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Abstract

The Thondi coast of Palk Bay is one among the biospheres which is biologically rich and rated among the highly productive
regions of the world. Its diversity is considered globally significant. However, the diversity of this area is poorly documented,
especially that of molluscans associated with the seaweeds and sea grasses occurring here in great profusion. In the present
investigation, eleven different seaweeds and four species of seagrasses were recorded; the highest molluscan species with its
percentage contribution in both seaweeds and seagrasses were recorded as Cerithedia cingulata (49.40%), Umbonium vestiarium
(16.09%), Bullia belangeri (14.05%), Nassarius comptus (1.98%) and Babylonia zeylanica (1.46%).
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1. Introduction

Convention on Biological Diversity (CBD) defined
biodiversity as the variability among the living organisms
from all sources including inter alia, terrestrial, marine and
other aquatic ecosystems and ecological complexes of which
they are part. This includes diversity within species, between
species and within ecosystems M. Among the various groups
of organisms having rich diversity, molluscan species is one
which includes organisms which live on, in, or near the
seabed, also known as the benthic zone. They live in or near
marine sedimentary environments, from tidal pools along the
foreshore, out to the continental shelf and then down to the
abyssal depths. Among benthos, the molluscans qualify most
of the following requirement of an ideal indicator organism [,
In the benthic environment, seaweeds and seagrass beds
constitute important niches. Seaweed zones and seagrass beds
are the conspicuous and widespread biotopes in the shallow
marine environment. The faunal association with the plant
communities have been receiving greater attention from
various parts of the world only in recent years. The fauna
associated with seaweeds and seagrasses are mainly to fulfil
their needs, with regard to food, habitat, protection from
predators, tidal currents and waves, and availability of oxygen
for respiration 1. Seaweeds enhances biodiversity. Many
organisms restrict their movements to the vicinity of shelter
and thus submerged vegetation can influence the distribution
of marine organisms [“. Macroalgae may provide shelter as
well as profitable foraging sites for invertebrate feeders and
omnivores, which predate on the associated epifauna ©.
Seagrasses act as "nurseries” and provide abundant shelter
from predators and enhanced food supplies for juvenile finfish
and shellfish; and direct grazing of seagrasses is of little

importance in coastal food webs. These familiar paradigms
concerning plant-animal interactions in seagrass meadows
have recently been reassessed 1. The relationship between
habitat and fauna has been of long-standing interest in a
variety of aquatic environments including seagrass beds . A
great deal of information is available on the molluscan species
associated with seaweeds and sea grasses of temperate waters.
A study of seaweeds and sea grasses in Thondi coast which
form an ecological niche to diverse phytal fauna assumes
significance from view point of protecting biodiversity here.
Hence, this investigation will definitely add valid information
to the present knowledge on the ecology and productivity of
benthic ecosystem of Thondi coast, Palk Bay, Southeast coast
of India.

