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Acronyms and Abbreviations

°C Degree celsius

% Percentage

nm nanometre

mm millimetre

cm centimetre

m metre

km kilometre

g Gram

kg Kilogram

ml. millilitre

L litre

wt. weight

i.e. That is

sp. species

Spp- More than one species

st. station

lat. Latitude

long. Longitude

N North

E East

ha hectare

Fig. Figure

e.g. exempli gratia (Latin word meaning ‘for the sake of example’)
at. atmospheric

hrs. hours

ppt. Parts per thousand

X Mean value (average)

no. Number

DO Dissolved oxygen

ocC Organic carbon

et al. et alii (Latin word meaning ‘and others’)
etc. et cetera (Latin word meaning ‘and other similar things; and so on’)
C. V. Co-efficient of variation

pgat/l  p gram atom per litre

C Carbon

S. surface

In. Interstitial

viz videlicet (Latin word meaning ‘namely’)

y year
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Chapter. 1
INTRODUCTION

1. 1. Importance of benthos
1. 2. Intertidal zone and benthos
1. 3. Seagrass beds
1. 4. Mangrove ecosystem
1. 5. Review of literature
1. 5. 1. Benthos
1. 5. 2. Earlier investigations in Lakshadweep

1. 6. Scope and purpose of study

The Lakshadweep group of Islands is located off the southwest
coast of India in the Arabian Sea. Exploratory surveys have been
conducted in the past for assessment of productivity, hydrography as well
as fishery potential of Lakshadweep sea during the cruises of R. V.
Varuna, R. V. Kalava, ORV Sagar Kanya and FORV Sagar Sampada and
the results have been well documented. However studies on benthos of
Lakshadweep Islands are scanty and hence this attempt. Benthic production
is of importance in assessing the biological productivity of an area.

‘Benthos’ refer to those organisms, which live on or in the bottom of
any body of water (Bostwick, 1983). Benthic organisms are sometimes
found on hard substrates such as rocks, wood or in soft sediments. Again,
those found on the substrate are epifauna and those found within the
substrate are termed as infauna. Benthic organisms are divided into three
categories according to their size (1) Macrobenthos (> 500u) (2)
Meiobenthos (500u to 63u) and (3) Microbenthos (<63pu) (Mare, 1942).
The division of benthos into different size groups varies according to the
workers, substratum etc. Conventionally the benthos retained on a 0.5 mm

sieve are treated as macrobenthos.



Chapter 1. Introduction

1. 1. Importance of benthos

As a result of the environmental complexity exhibited by the
shallow waters, the benthos of the region show different feeding habits and
constitute one of the major links in the marine food chain. Benthos play an
important role in the regeneration and recycling of nutrients between
pelagic and benthic realms, as they form an important source of food item
for the demersal fishes and an indispensable link to higher trophic levels
and provide food both directly and indirectly through the detritus food
chain for various micro-consumers at the lower trophic level. Food and
feeding habits of benthos differ mainly according to the substratum. There
are filter feeders, suspension feeders, detritus feeders, carnivores,
scavengers, and epiphytic grazers. Thus benthos with different functions of
this kind occupy a certain domain according to their contributions and form
a community in which certain species occur together in an area. The
benthos are important as indicators of the health of the habitat and play a
critical role as a major source of energy to economically and ecologically
important demersal fishes.

The concept of indicator species is of great importance in biological
monitoring and benthic invertebrates are recognised as useful tools.
Benthic invertebrates like Capitella capitella, Nereis caudata and Balanus
amphitrite have been identified as possible indicators to show the presence
of certain chemical substances in the marine environment. Therefore many
of them are treated as sentinel organisms and biomarkers in the assessment
of health of the marine ecosystem. Thus they are the pollution indicators
of marine environment because of their direct relationship with the type of
bottom and the physical nature of the substratum. Thus benthos may be
treated as sensitive indicators of the condition of accumulation of organic
matter and its nature in the sediments (Bordovsky, 1964). Apart from the
above, some of the macrobenthic organisms like gastropods, crabs, prawns,

etc. contribute well to the economy of the region.
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Chapter 1. Introduction

1. 2. Intertidal zone and benthos

The intertidal zone lies at the junction of the land and the sea
subjected to the tidal ebb and flow. The vertical extent of this zone
depends on the range of tides and the slope of the shore. The physical
conditions occurring in the intertidal zone are quite dissimilar to those
occurring elsewhere in the sea. Tides are of fundamental importance in
shaping the intertidal environment. Another important physical factor,
which influences the life and activities of organisms of the intertidal zone,
is the waves. The profile and type of the shore, the size of particles
remaining, fauna and flora are all controlled by the waves. In the
intertidal zone, there is ample substratum and adequate illumination for
the lush growth of rooted plants and therefore animals are associated with
these plants for nutrition, substratum and shelter (Nair and Thampy,
1980). Phytoplankton productivity and organic matter accumulation are
aiso high. The density of animals in sandy as well as muddy areas of the
intertidal zone may be extremely high. In some areas, there is commonly
a covering of algal mat, which has very high primary productivity to
supply dense population of some species of gastropods (Sheppard et al.,
1992).

Because the organisms in the intertidal zone are subjected to greater
stress of longer duration due to alternate exposure to water and air, wave
action, fluctuations in light intensity, they have evolved certain means to
adapt to these inconsistent environment. Most of these organisms are
euryhaline and eurythermal and are able to tolerate the desiccation and
prolonged anaerobic conditions. Most of the animals penetrate the

substratum to tide over unfavourable conditions.

1. 3. Seagrass beds

Seagrass bed is one of the most conspicuous and widespread biotope

types of the shallow marine environment throughout the world. About 48
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species of sea grasses have been recorded, representing 12 genera and 2
monocotyledonous water plants throughout the world, of which 37 are
tropical and rest are temperate species. Importance of seagrasses as the
primary producers in coastal environments, for instance, in sustaining
fisheries, was proposed as far back as the turn of the last century (Peterson,
1913, 1918). Seagrass beds are also common along coastal lagoons
(Balasubramaniam and Khan, 2001) and sandy seas around the bases of
shallow fringing and patch reefs. Throughout the western Indian Ocean
seagrass beds are a common feature of intertidal mud and sand flats
(Richmond, 1997). They represent a unique flora of angiosperms adapted
to rigorous salinity, immersion, occasional desiccation, and hydrophilic
pollination (Schwarz et al., 2004).

Productivity of seagrasses is often enhanced by encrusting algal
epiphytes (Sheppard et al., 1992). A dense vegetation of seagrass produces
a great quantity of organic material by itself and also offers a good
substrate for epiphytic micro and macro algae and sessile fauna. The
vegetation plays the role of sediment trap and minute suspended particles
both organic and inorganic are deposited in this biotype (Mc Roy and Mc
Millan, 1977; Walker, 1988). By trapping sediments, seagrasses play a
vital role in stabilising mobile sand and protect shores from erosion. It also
creates unique microhabitats for small animals (Kirkman, 1985, 1995;
Gosliner et al., 1996). Encrustations on seagrass blades include fauna such
as sessile, often colonial invertebrates such as hydroids, bryozoans,
sponges, barnacles and tunicates. These in turn attract other fauna
(polychaetes, crustaceans like isopods, amphipods, mollusks and
echinoderms), which form the basis of food chains within the seagrass
ecosystems. Many amphipods, isopods, and tanaeids feed on the mixture of
microflora and detritus. Numerous fish species feed on the leaves and use
the seagrass beds as shelter from predators (Stoner, 1983). As there are few

seagrass grazers, most of the plant materials are utilized by animals as semi
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decomposed organic substances on or in the substratum. Thus the seagrass
ecosystem maintains both grazing as well as detritus food chain. Detritus
feeding animals flourish in the decaying season of seagrass. On the other
hand, herbivorous mobile fauna increases in the growing season of
seagrass (Kikuchi and Peres, 1977). Faunal preferences are often noticed
in different seagrasses.

It also serves as a nursery ground for juvenile fish and several
crustaceans (Orth, 1986). Sand substrates are very essential for seagrass
growth and seagrass beds generally occur from mid-eulittoral to depths of
about 20 m. The development of seagrass beds is restricted by light
availability and hence is limited by increasing water depth and suspended

sediment.

1. 4. Mangrove ecosystem

Mangrove is the unique ecosystem with highly specialized, adapted
vegetation types, distributed in the intertidal areas along tropical and
subtropical coastlines (Untawale et al., 1992). In India the total area
covered by mangroves is estimated as 6,81,976 ha (Gopinathan and
Rajagopalan, 1983) which includes the adjacent mudflats and brackish
water systems. The high productivity resulting from mangrove litterfall
supports a host of detritus feeding animals such as amphipods, mysids,
harpacticoids, molluscs, crabs, and larvae of prawns and fishes (Mc Kee,
2003). Mangroves are also associated with the maintenance of biota,
thereby assuming importance as a genetic reservoir. The major nursery
function of mangrove roots highlights this and is a feature often exploited
by artisanal ﬁshermen and aquaculturists (Sheppard et al, 1992). The
mangroves have also significant roles in the maintenance of coastal water
quality, reduction of the severity of coastal storms, waves and flood
damage and as nursery and feeding grounds for fishery resources (Peterson,

1991; Guerreiro et al., 1996; English et al., 1997; Furukawa et al., 1997,
5
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Wolanski and Sarenski, 1997). Environmental factors such as tidal range,
soil and freshwater input, do influence the diversity and productivity of
mangrove ecosystems.

The mangrove environments provide living space for a dependent
biota of more than two thousand species of flora and fauna of resident,
semi resident or migratory mode of life. The uniqueness of the mangrove
also lies with the low species diversity but richness of individual species.
It is the concentration of individual species rather than their diversity,
which characterizes the mangrove (Dugan, 1990). Low diversity is
attributed to the generally severe climatic and environmental conditions
with the limited range of suitable habitats and niches. The primary food
source for aquatic organisms occurs in the form of particulate organic
matter (detritus) derived chiefly from the decomposition of mangrove
litterfall.  Dissolved organic compounds of mangrove origin are an
additional source of nutrition. The predators feed on the detritus feeders,
which in turn form an important food source for both aquatic as well as
terrestrial wild!ife. Faunal assemblage of mangrove includes insects,
crustaceans, molluscs, fishes, snakes, crocodiles, birds and mammals.
Temperature, salinity, tides, rainfall, winds etc. are the major
environmental factors, which influences the functions and stability of the

mangrove ecosystem (Taylor et al., 2003).

1. 5. Review of literature

1. 5. 1. Benthos

The pioneering work on quantitative study on benthos was done by
Peterson in Danish waters in 1909 (Peterson, 1913). In India, the bottom
fauna was first studied by Annandale and Kemp (1915) in Chilka Lake.
Panikkar and Aiyar (1937) investigated the bottom fauna of brackish
waters of Madras. Seshappa (1953) and Kurian (1953) worked on the
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benthos of Malabar and Trivandrum coasts respectively. Balasubramanian
(1961) reported on the benthos of Vellar estuary and Rajan (1964) worked
on the benthic fauna of Chilka Lake. Further, Kurian (1967) gave a
detailed account of the benthos of southwest coast of India. Desai and
Krishnan Kutty (1967) conducted investigations on the bottom fauna of the
Cochin backwaters. They also made a comparative study of marine and
estuarine benthic fauna of the nearshore regions of the Arabian Sea.
Kurian (1972) reported the ecology of benthos of Cochin backwaters and
Damodaran (1973) made observations on the benthos of mud banks of
Kerala coast. Pillai (1978) investigated the macrobenthos of Vembanadu
Lake.

Harkantra et al. (1980) worked on the benthos of shelf region along
the west coast of India. Parulekar et al. (1980) made observations on the
benthic macrofaunal annual cycle of distribution, production and trophic
relation in the estuarine environments of Goa. Parulekar et al. (1982) gave
an account of the benthic production and assessed it with reference to the
demersal fishery resources of Indian seas. Raman and Ganapati (1983)
studied the ecobiology of benthic polychaetes in Visakhapatnam harbour.
Saraladevi (1986) conducted studies on the effects of industrial pollution
on the benthic communities of Cochin backwaters. The distribution and
abundance of benthos of the Ashtamudi estuary were reported by Nair and
Aziz (1987). Benthic fauna in relation to physico-chemical parameters and
sediment compostion of Vellar estuary was investigated by Chandran
(1987). Benthos of prawn filtration farms were reported by Preetha (1994).
The faunal composition of the mangrove environment of Maharashtra coast
was observed by Jagtap et al. (1994). Manikandavelu and Ramdhas (1994)
worked on the bioproduction dynamics of mangrove-bordered
brackishwater along the Tuticorin coast. Prabhadevi et al. (1996) have
given an account of the water quality and benthic fauna of the

Kayamkulam backwaters and Arattupuzha coast. Chandra Mohan et al.
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(1997) studied the role of Godavari mangroves in the production and
survival of prawn larvae.

