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Abstract: Comparative analyses of bacteriological and water quality parameters were carried out in the coastal waters
of Tuticorin, Gulf of Mannar. Samples of sediment, water and seagrass were collected from three stations; the sites
were identified on seagrass meadows, based on their spatial differences from the shore. Of the three sites, Site1, lying
close to the untreated sewage outlet, was found to be the most polluted one with fecal coliform, THB, E. coli and Vibrio
bacteria. Statistically the three stations had significant differences among themselves (P<0.001) in all the microbial
parameters examined. Reduced levels of dissolved oxygen, increased values of total suspended solids and high turbidity
were also recorded at Site 1, which is evidently due to its proximity to the sewage outlet. In order to conserve the fragile
seagrass ecosystem and the dependant biodiversity, immediate action should be taken to treat the domestic waste water
before allowing it to mix with the seawater.

Keywords: Seagrass, Bacteria, E. coli, waste water, Gulf of Mannar

INTRODUCTION
Seagrasses are marine flowering plants which grow
over a large geographic area worldwide (Short et al.,
1995). A typical seagrass, like any terrestrial plant,
has root, stem and leaves; only it lives submerged
under the water. Seagrasses belong to the families,
Hydrocharitaceae and Potamogetonaceae, and they
are distinctively different from the terrestrial grasses
of Poaceae. Seagrasses make one of the most dynamic
ecosystems of the marine environment, and provide
food and shelter to a wide range of ecologically and
commercially important marine organisms. They are
the main primary producers of the marine ecosystem.
Seagrass meadows provide spawning, nursery, and
refuge habitats for a wide variety of fishes and
crustaceans. Habitat complexity structured by
seagrasses is considered one of the major factors
responsible for differences in habitat use. Thousands
of people around the world depend exclusively on
seagrass meadows for their livelihood.
Though seagrasses constitute one of the most
predominant and specialized groups of marine flora,

they are poorly known in India, when compared to
such other related ecosystems as mangroves. Some
of the major seagrass meadows in India exist along
the southeast coast (Gulf of Mannar and Palk Bay),
in the lagoons of islands in the  Lakshadweep group
in the Arabian Sea, and near the Andaman and
Nicobar islands in the Bay of Bengal. The largest
area of sea grass occurs along the Gulf of Mannar
and Palk Bay. The regions of India that are colonized
by seagrasses support rich and diverse fauna. In Tamil
Nadu, Gulf of Mannar and Palk Bay have rich
seagrass meadows and the fishermen of the hundreds
of coastal villages depend on them for their
livelihood. The islands and the coast of Gulf of
Mannar have dense growth of seagrass meadows,
mainly between the mainland and the islands
(shoreward from island), as well as towards the
seaward sides of the islands. In the seaward sides of
the islands, seagrasses are seen as patches. They are
found upto 2 to 3 km from the Island shores towards
the open sea (Mathews 2007). Diverse groups of
animals such as sea horses, sea turtles, sea cucumbers,
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sea urchins, star fishes, gastropods, bivalves,
ascidians, sponges, crustaceans etc. are abundant in
the seagrass meadows making Gulf of Mannar a zone
rich in biodiversity.
Distribution of seagrasses depends on a variety of
parameters of water quality including temperature,
salinity, nutr ient availability, substratum
characteristics, turbidity and submarine irradiance
(Abal and Dennison, 1996; Dennison and Kirkman,
1996). The availability of nutrients affects the growth,
distribution, morphology and seasonal cycle of
seagrass communities (Short et al., 1995). Most of
the nutrients derived from the seagrasses are internal
and are the resultant of decomposed seagrass leaves
(Erftemeijer et al., 1993). External supply of nutrients
is from domestic sewage and agricultural runoff.
Seagrass species are highly susceptible to the attack
of microbial pathogens (d’Avack et al., 2014).
Wasting disease in seagrasses has caused severe
damage to the seagrass meadows in Europe and North
America (Muehlstein, 1989). Distribution, diversity
and activities of bacteria in the marine environment
are controlled by many hydro biogeochemical and
physicochemical factors present in the environment
(Azam et al. , 1983). The present study was
undertaken with the intentions to assess the bacterial
distribution in the water and sediment of seagrass
meadows in Tuticorin region of Gulf of Mannar. The
other related physicochemical parameters were also
assessed to understand the health of the seagrass
ecosystem.

