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ABSTRACT The marine mollucs Meretrix casta and Anadara granosa were edible bivalve that burrows into bottom

sediment to protect itself from environmental fluctuations and predation. This study examined the relationship
between clam population and abiotic environmental condition in order to develop an understanding of the biological and ecological
process that could be used to improve their management and exploitation. This study was conducted in Muthupet and Adirampat-
tinam coasts during Jan.2011 to Dec.2011. The results showed that salinity and total suspended solids were the water quality param-
eters closely related to population density of bivalves. The combination of those variables gave the strongest correlation to bivalve
densities (F = 153.670) and available biomass (F = 51.711) between stations.

Introduction

One aim of marine biologists to understand ecological process-
es by examining the interrelationship between abiotic param-
eters and biotic structures. Estuarine ecosystems are ideal for
examining such interaction due to their wide range of abiotic
factors. This is usually accomplished by inferential analysis of
empirical data by multivariate techniques, and by manipulative
experiments (Brow et al,, 2000; Edgar and Barretts, 2002). Es-
tuaries are highly productive, dynamic and unique ecosystems
providing food, transport, recreation etc. and estuaries play a
predominant role in the socio-economics of the coastal regions
by providing valuable resources like fishes, bivalves, molluscs,
crabs, shrimps etc. Water quality studies are important and
have been taken up because they play a key role in aquacul-
ture. The maximum production of bivalves is obtained, when
physico-chemical factors are at optimum level. Therefore, water
quality is a permanent factor in an ecosystem productivity. The
reproductive cycle of bivalves influenced by exogenous or en-
dogenous or both factors. Among exogenous factors, the habitat
is one of the factor for breeding behaviour of bivalve organisms.
The rainfall, temperature, photoperiod, humidity, salinity, pH,
dissolved oxygen, free CO,, solids, hardness and nutrients of wa-
ter also influence the breeding, distribution and biology of the
bivalves (Ramasamy and Balasubramanian, 2011).

Therefore, the present study was carried out on bivalves, Ana-
dara granosa Linn. and Meretrix casta (Chemnitz) from Muthu-
pet estuary and Adirampattinam coastal waters of South East
Coast of India, which is an effort to document the edible bivalves
distribution, water quality status and the often neglected socio-
economic life based on it and their structural elucidation and
determination of bioactive compounds, nutritional quality and
their antibacterial activity against five pathogenic bacteria.

Materials and Methods

The study was conducted in the Muthupet and Adhirampat-
tinam Coast of South India (Lat.10°4’ N; Long.79°51'E and
Lat.10°8’ N, Long.79°52’E) bounded by a part of the Bay of Ben-
gal on the nearest and Palk Straight on the South West (Fig.2
May of study sites).

The study was conducted at two stations - Data were collected
at monthly intervals from January to December 2011. A clam
drag was used to collect clam samples. The drag was made from
stainless steel with an opening 35 cm in width and 15 cm in
height. The net (mesh size 1.8 1.8 cm) was connected to the tail
of the drag-clams were collected at each station by drawing the
drag by hand for a distance of 15 m. The number of clams were
then counted and density calculated per square meter.

Collection trips were undertaken to station I and II at a monthly
interval over a period of one year from January 2011 to De-
cember 2011. Four seasons have been recognized in calendar
year viz., Pre-monsoon (July - September), Monsoon (October
- December), Post-monsoon (January - March) and Summer
(April to June). Throughout the study period sampling of water
and sediments were carried out on the basis of the last week
of every month. Sampling of water was done usually during the
morning hours.

The physico-chemical parameters such as air and surface water
temperature, light penetration, pH, salinity, dissolved oxygen,
nitrate, nitrite, silicates, ammonia and inorganic phosphates
were analysed from the water samples. Rainfall data were ob-
tained from the meteorological unit of the Regional Meteoro-
logical Station, Chennai, Tamil Nadu. India. The atmospheric
and water temperatures were measured by using a centigrade
thermometer and pH was measured by using digital pH meter
(Elico pH 13 model). pH of the water samples were determined
by immersing a commerecially available direct - reading electric
pH meter in the water and pH values were read directly from the
digital screen. Nitrate, nitrite, ammonia, reactive silicates and
inorganic phosphates were estimated by the following method
of Strickland and Parsons (1972). DO concentration was meas-
ured using the modified Winkler’'s method as described by
Strickland and Parsons (1972). The DO concentration was esti-
mated by the standard volumetric Winkler’s method.

