels 
brought by upwelling and land runoffs and a steady light intensity increased the 
primary production resulting in a high chl-a content. Higher levels of chl-a in the 
coastal and near-shore waters of the west coast after monsoon have been 
reported by Devassy (1983) and Balachandran et al. (1989). Similarly, 
Bhattathiri et al. (1996), de Sousa et al. (1996) and Krishnakumar and Bhat 
(2007) observed high nutrient concentration and primary production in inshore 
waters of Mangalore during the same period. 

Following the peak in the late monsoon, chl-a values in the seawater gradually 
decreased in post-monsoon. This may be due to a decrease in land runoffs and 
increased vertical stability of the coastal waters during the post-monsoon. 

Besides phytoplankton, the organic and inorganic suspended particulate matter 
in the seawater also registered seasonal variations with high levels of SPM, 
POM and PIM during monsoon. Though studies on the levels of POM in mussel 
beds of Dakshina Kannada coast are limited, Padiyar (1999) working on the 
levels of suspended particles in Mulki estuary reported high seasonal variability 
in SPM ranging from 13 to 143 mgll. These levels are comparable with the 
seasonal trend observed in the present study. Increased particle flux in the 
coastal waters has been linked with variations in river runoff, turbulence and 
changes in primary production (Rao, 1985). 

Tidal currents and wind induced waves are also reported as prominent factors 
associated with resllspension and transport of sediments and associated organic 
particles into estuaries and riverine inflow has a potential for transporting 
significant quantity of these particulate material to the coastal waters (Demers et 
aI., 1987, de Jonge and van Beusekom, 1995). Along the west coast, variations 
in hydrography and nutrient profile have been reported to influence the quantity 
and composition of TPM, organic fraction of TPM and chl-a fluxes (Bhaskar et 
al.,2000). 

Seston distribution within the monsoon season was characterised by relatively 
high values for SPM, POM and PIM in June-July with the onset of monsoon. 
However, increase in chl-a levels was noticed only by late monsoon. The 
increase in POM levels during June-July without a corresponding increase in 
chl-a content signifies the role of detrital component of POM during the period. 
Whereas, the increase in POM levels in September corresponded to the peak chl
a levels in the mussel bed, indicating that the level of POM during the period 
was clearly influenced by phytoplankton production. 

Few studies have reported similar seasonal changes of particulate organic matter 
along the west coast of India. Krishnakumar and Bhat (2007) attributed the low 
light attenuation coefficient during September-October to high turbidity 
associated with increase in phytoplankton production. Verlecar and Qasirn 
(1985) while estimating the particulate materials along with the chlorophyll in 
the coastal waters of Goa and the adjoining estuarine system observed a 
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maximum particulate organic carbon (POC) content during monsoon. Based on 
the changes in the living and non-living fractions in total poe, they inferred that 
during monsoon besides the living plankton, concentrations of poe was affected 
considerably by non-living detrital component. Similarly, Padiyar (1999) 
attributed higher SPM values in monsoon to terrigenous input. 

An increase in PIM fraction of suspended particulate matter (SPM) due to 
resuspension of inorganic sediments also resulted in peak levels of SPM 
recorded in June-July. High turbidity in the coastal areas of Dakshina Kannada 
observed earlier by many workers has been attributed to increased input of 
suspended material into the coastal area with increase in precipitation, 
turbulence in inshore areas and increased primary production (Reddy and 
Hariharan, 1986 and Lingadhal, 1995). 

Analysis of the seston contents revealed that there was no statistically significant 
difference between the two mussel beds with respect to the quantity of the seston 
(chi-a, SPM, POM). However, a comparison of the standard deviation of chl-a 
and POM among mussel beds showed greater dispersion in chl-a and POM 
levels at Someshwara which can be attributed to the proximity of Someshwara 
mussel bed to the river mouth. 

3.5.2. Quality of seston in mussel beds 

High chl-aJPOM ratio is indicative of superior quality of organic seston due to 
its low detritus fraction (Garen et ai. , 2004). Though significant difference in the 
quality of seston was not observed between the two stations, the ratio was 
comparatively higher at Surathkal than Someshwara. A better ratio seen at 
Surathkal was due to the relatively low volume of river runoffs causing reduced 
POM concentration. 

Seasonal analysis indicated a decline in seston quality at Someshwara with the 
onset of monsoon, which improved later towards the end of monsoon, whereas, 
the seston quality was more or less identical in monsoon and post-monsoon 
seasons at Surathkal. Decrease in chl-aJPOM ratio observed in monsoon season 
in both the locations suggests that detritus, rather than living phytoplankton was 
contributing largely to the organic content. Decrease in the ratio seems to be 
related to high turbidity which reduced light penetration is considerably resulting 
in low fraction of chl-a in the organic suspended matter pool during June-July 
(Qasim et aI. , 1969). Besides the decline in primary production, substantial 
increase in POM levels brought in by increased river inflow, turbulent mixing 
and resuspension of organic suspended matter can result in a decrease in the 
ratio. 

The ratio of organic fraction of the seston to the total suspended particulate 
material is an index of the proportion of desirable food available to the mussels 
in their habitat. The ratio of POM to SPM varied significantly between the 
mussel beds of Someshwara and Surathkal. Relatively higher POM to SPM ratio 
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was observed at Someshwara in monsoon, whereas at Surathkal higher POM 
fraction was observed in post-monsoon. Higher POM/SPM ratio is indicative of 
environment with relatively better food availability. The increase in POM/SPM 
ratio shows increased detrital or chl-a fraction in the environment or a decrease 
in SPM. At Surathkal, the increase in the ratio had a strong phytoplankton 
signature associated with primary production. 

In summary, substantial variability in the quality and quantity of seston is 
noticed in the mussel beds. To a great extent most of these variations were 
brought in by the monsoon which changed the hydrography of the study area. In 
terms of food availability, the chl-a levels observed was in general consistent 
with the values reported in many inshore and coastal areas (Verlecar and Qasim, 
1985, Verlecar, 2006; Rajagopal et al., 1998b and Krishnakumar and Bhat, 
2(07). The levels of chl-a observed in the mussel beds were above the 
benchmark for phytoplankton abundance (2~gIl) used for grading "good growing 
conditions" in mussel growing waters (Inglis, 2(00). 

3.5.3. Spatial variability in environmental parameters 

The principal component analysis enabled identification of spatial variation of 
environmental parameters of the two mussel beds along with the quantitative 
apportionment of each source to the total variability. The results indicated that 
the two beds were not affected by the variables in similar fashion. Principal 
component analysis classified the twelve environmental factors into four clusters 
or groups. In mussel beds off Someshwara, the most significant group forming 
the first principal component included the physico-chemical parameters of the 
mussel bed, whereas at Surathkal, availability of seston, SPM, PIM and POM 
were the most important. 

Mussel beds of Someshwara experienced highest variability of environmental 
parameters and it can probably be attributed to the proximity of the site (5 .5 km 
south of Nethravati-Gurpur barmouth) to the mouth of River Nethravati. The 
Nethravati River discharges huge volumes of fresh water, which largely 
influence the hydrobiology of the estuary and inshore areas. The river flow is 
stronger during the monsoon and post-monsoon corresponding to the increase in 
precipitation over the catchment area. Though riverine inflow has a potential for 
transporting significant quantity of particulate material to the coastal waters, at 
Someshwara, the variations in seawater temperature and salinity associated with 
precipitation and river-runoff were the most significant factors of discrimination 
which explained 43.7% of the variance. The factors forming the second principal 
component at Someshwara were the quality of seston, associated with the 
variations in river run-off and precipitation. 

At Surathkal, the magnitude of variations in physico-chemical parameters was 
secondary (pc2; 21.2% variance) when compared to Someshwara, mainly on 
reason that it is located farther from the river mouth. However, the most 
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significant elements fonning the fust principal component at Surathkal was 
seasonal variations in seston quantity demonstrated by 37.3% of the variance and 
high positive loading in SPM. Although a similar variation in seston quantity 
was observed at Someshwara (PC3), it explained only 12% of the total variance 
in environmental parameters. The fourth axis ordinates the environmental 
parameters according to the phytoplankton bloom along with the conseqt.ent 
increase in the Chl-a/POM ratio in the mussel beds. 

At Someshwara the variability in temperature, salinity, pH and dissolved oxygen 
associated with increased river inflow were apparently more important, 
compared to Surathkal. Average annual discharge from Nethravati and Gurpur 
Rivers draining to Someshwara is estimated at 15,349 mcm and of Pavanje and 
Sambhavi rivers draining north of Surathkal is estimated at 1,872 mcm. The 
freshwater inflows in huge quantities at Someshwara [-9,310 cubic m/sec 
(ENVlS, 2(02)] alter the inshore salinity and temperature and as a consequence 
negatively impact the mussel populations by influencing their growth, survival 
and physiological energetics, whereas, the mussel beds at Surathkal are less 
influenced by such sudden variations. Therefore, with respect to the fust two 
principal components, the two mussel beds were distinctly different with 
different habitat characteristics. 

3.5.4. Condition index and percentage edibility 

Condition Index of the mussels of Someshwara and Surathkal presented 
significant differences, where Surathkal was characterised by high condition 
relative to Someshwara, but the seasonal pattern of changes in both the beds 
were similar. The CI ranged from 56 in July to 124 in March at Someshwara and 
from 41 in June to 186 in March at Surathkal. 

In general , mussel condition followed the reproductive cycle, with peak 
spawning in August-October and a minor in March-April. Subsequent to a peak 
CI in March, a decrease was observed from May due to spawning, which 
improved later in August. Ajithakumar (1984) while studying the seasonal 
variation in the whole body dry weight of P. viridis (45-60 mm size), from 
natural beds off Vizhinjam and Elathur, noticed values ranging from 0.44 g in 
January (post-spawning) to 1.104 g in August (active gametogenesis) followed 
by a drop in October subsequent to spawning. At Elathur, the major spawning 
season was observed during September-November and a secondary spawning 
season during January-March. 

A perusal of literature on dry weight CI shows that there is no information 
available on the CI of mussels from natural beds off Dakshina Kannada coast for 
comparison. Further, comparison of CI values in its absolute terms between 
different periods was found irrelevant due to the differences in the methods of 
determination. Many workers applied different methods using wet tissue weight 
or volume in relation to shell cavity volume or weight. 
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Wet meat percentage or percentage edibility also followed similar trends as CI, 
with highest meat percentage in September and March prior to spawning, which 
declined sharply subsequent to spawning. The range of wet meat percentage 
observed in the study was comparable with the observations of Narasimham 
(1980) from natural beds and with the observations of Rivonker et al. (1993); 
Mohamed et al. (1998) and Rajagopal (l998b) from suspended culture of P. 
viridis along the Indian coast. 

There was significant spatial variation in the absolute levels of CI between the 
two mussel beds, where Surathkal (123.21±49.82) was characterised by high 
condition relative to Someshwara (94.06±36.31). This emphasises site specific 
variation in factors controlling mussel condition. CI was higher in pre-monsoon 
at Someshwara whereas, at Surathkal better condition was observed during the 
pre-monsoon as well as post-monsoon seasons. Similarly the percentage edibility 
of the mussels at Someshwara appeared to be slightly lower than that of 
Surathkal during the study. 

3.5.5. Influence of environmental parameters on condition 
index 

Results of PCA identified significant spatial differences between mussel beds in 
terms of their physico-chemical characteristics and quantity and quality of the 
seston. Mussels from Someshwara beds generally showed low condition when 
compared to Surathkal mussel beds that yielded mussels with high condition. 

Though considerable seasonal differences were observed in seston content and 
productivity, no significant difference in these parameters was noticed between 
the two beds. Multiple regression analysis carried out for each mussel bed 
independently and in combination provided identical results indicating 
significant relationships between the water temperature and seston content 
(POM and chl-a) on the mussel condition. Thus, the measures of these 
parameters were good predictors of mussel CI in the mussel beds. Water 
temperature was the most significant variable in the regression equation 
followed by seston content. The seston content (POM and chl-a) of mussel beds 
along with water temperature explained 56% of the variations in Cl. 

Discriminant analysis discriminated the condition proftles in mussels having 
high CI ratio (ClhigJt) and low CI ratio (CI low) on the basis of chJ-a and 
temperature. The low overall differentiation and segregation with respect to CIlow 

obtained in discriminant analysis support that the reduction in CI by spawning or 
weight loss even in favourable ecological (food and temperature) conditions. 

Temperature along with food availability displayed the strongest positive 
influence on mussel condition. In the mussel bed, changes in temperature and 
food availability are mainly associated with monsoon and upwelling. In general, 
availability of adequate particulate food has been observed as a consistent 
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stimulus for good growth or condition in bivalves at ambient conditions of water 
temperature, current speed, water depth and salinity, which influence both 
bivalve physiology and food availability (Hickman et aI. , 1991 ; Thorarinsdottir, 
1994; Stirling and Okumus, 1995; Sara and Mazzola, 1997 and Saxby, 2(02). 

Mussels being poikilothermic, their metabolic rates vary with the ambient water 
temperature. Therefore, a variation in water temperature certainly plays an 
important role in the growth of marine mussels through feeding activity and 
physiological energetics (Widdows et al. , 1979; Incze et aI. , 1980; Page and 
Hubbard, 1987; Widdows, 1991 and Denis et ai., 1999). In tropical conditions 
temperature is generally at the optimum levels for the bivalves (AJagarswami, 
1991) with minor seasonal variations. In the present study, relatively higher 
water temperature prevailed during October-November and April-May in the 
mussel beds with a difference of 6°C between the maximum and minimum 
values. It was observed that the CI as well as the percentage edibility 
corresponded with these seasonal patterns in temperature, with poor mussel 
condition in monsoon. 

Poor condition during monsoon following the peak in pre-monsoon can be due 
to the physiological stress induced by unfavourable environmental conditions in 
the mussel beds. Increased river-inflow and resulting reduction in temperature 
and salinity can create temporary physiological stress to the mussels. In tropical 
waters, though mussels are exposed to thermally stable but hotter environment 
the changes in temperature can affect their growth rate (Chatterji et aI., 1984 and 
Vakily, 1992) in adult mussels as well as development, growth, survival and 
settlement in spat (Nair and Appukuttan, 2(03). 

The upper and lower limits of temperature recorded from the mussel beds along 
the study area were within the tolerable limits for the species and the variations 
occurred gradually, providing time for gradual acclimation. The optimum 
temperature for normal growth in green mussels is between 26 and 32°C 
(Sivalingam, 1977). During thermally unstable environmental conditions, 
mussels require compensatory acclimation for overcoming stress in order to 
maintain homeostasis. In marine mussels , similar positive correlations of 
physiological functions with seasonal variations in temperature have been 
reported by Bayne and Newell, 1983; Hawkins and Bayne, 1992. 

The role of temperature in controlling the cycles of reproductive activity and 
energy storage which largely influence the changes in CI is widely recognised in 
mussels (Rosenberg and Loo, 1983). Seed (1976) indicates that temperature is a 
principal factor in controlling the broader aspects of the annual cycle of mussels. 
In the present study, consequent to the decrease in rainfall , there was gradual 
increase in temperature as well as salinity. During this period, the mussel 
condition improved with tissue build up and gonadal development attaining peak 
levels in September, followed by the loss in condition due to spawning. Many 
workers have attempted to explain the effect of environmental parameters on 
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gonadal development and spawning in bivalve molluscs. Some of these studies 
laid greater importance on temperature (Newell et ai., 1982 and Gaspar and 
Monteiro, 1999), whereas others focused on food availability (Emmett et ai., 
1987 and Jaramillo and Navarro, 1995). However, temperature and availability 
of food have been demonstrated as important decisive factors for somatic growth 
and gonadal development in bival'.es (Seed and Suchanek, 1992; Pazos et ai. , 
1997 and Ceballos et ai., 2000), which also appear to determine the duration of 
the different phases of gametogenesis (Hilbish and Zimmermann, 1988) and 
spawning (pazos et ai., 1997). Annual reproductive cycle of P. viridis along the 
Indian coast has a direct bearing on the degrees of fatness or condition, which 
has been related to environmental factors such as temperature, salinity and food 
availability (Rao et aI., 1975; Nagabhushanam and Mane, 1975; Qasim et ai., 
1977; Ajithakumar, 1984; Parulekar et ai., 1982; Rivonker et aI., 1993 and 
Rajagopal et aI., 1998a). 

Along the east coast, peak reproductive activity of P. viridis coincided with 
rising water temperature (Rajagopal et aI., 1998b) as well as with increase in 
salinity (Narasirnham, 1980). Reproductive activity of P. viridis along the west 
coast of India was related to increasing salinity (Nagabhushanam and Mane, 
1975); increasing salinity and phytoplankton (Ajithakumar, 1984) and increasing 
salinity, temperature and abundance of food material (parulekar et aI., 1982). 

Even though the CI follows a reproductive cycle controlled by complex balance 
between exogenous factors and endogenous factors (Seed, 1976; Kautsky, 1982 
and Rajagopal, 2006), the timing of the various components of the reproductive 
cycle was found to vary depending on the mussel population and water 
temperature. Therefore, reproductive activity of P. viridis can vary substantially 
based on the environmental conditions within narrow geographical regions, even 
in closely located places on a given coast. This could probably explain the 
differences in absolute levels of accretion in somatic /gonadal tissue or increase 
in CI of P. viridis at these sites (Rajagopal et ai., 2006). Obviously, local 
hydrographical conditions and food availability may act as primary governing 
factors that influence the timing of spawning by a population (Lee, 1985; Newell 
et ai., 1982 and Rajagopal, 2006). 

Another important factor influencing CI of P. viridis observed in the study was 
food availability. Mussels feed mainly on unicellular algae (Bayne and Hawkins, 
1992) and to a lesser extent on detrital material (Rodhouse et ai., 1984 and 
Langdon and Newell , 1990) albeit the latter is reported to be a poor quality food 
(Williams, 1981 and Ruckelshaus et ai., 1993). Chlorophyll-a content of the 
mussel beds observed was generally high through out the year, except during the 
early monsoon. It was also noticed that during early monsoon (June-July) there 
was an increase in the seston content (SPM, POM and PIM). The elevated POM 
levels and the low chl-a/POM ratio indicated changes in the quality of the seston 
in terms of its food value. Previous works indicate that mussels can select 
organic over inorganic particles and can even discriminate among organically-
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rich particles over less desirable food items, thereby selectively ingesting more 
nutritive particles and rejecting less nutritious phytoplankton, detrital and silt 
particles as pseudofaeces (Bayne et ai., 1989 and Hawkins et ai., 1998). This 
strongly affirms that the mussels have the ability to alter their feeding behaviour 
in response to the available food and enable them to obtain maximum benefit 
from the food supply (Griffiths, 1980; Bayne et aI., 1989; Bayne and Hawkins, 
1992; Navarro et al., 1991 and Hawkins et al. , 1998). However, in the present 
study, from the decrease in CI of mussels despite abundant seston, it appears that 
when there is resuspension of particulate organic matter in the ecosystem, the 
mussel bed acted as a selective filter for only phytoplankton (prins et aI. , 1996) 
or the physiological stress due to variations in physico-chemical parameters 
along with the high seston loads (56-114 mg/I) reduced particle selection (Urban 
and Kirchman, 1992). Barille et al. (1997) observed a decrease in the scope for 
growth at high seston concentrations (> 160 mg!l) which they attributed to 
decreased selectivity due to an overloading of the ctenidia andlor the labial 
palps. 

The low cbl-a/POM ratio indicates a poor quality of organic seston and a high 
detritus fraction which entered the system in relation to rains and water 
discharge (Garen et aI. , 2004). The resuspension associated with monsoon, in 
effect replaced the phytoplankton content in the seston with the detritus. The 
suspended detritus containing organic matter in general is nutritionally poorer 
than the micro algae. In addition, reduced temperature with monsoon, along with 
a variety of other stressors, such as decreased salinity or increased turbidity 
could have compounded the effects of decreased phytoplankton concentration on 
mussel health. 

With the receding southwest monsoon, the cbl-a content registered an increasing 
trend and consequently, the mussel condition improved during late monsoon. In 
many bivalves, it is observed that when favourable conditions prevail following 
a period of stress they are able to reactivate tissue accretion by utilizing the 
abundant food available in their beds. When food supplies were adequate, 
increased water temperature was associated with improved growth and condition 
in bivalves (Seed and Suchanek, 1992 and Saxby, 2002). 

In the present study improvement in CI was observed during September-October 
when, the physico-chemical condition became favourable after monsoon. When 
food is abundant, surplus energy is used by bivalves for growth of somatic 
tissues and also for gonadal development (Urrutia et aI. , 1999 and Ojea, 2004). 
Myint and Tyler (1982) and Walter (1982) correlated reproductive cycles in P. 
viridis with availability of food resources and salinity. 

In the mussel beds the peak chl-a levels observed in March corresponded with 
peak in CI. Among sessile suspension feeders, seston availability is generally, 
the single most important exogenous variable acting to regulate condition 
(Bayne and Worall, 1980; Rodhouse et aI. , 1984; Smaal et aI., 1986; Bayne et 
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ai., 1987 and Prins et al.. 1998). Over longer time scales, a number of 
researchers have observed differences in the growth of bivalves that were related 
to seasonal cycles in primary production (Yah!, 1980; Toro, 1995; Toro et ai., 
1999; Sara and Mazzola, 1997; Sara et aI., 1998). 

The aim of this study was to employ the relative changes in CI of green mussels 
as physiological stress indicators for the evaluation of the overall health of the 
two mussel beds along the Dakshina Kannada coast. Biomarkers are useful tools 
for understanding the complex interactions that govern organism's responses to 
environmental stressors and their sub-lethal effects on its health. The study 
indicated that there is obvious seasonal variation in the mussel condition with a 
general trend towards lower values in the monsoon. Besides the seasonal 
variability, differences among the mussel beds investigated were also observed. 
Higher condition indices were recorded in mussels collected at Suratbkal, 
whereas, the condition index recorded at Someshwara was always lower than 
Suratbkal regardless of the sampling season. 

Analysis of the factors influencing the CI revealed that in the seawater of 
Someshwara and Suratbkal, the availability of seston in quantitative terms was 
high throughout the period of study. Hence it can be presumed that food 
availability has not acted as a limiting factor in controlling the biological activity 
of the mussel. Conversely, qualitative changes in food availability due to 
compensation of phytoplankton by detrital organic matter emerged as a limiting 
factor. In general, there was spatial variation in the quality of food available for 
the mussels and increase in CI was associated with increased abundance of 
phytoplankton and increasing temperature. 

The physico-chemical parameters of mussel bed off Surathkal offer a more 
conducive environment for the growth of mussels, characterised by better CI 
with low seasonal variations. The comparatively low CI in Someshwara mussel 
bed can be attributed to wider fluctuations in environmental parameters 
associated with monsoon. Under fluctuating environmental conditions associated 
with monsoon, CI became more affected by temperature variations than by 
availability of food. Consequently at ambient water temperature, increased food 
availability was signified by improved growth and condition. 

Freshwater inflows to the coastal waters result in significant changes of physico
chemical parameters which affects the structure and function of ecosystems. The 
synergistic influence of temperature and seston along with the other 
environmental variables affect virtually all aspects of the biology of marine 
mussel. Though there are many studies reporting the responses of P. viridis to 
temperature and food availability, the responses are likely to vary based on the 
variations in the synergy of parameters. Thus, site-specific assessments are 
important in analysing the cause-effect relationships. 

The study has helped in understanding the response of the local mussel 
population to natural stress factors. The environmental data presented different 
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degrees of temporal variability in the mussel beds and yielded biological 
responses as indicative of multiple stressors on the mussel. Reserves were 
alternatively channelled into energy-consuming processes and mussels during 
unfavourable environmental conditions showed poor tissue condition as they 
deplete energy reserves which were potentially destined for growth. Thus it can 
be concluded that condition index, besides its representation of the general 
health condition of the bivalves can potentially be used as an integrated measure 
of physiological stress experienced by the organism. 
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Chapter 4 



Chemical contaminants in shellfish 
waters and biomarker response in 

mussels 

4.1. Introduction 

Environmental pollution is becoming an area of mounting concern in recent 
years since urbanization, industrialization and other developmental activities are 
exerting tremendous stress on the coastal ecosystems. Chemical contaminants 
such as trace metals, chlorinated hydrocarbons and polycyclic aromatic 
hydrocarbons are known to be widespread in the marine ecosystem (Kadhim, 
1990). The biota of the coastal environments is continuously challenged by the 
mounting load of pollutants and many aquatic organisms like marine mussels 
have the potential to accumulate these contaminants in their soft tissues. Hence, 
it is necessary to monitor the levels of various contaminants in the coastal 
environments to protect the fragile ecosystem as well as to ensure that the 
quality of the fish or shellfish harvested from such waters is safe for 
consumption. 

In coastal waters, inorganic contaminants such as trace metals are derived from a 
variety of natural and anthropogenic sources. Distribution of trace metals in the 
soft tissues of mussels have been extensively studied, from both ecotoxicological 
and seafood safety points of view in several countries (O'Connor, 1992; 
Krishnakumar et aI. , 1990 a,b, 1994, 1998; Szefer et aI. , 2004 and Glynn et aI. , 
2003). Although trace metals in low concentrations are normal constituents of 
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marine organisms, at high levels they are potentially toxic and may disrupt the 
biological activities of aquatic organisms. 

Dakshina Kannada District of Kamataka is among the fast growing industrial 
centers of the State. As a consequence, industrial effluents are discharged into 
the coastal environment. Apart from the industrial effluents, the inshore coastal 
area receives sizeable volume of runoff from agricultural areas and nearby 
settlements. Consequently, contamination of marine ecosystems along the 
Dakshina Kamataka coast with trace metals and xenobiotics receives continued 
attention in the scientific literature (Krishnakumar et al. , 1990a,b, 1998, 2004b; 
Mohankumar et ai., 2003; Sasikumar et ai., 2006 and Verlecar, 2006) and 
environmental monitoring programmes (CMFRI, Annual Reports, 2002). These 
investigations have documented levels of contaminants in the seawater, 
sediments, bivalves and submerged aquatic vegetation. 

The monitoring programmes are currently focused on analysing the levels of 
specific chemicals released into the aquatic environment and thereby provide 
useful information on the levels of contamination. But these studies generally do 
not provide information on the effects of the contaminants on biological systems. 
Therefore, recent programmes are more oriented towards effects (biologically
based) monitoring, relying on biomarkers of environmental contaminants 
(Krishnakumar et ai., 2004b) than contaminant (chemically-based) monitoring. 
Marine mussels are by far, the most popular sentinel organism used in pollution 
monitoring studies, because of their sessile nature, availability, mode of feeding, 
bioaccumulation abilities and likelihood of human consumption. Due to their 
feeding nature they can accumulate chemical contaminants such as trace metals 
and persistent organic pollutants (POPs) present in the habitat. 

The application of biomarkers is considered as a feasible and cost-effective 
approach in pollution studies, since monitoring of all chemicals present in the 
environment is practically impossible. Additionally, routine measurements of all 
possible contaminants in environmental compartments, such as the water
column, are difficult as concentrations are generally below the detection limits 
and analysis, require sophisticated and expensive techniques. Further, 
monitoring the concentration of specific pollutants alone does not reveal their 
impact on the living organisms, especially the synergistic effects in combination 
with the intrinsic or extrinsic factors. Many contaminants, especially POPs can 
cause significant biological changes at very low environmental concentrations 
but the harmful effects of these chemicals on living organisms remain largely 
unknown. 