A study on the distribution of benthic infauna in the Cochin
backwaters in relation to environmental parameters was conducted by
Sheeba (2000). Sunil Kumar (2001, 2002) studied the macrofaunal
assemblages of mangrove ecosystem of tropical estuary as well as Indo-
pacific region. Studies on macro and meiobenthos from the shelf areas of
South west coast of India were conducted by Joydas (2002) and Sajan
Sebastian (2003) respectively. Jagtap et al. (2003) studied the status of a

seagrass ecosystem, being a sensitive wetland habitat.

1. 5. 2. Earlier Investigations in Lakshadweep

Alcock set sail on 17" October 1891 by R.M.S. Investigator and
cruised the Lakshadweep Sea for two months and documented the flora and
fauna of Lakshadweep Island ecosystem. Gardiner (1900) described the
atoll of Minicoy. The Cambridge University Expedition under the
leadership of Prof. J. Stanley Gardiner was a significant event in the marine
biological and oceanographic research in these waters and the results were
reported in 2 volumes of ‘Fauna and Geography of the Maldive and
Laccadive Archipelagos’ (Gardiner (I:d.) 1903, 1906 a & b). These
volumes covered descriptions of marine invertebrates from Minicoy atoll
which included foraminifera, corals, coelenterates, nemertines, echiuroides,
sipunculoids, stomatopods, lobsters, alphids, molluscs and echinoderms by
earlier investigators like Borradaile (1903), Shipley (1903 a & b),
Lanchester (1903), Coutiere (1906), Eliot (1906) etc. Later, Hornell (1910)
and Ayyengar (1922) explored the same area. Ellis (1924) provided a short
account on the Laccadive Islands and Minicoy. The importance of the
water in this region and its special ecological conditions were reported by
Jones (1959) and Jayaraman et al. (1966). Patil and Ramamirtham (1963)

observed the current circulatory patterns in Lakshadweep sea during winter
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and summer months and Rao and Jayaraman (1966) recorded upwelling in
the Minicoy region and attributed it to diverging current systems. Fishery
environmental studies were conducted during the cruises of R.V.Kalava
and R.V.Varuna (1959 and 1969 respectively) during the IIOE cruises. The
results of the exploratory surveys of R. V. Varuna in the sea around the
Islands have been well documented by Silas (1969). Qasim and Bhattathiri
(1971) determined the primary production of the seagrass beds of Kavaratti
atoll. Results of the detailed ecological survey of the marine fauna of the
Minicoy atoll have been given by Nagabhushanam and Rao (1972). Grain
size variations in the Kavaratti lagoon sediments was studied by Mallik
(1976) and zonation of molluscan assemblages at Kavaratti atoll

(Laccadive) was studied by Namboodiri and Sivadas (1979).

Thomas (1979) studied the demospongiae of Minicoy Island and
Jagtap and Untawale (1984) studied the chemical composition of marine
macrophytes and their surrounding water including the sediments from
Minicoy, Lakshadweep. Benthic macro and meiofauna of seagrass
(Thalassia hemprichii) bed at Minicoy was studied by Ansari (1984).
Ansari et al. (1984) studied macro and meio faunal abundance of six sandy
beaches of Lakshadweep Islands during the 3 cruises of R.V.Gaveshani
(1985-1987). General features of Lakshdweep were recorded by Jones
(1986). Narayanan and Sivadas (1986) conducted studies on the intertidal
macrofauna of the sandy beach at Kavaratti atoll (Lakshadweep). Pillai and
Mohan (1986) studied the ecological stress in Minicoy lagoon and its
impact on tuna bait fishes. An account on the environmental features of
the seas around Lakshadweep was given by Nair et al. (1986). A historical
resume of the marine fisheries research in Lakshadweep was given by
James et al. (1986). Suseelan (1989) edited a publication on marine living
resources in and around Lakshadweep. Ansari et al. (1990) conducted

studies on seagrass habitat complexity and rnacro invertebrate abundance
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in Lakshadweep coral reef lagoons. Vijayanand made observations on
coral fishes in 1994. Aspects of geology, geography, environmental
features etc. of five atolls of Lakshadweep were studied by Vadivelu et al.
(1993). A comprehensive list of marine fauna from Indian reefs is given by
Bakus (1994), and Lakshadweep reefs by Rodrigues (1996). Geological
survey of India (1995) made a scientific data base on Lakshadweep.
Rivonker and Sangodkar (1997) studied the macrofaunal density along the
intertidal region of three atolls of Lakshadweep. Coral reef structure of
Lakshadweep Islands was studied by Wafar (1997), Rodrigues (1997) and
Pillai (1986, 1997). Structure of seagrass beds at three Lakshadweep atolls
was done by Jagtap (1998). Dhargalkar and Shaikh (2000) studied the
primary productivity of marine macrophytes in the coral reef lagoon of the
Kadmat Island, Lakshadweep. Haneefa (2000) studied the ecology,
chemical constitutents and culture of marine macroalgae of Minicoy Island,

Lakshadweep.

Benthic studies in Minicoy were limited to benthic macro and
meiofauna of seagrass bed by Ansari (1984) during the 104 cruise of R. V.
Gaveshini to Minicoy. It was only a one-time collection study up to the
level of major benthic groups. The study of Ansari et al. (1984) was
restricted to sandy beaches and the fauna was recorded only up to the
higher taxa. Thus there is no information on benthic faunal associations of
this region at a community level of organisation vis-a-vis abiotic factors
that regulate species composition, abundance or their diversity. Thus the
present study on macrobenthos of Minicoy atoll is a continuous study for
two years from intertidal zones of two sensitive ecosystems, mangroves
and seagrasses. Species wise identification of benthos was done along with
numerical abundance and biomass. Sand texture and environmental

parameters were also studied simultaneously.

10
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1. 6. Scope and purpose of study

A perusal of the literature available indicated that the information on
the benthos, especially the diversity, richness and abundance is rather
scanty. Moreover, the systematic studies inventorying the benthic fauna/
flora in the region dates back to the beginning of the last century. In the
present study, an attempt has been made to study the distribution and
community structure of benthos at different ecosystems of the Minicoy
Island. The present study will be useful as a baseline report for further

investigations from the same area.
The objectives of the present study were to:
» Study the distribution of benthos, their biomass and numerical

abundance in seagrass and mangrove ecosystems.

> Identify the benthos, group wise and species wise.
» Make spatial, temporal and seasonal comparison of the benthos.
> Study the inter-relationship and effect of environmental parameters

on benthos.

> Analyse the trophic relationship of benthos and finfishes of the
Island ecosystem.

11
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MATERIALS AND
METHODS

2. 1. Study Area

2. 2. Period of study

2. 3. Sampling sites and frequency of sampling
2. 4. Sampling methods

2. 5. Analytical methods

2. 6. Benthic productivity estimation

2. 7. Statistical methods

2. 1. Study Area

Lakshadweep, otherwise known as the ‘coral paradise’ of India
consists of 36 Islands and lies between 08° 00' -12° 30' N and 70° 00' - 74°
00' E in the Arabian Sea. Minicoy Island located at 08° 17' N and 73° 04' E
is the southern most Island in the Lakshadweep group with a land area of
4.4 km?® and length of 9.5 km_ Tidal amplitude is approximately 1.75 m.
The lagoon occupies about 30.5 km® area with an average depth of 4 m.
The Atoll of Minicoy is situated on the southwestern side of Peninsular
India and is about 400 km from the mainland. It is approximately oval
shaped and elongated in the northeast southwest direction. The shore side
of the lagoon is sandy with a wide distribution of seagrasses and the
seaward side is rocky with reef flat. The Island has a height of 1.8 m from
the mean sea level.

The area exposed between tides, referred to, as the Intertidal zone is
the one with rocky boulders on one side and sand and seagrasses on the
other. A thick bed of seagrass is visible on the windward shore area.
However, the dominant species of seaweeds and seagrasses often differ
with respect to region. The southern region is dominated by seagrass

species of Thalassia and Halophila while the northern side is dominated by
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species of Cymodaceae and Syringodium. Seagrasses were found along
with seaweed species such as Gracilaria, Halimida, Pedina, Caulerpa,
Acanthophora etc. Mangrove region of Minicoy is limited to two patches
of about 1 ha each. In many coral Islands and atolls, there are only few
mangrove species, which are generally stuntcd and confined to small inland
mangrove depression. The Mangroves noticed in Minicoy Island of
Lakshadweep are in the formative stage and free from serious human
pressure. The area is flushed daily by the tide and the depth of water is
about 0.5 m. Mangrove associated flora involves Avicinnia marina,
Cereops tagal, Pemphis acidula and Bruguiera spp. Mangrove fauna of
this region includes the Mangrove whelk Terebralia Palustris, Fiddler

crabs Uca spp.. etc.

2. 2. Period of study
The study was conducted from September 1999 to August 2001.

The Islands of Lakshadweep group have a tropical climate and based on
the weather, the year may be divided in to three seasons, pre-monsoon
(February—May), monsoon (June—September) and post-monsoon (October—

January).

2. 3. Sampling sites and frequency of sampling

A reconnaissance fortnightly survey was made in August 1999, to
identify the sampling sites and to determine sampling frequency based on
accessibility for collection, bio-diversity exhibited, type of substratum,
topography of land, variations in the number and biomass of fauna etc. Six
stations were selected for sampling based on this pilot survey. Of the
selected six stations, four were located in the intertidal zone (occupied by

seagrasses) and two in the mangrove swamp (Fig. 2.1). Monthly triplicate
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MINJCOY ISLAND -
Q

St. 1 - station 1 Southern Thalassia bed

St. 2 - station2 Southern Thalassia-Halophila bed

St. 3 - station 3 Northern Cymodaceae bed

St. 4 - station 4 Northern Syringodium bed

St. § - station 5 Mangrove station bordered by Cereops tagal

St. 6 — station 6 Mangrove station bordered by Avicinnia marina

Fig. 2. 1. Location Map of Minicoy showing the sampling stations
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collections were made from the above stations (Holme and Mc Intyre,

1984),

Station 1. Southern Thalassia bed

This site was located on the southemn side of the Island and mainly
constituted by luxuriant growth of sea grass Thalassia spp. Along with
seagrass, thick growth of seaweed species like Chaetomorpha, Halimeda,
Laurencia, Cladophora, Gracilaria etc. were also seen. Sediments in this
region consisted of fragments of corals, gastropod shells, calcareous algal
remnants (Halimeda spp.), coarse to fine sand and clay (a very low
percentage). Poor wave action, currents and thick growth of seagrass
prevented removal of finer sediment particles and causes trapping of them

in seagrass rhizomes and roots (Plate 2. 1. a).

Station 2. Southern Thalassia-Halophila bed

This station was located on the southern side about 100 m away
from the high tide mark to the lagoon side. Here the abundance of
macrophytes was slightly less than what was observed at station 1. The
floor of the sea at this site contains calcareous algal remnants. The sand
component was slightly higher when compared to that of the previous one.

Along with Thalassia spp., Halophila ovalis also flourished in this site
(Plate 2. 1. b).

Station 3. Northern Cymodaceae bed

This site was located on the northwest side of the Island and had
only sparse growth of seagrass (Cymodaceae spp.). This was in the
nearshore area partly protected from heavy wave action and currents by the
80-100 m wide zone of large coral conglomerates. Lagoon bottom

consisted mainly of coarse to fine sand. Seaweeds such as species of
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Gracilaria, Caulerpa, Acanthophora, etc. were extensively seen in this

region (Plate 2. 2. a).

Station 4. Northern Syringodium bed

This site was located on the northwest side of the Island almost 200
m away from the high tide mark into the lagoon and the vegetation wass
mainly constituted by Syringodium spp. of seagrass. This area was also
partly protected by large coral conglomerates. Substratum was sandy with
coral fragments and gastropod shell remnants. Coarse sand was observed
in this region due to the weaker trapping ability of Syringodium roots (Plate
2.2.b)

Station 5. Mangrove site bordered by Cereops tagal

This site was located on the southwestern side of the Island near the
helipad. The area was flushed daily by the tide and the depth of water in
the embayment varies from 0.25 to 1.75m. This site was near to the bund
to facilitate exchange of water and the banks were bordered by Cereops

tagal (Plate 2. 3. a).