MATERIALS AND METHODS
The present study was carried out during March 2017
at three different seagrass sites in Tuticorin region.
Site 1 (depth 1.2 meter) is on the shore at
Thirespuram fishing village near the domestic waste
outlet (08°48’41.82"N 78° 9’54.07"E). Site 2 (depth
2.4 meter) is 2 km off Tuticorin shore into the sea
(08°48’51.45"N 78°11’0.78"E).  Site  3  (depth  4.2
meter) occurs 5 km away from Tuticorin shore near
Vaan Island (08°49’3.74"N 78°12’31.10"E).
Samples of sediment, water and seagrass leaf blades
were collected from the three sites for the microbial
analysis. THB (total heterotrophic bacteria), fecal
coliform, E. coli and Vibrio populations were
estimated. Sample collection involved scuba diving
and the samples were collected in sterile screw-
capped bottles. The collected samples were brought
to the laboratory in a portable ice box within 2 hours.
Seagrass samples were rinsed with sterile seawater
and scraped off with a sterile knife. To remove the
associated organisms, the surfaces of the leaf blades
were rinsed with 70% alcohol, and the inner parts
were cut with a sterile knife. The resultant tissues
were serially diluted, spread on ½ strength Zobell
marine agar medium and incubated at room
temperature for  48 hours. On the basis of
morphological features, colonies were randomly
picked and purified by making streak plates (Madigan
et al., 2000). 1 ml of water sample and 1 g of sediment
sample were separately added to 99 ml of 50% aged

Fig. 1. Map showing the study sites in seagrass meadows of Tuticorin coast, Gulf of Mannar
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sea water and then the mixtures were serially diluted.
0.1 ml of serially diluted sample was inoculated in
to the Zobell marine agar and some selective media
(TCBS, EMB) to enumerate the THB and also to
isolate the specific pathogens. After inoculation, the
plates were incubated in an inverted position at a
temperature of 280 C for 24 to 48 hours. Heterotrophic
bacterial populations were expressed as colony
forming units in water (CFU/ml) and sediments
(CFU/g). Fecal coliform count was calculated by Most
Probable Number (MPN) technique in water and
sediment samples (APHA, 2015).
Temperature of the water samples was measured
using a digital stem thermometer; salinity was
measured by hand held refractrometer;  pH was
measured using pH meter and turbidity was analyzed
by water quality analyzer (ELICO PE 138); Total
Suspended Solids (TSS) was calculated following
APHA (2015); Dissolved Oxygen (DO) was estimated
using Winkler’s method; nutrients such as nitrate,
nitrite, calcium, magnesium, phosphate and silicate
were measured spectrophotometrically (ELICO SD
164) following Strickland and Parsons, 1982. The
data collected were subjected to statistical analysis
using complete randomized design and to ANOVA
using the SPSS analysis program (Version 17.0,
2008).

RESULTS AND DISCUSSION
At Site 1, the THB load in sediment sample ranged
from 164x10-4 to 287x10-2 cfu/g and in water sample
it ranged from 150 x10-4 to 276 x10-2 cfu /ml while in
the seagrass leaf sample, it ranged from 142 x10-2 to

Fig. 2. Range of microbial parameters in sediment samples Fig. 3. Range of microbial parameters in water samples

279x10-2 cfu/g.  At Site 2, the THB load in sediment
ranged from 94x10-4 to 211 x10-2 cfu/g; in water, the
range was 80x10-4 to 174x10-2 cfu/ml; in seagrass leaf,
the THB load ranged between 65 x10-2 and 143x10-2