2. Materials and methods

The present investigation was carried out in five different
stations, viz., Station 1: Vattanam (Lat. 9°43°58.80”N; Long.
79°00°59.58”E), Station 2: Thondi harbour (Lat.
9°44°39.51”N; Long. 79°01°23.89”E), Station 3: Back waters
(Lat. 9743°53.35”N; Long. 79°00°56.13”E), Station 4:
Nambuthalai (Lat. 9°40°57.08”N; Long. 78°56°39.07”E) and
Station 5. Soliyakudi (Lat. 9735°30.34”N; Long.
78°55°42.25”E) located in the Thondi coastal waters, Palk
Bay, Southeast coast of India (Figure 1) from January 2007 to
December 2007 during the lowest neap tide periods. Seaweeds
and seagrasses samples were collected from the intertidal
region of Thondi coast. After hand picking, the weeds and
grasses were washed thoroughly in fresh water a couple of
times to remove the associated molluscan fauna. At the time
of collection, the plants were detached with roots, rhizomes
and leaves. In each station, five benthic samples were
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collected on a monthly basis. To estimate the abundance of
seaweeds, seagrasses and their associated molluscan faunal
components, a wooden quadrat (1x1m?) was thrown at random
on the seagrass beds and seaweeds. The seaweeds and
seagrasses present within the quadrat were collected very
carefully for separating the fauna associated with them. After
collection, the samples were emptied onto a plastic tray [ 71,
Prior to sampling, water samples were collected for estimating
the water quality parameters, viz., temperature (‘C), salinity
(ppt), Dissolved Oxygen (DO) (mL/L), alkalinity (mg/L) and
pH. Temperature was measured using a standard celsius
thermometer with accuracy of +0.5°C by standard method of
FAO B and pH was recorded using an Elico LI 10 pH pen.
Biological Oxygen Demand (BOD) (mg/L) and Chemical
Oxygen Demand (COD) (mg/L) were estimated using the
methods described by Strickland and Parsons 1. The water
lying above the seaweed and seagrass environment was
collected in a plastic container and used for estimating the
physical and chemical characteristics of the water. The
sediment samples were shade dried and kept in sealed
polythene bags for further analysis. The composition of
sediment was assessed following the pipette method as
proposed by Krumbein and Pettijohn B9, The shade dried
samples were passed through successive sieves of mesh sizes
(2, 0.2, 0.02 and 0.002mm) in order to grade them in to coarse
sand, silt, clay and fine sand respectively.

Sedimentary copper, iron, manganese and zinc were estimated
following the standard methods of Watling . The sediment
samples were oven dried at 110°C for 24 hours and was
ground with the help of a pestle and mortar. These samples
were digested with concentrated perchloric acid and nitric acid
(1:3). The supernatant was analysed using the Inductively
Coupled Plasma-Mass Spectrophotometer (ICP-MS) and the
values were expressed in pg/g. The benthic fauna were
separated following the procedures of Sarma and Ganapati 2
and identified. Data was pooled and subjected to further
statistical analyses.

3. Results and discussion

The phytal-faunal association of the marine environment
differed substantially both in density and species composition.
This might be due to the influence of water bodies differing in
origin, turbidity, temperature, salinity and differences in
sediment granulometry. These factors show a continuous and
irregular pattern of change making the marine environment
unstable and unpredictable. Despite this, marine bodies are
hospitable to benthic communities, which are able to cope
with this harsh environment. The seaweeds recorded during
the present study were Ulva lactuca, Ulva reticulata,
Grateloupia lithophila, Enteromorpha compressa,
Enteromorpha intestinalis, Chaetomorpha linum,
Chaetomorpha aerea, Hypnea musciformis, Hypnea valentiae
and Gracillaria verrucosa besides the seagrasses viz.,
Halophila beccari, Halophila ovalis, Halodule pinnifolia and
Cymodocea serrulata. Cerithedia cingulata was found to be
most abundant molluscan species constituting of the total
number of organisms collected. Umbonium vestiarium came
next followed by Bullia belangeri, Nassarius comptus, Tectus
mauritianus, Nassarius stolatus, Thais tissoti, Pyrene scripta,
Tibia curta, Polinices pesoelephanti, Epitonium lamellosum,

Anadara indica and Lucina eduntula.

3.1 Physicochemical parameters

Rainfall in India is largely influenced by two monsoons, viz.,
southwest and northeast. Thondi experiences higher rainfall
during the northeast monsoon % and the total rainfall
recorded during the study period was 764.8mm. Higher
rainfall during the monsoon season is in agreement with the
observations made by earlier workers 4 151, In the present
study, the average temperature of water remained around 30°C
in samples collected from all stations with a range of 29.1 to
31.3°C (Figure 2A). Thus, the range of water temperature
noticed in the study area was found to be highly conducive for
the better survival and growth of aquatic organisms including
invertebrates. In the coastal waters of east coast of peninsular
India, the highest water temperature has been reported to
occur during the summer months (6281,