Station 6. Mangrove site bordered by Avicinnia marina

This site was located on the southwestern side of the Island, slightly
away from the bund (water channel from the lagoon) and the banks were
bordered by Avicinnia marina, a typical mangrove tree (Plate 2. 3. b).

Different species of seagrass from the study area are given in Plate 2.4

2. 4. Sampling methods

2. 4. 1. Water: Water samples were collected from the surface using a

plastic bucket every month during low tide from all the stations for the
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| . Station 3-Cyodaeae bed

b. Station 4-Syringodium bed

Plate 2. 2. Northern Seagrass stations
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b. Station 6-Mangrove station bordered by Avicinnia marina

Plate 2. 3. Mangrove Stations
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Plate 2. 4. Major seagrass species from the study area
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measurement of temperature, salinity, pH, dissolved oxygen and nutrients.
Temperature of water was measured in the field itself. For estimation of
dissolved oxygen, water was taken in 125 ml stoppered glass bottles taking
care that no air bubbles were trapped in the sample and fixed with Winkler
solutions. For salinity, pH and nutrients estimation, water samples were
collected in plastic bottles and taken to the laboratory and stored in an
insulated box till they were analysed. Interstitial water was taken with the
help of an air stone, connected to a plastic siphoning tube and a pipette
connected to the other end of the tube, by hand vacuum suction method
(Sarda and Burton, 1995). The stone was inserted in the sediment to the

desired depth and then only suction applied.

2. 4. 2. Sediment: Sediments for grain size analysis and organic carbon
estimation were taken at low tide from each station. Samples were taken
with a plexiglass corer of 5 cm diameter up to a depth of 10 cm (Holme
and Mc Intyre, 1984). Samples were tied in polythene bags and taken to

the laboratory for analysis.

2. 4. 3. Benthos: Triplicate samples were collected every month using a
metal quadrat of 25cm X 25cm size up to a depth of 15 cm (Ansari et al.,
1984; Eleftheriou and Holme,1984). Quadrat data was gathered at 10 m
intervals along 10 m distant transect lines (drawn perpendicular to the main
parallel shore line), which were selected by random sampling every month.
This method followed recommendations by Hiscock (1987), Hiscock and
Mitchell (1989) and Bakus (1990). All samples were collected during low
tide when maximum intertidal exposure prevailed and were sieved by a 0.5
mm metal sieve (Birkett and Mc Intyre, 1971; Holme and Mc Intyre, 1984)
in the nearby running water and the residue retained on the sieve was

collected in polythene bag and carried to the laboratory for further analysis.
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2. 5. Analytical methods
2.5. 1. Water

Temperature: Atmospheric temperature and seawater temperature were

measured using a 0 to 50°C high precision thermometer.

Salinity: The water samples were stored in an insulated box till they were
analysed. Salinity was determined by the Mohr’s titrimetric method
(Strickland and Parsons, 1968). 10 ml of the sample was titrated against
silver nitrate solution using potassium chromate as indicator. Silver nitrate
solution was standardised using standard seawater. Titration was repeated

for concurrent values.

pH: pH was measured using a pH meter (Mettler Toledo MP- 120)
having a glass electrode and a calomel electrode as reference. Before
taking the pH of the sample, the meter was calibrated with standard buffer

solutions, having pH 5, 7 and 9 at room temperature.

Dissolved Oxygen: Dissolved oxygen was estimated employing modified
Winkler method of Strickland and Parsons (1972). 100 ml of sample was
pipetted out and titrated against standard sodium thiosulphate. This method
depends on the oxidation of manganous dioxide by the oxygen dissolved in
the samples resulting in the formation of a tetravalent compound, which on
acidification liberates iodine equivalent to the dissolved oxygen present in
the sample. The iodine liberated can bc determined by titration with

sodium thiosulphate.

Nutrients: A standard graph was prepared for each nutrient factor using
known concentrations of standards. The absorbance of the sample was

measured using Erma AE, 11 photoelectric colorimeter and the nutrient
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values were expressed in international units of microgram atom per litre
(ug at /1).

a. Silicate-Silicon: Silicon present in seawater in the dissolved form was
estimated by the method described by Strickland and Parsons (1968). The
determination of the dissolved silicon compound was based on the
formation of a yellow silicomolybdic acid, when a more or less acidic
sample was treated with a molybdate reagent. Since this acid was weak, the
same was reduced by ascorbic acid to intensely coloured blue complexes.
The absorption of the sample was measured against distilled water at a
wavelength of 660 nm. 20 ml of the sample was pipetted out in to 50 ml
graduated flask containing 3 ml of the acid molybdate reagent and mixed
thoroughly. Afier 10 minutes, 15 ml of reducing agent was made up to 50
ml with distilled water. The solution was allowed to stand for 3 hours and
measured colorimetrically at 660 nm.

b. Inorganic Phosphate: Phosphorus present in seawater in the form of
dissolved orthophosphate was determined quantitatively by the ascorbic
acid method given by Murphy and Riley (1962). Determination of
inorganic phosphate involves the measurement of the concentration of
orthophosphate ions by the formation of a reduced phosphomolybdenum
blue complex in an acid solution containing molybdic acid, ascorbic acid
and trivalent antimony. 8 ml. of mixed reagent was added to 50 ml of the
sample. After 5 minutes and preferably within the first 30 minutes, the
optical density was measured colorimetrically at 660 nm.

c. Nitrite-Nitrogen: Nitrite-Nitrogen present in seawater was estimated by
the method described by Strickland and Parsons (1968). 50 ml seawater
samples were measured out in conical flask. One ml of sulphanilamide
solution was added to the sample. After 2 minutes but not later than 8
minutes 1 ml of N.N.E.D. (N- (l-naphthyl) ethylene diamene
dihydrochloride) solution was added and mixed thoroughly. The optical

18
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density was measured at 530 nm.

+ d. Nitrate-Nitrogen: Nitrate Nitrogen in seawater was estimated by the
method of Mullin and Riley (1955). The nitrite in the water sample was
reduced to nitrate and then measured in the same way as described for
nitrite. To each water sample a buffer reagent and reducing agent (CuSO4
and hydrazine sulphate) were added and kept in dark for 20 hrs. This
reduced solution was treated with sulphanilamide and intensity of colour
developed was measured. 50 ml of the sample was taken in a volumetric
flask and 2 ml buffer reagent (Phenol and Sodium hydroxide) was added
followed by 1 ml reducing agent (Copper sulphate and Hydrazine sulphate)
on gentle mixing. The sample was then kept in the dark for 20 hours. 2 ml
acetone solution was added and after 2 minutes, 1 ml of sulphanilamide
solution. After not less than 2 minutes and not longer than 8 minutes 1 ml
of NN.E.D. (N- (1-naphthyl) ethylene diamene dihydrochloride) solution
was added to the sample. The absorbance of the sample was determined

after 10 minutes at 530 nm.

2.5.2. Sediment
Each sediment sample brought to the laboratory was transferred to a
glass dish and dried in an oven at 60°C and stored in a desiccator for

further analysis.

Grain size analysis: Mechanical analysis by international pipette method
was followed for grain size analysis (Krumbein and Petti John, 1938).
Separation of sediment particles was done based on various sizes of
individual particle. The principle employed here is dispersion and
fractionation of particles. The percentage of each grade (sand, silt and clay)
was calculated. 20g soil was weighed in a beaker and moistened with
water. 30 ml of 6% H,0O, was added and heated for 1 hour for the

complete evolution of CO,. The solution was cooled and diluted with 100
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ml water and 25 ml of 2 N HCI was added and stirred vigorously. Filtering
was done through No.1 Whatman filter paper and washed thoroughly with
hot distilled water. The soil was transferred into a beaker and 10 ml 1 N
NaOH was added and stirred again for 10 minutes. The solution was
transferred in to a sedimentation cylinder and shaken vigorously for 10
minutes and after sufficient settling time (according to time-temperature
chart) 10 ml of suspension was drawn using a pipette at 10 cm depth and
dried at 105° C. Suspension was again shaken and a 10 ml sample was
dried. The whole quantity has been transferred in to a large beaker and the
entire clay and silt fraction was removed by thorough washing. The beaker

containing fine and coarse sand was evaporated and weighed properly.

Organic Carbon: Organic carbon was determined by the wet oxidation

method of ElI-Wakeel and Riley, 1957.

2.5.3. Rain fall data collection and tidal level estimation

Rainfall data of Minicoy was collected from the data sheets of
Indian Meteorological Department. Tide level was estimated using the tide
tables of the year 1999, 2000 and 2001 for Minicoy region of
Lakshadweep.

2.5.4. Benthos

Numerical abundance: The benthos in the sediment sample recovered
after sieving through 0.5 mm mesh sieve was brought to the laboratory in
polythene bags, transferred to a large whitc bottomed tray and the animals
which were moving or easily recognizable were hand sorted. After this
preliminary examination, the whole sediment was treated with 5% buffered
formalin and kept for further analysis. After the preliminary examination,

detailed examination of each sample was carried out. A portion of
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sediment in the white tray was transferred to a large glass petridish and
examined with the help of a stereomicroscope by providing black and
white backgrounds for the petridish. The individuals were counted
specieswise. The numerical abundance was extrapolated into 0.25 m?’ for

easier data comparison.

Biomass: For biomass analysis, the formalin-preserved samples were
taken only after eight weeks since, Lovegrove (1966) has shown that
preservation in formalin may change the biomass, the weight loss being
rapid immediately after preservation, attaining equilibrium thereafter. So
only after 8 weeks of preservation the sample was taken and washed in
freshwater. Extra water was wiped out using a blotting paper. Before
taking the wet weight biomass, bivalve and gastropod shells were removed
(small gastropods were weighed shell on). The biomass was extrapolated
into 1m? for comparison purpose. Individual organisms having
comparatively very high wet weight were not extrapolated to 1m?, instead

taken as such in order to avoid a biased picture.

Along with numerical abundance and biomass, the size of the
organism (selected individuals) was also measured to analyse the

recruitment and recolonisation patterns.

Identification of benthos up to species/generic level: Identification was
carried out upto species level. In some cases specimens could not be
identified upto the species level due to damage. The lowest reliable
taxonomic level was given to the individual in such cases. The
unidentified specimens were kept in formalined bottles for later
identication by giving special code numbers. Specimens were later

identified with the help of standard books for identification of each
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taxonomic group as well as using early references from the study area.
Different departments of Central Marine Fisheries Research Institute,
National Institute of Oceanography and Marine science division of CUSAT
played significant roles in the confirmation of species. The species with
only one individual under the particular genus was denoted by “sp.” and if
many species present in the same genera were denoted by “spp.”. The
identified samples are kept at Central Marine Fisheries Research Institute

for any further reference.

2.6. Benthic productivity estimation

Organic carbon equivalent for the benthic biomass was
determined by the procedure of Lie (1968) and productivity estimates were
made as per the methodology of Sanders (1956) and Crisp (1979).

The annual benthic productivity was calculated from the wet

biomass as given below.

Dry weight- using conversion figures for each group
(Parulekar et al., 1980). (0.062 for
molluscs, 0.119 for worms, 0.141 for
crustaceans and 0.09 for miscellaneous).

Carbon content- 34.5% of dry weight (Parulekar et al.,
1980).

Annual benthic production- carbon content X 2 g C/Yr (Sanders, 1956)

Annual biomass production- 2 X standing stock (Harkantra and
Parulekar, 1994).

The potential yield- 10% of the benthic standing stock
(Parulekar et al., 1982).

22



Chapter 2. Materials and Methods

2. 7. Statistical methods

3-way ANOVA: Three-way analysis of variance was applied to the
transformed data for testing the significance of differences and comparison
between species, stations and months (Snedecor and Cochran, 1967;
Jayalakshmi, 1998).

Community structure: Benthic community structure was studied by
using PRIMER 5 for windows (version 5) and diversity/evenness indices
such as Margalef’s species richness index (Margalef, 1968), Shannon
Weaver’s diversity index (Shannon and Weaver, 1963), Simpson’s species
concentration factor (Simpson, 1949), Pielou’s species dominance index
(Pielou, 1966 a & b) and Heip’s evenenss index (Heip, 1974; Jayalakshmi,
1998).

Similarity index: Similarity between species/months was calculated using
PRIMER 5 for windows. For this Bray-Curtis similarity index method was
used. Dendrogram was plotted for grouping species/months at different
stations.

Multivariate Q-mode and R-mode factor analysis: This was conducted
for grouping of species and stations based on the factor scores obtained,
which provide the maximum information about the study area (Morrison,
1978).