cfu/g.  At Site 3, the THB load in sediment ranged
from 65x10-4to 133 x10-2 cfu/g; in water it ranged
from 56 x10-4 to 113 x10-2 cfu/ml; in sea grass leaf,
the THB load ranged from 17x10-2 to 43 x10-2 cfu/g
(Fig.2, 3 and 4). One way ANOVA showed a
significant difference (p<0.001) in THB load between
the sites (Table 1).
Many researchers have reported on the marine
bacterial diversity from various parts of the world.
Helan et al (2014) reported that the total heterotrophic
bacterial load in Poovar estuary ranged between
18.87x105 cfu/g and 38.46x105cfu/g dry sediment.
Similar findings were made by Kannan (1996) from
Palk Bay, Karuppasamy and Perumal (2000) from
Pichavaram waters and Rajasekar (2003) from Vellar
estuary. Rajagopal et al (2013) reported in Andaman
the density of THB in water samples as varying from
43x105 cfu/ml to 182x105 cfu/ml, and in the sediment
samples as varying from 79x105 cfu/g to 259x104 cfu/
g. Jayanth et al (2002) reported the THB load in
seawater of Therespuram region at a minimum of
5x104 and a maximum of 1.06x106 cfu/ml, and the
sediment THB load at 5.10x104 cfu/g and 4.90x107

cfu/g. Site 1 in the present study was found to be
affected by the untreated sewage, and hence it may
be inferred that the bacterial diversity was higher in
it than in the other 2 sites. At Site 1, the microbial
load was higher as expected because the wastes of
human and animal origin are discharged into the sea

Arasamuthu et al.
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(Metcalf, 1982). The higher densities of THB
population (Hatha et al., 2008) and fecal coliform
(Shehane et al., 2005) are attributed to the land run
off from various sources after the rainfall. The
distribution values of heterotrophic bacteria studied
in the samples of water, sediment and seagrass leaf
were in the order: sediment >water >seagrass leafs;
and the site-wise order is: Site1 > Site 2 > Site 3.
Fecal coliform load in the sediment sample of Site 1
ranged from 162x10-4 cfu/g dry weight to 294x10-2

cfu/g dry weight; and in the water sample it ranged
from 153x10-4 cfu/ml to 271 x10-2 cfu/ml; and in
seagrass leaf it ranged from 136x10-2 cfu/g dry weight
to 299x10-2 cfu/g dry weight. At Site 2, fecal coliform
load in sediment ranged from 95x10-4 cfu/g dry
weight to 188x10-2 cfu/g dry weight; in water it
ranged from 86x10-4 cfu/ml to 164x10-2cfu/ml; and
in seagrass leaf it ranged from 134x10-2 cfu/g dry
weight to 67x10-2 cfu/g dry weight. At Site 3, fecal
coliform load in sediment ranged from 62x10-4 cfu/g
dry weight to 117x10-2 cfu/g dry weight; in water the
range was 53x10-4 cfu/ml to 105x10-2cfu/ml; and in
seagrass leaf it was from 35 x10-2 cfu/g dry weight to
14x10-2 cfu/g dry weight (Fig.2, 3 and 4). One way
ANOVA showed highly significant difference on
fecal coliform count (p< 0.001) between sites (Table
1).
At Site 1, E. coli load in seagrass sediment ranged
from 149x10-4 cfu/g to 292x10-2 cfu/g (Fig.2); in
water, it ranged from 147x10-4 cfu/ml to 255 x10-2

cfu/ml while in seagrass leaf E. coli load ranged from
241x10-2 cfu/g to 128x10-2 cfu/g (Fig.4). At Site 2, E.
coli load in sediment ranged from 81x10-4 cfu/g to

Fig. 4. Range of microbial parameters in
seagrass leaf samples

153 x10-2 cfu/g; in water it ranged from 76x10-4 cfu/
ml to 140x10-2 cfu/ml while in seagrass leaf E. coli
load ranged from 113 x10-2 cfu/g to 61 x10-2 cfu/g. At
Site 3, E. coli load in sediment ranged from 120x10-

2 cfu/g to 54 X10-4 cfu/g; in water, it ranged from 100
x10-2 cfu/ml to 43 X10-4 cfu /ml while in seagrass
leaf, E. coli ranged from 38x10-2 cfu/g to 12 x10-2