Generally, biological changes in any organism resulting from contaminant 
exposure are initiated at the cellular and molecular levels. Many chemical, 
physical and environmental stressors including pollutants are known to 
destabilize lysosomal membranes in molluscs and hence several studies have 
used lysosomal membrane stability as a reliable indicator of stress imposed by 
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environmental pollutants (Moore and Lowe, 1985). The term "biomarker or 
biomarker response" describes the sub-organismic changes, such as those 
occurring at cellular, biochemical, molecular or physiological levels, that can be 
measured in cells, body fluids , tissues or organs within an organism and are 
indicative of xenobiotic exposure and/or effect (Lam and Wu, 2003). 

In this context, the present study was carried out to assess the levels of trace 
metals and organochlorine pesticides in seawater, their bioaccumulation in the 
soft tissues of green mussels and the subsequent biological effects (lysosomal 
membrane stability) of environmental pollution if any, on the health of mussels. 
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4.2. Review of Literature 

4.2.1. Trace metals 

The capadty of mussels to accumulate potentially toxic trace metais in their 
tissues far in excess of environmental levels is well documented (phillips, 1977 
and Rainbow, 1995). Hence, mussels are studied extensively as a potential 
biomonitor in ecotoxicological studies through out the world (Davies and Pirie, 
1980; Martin, 1985; Classie, 1989 and O'Connor, 1996). Biomonitors are 
generally used to establish geographical and/or temporal variations in 
bioavailability of trace metals in marine environment, offering time-integrated 
measures of those portions of the total ambient metal load that are of direct 
ecotoxicological relevance (Rainbow, 1995). Studies on the levels of 
contaminants in mussels have also been conducted to check contamination levels 
in the interests of public safety (Tan and Lim, 1984; Phillips and Muttarasin, 
1985 and Yap et ai. , 2004a). Species of the genus Perna, P. perna and P. viridis 
have tremendous potential as trace metal biomonitors, particularly in warmer 
waters (Rainbow, 1995) and have been used to assess the state of marine 
pollution by toxic contaminants and to understand the fate and effects of 
contaminants in the Southeast Asia-Pacific region (Tanabe, 1994). 

A perusal of literature revealed that significant progress has been made in many 
regions of the world in assessing the residual levels of trace metals in mussel 
tissue, the spatial and temporal trends in trace metal contamination, factors 
affecting bioaccumulation and their effects on physiological responses of 
mussels. 

The primary objective of assessing the levels of chemical contaminants in 
coastal waters is to protect public health and the valuable living natural resources 
(Widdows and Donkin, 1992). Tan and Lim (1984) reported linear relationship 
in the uptake of lead by green mussel P. viridis with time, emphasizing the need 
to monitor the trace metal levels in bivalves to ensure that they are safe for 
human consumption. Similarly, Phillips and Muttarasin (1985) analysed the 
levels of trace metals in green mussel P. viridis, along with clam Paphia 
undulata, cockle Anadara granosa and oyster Crassostrea commercialis for 
evaluating the public health hazard in Thailand. Trace metal accumulation by P. 
viridis was monitored along the coastal areas of Penang by Sivalingam (1984) to 
fmd out the contamination levels of Pb and Zn. Phillips (1985) studied the trace 
metal bioaccumulation in P. viridis from Hong Kong waters. Luis et at. (1989) 
measured the seasonal variations in levels of Cd, Hg and Pb in Corbicula 
manilensis, P. viridis, Ostrea malabonensis and Arca spp. from Philippines to 
demonstrate that the bivalves are safe for human consumption. Chan (1989) 
studied the spatial and temporal variations in tissue concentrations of Cd, Cu, Pb 
and Zn in P. viridis transplanted to four experimental sites in Hong Kong. 
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Bums (1990) determined the trace metal levels in P. viridis, Mytilus edulis and 
Arca zebra from two Bermudan harbours for comparing point and non-point 
source of contamination. Concentrations of Fe, Cu, Zn, Cd and Pb were 
determined by Chu el al. (1990) in samples of sediment, mussel P. viridis and 
rock oyster Saccoslrea cllcullata from nine locations in Tolo Harbour, Hong 
Kong. Concentrations of Zn, Mn, Cu, Cr, Ni and Cd were determined in the 
whole soft parts of the mussel P. viridis by Sukasem and Tabucanon (1993) 
along the Gulf of Thailand and compared with the earlier accumulation trends. 
Sze and Lee (1995) measured the mucus secretion rate in P. viridis and SeptiJer 
virgatus when chronically exposed to Cu. Cheung et at. (1998) studied the tissue 
metal concentrations and condition indices in P. viridis from five stations along 
Tolo Harbour, Hong Kong. Rees et al. (1999) evaluated the impact of land-based 
contaminants on benthic fauna in Jakarta Bay, Indonesia by measuring dissolved 
concentrations of Pb, Cu, Zn, Cr and Ni in seawater, in suspended particulate 
matter, sediments and in corals as well as green mussel P. viridis and reported 
that the concentration of metals in water is the primary route for metal uptake by 
the corals and mussels. 

Seasonal variations of metal accumulation in mussel P. viridis from Hong Kong 
waters were investigated by Wong et al. (2000) to find out the risk in consuming 
the mussels. Chiu el at. (2000) reported the concentrations of trace metals in P. 
viridis from three mariculture zones of Hong Kong and compared with earlier 
trace metal monitoring results. Chong and Wang (2000) analysed the influence 
of the metal concentration in the sediment, the presence of phytoplankton and 
the oxidation condition of the sediment on the degree to which sediment bound 
Cd, Cr and Zn were assimilated by P. viridis and the Manila clam Ruditapes 
philippinarum. Seasonal and spatial trends in trace metal contents in 30 species 
of molluscs, including P. viridis were reported by Hung el al. (2001) as part of a 
long-term programme of Asia-Pacific Mussel Watch from Taiwan. 

Chong and Wang (2001) employed a kinetic approach to detertnine the rate of 
metal uptake (Cd, Cr and Zn) from the dissolved phase and the rate constants of 
metal depuration in the mussel P. viridis and the clam Ruditapes philippinarum. 
Yap el af. (2002) reported the concentrations and speciation of Cd, Cu, Pb and 
Zn in surface sediments from west coast of Peninsular Malaysia and correlated 
with the levels in the soft tissue of P. viridis. Blackmore and Wang (2003) 
studied trace metal (Cd, Cr, Se and Zn) uptake from the dissolved phase, 
assimilation efficiency from the dietary phase and metal body burden as well as 
the clearance rate in green mussel. 

Wang and Wong (2003) examined the assimilation of Cd, Cr and Zn by the 
green mussel P. viridis under combinations of different compositions and 
concentrations of food (diatom and sediment) and variable food quantity and 
quality during particle digestion. The distributions of Cd, Pb and Zn in the total 
soft tissues, byssus and total shells of P. viridis were studied in field collected 
samples as well as in laboratory experimental samples from the west coast of 
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Peninsular Malaysia by Yap et al. (2003a,b). The results indicated that Cd, Pb 
and Zn were readily accumulated in the whole shells. Nicholson and Szefer 
(2003) reported the accumulation of metals in the soft tissues, byssus and shell 
of P. viridis from polluted and uncontaminated locations in Hong Kong coastal 
waters. Fung et al. (2004) indicated higher contaminant levels including trace 
metals in P. viridis and blue mussel Mytilus edulis collected from seven 
locations along the east coast of China. Yap et al. (2004a) determined the trace 
metal levels in P. viridis from the west coast of Peninsular Malaysia and 
reported that the trace metal levels were lower than the permissible limits for 
human consumption. Toxicities and tolerances of Cd, Cu, Pb and Zn in 
lsochrysis galbana and in P. viridis were conducted by short-term bioassays 
using endpoints, growth, production and mortality by Yap et al. (2004b). They 
reported that the LCso values for the mussels were 1.53 mgll for Cd, 0.25 mgll 
for Cu, 4.12 mgll for Pb and 3.20 mgll for Zn. Green mussel was found to be 
most sensitive to Cu, followed by Cd, Zn and Pb. Cross-flow ultrafiltration and 
radiotracer techniques were used to study the influences of natural dissolved 
organic carbon (DOC) and colloidal organic carbon (COC) on the bioavailability 
of Ag, Cd and Cr to the green mussel P. viridis by Pan and Wang (2004). Shi 
and Wang (2004) quantified the accumulation of Cd, Hg, Ag and Zn in the green 
mussel P. viridis affected by previous exposure to Cu, Ag or Zn. Yap et al. 
(2006) studied the bioavailability and tissue redistribution of Cu and Pb in P. 
viridis. 

In Indian coastal waters Zingde et at. (1976) studied the concentration of trace 
metals in Saccostrea cucullata from Goa waters. Sankaranarayana et al. (1978) 
explored the seasonal variations in metal concentration in Crassostrea 
madrasensis from Cochin region. Kureishy (1981 ; 1983) reported the 
concentrations of some essential and non-essential trace elements in 
zooplankton, crustaceans, bivalves and fishes of the Andaman Sea. Patel and 
Chandy (1988) reported seasonal distribution of mercury in the soft tissues of 
Anadara granosa from Thane Creek. Rajan et at. (1991) evaluated the effect of 
seasonal variations in the Zn concentrations in Meretrix casta. Seasonal 
variation of copper accumulation in Marcia recens was reported by 
Muralidharan and Raje (1997). Senthilnathan and Balasubramanian (1998) 
reported trace metal concentration in oyster C. madrasensis from the estuaries of 
southeast coast of India. 

Along Indian coast, seasonal distribution of trace metals in P. viridis was 
reported by Lakshmanan and Nambisan (1983). At Calicut and Munambam area 
along the southwest coast of India, levels of selected trace metals in marine 
mussel P. viridis were investigated by Radhakrishnan (1994). Pillai et al. (1986) 
studied the levels of Fe, Zn, Cu, Pb, Cd, Ni and Co in P. viridis from Calicut. 
The trace metal residues in fish and shellfish were analysed by Sankar et at. 
(2006) from the Calicut area to evaluate the status of the chemical contaminants 
in seafood. 
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Senthilnathan et al. (1998) reported the seasonal variation of metal levels in P. 
viridis and C. madrasensis at four stations along the southeast coast of India 
Rivonker and Parulekar (1998) studied the accumulation of trace metal in P. 
viridis off Goa. Tewari et af. (2000,2001) analysed the trace metal levels in P. 
viridis from natural mussel beds off Mocha, Gujarat and found a linear 
relationship with mussel length. 

Evidence of trace metal accumulation in the soft tissue of green mussel was 
documented from coastal waters adjacent to the urbanized areas of Karnataka. 
Krishnakumar et af. (1990a) determined the trace metal concentration in P. 
viridis, oyster C. madrasensis and seaweed Sargassum sp. from the vicinity of 
discharge point of a caustic soda plant from Karwar and reported that the 
mussels are effective biomonitors for Pb and Mn. The analysis of 
bioaccumulation of trace metals in different biota revealed comparatively higher 
levels in the oyster S. cucullata and green mussel P. viridis. Investigation on the 
bioaccumulation of mercury in P. viridis was carried out from the same area by 
Krishnakumar and Pillai (1990). Krishnakumar et af. (1990b) measured the 
physiological and cellular responses of P. viridis on exposure to Cu and Hg and 
found significant decrease in O:N ratio, scope for growth and growth efficiency 
in comparison to controls. Krishnakumar et af. (1998) while assessing the 
distribution of trace metal in the biotic and abiotic matrices along Karnataka 
coast reported the levels of trace metals in P. viridis. Sasikumar et al. (2006) 
studied the spatial trends in trace metal bioaccumulation in P. viridis collected 
from 28 sampling sites along Karnataka coast in 2002. 

Studies on the trace metal levels in sea water along southwest coast of India are 
limited to few locations. Sengupta et al. (1978) and Qasim and Sengupta (1981) 
monitored the trace metals in seawater of Arabian Sea. Rivonker and Parulekar 
(1998) studied the seasonal variation of trace metals in seawater in the Dona 
Paula Bay, Goa. Other important works on the trace metal levels in seawater 
along coastal waters of Karnataka coast are those of Krishnakumar et al. (1998 , 
2004a). 

In the present study, the levels of trace metals Cd, Pb, Cu, Zn, Ni and Fe in the 
coastal waters were analysed and their presence and magnitude in the mussel 
tissue were studied to investigate the pattern of bioaccumulation. 

4.2.2. Organochlorine pesticides 

Persistent organic pollutants (POPs) are a group of chemicals that are resistant to 
natural degradation processes and are therefore extremely stable and long-lived. 
They are synthetic chemicals released to the environment by anthropogenic 
activities and many of them are highly toxic and have the potential of 
bioaccumulation in the biota. In recent decades, numerous POPs have been 
produced worldwide in large scale and many are still in production and use. 
Though a few of them notably organochlorine pesticides (OCPs) have been 
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banned in developed countries, due to their persistence, high levels of such 
contaminants are still found in natural water bodies. In addition, many OCPs are 
still being used in agriculture and vector control programmes in many parts of 
the world. Being lipophilic in nature, OCPs tend to get accumulated in the lipid 
fractions and thus get magnified in organisms higher in the food chain. A 
number of studies of vrganochlorinated compounds in the marine biota, seawater 
and sediment have been undertaken through out the world, but only a few studies 
have been carried out in India. 

Dichloro-diphenyl-trichloroethane (DDT) is one of the best known synthetic 
pesticides that is banned in many countries for agricultural use but its use in 
vector control continues in many parts of the world. The DDT is essentially a 
mixture of two isomeric compounds comprising 65 to 70% of para, para'-DDT 
(p,p'-DDT) and 30 to 35% of ortho, para'-DDT (o,p'-DDT). Based on the 
studies in bivalves, the estimated half-life of DDT is 10-20 years and in the 
process gets degraded into DOE (Dichloro-diphenyl-dichloroethylene) and DOD 
(Dichloro-diphenyl-dichloroethane), the two major persistent DDT metabolites. 
DOE is formed by the loss of hydrogen chloride (dehydrohalogenation) of DDT 
and is one of the more common breakdown products. DOE, like DDT is fat 
soluble and hence tends to build up in the fat of animals. Due to its stability in 
fat, DOE is rarely excreted from the body and body levels tend to increase 
throughout life. DOE is reputed to be more toxic compared to DDT, hence is not 
desirable to accumulate in soil. DOD is similar in properties to DDT, but it is 
considered to be less toxic to animals than DDT. 

Hexachlorocyclohexane (HCH) also called benzenehexachloride (BHC) is a 
mixture of the u, p, y, Ii and e isomers, which are chemically stable compounds 
and differ regarding their persistence in soil, water and living organisms. Studies 
conducted on the persistent organochlorine compounds identified DDT and u
BHC as the predominant compound in green mussels from selected locations 
along the Indian coast (Monirith et aI. , 2003). 

Heptachlor is a non-systemic insecticide widely used as an agriCUltural and 
domestic pesticide, the principal metabolite of this is heptachlor epoxide. Aldrin 
is yet another widely used pesticide for the control of pests in soil and it 
degrades to dieldrin, a persistent insecticide. Endrin is the stereo-isomer of 
dieldrin more active than dieldrin and is used as an insecticide and rodenticide. 

Green mussels with a wide geographical distribution in the Southeast Asia
Pacific region are grown as commercially valuable seafood for worldwide 
markets. However, only a few studies have been conducted in the region on the 
levels of OCPs and other contaminants in green mussel (Prudente et ai., 1999; 
Monirith et ai., 2003; Kan-atireklap et aI., 1997 and Ramesh et ai., 1990). 
Karman et al. (1995) reported the presence of organochlorines in muscle tissue 
of marine fish collected during 1989-1993 in eastern and southern Southeast 
Asia (India, Thailand, Vietnam, Indonesia, Papua New Guinea, the Solomon 
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Islands and Australia). Monirith et al. (2003) analysed the levels of OCPs in 
green mussels from the coastal waters of Asian countries including 17 locations 
along the Indian coasts. 

While a number of studies in many countries have demonstrated the 
contamination with organochlorine pesticides (OCPs), polychlorinated biphenyls 
(PCBs) and polycyclic aromatic hydrocarbons (PARs) in green mussels 
(Phillips, 1985 and Monirith et aI., 2003), information on the concentrations of 
pesticides in the coastal environment and mussel beds of Indian waters is 
inadequate. Published scientific literature on levels of OCPs in green mussel 
from India is limited to the studies by Radhakrishnan et al. (1986, 1994) and 
Ramesh et al. (1990) from coastal waters of south India. A recent study reported 
concentrations of chemical contaminants including organochlorine residue in 
fish and shellfish along the southwest coast of India (Sankar et al., 2006). 

Few studies have reported the distribution of OCPs in seawater of the central 
west coast of India (Sarkar and Sengupta, 1989 and Pandit et al., 2006). Similar 
to the investigations on the organochlorine levels in mussel tissue, levels in 
environmental compartments such as seawater and sediment from the mussel 
beds of India have not received any attention till date. 

4.2.3. Lysosomal membrane stability 

Chemical contaminants in the environment have been found to exert inhibitory 
effects on several physiological processes as well as affect the functions of 
cellular constituents, including lysosomes in bivalves (Moore, 1980, 1984; 
Pickwell and Steinert, 1984; Suresh and Mohandas, 1990; Krishnakumar et al., 
1994,2006; Lowe and Pipe, 1994; Lowe et aI. , 1995b; Cheung et aI. , 1998 and 
Francioni et al., 2007). Lysozyme in bivalves is involved with the mechanisms 
of internal host defense and digestion (Cheng, 1983a,b). Many xenobiotics 
induce alterations in the bounding membrane of the lysosomes leading to 
destabilization (Moore and Lowe, 1985). Lysosomes also playa terminal role in 
the cellular homeostasis of metals through sequestration and storage of metal
binding metallothioneins (Bayne, 1989). Lysosomes have been found to be an 
ideal starting point for investigations of generalised cell injury in marine 
molluscs as many cell types in these animals are particularly rich in 1ysosomes 
(Summer, 1969). In lysosomes, membrane destabilisation or increased 
permeability results in reduced latency of the enzymes (Moore and Clarke, 1982) 
leading to the release of degradative hydrolytic enzymes from the lysosomal 
compartment into the cytosol (Moore, 1976). Studies by Moore et al. (1996a) 
demonstrated that increased fragility of the Iysosomes derived from autophagic 
breakdown of intracell ular proteins, leads to shorter retention times for the 
neutral red applied to haemocytes. 

Many researchers have used lysosomal membrane stability in molluscs as a 
reliable indicator of stress imposed by environmental pollutants. Lowe and Pipe 
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(1994) measured damages to lysosomes in isolated molluscan digestive cells in 
vitro following in vivo exposure of mussels to polycyclic aromatic hydrocarbon, 
f1uoranthene for 7 days. Tbe study indicated impairment of functional integrity 
of the lysosomal membrane following hydrocarbon exposure illustrating that 
Iysosomes are the target of toxic action of pollutants. Lowe et af. (1995b) 
compared neutral red retention in haemolymph and latency for digestive cell 
lysosomes, following in vivo f1uoranthene exposure in M. edulis and indicated 
that there was good agreement between the tests in terms of their ability to 
demonstrate a detrimental contaminant effect. Cajaraville et al. (1996) studied in 
vitro activities including neutral red uptake assay in mussel haemocytes (M. 
galloprovinciafis) as biomarkers of environmental quality in coastal and 
estuarine areas. 

Grundy et al. (1996) examined the phagocytosis and lysosomal Neutral Red 
Retention Assays (NRRA) in haemolymph in M. edulis by in vivo exposure 
experiments to examine the effects of PARs on particle uptake by haemocytes 
and lysosome integrity. Moore et al. (1996b) investigated the lysosomal 
response within molluscan haemocytes isolated from mussels, as a biomarker of 
pollutant exposure to a number of hydrocarbons using NRRA demonstrating the 
use of this non-destructive biomarker technique to detect pollution gradients in 
situ. Moore et af. (1997) evaluated the fate and potential toxicological effects of 
non-calorific synthetic fat sucrose polyester (SPE) in aquatic systems based on 
the lysosomal NRRA. Cheung et al. (1998) studied the sub-cellular perturbations 
in the lysosomal compartment of haemocytes in P. viridis among indigenous 
populations along Tolo Harbour, Hong Kong using NRRA technique. Nasci et 
af. (1998) studied the neutral red retention time of mussel, M. galloprovinciafis 
from the polluted area of the Venice Lagoon along with the tissue concentration 
of chemical contaminants (Hg, Pb, Cd, Zn, Cr, DDTs and PCBs) to identify their 
possible relationships. Camus et al. (2000) studied the stability of lysosomal and 
cell membranes in haemocytes of the mussel M. edulis at low temperatures. 
Fernley et al. (2000) inversely correlated the results of NRRA with PAR 
concentration in mussel haemocytes. Shepard and Bradley (2000) reported 
increased lysosomal damage in M. edulis exposed to graded copper 
concentrations with each increase in dosage using NRRA. Ros et al. (2002) 
evaluated the potential use of lysosomal destabilisation as a biomarker of 
anthropogenic stress in M. galloprovinciafis and indicated that the lysosomal 
response measured in haemocytes is a more valuable biomarker of 
anthropogenic stress in marine coastal environments. Marig6mez and Villacorta 
(2003) elucidated the lysosomal size alterations in digestive cells of mussel M. 
galloprovincialis against organic chemical compounds and general stress. 

Dailianis et al. (2003) applied NRRA in tissues of M. galloprovincialis, in 
pollution monitoring. Brown et al. (2004) used multiple biomarkers, molecular, 
cellular and physiological in blue mussel M. edufis to determine the variability 
of sublethal effects of copper. The study illustrated that the effects at the 
molecular level can be used to interpret the level of pbysiological impairment of 
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the organism. Castro et al. (2004) used neutral red retention time measured in 
mussel haemocytes (M. galloprovincialis) gathered from nine different locations 
reflecting different degrees of anthropogenic contamination, as a potential 
biomarker of environmental contamination along the Portuguese coast. Harding 
et al. (2004) evaluated NRRA as a stress response indicator in cultivated mussels 
(Mytilus spp.) in relation to post-hlifYest processing activities and storage 
conditions. Nesto et al. (2004) adopted a multiple biomarker approach for 
evaluating the stress influencing the biological responses of mussel M. 
galloprovincialis from the Lagoon of Venice, Italy. Mamaca et al. (2005) 
studied the biological effects of styrene in 'laboratory-exposed mussels (M. 
edLilis) by the NRRA on haemolymph. 

As a part of the multidisciplinary programme on the biological effects of 
environmental pollution in marine coastal ecosystems of the European 
Commission, Auffret et al. (2006) validated the immunological alterations in 
mussels (M. galloprovincialis) as biomarkers of exposure to chemical 
contamination in polluted areas of Western Mediterranean. They suggested 
alterations in haemocyte counts, lysosomal stability and phagocytosis as the 
most reliable effects in polluted sites. Nigro et al. (2006) investigated 
genotoxicity and lysosomal alterations in haemocytes by the NRRA in the 
Mediterranean mussel (M. galloprovincialis) from Tuscany, Italy. Okay et al. 
(2006) investigated the toxicity of pyrene to M. edulis and M. galloprovincialis 
and correlated the decreasing trend in health status of the mussels with pyrene 
bioaccumulation, indicated by the NRRA. Canty et al. (2007) determined the 
sublethal impact of short-term exposure to azamethiphos on the blue mussel, M. 
edlllis by NRRA. Francioni et al. (2007) carried out the bio-effect monitoring of 
the mussel P. perna using lysosomal membrane stability as a biomonitor of 
polycyclic aromatic hydrocarbon (PAH) exposure. 

In India, Suresh and Mohandas (1990) studied the actiVIty patterns of the 
lysosomal marker enzyme, acid phosphatase, in the haemolymph of clams 
Sunetta scripta and Villorita cyprinoides exposed to three sub-lethal 
concentrations of copper. The results indicated destabilisation of lysosomal 
membrane with metal exposure. In Karnataka-Kerala coast, investigations by 
Krishnakurnar et al. (2004b) evaluated the biological responses such as 
chromosomal aberration, Sister Chromatid Exchange (SCE), micronuclei 
formation, hemic neoplasia and DNA damage in green mussels to xenobiotics in 
the coastal waters of Karnataka. 
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4.3. Materials and Methods 

4.3.1. Sampling and preservation 

4.3.1.1. Trace metals 

Seawater and mussel samples were collected from Someshwara and Surathkal 
mussel beds as detailed in Chapter 2 during January 2003-April 2004. The 
mussels were depurated overnight in filtered seawater and stored frozen until 
analysis. Seawater samples for trace metal analysis were collected in acid 
washed polyethelene flasks. Immediately on arrival at the laboratory, the water 
samples were filtered through a 0.45 mm cellulose acetate filter and the organic 
matter was digested by adding HN03 to a fmal pH of < 2 and kept frozen for 
analysis. 

4.3.1.2. Organochlorine pesticides 

Composite mussel tissue samples collected from the mussel beds during 
February-March, June-July and September-October were used for pesticide 
analysis. During each sampling, a sub-sample of 30 mussels was preserved for 
the analysis of organochlorine pesticides. 

Seawater samples collected during June-July and September-October were used 
for pesticide analysis. The water samples collected were stored in glass bottles, 
refrigerated at 2±5°C until analysis. 

4.3.2. Analytical methods 

4.3.2.1. Trace metals in seawater 

Trace metals were analysed using Stripping Voltamrnetry in a 757 VA 
Computrace attached to 765 Dosimat (Metrohm, Switzerland). A hanging 
mercury drop electrode was used as the working electrode and potentials were 
measured against KCI 3 mol/l reference electrode and an auxiliary platinum 
electrode. Total dissolved Zn, Cd, Pb and Cu were estimated by adding 10 ml 
sample and 1 m1 acetate buffer in a Teflon cell, using Differential Pulse Anodic 
Stripping Voltamrnetry (DPASV). The Concentrations of these metals were 
simultaneously measured by addition of mixed metal standards using Dosimat 
(Florence, 1972). Total dissolved Ni was estimated using Cathodic Stripping 
Voltammetry (CSV) by adding 10 m1 sample, 0.05 dimethyl glycoxime (DMG) 
and 0.5 ml NH3 buffer into the Teflon cell and analysed using the standard 
(Meyer and Neeb, 1983). The accuracy of the analytical procedure was checked 
using certified reference material (BCR, CRM 403 Sea-Water). The recovery 
estimated by measuring standard spiked samples was 97% for all the metals 
studied. 
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4.3.2.2. Trace metals in mussel tissue 

Mussels (size >50 mm) were rinsed with de ionised water and wet shucked. The 
whole tissue mass from 10 mussels were pooled, homogenized and used for the 
analysis. Approximately 1-2 g of tissue was digested with 10 m1 mixture of 
HN03 and H20 2 (1 :1 ratio) following standard procedwes (Robisch and Clark, 
1993). The trace metals in the digested samples were determined by Atomic 
Absorption Spectrophotometry with either airacetylene flame (zinc) or graphite 
furnace (copper, cadmium, nickel , lead). The results were expressed in ppm wet 
tissue weight. Blanks and standards were digested with each sample set to 
provide quality control. The accuracy of the method was verified (10 replicates) 
using standard reference material (fish tissue, MA-B3rrM) obtained from the 
International Laboratory of Marine Radioactivity, 1AEA. Recoveries were above 
90% for all the trace metals measured. 

4.3.2.3. Trace metals in mussel shell 

The shells after wet shucking were cleaned and rinsed with deionised water. The 
periostracum and the calcite section of the recently formed shell layers were 
scrapped off leaving only the nacreous part of the shell (Bourgoin, 1990). Strips 
of the recently formed nacreous layer from the shells were used for analysis. 
Approximately 1-2 g of the sample was digested following standard procedures 
as detailed above (Robisch and Clark, 1993). The results were expressed in ppm 
shell weight. 