Predictive step up multiple regression model: Relation between species
and parameters was studied. The regression model for total density based
on water quality parameters was carried out (Jayalakshmi, 1998), applying
suitable transformation of data using Tucky’s test of additivity (Tuckey,

1949) wherever possible.
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3. 1. Hydrography

The parameters studied were temperature (atmospheric and sea
surface), salinity (sea surface and interstitial), pH, dissolved oxygen,
nutrients (sea surface and interstitial) such as PO, SiO3, NO; and NOs;. For
the study of hydrological parameters, the sampling stations were
categorised in three areas. Stations 1 and 2, which were closer to each
other, registered identical values and therefore together treated as study
area 1. Similarly stations 3 and 4 were treated as study area 2 and stations

5 and 6 as study area 3.

3.1. 1. Temperature (°C)
Atmospheric temperature
At southern seagrass area, the temperature varied from 26.2°C

(December 1999) to 31.6°C (October 1999). In the northern seagrass area,
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the value ranged from 26.5°C (December 1999) to 32.6°C (May 2001).
Minimum atmospheric temperature recorded in the mangrove area was
26°C (December 1999) and the maximum 31°C (May 2001) (Fig. 3. 1).

The minimum average seasonal value observed was 28.4°C (post-
monsoon of 1* year) and the maximum was 30.8°C (post-monsoon of 2"
year) at the southern seagrass area. The minimum and maximum seasonal
averages at the northern seagrass area were 26.7°C (1* year monsoon) and
29.4°C (2™ year pre-monsoon) respectively. The mangrove area recorded a
minimum average value of 27.5°C during 1* year post-monsoon and a

maximum of 29.8°C during 1* year monsoon (Table 3. 1. 1).

Suface water temperature

The range in surface water temperature noticed at area 1, area 2 and
area 3 were 26.55°C (August 2001) to 31.5°C (May 2001), 26.5°C
(October 1999) to 31.05°C (May 2001) and 26.5°C (December 1999) to
30.5°C (April 2000) respectively (Fig. 3. 2).

The seasonal average value was lowest in 2™ year monsoon
(27.7°C) and highest in 2 year pre-monsoon (29.8°C) at area 1. At area 2,
the lowest value was noticed in 2™ year post-monsoon (27.5°C) and the
highest in 2™ year pre-monsoon (29.1°C). Area 3 showed the lowest value
in 2" year monsoon (28.2°C) and highest in 1* year pre-monsoon (29.4°C)
(Table 3. 1. 2).

3. 1. 2. Salinity (ppt)
Surface salinity

At southern seagrass area, the surface salinity varied from
27ppt (August 2000) to 35ppt (November 2000). At the northern seagrass
area, the values ranged from 28.11ppt (August 2000) to 34.95ppt

(November 2000). Minimum surface salinity recorded at the mangrove
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area was 28.4ppt (September 2000) and the maximum was 35.6ppt (May
2000) (Fig. 3. 3).

The minimum average seasonal value of southern seagrass area was
28.9ppt. (monsoon of 1% year) and the maximum was 34.1ppt (post-
monsoon of 2™ year). The minimum and maximum seasonal averages at
the northern seagrass area were 29.3ppt (1 year monsoon) and 34.1ppt "™
year post-monsoon) respectively. The mangrove area recorded a minimum
value of 29.3ppt during 1% year monsoon and a maximum of 34.2ppt

during 2™ year pre-monsoon (Table 3. 1. 3).

Interstitial salinity

The range in interstitial salinity noticed at area 1, area 2 and area 3
were 27.26ppt (September 2000) to 35.69ppt (February 2001), 25.6ppt
(May 2001) to 35.7ppt (October 2000) and 26.17ppt (April 2000) to
32.58ppt (May 2001) respectively (Fig.3. 4).

The seasonal average value was lowest in 1% year monsoon
(28.2ppt) and highest in o year pre-monsoon (34.3ppt) at area 1. At area
2, the lowest value was noticed in 1% year monsoon (28.8ppt) and the
highest in 2™ year post-monsoon (34.3ppt). Area 3 showed the lowest
value in 1% year pre-monsoon (27.5ppt) and highest in 2™ year monsoon

(30.4ppt) (Table 3. 1. 4).

3. 1.3. pH

At southern seagrass area, the pH varied from 7.8 (October 2000,
March 2001 and April 2001) to 8.2 (November 1999, 2000). At the
northern seagrass area, the value ranged from 7.4 (September 2000) to 8.1
(October 2000). Minimum pH recorded at the mangrove area was 7.9
(May and October 2000, July and August 2001) and the maximum was 8.5
(April 2000) (Fig. 3. 5).
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The seasonal variations were very low at all the three areas

(Table 3. 1. 5).

3. 1. 4. Dissolved oxygen (ml/])

The lowest value of dissolved oxygen was noticed at area 1, area 2
and area 3 during November 1999 (2.33ml/l), January 2000 (3.13ml/l) and
November 1999 (1.25ml/l) respectively. The highest value was noticed in
October 2000 for all areas, and the magnitude of values were 6.45ml/] for
area 1, 5.5ml/l for area 2 and 4.35ml/l for area 3 (Fig. 3. 6).

The average seasonal value was lowest in 2™ year pre-monsoon
(3.1ml/1) and highest in 1* year pre-monsoon (3.9ml/]) at area 1. At area 2,
the lowest value was noticed in 1* year post-monsoon (4ml/l) and the
highest in 2™ year post-monsoon (4.6ml/l). Area 3 showed the lowest

value in 2™ year pre-monsoon (1.9ml/l) and highest in 1% year monsoon

(3.5ml/1) (Table 3. 1. 6).

3. 1.5. Nutrients (pg at /1)
3.1.5. 1. Silicates
Surface: At southern seagrass area, the surface silicates varied from 1 pg at
/l (June 2000) to 9.5 pg at /1 (May 2001). At the northern seagrass area, the
value ranged from 1 pg at /1 (October 2000) to 5.67 pg at /1 (March 2000).
Minimum surface silicates recorded at the mangrove area was 1.11 ug at /1
(June 2000) and the maximum was 6 pg at /I (March 2001)  (Fig. 3. 7).
The minimum average seasonal value of 1.8 ug at /1 was noticed in
monsoon of 2" year and the maximum, 7 ng at /1 in pre-monsoon of 2™
year at the southern seagrass area. The minimum and maximum seasonal
averages at the northern seagrass area were 1.6 pg at /1 (1% year post-
monsoon) and 3.6 pg at /1 (1¥ year pre-monsoon) respectively. The
mangrove area recorded a minimum value of 1.7 g at /I during 2™ year
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monsoon and a maximum of 4.6 pg at /I during 2" year pre-monsoon

(Table 3. 1. 7).

Interstitial: The range in interstitial silicates noticed at area 1, area 2 and
area 3 were 1.56 pg at /1 (June 2001) to 6.4 pg at /1 (May 2001), 1.45 pg at
/1 (December 2000) to 6.7 pg at /1 (April 2001) and 2.67 pg at /I (December
2000) to 7.88 pg at /1 (May 2001) respectively (Fig. 3. 8).

The average seasonal value was lowest in 2" year monsoon (2.4 ug
at /1) and highest in 2" year pre-monsoon (4.4 pg at /1) at area 1. At area 2,
the lowest value was noticed in 2™ year monsoon (2.3 pg at /1) and the
highest in 2" year pre-monsoon (5 pg at /I). Area 3 showed the lowest
value in 1% year post-monsoon (4.3 g at /1) and highest in 2™ year pre-

monsoon (7.3 pg at /1) (Table 3. 1. 8).

3.1.5. 2. Phosphates
Surface: At southern seagrass area, the surface phosphates varied from
0.75 pg at /1 (April 2000) to 4.4 ug at /I (April 2001). At the northern
seagrass area, the value ranged from 0.86 g at /I (February 2001) to 4.5 pg
at /1 (October 1999). Minimum surface phosphates, recorded at the
mangrove area was 0.75 pg at /1 (April 2000) and the maximum was 2.7 pg
at /1 (May 2001) (Fig. 3. 9).

Seasonal variations of phosphate were very low at all three areas,

when compared to that of other parameters (Table 3. 1. 9).

Interstitial: The range in interstitial phosphates noticed at area 1, area 2
and area 3 were 3ug at /I (March 2001) to 24.8 ng at /1 (April 2000), 3.15
pg at /1 (July 2000) to 19 pg at /1 (February 2001) and 2.57pg at /I (January
2001) to 35 pg at/l (February 2000) respectively (Fig. 3. 10).

The average seasonal value was lowest in 2™ year post-monsoon
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(10 pg at /1) and highest in 2™ year monsoon (19.1 pg at /) at area 1. At
area 2, the lowest value was noticed in 1* year monsoon (5.6 g at /) and
the highest in 1% year pre-monsoon (10.9 ug at /). Area 3 showed the
lowest value in 2" year post-monsoon (7.3 pg at /) and highest in 2" year
monsoon (21.4 ug at /1) (Table 3. 1. 10).

3.1.5. 3. Nitrite-Nitrogen

Surface: At southern seagrass area, the surface nitrites varied from 0.17 pg
at /1 (February 2000) to 2.5 pg at /1 (March 2001). At the northern seagrass
area, the value ranged from 0.05 pg at /1 (November 2000) to 2.5 pg at /1
(February 2001). Minimum surface nitrites recorded at the mangrove area,
was 0.12 pg at /1 (March 2000) and the maximum was 3.75 pg at /I
(February 2001) (Fig. 3. 11).

The lowest average seasonal value was observed in the 1* year pre-

monsoon for all three areas (0.3 pg at /1, 0.4 pg at /1 and 0.3 pg at /1 for area
I, 2 and 3 respectively) and the highest in 2" year pre-monsoon (2.1 pg
at/l, 1.5 ug at /1 and 1.9 pg at /1 for area 1, 2 and 3 respectively) (Table 3. 1.
11).
Interstitial: The range in interstitial nitrites observed at area 1, area 2 and
area 3 were 0.29ug at /1 (August 2000) to 6.67 ug at /1 (May 2001), 0.92 ug
at /1 (November 1999) to 8.65 pg at /I (February 2001) and 0.56 pg at /I
(December 2000) to 7.5 pg at /1 (April 2001) respectively (Fig. 3. 12).

The lowest average seasonal value was 0.9 pg at /I at area 1 (in both
1* year pre-monsoon and monsoon). The lowest value was noticed in 2™
year monsoon (2.1 pg.at./) at area 2 and 1* year monsoon (1.1 pg at /1) at
area 3. The highest seasonal averages were seen in 2™ year pre-monsoon
(5.1 ng at /1, 5.1 pg at /1 and 3.6 pg at /1 respectively for area 1, 2 and 3)
(Table 3. 1. 12).
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Fig. 3. 11. Monthly variations in S. nitrites at the three study regions
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Fig. 3. 12. Monthly variations in In. nitrites at the three study regions
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Surface Nitrates (ug at /1)
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Fig. 3. 13. Monthly variations in S. nitrates at the three study regions
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Table 3. 1. Seasonal average of hydrographic parameters

Year ) ySeason -
L Atmospherlc temperature (°C) -
year 1 - o pos_t-monsoon
: - __pre-monsoon
i e o fr;onsoon

year 2 - ]p_ost.-rvnonsoonr
l S pre-monsoon
v monsoon

2. Surface water temperature (°C)
year1 B

_ pre-monsoon
onsoon _

,,,,,,, ﬂlpr_,ermo_nsoon .
e _monsoon
3. Surface salinity (ppt.)
’yeg_rfl‘" - ;bost-monsoon _
- Pre-monsoon
‘ monsoon
year 2 L Post—monsoon
____pre-monsoon
o B - jnonsoon -
4. Interstitial salinity (ppt.) o 7
&earl - ost-monsoonw
:_“ . pre-monsoon
S monsoon -
year 2 . _ ost-monsoon
7 ‘ re;monsoon

__fmonsoon

post-monsoon

&)ost-moﬁSoon | 284! 72'77.8

'
i

_area 1larea Ziarea 3
284 27 2 (215
28.6 | 29.0 | 29.6
298 | 28.1 l298 !
30.8 | h28 2 290
1305 294 1296
1292267 276

1 i 283

292 289 294
28.5 | 283 | 28.4
289 275 } 28.6
29.8|29.1 | 28.7
12771276 282
319 1 31.7 | 31.9

32.1 319|338

1289 12931293
341 | 34.1 | 33.8
33.8 | 339 342
325 (32,1, 30.0
33.1 1 32.8 | 289
3253221275
| 28. 27%28 8 | 282
33.4 | 343 | 288
34.31 323 | 301

325326 304
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Table 3. 1. contd...