cfu/g (Fig. 2, 3 and 4). One way ANOVA showed
highly significant difference (p<0.001) in E. coli
count between the sites (Table 1).
Fecal coliform bacteria have been used as indicators
of the sanitary quality of water for many years (Siva
Kumar et al., 1986; Edberg et al., 1989). Of the 3
sites studied, Site 1 recorded the maximum fecal
coliform and E. coli counts in sediments. At Site 3
the coliform bacteria count recorded was less and
this could be because of the diffusion and dilution of
sewage in sea water. Laboratory studies (Gerba and
McLeod, 1976) showed longer survival of E. coli in
sand compared to water due to higher levels of
organic content. Fecal coliform bacteria survive
longer in the bottom deposits as physiologically
varied forms when suitable nutrients are supplied
(Lopez – Torres et al. 1988). Similar findings of
higher bacterial counts from the land source have
been made by Hatha et al. (2008) and Shehane et al.
(2005).
At Site 1, Vibrio load in seagrass sediment ranged
from134x10-4 cfu/g to 291x10-2 cfu/g; in water, it
ranged from 125x10-4 cfu/ml to 257x10-2 cfu/ml
(Fig.3); while in seagrass it ranged from 107x10-2

cfu/g to 190x10-2 cfu/g. At Site 2, Vibrio in seagrass
sediment ranged from 80 x10-4 cfu/g as to 187x10-2

cfu/g; in water it was from 77x10-4 cfu/ml to 178x10-

2 cfu/ml; in seagrass leaf, Vibrio load ranged from
133x10-2 cfu/g to 53x10-2 cfu/g. At Site 3, Vibrio load
in sediment ranged from 44 x10-4 cfu/g to 131x10-2

cfu/g; in water it ranged from 36x10-4 cfu/ml to
178x10-2 cfu/ml; while in seagrass leaf, Vibrio load
ranged from 32x10-2 cfu/g to 18x10-2 cfu/g (Fig. 2, 3
and 4). One way ANOVA showed highly significant
difference (p<0.001) in Vibrio count between sites
(Table 1).
Baker et al. (2010) suggested that Vibrio species
along with other pathogenic bacteria mostly appear
in the warm surface water of the sea and it is also
attributed to climate change. In our study Vibrio

Spatial differences in bacterial and water quality parameters in seagrass meadows of tuticorin coast
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 Samples Sum of df Mean F Sig.
Squares Square P value

THB in water Between sites 83412.963 2 41706.48 23.083 0
Within  sites 43363.333 24 1806.806
Total 126776.296 26

THB  in sediment Between  sites 99985.407 2 49992.7 20.797 0
Within  sites 57691.778 24 2403.824
Total 157677.185 26

THB seagrass leaf Between  sites 149035.63 2 74517.82 44.337 0
Within  sites 40337.556 24 1680.731
Total 189373.185 26

Fecal coli form Between  sites 82624.074 2 41312.04 27.814 0
In water Within  sites 35647.556 24 1485.315

Total 118271.63 26
Fecal coli form Between  sites 85633.852 2 42816.93 23.125 0
Sediment Within  sites 44437.333 24 1851.556

Total 130071.185 26
Fecal coli form Between  sites 150057.556 2 75028.78 36.374 0
Seagrass leaf Within  sites 49504.444 24 2062.685

Total 199562 26
Vibrio  in water Between  sites 69938.296 2 34969.15 15.415 0

Within  sites 54443.556 24 2268.481
Total 124381.852 26

Vibrio  in sediment Between  sites 78845.407 2 39422.7 14.247 0
Within  sites 66410.444 24 2767.102
Total 145255.852 26

Vibrio in seagrass leaf Between  sites 78408.296 2 39204.15 42.216 0
Within  sites 22287.556 24 928.648
Total 100695.852 26

E.coli  in water Between  sites 86725.852 2 43362.93 34.261 0
Within  sites 30376.222 24 1265.676
Total 117102.074 26

E.coli in sediment Between  sites 90104.519 2 45052.26 23.297 0
Within  sites 46412 24 1933.833
Total 136516.519 26

E.coli  in seagras sleaf Between  sites 113865.407 2 56932.7 54.325 0
Within  sites 25152.222 24 1048.009
Total 139017.63 26

Table 1. Results of one way ANOVA for microbial parameters

counts were higher in sediment than in water and
seagrass leaf. Bacteria found on seagrass leaves
include the genera Vibrio, Alteromonas, Moraxella,
Pseudomonas, Marinobacter and Brochothrix
(Kurilenko et al., 2001) as well as several nitrogen
fixing bacteria (Pereg et al., 1994). Some microbial
pathogens in coastal environments are indigenous
to the sea and they include Vibrio, while the others
such as Escherichia coli, Salmonella sp., and