4.3.2.4. Organochlorine pesticides in seawater 

Liquid-liquid extraction gas chromatographic method was used for the extraction 
and analysis of organochlorine compounds. The extraction and cleanup of 
pesticide residues were carried out following APHA (1998). The pesticides 
residues in seawater were initially extracted using methylene chloride and then 
the individual pesticides (Aldrin, a-BHC, ~-BHC, y-BHC, o,p'-DDD,p,p '-DDD, 
p,p' -DOE o,p' -DDT, p,p' -DDT dieldrin, endrin, heptachlor, heptachlor epoxide) 
were measured by gas chromatography using electron capture detector (ECD). 

Pesticides were extracted from one litre of water with two successive portions of 
methylene chloride. The water residues were collected by treatment with 
anhydrous sodium sulphate, then concentrated on a rotary evaporator under 
reduced pressure and cleaned-up by elution from a column of silica gel as 
described in Thompson et al. (1977). 

Quantification of organochlorines was made on gas chromatograph (perkin 
Elmer-Autosystem XL) equipped with 63Ni electron capture detector (ECD) and 
Elite-5 column (perkin Elmer, 30 m x 0.53 mm i.d. 0.5 J.IIII). The column 
tem~erature was pro~rarnmed from 150 .c; after an .initial hold of 4 ~inutes to 
200 C at a rate of 4 CI minute, from 200 C to 280 C at a rate of 20 CI minute 
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and maintained at 280 ·C for 10 minute. The injector and detector were 
maintained at 250 ·C and 325 ·c, respectively. Nitrogen was used as carrier gas 
at a pressure of 6 psi. Quantification of OCPs (Aldrin, a-BHC, ~-BHC, y-BHC, 
o,p'-DDD, p,p '-DDD, p,p'-DDE o,p '-DDT, p,p'-DDT, dieldrin, endrin, 
heptachlor, heptachlor epoxide) was made through the area of sample peaks that 
matched with OCP stlilldards. Blank runs were made to ensure purity of the 
system. The recovery of OCP ranged from 80 to 102% and the results have not 
been corrected for percentage recovery. 

4.3.2.5. Organochlorine pesticides in mussel tissue 

Organochlorine pesticides from the samples were extracted by a standard 
method (FDA, 1999). Tissue samples coHected from 30 mussels (size >50 mm) 
from Someshwara and Surathkal mussel beds were pooled and analysed 
separately. 

Briefly, fat from homogenised edible portions (50 g) was extracted with 
petroleum ether (60-80 'c). The petroleum ether extract was concentrated to 10 
ml and an aliquot containing less than 3 g fat was taken for further clean up. The 
OCPs in the fat were partitioned between petroleum ether (60-80 .c) and 
acetonitrile (HPLC grade) foHowed by fractionation on florisil column. After 
washing the column with petroleum ether the organochlorines were eluted with 
petroleum ether containing 6% and 15% diethyl ether. The extracts were pooled, 
evaporated and made up to 1 ml in petroleum ether. 

Quantification of OCPs was made on gas chromatograph (perkin Elmer
Autosystem XL) equipped with 63Ni electron capture detector (ECD) and Elite-5 
column (perkin Elmer, 30 m x 0.53 mm Ld. 0.5 !llll) as detailed above for the 
seawater. The pesticide concentrations in tissue were expressed as ppb on a wet 
weight basis. 

4.3.3. Neutral Red Retention Assay (NRRA) 

Neutral red is a cytotoxic weak base (Lowe and Pipe, 1994) and is used in the 
neutral red retention assay (Lowe et ai. , 1992) as a stressor to test the structural 
integrity of the lysosomal membranes. The neutral red dye (3-amino-7-
dimethylamino-2-methylphenazine hydrochoride) has been found in extensive 
use in in vitro toxicity testing for a number of years (Borenfreund and Puemer, 
1985). The dye retention time has been used as a comparative measure of lipid 
membrane damage (Lowe et ai., 1995b). The assay was performed in mussel 
samples collected during February-March, June-JUly and September-October. 
Mussels were cleared off epibionts immediately after the transfer of samples to 
the laboratory. 

The lysosomal neutral red assay was performed as described by Lowe et at. 
(I 995a). The mussel valves were prised apart with a fixed blade scalpel and 0.5 
ml of haemolymph was withdrawn from the posterior adductor muscle with a 1.0 
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m1 hypodermic syringe, containing 0.5 m1 of physiological saline. The needle 
was discarded and the contents were transferred to a 2 m1 siliconized Eppendorf 
tube and mixed thoroughly. 50 III aliquot of the cell suspension was dispensed 
onto a poly-L-Lysine coated glass slide and placed on a rack in a humidity 
chamber for 15 minutes to allow the cells to attach to the slide. A stock solution 
of neutral red was freshly prepared by dissolving 20 mg of the dye in 1 m1 of 
DMSO (dimethylsulfoxide). A working solution was then prepared by diluting 
10 III of the stock solution with 5 m1 of the physiological saline. After 15 
minutes the slides were removed from the humidity chamber, excess of solution 
was carefully tipped off and 40 III of the neutral red working solution was added 
to the area containing the attached cells. A cover slip was applied after 15 
minutes incubation in a light proof chamber. The granular haemocytes were 
observed under light microscope at 15 minutes intervals to determine the loss of 
dye from the Iysosomes into the cytosol. The test was concluded when 50% or 
more of the cells exhibited neutral red dye spread into the whole cytosol. The 
retention time of the neutral red by the lysosomes was recorded by estimating 
the proportion of cells displaying leakage from the Iysosomes into the cytosol 
(Lowe and Pipe, 1994). A random sample of 18-24 mussels collected from 
Someshwara and Surathkal mussel beds was assayed blind for lysosomal 
membrane stability. All assays were conducted within 48 h of sampling from the 
mussel beds. 

4.3.4. Bioaccumulation factor 

Bioaccumulation factor or bioconcentration factor (BF), which is the number of 
times the mussel accumulate contaminants in comparison with the levels in the 
ambient seawater was calculated for trace metals by the formula (Nair, 1984): 

BF-Tissue/water = 

BF-ShelVwater = 

BF-Shell/tissue = 

4.3.5. Statistical analysis 

Concentration of metal in the tissue 
Concentration of metal in the seawater 

Concentration of metal in the shell 
Concentration of metal in the seawater 

Concentration of metal in the shell 
Concentration of metal in the tissue 

One-way analysis of variance (ANOYA) was used to compare the individual 
contaminant concentration and lysosomal retention time among the mussel beds. 
Pearson' s correlation analysis was performed to fmd out the relationship 
between trace metals in ambient water with that in mussel tissue. SPSS (13.0) 
software was used for all the analysis. 
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4.4. Results 

4.4.1. Trace metals 

4.4.1.1. Trace metals in seawater 

Mean trace metal concentrations of Cd, Pb, Cu, Zn, Ni and Fe in seawater (ppm) 
from Someshwara and Surathkal mussel beds are presented in Table 4.1. The 
concentrations of trace metals considered were higher in mussel tissue and shells 
than in the seawater collected from the mussel beds. 

The mean concentration of Cd in seawater samples from Someshwara ranged 
from nd (below detectable limits) to 0.0027, Pb from 0.00014 to 0.0046, Cu 
from 0.00031 to 0.0064, Zn from 0.0009 to 0.0333, Ni from 0.0008 to 0.0114 
and Fe from 0.04 to 5.87 ppm. In the seawater from SurathkaJ mussel beds, the 
concentrations of Cd ranged from 0.00007 to 0.0066, Pb from 0.0006 to 0.0105, 
Cu ranged from 0.0012 to 0.012, Zn from 0.0039 to 0.0299, Ni from 0.0009 to 
0.0055 and Fe from 0.0391 to 2.3953 ppm. Cd showed relatively very low 
concentrations in the seawater of the mussel beds and the distribution pattern 
being in the order of Fe>Zn>Cu>Ni>Pb>Cd at Someshwara and 
Fe>Zn>Cu>Pb>Ni>Cd at Surathkal. 

Analysis of variance of trace metal concentrations in seawater between the two 
mussel beds is presented in Table 4.2. Cd concentrations in seawater were 2.8 
times higher in SurathkaJ (0.0005±O.0007 ppm) than the levels in Someshwara 
(0.0002±O.0003 ppm) mussel bed. SurathkaJ seawater (0.0019±O.0013 ppm) had 
significantly higher 0 .5 times) Pb concentrations (p<0.05) than in Someshwara 
(0.0014±O.001O ppm). Similarly the Cu and Zn concentrations in seawater of the 
SurathkaJ mussel beds were 1.2 and 1.7 times higher than that of Someshwara. 
Between the mussel beds, Ni and Fe levels in seawater presented the least spatial 
trends during the study. 

4.4.1.2. Trace metals in mussel tissue 

The trace metal concentrations in the soft tissues of P. viridis are shown in Table 
4.3. The pattern of distribution of trace metals in the mussel tissue was 
Fe>Zn>Cu>Pb>Ni>Cd at Someshwara and at SurathkaJ it was in the order of 
Fe>Zn>Cu>Ni>Cd>Pb. The soft tissue concentration of Cd in green mussels 
from Someshwara varied from nd to 0.57, Pb from nd to 6.72, Cu from nd to 
7.06, Zn from 1.99 to 34.7, Ni from nd to 0.9 and Fe from nd to 223.8 ppm wet 
wt. Similarly the soft tissue concentrations of Cd in mussels from Surathkal 
varied from nd to 3.35, Pb from nd to 3.68, Cu from nd to 12.37, Zn from 3.79 to 
43 .48, Ni from nd to 12.23 and Fe from nd to 46.62 ppm wet wI. 
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The analysis of variance of the mean concentrations of trace metals in the mussel 
tissue of P. viridis from Someshwara and Surathkal mussel beds is presented in 
Table 4.4. The concentration of Cd in mussel tissue (3.1 times) was higher at 
Surathkal but the differences were not significant. Fe, Ni, Cd and Zn levels of 
mussel tissue samples originating from Surathkal were higher compared to 
Someshwara while Cu and Pb levels were lower. Statistical analysis of 
concentration of metals revealed no significant difference in the levels of metal 
between the two mussel beds. 

4.4.1.3. Trace metals in mussel shell 

Cd, Pb and Ni were the least abundant metals in mussel tissue as well as shells 
(Table 4.3). At Someshwara Cd content in the mussel shells were observed in 
the range of nd to 3.87, Pb from nd to 20.95, Cu from nd to 13.75, Zn from nd to 
37.72, Ni from nd to l.93 and Fe from nd to 73.92 ppm wet wt. In the mussel 
shell samples from Surathkal the Cd ranged from nd to 6.98, Pb from nd to 
19.16, Cu from nd to 19.43, Zn from nd to 54.2 and Fe from nd to 30.96 ppm 
wet wt. The distribution pattern of trace metals at Someshwara was in the order 
of Fe>Zn>Cu>Cd>Pb>Ni where as at Surathkal it was in the order of 
Zn>Cu>Fe>Cd>Pb>Ni. 

Cd, Cu and Pb concentrations were higher in mussel shell than in the soft 
tissues; conversely Fe and Zn concentrations were noticeably higher in the soft 
tissues than in the shell. The results of the analysis of variance of the mean 
concentrations of Cd, Cu, Fe, Ni, Pb and Zn in the mussel shell from the mussel 
beds are presented in Table 4.4. 

The concentration of Cd in mussel shell (1.4 times) was higher at Surathkal than 
at Someshwara whereas, the concentration of all the other metals studied was 
found to be low at Surathkal. Analysis of variance indicated significant 
difference in the levels of Cd, Cu and Fe between the two mussel beds. 

4.4.1.4. Bioaccumulation factor 

Bioaccumulation factor of trace metals in mussel tissue (BF-tissue/water) and 
shell (BF-sheillwater) from Someshwara and Surathkal mussel beds are 
presented in Table 4.5. The bioaccumulation factor varied with different trace 
metals and it presented variation between the shell and soft tissue. Among the 
trace metals, the highest bioaccumulation in tissue as well as shell was observed 
for Cu, Cd and Zn at Someshwara and Surathkal mussel beds. In mussel tissue 
Cd showed a BF 102 times and Cu showed a BF 103 times as compared to the 
surrounding waters. Mussel shells showed highest ratios for Cd and Cu, 
accumulating 103 times more than the surrounding waters. Comparatively low 
BF was observed for Pb in tissue than in shells. 
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Table 4.1. Mean trace metal concentrations in seawater of the mussel beds 
off Someshwara and Surathkal. 

Trace Seawater (ppm) 

Metals Someshwara Surathkal 

Mean±SD Range Mean±SD Range 

Cd 0.0002±O.0003 0.0-0.0027 0.OOOS±O.0007 0.00007 -0.0066 

Pb 0.0014±O.001O 0.00014-0.0046 0.00 I 9±O.00 13 0.0006-0.oJ 05 

Cu 0.0023±O.0016 0.00031-0.0064 0.0027±O.00 17 0.0012-0.0120 

Zn 0.0090±0.0068 0.0009-0.0333 0.0149±O.OOS4 0.0039-0.0299 

Ni 0.0019±O.00IS 0.0008-0.0114 0.00 I 9±O.0009 0.0009-0.0055 

Fe 0.6S36±O.9078 0.04-5.8700 0.4917±O.4414 0.0391-2.3953 

Table 4.2. Analysis of variance of trace metal concentrations of seawater of the 
mussel beds (station) off Someshwara and Surathkal. 

Source Sum of Degrees Mean Fvalue p 
squares of sum of computed 

freedom squares 
Cd x Combined 3.49E-06 1 3.49E-06 10.86 0.001 
station Within Groups 4.76E-OS 148 3.22E-07 

Total S.IIE-OS 149 
Pb x Combined 1.03E-OS 1 1.03E-OS 7.345 0.008 
station Within Groups 2.07E-04 148 1.40E-06 

Total 2.l7E-04 149 
Cu x Combined 8.93E-06 I 8.93E-06 3.366 0.069 
station Within Groups 3.93E-04 148 2.6SE-06 

Total 4.02E-04 149 
Znx Combined 1.28E-03 I 1.28E-03 33.84 0.000 
station Within Groups S.60E-03 148 3.79E-OS 

Total 6.89E-03 149 
Ni x Combined 8.03E-08 1 8.03E-08 0.OS3 0.818 
station Within Groups 2.2SE-04 148 I.S2E-06 

Total 2.2SE-04 149 
Fe x Combined 9.8 IE-OI I 9.8IE-01 1.878 0.173 
station Within Groups 7.73E+OI 148 S.22E-O l 

Total 7.83E+Ol 149 



Table 4.3. Mean trace metal concentrations of soft tissue and shell of P. viridis of 
the mussel beds off Someshwara and Surathkal. 

Trace Mussel tissue (ppm) 

Metals Someshwara Surathkal 

Mean±SD Range Mean±SD Range 

Cd 0.03±O.10 nd-0.57 0.1O±O.46 nd-3.35 

Pb O.lI±O.84 nd-6.72 0.06±O.48 nd-3.68 

Cu 3.38±1.97 nd-7.06 2.98±3.07 nd-12.37 

Zn 14.07+5.28 1.9-34.7 14.94+7.21 3.79-43.48 

Ni 0.04I±O.l7 nd-0.90 0.26±1.64 nd-12.23 

Fe 30.56±42.4 nd-223 33.6±46.6 nd-I72.73 

Trace Mussel shell (ppm) 

Metals Someshwara Surathkal 

Mean+SD Range Mean±SD Range 

Cd 1.1 8± 1.27 nd-3.87 1.68±1.71 nd-6.98 

Pb 1.08±3.78 nd-20.95 0.91±3.45 nd-19.16 

Cu 7.22+3.36 nd-I3.75 5.66±5.33 nd-19.43 

Zn 7.70±8.70 nd-37.72 6.11±9.12 nd-54.2 

Ni 0.08±O.35 nd-1.93 nd nd 

Fe 9.85±17.22 nd-73.92 4.01±6.79 nd-30.96 
.. 

nd - below detectable hmns 



Table 4.4. Analysis of variance of trace metal concentrations in soft tissue and 
shell of P. viridis of the mussel beds (station) off Someshwara and 
Surathkal. 

Source Sum of Degrees Mean F value p 
Mussel tissue squares of sum of computed 

freedom squares 
Cdx Combined 0.1 I 0.15 1.40 0.239 
station Within Groups 12.8 120 0.11 

Total 13.0 121 
Pbx Combined 0.1 I 0.05 0.11 0.742 
station Within Groups 58 120 0.48 

Total 58 121 
Cux Combined 4.9 I 4.93 0.75 0.387 
station Within Groups 783 120 6.53 

Total 788 121 
Znx Combined 23 I 22.9 0.58 0.447 
station Within Groups 4718 120 39.3 

Total 4741 121 
Ni x Combined 1.4 1 1.43 1.11 0.295 
station Within Groups 155 120 1.29 

Total 156 121 
Fex Combined 289 1 289 0.15 0.703 
station Within Groups 237360 120 1978 

Total 237648 121 

Source Sum of Degrees Mean F value p 
Mussel sheD squares of sum of computed 

freedom squares 
Cdx Combined 8.8 1 8.8 3.94 0.049 
station Within Groups 305 136 2.2 

Total 314 137 
Pbx Combined 1.0 1 1.0 0.08 0.783 
station Within Groups 1785 136 13 

Total 1786 137 
Cux Combined 84 1 84 4.32 0.04 
station Within Groups 2647 136 19 

Total 2731 137 
Znx Combined 87 1 87 1.10 0.297 
station Within Groups 10782 136 79 

Total 10868 137 
Ni x Combined 0.2 1 0.2 3.43 0.066 
station Within Groups 8.8 136 0.1 

Total 9.0 137 
Fe x Combined 1177 1 1177 6.66 0.011 
station Within Groups 24046 136 177 

Total 25223 137 



Table 4.5. Bioaccumulation factor (BF) of trace metals in P. viridis from mussel 
beds off Someshwara and Surathkal. 

Mussel bed Cd Pb Cu Zn Ni Fe 
BF-Tissue/water 

Someshwara 200 73 1495 1555 21 47 

Surathkal 219 32 1083 1003 136 68 
BF-ShelUwater 

Someshwara 7202 749 3196 852 41 15 

Surathkal 3590 463 2059 411 0 8 
BF -Shell/tissue 

Someshwara 36.02 10.28 2.14 0.55 1.95 0.32 

Surathkal 16.38 14.33 1.90 0.41 0.12 
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4.4.1.5. Influence of trace metal levels in ambient waters on the 
mussel tissue and shell concentrations 

Correlation between concentrations of trace metals in seawater, mussel tissue 
and shell was examined to study their interrelationships (Table 4.6). Significant 
positive correlations were observed between metal levels in seawater and in 
mussel tissue. Cd, Cu and Zn content in seawater exhibited significant positive 
correlation (p<0.05) with that in mussel shell. Significant positive correlation 
was observed between Cu, Fe and Zn in seawater (p<0.05) and levels of these 
metals in mussel tissue. These results indicate that the trace metal concentrations 
in the habitat waters have a direct bearing on their levels in the mussels. 

4.4.2. Organochlorine pesticides 

4.4.2.1. Organochlorine pesticides in seawater 

Concentrations of organochlorine pesticides (OCPs) in seawater and mussel 
samples collected from Someshwara and Surathkal mussel beds are presented in 
Table 4.7. In general, many of the OCPs were below the detection limits in 
seawater and mussel samples from the study area. The mean seawater 
concentration of IOCPs at Someshwara was 0.164±O.236 ppb and at Surathkal 
it was 0.08I±O.088 ppb. Endrin was the major OCP detected in seawater both at 
Someshwara and Surathkal mussel beds, where it contributed 40% (0.0657±O.12 
ppb) and 64% (0.0517±O.084 ppb) to the OCP concentration respectively. DDT 
and its metabolites (IDDT) contributed 40% to the OCPs of Someshwara, 
whereas at Surathkal it formed only 8.8%. The mean concentrations were 
0.067I±O.109 ppb at Someshwara and 0.OO69±O.01O ppb at Surathkal. At 
Someshwara, p,p' -DDT contributed only 3.8% (0.OO63±O.014 ppb), whereas, 
p,p '-DDE and o,p '-DDD contributed 17.8% (0.0292±O.043 ppb) and 19.35% 
(0.0317±O.053 ppb) to the OCPs concentrations. DDT and DDD were not 
detected at Surathkal and only p,p '-DDE (0.OO69±O.01O ppb) represented the 
LODT fraction . a-BHC contributed the major share to IBHC fraction in the 
seawater of mussel beds forming 13% and 27% of the total OCPs at 
Someshwara and Surathkal respectively. Detectable concentrations of y-BHC 
were measured in seawater, where it formed only >0.1 % (>0.000 I ppb) of the 
OCP concentrations at Someshwara and Surathkal. ~-BHC was below the 
detectable limits in seawater samples from the mussel beds. At Someshwara, 
heptachlor concentration was 0.OO13±O.OO3 ppb (0.8%) and heptachlor epoxide 
was 0.OO5±O.OO6 ppb (3.1 %), whereas, at Surathkal heptachlor and heptachlor 
epoxide were below the detectable limits in seawater samples. Aldrin 
contributed 2% to the OCP concentrations at Someshwara, at 0.OO33±O.OO7 ppb 
levels whereas; it was below the detectable limits in the water samples from 
Surathkal mussel beds. Dieldrin was not detected in water samples from both the 
mussel beds. Analysis of variance showed no significant difference in the OCPs 
concentrations of seawater between the mussel beds (Table 4.8). 
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4.4.2.2. Organochlorine pesticide in mussel tissue 

The mean tissue concentration of IOCPs at Someshwara was 0.431±O.019 ppb 
wet wt. Similarly, at Surathkal the OCP concentration was 0.536±O.023 ppb wet 
wt. In mussel tissue, heptachlor epoxide contributed the maximum share to the 
IOCPs, forming 98.2% (0.4237±O.018 ppb wet wt) and 60.8% (0.3260±O.014 
ppb wet wt) respectively at Someshwara and Surathkal. Among BHC, only u
BHC was detected in mussel tissue forming 1.8% (0.OO76±O.OOl ppb wet wt) of 
the OCP concentration at Someshwara. At Surathkal, u-BHC concentration, was 
relatively higher (0.1080±O.lS3 ppb wet wt) when, compared to Someshwara 
and it contributed 27% to the OCP concentrations in the mussel tissue. Aldrin 
contributed 19% to the OCP concentrations at Surathkal (0.102±O.l44 ppb wet 
wt) whereas, it was below the detectable limits in the tissue samples from 
Someshwara. DDT and its derivatives were not detected in mussel tissue 
samples from Someshwara and Surathkal mussel beds during the study. 
Similarly, P-BHC, Endrin and Dieldrin were below the detectable limits in the 
tissue samples from both the mussel beds. Analysis of variance in tissue 
concentrations of OCPs between the mussel beds showed no significant 
difference except in Heptachlor epoxide levels (Table 4.9). 

4.4.3. Lysosomal membrane stability 

The results of the neutral red retention assay of haemocytes isolated from the 
mussels are presented in Fig. 4.1. Variations in the magnitude of the biomarker 
response did not remain statistically significant between the three batches of 
samples from the same mussel bed analysed during the study. Therefore, the 
lysosomal membranes destabilization time for Someshwara and Surathkal were 
estimated from the pooled data. The lysosomes from the green mussel 
population in Someshwara had the capacity to retain the dye for an average 
retention time of 122±11 minutes. Similarly mussels from the Surathkal gave an 
average retention time of 127±8 minutes. Analysis of variance in the retention 
time revealed no significant differences between the mussel beds (Table 4.10). 
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Table 4.7. Concentration of organochlorine pesticides in seawater and mussel 
tissue of P. viridis from the mussel bed off Someshwara and Surathkal. 

Seawater (ppb) Mussel tissue (ppb wet wI.) 
Organo-
chlorine Someshwara Surathkal Someshwara Surathkal 
pesticides 

Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

a-BHC 0.0214 0.016 0.0219 0.012 0.0076 0.001 0.1080 0.153 

~-BHC nd nd nd nd nd nd nd nd 

y-BHC 0.0001 0.000 0.0001 0.000 nd nd nd nd 

Heptachlor 0.0013 0.003 nd nd nd nd nd nd 

Aldrin 0.0033 0.007 nd nd nd nd 0.1020 0.144 

Heptachlor 
0.0050 0.006 nd nd 0.4237 0.D18 0.3260 0.014 

epoxide 

Dieldrin nd nd nd nd nd nd nd nd 

Endrin 0.0657 0.120 0.0517 0.084 nd nd nd nd 

o,p'-DDT nd nd nd nd nd nd nd nd 

p,p'-DDT 0.0063 0.014 nd nd nd nd nd nd 

p,p'-DDE 0.0292 0.043 0.0069 0.010 nd nd nd nd 

o,p '-DDD 0.0317 0.053 nd nd nd nd nd nd 

p,p'-DDD nd nd nd nd nd nd nd nd 

LBHC 0.0215 0.016 0.0221 0.012 0.0076 0.001 0.1080 0.153 

LODT 0.0671 0.109 0.0069 0.010 nd nd nd nd 

DDFlDDT 0.4348 nd 1.0000 nd nd nd nd nd 

LOCP 0.1639 0.243 0.0808 0.088 0.4313 0.019 0.5360 0.023 
. . 

nd-below detectable lmllts 



Table 4.8. Analysis of variance of concentrations of organochlorine pesticides in 
seawater of the mussel beds (station) off Someshwara and SurathkaI. 

Sum of Degrees Mean Fvalue p 
Source squares of sum of computed 

freedom squares 
Combined 7E-07 I 7E-07 0.00 0.956 

a-BHCx Within Groups 0.002 8 0.000 
station Total 0.002 9 I 

Combined 0 I 0 0.00 1 1.000 

y-BHC x Within Groups 6E-07 8 7E-08 
station Total 6E-07 9 

Combined 4E-06 I 4E-06 1.00 0.347 

Heptachlor x Within Groups 4E-05 8 4E-06 
station Total 4E-05 9 

Combined 3E-05 I 3E-05 1.00 0.347 

Aldrin x Within Groups 0.000 8 3E-05 
station Total 0.000 9 

Heptachlor Combined 6E-05 1 6E-05 4.02 0.080 

epoxide x Within Groups 0.000 8 2E-05 
station Total 0.000 9 

Combined 0.000 1 0.000 0.05 0.837 

Endrin x Within Groups 0.086 8 0.011 
station Total 0.087 9 

Combined lE-04 1 lE-04 1.00 0.347 

p,p'-DDTx Within Groups 0.001 8 lE-04 
station Total 0.001 9 

Combined 0.001 1 0.001 1.26 0.294 

p,p'-DDEx Within Groups 0.008 8 0.001 
station Total 0.009 9 

Combined 0.003 1 0.003 1.78 0.219 

o,p'-DDDx Within Groups 0.011 8 0.001 
station Total 0.014 9 

Combined 7E-07 1 7E-07 0.00 10.956 

LBHCx Within Groups 0.002 8 0.000 
station Total 0.002 9 

Combined 0.009 I 0.009 1.52 0.253 

LODTx Within Groups 0.048 8 0.006 
station Total 0.057 9 

Combined 0.107 1 0.107 0.57 0.471 

DDFJDDTx Within Groups 1.498 8 0.187 
station Total 1.605 9 

Combined 0.017 1 0.017 0.52 0.492 

LOCPX Within Groups 0.267 8 0.033 
station Total 0.284 9 



Table 4.9. Analysis of variance of concentrations of organochlorine pesticides in 
mussel tissue between Someshwara and Surathkal mussel beds 
(station). 