Salinity was estimated by using ‘ATAGO’ hand refractometer at
the site itself. The salinity of the water sample was determined
by measuring of chlorinity. Five ml of the sample was taken in
the conical flask and 3 drops of 5 per cent potassium chromate
was added for indicating purpose. Then it was titrated against
0.1 N silver nitrate solution. The titration was concluded at the
first appearance of brick red colour.

Pearson’s correlation analysis was used to assess the relation-
ship between physico-chemical parameters and diversity of bi-
valves. The data were computed and analysed using Statistical
Package for Social Sciences (SPSS) software version 15.0 was
used for these analysis.

Sediments were collected from both stations I and II for a pe-
riod of January 2011 to December 2011 using a Peterson grab,
transferred to clean Polybags, transported to the laboratory and
air dried. Totally 15 samples were analysed for each station. The
percentage composition of sand, silt and clay in the sediment
samples were determined by the combined sieving and Pipette
Method of Krumbein and Pettijohn (1938). The texture of the
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sediment was ascertained by plotting the values on a textural
triangle deviced by U.S. Department of Agriculture (Anony-
mous, 1951).

A survey was carried out to assess the bivalves from two study
sites. Meretrix casta was collected from the study site, Muthu-
pet estuary - Station II: Anadara granosa was collected from
Adirampattinam coastal waters - Station I: the study period
from January 2011 to December 2011. A bivalve drag was used
to collect bivalve samples. The drag was made from stainless
steel with an opening, 35 cm in width and 15 cm in height. The
net (mesh size 1.8 “ 1.8 cm) was connected to the tail of the drag.
Bivalves were collected at both stations by drawing the drag by
hand for a distance of 15 m. The numerical density of bivalves
were calculated as No/m? and biomass as g/m?. The number of
bivalves were then counted and bivalve density calculated per
square meter. The bivalves were identified using the standard
references (Sathiyarmoorthy, 1952) and also confirmed with
Zoological Survey of India.

Pearson correlation analysis was used to access the different
sediment composition in Station [ and Station II. The different
population characteristics of M. casta and A. granosa (Density
and Biomass) were tested using ANOVA. The data were com-
puted and analysed using Statistical Package for Social Sciences
(SPSS) Software.