Fear

EVI_)i'ssolvédioxféen (ml/l) '

iyearﬁl

_____Season  |area larea2area3
post-monsoon . 8.1 | 7.7 ' 83 }

"W,_,pre-monrsoon 81 | 7.6 83

R S —

monsoon 1},7.9 16 f 83
mipost-monsoon'g 80 79 ' 81 |
_pre-monsoon | 7.9 | 7.7 | 8.2
monsoon | 81 1 79 , 80 .

_ post-monsoon | 3.8 | 4.0 @ 3.0 |
pre-monsoon 3.9 | 42 | 29

_monsoon 40 | 42 - 35
_post-monsoon | 4.0 ' 4.6 & 2.3

bre-monsoon ‘ 31 43 19

monsoon 3.6 1 43 3.0

7. Surface silicates (pg at /1)

year1

year 2
1

ost-monsoon‘ 2.5 1.6 | 2.8

!
pre-monsoon | 4.5 | 3.6 2.3
monsoon 27 | 26 23 !
post-monsoon | 3.5 | 2.6 ' 3.8 |
pre-monsoon | 7.0 | 2.7 4.6
monsoon 1.8 019 ' 1.7 -

. Interstitial silicates (g at /1)

year 1

~ post-monsoon | 3.5 | 32 ! 43

_monsoon | 3.5 :4.1

E]re-monsoon '38; 3.1 {5.9
1 5.2

_‘_o_s‘t;mpnsoonq 38: 2.9 ; 46
~_pre-monsoon - 44 | 50 73

~monsoon | 24 | 23 4.7 |

9. Surface phosphates (ugat /)

vear |

- tpost‘-_rr;qr_;soonrlf 1.94_57772.4 14
_____pre-monsoon | 1.7 | 1.9 ! L1
~_ monsoon | 1.8 | 1.5 : 15"
_post-monsoon 2.1!1.9 ! 1.6
re-monsoon | 2.5 | I

18 17
monsoon 1.1 | 1.8 12
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Table 3. 1. contd...

Year .. _Season __jarea larea 2area3
TlﬁO.fIn_»terstitialfph,osphates,(pg at/l)! ‘ o I : :
year1 ~ post-monsoon ; 10.9 | 8.2 | 15.8
- _ pre-monsoon | 18.9 . 10.9 1209
- - monsoon 116 5.6 | 11.2
year2 ~ post-monsoon " 1001 93 73
| L pre-monsoon | 10.5 ‘ 75 87
= ~ monsoon ~19.1 - 86 214

11. Surface nitrite (ngat/) -

year | - &)ost-monsoon 04 | 05 |

Wv_wpre-monsoon 03 04 ] 03

~ monsoon 04 109,05

_post-monsoon | 14 | 0.9 = 1.6

gre-monsoon 2.1 ) 1.5 19

- - ~__ monsoon 0.8 : 05 07
12. Interstitial nitrite (ngat/)

year1

year2

2.0 ,'2.2 C 1T

|
. ) 09 24 29
o .09 ’72.0 L1
year2 ) 26 a1 14 |
pre-monsoon | 5.1 . 5.1 : 3.6 |
S monsoon 126 | 21 121
13. Surface nitrate (pg at /) o o
year1. W_rﬂ_vjprostfmonsooni 1.1 | 0.8 - 0.8

___pre-monsoon = 0.7 {07 09
monsoon 0.7 ’ 1.5 0.7

year2 - ____»fpost-monsoonf;”"1.1» L 1.0 1.3
o __pre-monsoon | 22 ' 2.3 | 24 |
... monsoon 1.0 . 1.0 | 0.5
14, Interstitial nitrate (ngat/t1y
year] post-monsoon | 3.4 | 2.5 J 3.1
) _pre-monsoon | 1.2 | 1.5 | 1.9
S ~_monsoon ;1.0 , 20 07!
year2 ~ post-monsoon | 22 | 1.3 04
pre-monsoon | 3.5 | 3.5 | 1.8 f
monsoon 22127 18
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3. 1. 5. 4. Nitrate-Nitrogen
Surface: At southern seagrass area, the surface nitrates varied from 0.13 pg
at /1 (February 2000) to 3.4 pg at /1 (May 2001). At the northern seagrass
area, the value ranged from 0.13 pg at /1 (February 2000) to 3.75 pg at /1
(May 2001). Minimum surface nitrates recorded at the mangrove area was
0.13 pg at /1 (February 2000) and the maximum 3.67 pg at /1 (May 2001)
(Fig. 3. 13).

The variations were not significant spatially. The highest value was
observed in the 2™ year pre-monsoon (2.2 pg at /1, 2.3 pg at /1 and 2.4 pg at
/1 for area 1, 2, 3 respectively) (Table 3. 1. 13).

Interstitial: The range in interstitial nitrates observed at area 1, area 2 and
area 3 were 0.4ug at /1 (August 2000) to 6.75 ug at /1 (April 2001), 0.38 pg
at /l (August 2000) to 5.8 pg at /I (May 2001) and 0.1 pg at /I (June 2000)
to 3.97 ug at /1 (October 1999) respectively (Fig. 3. 14).

The seasonal averages ranged from 1 pug at /1 to 3.5 pg at /I, 1.3 pg
avl to 3.5 pg at /1 and 0.4 pg at /1 to 3.1 pg at /1 at area 1, 2 and 3
(Table 3. 1. 14).

3.2. Comparison of stations based on hydrographic
parameters

3.2.1. Atmospheric temperature

Average atmospheric temperature was maximum (29.49°C) at
station 1 and 2 and least (28.12°C) at stations 3 and 4. Atmospheric
temperature was consistently distributed over the period of study with
coefficient of variation very low 4.72% (st.5, 6) - 4.93% (St.1-4). Average
temperature at stations 1 and 2 were significantly different from that at

stations 3 and 4  (t 46.19%) = 3.273, P<0.01) (Fig. 3. 15. a).
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3.2.2. Water temperature

Water temperature was highest at station 1 and 2 (28.73°C) and
lowest at station 3 (28.15°C) with low temporal variation (C.V.% -3.01
(station 5) - 3.72 (station 1). Water temperature did not show large-scale

variations between stations (P>0.05) (Fig. 3. 15. b).

3.2. 3. Surface salinity

Average surface salinity ranged between 32.35 ppt. (station 5) and
32.16 ppt. (station 4). Temporal variations in the surface salinity ranged
between C. V % 5.53 (station 4) and 6.39 (station 5). Stationwise

difference in the surface salinity distribution was not highly significant (P>
0.05) (Fig. 3. 15. ¢).

3.2. 4. Interstitial salinity

Among 6 stations, interstitial salinity on an average ranged between
32.24 ppt. (station 1) and 28.9 ppt. (station 5). Temporal variations were
higher than that of surface salinity variations, which ranged between C. V.
% 5.27 (station 5) and 8.17 (station 4). Values at stations 1, 2, 3 and 4 were
significantly different from that at stations 5 and 6 (t (5, | %> 4.507,
P<0.01) (Fig.3.15.4d).

3.2.5. pH

Tempora! distribution of pH showed that average pH was least at
stations 3 and 4 (7.73) and maximum at stations 5 and 6 (8.2). Variations
of pH were low over the study period with maximum variations of 2.28%
atst.3 and 4. pH at stations 1 and 2 were significantly different from the
other stations (P<. 01) and pH at stations 3 and 4 were highly different
from stations 5 and 6 (P<0.01). In both cases t (46, 1 %> 2.578, P<0.01 (Fig.

3.15. e).
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3.2. 6. Dissolved oxygen (DO)

Dissolved oxygen values were least at stations 5 and 6 (2.74 ml/l)
and highest at stations 3 and 4 (4.25 ml/l). DO was more heterogeneously
distributed over the study period with least variation C. V. at stations 3 and
4 (C.V.=13.42%) and maximum variation at stations 5 and 6 (C.V.=34%).
Average dissolved oxygen values at stations 1 and 2 were significantly
different from that at station 3, 5 and 6. Dissolved oxygen values at st.3 &
4 were significantly different from that at stations 5 and 6 (t (46, s%) > 1.96,
(P<0.05) (Fig. 3. 15. 1).

3.2.7. Surface silicates

Coefficient of variation for surface silicates was maximum at
stations 1 and 2 (66.26%) and least at stations 3 and 4 (54.82%). Average
surface silicate was maximum at stations 1 and 2 (3.68 pg at /1) and
minimum at station 3 and 4 (2.49 ug at /1). It was observed that stations 3
and 4 were highly significantly different from station 1 and 2 (t (46, 5 %) >
1.96, P<0.05) (Fig. 3. 15. g).

3.2.8. Interstitial silicate

Average silicate was distributed more or less similarly at stations 1-
4 with a range of 3.28 pg at /] (station 3) to 3.57 pg at /1 (station 2) where
as the values at stations 5 and 6 were high [5.29 pg at /1 (station 6) - 5.38
ug at /1 (station 5)]. A reverse pattern of spatial distribution was observed
with respect to temporal variation [C.V.% ranges between 29.84% (st.6)
and 40.42% (st.3)]. Average interstitial silicate at stations 5 and 6 were
significantly different from that at stations 1 to 4 (t 46, 1% > 3.92, P<0.01)
(Fig. 3. 15. h).
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3.2.9. Surface phosphates

This parameter on the average showed least values (1.44 pg at /1) at
stations 5 and 6 and maximum value (1.99 pg at /1) at stations 3 and 4 with
seasonal variation ranging between 34.29% (station.5, 6) and 52.07%
(station 1 and 2). Phosphate concentration at stations 3 and 4 were
significantly higher than that at stations 5 and 6 (t (46, s%) > 2.54, P<. 05)
(Fig. 3. 15.1).

3.2.10. Interstitial phosphate

Concentration of interstitial phosphate was nearly 4 times at stations
3(8.24 pg at /1) and 4 (8.47 pg at /1) and more than 6 times at stations 1, 2,
5and 6 (13.03 pg at /1 (station 1) - 13.81 pg at /1 (station 5, 6)) compared to
maximum surface phosphate. Temporal variation at station 6 showed a
gradual increase in the trend for variations from stations land 2 (45.79%)

to stations 5 and 6 (56.29%) (Fig. 3. 15.)).

3.2.11. Surface nitrite

It showed a reverse form of spatial distribution compared to surface
phosphates with least concentration (0.79 pg at /1) at stations 3 and 4 and
highest (0.92ug at /1) at stations 5 and 6. Same was the trend for the
temporal variation (least variation at stations 3, 4 (71.12%) and highest at
stations 5 and 6 (83.58%). Even though the values were not temporally

homogeneous, the concentrations at different stations were not

significantly different. (P> 0.05) (Fig. 3. 15. k).

3.2, 12. Interstitial nitrite
Interstitial nitrite was least at station 5 (2.13 pg at /1) and highest
(3.17 pg at /1) at station 4. Stations 1 and 2 showed highest temporal

variation (C.V.% -79.75%) where as stations 3 and 4, the least
33



Chapter 3. Environmental paramelters

St -

«
st2 o°

S
st3 o°

: ]
‘Stq 0‘0

©
st5io™ g%

i >
lSte o™

St 1 1.2 St 3 St4 St.5 St

D

&P
&
S

Y S/
Iy G e, S

® b O D
- Db D D
°o - &b &b
0_0“’ o _ P
! 0-’Pf° -~
o N 0.\b LN 4

C. Surtace salinity

St -

Sr2

St3:

> 00 @
- ®© o
6’2:2’ - D @
o7 000 - @
o7 q‘q’o Q_,bo -
& O F P

>" 2 9 o
e.pH

B -t
® —:
D -2

=

at

PO 00

9600

6

T 6 @ 0@

Sr2 St3 Stq4 StS Sr6

’ tsu St.2 St.3 St4 St.5 St6
1 - @ OO O B
st2 8 - D D D D
St. 3 \Q, \"\4 - & & 6!
St.Q;\f{‘ \-bq Q'\\ - @ @
vSt- 5; c_)"{'b 0'\6 \"br"f \"‘\ - @
st o W T et -
b, Water tempercture
: St1St2 St3 Sta St5 st6,
st - D DD O e
stz - D D @ @
st3 on’e o“’ﬁ O ® @
St4 O.’i‘cnf‘ SR ® .:
s 60\ ')P-tb ')‘O\ 9,90 _ @ :
51,0;69« i W W T -
d. interstitial satinity

St1 St2 St3 smsrﬁs:e
styr — B O D @ @
2,8 - B DO @
P - 00 e
smi\m" L& - e .
st5 A5 L o - D
“396:.)@ AT T —
£ Drssoed Onggen

2578,

S

statistic s not significant, ¢t < 2074
2 2.578, ¢t is significant at t % tevel P< -0l

196 & t <
5 % level P < 005

t is significant

Figd.15 a-f Trellis diagram for comparing between stations based on atmospheric
temperature, surface water temperature, surface salinity, interstitial salinity, pH and

dissolved oxygen.