Shigella sp., are introduced through urban surface
run off, agricultural discharge, and waste water
inflow (Mahalakshmi et al., 2011).
Wahbeh and Mahasneh (1984) reported the difference
in heterotrophic association of bacteria seen attached
to the leaves, rhizomes and roots of three seagrass
species (Halophila ovalis H. stipulacea and Halodule
uninervis) in Jordan. There is great concern for the
global decline of the ecologically important seagrass

Arasamuthu et al.
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beds. Epiphytic biofilms of bacteria and algae may
contribute to the decline of seagrasses by shading
them from the light thereby affecting photosynthesis
(Michael et al 2008). Eutrophication and other
environmental changes may affect the overall
quantity, diversity and species richness of these
epiphytes (Balata et al 2008). Because microbial
populations can be indicators of biogeochemical
conditions, characterization of the epiphytic
organisms, particularly bacteria, will provide an
insight into the environmental conditions.
Marine pollution has now become a matter of
worldwide environmental concern. Continuous
discharge of untreated industrial and domestic wastes
into sea has been a serious threat to marine habitats
and the dependant diversity. The bacterial counts of
the samples collected from different sites in Tuticorin
indicate that the seagrass ecosystems are disturbed
by the discharge of waste water through sewage
disposal in Thirespuram region. Hence immediate
steps has to be taken for the treatment of the sewage
water before letting it into sea, and this is the only
way to protect the seagrass ecosystems and the
dependant livelihood.
Temperature of water in the present ranged between
30.4 ± 0.100 C and 30.8 ± 0.060 C, and it had highly
significant difference (P>001) between the three sites
(Table 2 and 3). Orton (1920) suggested that sea
temperature is the most important environmental
factor controlling reproduction in marine
invertebrates. Salinity is one of the most important
factors which exert various effects on the vitality of
marine organisms (Abdo et al 2005). Salinity varied
between 31.4 and 33.5 ppt at Site 1; between 34 and
35 ppt at Site 2; while it was 35 ppt at Site 3. The
difference in the salinity between the three stations
was statistically significant (P >0.001) (Table 2 and
3). Bruckner and Burrows (2005) suggested that the
salinity of coastal and offshore environments is
influenced by a number of environmental factors such
as runoff, precipitation, evaporation, surface current
patterns, and upwelling. Earlier, Jayaraman (1954)
and Bapat (1955) have also reported such unimodal
fluctuation in salinity in Gulf of Mannar. Not much
variation was observed in the pH between the three
stations and the value ranged between 7.94 ± 0.05
and 8.22 ± 0.06, and the differences were also found

to be much significant statistically between the three
stations (P >0.001) (Table 2 and3). The DO content
was lower at Site 1 and ranging from 1.2 to 1.4 mg/
l; at Site 2 it ranged from 3.8 to 4.5 mg/l and at Site
3 from 4.9 to 5 mg/l; the differences were statistically
significant between the three sites (P>0.00) (Table 2
and 3). These are comparatively lower values for DO
and this is because of sewage mixing in a site (Site
1). A very high statistical difference was also observed
in the dissolved oxygen content between the three
sites (Santhanam and Venkataramanujam 1996). The
temporal variation of DO level depends on
temperature, light penetration, rain fall, and climate.
Similar findings were reported by Padmini and
Kavitha (2003) at Ennore and Kovalam estuaries and
Eswari and Ramanibai (2004) at Chennai coast.
The value of turbidity was the highest in Site 1and it
ranged from 27.5 to 28.4 NTU; at Site 2 it ranged
from 5.65 to 6.85 NTU, and at Site 3 it ranged from
4.6 to 4.7 NTU. The differences were also observed
to be statistically significant between the three
stations (P >0.001) (Table 2 and 3). Comparatively
Site 1 recorded less light penetration than the other
sites. Turbidity value in marine environment is
mainly influenced by wave action, tides, wind and
fresh water inflow and sewage discharges. Easterson
et al., (2000) have reported turbidity values between
13.4 to 45.6 NTU in Tuticorin coastal waters which
are similar to the estimates of the present study. The
values of total suspended solid level in Sites 1, 2 and
3 were 265, 93 and 77 mg/l respectively and the
differences were observed to be statistically
significant between the stations (P >0.001) (Table 2
and 3). The physical factors such as temperature,
salinity, waves, currents, depth, nature of substrate
and day length regulate the physiological activity of
seagrass; and natural phenomena such as light,
nutr ients, epiphytes and diseases limit the
photosynthetic activity of the plants; and
anthropogenic inputs such as nutrient and sediment
loading inhibit the access to available plant resources
(Twilley et al.,1985; Wetzel and Neckles, 1986;
Dennison et al., 1993; Abal and Dennison, 1996).
On comparison, Site 1 had higher concentrations of
phosphate, magnesium, nitrite and silicate which
could cause adverse effects on seagrass diversity. The
maximum phosphate concentration in Sites 1, 2 and