Sum of Degrees Mean F value p 
Source squares of sum of computed 

freedom sQuares 

Combined 0.010 I 0.010 0.86 0.451 

a-BHC x Within Groups 0.023 2 0.012 

station Total 0.033 3 

Combined 0.010 I 0.010 1.00 0.423 

Aldrin x Within Groups 0.021 2 0.010 

station Total 0.031 3 

Combined 0.010 I 0.010 37.26 0.026 
Heptachlor 

Within Groups 0.001 2 0.000 epoxide x 
station Total 0.010 3 

Combined 0.010 I 0.010 0.86 0.451 

DlHCx Within Groups 0.023 2 0.012 

station Total 0.033 3 

Combined 0.006 I 0.006 15.15 0.060 

LOCPx Within Groups 0.001 2 0.000 

station Total 0.006 3 
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Fig. 4.1. Lysosomal membrane stability expressed as neutral red retention time in 
green mussel haemocytes. 

Table 4.10. Analysis of variance of neutral red retention time in mussel haemocytes 
of P. viridis between mussel beds (station) off Someshwara and 
Surathkal 

Sum of Degrees Mean F value p 
Source squares of sum of computed 

freedom ~quares 

Timex Combined 75 1 75 0.769 0.401 
station 

Within Groups 975 10 98 
Total 1050 11 



4.5. Discussion 

4.5.1. Trace metals 

The evidence of trace metal accumulations and their distribution in the soft 
tissue of green mussel is documented from the coastal waters of Karnataka by 
Krishnakumar et al. (1990a,b), Krishnakumar and Pillai (1990), Krishnakumar et 
al. (1998), Krishnakumar et al. (2004b) and Sasikumar et al. (2006). 

Along the Dakshina Kannada coast, no spatial variation was observed between 
the mussel beds of Someshwara and Surathkal in the trace metal concentration in 
mussel tissue. In seawater samples from Someshwara and Surathkal significant 
difference was observed only in Cd, Pb and Zn levels. 

Several studies have supported the idea that shells can record the metal 
concentration history of the environment where, the shelled organisms live, 
assuming that the kinetics of metal loss is considerably slower in the calcium 
carbonate structure than in the soft tissue (Lares et aI., 2005). The variability in 
trace metal concentrations in the shells of P. viridis from the two mussel beds 
was observed in Cd, Cu and Fe. Although the shell accumulated elevated 
concentrations of trace metals, the ratios of Zn and Fe in shell to soft tissues 
were low in the mussel beds indicating dissimilar rates in their bioaccumulation. 

In mussel tissue, the trace metal distribution based on concentration was 
Fe>Zn>Cu>Pb>Ni>Cd at Someshwara and Fe>Zn>CU>Cd>Ni>Pb at Surathkal . 
In mussel shell the distribution was Fe>Zn>Cu>Cd>Pb>Ni at Someshwara and 
Zn>Cu>Fe>Cd>Pb>Ni at Surathkal. Interest in metals like Zn, Cu and Fe which, 
are required for metabolic activity in organisms lies in the narrow "window" 
between their essentiality and toxicity. Other trace metals Like Cd and Pb may 
exhibit extreme toxicity even at low levels under certain conditions, thus, 
necessitating regular monitoring of sensitive aquatic environments (peerzada et 
aI. , 1990). 

High Fe concentrations were evident in both the mussel beds and Fe 
accumulation was the highest among the metals studied. Being an essential metal 
abundant in any environment, the presence of Fe in natural waters can be 
attributed to the weathering of rocks and minerals. High levels of Fe are known 
to occur in sediments and a proportion of Fe in sediment may be due to natural 
erosion (Boggs, 1987). The bioaccumulation indices of Fe in mussel tissue and 
shells were relatively lower compared to the other trace metals due to its higher 
concentrations in seawater as well as in the mussels. The bioaccumulation 
indices of Fe in the tissue were higher than that of the shell from both the mussel 
beds and a stronger correlation was observed between the concentration of Fe in 
seawater and that of the mussel tissue. The Fe levels in the seawater and mussel 
tissue samples from the Someshwara and Surathkal mussel beds were high and 

73 



were of similar magnitude as reported from the region by Sasikumar et al. 
(2006) as well as from the earlier studies on green mussels from the west coast 
of India (Table 4.12). However, when permissible levels of Fe are concerned no 
guidelines are available regarding its limit in shellfish. 

Zinc levels in seawater were high in both the mussel beds with significantly 
higher levels at Surathkal, but no significant difference in Zn concentrations in 
the soft tissue as well as mussel shells were noticed between the mussel beds. 
Generally the effluent discharges from metallurgic industry, electroplating 
industry, petrochemical industry, run offs from agricultural areas, dredging of 
harbour and municipal wastes are the sources of Zinc in coastal waters. Many 
Zinc compounds are soluble in seawater and hence are accumulated in marine 
organisms. Relatively consistent tissue concentrations of Zn were observed in 
mussels in earlier studies with least spatial difference in its distribution through 
out the Karnataka coast (Sasikumar et ai. , 2006). Similar to Fe, Zn 
concentrations in the mussel were high and comparable with earlier studies 
(Table 4.12) reported by Krishnakurnar et al. (1998) and relatively lower than 
those reported by other authors from Indian waters (Zingde et ai., 1976; 
Rajendran et at. , 1988; Senthilnathan et ai. , 1998; Radhakrishnan, 1994 and 
Tewari et ai., 2000, 2001). 

Among the trace metals studied, bioaccumulation factor for Zn in tissue was the 
highest in both the beds. Though there was a relatively higher seawater 
concentration of Zn at Surathkal, the bioaccumulation factor of Zn in mussel 
tissue and shell was lower than that of Someshwara. The high values for Zn were 
also found in the seawater (Krishnakumar et ai., 2004a) and sediments along 
coastal waters of Karnataka (Krishnakumar et ai. , 1998). However, mussels are 
known to regulate zinc uptake and are therefore reported as not reliable indicator 
for zinc contamination (Lobel et at., 1982 and Julsharnn, 1981). Even then, 
significant positive correlations between Zn in seawater and tissue 
concentrations imply that Zn is accumulated in soft tissue and shell in green 
mussels in a proportion similar to its availability in ambient waters. Although Zn 
uptake is regulated by the soft tissue, it was observed that the incorporated Zn 
remained in the soft tissue, suggesting the use of P. viridis as a potential 
biomonitoring agent for assessing Zn contamination over extended periods. Zn 
in aquatic environment predominantly binds to suspended material before 
settling in sediments. Szefer et at. (2004) observed a positive correlation 
between Zn in blue mussel tissue and their levels in suspended matter and 
attributed it to the Zn levels in suspended particulate matter, which constitute the 
potential food for the mussels as filter feeders. 

The mean Zn concentrations observed in the seawater of Someshwara (0.009 
ppm) and Surathkal (0.0149 ppm) mussel beds were much lower than the the 
LCso value of 3.20 ppm for P. viridis reported by Yap et at. (2004b). Regarding 
the level of Zn in mussel tissue the observed levels were well below the limit set 
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by WHO and EU and the concentrations in seawater were below the standards 
set by EC (Table 4.11). 

Concentration of Cu in the mussel tissue and shell presented significant positive 
correlations with its level in seawater. Although, no statistically significant 
difference in Cu concentration of mussel tissue was observed between the 
mussel beds, it was relatively higher at Someshwara. Cu concentrations in 
mussel samples from the study area indicated marginal increase when compared 
with previous studies (Krishnakumar et ai. , 1998 and Sasikumar et at. , 2006) 
from non-urban sites of Kamataka. On the other hand, the Cu levels in green 
mussel were lower when compared to industrial and urban sites of Kamataka 
(Krishnakumar et ai. , 1998) and those reported in other studies along the 
coastline (Zingde et ai. , 1976; Rajendran et al. , 1988; Senthilnathan et ai., 1998; 
Radhakrishnan, 1994 and Tewari et ai., 2000, 2001). 

The bioaccumulation of Cu in mussel tissue and shell was relatively higher in 
both the beds but higher accumulation was noticed in shells than tissue of 
mussels from both the beds. A strong positive correlation was observed between 
the Cu concentration in seawater, mussel tissue and shells. The Cu 
concentrations in the mussel beds can be related to inflows from non-point 
sources around the mussel beds. Copper is the most common metal found at 
toxic concentrations in several harbours (NCDEM, 1990, 1991). It is used as 
biocides in antifoulant paints either as copper, copper oxide or copper sulphate. 
There is heavy boat traffic in the harbour areas near the mussel beds and the use 
of copper-based antifoulants in these crafts may become a point of concern due 
to its potential for accumulation in sediments and its toxicity to benthic 
organisms. Similar to Zn, a positive correlation was observed between Cu in 
blue mussels and their levels in suspended matter by Szefer et ai. (2004) which 
was attributed to the suspended particulate matter. 

The LC50 value of Cu reported for P. viridis is 0.25 ppm (Yap et aI. , 2004b). The 
mean concentration of 0.0023 and 0.0003 ppm of Cu observed in the coastal 
waters of Someshwara and Surathkal was nearly 102 times lower than LC50 

value. From the food safety point of view, the tissue levels of Cu in Someshwara 
and Surathkal mussel beds were well below the WHO standards and can be 
considered as safe for human consumption. No guidelines for Cu content are 
given by US FDA. 

At Someshwara mussel beds, Cd levels in seawater and mussel tissue were lower 
than at Surathkal. Significant positive correlations of Cd in seawater and mussel 
indicate that the increases in Cd concentrations in mussel tissue and shells at 
Surathkal corresponded to the higher Cd availability in the seawater. Relatively 
higher level of Cd in Surathkal mussel bed indicates a higher input of Cd in to 
the coastal waters. Though the Cd concentrations were very low in seawater, 
bioaccumulation of Cd was the highest in the mussel shells in both Someshwara 
and Surathkal beds. Compared to the soft tissue, the bioaccumulation factor of 
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Cd in the shells was found to be higher by IS to 30 times. No significant 
correlation was observed between the concentration of Cd in seawater and soft 
tissue of mussels, but a strong positive correlation was observed with the level of 
Cd in the shell. In general, Cd levels in the mussel tissue were markedly lower 
than those previously reported from the area in green mussels (Krishnakurnar et 
aI. , 1998 and Sasikumar et al. , 2006). 

Yap et al. (2004b) reported concentration 1.53 ppm in seawater as the LCso 
value of Cd for P. viridis. Cadmium, though highly toxic at lower 
concentrations, the mean concentrations observed in the seawater of 
Someshwara (0.0002 ppm) and Surathkal (0.0005 ppm) mussel beds were lower 
than the LCso reported. The mean tissue concentration of Cd in P. viridis 
collected from Someshwara and Surathkal mussel beds were found to be below 
the permissible concentration (FDA) given for seafood (WHO 1972, 1987) as 
well as EU standards for marine products. However, the Cd concentrations in 
I % of the green mussels from Surathkal mussel beds slightly exceeded the WHO 
permissible level for seafood as well as the EU norms (Table 4.11). 

Concentration of Pb in seawater was significantly higher at Surathkal but spatial 
difference in tissue bioaccumulation of lead was not observed between the 
mussel beds. Pb concentrations observed in P. viridis in the present study was 
low compared to earlier reports of Krishnakumar et al. (1998), however, it was 
more than the levels reported in 2002 from the same area (Sasikumar et al. , 
2(06). Increase in concentrations of Pb in soft tissues of mussels and elevated 
levels of Pb in seawater samples from Surathkal could be attributed to the input 
of lead through industrial effluents as well as from petroleum fuel in the vicinity 
of harbours. Lead is used as a fuel additive and may be released through 
incomplete fuel combustion and boat bilge discharges (NCDEM, 1991). Pb 
accumulation observed in green mussels from the mussel beds may be attributed 
to increase in boating activities. Increase in the concentrations of lead in mussels 
associated with fuel input from boating activities has been reported in 
environmental monitoring programmes (Szefer et al. , 2004). 

The concentration of Pb observed in Someshwara (0.0014 ppm) and Surathkal 
(0.0019 ppm) mussel beds was lower than the LCso value of 4.20 ppm for P. 
viridis reported by Yap et af. (2004b). FDA has set upper limit of Pb 
concentrations in mussels to 1.7 ppm, when used for human consumption. Pb 
was not detected in most of the tissue samples from the mussel beds however, in 
I % of mussel tissue samples from Someshwara Pb levels slightly exceeded the 
FDA norms as well as the WHO permissible limit for seafood (Table 4.11). The 
bioaccumulation of Pb in shell was ten times more than in mussel tissue in both 
the mussel beds. No significant relationship was observed between the Pb levels 
in seawater and the mussel tissue and shells. 

Nickel was detected in the ambient waters of Someshwara and Surathkal mussel 
beds. No significant variation was observed with regard to the Ni levels between 
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the beds. Presence of Ni was identified in the soft tissue of mussels from both 
the beds and in the shell of mussels from Someshwara. The concentration of Ni 
recorded in the present study remained within the ranges reported in 2002 
(Sasikumar et aI., 2006) from the study area and also within the ranges 
previously reported in green mussel from the southwest coast of India 
(Radhakrishnan, 1994). With regard to the food safety, the concentratiobs 
recorded from the mussel beds are well below the limits set by WHO and US 
FDA. The bioaccumulation factor of Ni indicated higher values for the mussel 
tissue than the shells and no significant correlations were detected between the 
levels of Ni in seawater, tissue and shells. 

The estimation of bioaccumulation factor demonstrated that the trace metals are 
accumulated many folds in the mussel tissue and shells and accumulation of 
various trace metals do not follow the same pattern. Highest tissue accumulation 
ratio was noticed for Cu, Cd and Zn in Someshwara and Surathkal mussel beds. 
Mussel shells showed highest ratios for Cd and Cu, accumulating many folds, 
more than the ambient water levels. The bioaccumulation level of trace metals 
was relatively higher at Someshwara in spite of low levels in the ambient waters 
compared to Surathkal. Overall, the results imply that the mussels accumulate 
trace metals from the surrounding waters and playa vital role in the transfer of 
water associated trace metals to higher trophic levels by predation. 

4.5.2. Organochlorine pesticides 

In the present study, though presence of organochlorine pesticides (OCPs) were 
occasionally detected in the seawater and mussels from the mussel beds of 
Someshwara and Surathkal, the concentrations of many of the OCPs were below 
the maximum residual limits, suggesting that the mussel beds are not 
significantly contaminated with these substances. 

Despite the fact that lower concentrations of DDT were detected in the coastal 
waters, it was not detected in mussel tissue samples from Someshwara and 
Surathkal. The LDDT concentrations detected in the mussel beds in the present 
study are less significant compared to those reported in earlier studies from other 
parts of the Indian coasts (Tables 4.13, 4.14) (Sarkar and Sengupta, 1989 and 
Pandit et aI., 2006) 

Higher DDT concentrations were reported from mussels caught from the 
proximity of urbanized areas in India where, DDT was used for malaria vector 
control (Tanabe et aI., 2000). In the mussel beds, IOOT fraction of the OCPs in 
seawater was comparatively higher at Someshwara than at Surathkal. Variability 
in the concentration of the residues of different organochlorine pesticides in the 
coastal areas may be attributed to the river discharge into the coastal waters 
(Sarkar and Sengupta, 1989). Earlier studies reported that IBHC and IOOT 
were the most abundant organochlorine contaminants in sediments near 
estuarine and offshore regions of Nethravati estuary (Sarkar et al., 1997). 
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Presumably, there would be a difference in the quality of the environment 
between the two mussel beds, since the former is potentially exposed to higher 
concentrations of contaminants through the river discharge and sediment, whilst 
later would be less influenced by river discharges. 

Among the DDT derivatives higher p,p'-DDE and o,p'-DDD fractions were 
found at Someshwara than p,p'-DDT fraction whereas, at Surathkal only p,p '
DDE was detected. Seawater samples from Someshwara, having a DDEJIDDT 
ratio of 0.4, had 40% of the IDDT existed in the form DDE whereas, at 
Surathkal only DDE remained indicating the total absence of fresh input of 
DDT. The detection of very low levels of p,p'-DDT in seawater from 
Someshwara reflects an incidence of inconsequential contamination by DDT, 
probably attributable to the River discharges. This points out to the fact that 
DDT is continued to be used in the agricultural treatments, suggesting a 
relatively recent input at this location, which drains into the river. Residence 
time of persistent OCPs in the water body appears to be very long and high 
levels of OCPs have been detected in semi-enclosed coastal areas which receives 
direct discharges from rivers and industrial/agricultural sources (WU et al. , 1999 
and Pandit et aI. , 2006). 

Among the OCPs in mussel tissue, heptachlor epoxide dominated in the samples 
analysed from Someshwara and Surathkal. Of the cyc10diene organochlorine 
pesticides (aldrin, dieldrin and endrin), though endrin is relatively short-lived in 
the environment, it was the major OCP detected in seawater in both the mussel 
beds, probably reflecting a fairly recent usage. However, endrin levels were 
below the detectable limits in mussel tissue samples from Someshwara and 
Surathkal. Though aldrin was detected in seawater from Someshwara, it was 
below the detectable limits in the water samples from Surathkal. Aldrin, used as 
a soil insecticide, is the major source of dieldrin (up to 97%) in the environment. 
Aldrin and the reaction product dieldrin are rapidly adsorbed on soils, especially 
in soils containing high levels of organic matter. Consequently, there is little 
penetration into the soil and contamination of ground water does not generally 
occur. Transport of both compounds takes place mainly through soil erosion (as 
wind drift) and sediment transport (surface run-oft) but generally not through 
leaching. The occurrence of Aldrin in seawater from Someshwara could be due 
to inputs from organically rich sediments in Nethravati estuary and run-off from 
agricultural land. Sarkar et al. (1997) detected aldrin from the sediments from 
almost all the estuaries along the west coast of India, which was attributed to the 
extensive use of pesticides for agricultural purposes. 

Mussels from Surathkal contained comparatively higher concentrations of u
BHC. BHCs' are known to be widely used as insecticides against grasshopper 
and rice bugs, for seed protection as well as household vector control in India 
(Li, 1999). Commercial BHCs' are produced mainly in two forms, i.e., a mixture 
containing u-, ~-, y- and /i-isomers of 55-70%, 5-14%, 10-18% and 6-10%, 
respectively and lindane of purified y-isomer. Hence, the predominance of u-
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isomer in environmental samples reflects the use of a technical mixture of BHC 
(Kannan et ai., 1995). It should be stressed that IBHC both a- and y-BHC were 
at low or non-detectable levels in the seawater and mussel tissue at Someshwara, 
indicating that the contamination was not a result of massive application as 
pesticides. Earlier studies on the persistent organochlorine compounds in green 
mussels from the coastal waters of Asian countries including 17 locations along 
the Indian coasts identified, DDT, a-BHC and PCBs as the predominant 
organochlorine compound in the tissue (Monirith et ai. , 2003). In the present 
study, despite the fact that very low concentrations of IBHC and IDDT were 
detected in seawater samples from both the coastal zones of the mussel beds, 
IDDT and y-BHC were not detected in mussel tissue samples from Someshwara 
and Surathkal mussel beds. Concentrations of IBHC isomers measured in the 
present study were less than those previously reported in the coastal waters of 
India (Table 4.13) (Sarkar and Sengupta, 1989 and Pandit et ai. , 2006). 

In general, though the presence of OCPs and its derivatives were detected in the 
coastal waters of Dakshina Kannada, the concentrations of all compounds 
studied were very low in the mussel beds of Someshwara and Surathkal. The 
tissue concentrations of OCPs detected were well below the limits recommended 
for human consumption. Therefore, the results of this study suggest that the 
current OCPs levels of the Someshwara and Surathkal mussel beds are unlikely 
to result in any significant environmental impacts in the near future. 

4.5.3. Lysosomal membrane stability 

The neutral red retention assay (NRRA) has been demonstrated to be a sensitive 
indicator of cellular stress level for a range of pollution and contaminant stress in 
marine molluscs (Lowe and Pipe, 1994; Lowe et al. , 1995a,b; Coles et ai. , 1995 
and Cheung et ai. , 1998). Marine mussels are widely used in both, field and 
laboratory experiments as sensitive markers of trace metal or organic 
contamination (Suresh and Mohandas, 1990; Krishnakumar et ai. , 1994, 2004b; 
Regoli and Orlando, 1994a,b; Regoli, 1998; Domouhtsidou 2004 and Schiedek, 
2006). 

Lysosomal system in molluscs accumulates high levels of contaminants and 
thereby become a specific target of xenobiotics. In the present study, neutral red 
retention assay indicated that the haemocyte of mussels from Someshwara and 
Surathkal had the capacity to retain the dye for more than 120 minutes and no 
difference in the extent of retention time was observed between the two mussel 
beds. Less retention time is indicative of a higher degree of general stress due to 
pollution and retention times <60 minutes indicate severely impaired health 
(Moore et ai. , 1999). The higher retention time observed in the present study 
implies that the mussels are not exposed to any considerable contaminant stress 
induced by the inorganic or organic pollutants. The present observations are in 
agreement with previous biomonitoring data recorded in other studies where, 
mussel samples from reference populations in Adriatic Sea retained the dye 
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between 120 or 180 minutes in M. galoprovincialis when, compared to values as 
low as 0 and 33 minutes from impacted-area (Lowe et aI., 1995a). 

The biomarker response described corresponded with the tissue burden of 
contaminants from the mussel beds of the area. The levels of OCPs and trace 
metals were very low in the mussel beds with concentrations below detectable 
limit in many of the tissue samples. Furthermore, it is important to consider that 
the increased retention time probably indicates the absence of a range of other 
contaminants as well, in the coastal waters. In Karnataka-Kerala coast, 
Krishnakumar et a1. (2004b) conducted site-specific integrative environmental 
quality assessment using biomarkers such as chromosomal aberration, SCE, 
micronuclei formation, hemic neoplasia and DNA damage in green mussels 
along with the comparison of the levels of pollutants and observed no indication 
of stress due to low level of pollution in the region. Ringwood et ai. (1998) 
report that neutral red retention is very little affected by temperature or salinity, 
therefore the observed variations in the CI in both stations had probably no 
significant influence on the assay result. 

The overaJ] picture emerged from the present study indicates that in the 
Someshwara and Surathkal mussel beds, the trace metal contents in mussel 
tissue in general are close to background levels. The observations on the trace 
metal accumulation by mussels are in conformity with the previous reports on 
trace metals accumulated by bivalve molluscs in the Dakshina Kannada coast 
and the observed levels do not pose any threat to public health. In general, the 
mean tissue concentrations of trace metals in P. viridis collected from mussel 
beds of the Dakshina Kannada coast were found to be safe and below the 
permissible concentrations (FDA) for seafood (WHO, 1972, 1987) as well as EU 
limits in marine products. The tissue concentrations of the trace metals studied 
did not present any considerable spatial variations. However, the Cd 
concentrations in 5% of the green mussels from Surathkal mussel beds and Pb 
levels in 1% of mussel tissue samples from Someshwara and Surathkal slightly 
exceeded the WHO permissible level for seafood as well as the EU norms. Thus, 
the results implicitly suggest the need for regular monitoring of trace metals in 
the mussel beds to ensure public health safety. 

According to the European legislation (EC, 1979) the levels of pollutants in 
shellfish waters should not exceed those causing deleterious effects on the adult 
mollusks or their larvae. The LC50 values impairing bivalve embryogenesis in 
marine bivalve species have been reviewed by His et ai. (2000) and the 
geometric means are 40 Ilgll for Cu, 320 Ilgll for Zn, 968 Ilgll for Pb and 2219 
Ilgll for Cd. The concentration of Cu, Zn, Pb and Cd in Someshwara and 
Surathkal shellfish waters are found to be below these values. Therefore, current 
levels of these trace metals in the mussel beds do not pose a threat to the bivalve 
fauna. The observed levels of trace metals in the mussel beds were considerably 
lower than the LC50 values reported for the species (Yap et ai. , 2004b). The 
results of the study are indicative of the suitability of the area for development of 
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a sustainable mussel fishery and culture operations. However, though the metal 
concentrations in water and mussel tissue were well below the objectionable 
limits, the situation calls for regular monitoring to ensure that the safe limits are 
not exceeded. The pollution pressures in the region are likely to increase in the 
coming years as a result of the fast industrial development and urbanization 
throughout the coastal lone. This necessitates well designed monitoring plans 
and concerted efforts to ensure that the pristine coastal ecosystems are protected 
from pollution effects and consumption of harvested mussels from these waters 
do not pose any public health hazard. 
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Table 4.11. Guidelines for metals and organochlorine pesticides in molluscs and 
seawater. 

Seawater 
Tissue limits (ppm) Jlg!I (ppm) 

WHO FDA (2001) EC (2001) EC 
(1987) (for molluscan (for bivalves) 

bivalves) 

Cadmium 2 4 1.0 2.5 (0.0025) 

Copper 30 - - 5 (0.005) 

Lead 2 1.7 1.0 15 (0.015) 

Nickel 2 80 -
Zinc 50 - - 40 (0.04) 

Heptachlor 0.3 

Lindane 0.3 

~-BHC 0.3 

Endrin 0.3 

Aldrin 0.3 

p,p'-DDT 5.0 



Table 4.12. Metal concentrations (ppm wet tissue WI.) reported in green mussel P. viridis from west coast of India. 

Locations Cd I Cu Fe Mn Ni I Pb Zn Reference 
Karnataka 
Karwar It 0.3 110.08 1.50±0.50 6.80±0.76 0 .3310.10 14.3910.47 

Majaljtl 0. 1610.02 1.77%0.2 1 5.2410.33 0.3 110.03 11.0610.23 

Sungeri Is. II 0 .1510.03 0.8610. 19 3.6210.69 0 .3210.03 I 1.09± 1.1 I 

Devgad Is. II 0.3410.08 2.2510.32 6.9810. 14 0.50±0.07 14.5410.52 
Krishnakumar et 01. (1990) 

Arga tl 0.2210.08 1.5710.63 8.8610.20 0.80±0.08 13.97%2.89 

AmdaUjtt 0 .2810.04 2.8910.67 6.1810.74 0.2210.06 13.9310.25 

Harwadall 0.2410.03 2.6210.19 8. 1O±O.73 1.0310.42 14.16±1.10 

Belekcri " 0. 1210.06 1.8610.2 1 6.6710.24 0.2610.03 11.6210.98 

Majali ft 0. 16 1.8 0.3 1 11.1 

Karwar" 0.3 1 1.5 0.33 14.4 

Arguett 0.22 1.57 0.8 14 Krishnakumar el a l. ( 1998) 

Kauptt 0 .54 17.1 1.48 23.3 

Suralhkaltt 0.7 1 23.6 1.8 49.7 

Thnneerbhllvill 0.81 128 2.52 70.5 

Kamataka tt 0.03- 3.7 1 nd - 2.3 nd - 285.4 nd - IIA nd - 3.5 nd - 2.00 nd -34. 1 Sasikumar et 01. (2006) 

Kerala 
Cochin I 22.26%5.5 374.6%257.7 7.59.1.27 79. 18.12. 14 Lakshmanan and Nambisan ( 1983) 

Calieut' 1.2 110.57 12.50.8.70 352.5.103.4 2. 11±1.32 3.89%.1.11 93.39<79.44 Pillai el al. ( 1986) 

Calicut & Cochin t 2.5 7.34 16.28 0 .33 2.25 6. 12 344.52 Rlldho.krisbnan (1994) 

Calicu(tt 0 .1 6.5 2.8 0.8 15 .7 Sankar ct al. (2006) 

Gujarat 
Mocha' 1.53 3.91 9.40 1.0 1 20.10 37.34 Tcwari el a l. (2000) 

Mocha' 4.2- 1.08 6.82-2 1.22 230.6-302.3 5.25- 16.28 19.5-53.15 30.56-63.84 40.23-82.8 
Tewuri el al. (2001) 

Dwaraka' 2.54-9.48 14.24-40.47 389.4-618.3 12.52-29.54 32.8 1-65.45 45.28-92.38 52.62-813.28 

Someshwara tl 0.03.0.10 3.38.1.97 30.56<42.4 0.041.0.17 0. 1110.84 14.07%5.28 Presenl study 

Surathkllitt 0. 1O±O.46 2 .98<3.07 33.6.46.6 0.26.1.64 0.0610.48 14.94±7.2 1 Present study 

t Dry wI. t t WeI wt. 