Satheesh and Wesley [*°! reported that the seaweeds and
seagrasses, being benthic forms are important indicators of
quality of coastal waters reflecting temporal changes. These
organisms directly integrate with the water column properties
and respond to different kinds of environmental stresses. The
most frequently cited abiotic factor controlling the distribution
of seaweeds and seagrasses is the temperature and many
workers have emphasized the importance of water temperature
[20-241 In the present study, several species of seaweeds and
seagrasses were observed to occur in plenty during months of
elevated water temperature. The major variable in marine
environment is salinity and it varies in relation to season, river
runoff, proximity to the coast and depth. Marine animals
occurring in the near shore waters have to adapt themselves to
variations in salinity. Thus, salinity is considered to be one of
the basic and prime factors among the environmental variables
in the marine environment. Salinity in the study area varied
from 13.18 to 34.96ppt (Figure 2A) and are in agreement with
reports of Ketchum [ Jayaraman [ Sulochana and
Muniyandi 31 and Mohammed et al. 1 in different coastal
habitats.

DO is known to function as an index of the balance existing
between photosynthetic production of oxygen and utilization
by community respiration. In the present study, DO
concentration was low during summer and high during
premonsoon months (Figure 2A). Humidity influences the
evaporation rate, which in turn affects the salinity %1 in Palk
Bay. The trend noticed in the present study is in conformity
with the findings of Ketchum @1, pH remained alkaline
throughout the study period and varied from a minimum value
of 7.8 during summer season to the maximum of 8.2 during
premonsoon (Figure 2) in comparison to the average pH
values in the Palk Bay (7.9) reported by Sulochana and
Muniyandi 3 Krishnamurthy and Jeyaseelan ?° and
Dwivedi and Varshney [?21,

3.2 Heavy metals and sediment composition

Trace metals form an important abiotic component of marine
ecosystem. These metals may associate with the sediment
particles either by adsorption or by complexation, forming
particle structure, and gradually sink with sediment or they
may get released when mixed with sea water due to altered
physicochemical environment %61, These metals are persistent
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pollutants and are discharged constantly through industrial,
municipal, domestic and agricultural effluents into the coastal
environs in substantial amount. The possibility of these heavy
metals affecting the non-target organism needs to be
emphasized ?°1, Trace metals are associated with colloidal and
fine matter in suspension which resulted in lower
concentration in sediment. Similar downstream minimum was
observed by Palanichamy and Balasubramanian % in Palk
Bay, who observed a twofold decrease and justified this kind
of decrease mainly due to the draining of elements with the
oxides of iron and manganese from the mouth region of the
river to the sea by wave action.

With respect to the concentration of copper, significant
seasonal fluctuations were noticed in all the stations and
values differed significantly between the stations. The high
concentration factors has been considered as the basis for their
use as biological indicators of metal pollution and for
taxonomical identification of the concentrating organisms and
similar kind of observation was made by Mary et al. Bl at
Tuticorin coast. As per other metals, the distribution of zinc
marked significant seasonal variations and the values also
significantly varied between the stations. In the case of
manganese, significant seasonal fluctuations were noticed in
its concentrations, and the values observed in the present
study (Figure 2B) are in harmony with the observation of
Mary et al. B,

In many aquatic systems, nature of the substratum plays a
significant role in the distribution and abundance of phytal
faunal assemblages. In the present study, the sediment
composition revealed differences in percentage of sand, silt
and clay fractions. While the sand content varied significantly
between the seasons, silt and clay contents varied only in
relation to stations (Figure 2C).

3.3 Phytal fauna

As many as 76 species of macrofauna (molluscans) were
identified from all the five stations. Gastropods were found to
be the largest component in the collections with 42 species
(55%). The abundance varied from 45 to 1974 individuals per
square metre. The abundance was more in Station 1 when
compared to other stations. The abundance varied in relation
to season and was low during monsoon and high during the
dry seasons. The total number of species estimated by various
extrapolators varied from 76 to 89 species. Among the top 10
species, Cerithedia cingulata was found to be the most
abundant species constituting 49.4% of the total number of
organisms collected. Umbonium vestiarium followed next
with 16.09% contribution accompanied by Bullia belangeri
(14.05%) and Nassarius comptus (1.98%) (Figure 2D). All the
other species contributed less than 1% of the total.