Spatial differences in bacterial and water quality parameters in seagrass meadows of tuticorin coast
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Temperature o C 30.8 ± 0.06 30.4 ± .0.1 30.8 ± 0.03
Salinity (ppt) 32.4 ± 0.61 34.3 ± 0.3 34.7 ± 0.33
PH 8.2 ± 0.06 8.03 ± 0.04 7.9 ± 0.05
Turbitity (NTU) 27.9 ± 0.26 6.44 ± 0.4 4.65 ± 0.03
TSS (mg/l) 265.3 ± 5.05 92.6 ± 3.9 77.3 ± 3.93
DO (mg/l) 1.26 ± 0.07 4.16 ± 0.2 4.9 ± 0.03
Calcium (mg/l) 391.6± 4.41 410 ± 5.8 452 ± 6.02
Magnesium (mg/l) 1250 ± 8.67 1203.6 ± 39.6 1271 ± 10.14
Nitrates (¼g/L) 6.83 ± 0.36 1.70 ± 0.1 1.09 ± 0.04
Nitrites (¼g/L) 22.5 ± 1.27 0.69 ± 0.1 0.24 ± 0.03
Phosphate (¼g/L) 5.34 ± 0.06 3.01 ± 0.2 0.063 ± 0.01
Silicate (¼g/L) 14.25 ± 0.58 3.85 ± 0.1 1.82 ± 0.10

Table 2. water quality parameters in the study sites

Water quality parameter SITE-1 SITE-2 SITE-3

Arasamuthu et al.

3 were 5.34mg/l, 3.01mg/l and 0.06mg/l respectively.
ANOVA showed significant difference in phosphate
levels between the sites. Asha et al., (2009) have
recorded in Gulf of Mannar levels of phosphates
higher than in the present study. The maximum
silicate concentrations in Sites 1, 2 and 3 were 15.26,
3.35 and 1.83 mg/l respectively. A significant
difference was also observed in the silicate content
between the three sites. The comparatively high level
of silicate in Site 1 may be due to freshwater inflow.
The high silicate concentration may also be due to
heavy load of sewage. Jansi et al., (2009) have
recorded higher concentration of silicate in Manakudi
estuary than in the present investigation.
 The maximum nitrite concentrations in Sites 1, 2
and 3 were 24.35, 0.89 and 0.28 mg/l respectively;
and the differences were also statistically significant
between the stations (P>0.00) (Table 1). The
enrichment of nitrites and nitrates could be attributed
to various factors. The unpolluted waters have
nominal quantity of nitrates (Jaji et al., 2007). The
maximum nitrate concentrations in Sites 1, 2 and 3
were 7.25, 1.86 and 1.14 mg/l respectively; and the
differences were statistically significant between the
stations (P >0.001) (Table 2 and 3). According to
Short et al. (1995) long-term nitrate additions cause
severe decline of seagrass, and enriched levels of
ammonia and phosphate lead to reduction in shoot
density and biomass. The maximum magnesium
levels in Sites 1, 2 and 3 were 1250, 1204 and
1271mg/l respectively, and the difference between
the sites were not statistically significant. (P>0.001)