Results

In the present study the important physicochemical parameters
such as rainfall, atmospheric temperature, surface tempera-
ture, pH, salinity, dissolved oxygen, inorganic phosphate, ni-
trate, nitrites, reactive silicate, ammonia and photoperiod were
analysed from the station I and station II and the results were
summarized. The rainfall data of the study area are shown in
Fig.3. Rainfall varied from 4 to 96.2 mm during the study period
and minimum was recorded (4 mm) during premonsoon in July
2011 and maximum (96.2 mm) during premonsoon in August
2011 at Station L. The rainfall was recorded minimum of 7.2 mm
during post monsoon in January 2011 and maximum of 64 mm
during monsoon in November 2011 at Station II. The rainfall
was totally absent in the months of February and June 2011 at
Station I and February and July 2011 at Station II of the study
period. Atmospheric temperature data of the study are shown
in Fig.4. It ranged from 26 - 31°C during the study period and
minimum of 26°C was recorded during December 2011 and
maximum of 31°C during April, May 2011 at Station I. In Station
II, minimum of 28°C was recorded during January, December
2011 and maximum of 31°C was recorded during May 2011.
Water temperature data are shown in Fig.5. It ranged from 27
- 31°C during study period and minimum was recorded (27°C)
during December 2011 and maximum was recorded (31°C) dur-
ing May, July 2011 at Station I. Minimum was recorded (29°C)
during January 2011 and maximum was recorded (32°C) dur-
ing February, May and June 2011 at Station II. The pH values
are shown in Fig.6. It varied between 7 and 8.5 during the study
period. At station I, the minimum value (7) was recorded during
the months of January, February, April, September, November
and December 2011. At Station II, the minimum pH (7) was re-
corded during the months of January to April and August to De-
cember, 2011. The maximum value (8.5) was recorded during
summer in May 2011 at Station I, and 7.5 was recorded during
May, June and July 2011 at Station II. Salinity values are given in
Fig.7. It ranged from 30-36 ppt during the study period. Mini-
mum salinity was recorded as 30 ppt during January, March, Oc-
tober 2011 and maximum was recorded as 36 ppt during June
2011 at Station I. At Station II, minimum salinity was recorded
as 30 ppt during January, March 2011 and maximum was re-
corded as 35 ppt during May, June 2011. Dissolved oxygen con-
centrations are depicted in Fig.8. It varied between 2.2 to 5.4
mgl? during the study period. Dissolved oxygen concentration
was minimum 2.2 mg.l"! during June 2011 and maximum con-
centration was 3.7 mg.l! during November 2011 at Station I and
minimum concentration was 2.4 mg.l"! during April 2011 and
maximum concentration was 5.4 mg.l? during November 2011
at Station II. Inorganic phosphate concentrations are shown
in Fig.9. It varied between 0.5 and 3.5 mgl’. Concentration of
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phosphorus was minimum as 0.5 mgl? during March 2011 and
maximum was recorded as 2.2 mgl! during December 2011
at Station 1. Minimum concentration was observed as 0.9 mgl
! during May and June 2011 and maximum concentration was
observed as 3.5 mgl! in December 2011 at Station II. Dissolved
nitrate concentrations are given in Fig.10. It ranged from 2.8 to
8.6 mgl'. The minimum value was recorded as (2.8 mg mgl?)
during May 2011 and maximum value recorded was 8.0 mgl*!
during October 2011 at Station I. Minimum value was recorded
as 3.5 mgl?! during March and May 2011 and maximum was re-
corded as 8.6 mgl! during October 2011 at Station II. The nitrite
of water ranged from 0.64 to 2.85 mg/ml in January 2011 to
December 2011 (Fig.11). The minimum value 0.64 mg/ml was
estimated in July 2011 and maximum value (9.5 mg/ml) in De-
cember 2011 at Station I. The minimum nitrite value (2.5 mg/
ml) was recorded during summer and maximum (8.7 mg/ml) in
monsoon season during the study period at Station II. Silicate
concentration fluctuated between 2.15 and 6.24 mgl* (Fig.12)
at both stations. The minimum value was recorded during sum-
mer season at Station I (2.15 mgl!) in April 2011 and in Station
II (2.16 mgl") in April 2011. Maximum silicate was recorded
during the post monsoon season in January 2011 at Station I
(6.24 mgl?) and in Station II (6.16 mgl?') during August 2011.
Ammonia level varied from 0.42 to 1.92 mgl?! (Fig.13). Mini-
mum value was recorded during post-monsoon season at both
stations and the maximum was recorded during the summer
season at June 2011 at Station I. The minimum value of 0.42
mgl?! was estimated in March 2011 and maximum value (1.92
mgl?') was estimated at May 2011 in Station II. The monthly
mean light lengths in the present study showed a slight varia-
tion (Fig.14). Even though India is a tropical country, the day
length showed fluctuation. It varied from 11.14 to 12.56 hours
during the study period (Fig.14). It was found to be low (11.25
hrs) in March 2011 and high (12.51 hrs) in May 2011 at Sta-
tion I. Maximum (12.5 hrs) was found to be in August 2011
and minimum (11.14 hrs) day length showed in March 2011 at
Station II. The day length was found to be low during monsoon
and post monsoon seasons and high during summer and pre-
monsoon seasons at both stations. The Pearson co-efficient of
correlation studies revealed that the physico-chemical features
in Station [ showed the significant positive correlation with the
atmospheric temperature, water temperature, salinity with M.
casta abundance and negative correlation with rainfall, DO and
nutrients. In station II, also a similar correlation pattern could
be observed with the population density of A. granosa. Surface
water temperature and salinity were showed significant nega-
tive correlation with rainfall, dissolved oxygen, nitrate, nitrites,
reactive silicates, phosphates and ammonia. pH showed a posi-
tive correlation with salinity. In station I, the percentage of sand,
silt and clay fluctuated between 59.32 and 73.46 per cent, 13.90
to 22.56 per cent and 12.64 to 19.72 per cent respectively dur-
ing the study period and the type of soil was sandy loam (Table
1). In station II, the percentage of sand fluctuated from 77.12
to 88.72 per cent, the silt showed 7.30 to 16.20 per cent and
the clay was 1.32 to 7.98 per cent (Table 2) during the study
period and the type of soil was sandy loam. The highest popula-
tion (64 No/m?) density of A. granosa was recorded during the
month of August 2011 and the lowest population density (28
No/m?) was recorded during the month of December 2011 at
Station II whereas the highest population (84 No/m?) density
of M. casta was recorded during the month of May 2011 and the
lowest population density (50 No/m?) was recorded during the
month of November 2011 at Station I (Fig.15). Dendrogram of
cluster analysis based on Muthupet estuarine, bivalve A. grano-
sa population density is shown in Fig.17 and the bivalve M. casta
population density is shown in Fig.18 based on Adirampattinam
coast. The highest biomass value (1030 g/m?) was recorded in
A. granosa which was collected during September 2011 and the
lowest biomass (207.65 g/m?) was recorded during in March
2011 at Station II and in M. casta, the highest biomass value
was 815.0 g/m? during in August 2011 and the lowest biomass
(357.65 g/m?) was recorded during in March 2011 at Station I
(Fig.16). One way ANOVA was performed for population density
and biomass revealed the variation in population (F = 153.670)
and available biomass (F = 51.711) between the stations.
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TABLE 1 Monthly variations of the percentage composition
of sand, silt and clay particles of soil at station I (Adiram-
patinam coast)