3.4 Diversity indices

In the present study, a marked seasonal variation in the
Shannon diversity was noticed with the maximum diversity
during the dry months of the year and less during the monsoon
period. Such observations were reported by researchers B2
which is attributed to less human interference and undisturbed
nature of the habitat besides availability of thick vegetation
year round in particular Enteromorpha compressa, whereas in
Stations 4 and 5, anthropogenic disturbances occurred and

consequently vegetative cover was also less. BVSTEP was
used to find out the most influential species. The routine
indicated 14 out of the 76 species to be influential with a rank
correlation value of 0.842 (Table 1). The diversity, richness
and evenness were higher in Station 1 when compared to other
Stations. The Shannon-Weiner diversity (H’log?) varied in
relation to season and also in relation to station within the
range of 2.267 to 4.046 (Figure 3A). The Margalef’s richness
value (d) was in the range of 1.984 to 5.570 (Figure 3B) and
Pielou’s evenness (J°) in the range of 0.847 to 0.974 (Figure
3C). The dominance index (D) behaved opposite to that of the
diversity values and was in the range of 0.042 to 0.161. The
dominance plot drawn for all the seasons also vouched safe
for the above fact that the diversity was higher in Station 1
when compared to other Stations (Figure 4). The number of
species recorded from various species of seaweeds and
seagrasses varied from 25 to 68 (Table 2; Figure 5). The
maximum number of species was recorded in the seaweed,
Enteromorpha compressa and minimum in Chaetomorpha
aereae. In seagrasses, it was in the range of 35 species for
Halophila ovalis and 32 species for both Halophila beccari
and Cymodocea serrulata.

The maximum diversity H’log? (6.021) was observed in
Enteromorpha compressa and the minimum value (4.785) in
Grateloupia lithophila. In seaweeds, the range was 6.021 to
4,785, whereas in seagrasses it was 4.934 (Halophila ovalis)
to 4.786 (Halophila beccari). The maximum value of richness
(d) (14.084) was observed in Enteromorpha compressa and
the minimum (6.573) in Chaetomorpha aereae. In seagrasses,
the range was 8.314 (Halophila ovalis) to 7.767 (Halophila
beccari). The maximum value of (J*) was (0.989) observed in
Enteromorpha compressa and the minimum value (0.957) in
Halophila beccari and in seaweeds, the range was 0.989
(Enteromorpha compressa) to 0.974 (Chaetomorpha aereae)
and in seagrasses it was 0.966 (Cymodocea serrulata) to 0.957
(Halophila beccari). The maximum value of dominance (D)
was observed in Halophila beccari (0.025) and the minimum
in Enteromorpha compressa (0.007). In seaweeds, the range
was 0.023 (Chaetomorpha aereae) to 0.007 (Enteromorpha
compressa) whereas in seagrasses it was 0.025 (Halophila
beccari) to 0.022 (Cymodocea serrulata). The maximum
number of species and diversity found in Enteromorpha
compressa could be due to its wide prevalence in the study
area besides its availability throughout the year.

In the Caswell neutral model used to compare the observed
diversity, with the expected, the V values varied in seaweeds
from 12535 (Enteromorpha intestinalis) to 1.559
(Grateleupia lithophila). In seagrasses, it was in the range of
6.335 (Cymodocea serrulata) to 1.827 (Halophila beccari).
All showed that the observed diversity was more than
expected (Table 2). Cluster analysis was employed to analyse
the similarity between the Stations during various seasons.
The Bray-Curtis similarity calculated varied from 3.51 to
78.31%. The minimum similarity was noticed between
Stations 2 and 1 and the maximum among samples collected
in Station 2. The cluster analysis showed 22 groups. In most
instances, a particular station of one month got fused with the
same station of another month. In few instances, a station
formed a group with the nearby station only and not with a
station lying apart. This showed gradual changes in species

147



International Journal of Zoology Studies

composition from Station 1 to Station 5. The Bray-Curtis
similarity calculated for molluscan associated with 11 species
of seaweeds and four species of seagrasses varied from 55.15
to 85.58% (Figure 6A).