Chapter 3. Environmental parameters

St1 St2 St3 St4 St5 St6 |

-St.f Sst.2 St.-3 St4 St.5 ;étsl_
l | 1 e
sill- DO P DD st - DO DO

0 »
st2 - DO D D 5120 — D D O @
|
st 3| S & D D D s o A?
v q 1357 - © 0 @
x & 0 i,
St4 o0 o° o - @ & i\Sf4!0‘°‘ o° 0-09 - @ .l
K 1 A O 0 | | v D M |
sts. B B 2 P -~ @i ‘srs o> 4 07 W - D
v LS 90 45 o LSl & 0 e -
N O i . o . il
9. Surface SiOg4 M. Interstitial SiOg4

i — -

St1 St2 St.3 St4 St5 St6 'St1 St2 St3 St4 St5 St6

IS —— —— e -

lsw - @ &P EB © D Sti| — @_ .- @ @“5—;

si2| 9 - D D DD sz V- @@ DD

813, 0—°‘0 - ¢ ¢ | st3| 40 ,,-'7:?' - © 00 !:

sta| o T - D D st4 5,8 N - @ @ |

st5 \g; \963 .-v"’ol @bb- - & l s¢.5=l O_,be Oﬂ? 4500 (vq,'\ - D |
i. Surface Phosphate J. Interstitial Phosphate

@ — t statistic is not significant, t < 2074

@ —¢t >2578, 1t is significant at 1 % level P<-Ol
P -t>1968t < 2578, is significant

at 5% level P < 0-05

Fig.3.15 contd... g-j Trellis diagram for comparing between stations based on surface
silicate, interstitial silicate, surface phosphate and interstitial phosphate.



Chaprer 3. Environmental paramelers

{ AAAAA N St ;1’_2 ”Sf.3 St.q9 St5 St6 Sti St2 St3 St4 St5 St6
sSii- @D D DB st-0 DO DB
2 & - DD D B! s2 - 6D
13 S-S . ises PP -0 o o !
zsm‘ 0.°'°‘ FEL - B %sm KR > &
E;s"sl, orl:" o.’qu' 0-"0 O.bb - @ ES?.5 0.‘19 0.“5!’ \f\ﬁ \.OP - &
isr.sf oqu' 0.'19’ 0.6" O-‘Ob 0.00 - ésr.e onf’ 0.430 \r\q’ \9" 0.04J |
k. Surface Nitrite I Interstitial Nitrite
- :SH Sf.é SfS“SfQStf) Sf.“s—T ! St1 St2 St3 St4 5;555_
1 - DDDD D s, ODODDO
w2 - DD DO w2 - BD DD
St.3 0."00 0."19 - b &P @} g:st,agoO« Oﬂ? - P P B
sta B0 2 0‘00 A P l 251.45;0,\\ Keg Orbo — D &
sts, & - B | ?sr.sé\b*’ LS -8
AT e ) [

Fig.3.15

m. Surface Nitrate N. Interstitial Nitrate

D — 1
@® — ¢ >2578,t is significant at t % level P< -0l

statistic 1s not significant, ¢ < 2:074

D-t=21968 1t < 2578, t is significant
at 5% level P < 0-05

contd... k-n Trellis diagram for comparing between stations based on surface

nitrite, interstitial nitrate, surface nitrate and interstitial nitrate.



Chapter 3. Environmental parameters

Table 3. 2. Avg. (X), standard deviation (S. D.) and co-efficient of
variation (C.V.%) of environmental/ hydrographic parameters at station 1

to 6.

Station 1
Atmospheric temperature (°C)
Water temperature (°C)
Surface salinity (ppt.)
Interstitial salinity (ppt )
pH
Dlssolved oxygen (ml/l)
Surface silicates (ug at /l)
Surface | phosphates (ug at /l)
lsurface__nltrxtes (ng at_/__l)___ )
Surface nitrates (ug at /1)
Interstitial silicates (ug at /1)

322000

13.767

| 1.881

Interstitial phosphates (ug at /1)
Interstitial nitrites (ug at /1)
Interstitial nitrates (ug at/l)

Station 2

Atmospherlc temperature (°O)
Water temperature (°C)
Surface  salinity (ppt.)
Interstltlal salinity (ppt.)
pH

Dissolved oxygen | (ml/l)
Surface silicates (ngat/) |
Surface phosphates (ug at /l)
Surface nitrites (ug at/h)
Swrface nitrates (ugat/l) |
Interstitial silicates (ug at /)

13481

32196
32217l

10.869

135731

Interstltlal phosphates (ug at /l)
Interstltlal nitrites (ug at /1)
Interstltlal nitrates (ug at /l)

12, 325
LCL - Lower Confidence limit at 95% confidence
UCL - Upper Confidence limit at 95% confidence

th

29.4881 + 1453 g

l

28. 725 +
+
T+
+
+
+
+
0.869 it
1.155 3 +
e
13. 027 +
2 248 L4

32.237
8.004 |

3.680 |

i2260] 4

29488 +
28.704,
+

8. 004

3. 680
1.881

1.155 |

132751 +
12289

+

E

1.069:
1.954
2.186
0.117
1.026
2.438
0.979

0.706

0.711

1376

- 6.037
1 793 |

_15061

(3746 fi?_

4 1809

1.453,
1. 082!
1.928

- 2.191]
Y 0.117)
1.064 |

2.438

0979

~0.706 |

0711 ¢

1.373 |
6. 079

1.472

C.V.
SD |

(%) |
4, 926
3. 720
6. 067 .

6.782

1.463

27.233 |

66.261

52.068|

81.309

61.546

39.536.

46. 344'-

79.745 |

66.624

4926

3.770 |

5988
 6.801

1.463

28399 |

66. 261
52.068

81309 |

61.546

38.440
45792

79.029
63.308 |

-

LCL '
~26.640
T 26.631 |
28371
27.952 |
7775
1.756
-1.099

-0.039

-0.516

-0.238

0.784
1194

-1.266 |
-0.691 |

i 2.547

UCL
32.335
30.819
36.029
36.523
8.234 .
5.777
8.458 |
3.800
2.253
2.547
6.179 .
24.86
5.762
5.211

32.335
30.825
35975
36.511!
8.234 |
5.831 |
8.458 |

1 3.800 |

2.253 :
6.265 | 1
25.190 1
5.835'
5.211
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Table 3. 2. contd...

Station 3 o X

Atmospherlc temperature (°C) | 28. 117, L
Water temperature (°C) _ 28, 146 +
Surface salinity (ppt.) 132196 | +
Interstitial salinity (ppt.) 1 32.050 ' i
pH - 11129 j,, +
Dlssolved oxygen (ml/l) l 4.254 | :t‘
Surface silicates (pg at/1) f 2490 i;
Surfface_phosphates(ugrat n E 1.994 | £
Surface nitrites (ug at /1) 0786 |
Surface nitrates (ugat/l) | 1.219 = =+
Interstltlal silicates (ug at /1) 0327 +
Interstltlal phosphates (ng at /1) 8 237 ﬂ:‘
_Interstrtlal_nltrltesﬁ(ug»atllﬂ)r B 3 050 | =+
Interstitial nitrates (g __a_t»/_l)f 2 230 | +
Station 4 |
Atmosphenc temperature (°C) 28.117 | | +
'Water temperature (°C) 28.179 £
Surface salinity (ppt.) | 32.163 | +
Interstltlal salinity (ppt\ 32.046 | +
pH 7729 |+
\DlSSOlVCd oxygen (mI/l) 4225  +
Surface silicates (ng at /1) - 2490 \ +
Surface phosphates (ug at /1) 1.994 ‘ :t‘
Surfac_e_nltrltesﬁ(u_g_ati/_li)“ 10786 ¢ =
Surface nitrates (ugat/) | 1.219 +
Interstitial silicates (ug at/1) | 3.310 11 i ﬁ
Interstitial phosphates (ug at/1); 8.467 | i
Interstitial nitrites (g at /1) 3174 | &
lnterstltlal nitrates (ug at /1) 2.307 i :ti

C.V.
SD (%)
1.387 4.933

1 036’ 3.682

1782, |
2.605 | i
0.177‘
0.571
1.365
0. 932
0.559
0.826

1.324 | 40.423
4390 |
1.941
1.332

- 5.535
8.128
2.287

54.823
146.728

159.709

1.387 |
1.026 '
1.777

2,616 1
0.177
0.573
1365 | 54.823

3.641
5.525
8.165
2.287

4

0.932 .  46.728 |
0.559 71 120 |
10.826 | ' 67.753 !

1.256 | 37.938
4409 | 52.070
1939 | ' 61.104
1.328 | 57.559 |

LCL — Lower Confidence limit at 95% conﬁdence
UCL - Upper Confidence limit at 95% confidence

13.418 |
71120 |
67.753

53293 |
63.639 |

4.933

13.567

" LCL
© 25.398

26.115 |

128.703 |

26. 944
7.383
3.135 |

-0.186

0.168 |
-0.310

-0.400!

0.680
-0.367|

-0.754!

0. 380|

25.398‘
26.168 .
28.680

126918

7.383
3.102
-186
.168 3
-310
-.400 |
849 |

| -174

627
-.296

UCL
30.835
30.177 |
35.688
37.156
8.076

5.373

5.166
3.820
1.881
2.837
5.871
16.841 |
6.855 |
4.840 |

30.835 -
30.190 |
35.645 |
37.174
8.076
5348
5.166
3.820
1.881
2837
5.771;
17.109
6.975
4910 |
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Table 3.2. contd...

tStatlon s
Atmosphenc temperature (°C)
'Water - temperature (°C)
Surface salinity (ppt.)
Interstitial salinity (ppt.)
PH._ -
EDissolved oxygen (ml/l)
Surface silicates (ng at /l)
’Surface phosphates (ug at /1)
Surface nitrites (ugat/l)
!Surface‘hltrates(ug at _/_li)¥ o
Interstitial silicates (ug at /1)
Interstitial phosphates (ng at/l)
Inte_rstltlal_mtrxtes_(ugiat/l)
Interstitial nitrates (ug at /1)

Station 6 i
Atmospheric temperature (°C)
Water temperature cC)
Surface salinity (ppt.)
Interstltlal salinity (ppt. )
pH

Drssolved oxygen (ml/l)
Surface silicates (ugat/l)
Surface phosphates (pgat /l)
Surface nitrites (g at/l)
Surface nitrates (ug at /l) )
interstltlal silicates (pg at /1)
Interstltlal phosphates (ug at /1)
1nterst1t1al nitrites (ug at/l)
Interstltlal nitrates (pg at /l)

S

LCL - Lower Confidence limit at 95% confidence
UCL - Upper Confidence limit at 95% confidence

_ . C.V. |
X | _SD ! (%) #IWLCL |
[28.8381 + 1362 4.723 | 26.168
 [28658 = 863 | 3.013 26966
32.354] + 2.066 | 6385 | 28. 305 |
28900 £ 1.522 | 5266 | 25917 |
8196 = 167 | 2.037 | 7.869
:2733“;‘ 933 134152 | .904
12886 + 1.598 | 55368 | -.246
1435 & 492 l34295 471
0917 + .766 | 83.581 | -.585
1108 + 833 75, 246 | -526
53770 + 1729 32.149 | 1.989
13.814 i‘ 7.775 56285 | -1.425
7 '2123r + 1.650 | 77.685 | -1.110
12 4 1122 '69612 .587
28.838 + 1362 4.723  26.168
28629 + 873 | 3.049 | 26918
32. 2801 + 2,053 | 6361 | 28.255
28917, = 1528 5285 | 25.922
8196 + .167 & 2.037 | 7.869
2791 £ 943 !33784 943
2.886| + 1.598 | 55368 | -.246
11435 + 492 }34 295 | 471
917 | & 766 | 83.581 | -.585
11087 = 833 175246 | 526
"15290] # 1.579 |29 842 | 2.196
13.814] + 7.775 | 56.285 | -1.425
2140 + 1.644 76811 | -1.082
1661L¢[1118 67299 | -530

ucL
31.507
30.351 |
36.403
31.883
8.523 |
4563
6.018 |
2.400 .
2.418

2.741
8.765
29.053

|

5.356

3.812

31.507 .
30.34();
36.304 -
31913 |
8.523
4.640
6.018 |
2.400 |
2418
2.741

8.384

29.053

5.362
3.853 |
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(61.10%). The nitrite concentration at station 4 was highly different from
that at station 5 (t 46, 596> 1.96, P<0.05) (Fig. 3. 15. 1).