. Soil type
Period Textural class
Sand Silt Clay
January 2011 |69.36 16.08 14.56 |Sandy loam
February 70.32 15.42 14.26 Sandy loam
March 68.62 15.86 15.52 Sandy loam
April 73.46 13.90 12.64 Sandy loam
May 70.22 14.16 |15.62 |Sandy loam
June 66.23 17.66 16.11 Sandy loam
July 63.12 18.56 18.32 Sandy loam
August 65.52 19.76 14.72 Sandy loam
September 64.18 22.56 13.26 Sandy loam
October 60.38 21.24 18.38 Sandy loam
November 59.32 20.96 19.72 Sandy loam
ZDgﬁmber 61.40 2232 |16.28 |Sandyloam

TABLE 2 Monthly variations of the percentage composition
of sand, silt and clay particles of soil at station II (Muthupet

estuary)
Soil type
Period Textural class
Sand Silt Clay
January 2011 |86.72 11.96 1.32 Loamy sand
February 81.00 11.02 7.98 Sandy loam
March 86.72 11.96 1.32 Sandy loam
April 88.00 9.96 2.04 Loamy sand
May 87.68 10.08 2.24 Sandy loam
June 84.02 12.64 |3.34 Sandy loam
July 86.72 9.30 3.98 Loamy sand
August 87.12 10.20 2.68 Sandy loam
September 86.14 9.98 3.88 loamy sand
October 77.12 16.20 |6.68 Sandy loam
November 86.98 7.30 5.72 Loamy sand
December |g504 {1098 [3.98  [Sandyloam
%0

.
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Fig.13. Mean (* SE) Population density of bivalves abun-
dance at Station I and II.
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Fig.14. Mean (+ SE) Biomass of bivalves at Station I and II.
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Fig.15. Dendrogram of cluster analysis based on Adiram-
pattinam coastal waters bivalve, M. casta densities from
Jan.2011 to Dec.2011.
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Fig.16. Dendrogram of cluster analysis based on Muthupet
estuarine bivalve, A. granosa densities from Jan.2011 to
Dec.2011.