(Table.1). The maximum  calcium  level was 452
mg/l in Site 3, 410 mg/l in Site 2, 392 mg/l in Site 1.
The differences were statistically significant between
the three stations (P >0.001) (Table 2 and 3).
Nutrients stimulate bacterial growth in water systems
(Patrick et al 2012). Thirespuram water has high
nutrient load (nitrate, nitrite, phosphate and silicate)
which could be the factor that facilitates the large
presence of bacteria in water and sediment. Large
populations of coliforms have been reported from
Andhra coast, because of high the amounts of
sulphate, nitrate and ammonium ions (Swamy et al.,
2006). Sediment sample had more number of fecal
coliform than water samples because of its higher
capacity for binding with organic matter and nutrients
that easily attract the pathogenic organism especially
fecal coliform bacteria. Earlier studies in India too
have reported higher concentration of faecal coliform
bacteria in sediment than in water (Vaidya et al.,
2001; Mohandass and Bharathi, 2003).
 Globally, it has been accepted that nutrient loading
has been the most detrimental factor for seagrass
decline (Carruthers et al., 2006). The other causes of
seagrass degradation are sewage enrichment
(Johansson and Lewis, 1992); enrichment of
groundwater supplies (Short et al., 1993); and runoff
from agricultural lands (Philips and Menez, 1988).
Impact of sewage fallout on macro benthic diversity
at Long reef and Bungan Head was studied by Roberts
(1996). Tuticorin is an industrial town with a large
population and it also has a seaport. The town
generates an estimated 17.5 MLD of sewage annually,
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Sum of Squares df Mean Square F Sig.
Temperature Between  Sites 0.202 2 0.101 11.375 0.009

Within  Sites 0.053 6 0.009
Total 0.256 8

Salinity Between  Sites 11.056 2 5.528 7.37 0.024
Within  Sites 4.5 6 0.75
Total 15.556 8

PH Between  Sites 0.122 2 0.061 8.869 0.016
Within  Sites 0.041 6 0.007
Total 0.163 8

Turbitity Between  Sites 1010.268 2 505.134 2.25E+03 0
Within  Sites 1.348 6 0.225
Total 1011.617 8

Tss Between  Sites 65392.89 2 32696.444 580.41 0
Within  Sites 338 6 56.333
Total 65730.89 8

DO Between  Sites 22.442 2 11.221 240.452 0
Within  Sites 0.28 6 0.047
Total 22.722 8

Calcium Between  Sites 5672.222 2 2836.111 31.906 0.001
Within  Sites 533.333 6 88.889
Total 6205.556 8

Magnesium Between  Sites 7092.167 2 3546.083 2.037 0.211
Within  Sites 10445.83 6 1740.972
Total 17538 8

Nitrates Between  Sites 59.667 2 29.833 219.668 0
Within  Sites 0.815 6 0.136
Total 60.482 8

Nitrites Between  Sites 978.155 2 489.078 302.242 0
Within  Sites 9.709 6 1.618
Total 987.864 8

Phosphate Between  Sites 42.002 2 21.001 576.418 0
Within Groups 0.219 6 0.036
Total 42.22 8

Silicate Between  Sites 275.157 2 137.579 378.31 0
Within  Sites 2.182 6 0.364
Total 277.339 8

Table 3. Results of one way ANOVA for water quality parameters

and there are no facilities for the treatment of sewage;
all the sewage is disposed off in canals that eventually
reach the sea. Industries around Tuticorin include
refinery, aquaculture, chemicals and fertilizers,
caustic soda and thermal power plants. The total
volume of waste discharge from these industries,
other than aquaculture, is about 10.4 MLD The
effluent from these industries contain suspended
solids, ammonia, nitrate, BOD compounds, oil and
grease, and trace quantities of heavy metals such as
chromium (Asha et al 2007 ). Since the 1940s the
total area of seagrass has declined by more than thirty
percent, and the loss rate per year in recent times is

about 7% (Nellemann and Fonseca, 2009). This is
largely due to the fact that seagrasses are a shoreline
benthic species subject to degradation in response to
natural and human activity (Caccia et al., 2007).
Growing populations, fisheries, and tourism affect
the shoreline benthic ecosystems. It is especially the
growing populations and the waste associated with
it that affect the nutrient loading of seagrass beds
and other marine ecosystems. Site 2 and 3 of the
present study are comparatively less affected because
they occur farther from sewage pollution.
The present investigation brings to light the higher
abundance of THB and pathogenic bacteria in the

Spatial differences in bacterial and water quality parameters in seagrass meadows of tuticorin coast
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