The dendrogram derived showed three groups of which two
groups were formed by seaweeds and one by seagrasses. The
macrofauna associated with seagrasses Halophila ovalis and
Cymodocea serrulata joined together to form the first group at
85.58% similarity. Macrofauna associated with seaweeds Ulva
reticulata and Gracilaria edulis formed the second group at
84.13%. The third group was formed by macrofauna
association with seaweeds Ulva lactuca and Hypnea
musciformis at 78.26% similarity. The large group formed by
macrofauna (molluscan) associated with seagrasses was quite
distinct in the dendrogram (Figure 6B) and also in Multi
Dimensional Scaling (MDS). The stress value (0.12) of MDS
clearly showed the goodness of fit (Figure 7A & 7D). The
dominance plot for the macrofauna associated with the
seaweeds and seagrasses were drawn as such and
Enteromorpha compressa showed maximum diversity and
Cymodocea serrulata the minimum. Dominance Diversity
Index Scaling (DOMDIS) test was done to compare the
significant differences between the distances of the curves
(seaweeds and seagrasses) (Figure 7B). Analysis of
similarities (ANOSIM) showed the R value to range between -
0.08 and +0.16. However, the global R value (0.147) was not
statistically significant (26.8%) (Figure 7C). In Similarity
percentage (SIMPER), analysis was done to study the
assemblage of macrofaunal molluscan species associated with
the seaweeds and seagrasses, and the average similarity
among species of seaweeds was 70.05% and among
seagrasses it was 80.87%. The average dissimilarity in the
assemblage of molluscans between seaweeds and seagrasses
was 33.56% (Table 3). The assemblage of molluscans with
respect to seaweeds were Cerithedia cingulata, Umbonium
vestiarium, Bullia belangeri, Nassarius comptus and
Babylonia zeylanica. The molluscan assemblage of seagrasses
were Umbonium vestiarium, Bullia belangeri, Prionospio
pinnata, Tectus fenestratus and Eunice indica.

Among the 11 species of seaweeds and four species of
seagrasses studied, Enteromorpha compressa was observed to
support the highest abundance of phytal fauna and highest
diversity. Available literature show marked variation in phytal
fauna. Sarma and Ganapati ' reported that the phytal fauna
associated with Gracilaria corticata was mostly of molluscs
and foraminiferans. In the present study, gastropods and
bivalves occurred abundantly in order. Changes in phytal
fauna associated with seaweeds appeared to be a common
phenomenon in tropical waters with marked seasonal
variations. Notably, Hypnea musciformis and Gracillaria
verrucosa have been reported to support higher number of
associated animals due to their branched and bushy nature 1,
Weiser 34 also reported that the composition and density of
phytal fauna varied from alga to alga depending on the shape
and its ecological distribution on the shore. Sarma and
Ganapati [*?1 reported that the association of phytal fauna with
seaweeds depended on the morphology of the algae. Species
of Chaetomorpha are usually filamentous, whereas
Enteromorpha compressa has foliaceous structure and
Gracilaria species a cushion-like structure. Warwick % also

commented that variation in faunal abundance among the
algae could be related to the texture and coarseness of the
algae. Thus structure-wise, Hypnea musciformis and
Gracillaria verrucosa could be expected to support higher
population density of phytal fauna than the other green algae.
However, in the present study Enteromorpha compressa
occupied the first rank with respect to the population density
and diversity of molluscan phytal fauna. The reason could be
its wide prevalence in the study area besides its availability
throughout the year. This sporadic occurrence of this species
throughout all the stations have also been responsible for
comparatively lower annual mean population of molluscan
phytal fauna recorded in Enteromorpha compressa.