DISCUSSION

The physico-chemical parameters have an impinging effect
on the aquatic organisms and are of many parameters varied
with temporal and spatial variations. These factors are either
exogenous or endogenous or both. These parameters might af-
fect the life activities and govern the distribution of biological
organisms. All the factors are interrelated even to one another.
Variation in one may affect the other. Considerable data on in-
formation are available on physico-chemical factors and their
impact on the distribution, physiology and reproductive biology
of the organisms (Sridhar et al., 2006; Varadharajan et al., 2010;
Srilatha et al., 2012).

The rainfall data of both the study areas varied from 4 to 96.2
mm. Minimum (4 mm) was recorded in pre-monsoon season
(July 2011) and maximum (96.2 mm) was recorded in monsoon
season (October 2011) at Station I. The minimum rainfall of 7.2
mm and maximum of 64 mm were recorded during monsoon
season in November 2011 at Station II. The rainfall was totally
absent in the months of February and June 2011 at Station I and
February and July 2011 at Station II. Similar observations were
made by Hussain Dar et al. (2011) and Srilatha et al. (2012).

480 IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH




Research Paper Volume 13| Issue: 6 | June 2014 « ISSN No 2277 - 8179

The hydrogen ion concentration (pH) is an another important
hydrobiological parameter which influence the distribution,
growth, metabolism and proximate composition of aquatic or-
ganisms. The variation in pH of the water was less pronounced
throughout the study period. In this study, the pH values varied
from 7 - 8.5 (Fig.10). The minimum pH (7.0) was recorded dur-
ing the months of January, February, April, September, October,
November and December 2011 and the maximum (8.5) was re-
corded during May and June 2011 at Station | and the minimum
pH (7.0) was recorded during monsoon and post monsoon and
the maximum (7.5) was recorded during summer at Station II.
The high pH recorded during summer season could be due to
the increased temperature coupled with salinity (Hussain Dar
etal,, 2011; Srilatha et al,, 2012). The slight seasonal fluctuation
in pH was mainly due to rainfall and freshwater inflow. Similar
observations have been reported by Soundaramanickam et al.
(2008) in Pitchawaram estuary. The pH of Chennai coastal wa-
ters also showed slight fluctuation, it was found to be minimum
during north east monsoon and the maximum pH during sum-
mer (Subramanian and Mahadevan, 1999).

The dissolved oxygen (DO) is one of the important biological
factor which influence the bioenergetics of the aquatic organ-
isms. In the present study, DO concentrations varied between
2.2 - 5.4 mgl"! during the study period (Fig.12). DO was mini-
mum (2.2 mg.l!) during June 2011 in summer season and maxi-
mum (3.7 mg.l?') during November 2011 in monsoon season at
Station I and the minimum concentration was 2.4 mg.l'! during
April 2011 and the maximum concentration 5.4 mg.l? during
November 2011 at Station II. The DO level fluctuated during
summer and monsoon seasons, which may be due to wind ve-
locity, rainfall and photosynthetic activities of biological organ-
isms. The DO level estimated in the present study also agrees
with earlier workers (Sridhar et al., 2006; Satpathy et al., 2007;
Soundarapandian et al., 2009; Damotharan et al,, 2010). Subra-
manian and Kannan (1988) have also reported higher level of
DO during monsoon season in Tuticorin coast in Gulf of Mannar
but contradicting report at Coovam estuary have been noticed
high DO concentration during monsoon season.

In the present study, the nitrate, nitrite and ammonia concen-
trations ranged from 2.8 to 8.0 mgl?, and 0.64 to 9.5 mgl* and
0.42 to 1.92 mgl! respectively at Station I and in Station II, the
nitrate, nitrite and ammonia ranged from 3.5 to 8.6 mgl! and
0.56 to 2.85 mgl™ and 0.38 to 1.92 mgl ! respectively. The maxi-
mum value of nitrite was recorded as 2.84 mgl* during October
2011 and the minimum was recorded as 0.64 mgl* during Feb-
ruary 2011 in postmonsoon season at station I and the maxi-
mum value was recorded as 2.85 mml! during monsoon season
and the minimum value was recorded as 0.56 mml! during post
monsoon season at Station II.