Table 4.13. Organochlorine pesticide concentrations reported in green mussel P. viridis and seawater from west coast of India. 

Mussel (ppb wet wL) 

LocaUoo U· ~. y. 
Heptachlor Aldrin 

Heptachlor 
Dieldrin Endrin 

o.p'· p,p'. PoP'· o.p'· o,p '· P,P'- Total Authors DUe Due Bue epoxide DDT DDT DDE DDE DDD DDD 
Munambam t 0.003 0.001 0.001 0.003 0.007 0.002 0.0 17 0.0 13 O.oJ8 0.006 0.005 0.095 RadhaJuishoan et al. ( 1986) 

Calkul' 0.050 0.002 0.003 0.0 13 0.004 0.002 0.002 0.010 0.0 13 0.00 1 0.006 0.106 Radhakrishnan et aL ( 1994) 

Munambam t 0.052 0.002 0.003 0.00 1 0.004 0.002 0.002 0.010 0.0 14 0.001 0.006 0.096 
Radhakrishnan et a l. (1996-
unpublished) 

c aUcut 0.060 0. 160 0.220 Shankar e t a J. (2006) 

SomesbWIlrM 0.008 0.424 0.43 1 Present study 

Suralhkal 0.108 0. 102 0.326 0.536 Present study 

Seawater (ppb) 

Central west 0.26· 
IId-9.S nd·50.9 

nd· od· od· od· od· Surkar and Sen Gupta (1989) 
c...." 9.4 25 1 56 20.34 64.5 137 

Mumbai 1.230 1.4 10 4.7 10 8.520 0.870 16.740 Pandit et al . (2006) 

Somesbwara 0.02 1 0.0001 0.00 1 0.003 0.005 0.066 0.006 0.029 0.032 0.164 Present study 

Surathlu&.l 0.022 0.0001 0.052 0.007 0.08 1 Present study 

lnppm 



Table 4.14. Organochlorine pesticide concentrations (ppb wet wt.) reported in 
green mussel P. viridis from west coast of India. 

Location YDDT l'JJHC Authors 
Munambam-SW-IndiaT 0.062 0.004 Radhakrishnan et al. (1986) 

Calicut-SW-IndiaT 0.029 0.052 Radhakrishnan et al. (1994) 

Munambam-SW -India T 0.03 0.054 Radhakrishnan et at. (1996-
unpublished) 

South India 3.0-40 4.3-16 Ramesh et aI., (1990) 

India 0.90-40 1.5-12 Kan-atireklap et al. (1998) 

India 0.60-15 0.20-7.7 Monirith et al. (2003) 

Calicut-SW-India 0.16 nd Sankar et al. (2006) 

Someshwara-SW -India nd 0.008 Present study 

Surathkal-SW -India nd 0.108 Present study 

t m ppm; 
od - below detectable limits 



Chapter 5 



Sanitary quality of shellfish waters 

5.1. Introduction 

Organic pollution of the overlaying coastal waters of the mussel beds invites 
special attention owing to the public health concerns of the harvested mussels. 
The significance of the harvest/culture area where mussels are grown, on the 
quality of the mussel arises from the unique feeding behaviour of bivalves. The 
filter feeding mechanism in mussel, the lack of specificity and selectivity in the 
filtration process together with their ability to filter significant quantities of 
water relative to their size render them as potential vectors of water born 
pathogens even in the size range of bacteria and viruses (Ayres et ai., 1975). 

It is reported that a single mussel filters up to 4.9 I of seawater per gram body 
weight in one hour (Gardner, 2oo2). In this process they may ingest and 
accumulate pollutants, pathogenic microorganisms and naturally occurring 
toxins in their digestive system and tissues from the surrounding waters. 
Therefore, the public health concerns will continue to play an important role in 
molluscan aquaculture development and product marketing (Shumway, 1992). 

The sanitary quality of the mussel growing waters is extensively used in many 
countries for ascertaining the quality of the mussel. Mussel beds are by and large 
situated in shallow near-shore and estuarine waters exposing the mussels to 
contaminants present in land or river run-off or direct sewage discharge which 
are the major sources of microbial pollution. If exposed to a considerable load of 
pathogens over certain period of time, the pathogens are accumulated in their 
soft tissues at levels hazardous to the consumers, especially when it is consumed 
raw or in partially cooked form. 
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This risk of harvesting mussels from polluted waters increases with the 
proximity of mussel beds to highly urbanized or agricultural areas. The pollution 
conditions are often aggravated by rainfall resulting in sewage-contaminated 
run-off or effluent from overloaded sewage treatment systems reaching the 
mussel beds. 

The major sources of microbial pollution are domestic sewage (treated and 
untreated), river runoff, land runoff, treated and untreated industrial wastes, 
sewage disposed from mooring boats on the beaches and recreational activities 
on the beaches. Besides this, the water quality of rivers discharging into the 
coastal area also influences the microbial levels of the inshore waters. The 
quality of river water is in tum influenced by the inputs derived from human 
activities such as agriculture, animal husbandry and also from non-point sources. 
Surface water canals, rivulets and streams and surface runoffs from these areas 
carry animal wastes, manures and silt into the river and fmally to the estuary. 

Microorganisms of major concern in mussel sanitation are bacteria and viruses. 
Blue mussel (Mytilus edulis) has been investigated by bacteriologists over many 
decades for pathogenic bacteria (al-Jebouri and Trollope, 1981) of public health 
significance. When mussels are exposed to faecal contamination from domestic 
sewage discharges, they are often subjected to pathogenic bacteria (Wood, 
1972). Some of the important pathogenic bacteria of public health significance 
reported from shellfish grown in polluted waters belong to the genera, 
Salmonella, Vibrio and Clostridium (Shumway, 1992). Besides these, bacteria 
which are part of the normal fauna of human digestive system can cause 
problems if ingested in excessive numbers. Further a wide range of viral 
pathogens of terrestrial animal origin are also likely to be present in both raw 
and treated sewage and poses threat of their transfer through contaminated 
shellfish. 

The objective of sanitary control of shellfish is to ensure that these pathogenic 
organisms are either absent or present only in numbers below acceptable limits 
in the harvested mussels. Since many pathogens associated with faecal matter 
are discharged into coastal waters, the demonstration of pathogenic bacteria 
would obviously constitute the most direct proof of a dangerous impurity. 
However, these organisms, particularly the pathogens, are difficult to enumerate 
when, present in very low concentrations and the difficulty of their isolation 
makes the test impractical for ordinary purposes. Consequently, estimates of 
accumulation of contaminants (bacteria and viruses) are based on indicator 
organisms, which indicate that faecal matter has entered the water body and that 
the water is therefore liable to contamination with pathogenic organisms. 

To be satisfactory, an indicator organism must always be present when the 
pathogenic organisms are likely to be present, but not when they are absent. It 
must be excreted in much greater numbers than the pathogens and must have a 
comparable resistance. It should not be able to proliferate to any greater extent 
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than pathogens in aquatic environment. To be acceptable, it should be capable of 
identification and enumeration by simple techniques in a reasonably short period 
but unfortunately no organism meets all these criteria. The best indicator would 
obviously be the one whose density correlates best with the health hazards 
associated with faecal contamination. Among indicator organisms, the members 
of the coliform grc.up have received most attention. Because of the wide 
distribution of some members of the coliform group in natural unpolluted waters, 
the faecal coliforrns are used as an indicator of a breach of water quality since 
the tum of the century. 

Faecal coliforrns which comprise a portion of the total coliform group have 
proven to be of more sanitary significance because they are restricted to the 
intestinal tract of the warm blooded animals and are consequently used to defme 
water quality and sewage pollution. Few faecal coliforms are pathogenic 
however, the presence of faecal coliform bacteria in coastal waters indicates 
faecal pollution from warm-blooded animals. 

Among faecal coliforrns most notably the Escherichia coli are used as indicator 
organisms. E. coli occurs in abundance and reflects in a relative way the possible 
concentrations of pathogens from sewage as they are the standard accepted 
indicator of faecal contamination (Bernard, 1989). Enumeration of the coliform 
group as a whole and E. coli in particular, is used to indicate the level of 
pollution in seawater and in the mussel, as it has a lower survival rate in 
seawater. Therefore, current measures for controlling public health problems 
associated with the consumption of sewage-contaminated shellfish rely on the 
use of E. coli to determine the sanitary quality of shellfish harvesting areas 
(Lees, 2(00). Since the E. coli is derived from the intestines of warm blooded 
organisms, they are likely to occur in small numbers even in water bodies far 
removed from the possibility of human contamination. Water grossly 
contaminated with sewage contains them in large numbers. Therefore, test for 
their presence as an index of the degree of pollution must be carried out on a 
quantitative basis. 

Sewage pollution of shellfish growing waters is a world wide problem which is 
continuously aggravated by increasing human population (Ray and Rao, 1984). 
However, the point-sources of these types of contaminants are generally easily 
identified and monitoring programmes can be developed to predict the risk to the 
shellfish consuming public. 

To ensure that the sewage organisms do not reach the consumer, the seawater 
from which the shellfish are harvested or the product or both can be examined. 
The use of seawater is attractive since sampling and examination of the water is 
relatively simple, but at best this method can be regarded as an indirect way of 
assessing the pollution of an area and the quality of shellfish. Even then, this 
requires continuous monitoring of the seawater for possible contamination. 
Consequently various protocols for assessing the level of sewage contamination 
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of molluscs for controlling their exploitation from polluted areas have been 
developed by many countries. 

In many countries the shellfish monitoring departments routinely monitor faecal 
coliform and water quality parameters and have enacted sanitary controls on the 
production of live bivalve molluscan shellfish. Presently, water quality standards 
to measure the sanitary quality of the shellfish growing waters are rigidly 
enforced in many countries and shellfish growing waters are approved prior to 
the harvesting of shellfish for human consumption. The major objective of such 
shellfish water quality protection programme is to protect the public from the 
consumption of contaminated shellfish by ensuring that bivalves are harvested 
from waters of acceptable sanitary quality and also to promote pollution 
prevention, remediation and restoration of contaminated bivalve growing areas. 

In the European Union, shellfish quality assurance is covered by Council 
Directive 911492IEEC (EC, 1991) and in the United States, by interstate trading 
agreements set out in the FDA National Shellfish Sanitation Program Manual of 
Operations (NSSP, 1999). The European community has pronounced the gram
negative bacterium E. coli as indictor organism for faecal contamination in 
bivalves. EEC regulation 791923 deals with the classification of waters used for 
shellfish farming and EEC regulation 911492 deals with the defmition of health 
standards applicable to the production and sale of live shellfish. The regulation 
takes into account only the number of faecal coliforms and E. coli in waters and 
shellfish. 

Classification of harvesting areas for shellfish in the EU, microbiological 
examination of shellfish samples is based on the E. coli and/or faecal coliform 
count of shellfish within the harvesting area (EC, 1991). It is classified into class 
A (<230 E. colilloog or <300 faecal coliforms/1oog) requiring no treatment 
prior to consumption, class B «4,600 E. colilloo g or <6,000 faecal 
coliformsll OOg in 90% of the samples) with shellfish requiring depuration or 
relaying and class C «60,000 faecal coliforms/100 g) with shellfish requiring 
relaying over a long period in clean seawater until they meet class A standards. 

The US FDA National Shellfish Sanitation Program (NSSP, 1999) similarly rely 
on faecal coliform monitoring of harvest waters in order to determine the 
approved and restricted harvest areas and treatment requirements prior to sale. 
Shellfish growing waters approved for unrestricted shellfish harvest may have a 
highest mean faecal coliform MPN of 14/100 ml, with 10% of the samples not 
exceeding an MPN of 43/100 mI in a five-tube decimal dilution test. US FDA 
"approved" and/or EU class-A harvest sites are the cleanest growing areas from 
which shellfish can be drawn for human consumption without further 
processing. Shellfish from EU c1ass-B and US FDA restricted harvest areas may 
only be placed on the market following depuration or relaying. 

In Australia, shellfish growing waters are classified based on the Australian 
Shellfish Quality Assurance Programme (ASQAP, 2004) developed in line with 
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US NSSP. A Similar scheme of classification based on US NSSP is established 
in New Zealand, known as the New Zealand Shellfish Quality Assurance 
Programme (NZSQAP) which classifies all commercial shellfish growing areas 
in New Zealand. 

In India, though bivalves are not consumed raw, adherence to recognised 
microbiological guidelines is essential for facilitating access to overseas markets 
and to ensure that only safe and wholesome shellfish is marketed. The 
formulation of policies, regulations and establishment of facilities to ensure the 
safety of this seafood, which has the possibility of contamination by bacterial or 
viral pathogens, is very urgent and essential for the growth and development of 
the shellfish industry. In the country, however rigorous may be the aquaculture 
promotion activities, trading partners cannot be established unless international 
regulatory standards of food safety are met and accepted. Comprehensive, 
standardized shellfish sanitation programmes are therefore a priority 
requirement. Moreover, increased global concern has resulted in rigid shellfish 
safety programmes in more and more countries and trading partnerships. 
Programmes regulating exports to the European Union and the United States are 
of particular importance in this regard. Strict regulations have to be enacted, 
necessitating extensive monitoring and certification that the seafood is free from 
bacteria and other biological and chemical substances that are harmful to 
humans. Monitoring programmes that use approved procedures have to be 
implemented with overview by accredited and competent authority. Shellfish 
safety monitoring should be implemented in the country on a priority basis as it 
is envisaged to give thrust to the development of mussel culture and/or harvest 
activities in the near future aiming the potentially lucrative export markets for 
high quality shellfish products. 

The mussel beds off Someshwara and Surathkal along the Dakshina Kannada 
coast are influenced by the inputs derived from land use and human activities in 
the surrounding region from point and non-point sources. Major occupations 
along the coastal areas of Dakshina Kannada are agriculture, fishing and fish 
processing. Besides, the direct input of organic wastes from point and non-point 
sources in the vicinity, the mussel beds are subjected to organic loading brought 
in by the Nethravati, Gurpur, Pavanje and Sambhavi Rivers flowing to the 
nearby Nethravati-Gurpur and Mulki estuaries. Water quality of these rivers is 
largely influenced by the inputs derived from land use which is predominantly 
agriculture and other human activities in the river banks and the catchment areas. 

A comprehensive study on the sanitary quality of mussel harvesting areas of 
Dakshina Kannada District is lacking. Present investigation was carried out to 
evaluate the sanitary quality of the mussel beds of the District and for collecting 
baseline information on the extent of faecal contamination of mussel beds. The 
results of the study will provide valuable information on the present status of 
mussel beds with respect to the sanitary standards. Such area specific studies 
also could provide inputs in establishing national regulations for the sanitary 
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control of shellfish industry. Biological Oxygen Demand (BOD) of the coastal 
waters of mussel beds was also investigated to evaluate the extent of organic 
loading. 

The information on the seasonal vanatlOns in the presence of indicator 
organisms in the mussel beds and the status of the shellfish waters will be useful 
for an effective management of coastal areas of the District which is currently 
experiencing intense urbanisation pressure. The study was carried out with this 
objective of appraising the sanitary quality of the shellfish waters and the 
mussel. 
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5.2. Review of Literature 

The sanitary standards of the mussel beds have been widely studied, primarily 
for assessing the health risks associated with the consumption of bivalve 
shellfish. Faecal coliforms are commonly used as indicator orgallisms to signal 
the possible presence of faecal and pathogenic organisms and for evaluating the 
quality of the environment. 

Accumulation and elimination of coliforms by shellfish have been detailed in 
many studies. Cabelli and Heffernan (1970) studied the environmental 
parameters significant to the accumulation of bacterial pathogens by shellfish 
grown in polluted waters and discussed the kinetics of the uptake process. 
Canzonier (1971) monitored the E. coli uptake and elimination by the hard clam, 
Mercenaria mercenaria, simultaneously with the accumulation and elimination 
of viral particles with the coliphage S-13 as a working model. Son and Fleet 
(1980) reported the behaviour of pathogenic bacteria in the oyster, Crassostrea 
commercialis, during depuration, relaying and storage. The relationship of faecal 
coliforms, E. coli and Salmonella spp. was examined in freshly harvested and 
stored shellfish by Hood et al. (1983) and suggested that low faecal coliform 
levels in both fresh and stored oysters are good indicators of the absence of 
Salmonella spp., but that high levels of faecal coliforms are limited in predicting 
the presence of Salmonella spp. Burkhardt et al. (1992) examined the effects of 
season and temperature on the ability of M. mercenaria to accumulate both 
faecal coliforms and other sanitary indicator organisms (E. coli, Clostridium 
perfringens and male-specific bacteriophages). Burkhardt and Calci (2000) 
investigated the ability of eastern oyster (Crassostrea virginica) to accumulate 
indicator microorganisms (faecal coliforms, E. coli, C. perjringens and F I 
coliphage) from estuarine waters. Hernroth et al. (2002) investigated the 
influence of environmental factors such as temperature, salinity and land runoff 
on the variability of enteric viruses and their potential indicator organisms in 
mussels. Shieh et al. (2003) carried out a survey to examine the prevalence of 
human enterovirus and Norwalk-like virus in environmentally polluted shellfish 
to assess shellfish safety with the focus on viral contamination and to evaluate 
their relationship with microbial indicators. Cruz et al. (2003) analysed the 
distribution of faecal viral pathogens in shellfish samples under diverse 
conditions in diverse geographical areas. Dore et al. (2003) worked on the levels 
of male-specific RNA bacteriophage and E. coli in bivalves collected from 
commercial harvesting areas inorder to introduce F-RNA bacteriophage as an 
indicator of the viral risk associated with shellfish. Marino et al. (2005) 
investigated the uptake of E. coli, Vibrio cholerae and Enterococcus durans and 
depuration by mussel Mytilus galloprovincialis inorder to determine the most 
useful indicator of vibrio contamination. Mujika et al. (2002) studied the 
depuration dynamics of viruses in shellfish and suggested 5-day depuration 
treatment under technically well-controlled conditions in order to ensure 
elimination of viruses in mussels. 
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Richards (1978) compared methods for the enumeration of total and faecal 
coliforms in the eastern oyster, C. virginica. Grabow et al. (1992) compared 
different methods for the enumeration of faecal coliforms and E. coli in naturally 
contaminated and sewage-seeded mussels and oysters. Cruz et al. (2002) while 
validating reliable techniques for the detection and quantification of human 
enteric viruses in shellfish from diverse geographical areas analysed the presence 
of E. coli. The history, application and methodology for the most commonly 
used indicator organisms including E. coli in assessing the microbial status of 
water and food is summarised by Tortorello (2003). 

Edmonds (1976) studied the survival of coliform bacteria in sewage sludge and 
the potential movement into groundwater. Anderson et al. (1979) studied the 
sublethal stress in E. coli in various test media after exposure (in vitro) to 
seawater of various salinities and observed greater stress at higher salinity. 
Goyal (1979) assessed the nature, extent and sanitary significance of enterovirus 
pollution in the waters and shellfish and compared with various physico
chemical characteristics and bacteriological quality of the water. Labelle et al. 
(1980) correlated the number of viruses in sediments with various bacterial 
indicators in sediments which receive domestic sewage. Hood and Ness (1982) 
examined the survival of strains of V. cholerae in estuarine waters and sediments 
and compared their survival to that of E. coli. Anderson et al. (1983) 
investigated the seasonal variation in survival of E. coli exposed in situ in 
membrane diffusion chambers containing fIltered and non-fIltered estuarine 
water. Kenyon et al. (1984) reported direct relationship between the recovery of 
V. cholerae with total number of coliforrns in coastal waters. Colley et al. (1994) 
investigated inactivation of enterococci and faecal coliforms by sunlight in 
sewage effluent diluted in seawater in field experiments. Sinton (1994) outlined 
the interacting factors (nutrient availability, salinity, temperature, pH, microbial 
predation and solar radiation) affecting the survival of faecal indicator bacteria 
in seawater and reported the importance of solar radiations. Davies et al. (1995) 
studied the survival of faecal coliforms, faecal streptococci and C. perfringens 
spores in freshwater and marine sediments from sites near sewage outfalls. 
Legnani et al. (1998) studied the microbiological quality of shellfish waters and 
examined the relationship between the traditional bacterial indices for faecal 
contamination and other indicators of microbiological qUality. Sinton (1999) 
compared sunlight inactivation rates of somatic coliphages, F-specific RNA 
bacteriophages (F-RNA phages) and faecal coliforrns in seawater. Tree et al. 
(2003) studied the effect of chlorination on the inactivation rates of indicator 
bacteria and viruses in primary treated effluents. Neill (2004) developed 
microbiological indices for assessing the bacterial counts of total coliform and E. 
coli in estuarine waters. Anderson et al. (2005) measured persistence of indicator 
organisms by decay rates (change in culturable counts over time) and reported 
that the decay rates are influenced by the indicator organisms, inoculum, water 
type, sediment versus water column location and E. coli strain. Faecal coliform 
decay rates were significantly lower than those of enterococci in freshwater but 
were not significantly different in saltwater. 
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Along the west coast of India, published reports on the sanitary quality of the 
shellfish growing waters are very few. Venkataraman and Srinivasan (1955) 
studied the E. coli levels in P. viridis of Korapuzha Estuary near Calicut, along 
the southwest coast of India. The study showed the presence of E. coli in the 
waterbody throughout the year with peak pollution immediately following the 
beginning of the southwest monsoon. Gore and Singbal (i973) made qualitative 
and quantitative studies on the Enterobacteriaceae (coliforms) of the sandy 
beaches of Goa. Gore et al. (1980) examined the coliform counts in sediments 
and seawater while isolating Salmonella spp. from the beaches of Kerala and 
reported high faecal pollution with high E. coli counts. Pillai (1980) observed the 
levels of coliforms in brown mussel P. indica in cultured as well as wild stocks 
at Vizhinjam along the southwest coast of India. Row (1981) presented an 
account on the distribution and monthly variation of total heterotrophic bacteria 
and coliforms in Mandovi and Zuari estuaries. They observed relatively high 
coliform counts in the coastal waters off Mandovi-Zuari estuary during 
September-October months as compared to low levels during the rest of the year 
and attributed this to the recent flushing of the estuarine waters into the sea. 
Selvan and Pillai (1988) studied the bacterial quality of brown mussel Penza 
indica from natural beds. Surendran and Balachandran (1988) examined the 
faecal coliforms and faecal streptococci levels in mussel P. viridis from the 
Vembanad lake and described the cleansing procedure for elimination of 
pathogenic/indicator organisms from the mussel. Bacterial contamination of the 
beach sand, water and mussel from Mahe was investigated by Gore et al. (1992). 
Brock et at. (1985) developed simple linear models on the relationships of 
rainfall, river flow and salinity with the faecal coliform levels in mussel beds. 
Surendran et at. (2002) while investigating the microbial pollution in P. viridis 
from the brackish water bodies of Cali cut, enumerated the levels of coliforms. 
Ramaiah et al. (2004) quantified the abundance of pollution indicator and 
pathogenic bacteria in Mumbai waters. 

Information on the sanitary quality of the mussel growing or harvest waters 
along the Karnataka coast with regards to the seasonal variations in the indicator 
organisms in mussel beds are limited. Studies on the detection and isolation of 
pathogens from estuarine shellfish of Karnataka coast have been carried out by 
Karunasagar et al. (1987,1990, 1995,1996), Dileep et al. (2003) and Parvathi et 
at. (2005). Sunil et al. (2004) analysed the bacteriological quality of water and 
sediment samples collected from Nethravati and Sharavathi Rivers as well as 
from the adjacent estuarine and sea sites. Deepanjali et al. (2005) reported the 
faecal coliform counts in oysters collected from two estuaries along the 
southwest coast of India while, studying the seasonal abundance of Vibrio 
parahaemolyticus. 
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5.3. Materillis and Methods 

5.3.1. Sampling 

Samples of seawater, sediment and mussels were co\1ected on a monthly basis 
during January - December 2003 from the two mussel beds situated off 
Someshwara and Surathkal. At each mussel bed, six sampling points were fixed 
along the coastline covering the area of peak fishing activity. The sampling 
points were fixed at equidistant interval of 100 m para\1el to the coast line and at 
a depth of 3-4 m. 

Water samples were drawn from the surface layer «50 em) using 100 ml sterile 
PE bottles. Mussel and sediment samples were also co\1ected from the same 
sampling points and kept in sterile bags. The samples were transported to the 
laboratory in insulated box and were processed immediately (within 5-6 h from 
time of collection). 

A total of 93 seawater samples, 84 sediment samples and 96 mussel samples 
were collected from Someshwara and 112, 105 and 117 seawater, sediment and 
mussel samples respectively were co\1ected from Surathkal for analysis. 

5.3.2. Biochemical Oxygen Demand (BOD) 

Water samples for analysing the BOD were collected in BOD bottles from the 
selected sampling points. Initial DO levels were measured and samples were 
transported to the laboratory in insulated box. The samples were incubated 
without dilution at 200 e for 5 days. The BODs was estimated following 
Strickland and Parsons (1972). 

5.3.3. Microbiological examination techniques 

5.3.3.1. Media and reagents 

The bacteriological media and reagents used for the sample preparation and 
enumeration of total coliforms, faecal coliforms and E. coli are detailed below: 

Physiological saline 
Sodium chloride : 8.5 g 
Distilled water : 1000 mI 
Sterilised by autoclaving at 121°C for 15 minutes. 

Peptone water 0.1 % 
Peptone : I g 
Distilled water : 1000 mI 
pH : 7.0±0.2 
Sterilised by autoclaving at 121°C for 15 minutes. 
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Confmned Phase - Total coliforms 
Brilliant Green Lactose Bile (BGLB) Broth (HIMEDIA, Mumbai) 
Peptone : 10.0 g 
Lactose : 10.0 g 
Oxgall : 20.0 g 
Brilliant green : 0.0133 g 
Distilled water : 1000 mI 
pH : 7.2±O.2 
Medium was prepared as per the manufacture's instruction. 

Confmned Phase - Faecal coliforms 
Escherichia coli CEq Broth (HIMEDIA, Mumbai) 
Tryptose : 20.0 g 
Lactose 5.0 g 
Bile salts mixture 1.5 g 
Dipotassium hydrogen phosphate 4.0 g 
Potassium dihydrogen phosphate 1.5 g 
Sodium chloride 5.0 g 
Distilled water : 1000 mI 
pH : 6.9±O.2 
Medium was prepared as per the manufacture's instruction. 

Confmned Phase - E. coli 
Eosin Methylene Blue CEMB) Agar (lllMEDIA, Mumbai) 
Peptone : 109 
Lactose : 109 
Dipotassium phosphate : 2 g 
~inY : Mg 
Methylene blue : 0.065 g 
Agar : 15 g 
Distilled water : 1000 mI 
pH : 7.l±O.1 
Medium was prepared as per the manufacture's instruction. 

Tryptone Broth (HIMEDIA Mumbai) 
Tryptone : 109 
Yeast ex tract : 5 g 
Sodium chloride : 5 g 
Distilled water : 1000 mI 
pH : 7.l±O.2 
Medium was prepared as per the manufacture's instruction. 

Kovac's Reagent (lllMED1A, Mumbai) 
p-Dimethy amine benzaldehyde 
Isoamyl alcohol 
Conc. Hydrochloric acid 

: 5.0 g 
: 750 mI 
: 250 ml 
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Methyl Red-Voges Proskauer Broth 
Glucose 
Peptone 
Dipotassium hydrogen phosphate 
Sodium chloride 
Distilled water 

: 5.0 g 
: 7.0g 
: 5.0g 
: 5.0 g 
: 1000 mI 

Medium was dispensed in 5 mI proportion into tubes and autoclaved at IIO"C for 
15 minutes 

Methyl Red reagent 
Methyl red : 0.2 g 
Ethyl alcohol : 600 mI 
Reagent was made up to 1000 mI with distilled water. 