3.2.13. Surface nitrate

This also showed a pattern of distribution similar to that of
phosphate with respect to average values with least concentration (1.11 pg
at /1) at stations 5 and 6 and highest concentration (1.22 pg at /1) at stations
3 and 4. Temporal variations were least at stations 1 and 2 (61.55%) and
highest (75.25%) at stations 5 and 6. Stationwise comparison showed no
significant difference between stations (t 46, s%) < 1.96, P> 0.05) (Fig. 3.
15. m).

3.2. 14. Interstitial nitrate

On an average the concentration was almost similar at all stations
ranging between (1.61 g at /1 (station 5) and 2.33 pg at /I (station 2) with
no significant difference between stations (t 6, s %) < 1.96, P> 0.05).
Temporal variations were not very low [C.V.% ranged between 57.56%
(station 4) and 69.61% (station 5)] (Fig. 3. 15. n).

Average (X) and co-efficient of variation (C.V (%) of
environmental/hydrographic parameters at Station 1 to 6 were given in

Table 3. 2.

3. 3. Sediment characteristics

3.3.1. Sand/ silt/clay fraction
The sediments were analysed for sand, silt and clay fractions, during
the study period. At all areas, the substratum was predominated by sand
followed by clay and silt in comparatively smaller proportions (Fig. 3. 16).
Monthly sampling revealed that at area 1, the range of sand, silt and

clay fraction (%) was 89.26 (March 2001) to 96.15 (December 2000), 1.08
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Fig. 3. 16. Trellis diagram showing sandy nature of sediment at all stations
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Fig. 3. 17. Monthly sand/ silt/ clay fraction at the three areas
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Table 3. 3. Season wise sand/ silt/clay fraction at the three areas

Sand | | [ Silt |
| (%) _ LG,
Year| Season ‘_area_l_ larea2 :area 3Hareal area 2‘
1999 postmon | 94 7_'"96; 82 ;: 3
o pemen 90| | 24

[monsoon | 91 91 | 86 .
! i
_|post-mon| 95 . 96 | 82 1
2001 pre-mon 90 Tl 2
! i | |
" mowoon | 95 965 85 | 15 15

3.5

Table 3. 4. Season wise organic content (%) at the three areas

_Year | Season | areal
1999 |post-monsoon | 1.2
LZOOO pre;r—nbnsoon :;f 15
_LAAmonsoon . »2;1)“6; i
- post-monsoon B 1_17
_2001_|pre-monsoon _ 158
~ lmonsoon | 104

area 2

1056

0.28

- 0.64
032
048

o

area 3
2.8

28

‘ Clay
S (%) |
area3 area l area 2 area 3

1
’
l
|
I

i
!

i
|

i

15

16

13

14

17

14

i
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(December 2000) to 3.19 (June 2000) and 2.48 (August 2001) to 8.56 (May
2000) respectively. At area 2 the range of sand fraction was 91.43 (2000
September) to 97.26 (1999 September). Silt % did not vary significantly at
different stations. The observed clay % at station 2 was slightly less than
that of area 1. At area 3, mangrove zone, the sand % showed a minimum
value of 76.3 (2000 March) to a maximum of 86.4 (March 2001). The
monthly values observed at area 3 were comparatively different from the
other areas and the clay % showed monthly higher values in the range 12. 8
(June 2001) - 19.3 (2000 January) (Fig.3. 17)

At area 1, the highest value for sand was observed in monsoon and
post-monsoon seasons (95-96%) and slightly less in pre-monsoon (90%).
Silt percentage remained almost the same during all seasons, showing little
variations. In both years comparatively higher percentage of clay was
observed in pre-monsoon season. Sand/ silt/ clay fractions of area 2 were
almost similar but comparatively more sandy than area 1. Monsoon
showed slightly lower values of clay at station 3. Seasonal variations in the

sediment structure is given in Table 3. 3.

3. 3.2. Organic carbon

The organic content of the soil was analysed and found that the
monthly range of values (%) at area 1, area 2 and area 3 were 0.90 to 1.95,
0.30t0 0.76 and 2.1 to 4.25 respectively (Fig. 3. 18).

Eventhough significant seasonal pattern in distribution of organic
content was not noticed at the study areas (Table 3. 4), annual variations

were observed.

3. 4. Rain fall

Rainfall data showed monthly as well as slight annual variations at

Minicoy (Fig. 3. 19). The monsoon months of both years showed
35
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Fig. 3. 18. Monthly organic carbon content at the three areas
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Fig. 3.19. Rain fall pattern of Minicoy Island, Lakshadweep




Chapter 3. Environmental parameters

highest rainfall and the pre-monsoon recorded the least. During the 1% year
the month of May showed a comparatively higher value than that of 2

year May indicating the onset of early monsoon during the first year.

36



Chapter. 4
BOTTOM FAUNA

4. 1. Composition and distribution
4. 2. Standing stock
4. 2. 1. Biomass
4. 2.2. Numerical abundance
4.2.2. 1. Three way ANOVA
4. 2. 2. 2. Community structure
4. 2. 2. 3. Similarity index
4. 2. 2. 4. Factor analysis

4. 1. Composition and Distribution

The macrobenthic fauna in the study area showed great diversity in
seagrass stations and less diversity in mangrove ecosystems. Distinct
differences were found in the population density as well as qualitative
composition of the various taxa in different areas.

Eight major groups identified were gastropods, bivalves,
polychaetes, other worms (all worms except polychaetes), crabs, other
crustaceans (including shrimps, amphipods, isopods, stomatopods,
tanaeids, etc.), echinoderms and sponges. Altogether under gastropoda
there were 58 species under 27 genera, bivalves of 12 species under 7
genera, ‘other worms’ of 7 species under 6 genera, polychaetes of 27
species under 14 genera, crabs of 24 species under 11 genera, other
crustaceans of 19 species under 13 genera, echinoderms of 11 species
under 7 genera and sponges of 2 species under 2 genera constituting a
grand total of 160 species (Table 4. 1).

Total number of species found at each station was 137 (station 1),
137 (station 2), 74 (station 3), 62 (station 4), 18 (station 5) and 16 (station
6).
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Table 4. 1. Occurrence % of different species at different stations
(no. of times occurred/ 24 sampling months)x100

SPECIES
GASTROPODS

|

Punctacteon amakusaenszs

Marania lirata__

Cerzthzum corallzum

lCerzthzum alveolum

1
l
I :

wCerzthzum dialeucum |

|
,Cerzlhzz{ry[ar_z_maculatum_7 !

%Cerithirum;scabrjidumr
Cerithium rostratum

Cerithium nesioticum

Clypeomorus corallium
Rhinoclavis sinensis

Pyrenesp.
%Pyrene_ vulpecula
‘Metanachis marquesa _
?Conus catus

‘Conus ebraeus

C oralliophila cos)ﬁlarzs ; 7

Cyprea annulus
Cyprea arabica
{Cyp(ea‘mpnelaw -
Cyprea teres

Cyprea tigris

jMazescala Jjaponica”

Niso heizensis
Persterms ptlsbryl
iLittorina undulata
{Strigatella litterata
Drupella sp.
Nassarius distortus
\Niotha stigmaria
‘Zewcisispr_._vﬁ

Polinices flemengium

Naticarufa

.

|
|
|
i
i
|
b

4o

!

st. 13

0.0

16.7

S 9LT
54.2!

16.7

4. 2?
87. 5
33.3;

292

12.5

8.3
70.8
16. 7
16.7

20.8%
29.2.
125

- 16.7

62.5:

167
12.5)
0.0,

0.0
12.5,
12.5

0.0

42

0.0

4.2"
12.5,
16.7

8.3

st. 2|

16.7

83
917
62.5
33.3

42
62.5,
25.0
41.7

42
12.5,
66.7.

250

12.5
292
4.2
45.8?
8.3,

125
333,

83,
12.5
42
12.5
0.0;
20.8
42
8.3
42
16.7
0.0
0.0
125

st. 3
12.5

0.0

41.7

41. 7'
!

45.8; |

37.5
667,

0.0

42
87.5
12.5
25.0,

333

12.5!

16.7:

0.0,

0.0
8.3
0.0
25.0,
0.0

st. 4' st. S st. 6
00 00 00
0.0 00 00

58.3i 95.8  100.0

458 00 00
83 00 00
00 250 83

583 208 167

500 00 00

792 00 00
0.0, 0.0 0.0

125, 00 00

9.7. 250 125

167 00 00

250 00, 00
4.2§ 00 00
00 00 00
83 00 00
000 00 00
0.0 00 00
00 00 00
00, 00, 00
00 00 00
00 00 00
83 00 00
00 00 00
0.0 958 958
0.0, 0.0; 0.0
42 00 00
00 00 00
125 00 00
00 00 00
83 00 00
00 00 00
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Table 4, 1._ cqntd.

SPECIES st. 1 st. 2 st. 3 st.4  st.5 st. 6
Smaragdiaviridis 750, 833 708 708 167 83
Smaragdia soverbiana  :  79.2. 875 583 625 83 208
Vittina variegata  + 00 83 167 42 00 00
Terebralia palustris 0.0 0.0 0.0i 0.0: 100.0.  100.0
Agathavirgo 4.2| 0.0 0.0 00 0.0 0.0
Agathalepidule | 42 00 00 00 00 00
Pyrgulinapupula | 00 42 208 42, 00 00
Cymatium neobaricum 00 83 83 o.o; 00 00
Cymatriton nicobaricum 0.01 0.0 8.3! 0.0 0.0 0.0
Cinctiscala sp. 42, 125 00 000 00 00
Decorifer insignis 8.33 8.35 00 0.0E 0.05 0.0.
iCasme[ia ponderisai 0.0? 12.5 0.0 4.2;L 0.0f 0.0
Strombus canarium 20.8: 4.2 16.7;' 0.0 0.0: 0.0
Strombus mutabilis 0333 333 250 00 00 0.0
Cinguloterebra hedleyana 1 8.3; 292 8.3’;‘ 8.3, 0.0 0.0
Margarites helicina 208 250 0.0 0.0 250 292
Truncatella pfeifferi | 0.0; 0.0 0.0/ 0.0 0.0 0.0
Unidentified 129 © 42 83 42 42 00 00
gDolabellairumphii x 37.5i 41 7 OO 0.0, 0.0 0.0
Polycera sp. ? 12.5 16.7i 0.0 0.03' 0.0, 0.0j
Gymnodoris ceylonica | 4.2i 25.05 0.0: 0.0/ 0.0 0.0
Eysiasp. | 292 42 00 00 00 00
Smargdinella canaliculata 1 25.0  16.7 0.0 0.0 0.0 0.0
diala lauta 42 00 00 00 00 00
Dolabriferadolabrifera | 42 00 00 00 00 00
Lumilicardia auricula 125/ 00 00/ 00 00 00
iCarfdiumfasiaticum o 20.8 4.2i 12.5% 0.0 0.0, 0.0
Corculum impressum | 12.5 8.3 0.0, 0.0t 0.0 0.0
Ctena delicatula 333 333! 8.3% 0.0 O.Oij 0.0
Mactra cuneata 8.3 42 0.0E 0.0 0.0; 0.0
Myadoropsis brevispinious 16.7 292 0.0 4.2/ 0.0 0.0
Lithophaga nigra 208 250 0.0 0.0 0.0. 0.0
Modiolus metcalfei 83 167 42 83 00 00
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Table 4.1._contd....