Another important observation made in the present study was
that molluscs contributed the highest percentage of phytal
fauna in all the 11 seaweeds and four seagrasses occurring in
all the five stations. However, the least contributing species
varied markedly among the 11 seaweeds and four seagrasses
investigated. Gastropods found to be associated with the
seaweeds are scavengers or detritus feeders and few were
algivores. Joseph 61, Barkman 71, Fuse 8 and Yogamoorthy
(331 reported that gastropods seemed to prefer macroalgae for
depositing their eggs to avoid predation of them and
destruction by other physical factors. Sarma and Ganapati 2
reported that phytal fauna associated with Grateloupia
corticata occurring in Visakhapatham coast was mostly
molluscs. Joseph [ reported the abundance of Modiolus
striatus on marine seaweeds occurring in Rameswaram port.
The association of Musculus strigatus with Caulerpa taxifolia
and Caulerpa racemosa was reported by Sarma and Ganapati
[12] gt Visakhapatnam.

In the marine environment, few habitats have been identified
as rich in biodiversity. These habitats include mangroves,
corals, seaweeds, seagrasses and rocks. While molluscan
biodiversity associated with all the other habitats have been
covered extensively, the same was not true with respect to
seaweeds and seagrasses in the present study, thereby
provoking biodiversity investigations to be undertaken in all
the seaweed and seagrass rich areas on a priority basis. The
entire area occupied by the above plants in the Palk Bay has to
be covered to create a database on phytal fauna of Palk Bay.
Such information will go a long way in evolving strategies for
protection of biodiversity and conservation of resources.

Fig 1: Study area
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Table 1: BVSTEP
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Fig 3: A: Shannon diversity (H'); B: Margalef richness (d); C: Pielou's eveness (J); and D: Lambda

Table 2: Diversity of associated macro fauna (molluscans) in seaweed and seagrasses

Species S d (marg) J' (piol) H' (log2) (s) Lambda’ V (N.D.)
Enteromorpha compressa 68 14.084 0.989 6.021 0.007 4.687
Enteromorpha intestinalis 30 7.670 0.977 4.798 0.017 12.535

Chaetomorpha aerea 25 6.573 0.974 4.527 0.023 3.768
Chaetomorpha linum 37 9.124 0.980 5.107 0.013 9.783
Ulva lactuca 33 8.209 0.981 4.951 0.015 5.767
Ulva reticulata 39 9.382 0.985 5.206 0.012 8.338
Grateloupia lithophila 30 7.705 0.975 4.785 0.018 1.558
Hypnea valentiae 35 8.629 0.980 5.028 0.014 4.179
Hypnea musciformis 31 7.873 0.978 4.846 0.016 5.390
Gracillaria verrucosa 36 8.889 0.977 5.053 0.014 10.444
Gracillaria edulis 35 8.708 0.981 5.032 0.013 16.468
Halophila beccari 32 7.767 0.957 4.786 0.025 1.827
Halophila ovalis 35 8.314 0.962 4.934 0.022 4.728
Halodule pinnifolia 33 7.967 0.958 4.837 0.024 4.371
Cymodocea serrulata 32 7.794 0.966 4.832 0.022 6.335

S: Diversity indices; d (marg): Margalef richness; J' (piol): Pielou’s eveness; H' (log2) (s): Shanon diversity; V (N.D.): V statistics
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Table 3: SIMPER

Species AA (G1) AA (G2) AD D/SD CO (%) CU (%)
Umbonium vestiarium 0.00 4.86 4.52 7.42 13.48 13.48
Bullia belangeri 0.00 4.70 4.37 7.01 13.03 26.51
Nassarius comptus 1.71 2.10 0.72 1.15 2.14 28.65
Trochus pustulosus 0.97 1.51 0.66 0.99 1.98 38.93
Babylonia zeylanica 1.58 1.93 0.65 0.98 1.93 40.87
Pyrene flava 0.75 0.30 0.65 1.11 1.93 42.80
Prionospio pinnata 0.70 1.10 0.62 1.32 1.85 44.64
Tectus fenestratus 0.79 1.37 0.61 1.03 181 50.10
Nassaria coramendalica 0.52 0.60 0.59 1.08 1.75 51.85

G1l: Group 1 (seaweeds); G2: Group 2 (seagrasses); AA: Average abundance; AD: Average dissimilarity (33.56);
D: Dissimilarity; SD: Standard Deviation; CO: Contribution; CU: Cumulative
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