The influence of environmental parameters on population den-
sities of bivalves has been performed elsewhere (Absalo, 1991;
Baron and Clavier, 1992; Soares-Gomes and Pres-Vanin, 2005;
McLead and Wing, 2008; Tanyaros and Tongnunui, 2011). A
population of the bivalve, Meretrix casta from estuarine ecosys-
tems in the coastal area of Trang Province, Thailand has been
studied (Songrak et al., 2009; Tanyaros and Tongnunui, 2011).

In general, the distribution of bivalves are influenced by phys-
icochemical and biological characteristics, prevailing in the en-
vironment. In the present study, bivalves, Anadara granosa was
recorded highest abundance in the Muthupet environs whereas
Meretrix casta was recorded predominance in coastal waters
of Adirampattinam. Similar species were observed in Coleroon
estuary by Prabha Devi and Ayyakannu (1989). Vellar estuary
by Chandran et al. (1982) and Aiyyampattinam and Arukkattu-
thurai by Varadharajan et al. (2010). Salinity and temperature is
an important ecological factors which influence the distribution
of bivalves. High temperature 35°C recorded in summer season
influence the distribution of both bivalves in both stations pre-
dominantly. Low temperature recorded in December influence
higher faunal density. Low density of bivalves recorded in No-
vember due to heavy downpour, which caused drastic fluctua-
tions in the sampling stations. Positive relationship between the

abundance of bivalves and concentration of organic carbon in
sediments had been documented by Parulekar et al. (1975) and
Prabha Devi (1994). The salinity also considered to be a domi-
nant factor, in the distribution of bivalves in Dammar Cornice
and half moon Bay of Arabian Gulf by Anvar Batcha (1997). pH
and DO did not play any considerable role in bivalves abundance
in the present study in both stations. Similar findings were also
reported by Prabha Devi and Ayyakannu (1989), Prabha Devi
(1994) and Varadharajan et al. (2010).

In the present study, station I (Adirampattinam) have less spe-
cies of M. casta during the months of November and January
2011. This is due to abundance of salt ponds and also salt re-
finery industries wastes that drained in the shore environment.
Because of this the population of bivalves diversity is disturbed.
So the present study conforming that pollution in the intertidal
coastal areas directly affecting the species diversity of bivalves
as well as indirectly the fishery potential.

M. casta prefers high salinity and sandy bottom (Laxmilatha et
al,, 2006) and have salinity ranging from 20 to 33 ppt due to
its proximity to the sea. The average density of M. casta was 51
No/m? in Zone Il and 12 numbers per sq.m. in zone VI, in Chet-
tuva estuary reported by Laxmilatha et al. (2006). In the present
study, the average maximum density of M. casta was 86 No/m?
in Station I (Adirampattinam off-shore coastal waters) during
summer season.

The average biomass of M. casta, denoted by the total weight
in grams per sq.m. was highest in Chettuva estuary (674.75 g/
m?) reported by Laxmilatha et al. (2006). In the present, the av-
erage biomass of M. casta denoted by the total weight in g/m?
was highest in Adirampattinam coastal waters (756.67 g/m?)
during the premonsoon season. The total average biomass of M.
casta (609.16 g/m?) was recorded in Station I. The overall total
biomass of the coastal waters of Adirampattinam was 7309.92

g/m?.

The bivalve, A. granosa prefers high temperature and sandy
bottom (Ramasamy and Balasubramanian, 2011) and have tem-
perature ranging from 35 to 38°C due to its proximity to the sea.
The average density of A. granosa was 54 No/m? in Muthupet
estuary (Station II) during the summer season. The average bio-
mass of A. granosa was highest in Muthupet estuary (815.0 g/
m?) during the premonsoon season. The Adirampattinam and
Muthupet estuary remains saline for most part of the year and
therefore offers immense scope for bivalves, M. casta and A. gra-
nosa respectively, culture in both stations.
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