SPECIES st.1 st.2 st.3 st.4 st.5 st.6
Pinna muricata - 41.7. 50.0 0.0 0.0 0.0 0.0
.Tellma palatum | 208 125 375 458 00 00
Gaﬁ'arzum dtvartzcatum B ' 66.7 58.3}1 _100.0; 100.0. 0.0, 0.0‘é
Periglypta puerpura ‘ 125, 167 00 000 00 00
WORMS 7 i i \ | i ,
Baseodtscus delineatus 333 208 417 417 00 00
Golfingia hespera 1 25.00 250 292 12.5‘; 0.0 0.0,
fl_’hascolosomavnigrescens | 12.5{ 12.5: 37.5! 45.8;i 0.0i O.O{E
Siphonosoma australe 167 00 167 8.3; 00 0.0
ESi;mnculusﬂindicz{s : 25.0 16.7; 25.0; 16.7| 0.0 0.0
Siboglinum fiordicum 7 20.83 83 37.5; 542‘ 0.0 0.0
Hoplonemertean sp. ’ 83 208 42, 125 0.0 0.0
POLYCHAETE WORMS | | 1 | =
Scoloplos sp. 83 42 00 00 00 00
Eijyz‘hoe complanata + 12 5 4.21 0.0i 333 : OO 0.0;
Eurythoe mathaii 20.8) 125 12 0.0! 0.0 0.0
Notopygos variabilis | 16.7i 83 00 42 00 00
[Notomastes latericeus : 25.0& 25.0i 16.71 41 71 OO 0.0TE
Cirratulus sp. 208 83 00 00 00 00
Marphysa macintoshi | 42, 42 125 83 00 00
Nematonereis unicornis i 20.8; 0.0 4.2; 0.0 0.0 0.0
Glycera convoluta o292 250 0.0 0.0 0.0 0.0
?Glycera lancadivae A_66.7; 45.83 8.3 4.2: 0.0 0.0i
Glycera subaena l 167 83 42 00 00 00
(Glycera tesselata L 292 16.7; 375 50.0; 0.0 0.0
i'Glycera Sp. | 8.3%L ] O'O§ 83 125 0.0 0.0,
Goniada emerita o333 292 125 125 00 0.0
Nephtys dibranchus | 333 125 42 00 00, 00
Nephtys hombergii 583 375 4.2i‘ 00 00 00
Nephtys inermis 1 250, 20.8 12.5; 0.0 0.0, 0.0
Ceratonerezs erythraenszs 0.0; 8.3i 16.7j 8.3§ 0.0: 0.0
‘Nerezs kauderni 208 4.2 0.0, 8.3 0.0 0.0
Nereis trifasciata N 37.55 37.5 8.3 0.0; 0.0 0.0,
Arabella iricolor iricolor . 250 125 83 00 00 0.0
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Table 4. 1. contd....

SPECIES st. 1 st.2.  st.3  st.4 st.5 st 6
Oeronefulgida 125, 83 00 00 00 00
Armandiasp. | 208 167 00, 00 00 00
gtffie_galomma'sp..hi_ﬂvb 783L 83 0.0 00I 0.0j 0.0j
Sylliscornuta_ | 250 208 83 8.3_" 0.0 0.0:
Syllisgracilis____ 167 250, 00 00 00 0.0
iEupolymna_p_ebul_osq_ b2 ‘”712.55 167, __29.2;; 0.0 0.0
CRAB__ | | | i s |
Leptoduissp. | 167 125 00 42 00 00
Polydectus cuculifer | 83 42 00; 00 0.0 0.0
Megalopalarva_____ | 3715 375 00, 00 00, 00
Calappahepatica | 500 333 00, 167 00 00
Diogenesp. 42 a2 42 00 00 00
'Cardisoma carnifex ' 0.0 4.2 83 i 0.0 4.2 0.0
Pachygrapsus plicatus 20.8};j 8.3, 0.0 4.25 0.0, 0.0
llyograpsus paludicola 0.0| 4.2 0.0 0.0, 0.0 4.2,
Plogusiasp. | 208 00 00 00 00 00
!Grapsussp.” - l 29.2i 8.3]? 4.2| 0.0 0.0: 0.0
Eriphissp. 292 125 208 125 00 00
Uca tetragonon 0.0 4.2 0.0! 0.0, 8.3 16.7
Macrophthalmus boscii 58 125 83 292 00 00
1U_ca inversa inversa | OO1 0.0 0.0i 4.2; 42 8.3
Tylodipax desigardi 20.8 12.5, 0.0, 12.5 83 0.0
Pilumnus hirtellus 417, 167 333 125 00 0.0
Pinnotheres pisum . 25-0§_ , ”778.3'? 42 42 0.0;: 0.0
\Pinnotheres pinnotheres 33.3 16.7} 292 333 0.0 0.0§
Thalamita crenata 375 208 375 125 83 00
sollaserrata 00 00 00 00 250 125
Portunus orbitosinus _ 4.2§ 12.5 0.0 0.0! 0.0; 0.0
‘Macropipus corrugatus 0.0 0.0 0.0 0.0! 0.0 0.0
Etisus splendidus | 292. 42 00 00 00 00
Actaeodes tomentosus | 333 ‘16.7;{ 29.2 0.0 0.0{ 0.0{E
OTHER CRUSTACEANS | | | | | |
PRAWNS AND SHRIMPS| | | I .
Alpheopsis equalis 333 12.55 42 83 0.0 0.0,
Alpheus lottini 00 00 00 00 00 00
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Table 4. 1 contd

SPECIES st. 1 st. 2 st. 3 st. 4 st. 5 st. 6
Alpheussp. 83 42 00 00 00 00
Metabetaeus minutus | 83, 125 00, 00 00, 00
Nikoides maldivensis 0.0 8.3 0.0; 7 0.0 542 333
AMPHIPODS | | . |
Cymadusa zmbroglzo N 41.7§ 4.2% 37.5% 20.8 0.0 0.0
Maera pacifica | 333, 292 333 25.0 0.0% 0.0
Mallacoota insignis | 208/ 20.8 0.0; 0.0i 0.0 0.0
Stenothoe kaia 333 292 00 42 00 00
ISOPODS | | | | |
Cirolanasp. .00 83 00 00 00 00
Seychellana expansa _ 25.0 12.5 4.2, O.Oi 0.0 0.0
Accalathura borradailei 208, 83 00 00 00 00
Paracilicaca setosa © 500 250 00 00 00 00
Paraleptospheroma indica 208 167 0.0 0.0 0.0 0.0
STOMATOPODS | i | | ,
Gonodactylus.of smithii | 83 83 00 00 00 00
Apseudus sp. .00 00 00 00 708 583
Paratanaeidae sp. L 41T 250 0.0: 0.0 167 4.2
Paranebalia sp. 167 167 00, 00 00 00
fSirjeIIa brevicaudata | 20'83 20.8; 0.0E 0.0, 0.0 0.0:
ECHINODERMS | | | | | |
1Linckiaimultrif0ra' 12.5 0.0 0.0 0.0? 0.0; 0.0
Ophiactis savignyi | 292 250 00 83 00 00
Ophicornella sexadia 7758.357 417 8.3 0.0 0.0, 0.0
Ophiocoma scolopendrina |~ 41.7, 208 WO.O!, 0.0 0.0 0.0
Astropyga radiata 42 00 00 00 00 00
Echinometra mathaei | 208 125 00, 00 00 00
Echinoneus cyclostomus 167, 208 00/ 00 00 0.0
'Salmaasﬂl.)‘zvcjolor I (Y 42 0.0 0.0} 0.0, 0.0
Bohadschia subruba | 125 42 00 00 00 00
Holothurianobilis 42 83 00 00 00 00
fHolothuria scabra | 125 0.0 0.0 0.0, 0.0 0.0
SPONGES | |

Aaptos cfchromzs - ’ 333 37.5 0.0. OO] 0.0 0.0
Cinachyrella voeltzkowii | 167 12.5 0.0: 0.0. 0.0 0.0
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Gastropods

58 species of gastropods belonging to 27 families and 42 genera
were recorded from the stations. Of these, 8 species can be considered as
rare as they were present in very small numbers in few samples. They
were Mazescala japonica, Nassarius distortus, Strigatella litterata, Agatha
virgo, Agatha lepidula, Truncatella pfeifferi, Diala lauta and Dolabrifera
dolabrifera. Only 5 species of gastropods were distributed at all stations,
they were Cerithium corallium, Cerithium scabridum, Smaragdia viridis,
Smaragdia soverbiana and Pyrene sp.

Maximum number of Gastropod species were recorded from station
2 (49) followed by station 1 (46), station 3 (28) and station 4 (22). Station
5 and 6 had equal number of species (9 spp). Genus Cerithium, which
included 7 species was the most common genus at all stations except
mangroves. At station 5 and 6 the most common species was Litforina
undulata, a mangrove associated type. Terebralia palustris, which was
abundantly reported at mangrove station were totally absent at other
stations.  Soft molluscs were of 7 species, which included both
opisthobranchs and phanerobranchs. The most common species of soft
mollusc was Dolabella rumphii, which produces a violet ink when got
irritated.  Soft molluscs were limited to station 1 and 2. Gymnodoris
ceylonica, a beautiful opisthobranch was frequently seen at station 1 and 2.
While station 1 and 2 showed maximum species diversity, station 5 and 6
showed the least. Over population of Littorina undulata and Terebralia
palustris has overthrown the presence of other species at Mangrove sites.
Cerithium corallium showed a very high percentage of occurrence of
62.5%. At station 5 and 6, Littorina undulata showed 96% and Terebralia
palustris showed 100% occurrence, even though it was completely absent
at other stations. The highest percentage of occurrence was shown by

Cerithium corallium (62.5%), Pyrene sp. (56.9%), Smaragdia viridis
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(52.8%), Smaragdia soverbiana (50%), Cerithium scabridum (45.8%),

Cerithium nesioticum (36.8%), Littorina undulata (24.3%) etc.

Bivalves

Altogether 12 species of bivalves were reported, out of which
station 5 and 6 did not show any occurrence of bivalves. Station 3 and 4
showed the presence of only four bivalves and station 1 and 2 showed 12
and 11 species respectively. Out of the 12 species, Lunulicardia auricula
appeared at station 1 only. Gafrarium divarticatum occurred in good
numbers at seagrass stations. Tellina palatum of different sizes were
obtained from all seagrass stations. Even though Mactra cuneata were
found abundantly at sandy intertidal areas, they were completely absent at
seagrass intertidal meadows. Pinna muricata was obtained only from
station 1 and station 2. Seasonal variations were observed in the
occurrence of bivalves. They were totally absent at the mangrove sites.

Among bivalves, the highest percentage of occurrence was shown
by Gafrarium divarticatum (54.9%). Frequency occurrence of Tellina
palatum (19.4%), Pinna muricata (16%), Ctena delicatula (11.8%) were
also countable.  Gafrarium divarticatum showed hundred percent
frequency of occurrence at station 3 and 4 but only 71% and 58% at station
1 and 2 respectively. Tellina palatum also showed moderate percentage of
occurrence at station 3 (37.5%), station 4 (45.8%), station 1 (20.8%) and 2
(12.5%). Pinna muricata which showed a frequency occurrence of 46% at

station 1 and 50% at station 2 was completely absent at other sites.

‘Other Worms’
Worms other than polychaetes were grouped separately and
constituted by 7 species. They were totally absent at mangrove stations 5

and 6 and at all other stations (seagrass) they were found distributed more
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or less evenly (7 spp. each at station 1, 3, 4 and 6 spp. at station 2). Their
maximum abundance was seen at station 4 and 3. The major species of
this group were Siboglinum fiordicum, Baseodiscus delineatus and the least
abundance was shown by Phascolosoma nigrescens and Siphonosoma
australe. Sipunculid worms were present at all four seagrass stations.
Among ‘other worms’, the highest percentage of occurrence was
shown by Baseodiscus delineatus (23.6%) followed by Siboglinum
fiordicum (20.1%), Phascolosoma nigrescence (18.1%) and Golfingia
hespera (13.9%). Baseodiscus delineatus showed frequency occurrence of
33.3%, 20.8%, 41.7%, 41.7% at station 1 to 4 respectively. Golfingia
hespera showed occurrence of 25%, 25%, 29.2% and 12.5%,
Phascolosoma nigriscence of 25%, 16.7%, 25%, 16.7% and Siboglinum
fiordicum of 21%, 8%, 38% and 54% at stations 1 to 4 respectively.

Polychaetes

Twenty-seven species of polychaetes were identified. At station 5
and 6, there was no occurrence of polychaetes. At station 1, 27 species
were found, station 2- 25, station 3-19 and at station 4, 11 species. Glycera
species such as Glycera lancadivae, Glycera tesselata, Glycera convoluta
predominated at many stations. Along with species of Glycera, Nephtys
and Nereis were abundantly present at station 1 and station 2. At station 4,
Eupolymna nebulosa was found in large numbers. Though Sabellid spp.
abounded at some locations, they were rare in the samples taken from
seagrass. Polychaetes were often found among the rhizomes of seagrasses
along with seaweeds. Swarming of Nereis spp. was often encountered in
reef areas, but comparatively less in seagrass areas.

Among Polychaetes, the highest percentage of occurrence was
shown by Glycera tesselata (22.9%), Glycera lancadivae (