Voges Proskauer's reagent 
Solution A 
a-naphthol 
Absolute alcohol 

Solution B 
Potassium hydroxide 

: 5.0g 
: 100 mI 

: 40% strength 

Simmon Citrate Agar (HlMEDIA, Mumbai) 
Sodium citrate : 2.0 g 
Sodium chloride : 5.0 g 
Dipotassium hydrogen phosphate : 1.0 g 
Ammonium hydrogen phosphate : 1.0 g 
Magnesium sulphate : 2.0 g 
Bromothymol blue : 0.08 g 
Agar : 15.0 g 
Distilled water : 1000 mI 
pH : 6.8±O.2 
Medium was prepared as per the manufacture' s instruction, dispensed into tubes, 
sterilized and solidified in a slanting position. 

5.3.3.2. Most Probable Number (MPN) technique 

Seawater and mussel samples were analysed for total coliforms, faecal coliforms 
and E. coli using the MPN technique in accordance with the statutory method 
proposed by NSSP (1999). The samples from the six independent sampling 
points of the two mussel beds were analysed separately. 

The MPN procedure involves a multiple tube fermentation technique where, 
three or more decimal dilutions of the sample are inoculated into tubes 
containing bacteriological media and incubated at a specific temperature for a 
specific time. The method has been shown to produce satisfactory results with 
naturally contaminated foods and water for the detection of coliforms, faecal 
coliforms and aerogenic E. coli (APHA, 1984). Briefly, the method involves 
serially diluting the target microorganisms in the sample, in 5-replicate aliquots 
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to extinction. The probable level of the target organisms is then statistically 
estimated from an MPN Table. Gas production is used as an indication of ability 
to ferment lactose from Lauryl tryptose (LST) broth (presumptive media); gas 
production from Brilliant Green Lactose Bile (BGLB) broth is considered 
conflflDation of coliform presence. Gas production at 44.S or 4SoC from EC 
broth is used as conflflDation of faecal coliform presence. Appearance of typical 
nucleated, dark-centred colonies with metallic sheen when positive EC broths 
are streaked onto L-EMB agar are indicative of E. coli. The typical colonies on 
L-EMB agar must be confrrmed by Indole, Methyl red, Voges-Proskauer, Citrate 
(IMViC) biochemical tests to prove the presence of E. coli. Based on the number 
of tubes indicating the presence/ absence of the three groups of organisms, the 
most probable numbers present is estimated from a standard MPN Table. 

The total coliforms, faecal coliforms and E. coli in water, sediment and mussel 
samples were enumerated using S tube MPN procedure. In case of water 
samples, 10 mI, I mI and 0.1 mI portions were used for inoculation. Sediment 
samples of decimal dilution were obtained by mixing SO g with 4S0 mI of 0.1 % 
peptone water. The mixture was allowed to settle and the supernatant liquid was 
used for inoculation (APRA, 1995). Mussel samples were analysed immediately 
after collection. Ten to 12 live mussels were randomly selected to obtain a 
minimum of 200 g of meat and liquor. The mussel tissue samples were prepared 
according to standard method (NSSP, 1999). The collected meat and liquor was 
weighed, blended, diluted (decimal dilution using O.S% peptone water) and 
inoculated into tubes of presumptive media (LST broth). A set of five tubes 
containing 10 mI of double strength LST broth and two sets of five tubes 
containing single strength LST broth were serially inoculated with 10 mI, Imi 
and 0.1 mI portions of the samples. The tubes were incubated at 37±OSC for 
24±2 h along with an uninoculated tube as control and were examined for gas 
formation and the results were recorded. Development of turbidity with gas 
formation in LST broth constitutes positive result for the presumptive coliform 
test. 

5.3.3.3. Enumeration of total coliforms 

All positive tubes in LST broth were selected for the confrrmation of coliforms, 
faecal coliform and E. coli. The gas-negative tubes were incubated (except raw 
mussel tissue) for an additional 24±2 h and the numbers of positive results were 
appended to result obtained after 24 h. Absence of gas in all of the tubes after 48 
h (24 h for raw mussel tissue) of incubation indicates a negative presumptive 
result. Brilliant Green Lactose Bile (BGLB) broth was used for the confrrmation 
of the total coliforms. The BGLB broth tubes prepared were inoculated with 
inoculum from the positive LST tubes. The positive LST broth tubes were 
rotated to mix the contents and one loopful from each tube was transferred to a 
tube of BGLB broth using a sterile inoculation needle. The inoculated medium 
was mixed by gently shaking the tubes without entrapping air in the gas vials. 
The inoculated BGLB broth tubes were incubated at 37±O'SoC for 24±2 h and 
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examined for gas formation and the results were recorded. The negative tubes 
were incubated for an additional 24±2 h, re-examined and the results were added 
to the results obtained in 24±2 h incubation. MPN of confirmed total coliforms 
was computed by converting the number of gas-positive tubes to MPN values 
per 100 ml for water and 100 g for sediment and tissue. 

5.3.3.4. Enumeration of faecal coliforms 

Media used for the confinnation of faecal coliforms was E. coli (EC) broth. Gas 
production with growth in an EC broth within 24±2 h or less is considered as 
positive faecal coliform reaction. The contents of the positive BGLB broth tubes 
were mixed by rotating the tubes and one loopful from each was transferred to a 
tube of EC broth. The inoculated EC broth tubes were incubated in a water bath 
at 44.S±O.SoC for 24±2 h. The tubes were examined for gas production (gas 
bubble or effervescence) and the results were recorded. Formation of gas during 
24±2 h incubation constitutes a positive faecal coliform test. MPN of confmned 
faecal coliforms was computed by converting the number of gas-positive tubes 
to MPN values per 100 mJ for water and 100 g for sediment and tissue. 

5.3.3.5. Enumeration of E. coli 

Eosine Methylene Blue (EMB) agar was used as selective medium for the 
isolation of E. coli. The colonies of E. coli appear as non-mucoid, nucleated, 
dark-centered colonies with a metallic sheen on EMB agar. For isolation of E. 
coli, a loopful of the culture from gas-positive EC broth tube was streaked on an 
EMB agar plate. The inoculated plates were incubated at 37°C for 18 to 24 h and 
examined for typical colonies which are indicative of E. coli. The typical E. coli 
colonies were subcultured on PCA slants and incubated at 37°C for 18-24 h. 
Further confmnation of E. coli was done by the IMViC tests. 

IMViCtests 

The characters of Escherichia are that it produces indole, gives positive methyl 
red reaction and a negative Voges-Proskauer reaction and does not utilize citrate. 

Indole (I): Inoculum from colonies identified on EMB plate was transferred to a 
Tryptone broth and incubated at 37°C for 48±2 h. Kovac ' s reagent was added to 
the culture for the confirmation of indole production. Formation of a dark red 
ring in the surface layer indicates a positive reaction and a yellow colour 
indicates negative reaction. 

Methyl-Red (MR) and Voges-Proskauer (VP) Tests (MVi): E. coli gives a 
positive reaction in MR, indicated by the development of red colour and a 
negative reaction in VP test characterised by the absence of any colour 
development within 5-10 minutes. The MRVP test was performed by inoculating 
two tubes of MR-VP broth with inoculum from colonies isolated on PCA slants. 
The inoculated tubes were incubated at 37°C for 48±2 h. Few drops of methyl-
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red solution were added to one set of tubes. To 1 mI of 48 h culture medium, 0.6 
mI of naphthol solution and 0.2 mI 40% KDH were added followed by a few 
crystals of creatine, shaked and allowed to remain for 2 h. Positive result is 
indicated by the development of eosin pink colour. 

Simmon's Citrate Test (C): In this test the ability of cultures to utilize citrate as 
a source of Carbon is tested on Simmon Citrate (SC) agar slants. Positive 
reaction is indicated by visible growth, usually accompanied by a change of 
colour from green to deep blue. E. coli on SC slants provide a negative reaction. 
The test was performed by inoculating SC agar slants by applying a light 
inoculum from colonies isolated on PCA slants using a straight needle. The 
slants were incubated at 37°C for 48±2 h and results were recorded. 

The MPN for E. coli in water, sediment and tissue was computed based on 
proportion of EC tubes in 3 successive dilutions that contain E. coli as detailed 
for coliforms above. 

5.3.4. Evaluation of sanitary standards of mussel beds 

Various shellfish sanitation strategies have been implemented in shellfish 
growing areas throughout the world which include a system of classification of 
shellfish growing areas broadly based on either water test results (USA and 
Canada-National Shellfish Sanitation Program, NSSP, 1999); Australia
Australian Shellfish QUality Assurance Program (ASQAP, 2004)) or tissue test 
results (Europe-Council Directive 9114921EEC, EC, 1991) combined with the 
use of relaying or controlled depuration. 

The status of the sanitary quality of the mussel beds were evaluated based on the 
geometric mean of the faecal coliform levels in shellfish growing waters as per 
US FDA NSSP (NSSP, 1999) and the mussel beds are classified accordingly. 
The 90th percentile of the geometric means were used to identify threatened areas 
as it responds more quickly to changes in pollution than geometric means. The 
90th percentile was estimated as detailed in NSSP, 1999. 

5.3.5. Data treatment and Statistical analysis 

Analysis of variance in the monthly MPN values of total coliforms, faecal 
coliforms and E. coli of the six selected sampling points in the mussel beds 
showed no significant difference between the sampling points. Therefore, the 
monthly MPN values of the sampling points were pooled together for the mussel 
beds and arithmetic mean and standard deviation were calculated using the 10gIO 
transformed values. Seasonal (pre-monsoon, monsoon and post monsoon) 
variations of coliform counts in each mussel bed was analysed by one-way 
ANDV A. Station-wise analysis also was carried out within each season using 
one-way ANDV A. In each mussel bed the interdependence of the coliform 
counts of seawater, sediment and mussel tissue was analysed by estimating the 
Pearson's correlation coefficients. Bioaccumulation indices were calculated as 
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the ratio of arithmetic mean of MPN values of total coliforrns. faecal coliforms 
and E. coli in mussel tissue to that of the overlaying seawater. The indices were 
also calculated as ratio of the MPN values in tissue to that in sediments. 

97 



5.4. Results 

5.4.1. Coliform levels in seawater 

The counts of total coliforrns, faecal colifonns and E. coli of seawater from the 
mussel beds off Someshwara and Surathkal enumerated using MPN method is 
presented in Table 5.1. 

Someshwara: The mean 10gIO MPN counts of colifonns in seawater from the 
mussel beds off Someshwara were 2.65±1.09 for total colifonns, 2.60±1.l9 for 
faecal colifonns and 2.07±O.88 for E. coli! 100 mi. The total colifonn numbers 
in seawater was highest in June (3.20 MPNI 100 mI) decreased from October 
and reached the lowest value of 0.94 MPN/IOO mI in December (Fig. 5.1). The 
faecal colifonn count followed similar trend with lowest value of 0.51 MPNI 
100 mI in December and highest in June (3.20 MPN/IOO mI). Similarly highest 
E. coli count was recorded in June (2.94 MPN/IOO mI) and lowest in April (0040 
MPNI 100 mI). Season-wise analysis indicated that the colifonn count was very 
high during monsoon compared to pre-monsoon and post-monsoon (Fig. 5.2). 
The mean 10gIO MPN count of colifonns in seawater during monsoon was 
3.l6±O.29 for total colifonns, 3.11±O.57 for faecal colifonns and 2.60±O.83 for 
E. coli! 100 mi. The analysis of variance revealed significant seasonal 
differences in total colifonn, faecal colifonn and E. coli levels in seawater 
during the study period (Table 5.2). 

Surathkal: The MPN counts of colifonn bacteria of seawater of Surathkal 
mussel bed presented less variability compared to Someshwara. The log 10 MPNI 
100 mI were 2.58±O.96 for total coliforms; 2.l7±O.86 for faecal coliforms and 
1.88±O.81 for E. coli. Total coliforms ranged from 0.85 MPNI 100 mI in 
February to 3.13 MPNI 100 mI in August (Fig. 5.1 ). Faecal colifonns ranged 
from 0.59 MPN/IOO mI in December to 2.85 MPNI 100 mI in June and E. coli 
from 0.05 MPN/l00 mI in December to 2.65 MPNI 100 mI in June. Similar to 
the seasonal trends observed in Someshwara beds, higher colifonns levels were 
noticed in monsoon season than in pre-monsoon and post-monsoon seasons (Fig. 
5.2) at Surathkal. The mean 10gIO MPN counts/lOO mI in seawater was 
3.00±0.65 for total colifonns, 2.57±O.87 for faecal colifonns and 2.30±O.81 for 
E. coli in monsoon. Analysis of seasonal variability indicated significant 
difference in colifonn counts between seasons (fable 5.2). 

Analysis of variance in colifonn counts between the mussel beds showed 
significant differences (p<0.05 ) in total colifonn and faecal colifonn counts 
during monsoon and post-monsoon seasons (Table 5.3). During pre-monsoon 
season no significant difference was observed in colifonn counts between the 
mussel beds. 
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5.4.2. Coliform levels in sediment 

Someshwara: The counts of total coliforms, faecal coliforms and E. coli in the 
sediment (lOgIO MPN) of mussel beds are presented in Table 5.4. In sediment 
samples, the total coliform levels ranged between 1.56 MPN/100 g in November 
and 4.20 MPN/IOO g in October with a mean 10gIO value of 3.1S±l.lS MPNI 
100 g. Faecal coliforms and E. coli were absent in sediments during November
December and the highest counts were observed in February and July (Fig. 5.3). 
The mean logIO count of faecal coliforms was 2.34±1.l3 MPN/100 g and that of 
E. coli was 2.J9±1.0S MPNI 100 g in the sediment samples. Season-wise 
analysis of coliform counts indicated highest values of total coliforms in 
sediment during post-monsoon season (3.43±1.46 MPNI 100 g) followed by 
monsoon and pre-monsoon seasons (Fig. 5.4). The counts of faecal coliforms 
and E. coli did not follow similar seasonal variations and the highest values were 
observed in monsoon. The faecal coliform and E. coli counts were 2.62±O.52 
MPNI 100 g and 2.30±O.46 MPNI 100 g respectively during monsoon. Analysis 
of variance revealed significant difference (p<0.05) in coliforms levels in 
sediment samples between the seasons at Someshwara (Table 5.5). 

Surathkal: The numbers of total coliforms, faecal coliforms and E. coli in the 
sediment of Surathkal mussel beds, estimated using MPN technique as 10gIO 
values are presented in Table 5.4. The coliform counts of Surathkal presented 
less variability compared to that of Someshwara with mean values of 2.44±O.71 
MPN/lOO g for total coliforms, 2.24±O.96 MPN/lOO g for faecal coliforms and 
1.SO±O.S6 MPNI 100 g for E. coli. The total coliforms in the sediment samples 
ranged between 1.26 MPNI 100 g in October and 3.15 MPN/100 g in January. 
Faecal coliforms count ranged from none in October and December to 2.73 
MPN/IOO g in January. E. coli counts during the year ranged from none during 
October-December months to 2.73 MPNI 100 g in January. Statistical analyses 
showed that there is significant difference in the coliform counts in sediments 
between the seasons (Table 5.5). The total coliforms were higher (2.73±1.l3 
MPNI 100 g) during post-monsoon season followed by pre-monsoon and 
monsoon seasons (Fig. 5.4). The faecal coliforms (2.43±1.34 MPNI 100 g) and 
E. coli (1.99±1.02 MPNI 100 g) showed similar trends with higher counts in 
post-monsoon season. 

Analysis of variance in coliform counts between the mussel beds showed 
significant variation (p<0.05) during monsoon season whereas, no significant 
variation was observed during the pre-monsoon and post-monsoon seasons 
(Table 5.6). 

5.4.3. Coliform levels in mussel tissue 

Someshwara: The 10gIO MPN of coliforms in tissue samples of mussels from 
Someshwara mussel beds are presented in Table 5.7. The total coliforms in the 
tissue samples varied between 2.0 MPN/IOO g (November) and 4.20 MPN/IOO 
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g (August) with a mean of 3.37±1.04 MPNI 100 g. Faecal coliforms presented 
highest monthly variability, registering counts between l.44 MPNI 100 g 
(February) and 4.04 MPN/IOO g (August) with a mean of 3.l1±1.13 MPN/lOO 
g (Fig. 5.5). Count of E. coli in the tissue samples ranged between 0.78 MPNI 
100 g (January) and 2.51 MPN/100 g (August) with a mean of 2.02±O.98 MPNI 
100 g. Wide seasonal variations were observed in the presence of coliforms in 
the mussel tissue (Fig. 5.6). Monsoon season registered highest coliform levels 
with mean 10gIO value of 3.83±O.78 MPNI 100 g for total coliforms, 3.68±O.80 
MPNI 100 g for faecal coliforms and 2.40±O.24 MPNI 100 g for E. coli. 
Variations in the total coliform, faecal coliform and E. coli counts in mussel 
tissue were significant (p<0.05) between the seasons (Table 5.8). 

Surathkal: At Surathkal mussel beds the coliform counts in mussel tissue were 
more or less comparable with that of Someshwara beds except for faecal 
coliforms (Table 5.7). The mean 10gIO MPN counts were 3.31±1.04 10gIO MPNI 
100 g for total coliforms; 2.52±O.90 MPNI 100 g for faecal coliforms and 
2.02±O.95 MPN/I 00 g for E. coli. The levels of total coliforrns, faecal coliforms 
and E. coli varied from 1.76 MPN/IOO g (February) to 4.06 MPN/IOO g (June), 
1.58 MPN/IOO g (February) to 3.22 MPN/lOO g (August) and l.33 MPN/IOO g 
(December) to 2.41 MPNI lOOg (July) respectively. The MPN values of total 
coliforms, faecal coliforms and E. coli in tissue samples were significantly 
higher (p<0.05) during the monsoon season (Fig. 5.6), when compared with pre
monsoon and post-monsoon seasons (Table 5.8). The mean MPN values during 
monsoon season were 3.63±O.67 MPNI 100 g, 2.92±O.83 MPNI 100 g and 
2.29±O.82 MPNI 100 g respectively for total coliforms, faecal coliforms and E. 
coli. 

Coliform counts between the beds within the seasons showed significant 
differences (p<0.05) during monsoon and post-monsoon seasons (Table 5.9). 

5.4.4. Bioaccumulation indices 

The bioaccumulation indices of coliforms in mussel tissue estimated as a 
function of their counts in seawater and sediments of mussel beds are presented 
in Table 5.lD. 

Someshwara: Generally mussel tissue was found having higher load of coliform 
bacteria than that of overlaying water in mussel beds, as indicated by 
bioaccumulation index above unity in most of the months. The bioaccumulation 
index of total coliforms ranged between 0.4 and 36 at Someshwara. In March, 
April and October the ratio was above 30 indicating a higher bacterial load in 
tissue in comparison with the overlaying seawater. The indices for faecal 
coliforms and E. coli ranged between 0.2 and 75.5 and 0.2 and 52.9 respectively 
with highest values in April. The ratio of coliform bacteria in mussel tissues to 
the coliform load of sediments varied considerably. The bioaccumulation index 
calculated for the total coliforms ranged between 0.2 and 68.6. For faecal 
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coliforms and E. coli the indices ranged between zero and 47 and zero and 7.3 
respectively. Highest tissue to sediment ratio for total coliforrns and faecal 
coliforms was recorded in August whereas, the highest value for E. coli was 
observed in September. 

Surathkal: The bioaccumulation indices of Surathkal indicated wide variations 
in the range of values compared to that of Someshwara (Table 5.10). The 
bioaccumulation index for total coliforms, faecal coliforms and E. coli was 5.4, 
2.3 and 1.4 for mussel tissue to seawater respectively. Highest values of all the 
three indices were observed in May, one month later compared to Someshwara. 
The ratio of total coliform count of mussel tissue to the sediments varied 
considerably during the year. The bioaccumulation index of faecal coliforms and 
E. coli was 1.9 and 1.7 respectively. 

5.4.5. Influence of environmental variables on coliform levels 

Correlation matrix presenting the Pearson's correlation coefficients between the 
total coliform, faecal coliform and E. coli counts in seawater, sediments and 
mussel tissue and environmental variables viz., rainfall, temperature and salinity 
are presented in Tables 5.11, 5.12 and 5.13. 

Someshwara: Correlation analysis revealed that the total coliform, faecal 
coliform and E. coli counts of mussel tissue was directly related (p<O.05) to the 
coliform counts of seawater and sediment in mussel beds off Someshwara. 
Significant positive correlation was also noticed between the coliform counts in 
seawater, sediment and mussel tissue with rainfall, whereas, salinity and 
temperature had significant negative influence on the coliform counts of 
seawater, sediment and tissue. 

Surathkal: The total coliform, faecal coliform and E. coli counts of mussel 
tissue was directly related (p<O.05) to the coliform counts of seawater while the 
coliform counts of the mussel tissue was found to be not influenced by its levels 
in the sediment. Rainfall was found to have significant positive influence on the 
coliform counts of seawater and mussel tissue whereas, the coliform counts of 
the sediment was unrelated to the rainfall. The total coliform, faecal coliform 
and E. coli counts of seawater were found negatively related to the salinity and 
temperature. The coliform counts of mussel tissue were also found to have 
similar relationship with salinity and temperature except in E. coli counts. 

5.4.6. Evaluation of sanitary standards of mussel beds 

Conformity of mussel growing waters of Someshwara and Surathkal to the 
microbial standards set by NSSP (1999) based on the faecal coliform counts is 
presented in Table 5.15. The faecal coliform count (geometric mean) observed 
was 23 MPNI 100 ml at Someshwara waters and 19 MPNI 100 ml at Surathkal 
waters. These values exceed the faecal coliform level of 14 MPNI 100 ml 
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(geometric mean) in seawater approved for unrestricted shellfish harvest or 
standards set for "approved area" (NSSP, 1999). 

In the next category of classification in which the shellfish require depuration or 
relaying prior to sale, the limits of faecal coliforms are set below the geometric 
mean of 881 100 mI, with fewer than 10% of samples exceeding 2601 100 mI for 
a five-tube MPN (Table 5.14). In Someshwara and Surathkal shellfish waters the 
mean (geometric mean) faecal coliform counts were < 881 100 mI but in 25% 
water samples from Someshwara and 12% water samples from Surathkal, the 
counts exceeded the limit of 260 MPNI 100 mi. The samples that exceeded the 
MPN levels of 260 perl 100 mI were drawn mostly during the monsoon months. 

Considering the fact that the mussel beds along the coastal waters of Dakshina 
Kannada coast are subjected to bacterial contamination mainly from increased 
runoff associated with monsoon, the faecal coliforms in the mussel beds were 
analysed seasonally and were evaluated for their conformity with the standards. 

Seasonal changes infaecal coliform counts and their relevance: 

In Someshwara waters the geometric mean for faecal coliforms during pre
monsoon season was 8 MPNI 100 mI and during post-monsoon season was 5 
MPNI 100 mi. These counts were below the 14 MPNI 100 mI, but in pre
monsoon the 90th percentile MPN value was higher than 43 MPN/l00 ml (Table 
5.15). In 27% of the pre-monsoon seawater samples and 19% of the post
monsoon samples the faecal coliforms levels were above 141 100 mI, the 
standard set for "approved area". 

Similarly the faecal coliforms levels in seawater from Surathkal yielded low 
values during pre-monsoon (10 MPNI 100 m!) and post-monsoon (13 MPN/100 
mI) seasons but 90th percentile MPN value was substantially higher than the 
limit of 43 MPN (Table 5.15). In Surathkal the faecal coliforms in 35% of the 
pre-monsoon seawater samples and 50% of the post-monsoon samples were 
above 141 100 mi. 

Predictably, Someshwara (875 MPNI 100 mI) and Surathkal (83 MPN/100 mI) 
waters yielded elevated faecal coliform MPN values during monsoon season 
with geometric mean and 90th percentile values well above the limits. It was 
observed that all the samples from Someshwara and 87% of the samples from 
Surathkal exceeded the limit during the season. At Surathkal the faecal coliform 
counts were ten fold lower than the geometric mean values of faecal coliforms in 
Someshwara during monsoon season. 

When shellfish growing waters are exposed to limited amounts of pollution the 
shellfish must be depurated or relayed prior to sale, provided the limits of faecal 
coliforms in such conditions do not exceed 88/ 100 mI and the estimated 90th 

percentile do not exceed 260 MPN/ 100 mI or with fewer than 10% of samples 
exceeding 260 MPNI 100 ml for a five-tube MPN. In Someshwara waters the 
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faecal col iform levels in 91 % of the pre-monsoon water samples and in 100% 
(all) of the post-monsoon samples were below 88 MPNI 100 mi. Similarly, in 
Surathkal, the faecal coliform levels in 94% of the pre-monsoon water samples 
and in 100% (all) of the post-monsoon samples were below 88 MPNI 100 mi. 
Therefore, geometric mean and 90th percentile MPN results from Someshwara 
and Surathkal were well below the limits for "restricted area" classification 
during the pre-monsoon and post-monsoon seasons. 

5.4.7. Biochemical Oxygen Demand (BOD) 

The mean BODs values of Someshwara and Surathkal mussel beds were found 
to be below 2 mg!! and it ranged between 0.3 and 4.5 mg!! during the period of 
study. The spatial and temporal variations in BOD values of the mussel beds are 
presented in Table 5.16. 

Someshwara: The mean BOD values of Someshwara mussel bed in general 
varied between OJ and 1.8 mg!!. An exceptional peak of 4.5 mg!! was noticed in 
September. High BOD values were observed during monsoon and pre-monsoon 
seasons at Someshwara. Seasonal trend in BOD level is presented in Fig. 5.7. 
Analysis of variance showed significant difference in BOD levels between the 
seasons (p<0.05) at Someshwara. 

Surathkal: The mean BOD values at Surathkal varied from 0.9 to 3.4 mg!!. 
Analysis of seasonal trends in BOD levels revealed significant differences 
(p<0.05) between seasons at Surathkal (Table 5.17). BOD levels were high in 
monsoon and post-monsoon seasons. 

Between the mussel beds of Someshwara and Surathkal significant variations 
(Table 5.18) in BOD levels were observed only during post-monsoon (p<0.05) 
season. 
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Table 5.1. Monthly variations of total coliform, faecal coliform and E. coli 
counts in seawater from mussel beds off Someshwara and 
Surathkal. 

Mussel Seawater (log 10 MPN/lOOml) 
Bed Montb 

Total coliforms Faecal coliforms E. coli 

Jan 1.6 I ±O.39 1.51±O.84 0.85±O.55 

Feb 2.90±1.66 2.90±1.66 1.86±1.08 

Mar 1.47±O.73 1.47±O.73 1.46±O.85 

Apr 1.13±O.60 0.61±O.44 0.40±0.33 

f 
May 1.54±O.50 0.92±O.23 0.92±O.23 

<II Jun 3.20±0.OO 3.20±0.OO 2.94±O.69 
~ 
.:: 

Ju1 3.l4±O.30 3.06±O.42 2.76±O.92 ~ e Aug 3.14±O.30 3. 13±O.42 2.08±O.34 C> 
rIJ 

Sep 3. I 3±O.42 3.03±O.94 1.13±O.31 

Oct 2.30±0.93 1.91±O.76 1.9O±O.83 

Nov 1.29±O.36 0.77±O.50 0.77±O.50 

Dec 0.94±O.30 0.51±O.36 0.43±O.35 

Mean 2.65:1:1.09 2.60:1:1.19 2.07%0.88 

Jan 2.21±O.61 1.69±O.45 1.69±O.45 

Feb 0.85±O.38 0.75±O.36 0.63±O.41 

Mar 1.59±O.63 0.96±O.52 0.89±O.56 

Apr 2.38±O.87 2.34±O.87 2.01±O.80 

May 0.95±O.23 0.74±O.18 0.70±0.34 
OJ Jun 3.00±0.36 2.85±O.69 2.65±O.64 ..:0: 
.:: - Ju1 2.82±O.71 2.75±O.67 2.42±O.58 f 
= Aug 3.13±O.67 1.29±O.37 0.98±O.24 rIJ 

Sep 3. 11±O.60 1.29±O.59 0.98±O.45 

Oct 2.95±O.53 2.04±O.49 1.l6±O.52 

Nov 2.07±O.68 1.44±O.71 0.86±O.54 

Dec 0.97±O.20 0.59±O.36 0.05±O.25 

Mean 2.58:1:0.96 2.17:1:0.86 1.88:1:0.81 
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Fig. 5.1. Monthly variations of total colifonn, faecal colifonn and E. coli counts 
(± SD) in seawater from mussel beds off Someshwara and Surathkal. 
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Table 5.2. Analysis of variance of coliform counts of seawater of the mussel beds 
off Someshwara and Surathkal during pre-monsoon, monsoon and 
post -monsoon seasons. 

Someshwara 

Source Sum of Degrees Mean F value p 
squares of sum of computed 

freedom squares 

Total coliforms Combined 69.1 2 34.57 77.5 0.000 
x season Within groups 40.2 90 0.45 

Total 109 92 
Faecal Combined 82.3 2 41.13 76.3 0.000 
coliforms Within groups 48.5 90 0.54 
x season Total 13 1 92 
E. coli Combined 28.5 2 14.26 29.6 0.000 
x season Within groups 43.3 90 0.48 

Total 71.9 92 

Surathkal 

Total coliforms Combined 42.7 2 21.33 39.1 0.000 
x season Within groups 59.5 109 0.55 

Total 102 111 
Faecal Combined 17.7 2 8.85 IS. 1 0.000 
coliforms Within groups 63.9 109 0.59 
x season Total 81.6 111 
E. coli Combined 15.4 2 7.68 14.5 0.000 
x season Within groups 57.8 109 0.53 

Total 73.2 111 



Table 5.3. Analysis of variance of coliform counts of seawater of the mussel beds 
(station) off Someshwara and Surathkal within pre-monsoon, monsoon 
and post-monsoon seasons. 

= Source Sum of Degrees Mean F value p 
Q squares of sum of computed :g .. freedom squares en 

Total Combined 0.3 1 0.28 0.43 0.514 
coliforms Within 
x station groups 54.9 83 0.66 

Total 55.1 84 
c 

Faecal 0 Combined 0.1 1 0.11 0.18 0.670 0 
~ coliforms Within c 
0 x station 52.3 83 0.63 E groups , 
" Total 52.4 84 cI:: 

E. coli Combined 0.2 1 0.21 0.43 0.513 
x station Within 

groups 40.4 83 0.49 

Total 40.6 84 
Total Combined 1.8 1 1.85 6.78 0.012 
coliforms Within 
x station groups 14.2 52 0.27 

Total 16.0 53 

c Faecal Combined 14.0 1 14.0 24.78 0.000 
0 coliforms Within 0 
'" c x station groups 29.3 52 0.56 0 

::2: Total 43.3 53 
E. coli Combined 1.1 1 1.15 1.73 0.194 
x station Within 

groups 34.5 52 0.66 

Total 35.7 53 
Total Combined 6.4 1 6.44 13.46 0.000 
coliforms Within 
x station groups 30.6 64 0.48 

c Total 37.0 65 

8 Faecal Combined 2.7 1 2.74 5.70 0.020 
'" coliforms c Within 0 

Z x station groups 30.8 64 0.48 
'" Total 33.5 65 &: 

E. coli Combined 0.3 I 0.27 0.66 0.418 
x station Within 

groups 26.2 64 0.41 

Total 26.5 65 



Table 5.4. Monthly variations of total coliform, faecal coliform and E. coli 
counts in sediments from the mussel beds off Someshwara and 
Surathkal. 

Mussel Sediment Oog 10 MPN/IOO g) 
Bed Month 

Total coliforms Faecal coliforms E. coli 

Jan 1.81±O.22 1.81±O.22 1.81±O.22 

Feb 2.83±O.l8 2.83±O.l8 2.83±O.l8 

Mar 1.87±O.OO 1.74±O.l7 1.26±O.85 

Apr 2.06±1.29 1.26±O.85 1.26±O.85 

'" 
May 2.36±O.OO 1.56±O.OO 1.56±O.OO .. 

'" Jun 3.38±O.73 2.70±0.60 2.37±O.59 
~ 
.: 

Jul 2.97±O.OO 2.83±O.l8 2.46±O.25 '" .. e Au!! 2.37±O.59 2.37±O.59 2.l2±O.44 <:> 

'" Sep 2.40±0.42 2.40±0.42 2.12±O.44 

Oct 4.20±0.OO 2.73±O.43 2.73±O.43 

Nov 1.56±O.OO nd nd 

Dec 1.86±1.04 nd nd 

Mean 3.18±1.18 2.34±1.13 2.19±I.08 

Jan 3.l5±O.41 2.73±O.43 2.73±O.43 

Feb 1.81±O.l2 1.65±O.l5 1.53±O.06 

Mar 2.66±O.OO 2.66±O.OO 1.74±O.16 

Apr 1.52±O.04 1.52±O.04 1.52±O.04 

May 2.33±O.l2 1.80±0.22 1.81±O.22 
'i Jun 2.21±O.22 1.96±O.OO 1.56±O.OO ..:.: 
.: ... Jul 2.05±O.33 2.05±O.33 1.88±O.22 co .. 
= Aug 1.92±O.05 1.57+1.02 1.26±O.85 '" 

Sep l.79±O.27 l.79±O.27 1.66±1.08 

Oct 1.26±O.85 nd nd 

Nov 2.85±O.65 2.67+\.50 nd 

Dec \.63±O.90 nd nd 

Mean 2.44±O.71 2.24±O.96 1.80±0.86 
nd: not detected 
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Fig. 5.3. Monthly variations of total colifonn, faecal colifonn and E. coli counts 
(± SO) in sediments from mussel beds off Someshwara and Surathkal. 
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Fig. 5.4. Seasonal variations of total coliform, faecal coliform and E. coli counts 
(± SD) in sediments from mussel beds offSomeshwara and Surathkal 
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Table 5.5. Analysis of variance of colifonn counts of sediments from the mussel 
beds off Someshwara and Surathkal during pre-monsoon, monsoon 
and post-monsoon seasons. 

Someshwara 

Source Sum of Degrees Mean F value p 
squares of sum of computed 

freedom squares 

Total coliforms Combined 14.0 2 7.00 5.6 0.005 
x season Within groups 101 81 1.25 

Total 115 83 
Faecal colifonns Combined 41.9 2 20.96 26.8 0.000 
x season Within groups 63.4 81 0.78 

Total 105 83 
E. coli Combined 28.2 2 14.11 16.5 0.000 
x season Within groups 69.4 81 0.86 

Total 97.6 83 

Surathkal 

Total colifonns Combined 0.2 2 0.12 0.2 0. 794 
x season Within groups 52.2 102 0.51 

Total 52.5 104 
Faecal colifonns Combined 16.8 2 8.40 10.8 0. 000 
x season Within groups 79.1 102 0.78 

Total 95.9 104 
E. coli Combined 26.0 2 12.99 26.3 0.000 
x season Within groups 50.3 102 0.49 

Total 76.3 104 
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Table 5.6. Analysis of variance of coliform counts of sediments of the mussel 
beds (station) off Someshwara and Surathkal within pre-monsoon, 
monsoon and post-monsoon seasons. 

Source Sum of Degrees Mean F value 
squares of sum of computed 

freedom squares 

Total colifonns Combined 0.0 I 0.00 om 
x station Within groups 26.5 64 0.41 

Total 26.5 65 
Faecal coliforms Combined 0.6 I 0.59 1.42 
x station Within groups 26.6 64 0.42 

Total 27.2 65 
E. coli Combined 0.3 1 0.27 0.69 
x station Within groups 24.9 64 0.39 

Total 25.2 65 
Total colifonns Combined 5.5 1 5.47 24.34 
x station Within groups 11.7 52 0.22 

Total 17.1 53 
Faecal coliforms Combined 6.4 1 6.37 IS.75 
x station Within groups 17.7 52 0.34 

Total 24.0 53 
E. coli Combined 6.6 I 6.61 16.69 
x station Within groups 20.6 52 0.40 

Total 27.2 53 
Total coliforms Combined 2.1 1 2.11 1.23 
x station Within groups 115.4 67 1.72 

Total 117.6 68 
Faecal coli forms Combined 1.1 1 1.15 0.78 
x station Within groups 98.2 67 1.47 

Total 99.3 68 
E. coli Combined 1.1 1 1.11 1.01 
x station Within groups 74.1 67 1.11 

Total 75.2 68 

p 

0.923 

0.238 

0.410 

0.000 

0.000 

0.000 

0.272 

0.380 

0.319 



Table 5.7. Monthly variations in total colifonn, faecal colifonn and E. coli 
counts in mussel from mussel beds off Someshwara and Surathkal. 

Mussel Mussel tissue (log 10 MPN/lOO g) 
Bed Month Faecal Total coliforms 

coliforms 
E. coli 

Jan 2.l6±OA7 1.99±O.36 O.78±O.64 

Feb 2.30±0A6 1.44±O.94 1.44±O.94 

Mar 2.98±1.61 1.70±1.09 1.39±O.97 

Apr 2.66±O.42 2.49±O.87 2. 12±1.10 

= May 2.33±O.l7 2. 14±O.68 1.80±0.58 .. 
= Jun 2.81±O.l2 2.50±0.35 2.26±O.2l ~ 
.: 

Jul 3.05±O.66 2.78±O.53 2.43±O.34 ~ 
S Aug 4.20±0.OO 4.04±O.70 2.5I±O.28 0 en 

Sep 3.98±O.43 3.86±O.42 2.34±O.O8 

Oct 3.85±O.72 1.97±O.28 1.97±O.28 

Nov 2.00±0A5 1.59±O.69 1.44±O.94 

Dec 2.32±1.01 1.71±O.97 1.60±0.94 

Mean 3.37±1.04 3.11±1.13 2.02:10.98 

Jan 2.72±O.42 2.37±OA2 2.23±O.33 

Feb 1.76±O.75 1.58±O.68 1.52±O.86 

Mar 2.24±1 .20 1.98+1.15 1.96+1.15 

Apr 2.61±O.44 1.99±O.38 1.77±O.62 

May 3.96±O.48 2.72±O.l4 2.27±O.28 
'i Jun 4.06±O.46 3.09±OAO 2.33±O.31 ..:0: 
.: ... Jul 3.03±OA3 2.75±OA8 2.41±O.96 = .. 
= Aug 3.84±O.62 3.22±O.34 2.19±O.24 en 

Sep 2. 89±O.44 2.15±1.19 2.00±1.12 

Oct 3.74±1.11 1.97±O.28 1.97±O.28 
Nov 2.67±O.47 2.46±O.78 1.57±O.85 

Dec 2.76±O.50 2.20±0.29 1.33±O.88 

Mean 3.31±1.04 2.52±O.90 2.02:10.95 
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Table 5.8. Analysis of variance of coliform counts of mussel of the mussel 
beds off Someshwara and Surathkal during pre-monsoon, monsoon 
and post-monsoon seasons. 

Someshwara 

Source Sum of Degrees Mean F value p 
squares of sum of computed 

freedom squares 

Total coliforms Combined 29.9 2 14.97 19.1 0.000 
x season Within 

groups 72.9 93 0.78 
Total 103 95 

Faecal Combined 48.9 2 24.47 31.6 0.000 
coliforms Within 
x season groups 71.9 93 0.77 

Total 121 95 
E. coli Combined 29.2 2 14.60 21.7 0.000 
x season Within 

groups 62.4 93 0.67 
Total 91.6 95 

Surathkal 

Total coliforms Combined 29.3 2 14.65 17.4 0.000 
x season Within 

groups 96.0 114 0.84 
Total 125.3 116 

Faecal Combined 18.8 2 9.39 14.3 0.000 
coliforms Within 
x season groups 74.6 114 0.65 

Total 93.4 116 
E. coli Combined 10.0 2 4.98 6.0 0.003 
x season Within 

groups 93.9 114 0.82 
Total 104 116 
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Table 5.9. Analysis of variance of coliform counts of mussel of the mussel beds 
(station) off Someshwara and Surathkal within pre-monsoon, monsoon 
and post-monsoon seasons. 

Source Sum of Degrees Mean F value p 
squares of sum of computed 

freedom squares 

Total coliforms Combined 2.5 I 2.47 2.38 0.127 
x station Witbin groups 88.3 85 1.04 

Total 90.7 86 
Faecal coliforms Combined 0.1 I 0.15 0.16 0.690 
x station Witbin groups 77.3 85 0.91 

Total 77.4 86 
E. coli Combined 0.0 I 0.04 0.04 0.836 
x station Witbin groups 76.6 85 0.90 

Total 76.7 86 
Total coliforms Combined 0.5 I 0.52 1.02 0.318 
x station Witbin groups 26.7 52 0.51 

Total 27.3 53 
Faecal coliforms Combined 5.1 I 5.06 7.54 0.008 
x station Witbin groups 34.9 52 0.67 

Total 40.0 53 
E. coli Combined 2.0 I 1.96 4.90 0.031 
x station Witbin groups 20.8 52 0.40 

Total 22.8 53 
Total coliforms Combined 6.4 I 6.39 8.31 0.005 
x station Witbin groups 53.9 70 0.77 

Total 60.3 71 
Faecal coliforms Combined 9.2 I 9.21 18.75 0.000 
x station Witbin groups 34.4 70 0.49 

Total 43 .6 71 
E. coli Combined 2.1 1 2.08 2.47 0. 121 
x station Within groups 58.9 70 0.84 

Total 61.0 71 



Table 5.10. Monthly variations in bioaccumulation index of coliforms in 
mussel tissues 

Someshwara 

Montb 
Tissue/seawater Tiss!lelsediment 

Total Faecal 
E. coli 

Total Faecal 
E. coli 

colifonns colifonns colifonns colifonns 

Jan 3.5 2.9 0.9 2.2 1.5 0.1 

Feb 0.2 0.0 0.4 0.3 0.0 0.0 

Mar 32.3 1.7 0.8 13.0 0.9 1.4 

Apr 34.3 75.5 52.9 4.0 17.1 7.4 

May 6.2 16.5 7.6 0.9 3.8 1.8 

Jun 0.4 0.2 0.2 0.3 0.6 0.8 

Jul 0.8 0.5 0.5 1.2 0.9 0.9 

Aug 11.6 8.2 2.7 68.7 47.5 2.4 

Sep 7.0 6.7 16.3 37.8 28.6 1.7 

Oct 35.9 1.1 1.2 0.4 0.2 0.2 

Nov 5.2 6.7 4.7 2.8 0.0 0.0 

Dec 23.9 15.8 14.6 2.9 0.0 0.0 

Mean 5.3 3.2 0.9 1.6 5.9 0.7 

Surathkal 

Jan 3.3 4.8 3.4 0.4 0.4 0.3 

Feb 8.1 6.8 7.8 0.9 0.8 1.0 

Mar 4.4 10.4 11.8 0.4 0.2 1.7 

Apr 1.7 0.5 0.6 12.4 3.0 1.8 

May 102 96.1 37.6 42.1 8.3 2.9 

Jon 11.4 1.7 0.5 70.6 13.4 6.0 

Jul 1.6 1.0 1.0 9.7 5.1 3.3 

Aug 5.2 85.3 16.2 83.3 44.5 8.6 

Sep 0.6 7.1 10.6 12.9 2.3 2.2 

Oct 6.1 0.8 6.5 302 0.0 0.0 

Nov 4.0 10.5 5.1 0.7 0.6 0.0 

Dec 61.6 40.5 24.5 13.5 0.0 0.0 

Mean 5.4 2.3 1.4 7.5 1.9 1.7 



Table 5.11. Correlation coefficient (pearson' s) between total colifonn (TC) 
levels in seawater, sediment and mussel tissue from the Someshwara 
and Surathkal mussel beds 

Someshwara 

Water Sediment Tissue 
Rain Salinity Temperature 

TC TC TC 
WaterTC I .398(**) .455(**) .695(**) -.648(**) -.608(**) 

Sediment TC .398(*') I .455(**) .408(**) -.33 1(' *) -0.057 

TissueTC .455(**) .455(**) I .349(**) -.227(*) -.29 1(**) 

Surathkal 

WaterTC I -0.087 .346(**) .546(**) -.562(**) -.535(**) 

Sediment TC -0.087 I -.222(*) 0.009 0.091 0.077 

Tissue TC .346(**) -.222(*) I .456(**) -.327(*' ) -.379(**) 

Table 5.12. Correlation coefficient (pearson's) between faecal colifonn (FC) 
levels in seawater, sediment and mussel tissue from the Someshwara 
and Surathkal mussel beds 

Someshwara 

Water Sediment Tissue 
Rain Salinity Temperature 

FC FC FC 
WaterFC I .611 (**) .507(**) .7 15(*') -.662(**) -.558(**) 

Sediment FC .6 11 (*') I .387(" ) .475(**) -.41 8(**) -0.182 

Tissue FC .507(*') .387('*) I .41 2(**) -.328(**) -.388(**) 

Surathkal 

WaterFC I 0.11 8 .23 1(*) .576(**) -.398(**) -.303(**) 

SedimentFC 0.11 8 I -0.163 0.089 -0.01 .204(*) 

Tissue FC .231(') -0.1 63 I .434(**) -.335(*') -.400(**) 

Table 5.13. Correlation coefficient (pearsoo' s) between E. coLi levels in 
seawater, sediment and mussel tissue from the Someshwara and 
Suradlkal mussel beds 

Someshwara 
Water Sediment Tissue 

Rain Salinity Temperature 
E. coli E. coli E. coli 

Water E. coli I .444(**) .435(' *) .716(**) -.649(**) -.366(*') 
Sediment E. 
coli .444(*') I .407('*) .423(**) -.356('*) -0.2 1 
Tissue E. coli .435(*') .407(**) 1 .468(**) -.407(**) -.292('*) 

Surathkal 
Water E. coli I .380(**) .354(**) .562(*') -.355(**) -.215(') 
Sediment E. 
coli .380(*') 1 0.1 0.146 -0.072 .219(*) 
Tissue E. coli .354(**) 0.1 1 .347(*' ) -.261 (**) -0.16 
•• Correlation is significant at the 0.01 level. 
• Correlation is significant at tbe 0_05 level. 



Table 5.14. Classification of shellfish growing areas: Based on microbial 
examination of seawater samples (NSSP, 1999). 

US FDA Geometric <10% of Shellfish Criteria 
Classification mean the treatment 

sample required 
Approved MPN <14/100 MPN None Acceptable water 

mI <43/100 quality; No 
ml significant 

pollution sources. 
Conditionally Open Depending on whether conditions of Example: 
approved the "approved area" are met. Rainfall, 

Wastewater 
treatment plant 
functioning. 

Restricted MPN <88/100 MPN Depuration Evidence of 
ml <260/100 or relaying marginal 

mI pollution 
Conditionally Open Depending on whether conditions of Example: 
restricted the "restricted area" are met. Rainfall, 

Wastewater 
treatment plant 
functioning. 

Prohibited No harvest allowed Evidence of gross 
pollution 

Table 5.15. Summary of non-point source faecal coliform CMPNI 100 m1) analysis 
of mussel growing waters based on the limits set by NSSP (1999). 

Mussel Season Faecal 90th N % % 
bed coliforms Percentile >14 >260 

Geometric MPNI MPNI 
mean 100 100 

ml ml 

= Pre-monsoon 8 113 33 27 9 .. 
= Monsoon 875 4638 24 100 83 ~ 
~ Post-monsoon 5 36 36 19 0 ~ 
E! Annual 23 759 93 43 25 0 

en 
Non-monsoon 6 64 69 23 9 
Pre-monsoon 10 80 52 35 6 .. Monsoon 83 1077 30 87 33 ..:0: ... - Post-monsoon 13 112 30 50 0 f 

= Annual 19 232 112 53 12 en 
Non-monsoon II 90 82 40 6 



Table 5.16. Monthly variations of BOD levels (± SO) in seawater from the 
Someshwara and Surathkal mussel beds. 

Months 
I 

Someshwara Surathkal 
(m2fl) (m2fl) 

Jan 0.8±O.6 IJ±OJ 
Feb 0.7±O.7 1.4±0.4 
Mar 1.6±1.0 2.0±1.1 
Apr 1.8±1.2 0.9±O.5 

May 1.3±1.1 1.4±O.7 
Jun OJ±O.2 2.2±O.9 

Jul 0.7±OJ 3.4±2.5 

AU2 1.8±O.1 1.6±O.4 
Sep 4.5±O.2 I.7±OJ 
Oct 0.8±O.6 2.5±O.2 
Nov 0.7±O.5 1.7±O.6 
Dec 0.7±O.7 1.5±O.5 
Mean 1.2± 1.1 1.8±1.2 
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Fig. 5.7. Seasonal variations of BOD levels (± SO) in seawater during pre
monsoon, monsoon and post-monsoon seasons from the 
Someshwara and Surathkal mussel beds. 



Table 5.17. Analysis of variance of Biochemical Oxygen Demand (BOD) levels 
of seawater from mussel beds off Someshwara and Surathkal during 
pre-monsoon, monsoon and post-monsoon seasons. 

Mussel Source Sum of Degrees Mean F value p 
bed squares of sum of computed 
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freedom squares 

'" BOD x 
:;; Season Combined 14 2 6.8 5.64 0.005 
~ Within ..c 
'" Groups 137 113 1.2 ., 
E 
0 

CI'l Total 150 115 
BOD x 

~ Season Combined 15 2 7.4 5.81 0.004 
.... Within 
~ 
!3 Groups 129 101 1.3 

CI'l 

Total 144 103 

Table 5.18. Analysis of variance of Biochemical Oxygen Demand (BOD) levels 
of seawater of the mussel beds (station) off Someshwara and 
Surathkal within pre-monsoon, monsoon and post-monsoon seasons. 

Source SumoC Degrees Mean F value p 
squares of sum of computed 

freedom squares 

BOD 
x Combined 0.2 1 0.2 0.19 0.667 

station 
Within Groups 71.5 86 0.8 

Total 71.6 87 
BOD 
x Combined 8.2 1 8.2 3.06 0.085 

station 
Within Groups 171.8 64 2.7 

Total 180.0 65 
BOD 
x Combined 15.8 I 15.8 44.74 0.000 

station 
Within Groups 22.6 64 0.4 

Total 38.4 65 



5.5. Discussion 

Results of the present study demonstrated the presence of faecal coliform 
bacteria in seawater, sediment and mussel tissue samples frequently in both 
Svmeshwara and Surathkal mussel beds indicating that the mussel beds along 
the coast are subjected to sewage pollution. The mean coliform count in 
seawater, mussel tissue and sediment generally remained higher at Someshwara 
compared to Surathkal. In general, elevated levels of total coliforms, faecal 
coliforms and E. coli were noted in mussel tissue and seawater during the 
monsoon season indicating organic loading of coastal waters during the season. 
The seasonal variations in coliform counts were more pronounced at 
Someshwara than Surathkal. 

In natural aquatic environment the die-off rates of faecal coliform bacteria 
entering the system are influenced by various environmental parameters like 
temperature, salinity, pH, turbidity, solar radiation and predation (NCDEHNR, 
1994). The number of bacteria is rapidly reduced in the sea as a result of 
physical dilution and microbial inactivation, which depend on various 
environmental factors (Comax et al., 1990). In shellfish waters as well as in 
bivalve tissue the survival of microbes is reported to vary with environmental 
factors, like temperature and salinity and thereby on a seasonal and spatial scale 
(Hernroth et ai., 2002). Apart from these seasonal factors affecting the survival 
rates of microbes in their natural environment, substantial share in total 
microbial load of coastal waters is contributed by runoffs. 

Seasonal analysis indicated that the counts of total coliforms, faecal coliforms 
and E. coli in seawater, mussel tissue and sediments were highest during 
monsoon season except in the sediments of Surathkal mussel beds. In several 
studies, rainfall has been found, to be negatively influencing the coastal bacterial 
water quality by increasing the levels of pathogens through rainfall associated 
surface run-off (Raveendran et ai., 1990; Howell et al. 1995; Lipp et al. 2ooIb; 
Burton and Pitt 2002 and Ackerman and Weisberg, 2003). Rainfall-associated 
outbreaks of shellfish vectored diseases have been reported by many studies 
highlighting the importance of rainfall-associated contamination (Morse et aI., 
1986 and Bird and Kraa, 1995). The faecal coliform contamination noticed in the 
present study has probably resulted by the sewage pollution from non-point 
sources brought in by increased land-runoffs into the coastal waters during rainy 
season. Raveendran et al. (1990) have observed higher counts of enteric bacteria 
in seawater along the southwest coast of India during monsoon season. 
Additionally, heavy rainfall would wash sewage contaminated soil into the 
nearby Nethravati River which in tum empties into the sea. Sunil et al. (2004) 
observed higher levels of total coliform, faecal coliform and E. coli in riverine 
and estuarine areas of Nethravati River and their adjacent coastal waters during 
monsoon. The water quality of the coastal areas where the river drains into and 
the mussel beds located in such areas are negatively affected by these inputs 
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derived from land use and human activities in the surrounding region from non
point sources (Lipp et aI., 200la). In the present study, Ihe influence of rainfall 
on the coliform levels in mussel tissue and seawater 'Nas evident from their 
significant positive correlation with rainfalL 

During monsoon season, the coastal waters are subjecl ed to changes such as 
decrease in salinity and temperature and increase in turb idity. The results of the 
present study indicated a sharp increase in coliform COW Its with the decrease in 
salinity. Coliform counts of seawater, mussel tissu~ and sediments were 
inversely correlated with salinity in Someshwara, where, besides the pathogen 
load brought in, increase in river run-off temporarily decreases the salinity in 
river-mouth and thereby influencing the die-off rate of faecal coliforms. In 
Surathkal, similar trends were observed in the coliform counts of seawater and 
mussel tissue with salinity except in sediments. Several Sl udies have documented 
higher concentrations of faecal coliforms and enteric pa :hogens in areas of low 
salinity (greater freshwater influence) (pettibone et aI., 1987 and Raveendran et 
aI., 1990). Similarly, Brock et al. (1985) while investiga :ing the relationships of 
rainfall , river flow and salinity with faecal coliform level:; in mussel beds noted a 
positive link between freshwater input and faecal coliform counts, It was 
observed that the die-off rates of faecal coliforms in seav'ater and sediment were 
higher than in freshwater (Anderson et aI., 2005). 

The survival of faecal coliform and other enteric bacteria in natural waters are 
reported to vary with variations in temperature and light intensity (Chamberlin 
and Michell, 1978). Sunlight has been indicated as om of the most important 
inactivating factors on survival of E. coli in estuarine waters (Chandran and 
Hatha, 2003). In the mussel beds, water temperature was observed to have 
significant negative relationship with coliform counts in seawater and mussel 
tissue, The variations in these factors in turn are strongl) correlated with rainfall 
resulting from increased river flow and cooler water temperatures (Lipp et aI. , 
2001b). 

During rainy season, increased sediment transport and turbidity also influence 
the microbial counts of coastal waters by increasing the survival of coliforms 
(Ferguson et aI., 1996 and Payment et aI., 2000). Increase in suspended solids 
and turbidity are reported to contribute to the better survival of faecal coliform 
bacteria by providing an organic substrate as well as protection from light in 
addition to a mechanism for transport downstream (Pommepuy et al., 1992). In 
coastal waters of Someshwara and Surathkal, a relHtively high Biological 
Oxygen Demand (BOD5) values were observed d lring monsoon which 
corresponded with the high levels of suspended particulate matter (SPM) and 
primary production. Some of the earlier studies have attributed higher BOD 
values in coastal waters of Dakshina Kannada coast to &!wage discharge (Gupta 
and Bhattacharya, 2003). 
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During monsoon season the levels of total coliforms, faee al coliforms and E. coli 
in sediment samples showed significant differences bel ween the mussel beds. 
The counts were considerably higher at Someshwara drring heavy rainfall and 
runoffs as compared to Surathkal. Therefore, coliform levels in sediments at 
Someshwara showed significant positive correlation with the rainfall. In 
Surathkal mussel beds, though positive correlations vlere observed between 
coliform levels in seawater and tissue with rainfall, no substantial increase in 
coliform counts of sediments was noticed with the O:lset of rainfalL Faecal 
coliform concentrations are influenced by such factors as drainage area 
characteristics including land uses, faecal pollution sour.:es and runoff potential 
of different surfaces and landscapes (Burton and Pitt, 20()2 and Pitt, 2(00). More 
broadly, numerous other studies have identified river inflows associated with 
rainfall as well as surface water runoffs as major soure es of coastal microbial 
pollution (Macfarlane, 1996; Eisele et ai. , 2001; de Abbott et ai. 2000; Dwight et 
ai. 2002; Ackerman and Weisberg, 2(03). 

The observed bed-wise differences in the relationship between rainfall and 
coliform counts may be partly attributed to the releltse of sediment bound 
bacteria into the water column of the sewage poll1Jted areas due to the 
disturbance during rainfall and heavy water influx at Scmeshwara. In estuarine 
waters, it is reported that the faecal coliforms that s(:ttle down in sediment 
encounter a favourable non-starvation environment (Davies et aI., 1995). These 
bacteria can be circulated back into the water column ir. rough weather periods 
or other turbulence generating processes leading to incn:ased coliform levels in 
water. This cycle may greatly prolong the influence of a ,;ontamination event. 

Other factors contributing to high levels of faecal colifor ms in coastal waters are 
the high degree of urbanization and boating activity. F lecal coliform levels in 
water bodies are directly related to the density of hom ing, population, animal 
density and developmental activities (Young and Thackston, 1999). A larger 
population producing more faecal waste increases the potential for untreated 
waste to reach water bodies possibly through leaks in se'lVer lines, pump stations 
and spills or overflows of untreated sewage. Relatively lower counts of 
coliforms in sediments at Surathkal suggest reduced sewage pollution with 
increasing distance from the river mouth due to dispersion, settling and mortality 
of the bacteria. 

The effluents from sewage treatment plants of Mangalop: city are released to the 
Nethravati and Gurpur Rivers, which join together f mning the Nethravati
Gurpur estuary near Someshwara (Gupta and BhattachlI)'a, 2(03). The Under 
Ground Drainage system of the City (Sewerage) collects wastewater from 
households for primary treatment in the Sewage Treatment Plants (STP). The 
hitherto adopted primary treatment procedure involves s( :paration of sludge from 
sewage and then the treated wastewater is released bac { into the water source. 
Existing networks have onJy two STPs, one at Jeppina Mogaru, at the south of 
the Mangalore city covering an area of 1.88 km (pop1llation - 20,704; census 
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2(01) and the other at Kavoor, located at north of old Mangalore city covering 
an area of 18.24 km2 (population-l,37,315: census 2001). The effluent from 
Jeppina Mogaru plant is disposed into the Nethravati River and from Kavoor 
plant is let into the Gurpur River through a drain. The solid waste collected is 
dried and disposed off. Since coliforms can remain viable in the sludge as well 
as in surface soil, th~ solid wastes disposed could also pose problems during 
periods of surface run offs. Based on the bacteriological quality of water and 
sediment samples analysed, Sunil et ai. (2004) reported that most of the 
sampling sites of River Nethravati were contaminated with faecal matter from 
live stock and other animal sources, whereas, in estuarine sites only human 
faecal contamination was recorded, mainly during monsCtOn period. 

The movement of animal wastes into surface and ground waters is often cited as 
a major factor contributing to the pollution of available water in many regions, 
which depends on the land area used for grazing livestock. None of the potential 
sources are benign and the cumulative loadings can be immense. For example, 
dog faeces, have been estimated to contain 23 million faecal coliform bacteria 
per gram (Schueler, 2000) and animal wastes have been identified as key 
pollution sources in many shellfish contamination studies (Kelsey et at., 2004; 
Mallin et ai., 2001; van Dolah et at., 2000; Weiskel et at., 1996 and White et ai. , 
2000). Consequently, the evaluation of the impact of animal-grazing operations 
on water quality is an important component in assessment and implementation 
plans for abatement of pollution from non-point source!:. Differentiating animal 
sources from human sources may not directly change the quality of shellfish 
harvest area or its classification, but it may play a significant role in the 
development of environmental management options to reduce bacterial inputs 
into a shellfish growing area. 

10 the present study significant positive correlations were observed between the 
total coliforms, faecal coliforms and E. coli counts of the seawater with that of 
mussel tissue in Someshwara and Surathkal shell:ish waters. Similarly, 
significant positive correlations were observed betw~en coliform levels of 
sediment and tissue in Someshwara, while no correlation could be established 
between coliform counts of sediment and tissue in Suralhkal beds. 10 Surathkal, 
the total coliform and faecal coliform counts of sediment were not related to the 
counts in overlying seawater. This indicates that the sediments in mussel beds 
located in the proximity of river discharges were probably contaminated with 
domestic as well as other organic wastes allowing longer bacterial survival 
(Gerba, \996). Therefore, the positive correlation observed between coliforms in 
sediments and mussel samples are expected at Someshwara. On the contrary, the 
presence of enteric bacteria in the tissue even in the absence of faecal col iforms 
in the sediment at Surathkal suggests that, by virtue of their ability to concentrate 
bacteria, mussels can become actively contaminated from seawater even at 
considerable distance from the pollution source. 
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Evaluation of bacterial counts of mussel tissue with reference to the counts of 
seawater and sediments of the mussel beds indicated that the counts in the 
mussel tissues are higher than the surrounding environment. Bioaccumulation 
study is only intended as a general guide; the underlying principle of the 
accumulation factor approach is that when the uptake of microorganisms is not 
controlled by the organism' s metabolism, their concentration in the organism or 
accumulation will be proportional to the concentrations in the water or sediment. 
The coliform bacteria were concentrated by the mussels in varying degrees. The 
levels of faecal coliforms in the mussels averaged at 3.2 (Someshwara) to 2.3 
(Surathkal) times greater than levels in the water to which they are exposed. 
However, the E. coli levels averaged at only 0.9 (Someshwara) and 1.4 
(Surathkal) times the levels to which they were exposed in seawater. The ratio of 
coliform bacteria in mussel tissue in relation to the coliform load of sediments 
varied considerably. The average bioaccumulation index was 5.9 for faecal 
coliforms and 0.7 for E. coli at Someshwara and 1.9 and 1.7 respectively for 
faecal coliforms and E. coli at Surathkal. 

Bioaccumulation was observed high during the March-May and August-October 
periods. These periods are characterised by the transition from cooler December
February months to warmer summer months and mOi1soon to post-monsoon 
months. Warmer temperature increases the filtration rate of the mussels and 
hence there is a higher probability of bioaccumulation of faecal coliforms from 
surrounding waters. However, water temperature a]one may not explain 
accumulation rates since the absolute coliform counts in mussel tissue and 
seawater was found negatively correlated with temperature mainly due to 
monsoon effects. Further, a higher ratio during the warmer months could 
possibly be attributed to the higher rate of reduction in coliform counts in 
seawater with rising temperature compared to the rate of reduction in mussel 
tissue. This is also possible when shellfish accumulates coliforms present in the 
shellfish waters and then maintain these levels long after the water have been 
cleared of the microbes. Additionally, the increase in ac tivity of mussel, such as 
high filtration rates, enhances the uptake of microbes together with particulate 
organic matter. Many workers have pointed out the sigrificance of the presence 
of particles to which microbes can adhere (pommepuy e,r ai., 1992 and Davies et 
ai., 1995) thereby greatly enhancing its uptake (Hoff and Becker, 1968). 
Accumulation of microbial species by shellfish and itl: elimination kinetics is 
therefore varying with the environmental condition and:he season (Burkhardt et 
al., 1992). 

It is interesting to note that the occurrence of elevated levels of faecal coliforms 
during monsoon months corresponded with the non-fishing periods in the region. 
With the onset of monsoon, mussel harvests are stopped due to the high turbidity 
associated with rough weather conditions prevailing ill the region. Therefore, 
though there is a potential health hazard associated with the consumption of 
mussels without depuration or proper cooking during th,~ season, the probability 
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of such incidence IS minimized due to non-availabiHty of mussels to the 
consumers. 

In mussel growing regions, where mussels are not harvl!sted round the year, in 
order to determine the compliance with the appropriate water quality standards 
in terms of faecal coliform counts, the sampling can be restricted to the mussel 
harvesting seasons or periods when the area is available for harvest (NSSP, 
1999). Accordingly, for the overall evaluation of the mussel beds off Dakshina 
Kannada district, sampling can be limited to the mussel harvesting seasons, as 
there is defmite non-fishing season because of rough weather conditions. 
Though the geometric mean and 90th percentile of the faecal coliform MPN 
counts of seawater in Someshwara and Surathkal beds exceeded the limits of 88 
MPNI 100 mI during monsoon season, it was observl!d that during the pre
monsoon and post-monsoon seasons the faecal coliform counts were below the 
limits. Since faecal contamination monitoring needs onl y to address the harvest 
seasons of the year, the higher levels in monsoon e of less significance. 
Consequently, the MPN values are indicative of only marginal pollution during 
the fishing seasons in pre-monsoon and post-monsoon months and hence the 
mussel beds off Someshwara and Surathkal meet the standards for "restricted 
area" classification. The area can be therefore de:;cribed as "seasonally 
classified" with the period when, the classification defm(:<i applies. 

During the fishing season, the geometric mean of faecal coliform counts from 
the mussel growing waters were well below the NSSP limits set for the above 
classification suggesting that no specific non-point source of faecal coliform is 
excessively affecting the area. This indicates that during fair weather conditions 
there is no serious contamination of the mussel beds. However, the area may be 
closely monitored and the harvest should be permitted under close supervision 
with management plans calling for temporary closure following rainfall so that 
the 88/260 standard is met for all combinations of adverse pollution conditions 
(rainfall, increased river-inflow). 

Compliance to the NSSP standards requires depuration of mussels as the faecal 
coliform counts in the shellfish waters remained above the limits stipulated by 
FDA for direct consumption. Therefore, the mussel harvested from the area 
should be subjected to an effective purification process such as relaying or 
depuration. In many countries as a general practice the mussels are depurated 
before being sold alive (Jackson and Ogburn, 1999). Generally, incidence of 
bacterial diseases through consumption of contaminated shellfish can be avoided 
through depuration and/or adequate cooking or marinating of shellfish (van den 
Broek et aI., 1979). Earlier studies have shown that the load of faecal indicator 
bacteria in shellfish was eliminated or significantly reduced in period of 24 h by 
relaying in cleaner area (al-Jebouri and Trollope, 1984). In bivalves the counts of 
total bacteria, faecal coliforms and bacterial pathogens were reduced by more 
than 90% after 4 days of depuration (EI-Shenawy, 2004) . 
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Evaluation of the sanitary quality of Someshwara and Surathkal mussel beds of 
Dakshina Kannada District has highlighted the extent of sewage contamination 
of the coastal waters of the area. Based on the international standards (US FDA 
NSSP) it is recommended to limit the mussel harvests from Someshwara and 
Surathkal beds to post-monsoon and pre-monsoon seasons. Someshwara and 
Surathkal mussel beds during this period can be classified under the "restricted 
area" category, where it is recommended that the harvested mussels may be 
relayed or depurated prior to sale. 

The present scenario invites attention to the status of organic pollution of the 
coastal waters of the region and necessitates implementation of regulatory 
measures to prevent further degradation of the water qUality. The outflow from 
the sewage treatment facilities of the local bodies has high sewage pollution 
potential and is not monitored regularly. The impact of some of these sources 
can be reduced, though not eliminated through improved management plans. 
Until now, water pollution control policies have been concentrated on abatement 
of municipal and industrial point sources, while the relative contribution from 
non-point sources is assumed to be negligible. The validity of this assumption in 
developed countries is questionable since recent studies have shown that one
third of the pollutants entering water bodies come from non-point sources. 
Therefore, water quality monitoring programmes require the evaluation of non
point source pollutants as well and the implementation of plans to abate such 
pollutant discharge into the water body. Actions that prevent and control faecal 
pollution in coastal areas where shellfish are grown and harvested are vital for 
safeguarding public health and environmental qUality. 

Establishment and maintenance of proper sewage treatment systems, upland 
disposal of wastewater treatment plant effluents, eco-friendly land use planning 
and creation of awareness among coastal communities to minimize non-point 
sources of contamination are important to protect coastal waters from excessive 
pollution and to support continued use of the renewable shellfish resources. In 
the present situations it is highly imperative to establish a shellfish sanitation 
programme and continuous monitoring of the sanitary standards of the mussels 
to protect the consumers from shellfish mediated disease outbreaks and to ensure 
the market of the produce. Continuous monitoring of the variations in sanitary 
quality of mussel beds in association with the meteorological and hydrographic 
data will enable developing a forecasting or predictive system which can be 
used, as followed in the management plans of a number of shellfish growing 
areas in other parts of the world (Brock et aI., 1985) 

This study indicates that there is a relationship between the rainfall events and 
the resulting bacterial contamination of mussel beds and support the concept of 
restricting the harvests after heavy rainfall. Thus based on the observations of 
the present study, besides, close monitoring of the level of microbial 
contaminants and implementation of appropriate coastal management measures 
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to safeguard shellfish waters from pollution it is advisable to depurate or relay 
the harvested mussels at least for a period of 24 hours prior to sale. 
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Summary 



Summary 

• The thesis presents an account on the physiological response of green 
mussel, Perna viridis (Linnaeus) to the temporal and spatial variations in 
the environmental parameters of the mussel beds. Condition index, a non
specific biomarker which integrates physiological responses of mussels to 
multiple stressors is evaluated as the intrinsic response to the variable 
environment. The cytological response in the mussels is also elucidated 
with reference to the trace metal and organochlorine concentrations of the 
shellfish waters. Baseline information on the sanitary quality of the 
coastal waters and the extent of faecal contamination of the mussel beds 
is also presented. 

• The study area covers the mussel beds off Someshwara and Surathkal of 
Dakshina Kannada District, Kamataka, where green mussel, P. viridis 
contributes to a significant fishery of commercial importance. 

• The variations in water temperature, salinity, dissolved oxygen (DO), pH 
and the qualitative and quantitative variations in seston of the mussel beds 
were studied to evaluate their temporal and site-specific differences 
between the two mussel beds. 

• With the onset of monsoon a sharp decline in the water temperature, 
salinity and pH of the mussel beds was noticed. Bottom water 
temperature at Someshwara mussel beds varied between 2S.20°C in 
August and 31.1S0C in April. At Surathkal mussel beds, water 
temperature ranged between 26. 10°C in August and 31.4SoC in May. The 
mean water temperature of the mussel beds varied significantly (p<O.OS) 
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on a seasonal scale with Surathkal waters recording relatively higher 
values. 

• Salinity of the mussel beds showed marked variations on a seasonal scale 
with low saline conditions prevailing during June-August (monsoon) 
which steadily increased from August reaching a maximum salinity of 35 
ppt in May. At Someshwara mussel beds, mean bottom salinity recorded 
was 3J.98±5.43 ppt whereas, at Surathkal mussel beds it was 32.D4±4.0l 
ppt. 

• At Someshwara the mean DO of bottom waters was 6. I 6±O.94 mgll and 
at Surathkal it was 6.45±O.8l mgll. Seasonal analysis indicated that the 
DO values of surface and bottom waters were the highest, close to 
saturation during monsoon, followed by pre-monsoon and post-monsoon. 

• pH of mussel beds was found to be alkaline throughout the study, ranging 
between 7.65 and 8.29. Mean pH of the bottom waters observed at 
Someshwara was 7 .98±O.19 and at Surathkal was 8.00±0.17. 

• Besides the variability in the physico-chemical parameters of the mussel 
bed, the study focused the qualitative and quantitative variations in 
seston, which primarily decides the food availability in the mussel beds. 
Seston variability was measured in terms of phytoplankton (chI-a), 
suspended particulate matter (SPM) and particulate organic matter (POM) 
levels in shellfish waters. 

• At Someshwara, chl-a concentration ranged from 2.70 mg/m3 in June to 
28.42 mg/m3 in September with a mean of 6.79±5.85 mg/m3

. While at 
Surathkal, the mean chI-a value was 6.43±2.51 mg/m3 and presented less 
variation as compared to Someshwara. The levels of chl-a observed in the 
mussel beds were above the benchmark for phytoplankton abundance (2 
mg/m3

) used for grading "good growing conditions" in mussel growing 
waters. 

• Wide variations were noticed in the level of POM in the mussel beds of 
the study area. In Someshwara, it varied between 3.18 mgll in January 
and 15.27 mgll in September with a mean of 6.29±5.05 mgll . POM levels 
at Surathkal ranged from 2.72 mgll in November to 21.13 mgll in June 
with a mean of 6.45±4.92 mgll. 

• In Someshwara, SPM varied between 16.14 mgll in January and 56.38 
mgll in July (mean 30.32±17.03 mgll). In Surathkal mussel beds the 
variations in SPM levels ranged between 11.80 mgll in December and 
114.73 mgll in June with a mean of 30.31±25.43 mgll. 

• The mean PIM concentration in the mussel beds of Someshwara was 
24.89 ± 13.59 mgll and ranged between 12.96 mg/l in January and 42.34 
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mgll in July. At Surathkal PIM levels presented wide variations with the 
lowest value of 8.55 mgll in December and the highest value of 93 .60 
mgll in June. The mean PIM at Surathkal was 23 .85±20.81 mgll . 

• Principal Component Analysis (PCA) was used to determine the 
dominant patterns of change in environmental parameters (temperature, 
salinity, pH, DO, rainfall , chi-a, POM, SPM, PIM, POMlSPM, chl
a1POM, PIM%) of the mussel beds in order to explain the importance of 
each element in the overall variability. The analysis classified the twelve 
environmental factors into four clusters or groups. 

• In mussel beds off Someshwara, the most significant group forming the 
first principal component included the physico-chemical parameters like 
salinity, temperature, pH, DO and rainfall (43 .75% of the variance). 
Factors forming the second principal component at Someshwara were the 
quality of seston, represented by the organic content of the seston together 
with the percentage of inorganic suspended particles, associated with the 
variations in river run-off and precipitation. 

• At Surathkal, the magnitude of variations in physico-chemical parameters 
was secondary (pc2; 21.2% variance) when compared to Someshwara. 
The most significant elements forming the fITst principal component at 
Surathkal was seasonal variations in seston (SPM, PIM and POM) 
quantity demonstrated by 37.3% of the variance and high positive loading 
in SPM. 

• Condition index (CI), expressed as the ratio of soft tissue weight to the 
shell weight, is one of the indices, generally regarded as an indicator of 
the health status of mussels. At Someshwara CI ranged from 56.43 in July 
to 124.23 in March with a mean value of 94.06±36.31. At Surathkal it 
ranged from 41.00 in June to 186.59 in March with a mean value of 
123.21±49.82. The CI was significantly different between stations and 
seasons (p<0.05). 

• Meat yield or percentage edibility also displayed similar patterns as CI 
among the two mussel beds. The mean percentage edibility was 
21.91±5.34 and 26.50±7.05 at Someshwara and Surathkal respectively, 
with the highest in September. Meat yield or percentage edibility also 
displayed similar patterns as CI among the two mussel beds. 

• The study indicated that there is obvious seasonal variation in the mussel 
condition with a general trend towards lower values in the monsoon. 
Besides the seasonal variability, site-specific differences among the 
mussel beds investigated were also observed. Higher condition indices 
were recorded in mussels collected at Surathkal, whereas, the condition 
index recorded at Someshwara was always lower than Surathkal 
regardless of the sampling season 
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• The variations in CI, with reference to the changes in the environmental 
variables were analysed by multiple regression for evaluating the 
influence of individual parameters as well as their combined effects. 
Water temperature emerged as the most significant variable explaining 
35% of the variation in CI. Seston content (pOM and chl-a) of the mussel 
beds along with water temperature accounted for 56% of the variations in 
CI. Temperature along with food availability displayed the strongest 
positive influence on mussel condition. 

• Discriminant analysis was performed to discriminate distinctive condition 
status profiles in mussels having high CI ratio (Clhiy,) and low CI ratio 
(Cllow) upon changes in environmental parameters. The parameters 
weighed high in the model for the referred differentiation for CI were chl
a and temperature. The Clhigh exhibited the greatest discriminatory 
success. Analysis of the monthly CI ratio, mean water temperature and 
Chl-a levels indicated that 83.9% of the Clbigh was associated with high 
chl-a and high water temperature group whereas, 72.4% of CIlow were 
associated with low chl-a and low water temperature regime. 

• The concentration of selected trace metals and organochlorine pesticides 
(OCPs) in the coastal waters of the mussel beds was explored to evaluate 
the quality of coastal waters. The soft tissue concentration of Cd in green 
mussels from Someshwara varied from nd (below detectable limits) to 
0.57, Pb from nd to 6.72, Cu from nd to 7.06, Zn from 1.99 to 34.7, Ni 
from nd to 0.9 and Fe from nd to 223 .8 ppm wet wI. Similarly, the soft 
tissue concentrations of Cd in mussels from Suratkal varied from nd to 
3.35, Pb from nd to 3.68, Cu from nd to 12.37, Zn from 3.79 to 43.48, Ni 
from nd to 12.23 and Fe from nd to 46.62 ppm wet wt. 

• The mean seawater concentration of l:OCPs (Aldrin, (l-BHC ~-BHC, y
BHC, o,p'-DDD, p,p '-DDD, p,p'-DDE o,p'-DDT, p,p '-DDT dieldrin, 
endrin, heptachlor, heptachlor epoxide) at Someshwara was O.l64±O.236 
ppb and at Surathkal it was O.081±O.088 ppb. Endrin was the major OCP 
detected in seawaters both at Someshwara and Surathkal mussel beds. 
DDT and its metabolites (LDDT) contributed 40% to the OCPs of 
Someshwara, whereas, at Surathkal it formed only 8.8%. (l-BHC 
contributed the major share to l:BHC fraction in the sea waters of mussel 
beds forming 13% and 27% of the total OCPs at Someshwara and 
Surathkal respectively. 

• The mean tissue concentration of organochlorine pesticides at 
Someshwara was 0.431±O.019 ppb wet wI. Similarly, at Surathkal the 
OCPs concentration was 0.536±O.023 ppb. In mussel tissue, heptachlor 
epoxide contributed the maximum share of the OCPs, forming 98.2% and 
60.8% at Someshwara and Surathkal respectively. Among BHC, only (l
BHC was detected in mussel tissue forming 1.8% of the OCPs 
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concentration at Someshwara. At Surathkal, a-BHC concentration was 
relatively higher when compared to Someshwara and it contributed 27% 
to the OCPs concentrations in the mussel tissue. 

• The cytological response in mussels to chemical contaminants was 
studied in tenns of lysosomal membrane stability by the Neutral Red 
Retention Assay (NRRA). 

• The Neutral Red Retention Assay (NRRA) results revealed that the 
lysosomes from the green mussel population in Someshwara had the 
capacity to retain the dye for an average retention time of 122±11 
minutes. Similarly the average retention time in mussels from Surathkal 
was 127±8 minutes. Analysis of variance in the retention time indicated 
that there is no significant difference between the two mussel beds. 

• The biomarker response (lysosomal membrane stability) of mussels 
corresponded with the tissue burden of contaminants from the mussel 
beds of the area. The levels of OCPs and trace metals were very low in 
the mussel beds with concentrations below detectable limit in many of the 
tissue samples. Furthennore, the increased retention time indicates the 
absence of a range of other contaminants as well in the shellfish waters. 
Less retention time is indicative of a higher degree of general stress due 
to pollution and retention times <60 min indicate severely impaired 
health. 

• The sanitary quality of the shellfish waters was studied for collecting 
baseline infonnation on the extent of faecal contamination of mussel beds 
along the Dakshina Kannada Coast. The mean MPN counts (IoglO 
MPN/lOO m1) of colifonns in seawater from the mussel beds off 
Someshwara were 2.65±1.09 for total colifonns, 2.60±1.19 for faecal 
colifonns and 2.07±O.88 for E. coli. At Surathkal waters the values were 
2.58±O.96 for total colifonns; 2.17±O.86 for faecal colifonns and 
1.88±O.81 for E. coli. 

• In the sediments off Someshwara mussel beds, the counts (loglOMPN/lOO 
g) of total colifonns, faecal colifonns and E. coli were 3.18±1.l8, 
2.34±1.I3 and 2.19±1.08 respectively. At Surathkal the respective counts 
were 2.44±O.71 for total colifonns, 2.24±O.96 for faecal colifonns and 
1.80±O.86 for E. coli. 

• The mean MPN values (log 10 MPN/IOO g) of colifonns in tissue samples 
of mussels from Someshwara were 3.37±1.04 for total colifonns, 
3.11±1.I3 for faecal colifonns and 2.02±O.98 for E. coli. At Surathkal the 
colifonn levels in mussel tissue were more or less comparable with that of 
Someshwara except for faecal colifonns. The MPN counts (log lO MPNI 
100 g) were 3.31±1.04 for total colifonns; 2.52±O.90 for faecal colifonns 
and 2.02±O.95 for E. coli. 
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• The total coliform, faecal coliform and E. coli counts of mussel tissue 
were positively correlated (p<O.05) to the coliform counts of seawater in 
mussel beds off Someshwara and Surathkal. 

• Geometric mean and 90th percentile MPN results from Someshwara and 
Surathkal were well below the limits for "restricted area" classification 
during the pre-monsoon and post-monsoon seasons, based on the 
international standards (US FDA, NSSP, 1999). 

• The study indicated significant spatial and temporal variations in physico
chemical parameters of the mussel beds off Someshwara and Surathkal. 
Mussel beds off Someshwara presented wider variations in environmental 
parameters compared to the mussel beds off Surathkal. The variability in 
condition index (CI) of green mussels, helped in understanding the 
response of the mussel population to natural stress factors and evaluation 
of the overall health of the two mussel beds along the Dakshina Kannada 
coast. The physico-chemical parameters of mussel bed off Surathkal offer 
a more conducive environment for the growth of mussels, characterised 
by better CI with low seasonal variations. Water temperature and the 
organic content of the seston (POM and chi-a) of mussel beds were the 
most significant variable influencing the CI. The levels of organochlorine 
pesticides (OCPs) and trace metals in the shellfish waters were very low, 
with concentrations below detectable limit in many of the tissue samples. 
The cytological responses (lysosomal membrane stability) in mussels 
corresponded with the tissue burden of contaminants from the mussel 
beds of the area. The results of this study suggest that the current OCPs 
levels of the Someshwara and Surathkal mussel beds are unlikely to result 
in any significant environmental impacts in the near future. The study 
indicates that there is a relationship between the rainfall events and the 
resulting faecal contamination of the mussel beds off Dakshina Kannada 
coast and support the concept of restricting the mussel harvests after 
heavy rainfall. 
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